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Abstract 

This paper is a report in two parts. The first proposes 

extensions to Jason ' s relational fuodel in orde r to enable Ja on to 

cope with a larger class of real world environments . 

The second part deal~with the applicati on of cluster analysis 

to grid map pre-processing . This work was undertaken in an effo t 

to incorporate !';roups of closely spaced ob,i ec ts into single "pseudo

o b,i ec tU thP.reby fdmplifyini!:; subsequent navig-ation and path 

computatinn. In addition, ohject cluRtering has the notential 

to reduc e the numher of turns needed · n calculated robot trA~ectories, 

these turns bP i!!Js the m8 j or source of accurnu lated error . 

h ile not impJe~PntPd in Fortran , all clustering routin°~ 

were written and fully deh1 1.gged in. APL . (The programs were written 

howevRr, wjth a n evP tnwards subsenuent conversion to Fortran) . 
V • 

Tef;t run s were made or. nctual C:crJ : ~,~11 rocm data, which w::is 

painstqki~~ ly collected. 
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PART' T . ENVIR0. MF.N'I' ·10D~LTNG AND DATA COI.LECTION 



IN fR0DUCTI0 r 

De ~iled ~e2~u~e ens f the hird flo r of Cor y Hall were 

collPc e~ ~o that J~SO !, the Eerkeley robot , would have accurate 

infcrna ion nn he r-rviron en c the third floor. It soon 

relational and 5rid ~odels for 

JASO vPrp ~nqrle1unte fnr ,crura ely modelin Cory Hall • Hence, 

- ~~ !;re r~ -t ~f t~i~ ~Pction deals wi h the wcdificatio sand 

extRr.si ~s tc +he r e ~~ i ~al model that are needed to more 

The ~econd part of Th:s 

i:--:cluding 

i~fnrw~t:on col . ec~R~ wh:ch was used as inp~ o he cluster analysi_ 

prczr~m ~p~cribed i~ det~il in part II of this repor+ . 

1 



-ZXTE.1 IO :s 11 0 _H~ RELATIO 'AL ODEL 

infcrm~ti0n ~hc1t t~e ~ir~ fl00r o: 

he rimary ·rn• ,h":...f r;.o·':! ~re n,1.t 

ry l-h..11 . 

( ) some co~~e~" ~o rot f0~~ right ;:ingle~ 

(2) there ~r re prov~:ion in th~ ~odel rr chr open~n£S ~t 

a~su e ha i+ i: dePirqble c co~tinue usinc the r elational and 

Gr : d mod~ls ~r.rl ~· , /. w' ll outl' ne the nec~ssary changes and 

extens i ons h,t 8-r e necessary to enable a r e lis'ti c r epr esentation 

f he hir f l oor f Ccry Hall . 

Fir= of 11 , to solve pr o 1cm (2 ) a bove , hal l nodes in he 

( hall open i ~~) ~~~ch w ul' point c - l ist of nod e of ype 

OPE I G, which a,-e ;:i na lc1e;ous t o th~ current f iel , DOOR PTR, whi ch 

points tn, li s t of ~oor s c 

2 



!;"'lch r ·7 r1P of y 2 0 ~.i.:Ii G would then r..3ve he followi ng f i eld::; 1 

I "?: ! 1\)~~r:£ - Y"rim~ f the n::_Je:ni~;:; 

D T ''l DTH - wirlth .&' he cpen ng . ' l. 

OP, H\11 n~!'"'+-er -'-o tre ~ode of area 1 r,ha the opening connects 

np_., X!i.112 - (\ ! r er to the 11ode of area 2 }1-.:> t the opening onnec s 

OP.I LOC X - x.-c0or 4 ir..~te rf the cente!' of the 0 ening in area 1 

OP' I"': V - :'-I" 0 'l ~ . ir.:1te ,, ,.. ...,_ she center o+> +he ore_ irr::: i '1 2 re-=> 1 

OF '? I.OC X - x-con1-r, i__ nn te n-1" the center o::' the 0 e 1 e in area 2 

wr'"l-:. ho.., r'".;,,r. y,rr-,•ir" ,...ly (''-"lled " thP rnaxirr.um er.closing rec angle " . 

~encc , r 0 c~s ~ ~ n'llls ~rp r2w re !'esen ed as rec~angulcr, where 

":re " rr.axi':' ·r.:. r->v:cln,...i..r..:.., rect'3nile " is i f ~ct, the rect8ngulT''' rc on: 

nr hall . A r0 0~ or ball the contai~s two types of objects: 

( ) nor~al ohjc~t~ ~s ~ef:r.ed in the current model and (2) o jec s 

of ype '1 . .!:.I.., , .. ricfi 0 , ~er.tially fill the room to give the room or 

,o 11,iliz"' 

ote that if de sired , i is possible 

of,all to handle any immcvable 

J 

objec t Wh nt·he r or not the '' ob j ec t " is on t he perimeter of the r oo:r. . 

( such as ~ixc ct pod iums ) In a ddi t ion, s o that c or n ers hat do not 

fo r m r ight ·ingles can be r epresented, it i ~ de s ira ble to allow 

ob ject s of Lype wal l to be non-rectangular. Thus each wall node 



4 

wi}l have a fiel hat pints t a list of ver ices that repre~ent 

11e " w::i.11 11
• E'1ch ver ex orresponds a (x,y) pa · r. 

~lso be oir. e~ out 

longer necess ry i odes o type wall are used . Also, the fields 

nodes . A new f'ield c~lled ~ALL PTR should be qdded to room and 

oi~t to lis of ty9e wall whicr arc 

he "walls " of' the ,...onrr. 

The wall 1':.crie'"" wo• 1l ~ have +!l"' -fc 1lov:ir.'.:_; fielrls 

tr,e vml 1 

'•! a_L_ .!EXT - n:::".t _ r to hP. next w~l 1 in "':;hit: room or h2.ll 
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DA'L\ COLLECT Ot-

he 

+'':lr 1c 0 h" the clus erin progr'1m discus ed in rie second 

of measure~ents consis s of 

n,n thir~ floor of ry P.all which 

w'111:::, tahle£ , 

surp~ent= crL l e"terl in°luded 
W r>.JTe.(/"/l r-

h - ir , de .. k-'"', o-e.rea6 e- c..,ns, 

C 

~ach 

The 2rl~:~ion?l ~e~sure ents hat were made hut no userl by 

collr,rte 

of detaile mea ur eMent f "'.::he 

Besides the ens 

0 rien a ion of ~he hallways, information was 

0h~ccts bo h movable a rl i movable hat ap~e8re 

The raw data appears in Appendix IV . 



/ 
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C0NCLUSIO,T 

Some future work must be done before the data can be 

used by Jason ir huildine- his environment model . In particular, 

Tl".c r lational 'l' r'le:~ rrus. be modified so th'lt the changes nd 

=xtensiors ~ro~o~ed ~n :he prece~ir.g pages are actually operational • 

Also , the r~w 1~t~ urp sented in Appendix IV will have o be trans-

f rrrerl ?licht y 1 r2lculati n of coordinates and such) o a form 

+~1t J8~0r ~~~ handle. 



./ 

PART II . GRID MAP PRE- PR OCESSING 
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':'h P f'lP''Pf"ISP 0f t h i s pro,i ec-t v 2.s to experiment;. with the po~si 

bil i t:y (,rnd r-rsct jcahiljty) of i mprovin rc; Jason's ovPra.11 navigational 

r0.rforP'ancc 8.nd ace r:::i.c , thro rrh 
.:_;,·J. ~r ~d-map pre-proce~sine . In 

the performance of successive GO 'T'O LOC type directives , error 

in the robot>s conception of its relative location accumulates in 

the form of wheel count inaccuracy. This type of hardware generated 

error tends to place limitations on JasoJ s usefulne ss in applications 

requiring continuous operation. 

A major source of this type of error is inherent in the perfor

mance of turns, due to the fact that turning requires a series of 

non-orthogonal movement ~ ith the rear wheel clutch released. 

Since turns need only be performed when obstacles in a computed 

path are encountered, (aside from a possible initial turn), it would 

be de irable to minimize the number of obstacles which are "appar ent" 

to the robot. In order to acconp lish this, existing obstacles in 

the environment (and apparent t o the robot throu gh the grid-map whic h 

is built up b:v the relational model ) must be somehow "clustered " 

toF,ether to form 1p Reudo-objects ~, 

1 js paper describes the details of a pseudo-object generation 

i:::ystern , whic h h::is been implemented in APL . The system uses the graph::,.'_ 

th t • t f 11 • • l • t '' t f t h b • eore 1c co~cep , o a m1n1ma spanning ree o per orm . e o Ject 

clu sterinP-. ::.i.nd t ri e concept o-f the •convex hulJ" of a set of planar 

po3n t s to gP~er8te t h 0 nseudo-object corresponding t o a group of 



TT. Ohi~rt ~ lu~tprin~ 
- - - ---- - . l. -- _ ., __ . _ ____ __ - ---- -

Tn nrdPr to de~c irP the method us e rl to clu ster object · 

~roiD s i nto nseJdn-rbjects , a few concep .s must b~ introduced . 

G i f T is 8 purpraph of G anrl 1 contRJns all vertic os of G. 

(Thi s mav be thou~ht of as a set of edges in a connected graph , 

whereby any point can be reach ed f rom any othe r point) . 

8 

Def . - If a connected graph G is we i ghted (a real number is a ss ociate~ 

wit h each edee in G) , then the weight of a spannin~ t r ee T of G, is 

the sum of the wei ghts of the edges of T. 

Def . - A spanning tree T of a weight ed connected graph G is a !!:.:.nJTI:~ .. l 

sn8nn1ng tree of G if and only i f there ex i sts no other spanning 

tree of G wh ose weight is l ess than the weight of T. 

~he -p~oc erlure which is usPd to cluster obiects i nto groups 

t!'eat s each ob: Pct as a n ode L a c omuletely c onnec tP.d e;raph . "'or 
L, dtf,-.c.1 

simpl i c ity in computation , each objec t may be vi ewed as consiPtinr 

of onl y a single point , which i s the mean of all its points . The 

we ' aht of an edpe jo inin~ two nnints is defined as t e euclidean 
'Ii 

dis+anr P h~tween the twn pojnts . (~h i s mav le arl tn sn~ 0 nrohl eMs , wh ; ch 

~ ill be rlis~us s Pd i n ~he conclusjon of this n.aner .) A mi n i mal 

tr.,,. os}1n rJ r-r it p -ri on ( t~.n }~~,,~, rl'T 0 Y'8.,P e ri.cre WPi<Tl-it) , ~nd dc::e:=- wnj0h 

<""]JY'"\'"'~,..,... t h i s thre:>c-hn l rl Ptre rlP.pmp,f. cnn:=-is+Pnt " ;:i rl ,8.Y' ciPle+~ r TY'/'"\ '"'l 

i ; a 
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cJuster set. (..s J 
-:: 

for all i and. j < . 

