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Abstract NC Programs*
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Manfred Meyer = Jorg Miller =~ Thomas Oltzen
Michael Sintek Werner Stein Frank Steinle

DFKI Kaiserslautern
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Abstract

#CAD2NC is a knowledge-based system generating workplans for idealized lathe CNC machines.
It transforms CAD-like geometries of rotational-symmetric workpieces into abstract NC programs,
using declarative term representations for all processing steps. The system has been developed using
COLAB, a hybrid-knowledge compilation laboratory which integrates the power of forward and back-
ward reasoning (incl. functional programming), constraint propagation, and taxonomic classification.
The focus of this work is on exemplifying techniques of the hybrid, declarative COLAB formalisms
for the central subtasks of CAD-to-NC transformations.



5.1 Demo

(attrterm

(attrterm

(attrterm

(attrterm

(attrterm

(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact
(fact

(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor
(neighbor

Workpiece

(ring rng42 (tup (tup centeri 110)

(tup center2 110)
(tup radiusi 30)
(tup radius2 20))))

(cylinder cyl43 (tup (tup centeri 110)

(tup center2 120)
(tup radiusi 20)
(tup radius2 20))))

(ring rng44 (tup (tup centeri 120)

(tup center2 120)
(tup radiusi 20)
(tup radius2 25))))

circ33 cyl34))

cyl34
rng35
cyl36
rng37

rng35))
cyl38))
rng37))
tr3s))

tr3s cyl3g))

cyl39
rng40
cyl4l
rng42
cylas
rng44
cylas

rng40))
cyl4l))
rng42))
cyla3))
rng44))
cy145))
circ48))

(cylinder cyl4s (tup (tup centeri 120)

(tup center2 150)
(tup radius1i 25)
(tup radius2 26))))

(circle circ48 (tup (tup centeri 150)

(tup center2 150)
(tup radiusi 25)
(tup radius2 0))))

11



12 5 SAMPLE SESSION

5.2 Detailed Trace

Here we give a complete trace of the uCAD2NC sample session showing the “operational sematics” of
our CAD-to-NC transformation model.! Except from the WTgXpage formatting, the trace is reproduced
verbatim from an actual COLAB demo run.

colab,fw> (demo/f)

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-rng35-1ts-cyl38-cyl36
(tup
(tup ground lts-cyl36-cyl36)
(tup flank rng35)
(tup leftmost rng356)
(tup rightmost cyl38) ) )

derived-fact-asserted-into-taxon-abox

(add-data

longturningsurface

lts-cyl36-cyl36

(tup (tup radius 20) (tup leftmost cyl36) (tup rightmost cyl36)) )

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-1ts-cyl38-cyl36-rng37
(tup
(tup ground lts-cyl36-cyl36)
(tup flank rng37)
(tup leftmost cyl3e)
(tup rightmost rng37) ) )

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-rng40-1ts-cyl4i-circ46
(tup
(tup ground 1lts-cyl4l-circ48)
(tup flank rng40)
(tup leftmost rng40)
(tup rightmost circ46) ) )

1 Of course, also selective traces are possible and everything except the final ANC program would be hidden to endusers.



5.2 Detailed Trace

derived-fact-asserted-into-taxon-abox

(add-data

longturningsurface

lts-cyl4l-circ46

(tup (tup radius 30) (tup leftmost cyl4l) (tup rightmost circ4e)) )

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-rng42-1ts-cyl43-cyl43
(tup

(tup ground lts-cyl43-cyl43)

(tup flank rng42)

(tup leftmost rng42)

(tup rightmost cyl43) ) )
derived-fact-asserted-into-taxon-abox
(add-data

shoulder
shoulder-rng42-1ts-cyl43-circ46
(tup

(tup ground lts-cyl43-circ46)

(tup flank rng42)

(tup leftmost rng42)

(tup rightmost circ46) ) )

derived-fact-asserted-into-taxon-abox

(add-data

longturningsurface

1ts-cyl43-circ48

(tup (tup radius 25) (tup leftmost cyl43) (tup rightmost circ46)) )

