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PART I SUMMARY 

During the past several years,  HSRI has developed and validated 

two and three-dimensional models describing the motions and forces 

act ing on an occupant during a co l l i s ion .  These models have per- 

formed with approximately ninety percent accuracy in parametric 

s tudies  of c lass ica l  crash configurations. A three-mass, three-dimen- 

sional model has been used as an inexpensive design tool since ear ly  

1970 in s tudies  of integrated sea t - res t ra i  n t  systems, door crash- 

worthiness, and head r e s t r a in t s .  At the same time, HSRI has developed 

an "n" degree-of-freedom representation of the torso and neck, 

This report  describes a new six-mass occupant model combining 

exis t ing capabi 1 i  t i  es and possessing the fol  lowing new features  : 

1. addition of lower legs t o  the three-mass model to represent t he i r  

known r e s t r a i n t  capabi l i ty  in f ronta l  inpact; 2. remodeling of the 

vehicle i n t e r i o r  contact surfaces t o  allow any shape fo r  the force- 

deformation in teract ions  between occupant and vehicle; and 3. simp1 i- 

f i ca t ion  of input and output procedures through development of a user- 

oriented in te rac t ive  command language. 

The report  i s  organized in to  three par ts  and i s  a completely 

self-contained descript ion of the program and i t s  use. The main par t  

of the report  includes the physical and analytical  base of the model, 

. a descript ion of the input requirement and the output generated by the 

computer program, sample input data and the associated output, and a 

complete users '  guide f o r  model operation. 



The f i r s t  appendix t o  t h e  main r e p o r t  c o n t a i n s  i n f o r m a t i o n  o f  

p a r t i c u l a r  i n t e r e s t  t o  t h e  ;ompu t e r  programmer o r  t o  t h e  eng ineer  

i n t e r e s t e d  i n  t h e  i n t e r n a l  f u n c t i o n  o f  t h e  computer program. The 

v a r i o u s  sub rou t ines  a r e  desc r ibed  as w e l l  as t h e  i n t e g r a t i o n  tech-  

neques used i n  t h e  s o l u t i o n  o f  t h e  equa t ions  o f  mot ion .  A u x i l i a r y  

o u t p u t  f rom t h e  program p a r t i c u l a r l y  u s e f u l  i n  s t u d y i n g  program 

f u n c t i o n  and p h y s i c a l  v a r i a b l e s  n o t  i n c l u d e d  i n  t h e  normal program 

o u t p u t  i s  a l s o  descr ibed.  The appendix i s  concluded b y  a  symbol 

d i c t i o n a r y .  The second appendix c o n t a i n s  a  l i s t i n g  o f  t h e  program 

wh ich  i s  w r i t t e n  i n  F o r t r a n  I V .  

PART I I BACKGROUND AND INTRODUCT I O N  

Three d imens iona l  models o f  whole body dynamics have been 

developed t o  d e s c r i b e  human mot ions  i n c l u d i n g  au to  occupant dynamics, 

human g a i t ,  and s e l f - g e n e r a t e d  mo t ions ,  B e c k e t t  ( 1  ), L i s s n e r  ( 2 ) ,  

and Weber ( 3 )  have modeled mot ions  exper ienced by  t h e  arms and l e g s  

d u r i n g  w a l k i n g .  T h i s  work i s  o f t e n  a p p l i e d  t o  t h e  des ign,  develop- 

ment, and use o f  p r o s t h e t i c  dev ices .  I n  connec t ion  w i t h  aerospace 

programs, Kane (4), Hanavan ( 5 ) ,  Huston (6), and Passere lo  ( 7 )  

conducted a n a l y t i c a l  s t u d i e s  o f  s e l f - g e n e r a t e d  mot ions  p o s s i b l e  i n  

f r e e  f a 1  1 and ze ro -g rav i  t y  environments.  These a r e  a p p l i e d  t o  a c t i v i t i e s  

such as s k y - d i v i n g ,  space-wal k i n g ,  and swimning, 

Wi th  r e s p e c t  t o  automobi le  occupant dynamics, B a r t z  (8 ) ,  Furusho 

( 9 ) ,  Robbins (10,11),  Thompson (12),  and Young (13 )  have a l l  developed 

lumped-mass, mu l t i p le -segmen t  whole body models. The model developed 

by B a r t z  ( 8 )  i n c l u d e s  f o r t y  degrees o f  freedom and f i f t e e n  r i g i d  body 



segments connected by ball-and-socket and pinned jo ints .  The Young 

model (13) includes a similar  number of body segments while the others 

include less :  Robbins (10, 11) - three masses (head, torso,  lower 

ext remit ies) ;  Furusho ( 9 )  - f ive  masses (head, two torso masses, 

upper leg ,  lower l eg ) ;  and, Thompson ( 1 2 )  - one mass. The l a s t  of 

these i s  part  of a large program invloving vehicle crush character is t ics .  

In a l l  of these models, complex vehicle geometry i s  introduced to  

provide an i n t r i c a t e  array of forces acting on the segmented occupant. 

In developing the new six-mass model which i s  the main subject 

of t h i s  report ,  the  authors have concentrated on :  1. select ion of 

a minimum number of degrees of freedom consistent  with a r e a l i s t i c  and 

economical description of the physical problem; 2.  e f f i c i en t  formu- 

l a t ion  and computational procedures; and, 3. user requirements. 

The f i r s t  assumption which i s  made i s  t ha t  the main jo in t s  

o f  the body are the knees, hips, and neck. The knee i s  represented 

by a pinned jo in t  which i s  a  good approximation. The other jo in t s  

are  ball jo ints  with l imitat ions t o  t he i r  f ree  range of motion. The 

arms have been neglected on the basis of t he i r  small mass when com- 

pared with the torso and the small e f fec t s  on  overall body dynamics 

which are generated by the action of external forces on segmented arm 

masses. The legs have been modeled more completely as r ight  and l e f t  

upper and lower legs fo r  two reasons, The f i r s t  i s  the experimentally 

observed major e f fec t  which the tensing of leg muscles can play in 

influencing occupant dynamics and the second i s  the lack of symmetry 

of most vehicle in te r io r s  w i t h  the result ing lack of symmetry of the 

occupant i n i t i a l  posit ion.  



A1 though the number of masses chosen fo r  t h i s  simulation i s  

be1 ieved the  minimum neces;ary fo r  a real i s t i c  approximation of 

occupant motions and force loadings in most dynamic environments, 

occupant in teract ions  with the vehicle are  modeled in considerable 

d e t a i l .  Contact-sensing el 1 ipsoids are  attached to  the body masses 

t o  sense force in teract ions  with the vehicle. These e l l ipsoids  can 

deform under force representing body compl iance. 

Because t h i s  i s  a complex i n i t i a l  value problem, the number of 

equations of motion have a great  influence on the cost  of exercising 

the  model. Using a minimum number of body linkages combined with 

a formulation in terms o f  Euler angle generalized coordinates leads 

to  the  smallest possible system of equations. An Euler angle formu- 

l a t ion  admittedly can lead t o  solution i n s t a b i l i t i e s ,  b u t  these 

problems have been found t o  be negligible during three years use of the 

HSRI three-dimensional crash victim simulator, Robbi ns ( 1  I ) ,  which 

i s  formulated in the same manner. 

I t  i s  apparent t ha t  using a model of t h i s  type i s  d i f f i c u l t  due 

t o  input data requirements including force-deformation character is t ics  

of the human body, the  geometry and strength of an automotive i n t e r i o r ,  

and the crash charac te r i s t i c s  which drive the model. In most cases 

the user i s  expert in one of those areas and l e s s  famil iar  with 

' others.  For example, an automotive designer may be intimate with 

vehicle charac te r i s t i c s  b u t  less  familiar  with the strength and range 

of motion of human jo in t s .  Sample data s e t s  are  stored with the 

model and a re  referenced by supervisor programs which query the user 



and prepare the detailed data set automatically. I n  this way a 

user may specify an occupant size such as a 50th percentile male 

using a single simple command and provide very detailed vehicle 

geometry input data as another option provided by the interactive 

supervi sor program. 



PART I 1 1  ANALYSIS 

Fo l low ing  d e f i n i t i o n  .of t he  coord ina te  systems desc r i b i ng  

occupant pos i t i on ' ,  t he  f o r m u l a t i o n  o f  t he  equat ions o f  mot ion us ing  

Lagrangian techniques i s  d e t a i l e d .  The a d d i t i o n  o f  fo rces  t o  the  

equat ions o f  mot ion i s  descr ibed i n  genera l  supplemented by s p e c i f i c  

analyses o f  veh ic le-occupant  con tac t ,  g r a v i t y ,  j o i n t s ,  and b e l t  fo rces .  

A.  Coord inate Systems Descr ib ing  Occupant P o s i t i o n  

The bas ic  geometry o f  t h e  new model i s  shown i n  F igure  1  w h i l e  F i gu re  

2 shows t h e  assoc ia ted coord ina te  systems f i x e d  on t he  va r i ous  elements. 

F i gu re  3 de f i nes  t he  mot ion  a l lowed a t  each o f  t he  pinned knee j o i n t s .  

The bas ic  i n e r t i a l  coord ina te  system i s  

w i t h  t h e  coord ina te  systems i n  t he  s i x  body masses and t he  v e h i c l e  de f ined  

as 

The genera l i zed  coord ina tes  desc r i b i ng  t he  mot ion o f  t h i s  1  inkage a re  chosen 

t o  be (xl, yl, z l )  d e s c r i b i n g  t h e  t r a n s l a t i o n a l  mot ions of mass 1, Eu le r  

angles desc r i b i ng  t he  mot ions o f  masses 1, 2, 3, and 4 and genera l i zed  re -  

l a t i v e  p i t c h  desc r i b i ng  t he  mot ions o f  masses 5 and 6. The Eu le r  angles a re  

app l i ed  i n  t h e  f o l l o w i n g  o rde r :  

6 



FIGURE 1. MODIFIED HSRI THREE-DIMENSIONAL CRASH VICTIM SIMULATOR. 



F I G U R E  2. COORDINATE SYSTEMS I N  M O D I F I E D  H S R I  T H R E E - D I M E N S I O N A L  CRASH V I C T I M  S IMULATOR.  



F i g u r e  3. Lower Leg Angle en+2. 



$ = yaw and k axis ;  

e = pitch about 7 axis;  
- 

4 = ro l l  about axis;  

where k i s  the original axis ,  5 i s  the position reached by the j axis a f te r  

the $-rotations,  and 7 i s  the position reached by the i  axis a f te r  the e -  

rotation. 

The transformation associated with these motions i s  

where the subscript n refers to the body segments 1 ,  . . . , 4, In a more com- 

pact notation, 

en - 

The knee joint i s  represented as a pinned hinge so that the only motion 

permitted between the upper and lower leg elements i s  re lat ive pitch. Thus 

the position of body elements 5 and 6 i s  specified i f  one j s  given the posi- 

tion o f  elements 3 and 4 plus a relat ive pitch angle. 



The transformation i s  given by 

where n=3,4, or in terms of e ,  

0 -sin en,z 

- 
e n + 2  - 

cos ent2 

In the compact notation 

where n = 1 ,  ..., 7 .  

In order t o  form the kinetic energy function for  use in the Lagrange 

equation i t  i s  necessary t o  form the l inear and rotational velocities of 

the various masses. Referring t o  Figures 1 and 2 ,  the position vectors 

for  the six masses are 



Us ing  t h e  p o s i t i o n  v e c t o r s ,  t h e  l o c a t i o n s  o f  t h e  c e n t e r s  o f  g r a v i t y  f o r  

t h e  s i x  masses a r e  shown t o  be 



B ,  Formulation of Equations of Motion Using Lagrangian Techniques 

The equations of motion are derived by Lagrangian techniques using the 

formula 

d (w) '8 I P ~  + a (DE)  d 6 (RE) - ,- * 
dgi "gi 3 4  i = F&' 

where 

KE i s  the system kinetic energy 

PE i s  the system potential energy 

DE i s  half the system dissipated energy ra te  

F are the classical general ized forces 
9 i  

q i  are the classical generalized coordinates or degrees of freedom 

of the model . 
Since the only driving force i s  applied t o  the vehicle and not directly 

t o  the body, the F terms are a1 1 zero. After the energy terms have been 
i 

written, the resulting equations of motion are rearranged so that  a l l  the 

terms containing generalized accelerations appear on the left-hand side and 

a l l  other terms appear on the right-hand side. Thus rearranged, these 

equations are of the form 

. . 
where m i s  the matrix of general ized acceleration coefficients and 8' i s  the 

generalized acceleration vector. In this  analysis the right-hand side of 
-f 

the' equation, Q ,  will be called the "generalized force" and contributions 

t o  i t  from the kinetic,  potential, and dissipative energies in Equation (10)  

will be referred to as the general ized force from that  part of the model. The , 

total  "general i zed force" i s  the sum of the components from kinetic energy, 



gravity,  j o in t s ,  be1 t s  and contacts. The kinetic energy contributions to 

the "generalized force" are  centrifugal and Coriolis force terms. 

Kinetic energy alone determines the left-hand side of the equations 

of motions. Equation 11 i s  a  s e t  of seventeen simultaneous l inear  

algebraic equations with the generalized accelerations $, as the unknowns. 

These equations are  solved numerically by Gaussian elimination. The 

generalized force vector may be expanded t o  show the various contributions 

where 
3 

qT i s  due t o  kinetic energy 
3 
Q' i s  due t o  gravity 

GL i s  due t o  contact forces 
3 

Q, i s  due t o  jo in t s  

i s  due to be1 t s  

The seventeen generalized coordinates fo r  t h i s  problem are  the position co- 

ordinates fo r  the torso mass, the Euler angles f o r  the torso,  head, and 

upper leg masses, and the pitch angle f o r  the lower leg masses. They are  

defined in the following order: 



The derivation of the matrix of general i zed acceleration coefficients , m ,  

and the various components of 6 i s  given in the next several paragraphs. A 

variety of  geometric, motion, and trigonometric quantities as we1 1 as deriv- 

atives which are used in the analysis are l is ted here t o  provide a central 

repository. During the computer solution most of these quantities are eval- 

uated as the f i r s t  step of each integration loop. 

Trigonometric quantities making u p  the transformation matrices have 

been defined as T i j n  in Equations 3 - 7. Other trigonometric quantities 

which are used are 1 isted as follows. 

- 
S In 3 - sin n ; = C 0 5  YO 
S z n =  s i n @ , = - T , ~ n  ; c l n  = C O S ~ n  (14) 

5 3 n  = s i n + n  ; C3,., = cos 4 n  

The subscript "nu runs from 1-4 on a l l  quantities and also includes 5 and 6 

for  sines and cosines of theta ( 8 )  and 7 for the vehicle. 

T,# = C O ~  S I ~  en Tsn = ~ 0 s  q0 sine, S ~ O  $n 

TIso = sir, %-, s in en T 6 n  = sin qn COJ Bo sin 4, 
T I c n  = S I ' Q Q ~ C O S ~ ~  T7, = sin Vn s;n en ~ c 6 O ~  

= S / O  en ~ ; r ,  4 n 7 8 n  = sin qn Y, in en in  4, (1 5) 

T , ~  = cos qncose, cosdn  TZYO = ~ 0 5  ?,, cos do 
T2, = cos 'i$ cos en 5io dn Tzsn = cos Yn sin @n 

7 3 0  = cos V,, s in  en C O ~  dn  7260 =  in Ye cos # n  

Tyn ' s h  yn (0.5 BO co.5 T Z 7 ~  = 5;nqn s i n  dn 



The f i r s t  d e r i v a t i v e s  w i t h  r e s p e c t  t o  t i m e  o f  t h e s e  q u a n t i t i e s  wh ich  a r e  

used elsewhere i n  t h e  a n a l y s i s  i n c l u d e  

i,, = -ci* Ti,, - 8, T,, - $r, 7 2 ,  

i 2 n  = - $n T 6 n  - en Tsn + 4n Tin 

7 4 n  = (i;, T n  - 0, 77, - $,,lsn 
7 ' 0 ~ n l ~ n  - e n  -+ +I, T& 

where n = 1 ,. .. , 4. 



From the lower legs transformation 

where n 3,4. 



The second t i m e  d e r i v a t i v e s  o f  t h e  t r a n s f o r m a t i o n  m a t r i x  e l  ements a r e  g i v e n  by 

where n  = 1 , , , . , 4 and by 

where n  3,4. 



The f i r s t  t i m e  d e r i v a t i v e s  o f  t h e  p o s i t i o n s  o f  t h e  v a r i o u s  c e n t e r s  

of g r a v i t y  a r e  



The second t i m e  d e r i v a t i v e s  o f  t h e  p o s i t i o n s  o f  t h e  v a r i o u s  c e n t e r s  o f  

g r a v i t y  a r e  



Spatial  derivatives a re  a lso  necessary in forming the equations of 

motion. The non-zero space derivatives of the positions of the various 

centers of gravity a re  

2 x 3  - - -  
a LC), 







con f in  1) e d 



a t ,  a t ,  -= 
2 4, a 



Similarly, the non-zero spatial derivatives of the various elements of the 

transformation matrices are 







The final s e t  of useful quantities used in formulating the equations o f  mo- 

tion i s  of the angular velocities and accelerations, The angular velocities 

are given by 

d2n = bm C'o 3 % CC,,Sjo 

a 3 n  = Gn C2n Cj l  - e, s,, 
where n = 1 ,  . . , , 4 and 



where n = 3,4. 

The angul a r  a c c e l e r a t i o n s  a re  

where n  = 1,  . . , , 4 and 

where n  = 3 .4 .  

C. M a t r i x  o f  General i zed Acce le ra t i on  C o e f f i c i e n t s  

The 17 by 17  m a t r i x ,  m, i n  Equat ion 11 i s  determined f rom the  k i n e t i c  

energy sec t i ons  o f  Lagrange's Equat ion.  The t r a n s l a t i o n a l  k i n e t i c  energy 

i s  w r i t t e n  

S u b s t i t u t i n g  t h i s  q u a n t i t y  i n t o  Equat ion 10 and us i ng  t h e  f o l l o w i n g  r e l a t i o n s  

each term r e s u l t i n g  f rom t r a n s l a t i o n a l  k i n e t i c  energy i s  s imp ly  



where i = 1 ,  ..., 17. 

The ro taonal  kinetic energy i s  written 

Substitution of th is  into Equation 10 yields 

where i = 1, ..., 17. 

The coefficients in m resul t  from expressions 30 and 32,  Each Co- 

eff ic ient  in each of the seventeen equations i s  the mu1 tip1 i e r  of one of the 
a .. . . 

generalized acceleration quantit ies,  XI, y l ,  ..., e6. In their  computation 

a variety of relations are used more than once including 

a, = m, + m, + 

a2 = - 0 7 ,  + fipa7s 

a , =  - m 2 , ~ 2 n  

a4 = a,, fa56 

a, = Q,, +a,, 
as = m$ ace 

- a, - m6a$9 
ag = T , ~ s  

ag = QJI 7/16 



a,, = - C r d o  7315 

a,, = -a6/ GG 
Q,, = h, a ,3 

a13 = m, a, 

a,, = - a,, 7323-  

U I r  = -as( 7326 
a16 = a, 71zg 

a, ,  = 7/26 

a/$ = a,, 7 / 3 5  

= -*@ G335 

6 2 0  = Qhl 7 / 3 6  

= - a d ,  7336 

a,, = 2 a,, ic,, c,, - 5 , r  cJ3) 
a,, = (C26 Gd-s2& 7jc4 

0 2 4  = a,,+a, 
Q3$ ' a81+G(82 

02s = -Q,,+a$o 

a27 = a*, - 082 

Qzs = - 0 3 4  

QZg = 0 2 . r  

- 
a 3 ~  - O26 

a 3 ,  = a27 

0 3 2  = PHk fa73 

0 3 3  = PHI( t 4 7 4  



Q3s= P,, 7-41 &?& 
a 3~ = ?If 7;6! -k f p ~  T7, 
0 3 7  = PIP -6' -pH 7;/ 

a3e = fir 74, - PPH Tdl 

039 - - - ef 7/61 f$f 71~1 

a40 = Q 4  

& =  as 

Q'fz = - 6  I ,  

a43 = -4 J 1 2 l  +PpH l&, 
-6 ,T , ,+p ,~3 , ,  

O43 = -pp G,, - & 73 , ,  

4 6  = - ?If G2, - fi" 6 2 ,  

a47  = - ?,, 63, - P, 5 3 1  

a,,= - ia,,T,,, + a , 3 2 3 )  

a 4g = us, 51, + a, T ~ , ~  

o rn, ( - a 3 ,  5 9 3  + Q Z ~  7 1 3 )  

a,, = 4 ( -B , ,Ts~ -t-~,,%~) 

a s 2  = - (al, c,, -+ oY6 T ~ ~ , )  

as3 = a8 

6134 " 016' 

a&$ = a,, 

C ~ $ G  = & Q32 

057 = h76 Q33 

0,rs = Pw c2r 
QR = f'kr C2c 

0 6 0  = m, fk5 

33 



- Or? - PP;, 
= G ~ S  + ac7 
= -a,P2, 

G 7 p  fh a77 
Q7, = Pp4 0 7 8  

0 7 2  = 2Q63 

a,, = PMSX 
a74 = Pws s2c 
a 7 P  = m 4 t r n 6  +a63 

M7' = m 2 , C ~  

R 7 ,  = ~ 3 y ~ 3  

= h74 PH~ 
0 7 9  = PIP T 3 2 ~  

ago = ?ptiT221 

081 ' ?,p T 3 ~ /  

a,, = P, 
Qqt = - [ Q , , r , , ,  + 4 , 7 3 z + J  
a93 = Q3,7/ ,4  + a, 519 

a94= " 6 ( - 3 3 T / o y + Q $ 9 % )  

095 = mg (- 0 3 ,  7134 + T ~ Y )  

ass = - (Q,,='w + 4 9  T/IL 1 



The q u a n t i t i e s  m.. a r e  g i v e n  i n  Equat ion 34. The f i r s t  s u b s c r i p t  g i v e s  
'J 

t h e  row and t h e  second, t h e  column i n  m. Only  t h e  upper p o r t i o n  and d iagonal  

o f  t h i s  symmetric m a t r i x  a r e  gi9en. 

m,, r z  = - G~ 7~ l 3  

13 = - (a57;r, +Q,TWJ 
q,ly = - ( ~ 5  T l ~ y  - a 7 T I L ( )  

M ~ , / ;  = - a7TLlr 

m 1 , / 6  = '1 

"1f,17 = ' 9  

m t Z =  a1 

M 2 3  = 0 

M,, = a,7311 

"% 5 = d Z 7 ' f l  - 
m,, - - a 2 7 2 2 1  

"12, = C c 3 T 3 / ~  

con f-i'n u c cP 



[*65 (72, + ) ' 967 
t I,, 721 + 121 C 3 l  4 1 3 1  -7-:3/ 
- - adZ (- 7321 TII T31i T+I) + 4~~ [ - ~ z y 4 3 ~  +- 4 3 5  -f Gz6437 

+a.27a3a] + I z 1 7 2 3 ,  C 3 /  - 1 3 1  7 3 3 1  5.31 

mr)& = & L Z  ( 7 3 ~ ,  T ~ l l  - T L Z I ) +  463 (-4.2V4?Z + ~ 2 5 ~ 4 3  *426 9~~ 

+ + 7 = + b )  ' I,, z3/ 
m r ?  = ( ~ 3 2 1  T~~ -t T & , ~ S / L )  

M y 9  = ~ L Y  (- 7 3 z ~  TI* +- 7311 T Y Z )  
M ~ 9  = a&r (73.21 T Z l 2  - 7 3 4  TZZZ) 

1 

M y ,  16 = - 4 z y  q g  + 4 z 5 G / b  

m4,17 = Q Z L  A9 -+ Q . L , U / 7  





S c Z  +Izs c : ~  +- 135 33 25 

- m ,,,,, - u,, (- a s 0  7213 - a ,  7223 



m,,l,y = ML aqZL f +I 
-a33 4 gy T 14y f q q ~  TJY 

+ 129 C:+ + --T3r 5& + (g9? 7,  + d ? 5 7 4 4  ) +  465:r 5L26 

S z . 6  C & + I ~ L S & C ~ A  - 
*tr,15 - - 0sp ( ~ 9 ~  GIY + 4 9 5  ?.UY + - Z3& ) 5 3 Y  52' C Z L  

- 496 Q 6 ~  G6TSY 
/ ) 7 / ~ , l 6  = * 
1 ) 7 ~ ~  I 7 = - a,, ( Q , , T ~ / ~  -+ ~9~ 7 3 . 7 ~  ) + 726 C ~ Y  + (759 

+ q6/ 4 9 6  f C t b  Tjy - 526 ~3354) 



D. Components o f  Equations o f  Mot ion Resu l t i ng  f rom K i n e t i c  Energy inc luded  

i n  "General i zed Force" 

The components o f  v e c t o r  i), de f i ned  i n  Equat ion 12  a re  g i ven  i n  t h i s  
., ., ,, 

sec t i on .  I n  t h e i r  f o r m u l a t i o n  those p o r t i o n s  o f  Ti j,,xi, yi, zi, and am, 
which c o n t a i n  products  o f  f i r s t  t ime  d e r i v a t i v e s  o f  t h e  general  i z e d  coord inates 

.. 
a r e  used many t imes. Those p o r t i o n s  o f  t h e  Tijnas obta ined f rom Equat ion 

18  and 19 a re  g i ven  by 

where n  = 1, . . . , 4 and 



f o r  n  = 3, 4. 

The q u a n t i t i e s  d e r i v e d  f r o m  t h e  second d e r i v a t i v e s  o f  t h e  p o s i t i o n  

v e c t o r  (Equa t ion  2.21) can be expressed as 

where i = 1,2,3 r e f e r  t o  x, y, z. 

From t h e  a n g u l a r  a c c e l e r a t i o n s  g i v e n  i n  Equat ions 2.27 and 2.28, t h e  f o l l o w i n g  

q u a n t i t i e s  r e s u l t .  

where n  = 1, . . . , 4 and 

U,s = C2rj (u,, - 8; ) - 5 2 ,  es + 4 3  ) 

= u 2 3  

4, = -s23 u,3 - d 3 3  65 ) 4- C2$ (%#!! + 4) ) 

#,, = C26 ( L A 4  - oc34 8,) - S2, * 4)  
u26 = U24 

(136 = S ~ ~ ( L / , ~ - ~ . M ' ~ ) ' C , ~ ( ~ ~ ~  ( l . 4 )  



Using Equations 35 through 39 the components of the equations of motion 

resulting from kinetic energy which are included in the "general ized force '  

as can be written as fo l  lows- where the subscript n of %n refers to  the 

row in which the term i s  entered. 





E. A d d i t i o n  o f  Forces t o  t h e  Equat ions  o f  Mo t ion  

Three d i f f e r e n t  f o r c e - p r o d u c t i n g  f e a t u r e s  o f  t h e  model add t o  t h e  com- 

p l e x i  ty  o f  t h e  equa t ions  o f  mo t ion  -- c o n t a c t ,  be1 t s ,  and j o i n t s .  The d e t e r -  

m i n a t i o n  o f  f o r c e  i s  un ique t o  each o f  these f e a t u r e s  b u t  t h e  way i n  wh ich  

t h e  r e s u l t i n g  f o r c e  i s  a p p l i e d  t o  t h e  equat ions  o f  mot ions  i n  common t o  a l l  

and w i l l  be d iscussed here .  

Cons ider  a  t y p i c a l  f o rce -p roducer  and c a l l  i t  f e a t u r e  F. I n  t h i s  simu- 

l a t i o n ,  t h e  magni tude o f  t h e  f o r c e  produced b y  F w i l l  be a  f u n c t i o n  o f  de- 

f l e c t i o n  and d e f l e c t i o n  r a t e  where d e f l e c t i o n  i s  d e f i n e d  a p p r o p r i a t e l y  f o r  

each fea tu re .  For  example, be1 t d e f l e c t i o n  i s  e l o n g a t i o n  o f  t h e  be1 t be- 

yound t h e  ze ro  s l a c k  c o n d i t i o n .  The d i r e c t i o n  o f  t h e  f o r c e  i n  each case 

i s  t h a t  wh ich  w i l l  t end  t o  max ima l l y  decrease d e f l e c t i o n .  The f o r c e  p r o -  

duced can be separa ted i n t o  de f l ec t i on -dependen t  terms which  may be c a l l e d  

a u s p r i n g "  f o r c e  and a  c o l l e c t i o n  o f  d e f l e c t i o n  ra te-dependent  terms which  

may be c a l l e d  a  d i s s i p a t i v e  f o r c e .  

= F + F  F~ S F  O F  

where 

FF i s  t h e  t o t a l  f o r c e  produced by  f e a t u r e  F  

F  i s  t h e  " s p r i n g "  f o r c e  f o r  f e a t u r e  F  S F 

F  i s  t h e  d i s s i p a t i v e  fo rce  f o r  f e a t u r e  F  D F  

I n  genera l  

and, 



where f ( 6 )  i s  a polynomial or tabular function of displacement, $ , and g ( 6 )  
i s  a function of displacement r a t e , 8  . The deflection and  deflection rate 

( 6 and & )  are computed as functions of the seventeen generalized coordinates. 

A general description of the functions f and  g i s  given in Figure 4. 
a 

The spring force, SFF, will do work in the classical sense a n d  yield 

a potential energy 
F 

and the contributions t o  ( 41 ) will be of the form 

for  i = 1, ..., 17. 
d 2 

The quantity 7 will be referred to as the "lever arm." If the 
t i  

generalized coordinate i s  rotational and the force for the feature F such that 

i t  tends to push or pull the body segment i n  a direction perpendic- 

ular to the l ine  joining the center of rotation to the point of application of 

the force, then this  quantity will be the actual length of that l ine  and  hence, 

the lever arm. In other cases, i t  contains factors which yield the perpendic- 

ular component of the force as well and i s  an "effective lever arm", In 

general , since 

(where SQF i s  the generalized force vector contribution due t o  the "spring" 

force of feature F )  strongly resembles the re1 ation, 

Torque = Force x Lever arm 

this  nomenclature has been adopted. 



Deflection 

where 

6 - - deflection a t  peak iner t ia l  force 
A 

c = e las t ic  l imit  (yield point) 

ag  = termination of use of auxiliary polynomial 

F = saturation force 1 imi t max 

n = deflection a t  which unloading begins, that i s ,  the maximum 
deflection for the particular load-unload cycle 

w = calculated permanent deflection for cycle (unsaturated) 

LI = calculated permanent deflection for cycle (saturated) 

B = slope of saturation unloading curve 

D breaking point 

6 F  = endpoint of break down curve 

v = total  permanent deformation 

F = force a t  maximum deflection 

Figure 4, HSRI Representation of Force-Defl ection Curves 



The quantity D?F i s  dissipative in nature and will yield a dissipative 

energy rate.  

and the contributions to (41  ) will be of the form 

for i = 1, , . , ,17  

B u t  i t  i s  also true that 

since b i s  a function only of the generalized corrdinates and n o t  the i r  rates.  

Therefore ( 4 7  ) will take the form of (45 ) and recalling (41 ) as well 

as correcting signs, i t  can be shown that 

2 

where QF i s  the generalized force vector contribution for feature F .  

Equation ( 4 9 )  will hold true i f  i t  i s  agreed that the magnitude may 

reverse signs when the force reverses directions. 

One l a s t  property of lever arms should be noted. Using the chain rule ,  

where the q ' s  are the parameters including general ized coordinate u p o n  which 

def 1 ect i o n  depends. 



I 

Hence t h e  terms o f  due t o  body mot ion can be computed by summing up 

each l e v e r  arm t imes t h e  cor responding genera l i zed  v e l o c i t y .  I n  most cases, 

t h i s  i s  t h e  ac tua l  technique employed. 

So t h e  l a b o r  o f  e i t h e r  d e r i v i n g  o r  p resen t ing  t he  i m p l i c a t i o n s  a f  

f e a t u r e  F  on t h e  equat ions o f  mot ion can be simp1 i f i e d  t o  the  cons ide ra t i on  

of d e f l e c t i o n  and l e v e r  arms. I n  t he  sec t io i l s  which f o l l ow  concerning 

t h e  i n d i v i d u a l  force-producers ,  d e f l e c t i o n ,  and l e v e r  arms w i  11 be e x p l i c i t l y  

de f  i ned, 

D e f l e c t i o n  r a t e  w i l l  be discussed i n  terms o f  body mot ion,  v e h i c l e  mot ion,  

and mot ion r e l a t i v e  t o  t h e  veh i c l e .  The exac t  form o f  equat ion ( 50 1 which 

app l i es  f o r  t he  f e a t u r e  under cons ide ra t i on  w i l l  a l s o  be presented. 

The l oad -de f l ec t i on  p r o p e r t i e s  which a re  i n s t a l l e d  i n  t h e  model 

and which a re  used t o  d e f i n e  t h e  f unc t i ons  f and g (See Equat ion 42) 

have been developed us ing  t h e  ideas presented i n  Dan fo r th  and Randall ( 14 )  

toge ther  w i t h  c e r t a i n  use fu l  extensions, For purposes o f  exp lana t ion ,  l e t  us 

assume t h a t  a  comp le te ly  r i g i d  b a l l  i s  being g r a d u a l l y  impressed upon a  p lanar  

panel o f  some f l e x i b l e  ma te r i a l  such as sheet metal. The d e s c r i p t i o n  t o  the  

model o f  t h e  l o a d - d e f l e c t i o n  p r o p e r t i e s  of t h e  panel cen te rs  around seven i n p u t  

constants :  , $", l,, s , SF, F ,,,, and B . The f i r s t  t h r e e  q u a n t i t i e s  
A D 

a re  de f i ned  as shown i n  F i gu re  4 and have been suggested by t he  work of 

Dan fo r th  and Randal 1. The o t h e r  f o u r  q u a n t i t i e s  c o n t r o l  ex tens ions o f  

t h a t  work. The f i r s t  s i x  q u a n t i t i e s  must be non-negat ive.  The f i r s t  two 

q u a n t i t i e s  t oge the r  w i t h  t h e  f ou r t h  and f i f t h  must form a  monoton ica l l y  

i nc reas ing  sequence. The f o u r t h  and f i f t h  must n o t  be equal ,  



Before undertaking a physical description of these seven quantit i tes,  

i t  i s  necessary t o  glance over the balance of the model i n p u t  quantities. 

These are four i n  number. The . f i r s t  will be referred t o  as the Static 

Loading Curve and consists of the seven coefficients of a seventh order 

polynomial in deflection (the constant coefficient i s  assumed zero) or a 

table of Force versus Deflection which i s  1 inearly interpolated between 

points. 

The second of these i n p u t  quantities will be referred t o  as the Inertial 

Spike Curve and may also be a polynomial or a tab1 e as described above. An 

additional restr ic t ion that this  curve assume a zero value a t  deflection equal 

to $, must be adhered t o  in order t o  avoid possible premature termination of 

the model run. 

The third input quantity i s  the G-factor which i s  defined as the fraction 

of permanent deflection over maximum deflection. The G-factor must be in a 

closed interval from zero t o  one and can be supplied t o  the model as either 

a constant value or a table of G-Factor versus Deflection as above. 

The l a s t  input quantity i s  the R-factor which i s  defined as the fraction 

of conserved energy over total energy. I t  too must be in the closed interval 

from zero and one and can be supplied as a constant value or a table of 

R-Factor versus Deflection. I t  should be understood that G and R factors 

include a l l  the accumulated effects for a particular deflection and are used 

only a t  the beginning of the unloading part of each cycle. 

The quantity 6A can be described as the deflection a t  which the iner t ia l  

effects of the panel begin to break down irreparably. Usually this  quantity 

i s  s e t  t o  the deflection a t  which occurs the maximum of the Inertial Spike 

Curve although this  i s  not a requirement. If unloading begins before this  

point i s  passed and the elast ic  yield p o i n t  6, i s  also n o t  passed, loading, 

unloading,and reloading are a1 1 along the Combined Curve. The Combined Curve 



i s  defined as the sum of the Iner t ia l  Spike Curve and the S ta t i c  Curve a t  

each point.  If the e l a s t i c  yield point has been passed, regular unloading 

(explained below) takes place b u t  reloading i s  again t o  the Combined Curve. 

The quantity aB can be described as the deflection a t  which a l l  ine r t i a l  

e f fec t s  cease. I f  sA has been exceeded and a B  has not been exceeded, regular 

loading i s  on the Combined Curve. If unloading begins and the e l a s t i c  yield 

point has n o t  been passed, unloading i s  along a l inear  segment connecting the 

point of maximum deflection (0) with the origin and reloading will be t o  the 

S t a t i c  Curve a t  n . If the yield point has been passed, unloading i s  regular 

and reloading will a1 so be t o  the S ta t i c  Curve a t  n. 

The quantity sD can be described as the deflect ion a t  which massive 

breakdown of the whole panel begins. I f  ag has been exceeded and sD has 

not been reached, regular loading i s  on the S ta t i c  Curve. If  the yield 

point has not been reached, unloading and reloading a re  also along the 

S ta t i c  Curve. If  the yield point has been passed, regular unloading takes 

place and reloading i s  to  the S ta t i c  Curve a t  n. 

6F can be described as the deflection a t  which complete f a i l u r e  takes 

place. Once 6~ has been exceeded, the model will always produce zero force. 

If 6~ has been exceeded and aF  has not been reached, loading i s  along a 

l inea r  segment connecting the p o i n t  of the S ta t i c  Curve a t  6D w i t h  a zero 

a t  6F. If unloading takes place before f a i l u r e  i s  complete and i f  the 

yield point has not been reached, unloading and reloading are  along the 

minimum of the S ta t i c  Curve and the value of the l inear  segment a t  n. If 

the yie ld  point has been passed, normal unloading takes place and reloading 

i s  t o  the l inear  segment a t  n. 



Frnax i s  called the Saturation Force Limit and i s  intended t o  model special 

materials which exhibit the property of breaking down in such a way as to 

maintain a specific maximum force until reaching the breaking point. This 

feature i s  applied only to the Static Curve. Whenever the Saturation Force 

Limit i s  exceeded by the Stat ic  Curve, the regular loading sequence i s  super- 

ceded. Note that the Inertial Spike Curve i s  unaffected, and i f  the Combined 

Curve i s  being used, the Inertial Spike Curve will continue t o  be added until 

6B i s  reached. Once s t a t i c  curve saturation comes into play, the force for 

loading on the Stat ic  Curve i s  s e t  t o  Fmax until a D  i s  reached. If unloading 

takes place on the saturated Static Curve, normal unloading i s  replaced by 

the use of the seventh i n p u t  constant, B which i s  called the Saturation 

Unloading Slope. If B i s  negative, the G factor i s  used to determine the 

permanent deformation. If 8 i s  positive, i t  i s  taken as a linear slope to 

determine the permanent deformation. In either case, i f  the new permanent 

deformation f a i l s  to exceed the old permanent deformation or B i s  zero, 

the old permanent deformation i s  used. Unloading and  reloading are along 

a linear segment connecting a zero a t  the point of permanent deformation to 

Fmax a t  n. If this  unloading takes place in the range where the Combined 

Curve i s  used, the same rules apply as were explained above except the Fmax 

replaces the Stat ic  Curve. Note that the elast ic  yield point has effect 

before saturation and during break down af te r  saturation b u t  n o t  during 

saturation, 

Normal unloading i s  model ed by determination of permanent deformation 

and conserved energy using the G and R factors evaluated a t  the maximum 

deflection (n). Let u be the permanent deformation, ~1 be the force a t  n, 

and E! be the conserved energy. Then, as was done i n  the 

HSRI two dimensional model, a parabola i s  f i t ted  which unloads 



to  the  permanent deformation with the proper conserved energy. I t  will 

occasionally happen t ha t  the curvature of a parabola i s  n o t  adequate to achieve 

t h i s  r e s u l t  without the physically unreal is t ic  e f fec t  of a negative force loop. 

If this contingency a r i s e s ,  unloading and reloading are  computed from two 

1 inear segments which maintain the proper permanent deformations and conserved 

energy, 

Normal reloading i s  modeled by f i t t i n g  a cubic which maintains continuity 

in both force and force slope. 

I t  should be recalled a t  t h i s  time tha t  both occupant e l l ipsoids  

and vehicle contact surfaces can deform. This property of sharing 

deflect ion between two interacting surfaces i s  also shared by bel ts  

where two interconnected segments must reach force equi 1 i brium. In these 

two cases to ta l  deflect ion,  lever arms, e t c ,  are known while the force 

i s  not known. To compute the force (equal in both interacting elements) 

the amount of deflection occuring in each must be solved by an i t e r a t i ve  

procedure. When t h i s  procedure i s  completed, deflections in the individual 

elements are  known and the force computed within a small er ror  range 

which i s  specified in the i n p u t  data t o  the program. 



F. Vehic le-Occupant Contac t  

The f o r c e  i n t e r a c t i o n s  between t h e  c r a s h  v i c t i m  and h i s  environment 

a r e  modeled by  impingement of e l l i p s o i d s  a t t a c h e d  t o  body segments i n t o  

p l a n a r  s u r f a c e s  a t t a c h e d  t o  a  moving v e h i c l e  r e f e r e n c e  frame o r  a t tached  t o  

t h e  i n e r t i a l  r e f e r e n c e  frame. T h i s  genera l  model i s  i l l u s t r a t e d  i n  F i g u r e  

5. Bo th  t h e  e l l i p s o i d  and t h e  p l a n a r  s u r f a c e s  can deform as each one may 

have i t s  own un ique  s e t  o f  f o r c e - d e f o r m a t i o n  c h a r a c t e r i s t i c s .  I n  a d d i t i o n  

t o  t h i s ,  f o r c e s  may be genera ted when an e l l i p s o i d  a t t a c h e d  t o  one body 

segment i n t e r a c t s  w i t h  an e l l i p s o i d  a t t a c h e d  t o  ano the r  body element (e.g., 

head on c h e s t ) .  

The normal f o r c e  genera ted d u r i n g  such an encounter  i s  t aken  t o  be de- 

f l e c t i o n  and d e f l e c t i o n - r a t e  dependent where d e f l e c t i o n  i s  d e f i n e d  as t h e  

maximum p e r p e n d i c u l a r  d i s tance ,  6 ,  t h e  e l  1  i p s o i d  extends i n t o  t h e  c o n t a c t  

s u r f a c e  o r  o t h e r  e l l i p s o i d .  T h i s  f o r c e  a c t s  t o  push t h e  e l l i p s o i d  outward 

p e r p e n d i c u l a r  t o  t h e  c o n t a c t  p o i n t  a t  t h e  l o c a t i o n  o f  maximum impingement. 

A t a n g e n t i a l  f o r c e  a1 so may be genera ted d u r i n g  c o n t a c t ,  wh ich  i s  cons idered 

t o  be a  f r i c t i o n a l  f o r c e .  Hence, i t s  va lue  i s  p r o p o r t i o n a l  t o  t h e  v a l u e  o f  

t h e  normal f o r c e .  The d i r e c t i o n  o f  t h i s  f o r c e  depends on t h e  t a n g e n t i a l  

v e l o c i t y  v e c t o r  wh ich  e x i s t s  between t h e  e l l i p s o i d  and t h e  o t h e r  su r face .  

The s t o r a g e  c a p a c i t y  o f  t h e  computer program has been chosen t o  h o l d  

app rox ima te l y  twen ty  body e l  1  i p s o i d s  and t h i r t y  p l a n a r  c o n t a c t  su r faces .  

M o r e , c o n t a c t  s u r f a c e s  may be chosen i f  t h e  number o f  e l l i p s o i d s  i s  s u i t a b l y  

reduced. A lso ,  i t  i s  assumed t h a t  most o f  t h e  e l  1 i p s o i d s  a r e  reduced t o  

spheres, t h a t  most o f  t h e  c o n t a c t  su r faces  do n o t  move w i t h  r e s p e c t  t o  t h e i r  

r e f e r e n c e  frame, and t h a t  no i n h i b i t i o n s  o f  f o r c e  g e n e r a t i o n  a r e  i nc luded .  



Ellipsoid 

F i g u r e  5. Contact  Force 
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The r e l a t i ve  storage requirements are: 1 .  spheres - 18 locations;  2 .  e l l ipsoids  - 

31 locations;  and, 3. contact surfaces - 55 locations with 10 locations neces- 

sary fo r  each time point f o r  which location i s  specif ied.  Approximately 2200 

locations a r e  available in two storage arrays.  The logic of the program has 

been chosen f o r  any number of e l l ipsoids  and contact surfaces. If an applica- 

t ion  requires more surfaces or  e l l ipso ids  than a re  currently avai lable ,  a 

t r i v i a l  change t o  the program could be made. 

Each of the e l l ipsoids  can be attached to  any of the s i x  body segments, 

centered a t  an a rb i t ra ry  displacement from the body segment center of gravi ty ,  

b u t  always located with principal axes para l le l  to  the body segment coordinate 

system as shown in Figure 6.  The planar contact surfaces,  which a re  in the 

shape of parallelograms, can be attached to the vehicle ( o r  t o  the i ne r t i a l  

coordinate frame) and moved r e l a t i ve  t o  the reference coordinate system as a 

function of time t o  represent such physical events as occupant compartment 

deformation or intrusion.  Each contact surface i s  specified by three 

corner points, given as a function of time in tabular  form re la t ive  to  

the reference coordinate system as shown f o r  a vehicle i n  Figure 7. Only the 

i n i t i a l  location need be specified i f  the surface i s  s ta t ionary with respect 

t o  the reference coordi nate system. 

F, 1. Specificat ions,  Edges, and Thickness of Contact Surfaces. 
Contact surfaces are  endowed with other special propert ies,  some of which 

a r e  i l l u s t r a t ed  in Figure 8. The three points in Figure 8 which define the , 

shape of the contact surface a re  specified in the  following order: 

(1 ) Point 1.  Any of the four corner points; 

( 2 )  Point 2.  Either adjacent corner point; and, 

(3) Point 3 .  The other corner p o i n t  adjacent t o  Point 1 .  



F igu re  6, E l  1 i p s o i d  'm ' A t tached t o  Body Segment 'n ' . 



F i g u r e  7, Contact  Sur face At tached t o  t h e  V e h i c l e  



EDGE CONSTANT = .33 

SHADED AREAS REPRESENT VERTICAL PLANES 

Figure  8. Con tac t  S u r f a c e  Speci  a1 Parameters  



The contact  surface i l l u s t r a t ed  i s  165 inches from Point 1 to  Point 2 and 108 

inches from Point 1 to  Point 3. The included angle i s  eighty degrees. A sur- 

face  coordinate system i s  s e t  u p  by the computer program w i t h  Point 1 serving 

as the  o r ig in ,  Point 2 as Point (1,O) and Point 3 as Point ( 0 , l )  with the axes 

taken para l le l  t o  the  edges. This coordinate system sees a l l  contact surfaces 

as a u n i t  square regardless of shape o r  s i z e .  The point on the contact sur- 

face  a t  which the  maximum impingement takes place i s  represented in t h i s  sys- 

tem. When the coordinates of the point a re  reported in the printed output, 

each of the  coordinates a re  multiplied by the length of i t s  respective s ide  

so t h a t  printed r e su l t s  are  i n  inches. Thus, i f  Point P represents the point 

of maximum impingement, i t  has internal  surface coordinates of ( .51,. 56) and 

wi 11 be reported as  (85,60). 

Since the t o t a l  in teract ion of the e l l ipso id  with the parallelogram i s  

represented by what happens a t  the point of maximum impingement, a quantity 

ca l led  the "edge constant" was introduced t o  handle cases where an e l l ipsoid  

interacted with the edge of a contact surface o r  a t  a corner where contact 

surfaces meet. In t h i s  case, maximum impingement l i e s  outside the region de- 

f ined by the parallelogram b u t  y e t  the e l l ipsoid  makes firm contact with the 

surface.  I t  i s  assumed in developing an analytical  tool t o  handle t h i s  prob- 

lem t h a t  the contact force decreases as the point of maximum impingement 

moves away from the edge of the contact surface. The computer simulation 

approximately resolves these edge problems by employing the fol  lowing device. 

  he force  i s  computed using the deflect ion and deflect ion r a t e  in the normal 

manner. The resul t ing force  i s  mu1 t ip1 ied by an "effectiveness fact;orl' which 

ranges from one in a region in the middle of the contact surface down t o  zero 

in the  regions outside the contact surface. The effectiveness f a c to r  i s  



il l u s t r a t e d  i n  F i g u r e  8 by p l o t t i n g  i t s  va lue  cor responding t o  t h e  v a r i o u s  

p o i n t s  on and near t h e  c o n t a c t  s u r f a c e  above t h e  l e v e l  o f  t h e  p lane.  For  

example: 

( 1 )  E f f e c t i v e n e s s  f a c t o r  f o r  c o n t a c t  s u r f a c e  P o i n t  P i s  shown as P o i n t  

P '  above t h e  s u r f a c e  and has t h e  va lue  o f  u n i t y ;  

( 2 )  E f fec t i veness  f a c t o r  f o r  P o i n t  E i s  rep resen ted  by P o i n t  D, a l s o  

u n i t y ;  

( 3 )  P o i n t  A on t h e  edge o f  t h e  c o n t a c t  s u r f a c e  has an e f f e c t i v e n e s s  

f a c t o r  o f  1 /2  shown as P o i n t  K; and, 

( 4 )  Ou ts ide  t h e  c o n t a c t  s u r f a c e  a t  P o i n t  B y  t h e  e f f e c t i v e n e s s  f a c t o r  

i s  reduced t o  ze ro  i n d i c a t i n g  t h a t  no c o n t a c t  w i l l  be p r e d i c t e d  between an 

e l l i p s o i d  and a  c o n t a c t  su r face .  

The 1  i n e  BKD i s  a  t r a c e  o f  t h e  va lues o f  t h e  f a c t o r  as t h e  p o i n t  o f  

maximum impingement o f  an e l l i p s o i d  i n t o  t h e  s u r f a c e  moves toward and beyond 

t h e  edge o f  t h e  c o n t a c t  s u r f a c e  a long  l i n e  EAB. The r e s u l t  i s  t h a t  f o r  a  

g i v e n  d e f l e c t i o n ,  f o r c e  w i l l  be reduced t o  ze ro  as t h e  e l l i p s o i d  moves o f f  

t h e  edge o f  t h e  su r face .  The e f f e c t i v e n e s s  f a c t o r  i s  1  i n e a r  a long  1 i n e s  

such as BKD, GHD, KC, and HCI b u t  p a r a b o l i c  a long DCL. The exac t  d e f i n i t i o n  

o f  t h e  e f f e c t i v e n e s s  f a c t o r  i s  g i v e n  below: 

€ = R * S  
where 

E  i s  t h e  e f fec t i veness  f a c t o r  

f o  + o f  X -6 



0.5 Y 0 . 5 +  - f o r  - A  < Y <  A 
5 = h (52)  concl  uded 

J 1 .0  f o r  y $  ] - A  

where X, Y a r e  t h e  con tac t  su r face  coord inates o f  t h e  maximum impingement 

h i s  t h e  edge constants  s p e c i f i e d  as i n p u t  t o  t h e  computer program, 

which must 1  i e  i n  the  range 0 < A $ 0.5. 

The edge cons tan t  i s  t he  mechanism by which a  user  o f  t h e  HSRI model 

s p e c i f i e s  t h e  i n t e r a c t i o n  o f  a  body e l l i p s o i d  w i t h  t he  edge o f  a  con tac t  sur -  

face and must be p rov ided  as i n p u t  da ta  f o r  each con tac t  su r face  i n  o rder  t o  

exe rc i se  t h e  model. I t  should be se lec ted  on t h e  bas i s  o f  a  comparison of 

t h e  geometries o f  a  p a r t i c u l a r  con tac t  su r f ace  and t h e  body e l l i p s o i d  which 

i s  most l i k e l y  t o  i n t e r a c t  w i t h  t h e  su r face .  For  ins tance,  t he  su r face  shown 

in F igu re  8 i s  165 inches l ong  a long i t s  x-coord inate.  If i t  i s  assumed t h a t  

a  body e l l i p s o i d  w i t h  a  semi-major a x i s  l e n g t h  o f  54.45 inches i s  t h e  most 

l i k e l y  o r  impor tan t  i n t e r a c t i o n ,  then  t h e  edge cons tan t  should be se lec ted  as 

A =  S + . + S / / S S .  2 0 . 3 3  

I f  t h i s  va l ue  i s  used, a  con tac t  f o r c e  equal t o  zero w i l l  be p red i c t ed  i f  

t h e  con tac t  e l l i p s o i d  j u s t  misses t h e  sur face,  b u t  when any p a r t  o f  the  e l -  

l i p s o i d  touches an edge o f  t h e  con tac t  sur face,  a  smal l  f o r c e  w i l l  be computed. 

Th i s  force w i l l  be a t  a  maximum when t he  con tac t  e l l i p s o i d  i n t e r a c t s  w i t h  t h e  

cen te r  r e g i o n  o f  t h e  con tac t  su r face .  

Occas iona l l y  a  body e l l i p s o i d  can approach a  con tac t  su r face  f rom e i t h e r  

s ide.  Consider the  case of '  a  con tac t  su r f ace  rep resen t i ng  t h e  t o p  o f  a dash 

panel and a  body e l l i p s o i d  a t tached t o  t h e  knee o f  an un res t r a i ned  occupant. 



I n  some vehicles the t o p  of the dash panel i s  directly above the knees. Con- 

sider a hypothetical case where the vehicle i s  impacted in the rear and  i s  

pushed into the path of an oncoming truck. During the rear-end part of the 

col l is ion,  the occupant i s  often propelled upward along the slope of the 

seat back. During the frontal col l is ion,  the occupant then moves forward. 

In this  series of events i t  i s  possible that the knees of the occupant could 

impact very high on the instrument panel due t o  the unusual in i t i a l  position- 

ing fo r  the frontal crash event. I t  i s  desired in this  case that the knee 

feel a force from contact with the t o p  of the dash panel a n d  n o t  a large 

force due t o  the in i t i a l  seating position where the knee i s  below the panel. 

Another example of th i s  kind of problem i s  the rear seat passenger which 

vaults the front seat ,  striking the front seat back. 

This simulation resolves th is  kind of diff icul ty  by requiring the user 

to assign a positive or front side t o  each contact surface. No force will 

be generated unless the ell ipsoid approaches from the front side. I n  order 

to determine simply whether an ellipsoid has approached from the front or 

back, the user i s  required t o  specify the "penetration l imit ," a parameter 

which represents the maximum penetration into the surface which can occur in 

one integration time step. Then, i f  an el l ipsoid 's  f i r s t  deflection into 

the surface i s  greater than this  value, the ellipsoid i s  assumed t o  be coming 

u p  from behind and no force i s  computed until the ellipsoid gets total ly  in 

front of the contact surface and then comes back and hi ts  the surface. 

The penetration 1 imit i s  i l lustrated in Figure 8 by a plane in dotted 

lines drawn underneath the contact plane. CJ represents the penetration 

limit. The value of 38 inches i s  about ten times the normal s ize of this  

parameter and i s  exaggerated only for i l l u s t r a t ive  purposes. 



The posit ive s ide  speci f ica t ion i s  made by t e l l i ng  the program whether 

the ine r t i a l  origin l i e s  behind or in f ron t  of the  contact surface. The 

ine r t i a l  origin should not l i e  exactly on the i n f i n i t e  extension of any of 

the contact surfaces although i t  i s  permissible t o  get  a r b i t r a r i l y  close.  

The f ron t  of the  contact surface i s  shown in Figure 8 by an arrow passing 

through Point 1. 

F.2. Calculation of Deflection f o r  Ellipsoid-Plane Contact 

The analytical  expression fo r  deflect ion i s  based on the distance from 

a point in space to a  plane. I t  i s  

where (x,, yo, z,) i s  the location of tha t  point in i ne r t i a l  coordinates on 

the  e l l ipso id ,  which i s  tangent t o  a surface, paral lel  t o  the contact surface, 

and which represents the point of maximum penetration of the  el l ipsoid in to  

the contact surface. The quant i t ies  A, B, C ,  D which a re  the coeff ic ients  

of the plane 

A x +  B y  + C t  + D - 0  (54) 

i n  ine r t i a l  space, a r e  computed from the generalized motion coordinates a t  

each time point in the simulation. With respect t o  a  moving (vehic le)  co- 

ordinate system th i s  plane can be described by 

r x l +  5 y ' t  p z l +  s = (55 

The transformation between the i ne r t i a l  system "e" and the vehicle system 

"e7I1 i s  given by 

as defined previously. 



I n p u t  d a t a  t o  t h e  program d e f i n e s  each c o n t a c t  s u r f a c e  w i t h  r e s p e c t  t o  

t h e  v e h i c l e  c o o r d i n a t e  system, e7, b y  l o c a t i n g  t h r e e  c o r n e r  p o i n t s ,  ( i ,  , , 
A A b 4  
z , ) ,  ( i l ,  Fa, fa), and (x3,  y,, 2,). The s u r f a c e  c o e f f i c i e n t s  i n  equa t ion  

( 55) can be w r i t t e n  i n  terms of  t h i s  s p e c i f i e d  i n p u t  da ta  as 

p =  3 2 1 ( y n l - f 3 ) + 3 2 * ( y n j - $ )  + S) ( $ 1  -k) 

Using t h e  r o t a t i o n  t r a n s f o r m a t i o n  of coo rd ina tes  (Equa t ion  56) as w e l l  as 

t h e  fo rmu las  f o r  t h e  p lane  (Equat ions 54 and 55) 1 t h e  q u a n t i t i e s  A, B, C, 

D may be expressed 

A = T,,, + T,,, g + T317 p 
B = TI57 (6 t G 4 7  P 
C= J137r tTa37 f -k 7 - 3 3 7 . ~  

D =  5 - A X ,  - - C  t7 

where ( x 7 ,  y7, 2,) i s  t h e  s p e c i f i e d  l o c a t i o n  o f  t h e  o r i g i n  o f  t h e  v e h i c l e  

c o o r d i n a t e  system w i t h  r e s p e c t  t o  t h e  i n e r t i a l  system. T h i s  c o m p l e t e l y  de- 

f i n e s  t h e  q u a n t i t i e s  A, B, C, D a t  any p o i n t  i n  t ime.  I f  i t  i s  d e s i r e d  t o  

a t t a c h  t h e  c o n t a c t  sur face t o  t h e  i n e r t i a l  system r a t h e r  than  t h e  moving 

system, t h e  q u a n t i t i e s  A, B, C,  D i n  e q u a t i o n  (3.8) r e p l a c e  p, q, r, s  i n  

, - r A  A A A  
e q u a t i o n  57 and t h e  p o i n t s  (?, , $, , g,), (xr, yl, z,), (x j ,  yj ,  z3) a r e  

d e f i n e d  i n  i n e r t i a l  space. 

The p o s i t i o n  i n  space o f  (x,, yo, z,) depends on t h e  l o c a t i o n  of t h e  

body segment mass and t h e  l o c a t i o n  o f  t h e  e l  1  i p s o i d  i n  t h e  c o o r d i n a t e  system 

a s s o c i a t e d  w i t h  the  p a r t i c u l a r  body segment mass. I t  i s  g i v e n  by - 



where - 

J 

and 

The quantities for r ,  , It, ,Ug are the inertial  coordinates of the el 1 ipsoid 

center. , The remaining quantities are defined as 

M i s  the ellipsoid number, 

n i s  the number of the body segment, 

am bm, cm are the semi-axes of ellipsoid M, 

'em3 Yem, *em are the coordinates of the el 1  ipsoid center in the body 

segment coordinate system. 



These formulas are  derived using the equation describing a plane tangent t o  

a quadratic surface (el  l ipsoid) and the fac t  that parallel planes have pro- 

portional coefficients.  

These formulas simp1 ify for the case of a sphere and the simplified 

formulas have been imp1 emented in the computer program t o  reduce the cost 

of exercising the model. Equations ( 59 ) and ( 60 ) become 

X o -  p, + k r A  

where 

where R = the radius of the sphere. 

F.3.  Calculation of Lever Arms for El lipsoid-Plane Contact 

Lever arms, as defined in Part I11 E.  of this report, are required for compu- 

ta t ion of the force actions t o  be included in the equations of motion. Dif- 

ferentiation of the deflection as given in equation 53 and considerable 

simplification leads to following expression for the lever arm, L ,  

'im - P '6 
dJ = + r-i - 

d ~7 = A - 4  13 
d IF' 

(64)  



where ( I )  i m p l i e s  a  p a r t i a l  d e r i v a t i v e  w i t h  r e s p e c t  t o  qi. 

Equa t ion  64 h o l d s  f o r  a1 1  17 degrees o f  freedom, and reduces t o  s i m p l e r  

forms f o r  p a r t i c u l a r  combinat ions o f  qi, e l l i p s o i d  i ndex  m, and body seg- 

ment index n. The f a c t o r s  

come i m e d i a t e l y  f rom e q u a t i o n  61 For t h e  s p e c i a l  case o f  a  sphere, 

e q u a t i o n  64 s i m p l i f i e s  t o  

The d e f l e c t i o n  t i m e  r a t e  i s  dependent on n o t  o n l y  t h e  movement o f  t h e  

c r a s h  v i c t i m  b u t  a l s o  on b o t h  t h e  movement o f  t h e  v e h i c l e  and t h e  movement 

o f  t h e  c o n t a c t  sur face w i t h  r e s p e c t  t o  t h e  v e h i c l e .  There fo re ,  Equa t ion  (50 ) 

he re  becomes 

The f i r s t  te rm o f  ( 66 ) r e p r e s e n t s  t h e  movement o f  t h e  body and i s  t h e  

sum of  each 1  ever arm a l r e a d y  presented t imes t h e  cor responding g e n e r a l i z e d  

v e l o c i t y .  The second term of ( 66 r e p r e s e n t s  t h e  movement o f  t h e  v e h i c l e  

where 



The vehicle "1 ever arms" a re  given below. 

The th i rd  term of  ( 6 6 )  represents the motion of the contact with respect  

t o  the vehicle where 



These c o n t a c t  c o e f f i c i e n t s  o r  " l e v e r  arms" a r e  d e f i n e d  below. 

The m o t i o n  o f  any o f  t h e  c o n t a c t  su r faces  i s  s p e c i f i e d  as i n p u t  data  t o  

t h e  c r a s h  v i c t i m  s i m u l a t o r  by p r e s e n t i n g  t h e  p o s i t i o n s  o f  t h e  t h r e e  d e f i n i n g  

c o r n e r  p o i n t s  a t  a  sequence o f  t i m e  p o i n t s .  I m p l i c i t  i n  t h i s  t y p e  o f  spec i -  

f i c a t i o n  i s  t h e  a b i l i t y  t o  change s i z e ,  shape and o r i e n t a t i o n  as w e l l  as 

p o s i t i o n  o f  a  c o n t a c t  s u r f a c e  as a  f u n c t i o n  o f  t ime.  F i g u r e  9 i l l u s t r a t e s  

t h i s  genera l  t y p e  o f  m o t i o n  i n  a  c o n t a c t  s u r f a c e  s p e c i f i e d  a t  t h r e e  t i m e  

p o i n t s .  The a r row emanating f rom t h e  c o n t a c t  s u r f a c e  shows t h e  f o r w a r d  s i d e  

o f  t h e  su r face .  

The sample c o n t a c t  sur face s t a r t s  o u t  i n  t h e  f o r m  o f  a  square i n  t h e  p lane o f  

t h e  f i g u r e  a t  t=O, moves forward,  sideways, r o t a t e s ,  and becomes a  r e c t a n g l e  

b y  t = t , ,  and moves back i n t o  t h e  p lane  o f  t h e  f i g u r e  as a  diamond shape 

o r i e n t e d  i n  t h e  o t h e r  d i r e c t i o n  by t = t A .  The t h r e e  d e f i n i n g  p o i n t s  a r e  

numbered w i t h  arrows showing t h e i r  movements d u r i n g  t h e  i n t e r v e n i n g  t imes  

between s p e c i f i c a t i o n s  . 
Each o f  t h e  n i n e  coord ina tes  d e f i n i n g  t h e  p o s i t i o n  o f  the  co rne r  p o i n t s  

a r e  t r e a t e d  as p iece-wise l i n e a r  f u n c t i o n s  o f  t i m e .  A t y p i c a l  coo rd ina te ,  

t h e  x - c o o r d i n a t e  o f  P o i n t  1, i s  shown i n  F i g u r e  10. The c o o r d i n a t e  r a t e  i s  



Vehicle System 

Figure  9, A Moving Contact  a t  Three T ime Po in ts  



F igure  10. A Corner Coordinate Value and Rate as a  Func t ion  o f  Time 



a s tep  function b u t  i s  made continuous by adding ramps from one level t o  the 

next within a small time in terval .  Values f o r  corner coordinates and coordi- 

nate ra tes  together with the derivatives of Equation ( 57j determine the 

6 f o r  j=1-4 used in Equation (66 ) .  

F, 4. Tangential Forces 
The forces which are generated tangential t o  a surface when a body ele-  

ment e l l ipsoid  contacts a planar vehicle contact surface are  modeled by 

tangential Coulomb f r i c t i on  forces,  TI 

.r' 'i? =-CpF- (71 

where 

:= velocity of contact point over surface;  i i s  inherently 
posit ive 

F = normal force 

p = coeff ic ient  of f r i c t i on  

C = 1 i f  i ~ a n d  a l inear  ramp from 0 to  1 i f  i< v 

U = ramp length ( i n / s ec ) .  

As the tangential forces a re  chosen t o  be diss ipat ive  in nature, t he i r  con- 

t r ibut ion t o  the r i gh t  hand sides of the equations of motion a re  given in 

the terms, 

"( i s  the speed of the motion of the contact point across the contact surface. 

The extent of the contact surface with corner points ( 1 ,  2 ,  3 )  and s ide  

lengths ( f  , L )  i s  shown below. 



The Computations i n  t h e  program a r e  based on a  u n i t  square so t h a t  t h e  same 

l o g i c  may be used f o r  each con tac t .  The coord ina tes  o f  t h i s  same s u r f a c e  

The v e l o c i t y  o f  t h e  c o n t a c t  p o i n t  i n  u n i t  square coord ina tes  i s  

The equa t ion  ( 72 ) may now be w r i t t e n  i n  terms o f  t h e  i n d i v i d u a l  c o n t a c t  

p lanes as 
, 

Because 

dl I d ic - - - - ( l a x  + LL y -L!) 
d j i  /i l J e i  

and thus,  



Because the X, Y are points on a plane for which analytical expressions have 

already been presented, i t  i s  relatively easy from this  point to compute the 

contributions to the right hand sides of the equations of motion resulting 

from tangential contact surface forces. 

F.5. Ellipsoid-Ellipsoid Interactions 

Allowance i s  made in the model for contact interaction between body 

segment "ell ipsoids." Regardless of whether the user provides spheres or 

true ell ipsoids,  each interaction i s  modeled as one sphere against 

another. 

A user-suppl ied ellipsoid i s  replaced either by a sphere fixed to 

the body element or by a sphere which can migrate along the major axis of 

the ellipsoid t o  a position of minimum distance from a n  approaching sphere. 

Whether the fixed sphere or the migrating sphere i s  used depends on whether 

the ellipsoid does or does n o t  approximate a sphere. The definition of this  

cr i ter ion,  the selection of sphere rad i i ,  and definition of the extreme 

allowed positions on either side of the ellipsoid center for a migrating 

sphere are discussed in the following text. 

Since a sphere migrating along the major axis essentially reduces an 

ellipsoid to a circular cylinder with a hemispherical cap a t  each end, the 

approximation i s  best for el 1 ipsoids with awb=c. 

Figure11 i s  a schematic showing the approach of a sphere t o  a contact 

el 1 i psoi d .  

The parametric equations for l ine m are 

xi= x0i + h i t  , i = 1 1 1 , 3 ,  

where 



{ xo i}  i s  the  i n e r t i a l  center  position of the e l l ipso id .  

f x l i } =  f ( { x  1 ,  1 ,  d i rec t ion  cosines of major a x i s ) .  
0 1 

Figure 11 .  Approach of Sphere to Ell ipsoid 



The d i s t a n c e  between t h e  c e n t e r  o f  an approaching sphere and p o i n t s  on t h e  

l i n e  m  i s  g i v e n  by 

The s h o r t e s t  d i s t a n c e  i s  found f rom 

which  g i v e s  3 E k i  (xi - x o i )  
?- z i - I  - 

Now, x i  (f)!: i s  t h e  p o s i t i o n  o f  t h e  c e n t e r  o f  a  sphere s l i d  a long  t h e  

m a j o r  a x i s  t o  a  p o i n t  o p p o s i t e  t h e  approaching sphere as l o n g  as - 1 5 t t l .  

I f  1 ,  t h e n  t h e  sphere may be p o s i t i o n e d  a t  S=fl. The e l  1  i p s o i d  i s  t hus  

rep resen ted  by a  c i r c u l a r  c y l i n d e r  w i t h  a  hemisphere a t  each end. 

I f  % < - I ,  s e t  t= -1 .  

I f  T71, s e t  t = l .  

Then e v a l u a t e  

I f  t h i s  i s  p o s i t i v e  t h e n  t h e  spheres i n t e r s e c t  and 



The d e r i v a t i v e  i s  

S ince  
3 

we have t h a t  
3 

L ( x o i - g i  + A i  J, i -  dc z . 0  
( r /  8' f i  

There fo re ,  
3x0;  d x ;  

3 6  - c ? ( z o i - x i + ~ ~ ? ) ( ~ - %  (83) . - i 3 1 

f j  6 -  ( R +  r )  

where 

L = 1  L 3 
J > 

3 Xi  
T h i s  has t h e  same f o r m  as  t h e  d e r i v a t i v e s  o f  Equat ions  61 as does-.. 

81 
S ince  body e l l i p s o i d s  must  be a t t a c h e d  p a r a l l e l  t o  body element axes, X , i  i s  

as f o l l o w s  u s i n g  t h e  f a c t  t h a t  m  f r o m  F i g u r e 1 1  must  be a l o n g  body axes in, 

j ,  o r  k L e t  

j = [ if t h e  m a j o r  a x i s  i s  a long  

n 



Then, 
'1  

Z~ 4 ' + x o ,  i + x o 3 k t ~ / i i / '  *.I + x , 2 i f x 1 3 j  (86) 

Thus, 

Hence, b y  Equa t ion  77, 

and 

F i g u r e  12 i s  a schemat ic  showing t h e  approach between two body el 1 i p s o i d s  

F i g u r e  12. Approach o f  E l  1 i p s o i d  t o  el  11 i p s o i d  



The p a r a m e t r i c  equat ions f o r  l i n e s  m  and n  a r e  

where 

The d i s t a n c e  between two p o i n t s  on t h e  l i n e s  i s  

The s h o r t e s t  d i s t a n c e  i s  found by  m i n i m i z i n g  d  w i t h  r e s p e c t  t o  t and s  and 

i s  p o s i t i v e ,  then  



and i t s  derivative i s j  J - + i . JP)  
-4s  - 

J d , + J J h  J e h  , ( g 7 )  - = - -  
(if, 

The form of the derivative quantities are similar t o  those for the sphere- 

el lipsoid contact discussed previously. 

If the denominators of Equation 9 4  are zero, then the major axes 

of the ell ipsoids are parallel and the problem must be treated as a special 

case, The detai ls  are n o t  presented here. 



A body e l  1  i p s o i d  i s  rep laced by a  sphere f o r  the  purpose o f  " e l l i p s o i d -  

e l l i p s o i d "  i n t e r a c t i o n  i f  i t  i s  s u f f i c i e n t l y  1  i ke a  sphere. The c r i t e r i o n  

i s  as f o l l o w s :  Where a z b ~ c ,  t h e  e l l i p s o i d  i s  rep laced by a  sphere 

if 3 j30 .75 ,  where i s  an i n p u t  parameter. I f  t h i s  c o n d i t i o n  i s  s a t i s f i e d ,  

then  R=c and t he  sphere w i l l  be pos i t i oned  a t  t h e  cen te r  o f  t he  e l l i p s o i d .  

a 2 311/2 A l t e r n a t i v e  d e f i n i t i o n s  o f  R, such as R=(atb+c)/3 o r  R=[(a t b  +c ) /  

were considered, bu t  R=c i s  f e l t  t o  be t h e  bes t  se l ec t i on .  

If an e l  l i p s o i d  f a i l s  t he  sphere-replacement t e s t  j u s t  out1  ined, then 

a r a d i u s  must be assigned f o r  a  sphere which m ig ra tes  a long t h e  major  a x i s .  

Th is  r a d i u s  i s  taken as R=c, where a s k c .  

F i gu re  13. Se lec t i on  o f  R f o r  M i g r a t i n g  Sphere.. 

Given R f o r  t h e  m i g r a t i n g  sphere, how should 1 be se lec ted?  The 

f o l l o w i n g  form i s  used: 

P = b. ( 4 -  R) 

Here, 75 I i s  an i n p u t  parameter. Note t h a t  r = l  pu ts  t h e  sphere f l u s h  t o  

t h e  end of t h e  e l l i p s o i d .  

" E l l  i p s o i d - e l l  i p s o i d "  i n t e r a c t i o n  w i l l  no t  i n  general  be a1 lowed between 

j o i n i n g  body segments. It i s  assumed t h a t  t h e  JOINT subrou t ine  

can be used t o  represen t  adequately such i n t e r a c t i o n s .  The s tandard i n h i b i t  

sw i t ch  s e t t i n g s  a l l o w  o n l y  t he  f o l l o w i n g  i n t e r a c t i o n s .  

1. head - vs. e i t h e r  upper l e g  

2. lower l e g  - vs. lower l e g  , . 



3 .  upper leg - vs. upper leg 

4. l e f t  upper leg - vs. r ight lower leg 

5. right upper leg - vs. l e f t  lower leg 

Thus, the major function played by the ellipsoid-ellipsoid contacts is  be- 

tween the various 1 eg el ements. 



G. G r a v i t y  Components of Equat ions o f  Mo t ion  

The p o t e n t i a l  energy due t o  g r a v i t y  a c t i n g  on t h e  s i x  masses i s  g i v e n  

When t h i s  i s  s u b s t i t u t e d  i n t o  Lagrange 's  Equat ion,  t e r n s  a r e  c a l c u l a t e d  i n  

t h e  fo rm dY  
- QSi=- t - 

f o r  each o f  t h e  17 g e n e r a l i z e d  c o o r d i n a t e s .  The a d d i t i o n  t o  t h e  r i g h t  hand 

s i d e  of  each of t h e  equat ions of mo t ion  due t o  g r a v i t y  i s  g i v e n  by 

Q98 = - 3 %  pa, t,,, 
- 

Q3, - - I  ' ~ P z N  TI32 

- 
QSll " ~ ( ' ~ 3  fH3 Ca3 f W5 a5&) 

Qgu= 3 " I  ' 5 8  G 3 3  

Qg14= -1 ( m y p H +  md aS6)  

- 3 m6asq 7-2-3, Q,,, - 
Q4" = - g  ).*15 PKZLF 
Q Y 1 7 = -  j ~6 P K ~  
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H. Occupant Joint Model 

The model for  the motion resisting torques which exis t  a t  the f ive joint 

structures (neck, hip, knees) includes the following features: 

1. linear e last ic  torsional springs which tend to restore the body 

position t o  a neutral rest  orientation. (The neutral rest  position does not 

necessarily have to  be the in i t i a l  body configuration a t  the beginning of the 

simulation. This allows application of a non-zero joint torque a t  time = 0) ;  

2.  s t i f f  linear e las t ic  torsional springs ( jo in t  stops) which are ap- 

plied only a t  the end of the practical range of joint motion (The joint stops 

are also supplemented with joint damping); and, 

3 .  coupling between relat ive yaw, pitch, and rol l  motions between ad- 

jacent body segments t o  provide a r ea l i s t i c  representation for  joint  range 

of motion (For example, the amount a person can roll  his head to the side on 

a ioluntary basis i s  influenced by the degree of extension or hyperextension 

of the neck). Figure 14 shows the model for  joints .  

The motion resisting torques are computed from relat ive angular motions 

between the various body segments. These are represented as a ser ies  of 

relat ive Euler angles shown in Figure1~;~dhich transforms the system of co- 

ordinates parallel t o  the torso coordinate system t o  a system of coordinates 

parallel to the head coordinate system. This same scheme i s  used for  the hip 

joint.  A t  the knee the generalized coordinate used to locate the lower leg 

relat ive t o  the upper leg i s  already defined relative t o  the upper leg and 

i s  used t o  calculate the knee joint torque directly.  The relat ive angles 

are named 

A T j  = relat ive yaw, 

LOia = relat ive pitch$ and 

A = relat ive r o l l ,  



Stop Torque Stop Torque 

Symmetric Stop 

[shown for yaw) 

Pitch Stop 

Elastic Torque 

OR = Rest angle 
0i = Initial relative angle 

F igu re  14. Joints 



Neck 

-system Parallel to Torso 
Coordinate System 

Coordinate System 

- Torso 

F i g u r e  15. R e l a t i v e  E u l e r  ang les  f o r  comput ing j o i n t  t o rques  (head- torso-  j o i n t )  



where the subscripts define the two body elements, i and  j ,  between which the 

motions take place. The order of application of these angles i s  yaw, pitch, 

then ro l l .  

To describe the relat ive joint angles in terms of the generalized coor- 

dinates, reference i s  made to the body coordinate transformations 

given originally as Equations 3 and 4. The iner t ia l  

system, e ,  rotates into one of the body segment systems by - 

For body element j 

and for  body element i 

For orthogonal transformations the inverse of A l  i s  the same as the transpose. 

and thus 

The system of relative Euler angles aq 3 AQ?, and 44,. i s  defined from a 7 
transformation of the same form as Equation (101) which rotates a system 
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paral le l  t o  e .  into a system paral le l  t o  ei  as i l l u s t r a t ed  in Figure 15 Sub-  
J 

s t i t u t i n g  Equation (105)  in to  Equation (106),  
T- 

where 

Because A .  and A \  are  known, i t  i s  now possible t o  describe the r e l a t i ve  
J 

j o in t  angles in terms o f  generalized coordinates. 

T Needed components of the matrix (Ai A j ) n m ,  a  re 



The elements o f  Equat ion ( 109) can now be used w i t h  Equat ion ( 107) t o  w r i t e  

t h e  r e l a t i v e  j o i n t  angles i n  terms of g e n e r a l i z e d  coord ina tes  

The c o n t r i b u t i o n  t o  t h e  r i g h t  hand s ides  o f  t h e  equat ions of mot ion,  Qi, 

a r i s e  f r o m  e l a s t i c  j o i n t  and s top  f o r c e s  as w e l l  as a  d i s s i p a t i v e  f o r c e  i n  

t h e  j o i n t  s top .  

A 36 
q,=I i5 + iDJ - , 4- 1, 17 

'64 
(111) 

as d e f i n e d  i n  Equat ion ( 111 ) where 

= e l a s t i c  s p r i n g  f o r c e ,  
A 

F, = d i s s i p a t i v e  fo rce ,  

6 = d e f l e c t i o n  assoc ia ted  w i t h  a  g i v e n  s e t  o f  f o r c e s ,  

f&= one of t h e  seventeen g e n e r a l i z e d  coord ina tes .  

