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- INTRODUCTION

One of the projecte in Artiiiﬂiﬁlxlntllligtnua is the
block-piling automaton, Given a pilnanf rectangular
blocks on top of each uthar; the system "looks" at this
configuration and mechanically piles up the exact copy,
selecting the right blocks from a supply. There is Just
- one mechanical arm which performs the construction of
the configuration-copy, so that only one block can be
handled at the time. Usually, the order in which thease
single blocke have to be piled up cannot be uniguely
determined in a straight forward menner, The configu-
ration of Fig.la can clearly be built up in the order
o A=2=3=4 ag well as 1-2-4-3,

i errr—r—

a b
PFig.l
" The slight modification in Fig.1b shows what problem —
can arise., l=-Z-3-4 clearly works, but l-2-4-3 implies
the .state of construction 1-2-4 which ie unstable and
hence nét realizable, It is therefore necessary that
each state of construction is tested for stability before
& particular construction strategy is selected,



e progrem is designed which performe the stability test.

S

The existing program handles configurations in
‘which two sides of each (rnn'tnngainr} block are horison=
'ﬁ-l.. Fig.2 shows a typieal pile. Chapter I givea a brief .
deseription of how these cases are tr:aa.tud.

The main purpose of thie paper is to discues a
‘generalization of the stebility test to arbitrary confi-'

gurations, Fig.3 shows & typical case., The essential
innovation ie the ocourrence of friction forcea. In

chapter II the stability criteria are derived, and a
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" I, CONFIGURATIONS WITHOUT FRICTION
1. Statice | : :
The existing program handles configurations in which two
sides of each block are horizontal as shown in Fig,.2,
This restriction assures that only wertical forces
uuﬁur, the weights of the rectangular solides and the
uarruapunding reaction Iﬂrn&u. By an asspumption which
reflects the inevitable inaccuracies of the hlocks, re-

~ action forces can only occur at

(1) vertices of blocks and
(11) intersections of line segments
as shown in Pig.4. Fig.5 shows a typical constellation
L. of forcea acting on a single bloek.

]
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~There are three equations Ihﬂ]r‘nﬂa to dutarﬂiﬁ
unknown forcea Pi’

::Pi =0
E:H: = 0
EH{-U

T —
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My and ll{ are the moments with respect to the x- and
y-axis respectively, -

If there are n blocks, we have 3n equations for Im
unkmown forces, where min in general., If m = n the
syetem is called statistically determinate. But usually

man, and the forcea cannot be determined unigqualy.

2. Stability

A nimpln rule for utnbilitr is thu following: given that
all forcesa have been 1ntrndunam with the directional
sense of Fig.5. i.e, pointing towards thé block, then
the configuration is stable, iff there exists a solution
to the in equations such that no force is nagﬂtivn; This
iz quite obvious eince a negative force would mean that
two blocks try to seperate and the reaction force must
keep them together. Since there is no glue or chewing
gum in between, thie type of force cannot occur and the
blocks tumble.

3. Program '
The program that executes this stabllity test works
ae follows. AB prﬂliminﬂry.mnninulntinna-
(1) the 3n eguations for the Im unknown forces
. are formulated |
(11) 3(m-n) forces are temporarily treated as con-
stants while the equations are solved for each

of the remaining 3n forces
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(111) the solutions are brought into the form
shown below wharas unuh'_‘bii 0.

q

positive !
L] q:l-'l.ﬂtiﬂﬂﬂ .

1t 8,300 inen *oeee * 8 Xy

Tye = By ¥ By ana1Xaneg *oeee * %, m%m

negative M+l = Ppy1 * H'l:+1,3.!1-l-l:'::u:ﬂ.-:r, ¥ oees o a'Zt|:+1,,m.:":|_l
equations * '

“X3n = Pyn * By 3ng3¥gngg *oees * B3, ™

The actual atability testing ]::':;g:ru.m tries to get rid

of the "negative equations”, because if all equations
are positive, the variables on the RHS can be set to zero
and the stability requirement is satisfied. This is done
by uuhatituting a HEHS-variable with negative coeffi-
clent for the negative IHS—variable, If one finully

ends up, however, with a negetive equation which has

only pﬁaitiva coefficients on the HHS, this equation

can never be patisfied with positive forces and the
confilguration is unsetable,

. From & more thunratiﬁl point of view the program
makes use of the following theorem: Given a block cone
figuritinn with M unknown forces and described by N
équations, then if there exists a stable solution at
all, there must be one with M-N forces set to zero,



— Thias 48 the flow chart of the progrep: . .

Start
A ;

If for any 1 b,=0, choose the sign of the i°2
equation so that it 1s positive. Then put this

equation at top of list.

B
1§ ——{Are there any negative Eg‘llﬂ.tiﬁnﬂ-'?
(tu’ﬁr yes
stablel
. fno ——Does each negative eguatlon have at least one
towar
(un- negative mefficient,:ai_'{ 0; on the REHS 7
stable B yes .