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-1lts-cyl43-cyl43-rng44
(tup
(tup ground lts-cyl43-cyl43)
(tup flank rng44)
(tup leftmost cylé43)
(tup rightmost rngd4) ) )

13



14 5 SAMPLE SESSION

derived-fact-asserted-into-taxon-abox

(add-data

longturningsurface

lts-cyl43-cyl43

(tup (tup radius 20) (tup leftmost cyl43) (tup rightmost cyl43)) )

derived-fact-asserted-into-taxon-abox
(add-data
shoulder
shoulder-lts-circ33-rng37-tr38
(tup
(tup ground lts-circ33-rng37)
(tup flank tr38)
(tup leftmost circ33)
(tup rightmost tr38) ) )

derived-fact-asserted-into-taxon-abox

(add-data

longturningsurface

lts-circ33-rng37

(tup (tup radius 25) (tup leftmost circ33) (tup rightmost rng37)) )

derived-fact-asserted-into-taxon-abox
(add~data
groove
groove-rng35-1ts-cyl36-cyl36-rng37
(tup
(tup leftflank rng35)
(tup ground 1lts-cyl36-cyl36)
(tup rightflank rng37)
(tup leftmost rng35)
(tup rightmost rng37) ) )

derived-fact-asserted-into-taxon-abox
(add-data
groove
groove-rng42-lts-cyl43-cyl43-rng44
(tup
(tup leftflank rng42)
(tup ground lts-cyl43-cyl43)
(tup rightflank rng44)
(tup leftmost rng42)
(tup rightmost rng44) ) )



5.2 Detailed Trace

features:

(tup
(desc-tc
rng36
(tup (tup centerl 40) (tup center2 40) (tup radiusi 25) (tup radius2 20)) )
(asc-tc
rng37
(tup (tup centeri 50) (tup center2 50) (tup radiusi 20) (tup radius2 25)) )
(desc-tc
rng40
(tup (tup centerl 70) (tup center2 70) (tup radiusi 40) (tup radius2 30)) )
(desc-tc
rng42
(tup (tup centerl 110) (tup center2 110) (tup radiusi 30) (tup radius2 20)) )
(asc-tc
rng44
(tup (tup centeri 120) (tup center2 120) (tup radiusi 20) (tup radius2 26)) )
(desc-tc
circ46
(tup (tup centerl 150) (tup center2 150) (tup radiusi 26) (tup radius2 0)) )
(asc-tc
cire33
(tup (tup centeri 0) (tup center2 0) (tup radiusi 0) (tup radius2 25)) )
(asc-tc
tr38
(tup (tup centerl 60) (tup center2 60) (tup radiusi 26) (tup radius2 40)) )
(data
shoulder
shoulder-rng35-1ts-cyl36-cyl36
(tup
(tup ground lts-cyl36-cyl36)
(tup flank rng3S)
(tup leftmost rmg36)
(tup rightmost cyl38) ) )
(data
longturningsurface
lts-cyl36-cyl36
(tup (tup radius 20) (tup leftmost cyl36) (tup rightmost cyl36)) )
(data
shoulder
shoulder-1ts-cyl36-cyl36-rng37
(tup
(tup ground 1lts-cyl36-cyl36)
(tup flank rng37)
(tup leftmost cyl36)
(tup rightmost rng37) ) )