L e t  t h e  body segment i n d i c e s  i and j now be c a l l e d  m and n  r e s p e c t i v e l y  

and l e t  i (1, 2, 3, 4, o r  5 )  i n d i c a t e  t h e  j o i n t  between segments m and n. 



L e t  t h e  n e u t r a l  " r e s t "  p o s i t i o n  w i t h i n  t h e  j o i n t  range o f  mot ion about which e l a s t i c  

t o r s i o n a l  s p r i n g  f o r c e s  a re  generated be d e f i n e d  by ( 4 , b e ,  , d 
and (b4,,,), . The l o c a t i o n s  o f  t he  s tops a r e  g i ven  f o r  each j o i n t ,  i, by 

I l i  = qq+ = yaw s top  l o c a t i o n ,  

"(A; = %+ (0) = p o s i t i v e  p i t c h  s top  l o c a t i o n  w i t h  zero yaw, 

73i = * G + ( ~ * + )  = p o s i t i v e  p i t c h  s top l o c a t i o n  i n  t h e  presence 

o f  f u l l  yaw, 

q u c  = "*- (0) = nega t i ve  p i t c h  s top  l o c a t i o n  w i t h  zero yaw, 

7 = -  ( 4 )  = nega t i ve  p i t c h  s top l o c a t i o n  i n  t h e  presence 

o f  f u l l  yaw, 

ni)6( = wq- (01 oco+(0))= o s i t i v e  r o l l  s t op  i n  t h e  presence of zero 

yaw and f u l l  p o s i t i v e  p i t c h ,  

Y g i  = "'9. Io,qe. (.)) = p o s i t i v e  r o l l  s top  i n  t he  presence of zero 

yaw and f u l l  nega t i ve  p i t c h ,  

5 , ) = p o s i t i v e  A l l  s top  i n  t h e  presence o f  f u l l  

yaw and zero p i t c h ,  

d o( 
y b , =  +-( q+ , 0) = nega t i ve  r o l l  s top  i n  t h e  presence o f  ful.1 

yaw and zero p i  t ch ,  

7,,~='++++ = p o s i t i v e  r o l l  s top  i n  t h e  presence o f  f u l l  

yaw and p o s i t i v e  p i t c h ,  

~ / ~ i = - ( + + + )  = nega t i ve  r o l l  s top  i n  t h e  presence o f  f u l l  

yaw and p o s i t i v e  p i t c h ,  

ylai =@$+f+'y+igs- (qt+)) = p o s i t i v e  r o l l  s top  i n  t h e  presence o f  f u l l  

yaw and nega t i ve  p i t c h ,  

$-(,+,+, e-(  ++)) = nega t i ve  r o l l  s top  i n  t he  presence of f u l l  = d d W Y  

yaw and nega t i ve  p i t c h .  



I n  t h e  case o f  t h e  knee j o i n t s ,  o n l y  t h e  p o s i t i v e  and n e g a t i v e  p i t c h  

s tops ,  7,; and TY; , a r e  used. These f o u r t e e n  q u a n t i t i e s  ?hi, 
wh ich  a r e  used t o  d e f i n e  j o i n t  range of mot ion ,  a r e  based on o b s e r v a t i o n s  

o f  c o u p l i n g  between t h e  r o t a t i o n a l  modes o f  r e l a t i v e  m o t i o n  a t  a  j o i n t ;  

t h e  v e r b a l  d e s c r i p t i o n s  above se rve  as d e f i n i t i o n s  f o r  t h e  74; 
P r e l i m i n a r y  v a l u e s  have been determined f o r  human neck s t r u c t u r e s  th rough  

human v o l u n t e e r  s t u d i e s  o f  head- torso r e l a t i v e  mot ion .  On ly  e s t i m a t e s  

a r e  a v a i l a b l e  f o r  t h e  h i p  j o i n t .  I f  exper imen ta l  va lues  a r e  n o t  p r o v i d e d  

as i n p u t  d a t a  f o r  t h e  computer program, d e f a u l t  va lues  a r e  p r o v i d e d  b y  

t h e  program t o  i n s u r e  p r o p e r  program f u n c t i o n .  

General  f o rmu las  f o r  s t o p  l o c a t i o n  combine t h e  q u a n t i t i e s  j u s t  p r e -  

sented.  



where: 

and, 

for 



The e l a s t i c  t o r s iona l  fo rces  ac t ing  a t  any j o i n t ,  i ,  a r e  (6 )q i  f o r  r e l a t i v e  

yaw, (T5) , f o r  r e l a t i v e  p i t ch ,  and (6) f o r  r e l a t i v e  r o l l .  
0 ,  4; 



where 

'qi = e las t ic  yaw constant 

Eei = elast ic  pitch constant 

Eqi = elast ic  roll  constant 

Sqi = elast ic  yaw stop constant 

5ek = elast ic  pitch upper stop constant 

Sea; = elast ic  pitch lower stop constant 

54, = e las t ic  rol l  stop constant 

The only torsional forces which are generated for the knee joints are the 

pitch forces. In those cases A e- = a5 e4 , 
L 

The dissipative forces, which are applied simultaneously with the e las t ic  

stops, are described in general by the expression 

where 

C damping coefficient 

5 = angular penetration into a stop, and 

6 angular rate .  

when o < $ ~ o . I  , where s i s  measured in radians, a ramp i s  used t o  build u p  

the dissipative force. For each joint (except the knee joints) ,  three dis- 

sipative forces will be applied resisting yaw, pitch, and  ro l l .  In the 

case of the knees only pitch i s  applied. 





3 6 
Equation ( 1 1 1  ) requires computation o f  a quantity, - 

f k  where j 
generally represents a deflection associated with a force. In examining 

Equations (118, 119, 120, 122, 123, 124), it is seen that all - 26 

are included in 
t ~ i  

Recalling Equations ( ] l o ) ,  



Similar equations are generated for the other two quantities. This shows 

the basic relationship between the "lever arm" quantities and the original 

transformation matrices which have been given in detail along with a l l  spatial 

and  time derivatives in Part 111 E .  o f  this  report. 

These formulas will n o t  be given in complete detail because of their  excessive 

length. 

In summary Equation (111 ) shows the  basic relationship to be used in 

forming the components of the right hand sides of the equations of motion 

which deal with forces generated due t o  joint e las t ic i ty ,  stops, and damping. 

The elast ic  and  dissipative forces ( and FD) are given for each joint in 

Equations ( 118, 119 ,  120, 122, 123, 124) .  The deflection S and lever 
3s 

arm %k 
expressions are given in terms of quantities ear l ier  defined ex- 

p l ic i t ly  in terms of generalized coordinates (Equations ( 110, 125 ) .  I n  

general, 

wherek=l, ..., 1 7  

mn=2l when i = l  (neck joint)  

mn=31 when i =2 (r ight  hip) 

m n = 4 ]  when j=3 ( l e f t  hip) 

mn=53 when i=4 (r ight  knee) 

mn=64 when i=5 ( l e f t  knee) 



I .  Addition of Belt Forces to the Equations of Motion 

The bel t  model i s  i l lustrated in Figure 16. The belts are represented 

by four independent segments, each anchored to the vehicle a t  an arbitrary 

point and pinned t o  the torso a t  an arbitrary point. Deflection i s  defined 

as elongation beyond the unrestrained be1 t length 

and i s  formulated as 

where 

h i s  be1 t segment number 
J 

o(h i s  anchor position vector (see ~ i g u r e l 6 )  

6 i s  attachment position vector 

A, i s  the specified slack in the belt  (negative for  i n i t i a l  belt tension) 

Be1 t material properties are defined on M-cards in terms of either force- 

I 

TABLE I .  TYPICAL B E L T  INDEX SPECIFICATIONS 

deflection relationshi ps or force-strain relationships, as declared af te r  the 

Be1 t Index 

1 

2 

3 

4 

K-card. Strain i s  taken as deflection 6,, divided by the unrestrained be1 t 
, . 

length a , (O ) .  
98 

I 

Belt Segment Name 

Left Shoulder 

Right Shoulder 

Left Lap 

Right Lap 



Figure 16. B e l t s  



The components o f  *n and tn a r e  t a k e n  r e l a t i v e  t o  v e h i c l e  and t o r s o  

r e s p e c t i v e l y  as shown i n  Eq. (128) .  

Then t h e  i n e r t i a l  p o s i t i o n  o f  t h e  anchor p o i n t  i s  

and t h e  i n e r t i a l  p o s i t i o n  o f  t h e  a t tachment  p o i n t  on t h e  t o r s o  i s  

2 h  = % , + 5 ~ ~ ; c p ; ~ e , + 5 ~ - % 3 ; ~ , - t , ~ e ,  

and 

J ,  = IjNh- ~ ' t  ( f,, -$) \  (2 lI - 2 ~ -  (131)  

F u r t h e r ,  l e v e r  arms t a k e  t h e  f o r m  



where the non-zero derivatives are 

J ib  - r l  
J x ,  



For  b e l t s ,  d e f l e c t i o n  r a t e  i s  computed by Equa t ion  134. 
I 

where t h e  second t e r m  r e p r e s e n t s  v e h i c l e  mot ions (q = x,, cr,= y, , c3 = t, , 
fl9 = % )  c5= Q,) d 5z a ) , ) .  

I 

Then 
A A 

C__ t 
2,-Z. 3 1  2 

-9, where 



Equa t ion  (127) d e f i n e s  b e l t  d e f l e c t i o n ,  Equa t ion  ( 1 3 2 )  g i v e s  l e v e r  arms 

and Equa t ion  (134) g i ves  b e l t  d e f l e c t i o n  r a t e .  T h i s  i s  a l l  t h e  i n f o r m a t i o n  

which i s  necessary t o  determine t h e  a d d i t i o n s  t o  t h e  r i g h t  hand s i d e s  o f  t h e  

equat ions o f  mo t ion  produced by t h e  f o u r  b e l t  f o r c e s  

~ ~ ~ = f  I fg3  / - J s b j  F i z I ,  ,.. 1 17 (139) 

j: 1 3 ti 
The d e f l e c t i o n s  which have been d e r i v e d  i n  t h i s s e c t i o n  generate  t h e  f o r c e s  
.A 

F  . i n  t h e  computer program u s i n g  t h e  m a t e r i a l  p r o p e r t y  o p t i o n s  exp la ined  i n  
BJ 

d e t a i l  i n  P a r t  I 1 1  E. o f  t h i s  r e p o r t .  

A s e r i e s  o f  o p t i o n s  a r e  a v a i l a b l e  t o  t h e  program user  t o  r e p r e s e n t  

s l i p p i n g  b e l t s ,  f r i c t i o n ,  and f o r c e  i n f l u e n c e s  among t h e  v a r i o u s  b e l t s .  If 

these  op t ions ,  wh ich a r e  desc r ibed  i n  t h e  f o l l o w i n g  t e x t ,  a r e  chosen, t h e  

f o r c e  c o n t r i b u t i o n s ,  FBj, t o  t h e  r i g h t  hand s ides  o f  t h e  equat ions o f  mo t ion  I' I 
a r e  m o d i f i e d  a c c o r d i n g l y .  Even though t h e  d e f l e c t i o n s  which a r e  used t o  com- 

p u t e  t h e  b e l t  f o r c e s  may be m o d i f i e d  i n  these  s p e c i a l  op t ions ,  t h e  " d e f l e c -  

t i o n "  S d o e s  n o t  change. Th is  q u a n t i t y  i s  c a l c u l a t e d  based on t h e  a t t a c h -  Od 
ment p o i n t s  o f  t h e  be1 t on t h e  occupant and on t h e  v e h i c l e .  Because m i g r a t i o n  

o f  t h e  be1 t i s  n o t  a l l owed  on t h e  body, these l e v e r  arm q u a n t i t i e s  w i l l  n o t  

change even i f  t h e  assoc ia ted  f o r c e s  a r e  m o d i f i e d  t o  account f o r  s l i p p i n g  

b e l t s ,  f r i c t i o n ,  e t c .  

I. 1  Force Equal i z a t i o n  (Free s l i p p i n g )  

Any two b e l t s  (maximum o f  two p a i r )  may be chosen t o  s l i p  f r e e l y  thus 

e q u a l i z i n g  t h e  f o r c e s  i n  t h e  b e l t s .  A schematic o f  t h i s  i s  g i v e n  i n  F i g u r e  

17, The f o l l o w i n g  s imp le  procedure y i e l d s  equal f o r c e s  i n  t h e  two be1 t s .  

The uns t re tched  b e l t  l e n g t h  i s  g i v e n  by 



Figure 17 .  S l i p p i n g  B e l t s .  
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where b,, i s  the i n i t i a l  length of one be1 t element, LJo i s  the i n i t i a l  

length of the other be1 t element, 1, i s  the distance between body anchor 

points across the body (does not have to be the 1 inear distance between 

the po in t s ) ,  A 1  i s  the slack in the be l t  1 ,  and A~ i s  the slack in belt  

3. A t  each point in time, be l t  length i s  

The quantity 

i s  then determined. If  

then f = 0. 
B j 

If not, the be l t  elongation i s  determined as 

I =  L - L  , 
R 

(143) 

This deflect ion i s  then used to generate a force based on special material 

properties which r e f l e c t  the s t ructura l  deformation properties of the 

en t i r e  be1 t loop and the restrained occupant. 

To use th i s  option the appropriate be l t s  must be introduced t o  the 

simulation via complete bel t  specif icat ion ( K )  cards. The be l t  pai r  

( L )  cards then specify which be1 t pairs  are t o  be force-equal ized, If 

the be l t  switch = - I . ,  then a special material name must be entered on 

the appropriate card following the L card in the 4th f i e l d .  I f  the be l t  

switch i s  chosen to be = -3.,  then the average value fo r  the two forces 

(computed using the materials indicated on the K-cards) i s  applied fo r  each 

be1 t segment, 



1.2. 1nter-kelt  Influence 

In more complex be1 t and harness arrangements, f r i c t i on  and geometric 

considerations lead to unequal be l t  tensions. Three optional methods 

have been supplied with th i s  model to a1 low the forces in one be1 t ( the  

influencer) t o  influence the forces in another be l t  ( the  influencee). They 

are described in the fol lor~ing three sections. The computer program 

logic allows any of these three influences t o  be applied t o  be1 t pairs  

which have previously been force equalized by the method of Section I .  1 .  

However, examination of the equations of the following three sections 

shows that  equalized force values wil l  be fur ther  modified only by the 

method of Section I.2.C. 

1.2.A. Normal-force Frict ion,  The f i r s t  i r t e r -be l t  influence option 

( I N F L  = 1 on the L card) i s  intended t o  simul3te the e f fec t  of s t a t i c  and 

s l id ing f r i c t i on  between be1 t s  and the occupant. Consider a be l t  pair  
(0) 

( i , j )  with b e l t  tensions F i  > F"' Then bel t  i i s  considered to  be the 
j 

(01 
influencer and be1 t j the influencee. The force Fi  i s  adjusted downward 

(0) 
and F .  i s  adjusted upward by an amount estimated t o  represent the f r i c t i on  

J 
ef fec t  with the res t r i c t ion  tha t  the influencee tension i s  never made t o  

exceed the influencer tension. 
( 0 )  (0) 

Specifical ly,  Fi and F .  replace Fi and F .  and 
J J 

where x i s  a friction-dependent influence factor  described below. C i s  an i n p u t  

quantity (8th f i e l d  of L card) ,  OS<L1. Values much less  than 1 are considered 

most reasonable; the default  i s  zero. The following considerations go in to  se- 

lect ion of the analytical forn of A .  



(0) (0) 
Fi and F .  should be unchanged i f  there i s  no in ter-bel t  influence, 

J 
i .e . ,  i f  the be1 t attachment points on the occupant are considered as 

fixed end points of separate and independent bel t  segments. This i s  a 

limiting case, 2nd by Equation 144, corresponds to  = 0. As the opposing 

l imi t ,  consider 1 = 112 and g = l  ; then F i  = F . ,  i .e. ,  the be1 t segments have 
J 

equal tension. Thus, t h i s  will be considered the free-slipping case. 

Further, since one bel t  must have more influence or l e s s  influence 

on the other depending on whether the segment L2 (see Figure 18) i s  l e ss  

t igh t  o r  more t i g h t  t o  the occupant, A must depend on the normal force of 

the bel ts  a t  L,. 

Thus l e t  

be a force saturat ion level fo r  s t a t i c  f r i c t i o n ,  where us i s  an inputted 

s t a t i c  coeff ic ient  of f r i c t i on  f o r  the be1 t pair  and N i s  a computed normal 
2 

force a t  L,. I f  the difference between the tangential components of Fi  
A 

and F .  i s  less  than t h i s  saturat ion level ,  then be l t  slippage i s  assumed 
J 

not t o  occur and therefore A = 0. The resul tant  tangential component i s  
A 

estimated as being in the direction of the un i t  vector e i j  between the 

belt  attachment points on the occupant (see Figure 18). The normal force 
Z A A 

N i s  approximated by adding the components of Fi and F .  normal to  e i j  
J 

A A 
and in the planes ( F i  ,e i  j )  and ( F j  , e i j ) .  (Clearly, the approximation 

i s  best when the bel t  anchors and attachment points l i e  in the same plane.) 

Finally, A should approach the free-slipping case ( A  = 1/2) as an inputted 

sl iding coefficient  of f r i c t i on ,  pk,approaches zero. 



F igure  18. B e l t  F r i c t i o n  



I n  accordance w i t h  these  observat ions,  t h e  i n f l u e n c e  f a c t o r  f o r  use 

i n  Equat ions 144 i s  d e f i n e d  as f o l l o w s :  

X = ~ ( I -  o therw ise ,  

where, i n  genera l ,  p k s  us. i p p i n g  r e s u l t s  f o r  p k  

and ps i n p u t t e d  as 0; a  n o n - s l i p  c o n d i t i o n  i s  guaranteed b y  i n p u t t i n g  

us  as a  v e r y  l a r g e  number. 

The remainder o f  t h i s  s e c t i o n  i s  concerned w i t h  t h e  es t ima ted  

t a n g e n t i a l  and normal forces,  ( - and N, as desc r ibed  

i n  t h e  f o r e g o i n g  t e x t .  I n  terms o f  t h e  n o t a t i o n  used i n  Equat ions 129, 

130, and 131, t h e  b e l t  fo rce  v e c t o r s  a r e  

3 ci, - 5!Ji +[+;;Ji u +(2*-.2h)j = I + ]  /F. (147)  
1, 

where n  = i and j. The u n i t  v e c t o r  

Thus, Equat ions 147 and 148 comp le te ly  determine t h e  t a n g e n t i a l  f o r c e .  

The complete a n a l y s i s  f o r  t h e  normal f o r c e  i s  l e n g t h y  and w i l l  n o t  be 
A 

presented here. S u f f i c e  i t  t o  say t h a t  N i s  determined as 

A 
where ~ ( j )  i s  t h e  u n i t  v e c t o r  which i s  b o t h  i n  t h e  p lane  (Fi, e .  . )  and 

Ir 
1J 

i n w a r d l y  normal t o  ei ; ~ ( j )  i s  d e f i n e d  s i m i l a r l y .  



I.2.b. Force D i f f e r e n c e  S a t u r a t i o n  An i n t e r - b e l t  i n f l u e n c e  o p t i o n  

can be s e l e c t e d  which w i l l  s i m u l a t e  t h e  e f f e c t  o f  b e l t  f r i c t i o n  i n  an 

e n t i r e l y  d i f f e r e n t  manner. Here, a  " s a t u r a t i o n  f o r c e  d i f f e r e n c e "  i s  

i n p u t t e d  by t h e  u s e r  ( c a r d  L )  f o r  t h e  i n f l u e n c e r - i n f l  uencee p a i r .  When- 

ever  t h e  d i f f e r e n c e  i n  t e n s i o n  between t h e  two be1 t s  exceeds t h i s  f o r c e  

s a t u r a t i o n  va lue,  t h e  i n f l u e n c e e  i s  mod i f i ed  by an amount such t h a t  t h e  

d i f f e r e n c e  i n  t h e  tens ions  i s  equal t o  t h e  s a t u r a t i o n  value.  The 

i n f l u e n c e r  ma in ta ins  i t s  f o r c e  l e v e l .  T h i s  ad jus tment  o f  t h e  f o r c e  d i f -  

f e r e n c e  i s  i n tended  t o  rep resen t  p a r t i a l  s l i p p i n g  a g a i n s t  s t a t i c  ' f r i c t i o n .  
( 4 

Thus, where Fi i s  t h e  t e n s i o n  i n  t h e  i n f l u e n c e r ,  F .  i s  t h e  unadjusted 
J 

t e n s i o n  i n  t h e  in f luencee ,  F .  i s  t h e  a d j u s t e d  t e n s i o n  i n  t h e  in f luencee ,  
J 

and FS i .  i s  t h e  i n p u t t e d  f o r c e  s a t u r a t i o n  l e v e l ,  t h e  f o l l o w i n g  a n a l y s i s  
J 

appl  i es . 
( 0 )  

~f J F ~  - F ~  I L F 
s , i j 9  

then no m o d i f i c a t i o n  o f  t h e  i n f l u e n c e e  t e n s i o n  

( 0) i s  r e q u i r e d .  However, i f   IF^ - F j  J > F ~ , ~ ~ ,  then  we seek t h e  ad jus tment  

A . .  t o  F,;'' such t h a t  
1 J  

where 

(0)  
There a r e  two cases t o  be considered. Case "a' a r i s e s  when Fi > F . 

j 
The ad justment  must be p o s i t i v e  i n  o rder  t h a t  t h e  d i f f e r e n c e  i n  t h e  

t e n s i o n s  w i l l  be m o d i f i e d  downward t o  Fs,i j ,  Since 

FSSij = Fi - Fj, 

we o b t a i n  



( 01 
Case "b" occurs when F i  < F . The adjustment a .pust  be negative. 

j '3 
Since 

F S S i j  = F j  - F i ,  

we obtain 

I .  2.C. Percentage Influence The th i rd  i nter-be1 t influence option 

allows the user t o  specify the posit ive or negative percentage of the  

influencer tension which wil l  be applied as an addit ive adjustment t o  the 

influencee. In conjunction with t h i s  option, the user supplies a "maximum 

influence force bound" (1 card) .  If the percentage adjustment, in absolute 

value, i s  greater  than t h i s  b o u n d ,  then the bound i t s e l f  i s  applied as 

the adjustment to  the influencee (with proper s ign) .  

Thus, where F B S i j  > 0 i s  the influence b o u n d ,  p i j  i s  the f rac t iona l ,  
( 01 

percentage influence fac to r ,  Fi i s  the influencer, and F .  i s  the unadjusted 
J 

influencee force ,  the modified forces are  determined as follows. If 

then the adjustment t o  be l t  j due to  be l t  i  i s  



Otherwise, 

Finally, adjustments to F ("are summed over a1 1 specified inf luencers 
J 

so that 

If the resulting influencee tension F. is less than zero, then it i s  
J 

set equal to zero. 



PART IV. PROGRAM INPUT AND OUTPUT 

This part  of the report commences with a detai led description 

of the input data required t o  operate the model. A typical data s e t  

i s  included. A discussion and sample of the output generated by the 

program f o l l  ows. 

A sumnary of the types of exercises used to  check model operation 

i s  next with appropriate input and output included. This information 

i s  of special i n t e r e s t  t o  those groups ins ta l l ing  the model in  computer 

systems remote from the University of Michigan. 

A preliminary comparison of model predictions with experimental 

r esu l t s  i s  included. Comparisons a r e  a lso  made with the older H S R I  

3-mass, 3-D model and the  2-D model . 
The f inal  section of t h i s  par t  of the report describes a user- 

oriented comand language (OVERLORD)  which can be used as an aid 

in preparation of input data s e t s .  This language, writ ten in FORTRAN 

IV, can be implemented f o r  both terminal and batch use. 

A.  Description of Input Data Fi le  

Input to the HSRI six-mass, three-dimensional model consists  of 

a se r ies  of eighty character  l ines  which wil l  be ca l led  cards in t h i s  

discussion. Many of the cards have a common format which i s  shown in 

Table 2. 

Eight of the standard input cards t r igger  special reading 

sequences of information which does not f i t  eas i ly  in to  the standard 

format. These special reading sequences are  summarized in Table 3 

and presented i n  de ta i l  in Table 5. 



Table 4 contains a typical complete data s e t  fo r  the model. The 

numbers a t  the l e f t  are  f i l e  l ine  numbers and are  not part  of the data. 

In l ine  1103, the l e t t e r  "A" represents the position of the f i r s t  

column and so on. Note the special reading sequences beginning 

a t  l ines  1132, 1134, 1136, 1138, 1140, 1142, 1144, 1148, 1152, 1156, 

1158, 1160, 1162, 1164, 1168, 1172, 1176, 1180, 1185, 1188, 1191, 

1229, and 1234. Table 5 contains a deta i led  explanation of each 

card type together with a1 1 the special reading sequences. The 

reader i s  urged t o  use t h i s  table  t o  decode the run specif icat ion 

contained in Table 5 and then check his  impression against  Table 

6 in Section 4.8 which contains the sumnary output generated using 

t h i s  data s e t .  

Order of cards i s  i r re levant  except that  the Z-card must 

always be l a s t  and special reading sequences must be together in 

proper order. When the program f in ishes  .operation using a f i r s t  data 

deck, i t  wil l  look f o r  a second, If i t  f inds more data,  i t  will  

continue; otherwise, i t  will  sign o f f .  Each data deck i s  independent 

and must be complete including a Z-card. 



TABLE 2 ,  STANDARD INPUT CARD FORMT 

Card 
F i e l d  Columns D e s c r i p t i o n  

A  l e t t e r ,  A t h r o u g h  Z, wh ich  a c t s  t o  i d e n t i f y  
t h e  i n f o r m a t i o n  b e i n g  s p e c i f i e d  on t h i s  ca rd .  

Numeric da ta  i n  f l o a t i n g  p o i n t  f o rma t .  The 
decimal  p o i n t  must be e x p l i c i t l y  i n c l u d e d  
excep t  f o r  r i g h t - a d j u s t e d  i n t e g e r s .  'ID- 
f o r m a t "  i s  p e r m i s s i b l e  b u t  must be r i g h t -  
a d j u s t e d .  Flormal l y  l e f t - a d j u s t e d  "F - fo rma t "  
i s  used f o r  convenience,  

Numeric Data 

Numeric Data 

Numeric data  

Numeric da ta  

Numeric data  

Numeric data  

Numeric d a t a  



TABLE 3. SPECIAL R E A D I N G  SEQUENCES 

Standard 
Card Which Length 

Triggers of 
Sequence Sequence 

Termination 
of 

Sequence 
Description of 
Information Contained 

H Fixed Card count of one. 

I Variable consis- Ca rdcoun to f  ( I +  
t ing of one card 2 n )  where n i s  the 
plus two times number of time 
the number of points, 
time points spec- 
i f i ed  in 12. 

Variable Blank card termi- 
nates sequence. 

Fixed Card count of one. 

Sequence of one Card count equal 
card included f o r  t o  number of inter-  
each i nterbel t be1 t i nf 1 uences. 
influence pair 
selected . 
Variable consis- Card count of one 
ting of one card plus one i f  Field 
plus a poss ib i l i ty  5 of card a f t e r  M 
of two more i f  card = 0, plus one 
polynomial coef- more i f  Field 6 of 
f i c i e n t s  are  card a f t e r  Mcard 
used t o  define = 0. 
force-def ormat i on 

T Variable Negative number on 
card. 

U Variable Card count of one 
or two based on 0 
or 1 in f i e l d  1 of 
U card. 

Name and material of contact sensing 
e l l ipso ids ,  

Name, material ,  t i t 1  i n g  information 
and location as a function of time 
of contact surfaces. 

Series of cards containing e l  1 i p -  
soid-contact pairs  f o r  force 
inhibit ion.  

Name and material of be1 t s .  

Force l imi ta t ion,  f r i c t i on  coef- 
f i c ien t ,  percent influence or other 
quant i t ies  relat ing to  in te rbe l t  
influences. 

Material specif icat ion cards inclu- 
d i n g  name, saturat ion data, i f  any, 
specif icat ion whether F-6 curves 
are tabular  or polynomial, and 
polynomial coeff ic ients  i f  that  optior 
i s  chosen. 

Table of debug code words versus 
ef fect ive  time. 

Alpha-numeric run t i t l e .  
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E l  1  i p s o i d  
Contacts 

E l l i p s o i d  
Name 

d 

N TU 

Contact  
Sur face 
Spec i f  i c a t i o ~  

Contact  Sur- 
face Name 

Contact 
Surface 
Name 

8 
f r i c t i o n  c l a s s  

I.$ n~ 5 

7 
l e n g t h  o f  semi- 
a x i s  i n  z -  
d i r e c t i o n ,  
cm, i n .  

( I f  sphere. 
l e a v e  b l a n k )  

5 
l e n g t h  of semi- 
a x i s  i n x -  
d i r e c t i o n ,  
am, i n .  

F i e l d  1  

A f t e r  each H ca rd  i n s e r t  s p e c i a l  (B lank i f  r i g i d )  M a t e r i a l  name 
card. E l l i p s o i d  name (1-16) 

6 
l e n g t h  o f  semi- 
a x i s  i n  y-  
d i r e c t i o n .  
b,, i n .  

( I f  sphere. 
l e a v e  b lank )  

5 ,' 
3 
Edge constant .  
Choose based on 
most impor tan t  
assumed con tac t=  

e l l i p s o i d  
l a r g e s t  a x i s -  

o f  ,) 
c o n t a c t  su r -  

O C  A <  s s  

2 
x -coo rd ina te  o f  
e l 1 i p s o i d c . g .  
r e l a t i v e  t o  
body c o o r d i -  
nates,  i n .  

H 

I f r i c t i o n  c l a s s  

I -  n* 10 

body segment 
number 
1 . = to rso  
2.=head 
3 .=ru l  
4 . ~ 1 ~ 1  
5 . = r l l  
6.=111 

3 
y - c o o r d i n a t e  o f  
e l l i p s o i d  c.g. 
r e l a t i v e  t o  
body c o o r d i -  
nates,  i n .  

4 
z -coo rd ina te  o f  
e l l i p s o i d c - g .  
r e l a t i v e  t o  
body c o o r d i -  
nates,  i n .  

P e n e t r a t i o n  
l i m i t .  ( I f  
e l  l i p s o i d  cen- 
t e r  g r e a t e r  
t han  t h i s  d i s -  
t ance  beh ind 
con tac t ,  i n i -  
t i a l l y ,  t h e  
l o g i c  w a i t s  
f o r  t h e  e l l i p -  
s o i d  t o  g e t  

1  .=contac t  i n  
i n e r t i a l  
space. 

0. =contac t  r e 1  - 
a t i v e  t o  
v e h i c l e .  

Op t i ona l  d e s c r i p t i o n  o f  s u r f a c e  axes, e t c .  f o r  paqe headinq 
Contact  name (1-16) M a t e r i a l  name (21-36) 

(B lank i f  r i g i d )  

o u t  i n  f r o n t  
and beg in  a  
second pene- 
t r a t i o n  b e f o r e  
a p p l y i n g  f o r c e .  

t ime  

n.=nun~ber o f  
t i m e  p o i n t s  
f o r  wh ich  
t h e  l oca -  
t i o n  o f  t h i s  
c o n t a c t  i s  
s p e c i f i e d .  

t, 

3, 

F i e l d  s e t  t o  
nega t i ve  number 
~f o r i g i n  on 
back s i d e  o f  
c o n t a c t  and s e t  
t o  p o s i t i v e  num- 
b e r  i f  o r i g i n  
on  f r o n t  s i d e  
o f  con tac t .  

Y L  
s w i t c h  
0. 

1. 

o u t e r  p o i n t  
3 ,  34 

72n cards  w i l l  be read here, o rde red  i n  t ime )  

c e n t e r  p o i n t  
"r , 

o u t e r  p o i n t ,  x 3  
3 1  
3 3 
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F i e l d  1 
J S t a r t s  r e a d i n g  

name (1- 
t o  conc.ude 

Be1 t (1 K n= 1  .s-n341 
S p e c i f i c a t i o n  
Cards 4 

2 

~ / / / / / / / . ~ l l i p s o i d  
c o n t a c t  i n h i  

x = b e l t  anchor i n  
v e h i c l e .  
inches 

' 

Be1 t 
P a i r i n g s  

\ ,  

3 1 4 

o r  c o n t a c t  name (21-36) 

B e l t  Name (1-24) t4a te r ia l  Name (31-46) 
( c e n t e r  f o r  cen te red  column headings) ( c e n t e r  f o r  cen te red  

column heading)  b e l t  and to rso ;  otherwise.  b e l t  d e f l e c t t o n  
b l a n k  (must be  b lank  i f  I lon-zero = f o r c e  
e i g h t h  f i e l d  i s  non-zero) based on b e l t  

5 6 I 7 I 8 

t ~ i  t i o n  sequence 

b e l t s  2-4 5;ii tit) 
i s  ap!,lied. 

O.=no i n f l u e n c e  
1  . = f r i c t i o n  

-2.=same as -1. 2 .=sa tu ra t ion  
except  based on 
in f luencee-  
i n f  luencer  
a p p l i e d .  

-3.=pure f r e e  f 1  uence 

&Any p a i r s  l i s t e d  here  w i l l  r e v e r s e  a e t a u l t  COnalt lOn 

y = b e l t  anchor i n  z = b e l t  anchor i n  
v e h i c l e .  v e h i c l e ,  
inches inches 

b e l t s  2-3 s w i t c h  
-1 .=f ree s l i p -  

p i n g  ( f o r c e  
equal i z a t i o n )  
( A  nldxi:nua~ 
o f  two p a i r s ,  
1-2. 3-3 o r  
1-3. 2-4 o r  
1-4, 2-3 may 
s1 ip )apd  

x = b e l t  p o i n t  on y = b e l t  p o i n t  on z = b e l t  p o i n t  on s lack ,  i nches  
body, inches body, inches  body, inches 

~p - 

b e l t s  1-3 sir i  t c h  
O.=no coup1 i n g  

L b e l t s  1-2 s w i t c h  

t h e n  in i . luen :?ip;in9 1.2.A.) 
c e r - i n f  l u e n - 1  

be1 t s  1 -3  s w i t c h  
1  . = i n f l u e n c e r  

i n f l u e n c e e  
p a i r  

Z.= inf luencee 
i n f l u e n c e r  
p a i r  

p a i r  number 
1  .=I -2 
2.=1-3 
3.=1-4 
4.=2-3 
5 . ~ 2 - 4  
6 . ~ 3 - 4  
( i n  o r d e r )  

F o r  i n f l u e n c e r -  
i n f l u e n c e e  p a i r .  
i f  INFL I s  
l . = s t a t i c  f r i c -  

t i o n  coe f -  
f i c i e n t .  

2.=AF, t h e  s a t -  
u r a t i o n  f o r c e  
d i f f e r e n c e  

3.=percent i n -  
f luence ( f r a c -  
t i o n a l )  

I 
F o r  i n f l u e n c e r -  
i n f l u e n c e e  p a i r .  
i f  INFL i s  
l . = k i n e t i c  f r i c -  

t i o n  coe f -  
f i c i e n t  

2.=(not used) 
3.=nlaximum i n -  

f luence 
fo rce .  l b s .  

M a t e r i a l  name f o r  f r e e  ( T h i s  c a r d  must be added t o r  each p a i r  
s l i p p i n g  (31-46) hav ing  c o u p l i n g ) .  
( c e n t e r  f o r  cen te red  
column heading)  . . .- 

I 
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Table 
De le te  

I n t e g r a t i o n  
Cont ro l  

4  

Tab1 es 
K i G X e  
AcceleratiOny Debug. 

G and R. 
F- '5 

Mi sce l -  
1  aneous 
Cont ro l  

1 
l Tab1 e  number I F i r s t  ~ o i n t  i n  I F i n a l  ~ o i n t  i n  

F i e l d  1 
Tab e  number 

I I O-card 
t i m e  t b  p a r t i a l -  l t i m e  t b  p a r t i a l -  
l y  d e l e t e  0-  , l y  d e l e t e  O-  

2 1 3 
cce e r a t i o n  

'Eceleration -y:::a:l:;b:: '1' s  'or t a b l r  

l i tems,  sec. 

::;:",":;'be 
t o  60 t a b l e s )  

R  

5 
, 

5 I 6 I 7 I 8 
Tabl  e  numbers 1 

n e e d s n  =max- 1 - 3  
imum d e f l e c t i o n  

u p b e f o r e  unload. Tables 4-6, rJk: 
i nches G o r  R i n  t h i s  

column 

tab le .  
Modi fy  Tab le  2 

p r e d i c t o r  c o r -  
r e c t o r  method 
0. =Adam 

1  .=Mi lne  
( E u l e r  and Adams 
a r e  more stab1 e )  

Q M o d i f y  T a b l e 1  
by constant  
m u l t i p l i e r  g i v e n  
here. - 
s t a r t i n g  i n t e -  
g r a t i o n  method 
O.=Euler 

1  .=modi f ied  
Runge-Kutta 

2 .=requ lar  Runqe 

lflection' 
i n .  F-6 t a b l e ,  Force, 

1  bs.  

~ u t t a .  
( 1  -1 
r e a l  t i m e  i n t e r -  
v a l  f o r  s imula-  

Mod i f y  Tab le  5 
t a b l e .  
Mod i f y  T a b l e 3  

maximum i n t e g r a -  
t i o n  t i m e  s t e p  

s t e p  

Mod i f y  Tab le  6 M o d i f y f a b l e 4  

v e l o c i t y  conver -  
gence parameter 

maximum number 
o f  s u b d i v i s i o n s  
o f  maximum t i m e  

( 1  - 

v e l o c i t y  change 
l i m i t  

( .0005) (10.) 
g r a v i t y ,  f t / s e c  

( -005) 
t i m i  s tep  between execu t i on  t i m e  
t a b u l a r  ou tpu t  I l i m i t  

e x t r a p o l a t i o n  
c h a n g e l i m i t  

t ime  eps i l on ,  
sec. 

( 1  . )  
Tiole o u t p u t  
s w i t c h  c-= 

a c c e l e r a t i o n  m i n  
imummagni tude 

( - 5 )  
1  i n e a r  i n t e g r a -  
t i o n  we igh ts  

( .0000001) 
angu la r  i n t e g r a -  
t i o n  we igh ts  
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Debug 
Cont ro l  
Cards 

T i t l e  
Card 

6 7 8 5 4 

(The e i g h t y  columns on t h i s  c a r d  conlprise t h e  f i r s t  p a r t  ( o r  a l l )  o f  t h e  t i t l e .  

F i e l d  1 2 

hexadec~mal  debug 
c o n t r o l  word 

/ T 

I5 
TPC E PS FAC FN U 
( .05) (10.)  ii0.) 
F r a c t i o n a l  o f  
c u r r e n t  ramp 
l e n g t h  i n  moving t i m e  
con tac t s .  

l e n g t h  i n  moving 
con tac t s .  

ZERB IUIS 
! .000001) (0.1 

p rox im i t y  
?psilo,, F,,r 

segment c.g. d i s - a c c e l e r a t i o n  i n  

sine 
near 

3 

_ I _ _ _ _ p p  

T r i g g e r s  debug 
cards.  

LIMCNT 
( 6 . )  
L i m i t  on number 
of  i t e r a t i o n s  
f o r  f o r c e  b a l -  
anc ing i n  shared 
d e f l e c t i o n .  

ZERA 
( - 1 )  
Pyoximit~ ep- 
s i l o n  f o r  near-  
ness t o  p o l e  a t  
n /2  i n  rad ians  

. fo r  p i t c h -  

V 

W 

Z 

e f f e c t i v e  t i m e  
(nega t i ve  va lue  
terminates  se- 
quence) 

used) t h e  r e s t  o f  
FORLIM 
(1000.) 
L i m i t  of  change 
i n  f o r c e  f o r  
r i g i d - r i g i d  con- 
t a c t  b e f o r e  
h a l v i n g ,  l b s .  

I LONG 
(0 .1  
Non-zero 
s w i t c h  causes 
non-sequent ia l  
paging o f  
ou tpu t .  

U 

t h e  t i t l e .  
HARDCN 
( 15.000.) 
L i n e a r  e l a s t i c  
c o e f f i c i e n t  f o r  
use i n  r i g i d -  
r i g i d  con tac t ,  
l b / i n .  

I STAT 
(0 . )  
S a i t c h  f o r  ou t -  

,,,its 
vel,icle veloci- 
ties and accel- 
e r a t i o n s .  0. = 
i n / s e c  and G's 
neq.= i n / sec  
and i n / s e c 2  
pas.= mph and 
G ' s  

The f i r s t  52 columns comprise ( i f  

n=O.=one c a r d  
read 

n=l .=two cards  
read 

DSTEPX 
( .2 )  
Maximum s t e p  t o  
search f o r  b a l -  
ance i n  shared 
d e f l e c t i o n ,  
inches 

DSTEPN 
(.02) 
Minimum s tep  t o  
search f o r  b a l -  
ance i n  shared 
d e f l e c t i o n ,  
inches 

BETELP 
( .75)  
Minimum r a t i o  o f  
s h o r t e s t  t o  
l onges t  semi- 
rnajor a x i s  t o  be 
t r e a t e d  as 
sphere f o r  
e l  l i p s o i d  con- 
t a c t s .  

(GO c a r d )  

GAMELP 
( . 9 )  

F r a c t i o n a l  
p o s i t i o n  o f  
sphere c e n t e r  
a l c n ~  semi- 
111ajor a x i s  r e l a -  
t i v e  t o  p o s i -  
t i o n  f o r  sphere- 
e l  1  i p s o i d  t an -  
gency a t  end o f  
semi-major a x i s .  



B. DESCRIPTION OF NORMAL PROGRAM OUTPUT 

The p r i n t e d  o u t p u t  o f  t h i s  model i s  d i v i d e d  i n t o  t h r e e  genera l  

c a t e g o r i e s .  The f i r s t  c a t e g o r y  i s  normal o u t p u t ,  t h a t  wh ich  emerges 

from a  s u c c e s s f u l  r u n  when no s p e c i a l  i n f o r m a t i o n  i s  r e q u i r e d .  The 

second c a t e g o r y  i s  a u x i l i a r y  o r  debugging o u t p u t ,  wh ich  i s  e x t e n s i v e  

i n f o r m a t i o n  on t h e  i n n e r  work ings  o f  t h e  program under c o n t r o l  of t h e  

i n p u t  data .  The t h i r d  c a t e g o r y  i s  messages which  appear o n l y  when 

c e r t a i n  e r r o r  c o n d i t i o n s  a r i s e .  T h i s  s e c t i o n  dea ls  w i t h  t h e  f i r s t  

ca tegory .  S e c t i o n  I V  o f  Appendix A p r e s e n t s  t h e  o t h e r  two c a t e g o r i e s .  

Normal o u t p u t  i s  d i v i d e d  i n t o  two p a r t s .  The f i r s t  p a r t  i s  one o r  

more pages a t  t h e  b e g i n n i n g  and p r e s e n t s  t h e  i n p u t  d a t a  wh ich  has been 

s u p p l i e d  b y  t h e  use r .  The second p a r t  i s  t h e  b u l k  o f  t h e  normal o u t p u t  

and r e c o r d s  t h e  s i m u l a t e d  model parameters o v e r  t h e  t i m e  i n t e r v a l  o f  

i n t e r e s t .  

Each page o f  normal o u t p u t  beg ins  w i t h  a  heading.  The f i r s t  l i n e  

i d e n t i f i e s  t h e  model, t h e  p a r t  of normal o u t p u t  i n  wh ich  t h i s  page i s  

i n c l u d e d ,  t h e  d a t e  o f  t h e  run,  and t h e  page number. The second l i n e  i s  

a  d e s c r i p t i v e  r u n  t i t l e  s u p p l i e d  by  t h e  u s e r  (See T a b l e  5 ,  V-card) .  

The n e x t  l i n e s  a r e  un ique  t o  each page and d e f i n e  u n i t s  and r e f e r e n c e  

c o o r d i  n a t e  systems as a p p r o p r i a t e .  

T a b l e  6, c o n s i s t i n g  o f  29 pages, c o n t a i n s  a  sample o u t p u t  f r o m  t h e  

model. The i n p u t  d a t a  used t o  genera te  t h i s  r e s u l t  i s  i n c l u d e d  i n  Tab le  

4. A l so ,  t h i s  i s  t h e  same r u n  as has been used i n  t h e  p r e l i m i n a r y  ex-  

p e r i m e n t a l  v e r i f i c a t i o n  d i scussed  i n  P a r t  I V  C. T h i s  r u n  was designed 

t o  d u p l i c a t e  an impact  s l e d  t e s t .  The 50th p e r c e n t i l e  S i e r r a  dummy 



was sea ted  i n  an au tomot i ve  b u c k e t  s e a t  and r e s t r a i n e d  by a  s i n g l e  

d iagona l  harness and l a p  be1 t combinat ion .  The d e c e l e r a t i o n  p u l s e  

r e p r e s e n t s  a  d i r e c t  s i d e  impact .  

The f i r s t  t h r e e  pages o f  T a b l e  6  l i s t  t h e  d a t a  wh ich  has been 

r e a d  b y  t h e  i n p u t  s e c t i o n  o f  t h e  model. L i n e  numbers a r e  p r o v i d e d  and 

t h e  d a t a  f i l e  i s  b roken up i n t o  n i n e  columns. The f i r s t  column c o n t a i n s  

c a r d  i d e n t i f i c a t i o n  l e t t e r s  and t h e  second c o n t a i n s  o t h e r  numeric 

i n f o r m a t i o n  i n c l u d e d  i n  t h e  f i r s t  f i e l d  o f  t h e  p a r t i c u l a r  ca rd .  

Pages 4 t h r o u g h  15 o f  Tab le  6  c o n t a i n  body k inemat i cs .  Two sheets  

o f  da ta  a r e  p r o v i d e d  f o r  each segment c o n s i s t i n g  o f  x, y, and z di's- 

placements, v e l o c i t i e s ,  and a c c e l e r a t i o n s  o f  t h e  c e n t e r  o f  g r a v i t y  p l u s  

t h e  same q u a n t i t i e s  f o r  p i t c h ,  r o l l  and yaw. The lower  l e g s  a r e  handled 

a  b i t  d i f f e r e n t l y  t han  t h e  o t h e r  body segments because t h e r e  i s  o n l y  one 

a n g u l a r  degree o f  freedom. I n  a d d i t i o n  t o  x, y, z,  and p i t c h  d i s p l a c e -  

ments, v e l o c i t i e s ,  and a c c e l ~ r a t i o n s ,  t h e  l o c a t i o n  o f  t h e  knee and f o o t  

a r e  g i v e n .  It shou ld  be no ted  t h a t  c e n t e r  o f  g r a v i t y  d isp lacement  and 

v e l o c i t i e s  can be p r i n t e d  o u t  r e l a t i v e  t o  t h e  v e h i c l e  o r i g i n ,  r e l a t i v e  

t o  t h e  H-po in t ,  o r  i n e r t i a l .  T h i s  has p a r t i c u l a r  a p p l i c a t i o n  b o t h  

t o  p e d e s t r i a n  mot ions  and v e h i c l e  occupant  mot ions .  

Pages 15 th rough  18 o f  Tab le  6  dea l  w i t h  j o i n t  r e l a t i v e  E u l e r  

ang les  and a n g u l a r  v e l o c i t i e s  about  t h e  c o o r d i n a t e  axes o f  each body 

segment. T h i s  g i v e s  an i n d i c a t i o n  o f  t h e  l e v e l  o f  mo t ion  o c c u r i n g  between 

t h e  v a r i o u s  body segments. The neck, r i g h t  h i p ,  and l e f t  h i p  j o i n t s  a r e  

i n c l u d e d  on page 16 o f  Tab le  6. I t  shou ld  be r e c a l l e d  t h a t  knee p i t c h  i s  

a  degree o f  freedom and has been i n c l u d e d  w i t h  t h e  p a r t i c u l a r  l ower  l e g  

e lement.  



Vehicle kinematics are included on pages 19 and 20 of Table 6 .  

Displacements , v e l o c i t i e s ,  and accelerat ions f o r  forward, s ide ,  upward, 

pi t c i ~ i  ng, spi nni ng, and ro1 lover tilotions are  i  ncl uded. 

Information on be1 t s  i s  included on page 21 of Table 6 .  I t  should 

be reca l led  tha t  each be1 t segnent which i s  used has been given a name and 

assigned a material on the input data card following the K-card (See 

Tables 4 and 5 ) .  These names are used in  dynamic l abe l l ing  of the be1 t 

tabular  output.  For each b e l t ,  i t s  elongation, elongation r a t e ,  and the 

r e su l t ing  force are  given o r ,  opt ional ly ,  s t r a i n  and s t r a i n  r a t e .  

Pages 22 through 24 of Table 6 a re  concerned primarily with torques 

applied a t  the various j o i n t s ,  Page 22 l i s t s  e l a s t i c  j o i n t  moments 

wnile page 23 l i s t s  s top moments f o r  neck, r igh t  hip,  and l e f t  hip. Knee 

e l a s t i c  and s top  moments are  given on page 24. This i s  supplemented by 

potent ia l  energy stored in the knee s t rdc tu res  as well as H -  o i n t  locat ion .  P 
Location of the H-point i s  i n e r t i a l ,  r e l a t i v e  to  the vehicle; o r  r e l a t i v e  t o  

the  i n i t i a l  H-point posi t ion in the vehicle. 

Pages 25 and 26 of Table 6 summarize energy and momentum quan t i t i e s .  

Kinetic energies a re  l i s t e d  f o r  each body segment as well as potential  

energy quan t i t i e s  s tored  in individual j o i n t s ,  a l l  b e l t s ,  and a l l  contac ts .  

A t o t a l  i s  computed. Total moments a r e  given on page 26. The l inea r  

quan t i t i e s  are  self-explanatory.  The three columns under the headi n q  

" A N G U L A R , "  a re  to ta l  angular momenta. The three columns under the heading 

" C O M P O N E N T  ABOUT C . G .  " a re  the  portions of to ta l  angular momenta resul t ing  

from angular veloci ty ( I  w )  , as opposed t o  n(; x 7 )  terms. 

Page 27 of Table 6 i s  a summary of the in tegra t ion  performance. The 

heading " C P U  TIME , I 1  represents the t o t a l  computer time used in seconds. 



The numbers under  "EVAL" g i v e  t h e  t o t a l  number o f  c a l l s  t o  t h e  sub- 

r o u t i n e  "ACCEL." T h i s  r e f e r s  t o  t h e  t o t a l  number o f  computa t ions  

o f  t h e  d e r i v a t i v e s ,  f o r c e s  moments, e t c .  necessary f o r  s o l v i n g  t h e  

equa t ions  o f  mot ion .  "DENS" i s  a  measure o f  t h e  i n t e g r a t i o n  and i s  a 

compu ta t i on  o f  t h e  number o f  i n t e g r a t i o n  s teps  s i n c e  t h e  l a s t  p r i n t  

t i m e  d i v i d e d  b y  t h e  minimum p o s s i b l e  number o f  s t e p s  wh ich  c o u l d  

o c c u r  i n  t h e  p a r t i c u l a r  p r i n t  t i m e  i n t e r v a l .  The numbers under 

"STEPS" r e p r e s e n t  t h e  t o t a l  number of i n t e g r a t i o n  s teps  accumulated up 

t o  a  p a r t i c u l a r  p o i n t  i n  s i m u l a t i o n  t ime .  The rema in ing  columns r e f e r  

t o  t h e  number o f  i n t e g r a t i o n  s teps  o f  a  p a r t i c u l a r  s i z e  wh ich  have 

been accumulated up t o  a  p o i n t  i n  t ime.  "WHOLE" r e f e r s  t o  t h e  number 

o f  t i m e s  t h e  i n t e g r a t i o n  t i m e  s t e p  i s  t h e  maximum a1 lowed. "HALF" 

r e f e r s  t o  t h e  number o f  t imes  i t  has been c u t  i n  h a l f ,  e t c .  

The l a s t  two pages o f  Tab le  6 a r e  samples o f  p r i n t o u t  o c c u r r i n g  

when c o n t a c t  f o r c e s  a r e  generated.  The dynamic t i t l i n g  i n c l u d e s  a  

body e l  l i p s o i d  and i t s  m a t e r i a l  on t h e  f i r s t  l i n e .  Another  body 

e l l i p s o i d  o r  a  c o n t a c t  s u r f a c e  and i t s  m a t e r i a l  a r e  i n c l u d e d  on t h e  

o t h e r  l i n e .  I f  no c o n t a c t  i s  sensed between two e l i g i b l e  s u r f a c e s ,  

t h i s  page w i l l  n o t  be produced, A  t a b u l a t i o n  o f  t h e  q u a n t i t i e s  

l i s t e d  on t h i s  page i s  i n c l u d e d  as  Tab le  7 comp le t i ng  t h e  d e s c r i p t i o n  

o f  normal program o u t p u t  . 
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T1l.r t LL.IENSIUNAL CRASH VICTId SIMULATOB OUTPUT DATA NOV 15.  1 9 7 2  PAGE 1  
DEBiJu SERIES 7B. OLD 3-D VS. NEd 3-D. REFERENCE 3-111.3-128. A N D  191 .  

UNITS A h i  1h;HES. DECREES. POUNDS. A N D  SECONDS UNLESS NOTED. 
DISPiACrnENTS A N D  V E L O C I ~ ~ ~ ~  AHE R L L A T I V E  i 0  ThE ORIClN OF THE VEHICLE COOHDINATE SYSTEN. 

ACCELEAATIONS I N  C 'S 

dODY KINEnATICS 

H E A D  

X-DISP. 

13.94 
1 3 - 9 4  
13.9U 
13.YU 
13 .9u  
1 3 . 9 3  
13 .93  
13 .93  
13 .92  
13.92 
1 3 - 9 7  
13.91 
13.32 
1 3 - 9 3  
13.96 
14.02 
l U . l G  
14.20 
14.32 
1U.UU 
14 .55  
14 .65  
14 .67  
14 .42  
14.11 
13.84 
13 .02  
13 .  45 
13 .36  
13.39 
13.61 
1 3 .  d 5  
14.11 
lU.42 
1  4. 7 6  
1 5 - 0 9  
15.*2 
15 .  75 
l b . C 6  
1 6 . 3 2  
16 .53  

X - V I A .  

0.0 
-0 .c ;  
-q .1t  
-3.2: 
-0 .3> 
-c.u; 
- 0 . 5 t  
4 - 7 1  
- 3 . E o  
- 0 . 7 1  
-0.7; 

0 .1J  
1 - 6 0  
4.3)  
8 .21  

13. UJ 
1 8 . 3 t  
22 .40  
23 .a4  
23. l a  
21.50 
19.d; 

-23.54 
-65.54 
-57.0-  
-03.53 
-39.0' 
-27 .5 )  

-5 .11  
14.7 1  
53.1: 
u s  '- . - -  
5d.C > 
64 .11  
67.5: 
6 0 . 1 1  
b 6 . 7  
ou.  I :  
5 7 . > l  
46 .53  
49.6  c 

I-DISP. 

-3 .16  
-3 .16  
-3.17 
-3 .31  
-3 .65  
- u . 1 5  
-4. 74 
-5 .u5  
-6. 29 
- 7 . 2 5  
-3 .32  
-3 .48  

-13.7U 
-11.1; 
-13 .55  
-15 .03  
-16.51 
-17 .93  
-19.25 
-29.UL 
-21.4'l 
-12.CB 
-21.38 
- 2 2 . 2 4  
-21.74 
-2? .Sd  
-19 .95  
-18 .65  
-17.Cu 
-15.20 
-13 .22  
-11.1'' 

-d.tIU 
- 6 . 4 8  
-4.07 - 1.62 

0.97 
3 - 3 7  
5 . d l  
8.C 1  
'3.78 

'I-VEL. 

0  .C 
-0 .52 

-10 .39  
-46 .26  
-87.14 

-11C.lC 
-128 .71  - 1 5 0 . 2 5  
-181  - 4 7  
- 2 0 3  .4U 
- 2 1 3 . 2 5  
- 2 4 2 . 2 3  
-262.1C - 282 - 2 3  
-294 .u9  
-296 .95  
-291 .45  
-275 .54  
-250 .94  
- 2 1 6 . 9 8  
-168.97 
-102 .81  

-13.59 
6 7 . 7 1  

1 2 6 . 7 5  
1713.58 
232 .73  
2d7.89 
348 .20  
3 8 6  ;92 .  
UlC.24 
435.13 
4 6 3 . 3 5  
477 .25  
487 .02  
49U. UP 
5 3 c .  ul! 
U > 7  -6.2 
u7c .14  
UQ3.13 
331 .43  

I-ACCEL. 

-C.3 
4 . 3  
-0.3 
-0.3 
4 . 3  
-c .3  
-0.3 
-C.3 
-C. 3  

3.3 
1.6 
2.9 
4.1 
4.8 
5.5 
6.3 
8 . 1  

10.9 
14.8 
20.8 
29.3 
41.3 
U U .  8  
36.2 
27.5 
27.2 
28.8 
27.8 
32 .5  
16.2 
1 2 . 6  
16  .d 

8 . 9  
5.9 
4.2 
3.5 
2.7 

-6 .2  
-23.7 
-45." 
c -, 

- J L . ~  

Z-DISP. 

3.12 
3.12 
3.13 
3.13 
3.14 
3.16 
3.18 
3 .19  
3.22 
3.2U 
3.17 
3.33 
3 . 4 2  
3.56 
3.76 
u .02  
4.35 
4.76 
5 . 2 5  
5 .85  
6.56 
7 - 4 2  
8.19 
8 .27  
8.13 

- 8.C2 
7 . 9 7  
7 .98  
8.PH 
8  .C 1  
7.8C 
7 .14  
6 . r 8  
5.C4 
4.06 
3.15 
2.35 
1 . 7 6  

. I .  51 
1 .72  
7 8 .  ,, 4.""  

TABLE 6. SAMPLE PROGRAM OUTPUT (Page 4 o f  2 9 )  



T H L  i 31 . + E N ~ I J N A L  C d A S n  vicrrn S I f l U L A T O R  O U T P U T  DATA N O V  15. 1 9 7 2  PAGE 3 

D E ~ U I  S Z R I E s  7M. OLD 3-L U S .  N E d  3-9. R E F E R E N C E  3-111.3-128. AND 191. 
U N I T S  . % o r  A ~ Z H E S ,  D E C H E E S ,  EGIJNDS. AND S E C O N D S  U N L E S S  N O T E D .  

A C L E L E R A T I O N S  I N  !ZAD/SZC/SEC 

i A .  P I T C H  BOLL 

ACCEL.  D I S P .  VEL.  A C C E L .  

5.5 
5.2 
4.8 
4.1 
2.M 
1.6 
C .4 

-r .5 
-0.9 

2 . 1  
15.5 
05.3 

1P l .b  
190.7 

D I S P .  

-31.6'7 
-31.62 
-3  1.69 
- 3 1  - 8 1  
-31.96 
-32.16 
-32.39 
-3L.6b 
-32.97 
-33 .3 -  
-33.68 
-39.17 
-34.81 
-35.67 
-36.72 
-37.92 
-39.31 
-U1  .C5 
-43.52 
-47.21 
-52.62 
-59.99 
-66.39 
- (14.96 
-61 .29  
-59 . r6  
-59.13 
-62.67 
-69.51 
-67.4U 
-64.70 
-5d.3C 
-47.21 
-40.35 
-35 .91  
-29.16 
-17 .1  1 

0.37 
q9.28 
33 . U  b 
4 4 - 6 4  

VEL.  

P.C 
-9.27 

-18.27 
-27.03 
-35.35 
-43.18 
- 5 r .  5'7 
-57.33 
-63.67 
-7C.40 
-85.09 

-11C.38 
-148.86 
-192.87 
-226.36 
-256.16 
-3C2.42 
-U06.65 
- 4 r c .  i n  
-895.77 

-1273.q3 
-1662.10 

-549 .67  
84C .U7 
6C3.U5 
255.35 

-320.40 
-1093.77 
-157P.95 

2973.11 
Un82.43 
-113.73 
20C8.76 

939.34 
9q4.28 

18CU.82 
3PC5.99 
3869.27 
3455.24 
2178.76 
U6Uj.16 

ACCEL.  

-32.5 
-32.0 
-31.2 
-29.9 
-28.2 
-26.4 
-2U.7 
-13.0 
-21.3 
-34.2 
-68.8 

- 1 r 9 . 8  
-160.4 
-13U.1 
-1PU. 1 
-112.3 
-242.0 
-5'74.U 
-855.2 

-1194.3 
-1 4C6.7 

-Ub3.5 
6595.1 

6-8.6 
-970.7 

-1613.1 
-2447.C 
-2439  - 7  

-971.6 
-3u77.7 
22902.C 
35987.7 
-5692.4 
-1581.3 

1715 .1  
3778.9 
4215.1 
1169 .U 

-3686.5 
-u5uu.  3 
29874.0 

TABLE 6. SAMPLE PROGRAM OUTPUT ( P a g e  5 of 29) 



m 
C 

n E 
w  
k 

. 2  
m m 
ri r W  
I H 
n 4 . z 
r . b +  
r P D  

4 r W a  
k 1 k 0  
* m o o  
P Z U  

e, 
r u m w  
a z w e l  
L W W U  
hlllclH 
a w z r  
0LuE)D.l 

4 > 
a m  

n el 
a ZYZ 
0 o w  
h U  
4 w a  
el m o  
a ~ 1  
E nx .  L7 
H Z - I U  CI 
V) 4'3 H 

H Z  e 
a ;gH a 
k 9 m W  u z w a  z 
H 3 2 0  14 
w O W H  % 

w 
P 3 4  * 
m r e + =  n 
u r n 4 3  
a W 4 - 1  9 
V W > W  

P H CI 
el *wCI < hl*u 
z ncl 
o rfi 
H - z  
a V1 
a w w  
w o a  * * >  4 
4 
a 4 7  

4 4- 



. -4 .-.-""-,".,,.!,-,>* " 7 . 9 .  " I ,  " u , ~ 3 " " ? - - -  , a ,  " 7 7 , " . , , , " "  , 
4 Y o . . ) - c c - N  ~ - * . * ~ ~ U I , Y - C U , ~ >  D m  n y ~ u  n u ,  n r - t - d u r * ? r - u l  y * 
I > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n c F - - v c c  o m - -  c n ~ r r r ~ m . n ~ - c * - o - v m . * ~ , r  7 n : - m r - r -  ? - ,P 
I l I I I I I I ~ a n ~ n ~ - ~ m o - ~ a v ~ ~ ~ ~ o r - z ~ ~ c ~ w m n ~ " ~ ~ ' ~ -  

~ N C I * . I I Y  N ~ Y T -  Y ~ T C  ~ . n f m a  1 19 -Y  3 3 r z m  
I 1 1 1  I r r ~ r r  r r l  r r  ~ r r r  

I I I I I l l  





T d b ~  r. J A ~ ~ E N S I J N A L  CRASH V I C T I 3  S I P l U L A T O h  O U T P U T  DATA NOV 1 5 ,  1 9 7 2  PAGE 1 1  
D E E U -  S E R I E S  78. C L D  3 - C  Y S .  N E d  3 - D .  R E F E R E N C E  3 - 1  1 1 , 3 - 1 2 3 .  AND 1 9 1 .  

U N I T S  A i i  i h Z H E S ,  U E G h E E S ,  P C U N D S ,  AND S E C O N D S  U N L E S S  NOTED.  
A C O L L E R A T i O d S  I N  R A D / S E C / S E C  

h I S H P  U P P E R  LEG 

T13Z 

3 .Q 
7 .C''35' 
J . " l 0 ?  
3 . 0 1 5 3  
C . ^ 2 0 )  
3 .  3 2 5 5  
' ) .?3C'7  " .35" 
; .<:,,r,,; 

9 . 1 U 5 -  
1 .  - 3 - :  
1 . 1 5 5 3  
: . 2 b - -  
1.:65: 
' ) .n7?) 
7 .3753 
1 . ' - % C  
I). 3 0 5 )  
? . Q 9 3 >  
O . r l Y 5 5  
3 . i ~ ' - >  

2 .  1.351 
2 . 1 1 C 3  
j. 1 1 5 )  
I .  1 2 C 3  
? . 1 2 5 >  
7 .  l 3 c 3  
1 . 1 3 5 3  
1 . 1 4 0 3  
3 . 1 4 5 )  
I .  1 5 ) )  
T.1553 :. l b i :  
3 . 1 6 5 3  
' 2 . 1 7 ~ 1 3  
0. ? 7 5 )  
) . l n P 1  
..Id>- 

q . 1 9 ~ )  
3.195 '  
:..!n: 

i A. P l T C i l  HOLL 

D I S P .  V E L .  A C C E L .  D I S P .  VEL.  A C C E L .  D I S P .  VEL.  ACCEL.  

TABLE 6. SAMPLE PROGRAM OUTPUT (Page 9 of 29) 



~ ~ ~ r r r r ~ m m m f c m N ~ r n z b N a a a f m ~ a m m r n m r c ~ ~ m ~ ~ m ~ p . ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O ~ U C O O O O C C O - N ~ P ~ ~ ~ ~ O N N ~ ~ ~ D ~ N ~ ~ P ~ ~ N C N ~ N ~ ~ ~ ~  

I I I I ~ r ~ z m l  I I r r r  I 
1 1 1 1  

~ o ~ ~ ~ ~ b o ~ ~ o ~ w r - ~ f ~ ~ m r ~ f m ~ b ~ , m m m r ? m ~ ~ ~ ~ m m c m n ~ - n m w  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 ~ ~ ~ ~ 0 ~ ~ ~ c ~ - m m m ~ ~ a ~ a m v ~ o m ~ ~ c m n ~ ~ ~ . a ~ m ~  ' n t a m  

1 1 1 1  r r r r r r r t t  - 1 -  m r l  I 1 1  r r r r  
I  I  



b r o w  . . .  
W N M  
N C, f 
N L n r  
I l l  

r r m  
mNxJ . . .  
o a m  
n r - c  7 ,- 

I 

m a m  
. . a  

m P p .  
f C, f 
PI m N 
I l l  

C P Q  
m t o  . . .  
N r - f  
inn0 
u ,n m 

m  'T, r- . a .  

Q G' p. 
m r - m  
in Pt N 

m a -  
N P N  . a, . 
c c m  
~1 6- m 
r m f  

C c c1 
m C Ul 
t - r  
- v r  . . .  
cl " c: 





a ,n 
n w 

LG 1 Z  
0 O C U  
C O W  
.C warn 
-1 n o \  
3 U 
c 3 z *.l ,n 
Y z ~ . n  u 
V) u 3 \  +. 

u n  U 
Z s f f i r :  4 
H m o m  II 
w 0 II 
U Z W Z  z 
C( 3 9 -  t i  
> O C  Y 

OA n 
Z 3 2  r 
,n . r* 3 a 
4 m  rl U 
x r d w w  a 
U W 2 . G  

4-41 
A 'J w  4 
4 k 4 4 A  
Z 0 4 W  
3 '11 'J 
H . m u  
m  rn < 
Z W N  

2 5 :  

' , I .  I , ,  

' I  .. U 
I . .  

m T f -  
d l n  D 

I )  n o 
- 7 7  . . .  
m - 4  3 " D m  
c a m  
N r r  
I l l  

I 1  ? v 
" ,- . . .  

fl -, # ?  

J P P  
J 3' D 

- 1  I 
I  



a a ~ ~ ~ ~ r - m ~ ~ r m b ~ a - ~ ~ m ~ b ~ n ~ ~ m ~ c m m m \ ~ ~ a r - ~ r y m m ~ r +  ......................................... 
~ o o o o u o ~ u ~ ~ ~ o ~ ~ ~ ~ r ~ ~ m ~ a m m ~ ~ a ~ m ~ m m ~ a o ~ ~ ~ ~ w  

1 1 1 1  I I I I I  I r l  - l l l I I l  I 
I 

m vr 
N 
r U  
1  * 

m 4 . Z 
r . H  
r a n  

U r W Z  
H 1  C O  
< m o o  
n z u  

64 
H U v r W  
3 Z v r - l  
CI l.1 W  'J 
F I * - lH  
a u z 9  
O & ¶ ' r l  

er > 
a 'n 

3 W 
a 2 9  
0 O h  
H u 
u Wk. 
.a 0 0  
3 
F n z -  VI 
H = + I 0  U 
V) U'3 H 

! i  z w 
t . % H  4 
H V)O I: 
W Q ' 1 W  
CI Z W Z  Z 
H 3 ' 5 1 3  t i  
> 0 - H  x 

04 F. 
z r ) 4  I 
In .Ha a 
d m w u  
5 LI '< 4 4 
U W P L I  

Di Y '3 
4 r 3  rk u * W 4 4  
Z a 4  
3 "1 
U .Yi 

'n 
Z Dl ba 
W ZDi - 'J < 
$4 4 
7 - 0  

4 
u ' 0  .II 

' 0  -, 5 -:: 
€4 Lo o 

w-2 
H W 

. Z >  
n 3 
I n 

m  z 
4 

1 
W V I  
z l- 

z . r4 
UI t: 
.r 4 

U 
La 4 
1 . 4  

m s 

~ h ~ e ~ ~ ~ h r ~ ~ ~ m ~ ~ ~ ~ f ~ r ~ n m ~ ~ m m ~ r n i ~ o m ~ n - ~ ~ ~ m c m m m -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O C C C O U C C L C C  U C - N N N N - G C ~ O I ~ U C  C O O ~ - C ~ N ~ ' D P P ~ Y ) ~ ~  

I I I I I I I I I I I I I I I I I  N m r l  r - - O r 1  
F 

r w r  N 
I 



m vl 
N 
r W  
I H 

m 4 . Z 
r .H 
rC)Q 

urblffi 
c-4 t w o  
u m o o  
0 Z U  

W  
F U 4 W  
r r z v l - 4  
a Y W 3  
+ S c l H  
a u z =  
o a a w  
W Z  
m 'A 

PZ] 
L 2 ,  
0  o w u  
f4 'J w 
u w r u m  
,1 loo\  
3 r 4zul 
H ZHOl 
V) u'3\ 

H n 
I: .ZU 
+I m o a  
H 3 !, Z W Z  - - .  
u 3=c( 
3 U H  

Y V )  = 3 2  
m . r o  
.=z 
s :&I2 
U W > U  

d u x  

m m a m  r r r y  . . .  
m m n m  
I I I I 

N cn > 
'=. '. 0: 
D O 0  
y r -  
I l l  





a 
e ~ o w 0 0 w ~ 0 ~ m m ~ r ~ m m m 0 m w ~ f m N o r m C c ~ ~ ~ m m m m - i n m b  

~ - ~ ~ r n f ~ m ~ m ~ f ~ o ~ o f ~ m ~ ~ m r r ~ . - ~ f m m ~ b ~ c r n ~ f . - i ~ m ~  * . . . . . . . . . . . . . . . . . . . . . . , a , . . . . . . . . . .  

~ 0 0 ~ 0 ~ 0 ~ ~ U a m f m ~ m P m f u r 4 c . l m - m n P f b - u u , m m m m i n - ? ) m  
I ~ r f m ~ m e ~ m r m m t m n N ~ r c , f ~ ~ ~ ~ m a ~ ~ m o m m  

1  I ~ r ~ f ~ m r m m u m m N ~ ~ f m m b ~ m r ~ m n ~ m m  
I l l  1 l e r c r l  r N f U I m 1  I l l 1  c 

I l l 1  

m h P r m ~ m r n m o ~ t ~ ~ a ~ m m r ~ r n m ~ ~ ? ~ a m b ~ ~ ~ m - . ( ~ ? ) m m ~ ~ ~ b m  
c. h m I n t - ~ m r n r 7 . ? 1 ~ r n b y = r c  u , r  o r ~ b c  r r  ~ r r m r r  O t m r z  n i l r  .................................... 
L U r l w m m m m ? ? v , ~ m  ? c u l r n D c  Q v P b n i n ~ .  r a m o m r T . m = i n r ~ ~ O  ,I 

r C w m b r 4 ~ 3 m f w m X N r L O ~ w D  n c f < i c  a r m 0  
I I r ~ m f  f m N Y r r J m o P D c ~ m  3 J ' f m N  - T f  

I I I I I I I I I  .- I l l  



m m ~ ~ r - r ~ o a ~ o t - n m ~ m ~ r c m m m m m o ~ m m ~ ~ ~ ~ r ~ a ~ m a m ~  
o ~ a ~ a m ~ r m ~ m m ~ ~ ~ V I m r r - f ~ ~ m m a ~ m ~ ~ ~ f ~ f f m m r n o n m ~ m m  

N . . . . . . . . . . . . . .  I......,..,.,...... 
o o c  o ~ ~ ~ ~ ~ ~ r ~ ~ n f ~ r r n r - c ~ . ~ m o r ~ o ~ m ~ m m r n r n r o a m m ~ . a ~ ~  

I I ~ f m m m n r - f Y f f f r m W N ~ O r Y u l i n m m m ~ u l i n r - f m  
4 aa I I ~ r m m ~ e m a m ~ m m -  , o m m m m r o m a ~ ~  I ~ C ~ F  

rl 
I I l l r r r r N Y ~  c n f m r  

I I I I I I  

r a \ ~ l ~  
W u l i n N  . . . .  
N r 0 - r  
m m c  n 
m u l r - n  
r r r r  
I I I I  

. . . . .  
N f m G a  
C i T Y  Nln 
P - * D X f  
r r r  I I 
I I I 

~ ~ m f m f m t m r - m r ~ f r n ~ ~ m a c r - m o r - ~ r n r n ~ r m ~ n ~ ~ l n ~ ~ r ~ ~ m ~  
r r ~ ~ m m ~ a r - ~ f ~ m m ~ m ~ o ~ w m m ~ ~ r r ~ l ~ p . ~ ~ ~ ~ o ~ . w r I o  * 7 9 9 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o o o ~ ~ ~ u ~ G ~ ~ a ~ r r - f W m m 5 ) m m m m ~ r - ~ N m r n f N ~ m m m m m ~ + ~  
I ~ r n m m = - m o ~ ~ m ~ n ~ ~ o r n c . a - m m r - ~ a m r n t m  

I I I I - N N O ~ ~ P N - ~ I ~ ~ ~ O C ~ P ~ ~ N I N N T ~ I ~  
I I I I I I I I  C C I I I I  

t r N  
r* -7 W  . . .  
r n N O  
Y W C  
m r r n  
I 

I I 

m - r  
f r - r  . . .  
f a m  
u l , - ~  
O N N  
NNN 
I I I 

. - 
.a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 - m l ~ m ~ r w = r r ~ ' ! n r  Y t u ~ r m . ~ . ~ t m ~ m c m ~ ~ . w c  *-~">-.~-~.mwr-c-t. 

I I I r r r r -N-  I ~ o ~ o r - ~ ~ m ~ ~ m r - m ~ n n ~ ~ 1 1 o ~ m ~ ~ ~ - ~ n d - ~ - . 1 r 1 ~ - ~  
€4 I I I I I I I  L Y N ~ - ~ ~ ~ O + N T ~ Y ~ ~ ~ ~ - P O Y I N N  q ~ ' f  
L( 

IZ 
I I I I  I I 



. " ' > e O U u C v O U C . O G O c  GOC'C c O V O U 5 O O L O O O C ~ O U O C  L O C L O  
cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ql  ~ ~ ~ o O O O O O C O C ~ O O C ~ O G ~ G O ~ ~ G U ~ ~ O G O U G ~ O C ~ O ~ C ~ ~ ~ ~ ~  
U 



- 
Y Z  8 09 

U ,.I 
.I W V I  
-1 V I \  
D U 
E 0 bl 1 2 '  

4 \ 

E .u 
u via 
H 0 
'J 2 z? 
ti 3 H  
b 0 

E. Vl 
x z 

ooc ooc ~ ~ ~ O C ~ ~ ~ ~ ~ ~ ~ ~ ~ G O , ~ ~ C ~ ~ ~ ~ L ~ O C I G O G C O O O O C ~  . . . . . . . . . . . . .  4 . . a , . . . . . . . . .  

W ~ 0 0 0 0 0 o 0 0 0 0 0 G 0 0 0 C O 0 0 O U O U C O O 0 U O O G O O O O O O O o o  
u 
U 
.I 





r a  
U C W  
- 1 -  
e m 0  
P Z 

W 
c u m  
3 z m  
& D l  w  
w a d  
3 W Z  
0 fA. a W 

P 'n 

o o o o O n n ~ r . ? r  ~ ~ : - i j r , ~ c , n a : , u ~ r , . ~ c ~ a c ~ ~ -  c - > n -  3 r i o 2 c c  O C I  
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TABLE 7 DESCRIPTION OF CONTACT FORCE 

NORMAL OUTPUT 

ITEM DESCRIPTION 

TIME 

DEFLECTION 

RATE 

FORCE 

FRICTION 

X-PLANE 
Y -PLANE 

VEL. 

X-PL. VEL, 
Y-PL, VEL. 

X-TAN PT. 
Y-TAN PT. 
Z-TAN PT. 

Real t i m e  i n  seconds. 

P e n e t r a t i o n  o f  e l l i p s o i d  i n t o  ano the r  e l l i p -  
s o i d  o r  c o n t a c t  su r face .  

Rate o f  p e n e t r a t i o n .  

Normal f o r c e  generated.  

F r i c t i o n  f o r c e  t a n g e n t i a l  t o  c o n t a c t  su r face .  

L o c a t i o n  i n  c o n t a c t  p l a n e  c o o r d i n a t e s  o f  
t h e  p o i n t  of a p p l i c a t i o n  o f  t h e  f r i c t i o n  f o r c e .  

V e l o c i t y  a t  wh ich  t h e  computed f r i c t i o n  f o r c e  
v e c t o r  i s  moving a long  t h e  c o n t a c t  p lane.  

X- and Y- components o f  VEL. i n  c o n t a c t  
s u r f a c e  coo rd ina tes .  

The x, y, and z components o f  t h e  l o c a t i o n  
o f  t h e  p o i n t  o f  a p p l i c a t i o n  o f  t h e  normal 
f o r c e  r e l a t i v e  t o  t h e  v e h i c l e  o r i g i n ,  r e l a t i v e  
t o  t h e  occupan t ' s  H-po in t ,  o r  i n e r t i a l .  The 
c o o r d i n a t e  system depends on I D I S  as s p e c i f i e d  
i n  f i e l d  7 o f  t h e  W c a r d  (See Tab le  5 ) .  



C. PRELIMINARY EXPERIMENTAL VERIFICATION 

I n  d e v e l o p i n g  t h e  e a r l i e r  HSRI Three-Dimensional  c r a s h  v i c t i m  

s i m u l a t o r  d e s c r i b e d  b y  Robbins ( 1  I ) ,  v a l i d a t i o n  exper iments  were 

c a r r i e d  o u t  on an impac t  s led .  The 5 0 t h  p e r c e n t i l e  S i e r r a  dumny was 

sea ted  i n  an au tomot i ve  bucke t  s e a t  and r e s t r a i n e d  b y  a  s i n g l e  d iagona l  

harness and l a p  b e l t  combinat ion .  The d e c e l e r a t i o n  p u l s e  (See F i g u r e  

19) r e p r e s e n t e d  a  d i r e c t  s i d e  impact .  The pho tog raph ic  and 

t r a n s d u c e r  da ta  was processed t o  p r o v i d e  comparisons w i t h  q u a n t i t i e s  

p r e d i c t e d  u s i n g  t h e  model. P o r t i o n s  o f  t h e  v e r i f i c a t i o n  e x e r c i s e  a r e  

i n c l u d e d  i n  S e c t i o n  4  B o f  t h i s  r e p o r t  d e s c r i b i n g  normal program 

o u t p u t .  

