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FE Lop,
Foller Cozsster rroblems
fAlan Bundw 7.4.81 &/

SE Tor Leveld Suestion énswering 7

aai{fuszl Busn?
i Busle
Findzlli{¥rserrovisni{ZisLondlist)s
traced %t ok srovided (217 :00uzsl-Condlistl2i
seturi{londlist X565 s
et tures{dss [l Etiwresl,
get. turesifsrXtures: Turssls
golve{is:GesTuressEssXsll.
crunchi{EssXslAnsl»
sunpstiSolnssDondlistsoondlis
tracel ‘Hew conditions zre %1
grelei{Buan: [condlist]s.

tis
CrlMooncdlistdesZie

FE Fingd soushis znd givens 7

setur{ondlist a6}
i~ wordsiniCondlistVYsrsls
givensilisls

B subptractilaers: G222,

SEHMAKING CONDITIONSR/S

3 e e o e

E

FREBEE IF IT: ThRLERS
congiitiondl) -
evalustel(lstruais 1.
traced ‘conditiond Zt holdssn's [LIe37.

SEBEE IF ITS FalgEss
conditionil.} -
evalustell.sFalselr: 1.
trecel ‘condition ¥t doss nobt holdwn': DL330.

fzil.




SEOTHERMIBE NOTE IT FOR LATER®S
condition{l} - rostulstei{srovisoil}})s
*trzcel ‘Storing rroviso § Zh.awneLLI23).

¥ Retrzoiable Assert &7
=onstulaste{dssy - i
zsserbai{dssd,

]
i
ut
]
t1
Pad
i
P
wh

arFr Tirst time round

roshulzsteiass) I- % retrzct znd Tsil on hackus
retrachti{fassi: s fzil.
SE Eveluste condition &7

gvazluate(Condstruae) - noo Conds 1 % condition is trues

sevziuzte{lond:false) - neszte{londsNotlond)s noo Notlond: 1,

nesatei{rositive(sEl: non.ros{Eil,
neszteinon.neg{drnedativeldEi,
nedstei{resl(Xircomrlexi{Erl,
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FE mredict.
Fradiction for Bollsre Coszsster Problems

Aalzn Bundw 7.4.81 %7

SEMOTION CHECK®S
motioni{FarteFathsStartSidesfer) -
inFlaceiPartysFPethsStartSideBedinl»
cusi{timeswsi{PereBeginsEnd) s
trece!{ ' Checking mobtion of 3twuvtbst on Zdsmstst from Eisnstst on Ziamsist durins
EPartePatheStartsSide-FPerlesdl.
motionl{PzrisFathsBtzrirSideFerls
cugi{motioni{FartFath:Start-SideFer}l.,

SEGENERAL HMOTION OM PATHRES FELETS THROUGH TOO HMaNy POSIBILITIES®:S
moationl{FartFatnsStart8ide:Fer) -
- simrle curve(Fstnie: -
noo initizlifFer-Beginlds
getstaritedi{PartPathS8tartSidesBedginls
nostorring{Part:Paths-StartrSideFerls
notzkeaff{FariFPath:StartsSideFPerls
noafzlloffifFzri:PathsStartSideFerl.

SEBREARK INTO SUBFRFATHS®S

motionl{FartFath:S8tzrtSidePer) - 12
arrangersthi{PFethStarterathlistls
makereriods{NrzthlistPersFerlistls
multimotion{Part:Mrathlist:StartSidePerlistl.,

FE Fatn is & simrle curve X7
simele.curvei{Fzsth) -
do concaviteiFathne.l)s . “

oo slore{Pathells 1.

K Pt raviition of saih in order 5
_ rangerathiFath:SterteNeathlist) -
de rartition{PFatneFathliistl-
g endi{FathneStartsEndl»
condrevibEnd:PatnlisteNrathlist}.

¥ meke 2 new subreriod Tor ezch subrsin %27
mabersriodsi{dragthlistsFersFerlist) I-
marlistinzkeonesrathlistFerlistis
dhentrei{rsrtition{Per:Ferlistii-
tracel Divide ¥t dinto § Xl :fFersPerlistd23,

SEDEAL WITH EACH SUBPATHRS
multimotioniFart:LlsStartBideL1).

multimotion{Part [PFathifFethll:StertSide, [Periferlld) I-
o mobioni{FartesFatheStart:SideFerls
FarendiPFztheStartFinishis
multimotion{Fart:FethlFinish:SidesPsrl).

SEMAKE ONE PERIOD X/




mzkeonei{Fath:Fer) - coreszteireriod:Perl.

A% Gets starited om motion ¥

T e e e e e e e e e o e s e 0 e en s e e e

SE _Blztionsve st stsrt £7
gatstartediPaeri-FPathsStartsSideBegin) -
noo vel{Partszero:Dir-Baginis 1
{ horizontzliFastnStarty ->
o rsdge{FartsBeginy § tordPaith:Start) i

FEHEADED IM RIGHT DIRECTION®:S
detstarted{FartFalth:S8tart-SidesBeginy - s
glongifFastns-StertStarteDiris
oo o veliPark: Y DivroBesginds
copdition{rositivei{yil,

£ Perticle does pot rum outh of stesm ¥7

S EDDWNHILL OR HORIZONTAL RUNES
noastorring{PFartFathsStartSidesFer) i-
do endi{fFathsStartEnd)r orrositei{End:lendls
do slore{FatheHendle: diffi{lendsHerndls 1.

SEMARES IT TO THE TOR®S
rostoeringi{fFart-FethsStartSideFerd - I»
nee farendi{fFath:Start:Finishl»
slonsg{Pasth:sBtertFindishsDirl.
oo Timnveli{ParisVeDirFerls
conditioni{reszlidil.

F¥ Fariicle doss not tzke off %7
z"*: ““““““““““““““““““““““““ :'%.f

A¥ Farticle is thresded on %75
notzkeaff{FartsPetnsBtartsthresded:Perd - 1.

BELOW PaTH®/S
rotskanff{FartsPeitheS8tartSBideFer) -
npelow{PathsStartSidelds: 1,

SESLOFE DOES NOT DROF albaYixs
motskeaff{PartsFathsStartSidesFer) -
do concavite{FethsCone)s diffiloncerigntl: 1.

SEIMNSUFFICIENT VEL TO TarE OFFES
notzkeoff{PartsFathStertBideFer) -
de concavibeiFstnerigshtls -
o turical o roint{Faths TurPLis
towsrdsi{FasthsFartsStartSide: TurfltFerTiv).
co reszctioniFasthesFartedsDivrFardy
condition{nononesipiy,

£% Particle does not 21l off %7
e o e e e 9

S It dis thresded on &5




oo end{fFath:S8tartEndl.
concdvaliEnd:Sidel Hidedl.

SEYQOU GET TO YOUR DESTINATION BY TRAVELING THERE®RS
atiFart-FlacelsHMomdd -
farendi{Fzsth:FlaceZ:Flzacell:.
inslzecs{fFart:PathPlacel SideMomlis
cugi{timesus{Per-MomlsMom3 23 1oe i durlication
e motioniFerisPathsFlacel BideFarl.

- #
?®
rnafzlloffiFasrt:PathyBEtartsthreadedsFaery - 1,
SESUPFORTEDRS
nofzlloffifFertFzithsStaertSidesFer) -
zpoveiFasth-StarteSidelr, 1. N
SEVERTIOCAL Fallx/s
nofalloff(FarteFatheStartSidesFPerd -
oo endifPathsStartFParis
ac slorsi(FPatheFaris
do concavitg{Fatnrstlinelds
nos dnclinseiFath:270:3tartis 1.,
SESTICES OMESs
nofalloffi{Fart:Fath:StartSide:Fer) -
ac concsvwite(Fathevrightis s
oo normsliFatnDirlds
oo bwricsloroint{Fasthn,TurPtis
g2longsi{Pasth:Start - TurPtDirIis
oo veliFerh Ve llirZFerls
oo radius{Fath-Rls
conditiond (VT2 dsdn{Hrlir=R¥=sE) .
SEFREEFaLLES AFut in fesilure csses on obher conditions
nofslloff{Fart-Path:Start:SideFer) §-
do concaviteifsthe-Concley diffi{Conce.rightl-
tracel{ 4t fslls off %t during Ztwn’2LFarisFatn:sPerlslis
zgsserti{fzlls. offi{Fari:FPetnsStartsSidesFaerils
by F2il.
SEPARTICLE IS IM PLACE AT START OF FATHRS
inrlaceiFartPathlesFinishSidesEng) -
do cusdinotion{PartFetnI8tazrt:SideFerili.
farendi{FathIZ:Stavrt:Finishi-
noo Fingli{PersBEndle: 1,
inslace{Fart:-Fath:8fartSidelTime} i~ ¥ Bide? is lookins from Start
noe ahiPartsStart:Timalde: s
do sidei{PzrisStart-SidelsTimelds ¥ Gidel iz locking from left end



£ eaths.
leseribing Paihs for Roller Cozster Froblems
fAlan Bunds 7.4.81 %7

FARFATH WITH MONOTONIC SLOPEXRS
monorastniPath) - do slops(Fsthesleftl.
monorztni{Fatn} - dc slope{Fztherizghtl.
manorzthi{Fatn) - doc slore{Fathshorl.

SEPOINTI AND FOINTZ2 aRE OPFOSITE ENDS OF PATHRS
ferendi{FathsFointlFoint2)y -
dc endi{FzthsFPointlParlil: orrosite(Farl:Farli:
do endi{fFath:Foint2:Far3).

ARUFFER SIDE OF PATH®RS
above{FasthsStartsSidely -
monosrzthi{PFathls do endiFasthsStart:Sideld.

SELOWER SIDE OF PATH®:S
relowi{Fzth:5tazrtSidel) -
monorathi{Fasthl»
do end{FathsStariSidel): orrosite{Sidel .S5ide2).

SRSTART IS THE TOF OF FATH®/
tor{Fath:8tart) - do endiFzthsStzrt:Far): do slorsiPath:Parl.

FRUSE TYPRPICaAL FOINT OF WHOLE CIRCLE=®S

tupiczl Froint{Fztn:Foint? I-
pitof{PsthsCirclelr do circle{lirclel:
co turicsl. Frointi{lirclesFointl.



FE OANGLE.
Inference Rules for,énsgles end Inclinstions
Alsn Bundg 2.4,.81 %7

FEINCLINATION OF HORIZONTAL LINE®:S
inclins{linsesd2:Foint)y -
e slorsi{linsshor).

FEIMCLINATION OF STRaIGHT LINE%xS
inclinsd{linerang:Pointl) -
noo concavitei(linesstlineds
i rointoof{_ slLinesFoint2): diffi{FointlFoint2).
nes dnclinsd{linsAngFoint2),

AR dinmcline dis at rightansle to sngle ¥4
incline(Fathes8nsgl e Point? -
noo #ngledPathénsZFointl: leftturn{angZansiy.

¥ another rath shares the soint X7
inclinel{FhnZrans2FLy -
tuwrei{ratnsFhZls
e roint.ofi sFPhlsFL)»

/

difFiPhleFRZ) s %4 zda smooth tresnsition conditiont!
e dnclineiPnlrsansglFLie
condburn2(FLFhlFRZ2:anslia6ns823 . % snsEle maw Flirsr 180 desreoes

SEFIND AMGLE OF MIMIMAL FATH®S

angle{fathsangFainty i-
pitofiSubrzth:Fathlr noo ansle{Subrath:AnsSFoint).

SEANGLE IS AT RIGHT aNGLES TO IMCOLINEXS
znglei{fzthsansgliFPoint) i-
nve incline{PFatnsAngZsPoint): rigntturni{ansangil,

SRIMCLINATION At Pt ALONG FATH FROM ONE ENID/S

F¥ For simrle curves ¥/

#long{FPsthsStartPLeDiry i-
ado concavitzi{PstheConclys normi{Conc:MHols
e end{Fzth:StsrtFarlis

~ g inclinei{PFath:HirsFL2»
condburnli{dosFar-Dirveangl .,

FE For non—-simrle curves %5

alongi{PFsthStartoFLtelir)y i~
ae roint.ofirazth:Fatnl:FL)» Zuslye nack
aiffi{FatnsFatnll.
ade cuedimotion{fPart-Fathl:StartlSidelFPerlills
along{PztnlStazrtlFLeOird,

A¥ Dir? is normsl from Surfsce to Fart 2t Pt 2t Time ¥/
towsrds{SurfacesFartsStaert-585idesPLsTimeDirZy -
co zngle{SyrfaceDirlFPtis
oo end{SurfscesStartFarls
condval {FarsShideL51idel.
ac concavitu{SurfaeeConvie: norm{ConveiNols
arrosite{iosNoll.
condturnl{NclL8idesDirlDird).



FEIS FaTH HORIZONTAL AT POINTES
norizontel{fFzthsFoint? - noo inclinsei{Paith:0Fointl.
norizontazl{Path:Point}? - noo incline(Psth:180:FPoint).

FE Short term (7)) nack -~ Angles cozsn be sliminsted from ecustions
using stationare veluss method: znd do not need solving for (7

eliminable{luan) - kind{luzrnsznsles_ 3.



FE rules.,
Inference rules for Eoller Cozster eroblems
fAalan Buncwe 7.4,81 %7

FE Path is free of sarticle to travel oans
i.: o fricltion or sxtrznecus forcss X7

fres{PFath:FartFer?
oo coeffi{Fzthezerol:
thnot{forcei{Fart:F:Dir:Ferii.

FE This dis 2 motion ture sroblem ¥75

srophersi{imobion?
i- oo rrobburei{roller_cozster: 3
noo Frrobbureinotionsineeastreishit linel.

SE Detsuliti raitns in motion rroblems z2re frictionless &7
coeffiFathrzerol
i= twrsirzthsFathl-
oo Frrobbuereimotiond.

¥ Thne friction of raihs dis inherited by their subrszths 7
caoeff{FathMul

i— mitofi{Fath:Surrathl-
noo coeffiSurratnsdul.,

S Detfazulti 2 rsih is sssumed rough iF it iz not known to bDe smooibh
rougn{Fath! i~ Lthnot{ nocicosffiFzth:zerall J.

JRVERTICAL DROF OF FATH FROM START TO FINISHE/
e %/

FE dror of horizontzl strzisht ling is zero &5
iror{Stert:Finisheszeroy -
- farendi{Fath:BtartFinisnl»
oo concaviteiPethnestlinsls

norizontal{Fsth:Startl.

FE dror of strazisnt line can be czloulzted from sround 5
aror{StertsFinishe~{Dtan{dnsiy i~
grendi{FzsthsStaertFinishlis
do concavitueiPathestlinels
noe incling{Pathedng:S5tertyry do groundiPsth:0.

FE dror dis anti-commutative £
A% drori{Stari:Finishe:-H} I-
e dror{FinisheBltartHi.
%S
A% dror of =2th is sum of drops of subestn ¥
dgroriStartFinisnsHaumld i-
Farendi{fFasthStarteFinisnhls
e rarhition{PFsthneFl.
sumdrorsiFlStartHauml .

i= forzllf necd{fixed.contzctiferisFPointsPeril): do roint.ofiersthsF

Lo

2

the Py

)



SEUERTICAL DROF OF CIRCLE SEGHEMTRS
gror{Start-FindisheRE{(gind{lirli-sin{lir23} i~
do rointoofi{  «Fath:8tartls
o rointoof{ sFPath:Finisni:
rartof{PatnCirclels
e circle{Circlels
noe #zngle{CivreleslivisStartls
noe s2ngledlirclesDird:Finishis
noo radiusiCirclesRK).

AE Bum of Oro

ws zoross rartition &7
sumdrors{ll:Stsrt

5":’}§

sumdrors{LPFiFl1iS5tart HySumd -
FarendifFsStarteFinishiy
noe dror{StertsFinisheHls 1
sumdraors{FlFinishSuml,

AERADTUS OF CURUVATURE OF CIRCLE SEGMEMT®:S
rgdiusi{FatheRY §-
eazrhofi{FathCirclel: do circlei{lirclels
o radius{lircleR.