3. Initialize subtree Sas vPrtex Vl. 

4. Connect S to ,its nearest neighboring vertex (where all di stances 

hetween vertic es in San~ all other unconnected vertices are considerP,;} 

and define this new subtree ass . 

5 . If all n vertices have been connected by n - 1 edges then halt, these 

ed~es form a minimal spanni g tree. Otherwise, go to step 4. 

Once the minimal spanning tree. has been g enerated, inconsistent 

edges must be detected and deleted. Zahn (5] considers this problem 

for a variety of clustering applications, but experimentally , I found 

that one standard deviation from the average edge weight formed a good 

thresholdo 

Having deleted inconsi stent edges, the str ongly, connected 

vertice s remaining ( which form the cluster s) must be separated from 

one another . farshall)s well known transitive closure algorithm [4] 

was used to construct the '{.eachability matrix'' ror the set of objec t 

midpoints. A simple recursive search procedure was then implemented 

to scan this matrix for the points belonginf to each cluster. 

As;,uming that Warshall>s · algorithm for transitive clos ure has 

generated the matrix M, where Mij=l if a nd 0nly if Vi is str n~ly 

connecterl -to Vj . ) / he f0_llowine: a1p-o-r·ithm will separate the v ertices 

jnto clurter sets : 



i. C cmntru~t a 1 i.. st. T, , her e Li = 1 if and only if Vi hRs not been 

uut i.. nt;n Fi r 111 ~t.Pr set , and O otherwise . I n i.. t ial i ze L to a list 
Ol'JE.S 

of n ~ro01. -, where 1 i s ?-n n x n matrix. 

2 a Set- i=1. 

3. For all j, such that Mij=1 (denote these indices J1, J2 , ••. Jk) , 

set Lj=O, and U .=O . 

4. Vi, VJ1, VJ2, ..• ,VJk for m a cluster. 

10 

5. Jf all entries in Lare marked zero, halt, a 1 clusters have been 

formed. Otherwise set i= the i ndex of the first 1 entry in L , and 

return to step 3. 
,/ 
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Once the ob ject~ i n a clu ster e e t ha ve been determined, it remain~ 

only to FPnPr Rte a p seudo-objPct ba s ed on the objects in the c]uster s ot . 

This in i tse lf i s a v e ry difficult problem. Ideally , the p seudo - objec t 

should not occ un:v a great deal more spa ce than the objects wh ich it 

encompass e s. An edge - tracing type approach will give good space 

reduction characteristics, but can not guarantee inclusion of all 

oh,iects. A convex - hull approach will guarantee inclusion of all 
1-.,wl '? 

object 1 in a cluster, but may have the unfortunate side effect of 

larg e reductions in free space. ✓ 

I decided to g o the convex- hull route and experiment with variou s 

hull- segment generation algoPithms~ n an attempt to overcome the 

space reduc t ion problem. I used the convex hull algorithm given in 
TO f-1 v-€., 

Graham[ BJ (which I found r-H3-B--s- serious error, and. corrected it) . 

Alg orithm for determining the convex hull 
of a set of point s in two dimensions 

1. Comput e a pint xO which must lie inside the hull (take avg. of all p~ 

2. Translate all p0i t s rectilinearly so that xO lies at (0 0 0). 

J. Convert all points to olar coordinates, where the ang le of each 

point i s me~~ured from the -alf line emanating from xO in the 

positive direction. 

4. Order all point s wi t h respect to increase in an g le. If two or 

m0re p o1n+~ h8 v0 erp m l an.::;li lar di s plac ements, retai n nnly that 

Qf points s . 

5. St art i th thre e ~0~s ~c ti v 0 p oint~ jn S, Fi , Pj. and Pk 

wharP 0 1Lf2(8J. ( sAe £ i g . 2 ) 
-



1 J 

( i - ~ +j37IT r.:1e~ r 1., Pj cannot J jr-, nn t h e c on ve x hnll. 

( j8.) f1r1rk F.i ~,... rlel0 rrj fro..,, s . 

/ ... . 

( i r ) Rr-nl8.re Pi wit}, FQ..-1) ( where PO=Fn) 

(i d ) If Pi ha s be en marked de le t ed, g o ba ck to (ic) - (~raham 
omitt e d 

(ie) Go back to beg inning of 6. t his) 

(ii)cl\ + f3 6s.-1T p j lie s potentially on the convex hull. 

(ii.a) Mark Pj as helving be en considered . 

(iib) Replace Pi with Pj 

( iic) Replace Pj with Pk 

(iid) Replace Pk with ~+1) (where Pti+l)=Pl) 

(iie) I f all points have been marked either deleted or 
~tn 

con s idere d, Ahalt, a ll points marked cons idered 

are on the convex hull . Otherwise, go back to 

beginning of 6 . 

In order to · g enera t e· a pseudo-object ·for the grid , map, the 

extremal points of the obj ects in a cluster set (obviously no other 

points need be considered) are taken as input to the convex hull 

alg orithm. The p oints on the hu]l ~re then joined pairwise in ord e r 

by line segment s , thus crea tjng an enclosinF, polye on for the objec t s 

in the clu ~t er s e t . Thi s p oly~ on i s considere d to be the pseudo-obj ect. 

Since the grid map for J ason i s di s cre tized , a poin t on a line 

h e r epresented on ly by s ome 

a r e a r b i t r a .v i ntPp.er s , a nd ~ is 

order ed p_air (~,jtl), where i Rnd j 
~ ~ o·f 4-r ro J\ i.e. , 1M,. 

th~Ami i ~a 1un1t of di s creti zation . 

Tn rlr nwjn~ linPs betvPen ·~rj d po i ntn , th i s npeds t o b e ta~en i nt o 

ac e aunt . (_ b(i\'._,- ldt"~•I ~;tk.._ '.4") 

1)'0~ ~a,C.X,LA/u 1-/o t,., ()&JECT '( '"' J,-r-Coll'/ Is ~IIIC'A fie _I 
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Fig . 2 - Ordering points by increasing angle 

Xo 

Fi ~ . J - Testin g a p oint f n~ i ne l u~ inn on the hull 
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Jn orrlPr tn con~truct linP sP.~nP.nts whose points lie on lattice 

points of thP pr irl., T I sP.rl the fnlJ nvd.n p:; algorithm (my own ): 

1 . 

2. 

3. 

/.j, • 

5. 

6 . 

7. 

8. 

9. 

Al ~nrithm fnr ~p ~n~R+i~~ +,hP. noints on tbe line 
RP.~mPnt Pi , P i i n rl.is~rPti~Pd snace 
~- -~---- ·-.s.:,__··~- ---~- - -----------~ - - · - - -----· 

Cons · der Pi = (Xi,Yi 
' Pj = (Xj,Yj) 

If Xi<Xj SP.T dx -l::,. - ' else if Xi>X,j set dx =-A, else set dx 

Tf Y ·t.. v . 1 - J set dy =l:::,. t else if Yi)Yj set dy =-A 
' else set dy 

Set Pk = Pi 

Pk is the next point on the line segment . 

If Pk = Pj, halt, all -points (less Pj ) have been generated 

If Xk -/ X,j , set Xk=Xk+dx, else set Xk = o. 

If Yk -/ y ,i , set Yk=Yk+dy, else ·set Yk = o. 

Go to step 5. 

= o. 

= o. 

Thi s algor jthm may break the line segment into two lin e segment s , 

(cnnnectPd), unle ss all line segment points lie on lattice poin t s . 

( see fig . 4) 
~ 

l 
~ 

'· 

p~ 

"\ 

I 

I 

' " ' 

b. 
~ 

I 

' 
I 
I } 
I -

.. 

! 

-

I 
Pt: f 
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• TV c p.,...rvrr. T] Str11r,tnre 

The program as it exists now is designed to ~enerate pseudo- obj c ts 

in rooms up to 30 ' x JO ' (this can be easily adjusted) . Objects 

in the rooms ma., be of any shape and aRsume any orientation, as lor,g 

as their extremal coord "nates 15e on lattice points defined b y the 
~so lv.. t\oVl 

increment. (The value used for all test ru ns 

wasb= .25 ' ). The hierarchy of program subroutines is rather straight 

forward and is outlined in the flowchart of Fig . 5. 

While ·the program was written arid debugged in APL , the fuJ-_l ~ 11 
~1/o,~ 

ranf.';e of APL special oper ators and functions was purposely b)~ ?'l ,aae 

~e~ of , in an effort to c onstrain algorithm implementation to a more 

Fortran-like style. I chose to write in APL rather than Fortran 

because of its interactive natur~ nd interactive debuP-.o:ing facili t ie s . 

I wanted to be able to alter para meters at various steps in ~ he · 

program~ hile the program was running©~n : order to enhance ~ 

program performance . In addition , the system i a fd~\;; c ~ lex 

and I felt tha t T· ,coul
2

proba, r!Ot :have gotten ·t -aowp1g _~o Jy 

working in time, had I used Fortran from scratch . 

OY"te , 

I feel that the documentatirm which this paper and the program 

listings will provirl.e, will enable a. fair l y s i i") le coyqversion t o 

Fortran , and suhsequent incorporation into routines for Jason . 
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V. r; r,nr 1 n ~, i 0n -------- - -- -

'J'hP. tPst rnnR , ade w"'t th +Ji<: !"'ro""rr1.m on trie th ee Cory Hall roo ms 

(sP.P Annenrlix II) werP i llustrative in pointine up the succes~es and 

fa11l.tR eJ;, t P 8Dnrn2cri 11~ 0 0. Ro om ~oc; was a :rarti.culE~r ly P-onrl 

covers far more area thAn the objects whic h it encompasses. More 

investi.f:'ation needs to be TPade of T'let;hods for objec t enclosure , once 

clustPr sets have been rle termined. (I plan to add a feature t o the 

progra~ which will calculate free space in thP. room before and after 

clustering ~ 

The use of the minimal spanning tree concept was quite successful, 

but t\iJo significant di_ffjculties anbse . . In the test rvn for Roor.1 

237 Cory, the fixed podium (ob.iect /135) and a desk (object /133 ) a.rP. 

not clusterP.d to~et her, despite the fact that they are physically 

quite close . Th i s is due to the fact that distance i s measured between 

midpoints, rather· than extremal points . Performance would . no doubt 

be improved by considerin~ all extremal points of all objects in 

the generation of the spann ing tree, but in addition to greatly 

increasing the amount of computation necessary, cluster set conflict s 

"'-· might very well arise, anti would have to be dealt with. 

