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Overview

Case Mapper provides aninterface for using computational models of structure-mapping theory [1].
The Structure-Mapping Engine (SME) [2,3] models analogical matching. MAC/FAC [4] models similarity-
basedretrieval. These are embedded inthe FIREreasoningengine[5], which provides aknowledge-
base infrastructure and various reasoningfacilities. Case Mapperis designed forcognitivescientists.
This means we assume some familiarity with knowledge representation, predicate calculus and
analogical reasoning, but we do not assume any programming skills on your part. Beinga research
software, Case Mapperisa bit fussier thana commercial application, butitis a software that our group
usesdailyina variety of systems, hence the internal operations are quite robust.

This manual describes how to operate Case Mapper. Specifically,

e Use KnowledgeBases
o Browse knowledge
o Modify/Delete existing knowledge
o Addnewknowledge

e Use SME for performinganalogical comparison.

e Use MAC/FACfor performingsimilarity based retrieval.

e Use KQML serverforeasy programmaticintegration with external components.
Forinformation aboutthe algorithms behind these cognitive models and related experiments, please
see the followingreferences:[2,3,4]. These can be found on the QRG web site, at
www.grg.northwestern.edu. Inlearning Case Mapper, we suggest that you work through the examples
inthe orderprovidedinthe manual.

About Knowledge Bases and Cases

Case Mapper isalways used with a knowledge base (KB). The KB stores knowledge, including facts and
cases. Casesare simply collections of facts that can be treated as a unit. (Inside the KB, cases are
implemented via Cyc-style microtheories. Sometimes browsing tools will refer to microtheories, and
that’s what they mean. You can justthink of them as cases.) Some facts inthe KB specify properties of
the vocabulary of predicatesituses, including their arity (number of arguments), whethertheyare a
relation or a logical function, and what types of arguments they can take. SME and MAC/FACrequire
thisinformationforany predicate usedin cases.

Itisimportantto understand thatthereisa translation process that occurs when factsare added to an
SME description. Recall thatin structure-mappingtheory, there isasharp distinction between
attributes, which are unary predicates on entities, and relations, which have two or more arguments.
Thisis a psychologically important distinction. In Cyc-style knowledge bases, attributes are
implemented via collections. Instances are related to collectionsviaisa statements, i.e.,

(isa Nero Cat)


http://www.qrg.northwestern.edu/
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Thissays that Neroisa Cat, i.e., the individual Nerois aninstance of the collection Cat. Itis logically
equivalentto the attribute formthat SME expects, i.e.,

(Cat Nero)

Case Mapper automatically translates between these two forms as needed. Whenyousee acase inthe
KB browser, you will see isastatements being used, whereas when you see the same case inthe SME or
MAC/FACresults browser, you will seeitinthe attribute form.

For more information on SME, including adiscussion of its algorithm and more in-depth explanation of
the termsdiscussed above, see [2,3].

The Case Mapperdistribution comes with two knowledge bases:

e SME Classics: (/ smoke-kb/ directory?) This KB contains predicate specifications and cases
from many of the early published SME and MAC/FAC experiments. It containsa minimal
ontology, aswell as all of the stimuli from the Karlathe Hawk experiments and other examples
fromthe literature. Experimenting with this KBis a great place to start.

e OpenCyc-derived: (/opencyc—-kb/ directory) This KB contains contents we extracted from
the OpenCycknowledgebase. OpenCycisafreely available?version of the Cycknowledge base,
whichis currently the largestand most comprehensive formally represented knowledge base in
the world. We do not use Cycorp’s reasoning engine, since our FIRE reasoning engineis
optimized foranalogical operations. The subset of OpenCycconceptswe extracted currently
containsjustover 1.3M facts, 58K concepts, 14K relations, and 3K functions. We distribute this
KB to support cognitive scientists who want to do larger-scale experiments.

You will find that some operations are much faster with the SME classics KB, although there is much
more knowledge inthe OpenCycKB.

QRG: Case Mapper (Beta) ] -
How to: Open a Knowledge Base T remiedon o (k1)
No KB is currently open.
Once Case Mapper is open, your window should St Happing Engine (16 - ]
Base Case,
look similarto Figure 1. Target Case: | =
MAC/FAC Reminding
1. Openthe KB menu, and click Open KB. Pope: | = =l
. . Case Library: | =1
2. Navigate tothe directory where yourKBs :
are stored (by default, it’s C:/QRG- [ oowse e |
KBS/Casemapper/KBS underWi ndows S:?n::’:‘l;\l::;‘::irsewersaﬂwa Port: | 4444 {RTET SEver
and for Linux it's

<CaseMapper>/Data/KBs), and selecta
KB by selecting the directory of the KB Figure 1: Case Mapper is open for business.

1 Itis sometimes called the smoke KB becauseitis automatically constructed every time the FIRE regressiontestis
run. Regressiontests are alsoknown as smoke tests, by analogy with seeing ifa new piece of equipment smokes
when itis firstpluggedin.

2 www.opencyc.org
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you wish to use (e.g. smoke-kb or opencyc-kb), as in Figure 2, and then click OK.
3. Case Mapper will display the current KBthe Knowledge Base (KB) field.

Once a KB isopen, you can browse and edit the KB (click Browse KB inthe KB menu), add new
knowledge to the KB with meld files (discussed below), orfetch cases for use with SME and MAC/FAC.
To change KBs, click Close KB in the KB menu, and open another

as described above.

Select a KB Directory
Select the directory of the knowledge base you wish to use

How to: Back up a knowledge base » Documerts

¥ Iy Computer
®0 C (fixed NTFS)
w00 ORG-KBS

Things can go wrong with any program, and more so with B3 Coseltapper

FH0 opencycke
%) smake-kb
w0 D (fixed NTFS Data)

» Network Machines

research software. We strongly recommend backing up your KBs
before doinganything else with Case Mapper. (Inthe worst case,
you can always reinstall Case Mapper, but that takes even

longer.) Once youopena KB (discussed next), you can back it up

forlateruse. The commandto useisonthe KB menu, Create KB . erera i psnor ne oot
CQRG-KBs\CaseMapperkKBs\
Backup. It will askyoufor a directoryto place the backupin. \

Press OK to return the existing folder:

You can choose any directory you like (e.g.aUSB flash drive), and  siorexssicaseiizmperkesi

the backup dialogletsyoutype inthe name of a new ] o |

subdirectory along that path which should be used. Importantly, Figure 2: Opening a KB.
the backup process deletes anything that is already in the

directory thatyou give it, to avoid KB corruption. So unlessyou are replacinga previous backup,
creating a new directory is almost always whatyouwant to do. Should you needto use your backup,
the command “Restore KB from Backup”, also on the KB menu, can be used to replace the contents of a

KB with the backup.