FE maritby.
Farity switching for REoller Oozstesr Problems
flan Bunde F.4.81 %7 '

SRPARITY DEALINGRS

JERFARTICLE IS5 INEIDRE OR QUTSIDE OF CONCAVITY IM PATH®Y X Are these used?

insidei{fFart:FathsTime) - whosidsi{Part:FethsPar:sFar:Timsl.

outsidei{Part-FathsTime) - wh.side{Fart:Fath:Fari:Fard:Timal.
orrosite{FarlFPard).,

£ MWhidch side of rath iz rariicle on® %27
whoside{Part:FetnsansesboTimae) -
e cusdinotion{FPart:FetnS8tsrtSidae Timael s
e endi{FasthsStaertsFaris
corngveliFar-SidesAnslts
i concaviteiPsth:Donvie norai{laornvHod .

The inclimstions of two rzths 2t 2 shared roint sre either
identicas]l or st 180 %75

A% Fhl is 2 subnrsitn of FhRZE ¥75

ﬁand%urnAfogPhj?Ph*pénﬁ fBnsy -
or rariition{PnIZ:FPhl.istl.
membera%hl.FnLlﬁt}y b,

AR PR2 is 2z subwrsitn of PRl &7

condturnZiPL:FhilFhZsang 8n=) 1
i rarbition{PnlFhlistls
manheri{Fh2Phlisti: 1.

A Fhl z2nd PhZ Jdoin {(smoothl=T) =t P4 E/
condturn2iPFL:PhlPhZ-ansl-An=d) - s

g endiPFhlFLteFarlis

o endi{PhZFL:FParile

condvaeli{FasrFarlFarli. ¥ Par iz right iTF Parl
_ e concaviteiFhlsConylls rormi{ConvisMolle
o concsyite{FRZConvZlrs normi{Conv Moy
cormval idcsNol s N2 e % Mo dis right ifF dHol
condburn3{Fars Mo Ansl s AnE20 ¥ ot oclesr this is
¥ ansgles sre turned LT saritiss zre rignt right 57
condturn3i{iright:rightanglAns21 1~ e

shoubtiturmni{anzslAn=E20 .

condturn{FarlsFerZrangAng? I- 1.

AE Angles =re turned LITF sarities zre different 7

concdturnl {ParsFarsdng Angl §~ Py

condhurnii{PFarlsParZ-anglA4n=2y i-
nrrasite{fFarlFardis abmutturniﬁnﬁiaﬁnﬂ2}¢

SENORMALIZE FARITIESRS
mormistlins:lefty i P,
mormiFareFari,

g Z
ight




[

SECOMOITIONAL REVERSE:RS
condrevilefhsListslist).

condreavirigntelisteRligt) I~ revilishtsRlistl.

CSRCOMDITIONAL YaLUEXR
vmnduml{F“rvihrPadmnyth e
condvali{leftSideSide) §

condvalirigntSidelSide?

FEFARITY CHANGER®S
orrasite{leflterighti.
nrraositesrignt lefty.



F¥ esnevsu.
Conservation of Energy Formuls for Boller Cozster Problsms
filan Bundws H.4.81 (7

FE Preference rating of formulzs £7
rraferencei{consvenersus3} I- srobfurei{rollisr_cozsster:?

w

SE Whst suantities doss formulszs relate? %27

relztes{consvenergu:Llensthrvelll.

FE Frerare situstion of formuls %27

,e"*.......u--..-...m........-................................,...--....—-----.—--—--.---g;:';"

A% whnern Y ds dmdtizsl velocity %7

rrarare{consvenersy:Vevelsrelvel {0bdl 00 iZ Ve DirsInitizll.
situstioni{lbisStzri:Finish:InitizlFinzli?

o moment{Initizlls
oo indtizli{Feriod:-Initizlls
co finsl(Ferietd-Final)l:
rermP{0hil @b 0hdsearthls
go cusdimEtion{lbd-PeihnStart-SideFeriodiis
[t . . .. R .

g TEr i dndsFinishsFinal s

epi{fFastnshd-Feriod).

FE% when V¥ iz Final veloocite 25
srerare{consvenarse-VYevelrrelvel (b il 0002V DdrFinzslls
situstion{inisStzriFinishsInitizgl:Fi

“
i
fot
-
-

noo momnenh{Finslis

e FfingliPeriod:Finsll.

oo imitizsliFeriodsInitizll.
sarmd {Ohdl o022 Odrearihis

oo cusadi{ndti @Lﬁbd?Fathgﬁta?tyﬁidesPeriaﬁ}}p
e fiyge AOndFindsneFinsll:

noo Fedei{FatnsObnisFeriod: .

SE ownen Vo is turiczl veloocite %7
rrepareaioonsvenersrbevel rrelvesl {0bidl 0002 Ve llirFPoriodl»
sitysztionilbisrStezrt: TurFtrInitizlFPeriodl}
noe reriodiPerinodls
N oo indtizliFeriod:Initizll»
rermd{dndl (b iZ:sOndsearthls
do cuedimotion{dbisFeth:sStaertBidesFeriadl s
oo bwriczl o orointi{PFsth:TurPLle
noo fresi{fFsth:O0d-Feriod?.,

¥ The Formuls %7

istformiconsvenergeesitustionildStertsFinishesInitizlFinall:
'vi SEH= (YT A2 {UT2 2
i=frjoo dror{Start:FinisheHis
oo velidndeVeDivrlsFinglls

L]

oo vel{OndeUsDirZInitizll.

ol
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A LFlw.rrdh &5

FE A thresded version of Flu.prbh 57 .

FE A rarvticle starts Lo move ur 2 wirer on which
Wwith velocity vz, What is the minismum valus of vo
will rezch the tor of the wire® &7

A Alan Bundw 1.5.81 &7

)\

cue reithswsiwirgsnotiomns torpesright1aft).
incline{wiresdirsnottom?.
iszi{rsrticler}.

stirspottomsdersrbld,
valirsvmedivrsderarhl.

ositivei{val.

drosibottomsbtorsnel,
ideirDobttome:bhnresded-derartl.

WO

rrobtureirollerocoastierd,
givernivel.

giveni{had.

givanidir).

"

goal - sziszti{estop:FHom) » min{vae-ansili.

m

it is
AR Tnd o'

threzds
that it
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RS "
N inPuAitf13}4
“ulling in e ralbnswsivirespotitomstoresright1afh}
Fulling in schems lingesusisathswire:Lhottom:tord)
Let wire e 2 new =zth
Let bottom be 2 new soind
Let tor be 2 new roint
Matel dir {(of ture zangie) was used in 2 incline
Let = be 2 new rarticls
Motei ve {of ture vel) wss used in 2 relvel definmition (33
I gir {of twre znsgle) wes used in 2 relvel definition {43

definition (23}

E¥ ERROR Carmot record Bingd for rositiveivoed
{ continues zfiter srror 3}

Mote! e (of twure lensth) wes used in 8 drop definition {3}

5 et

EFlw rroblem resd into dats hesse,

@
PP g@azol.

T3
P moals
lling in schems timssws{ &6Federart:  33)
Let reriodl be 5 new reriod
Let dersrt De the brdwe of reriodl on the lefti.
Let ondwl e the bnow of reriodl on the right.
Let derzrd e 2 new moment
et bndwl be 2 new-moment
wlling in schems Limeszsireriodirdersart: 4371)

O OERROR Nfrec zlresdy recorded:
{ continue after error 3
nmiitioni rositivei{veld holds
in direction znslsel at tor.
Hote! asnglel {(of twere zngle) was used in 2 incline definition {27
zngElel relsztive Lo ssrih.

cusdi{tinesusireriaodl sderasrtenroduel } )

Let relvell bs tne relvel of & in direction
Hote! relvell {(of twurs vel) wss used in 2 relvel defindition {37
Motei asnglel {(of turs zngleld was used in 2 relvel definition {43
horing rroviso § realirelvseil).
'Wwilimsg in schems motiondi{rrwirsgsbotitoms bthresdedereriadl)

Let turiczl. rointl e 2 new turiczl.oroint

# is in the szme slaces ss hor durinsg Dndwl.

7 is in the szme rlzce s boltitom during derards

w is in the szme rlace 2s twriczl_orointl during reviodl.

tfpy iwl ) ok rrovided i
Trezl(relvell’

——

frhemrting o solve for Drelvelll in terms of [vashosdirl

I
zm oW brwinsg to solve for relvell withoudt introducing sng unknouns.

Arrliczahle fornulze ! [consvensrsgsrelvelsconstvelsconstiaccel-1lsoonst
{tre cCconsvensersvl

fLao

al-

Truing to grele strategsuiconsvenerswrsitustionisstottonstiorederertobnadel 3

Fepustion-1 ! sfhe=relvell "2/ 0-va™272

sennst



formed bwe aprluing | stratesueiconsvenersussitustionirbottonstorederartsbnoul
This ecustion solves Tor relvell.
oMo ounbrowns J o wou zocert this souation T uss.

o mow I must solve for [J N
given [relvell:vaehordir]

rauztions
Yﬁ&ha=reluell“3!2mwa"252

-
-3
Fe coOvTEe BEAGS  (D4272 lo-ses + 29184 hi-seg)
=TS 49152 = 47514 in use 4+ 1434 free
jlobsl 1187 = id inm use + 1171 fres
loosl 1024 = 16 i use 4+ 1008 fres
rrail 511 = 9 in wuse + 511 fres
3:.046 sec, for 1 GOs gzining 507 words
0.27 gsec,. Tor 17 locsl shiths snd 23 trzil shiftis
4.9% sec. runtime ‘ -



£ todome.erh 5
FE A thresded version of dome.srh E5
FE Blesn Bundws 1.5.81 %7

circle{ocirciel.

radius{circlssral.
rartitionicircleslivire:cuadisauad3drauaddls .
solicdfwire?.

cue rathsesiwirestorshottomelaefisrightl .
sngle{wirg Y0 torld.
gnglefwiresJeshottomd.

normaliwiresdird.,

igzirzarticliesrl.

messi{rsmeesreriodl,

gti{rstorsdarartl.

velirrzerasederartl,
side{rrlor:thresdedderartl.
micige{rsdaerartl.

rrobtursi{roller. cosster?.
givenirel.
givenimal.
givenidir}.

gnal - azimotionissuwirestorslefirreriodl) » mind{dirANS1).



)

P F dneutitdomel.

Let circle e 2 new circle

Mote! ra (of twure lengith) was used in & radius defindition
Fulling in schema rathesws{wirestoresbottomnlefi-right)
Fulling in schemz2 linesusi{rzthrwirg:Llorsbotiomll

P
st

_bet wire e & mew sath

Let tor he 2 new roint

et bottom e 3 new point

Let twriczl.orointl be 2 new tuericsloroint

Motel dirvr (of ture znglel wss used in 2 zngle definition (23

Let = he 2 new rarbicle

Hoted me {of twere mass) waes used in 2 mass o
lve

& ition {23}
Hoted zero {(of turse vell wss used igfa rEly

=fin
1. def 1m1t1ﬂn £33

toome rroblem reszsd into dats bsse.

HEs
i T~ Zoals
Fulling in schems Limgsusi{reriodl:dersri: 670
et rerindl e & new reriod
et derzrt he the brndw of reriodl on the lsett.
et brdul be the bndy of reriodl on the risht.
et derzrd De 2 new monsnt
l.et brdgl be 2 new mRoment
Fulling in schems motion(rswirgrstorsiinresdedsreriodl}
et relvell e the relvel of ¢ in direction $0 relstive to ssrih.
Moteid relvell (of fturse vell was used in 5 relvel definition (33
r is in Lhe same rlzace s bottom during bndwl,
# iz in the ssme rlzoe zs tor during dessris
= iz in the same rlace s twriczl.orointl durinsg serioddl.
motionirsyirestorsbnreadedererionl ) ok Frovided §

Attensting to solve for [13 in terms of [rasmeedirl

—

Fouastions extracted 1

LS

i T oore 83458 (54272 lo—-ssg + 29124 hi-sesg)
hear 4D152 = 47548 in use + 1504 free
#lonsl 1187 = 14 in use + 1171 Free

locsl 1024 = i in use + 1008 fres
trail 5ii o= O in ouse + 511 fres

G.04 sac, for 1 G0s gzininsg 3215 words
0,13 zec. FTor 11 locsl shifits snd 19 trsil snifis
3.93% sec. runtime



F¥ treme.ervh XS

FE & bhresded version of ramre.rprh ¥75

FE¥ 8 wire consists of 2 convex: circulsr slore doined smonhbnls
i

2

to 8 horizontzsl tors riece. & reriicler: threazsded on the wirg is rrodectied us
it with 2 wveloocitw vae. Wnst is the lesst velus of ve
such thst the paviticle will resch the end of the wirvreT
F¥ Alan Bundwe 1.5.81 %7

issirathewirel.

’ rerhitioni{wivreslsl 521,
cue rathsusislspitlsrtZslefterighty.
cue ratheswsisZertZrertdshoresstlined.
A

cus linssusirgthewirgrleptleptZ»t313.,
circle{ocircl: .
radius{circeTale
rartition{circeslsli =313,
solidisl).

anglel(sl Foeyrptdls
inclins{slisdivertlls
messi{remarinitizll.
issirarticlesrl,
gtirertlsinitizll.
valirpsvredireinitiall.
rositiveivynl.,
sidei{ssrtlsinrezdedsinitizll.

rrobitwrei{raller.cosstierl.
giveniral.,

givenimal.

givenidirl.

givenival.

gnsl - oai ptiepspt3edom) ¢ min{va:8ME) .



2

-1
R in%ut{t?amp}Q
et wire e W oeath

Pulling in schems rabhsusislsrilriZeleftrighi)
Fulling in scherns linssusirsthsslslrtlsmi2d)

Let 21 he & new rath
Let =Ll he 2 new soint
et =t2 De 2 new roint
FPulling in schems ralhswusi{sZeptZertdsnorsstline:
Fulling in schemnz linesusirzthee [t wb31)
Let 22 pe 2 new rahh
Let L3 he 2 new =oint
Fulling in schema linesssirathrwire:[etl.pi2spt30)
Let cire be & new circle
Motel re (of ture lensth) was used in & radius defindition (2
Mote! dir {(of ture znslel) wes used in 2 incline defindtion {
MHote! me (of ture mass) was wused in 2 mass defindition (23
Let » De 5 new Faviticle
Moted va {of bure vell) was used in 2 relvel definition (3}
Hote! divr {(of ture znsle) was used in 2 relwvel definiiion {43

¥% ERRIR Carmot record kind for rosiltivei{vwol
{ continue after error )

tramr problem vresd into dats bases

HEE
i T #@ozsl.
Fulling in schems Limesus{ &Fsimitizl. 332
Let reriodl bhe z new reriod
et initizl be the bndw of seriodl on the lefti.
Let brduel be the brndde of reriodl on the risgnt.
Let imdtizl be 2 new moment
et brul be 2 new moment
Fulling in schema bimesusi{reriodlrinitizl, 4371}
¥% ERROR Mfrec zlresdye recorded! cusditipsszsi{reriodisinitizlsonad=ll:
¢ continue aflter erroar )
et rervioo? De 2 new reriod
et reriodd be 2 new rFeriod
“ivide revriodl into
NG rerioc?
rerioodld
Fulling in schems timneswsi{reriodZ-initisl. 73253
Let dinditizl be the bondzs of reriodd on the lefti.
Let brode? ne the pndg of reviodd on the risghti.
et Dnde? be 2 new momnent
condition? rositived{val holds
Fulling in schems motioni{resslertli-thresdedsreriond)
Let relvell be the relvel of ¢ in direction 180 relztive o
Moted relvell (of fture vell wss used in 2 relvel definition
Let turical.rointl be 3 new tgriczl_osoint
= is in the szme rlace zs pL2 durins DodueZ.
7 is in the ssme rlace zs pitl during initizsl.
= iz in the szme rlace zs turiczl_rointl durins reriodd.
Fulling in schems Lbimeszsireriod3spnodu. (158457
et brduwd be the bndw of rerviodd on the risgnt.
et bnodwd De 2 ngw smoment

-
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" -
Let relvel? be the relvel of g in direction O relative to earth.
MHotel relvel? {(of ture veld was used in 2 relvel defindtion (3

Storins rroviso § positiveirslvel?:.
Fulling in schems motioni{sss2spitZ:thraeadedereriodgs:
Let relveld be Lthe relvel of 2 in direction O relstive to ssrhh.

__Hotei relwveld {(of twre vell) wzs used in 2 relvel definition (3}
Let twricel. roint? e 2 mew turiczl_soint

# is imn bthe same slzce zs i3 during bocdud,

= iz in the same rlace zs L2 during brndued.

F is in bhe same place g8 turicsl roint? during reriod3.
FPulling in schemaz motiondirswiresrtlsthresdedsreriandll '
Let relveld he the relvel of ¢ in direction O relstive to ssrih.

