The shape of the parts can only be cylindrical or rectangular in the current version of the domain.
If more irregular shapes were allowed, the operators for holding parts would have to be changed.
The first step would be to generate angle shapes with the shaper and the planer using a corner
cutting tool. The milling machine can produce all kinds of complicated shapes.

Another extension to the domain could be positioning the tools. For example, one could position
the drill spindle that holds a drill bit exactly at the same x- and y-coordinates of the hole required.

The specification can also be extended to acquire data about a part by collecting observations.
There are several measuring devices that can be used to determine the size of a part when this
particular data is not given to the system. Micrometers can be used to measure an unknown size
or to check it after an operation. Telescopic gauges are used to measure a hole. First, the gauge
measures the hole, and then the gauge is measured by a micrometer.

5.2. Improving Performance

PRODIGY was developed both as a general-purpose problem solving architecture and as a testbed for
machine learning research. Many different learning strategies have been implemented to improve
the performance of the problem solver. The combinatorial explosion of the search can be reduced in
PRODIGY using several control mechanisms that include the use of control knowledge, hierarchical
planning, and analogical reasoning. We describe now briefly how learning is combined with each
of these mechanisms, and their use for process planning applications.

The control rules included in Appendix 1 were hand-coded but they can be acquired auto-
matically. The STATIC module [Etzioni, 1990] constructs control rules by analyzing the domain
description prior to problem solving. Then, PRODIGY/EBL [Minton, 1988] examines the problem-
solving traces and acquires additional rules using explanation-based learning. All the rules are
subject to a dynamic utility analysis that recommends which rules are useful and should be retained.

PRODIGY can also be used as a hierarchical problem solver. The domain knowledge is examined
and multiple abstraction levels are learned automatically. To solve a problem, PRODIGY searches
for a solution in the most abstract space, which contains the aspects of the domain that add the
most complexity to the search. The abstract solution is then used to guide the search in the lower
abstraction levels. Abstraction planning is a good approach to tame the complexity of planning
domains in general [Knoblock, 1991], and it seems promising for both process planning and
scheduling domains [Fox and Smith, 1984, Nau, 1987].

Another method that is being investigated is how to use similar previously solved problems
to solve new ones [Carbonell and Veloso, 1988]. PRODIGY records solved problems along with
the justifications for each decision taken in the process. A similarity metric is used to retrieve
old episodes and a derivational analogy engine reconstructs a solution reusing the decisions where
equivalent justifications hold true. Currently, PRODIGY finds solutions for process planning prob-
lems in a generative fashion, i.e., by constructing plans given a set of possible operators. PRODIGY's
analogical engine could be used to implement a "variant" approach [Chang and Wysk, 1985] using
predefined plans associated with families of parts, modifying them for the particular part wanted.
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An orthogonal issue in learning and problem solving is the acquisition of domain knowledge.
PRODIGY can engage in an apprentice-like dialogue that enables the user to specify domain knowl-
edge, monitor the search process, and provide useful advice on line {Joseph, 1989]. Domain
knowledge can also be acquired by interaction with the environment [Carbonell and Gil, 1990].
Given some initial body of knowledge and the possibility to execute actions and collect observa-
tions, autonomous acquisition of domain knowledge is possible. The system has expectations that
emerge from its current knowledge. Plan execution is monitored, and when the expectations and
the observations diverge, learning is triggered. PRODIGY uses experimentation strategies to correct
the domain knowledge in order to prevent future failures. In fact, this research is being applied to
the process planning application described in this paper [Gil, 1991].

In summary, learning in PRODIGY is combined with problem solving through the automatic
acquisition of episodes useful for analogical reasoning, producing abstraction hierarchies, and
Iearning control rules. The acquisition of domain knowledge from the environment is possible
both from the user through an apprentice system and from the environment through autonomous
learning by experimentation. We hope that these leamning methods together with PRODIGY's
powerful inference engine will produce an efficient process-planning system.

Plan optimization is desirable in many planning applications. A general-purpose planner
must have mechanisms for producing acceptable resource consumption, execution time, or other
constraints on the quality of plans. Their use in process planning is necessary, and we would like
to investigate this issue further. Combining the operations required to produce several parts into a
schedule would be one step further in optimizing the use of the resources.

6. Conclusions

We have described a specification of process planning in manufacturing that can be used by Al
systems. This specification has been successfully demonstrated in the PRODIGY architecture, and
is one of the largest domains available for general-purpose planners. By using this task we hope
to demonstrate the feasibility of effective implementations of large-scale complex domains in a
general-purpose architecture. '
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A An Implementation in PRODIGY

This appendix contains a listing of the specification described in this document as it is implemented
in the PRODIGY architecture.

The implementation of this domain as well as the PRODIGY system are available upon request. Send
e-mail to prodigy@cs.cmu.edu or write to:

The Prodigy Project
School of Computer Science
Carnegie Mellon University

Pittsburgh PA 15213

The domain can be easily implemented in other problem solvers, as an implementation in FRULEKIT
shows [Shell and Carbonell, 1991]. FRULEKIT is an augmented implementation of the OPS Rete
pattern matcher, and is quite different from PRODIGY. In particular, PRODIGY’s inference engine

works with backward chaining, while FRULEKIT works with forward chaining.
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Cperators

{setq *OPERATORS* ’ {
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; MACEINE: DRILL
; oparators for making holes

{DRILL=WITBE~SFOT-DRILL
{(params (<mackine> <drill-pit> <holding-davice>
<part> <holae> <side>})
(preconds [and
{is~a <part> PART)
{is=a <machine> DRILL)
{is-a <drili=bit> SFOT-DRILL}
{holding-tool <machina> <drill=bit>)
(holding <macbine> <hbolding-device> <part> <side>j))
(effacts |
{del (is-clemn <part>))
(add (bas-burrs <part>))
12add (has-spot <part> <bhole> <side> <loc-x> <loc-y>))}))

(DRILL-WITE-TWIST=DRILL
(params (<machine> <drill-bit> <helding-device>
<part> <hole> <side> <bole-depth> <hole-diameter>})
(preconds {and

(is-a <part> PAKRT)
{is=4 <machine> DRILL}
{same <drill-bit=diameter> <hole-diameter>)
{diameter-of-drill=bit <drill-bit> <drill-bDit-diameter>)
{is=a <drill-bit> TWIST-DRILL}
(has-spot <part> <hole> <side> <loc-X> <lotw-y>)
{bolding-tool <machine> <drill-bit>)
(bolding <machine> <bolding~davice> <part> <side>))}

{affects |
{del {is-clean <part>))
{add {has-burrs <part>))
(del {has-spot <part> <hola> <side> <loe-x> <loc-y>))
{add (has-hole <part> <hole> <side> <hole-daepths>

<hole-diamater> <loc=x> <loc-y>))}))

(DRILL-RITE-HIGH=HELIX-DRILL
(params (<machine> <drill-bit> <holding-devica>
<part> <holae> <side> <hole-depth> <hole-diameter>))
{preconds f{and
{is~a <part> PART)
{is-a <machine> DRILL}
{Samé <drill-bit-diameter> <hole-diametar>)
(diameter—of-drill-bit <drill=bit> <drili-bit-diameter>)
(is-a <drill-bit> RIGE-HELIX-DRILL)
{bas-fluid <machine> <fluid> <part>)
{has-spot <part> <hole> <side> <loc-x> <loc-y>)
(holding-tocl <machine> <drill-bit>)
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(holding <machine> <heolding-devica» <part> <side>)};
(affacts {
{del {is=-clean <part>i}}
{add (has-burrs <part>)
{del {(has-spot <part> <hola> <side> <loc=x> <locey>])
{acdd (bas-hola <part> <bola> <side> <hole-depth>
<hole-diametar> <loc-x> <loc-y>)))}}

{DRILL=WITE~STRAIGRT=-FLUTEL-DRILL
{parans (<machkine> <drilla=bit> <hclding-devica>
<part> <hole> <sida> <hole=depth> <hole-diamataer>))
{preconds (and
{it«a <part> FART)
{is-a <machine> DEILL)
(same <drill-bit-diametet> <bole-diametar>)
(diameter~of«drill-bit <drill-pit> <drill=bit-diameter>}
(is-a =<drill-bit> STRAIGHT-FLUTED-DRILL)
{smallaer <hole-depth> 2)
{material-of <part> BRASS)
{has-spot <part> <hole> <sjide> <loc-x> <loc-y>)
{holding-togl <machine> <drill=bit)
(bolding <machine> <helding-device> <part> <side>}))
{affacts
{dal {ims-clean <part>))
{add (has-burrs <part>})
{dal {has-spot <part> <bole> <side> <loc-x> <loc-y>))
{add (bas-hole <part> <hola> <side> <hole=-depth>
<hola-diameter> <loc-x> <loc=y>))1)))

{DRILL~-WITE-OIL=HOLE~DRILL
{params (<machine> <drill-bit> <holging-device>
<part> <hole> <side> <hole—dapth> <hole-diametar>))
{(pteconds {and
{is-a <part> PART)
(is-a <machine> DRILL)
(same <drill-bit-diameter> <hole-diameter>)
(dianeter~of=drill-bit <drill-bit> <drill-bit-diameter>)
{iz-a <drill-bit> OIL-HOLE-DRILL)
{smaller <holae-dapth> 20}
{haz-fluid <machine> <fluid> <part>}
(has=spot <part> <hola> <side> <loc-x> <loc-y>)
(bolding-tool <machine> <drill-bit>)
{bolding <machine> <holding-device> <part> <side>}}}
{affacts {
{dal |is-clean <part>))
{addet (has-burrs <part>))
{dal {hag=spot <part> <hole> <side> <loc-x> <locry>))
{add (bas-hole <part> <hole> <sida> <hole=dapth>
<hole-diameter> <loc-x> <loc=y>)}))))

{DRILL-WITHE-GUN~DRILL
{params (<machine> «<drill-bit> <holding-devica>
<part> <hcle> <side> <hole-depth> <hola-diameter>})
{preconds (and
{is-a <part> PART)
(is-a <machipe> DRILL)
(sama <drill-bit-diameter> <hocle-diametar>)
{diameter=of-drill-bit <drill-bit> <drill-bit-diametar>)
{izs-a <drill-bit> GUN-DRILL}
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{bas-fluid <machine> <fluid> <part>}

(bas—spot <part> <bole> <side> <loc~X> <loC=y>)
(bolding=tool <machine> <drill-bit>}

(holding <machbine> <holding-device> <part> <side>)))

{effects {
(del (is—-clean <part>}}
(add (has=-burrs <part>))
{del (has-spot <part> <hols> <side> <locex> <lotc=y>))
(add (has=-hcle <part> <hole> <side> <hole-depth>

<boles—diameter> <lot=x> <loc=y>}}}}))

(DRILL=-WITE=-CINTEZR~DRILL

{parans (<machine> <drill-bit> <holding-device> <part>
<hole> <side> <drill-bit-diameter> <loc-x> <Qdoc-y>|}
(preconds (and

(is=a <part> PART)

{is-a <machine> DRILL}

{diameter-cf-drill-bit <drill=bit> <drill=-bit=-diameter>)

{same <drill-bit-diamatar> <holes-diameter>)

(is=-a «<drill-bit> CERTER=-PRILL)

(has=spot <part> <hole> <side> <loc-x> <loc-y>}

(belding-tcel <machine> <drill-bit>)

(belding <machine> <bolding-device> <part> <side>)))
{effacts |

{dal (is~clean <part>})

{add (has-burrs <part>))
(dal (bas«spot <part> <hole> <side> <loc-x> <loc-y>}}
tadd (has-hole <part> <hole> <side> 1/8
<bole-diameter> <log-x> <1loc-Y>))
(add (has-center-hcle <part> <holae> <sida> <loc=x> <loc-y>)}}}

;; oparators for finishing holas

{TAT
(params (<machine> <drill-bit> <holding=-device> <part> <hole>))
(precondr {and

{ia-a <part> PAPT)

{is-a <mackine> DRILL)

{same <drill-bit-diameter> <hele=diamaeter>)

{diameter~of=drill=bit <drill-bit> <drill-bit-diameter>)

{is=a <drill-bit> TAP)

{bas-hole <par:i> <hole> <side> <bLole-dapth> <hcle-diameter>

<lioec-x> <loc-y>)

{belding=tool <machine> <drill=bit>}

{(~ (has-burrs <part>;}

(isa-clean <pari>j

{holding <machine> <hoclding-device> <part> <side>))}
{effects |

{del (is-clean <part>))

{add (has-burrs <part>)}

{if (is-reamed <part> <hole> <side> <hole-depth>

<holae-diameter> <loc-x> <loc-y>}
{is-reamed <part> <hele> <side> <hocle-depth>
<hole-diameter> <loc-x> <loe=y>))}
(add (is-tapped <part> <hola> <side> <hcle=-depth>
<bole—-diameter> <loc-x> <loc-y>))1)))

{del

(COUNTERSINK
(parans (<machine> <drill-kit> <helaing-davice> <part> <hole>)}
(preconds {arnd
{is=a <part> PART)
{is-a <machina> DRILL)
(angle=0f-drill-bit <drill-bit> <angle>)
{is-a <drili-bit> COUNTERSINK)
(baz~hole <part> <hole> <side> <hole-depth> <hole-diamatar>
<loc=x> <loc-y>}
{holding-tool <machine> <drill-bit>)
(- (has-burrs <part>))
{is-clean <pazrt>)
(holding <wachine> <holding-device> <part> <side>)))
{sffects {
(dal (is=clean <part>)}
{add (Las-burrs <part>)}
{add {is-tountersinked <part> <hole> <sidée> <hclae-depth>
<nhole-diametar> <loc-x> <loc-y> <angle>))}))