The second diff:culty with the method is in my opjnion more 

significant , and has ~o do with the threshold chosen for inconsistent 

erl~e determinRtion . ~he method as i mplementAd is a on P. - shot clustering 

method, and performs no secondary clusterine . (An example of sequential 

"econdary cluster ing is g iven in Appendix II, using the Varied Ob;ier.t qo2!'.l 

'T'h i,... 1
• 10il d n0t bP. vPry difficult to implement e; iven the existinp; pr0f•:r::i , 

Rnrl "'t s nrnhRhlv a ~nnd start5 n~ pnint f0 ~ futurp work. 
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ROOM 29J CORY HALL 

Vertices o~ room s (0 , 0)(20 .5,0 )(20 . ~, 2J) (0,2J) 

Door 29J (? . 25 , ?J)(S.75 , 2J) 

OBJECTS I N T~E ~OG1 : 

1 . des ( 6. 2c:: , 1 ) (8 . 5 , )r?,5,))( 6. 25 ,J ) 

2. desk (G. 25 ,20. 5) ( 1 1. 5 , ~o . 5 ) (1 1 . 5 , 22 . 5)( 0 . ?5, 2c' . 5) 

J. r:l eP~ ( 9 . ~5,6)( 11 .: , 6)( . 1 . 5 , ~ )(9 . 2 5 , 8 ) 

4. dec-k (9.5, 3.5 ( 1 1 . 5 , J. 5 )( 1 . 75,5, 5)(9.5 , 5 . .5 ) 

7 • -j ,-,, :-- k ( 1 ? ' 1, 8 G 2 5 ) ( 1 IJ • ? 5 ' '\ ~ • ? : ) ( 1 4 • ? 5 , 2 0 • ?. 5 ) ( 1 2 ' 2 0 • 2: ) 

R. desr: ( ,., , 1 6)( 4 . 25 , 16)\14o?5 , lR)(1.: , ~q) 

9 . desk (1? , 1J . ?5)(14 o25 , 1J . 75) (14 . 2~ 1 15 .75 (12 , 15,75) 

1 J . 

1 4 • 

1 c:, . tip ~ \r 

1 ?,, • '1es1\ 

~7 . tie slr 

"1 p c \r ( !J 7 1". • 1 7r-) ( 1 7 1 '7C)( 17 11 1 ?~'( 11' '7 5 l J , 5) • _.. , • , , • • _.., _, - • ..,,1 , r . , , • 1 

21 0 d es"k: (
1 4 . 75 , 7)(1 7,7 ) ( 7, 9)(1 1.J. . 5 , 9) 

?2 . rj P"' V. ( 1 !'.j. '7 r'. h '7 c; ) ( 1 7 ... • 1...1 , • - \- , 75 ); 7 LJ. 7c:: )( 1 li ? C:: LL 7c: ) • .... f e _ . I U ..) t e ..,t 

?J . d e d: (1 4 .75,4.c; ) ( , 4 . 5) (1 , ? . 5)'- 14 . 75 , 205 ) 

24 . P clr 
.._, ,.. 1. '1 1-1- . 75 , 2. 25)( 7 , 2 . 2 5) (17 , . 25)( 4 . 75, . 25) 

25 . 0P k ( 7. 75 , 20 . 75)( ?0 , ?o. 75)(20 , 22 . 75)(17 . 75 , 22 . 75) 
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,17 . 75 , n.~ (?0 , o , 5)l?0 , 11 , 5)( 7.75 , 1. 5) 
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25 



t(oo~ J.93 CoRY 

ro,w ~oo,t 
(..lo.r, 2'.! J 

0 8GJG GJ 
080 
QGJG 
~~G 

35 

RC:],· G _9 
- . 

.--- J E]--;c - ~-oJ' 
It - - -___ ., _ _ .,. 

· - -~ - ~ ~ 

0 13 

GB 
"'J'I □ 00EJG 
,t 

( cJ, ~> ( !lo. r,o) 

I t 
\ FooT =- I SqJARE J I 

- - __J__ -- I 

- - -

i -, t 

l -,.,uJrn ,, 



n r 

nor J9::3 

, t:1 b 1 ( 1 () , ~ ; ) ( 1 J , 1 o ) ( 1 C , 1 J ) ( J , 1 J, 

? t1.sl ,:: (10 , 1 J )( 1 J,1J)( 1 C' , '7)( · 3 , 7 ) 

r c: 1'7)( c: 1r: ·) c:\r -, c. 17 ' ( 0 c::. r::: ...,c:) 
• , I • • J ..,,, • '" I • f / • _,,- J _,. • '- _,,. 

1 c:. 1"' 0r- r c: o)(..., c: 10 ,.., 5) ( ,..., 5 o ) , . , ... ., . _..J \ • .J , _.,· • . f - • ( I C e J _,r 

1 1 e:1, ( [' 11 '7t;\( c:. ,\/ ') ~ 7c:.)(') c:. 3) 
, . . ...... . ,,J \ • , .., .::. . ~ , ..... . ..-·, , _,: , ,, 

1J , (JP (J, ? )(5 ,17 ) (5, 5 , 25 )(3 , 15 , 25 ) 

. 4 , rie sJ.,; r3, 1 5)( 5, 5) (5 , 1J . ?5)(J , J , 2 5) 

15 , ri <=> -=:k ( J , 1 3 ( 5 , 1 3 ) (5, 1-1 , ? 5 ) (3 , 11 , 25) 

7 . ch a : r ( J , 1 ( '~ , ~ , 1 1 ) ( LJ. • 5 , 'J • 5 ) ( J , 9 . 5 ) 

18 . c h ::iir (J,7 , ?5 (4 , 5,?,? 5)(h , 5, 5.75) ( J , 5.7 5) 

1 q . ~h ::i i r ( J , 5 • 5 ) ( I J. • 5 , 5 . 5 ) ( 4 , 5 , 1+ ) ( J , 4 ) 

20 . chair ( 3 ' J . 7 5) ( 4 . 5 ' J . ? 5) ( ,, 0 5 ' 2 . 25 ) ( J ' 2. 25) 

21 , chai r ( 3 , 2) \ 4 , 5 , 2)( 4 , 5 , . 5)(2 ,. 5) 

22 , chair ( S, 6,5)( 6 ,5, 6 ,5)( 6, 5,5)(5,5) 



(?,~.?5 (A.5 , J .75)(g.5, 2. 25)(7,2 . 25) 

r ?, >) ( >i .5,?)( 1.5 ,. 5)(7, . 5) 

28 



(C,~ 3 1 

(a >2-1) 0 
~ 

j 
r o>11.?) t1 

-o 395 C l\OOM • ORY 

( '1, ,.J) 

0 

Jo 

El 

L---

29 

(lt..f,Z3) 

I 
I 

~ 

----+---_J 



;-,u ..... ,... .. ,.D 

FY 

O 23 :9 . 5 ?1 

I !PIJT : AlF' r;•rt.'l' " F 'T Pl' r ':'otl 
[ ; 

. 2 5 

Il1"U"' n .u: r T (:(}('f1,Tf'ATF[: , {}f!F :;-r ?FR .,UT . !1I':' 0 /F':'E: L!.:~ . 

(' : 

[ : 

!J : 

(' : 

r , 

r , 

,.., _ 

r . 

["' : 

[ : 

r . 

r . 

r. 

(' : 

. 25 1~ . 7 5 ? . 5 15 . 7 S 2 . 5 1 7 . 7 5 . 75 1 7 . 7 5 

1 20 . 5 5 . 2 ~ 20 . 5 5 . 25 2? . 5 3 22 . S 

3 1 8 5 . ?~ R 5 . ?5 70 ~ 0 

3 1 5 . S 5 . ?' 15 .7 5 • . 25 1 7 . 75 3 17 . 7 

3 1' 

5 . 7 ~ :, n . s 8 2 I • r } II 2 2 . ~ 5 . 7 5 2~ . S 

5 . 7 5 :, n . 2s 0 2" . ?5 8 r. . :, s ~ . 7 n . '.' 

5 . 7 5 1 r, JJ , r p 1 R 5 . F 1 8 

5 .7 5 11 . 7 ~ p 3 . 7 5 r, 1 $ . 7 5 S . 7 ':) 15 . 7 1"'\ 

R. 5 20 . 2, 1 0 . 7 5 20 . 25 10 . 7 ' 1 ° . 25 8 . 5 1 8 . 2 

8 . 5 l ' 10 . 75 1 8 1 0 .7 5 1 6 8 . , 1 6 

8 . ' 1 5 . 7 5 1 0 . 7 5 5 . 7 5 _0 , 7 5 51" . 5 1 3 . 5 

. 2:i 9 2 . s - ~ . s 1 . 2~ 1 

• !; l; . 5 ' . I"' I• • r: ?. . 5 2 • ::: . 2 5 2 , 5 

3 . 2'; 

1 11 • I"' ,, 1 7 . :',. ., 1 7 . .... I"' 1 - LI• . =- 1 7 



3 
4 

5 
G 
7 
8 
0 

:1 
:. 2 
:::.3 

:::. 5 
: o 
:_7 

:::. 9 
:rn· 
~1 
_ 2 
,:3 
~4 
:: 5 

: c 

2 8 
z g 
-Q 

- ?. 

- ,.. 

..:.. . 5 

.:. . 5 
" - --· • - :i 

"'\ " -.... . ... .:. ::) 

·- . ~ 
t ~ . ~ 5 
..., - -..., . - :) 

- . ::: 5 . .... -
• • L j 

:: . 5 ,., - . :: 
: 5 
3 

3 
= 2 = 

3 
.... . 2 S 
5 . :: 5 

.., 

5 . 75 

= 

= 
5 

2 

= 
2 

-, r 
, :i 

,: ., 

S . 75 
:J . 7 5 

:::. " . 7 5 
:::_ l • - 5 

C - . :.. 
;: . -

V 

. 5 

~= - 75 
.!.. :> • I~ 

:::. 7 

: 7 . 7 
13 . 5 
~ .., 

• 5 

:s . s 

• 5 
:? : . 5 
"") 'l -
- -- • :> 
_8 

: :' 
::: 0 

5 

: 5 : 7 5 
:::. 5 . 7 5, 
~ • 7 5 

:7 

:1 . s 

: s . s 
2 !J . 5 
::: '). 5 

22 . 5 
2? c:: . • ~ 
2 ': . ?.S 
2 0 . 2.:: 
:::. ~ . ? =-
: e . 2; 
-, r 

_!_ c., 

::. 3 . 7:; 
: ; . 7:, 
: 5 . 7 5, 
: 5 . 7 = 
22 . 5 

2 . 5 
2 ~ . 5 
2 - . 5 
2 .; . 2 =: 
2 r " -,. • ✓ ~ 

~ :' . 2 =-
~ - -
- ~ . 2 ': 



E -

f :.: 

77 

7 -:: 
7 S 
EO 

87 
22 
8:? 
C) 