Severa l  comparisons between t h e  exper imen ta l  r e s u l t s ,  t h e  

p r e d i c t i o n s  o f  t h e  o l d e r  3-mass model, and t h e  p r e d i c t i o n s  o f  t h e  

new 6-mass model a r e  g i v e n  i n  F igu res  20-26. I t  w i l l  be n o t i c e d  t h a t  

t h e  two ana lyses g i v e  s i m i l a r  r e s u l t s  i n  a l l  cases. T h i s  i s  e x p l a i n e d  

b y  t h e  f a c t  t h a t  t h e  da ta  s e t  used w i t h  t h e  new a n a l y s i s  was based 

on t h e  d a t a  s e t  used w i t h  t h e  3-mass model t o  se rve  as a  check on 

r e s u l t s .  

The m a j o r  d i f f e r e n c e  observed between p r e d i c t e d  and exper imen ta l  

r e s u l t s  i s  i n  a n g u l a r  head mot ions  w i t h  p r e d i c t e d  mot ions  b e i n g  t o o  

l a r g e .  The o l d e r  3-mass model does n o t  a l l o w  c o u p l i n g  between yaw, 

' p i t c h ,  and r o l l  s tops .  The new model was e x e r c i s e d  t o  s i m u l a t e  t h e  

responses o f  t h e  o l d  models. When t h e  i n p u t  da ta  i s  changed t o  r e p r e -  

s e n t  a  more r e a l i s t i c  s e t  o f  s tops,  t h e  r e s u l t s  g i v e n  i n  F i g u r e s  

24, 25, and 26 f o r  t h e  6-mass model s h o u l d  cor respond much more 

c l o s e l y  t o  t h e  exper imen ta l  case. 



A s e r i e s  o f  e x e r c i s e s  o f  t h e  new model shou ld  be conducted f o r  

compar ison w i t h  t h e  v a r i o u s  o t h e r  two and th ree -d imens iona l  models 

wh ich  a r e  under  development o r  i n  use today .  A more comple te  assess-  

ment o f  accuracy ,  f l e x i b i l i t y ,  ease o f  use, o p e r a t i o n a l  c o s t ,  e t c . ,  

w i l l  be p o s s i b l e  when t h a t  work i s  comple te .  O f  p a r t i c u l a r  i n t e r e s t  

w i l l  be  t h e  accu racy  o f  t h e  new j o i n t  model wh ich  i s  b e l i e v e d  t o  be 

t h e  most  r e a l  i s t i c  y e t  proposed. 



















D. USERS' GUIDE FOR MODEL OPERATION 

T h i s  program i s  des igned t o  be used n o r m a l l y  i n  b a t c h  mode. I t  i s  

a1 so p o s s i b l e  t o  make d a t a  s e t s  f o r  t h i s  model w i t h  t h e  use o f  a  companion 

program, OVERLORD. The b u l k  o f  t h i s  s e c t i o n  c o n s t i t u t e s  a  d e s c r i p t i o n  

o f  OVERLORD i n  i t s  p r e s e n t  form. A 1  i s  t i ng o f  OVERLORD i s  i n c l u d e d  

a t  t h e  end o f  Appendix B  b u t  no f u r t h e r  i n f o r m a t i o n  i s  i n c l u d e d  i n  

Appendix A .  Another  companion program c a l  l e d  BAIL f o r  o b t a i n i n g  p a r t i  a1 

normal p r i n t o u t  i n  t h e  case o f  a machine a b o r t e d  r u n  i s  a1 so d e s c r i b e d  

a t  t h e  end o f  t h i s  s e c t i o n .  

The normal b a t c h  mode e x e c u t i o n  o f  t h e  program i n  t h e  M ich igan  

Termina l  System (MTS) has i n p u t  coming i n  on l o g i c a l  dev i ce  number 

( 1  , d e n . )  one, normal o u t p u t  coming o u t  on SPRINT, debugging o u t p u t  

coming o u t  on 1.d.n. s i x ,  and a  summary s c r a t c h  f i l e  a t t a c h e d  t o  1.d.n. 

n i n e ,  The f u l l  r u n  s ta temen t  f o r  t h e  program i n  MTS i s  

$RUN SXXX: 3DE 1  =DATA 6=DEBUG 9=SUMMARY SPRINT=PRINTOUT 

where 

DATA i s  a  f i l e  c o n t a i n i n g  t h e  i n p u t  da ta  deck 

DEBUG i s  an empty f i l e  t o  h o l d  t h e  a u x i l l a r y  o u t p u t  

PRINTOUT i s  an empty f i l e  t o  h o l d  t h e  normal o u t p u t  

SUMMARY i s  an empty f i l e  t o  h o l d  t h e  s p e c i a l  b i n a r y  o u t p u t  wh ich  

i s  used t o  produce t h e  s tanda rd  normal p r i n t o u t .  

Normal b a t c h  o p e r a t i o n  c a l l s  f o r  t h e  r u n  s ta tement :  

$RUN SXXX:3DE 1=DATA 9=SUMMARY 

Here b o t h  1  .d.n. s i x  and SPRINT d e f a u l t  t o  *SINK* ( t h e  normal p r i n t  s t ream.)  

D. 1 I n t r o d u c t i o n  t o  OVERLORD 

S ince  t h e  p r o d u c t i o n  o f  da ta  s e t s  f o r  t h i s  and o t h e r  models i s  b o t h  

t e d i o u s  and o f t e n  r o u t i n e ,  t h e r e  i s  a  need f o r  computer a i d e d  da ta  making. 
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Previously, programs had been developed t o  carry o u t  some of the steps 

involved i n  obtaining complete data s e t s ,  b u t  i t  was f e l t  a t  HSRI that  

the development of a program for  the overall control of the data making 

and model running processes was mandatory before the working engineer 

would benefi t  from these large computer models, Lack of manpower has 

made necessary the curtailment of a l l  b u t  the rudiments of such a 

program. Even s t i l l ,  we feel  that  t h i s  version of OVERLOAD will 

be very helpful.  

OVERLORD i s  currently a command language which deals with the 

construction and handling of portions of data se t s .  I t  i s  fo r  con- 

versational or  batch use. I t  allows the user t o  e l e c t  one of cer ta in  

standard options in each major section of the data, t o  construct cer ta in  

selected pieces of information using the program to  help, or  t o  make 

use of a portion of one of his own old data s e t s .  A comnand i s  typed in 

as one o r  more characters followed optionally by a blank and a four 

character data s e t  name. Only the f i r s t  l e t t e r  of a command need be 

r igh t  f o r  recognition. 

D. 2 OVERLORD Commands 

OVERLORD begins with a statement printed on the teletype or pr in ter  

as follows: 

E N T E R  O V E R L O R D  COMMAND L A N G U A G E ,  TYPE S PLUS E O L  FOR INFORMATION, 

EOL stands f o r  whatever i s  the End Of Line character f o r  your terminal. 

OVERLORD prompts fo r  a command with a ". ". The proper response would be 

a t  l e a s t  the f i r s t  l e t t e r  of a command and perhaps a data s e t  name. The 

"S" command i s  the Summary command and asks for  an abbreviated sumary 

of the command language t o  be printed. This i s  shown below: 



C o t  ! t  ;r\lil) 
SI ;cI:-r 
F O R t :  iXSCEl PT 10:: 

C, D/?\TF, \ !O\l t[  01; i l t ~ l j l - l , T I O F ~  C i> : : IROI -  iIt,T!$. 
n D~LTF ,  \/I)I?IC 01: C,cC FI. ERAT  I O:I i)C\l A ,  
E i)b,T/', S(Jl-;l.: I T A C i l t J C l J R R  Fl iT r<ult. 
F C)IITI'IJT [IC,TA nf.Ci; 0 1 1  :I r.:!n STOP.  
1 .DATC :!6Ki; fjll V E i I  l CLE I f :TERl  O R  D A T L .  
L D A T A  LO,P,[) \ ; l ;r jLS D?,T:, SET FO3 li001 F l r / , T  l C R ,  
1.i 1;Onl- S E T  \ i t  F O R  S P E C I F !  ED i'ifiD'.I.. 

OPT I OiJS: ir:;!ll, t lS jD ,  ! : S T ! ,  C C t l l . .  
0 I)F.TI, \/OR!: O ! !  nrCIJ i t , " i lT  Dh.TA. 
p Er,T!, \ , 'CRK I ! { I T 1  l\l. C O P : ? > l T l O ! l S  D P T F t e  
F: n/.T/ S A V F  It4 L I  F R A R Y  rJt:nTR t i t . i i E ,  
\I D L T b  V E r ( l  F Y  31,I-A SET If,: I. I K8!,,EYe 

1 F D ~ J A  I S  A ,  r? , \ ! sFs  PROI:PT I IIC, ( F X ~ F F T  !.'=P,l-l-) . 
I F  DtT,!', I $  = t l ~ / :  ',,'!!FRF 1: I S  D I G I T  ( 0 , . . e , 9 ) ,  

T r . l < r  i { E x T  0:; l-fiClC:,l. r l E y / l C ?  ! j l ' ; i n F ?  
1 F DF,-jf, I S  * i ! fA, i \4  I E: L l  Z R A Z Y ,  LO:JS F R O / :  O L D  SET.  
I F PF,TA S :;l)tiF O F  TIIESE, COi.:I;F!:T) I C r l O R F . 2 ,  

Tab le  8 c o n t a i n s  a  more complete d e s c r i p t i o n  o f  t h e  command. The 

s e c t i o n s  wh ich  immedia te ly  f o i l  ow t h i s  t a b l e  dea l  w i t h  t h e  o r g a n i z a t i o n  

o f  OVERLORD and c e r t a i n  o f  t h e  comands i n d i v i d u a l l y .  The Execute 

and Model commands w i l l  do n o t h i n g  b u t  p r i n t  comments a t  t h i s  t ime .  

D. 3. OVERLORD O r g a n i z a t i o n  

OVERLORD uses s i x  l o g i c a l  dev ices  t o g e t h e r  w i t h  SPRINT i n  i t s  

MTS v e r s i o n .  L,d.n. one i s  used f o r  i n p u t  o f  t h e  o l d  master  wh ich  

c o n t a i n s  t h i  r t y - f i  ve s tandard  data  s e t s  used b y  OVERLORD t o g e t h e r  w i t h  

any o f  t h e  u s e r ' s  da ta  s e t s  wh ich  he has reco rded  i n  e a r l i e r  runs  

or added b y  hand. The data  s e t s  wh ich  a re  on t h e  master  a r e  i n  a  s p e c i a l  

f o rma t  c a l l e d  l i b r a r y  fo rma t  wh ich  i s  desc r ibed  i n  a  l a t e r  s e c t i o n .  The 

o l d  master  i s  unchanged. An updated v e r s i o n  o f  t h e  master  i n c o r p o r a t i n g  

any new data  s e t s  recorded i s  produced on 1 .d.n.2. A copy of t h e  

d a t a  s e t  c u r r e n t  when t h e  FINISH command i s  g i v e n  i s  o u t p u t  i n  r e g u l a r  



TABLE 8. OVERLORD COMMAND LANGUAGE 

E x p l a n a t i o n  

Work on program c o n t r o l  s e c t i o n  
o f  t h e  data .  

Work on v e h i c l e  a c c e l e r a t i o n  
s e c t i o n  o f  t h e  data .  

Submit t h e  compi led  data  s e t  
f o r  a  r u n  w h i l e  you w a i t .  

Data s e t  i s  f i n i s h e d ,  p u t  t o g e t h e r  
copy o f  updated master  f i l e  and 
o u t p u t  t h e  d a t a  s e t  i n  r e g u l a r  
c a r d  f o r m a t  f o r  l a t e r  runn ing .  

Work on v e h i c l e  i n t e r i o r  s e c t i o n  
o f  da ta  deck. 

Load a l l  o f  an o l d  da ta  s e t  on o l d  
master  i n  t h e  l i b r a r y  f o r m a t  f o r  
m o d i f i c a t i o n .  

Code f o r  model f o r  wh ich  data  s e t  
i s  produced. C u r r e n t l y  f o r  t h i s  
model o n l y .  

Work on occupant  s e c t i o n  o f  da ta .  

Work on i n i t i a l  p o s i t i o n  and 
v e l o c i t y  da ta  s e c t i o n .  

Save c u r r e n t  da ta  s e t  i n  l i b r a r y  
f o r m a t  on new mas te r  f o r  f u t u r e  
re fe rence ,  

P r i n t  summary of command language. 

V e r i f y  da ta  s e t  i n  l i b r a r y  o r  l i s t  
a l l  t h a t  a re .  

Argument 

Data Set  Name 

Data Set  Name 

Data Set  Name 

No Argument 

Data Set Name 

Data Set Name 

Model Name 

Data Set  Name 

Data Set  Name 

Data Set  Name 

No Argument 

Data Set  Name 

1. 

- 
2. 

3 .  

4. 

5 .  

6. 

7 .  

8. 

9. 

10. 

1 1  

12. 

d 

Commands 

CONTROL 

- DECELERATION 

- EXECUTE 

- FINISH 

- INTERIOR 

- LOAD 

- MODEL 

- OCCUPANT 

- POSITION 

- RECORD 

- SUMMARY 

- WHAT 



c a r d  fo rma t  on l .d.n.8. I n p u t  commands and responses t o  prompts a r e  

expected on l .d.n.5. Bo th  l .d .n.7 and l .d.n.9 have s c r a t c h  f i l e s  

a t t a c h e d  t o  them. Prompt ing  and o t h e r  p r i n t o u t  i s  done u s i n g  SPRINT. 

Throughout  Tab le  8, one o f  t h r e e  responses i s  expected where a  

"Data Set  Name" i s  c a l l e d  f o r .  The f i r s t  such response i s  e i t h e r  an 

EOL o r  b l a n k s  f o l l o w e d  b y  EOL. T h i s  response s i g n i f i e s  t h a t  

p rompt ing  i s  t o  be made f o r  wh ich  o f  t h e  s tanda rd  o p t i o n s  i s  t o  be 

e l e c t e d .  I f  a  f o u r  c h a r a c t e r  name o f  a  d a t a  s e t  p r e s e n t  on t h e  o l d  

master  p l u s  an EOL i s  g i v e n ,  t h e  a p p l i c a b l e  p a r t  o f  t h e  d a t a  s e t  

i s  used. The t h i r d  expected p o s s i b i l i t y  i s  o f  t h e  f o r m  "=OOM" p l u s  

EOL which  d i r e c t s  OVERLORD t o  use t h e  a p p l i c a b l e  p a r t  o f  t h e  n e x t  

da ta  s e t  on l,d,n."m". T h i s  da ta  s e t  must a l s o  be i n  t h e  l i b r a r y  f o rma t .  

D.4, The C o n t r o l  Command 

When p rompt ing  i s  requested,  t h e  C o n t r o l  Command beg ins  w i t h :  

START WITH STANDARD VALUES? 
PROPER RESPONSES ARE: 
YES 
NO 

? 

I f  i t  i s  d e s i r e d  t o  make sma l l  changes i n  p r e v i o u s l y  submi t t ed  

c o n t r o l  i n f o r m a t i o n ,  respond "no, " o t h e r w i s e  respond "yes"  s i n c e  you ' 

w i l l  n o t  have t h e  o p p o r t u n i t y  t o  s u p p l y  a l l  needed va lues  i n  t h e  

prompt ing  wh ich  f o l l o w s .  OVERLORD always l i s t s  t h e  p o s s i b l e  responses 

when t h e r e  a r e  c e r t a i n  expected responses. The f i r s t  such response i s  

a lways t h e  d e f a u l t  i f  s i m p l y  an EOL i s  g i ven .  The f i r s t  c h a r a c t e r  

o f  any response p l u s  EOL i s  s u f f i c i e n t  f o r  r e c o g n i t i o n .  When an 

answer i s  expected,  OVERLORD ends t h e  prompts w i t h  a  q u e s t i o n  mark. 



A f t e r  t h e  answer i s  r e c e i v e d  and a c t e d  upon, p r o m p t i n g  c o n t i n u e s  w i t h :  

ENTER MAXIMUM REAL TIME FOR SICIULATION. 
RESPONSE NOT TO EXCEED 5 DIGITS. 

?. 2 
(answer shown) 

T h i s  t i m e  t h e  answer i s  shown as w e l l ,  t h e n  c o n t i n u e s :  

ENTER SPACING OF PRINTED T1ME.S. 
RESPONSE NOT TO EXCEED 8 DIGITS. 

?. 005 

ENTER EXECUTION TIME LIMIT.  
RESPONSE NOT TO EXCEED 5 DIGITS. 

?. 2 

D. 5. The D e c e l e r a t i o n  Command 

WANT STANDARD 30 M.P.H. BARRIER CRASH PROFILE? 
PROPER RESPONSES ARE: 
NO 
YES 

? 

ENTER DESCRIPTIVE TITLE. 
RESPONSE NOT TO EXCEED 40 DIGITS. 

? 

TYPE CODE LETTER FOR ONE OF PROFILE TYPES. 
PROPER RESPONSES ARE: 
A. FRONTAL IMPACT 
B. REAR IMPACT 
C, LEFT SIDE IMPACT 
D. RIGHT SIDE IMPACT 
E. UPWARD ACCEL. 
F. DOWNWARD ACCEL. 
G. FRONT PITCH ACCEL. 
H. REAR PITCH ACCEL. 
I. LEFT SPIN ACCEL. 
J. RIGHT SPIN ACCEL. 
K. LEFT ROLL ACCEL. 
L, RIGHT ROLL ACCEL. 
M. DONE 

T h i s  p rompt  w i l l  be r e p e a t e d  a s  each a c c e l e r a t i o n  t a b l e  i s  comple ted  

u n t i l  an "Mu i s  responded. The p r o m p t i n g  c o n t i n u e s .  



TYPE CODE LETTER FOR ONE OF PULSE SHAPES. 
PROPER RESPONSES ARE: 
A .  TRAPEZOID 
B. TRIANGLE 
C. SINE 
D, NO MORE 

A p r o f i l e  i s  made up o f  t h e  sum o f  one o r  more of t h e  e lementary  

pu lses .  These pu l ses  a r e  i n d i v i d u a l l y  prompted f o r  u n t i l  a " D M  i s  

responded. Then t h e  necessary ca rds  f o r  t h a t  t a b l e  o r  p r o f i l e  a r e  

added t o  t h e  da ta  s e t  and prompt ing  f o r  t h e  n e x t  p r o f i l e  beg ins ,  

C o n t i n u i n g  prompt ing  f o r  each p u l s e  seeks numer ica l  q u a n t i t i e s  necessary 

t o  d e s c r i b e  t h e  p a r t i c u l a r  p u l s e  shape and i s  s e l f - e x p l a n a t o r y .  

D.6. The I n t e r i o r  Command 

ENTER CODE LETTER FOR STANDARD INTERIOR YOU WANT. 
PROPER RESPONSES ARE: 
A. DRIVER SEAT WITHOUT SIDE CONTACTS. 
8. DRIVER SEAT WITH SIDE CONTACTS. 
C. PASSENGER SEAT W/O SIDE CONTACTS. 
D. PASSENGER SEAT WITH SIDE CONTACTS. 
E. PASSENGER SEAT WITH FLOOR ONLY. 

? 

These f i v e  s tanda rd  o p t i o n s  a r e  a l l  t h a t  a r e  c u r r e n t l y  o f f e r e d .  

D.Z. The Occupant Command 

ENTER CODE LETTER FOR STANDARD OCCUPANT YOU WANT. 
PROPER RESPONSES AKE: 
A. 95TH MALE. 
B. 50TH MLE.  
C. 5TH FEMALE, 
D. 6 YEAR CHILD. 

These f o u r  s tandard  o p t i o n s  a r e  a l l  t h a t  a r e  c u r r e n t l y  o f f e r e d .  



D.8. The P o s i t i o n  Comnand 

T h i s  command reques ts  v e h i c l e  v e l o c i t i e s  i n  t h e  s i x -deg rees -  

o f - f reedom and then  i n q u i r e s :  

ENTER BELTS USED. 
PROPER RESPONSES ARE: 
A. LAP BELT ONLY. 
B. LAP BELT AND TORSO HARNESS. 
C .  NO BELTS. 

A t  t h i s  p o i n t  t h e  s l a c k  f o r  each b e l t  segment announced i s  

i n q u i r e d  about  and t h e n  prompt ing  c o n t i n u e s  w i t h :  

CHOOSE CONNECTION TYPE FOR (LAP BELT OR TORSO HARNESS). 
PROPER RESPONSES ARE: 
A. FREE SLIPPING. 
B. PERCENT INFLUENCE. 
C. NO COUPLING. 
D. SATURATION. 
E. FRICTION. 

Depending on t h e  c h o i c e  made, t h e  rema in ing  i n f o r m a t i o n  i s  prompted 

f o r .  The r e s t  o f  t h e  p o s i t i o n  i n f o r m a t i o n  i s  p i c k e d  f rom s tandard  

va lues  based on t h e  c u r r e n t  s i t u a t i o n .  

D.9, The What Command 

I f  no d a t a  s e t  name i s  p rov ided ,  t h i s  command causes t h e  t o t a l  

l i s t  o f  da ta  s e t s  on t h e  o l d  master  t o  be p r i n t e d  as below, 

l l A ? f ,  SCT ;:l:ilKS 0:: 0l.r) I!P,STER. 
1 * 5 d i l  
2 *951.i 
3 * 0 5 F  
4 * G Y C  
5  * co t :  
I', * D E C  
7 * P A F  

*[,ST 
9 *D!IS 

10 * P Z T  
11 *PUS 
11 *I105 
13 *PO5 



I f  a  d a t a  s e t  name i s  s u p p l i e d ,  t h i s  command p r i n t s  a  s ta temen t  

abou t  whe the r  o r  n o t  a  d a t a  s e t  w i t h  t h a t  name i s  p r e s e n t  on t h e  o l d  

master .  The p r i n t e d  response i s  f o r  example: 

DATA SET *HDP I S  NOT ON OLD MASTER. 

DATA SET *HP9 I S  IN  POSITION 29 ON OLD MASTER, 

D.10, L i b r a r y  Format  f o r  Data S e t  

L i b r a r y  f o r m a t  i s  r e g u l a r  c a r d  f o r m a t  m o d i f i e d  so  t h a t  t h e  "U"  

and " Z "  c a r d s  a r e  dropped. The deck i s  p receded w i t h  two o r  t h r e e  

t i t l e  ca rds  w h i c h  a r e  d e s c r i b e d  i n  T a b l e  9, and each l e t t e r e d  c a r d  

w h i c h  s t a r t s  a  s p e c i a l  r e a d i n g  sequence i s  preceded b y  a  c a r d  as d e s c r i b e d  

i n  T a b l e  10. The d a t a  s e c t i o n s  p r e s e n t  need n o t  be comple te ,  b u t  i f  any 

p a r t  o f  a  d a t a  s e c t i o n  i s  p r e s e n t ,  i t  must  be acknowledged. T a b l e  11 

s p e c i f i e s  w h i c h  c a r d s  a r e  i n  w h i c h  d a t a  s e c t i o n s .  



TABLE 9 SPECIFICATION OF TITLE CARDS OF L I B R A R Y  FORMAT 

II I1 

~ a t a  Set  Name (no  b l a n k s  a l l o w e d )  
Number o f  ca rds  i n  d a t a  deck (150 maximum) excep t  
t h i s  card .  
Data Set  Type 

1  i f  c o n t a i n s  a  C o n t r o l  Data s e c t i o n  o n l y  
2 . i f  c o n t a i n s  a  a c c e l e r a t i o n  da ta  s e c t i o n  o n l j  
5 i f  i n t e r i o r  da ta  s e c t i o n  o n l y  ' 

8  i f  occupant  da ta  s e c t i o n  o n l y  
9 i f  p o s i t i o n  da ta  s e c t i o n  o n l y  
0  i f  any comb ina t i on  o f  these 

C o n t r o l  Data S e c t i o n  Swi tch :  0 i f  absence, 1  i f  p r e s e n t  
Decel Date S e c t i o n  Swi tch :  0 i f  absence, 1  i f  p r e s e n t  
I n t e r i o r  Data S e c t i o n  Swi tch :  0 i f  absence, 1  if p r e s e n t  
Occupant Data S e c t i o n  Swi tch :  0  i f  absence, 1 if p r e s e n t  
P o s i t i o n  Data S e c t i o n  Swi tch:  0  i f  absence, 1  if p r e s e n t  
Model code. 

0 i f  HSRI Extended 3-D model 
1  i f  HSRI Regu lar  3-D model 
2 i f  Extended, MODROS model 
3  i f  HSRI Regu lar  2-D model 

ICard No. I Columns 

see 
d e s c r i p -  

t i o n  

D e s c r i p t i o n  1 

Data Set Type T i t l e  c o n t a i n e d  i n  columns 
1  1-40 
2  1  - 40 
5 1-12 
8  1-8 
9 1-24 
0  1-80 

p r e s e n t  i f  and o n l y  i f  data  s e t  t y p e  i s  ze ro  and c o n t a i n s  
D e c e l e r a t i o n  T i t l e  

NOTE: I f  Data s e t  t y p e  zero,  t h e  format o f  t i t l e  expected i s  
Col  s. Contents  

7- 8  Occupant T i t l e  
9- 12 " I N  " 
13-24 I n t e r i o r  t i t l e  
25-36 " POSITIONED I' 

37- 60 P o s i t i o n  t i t l e  
61-80 " AND SUBJECTED TO " 



TABLE 10 SPECIFICATION OF LENGTH CARDS OF LIBRARY FORMAT 

TABLE 11 SPECIFICATION OF CARD I . D .  FOR DATA SECTION TYPE 

Columns 

1  

2- 3 

4 

Explanat ion 

II II 
I 

Number o f  cards i n  reading sequence 
i n c l u d i n g  t he  l e t t e r e d  card bu t  
no t  i n c l u d i n g  t h i s  one. 

Blank o r  Data Sect ion Type (See 
Table 11).  Th i s  must be f i l l e d  
i n  f o r  cards which may occur i n  
more than one data sect ion.  

+ 

Card I .D .  

R, S, T, V ,  W 

"0" cards f o r  t a b l e s  1-6 

I, K f i e l d s  2-4, N and matching 
M's and 0 ' s .  

A, D, E, F, G, H, and 
matching M's and 0 ' s .  

B, C,  J, L  and K f i e l d s  5-8. 

Data Sect ion 
TY pe 

1  

2 

5 

8 

9 

Desc r i p t i on  

Con t ro l  Sect ion 

Dece le ra t ion  Sec- 
t i o n  

I n t e r i o r  Sect ion 

Occupant Sect ion 

P o s i t i o n  Sect ion 



D . l l .  BAIL Program 

The BAIL Program i s  des igned t o  cause t h e  SUMARY r o u t i n e  

o f  t h e  r e g u l a r  model package t o  read  t h e  b i n a r y  f i l e  and produce 

normal p r i n t e d  o u t p u t  up t o  t h e  p o i n t  t h a t  t h e  r u n  a b o r t e d  and i n f o r -  

m a t i o n  was recorded.  I n  MTS, t h e  r u n  s ta tement  i s :  

$RUN SXXX : BAIL 9= SUMMARY SPRINT=PRINTOUT 

where SUMMARY and PRINTOUT a r e  d e f i n e d  a t  t h e  b e g i n n i n g  o f  t h i s  

s e c t i o n ,  
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APPENDIX A D E T A I L E D  PROGRAM INFORMATION 



I .  OVERALL PROGRAM ORGANIZATION AND FLOW 

The overall functional layout of the program i s  imp1 ied by the inte- 

gration techniques employed (see Part I11 of this  Appendix). The program 

i s  segmented so that  the solution of Equation 11 for the generalized 

accelerations i s  accomplished by subroutine A C C E L  when i t  i s  provided with 

the current time, general ized coordinates, and general ized velocities. 

CARTIN i s  a subroutine which when given time produces the vehicle coordinates, 

veloci t ies ,  and accelerations. Figure 27 shows the overall flow of the 

program in terms of ca l l s  t o  these two subroutines. 

A1 1 variables are f i r s t  ini t ia l ized and accelerations are computed a t  

time zero. A time step i s  then chosen and new accelerations computed. 

Based on th is  predicted value, a corrected value i s  obtained using a d i f -  

ferent mathematical forward prediction rule ,  This i te ra t ive  predictor-cor- 

rector method i s  used until a convergence t e s t  i s  passed. An additional 

procedure which i s  appl ied i s  the 1 imi ting procedures discussed in Section 

111 of th is  Appendix. These tes t s  occur in the flow diagram within the 

boxes which s t a t e  t h a t  one or the other integration should be done. After 

acceptable accelerations are determined, the equations are integrated to  

give final values for  veloci t ies ,  displacements, and other quantities as 

required and the information stored for l a t e r  o u t p u t .  

I I 8 SUBPROGRAM DESCRI PTIONS AND FLOW 

The physical organization of the program consists of a main program, 

forty-two subprograms, and twenty-six Fortran a n d  MTS u t i l i t y  routines. In 

what follows, the main program will be treated as a subprogram which i s  

named MAIN and i s  simply called f i r s t .  





T a b l e  12 c o n t a i n s  a  s h o r t  d e s c r i p t i o n  o f  each o f  t h e  f o r t y - t h r e e  sub- 

programs t o g e t h e r  w i t h  f o u r  columns of  i n f o r m a t i o n  about  i n t e r a c t i o n s  and 

communicat ion between them. The Flow Sequence i s  a  s e r i e s  o f  s ta tements  

about  p a r t s  of  a  program which i n d i c a t e  t h e  s teps  t h a t  a r e  taken and i n  

what o r d e r  and can be cons idered a  f l o w  diagram t h a t  has been w r i t t e n  o u t .  

A f l ow  sequence can be as e l a b o r a t e  as t h e  whole program g i v e n  s t e p  b y  s t e p  

i n  E n g l i s h  o r  as s imp le  as a  genera l  d e s c r i p t i o n  o f  purpose. I n  o r d e r  t o  

f a c i l i t a t e  i d e n t i f i c a t i o n  o f  wh ich  p a r t s  o f  t h e  program code which  c o r r e s -  

pond t o  each o f  t h e  f l o w  sequence s ta tements ,  a  "Statement L o c a t i o n "  column 

has been p r o v i d e d .  The s ta tement  l o c a t i o n  c o n s i s t s  o f  a  range o f  F o r t r a n  

s ta temen t  numbers wh ich  i n c l u d e s  t h e  code which  i s  be ing  t a l k e d  about .  Of ten 

t h e r e  w i l l  be no s ta tement  number on t h e  ends o f  t h e  code t o  be d iscussed.  

T h i s  prob lem i s  handled b y  appending a  s u f f i x  o f  " B "  o r  "F"  (wh ich  means 

" b e f o r e "  o r  " a f t e r "  r e s p e c t i v e l y )  t o  a  nearby s ta temen t  number. "END" des ig -  

na tes  t h e  p h y s i c a l  l a s t  s ta temen t  o f  t h e  subprogram ( " S R T "  t h e  f i r s t ) .  

The "Commons" c o l  umn 1  i s  t s  i n  a1 phabe t i  c a l  o r d e r  a1 1  t h e  1  abel  ed commons 

used f o r  communication between t h i s  subprogram and o t h e r s .  The "Subprograms 

C a l l e d "  column 1  i s t s  a1 1  t h e  o t h e r  subprograms i n  a1 p h a b e t i c a l  o r d e r  wh ich  

t h i s  one uses f o l l o w e d  b y  a  l i s t  of a l l  t h e  l i b r a r y  f u n c t i o n s  used. "Sub- 

programs C a l l  i n g "  1  i s t s  a l l  t h e  subprograms which use t h i s  one. "Spec ia l  

Ou tpu t "  1 i s t s  a l l  t h e  a u x i l  l a r y  o u t p u t  which eminates f r o m  t h i s  subprogram. 

A p r e f i x  o f  "DB" i n d i c a t e s  t h e  debug s w i t c h  number found i n  Tables 33 and 34. 

A p r e f i x  of  "E"  i n d i c a t e s  t h e  number o f  t h e  e r r o r  message i n  t h e  o r d e r  found 

i n  T a b l e  35. 

Tab le  13 l i s t s  each of t h e  1 i b r a r y  f u n c t i o n s  used and g i v e s  a  b r i e f  

d e s c r i p t i o n  o f  each. Tab le  14 p resen ts  a l l  t h e  l a b e l e d  commons, t h e  sub- 

programs which share each one, and an i n d i c a t i o n  about  t h e  t y p e  o f  i n f o r m -  

a t i o n  each c o n t a i n s .  
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i 
Subprogram S t a t e m e n t  1 i I Subprograms. subprograms Speci  a1  ;'lumber Name i Loca t ion  ; Flow Sequence or  D e s c r i p t i o n  

I 1 Commons; ! 
C a l l e d  j ' C a l l i n g  i Outpu t  

I 
, i I 

I 

t 

i 
8 i 

I 

2 / BELT : 172-216 I f  i n t e r b e l t  i n f l u e n c e  o f  f r i c t i o n  t y p e  i s  
i ! j ( con t , ) t  
i . chosen ,  compute new b e l t  f o r c e s  us ing  e q u a t i o n  ! 

I 

j 147. Then s k i p  t o  219. / 230-240 i I f  i n t e r b e l t  i n f l u e n c e  o f  e i t h e r  f o r c e  d i f f e r -  
i i i 

1 
I 

i 
1 

I 

i 1 , ence  o r  pe rcen tage  t y p e  i s  chosen,  compute new I 

! I ! 

' b e l t  f o r c e s  u s i n g  e q u a t i o n  154. 
j 219-END 1 Compute c o n t r i b u t i o n s  t o  g e n e r a l  i z e d  f o r c e s .  

I I 
i 
I 
I 

I 

j i I 
. I n t e g r a t e  the piece-wise  l i n e a r  a c c e l e r a t i o n  1 BUG,  

! 
j GETY 

f 3 ' / C A R T 1 N  i MAIN DB30 
I I p r o f i l e  segment by segment up t o  t h e  c u r r e n t  I CART, I I R K  

i time us ing  t h e  e x a c t  s o l u t i o n .  C e r t a i n  t a b l e s  J D U M ,  10, 1 
I 

i 

1 
! a r e  used which a r e  computed i n  READAT f o r  ;T ,  TAB, : 
: e f f i c i e n c y  sake .  I vx 

j f 

i 

I i I 

I 
I I 

! 4 1 CMIL 
I 

1 Compute Milne c o r r e c t o r  w i t h  Hamming's modifi-  I C ,  QQ,  T i  NONE i 
: MAIN NONE 

i ! c a t i o n  u s i n g  t h e  l a s t  f o u r  fo rmulas  i n  Equation I X X  
I i ! j 155. 

I 

i 

I 

I 

4 

1 j 
, ' BQ, BUG,  SETA ACT I I ACCEL DB39- SRT-40 1 I n i t i a l i z a t i o n  i 

2 ; 50-608 1 Unpack c o n t a c  t e l  1 i p s o i d  in fo rmat ion  f o r  each ; CART,ILODFEL ! DB70 

I I I e l l i p s o i d .  , C O N ,  DUY' 

i t 

i 
I 

I 1 60%190F 
' 

Pack computed e l l i p s o i d  i n f o r m a t i o n  f o r  each / FEC,  I0 , i  
I 
I 
! 

e l l i p s o i d .  ( IT, OUT,! 

210-1490 For each c o n t a c t  p l a n e ,  de te rmine  a l l  f o r c e s ,  , f !2QsTyv9 
, i g e n e r a l i z e d  f o r c e s ,  etc., r e s u l t i n g  from a l l  

i n t e r a c t i n g  e l l i p s o i d s .  i I 1 
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! I 
I 

i 
i Subprogram ! s t a t ement  : 

Number N~~~ .5ubprograms : Subprogram* S p e c i a l  
! Loca t ion  : 

I ! 
Flow Sequence o r  D e s c r i p t i o n  ? Commons; C a l l e d  I C a l l i n g  1 Output  

I 1 
18 ' JOINT i 20-20F Guaran tee  c o n t i n u i t y  o f  r e l a t i v e  a n g l e  i n  

I 
I 

I I ( c0n t . J  ! time w i t h  r e s p e c t  t o  quadran t  charge .  ! 

I i 30-60 j Compute l e v e r  arms and r e l a t i v e  a n g l e  v e l o c i t i e s  ; 
I t 

1 
i f o r  neck o r  h i p  j o i n t .  i I 

i 
i 

i I 

I 
/ 65F-708 Save t h e  neck o r  h i p  r e l a t i v e  a n g l e  v a l u e s  a t  I 

j I ! t = O .  i 1 

I 

i , 70-85F I Define r e l a t i v e  a n g l e s  and v e l o c i t i e s  f o r  
I 

I 

I I ! knee j o i n t .  1 95-220 ! 
i j Determine d e f l e c t i o n ,  moment, and c o n t r i b u t i o n  

! 

i 
i 

! I : t o  g e n e r a l i z e d  f o r c e  v e c t o r  a t  t h e  j o i n t  f o r  
I i each  a n g u l a r  mode o f  r e l a t i v e  a n g u l a t i o n .  [ I 1 I 
i 95-95F Compute e l a s t i c  moment f o r  r e l a t i v e  yaw, ! 

! i ; p i t c h ,  o r  r o l l .  
I I I 

! 1 I 
Compute j o i n t  s t o p  a n g l e s  f o r  neck o r  h i p  

! I based on coup l ing  between yaw, p i t c h ,  and 
I 
! 

f 

i I 
i 

, 100-140B / r o l l  modes of  r e l a t i v e  a n g u l a t i o n .  t I 

1 i i 
/ 140-180F i Compute a n g u l a r  de fo rmat ion  a g a i n s t  j o i n t  

I 
i I s t o p  and a l s o  t h e  j o i n t  s t o p  moment and t o t a l  ; ! 
> f 

I I 

I 
I 

t i i moment. 
! 

I 

i ! 1 180F- 1858 For knee j o i n t  , determi  ne genera  1  i zed f o r c e  

I 1 1 c o n t r i b u t i o n .  

I 
I ' .  

I 
/ 185-210 1 For neck o r  h i p  j o i n t ,  de te rmine  c o n t r i b u t i o n s  i I 

I i I ; t o  g e n e r a l i z e d  f o r c e  v e c t o r .  
i 

I f I 1 
I 
! 

LIMIT ! I ' 19 I Carry  o u t  t e s t s  d e s c r i b e d  i n  P a r t  111 on ! BUG, i N O N E  MA IN . DB28 
I 

p r e d i c t e d  a c c e l e r a t i o n s .  D U M ,  E P , I  : DB29 

'1 T' X X  

I 
t 
I 
1 I 
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I I 
Subprogram 'Statement : 

Number t Name 1 Subprograms ' ~ u b p r o g r a ~ : ~ <  Snec i a 1 
, L o c a t i o n  Flow Sequence o r  D e s c r i p t i o n  I : Commons, C a l l e d  , C a l l i n q  , Outpst  

i 
? - i 
I 

20 ILODFEL I Car ry  o u t  t h e  unpacking o f  m a t e r i a l  p r o p e r t i e s  tFEC, LC, ; EVAL I BELT ,E22-E24 
I ; CONTAC f o r  an i n t e r a c t i o n  and manage t h e  shared def lec-  'LD, LF, 
I 

i : t i o n  i t e r a t i o n  i f  necessary. iLP, OUT, I 1 i 
I i iT 1 I 

! 
21 MAIN ! : Flow i n  t h e  main program i s  shown by F i g u r e  iBUG, CNT, : TRAPER i NONE DB26 

i i 
i 

I 27. ~EP, 10, ' GETIHC DB27 
j 30-1008 ! C o m p u t e s t a r t i n g  v a l u e s w i t h a  Runge-Kutta !LT, QQ, T '  READAT , i I DB31 

- ,  i i method us ing  subrou t ine  R K  and Equat ion 157. ;TT, X X  : EXT I M  I El-E7 
/ 100-END . Compute c o n t i n u i n g  t ime  s teps  us ing  a pre- ! DEBUG 

I I i d i c t o r - c o r r e c t o r  method. CART I N  
I 1 ' 
i l ACCEL 160-210B ; Halve t h e  t ime s tep  u s i n g  Equat ion 158. ! 

! 1265-2858 Double t h e  t ime  s tep  u s i n g  Equat ion 159. I ENTER 

! 

/ 285-END P r i n t  e r r o r  messages i f  corresponding c o n d i t i o n s  i l STASH 
j UPDATE j have a r i sen .  

, 
t ; R K  
i 

i t PRED 
! i 

I : L IMIT 
! ! f 

t 

! 

: ! ! 
l CORK I 

1 SUMRY 
I 
I I i 

! 

! : ! : ! PMIL I 
f 

i 1 .  I 
! CMIL 

j I 

i 
! COidTRL I 

I 
I I I 

I 
I ZILTCH ! 

I 
I j 1 

! 
i SYSTEM 

1 1 M I N O  ! ! 

22 
i 
I MATCH 
I 
! 

i 

F INDM .NONE 

1 t 

I READAT and r e t u r n  l o c a t i o n  i f  match found. I 
Match an i n p u t t e d  name aga ins t  a s t o r e d  name , F EC 
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i I 
Subprogram .Statement ! j Subprograms ' subprogran; Sneci a1 

NmfJer Name L o c a t i o n  Flow Sequence o r  D e s c r i p t i o n  t Commons: 
t 

Cal l e d  
i 

C a l l i n g  , Cu tpu t  

i f 

I 

i 1 I 

6 

i 
! 31 ! RELTIV 1 Compute c a r t e s i a n  coord ina tes  f o r  output ,  

! ! 
/ NONE 
I , 

NONE 

I i i 
r e l a t i v e  t o  c a r t  o r i g i n  o r  r e l a t i v e  t o  " -po in t  iQV 

j p o s i t i o n  i n  c a r t  a t  t=O. 

I 1 
I ! ! 

I I , 

- - 

I 
1 1 

; 29 i READAT 

I 

Car ry  o u t  r u n  i n i t i a l i z a t i o n  and r e a l  and 
i 

.BC, BUG, / XSWTCH I E ~ - E ~  6 
:CART, FCVTHB i ; conve r t  i n p u t  da ta  deck. 

i ? I 1 

I 
:CON, DUM,; SIOEER 

I 
I 

! 

I 
~ E P ,  ERR, I REDTAB 1 I 

I IFEC, 10, : DATE 1 1 I I !IT, J C ,  PEEK 
I 

1 I 
I 
! 

IJV, KC, I FINDM I 

I 
4 - ,  1 ! iMC , OUT, : MATCH 1 

1 
I 

1 ILD, LT, ' PUSHER 

i I 

I 
, 

rQQ, RSS, . ENTAB 
I 1 

I 

/T, TAB, : DETAB 

1 i . ! 
Set up constants  f o r  des i r ed  Runge-Kutta method IEP, QQ, i CARTIN MAIN ,NONE 
and i n t e g r a t e  a s t a r t i n g  p o i n t  us i ng  Equat ion [T, XX ; ACCEL i 

I i i 11 7. 

i 1 
1 

f I 

I 

\ 

Search f o r  t h e  t a b l e  e n t r y  cor responding t o  a 
p a r t i c u l a r  argument. 

I 

1 33 
t 

:TL, TT, I INTAB 
~ V X ,  X X  i DEBUG 

I 

SERTAB 1 I TAB - 

1 i 

I i 

I 

NONE j DETAB i NoN E 
ENTAB 
GETY 

I $ I 

: 30 ( REDTAB 
f 

I 

i 
! I n i t i a l i z e  a l l  deacce le ra t i on  t a b l e s  t o  ze ro  
I 

:TAB i NONE : READAT 
i 

NONE 

: 
, i ! 

; and s e t  s i z e  parameters. ! 
I 

I 
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TABLE 13. LIBRARY FUNCTION DESCRIPTIONS 

DABS Double p r e c i s i o n  abso lu te  va lue o f  a double p r e c i s i o n  argument. 

DARCOS Double p r e c i s i o n  a rccos ine  o f  a double p r e c i s i o n  argument. 

DARSIN Double p r e c i s i o n  a r cs i ne  o f  a double p r e c i s i o n  argument. 

DATAN2 Double p r e c i s i o n  a rc tangen t  o f  two double p r e c i s i o n  arguments. 

DCOS Double p r e c i s i o n  cos ine o f  a double p r e c i s i o n  argument. 

DFLOAT 

DMAX1 

D M I N l  

DMOD 

DSIGN 

DS I N 

DSQRT 

ERROR 

FCVTHB 

GET I HC 

IABS 

ISIGN 

LAND 

MAX0 

M I  NO 

SETSTA 

SHFTR 

S I OERR 

SLEl 

SYSTEM 

Conver t  i n t e g e r  argument t o  double p r e c i s i o n .  

Ob ta i n  maximum o f  two o r  more double p r e c i s i o n  arguments. 

Ob ta i n  minimum o f  two o r  more double p r e c i s i o n  arguments. 

Ob ta i n  double p r e c i s i o n  argument one modulo double p r e c i s i o n  argu- 
ment two. 

Ob ta i n  s i gn  o f  double p r e c i s i o n  argument two t imes t h e  magnitude 
o f  double  p r e c i s i o n  argument one. 

Double p r e c i s i o n  s i n e  o f  a double p r e c i s i o n  argument. 

Double p r e c i s i o n  square r o o t  o f  a double p r e c i s i o n  argument (which 
must be p o s i t i v e ) .  

Re tu rn  c o n t r o l  t o  MTS t o  te rm ina te  execut ion and t r i g g e r  a hexa- 
decimal memory clump i f  t h a t  has been pe rm i t t ed  by t he  user. (MTS 
Vol . 3, page 87) 

Con t ro l  I / O  b l ank  convers ion d e f a u l t .  (MTS Vol. 3, .page 91)  

Set  up IHC t r a p  ca tcher .  (MTS Vol. 3, page 103) 

I n t e g e r  abso lu te  value o f  an i n t e g e r  argument. 

I n t e g e r  magnitude o f  f i r s t  argument and s i g n  o f  second argument. 

Ob ta i n  a b i t w i s e  l o g i c a l  "and" o f  two f u l l  word arguments (i .e., 
t h e  r e s u l t  has b i t s  on o n l y  i f  t h e  corresponding b i t s  o f  bo th  a r -  
guments a re  on) .  (MTS Vol . 3, page 39) 

I n t e g e r  maximum o f  two o r  more i n t e g e r  arguments. 

I n t e g e r  minimum o f  two o r  more i n t e g e r  arguments. 

Set up re read ing  o f  i n p u t  cards w i t h  d i f f e r e n t  formats.  (MTS Vol. 
3, page 221 ) 

The f i r s t  f u l l  word argument i s  s h i f t e d  r i g h t  by t he  number o f  b i t s  
s p e c i f i e d  by t h e  second i n t e g e r  argument. (MTS Vol. 3, page 39) 

Set up t ransmiss ion  e r r o r  i n t e r c e p t .  (MTS Vol. 3, page 229) 

Solve t h e  s e t  o f  simul taneous l i n e a r  equat ions AX=B by Gaussian 
e l i m i n a t i o n .  (MTS Vol. 3, page 235) 

Return t o  execu t i ve  system as successfu l  run.  (MTS Vol . 3, page 
255) 

A l l o w  t he  user  easy access t o  the  elapsed t ime,  CPU t ime used, t ime 
of  day, and t h e  da te  i n  convenient  un'i t s .  (MTS Vol. 3, page 257) 



TABLE 1 4 .  LABELED COMMON DESCRIPTIONS (page 1 ) 
. 

D e s c r i p t i o n  
P h y s i c a l  p r o p e r t i e s  o f  be1 t s .  

C o n t r i b u t i o n s  t o  t h e  gener -  
a l i z e d  f o r c e  v e c t o r .  
Debug p r i n t o u t  c o n t r o l  
s w i t c h e s .  

Be1 t f o r c e s  and s u b s i d i a r i e s .  
I n t e g r a t i o n  r u l e  c o n s t a n t s .  
V e h i c l e  c o o r d i n a t e s ,  v e l o c -  
i t i e s ,  and a c c e l e r a t i o n s .  
I n t e g r a t i o n  s t e p  c o u n t e r s .  
C o n t a c t  f r i c t i o n  c o e f f i c i e n t s  
J o i n t  s t o p  a n g l e  d e f o r m a t i o n s  
Temporary s t o r a g e  and p r o f i l e  
m o d i f i e r s .  
Program c o n t r o l  i n p u t  p a r a -  
me te rs .  
T r a n s m i s s i o n  e r r o r  s w i t c h .  
E l  1 i p s o i d ,  c o n t a c t ,  be1 t and 
m a t e r i a l  p r o p e r t i e s ,  q u a n t i  - 
t i e s  and c o n t r o l s .  
D e v i c e  numbers f o r  debug o u t -  
p u t ,  i n p u t ,  and s t a n d a r d  o u t -  
p u t .  

I t e r a t i o n  c o n t r o l  s. 
J o i  n t  i n p u t  pa rame te rs .  
J o i n t  f o r c e s  and ang les .  
P h y s i c a l  p r o p e r t i e s  o f  body 
segments . 
New v a l u e s  o f  m a t e r i a l  depen- 
d e n t  l o a d - d e f l e c t i o n  q u a n t i -  
t i e s .  
L o a d - d e f l e c t i o n  f o r c e  b a l a n c e  
s e a r c h  c o n t r o l  s. 
P o s i t i o n  dependent  1 oad- 
d e f l e c t i o n  q u a n t i t i e s .  
O l d  v a l u e s  o f  m a t e r i a l  depen- 
d e n t  l o a d - d e f l  e c t i o n  q u a n t i  - 
t i e s .  
I n t e g e r  e q u i v a l e n t  o f  t i m e  
c o n t r o l  pa rame te rs .  
Numerical c o n s t a n t s .  
S t o r a g e  f o r  c o n t a c t  o u t p u t .  

G e n e r a l i z e d  c o o r d i n a t e s ,  ve-  
l o c i t i e s ,  and a c c e l e r a t i o n s .  

Number 
1 

2 

3 

4 
5 
6 

7 
8 
9 

1 0  

11 

1 2  
1 3  

1 4  

15 
1 6  
17  
1 8  

1 9  

2 0 

2 1 

2 2 

2 3 

24 
2 5 

26 

t Comnon 
Name 
B C 

BQ 

BUG 

BV 
C 
CART 

CNT 
CON 
DEF 
DU M 

E P 

ERR 
F EC 

I 0  

I T  
J C 
J V 
KC 

LC 

LD 

L F 

LP 

LT 

MC 
OUT 

QQ 

Subprograms Which Use 
BELT,PUSHER,READAT,SETACT, 
STASH 
ACCEL ,BELT,CONTAC ,JOINT 

ACCEL,BELT,CARTIN ,CONTAC, 
DEBUG, EVAL ,JOINT,LIMIT, 
MAIN ,READAT,UPDATE 
BELT, STASH 
CMIL,CORK,PMIL,PRED 
ACCEL,BELT,CARTIN ,CONTAC, 
READAT, STASH 
ACCEL, STASH 
CONTAC , READAT, STASH 
JOINT,STASH 
ACCEL,CARTIN ,CONTAC ,CONTRL, 
EVAL, JOINT,L IMIT,READAT 
CONTRL ,LIMIT,MAIN ,READAT, 
STASH 
PEEK,READAT, XS~JTCH,'ZILTCH 
BELT ,CONTAC ,EVAL ,FINDM, 
LODFEL ,MATCH ,PUSHER,READAT, 
SETACT, STASH ,UPDATE 
ACCEL ,BELT,CARTIN ,CONTAC, 
DEBUG, EVAL, JOINT ,LIMIT, 
MAIN,PEEK,READAT,STASH, 
UPDATE ,ZILTCH 
CONTAC,JOINT,READAT,STASH 
JOINT , READAT, STASH 
JOINT,READAT,STASH,UPDATE 
ACCEL ,READAT ,STASH 

EVAL ,LODFEL 

LODFEL , READAT, STASH 

EVAL, LODFEL 

EVAL, LODFEL 

CONTRL ,MAIN ,READAT, STASH 

ACCEL ,JOINT, READAT, STASH 
CONTAC, PUSHER, READAT, 
SETACT, STASH 
ACCEL,BELT,CMIL,CONTAC, 
CORK,ENTER,JOINT,LIMIT, 
MAIN,PMIL,READAT,RK,STASH . 



TABLE 1 4 .  LABELED COMMON DESCRIPTIONS (page 2 )  

Number 
27 

28 

29 

3 0 

3 1 

32 

33 

3 4 

Common 
Name 
Qv 

RSS 

T 

TAB 

T L 

TT 

V X 

XX 

Subprograms Which Use 
ACCEL ,BELT,CONTAC ,JOINT, 
RELT I V ,STASH 

READAT, STASH 

ACCEL ,BELT,CARTIN ,CMIL, 
CONTAC ,CONTRL ,CORK, DEBUG, 
ENTER,EVAL,JOINT,LIMIT, 
LODFEL ,MAIN,PMIL,PRED, 
READAT ,RK,STASH,UPDATE 
CARTIII,DETAB, ENTAB ,GETY, 
INTAB,MOVTAB,READAT,REDTAB, 
SERTAB, SLOPE, STASH 
READAT, STASH, SUMRY ,TITLE, 
BELT 
CONTAC,CONTRL,MAIN,READAT, 
STASH,UPDATE 
CARTIN,PUSHER,READAT,STASH 

CMIL,CORK,ENTER,LIMIT,MAIN, 
PMIL, READAT, RK, STASH 

D e s c r i p t i o n  
B u i l d i n g  b l o c k s  f o r  k i n e t i c  
ene rgy  c o n t r i b u t i o n s  t o  t h e  
e q u a t i o n s  o f  m o t i o n .  
I n p u t t e d  c o n t r o l s  and head ings  
f o r  o u t p u t .  
Time and i n t e g r a t i o n  s t e p  s i z e .  

I n p u t  t a b l e  s t o r a g e  f o r  p r o -  
f i l e s ,  debug, and m a t e r i a l  
p r o p e r t i e s  . 
P r i n t o u t  page t i t l e ,  p r i n t  
c o n t r o l s ,  and be1 t q u a n t i t i e s .  
Time c o n t r o l  parameters .  

S t o r a g e  f o r  d e c e l e r a t i o n  t a b l e  
computed v e l o c i t i e s  and d i s -  
p lacements .  
Time h i s  t o r y  o f  e s t a b l i s h e d  
v a l u e s  o f  g e n e r a l i z e d  c o o r d i -  
na tes ,  v e l o c i t i e s ,  and  a c c e l -  
e r a t i o n s .  



111. INTEGRATION TECHNIQUES A N D  PROGRAM CONTROLS 

The equations of motion ar is ing in the simul ation of the three-dimensional 

crash victim a r e ,  in form, a system of twelve simultaneous, nonlinear, second- 

order ,  ordinary d i f fe ren t ia l  equations in seventeen unknowns. In t h i s  system 

the second derivatives of the seventeen unknowns appear only l i nea r l y ,  so 

t ha t  i t  i s  possible to  solve for  them in terms of the f i r s t  derivatives,  

the unknowns, and various constants . 
Hence t h i s  system of equations i s  integrated by employing predictor-cor- 

rec tor  techniques fo r  an  i n i t i a l  value problem, together with a s t a r t ing  method 

f o r  i n i t i a l  izing the required history of established values. Two separate 

predi ctor-corrector methods are  avai 1 able in the HSRI Extended Three-Dimensional 

Crash Victim Simulator. The one most commonly used i s  the c lass ica l  Milne 

method as modified by Hamming fo r  f a s t e r  convergence. With the Mil ne-Hamming 

method, and much of the logic which surrounds i t s  use, we have followed the 

approach taken i n  the SSP subroutines, HPCG and DHPCG! The Milne-Hamming 

method can be summarized by Equation 155. 

1 .  System/360 Sc ien t i f i c  Subroutine Package (360-CM-03~) Version I I 
H20-0205-2, p p .  122-128. 



where 

'k, j 
i s  the value o f  the k - t h  generalized coordinate i n  the recorded 

his tory  of cs tsbl ishcd v a l u e s  \;ilicii corresponds t o  time t - j ~ t  where 1 i s  

the l a s t  recorded estaijl istled time a n d  ~ t :  i s  the current  in tegra t ion time 

s tep .  Note: \!liere k appears  as a subscr ip t  in a fornlula, that fornula  i s  

evaluated f o r  v a l ~ e s  of k fror: one to  seventeen before anything e l s e  is  done. 

tk , j3Zk,  a r c  rcspcctively f i r s t  and  second derivatives of tlic corres-  

p o n d i n g  gcneral i  zed  coordinltcs.  



'k,jspk,j  a r e  t h e  r e s u l t s  of the  t4ilne predictor f o r  t he  corresp3ndiny 

genera l ized  ccord ina tcs  and v e l o c i t i e s .  

H k a r e  t h e  p red ic t ions  f o r  the c o r r c s p o n d i n ~  g?oera l ized  coardi-  
k , l '  k , l  

nates  and v e l o c i t i e s  used including the  Harming ~ ' z d i f i c a t i o n .  

1 a r e  computed by evaluat ion of Equation 11 using the  values 
k , l  

H k , l  
and I? as  genera l ized  coord ina tes  and vc lcc i  t i e s .  k, 1 

' k , j p t k , j  a r e  t he  r e s u l t s  of t he  t4ilne c o r r e c t o r  f o r  the  general ized 
. . 

coordina tes  and v e l o c i t i e s .  Note: t he  k implies t h a t  fl ,. . . ,it 
I 31 17,l 

a r e  a l l  being r e f e r r e d  t o  here ,  

~ k , l ' i k , l  
a r e  t he  cor rec ted  values of t he  genera l ized  coord ina tes  ;nd 

v e l o c i t i e s  a f t e r  t h e  Haiming m ~ d i f i c 2 t i o n  has bccn appl ie3.  These zre the  

values t e s t e d  f o r  convergence. I f  convergence f a i  1  s  with tile s i n g ?  e cot-rec- 

t i o n ,  tile i n t e g r a t i o n  time s t e p  i s  ha1 v ~ d  iminediately. 

-7 r 112 a1 t i i r ~ ~ a t e  precii c t o r - ~ o r . t , e c t o r  i s  tile c l a s s i c a l  Ad<!:~-i~-i*Ioul to11 1:;2tii0d 

which e x h i b i t s  m ~ c h  g r e a t e r  s t a b i l i t y .  When t h i s  opt ion i s  ~;;:ployc.:i, 1,:) t o  

t en  co r r ec t ions  a r e  permitted t o  obta in  convergcnce befcre  t he  time s t c p  i s  

halved. The Adams-Ploul ton method i s  used both i n  four-poili t  and fivc-j:uitit 
-. 

forms based on how many c s t a b l i s l ~ c d  p r i n t s  a r e  a v a i l a b l e  in t he  time h i s t o r y .  

The two forms a r e  p re sc r~ ted  in Equation 156 . 
Four-point , f o r  k = 1,17: 

(Conti~iued on n e x t  p ; ! g ~ )  



- 
Ck, l  - z k , o  ' ~ t ( c 1 9 ~ ~  ' >  1 ' c 2 0 t k , 0  + c21tk,.1 ' ~ 2 2 ' ~ , - ~  ' ~ 2 3 ~ ~  ,.3 1 

( 
156 

F ive-po in t ,  f o r  k = 1 ,17 :  con t inued)  

where 
.. 

' P c t z i  
' k , 19  k , i 9  k , l '  k , l '  k , j '  k , j '  and Zk,  have corresponding d e f i n i t i o n s  

a s  in Equation 155 . 

Pk , l  a r e  conputcd by e v a l u a t i o n  of Equztion 11 using t h e  values  

Pk, 1 
and b, .  , a s  cooi.dinates at:d v e l o c i t i e s .  

ci a r e  the  ccns t z t l t s  prcscntcd i n  Table  15  . 

Actual exper ience  wi th  tile coil:puter prcgram i n d i c a t e s  t h a t  t h e  Milne- 

Han-iming rr,~ltlod f a i l e d  o n l y  orlcc t o  acti ievc ~ o o d  r e s u l t s .  A cor responding  
\ 

run u s i c g  t h e  Adams-1:oulton nicthod d i d  prodzce good r e s u l t s  bu t  a t  cons ider -  

a b l e  cxpciise. On s t lna ig i l t fo r i . i~ rd  r u n s ,  t h e  tvio rnetllods a r e  app rox in~a t e ly  

equivalcr~i t  i n  c f f i c i c n c y  wi t t~  a s l i g t l t  advar;tccje to  t h e  I'riilnc-tla~niiiing. On 

runs o f  n;oderate d i f f i c u l t y ,  ttiz Imli Inc-tl;~ti:;~ing ~ c t h o d  i s  much be t te r .  

Thrce s t s r t i t ~ g  11:2tliods a re  s v 2 i l a b l c .  Ttie nor;n21 rnctl~od i s  a Runge- 

Kutta pi-ocedure as s p c c i a l l  y s:,adificd by P3; s t on  t o  g a i  11 I I I ; X ~ R U T I  c c n v e r g e ~ c e .  

This nietiiod i s  h i g h l y  u n s t a b l e ,  b u t  r.iith a p a r t i a l  sccorld i t e r a t i o n  f o r  ir- 

prcvcnicnt of  r e s u l t s ,  i t  11;s ncvcr f s i l c d  it-I our a c t u ~ l  ex ; e r i cnce .  The S ~ C -  

ond intccjt-a t i on  s t ~ r t i t i g  n:etIiod offered i s  a c l a s s i c a l  R~ln;.-Kut t a  n;ethod 

1. Rals ton "Runge-Kutta Methods w i t h  Minimum Error  Bounds, MTAC,  Vol. 16,  
No, 80 (1962),  pp. 431-437. 



r 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0 
21 
2 2 
23 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 

-30 
3 1 
32 
3 3 
34 
3 5 
3 6 
37 
38  
39  
4 0 
4 1 
q2 
4 3 

4 4 
4 5 

4 6 

4 7 

4 8 

4 9 

P -  

TABLE 15 INTEGRATI O:I 

i 

1 . 5  
0 . 5  
1 .91  6C66GGGCG66667 

- 1,3333333333333333 
0,4166666666E565E57 
0.666666GG6C,6666667 

- 0.083333333333333333 
2.291 6666666566667 - 2.4583333333333333 
1 .541  6666666666667 
0 .375  
0.791 66666655566667 

- 0.20833333333333333 
0.041 6E6656GGEO66567 
2.6402777777777778 - 3.8527777777777778 
3.6333333333333333 

- 1 .76944444444 i4444 
0.3486111111111111 
0.8372222222222222 

- 0.36666666G6656667 
0.1472222222222222 

- 0 . 0 2 ~ 3 Z 8 ~ C ~ ~ ~ ~ S ~ 8 8 9  
0.3465277777777773 
0.90763E818G89C889 

- 0.3375 
0.1680555555555556 - 0.36505555555555556 
0.0020533333333333333 
0.5 
0 . 5  
0 . 0  
0 . 5  
1 .o 
0 . 0  
0 . 0  
1 . 0  
0 .1  G66GG66G66665667 
0.33333233333333333 
0,33333333333353333 
0 ,  1 cc,{,G5GCCcEGjj6(,(j7 
--.-- 

C32.  + c 3 3  

C 3 0 C 3 1  

C 3 5  + c 3 6  + c 3 7  

C 3 0 C 3 ~  + C 3 2 C 3 7  

C 3 3 C 3 7  

C38 C 3 9  $ C 4 0  + C 4 1  

C 3 o C 3 3  + C:;C:,~ + C;gCt+ l  

C 3 3 C 4 0 '  " C 3 2 C 4 1  

C 3 7 C ! ,  1 
.--- -----. 

R a l s t o n  V e r s i o n  

I n d e p e n d e n t  
of c h o i c e  o f  
Runge- Ku t  t a  

method. 

0 .4  
0.45573725421 878343 
0.296977609247752CO 
0.158759644971 03583 
1 .o 
0.2181 0038822592037 

- 3.0501651 466329363 
3.83286476046701 03 
0.17476028226269037 

- 0.551SSOG62678i3294 
1.2055355993$65235 
0.171 16475121 931903 

These are cc:z;utcd 
a f t e r  tilt. apprc.pt.i a t e  

v a l u e s  are ass igned  
~ 3 0  througil c41 .  

1 I 

RULE COEFFI C I ElilTS 
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w i t h g r e a t e r s t a b i l i t y a n d l e s s a c c u r a c y .  Equation 157 p r e s e i ~ t s a g c n -  

era1 four-poin t  Runge-Kutta fiethod f o r  second-order equzt ions .  S p e c i f i c  

Runge-Kutta mettiods a r e  obtained by an app ropr i a t e  s e t  of ccnsk in t s  c : ~  

through C L , ~  and the  computed cons tan ts  c Y 2  through c s l .  The czns t zn t s  ncedc l  

f o r  t h e  normal Rung?-Kutta a r e  presented in  Table 15  i n  t h e  l e f t  co1u;::n a ! ~ d  

those needed f o r  the  Ralston modif icat ion a re  i n  t h e  r i g h t  c o l u ~ n .  

For k = 1,17: 

t ]  = t 



where 

1 t bt,~,,Zk,, 9 ' k , c 9  k , o '  ' and ik,] we as deCir,ed with Equations 155 
. . a .  

and 156 , and Kk , I :  , K ,  , and Kk a r e  211  conputed by evaluat ions  o f  
, i  k , 2  ~ $ 3  ,4 

Equation 11 using the ccrrespondi n g  t , ,  k k , , , Y k  ,, g i v e n  above es coordin- 

a t e s  and v e l o c i t i e s .  

The t h i r d  s t a r t i n g  ncthcd uses the Euler rcett,od to  e s t a b l i s h  the second 

point ,  t h e  trapezoid21 rule t o  e s t ab l i sh  the t h i r d  po in t ,  a n d  Simpson's rule 

t o  e s t ab l i sh  the fourth point. This t h i r d  opt ian  uses a regular  predictor-  

correc tor  type i t e r a t i o n  to  e s t ab l i sh  coEvergence a t  each o f  the  levels .  

Equation 158 shol;/s the fornulas used. 

Modified Euler l,Tzthod (one point)  

\ Modified Trapc-zoidal Rulc (t\io points )  
. - 
P k , i  - z k , o  -+ ~ t ( c , % ~ , ~  - c,Zk,-J 

p k , ]  = z~,~ + c t ( ~ ~ P ~ , ~  + C - i  u I;,O + c . i  I k , - 1  ) 

C k , i  = t k,c -+ L ~ ( C , , P ~ , ,  + C . Z  c, k , o  + c ,zk , - ,  1 

C k ,  = Z k , ~  t it(c,b - k , l  + c s ,; 4 c , & , - ~ )  

l . lod i f icd  Siili;)son's I:ulc ( t h r c e  points )  



where &f i r t i t ions  are  sinlilar t o  those in Equation 156,  

Determination of conversence i s  uniform aRocg a l l  the various ~ ~ t h o d s  en- 

ployed. The absolute e r ro r  o f  the ~ i e i ~ h t e d  averages of f i r s t  der ivat ives  ob- 

tained by tilt sr;per?te ca lcula t ions  of tile solution to tile system o f  equations 

a t  a pa r t i cu la r  t i r t  i s  r e c u i r ~ d  to  have l e s s  ragni tude t h a n  a specif ied valile, 

The ccr;\rergencc- t e s t  car, b e  expressed by the fo! 1 owing i  nequal i  ty . 

A 

where N i s  a mcthod scaling constant. 

- 
p are  the absolut? in tesra t ion weights. These are the r e l a t i ve  in te -  k 

gration weights computed from l a s t  two f i e l d s  of the S-card so they are 

normalized to  add to  one 

2'" are  defined as the current t r i a l  values of generalized 
k ,  1 

ve loc i t i e s  a t  the new time 

2'"') are  defined as the previous t r i a l  values o f  generalized 
k , l  

ve loc i t i e s  a t  the new t i~nc  

I f  the E:iInc-Har;;i:ir~g r~lethod i s  being eniployed, N=l , ( n )  = 2 and i k , l  k , l  

k , l  
(see Equation 155  ) I f  the t e s t  f a i l s ,  the in tcgrs t ion 

time s tep  i s  i r : x d i a t c l y  halvcd. 



1 (n)  I f  e i t he r  Eunge-Kutta method i s  being employed, N = E, Zk,]  = ik l l  
* ( n )  determined a t  the original  tin12 s tep  and Z k , l  = ik,i  determined by tvo 

applicat ions of the rule a t  half the original  time step.  If  the t e s t  f a i l s ,  
( n -  I the  time s tep  i s  halved, the Z * ( n )  
k, 1 

are  s e t  t o  the ,? .(n) ,  and the new Z 
k , l  k , l  

a re  detelln:ined by tv!s applications of the rule a t  half the current  time s tep .  

This i ter-ation i s  continued unt i l  convergence i s  at tained or unt i l  the a1 lovied 

number of halvings i s  exceeded. Once convergence has been achieved, three 

points o f  the required four points in the t ine  history have been established.  

The fourth point i s  calculated by one more application of the rule  a t  the 

half in tegra t ion s tep .  A single i t e r a t i on  i s  then taken t o  improve the four 

established values by using four-point interpolat ion formulas f o r  the dis-  

placements and ve loc i t i e s  and a revaluation of the accelerat ions fo r  the 

second, t h i r d ,  and fourth points of the his tory ,  each in turn. I f  the current  

.time i s  considered t o  be t h a t  o f  the  l a s t  of the four established points ,  

and ~t i s  the half time s tep ,  then the equations used in order of application 

i n  the i t e r a t i on  are  those presented in  Equation 160 . 
For 1: = 1,17, 

\ 

At i - 
k, -2  - t k , - 3  ' - 211 (9  z k , - 3  - 5 2  k , - 1  4- Zk,o) + 19 1' 

k , - 2  

- - ~t 
'k,-2 'k , -3  + - - ( 9 i  24 k ,- 3 + 1 9 f  k , - 2  - ? k , - l  $ ?k,o) 

r, t . . 
i - 

k,-1 - 2 k , - 3  ' 3- ( z k , - 3  ' 'k,-2 t t '  k , - 1  ) 

z - + A t  ((t  
I - 'k , -3 3- k , - 3  ' 'k , -2  + t  k , - 1  1 

3 .. . . . 
j k ,  0 - - tk ,-P + ii n t  ( Z  3 z ~ , - ~  + 3 Z k  k ,- 3 , - I  + Z k , O )  

- 
Z k , o  

- t 3 b t ( i  t 3 i  
'k , -3 8 k ,- 3 k , - 2  ' ' k , - l  ' ' k , o )  



.. 
where Z k , - ,  a re  reco~putcd  a f t e r  the f i r s t  two equations a n d  the new values 

. . 
a r e  throughout the r e s t  of the equations. Z k , - l  a re  recomputed a f t e r  the 

.. 
fourth equation,  and Zk,, are recomputed a f t e r  the s ix th  equation. 

If  any of the methods s e t  fo r th  in Equations 156 and 158 i s  
A 

being employed, I4 = 1 , Z k ,  = P k , l ,  and ik,l (n)  = 
k , l  ' 

I f  the t e s t  f a i l s ,  

the  P k  P are  s e t  t o  the Ck,,  , C , and  the corresponding corrector  
, 1  ' k , l  k 3 1 

equations a r e  used again. This i t e r a t i o n  i s  t r i e d  ten times t o  obtain con- 

vergence before the time s tep  i s  halved. 

In a l l  cases ,  when convergence f a i l s  and the time s tep  in terval  i s  

halved, the missing points in the time his tory  a re  supplied by use of s ix th-  

order Bessel central  difference intcrpol  at ion formul a r '  and a  s ingle  i  t e ra -  

t i on .  The nunber of halvings i s  incremented and checked agains t  the l im i t .  

Then the following i t e r a t i on  i s  employed. 

f o r  k = 1,17,  

(Continued on llext Page) 
1. Scarborough, J .  8. "Numerical Mathematical Analysis," John Hopkins Press 

pp.  84, 1962. 



154 

Concl udcd 

I f  convergence succeeds by a f a c to r  of f i f t y  be t t e r  than required, the 

t i~l tc s tep  i s  doubled i f  other ccndi t ions are  mt .  These conditions are 

t ha t  the current  integrat ion time s tep  s ize  i s  smaller t h a n  ~t,,,, t h a t  the 

tin!:, Itistory contains a t  l e a s t  seven good  points ,  a n d  t ha t  ttie nevi larger  

s tep  will r iot  juicp over th? next incrcs:cnt of b t p r n t .  I f  these conditions 

are  a l l  met, t i l e  fol lot;:ing reshuffl ing and  ca lcula t ion takes place. 



At = 2 ~ t  

f o r  1: = 1,17,  

Z = z 
k , - 1  k , - 2  

z = z 
k , - 1  k , - 2  

. . 
Z = Z , e t c .  

k , - 2  k , - 4  

- 
' k , - 3  - ' k , - 6  , e t c .  

.. 
= Z 

'k , -4  k,-s , e t c .  

Experience d ic te tes  tha t  convergence by i t s e l f  i s  not su f f i c i en t  t o  

guarantee good r e su l t s  in a l l  impact s i t ua t i ons .  Since i n i t i a l  value pro- 

cedures seldom are capable of regaining any l o s t  accuracy, i t  i s  o f  utnlost 

, importance t o  prevent the solution from deviating from the t rue  solut ion.  

During a time interval  in which impact occurs, the solution i s  smooth b o t h  

before and during the impact, b u t  changes shape abruptly shor t ly  a f t e r  the 

nionlcnt of i ~ i p a c t .  Calculation of a good solution often requires decreasing 

t h e  integrat ion tinle step before the convergence t e s t  i s  v iola ted.  This 

s i tua t ion  i s  recosnized by extrapolat ing t h e  value of second der ivat ives  a t  

a pa r t i cu la r  time, based on the t i ne  his tory  of t h e i r  establ isllcd values, and 

cornparing these against  t he i r  predicted values, I f  the disagreer;~ent i s  too 

g r ea t ,  the tin:? s t e p  i s  halved. This t e s t  i s  formalized in Equation 163 . 



For k = 1 J 7 ,  

o r  f a i l i n g  tha t  

1 7  - 
E f 0 and - t 5 A'1im 

k= 1 

.. 
o r  € = 0 and 

' Z l i m  

where Zk i s  defined as i t  was fo r  Equation 159 except t h i s  t e s t  i s  
9 1 

used only when the Milne-Hamming method or the Adans-l~:oulton rneti:?d -is beinl; .. 
employed and 2, i m  i s  the extrapolat ion change l i m i t .  To pick u p  sudden changes, 

a two-~oi nt extr0p01 a t i  on i s  a1 so used in the same way, 

Further,  i t  has been noted t h z t  occasionally the level of e c t i v i  ty czn 

become t o o  g rea t  f o r  computation of good r e su l t s  a t  a pa r t i cu la r  t i n e  s tep  

without convergence f a i l i ng .  A t e s t  has been incorporated t o  l i ~ ? i i t  tlie val::? 

o f  the weighted average of the second der ivat ives  nu1 t i  p l  i e d  by ti;? intcgra i ::?: 

s t e p .  This weighted average velocity change has been taken as a wasure  c i  

t h e  " a c t i v i t y  load" during the time s tep .  If the a c t i v i t y  load i s  too g r e a t ,  

the t i n2  s t e p  i s  halved. 

where bVlin,  i s  the velocity change l imi t  



Both these  t e s t s  are applied only a f t e r  predict ion in t h e  t w o  pre- 

d ic to r -cor rec t3 r  methcds a n d  rr,ys t be passed be f o r ?  correction i s b2gun.  

E i t h t . r  of these  t e s t s  will be skipped i f  the corr2spondin; l i n i  t i s  spc-ci- 

f i ed  as zero. 

The l e a s t  important fea ture  of the  i n t e g r 2 t i ~ n  s che r ,~  used in the com- 

puter solut ion i s  intended mainly t o  keep out t h e  introduction o f  small$ errors 

in the solut ions  and normal prirkout.  Tne com?utzd values o f  t h e  second 

der ivat ives  a r e  scanned a n d  s e t  a t  zero i f  they zre smaller i n  magnitude 

than a speci f ied  value. I f  t h i s  option i s  n o t  desired,  the accelera t ion 

minimurn magnitude parmete r  i s  se t  a t  zcto.  This option t.elps the accur4acy 

i n  sone ex t r e r e  cases,  b u t  r;;ostly i t  a c t s  to  remcve i r re levan t  deta i l  from 

t h e  regular  pr in tout .  

The basic ilitegration control p a r s s ~ t e r  i s  the maxis:~-n in tegrat ion tir;;? 

step. Under c e r t a i n  condit ions,  w h i c h  zlready hzve been discussed in t h i s  

. s ec t i o n ,  the  progrzm wil l  cut dcwn the size of t t e  i n t e g r ~ t i o n  t i w  s t e p  by 

halving i t  u p  t o  a specif ied n~mber of tin;es. Eegular prititout occlrrs a t  

mu1 t i p l e s  of t h ?  p r i n t  time s tep  parzn:?t?r r.;hich i t s e l f  r u s t  be an in tegra l  

mu1 t i p l e  o f  the  n:axiin~m t i ~ e  s tep .  

The time epsilon p a r a ~ e t e r  i s  t i l e  zbsolute difference betmen t ~ o  con- 

puted tinlcs v:hich mus t  he excee.'ed f o r  t! lcm to  be t rea ted as d i s t i n c t  by t he  

program. Whcn t h e  e x e c u t i o n  t i ~ e  l i n i  t paran:~ter  i s  non-zero, i t  causes  t t i c  

program t o  keep track o f  !lo;.; m c h  ccn t r i l  processing unit (C.P.U; )  till; i t  

has used and sign of f  v:hen th is  l im i t  i s  e x c e e l ~ l .  

An  excel l en t  overall treatment of the topics considered in t h i s  section 

i s  found in Hamming, R. W., "Numerical Methods f o r  Sc ien t i s t s  and Engineers," 

Chapters 14, 15 and 16, McGraw-Hill, 1962. 



I V  PACKING AND UNPACKING SPECIFICATIONS 

The Extended Three-Dimensional  Model i n c o r p o r a t e s  f e a t u r e s  

wh ich  r e q u i r e  p o t e n t i a l l y  many t a b l e s  of wh ich  one o r  more may be 

q u i t e  long.  I n  o r d e r  t o  ach ieve  t h i s  f l e x i b i l i t y  w i t h o u t  u s i n g  a  

huge amount o f  s t o r a g e  f o r  t h e  t a b l e s ,  a  f r e e  f o r m a t  s t o r a g e  o f  

t a b l e s  was adopted. T h i s  i m p l i e s  t h a t  each t a b l e  o r  group o f  

t a b l e s  c o n t a i n s  a  f i x e d  f o r m a t  s e c t i o n  ( c a l l e d  t h e  c o n t r o l  s e c t i o n )  

w h i c h  c o n t a i n s  f o r m a t t i n g  i n f o r m a t i o n  about  t h e  f r e e  s e c t i o n .  