{COUNTERBORE

(params (<machine> <drill-bit> <holding-davice> <part> <hole>))
(preconds (and

{is-a <part> FART)

{is=a <npachina> DRILL)

{size-of-drill=bit <drill-bit> <counterbors-size>)

{(is-a <drill-bit> COUNTERBORE)

(has-hole <part> <hola> <side> <hole-deptlh> <hole-diameter>

<loc-x> <loc-=y>)

(bolding~tool <machine> <drill-bit>}

{~ {(has-burrs <part>})

{is~claan <part>)

{holding <machine> <holding=device> <part> <side>})})
{affacts |

{del (is-clean <part>))

{add (has=burrs <part>))

Y
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(8dd {ip-counterbored <part> <hola> <side> <hole-depth>

<hole-diameter> <loc-x> <loc-y> <counterbore-size>]))))

(REAM

{params (<machine> <a&rill-pbit> <helding~device> <part> <hole>
<side> <bole-depth> <hcle—diamater>))

{praconds (and

(is=a <part> PART)
(is-a <macbkipe> DRILL)
(aame <drill-bit-diameter> <bole-diamatar>)
{diameter—of-drill-bit <drill-bit> <drill=bit-diameter>)
{is=a <drill~-bit> REAMER)
(smaller <hole-depth> 2)
{bas=fluid <machine> <fluid> <part>}
{bas-hols <part> <hole> <szide> <hole-depti> <hele-diamatear>
<loc=x> <loc-y>)
(helding-tool <machine> <drill-bit>)
{~ {has=burrs <part>))
{im-clean <part>)
{holding <machine> <holding-device> <part> <side>]))
{affacts {
(dael {is=claan <part>})
{add (bas~burrs <part>))
{if (is~tapped <part> <hole> <side> <hole—depth>
<hola-diameter> <loc-x> <loc+y>)
tis~tappad <part’> <hole> <side> <hole-depth>
<hole-dianster> <logc-x> <ioc=y>})])
{is=Teamad <part> <hole> <side> <hole-dapth>
<bole-diameter> <loc-x> <loc=y>))})}

(dal

{add
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MACHINE: MILLING MACHINE

(SIDE-MILL

{params {<machine> <part> <millihg=cutter> <holding-device>
<side> <dim> <value>))

{preccnds (and

{is=a <part> PART}

{is-a <machine> MILLING~MACHINE)

(is=0f=type <milling-cutter> MILLING-CUTTEE)

{or (same <dim> WIDTH)

(same <dim> LENGTH))

{size-of <part> <dim> <valua«cld>)

{smaller <valua> <value=-cld>)

{smallar-than=-2in <value-cld> <valua>)

{side-yp-for=mackining <dim> <side>)

{holding-tool <machine> <milling-cutter>)

{holding <machine> <holding-device> <part> «<side>j))
(effacts |

igal {is-cleah <part>))
{add (bhas-burrs <part>))
(del (surface-coating-side <part> <side> <*surface-coating>))
(del (surface-finish-side <part> <side> <*z=q>})
(add (surface-finish-side <part’> <side> ROUGH-MILL))
{add (size=of <part> <dim> <value>))
{del (size-of <part> <dim> <value=old>))}}})
(FACE-MILL

{params (<machine> <part> <milling-cutter> <hclding-device>
<side> <dim» <valuae>})
{praconds (and
{(is=-a <part> PART}
{is-a <machine> MILLING-MACRINE;
(is—of-type <milling-cutter> MILLING-CUTTER)
{same <dim> BHEIGHT)
(size=-0f <part> <dim> <value-cld>)
{smaller <value> <value=-cld>)
{side-up-for-machining <dim> <side>]
{bolding-tool <machine> <milling-cutter>)
(bolding <machine> <holding-device> <part> <side>)})

(affacts {
{del (is=clean <part>)])
{add (has-burrs <part>))
{del (surface-coating-side <part> <side> <*surface-coating>))
{dal (surface-finish-=ide <part> <side> <*=-g>}])
{add (surface-finish-side <part> <side> ROUGH=MILL)}
(add (size=of <part> <dim> <value>}}
(del (size-of <part> <dim> <valua-old>}))})

{DRILL-WITE-SPOT=DRILL-IN-MILLING~-MACHINE

{<machine> <drillebit> <hclding-device>
<part> <hola> «<side>))
{preconds {and

(is=a <part> PART)

{is-a <machine> MILLING-MACEINE}

(is—a <drill-bit> SPOT-DRILL)

{holding-tool <machine> <drill-bit>)

{bolding <machine> <helding-device> <part> <side>)}))
{(effacts |

{del (is~-clean <part>}}

{(add {has-burrs <part>}}

(add (has=-spot <part> <hole> <side> <loc-x> <loc-y>}}}l}

{paTams



({DRILL-WITH-TWIST-DRILL=IN=MILLING=-MATHINE
(params (<wachine> <drill-bit> <bholding-devica>
<part> <bole> <side> <hole-depth> <bols-dimmetars>}}
(preconds {and

{is-a <part> FART)
{is=a <machine> MILLING-MACHINE)
(same <drill-bit-djsmeter> <hcle-diameter>)
(diameter—of-drill-bit <drill-bit> <drill-bit=-dimmeter>)
{is-a <drill=bit> TWIST-DRILL}
(has=zpot <part> <bole> <side> <loc-x> <loc-y>}
(bolding-tool <mackine> <drill-bit>)
(bolding <machine> <holding=device> <part> <side>) V)

{affacts {
{del [(is=-clean <part>))
tadd {bas-burrs <part>})
(del (bas-spot <part> <hole> <side> <loc-x> <loc=y>))
(add (bas-bole <part> <hole> <side> <hola-~cepth>

<hole-diameter> <loc-x> <loc=y>)})})
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¢ MACEINE: LATHE
{ROUGH-TURN-RECTANGULAR-FART
(params (<machine> <part> <toolbit> <holding-devicae>
<diameter-niaw>}}
{praconds (and
{is-a <machine> LATHE)
{iz~a <toolbit> ROUGE-TGOLBIT)
(shape-of <part> RECTANGULAR)
{siza=-of <part> HEIGHT <h>)
{size-of <part> WIDTE <w>)
(smaller <diameter-new> <h>)
(smaller <diamerer—new> <w>}
{holding=toel <mackine> <toolbit>}
(side-up~for-machining DIAMETEK <side>}
{bolding <machine> <hclding-device> <part> <side>j);
taffacts (

idal (is-clean <part>))

tadd (has-burrs <part>))

(del {size-of <part> HEIGET <h>))

idal {size-of <part> WIDTH <w>))

jadd (size-of <part> PIAMETER <diamétez-pew>))

{dal (surface-coating-side <part> SIDE1 <*surface-coating>))
(del (surface-coating-side <part> S$IDE2 <*surface-coating>j)
{dal {surface-coating-side <part> S5IDEd <*surface—coating>i)
(dsl (surface-ccating-side <part> S1LES <*surface~coating>))
(del isurface-coating-side <part> SIDED <*surface-coating>))
1del (surface=Tfinish-side <part> SIDEl <sfl>)}

{del (surface-finish=-side <part> SIDEZ <sf2>))

(del tsurface~finisb-side <part> SIDE4 <sfd>))

(del (surface-finisb=side <part> SIDES <sf5x)}

(add {surface-finish-side <part> SIDEC ROUGH=TURN)))))

{RCUGH-TURN=-CYLINDRICAL-FPART

(params (<machine> <part> <toolbit’> <bolding-devica>
<diamater-new>))
{Precends {and

{is-a <Ouachine> LATHE)

{is-a <toclbit> ROUGE-TOOLBIT)

(¢thape-of <part> CYLINDRICAL)

(size-of <part> DIRMETER <diameteor>)

(smallezr <diametar-new> <diameter>)

{holding-toocl <machine> <toolbit>)

{side-up-for-machining DIAMETER <side>)

{(bolding <machina> <holding=device> <part> <side>})}
{affects {

{del (is-clean <part>))

{add (has-burrs <part>)}

(del (size-of <part> DIAMETER <diameter>))

(add (size=of <part> DIAMETER <diameter-naw>)}

(del (surface-coating-side <part> SIDED <*surface-coating>))

{del (surface-finish-side <part> SIDED <sf>))

{add (surface-finish-sida <part> SIDEC ROUGH-TURN}})))

{FINISE-TURN
{params (<machine> <part> <toolbit> <heolding-device>
<diameter-naw>r))
{preconds jand
(is-a <machine> LATHE}
{is-a <toolbit> FINISH-TOOLBIT)
(shape-~of <part> CYLINDRICAL)
{size-of <part> DIAMETER <diamster>}
{finishing-=ize <diameter> <diameter=new>}
{holding-tool <machine> <toolbit>)
{~ (has-burrs <part>))
{is-clean <part>)
{helding <nachine> <holding-dsvice> <part> SIDED)})
ieffacts
(del ({is-claan <part>))
{add (has~-burrs <part>))
(del isize—of <part> DIAMETER <diametar>;}
(add (size-of <part> DIAMETER <diameter-new>)}

{del {surface-coating-side <part> SIDEOD <*surface~coating>))
(del (surface-finish-side <part> SIDEC <sf>}}
(add (surface-finish-side <part> SIDEG FINISE-TURN))]))})

{MAFE~TEREAD-WITHE~LATHE
{params {<rwackine> <part> <holding-davice> <side>))
{preconds (and

{(is=a <part> PART)

{ir-a <machine> LATHE)

{is=a <toolbit> V-TEREAD)

{shape-of <part> CYLINDRICAL)

{holding=tool <machina> <toolbit>)

{~ {bas-burra <part>))

{is-clean <part>)

(bolding <machine> <holding-device> <part> SIDEQ)))

{affects
idel {is-clean <part>))
{add (has-Byrcs <part>)}
(del {surface-coating-side <patrt> SIDEO <*surface-coating>»))
(del (surface-finish-side <part> SIDED <sf>})
{add (surface-finish-side <part> SIDEQC TAPPED))))}

{MAFE~KNUFL-WITH~-LATHE
{params {<machine> <part> <holding-devica> <side>}}
{preconds {and

{is-a <part> PART)

{is-a <machkine> LATHE)

{is-a <toolbit> KNURL)

ishape-of <part> CYLINDRICAL)

{holding=tocl <machine> <toclbit>)

{~ {has-burrs <partx))

{is-clean <part>)

thelding <machine> <holding-davice> <papt> SITED) ),

{effects ¢
idal {(is-claan <part>}}
tadd (has-burrs <part>))
(dal (surface~coating-side <part> SIDEG <*surface=coating>))
{del (surface-finish-side <part> SIDED <sf>|)
(add (surface-finish-side <part> SIDEC KNURLEL,))))

(FILE-WITE=LATHE

(params (<mackine> <part> <holding-device> <lathe-file>
<diameter-naw>))
ipraconds (and

(is=a <part> PART)
fis-a <mackine> LATEE)
{is=a <lathe-file> LATHE~FILE]
{shape-of <part> CYLINDRICAL)
(size~cf <part> DIAMETER <diameter>}
(finishing-=size <diamster’> <diameter-new:j
{bas-burrs <part>))
tis-clean <part>)
(holding <machine> <holding-device> <part> SIDEC)))
{affacts |
idel (is-clean <part>)}
{add (bhas-burrs <part>))
{del (size-of <part> DIAMETER <diameter>))
(add (siza-cf <part> DIAMETER <diaueter-naw>)}
(del {surface=-coating-side <part> SIDED <*surface-coating>))
{del (surface-finish-side <part> SIDEG <sf>))
{add (surface-finish-side <part> SIDEO ROUGE-GRIND))) )

-

{POLISE-WITHE-LATHE
{params {<machine> <part> <holding-davice> <cloth>
<djameter-new>))
(praconds (and
{is~a <part> PART)
{is-a <machine> LATHE}
{is=-a <cloth> ABRASIVE=CLOTH)
{materinl-of=abrasive-cloth <ecloth> EMERY)
{shape-of <part> CYLINDRICAL)
{~ (has-burrs <part>)}
(is-clean <part>)
{holding <machine> <holding-device> <part> SIDEQ) )}
(effacts |
(dal {is=clean <part>))
(add {(pas-burrs <parct>}}
{dal (surfacea-coating-sidae <part> SIDEC <*surface=-coating>)}
{dal (surface-finish-side <part> SIDED <ESwgn])
{add {(surface-finish-side <part> SIDEO POLISRED)))))
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¢ MACHINE: SHAPER

{ROUGE-SHAPE

{(params (<machina> <part> <cutting-toocl> <bolding-device>
<side> <dim> <value>))

{preconds (and

{ig=a <part> PAERT)

(is-a <machine> SHAPER)

{is-a <cutting-tool> ROUGHING -CUTTING-TOQL)

{size-of <part> <dim> <valua-cld>}

{(smaller <value> <valus—old>)
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{~ {same <dim> DIAMETER)) ; this is necessary, otherwise
: the op is used to make parts cylindrical

{zide-up~for-machining <dim> <sidex>)

{belding-tocl <machine> <cutting-teel>)

{holding <machbina> <bolding-device> <part> <side>}})

{effacts {

{ael
(add
{del

{is=clean <part>)}
{bas-burrs <part>))
{surface=-coating-side <part> <side> <*surface-coating>))

{dal (surface-finish-side <part> <side> <*s=q>))

(mdd (surface-finish-side <part> <side> ROUGH-SHAFED) )

{ndd (size—of <part> <dim> <valua>})