The SME Classics KBis tiny, requiring only around 10 MB of storage. The OpenCyc-derived KBrequires
lessthan 2GB of storage.

How to: Close Case Mapper

When you are through with Case Mapper, we recommend that you close the KB you were working with
(i.e.KB | Close KB) and then exitthe programin the usual way (File | Quit). We have set thingsup so
that the KB should close automatically if you just quit, though.

How to: Browse a Knowledge Base

Case Mapper enables youto browse the knowledge base in aweb browser®. AfteryouopenakB, the
menu command Browse KB in the KB menu will automatically open your browserto the correct
address. Sometimes this process can be cranky, since communicating with browsers from other
software isn’talways smooth. If the browsercontents haven’t changed within 30seconds, press the
button again, afterstartinga fresh copy of the web browser.

3 We routinely useInternet Explorer, Chrome, and Firefox. We have not systematically tested our code with other
web browsers.
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The browserinterface allows you to search fortermsin the KB and manually remove or forget facts

from cases inthe KB. Searchingiseasy: entera searchterm, or the beginningofasearchterm (i.e. “ba”
inthe SME Classics KB will bring up concepts such as bad, bad-tempered, baker, etc.).

Warning: Searching with a small search string (e.g. “ba”) ina large KB (e.g. OpenCyc) onaslow
computer(e.g. alaptop) may take a verylongtime to complete. It'sbettertosearch witha
more specificterm and use the links in the concept descriptions (discussed below) to navigate

when possible.

Let’s pick ball fromthe list of concepts, using the SME Classics KB. What you’ll see looks somethinglike

this:
List All Explicit Cases
| search List All Case-Libraries
Edit KB Facts
balb ball Smoke Test KB (TACHS)
¢ all references - H |
[type = Entity]: C:\QRG-KBs\CaseMapper\KBs\smoke-kbY,
Dynamic Cases:
¢ "MinimalCaseFn"
s "CaseFn" Knowledge-Base: C\ORG-KBs\CaseMapper\KBs\smoke-kb\Smoke Test KB (TACHS) 7/28/2013

Since ball is an entity, the set of operationswe cando onitislimited. If youclick on all references, you

should see somethinglikethis:

All References
ball

in sheat-flow1:

(flow marble ball heat bar)
(greater (amount-of (heat marble)) (amount-of C(heat ball)))
(greater (heat-capacity marble) (heat-capacity ball))

(greater (temperature marble) (temperature ball))

Thistellsyouthat, in the SME Classics KB, the entity ball only appearsinthe case sheat-flowl. Casesin
FIRE are implemented by what are called microtheories inthe OpenCycontology. Thusifyouclickon

the name of the case, you’ll get somethinglike this:

sheat-flow1:

sheat-flowl
[type = Microtheory]:

all references
facts in mt (4)

analogy ctrl {(no genlmMt) sa:
analogy ctrl (genIMt) in BaseKB: Microtheory

horn clauses (no genlMt)
genlMt: BaseKB , UniversalVocabularyMt

horn clauses {genlit)
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Theisa statementis Cyc’s way of doingattributes. The isa: can be read as, in the BaseKB microtheory,
the statement (isasheat-flowl Microtheory) is true. When facts are translated into SME’s format, such
isastatements become attribute statements, e.g. (Microtheory sheat-flow1). Notice onthe leftthatone
can see the total size of the case (some of them are quite large). Analogy control predicates will be
explained later.

On theright of every pageis a short listof menuitems. The mostimmediately usefuloneis List All Case-
Libraries, which liststhe case libraries that are currently in the knowledge base. You will see amongst
them SyslitCaselibrary, SyslitCaselibrary12, and SyslitCaselLibrary5 (the others are regression tests for
analogical generalization, not yet supported in Case Mapper). These are from the Karla the Hawk
studies, and if you drill downinto them, you will find anumber of cases to experiment with.

To see the othercapabilities of the KB Brower, please switch to the OpenCycKB (by closing the SME
Classics KBand then openingthe OpenCycKB). Searchfor“bas”. If you click on the BaseballDiamond
concept, you should see something similarto Figure 3. BaseballDiamondisa Collection, i.e., an attribute
instructure-mappingterms, as noted inthe header, andit’s a subtype of (i.e., itgenls to) AthleticField.
You can click both Collection and AthleticField to learn more about both concepts — thisis an efficient
manner of navigating the knowledge-base.

To the left of the mainframe, you may browse all the other

. BaseballDiamond ARG IDaNDKD: \ODBHCVC ES
genls and specs of the concept, as well asretrieve all [fype = Collection]; AQRGplanbikbsiopencyc-
references of the conceptinthe entire KB. Retrievingall isa:

) A in UniversalVocabularyMt: ExistingObjectType |
references may take averylongtime if there are a lot of SpatialyDisjoiniObjectType
them. For example, thereare overa half-million isa genls.

in UniversalVocabularyMt: AthleticField
statementsinthe KB, so retrieving all of themis rathertime-

consuming, and can even lead to time-out errors (see

Knowledge-Base: C\QRG\planb\kbs\opencyc-kb\OpenCyc KB 9/18/2009

Troubleshooting). Figure 3: Browsing a KB concept.

To get a deeperunderstanding of CyCL (language usedin Cyc), we recommend you to visit
http://www.cyc.com/ and browse through the documentation.

How to: Fetch a Case

A caseis a setof facts. Consequently, acase can representan experience, astimulus, acollection of
domain knowledge, atheory, astory, or any other set of knowledge. Pre-existing cases may be fetched
directly fromyourKB or new cases can be automatically constructed from portions of the knowledge
base (e.g., what the system knows about an entity, say a person named “Tom Hinrichs”). You can do so
using an appropriate case constructor. The KB must be open before fetching cases.