S1 

: cJ 
1 - -
1 C2 
: -_ 3 

1'::-
105 

- ~7 
1: ~ 
1".: 9 
1 _1 
~ ~ '\ 

: : 2 
1 : 3 
1: 

: ..... . , ... 
:. . 5 

. ::: 5 
: . 5 
2 . 5 

: . s 

..... . 5 

2 . 5 

. 25 
: . 5 
2 . 5 
~ . 2 5 
3 · 
:::: . 2 5 
5 . 25 
..., 
v 

3 
5 . 25 
5 . 25 
3 
3 

5 . 25 
3 
3 

- . 25 
S . 25 

_ . 7 S 
: . 7 5 

C 5 
5 . 75 
3 
s 
., . 7 j 

.., 

1 5 . 7 5 
15 . 7 '.: 
13 . 7 5 
- 3 . >J 

9 
9 
7 

- . 7 5 
'7 = 

- • I ,J 

I.; • r: 

I.; . 7:. 
~ . 5 
I.; . 5 
2 . 5 
..... . 5 

2 . 25 
2 . 25 
0 .• 2 S 
0 . 2 5 
9 -
9 
7 

7 
6 . 7 5 
6 . 75 
4 . 75 
4 . 7 5 
. , • 5 

l.; . 5 
2 .-
2 . s 
2 . 2: 
2 . 2 -: 
') . 2 =: 
; • 2 =: 
9 
9 

7 
_ _ 7 5 

~ . 7 -
4 . '.: 
4 . 75 
4 . 5 
I.; • 5 
2 . 5 
2 . ~ 
2 . ?:: 
2 . 2:: 
Q • 2 = 
') • ?. -
~ . 7:, 
9 . 7 =: 
7 . 7 ': 
7 . 7 S 
7· . ?. '.: 
7 . 2 =: 
5 . 2 '; 
5 . 2 = 
5 
5 
1 



1 ::::7 

131 

!33 

-<_ 27 
:!.2 8 
1 - 9 
:: t; 

OBc.T . 

1 
2 
3 

6 
7 
a 
9 

:: o 
:: 1 
1 2 
:: 3 

:: s 

_7 

18 
: 9 
20 

2 2 
23 
:4 
25 
2 ~ 

27 
_a 

33 
24 
~5 

5 
9 

13 
:!.7 
21 
25 
29 
33 
3 7 
4 1 
~5 
!.; 9 

53 
5 7 

73 
7 7 
::: 1 
25 

93 
'37 

1 C1 
:: 0 5 
:: J ., 
1 :: 3 
:: 1 7 
:: 21 
::2s 
'.'.. 29 
123 
:: 2 7 

~7 . 25 

_g 

:: 9 
- • 5 

:: . = 5 
::7 . 25 

:: 2 
16 
2Q 
2L 

23 
22 
36 
4 

52 

92 
9S 

~ r, _ J 

108 
::12 

122 

3 
') -- . ::, 
2 . ~ 
0 . 5 
c . s 

5 
6 
2 
2 

. s 
0 . 5 
9 
9 

_7 
:: 7 

' 



i 

~ 

i 

;,rr:IC!!T OF .':'Ill. SPA:,'P IIJG Tl?I-~E = 9G.14 
ilVC. l,Il7R T,F.NG7H = 2.828 
S. IJ. OF T,IPKS =1.222 

DJ'llK !!(). Lil!K(VI➔ V,T) J,I!'K r,r:71 . ;/'i'. I A TTG. -------- ----------- -------- --------
1 5 6 2.5 0.8842 
2 G 7 2.25 0.7957 
3 7 8 2.:::i5 0.7":57 
4 5 1 2.75 0 . 'J 7 7. G 
5 1 2 ? c; 

•• • V 0.JP'1·2 
6 2 3 ') ') r: ,_ ... _ ,.) 0.7957 
7 3 4 2.? 5 0.7957 
8 5 9 2.75 ').972f 
9 9 10 2. 2 :i 0.7957 

10 10 11 2.25 0.7957 
11 11 12 2. 2 5 0.7957 
12 9 13 2.75 0.0726 
13 13 1'+ 2.25 0.7957 
14 14 15 2. ?. 5 0.7957 
15 15 16 2. 2 5 0.7957 
16 16 29 ,.. 

2.122 () 

17 29 30 2 r: . ~ 0.2842 
18 30 31 2.25 0.7957 
19 31 32 2.5 0.8842 
20 32 28 2.761 0.97GG 
21 28 27 2. 2 5 0.7S57 
22 27 26 2.25 0.7957 
23 26 25 2.25 0.7957 
2 11 28 2 lj. 2,75 0 • 9 7 2 F, 
25 24 23 2.25 0.7957 
26 23 22 ? . 2 S 0,7957 
27 22 21 2.25 0.7957 
28 2 1f 20 2. 7 5 0.9726 
29 20 19 2. 2 5 0.7957 
30 19 18 2.25 0.7957 
31 18 17 2. 2 5 0,7957 
32 16 35 6.49 2.295 
33 35 33 GoOOS 2.124 
34 33 34 G. ~ 3 2.168 

Il!PUT EDGF. I!ICO!?SIS'!'El!CY F/i,,CTOR (!70. STD. DFVS.) 
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2<1 30 ?1 12 



:-!X 1. X X X X X 
2?. ;.·x X X X X X v 

;'X bt-SIC X X i>esK X X ~ X ., PEtlC 
~X XX XX XX X 
1/X X X X X X X X 

2 1 ;:x J X X • S X X 9 X Y 13 X 
flX X X X X X X .. 
r.'XXXXXXXXXX XXXXXXY.XXX XXXXXYXXXX XXXXY.XXXXX 
r: XXXY.XXXXXX XXXXXXXXXX 

20 r:xxxxxxxxxx xxxxxxxxxx x x x x 
f!X X X X "' X X X 
L'X X X X X X ., {)£SI( X 
;/X ~ X X DESK ;: X )f'S,t' X X X 

1 9 ;,1 X X X X X X X II/ X 
F'" X X X X ✓0 X X X 
;,rx .2. Y X (. . X X X X X 
:.·x x x x xxxxxxxr.xx ;~xxxxxxxxx 

1a :·xxxxxxr.xxx xxxxr.xrxxx xxxxxxxxr.x xxxxrxxxvx 
~.'xxx;.~xxxxxx xxxxxx.zxxx x x 1. x 
FX X X X X X X X 
ilX X X X X bESIC X X 1)£51( X 

1 7 FX l)eSK X X J>ei.Jc X X X X Y. 
i:x X X X X X X /S X 
;,'X X X X X // X X X 
IlX $ X X '1 X X X X X 

16 ;,x X X X YXXYXYXYXX xxr.xxxxxxx 
i!XXXXY.XXXXX XXXXX.'::XXXX XXXXY.XXXXX XXXXXXXXX.':: 
;;xxxxxxxxxx xxxxxxxxxx x x x x 
:·x X X X X X X X 

15 ::x X X X X l>ESIC X X bESIC X 
;17. ~ XX 1>E'5K XX XY. X 
i!X X X X X X X X 
WX I/ X X X X /2. X X /6 X 

1 4 PX X X g X Y. X X X 
flX XX X ZXXXY.Y.XXXX XXXXXXXXXX 
;IXXXXXXXXXX XXXY.XXXXXX 
F 

13 ~/ 
:l 
I! 
I! 

12 j,/ 

II 
;., 
ri 

11 :/ 
:, 
h' 
I-.' 

1 0 1-.' 
II 

Tl 

xxxxxxrxxx 
X X 

y 

9 f!XXXXXXXXXX XXXXXXXY.X.Y :'.XX.'.7YXX:or. X 7>ESI( X 
wX X X X X Y. X X 
wx ~SI(' X y )ESJC y X '])/;SI( X V X 
:1x Y. X X X X ., ~'1 X 

A ;:x :: X X ., Y v X 
i'X 17 X X .,2,1 X .. ~5 X .-~:'7.''.XXX?X.'1 
~X "X XX • 
:.rx ;: x. x v J~ 4T~xxxx?x:·.,x.z. 

7 :•.'XYXY.XXXXXX xxxxxxxn'.1: XXXX.'::XXX.YX X X 

6 r;x 
;.1x 
?iX 

X X 
x X btSIC 
X X 

X X A-~ 
Y. X 

X X 
X ,, 

X X 

X X 
ll~ X 
X ., 

X X 
X X 

!Jo 

X 
X 
X 
V ,. 
X 

i.'X X X X 7 X '7XY.XY:.">'.7XX 
xxxxxxxxx.v 5 ~X XX XX X 

;:xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx X X 
:1xx.vxxxxx;:x XXXY.XXXY.4~X X."XX}7X7XX X "' 

X -· J:>tsk X ::x 
4 r/X 

::x 
OOK 

,. X 

;: X 
X .':: 
., X ..23 

X X 

X X 
X 7 
X X 
;: ;: .A7 
X X 
X ,v 

., X 

Y. X 
Y. 
X 
X 
X 

" xxxx.-1YXY7." 

WXXXXXXXXYX XYXXXXY.XXX XXXXXYYYXX YXXYXXVXX7 
::XXXXXXXXX.". XXXXXXXXXX 7XXX.YXX7XX X X 

X 
2 IIX X X X X X X X 

V V' i>tsK ., 
xx V '° X 

V 

X X .32 X 
.... y· ,, 

X X 1~ xYxx .... ~xxrxx 

I , ., 1_ 

xxxxxxxxr.xxx 
X X 
X V 

X X 
y X 
X X 
X X 
X X 
X X 
X y 
X X 

X Fl'tE1) X 
X Y. 
x• X 

X 'lt)Jllv,1 X 
X X 
X X 
X X 
X X 
X X 
X X 
X 35 X 
X ·" 
X X 
X y 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
Y. 

r 
xxxxxxxxxx 

f 
1 
7 

F 
I/ 

f.' 

y 

Tl 
! ' 
T.' 
T! 

Tl 

r' 
Tl 
p 

F 
f1 

p 
F 
T·! ,, 

T.' 

" 

p 
r, 

" y 
i' 

T.' 

II 

r: 

r, 

x.~xxxxx r,, 
,Y 6A,:w.c y Tl 
X CA"' 7. r: 

.Y ail X Tl 
X X r-.' 

XX.'::.V:XXX I·.' 