Find the first negative coefficlient, “3::1 I on the
¥

%ﬂs of the last na%ativa equation. Stors the value of 7,

b
Find i corresponding to the minimum of {Infilz 3131: ﬂ]
- [ =
Solve the ith aquation for :ﬂ
™ ' 1

Substitute for xa in all other eguations

[
Put the equation for xs at top of list

Ie there a positive equation with hitﬂ and no
f.i:l £0 for all j 7
yes
Set Iid}, and set Ij'ﬂ for each j such that B:l;i{ ]
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IIi 2=Q£!§§§Iﬂﬁll CONFIGURATIONS !I;E Iﬂ;ﬂilﬂﬂ )
l. Staties

Before extending the discussion to the general 3-dimen-
eional case with friction we consider an easier situation
which has some academic importence, leads to a simple
solution and also shows an essential new feature which

one encounters in the general case, Fig.6 shows a typical

tion with friction. -

4 #J; N
"\\\1
, . NE-
3
Y.
Pig.6 ' Pig.T

—_"‘.I.‘t‘ia intuitively elear tﬁnt;mﬂmtu—t-mrmt——“m

slide downwards depending on the friction between 4 and 1,
and 4 and 2. The reaction force in the touching point

. can be decomposed into forces N and ¥, normal and paral-

lel to the edge of rectangle 4, raapaﬁti?nlrflrig.TJ.
N can only be poeitive and is gquite alike the reaction
force encountered in the model without friction. f ise
the I;ictinn force and etands for the resistance of two
bodies againet sliding on each other, as long as they

are gtill at rest. Clearly this resistance cannot be



ﬁnlin:l.tuﬂ, and depending on the mﬂnnin of the bodies
and on the force by which they are pressed on each

other, some reaction F might exceed that limit and cannot
~ ba 'prnﬂ.uued"l by the system - the blocks start sliding
and the configuration is unstable, '

Experiments showed that |F| & ﬁﬁ i.u a good appro-
-:_m_atiﬂn of this upper limit. Vs is a surface parameter
.and N is the normal force at the touching point. To be
nnnuin‘l;ant with the assumption that forcees occur only
" at isolated espots (and not as line- or area-forcea) -
en assumption which reflecte the geometrical imperfections
of the rectangles - we postulate that these isolated spots
are the only (point sigzed) areas where friction occurs.
This means in consequence that the geometry around the
friction point does not affect the surface parameter,
Furthermore we shall assume that the rectangles are made
of thé pame material. Hence M can be considered constant
for the whole eyatem.

There are three equilibrium conditions for each
.rnntmgla (Fig.9). .

Z P, =0 forces in the direction of the x-axis
. Pn = 0 forces in the direction of the z-axis
| Z M =0 moments with respect to the y-axias

S



5 Lo
u Fuid
ozl

(1]
rre iz

e L

ke dual LI 2

-
417 &

.
¥t

-L.H—

. 2, Stability

As in chapter I the normal forces must be nonnegative,
In addition the friction forces must obey

1Pyl € By - (1)
where the F, may be positive or negative, depending on
the direction in which they have been introduced,

3. Program
"~ In thie 2-dimensional case with friction it is possible

to use the same program as described in chapter I, The
trick is to express the condition of Eq.l1 in such a way

that all forces simply have to be pnui‘#i‘n for stabilit

This can be done by letting
r, + D{Y) w (2)
| -Fi + Iij{lz} = -f'“‘“i {3]
waere D{1) ena D{?) botn have to be positive for Eq.1
to hold. Hence we eimply have to replace each Fy in the

equilibrium equations with the help of Eq.2 and add Eq.
(derived from Eqs.2 and 3) .

p{1) 4+ p{3) 22 pm, (4)

The resulting system of equations can be treated exactl
a8 described in chapter I,
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III, GENERAL CASE WITH FRICTION

l. Statics

Fig.l0 shows & typicael configuration of blocke. Let us
consider the reaction forces between block 1 and 2.
Following the convention of chapter I we locate the

at encireeled ta.lF 1

N Lol T
© Ny LT, ol Tyt
Fig.10..10 Fig.1l ¥ig,0 L Pig.l2.

"“‘“Ii“iﬁiﬁ'if‘iﬁ!"iﬂiii_il’HE?!'!TnE!!MI_IETEI_EEH_!_!!IEtIEﬁ‘“_'
“  foree, Infortunately, because of the additional dimension,

the direetion of each friction force is unknown 2-dimen-
eionally, so that we must introduce two orthogonal com=

. ponents, FI and FF' Fig.l2 showe the reaction forces.
* The resulting frietion force is then

7= V72 + 1‘3 o (8
and ip limited again by
IFl & B o : (6)

As before M is mssumed to be conatant for the whole
configuration.
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The statics of a single blockare described by the
full set of six equations. |

TP =0 Eu:_-u

E'PF = 0 E'HT =0
ZEP, =0 _ E:Hs =0

Note that Eq.6:doee not serve to determine unlmown
forces but is a control inequality which tells when
the described system is unstable; i.e. unrealizable

in the given form.