To fetch an existing case from the KB:


http://www.cyc.com/
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1. Underthe File menu, click Fetch Case, then Fetch Load Data from KB B
Existing Case. A pop-updialogwillappear(Figure4). Case Name
2. Locate the case by typing part of the case’s name, and  ase-S M
click Search KB. ':s:f‘l’;""“g"t‘“‘m
3. Clickthe desired case and click Load. pase-12
4. The case nameis now added to the Base Case, Target paee
Case, and Probe drop-down lists in the main window. e
base-7
base-8
The example in Figure 4is using the SME Classics KB, and the Bases®
base stories are from the Karlathe Hawk story set [4].
Case Construction Style
KECaseFn ﬂ
One can also dynamically generate cases from the contents of | ]
Load Cancel
the knowledge base. Tofetch an entity or collection case from

the KB:

LA Sl A

Figure 4: The case-loader popup dialog.

Under the File menu, click Fetch Case, then Fetch

Entity Case or Fetch Collection Case. A pop-updialogwill appear(Figure 4).

Locate the entity orcollection name inthe KB by typing part of its name, and click Search KB.
Clickthe desired entity or collection.

Choose yourdesired case construction style (discussed later), and then click Load.

The case name is now added to the Base Case, Target Case, and Probe drop-down listsinthe
main window.

There are three case constructors that are builtinto Case Mapper currently. Theyare:

1

3.

MinimalCaseFn: Retrieves the set of factsin the KB that mention the entity or collection.
CaseFn: Like MinimalCaseFn, exceptthatitincludes attribute information for every entity
mentionedin the case.

CleanCaseFn: Like CaseFn, exceptthat redundant attributes are removed.

FIRE supports a number of other case constructors (e.g. [6]), butthese three are useful for many
purposes.

Afteryou’ve fetched cases, you can run SME. Alternatively, you can use the case as your probe for
MAC/FAC. Both of these operations are discussed with examples below.
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Using SME from within Case Mapper

We illustrate the use of SME via an example that uses the SME Classics (“smoke -kb”) knowledge base.
We will fetch two cases from the knowledge base and then browse an analogical mapping between the
cases. These cases are from the “Karlathe Hawk” stimulus set describedin [3].

How to: Run SME

1. Openthe “smoke-kb” knowledgebase. Structure-Mapping Engine (SME)
2. Fetchthe case base-10. Base Case: | (KBCaseFin baser10) =l RunsuE
3. Fetchthe case ta-10. Target Case: |(KBCas=Fn t=-10) x| SetConstraints
4. Select (KBCaseFn base-10) fromthe

SME Base Case dropdown list, and select Figure 5: SME is ready to run.

(KBCaseFn ta-10) from the SME Target
Case dropdown list. The SME frame of your window will resemble Figure 5.
5. Clickthe Run SME button.

If no message appears notifying you of a problem, SME has successfully computed analogical mappings
betweenthe base and target cases, and the mappings are ready to be browsed. If the web browser
does notopenautomatically, press the Run SME button again.

How to: Browse SME mappings

The SME browseropens automatically after running SME. The browserinterface provides aninteractive
reporton the mappings that SME generated from the two representations. Browsing SME does not
affect the mappings that were generated; thisisjusta
manner of inspecting various details of SME’s output.
We'll start with the initial page, as shownin Figure 6,
whichresults from following the instructionsinthe last

SME #2

Base: (KBCaseFn base-10)

Target: (KBCaseFn ta-10)

. Mapping Score # MHs #Cls
section. Mapping 68 103780 84 3
. . . * 16 entity correspondences
The SME number (2 in Figure 6) and the Mapping 156 exoression comesmondonces
number (68 in Figure 6) will likely differ fromyour * 34functor correspondences

results; these are identifiers used to differentiate various
SME instances and mappings ina particularsession with
Case Mapper. If you constrained SME (as we do inthe
next example), your constraints appearon this page as
well.

[ Mapping Parameters

Legend:

& = Match % = Expression ? =candidate Inference
Hypothesis Details Details Explanation

Figure 6: Browsing SME.
Clicking the Base or the Target case names will letyou

browse the factsin each representation. Clicking on any of the mappings will provide more information
aboutthat analogical mapping. Note that SME may compute multiple mappings, and in some cases, no
mappings. These are noterrors —the numberand content of mappingsisa function of the facts inthe

10
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base and target cases, constraints placed onthe mapping process (discussed below) and the parameters
of SME (discussed inthe appendix).

Click on the mappingto browse itin more detail, asshownin Figure 7. At the top isa score (inthis case,
10.378) that reportsthe overall structuralevaluation score of the selected mapping. Note that this
score is not normalized. You will also notice alist of entity correspondences from the base and target.
Each correspondence has support, which are expressions that provide evidence for the correspondence,
as well asa match hypothesis score, computed from the support, which reflects SME’s confidence of the
correspondence.

Candidate inferences are facts that may be true about the target, based onthe mappingbetween base
and target. Clickingthe candidate inferences link will list the candidate inferences for this mapping.

The base-10/ta-10 candidate inferences are facts about

. M ing 68 SME #2
temporal order of events and causality. You can browse each appine
candidate inference by clickingthe ? button —this will list score: 10,3780
the source and structural support for the inference. You will Base:  (KBCaseFn base-10)
notice in this example expressions like (:skolem asset2). farget: (KECasefn ta-16)
These are analogy skolems, entities whose existence is Support |Base Iltem Target Item MH Score
hypothesized by the candidate inference. Notice that SME is Wiz || ivan | christine 10000
. . . *(12) |3 |boris % |iohn 1.0000
very conservative by default concerning candidate = : :
(5) #* | business ¥ |marriage 1.0000
inferences, only inferring structure when supported by &0 |%|assetl % zssetl 1.0000
relational matches. Forsome purposes, e.g. buildingupa *(s)  (|rate *|rate 1.0000
. . . * i .
model of a new domain where littleis known about the () |%|profit M| peasure o.0100
. . i . * 1) | high | high 1.0000
target, a more liberal criterion can be used by modifying the
‘Allow entity-supported-inferences’ SME parameter. SME * 3candidate inferences

+ No reverse candidate inferences

parameters are discussed in appendix.

« 47 expression correspondences

+ 30 functor correspondences

Expression correspondences are facts that correspond
between the base and target cases. You can browse these by
clickingthe expression correspondences link while browsing Hpsti=BlsEls  [amls S-S

a mapping. These expression correspondences are what

suggestthe entity correspondences. Moreover, since score

“trickles down” to the arguments of a correspondence, the expression correspondences provide support

Legend:

& = Match #¥ = Expression ? =cCandidate Inference

Figure 7: Browsing a SME mapping.

for the entity correspondences, such that those entities which participatein large relational structures
gethigherscores.