1 
!' n 



237 CORY CLUSTERFD 

L'X 
2 2 J':/. 

vx 
Y.". y 

f!X X 
21 f!X X 

i!X X 
f!X X 
f!X X 

20 f/X X 
f,/X X 
r!X X 
r-.?x X 
r.:x X 
r-:x X 
f-!X X 
YX X 

18 };"): X 
:lX X 
YX X 
f!X X 

17 h'X X 
FX X 
i 1X X 
f!X X 

1G f!X X 
WX· X 
f!X X 
FX X 

15 f/X X 
?IX X 
i-1X ., 
,JK X 

1'-1 ux X 
r-,x xxxxxxxxxxxxxxxxxxxxx;: 
i!XXXXXXXXXXXXXXXXXXXXX 
fl 

13 f,/ 
w 
ii 
ii 

12 W 
fl 
Tl 
fl 

11 fl ~, 
f,/ 

Fl 
10 ;1 ~, 

w 
W X 

9 fiXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
i.1X 
wx 
fiX 

8 T-!X 
wx 
wx 
f!X 

7 T-!X 
FX 
FX 
f,!X 

r/7. 
f-/X 

5 FX 
;._rx 
r!X 

FX 
FX 
f/7. 

3 FY 

f'X 

?lX 

f/X 
;·x 

[,iV 

r, 7 

xxxxxxxxxx 
X X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

.x 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

xxxxx;-xxxxx 

'1 

! 
(1 

1 1 
'J 

t 
3 

xxxn'YXXXXXX 
X 

5 
X 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
V 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
xxxxxxxxxxxx 

YXXXXXXXXX }' 3 ,, 
X X 
X 
X 
}' 

X 
X 

y 

.r 
X 
,'f 

XXXXXXXYY.X 

, 
f, 7 

1 
r 

1 
r. 

T' 

r.' . 
u 

r, 
f.' 

r· 

rl 
T_1 

r.r 

f} 

il 
T! 

w 
f,f 

f-! 
w 
T·! 

Tl 

f,f 

u 

r-: 
" 
" 

f' 

[:' 

f.' 

f.' 



POil!'l' ., y ;. - -
1 10.75 18 
2 10, 7 5 1P.'.::>5 
3 10.75 20.'.JS 
4 10.75 20.5 
5 10.75 22. 5 
G 8. 5 22.5 
7 8 2 :::>. 5 
B 5.75 22.5 
9 5.25 22.5 

10 3 22.5 
11 2.5 22.5 
12 0. :::> 5 22.5 
13 0.25 20.5 
111 0.25 20 
:1,5 0.25 l R 
16 0.25 17.75 
17 0.25 15.7S 
18 0.25 15.5 
19 0.25 13.5 
20 2.5 13.5 
21 3 13.5 
22 5.25 13.5 
23 10.75 13.75 
2L; :.to. 7 5 15.75 
25 10.75 16 
25 10.75 5 
27 10.75 5.25 
28 10.75 7.25 
29 10. 7 5 7.75 
30 10.75 9.75 
31 2.5 9. 7S 
32 0.25 9 
33 0.25 7 
14 0,25 E.75 
35 0.75 4.75 
36 0. 2 5 t;. 5 
37 C.25 2.5 
38 ~ ,., C: 

'J. ✓. ,) 2. 2 C: 
3 '3 " ,., t'. 0,2S ._,. L. J 

40 " " _.,_ _, .. ) 0.2 
41 :J 8. ~ 
If'.' s.:, s 0. 2 
43 5.75 (' ,, 

,._,. a::. 

I[ 4 p 0.2 
1! 5 10.75 o.s 
1!6 10.75 2. 5 
47 10.75 3 
r; 8 17.?5 8 
l~ g 15 8 
50 15 6 
51 1 7. 2 5 6 
5? 1 '"l ?. 
53 1 7. ~j 

,., 
L. 

5 4 17.5 0.5 
55 19 0. 5 

11 
56 17.23 17 
57 1. l~ • 5 1 7 
58 j_ lt • :. 'J 
59 j 7. / 5 ') 

()i' tT • P1 T'.1.' 

1 1 'l['. 
'.) .., 

2 r) t; 7 ,. 
'.3 48 r, 1 
lf S? ~ :, 
5 ':f: ~0 



,..,vnr. _r_·· .. /,~~ ('!' 011,:, _•1 

::,n: !'Tl"l"T"'!'I.' 

"!: .• _'PUT ':.'!!T ... D ."·";?f .':()()T?t)!:'/';'T:~ 
r·: 

0 0 ?.0,5 0 20,S ?.3 0 ?.3 

IllPUT SC/I,." If1CJ?I'!~!.WT F'lC'FOR 
C: 

. 25 

Il!PUT O?<T7CT r'OORDI!,1A7'1'7t: , (J;~'F' t!'m PEP. T-I.'-'F:. ::~'IT n AFT':..~ '1/.~~ s.~'i' ~ 
[1: 

6.25 ~ 8.5 1 8 , 5 3 6,?.5 3 
C: 

9.25 20.5 11.5 20.5 11.5 22.5 9,25 22.5 
u: 
0: 

□: 

C: 

C: 

C: 

u: 
C: 

C: 

r: 

C: 

C: 

C: 

r,. 
' · . 

[: 

C: 

C: 

C: 

C: 

C: 

C: 

[1: 

[: 

[: 

L: 

9.25 6 11.5 r, 11.S fl 9,25 8 

9.5 3.5 11.75 3.5 11,75 5.5 9.5 5.5 

!2 • 2 0 . 5 14,25 2 n. s 11,. 2S ::2 .s 12 22.5 

1 2 1 8 .25 14.25 1fl.25 14,25 ?. (I.'.' 5 1?. 20.25 

12 16 111. 2 5 16 1 4 . 2S 1 fl 12 18 

12 13.75 14, 25 13.75 1. 4. ~ r.: 1 S. 7 fi 12 15.75 

p ~'. 1 1 I , ") ~ 
- · r • ~,, U . 1t:.25 1~ ~~ 1 '1 

12 8 .75 14.25 S.75 14 . ~5 10 .75 1?. 10.75 

1 2 U . 5 111 .. • 2 S C • 5 14 . 2 .S 8 • 5 1 :? 8 . 5 

12 4 14,25 4 14,25 5 12 6 

12 1 14.25 1 14.25 3 12 3 

14,7~ 20,75 17 20,75 17 22,75 14,75 ?.2,75 

14.75 lB.S 17 1 e .s 17 20.5 14,75 20.5 

11, . 7 ~ 14 1 7 14 i. 7 1 0 1 1} . 7 S ,. 6 

1 1, .., t:' 
_'I• I.> 11. 7~ 17 11. n 17 1 3 . 75 14,75 13,75 

11,. 7 5 9.2S 17 '1. 2 5 17 11. 25 1lf.75 11. 25 

1 I~. 7S 7 17 7 17 9 14.75 ') 

14. 75 6.75 17 6,75 17 4.75 1i;,75 4,75 

14 , 7 5 11 , 5 1 7 If , 5 1 7 2 , 5 1 4 , 7 5 2 , !i 

14,75 2 . 25 17 2.25 17 ,25 14.75 ,25 

17.75 ?.0.75 20 ?.0 .75 20 22.75 17.75 22.75 

17.75 1s.s 20 12, S 20 20,S 17.75 2 0.:: 

1 7. 7 ~; 1G. 25 2r 1G. ?.= 20 1 B .~5 17.75 18.25 

17.75 14 20 1 lf 2:) 1G 17.75 16 

17.75 11. 75 ?.O U . . 75 20 13,75 17,75 13.75 

17,75 ~.5 20 ~.5 20 11.5 17.75 11,5 

17.75 7.25 20 7.25 2D ~.25 17.75 9 .25 

17.75 5 2C 5 20 7 17.75 7 

17.7: :,75 20 2 .75 20 4,75 17,7~ lf,75 

17.7~ .5 ~o .s 20 2~s 17.75 2.s 

o 1 1.~s 1 1.2s ~.s c 2.s 

i 
' l 
I 
f 

I 
I 



POI,'.1'I' 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
1G 
17 
18 
19 
20 
21 
2 2 
23 
24 
25 
?. 6 
27 

·28 
29 
30 
31 
32 
33 
311-
35 
36 
37 
38 
39 
40 
41 
42 
l[ 3 
4Lf 

45 
IIG 
1,7 
Lf 3 
Lf 9 
so 
51 
5 '.~ 
:i 3 
5 If 

55 
r, r; 

X 

6. 2 5 
8.5 
S. 5 
G.2:i 
CJ. 2 5 

11. 5 
'.11. 5 

9. 2 5 
9. 2 5 

11. 5 
11. 5 

9,25 
9.5 

11. 7 5 
11. 7 5 

9. 5 
9.25 

11.5 
11.5 

9.25 
12 
14.25 
14.25 
12 
12 
11+.25 
1lf,25 
12 
12 
14.25 
11J.. 2 5 
12 
12 
14.?.'i 
14.25 
12 
12 
14.25 
14.?5 
12 
:t 2 
111.25 
1 lf • 2 5 
12 
12 
1lf.'.Ui 
1. 11 • 2 '.i 
12 
12 
:J It.'.) 'i 
:Ur.? 5 
12 

14.?.:i 
1 1:. 2 5 
1 ? 

1 
1 
3 
3 

y 

20.5 
20.5 
2 2. 5 
22.5 

6 
6 
8 
8 
3. 5 
3.5 
5. 5 
5. 5 
1 
1 
3 
3 

20.5 
20,5 
22.5 
22.5 
18.25 
18.?.5 
20. 2 5 

·20.25 
16 
1E 
18 
18 
13.75 
13.75 
15. 7 5 
15.75 
11 
11 
13 
13 

8.75 
8,75 

10.75 
10.75 

6. 5 
6.5 
8. S 
8 u 5 
4 
4 
6 
r, 

:l 



-- - -----

57 J. 4- • ·1 !i '.-' 0. ·1 '.) 

® 58 17 20.7'; aq3 59 17 2?.75 
GO 14.75 22.75 <::1:,{l'f G1 14.75 18.5 
62 17 1. 8. 5 
63 ). 7 20.5 
64 14.75 20,5 
GS 1lJ.,75 :. G • 2 5 
GG 1. 7 1G.25 
G7 17 18.25 
G8 1_4.75 18.25 
GC} 1 lj. . 7 5 11, 
70 17 14 
71 17 1G 
72 14,75 16 
73 14.75 11. 7 5 
74 17 11.75 
75 17 13.75 
7G . 14.75 13.7:i 
77 14.75 9.25 
78 17 9.25 
79 17 11.25 
80 14.75 11.25 
81 14.75 7 
82 17 7 
83 17 9 
8 ti 14.75 9 
85 1lJ..75 6.75 
86 J. 7 6.75 
87 17 4.75 
88 14.75 4.75 
89 14.75 lf • 5 
90 17 4.5 
91 17 2. 5 
92 14.75. 2. 5 
93 1l+.75 2.25 
9lJ. 17 2.25 
95 17 0.25 
96 14.75 0.25 
97 17.75 20.75 
98 20 20.75 
99 20 22.75 