2. Stability
The stability criteria are as before. All normal forces
must be positive, and all friction forces must obey

Eqe.5 and 6. It is evident that a nonlinear relation

'antufu'tht calculatione. Thie constitutes the essential

difference between the general case with frictiom on .. :
the one hand and the 2-dimensional case with friection
a8 well as the j-dimensional case Iitﬁbut friction on
the other hand.

3. Program

There are név&fnl ways of executing the stability test.
One Bfrategy is to use the linear equations and search
for & solution which is stable in the normal forces.,

If there exists such & solution one needsonly plug the

values of the friection forces into the inequalities of
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the type . VIi + ;E € ME | (7)
If they are satisfied, the configuration is stable., If

they are not, there may be three reasons.

(1) Priction torces and normal forces have been discar-

- ded as statically redundant in an inconsistent manner,

Fig.l3 shows such a case, By some additional complexity,

' however, the program can be modified to avoid this case.

{ii) Forcee have been discarded consistently, but still
another choice of redundant forces may lead to the result
"system stable"., Fig.l4 shows thie pathologlcal case.

The normal force at either a or b has to hﬁ discarded,

If b is aseumed to carry, block 3 might not elide on 2.
If however the normal forece at b is discarded, block 3
gets additional load at & and the inequality will indi=-
cate "system unstable”, It seems impossible to aveid

this .pitfall and still have an efficient and fast sta-
bllity test.ir the besic strategy of the program is kept.

(1ii) The configuration is in fact unstable - the desired
result.

_L| % N S

T 3
S
L S ; “
ifr o <L
Feu Pig.1l3 ' . Fig.1l4

beoowase
M i3 cliscarcled
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The complexity of other ways of executing the
stabllity test is mainly due to the nonlinearity of
Eq.7. I believe, however, that this effort - on the

part of the programmer - and this additional compu=-

~tation time - on the part of the program = is not really

Justified, because the upper limit of friction forces
given by Eq.6 is a rather crude approximation of a
physleally complex relationship. The surface parsmeter
M » moreover, ie not really well-defined but depends
on each microscopic scratch which may or may not be

- at a particular spot, In short: If a reasonable appro-

ximation of the nonlinearity of Eq.T7 can be found, it
will not degrqﬂn the overall performance decisively
bacause 1t°'is not the firet approximation.

Ar—
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Fig.15 shows the region for which F- + P2 ¢ (um)?,

.lf".luj-'a:""'-.
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Fig.15

L

| If one approximstes the circle by a square, the ocon-

L]
ditions read P | € W'

r
and IFFI e mN
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Now 'l'l are back to a linear restriction and can write
a8 in chapter II

(1) ' : (2) _ .
?xllrle -‘HH -II'I'I:II l’,hH

(1) Por® _ (2) _ W'
rj""ﬂar = MmN -]!'?+IIIF MH

where all D's must be positive for the restrictions
to be satisfied. |

If we replace each ¥, by Hi-I}il-} and add the
equation Di”-& .‘DFJ- 2 Hi s The original prograsr=a
described in _t.haptér I will perform the Bfuhilitr teat ,
and the extension to the general case with friction ils .'

carried out guite painlessly.
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APBENDTX
1. FUNCTIONS FOR _SOLVING sSTABILITY FUUATTONS

(5UP1 X) Takes as input & =et:of enuations

in the format illustrated in the examples

at the end of section IT7, SUPL reads into
core the print names of the variables appearine
in the equations, as well as their coeflficients,
The coefficicents are stored in A matrix whose
row elements are the coefficients in order of
the corregpondine equation expressed in the form:

85,171 * 84 2% o aee + 8y X+ by = 0,
(SETUP) Brings the enuations implicitly into

the form shown in iii) on paze 5, hy applyine
appropriate row operations to the ceoefficient
matrix, A row corresponding Lo an couvation
solved for a variahle X in terms of variahles
Xys ++X, appears as follows:

ﬂi,ﬁz:iaq.ﬂ.,"ﬂtl l-ll-u.'-i].‘ DI::"[}, h’
where the %1 appears in the nth column, and the
walue of b is positive, A +1 in the nth

comumn indicoires a "negative" cquation.

(LOOP) Applies the algorithm flowcharted on

pace f, The letters on the bhoxes in the (igure
corpespond to tags in the prograr as listed

in se¢ction TTT. The program either outputs the
atom UNSTABLE, the atom STABLE, or the atom
CONTINUEL In the latter case, another iteration
of the LOOY proeram is indicated.

(OUTPUT) Outputs a formatted version af the
current state of the coefficient matrix.
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11. EXAMPLES

Equations corresponding to these examples
appear at the end of section TIT.

