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f l e x i b i l i t y ,  s t r e n g t h  des ign  of composites,  thermal  fully 
s t r e s s e d  des ign ,  and i n t e r a c t i v e  g r a ~ h i c s ,  The ntonitor of t h i s  
c o n t r a c t  was G .  L. G i l e s .  The i n e r t i a  l o a u i r q  c a p a b i l i t y  w a s  
developed under  Army Ccrltract N o .  DtiAG46-75-C-00; . 
T i l l s  document is  one volume of a s e r i e s  of documents describincj  
the ATLAS System. The remalniny documents p r e s e n t  d e t a i l s  
regdrding t h e  lnpu t  d a t a  a d  program execut ion ,  d a t a  management, 
LFIe enqirleer irlg method used by the co~nputatlorla l modul and 
s ystem-demonstration problems. 
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Technology Unit .  R. E;. Miller, Jr . was t h e  Proqram Xanager of 
ATLAS until 7976 after  which K .  M. Dickenson assulned t h i s  
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ABSTRACT 

ATLAS IS a s t r u c t u r a l  a n a l y s i s  and des lgn  system, opera t iona l  on 
t h e  Control  Data Corporation 6600/CYBER computers. This document 
de sc r ibe s  the o v e r a l l  system design,  t h e  des ign of the i nd iv idua l  
program modules, and t h e  r o u t i n e s  i n  t h e  ATLAS system l i b r a r y .  
The o v e r a l l  des ign is d i scussed  i n  term of system a r c h i t e c t u r e ,  
execut ive  funct ion,  da t a  base s t r u c t u r e ,  user  program in ter faces  
ana operational procedures. The program module s e c t i o n s  inc lude  
d e t a i l e d  code de sc r ip t i ons ,  ccmmon block usage and random access  
file usage. The d e s c r i p t i o n  of t h e  ATLAS program l i b r a r y  
inc ludes  a l l  information needed t o  use  t h e s e  gene ra l  purpose 
routir ies .  

- iv- 
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A l W  i s  an i n t e g r a t e d  s t r u c t u r a l  a n a l y s i s  and design system 
o p e r a t i o n a l  on the Contro l  Data Corpora t ion  (CDC) 6600/CYBER 
computers. It is a modular rystem of compute1 codes i n t e g r a t e d  
w i t h i n  a conmaon execu t ive  and d a t a  base  framework. The system is 
broad i n  scope i n  t h a t  i t s  a n a l y t i c a l  cdfdbi1itie.S suppor t  many 
d i t t e r e n t  b u t  r e l a t e d  a e r o e l a s t i c  t e c h n o l o g i c a l  d i s c i p l i n e s .  
Execution of s e l e c t e d  conlputational modules i s  c o n t r o l l e d  by the  
u s e r  v i a  a c o r ~ c i s e  t e c h n r c a l l y - o r i e n t e d  language. Input  d a t a  are 
w r i t t e n  i n  a problem-oriented language which o f fe r s  v e r s a t i l e  
automat ic  d a t a  -genera t ion  c a p d b i l i t i e s  . Data preprocessors  
minimize t h e  amount of i n p u t  d a t a  and ilowtime r e q u i r e d  t o  d e f i n e  
t h e  s t r u c t w a l  problem. A d d i t i o n a l l y ,  dat i l  pos tp rocessors  a l low 
s e l e c t e d  da ta  t o  be e x t r a c t e d ,  manipulated and ~q i sp layed  s o  a s  t o  
e n k n c e  human judgment i n  the i n t e r p r e t a t i o n  s f  des iyn  r e s u l t s ,  

Thls  dommeat c o n t a i n s  d e t a i l e d  d e s c r i p t i o n s  of  t h e  ATLAS 
system a r c h i t e c t u r e ,  a s  w e l l  a s  i r l formation r e q u i r e d  t o  g a i n  
prograx~uning i n s i g h t  i n t o  t h e  vdr ious  processors .  Documentation 
of u s e r  l n p u t  da ta  and execu t ion  c o n t r o l  s t a t e m e n t s  i s  given i n  
r e t e r e n c e  1-1, while  t h e  d a t a  management system is desc r ibed  i n  
r e f e r e n c e  1-2. 

This  document c o n s i s t s  of t h r e e  major - ~ s e c t i o n s :  

a) Sec t lons  10 through 500 cover  m a t e r i a l  r e l a t i n g  t o  
system a s  a whole, including system a r c h i t e c t u r e ,  
maintenance,  nodi if i c a t i o n s ,  and opera t ion .  

D )  S e c t i o n s  600,  700, and 800 d i s c u s s  i n  d e t a i l  t h e  code 
r e l a t i n y  t o  the p reprocessors ,  p rocessors ,  and 
pos tp rocessors ,  r e s p e c t i v e l y .  

c )  Sect ion  900 covers  I n t e r a c t i v e  Contro l ,  

d)  Sec-tion 1000 covers  t h e  ATLAS Library r o u t i n e s .  



10. SYSThM ARCHITECTURE 

The des ign  and developnent  of t h e  ATLAS program system have 
evolved i n  keeping wi th  the to l lowing b a s i c  o b j e c t i v e s :  

a .  Provide a c u m n  programming framr .ark f o r  r e i a t e d  s t r u c t u r a l  
d i s c i p l i r l e s ,  T h i s  reduces t h e  progranl deve-opment and 
maintenance c o s t s ,  and i n c r e a s e s  t h e  r e l i a b i l i t y  of t h e  
agqreyiite code by c o o r d i r ~ a t i n y  t h e  program management 
i w l c t i o r ~ .  

b, Provide a n  e f f i c i e n t  i n t e r f a c e  between t h e  prdgram and the 
program u s e r .  The u s e f u l n e s s  of a computer system depends 
n o t  on i ts  p o t e n t i a l  c a p a b i l i t i e s  but  s a t h e r  on how e a s i l y  
those  c a p a b i l i t i e s  can be understood a r d  app l i ed .  both  
concept and d e s i g n  of the program/user i n t e r f a c e s  a r e  de f ined  
with t h i s  i n  mind. 

c. Provide a high degree  of computer e f f i c i e n c y  i n  problem 
s o l u t i o n .  i h p h a s i s  on t h l s  objec t i -ve  w i l l  not orily minimize 
c o q u t e r  c o s t s  and f lowtime,  but  w i l l  a l s o  extend t h e  range 
ot f e a s i b l e  s o l u t i o n s .  

. Provide f u r  open-endedness i n  program d e s i g n  a l lowing new 
c a p a b i l i t i e s  t o  be added t o  t h e  system. 

The a r c h i t e c t a r e  of t r l e  ATLAS system is  i l l u s t r a t e d  i n  f i g u r e  10- 
1. I n  tile remainder of t h i s  s e c t i o n  t h e  b a s i c  elements  of t h i s  
des ign  wi 11 be d i s c u ~  sed , 

10.1 PHO(;RAM MODULES 

The code i n  ATLAS i s  organized ir. program m o d u l e s  which 
have the fo l lowing c h a r a c t e r i s t i c s :  

a .  A p a r t i c u l a r  program modfie i s  executed by use  of 
the ATLAS Contro l  Language ( sez .  2 0 0 )  . There is 
one ATLAS c o n t r o l  s ta tement  corresponding t o  t h e  
execut ion  of each module. 

b. k module performs a w e l l  de f ined  engineer ing ,  
mathematical ,  o r  c l e r i c a l  t a s k .  

c. A module c o n s i s t s  of a primary and seconddry 
over lay  s t r u c t u r e .  

d. A module communicates with other modules via 
magnet1 -: c l ~ s k  ra les, except fo? s o m e  l i m i t e d  
execu t ive  t a b l e  i n t o m a t i o n .  
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Figuve 10-1. ATLAS System Modular Design 



10.1.1 C l a s s i f i c a t i o n  

The ATLAS modules car) k c l a s s l i i e d  accord ina  t o  t h e  
yenel-al tunc t ior l  they pertorn:.  T h e s e  f u n c t i c n s  are 
i n d i c a t e d  i n  t i g u r e  10-1 and are exp la ined  a s  fo l lows :  

a ,  Execut ive f u n c t i o n  - To monitor  t h e  sequence of 
module executiori  du r ing  a computer run.  This 
t u n c t i o n  i s  carrlw out by t h e  ATLAS mdin o v e r l a y  
and t h e  Cont ro l  module. 

b. Tee-hical t u n c t i c n  - A t a s k  which is r e l a t e d  t o  a 
~ r t i c u l c l r  e n q l n e e r i r q  t h e o r y  or c3isc ip l ine  . For 
instance, the S t i f i n e s s  mdule contains the code 
which r e p r e s e n t s  t h e  f i n i t r  e lement  s t r u c t u r a l  
theory used i n  ATLAS. The A F I  module i s  based on a 
p a r t i c u l a r  t h e c r y  t o r  c a l c t i l a t i n u  subson ic  uns teady 
a i r l o a d s .  

c .  U t i l i t y  f u n c t i o n  - A t a s k  d e f i n i n g  a major 
nathematicctl  og e r a t i a n ,  rlormally invo lv ing  large 
nlatrices. Exan~ples of such t a s k s  a r e  s o l u t i o n  of 
sets of l i n e a r  e q u a t i o n s ,  e i y e n v a l u e  and 
e l y e n v e c t o r  c a l c u l a t i o n s ,  o r  perforrnarlce of ma t r ix  
a d d i t i o n s  and m u l t i p l i c a t i c ? ~ .  

d .  Pr rp rocess lng  t u n c t i o c  - A l l  i n p u t  d a t a  f o r  a 
problem is  processed  by one Froyram module, t h e  
Preprocessor .  T h e  P rep rocesso r  is o r g a r ~ i z e d  i n  
sub-modules which c o n s i s t  of one or more secondary  
ove r l ays .  Each sub-module will read and i n t e r p r e t  
t h e  d a t a  t o r  a p a r t i c u l a r  t e c h n i c a l  module, 
Add i t iona l  sub-modules are provided  t -o  handle 
g e n e r a l  c l a s s e s  of i n p u t  d a t a ,  

e .  Pos tp rocess inq  l unctlorl  - A l l  c d t e u o r i t ? ~  o t  o u t p u t  
f r o m  ATLAS are cjeilerated by Fos tp rocesso r  modules . 
N o  r e s u i t s  w i l l  be r e p o r t e d  u n l e s s  one of these 
nlodules h a s  been executed.  C u r r e n t l y  t h e r e  is one 
pos tp rocesso r    nodule g e n e r a t i n g  p r i n t e d  results, 
one p r e p a r i n g  p l o t  d a t a  and one which p rov ides  a 
proyranl checkpo in t  c a p a b i l i t y .  The p r i n t  and 
yrapt i ics  modu1t.s a r e  orgarlrzed s i m i l a r i l y  t-o t h e  
Preprocessur  , i . e , , t hey  c o n s i s t  of sub-modules 
which g e n e r a t e  r e s u l t s  r e l a t i v e  t o  a p a r t i c u l a r  
t e c h n i c a l  module. 



10 .I - 2  Overview of Capabi l i t i cg  

An overview of t h e  module c a p a b i l i t i e s  is given below. 

10.1.2.1 Executive modules 

ATWS (0,O) I n i t i a l i z e s  loading of module overlays 
and c loses  system data  f i l e s .  

C B N T R ~ J  Defines t h e  sequcxce of execution of 
system mdules . 

INTESACTIVE Supports i n t e r a c t i v e  execution 
CllMTRBL of a cont ro l  program. 

10.1.2.2 Technical and U t i l i t y  modules 

ADDINT Adds and/or i n t e r p o l a t e s  generalized a i r  
force  matrices with respec t  t o  reduced 
frequency . 
Generates subscmic incompressible-flow 
aerodynamic loads acccrding t o  s t r i p  
theory method fo r  general  planar 
surf  aces. 

BUCKLING Calculates b i fu rca t ion  buckling loads and 
mode shapes- 

CHPLESKY Solves systems of l i n e a r  synanetric 
equations accordins t o  t h e  Cholesky 
method. 

DESIGN Calculates margins of s a f e t y  and r e s i z e s  
the s t r u c t u r a l  model according t o  a f u l l y  
s t r e s sed  approach. 

DUBLAT Generates s u b s m i c  compressible-flow 
aerodynamic loads according t o  t h e  
Doublet L a t t i c e  method. 

FLEXAIR Generates t h e  f l e x i b i l i t y  e f f e c t s  of 
truncated v ib ra t ion  modes f o r  f l u t t e r .  

FLVITEk Solves the f l u t t e r  equations. 

1NTE;FiPpLATIjZN Establ ishes  mode shape in t e rpo la t ion  
funct ions  t o  be used by the aerodynamic 
a i r load  generators.  



Lpm; 

MACH 

MASS 

MERGE 

NULTI PLY 

R H p 3  

ST1 FFNESS 

STRESS 

VIbFUiTIpN 

P r e p a r e s  f i n i t e  e lement  s t a t i c ,  i n e r t i a l  
and the rma l  l o a d s .  

Genera tes  supersonic f low aerodyr.amic 
l o a d s  us lny  the Machbox method w i t h  
s u b d i v i s i o n  r e f i r ~ e m e n t  l o r  p l a n a r  wings 
dnd t a i l  surfaces w i t h  d i h e d r a l .  

Genera tes  i i n i t e  e lement  mass m a t r j c e s  
r o r  pr imary and secondary s t r u c t u r e ,  f u e l  
and payload-  

Assembles element  m a t r i c e s  or 
~ S s t r u c t u r e  m a t r i c e s  t o  f om a r o s s  
s t r u c t u r a l  m a t r i c e s .  

Performs n la t r ix  m u l t i p l i c a t i o n  and 
a d d i t i o n  o t  l a r g e  m a t r i c e s  - 
Genera tes  subsonic compress ib le  f low 
aerodynamic loads using a k e r n e l  function 
and assurned d i s c r e t e  p r e s s u r e  modes f o r  
p lanar  surfaces w i t h  t r a i l i n g  edge 
c o n t r o l s .  

Genera tes  t h e  f i n i t e  e lement  s '.f f n e s s  
and stress m a t r i c e s ,  

C a l c u l a t e s  t h e  f i r ~ i t e  e lement  s t r e s s e s .  

C a l c u l a t e s  f r e q u e n c i e s  and mode shapes  of 
a s t r u c t u r e  nnderqoing tree , undamped 
v i b r a t i o n s  . 

10.1.2 - 3  Preprocesso r  Modules 

PhEPK&^ESS(&t Reads t h e  ATLAS Problem Deck and l o a d s  
t h e  restart t a p e .  

10.1.2.4 Pos tp rocesso r  Modules 

EXTRACT E x t r a c t s  d a t a  t o r  p rocess inq  by t h e  
Graphics module dnd some types of 
p r i n t i n g  . 

GRAPH l C S  Suppor ts  a l l  g r a p h i c  and p l o t t i n g  
c a p a b i l i t i e s  of the A T L A S  system. 



PRINT 

SAVE 

USER INTERFACES 

Prepares printed repor t s  of r e s u l t s  
generated by technical  and u t i l i t y  
nodules. 

Saves a l l  problem da ta  on a checkpoint 
f i l e  t o  enable subsequent problem 
r e s t a r t .  

The  user c o m n i c a t e s  with t h e  ATLAS system i n  two ways: 
h i s  Problem Deck defines  h i s  technical problem, while 
h i s  Cantrol Deck describes how t h e  analys is  s h a l l  be 
performed. These in te r faces  a re  described i n  t h e  
tollowing two sect ions.  