1()0 17.75 22.75 
101 17.75 18.5 
102 20 18.5 
103 20 20,5 
101[ 17.75 20.5 
105 17.75 16.25 
10G 20 16.25 
107 20 18.25 
108 17.75 18.25 
109 17.75 111-
110 20 14 
111 20 15 
112 17.75 1G 
11.3 1. 7 . 7 5 11.75 
11 lf 2 0 1:l.75 
115 20 13.75 
1Hi 17.75 13.75 
117 'J.7.75 9 . 5 
1 1 8 20 () " .,,/ • ,J 

11 g 20 11 . 5 
120 17.75 11 . 5 
1 ·:> 1 1 7. 7 S 7.25 



123 20 9.25 
1::111 17.75 'l. 2 S II;]_. 
125 17.75 5 
126 20 5 i 127 20 7 
128 17.75 7 
129 17.75 2.75 
130 20 2.75 
131 20 4,75 
132 17.75 4,75 
133 17.75 0.5 
134 20 0.5 
135 20 2.5 
136 17,75 2,5 
137 2 9 
138 5 9 
139 5 17 
140 2 17 
141 0 1 
142 1.25 1 
143 1.25 2.5 
14 11 0 2.5 
145 1.5 0 
ll!fj 2 0 
1 117 2 0.5 
148 1, 5 0.5 
1 119 0,25 n.s 
15 0 1.5 21. 5 
151 1.5 22.75 
152 0.25 22.75 

onJ. P1 Pll 

1 1 4 
2 5 8 
3 9 :1.2 
lf 13 16 
5 17 20 
6 21 24 
7 25 28 
8 29 32 
9 33 36 

10 37 40 
11 41 4 If 
12 45 l} 8 

13 1,.g 52 
1 11 53 56 
15 57 (() 

16 61 64 
17 65 G8 
18 69 72 
19 73 76 
20 77 80 
21 81 84 
22 85 88 
23 89 g;,, 
24 93 ',G 

25 97 1 00 
?G 101 10 If 
27 105 1 Ofl 
28 109 ~.12 
29 113 U.6 
30 117 1 '.) '1 
11 1. 21 1 ?.4 
3?. t?S 1. 2 P 

33 :t ~') 1:-l? 
14 11'.l 13r; 
35 137 :1. If 0 

3G J If 1 1. 11 If 

17 1. 4 5 'LIUl 

:rn ~- 11 '1 1 52 



3.D. OF LINKS 

T,I!.!K :' r JJ !1 X ( T' I-> Tl ,r ) . -------- -----------
1 5 4 
2 l~. 3 
3 ,, 13 '"T 

Lf 13 12 
5 12 11 
6 11 10 
7 :> 14 
8 10 9 
9 9 8 

10 8 7 
11 7 6 
12 6 2 
13 9 18 
14 18 17 
15 18 19 
16 17 16 
17 16 15 
18 19 20 
19 20 21 
20 21 22 
21 22 23 
22 23 24 
23 5 1 
24 18 28 
25 28 27 
26 :rn 29 
27 2 7 26 
28 29 30 
29 26 25 
30 30 31 
31 31 32 
32 32 33 
33 33 34 
34 1 37 
35 37 36 
3 C, 3 35 
37 35 38 

= 2.85:1 
=L GG3 

J,Il!K r _,r;, 
;', ..!... • --------

2.512 
2. 51-. 2 
') r c: ·- .. ) ;) 

2.5 
2.25 
2. 2 5 
2.75 
2.75 
2.25 
2.25 
2.25 
2.75 
2.761 
2.15 
2.25 
2.25 
2.25 
2.5 
? ') r, 
._~ • ~~ V 

2.25 
2.25 
2.15 
3 
3 
2.25 
2. 2 5 
2.25 
2.25 
2.25 
2.?5 
2.25 
2 . 2 '.i 
2.25 
5. P 91 
1. f175 
9. 12 5 
9.1+95 

0 . 8 81 If 
0. f 2111 
0. ? 'l 4 Lt 

0.177 
0.7893 
0.7893 
0.'::647 
0. 9G47 
0.7893 
0.78<J3 
0.7893 
n.9647 
0. r; 6 e 7 
o.7s~2 
0.7893 
O.78<)3 
0 . 7 8 q 3 
0.877 
0.7893 
0.7893 
0.7892 
0 . 7 8 <; 3 
1.052 
1 . n 5 2 
0.7293 
0.78<;3 
0 . 7 8 t; '.3 

0.7:'?3 
0.7813 
0.7811 
r.7893 
0.7892 
0 . 7 f? '3 3 
'.). 0 67 
0. 5578 
3.21)1 
3. 231 

INPUT r:ncr: Il!CO!JSISTENCY FACTOR (HO. {:'.J'D. D?VS.) 
[' : 

1 

rvrnnRTRTRN? irnKs: 34 35 37 

CI, r,r t-; TE I~ !10. 1 : :I_ 2 ..., 4- 5 6 7 p 9 10 1:1. v 

27 2 P, 2 '] 30 31 32 33 14 

CJ,US'J'RR !!O. ?. : 15 

('T,US:i'T:l? !'(). "l 1C 37 ; . 
CT, US7'!7R l'O. 4: 38 

() . 3 8 21 
n . ..., ..., p 1 

• ; ~.J '--· -

0 . 3 C 1 :1. 

0.3506 
0.f;(J()6 

O.Fi0')6 
0.1006 
0.100G 
O.f'.3O06 
C.GOOG 
0 • C006 
O.'.'_OOG 
0.08925 
0 . C (' OG 
0.6006 
0.608G 
O.FiOOE 
() . 3506 
0 . C006 
0.600G 
0. 60% 
QJ006 
0 . :L 491f 

0. ;_ 49 4 
0.600G 
O.'."OOG 
0. G :~' 1) C 

G.6006 
0.[00(; 

0. GOOG 
0. 6006 
O.GO'JG 
O.fOOG 
"l 0 q. 'I-,; . 
() . 9756 
C • 2 7 If ~ 
6 • 6 lf If ). 

1 .-, 
.:. ) 



F:XTRF,!'/:.L PSPU.710-0PJF,r:T (?(;{)J?T)!Tl,..,F:.'J 

··- POI!lT X _Y 
----- - -

1 20 1L5 
2 20 11.75 
3 20 13075 
4 20 11} 

5 20 16 
6 20 1Ga25 
7 ?. () 18.25 
8 20 18o5 
9 20 20.5 

10 20 20.75 
11 20 22.75 
12 17.75 22075 
13 17 22.75 
14 14.75 22.75 
15 9. 2 5 22.5 
16 G.25 3 
17 6. 2 5 1 
'.l. P, 14.75 0,25 
19 17 0.25 
20 20 0.5 
21 20 2.5 
22 20 2.75 
23 20 I}• 7 5 
24 20 5 
25 20 7 
26 20 7.25 
27 20 9.25 
28 20 9.5 
29 r: 17 " 
30 2 17 
3'.I. 2 9 
32 5 <J 
33 1. 2 5 2.5 
34 () 2.5 
35 0 1 
36 ! . 5 0 
37 2 0 
:rn 2 0.5 
39 1.5 22.75 
l+ 0 0.25 22.75 
41 0. ;:, 5 ?.1. 5 
42 1. 5 ?1.5 

O!J,_T. P1 
J .... [' !.r 

1 1 28 
2 = CJ 32 
3 '1 :l 38 
4 3 ') 42 



'!'Y?E I.11 flAf.fE OP ROON 
3<!S C()!?Y 

Ilil'U? 'l'!'!: ROC.'' COORDI:!AT."::J 
[: 

0 23 0 0 16,5 0 16,5 23 

I!!PUT SCAL E I!lCRE!-fEll'J' FAC'J'OR 
[]: 

Il!PVT 
L: 

':: 

0: 

0: 

[: 

r.: 
r•. 
L..• 

0: 

r: 

rf: 

[: 

r.: 

[: 

[1 • 

['. 

[: 

C: 

[1: 

[]: 

C: 

r~ : 

[J: 

f1: 

.25 

ORJEC'J' COO!?llI!:'A TFS, Ot"!F. t:ET Pr.R 

10 1 'l 13 1 'l 10 13 13 13 

10 13 13 13 10 7 13 7 

8 21 e 2 2. 5 9,5 21 9. 5 22, 5 

. 5 21 . 5 22.5 ?. 21 2 22.5 

. 5 17 . 5 15.25 2.5 17 2.5 15.25 

. 5 15 . 5 13.25 2. 5 15 ?. • 5 1:1.25 

. 5 12,75 . 5 11 2, 5 12,75 2.5 11 

. 5 10.75 . 5 9 2. 5 10.75 2.5 9 

. 5 8 .75 • 5 7 2.5 R.75 2. ~- 7 

. 5 6.75 . 5 5 2.5 6,75 2.5 5 

. 5 4,75 . 5 3 2.5 4,75 2.5 3 

. 5 ?. , 7 5 . 5 1 2.5 ?. • 7 5 2, 5 1 

3 17 s 17 5 15.25 3 15.25 

3 15 5 15 5 13.25 3 13.25 

3 13 5 13 5 11.?. 5 3 11.25 

3 9.25 5 9.25 5 7.5 3 7.5 

3 11 4. 5 11 4.5 9. 5 3 9,5 

3 7.25 4.5 7.25 t1. 5 5.75 3 5.75 

3 5.5 4.5 5. 5 4.5 4 3 4 

3 3,75 4.5 3.75 4.5 2.25 3 2.25 

3 2 Li• 5 2 4.5 • 5 3 . 5 

5 6.5 6.5 6.5 6.5 5 5 5 

5 ti. 5 6. 5 4.5 6. 5 3 5 3 

5 2. 5 6, 5 2.5 6.5 1 5 1 

7 5. 5 8. 5 5. 5 R. 5 11 7 4 

7 3.75 e.5 3,75 B.s 2.25 7 2.25 

7 2 8.5 2 8.5 .5 7 .5 

9 2 10. ~ 2 10.5 .5 'l .s 

11 2 12.5 2 12,5 .5 11 ,5 

9,5 1P 10 1R 10 16,5 9,5 16.5 

9.5 1 r, 1:J 16 10 14.5 9,5 14.5 

'). 5 13, 5 10 13. 5 10 12 'l. 5 12 

9,5 :: 1 . 5 10 11. 5 10 10 9.5 10 

9. 5 'l 10 9 1 'l 7.5 ').5 7,5 

1 lJ • S . 5 16 . 5 16 2 11~. ':: 2 

0 

.... . 

LI1'"'.r::. l!I'i' 0 AF'':'PR L.4S"' SFT . 



POINT 

1 
2 
3 
lj. 