15



16 5 SAMPLE SESSION

(data
shoulder
shoulder-rng40-1ts-cyl4il-circ46
(tup
(tup ground 1lts-cyl4i-circ46)
(tup flank rng40)
(tup leftmost rng40)
(tup rightmost circ48) ) )
(data
longturningsurface
lts-cyl41l-circ48
(tup (tup radius 30) (tup leftmost cyl41) (tup rightmost circ46)) )
(data
shoulder
shoulder-rng42-lts~-cyl43-cyl43
(tup
(tup ground lts-cyl43-cyl43)
(tup flank rng42)
(tup leftmost rng42)
(tup rightmost cyl43) ) )
(data
shoulder
shoulder-rng42-lts-cyl43-circ46
(tup
(tup ground 1lts-cyl43-circ46)
(tup flank rng42)
(tup leftmost rng42)
(tup rightmost circ46) ) )
(data
longturningsurface
lts-cyl43-circ48
(tup (tup radius 25) (tup leftmost cyl43) (tup rightmost circ48)) )
(data
shoulder
shoulder-1lts-cyl43-cyl43-rng44
(tup
(tup ground 1lts-cyl43-cyl43)
(tup flank rng44)
(tup leftmost cyl43)
(tup rightmost rng44) ) )
(data
longturningsurface
lts-cyl43-cyl43
(tup (tup radius 20) (tup leftmost cyl43) (tup rightmost cyl43)) )
(data
shoulder
shoulder-1ts-circ33-rng37-tr38
(tup
(tup ground 1lts-circ33-rng37)
(tup flank tr38)
(tup leftmost circ33)
(tup rightmost tr38) ) )



5.2 Detailed Trace

(data
longturningsurface
lts-circ33-rng37

(tup (tup radius 25) (tup leftmost circ33) (tup rightmost rng37)) )

(data

groove
groove-rng35-1lts-cyl36-cyl36-rng37
(tup

(tup leftflank rng35)

(tup ground lts-cyl36-cyl36)

(tup rightflank rng37)

(tup leftmost rng35)

(tup rightmost rng37) ) )
(data

groove
groove-rng42-1lts-cyl43-cyl43-rng44
(tup

(tup leftflank rng42)

(tup ground 1lts-cyl43-cyl43)

(tup rightflank rng44)

(tup leftmost rng42)

(tup rightmost rng44) ) ) )

17



18 5 SAMPLE SESSIOi

classified workpiece:

(cwp
40
(tup
(nft
(1sh (£1k (tup (p 70 40) (p 70 30))) (grd (tup (p 70 30) (p 150 30))))
(tup
(ntt
(1sh (£1k (tup (p 110 30) (p 110 25))) (grd (tup (p 110 25) (p 150 25))))
(tup
(nft
(grv
(£1k (tup (p 110 25) (p 110 20)))
(grd (tup (p 110 20) (p 120 20)))
(£1x (tup (p 120 20) (p 120 25))) )
(tup) ) ) ) ) )
(ntt
(rsh (grd (tup (p 0 25) (p 50 25))) (f1k (tup (p 50 25) (p 60 40))))
(tup
(nft
(grv
(f1x (tup (p 40 25) (p 40 20)))
(grd (tup (p 40 20) (p 50 20)))
(£1k (tup (p 50 20) (p 50 25))) )
(tup) ) ) ) ) )
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contax tool selection:
arguments: roughing high-alloy-steel normal 0 90 left
propagating...
results: (tup (tup dnmm-71 tmaxp-pdl93) (tup remx tmaxp-prl40)
(tup remx tmaxp-prl30) (tup tnmm-71 tmaxp-ptl90))

contax tool selection:
arguments: roughing high-alloy-steel normal 0 90 left
propagating...
results: (tup (tup dnmm-71 tmaxp-pdl93) (tup rcmx tmaxp-prl40)
(tup remx tmaxp-prl30) (tup tnmm-71 tmaxp-ptl90))
(grd (tup (p 40 20) (p 50 20)))
(£1k (tup (p 50 20) (p 50 25))) )

contax tool selection:
arguments: roughing high-alloy-steel normal 90 90 right
propagating...
results: (tup (tup dnmm-71 tmaxp-pdr93) (tup rcmx tmaxp-prr30)
(tup tnmm-71 tmaxp-ptr90))

contax tool selection:
arguments: roughing high-alloy-steel normal 90 90 left
propagating...
results: (tup (tup dnmm-71 tmaxp-pdl93) (tup rcmx tmaxp-prl40)
(tup remx tmaxp-prl30) (tup tnmm-71 tmaxp-ptl90))