Moted relveld {(of ture vell was used in 2 relvel definition (3}

Let turicel_.rointi be 2 new turical.roint

# is im bhe same rlaoe as 23 during bhnocdwels

# is in btne same rlzce 3s il during imdtizl.

= ig in the same rlace gz twriczl.orointd durins reriodl.s
stipset3ebndwl ) ok rrovided §

rositivei{irelveld)

Attenrting Lo solves Tor [relvel2] in terms of [reemasdirsval

- 2m now brueing to solve for relvel? withoulb introducinsg srw unbknowns,

Arrlicanle formulzs | [consvensrgu—-lescansvenergu-Zsrelvelrconstvelrconstacosl-1
fhyw consvenerge-1)
Trwing to srrely strztegsuiconsvenersu—-lssitustionirssZeptrreriondl}

Epustion—1 § sirero=relveliT2 3~relvel3™272
formed bw arrlwing | strztesviconsvensrgw-lssitustioni{rssZrrtIsrperiodil}

Eoustion-1l redected.
Truimng to zerle sitrztesui{consvenersu—-lrsitustioni{rrssisptlsrperiondl}

Eoustion—-2 ! s¥{rp¥izi

ni{dlir——F01-sini{?0) i=relvael 373 3~va 272
formed bw zerlwing § strs

tegwiconsvenersu—~lssitustion{reslisrtisrerioddd}
Tris souztion solves for relvel?.

YoNo unknowns Iin wou zcceert this esustion 7 zes,

So now I omust solve Tor [
given [relvelZ:sresmasdirsval

Foaustions extracted i
g¥{refisin{dir-—%0)-sin{90¥ 1 i=relveld 2/ 3~va 272

~

HES

i - rcors 84480 (855294 lo-seg 4+ ZF1IB4 hi-segl
nesE BOl74 = 48309 in use + 1847 fTree
glohal 1187 = 16 in use + 1171 fres

loosl 1024 = 14 inm use + 1008 fres

trail 511 = O in use + %11 fres

.80 sec,. Tor 2 G0z dgaining 44474 words
1:17 sec. for 29 locsl shifis snd 490 Lrail shifis
17:54 sec. runtime



loor.rrh %75
thresded version of loor.rrb ¥
ilan Bunddws 1.5.81 %7

rarbitioni{sd:Lsls2rs3rsd:s81),
rediusi{circlaelral,
rartitionicirclel s [sZrs3esdasSl),

cue linssusi{rathesOelrtl s piZrrt3srtdertiesrmrtd1r,s
cue lingswsi{circlescirclel [rilsrt3esptdsptSpt217 .
ocue rathesusi{slisptlertiZeleftslafi),

cue rathses{sZsrtZspt3srightelafil,

cue rethsus{sd3srtdert3sleftsrisghtl).

cue ratnsusisdretbertdsrightsrightl.

cue rabhsusi{slertderiZrleftslaeftl,
gngle{circlel 27302435,

gngleicirclel D013,

gngleicirclel Pdptd),

gngleicirclel 1800150,

drorirtlesertdrnod.

iszi{rarticle-rl.

ahirpsrtleinitizll.

incline{slsdiri-st1}.

veli{rszeroedirisinitizli.
gide{rsrtl - Lthreadedsinitizll.

erobturai{raller_cossterl.
giveniral.
giveninel. ) ’

gasl - asi motionis:sfsertlsthresdedsFer) s minfho 485 1.
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s
i TP dneabgtlons)
Moted ro o lengtng was used in =
Fulling in schems linssusi{rsthrssf:Lrtl pt3

Lat 20 be 3 new =sth

Let =1l be 2 new roint
et =L2 he 3 new roint
Let »t3 bhe 2 new point
et rtd e 3 new roint
et pt5% e 2 new roint

¥ ERROR Hfrec zlresdwe recorded! soint.ofissthssd.=123
{ continue after error )
Fulling in schems lineswsi{circlercirolael [etdspil3rsrmtdrsptiSent3)
Let circlel be & mew civrcle

¥ ERROR Hfrec zlresde recordedd roint.oofi{circisscirclelsstd)
{ continuge sfher srror 3
Fulling in schemsz rathsusi{sl.pil:sptlslefitslaefi)
Fullimg in schems linssusipshthesle[etlsmt2dl
et 21 De 3 new Psth
Fulling in schems rathsues
Fulling in schems linesw
Let 2 bhe 3 new rath
Fulling in schems ratnswesis3d
Fulling in schems lineswgsi
Let 23 be 2 mew rpalhn
Fulling in schems rzbhsus
Fulling in schems lineswusi

(ePsptZertdsrightslaefit:
-3 AT RSN L AR L N

i

:J"

Let =4 be 3 new =ath
Fulling in schems rabhsusi{islertiSrsptIsleftslaft?
Fulling in schnemz linesusi{rathesbe Dottt 2d:
Let a5 he 2 onew eahth

P he (of bwre lensth! waes used in 2 dror definition (3%
Lét e o2 onew rarhicls
@i divl {of twure angle) wass used in & inclins definition (22
Mote! zero {(of fture vell) wuss used in 2 relvel definition (3}
Podird (of turs zngle) was used in 2 relvel definition {42
Lloor sroRlem resd into datzs bhase.

-

G

o gnsl.

llinsg im schemsz bimesws{ . 33rimitizl»_ &8}

Let rericdgl e 2 new reriod

et initizl be the bhdw of reviodl on the left.
Let brcdwl be bhe brdw of seriocdl on the rishh.
Lelt indtizl te z new momsnh

et bndwl be 2z new monent

et rerind? be 5 new revriod
Let reriond® e 2 new reriod
et reriondd be 2 new revriod
et reriodd De 2 new reriod
Let revriodd be 2 new reriod

ivide reriodl into 3
Freriand
raringd
rariocd




ravion

FETiocd
*ulling in schems bipsswsirerioaZeifiitisl.
Let inmditizl be the orgde of seviod? on the ls
Let bnodw? he the Doy of reriod? on the rign
Let brodw? be 2 new momnsnt
*lling in schems mobioni{rssispltlsthresdedepreriod?:
Let relvell be the relvel of » in direction O relsztive to esrihn.
Hotel relwvell (of fture vell was used i 3 relvel definition (3}
Let tariczgl rointl De 2 new turicsl.oroint

= is i the same rlace zs b2 during bnodw?.
= iz in bhe same rlace as pbl during indtisls
= iz in bthe same rlace s turdicziorointl during rerviod?.

Fulling in schems Limeswsi{rervriodi-bnouel: 198458
Let Drnddud be bthe Doy of rerviodd on bhe right.
et Drdwd bhe 2 new momenth
condition? rositiveirelivell) holds
Let relveld ne tng relvel of = in direchtion F0 relztive Lo ssrin.
Mote! relvel? (of twre vell) wss used in 2 relvel definition (37
Storing proviso § reslirelvelil.
Fulling in schems motiond{resZeciZrihrezsdederer
et turicel. roint? e 2 new fturical.roint
in ke ssme rlace zs PR3 during bnodud,
in bhe szme rlace 28 pid durins broisds
i the szme rlace ss bwrical.oroint? during reriool.
Fulling in schnemz tisesvsirerioddsbnodued. 437577
Let bndwed De Lhe onodw of reriodd on bhe rights
Let pnduwd be 2 new monsnt
Shtoring rraviso @ rositivei{rselvel2l.

Lad

0ol

O

febe fede fels

G
Jude

i

L

et relveli be the relvel aof 7 in direction 180 relstive to =sarih.
Fotel relvell {(of fture vel) wss used in 2 relvel defindition (33

Storing rroviso § reslireleselidl,

Fulling inm schemz motion{r:s3:ptidrinresdedsreriodd?}
et turiczl. Frointd be 2 new twuricsl_ roint

= is in bhe szme place s oritd during bncwed.
= is in the same rlzce s ;ri3d during Droed.
¥ i dim-the szme rlzce zs twricsi. rpointd during reriocdd.

Fulling in schems timesusireriodd onodued: 202813
et brcdwd be the onody of rericodd on bhe right.
et bnodwd e = new momnent

Storing sroviso [ rositiveirgleelil.

Fulling in schems motioni{rrsdertdsihresdedrerioad)
Let relveld be the relvel of 2 in direction Z70 relastive Lo esrin.
Hote! relveld (of ture vell wes used in 2 relvel definitiorn (37
et turical rointd De 2 new turicslosroind

» iz imn the same rlace zs L5 during brnash.
# iz in bhe same rlace ss rphd during oncsd.
= is in the szme rlace zs twuriczlorointd during seriodi.

Fulling in schems bimeswsirerioddebnoel (J40F1:
et brdwd be the bndw of reriodsd on the risht.
et bhodwd oe 2 nsw monsnd

concdition rositivei{relveld) holds

Falling in schems motioni{ressfBsptirthreadedsreriodsd’
Let relvel® he the relvel of » in direchtion O relstive Lo ssvrih.
Hote! relveld (of fturse wvell was used in 2 relvel defindbion (33
et turical_ rointd be 2 new turicsl.oroint

£

= iz in the same rlace zs 212 durins Dnodud. ’
= is in the sans rlaos zs 28 during onowed,

Aomodis inn bhe ssme rlaos s tusicslorointd during periocdd.
Fulling in schems mobiondpssdepilsthresdedsrerioogl}




relveld e the relvel of 5 in direction O relstive to sseih.
otel relvelsd (of ture well was used in 2 relvel definition {33
turicsl  rointsd bhe 3 new buriczloroinit
i in Lhe ssme =lsce szs 2R durinsg brodul.
is in the same rlace zs bl during initizls -
is_in the same PJ%G? 2 bwriczl_ rointsd during rerindgl.

prarindll ok rrovided § \

?QQ}{EQIVHIQ}
eositivel{ralyaell

A
zlirelvel:} |

Atteémerting to solve for [relvell3srelvel?l in terms of [rashol

I zm now braeing to solve for relveld without dintroducing sny unknowns.

Arrlicshls formulzss | [consvenergu—-isconsvensergse-Zrrelvel rconstvel sconstacoel-]

fhrw ‘consvensrsu-1l]
Truing o zerly strstegeiconsvenersu-lssitustionirssderpidrrariaoddl}

!-'-\.!

Emustion—-i gE{refi{sin{¥0r-sin{i8011i=relveld ™3/ 23-relwvasl 372
3 &

< S
L &
formed bx serluing § strzitegseiconsvenergu-lssitustionirssderptidoreriondl}

Esustion-1 reldecied.

Pl
red

Traing o sprly strateguiconsvenergu—~issituztionirss3pildsrerioddl

(O3~sin{?0) Y i=relvel 3725 3-relvel 2722

Foustion—-2 § s¥irci{sin
! strztegsui{consvenergsu-lssitustioni{rssdsrtdesrariodgd}

formed bw serluing

!’n-.!

This esoustion solves Tor relvel
L do unknowns 1 o o wou zocert bthis essustion T oues.

o now I omust solve for DreleelZd
givern [relvelisrosnnl

I #m now treing Lo solve for relvel? withouot dintroducing snw unknowns.
Arelica bje formulae | [eonsvensrsue—-lsoonsvenersvy—-Zerelvelrconstvelrconstacoel-1

{tre Cconsvenergsu-ll
Truinsg to arrly stirgtessiconsvenersu-issitustionirssIertIsraerind3l )

Ergation—-3 1 s¥{ra¥(

{ (O)1i=raelyel 2 2/ 3~ relvel 17252
formed Dw aerlwing i

FOi—-=in
stratesu{consvenerse-lesitustioni{r,s2 ?Pﬁd&?@?imd3?}
Foustion—-3 reJdechted.

{hre CconsvensrEg
e

Treing to aprlw teswiconsvenerse-dssitustionirss3srtIrrarioddl)
Traing to srrly strateguiconsvenerswy-Zrsitustioni{rssi-ridrrariod3l)

fhrw  relwsl?

Truing to srely strateguirelvelssitustionirrearthertSDnade3 i)
Truing Lo arrly shtrates frglumi9¢Jtu¢t1anfky?ar+hvpt%nﬁnd5ﬁ$
Truinsg to arrlye strateswirelvelssitustionirresrihs»t3bnoini?
Truimsg to zerlw shrated sm{relvelrsitustionirrearthert2sbrdul )
Truing to zprlw stretesuirslvelrssitustionireearthertl Dnoiw3 )
{tre  constvell

{trw constscosl-112

3
1
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{try constacosl- ?
ftrw constzoosl-

doy luck - I will mow zocert unknowns in solving Tor relveld.

fArrlicsile formulses | [consvenesrgue-l:oonsvenersuy—-Zerelvelsconstvelrconstis

ithre consvensrgsu-—-1)

Trueing Lo zrrly stratese{consvenergu-lesitustioniressrlisreriodd)

Eaustion—4 i ﬁ*ira%(ainf”?ﬁiwaxna§}§} relvel 272 3 -ralval

formed v arrluwinsg § strzteseiconsvensrge-legitustionirss

Thise scustion solves for relvel? but introducss Drelwsll

I Unbknowns z2llowed ] o wouy zecert this ecustion F ous

!j’ 1

o now I omust solve for L[relvsllld
given LrelvelZesrelvelirrasncl

I z2m now trueing to solve for relvell withoudt introducing

firrlicable formulze | [oonsvenersy-lrsconsvenerge-Zerelvelrconstvel rconst

{hry consvenerswe-17
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Trwing o zrrly strzteseiconsvenersey-lrsitustioni{rssisrtlisperiool}:

Fouztion-5 § dfhe=relvell 2/ 2-zera™ 2372

formed by srrlzging | strategsyiconsvenergu—-lesitustioniresliertlsrerionZi}

This soustion solves for relwvell.
L Mo unknowns 3 oy woy zocert bhis soustion T wes.

So now I omust solve Tor LI
given [relvellisrelveliZrrelvelisrarshal

%muﬁffrgﬂwéxtvsctaﬁ H
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= AnFUtiramed.
Let rame \pe” 2 new rath

‘Wllin= in schems rathsusislseilsrtZlefl:right)
wWlling in schems linesusi{esthesslCrtipL31}

Let =21 e 2 new sshth

et =t1 e 3 new eoint

Let L2 bDe 3 new soint
glling in schemns P;thﬁbgi. tr
llimg in schems linssus t
Let 82 be 5 new sahh

Let =13 be a2 mew roint
wlling in schema lineswsi{rzthsramrsledlsmtIm131)

Let cire be 2 new circle

Hote! re {(of fture lengih) was used in 2 radius definition (30
Mote! dir {of ture zngle) wes used in 2 incline definition (23
Motel mo (of twure mess) was dsed in 2 mess definition (23

Let = e 2 new rariicls

Motsl v {of ture vel) dWwas used in 2 relvel definition {33
Mote! dir {of fture z2nsgle) was used in 2 relvsel definition (43

t2esrptbichnorestlins:
radelrtIerm

L t333

g
-3
F

#me rroblem resd into datsz base.

3
Fee gzl

wlling in schems timgsus{ &Feinitisl.. 33}

Let reviodl be 2 new peviod

Let initisl e the bndy of reriodl on the left.

Let brodwl pe the bnde of seriodl on the risht.

Let initizl be z new moment

Let brodwl be a2 new momnsnd

liing in schems timesusirsriodisinitizl 4371

F ERROR Mfrec zlrezde recorded? cusditimssusireriodlsinditizlesbrociulll

{ contine sfiter errar )
Let reriod? be 2 new reriod
et reriod? be 2 new reriod
Hivide reriodl inbto i

rariond

FEriond
wilimg in schemz bimesusi{rerioddsinitizl. 73285
et inditizl be the bndw of reriod? on the lefti.

Let bnowe? be the bnde of reriod? on the risht.

Let bndwe? De 2 new moment
shoring rroviso § rositiveival.s
et turiczl.rointl be 2 new tyuriczl. roint

in direction snsglel szt tuwricsl_orointl. .

Hotel znglsl {(of ture zndgle) was used in 2 zngEle definition (2
Let rezctionl De the rezchtion of sl in dirscition znslels
Hotei reazctionl {(of twres forced was ussd in 2 resction definition
Moteid znglel {(of twure zngle) wes used in 2 reschtion definition {473
storing rroviso | nonnesgiresctionl.
*311ins in schems motiondirsslispbleslaefirreriodd:
Let relvell b the relvel of 2 in dirvrection 180 relative to ssrvih.
Hoted relvell {of fturs vell was used in = relvel definition (32

# ig in bhe szme place zs PL2 durinsg bnduds

7 is in the same rlace zs bl during initizl.