5 
6 
7 
8 
9 

:10 
11 
12 
13 
1 lj. 
15 
1ri 
:l 7 
18 
:l 9 
20 
21 
22 
23 
2 lJ. 
25 
26' 

27 
28 
29 
:rn 
31 
32 
33 
34 
35 
36 
37 
38 
39 
!p) 

4 ~ .. 
47 
1i 3 
t, q 

45 
lJ. 6 
1+ 7 
I! " 

1: '1 

'i 0 
5 :l 

10 
13 
10 
13 
10 
13 
10 
13 

8 

X 

n 
9.5 
9.5 
0.5 
0.5 
2 
2 
0,5 
0.5 
2.5 
2 . 5 
0.5 
0.5 
2.5 
2.5 
0. 5 
0.5 
2. 5 
2.5 
0.5 
0. 5 
2.5 
') r 
..• J 

0.5 
0.5 
2.5 
2.5 
(). s 
(). 5 
2. 5 
2. 5 
0. 5 
') • 5 
2. 5 
,.., c:; 
_,_ ..... , 

8. S 
'.'.. 5 

5 
C' 
J 

5 

y 

19 
t9 
13 
13 
13 
13 

7 
7 

21 
22.5 
21 
22.5 
21 
2 2. 5 
21 
2 ?. . 5 
17 
15.25 
17 
15.25 
15 
1 3 . ?. 5 
15 
13.25 
12.75 
11 
12.75 
11 
1 0 . 7 :i 

9 
10.75 

9 
8.75 
7 
8.75 
7 
6.75 
r 
J 

6.75 
5 
4,75 

/. 7 5· 
1 
2.75 
1 

1.7 
1_ '7 

15.'.?S 
.., r ri r: 
-- .J • _,_ ,, 

15 
11. '." :·, 
1 ') ri r 

. , .. • '' 

1 ,., 

('!]) 

---------------------



r. (' re 1 . . , 
._; ,; ., 
59 :, 1 1 ': r ® ....... , -~ 3qs-GO ') 1. '.\ • ::.> ~ J 

61 3 9.2S coti 'f 62 5 9.25 
63 5 7. 5 \ -
G4 3 7.5 
65 3 11 
66 L;. 5 11 
67 4.5 9.5 
68 3 9.5 
69 :l 7.25 
70 I; • 5 7.25 
71 4. 5 5.75 
72 3 5.75 
73 3 5.5 
7 t; 4.5 5.5 
75 ti.5 4 
76 3 1} 

77 3 3.75 
78 4.5 3.75 
79 4.5 2.25 
80 3 2.25 
81 3 2 
82 4.5 2 
83 4.5 0.5 
84 3 0.5 
85 5 6. 5 • 
86 6.5 6.5 
87 6.5 5 
88 5 5 
89 5 1+ 0 5 
90 6.5 l~ • 5 
91 6.5 3 
92 5 3 
93 5 2.5 
9 tr 6.5 2.s 
95 6.5 1 
96 5 1 
97 7 5. 5 
98 8.5 5. 5 
99 8.5 4 

100 7 4 
101 7 3.75 
10 J P.5 3.75 
103 8.5 2.25 
104 7 2.25 
105 7 2 
10G 8.5 2 
107 8.5 0.5 
108 7 0.5 
109 9 2 
110 :t. 0. 5 2 
111 10.5 o. s· 
112 9 0.5 
113 11 2 
11 1t 1'.?.5 2 
115 12.5 o.s 
:1.1 G 11 0.5 
117 9.5 18 
1 :i. R 10 1R 
!19 :t 0 1 r,. 5 
12 0 9.5 1C.5 
121 9.5 1G 
12? 10 1 r, 
, "..., ➔ [\ -~ __ JJ.._-...C.. __ ~---- - --·--



l ~-~ Li \j • ;; 1 q • j 

12S <J • s 1 7. 5 
:1. '.) G JO 13.5 
127 :1 0 12 
128 9 • 5 12 
129 9.5 11. 5 
130 :t 0 11. 5 
131 10 10 
132 9.5 10 
133 9. 5 C) 

1 3 Lt 10 9 
135 10 7.5 
13G 9. S 7. 5 
137 14.5 0.5 
138 1G 0.5 
139 16 2 
140 14.5 2 
141 () 0 
142 1 0 
143 1 0.5 
144 0 0.5 
145 0 17.25 
146 0.5 17.25 
147 0.5 17.75 
148 0 17.75 

OB,T. P1 PIT 

1 1 4 
2 5 8 
3 9 12 
4 13 16 
5 17 20 
6 21 24 
7 25 28 
8 29 32 
g· ;l 3 3G 

10 37 40 
11 41 4 l.; 
12 45 48 
13 49 52 
14 ~j 3 56 
15 57 60 
1G G1 r; Lf 

17 GS 68 
18 G9 72 
19 73 76 
20 77 80 
21 81 84 
22 85 G fl 
23 89 92 
2 lj. 93 9G 
25 97 100 
25 101 104 
27 10S 108 
2 fl :t O 9 1 '.I. 2 
')() 
✓- _,, 113 '.'.1 G 
3() 1 :1 7 1?0 
31 1'.21 12 lt 
3 2 1.?. 5 12 8 
?3 ~ 2 C) 1 '.'l :: 
2 lf 1:n :J ::l C 
35 137 :1 40 
3G 11+:1_ 1 lf 1+ 

17 '.i. 4 ') 111 :1 



r.'PICll!'T OP ,','_T:'J. L'P/!!!7Ir.'G ';'RF.'F = r O. 1 '.'l 
AVG. LirK LFHCTll = 2.2?E 
8. TJ. OF LTllXS 

LillK tl O . J,Il!K( T!_T➔ V,T) LI!lK FT. -------- ~----------- --------
1 5 37 1. 858 
2 5 6 2 
3 6 7 2.25 
Lf 7 8 2 
5 8 9 2 
6 9 10 2 
7 10 11 2 
8 11 12 2 
9 12 36 1.908 

10 8 17 2.281 
11 17 15 1. 8 9 2 
12 17 16 1.892 
13 :.t 6 18 1. P 92 
14 18 19 1. 7 5 
15 19 20 1. 7 5 
16 20 21 1. 7 5 
17 15 14 2 
18 14 13 2 
19 21 24 2.062 
20 24 23 2 
21 23 22 2 
22 24 27 2.062 
23 27 26 1. 7 5 
24 26 25 1. 7 5 
25 27 28 2 
26 28 29 2 
27 29 35 3 . 5 
28 2:i 3 I[ LJ-.031 
29 34 2 2 • If 7 5 
30 2 33 1.9011-
31 33 32 2 
32 32 31 2.5 
33 :11 1 1. CJ 04 
34 31 30 2 
35 37 4 4.366 
36 30 3 4. C 1 

INPUT T:TJCE I!lCOTJSI8TT:iJCY FICTOR (!'O. 0mn 
J..; J. 'J • 

L: 
1 

IllCONSISTE!l'T' lillKS: 27 28 35 36 

.t;!,TT[;'T'FP iJO. ~ • 1 2 30 '.'31 32 33 34 

CLUETFR l'O. 2: 

C!,U;;T!,'P !10. 3: 

3 

l' t 

UT. /.4. vr,. IWV. --------

0.8348 0.3f;77 
O.P-985 0. 2 2 f, 
1.011 0.02403 
0.8985 0.226 
0.8985 0.?.2G 
().R'J85 0.226 
0.8985 o.?.26 
0.8985 0.226 
O . P, S 7 2 0.3179 
1.025 0.05507 
0 • 8 I} 9 8 0.3344 
0.8498 0.3344 
O.Plf98 0. 3 3 Lf 4 
0.786?. 0.476 
0.7862 0 . 4- 7 6 
o.7Rn2 0.476 
0.8985 0.?.26 
0.8985 0.226 
0.9261 0.16lJ-4 
0.8985 G.226 
0.8985 0.226 
0.9261 :l • 1_ 6411 
0.7862 O.Lt76 
0.7-862 0.476 
0.8985 0.?26 
0.8925 0.?.2C· 

- 1. 572 1.274 
'.!. 811 '.! • P, 0 5 
1.112 0.2489 
0.8553 0.322 
0.8985 0.220 
1.12 3 'J.?74 
0 . f? 5 5 3 0. 'P? 
O. 89P:i 0.? '.' G 
1. 9 61 2. 1 lf 
2.n11 2.::rnte 

TJEVS. ) 

C L l/ ;-; T 1? h) Tr {) . Lt : 

3 G 'J 7 
5 6 7 8 9 10 11 12 13 14 15 1G 17 1° 17 20 '.)1 

., r: 
• ! ~) 



POINT 

1 
2 
3 
lf 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31+ 
35 
36 

OBJ. 

1 
2 
3 
4 
5 

P1 

1 
'.l 6 
20 
24 
33 

PH 

15 
19 
? ,, 
•· V 

32 
36 

13 
13 
10 

9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 

10 
13 

9.5 
8 
8 
9.5 
2 
0.5 
0. 5 
2 
5 
0,5 
0 
0 
0 
0 
1 

12.5 
12.5 
16 
14,5 
14,5 
16 

y 

13 
19 
19 
18 
16.5 
16 
1 lf. 5 
13.5 
12 
11.5 
10 

9 
7. 5 
7 
7 

22.5 
22.5 
21 
21 
22.5 
22.5 
21 
21 
17 
17.75 
1°7. 7 5 
17.25 

0.5 
0 
0 
0.5 
2 
2 
2. 
o.s 
o.s 

YOVE CARP.I /..GI'. ':'0 '!'OP OF NEY PA GE. HIT CARRI/1 GF: RF:Tl!Rll 

<e 
fr-( 3_<f_S_c_o_R_'l..,._)l 



CLVt'7.'r'R 

VARIED-OBJEC'.l ROON 

T!lPU':: '.:'T!E ROON COORDilll!.:.:.'ES 
r. 
L, • 

0 0 0 13 13 0 13 13 

Ill-:'UT, SCALE Il!CRE!!Fl.'T FACTOR 
0: 

.25 

INPUT OEJECT COORDil!ATEE, Ol!E 
u: 

2 10 1~ 12 6 10 
0: 

7 10 ~ 10 7 8 9 8 
C: 

3 3 3 7 2 4 2 6 
C: 

6 3 6 4 7 2 7 5 8 3 8 4 
C: 

10 2 10 4 12 2 
C: 

0 

-----~ --------------

SET PER Lil!I'.. !!Ir:! 0 AF?ER LI.E'.: SE?. 

lfOVI' CARRIAGE TO '1'0P OF :!ET-! PAGE. !!IT C/J.RRI/'..CE RFTUJ?!'.1 



POII!T X y 
----- -
1 2 10 
2 4 12 
3 6 10 
l[ 7 10 
5 9 10 
6 7 8 
7 9 8 
8 3 3 
9 3 7 

10 2 4 
11 2 6 
12 6 3 
13 6 4 
14 7 2 
15 7 5 
16 8 3 
17 3 L• t 

18 10 " L. 

19 10 4 
20 12 :: 

OBJ. P1 P '7 ,. 