contax tool selection:
arguments: roughing high-alloy-steel normal 0 60 right
propagating. ..
results: (tup (tup dnmm-71 tmaxp-pdr93) (tup tnmm-71 tmaxp-ptr90)
(tup tnmm-71 tmaxp-ptn60) (tup rcmx tmaxp-prr30))

contax tool selection:
arguments: roughing high-alloy-steel normal 90 90 right
propagating...
results: (tup (tup dnmm-71 tmaxp-pdr93) (tup rcmx tmaxp-prr30)
(tup tnmm-71 tmaxp-ptr990))

contax tool selection:
arguments: roughing high-alloy-steel normal 90 90 left
propagating...
results: (tup (tup dnmm-71 tmaxp-pdl93) (tup rcmx tmaxp-prl40)
(tup remx tmaxp-prl30) (tup tnmm-71 tmaxp-ptl90))



20

skeletal plan:

(skp
40
(com
(tup
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 70 40) (p 70 30) (p 150 30))) )
(roughing
(tool remx tmaxp-prl40)
left
(geo (tup (p 70 40) (p 70 30) (p 150 30))) )
(roughing
(tool remx tmaxp-prl30)
left
(geo (tup (p 70 40) (p 70 30) (p 150 30))) )
(roughing
(tool tnmm-71 tmaxp-ptl90)
left
(geo (tup (p 70 40) (p 70 30) (p 150 30))) ) ) )
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 110 30) (p 110 25) (p 150 25))) )
(roughing
(tool rcmx tmaxp-prl40)
left
(geo (tup (p 110 30) (p 110 25) (p 150 25))) )
(roughing
(tool rcmx tmaxp-prl30)
left
(geo (tup (p 110 30) (p 110 25) (p 150 25))) )
(roughing
(tool tnmm-71 tmaxp-ptl90)
left
(geo (tup (p 110 30) (p 110 25) (p 150 25))) ) ) )
(alt
(tup
(seq
(tup
(alt
(tup
(roughing

5 SAMPLE SESSION



5.2 Detailed Trace

(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 110 25) (p 110
(roughing
(tool rcemx tmaxp-prl40)
left
(geo (tup (p 110 25) (p 110
(roughing
(tool rcmx tmaxp-prl30)
left
(geo (tup (p 110 25) (p 110
(roughing
(tool tnmm-71 tmaxp-ptl90)
left
(geo (tup (p 110 25) (p 110
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 110 25) (p 110
(roughing
(tool remx tmaxp-prr30)
right
(geo (tup (p 110 2B) (p 110
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 110 25) (p 110
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 110 25) (p 110
(roughing
(tool remx tmaxp-prr30)
right
(geo (tup (p 110 25) (p 110
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 110 25) (p 110
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl193)
left
(geo (tup (p 110 25) (p 110
(roughing

20)

20)

20)

20)

20)

20)

20)

20)

20)

20)

20)

(p

(p

(p

(p

(p

(p

(p

(p

(p

(p

120

120

120

120

120

120

120

120

120
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120

20)

20)

20)

20)

20)

20)

20)

20)
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20)

20)

(p

(p

(p

(p

(p

(p

(p

(p

(p

(p

120
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120

120

120

120

120
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120
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25)))

25)))

25)))

25)))

25)))

26)))

25)))

25)))

25)))

25)))

26)))

)

) )

) ) )

) )
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5 SAMPLE SESSION

(tool remx tmaxp-prl40)

left
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 26))) )
(roughing
(tool rcmx tmaxp-prl30)
left
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
(roughing
(tool tnmm-71 tmaxp-ptl90)
left
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) ) ) ) ) ) ) ) ) )
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) )
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) )
(roughing
(tool tnmm-71 tmaxp-ptné0)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) )
(roughing
(tool rcmx tmaxp-prr30)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) ) ) )
(alt
(tup
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pd1l93)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing
(tool rcmx tmaxp-prl40)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing
(tool rcmx tmaxp-prl30)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing

(tool tnmm-71 tmaxp-ptl90)
left
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(geo (tup (p 40 25) (p 40 20)
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool remx tmaxp-prr30)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 40 25) (p 40 20)
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool rcemx tmaxp-prr30)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 40 25) (p 40 20)
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool rcmx tmaxp-prl40)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool rcmx tmaxp-prl30)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool tnmm-71 tmaxp-ptl90)
left
(geo (tup (p 40 25) (p 40 20)

(p

(p

(p

(p

(p

(p

(p

(p

(p

50

50

50

50

50

50

50

50

50

50

20)

20)

20)

20)

20)

20)

20)

20)

20)

20)

20)

(p

(p

(p

(p

(p

(p

(p

(p

(p

(p

50

50
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50

50

50
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25)))

28)))

25)))

25)))

25)))

25)))

25)))

25)))

25)))

25)))

25)))

)
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qualitative simulation:

(tup
(roughing
(tool dnmm~71 tmaxp-pdl93)
left
(geo (tup (p 70 40) (p 70 30) (p 150 30))) )
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 110 30) (p 110 25) (p 150 28))) )
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
tup )
4.4->
(skp
40
(com
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
(roughing
(tool remx tmaxp-prr30)
right
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 26))) )
(roughing
(tool tnmm-71 tmaxp~ptr90)
right

(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) ) ) )
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 0 26) (p 50 256) (p 60 40))) )
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) )
(roughing
(tool tnmm-71 tmaxp-ptnéo0)
right
(geo (tup (p 0 26) (p 50 25) (p 60 40))) )

5 SAMPLE SESSION
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(roughing
(tool rcmx tmaxp-prr30)
right

(geo (tup (p 0 25) (p 50 25) (p 60 40))) ) ) )

(alt
(tup
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool recmx tmaxp-prl40)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool remx tmaxp-prl30)
left
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool tnmm-71 tmaxp-pt1l90)
left
(geo (tup (p 40 26) (p 40 20)
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool rcmx tmaxp-prr30)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool tnmm-71 tmaxp-ptr90)
right
(geo (tup (p 40 25) (p 40 20)
(seq
(tup
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 40 25) (p 40 20)
(roughing
(tool remx tmaxp-prr30)
right
(geo (tup (p 40 25) (p 40 20)

(p

(p

(p

(p

(p

(p

(p

60

50

50

50

50

50

50

50

50

20)

20)

20)

20)

20)

20)

20)

20)

20)

(p

(p

(p

(p

(p

(p

(p

(p

(p

50

50

50

50

50

50

50

50

50

25)))

25)))

25)))

25)))

25)))

26)))

25)))

25)))

25)))

)

) )

) ) ))



26 5 SAMPLE SESSION

(roughing

(tool tnmm-71 tmaxp-ptr90)

right

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 26))) ) ) )

(alt
(tup

(roughing

(tool dnmm-71 tmaxp-pdl93)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing

(tool rcmx tmaxp-prl40)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 26))) )
(roughing

(tool remx tmaxp-prl30)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing

(tool tnmm-71 tmaxp-ptl90)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (P 50 25))) ) ) X)) NI )H)))H)))

(tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
tup
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 0 25) (p 50 25) (p 60 40))) )
(roughing
(tool dnmm-71 tmaxp-pdr93)
right
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
tup )
3.7->
(skp
40
(alt
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing
(tool rcmx tmaxp-prl40)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )



5.2 Detailed Trace

(roughing

(tool remx tmaxp-prl30)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 5O 25))) )
(roughing

(tool tnmm-71 tmaxp-ptl90)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 60 25))) ) ) ) )

(tup
(roughing
(tool dnmm-71 tmaxp-pdl93)
left
(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) ) )
1.0->
(skp 40 (tup))

27
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anc-program:

(tup

(roughing

(tool dnmm-71 tmaxp-pdl93)

left

(geo (tup (p 70 40) (p 70 30) (p 150 30))) )
(roughing

(tool dnmm-71 tmaxp-pdl93)

left

(geo (tup (p 110 30) (p 110 25) (p 160 25))) )
(roughing

(tool dnmm~71 tmaxp-pdl93)

left

(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
(roughing

(tool dnmm-71 tmaxp-pdr93)

right

(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) )
(roughing

(tool dnmm~71 tmaxp-pdr93)

right

(geo (tup (p 0 25) (p 60 25) (p 60 40))) )

(roughing

(tool dnmm-71 tmaxp-pdr93)

right

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
(roughing

(tool dnmm-71 tmaxp-pdl93)

left

(geo (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) ) )
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/ COLAB
Forward & Taxon

test premises Relfun & Contax
F tool selection
generate
instances
trigger
99 Relfun
assert facts geometric sort 1
skeletal plan application
reahze }
reduce feature space v
{ heuristic evaluation

FORWARD rules construct nested features

CONTAX constraints

TAXON concept

definitions RELFUN valued clauses RELFUN valued clauses
A-Box ' A-Box A-Box A-Box
e attribute terms e attribute terms e Herbrand terms e Herbrand terms
e relational facts e relational facts e lists e lists
Workpiece Feature description Skeletal plan workplan

JLCAD2NC: Where and How COLAB is used in a Workplanning Model

Relfun

gecmetric sort

~——Forward & Taxon

plan

ﬁ_ reduce featurespace
test premises "
/ H construct nested features
trigger
Classifie
H‘ : Workpiec
v,
Relfun & Contax
generate P
instances tool selection
realize * y
Abstract
\ skeletal plan application e Frogzam
assert facts -
SAC
_ l skeletal

heuristic evaluation

T —
= — = ———————

COLAB Subsystems cooperating in uCAD2NC
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CAD-like Geometry

(aterterm (ring rngd2
(tup (tup centerl
(tup center2
(tup radiusl
{tup radius2
(attrterm (cylinder cyld3
(tup (tup centerl
(tup center2
{tup radiusl
(tup radius2
fattrterm (ring rngd4
(tup (tup centerl
{tup center2
(tup radiusl
(tup radius2
lattrterm (cylinder cylds
(tup (tup centerl
(cup center2
(tup radiusl
{tup radius2

110)
110)
30)
20))))

110)
120)
20)
20)1))

120)
120)
20)
25)1))

120)
150)
25)
25))))

(fact (neighbor rng42 cyldd))
(fact (neighbor cyl43 mngdd))
(fact (neighbor rngdd cylds))

Clagsified Workpiece
-rm-r—Lﬂ

{(nft
(lsh
(flk (tup (rng 70 40 30)
tup (rng 110 30 25)))
(grd (tup (rng 110 25 25)
{rng 150 25 25))) )
(tup
(nfe
(grv

(longturningsurface

cyla3
{tup (tup radius 30)
(tup leftmost cyl43l
(tup rightmost cyld43)) )

{groove

(flk (tup (rng 110 25 20})))

{grd (tup {rng 110 20 20)
(rng 120 20 20)))

(€£lx (tup (rng 120 20 25))) )

groove-rngd42-cyl43-rnqgdd

(tup
(tup
{tup
(tup
{tup
(tup

leftflank rnqgd42)
ground cyld3)
rightflank rng44)
leftmost rng42)
rightmost rng44) ) )

(shoulder
shoulder-rngd42-lts-cyld3-circd6
(tup

(tup ground lts-cyld3-circdé)

(tup flank rngd2)

(tup leftmost rngd2)

(tup) ) ) ) ) )
&
Contax Abstract
(tup
(roughing
(tool dnmm-71 tmaxp-pdl93
left
(geo (tup (p 110 25) (p 110 20)
(p 120 20) (p 120 25))) )
(roughing
(tool dnmm-71 tmaxp~pdr93)
right
(geo (tup (p 110 25) (p 110 20)
(p 120 20) (p 120 25))) ) }

(tup rightmost circd6) ) ) )