10.2.1 Problem Deck 

The 3roblem Geck describes the technica l  problem t o  the  
program. The s t r u c t u r e  of t h e  deck corresponds t o  t h e  
s t ruc tu re  of the  Preprocessor code, i .e, ,  t h e  deck is 
divided i n t o  sect ions,  where each sect ion is handled by 
a Preprocessor submodule. Each sec t ion  is delimited by 
two cards of the  type 

E L G I N  "namen DATA 
LED "nameM DATA 

where "namen is a unique i d e n t i f i e r  which coincides with 
the i.ame of the corresponding Preprocessor suhodu le .  
For instance,  nSTIFFNESSa is the *namen f o r  input da ta  
t o  t h e  S t i f f n e s s  Preprocessor, and nSUBSETSm the "namew 
of t h e  data  t o  t h e  preprocessor f o r  subset de f in i t ion .  
Each sect ion may again be divided i n t o  subsections by 
de l imi ter  cards 

BEGIN nsubsectiona DATA 
I U D  *subsect ionw DATA 

S %':section names need only be unique f o r  each sec t ion .  

The Problem Deck i s  processed by the  input  rout ine  
LjBDAREC (sec, 900) . LJZlDAREC is based on a free f i e l d  
input format. I t  a l so  has the capab i l i ty  of performing 
i n t e r n a l  da ta  generation of the  following types: 1 )  
generate new data  items within a record based on the 
orig".nal input  data,  and 2) generate one o r  more 
cor,plete records from a parent record, 

L*-- - 
C. +. , i n .  . , laLw, ' ,- . .-,... . r , t~.-. .; 



I n  a d d i t i o n  to  t h e  da ta  generd t ing  c a p a b i l i t i e s  provided 
by WDAREC, ATLAS i n p u t  corlventions a l low f o r  a d d i t i o n a l  
d a t a  yenera t ion  t o  be perfornted a s  described i n  s e c t i o n  
100-2.2, r e f e r e n c e  1-1. 

10 - 2 . 2  Corltrol Deck 

The Control  Deck a l l o w s  t h e  user t o :  

a )  d e t i n e  the sequence of module execu t ion  through use  
of tile ATLAS Corltrol Language. 

b) add h i s  own code, which may be e i t h e r  FpI-.mAN or 
s ta tements  from t h e  natrix i n t e r p r e t i v e  S'NARK 
language (sec- 10 -4) . 

The Control Deck is t r a n s l a t e d  i n t o  an over lay  s t r u c t u r e  
as described below. This  s t r u c t u r e  w i l l  c o n s i s t  of a t  
l e a s t  a primary o v e r l a y  con ta in ing  t h e  code f o r  a l l  of 
the A T U S  Contro l  Language s t a t ements .  It  may a l s o  
c o n t a i n  secondary over lays  and s u b r o u t i n e s  which t h e  
u s e r  hiis added, 

Ar, ATLAS Contro l  Lar~guage s t a t ement  has  t h e  fo l lowing 
g e n e r a l  format: 

Funct ional  Desc r ip to r  ( p l i s t )  

The "E'unctional D e s c r i p t o r w  w i l l  i d e n t i f y  one, o r  
s e v e r a l  modules which w i l l  be executed a s  t h e  s t a t ement  
is processed,  The " p l i s t n  is a l i s t  of parameters  which 
are passed o n t o  t h e  program modules as they are being 
executed. The parameters  a r e  used t o  achieve  t h r e e  
purposes : 

1) provide op t ion  c o n t r o l  inside a module, 

2) change d e f a u l t  values  set i n  t h e  code, and 

3) pass numeric o r  alphanumeric informat ion .  

The user may e n r i c h  t h e  ATLAS language by d e f i n i n q  his 
gwn mFunctional  Desc r ip to r sn  h s e d  on t h e  basic  language 
c a p a b i l i t i e s  provided by t h e  ATLAS system (ref, 1-1, 
sec. 200.4). 



The Control Deck is processed by a precompiler which 
t r a n s l a t e s  t h e  ATIAS Control language statements i n t o  
equivalent  FfdRTMN code. Code which is not  recognized 
a s  ATLAS s ta tements  w i l l  be t ransmi t ted  unchanged t o  t h e  
precompiler output  f i l e .  Thus, ATLAS s ta tements  may be 
internuxed with FpRTRAN and SNARK code. 

PTca;RAM FILES 

Distinction must be made between tour  types  of f i l e s :  
program overlay f i l e s ,  da t a  canmunication files, s p e c i a l  
purpose f i l e s ,  and sc ra t ch  f i l e s .  The conventions which 
a p ~ l y  t o  these  f i l e s  are described i n  t h i s  sec t ion .  

70 -3.1 Overlay F i l e s  

Each program module, c a n s i s t i n a  of a primary/secondary 
overlay s t r u c t u r e  i n  absolute  computer executable form, 
w i l l  have its own assigned overlay f i l e  n a m e  This f i l e  
name cons i s t s  of 7 characters :  the f i r s t  4 cha rac t e r s  of 
t h e  module name suf f ixed  by the cha rac t e r s  j2L.F. 
Exis t ing over lay f i l e  names a r e  shown i n  t a b l e  10-1, 

10 -3.2 Data Communication F i l e s  

Data communication between program modules occurs  on 
named random access d i sk  f i l e s .  Each module which 
generates  g loba l  da t a ,  i , e . ,  da ta  t o  be used by o the r  
modules, w i l l  w r i t e  this data  on one s p e c i f i c a l l y  
assigned f i l e .  The f i l e  name c o n s i s t s  of 7 characters :  
t h e  iirst 4 cha rac t e r s  of t h e  module name, suf f ixed  by 
t h e  cha rac t e r s  RNF. Exls t ing  da t a  communication f i l e  
names are shown i n  table 10-1. 

Data communication f i l e s  a r e  riot ava i l ab l e  t o  a program 
module u n t i l  they have been s p e c i f i c a l l y  "openedn by use  
of t h e  ATLAS system rou t ine  FILEADD (sec. 900) . This 
opening function w i l l  add t h e  f i l e  name t o  t h e  program 
RA+2 list and de f ine  a F i l e  Environment Table f o r  t h e  
f i l e .  When a program m d u l e  terminates  execution t h e  
ATLAS system w i l l  s c l o s e ~  a l l  communication f i l e s  t h a t  
were opened. The clos ing funct ion includes  wr i t ing  t h e  
random access  t a b l e s  out  t o  t h e  f i l e  and removing t h e  
f i l e  name from t h e  M+2 list. F i l e  c los ing  i s  performed 
by t h e  ATLAS system rou t ine  FILEDEL. 



T a b l e  10-1. Overview of Overlay F i l e s  and 
Cormurl icat i o n  Files 

--- - 
1 Module I Overlay I Commun +-cat i o n  I 
L!%ErnL-- I File Name I File N a m e  1 
I ADDINT I A D D I P I S  I ADDIRNF I 
1 AF1 I AF~oj&F I AFqoKNF 1 
I ATLAS I AT= 1 1 
1 bUCN,IN; I B U C X W  I BUCrXRNF 1 
( CHPLESK'I I cfm~k=F ( C H W R N F  i 
( D E S I G N  I DES1jZl.l. I L'ESIRNF I 
I DUBLAT I D U S L W  1 DVBLRNF I 
I EXTRACT ( EXTRPLF I EXTRRNF 1 
I FLEXAIR I FLEX(2-m ( FLEXRNF I 
1 FLUlTEK 1 FLUTjX.J? ( F L U T R N F  I 
I GRAPHICS 1 -  ( TAPE99 I 
( INPUT 1 1NYTPJ-J' ( DATARNF I 
1 INTE;RPpLATIgFJ( INTE9L.F I INTEKNF I 
I LjdADS I WADpw I W m R N F  I 
I MACEiB@:< ( m c ' : ~ ~  I PACHRNF 1 
( MASS I NASSPLF I M h S S R N F  I 
I MERGE 1 MEKG0LF I MEiRGRNF 1 
I MULl'IPLY ( MULTPLF' ( MULTRNF I 
1 PRlNT I PRINmF I I 
I mP13 1 RH@3%LF I KHji33HNF I 
( SAVE I m"pr@F I 1 
( STRESS I STKEJ1II.Z I STR.ERNF I 
I VIBNATI@N 1 V I B R V  1 VIBRRNF - 

10 - 3 . 3  S p e c i a l  Purpose F i l e s  

ATLAS makes u s e  oP t h e  to l lowlng  s p e c i a l  purpose fi les:  

TAPE5 = INPUT - Standcrrd program i n p u t  f i l e  

TAPbb = @JTPUT - Standard  proyrdm o u t p u t  f i l e  

TAPE 9 6 - I n t e r a c t i v e  n ~ s s a g e  file 

TAPE9 5 - These five t i les  are  used by 
TAPE 9 7 the p l o t t i n g  software 
TAPE 9 8 
TAPE9 9 
0FFL I NE; 

- F i l e  c o n t a i n i n q  t h e  User Matrix 
lndex  Ca ta log  



SAVESSF - Sequential  f i l e s  used t o  
SAVESS1-SAVESS4 s u ~ p o r t  t h e  program checkpoint/ 

r e s t a r t  c apab i l i t y .  

Scratch t i les  are defined and used l o c a l l y  i n s i d e  a 
module. Data which have been generated on a s c ra t ch  
f i l e  w i l l  not be ava i l ab l e  t o  o the r  modules, Scra tch  
f i l e s  a r e  opened v i a  t h e  FILEADD subroutine.  Scra tch  
f i l e  names provided by t h e  ATmS system are:  

SCOOSSF - SC04SSF 
SCOOHXF - SC04RXF 
SCOORNF - SC04WF 

After  t h e  module terminates execution,  t h e  ATLAS system 
w i l l  remove these  s c r a t c h  f i l e  names from both t h e  
program RA+2 list and t h e  F i l e  Name Table of t he  
operat ing system, Scratch f i l e s  o the r  t han  t h e s e  must 
be s p e c i f i c a l l y  droppea 

10.4 THE SNARK LANGUAGE - Core Management and I/jZJ in ATLAS 

SN?iRK is a matrix i n t e r p r e t i v e  language which may be 
used t o  p e r t o m  I/p funct ions ,  core  m n a g e m n t  of data ,  
aad in-core rnatrix a r i thmet ic .  A de sc r ip t ion  of the 
SNAM language c a p a b i l i t i e s  i s  given i n  re fe rence  10-1. 
SNARK sta tements  a r e  processed by a precompiler i n  t h e  
same way a s  described t o r  t h e  ATLAS language, This 
means that each SNAHK statenlent w i l l  be replaced by 
equivalent  FmThAN code. Also, SNAkK and WRTRAN code 
mrly be f r e e l y  intermixed within t h e  same program o r  
subroutine,  

I n  ATIAS t h e  SNAIiK language i s  used: 

1) t o  perform a l l  I/B on t h e  d a t a  communication f i les,  
and 

2) t o  manage t h e  core  work area.  

AT- uses t h e  Blank Common concept of t h e  CDC computer 
operat ing systenr t o  achieve dynamic core  s to rage  
a l l oca t ion .  I n  t h l s  way the program f i e l d  leng th  may be 
aujusted t o  the requirements fo r  each p a r t i c u l a r  
problem. The program work area is u t i l i z e d  t o  s t o r e  
a r r a y s  o i  problem dependent s i z e .  kdncfnistration of the 
area  includes  bookkeeping of ex i s t i ng  a r rays ,  a l l o c a t i o n  
of space f o r  new ar rays ,  and p r g i n g  of unneeded a r rays .  
These func t ions  a r e  a l l  taken ca re  of by SNARX. 



10.5 ERROR HANDLING 

The ATLAS coding converltiorls d is t inyuish  between a 
warnirq condition and an e r r o r  condition, 

A warning condition occurs when the  code de tec ts  an 
ambxguity i n  some data  which can be resolved without 
user in terac t ion .  In t h i s  case a warning message w i l l  
oe issued, and t h e  processing w i l l  proceed 
uninterrupted. 

An e r ro r  c o n d i ~ i o n  is entered e i t h e r  when the ATLAS code 
de tec t s  a f a t a l  inconsistency i n  logic ,  or when an e r r o r  
is detec ted  by the  computer o p r a t i n g  system. I n  t h e  
f i r s t  case the  module code will abort  i t s  execution and 
t r ans fe r  back to the ATLAS main overlay. To provide a 
similar transfer in t h e  s2cond case, the system e r ro r  
t a b l e  ontries have been changed t o  provide the ATL4S 
main program as t h e  recovery address, Not a l l  e r r o r  
conditions detected by t h e  operating system w i l l  allow 
re tu rn  t o  the  ATLAS code. 

From the main overlay, t r a n s f e r  i s  made t o  t h e  Control 
Module which e i t h e r  w i l l  perform a program e x i t ,  or 
branch t o  an  error procedure defined by ATIAS 
stat-ements. I n  t h i s  procedure the user may specify a 
number of tasks t o  be performed before terminatinu the 
run, such a s  executing the prcgram checkpoint 
cdpabi l i ty  . 



100. EXECUTIVE FUNCTION 

The flow con t ro l  func t ion  i n  ATLAS i s  performed by t h e  main 
over lay and t h e  Control Module. The Control Module de f ines  t h e  
execution l o g i c  of a p r o b l m ;  it s p e c i f i e s  t h e  sequence i n  which 
t h e  program modules w i l l  !le processed, The primary functlczii 2 5  
t h e  main overlay is t o  i n i t i a t c  loading of module overlays per  
i n s t r u c t i o n  from the Cal t ro l  Module. Ttrus, t h e  Control Module 
pertorms a task which is  highly problen~ clependent, whereas t h e  
main overlay operates  an a f i x e d  and very l imi t ed  logic, 
Dividing t h e  Fr-iam cont ro l  func t ion  in t h i s  fashion servos t h e  
tol lowing important ob jec t ives :  

a. The core  requirements for the xnain over lay are kept t o  a 
minimum, thereby minimizing dn important p a r t  of tile system 
overhead cos t .  

b. Since the  Control Module c o n s t i t u t e s  a primary overlay 
s t r u c t u r e ,  the  problem dependent p a r t  of t h e  con t ro l  func t ion  
can be forned without reloading t h e  rest of t h e  system. 
Considering t h e  s i z e  of t h e  ATLAS system t h i s  f e a t u r e  becoiiles 
esser l t l a l  i n  assur ing operat ing cos t  e f f i c i ency .  

T h e  following two subsec t ions  descr ibe  i n  more d e t a i l  t h e  flow 
cont ro l  l o g i c  performed by t h e  executive modules, including t h e  
conten ts  of in-core t a b l e s  which are p a t  of t h e  executive 
system. 

100.1 P R D G W  FLOW 

The ATLAS main ~ v e r l a y  and the Control Module 
communicate v i a  t h e  comnon block MAINCAL described i n  
s ec t ion  100.5. Module execution is  spec i f i ed  by using 
ATLAS s ta tements  i n  proper order  i n  t h e  Control Deck. 
Each statement w i l l  r e s u l t  i n  execution of one ATLAS 
niodule. When execution of an A l Z A S  statement is  
l n l t i d t e d  i n  the Control Module, t h e  following sequence 
of events  w i l l  t a k e  place: 

a .  The name of t h e  module overlay f i l e  i s  s e t  i n  
MAPNCAL 

b. The address  of t h e  next executable statement i n  t h e  
Control Module is s e t  i n  MAINCAL. 

c. Parameters t o  be passed to the module a r e  set i n  
comnon block CmPAHS according t o  t h e  format 
described i n  s ec t ion  200 - 3 .  



d. Flow re tu rns  t o  the  mi: overlay,  which i n i t i a t e s  
loading of t h e  module overlay. 

e. When t h e  module terminates  its processing t h e  main 
overlay w i l l  c l o s e  a l l  emnunica t ion  f i l e s  and drop 
a l l  ATLAS s c r a t c h  f i l e s ,  Comunication f i l e  names 
and s c r a t c h  f i l e  names w i l l  be de le ted  from the 
hA+2 l ist ,  

f .  The main over lay w i l l  r e c a l l  the Control Module t o  
proceed with  the next statement.  