The f r e e  s e c t i o n  i s  o rgan ized  i n  terms o f  " t y p i c a l  e n t r i e s ; "  t h e  

number, l o c a t i o n ,  and l e n g t h  o f  wh ich  w i l l  be s p e c i f i e d  i n  t h e  

c o n t r o l  s e c t i o n .  

The a r r a y  KCON serves as t h e  c o n t r o l  s e c t i o n  f o r  t h e  STOMAT a r r a y  

wh ich  h o l d s  t h e  p h y s i c a l  i n p u t  da ta  d e s c r i b i n g  c o n t a c t s ,  e l  1  i p s o i d s ,  

b e l t s ,  and t h e  m a t e r i a l s  o f  wh ich  t h e y  a r e  made. KCON i t s e l f  has a  

f r e e  s e c t i o n  and a  c o n t r o l  s e c t i o n  c a l l e d  t h e  Standard Area. 

Tab le  16 s p e c i f i e s  t h e  s tandard  area.  The f i r s t  seventeen l o c a t i o n s  

a r e  f i x e d  fo rma t .  S t a r t i n g  i n  18 a r e  t h e  b e g i n n i n g  i n d i c e s  o f  a l l  

t h e  c o n t a c t  p lanes  connected t o  t h e  v e h i c l e ,  f o l l o w e d  b y  t h e  

c o n t a c t  p lanes  connected t o  t h e  i n e r t i a l  frame, and f o l l o w e d  b y  

a l l  t h e  m a t e r i a l s  s p e c i f i e d .  The r e s t  o f  t h e  t a b l e  i s  i n  terms 

o f  t y p i c a l  e n t r i e s  wh ich  occu r  i n  t h e  o r d e r  t h e y  a r e  formed i n  r e a d i n g  

o f  t h e  i n p u t  data .  These c o n t a i n  b o t h  c o n t r o l  and some p h y s i c a l  

i n f o r m a t i o n  and a r e  s p e c i f i e d  i n  Tab les  17 t h r o u g h  20. F i v e  k i n d s  

of t y p i c a l  e n t r i e s  occu r  i n  STOMAT and a r e  s p e c i f i e d  i n  Tab les  

21 th rough  25. These a r e  a l l  r e f e r e n c e d  f r o m  KCON. 



The load-deflection contact  force ,  and be1 t force routines 

a1 1 require temporary storage f o r  values and references t o  

past values. Another f r e e  format s torage system was developed t o  

handle t h i s  information, KACT contains control information and 

time history information f o r  ce r t a in  switches used in the 

computation. The f i r s t  entry in KACT i s  the  number of control e n t r i e s  

which a r e  present.  They typical  control ent ry  i s  specif ied in Table 

26. The control e n t r i e s  occur s t a r t i n g  index two in the  order in 

which the  corresponding force-produci ng in terac t ion  took place, Then 

follows the  time his tory  e n t r i e s  fo r  switches which a re  shown in 

Table 27. The r e s t  of the  time his tory  information (mostly physical 

information) occurs in typical  e n t r i e s  specif ied in Table 28 

i n  the  STOACT ar ray .  O u t p u t  of force and other  quan t i t i e s  f o r  the 

in terac t ion  i s  s tored in the  CONOUT array in terms of typical  

e n t r i e s  and specif ied in Tables 29 and 30. 

In addi t ion ,  the  t ab le  routines f o r  accelerat ion p ro f i l e s  

have been extended t o  tabular  1 oad-def lec t ion  information and a1 so 

a r e  in  f r e e  format. The control information i s  in the  MSTOR array 

(see  the  Symbol Dictionary) and the  t ab le  information i s  specif ied 

in  Table 31. 



T A B L E  16 THE STANDARD AREA OF THE KCON ARRAY 

Index 

1 - 6 

7 

8 

9910 

11,12 

13,14 

15 

16 

17 

18 
1 7+mr 

1 8+mr 
1 7+mr+mi 

1 8+mr+mi 

1 7+mr+m +mm 

Description 

Beginning index of a l l  e l l i p s o i d s  
f o r  each segment 

Beginning index of b e l t  1 in  STOMAT, 
0 i f  absent 

Beginning index of b e l t  1 material  
control  in  KCON 

Same f o r  b e l t  2 

Same f o r  b e l t  3 

Same f o r  b e l t  4 

Number of r e l a t i v e  planes (m,) 

Number of i n e r t i a l  planes (mi ) 

Number of mater ia l s  (%) 

B~ginning  Index of plane cont ro ls  f o r  
e ich  of a1 1 of t h e  planes. 

Beginning index of plane control  f o r  
?ach of a l l  of t he  i n e r t i a l  ? lanes 

Beginning index f o r  each of a1 1 of the 
material con t ro l s  



TABLE 17 THE TYPICAL ELLIPSOID CONTROL ENTRY OF THE KCON ARRAY 

A 

R e l a t i v e  
Index 

1 

2 

3 

4- 7 

8 

9 

10 

D e s c r i p t i o n  

Beginning index i n  STOMAT o f  e l l i p s o i d  
parameter s e c t i o n  

Beginning index  i n  KCON o f  m a t e r i a l  
c o n t r o l  s e c t i o n ,  0 i f  r i g i d  

Body segment number a t tached  t o  

E l  1 i p s o i d  name 

Sphere sw i t ch :  0 if sphere, - 1  i f  sphere 
l i k e ,  2 e l l i p s o i d  

Number o f  i n h i b i t i o n s  a g a i n s t  p lanes 

Number o f  i n h i b i t i o n s  a g a i n s t  
e l l i p s o i d s  

F r i c t i o n  c l a s s :  1 th rough  5 

JX: 1,2,3 i f  maximum a x i s  i s  a long 
i , j , k ;  0 p r e  i n i t i a l i z a t i o n  

Beginn ing index o f  l i s t  o f  i n h i b i t e d  
p lanes 

Beginning index  o f  l i s t  o f  i n h i b i t e d  
e l  1 i p s o i d s .  



T A B L E  18 THE T Y P I C A L  BODY SEGMEIJT ENTRY OF THE KCON ARRAY 

T A B L E  19 THE T Y P I C A L  MATERIAL CONTROL ENTRY OF THE KCON. ARRAY 

r 

7ela t ive  
Index 

1  

2 
(N  + I )  

e  

r -  

Description 

Number of el  1 ipsoids f o r  body segment 
( N e )  

Beginning index fo r  el  1 ipsoid control 

I 

TABLE 20 THE T Y P I C A L  CONTACT PLANE CONTROL ENTRY OF THE KCON ARRAY 

Description 

Beginning index of material properties 
in  STOMAT 

Material Name ( 4 ~ 4  format) 
+ 

& 

i e l a t i ve  
Index 

1  

2- 5 
* 

qelat ive 
Index 

1 

2 

3 

4- 7 

Description 

Beginning index in STOMAT of plane 
parameter sect  ion 

Beginning index in KCON of material 
control section,  0 i f  r ig id  

Attachment 0 i f  i n e r t i a l  , 7 i f  
vehicle 

Plane name (4A4 format) 



TABLE 21 THE TYPICAL BELT ENTRY OF THE STOMAT ARRAY 

R e l a t i v e  
Index 

8 

9 

10 

11 

12 

D e s c r i p t i o n  

Number of t imes  s p e c i f i e d  i n  STOMAT 

C u r r e n t  index i n  STOMAT 

L a s t  i ndex  i n  STOMAT 

F r i c t i o n  c l a s s  - 0 if no f r i c t i o n  

Beginn ing index i n  STOMAT 

R e l a t i v e  
Index 

1  

2 

3 

4 

5 

6 

7 

Contents 

x at tachment 

y at tachment 

z at tachment 

x anchor 

y anchor 

z anchor 

s l a c k  
- 



T A B L E  22 THE T Y P I C A L  M A T E R I A L  ENTRY OF T H E  STOMAT ARRAY 

e l a t i v e  
Index  

1 

2 

3 

4  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14  

i 

D e s c r i p t i o n  

A 

B 

c 

D 

F 

F max 

B 

G c o n s t a n t  o r  t a b l e  number i f  n e g a t i v e  

R c o n s t a n t  o r  t a b l e  number if n e g a t i v e  

FOREPS f o r c e  e p s i l o n  f o r  
shared convergence 

T i t l e  l o c a t i o n  

S t a t i c  curve :  t a b l e  number 
o r  c o e f f i c i e n t  l o c a t i o n  i f  n e g a t i v e  

I n e r t i a l  cu rve :  t a b l e  
number o r  c o e f f i c i e n t  
l o c a t i o n  i f  n e g a t i v e  

S t a t i c  and/or  i n e r t i a l  
c o e f f i c i e n t s  i f  any 



TABLE 23 THE TYPICAL CONTACT PLANE ENTRY OF THE STOMAT ARRAY 

TABLE 24 THE TYPICAL PLANE POSITIOII EilTRY OF THE STOMAT ARRAY 

Re1 a t i v e  
Index 

1 

2 

3 

4 

5 

6 

7 

8 

9-20 

2 1  

22 

? e l  a t  i ve 
Index 

1 

2- 4 

5- 7 

8- 10 

Contents  

p e n e t r a t i o n  1  i m i  t 

edge c o n s t a n t  

d i r e c t i o n  f a c t o r  i n p u t  

d i r e c t i o n  f a c t o r  ( i n e r t i a l )  

r v e h i c l e  r e l a t i v e  v e r s i o n  o f  
p l a n e  c o e f f i c i e n t s  

9 

P 

s 

BB(1) - B ~ ( 1 2 )  

x s u r f a c e  s i d e  l e n g t h  

y s u r f a c e  s i d e  l e n g t h  

Contents  

t 
A A A 

X l ,  Y l s  Zl 

9 2 ,  j 2 s  ? 2  

A A A  

X 3 ,  Y 3 t  Z3 



TABLE 25 THE TYPICAL ELLIPSOID ENTRY OF THE STOMAT ARRAY 

Relative 
Index 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13-18 

Contents 

'em 

''em 

'em 
xe, inert  

ye, inert  

zem inert  

If ellipsoid 

max o f  a ,, b m, 
and c m 

a 2m 
b rn 

2m 

R 

L 

p1-p6 

If sphere 

R2 

R 

~ ~ / 2  

absent 

absent 

absent 

absent 



TABLE 26 THE TYPICAL CONTROL ENTRY OF THE KACT ARRAY 

r 

D e s c r i p t i o n  

Beginn ing index  o f  e l l i p s o i d  i n  KCON o r  i f  n e g a t i v e  b e l t  
beg inn ing  index  i n  KCON (IKC) ( I A )  

Beg inn ing index  o f  c o n t a c t  i n  KCON o r  i f  n e g a t i v e  beg in-  
n i n g  index  o f  e l l i p s o i d  i n  KCON; i f  b e l t  1,2, 3, or 4, 
shared d e f l e c t i o n  on a  cor responding b e l t  segment; i f  
5, 6, 7, o r  8, shared d e f l e c t i o n  on a  cor responding 
b e l t  segment o f  m a t e r i a l  1; i f  9, 10, 11, o r  12, . 
shared d e f l e c t i o n  on a  cor responding b e l t  segment o f  
m a t e r i a l  2 ;  i f  0, no shared d e f l e c t i o n ;  -1 o r  -2  i s  
m a t e r i a l  1 o r  2 o n l y  (JKC) ( I B )  

Beg inn ing index  o f  e n t r y  f o r  i n t e r a c t i o n s  i n  STOACT 
0 i f  none (ISACT) (IACT) 

Beg inn ing index  o f  e n t r y  f o r  i n t e r a c t i o n  i n  CONOUT 
0 i f  none (ICNOUT) 

Beginn ing index  o f  t i m e  h i s t o r y  e n t r y  f o r  i n t e r a c t i o n  
i n  KACT, ze ro  i f  none (IDACT) 

Beginn ing index  o f  e l l i p s o i d  i n  STOMAT i f  b o t h  s o f t ,  
o f  t h e  s o f t  one i f  o n l y  one s o f t ,  o r  ze ro  i f  b o t h  
r i g i d  (MA) 

Beginn ing index  o f  c o n t a c t  o r  e l  1  i p s o i d  i n  STOMAT 
i f  b o t h  s o f t ,  0 o the rw ise  (KNB)  

R e l a t i v e  
Index 

* 

1  

2 

3 

4  

5 

6  

7 

I 



TABLE 27 THE TYPICAL T I M E  HISTORY OF THE KACT ARRAY 

NOTE: 1-36 repeated a s  37-72 f o r  second s o f t  m a t e r i a l  
i f  present .  

R e l a t i v e  
Index 

1-4 

5- 8 

9-12 

13-16 

1 7- 20 

21 - 24 

25- 28 

29- 32 

33-36 

4 

D e s c r i p t i o n  

d 

IALF h i s t o r y  

I h i s t o r y  

J h i s t o r y  

NPRENG 

Secondary computed c o e f f i c i e n t  
s w i t c h  (Lx (1 )  ) 

S a t u r a t i o n  s w i t c h  h i s t o r y  
( I S P I  

b ( 2 )  

L x ( 3 )  

Lx(4)  

- 



TABLE 28 THE TYP ICAL  T I M E  HISTORY ENTRY OF THE STOACT ARRAY 

R e l a t i v e  
Index 

1 

2- 6 

7-10 

11-14 

15-18 

19-22 

23- 26 

27- 30 

31-34 

35- 38  

39-42 

43- 46 

47-50 

51 - 54 

55- 58 

59-62 

63- 66 

67- 70 

71-74 

75-78 

79- 150 
4 

D e s c r i p t i o n  

Beg inn ing  index  f o r  t h i s  i n t e r a c t i o n  
i n  KACT 

t h i s t o r y :  c u r r e n t ,  t h e  l a s t  t h r e e  
p r e v i o u s  t imes,  0 

6 h i s t o r y  D 

h i s t o r y  DD 

u h i s t o r y  OG 

n h i s t o r y  BOG 

E h i s t o r y  E 

F(u)  FOG 

F ' ( 4  FBOG 

F ( s  1 F D 

F ' b )  FDD 

c o e f f i c i e n t  h i s t o r y  1 P x ( 1 )  

c o e f f i c i e n t  h i s t o r y  2 ~ x ( 2 )  

c o e f f i c i e n t  h i s t o r y  3 PX(3)  

c o e f f i c i e n t  h i s t o r y  4 P x ( 4 )  

c o e f f i c i e n t  h i  s t o r y  bCut  pX (6 )  

c o e f f i c i e n t  h i s t o r y  0 1  ~ x ( 7 )  

c o e f f i c i e n t  h i s t o r y  0 2 PX(8) 

c o e f f i c i e n t  h i s t o r y  0 3 pX(9 )  

c o e f f i c i e n t  h i s t o r y  0 4 Px (10 )  

f o r  o t h e r  s o f t  m a t e r i a l  i f  p r e s e n t  
r 



TABLE 29 THE T Y P I C A L  E L L I P S O I D - P L A N E  EI jTRY OF THE CONOUT ARRAY 

b 

?el  a t i  ve 
Index 

1  

2  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Descr ip t ion  

6 d e f l e c t i o n  

d e f l e c t i o n  r a t e  

F normal f o r c e  

T t a n g e n t i a l  f o r c e  

ax x posi  t i o n  on plane 

L y  y p o s i t i o n  on plane 

i r e s u l t a n t  t a n g e n t i a l  v e l o c i t y  on plane 

ki x component t a n g e n t i a l  v e l o c i t y  
on plane 

L j  y component tangen ti  a1 vel oci  t y  
on p lane  

t a n g e n t i  a1 p o i n t  i n  i n e r t i  a1 coor- 
d i n a t e s  on e l  1  i p s o i d  



TABLE 30 THE TYPICAL ELLIPSOID-ELLIPSOID ENTRY OF THE CONOUT ARRAY 

Relative 
Index 

1 

2 

3 

4 

5 

6 

7 

8 

9 
I 

Description 

6 deflection 

8 deflection rate 

F normal force 

XE(1 

XE(2,l) center of lstellipsoid in inertial 1 coordi nates 

XE(3,l) 

center o f  2ndcllipsoid in inertia' 
coordinates 



TABLE 31 ORGANIZATION O F  T A B L E  ENTRIES IN THE STOR A R R A Y  

NOTE: The MSTOR Index reference points to  re la t ive  

index one whether or not the period i s  present. 

r 

' ielative 
Index 

0 

1 to n 

n+l t o  2n  

2nt1 t o  
3n- 1 

3n to  4n-2 

Description 

Period i f  scan type i s  periodic 
otherwise absent 

Table Abscissas f o r  n points 

Table Ordinates f o r  n points 

Computed slopes fo r  each table 
interval  

Computed intercepts fo r  each table  
interval  



V DESCRIPTION OF AUXILIARY PROGRAM OUTPUT 

A u x i l i a r y  o r  debugging p r i n t o u t  f o r  t h i s  program i s  o rgan ized  i n  

terms o f  s i x t e e n  f o u r - l e v e l  sw i t ches .  Each s w i t c h  cor responds t o  

a  p a r t i c u l a r  s e c t i o n  o f  t h e  program. The l e v e l s  o f  a  p a r t i c u l a r  

s w i t c h  c o n t r o l  t h e  dep th  o f  d e t a i l  of t h e  debugging p r i n t o u t  f r o m  

t h e  s e c t i o n  o f  t h e  program wh ich  t h e  s w i t c h  covers .  H igher  l e v e l s  

o f  a  s w i t c h  i n c l u d e  a l l  t h e  p r i n t o u t  from lower  l e v e l s  f r o m  t h e  s w i t c h .  

The f o u r  1  e v e l s  a r e  r e p r e s e n t e d  b y  i n t e g e r s  ze ro  th rough  t h r e e .  

Zero  r e p r e s e n t s  no debugging p r i n t o u t ,  and h i g h  l e v e l s  a r e  rep resen ted  

b y  l a r g e r  i n t e g e r s  as d e s c r i b e d  i n  T a b l e  32. 

TABLE 32 DEBUG SWITCH DEFINITION 

0 = summary o u t p u t  o n l y  

1 = p r i m a r y  debugging i n f o r m a t i o n  such as  f o r c e s  

2 = secondary debugging i n f o r m a t i o n  suck as t h e  c o n t r i b u t i o n s  
t o  t h e  g e n e r a l i z e d  f o r c e  v e c t o r  o f  each f o r c e  component. 

3 t e r t i a r y  debugging i n f o r m a t i o n  t o  a l l o w  a  d e t a i l e d  i n s p e c t i o n  
o f  t h e  i n n e r  work ings  o f  t h e  program. 

To a v o i d  need less  volume o f  p r i n t i n g ,  each o f  t h e  s i x t e e n  sw i t ches  

i s  a l l o w e d  t o  v a r y  i t s  l e v e l  as a  f u n c t i o n  o f  s i m u l a t e d  t i m e  d u r i n g  a  

r u n  o f  t h e  program. I n  o r d e r  t o  a v o i d  i n p u t t i n g  s i x t e e n  separa te  t a b l e s  

o f  debug l e v e l  versus e f f e c t i v e  t ime ,  advantage i s  t a k e n  o f  t h e  b i n a r y  

c h a r a c t e r i s t i c s  o f  t h e  I B M  360/67 computer. The f o u r  l e v e l s  o f  a  

debugging s w i t c h  can be r e p r e s e n t e d  by two b i n a r y  b i t s .  The p o s s i b i l i t i e s  

f o r  a l l  s i x t e e n  s w i t c h e s  can t h e n  be rep resen ted  by  t h i r t y - t w o  b i t s .  

E i g h t  hexadecimal  d i g i t s  a1 so r e p r e s e n t  t h i r t y - t w o  b i t s .  Hence, debugging 

c o n t r o l  i s  ach ieved  by use o f  a  t a b l e  o f  e i g h t  hexadecimal d i g i t  c o n t r o l  



words versus e f f e c t i v e  t ime .  When any o r  a l l  o f  t h e  sw i t ches  change 

l e v e l s ,  a  new c o n t r o l  work i n  t h e  t a b l e  i s  needed. The sw i t ches  

co r respond  t o  groups o f  two b i t s  from t h e  l e f t  o f  t h e  word, i .e . ,  

s w i t c h  one i s  c o n t r o l l e d  by t h e  l e f t - m o s t  two b i t s ,  s w i t c h  two by  

t h e  n e x t  two, and so on. The s w i t c h  w i l l  t a k e  on t h e  s p e c i f i e d  l e v e l  

a t  t h e  f i r s t  t i m e  s t e p  i n  s i m u l a t e d  t i m e  beyond t h e  e f f e c t i v e  t i m e  

s p e c i f i e d .  

As an example s e t u p  o f  t h e  hexadecimal debugging c o n t r o l  word, 

c o n s i d e r  t h e  case where p r i n t o u t  of t h e  q u a n t i t y  "PDA," t h e  j o i n t  

f o r c e  l e v e r  arms, i s  d e s i r e d ,  T h i s  i s  s p e c i f i e d  under debug s w i t c h  

4, debug l e v e l  2, As each d i g i t  of t h e  hexadecimal word covers  two 

debug sw i t ches ,  t h i s  p r i n t o u t  w i l l  be covered by  t h e  second two 

b i t s  o f  t h e  second d i g i t .  Because no s p e c i a l  p r i n t o u t  i s  d e s i r e d  f rom 

debug s w i t c h  3, t h e  f i r s t  two b i t s  d e s c r i b i n g  t h e  second hexadecimal 

d i g i t  must  be "00." Because t h e  d e s i r e d  debug l e v e l  i s  2, t h e  l a s t  

two b i t s  o f  t h e  second d i g i t  must be "10." T h e r e f o r e  t h e  second d i g i t  

t akes  on t h e  v a l u e  "0010" o r  "2." Thus, t h e  hexadecimal word w i l l  be 

'~02000000" a t  t h e  e f f e c t i v e  t ime .  

The t a b l e  o f  e f f e c t i v e  t imes  and c o n t r o l  words i s  s p e c i f i e d  t o  

t h e  program by means o f  t h e  T-card  d e s c r i b e d  i n  T a b l e  5. The t o t a l  

span of s i m u l a t e d  t i m e  f o r  t h e  r u n  shou ld  be covered b y  e f f e c t i v e  

t i m e s  of c o n t r o l  words if t h e  T-card  i s  used a t  a l l .  Removals f r o m  

c o n t r o l  word t a b l e s  can be made b y  use of t h e  P-card w i t h  a  t a b l e  

number o f  seven and new a d d i t i o n s  by t h e  T -ca rd  aga in .  



The u s e r  i s  warned t h a t  t h e  volume of p r i n t o u t  i s  s t a r t l i n g l y  huge 

and hence utmost d i s c r e t i o n  must be e x e r c i s e d  i n  t h e  use o f  t h i s  

f e a t u r e ,  

Tab le  33 c o n t a i n s  a  d e t a i l e d  l i s t  of  t h e  s i x t e e n  debug sw i t ches  

and t h e  q u a n t i t i e s  which w i l l  be  p r i n t e d  f o r  each debug l e v e l  o f  

each s w i t c h .  Tab le  33 shou ld  be used i n  c o n j u n c t i o n  w i t h  t h e  Symbol 

D i c t i o n a r y  (see p a r t  V I ) ,  Tab le  37 and ( i n  some cases)  t h e  l i s t i n g  o f  

t h e  program (Appendix B). Each l i n e  i n  Tab le  33 corresponds t o  

one l i n e  i n  t h e  p r i n t e d  o u t p u t  so t h i s  t a b l e  can be used t o  i d e n t i f y  

i n d i v i d u a l  q u a n t i t i e s .  I n  some cases, i t  has been necessary because 

o f  space t o  e n t e r  more than  one l i n e  f o r  a  s i n g l e  p r i n t e d  l i n e  i n  

t h e  ou tpu t .  Such " c o n t i n u a t i o n "  l i n e s  a r e  marked w i t h  a  *. 

Under t h e  column e n t i t l e d  " Q u a n t i t y "  t h e r e  appears a  f a c s i m i l e  

o f  each o u t p u t  l i n e  i n c l u d i n g  t h e  l i n e  i d e n t i f i c a t i o n  and showing 

t h e  F o r t r a n  name o f  each p r i n t e d  q u a n t i t y .  The name o f  t h e  sub- 

r o u t i n e  f r o m  wh ich  t h i s  p r i n t o u t  i s  made i s  g i v e n  i n  t h e  column 

l a b e l l e d  "Subrout ine, "  

These p r i n t o u t s  a r e  organ ized on B lock  Number (wh ich i s  p r i n t e d  

as i d e n t i f i c a t i o n )  on t h e  o r d e r  i n  wh ich  t h e y  appear. 

Tab le  34 con ta ins  a  summary of  t h e  m a t e r i a l  p resented i n  

Tab le  33 f o r  t h e  convenience of t h e  user .  A s h o r t  d e s c r i p t i o n  o f  

each s e t  o f  q u a n t i t i e s  i s  g i v e n  i n s t e a d  o f  t h e  e x p l i c i t  fo rmat .  

Tab le  35 g i v e s  B lock  Numbers i n  terms o f  debug l e v e l s .  

E r r o r  messages produced by t h i s  s i m u l a t o r  a r e  shown i n  Tab le  

36, wh ich i s  s e l f  e x p l a n a t o r y .  



TABLE 33. DEBUG FORMATS (page 1 ) 
Debug Debug B lock  
Switch Level Number Q u a n t i t y  Subrout  

1  I 1 I 1 I J  DELB(J) DELD(J) FB(J) f o r  J  = 1  t o  4  I BELT 

J BXA(1 ,J)  BYA(1 ,J) BZA(1 ,J) BxA(~,J)  B Y Z ( ~ , J )  BzA(~ , J )  1 (b locks  2, 3, 4, 5  i n s i d e  a  4-deep l oop  on J) 
I BELT 

3 I J  BX(J) BY(J)  BZ(J)  BXD BYD BZD I BELT 

1 BELT 

I 1  I 3  I 5 1 J PDB(J,l) PDB(J,2) PDB(J,3) PDB(J,4) PDB(J,5) PDB(J,6) I BELT 

I I I R  I E  FAC(1) AB(1) FS(1) FN(1) FE(1) FE(2) CTHETA 
(b locks  6, 7, 8 i n s i d e  a  0- t o  6-deep l oop  on I )  

I BELT 

INFL 

8 I DC(1) DC(2) DC(3) TSD 

xx (1 )  YY(1) zz (1 )  xx (2 )  YY(2) ZZ(2) 

XX(3) YY(3) zz (3 )  xx(4)  YY(4) zz (4 )  

L 

3 

1 

2  

3  

10 

11 

I FMOD(1,l) FMOD(I,2) FMOD(I,3) FMOD(I,4) 
f o r  I = 1 t o  6  

BR(1) BR(2) BR(3) BR(4) BR(5) BR(6) BR(7) BR(8) BR(9) 
BR(10) BR(11) BR(12) BR(13) BR(14) BR(15) BR(16) BR(17) 

BELT 

BELT 



w 
C 
l- 

C, 
3 
0 
L 
n 
3 
v, 

.I-' 

.l- 

C, 

a 
Z1 

L 
aJ 
n 
5 
Z 

I P -  

aJ > 
aJ 
A 

r 
' U 
C, 
'7 

3 o, 

-I 
W 
0 
U 

' 
a 

n n  
M I D  

m m  
m m  
w w  
X X  . 
n 

n n n Cr) 
m m m C U  

m  m  m  N 
F N 0 w 
w w w X 
w w 0 . 

n 
. h  n . h  m e -  

h h h m  
P- r F P- 

m  m  m  w 
@ N . m  X 

w w w 
0 u 0 

L . . . . .  - * r -  
N 

h h h  m  
ul ID ID M 

. . . . . m m m u r  
F N M X  
V U W  

0 0 0  
* * " " O n  L . .  

C\] 
m  

A * .  . 0 . .  I . N  * 
w 
X . . . .  . I . .  

n 
N 

. . . . . . . . I . .  

r 
w 
X . . . . . . . . .  . 
n 

. C  . . . . . . . . .  
m  

m 
w 

. . . . I . .  . X  

n . . . . . . .  . n  . 
N F 

m  m  
P- N 
w o . . . . . .  . w .  
0 X 

h n n n n n  
n O n O h O - - - n h  
P - P -  * .I 7 

m m m m m n r . ~ ~ m n  
P - P - ~ ~ m m - - w F P -  
w w w v w w c y o . o . w w  
~ ~ W O W O U U O X X  

. 
(Y - 

P- 

P- - .  

-1 
W 
0 
0 
a 

n . 
N 

m  
(Y 
V 

U 

n 
N 

m  

w I 

v, 

h . 
N 

m  

w 
U 

n . 
N 

m  

w I 

v, 

h I 

P- 
m  

m 
w 
0 

n 
F 

m  
m 
V I 

v, 

n * - 
F ul 

n 
N N 
w 
0 

n .  n 
P- ul 

m  m  
. N  N 

w I w 
v, m 

n n  . h h N  
P- N 

n m  
* m  * 

, - m  M N w  
w w  . w w 0 :  
U 0 

O O n  

n n n  n 
r N W  e m f -  

m m  m  
- m P -  N 
w w u  
m m v ,  * * 

m 
F 

N 

F 

P- 

-I 
W 
0 
U 
a 

n 

Z 
m  

m 
m  

m 
w 
0: 

h 

Z 
m  

N 
m  h 

m - CO - m -  
0: u -  

h 
a a 

Z, 
r . . 

m  
M 
w 
0: . . h 

n 
rC) 
m 

Z u 
m  . 

m 
a 

m  
N 
W h  e .  
0: 
0 

-4J 
Z . . . 

m P -  
C\I 

m  ll 
N . 
-z 
LY 

L 
n o  . . . 
Zlc 

m  
P- 

m  . . . 
N 
u . . 

W h  

5 
m . . . 

m  
P- 
w 
0: . . . 
n 

m  . . . Z 

m  
- P -  I . - 

(V 
w .  

a 
* 

Z 
n 

n n 
m  n o  r 

F - 7 ...I... ,..m 
u w  w w  w 

a a  a 

Z 

* 
F 

CU 

P- 

P- 

- 

. 





aJ 
E: 
*r 
C, 
3 
0 
L 
.o 
3 
cn. 

5 
C, 
c 
m 
0' 

L 
'24 aJ 
u n  
O E  - 3 
M Z  

m- 
3 41 
n > 
aJ aJ 
nd 

-C 
m u  
3 C, 
n .I- 

3 
n LO, 

J 
U 
U 
U 
4 

n n n n n n 
cn 0, cn OI cn or n 
u V u u V V cn 

C3 
m  

LO LL LY 7 V 

m  m  m  m  m  

n n n n n n 
. h  o h  e h  . e h  e h  . n  

F F F F - Y h 
w w w u u w F 

I- a m  LL LY 3 u 
a e m  o m  o m  ~ m  e m  

. . . . . . . . . . . . . . .  

. * * . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . ~  

. . . . . . . . . . . . . .  
. . . . . . . . * . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. * * . I * * . @ . . . .  
n . * * o * . . . . . L n  
N 
w . . . . . . . . . . .  

n n n n n n 
- 0 - 0 - O n 0 - 0 - 0  n 
- - - - - - - - , - - - - n O -  
W W W V W W U W W V ~ W ~ ~  

I- I- 0 a m  v, IL LL LY LY 3 3 - -  
m m m m m m m m m m m m m m  

e 
N 

N 

. ,N 
F 

1 
W 
U 
0 
4 

n 
Z 
n  

n  
m 
m 
u 
LO 
V) 

. 
n n - n n n  
c o . c o a a a a  
n m n m n m  

- C U M - N M  
V W V V W W  3 3 3 x 3 3  

. . . . I .  

. . . . . .  
CO 

. O . .  . . * *  
C, -- . . . . . .  

m  II 
F 

'Z 
N . * I . . .  

W L  
m  0 
mlc . . . . . .  
n 
Z 
n  . . . * * W  

m 
m  

P 
V . . . . . . .  
V) 
Ln . . . . . .  
n 
Z 
n  

N n * . n e e w  
N N 

F n  n  
W F F 

w . . w . .  
m  3 3 

n . n u  

Z 
n  

F n n h n n n  
n  - - F - P - -  

. ) m m * * -  
v - N ~ - N C ~ )  
v, ------  
v, r > r > = z x z  

Z 

V, 
N 

m 

N 
P 

f 

Z 
H 

Q 
z 

5 
H 

2 
4 x 

ki 
e 
n 
5 
LY 
3 
U 
L3 
I- 
1 

W 
z 

5 
_I 
A 
W 

z 

n 
F 

I- 
I- 

E 
J 

I- 
H 

I- r 

CV 

- 
m 







TABLE 33. DEBUG FORMATS (page 7 )  

Debug  
S w i t c h  

14 

6 

6 

'7 

7  

7  

7 

7 

Debug  
L e v e l  
I 

B l o c k  
Numbe r  

CONTAC 

Q u a n t i  ty  S u b r o u t i n e  

I K C  J I S M  STOMAT(ISM+3) . STOMAT ( ISM+5) / CONTAC 

JKC XDDC XDMC(1) XDMC(2) XDMC(3) 

YDDC YDMC(1) Y D M C ( ~ )  YDMC(3) XYDDS 

I K C J K C  XZ YZ ZZ ETA F K  

XZA YZA ZZA TSP XZB YZB ZZB TSQ 

CONTAC 

1 CONTAC 

I K C  JKC ETA ETAD FT TSQ SFAC TSR RFAC I CONTAC 

I K C  JKC B S ( 1 )  . B S ( 9 )  

B S ( 1 0 )  . . B S ( 1 7 )  
CONTAC 

CONTAC 

I K C J K C  K XEM YEM ZEM HALFK 

GUM(1 ,I). . . GUM(1,9) 

GUM(1 , lo )  . GUM(1,17) 

GUM(2, l) .  . GUM(2,9) 

GUM(Z,IO) . . GUM(2,17) 

GUM(3, l) .  .. GUM(3,9) 

GUM(3, lO) . GUM(3,17) 

DUM(1) . . DUM(6) DDD(1)  DDD(2)  DDD(3)  

IGCHK( 1 ). IGCHK(17)  IDDCHK(1)  . . IDDCHK(3)  IFCHK 

CONTAC 











TABLE 34. SUMMARY OF DEBUG FORMATS (page 1 )  

Debug * 

Debug Debug Block 
Switch Level - Number D e s c r i p t i o n  Subrout ine 

I 1  1 3  1 5 1 B e l t  l e v e r  arms ( d i r e c t i o n  cos ines)  

1  

1  

I BELT 

1  

1 

Forces and o t h e r  q u a n t i t i e s  used i n  determin ing i n t e r b e l  t i n f l u e n c e  f o r  f r i c t i o n  
case ( i n p u t t e d  INFL = 1 )  1 BELT 

1  

2 

r 

1  

1  

2 

3  

Coef f i c ien ts  f o r  planes used i n  determin ing i n t e r b e l  t i n f l u e n c e  f o r  f r i c t i o n  
case ( i n p u t t e d  INFL = 1 )  

Be1 t d e f l e c t i o n ,  r a t e ,  and unmodif ied f o r c e  

Components o f  vec to rs  t o  b e l t  attachment and anchor p o i n t s  

3  

4 

Be1 t f o r c e  m o d i f i c a t i o n s  f rom i n t e r b e l  t i n f l  uence 

BELT 

BELT 

- - - - - - - - - - 

I n e r t i a l  coord inates o f  b e l t  at tachment and anchor p o i n t s  

Be1 t fo rces  and i n t e r b e l  t i n f l u e n c e  mod i f i ed  fo rces  

I BELT 

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

Components o f  b e l t  anchor-to-attachment vec to r  

B e l t  i n te rmed ia te  r e s u l t s  i n  r a t e  c a l c u l a t i o n  

BELT 

BELT 

BELT 

BELT 

1 4 1 2  1 32 1 R e l a t i v e  Eu le r  angles I JOINT 

3  

4 

4 

3  

1  

1  

4  

4 

11 

33 

3  5 

2 

2  
> 

B e l t  g e n e r a l i i e d  f o r c e  c o n t r i b u t i o n s  

R e l a t i v e  Eu le r  angles and r a t e s  

J o i n t  e l a s t i c  and j o i n t  s top  moments 

3  4 

36 

BELT 

JOINT 

JOINT 

J o i n t  l e v e r  arms 

J o i n t  general  i zed f o r c e  c o n t r i b u t i o n s  

JOINT 

JOINT 



TABLE 34. SUMMARY OF DEBUG FORMATS (page 2) 

Debug ' 

Debug Debug B lock  
Switch Level Number Desc r i p t i on  Subrout ine 

4 I 3 I 3 7 J o i n t  s top  angles, d e f l e c t i o n ,  and moment I JOINT I 

1 5  1 1  1 40 1 C o e f f i c i e n t s  o f  con tac t  su r face  p lane I CONTAC I 

4  

5  

l 6  l 1  1 4 4  I I n e r t i a l  coord inates o f  e l l i p s o i d  cen te r  and i n te rmed ia te  r e s u l t s  f o r  e l l i p s o i d -  
con tac t  c a l c u l a t i o n s  I CoNTAC I 

3  

1  

5  

5  

5  

1 6  1 1  1 45 1 I n e r t i a l  coord inates o f  sphere cen te r  I CONTAC I 

3 8 

39 

1  

2 

3  

1 7  1 1  1 47 ( De f lec t ion .  force. and assoc ia ted q u a n t i t i e s  f o r  e l l i p s o i d - c o n t a c t  i n t e r a c t i o n  I CONTAC I 

R e l a t i v e  d i r e c t i o n  cosines f o r  appendages 

Ca lcu la ted  i n e r t i  a1 con tac t  su r face  corner  p o i n t  coord inates 

70 

4  1  

42 

JO I NT 

CONTAC 

l 7  l 3  1 4 8  I P a r t i a l  sums ( through t h e  I K C  con tac t  e l  1 i p s o i d )  f o r  t h e  genera l i zed  f o r c e  con- 
t r i b u t i o n  o f  con tac t  fo rces  f o r  a  sur face  

I CoNTAC I 

I npu t t ed  con tac t  su r face  corner  p o i n t  coord inates,  r e l a t i v e  o r  i n e r t i a l  

Contact  su r face  i n te rmed ia te  r e s u l t s  

Terms i n  v e h i c l e  c o n t r i b u t i o n  t o  con tac t  d e f l e c t i o n  r a t e  

7  

7  

1 7 1 3  1 51 1 I n te rmed ia te  r e s u l t s  f o r  determin ing sphere-contact l e v e r  arms I CONTAC I 

CONTAC 

CONTAC 

CONTAC 

2 

3  

43 

46 

T o t a l  general. ized f o r c e  c o n t r i b u t i o n  f rom e l l i p s o i d  c o n t a c t  f o r ces  a t  a  sur face  

I n e r t i a l  coord inates o f  p o s s i b l e  c o n t a c t  p o i n t s  on e l l i p s o i d  

CONTAC 

CONTAC 



TABLE 34. SUMMARY OF DEBUG FORMATS (page 3)  

Current  i n t e g r a t i o n  s tep  l e v e l ,  l a s t  es tab l i shed  t ime, execu t ion  t ime and / 1 1 1 i n t e g e r  vers ions o f  t ime  

Debug . 
Debug Debug Block 
Switch Level Number Desc r i p t i on  Subrou t i  n 

r 

1 9  1 3  1 31 1 Time h i s t o r y  of i n t e g r a t e d  values I M A I N  

3 0  Veh ic le  coord inates,  v e l o c i t i e s ,  and acce le ra t i ons  I CART I N  

I I 

9 

1 10 1 3  1 73 1 Special  un loading switches 

1  0 

10 

I EVAL 

2 

7 

3  

2 7  

10 

11 

11 

L a s t  i n t e g r a t e d  values and c o r r e c t i o n s  I MA1 N  

7  1  

72 

11 

11 

11 

11 1 3 1 20 1 V e l o c i t y  dependent b u i l d i n g  b locks  f o r  k i n e t i c  energy c o n t r i b u t i o n s  

3  

1  

2  

11 

11 

11 

I ACCEL 

P r i n c i p a l  swi tches toge ther  w i t h  i n p u t  and o u t p u t  o f  l o a d - d e f l e c t i o n  eva lua t i on  

Cur ren t  values o f  l oad -de f l  e c t i o n  q u a n t i t i e s  

2 

3 

3 

- -  

EV AL 

EVAL 

7  4  

12 

13 

3  

3  

3  

14 

15 

16 

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

Contro l  tab1 e  s torage check 

Body and v e h i c l e  k i n e t i c s  

Sines and cosines o f  angle  genera l i zed  coord inates 

17 

18 

19 

UPDATE 

ACCEL 

ACCEL 

Ro ta t i on  m a t r i x  elements f o r  v e h i c l e  and each body segment and b u i l d i n g  b locks  
f o r  k i n e t i c  energy c o n t r i b u t i o n s  

P a r t i a l  and t ime d e r i v a t i v e s  o f  body segment CG coord inates 

P a r t i a l  and t ime d e r i v a t i v e s  o f  r o t a t i o n  m a t r i x  elements 

ACCEL 

ACCEL 

ACCEL 

P a r t i a l  d e r i v a t i v e s  o f  r o t a t i o n  m a t r i x  elements . 

B u i l d i n g  b locks  f o r  k i n e t i c  energy c o n t r i b u t i o n s  

B u i l d i n g  b locks  f o r  k i n e t i c  energy c o n t r i b u t i o n s  

ACCEL 

ACCEL 

ACCEL 





TABLE 34. SUMMARY OF DEBUG FORMATS (page 5) 

Debug + 
Debug Debug Block 
Switch Level Number Desc r i p t i on  Subrou t i  n 

1 63 1 E l  1  i p s o i d - e l l  i p s o i d  d e f l  ec t ion,  fo rce ,  and cen te r  coord inates o f  m i g r a t i n g  spheres I CONTAC 

14 

2 Center coord inates o f  i n t e r a c t i n g  con tac t  e l l i p s o i d s ,  i n e r t i a l  and r e l a t i v e  t o  1 ' 1 1 64 1 body segment CG; l e v e r  arms f o r  e l  1  i p s o i d - e l  l i p s o i d  f o r c e  

CONTAC 14 

1 15 1 2 1 66 1 M i g r a t i n g  sphere p o s i t i o n  parameters f o r  sphere-sphere case o r  sphere-el 1  i p s o i d  I CONTAC I 

3  

3  

6  2 

- 

15 

15 

CONTAC 

60 

15 

3  Semi-major a x i s  d i r e c t i o n  numbers c o n t r i b u t i o n s  t o  e l l i p s o i d - e l l i p s o i d  f o r c e  

P a r t i a l  sums ( th rough  t h e  IKC con tac t  e l  1  i p s o i d )  f o r  t h e  general  i z e d  f o r c e  con- 
t r i b u t i o n  o f  f r i c t i o n  f o r ces  on a  sur face  

Veh ic le  mot ion c o n t r i b u t i o n  t o  t a n g e n t i a l  v e l o c i t y  a t  con tac t  surface 

2 

2 

CONTAC 

3  

67 

6  8 

1 1 6  [ 

6  5 

3  - T r i gge rs  a  hexidecimal memory dump i f  t h a t  has been pe rm i t t ed  by t h e  user  

M i g r a t i n g  sphere p o s i t i o n  parameters f o r  e l  1  i p s o i d - e l  li pso id  case 

Q u a n t i t i e s  c a l c u l a t e d  f o r  case o f  i n t e r a c t i n g  para1 l e l  e l  1  i p s o i d s  

E l l i p s o i d  cen te r  coord ina te  c o n t r i b u t i o n s  t o  e l l i p s o i d - e l l i p s o i d  f o r c e  l e v e r  
arms and p a r t i a l  sum o f  genera l i zed  f o r c e  vec to r  elements ( th rough  t h e  IKC-JKC 
e l  1  i p s o i d - e l  1  i pso id  i n t e r a c t i o n )  

UPDATE 

CONTAC 

CONTAC 



TABLE 35. DEBUG BLOCK NUMBER, DEBUG SWITCH, AND SUBROUTINE CORRESPONDENCE 

Debug 
B lock  
Number 

1-5  

6-8 

9-1 1 

12-20 

21-25 

26-27 

28- 29 

3 0 

3 1 

32-38 

39-42 

4 3 

44-45 

46-51 

52-62 

63- 69 

70 

71-74 

- 
L 

Debug 
Swi tch 

1 

2 

3 

11 

12 

9 

13 

8 

9 

4 

5 

7 

6 

7 

14 

15  

5 

10  

16 

Subrout ine 

BELT 

B E L T  

BELT 

ACCEL 

ACCEL 

M A I N  

L I M I T  

CART I N  

MA I N  

J O I N T  

CONTAC 

CONTAC 

CONTAC 

CONTAC 

CO NTAC 

CONTAC 

CONTAC 

EVAL 

UPDATE 



TABLE 3 6 .  ERROR MESSAGES (page 1  ) 
Subrout ine 

MA IN  

MAIN 

MA I N  

MAIN 

MAIN 

MA I N  

MAIN 

Number 

1  

2 

3 

4 

5 

6 

7 

Message 

t ime l i m i t  i n  
AT TIME = X X - X X X X  RUN LIMIT EXCEEDED msec 

X X X X X  
* msec o f  

execut ion 
X X X X X  

t ime 
AT TIME = X X . X X X X  FATAL ERROR, MAXIMUM NUMBER OF 

*INTERVAL SUBDIVISION EXCEEDED. 

- -  

t ime  
AT TIME = X X - X X X X  FATAL ERROR RETURN, 

INTERVAL HALVING PROCEDURE FAILS. 

DATA NOT PROPERLY READ I N ,  SKIP DATA SET. 

Program States Word 
PROGRAM TRAP X X X X X X X X X X  

X X X X X X X X X X  

t ime I HC 
AT TIME = XX.XXXX ICH ERROR NO. Number FATAL ERROR 

X X X X  

Cond i t ion  and A c t i o n  Required 

The u s e r ' s  s p e c i f i e d  execu t ion  t ime 1  i m i  t 
has been exceeded. Execut ion w i l l  be 
stopped. I f  no t  de l i be ra te ,  recheck i n -  
p u t  f o r  bad c o n t r o l  values. 

Recheck i n p u t  data l o o k i n g  f o r  para- 
meters t h a t  would cause unusua l l y  l a r g e  
f o r c e s  such as misplaced con tac t  planes, 
e l  1  i pso ids ,  be1 t anchors, o r  i n i t i a l  body 
pos i t i ons .  

An e r r o r  has occurred which makes con t i n -  
u a t i o n  o f  t h e  r u n  impossible.  A p r i o r  
e r r o r  message w i l l  s t a t e  t h e  cause. 

I t  has become imposs ib le  t o  eva lua te  the  
acce le ra t i ons  i n  procedure f o r  ha l v i ng  
i n t e g r a t i o n  s tep  s ize .  I f  due t o  o the r  
than  convergence, reason s ta ted.  Look f o r  
excessive forces.  

A mispunched card  has been encountered. 
V i t a l  i n f o r m a t i o n  i s  assumed l o s t  and t he  
data deck i s  n o t  processed. Check your  
i n p u t  data. 

A program t r a p  has occurred such as a  
d i v i s i o n  by zero, over f low,  o r  underf low. 
Check you r  data deck. 

A F o r t r a n  supp l ied  r o u t i n e  has rece ived  
an i l l e g a l  argument. Check your  data 
deck. 



TABLE 36.  ERROR MESSAGES (page 2) 

Number Message C o n d i t i o n  and A c t i o n  Required 

An i n p u t  c a r d  w i t h  an i l l e g a l  I.D. f i e l d  
has been encountered. T h i s  c a r d  i s  
sk ipped and execu t ion  i s  n o t  i n t e r r u p t e d .  

B e l t  i n p u t  cards which s p e c i f y  p a i r i n g  
p r o p e r t i e s  o u t  o f  o rde r  o r  one i s  miss ing.  
Check your  da ta  deck. 

8 

9 

Subrou t ine  

R EADAT 
ILLEGAL CARD SKIPPED. 

P a i r  No. P a i r  No. 
BELT PAIRING CARDS OUT OF ORDER Expected Read 

X X X X X  X X X X X  
READAT 

1 10 1 KCON FILLED, RUN ABORTED. A l o t t e d  s to rage  f o r  con tac t  c o n t r o l  i n -  
f o rma t i on  i s  exceeded. The number of 
contacts ,  e l  1  i psoi  ds , o r  m a t e r i a l  proper-  
t i e s  must be c u t  down. Revise your  data  
deck. 

READAT 

l1 I STOMAT FILLED, RUN ABORTED. A1 o t t e d  s to rage  f o r  con tac t  q u a n t i t i e s  
i s  exceeded. The amount o f  i n f o r m a t i o n  
and/or t h e  number o f  contacts ,  e l  1 i pso ids ,  
b e l t s ,  o r  m a t e r i a l  p r o p e r t i e s  must be c u t  
down. Revise your  data  deck. 

READAT 

12 1 CUR FILLED, RUN ABORTED. Too many e n t r i e s  i n  i n p u t  v e h i c l e  acce l -  
e r a t i o n  t a b l e s  (nos. 1  through 6). Re- 
v i s e  you r  da ta  deck t o  i n c l u d e  fewer 
t ime  p o i n t s .  

READAT 

END OF FILE. There i s  no more i n p u t  data  t o  be pro-  
cessed. Normal t e rm ina t i on .  

I READAT / 
CONVERSION ERROR. 



TABLE 36. ERROR MESSAGES (page 3)  

I D  f i e l d  / l7 1 X X X X  
8 Numeric F i e l d s  

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  

Number Message 

I I ILLEGAL PUNCHING, RUN ABORTED. 

16 MASS OR INERTIA ZERO. 

18 
- 

now s e t  t o  60 
MORE THAN X X X  TABLES REQUESTED. 

19 now s e t  t o  3000 
MORE THAN X X X X X  TABLE ENTRIES REQUESTED. 

20 Table  No. E n t r y  No. 
NO ROOM FOR TABLE X X X  EXPANSION AT X X X X X X  

I 

2  1  

2  2  

C o n d i t i o n  and Ac t i on  Requi r ed  Subrou t i  nc 

ERROR RETURN. 

t ime 
AT TIME X X - X X X X  LOAD-DEFLECTION TIME HISTORY EXHAUSTED. 

A t  l e a s t  one o f  t h e  i n e r t i a l  p r o p e r t i e s  
o f  t h e  occupant were s e t  zero. Program 
w i l l  n o t  operate  p r o p e r l y  so t h i s  i n p u t  
deck skipped. Revise data  deck. 

I l l e g a l  cha rac te r  punched i n  a  numeric 
f i e l d .  Revise data  deck. 

Too many t a b l e s  (see n -card )  s p e c i f i e d  
i n  data  deck. Th is  inc ludes  p r o f i l e s ,  
m a t e r i a l  p rope r t i es ,  and debugging. T h i s  
t a b l e  skipped. Revise data  deck. 

Too many e n t r i e s  (see &card)  s p e c i f i e d  
i n  t he  t a b l e s  s p e c i f i e d .  Revise da ta  
deck. Th i s  e n t r y  skipped. 

Imposs ib le  t o  update t a b l e  f o r  l a c k  of 
room, Revise data  deck. T h i s  e n t r y  
skipped. 

Termina t ion  o f  r u n  due t o  e r r o r .  T h i s  
w i l l  be accompanied by a  statement about 
cause. 

Search f o r  app rop r i a te  base e n t r y  i n  
l o a d - d e f l e c t i o n  t ime h i s t o r i e s  f a i l s .  
L e t  us know; t h i s  should no rma l l y  
never happen. You may t ry  smal l  
changes i n  data  deck s i n c e  t h i s  can 
occur  o n l y  i n  ve ry  spec ia l  circumstances. 

READAT 

PEEK 

ENTAB 

ENTAB 

MOVTAB 

ACCEL 

LODFEL 



TABLE 36. ERROR MESSAGES (page 4) 

t ime 
AT TIME XX.XXXX EXCESSIVE FORCE CHANGE E l l i p s o i d  Name 

Message Cond i t i on  and Ac t i on  Required Subrou t ine  

' i~sOid  Or BOTH RIGID. 
Contact  Name 

Too l a r g e  o f  a  t ime  s tep  f o r  t h e  con tac t  
o f  two r i g i d  bodies. I f  f a t a l ,  supply  
m a t e r i a l  p r o p e r t i e s  f o r  one o f  t he  bodies. 
Normal ly  leads t o  t ime  i n t e r v a l  h a l v i n g  
and execu t ion  cont inued. 

LODFEL 

t i me 
AT TIME XX.XXXX INCOMPATIBLE LOAD-DEFLECTIONS I N  SHARED 

*CASE . 

LODFEL 

I 

Force balance search f a i l s  f o r  shared 
case. I f  f a t a l ,  check l o a d - d e f l e c t i o n  
curves f o r  ambiguous f o r c e  balances. 
Time i n t e r v a l  ha lved and execu t ion  con- 
t inued.  

t i  me 
AT TIME X.XXXXXX BAD UNLOADING CURVE, ENERGY NOT RIGHT 

* S t a t i c c o n t r o l  Spike Cont ro l  
X X X X X  X X X X X  

* Permanent Maximum Force a t  Conserved 
deformation d e f l e c t i o n  maximum d e f l e c t i o n  energy 

- 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 X X  

Conserved energy t o o  much t o  f i t  under 
reasonable un load ing  curve. Unloading 
curve  rep laced  by a  s t r a i g h t  l i n e  seg- 
ment f rom maximum t o  permanent deforma- 
t i o n .  Execut ion cont inues.  

EVAL 

No. o f  E l l i p s o i d  Contact  Conout 
CONTACT ERROR con tac t  index . index index 

i n  
s to rage  

* E l l i p s o i d  Contact  
name name 
index  index 

I n c o m p a t i b i l i t y  i n  s to rage  o f  con tac t  1 

SUMRY 

su r faces  f o r  p r i n t i n g .  P r i n t i n g  d i s -  
cont inued. I f  p e r s i s t s  w i t h  r epea t  
run, c o n t a c t  us. 

2 7 

SUMRY 

INCOMPLETE DATA RECORD. End o f  summary f i  1 e reached w i t h o u t  
normal f i l e  t e r m i n a t i o n  sequence. 
P r i n t i n g  d iscont inued.  I f  o therw ise  
a l l  r i g h t ,  r epea t  run. 



TABLE 36 . ERROR MESSAGES (page 5)  

Message Cond i t i on  and Ac t i on  Required Subrou t i  nc 

MBELT MUST BE EITHER ZERO FOR ALL BELTS OR NON-ZERO FOR 
ALL BELTS. 

TOO MANY SLIPPING PAIRS, 

SHARED DEFLECTION HAS BEEN DISALLOWED, 

Z I LTCH 
REPEATED INPUT TRANSMISSION ERRORS, JOB ABORTED. Ten t ransmiss ion  e r r o r s  i n  read ing  i n p u t  

da ta  deck. Run abandoned. Check data  
deck then  rerun.  

Check cards f o l l o w i n g  K-cards ( e i g h t h  
f i e l d ) .  B e l t  f o r ces  must be based e i t h e r  
on d e f l e c t i o n  o r  on s t r a i n  (a combinat ion 
i s  n o t  a l lowed) .  Revise data  deck. Make 
sure t h a t  M-cards f o r  b e l t  m a t e r i a l s  a r e  
f o r  d e f l e c t i o n  o r  s t r a i n ,  accord ing ly .  

A maximum o f  two b e l t  p a i r s  a re  a l lowed 
t o  s l i p  f r e e l y :  1-2, 3-4 o r  1-3, 2-4 
o r  1-4, 2-3. Revise data  deck. 

Shared d e f l e c t i o n  between b e l t s  and 
t o r s o  i s  n o t  a1 lowed i f  be1 t fo r ces  a r e  
based on s t r a i n .  Processing o f  data  deck 
was cont inued a f t e r  nega t ion  o f  shared 
de f  1  e c t i  on i n p u t .  

READ AT 

READAT 

READAT 



V I  SYMBOL DICTIONARY 

T h i s  s e c t i o n  c o n s i s t s  of t h r e e  t a b l e s  w h i c h  o f f e r  an a i d  t o  a  

more d e t a i l e d  e x a m i n a t i o n  o f  t h e  p rogram code and i t s  cor respondence 

t o  t h e  a n a l y s i s  b e h i n d  t h e  code. 

T a b l e  37 i s  t h e  m a i n  symbol d i c t i o n a r y  w h i c h  i s  o r d e r e d  on t h e  

F o r t r a n  name g i v e n  t o  each q u a n t i t y .  The "Symbol" co lumn c o n t a i n s  

t h e  a n a l y t i c a l  symbol used i n  P a r t  111. The t h i r d  co lumn g i v e s  e i t h e r  

t h e  l a b e l  o f  t h e  common i n  w h i c h  t h i s  v a r i a b l e  r e s i d e s  o r  t h e  name 

o f  t h e  subprogram i n  w h i c h  i t  i s  used if i t  i s  n o t  sha red  between 

subprograms.  Columns f o u r  and f i v e  a r e  used t o g e t h e r  t o  d e t a i l  

q u a n t i t i e s  w h i c h  have been s t o r e d  i n  a r r a y s  i n s t e a d  o f  i n d i v i d u a l  

v a r i a b l e s .  I f  a  number appears  i n  column f i v e ,  i t  r e f e r s  t o  t h e  

c o r r e s p o n d i n g  v a l u e  i n  t h e  f i r s t  column of T a b l e  39 w h i c h  d e f i n e s  

t h e  q u a n t i t y  o r  t y p e  o f  i n f o r m a t i o n  f o r  each v a l u e  o f  t h e  s u b s c r i p t  

up t o  t h e  number i n  t h e  "D imens ion"  column. 

T a b l e  38 i s  p r o v i d e d  t o  ease g e t t i n g  f rom t h e  a n a l y s i s  t o  t h e  

p rogram code and i s  o r d e r e d  on symbol.  T a b l e  39 s p e c i f i e s  t h e  

meanings o f  most  of t h e  s u b s c r i p t s  used i n  a r r a y s .  



TABLE 37. SYMBOL D I C T I Q N A R Y  

,- 

Definition 

Building blocks for kinetic 
energy terms in eauations of 
motion 
The f i r s t  150 values in DYN 

Test parameter for  el 1 i psoid- 
ellipsoid 
Sauare of s2ni - x - a x i  s el 1 i usoid 
X-coeff icient  for  p l  ane ueter- 
mined by two attachments and an 
anchor point 
X-coefficient for plane per- 
pendicular t o  
AAx+BBy+CCz+DD=O and through 
two attachment points 
Absolute tangential component 
o f  net bel t  force for each pair 
of be1 ts 
DYN(151) t o  DYN(203) 

- 
DY N (204) t o  D Y N  (21 2 )  

Extrapol a t i  on change 1 imi t 

Firs t  Runge-Kutta acceleration 
evaluation times the t i m .  s te?  
Absol ute i nfl uence force 1 imi t 
for  be1 t i on be1 t j 
Relative joint  angles 

Body segmsnt angul ar velocity 
components 
Tem~orary storage 
Fraction of conserved energy t o  
total energy 
Vestiqial 

Total general i zed force vector. 
The f i r s t  516 values in C O J  

Test parameters for el 1 ipsoid- 
ellipsoid 

Units or  
Subscript 
Reference 

- 

43 - 
- 
- 

2 1 

2 1 

12 

4 3 - 
4 3 - 
- 
3 

11 
11 
28 
31 
10 
18 - 
- 

3 
43 - 
- 

s 
0 
.r 
Ln 
8 

- 
g 

9 6 

4 1 
150 

1 

1 
2 

2 

6 

4 1 
53 
41 

9 

1 

17 

4 
4 
3 
2 
3 
6 
6 
1 

2 -  

17 
47 

51 6 
1 

Subprogram 
or Comnon 

ACCEL 

SU t iRY 

CONTAC 

CONTAC 
B E L T  

BELT 

BV 

SUMRY 

SUMRY 

E P  

R K 

BC . 

JOINT 

QV 

STASH ,RELTIV 
EVAL 

I CONTACT 

- 
s 
a 
L 

? g 
0 
LLZ 

A 

4 

A1 

?4 2 
A A 

AAP 

AB 

AB 

ABC 
- 
ACCM 

A F 

AFSAT 

AGL 

AL 

A P 
ARE 

AX 

S!/750l 

- 

- 
- 
a - 

- 

- 

- 
- 

C 

nZl i ,  
dtKk 

F 
s ,v 

Ax,, 
- 
- 
R 

- 
B 
B 

B1 t o  
1B4 

d - B Q 
SUMRY 

CONTAC 



TABLE 37. SYMBOL DICTIQNARY 

? 

D e f i n i t i o n  
- 

Square o f  semi -y -ax i s  of 
e l  1  i p s o i d  
Anchor o r  a t t a c h y e n t  x -coord ina te-  
i n  c a r t  o r  t o r s o  system 
y - c o o r d i  n a t e  (see BA1) 

z - c o o r d i  n a t e  (see BA1) 

Be1 t p r o j e c t e d  ang les  

y - c o e f f i  c i e n  t (see AA) 
Con tac t  s u r f a c e  i n t e r m e d i  a t e  
r e s u l t s  
CON (51 7 )  t o  CON (546) 

y - c o e f f i c i e n t  (see AAP) 
Be1 t i n t e r m e d i a t e  r e s u l t s  
i n  r a t e  c a l c u l a t i o n  - 
Con tac t  s u r f a c e  i n f o r m a t i o n  
a r r a y  
CON (547)  t o  CON (582) 

Edge parameter  
CON (583) t o  CON (614)  

E l  1 i p s o i d - e l  1  i p s o i  d 
gene ra l  i zed f o r c e  v e c t o r  
CON (615) t o  CON (620)  

4 

Minimum r a t i o  o f  s h o r t e s t  t o  
1 onges t semi - a x i  s  t o  be t r e a t e d  
as sphere  f o r  e l l i p s o i d  c o n t a c t s  - 
Con tac t  f r i c t i o n  genera l  i zed 
f o r c e  v e c t o r  

Second Runge-Kutta a c c e l e r a t i o n  
e v a l u a t i o n  t imes  t h e  t i m e  s t e p  
CON (621 ) t o  CDN-TGZSJ~ ' - 3  

G r a v i t y  genera l  i zed f o r c e  v e c t o r  

CON (626)  t o  CON (690)  

J o i n t  g e n e r a l i z e d  f o r c e  v e c t o r  

Be1 t segment l e n g t h s  
- 

Gel t - p a i r  l e n g t h  across  body. - 

U n i t s  o r  
S u b s c r i p t  
Reference 

- 
- 
- 
- 

11 
2 

2 1  - 
43 - 
2 1  
i n .  

13 

4 3  - 
- 

4 3  
- 

3  

43 - 
- 

3  

3 

4 3  - 
3 

4  3 - 
3 

11 

12 

C 
0 
.F 

m 
C 

2 

1 

1  

1  

1  

4  
3  
2  

12 

4 1  
3 0 

2 
12 

3  1  

4 1  
3 6 

1  
4 1  
32 
17 

4 1  
6 
1  

17 

17 

4 1 
5 

17 

4 1  
6 5 

17 

4 

G 
261 

Subprogran 
o r  Connon 

CONTAC 

BELT 

BELT 

BELT 

B V 

BELT 
CONTAC 

SUMRY 

BELT 
BELT 

CONTAC 

SUMRY 

CONTAC 
SUMRY 

BQ 

SUMRY 

I T  

B  Q 

R K  

SUMRY 

B  Q 

SUMRY 

B  Q 

BELT 

BELT 

t: 
a 
L 
Q 0 
L E 
0.1 

L L Z  

B  2 

BA1 

BA2 

BA3 

BANG 

BB 
BB 

B B  

BBP 
B  C 

BC 

BC 

BC27 
BD 

BE 

BE 

BETELP 

B  F  

BF 

B  F 

B G 

B  G 

B  J 

BL 

BLC 

Symbol 

b * 

n  
v n  
- 

- 
- 

- 

- 
- 

- 
- 

x 
- 

- 
- 
- 

- 

AtKk 
3 2 

- 

bG 
- 

a, 
an ( t )  

- 



TABLE 37. SYtsIBOL DICTI9ijARY 

BMV K 
lJ k B C 

BMUS 
lJ s BC 

I I 

BY - I BELT 
I I 

I I 

BZ - I B E L T  
I I 

c 
0 . l- 
2 I Units o r  1 

! 
Definition 

4 1 11 I I n i t i a l  be1 t segment lengths 
l w i n a  slack. 

6 12 Kinetic Triction coeff ic ient  
I fo r  each be l t  pairing 

6 12 I S t a t i c  f r i c t i on  coeff ic ient  
fo r  each be1 t pairing 

6 4 8 Maximum deflection array for  
I E V A L .  Units are inches. 

2 5 0 I Last value of BOG f o r  th i s  
interaction I 

I 

17 3 Be1 t general i zed force vector ' 
1 

1 Contact general i zed force 
vector 

17 / 3 1 Centrifugal generalized force / 
vector 

4 11 Iner t ia l  x-component of be1 t j vector,  anchor t o  attachment 
9 Ine r t i a l  x-component of torso 

11 CG-to-be1 t attachment vector 
o r  of c a r t  origin-to-anchor 
vector 

1 i nlsec Rate of chanse of be1 t length 
i ne r t i a l  X-component 

- 

4 11 Y-component (see B X )  1 

2 9 Y-component (see B X A )  
4 11 
1 in/sec Rate of change of be l t  length 1 

i ne r t i  a1 Y-component 
4 11 Z-component (see B X )  

i j in j i ec  
I 

] Rate of change of be l t  length 
ine r t i  a1 Z-component d 1 

2 9 - Inteqration rule coefficients  fo r  , 
pred~c tor -cor rec to rs ,  Tab1 e 15 i 
l ines  one through twenty-nine i 

3 6 Cosines of general i zed angles 
7 18 

2 1 - Integration ru le  coeff ic ients  for  
Runge-Kutta methods, Table 15, I 
l ines  t h i r t y  through f i f t y  



TABLE 37. SYblEOL DICT 19IJARY 

r 

s 
a 
L 
+, Q, 
L E 
2 g 

C2 
CARD 

SATC 

CATD 

C  C 
CC P  
,"E 
CETA 
C F  

CFTAN 
ZGF 
:M 
:MASS 

:MU 

CMUG 
COG 

5ymSol 

COMP 
CON 

Subprogram 
o r  Comicon 

C 2  
- 

- 
- 
- 
- 
- 
- 

A ~ K ~ ,  
- 
- 
- 
- 

- 
- - 

:ONOUT 
COST 
FOSTSY 
COSTSR 
c Q 
CTHETA 

CUR 

3 

U n i t s  o r  
S u b s c r i p t  
Reference 

C 
0 
.r 
V1 
c 
- 
g 

- 
- 

- 

D e f i n i t i o n  I 

CONTAC 
READAT 

L IM IT  

L IMIT  

BELT 
BELT 
EVAL 
READAT 
RK 

CONTAC 
EVAL 
EVAL 
READAT 

CON 

CONTAC 
EVAL 

- 
- 
- 
- 
- 
- 

- 

- 

UPDATE 1  
STASH 1 690 

1 
8 

1  

1  

2 
2 
1  

14 
17 

1  
1 
1  
4  
6 
5 

10  
1  
1  

OUT 
JOINT ' 
JOINT 
JOINT 
CART 

BELT 

V X  

C 

- 
- 

- 
- 

- 
- 

2  1  
2  1  

i n . l l s .  
33 

3 

- 
I bs 

1  b s / i n  
3 2  
18 
2  2  
23 - 

i n .  
1  o a d i  ng 
Three  t imes  maximum t i m e  s t e p  
Ou tpu t  v e c t o r  f o r  c o n t a c t  

690 
1 
1 
1  
3 
6 
1  

1200 

4 

Square of  semi -z -ax is  o f  
@!I ipsoid 
Temporary s t o r a g e  f o r  numer i ca l  

-- 
f i e l d s  o f  i n p u t  d a t a  c a r d s .  
D i f f e rence  between a c c l  e r a t i o n  
and f o u r  p o i n t  e x t r o p o l  a t i o n  
D i f f e r e n c e  between two p o i n t  and 
f o u r  p o i n t  e x t r o p o l a t i o n s  
Z -coe f f i  c i e n t  (see  AA) 
Z - c o e f f  i c i e n t  (see  AAP)  
Conserved energy  
Coupled neck j o i n t  s t o p  ang les  
T h i r d  Runge-Kut ta a c c e l e r a t i o n  
e v a l u a t i o n  t imes  t h e  t i m e  s t e p  
T a n g e n t i a l  f r i c t i o n  f o r c e  
Fo rce  a t  COG 
Fo rce  s l o p e  a t  COG 
Masses and moments o f  i n e r t i a  
f o r  5 0 t h  p e r c e n t i l e  ma le  
F r i c t i o n  c o e f f i c i e n t s  f o r  
e l l i p s o i d s  a g a i n s t  p l anes  
F r i c t i o n  c o e f f i c i e n t  
Maximum d e f l e c t i o n  1  a s t  

- 
- 
- 
- 
19 
2 0 - 

- 

- 

i n t e r a c t i o n  va lues  
C o n t a c t  o u t p u t  s t o r a g e  a r r a y  
Re1 a t i v e  p i t c h  c o s i n e  
Square o f  r e 1  a t i v e  yaw c o s i n e  
Square o f  r e l a t i v e  r o l l  cos ine  - 
V e h i c l e  k i n e m a t i c s  

Cos ine  o f  a n g l e  between two 
p lanes ,  f o r  debug o u t p u t  
(be1 t f r i c t i o n )  ; v a l u e  nea r  
t o  1  i n d i c a t e s  good a p p r o x i -  
m a t i o n  i n  a n a l y s i s  
S to rage  f o r  dece l  e r a t i  on 
t a b l e  computed v e l o c i t i e s  
and d i sp lacemen ts  f o r  each 
1  i n e a r  segment -- - 
M i l  ne i q t e g r a t i o n  c o e f f i -  
i en t s  



TABLE 37.  SYbiSOL DICTI3NARY 

c 
rd 
L 
t ' o )  
L E 
0 
L Z  

D  

D  A  

D  A  

DAMP J 

DAZ 

DB 

DC 
D  C 

DD 

S y ~ b o l  

6 

& A  

AX nm 

C 

- 

B 
- 
6,  

D  D  

L 

- 

DD 

Subprogram 
o r  Co~~inon 

L  F 

LC 

J V 

J C 

JOINT 

LC 

BELT 
LC 

- 

DD 

DDC 

BELT 

6 

DDC 

c 
0 
'Y 

V) 
c 

2 
.;; 
6 

2 

5 
3 

' 5  
3 
2 
3 
2 

3 
2 

CONTAC 

Ainm 
- 

DDD 

2 

L  F 

- 

DDE 

U n i t s  o r  
S u b s c r i p t  
Reference 

48 

5 0 

26 
2 8 
2 6 
28 

5 
6 

5 0 

2 
5 0 

18 

J V 

BELT 

- 

DDP 

D e f i n i t i o n  

D e f l e c t i o n  a r r a y  f o r  EVAL . 
U n i t s  a re  i nches  
D e f l e c t i o n  a t  peak o f  i n e r t i a l  
s p i k e .  U n i t s  a r e  i nches  
Re1 a t i v e  Eul  e r  angl  es i 
J o i n t  s t o p  damping c o e f f i -  

1 

c i e n t s  
I n i t i a l  j o i n t  r e l a t i v e  

I 
1 

ang l  es 
D e f l e c t i o n  a t  end o f  i n e r t i a l  
s p i k e .  U n i t s  a r e  i nches  + 

Di  r e c t i o n  cos i l ies  
E l a s t i c  l i m i t .  

2 1  

6 

I 
CONTAC I 1  

- 

IDDs 

U n i t s  a r e  i nches  
C o e f f i c i e n t  f o r  o lane  

4 2 

5 
3 
3 

CONTAC 

- 

D E 
i 

(see AA)  i 
Lever  arms and d e f l e c t i o n  I 

48 

2 1 

- 

CONTAC 

S 

- 

r a t e  f o r  c o n t a c t s  
D e f l e c t i o n  r a t e  a r r a y  f o r  

i 
EVAL. U n i t s  a r e  i nches  

26 
28 

2 
c o n t r i b u t i o n  t o  normal 
f o r c e  f o r  b e l t  p a i r  

V e h i c l e  c o n t r i b u t i o n  t o  1 

3 

BELT 

- 

p e r  second 
R e l a t i v e  E u l e r  ang le  
v e l o c i t i e s  
D i r e c t i o n  cos ines  f o r  a  

18  

L P 

CONTAC 

16 

2 

CONTAC 

c o n t a c t  d e f l e c t i o n  r a t e  
Saved c o n t a c t  l e v e r  arm 

42 

2 

1 

va lues  
Leve r  arms and d e f l e c t i o n  r a t e  '1 

2 1  

18 

f o r  e l l  i p s o i d - e l l  i p s o i d  fo rce  
C o e f f i c i e n t  f o r  p lane  

50 

- 

(see HAY j 1 
L a s t  va lue  o f  DD f o r  t h i s  
i n t e r a c t i o n  
Con tac t  su r face  c o n t r i b u t i o n  

4 2 
t o  c o n t a c t  d e f l e c t i o n  r a t e  I 
Lever  arms and t a n g e n t i a l  
speed f o r  f r i c t i o n  f o r c e  



TABLE 37. SYNSOL DICTI9:IARY 

s 
(d 
L 
4 aJ 
L E 

DE 

DEF 

DEL 

DEL 

DELB 

DELD 

DELD 

DELDEL 
- 
DELDLA 

DELDLB 
DELTAT 

DELTIM 

DE R  

DET 
DF 

D  F  

DFAC 

.DFORE 

D  H 

DHAT 

Subprogram 
o r  Cominon 

LC 

DE F  

EVAL , 
LODFEL 
L IMIT ,  
MAIN 
BV 

-- 
B V 

LODFEL 

LODFEL 

LODFEL 

LODFEL 
T T  

LODFEL 

CONTAC 

CONTAC 
LC 

RK 

VX 

LODFEL 

SUMRY 

CONTAC 

Syrnbol 

D 
- 
6 

- 

' n  

n  
- 

- 
- 

- 
A t m a x  
A t  

- 

- 
' F 

AtKk 4 

- 
- 

- 

- 

C 
0 

.r- 
VI 
c 

; 
g 

2 

5 
3 
1  

1  

4 

4 

1  

I 

3 

3 
1 
1  

3 
2 

17 
1  
2  

17 

6 

3 

20 

9 

U n i t s  o r  
S u b s c r i  ;lt 
Re fe rence  

5 0  

2 6 
2 8 

i n c h e s  

- 
11 

11 

i n .  / 
sec. 

i n c h e s  

i nches 

- 
sec. 

sec. 

1 0  
2  5 
42 - 
50  

3 

20 

pounds 

- 

1 i n/sec  

D e f i n i t i o n  
-.- 

B r e a k i n g  p o i n t  - U n i t s  a r e  
i nc hes 
J o i n t  s t o p  d e f o r m a t i o n  ' 

I n p u t  d e f l e c t i o n  t o  e v a l u a t i o n  
s e c t  i on 
Weigh ted  averages  o f  v a r i o u s  
t e s t  q u a n t i  t i  ti es 
Be1 t e l o n g a t i o n s  

B e l t  e l o n g a t i o n  r a t e s  

D e f o r m a t i o n  r a t e  

Change i n  t o t a l  d e f l e c t i o n  be- 
tween l a s t  e v a l u a t i o n  and now- 
Eva1 u a t i o n  o f  d e f l e c t i o n  change 
f o r  f i r s t  m a t e r i a l  f r o m  l a s t  
d e f l e c t i o n  
v e s t i g i a l  
Maximum t i m e  s t e p  

Time i n c r e m e n t  f r o m  l a s t  f o r c e  
e v a l u a t i o n  f o r  t h i s  i n t e r a c t i o n  
P a r t i a l  d e r i v a t i v e s  o f  e l  1  i p s o i d  
c e n t e r  c o o r d i n a t e s  (XE) 

A  d e t e r m i n a n t  
D e f l e c t i o n  a t  w h i c h  c o m p l e t e l y  
b roken .  U n i t s  a r e  i n c h e s  - 
F o u r t h  Runge-Kut ta  a c c e l e r a t i o n  
e v a l u a t i o n  t i m e s  t h e  t i m e  s t e p  
F a c t o r  t o  change t h e  a m p l i t u d e  
o f  d e c e l e r a t i o n  t a b l e  
Eva1 u a t i o n s  o f  f o r c e  unba lance  
o f  f i r s t  m a t e r i a l  f o r c e  minus 
second m a t e r i a l  f o r c e  
Temporary  s t o r a g e  f o r  c o n t a c t  
i n t e r a c t i o n  i n f o r m a t i o n  t o  be 
p r i n t e d  
C o n t a c t  s u r f a c e  c o r n e r  c g o r d i  n a t ~  
r a t e s  
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- 

D e f i n i t i o n  

D  K 

DLAM 

U n i t s  o r  
S u b s c r i p t  
R e f e r e n c e  

fz 
0 
.C 

VI 
C 

g 

- 

- 

?M B LC 

DP 

DP I T  
b 

DPR 
D R  

Subprogram 
o r  Common 

c 
a 
L 
C, Q) 
L E 
0 "J 

L L Z  

-DMC 

DR14 
,DR15 
DR16 
DR17 
DRL 

Symbol 

CONTACT 

CONTAC 

S lope  o f  s a t u r a t i o n  u n l o a d i n g  
l i n e .  U n i t s  a r e  pounds / i nch  
I n t e r m e d i a t e  r e s u l t s  i n  comput i  n l  

2 

3 

6 

- 
- - 

DSTEPN 

DSTEPX 

- 
5  0  

- 

- 
- 
- 
- 
- 

EP - 

1  

3 

CONTAC 

LP 

JOINT 

STASH 
Q v 

- 
- 

DTPRNT 

DTR 

DU M 
UUR 

Qv 
QV 
Qv 
Qv 
QV 

1 

DVY 

D  X  

- 

10  

2 

1 

1  
9 

L D  

LD 

A t  rnt - 
- 
- 

? a r t  o f  t h e  c o n t a c t  normal  i z i  n: 
f a c t o r  

-A 

P a r t i a l  d e r i v a t i v e s  o f  XLAM 

7  
4 
7  
7 
7  
7  
9 

sec. 

- 
- 

50 

- 
d e g l r a d  

4  

2 
1 

1 
b a l a n c e  i n  sha red  d e f l e c t i o n  

' I n p u t t e d  t i m e  e p s i l o n  

DDC 
L a s t  v a l u e  o f  D f o r  t h i s  i n t e r -  
a c t i o n  
D i f f e r e n c e  between appendage 
p i t c h  and t o r s o  p i t c h  
Va lue  o f  1 8 0 / ~  
P a r t i a l  and t i m e  d e r i v a t i v e s  o f  

18  
5  

1 8  
18  
18  
18  
4 

I n p u t t e d  p r i n t  t i m e  i n t e r v a l  

T ime d e r i v a t i v e  o f  TR 

Temporary  s t o r a g e  a r r a y  
P a r t i a l  d e r i v a t i v e  o f  r e l a t i v e  

TT 

Qv 
DU M 
JOINT 

JOINT 

Q v 

R 

Time d e r i v a t i v e  o f  R14 
Time d e r i v a t i v e  o f  R15 - 
Time d e r i v a t i v e  o f  R16 
T ime d e r i v a t i v e  o f  R17 
P a r t i a l  d e r i v a t i v e s  o f  R f o r  

7 
i n .  

i n .  