How to: Constrain SME

By default, SME will produce the best structural mapping (or up to three, if the others are very close) for
the given base and target. However, sometimes the contextforanalogical reasoning provides more
constraintsthatneedto be respected. Inunderstanding an explanatory analogy, forexample, the
context provides explicit constraints that some entities must match (e.g., “An atomis like the solar
system” means that atom and solar system must correspond). Inanalyzing acomplex analogy, several

11
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iterations of mappingcan be required (e.g.[7]), so SME must be told to avoid certain correspondences,
to forceit to look for alternatives. Case Mapper provides aninterface foraddingand removingsuch
constraints. Toillustrate, let us consideravariation of the mapping we just used:

1. Fetchcases base-10and ta-10 from the SME Classics KB.

2. Select (KBCaseFn base-10) as the SME base,andselect (KBCaseFn ta-10) asthe SME
target. The SME frame of your window will resemble Figure 5.

3. Click Set Constraints.

Selectlvan from the entitiesin the base, and
select Christine from the entitiesin the target.

5. Select“Selected entities must NOT correspond”
from the Available constraints dropdown list,
and click Add. The constraint popup should look
like Figure 8.

6. Click Done,then click Run SME and browse the
resulting SME mappings.

The SME browser will display the constraint we just
added (in additionto any other constraintsyou’ve
added). Inthiscase, the mappingsuffered ascore
decrease due tothe constraint. If you browse the
mapping, you’ll noticethatlvan and Christine are not
included inthe entity correspondences, which also
prevents many of the expression correspondences from
participatinginthe mapping.

SME Constraints: (KBCaseFn base-10) + (KBCaseFn ta-10)

The Structure Mapping Engine can constrain its mappings in a number of ways.
These controls allow you to manipulate a subset of these constraints for the
mappings between base and target.

Available constraints:

|Selected entities must NOT correspond j Add |

Current constraints:
Ivan and Christine must NOT correspond.

Remove Selected

Entities
In Base: (KBCaseFn base-10) In Target: (KBCaseFn ta-10)

fate marriage
high pleasure
business

Done Cancel

Figure 8: Constraining SME.

12
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Using MAC/FAC from within Case Mapper

MAC/FACis a model of similarity-based retrieval. MAC/FAC Reminding =

Probe [(<BCaseFn base-13) ~| [C]Exclude probe from results =
The inputsto MAC/FACare (1) a probe, which can o e =] [ DoReminding
be any existing or dynamically-created case, and

(2) acaselibrary, whichis a setof persistent cases ———

inthe KB. You can use Case Mapper to selecta
probe and a case library, and run MAC/FAC
transparently. Youcan selectaprobe by fetchingacase fromthe KB, as discussed above. Inthe
following, we discuss the processes of loading a case library and running MAC/FAC.

Figure 9: MAC/FAC in Case Mapper

How to: Select a Case Library

A case libraryisa set of cases. A single KB can contain many case Load Data from KB =
libraries. The KB must be open before selectinga case libraries. To Ee st

selectacase library fromthe KB:
Corresponding data in KB

. . SyslitCaselibrary
1. Underthe File menu, click Fetch Case, then Fetch Case SysitCaselibrary 12

SyslitCaseLibrary5
Library. Apop-updialogwill appear(Figure 10).

2. Locate the case library by typing part of the case library’s
name, and click Search KB. Note: If you are usingthe smoke-
kb, there are several pre-existing case libraries, asin Figure
10.

3. Clickthe desired case library and click Load. |

Case Construction Style

h |

Load | [ cancel |

The selected case library will now be presentinthe Case Library drop-
down list, within the MAC/FAC interface. Forexample, asshownin
Figure 9 we have chosen (KBCaseFn base-13) as the probe and SysLitCaselLibrary as the case library.
You can browse the given case library by clicking “Browse Library” (Figure 9). This will open up the KB

Figure 10: Case Library fetch dialog.

browserand display the contents of the selected case library.

How to: Run MAC/FAC
Once you have loaded and selected a probe and a case library (discussed above):

1. Run MAC/FACby clicking “Do Reminding” (Figure 9). If you select “Exclude probe from results,”
MAC/FACwill exclude the probe from the case library when performing similarity-based
reminding. Thisisagood practice — afterall, the most similar case to a probe isthe probe itself.
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2. Clicking “Do Reminding” willopenanew

browserwindow, with adisplay similarto
Figure 11.
The browserwindow (Figure 11) has two
frames, the lower one shows the results of
MAC /FAC. The results of the MAC stage are
shown as ‘MAC Results’, listing the cases with
the highest contentvectordot-producttothe
probe. These casesare inputstothe FAC
stage, which uses SME to find the most similar
case(s). The output(s) of the FACstage are
listed under “MAC/FACResults”.
The upperframe (Figure 11) showsthe
browserinterface for MAC/FACwhich allows
you to perform additional operations and also
to run MAC/FAC again if necessary. Using this
interface you can:

a. Selectacase fromthe Case Librarylist

MAC/FAC Browsing

Reminding: (entitySupportedinferencesNotAllowed (reminding base-13 SyslitCaseLibrary (TheSet) ?sme 7t

Probe: base-13

Case Library:
SyslitCaselibrary

With Selected Case...

ta-6
ta-7
ta-8
ta-10
ta-12

SME-Compare to Probe

CV-Compare to Probe

Run MAC/FAC

MAC Results

The following results are for the MAC stage only.

Case |Value

Is-13 | 0.94152304

ma-13|0.88431877

MAC/FAC Results

Case [ Matcher

ls-13 | Browse SME

The following cases are FAC (analogy) output given the above MAC results.

Figure 11: Viewing MAC/FAC results.

and click SME-Compare to Probe. Thiswill openaSME mappingbrowser (discussed
above), between the probe and the selected case.
b. Selectacase fromthe Case Librarylistand click CV-Compare to Probe. This will display
the contentvectors of the probe and the selected case, aswell as the dot-product of the
two vectors. This dot product isusedinthe MAC stage of MAC/FAC.
c. ClickRun MAC/FAC to run MAC/FAC again and see the results.

5. The FAC stage of MAC/FACis achieved via SME comparisons between the probe and the

FAC Constraints: (KBCaseFn base-13) + SyslitCaselibrary

[=

The Structure Mapping Engine can constrain its mappings in a number of ways.
These controls allow you to manipulate a subset of these constraints for the

mappings that happen during FAC stage.