I f  a t a t a l  e r r o r  occurs during t h e  execution t h e  
following a d d i t i o n a l  events  w i l l  t a k e  place:  

g .  A r e t u r n  t o  the main overlay w i l l  be processed 
with a normal e x i t  from the module i n  t h e  case  of a 
module detected e r r o r  o r ,  t o  avoid program abort, 
t o  t h e  beginning of t h e  m i n  overlay in the case  of 
an operat ing system e r ro r .  The la t ter  exit is  
achieved by chdnging the system e r r o r  t a b l e s  with 
t!!e CDC system rou t ine  SYSTEMC. 

h. JI the l o g i c a l  va r i ab l e  KERKDMP i n  comon block 
EliRDMP has t h e  value .TRUE. a c m p l e t e  core  dump of 
'.31e program f i e l d  leng th  w i l l  be provided on t h e  
o ~ t p u t  f i l e  , 

i. The main over lay then recalls t h e  Control  Module 
which e i t h e r  w i l l  e x i t ,  ar branch t o  the e r r o r  
procedure s e c t i o n  when spec i f ied .  

1 0 0 . 2  SYSTEM COMMON BLOCKS 

100.20 1 /C@lPARS/ KCmPAH , CWPARS (30,2) , K L A B E L ,  LABEL (30) 

CWPARS is used t o  t ransmi t  parameters i n  t h e  ATLAS 
statenen- from t h e  con t ro l  module t o  the other  program 
ntodules . 
K W Y k h  - The number of rows i n  CWPARS 

u t i l i z e d  t o  t ransmi t  parameters 
assoc ia ted  with an ATLAS statement.  

C@NPAHS - Contains the parameters of an ATLAS 
statement.  The format i n  which t h e  
parameters are storec' i n  W P A R S  i s  
described i n  s e c t i o n  200.3. 

KtkBEL - The number of words set i n  a r r a y  
LABEL 



I . .  

LABEL - The job identification s p e c i f i e d  on 
t h e  PRmLEM I D  s tatenlent  o r  t h e  most 
r e c e n t  CHANGE ID s t a t ~ r n e n t  of t h e  
Contro 1 ModuJ e . 

ERRDMP is used t o  p x i n t  c o r e  dumps irom t h e  main o v e r l a y  
i n  case of e r r o r  e x i t .  Thus, a core image may be 
provided b e t o r e  the Control  Module ~ v e r l a y  is loaded. 

KERKDMP - Logica l  v a r i a b l e  which is i r , i t i . . J i zed  
t o  .FALSE, j n  t h e  main ovc-7 ';. k 
v a l u e  of .TRUE. w i l l  r e s u l t  . the 
c o r e  dump when an e r r o r  h3s rlzred , 

KERRPH contair ls  t h e  system e r r o r  coun te r s  

KERRjdK - ATLAS system f a t a l  e r r o r  counter ,  
i n i t i a l l y  set t o  zero i n  t h e  main 
over lay .  The v a r i d b l e  w i l l  be 
i n c r e a s e d  by one f o r  each e r r o r  
encountered by the ATLAS code. 

KWARN - Warning counter ,  i n i t i a l l y  set t o  
zero i n  the main over lay .  The 
v a r i a h l e  i s  inc reased  by one each t i m e  
a waxniny condi t ior l  i s  erjcountered by 
t h e  ATLAS code, 

I P T U  - Graphics f i l e  gerierat ion i n d i c a t o r .  
This  v a r i a b l e  is s e t  by t h e  Graphics 
module to .Ir:dicate t h e  combirlation ot 
(;/3', V f F ,  and P/F for a p a r t i c u l a r  
p l o t t i n g  device.  

KQBUFP c o n t a i n s  t h e  f i l e  names of the system save  f i les,  
s e q u e n t i a l  s c r a t c h  files and the p l o t  f i l e .  ;ill names 
are set i n  t h e  main over lay .  

KQBUFP - Not i n  u s e  

SAVESSF' t o  SAVESS4 - System sage  f i l e s  

+ ad- 



SCOOSSF to  SC04SSF - System sequent ia l  s c ra t ch  f i l e s  

DBASF U - Database f i l e  

100.2.5 /KQkNDM/KQINDX,KQRNDN,KQRNDI,KQMJD, 
ADDIRNF,AF IORNF, CZfaLRNF, RATARNF,DESIRNF, 
DUBLRNF , INTERNF , L W R N F  , MkCHRNF , Y ? S K N F ,  
MERGRNF, MULTRNF, RF@3RNF, STIk RNF , S T R E W ,  
CjTNTHNF ,VI  BRRNF, FLUTXNF, FLEXKNF ,EXTRRNF, 
F'I@?RNF ,SEARRNF, SULRNF, WCKRNF ,RESERVE (6) 
SCOORNF,SC01RNF,SC02RNF,SC03KNF,SC044FZNFp 
SCOORIF,SC01RIF,SC02RIF,SC03RIF,SCO4RIF 

KQKNDM contains t h e  f i l e  names of t h e  da ta  conmunication 
f i l e s  ar.d t h e  random access sc ra t ch  f i l e s .  Values of 
a l l  rar iables  a r e  set i n  the m i n  overlay.  

- Random f i l e  index t&le  
space a l l o t e d  f o r  a l l  
random f i l e s  

KQRNDN - Number of named random f i l e s  

KQRND I - Number of indexed random 
f i l e s  

KQRND - KQRNDN + KQRNDI 

ADDIRNF' t o  BUCKRNF - System da ta  communication 
f i l e s  

- Reserve f o r  fu tu re  da ta  
c o m n i c a t i o n  f i l e s  

SCOORNF to SCO4RIF - Sys~em random scrqtch f i l e s  

10 0.2 6 /MAI,NCAL/IFILE, .IERWCT, ISAVERR ,NEXTADR ,K 8 

CTTACC , ICYCLE 

MAINCAL is used k o r  comriunication between the  main 
overlay and the Control Module 

IFILE - Overlay f i l e  name of t h e  cur ren t  
program 1,odule being executed. 
The name i s  set i n  Control Module. 

IPcRCT - Counter ror  operating system detected 
e r r o r s .  The var i ab le  is set t o  zero 
a s  execution s t a r t s ,  and is incremented 
by one ir, ?.he main overlay each time suck 
an error occurs. 



ISAVEkR - Value of I W C T  upm l a s t  e x i t  from 
the  Control Module- Value is  s e t  
i n  t h e  Control Module. 

KEXTADR - Statement ntnnber i n  Control Module 
where processing w i l l  resume when the 
module is reca l led .  I'alue is  set in 
t h e  Control Module, 

KXINST - I d e n t i f i e r  ot the cur ren t  ATLAS 
statement being executed, Value i s  
set i n  the Control Module. 

CPTACC - Accumulated c e n t r a l  processor t i m e .  
Value is updhted i n  t h e  Control Module 
rou t ine  F R T N  upon r e t u r n  f rom a 
program module. 

ICYCLE - Frequency count of Control Module 
execution. Value is updated i n  t h e  
Controi Module, 

MA'rl'AB is used to maintdin the User Matrix Index 
Cata . ' i y .  This cata log is s tored  i n  two parts, t h e  
Mdtrix Name Catalog 2nd the  Matrix Parameter Catalog, on 
t h e  S Y S R N F  f i l e  as described below. The catalog is 
accessed by t h e  ATLAS system rou t ines  GMISRT and GMLKUP. 

NNBLX - N u m b e r  ok data  blocks used t o  s t o r e  
the Matrix Name Catalog (MAN) . 

NNLIM - Size  of- ?IAN a r r a y  minus one 

NNWS - Address of l a s t  en t iy  i? MAN array 

NCbLF - Number of data  blocks used t o  s t o r e  
the Matrix Parameter Zatalou (MAC) . 

NCLIM - Row dime~ision of MAC a r r a y  

NCWS - Address of las t  en t ry  i n  MAC array 

i M A M  - Randoi? index name of MAN a r r ay  
d i s c  r t xo rds  

MACNAM - Ranasr. ~ n d e x  name of PAN ar ray  
d i s c  records 



SYSRNF - Nane of f i l e  containing the U s e r  
Matrix Index Catalog 

MAN - Core r e s iden t  par t  oi t h e  Matrix 
Name Catalog. This array contains  
t h e  names of t he  matr ices  i n  t h e  
ca ta log  and po in t e r s  t o  where the 
rest of the ca ta log  can be found. 
Each en t ry  ot t h e  array has t h e  
following f c a r m a t .  

B i t s  59-18: Matrix name (MN) 

B i t s  17-9: Data record number (RN) 
of MACNAM containing 
t h e  ca ta log  f o r  MN. 

B i t s  8-0 :  Entry i n  record RN where 
ca ta log  is s to red  

MAC - Core r e s iden t  p a r t  of the Matrix 
Parameter Catalog- Each en t ry  
extends over tim words, with t h e  
t h e  tollowing contents:  

Word MAC (I, 1 )  : 

B i t s  59-36: The four  l e f tmos t  charac te rs  
of t h e  f i l e  name where matrix 
is  s tored.  

B i t s  35-18: Matrix row dimension 

B i t s  17-0: Matrix column dimension 

Word MAC (I, 2) : 

B i t s  59-57: Matrix type 

B i t s  56-54: Density type  

B i t s  53-36: Maximum data block size 

B i t s  35-18: Kumber oi da ta  blccks 

USERCW conta ins  an a r r a y  which is  reserved f o r  the 
user.  The a r r ay  is i n i t i a l i z e d  t o  zero i n  t h e  main 
overlay. 



FILE99 i s  used to store tile names of t h e  files used by 
the GRAPHICS mclule. 

V I P t R  i s  used t o  store program v e r s i o n  informat ion  

VLEVEL - Version number 

G E E U ~ B  - Job  ndme c r e a t i n g  this vers ion  

GENEATE - Date ot yenera t ion  

GENT IF^^ - Time oi genera t ion  

IAC'YIVE i s  used t o  store c o n t r o l  pararnetexs while  
r .rocessing i n  t h e  i n t e r a c t i v e  c o n t r o l  mode. 

IACTIVE - l n d i c a t e s  w i ~ e t h r r  a job is run i n  
ba tch  o r  o n l i n e  mode, Logical  
v a r i a b l e  which i s  u u e  while 
running i n  o n l i n e  m d e .  

YBJFILE - C ~ n t a i n s  f i l e  mme of the c u r r e n t  
comand  procedure. 

WaE - Contdins t h e  run  mode for cvzrxent 
commarld procedure (FULL o r  STEP) . 

EXTL - Logical v a r i a b l e  which i s  set t r u e  
when branching from the i n t e r a c t i v e  
c o n t r o l  code t o  another ATLAS module. 

NPRBC - Nwber of procedures c u r r e n t l y  i n  
execution 

Yl@CLIM - Maximum nunber of nested procedures 
allowed 

PHpCFIL - Array corlt-?lrling t.he names of p r o c e d ~ r e s  
c u r r e r ~ t l y  i n  execut ion .  



200. A'IWG CONTROL LANGUAGE 

The ATLAS Control Language c o n s t i t u t e s  the l i n k  between t h e  
program and the  program user f o r  t r ansmi t t i ng  processing r q u e s t s  
t o  t h e  var ious  pirts of t h e  ATLAS s y s t a .  This language is 
dppl icab le  t o  t h e  Control  Module only,  t o  r n o n i t ~ r  t h e  sequence 3f 
module execution and to  pass parameter values .  A desc r ip t ion  of 
t h e  use  of t h e  l a x p a g e  and t h e  a c t u a l  parameters which apply f o r  
t h e  var ious  computational modules is contained in re fe rence  1 - 1, 
s e c t i o n s  200-258. This s ec t ion  descr ibes  t h e  language syntax 
r u l e s  and the format for t r a r ~ s m i t t i n g  parameters t o  t h e  program 
modules. 

200.1 OVEHVIEl OF ATLAS STATEMENTS 

An ATLAS Control  statement has  the io l lowing general  
format: 

Functional Descriptor ( p l i s t  ) 

The aFunctional Descriptor* i d e n t i f i e s  t h e  blocks of 
code i n  the ATLAS s y s t m  t h a t  w i l l  be executed. I n  most 
cases t h i s  w i l l  be one o r  more program modules. 
However, on occdsion it can be code loca t ed  i n  t h e  
Control Module i t s e l r .  The " p l i s t W  zepresents  t h e  
parameters passed t o  the code. Below is given a b r i e f  
descr ip t ion  of the Functional  Descr iptors  defined f o r  
t h e  ATLAS language. Terms which a r e  enclosed i n  < > are 
opt ional .  A term enclosed i n  { ] i n d i c a t e s  t h a t  s e v e r a l  
poss ib ie  parameters are ava i l ab l e .  For a complete 
descr ip t ion  see reference 1-1, s e c t i o n  200. 

BEGIN C@Zt'hJZL <MA'lXIX> P R @ ~ W A  
END C-L PRPGRAM 

These two statements w i l l  be the first and l a s t  
s tatements,  r e spec t ive ly ,  of the p a r t  of t h e  Control 
Deck c o n t ~ i n i n g  ATLAS statements,  This block of code 
w i l l  be c ~ n v e r t e d  i n t o  the primary ovsr lay  of t h e  
Control Nodule. 

P m L E M  I D  ( t e x t )  

The "textw will appear a s  heading on a l l  program 
p r in tou t .  The t e x t  i s  s t o r e d  i n  t h e  common block 
/C$@JPARS/ (sec. 100.2). 



CHANGE I D  ( t e x t )  

The t e x t  defined by a PkPBLEN I D  s tatement may be 
cha1,ged by t h i s  statement.  

U s E l i  (Variable list) 

This statement w i l l  genera te  the conrmrn block /USER@M/ 
contdining t h e  parameters of the "variable listn (sec. 
lo@* .?? - 

T h ~ s  statement defines an entry point  i n  the Control 
Nodule which w i l l  be executed i f  a f a t a l  error condi t ion 
has occurred. 

HEAD INPUT ( p l i s t )  
WW {type3 ( p l i s t )  

Both stdtements w i l l  generate  code f o r  branching to  the 
preprocessor module. The READ statement is used t o  
a c t i v a t e  reading of the Problem Deck. The LpAD 
statement w i l l  cause t h e  restart c a p h i l i t y  t o  be 
executed. 

EXECUTE {module) ( p l i s t )  

T h i s  s tatement sets up branching code t o  one of t h e  
Technical modules or one of t he  Utility modules, The 
name of t h e  module is defined by fgmodule@*. 

PHINT {type] ( p l i s t )  

This statement sets UF code far branching t o  the p r i n t  
nlndul e . 
SAVE (type') &list) 
INDEX FILES ( p l i s t )  

Both statements w l l l  yellerate code for branching t o  t h e  
SAVE module. The SAVE statement w i l l  cause t h e  r e s t a r t  
capability t o  be executed. The YNDEX statement w i l l  
r e s u l t  i n  a p r in t ed  r e p o r t  of +he random access  index 
t a b l e s .  



PW@RM (procedure) (list) 

This s ta tement  causes  a block of code i d e n t i f i e d  by the 
name "proceduren t o  replace t h e  s t a tement  i t s e l f .  The 
replacement code can con ta in  mTRAN, SNARK or  ATLAS 
s ta tements .  The stdtenlent  is  n e s t a b l e  t o  any l e v e l .  
The parameter llst of t h i s  s tateinent  has a d i f f e r e n t  
syn tax  t han  t h e  lvy l i s tn  of the s ta tements  above, as  
descr ibed i n  r e f e r e r ~ c e  1-  1, s e c t i o n  200. 