1  ower 1  eg a n g l e s  
Minimum s t e p  t o  s e a r c h  f o r  
b a l a n c e  i n  sha red  d e f l e c t i o n  
Maximum s t e p  t o  s e a r c h  f o r  

1  

8 
7  

4 8 
1  

1 

3 
6 

sec. 
- 

1 8  - 
- 

- 
1 0  
18  

d i r e c t i o n  c o s i n e  
P a r t i a l  d e r i v a t i v e  o f  r e l a t i v e  
d i r e c t i o n  c o s i n e  
P a r t i a l  and t i m e  d e r i v a t i v e s  o f  
X 
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1 

I 

D e f i n i t i o n  

P a r t i a l  d e r i v a t i v e s  o f  \IS 
P a r t i a l  d e r i v a t i v e s  o f  XZ, YZ,  
ZZ (Or  a p p r o x i m a t i o n s  i f  n o t  
s p h e r e )  I 

D i f f e r e n c e  between appendage 
U 

yaw and t o r s o  yaw 
P a r t i a l  d e r i v a t i v e s  o f  WT 

-- 

Ou tpu t  v e c t o r  f o r  body k i ne t i c s -  
and dynamics ] I - 
T o t a l  ene rgy  o n  l o a d i n g  phase , 
o r  conserved  ene rgy  on u n l o a d i r g  1 
phase a r r a y  f o r  EVAL. U n i t s  
a r e  i n c h -  pounds 1 
I n p u t t e d  a c c e l e r a t i o n  minimum I 

magn i tude  
Body segment p r i n c i p l e  a x i s  
moments o f  i n e r t i a  1 - 
I n e r t i a  t e n s o r  w i t h  r e s p e c t  t o  
i n e r t i a l  c o o r d i n a t e  f rame 
J o i n t  e l a s t i c  moment 

J o i n t  e l a s t i c  c o e f f i c i e n t s  
- 

Same as A2 
Same as B2 

-1 

Same as C2 
I n t e r m e d i a t e  r e s u l t s  i n  c a l c u l a -  

' t i o n  o f  FK 
I n e r t i a l  X o f  e l l i p s o i d  c e n t e r  

i 
- 

I n e r t i a l  Y o f  e l l i p s o i d  c e n t e y  
I n e r t i a l  Z o f  e l l i p s o i d  c e n t e r  
Body segment mass 

G e n e r a l i z e d  mass m a t r i x  

L a s t  v a l u e  o f  E f o r  t h i s  i n t e i -  
a c t i o n  -- 
Parameter  f o r  1 i n e a r i z i n g  con- 
t a c t  s u r f a c e  c o r n e r  p o i n t  v e l o c -  
i t i e s  --- 
Number o f  maximum t i m e  s t e p s  ;or 
maximum ramp l e n g t h  i n  moving 
c o n t a c t s  

C 
0 
'7 
V) 
C 

g - 
g 

17 
3 

17 

1 

17 
21 2 

6 

1 

3 
6 
3 
3 
5 
3 
5 
3 
1 
1 
1 
1 

1 
1 
1 
6 

17  
17 

2 

1 

1 

Subprogram 
o r  Comtllon 

COiiTAC 
CONTAC 

JOINT 

CONTAC 
STASH 

L F 

KC 

KC 

STASH 

J V 

J C 

CONTAC 
CONTAC 
CONTAC 
CONTAC 

CONTAC 
CONTAC 
CONTAC 
KC 

ACCEL 

L P 

CONTAC 

I T  

s 
a 
L 

4J al 
L E 

g 

DXDQ 
DXYZZ 

DYAW 

DYDQ 
DYN 

E 

EDEPS 

E I 

'EIT 

EJ 

ELAS 

EL 1 
EL2 
EL3 
EL21 t c  
EL26 
EL27 
EL28 
EL29 
EM 

EMAT 

E P 

EPS 

'EPSFAC 

U n i t s  o r  
S u b s c r i p t  
Re fe rence  

4 2 
10  
4 2 

- 
4 2 - 
48 

- 
1 0  
18  
10 
10  
2 6 

.28 
2 6 
2 8 - - 
- 
- 
- 
- 
- 
18  

3 
3 

50 

s ec 

- 

Synbol  

- 
- 

- 
- 
- 
E 

E; 

' i n  
- 
- 

x i  
- 
- 
- 
- 
- 
- 
- 
m i 
m 

E 

E 

- 
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1 
I 
j 

D e f i n i t i o n  

EPZA 

EPZV 

U n i t s  o r  
S u b s c r i p t  
Re fe rence  

f o r  a d j u s t m e n t  o f  s m a l l e r  
f o r c e  t o w a r d  l a r g e r  f o r c e ,  
and  v i c e  v e r s a .  f o r  each  b e l t  j 

E: 
0 
.P 

v, 
s 

; 

dVli, 

E,, 

E SG 

ETA 

' ETA 

-ETAD 

Subpropranl 
o r  C o ~ ~ m o n  

s 
a 
L 
C ' Q )  
L E * 

Z . 

J C 

MC 

CONTAC 

J C  

CONTAC 

!I 

6 

9 j 

I I 

Symbol 

E  P  

E  P  

pounds 
l b s / i n .  

12 

FA 
FAA 
F AC 

FB 

I 1 .  I I I ,  a r r a y  f o r  EVAL. U n i t s  a r e  i 

5 
3 
1  

1 

12 
3 

? S t a t i c  f o r c e  
S t a t i c  f o r c e  s l o p e  1 
F r a c t i o n a l  i n f l u e n c e  f a c t o r  

F  B  
FBB 

1  

1 

- - 
x 

-+ 

F i  

1 
i n t e r a c t i o n  

2 6 
2 8  

i n /sec2  

i n .  

3 0 
2 6 

- 

FBOGP 

FD 

- 
- 

gence pa rame te r  
Res t  p o s i t i o n  f o r  e l a s t i c  

* 

j o i n t  f o r c e s  ( o r  s w i t c h )  
E a r t h  s t a n d a r d  g r a v i t y  
(386.4 i n / s e c 2 )  
D e f l e c t i o n  o f  c o n t a c t  

I 
I 

s u r f a c e  b y  body e l l i p s o i d  , 
4 

J o i n t  s t o p  l i m i t s  

I i n / s e c  
EVAL 
EVAL 
B  V 

B  V 

B  '! 4 
FBOG F ( n )  L  F 

I I I I 1 o f  t h e  f o r c e  d i f f e r e n c e  f o r  1 

I n p u t t e d  v e l  o c i  t y  change 
1  i m i  t - 
I n p u t t e d  v e l o c i t y  conve r -  

I 

D e f l e c t i o n  r a t e  

1  
1  
6 

EV AL 

F(h1) 

F  

FDEL 

4  

6 

- 1 

L  P  

LC 

- 

FDEV 

11 

EVAL 1 
11 
4 8 

F  E  

p a i r  ( b e l t  f r i c t i o n )  1 
U n m o d i f i e d  f o r c e  f o r  b e l t  i I 

; 
Force a t  maximum d e f l e c t i o n  1 

pounds 

2 

2 

LODFEL i 1 

F 1  

- I BELT 1 2  1 2 1  

FEE 

I n e r . ; i a l  s p i k e  f o r z o  
I b s / i n .  I n e r t i a l  s p i k e  f o r c e  s l o p e  

50 

5 0 

1bs.  

EVAL 

- 

pounds 
L a s t  v a l u e  o f  FBOG f o r  t h i s  
i n t e r a c t i o n  
L a s t  v a l u e  o f  f o r c e  f o r  t h i s  '1 

U n i t s  a r e '  pounds p e r  i n c h  
I 

D i f f e r e n c e  o f  two  e v a l u a t i o n s  

1 

CONTAC 

pounds / i  nch  

1  

t h e  two  m a t e r i a l s  
I 
I 

O u t p u t  f o r c e  s l o p e  f r o m  -' 
! 

f o r c e  f o r  b e l t  p a i r  - E l  1 i p s o i d - e l  Ti p s o i  d f o r c e  
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-1 
D e f i n i t i o n  i 

. -- 

FK 

FM 

FMOD 
- 

MU 
FN 

FN U  

OG 

OGP 

FORA 

FORAP 

FORB 

U n i t s  o r  
S u b s c r i  p t  
Re fe rence  

FORBP 

E 
0 
.r 
vl 
c 

g 

k 

Fma x 
- 
- 
---- - 

N  

- 

F 1  (52) 

F '  (n) 

- 
- 
- 

FORCE 

FOREPS 

FORLIM 

Subproqranil 
o r  Con;~cn 

I 

s 
a 
L + a~ 
L E 

2 z * 

- 

FPSUM2 

FRIC 

F  S  

F  T 

Synbo l  

CONTAC 

LC 

BELT 

CONTAC 
BV' 

CON 

L F  

L  P  

LODFEL 

LODF EL 

LODFEL 

~ F P S U M ~  I - I LODFEL I 1  I l b s / i n .  I Sum o f  f o r c e  s l o p e s  f o r  b o t h  

F 

- 
- 

LODFEL 

- 

- 
- 
- 

1  

2 

6 
4 
1  
6 

1 

6 

2 

3 

3 

3 

EVAL , 
LODFEL 
LODFEL 

I D  

3 

LODFEL 

CONTAC 

BV 

CONTAC 

- 

5 0  

12 
11 - 
1 2  

i n / s e c .  

4 8 

5 0  

pounds 

l b s / i n .  

pounds 

1  

1  

1 

Norma 1  i z a t i  on  f a c t o r  i n  con-  
t a c t  c a l c u l a t i o n s  f o r  d e f l e c -  
t i o n  I 

I 

S t a t i c  c u r v e  s a t u r a t i o n  f o r c e  1 
l i m i t .  U n i t s  a r e  pounds I 
A d d i t i v e  m o d i f i c a t i o n  o f  I 

b e l t  f o r c e  FB 
H a l f  o f  squa re  o f  sphe re  radius: 
Normal f o r c e  - t o  body f r o m  b e l t  
p a i r  i 
L e n g t h  o f  v e l o c i t y  ramp f r o m  
z e r o  r e l a t i v e  v e l o c i t y  f o r  
s u r f a c e  f r i c t i o n  c o e f f i c i e n t s  
S l o p e  o f  f o r c e  a t  maximum 

4 

d e f l e c t i o n  a r r a y  f o r  EVAL. ~ n i  tsi 
a r e  pounds p e r  i n c h  
L a s t  v a l u e  o f  F-~S 

I 

i n t e r a c t i o n  1 
E v a l u a t i o n s  o f  f o r c e  f o r  f i r s t  ' 
m a t e r i a l  
E v a l u a t i o n s  o f  f o r c e  s l o p e  f o r  
f i r s t  m a t e r i a l  
E v a l u a t i o n s  o f  f o r c e  f o r  second 

I b s / i n .  

1  

1  

6 

1  

m a t e r i a l  
E v a l u a t i o n s  o f  f o r c e  s l o p e  f o r  

pounds 

pounds 

pounds 

second m a t e r i a l  - 
O u t p p t  f o r c e  f r o m  e v a l u a t i o n  

' s e c t i o n  
Minimum o f  t h e  f o r c e  convergence  
e p s i l o n  f o r  t h e  two  m a t e r i a l s  - 
L i m i t  t o  f o r c e  change f o r  
r i g i d  on r i g i d  case  b e f o r e  
h a l v i n g  

l b s / i n .  

- 
12  

1  b.  

m a t e r i a l s  
Sum o f  f o r c e  s l o p e s  f o r  b o t h  
m a t e r i a l s  
S w i t c h ,  sum o f  a l l  f r i c t i o n  
c o e f f i c i e n t s  - 
T a n g e n t i a l  f o r c e  t o  body f r o m  
b e l t  p a i r  i i n  s t a t i c  case  .- 
T o t a l  c o n t a c t  f o r c e  
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GAMELF 

IALPH 

Symbol 

- 

- 

Subprogram 
o r common  

- 

READAT 

CONTAC 

- 

C 
0 

,f- 

w 
c 

CONTAC 1 3  1 - 

G 

1 

norma l  f o r c e  I 

I c t e r r n e d i a t e  r e s u l t s  i n  e v a l -  

I T  

G 

U n i t s  o r  
S u b s c r i p t  
Re fe rence  

EVAL 

g 

---I 

D e f i n i t i o n  

- 

1 

LC 

- 

A c o n v e r s i o n  f a c t o r ,  i n ches  
t o  i n c h e s  o r  degrees  t o  
r a d i a n s  

1 1 -  

1  

MC 

- 
- 

F r i c t i o n  c 6 e f f i c i e n t  t i m e s  

- 

2 

- I STASH 

CONTAC 

- 

u a t i o n  o f  c o n t a c t  l e v e r  arms 
R a t i o  o f  sphere  c e n t e r  p o s i -  
t i o n  on  semi -ma jo r  a x i s  t o  
t h a t  p o s i t i o n  w h i c h  wou ld  1 
cause  t h e  sphere  and e l l i p s o i d  1 

- 

1 

CONTAC 
LD 

- - - . - . . . -. - - 
i WNY 1 - Genera l  i r l u c n  

t o  b e  f l u s h '  a t  t h e  e x t r e m i t y  I 
F r a c t i o n  o f  ~ e r r n a n e n t  deforrna- I 

5 0 

1  

3 

STASH 

- 
- 
- 
- 
- 
- 
- 

t i o n  o v e r  maiimum d e f l e c t i o n  
F r a c t i o n  o f  ~ e r m a n e n t  deforma- 

i n / secz  

17 
1  
1  

- 

- 
- - 

t i o n  o v e r  makimum d e f l e c t i o n  
f o r  c u r r e n t  l o a d i n g  c y c l e  
L o c a l  g r a v i t y  c o n s t a n t  - 

- 

3 I 

CONTROL 
L  F 
SET ACT 

TRAPER 
3 0  INT 
JOINT 
RSS, SUMRY 

g ' s  p e r  u n i t  a c c e l e r a t i o n ,  
~ / E S G  
I n t e r m e d i a t e  r e s u l t s  i n  e v a l -  

42 - 
l b s / i n .  

LODFEL 

READAT 

u a t i o n  o f  c o n t a c t  l e v e r  arms 
H a l f  o f  FK 
L i n e a r  e l a s t i c  c o e f f i c i e n t  

10 

1  
6 
1  

I 8  
1 
1 
1 

f o r  use  i n  r i g i d  on r i g i d  case 
C a r t  r e 1  a t i v e  H - ~ o i n t  

1 

2 6 

- 
4 8 - 
- 
- 
- 
- 

Gene ra l  i n d e x  
IALF s\?tch a r r a y  f o r  EVAL 
E l  1  i p s o i d  c o n t r o l  i n d e i - f o 7  
i n t e r a c t i o n  
V e s t i g i a l  
Genera l  Index  
Genera l  I ndex  - 
S w i t c h  w h i c h  s p e c i f i e s  u n i t s  

- 

- 

f o r  o u t p u t  o f  body  segment 
1 i n e a r  a c c e l e r a t i o n s  --- 
B e g i n n i n g  i n d e x  o f  e n t r y  f o r  
i n t e r a c t i o n  i n  STOACT - 
I n p u t  c a r d  i d e n t i f i c a t i o n  
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C 
(d 
L 
C,Q, 

z 

I  B 
I  B 

I  B 

IBEG 

IBLANK 

~ B L N K  

IBUG 

I C 

I  C 
I  C 

I  C 1 
IC2 

IC4 

ICF 
ICHOP 

ICNOUT 

ICOUiiiT 

ICOUNT 
ICOUNT 
ID 
IDATE 
IDC 

IDCON 

IDDCHK 

I 

Symbol 

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

- 

- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Subprooram 
o r  Cori:mon 

CONTRL , DETAB 
LODFEL 

SETACT 

PUSHER 

READ AT 

MATCH 

BUG 

D E B U G  

L O D F E L  
N U P A G E  

CONTAC 
CONTAC 

CONTAC 

SUMRY 
JOINT . 

L O D F E L ,  
SETACT 
CNT 

CONTAC 
SUMRY 
READAT 
TL 
SUMRY 

RSS, SUMRY 

CONTAC 

Units or 
Subscr ip t  
Reference 

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

- 

- 
- 
- 
- 
- - - 
- - 
4 0 

16 

K 
0 

.I- 

V) 
c 

2 
g 

1 
1 

1 

1 

1 

1 

16 

16 

1 
1 

1 
1 

1 

1 
1 

1 

2 1 

1 
1 
1 
3 
8 

20 

3 

- 

Def in i t ion  

I 

General Index 
Index of cu r r en t  l a rge  s i de  
eval uat ion 41 I 
Plane o r  E l l ipso id  control  
index f o r  i n t e r a c t i o n  1 
Index of where i n se r t i on  

( 

i s  t o  be made 
EBCD For blanks  used i n  I 

making formats 
EBDC f o r  blanks used f o r  
comparing with  A1 format input  
Debug output  control  switch 
a r r ay  
S h i f t  control  a r r ay  i n  debug 
unpacking 
Index of cu r r en t  evaluat ion 
Argument which i s  s e t  non-zero 

- 

i f  new page was required 
Moving con tac t  switch 
S t a r t i n g  index f o r  s to rage  f o r  
corner  p o i n t  coordinates  of 
con tac t  su r faces  
Po in te r  f o r  s to rage  f o r  corner 
po in t  coordinates  of contact  
su r faces  
General Index 

, I nd i ca to r  o f  r e l a t i v e  r o l l  
s ign 
Beginning index i n  CONOUT 
f o r  i n t e r a c t i o n  

I 

Number of time s t e p s  a t  each 
of t h e  poss ib le  halving l e v e l s .  
A counter 
General Index 
Input card i d e n t i f i c a t i o n  l e t  L e r  

- 

Date label  s to rage  
EBCD f o r  plane o r  e l l i p s o i d  n:re 
and mater ia l  
Beginning addresses  i n  KCON f o r  
con tac t  planes 
Switch f o r  minimizing calculg-- 
t i ons  f o r  e l l i p s o i d  l eve r  a r m  
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r: 
rd 
L 
c, a 
L E 

2 z a 

IDESCR 

ID1 

Symbol 

IDIR 

IDIS 

- 
- 

I 

Subprogram 
orConinion 

- 
- 

centers 

I D U M M  
I E 
I E 
I E 
IEND 

RSS, SUMRY 

S UMR Y 

IENBG 
IEOF 

C 
0 
.r 
w 
c 
; 
g 

MATCH, 
PUSHER 
RSS, SUMRY 

I DT 

- 
- 
- 
- - 

I E P 

I 1 I I I e r ro r  has occurred in reading 

10 
2 0 
I0 

- 
- 

IERR 

IERR 

IERSWT 

Units or 
Subscript 
Reference 

1 

1 

- I PUSHER 

BELT 
B E L T  
CONTAC 
STASH 
SUMRY 

- 

Definition 1 
-- -.- 

- 
40 - 

T L 
STASH , 

- 

- 

- 

IFCHK 

I G C H K  

EBCC for  optional input 
describing planesd . 
EBCD fo r  e l l i ~ s o i  name a n d  I 

- 
- 

1 

1 
1 
1 
1 
1 

I H C E R R  

material 1 

I n p u t  argument which controls ! 
subroutine options 1 

-- 
Switch which speci f ies  coordic- _II 

nate system f o r  o u t p u t  of body ; 
segment C G  di-splacements a n d  I 

veloci t ies  and position of f e e t ,  
knees, H-point, and e l l ipsoid  

1 
1 

SUMRY 

. . 

ENTAB 

MOVTAB 

E R R  

- 

- 

IHCLIS 
IHIB 

- 
- 
- 
- 
- 
- 

- EVAL 

- 

6 

Index of arrav into which 
insert ion i s  i o  be made 
Dumny argument 
Be1 t number of i nf 1 uencee 
Index f o r  e l l ipsoid  (o r  sphere) 
General Index 

- .- 

Index of l a s t  location in CON 

- - 
STASH o u t p u t  i f  non-zero 
Switch which when non-zero 1 

1 

1 

1 

CONTAC 

CONTAC 

- 
- 

t o  be printed fo r  a par t icular  
l ine  .of o u t p u t  - 

O u t ~ u t .  times in rtisec i f  non-zero 
Causes E N D  OF FILE in place of 

MAIN 

18 

- 

- 

- 

1 

17  

MA IN 
IT 

producii on between body segn3,0nts 
i and j 

causes to ta l  energy t o  be 
accumulated - 
Error switch: non-zero i f  n o t  
enough room in table  storage 
f o r  new point 
Switch s e t  non-zero i f  
n o t  enough room t o  make 
sjace f o r  new entry 
Switch s e t  non-zero i f  110 

1 

- 
42 

5 
6 

card - 
Switch, f o r  minimizing calcula- 
t ions f o r  e l l ipsoid  lever a r m  -- 
Switch, fo r  minimizing calcula- 

- t ions  fo r  e l l ipsoid  lever ari::s -- 
Number of IHC error  which has 

- 
18 

been intercepted -- 
List  of I H C  e r rors  to  i n t e r c ~ r ~ t  
Switch, non-zero inhibi t s  f o i c -  
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Subprogram 
0 Synbol 
Z or Comnon Def in i t ion  

I 
I 

- 
'r 
V) 
C 
aJ 
E 
.r 
n 

Operational index f o r  s t a t i c  
curve a r r a y  f o r  EVAL.  Nega- 
t i v e  i s  t a b l e  index, pos i t i ve  
and g r e a t e r  than LENMAT i s  
computed polynomial index i n  
STOACT. Otherwise i s  input  

Units o r  
Subscri  p t  
Reference 

I I 
I I 

I IA 

IIACT 

I IF 
I IP 

I J 
,IJ KC 
I K 

I K 

IKA 
IW\ 
IKACT 
IKACT 

IKACT 

IKAT 

- 
- 
- 
- 
- 
- 

I KB 
I KC 
I KC 
,I KC 
I KD 
I KF 

- 
- - 
- 
- 
- 
- 
- 
- 

- 

I KG 

MANY 
SUMRY , 
TITLE 
LODFEL 

LODFEL 

SUMRY 
LP 

- 
- - 
- 
- 
- 

M A N Y  
STASH 
DETAB 

FINDM, 
MATCH 
LODFEL 
M A N Y  
CONTAC 
LOO F E L 

SETACT 

SETACT 

- 

1 ( o r  4 )  
1 

1 

1 

1 
2 

M A N Y  
CO NTAC 
M A N Y  
SUMRY 
M A N Y  
PUSHER, 

1 
1 
1 

1 

1 
1 
1 
1 

1 

1 

READAT - 
PUSHER, 
READAT 

- - 
- 
- 
- 
5 0 

1 
1 
1 
1 
1 
1 

polynomi a 1 index i n  STOp~:AT 
+ 

General i ndex I 

Control f o r  page heading 7 

Index of r u r r e n t  small s i d e  
eva lua t icn  

4 

Beginning index of en t ry  f o r  
i n t e r a c t i o n  in KACT 1 I 
Genera 1 Index 
Last value of I1  f o r  t h i s  1 

- 
- - 
- 
- 
- 
- - 
- 

- 

1 

- 
- 

- - 

i n t e r a c t i o n  1 

c rea ted  1 
General index I 

-4 
Control index 
General i ndex - i 
Same as  Ii4C 
Genera 1 Index 
General index 

- 

General index 
General index 
Current en t ry  index f o r  
de l e t i on  
Switch, negat ive  i f  new mater ia l  
en t ry  
Push down copy 1 oop index 
General index 
Control index 
Beginning index of time h i s t o ry  

, en t ry  f o r  i n t e r a c t i o n  i n  KACT 
Beginning index of time h i s t o ry  
e n t r y  f o r  i n t e r a c t i o n  in  KACT, 
0 i f  none 
Beginning index in KACT of 
i n t e r a c t  en t ry  which has been 

General index 

, 
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r 

c 
a 
L 
C, Q) 

z 

I  K H  
IKHH 
I KI 

I  KJ 

IKJJ 
I  K K  
I  KM 

I  KN 

IKONT 

IKOUT 

~ K X  
I  KY 

I  KZ 

ILIM 
IlONG 

I M 

I  M 
I  M 
IMAT 

I MC 

IN 

IN 

IN 

* 

Symbol 

- 
- - 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 

- 
- 
- 
- 
- 

- 
- 
- 

Subprogranl 
o r  Common 

READ AT 
READ AT 
PUSHER 
R EADAT 
UPDATE 
PUSHER 
READAT 
U P D A T E  
READ AT 
PUSHER 
CART IN, 
R EADAT 
SUMRY 

SET ACT 

SETACT 

READAT 
CART IN, 
READAT 
UPDATE 

C NT 
IT, SUMRY 

BELT,  
CONTAC 
STASH 
U P D A T E  
B C 

SUMRY 

BELT 
CONTAC 
STASH 
SUMRY 
TITLE 
- 

r= 
0 
.r 
V) 
c 

g 
g 

1 
1 
1 

1 

1 
1 
1 

1 

1 

1 

1 
1 

1 

1 
1 

1 

1 
1 
6 

6 0 

1 

1 

3 
3 

Units  or 
Subscr ip t  
Reference 

- 
- - 

- 

- 
- 
- 
- 
- 

- 
- - 
- 
- 
- 

- 
- - 
52 

3 9 

- 
- 

- 
.. 

- 

Def in i t ion  
a- --.- . 

General Index 
.-d 

General Index 
-- 

General Index 

General index 

General i  ndex 
General index 
Genera1 index 

Beginning address in KCON f o r  
an i n t e r a c t i o n  
Number of 1 oca t  i ons needed i  n 
KACT f o r  i n t e r ac t i on  
Beginning index of CO!IOUT en t ry  
o r  zero i f  none 
Genera 1 i  ndex 
General index 

Beginning address of en t ry  f o r  
i n t e r a c t i o n  'in KACT 
Current time s t e p  halving level  
Inputted switch: zero f o r  con- 
t inuous paging o f  output when 
t he r e  a r e  more than 41 time poinl 

, t o  be p r in ted ;  non-zero f o r  
discontinuous paging 
Impingement hi s t o r y  index 

General index 
Genera 1 index 
Index of mater ia l  p roper t i es  
f o r  s l i pp ing  b e l t s  
Plane-el l i p so id  ( s e e  ITOT) 
number f o r  plane (or e l l i p s o i d )  
involved in an i n t e r ac t i on  
In t e r ac t i on  con t ro l  index 

Device number ( 9 )  f o r  s to rage  
of r e s u l t s  pr inted by SUMRY - 
EBCD of p r i n tou t  p a r t  
s u b t i t l e  l a b e l s  
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Def  i n i  t i on 
-- .-- 

IN 
'INAME 

INAMEZ 

INF 

U n i t s  o r  
S u b s c r i p t  
Reference 

INFL 

INFLPR 

IN  R 

INS 

INSERT 

I NT 

C 
0 
' C 

V) 
C 

; 

- 
- 
- 

INTRAC 

INZ 

INZ 

Subprogran 
o r  Common 

c 
a 
L 

4J aJ 
L E 
0 a 
L L Z  

- 
- 
- 
- 
- 

- 

IOUT 

IOVER 

Symbol 

ZILTCH 
RSS, SUFilRY 

READAT 

lIOK I -  I PEEK 1 2 0  I - I S torage a r r a y  f o r  a l l o w a b l e  

- 
- 

I P 

i 

- 1 Ex 

B C 

BC 

STASH 

STASH, 
SUMRY 
ENTAB, 
GETY, 
MOVTAB , 
PUSHER, 
SERTAB, 
SLOPE 
STASH, 

- 

- 

1  
6 
4 
6 
4 

SUMRY 
F EC 

. LODFEL 

PMIL ,  PRED, 
UPDATE 

- 

4 
4 
1 

6 
2 
1 

1 

1 

1  

ST ASH , 
SUMRY 
STASH 

- 
- 
11 - 
11 

1 

1 

1 

SUMRY 

Genera 1 i ndex  .--- 

EBCD f o r  be1 t names 

EBCD f o r  column heading i n  
- 

case a  b e l t  i s  n o t  p r e s e n t  
(be1 t name) 

11 
11 - 
12 
14 - 
- 
- 

- 

6 0 

1 

I n f l u e n c e  be1 t connect ions  

I n f l u e n c e  t y p e  f o r  a l l  b e l t  
p a i r s  - 
B e l t  number o f  j t h  member o f  
i t h  b e l t  p a i r ,  ze ro  i f  i n a c t i v e  
One t o  t h r e e  f o r  d isp lacements ,  
f o u r  t o  s i x  f o r  v e l o c i t i e s  
Number o f  p lanes  p l u s  e l  1  i pso ids  
i n  excess o f  24 
R e l a t i v e  i ndex  o f  t a b l e  e n t r y  
a t  o r  j u s t  i n  f r o n t  o f  where 
i n s e r t i o n  i s  t o  be made 

Same as ITOT, o r  24 i f  ITOT 

- 
- 
- 

1 

g r e a t e r  t h a n  24 
SS 
a c t i o n s  hav ing  occu r red  
Sw i t ch  s e t  non-zero i f  no es tab-  
l i s h e d  t i m e  h i s t o r y  i n  STOACT 
Sw i t ch  t o  r e c o g n i z e  t h e  f i r s t  
t i m e  t h r o u g h  t h e s e  r o u t i n e s  a f t e l  
l o a d i n g  t o  i n i t i a l i z e  cons tan ts  

39 

- 

c h a r a c t e r s  f o r  i n p u t  c a r d  
Beg inn ing  address i n  CONOUT 
f o r  an i n t e r a c t i o n  
Argument wh ich  i s  non-zero cause  
by-pass ing  o f  t h e  normal p r i n t  
t ime  t e s t  i n  o r d e r  t o  r e c o r d  

- da ta  f o r  p r i n t i n g  
Zero f o r  non-cont inuous . 
pag ing  i f  t h e r e  a r e  more t h a n  
41 t i m e  p o i n t s ;  n ~ n - z e r o  f o r  
con t i nuous  pag ing  
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1 

I 
D e f i n i t i o n  

P r i n t o u t  page c o u n t e r  
I n t e r n a l l y  def-data s t a t i  f' 
b e l t  p a i r i n g s  -- 
I n p u t t e d  p r e d i c t o r - c o r r e c t o r  
s e l e c t i o n  s w i t c h  
Sw i t ch  wh ich  r e c o r d s  i f  an inter- 
a c t i o n  produced f o r c e  o r  was 
approached f r o 7  beh ind  
Temporary s t o r a g e  r e q u i r e d  
b y  SLEl 1 
Pushdown ending i n d e x  I 

Sw i t ch  s e t  n e g a t i v e  i f  p lane  \ 
approached f r o m  r e a r  o r  p o s i t i v e :  
i f  produced f o r c e  
Abso lu te  i ndex  i n  STOR o f  
e n t r y  a t  o r  j u s t  i n  f r o n t  o f  
where i n s e r t i o n  i s  t o  be made. 
Appendage a n g l e  c o o r d i n a t e  
number 
Be1 t nuinber o f  i n f  1  uencer 
Storage r e g i o n  f o r  PSW i n f o r -  
ma t ion  i n  case o f  p rocess ing  
i n t e r r u p t  
Sw i t ch  t o  c o n t r o l  i n s e r t i n g  
end ing r e c o r d  on b i n a r y  f i l e  
EBCD f o r  bbRI ( r i g i d  m a t e r i a l )  
EBCD f o r  " R i g i d  M a t e r i a l "  

, I n p u t t e d  i n t e g r a t i o n  s t a r t i n g  
method s e l e c t i o n  s w i t c h  - 
Index f o r  sphere ( o r  e l l i p s o i a )  
S a t u r a t i o n  s w i t c h  a r r a y  f o r  E \ ; L ~  
Non-zero i f  s a t u r a t i o n  has taken  
p l a c e  
Number f o r  i d e n t i f y i n g  b l o c k s  
o f  debug o u t p u t  

- 
Beg inn ing  i n d e x  o f  e n t r y  f o r  
i n t e r a c t i o n  i n  STOACT 
Index  wh ich  c o n t a i n s  p rope r  
o f f s e t  t o  p i c k  up name from 
v a r i o u s  t a b l e s  
Number o f  l o c a t i o n s  t o  be 
added t o  t a b l e  - -- 
Be1 t number o f  j t h  member o f  
i t h  p a i r  o f  s l i p p i n g  b e l t s  

c 
0 . P 

m 
K 

g 
.;; 

1  
6 
2 
1 

1 

24 

1  
1  

1  

1 

1 
18 

1  

1 
4  
1 

1 
6 

1 
( o r  14 )  

1 

1 

1 

2 
2 

Subprogram 
o r  Coninon 

TL 
READ AT 

E P 

CONTAC 

ACCEL 

MOVTAB 
S ETACT 

ENTAB 

JOINT 

BELT 
MA 114 

SUMRY 

SUMRY 
STASH 
EP . 

CONTAC 
L  F 

MAN Y 

SETACT 

MATCH 

PUSHER 

B  C 

C 
rd 
L 
C, Q) 
L E 
2 z 'd 

IPAGE 
IPAIR 

I PC 

IPENG 

IPERM 

I P I K  
I PN 

IPUT 

1 Q 

I R  
IREG 

IREW 

IRIG 
IRIGID 
IRK 

I S  
I S  

I SA 
o r  

I SRA 
ISACT 
- 
ISFT 

IS IZE 

ISLPPR 

U n i t s  o r  
S u b s c r i p t  
Reference 

- 
12 
14  - 
- 

- 
- 
- 

- 

- 
- - 

- 

- - 
- 

- 
4  8 

- 

- 
- 

- 
1 5  
14 

Symbol 

- 
- 
- 
- 

- 
- - 

- 

- 
- 
- 

- 
- 
- - 
- 
- 

- 

- 
- 

- 
- 
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-1 
I 

1 
D e f i n i t i o n  

-- -- 

C o n t r o l  i n d e x  f o r  be1 t m a t e r i  - '  - -. 
C o n t r o l  i n d e x  -..- . 
The. number o f  n o n - r i g i  d pa r -  
t i c i p a n t s  o f  a  f o r c e - p r o d u c i n g  

i n t e r a c t i o n  p a i r  
L a s t  v a l u e  o f  I S  f o r  t h i s  
i n t e r a c t i o n  - 

S w i t c h  c o n t r o l  l i n . g  ' u n i t s  f o r  o u t -  
p u t t e d  v e h i c l e  v e l o c i t i e s  and 

~ W C  IW-card) 
%era1 i n d e x  ' 
P a r t i a l  sum o f  e l l i p s o i d s  on 
body segments t h r o u g h  t h e  i t h  
S w i t c h  w h i c h  i s  non-zero i f  
i n e r t i a l  p l a n e s  b e i n g  d e a l t  1:1i - th 
S w i t c h  s e t  non-zero  if w o r k i n g  
i n  second m a t e r i a l  r e g i o n  
General  i n d e x  - 

' C o r r e c t i o n  number i n d e x  i n  t h e  
Adams-Moul t o n  t y p e  o f  p r e d i c t o r  
c o r r e c t o r  
Non-zero i f  p r i n t  t i m e  h i s t o r y  
has n o t  been exhausted,  f o r  
c o n t i n u o u s  pag ing  o f  o u t p u t  
g roups  
Index  o f  c u r r e n t  i n p u t  t a b l e  
S i m i l a r  t o  INZ b u t  f o r  READAT 
I n p u t t e d  s u b t i t l e  s t o r a g e  -- 
Number o f  p l a n e s  p l u s  e l l i p s o i d s  

-- ~. - 
Count o f  number o f  r e a d  e r r o r s  
w h i c h  o c c u r r e d  
C o n t r o l  i n d e x  f o r  l o c a t i o n  of  
I SM 
C o n t r o l  i n d e x  f o r  l o c a t i o n  of 
IUPC AND IUPD 
C o n t r o l  i n d e x  f o r  s l i p p i n g  
p a i r s  - 
C o n t r o l  i n d e x  f o r  s l i p p i n g  
p a i r s  - 
C o n t r o l  i ndex  

-- 
C o n t r o l  i n d e x  -- 

U n i t s  o r  
S u b s c r i  p t  
Reference 

- 
- - 

5 0 

- 

- - 
- 
- 
- 
- 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

c 
5 
L 
C, Q) 
L E 

Z 

ISM 
I SM 
ISOFT 

ISP 

ISTAT 

ISUM 
ISUM 

ISW 

ISM 

I T  
IT .  

I T  

ITABL 
ITHRU 
I T I T L E  
ITOT 

ITRY 

IUPA 

IUPB 

IUPC 

IUPD 

IUPE 

,IUPF 

Subp rog ra :~~  
o r  Cor;;nion 

BELT 
CONTAC 
STASH 

LP 

I T ,  SUMRY 

DEBUG 
STASH 

MATCH 

UPDATE 

DEBUG 

Symbol 

- 
- 
- 

- 
- 

- - 
- 
- 
- 
- 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

C 
0 
.r 
~n 
c 
$ 
g 

1 
1 
1 

2 

1  

1  
6 

1 

1 

1  

'*IN 1 :  
SUMRY 

SLOPE 
- READAT 

T  L 
STASH, 
SUMRY 
Z ILTCH 

BELT, 
CONTAC 
BELT, 
CONTAC 
BE 
C O ~ : ~ C  
BELT, 
CONTAC 
BELT, 
CONTAC 
CONTAC 

1  
1 

3 3 
1 

1 

1  

1 

1 

1 

1  

1  
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b 

s 
cC1 
L 
CI Q) 
L E 
O a 

LL z 

I U P G  
I U P H  
IUPI 
IUPM - 

IUSEA 

IUSEC 

IUSEK 

IUSEKA 

IUSEM 

IUSEO 

I X 

'I Z 
J 

J  
J A 

J  A 

Symbol 

- 
- 

C 
0 
' r- 
v, 
s 
g 
6- 

1 

Subprogram 
o r  Corr,mon 

CO:ITAC 

- 
- 
- 
- 

- 
- 
- 

J B  I -  T a b l e  e n t r y  index  f o r  endinh 
' of  d e l e t i o n  i n t e r v a l  -- - 

Second m a t e r i a l  index  c o r r e s -  
ponding t o  IB 
Second m a t e r i a l  index  c c r r e h -  

onding t o  IC - 
iaximum index  used f o r  a sub-  
d i v i s i o n  of a s t o r a g e  a r r a y  
f o r  c o n t a c t  i n t e r a c t i o n  v a l u e s  - -- 
I n d i c a t o r  of re la t i -ve  p i t c h  
s i g n  -- 
S i m i l a r  t o  3C 

- 
S i m i l a r  t o  dC 

-- 

U n i t s  o r  
S u b s c r i p t  
Reference  

- -- 
- 
-- - 
- 

D ET kB 

LODFEL 

LODFEL 

STASh, 
SUMRY 

JOIIiT 

STASH, 
SUMRY 
STASH, 
SUMRY 

J B 

JC 

J  C 

JCHOP 

JD 

J E 

\ 

D e f i n i t i o n  
- -A 

Con t ro l  Index I__--.. - - - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

1 

1 

1 

1 

1 

1 

1 

- 
- I 

- 

- 
- 
- 

- - T z x - T n i  . '.- 
Contro l  I= 

-4 

Con t ro l  Index I 

Number of 1 o c a t  i  ons i  n STOAT* 
which a r e  used 1 
Number of  l o c a t i o n s  6-f CUR 
which a r e  used 
Number of l o c a t i o n s  i n  KC%4 
which a r e  used 
Number of  l o c a t i o n s  i n  U C T  

4 
which a r e  used 
Number of l o c a t i o n s  i n  STOMAT 
which a r e  used -- 
Nui~iber of l o c a t i o n s  i n  CO'dOU'I' 
which a r e  used 
Genera 1 index  

- 
EBCD f o r  ' Z '  
-7 - -- 

Equi va lenced  t o  double  prec;  s i or  
t a b l e  v a l u e  t o  e n a b l e  a c c e s s  
t o  l a s t  32 b i t s  - 
General  index  
T a b l e  e n t r y  index  f o r  beginning  

7 

of  d e l e t i o n  i n t e r v a l  
Second m a t e r i a l  index  c o r r e s -  . 
ponding t o  I IA 

C3: i  i A C  I ]  
C O Y  rc\c 

- C r  
F EC 

1 
1 
1 

1 

1 

1 

1 

1 

1 

- 
- 
- 
- 
- 

- 

V X  

F EC 

F EC 

FEC 

OUT 

G E T Y ,  

- 
- 

j - 
- 

SLOPE 1 
ZICT c H 
D E B U G  

MAiIY 
D ETAB 

L O D F E L  

1 
2 

1 
1 

1 
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TS 
rKi 
L 
t= aJ 
L E 
0 * 

L L Z  

JG- ! 

i STASH, 1 - Similar  t o  JC - 
J E L 

JELL 

J F 

Sy~n'b01 

- 
- 

- 

JISWT 

Subprograr~ 
o r  Coimon 

JJ  
J J J  
JJP 

SUMgY 

STASH 

STASH, 
SUMRY 

- 

I 

c 
0 .,- 
VI 
c 

- 
g 

- 

i n te rac t icn  

I 

1 

65 

1 

SUMRY - 

L O D F E L  
JJ  

- 
JKC j - 1 CONTAC 

I MC 

I 
.- 

Units o r  
Subscr ipt  
Reference 

6 - LF 

MAii Y 

1 
1 
1 

I KC 

INZ 

Def in i t ion  
i 

- 
3 9 

- 

1 

- i CONTAC 
- 1 LP 

- I SUMRY 

- 

J Q 
3 SM 
JUPA 
JUPB 
IUPC 
JUPD 
J U P E  
J U P F  
JUPG 
IUPH 
I X 

Zero i f  e l l  ipso id-e l l  ipso id ,  
one i f  plane-el 1 ipsoid -- - c- 
Zero i f  contact  i n t e r ac t i on  
i s  e l l i p s o i d - e l l i p s o i d ,  one 
i f  e l  l ipsoid-plane 
Similar  t o  JC 

-- 
1 

4 8 

1 

- 
- 
- JKONT 1 - i SETACT 

- j L O D F E L  

K 

K 

Operational irtdex f o r  ine r t i - i  I-- 
- 

1 
2 

Control Index 
Same as  JMC 
Number of Evaluations needed= 

SUMRY 

- 

Depository f o r  I(IS\IT I 

.. 

1 

- 

k 

spike a r r ay  f o r  E V A L .  Negative 
i s  t a b l e  index. Otherwise i s  
input  polynomial index in 
STOMAT 
General index - 

50 

6 0 

JOINT 

-- 
General index - 

Last value of J J  f o r  t h i s  

- 

J 0 I NT 

M A N Y  

39 

an i n t e r ac t i on '  
. Switch non-zero i f  necessarv t o  

1 
- I CONTPK 
- 1 CONTAC 
- CONTAC 

STSACT f o r  i n t e r ac t i on  
Plane-el 1 ipsoid  number ( s ee  
ITOT) f o r  e l l i p s o i d  involved in  

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

- 
- 
- 
- 
- 
- 
- 

1 

1 

- 

CONTAC 
CONTAC 
C ONTAC 
CONTAC 
CONTAC 
CONTAC 
CONTAC 

qua r t e r  i n t e rva l  t o  ge t  s taFted 
Torso angle coordinate number 

-- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
25 

- 

- 

Control Index 
--- 

Control Index 
ControlI1.ldex 
Control Index 
C o n t s ~ n d e x  
Control Index - 
Control Index - 
Control Index -- 
c o n t r o l  Index -- 
Major ax i s  i nd i ca to r ,  one f s r  
x ,  two f o r  y ,  t h r ee  f o r  z ---- 
J o i n t  number, 1 t o  5 f o r  neck, 
r i g h t  h ip ,  l e f t  h ip ,  r i g h t  
knee, l e f t  knee - 
General Index -- 
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K - SU MR Y 4 1  43 Same a s  K K  in STASH 
14 34 

KA - S  ETACT 7 
.A. 

KACT - F E C  3472 Control indices  f o r  s torage of / i n t e r zc t i on  quan t i t i e s  in I 

USE 

KB 
KBUG 

- 

KC 

- 
- 

CONTAC 

- 

KELL 
KG 

SETACT 
BELT 

JOINT 
JOINT 
JOINT 
F EC 

.~ . 

KCHA 
K C H B  
K C H O P  
KCON 

KI 
KISWT 
KJ 
K K 
K K 

m+-p- O D F E L  

STASH 

1  
1  
1 

83 5 

- 
- 
- 
- 

- 
- 

KKA 
KKB 
K K K  

KKONT 

STOACT , COYOUT, and STOl4AT ; 

Switch indicat inq r e l a t i v e  I 
* 

1  

1 
1 

- 
- 
- 
- 
- 

I o r  zero i f  ne i ther  --- 
1  - / Beginning index of e l  1 ipsoi3  

- 

1 

- 
- 
- 
- 

CONTAC 
EVAL 

- 
- 
- 

- 
1 

in STOMAT i f  both interact inc;  
e l l i p s o i d s  ( o r  e l l i p s o i d  and 
contact  p lane)  a r e  s o f t ,  of 
t he  s o f t  one i f  only one, 0 i f  

- 
- 

General Index 
General Index 
Indicator  of r e l a t i v e  yaw sicln .I- 
Control indices  f o r  e l  1  ipso ids ,  
con t ac t s ,  b e l t s  and mate r ia l s  

CONTAC 
L O D F E L  
CONTAC 
CONTAC 
STASH 

pos i t ion  of p a r a i l e l  e l l i p so id s  j 
General Index 
Sum of debuq switches  f o r  B E L T  

- 

2 
1  

UPDATE 
U P D A T E  
CONTAC 

SETACT 

- 

debug - 
Zero f o r  e l  l i p s o i d ,  one f o r  
l lane 

1  
1  
1 
1  

14 

i n  C O N O U T  
Beginning index in  STOMAT i f  T-?? 
s o f t ,  of s o f t  one i f  one s o f t ,  

25 - ' 

1 
1 
1  

1  

i n  STOMAT and within KCO!4 - 
Control Index 
Table index i f  G-factor from 

- ] - 
- 
- 
34 

t ab l e  
Body segment index 
Vest igia l  - 
Body segment i r  
General index 
O u t p u t  vector  f o r  in tegra t ion  

- 
- 
- 

performance measures 
' General index 

General index -- 
Switch, one i f  sphere-spher., 
two i f  sphere-el 1  ipso id ,  th ree  
i f  e l l i p so id - e l l i p so id  

- j Number of loca t ions  needed 
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I 
Def in i t i cq  

i 
Beginning index of contact  o r  
second e l  1 ipsoid  i f  b o t h  s o f t  
othervii se  zero -- .d 

Beginning index of contact  o r  
e l l i p s o i d  in  STOIt4T i f  both 
s o f t ,  0 otherwi se  -.a 

Number of times ACCEL has been 
ca l l ed  I 

Number of times convergence 
1 

has been good enough t o  double I 

t h e  time s t e p  b u t  o ther  re- I 
quirements were n o t  met I 
Total  number of time s teps  
of a l l  s i z e s  
Digi t ized descr ip t ion  of w icn 
segments each 4 j o i n t  connects -- 4 

Ind ica tes  quadrant f o r  r e l a t i v ~  
p i tch  and t h e  correspondi nq 
se t  of r e l a t i v e  angles  I 

-1 

Table index i f  R-factor frcm 
Table 
Body segment number f o r  e l  l i p -  7 
soid  a 

Body segment number f o r  e l l  ip-  
soi  d 
General index - 
General index d 

El 1  i  psoid type 
Genera 1 index 1 
Lower ccpy down index l i m i t  
f o r  de l e t i on  
STOACT index f o r  second mater-- 
corresponding t o  IACT - 
Genera 1 i ndex - 
E B C D  nanies and mate r i s l  names 
f o r  planes and e l l i p s c i d s ,  an; 
control  ind ices  
Par t  o f m o r  t he  f  i l -s t  2 4  - -  
planes and e l  1  i  psoids 

-- 

= 
a 
L 
+'SJ L r= 
O *  
, Z 

KJlB 

KN B 

KNTACC 

KNTDUB 

KNTOT 

KONECT 

KP1i 

KR 

KSEG 

KSEG 

KT 
KT A 
KTYPE 
L 
LA 

L A  

LA 
-A 

LAA 

S u b n r ~ ~ * ? ~ l  
or Cc 3'1 

L O D F E L  

SETACT 

C riT 

CiiiT 

CNT 

JOINT 

JOINT 

EVAL 

CONTAC 

STASH 

E N T E R  
E N T E R  
COIdTAC 
MANY 
D E T A B  

LODFEL 

SETACT 
STASH 

SUMRY 

S 8 / i n 5 ~ 1  

- 

- 

- 

- 

- 

- 
- 

- 
- 
- 

- 
- 
- 
1 - 

- 

- 
- 

- 

C 
0 
.r 
Ln 
C 
o 
7 - 

I 

1 

1 

1 

1 

5 
2 
1  

1 

2 

4 0 

1 
1 
2 
1  
1 

1 

1  
5 
2 

40 
5 
2 

24 

Units o r  
Subscri 7: 

Peference 

- 

- 

- 
- 

- 

2 6 
24 - 

- 
2 5 

37 

- 
- 
2 5 
- 
- 

- 
- 
3 5 
3 6 
37 
3 5 
3 6 
3 7 
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L  AAL AE L 

LIMTAE L 

SUMRY 

ENTAB 

EVAL 
STASH 

DETAB 

I NTAB 
SETACT 
ACCEL, 
CONTAC 
SUMRY 

. .. 
FEC - 
FEC 
F EC -. 
OUT 

TAB 

LODFEL 

.r 
Ln 
z U n i t s  o r  
.=) - -- - S u b s c r i  ~t 
.,- 
Q 8 e f e r ~ : c e  D e f i n i t i c n  

5 3  5 P a r t  o f  LA ( f o r  p l a n e s  and i 
2 3  6 e l  1  i p s o i d s  a f t e r  t h e  2 4 t h )  

16 - 47 
4 0 3 7 LAA f o r  t h e  f i r s t  24 and 

LAB f o r  t h e  l a s t  16 
1 - P e r i o d  spacer  i n d e x  f o r  new , 

t a b l e  j 
1  - L a s t  v a l u e  o f  I I 

1 - The number o f  C- 

i n t e g r a t i o n  s t e p s  a t  t h e  p r e -  
c e d i n g  c a l l  t o  STASH 

1  - Upper copy  down i n d e x  l i n l i  t I 

1 1 for de1e;:;n 
Genera l  i n  ex  
A b s o l u t e  v a l u e  o f  IYS1CT -7 

Same as 

1  - Number o f  t i m e  p o i n t  f o r  a 
g i v e n  page of o u t p u t  

1  
i 

-J - Ou tpu t   device number f o r  debug 1 

1 - 1 Leng th  
1  - I Leno th  o t  I( 

1 - Leng th  o f  STOMAT, 2258 1 
1  - ' Leng th  o f  CONOUT, 690 I 

1 I - End ing  i n d e x  o f  t i m e  h i s t o r y  1 
o f  t i m e s  f o r  i n t e r a c t i o n  i 

1  - L i m i t  o f  number o f  i t e r a t i o n s  1 
f o r  b a l a n c e  i n  sha red  d e f l e c -  i 
t i  on 
Maximum number o f  e n t r i e s  

1 a l l o w e d  f o r  a l l  d e c e l e r a t i o n  -I--+-- 
t a b l e s  (3000) .  i 

1 
-- - Maxiillurn number o f  i n p u t  t a b l e s  i 

b o t h  d e c e l e r a t i o n  and o t h e r s  
(60 )  

1  - B e g i n n i n g  i n d e x  o f  time 
I 

o f  t i m e s  f o r  i n t e r a c t i o n  
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s 
I5 
L 

c $ 
o Z  
L- z 

L  K  

LKA 

LKACT 

L  KB 

L  L  
LLX 

LLXX 

L  M 

LOOK 

,LQ 
LTDCUR 
LTIME 
LTPRNT 
L  U  
L  X 

LY 

L  Z 

LZKACT 

M 
MA 
MASK 

MAXCOi4 

MAXTDC 
MAXTItl 
MB 

M B 
F13ELT 

* 

s r -201  

- 
- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 1 - 
- 
- 

- 
- 
- 
m  - 
- 

- 
- 
- 
- 

- 
- 

SUI? '~~-OP"C"~ 
o r  Cop-37 

LODFEL 

JOINT, 
UPDATE 
LODFEL 

JOINT, 
UPDATE 
EVAL 
LC 

LC 

INTAB 

PEEK 

JOINT 
LT 
LT 
LT 
JCINT 
LOTEL 

I t.ITAB 

LODFEL 

LODFEL 

MANY 
SETACT 
DEBUG 

STASH 

LT 
LT 
GETY 

SETACT 
T L  

U n i t s  o r  
S u b s c r i  r t  
Referer ice 

- 
- 
- 

- 

s 
0 

'7- 

m 
c 
0 - - 
- r; 

1 

1 

1 

1 

1 
4 
2 
4 
6 
1 

80 

1  
1 

1 
1 
1 
1 

1 

1 

1 

1 
1 

16  

1  

1 
1 
1 

I 
1 

1 

I 
1 
I 

C e f i n i  t4;rl I 

- 

KACT i n d e x  f o r  second m : t e r i a l  
c o r r e s p o n d i  n ~ t o  I KACT 
Genera l  i n d e x  

I ndex  o f  p r o p e r  IALF e n t r y  i n  
' 

KACT t i m e  h i s t o r y  e n t r y  f o r  
i n t e r a c t i o n  - 
Genera l  Index  

I 

- / I n p u t  m a t e r i a l  number i n d e x  
-... 

5 1 
5 0 
5 1  
4 8 - 

L a s t  v a l u e  o f  LLXX f o r  t h i s  -, 
i n t e r a c t i o n  
C u r r e n t  v a l u e s  o f  computed 

1 
p o l y n o m i a l  c o n t r o l  s w i t c h e s  i 
A b s o l u t e  i n d e ~  o f  s l o p e  i n  
STOR 

- I S t o rage  a r r a y  f o r  f i r s t  l o o k  , I 
- a t  a  new c a r d  i n  80A1 f o r m a t  I 

Genera l  i n d e x  
- i 

I - 
- 

I n t e g e r  e q u i v a l e n t  o f  TDCUR '-i 
I n t e g e r  e q u i v a l e n t  o f  T 4 a l e n t  o f  TPRIIlT _I 
p 

1 

- 

- 
- 

-- 
Index  o f  matched t i m e  j u s t  
p r i o r  t o  c u r r e n t  t i m e  i n  STOACT 
t i m e  h i s t o r y  
A b s o l u t e  i n d e x  o f  o r d i n a t e  i n  
STOR 
I n d e x  o f  STOACT e n t r y  f o r  

- 
- 
- 
- 

- 

- 
- - 
- 
- 

second m a t e r i a l  i n  t i n e  h i s t c r ! ,  -- 
1 n d m ~  e n t r y  f c r  I 
second m a t i r a l  i n  t i m e  h i s t c r  1 
Genera l  i n d e x  '-1 
A b s o l u t e  v a l u e  of I A  

--I 
I 

----< 

Two b i t  masks f o r  e x t r a c t i n g  
each s w i t c h  v a l u e  f rom t h e  
t o t a l  c o n t r o l  word - - - 
Number o f  1  o c a t i  ons i n  CONOL- 
w h i c h  a r e  used - 
I n t e g e r  e q u i v a l e n t  o f  JELTAT 
I n t e g e r  e q u i v a l e n t  o f  i r - -  - - 
A b s o l u t e  i n d e x  o f  s l o p e  i n  
ST0 R - - 
A b s o l u t e  Value of I0 
Nan-zero if f o r c e - s t r a i  n  re?ltr' 
t i o n s h i p  i s  used f o r  b e l t s  
i n s t e a d  o f  f o r c e  d e f l e c t i o n .  



N - 
NAME - 

- 
YE 

YIKC 

YILL 

YJKC 

- 

- 

- 
- 

Defini t ion 
Su5nrc'?rz*,? 

o r  Cc,---;n 

O'l 
F - 
2 - - .- 
3 

STASH, 
SUMRY 
STASH 

STASH, 
SUMRY 

CIiT 

STASH, 
SUMRY 

Units c r  
SuSscr i  o t  
z f  2rcrce 

I 
-A 

UPDATE 1 1  

1  

1 

6 0 

1 

- 

- 

EP i 1  i -  
CONTAC , 

I , mater ia l )  J 

- 

producing i n t e r ac t i on  ! 
General index I 

Inputted maximum number o f  

GETY, 
SUMRY 
CONTAC 
RSS, 
SUMRY 
READ AT 

In te rac t ion  number 

6o 39 

General i ndex t 

General index I 

UPDATE 1 1  I - 
i 

halvings which wi l l  be per- I 
I 

1 

Beginning address in  KC011 f o r  
plane or e l l i ~ s o i d  in  force  

CONTAC I 1  

1 
4 
4 
4 
4 

- Beginning index in  KCON f o r  
1 e l l i p s o i d s  on a pa r t i cu l a r  

.. 

- 

General i ndex 1 UPDATE 1 1  

CONTRL, 
CORK, MAIN,  
PRED 
EP 

39 

msec 

mi t ted-  I 
j 

General index 1 

- - 
11 - 
I1 

- 

R E L T I V  

body segment - I 
Beginning address in K O : /  
f o r  e l l i p s o i d  in force-  
producing i n t e r ac t i on  I 

Total CPU time of execution 
so f a r  1 

General index 
EBCD f o r  b e l t  

EBCD for 

TAB 1 60 I 44 
5 
1 

1 
1  imi t I - -4 

General i  ndex I 

1 Zero i f  r e l a t i v e  ve loc i t i e s  i 

SUMRY 

Input t ab l e  information I I 

45 - 

ms ec 

EVAL 1 - Current value of I 1  --* -! 1  

I 

Number o f  estimated points 
in time h i s to ry  ! 
Inputted CPU execution time -1 

- are  not t o  be determined A 
Sanie a s  Nl iN i n  STASH 
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pi- 
t"""" 

NELL 

NEND 

Ni iB  
14 N 
NOD 
NPLANE 

I 

D e f i n i t i c n  
1 

-. 

JOIi iT 
MOVTAB 

GETY, I 
1 

MOVTAB , 
SERTAB, 

U n i t s  G r  

S u b s c r i  o t  
Re fe rence  

- 
- 
- 

SLOPE 1 

s 
0 
-7 

cn 
C 

2 - .,- a 

-I 

S!!rbol 

1 
1 

lz.- EVAL 1 1  I - I C u r r e n t  v a l u e  of JJ 1 
-4 - LODF EL 1 1  1 - 1 T o t a l  number o f  e v a l u a t i o n s  _I 

I 

Subnro?:-3.1 
or Cc8:;:3r, 

- Genera l  I ndex  -.- . 
- I ndex  w h i c h  c o n t a i n s  p r o p e r  

nurnb.er l o c a t i o n s  f o r  add ing  +--- 
F I i I D M ,  
MATCH 
READAT 

DETAB, 

I - I IIIITAB, 1 1  I - I Genera l  i n d e x  I 

4 

8 

1 I 
ENTAB, I 

SERTAB I 
- STASH 1 1  / - 
- STASH I 1  I - 

B e g i n n i n g  add ress  i n  STOR f o r  
t a b l e  NTAB 1 

I 

- 
- 
- 

I 
Genera l  i n d e x  , 

-- 

T o t a l  number o f  body e l  1 i p so i ds :  

- ENTAB 1 - 

one new e n t r y  , 
EBCD s t o r a g e  a r r a y  f o r  16 
c h a r a c t e r  name i n  4A4 f o r m a t  
EBCD e l  1 i p s o i d ,  c o n t a c t ,  o r  
m a t e r i a l  names d 

( o r  sphe res )  
Temporary  v a l u e  o f  

- MOVTAB 1 - 
used i n  STOR 
New v a l u e  o f  !lUMENT a f t e r  one , 

- I 0  1 / - 
- EVAL 1 I - 

- CONTAC 1 - i Genera l  i n d e x ' l  
- CONTAC, 1 - I Genera l  i n d e x  I 

new e n t r y  added t o  t a b l e  
1 

I n p u t  d e v i c e  number 
, R e t u r n  c o n t r c l  i n d e x  f r o m  f o r c e  ; 

- UPDATE 1 - 
- UPDATE 1 1 -  

1 I INTAB, I 1 

e v a l u a t i o n  s e c t i o n  1 
Genera 1 i ndex 
Genera l  i n d e x  

- CONTAC 1 1  I - I Genera l  i n d e x  
-- - ENTAB 1 I - I n ~ u t  t a b l e  number 

L -- - - STASH, 1 - Number o f  f o r c e - p r o d u c i  ng 
i n t e r a c t i o n  comb ina t i ons  -- 
Genera 1 i ndex 

SUMRY 

- 
- 
- 

- 
STASH 
I0 
STASH 

-- 
S i m i l a r  t o  JC 
S tanda rd  o u t p u t  d e v i c e  number - - -  ------ 
T o t a l  number o f  c o n t a c t  p l a n ~ ~  

1 
1 
1 

Ii4TAB 
- 
- 
- 

1 - 
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r: 
rg 
L 
C, 0) 
L 5 
2 '-.. 

IILPMT 

NPOII~T 

N QR 

NR 

NS 

NSC 
NSCAFI 

NSWT 

NTAB 

NTOP 

NTOT 

NUMC 

NUMCOii 

NUMENT 

S -531 
Sut;proqrz:,- 

o r  Coi- -3ri 

INUMTAB - TAB 1 

- 

- 

- 
- 

- 
- 
- 

- 

- 

- 
- 

- 

- 
- 

c 
0 

.C 

cn 
c 
o - - 
; 

-. - - ST OR 
Nunlber o f  t a b  1 es i n  I.~sT@R--- 

U n i t s  o r  
S u b s c r i  ~t 
Refe rcnce  

INTAB 

SERTAB 

CONTAC 

STASH 

MOVTAB 

ENTAB 
ENTAB, 
DETAB, 
GETY, 
MOVTAB , 
SERTAB 
STASH, 
SUMRY 
DETAg, 
ENTAB, 
GETY, 
MOVTAB, 
SERTAG, 
SLOPE 
MOVTAB 

DETAB, 
ENTAtl, 
GETY, 
I NTAB , 
MOVTAB , 
SERTAB , 
SLOPE 
PEEK, 
READAT 
READAT, 
SUYRY 
TAB 

I 

I D s f i n i  t i c ?  

- 

- 

4 2  
2 4 
17 
41 

- 
- 
- 

- 
- 

I 

1 

17  
2 
6 
9 

1 

1 
.I 

1 

1 

1 

1 

1 

1 

1 

P o i n t e r  i n d e x  a t  c u r r e n t  X i n  
scann ing ,  f l a g g e d  n e g a t i v e  i f  
t a b l e  needs r e o r d e r i n g  
I ndex  o f  p o i n t e r  f o r  c u r r e n t  
p l a c e  i n  t a b l e  scan 
I n t e r n a l l y  s u p p l i e d  da ta  used ' 

by e l  1 i p s o i d - e l l  i p s o i d  l o g i c  -- 
I n d i c e s  o f  d i sp l acemen t  and , 
v e l o c i t y  e lements  o f  t h e  DYII , 
v e c t o r  I 

I ndex  o f  s l o p e  a t  p o i n t  of-' 
i n s e r t i o n  
I n p u t  t a b l e  scan s w i t c h  1 i 

I n p u t  t a b l e  sw i t c t i .  On ly  I 
t y p e s  used a r e  p i ecew i se -  I 

l i n e a r  and pic!cewise c o n s t a n t  

S i m i l a r  t o  JC 

I ndex  o f  c u r r e n t  i n p u t  t a b l e  
-1 

- Index  o f  l a s t  l o c a t i o n  t o  be 1 
- 

- 

- 

- 

moved i n  c u r r e n t  push down Icrrl, 
i i lu~nber o f  p o i n t f i  t a ~ l e  
NTAB 

- 
Number o f  i n ~ u t  c a r d  

.--- 
C o n t a c t  p l a n e  number 

Nun~ber o f  t a b l e  e n t r i e s  i n  



Def in i t ion  

N X 
N Y 
0 G 

OGP 

s 
rC 
L 
cr a.! 
L E 
2 2  

0 R 

S'~;,:501 

- 
- 
w 

o 

P 

Units or 
Subscr ipt  
Reference 

Subi?rc;t-?~r! 
or Cc: , .sr; 

- 

PC 

C 
3 
.r 

V, - - 
"J - - 
5 

HOVTACI 
M O V T ~  
L E 

L P 

P; i 

I 
I 

J  V 

I J 

- 1 JOINT 
I cosine 

PCX 

KC 

1 

Index of X a t  point  of i n s e r t i l  
Index of Y a t  point  ofir;seKi.r 

' 

Permanent deformation a r ray  f 6-1 
E V A L .  Units a r e  inches , 
Last value of OG f o r  t h i s  inter--- 

1 [ - 

5 

1 

PCV 

- 
I dina tes  

PD B 

P E 

PERCNT 

1 
6 

2 

3 ] 28 
12 1 8 

- 1 xx  I 1 7  1 3 I Difference between ~ r e d i c t e d  

PERD 

- 
48 

5 0 

2 6 
preceding time po in t .  
Body segment cen te r  of g rav i ty  f 

I 

- 

1 
XX 1 l 7  

P DA 

- 
- 

pij 

PETA 

PI 
PITWO 
PPX 

I I I momentum -- 

ac t ion  
I 

--I 
Relat ive  Euler ans les  from 

t o  j o i n t  d i s tance  
Sign f a c t o r  f o r  r e l a t i v e  pi tch 1 

-- - I 

- 

PV 

PX 

PX 

P Y 

3 

- 
BELT 

STASH 

BC ' 

nij 
T 

~ / 2  - 

and corrected v e l o c i t i e s  - 
Difference between predicted 
and corrected general ized coo) - 

JOINT 1 3  I 1 6  
-- 

1 J o i n t  l ever  arms 

I 
ENTAB 1 

P k ,  1 
- 

Pk, l  
- 

6 
4 
6 
5 
3 
4 
4 

J C 

MC 
I4 C 
STASH 

s ec 

XX 

L F 

X X  

STASH 

2 7 
11 
20 
2 6 
28 
11 
11 

j ( f o r  b e l t s )  
, Ves t i g i a l ,  period of a per iodic  

2 
5 
1 
1 
1 

Belt  l ever  arms ( d i r e c t i o n  
cos ines )  
J o i n t  po ten t ia l  energies  

Pos i t ive  or negative percen- 
tage of in f luencer  fo rce  i  t o  
be added t o  inf luencee fo rce  

17 

10 
6 

17 

1 

I t a b l e -  
2  9 
26 - 
- - 

3 

4 9 
4 8 
3 

- 

Upper and lower s top  l i m i t s  

Value of n  
Value of 7 1 2  
i  component o f  t o t a l  l i n e a r  
moment urn 
Predicted generalized v e l o c i ? z  

Computed polynornial a r ray  f o r  
E V A L  .--- 

Predicted generalized coor- 
d ina t e s  
j component of t o t a l  l i n e a r  

-- 



TAELE 37. S'1':430L DICT1G;;ARV 

P Z 

Q 

Q1 

Q 2  

Q 3 

Q A 

Q Q 
Q I 

R 

R14 
Rl5 
R16 
R17 
R24 
R25 
R26 
R27 
R E  

- 

k 
- 
- 
- 

ii k 

- 
- 

RFSAT 

R I 

R I<E 

- 

- - 
- 
- 
- 
- 
- 
- - 

ROLLJ 
RNMll 

STASH 

Q Q 

A C C E L ,  
STASH 
A C C E L ,  
STASH 
A C C E L ,  
STASH 
A C C E L  

A C C E L  
READ AT 

RFAC j R 

- 

R 

- 

RNM12 

QV 

Qv 
Q V 
Qv 
QV 
Qv . 
Qv 
Qv 
Q v 
CONTAC 

- 
- 

I 

1 

3 
17 

1  

1 

1 
I 

17 

1 
2  

CONTAC 

BC 

L C  

STASH 

- 
t o  t o r s o  

1 7  
3 
3 
7  
7 
7  
7 
7 
7  

JOINT 
JOINT 

. -- I 

- 
19 
3 - 

- 
- 

3 

- 
19 

4 
4 

2  

6 

JOINT 

Contact su r face  edge e f f e c t  i 

3 - - 
18  
18  
18 
18 
18 
18 

1  

1  
1 

k-component of t o t a l  1 inear  
momentum 
General i  zed coord ina tes ,  
v e l o c i t i e s ,  and acce l e r a t i ons  
Temporary s to rage  

I 
Temporary s to rage  

1 
Temporary s to rage  I 

Rotation matr ix  elements 
- 1 

Trigonometric combination I 
Trigonometric conibination 
Trigonometric cimbinati  on 

2 

Trigonometric cczlbination I 

Trigonometric combinaticn 

- 
11 
11 

50 

18 

1  

Generalized acce l e r a t i on  
values  before  poss ib le  ed i t i ng  
( s ee  EDEPS) - 

Trigonometric combination 
Trigonometric combination 
Trigonometric combination i 

' Radius f o r  con tac t  sphere 
assoc ia ted  with e l l i p s o i d  

7 1  18 

f a c t o r  I 
Magnitude of ~naximum allowed 
d i f f e r ence  between fo r ce  i 1 
and fo r ce  j f o r  b e l t  i n i l u e n c e s ~  --. 

Frac t ion  of conserved energy 
over t o t a l  energy f o r  cu r r en t  
loading cyc l e  ..* 

Rotat ional  k ine t i c  energy f o r  ; 

- 
- 

I 

7 

body segments 
Torso r o l l  arigle 
Direct ion cos,ine with respec t  i 

- 

Temporary s to rage  I 

Body i n i t i a l  condi t ions  I 

18 

t o  t o r s o  
Direct ion cos ine  with respec t  1 

_i 

7 18 
2  2  5  



TABLE 37.  SY:'?30L DICTI5: IA? iY 

-- - 

I 
I 

I 
I 

I 
I D e f i  . i i l ; ' ?~  

D i r e c t i o n  c o s i  ne w i t h  r e s p e c t  
t o  t o r s o  --- 
D i r e c t i o n  c o s i n e  w i t h  r e s p e c t  
t o  t o r s o  
D i r e c t i o n  c o s i n e  w i t h  r e s p e c t  
t o  t o r s o  
D i r e c t i o n  c o s i n e  w i t h  r e s p e c t  
t o  t o r s o  
D i r e c t i o n  c o s i n e  w i t h  r e s p e c t  - 
t o  t o r s o  1 

Va l ue  o f  r / 1 8 U  I 
-4 

S ines  o f  g e n e r a l i z e d  anu les  
I 

Temporary  s t o r a g e  f o r  f i r s t  
a t t e m p t  w i t h  Runge-Kut ta  I I 

C o n t a c t  s u r f a c e  edge e f f e c t  
4 

f a c t o r  I 
I 

Fo r ce  a t  SOG I 

J o i n t  s t o p  n~otnent I 
--4 

1 
C a l c u l a t e d  s l o p e  f o r  a b s c i s s a  
X f o r  t a b l e  NTAB i 
Fo r ce  s l o p e  a t  SOG 

I 

I 

L a s t  u n l o a d i n g  d e f l e c t i o n  
4 

b e f o r e  r e l o a d i n g  ~ 
I 

The p a r t  o f  6 - e lec ien ts  I 
c o n t a i  n i  ng no g e n e r a l  i zed I 

' a c c e l e r a t i o n  f a c t o r s  1 
- - 

R a t i o  o f  p r i n t  t i m e  i n t e r v a l  , 
t o  maximum i n t e g r a t i o n  s t e p  I 

s i n e  I 
Tinie h i s t o r i e s  f o r  f o r c e -  

--I 

p r o d u c i n g  i n t e r a c t i o n s  I 

E l l i p s o i d ,  c o n t a c t  p l a r e ,  b e i  , 
-u 

and m a t e r i a l  c o n s t a n t s  and 
k i n e m a t i c s  I 

-4 

J o i n t  s t o p  c o e f f i c i e n t s  I 

I 
S t o rage  f o r  i n p u t  t a b l e  t i m e  

- 9 

p o i n t s  1 
Upper p i t c h  s top  c o e f f i c i e n t 1  

- * 

Temporary s t l s a g e  
- -, 

- - 

SuSn~-c~;~.:l 
o r  Co- st? 

JO I f iT  

JOINT 

JOINT 

JOINT 

JOINT 

MC 
Qv 

C 

?- - 
P 
L 

-r g 
o a 
LL Z 

RNM13 

RNM21 

RNM23 

RNM31 

RNM33 

RPD 
S  

c 
0 
.F 

~1 
C 

2 - - 

1  

1 

1 

1 

1 

1 
3  
7 

17 

1 

1 
5 
3 
1 

1  
1 

3  
3 
6 

1  

6432 

2258 

5 
3  

3000 

5 
11 

s ~ ~ ~ ~ Q ~  

- 
- 

- 
- 

- 
- 
- 

Ur,i t s  c r  
S u b s c r i  - t 
Z e f  e r r - r ce  

- 
- 
- 
- 
- 
- 

6 
18 

3  

- 
I b s .  

2 6 
2 8 - 

I b s l i n .  
i n .  

- 
- 
18  
- 

- 

- 

2  6 
2 8 - 
2 6 - 

SAVE 

SFAC 

SGF 
SJ 

SLOPE 

SM 
SO G 

S  S  

STEPS 

STOACT 

STOMAT 

STOP 

STOR 

ST P  
SUM 

- 1 MAIN 

S  

- 
- 

- 
- 
- 
c 
" i j n  

- 

I 

COiiTAC 

EVAL 
J V 

SLOPE 

EVAL 
EVAL 

ACCEL, 
STASH 

STASH 
SUMRY 

- I FEC 

- F EC 

S a I JC x i 
- 
- - 

- 
TAB 

J  C 
BELT, 
CONTAC 
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s 
Rs 
i 
c, CJ 
L E 
,"-" L 

SUMRKE 

SUMT K E  

T 
TBAR 

T B B A R  

[TDCUR 
TINEST 

T KE 

T M 

'TMAX 

TMP 

TN 

TNEXT 

TOG 

TOTL KE 
TOTLX 

TOTLY 

TOTL Z 

TPC 

TPRINT 
T Q 

T S  

- I STASH 1 1  I -  I Total r o t a t i ona l  k ine t i c  

p 
I 

Def in i t ion  

Units o r  
Subscri t~t 
Referet;ce 5'1; ko1 

- 
t - 

Sub:, :.c< ,:.>.r.'; 

or C S  ~ 3 7  

STASH 

- 

E 
0 
-7 

LC 
z 
c,: - -. 

'7  3 

T 
C O ; I ' - A C  

L t - - 

1 

CONTAC 

- 
t 

1 
2 

T 
LT 

T-. ,, 

- 

2  1 25 

STASH 

Illan 

t 

energy . -  
Total  t r an s l a t i ona l  k ine t i c  

s  ec 
2 5  

t i ng  sphere 
Parameters f o r  e v a l u a t i o ~  of - 

1 
1 

T T  1 1  

- 

enerpy - 
Simulated time 
Posi t ion parameter f o r  migra- 

TBAR f o r  p a r a l l e l  e l  l ipso ids  
sec.  Current i n t eg r a t i on  time s t ep  - 

--- 

- 1 Smallest  poss ible  time s t @  

6 

L P 2  1 50 

- 

L F 1 6  

sec .  
dura t ion  I 

Last value of TM f o r  t h i s  

UPDATE 

u I 

18 

Units a r e  seconds , 
Program run simulated t - i ~ ~ e  

SUMRY 

- - 

under i n t e g r a t i o n  scheme 
, 
I 
d 

Trans la t iona l  k ine t i c  energy I 
f o r  body masses ! 

48 

1 

EVAL 

- 

Current time a r ray  f o r  E V A L .  
. 

1 

STASH 
STASH 

- 
- 

sec .  

1 

STASH 

" 

- 

i n t e r ac t i on  1 
Current time recorded in  I 

- 

1 
1 

STASH 

IT 

- 

STOACT en t ry  - 1 
Value of time f o r  t he  f i r s t  j 

i n .  

1 

T T 
CART IN, 

new record of t he  next page ' 
i of continuously paged output ;  

negative i f  none i 
Permanent deformation computed : 

- 
- 

1  

1 

- - -1 

R E A D  A T r  
LIMIT 

, from sa tu r a t i on  u n l o a d i ~ ~ '  
Total  k ine t i c  energv 
i component of t o t a l  angular . 

- 

1 
1  

momentum I 
j component o f  t o t a l  angular -7 ~ 

- 
- 

1 

momentun I 
I 

k component of t o t a l  angular I 
momentu~ I - 
Fract ion of next time segment 
during which t h e  contact  sur-  ' 

f a ce  corner  point  ve loc i t y  i s  

sec  
secL 

t o  be 1  inear i  zed - 1 
Co~vputed next ~ r i n t  t i l ' e  

Factor used i n - 1 x i r - i  

.. 
I 

g r a t i on  -- I 
Temporary s torage 
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m- 
TSB 
TSC 
TSD 

TSE 
TS F 
TSG 
TSH 
TS I 
T SN 
TSP 
.TSQ 
TSR 
TSS 
TSXZ- 
TSYZ 
TSZ 

VALUE 

M A N Y  
M A N Y  

CONTAC Ti CONTAC 

C O N T A C  j 1- 
CONTAC 1 1  
CONTAC 

===fF READ AT 

ACCEL 3 
6 

SERTAB 1 
R E A D  AT 2 

6 
ST ASH 1 

Defini t ion 

- I Trigonometric combination 
18 
1 7  I n e r t i a l  cotnponents and r a t e s  

o f  change of c a r t  o r ig in - to -  
t o r s o  C G  vector - 

I Temporary s torage I 
4 - I Temporary s torage 

-- - [ Temporary s to rage  I 

- I Temporary s torage ! 