Fach block four units square in the following
diagrams (Figures 16 - 19) are considercd to
have one unit of mass,. The pointe at which the
forces act are given letters A, B, etc., which

are used as the correspondine force variahles in
the equations.

EX] -

| I -
0423 ¥

Fiqura 16
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The force (F) and moment (M) cquations for

the situation in Tigure 16 are:

F: "A +B =1
M: 2A:-s 0

F: C+ D=2
M: 6 = 30 = 0
F: F + K =4

M: 12 - 3F = (.

After executing the program SUF1, the

e mafriw of cnefficionte das

B
1.00
«00
«00
«00
«00
«00

] F
iﬂu ;ﬂ'ﬂ .ﬂﬂ
llnn 1““ .ﬂﬂ
.00 1,00 «00
-nn -E‘HU « 00
«00 «00 1.00
‘Inﬂ -ﬂﬂ ";.ﬂﬁ

«00
00
00
-00
1.00
-00

MIL
=1.00
- 00
=2.00
6,00
wd 00
12.00

After executing SKETUP, the coefficients are:

NIL [ ]
i} 1.00
] 2.00
1] «00
1] «00
3] «00
o «00
NIL
NIL
NiL )
£ «00
1 1.00
] «00
4 «00
& «00
5 «00
&
STABLE

T™he numbera in the leftmost vertical

|

=1.00
«00
«00
00
«00
«00

] F
«00 «00 «00
«00 .00 «00
1.00 «00 «00
«00 =1,00 «00
00 «00 «00
.UD .ﬁﬂ -l.ﬂﬂ

«00
«00
00
«00
1.00
.00

MIL
1.00
00
00
2.00
«00
4,00

column are

the serial mumhers of the variables which are solved

for.

For oxample, the rirse¢ equation above is

golved Tor the second variable,

Upon execution of LM,

R.

the atom STABLE is

output, hecause all eouations have heen reduced to

pogitive ones:
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c 0 r 3 NIL

00 '1nﬂﬂ 00 .HH 00 .EE ii.-

«00 «00 «00 «00 «00 «00
«00 -l.ﬂﬂ pﬂﬂ « 00 .ﬂﬂ iﬂﬂ
.ﬂﬂ 'un 'I.-ﬂﬂ’ -ﬂﬂ inu ’luu
«00 «00 .ﬂﬂ «00 -1.ﬂﬂ .ﬂﬂ
« 20 i.. ..' -I-ﬂ& *ﬂﬂ d.00

e L B —

squart

Ag before, thﬂ‘hlnckﬁ are considered to
have unit mass:

//;" f;}’ TSN

P ——

JIT7 7777 7 7 7777

Figure 17.

The equations for this situation are;

F:
M:
F:
M:
F:
M:

A+ B+C 4+ Dal

2 = 28 =« 3C = 4D = 0
E+F=14+4A44+8
dF = 2 < 24 - 48 = 0
G+H=14+F+F

E +2 +« 4F - 3H = 0

 an L TP T P

S ———
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The results of applying SUPI, SETUF, and LOOP (three times) are:

=-0OoO00o00oX

xz
=

=

A 8 g [} [ 4 r [ L] NIL
i.00 1.00 1,00 1.00 «00 « 00 «00 «00 =1,00
«00 =2,00 =3,.00 =4,00 «00 «00 =00 00 2,00
=]1,00 =1.00 «00 .00 1.00 .00 «00 «00 =1,00
=2,00 =4,00 L 00 00 «00 J.00 - 00 «00 =2,00
.00 .00 «00 ,00 =1,00 ={,00 1,00 1,00 =1i,00
00 .00 .00 .00 1.00 4,00 «00 =3,00 2,00
A B e D E F g H NIL
=d,00 =2.00 =] .00 «00 «00 <00 « 00 «00 2.00
=J.00 =1.00 00 {.00 «00 «00 00 «00 1,00
add -, 33 «0n inn -Inﬂﬂ «00 «00 <00 . I |
.ﬁﬁ 1.33 «00 iun « 00 '1#0” « 00 «00 -1
00 =.85 «00 «00 «00 «00 =1,00 «00 P
99 1,566 «00 «00 «00 « 00 «00 =1.00 1.86
A a c u E F [~ H
«00 =1_.00 «00 «00 « 00 +00 =1.5%0 +00 H!E!ﬁ
-ﬁ.nn iﬂu .ﬂﬂ lqﬂﬂ .ﬂn -nn 1;!“ .nn -“
[JJ 4““ .ﬂﬂ -uu 'lcﬂﬂ 'ﬁa -5“ ‘un .I’
1.1 « 00 « 00 «00 «00 =100 «2.00 00 1,33
=4.00 .ﬂﬂ =] .00 .nn «00 .nn E‘nu .nn .g?
-9 «00 «00 « 00 «00 «00 «2.%0 =1_00 2.50
L] B c o E F -] H
=] .00 =00 « 00 « 33 « 00 <00 +50 .00 NI&IE
‘o0 1+00 .00 .00 .50 lop .ilsp oo .50
‘o0 ‘D9 .00 .11 -1.00 oo .68 oo .22
‘o0 D0 .00 .22 00 =1.0p .16 oo 1,44
«00 «00 =1.00 =1.33 00 .00 1.00 .00 I3
«00 «00 «00 «33 00 +00 =1.99 =100 2.88
[ ] c 1] E F -] H NTL
=].00 «00 «00 .33 «00 <00 .!U «00 «18
-ﬂﬂ -l-nu =00 «00 =00 ‘ﬂu -1-!“ 1ﬁn ‘!ﬂ
« 00 « 00 «00 «11 =]1_00 «00 M. 1] « 00 s 22
1““ .ﬂﬂ .ﬂﬂ pIE tuu 'lgﬂﬂ -tf‘ﬁ -ﬂn ll“
«00 «00 =1,00 =1.33 -00 «00 1.00 .00 - 33
«00 «00 « 00 . «00 «00 =1.99 =100 2,868
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At the end of the third iteration, the [LOO#
program output the atom STANLE,