Available constraints:

Identical functions

add |

Current constraints:

Entities
In Probe: (KBCaseFn base-13)

morris -
prison
obscenities
walls
boxcar

m

cops1
man2
harmonica N

Dane Cancel

Remove Selected

Figure 12: FAC Constraints

candidates chosenin MAC stage. You can impose constraints on the comparisons using “Set FAC
Constraints” (Figure 12). The interface is similarto “Set Constraints” (discussed before) except
that we can add constraints related to only the entitiesin the probe.
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Extending a knowledge base

For yourown experiments, you may need to write your own cases, including defining new predicates,
relations, and attributes. This section explains how to do this.

How to: Write a case file

The file format supported by Case Mapperis the meld file (all files end in the extension .meld). You can
see some examples of meld files by lookingin the samplesfolderthatwasincludedinyourinstallation
of Case Mapper. Meld files are easy to write, with only afew simple rules:

1. Each case muststart with a case statement of the form (Case casename) where casenameis the
name usedto identify yourcase. (ltiswise touse the KB browserto check and seeif the name
you are thinking of isalreadyin use. Loadinga meldfile thatrefersto an existing case will add
to, notreplace, the factsinvolving that case.)

Facts following a case statement are stored within that case.
3. You can define multiplecasesinonefile, aslongas each set of facts is set off by a separate case

(Case Bobl)

(isa Bob Dog)

(relationExistsExists loves Person Dog)

(animal TypeMakesSoundType Dog BarkingSound)

(relationInstanceExists anatomicalParts (GenericInstanceFn Dog) Mouth)

(Case Bob2)

(isa Bobby Cat)

(relationExistsExists loves Person Cat)
(

relationInstanceExists anatomicalParts (GenericInstanceFn Cat) Mouth)

Figure 13. A simple meld file containing two cases: Bob1 and Bob2. Each case contains a list of facts.

statement,as Figure 13 illustrates.

You can write a case file using any text editor that you are comfortable with (just make sure to save your
file as filename.meld. Three important points:

1. Iltisimportantthat yourtexteditor produce plaintextfiles (often called ASClIfiles or “.txt” files,
in Save As menus), since formatted files (like.doc, .html, or.pdf) will not be correctly handled by
Case Mapper’sload routines.

2. Your case mustuse conceptsand relationsthatare definedinthe knowledge base for SME and
MAC/FACto work properly. You can find appropriate pre-existing concepts by using the KB
browser. If youneedto define yourown, pleasesee the nextsection.

3. To make editingalittle easier, you might wantto use a text editor that will match your
parenthesesforyou (this means making sure thatthere are equal numbers of rightand left
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parentheses). If yourfile has mismatched parenthesesitwill notloadin Case Mapper. We
recommend Emacs, a freely-available text editor?.

How to: Define new predicates and concepts
To define anew predicate, you must specify several things viafactsin meldfiles:

1. Isitarelationorafunction? Ifitis arelation, thenyoushouldinclude the statement
(isa <new> Relation)

inyour file. Ifitis alogicalfunction, then include
(isa <new> Function-Denotational)

The collections Relationand Function-Denotational areused by the KB/SME interfaceto
determine whether somethingisarelationora function. The minimum additional information that SME

needs isits arity (number of arguments). For fixed-arity relations or functions,
(arity <new> <integer>)

where <integer> is the arity suffices. For variable-arity relations, state
(isa <new> VariableArityRelation)

and for variable-arity functions, include
(isa <new> VariableArityFunction)

2. lsitan attribute? Attributes areimplemented as collections (i.e., concepts), so you should includethe

statement
(isa <new> Collection)

inyour file. You shouldalsoincorporateyour new concept into the existingontology, to help keep things
conceptuallyclear. (Youmay find outinthe process of doingso that a reasonableconcept already exists,
and hence you don’t have to define a redundant one.) To do this, find a relevant concept thatis a
superclass of your concept, let's say <super>, and includeinyour file
(genls <new> <super>)
You can have multiplegenls statements concerninga concept inyour file, of course.

3. Itisvery useful to write comments about your new predicate. You do this by the following statement
(comment <new> <stringdescribing new>)
inyour file. These assertions will be used by the KB Browser, so that you (and potentially

others) can be reminded aboutyourintent. While SME will work without comments, we have
learned overthe yearsthatthisis a very useful practice.

In Cyc-derived KBs, the conventionis that relations start with lower-case letters and are camel-cased
(e.g., connectedTo), functions start with an upper-case letterand have “Fn” on theend (e.g.,
FruitFn), andattributesstart with an upper-case letter(e.g.,BiologicalSpecies). Inthe SME
Classics KB, predicates, functions, and attributes are all lower-cased, with hyphens used to split terms
instead of camel-casing. Case Mapper does not enforce these conventions, butyou will find it usefulto
stick withthem when possible.

Generally you will find it useful to create anew meld file with the specifications for your new predicates
and attributes, separate fromthe meld files for whatever cases use them. Toindicate thatthese are
background facts, include at the start of the file the declaration

4You canlearn more about emacs onlineat http://www.gnu.org/software/emacs/.
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(in-microtheory UniversalVocabularyMt)
This will make your new information accessible from every case.
How to: Load a case file into your knowledge base

If you have knowledgein ameldfile that you wantto use with SME or MAC/FAC, you mustloadit into
your KB. To load a meldfile intoyourKB, first ensure that you have a KB open and then choose Load
File — Import .meldfile fromthe File menu.