- I Temporary s torage 1 
- I Temporary s to rage  . -- I 
- I Temporary s to rage  - / Temporary s torage 
- I Temporary s to rage  
- 1 Temporary s torage 
- 1 Temporary storTge 

I - Temporary s to rage  I 
-4 

in .  Factor i n  contact  c a l cu l a t i ons  1 -- 
in .  Factor in  contact  ca lcu la t ions  A - The maximum of t he  weishted I 

1 averaae of CATC and CAID'S 1 
i n .  1 ~ a c t o ;  in  contTct c a l cu l a t i ons  ] 
sec.  I Time on cu r r en t  dece le ra t ion  1 

t a b l e  segment 1 
38 Time h i s to ry  time s torage 
sec .  ' Length of cur ren t  dece l e r a t i  o r 7  
- - I t a b l e  segment 
10 
18 The p a r t s  of 6 ' s  containing nc 

general ized acce le ra t ion  f ac t c r s  -. - Abscissa of input  t a b l e  
19 Vehicle i n i t i a l  conditions 
20 - Contribution t o  i  com~onent 0.'- 

/ t o t a l  angular momentum from 
l i n e a r  v e l o c i t i e s  -- - I S imilar  t o  V X  f o r  j component 

- I S i m i l a r  t o  V)c: f o r  k comaonen?'- 
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A C C E L ,  I The pa r t  of body segment l i nea r  
acce le ra t ions  c,ontai ninc no 
general ized acce l e r a t i  o i  f a c t o r ,  -- 

dGT - EP 17 3 Weighting f a c t o r s  
-- 

I p k  i 
CS i x I I 

CONTAC - i X-coordinate of specia l  contac? 
I 

WT 1 Y 

W X 

CONTAC,  

W Y 
W X Y Z  

- 

X 

1  

- 
- 

X 

X A 

XA 

X B 

X AA 

X B B  

XC 

SLOPE, 
SERTAB 
STASH 

- 

CONTAC 

- 

STASH 
STASH 

- 
- 

: - 
- 
- 

- 

X D E L  
XDMC 

sur face  system, see  Equation 52 
Y-coordinate of s ~ e c i a l  contact  

-- 

1 

ENTAB, 

1  

COliTAC 

1 
3 

G E T Y  
Q v 
RELT IV, 
STASH 

D E T A B ,  
SERTAB 
DETAB , 
SERTAB 
DETAB 

D E T A B  

- 

1 

- RELTIV, 1 STASH 

- 
- 

- 1 

sur face  system, see  Equation 52 1 

Contribution t o  i  component 
of t o t a l  angular momentum from 

- 
10 

3 
6 
6 

1 

1 

1 

1 

zero H-point i n  c a r t  
Vehicle con t r ibu t ion  t o  x- 

- 

CONTAC 1  
3 

angular velbci t i  e s  1 
Similar t o  W X ,  f o r  j component 1 
I n e r t i a l  coniponents of anqular i 

sec .  

6 

- CONTAC 

in, 'sec. 

ve loc i t y  vector  
- I 

Abscissa of input t a b l e  I 

1 

10 
18 
1 7  

sec .  

sec .  

- 

- 

- 
- 

puting X D D C  
Time de r i va t i ve  of WS 

Body segment CG coordinates I 

I n e r t i a l  coordinates  a n d  veloc- 1 
i t i e s  returned by RELTIV as  I 

r e l a t i v e  q u a n t i t i e s  
Lower endpoint of titlie range f c r  
de l e t i on  or search 
Upper endpoint of time range f o r  
de l e t i on  or  search 

, Either  endpoint of time range 
t o  be dele ted (with X B B ,  def ines  
a closed i n t e r v a l )  
Ei ther  endpoint of time range 
t o  be dele ted (with XAA, def ines  
a  closed i n t e r v a l )  

17 

component of t angen t ia l  veloc't,v 
E l l i p so id - e l l i p so id  defornlati:? 

d.. 

-. 

Intermediate r e s u l t s  in con)- 

I n e r t i a l  coordinates  and velcci-* 
t i e s  f o r  c a r t  o r i g in  o r  time- 



v - 7  1; j n ~ i m e  h i s t o r y  i f  body k i n e m a t i c s  1 
I 

1 X i  

X EM 

XHAT 

XLAM 

X  L 

XX 

X X 

- 

'em 

XYDDS 

xz  

XZA 

XZB 

Y 

Y Y  

YDOT 
YEN 

Y z 

Y ZA 

COrJTAC 

CONTAC 

- 

' 0 

- 
- 
- 

n 

YZB 
. 

- 
! t  

Je,,, 

y o  
- 

3 
2 
1 

- 1 CONTAC 

CONTAC 

CONTAC 

CONTAC 

CONTAC 

DEBUG, 
ENTAB. 
G ETY 
BELT 

YDDC i - 

- 

9 

3 
2 
2 

4 

- 
- 

' r 
n 

- 

CONTAC 

CONTAC YDl4C 

CONTAC 
C O I \ I T ~  

10 
2 5 - 

CONTAC 

CONTAC 

BELT 

" m P f i m - ,  
SLOPE 

3 
1  

1 

1 

1 

1 

4 

- 

CONTAC 

I n e r t i a l  c o o r d ~ n a t e s  o f  
e l  1 i p s o i d  c e n t e r  
X - c o o r d i n a t e  o f  e l l i p s o i d  

-..-.. 

c e n t e r  i n  body segrilent system 
1 

10 
25 
2 5 

11 

1  

3 

1 
1 

C o n t a c t  s u r f a c e  c o r n e r  p o i n t  
c o o r d i n a t e s  I 
D i r e c t i o n  numbers o f  semi- , 
m a j o r  a x i s  i 
D i s t a n c e  a l o n g  semi-major  a x i s 1  
between e l l i p s o i d  c e n t e r  and i 
m i g r a t i n g  sphere  c e n t e r  I 
I n e r t i a l  X - coo rd i na tes  o f  
b e l t  a t t achmen ts  and anchors 1 

1 I s e C *  

19 - 

i n .  

i n ,  

i n .  

- 

11 

CONTAC 1 1 

CONTAC I 1  

1 

Absc i ssa  o f  i n p u t  t a b l e  I 

1 

F a c t o r  i n  c o n t a c t  s u r f a c e  
c o n t r i b u t i o n  t o  components o f  
t a n g e n t i a l  v e l o c i t y  
X - c o o r d i n a t e  o f  a c t u a l  c o n t a c t  
p o i n t  
X - c o o r d i n a t e  o f  f i r s t  p o s s i b l e  
c o n t a c t  p o i n t  
X - c o o r d i n a t e  o f  second p o s s i b l e  
c o n t a c t  p o i  n t  

, O r d i n a t e  o f  i n p u t  t a b l e  

I n e r t i a l  Y - coo rd i na tes  o f  b e l t  
a t t achmen ts  and anchors - - 

- 

i n l s e c .  - 

V e h i c l e  c o n t r i b u t i o n  t o  y-  
component o f  t a n g e n t i a l  ve loc i -Q 
I n t e r m e d i a t e  r e s u l t s  i n  coni- 
p u t i n g  YDDC -- 
Time d e r i v a t i v e s  o f  WT 
Y - c o o r d i n a t e  o f  e l  1 i p s o i d  
c e n t e r  i n  body segment s y s t ~ ~ ~ )  

i n .  

i n .  

i n .  

Y - c o o r d i n a t e  o f  a c t u a l  con tac ,  
o i n t  

! - c o o r m o f f  i r s  t pos s ibT< 
c o n t a c t  p o i n t  
Y - coo rd i na te  o f  second p o s s i b ' ,  e 

- -._- 

c o n t a c t  p o i n t  



Z EM 

Z E R A  

Z E R B  

I I 

zem I CONTAC 

Z ZINFL 

I I I 

1 

1 

1 

- 

- 

C; 

I I -r 

IT 

IT 

I I a t  i ~ / 2  

4 ' 11 B E L T  z z 

- 
rad.  

r ad ,  

I n e r t i a l  Z-coordi na tes  c f  
b e l t  a t tachments  and anchors 
Z-coordinate of a c tu a l  con t ac t  
po in t  
Z-coordinate of f i r s t  pos s ib l e  
con tac t  po in t  
Z-coordi na te  of second pos s ib l e  
con t ac t  po in t  

n 

Z-coordi na t e  of e l  1 i psoi d 
c en t e r  i n  body segment system 
Input ted proximity eps i  1 on 
f o r  nearness  t o  po le  a t  ~ r / 2  
f o r  p i t ch  a 

Input ted proximity eps i lon  
f o r  s i n e  of p i t c h  near pole 

Input  f a c t o r  which modif ies  
adjustment t o  i n f l  encee f c r c e  
f o r  b e l t  f r i c t i o n  Y I N F L = I )  ; 
d e f a u l t  = 0. 

1 

Z z 
ZZA 

ZZB 

- 

zo 
- 
- 

CONTAC I 1  I i n *  
CONTAC 

CONTAC 

1 

1 

i n .  

in. 
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" 

S y m b o l  

' ~ n m  

'Xnm 

(Lxnm)r 

E 

€t 

E v 

E z a '  

'i j 

x 

t o r t r a n  
Name 

F N 

P1L 111 

S y ~ i i h o l  
N 

N m a x  

F o r t r a n  
Ilaliie 

AGL 3 EREST 

.-A 
EPS 

D T M I N  

EPZV 

E D t P S  1 
ETA,  PETA 

BC27  ,FAC 

S y m b o l  
a 

b 

F o r t r a n  
Name 

A 2  

B 2 

6 

i 

6~ 

8 

sc  

D 

n 

'n 
A +. 
t Kky  1 

 at^, , 7 
A * *  

t K ~ , 3  

A t ~ k  
3 4  

*t 
A 

tmax 

AtnrDr 

'"iim 

S y m b o l  
X 

Yen, 

'i 

F ma x 

FS ,v 

F ( n )  

F ' ( R )  

9 

G -- 

i 

I T n 

j 

k 

1 

' n ( 0 )  

n 

'i 
n 

PERCIIT 

F o r t r a n  
- Name 

W S 

YEM 

yo 
A 

J' n 

Y 

z em 

zo 
* 

n 

B 

F B 

F M 

AFSAT 

FOGyFBOGP 

F O G , F ~ ~ G P  

ESG,GRAV 

GEE , G I  

I 

E I 

J 

FK,  K 

L 

B L  

B L Z  

EMAT, M 

EM 

N 

c 

dG 1 BG 

YZ 

BYA 

WT 

Z E l l  

zz 

BZA 

Dl1 

D A I I P J  

$5 

B A l  

BMUK 

WGT 

B A 2  

BMUS 

B A 3  

B J  

ETA,D, ( In 

c 

i 

E 

 EX^ 
F 

F I 

DEL ,DP 

DD ,DDP y 

ETAD 

D A 

D B 

D C 

D E 

D F 

c 2  

C 

E y E P  

ELAS 

FD,FORCE 

FDD, FDEV 

P i j  1 

%. 
- 

k 

pn 

ps 

u n 

~i 

DELB 

DELD 

A F 

B K 

c K 

D F 

TDCUR, 
D E L T I M  

DELTAT 

DTPRNT 

E P Z A  

I 

6 T  1 BT 

I 

P k , i  

% , l  

k 

rn  

R 

s n  

S 

'i j n  

s~ j 
t 

n 

Tmax  

l n  

'in 

'em 

x0 
x n 

P X 

P V 

Q 

X X 

ARE ,RFACY 
R I 

Y Y  

SFAC 

SS 

STOP 

T,TM,TMP 

Z Z  

TMAX 

U 

W 

X EM 

X Z 
BXA 

1 - FiTb!O * 

'ij 

w 

id1 

fl 

0 I B  

P 
- 

OG ,OGP 

TOG 
- 

BOG ,BOGP 

- 
C 

4 

QB I BR 

BS 
0, 
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SUBSCRIPT 
P,EFEP,ET,iE 

NUIdEER 
1 1  X-ccorclinate of f i r s t  corner  po in t  

1 o f  con t ac t  : t~rf 'ce .  

::: :, 3 I Y-cccrii inatr  of F i r s t  cornc-r po in t  
j of  con?:act srrrfacc 

3 1 Z-coor.c;iriatc o f  f i r s t  carrier po in t  

c e n t e r  o f  g r a v i t y .  
2 I n e r t i a l  Y-coordinate f o r  t o r s b e  i n .  o r  l b .  

f o r  t o r s o  j i n .  o r  1b 

4 

5 

6 

7 

8 

9 

10 

i n .  

i n .  
- 

i n .  

i n .  

i n .  

i n .  

s e c .  

' X-coordi na te  o f  one adjacar! t  cor -  
ne r  p o i n t .  
Y-coorciit?ate of one ad j acen t  cor-  
ne r  poi n t  . 
Z-cooi-di na te  of orie ad j acen t  cor -  
ne r  noi n t  . 
%-coorciinate OF o t h e r  a d j a c e ~ t  
corner  coi nt . 
Y-coorcii na te  of  o t h e r  ad j acen t  
corner   DO^ q t ,  
Z-coordinate o f  o t h e r  ad j acen t  
corner  poi n t  . 
Time a t  uhictl c o n t a c t  s u r f a c e  a s -  
sumes t h i s  p o s i t i o n .  I f  t he  d i -  
m2nsion i s  n ine ,  t h i s  one i s  omi t ted .  

4 
Xx 
PI 

y, 
n 
2 %  

A 

3 

$3 

A 

z 3  

t' 

4 
5 

1 I 

1 l 7  I Lef t  knee r e l a t i v e  p t i ch  angle  i rad o r  i n  i-1 

c e n t e r  o f  g r a v i t y .  
I n ~ r t i a l  t o r s o  :'a1:/ ang l e .  
I n e r t i a l  t o r s o  p i t ch  angl e .  

I 

6 I I n e r t i a l  t o r s o  r o l l  anyle .  

I n e r t i a l  l e f t  upper l eg  r o l l  ang le .  

Right knee r e l a t i v e  p t i ch  ang le  

rad o r  in.*/ 
rad o r  in .15  

r a d o r i n . l b  

rad o r  in. ' lb 

r a d o r i n . l b  

rad o r  in.91) 

rad o r  i n . l b  

r a d o r i n . l b  

rad o r  i n . l b  

rad o r  i n . l b  

rad o r  i n . l b  

7 

8 

9 

10 

11 

12 

13  

14 

rad o r  in.?!-] 
rad o r  i n . l b  

6, 
( C / F  
e. 2- 
4% 

p: --I 
Qs 
Wc 
0;) 

I n e r t i a l  heaci ya:., ang! e .  

I n e r t i a l  head p i t c h  ang le .  

I n e r t i a l  head r o l l  ang le .  

I n e r t i a l  r i g h t  upnzr l e g  ?/a\,! a n g l e ,  

I n e r t i a l  r i g h t u p p e r l e g p i t c h a n g l e .  

I n e r t i a l  r i g h t  upper l e g  roll ang le .  

I n e r t i a l  l e f t  upper leg yavl ang l e .  

I n e r t i a l  l e f t  upper l e g  p i t ch  ang le .  



S U E S C E I P T  EXPLA1:."IITIO5 
o f  9 ( 3 , 3 )  , by c o l  ui:?ns 

! v i  t h  r e s w c t  t o  ~ r - r t i n e r i t  u/ 
I --- 

2 I P a r t i a l  l:~iti-~ r n s n o c t  Lo ~ s r t i n a n t  e 

1 Yaw 
I P i t c h  

2 

P a r t i a l  \~!i th r e s p e c t  t o  
6 

Torso c e n t e r  of g r a v i t y  t o  neck 

7 

C 

I 1 Head c e n t e r  of g r a v i t y  t o  neck 1 

3 / Roll 
1 j P a r t i a l  i.ri t h  r e spec t  t o  0 

1 3 ( Right upper l e g  c e n t e r  of g r a v i t y  

4 
t o  r i g h t  h ip .  
Le f t  upper l eg  c e n t e r  of g r a v i t y  

5 

6 

t o  l e f t  h ip .  
Right lower l e g  c e n t e r  of g r a v i t y  
t o  r i g h t  knee. 
Le f t  lower l eg  c e n t e r  of g r a v i t y  

7 

11 I Torso c e n t e r  o f  g r a v i t y  t o  p e l v i s  

t o  l e f t  knee. 
Right upper l eg  c e n t e r  of g r a v i t y  

8 

9 
10 

1 ,2 1 (H-point)  
Pe lv i s  t o  e i t h e r  h ip  

t o  r i g t i t  knee. 
L e f t  upper l e g  c e n t e r  of g r a v i t y  
t o  l e f t  knee 
Hip t o  knee . . 
Hip t o  knee 

I 

2 1 Anchor po in t  

I I 

9 

i n .  I f i i 4  

1 / Attachnietit po in t  

i n .  I 

z , k -d i r ec t i on  
Bt.1 t ni~r~lher 
Rcl t s  1 and 2 
8 e l t s  1 a n d  3 
Gel t s  1  and 4 
Be l t s  2 and 3 
Be l t s  2 and 4 
Bel t s  3 and 4 

11 
1 2  

i n .  1 e,, 

i 

3 
1-4 
1 
2 
3 
4 
5 
6 



SUSSCRIDT EXP1F::5TIO'j 
Coef f ic ien t  r a t e s  of sur face  re1 a t i v e  
t o  vehjc le .  
Coef f ic ien t  r a t e s  o f  sur face  re1 a t i v e  

I j t o v e h i c l e .  1 
I in: +- Coeff ic ien ts  of sur face  re1 a t i v e  

3 

1 i t 0  vetiicle.  P ---+ q Coeff ic ien ts  of sur face  r e l a t i v e  I 

t o  vehic le .  
Coef f ic ien t  r a t e s  o f  sur face  r e l a t i v e  irf./sec. , r 

-----A 

6 

7 

t o  vehic le  
Coeff ic ien ts  of su r f ace  re1 a t i v e  

8 

I to  i n e r t i a l  space. 
I 

1 - .  I 
i n': I r , I 

t o  vehic le .  
Coef f ic ien ts  of sur face  r e l a t i v e  
t o  vehichle .  
Coeff ic ien ts  of su r f ace  r e l a t i v e  

9 

10 

11 

1 

i r l ?  I s I 

t o  i n e r t i a l  spfice, 
Coeff ic ien ts  of su r f ace  r e l a t i v e  i  n: 
t o  i n e r t i a l  snace.  
Coeff ic ien ts  of sur face  r e l a t i v e  
t o  i n e r t i a l  snace. 
Coeff ic ien ts  of sur face  r e l a t i v e  i n? 

I 12 1 Direction f d c t o r  
1 3  ! Cosff ic innt  ra t n s  of s u r f a c s  

- 
i  n3ksc */ 

1 4  

15 

16 

17 

14 
15-1 7 

18 
19-2'1 
22- 23 
24- 29 

30 
3 1 

1 
2 
1  

2 

1 
- .  . 

2 

r e l a t i v s  t o  veh ic l e .  
These a r e  intermediate  r e s u l t s  ,, 

These a r e  intermediate  resul  ts-. 
These a r e  interniediate r e s u l t s .  
These a r e  intermediate  r e s u l t s .  
Surface s i d e  l eng ths .  
Combinations of (8:9,10) taken in p a i r s .  
Square of (31 ) .  
Normal i  zing f a c t o r .  
F i r s t  member of bei t pa i r  
Second merlber of be1 t  air 
Any of s i x  b e l t  pa i r s  ( s ee  subsc r ip t  
re ference  12)  
The p a i r  of be1 t s  not included in  the  
n a i r .  
Torso yaw d-irection . 
Torso p i tch  d i r ec t ion  

i n .  
i n .  
i n .  
i n . / s e c  

3 
- 1 

2 
3 

4-6 

Torso rol i d i r e c t i o n ,  
x-coordi na t e .  
y-cogrdinate.  
z-coordi nate  . 
T .  

I ime r a t e s  of chacge of x,y,z 

I 

in fr- 
in  !- 
i  nf 
in  ? 
i n .  
in4  
i  n t  
in? 
- 
- 
- 

- 

- 
- 

- 
- -- - 
- 
- 
- 
- 
- J - 
- 
- 

- 

- 
- 1 



TABLE 

4 

S Y I i S O L  

- 
- . .. 
- 
- 
- 1 - 
- 
- 
- 
- 
- 
- -, - 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
- - - 
- 
- 
- 
- 

- 
- 
- 
- 
- 
7 I 
'7 3 

Yz; -3119 - 
- 

- 
- 
- 

---- 

UrIITS 

- 
- 
- 
- 
.. 
- 
- - - 
-/sec 
-/sec2 
i n .  
i n .  
i n ,  
rad 
ra d 
rad - 
- 

- 
- 
- 
- 
- 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
- 
- 

,- 

S U G S C R I P T  
R E i E R E ! i C i  

!4Ul,;r3ER 
S Y 3 S C R I P T  

VALUES SClSSCi?I PT E?:?LA'4!1T IO!I 

Torso 

Head 
Right uoper leg 
l e f t p e r  1 eg 
Right lower l e?  
Left lower leg 
Vehi cl cl 
Coorcii ; ;a :  r 
Ye1 oci t y  
Accel era t ion 
x-direction 
y-direction 
z-direction 
Y a\$/ 
P i t c h  
Roll 
For plane containing inf l  uencer be1 t 
anchor point.  
For plane containing i  nf 1 uencee be1 t 
anchor point.  
El 1  ipsoid f r i c t i on  c lass .  
Plane f r i c t i on  cl ass 
Neck or hip j o in t .  
Knee j o in t  
F i r s t  of el 1 ipsoid-el l  ipsoid interaction . 
pa i r .  
Second of el 1  i psoid-ell ipsoid 
in teract ion pa i r .  
Neck j o in t  
Right hip jo in t  
Left h i p  jo in t  
Right knee 
Left knee 
Pa r t i a l s  with respect t o  9, ,e, , $, 
Par t i a l s  with respect t o  ~ , g ,  $ of 
appendage 
Relative yaw 
Relative pitch 
Re1 a t ive  ro l l  
Upper s  to? 
Lower stop 
Stop 1 i m i t  1 
Stop l im i t  3 
Stop 1 iini t s  5-14 
Relative pitch inside range ( -  % ,151 

Re1 a t ive  pitch outside range ( -5  ,%) 

i moment of i ne r t i a  
j moment of i ne r t i a  
k moment of ine r t i a  
Flass 

18 

1 9  

2 0 

21 

22 
2 3  
24 

25 

2 6 

2 7 

2 8 

2 9 

3 0 

3 1  

32 

1 

2 
3 
4 
5 
6 
7 
1  
2 
3 
1  
2 
3 
4 
5 
6 
1  

2 

1-5 
1-10 

. 1 
2 
1  

2 

1 
2 
3 
4 
5 

1 - 3  

4-6 

1 
2 
3 
1  
2 
1  
2 

3-1 2 
1  

2 

1 
2 
3 
4 



TABLE 39. S U B S C R I P T  R E F E R E N C E  EXPLAIIATIOPIS 

I S U B S C R I P T I  1 I 1 I 
R E F E R E N C E  
NUMBER 

1 33 1 i ~ a ! f /  s t o p  l oca t i on  
P o s i t i v e  p i t c h  s t o p  loc i i t i cn  with ze ro  

SUBSCRIPT 
V A L U E S  

r ad .  

3 
yap! 
P o s i t i v e  p i t c h  s t o p  l o c a t i o n  i n  + t h e  " 3  

4 

SUBSCRIPT E X P L A l A T I O N  

t d v e  p i t c h  s t op  l oca t i on  in  t he  

I l ze ro  vtiw and f u l l '  nosi  t i v e '  o i t c h  I i 1 

resence  of f u l l  yaw -- 
; ega t i ve  pTtctr s t op  l o c a t i o n  with  zero 

I 

rad.  1 '1 5 
resence o f  f u l l  yzw 

P o s i t i v e  roi I s t o p  in  ttie presence of 

U N I T S  

and f u l l '  n ega t i ve '  p i t c h  
r o l l  s t o p  i n  t he  presence of rad .  

SYMBOL 

rad .  

rad .  
I 

Pure r o l l  s t o p  
p o s i t i v e  r o l l  s t op  i n  t he  presence of 

4 

'1 6 

r a d ~ r i  
r ad .  

f u l l  yaw and , zero  p i t c h  
P o s i t i v e  r o l l  s t o p  i n  t h e  presence of rad.  

10 
f u l l  yaw and zero  p i t c h  
i jegat ive  r o l l  s t op  i n  t he  presence of r ad ,  1 , 1 and - 0 s i t i v e  ;itch 1 r a d ,  
Ilegative r o l l  s t o p  in  t h e  presence of 

aw and o s i t i v e  i t c h  
13 P o s i t i v e  ro i  1 s t o p  i n  t h e  presence of 1 rad .  

q 1 2  

n 1 3  
f u l l  yaw and nega t ive  p i t ch  

r o i l  s t o p  i n  the  p resence  of 

., 
s t e p s  s i n c e  t h e  preceding p r i n t  t ime 

4 -'-Nun.~ber o f  success fu l  i n t e g r a t i o n  time 
s t e p s  

5-1 4 Ilunlber of success fu l  i n t e g r a t i o n  t ime 
s t e p s  a t  each l eve l  of halving 

3 5 1 deginning index i n  KCON i f  second index - 

3 4 

i s - 1 ;   if second index i s  2 
2-4 Plane o r  e l  1 ipso id  name i f  second index - 

i s  1 ;  corresponding mate r ia l  name i f  
second index i s  2 

36 1 , 2  See s u b s c r i p t  r e f e r ence  35 

rad .  

equal t o  ITOT, with  planes  f i r s t ,  

of body kinematics s t o r ed  backward 

- - 

'1 1 4  

1 
2 
3 

1 i n  t ime 

f u l l  yaw and r e g a t i v e  p i t ch  
C P U  tirne 
Number of c a l l s  t o  A C C E L  
Number of success fu l  i n t eq r a t i on  time 

s e c  . - 
- 

- 
- 
- 



39 1-60 Number of d i f f e r e n t  f o r ce  producing 
i n t e r a c t i o n s  occur r ing  i n  t h e  course  
of t h e  i n t e g r a t i o n  

4 0  1-20 Number of con t ac t  p lanes  ( 1  ii;ii ted  
t o  20 only f o r  plane d e s c r i p t i o n  in  
out  ut page headings;  see  I D E S C R )  

4 1  1 tiea % l i n e a r s  t o  be p u t  i n t o  r e l a t i v e  
coord ina tes  

2  Torso 1 i nears  
L 

3 Right upper leg l i n e a r s  
4 Lef t  upper leg 1  i nea r s  
5 Right lokcer leg l i n e a r s  
6 Lef t  lower l e s  l i n e a r s  - .  

L " 

7  Right knee and f o o t  pos i t i ons  
8 Lef t  knee and f o o t  p o s i t i o n s  
9 H-point pos i t i on  

4 2 1-1 7 One f o r  each l eve r  arm - 
L 

18  Def lec t ion  r a t e  
4 3 1 F i r s t  time po in t  on a  page of 

ou tpu t ,  e i t h e r  a  repeated time po in t  
from t h e  preceding page o r  time equal 
ze ro  

2-41 T i n - p o i n t  nuniber on a page of output  
44 1-6 See s u b s c r i p t  Reference 20 

I 

7 Debug hexadecinial con t ro l  word 
8- 60 Material  t a b l e s  a s  needed 

4 5 I 1 1 Number of no in t s  i n  t a b l e  
L 

2 Beginning l i n e  i n  STOR 
3 Scan type  switch 
4 Po in te r  a t  a d ~ G s s  of c u r r e n t  x,; 

nega t ive  i f  changes i n  t a b l e  
5 Beginning l i n e  in  C U R  o r  O 

46 1 - 24 Kefer t o  L A A ,  L A B ,  and Subsc r i p t  
Reference (iuniber 37 

4 7 1 - 16 Refer t o  LAA, L A B ,  and s u b s c r i p t  - 
Reference dgrnber 37 

48 1 F i r s t  eva lua t i on  of q u a n t i t y  f o r  
f i r s t  ma t e r i a l  

2 Second eva lua t i on  of q u a n t i t y  f o r  
f i r s t  mate r ia l  

3 Third eva lua t i on  of q u a n t i t y  f o r  
f i r s t  ma t e r i a l  

4 F i r s t  eva lua t i on  of q u a n t i t y  f o r  
second mate r ia l  

5 Second eva lua t i on  of q u a n t i t y  f o r  
second nia ter ia l  

6 Third eva lua t i on  of q u a n t i t y  f o r  
second mate r ia l  



Zeroth o rder  c o e f f i c i e n t  of computed 
49 1 ' I unloading o r  re load ing  polynomial p o u n d s  I - 

SUGSCRIPT EYPL/I ' :~?TIO?~ 

SUBSCRIPT 
REFEP,ET:CE 

NUi>' ,BER 

I _I 

6 i Def lec t ion  a t  which t o  use t h e  follo\;rinai i n c l l c ' s ~ l  

S1!3SCRI FT 
VhL!liS 

2- 4 

o r  r e -  

in d e f l e c t i o n  
F i r s t  throuqh t h i r d  o rder  c o e f f i c i e n t  !/in., --b---i 

5 0 

5 1  

52 

3- 6 

1 

2 

1  

2 
3 
4 

1 

2 
f o r  s l i p p i n g  p a i r  tkro 
Beginning index of ma t e r i a l  p r o p e r t i e s  
f o r  " s o f t "  body, i . e . ,  shared d e f l e c t i o r  
f o r  b e l t s  one th rough  f o u r  res .pect ively  

of scondary coniputed c o e f f i c i e n t  
Las t  value of q u a n t i t y  f o r  f i r s t  
ma t e r i a l  
Last  value of q u a n t i t y  f o r  second 
ma te r i a l  
Switch which i s  non-zero i f  secondary 
computed polynomial i s  t o  be 
considered f o r  use 
Value of I 1  f o r  l a s t  loading por t ion  
Value of J J  f o r  l a s t  loading por t ion  
+ 2  = r e g u l a r  unloading 
+ I  = p a r t i a l l y  i n i t i a l i z e d  unloading 
0 = f i r s t  loading 

-1 = p a r t i a l l y  i n i t i a l i z e d  re load ing  
- 2  = r e g u l a r  re load ing  
Beginning i n c i e x o f m a t e r i a l - p r o p e r t i e s  
f o r  s l i p p i n g  p a i r  one 
Beginning index of mate r ia l  p r o p e r t i e s  

- 

e t c .  - 
- 

- 

- 
- 
- 

- 
- 

- 

- 

- 

- 

- 
- 
- 

- 
- - 



2iiYSICBL F A C I L I T I E S  

1 ?be C o n ~ u t i n g  C e n t e r  r , u i l d l n g  i s  i o c a t e d  a t  1 3 7 5  z e a l  A v e n u z  on Kart11 
i Cam;us ( l . n ; d 8 i i c i t t i l y  s o u t h  o r  t r , e  iSI b u i i d i r ! ~ )  . 'I!ie 2:ii .n snt-rA:,z2 is or, t h e  . - 
( n o r t h  s i u e  of  t i le  c u l i d l n j ;  l t  ; r o v i ~ l s . s  d l r ~ c r .  a c c e s s  t,o y . i i 3  :.:s::?2: ---- .-. -....---. r i o o r .  
1 Trio a i c i ~ t l o n a l  ~ u o l i c  2 n t r a n c e s  3r; i o ~ a t - 2 1  an  t i le  (??,st s1z.c a ;  t a p  
1 3 ? 1 l ~ d i i i  j; ti it?^^ ei!t.ra:ice; a r e  a t  t n e  ~ ~ r _ ~ t  r.i.cgg l e v e l .  ?I :LC:;> 2 : i I i ~ : . J  L o t  

paid  d t  t n e  c o r n e r  ~f ? ~ < i i  ail:] { G i d c ~ c r  :<a7  >,I:; one d f e a  r e b ~ r v 2 ~ 1  f o r  st-ii; 
1 p a r k l n  j dnJ dTiCt:iF L i i ren t h a t  2.2 i i n r ~ s t r i c t r 3 t l .  

T h e  r c l i o w l n g  1; a  d e s c ; : 1 ~ t l c i 1  or v a r i o r i s  a r e d a  a n d  serv1:E.i; of  t i , e  
C o m ~ u t ~ n g  C e n t e r  which r e  a v a i l a b l e  t o  t n e  a i l r h o r i z c d  us.3r .s  oi ctie 
e q u i ~ m e n t :  

1 E u s l a e s s  Off  i c e  (Rootn 3 2 3 4 )  
A11 q U f S L l 0 i . S  d e a i l n j  u l t h  t i le  ~ u t n o r l z a t l o n  i o r  t h ?  us2 02  Yne 

c o s ~ u  t e r  an6 the f l n a n c i a l  accounting p r o c e d u ~ e c  r c - i ; t & J  t o  i t s  
;IL;C a r t -  n d r ~ ' l j . t = d  i ~ .  t .111~ o f f l c e .  Quc'strons ?e rt.i:.ill;..] t o  pi'ojr'3m- 
r n l ; l r ;  a r e  3 e d l t  wit.11 e l s c w n c r e  ( s e e  Cc,; . l :~seiing) . Tnc v a r i o u s  
a p p l i c a t , l o r l  f o r x s  f o r  r e q u e s t i n ?  t h e  coTJ2jt1ng s ~ : v i c e s ,  t n e  
renebiai  o r  s c r v l c t l ,  rczbdtes,  i o s r .  password.;, an a t r , ~  ret tor; . t lon 
of f l l e s  a r e  ~ r ~ c e s s c d  nece.  

1 bi'ork iioorr, (Focs  1 2 0 2 )  
' i n i s  1s a  cjcnera1 biork a r e a  where t h e  wErs  of' t c . 2  , - ? ~ l ; . u t c ? : -  3 d y  

6.-sc::nkl.t: t 2 . 2 ~ :  J . : ~ E : : L  c r  c:-,;i&;i k > l c ; ~ i :  G ; I ~ ~ I U ~ .  '7 I e 1 ; >  d d 150 
cor;,tdii:s tiie > ; j a c ~  s e t  a.-;lie f o r  t n e  counc;? iocs  (st;: 2c) i : , l . ;~ i~nq  
noom) ~jho p fa  v1; l . f  iis',l~. t a i ~ C I ?  iJih,en 2 .  1 . 0  i I S  a n d  
wrl t i?-~j>s ( I  Canr .? r  , iel is and t 7 3 i . p t ~ 1 - 1 ,  ieLt i? : '  : ; , : ~ O S )  or, 
t h e  use o i  t h e  i o r p ! i t t ? r  a r e  ( i l s o  i l v a ~ l a ~ i ~ ?  L:I t . i ,~. ;  cdo.1 r o r  e a s y  
r e re rcnce .  

F. ? V  a l s p i a y  i j lves c o n t i n u o l i s  i n f o r n a t i o n  on tr.e s t a t i : ! s  of t h e  
u s e r ' s  k c i t c h  jous xrorr, t h f  tile t h a t  t i i ey  ice accejt :e-i  .it t n e  
I n p u t  'Hi:icio~ a n a  asssgnec!  a 10; nuinber t o  tilt tl:,,~;' t r l e y  a r e  
coc ' ? . i f : t~d .  J n e s  t h c  ~ t a t u ,  code l n l l c a t c s  a j05 1s c o : , p l c t ? j ,  t h e  
user  s i ; o u l a  a   art t h e  ilrinc a;,c'c~.ent ovGr t h e  p u ! : , i i c - a 6 r i i . e ~ ~  :;ljsten 
t n d t  ~t 1 s  redny  Tor p i c k - u p  d t  t h e  O u t ~ u t   ind do^. 

1 C o u n s ~ l l n g  ~ C C U  (Roo;: 1 L : C ' b )  . See s i u o  " C O ; l F i S S i i ! i ; t ~  ; .?ctl.oi, _ht.!l.a.~. 
t ~ 0 0 ~ l l t l t j  C t 2 i i t t f  P ~ O V ~ ~ C ? S  a  c o L i ! i s ? i i r i j  : ; tC i l f  t o  d:,sver 

kro7r6.:irnrag q i l e ~ t l a : ~ s  f o r  311 uscrs .  ii,t l.ed.;~; O:LC L O U ; I ; + ? ~ . O C  1-5  on 
~ a t y  Lrcin 3:OO a 3  ti: r.r,on, 1 :  32 p n  t o  5: '33 p.2 ,  ar.3 : pm to 
11:13 F;:I ; ; o ~ t i ( i j  t~iiroui;ti  : s ~ . d a y  ( e x c e g e  F c ~ . i ; i y  n ~ j n t . ) ,  ;ir,si i : i j ( >  pa 
t c  r,ccri on S a t i i r J a  y t : u r i i i  j t h e  nor:,31 Unlv2rs1.t;r I .  511i:lng 

1 
.- - tioiiiid; p e r l o i t s ,  r~:uuc(:li s(:ne(l u l e s  a r e  1;~ .: ~ ; t 2 : : t .  d i z d l . i !  tr~erc? 

1 1s a c o u n s e l l a g  s c h ~ ~ ~ u l e  ~ c s t e d  on t h e  a u i l e t i n  ~ o i r l  ~ i l  t he  
I Cour,:f.iinj l io~m.  

1 Keypunch ar,d 'Icrmlnal. aoosl (Liic3 1 2 0 3 )  
1 T h f  keytiuncn Pcom ~ ~ r r ~ : i i t . i y  c ~ n t a i n : ;  e l even  4o.lcl . ? L ' j  K e y -  - 1 r~~~~ h e : .  , ne so  ale zvc~;.~.aulc:  t o  u s c r s  50s  ? L - L ~ ) ~ C S . ~ -  l , ~ r :  3 f  c a r d  
I d e c k s  t o  11e sur ; r , i t t . e& t o  the zomputsr : 1 r i i d ~  a id  a i i t : : ~ o r l ~ e d  

1 4  U n l v e z s l t y  o r  S l c n l g a n  c o n p u t l n ;  Center  



Febsuary  1571  P a ~ e  Rev rr; e,i Scp::aaber 1371  

Coaput ing Cente r  I D .  User:; of t ~ l i s  cq~:ip:~::nt z , i . ) : lLd . t i n i t  
theu i sc lves  t o  ncj n o r c  t h a r i  hoilr ~ l t h l n  t.1lr3 Key2ucch Zoo2 when 
t n e r e  a r e  o t h e r s  w a i t i n g  t o  use t h e  e . l u i p a e n t .  One of the 
keyp l~nches  ~s resorv(:d f c r  14~-~scrc . ;su  j o o s ,  Uze of  t h e  e x 2 r e s s  
keypunch i s  l i a l t e d  t o  r l v c  c a r d s  o r  one ~ q i n u t e  per p t  a ~ 8 ~ 3  n. 

A 1 . I  n a l i u n c t l o n ? . h g  ol: t n e  K E Y  puncncs ~ i ; ~ i l l i i  i)? r:z;)ortcd 1::aedi- 
a t e l y  t c  an  attor.:!ant a t  t o e  o 21! i i i .  111i~utnor:ized 
p e r s o n s  s h o u l d  n o t  try t o  ' t f i x u  , i a l f u n c t  -> ~ . o n i n g  e : ;u l ; )~cr . t  i n  t h e  
Coaputrng Cente r .  

T h i s  1002 a l s o  c o n t a i n s  six ;.lo(ir?l 35 RS3 T d e t y ~ e  t e r ; l i n a l s ,  
These a r e  p u b l i c  t e r 2 l n a l s  vhbch a r e  a v n i l d b l e  t o  d n y o n e  v ~ t h  a 
v a l i d  Ccaput ing  C c n t e s  Ii), There a r e  a:,pro::inately t ~ i c t y  o t h e r  
p u b l i c  T e l e t y p e  t e r s i n d l s  a t  o t h e ~  l o c a t l o a s  on cagpus ;  an e x a c t  
l i s t  is  g i v e n  l a t e r  i n  t h s  I n t r o d o c t i o n .  

The Keypunch 2con a l s o  c o n t a i n s  an 1 9 5  03.3 Card S o r t e r .  The 
c a r d  s o r t e r  s h ~ u l d  n o t  be  used b y  p e r s o n s  u n f a z i l i a r  v i t a  t h i s  
a e v i c ~ ;  a zianual 1s avai1ahI.e l n  t n e  l i b r a r y  f o r  r r t e r z n c e ,  and 
t h e  c o u r l s e l o r s  a r e  r e a d y  t o  g i v e  b a s l c  i n s t r u c t i ~ n  on i t s  use .  

A l i m i t e d  r~u i i~be r  of b i n s  a r e  a v a i l a b l e  in  t h e  uork room t o  
~ r o v i d e  s t o r a g e  f o r  a maxi nu^ of t ~ o  c ~ r d  koxes  per u s e r .  Tne 
Computing Cente r  a o e s  no t  assiline r e s ? o n s z b i i i ; y  f o r  t h e  c o n t e n t s  of 
the  boxes  s t o r e a  i n  t h e s e  b i ~ s .  aoxes a r e  r e a 3 v e d  zni d i s c a r d e d  
a t  t h e  end 08 the  secocd v e e k  of each new t e r s ,  ur : less  t h t ? y  3 r s p l a y  
a  p r o ~ e r l y  ciateu r ; ~ ~ g x ? g .  '?fie user rnay o b t a i n  d a t e  s t i c k e r s  i n  
t h e  Counseilncj Roo% Lelrore t i a  d e a d l i n e s .  

I n p u t  klndow 
1 I n i u t  Hindous a c e  l o c a t e d  on t h e  u o t t h  sice of  t ne  f i r s t  f l o o r  
1 I'lachice aoon (Rooc 1212) f o r  t h e  i r , p u t  of  carti dccxs  and t a p e s .  
1 Cards  s u c m i t t e d  f o r  ba tch  runs d t  t h e s e  u i i ; d o ~ j s  i1.1~~2 L.[IP, t h ~ o i l g h  a 

ca rd  r e a d e r  b y  An a t t e n d a n t .  and ~n:l+;ii-r?.t.ely rc!turneci t o  the user .  
L e t a l l s  on t h o  p r o c e s s i n g  of  b ~ t c h  jobs  u; . i l  be fo : ln J  l a t e r  I n  
t h i s  i n t r o a u c t i o n  under "Cperations11. 

O u t p u t  dindcw 
I Several o u t p u t  u lndous  f a c e  t h e  u s e r ' s  uos: a r e a .  O!lt?ut and 
1 ~ a o t s  from ba tch  tuns ! i : k i ~ n  a r e  plcxeii il:, hj. tb,c ( iser  a t  t h i s  

sriudov s u s t  b e  l d e n t l f l e d  r j l - t i l  the associcl.t.ec1 1 0 3  ca ra  d n d  l\ul;ber. 
See t he  i o s t r u c t , i o n s  i n  t h e  s s c t i o n  c n t i t i e d  u l i c % . i n g  Up J o b s H  
l a t e r  I n  t h r s  I n t r o d u c t i o n .  

Nodel 2 0  Uindou 
L i s t i n g s ,  r e p r c d u c t i o n ,  i n + . e r p r e t a t i o n ,  et,:. of c a r i  decks  can 

ke o b t a i n e d  b y  s u ~ a i t t i n g  t h e  decks a t  this vindo!+. Sae l f : ?ode l  20 
Servicest1 l a t e r  i n  t h l : ;  volil,.le f o r  a e t a l i s .  A l l  ilal-f u? .c t ioni  ng 
e q u i ~ a e n t  s h o u l d  be r e ~ o r t e u  a t  t h i s  windou. 

U n i v e r s i t y  of  Yichigan Conputin3 C e n t e r  15 
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d o u r s  ----.. 

The c u r r e n t  C c i n p u t ~ n g  C e n t c r  i iours  can  d l w d y s  be o u t d l n < ? d  by s i g n i n g  o n t o  
BTS and  i s s u ~ n g  a  i C 3 2 Y  *CCt:OUF,: c o ; ? ~ a n . l .  T h e  nours i i i  e f f e c t  d s  o f  t h i s  
publication a r e  az  f o l l o w s :  

1 P u b i i c  Areas  (Keypunch Aoom and T e r a l n a l  d 3 0 9 ,  d o r ~  Roon, I n p u t  Xinuou, 
C u t p u t  h i ~ l u o u ,  ariu iloilai 20  i inaow) 

' indse a r e a s  a r e  opeL c o r . t ~ n u o u s l y  d u r i n g  t.12 f o l l o v ~ n g  p ~ r i o d s :  

d a n  E c r d a y  t i i r augn  10 F U  S a t u r d a y  
I i 21.1 t n r o u j n  1 0  p ~ i  Sucday 
1 (thd ;n?ut. ~ i n a o a  is c l o s e d  u n t i l  L : 3 3  ~a on Sunday) 

E u s i n e s c  O f f  l c c  
U an - 4: 30 pm rioP.aay t h r o u g h  F r i d a y .  

Sar i r ig  n c l i d a y c  and en.-cf-tecn, ~ e r i o i i s  s ? e c l a l  s c i i e i i l l ~ ? s  go in tc i  e f f e c t .  
The a p e c i a i l y  s c t i ~ a i l l z u  h c ~ ~ r s  a r e  p o s t e l  ~ i t - . h l n  t ne  Coaput i r -3  C c ; : ~ t ? r  d r e a  In  
ddvdnc? of t n e s e  r e r l o t i s  d n u  car, a l s o  ua ohtdlnt?.d a t  i s  t i r e 3  f r o 2  
* C C I i C U i i S .  

1 I n e  Conput ing C e n t e r  a l s o  o p c r z t e s  a  c c c t r a i  c a n ? u s  s t a t l o n .  T h i s  
1 s t a t l o n  1s l o c a t t d  l i ~  t h e  :lor-tki U n i v e r s i t y  b u l l d i ~ j  ( d u ~ l ~ i ~ n g  1 4 5  on t n e  
1 official U c l l r e r s i t y  caapu:; r,ap) on Fores t .  Avenue a t  c h a  ; ~ e i e a t r i : ! c  o v e r p a s s .  
1 The maln e n t r a n c E  i s  on t:,? s o u t h  s i d e  3i t h e  S u l i d l n g  f a c . ~ r l ;  t n ?  ? e i . s t r ~ d n  
1 o v e r ~ d s s .  The S 3 B S  aced  car, a l s o  be e r ~ t e r e n  frori  t h ; ?  e a s t  side o i  t h e  
1 ~ u i l d l n c j  where mete r  anc i  s t a ~ f  k a l u  pari<~.ng a c c o m n o i i L ~ t l o n s  a r e  pco.ri.ied. 

I T h e  L c l i o u i n g  i s  a  c e a c r l L , t l o r 1  of v a r i o i l s  a r e a s  a cu  s s , : v i c e s  w ~ i c n  a r e  
( a v a l l a ~ l e  a t  IiUB: t o  t n e  authorized u s e r s  of t i e  e q u l p a e n t :  

dorx 110331 ( 3 ~ 0 ~ 1  10 1 3  Nub)  
- ,  

Y n i s  1s a cj?,leral ~ o r k  a r e a  wht+rc tr.2 users or tr,e co ; lpu te r  may 
dsscrcb.ie e n e i r  l i i ~ l l t .  c r  revit:u t h e i r  o : l tp t l t .  

A i l n i t e c i  ilus,b~:r of clnr; a r e  a v , i ~ l ~ b i . ?  l!i t h e  roois t o  
j r o v i a e  s t o r a g e  f o r  a :raxi!cu,il or' tie c , ~ r c l  Do;tes ?er peLsc ) l i .  'Tne 
Coa~ut i1 :g  Cen t .2~  Goes n c t  aijsuac! r e r p o n . ; i r j ~ i l  t i  ,Zol: til,: cor, ten ts 
c i t h e  boxes  s t o r e d  I n  LheSe 1 ) i . n ~ .  3oxe:; a r e  re:iovi?d and 
d l s c a r i l r a  a t  t h e  e c d  O i  t i le  secoi;d weeK of edch new t e r x  u i i i e s s  
t h e y  d i s ~ i a y  a 9 ro>idr ly  d a t e l  z-=!.jc!wr. T h e  u s e r  may o k t a i n  d a t e  
s t l c ~ e r s  i n  t h e  C o u n s r l i n q  Rooa u z i o r e  t h e  d e a d l i n e s .  

I C o u r l s e i l n j  Eoom (riooin 1 0 1 5  L U B ) .  See slsa t tZ i31JNS3LINI ; "  s e z t i o n  beiow. 
1 'ine C o : ~ p u t l n j  Cer , t e r  p r o v i d e s  a c o u n s e l i n g  s t a f f  t o  a n s v e r  
1 prograu! i? lng q u e s t l o a s  f o r  a l l  users .  A t  l e a s t  one c o ~ i n s e l . o r  1s on 
i d u t y  f rom 6:0\3 am t o  noon, 1:00 pm t o  5:00 p a ,  a n d  7:09 p n  t o  

1 6  University c f  M i c h i g a n  Conput ing  C e n t e r  
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F e b r u a r y  1971 
j 

I T h e  c u r r e n t  C c n p u t i n g  Z e r , t e r  h o u r s  car ,  a l w d y s  be o b t a i n e d  by s i g n i n g  o n t o  
( L T S  a n a  ~ S C U I . T I J  a  3 C O f ; Y  *ZChOU!IS c o ~ n a n i l ,  Tne  h o u r s  a t  H U B S  i n  e f f e c t  a s  o f  
( thrs p u b i i c a t i o n  z r e  a s  f o l i o u s :  

I P u b l i c  Areas (Keypunch Room,. ' I e c ~ i n a  l Room, Hork Roon, I n ? u t  d i n c o  w ,  
1 C u t  , , u t  'r;inaot?) 
1 These a r c a s  a r e  o p e n  d u r i n g  t h e  f o l l o w i n g  p e r i o d s :  

1 a ac t n r o u 2 L  m i d n ~ g h t  Honday t h r o u g h  F r i d a y  

1 r, ,ile f o i l o w l i , ~  t ~ . l e p l l o n e  r:un,kers serve  t h e  Cornputlng C e ~ i t e r  011 Idorth 
( Can,-us. 

1 Geriiral I n t o r n a t i o n  ( d u r l r i g  E u s i n c s s  Off i c e  h o u r s )  764-212 1 

Computing C e n t e r  S t a f f  
I ( r o r  ~ i c r e  i i e t a l i ,  see o f f i c i a l  bl. N .  764-2121 
1 T e i e p h c n e  1)ir e c t o r y )  o r  764 -9595  

S t a r u s  l n f c r ~ a l i c r :  (acsa:cred 2i l  h o u r s  a day )  : 
S t a t u s  cf Ua tcn  Job 7 6  3- 3360 
S t a t u s  cf [ITS ( r c c o r a e d  mcssage )  763- 0420 

L i n e s  Ecr IE t c r a c t i v e  T e l - , ~ , i r i a l s  ( l o w - s p e e d )  
Via t1~c I B t i  2703 ' T r a n s c l s ~ i o n  C o n t r o l  

t o d e i  33 a n d  35  S c l ~ t y p e s  763- 0 9 0 0  ( 2 4  l i n e s )  
IG? 2 7 4 1 / 1 3 5 0  T e r n i n a l s  763-0510 (24 l i n e s )  

Via t r . e  C a t a  C o n c e n t r  d t o r  ( a l l  t e r m i n a l s )  763-1500 ( 1 6  l i n e s )  
Via t h e  Audro itcsponse U n i t  763-0590 ( 4  l i n e s )  

Lines i c r  E c ~ c t e  J o b  L n t r y ,  G r a ~ i i i c  D e v i c e s ,  e t c .  ( i a e d i u n - s p e e d )  
1 Via t h e  I S 3  2 7 0 3  Z r a n s a l s s l o n  C o n t r o l  763-0440 ( 8  l i n e s )  

Vla t h e  C a t a  Coi ;cc~nt r  z t o r  a n d  2 0 1  L d a p t e r s  7 6 3 - 0 5 7 0  (4 l i n e s )  
Vla t i i c  D a t a  C o n c c ~ n t r a t o r  a n d  2 0 2  A d a p t e r s  701;-L1208 ( 1  l i n e )  



ZATES FOR COMFGIIKG SERVICES 

The r a t e s  c h a r g e d  f o r  co? , ; : !~ t ln j  s e rv i ce s  a r e  d e t e c n i n e d  i n  a c c o r d m c e  
#I t h  t h e  p r i n c i p l e s  e s 2 b i : l i : ; h c d  by  t!ie f f ? d e t . ~ ~ . l .  I ~ O V L ~ C T I  :ers t  (C1rc;111? c SO. 
A - 2  1,  Buc:??u o f  t h e  8tidge.t.) f o r  u e f l r i l n g  t h e  cos-:s l ncur rcd  by ~ i i ~ c n ' c i o n a l  
l n s t i t u t i u n s  i n  t h e  co: p l ; !  t io r ,  of  :jcr i :?r?riorr?,ed un:lt:r g:;=n", s 131 con t r a c t s .  
These  p r l n c i . p l e s  r-equlr-e t h a t  o v e r  a n y  cost-recover;.  pdc iod ,  tfi? 11ser t s  sha re  
of t h e  t o t a l  c o s t  o i  o p c r a t l n q  t h e  s e rv i ce  i C i c l l l t y  is i n  t h e  s:lne 
proportion t o  t i le i ;hole  a s  iij.5 use o f  t h e  c o s p l l t f r  is t.o t h e  t o t a i  o f  a l l  

-7 7 u s e  d u r i n g  t h i s  p e r i o d .  inus, t h e  r a c e  o f  cnar$v  :or A s p c c l i i c  type  of 
s e r v i c e  is the  guc i : i en t  o 3 t a i n c d  b y  d i v i 2 i n g  t h e  t o t a l  of  t n c  c o s t s  o v e r  a 
f i s c a l  ~ e r l o d  a t e c i b u e a a b e  t o  t h e  petforaance o f  tnls  service b y  t h e  t o t a l  
number of c h a r g e a b l e  u n 3 - t ~  of s e r v i c e  pt?rforced d u r i n g  t h e  p e r i o d .  

T h e  r a t e s  a ~ g l i c d  b y  t h e  C o a p u t ~ n j  C e n t e r  a r e  r e v i e v c d  a t  r e g u l a r  
i n t e r v a l - s  and  a r o  m o c i i i e d  i n  a c c o r d a n c e  w l t n  t h e  cfi.dr:g-ng u t i l i u t i o n  of 
t h e  c o s p u . t s r  a n d  c o s t s  of operation. T h e y  a r e  a t  a1.1 Lixcs s u b j e c t  t o  
r e v i e t i  b y  d n d  a p p r o v d l  o f  t h e  C o s t  i3el;iblrse3el!t O f s ~ c e  0 -  J n l v e r s ~ t y ,  
The s a t e s  c u r r e n t l y  i n  e f f e c t  c a n  be  o b t a i n e d  i r o n  the  c o r ~ p i i t e r  h y  l s s u i n g  
t h e  i o d l o w l n g  c o ~ n a n d  I n  YTS: %COPY "BATES 

T h e  s e rv i ce s  f o r  which c t ~ a r g e s  a r e  m d s  under ?:IS a r e  neasured i n  t e r m s  
o f  o b s e r v a  tLe q u a n t l t l e s  l e r l n e d  a s  f o l l o ~ s :  

leca?'.:-:?1 Zioe  - f o r  t n ~ s e  u s i l l j  b ; i t c i l ,  - t h i $  1 s  z e r o .  For t i lose  o p e r a t i n g  -----,- ... ----.- -. .- 
f s o a  a  t k r i i i i l r i l ,  tills i s  t i : ~  t o t ~ . ] .  re(?.].-?,la? s j  rjcefl on.  

P_g~g~..;j:~g-'JI'g - T h i s  i s  a c o n t i n c . i t i o n  of t i le  i n t c r ' i a l s  of t i n e  t h e  
ce i i t r ? . l  p r c c e s s o r  u n i t  (CP iJ )  i s  asslgn$!ci %O t.ne u:::2ras pprogran and 
t n e  s p a c e  occupie i  i n  v ~ r t l t a l  ae;!gry by t i l e  ~ roc ; r r :~ :  i t h e s e  
p c s i o a s  of t r n e .  T h e  e x p r e s s i o n  f o r  t h i s  vain!? i?~ h:;ucs i s  (CPU 
t i n e )  + f J , O I ( V M I ) ,  r e  V3J is e ~ u a . 1  t o  t i e  u ner!ory 

, . i n t e q r a f e d  o v e r  CPi l  xbce. C23 t!:iile i s  ln h o c r s ,  .i.;ril c o n s t a n t  0 .01  
i s  r e c i ~ r c c a . 1  pag,?s ( 4 0 9 6  b y t e 5  pGr pacjp?) , a n d  v ~ r t u l l  memory 
i n t e g r a t e d  o7er C P O  t i i :c  i s  i n  page-!lours. 

L l n e s  Fsi.?:tad - Thi.;; i s  t h e  nunbns oi l i n e s  ps ic te?  b y  t k e  p r i n t e r s  on - ----- .,------. 
t.nc 3 5 3 1 4 7  a t  th t?  Co:iputing Centcc a s  uelS a s  kites p r i i ~ t c d  on t h e  
re20 te- j o k - s n t r  y devices ,  

i??~.i;,,-~~~q$ed - T h i s  i s  the  r,ua:ber o f  ; ? t l ~ j e s  o f  p2?cr i)rirtf;l?d 511 t h e  
j l jO/b-? p r i n t e r s  a s  $ie.lL a s  Fages  p r i n t e d  b y  t h e  r ,? , loi_.?-~o5~-:?ntr :y 
d e v i c e s .  

C a r d s  P!j;m8d - liilis 1s the  n l i n b ~ r  o f  c a r d s  p u n c h e d  on t h e  3 6 3 1 6 7  puiiches 
a t  tne c o r p u t i n g  Centar  a s  well. a s  on reco te - job-9nr : r . l  r ' , a~i .ccs .  The 
c h a ~ g e  f o r  cards  p u c c h o d  i nc i i i de s  c o s t  o.€ t h e  carL:s a t  53 .90  per 
t h c u s a n a  c a r d s .  

C a r d s  Head - T h i s  is t n e  nunber  c f  caiyds r e a d  by  t h e  ?69/67 r e a d e r s  a t  ----...-- - 
t n e  C o n p u t i n g  C e n t e r  a s  w e l l  a s  t h c s e  read  by t h e  i t : ; :o te- job-entry  
d c v 1 c e s .  

U n i v e r s i t y  of Michigan C c n p u t i n g  Center: 23 



MTS 1: M'I5 A:;;: Ii'i-; C C ; ~ i . U ~ i h i r  C E h ' l E f i  

Page i ievlsc i i  S e p t e n h k r  1 9 7 1  i'.bc~;!ry 1 9 7 1  

S ~ C  Stcgg~-ge(g~~g - Tnls 1s t h e  azount, of pecaanen t  and te:JparaLy i i l e  
s t o r d g e  on ~ 3 1 4  c l l s~  s t o r d j f  l r i  pa.jc$s ~ n t e j r a  t e i  o v e r  r e i l - t j . z e .  

~ & & ~ ~ $ g $ y ~ _ c ~ - g ; J ~ - C e ~ &  - T h i s  1s t h e  arioarit o f  p e r x a n e n t  i i i e  ( d a t a  
celi) s to rd ; t ?  on 2at.a c e l l  i . n  ? a g e s  i n t e g r a t e u  over  r e a i - t i . n u ,  

E l o t t l n q  - T h l s  1s t n e  aEourlt of t i n e  t n e  CALCOBI: 2 l o t t e r  1s 4 e v o t r d  t o  
t n e  i lszr .  

la; la C r l v e  U S E  - T i l l s  i s  t h e  r e a l - t i m 3  a ~ a j n e t i c  t a p e  o r  p a p e r  t a p e  -- ---I-----T- 

o c c u p l d s  a t a p e  d r l v e  o i  t h e  papcr  t d p e  r e a d e r  o r  ?uncn,  l . e . ,  t h e  
e l a p s e d  t i n e  I r o n  " 1 O i J ; l 3 ~ l n j  run untii *3iS2;3U!iT 1s r u n  i o r  tne  
sdffif t d i ~ ,  CT nnt;; t n e  u s e r  s l g n s  o i f .  

- ~ ; g - ; o g i t g  - ' I n l s  i s  t h e  nuiaher o f  ndgr ie t l c  a n i  p & p e L  t a p e s  cnollr~ted, f o r  
r e a a l n  j o r  punciiliig. 

i d v d r  Tg~~,Euxc~~g - ?;,is 1s t h ~  cu.nbez oF f e e t  oL 2 ~ p 1 r  t a > e  punc:nea. 

Inere a r e  t u o  sc;s o r  ra ' ;es  f o r  W S .  ;i'r1ese d r e  ' i [ r l~ve r s i t~ - ;ove r r lmen t  
r a t 5 3  drla i c d u s t r i a l  r a t e > .  S e , i e r a l i y ,  x g n a r ;  19's s ~ a r t l r i g  u l t n  I o r  J a r e  
b l l l e i  &t t h e  I n a u s t r l 2 L  rdt.es a c d  a l i  O t h ? r s  a r e  nl1lt:d a t  tr,e LJnlv2rsrty- 
< G ' r ' ~ r l ; d ~ i 3 3 : :  Ld ' t f5 .  ?iic Z i i t Z S  ~ i l ~ i i i i t  :it t ~ 3  ~ L T L ~  oi p < c D i l r : l t l ~ i r  a r e :  

,zLli ~gr~~&~=~~vt?~,m~wi~ ; r ~ d l i s t ~ i , a ~  

T e c ~ l n a l  T i n e  s 3 . C C  per noor  i 3 .  30 p e r  nour 

P r d c z s s ~ n q  Tine 3 1 i . C O  ~ e r  nour  j ? b . ? j  p e r  hour  

Lines P r i n t e d  0.45 ~ € 1 :  1CCd : . b i  ? e r  1C30 

Pages o r  h ~ e r  F r i n t e d  3 . 9 0  ~ e r  1 0 3 3  3 , ~ ?  p e r  1 ? 1 0  

Caraa  E u r l c n e d  ( a a u  c a r a s )  j a i l  F E ~  1003 s . 5 ~  3 e r  1 C l O  

C a r d s  aeau  6.56 ~ e r  1300 1.2C per 1 9 3 0  

( D l a ~  S t o r a g e  0.00722 psr p g . - d a y  :.CIS per pj.-say 

1 Data C 2 l i  S t o r a g e  O.GO3i0 per  p g .  -day 0 . 3 C 4  per p q . - d a y  

F i o t t l n g  1 3 . 0 0  ~ e r  hour 3 6 - 5 5  p e r  hour 

Tage Drlve  Use 3 . 6 5  ker  t o u r  4 . 6 0  per hour  

T a ~ e  M0ur. t  C h a r ~ e  0 . 2 4  p e r   noun^ 6 . 2 4  2 e r  ~ o l n t  

Edter  T a ~ e  F u c c h e d  1.00 ier 1 6 0 0  f e c t  1 . 3 0  per  1 6 3 0  f e e t  



F e b r u a r y  1971  Page R e v i s e d  September  1371 

d i s ~ a t c h e r  a d d s  a p i n k  S-8 c a r d  t o  t h e  f ro : l t  of t h e  deck  a n d  p l a c e s  t h e  deck 
i n  a t r a y  t c  be r e a d  l d t ~ r .  A f t c r  t h ?  comput ing  systeoi i s  a g a i n  o p e r a t i n g  
arid t h e  c d r d  U E C ~ C  helc i n  r e se rve  h d v e  beerk i s a c i ,  t i i d  u s e r  s n o u i d  re t i lLn t o  

, . 
t h e  ~~L~,,A:J,Q; , r e s e n t  h i s  receipt c l r d ,  and  r c ~ ~ r i e v c  :: ls  i l ? i r , .  The pink 
D E C K  carti  cn i h e  f r c n t  of h ~ s  d e c k  i s  t h e n  u s e d  t o  r e t r i e v c  n i s  o u t p u t  a f t e r  
t h e  j o b  h a s  b e e n  r u n .  

1 The C o u ~ u t i n g  Cente r  and i t s  North U n i v e r s i t y  B u i l d i n g  S t a t i o n  c o n t a i n  TV 
1 m o n i t o r s  t h a t  d i s p l a y  t h e  s t a t u s  of a 1 1  b a t c h  jobs  s u h n i t t e i  t o  YTS,  Gn t h e  
1 m o n i t o r s ,  each  jok i s  represented b y  its s l x - d i g i t  j o b  nunber  and a 
1 c h a c a c t e r  d e n o t l n g  1Cs s t a t u s .  The s t a t u s  c h a r a c t e r s  aud t h e i r  z e a n i n g s  a r e  
I a s  f c b i o u ~ :  

1 A J o b  is  a w a i t i n g  e x e c u t i o n  

I E Job  i s  i n  e x e c u t i o n  

1 ; Job 1s f i n i s h e u  e x e c u t i n g  and i s  a w a i t i n g  p r i n t i n g  

1 P J o b  is p r i n t i n g  

1 1 J o b  h a s  f i n i s h e d  p r a r , t i n g  and i s  a r a i t i n g  punching 

I U Job  is  p u n c h i n g  cards  

I * J o b  is dcne - t h e  c l e r k s  vill announce t h e  j o b ' s  nu;lber o v e r  t h e  
I p u b l i c  a d d r e s s  s y s t e n  when t h e y  a re  ? r e p a r e d  t o  d i s p a t c h  t h e  job 

1 Job:; w!lose n u n b ~ r s  do riot appear  on t h e  $on i to r -  h d ~ e  been c o n p l a t e d  and 
1 purcjeci f r oo  t h e '  d i z ~ l a y .  Ti c o m p l e t ~ c i  j o b ' s  liunbec is r a t a i n e t i  approxir l ia te ly  
1 t e n  ~ i n u t e t .  

1 I n  a d d i t i o n  t o  t h s  s t a t u s  of t o e  b ~ t c h  joSs,  t h e  n c n i t o ~ s  d i s p l a y  t h e  
j c u r r e n t  t l m e ,  t h e  nunber  ,JI.' a c t l v c  d n t i  iulr.r? t:er3j.n31 l i n e s ,  a r ~ d  t h e  t o t a l  
1 n u n b c r  or' jobs  i n  t h e  i)dt.:tl e : < e c u t l o n ,  p c i n t  a n d  p u n c h  q u a e s .  

1 Cutpu t  f r o 1  t a t c h  joD:; sho l l ld  t e  p i c k e d  u? a t t h e  0 u t p : i C  :iindow. I t  is 
1 given  o u t  i n  e x c h a n g e  t o r  the  : :h i t i :  ( o r  ? i n k )  DCCX c a r d ,  ~ i i i ~ h  is Q S S ~  9s a 
1 r e c e i p t .  O u t g u t  shou ld  be p i c k e d  ilp a s  soon a:; p o s s i b l e  because  o f  t h e  
1 l i m i t a t i o n s  on t h @  s p a c e  a v a i l a b l e  f o r  s t o r ~ ~ g e .  Tnc Covl.-!l- i Center w i l l  
I n o t  be  r e s p o n s i k l c  f o r  o u t p u t  t h a t  i s  lait loncjer c n a n  o l e  !.reek. Yormally 
1 o u t p u t  f o r  a  j o b  is r e t u r n e a  t o  t h e  s t a t i o n  a t  which t h e  j o b  w~s s u b m i t t e d .  
1 kiowcver, t h e  systen a l l o v s  f o r  t h e  r o u t i n g  of o u t p u t  t o  z n y  one of t n c  b a t c h  
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1 s t a t i o n s  i n  tile s y s t e n .  This i s  accazp1lr;hea b y  s ; ; e c l i y ~ c g  F , . S ; I : L = x x x x  on 
I ( t h e  51G:iJ:J c a r d  for  the: 105. ~ x x x x ~  is a f o u r - c m ~ a z t e r  ;;n*:~anlz co3e f o r  

1 t h e  V ~ ~ ~ C J U S  stations; t h e  code 1s C Y T 9  f o r  t n e  Conput lag C s n t e r  ~ n i  >!iJ5S f o r  
I t h e  l io r tn  U n ~ v e r s l t y  a u l l a i n g  s t a t l c n .  

The t e l e p h o ~ ~  r u s b e r  763-C420 is t h e  nunber of a n  d u t o a d t i c  ar isver lng 
s e rv i ce  s t a t i c n  c h a t  jives t h e  c u r r e n t  s t a t u s  o r  t h e  c o i ~ ~ p \ i t r i l g  sy.ste.2. This 
nuE3cr s h o u l u  be c a l l e d  Ldr l c r c r x a t l o n  on t h e  s t d t e  of tnz s y s t t ? a  ~ f ,  a i t e r  
l i t t c i c p t i o ;  a c c n n ~ c t i o n  b i i t n  t h e  cc,l :pil tcr  iroi: a r&Ltotr3 L 11usy 
i 1 S  K e C f l V f - i i ,  O C  C O  1 eSi.OrlCe iill \ t ~ ~ c ? V i l C  f e S l l l t S .  d L ? i i  tnls , I ~ ; F + : ~ S ,  

~ h e  5:oziputer is ~ r o t a l ? l i ,  liot o c l c r a t l n j  or  1s be11:q reJJle.1 f oc o;er; . , t lon.  
I n  t n l s  c a s e ,  t h e  r e c o ~ d l n g  cri t h e  a!ltor:at~-c a c s v 6 r l n g  u n i t  v l l l  q l v e  t n e  
p r o c L i u i e  tine a t  wnlcn t n ~  c o ~ l p u t e r  w l l l  a ; a l n  oe d v a i l h b l s  f o r  s e r v i - c e .  

ii, cn c i l d l l n ~  t h e  c o ; ~ ? u + e r  f r o r  a t ~ r 3 i . i l a . i ~  t h e  v o c d i  n * a s a j s  " ,1IS  I S  
O~)En,'iTi:l;" i s  r e c e i v c u ,  b u t  cor.nec tLon w ~ t n  t h e  co!?pal:er cannot  i)c;- com- 
? l e t c c l ,  t n l s  I i i a l c a  ces t i l d t  a l l .  a v a l l c t b l e  l l n d s  o n  Eiii? Lr.'ansli;si.Lon con t r o i  
3 e v i z e  t o  h h i ~ i l  the? c a l l  d l r e ~ t ~ i l  art: nur;y. C:i t l i~ ;  cast:, t , ~ ?  dnswcring; 
. i e rv ic r :  ; d i l l  r e p o r t  1 sa2,c- s t a t u s  ~ f i t c r r t ~ t i o n  d; t n i t  rece1.vcl.i ot tne 
t z r ~ u a l  ana s i i o i i l a  no t  be c a l l e d .  

Ine  t s l ephor ie  n u ~ b e r  7 0 3 - 3 3 6 C  c a n  he d r -  (1. L - '  t.1 214 nours  a  J a y  t o  s e e  I.L a 
b . ~ t c c  j o ~  i s  i i n i s h e c l  o r  r.ot. l h l s  n \ i ; .~hs r :  i s  ~ 1 n s v t z . x  a y  a . : ;c. : !~tr .  of t : , ~  
s t a r :  I n  the E a c h i n c  c003. 

JYSIE)l  k L L C A > ? : i G  FCLICY 

S x c e ~ t  l o r  f a i l u r e  of hacclvdre ; o i t . a a c c  t s d ~  pr~c.L!ile:; C U L  t ~ e r  
colr ,puttr : j  sjr;te:li O I L  . o i , e r a t ~ r r g  . ' ;y :~t t? , : .  cj; t.;ir: C 3 . : ; . , i l t l l l ]  C < r i t t ? r  

. - -  
w l . L J .  u e  ~ n u t  d c k i .  K C ~  tr ic pur;:o:ic:. o r  r t : lo , i , i ln j  1.c 1 .:;r:.:r.?;li c > r L i !  ~ A E C L L Q ~ .  
o n l y  a t  i lxr .1  t A J ~ ~ S .  

". 
l h c "  : j ~ k i ~ ( b u l ~  Oi T:?<, lA?! r  C I I I ~  < > ~ t l . G ~ ~ ~ l l  : i i i l l t . L 3 k ~ ~ ~  1 2  

j l v e n  u e l o u .  T h e  user o; a  ri;;;ot.e tt;r;il.idl ~ n 3 1 1 1 i i  cei:~.n-3 Ea:,..i l . ~ a r  sit:, t.hls 
s c h c d u i e  I n  o r & r  t.o a n t r s i p a t ~ :  - ; o s s l S l e  ~ ; ; t c ~ r r : l y t l i . ; s  ir. t ; ~ ?  ~ I . : : ' V ~ C C ?  ,?::,i be 
p re ; i a red  r c r  a r e l f - ~ r ~ ~ a s ~ ? ~ i  t ( : r r ; l n a t l d ; ;  3 a  r . .  s i : ; s l o : i  -. i a 
s n u t d o d n  2 tinnounced. Sucli c c c  perxtl. j n  v l i l  d l low x ; i < ~ . i , /  t : ~ e  ::::tssclc3~ 
c h d i l l ~ e j  I n  the c c i i i ~ u t i n j  r ; y s t e z l s  o i l e r a t l r ~ j  ( : o n f i j ; 1 i a t i 3 ~ i  ~ U ~ . C E ; L ~  ;ill2 
s inootnl  y. 

d b v l o u s l y ,  hardware  aria r o t  twzrc  f i ~ i u r e s  ( a re  u z ~ i n t l c r p a  t e d  evc;n t s  t i ~ ~ t  
p r e c l u a e  f o r e ~ a r r ~ i n g  t h e  users c r  t h e  :;jfstc?l?. 3v.c:~ 1 3 l l i l r t ;  a r e  ;:I-:CG-,:~;:] 
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l e s s  and l e s s  f r e q u e n t  a s  e r r o r s  l n  t1i2 s y s t e ~  c n s e a o l e  a r e  d e t 8 : c t e d ,  a n d  
c o r r e c t i o n s  and i n p r o v e ~ e , i t s  a r c  made. 

2 l a n n e d  i n t ? c r u p t i o n s  o f  t h e  s y s t z n  w i i l ,  as s t a t e d  a t o v e ,  c o n i ~ r : ~  co t h e  
" S c n s d u l e  o t  Syste,n t?cLod.iinijl*. S:icltclgiri;:; v h ~ c i ~  a r d  .',::1:d,ial~d d; ' ' G ? t i o n a i r l  
3 1 1 1  g e n e r a l l y  ke uy p~ i s se i  uni.ess I t  1:; ir?e;;ci', neczssiar  li L J  rreco;lf i L j ' l f e  t h e  
o p e : a t l n j  s y s t e i l  a t  t h a t  t . l nc .  11 k r o d ~ i c ~ s t  ::i.::;sajc. tt cetch ac t~ l l , ? ,  :ermir.al  
c o c n c c t e i l  t o  t n e  system p r i o r  t o  t!lf next scrlcd~ll i l i i  ; h l t d i ; u r ,  2111 i n f g r n ,  t h e  
user: i r  t h e  s'nut;loun 1s t 3  taKe i . l a c e  a s  scht:d:ii.c.'l ( a i ~ ~ ;  2s 0 )  , and 
e a c h  t e r a l n d l  user m u s t  s l g n  o i r  ? r i o i  'CJ tkf :;':t,eduidu c l r z .  Any u s e r  
f a l i l n j  to s l c ; n  o f f  l n  t l n e  v l l l  kc stop;)~!d r i u t o ; . , 3 t ~ ~ 3 1 1 y  i jy  tnt?. 5 , s t e a .  
de1cddl .n . j  t h e  s y s t e n  f o r  r e s t ? r t  1 s  ~ u c n  no:? L n - r ~ i . i c 3  a n d ,  t n e ~ e i o r e ,  id111 
De i l d . L d y ~ ~  i f  r?nxorced s t ~ p s  v u s t  i ; ~  ;lade t o  tciriolr.dte on?ol:lq sesr,io;,s a t  
t e r E l i l n l s .  Thus, t h e  o ~ e ~ a t l c n  of t n e  s y s t e n  u i L 1  DQ res tose ' i  n3re ~ : . l i c k i y ,  
and b a t t e r  s e rv i ce  v ~ l l  be a v a i l a b l e  t o  all, l i  t e r a i r i a l  s e . i s i o n s  a r e  
p r o a p t i y  t e r m i n a t e d  b e f o r e  t n c  anncunced s t iu tdovns .  



SC n ~d u l  ;t o f  Sq'&rgg-- c i o z~J~~~!~~~~ t ! ~ r  011 ii n-;~*i&y -------- ---- 
TI ;l e  ---- Ev\?r.t. --..--- 

1 ; ! lanight  C p t i o r a l  s y s e e z  shutdown.  

1 12 :  15 am System re loaaec  a n d  ~ n  s e r v i c e .  

I 3:00 aa  (Tuesday only) S y s t e ~  shutdown f o r  f i l z - s a v e  (no 05  run o~ 
1 t h i s  d a y ) .  

I * 4 : O l i  aia System shutfiourl  f o r  C S / 3 6 0 ;  s y s t c n  rc loaclea  and t1 ie - s3ve  riir. 
i a t  t a s  end of GS/360 p r o d u c t i o n .  

1 * 5: 45 a2 :yste;-i shutdown r o r  p r e v e n t a t ~ v e  n a i n t a n a r , c e .  

1 6:00 ain ' y s t e n  reloaded i n  r e d a c e 5  c a p a c i t y .  'The e n t i r e  s:/stt?;~ w i i l  
I u r i a v d i i h b l e  r r o a  b am t a  6 a:ll on edcn kloncay TtorIilrij d n ( i  ei?(::i 

1 F r i d a y  ;homing. 

I * 3 : G O  au C y s t e ; ~  shatdown a t  end of n o r a a l  ~ r e v z n t a t i v e  main tzndce .  

1 * 3:  15 a 3  Systezi r e l o a f l e d  aria i n  s e r v i c z .  

I 10 :00  an C ~ t i o n a l  s y s t e ~ j  shutdown.  

1 0 :  15 d 5  ~ Y : - : ~ E , : I  I . C . L O ~ ( ~ U U  and in s e c v i c e .  

1 1 2 :  30 ~m C l  t i c n d l  ~ y s t e a  shutdown,  

1 12 :  45 pn Z y z t ~ n  r e l o a a e z  and i n  s e r v i c e .  

1 6 : 3 0  FTI C p t i o n a i  s y s t e x  shutdoirn.  P r e v i o u s i y  t h i s  snatdojrn g a s  
1 . s c i : ~ a u l e d  f o r  5: 30 p r t .  

I 6:45 ~n S y s t ~ a  r e l o a a e d  &cd ~n s e r v i c e .  

I i n @  t i m e s  m a r ~ e d  w r t h  a n  " * I 1  a r e  t n e  o n l y  . ;ystc ,  r e l o t i d i n g  t i n e s  t h d t  a r e  
c l l s c s t  c e r t a i n  t o  o c c u r  e v e r y  day.  The o t h c r  t i n e s  ? a s  be used f o r  
~ ~ l c a d l n g  i f  n e e d e d ,  and tile user: b i l l  se r l i > t l f i c i i  DY ~ r o a c i c a s t  ( o r  a t  
I )  o r  t n e  n e x t  s c i ~ l d l l l ~ d  r e i c a i i n g  tls?. h e l o a d r n g  iilll n o t  a c c u r  a t  
aiiy c t n s r  tlmes e x c e p t  i o r  r e c o v e r y  i r o n  syst.em f a l i u r e ,  

dnen  t h e  C o m ~ u t ~ n j  C e n t 2 r  1s rict open,  sucti a s  131l !i:)iidays a r . ~  a t  c e r t n r : ~  
t 1 5 r s  o v e r  t i l e  w e e ~ e c a ,  t n e  c o ~ ~ p u t c ~  n i g h t  be o?;rated b y  t h e  s y s t e a s  
pcodra~a i l~ ing  ~ t d t f  i i ~ l i i  11t3 d v a i i d h l b  T O T  3 . s ~  f'ran, a  rei iote  t e r s l : i ( ; ? .  i ;uring 
sack, u f i s c h t i d d l ~ d  cr;kcdti ; l .J  ~ e r l o ( i s ,  d t e r a l n a l  user  :Jay b;? r e g n e s t e d  t o  51:;n 

o r r  cri s h c r t  n c t i c e .  Aiso ,  s l n c e  n c r ~ e  of t h e  r k ? g u l d r  o p e r a t i n g  s t a f f  1s I n  
a t t e n u a n c e ,  t a p e s  bill n o t  ne mounted f o r  t h e  r t?Iote t c r a l n a l  uzer .  kaen 
t n e  s y s t e m  i s  a v a i l a b l e  i n  t h i s  manner, tiie s i g n o n  message s o  indicates. 