# iz in the ssme rlace 2z twriczlorointl during reriodd.
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Fulling in schems timesusireriodisbnoduds 23841)

Let brnd=3 be the bnodwe of reriod3 on the risght.

Let prndwed be 2 new moment

Let relvel? be the relvel of = in direction O rels
Hote! relvel? {of ture vell) wss used in =2 relvesl o
Storinsg sroviso ! rositiveirslvel?).
Fulling in schems motionisr:s52:212:leftrreriod3

Let relveld be the relvel of ¢ in direction é ralztive to earth.
Mote!l relveld {(of ture vel) was used in 2 relvel defimition (33
Let twricsl.oroint? be 2 new turiczl_roint

Fois in the same rlace as =t3 during bndwed

# is in the same rlace as pid during bndue2.

= is in the same rlace gs turdcsloroint? during reriodds
Fulling in schems motion{rsramprsril:lefirreriodl}

Let relveld ne tne relvel of 7 in direction O relztive to sarth.
Hots! relwveld {(of ture vel! wss used in 2 relvel definition (3}
Let twricsel. rointd bhe 2 new turiczl. oroint

ive to sarth.
fimition (317

+
=

11

# is in the sasme rlace zs 13 during bndul.

# iz in the same rlaoce a3 ptl during indtizls

= is in the szme rlace zs twriczl. opointd during reriodl.
gtirsrtis =] i 3

y Fositivel(rslvel2)
] nonGnesgi{iresctionl?

woamitivaivo)

Sttemeting Lo solve for [relvelZsrescitionll in terms of Lrosmeesdirsval

[ am now treing to solve for relvel? withooulb introducing snw unbnowunss

Aarrlicables farmulze | Loonsvenersu-l:consvenersu-Zerelvelrconstvelsconstaoocsel -1

thre consvensrsgy-11}

Truimnsg to z2rrly stirztegsui{consvenergu—lressitustionir:sslertIrrerind3)} _
Eausztion—-1 § Sifizsero=relveld3 2/ 3-relvel2™2 2
formed LR arrluing | strztesui{consvenergu—-lssitustionirsslesrtiZerariodil?

Truing to zrrly strztegsuiconsvenergsu—lessitustionirssliserblisrerioddd}

FEoustion-2 ! g¥dira¥(sin{dir-—901-sinm{90 ) i=relvel 3723/ 2~-va ™22

formed by serrlging | strategsuiconsvenergu—l:situstion{rsslisrptisrerion2l}
Thiz soustion solves Tor relvels.

Mo unmbknowns 3 o wou accert this ecustion 7 uss.
Sn mow I must solve Tor [reschtiondld

given [relvelZsrormerdirevel

a2m now treing to salvs for reschtionl withouwult introducing sne unbnouns. -
gerlicehle Tormulses | [moments:resolvel

fhre  momsntsl .
fhyw  resplvsl -
Trweing tn zerlue strzteszi{resolversitustionirsriiclesrslturical rointlisslranglel s

poluck ~ I will mow seocest unbnowns in salving for reschiond.

£




frrlicsbhle formulzae § [momsntseresolvel

{ftrw momenits)

{tre  resolved /

Treinsg to arely strzteguiresolversitustionirsrticlesrslturicsl. rointl-rleanglel oy
Let relveld he the relvel of 2 in dirsction zngle? relztive to ezrbin.

Moted relveld {(of ftwure vell wzs used in 2 relvel definition (3}

Hote! z2n=gled (of turs zngleld wss used in 2 relvel defimition (40

Eaystion—-3 § resctioniiflidddincisicosi{ianslel 270340 izma¥{i-relvael 372181l ral
Formed by zerrluing § stratesuireso lvn?ﬁ1+uatlan szrhticlesprrslturicrsli  rointlsrlezns,

This spustion solves for rezciionl but introduces [anslelsrelveldl.
Unknowns s2llowsd 1 U wou zocsrt this soustion F owes,

S0 nmnw I must solve for [anglelisrslveldl] .
given [rezcitionisrelvellerormasdiresval

zm now breinsg o solve for anglel without dintroducinsg snw unknowns.

£l

e

arperlicable formulze

ool

Arelicable Tornulas Ll

N

by Juck — X wili row zocert unknowns in solving for znslel.
relicanle formulse §0J
Aarrlicsibls formulze § 00
ashall zssume that snslel can be sliminsted!
2m. oW treing to solve for relveld without inbroducing sng unknouns.

arelicanle formulze ! [consvensrss-lsconsvenersy-Jerslvelrconstvelrconstescoel-laoo
{fhrw consvensrsw-10

{thre consvensrsSge-23

Truing to arrly stratesuiconsvenerse-Zrsitustionir:sisptlisreriadil}

Foushtion-4 §{ gfdiro¥isinidir——9dl-sini{znglellli=relveli™ 2/ 2~va 372
Formed by serluing ! strstegsiconsvenergu-drsitustioni{rsslesrpilereriod?}l

Fouatinn—-4 redected,

fhrw  relvel:l

Truing Lo ssrly stratesuirelvelssitustionirsesrihsri3srerinddl}
Truwing to arrls sheguirelvalssitustioni{rreartnestZrreriodil}
Truing Lo zrrlz shesui{relvelesitustioni{rsearthertlsreriadl )
fhrw oconstyell

{try constaccsel-1l

{fhre constzoosel-23

{trw constacosl-3)

]

3 -

]

t
t

i

g luck - I will mow scocert unknowns in solving for relveld,

grrlicehls Tormulze ! [consvensrsu-l:consvenergu-Zerelvelsconsivelrsconsizceel-1l.0¢
{try  consvenersz-11

{tre consvensrsg-3)

Trweing to ssrly sitrztesuiconsvensrsgu-3rsitustioni{rrasl.rtlirsraeriad?))



Fauaztion—5% § ski{rofisinidir-—-%0i-sini{znglel}li=relvel S 3 / 3-va 272
formed bw sprlwing § strztesui(consvenergu-Jesitustioni{reslisrplisreriodl}

This sgustion solves for relveld but introduces [anglsll.
Urknowns zllowed 1 o wou zccert this goustion T ues.

S0 now I must solve Tor [snslisild
given [relvelifsrezctionlisrelveldsrasmgdireval

a2 now trzing to solve for znslel without introducing 2w unknowns.
Arrliczsble formulsese § 0
Arrliceble formulszse § 0]
by lueck - 1 will mow zocert unknowns in solving for znslel. 1

£1

e

grrlicaenle Tormulse
farrlicastle formulze § 001

anzll sssume that znslel can be eliminstedl

NcIi-Lw: e—wrLractend i

i

g¥{rof{sin{dir~-~-?0)l-gin{¥01 ) i=relvel 373/ 3-va™ 23753 i

-

rasctian1#1+&+ima$g$tmg{anﬁlei~~2?ﬁi+§3=ma$ii*?elvslﬁ”zkﬁifraﬁ
g¥{ra¥isin{dir--%3l-sinfizsnglel ) i=relvel 373/ 2—va™23/2 f
<
e .
For COTE 24592 (85208 lo-seg 4+ 29184 hi-sss)
ji-F-3 50488 = 48498 in uss 4+ 2190 free
ilonsl 1187 = 14 in use-+ 1171 free
ooal 1024 = 14 im use + 1008 fres
rail 511 = g in use + 31l fTres

9.,45% mec,: Tor 2 0GCsz dzininsg 44449 words
1:2% gsec, for 30 locsl shifis znd 45 trzil shift
4G, 57 zec,. runtims -
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givenimal.
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it

b

P dipeubfdome) .
Let circle be = Tew circle

Mote! ro {(of twre lengthl was uwused in 2 redius definition (23

wliins in schems rathswsidomestorsbottomslafis righths

wlling in schems linsswsirsthedonssDiosshobionl)

Let dome e 2 ned rath

Let tor e 3z new =oint

et bobtbtom be 2 new soint -
Let ftwriczl.orointl e 2 mew turiczl_ roint

Moted dir (of fture zndgled was used in 2 sngle definition (29

et » e 3 new rarticle

Moted me {(of ture massd was used in 2 mas

s adefinition (2}
Hote!l zero {(of ture vell was ussd in 2 relvs

1 definition {3}

iome rroblem resd into daztsz besse.

TS

P ozl .
lling in schems timesvsireriodlederart: 572

Let rerindl De 2 nsw period

L.et dersrt be the bndw of rericdl on the lefti.

Let bndzl De the bndw of serviodl on bhe risht.

et dersri De 2 new monent

Let brdwl be 2 new moment

Let reactionl be the rezsciion of dome in direction dir.

Hoted resctionl {of tures force) was used in 2 rezction defTimition (33
Moted dir {of fture znsgled waes used in 2 resciion definitiaon (43} -
Ftoring rroviso § nononssirezctionll.
*lling in schemsz motioni{rsdomeriorslefirrsriadl)

Let relvsll e the relvel of ¢ in direction 20 relative to ezribh.

Mote! relvell {(of fture vel! was used in 2 relvel defimition (37

» ig in bhe szme rlaoce zs botiom during nodel.

= iz in the szme rlasce ss tor during desrsris

w iz in the szme rlace s twricsl.orointl durinsg rerviocl. \
aationisedo ﬁ?@iﬁF?l :fLereriodll ok srrovided §

nonnesireschionll

Sttemeting to solve Tor [rezctionld in terms of Dreosmesdivd

4

T zm now trzing to solve for resctionl withoout indroducing ane unbnowns.

firrliceble formulzs § [oomentssresclvel

thre moments?

fhry  resclvel

Treins to srrle strsteguirssolvessitustionirsrticlesrelturicel rointissdsdirreri

Mo luck -~ T will now zccest unbnowns in solving for rezctiond.

arrlicshle Tormulzs | [poments:resclveld ’

{trw momnents? 67

{hrw  resilve’ 5

Truing to srely stratesueiresolvessitustionirgebicdgrrrlturicsl pointlsrledivsperi
Let relvel? be the relvel of = in directionf#h Y Jrelative Lo sarih.

Hote! relvel? (of ture wvell wes used in 2 rflselsfefinition {3}

Mote: zrnglel (of ture 2nslel wss dsed in 2 orelvel definition {43



= = - e T R i

Emustion—1 § reactionifid+ddineisicos{dir——2704+0izmefi{{-relvaeld™2¥l/ral
formed by sreluing | strsteguirssolvessitustionirasrticlersrslturicel_rointlspdooli

This esustion soalves Tor reschtionl but dintrocduces [relvel?l.
{ Unknowns a2llowed 1 Do wou zocert this ssustion 7 uss,

o now I must solve for LrelvelZd
givern [resctionlesrarmaesdird

I am now treing to solvs for relvel? without introducins zng unknowns.

Arrliceile formulze ! [consvensrse-lrsoonsvensriv-Zrrelve
fhrw  consvenergu-—-Lll g

{hrw  consvenerge-23

Treinsg Lto szpely strategei{iconsvensrgw-Zesitustion{rrdonstorereriodl i

!--l

stvelsconstecoel-1s

Eoustion—-2 § sti{ro¥{zsin{%0i-sin{diriii=raelvel ™2/ 3~zera™ 273
Formed Dy aerluing | stretegsuiconsvensrgu-Zesitustionipsdomnestorpsraeriaodl )

This sauzstion solves for relvell.

]

Lo unkrnowns Do wou zocsrt this ecustion F

P
i
it
-

o now I omust solve Tor LI
given [relvelisreszcltionlsrarmesdirld

WWM&

iﬁu?t$&ﬁﬂm§%%%%ﬁfﬁﬁ”*
rezschionlifli+idinndsicasi{dir--270140imnad{{-relvel 272181 ral
\:!irag* sini{@0i-sinidiriii=relvel? 2 2-sera™ 2352 -

E-3-]
T COTE HBEPAD (54784 lo-seg + 27184 hi-sesH)
SEF 49844 =  AFFEL din uss 4 1939 fres
lonzl 1187 = 16 im uss + 1171 fres
aesl 1024 = i1 in use + 1608 Tres
rEil 51l = O in usge + 511 fres

.01 sec., for 1 G0s szininsg 341 words
9,45 e, For 23 locsl shifts srad 33 Ltrzil shifis
14.74 sec. runtims
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EE

Pullins
Figlling
Let =1
Let =t

el =b32

Pullins
FPullins
Let =2

B N IS, NP SR S

PO dnrutiblocs

i sonemns rathsusi{slertlsrpiZlaefl:1afi)
in schemna linsswsi{rztheslLrti w21}
e 2 new Frath
I e & new roint
e & new roint
in schems rabthsusisZertZert3evrightelefhs
in schems linﬁasﬁésa+npsﬁ Cetert3ldl
e & new Fath

L.et =13 bs 2 new roint

Fulling
Fulling
et 53
l.et =t

i sohemns rabhsusi{sd3ert3erptdrrishitrstliine’
in schemns linesvsirsthss3Irtd.rtdll
e 2 new rath

4 he 3 new Foinh

Fulliing in schems lineswsi{rsthresQsIrtisrtdl}

Hote! nel {(of ture length) wass used in 2 dror definition (33
Hoteld no? (of turs length) wss used in 2 dror definition (32
Moted lo {(of turs lenstn? was used in 3 ground definition (23
Let turicsl.oroint]l e 2 new turicsl.oroint

Hote! a2ng {(of fture zanglel was used in 2 incline defindition (23
Let = e 2 new sarticle

Mote] zero {(of fture vel! was used i 2 relvel defindition (3}
Hoted dirsz {(of tuwre zngle) was used in 2 raluel gefinition (43

tloc sroblem resd into datsz Dases

LIE
P e
1

Fe- gzl
Pullins

in schems timsswus!{ 7Osinitizl 33}

Let reriodl be 3 new reriod
et dnmitizl be the brdw of rerviodl on the lefi.
Let prduel be Lhe bhde of reriodl on the right. )
Let initizl be 2 nsw momnent
Let pnd=l e 2 new moment
Fulling in schems timesus(reriodlisiniiisl . 4373

¥% ERROR Wfrec zlresdy recorded! cueditimeswsirsrindlsinitis
{ contirne ztier ervor 3
Let reriod? be 3 new period
et reriodd De 2 new eorviod
Let reriodd be 2 new rariod

livide

rariodl into §

Feriodd
FaTiood
Ferioid

Fulling in schems timesusi{resriodZ:initizl: _7Fav7:
et initizl e the bndge of reviod? on the left

*

Let brde2 be the bnde of reriod? on the right.
Let bncdul be 3 new moment

Fulling in schems motioni{rsslisptlslafirreriod?)
i direction snsglel 2t #2132,

anglel {(of ture znHled was used in 2 incline defimition ()

Let relvell be the relvel of ¢ in divection snslel relative to garth

Notel

Hotei

ralvaell {(of ture vel) wes used in = relvel definitionr

zleprcdelill

{23

Hotel anslel (of ture zn=le) wes used in 2 relvel definition (43
Let turiczl_roint? be 2 new turical_rsoint

=



#ods in bkhe same rlzoe zs 2R during brods?,
& is in the same rlzce s ptl during initiszsl.
L

in the szme rlece 25 twricszloroint? during reriod?.
*llinmg in schems timesusirerioddsbndues 204758)

et bDrodzd De the Drdw of reriodd on the righthts

Let onoded be 2 new moment

roniitioni rositivel{relvell) holds

Let relvel? be the relvel of r in direction zng relstive o
Moted relvel? {(of twure vel) wes used in 2 relvel definition

szrhi,

;e
L.53

Hoted zng (of ture znslel wes used in 2 relvel defindtion {4)

storinsg eroviso § reslirelvell}.
*lling in schemsz motioni{r:ssetZrleftireriodd)
et twericsl.orointd be 2 new turiczsl.opoint
7 ois in bthe seme rlace zs 2R3 during bhnodued,
= is in bhe same rlace s L2 during bndwued,
= ois in the ssme rlace zs tupiczlorointd during reriod3,
Fulling in schems bimeswsirerioddsbnoul. 390503
Let pncdwd pe bthne orods of reriodd on bhe right.
et bnd=d be 2 new mopent
storinsg rroviso | rositiveirelvelZ)s

bl
1

1
1}

Let relveld be bthe relvel of » in dire *tlan sng relstive Lo
Hote! relveld {of ture vel) wss used in 2 relvel definition
Storing rroviso § rezlirelveldl.
Fulling in schems mobtioni{rssderpt3slaeflrrariand)

Fodis in bhe szme rlace s rt4d during bndzd,
= dis in the same rleaoe as ptd during bnowd,
» iz in the same rlsce zs buricslorointl during rericdd.