{del (sizs=of <part> <din> <valus=ocld>}}}}}
(FINISE-SEAFL

MACHINE:

(params (<machine> <part> <cutting-tool> <holding-deviece>

<sjide> <dim> <value>})
{preconds {(and
{is-a <part> PART)
(iz-a <machine> SHAPER}
{is-n <cutting=tool> FINISHING-CUTTING=TOOL)
{size=of <part> <din> <value=old>)
{finisbhing-size <value-old> <valus>)
{~ (same <dim> DIAMETER)) ; this is necessary, otherwise
; the op is used to make parts cylindrical
{side-up-for-machining <dim> <side>)
{bolding-teol <machine> <cutting-tool>)
(~ (Las-DUITs <part>))
{is-clean <part>}
{holding <machine> <belding-device> <part> <side>)))

iaffacts |

{del {is=-clean <part>}}

(add (has-Durrs <part>})

(del (surface-coating-side <part> <side> <*surface-coating>))
{del (surface-finish-side <part> <fide> <*s-g>)}

(add (surface=finish-side <part> <side> FINISH-SHAPED))

{add (size-of <part> <dim> <value>})}

{dal (size-of <part> <dim> <value=-old>})}}}
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PLANER

{ROUGH-SERPE=WITH~PLANER

(params (<machine> <part> <cutting-teel> <holding-device>

<sida> <dim> <value>)}
{preconds {(and
(is—-a <part> FART)
{is-a <machine> PLANER)
{is-a <cutting-tool> ROUGEING=CUTTING-TOOL)
{size-of <part> <dim> <value-old>)
{smaller <value> <value-cld>)
(~ {same <dim> DIAMETER;} ; this is pecessary, otherwise
; the op is used to make parts cylindrical
(side-up-for-machining <dim> <sidal>)
(bolding-tool <machine> <cutting-toel>)
inelding <machine> <bolding-device> <part> <sida>)))

{effects |
(del (is-clean <partl?))
(agdd (bas-burrs <part>))
{¢al {(surface-coating-side <part> <side> <wgurface=-coating>))
{de]l {surfaca-finish-side <part> <side> <*3-g>})
(add (surface-finish-side <part> <side> ROUGH-FLANED))
(add (size-of <part> <dim> <value>}}
jdel (size-of <part> <dim> <value=cld>}ji}}

(FINISE-SHAPL-WITR-FLANER

{preconds

(patams (<machine> <part> <cutting-tool> <holding-device>

<gide> <dim> <value>))
{and

(is~a <part> PART)

{is—a <machine> PLANER}

(i=-a <cutting-tool> FINISBING-CUTTING-TOOL)

{size~-of <psrt> <dim> <value-pld>)

(finishing=size <value-old> <valua>}

(~ (same <dim> DIAMETER}) ; this is necassary, otherwise
; the op is used to make parts eylindrical

(side-up~for-machining <dim> <side>)

(kolding-tool <machine> <cutting-tool>)

{~ (has=burrs <part>}}

{is-clean <part>r)

{helding <machine> <holding-device> <part> <side>)})

{affects {

{del
{lagd
{2al

(is-clean <part>)}
{has-burcs <part>))
{surface=-coating-side <part> <sidex> <*surface-coating>))

{del (surface-finish-side <part> <side> <*a-g>}}

(add (surface-finish-side <part> <side> FINISB-PLANED] }
{add (size-of <part> <dim> <value>))

(del (size-—of <part> <dim> <value-cld>)))})
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MACHINE: GRINDEER
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{ROUGB-GRIND=-WITH~BARD-NEEEL
(parans {<machine> <part> <wheal> <holding-dévica>
<gide> <dim> <valua>))
{precends (and

{iz—s <part> PART)

{is~a <machine> GRINDER)

{(ix-m <wheel> GRINDING-WHELL)

(has~fluid <macshine> <fluid> <part>)

{hardness=of-whaal <wheal> HARD)

{hardness-cf <payrt> SOFT)

{- (material=of <part> BRONZE}}

{-~ (naterial-of <part> COPPER}}

{grit~of-wheel <wheel> COARSE-GRIT}

{siza~of <part> <dim> <value-old>}

{smallar <value> <value-old>)

(-~ {same «<dim> DIAMETER)} ; this is necessary, otherwise

: the op is used to make parts cylindrical

{side-up-for-machining <dim> <side>)

{holding-tool <machina> <wbeel>)

{heclding <machine> <bolding-davice> <part> <sida>)))

(affacts (
{del (is-clean <part>})
(add (has=burrs <part>))
(dal {surface-coating-side <part> <side> <*surface-coating>))
{del {surface-finish-side <part> <gide> <*3-qg>})
{aag {(surface-fipish-side <part> <sidae> ROUGH-GRIND))
{add (size=of <part> <dim> <value>)]
(dal (size-of <part> <Gim> <value-oldr)}}}}

{ROUGH~GRINL-WITB~SOFT=WHEEL
(params (<machine> <part> <wheel> <holding-device>
<side> <dinm> <value>))
{preconds (and
(is-a <part> PART)
(is-a <machina> GRINDER)
{is=a <wheel> GRINDING=WHEEL)
thas-fluid <machine> <fluid> <part>)
{bardness—-of-wheel <wheael> SOET)
ihardneas—-of <part> BARD)
(grit=of-wheel <wheel> COARSE-GRIT)
{size-of <part> <dim> <value-cld>)
{smaller <value> <valwe=cld>)
{~ {same <dim> DIAMETER)} : this is necessary, otherwise
; the op is used to make parts cylindrical
{side-up-for-machining <dim> <sida>)
{holding-tool <machine> <wheal>)
{holding <machine> <holding~deviee> <part> <side>}})
(affects |(
(del (is-clean <part>))

{add (has-burrs <part>})

(dal (surface=coating-side <part> <side> <*surface=-coating>))
(del (surface-finish-side <part> <side> <*s~gr))

(add {surface-finish-side <part> <aside> ROUGE-GRIND])

(add {size-of <part> <dim> <valua>))

(dal {size—of <part> <dim> <value-cld>1})))

{FINISE=GRIND~-KITH-BARD-WHEEL
(parans (<machine> <part> <wheel> <holding-devica>
<gida» <dim> <valua>))
{preconds {and
{is—a <part> PART)
{is-a <machine> GRINDER)
(is-a <whesl> GRIKDING=WHEEL)
{has-fluid <machine> <fluid> <part>)
{hardrness=of-wheel <whaal> HAFRD)
{bardness-of <part> SOFT)
{~ (material-of <part> BRONZE))
{~ (material=cf <part> COFFER))
{grit=cf-wheel <wheel> FINE-GRIT)
(size-of <part> <dim> <value-olid>)
(finishing-size <valua-old> <value>}
{- {same <dim> DIAMETER)) ; this is necessary, otherwisa
: the op is used to make parts cylindrical
{side-up-for-machining <dim> <side>)
{bolding-tocl <machine> <wheel>)
{~ (has-burrs <part>))
{is—clean <part>)
(holding <machine> <holding-davice> <part> <sida>)})
{effacts |

{dal {isw~claan <part>)}

{add (has-burrs <part>})

{del (surface-coating-sida <part> <side> <*surface-coating>))
(del {surface-finish-side <part> <sida» <*s=q>}}

{add {surface-finish-side <part> <sida> FIRISH-GRIND))

(add (size-of <part> <dim> <valua>})

(del {siza-of <part> <dim> <valua-cld>}}}}}

(I'INISH-GRIN'D—WITH—SOFT-HEEEL
{params (<machina> <part> <wheel> <holding-devica>
<=ide> <dim> <value>))
{praconds {and
(is-a <part> PART)



{is=a <machine> GRINDER)

{iz~a <wheal> GRINDING-WHEEL)

{bas-fluid <machine> <fluid> <part>)

{bardnezs=-cf~wheel <wheal> SOFT)

{hardness~of <part> HARD)

{grit=of=-wheal <wbeel> FINE-GKIT]

(size-of <part> <dim> <value-old>)

(finishing=size <valuws-old- <valua>)

{~ (=ame <dim> DIAMETER)) ; this is hacessary, otherwisae

 the op is used tc make parts cylindrical

{zide-up-for-machining <dim> <sidex>)

{bolding=-tool <machine> <wheel>)

{~ (bas-burrs <part>))

{izs-clean <part>}

{bolding <machine> <bolding-davica> <part> <side>))})
{affocts |

(del (is-clean <part>))

{add (haz=-burrs <part>)}

(del (surface-sosting-side <part> <side> <*surface~coating>})

(del {surface-finish-sidae <part> <side> <rs-g>))

(add (surface=finish-side <part> <side> FINISH=GRIND) )

{add (size-of <part> <dim> <valua>))

{del ({size-of <part> <dim> <valuew=old>))))}]
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{del {is=-clean <part>))

{add (has-burrs <part>))

(del (surface-coating-side <part> <side> <*surface-coating>)}
{del (surface-finish-szide <part> <side> <rg-g>))

{add {surface-finiab-side <part> <sida> SAWCUT))

(del (#ize-of <papt> <dim> <value=old»))

(add (size-of <part> <dim> <value>}))))

{POLI SH=WXTH-BAND ~SAW
(Params (<machine> <part> <sttachment> <zide>))
(preccnds (and

{is-a <part> PART)

{is=a <machine> BAND=-SAW)

{is-a <attachment> SAW-BAND)
{side=-up~for-machining <dim> <side>)
{holding-tool <machine> <attachment>)
{~ (bas-burrs <part>}}

{is-clean <part>)

{on-table <machine> <part>)))

{effects |

{98l (is-clean <part>))

{add {has-burrs <part>))

tdel {surface-csating-side <part> <side> <*surface-~coating>))
(del (surface-finish-side <part> <side> <*old=sf-cond>))

{add {surface-finish-side <part> <side> POLISHED}})) |}

3 MACHINE: CIRCULAR-SAW
‘CUT—"ITH-CI;{CUW-COLD—SA“ Fal e L T L L L L L b L T vy
{params {<machiné> <part> <attachment> <holding-deviece> <dim> { MACEINE: WELDER

<value>))
ipreconds (and
(1=-a <part> FART)
{is-a <machine> CIRCULAR-SAW)
(iz-a <attachment> COLD-SAW;

{WELD=CYLINDERS~METAL=ARC

(params (<machine> <partl> <part2> <part> <electrode>
<holding~device> <length>))

{preconds (and

R

(3ize-ocf <part> <dim> <value-old>)

{smaller <value> <value-ocld>}

i~ (same <dim> DIAMETER)) : this is necessary, otharwise
7 the op is used to make parts cylindrical

(side-up-for=machining <dim> <side>)

Iholding-tool <mackihe> <attachment>)

(holding <machine> <holding=-device> <part> <sida>)))

(affacts

(del {is=clean <part>})

{add (has-burrs <part>})

{del (surface-coating-side <part> <side> <rsurface-coating>))

{del (surface-finish-side <part> <side> <fs-g>})

(add {surface-finish-side <part> <side> FINISHE-MILL})

fdel (size-of <part> <dim> <value-old>)}

ladd (size-of <part> <dim> <value>))}))

(CUT-WITE-CIRCULAR-FRICTION-SAW
{params (<machine> <part> <attachment> <holding-device> <dim>
<value>))
(praconds {and
{is=a <part> PART)
(is~-a <macLine> CIRCULAR-SAW)
(i3=8 <attachment> FRICTION-SAW)
fhas-fluid <machine> <fluid> <part>)
(size-of <part> <dim> <value-cld>)
(smaller <value> <value-old>)
(~ (same <dim> DIAMETER)} : this is nRCesSsAry, otherwise
¢/ the op is used to make parts cylindrical
(sida-up-for-mackining <dim> <side>)
{holding-tool <machine> <attachment>)
{helding <machine> <holding-device> <part> <sida>}})
{affacts |
(del (is-clean <part>))
{add {has-burrs <part>)}
(del (surface-ceoating-side <part> <side> <*surface-coating>})
idel (surface-finish-side <part> <side> <Ts-gr}}
{add (surface-finish~side <part> <side> ROUGH-MILL) }
(del {size-of <part> <dim> <value=old>))
fadd (size=-of <part> <dim> <value>)})})
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MACHINE: BANL-SAW

{CUOT-WITE-BAND-SAR
{params (<machina> <part> <attachment> <dim> <value>))
{(preconds {and
(is-a <part> PART}
{is~a <machine> BAND-SAW)
{is=a <attachment> BAND-FILE)
(siza—of <part> <dim> <value=old>)
(smaller <values> <valua=cld>)
{~ {same <dim> DIAMETER)} : thix is necessary, otherwise
;7 the op is used to make parts eylindrical
(sida-up-for-machining <dim> <side>)
{bolding-tool <machine> <attachmant>)
{~ {(has-burrs <part>))
{i=~claean <part>)
(on~tabla <machihe> <part>))}
{effacts |

29

{ig=a <partl> PART)

{is=a <part2> PART}

{~ (same <partl> <part2>))

{is=a <machine> METAL~ARC-WELDER)

{iz-a <electrode> ELECTRODE)

imatarial-of <partl> <matariall>)

(mratarial=of <part2> <material?>)

(shaps-of <partl> CYLINDRICAL}

{shape=-cf <part2> CYLINDRICAL}

{~ (exists (<hole>)

(baschole <partl> <hole> <*side> <*dépth> <*diamater>

<*loe-x> <*loc-y>)})

{~ (exists (<hole>)

(has-hole <part?> <holae> <*side> <mrdopth> <*diameter>

<*loc-x> <rloc-y>)})

(sire-of <partl> DIAMETER <diameterl>)