200.2  PARAMETER LIST  SYNTAX 

This  s e c t i o n  d e s c r i b e s  the syntax r u l e s  of t h e  ATLAS 
s ta tement  parameter list i d e n t i f i e d  by t t p l i s t n  i n  t h e  
above sectinv. N o t e  t h a t  the parameter l ist of t h e  
PEEIFPIm s ta tement  does no t  belong t o  t h i s  category.  The 
syntax  d e f i n i t i o n  i s  made i n  the Eackus-Naur form. 

<complex statement) :  : =<statement> <s ta tement>,  
<complex s ta tement> 

<statement>::=<keyword>~<keyword>=<expression>( 
<matrix express  ion> 

<expression>::=<paraneter>I<multiparameter>~ 
<list express ion >!<matr ix  express ion> 

<alphanumeric l i t e r a l > : : = < c h a r a c t e r  s t r i n g  o t h e r  than 
<FfiTRTRAN variable>>( 
<n c h a r a c t e r s  preceded by nH>I 
a c h a r a c t e r s  preceded by nR>I 
<n c h a r a c t e r s  preceded by nL> 

(numeric l i t e r a l > : : 4 r e a l  scalar (F o r  E format) > (  
< i n t e g e r  s c a l a r )  

(Fj25kTRAN variable>::=<simple ur subscripted 
v a r l a b l e  name dec l a r ed  i l l  

common block USERCm> 

<~oul t iparanle ter> : : =< (p ,  ,p ,  , . . . ,) > 
where pl , : :=<parameter> 



(list expression>::=<n, T 0  n 2 > ( < n l  Tjd n, BY n73> 
where nl,nz::=tnumeric l i tera l>!  

(alphanumeric s t r i n g  appended 
by numeric c h a r a c t e r s > ,  and 
n,::=<numeric l i t e r a l )  

<matr ix  e x p r e s s i o n > : : = < [ < m t r i x  name><operator> 
(FpRTRAN v a r i a b l e > < d e l i m i t e r >  
(numeric l i t e r a l )  ]> 

W c  elemnts of t h e  same type ,  
i.e., <matr ix  name>,<operator> 
can n o t  f o l l o w  each o t h e r  
inmedia te ly  i n  t h e  matr ix  
express ion .  

(marrix name>::=<ATLAS U s e r  Matrix name>( 
<A!l'LAS U s e r  Matrix name appended by the 
3-charac ter  s t r i n g  (char)  > where 
c h a r  is any FpIRTRAN character 

< d e l i m i t e r >  : := ( I  ) I =  Exceptions f o r  ( ) a r e  desc r ibed  
in t h e  d e f i n i t i o n  of (matr ix  
name> above. 

200.3 FORMAT OF PARAMETER LIST IN CmPARS 

The ATLAS s ta tements  which a r e  d i scussed  i n  t h i s  s e c t i o n  
a r e :  READ, W A D ,  EXECUTE, PRINT, P m ,  SAVE, IM)EX, 
PURGE and RENAME;. A l l  of these s t a t e m e n t s  are decoded 
dur ing  the  precornpilat ion p rocess  and s t o r e d  in t h e  
a r r a y  W A R S  of the common block of t h e  same name (sec.  
100.2). I n  t h e  fol lowing,  t h e  format  of t h e  Cj3NPARS 
a r r a y  is desc r ibed .  



a .  Using t h e  n o t a t i o n  of s e c t i a n  200.2 t h e  g e n e r a l  
fornlat of an ATLAS s t a t e n e n t  is 

FUn~tiorkdl Desc r ip to r  ( < s t a t e m n t > ,  , <sta tement>Z - . - )  

The nFunc*ional DescriptorI t  w i l l  always be a two-word 
combir~ation , where "Functions ln r e p r e s e n t s  t h e  f i r s t  
word and "Descr ip to rn  the s e c m d .  The yener2.1 l a y o u t  i n  
C@JPARS is: 

1 Row 1 Colurm~ 1 1 columri L L 
I 1 lFUNCI'IONAL I 0 I 

I f  t h e  word represented by FUNCTImAL cr DESCRIP'I9R is  
more than  10 c h a r a c t e r s  long,  on ly  t h e  10 1eftmos.t 
cha rac te r ;  w i l l  be s t o r e d .  

The < s t a t e m e n t > * s  ar? s t o r e d  i n  the sequence they  appedr 
i n  t h e  ATLAS s ta tement .  The s t c r a g e  format  depends on 
the type  of <s ta tement>  and w i l l  be  desc r ibed  i n  
subsequent s u b s e c t i o n s ,  

b. (alphanumeric l i t e r a l >  i s  s t o r e d  i n  t h e  same way a s  
WRTRAN v a r i a b l e s .  Literals with more than  10 
c h a r a c t e r s  w i l l  be t r u n c a t e d .  

c. <numeric l i t e r a l >  is  s t o r e d  a s  a n  i n t e g e r  o r  a real 
number a s  s p e c i f i e d ,  except  i n  ma t r ix  express ions  
where the type  w i l l  be iorced t o  r e a l ,  

d. <matr ix  name> i s  s t o r e d  in H-format 



Example: SET=2 

The format i n  CfdNPAKS is:  

I Row 1 Column 1 I Column 2 1 
1 - 1  -- I -- I 
I i 1 SET -- I 

I -- 2 I 
1 - 1  I 

Example : R V G f : c =  ( 1  ,2,3,7) 

The format i n  CmPARS is: 

R o w  1 Cijlumn 1 1 Column L 1 
- I -- I  -- I 
i ( KVALUE I  1 I 

i + l  I KVALUE I 2 1 
i + 2  I KVALUE 1 3 1 

I i + 3  I  KVALUE - -- I  
I -- 7 1 

- L 

2 0 0 . 3 . 4  <statement> : : =<matr ix  expression) 

Example: [ (A+L*B) X=O ] 

The format i n  CWPAIiS is: 
---- 

R o w  I Column 1 I Colci~m 2 
I - I -- I -- 

i ( *EXP I 6 
i + l  I ( 1 A 
i+i 1 + ' L 
1 + 3  1 * I B 
i + 4  1 ) I X 
i+5 I = I 0 -- -1~- 1 

A matrix expression i s  n o t i t i e d  in CpNPARS by 
s e t t i n g  of a keyword *MP i n  the f ~ r s t  column 
of the array. The second column of the  same 
row will point to the r e l a t i v e  row where next 
<statement> is  stored.  



Example: A=[-B+C(T)*D-2.4*E] 

The format in C$!NPAKS is: 
-- 

( how I Column 1 I Column 2 L 
1 - 1  -- I -- I  
I i I *EW 1 8 1 
I  i + l  I  k I = I 
I i+2 I - I I3 I 
I  i+3 I + I C C r )  I  
I  i+4 I  * I D I  
1 i+4 1 - 1 * S c M  I 
I  i+6 1 2 .4  I  * I 
I  i+7 I  E l o - - -  

1 -- G I  
121ZL- 1 

A numeric value in the expression is notified by 
preceeding it by the keyword *SCALAR, 

200.3.6 tstatement>::=<list -- expression) 

The format in CfZNPAHS 1s 

I Row 1 Column 1 I Colurnn 2 L 



This s e c t i o n  d e s c r i b e s  t h e  v a r i o u s  ATLAS requi rements  t o  be 
s a t i s f i e d  when: 

a ,  adding a new processor  t c ,  the system, o r  

b. modifyinq existing code 

300, 1 ADDING A PROCESSOR 

If the a d d i t i o n  of t h e  AE3CI)EFG Processor  t o  t h e  ATLAS 
system is hypothes ized ,  t h e  fo l lowing s t e p s  must be 
taken: 

a. System t a p e s  and f i l e s ,  s e c t i o n  501, and ca ta logued 
procedures,  s e c t i o n  503, must be modif ied t o  
r e f l e c t  t h e  e x i s t e n c e  of f i l es  W L D ,  ABCDPEL, 
and AElCDpLF. 

b, The ATLAS precompiler  must be changed t o  a c c e p t  t h e  
EXECUTE kBCDEFG s ta tement ,  The s t r i n g s  MNAMES and 
FNAMES i n  subrou t ine  INITIAL must be nlodified t o  
con ta in  t h e  names ABCU and ABCDRNF, r e s p e c t i v e l y .  

c. The system c m o n  block /KQRNDM/ must be updated t o  
r e f l e c t  t h e  presence of ABCDRNF . 

d. The d u y  deck DUMABCD must be added t o  the D U W D  
l i b r a r y .  This  deck w i l l  s e r v e  a s  t h e  structural 
s k e l e t o n  of the module, a s  desc r ibed  in s e c t i o n  
502.3. Technica l  module primary o v e r l a y s  w i l l  be 
giver1 a s  JiWERLAY (ABCWLF, 1,0) . Secondary over lay  
numbers a r e  ass igned by the programmer. 

e .  !R&e s o u r c e  l i b r a r y  f i l e  ABEDWD should be produced 
i n  an UPDATE c r e a t i o n  run. Each subrou t ine  must be 
f u l l y  conta ined i n  a deck of t h e  same name. The 
o ryan iza t ion  of t h e  a D Y L  i s  g iven  i n  s e c t i o n  
502.1. CpMDECKS f o r  t h e  system common blocks ,  and 
decks f o r  r o u t i n e s  NJbBppJM and NpFJZIRTN, should be 
formed . 

I n  a d d i t i o n  t o  the above s p e c i f i c  s t e p s ,  the new code 
must adhere t o  the g e n e r a l  ATLAS g u i d e l i n e s  of s e c t i o n  
300.2 p e r t a i n i n g  t o  documentation, coding p r a c t i c e s ,  
etc . 



300.2 PkOtihircE'JlING GUIDELINES 

ATLAS g u i d e l i n e s  dre prese r i t ed  h e r e  f o r  cod ing  
pract  ices, errdr hdnd l ing ,  ui;~itat inq , and documentat ion.  

300.2.1 Codinq P r a c t i c e s  

K O  e f f o r t  i s  ~rkde here t o  teach good proqramming 
technique, but c e r t a i n  prdct j  ces hdve proven t o  be most 
e f f e c t i v e  i n  the ATLAS s y s t e n ~ .  

a .  SWAM u s a g e :  The greatest b e n e f i t s  from SNARK 
usage lie i n  its n a t r i x  I/@ and c o r e  management 
functions. T h e  n i o s t  co~nrmn s t r u c t u r e  f o r  a n  ATLAS 
nwjdule is a FJXRTRAN pr imary  o v e r l a y ,  driving SNARK 
secondary  over l a y s ,  which i n  t u r n  drive the workinq 
r o u t i n e s ,  again u s u a l l y  In FmTRAN. Because SNARX 
statements t end  t o  g e n e r a t e  i r i e f f  i c i e n t  code ,  
e t f o r t  should be made t o  avoid excessive u s e  of 
SNAP.K l anquage  s t a t e m e r ~ t s ,  ~ u c h  a s  SETELEX or YNARK 
W L ,  to ao the l.eal work of the nrodule. I n  
p a r t i c u l d r ,  S N W  s5ate111ents i n  D$3 l o o p s  should be 
el i n u n a t e d  . 

0. File manipu ld t ion :  Rar,dom access f i l e s  f o r  SNARK 
m a t r i x  I/)d should be oper~ed u s i n g  r o u t i n e  FILEADD 
(sec ,  900). F m T M N  I/@ f i l e s  s h o u l d  be opened 
wi th  F'ETEDIT. Any s c ~ a t c k ~  2 i l e s  o t h e r  t h a n  t h e  
sys tem scratch f i l e s  shou ld  be dropped a t  t h e  end 
of t J~ei r  usefulr l t l ss  u s i n g  the sys t em r o u t i n e  
DRPPFIL. 

c .  Oocllna: D o  not i n c l u d e  any fdVLhLAY cards i n  the 
code. T h i s  w l l l  be taken care of by t h e  dummy 
aec:k. 

U s e  standard ATLAS C@lCECtlS fcr any system common 
blocks. 

Conlrrlents shuli ld t ho rough ly  d e s c r i h e  t h e  e x e c u t a b l e  
code. Vdri . .ales i n  ca l l i r ig  seuuences  and  common 
b l o c k s  must be identit ied. 

Uo riot use ('ALL EXIT,  C A U  FLUSH, or STPP 
s t a t e m e n t s .  



300.2.2 Error handl inq  

ATLAS a t t empts  t o  t r a p  a l l  p o s s i b l e  e r r o r s ,  and t o  
provide  d meanlnyful message t o  t h e  use r  when one 
occurs .  The fo l lowing methods : .. d i r e c t e d  t o  t h a t  end. 

a .  Common block /KEKh:(dH/: Var iable  KERRj2R is the 
count cf f d t a l  e r r o r ? ,  KERRPRS (or KWARN) , t h e  
count. of n o n - f a t a l  e x r o r s .  They should be 
incremented each t i m e  a n  error of the a p p r o p r i a t e  
type  is encountered and a messaqe w r i t t e n ,  
containirig the wort "errur" f o r  f d t a l  e r r o r s ,  
"warningnt t o r  non-f a t a l  e r r o r s .  I n  p reprocessors ,  
f a t a l  e r r o r s  should not  h a l t  executiorl. I n  
~ o s t p r o c e s s o r s ,  warnings on1 y should be issued, and 
processing al lowed t o  co12tinue i n  the program. Tne 
redsoning behind t h e s e  conventions is  t h a t  by 
completing a l l  preprocess ing ,  more e r r o r s  p e r  run  
can be d e t e c t e d  and c o r r e c t e d ,  w h i l e  pos t  
processing errors do n o t  r ~ e c e s s a l i l y  mean XI 

execution is wi thout  use fu lness ,  and should n o t  end 
it. 

b. SNAW e r r o r s :  U s e  t h e  SNAHK SETEHR comrnmd t o  t r a p  
matr ix  e r r o r s .  It is  a l s o  o t t e n  u s e t u l  to use  the 
INVENTPRY capability of SXARK I 

System ntode e r r o r s  as t!!e r e s u l t  of bad data o r  
i r ~ c o r r e c t  parameters  should be avoided through t h e  use 
of checks w i t h i n  the code. 

300.2.3 UPDATE procedures 

ATLAS system i n t e g r i t y  i s  mairltairled v i a  t h e  UPDATE 
progxar. I t  i s  e s s e n t i a l  t h a t  c o n s i s t e n t  p r a c t i c e s  be 
used in this process .  

a. hiienever making a system update ,  comments should  be 
included i n  the update g iv inq  a u t h o r ,  d a t e ,  and 
yurijose, and s i m i l a r  comments should go i n t o  t h e  
r o u t i n e s  be ing updated. 

b. When addinq decks or  C@'MDECKs, *ADDFILE should bf? 
used. They should be i r ~ s e r t e d  a l p h a b e t i c a l l y  p e r  
s e c t i o n  502.1. Deck names should match the name of 
the r o u t i n e  being ddded. 



c. c'clrds s u l ~ r n i t t e d  f o r  system u p d a t e s  must have been 
run k r e v i c ) u s l y  i n  :heckout. Each deck of UPDATE 
d i r e c t i v e s  submitt.ed n u s t  be headed by the 
t u l l o w i n y  t w o  zards:  

where  2:l:XX drt- t.he iirst 1! c t ~ a r a c t e r s  of t h e  ~ d u l e  
nume, arid rlnn 1s the nermtez ot the c u x r e n t  system 
update. A n y  d d d i t l ~ l  or r!u.rgir~q i f  d3cL.s trust f3110w 
the  co r r ec t lo r1  set, i f  dny, c~nd should. ? ~ e  
accornpar~led by a p p r o p r i a t e  up2ates to the  Dummy 
$&ir?L, rledded by: 

ATLAS doculr:ex;t .at l~)~~ I S  int.t.nut.cl t o  c l a r i t y  code, 
i a c i l i t a t e  pz3yrcin! usaGe, cirid describe code dnd t-heory 
developments. E d c h  ATLAS progr~tiruning task i n d u d e s  both 
code hnd documelltation. 

a. Source code corninents: These  coirnnents have tlic 
bas:;l purpose  of m3king the code easier t o  *.eacl. 
In ac?d i t i un ,  eacrl pzcxJrarn or r o u t i r ~ ,  sho*&d :lave a 
set of ccxuner~ts y ivirlq p71rpose, - 1 7 '  ' J date, 
update dnci checkout h i s t . o r y  , f ilt. .... dq . , and a 
aescr i p t - i o n  of variables i n  corru~ull blocks 2 nd 
callirly sl:!qut.nce.-i , 

u. A T L U  ciocu~:~ents:  In ctlrt,  these c u ~ s i s i  of the 
p r e s e n t  doccment , the Users  :,:anunl, reference 1 - 1 ,  
dr:(l t h e  F i l v  Cat;:loa, r ~ f e r ~ n c t .  1 - 2 .  

c. Cheer, 'it c.wun~eritdt.iorl: This c;iocWnerltatior~ o c c u r s  
i n  "he tor-I[) 01 corronent.~ i l l  t h e  checkout decks, a~:d 
J s descrihecl  i n  sect.lo;i 5C4. 