1 1 3 
2 l} 7 
3 8 11 
lj. 12 17 
5 18 20 

1'-'!01'r.: CARRIAGI'. ':'O ::OP OF !!F:F PAGr:. HI~ CAT:R.!!GT: T?,r:'J'UT?lJ 



r." 
TT ., 
il 

12 L' 
F 
r: 
F 

11 F 
F 
Tl 
F 

10 Tl 
fl 

Tl 
g T-! 

Tl 
Tl 
Tl 

8 T-1 
Tl 
fl 

fl 
7 Tl 

T{ 

T-1 
Tl 

G fl 
F 

5 r-, 
F 
rl 
T.7 
I, 

4 r, 
T.T .. 
II 
F 

3 Tl 
T. • .. 

,.., Tl 

T-1 
y 

1 Tl 
'f,/ 
fl 

0 1 

X 
X 

X 
X 

X 

Y.(i) X 
.. z X 

"f'r•-

.1. 
.,.v 
.ti.·• 

X 
X 

Y. 
X 
X 
X 
z 
X 
X X 

~@i 
X V ,. 

X X 
xx 

X 

2 3 4-

X 

X 
V 

5 G 

X 

X X 
X 

•r V 
, • .,,. t:}\/1. 

✓ .. \t!:J.,l. 

X X 
X 

7 

••"-'t"r-r, -•---.--- -- --- --- .., __ ., .. _ .. __ 

8 

X 
Y. 
X 
X 

9 

X 
Y. 

X 
., 
,i,. 

V e)x 
.,., -:,-,, 'T~ 'Tr V .... , .. ..,., 'T/'" .,.,., 

/\ .... - •-4~•-•'-"'~ ✓--~ 

'.I 
0 

1 
1 

'.I 
2 

H 
f·l 
w 
fl 
TT ,. 

• fl 
rl 
Tl 
'f,/ 

F 
Tl 
fl 
Tl 
F 
f-1 

F 
Tl 
Tl 
F 
F 
T-1 
Tl 
F 

T.J 
" r: 
y 

F 
r,r 
T-l 
p 
Tl 
r,, 

1 
3 



:~
1P, rr;r1 :::' OF ?!_!7.1. S?J!t1 l?.l~'?r: 

AVG. LillK ~~NG'I'I' 
:: . v . o F L nn:, 

T.1Il?K l'.!C. 

3 
4 
t;. 

2 

5 
3 ,., 

:: 1::. 1:3 
= 4.CC7 
=O.CC6C 

r_•r, 
u ..... 

'l '7 ~ 
\.J • I l: 

r~.7l+3 
5. S 9 

Il!PUT ,'7DGZ Il!COI!SI:JT:-:l!CY r.: CTOR (:IO. [;'':_','). v-::::·::.) 
r. 
La • 

1 

I~COllSISTFRT LillKS: 

CLUSTER :.10. ,,., • 

1 

3 

., 
v 

5 

O.f1C2 
1. C3 
., .-, -T ') 
..:.. ... -_ ..l.. -..J 

!JOYE CARRIAGE 'i'O TOP OF llEL' PACF. Tl I? C/1 I?I?I A er: RF:T [JI?}.1 

ti'!'""' ... , 
J.' • • 

().~2?,lt 
~ ,,..., "'"".I Lt 
...,, • -· I ,_, • 



----------------------------------
POI!."!' X y 
-----
1 9 10 
2 i~ 12 
3 2 10 
Lf 7 s 
5 g 8 
6 3 7 
7 2 6 
8 2 L[ 

9 3 3 
10 7 2 
.11 10 2 
12 12 2 
13 10 [' r 

OBJ. P1 P ~T 
l• 

1 1 5 
2 G 13 

MOVE CARRIACF: ?0 TOP OP llI'W PACR. !!.T'!' C/! PT?.I/lCE RF:TURl! 



10 ;,' 
Tl 
T.1 ,, 

F 
9 Fl 

Tl 
F 
r; 

7 fl 
fl 

If 

fl 

6 f.' 

I/ 
f/ 

5 F 
T-/ 
Tl 
f.1 

4 ;/ 
Tl ,, 
,, 
'! l. 

3 T-! 

L' 
E' 

2 Tl 
T1 

r: 
T1 .. 

1 Tl 
f,/ 
T .' ;, 

rr 
,I 

0 1 

X 
X 

X 

X 

X 

X 

X 

V 
b 

X 
X X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X X 
X X 

X X 
X X 

X XX XX X XX X XX XX XX X.":XX XX 

xxxxxxxxxxxxxxxxx 
xx ® \,; 

X 
}{ 

X 
X 
X 
X 

X 
X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

V .. 
V 

X 
X 

X 
X 

X V 

1. 1 

2 3 5 C 7 8 0, 0 1 
1 
') 

Tl 
L' 
Tl ,, 

T/ 

fl 

r.1 .. 
w 
r,r 
Fl 
f.7 
F 
T-1 
Ti 
T-l 
T-! 
f/ 
fl 

f.7 
F 
F 

f/ 
f/ 
F 
F 
fl 
rl 
fl 
Tl 
" 
F 
vi 
fl 
T-! 
fl 

fl 

1 
3 



TYPE IN !.'J!.f!P OF !'O()!! 
T/ARI,r.:D-OJJ.lEC:, 1 ROOl! ( PASS l!O. 2) 

INPUT 7l!E ROO;'r COORDI!l/t. ':ES 
C: 

0 0 0 13 13 0 13 13 

IllPUT SCALE IllCnRNRllT FACTOR 
0: 

VA tt, t € o o M€q- rlO!J\111, 

((JASS t1: Gt) 

Il!PUT OE,TECT COORDI!lATES, ONE SET PER LIHE. FIT O /lF'I'P,P L/1,'':'7 F.r,,'J'. 
C: 

[ 1 
.J : 

u: 

r: 

33372Li26 

G 3 6 4 7 2 7 5 8 3 8 4 

10 2 10 1+ 12 2 

0 

MOVE C/L?RIAGF: TO TOP OF NEL' PAGE. HIT C/lRRI/':.C-P. RF.TURN 



POJI'T -----
1 3 
2 3 
3 2 
4 2 
5 6 
C 6 
7 7 
8 7 
9 8 

10 8 
11 10 
12 10 
13 12 

OBJ. P1 

1 1 
2 5 
3 11 

3 
7 
It 

G 
3 
4 
2 
5 

.3 
4 
2 
4 

" L 

!)'7 
L 1, 

4 
10 
13 

--------- ------------

}: y -

VA1t, E-J> o&J€Cr R.ootv\ 
(@dJ P6s~) 

UOVE CARRIAGE 'J'O TOP OF llE!l PAGE . . HI':' CARRIAGE RZ':'URT! 



T.'T:IC!!T or !JIH. :JP.Al!!?I:!G TRT:r: = 2. SCL~ 
A YG. LI!JK LE!.1CTJI = 1~. 2 5 ~ 
S.D. OF T,.Tl!JUJ =0. 1:-'..116 

LI!-.1K I.TO. LI l.1 r ( T' I-► t' J ) Lirr. f/'T' . -------- ----------- --------

1 1 2 I~• 7 I} 3 
2 2 3 3.76 

I:.1PUT EDGE IllCONSISTI'l!CY FJ.CTOP. (l.70. E':'TJ,. D!:YS.) 
C:: 

1 

IllCOl.1SISTEN'!' LI!!KS: 1 

CLUSTER 170. 1: 1 

CLUSTER llO. 2: 2 3 

r.rr:1. IA T,rc. --------

:1.. :!.1f 
0 . se4i+ 

MOVE CARRIAGE TO TOP OF l'!Efl PAGE. HIT CARRIAGE RP'I'URN 

D1:'~r. 

'J.1101( 
O. r:. S 1 f, 



:-1."XX.VX."I 
f/Y ~teri,;f··: 
••.. CAAj ., 

~ . ...,. ·7 

2 0 r/ 
'J 
" ,; 

fl 
19 F 

r/ 
;! 

18 fl ,., 

1 7 r1 
ll 
r,; 

16 y 
,! 
f1 
r, 

15 F 

fl 
r.' 

14 [i 

" I/ 

y 
fl 

13 Y 
r, 
:, 
fl 

12 F 
f.,' 
,i 

• fl 

11 r, 
[·/ 

fl 
r,r 

10 fl 
u 
T-l 
r1 

g r.; 
fl 

Fl 
B rl 

fl 
r: 
r, 

7 Tl 
f/ 

u 
4 rt 

f,' 
f-1 

3 ,., 

I'/ 

xxxxxxxxxxxxx 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X FIXE[) X 
y X 
X X 
X 'Pol>IUH X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 5S X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
xxxxxxxxxxxxx 

r. 

xxxxn:xxxx 

., bf.SK l>E'Sk 

X 

... ?Xr.vx..z""XX ., 

't£\lc ,.,,, .. , V 

'V 

r vx."xxx:rx_v r-· 
., f' 

X Y ,': X X}(:"X.YXXYXX .":X.?.~"X ... ~?X::x ;.r 
YXX~?}~l.YX.":X .V:.? . .,'"X,"-"}~.":,"":.1:X ,;:XX..?.v.~:XXXX XXX):XXX.YX."": '·" 

X 

7 

X X 
XX ~I( 
X X 
'1"' X 
X X lb 
X X 

V X 
X 
X 
X 
X 
X 
X 

X 
X [.' 

V r• 
X ,Y 

X 
Y. 
X 
X X XY.XY.XXXXXX XXXY.XX.Y,YX."1 F 

X ~IC 
X 
X ,g 
X 
X 
X 

XXXXYX?XYX 
X X 

V X X 

X X OC'SIC X 
X X X 
Y. X 11 y 
Y X X 
XX X 
y 

xxxxxxxxxx 
XXYXXXXXY.X 

xxxxxxxxxx 
XXYXXKXXXX 
X X 

X X X X 

.1"?:!X.?X."':X.?.t r, 

X i.. r.1 

r "' 
X fl 
.Y p 
V p 
X F 

xxxrrn·xx.v v 
XXXXXXXXXY F 
y y ~l 

X X f-.1 
X OtSK V X bt:SIC' -~~ X 

X X Y. X 
X :,· 
X y X 

X 
-x 
X 
X 

YX If X" 
-X- -X -- ..X ... . .! 
XX X 
x x.v:xxrxxxx.v 

xxxxxn:xxx 

xxxxxxxxxx 
X X 
X ))cSf( X 
X X 

X X 
Y. ~ X 
X 7. 
X X 
X 11 X 
X .v 

X 10 X X X 
X v Y.7.7.XXXXXXX 
X X 
X X XXYXYXXXY.X 
xxxxxxxixx x x 
XXXXXXXYXX ;: 'tlE~ v 
X X 7. X 
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