{size-0of <part2> DIAMETEF <diameter2>)

{same <diameterl> <diameterl>)

{size-of <partl> LENGTH <langthl>)

(81ze-of <part2> LENGTE <langth2>)

{hew-3ize <lengthl> <length2> <lehgth>)

{new-part <part> <partl> <parta>)

{hew-material <material> <matariall>» <matarial?>)

t(holding=tool <machina> <aleactroda>)

(holding <machine> <holding-device> <part2> SIDE3)})

{jeffacts ¢

{del {is-a <parti> PART)}

(del (i=-a <part2> PART))

(add (is=a <part> FART))

{add (material-of <part> <material>);

{add {size-of <part> DIAMETER <diameterl>)}
{add (size-of <part> LENGTH <langth>))

(add (surface-finish-side <part> SIDEOD SRWCUT} )
{if (surface-finish-side <partl> SIDE3 «<sf31>)

{add (surface-finish=sidae <part> SIDE3 <sf31>)})
(if (surface-finish-side <part2> SIDEG6 <sf&2>)

(add (surface-finish-side <part> SIDE6 <sf62>}))
{del {bolding <machinea> <heolding-device> <part2> SIDE3))
{add tholding <machine> <holding-device> <part> SIDE3))
(del (size-of <partl> DIAMETER <djametar>))

{del (size-of <partl> LENGTH <lengthl>))

{del (size=of <part2> DIAMETER <diameter>))

{del (=ize-of <part2> LENGTR <length2>))

(del (material-of <partl> <materiall»))

{del {(material-of <part.l> <materialZ»))

{del {is~clean <partl>))

{del {is-clean <parti>))

(del (surfaca-coating=-side <partl> <*sidea> <*surf-coatinga>))
{del (surface=-coating-side <part2> <*sidab> <tsurf-ccatingb>}}
{dal (surface-finish-sidae <partl)> <*sidec> <*sfc>))

(del (surface-finish-szide <part?> <tsided> <*afd>))i})

{RELD-CYLINDERS-GAS
{params {<machine> <partl> <part?> <part> <rod>

<holding-davice> <length>))

{preconds {(and

{is-a <partl> PART)
{iLs=a <part2> FART}
(~ (same <partl> <part2>)}



{is-a <machine> GAS-WELDER)
{is-a <rod> WELDING=RCD)
{is-a <toreh> TORCH}
{material-of <partl> <materiall>}
(materinl-of <part2> <nmaterial2>}
(same <materiall> <cateriall>)
{sbape-of <partl> CYLINDRICAL}
(shape—-of <partZ> CYLINDRICAL)
(- (exists {<bole>)
{has-bole <partl> <bole> <*side> <*depth> <*dianeter>
<rlog-x> <tloc-y>)))
{~ {exists (<hole>)
{bas~bole <part?> <hola> <"side> <*depth> <*diameter>
<+ log-x> <*lac=y>)))
{size-of <partl> DIAMETER <diansterl>)
{size=-of <partZ> DIAMETER <dimmeter2>)
{same <diameterl> <diameteri>}
{size-of <partl> LENGTE <lengthll>}
{3ize-of <part?> LENGTB <langthZ>)
{new=size <langthl> <length2> <length>}
{new-part <part> <partl’> <partz>)
{holding <machine> <helding-device> <part2> SIPE})))
{affacts |

{dal (is=-a <partl> PART)?

{del (is-a <partl> PART))

{add {(is-a <part> PART))

{add (material=cf <part> <materiall>))}

{add (size—of <part> DIAMETER <diamsterl>})
{add {size-of <part> LENGTH <length>))

(add (surface-finish-side <part> SIDED SAWCUT))

(if {(surface~finish-side <partl> SIDE3 <sf31>)

{add [surface-finish=side <part> SIDE3 <sf31>))}
{if {(surface-finisb-side <partZ> SIDE6 <sf62>)

jadd (surface-finish-side <part> SIDE¢ <sf62>)))

{del {holding <machine> <holding-davice> <partl> SIDEJ))

{add {holding <machine> <hclding-device> <part> SIDE}))

(del isize-of <partl> DIAMETER <diametsr>))

(del (size=of <partl> LENGTE <lendthbl>))

{del (size-of <part2> DIAMETEF <diameter>))

{del (size=of <parti> LENGTE <lengthl>)}

(del (material-of <partl> <matariall>))

{del (material=of <partz> <materialZ>))

(del (is-clean <partl>}}

{del (is=clear <part2>))}

{dal (surface-coating=side <partl» <*sicea> <*surf-coatinga>))
{dal (surface=-coating-side <part2> <*sideb> <*gurf~coatingb>})
{dal {surface-firish-side <partl> <*sidec> <*sfc>))

(dal (surface-finish-side <part2> <=sided> <*sfd>}}1))
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; METAL-CCATING

{METRL-SPRAY-COATING
(parans (<mackine> <wire> <part> <side> <another=-machina>
<bolding=device>))
{preconds (and
(is=a <part> FPART)
{is-a <mackine> ELECTRIC-ARC-SPRAY-GUN)
{is-a <wire> SPRAYING-METAL-WIRE)
{~ (material~of <wire> TUNGSTEN))
(-~ material-of <wire> MOLYBDENUM}}
(is-clean <part>)
{~ {bas-burrs <part>}}
{surface=-coating-side <part> <side> FUSED-METAL}
{is-of-type <ancther=-machine> MACHINE}
{holding <anothar-macbine> <holding-device> <part> <side>)}}
(effacts ¢
(if (material=-cf <wire> STAINLESS=ETEEL)
(add (surface-coating-side <part> <side>
CORROSIOGN-RESISTANT) j )
{if (material-of <wire> ZIRCONITUM-OXIDE)
{add {surface-cocating-side <part> <sida> HEAT-RESISTANT)))
{if {material-of <wire> ALUMINUM-CXIDE}
{add (surface-coating-side <part> <side> WEAF-RESISTANT) })
{del (surface-coating-side <part> <side> FUSED=METAL)}))}))

{METAL-SFRAY~FPREPARE
(params (<machine> <wire> <part> <side> <another-machina>
<holding-davicae}}
{preconds (and
{is-a <part> PART}
{iz=a <machine> ELECTRIC=-ARC-SPRAY-GUN)
{is—s <wire> SPRAYING-METAL-~WIRE)
{has-bigh-malting=point <wire>)
{(is=clean <part>)
{~ (bhas-burrs <part>))
(is=of-type <ancther-machine> MACHINE)
(bolding <ancther=-machina> <bolding=devica> <part> <sida>})})
taffects {
{agdd {surface-coating-sice <part> «side> FUSEC=METAL)}}}}
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; OTHER OPERATIONS
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(CLEAN
{params (<part>))
{precands {and
{is-a <part> PART)
{is-available-part <part>)))
{affacts |
{mdd (is-clean <part>}})})}

{REMOVE=BURRS
({params {<part> <brush>})
ipreconds {and
{is~a <part> PFART]
(is-a <brush> BRUSE)
{is=aveilable-part <part>)))
(effacts (
{del {is-clean <partd>))
{del {(has=-burrs <part>)))])
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; oparators for preparing the machines
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tools in machines

{PUT~TOOL=0ON~MILLING-MACHINE

(params {(<machine> <attachment>))

{preconds iand
(is=a <machine> MILLING-MRCHINE}
(or {is-cf-type <attachment> MILLING-CUTTER)

{is-of-type <attachment> DRILL-BIT))

{is~availapla-tool-holder <machine>)
{is-available-tosl <attachmant>}))

{effacts {
(add (holding-tool <machine> <attachment>i})})

(PUT=IN-DRILL-SPINDLE

(params {(<machine> <drill-bit>))

{praconds (and
{is-a <machina> DRILL)
(is~of-type <drill=bit> DRILL-BIT}
{is-available-tool-holder <macLine>)
{is-available-tool <drill~bit>)}}

(effacts |
{add (holding-tool <machine> <drill-bit>ii)))

{POT~TOCLBIT-IN-LATEE

(params (<machine> <toolbit>)}

(praconds {and
{is-a <machine> LATHE)
(is—of-type <tooclbit> LATHE=TQOLBIT)
{is-availabls-tool-holder <machine>)
{is-available-tool <toolbit>)})

(effacts {
{add (holding-tool <mackine> <toolbit>))))})

{PUT=-CUTTING=TOOL-IN~-SHAPER-OR~PLANER
(params {(<machine> <cutting-tool>))

{preconds (and

{cr {is-a <machine> SRAFER)
{is~a <uachine> PLANER))

{is~of-type <gutting=tool> CUTTING-TOOL}
{is-available-tool-holder <machine>)
{is-available-tool <cutting-tool>)))

(effects |
{add (holding~-tool <machine> <gutting=tool>]))}})

(PUT=WHEEL~-IN-GRINDER

{params (<machine> <whael>})

{preconds {and
{(is-a <machine> GRINDER)
{is=a <wheal> GRINDING-WHEEL)
{is-available-tool-holder <machine>)
{is-available-tool <wheel>}))

{effects |{
(add (holding-tcol <machine> <whesl>))}))

{PUT-CI ROULAR=5AH~ATTACBAMENT-IN-CIRCULAR-SAW

(patrams {<machine> <attachmant>)}

{preconds {and
{is-a <machine> CIRCULAR-SAW)
{is=of-type <attachment:> CIRCULAR-SAW=ATTACAMENT)
{iz-availabla-tool-holder <machine>}
(is-available=tcol <attachmant>)}}

iaffects (
(add (holding-tool <machine> <attachment>))))}

{PUT-BAND - SAW-ATTACEMENT - IN-BAND=SAW
(params {<machipa> <attachment>}}
{preconds (and

{is-a <machine> BAND-SAW)



{is-of-type <attachment> BAND-SAW-ATTACHMENT)
(is-available~tool-holder <machina>)
{is-avajilable-tool <attachment>)))

{effacts |(
(add (helding-tool <machine> <attachment>})}})

(FUT-ELECTRODE-IN-WELDER

{params (<machine> <electrode>))

{preconds (and
(is~a <machina> METAL=-ARC~WELDER)
{iz-a <alectrode> ELECTRODE}
(is-available-tool-holder <machina>)
(iz-available=-tool <alactrode>)))

(effects |
{add {kolding-tool <machine> <electrode>)})))

{REMOVE ~TOOL-FROM-MACEINE
(PATARS (<machine> <tool>))
(preconds (and
(iz=of-type <machine> MACHINE}
{is-of-type <tool> MACHINE=TOCL)
{bolding-tool <machine> <tool>)})
(effects {
{dal (holding-tool <machine> <toel>))))}
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bolding devices in machines

{(FUT-ROLDING-DEVICE-IN-MILLING~MACAINE
(Params {(<machine> <kolding=device>))
ipraconds {and

{is-a <machine> MILLING=MACHINE)
(or
{(is=n
(is=a
(is-a

<holding-device> 4-JAW-CHUCK)
<holding-device> V-BLOCK)
<holding~device> VISE)

{is~a <holding-device> COLLET-CEDTEK)

(is-a <holding-devicer TOE=CLAMP))
{is-available-table <machina> <hclding=davice>)}
(is-ava:dable-bolding-davi ce <bolding-device>)))

(effacts
(add (has-davice <machine> <bolding-device>})}})

IPCT-HOLDING-DEVICE~IN-DRILL
{params (<machine> <holding-device>))
{preconds (and
(is=a <machine> DRILL)
{or
{iz=a
{is-a

<helding-deviece> 4-JARW-CRUCK;
<holding-devica> V~BLGOCK)

{is=a <holding-device» VISE)

(iz-a <holding=davice> TOE~CLAMF))
{is=avajilable~tabie <machine> <holding-device>)
{is-available=-holding-device <holding-device>)))

(affects |
(add (bas-device <machine> <holding-device>))} })

(FUT-ROLDING~DEVICE-IN-LATEE
(parans (<machina> <bolding-device>))
(Precends {and

{if=a <machine> LATHE)

(or (is-a <holding-device> CENTERS)

{iz-a <holding=-device> 4~JAW-CHUCK)

(is-a <holding-davice> COLLET-CHUCK) )
{is-available-table <macbina> <bolding-devicae>)
{is~available-holding-device <holding-device>)))

(@ffects (
{add (has-device <machine> <holding-davice>}))})}

{PUT-HOLDING=DEVICE-IN-SRAPER
{params {<machine> <holding-davice>))
{preconds (and

(iz-a <machine> SEAPER)
{is-a <holding-device> VISE)
{is~available~table <machina> <beolding-device>)
(‘1s-availabla-holding—davica <helding=devica) )}

(affects |
{add (has=device <machina> <helding=device>)}}))

(PUT-ROLDING-DEVICE-IN~PLANER
{params (<machine> <holding-device>))
{preconds (and
(is—a <machine> FLANER)
[1s-a <holding-davicae> TOE-CLAME )
{it—available-table <machine> <hclding-davice>}
(is—available-hulding—devic- <holding-devica>}))
{(effacts |
{add (has-device <machine> <helding-device>)})))

(FUT=HOLDIRG-DEVICE-IN~GRINDER
(params (<machine> <bolding-devica>))
{preccnds {and

(izs-a <machine> GRINDER)

(T {ia-a <holding=duvice> MAGNETIC=-CHUCE)

(is=a <holding-device> V-BLOCK)

{is-a <bkolding-devica> VISE)}
{is-available-table <machine> <holding=device>)
{is-available-holding-davice <holding-devica>)))

{affects |
{(add {(has-device <machine> <holding-device>))}})

{PUT~BOLDING=DEVICE-IN-CIRCULAR~SAR
{params {(<machine> <holding-device>}}
{(preconds {and