400 , DATA MANAGEMENT 

This s e c t i a n  descr ibes  d a t a  managerrrent of the program 
conmunicatiorl f i l e s ,  which c o n s t i t u t e  the data  base f o r  a l l  ATLAS 
information. Since sc ra t ch  f i l e s  are d.ef ined by each program 
module according t o  need and then r e l ea see  befor? another module 
is  entered,  t h e  data  manaaement of t h e s e  f i l e s  is l e f t  up t o  each 
module. 

Oc t h e  communication f i l e s .  t h e r e  e x i s t  t h r e e  ca tegor ies  o 
information here  described as t a b l e  matr ices ,  element o r  nodal 
matrices,  and gross  matrices, 

a. The t a b l e  matr ices  contain var ious  types of re te rence  
data: coordinate  t a b l e s ,  nodal correspondence t a b l e s ,  
f i n i t e  element t ab l e s ,  etc, 9.ey are of such l imi t ed  
s i z e  that  t h e y  can be f u l l y  contained i n  t h e  core  
memory. I n  o rde r  t o  keep co re  requirements t o  a 
mini mu^^, t h e  tables a r e  designea ir, a compact format by 
packing inf  o m t i o n  i n  ~ a c h  6 0  L i t  word, This approach 
is  based on t h e  assumptiol: t h a t  it i s  l e s s  expensive t o  
unpack inf  o r m t i o c  than t o  execute on a l a r g e r  f i e l d  
length.  

b, Element o r  nodal matrices contain  pr ,mert ies  re levant  t o  
each s t r u c t u r a l  element o r  node, i.e., f i n i t e  element 
s t i f f n e s s  and mass matrices,  nodal loads matr ices ,  etc. 
These l~ la t r ices  nornlally r equ i r e  a subdivis ion i n t o  
severa l  l o g l c a l  records  on disk .  The core  ntemory w i l l  
only be ab l e  t o  contain  one o r  a f e w  records  a t  a t i m e .  
Word packing i s  used t o  a l imi t ed  ex t en t  t o  s t o r e  
various r o n t r o l  information r e l a t e d  t o  each element o r  
nodal macrix. 

c. Gross matr ices  contain proper t ies  which r e l a t e  t o  a 
complete a n a l y s i s  model, i.e., assembled s t i t f n e s s ,  mass 
o r  loaa:. matr ices .  The matrices can qene ra l ly  be very 
l a rge  and there fore ,  have t o  be subdivided i n t o  numerous 
l o g i c a l  records  i n  order  t o  be processed i n  core. Very 
l l t t i e  c o ~ l t r o l  information i s  required f o r  t h e s e  
matr ices ;  consequently, word packing is  no t  used. 

400.1 MA!l%IX NAMING 

Lach matrix on the d a t a  co~nrnur~ication f i l es  i s  
i d e n t i f i e d  by a name which i s  e i t h e r  predetermined i n  
t h e  pxcqrarn code, o r  defined by t h e  user a t  execution 
time. Generally a l l  table matr ices  and t h e  element and 
nodal matrices w i l l  have r ixed  names, whereas most gross  
matrices w i l l  have uscr defined names. Because of t h e  



u s e r ' s  ixivolve~nt!rlt i n  their  I A ~ I I ~ I : ~ ,  the g r o s s  mat - r ices  
a r c  cdlt- .cl  u s e r  iilat 1 i c : t~s .  The rantlorn index  names 
a s socu t t a~ i  w i t h  dat-6 r t ~ o r d s  t o r  t i x e d  m n l e  m a t r i c a s  or 
user mdtr ices d r e  i b r m e c i  w i t h  the mdt r ix  nanle as a 
basis, ns ilcscr i h e d  1x1 the f o l lowi~lc j  two subsections. 

400 , l . l  F ixeu  Ncime Cox,.. ~ x l t l o n s  ------------ 
The random S.11dt.x ndnle for  a 1ixt.d name m a t r i x  c o n t a i n s  
tram 1 t o  7 dlarac-ers w i l i ~ h  tire l e f t  a d j u s t e d  i n  t h e  
wold, fo l lowed by z e r o  h i t s .  I n  g e n e r a l  t h e  i ndex  name 
is conposed ot three f i e l d s  A,  B ar~d C w i t h  c o n t e n t s  a s  
c i t s c r i t ~ d  iwlow, The l t m q t h  oi each may vary from one 
r ~ ~ t r n  to a n o t h e r .  Unused ~ a r t . 3  o r  a field a r e  zero 
f i l l e d .  

A - The ~ ; . a t r l x  name c u n s i s t i x y  of an  a lphanunwric  
s t r i n g  s t a i - t i n q  w i t h  a lekter .  For the f i l e  
DATAKNF t!>e t i r s t  l e t t ~ r  is  a s s o c i a t e d  w i t h  the  
P r e p r o c e s s o r  s u t ~ : n d u l e  t l r a t  crerlerates t h e  m a t r i x ,  
as d e s c r i n e d  i x l  table b00-1. For a l l  o t h e r  tiles, 
t h e r e  a re  no r e s t r i c t i o n s  a s  t o  c h o i c e  of m a  r i x  
ncznle, 

B - T h l s  f i e l ~ i  1s used  t o  d i s t i n g u i s h  between s e p a r a t e  
l o g i c a l  r e c o r d s  af t h e  sdiie : ~ i a t r i x .  It c o n t a i n s  
the d i s i  lay code r e p r , ~ s e r i t a t i o n  of t h e  record 
nw.ber .  T h i s  i i e l d  i s  o n u t t e d  i f  t h e  m a t r i x  a lways  
cons i s t s  of one lloyica! r e c o r d .  

C - La- l i  c!ldrdcter o t  t h i s  l i e l d  i s  used t o  iritlex the 
n i a t r l s  w i t ! ]  respect t9 a c e r t a i n  c o n d i t i o n ;  f o r  
instanc:t>, t h e  t1at.a set n ~ , d ) e r ,  t h e  staqe number, 
t h e  Mclch n ~ u n i l e r ,  rtc. With a d i s p l a y  code 
r e p r e s e n t d t ~ o r i  or each c u n d i t i o n  (numbers and 
le t ters  on ly  are p r m i t t e d )  , d n~axiirlum of 4 4  
corldi tions mdy he acconmlda ted . 

400.1,f U s e r  N d m e  Convent ions  

The rand0111 index X L ~ I I I ~ ?  for a ustar ~ ~ t r i x  c o n s i s t s  cf n i n e  
l e t t  a d j u s t r t l  d ~ a r a c t e r s  to l lowed hy s i x  z e r o  b i t s .  The 
name i s  con~poscll oi two f ic8lcis A ar~ci U w i t h  corltctnts d s  

descri1)cd b ~ l o w .  U~iused t~cirts of a f i e l d  a r e  t i l l e d  
w i t h  zero bits. 



I A 1 B 1 O L  
I 7 char .  1 2 1 

A - The user  def in& matrix mme cons i s t ing  of from 1 
t o  7 alphanumeric cha rac t e r s .  

B - This f i e l d  i s  used t o  d i s t i n g u i s h  between sepa ra t e  
l o g i c a l  records  of t h e  same matrix, It contains  
the binary r ep re sen ta t ion  of the record number. 

'400.2 M A T h I S  ACCESSING 

Readinu and wr i t ing  of matr ix  records  01; t h e  da t a  
commur:ication f i l e s  dre performed by t h e  SUM 
s t a t e m e n ~ s  RDPATFtB and WTMATRP, reference 10-  1 .  Before 
t h e  ac tua l  t r a n s f e r  can be made t h e  proper record index 
name did f i l e  name havct t o  be i d e n t i f i e d .  Depending 
upon the  t ype  of matr ix  t o  be accessed, i - e . ,  f ixed  n a m e  
o r  user  matrix,  t h e  following approact-es a r e  used: 

a. I n  t h e  case of a t i xed  name matrix t h e  nante of the  
communication t i l e  must be known a t  programming 
time - The sub-f i e l d s  A ,  B and C of t h e  random 
access index a r e  determined a s  follows: F ie ld  A 
must be det ined a t  programming t i m e .  F i e ld  C is 
set by makirlg i n  t h e  a c t u a l  condi t ions  t h a t  apply 
for  t h e  p a r t i c u l a r  case.  F i e l d  B i s  updated 
sequent ia l ly  f o r  each matrix record being 
t r ans fe r r ed  using t h e  ATLAS l i b r a r y  rou t ine  M C R ,  
Existence of a p a r t i c u l a r  record should be t e s t e d  
with t h e  l i b r a r y  rou t ine  IFRkEC. 

b. User matrix names a r e  managed v i a  an index cata log 
which is maintained on t h e  f i l e  SYSRNF. The 
cata log c o n s i s t s  of two par t s :  t h e  matrix name 
cata log MAN, and the matr ix  paxameter c a t a l o s  MAC. 
A t  any point during processing,  t h e  matrix name 
ca ta log  w i l l  conta in  one e n t r y  for each user  matrix 
det ined with  t h e  contents:  

1. User matrix name 

2. Po in te r  t o  assoc ia ted  e n t r y  i n  the parameter 
ca ta 1 oq 

The parameter cata log contains:  

1. F i l e  name where matr ix  is s tored .  

2 .  Mat r ix  row dimension. 



3. Matrix colunm dimension. 

4. Matrix t y p e  indicator specifying t h a t  t h e  
matrix is s tored  according t o  one of four 
possible  fornuts  - rectangular,  symmtric ,  
diagonal or nu l l  matrix format. 

5. Maximun reccrd s i z e  used. 

6 .  Number of records used. 

Access t o  the  two catalogs is performed by the  
ATLAS l i b r a r y  r o u u n e s  GMISRT and W K U P  (sec.  900) 
via t h e  common block EIATlX3 (sec.  100) . 
Fields k and B of the  rardom index name a r e  
determined a s  follows: Field A is  supplied as 
input irom t h e  ATLAS statement f o r  t h e  appropriate  
prcqram module. Field B is  updated sequentially 
for each ~ n d t x i x  record being t ransfer red  using t he  
ATLAS l i b r a r y  rout ine INCRB . 

400.3 SNARX MATRIX STORAGE FOWlAT 

A l l  taLles and matrices on the ATLAS communication f i l e s  
are stored according t o  t h e  SNAhR matrix format. I n  
t h i s  sormat each loqica l  record has the following 
s t ruc ture :  

I I 
I SNARK Header Information I 
1 
I I 
I I 
I Matrix Body I 
I I 
I ----- i 
I 1 
( Checksum Word I 

The characteristics ot each o i  these record components 
a r e  described i n  the subsequent subsections. 

4OG.3.1 SNARK header Information 

The SNAKX header infornutlon, as shown i n  table 400- 1, 
i s  s tored  and re t r ieved  by SNARK statements 
DEFID,EXTID,EXTAUX, and STji3AUX (rei . 10-1) . 



Table 400-1 SNAkK Matrix Header Information 

Word 
I 

1 Cant ent s L 
I 1 
I Contains MATRIX1 i n  H-format 1 
I I 
1 S W k K  matr ix  type ind i ca to r  (H-format) which I 
I i s  one ai the following: I 
( REAT., - Xatr ix  body contains  f l o a t i n g  po in t  I 
I n u n h r s  only. Zero elements w i l l  not  1 
I be s to red  on disk. I 
1 MIXED - Matrix body conta ins  f l o a t i n g  point, I 
I integer and/or alphanumeric I 
I i r~formation.  Zero words w i l l  be I 
I t r a n s f e r r e d  t o  disk. I 
1 DIAGWAL - Matrix body contains  a diagonal  I 
I mdtrix s to red  as a vec tor*  I 
I NULL - F a t r i x  body contains  zero elements 1 
i only. No matr ix  elements a r e  s to red  
I on disk.  I 
I I 
1 Submatrix row d i i ens ion  (=m) I 
I I 
I Submatrix column diinension (=n) I 
I Note that the product m*n should be equal  I 
I t o  t h e  l eng th  of t k e  ~ r a t r i x  body. m and n I 
I w i l l  t he re fo re  o f t en  not  be t h e  t r u e  dimension! 
I of t h e  matrix.  I 
I I 
I Pointer  t o  w o r d  6+k I 
I I 
I Matrix riame, with t h e  tirst word being the  I 
I d a t e  of the matrix generat ion (k words t o t a l )  1 
( Kote t h a t  matr ix  name is not  t h e  same, o r  I 
I assoc ia ted  w i t h ,  t h e  m h t r i x  index name (see I 
I ref. 10-1) .  I 
I I 
I Ten words containing t h e  user @s a u x i l i a r y  ID .  I 
1 I n  ATLAS t h e  f i r s t  two words of the I D  a r e  I 
I reserved f o r  t h e  f ollowlng information : i 
I I D 1  - Contains the c m n i c a t i o n  file name I 
I 1D2 - Contains the  matrix index name I 
1 This in forne t ion  i s  generated and used by t h e  I 
I checkpoint / res tar t  c apab i l i t y .  I 
I I 
I N o t  used I 
I I 
I I 



The SNAHK matr ix  type si:ecif id i n  word 2 of t h e  header 
is used by the  I/Jd rou t ines  t o  deternune whether o r  not  
the c o n t s r ~ t s  o i  t h e  matrix ho* can be cqmpressed when 
t r ans fe r r ed  t o  disk, o r  expanded when t ra , l s fe r red  t o  
core  s tc rage .  I t  has no r e l a t i o n  t o  the matrix types  
def ined  for user  matrices i n  sec t ion  400.2, which w i l l  
be fu r ther  described i n  the following s e c t i c ~ ~ .  

400-3.2 Matrlx Body  

The t i xed  name l r~a t r i ce s  do not  have a common s torage 
format f o r  the matrix body. Reference 1-2 should be 
cansul ted j-n each p a r t i c u l a r  case t o  explain  the 
contents .  

The type of user  matrix, as i d e n t i f i e d  i n  the user 
matrix cata log,  r e f l e c t s  a s p e c i a l  format of the SNARK 
matr ix  body. These f o n a t s  far rec tangula r ,  symmetric, 
diaqonal  and n u l l  matr ices  a r e  described below. 

a .  Rectangular Matrix 

X I - X n :  The elements of a row of a matrix. 
KOWS a r e  s t a r e d  consecutively,  each 
row being contained compl+tely 
wi thin  a data  record. 

b. Symmetric Matrix 

1: Row nunber i n  matrix 

J: Column number of first nor1 zero matrix 
element i n  row I 

X I - X d :  F l r s t  non zero element i n  row I throuah 
the diagonal matrix element, hows a r e  
s to red  consecutively,  each row up t o  and 
including t h e  diagonal  element being 
completely contained within a da ta  record.  



c. Diagonal matrix 

The diagonal matrix elements are  stored a s  a 
vector, 

d ,  h b l l  Matrix 

Each null ~ ~ l a t r l x  must be represented by one data 
record i 1 1  order t o  be recognized by the 
checkpoint/restart  f a c i l i t y  . The corltents of t h e  
nlatrix body are not interrogated. 