How to: Test a case file

[ Meld File Report x - d

| C' [ [ 127.00.1/rbrowse/meld-report himl?id=38 w7 B £HBO =

[} Google Bookmark @ QRGWiki € Announcements |In.. [ Critical thinkingweb & Automated Reasoni.. () Watch Person of Int.. [ Sign Off [ :: Magnum Air Servi... '8l The Scientific Method » (O] Other bookmarks.

search

Meld File Report Smoke Test KB (SUBU-PC)
C:\QRG-KBs\CaseMapperiKBs\smoke-kb\

Assertion: (in-micretheory Bobl)

Problem: Could not find a predicate definition for in-micratheory.Assertion: (relationExistsExists loves Person Dog)

Problem: Could not find an arity for predicate relationExistsExists. Try adding the fact (arity relationExistsExists 3)Assertion: (animalTypeMakesSoundType Dog BarkingSound)

Problem: Could not find an arity for predicate animalTypeMakesSoundType. Try adding the fact (arity animalTy ’ indType 2| ion: (relationInstanceExists anatomicalParts (GenericInstanceFn
Dog) Mouth)

Problem: Could not find an arity for predicate relationinstanceExists. Try adding the fact (arity relationinstanceExists 3)Assertion: (in-microtheory Bob2)

Problem: Could not find a predicate definition for in-micratheory., ion: (relationExistsExists loves Person Cat)

Problem: Could not find an arity for predicate relationExistsExists. Try adding the fact (arity relationExistsExists 3) ion: (relationInstanceExists anatomicalParts (GenericInstanceFn Cat) Mouth)
Problem: Could not find an arity for predicate relationinstanceExists. Try adding the fact (arity relationinstanceExists 3)

Note: These st ions are st ions to make your representations syntactically sound and feasible for use with the Structure Mapping Engine. You may still have semantic prablems in your representation.

Figure 14: Sample Report from check meld

You can testthe syntax of your case file by choosing File — Check.meld file from the File menu. This
will produce areport page inyourbrowseras shown Figure 14. For our example file in Figure 13, we
have not defined the predicates ‘relationExistsExists’ and ‘relationlnstanceExists’.

KQML Server

Case Mapper comes with a built-in server module, so that otherapplications and cognitive models can
access SME, MAC/FAC, and knowledge base programmatically. Alsoincludedisanexample client
applicationinthe file test-client.Isp. Thisisa Common Lisp implementation of astand-alone program
that sends and receives KQML (Knowledge Query Manipulation Language) packets to the Case Mapper
server. Importantly, the KQMLserverinterface of Case Mapper can communicate with client programs
writteninany programminglanguage, provided they can open sockets and send properly-formatted
KQML messages. KQML-based interaction with Case Mapperinvolves fourtypes of interactions: (1)
Knowledge Base store; (2) Knowledge Base retrieve; (3) Knowledge Base forget;and (4) ask. Next, we
discuss how to start and stop the KQML server, and we review KQML packet structure and specifics
including each of these fourinteractions.

How to: Start & Stop the KQML Server

KQML Server

Status: No KQML server is active, Port | 4444 Start Server
17
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On the bottom of the Case Mapper interface isa KQML Server panel. This panel showsthe status of the
server, and contains Portfield forenteringthe server port of yourserver (defaultis 4444), and a button
for startingand stoppingthe server. The status label will change based on the status of the server.

Once you have started a server, you can use a client program written in the programminglanguage of
your choice to communicate with Case Mapper and use the knowledge base, the built-in reasoner, and
SME.

Basic KQML & Packet Structure

Client programs can be writtenin anylanguage, permitted thatthey can opena TCP/IP socket to the
computerrunning Case Mapper. Case Mapper allows a subsetthe standard KQML interactions, so we
can review themintheirentirety. The followingstringisavalid KQML packet that sends the content
(ask :query (isa ?x Dog)) to Case Mapper.

(:tell :sender "localhost"
:receiver "localhost"
:in-reply-to ""
:reply-with "MSG #2"
:language ""
:ontology ""
:content (ask :query (isa ?x Dog)))

Note that all of the keyword fields, except for : content, are specified by character strings, and the
packet must contain quote (") characters around these parameters. Conveniently, you can use the
above packetstructure and substitute only the parametersfor : reply-withand :content to
programmatically access Case Mapper.

The Case Mapperserveraccepts these packetsin string format, and its response packets are inthe same
format. Note that the Case Mapper serversocket connection is not persistent withits clients, soit
disconnects each time a packetis processed, afteraresponse packetis sentbackto the sender. Inthe
following subsections, we describe eachinteraction and packet. Note thatonlythe :content field
changes for each of the interactions.

How to: Use KQML to Ask

The above packetexample with content (ask :query (isa ?x Dog)) performsanaskoperationon
the Case Mapper serverwith the query. Consequently, Case Mapper willuse its working memory and
its KB to find all possible answers tothe asked query —in this case, it will bind the variable 2x toall
known instances of the collection Dog. The response will look something like this:

(:tell :sender "localhost"
:receiver "localhost"
:in-reply-to "MSG #2"
:reply-with "MSG #2"
:language ""
:ontology ""
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:content ((ist-Information EverythingPSC (isa Bluto Dog))
(ist-Information EverythingPSC (isa Dash-VictoriasPet Dog))
(ist-Information EverythingPSC (isa HYP-Dog-5968235 Dog))
(ist-Information EverythingPSC (isa (GenericInstanceFn Dog) Dog))))
Statements of the form

(ist-Information <mt> <fact>)

Indicate thatfact <fact>holdsin microtheory <mt>. Typically youwill be doing queries with regard to
yourowncases. EverythingPSCisa problem-solving context builtinto the OpenCycontology that
treatsthe entire KB as one massive context. Thisis good for spelunking through the KB, butalmost
alwaysisa bad ideaotherwise.

The SME and MAC/FACfunctions are accessible programmatically via ask messages. We discuss thisin
furtherdetail below.

How to: Use KQML to Store

Storing isthe act of inserting new facts into Case Mapper’s KB. You can create a store message by
replacingthe : content field of the above packetwith (store :fact <fact> :context
<context>). The contextisa requiredargumentforspecifyingthe logical contextinthe KBinside
which the fact will be stored. Contextualizing knowledge inthe KBisimportant for maintainingthe
integrity of cases and for enabling reasoning and learning about rich human knowledge (e.g.
FrodoBagginsis a Hobbit, in the MiddleEarthMt).

How to: Use KQML to Retrieve

Retrieving is the act of finding facts within Case Mapper’s KB. You can create a retrieve message by
replacingthe : content field of the above packetwith (retrieve :pattern <query> :context
<context>). The contextisan optional argumentfor specifyingthe logical KB contextto performthe
retrieve.

How to: Use KQML to Forget

Forgetting is the act of removingafact from a logical contextin Case Mapper’s KB. Because knowledge
is contextualized, forgetting afact in one context will not affectthe presence of afact inanother
context. You can create a forget message by replacingthe : content field of the above packet with
(forget :fact <fact> :context <context>). Thecontextisarequiredargumentforspecifying
the logical contextinthe KB inside which the fact will be forgotten. If the factis not presentinthe given
context, no action will be taken.