Fulling in schems motioni(rrsfspltlisleflereriodgl}
Let relveld be thne relwvel of = in direction zngE relstive to
MHote! relveld (of ture vell) wss ussed in 2 relvel definition
Let twuriczl. rointd pe 3 new turiczl.oroint
# ois in the same rlsce z2s rid during bncwel.
# is in the ssme rlasce ss bl during initizl.
# is in bhe sEme rlaoe s tuwpicalorointd during rerviodl.
2t imeptd s Dy rovided

¢ reEslirelveld)
roasitiveirelvel:
( realirelvell)

121 im terms of Lhoel-

I am now treing to solve for relveld without introducing snw

Arelicsnle formulze | [consvenerguerelvelrconshvel s ocorne
{trw  consvensrs

i
o

LS

e rouns .

il
Treing to sFrrely stratesei{consvenerswresitustionirsriretdrsbradudsbndudd)

Emuation—-1l § si{-lofteniznsii=relvel 372/ 2-relvel2™237°2

formad by srrlueing | strstesyiconsvenergussitustioniresptIsmtdenrnaued-hnoded i}

This souztion solves for relveld. !
I No unblnowns 1 o wou sccert this soustion T oges.

Sn now I must solve for Lrelvell]d
givern Lrelwell3shalshoIZrlarans]

-,
=3

Tsam now Lrwing to solve for relvel? without introducing snw

5
/

UnmuEmE .

arcel-lsoonshacoel -2



seelicehle formulze | [oonsvenersuerelvel:constvelrconstsccosl-lsconstzooel-2roon

{hre Cconsvenerswd ) ] . ) -
Truinsg to zrrluw strabeswiconsvensrgussitustionirsriZert3sbnoduebnaw3i:

Emystion-2 ! sthals=relvel? 2/3-relvell™2/2
formed by arelging § strstegssiconsvenergyssitustionirperiZsrtIsonoinZ s brnadwd i}

Eoustion-2 redectsd.

trw relvell
Truing to zrrluw =
Tr =

trategeirelvelrsitustionirresrihsrtdDnoeil}
‘ruing to zerelue strztegswirslvelssitustionirsearthert3sonde3l}
Traging o srrle strategwirslvel:ssitustionirsesrihertZronodaedl}
Truing to sprly strategsuirslvelssitustioni{rsearthertli bDndeids}

fhrw  constvell

{trw constacocel-1ll
{tre constaocel-23
{tre conshtacosel-3)

i

Mo luck - I will mow zocerdt unknowns in solving for relvell.

Aarrlicebls formulse | [consvenersusrelvelsconstvelrscanstiacosl-~lsconstaccel-Zoon
fhyuw egnavenergwk
Treing to srrlw strztegwiconsvensrsussitustionis:siIes

=z

RS Rulnlu i IR FulatuitICR )

u"‘!"

Egustion—3 I sihel=relvell ™2/ 2-ral iz
formed Dy serrluing ! strstesui{consvenersussitustioniresrtrrtIsbrndulebnciuI i) =

Tnis ssuztion solves for relvsel? but introduces [relvelids
Lotmkrnowns 2llowed J o zou zocert this esustion 7 ues.
o - /
Do now I omust solve Tor {relvelild
given [relvellerelveliiholsnoelaraznzsl

I am now treing to solve for relvell without introducing soe unbrowns.

Aarplicable formulze ! [consvenRersursrelvelsconstvelsconst
fhry  Cconsvensrsgl

Truinsg to srrlu strateswiconsvensrsussitustioniesetlentdrsinitinleh
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i
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]
]
found
el
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Ly
fu]
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bl
ool
i
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i
ot
H
fod
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by
b}

Esustion—4 ! s¥heli=relvell "B/ Z-ropra™32/2
formed by aerrluins § strzteguicor nevenersessitustionirretlsetZrinitial shndeli )

This esustion salvss for relvelil.

i

£ Mo unknowns o wou zccert this scustion 7 wes.

B0 onow I omust solve for 03
given [relvellsrelvellrsrelvelishalshelslaszns]

‘/:¥t~ls tdﬁ- ngii=relvelI"2/ 2~relvel?™2/2
[ S¥hal=relvelI 2/ 2-raly eli“” FZ
g¥nol=relvell "2 Z-rara™ 372
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0488 = 48574 in use + 2114 Tree
1187 = 1& im uss + 1171 fres
1024 = 16 in use + 1008 free
511 0= O in use 4+ 311 free
sec. Tor Z 60s gzininsg 43917 words
sec. for 30 locsgl shifts znd 47 trezil shnifls
sec. runhims
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rartitioni{isislsiesZrslesdssh]
radiusi{icirclael-ral,
rertitionicirclel [slssdrad.gill,
cue linesusi{rathesfslptl rtZrrt3srtderntSeortddt.
cug linesusicirclescirclel:lrtlerti3rptdermtirrmtZd:,
cue rathswsi{slsrltlertZsleftlattl.
e rahhswsisZeptdest3srishitslafil.
cue rathswus{sdsrtdridsleftsrighty.
cue FraitnswsisdestSsmtderightrrighty.
cue rabthsus{sdyrptirtelafislaefts.
gngle{circlel 2702120,
sngle{circlael D2t 3) .
snglei{circlel F0:2141 .,
zngleicirclel180:=15,;
drorirtlsrtIened.
iszi{rarticlesrl.
gtirsrtleinitizll.
inclinei{slediri-=Ll), ~
velirszerardivrlsinitiall.
sidei{resrtleleftsinitiszll.
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3 \

i

ok

rrobture{raller.cozsterl.
siverniral,
giveri{iagl,
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S inpuqugg;;o

Hote! ro EgiaégLe length) was used in & radius definition (2}
*fulling in schems linesusi{irsthrsO:lrptlsmt2,pti3ontdriS:pt20)
Let 80 be 2 new rath

et =Ll bhe naw Foint

L.et »L2 hDe new Foint

L.et L3 be new Foint

et =t4 De neEw Foint

Let =t5 be new s=oint

Mo

W

Bk ERRORE Nfrec zlready recordedi roint.oofi{srzth:s0-s12)

{ continug after error }
*ulling in schema linesusi{circlescirclel:[etZretIsrptdeptBent2d)
et circlel be 2 new circls

¥% ERROR Mfrec zlrezdy recordedi roint.oficirclescirclel:=t2:
{ continue atter srror

*ulling in schems rathsusisisrtl:riZsleftleft)

*lling in schemz linesusirzathnrssl:lrtl»t31}

Let 51 be = new esth

*yllinsg in schema rathsesi{s2sertiZertiisrightleft?

#illing in schemzs lineswsi{rzihnssZLriI»mrt3d)

Lel 82 be 2 new ratn

*lling in schems rathsysisd3srtdrrtIzieflt-right’

Aplling in schemz linesuvsi{rsth:s3:0rtd:mL37)

Let 83 bhe 3 new eath

*ulling in sconems rathses{sdsriSeptdsrightsriznt)

Pulling in schemz lineswsirzthrsd:[ritS:rt4l)

Let =4 bhe 2 new rath

*lling in schemsz rathsus{(sSrriSsrtIsleft1laft}

Fulling in schems linesus{rathesS:[rptSerpt2d}

Let 3 be & new ratn

MHote! ho {(of ture lendgth) was used in 2 dror definition (3}

Let = be 2 new sarticle

Mote! dirl {(of ture znslel wass used in 2 incline definition {322

Mote! zero {(of ture vell) was used in 2 relvel definition (3}

Hoté! dirl {of ture azngls) wess used in 2 relvel definition (4)

loor sroblem resd into datz bases

21134
PP gZazl.
Fulling in schems timesws{ 33sdinitizls &8
Let reriodl De z new reriod
Let initizl bs the brndy of reriodl on bhe left.
Let bndwl be the bndg of reriodl on the risnt.
Let inditizl be z new moment
et bndwl be 2 new moment
et reriod? De new Feriod
l.et reriodi De new Feriod
et reriodd De new seriod
Let reriodd he new Feriod
Let reriodsd De new reriod
Divide reviodl into §
rariood?
FeTiadd
rariodd

W ow oW

os



Feriocdd
FETL o048
Fulling in schemz2 timeswsi{reriod2e:initizl:_5413%)
Let initizl be the brndy of reriod? on the left.
Let bnow? be the brodg of reriod? on the risht.
Let brndw? be 3z new moment
Fulling in schems motioni{rrslisptislefisreriod?)
et relwvell be the relvel of & in direction O relstive to sarth.
Mote?l relwvell {(of ture vel) was used in 2 relvel definition (3)
Let twuriczl_ rointl be 2 new twricsl_roint
# is in the sams rlace zs pi2 during bnde?.
# ig imn the samse rlace zs 2il during initizl.
Fois in the same rlace zs turicsl_rointl durinsg reriodZ.
Fulling in schems timesusireriodI:bndues _20288)
tet bpnadzwd be the brdy of reriodd on the risght.
Let bndwe3 be 3 new moment
conciitioni rositivei{relvell) hnolds
Let relvel? e the relvel of ¢ in direction §90 relstive to esrth.
Hotel relvel? {(of ture vel) wzs used in 2 relvel definition {3}
Storing rroviso | rezlirelvell).
Fulling in schemz motion{s:s2:set2slefisreriodd)
Let twriczl.roint? be 3 new tusicsl_raint
# is in the szme rlace as g3 during bndul.
= is in the same place as it durins bhnodwe?.
F is in the szme rlace 28 turiczloroint? durins esriocdl,
Fulling in schems timesuvs(reriodd:bndui. 50412
et bndwd he the bndw of reriodd on the right.
Let prmgd be 2z new moment
Btoring rroviso [ rositiveirslvel2).
lLet relveld be the relvel of = in direction 180 relzative to sarth,
Hotel relveld (of fture vel) wss used in z relvel definition (3}
Storinsg rroviso § rezlirelveld’.
Let turiczl. rointd be z new turiczl_roint
in direction anglel st turiczl_ _rointd.
fHote! anzglel {(of ture znsgle) was used in 2 zngle definition (327
et relveld be the relvel of & in direction znsgleldd4?0 relztive to earih.
Mote! relveld {(of ture vell) was used in 2 relvel definition (3}
Note? zsngleld+90 {(of ture znsSlel) was used in 2 relvel definition (43}
£ Errori evalusteis)
itoring rroviso § relveld ™ Z¥sind{znglel i =rois,
*glling in schems motionir:s3srt3rlefirsreriadd)
& is in the szme rlace z2s rtd during bnded,
= is inm the szme rlace zs Ppt3 during ondud.
¥ ig in the szme rlace 2s turiczl.orointd during reriocdd.
*ylling in schemz timesusi{rsriodS-bnavd. 30194
Let bnded be the bndw of reriodd on the risght.
Let bnod=S be 3 new moment
ftoring eroviso § rositiveirelveld).,
Let turiczl. rointd be 2 new turiczl_rFroint
in direction sngle? 2t turpiczl_ rointd.
Mote! zngle? {(of ture ansle) was used in 2 sngle definition (32
Let relvelS be the relvel of p in direction znslel2++90 relative to earth.
Noted relvels {of ture vel) was used in 2 relvel definition (33
Note! zngle2d490 (of ture zngle) was used in 2 relvel defimition (43
k¥ Evrori svalustedis}
thoring eroviso §| relveliTFsin{angleZix=rai¥s.
*llimg in schems motion{rrsdsptdsleftrreriods)
Let relvelsds he the relvel of = in direction 270 relztive to earth.
Mote! relvels (of twre vel) was used in 2z relvel definition (3)
= is in the szme rlace as rt3 during bndeh,

~



P ois in the same rlace 2s rtd durinsg bndud.
# is in the ssme rlzoe zs turicsl_ rointd during periodS.
Fulling in schema timesusirerioddsbnduf. 134043
Let bndwd e the brdy of rseriodéd on the risht.
Let brndud be 2 new monsnt
condition! rositiveirelvelsd: holds
Fulling in schems mnotioni{rssSsrtSslefhsrerindsd}
Let relvel? be the relvel of g in direction 9 relative to sarth.
Mote: relvel? {(of ture vel) wss used in 2 relvel definition (32
Let turiczl_ rointd be 3 new turicsl_roint
= is in the ssme rlace 33 ph2 during brndué,
F is in the same rlace zs b5 durinsg bnded,
F iz in the same rlzce as turiczl_ rointd durinsg seriodd.
Fulling in schnems mobioni{rssdsptlslaefirreriodll '
Let relveld be the relvel of » in direction O relztive to szrvith.
Hote! relveld {(of fture vel) was used in 2 relvel definition {3}
Let turiczl_ rointd De 2 new turiczl_oroint
F is in the szme rlace 2z pi2 during bnodwl.
Fois in the ssme rlace zs rtl during initizls
= is in thne =$me_glpmgw~ wrdoslorointd durinsg reriodl.
motieniseslsrtdvleTtrreriodl) ok\srovided §
relveli™2¥sini{ansgle2 i =roig »
rositiveirslivel3)
relveldTisin(znsglel ir=rakg
rezlirelvel 3}
rositive(relveld)
rezlirelvel?

fttemrting to solve for [relveliszngleerelveldrznslelsrelvel3srelvael2] in tsrms o

I z2m now treing to solve for relveld withoul inbroducinsg zsng unkbnogns.

Arsrlicable formulze | [consvenersuy-lsconsvenerse-Zsrelvelsconstvelrconsteccel~lso
{tre consvensrsu-12

{tre consvensrgu-23 .

Treing o srrly strategg( naunnerﬁu~’»ﬂl*Uatlnan§c4; rtdsrparioddi;

15°2/2-relvel3 2/2

Eauztion—1i i ﬁ*ira*islnf?ﬂ3~:1ni:naln’33J*rel A e
Fesituztionirssdesrptdrsporiond}

formed bw asrrlwing ! strztesviconsvenersg-
This ecuation solves Tor relveld,

o urnknowns 1 o wou zaccert thiis esustion T

[ 33

1 HES.

So rnod I omust solve For Cenglelsrelveldesznglel:relvellsrelvelz]
givern [relvelSsrosncl

[ em now treing to solve for sngled withowt introducing sng unbknowns,
farrlicable formulse I L3
In luck - I will mow zccert unknowns in solvinsg for zngEled,
Arrlicable formulae ¢ L1

shzll zssume that snsgle? can be eliminsted!

am now breing o solve Tor relveld without introducing ang unbnowuns.



— e e e e o R

Arrlicable formulszs | [consvenergsu-lrsoonsvenersy-2rrelvelsconstvel consteccel-1.
{try consvenersue—12

{tre  consvenersu-—-32)

Traeing to srrlw strateseiconsvensrgdu—ZrsitustionirssIsrt3sreriodd )

Eauztion—-2 § s¥(ra¥{sin{Qi-sin{znglel))i=relveld ™2/ 2-ralveld 2/2
formed Dy arrlueing | strztegui{consvenerge-Zrsitustionirss3,ssti3rreriodd’ )

This soustion solves for relveld.
L oMo unbrnowns 1 o wou zoosrt this esustion T uess.

Zo now I must solve for [anslelsrelvelIsrelvel2d
given Lrelveldsrelveldsrarnagl

I am now treing to solve for znslel without introducing ang unbnowns.
Arrlicable formulss § 0]
Mo luck - I will mow zcoert unknowns in solvins for snslel.
Adrrlicaible formulze I [
I shzll =ssume that anglel can be eliminsted!
I &m now treing to solve for relveld without introducinsg snw unbnouns.
Arrlicaple formulze § [consvensrge—-lreconsvensrgw-Zerelvelsconstvel-constaccel~1ee
{tre consvenersg-11

Treing to zrrly strztedei{consvenergu—-lssitustionirrssderidererionds)

Emuzation—~3 § s¥ira¥{sin{¥0)-sinili80i)i=raelveld ™2/ 2~relvel 37252 —
formed by aerlueing § strztegsuiconsvenerse~lrsitustionirrsdrrtdrrariocds)

Eouztion—3 re.dected.
Truing to z2rrly stratesyiconsvenergu-lesitustioni{sssdrridrsrerioddl]

Eaustion—4 § gf{re¥{sin{0l-sin{?011i=relvel 372/ 2~raelveld™2 2
formed by srrluing | strstegsuiconsvenerse-lssitustionir:ss3rrtdrreriandl)

This esuztion solves for relvell.