UCAD2NC Data Flow

’ | ]
S N N N N N N T P M A )
TAXON:Realization (asc-tc 38)  (desc-tc 40) ke h)
. -t ;
(asc-tc 33) (desc-tc 35 ) (asc-tc 37 (desc-tc 42 ) asc-te (desc-tc 46)
(Its 36) (Its 41) (Its 43)
(lIts 34) J (lts 39) / (Its 45 )
(lIshoulder 35-36) (Ishoulder 40 41) (Ishoulder 42 43)
(rshoulder 43 44)
7
(rshoulder 36 37) \ / o
(its 33 37) / (groove 42 43 44)
(groove 35 36 37)
(Ishoulder 42 (1ts 43 46) ) (lts 41 46)
(rshoulder (1ts 33 37) 38)

FOWARD-Aggregation + TAXON: Realization

(lshoulder 40 (1ts 41 46))

Feature Recognition in TAXON and FORWARD
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Al CIM

edge-angle

beta = 90° process-edgeangle :
process = roughing

bet
a plate-edgeangle

direction = left ]

plate
wp-matenal = high-alloy-steel
proc-mat-tool
tc-beta

ho-description

tc-edge-angle | holder-tool

Constraint Net used for tool selection in WCAD2NC

C-T,
T
Al CIM
nose-shoulder( Id [(ground Lts), (flank Fl)])
______ : - truncone (F1),
test premises gl longturningsurface (Lts),
neighbor (F1l, Lts)
AN
generate p
trigger Instanices T~ . | nose-shoulder( Id ((ground Lts), (flank FL)])
1 - truncone(Fl),
longturningsurface (Lts),
[ L neighbor (FL, Lts).
| assert facts
l ~
reqli ~
eqlize Sa nosa-shoulder( Id [(ground Lts), (flank Fl)])
' ! ;- truncone(Fl),
| | longturningsurface (Lts),
i | neighbor(Fl, Lts).
7 - [
| ’ ., Nose-shoulder )
|  Shmtidar Feature Abstraction with
y o / \ nose Forward Reasoning
left-shoulder right-shoulder : : ,
/ \ and Terminological Reasoning
_ left-nose right-nose over Concrete Domains
subsumption relation with
ksample realization path

/)

A Tiaht Couplina of FORWARD and TAXON



oughing - y

(rouy
t0ol dnmm-71 tmaxp-pdI93)§

/o

(560-(0p.(0.FI028) (1110203 120.20¥ (B 120 ZSH)...

ool dnmun- 1 maxp-pdd)

(tp0 (o (110255 HO 203 p 120 0 12025V}

Z 7

el T S ————

wol dnmm-71 'Imup-pd!93

(gm0 (map (023} (¢ 3025) p 60 4075

ool mm 71 mazp pa3)
(g00 (B (p 4025} (p 40 20) (3 VLY 9 30257 )

-71 tmaxp-pdD.

(g0 (0p (A0 15) (3 4 20) (9 5020) (p 0I5

Qualitative Simulation

ANC-Program
% —
ftup
iro

ughing
(tool dnmm-71 tmaxp-pdr93)
t

righ
((geo (tup (p O 25) (p 50 25) (p 60 40))))
o

(tool dnmm-71 tmaxp-pdr93)
t

aﬁ (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
({:ool dnmm-71 tmaxp-pdl93)
| %;?o (tup (p 40 25) (p 40 20) (p 50 20) (p 50 25))) )
Egt:::u dnmm-71 tmaxp-pdl93)
| (geo (tup (p 70 40) (p 70 30) (p 110 30) (p 110 25) (p 150 25))) )
}[E:tol dnmm-71 tmaxp-pdl93)
g(r(?o (tup (p 110 25) (p 110 20) (p 120 20) (p 120 285))) )

' (tool dnmm-71 tmaxp-pdro3)

right
(geo (tup (p 110 25) (p 110 20) (p 120 20) (p 120 25))) ) )

P 1
ftntge -

OUTPUT from HCAD2NC
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