30 U n l v e r s l t y  c r  alcni(;an Ccaiput inj  C e n t e r  
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The s t y l e  and for inat  o f  t h i s  i n t r o d u c t i o n  were i;?oil,cleti a f t o r  t h e  w r i t c u p  
ItSc You Want t o  Use t h e  1 3GJ/67" ( U 6 7 - 0 )  b y  J .  ; i .  kie!;ni:d~ O E  t h e  
U n i v e r s i t y  of B r i t i s h  C o l u a b i a .  For t h a t  m a t t e r ,  a  l o t  of t h e  c o n t e n t  was 
borrowed t o o .  

The IBM 360/67  can s e r v e  a  l a r g e  nuaber  of u s e r s  c o n c u r r e n t l y  o f f e r i n g  
e a c h  a v i d e  v a r i e t y  of s e r v i c e s .  The j o b  of k e e p i n g  t r a c k  o i  a l l  t h e  
p rograms  i n  t h e  machine and o f  d e v o t i n g  sone  a t t e n t i o n  t o  each of  the:) e v e r y  
s e c c n d  o r  two i s  h a n d l e d  o y  t h e  !ITS o p e r a t i ~ g  s y s t e x  ( a i c h i g a n  x c r m i n a l  
2 y s t e m )  . I n  o r d e r  t o  r e q u e s t  s e r v i c e  from t h e  compute r ,  you m u s t  f i r s t  
i d e n t i f y  y o u r s e l f  t o  itTS and then c o n : ~ u n i c a t e  your  r e q u e s t s .  T h i s  comnuni- 
c a t i o n  i s  done t h r o u g h  t h e  Xl 'S Co:!mnfi-m~nqgc?qe. Because t h e  sys ter?  i s  bo th  
p o w e r f u l  a n d  complex ,  t h e  c ~ c , ? , ~ ~ n ~ i  lany!?age of  MTS i i ;  a r i c h  one .  F o r t u n d t e -  
l y ,  MTS u s u a l l y  h a s  a h g ~ ~ g ~ ~ . - o p t ~ ~ o n  wherever  i t  o f f e r s  you a c h o i c e ;  t h a t  
i s ,  i f  you d o n ' t  s t a t e  you: c h o i c e  e x p l j . c i . t l y ,  a ~ l a u s i b l e  a s s u u p t i o n  is  
a a d f  and  t h e  job c o n t i r , u e s .  IJ t h e  i o l l o k i i n g  sections, sc%e  of ?:he more 
i m ~ c r t a n t  commands ;/ill b e  d i s c u s s e d .  For a c o a p l - e t e  l i s t i n g , ,  s e e  t h e  
s e c t i o n  ~ntitlsd " R  PrFef 0vcr;r 1 evi  o f  !4TS11 i n  t h i s  v o l u a e .  

You may o p e r a t e  wj.-thin ? I T S  i n  one of two modes - ,hai.ch o r  g g ~ ~ : ~ _ g ~ ; . ; ~ ~ t _ i . o n _ a _ ~ .  
I n  c o n v e r s a t i o n a l  r o d e ,  yo1.1 sii-. d t  a  t e c ! ? i n a l  and corn;;unicate t?icect.Ly : i i t h  
MTS t h r o u g h  a t y p e w r i t e r - l j - k c .  . t eyboard .  ;ITS p r o c e s s e s  c a c h  cocmaricl JS it. i s  
r e c e i v e d  and r e p o r t s  t h e  r e s u l t s .  Based on the  r e s u l t s ,  y o u  czn d e c i d e  v h a t  
cocirand t o  g i v e  n e x t .  T h u s ,  c o n v e r s a t i o n a l  mod? o f  operation is h i g h l y  
i n t f r a c t i v e .  

Ea tch   ode, on t h e  o t h e r  f..and, i s  i iot  i n t e r a c t i v e .  You rnu:;t co: :p le te ly  
p r e - p l a  n a l l  requc?s ts ,  punch t.he9 on c a r d s ,  arid s u b n i t  t.ilcm t o  t he  Cor?pu t i r ig  
C e n t e r .  Some t i r e  l a  t ? r - - r q i n u t e s  o r  hou:-s, depeiliir,cj oil hol; 1.039 your 
proqram i s  and !lev busy t h e  c o 3 p u t e r  i s  --- 7011 may p i c k  u p  t h e  r c ~ ~ s u l t s .  
Feedback i s  n o t  i~<:,meci,iate. (" 'rho U n i v e r s i t y  of I l i c h i g a n  Co; :puCif ig  Ccn;erItf 
t h e  l l C o n v e r s a t i o n c i l  IJ:;i?ge o f  PlTSll, d! ld  t i l l ?  115 ,~ tc i i  ilsacje G u i d e " ,  a l i  of iiliich 
a r c  c o n t a i n e d  i n  t h l s  vo lu ; t e ,  p r o v i d e  d e t a i l s  on s u b ~ ~ i t t i n g  a progra;n. i n  
b a t c h  and u s i n g  a  t e r m i n a l . )  

The command l a n g u a g e  ar ,d i t s  u s ~ l g e  a r e  e s s e n t i a l l y  t h e  s n 3 c  f o r  b o t h  
b a t c h  and c o n : r e r s a t i o n a l  modes. Tne p r i n a r y  c~ . i fEerence  is  t h a t  i n  c o n v e r s a -  
t i c n a l  node MX m g e l g s  s a f e r  nos t  c o a s a c d s ,  c o n f i r m i n g  what i t  jus t  d i d  o r  
p r c n p t i n g  you f o r  f u r t h e r  i .nfor ; . la t ion.  T h e  d e s c r i p t i o n s  t n a t  f o i l o i r  ~ p p l y  
t o  both  n o d e s ;  any s u b s t a n t i a l  d i f f e r e n c s s  between them w i l l  be no ted  a s  
t h e y  o c c u r .  
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H T S  1:  MTS A N D  T!IE C O M P U T I X G  CL!; i 'EE 

I N T E O D U C I N G  Y O U R S E L F  TO PITS 

Here,  and i n  l a t e r  s e c t i o n s ,  t h e  e n p h a s i s  u i l l  bc on i i l a s t r 2 t i v e  
examples  accompanj-ed by  l l r u l t ? s i i .  T h i s  i s  n o t  t h e  iihole :IT5 s t o r y  b y  d n  Y 
n e a n s ,  b u t  i t  s h o u l d  put you i n  t h e  p roper  f rame  of a i n d  t o  r e a d  t h e  more 
d e t a i l e d  d e s c r i p t i o n s  i n  t h e  r e s t  of t h e  manuals. 

Example 1 i s  a  t r i v i a l  jo '2 t h a t  i l l u s t r a t e s  t h r e e  r u l e s  a b o u t  t h e  MTS 
c o n ~ a n d  language :  

7 

I $SIGNOM M Y I D  Pi=SESAME 1 
1 QSIGNOFF 
L - --I------- 

I 
-! 

Example 1 

R ~ l e  ---- 1 :  The f i r s t  c h a r a c t e r  of a 
co:~mand t o  fiTS i s  a ' I S v .  I n  bdtch 
node, t h e  " f i r s t  c h a r a c t e r "  i s  t h e  
c h a r a c t e r  i n  column 1 of a  c a r d .  In 
c o n v e r s a t i o n a l  node, t h e  " f i r s t  
c i l a rac te r I1  r e f e r s  t o  t h e  f i r s t  
c h a r a c t e r  yo11 t y p e  i n  a l i n e .  ( A  
blank i s  c o n s i d e r e : l  Lo he a  c h a r a c -  
t e r . )  Though t i l e r e  a r e  c a s e s  i n  
which t h e  ceed n o t  a p p e a r ,  i t  is 
always a c c e p t a b l e  t o  i n c l u d e  i t .  

I .  ? :  The f i r ; ?  czrd o r  t-yped --.-.--- 
l i n e  ! : , a s ~  s a y  S5IG;;O:: a n d  !nust be 
i n n a d i a t e i y  f o l l c r ! ~ d  b y  one o r  more 
b lanks  and your uyer x d c n ~ i f i c a t i o n  
code.  This f i r s t  p a r t  of t h e  i d e n -  
t l f i c a t i o n  i s  t h e  f o ~ : r - c h d r a c t e r  ID 
code ( e .  y . ,  t i Y I C )  g iven  t o  you by 
t h e  C o n i ~ u t i n g  Csnt-er.  'Tta nex t  p a r t  
i s  t h e  passxord  a :bsocla ted x i t h  t h e  
I D ,  Hore i s  g j  ven on casswords 
below. 

Su?e --.------ 3 :  The l a s t  cor::~,,~nd shou id  be 
S S I G U O F F  t o  t e l j .  !:'l?:; that .  y d u  have . . 
1 u i .  ? T S  
v i l l  t h e n  g i v e  c t ? . t i s t i c s  on t h e  
co : lp le ted  r u n ,  e . g . ,  ho.4 such i t  
c o s t ,  how lollg i t  t o o k ,  e t c .  

The  purpose  of t h e  pas.;vocd is t o  keep o t h e r s  f r o 3  u s i r i q  your I D .  
numker. I t  i s  p r u d e n t  t o  cclnccal  i t .  One s t e p  to::ard t h i s  5;oal i:; t o  l . ~ v e  
t h e  password o f f  t h e  O S I G Y O M  conmand a n d  t o  supp ly  i t  o n  t h e  nex t  c a r d  o r  
l i n e .  T h i s  second  c a r d  i s  not  p r l n t e d  uit-n your o u t p u t  i n  b a t c h  node,  and. 
it is racornizended t h a t  you t u r n  o f f  t h e  p r i n t i n g  on t h e  k e y p ~ ~ n c h  o r  t e r a i n a l  
 hen y o u  t y p e  i t .  The l l t h r e e - l i n e T 1  sequence  i n  Example 2 h i i s  extlict1.y t h e  
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s a n e  e f f e c t  a s  Exainple 1 dr ,d  is t h e  ~ r e r e r r e d  riidthoi or' skjnlricj o n .  ;ie u l i l  
u s e  tnls nc tnod  i n  a i l  our  sufiseGueiit exd:ipies. 

Example 2 

I n  c c i i v e r s a ~ l o n a i  moue, li you 601 i ' t  i n c i u a s  cne  passwara ori t n e  i l r s t  i l n e ,  
9's u l i l  ~ r c n ~ t  ycu ;or  lt b y  t y i l r , ~  l13;i135 U S Z A  P b S S h ' 3 i i D i i .  

fhen you g e t  an I D  number f r o m  t n e  C o a g u t i ~ g  C e n t e r ,  a  ~ d s s g o r d  w l i l  
a l r e a u y  fie a s s l s n e a  t o  l t .  i'ca ; r o L a ~ i y  g i l l  v d n t  t o  c d a n g s  l t  t~ S o J e t h l n g  
more !riearliiigrui a n c  hence x o r e  e a s i l y  r s ~ e * f i e r e d .  :ne a53;  co ;~ ; ,dc i  1s u s e d  
t o  ch&ris? your p t i s s v a ~ a ,  i o  change f r o 3  y o u r  c u r r e : ~ t  ? a s s w o r d ,  ali3k.;S, t o  a 
new c h e f  NllrlL;;IS, y c u  Carl LilCLUaE trle i5E; i  C31~1i:lana d s  ? a r t  o f  ar,y j a b :  

I-------- 1 
1 $ s i b S ~ L  xYi6 1 
1 i L a > i . S  1 
I . iSc ;  r k - t i E , v ? k S  1 
I s S I G : i u F f '  I 
LI-,--2 

E x a m p l e  3 

E r c n  t n l s  g o l n t  cn ,  your passwora  i s  :i;i4PAj, 

kken ycu i S I G i i O G  I n  t jd tcn,  ; < I S  a i i o w s  y s u  a 3 Z X i G i ~ z  of 3 1  S ~ C ~ ~ I U S  or' 
- - ? r o c e s s l i i : ,  t l a e ,  50 p g e s  o r  ; r i r i t c a  o : ~ t p u t ,  ails O > ~ : ~ c n e i  c a ~ t i s .  I; you 

' i a n t  X O L E  o r  i e s 5  cf ar i j  o r  t ~ e z c  itt.i>s, you car, S ~ F ~ C J . I ~  t ~ ; e  re. j ; ;est  011 tile 
iS1;bGd c a r d  a s  snow11 111 ; x k : : ~ i e  4 ' t c l o v .  

i lule 4 :  To set tL,a tine, you x r i t e  ------- 
"?=t lz , e l1  i s  s$conas ,  ;fils z x s x ~ i e  
r e  j u < : s c s  99 seccr , t i s .  ir ysil p r t~ ; e r  
t-0 U S  U n l t . 5  5 i  ~ ~ 1 ~ , ~ i T . C 3 ,  Y O U  2ldY 

"rite I=l.5d, w;,?rc a l . , i l c a t e s  
3 l n ; l t E : > .  Tr J ~ p e i l ~ ; .  7 i i . j t ~  d1.3 

c ~ r c i s ,  you w i i t c  I '?=ii! i ;b?~ d t  , a s e s t l  
L ' IC=f1~3ijei  O i  C L Z ~ L " ,  211:s 
e x d a ~ l e  a s ~ 5  12, Fades  a 3 ~  53 
p u n c r , ~ ? ~ ~  c a r u s .  

r n l S  COil~maiia ClOeS 1 l G t  t r ~ d t  y 3 U  i i U S t  U S 2  t r i l S  3 i l ~ i . ;  i t  ~ l ~ l j l j  L; i t i i .S  t h a t  
you c a a c o t  use  ore, :or h Z G ~ Z  d e t a l l e a  a 2 s c r l p t l o n  oi c n e s e  and 
a a d l t i a ~ ~ a i  o p t l o r i s  r o r  t f , e  aS;G>iO:I c d a ; a ~ d ,  3 6 ~  t r ~ i  ? e ~ ~ ~ i k t i G i i  or  t n e  
comaai~d l a n g u a g e  I n  t h l c  v c l u x e .  L i l  t e r n l i ~ a i  D O Q E ,  t n e s e  ~ ? t l o r i s  a r e  
ignored. 



Page h e v l s c d  S e ~ t c n b e r  1 9 7 1  

Now you c a n  g e t  tt; c o n 2 u t e r  t o  G O  s o a e  r s a i  vork  i o r  you. L e t ' s  s a y  
t h a t  you n a v e  s c n e  ~ r o b l c : ~  ior w t ~ c c  you ~ l a v c  i i ; i t ten  d 7t,?,::1;!; k r o j r a a .  i n  
o r d e r  t o  run  t n l z  j r o g r a n ,  1 to have t n e  c3xpucer  c d r r j  o u t  yoac 
l c s t r u c t l o c s ,  s e v e r a i  s t e p s  a r e  r e 2 u l r e d :  

1 .  ? h e  program I O U  w r i t e  iu FGilTS:.N o~ any o t n e r  ~ a f i g u d j e  1s hnawn a s  t n e  
s o u r c e  &rgqrmz. t r d r i s i a t o r  z . ~ s t  Gn~xi~t!; yaur S O ~ L C ~  ; r ~ ? f a a  t o  a ------ 
c a c n l a ~  i d n g u a g e  o ; ~ i c c t  ~ ~ ~ ~ ; r L m ~ .  I; you wro te  t h e  p r a j r d ! ]  I n  FOF:E5A:J, 

I t n e n  ycu use  e l t n e r  t h e  ~ u h ; i i ~ $  c o z , l i & ~  o r  t t ie n i , i ? i i ~  ~ o z p 1 1 e r  t o  
1 t r a n s l a t e  your E O r i T S A N  s t a t e c e n c s .  S i n ~ l a r l y ,  i ~ r  o t t z r  Languayes .  

2. Tne  o b ~ e c t  program ~ u s t  b e  jo;iusa I n t o  c c a p u t e r  meEory. 

3 .  S c a n  t h e n  gxgcuqg ycur  o h j e c t  ? c o g r a n ,  t h a t  I S ,  i t  can c a r r y  o u t  t n e  
1 l r ~ s t r u c t . ~ o ! i s  ~n your s r o g r z n .  L e t ' s  look  a t  S O R E  s a m , i e  i l l T ? i ' /  j o o u .  

I--- 
- - --1 

I 351G:iUIi XPiL 1 
1 3 E S k Y E  1 

skUN * n h ' i E I V  1 
1 i i L 1 1 2 I i E  1 
1 R E A L ,  i 1 
I U=SLnT (X) I 
1 P t i S ' i ,  X , U  I 
1 S T O E  1 
I E N 3  1 
1 di;liIii 1 
1 2 1 . 6 7 9 3 5  I 
I S' j ' iOP 1 
1 $SIGNOFF 
I__ 

1 - - . J  

Exai i i i e  5 

I 5 :  $33;: +k 'ATF' I ' /  t e l i s  Yls t o  [ 
e x e c u t e  t h e  , r D J L a i o  1:01itdlned 111 t.le 
s u s i l c  f l i s  + i ~ i l i i V .  ; n &  2ro.jLzifl i n  I 
r l l e  * d i i T i i 7  1s rne i;iTF;Y C O X > ~ ~ G L .  1 
( k  c o a 2 i l c r  1 s  d i e  y e  of 
t r a n s ~ a t o r . )  

ilule 6 :  T n e  c o n t r o l  c a r i s  XO;:BiL3, ---"---- 
sii:ii'ii, ;SST3iJ d r t :  C O ; . i ; d ~ i ( l ~  co ;rti?i.I'i, 1 
!lot t o  :'iTi3. $ 2  i d  S d j ' S  I1 i i2r~  

comes a  p r o , J r a z  Lac  c ~ ~ ~ ~ ~ a t ~ c r , ~ ~ .  
$ D A T A  d e n o t e s  t h e  e 2 l  CIL t n e  s o u r c e  
C O U ~  a r ~ d  ca1.L; f o r  t ? x t > c u t ~ o n  o i  t n e  
zor,piJ-ea 2 r o j r a ~ ;  L L  au:it De 
i n c l u i e d  xnet:.dr 02 .lot yo3 ~ L ~ S E  any 
l n p u c  : la td.  $:;;3P t e i i s  L ; i . i i ' i V  t o  I 
curri c o n t r o i  DazK t o  915, 
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----------- --- 1 
( $SIGt iC ;<  K Y I D  1 
1 SESArlE 1 

I 1 S3ON * W A ' I k I V  1 
1 i C C X P I L E  I 
I ( S o u r c e  c a r ~ c  i o r  2 0 ~  s l )  1 
1 B i A T A  I 
I ( d a t a  c a r d s  f o r  J o b  $ 1 )  I 
I S C C . I ? I L E  1 
I (Scurce  c a r a s  i o r  J o b  * 2 )  1 
1 $CAT11 1 
I ( i la ta  c a r d s  f o r  doh k 2 )  
1 $SlOi? 1 
1 BSIGIGOFP I 
L ------.---------- J 

E x a u , i l e  6 

1 

SSIGNON E Y L C  I 
S E S k l l E  . * 1 
J ~ U U  * E ? h  1 

( F C E S h A h  source c a r d s )  I 
SENDFILE 1 
bEdLi -LOAC 1 
2 1 . 6 7 0 3 5  1 
S E ; 4 L r " l L Z  1 
$SIGXOFF 1 

I 7 :  .I r  t  5C(.i:11J;LE and 
----*--A- 

i L : l f  :, ~ ~ 3 r d ~  1s ::ore 2f  i i ( : ~ e ~ t  tt.an 
e x e c u t l c q  tns d.\?TIV p r 3 j r a ;  s e p r -  
a t e l y  e::.c;; t l z e .  ! i o t e  t n a t  t h e s e  
t a s k s  e r r  in?epecden t .  i f  you hdve 
a m l n  prcigrn;? ar,3 s e v e r d l  sLlkr0il- 

t i n e s  v n l c n  a r e  t o  h e  2 xec uted 
t o g e t h e r  d~ a unit, t h e y  c o c s t i t u t e  
o r e  t d s ~  ar, i  t n u s  r on ly  one 
S C O > ; I L E  ana one 1 3 A T B  c z r i .  I n  
this c a s e ,  i : ~ I ' F l i i  d i s c  lr . ;uisnes t i le 
enu of o n e  rout.i.ne i r o n  tiis hegin-  
n l i i q  o r  t.he n s x t  r o u t i n .  b y  t h e  ZND 
carfi unicn nus t  he t n e  13st c a r d  of 
any i i A T F I V  r o u t i n e .  

h u l e  8:  .$FUN 4 F T l  pe r fo ra s  a  simi- 
------A- 

3.ar: f u n c t l o n  co $ V i n  
Zxarnple 5; i . e . ,  ~t c e l l s  XTS t o  
e x e c u t e  t h e  ? r o g r a n  i n  t h e  f i l e  
h ,  whlcii cor:td ins t i le  I ' C l i t T l i A N  
c o a p i l e r .  

iiule 5 :  $ E Y D F I L Z  i s  uscd  t o  s i g n i f y  -.----- 
t h e  end of  tne  sourca  coJt: anG again  
t o  s i q n i k y  t n e  2:s Oi t he  d a t a .  I t  
is n o t  a con;nand. 

k u L o  1 0 :  cxzcu t ion  o r  yaur co?p.i led -------- 
Frogran ~s li-, '~okeii b y  t n e  c a r (  $2UN 
- L O A Z .  T h i s  1 : i s t r u r t s  S t o  r u n  
t h e  prosla? ,  s t o r c ? 3  l a  a ; l i e  c a l l e d  
..LJhu. Pl ;c t i l ~ l . l t e ! . i ,  t n 1 . s  i s  ui~cre 
FO*?T2bN has  j u s t  pot your o b j e c t  
program s s n c e  i n e  iirst ? i i Y  c o ~ n a n d  
d;d not  s p e c i f y  uhsre  t h e  o b j e c t  
pro9raa  was t o  iJe s t o r e d .  

1 This  e x a x ~ l e  p o l n t s  ou t  a major difference h e t v e e n  JATFIY d n a  F O g l E A N :  
namely t n a t  rG2ThAN r s q u l r e s  t h a t  tk.e t r a n s l a t e i  ;rocJrda b e  s to i -ed  s o n e v t ~ e r e  

1 b e f c r e  r u n i n c j  ~ t ,  while h A B E l V  aoes c o t .  

i c t r o d u c t i ~ c  t o  Y T S  4 1  



A N D  S O i ,  A h O T h E F  K C k 3  A E O J T  'TI:: C O 5 E A X D  L A N G U A G E  

So f a r ,  we have  e r i c o u n t e r r d  s e v e r a i  wocas o f  t i le  ; ITS conaaild i a n 4 u a g e .  
I 'here  d r e  G ~ T A Y  nort:, zone 01 : i n i ~ i i  bill i)3 n e t  li;  ti^;: ;cct lci i  :JII  r l i e s  " c a t  
f o l l c v s .  I n  cjfl?e~:al., trie cozra,l:,i s t a t e x e r , t s  n a v e  a f a i r l y  r r e s  r o r ; i a t .  A 
s a f e  r u l z  IS:  

i ~ u l r  1 1 :  Gon ' t  ledve a s p a c e  bet!deen t h e  d o l l a r  s i g h  
--em----- 

and t h e  C O I J ~ ~ ~ J ~  . r ~ ) ~ d .  Ir* g c r . a r a l ,  y f i ~  sllouici leave:: & 

s p a c e  ttetween tl;iord:<u vnen the!:r? i s  no e : c p l i c i t  s e p a r a -  
L G C ,  s u c h  a s  I n  SSIG:;Oh HYIL. : i o ~ ' e v e r ,  i f  t n s r e  1s a 
c t . ; a r a t c r  such a s  all e q u a l  s i g r .  ( =  , you s h o u l d  r.ot 
i c a ~ ~ e  a n y  s 2 a c e s  a roun2  i t .  For  e x a z p l e ,  v i t h i n  the  
" p h r a ~ s ~  P l j=SCSAKE ana I = 3 C  the re  s h o u l d  b e  n3 b l a n k s .  

The e x p e r t s  k n c w  a b b r e v i a t ~ o n s  f o r  t h e  cornman6 words t a a t  w i l i  d o  j u s t  a s  
w e l l  a s  t h e  L u l l  word .  G e n e r d i i y ,  t h e  f ~ r s t  t i r e e  l e t t e r s  o r  t h s  co:,zacd i s  
s u f L i c l e n t .  Check t o  be s u r e .  

s e v e r a l  d i f i e r e n t  t a s k s  c a n  be  p r f o r m e d  netween a s l ~ g l e  S S I G G O I - a  
I 5 IG : IOFr '  p a l r .  E s a a p i e  6 shovccd a scll;;uence o f  : i? iT?IY t a s k s ;  you can Lave a 
1 s e q u e n c e  c f  JATI'LV and Y G n ' l 2 h i j  task.2; i n  j e n c c a l ,  you c&ii iA&vc a l a o s t  any 

sc3tleLce of t a s k s ,  whether cr  n o t  t h e y  a r e  r e l a t e c l .  

Ge iiave n e c t i c c ~ a  i l k e s  1ii o u r  ex i i sg les  b u t  h a v e  not c x p i a i - n e d  what  a 
i i i e  1s. 3"s st3r:es r i l e s  (Iji a l s ~  dnu Gita C E ~ L  s t r j r d g s .  'Tile bsst U d y  tO 
t h l ~ k  o t  a f l l e  1s  a s  a n  a r e a  o t  t h i s  d i s k  o r  d a t a  c e l l  s t o r a g e  i n  v h i c k  you 
c a n  s t o r e  ~ n f o r x a t i o n .  

r ' i l e s  a r e  ccc tcsec i  o f  i-jke;; c i  i n f o r i s a t i . o n ,  i f  i n f o r ~ r , c i t ~ o n  1.2 p u t  in t h e  
i i i e  v l a  tl:c c a r 4  re,\clcr, ir:e:: a  i.lr,e i s  t ! ; ~  c o n t e n t s  o f  o c a  c i r \ i .  I F  t ! ~ e  

, i L;)\ ,, ~-8L'O<l.'J;.i , t i ~ ~ + i ~  $ C I i l ? J : f i i i y  ?. j. iile l r ~ f n r : i a t . l o ~ .  i s  ~ u t .  I n  t h e  f i l e  b y  a  FCF ' . ' " '  
, .?A?i ot , i t ;~1~'C ~ ~ : c o c ! .  II tile 1s t h e  ~ ~ f o r 3 a t i c 1 ;  con ta l r i ed  I oiie ? [ I : - ' ' -  - .  . ; r t  c u t  111 t n e  r l . i s  v l a  rl t-ype:irir.:r 'c.?r!cincii, a i l r , e  1:; t h e  

i n t o r s a  t 1 . o ~  t y p e 0  bciroce t h e  i t  c'3:le 1s t Trip ln IC! rn? . t~on  
c o f i c a l n c d  j.n a f i l f  co:il:i h~ cii?til, an o s j e c x  ? r ~ ~ j r d : ~ , ,  tlie l.'G:.;PIi:; c;.;:l,lhcr, 

~ i i ~ i i t ,  e t c .  Evesy i~ 1.e h d s  a  rici."ji: SO a s o u r c e  p r o j r d n ,  a i t t t e r  t o  -cr.r: PIC 
t h a t  you c a n  c c r i a u c i c a t e  i i t h  )iPS a k o u t  i t .  

liere a r e  s c z e  o f  t h e  oper~:'il.on!; you car1 do w i t h  f i l e s :  S C T ' : l n 7  8 , A , r , . t u  tk,cz d n d  
$SESTitOY t h e x ,  $ L I S T   the^ anu <COP'[ the!g, SCST t9e3 ar.d iEXL3ASE t h e a ,  :F.;J:l 
t h e n ,  a n d  3EXEIY t h e a .  kiow t o  c a r r y  o u t  t h e s z  o p e r a t i o n s  is t k e  s u b j e c t  of 
t h l s  s e c t l c n .  

1 jie nave a l r ~ a d y  s e r n  some e x a n F l c s  of iRLJNning f l l e s .  3 * i i i ? F I V  
1 coEaanas  KTS t o  e x c c u t e  t n e  2 r c g r a m  s t o r e d  i n  t ~ e  i l i e  c a l l s 1  L i A T F I V .  
1 S l n c e  t h e  LATFIV c o ~ p r l e r  1s t h c  Froi j ra2 c o n t a i n e d  l n  t h e  tile r.ased 
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I * Y B T F I V ,  f i l s  w i l l  make i i A ? F I V  s t a r t  c o x p l l i n j  o r  t r a n s l a t i n q  your p r o g r a n .  
) S i m i l a r l y ,  aEU3 *FT:i w i l l  r e s u l t  i n  t h e  euc!cution of t h z  E ' O R T i l A N  c o c ; . l l e r  i n  
1 t n e  f i l e  named *F?N. $hU:l - L O A D ,  i n  Exar;ple 7 ,  requests  t h e  cxi!cu~.ion of 
1 t h e  p rogran  i n  f i l e  - L O A D .  S l n c e  your o b j e c t  p rogran  h a s  j u s t  been s t o r e d  
1 an  - L O A D  by  10 i t I3At i ,  ~t 1; your g rogran  t h a t  &ill b e  run. 

I n e  most cotnmcn type  o r  f i i e  i.s cne i n  u h l c ~ i  e v e r y  l i n e  i n  t t :e  f i l e  has  a 
nuzker  a s s o c l a t e d  u r t n  ~ t .  Tt,ese a r e ,  very  c o c v e n i e n t l y ,  c a l l e d  Llqg &i&s 
a n a  r o r  t h e  p u r s c s a s  o f  this i n t r o d u c t i o n ,  uncn the  ~ o r d  I t f i l e i 1  1s u s e d ,  ve 
w l l l  be r e f e r r n g  t c  a l l n e  ii1.e. Tfie l l c e  f i l e  i s  o r d c r e d  by t h e  l i n e  
numbers.  S h u s ,  r ~ g a r a . L e s r i  oi tile o r i e r  i n  xnlch i i l f o K ~  z t l o n  was e i ~ t e r e d  
l n t o  t n e  f i l e  (even I L  you gave l i n e  1 0  ber 'ore l i n e  9), t o e  l n i a r a a t l o r ,  is 
effectively s t o r e d  i n  t n e  f l l e  w i t h  t h e  l i n e  numbers i n  a s c e n d i n g  o r d e r .  

There  a r e  twc uays  t o  s p e c i f y  t h e  l i n e  nuxber kn ich  a s  t o  be a s s o c l a t e d  
v i t n  a l l n e ,  One way i s  t o  w r a t e  t h e  numbsrs y o u r s e l f  a t  t h e  beginning of 
e a c h  c a r d  cr  . t y ~ e d  S i n e .  Hogever ,  f l i e s  a r e  u s u a l l y  f i l l e r i  i n ] - t i a l l y  w i t h  a 
s e t  of s z q u e n t l a i l y  nunberea  l l n c s ,  and we r u i g n t  a s  w e l l  l e t  kiTS n u n b 2 r  then  
f o r  us v i a  a $ t :UE? i iE i  comnana s h o ~ n  below. 

C r e a t l n q  a F i l e  -------.. ----*- 

Zxanple  8 chows a s . ~ ~ , p l e  b a t c h  lob  t h a t  c r e a t e s  a  f i l e  c , z l i ed  F I L Z F A C T S ,  
p u t s  i l v e  l ~ n e s  of ~.nfo:rati .on l r l t o  i t ,  a n a  t n e n  l is ts  i t .  Exacple  9 1s t h e  
same lob  ~ u t  r u n  i n  c o n v e r ~ a t i o n d l   ode, 

- -  ----.----- 1 

1 5 3 I G N O N  C Y I D  I 
1 SESALlE 1 
( S C Z E A I E  E X L E E A C T S  I 
1 $ h U M R E l i  1 
1 Tills SAil2LZ PILE CO!iTd\I:IS SCME ( 
1 I:;L70R:l.lTIC;1 C h  F I L E S  IN X I S .  I 
1 1. A l I L E  I S  A SET O F  NiJiibERED ( 
1 L I N E 3  STOZdD UGCZR SOXZ U t i I L U Z  ( 
1 NAME I 
1 $UIi!iLJHilER I 
1 $ L I S T  PILEPACTS I 
1 J S I G h O F r '  1 
L, ,,--, , ,- - - .,-- +..I 

i x a n ~ l e  8 .  

L u l p  1 2 :  A f i l e  of s o d e s t  s i z e  can -.-----.- 
be c r e a t e d  by $CESATZ f o l l o w e d  by 
t h e  nane y o u  v i s h  t o  a t t 3 c h  t o  i t .  
I t  is r e t d i s e d  f o r  your l a t e r  u s e  
u n t i i  you 5 D E S T 2 O Y  i t .  

1 1  1 T h e  ----" ---- coanand i N U i l B E R  
i1,structs 2 5  t o  n u : f i b s r  t h e  l l n ~ s  
t h a t  f o l l o v .  In b a t c h  aode ,  MTS 
n u n b e r s  t h e  1.lne.s ?.s C h e y  a c e  p u t  i n  
t h e  f i l e ,  i n  c o n v e r s 4 s t i o n a l  mode, 
!ITS t y p e s  t h e  I l n c  n u a b ~ x  f o r  you 
and. t h e n  g a i t s  f o r  you t o  t.;Jpe t h e  
c o n k c n t  o f  t h a t  l i n e .  Tne i i o ~ b e r i n g  
s t a r t s  ~ r i t n  1 a n d  J o e s  u p  b y  ~ n c r e -  
men-ts o f  1 thus g l v l ; ~ g  1 , 2 # 3 , .  .. 
See t h e  t;lJi?92S c o ~ ~ ~ a n t i  d a s c r . i p t i o n  
An t l ie  Co:?9dna L d c g u 3 g ~  s e c t i o n  of 
t h i s  volune f o r  va:/s o f  z p a c i f y l n g  a 
L i ~ . f f o r e n t  s t a r t i n q  nui;bcr o r  d i f  - 
fer2nt  i n c r e n e n t .  I f  t h e  $!iUl3BZR 
command i s  not g i v e n ,  l ~ n e s  t o  be 
p u t  I n t o  t h e  E i i e  riu.st be numbered 
e x p l i c i t l y .  

I n t r o d u c t i o n  t o  MIS 4 3  



F,ule lic: Once a f i l e  has  t een  --* .---- 
S C Q : ~ T ; G  A ,  d , yoo  n d y  sn t t ? r  l ~ f , ~ r : a t l o n  
i n t o  i t .  2's : l u s t  bC? i h l . ?  kJ j 1 ~ -  

t ~ n q u i s h  conmands t o  D e  execu ted  
f r o m  t e x t  t o  b e  s t o r e d  1ri i f l l e .  
A l l  i i n e a  o r  B n r o r n a t ~ o r ,  wnlch ( 1 )  
s t a c t  u ~ t n  a l l n a  r ~ u 2 3 d r  (CltnBr 
s x p i i c i t l y  o r  ~ i ~ a  $!iiJi<3>l.3) &!nG ( 2 )  
i o  n o t  :lave a  s z c g l e  "5"  i o i l o ~ i c g  
t i l e  nui:,ber drt2 ~ u t  l n t o  th? (;xgrt?r.t- 
i y  &~tmxs . Tile c : s r r e c t  ly 
a c t i v e  L i i t .  i s  t h e  f l l e  .jni?..;e r,ame 
most r e c e n t 1  y appeared  i r .  6 . D ' C k i A T L  
o r  SSZT s t a t e a e n t .  ( $ G E T  1s 

e x p l a i n e c  below . )  A I ? ~  l i n e  i;ot 
s t d r t i n j  k i t h  a l l n e  nunoer con- 
t a i n s n j  a s i n g l e  I 1 a 1 '  a f t e r  a l i c e  
n u m b e r  i s  a s s u a e d  t 3  0s d C O ? , L ~ C ~  t o  
be executed ~ m c e d i a t e l y ,  I t  t h e  
c o n n a r ~ d  i s  n o t  i e ( j d i ,  ? I T S  w l l l  glve 
a11 e r r o r  coament. 

I .  1 5 :  5U;;? ; i rME,ER tur:ls D i i  t h e  --. .---- - - 
a t i t i , ad t rc  i i r ~ e  r ~ u r ~ i s e r s  e t f 2 c t c - d  b y  
$;L'Ui',3cii. 5 t t a r ~ y  L ~ r , z s  
with c x p 1 ~ c i t  l i n e  nu::bers ict:o tne 
tile ur,le.-s a  s l i ~ g l e  " $ I 1  f o l i o k i s  the 
l i n e  ~ u r n b e r ,  o r  t h e  f l l e  is 
JRELEASEa. 

h . u l e  1 6 :  $ L I S T ,  f o l l c w e d  by a  f l l e  --------. 
f idno,  cdlls t o r  a i i s t l rq  o t  t h e  
c o n t e n t s  of t h e  flie s t n i . t l n g  i r o n  
l i n e  1 .  I f  the r l l e  has l l c e  nua- 
kiors l e s s  t h a n  1 ,  t n c y  vill r.ot he 
l i s t e d .  2 h k  l ~ s t i r i j  ~ n c l u j e s  t h e  
L i n e  n u x b e r s .  

Ine r c l i o w l n g  e x a n ~ l z  was cone on 2 t e r2 ina l .  Tne s t a t e s e n t s  t y ~ e d  by 
t n e  p r o g r a n a e r  a r c  l n  l o v e r  c a s e  acc  t h e  o ~ t p u t  t o  t h e  user 1; i n  u lper  
c a s e .  T h i s  e x a m ~ i e  ill u s t r n t e s  t i le  c o n c e p t  o t  a ,~gl;3g.& ~r&cccitgg. 
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r---------------- --__.___---- 1 

I MTS (LA33-0  1 0 7 )  1 
I ;;i!O A R Z  Y O U ?  1 
I :/$signon n y i d  pw-sesame I 
I # + + L A S T  SiGUOU ieiAS: 13:  3 ? , 0 Q  0 6 - 0 5 - 7 0  1 
I 4 U S E R  " M Y I D "  SlGflED ON A ' i '  1'1 :39.44 0 s  0 6 - 1 2 - 7 0  1 
] # $ c r e a t e  f i l e f  a c t s  I 
I # F I L E  uF ' ILEIACTSt t  HAS BEEN CaEATED. I 
1 # $ n u m b e r  1 
I # 1  t h i s  s a n p l e  f i l e  c o n t a i n s  s o m e  I 
I # 2  i n f o r n a t i o n  o n  f i l e s  i n  n t s .  I 
I # 3 1 .  a  f i l e  i s  a s e t  o f  n u m b e r e d  1 
I # 4 l i n e s  s t o r e d  u n d e r  s o m e  u n i q u e  I 
I # 5 n a m e .  I 
1 # 6 $ u n n u m b e r  I 
I # $ l i s t  f i l e f a c t s  I 
I > 1 T H I S  SALfPLE F I L E  CONTASMS SOME i 
I > 2 IflFc)RilATIO;i Oki  F I L E S  I',l XTS. 1 
I > 3 1.  h F I L E  IS A SET OF N U M B E R E D  I 
I > 4 LI113S STORZD U i J D B R  SOME UNIQUE I 
I > 5 NA?1  E. I 
( #EKD OF F I L E  I 
I $$signoff I 
I 4OFF AT 1 5 :  49.4 2 0 1-26-7 1 
I ,i&ii 

1 
I iESX3  T.CI.1E i . 5 8 3  M I N .  $ . d o  1 

] #CPrJ T I M E  USED 1 .  1 9 3  S E C .  $. 10 1 
I 8CPlJ  STOR V M I  . 1 PAGE-YIN. 0  I 
1 4 1 A i T  STOR V M I  . 17 PAGE-HR. I 
I A D R I J f l  READS 7  I 
( SAPPZOX. COST O F  THIS  RUN I S  $ .  1 9  I 
( #DISK STO3AGE . 15 PAGX-HR. I 
( .#APPEOX. R E i f A I I . i I t i G  B A L A E I C E :  $20 .35  
I-- 

I 
J 

2xample  9 

9 u l e  1 7 :  T h e  p r e f i x  c h a r a c t e r  is t y p s d  b y  the s y s t e m  ---------- 
a n d  IS t h e  f i r s t  c h a r a c t e r  o f  every l i n e  o f  o u t p u t  a n d  
t h e  f i r s t  c h a r a c t e r  o n  a 1i::e c x p c c t i n g  i n p u t .  T h i s  
c h a r a c t e r  i d e c t i f i e s  who i s  p r o d u c i l i g  t h 2  o u t p u t  line or  
who is expecting i n p u t .  Each s{-:qni2nt o f  t h e  s y s t e o  h a s  
a d i s t i n c t  c h a r a c t ! ? r .  I n  t h i s  ~ ~ s i r i p l . e  ve sc?e t h e  
when we're ~ I I  i4TS c o i ~ i ~ n a n d  ,code a:id ' ! > I t  : ;hen a listing is  
b e i n g  p r o d u c e d .  A c o m p l e t e  L i s t i n g  o f  t h e  systein p r 2 f . l ~  
c h a r a c t e r s  is g i v e n  i n  t h e  I 1 S y s t e a  Command L a n g u a q e "  
s e c t i o n  i n  t h i s  v o l u m e .  
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MTS 1 :  M?S A N D  T H E  C O : I P U T L X G  C E h T E i ?  

Suppose t h a t  you i i n d  a f t c l r  c r e a t i n g  a  f i l e  t h a t  you have l e f t  o u t  a  l i n e  
i n  t h e  middle and int,,?ndcd t o  s ~ i y  nose i n  l l n e  5 .  You can e d i t  your f i l e  on 
a  subsequen t  r u n  a s  sho~fn i.n Ex~imple 1 0 .  

r-' ---------- -- 1 
I $SIGNON M Y I D  1 
( SESAHE I 
I $GET FILEFACTS I 
1 2 . 5 ,  Y O U  S H O U L D  L E A R N  THEM.  1 
( 5 ,MAPlE  ASSIGNED BY T H E  U S E R .  1 
( $SIGllOFP I 

Example 10. 

Rille 1 8 :  A t  t h e  s t a r t  of t h i s  r u n ,  -- -------- 
t h a r e  is  no c u r r e n t l y  ac t l .ve  f i l e .  
$GET i s  used t o  n o t i f y  HTS of t h e  
name of t h e  f i l e  t o  be t h e  a c t i v e  
f i l e .  $GET F I L E P A C T S  r,akes FILE- 
FACTS t h e  a c t i v e  f i l e ,  r e g a r d l e s s  of  
whether o r  no t  a n o t h e r  f i l e  had 
p r e v i o u s l y  been t t e  a c t i v e  f i l e .  
G R E L E A S X  will r e l e a s e  a f i l e  from 
being t h e  c u r r e n t l y  a c t i v e  f i l e ,  
t h u s  r e t u r n i n g  t o  t h e  s t a t u s  of no 
c u r r e n t l y  a c t i v e  f i l e .  

Rule 1 9 :  I f  S N Y M B E R  i s n ' t  used,  --------.-- 
each l i n e  n u s t  be nucibered e x p l i c i t -  
l y ;  t h e  nunber i s  s e 2 a r a t e d  Lrom t h e  
t ,ext  b y  a  blank o r  a  coa;:la. (ahen a 
b la i l? .  i s  used a s  che s e p z r a t o r ,  i t  
r e n a i n s  p a r t  01 t h e  t e x t .  A comma, 
houever,  used a ;  a  s e p a r a t o r  is 
g e n e r a l l y  s t r i p p e d  o f f  . )  If  t h e r e  
i s  no l i n e  nunber ,  XTS assumes t h e  
l i n e  i s  a comn(ind t o  b82 execu ted  
immediate ly .  

Rill-e 2 0 :  A l i n e  can be i n s e r t e d  .- - - - - - - - - 
bet-xeen e x i s t i n q  l i n e s  by g i v i n g  i t  
s o n e  i n  termei i in t (+ nu in be^:. T h i s  
number can be fractions!., o r  even 
n e g a t i v e .  ( B u t  n o t e  t h a t  ;is s t a t e d  
i n  Rule 1 7 ,  $LIST still lists s t a c t -  
i n g  from Line (un l . e ss  you t a k e  
s p e c i a l  preca1.1tions) even i f  your 
f i l e  h a s  d l i n e  numbered . 5 ) .  

A l i n e  w i t h  a number a l r e a d y  i n  use i n  t h e  E i l e  c a l l s  f o r  a  replacement  
of t h e  o ld  l i n e  w i t h  t h e  new. T h u s ,  i n  t h i s  e x a n p l e ,  t h e  o l d  l i n e  5  i s  
r e p l a c e d  by t h e  new one. 

A f t e r  runn ing  Example 9 and then  10, F I L E F A C T S  has  6 l i n e s :  
1,2,2. E,3,4,5.  

46 I n t r o d u c t i o n  t o  MTS 



3TS 1: ET.'., AXND TiiE COf?rJT; l r ;  C E N T E R  

Page R e ~ i s 2 , I  Sep t  esber 137 1 

Af ter  a c e r t a i n  anount  o f  c d i t i n j  and i n s e r t i o n  of c e v  1 ~ 1 : c s ,  a f i l e  may 
g e t  r a t h e r  ressy, r , e , ,  l u l l  of  i n t e r p o l a t e d  l i c e s .  For t h i s  o r  o t h e r  
r e a s o n s ,  you n a y  want t o  c o p y  t h e  ~ n f o r r i a t i o n  i n t o  a nea t i l e .  E ~ a r ~ p l e  11 
shows ~ G W  t o  d c  t h i z .  

h11l.e 21.  Tne S C O P Y  c c ~ n a n d  c o p i e s  --,, ----- J. 

t n e  c o n t e n t s  of one f i l e  i n t o  a n o t h -  
r------,- --PIT----- 1 
( $ S I G N G U  U Y I C  I 
I SESAME I 
( $ C R E A T E  N Z d F I L E  1 
( $COPY P I L E Z A C T S  TO h E M 5 I L E  1 
( SSIGH0I.F 1 
L----,--, - - ,  J 

E x ~ Q F ~ €  11. 

e r .  I n  t h i s  p r o c e s s  t h e  l l n e s  a c e  
~ ~ u n b e c e d  se+cnt i . ' l l ly  f son  1 a s  t h e y  
c c t e r  t h e  ilex f i l e ,  u l i a t s v e ~  t n e l r  
n u a b e r s  nay be i n  t h e  013 f i l e .  The 
o l d  f l l e  i s  r e t a i n e d  u n ' 3 i t a r e d .  For 
ways of c a p y i c j  o n l y  p a r t  o f  a f i l e  
or  of  a l t c r i n ;  t h e  nunL2rl1-i~ I n  t n e  
neu t i l e ,  s e ?  t h e  C O ? Y  coaaand 
d e s c r i p t i o n  i n  t h e  uConxiand Ldn-  

rjuageu s e c t i . o n  o f  t h i s  volume. 

1 2 2 :  I n f o r m a t i o n  t h a t  i s  no 
I a h g e r  vantea can be d e l e t e c  e i t h e r  
by  a cocmand o t  thc  fo rm 

$2;31?P FlLsFACTS 
kihlch resove:3 t h e  c o n t a n t s  of t h e  
file b u t  r e e a b a s  i ts  identity, o r  by 
a con:iand o f  t h e  form 

53ES C ?OY P I L E F A C T S  
u t l c h  d e l e t e s  t n e  f i l e  and r e t u r n s  
t h e  s p a c e  on the d i s k  t o  t h e  p o o l  of 
a v a i l a b l e  s t o r , ~ g e .  

Host o r  t h e  t lme ,  you !dill : : a n t  t o  u s e  f l l e s  f o r  programs 01: f o r  d a t a .  
I Z x a n p l e  l i  shcwz the c o . ; ; ~ i l a t l o n  a ~ d  e x e c u t i o n  or' 3 s z ; i l l  1 L : E ' I V  pro3ram 

whlcn r s  s e t  u p  i n  such  ii ilc'.y t t l d t ,  t h ' t  S C I I S C C  ; ) r o g r a ~  is Lei't I n  a LBle f o r  
l a t e r  use. O n e  rrctr,od 1:or p ~ ~ t t i r q  1j.ncl.s t h a t  s t a r t  v i t h  " 4 "  i n t o  a f i l e  is 
i l i u s t r a t e d .  An a l t e r n a t e  n e t h o d  i s  s h o v n  l n  Z x a ~ p Z e  1 7  b e l o u .  



1 1:  MIS A K C  I P E  C C Y P U T T h G  CE:;TEIi  

r----, - - - - - -  - -  1 
I 

1 S S I Z h O h  ?lYIL I 
1 SzSAl l r '  I 
I $CaLhIE Gh3G 1 
( S:,U:*idzir I 
I ; $ C O L ~ ~ E I L E  1 
I DIKENSIC h K (5) I 
I CG 10 I = 1 , 5  1 
1 1 3  K ( 1 )  = ( 7 * 5 ) + 7  I 
I STC2 I 
I END I 
I b B C A T A  1 
( $ S Z T O P  I 
I B U N l i U H E E F  I 

1 I i d ~ h  * ~ A ~ F I V  ~ C A ; D S = P ~ G G  1 
SSIGNOFF 1 

S u l . ~  2 3 :  To p r e v e n t  a  c a r d  l i k e  --l.*----.y 
i* -C;:':p1iz 
+' &. i c o 3  Lo3klng l i k e  an E T S  . , 
cc2:>3ii:1 fc1r : . : 2 c > : : l . l L a 2  2 ~ . . ' 2 < 2 T , l O ! I #  t h e  
r u l e  1s t h a t  1in.s b s j l n n i n g  v l t h  a  
s:ngle " , ' I ,  ~ ~ i ~ t h e ~  t n c y  a r e  ? r e -  
c + ~ i c a  i i y  a i ~ . n e  r;uaser OL' r iot ,  a r e  
n o t  c ~ i t c r e c i  i n t o  files but  a r e  
t r e a t e d  ds 1 C S ; I ~ ~ ~ S .  Llnss 
h f g i i i n i ~ g  v l t h  & % l n e  c3;her t o l -  
lowed b y  "j i" a r c  ecter:&J i r , t o  a  
£ l i e  w i t h  t h e  f l r s t  "1" r e a o v e d .  

L - -  ---- I--I--*- J 

4 x a o ~ l e  li. 

1 Yne $ B U U  c a r d  needs  some f u ~ t h e r  e x ~ l a n 3 t i o n .  1ATF.L.V h a s  t o  read  
inpu t - -yocr  s o c r c ~  p logran .  It n u s t  krlok u h e r e  t o  f ir id t h e  i r ~ ~ u t .  Is i t  on 
a c d r d  r c d c e r  c r  cn a t e L n i r , a i  o r  i r  ct L i e ?  And i n  whrch 3 k  t h e  nany cacd 

1 r e a i l e r s ,  t e r a i n a i s ,  o r  i l l e s  1s ~ t ?  It i s  i i n d s s i r a b i e  t o  h3vc-2 k A ; F I V  a l l ~ a y s  
e x p q c t  i t s  i n p u t  t c  cone f r ~ 3  a   articular i : , ; z t  ~ e v i c e ,  In&.j i r le  u t ~ a t  hould  
sap2en  ~i > l A I ' E I V  r n s i s t o c i  t r ~ a t  d1.i i1SeLS 1 i ;F ' l l :  t i i ~ ~ , '  I ; I i ; l j I . i ! b S  i i ' ~ i ; i  the 3rd 
t e r r i l n a l  l n  acts 1 i?Q7 o i  'iht' C 0 2 ~ i i t i r i i j  C ( ' C  ~ r ? i - - - L i ! c , : : ?  i;i;iiL ,:i Li:-2 di'. l . l i ~ j . . ? r ~ l b l e  
i rn?  a t  t n a t  p a r t i c u i a c  t e r ~ ~ i c a i  d c a  t h e  o t h e r s  would p robab ly  be i d l e .  

I Thls s a n e  ~ r a k l e u  a r i s e s  f o r  any p r o g r a r ; - - b ~  i t  t h e  POF,'I;.A;J o r  i i A T F I V  
c o i n ~ i l e r  o r  your okn p rograo  v n i c h  wants  t o  r e a d  o r  w r l t e  d a t a .  

To a v o l a  t h e  r , e c e s s i t y  of s p o c r f y l n g  a p a ~ : t i c u i a r  l n p u t  o r  o u t p u t  d e v i c e  
a t  t h e  t r n e  cf k r ~ t ~ n g  cche r rog ra r , ,  XTS pri tv ides  i o r  hr,i..i.l.;i i/Q (inpl~t- 
o u t p u t )  --.--- u n i t s ;  I i .ece ctce s y ; ~ b o l i c  c a n e s  aua do n o t  refer t 3  act  1.l  ; ! i y s l c a l  
uriits. I t , €  ; ; ~ s t  cczmcr, ly  used lo ; ic :dl  1/(; u r , . L t s  a r e  SC;:F>S, ST;:.I!;:, SFU:;CH, 
, 1 , .  ,. , ? h e  C i A ' i f I V  c o n p l i e r  1s an (2xai:Cp:d Or :! jr0;c:iin i.:fi:.::n iises tile 

I i o g i c a l  u r . r t s  '.C.\F,3S arid S P i i I f i T .  It r:cd(ici t h e  s s u c c e  ? , t . . ~ i t ~ : i e ~ , t ~ s  irom 
] i o g l c a l  d n i t  S C F F X  and w r i t e s  t h e  s o u r c s  i i s t l n ~ ~  Ori  1.o:1i.c;iL I . i n l t  5t'RI:IT. 
I I t  d e p e ~ ~ a z  on K T 5  t o  t e l l  ~ t :  g;gg'l;-"o_~ ' ihicn ; i ' ~ s ~ c ~ l  d e v i c e s  a r e  

?ssociatc:d wi tn  t h e  . log1cdl  U T 1 i . t . ~ .  IL 1s u p  t o  you t o  j ~ v z  K 1 5  t h i s  
~ n f o r m a t i c n .  

A t  t h e  t i z c  t h e  i i ~ U ! i  con~nanci i s  g i v e c ,  you 211st s p e c i f y  f o r  eac ; l  1-o5ica.l 
1/0 u n l t  useu b y  t h e  PEograrn t o  he cun wl-.ich ac tua l .  physical. u n l t  s h o : ~ i d  b e  
used .  ( I n  many c a s e s ,  if you do no t  spI?r ic i iT/  w: l i ch  d e v i c e  s h a u l u  he a t t a c h e d  
t o  t n e  logical 1/0 i i n l t ,  ; ' I S  ~ a k e s  3 p l a ~ l s i b l e  assus;?tion. T h i s  i s  
d i s c u s s e d  kelorr.) ? t i u s ,  i n  Example 1 2 ,  .cce s p z c i i l c : ~ t ~ o n  5C:,EDS=PT(CG on the  

1 5tid:i conndnd t e l i s  55s t o  t e l l  L A T E X Y  t l i z t  t h e  s o u r c e  p r o j r a ;  1,s i n  a f i l e  
r~amed P E O G .  The rEason t n a t  our e a r l i e r  e x a m ~ l e s  d i d n ' ~  have t o  s p c i f y  
SCAnDS a n d  S P h Z h ' I  i s  t h a t  i f  L ' i 5  i s  noc t o l a  e x p l i c i t l y ,  i t  a s s a n z s  t h d t  
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SCliiiCS r e f e r s  t o  t h e  u e v l c c  from w11ir:h ti;? :?i i i l? i  coaz,ar,J c a z c  a i ; d  t-hdt 5PhI: iT 
r e i s r s  t o  the d e v i c e  t h a t  i t  has  b e e s  u s i . ~ : j  to Grln t  tne  co;~sdaG ~ 3 r d ~ .  

I n  trie abcve  e x a z ~ p l e ,  i~ you uaceed  your p i o s r a 3  LO r e a c  5at.a a c i  nad a . . 
1 s t a t e m e n t  such a s  k L h i ) , j :  L S  L R  ;::;i,i;le 5 #  .;.??I7 vc)n;ci ;iss,t;;,-: tb? j?tl c0111d 

be found I n  the i i i c  k i t O G  s ~ l c e  you s a i d  JCX: tDS=?r ,OG.  5u t 11- yc.1 act: l i k e l y  
t o  t e  v a r y l r , g  t n ~  d a ~ a ,  you ;!oilld c c t  v ~ n t  t o  2 0 %  your ?.ata 1;: ; ' 1?3G.  You 
n l j n t  wan1 t o  keti ,  yoilc o 2 t a  oil card:; o r  ~ f i  a  c;ls.irrei-it rile, 2xclzple 13 
i l l u s t r a t e s  how t c  reac  y a c r  d a t a  I I E O ~ I  c a r i s ,  even wi~eil your  s o u r c e  PLocjraa 
1s In d i i l e ,  

r-p.--'-"----- -7 

1 $SIGNOh E Y I L  I 
1 S E S A i l i i  I 
1 . ; c a ~ ~ ? a  E H G G  1 
1 ~:rut i ld~:,a I 
1 S j C O d P i L E  1 
1 l i E i i i i  ( 5 ' 1 )  X I 
I f  FCEiIA"2F10. 5)  I 
I u =  S d k :  (X) I 
I 15.112 (6,l) i , U  I 
1 STCE 1 
1 EN C I 
1 ad2;iTA I 
1 $ $ S T O P  1 
I $ i ~ r ~ : a u a n z ~  I 

I 1 $ZUS *;4ATFL11 SC?.f iCS=PkOG - 1 
I 5=-$S( ,uh~& 4 " = a S i ) i K *  1 
1 2 1 . 6 7 C 3 5  I 

I B S I G N G F F  1 
L- ------------------- J 

Exan[le 1 3 ,  

bule  211: Tne s t a t e a e r t t  s SJAD (5, 1)  X ------- 
ar,a u (6, I )  I,:] t e l l  h n ' i l ? I V  t o  1 
use 1 0 g l c a i  u n i t  5 i o r  i n p u t  and 
l o g i c a ;  unkt  6 f o r  o l ~ t p u t .  O n l y  t n e  
c u s h e r s  I ,  , 9 a r e  a c c e p t a o l e  i n  

. .  - 
er,sse statements. Use of aiif e r e n t  
r ,o; ;~hers o r  of S C A i i 3 S ,  SPi i I : IT ,  S P U S C H  
1.s 11iej. i .  Tn ls  i s  t r u .  1.n TOtiTKhFtN 
a s  we1.i as X A T F I V .  1 

Fule 2 3 :  I n  the 3h;J:i co::,asnd, you - --.-- ... -..--.- 
.?fist t e l l  :ITS v i c n  r n a t  t o  e q u a t e  
i o : j i c d l  c n i t s  5 a n d  6. I n u s ,  we 

37!,; c,?+, Fj,%~~g:.r;.+ L , ,  : .,.Lo.\ , !",c 3 ' ,LC C 
* s ~ u ; , c ~ : ;  a n d  " 51 ;;Ka a r a  k i i o ~ n  a s  
? s e i i ~ i o - ? L a v i c ~  n a a c s  v h i c n  we will 
now e x p l a i n .  

- It' ,!, :.;':S corl;.13nj l ~ r , e  is 
too l o n g  0 :.at 01; i .-;~.iiijl.c i n p u t  - .  
1 ( c a r i  o r  te:,nliinl. I )  a 
: :~i .nl is  2;1-'3i1 :;lay uc. siciceci i i i  t h c .  l a s t  
O i  t o  l:,alcE: c e  that tile nex t  
l ine )  I.;; t o  ~ i :  ~c;: i i ; i .cl~~eif  a s  a c o n -  
t;.iilldtlOr. 3 the i - The 

last col . .~ ixn o f  rl p:icci ,c i  z d ~ d  1s 
c o i \ l 8 >  c C ;  tr;a f i t  i of a 
I : .  i t  1.5 : I :  1 . ;  c !~d i :ac te r  
t y i ) t : t i  b e f o r e  " : ~ ? t : ~ r n l ~  1s s i j i ; f iL~ ;d .  

1 iie v n c t  ::?S t o  t e l l  Clk?FIV t t i l t i t ,  IE we ;ire I!: b a t ~ h  :!ole, l o j ~ . c a l  usit 5 
is t c  De the  c a r d  r e d d ~ r  t h a t  o u r  cc::cnnds ),aye Decn c9; ln j  i i o ~ ;  o r ,  i i  ye 
a r e  i n  c c n v e r s a t ~ o n a l  a o u c ,  l o g ~ c a l  un;t 5 s s o u ? i  ~o t h e  t c r , : xn&l  t h a t  d e  

rialrf been t y p i n g  cn .  Sli i ir l larly,  c;e .ant 6 t o  kc? a i i ~ l e  : o r  a 
t e r u n a l ,  d e i ~ e c d i n g  o n  what node we are i . n .  E J ~ ,  1.3 t h e  c\+:;e oC c : ~ t c h  n o d e ,  
we d o  n o t  c a r e  or, w h l c h  caxG r e a d e r  ou r  uecA r a s  p l a c d u  o r  a n z c h  lsne 
p r i n t e r  w e  a r e  u : ; ing .  I f  a p a r r i c u l a r  i ~ . r . e  p r i n t e r ,  t a r  c?xo::~bc, 1s L r o k e n  
OL is n a l n j  usea by sorneo;ie e l s e ,  we uoulii :jrt?faS t n a t  YP5 g r v e  u s  a  



! i l f r e r e n t  orie l n s t c a a  o f  wa l t i r ig  f o r  t h a t  p a r t i c u l a r  0112. ii W i +  a r e  u s l n i j  a  
a t e r a i n a l ,  a &  u c u l ?  p r e f e r  n o t  t o  n a v e  t o  u.>rry a h o a t  f ~ n i 1 n . j  ollt sage 
I 1 . , t . f i c t 1 0  Li~ : ; t ec  fo r :  t h e  ter:r?in;ll. a t  i;;;lcn v c  a::? s.Lttiri;j. Sd kc: u s e  

a n o t n e r  g i a m i c ~  t o  a v o i 3  h a v l n g  t o  be t o o  spcc~.f:c, t h e  l J e a  of a 
qseuiio-uevic?.  ;?ei!ilo-ii.cvi.cei; a i ~ o : - r  y o 1 1  t o  t ~ i e  ~lav~ir i t .o~. j i?  o f  t h e  f a c t  t h a t ,  L - - - - - - - - - - -. . 
even li p; ,ic , i ? ' t  k : . ~ k ,  :1;S G c , ~ ?  k n c v  ~ ~ i ~ c ? t  ( l ev ice  y s u r  5":;;liOfj ctGla liro; a:ld 
wnich i l n c  ~ r i c t k r  ~t can  J s e  l i  ycu ~ e q u i r e  one.  

i ihe rever  y o u  have t o  ria:le ii f i l e  o r  4 e v i c c ,  you c a : ~  u s t ?  a pseuclo-ac:vice 
nane a n d  I c t  : l iS  ass?*$n '1 i p h y s l c ; l l  clevlcc o r  1 t o  t h e ?  n3;;e. 
P s e u d o - a e v l c e  r.dFes a r e  char :ac te r i zed  b y  t i i t :  t d c t  t n a t  t!:e:i s t a r t  v l t h  an 
a s t c r i s ~  f cii.owec b y  s o z e  S I L ~  124" OI a l ? h a ~ e t . . ~ c  chardc  t e r s  :,nu e n i  w ~ . t h  an 
asterisk. Zne n c s t  r 3 i ~ a c t a c t  p ~ e u d o - a e v l c e s  whlch d r e  i j r e d e f i n e d  uy 3:s a r e  
*SOOFiCd*, + S i h K * ,  * i - i j : ;C i i* ,  and *CdX;!Y*: 

! 

* S O D i ? C E *  n e a n s  t h d t  you waI~ t  t h e  s a c 2  dt!vlca i r o n  w,lich ;I;.; h a s  been ------- 
r f c e i v i n g  i t s  co;laanas.  T h u s ,  i n  b s t c n  ~ ~ o d e ,  *SO3.iC:* 1s s q u d t e a  

I 

i w i t n  the ; a r t i c u l a r  c a r d  r c a i e r  f ro ; \  uhicii yoi l r  o . l t c n  j o b  is t e l n g  
I r e a a .  I n  t e r n i n s l  node,  *:OilL?CZ* 1s a s s i j n e i i  t o  t ! i a  t e r l i i i l a l  'r!!llch 
i 
! ycu a r e  c c r r e n t l y  ~ l s i n g .  
1 

*SILK* refers t c  t h e  c u r r e n t  o u t ~ u t  E i l e  o r  d e v i c e .  I n  ; a t c h  r;oiie, ;ITS ------ 
ass lc jns  :kSI : iK* t o  t1.e line pri.rit,er a s s i j n e d  3 u . i n  

! 
( t c r s i n a l  o k e r a t l o n s ,  *SI:!K* 1s equ; i ted  w~.tl'\ t h e  t + ? r : ~ i f i a l  y o u  a r e  

u s i n g .  
I 

+ i i i j I I C r l +  rtrft!rs t o  t h e  cdr(1 p u n c h  in ha:,c!~ rJG(1.e. ;l:t ' iab no ; : s ? ~ i d l ? L ~ , j  111 -----.,.-- 
c o n v c ~ r s a t ~ . o n a l  ~ o d e ,  

* D U t ? E Y *  1 s  a nag€ t n a t  can b e  used  a s  a c  i n p u t  0: o u t p u t  , ievic ; .  Ti you ------ 
r e a d  f ~ c 3  *DUKEI*, you 2 L u 3 y s  ; e t  j u s t  2~ c:?-c i - i i ie .  3s2d a s  dn 
out;.:.it. c ~ v i c e ,  i t  a c t s  l i A e  a n  i ~ f j . i i ~ . c r ?  wasiei:,isncc-- you ;,:a? ' * ' r i t e  
a s  a u c h  a s  you x d n t  on i t ,  but  ~t i s  l c s t  f o r e v e r .  

I 
: 

Zxair i~le  1 4  shotis  how you c a n  p u t  your a a t a  l a t o  a f i l e  :;tJ.I-c1 u l i A  a c i  
t h e n  r u n  t n e  F r o g r a a  t h a t  you p u t  In  f l l e  P:lCA:; u s i n ]  t h e  Ga ta  in t i i t  r i l e  
D A T A .  

r - - - - - - - - - - - - - - - - ' -  1 -~.-..., ~ : u l o  ------ 2 7 :  How i o g i c ~ l  u ~ ~ t  5 1s set 
( $SIGiiCN B Y I C  I t o  C A T X  srnce  t n a t  1s wnere t n e  

I I SLStlilE p r s g r a a  is r 2 a d r n j  t h k  u l t a  i r c x .  
1 i C i ? E A , l Z  C A T A  1 
I d h U M d E B  I 
1 2.173 i 
1 3.576 I 
1 4 . e 7 3  I 
1 $UNNUI. IEEF 

I 1 SkUtJ  *'dATFIV S C ? . R G S = P E O G  
I 

- I 
I 5 = L P T A  6=*SINF.* 1 
1 $SIGNOFr '  
L ----I----- - -  _ 

1 
--A 

Z x a i r i l e  14. 

5 0  I c t r o d u c t i o n  t o  ATS 



3 x d a ~ i e s  1  S ana 16. s h c i ~  the C O T I E S F C I I C ~ I ~ J  p c o i t ~ u r e  i c r  i5ri?it;>;i. 

r--------""-- - - - "  '-- 
1 

I S S 1 G S O ; i  XYIL 1 
I S ; S A , I E  1 
j $ C F Z A T E  E P E C G  4 
I s : I c : - ~ ~ E ~  I 
I i < E A C  ( 5 , l ) X  1 
1 1  ?Ok?!A' l  (2510.5)  I 
I l j=Syii7, (X) I 
1 k A l T b  ( 6 , l ) h . U  I 
1 SiGL' 

E i; i; 
I 

I 1 
1 $iJNi4LJ?lb:Fi I 
1 3 C i i Z k T Z  C L F I L E  I 

1 1 53U: i  * k ? N  ~ ' ~ ~ = C C L I L ~ C ~ = L ~ ~ I O G  - 1 
1 1  L C : I r = G C f I L E  1 

1 $hi)Pi O a F i i Z  j = # $ O i ; ~ l i ~ i '  tj = * S I b i ; *  ( 
1 2 1 . 6 7 0 3 5  1 
( i Z t i 1 ~ F l L 3  I 
1 $S i I ;NOr"T  I 
L ----,,,---,---.----,,.-- .I 

Exc iz f i e  13, 

2111e  2 1  : d n e n  t h e  sourc-3 c a r J s  ace  .... 
1 C . i i :  I ~ [ . ' O ~ l  p C l l i L ' . i >  12. , - > t  it :.s . . . > . , . - - 
P C ; -  0 ? L ; t o  
L t i  C . i l  o f  k i l t ?  i i i p ! l t .  i? iS . . 
i . ! , . . L  L {  5 . .  , . I[! ' o f  

Ll 'u~. ' , . iC:J i  if,leii tilt? :?;:;! of  t ne  
file rs r e u z , ~ ; d ,  

1 9 :  3 te.11 F9R';F.A'i to 5 t : t  tne -----.--- 
o h ] ( ' ~  t p r o ~ j r a n  11, I:,, -i ;::;~~it.<: ~ i l e ,  
one s ~ e z l r i c s  " ; , ( j ! ,J=t : . i i :~, i~f :"  In t h e  I 

,. .. ,. 
l l ? ~ ; ~ = l l  flt?,i oi, ccc! .;.(u,( *F?f; car$;. 1 
Ir SiLe l ; i  ; : i ~ c h  t o  ~ c t  t h c  o k l c c t  
2roqrd.l. 1s r iot  ; ; x i r i e c i ,  t ~ e  o c j e c t  

. , p r o g r ~ i a  is ilz.,-l  t : i ~ n ~ o i ? i : i i y  i:! -LCIAD 1 
b u t  is teen not a v 3 : l l n h l . .  f 3 r  :,ubr;e- 
qcec t  j o b s .  s 3 v i n j  t h e  o b j e c t  
p c o q r d n  a s  ir, , i x < ~ ; : p l e  1 5 ,  w? io n o t  
h d ~ ( ?  to ~;:cc;!  ::..~i t :I(! s(; ~ E C C ;  ; J : : o . JS ;~~~  

l n  E x a a p i u  i s ,  : :ot .z tn:?.: c n l s  c o u i d  
n o t  be ;orla ;i 1 . t~  ? L : - , c  %lie 1 
V c o ? ~ . ? . i t ~ r  J.o,?!; not ;zov: !e  I 

, . 
L , . ~ C . i ~ . L T . . i . ~ ; : >  : . J L  C t ~ l : ~ l ? . ! ; l  i i t j  f.::*: C $ ] f  C L  

2r ogra:? . 

If we u d r ~ t e i i  t o  pill: t h e  a a t a  in a f i l e ,  arc u c i l l i i  r ' o l l o ~  ttic. s<i:ie 
? roc t :du r~  as i n  i x a 3 p l c  1 4 ,  

1 I n  i~ciIK;le 1 2 ,  Ye p l l t  ;! iiA7E'iV I.rog!:aL l r i t o  $1 ?I:;. V:lte f i j . t ?  PL!(,G. 
- 
i :IF? 

i o i l o w l ~ g  e ~ a 6 : i i ~  :.;IIOWS a g a y  c f  ~ j c c t i n g  t i l e  s;i;lt-l ~ i l t a r : ; i  ~j.::r, 1.:) t o  : ; \ O r t  
w i tncu t  w o r r y i n 5  a b c u t  uoubie d c i i d r  sijns. 



3 C S  1: M3S A2iL 2i:E iO:i?i!'!'l.'ct; k;i.::;'l'k$ 

P a g e  6 e v i s ~ 6  C a p t c c b e r  1 9 7 1  

r---I---"" --- - - - -  -----.--- I 

1 bSIG?iO!d E Y I E  1 
i s ~ s n n ~  1 
1 2 c a ; ; a ~ a  F R G G  I 
1 $CCPY * S C U S C E *  '10 PhOG i 
1 S C O t l ? I L E  I 
1 DIi!2t:SlC& ki (51 I 
1 CO 10 1=1,5 I 

K (I) (1*5) 9 7  1 ' I SIPCO I 
1 E 24 L I 
I b E h T A  I 
1 $STOP I 
] B E N D 3 X L E  I 

1 ] $ E L I ? ;  * ! I A T E I V  SCASdS=PROG 1 
I $SXGNGFP I 
h- --,--,,--,,,.,,. 1 

E x a c ~ l u  17. 

i . , I : :(:3pY : t e l l s  - -. ---- -- - 
$ -. . / ? . . - *  '.G 1 : ' I  u p  t o  tile 
A:: i..,.. e i ~ : . - ' ~ ~ ' - i . l . a ~ :  l i i J j . C c l C O L  I t  Sees. 
si,,,.. ,  . - , . ,+:‘.: i , . f 3 ~  t:le 
':I.,:-:,?..... Z J . l ( ?  - . . ,  

L ,  r wh1cn 
or t? . : : , , t~ i iy  ~;LI:;LO. cuii;,,>.r,.i:; r e q ~ i ~ x -  
i r . ;  t : . .-~.cur.lor,  .? T:~? (: s ;  :... i u l i r . u . L y  
. i ~ :~?  tn:! f.~;!:. ,::I(::, ,:Ll?Yini; f r o n  
( , ' i:..nc? s e rves  
a:; 2:!1i3 i i i 0 - 0 ; j - i ; l ~  I J I ~ ~ . C ~ L ~ T .  

BUT ; IZ i3EtS dOEil a E O U T  ZILZS . . . 
T,he c : : ~ ~ ~ ~ ~ ~  ::(; i d r  ; L < l y < 2  (1 .~231t  pc-p,,!r:~ 1.: i q i  1.1. . . , - ;  ,-> .'; ;-, :;, , i j . ? ~ k : b  

LC-: ......-... - .-.....- 
e I t : > I  1 s  1 I L C  i - L " : ~ , ~ . i : l ~ J . :  . -job t o  job.  
0-, . . 
L ~ F : T (  a r e  t : io  ct;:er t y ; ) c s ,  i tfi  < ( ; L ? ~ Y  ( ! . ~ ! ~ e t  ;::.::; C : ; L ; ' ~  -. < . C L . . ~  --... -. #:,:::: ... - 2  " ~ ! . c s  ------ and 
, I, A t o  . . A . I .  . . I s l c j n .  

, ti!,?:, ],13'i  ~s yc;il d o  or:i-i.:.ar:y [ ) F ~ v s ~ ( ?  i.(?u may ere?. tf 1 1  use t:e->" 
f i l e s .  T o 1 : 1 ,  :: I . !  ;i! - , ~ : n ~ ; o z a r ; .  1 you 

A - crcdceu a r e  cestroy6.d.  a y c : l ~  g k . l 9 i b i l l j  1;)- : . g ~  !:[:*:id L C ?  i:L].:2: I S  l~; i l i t )et i ,  
, .  . you ! ; l iould u s c  te:.r;ctn::y f . i 3 . ( 3 2  ii:,::;:::vi?r ;~oi.;;;.;ti.t?. -i,ii:,.:i i.s a!:. : ~ a . : p i e  of a 

". . .  . .  
(.*2L!FCJEar)' fils?; .La L : L ~ S  Tti5jg: i t , .L  L :  ...,.. d . i i Q ~ ; . ~ . ~ ~ + ~ C . ' . ~ , l ~  (: i t?,, .  :p?S 1.t. if2 : j'O:l ;lrij-::SS 
o.; cpecif  Sp ""-'-' L J L ~ L ~  to b e  s o x 9  o t . c , t :~  i l l e ,  

A j?j,i% hclcj d r,a.;e b%r..; ir.II.i.3.l , 1 , ; :  I: n5 f. ci. L!.;: , h i ~ l  ,1:;t,C:CISK. 
nnyor:e c a y  u s \  oni?, b t l t  o n l y  r . i i . 5  c;.!,:c~ :;<;i c:::c'?,+.,z: c ; ~ ? ,  ;>%.: ;LIT!<? . t - i r : ? ~ d y  s e 2 n  

- - .  / c;:any:bss st:cb. a: a i ; ; ' ~ . ~ ~ ' /  i iLi0 " . . r ! i ,  ::"- 2 0 ~  3. : , ( J . ) ~ . ! . c ~ . c  L J . ~ ; ~ . . I ~ , J  ~2;: hL.1. i i 1 . 2  [ : k i h . I j . ~  
f;les avdiiaij:!.d, see; ' i o i c . : e  2 01: ::1;:: :.:i'S ::(~.,;:-;i. ; 1 .  i r ;;::-rtion 
:!lL:26 iQore th :? . t  n:: ~l?;eEi? I., -,-+; .A."f!Js, "!.': I:?%[,(;:>, i > , k  . w . , .  

L ~ - . < ~ ; . I . . ~ ,  . ; ; , : ~ ~ ~ ~ L I L ~  
sho:ds a run t h a t  corcbj.nes t u o  ol: tilc:ss. 
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c i L l  ya!ir co.?,put?r .  or;dk;c. : ~ l . t n  t h e  I D .  
9 2 t  Li! iOK; , . l t ; . : : ? ,  Si:Chi - \ l j  L O i i  G l l ~ h  

r ~ o n e y  you :.G3.ve d.sc?d z c ?  h . 1 ~  such is 
l e f t .  i n  yo,. \ r  .ccoi:nt ,  now n u c ~ l  f i l e  
:;pace ycu i:3:1t-1 i e f t ,  e t c .  

~ u b e  3 2 :  The p i o g r a a  i n  * C A T A L O G  --..----.-- -- 
lists a l l  t h e  pel  + ~ a  ie  (pecr ;anen t )  
f l i e s  t h a t  you  i , : i v f :  c!ixrcn'cly occu- . .  , p y l n g  space  or1 dls~s o r  i a t a  c e l l s ,  
i . e . ,  a 3 1  t n o s e  t h a t  you have 
iCf i4h i :d  a t  s o n e  t i n 2  b u t  never  
$32SIriOYed. 

Ordinarily, you a r e  t h e  o n l y  cne  ~ h o  c a n  read  o r  u r l t e  on a i i l a  willcn 
you c r e a t e d .  IL ycu want t o  i e t  o t h c r  p c o p l e  r e a d  p u r  i?..Las: you z a y  s e t  a 
I fpe rmi t  code"  t h a t  a l l o w s  i t .  I r ,  f o r  exanple, ycz , ee l  t n d t  i i3WFLLE 
created i n  E x a e ~ l e  1 1  o u g h t  t o  h e  o a d e  c l v a i i a h l e  t o  o t .he rs ,  you c a n  s o  
s p e c l i y .  E x a n ~ l e  1 9  shows hov t h l s  i s  done. 

r I 

1 $ S I G N O i i  H Y I D  1 
SESAlYE I 

1 i f i U : i  * P E a ) l I T  1 
1 F Z o i i L %  GO I 
1 S L t i D c ' I L E  I 
( $SlGNO?F 1 
1,-_-- - - ,  J 

Exdmile 19. 

t iu lP 3 3 :  To k E [ l i ;  +P3ii :!XT, yell t h e n  -.-....- --- 
r.aa++ ~ h t !  fi .1.~: ;roil wan t  t o  P Z 3 : ! I T  and 
s a y  v h 3 t  pec!i~;ssj-on 1s t o  b e  
c x  t e n d r ? d ,  : s t a n d s  f o r  Ifrc:ad 
or, lyI1.  ?h i : ;  re ' lns  t , h 3 t  L h c  f ~ l e  may . . 
0 :  b e  t .  , r o c ,  :Ici t i i ;r  tile 
o:nel: o i  t h e  t;-i.~:: ilor l r ~ y o n e  e l s e  
! l d  a.\.l:cr t ? i .  C : G : i i l t ? i i C S  3: ti;<:. L ~ l e .  
You c ; n  l ~ . t c r  rc3;ecsc t!!i:; e f f e c t  by 
zunn.Lntj *i=Y.::Ii: 2 : , :  s.;?t?c.~l.'ylrij. :JO:iE 

. . 
a:'eer tile i id : . ie  a f  t hc  ~:!..ie 1 ; l s t ~ a d  
of  ri0, 

Now a n o t n e r  u s e r  can  reacl y o u r  f l l e :  he call copy  i t . ,  j.t (i.: it IS ar, 
o D j e c c p p r o g r a ; n ) ,  o~ r e a d  ~t a s  d a t a .  Zxa. : i ; ) le  53 ::hit!$; ho;i iusec LsC3 a!.jht 
copy N Z X F I L E .  