L Mo unknowns 1 o wou scoert this seustion T des. \\\-/////

So now I omust solve for Lrelvel2]d
given [relveli3srslveldrrelvellesrasnal

[ 2m rmow treing to solve for relvel? without introducing s2ng unknowns.

firrlicsnle formulse @ [oonsvensrse-lsconsvenerge-Zerelvelsoonstyelscons gl-lre
{ftry consvensrsu-1)

Trueing to serply strategse{consvensrsu—lssitustion{r:s52:7t3rreriodidl}

Eouation—5 ! sE{(refi{sin{(270)-sini{d} ) i=relveld 2/ 3~relvel 173572
formed bw sprluing :trateakfcan«uenmrQU~1;ﬂl+u¢11anfssﬁ’spt?spmrladai}

Enuztion-5 reJdected.



{htrwe consvensrge—-23

Truing to srrluy stratessiconsvensrguy—~-Zssitustioni{rrssZretdrreriondl}
Let turiczl_roint? De 2 new turiczl.orFroint
(hre  relvaell

Traing to arrly strateseirelvelrsitustionirsesrthretSsbndedl}
Treing to zFrrly streteswirelvelrsitustion(ssezsrbihnertdebnoduil )
Treing to zrrly strzteguirslvelssitustion{srresrthnsertIrbnaeil)
Trueing to spFrly strzteswirelvelrsitustionirrsearthertlsonouei3d )
Treing to srrlv strztegwirelvelssitustionirrosrthertlisbnoiui)?
ihrw conshvel)

{trw constesccel-1)

threw constaccel-3)

{trw constsocsel-3)

Mo luck - I will now zccert unknowns in solving for relvel?.

Arrlicable formulae | [oonsvenersu-lesoonsvensrgu-Zsrelvelrconstvelsoonstacosl-1s
{hre consvenerswu—13
Treing to zrrly stirateggi{consvensrgs-lesitustionirss2srtiirsraeriadig

Eauastion—& § ski{rei{esin{270i-sini{dl)Ii=relvel? 3/ 2-relvell™372
formed bw aerlueing | strztesgei{consvensrgu— Jgalinatxaniﬁs sZsrtererinnidl}

Thnis equstion solves for relvel? Dot int??éucaa Crelvelll,

L Unkmowns zllowsd 1 o zwou sccert this esustion T uss.

SN~
So now I must solve for Drelvelll
given [relvelsrelveldrrelveldrrelvelfsrashal
\ .
I 2m now trueing to salve for relvell withoult introducing sny unbnowuns.
grrlicable formulze | [oonsvensrsu-isconsvensrgu-Zerelvelsconsivelsconstscocel-1s
{hrw  consvenerse-10
Truing to azrrly strategui{consvenersu—~lrssitustionirssisprilererioddl}

Enustion—7? { gkhe=relvell ™2/ 2-zera™272 -
formed by aprluing § stretegsuiconsvenersy-lrssitustionireslisrptlreriodii}

This easuation solves for relvells
L Ho unknowns 1 o wou zocert this ssustion T oues.

B0 now I must solve Tor 03
given Lrelvellsrelvelrrelvel3rsrelveldsrelvellsrashel

;ﬁyatians sxtraclted
{ ! g¥Eiraf{sin{0i-gin{anzgle il i=ralvel 3723/ 2-relvel 373/2
é g¥{ra¥i{isin{d)~sinf{znslel}il=relveld 2/ 2-relvel3 272
g¥{raf(sin{d)-sin{90) ) )=relveld™ 2/ 2-relvel2™2/2
7 gHE{ra¥i{sin{(2?0)-sinl{0) i=relvel @73/ 2-ralvell™2/2
sine=relvell "2 2-zer0T2/2

e
HEE

P core g7E5R2 (5BZ4E lo-sed + ZPI1i84 hi-sedg)
hear 53248 = DOPI3 in use + 2E3E5 Tree
globzal 1187 = 18 im use + 1171 free

locsl 1624

16 i use + 1008 fTres



trail 511 0= O in uss + 511 fres
2,29 zsec,. for 4 Gls gzining 115848 words
1:48 sec. for 23 local shifts zng 43 trzil shifis
107.45 sec. runtims



IR
L MG E
1 on

P

i

(i o
Bhn Lo 4o 00 MMMM i
o o oa a0 MM MM MM
[ npooi O MM MM MM E
oo opoog 0 MM MM EEEEEREE

ot

....,
=
ok

M

&
FEPALIMEEL JLIMITSER AFORMBH

{05y probech ion

SLOFIES:L
ile will be REMAMEd to

EEEEEEEE

CEAL

e e e < e et o |t

LR

OOonG
a0
]
0
0
3
0o

WL L0 00

DA G ¥ ]

LE
LL

L
Li
Li
Ll
Lt
LL

o b 0 O M A EE g5 0 o0 LL
AL [ 00 MM MM EE 55 OO O L
L oo o 0 MM HH OEE R 28 04 o0 LL
i ooooob 00 pe MM EE S SEOn My L
HHH U D00 il MM EEEEREEEEE B OO LEALLLLLL
HOnnnnnn B Me  EEEEEREERCE - OOG000 LLLLLLLEL
44 44 GOOONG &4 44 R =
&4 44 { GO0 44 44 Q00 &
44 &4 G} OO G0 033 A4 44 ] o H
A4 G4 (i b Do 44 44 (i o 5
4 44 il QO [ G 44 44 N R
&4 44 (e e LA 44 44 i3 A
44444444544 o0 O OO 00 o0 (43 s44444448488 O G0 G0
f444444444 00 OO OO 00 G 04 444444844 G0 00 00
44 (o} Oy QG0 {43 & S0 3}
44 (e Gy GO0 3 A LR G
&4 0} O O o LEES) &4 (3 Ly EE
4 G0 00 o0 gk Y 44 {3 ol 55
§4 R GOOG00 vy 4 (s
44 O CHHGH 7y 44 DR
BEER U UMW MIDDDD Y Y Sf
B RN UM HD DY Y A B
BB UMM MDD O IOYY & A
BEER 4 U HHHD I ¥ & A
BORU UM MMID O nY AfdSEH ‘
B B U bW oM Do & A
ERER  ULLBNE W M DONDD ¥ & &
LETEPL Version &(3447 FHunnins on TTYF0 .
#STARTE User BUNDY & [400:40%1 Job  [OME Sga. 1505 Dobte 14-Sep-78 14340107 Monibor ERCOC 0104
Spaugsh creabedd 14-3sp-78 14581510
Filg: DSKAOSDOME. SOLTS00-4051 Creabed: 14-See-78 14205100 (55 FPrinbed: 14-See-78 14341004
BUELF Switches: PRINTIARRIM AFILERaBCI



R o
i
[
TS

o)
Wi
i1
304

it

PN 4
por o
i

:_‘:; .
O]
jx]

m
] Ul

i

iﬁ?“?ﬁ%%l“rﬁniiiﬁL
¥1ﬁ5~ézr~fﬁ-x*’%ﬂsfig
ik

ak i

&I"

it

irg=- ésr~iﬁ a»znimsr

A e

ot T B By B 1

FR T T o T o T
fam—l ;u-a ;—-J

H

=
Exiatng-3
faalo —pir=bhe-ithe-gives-{diri=grosin{Zsii-13}
hrwis s inum-of-{dirr=arcsin{dsd-11}
fgip tE: 1ii~domingk - i E
glug=-gf-dip-is-aro E5-11:
#EE~11



EEREBEEE L (GO000 CLOCLonn
HEDEREERE L a00000 CoOoooen
EE BEE LL 00 0
B BR LL N g

BE LL Ok R

BE L iR il

a0
oo
o0
o
‘on

T I
oo}

U OATEORER 4 oum e gu
fro g ot

R
P ]

PR R R v O BRI
I e

E ] -
B LL a0 0 -
EEEEERR RLLLLLLLLL 00000 vann
EEBERBER LLLLLLLELL Q0 -

34444444 {3
44 o0
44 {3
44 e rrre
&4 {3 EEE:
44 53
£4 77
BERE U U W  HIDDDD Y ¥ afd
BEORU UN WD DY Y & &
BB UMM MDD I YY a &
BRRE U U MNNHD I Y a8 &
B BU UM MMID I HAGAR
E OB a0 npY & &
BERR HHMAI N M DOODD ¥ a A
LPTEFL Version £(344) Funning on TTYF0
JTHET% User BUMDY & [400-8053 Job  DORE Seg. 1505 Dobe
Feaussh creabedi 14-See-78 18381810
Files ﬁﬁﬁh””ELﬁJn_aLfduhnﬁﬂi“ EPﬁﬂhF 3 L4-Sep-7hH 14105300

.# f‘.l.

i:'l'

Thde

HUELE Swibkc NTagRROW AFILE:&
I ACOPTES:T 351 ALIMITRZR KF&
File will he 5Eﬁﬁﬁ£i Lo {055

h

00000
00000
oo
o0
on
oo
it
oo
oo
a0
£ gf}

T Nl
LA X TR X5 ]

£

Py

EEEEEELTES
EEEEREESES
0 ]
G0 o5&
i SELEEEE
(i SEEEES
o O o5
OO o0 0 =5
SO0 O 55
GOG0 o ]
e ol =5 =5
O o 55 b
QO IEEEED
Qo000 SEEEES
Hep—-FR 14380107 Honibo

185 Printeds l4-Hep-7

L2

A WA S P .
[ S S S|

on

-
i
H

U T A T S O M S S S WO O O A
S0 A A R



PoT=blon.

brains t&msnlv*—iaﬂrtfi%aﬁﬁi}}ﬁarﬁﬂiiaqrﬁ{ﬁ%g*{hi~hz}??ésartfﬁﬁﬂ
{zarb (ZHgxhl 1 Shrenl {saprt (Z¥es{hi-h3 i iksorl (28a8ihl-R27 i ddreal {
BiZ

Q-_Um*ﬁi“hi“” »25;
;*ﬁ%fhi%'“ﬁ

%a%{hléi~h2;}:§%*%5%1??+amh Zib-iEiEbandh b
Zmas{hle{-h2r i =080%as lhiv (-3}
saulnttnﬂ~h?~!n *”*ﬂ%fﬁzv* hj}},=¢}
=L H

fanlob ing-hi-in-{-h2+h] s =0%

2 i
u%iaﬁi‘ ~i+ el =@ i-gimel iFiss-bo
hz
hZ-simel ifigs-ta
h2
zculnuinﬂ~zi~;n—f *ﬂﬁfh1+i~h333=

solab ing-hi-in—{ : 3

{ Ahd
ﬁ*lB*hs3*1+ e 1 0 A

alaob ing-hi~in-{Z8g#(hl+{-hI i+
imhiﬁa—hi—én-ftwpfF' )
sualﬂhiﬁa-* Pl i~
ﬁéxa*;}u*j+s~~l%i1%inn
Lanik 121+h3
bandh igl+h
}ﬁtnnftﬁ*h?

anlab ing-~hil-on-bhe-1h
ﬁ?w,ﬁa~ ef | rrd s
(hZr=hZi-simplifiss
troing-bo-find-naxinus-of-{hl h2&hls =l #ban (b 2+h3}
Pl¥bonth i +hZrh3i-siael iFigs-L
brwing~bo~find-poxigug-of-ohir=1shan ik 3+h3}
(hiv=lsban ik r+h2i~doninabes-Lhe-obher—insaunl ik igs
ans-ig-{hlr=1sboanik F+h3

‘.,.g-!.z,} aE H
1+“*?*a3*?ﬂ A
hEd=-simpl ifigs—Eo

i
S,
ot

L El#banih 2
+

Feh2ihirh2khlr=1sbandk J+R3E:
LthirhFdnir=1=ban{k T+h

xZ!

HES

£

5% (]

YiiGdhreal {saph {3xgnihi-

ﬁaﬁxhi~h@~1ﬁianat}??

f-bhFrs—iw]wbandk

&

Y
Fir=e



~ w (AT ) 4 —
] N\ Sc s /K
= = —— —
=3
- ) | N . -
= 2 ¥ I = \‘\a == ; N
Copen L N\ =
| < A
‘ =
I— - .
i 7 = %:"'%M\
- —7 =F S =
Wit s 7 Kt
= =
= =




) L Oy —" J ..O” A
Ehanc =l —=Si—F .Ld e =
f. /b’\ Vit ., [ £ ll('\ \ b o 2
4 -/ — 7t e foed ] )
‘1 r ;f. = T AL 5 'L—V:_El : :\IJ"'.: 'I l' s
ot o
\I(_U>(¥Po \'W
4 D %@—?———:@l b AN
55 7’;‘"‘1"'-..‘,“;:’ = > —2
épa)ww (Tt o= , ,
/}:, e segLVwﬁkl Ha’v"vw 7

nmui
=

——
] /
e :/:j,u( /Pa#’é\ ST '

== ==} A
Mﬂ)\‘w"‘,

—e— — = e

SN




7
Sa S,

_ bl
Sx

; ¢ A l.,\:-?
Sx

S5 gt



; T

I

W/

getastartediPartFathsS8tart:SideRBegind
giongiFath:StertStertoDirds
oo oveliPesri-VelldiveBaginis
conmitionirositivellri,
WW)
AEDDENHILL RLUNES
moastoprsingiFertsFPeihsStartSideFPar) i
do encifeinS8tsrtEndl s orrosite{Ernag
gy slorgiPatieHendl: diffilendsHendls

SEMaARES IT T THE TOP®S

nostorring{FertFathrStariSidesPery i~ i
noo Faremii{PstnStartFinishls
glongiFetneStartsFinishsDir s
o FinvelifPertYelirsFeris
conditioniresl{¥ri,

(e 2

SEBELOW PaATH®RS

rotakenff{FariFathsBtart-BideFer) -

b= luw*P“ihgﬁtgriaﬁszJg

S BLORE DOES HOT OROP albiayis

motekeoffiFartFetneStariSidesFer? -

o concavitwiPestnsConcd: gifTFilonocsright?

SEITNSUFFICIENT “?L T TakE OFF%-

motekeafTiFartPathSisrtSids:Ferl? -

i g mmnr«vxiwavih»riﬁht}g?ig
oo kb Ioroint{FPathsTerPLls
+ N Y
E RN atheFarbs TurFi:FPersliris
o T iomiFath:Fart:N: 0 reParis
Dt ulutn orinon.nesidLy,
- [
i
o3
i LIET B
im%ftP-“1uf -3 i
ﬁﬁ rnnﬁﬂwsiuaF
o
oo
zlo
oo vl
oo el
cordibion{ (VT iksind{lirl to=RE=: .

FEFREEFaALLES

rafelloffiFartsFethsS8tertsSidePer) I~
o oonosyvl i,z-n.i" shsomiede oifF{Concsrigntis

-

dowe

?\\\

$w’

c/
Sf

a\ o\

doentreifalis_offiFgriPetnsStertSidesPer iz

< &

=

?

N——



mecho note 46

Fimnding the Quadrant of Angles

Alan Bundw 13.1.79

It is verg useful in the Alsedra module to be zble to decide whether 2
rarticular asngle 18 acutes PETJVV etc, With this information the ecuation
solver can cut down the number of isdunctions in & solutions by eliminsting
semanticalls unasccertazble solutions.

If the andgle is the incline or angle of 3 simrle curve then which quadrant
the angle lle“ in can he 81LUL 1wu from the slore znd concavite of the curve.

We will srecifw the four cuads which an angle mignt belong with the
ransges COs9015 L20:,18075% E. & L270:3601: For definitions of the

01 =
:nEle see note 3, In sarticular note that

the angle 1is measured from the gy anti-clockwiser to the normal and the
incline ;. 20 bigger then the andle. Usirns these conventions and the
conventdons Jor concavity and slore (see note 4) we can classifugﬁhg, o e le
curves 88 follows: assigning auasdrants to ansles!

conventionsg for definimng incline

&

Coanu(¥3
FUT - ML o
lefi gk " T
S\c.e‘e_
anale ¢ 0 = e € LO 927 ansle 615‘911-7‘5) “‘
— Uz : b le vt ] 5 L _) e b,. - - \—t?gl" ¥
-  \
}z{;t
ineliwe & 2720 36c) indaas € [90, 1w0]) mclna € C"_I‘).%*?
tngle ¢ L3220, 3¢ cle € Lo, | awl ¢ Q72 3%9)
i J
ﬁ' L\,\- ‘ S
_ 9 e e
s € [090) nclons € L0,279)) |, 0% & (o,9¢) {
Sk oyl BN e
o
hoc X X r>~——————_ -gﬁ5 )
[ go L
indawa SCTT ;=]

Ginefe &= F"
1 lM’zﬁ.‘ Y T

= % &

1a» 2
Note that the dc!enerat cases of straigsht liness earticularly horizontsal

straighP limes oS e dealt With 26 curves rrovided we intererret the concavits



~ nnsles Fage 2

of straight lines as ‘left’ amd the slore of horizontal lines ass “right’.