{is-a <machine> CIRCULAR-SAW)
{or {is-a <holding-device> VISE)

(is-a <holding-device> V-BLOCK))
{is-available-table <machine> <bolding-device>)
{is=available-halding=device <holding-device>)))

(effects |
(add (has-device <machine> <holding-device>)}}}}

(POT=EOLDING-DEVICE=IN-WELDELR
{params {<machine> <holding-devica>)}
{preconds (and

fis~of=type <machine> WELDER)
{or ({is-a <holding-device> VISE)

{is=a <holiding-davice> TOE-CLAMF)}
{is~available-table <machine» <holding=devicae>)
{is-available-holding-davice <holding-device>}}}

(affacts {
{add {(has-device <machine> <holding~davice>)))))

{REMOVE ~HOLD ING~DEVICE~F ROM=MACRINE
(params {<machine> <holding-device>))
{preconds {(and
(iz-of-type <machina> MACEINE)
{is-of-type <holding-device> BOLDING-DEVICE)
{has~device <maching> <helding-deavica>)
{is-empty-holding~device <holding-device> <machine>}):
{effacts |
(dal (bas-davice <machine> <holding-device>)))))

P L L S e g

cutting fluid in machines

(ADD-SCLUBLE-OIL
(params {<machina> <fiuid>)}
{preconds (and
{is-of-type <machine> MACHINE)
{is=a <part> PLET)
{or (mataerial=-of <part> STEEL}
(material-of <part> ALUMINUM) |

(is-a <fluid> SCLUBLE-CIL)))

(affocts |
{add {has=-fluid <machine> <fluid> <part>))))}

{ADD-MINERAL-OIL

{params (<machine> <fluid»))

{preconds (apnd
{is-of-typa <nachine> MACEINE)
(is~a <part> PART)
(is-a <fluid> MINERAL-OIL)
{material=of <part> IRON)))

(affects ¢

{add (has-fluid <machine> <fluid> <part>)ji})

{ADD -ANY=CUTTING~FLUID
(params (<machine> <fluid>))
(preccnds {and

tis-of-type <machine> MACHINE)

{is=-a <part> PART)

{or (material-of <part> BRASS}
{material=-of <part> BRONZIE)
(mataerial -of <part> COFPER))

(is=of-type <fluid> CUTTING=FLUID}))

{affacts ¢
{add (has-fluid <machine> <fluid» <part>)}ii)
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i oparaters for bolding parts with & device in a machine

{FUT-ON~MACEINE-TABLE
(params (<machihe> <part>])
{preccnds (and
{is=a <part> PART)
{is-of-type <machine> MACHINE)
(= {is—-a <machine> SHAFER))
(is-available-part <part>)
(is-~available-machine <machine>)})
(effacts |
{del {(on-table <another-machine> <part>))
{add (on-table <wachine> <part>}};})
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{POT~CN-SHAPER-TABLE

{paranms {<machine> <part>))

{preconds (and
(is-a <part> PART)
(is=a <machine> SHAPER)
(size-of-machine <machine> <shapar=-sizae>)
{size-of <part> LENGTH <part-size>)
{smallar <part-size> <shaper-siza>)
{is-available-part <part>}
{is-availaple-machine <machine>}}}

{effacts {
{del (on=table <another-machine> <part>))
(add (on-table <machine> <part>)))})

{BOLD-WNITH=YV=BLOCK
(params {<machine> <holding-device> <part> <side>}}
{preccnds
(and
{is-of-type <machine> MACHRINE)
{is=a <part> PART)
{is-a <hclding=devica> V-BLOCK)
{has~device <machina> <holding-device>)
{~ {has-burrs <part>}}
(is=claan <part>}
{on-tabla <machine> <part>)
(shape~of <part> CYLINDRICAL)
{same <side> ESIDEQ)
{is-ampty-holding-device <holding-devica> <machine>)
tis-availabla-part <part>}}}
{affects |
{del ion~table <machine> <part™>))
(add (bolding-weakly <nachine> <holding=device>
<part> <sidar) )il

(HOLD~WITHE~VISE
(params (<machina> <holding-device> <part> <side>))
{preconds (and
{is-of=type <macbhine> MACEINE)
{is-a <part> PART)
{is=a <holding-devica> VISE)
{has-device <machina> <holding-device>}
{~ thas=burrs <part>))
(is-clean <part>)
(on=table <machine> <part>)
{is-ampty-holding~device <bolding=device> <mackine>)
{iswavailable-part <part>}))
{affacts [
{del (on=table <machine> <part>))
{if (shape-of <part> CYLIKDRICAL}
(add (belding=weakly <macbine> <holding-device>
<part> <side>)))
(Af (shape-of <part> RECTANGULAK}

(add (holding <machine> <hbolding-device> <part> <zida>)))})}

(BOLD ~WITH=TOE -CLAMP
{parans (<machine> <bolding-device> <part’ <side>})
{preconds (and

{is-of-type <machine> MACRBINE)

{is-a <part> PART)

{iz-a <holding-device> TOE-CLAMF)

{hat=device <machine> <holding-device>)

(~ {has-burrs <part>})

(is—clean <part>)

{or (shape-of <part> RECTANGULAR)
{same <side> SIDE3) : can bold eylindrical parts
{zame <side> SIDEG}} ;

(on—table <machine> <part>)

(is-enpty-bolding—-devics <hbolding-devicsa> <machine>)

{is-available-part <part>)}}

{effacts |
(del {on-table <machina> <part>)}
{add (holding <machins> <bolding-device> <part> <side>}t}i}

{SECURE-WITH-TOE ~CLAMF
(params (<machine> <holding-device> <part> <gsida>))
{preconds {and
{is—of-type <machine> MATCHINE)
(is-a <part> PART)
(is-a <holding=devicae> TOE-CLAMP)
{has=device <machina> <holding-device>)
{~ {bas-burrs <part>})
{is-clean <part>}
(shapa=0of <part> CYLINDRICAL)
(bolding-weakly <machine> <anothar-bolding-device>
<part> <sida>)
(is-empty-helding~davice <hclding-device> <machine>)))
{affacts (
{del {(cn-table <machine> <part>))
{add {bolding <machina> <holding-device> <part> <side>}}}}}

; only with toes clamp for sides 3 &6
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(HOLD ~WITE-CENTERS
(paramus {(<machine> <bolding-devicer <part> <side>)}
{preconds (and
{is=of=type <machine> MACHRINE)
{is-a <part> PART)
(is-a <holding-devica> CENTERS})
{bas-device <machine> <holding-device>)
{has—center=holas <part>)
{- {bas-burrs <part>))
{is-clean <part>)
{on~table <macbipe> <part>)
(sabape-of <part> CYLINDRICAL}
{is=empty-bolding~device <bolding-device> <mAchine>)
{is-available=-part <part>)})
(sffects (
{del (on-table <uachine> <part>)}
{add {nholding <machine> <holding-device> <part> <side>)))))

{BOLD=WITH=4~JAW-CHUCK
{params {(<machine> <hclding-devica> <part> <side>})
{preconds (and

{is-of=-type <machine> MACEINE)
{ia~an <part> PART)
{is-a <helding-devica> 4-JAW=CHUCK}
{bas-device <machine> <holding-davice>r)
(~ (has=burra <part>))
{is-clean <part>)
{on-table <machina> <part>)
(is-anpty-holding-device <holding-davice> <machine>)
(is-available-part <part>]))

jaffacts |
(dal {ofi=table <machine> <part>))
(add {bholding <machine> <holding-devicer <part> <sida>) i)}

{BOLD-WITH-COLLET-CRUCK
(params (<machine> <holding-devica> <part> <side>)}
{precends (and
{is-of-type <machine> MACHINZ)
(is=a <part> PART)
{is=-a <holding=device> COLLET-CHUCK}
(has=device <machine> <holding-device>)
{~ (has-burrs <part>))
{is-clean <part>)
{on—-table <machine> <part>)
{shape-of <part> CYLINDRICAL)
{is-ampty~holding-device <holding-device> <mackina>)
{is-available-part <part>}})
ieffects (
{dal (cn-table <machine> <part>))
(add (holding <machine> <helding-deviece>» <part> <side>)))})

{BOLD-WITE=MAGNETIC~-CEUCK

{params (<machine> <hoclding-devica> <part> <side>)}

(precondz {and
{is=of-type <machine> MACHINE]
(inm~a <part> FART)
{is~a <holding-device> MAGNETIC-CHUCK)
{has-device <mactine> <bolding-device>)
{~ (has=burrs <part>}]
{is—clean <part>}
(on=table <machine> <part>}
(is-ampty-helding-device <holding-device> <machine>)
{is=available-part <part>}))

(effacts |

{del {on-table <machine> <part>))
{add (holding <machine> <holding-device> <part> <sidax>))1))

{RELEASE-FROM=EOLDING-DEVICE
(params (<machine> <holding-davice> <parti> <side>))
{preconds {and
(iz-of=type <machina> MACHINE}
{is-a <part> PART)
{is-of-type <holding-device> BOLDING-DEVICE)
{holding <machine> <holding-devica> <part> <side>)))
{effacts {
(del (holding <machina> <holding-device> <part> <side>))
{add {on-table <machine> <part>)))l}]

{RELEASE-FROM-ROLDING-DEVICE~WEAK

{params (<machine> <hclding-device> <part> <sida>}}

{preconds {and
{is-of-type <machine> MACHINE)
(is-a <part> PART)
{is=of-typa <holding-devica> HOLDING-DEVICE)
(bolding-weakly <machina> <holding-device> <part> <side>)))

(effacts (
(del (holding-waakly <machinai> <nolding-device>
<part> <side>}}

{add {on-tabla <machine> <part>)})))

)
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{setg *INFERENCE=RULES* '’ {

{BAS-CENTER-HOLES

(params (<part> <xZ> <y2>))
(Preconds (and
{is~m <part> PART)
{or {(and
{shape-of <part> RKECTANGULAR}
{size=0f <part> WIDTE <x>)
(size-of <part> HEIGHT <y>))
{and

{shape-of <part> CYLINDRICAL)
{size=of <part> DIAMETER <x>)
(size-of <part> DIAMETER <y>}))
{half-of <x> <x2>}
(balf=cf <y> <yZ>)
{has-center-hole <part> CENTER-BOLE-SIDEJ SIDEI <x2Z> <y2»)
(it=countersinked <part> CENTER-HOLE-SIDE3 SIDE3 1/8 1/16
<x2> <y2> 60)
{has=cantsr-hole <part> CENTER-HCOLE-EIDE6 SIDES «<x2> <y2>}
{is-countersinked <part> CENTER~-HOLE-SIDE6é SIDES 1/8 1/1¢
WDF <Yy2> 60)) )
{effacts |
{add (has<center-holes <part>})}})

R L L L i,

{SIDE-UF~-FOFR=MACEINING-LENITHE
{params {<sidae>)}
ipreconds jand

(same <dim> LERGTH)

(oY (sama <side> SIDE3)

{same <side> SIDEE)})))

leffects |

(add (side-up-for-machining <dim> <sidex}} i)

(SIDE-UP-FOR~-MACEINING=WIDTE
(params (<sida>}}
(praconds (and

(same <dim> WIDTE;

ior (san& <side> SIDEZ}

{same <side> SIDES)) i}

{(effacts |

{add (side-up-for-machining <dim> <side>))}))

{SIDE-UF=FOF-MACEINING-EEIGET
{params (<sidae>})
{preconds (and
{same <dim> HLIGRT)
{or (same <side> SIDEL)
(same <side> SIDE4));}
{effacts |
tadd |side-up-{cr-machin1ng <dim> <side>)}))}

{SIDE~-UF-FOR=MACAINING-DIAMETER
{params (<side>))
{preconds {and
{same <dim> DIAMETER)
{or {(and
{(stapa-of <part> RECTANGULAR)
(sama <side> SIDEl}}
{and
{sLape~of <part> CYLINDRICAL)
{sama <zide> SIDEC)I))))
(affects ¢
{add (side-up-for-machining <dim> <side>}})})
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i inference rules for availability

{MACHINE=AVAILABLE
{params {<machine>)
{preconds {apd

{is-of-type <machine> MACRINE)

(~ (exists (<othar-parti>)

{cn-table <machina> <othar-part>)}))])

{affacts {

fadd (is-available-machine <machine>}))))

{TOOL~RAOLDER-AVAILABLE
{params {<machine:>)
(preconds {and

(is-of~type <machine> MACHINE)

(~ (axists (<tool>}

{bolding-tocl <machina> <tool>)))))

(effacts |

(add (is-available-toocl-koldaer <mackinae>)))j)

{TCOL-AVAILABLE
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{params (<tool>)
{preconds (and
{is=0f=typs <tool> MACHINE=TOOL)
{~ (exists (<machina>)
{holding-tool <machine> <toel>}ii))
{effects ( (add (iz-avallable-tool <tool>)})))

{TABLE-AVAILABLE
{params {(<machine>))
iprecends (and
{is-of=type <machine> MACRINE)
(is—cf-typs <bolding-device> BOLDING=DEVICE)
ior
{~ {exizts (<ancthsr~holding-device>)
thaz-—device <mmchine> <anather-holding—device>)))
{is-8 <bolding-devite> TOE-CLAMF)))}
(effacts {
{add (is-available-table <machine> <holding=device>)))))

{BOLDING-DEVICE~AVAILABLE
(params (<machine> <holding-deviea>))
(praconds (and
{ia-of=type <holding-device> HCLDING-DEVICE}
(~ (@xists (<machine>}
{has-devica <machine> <hclding-devica>}))))
(effacts |
{add {is-available-holding-device <holding-davice>}))))

{PART~AVAILABLE
(params (<part>))
(preconds {(and
{is=a <part> PAFRT)
{~ {axists (<machine>)
(holding-weakly <machine> <*holding=-device>
<part> <*side>)))
{@exists (<machina>)
(helding <machine> <*ancther-holding-device>
<part> «<*side>)))))

(~

{affaects {
(add {is-available=part <part>)})i!