B

The dituation is as follows:

el i 8§
[ ™

The force and moment eovations:

F:
Mz
F:
M:
F:
M:

A + B+« C + =1
28 + B =C = 2D = 0O
A+ A+ 1 = FE + F
A=FE + 28 ="2F = 0
E+|].-I-].IG+H
2C =« 2G + D =H = 0

The states of the coefficient matrix after SUPl,

A [ ]
1.00
2.00
1.00
1.00

«00
« 00

SETUP, and 2 iterations of LOOF:

[ 1 [ F ]

i.00 1.00 1.00 «00 -0 - 00
1.00 <1.00 =g,08 .00 .68 .08
1,00 .00 ,00 =i.00 =1,00 .00
2.00 .00 .00 =i,00 =2,00 ,0OO

MIL
00 =1,00
-" i'ﬂ
.00 1.00
«00 .00

1" I.ﬂﬂ I-'n’ Iun .ﬁ'ﬂ -I--'nn -Iluﬂ l.ﬂﬂ
00 2.00 1.00 +«00 <00 =R.00 =1,00 - 00
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A [ — : .
NIL A ] e o E F g H NIL
3 -l.ﬂﬂ Iﬂ.ﬂﬂ -1.00 #Gu « 00 aﬂﬂ puﬁ 1““ E;ﬂﬂ
4 =3.00 =2.00 00 1.00 « 00 «00 00 00 1,00
s 1.00 «00 .00 «00 =1,00 «00 «00 .00 2.00
& «00 =1.00 «00 00 <00 1.00 .00 .00 1,00
7 =d 00 =3,00 00 « 00 «00 «00 =1.00 00 1,00
8 3,00 2.00 .00 .00 «00 00 L,00 =1,00 1,00
]
— NIL A @ e 0 E F g W NIL
2 '11:3 =1 .00 «00 .ﬂﬂ iﬂu 1““ -,:: .ﬂﬂ 433
i -, 33 «00 .00 1.00 «00 00 58 00 .33
- | 1.00 «00 « 00 +00 =1,00 «00 00 00 2.00
-] 1.33 « 00 «00 =00 «00 1.00 «33 «00 .11
3 «00 «00 il.ﬂﬂ tuu inn -ﬂﬂ l;ﬂﬂ 'ﬂn l.ﬂﬂ
' |=3 iun -ﬂﬂ .ﬁﬂ 1”“ 'nu --ﬁﬁ 'l.ﬂﬂ l.aﬁ
&
UNBTABLE
] T S— —t ' ' ' N
8 c o E F
& =1.33 =1,00 ,00 ,00 .00 LOQ F-.J: " 0o NILJ:
4 =30 ao . »
- -nﬂ I.ﬂﬂ -ﬂﬂ ‘un ‘ﬁa nu ua
. 1.00 .00 .00 .00 =1.00 .00 .00 .00 2,
& 1.33 .00 .00 an o0 - - «00 2,00
3 0o . . 1.00 o33 00 B85
s i:a rgﬂ =1,00 -ﬂﬂ .ﬂﬂ -ﬂu liﬂﬂ <00 1'nn
5 * «00 00 «00 « 00 00 =,86 =1.00 1,66

_ _.__“___l - - S - S it e - e TR e g e s e -

After the second iteration, the atom UNSTARLL

was output hy LOOP,
EX9 ;

ation :,
The 15511 atl-rotn in figure 19, The square
hlocks have unit mass, ani-the others have mass
proportional to their areas.
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Ficure 19,
. » The force and moment eguations:
F: A+ R=1
M: “% =B = 0
F: A +B +2=0C4+ D+ E+ F
M: A 2+ 2R =D + E + 2F
F: C 4+ L+ 3 =G +« H
M: MC + 1% = WG + 1WH
F: E+F +1 =1 +4d
M: % 4 F = J
F: G+ 0 + 71T +«J 4+ 4 =K+« L +M+N
M:e 203 + H + T = K « M 4+ 2N = [