This table can be given to Mecho a3s 3 set of wunit clausess using the
Frredicate ‘ouad’. ‘auad’ will taske 4 zrguments! the first will be ‘znsle’ or
‘incline’ to srecifw which zndgle is being classifieds: the second will be the

slore of the curves the +third will be the corncavity of the curve and the
fourth will be the cuadrant the asnsgle lies in. The clauses are!
auad{anglesleftrright L0907 cguad{inclinesleftsrights[90:1801)
auadianglesrightyrightL?0,1801 guad(inclinesrighterightL180,2700)
auad(ansglesleft:lefts[180:2701) guadiinclinesleftsleft[270:,3601)
aguadi{anglesrightsleftL270,3601) auad{inclinesrightsleftsyL[0»20])

Comelex curves can be deslt with bwi breasking the curve into simele
CUTVESs finding +the ransge of the angle in each of the constituents snd then

finding the union of these ranges.

Now to test whether a rarticular inecualitus saw 120:x=thetsy Mecho can
first find the range of thetsr surrose this is [0»90]: then it can test whether
the urrer bound of the range is less tham 120y 1. test 1205>=90.
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Will it Reach the Top ?
Prediction in the Mechanics World *

Alan Bundy
University of Edinburgh, Edinburgh EH8 9NW, Scotland

Recommended by R. Boyer

ABSTRACT

We describe an extension of a mechanics problem solving program to the set of “roller coaster”
problems, i.e. problems about the motion of a particle on a complex path. The reasoning strategy
adopted by the program is described and compared to earlier work in this domain. Conclusions are
drawn about the representation of motion and prediction. Questions are raised about Frames and
Multiple Representations.

1. Introduction
In this paper we describe how the MECHO mechanics problem solver [2] was
adapted to deal with the “roller coaster”” problems described by de Kleer [6]. Why
did we decide to tackle the roller coaster problems? The reasons are listed below.

(i) Our MECHO program is intended as a general problem solver for the
mechanics world. de Kleer’s NEWTON, on the other hand, was specifically designed
for the roller coaster problems and was based on the ideas of “Frames” [11]. We
wanted to see whether the study of the roller coaster problems would show up
important limitations of MECHO.

Thus our main motivation was to test the existing MECHO mechanism and to
see in what way it needed to be extended. We consider such a research methodology
at least as valid as the more common one of using a problem domain to explore
some new mechanism (e.g. Frames).

(ii) The roller coaster domain is important as it isolates in pure form the problems
of motion, which are involved in all dynamics problems.

(iii) These problems are also involved in the prediction of subsequent events
given some initial configuration. An issue we had not dealt with before.

* This research was supported by S.R.C. grant BRG 94493.
Artificial Intelligence 10 (1978 129-146),

Copyright © 1978 by North-Holland Publishing Company



130 A. BUNDY

(iv) We were dissatisfied with the reasoning processes which NEWTON went
through to solve the problem. Some steps seemed irrelevant. We resolved to do
better. This is not to underestimate the pioneering work of de Kleer, without
which the present work would not have been possible.

2. The Problems "

Below we describe the three roller coaster problems tackled by de Kleer’s .
NEWTON.

2.1. The sliding block

0

>

e -l ol
1
1
1
1
'
'
1
'
1
1
'
)

Fic. 2.1.
At time M, the block starts from rest at point C,. Will it reach point C4?

*
2.2. The loop the loop

Com

&

Fic. 2.2

At time M, the block starts from rest at point C,. How small can / be made so that
the block still successfully executes the loop the loop ?
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2.3. The great dome

Fic. 2.3.

The block is given a nudge from rest. At what point does it fly off the dome?
All the paths are assumed to be smooth (i.e. friction is ignored).

*

2.4. Describing the problems

The above problems do not lend themselves to prose description without the aid
of a diagram. Since we have excluded visual processing from the current project
and they cannot be handled by the natural language processing alone, we decided
to bypass this stage and describe the problems to MECHO in the form of symbolic
descriptions. Fortunately de Kleer had already developed a symbolic notation for
describing these problems and we adopted this in content, though not in form.
The essential idea of de Kleer’s notation is a description of the paths in terms of
their first and second derivatives, i.e. their slope and concavity. These descriptions
play a vital part in the prediction process.

The main task which would be required of a v1sual processing component of
MECHO, if we were to build one, would be the partitioning of complex paths into
subpaths with invariant slopes and concavities, e.g. given the slope

FiG. 2.4.

we would require the ““vision” component to partition it into the subpaths: S;;
S,; S3, where

Path Slope Concavity

S, down concave

S, up concave

S; up convex
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We would be interested in the comments of those working in visual perception as
to the feasibility of such processing.

3. Hypothesize and Test

The reasoning strategy we developed for the three problems above is one of
hypothesize and test. That is; we answer the question set by the problem in two
stages. First the question is subjected to a qualitative test, i.e. is motion feasible
given the rough shape of the path? etc. If this proves positive the answer “‘yes”
becomes a hypothesis which is then subjected to a quantitative test, i.e. a detailed
analysis involving extracting and solving equations and inequalities. This process
can be carried out recursively, if necessary, by breaking the path into subpaths and
testing each of them in turn.

It is not necessary, however, to carry out the quantitative testing locally. It can
all be saved up to the end and done together.

This division into qualitative and quantitative knowledge was strongly suggested
by de Kleer and we have adopted it in our program. The distinction is discussed
more fully in Sections 4, 5 and 9. A small modification to the program would stop
it from making the distinction, so that qualitative and quantitative testing would
be done together. However, the two stage processing seemed to produce a more
natural protocol and we have maintained de Kleer’s division.

4. A Worked Example
A better idea of the reasoning process can be gained from considering an example.
So in this section we consider how our strategy of hypothesize and test deals with
the sliding block example.

path So

FiG. 4.1.

In our symbolic notation the question to be answered is ‘expressed as
) At (Block, Cy, -mom)?

which means “is the block at point C4 at some moment -mom’’, where _mom is a
variable to be bound to a particular moment during the course of the problem
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solving. On the grounds that ““‘you can get to a place by travelling there” this
question generates the sub-question

Motion (Block, Sy, C,, left, Py)?

which means “does the block travel on (above the) path Sy, starting at point C,,
during period P, (the fourth argument, left, will be explained later).

This question will be answered affirmatively provided a number of tests prove
positive. These tests cannot be answered immediately because not enough is known
about the shape of Sy,: In particular its slope and concavity are not invariant. The
question is, therefore, broken into three subproblems corresponding to the three
subpaths, i.e.

Motion (Block, Sy, C,, left, P;)?

Motion (Block, S,, C,, left, P,)?

Motion (Block, S;, C, left, P3)?
where [Py, P,, P3] is a partition of the time period P,.

These three all pass the qualitative tests, storing up quantitative tests for later.
The qualitative tests are expressed as four questions:

(a) Will the block get started ?

(b) Will it run out of steam and stop?
(c) Will it go too fast and fly off?

(d) Will it fall off?

Some of these tests are passed without difficulty. For instance, the block will not
fall off since it travels above all three paths. Nor will it take off, since none of the
paths is convex. There is a possibility of its running out of steam on the second and
third paths and this possibility causes a proviso to be stored against the velocities
on these two paths. This proviso will be picked up and checked by the quantitative
tester in the second stage. The proviso is that the velocities remain real valued. If
a block does not reach the upper position of a path its velocity on that section will
be imaginary.

When a motion description (e.g. Motion (Block, S, C,, left, P,)) has passed the
qualitative tests and the quantitative provisos have been stored for future testing,
it is asserted into the database as a hypothesis. It is necessary to do this because it
is needed for the next round of qualitative tests. MECHO cannot decide that the
block can “‘get started” on the next path unless it knows that the block is at the
starting point at the right moment. This can be deduced from the fact that the
block is at the finishing point of the previous path at the same moment and the
two paths are consecutive.

When all the qualitative testing has been done, the provisos are gathered together
for quantitative testing. Typically these provisos will involve unknown quantities,
which must first be expressed in terms of quantities given in the statement of the
problem. Therefore: a list is made of all unknowns in the provisos; equations are
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extracted which express these unknowns in terms of the givens; the equations are
solved; the solutions are substituted for the unknowns and the provisos are
evaluated. By giving different numerical values to the given quantities the evaluation
of the provisos can be made to return a positive or negative outcome. Alter-
natively, if the givens have symbolic values the evaluation process can return an
expression as answer.

The algorithm for deciding what equations to extract was based on Marples
1974 study of Cambridge Engineering students. It works by carefully examining
the unknown quantity whose value is sought to see what kind of quantity it is (e.g.
acceleration, mass etc.) and what situation it occurs in (e.g. what objects, time and
direction it is associated with). This information is then used to draw up an ordered
short list of equations to be tried. If possible an equation is found which introduces
no new intermediate unknowns, but if this is impossible intermediate unknowns
are created and these are added to the list of unknowns whose value is sought. For
further details see [2]. Notice that no information about the problem type is used,
so that the algorithm is general purpose.

5. Finding Minima
The reasoning process for the other two examples is very similar except for the
final stage. Instead of the proviso being evaluated to return a simple yes/no answer
they are investigated to find minimum values under which they return true.

\o!

FiG. 5.1.

For instance, in the loop the loop example the original provisos concern con-
ditions on the velocity of the block under which the block will not fall off or stop.
After equation extraction, solutioi and substituting these become inequalities
between A, the initial height of the block, and R, the radius of the circle. MECHO
then has to find the minimum value 4, under which the inequality is still true. This
is done by ““isolating” /4 to get an inequality of the form:

h<$R
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That is, the inequalities are manipulated until 7 is exposed, by itself on the left hand
side and the right hand side contains no occurrence of 4. Oné of the main methods
of doing this is by repeatedly replacing the outermost left hand side function symbol
by its inverse on the right hand side, e.g.

x'y<z&x>0->y < z/x

(see [1] for a description of isolation in the case of equation solving). The problem
of finding a minimum value for /4 to satisfy an inequality, can then be exchanged
for the problem of finding the value for /4 which satisfies an equality, namely:

h=3R

FiG. 5.2.

The great dome problem is handled similarly to the loop the loop problem. That
is MECHO tries to prove that motion takes place from C, to C,, collects together
the provisos, then finds the least 7 which makes them true. One interesting feature
of this process is that we make use of a hypothesis which is actually false, since the
block can never reach C,, without taking off first. For the squeamish an alternative
reasoning process is available where we consider motion from C, to the point of
take off (say X above). Similar conditions would be generated on 7" and the mini-

mum value which makes these conditions true would also be the angle X/6Cb.

We can easily visualize other processes which could be applied to the provisos,
e.g. finding maxima, comparing with an answer expression given in the problem
-etc. One of the reasons for leaving quantitative testing to the end is that it makes
such proviso processing easier to execute. In MECHO the proviso processing
procedure is passed down as an argument to QA the main question answering
procedure. The other argument is the top level question to be answered. Thus the
top level goals of each of the problems is:

sliding block: QA(At (Block, C4, —mom), eval)
loop the loop: QA(Motion (Block, Sy, C,, left, —per), Min(%, —ans))
great dome: QA(Motion (Block, Sy, C,, left, _per), Min(7, _ans))
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6. Brief Description of de Kleer’s NEWTON

As mentioned above NEWTON also works in two stages: qualitative followed by
quantitative reasoning. In our opinion de Kleer’s main contribution was in the
design of the qualitative reasoner, called the envisioner.

The envisioners job was to work out all possible scenarios for the Block, given
its initial position and the shape of the path. Thus in the sliding block example the
Block might reach the top (point C,) or it might stop during the course of
traversing S, or S;, slide back and oscillate about the lowest point (Cy). The
scenarios are built up in the form of a tree, e.g.

leave first corner Ca
slide down first path .S;

reach second corner Cp

| |
Slide back on S» Slide up second path Se

reach lowest point Chp ' reach third corner Cc
) | I o R
oscillate around Cp reach C, and slide back on S3 Slide up third path Ss
fall off ’

reach Cq and fall off

FiG. 6.1. Envisionment tree.

Envisionment is done by a set of 11 production rules. These look at the current
state of the Block and local features of the path it is currently on and predict what
might happen next. A typical rule is:

velocity—u & incline & above & on — slide-u

This means: if the Block is travelling up and is on and above an inclined path then
it may continue to slide up.

The envisionment tree is later examined and quantitative tests applied to see
which branch of the tree will actually be taken. For instance, the vertical height of
the various paths will determine whether the Block reaches the top or oscillates
about the lowest point. This is done by associating a different quantitative test
with each qualitative ambiguity, e.g. a quantitative test of the velocity is associated
with the ambiguity

[ I
slide back on path slide up path

FI1G. 6.2. Qualitative ambiguity.
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7. A Comparison of NEWTON and MECHO

In applying MECHO to the roller coaster problems we naturally tried for an
improved performance, where possible. The main improvement was that MECHO
did not generate all the envisionment tree, but only those branches required to
answer the question asked. Thus in the sliding block example only the right-most
branch of the envisionment tree in Fig. 6.1 was considered. This was done, as
described in Section 4, by finding a path between the initial and desired point, and
asking only about motion between these points. This more goal-directed envision-
ment was always an improvement except when the question was a general one like
“what happens next” which implies doing a forwards analysis. We did not come
across, nor allow for, such questions.

This goal-directed reasoning entailed doing the envisionment process by applying
something like de Kleer’s production rule system, but in reverse, e.g. trying to
prove that the block could slide up the pafth, by showing that the conditions were
right. We first tried simply listing all situations under which sliding was possible]
_ but this proved too cumbersome. Instead we discovered a way of simplifying the
problem. Each question about whether motion could take place in a given situation
was divided into four sub-questions, namely:

(a) Will the block get started ?

(b) Will it run out of steam and stop?
(c) Will it go too fast and fly off?

(d) Will it fall off?

According to the situation these sub-questions may be answered simply on the
basis of qualitative information.-Alternatively they may require quantitative testing.
This is delayed until later by storing the quantitative test (some algebraic expression)
as a proviso. These provisos are added up, so that a motion question may generate
up to four provisos. As an illustration the procedure for answering sub-question
(d) above is explored in detail in Section 10.

This way of organising the qualitative tests seems to be more primitive than
de Kleer’s. For instance, he has a single quantitative test for the qualitative
ambiguity fly-slide-slide illustrated by the following tree and diagram

] G

| I |
fly off slide slide

up down

FiG. 7.1.
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In MECHO the test for this situation is provided in two parts, by provisos from
sub-questions (b) and (c). MECHO’s four sub-questions provides a more intimate
relationship between the quantitative and qualitative knowledge. A trivial amend-
ment to the program would cause the quantitative testing to be done at the same
time as the qualitative testing instead of being delayed to the end.

It is also easy to see how MECHO could be extended to deal with extensions to
the roller-coaster domain, e.g. for rings threaded on wires or rough paths. Such
extensions are discussed in Section 10. We attribute this flexibility to MECHO’s
primitive representation, where quantitative tests are automatically built as the
situation demands, rather than pre-stored. To update NEWTON to deal with, say,
threaded rings, it would be necessary for the programmer to do himself the analysis
that MECHO does automatically. Thus the relationship between the two repre-
sentations is analogous to that between the Huffman/Clowes line labelling [5] and
Mackworth’s analysis of it [9].

NEWTON’s quantitative knowledge was stored as a collection of Frames [11]
each of which contained related physical formulae. These Frames were intended to
guide the equation extract on process in a sensible way. MECHO on the other
hand used the general purpose Marples algorithm for equation extraction which
works by backwards reasoning from the unknowns whose values are sought.
Despite these apparently different organisations, we have been unable to detect any
difference in the manner or efficiency with which equations are actually extracted
by the two programs (except that NEWTON seems to have a difficulty with
simultaneous equations which was not experienced by MECHO).