(BEOLBING~DEVICE-EMPTY
(params (<machine> <holding=deévice>))
ipraconds {and
{is=of=type <machine> MACEINE;
(is-of-type <helding-device> BOLLING-DEVICE)
{= {axists (<part>j
(holding-waakly <machine> <holding-device>
<part> <side>)))
{@xists {<ancther-part>)
tholding <mackine> <holding-device:r
<another-part> <sida>})|]]

{~

(effacts |
(add (is=empty-holding-device <holding-davice> <macLine>)|}} )}
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;i inference rules for sbape

{IS-RECTANGULAR

{pParans {<part>))

{praconds (and
{ig=a <part> PART)
{size-cf <part> LENGTE <l>}
(size—of <part> WIDTH <w>)
(size-of <part> HEIGHT <i>)))

(e¢ffacts |
{add (sbape-pf <part> RECTANGULAR) )} ) ) )

{IS-CYLINDRICAL
(params (<part>))
(preconds (and
{is~a <part> PART)
(size=of <part> LENGTH <1>)
(size-of <part> DIAMETER <d>}})
(effacts |
{add ishape-of <part> CYLINDRICAL)))))

{ARE-SIDES-0F -RECTANGULAR-PART
{params (<part>))
(preconds {and
{is-a <part> PART)
(shape-of <part> RECTANGULAR) |}
{affacts |
{add (side-of
{add (side-of
tadd {side-of
{add {(side-of
{add (side-of
{add (side-of

<part>
<part>
<parti
<part>
<part>
<part>

SIDE1))
2IDE2})
SIDE3) )
SIDE4))
SIDES))
SIDE6}))))

{ARE-SIDES-OF ~CYLINDRICAL-PART
(params (<part>))



{preconds (and
{is-a <part> PART)
(shape=of <part> CYLINDRIGAL)))
(affacts (
(add (side=-of <paTt> SIDED))
(add {side-of <part> SIDE3}
(add (side=0f <part> SIDEE)))))
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inference rules for surfmce finish

{IS~MACRINED~SURFACE-QUALITY
(paTamns {<part> <sjide>))
(preconds {and
{is~a <part> PART)
{oT
(surface-finish=side <part> <side> ROUGH=-MILL)
(surface=-finish-side <part> <side> ROUGE-TURN}
{surface-finizh-side <part> <side> ROUGHE-SBAPED}
{surface-finish-side <part> <sida> ROUGH-FLANED)
{surface-finish=side <part> <side> FINISH-FLANLD)
{surface-finish-side <part> <side> COLD-ROLLED)
{surface~finish=side <part> <side> FINISE-MILL)
{surface-finish=side <part> <side> FINISE-TURN)
{surface-finish-quality-side <part> <sida> GROTUND))))
{effacts |
jadd (surface—-finish-guality-side <part> <side> MARCAINED) ) )) )

{IS~-GROUND-SURFACE~QUALITY
(params {<part> <side>)}
(precends {and
(ix=a <part> PART}
(er isurface-finish-side <part> <sida> RCUGE-GRIND}
(surface-finish-side <part> <side> FINISBE-GRIND}}}}
{effacts |
(add (surface=-finish-quality-side <part> <sida> GROUND)|}}}

{EAS~SURFACE-FINISHB-RECTANGULRF=PART

{params (<part>)

{preconds (and
{is-a <part> PART)
|shape~of <part> RECTANGULAR)
(surface=finish-side <part> SIDEl <surface-finish>)
(surface-finiskb-side <part> SIDE2 <surface-finish>)
(surfeca~firish-side <part> SIDE3? <surface-finish>)
{surface-finishb-side <part> SIDE4 <surface-finish>)
tsurface-finish=side <part> SIDES <surface-finish>}
{surface-finist-side <part> SIDE6 <surface-finish>)))}

{affacts {
(add (surface-finish <part> <surface-finish>)})})

{AAS-SURFACE-FINISH=-CYLINDRICAL-FART
{params {<part>)}
{preconds (and
{is=a <part> PART)
(shape-cf <part> CYLINDRICAL)
(surface-finish-side <part> SIDZO <surface-fini=zh>)
{syrface-finish~side <part> SIDE3 <surface-finisk>}
{surface-finish-side <part> SIDE6 <surface-finish>}}}
{affacts |
|pdd (surface-finish <part> <surface=finish>)))})

{BAVE-SURFACE-F IN1SE-RECTANGULAR-PART=SIDES

{params ({(<part>}]

{preconds (and
(is=a <part> PART}
{shape-cf <part> RECTANGULAR}
(surface-finish <part> <surface-finish>))

{affects |
{add (surface=finish-side <part> SIDE1l <surface-finish>))
|add {surface-finish-side <part> SIDEZ <surfaca-finish>})
(add {surface-finish-side <part> SIDE3 <surface-finish>))
(edd (surface-finish-side <part> SIDE4 <surface-finish>))
(add (surface=-finish~side <part> SIDES <surface-finish>))
{add (surface-finish-side <part> SIDES <surface-finish>)}})}}

{RAVE-SURFACE-FINISH=CYLINDRICAL-PART«SIDES

{params (<part>))

{preconds (and
{is-a <part> PART}
{shape~of <part> CYLINDRICAL)
{surfaca-finish <part> <surface-finish>))])

{affects |

jadd (surface-finish-side <part> SIDEO <surface-Ifinish>)}
{8dd (surface-finish-side <part> SIDE3 <surface—finish>}}
(add (surface-finish-s5ide <part> SIDE6 <surface=finish>}})}}
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; inference rulas for surface-coating

{AAS~SURFACE-COATING=RECTANGULAFR-FPART
{params (<part>)}
{preconds (and
(i=z=a <part> FART)
(shape-of <part> RECTANGULAR)
(surface-coating-side <part> SIDEl <surface-coating>)
{surface-coating~-side <part> SIDE2Z <surface-coating>)
(surface-coating-side <psrt> SIDE3 <surface-coating>)
{surface-coating=side <part> SIDILd <surface-coating>)
(surface-coating-side <part> SIDES <surface-coating>)
{surface~coating-side <part> SIDLé <surface-coating>)})
{affacts |
(add {(surfate=-coating <part> <surface-coating>}})})

{EAS-SURFACE~COATING=CYLINDRICAL-PART
{params {<part>))
(preconds {and

{is=a <part> PART)
{shape—of <part> CYLINDRICAL)
{surface~coating-side <part> SIDE{ <surface-coating>)
(surface-coating=side <part> SIDE3 <surface-coating>)
(surface-coating-side <part> SIDEE <surface-coating>)}}

{effects |
(add (surface=-coating <part> <surface-coating>}))}}

{HAVE -SURFACE=CORTING-RECTANGULAF-FART=SIDES

{params {<part>}}

{praconds {and
tis-a <part> PART)
(shape-of <part> FECTANGULAR)
{surface-coating <part> <surface-coating>)))

(affacts ¢

{add {surface=-coating-side <part> SIDEl <surface-coating>)
(add {surface=-coating-side <part> SIDE2 <surface-coating>)}
{add (surface-coating=side <part> SIDE3 <surface-coating>))
(8dd (surface-costing-side <part> SIDE4 <surface-coating>i)
{add (surface-coating-side <part> SIDES <surface-coating>)
(add (surface=-coating-side <part> SI1DEE <surface-coating>)))))

({RAVE -SURFACE =COATING-CYLINDRICAL-PAFT=SIDES

{params (<part>)}

{preconds (and
{is~a <part> PART)
{shape=of <part> CYLINDRICAL}
{surface-coating <part> <surface-coating>))}

(effacts |

{add {surface-coating-side <part> SIDEC <surface-cocating>])
(add (surface-coating-sida <part> SIDE3 <surface-coating>)
{add (surface—coating-side <part> SIDEE <surface-cocating>)))))
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(MATERIAL~-FERROUS
{params (<part>))
{praconds (and
{is-a <part> PART)
ier
{material-of <part> STEEL}
{material-of <part> IRON))))
{(affacts |(
{add (alloy-of <part> FERROUS)))])

{MATERIAL-NON-FERRQUS
(params (<part>}}
{preaconds (and
(is-a <part> PART)
{or
{material-of <part> BRASS)
{material-of <part> COPPER}
{material-of <part> BRONZE)})))
{(affects |(
{add (alloy=-of <part> NON-FERRQUS}))]}}

(RARDNE S5 -0F -MATERIAL=SOFT
{paramns {(<part>)}
{preconas (and
{is=-a <part> PART)
{or
{material=of <part> ALUMINUM)
{alloy-of <part> NON~FERROUS))})
(effeacts {
{add (bardne=s=of <part> SOFT)}}1})

{ARRDNE S5 -OF =MATERIAL-HARD
{params (<part>))
{praconds {and
{is-a <part> PART}
{alloy—of <part> FERROQUS)})
(affacts {
{add (hardnass-of <part> HARD)))))




{EIGE-MELTING-POINT
{params (<wira>)}
{praconds {and

(is~a <wire> SPRAYING-METAL-RIRE)

{or
{material-of <wire> TUNGSTEN)
(material=-of <wire> MOLYBDENUM)}}}

(affacts |
{add (bas-bigh-melting-point <wire>)}}}}
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i inference rules for types
{I5=MACHINE

{params (<machipe>))
{(praconds

{or
<machine>
<machines>
<tmachine>
<machina>
<nachine>
<machine>
<machine> CIRCULAR=3AW)
<machine> MILLING-MACHINE)
{is~of=-type <machine> WELDER)))

jaffacts |

(add (is=of~typs <machine> MACHINE}))})}

DRILL)
LATHE)
SHAPER)
PLANER)
GRINDER)
BAND-SAM)

{IS-WELDER
(params {<macbine>})
(preconds
(or
{is-a <machine> METAL~ARC~WELDER)
{is-a <machine> GAS-WELLER))}
(affects |
{add (is-of-type <machina> WELDER)});j}

{IS=TO0L
{(params {<tool>)
(Preconds
{or
{is-of-type <teel> MACHINE-TOOL)
{iswof-type <tool> OPERATOR-TOOL)))
(effacts |
(add (is-of-type <tool> TOOL}))))

{I8~MKCBINE-TOOL
{params (<attachment>))
{preconds
(o
{is-of=type <attackment> DRILL-BIT)
{is=of-type <attachment> LATEE-TOOLBIT}
{ix-of-type <attachment> CUTTING-TOOL)
(is=a <attachmant> GRINRDING-WHEEL)
{is-of~typs <atiachment> BAND = SAW~-ATTACHAMENT)
{is=of-type <attachmnent> CIRCULAR=SAW~ATTACAMENT)
(is-of-type <attachment> MILLING-CUTTER)
(is~a <attachment> ELECTRODE) ) )
(effects |
{add {is-of-type <attachment> MACBINE=TOGCL}))) )

{IS~DRILL-BIT
(Parans {<drill=bit>)}
{preconds

{or
<drill-bit>
<drill-bit>
<gdrill-bit>
<drill-bit>
<drill-bit>
<drilli-pit>
<drill-bit>
<drill-bit>
<drilli-bit>
<drill-bit>
<@rill-bit»
<drill-bitx>

{is-a
{is-a
(is-a
(iz-a
{is-a
{i=-a
{is-a
(is-a
{is-a
{is-a
{is-a
(ix=na
{affects |
{add [(i=s-of-typae <drill-bit> CRILL=BIT)})})

SPOT-DRILL}
CENTER=DERILL}
TWIST-DEILL)
STRAIGHT-FLUTED=DRILL)
BIGB-BELIX-DRILL)
OIL-HOLE~-DRILL)
GUN-DRILL)
CORE-DRILL)

TAF)

COUNTEREINK}
COUNTLRBORE)
REAMER) ) )

(IS-LATHE-TOOLBIT
{params (<toolbiti))
{(praconds
{ox
(is-a <toolbit> ROUGH=TOOLBIT)
{is-a <toolbit> FINISR-TOOLBIT)
{is-a <toclbit> V-THREAD)
{is-a <toclbit>» KNURL) } }
{effects |
{(add (is=of-type <toolbit: LATEE-TOOLBIT)) ) }}
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(IS-COTTING-TCCOL
{params {<cutting-tool>))
{preconds
{or
{is=a <cutting-toocl> ROUGEING-CUTTING-TOOL)
{is-a <cutting-tocl> FTINISRIRG~CUTTING-TOOL) )
{affects |
{add (is-of~-type <cutting-tool> CUTTING~TOGL)) )} )

{IS-CIRCULAR~SAN=ATTACEMENT
{parans {(<attachment>))
ipreconda
{er
{is-a <attachment> COLD-SAW)
{is=a <attachment> FRICTION-SAW)))
{affects |
{add {is-of-type <attachment> CIRCULAR-SAW=ATTACHMENT)))))

{IS-BAND-SAW=-ATTACEMENT
{params (<attachmant>)})
{preconds
{or
iis=a <attachment> SAW-BAND)
{is-a <attachment> BAND-FILE)})
(effectxs |
{add {is-of-type <attachment> BAND-SAW=ATTACAMENT} ) ) ) )