4 0 0 . 3 . 3  Checksuu Word 

The checksum word 1s set and interrogated by the 
SNAKK I/p rou t ines  t o  check the i n t e g r i t y  ot t h e  
aata transter. The word contains the louical sum 
of the complete matrix record, except word 6 ( the  
date) of the  SEiARk header. The checksum is 
computed by the BCS l ibrary rout ine  LC'KSUM. 



5 0 0 .  ATLAS SYSTEM OPERATION 

The AT- system is  maintained on both tape and disk .  The 
following sections discuss  the? methods used t o  ensure syster 
in teqr i ty ,  t o  standardize checkout procedures, and to gain access  
t o  e i ther  ATLAS system. 

7 - .,:,:.it& l!&.jJT FYMEII ' r  . ,  , 500.1 
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501. ATLAS SYSTEM FILES 

The ATLAS 3 -0 system is  kept  on two maynetlc tape:;, t h e  
r e l o c a t a b l e  t a p e  and the abso lu te  t ape ,  and two s e t s  of permanent 
f i l e s .  

501.1 RELOCAT-LE TAPE 

The r e l o c a t a b l e  t a p e  con ta ins  a l l  of t h e  f i l e s  necessary  
fo r  ATLAS code development (see sec .  502) : t h e  UPDATh 
p r o g r m  l i b r a r y  (!XDYL) , r e l o c a t a b l e  f i l e s ,  and dummy 
rou t ine s  f o r  each Frocessor,  all system l i b r a r y  
rou t ines ,  and t h e  pxecornpilers ( f o r  tape s t r u c t u r e ,  see 
sec. 505.1). 

501.2  AbSOLUTE. TAPE 

The abso lu te  tape con ta in s  a l l  of t h e  f i l e s  necessary  
f o r  an  ATLAS execution:  the abso lu te  code f o r  each 
processor,  t h e  system l i b r a r i e s ,  and t h e  precompilers 
(for t ape  s t r u c t u r e  see sec, 505 -2 )  . 

501.3 ATLAS PERMANENT FILES 

One se t  of ATLAS permanent f i l e s  is a d e v e l ~ p m e r ~ t a l  
ve rs ion  of t h e  code £ram t h e  l a t e s t  abso lu te  tape. The 
i i les  are gene ra l l y  replaced a f t e r  every update t o  t h e  
system but  a r e  s u b j e c t  t o  change 3nd do n o t  always 
r e f l e c t  a s i n g l e  abso lu te  t ape .  The o t h e r  set of 
permanent f i l e s  i s  from t h e  r e l ea sed  abso lu t e  t a p e  and 
is intended f o r  production use. 



502. A T I A S  SYSTEM MAINTENANCE 

Moditicat ion o t  t h e  ATLAS code is based on t h e  f i l e s  on t h e  
r e loca t ab l e  tape,  which conta ins  an UPDATE program l i b r a r y  
(VLDPL), t h e  r e loca t ab l e  decks in load order ,  and a dummy deck 
t o r  each n~odule. 

The UPDATE f2JLDPL contains  a source code deck f o r  each 
rou t ine  and C$9MDELXs f o r  most of the c. .nmon b l o c k s  i11 
t h e  processor. The deck names coincide wi th  t he  names 
of t h e  subrout ines  and t h e  comnon blocks, Only one 
source  deck i s  used f o r  each rou t ine ,  d e s p i t e  mul t ip le  
uses  of the rou t ine  i n  t h e  processor. WEEiLAY cards are  
not  needed on Frograms s i n c e  the dummy rou t ines  supply 
a l l  such cards.  

The decks i n  t h e  WDPL a r e  ordered a lphabe t i ca l ly  i n  
t h r e e  groups: C@lDE;CKs, S N M  decks, and WRTRAN 
rou t ines .  Two s p e c i a l  decks, NpIBppJM, which follows t h e  
S W K  decks and NpF@R!t%, which follows t h e  FpRTRAN 
decks, a r e  w r i t t e n  t o  t h e  CpMPILE f i l e  each t ime a 
mddule is updated. NpWBJM contains  a dummy SNARK 
program and a *CWEpR 15 card,  which writes an end-of- 
f i l e  m r k  on t h e  WMPILE record. NpLF$3HTN is a dumny 
FgWI'RAN rou t ine ,  This  procedure r e s u l t s  i n  t h e  CJdMPILE 
f i l e  always having two f i l e s ,  one of S N A .  rou t ines ,  one 
of FPRTRAN rou t ines .  

502.2 RELOCATABLE FILES 

Each r e loca t ab l e  file contains  a l l  of t h e  WERLAY cards  
and re loca tab le  code necessary t o  load a module 
(excluding code from the  l i b r a r i e s ) .  Thus, i f  a rou t ine  
appears in t w o  over lays  of a processor,  it appears twice 
i n  t h e  r e loca t ab l e s .  

502.3 IjUMMY ROUTINES 

h c h  module has a s e t  o t  dummy rou t ines  assoc ia ted  with 
it cons i s t ing  o ~ i l y  of WERLAY, PRgJGRAM, SUBRgUTINE, and 
END cards.  This deck determines t h e  over lay and 
subroutine s t r u c t u r e  of t h e  module code. I t  is used i n  
conjunction with  t h e  CWYLL u t i l i t y  t o  bu i ld  the  
reloccltable f i l e  f o r  t h e  mdule .  



502.4 MAINTENANCE PROCEDURE 

Changes t o  an ATLAS processor  code a r e  made wi th  
upaates .  A system update,  invo lv ing  s e v e r a l  p rocessors ,  
w r i t e s  a new r e l o c a t a b l e  t a p e ,  l o a d s  t h e  e n t i r e  system 
dnd writes a new a b s o l u t e  t a p e -  

Each system update  is numbered s e q u e n t i a l l y  ( T J D E ,  
UD02,. . .) . This  number is  r e i l e c t e d  i n  t h e  UPDATE IDENT 
cards .  Dummy UPDATE IDENTS are pre f ixed  by a Do me 
name p o r i i a n  of Lhe UPDATE I D E N T  is taken from t h e  name 
of t h e  module, a s  a r e  t h e  names o i  the  @LDPL, 
r e l o c a t a b l e  and a b s o l u t e  files. 

For processor  XXXXaaaa: 

XXXX(2LD - Update l i b r a r y  f i l e  
XXXXREL - Reloca tab le  f i l e  
XXXXJ2ILF - Absolute f i l e  
*IDENT XXXXnn - Update t o  code, system 

update  nn 
*IDENT DXXXXnn - Update t o  dummies, system 

update  nn 

5(~2.5 ATlSiS  AND DUMMY 

The (A1ZAS,O ,O) o v e r l ~ y  of ATLAS is r e f e r r e d  t o  a s  t h e  
rea l  ATLAS. The r e l o c a t a b l e  i i l e  f o r  t h i s  o v e r l a y  is  
ATLhSk and i ts  source  code is  i n  ALIBPLD. A s p e c i a l  
procedure i s  used when load ing  ATLASh t o  i n s u r e  t h a t  a l l  
CDC Record Manager r o u t i n e s  needed throughout  t h e  ATLAS 
system are loaded i n  t h e  (ATLAS,O,O) over lay .  The 
resu l t ing-  f u l l  load  map is  then  scanned by a program 
c a l l e d  AUTpDUM which g e n e r a t e s  compass source  code. 
This  source code is  compiled and forms  DUMMYR. When 
DUMMY& i s  loeded t o  form the (DUMMY , O , O )  ove r l ay ,  t h e  
r e s u l t i n g  absol U t e s  d u p l i c a t e  the (ATLAS, 0,O) o v e r l a y  
wi th  i d e n t i c a l  common blocks,  r o u t i n e s ,  and e n t r y  
p o i n t s .  Th i s  enables o v e r l a y s  loaded w i t h  DUMMYR t o  
execute  with die (ATLAS,O ,a )  m i n  over lay  which was 
loaded p rev ious ly .  A l l  ATLAS primary and secor~dary  
over lays  i n c l u d i n g  the C m j d L  o v e r l a y  a r e  loaded w i t h  
DUMMYK. Whenever a n  update i s  made t o  any r o u t i n e  which 
is loaded i n  the O , U  ove r l ay ,  ClUMMYh must be remade t o  
retlect changes i n  r o u t i n e  l e n g t h s  and e n t r y  p i n t s .  



5 0 2 . 6  V U S 1 O N  IDLNTIFICATION 

Inf ornlation identif y i r ~ y  the versiorl of ATlAS being 
executed is stored i n  the VIPER common block (sec. 
1 0 0 . 2 . 1 0 )  . The r o u t i n e  VEEiSl@J i n  VLIa sets up the 
v a l u e s  i n  VIPER. VLIB i= loaded with t h e  contro l  
program. Each tirne the ATLAS system is loaded us ing  the 
LpADttEL procedure on CATM (sec. 5 0 3 . 2 . 8 )  , the program 
TRACE generates  source code far VERSIpN. This source 
code is  compiled and t h e  VLIB l i b r a r y  i s  made from the 
xes l l l t ing  r e l o c d t a b l e s  o f  VERSIjdN. 



503. CATALOGUED PHCCEDUHES 

Cor~t ro l  c a r d  procedures  axe used w i t h  the CA1.L utility t o  
s i n p l i f  y t he  running  of d job, The ATLAS pror:eZures are on f i l e  
CARrl, and are used for ATLAS program exec- tio or is, and main tenance  
and  checkout  rr-ns. I n p u t  and o u t p u t  refei: t o  f i les r e q u i r e d  or  
produced by the procedure .  Reserved names are those f i l e s  o r  
registers which w i l l  be modi f i ed  i n  t h e  procedure.  

AT@DISK, ATTACH, CPNTRjaL, DRBPRNF, FILES, W T R P L ,  SHWT 

PUhPOSE - ATPDISK c o p i e s  *he absolute t a p e  onto s e p a r a t e  
d i s k  t i les .  

USAGE - C P L L  (CATM ,ATWISK) 

INPUT - ATLASMT, t h e  ATLAS a b s o l u t e  tape.  

OUTPUT' - All files named i n  s e c t i o n  305.2 except CATM. 

HESEkVED Nki&S - None 

503.1.2 ATTACH 

PURPOSE - ATI'ACH g e t s  the permanent f i l e  versicn of 
ATLAS. 

USAGE - CALL (CATM ,ATTACH) 

INPUT - None 

OUTPUT - The ATLAS permanent files 

RESERVE3 NAMES - None 

PURPOSE - CgNTRpL compi les  and l o a d s  an A-S c o n t r o l  
program c o n t a i n i n g  no SNARK s t a t e m e n t s .  

USAGE - CALL [CATM,CjiWTRjA,) or 
CALL (CATM, C$3F??$% (JIPUT=inr i l e ,  
$JUTPUT=outf i l e )  ) 

INPUT - A f i l e  cor l ta inir~cj  the u s e r ' s  ATLAS c o n t r o l  
yrogrm. D e f a u l t  i s  INPUT. 



OUTPUT - a .  Overlay fiAe C m j b Z  con ta in ing  t h e  
a b s o l u t e s  cf the  c o n t r o l  program. 

b. A f i l e  m n t a i n h g  the listings from the 
conlpiliny and loading,  D e f  aul * is 
aUTPUT. 

RESERVED NAMES - CREL, PEL, QX8, QX13, QX18, FO, F1, 
F3, F3, F4 

PUWOSE - LKpPRNF r e t u r n s  t n e  data c o m n i c a t i o n  f i l e s  
t o  f a c i l i t a t e  m u l t i p l e  ATLAS runs  i n  one job, 

USAGE - CALL (CAW.,DRmHNF) 

IMPUl - None 

OWL'PUT - None 

503.1.5 FILES 

PUkPOSE - FILES gets t h e  development ve r s ion  of ATLAS 
from permanent f i l e .  

IWUT - None 

OUTPUT - The ATLAS development v e r s i o n  permanent files 

RESERVED NAMES - &one 

PURPOSE - Kphl'H$TL compiles and loads  a n  ATLFiS col . t ro1 
program con ta in ing  SNIiKK s ta tements .  

USAGE - CALL(CBT~I,K~JNTR@L or 
CALL (CATM ,KBMI%$3L (lNPUT=inf i l e ,  
@JTPUT=cutf i l e )  ) 

INPUT - A f i l e  containincj the u s e r s  ATLAS c o n t r o l  
program. D e t a u l t  i s  INPUT. 

OUTPUT - a. Overlay f i l e  CpNl'RpL conta in inq t h e  
absolutes of t h e  c o n t r o l  prwram.  

I . .  ,-&r . - . .  . .w.*<tr 



b. A f i l e  containing the  l i s t i n g s  from the 
compiling and loading- Default i s  
$iWI"I'UT. 

RESERVED NAMES - CREL ,REL, QX8 ,QX 1 3 ,  
Q X 1 8 , F O , F I , F 2 , F 3 , F 4 , F 5  

PUhPOS'E - SHpRT gets a short portion of the  permanent 
f i l e  version of ATLAS 

USAGE - CALL (CAaM,SHJBRT) 

INPUT - hyne 

OUTPUT - The ATLAS permanent f i l e s  for control 
p r o g r a m s ,  input,  output, and print .  

RESERVED NAMES - None 

A W F I U ,  AVTAPE,  DH$PABS, DAWREL, DUMUDT, FICHE, 
LIBRARY, LBADREL, RLWABS, REHREL, R T m I S K ,  RTWILE,  
hT@LGg, RTprrAPE, UPDATE, PRkCUP, FULLUP 

PURPOSE - ATpF'ILE copies the absolute tape f i l e s  to one 
f i l e ,  ATLkSMT- 

USAGE - CALL ( CATl-1, AT@' ILE ) 

INPUT - ATLkS absolute f i l e s  (sec.  5 0 5 - 2 )  

OVTPUT - ATLASMT 

RESERVED NAM= - None 

PUNPOSE - ATEAPE copies  the  absolute f i - e s  t o  tape. 

USAGF - CALL (CATM , A'l'$ThPE) 

INPUT - ATIAS absolute f i l e s  ( s e c .  505.2)  

OUTPUT - F l l e  MT on +.ape arid a catalog of MT on WTPUT 

R E S E R m D  NAMES - None 



YLIRl'uSI.: - L)Q4lbAL;S rt>t uxxls d l  1 oi the ATLAS ,*hsol ut e 
t 1lcs . 

PLIHt'OSk - lihjdl'h?':, l t>turns  ,111 01 t h e  t i l e s  f r c m  tlle 

rtbloc-,it,+blt? Liijt. e x c y p t  CATFl 

5 u  3. .! . 5 ------ DtIP?LJbT 

I'UhP0:;E - L~UM1IL~'i' is used t.o \ l k x l l i t r  tilt. ~II~ITUIQ? dec-ks- 

U:AGC - CALL ( L ' A ~ : ,  ol.lrwD1r (HL-L=XXXXREL, 
I N I ' l i r - i r : i  i l t ~ , ~ l l T P l l T - o u t 1  i l e )  ) w h t \ r r  XXXS art> 
t h t b  f il st f utu- let t PI-s oi t lit. ~aodulr n,3mt. , 

KESEHWI) NA;IE:S - PLDPL, C(AVPliE:, c'JdR, VUT, NEW, R l  

PUHI1d:;k: - Flc'lik: w r i t  1's t ht. j3LlT'PLlT tile t 0 tnk't3 for' ldtt'r 
use , is  micl-otiche i n p t ~ t  - 



OUTPUT - File FT on tape 
HESERVED NAMES - FO 

PURPOSE - LIBRARY produces ATIASL f r o m  ALIBREL and 
SNKLFcEL, C Z I B  t r o m  CLIBREL, ILIB f r o m  ILIBREL, 
and SNKLIB f r o m  SNKLREL. 