8. Representing Paths and Motion

In this and the next two sections we describe in more detail the descriptive terms
(i.e. notation) and the procedures used by MECHO to describe and reason about
the roller coaster world. We do this to try to make clear exactly how the program
works—even down to the actual code in a few carefully chosen cases. To describe
the program solely at the less detailed level we have used so far lays us'open to the
danger of ascribing more agency to the program than is, in fact, justified.

We also hope to promote more discussion of the description terms used in
reasoning programs. In recent years the emphasis has been on control structures
rather than descriptive power. The choice of terms, however, can make just as big
a contribution to successful reasoning. The tradeoffs between different kinds of
representation need discussion.

We start with the description of the motion of a particle on a path. This involves
making four binary or tenary choices, i.e.

(i) Does the path slope downhill, uphill or is it horizontal ?

(ii) Is the path convex, concave or straight?

(iii) Does the particle travel from left to right or right to left?

(iv) Is the particle above or below the path?
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In fact, these choices are essentially binary with some degenerate cases. To simplify
programming we have chosen the same parity pair left/right for indicating all these
choices. Four predicates have argument places for containing either left, right or

one of the degenerate cases, they are: End, Slope, Concavity and Motion. For
instance, the following situation

FiG. 8.1.

is described by
End (S, C,, left) meaning C, is the left end of S.
Slope (S, left) meaning the left end of S is highest.
Concavity (S, left) meaning, looking from the left end, the left side of S'is concave.

Motion (Block, S, C,, left, P) meaning the Block starts from C, and travels on
the left side of S, looking from C,.

All these parities can be varied independently, e.g.
End (S, C,, left)
Slope (S, left)
Concavity (S, right)
Motion (Block, S, C,, right, P)
would describe the situation

o S

N

Cu
Fig. 8.2.

The choice of predicates may seem a bit arbitrary, but in fact it has been carefully
developed to simplify the task of transforming motion descriptions between
consecutive paths. Consider the following two situations

o
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FiG. 8.3.

Ce

D_/"

G

S:
(ii)
FiG. 8.4.

Using our notation
Motion (Block, Sy, C,, left, P,)
transfers to
Motion (Block, S,, Cy, left, P,)
in both cases. The fact that the block is now travelling from:
(a) left to right above the path in case (i)
and from
(b) right to left below the path in case (ii) o
is handled by the different path descriptions. The task of transferring motion

descriptions would have been much more tricky to handle neatly if we had tried
to use descriptions (a) and (b) explicitly, to describe the motion.

9. Representing Time
In this section we describe the representation of time in MECHO. All descriptive
terms dependent on time, have a time argument place (usually the last place), e.g.
At (Block, C,, M)
or Motion (Block, S;, C,, left, P,).



6

PREDICTION IN THE MECHANICS WORLD 141

These time arguments can either be moments or periods. That is a description can
be asserted to happen for an instant only, or to hold for some interval of time.
Two special moments are associated with each period, namely its initial and final
moments. The duration of a period is distinct from the period itself. Thus two
different periods can have the same duration. A duration is a quantity, which can
be measured in seconds, minutes, hours etc. The notation so far is:

Isa (M,, Moment).

Isa (P,, Period).

Initial (P, M,).

Final (P, Mp).
Duration (Py, Ty).
Breakdown (T3, 2, secs).

To describe a situation in which a period can be divided up into several non-
overlapping subperiods, the Partition predicate is used. This arises in the sliding
block example where P, the period in which the block slides over the whole path
is divided into P;, P, and P;, the periods in which the block slides over the three
subpaths. This is represented as

Partition (P, [Py, P, Ps)).
The second argument is always a list of sub-periods arranged in time order.

The same predicate, Partition, is used to describe the division of the whole path
into its subpaths

Partition (Sy, [S;, S2, S3])-

Here the subpaths are arranged in left/right order. That is the left end of S, is
one of the ends of S;.

In the description of the three roller coaster problems (see Section 2), the
structure of the paths is given, but the structure of time is not. Only the initial
moment is given. The rest of the time structure is erected during the course of
solving the problem. For instance, in the sliding block problem the original
question is

At (Block, C4, -mom)?

‘The inference rule which translates this into a question about motion terminating
at Cy (see Section 4), also invents a suitable period, P,, during which the motion
takes place. Since the Block is known to be at C, at moment M ,, the initial moment
of P, is asserted to be M,. A suitable final moment M, is also invented and the
path to be traversed is S, since this connects C, and C4. (We have chosen the names
M, and P, for expositional purposes, the program “gensyms” up some fresh
symbols different from this. Our gensym is a bit more readable than most, since
you can specify a suitable prefix for the number, e.g. Period 1, vel 1, vel 2, etc.).

Not enough is known about S, for the qualitative tests to succeed, so MECHO

11
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considers motion on the three subpaths S;, S,, S;. For this it needs three more

periods, so suitable ones are invented, say Py, P, and P; and the relationship
Partition (P, [P;, P,, P]) is asserted. '

MECHO does all this by mimicking the structure of the paths.

10. The Qualitative Tests
We are now in a position to describe the qualitative motion tests in more detail.
These are expressed as a series of PROLOG clauses (see [12]). Bach clause has
the form

A<« B,C,D.
where A4, B, C, and D are literals. A literal is a symbolic description like

Motion (Block, S;, C,, left, P,) or Slope (S, right)
which may or may not contain variables (variables are indicated by the prefix -), e.g.
Motion (—part, —path, _start, left, P;) or Slope (-path, right).
The meaning of

A<« B,C, D.
is that to prove A it is sufficient to prove B, C and D in that order.

The literals B, C, D are sometimes proved by a direct database look up, but
usually involve further clauses of form B « E, F, say, in a depth first search. In
fact we have considerably modified the default PROLOG depth first search in
MECHO: inserting traps to detect hopeless goals and reject them; and tests to
decide that the search should be shortened in some cases and lengthened in others.
For details of these modifications and the reasoning behind them see [3] or [4].

The main motion clause is

Motion (—part, —path, —start, _side, _per) «

Getstarted (_part, —path, _start, _side, _per),

Nostopping (—part, —path, _start, _side, —_per),

Notakeoff (_part, —path, _start, _side, —per),

Nofalloff (_part, —path, _start, _side, —per),

Record (Motion (_part, _path, _start, _side, —per)).
The first four literals after the backwards arrow are responsible for making the four
qualitative tests. The last literal asserts the new hypothesis into the database, i.e.
an attempt to “prove” Record (some-relation) has the effect of putting some-
relation in the database.

The four qualitative tests are all handled in a similar way so we will describe
only the last of them, Nofalloff. This test is divided into four cases: two cases which
can be settled positively on qualitative information alone; one case which can be
settled negatively on qualitative information alone and one case which requires a
quantitative analysis. Each case is handled by a separate clause.

#
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The first and simplest case is when the particle is above the path, then the
particle cannot fall off the path

Fic. 10.1.

The clause for this case is:
Nofalloff (—part, —path, _start, _side, —per) «
Above (_path, _start, _side), !.
The ! is a control literal which prevents the backtracking mechanism recalculating
this positive answer to Nofalloff in the event that later processing fails, i.e. an
attempt to “prove” !, causes the search tree to be pruned of branches representing
alternative ways of proving Nofalloff. Above (~path, _start, _side) tests that the
particle is above the path using End and the value of _side, i.e.
Above (—path, _start, _side) «
End (-path, —start, —side).
The second case concerns vertical slopes. If a particle is at the top of a vertical
path then it is"considered not to fall off, but to fall down to the end.

G

—0

Fic. 10.2.

The representation of vertical paths is a bit messy in our notation. The top of the
path is arbitrarily assigned as the left end. The verticality is noticed because the
concavity is the degenerate “straight’ case and the inclination from the top is
270°. The clause for this case is thus:

Nofalloff (_part, —path, _start, _side, —per) «
Slope (—path, _start),
Concavity (-path, -),
Incline (—path, _start, 270), ..
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~ The third case concerns convex slopes, where the velocity is sufficient for the
particle to stick to the underside by centrifugal force.

Fic. 10.3.

This case involves quantitative reasoning and so the calculation is delayed until the
second stage by asserting a proviso. To calculate this it is necessary to know the
velocity of the particle and the radius of curvature of the path. The clause for this
case is:

Nofalloff (—part, —path, _start, _side, _per) «

Below (—path, _start, —side),

Concavity (—path, right),

CC (Vel (_part, —v, _dir, _per)),

CC*(Radius of curvature (_path, _r)),

Postulate (Proviso ((—v 1 2) # Sin (-dir) > —r % g)), !
The first two literals make sure we are in the correct case. The second two literals
recover the numeric quantities needed by the last literal which asserts the proviso
into the database. The CC predicate ensures that the request for a numeric quantity
succeeds even if this means creating some intermediate unknowns. This predicate

is explained fully in [4]. The Postulate predicate is the same as Record except that
the assertions are removed on backup.

The last case deals with the situation where the particle is below a non-convex
path. In this case it is bound to fall off so the test fails.

G

G

Fic. 104.
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The clause for this case is
Nofalloff (_part, _path, _start, _side, —per) «
Below (_path, _start, _side)
Concavity (_path, —conc), Diff (—conc, right),
Record (Fallsoff (_part, _path, _start, _side, _per)),
!, Fail
The literal Fail always fails thus ensuring that the call of Nofalloff will fail also.
The ! guarantees that this failure cannot be reversed by the backtracking mechanism.
The first two literals make sure we are in the correct case. The third literal
“Record (...” puts a rfecord in the database that the particle falls off the path
during this period. This information is not currently used, since a suitable
opportunity has not yet arisen (see Section 6).
We could easily add another case to Nofalloff designed to deal with rings on
wires. Suppose the literal
Threaded (ring, wire, period) means ring is threaded on wire during period
then the extra clause would be
Nofalloff (_part, —path, _start, _side, _per) «
Threaded (-part, —path, _per), !.
This should be added first, so that it is tested before the other four cases.

11. Conclusion

In this paper we have described an extension of the mechanics problem solver
MECHO to a new range of problems. We have compared the reasoning strategy
adopted by MECHO with that used by de Kleer’s NEWTON program on the
same problems.

MECHO proved capable of solving these new problems provided it was extended
to perform the “envisionment” process described by de Kleer. This extension was
made and in the process the envisionment process improved by making it more
goal-directed. The question of whether motion could take place was answered by
breaking it into four sub-questions. This representation seemed more primitive
than de Kleer’s and thus more easily extended to new problem domains. The
machinery developed here to handle the motion of a particle is now being used for
a variety of problems in other areas of dynamics.

As de Kleer has said [7] it is important for a problem solver not only to soive hard
problems, but to give simple solutions to easy problems. We disagree with de Kleer
that this effect can only be achieved with a multiple representation. MECHO will
apply the same technique to any problem. In the case of an easy problem this
technique will rapidly degenerate and yield an easy solution. For instance, the
question may be answered on the basis of qualitative information alone or after a
simple calculation. Hard problems will need more work—for instance if friction
were involved the algebra required to check the provisos would require detailed
consideration of the shape of the curve etc. However, the qualitative knowledge
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would still be used and the same basic proof plan would still be followed. Multiple
representations are not desirable for their own sake, but only if forced by the nature
of the problem, which in this case they are not.

To deal with the equation extraction process it was not necessary to use de
Kleer’s “Frame like” chunking of the physical formulae, our existing general
purpose algorithm proved perfectly adequate. Indeed it was not obvious that the
two mechanisms differed substantially in performance. This brings into question
the nature of Frame type mechanisms in Al programs. Is there such a thing? Are
there different types of Frames mechanisms? Do some of them correspond closely
to previously known non-Frame mechanisms ? OQur suspicion here is that some uses
of Frames and the old STRIPS plan formation techniques are much closer than is
generally acknowledged (also see [8] and [13].
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FEGEHERSAL QUESTION AMSWERING ROUTIHES/S
Gad_GUAL s _QUANY 2-
~BUAL. FINMDALL (PROVISO: _COMDLIST)»
TRACE(_QUAL -OK-PROVIDED-_COMNDLISET 20+
SOLVEALL {_COMBLIST . SOLHEYs
SUBET{ SOLHE, .CONDLISTY, _HCONDLIST:
TRACE (MEW-CONDITIONS-ARE-_HCOMBLIGT 33+
AFPLY (_BUSN _NCONDLIBT.D3:.

FECAll MaRPLES 7O UNPACK PROVIBOS®/

SOLVEALL (_COMDLIST:_ANS) =-
BETURC_COMDBLIBT ES._X51): CRUNCHU_ES._¥Bl._&HE}.

SETURP{_COMDLIST: ES» X581} :— SUORDSIH{_COMDLIST: _VARE::
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CRUMCH( _ES: _¥Bi._&HS) -
COHYERT(_ES. EB1): THACE(COMUERTEL-TO:2): PPR{_EG1}-
SIWPLIFY{_EBl - EB2): TRACE(SIWMPLIFIED-TO-Z2, PPR{_EGZ):
HAPLIST(CCHEASURE » _¥81 - _X52): TRACE(UMENOUHS-&RE-_X52:3) .
BINBOLVE(_ERE: X832 AME). TRACE(AHBUER-IS-Z)s PFR{_&HE.
FeaPULOGIES FOR ABRGEHEERS - )
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COMVERT. _EB:_FS} =— TRACE(CONVERT-HOT-LOADEL:3).
COMEASURE( _¥s_¥) - THACE(CCHEASURE-HOT-LDADED:3).
SIMPLIFY{_ES:_E5} - THACE(SIMFLIFY-HOT-LOADED:3).

BIMBOLVE( E-_ X, E} #- TRACE(EIRSOLVE-NOT-LOARED:3).



SETUP{ CL._ES: XB1} =~ TRACE({SETUP-HOT-LOADED.Z).

CRUNEH{_EB-,_¥X51:_ES) - TRACE{CRUMCH-HOT-LOADET
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SUBST{_GOLHS, Ll Cl} 35— TRACE(SUBET-NOT-LOADED:Z).
EVAL{_COMDE) - THACE(EVAL-NOT-LOADED-Z:.

HIM{_Os_ MY, _CONDS} - TRACE(HIM-HOT-LOADED.3).

JESCHEMATA {AND CUEB)s/S
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F2LUE IM SCHEMARS '

CUE(_KEY} =— SCHEMA{ _KEY: DECL. &S5, DEFIs
TRACE (PULL ING-IH-SCHERA—_KEY 43 HML{&)s
TRACE{DECLARATIONS 73 - CHECKLIST(CALL  _DECL Y- MUL (7).
TRACE(ABRERTIONS:7)» EHEE%LEET’D SEERTA- _AGE) s HUHL{T)s
TRACE(DEFAULTE:7)s CHECKLIST(PASSERTZ: _DEFI:MUL{7);
“éESFPi%i WEEYYSHML(TE: L

SCHEMACLINESYS( _LIMNE: LEND:_REMDG,
[CREATE(LINEC( _LINE})»
CO(EHMD _LIHE-_LEHD:LEFT?
DPOINT(_LENDPOINT{_RERD}
L1 3.

CO{END _LIME, REHD-RIGHT:1:
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CO(FIHAL{ _PER. _MOM2331s
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[CUE (L THEBYS{ _HAME. LENU: _RENII}I»
CFATH{_HAME ), CORCAMITY(_H&ME-_COMUI . SLOPE(_HAME. SLOPEXD
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{TLHE Eﬁ%&whgl?f_sfw§ih§3 t- COEFF{_PULL.ZEROY-TENBIONG
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i
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FECREATE OR MOW-CREATE Calls/s
CRO_Ly 2— FPO{_L=0M).
HOD(_ L) :- FPO{_LOFF:.
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TRACE(FCALL-OF - 1 -BUCCESEFUL 72,
FPO{LLs_BH) - _L»
TRACE(PCALL-OF - _L-SUCCEREFUL =33,
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CHECRCALL (L. _85W} 5- SILLY{ L}s Is FAIL. -
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CHECECALL{ L=0OFF} - _Ls 1.

SEFUNCTION Callss
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FERETHA PREFOSITIONAL PHRABEES=/S
PREPS(LI:00}.
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ARDECLARATION OF HOM FUNDTION VALUERES
CRFATRECLY 2 L=, . PROP.L_ARGI-CREATEL{_L-_FROP:_ARG).
CREATEI (L FPROP-_ARGY 5— GENSYR{_PROF:_ARG)-1-ABBEHTA{ L):

THEDF (LR —_ARE-BE-a-HEW-_PROF:Z:,
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