- -- - - "- - - - - - "" - I - . .  
1 . -".. : : ."  -. -,-- : -... : X(?Icre::ce t o  f ~ l e s  o the r  

1 ESXSXOY AGCC 1 . a  A :! . , , - % $ ,  ! u . . L  - oiin r e ; u ~ r e s  t h ?  o v n e ~ l s  - .. 1 i . r , la lzn  I . c 3 c : 1 3 : ; ~ ~ 1 . , l t e l y  
, i ; ; ; ' ,yc  ;'dGX 1 2 . -  ,.. 

L .  i i i 2 d 3 e ,  r i l l s  L S  
1 ,;(;(;?y ; ( , f I2 . l .= , . ; I i  : Tc y - - r - v  

. . t r t ~  , +  . 0 ,I i I-,---,-; 5 .  :i a<.:!? (;f g:;dIs ~13.y 
1 :sI:;l;lJ'f? 1 ;,,-LI:,. - y i c t 2 ;  (;;AIL>d ;jz{FiLx, 
-----y .---- -.-------".-. 1 

; ; x a c ~ l c  20. 

. . 
To conc lude  tk,is s c c t i o n ,  ~t 1.:: liar t n  : I .  t n a t ,  x l t h l n  r 'easgn, 

l i \ ~ c " c ~ l : i p ~ " c i  tirid f 11.::. <:re L :  ! : ? e  u n d e r  M:S. Ycu may 
e~. ' i i ia-i t h l n k  o r  a f ~ k c  :- n:i..i:si l i i i t c ?  io; <:II II,IIU:.-OU~~U~ ; i ev~ .ce ,  or  the 
~ e : : c c s e .  $ e  k i i~ds  :;<{!I; %?-: ; : : ; ; ; I - r : . ,  c:: t.iii:; 111 ... I- . . ! -  . , . b , L ; : ~ l ; ; ~ ~ h i 1 2 . t y  .-.% 111 s i l ch  p h ~ a s e s  
cis. SCAiiDS=>$SJCi?CE.4 ! ~ n i c n  c z i e ~ : ,  t o  a devac,? an t i  S C A ~ J S = : l Y F L L Z  whlcii c e f e r s  
t o  a f i l e .  

A l l  o f  c u s  exdmy;lcs a r e  npp . l i . c ab i e  t o  l?i\.i .(:i~ 01: c : ~ ~ n v e r s ? t i o r ! a l  n o d e s .  T h e  
n ; i l n  i a i i e r e n c c  i:etwc:en e;ie t wc; is t i i , i t  ,I: c ~ l r i l i c r : ; r i t ~ . o r ~ ~ l  ::>de, you  g e t  
i r , ; . ; e d ~ i l t e  feeciaack . t ~ o r i  3'1s a f c  L . L o .  .m I cin b e  very 
h e l l ~ f u i  LI: you i l a ' i C  [ ) a d z  ; i n  c:Eror, E c ~ r  b?::::i>l.a, 1.2 y o u  ;,i;s;~z.l.l t i le name of 
d f i l ~  &:ii ITS c ,>ncoc  f i 1 ~ ~ 3  it, i t :  !;ill .  a:;,: ,!oi~ to t r y  ar,o"::t:r r,2.:x,. If y o u  
,?s,{ ;;TS t o  $JF.STIiC'f :  0:- ' 5 ' ! 7 ' ! ' [  ' - 1 .1  .,, - : ; ; - I .  2,zL,; I!!-!;I. ( - . - T , c :  .,-.. . -L.:; :..-is L:; s;:12:;te 
" 3  s~ 110 t~ i : : ,  yr,:~ t y ~ e  ; n  2 ~ t i ; e r .  C : ;  (:i. i,.:;. li ynu cti:!ngc- y o s c  ; :~nd,  t y p e  i n  
l i 0 ,  or enter: a I l n e  d ~ t ; n o , l C  2 : : ~  c t~~rdc t ;e r : s .  

Anorher: J l2fere-r .ce  in clonve: i r l  G! iZ  );t . : ;-5t::irl  ti3 rch a n a  t e r - s i n s  1 o ; ~ ~ d t i o n s  
3 0ccur.s i r i  t n c ;  r . u r . f i l i : j  cf Q:Tl i  ;!;.<i 's::::?:'.:','. 8;;..?rc:s:; i.:i b a t c h  no.li! yo;i ( let  a 

l i s t j - n g  o f  t tLe scur:ci: p L O j i : , I "  ?.i!i ::ri:oi. cc;,i;:e;i;:i;, or, L: t ~ r 3 l i : a i  t i  source 
C3dt :  is ~ ~ ~ ; : i i I . i y  p L  1.ist~ci. (.ir.i.y ti-,": e j : ; r ~ . ) t > f i d ~  L L ; ~ . ~ : ~  :irici t ; ~ e i r  e r r o r  
L.,t.!ssages a p 2 e a r .  

E u ? ?  - -. -- .- - .*, .?C: -. - 1; YOU !< i r i t  ; ' (>I11 SO;1TC:tI I !  1.15 l ; ~ ! d .  ii!\?ll 

1 - : - - .  
L 2  l , ~ . ~ l g  >.:ii LCO"!  " c? i.] ~:.: ':::l~:2: {:<A: ..;-;i 11, ?I:..! i l!l~! >h1:23C 

I . - . - . , . 
,! ;;.: - . - 

. i F  0 ! 1 . . i ? .  :: It,:: t:i,It tb . ! ?T~?  a L t 2  

I -, .. 
C 0 3 t 2 L . S L :, ,j 'j 1, C; 2 .I. !I ;i .'I 7. ? .: '; :> 2 ,-? t. ;) 1; C :> 0 LI T: <; t? 

progrz:.i I.l::teri, .:-a :~i:.t . l . : i ~ l , i ; ~ r :  i:i;t: ;r:;:ci;:3~.~~r S3i ' ; ;CZ 3 r~  
ycilr iCC: : f ; . iLL c3i:ci o r  l i n t ? .  

;lacn y o u  a r e  e n t c t r n l ;  r.i,i:t l r , t o  ;1 i i l c ,  t h i :  )-,t!:i: S!..j.iiis a i t ~ r  t h e  l i n e  
a\l.?ber a n d  any s e p a r d t 3 ~  - ! k c  t;:-$t ;!c(:c ;'.h:i . ~ t ,  ' T k 1 ~ l ~ ~ ,  li you a c e  

I en tc? r lng  a FO?,TEA!; 0 5  :,:;iTr'i.li ;r:.s+:..jn dl;(: T;~l, i  . t h e  tcx:: : ; ta r t  i n  
C o l i l m n  7 ,  :?lli;t c;?.':e S;:i S i ;SC: t ; ;  ~ : ~ : L c I T T  . .C:il t.).r:: k i l ~  j . i i i t 2 .  { Y : , P ~ C  t h ' O  

. * b?ay.r t o  a v o i d  a l i  t;,e l ~ . ; ; i : c t ~ . t ~ ~ : r  i , i ; t i . i i , " ,  .:;.: t ;~ ; i i i a i . - ;  ild:.cr. t s35 c c t t i n g  
tr?!xturres whxch :day be u s e u .  S C E  t h e  c~;:~j:oij!:.iatt.  use^:^:; t i  E the  

1 particular t e r i r i c a l  h c l n g  uceii. 1 1 1  ;ii;.c.:.t;o:;, - ,AS p r o ; r s a  i n  f i l e  *F'2Li nay  
he? usaa t o  c o r . v ~ ~ t  your  ~ i t i ~ < 3 r ; i ? ~ t s  fro:: i.?:Cr:-t:0f:13t t o  s t a n a i r 3  ? O i ? Y R t i ? l  

1 f o r a a t ,  See Vo1un:e 2 f c ~ r  d ( ie:~cr.~ptlf i11 0:: ~h.1:; f e ~ i t u x e  o f  S F T L . )  
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~ r '  you  t3s~;li, ycu can c:rcatc. a k a t c h  joh  f r o a  a t e r a i n a l .  I f ,  f o r  e x a m p l e  
you i l3v t i  1 , s ~ ? d  t : i ~  i2~:15;13. t o  i ld;!?g y"ur p rG9ran  (i.e., locate and correc t  
t h e  E - : T L O I ' S ) ,  k ~ t  Y O U  dor . ' t  r r a r~ t  to r:!.n t h i ?  :~l iol .e  p r r o g r ~ n  o n  t h e  t e r n i n 3 1 ,  
y o u  can ~ . ~ < ; u e c ; t a  r , a tc i l  T U L I .  Or i i r  y o u  t7alit. a i i s t l .n j  o f  your  program a n d  

. . o r .  I ;  !.he I !  r fi:hicIi is f a s t e r )  i t  of t n e  
~e le t ; . : .~c : : r j  t;.:, you s r i o u i u  c;reatc: a batch. ;i.joi). Zxsnple 2 1 i l l ~ ~ ~ s t r a t e s  h o u  
t h i s  c:lLn j c  r::jr:c. 

All that r e r a i ~ s  tc be c a l d  I.::: 

2 . .  3 'I'o cLC:ate a t e n p o r a r y  - - . . - .- - - -. 
1I12,. yo11 :.srci.y h s ~ v e  t o  nen' iron t i l t .  
na:ia, Yi~cs,  i c  t.hls exaa1:ls  - T Z I : P  
is c:-2;t'ied i r i p i i c i t l y  ii: t h e  $ & x i ,  
st i i t  :?:~ent . 

h u l e  3 7 :  To r u n  a batch j o b  from a -. -.., _.. .-- ....- 
. I c 2 I .  I I c;,se 

r., -,. - T  .to ':'ii;,TCCi; - 1  i . l P  i-ust; con- 
t a i n  a corip!%i? b z i c h  j o b  rncludis3 
$ S : C ( ; ! : O : i  a:, ci I .  R s i x - a l g 1 . t  
rece: -p t  nunb-:r c i i l  be t y p e i  out 
v h i c i ,  c;\;r;'c b e  ;re:ierit.ed a t  the O u t -  
p u t  i ; i ~ J o \ ~  t o  csil.uct t i l e  j o b .  I f  
t l ie r;s:ye sic;:~on i.2 u s e d  f o r  b o t h  .tile 

h a  tci ,  . Zi,, . i  t he pj:c,srj%t tc rn i : .~&l  
se:,:,..o;i, t h ~ :  h a  LC!! j s h  v i  1.1 be  i-!,!:; 

a s  soon a; po i ; s i b l e  a f t e r  the s l g n -  
o f f  i.,t the  t . e r n l l ; a l .  

5u.l.o 3 s :  j4ot.e t h a t  when y o u  I .--.--.-- ---. 
$SIG1 . ( ; fE ,  file -TE:iP i s  destroyed 1 
siilcc i i  is o n l y  a s c r s t c h  f l i e .  
rn' ' ~ h l s ,  nouever ,  i s  no p r o ~ l e a  s l n c e  
tile pr3yrci!? i n  * f i A T C i i  h a s  a l r c a i , ) ,  
q o t t c i ~ i  aJ.1 t h e  i n f  o r c a t i c r ,  it 11ee<is 
i r c z  -TZl.:i?. If: y o u  expec t  t.o use  
this st?gllencc of C O Z L I ~ I ~ ~ S  a g a i n  as,? 
vouii l.~.!:ti t o  h a v e  enci:.:, save?,  ?oil 

s i L o u i c i  use a p 2 r n a n c n t  file rnstoai 
of a scratch fi.3.c. 



Februdry  I S 7 1  

I n  o r d e r  t o  ust? t h e  ci;::p\ltcr, ~ c ' . I  : I I . c ; ~  f i r s t  c ; ? t  tl;;? d t . l : e? t j . dz  3 f  :ITS aI?C 
idt : -c t , l iy  h i n s e l f  t h r o u q h  t h e  SSIGi;Oli coanant i .  O n c e  n e  h a s  ciorie t h i s  a n d  NTS 
n a s  a d r e e d  t h a t  he i s  a  l s g i e i n a t ~ :  uLec,  tile 133 .36iI/67 i s  a t  a i s  d l s ~ o s a l .  

I n  t h i s  s e c t i o n ,  t h e  coaiz3nas \ i l l 1  b e  l i s t e n  :~n k h c ~ r  most cons~on i o r n  
followi-?d b y  a  b r l ~ i -  e x p l . a n a t l o n  of t ? i e . ~ r  f i~nc?~ , ; i : .  I iot  t?very p o s s i b l e  
o i j t i o n  and F a r a z e t e r  ; t i l l  be  i i ;entioccd.  X Z ~ ~ : a ~ . l e ( i  ~ : ! p . l t n d t i o ~ l  o f  t h e  
comrcdncls w i l l  be fou11i i l l  t f T h e  Systfr Co:~;land Language t f ,  

As s t a t e d  e a r l i e r ,  c o b z ~ a n d  lints s t a r t  v l t n  a "3" fol1o:red ~ - a z e i i d t e l y  by 
t h e  cons,,and naLe o r  tne c o n m n d  a i ~ b c : ? v i . ~ ~ t i o n .  T h e  I f $ "  1s re-juicec! f o r  b a t c h  
r u n s  h u t  n o t  n e c ~ s s a r i l y  f o r  cor17!~:rscclonai r c n s .  i n  a c o n v c r s a  t i o n a l  
i n t e r a c t l o r ,  r i i t h  i . l f5 ,  t h e  ".'+I1 i o r  c\ coa;n;\nd A S  not n?eded ii ( 1 )  t h e r e  i s  no 
l l n e  n u n b e r  a t  t h e  i r o n t  o f  t h e  Input l i r , e ,  and ( 2 )  a i~r :o;a :~ . t ic  l i n e  ;;~i:n'uering 
i s  o o r  there 1s no curcen t1 .y  ;.tctive i i i e  i n  ; in.i i : i l  t o  p l a c e  d a t a  i i n e s .  
Under t l l e s e  c o r i d ~ t l o n s ,  t n e  coli;:and l i n e  aiiy s t .<~r t  w ~ r h  trA:2 co,:.n,~n;i na;;le o r  
t h e  c o m n a n ~  a h b r e v l a t j - o n ,  I f  t h e s e  c l ~ t : d i t i o n s  do n o t  :,ol.a, t h e n  t h e  i e d t i i n g  
1 1 $ "  1s r e q u i r e d  on a l l  MTS cco:P,ands. 1:ote t h a t  these r ? s t r l c t i o n s  
e s s ~ n t i a i i y  s a y  t k h t  ?!TS ' d i l l  a t t e r !F t  t o  i r , " i r p r e t  a n  i r ! p u t  L ize  a s  a 
coanand l i n e ,  ~ v e n  v l t n o ; ~ t  a 1 ~ a d l r . g  I t j f t ,  i f  i t  i.5 r , c t  p r e p a r e d  t o  a c c e p t  a 
d a t a  l i n e  ~ r c x  t h e  user a n d  i f  tr'a user is  i n  c o n 7 ; e r s z t i o n a l  aode ,  

$SiGXO h y y y y  t e l l s  llYS t h d t  t h e  usclc kr:.t.!i I D  nl:nber l f y y y ! r l l  wan t s  
i a 5:-;or:~a Led v l t h  t o  use t n e  ::,ac:line. T h t  23s- 

t h e  10 i7u:;t tt? en taccC e ~ ~ t h c : ~  v i t h  t h e  $SIGNON 
command o r  on t o e  i o l l o T , q l n < j  i l n e .  

siqns t t c  user  o:f the z a c h r n e  and g i v e s  h i n  a 
surrnary 01: tnc c o s t  of t . l ie  r i ln .  

i s  used t o  set-. v a r l i ~ l l s  s ~ . ~ . t c h . e : = ,  ;ti>:! v a c i a o l e s  i n  
 in^ SYSte3,  y i t ! : ~ ~  C O ~ ;  t ~ 0 1  Si.iCI1 i u ~ i ~ i > i , . O : l . S  2 5  s e t -  
t i n 1 3  t.Le ur;i?.:* s pss.::!orG, 21: to:. .lt>.c !-lr::or:i u x ~ i n c ;  , 

c c c  (3 ,?1~2~Le ! : ,  I :  ni!d t h e  1ir.i.  ~ ~ u r ; . h c r  sc.pnr-' 
l@!?t?r-C;?SC ( ; O n i ' T ? r s j . ~ i l ,  1.; ;,?.i.c:j.t C o ? ! C ? ~ t E ? ' l l l d C i ~ r ;  rl!lS 

1 f e u  nor(? e:;oter:.c; si'~.i'.c;!ii:s. 

s a k c s  t h e  ~:;c~ucia-cit?vi.i:e .:'S.T!;;;:k r e t o r  t o  ti:e f i l e  o r  
d e v l c e  t t x : i n  !.ilr;t(:~l?~ of ti;(? ;iri.nt.er ( i i !  t c i  301it?) 

o r  t t e  tec ini i i s l  on ~ 1 1 1 ~ 1 1  t , i i ~  u s e r  IS t y 3 i : q  ( i n  
c o n v e r s a t  l c n a i  ;:.ode) . 
l akes  t n e  psc-:aio-.derj.ce v.:SOiii?CE* r e f e r  t o  t h e  t i l e  
o r  ~ ~ v l c e  "xx l l  ~ i ; ; - : e ~ ,  o f  t : ~ i ~  C ; L L , ~  r e d d ~ z  (( in h a t c h  
mode) o r  t h e  t : ! r s i n n l  on w!lich t h e  u s e r  i s  ty2lng 
( i n  c o i l v e r s i i t i ~ n t i  ~ o d s )  . 
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t e l l s  MTS r o  l o a d  dcfi e:J,,:cute t h e  p r o q r a n  in t h e  
i i . l .2  t l ~ ~ " ,  ' 1 -  ue i j i : ,o l~. ; ' ,  1 as 
; :, (; 5, f; F~ ;i 0 i $3 -5 L : ~ J .  7 ' ' ., ' ds, O r  L ~ C . i ! : : ~ t d ,  5; lCf l  d3  :j:i?>sG? OE 

r.3 .; v, 
- i  i i l E .  

t.ell:j 1 Lo l o a d  l ~ i i t  ; ;ot  execute t h "  ?r:ogrc?x in 
. I .  A .  'ir:a ?roi;r:iju ~ ~ 1 1 1  ti,cn bc: d i s p . l . , l y e d  

a ~ \ C / o c  C~ I. t:+?red. G cciil Lt: s t a r t e d  ;7? t h e  
;S1fAZT c o ; ~ x ~ n d .  

s t a r t s  t h e  e:<ec:lr;i+:r, o f  a prc>jcain t f n i c h  has a i r e a d y  
been  ioadeii  b y  n , 5 iO l ,D  cd!.~:naiii. 

w i l l  restart t h e  pzc?ri-.i: 3t t h e  p o i n t  o r  the  l a s t .  
i.n ti?rru;;t. 01: dt ;.t :,;?c!~i.ifii::.!.  1acd t l . o n .  S T A n T  a n d  
;*:I. q m $  t ,  
. 9 L , > . , ~ L i  L<I nay lj[> 11s~:i.i i i ~ ~ ~ ~ ~ i \ ~ ~ i ~ C j e ~ l ~ i y ~  

r c l e i s ~ s  s t o r d g e  ~ a ~ i  d e v i c ~ : ~  i ~ 0 9  tile p ~ e v i o i l s  
S1,OhIj oi- d2U: i .  It i a  u: ;e~: l i  ~ h c n  the c?j : i :c~~t ion of 
a p r c b  ram <ii.d n o t  t ~ r c i r . ~ l t e  r~or- ; : ;~ i l ly .  

. , . - p r l P t s  011t  tile ht!~<!~-?(:.13l,i.L :I L i i k C e I i C C  I t h e  
h ~ : < ~ i ( - i c < ~ . ~ i : d l  E I I I ~ ~ C ~ ~ S  ' t : < : ~ i r  d ~ : < i  j ; la  

p i : l . n t s  o u e  t n e  c o n t e n t s  o t  t n c  generaL c c j i s t e r s ,  
I ; - c .  j C  i 2.11 t a r :  i ~ j t t ~ l a l  
~ C I , O C Y  L o c ~ ~ ~ L o ~ I : ;  ~:~::cici+3 t e d  ' ~ s T L : ~  t 112 ':c t i~ 's i?nt  ]OD, 

P L ' O V L ~ ~ : ~  ?. i!i~idp oi: 3 l . i  thr :  reg . i . : i to~r i  ctc! :,t.az-,:je if 
t h e  a;:c.cuti.on oti a p rag r sn  r . e y - ! j . n 2 t e s  abnoc : ; l . ( l i l y ,  
This tor-,anti i s  e i i - e c t i c e  II? ]:a t ch  i:c;dc only. 



c r e a t e s  a  f i l e  named lIxxl1.  I f  it  is not a  
ter?,porary f i l e  ( t h a t  i s ,  i f  i t s  name does not begin 
w i t h  a  x i n u s  s i g n ) ,  i t  i s  rckdiiled u n t i l  t h e  
c r e a t o r  d e s t r o y s  i t .  I rxxf l  becomes t h e  c u r r e n t l y  
a c t i v e  f i l e .  

d e s t r o y s  the f i i o  na~ned  f l x x f f  anrl r e t u r n s  the  space 
on the d i s h  o r  d a t a  c e l l  to tile pool o f  ava i l i lb le  
s t o r a g e .  

makes l1xx11 the  c u r r e n t l y  a c t i v e  fi-Le. I f  IIsx" i s  a  
p r i v a t e  f i l e ,  i t  n u s t  have  been c r e d t e d  p c ~ v i o u s l y .  
I f  :I:<xH i s  a te.?porary f i l e  and aoes  n o t  a l reddy 
e x i s i ,  i t  w i l l  be i n p l i c i t i y  c r e a t o a  ky  t h i s  
s t  atcement. 

c o p i e s  t h e  c o n t e n t s  of t h c  f i l e  t l x x l l  i n t o  the f i l e  
I t .  .,!I 

I' i Unless s p e c i f i e d  o t h e r v i s e ,  t h e  l i n e s  a r e  
nunbered s c q u ? n t i a l l y  i r o n  1 as  the? a r c  entcrcd  i n  
t h e  nevi f i l e  r e q a ~ d l e s s  o f  t h e i r  nn;:bcrs i n  t h e  o ld  
f i l e .  T h e  o ld  f i l e  i s  set-aiced u n a l t e r e d .  

l i s t s  (with l i n e  num\?ers) t h e  c o n t e n t s  of f i l e  " x x l '  
on t i l e  l i n e  ~ ; . j . r : t o r :  ( ba tch  mode) 01: . the t f ? r : ~ i n a l  
( conver sa t iond l  !ilodc) . 
empt ies  t h e  c o n t e n t s  of t h e  f i l e  I1xx" b u t  r e t a i n s  
i t s  i d e n t i t y .  T h u s  t he  f i l e  can ce r cused l a t e r .  

r e l e a s e s  t h e  c u r r e n t l y  a c t i v e  f i l e  if t h e r e  i s  one. 

t e l l s  FITS t o  a u t o n a t i c a l l y  nu2ber t o e  i i n e s  t h a t  
fol-low a s  they a r e  p a t  i n  t h e  curre:;t:ly a c t i v e  
f i l e .  Unless o t . n s r ~ i s c  s p e c i f  i e a ,  numberi-ng s t a r t s  
w i t h  1 a n d  increinents b y  1.  
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c a r r i a q e  w i l l  a c t u a l l y  backspdce  a n d  t.ype o v e r  t h e  d e l e t e d  
c ~ ~ d r s c t e r s  when t h e  u s e r  cor1:ects e r r o r s ;  on o t h e r s  such a s  !lode1 
33 a n d  3 5  T s i e t y p c s ,  t n e  c n s r l d g e  v i i i  n o t  back.;pace. 

( 3 )  To e n d  ;in i:,;-ut line c i ~ d  t o  trdl;:;:nit t i l t :  e n t c r c d  l i r e  t o  :ITS. 
( 4 )  To s i q i i a l  ail e n d - o f - f i l e .  
( 5 )  To s~cj r lc i l  t h a t  t h e  ::e:ct c n d r a c t e r  s h o u l d  r,gt b r  l n t ~ . r ~ . : r e t e r i  t o  

have a n y  s p e c i a l  n e a n i n q ,  b u t  s h o u l d  be t r a c s n i t t e d  l i t e i a l l y .  

T a b l e  of C o n t r o l  C h a r a c t e r s  

- - - - - - -  7--------- 1----------- 1 

I I 1 I 
1 T e l e t y p e  I T e l e t y p e  I IBil 2 7 4 1  I 
I 1ria I v i a  I v i a  I 
I 18M 2 7 0 3  I D a t a  1 IBB 2 7 0 3  o r  Data I 
1 .  1 C o n c e n t r a t o r  I C o n c e n t r a t o r  I 
I I I 

-+.-- ,--------. 1- -------.----- 
I 

+ --------- I 
1 
I End-of -1 i n e  

I I 
) C O N T R O L - S  1 R E T U R N  

I 
I HETU RX 

( C h a r a c t e r  I I I 
4 ------- + --------- 

I 
+ ------------- + ------------- I 
I I I 1 I 
1 D e l e t e - l i n e  ( CONTROI,-N 1 R [ J R O U T  I -- 1 
I C h a r a c t e r  I 1 I ( i ~ n c i e ~ , ~ ; c o ~ e )  1 

- - - - -- - - - --- - + - .-. - - - - - + ---------- 4. --------- 1 
I 1 I I I 
I Cele t e - p r e v i o u s  I C O N T R O L - &  I C O I I T R O L - H  I B A C K S P A C E  I 
I C h a r a c t e r  I I 
5 ----------- + ------------ +.- - ------ -- I 

+____________ 
I 
i 

I I I I I 
( L i t e r a l - n e x t  1 C0:iTROL-Z ( CONTROL-P I ! I 
( C k a r a c t e r  I I I 
k------------&--------- --+ ----------- 3 ------------ 

I 
I 

I 1 I I 
fT 

I 
I A t t e n t i o n  1 2 R E A K  I aE?EAK I 1 
I I r t e r r u p t  1 I o  s I I 
I I I CONTROL-2 1 
t -------------- 4 --------.------I 'i ---.-.-.-----.----.-.-- 

I 
4 

I I I I I 
I Erd-of-£  i l e  I C O X T R O L - C  1 CO:;‘~?OL-C I 6 I 
I I I I I 

I n j c t  R e s t r i c t i o n s  -- --------------- 

Some t e r m i n a l  d e v i c e s  a r e  a b l e  t o  produce l o w e r - c a s e  a s  we l l  a s  
u p p e r - c a s e  c h a r a c t e r s .  Normally s l p h i ~ b e t i c  c h a r a c t e r s  i n  n n  1 1 ; p n :  i i n e  a r e  
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For t h e  u s e r  s i t t i n g  a t  a  t e r n i n a l ,  t h e r e  a r e  x e ? c r a l  levrls  of  
precessing t h a t  a n  i n p u t  oc  o u t p u t  liils ;uv:;t p a s s  ';.\hSoiijk. 2;ici: of t ! i t ?~c  
l e v ~ l s  a n a l y z e s  t h e  l i n e  l ook i cg  f o r  a  pdrcicul~r: s ~ i  of c o n t c d l  c!-,?.~,ictcr:s 
o r  co;.,;r,ands anu p e r f o r ~ : ~ i n g  t h e  a p p r o ~ r i . d t r 3  cocver:;ions. 'i:iis p r o c e s s  c.ay be 
b e s t  e x p l a i n e d  b y  us ing  a p i c t u r e  and an c x a ~ n p l e ,  

Consider  t h e  c a s e  of a a s e r  s i t t i n g  a t  a ter7 , ina . l  and a t t e n p t i n q  t o  e n t e r  
a l i n e  i n t o  a  f i l e .  I f  he is  a t  a  t e r ~ i i . 2 ~ 1  :;:lic!l suppcl:ts both upper and 
lower -case  l e t t e r s ,  he w i l l  he concer12ed ahont  i f  a;!< ~ l i ~ ~ i  l oT;e r -case  
l e t t e r s  a r e  conver ted  t o  u p p e r - c a s e  1 . e t t e r s .  T h i s  c o n v e r s i o n  nay cccur  a t  
any one of s e v e r a l  l e v e l s  6epcniilng on v'nich d e v i c e  coi:~F,arids, g l o b a l  
s w i t c h e s ,  o r  I / O  m o d i f i e r s  h a v e  been s p e c i f i e d .  

r---------- 1 
I Terminal  Device 1 
L ------T---- J 

I 
I 

r-.----- I ,----. 1 
I T ransmiss ion I 
I C o n t r o l U n i t  I 
L - - -  T------ J 

i 
I 
I .-,-.-.- 7 

I Terminal Device I 
I Suppor t  Rout ines  I 

I--I- J 

I 
I r------I---- 1 r- I--------- 1 
L -- - -- - - ---- 4 ; I T S  1 1 

+-----I 
I 

I DS i? L.1 'i S I 
r - - - - - - - -  4 I ! i t e r f a c e  I I I 
i L J L- - -I 

I 
I 
L ------a 1 

I F i l e  Bout ines  ( 
L------ J 

I 
I 

----^--- I- -.--- 
1 

1 F i l e  I 
L J 

Afte r  a  L ine  has  b e ~ n  t e r n i n a t e d  d n r i  t ~ - a n s : ? i t t e d ,  3x1 int-erpcet,a:ion iaust 
b e  rrade of what h a s  been typed .  Llne e d l t l ~ i q  kill b e  > c r r o r n o d  elti;c:?r b y  
t h e  t r a n s a i s s i o n  c o n t r o l  u n i t  o r  t h e  t e r x l n a l  devl.ce s u p p o r t  r o u t i n e s ,  
depending on which t r a n s m i s s i o n  p i t h  is used.  
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February 1 3 7  1 Page  iitlti1:;eii S e 2 t ~ a S z r  1 9 7 1  

a l l  i o w c r ~ c a s e  l e t t c z s  coair,g i r o n  "9U:CE* e o u l a  be c o n v e r t ~ d  t o  J 7 p e r  c a s e  
u y  t n c  i n t c r r a c c  t o  : < I S  wnen t h e  l i c k ?  i s  b e i n g  s ec t  t c ~  t h ~ ?  f i l e  r o u k i n e s  f o r  
p r c c e s s l n g .  Iicnce ti;c ~ n t e ~ . i - ; t c e  to L ' IS  v-~11 (lave t v o  chanzc?:; t o  process the  
l i l P u  t i i a e  dnci ~ ~ ~ l - c i i ;  u i ,per-case c c r i v e r s i o n .  

The l a s t  c a r t  o E  the sys tem t c  proccr;s  t h e  inp1.1t l i .ne vj.1.l b e  t h e  f i l e  
suppcrE  r o u t i n s s .  'Thc lr i ie  support r o : l t i n e s  !~cr fk?c~i  n f u n c t i o n s  a s  . , ~ n d c . x i n g  (the .%I ~ o ~ i ~ i i i - ! ~ : )  . After 21.1. tii:.: .~.:.nz ;~ i :ocess ing  is c o z p l . e t e d ,  the 
l n p t i t  i i n e  r i l l  f i n a l l y  be {rrlttc-r! i n t o  t hc  i r l e .  

3 a t c h  J o b s  f r c . ~  a Terminal ---*...---------- --.-.---- 

It i s  ~ c s s i b l ~  f c i  t h e  Gscr t o  s a b n i t  d j o b  i n  b a t c h  l c o n  t h e  t e r n i n a l  b y  
u s i n g  t h e  p s e u d o - i e v i c e  nar,e * 3 A I C h * .  Thc  ~ n p n t  n u s t  c o n t a i n  t h o  $SLGNO:i 
conaand a n d  p a s s u o r a  a s  t n e  f i r s t  i n p u t  l i n e s ,  a a d  z u s t  c o n t a r n  a l l  t h e  
n e c e s s a r y  ;!'is c c ~ ~ a n d s  t o  c o n t r c l  t h e  p r o g r a n .  

I n  t h e  f o l l o w i n g  e x s s p l e ,  :i h a t c h  job i s  s:?t 112 b y  t h e  u s c r  t o  r u n  t h e  
program f r c ~ i  t h e  fils S F o 7 : 5 X i : 3  c:;.j.ng tiis E i l t ?  t lSZTTlr" t  f o r  i r ; ? u C  3 ~ 7 t a .  The  
p u n c h e d  o u t p a t  \:ill b e  C . ~ V L - C .  l n  6 f i1.e caliec! t j%50!JTt1,  znii  i:n,;.: ~ 3 r d ~  v i 3 1  be 
punched. A l ~ s t i n ;  u s l i  be z a d e  o f  t h e   punch^^ c d r d s ,  :iTtar t 2e  b a t c h  j o b  
1s s ~ t  E ?  a~? i i  i r l ? . . ~ a t ~ e 6 , :  a : < ( > F ' < r A ? !  (-;o l;~i.l;ati-(\~! ?-y ~ : l ~ ~ ~  ?b.j-c:c .:j.?.J. : : c \ : * * ? i l ~  k h c  
C O ! i t C , l i r , s  ok " T . : i ; i i Z U  I-n t o  t f : ~  ir ic:  "2O. ; i . - i "LLL! ' .  T~le  i.isc,t.i.~;; 1s ;~rii i toci o n t o  
11.- ?LL; I I  . Tne l i s e l n g  I S  t h s n  c c ~ i e d  o n t o  t h e  l i a e  p c l n t ~ c r  uhcn tile user 
d e . t s r ~ ~ . c e s  t n a t  t h c  c o , ; l J a t . i o n  F a s  s u c c e s s f u ? ,  The .lints t:;ped S y  t h e  u s e r  
a r e  i n  Lower c a z e ;  t h e  l i r e s  f r o a  t h e  system (ire rn u::per c a s e ,  

xget - r ' ~ l e  
+ - r 
t i t 2  ACY. 
; :nuinb~r  
b 7 - 5  J s l g n o ~ ;  cc id  t = 2 m  F= I C C  c -  1 3 0 G  a h a t c h  d \ ? i ~ o '  
al > _ ; a s z w c r d  
8 3 - i i c r o a t e  z e o u t  
8 L, - Z S r c n  s f 6 7 : p b n . 3  L l=zooo t  s = s ~ t u ~  ( j z n s i n k *  
?l 5 - Z ? c o ~ y  z e o u t  <(g,unch* 
# 6-> ; l i s t  z e o u t  
# 7-5Zsignoff  
4t 6-2unni:a  csr 
;rco?y - r i l e  *ka tc t i*  

1 > " S B I C i i *  X 5 S I G ; i E D  2 2 C E I E T  S U B E E R  60Q012 
eenpty - f i l e  
#DC N E .  

1 a r u n  *f tn  [ a ~ = s o u r c e = i r , i l l c  [ r i ~ t = - r i l e  . l o d d = f o r t f  i l e  
? L X E C U T I C : :  E Z t i I 5 S  
F E S E C L T I O ~ . I  E3i;I!l,\YEJ 
#copy - f i l e  *print* 
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# 



C2I.l t.i.:ic . I~.: i-t S ,,r: :o;;iis . . r .  , . 
i;: ],l,<;;f:: j~ r kc .  .; J , -: ;.+: _ :  I *  " :..s .. 
I , 1 1 *  , 
<. < , , i :  ..,.:#; <:..I i > l  .! 1 ;. L (1 (,,i:.,i:; 

i j  , . 0 ,  , , I 'l & > ? I (  

2 ~ ] . 1 - ~  t c ~  [::;;,?;<:!: < , t ~ i :  : , ' :  :; 
7" 
r ,  ~ : h  icict:-.r set 

o i i t ? : l * ~ .  :,ttiLj-ci! L(;j:  L>:::-i~2t>d, ?:;:d. ':;ip\:L :;Lc!l,i9n 
,. . , +. ~ ~ . ~ < ~ ~ . f 2 ~ l  C ' l i ! 3 t l t  
cdf41;!i , .  >:;,,j c.icr, c):,- ., ::$!:",;-!o. ~ ~ ~ : t ~ t ? , t .  Ii::?:!.i-. :;fakik.j.l.>n 

(-j:;!:(.,:*t s,t,it,!Lci, r:-,c :-, , : , r :  .,:. : ; - \ > I : ;  . ; , I  + 1;:: '.,!T. ~ s ? ~ : l t i o l l  
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Cats f o r  a t i s e r l s  co;zmantls i n 3  pr:o';irarn:; i s  a c c e s s e d  fro!? ert!!eil f i l e s  o r  
d e v i c e s .  A f i l e  i s  a l o f j l c a l  e c t ~ t y  - a s e t  o f  i i n c s  of Lnic:zai.ioi~. A 
d e v i c e  i:; a pays ic i t1  e n t i t y  sucn (1s a ~ . l ; : c l i i e t i ~  t ~ p e  u R i t ,  ii. c;ii:d r e a d c r ,  o r  
a ~ c r t  f o r  a u s e r ' s  t e r ; n i n L i l  t o  ( : a l l .  ?!h= ger,c.r,il s p t . c F i i c ~ t i o n  o i  a f i l e  
o r  d e v i c e  i s  c a l l e i i  a - T i . 1 2  - - - . - - or . - -. P C  . - - . - . - . - - ::arne . . - - . - i n  'ikLl? ;;TS : ? 6 ; i u a l s ,  and is 
a b k r e v i a t e d  a s  ):22g:ig. 'Tke pu::pose o f  tr,l.s s:2c:tion o f  t h e  r d n u a l  is t o  
d e s c c i b e  1 k i n d s  of i i l e s  and  d e v i c e s  a v d i l a b l e ,  t g  g i v e  r u l e s  f o r  
c o n s t r u c t i n g  F i l e  o r  D ~ v i c e  Tifiaes, and t o  s tow hoTv t h e y  a r e  u s e d .  

F I L E S  

A Iji.2 i s  a n  o r d e r e d  s e t  o f  z e r o  o r   ore l i n e s .  A j.i.;s i.s s t r i n g  of 
one o r  more c h ( 1 r a c t e r s  ( b y  tcs) . Both th..s rsilximum n u a b t ' r  o f  c:h?,,rdctecs i n  a 
l i n e  a n d  t h e  ~,axiii!l:n nu :~bcr  o f  lines i n  a f i l e  clepccd on t i 7 2  t y p e  of f i l e  
o r g ; l n i z a t i o n ,  ;qhich i s  disci!s:;eci b e l ~ l c : .  !:n t h e  most r c : i t ~ . : . ~ t i ? i ~  case ( l i n e  
f i l c s )  , t h e  ;na:ili,~u:t\ l i n c  1e;:c;th 1s 2 5 5  ch;:;ictc;rc, ~ 1 ~ ~ 1  C l i ~ :  : .8 . ix . lc iu?s  s l n rbc~ :  of  
l i l i e s  1s a b o u t  ' 1 i j O l ) O  for: an i L - ~ z r a q ~  fa.;! ji'.cp::.:?diny (;ii i h t ?  1 01 t h e  
l i n c s )  . 

L o n g - t e r ~  s t o r a g e  i n  K" i s  organiz;:d on t h e  b a s i s  of 5 i l . e ~  dnci hence i.s 
r e f e r r e d  t o  a s  f i l e  s t o r a g e .  These f i l e s  nay c o n t d i n  sou1:ce d e c k s ,  o b j e c t  
d e c k s ,  d a t a  s e t s ,  o u t p u t  l i s l : i n g s ,  w r l t e u p s ,  e t c .  

' Ihere a r e  t h r e e  b a s e s  of classification of a f i l e :  

(1 )  The a v a i l a b i l i t y  o f  t h e  f i l e .  

( 2 )  The t y p e  of o r ( ] . r in iza t ion .  

(3 )  The t y p e  o f  d i r e c t - a c c e s s  s t o c i l g e  cicv~.ce on : i h i c h  i t  is 
l o c a t e d .  

These  t h r e e  ~ h ~ ~ r a c t z r i s t i c s  ;\re f i \ : e d  a t  t .hc  t i r ~ e  t.he f i l e  i.s cr<:?teil. ' i 'hn 
f i r : t  i s  d e t e r n i n e d  b y  t.;lc- o r  of t i le f i l e  n~ii:,e; " i - ~ c ?  o t h e r  t j r o  a r c  
specified b y  key-.fords on t h e  ;ITS SCSEAT3 conannd. 

Z i ~ b l i c  f i L e s  a r e  f i l e s  c o n t a i n i n g  c o m p o n e n t s  of  t z y s  t , ; ~ ,  s u c h  1s 
l a n ~ u a g e  t r a n s l a t o r s  and ~ i t i l . ~ t q r  p r o g r a m s .  P ~ h 1 i . c  f i 1 . e ~  illd:~ he aci.r:vc7 -I-(] !)y 

-7 b i l e s  a n d  Devices  1 0 9  



. . < . -  . -  S I ::';'C: ;<:;l.i 'Ti:,. . i . . ,  L i ! i: (, .. .. . , , 

Pdtje Lit?vi .~ed  ! 5 e F  L c . ~ : ~ . c : ~ :  I:.; i 1 

. . , . These S 1 ; t : i l L l i d ~ ~ ( , i ! - .  :.A . . , , . , . . . i :. LJ. : t .  . . .!i!:-t; 
L .  . ,.. \ . c i . . .':. I. , -. i ~ - . ~ ~ ~ : :  .jt>;:,. :? :?  : . L ; , ~ ~ L  .? . i tc : i  , ~ e c k  IIAS been - .  , . 6 ( 1  i ; i . '  . . . : I.. , , . I  7 .  $ 5  . i . J ' , t L c : i  i. ' i -32  J is 
~ ~ t a r t c a ,  t::e L:-~(;P. i l L , < ~  ;(: . . - *  o s -  ,'.:c!.l..:-..; . :!, 'cr-.i: $ Z J : I  cci:;?,nd a 

, . , ~ . I ?  c ! . : :  . ; ; .' : I .  id ' ;h C i ? ~ d : ; ~  
r., . . 
L1 i i .S  P ~ O D ~ < D  ( ~ 1 ! ~ ~ ~ ~ : 2 ' f i ~ l , ! ~ ; ~ i  1,; C r , ( ?  ;;' ,::C!.;.l.:;%* L ).,:Xi G C ~~~$~~;~,;~--~;-~~~ sJ2X?2. 

C . - : ~ ? ~ ~ < O - ~ C . V ~ C J < :  i i c l ~ i ;  3 ~ ' ~ :  c';;.;~.;?.'~;,.:-: i , ~ :  ,:.:,.? : a , r : : t : \ , : ~ ~  ~ l i . < ; < >  LIL ( i , ; l ~ ~ ~ : ~ ~ ,  :lsed. 
(;7,: ,, ! 1. i, i i l t : ' j  I.j+%;lll <:.th . . i ,  < . ; ; ? t i , .  1 , .> ,.. ,4 . . : ! t r  3f i : i  c O ~ E  t O  

i ~ [ l ; : t e ~ , - ,  c ~ , , i - ~ ~ ~ j . , : ~ , : j  i - i !  1)::: <;,p?l~. :;.l-li-! (..,> ' . . -3%, :  ,~r . l .> . l i ? G ~ l  LDL :+.LiTtPlQ i i l ~  
. . :...fie. 2 ~ ~ 2  2 ;  i l ~ f t l - .  ,r /:bxt2 -..,,: rii:,e r , : - ~ ~ ! : j r ~ - ~ z y i c ~ ~  n~~:;r:a :::iict are 

~ c i l  : ; - i  1 :  . I  1 : :  In ,i,~ci..i-i:io.-., othcir:; - , a y  St;' de r ' i ned  
; l iLn n a n e s  o r  tlic c s * ? ~ ' ~  . j L i i .  r;iic:'~:.'!ll; ' i t i i !  1 . 1  r i r ~ ' ~ ? . h j ~  v ~ l f l 3 c S  on 
4t?'iict:s, (S-zz t h i .  i ; ~ ~ : ; ( : ~ : i ~ t : . ( > n  c!; rC~i:;'? I.!) '/3::1:.12 3 ,  3,i;: !.i?i' " : , : ; : . C t l C  Tape 
: J s e ~ t s  G u l [ i t : ~ l  ~ i i d  l . l i f ?  l ~ ~ : ~ ~ i ~ ~  . ~ . i y . i ?  J : :GL~  s G~l]-,j~c'f 1.11 'fa i.[\:$e 5 j : u ~  41~t:3j- l ,s.)  

*jOU,?Cs.: '  i-: t i .  1.7 (15's <j:: t a p  c;.!rcc;;t  C;,l ir .  (dl:  s l > L c C < : )  f l l e  o r  
. . I ,  a 1 ; i y i t  . F V  t3 b e  the 

~ , - , i ~ ~  a:; 4 : i S 5 i i r ( I L . . 1  ,? ' 2. m ,- . I ~ O C  i t  i . r . > ~ ~ U 3 2 2 q  is 
I .  . I  r . : 1 .  : : t .  d e c k ,  . . , , ,  I .  i : ~ ,  ~.~;LI,>!:;I:. l l : :~ i<;?~  :.?:i>?;!.(;I,2: i.3 ! L l . k i Z . ~ ~ ~  : t : i i I J ~ d  a;; 

. .  . , . .  - ~.':i? i t l i : !  i.:!i,d ,!" .... L.., i.n? iI:;::.i .iL :j','::.tL (-;I. I i t t . l : ~ f  O r ; ? ,  ?illy 
. !  b i i :, , !  c,:::! ;: i > ,.<' . ", , ; ' , - 1.:; c.;; l:.!:<ll-c;,~- t o  a 
. I :  i i t  . l L  . : I 1 ,  , t i i i l ~  

, ti,(, ri?-i-:: ~::<,i,thc F, + !.n ' pl.h;:e 0 t  tile ( ~ i s ~ l i ( j { i l . )  1idc:e of the 
J.LlpLi L S k L c ! d ! d a  

. , . I . '  , : : !  : : I 1 i ! : 5 ! 1 , If 
5 " -  I - . .  - 1 . : "  r 1 . .  . . :  11y a : ~ : ; ~ c  :it 3 +:?1:.:1;;11.~ ;in 
a t  t c n t l o ; :  j . r , te ; - i .~~pt  !ti 1.1 c/ i lse 0: SlHK.4 t o  t a  r~~;t. i ir , :?ri  back  t o  
+k::y>'r ~ i i i i * .  



+ ? l S O U i ? C E +  i:: d e f i n e d  a s  chs n d s t z r  i n p u t  (:?r s o u ~ c e )  f i . 1 ~  o r  d ~ ~ ~ i c e ,  
\ i h i C h  is t h t ?  tc: n l r , d l  i i ;  COXV:?:~: : ;~  t i t ~ r :  1 3  0;-i: l:at~.o.i .?nJ. t h ~ 2  
f i 1 . 2  sr  , le~ii :< rro;?. i;:iicil tc;. i ;aic, , l  3 '  1s b : i n  
bitch o p \ ? r a t  i .011,  + X S O g i i C S f  y2.y 3f:t b o  rcdc?f--r.i?i, h p  ti:(? ilFer. 

. . *:!SINK* i.s d e f i n e d  a:; t h e  . 0 . 1  I o r  i i1l .e o r  i!ii7iice 
v n i . c h  i s  tt? t c ~ r ~ i . ; ~ a l  C O Y  C O : : S ' : ~ ~ : > ; ~ .  t ionel1 ol,t>;:,lt ~ O C  1 1  the  
p r i r i t e d  o u t p u t  f o r  b d t c i l  o y e r ; i t i o n .  *i.iSj.;JK* niy 1:ot be 
r e ~ l c f  ined  b y  tile u s e r .  

~ J F D ~  i s  dnfineci  a:; ).he c u r r c n  t a c t i v e  f i1.e o r  6c.vice (it! a n y )  . 
. .  T h e  a c t i v e  1 o r  device i.s es tab l . i s i l ea  0:;  t1.e ! : ' I S  :;GET, 

$C3XXT9,  o r  d F D i Y  coicnands. Y.?c t h e  s e c t i o z  !IPntt.ing I l l f o r -  
[adt ion l n t o  F i l e s f 1  belo;r f o r  d z t < l i l s .  

* D U M ? I i l *  i s  def ine i i  a;; a?, i n f i n i t , c ?  x a s  t c _ i , , ~ s k e t  f o r  oi i tpui ;  ( i i n : ? s  a r e  
a c c e p t e d  2 n d  t h e y  disapl:c>ar:) and an er::pty rile f o r  i n p u t  
( ? v e r y  t i r , e  n line i s  rc.questec!, a n  en:!-oi.-file cor.:ij.tion is 
r e t u r n e d )  . - : D l l i l ; ; i " c  i s  pac" i i cu l a r l ; l  conve':li~iii:. f o r  spcc'i.Cyi~ig 
t h a t  o u t p u t  1s t o  h ?  i g n o r e d .  

*PJ!ICH* is d e f i n e d  s l i L j ! ; t l y  d i f fe i :oni . l .y  Ccc b a t c h  anti -li-.r-1-,1r133. iisclgc. 
Yo:: b a t c h  l o h ~ ; ,  j. t r c p r c s e r ~ t s  :.he pur.i:h ou-tyu t f o r  t -  j o b ,  
,?r.ytliing :JS :-? :c!T~ to . 'iil;iiCfi;l: ; i . i l S .  k ?  ~:i:nc!.cd on ca r i i s ,  if t h e  
u ~ ; 3 ~  i l a s  c.n,, 

. ,  - 
i :  k r i  1 i t  s 1 : ;  - ! I  F o r  . . 1 r -  . I  i :  2 ;  j * : i L.:, ;jse 

% .  n c : ~  h ~ t c ) ,  c j , ; . ?~ j f ?  ;:::;.;-:y t , ~  112 (;~;:-.:-ed LL;;~,.:;~ y : l C  (j:!-&,,ir.. pi 

r e c e i p t  n,i:! ,hor f o r  II!;~? i n  p i ~ , . . i : ~ ; j  u p  t h e  purcLeii ouJi,p:it u i l . 1  
b e  p r i n t e d  a t  ,:he ter ! f iLnal ,  

&PR:C?lT* i s  t h e  sJlil(> a s  ~c'ISI?:i(* i n  hitch. Fro:,: a t::rv?ica]., : : I - i t i n g  
i r L ' ' o r [ ~ a t ~ l o n  t o  ;<P>'["i';c . ';;i.?.l C G ~ S C  a lie;! t:;:cc:; :7al l l . le i?ncl-',t .to 
11:. Cl:?ated Lo !?ri.,?t 1- hc? c c t p i i  t. ,'A r~<:e j -> t  r i i : : . ; ; ~ ~  :::I: pj.ckinq 
u p  t h e  p r i : l t e d  o u t p u t   ill hn p~: i r : t l - ; t i  a t  t i l e  terr~inal. 

+EATCH* is d e f i n e d  f o r  c o t h  b a t c h  a;ld t i  !!..;age. i ; - ~ . i t i n q  . - 
lhi?:,)r:,~at.j.on ti> sqI._?r:;ir v i 1 . l  r;>;g~-,c. 11~:; , jqt to  h e  
cr:eated t o  rur. L1;c j . i l? . l t  ?roT;ii),::2 2s a k;cz~c?.~::i!.e b r i a t ~ : i  j r)h, A . . ,  , , rt:(:?i~S- l>,\!i?,i)c?.: f o r  ? lc . :  :.i:q ci, ';.: 2 batch ;o i : ; s  (;il,:r:it ;!1:1? hz  
~]::il!teii a t  t ! , ! ~  tec3 i~ .~ : . l  ( ~ f  ~ ~ b . - i ~ . t e d  f ~ c , r ,  a L ~ r 3 i ; l ~ l ) ,  o r  in 

. . t h . 2  print.c!c! b t ~ t c ' l  o u t p ! i t  of  ti;: ,-;~l~)?,j.tt!~:i< j i 7 S  (lf , - : ; j ~ ? ~ . t t ~ i , j  
i ... i i . 3 2  bbtch)  . 

A S ~ Q & &  gDL)si:c i s  one of t h e  f a l l - o v i n q :  

(1 )  S i r i p l e  file niline 
( 2 )  S i , i p l e  device nane 
(3)  Si7:ple p r ;~u t io  - d e v i c e  nainc 
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TYFES OF FILE ORGANIZATION 

The t h r e e  t y p e s  o f  f i l e  o r q a n i z a t i o n  a r e  

I---- - -------'----- 1 

I I 1 
I L I N E  ( L i n e  f i l e  ( d e f a u l t . )  I 
I I I 
I S E Q  I S e q u e n t i a l  f i l e  I 
I I I 
1 S E Q N L  1 Sequen t i a l - w i t h - l i n e - n u n  h e r s  f i l e  I 

The f i l e  o r g a n i z a t i o n  can  b e  s p e c i f i e d  a s  t h e  v a l u e  of t h e  TYPE keyword on 
t h e  $ C R E A T Z  command when t h e  f i l e  is  c r e a t e d .  For  e x a n p l e ,  

c r e a t e s  I1SFl1 a s  a  s e q u e n t i a l  f i l e .  Note t h a t  s i n c e  t h e  d e f a u l t  i s  L I N E ,  a l l  
t c r r p o r a r y  f i l e s  t h a t  a r e  i x p l i c i t l y  c r e a t e d  (by t h e  f i r s t  usage  of t h e  f i l e )  
w i l l  be  l i n e  f i l e s .  I f  a  d i f f e r e n t  t y p e  i s  wanted,  t h e  t e ~ k o r a r p  r i l e  must 
be  ~ x p l i c i t l y  c r e a t e d  u s i n g  t h e  $CREATE comaand. 

T h e  SEaWL t y p e  i s  r e d l l y  a  v i ~ r i i l t j o n  o f  t .kp SEQ ty ; : ?{  h ~ n c o  i c  t h e  
fo1lowi:ig d i s c ~ l s s i o n  of  l i n e  f i 1 . e ~  i rexf ju3 sequc ln - t i a l  files, rrllat i;: s a i a  f o r  
s e q u e n t i a l  f i l e s  w i l l  a l s o  a p p l y  t o  s eq i l cn t i a l - s r i t h -1 i1?e -n~1abe r s  f l l e s .  

T,irc F i l e s  --------- 

The b a s i c  ?ITS f i l e  t y p e  i s  L I N E .  A l i n e  f i l e  i s  an orclereci s e t  o f  z e r o  
o r  a o r e  l i n e s .  Each l i n e  c o n s i s t s  of 1 t o  2 5 5  c h a r a c t e r s  ( b y t e s )  . Fach 
l i c e  h a s  a s s o c i a t e d  vii.th i t  a  n n i q u e  l i n e  n a a b c r  ( f o r  t h a t  t i l e )  uh ich  i s  
n o t  p a r t  o f  t h e  l i n e .  The 1 i p . e ~  i n  th? fi1.e a r e  nucec~ca l .13 '  o r d e r e d .  An 
e x a c t  d e f i n i t j . o n  of l i n e  : lunbcrs  i s  rjrlven hcloi r ;  f o r  z h e  ~ ~ L ; C I I S : ; L ~ ) ~ I  he re ,  i t  
i s  a  nu;nbcr from -995119.959 t o  95937.995 i n c l u s i v e ,  !!ote t h a t  :r:!.i.?c t h e  
l i n ~  nuinber i o r  each  l i n e  aust be s t o r o t i  i n  t h e  f i l e ,  t i l t  l i n e  na!n:?cr is n o t  
p a r t  o f  t h e  c o n t e n t  of t h e  l i n e .  

Ey u s i n g  i t s  l i n e  number, any l i n e  i n  t h e  f i i e  may be d i r e c t l y  a c c e s s e d ,  
e i t h e r  f o r  r e a d i n g  o r  w r i t i n g .  An i n p u t  o r  o u t p u t  o ? e r ~ ? t i o n  on a f i l e  ; ;h ich  
e : i ~ l i c i t l y  j . n d i c a t e s  a  s p e c i f i c  l i l l e  t o  be r e a d  o r  r ~ r i s t e n  1s c e l l e d  an 
Lndcxcid  o p e r a t i o n .  The more comrr,on i ; l p u t / o u t ~ u t  opcr'atloil:;  or. a  f i l e  
s p e c i f y  a l i n e  number a t  v h i c h  t o  becjin r-eadi.ng o r  v r l t l n g ,  and c o n t i n u e  
t i l t h  t h e  l l n e u t l t  l i n e  f o r  s u c c e s s i v e  r e c o r d s  r e a d  o r  v r i r t e n .  i h e ~ c  a r e  
c a l l e d  wq~~~~n~a..- o p e r a t i o n s .  These  two methods 3ay  he i .p tc r ; . ixcd ,  f o r  
e x a n p l e ,  a s i n g  a n  i n d e x e d  r e a d  o p e r a t i o n  t o  g e t  t o  a  g i v e n  p c s i t l o n  i n  a  
f i l e  and t h c n  r e a i i i n g  s e q u c c t i a l l y  iron t h e r e .  
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The t y p e  of o p e r a t i o n  11.:;ed d,?pends or! t h e  s c ~ i i ~ : : t i , ~ l / i i ~ ~ e x e i i  i?ci;ii.fier 
b i t s  s! :ppl icc!  f o r  e?.i.l! F D n A : ? c  o r  i i i ~ t : t / d u t : . ~ ~ : l :  subro>!tir!c otl.1.l. I f ,  i n  t h e  
c a l l  on a  s u b s o u t i n e ,  t h e  n o d i f i . e r  :iorii sur~pl. ieci  has  t h e  lr!irc;fcc! b i t  : se t ,  o r  
i f  21  tr~is appc:ncicd t o  1 ? 3 n ~ ; r 1 t ?  I i t  ! /as  i j lv ! \n ,  t i l ~ i i  2.i ir.aexed 
input/o!: tput  o p e r a t i o n  \:ill bc  :!o;~e. The i i ~ i , ~ ; \ i l t  ~ ; : e r ~ ? t i . c ~ n  i:; t;ccqacnti;ll .  
( S E E  Appendix A f o r  t!ie d e s c r i p t i o n  of  the? rpod i f i e r  ;1::lillc~ainati.(>i1 pec;ccss.) 

I n d e x e d  O p e r a t i o n s  

Hhen a n  i n 2 e x e d  r e a d  o r  x s i t e  o p e ~ 3 b . i o n  is Gone, t h e  l i n e  nunber 
g i v e n  i n  t h e  I/O s u h r o u t i c c  c a l l .  i s  usei t o  specify t h e  l i n e  t o  b e  
a c c e s s e d .  A r e t u r n  c o i e  o f  4 (end-of . - r i1 .c)  cccur-s if t h e r e  i s  no l i n e  
i n  t h e  f i l e  w i t h  t h a t  l i ~ e  n u n h e r ,  01: i f  t h e  l i n e  ?,u.~ber:  i s  o l l t s i d c  t h e  
l i n e  nunbcc r a n q e  g i v e n  k i t h  t h e  FDna;~e.  (The b e g - ~ n n i r ; ~  a n d  end ing  
l i n e  numbers,  i f  n o t  specified a:<p!.icitly i n  a  l i n z  nunber  r a n g e ,  
d e f a u l t  t o  1  and  9 9 9 9 3  . ? ? 9 ,  ~ e s p e c t i v e l y . )  

I m p l i c i t  and e x p l i c i t  c o n c a t  e n t a t  i o n  vit h <in indexed  o ~ e r a t i o n  a r e  
h a n d l e d  i n  t h e  f o l l o v i n g  b a n n e r :  

For an indexed  t i 3  o p e r a t i o n ,  if t h e  l i n e  s e l e c t e d  i s  a 
".E;CG:ITI?IUZ \iITi!" 1 i : c  a:id i x p l i c i l :  co ; : ca . t ( ?~ i i t io ; l  is e n a b l e d  ( t h e  
d e f a u l t  c a s e )  , ' ihcn concaCei!atl.on :;iil. oci:::,: ai-id t h e  sd,;c l i n e  
nu,nben. wi1.l. be scl.c.cted f q r  [:he n p v  fi1.e o r  ?,<>vice s?:?c~fi-ei t  h y  

.., A I ,<Lx,e '., L; l(:! . - x , - - , , 7 " - >  . . . r r 9 . v , 4  1 : ,.,. i, {> -' 
r , i J i ; l . i . . + . ' ~ ~  i i J . L i 1  1. .I . ::t: .  

I f  t h e  f i l e  i s  p a r t  o f  a n  e x p l i c i t  c o n c a k e n a t i o a  (and n o t  t h e  l a s t  
mernber) a n d  a c:3n??t-j.oil t h a t  woc;.ci fiol-i~;~!.ily p r o d u c t  I i:t?t:ilrn c o ? e  
of 4 o c c u r s ,  a t r a n s f e r  t o  tile n?::t. i,:?.nbcr i n  t h ~  concs  tel:ittion 
ui l .1  o c c u r  ins teaC, .  T h u s ,  a L-chi;rn code of 4 on ?:; i . f i ! i ~ x ~ ? d  !:cad 
t o  a  ( :o?cntenatiori  I.ndi.cd"ie t 5 2 t  can-. o f  t h e  : o f  -2he 
conccitcc?, t ior!  had ;I ilne o f  t.h;it: ::1!1:,Snr; s l ; cc~ss l ! i l  i.;;~i.:.:~d r e a d  
o n  a coi;c:ntenotior, !;ill sei.r ict   ti:^ ! r p c : c ; i f i ~ ~ l  l i i l e  f r o n  tl;? f i r s t  
!nc~!ber of tile c~i!cai . t? i la t ion - i j .C -  h t h a t  l.i.;;e ilu:,;ber. 

S e g u e ~ t i a L  O p e r a t i o n s  

Ilhen a l i n e  f i l e  i s  ul:i.tten o r  rea( l  w i t h  ?.TI Incicxzd opcra? . ion ,  t h e  
l i n e  nus:ber i s  ?xp l i . c l . t l ;  q i v e n .  Eo:;~.?~:cr, f o r  =~:,.;:i~:r~?:i-;i'!. oyt:::,ati-~ns (311 

a  line f i l e ,  t h e  q ~ ~ e : ; ~ l ~ ; n  of tile begi.iln;i;l-j ar,cl c r d ~ r i l l  l i n t 7  rii:::il~ecs 
a r i s e s .  These c r e  spcci; i i .ed v i a  t h e  l i n e  nuinber r21,r;e (0ii:cus:;cd 
e a r l i e r )  which has  t h e  form 

where II, 2, and a r e  e a c h  l i n e  nuv.bers a s  d e s c r i b e d  below. 

For  a ygmd o ~ e r a t i o r , ,  t h a  begi?lni: lg l i n e  nil:nber is  j.~ ( w i ~ i c h  d e f a u l t s  
t o  1 ,  i f  p o t  u ~ . v e n )  ar.ci t.hc endi :>g l i n e  ~ u i n b e r  i s  2 (vhic i i  default:; t o  
99339.?99, I.£ noc g i v e n ) .  I f  t h e  incro!r!ent  i i s  not  e x p i l c l t l y  g i v e n ,  
i t  i s  n o t  used.  T h u s  
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i s  i d e n t i c a l  t o  

and s p e c i f i e s  211 l i n e s  w i t h  numbers between 1 an?. 99?9?.999 incl .usive.  
I f ,  hovever,  t he  i n c r e r e n t  i i s  e x p l i c i t l y  g iven ,  then i t  i s  used t o  
s e l e c t  t h e  next  l i n e .  T h u s  

i s  i d e n t i c a l  t o  

and s p e c i f i e s  only t h e  l i n e s  w i t h  i n t e g e r  l i n e  nunbers f ~ o ~ n  1 through 
99999 i n c l u s i v e .  

For a  w r i t e  gggaxjo;, t h e  beginning l i n e  nuxber is.  (vh ich  
d e f a u l t s  t o  1 ,  i f  not  g iven)  and t h e  inccement i s  ( xhich d e f a u l t s  to  
1 ,  i f  not g i v e n ) .  The f i r s t  l i n e  w r i t t e n  w i l l  h a v e  l ~ n e  nunber b ,  t h e  
second kt&, e t c .  

Note t h a t  b may be g r e a t e r  than  2, and t h a t  ;i may he nega t ive .  
T h u s ,  r ead ing  from 

w i l l  read the  integer-cumbered l i n e s  of h i n  r eve r se  o r d e r  ( i f  L A S T  i s  
i n t e g e r - v a l u e d )  . 

M i x ~ d  Opera t ions  

The fo l lowing  d i s c u s s i o n  a p p l i e s  t o  mixed sequent i t11 a n d  indexed 
o p e r a t i o n s  on the sane  l o g i c a l  1/0 u n i t  o r  F'D!JB-point2t. Accesses t o  
t h e  same f i l e  v i a  o t h e r  l o g i c a l  I/O u n i t s  o r  o t h e r  FDUR-pointers a r e  
independent .  

An indexed read o r  write operat i -on o p c r a t e s  on t i le line specified h y  
t h e  l i n e  nunber p a r a r e t e r  i n  t h e  I / O  s u b r o u t i n e  c a l l . ,  c cgnrd ie su  of t h e  
p rev ious  1 / 0  o p e r a t i o n .  

If  t h e  f i r s t  o p e r a t i o n  on a f i l e  i s  s e q u e n t i a l ,  t h z  behavior  is a s  
desc r ibed  above: t h e  l i n e  i s  s p e c i f i e d  b y  t h e  beginning l i c e  number b.  

For a s e q u e n t i a l  o p e r a t i o n  t h a t  i s  not t h e  f i r s t  oper ,? t ion ,  t h e  
Ifnext"  l l n e  i s  chosen. For a  read without  an e x p l i c i t  increment ,  
f fnex t f l  i s  the  next  I-ine i n  t h e  f i l e  a f t i r  t h e  idst on.? r eau  o r  ::rj.tten. 
F o r  a read  o p e r a t i o n  w i t h  an e x p l i c i t  i n c r e n e n t ,  the  "r:ext:fl l l n e  has 
t h e  l i n e  nuxber of the  l a s t  l i n e  read  p l u s  t n e  f i r s t  r , u l t i p l e  o f  t h e  
increinent f o r  which t h e r e  i s  a  l i n e .  For a  k ' r i t e  o p e r a t i o n  ui.th an 
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e x a l i c i t  i n c r e n e n t ,  t h e  "n t?x tH l i c e  h a s  t ne  l i n e  n u ~ b e r  of  t h e  l a s t  
l i n t ?  ! i c i t t c n  p l u s  L he i n c r e a e n t  . 

E x t e r n a l l y ,  a l i n e  nurr~ber is one of t h r e e  forms: 

( a )  tnnnnn.  nnn 

where "nf l  i s  a  d e c i n a l  d i g i t  (0 tk.rougli 9 ) .  T h e  ; : i n i n ! ~ n  and 
naximua l l n e  nur .hcrs  & r e  t h e r e f o r e  -99939.399 a n 3  9 9 9 9 9 . 9 9 3 .  
Jhen v r i t i n j  a  l i n e  nuxber:, Luai ing ? i u s - s i g n s  and l ~ a d i n g  
z e r o s ,  t r a i l i n g  decimal  p o i n t s ,  and r r a i l i n g  z ~ r o s  a f t e r  
dec imal  p o i n t s  may be o m i t t e d .  Examples o f  l i n e  nusbers  of 
t h i s  form a r e :  

( b )  LAST 

which has t h e  value of t h e  l a r , t  ( a l g e b r a i c a l l y  g r e a t e s t )  l i n e  
nuinber i n  t h e  f i l e .  I f  t h e  i s l e  i s  ei!\Fty, t h e  va lue  i s  ze ro .  

( c )  L X S T t r n  

where t l t m t f  i s  a nunber of t h e  f o r ? ,  " ? n n r , ~ i n , n n n ~ ~  -3s i : f>~( :~ ihe i I  
a b o v e .  T h e  v a i u e  o f  this 1s  t!le dl .gc?braic  s u i l  o r  l i f f e r s n c k ?  of 
t h e  t w o  coxponr-nts ;  t h u s  LAST- 1 rior?i; n o t  nect:s.r:!cily r;peci.fy 
t h t ?  l i n e  number of t h e  n e x t - t o - l a s t  l i n e ,  but nere1.y a Line 
nuxiiber 1 Less t h a n  t h a t  01 tile l a s t  l i n e .  

The i n t - e r n a l  f o r ?  o f  a l i n e  r.uqbes i s  a £ 1 1 L I . b i ~ ~ . i i  i j - r~ teger  
\.rhos2 v a l u e  i s  1 0 0 3  t i!nes the  exterRaS.  f o r n .  TS,i.ls, a  .Lil;e iiur,bcr !!hose 
e x t e r n a l  f o r n  i s  1 i s  s t o r e d  i.litc?rn;illy a s  i 5 9 9  ( ~ i ~ ~ i ; . a ? )  o r  C1?09@3E8 
(hex)  . The i n t e r n a l  f orr;, of a 1 . i . n ~  number must  i:e s i p ?  t o  t h e  
i n p u t / o u t p u t  su!,r :outi~ies :insn r+:.que.;cil'i,.j ;in i~:ficxeji oy:i:r;ii;i.on, and the 
i n t e r r , a l  f o r n  o f  ' c h ~  l i n e  nurnber oi t l i c  1 1 1 1 ~  t i i i i t  ~ i z s  r e a d  IS ze tu rned  
a f t e r  a s e q u ~ n t i i i l  r ead  ( o r  a seTi: ieni  it1 ; ; c i t e  i ; ~  Lhc? C Z : ; ~  t!;i?t t h e  
! : .ETU3NLIY5# m o d i f i e r  was s 2 e c i f l e d  - s e e  t h e  A p [ : e n i i x  A r : o d l f i e r  
d e s c r i p t i o n )  . 

S e a u c n t i n l  F i l e s  ----- 

P s e q u e n t i d l  f i l e  1s an o r d e r e d  set of z e r o  o r  nore  l i n e s .  E a c h  l i n e  
c o r s i s t s  of 1 t o  3 2 7 6 7  c h a r a c t e r s  ( b y t e s ) .  Tile line:: of a scq~le:lti i i l  f i l e  
d o  n o t  have l i n e  n : i ~ b e r s  and c3nnot  he d i r e c t l y  r e f e r r e d  t o  t y  l i n e  nunber 
f r c n  a program o r  coxaand. 
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$COPY A SNE' ( L A S T +  1) 

w i l l  add t h e  l i n e s  from A t o  t h e  end of SWF. 

L O C A T I C N  OF F I L E S  

There  a r e  t r o  k i n d s  o f  d i r e c t - a c c e s s  s t o r a q e  on which a  f i l e  nay be 
l o c a t e d .  I t  may be on a  d i s k  pack  soun ted  on an  13M 231U D i r e c t  Access 
S t o r a g e  Y:.cilit,y o r  on a  ( l a t a  c e l l  ~ o l u i i ~ e  mounted on an  I 2 t :  2 3 2 1  Ldta C e l l  
C r i v e .  A 1 1  t y p e s  o f  f i l e s  zay be on d i s k ,  b u t  o n l y  s e q u e n t i a l  (and 
s e q u e n t i a l - w i t h - l i n e - n u a b e r s )  f i l e s  may be on a d a t a  c e l l  volume. 

I n  t e r n s  of a c c e s s  and t r a n s f e r  t i n e  ( i . e . ,  t h e  amol~nt  of r e s l  t ime it  
t a l i c s  t o  f i n d  and the11 r e a i  o r  w r i t e  a  r e c o r d  of i n f o r m a t i o n )  , t h e  231 4 d i s k  
d r i v e  i s  on t h e  a v e r a g e  f i v e  t o  t e n  t i! . les f a s t e r  t h a n  t h e  2 3 2 1  d a t a  c e l l  
d r i v e .  On t h e  o t h e r  hand, i c  t e r m s  of s t o r a g e  c o s z s ,  d a t a  cell s t o r a g e  is 
about  h a l f  a s  e x p e n s i v e  a s  d i s k  s t o r a g e  (based  on c u r r e n t  r a t e s ) .  

C R E P T I N G  P I L E S  

The a v a i i 2 b i l i t l i ,  c r q ~ n i ~ ~ t ~ ~ n  3-2  1 3 ~ j " ; n . )  L-".. . - F  ,. - f:-:? ' Z ~ C  c i l L 1 .  25t2b-  
l i s h e d  a t  t h e  t i n e  t h e  f i i e  i.s c r e a t e d .  F l l ~ s  a r e  c r e a t e d  by u s i n g  the  IlTS 
$ C R E A T E  comr~and o r  b y  c a l l i n g  the C R E A T E  s u b r o u t i n e  f r o n  a p r o g c a n .  T h e  
sy i l t ax  of t h e  BC93ATC conmnnd i s  g i v e n  i n  t h e  cc:rnili.;~n(i d e s s r i p t i o n .  T h e  
C I I E A T Z  s u b r o u t i n e  i s  desc r i -bed  i n  volume 3 .  'Ilie f o l l o v i i i g  d i s c u s s i o n  c o v e r s  
t h e  s p e c i f i c a t i o n  of t h e  f i l e  c h a r a c t e u i s t i c s  !;lien u s i c g  the $ C R E A T E  
comnand. 

The [ITS S C ' R E A T E  comnand h a s  t h e  b a s i c  form: 

which c a u s e s  a  f i l e  of t h i s  naine t o  be c r e a t e d  ( u n l e s s  therv-. a l r e a d y  e x i s t s  
a  f i l e  of t h e  same name, o r  t h e  user h a s  cxcec_dl?d 1ij.s f i l e  s n n c e  aL.Lotr!~-i:it).  
Thcre  a r e  s e v e r a l  o p t i o n s  1;hich can  be s p e c ~ f i . e d  i n  t h e  f o r 3  of keyword 
~ x ~ r e s s i c n s .  

SIZE=n n i s  number o f  a v e r a g e  (59 b y t e )  l i n e s  
SIZE=nP n 1s nuxber of LjZges ( 1  pzqe = 4096 b y t e s )  
SI%E=nT n i s  : i u : ? , b ~ r  o f  2 3 1 4  t r a c k s  (one 2 3 1 4  t r a c k  = 72911 b y t e s )  

For  mos t  f i l e s ,  t h i s  para!:.eter i s  n o t  nee!ic?G. The d e f a u l t .  s i z e  
f o r  p c r n l n e n t  l i n e  r i l e s  is  t h e  : ; . ;dl lest  p o s s i S l e  (one 2 3 1 4  t r a c k )  
which 1s enough f o r  a b o u t  7 5  nveraoe  lines. S i n c e  f i l e s  expand 
a u t o ~ a t i c a l l y  when possible u p  t o  1 6  t . i ~ e s ,  zest d a t a  sets can f i t  
i n t o  a  f i l e  of d e f a u l t  s i z e .  (As a : a d t t z r  of i ~ t e r e s t ,  acou t  40% 
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of a l l  u s e r  f i l e s  i n  t h e  s y s t e ! ; ~  r e  o n e - t r a c k  f i l c s ,  and dliogt 2 0 7  
a r e  t i t o - t r a c k  f i l e s . )  T h e  i o l - l o v i n g  t a b l e  g i v e s  t h e  d e f a u l t  
s i z e s  : 

r- - - - - - - .-- - "  - - - - - --- 1 
I Per n a n e n t  I I ~ e : n p o r a r y  I r7 

+ ---7---..----'--------. 14 ------ -7--' - - - - - - - - -A --I 
I L i n e  I S e q u e n t i a l  I I L ine  I S e q u e n t i a l  I 
I t- - --.-- -I--------- -I I --I------- -- -4 +--- 
I I D i s k  I Data C e l l  1 1  I D i s k  1 Data C e l l  1 

r -------- $--- ---- 3- ---- 4.4 ---- $----- 7---- -i 
I 1 I I 1 I I I 1 
1 Amount I 1  I 1 I 6 I I 5 1 5 1 6 I 
I of  Space 1 2 3 1 4  ( 2 3 1 4  1 2 3 2 1  1 1  2 3 1 4  1 2 3 1 4  ( 2 3 2 1  I 
I A l l o c a t e d  I t r a c k  I t r a c k  I t r a c k s  1 1  t r a c k s  I t r a c k s  I t r a c l t s  1 
---. _I_t t ----- t ------ -t+ ----- ---- 4 ------ 4 ---- I 

I I I I I I I I I 
1 Pages  1 2 1 2 1 3 I I 9 1 9 1 3  I 
I Charged I I 1 I I I I I 
I I I I I I I I I 
1 ,------ LIIIA A .  -IL A - .  1 J 

For  l a r g e r  f i l e s ,  i t  i s  n e c e s s a r y  t o  s p e c i f y  a n  e s t i n a t c d  s i z e .  
Xhen es t j .nd%ing  c i z e  i n  tern:; of  p l y e s  ( o r  track:;)  , i t  shou ld  be 
n o t e d  t h a t  t h e r e  i s  a  c e r t d l n  x i n l ; f l u n  ovcrhead  f o r  edch l i n e  o r  
record i n  t h e  f i l e .  I ' h e ? ~  ov~rli .e;~.rl: ;  a r ~  a:: f o l l c ~ ~ i s r  

I------- 
T----- .- 1 

I Type 1 5 i i 1  , O1~erhead  I 

In£ o r n a t i o n  on t h e  i n t - e r n a l  s t r u c t u r e  of  files a n d  approxi-ma t e  
f o r n u l a s  f o r  t h e  s i z e  r e q u i r c d  f o r  a f i l e  v i l l  52 I: o i i  n d i. n 
Appendix C .  

F i l e s  i d i l l  b e  e x t e n d e d  a u t o i ? t d t l ~ a l l - y  w h e n  p o s s i t ; l o  by  t h e  
s y s t e n .  T h e  c o n d s t i  ons  f o r  a u t o n a t i c  cxpzns ion  a r c :  

( 1 )  The u s e r  h a s  n o t  excecded his disk o r  d , ~ . t a  c e l l  s p a c e  
al-l o c a t i o n .  

( 2 )  Space i s  a v a i l a b l e  o n  t.he d i r e c t - a c c e s s  v o l  uine on which 
t h e  f i l e  ;;IS o r i g i n a l l y  c r e a t e d .  

( 3 )    he f i l e  c o n s i s t s  of no Eore t h a n  '15 d i s t i n c t  a l . l o c a t i o n s  
( c a l l e d  l 1 c x t e n t s U )  . 

If  any of  t h e  a b ~ v e  t h r e e  c o n d i t i o n s  i s  n o t  n e t ,  t h e  e r r o r  comiaent 
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