Using the test-client.Isp client example
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This section assumesyou have a Common Lisp IDE installed. Also note thatthissection uses certain

cases withinthe “smoke-kb,” butthe same methods applyforany case inany Case Mapper-compatible
knowledge base.

1
2.
3.

Start Case Mapper, openthe “smoke-kb,” and start your KQML serveron some port.

Compile andload the test-client.Ispfile.

In your IDE, evaluate: (make-test-client "localhost" 4444), butsubstitute 4444 for
the port you chose. This creates and binds a persistentclient object forthis server/port
combination.

Inyour IDE, evaluate: (send-test-msg ' (ask :query (isa ?x harmful))). This splices
thelispform (ask :query (isa ?x harmful)) intothe :content argumentofa new
KQML message and sendsitto Case Mapper. The outgoing message and response message
should be printedin the IDE window, and the function should return the contentfromthe
response message, which contains Case Mapper’sresponse tothe ask query. Note thatthe
term ?x isconsidered a variable by Case Mapper’sinternal reasoner, sinceitis proceeded by a
guestion mark. As a contextis not specified EverythingPSC (all of KB) isassumedto be the
context.

In your IDE, evaluate the following: (send-test-msg ' (store :fact (isa America
country) :context cm-test-case)). Thisstoresthefact (isa America country) in
the KB, ina microtheory (contextual case) called cm-test-case. Ifthe context cm-test-
case did not exist beforehand, Case Mappercreatesit.

Verify that the fact was properly stored by browsing the KB (viathe KB menu) and searching for
cm-test-case. You’ll notice thatthereis one factin the microtheory —the one we juststored
programmatically using our KQMLclient.

Retrieve the case by evaluating: (send-test-msg ' (retrieve :pattern (isa America
country) :context cm-test-case)) (notethatthe :contextkeywordisoptional here),
and forgetthe fact by evaluating: (send-test-msg ' (forget :fact (isa America
country) :context cm-test-case)). Notethatyou neednotretrieve facts before
forgettingthem; we did this purely for demonstrative purposes.

Verify that the fact was properly deleted from the KB by refreshing your KB browserwindow.
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Next, we discuss how to run SME using KQML ask messages.

1. Ifyou are startinga new Case Mapper or Lisp IDE session, completesteps 1-3above.

2. InyourlIDE, evaluate: (send-test-msg ' (ask :query (matchBetween
(ExplicitCaseFn solar-system)
(ExplicitCaseFn rutherford-atom)
(TheSet) ?match)
:context cm-test-context))

The predicate matchBetween invokes SME, and the predicate TheSetindicates
that itsarguments should be viewed as a set. Here, since there are no
constraints, (TheSet)isindicatingthe empty set. The ‘:context cm-test-context’
indicates that the mapping will be performed with respect to cm-test-context.
Thisallows the userto customize which predicates should be considered for
analogy using analogy-control-predicates.

3. Case Mapper’sresponse message shouldinclude the content:

((ist-Information cm-test-context
(matchBetween (ExplicitCaseFn solar-system)
(ExplicitCaseFn rutherford-atom)
(TheSet) (MatcherFn 7 0))))

Note:your (MatcherFn 7 0) termmay differin numerical arguments;thisisonlyaninternal
identifiertokenthatservesasahandle forgetting furtherinformation about this SME
operation, whileitis still residentin Case Mapper’s working memory?>.

4. Usingthe MatcherFnterm youreceived back from Case Mapper (here, (MatcherFn 7 0)),
you can performthe following ask queries to obtain dataabout this SME analogy operation.
Just put the following lisp-forms into the :query argument of send-test-msg:

Match-level queries:

(numberOfMappings <matcher-handle> ?x)

...returns the total number of mappings computed (here, ?x = 2).

(bestMapping <matcher-handle> ?2x)
..returns a handleto the best mapping (here, ?x = (MappingFn 9 (MatcherFn 7 0))).

Once you have a handle to a mapping, you can use the following mapping-level queries:
Mapping-level queries:

(numberOfCorrespondences <mapping-handle> ?x)

...returns the total number of correspondences inthe mapping (here, ?x =11).

5> The firstinteger refers to the order in which an SME was created duringa session, and the second integer refers
to the number of times its baseor target has been extended, since SME supports incremental mapping. In this
example, this is the 7t SME created duringthe session,and noadditional facts have been added to the base and
target sincetheir creation.
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(numberOfCandidateInferences <mapping-handle> ?x)

..returns the total number of candidateinferences inthe mapping (here, ?x =3).

(structuralEvaluationScoreOf <mapping-handle> 2x)

..returns the structural evaluation score of the mapping (here, ?x = 0.1657).

(correspondsInMapping <mapping-handle> ?x ?y)

..returns alistof ?x (base) and ?y (target) correspondences in the given mapping, for example:
(correspondsInMapping (MappingFn 9 (MatcherFn 7 0)) planet electron)

(hasCorrespondence <mapping-handle> ?x)
..returns alistof correspondence handles for all correspondences inthe mapping, for example:
(MhFn 1 (MatcherFn 7 0)). Thisisinthe form (MhFn <index> <matcher-handle>), where
Mh stands for Match Hypothesis. Once you have correspondence handles, you can ask
correspondence-level queries. Similarly, the next two queries produces correspondence handles.

(correspondenceForBaseItem <mapping-handle> planet ?vy)

..returns alistofthe form (correspondenceForBaseltem <mapping-handle> planet
<correspondence- handle>) .

(correspondenceForTargetItem <mapping-handle> electron ?y)

..returns (correspondenceForTargetItem <mapping-handle> electron <correspondence-
handle>) .

(candidateInferenceOf ?x <mapping-handle>)

..returns alistof (candidateInferenceOf <ci-handle> <mapping-handle>), items, where each
<ci-handle> can be used inthe below Candidate inference-level queries. These are analogicalinferences
from the base case to the target case.

(reverseCandidateInferenceOf ?x <mapping-handle>)
..returns alistof (reverseCandidateInferenceOf <ci-handle> <mapping-handle>), items,

where each <ci-handle> can be usedinthe below candidate inference-level queries. These are analogical
inferences fromthe target caseto the base case.

Correspondence-level queries:

(correspondenceBaseIltem <correspondence-handle> ?x)

..returns the baseitem of the given <correspondence-handle>.

(correspondenceTargetItem <correspondence-handle> ?x)

..returns the target item of the given <correspondence-handle>.