USAGE - CALL(CATM,LIWRY) 

INPUT - ALIBREL, CLIBKEL, SNKLKEL, I L I m E L  

OUTPUT - A W L ,  CLIB, I L I B ,  SNKLIS 

RESERVED NAMES - LIB 

PURPOSE - ?,BADEcEL is used t o  load the ATLAS relocatables 
d u r i n g  an update. 

USAGE - CALL (CA'I?l ,LjdALlREL) 

INPUT - ATLAS relocatables afl LGP and ATLASL 

OUTPUT - ATLAS absolute k i l e s  

HESELVED NAMES - None 

PURPOSE - KEWABS rewinds the f i les  from the absolute 
tape.  

USAGE - CALL (CAW*,REkRBS) 

INPUT - ATLAS absolute f i l e s  

OUTPUT - Kone 

HESERVED NAXES - N o n e  

PURPOSE - R E W L  rewinds the f i les  f r o m  the relocatable 
tape. 

USAGE - CALL(CATM,REWREL) 



I N ~ ' U T  - A11 f i l e s  from the relocatable tape 

OIJTPUT - None 

hESEHVED NAMES - None 

PURPOSE - K ' W I S K  copies the relocatable  tape onto 
separate t i l e s .  

INPUT - ATLUSRT, the m u l t i - f i l e  f i l e  from tape.  

OIJTPUl' - A11 flies i n  s e c t i o n  505 .1  except CATM. 

PURPOSE - kTpFILE copies a l l  of the  re locatable  tape 
f i l e s  t o  one f i l e ,  ATLASXT. 

USAGE - CALL (CATM ,RTjiX?ILE) 

INFUT - ATLAS relocatable tape t i les.  

OUTPUT - ATLASRT 

RESERVED NAMES - None 

PURMWC - R m G p  copies a l l  oi the  rt>locatabltx f i l e s  to 
LGg i n  preparation for loadiny . 

USAGE - ChLt(CATiY,HTj&C~) 

1NPUT - A T U !  relocatable t i l e s  

KESEHVED NAMES - N o l i e  

PLJKPOSE - RTj8l'APE c c p i e s  the relocatable ta~lt. f i l e s  to 
t d l t J .  



INPUT - The ATLAS relocatable f i les 

vUTPUT - F i l e  HT on tape and a catalou of R T  on jiWI"I'UT 

HESERVED NAMES - ATLkSHT 

503.2.15 UPDATE 

YURPOSL - UPDATE is used t o  update the module f&DPLgs 
and relocatables.  

USAGE - CALL (CATM, UPDATE (UDL=XXXX$BLD , 
REL=XXX.XhEL, I N P V T = i n t i l e  , v U T = o u t f  i l e )  ) 
where XXXX are the f i r s t  f o u r  l e t t e r s  of the  
module name. 

XNPljT - UPDATE correction s e t .  Default file - INPUT. 

OUTPUT - d. Ipdated PLDPL and relocatable * i l e s .  
b. List ings on f i l e  t tou t t l l ew (default- 

WTPUT) 

HESERVEB N A i i E S  - @UPL, CPMPILE, SNAMF, QX8, QX13, 
QX18, Cm, J6L3, NEW, R 1  

PURPOSE - PRECUP i s  used to uplate a precompileras 
VLDYL, re loeatables ,  anci absolutes 

USATE - CALL (WI'M, PkECUP, N (UDL=XMmDP 
I;EL=XXXREL,ABS=&sffie, 
INFUT=intile,pUWUT=outf ile) ) 

where X-XX dre t h e  3 characters ident i fy ins  t h e  
~ i -econ ip i l e r  . 

INPUT - Update cor rec t i a l  set .  Default file=INPUT 

OUTPUT - a. Updated mDPL and relocatable and 
absolute files 

b. List ings on nout i i le*@ - gUTPUT 

KESE3iVE.D NAMES - $%DPL, ClnMPILE, MACF , 
QX8,QX13,QX18 ,BMw,BNEW 

PURPOSE - FULLUP is used  t o  make a full update of a 
modulees j&DPL and relocatables t o  get a 
complete program l i s t i n g  



USAGE - CALL (CATM, FUUUY, N (UDL=)rxXXim,D, 
HEL=XXXXKEL, INPUT=i&-i le  plllTPUT=outf i l e )  

where XXXX art the  f i r s t  tour letters of t h e  
module name 

INPUT - UPDATE c o r r e c t i o n  s e t .  Defau l t  f i l e =  1Nt3T 

OllTPUT - a - LJ@ated jdLDPL and r e l o c a t a b l e  f i l e s  
b. Listing on t i l e  t m o u t f i l e m t  ( d e f a u l t -  

PUTPUT) 

RESERVED NAMES - jdLDFL ,Cf6MPILE, SNA-MI?, 
QX8,yX13,~X18,C~R8@LD8N~,R1 

503.3 CHECKOUT PROCEDURES 

PURPOSE: - CHEKPUT is used t o  write the ATLAS checkout 
decks t o  tile CHEKpUI'. 

USAGE - CALI, (am, CHEKpW (INPUT=inf ile, 
@UlPUT=outf i le)  ) 

INPUT - File of UPDATE d i l e c t i v e s .  Default-INPUT 

OUTPU? - a, The checkout d e c k s  r e q u e s t e d  on 2ile 
cXEK@JT 

b. L i s t i n g s  on m o u t t i l e n  ( d e f a u l t  - @JTPUT) 

RESERVLD NAMES - None 

PUWOSE - CHEKRUN i s  used t o  run the checkout decks  

USAGL = C A L L  (cATM ,CHEKRUN (G=n, INPUT=inf i l e  , 
jRJTFUT=outt i l e )  ) where n i s  t h e  number of 
decks t o  be run.  

lNPUT - F l l e  of ukddte directives. Defaul t  - INPIIT 

OUTPUT - L i s t i n g s  of n  ATLAS e x e c u t i o n s  on I t o u t f i l e n  
( d e t d u l  t-PUTPUT) 

RESERVED NAMES - A l l  data t i les ,  FO, F1, F2, F3, Fib, 
F5,  QX8, QX13, QX18, CREL, REL, 
c m m 8  k1 



PURPOSE - C W N T  is used to write the ATLAS checkout 
form I n  the d a y f i l e .  

USAGE - C A U  (CATM, C W E N T )  

INPUT - None 
RESERVED NAMES - None 

PURPOSE - DATAUP is used to perform updates to the ATLAS 
checkout decks. 

USAGE - CALL(CATM,DATAUP(INPUT=intile, 
(LTLJTPUl.=outf i l e )  ) 

INPUT - UPCATE correction set. Default - INPUT. 
OUTPUT - a .  Updated PLDPL (CHEKBLD) . 

L .  M o d i f i e d  d e c k s  written to  CHEKWT, 
c. Lis t ings  on "outf i len.  ( d e f a u l t  - 

WJTPUT) 

RESERVED NAMES - NEWPL 

PURPOSE - D W I S K  copies Q-lEK$dLD from tape file IT. 

USAGE - CALL (CATM , DTODI SK) 

INPUT - F i l e  IT on t a p e ,  

OUTPUT - CHEKPLD 

HESERVW NAMES - 17, 



PURPOSE - DTjdl'APE copies CaTM and CHEQiYLD to tape f i l e  
(2IT - 

USAGE - CALL (CA'I'M , DTPn.AF'E) 

INPUT - CATM, CHEKPLD 

OUTPUT - Tape t i l e  PT and a cataloq of pT on BUTPUT. 



504. ATLAS CHECKOUT DECKS 

ATLAS checkout decks a r e  maintained on t a p e  i n  an UPDATE 
WDPL format. The decks are maintained and run  us ing 
procedures on f i l e  CATM (sec. 503.3). 

The checkout runs  conform t o  t h e  fol lowing requirements: 

a .  da ta  t a p e  o r  f i l e  manipulat ions are no t  allowed; 
b. each deck is execu tab le  a s  a s tandard  ATLAS job; 
c. matr ix  checksums are pr in ted .  

They are set up a s  fol lows:  

$DECK XXXXnn (o r  YXXXXnn) 

BEGIN CjBNTRpL MATRIX P R p W  XXXXNN (o r  YXXXXNN) 
PRBBLE,M ID 

C 
C 
C 
C comments de sc r ib ing  deck 
C 
C 

CALL RE.QFL ( k i e l d  l eng th)  

checkout c o n t r o l  program 

3wEpIIi 
ATLAb checkout da t a  ( i f  r equ i red)  

3WEpIII 

Each deck name is t h e  same as t h e  con t ro l  program name and i s  
cons t ruc ted  fron. the module name and t h e  deck number, e.g., 
prJILSSO1. I f  t h e  deck tests any of the fol lowing 
c l a s s i f i c a t i o n s ,  t h e  p r e f i x  Y of t h e  above example is 
replaced with tile appropr ia te  l e t t e r .  

Preprocessor - I 
Postprocessor - 9' 
P l o t  - P 
Library  r o u t i ~ l e  - L 

CpMDECKs should start w i t h  a C , e . g .  , CSTIF03. 

Every con t ro l  program must be a SK,WK program. 

The PEc(dEiLEM I D  b r i e f l y  de sc r ibe s  t n e  checkout deck. 



Comments f u l l y  de sc r ib ing  t h e  purpose of t h e  checkout deck 
fo l low t h e  PkjaBLEM 1D statement.  These comments supply the 
r o l  lowing information:  

C 
C Module 
C 
C Purpose 
i. 
C Author 
C 
C Run Elistory 
C 
C Updates 
C 
C Run Cost - CRUs, CP Time 
C 
C Core 
C 
C References 
C 
C Method - i nc lude  a e s c r i p t i o n  of any checkout switches 
c 
C Routines Checked 
C 
C 

The ca l l  t o  REQFL reques t s  the r i e l d  l eng th  needed for 
execution.  This  call al lows the econonucal running of the 
deck without  exact knowledge ot the core  requirements.  

The con t ro l  program is ter:ninated by a $WEpR card.  Any 
checkout data pre sen t  is terminated wi th  a second $WE@l- 



5 0 5 .  TAPE STRUCTURE 

505.1 RELOCATABLE TAPE 

F i l e  - Name - 

) 
L. CATN 

D U M N L D  
hCI-D 
AClWEL 
A C I  
S V  STPhP 
U ' C p n D  
APCREL 
ATLASPC 
iWC$iTLD 
MACREL 
MAC 
MACLIB 
SNKWD 
SNKREL 
SNARK 
STKLPLD 
SNKLHEL 
SNKLIB 
'IXAC$&D 
TRACREL 
TRACE 
ATLASR 
ATLAS 
DUMMY R 
ALlEQLD 
U I B R E L  
C Z I  BREL 
ILIBJIILD 
U I B R E L  
ADDIPLD 
ADDIREL 
AF 1 OgLD 
AF'lOREL 
L ' H W L D  
CHBLmL 
UESIPLD 
DliSUEL 
DUBLgnD 
DURLKEL 
EXTRPLD 

Contents 

ATLAS control  c a d  procedures 
w i t h  random access t a b l e  
ATLAS control  card procedures 
without rarldon~ access table 
Dunmy deck PLDPL 
ACX PLDYL 
A C I  re locatables  
ATLAS Catalog In terpre ter  
A C I  s t a t ement  f i l e  
LiTLASPC @LDPL 
ATXASPC relocatables  
ATLAS precompiler 
MAC 0LDPL 
PAC relocatables  
MAC precompiler 
IXAC library 
SNEJcK @WFL 
S N A l l K  relocatables  
SNARK precompiler 
SNRHK l i b ra ry  W P L  
SNmK library relocatables  
SNARK l i b r a r y  
TRACE mDPL 
THACE re loca tdbl rs  
TRACE program 
@VERLAY (ATLAS, 0,O) relocatables 
p V E U A Y  (ATLAS, 0,O) absolutes 
~VERLAY (D~JMMY, O , 0) reloca tables 
ATLAS l i b ra ry  a D P L  
ATLAS l i b r a r y  relocatables  
Control library relocatables  
In terac t ive  control  library VLRPL 
In terac t ive  control 1 ibrary relocat Ales 
Add/Interpolate WDPL 
Add/Interpolate relocatables  
A F ?  9LDPL 
AF1 relocatables 
CHmESKY @9P1> 
CHWESKY relocatables  
D E S I G N  PLDPL 
DESlGE relocdtables  
Coublct Lat t ice  mDPL 
Doublet Latt-ice relocatables  
EXniACT VLDPL 



EXTRREL 
FLEXPLD 
FLEXR EL 
F'LUWLD 
F'LUTHEL 
C;kAPPLD 
GRAPREL 
INPT@LD 
lNYTEtEL 
I N T E m D  
INTEREL 
WADpnD 
WADhEL 
MACHPLD 
MACHREL 
MASSPLD 
rnSSKEL 
MEH(;BLD 
MLkGlUz 
MULWLD 
MULTREL 
mw=J 
@l'PTREL 
PRNTBLD 
PRNTREL 
RHjd 39LD 
hHV3REL 
SI'II?@LD 
STIFREL 
STREBLD 
STREREL 
VIBKPLD 
VIBRKEL 

505.2 ABSOLUTE TAPE 

F i l 2  -- Name - 
CATM 
AC I 
ATLASPC 
SNARK 
sYSTVHB 
ATLASL 
CLIB 
ILl B 
VLXB 
DUMMYH 
ATLAS 
ADDIPLF 
ELFlOgLF 

EXTRACT relocatables  
Res'dual F l e x i b i l i t y  jbLDPL 
Residual F l e x i b i l i t y  re locatables  
V-G FLUTTEX @LDPL 
V-G F lut ter  re locatables  
GRAPHICS mDPL 
GRAPHICS relocatables  
INPUT m b P L  
INPUT re lccatables  
I N T E R ~ A T I ~  0LDPL 
INTER~~UTIPM re locatables  
SPADS mDPL 
LVADS re locatables  
MACHBm PLDPL 
MkCqB(IIX relocatables  
MASS WDPL 
MASS re locatables  
MERGE PLUPL 
MERGE re locatables  
MULTIPLY WDPL 
MULTIPLY relocatables  
gUTPUT BLDPL 
BUTPUT re locatables  
PRINT P L D P L  
PRINT relocatables  
RH@ mDPL 
RHp3 re locatables  
STIFFNESS BLOPL 
STIFFKESS re locatahles  
STRESS 9LDPL 
STRESS re locatables  
VIBWrTIfi5N f2JLDPL 
VIhRATIm re locatables  

Contents 

ATLAS control  card procedures 
ATLAS Catalog Interpreter 
ATLASPC precompiler 
SNARK premmpiler 
ACI s t a t e m n t  f i l e  
ATLAS library 
Control l ibrary 
Interact ive  control  l ibrary 
V e r ~ i o n  l ibrary 
@~UGAY (DIMMY, 0,O) re locatahles  
BVERLAY (ATLAS, 0,O) absolutes 
Add/lnterpoldte absolutes 
A F I  absolutes 



BUCKPLF 
CHpI@LF 
DLSIVSF 
D U B W F  
EXTRPLF 
FLEXpLF 
FLUT@LF 
(;WIPpLF 
IhTTPLF 
lNO 29LF 
IR02PLF 
IN 0 3PZF 
IN0 4PLF 
INOSfXLF 
IN0 69LF 
I N O ~ ~ F  
INTLPLF 
WADBLF 
MACHPLF 
MASSgLF 
MEhWLF 
MULrnF 
prPq2JLF 
PRINBLF 
W.PI3EILF 
ST1 W L F  
STFd?PLF 
VIBWLF 

BUCKLING absolutes 
C1lBJ;ESKY absolutes 
DESIGN absolates  
Dotlblet Latt ice  absolutes 
EX'l!FlACT absolutes  
Residual F l e x i b i l i t y  absolutes 
V-G Flutter absolutes  
GRAPHICS absolutes 
INPUT absolutes 

1NTEf.tFpLATIpN absolutes 
L$ljADS absolutes 
PrACHEPR( absolutes 
MASS absolutes 
MEH(;E a b s ~ l u t e s  
MULTIPLY absolutes 
BUTPUT absolutes 
PRINT absolutes 
HHB3 absolutes 
STIFFNESS absolutes 
STRESS absolutes  
VIBRATIm absolutes 



600. ATLAS PREPHOCES30RS 

T h e  ATLAS Preprocessors read the da t a  f o r  the  var ious  
ATLAS Processors,  and i n c a r k x a t e  it i n t c  the 
appropr ia te  n a t r i c e s  f o r  subsequent use. This code a l s o  
reads  matr ices  from save f i l e s  generated i n  previous 
ATLAS runs. 

b00.2 ACCESS 

The &rep;ccessors a r e  a l l  over lays  on f i l e  INET$%F, 
which is  accessed by one of the following Control 
progra:: s tatements:  (sec. Z O O ,  r e f .  1-1) 

READ INPUT 
LpAD FILES ( p l i s t )  
LPAD MATRIX ( p l i s t )  

b00.3 RLAD INPUT COMMAND 

ATIAS data i s  divided i n t o  s ec t ions  beginniny w i t h  
"BEGIN came DhTAn records.  Upon encountering such 
records ,  c o n t r o l  is t r a n s f e r r ~ d  t o  t h e  a2propr ia te  
secondary overlay t o  process t h e  ensuing records.  
Secondary overlays,  n a t r i x  naming conventions dnd 
references  t o  appropr ia te  s ec t ions  of re fe rence  1-1 are 
given in t a b l e  600-7. 