+
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The solution to this stahility probleéem,
by means of the programs given, is lefL as an

BXEFrCLEC.
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IIT. LISTINGS

(DEFPROP SUPLILAMBDA(X)(PROG(I J VLIST FOS VAR)
ISETR 1 0)
(BETY KIMAPCARIFUNECTIONIGAMBOAIY JICONSISETE TIADDT THIYRIINIY
ISETD E@S 1)
(SETO 1 OF
(SETE YLIST NIL)
(MAPC{FUNCTIONILAMBDAIY)
(MAPCIFUNCTIONILAMROMLCE )
[AMDINOT{ABEOCICAR ZIVLIST))
(BETY YLISTICONSICONSICAR ZFY(SETE 1¢ADD1 IV YWLISTININD
(CDOR YY)))
X1
(SETQ VAR 1)
(DEPDSITIGETI(QUOTE EQS)(QUOTE SYM)YIEQS)
{DEPOSITIGETIAUOTE VAR) (QUOTE SYMIIVAR)
ICONDI (GREATERPISETO [t(wp[F
(PLUS BPORGITIMES(ADDT EQSIIPLUS 2 VARII)
BPEND) D)

(IRETURNICONS J(QUOTE(MDORE BP WORDS NEEDEDI)INIY)
tﬂﬂ:ﬂtlElEITEﬂF EGS S0.)(RETURN[GUOTE(TOD MANY EQTATIONS)II)I)
(SETER I D)

RTIDEPOSITI(PLUSIGETI(QUOTE [NDZ)IQUDOTE BYMIIT)
(BOOLE 7 2000000(PLUS B2ORGITIMES [(ADDY EQS1)Y))
{DEPDOSITIPLUSIGET(QUOTE INDIYIQUDTE SvM3)IT)
(BOOLE 7 J00000Q(PLUS BPORG(TIMES I (ADDY FRS))1)1
(COND{ (GREATERP({SETG [tAUD)Y Iy iADDL VAR 3 ¢BD T1p1y
(G0 RT)
TI(DEPOSIT (GETIQUOTE INDZ2)(QUOTE SYM)IIBOALE 7 2000000
(PLUS BPORGITIMESCADDY EQS)(ADDYL VAREDII))
(DEPOSIT (GET(QUOTE INDRP2) (QUOTE SYMIV(BOALE 7 2000000 BPORS1)
(CLEAR)
(MAPCIFUNCTION(LAMBDALY)
IMAPCIFUNCTIONILAMBDAIZ)
ITNSERTI(COR(ASSOC (CAR FZIVLISTIIICAR YI(COR Zi) 1)

(CUDR Yidr1)
L)
(MAPCIFUNCTIONILAMBDAIY) (INSERT(ADD] VARYI(CAR YII(CADR ¥y )))
LR

(HAPCIFUNCTIONILAMADACX) {INSERT(CDR X)I0ICAR X¥)JVIVLIST)
[OUTPUT )
(RETURN NIL) VIEXPR)

({MAPCIFUNCTION(LAMBDA(X Y){PUTPROP XIPLUS Y BPDRG)I(QUDTE SYMIN))
IGUDTE (E@S5 VAR INRP2 INUC2 INDZ IND3Y)
IGUOTEILD 1 2 3 &4 5S4, 11}

ISETQ BFOHG (PLUS BPFORG 104.))



(LAP SEIUP SUBR)

5 (ROVE 2 EQ5)

Bl {HOVE 1 VaR)

82 (SRIPN® O INDZ 1)
(80JE 1 32)

(HOVEM® ] [NDPZ)
(CALL 2TQUOTE ROWSUSE])j
(50JG 2 51)
[MHOVE 2 EQ5)

53 (MOvVE®™ 3 [NDE2)
(JUMPGE 3 851
(MOVE 1 VAR)
iADI 1 1)

54 (MOVE® 3 [ND2 1)
(MOVNM® 3 IND2 1)
(50JG 1 54

58 (50J6 2 53}
(FORJ P}

ML

(LAP LOUP SUBRI

& {MOYE 2 EQ51)
il (HOVE® 3 JNOC2)
[JUMPHN 3 AJ)

(HOVE® I INDFZ)
(HOVE® 3 IND2 1)
(JUMPL 3 A3}
(MUVE 1 VAR)

(ADDT 1 1)

AZ (MOVE® 3 IND2 1)
(MOYNM® 3 [ND2 1)
I50JE 1 A2)

A (S0JG 2 Al)

B (MOVE 2 EQS)

B1 (MOVE® | INDP2)

(mOvE® 3 IND2 1)
(JUMPBE 3 B2)
(30JE 2 B1)
(MOVE] | (QUOTE STAGLED)
(FOPJ P}
B2 IMOYEM. 2 NEGEQ)
c (MOVE 2 E@B)
Cl (MOVE 1 VAR)
cz (HOYE® 3 IND2 1)
[JUMFL 3 C3)
{50JG 1 C2)
(MOVEI 1(QUOTE UNSTABLE}))
(FOPJ P)
c3 (30JG 2 C1)