{15=MILLING=CUTTEF
{params (<nilling-cutter>))
({preconds
{or
iis-a <milling-cuttaer> PLAIN-MILL)
{is-a <milling-cutter> END=MILL)))
{effacts |{
{add (is-of-type <milling=cutter> MILLING=COTTER)))})

{I5-OPERATOR-TOOL
{paramns {<tool>)
{preconds

{or
<tool>
<tocl>
<toal>
<tool>
<tLoolx>
<tool>

{is-a
{is-a
iis-a
iis~a
(is-a
{is=-a
{affects |
fadd (is-of-type

LATEE-FILE)
ABRRSIVE~CLOTE)
TORCH)

WELDING=ROD)
SPRAYING-METRL~-WIRE})
BRUSE) } )

<tool> OPERATOR-TGCL) )| ) )

{IS-CUTTING-FLUID
{parans (<cutting=fluid>))
{preconds
{or
{is-a <cuttih¢-fluid> SOLUBLE=OIL}
{is-a <cutting-fluid> MINERAL-OIL)}}
{affects |
{add (is=of-type <cutting=fluid> CUTTING=FLUID)}}))

(IS-BULDING-DEVICE
{params (<holding-devica>}
{preconds
{or
{is-a
{is-a
(is-a
{is=a
{is-a
{is=a
tis-a
{(affacts |
fadd {is-of-type <holding-device> EOLDING=DEVICE}))))

<holding=davice> V-BLOCK)
<holding-davice> VISE)
<bolding-device> TOE-CLAMF)
<holding-device> CENTERS)
<holding-davice> 4-JAN-CRUCK)}
<holding-device> COLLET-CHUCK)
<bolding-davice> MAGNETIC-CHUCK) ) )
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7 Funetions

{defyn same (x ¥
{cond ({is-variable )
{return-binding x vy))
({is—variable y)
(return-binding ¥y x))
{t
{agqual x y))))

idefun balf=of (x y)
{cond {iis-variable ¥)
’no—match-attemptad)



{{is-variable Y} 1
{return-binding ¥ {/ x 2)))
= (/ x 2y ¥} £ 1)) {setqg *SCR-OP-SLLECT-RULES* nil)

{defun smaller (x ¥) (satq *SCR-BINDINGS-SELECT-RULES" nil)
{cond [(is-variable x}
(if (> (= ¥ .5} ©)

(return-binding x (~ y .5)) ) :;;nnuli-n-nnn--tsn--nnwuu-ntt-nanit---uu-nt't:-nnnn.auu-z:n'-a
{{is-variable ¥)
{return-binding y {+ X .53}}} {setqg *SCR=-NODE-REJECT-RULES*
(< xy + 1)) A
; the following control rule avoids using waiders to change the
{dafur smaller-than-2in (x ¥) ; material of & part.
{copd {{is-variadbles x)
‘no-match-attempted) {NEVER-CHANGE=-MATERIAL
{lis=variable ¥y} {1hs (and (candidate-node <node>)
* no-match-attenptaed} (candidate-goal <hode> (materiasl=-of <part> <material>)}
t {known <ncde> (material-of <part> <material>))))
<= {— x ¥} 2))1} {rhs {(reject node <ncde>]}}

; the following rules may be too restrictive.
: Function used for finish operations. ; if one wahts to give the top goal of making a eylinder,
; They make the size of the part be ,002 or .C03 smaller. : then tha goal has to be given as {size~of <part> DIAMETER <t>).

F
{defun finishing-size (X ¥} {NEVER-MAKE~CYLINDERS

{cond {{and (is-variable x} {lhs (and (candidate-node <node>}
(is-variabple Y)) {candidate-goal <noda> (shape—ocf <part> CYLINDFICAL) )
* po-match-attempted) ixnown <node> (size-of <part> WIDTE <w>))}}
{{is-variable %) {rhs {reject node <noda>)}}
{Teturn=binding x {+ ¥ 0.002})}
{(is—variable ¥y {NEVER-MAKE~RECTRNGLES
(if (> (= x 0.00I) ¥} (lhs (and {candidate-noda <nods>)
(raturn-Linding y (- x 0.00Z)))) jcandidate-goal <noda> (shape-of <part> RECTANGULAR] )
it {known <node> {size-of <part> DIAMETEFR <d>}})!
<= {abs (- x ¥)} 0.00314)) (rhs (reject node <node>)])

I3
: Functions for generating new valuer wher two parts are

walded together. (setq *STR-GOAL-REJECT-RULES* nil)
{dafun new=size (dl di o) {setg *SCR-OFP-RLJEZCT~-RULES*
{cond ((is-variable di) LY
*no-match-at.temptad) {DONT~MARE=0BJ-WITH-METAL=ARC-WELDER
{{is-variavle d2} {(ihs (and (current=node <node>)
‘no-match-attempted) {current-goal <node> (is-a <x> PART))
{(izg~variable d) (candidate—op <node> WELD-CYLINDERS-METAI-RRC)))
({return~pinding d (+ dl d2))) {rhs {reject operator WELD-CYLINDERS-METRL-ARC) ) )
it
(= d (+ dl €2))71)) {DONT-MAKE=OBJ=WITH-GRS=RELDER
{i1hs (and {current-node <node>)
(defur. new=part {part partl part2) (current-goal <npode> {is=-a <> PART))
{cond {((is-variable part) (candidate-op <node> WELD=-CYLINCERS~GAS) )
{return-binding part (new-pame partl partl))) (rhs (reject operator WELD-TYLINDERS=GAS)))

1t}
{DONT-HOLD-WITH=METAL-ARC-WELDEIR

{defun new-material (material materiall materiall} {lbs (and (current-node <node>)
{if {is-variable material) {current-goal <noda>
(cond {(%ame materiall materiall) (bolding <mmchine> <holding-davice> <part> <side>))
({return-binding material nateriall)) (candidate-op <node> WELD-CYLINDERS~METAL-ARC}H) )
it {rhs (reject operator WELD—CYLINDERS=METAL~ARC)) )
(return-pinding material
(new-name materiall matezialZ))}) {DONT-ROLD=KITR-GAS-WELDER
tr) {lks {and (gurrent-node <pode>}
{current-goal <node>
(defur new-name (nanel namez} (bolding <machine> <holding-device> <part> <side>))
(intern (concatenate 'string {candidate=op <node> WELD-CYLINDERS-GRS)))
{synbol-nans namel) (rhe (reject operator WELD-CYLINDERS-GAS)))

non H
{symbol-name nameZ))))

(asqtg # SCR-BINDINGS-REJECT=RULES* nil)
‘-‘-;Rl!*tl!‘.ﬂ.ttll[lI"Il!lttﬁllI"'!llt!iﬂll"“l"lttﬁ'l?"!'
(defun return-binding (var val} ;;;nR!ltt.tnnnnsﬁnnw:-tQQtnn-ﬁagﬂ---aﬁnna-nn-nll’-intanataaggI‘
(list (iist {list vax valj}}i}
{setq * SCR-NODE-FREFERENCE=RULES* nil}

(setqg *SCR=GOAL-PREFERENCE-RULZS® nil)
DI RRA MR RS AR RN A AR A AR AR AR RN AR AR AR AR A
AR A A ARRR AR R R AR AR RN AR SRR NN AAR AR R E R RN AN S SR RA NS w AR d (swtq *SCR-OP-PREFERENCE-RULES® nil)
AN R AR S AARRE R AR AR R LA R AR AR R A AR AR SRR R AR a RS SN A AR RS

Control rules {setqg +SCR-BINDINGS~PREFERENCE-RULES* nil)
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{setq *SCR=NODE-SELECT-RULES* nil)

(setqg *SCR-GOAL-SELECT-RULES®
* {{SELECT-FIRST-GOAL
{lhs (and (currant-node <ncde>)
{(not —t.op-laval-node <nocda>)
{(primary-candidats—goal <noda> <goal>)}}
(rha (selact goal <goal>}})
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2. A Sample Machine Shop

The following is the representation of a job shop that contains a wide variety of machines, tools,
holding devices, and parts as they are described in this document. See for example [CLEVELAND,

1984] for a wider selection of tools.

(is=a milling-machinel MILLING=MACHBINE)

{is-a drilll PRILL)

{is-a lathel LATHE)

(is-3 shaperl SEAPER)

{size-cf-machine shaperl 20)

{is-a planerl PLANER)

(is=a grinderl GRINDER}

(is-a circular-zawl CIRCULAR-SAW)

{is=a band-sawl BAND-SAR)

(is-a walderl METAL=ARC~WELDER)

(iz-a oxygantank-regulator-torchl GAS=WELDER)
fis-a alectric-spray-guni ELECTRIC=-ARC=SPRAY—GUN)

(is-a milling-machine? MILLING-MACAINE)
{ig=a drill2 DRILL)

{(is-a latheZ LATRE)

(is=a shaper? SRAPER)

{size-cf-machine shaparZ 20)

{is=a planer? PLANER)

|is-a grinder? GRINGER)

{is=a circular-saw? CIRCULAR=SAW)

{is-a band-saw? BANDL-SAW)

(is=-a spot-arilll SPOT=DRILL)

{is=a canter-drilli CENTER-DRILL)
(diameter-of-drill-bit cehter-drilll 1/16)

(is—a twist-drilll TWIST=DRILL)
{diamater-of-drill=bit twist-drilll 1/716;

{is-a twist-drill? TWIST-DRILL)
(diamster-of~drill-bit twist-drillz 5/64)

(is=a twist-drill3 TWIST-DRILL)
(diamater-cf-drill=bit twist-crilld a/3zy

{is-a twist=drilldg THIST-DRILL}
{diameter-of-driil-bit twist-drilld 7/64)

(is=-a twist-drill5 TWIST-DRILL)
{diameter=cf-drill-bit twist-drills 1/8)

{is-a twist«gdrills TWIST-DRILL)
{diamater-of-drill-bit twist-drilleé 3/64)

(ir-a twist-drill? TWIST-DRILL)
(dianeter~of-drill~bit twist-drill? 5/32)

(is~-a twist-drills TWIST-DRILL)
{diameter=of —drill-bit twist-drills 11/64;

{is-a twist-driils TWIST-DRILL)
{diamster-of-drill-bit twist=-drills 3/16)

(is-a twist-driillo TWIST-DRILL)
{diameter~of-drill-pit twist-drilllo 13/64)

(is-3 twist=driilil TWIST-DRILL)
(diametor~-of-drill-bit twist-drilill 1/32)

{is=~a twist-driliiz TWIST-DRILL)
{diametaer—-of-drillebit twist-drilll2 15/64)

{iz~a twist-drillis TWIST-DRILL)
(diametar-of-drill-bit twist-drilll3 1/4

(is=a twist-cdridlil4 TWIST-DRILL)
{diametar-of-drill-bit twist-drilllq 5/16)

fis-a twist-drillis TWIST-DRILL)
{diametar-of-drill-bit twist-drillls 3rs8)

{is~a twist-drillile TRIST-DRILL)
{diameter-of-drill-bit twist=drillle 7/16
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{im-a twist-drilliz TWIST-DRILL)
{dlameter-of-drill-bit twist-drilli? 1/2)

(i#-a twist~drilll® TWIST-DRILL}
{diameter-cf—drill-bit twist-drillls 9/16)

(is-a twist-drillly TWIST-DRILL)
{diameter-of-drill-bit twist=drillis 5/8

(is=a twist-drillao TWIST-DRILL)
{diameter=of—drill-bit twist-drillzo 11/16)

{is=a twist-drill2l TWIST-DRILL)
(diameter=-of~drill-bit twist=drjll21 3/4)

(iz-2 twist-drill2? TWIST-DRILL)
{diametaer-of-drill-pit twist-drillz® 13/16

{is-a twist-drill23 TWIST~DRILL}
(diameter-of-drill-bit twist=dr3l1i23 7/8)

{is~a twist-drill24 TWIST-DRILL)
(diamater=of-drill-bit twist-drill2d 15/16)

{is-a twist-drilizs TWIST-DFILL)
(diamater-cf~drill-bit twist=drill2s €3/64)

{is-a twist-drill2é TWIST=DFRILL)
{diametear—of-drill=bit twist—-drill?e 1)

(is-a straight=fluted-drilll STRAIGET-FLUTLG-DRI L
(diamater=ocf-drill-bit straight-fluted-drilll 1,32

tis-a straight-fluted=drillz STRAIGBET-FLUTEDL-DRILL}
{diameter-of-drill-bit straight-fiuted-drilly 1/16)

{is=a straight-fluted-drill3 STRAIGHAT-FLUTEL-DEILL)
idiameter=of-grilil-bit straight-fluted-drill3 3,/22)

{is~a high«~helix~drilll BIGR~BELIX=PRILL)
|diameter-of-drill-pit high=helix-drilil 1/32)

(is=a high-helix=drillz EIGE=BILIX-DRILL)
idiameter=-of—drill-bit bigh-belix=drill2 1/16

(is-a high=helix-drills RIGE-HBELIX=DRILL)
{diameter-of-drill-bit high=helix-drill3 3/32)

fiz=a oil-hole=drilll CIL=AGLE~DRILL)
(diameter=of-drillebit @il-hole=drilll 1:/32)

{izs-a oil-bole=-drillz OIL=HOLE-DRILL)
(diametar«of-drill-bit @il-hola=drillz 1/16)

{is-a cil=bole-drill3 OIL-HOLE~DRILL)
(diametar-of-drill-bit oil=hole-drill3 3/32)

{is=a gun-drilll GUN-DRILL)
tdiameter=of-drill-bit qun=-drilll 1/22)

{is-a gun-drillz GUN-DRILL})
(diametor-of~drill-bit gun-drill? 1/16

fis=a gun-drill3 GUN~-DRILL)
{diameter-of-drill=bit gun-drilld 3/32)