Candidate inference-level queries:

(candidateInferenceContent <ci-handle> ?x)

..returns the fact-form of the given <ci-handle> in the mapping.
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(supportScoreOf <ci-handle> ?x)

..returns the support score of the corresponding candidateinference.

(extrapolationScoreOf <ci-handle> ?x)

..returns the extrapolation score of the correspondingcandidateinference.

(candidateInferenceCorrespondences <ci-handle> ?x)

..returns a set of correspondence handles representing the correspondences (match hypotheses)
that support the given candidateinference.

We have demonstrated how to use SME via Case Mapper’s KQML server with a Common Lisp client; however, all

of these queries can be performed by other programs written in other languages, provided they use the same

KQML message structure and query syntax as discussed above.

Troubleshooting Case Mapper

Whenyou start the KB Browser or try to browse SME or MAC/FAC results forthe first time, you
may geta Windows Firewall pop-up dialog that asks you whetherornot you want to allow Case
Mapper to communicate. Itisimportantthatyou choose “unblock”, since otherwise the
program will not be able to communicate with the browser.

If you geta dialogbox that says “unrecoverableerror” when openinga KB, it means that either
thereisn’ta KB at the locationyouselected oritis corrupted. Delete whateverfiles are atthat
location, and restore your KB from the backup you made.

If you are browsingand you get somethingthatsays “Lisp error” instead of what you expected,
thenyouhit atime-outinthe browsing system. Eitherthe operationisjusttoobigforthe
browsing systemto handle (e.g., showingall 1 sa statementsinthe OpenCyc-derived KB) or
your machine was spending alot of time elsewhere. Inthe lattercase, try again.

Whenyou get an unrecoverable errordialog, if you clickon “debug” instead of “ok”, the
program will in some circumstances keep goingjustfine. However, you should save your KB
soon, and be sure to have a backup handyjustin case.

If you have difficulty starting or connecting to the Case Mapper KQML server, ensure thatyour
Windows firewall is disabled, at least forthe port you have specified as your KQML server port.

Testing CaseMapper

You can test the basicfunctions of CaseMapper using ‘Help>Test CaseMapper’ menu option.

This operation requiresyou to have ‘smoke-kb’ as the current KB. So close any otherkB and
open smoke-kb (included with the installation).

To ensure that none of your operations affect the test, we recommend that you close and
reopen CaseMapper before running the test.

A file selection dialog will pop up. This lets you specify the name and location for the testresult
file.
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The result file will contain the current SME-parameter settings and other test statistics.

We requestyoutoinclude the resultfilealong with any bugreport.
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Appendix: SME Parameters

CaseMapper provides an interface (Edit | SME Parameters) for customizing SME by modifyingthe
default parameters. We recommend that you become very familiar with the SME algorithm before
changing any of the default settings.

Edit SME Parameters @

The Structure Mapping Engine has a number of parameters that alter its behavior, These parameters may be
tweaked and saved, though we recommend using the default values,

[] allow entity-supported inferences 0.8 Greedy cutoff value

(| Functor trickle-down 3 Maximum # GMaps

allow out-ofmapping contributions 5.0e—4 Local score for identical functors
[ Block most out-of-mapping contributions 7.0e-4 Local score for identical functions
[ | require overlap for merging 8.0 Trickle-down multiplier

Enforce 1-1 minimal ascension 1.0 Manimum local score for a MH

[] Use global candidate-inference support 0.8 Minimal ascension multiplier

|:| Compute reverse inferences

[] Use less greedy greedy merge

Reload Defaults H Done H Cancel

The descriptions of these parameters are given below.

Boolean Parameters

Allow entity-supportedinferences: We believe thatthere are two criteriapeople use for
generating candidate inferences. The default criterion is conservative, only producing candidate
inferences when supported by relational correspondences. However, there is anothercriterion
that we believeis used when little is known about the target, i.e. allowing candidateinferences
based on correspondences justinvolving entities. When this Boolean flagis false, SME uses the
default conservative criterion. Whenitistrue, it also allows candidate inferences to be
generated usingthe more risky criterion. In Case Mapper this flag defaults to false, butin
learning systems built on top of SME, itis oftensettotrue.

Allow out-of-mapping contributions: This determines how the finalmappingscoreis
computed. The defaultissettotrue, indicating that the mappingscore isthe sum of all MHs in
the mapping.

Block most out-of-mapping contributions: The defaultis false. Whensetto true (checked), this
limits the initial MH score trickle-down to mostly structurally consistent parents.
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Enforce 1-1 minimal ascension: The defaultistrue. Thisallows functor correspondencesto be
created for relations matched via minimal ascension. Thisinturn means that non-identical
predicate matches must be identical across the entire mapping.

Compute reverse inferences: This allows SME to compute candidate inferences from the target
to the base as well as from the base to the target. Thisisveryusefulincomputingalignable
differences.

Numeric Parameters

Maximum # Gmaps: The maximum number of mappingsto compute. The defaultvalueis 3.
Greedy cutoff value: If there is a steep drop-offin score from the best mapping, lower-scoring
mappings are dropped. This parametersetsthe threshold forthe cutoff,i.e. subsequent
mappings must be within this percentage of the best mapping. The defaultvalueis0.8.

Local score for identical functors: The local score for a match hypothesis between expressions
which have identical functors. The default valueis 0.0005.

Local score for identical function: The local score for a match hypothesis which hasidentical
functions. Thisis typically smaller because functions, representing dimensions, can easily match
non-identically if they supportalarger matching structure. The defaultvalue is 0.0002.
Trickle-down multiplier: Systematicity is implemented via a trickle-down algorithm, where the
score of a match hypothesis cascades down to the match hypotheses of its corresponding
arguments. The defaultvalueis 8.0.

Maximum local score for a MH: Provides the ceiling for match hypothesis scores. The default
valueis1.

Minimal ascension multiplier: Indicates the penalty tobe imposedif the alignmentis due to
minimal ascension. The defaultisthatonly 80% of the score will be considered.

Experimental Parameters

Functor trickle down: Allows trickle-down to match hypotheses connecting functors.

Require overlap for merging: An experimental new version of greedy merge which requires
kernelstooverlap. Normally all thatisrequired is that they are not structurally inconsistent.
Use global candidate inference support: Use global mappinginformation when calculating
candidate inference supportscores. Normally scores are computed forthe correspondences on
which the inference restslocally.

Use less greedy greedy merge: Use an experimentalform of greedy merge allowing addition of
consistentkernels from other mappings.
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