0 (MDVE 2 NEGEQ)
{MOVE 1 VAR)
ol ISKIPL® 0 IND2 1)

(80JE 1 D1

E ({MOVE 4 BIG)
(MOYE 2 E@S5)

El (HOVN® 3 [ND2 1)

(JUMPLE 3 E2}
(MOYE® & [NDC2)
(FDV & 3)

(CamML & 4)
(JRST 0 E2)
(HOYE 5 2)
(MODYE 4 &)

E2 (80JG 2 El)
(HOVE 2 %)
(MOYEH® 1 [NDP2)
(CALL 2(QUOTE ROWSU#E))

F I1ROYE 1 VAR)
(ADDI 1 1)
(MOVEL 3 1)

Fl (MOVE® 4 [IND2 1)

{EXCH®™ & [IND3I 1)
(EXCHP 4 [ND2 1)
(S0JGE 1 F1)

G (MOVE 2 EQS5)

Bl (HOVE 1 VAR
(ADLT 1 1)

G2 (MOVE® 3 [ND2 1)
(JUMFG 3 G&)
(50J6 1 G2
(HOVE 1 VAR

("] {HOGVE® 3 InD2 1)
(JUMPE JF GS5)
(MOVE 3 Eg@s)

Ed {SETZH® 0 IND3 1)
(30JG 3 Gd)

(1.1 (50JG 1 G3)
IMOVE® | [NDP2)
IHOYE 3 OME)
(HOYNM® 3 [NDZ 1)

(H].] (50JG 2 G1)
(MOVE 2 EQS)

53 (MOVE® 3 INDE2)
{JUMPGE 3 38)
(MOVE 1 VaRmR)
(ADDI 1 1

54 (MOYE® 3 [ND2 1}
(MOVMNHE 3 InNO2 13

150JF 1 54

5% (80Je 2 853)
(MOVE] 1(QUOTE CONTINUE))
(POPJ P

BiG (IFFFTITFTTTIT

ONE (201400000000

NEGER (D}

NIL




[OPS
SETEM® 402020000000
MOvHMe 214020000000

iLAP ROMSUE SUBR)
(IMOVEM 1 R4)
(MOVE 3 RS)
(FOve 3 IND2 1)
({MOVE 1 VAR)
(aDDI 1 1)

Rl (FHPM® 3 [ND2 1)
(50JG 1 R1)

|{MOVE 1 R4)
(MOVE 3 RS)

(HOVEM® 3 IND2 1)
{HOVE 3 E@8)

R2 (CAMN 3 2%
(JRET O R&)
iMOYE 1 R4)
(MOVE® 4 [NDJ 1)
({JUMPE 4 RS&)
({MOVE 1 VAR)
(ADDI 1 1

R3 ({MOYE® 5 [ND2 1)
{JUMPE 5§ R7)
(FHP 5 4)
(FSB® 5 [ND3 1)
(MOYNM® 5 [ND3Y 1)

R7 (50JG 1 RY)

Rt (S0JG 3 R2)
(MOVE 1 VAR)
fApurl 1 11

Ha (MOWVE 3 E@5)

1] (HOVH® 4 IND3 1)
{CAMGE 4 R1D)
{SETEZM® 0 IND3I 13
(50JG 3 R9)

(50JG 1 RA)
(POPJ P)

RIO (1604000000001)

Hd (1]

RS (2014000000001 MNIL



-2B-

(LAF OUTFUT SUBR)

Tl
TE

Ta
Ta
1]

{HOVET 2 0)

(MOVEI 1 0)

(MOVE® 3 [IND2 1)
(MOVEM 3 T3)

{MOVEM 2 TS)

{MOVEM 1 T4)

(MOVE® § [NDZ 1)
(MOVEL 2(QUOTE FLONJM})
(CALL 2(QUOTE MAKNUM) )
{MOVE 4 1)

{MOVE 3 T3

(HOVE 1 T4}

[HOVE 2 TH5I

(CALL 4(QUOTE QUTPUT=))
(MOVE 1 T4)

fHOVE 2 T5)

[CAMG 1 VAR)

(ADJA 1 T2

tAODI 2 1)

(CAMLE 2 EQS5)

(FOPJ P)

IJRST O T1)

10}

Q)

10) MNIL



~29-

[LAP CLEAR SUBR)
(MOYE 2 EQS)

(31 (MOVE 1 YAR)
(ADUI 1 1}

c2 (SETIH® 0 [NDZ 1}
ISUJGE § C2)
iS0DJGE 2 C1)
IPOPJ P) NJL

[LAP INSERT SUBR)
(SuBl 1 1%
(SUBl 2 1)
(JUMPE 2 [1)
(PUSH P 1)
(PUSH P 2)
(MOVE 1 3)
(PUSHJ P NUMYAL)
(MOVE 3 1)
(FOP P 2)
(POP P 1)

11 (MOVEM® 3 [ND2 1)
(FOFJ P}

MIL



~30-

{DEFPROP OUTPUT={LAMBDAILX ¥ Z W)(PROG(I BASE +«NOPOINT LIMEL)

ISETD HASE 10.)