{is-a ¢ore-drilll CORE-DRILL)
tdiametar=af-drill-pit core-drillil 1/32)

{iz-a core-drill? CORE-DRILL)
{diameter—of=drill-bit core-drill? 1/16%

{is-a core-drill3l CORE-DRILL})
{diamaeter-of=drill-bit core—drilll 2/32)

{is=& tapl TAF)
(diametar-of=drill-bit tapl 1/32)

{is=a tap2 TAP)
{dianetar=of-drill-pit tap2 1/16



(is=a tap3 TAP)
(diameter-of-drill-bit tap3 5/64)

{is-a tap4 TAF)
{diameter-of-drill-bit tapd 3/32)

(is=a tap5 TAP)
{diameter=of-drill-pit tap5 7/64)

{is-a tapé& TAP)
(dimmeter-of-drill-bit tapé 1/8)

{iz+-a tap7 TAF)
(diameter—of-drill-bit tap? %/64}

{is-a tapB TAP)
{diameter-of-drill-bit tap® £/32)

(is=a tap$% TAP}
(diamoter—of=drill-bit tap$ 11/64)

{is—a taplQ TAP)
(diameter-cf-drill-bit taplC 3/16)

{is—a tapll TAF)
(diameter—of=drill-bit tapll 13/64)

{is-a tapl2 ThP)
(diamster—-of-drill-bit taplz 7/32)

{is-a& tapl3 TAP)
{diameter-of-drill=bit tapl3 15/64)

(is-a tapld TAP)
(diameter=of~drill-bit tapld 1/4)}

{i=z~a tapls TAP)
{diameter-of-drill-bit tapl5 5/16}

(is=a Tapl6 TAP)
(diameter-of=drill-bpit taplé 3/8B)

{izs=-a tapl7 TAF)
(diameter-of-drill=bit tapl? 7/16}

{is=a taple TAP)
(diameter=of=drill-bit tapl& 1/2)

{is=-a tapl® ThP}
(diameter-of-drill-bit tapl® %/16)

(is=a tap20 TAF)
{diameter-of-drill=bpit tap20 5/8)

(is-a tap2l TAP)
(diameter-of=drill-bit tap2l 11/16)

{is-a tap22 TAP)
({diameter—of-drill-bit tapi2 3/4)

{is=a tap22 TAP)
{diameter-of=drill-bit teapl3 13/16

{is—a tapz4 TAP)
(diameter=of~drill-bit tap24 7/8)

{is-a tap25 TAF)
(diameter-of-grill-bit tap2® 15/16)

{is-a tap26 TAF)
(diamoter—orf=drill-bit tap2é §3/64)

{is—a tap2? TAF)
(diameter—of-drill-bit tap2? 1}

{is-a countersinkl CGUNTERSIKK)
(angle-of-drill=bit countersinkl 60)

{is—a countarsink? COUNTERSIKNE)
(angle-of-drill-bit countarsink2 £2}

{is-a countarsink3 CODNTERSINK}
(angle-of-drill=bit countersink3 5%0)

{is-a countersinkd COUNTERSINK)
(angle~of-drill-bit countersink4 100)

{is+a counterborel COUNTERBOFRE)
{size—of-drill-bit counterborel 1/4)

{is-a countarbore2 COUNTERBORE}
{size-of-drill-bit counterborel 1/2)

{is-a counterbore3 COUNTERBORE)
{size-of-drill=-bit counterbore3 3/4}

{is=a counterbared COUNTERBORE)
{size-of=-drill-bit counterbored a/e)

(iz-a preamerl REAMER}
(diameter-of-drili-bit reamezl 1/32)

{is=-a reamerZ REAMER)
(diameter=of=drill-bit resmer2 1/16)

{is-a reamer3 REAMER}
{44 amater-of-drill-bit reamer3 3/32)
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{is=a millingecutterl PLAIN-MILL}
(iz-a milling=-cutterZ END-MILL}

{is-a rough=-toolbitl ROUGE=TOOLBIT)
{is=a finisah-toelbitl FINISE-TOQLBIT)
{is-a v-threadl V-TEREAD}

{is-a knurll FNURL)

(is-s cutting-tooll ROUGHING-CUTTING-TOOL)
{is—a eutting-toolZ FINISHING-CUTTING-TOOL)

(is-a grinding-wheell GRINDING-WHEEL)
{(bardness—of=whael grinding-whesll HARD)
(qrit=of-whaal grinding-whaall COARSE-GRIT)

{is-a grinding-wheel2 GRINDING-WHEEL}
{hardness-of-wheel grinding-wheell SOFT)
(grit~of=whael grinding-wheell COAFSE-GRIT)

{iz-a grinding-wheel3 GRINDING-WAEEL)
{hardness-of-wheal grinding-wheel3 HARD)
(gzit-of=whesel grinding-wheeld FINE-GRIT)

{is-a grinding-whesld4 GRINDING-WHEEL}
{bardness-of-whesl grinding-wheaeld SOFT)
{grit=of=whael grindihg-vwheeld FINE~-GRIT)

{is—a saw-attachmentl ShW-BAND)
(is~a saw-attachment? BAND-FILE)

(is-a saw-attachmaent3 FRICTICH=SAW]
{is-a saw-attachment4q COLD-SAW)

(izs=~a milling-cutterll PLAIN-MILL)
(is-a milling=cutterlZ END-MILL)

{is-m rough-toclbizll ROUGE-TOOLBIT)
{(is=a finish-toolbitll FINISE=TOOLBIT)
{is~a v=threadll V-THREAD}

{is-a knurlll IKNURL)

{is-a cutting=-toolll ROUGRING=CUTTING-TOOL)
{is~a cutting-tooll2 FINISBIRG-CUTTING=TOOL)

{is=a grinding-wheslll GRINDING-WRELL)
(hardness=-of=-whaal grinding=-whaslll BARD)
tgrit=of-wheel grinding-wheelll COARSE~-GFIT)

{is=-a grinding-whesll2 GRINDING-WHEEL}
{bardness-of=whesl grinding-wheell2 SOFT)
{grit=of-whesl grinding-wheellZ CORRSE-GRIT)

{is=a grinding-wheell3d GRINDING-WHEEL)
(hardness-of-wheel grinding-wheell3 BARD)
(grit-of=wheel grinding-whaell3 FINE-GRIT}

{is-a grinding-wheell4 GRINDING-WHEEL)
(bardnass-of-wheel grinding-wheelld4 SOFT)
(grit-of-wheel grinding-wheelild FINE-GRIT)

(is-a electrodel ELECTRGDE}
{is-a rodl WELDING-ROD}

{is=-a wirel SPRAYING-METRL-RIRE}
{material-cf wirel STAINLESS-STEEL)

(is-a wire2 SPRAYING=METAL-WIRE)
{material-of wire2 ZIRCONIUM-OXIDE}

{is-a wira3 SPRAYING-METAL~WIRE)
(material-of wired ALUMINUM-OXIDE}

{is=a wiTelD SPRAYING-METAL-WIERE)
(matsrial-of wireld TUNGETEN)

{is=a wirall SPRAYING-METAL-WIRE)



{material-of wirell MOLYBDENTM)

{is-a v-blockl V-BLCCK)

{is-a visel VISE)

{iz~m toe-clanpl TOE-CLAMP)

{is-a centers} CENTERS)

{is=a 4=3jaw-chuckl 4-JAR-CHUCK)

(is-a collet-chuckl COLLET=-CHUCK}
(is=a magnetic=chuckl MAGNETIC-CHUCK)

{is=a v=bleck? V-BLOCK)

{is-a vise2 VISE)

{is-a toe=clampi TOE-CLAMP)

{is-a centers2 CENTERS)

{is-a 4=-jaw=-chuck? 4-JAN-TRUCK}

(is-a collet=-chuck2 COLLET-CRUCK}
{is=a magnatic-chuck2 MAGNETIC~CRUCK}

{it=a v=block} V-BLOCK)

{(is-a visae3 VISE)

{igs=a tce-clampi TOE-CLAMF)

{(is-a centars3 CENTERS)

(is=a 4=jaw-chuckl 4-JAW-CHUCK)

{iz-a collet-chuckd® COLLET-CHUCEK]
{is=a magnetic-chuck3 MAGNETIC-CHUCK)

{izr-a latbe=-filel LATHE-FILE}
(is-a abrasive-clothl ABRASIVE=CLOTH)
(matarial-of-abrasive—-cloth abrasiva—-clothl EMERY)

(is-a lathe-file2 LATHE-FILE}
{iz—a pbrasive-cioth2 ABRASIVE=-CLOTH}
{naterial-of-aprasive-cloth abrasive=clothl EMERY)

(iz=a lathe-file3 LATHE-FILE)
(is-a abrasive=cloth3 ABRASIVE-CLOTH)
{material-of-abrasive-cloth abrasive=cleth3 EMERY)

{it=a torchl TORCH)

{is~a brushl BRUSR}
{is+~a brushl BRUSH;

{is=2 scluble=-oil SOLUBLE-CIL)
(is=a mineral=cil MINERAL-0IL)

{is-a partl PART)
(material-of partl BRASS)
(size—-of partl LENGTH 5)
(size-of partl WIDTH 3)
{size=of partl REIGHT )

{is=a part? PART;
(naterial-of part? COPFER}
(size-of partz LENGTH 5)
{size-of partZ WIbTE 3)
{size-cf partz HEIGET 3)

{(is=a part3d PART}
(material-of part3 BRONZE)
{sirze-of part3 LENGTE 5)
(size-of part3 WIDTE 3)
(size-of part3 HEIGRT 2)

{is~-a part5 PART)
{material«ocf parth ALTUMINUM)
(size-of partS LENGTH 5)
{size-of part® WIDTR 3}
(size-of part5 HEIGHT 3}

(is-a part6f PART)
imaterial=of part$ STEEL)
{size-of parté LENGTE 5)
{siz6é=cof parté WIDTE 3)
(size-of part6 HEIGHT 3}

{is-a part? PART)

{material-of part? IRON)
{size-of part? LENGTR 5)
(size~of part7 WIDTE 3}
{size-of part? HEIGHT 3}

{is-a part21 PART)
{material-cf partzl BFASS)
{size—of part2l LENGTE 7)
{size-of partZl WIDTH 4)
(size~of part2l HEIGHT 2)
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{is-a part22 PART)
(material-of part22 COPPER)
{size=of part22 LENGTH 7)
{size—cf part2Z RIDTE 4)
{zize=cf part2 HEIGHT 2)

(is-a part22 PART)
{material-of part22 BRONZE)
(size-of part22 LENSTE 7)
(size~of partz2 WIDTE 4)
{8ize-of part22? HEIGET 2)

{is—-a part27 PART)
{material-of part27 ALUMINUM)
{size=-0f part2? LENGTH 7}
{size~of part2? WIDTE 4)
{size-of part2? HEIGET 2)

{is=a part2E PART)
(material-of part?é STEEL)
{sire=cf partlé LENGTH 7)
{size-of part26é WIDTE 4)
{size=of partZé EEIGAT 2)

(is=a part27 PART)

(material~of part27 IROKN)
{size=of part2? LENGTE 7)
{sire-of part27 WIDTE 4)
{siza~of partl7] REIGHT 2)

{ia-a partS51 FART)
{material-of part5] BRASS}
{size-of part51 LENGTE 5)
(size-of part5l WIDTH 2)
(tite-of part5l HEIGHET 3)

{1s—a partS5 FART)
(material-cf partS% ALUMINUM)
{(size-of partSS5 LENGTE 5)
(size~of partS5 WIDTE 4)
(size¢—of partS5 REIGET 2)

{is=a partll PAFRT)
{material-of partll BRASS}
{size~-of partll LENGTH 5)
(size-~of partll DIAMETER 3)

{is-a partl2 PART}
{material-of parti2 COPPER)
{size=of partll LENGTE 5)
{size-of partlZ DIAMETEF 3)

{is-a partl3 PART)
{material-of partl3 BRONZE)
{size-of partl2 LENGTR 5)
{size~cf partl3 DIAMETEF 2)

(1a~a partld PART)
{material-of partl$ ALUMINUM;
{size—of partl5 LENGTH 5)
{size—of partl5 DIAMETER 3)

{is—a partlé FART)
(material-of partlé STEEL)
(size-of partlé LENGTE 5)
{size-of partlé DIAMETER 3)

{iz-a partl? FART)
{material-of partl?7 IRON)
{8ize-of partl? LENGTE &)
{size-of partl? DIAMETER 3}

{is-a part3l PART)

{material-of part3l BRASS)
{size~-of part3l LENGTH 10)
{size—of part3l DIAMETER 5}

{iz«a part3Z PART}

{material-of part3Z COPFER)
{size~of part32 LENGTE 10)
{size-of part32 DIAMETER 5)

{is~-a part33 PART}

(materisl-aof part32 BRONZE}
(sire-of part33 LENGTH 10)
{size-of part33 DIAMETER 5|



{is=a part35 PART)
{material-cf part35$ ALUMINUM)
{size=of part35 LENGTE 10)
(size-of part3% DIAMETER 5)

{is-a part3é PART)

{material=-cf part36é STEEL)
{size-of part3é LENGTE 10)
{size=of part3é DIAMETER 5)

{is=-a part3? PART}
{material-cf part3? IRON)
{size=-of part3? LENGTH 10)
{size-cf part3? DIAMETER 5)

{is-a partl3é PART)
{material-of partl3& STEEL)
{size~-of partl3dc LENGTH 3)
{size~cf partl2é DIAMETER 5)