IBETD =NOPODINT T)

ISETD LINEL 120.)

(ICONDLLAND X YIISPT WIIRETURN NLLIY)

(SETE 1 (CONDOY(HALKMUM ZIQUOTE FIxWNUMIY)

(X Z}y 4}

{ANDINDY X)UNOT YIITYD 141}

LANDI{NDOT X){TERPRI))

(PRINCIGUOTE / 1)

(PRINC I}

(SETE LU{«DIF S{FLATSIZE 1))
RTICONDIIMINUSP(SETO T(SUd1 T)))(RETURN NILI))

(PRINCIQUOIE / 1)

IGD RT) ) IEXPR)

(DEFPROF SPT (LAMBDA(X)IIPROGII BABE »«NOPOTNT J)
ISET@ «NOPOINT T
(SETQ HASE 10.)
(CONDIL(MINUSF X)(SETQ XITIMES X =1))(SETQ JIQUOTE /=)))
(ITISETE JIQUOTE 7 1))
(SETQ LIEXPLODE(SETO X(FIX{TIMES 100. X)3) )}
(COND
LIGREATERP X 9999, ) (PRINCIQUOTE # 7 BIG/ 11
(IGREATERP X 999,)
{PRINC J}
(FRINC(CAR 1))
(PRINC(CADR 111
{PRINC(RQUOTE /a1
{PRINC(CADDR [}
(PRING(CADDOR L3y )
(IGREATERF X 59%9.)
(PRINC (QUOTE » 1)
(PRINC J1
IPRINCI(CAR 1)1}
(PRINCIQUOTE /)
(PRINCICADR I3}
(PRINCICADDR [} )
[ {GREATERP X 94}
IPRINCIQUOTE 7 4 1)
IPRINC J) =~
(PRINCIQUOTE F.))
(PRINCICAR 11}
(PRINCICADR 130 )
{7
(PRINC(QUOTE 7 / 11}
(PRINC J)
(PRINC(QUOTE Fa01)
IPRINC(CAR T33 1 3
IRETURN MWIL) 1)EXFR)



(SETQ EX1(QUOTE

t."Illn I* L l.ﬁ’(! - 1-011
[ D0 (A &« 2,001}

f=2s0 IC & 10000 5 1.0))
I &aC 1D &« =3.010)

(=d,0 (F » 1:00VIE » 10131}
(12.0 (F o =3.00) 1))
ISETE EXZIQUOTE(

(=1.0 (A . 1.0118 . 1.00iC
I 2.0 (B . =2,01IC » =3.0)(D
[=1.0 (A o =1.00VI8B . =1.0)(E
(=20 (A & =2.00IB & ~4.0})IF
(=10 (E & =1:00(F . =1:01(G
I 2.0 (E 1.00V0F o 4.0)i(H
IBETY EXJIQUOTEN

i=1.0 tAh o 1.,0V(B . 1.00(C
‘ ﬂ-ﬂ ll L ] E-HI{E - lqnllc
I 10 (& & 1.000(B « 1.0)(E
| D0 (A 1«OYIE &« =~1.011(B
P 10 I & 10000 &« 1:0011(6
i DasD IC & 2.00i6 « =2.00(D
IBETQ ExX®I{QUOTEI

if=1.0 (A o, 1,008 » 1.0)1
i U-E ¥ - -lqﬂ’]

{ 2.0(A o 11,0008 , 1.00(C
I Z«00A « 11,0008 , 2,00(D
i J00IC & 10010 , 1.00(6
[ D0L0(L » DO%5¥iD . 1.5MIG
i 1.0IE . 1.00M(F . 1.0011
b O0«50F & 1.000d 5 =1,.00)

I 4,008 o 1.,000(H o 11,0011

ld & 1.,00(K , =1.0010L

I D006 » 2.,00dH ; 1,00401

1.000D0 o 1400
=d.0)]
1.00(F & 1.001)
J:001
1:00V({H &« 1.01}
=300 b1}
1!“"“ - l|n’]
=1.001iD « =2.001)
=1.00(F o =1,0)1)
E-ﬂIiF - ':-nl:
=100 iH &« ={001
1eO¥iH & =1a01))
=1.0¥0(0 . =1_0W{E
=l .0¥(E ., =1 0W(F
=1.00(H . =1,00)
=0.5)(H . =1,5))
=l.00(J . =1_,00)
1.00
=1l.0)({M , =1_0)IN
1.00(K , =1,001(M

« =1 . 0)(F

« =2.011)

=1.011

1.00IN .

=1.0))

2.00y 1}