T d b l e  600- 1 Prepocessor  Sccondarj Overlays ----------------------------------- ------- --------- --- ----- 
I LAME I 0 ~ ' E I i L A Y  I SECUNRAIiY I LEADING BA'JX.IX I REF I 
I I ?.?ILE I OVERLAY ( NwE LLETIER I ?-1 ( 
1 1 ( NUMBERS 1 1 SECT. I 
-.---------- ------------------------------------------------ 
I 9c I 
I LXMENTKEY I 
I GE$2METRY I 
I PrnTEXIAL ( 
( SUBSLT I 
I STttESS 1 
I MASS I 
I STlFFNESS 1 
I I N T E ; W C T  I 
1 FLUTTER I 
1 - 1  1 
1 DUBLAT 
I MACHBPX I 
! R H P 3  I 
I L m D S  I 
I D E S I G N  
1 DETAIL I 

These commw.ds r e s u l t  in the cal l ing  of overlap 
(Ih'PTj .F, 1,77B) . I f  the substructure options described 
i n  section 230, re ierence 1-1, axe used, overlay (1,?6B) 
is a l s o  cal led.  

b00.5 ADDITION O F  PF&PROCESSING CAPABILITY 

1. Change dimension of IDATA array.  
2. Change DATA statement fox IDATA array,  
3. Change l imt  on D@  loo^ ending on 

s tatenlent 12. 
4. I f  the new data e p a b i l i t y  involves the u s e  of 

severdl secondary overlays, fiow is controlled 
by var iables  LpVLY and NWLY i n  which the 
numbers of the current and next overlays a re  
stored. m e s e  are irl commol block /MpDUC@l/, 
which must. ?-so appear i n  the  secvlndary 
overlays. -. , which contains a scra tch  area 
for  commulscation between secondaries. 

5 ,  Chanqe IjATA statement for I N n F  a r r ay  to 
r e f l e c t  overlay f i i e .  



700. ATLAS TECHNICAL PROCESSORS 

Sections 701 through 716 discuss the code and structure of 
the ATIAS technical processors. The basic intent  i s  to make 
it possible f u r  programers, unfamiliar w i t h  the  cde, t o  
gain a f a i r  understanding of the functioning of the  module 
prior to actually readixg the code, ATLAS communication 
iiles, general program method, subroutine and common usaqe 
are a l l  presented w i t h  this intent .  



701.1 GENERAL INFORMATION 

701.1.1 Purpose 

1. bum a t  corresponding reduced f requenc ies  t h e  sets 
of g e n e r a l i z e d  a i r  farce matr ices ,  [Q], f o r  two or  
more l i f t i n g  surfaces, and/or 

2. i n t e r p o l a t e  over a  set  of g e n e r a l i z e d  a i r  f o r c e  
mat r i ces  f o r  an  array of reduced t r e q u e n c i e s  and K- 
va lues  t o  f i n d  air f crrce m a t r i c e s  a t  i n t e r m e d i a t e  
K-values, 

70 2.1.2 A c c e s s  

This  module is c a l l e d  from t h e  ATLAS c o n t r o l  program by 
t h e  EXECUTE ADDXNT(p1ist) s t a t e m e n t  (sec. 202, ref. 1- 
1) - 

7 0 1 . 2  MATRIX ACTIVITY 

X a m  

Inpu t  - 
1 ACMi joo 

Descr ip t ion  - F i l e  - 

Aerodynamic module AF 1 ORNF 
control matrix DTJBLRNF 

MACHRTkT 
RP33RNF 

FI>EXH ha? 
ADDIRNF 

Unsteady genera l i zed  AF f ORNF 
air f o r c e  matrices DUBLRNF 

MACHRNF 
RH93RNF 

ADDIRNF 
FLEXRNF 

ADDINT c o n t r o l  ma t r ix  ADDIRNF 

Unsteady genera l i zed  ADDIRNF 
a i r  f o r c e  m a t r i c e s  
(summed or i n t e r p o l a t e d )  



A d e t d i l e d  d e s c r i p t i o n  of the matr ix  formats is conta ined i n  
r e f e r ence  1-2. 

ADDINT c o n s i s t s  of one prinary over lay ,  namd  ADDMT, 
and tour secondary over lays  naned DECPAR, RSPW, RCCIW, 
and RMW. 

701-3.1 PERLAY (ADDI$ZLF,1,01 - ADDINT 

ADDINT e s t a b l i s h e s  l abe l ed  conmmn blocks  and directs 
program t low through secondary over lays .  No 
c d l c u l a t i o n s  or  input/output  are performed i n  ADDINT. 

DECFAI\: is called to 

a.  l n t e ~ p r e t  t h e  execut ion paranteters passed t o  ADDINT 
through the ATIAS comnion block /CWPARS/. 

b. head t h e  case-condit ion c o n t r o l  mat r i ces  w r i t t e n  by 
the unsteady aerodynamics module (s) and e x t r a c t  t h e  
a r r a y s  of K-values. 

c. Determine t h e  s t o r a g e  a l l o c a t i o n  r equ i r ed  by a l l  
subsequent ADDINT ovexlays. The a r r a y  s t o r a g e  is  
problem dependent.  

d. Any e r r o r s  d iscovered dur ing s t e p s  a - c w i l l  cause 
d i agnos t i c s  t o  be printed and ADDINT execut ion t o  
be t e rmi~ l a t ed ,  

70 1 .3 .3  JZIVERIAY ( A D D I ~ F ,  1,2) - RSPW 

For each i n r u t  K-value, RSPW reads  and suns  creneralized 
a l r  f o r ce  mat r i ces ,  [ Q ] ,  over a l l  s u r f a c e s ,  and w r i t e s  
t h e  s m e d  n ~ a t r i c e s  on either - 

a .  r" ')DIHNF as  a k u l l  rnatrix i f  no i n t e rpo l a t i o r .  i s  
de s i r ed ,  or  

h. SC'KAT1, i n  NPAHTS vec to r s ,  j.f it is t o  be read 
l a t e r  i n  kCCIW f o r  i n t e r p o l a t i o n .  The s i z e  of t h e  
vec to r s ,  IPSIZE, is determined by ava i . lable  c o r e  i n  
the nex t  module, RCC'IW, which w i l l  have t o  s t o r e  
two v e c t o r s  f o r  each o t  the N I N K  i n p u t  [ Q ]  ma t r i c e s  
a d  one vec to r  oi t h e  output  [ Q ]  matr ix .  



701.3.4 m R L A Y  (ADIIOLFF 1,3) - RCCIW 

KCCIk px.oduces g e n e r a l i z e d  a i r  f a r c e  m a t r i c e s ,  [ Q I, t o r  
intermediate K-values by i n t e r p o l a t i n q  between t h e  [ Q ]  
ma t r i ces  c d l c u l a t e d  i n  HSPW. Fur each p a r t i t i o n  i of 
t h e  [ Q ]  n a t r i c e s  yelierated i n  RSPW r e p e a t  steps d., b., 
c., and d. 

a .  Read p a r t i t i o n  i of all N I N K  [Q] m a t r i c e s  from RSPW 
i n t o  the  rows of the niatr ix [ G F K I P ]  which is  of 
size N l N K  x IPSIZE. 

b. Usinu t h e  s u b r o u t i n e s  CfR4CUb k i t  a cha in  of cubics 
t h ~ o u g h  each of the vectors formed by columns of 
[ GFKIP ] and the correspondirlg K-values. T h i s  w i l l  
produce a m a t r i x  of s l o p e s  whose elements  
correspond t o  those  of [ GF'KIP]. 

For each ou tpu t  K-value r e p e a t  steps c. and d. 

c. Determine the a p p r o p r i a t e  K-value i n t e r v a l  and 
i n t e r p o l a t e  f o r  a p a r t i t i o n  of t h e  ou tpu t  [ Q ]  
matr ix.  

d .  If NPARTS = 1, w r i t e  t h e  [ Q ]  matrix ancf t h e  c o n t r o l  
m a t r l x  t o  ADDIKNF. I f  NPARTS>l, write t h e  v e c t o r s  
t o  SCRAT1. 

.7 0 1.3.5 @V=LAI! ( I F  1 - RW 

HMW is c a l l e d  t o  rebd the NPAKTS partitions o k  each 
i n t e r p o l a t e a  [Q], merge t h e  p a r t i t i o n s ,  and w r i t e  t h e  
f i n a l  n~aQices  on ADDIkNF. The c o n t r o l  ma t r ix  is  a l s o  
w r i t t e n  on to  AIIDIRNF. 



701.4 COMMON BLOCK USAGE 

----------------------------------------- ------ ---- 
I hAME I ( 1 ~ 0 )  I (1 ,1)  I ( 1 ~ 2 )  I (1 ,3 )  I ( 1 ~ 4 )  1 
I 1 ADDINT I DECPAk I RSPW 1 KCCIW I RMW I 
I I I I I I I ------------------------------------------------------------- 
I I I I I I I 
I CpXPAHS 1 I X I I I I 
I GHRm I x 1 I I I I 
I KoRNDM 1 x 1 x I 1 I I -------------- - -------- ------------------------------ -------- 

701.4.1 C$ilNPARS 
KEKRBH - ATLAS system conanon b l o c k s ,  d e s c r i b e d  
KQRNDM i n  s e c t i o n  100.2. 

701.4.2 EKKCBM - Conta ins  a  coun t  of t h e  number of f a t a l  e r r o r s  
d iagnosed  by ADDINT. 

FILCPM - Cent-dins the naxnes of t h e  ADDINT s c r a t c h  and 
o u t p u t  f i l e s  and t h e  names t o  be a s s i g n e d  t o  
o u t p u t  m a t r i c e s ,  

KINCpM - Conta ins  the array of i n p u t  reduced 
f r e q u e n c i e s  (K-values) . 

KmCpM - Conta ins  t h e  a r r a y  of o u t p u t  reduced  
f r e q u e n c i e s  . 

PIPTC'jdM - Conta lns  program o p t i o n s  specifying a c t i o n  t o  
be t a k e n  (add and/or  i n t e r p o l a t e )  and the 
checkout  l e v e l .  

S I Z C ~ M  - Conta ins  v a r i a b l e s  d e f i n i n g  the  problem size. 

SURCPM - Conta ins  variables p e r t i n e n t  t o  t h e  i n p u t  
surfaces: g e n e r a t i n g  program, Mach riwrhr, 
span,  a l t i t u d e ,  B r e t ,  e tc .  



70i. AF'1 PROCESSOR 

702.1 GENERAL INFORMATI. N 

The AFI P r o c e s s o r  g e n e r a t e s  pressure d i s t r i b u t i o n s ,  
sect iorlal f o r c e s ,  arid g e n e r a l i z e d  a i r  f o r c e s  f o r  genera  1 
t h r ee -d i r r~ens iona l  c o n t i q u r a t i o n s  u s i n q  mod i f i ed  strip 
t h e o r y  (ref. 702- 1) , Executian o p t i o n s  i n c l u d e :  

1. U s e  oi e x t e r r l a l l y  g e n e r a t e d  v i b r d t i o r i  mode shapes 
u r  i n t e r n a l l y  g e ~ ~ e r a t e d  r i q i d  body modes 

1. One p l a n e  of symmetry 

3 .  Experinlentdl  c o r r e c t i o n  data 

702-1.2 Access 

This module is c a l l e d  i r o m  t h e  ATLAS c o n t r o l  proqram Dy 
t h e  EXECUTE hF1 s t a t e m e n t  (sec. 20a, ref ,  1- 1) . 

702.2 MATRIX ACTIVITY 

Name Desc r ip t io r l  F i l e  

I n p u t  

AFCCi 
U C F i  
AFCG i 
AF'CSi 
M C i  
14lTlGi  
AFSLi 
AFPbIi 
AFXBi 
AFTCi 
kFTGi 
M U R i  
VY G i  
Cddd 
INTABLE 

Control Surf  a c e  Correspondence 
Exper imenta l  Data 
C o n t r o l  Surf a c e  Geometry 
C o n t r o l  and Size Data 
Modal Con t ro l  D a t a  
Main S u r f a c e  Geometry 
S e c t i o n a l  Lift Datd 
P i t c h i n g  Moment Data 
R ig id  Body Modes 
Tab S u r i a c e  Correspondence 
Tab S u r f a c e  i<emetry 
Uni t  Hotkitions C o n t r o l  
S t r i p  Cut Geometry 
Nodal I n t e l - p o l a t  i o n  Arrays 
1ntc:rpolat ion Table 

DATARNF 
DATARNF 
DATA RN F 
DATARNF 
DATARNF 
DATAkNF 
DATARIJF 
DATARNF 
DATARNF 
DATiUINF 
DATAWF 
D ATARNF 
DATARNF 
I NTElRNF 
INTERNF 



ACPli j 
CAyl]Al 
CGCi j 
CYVi j 
GFOi j A l  
M l C i j  
M L C i  j 
S I p i  j 
SAyi j A l  
%Ci j 
Wxxi j 
X!@i j 

Control  and Size D a t a  
Co:;(~'nerit Farces 
C c n r r o l  S u r i  ac:e Geometry 
Geometry Correspondence T a b l e  
Gene ra l i zed  A i  r f  crces 
Main Surf ace Geometry ( P a r t  1 )  
Main S u r f a c e  Geometry ( P a r t  2) 
S t d t i c  Induct icm M a t r i x  
S e c t i o n a l  Forces 
Tab S v r f a c e  Gecrnetry 
Mode Shapes 
Lift Curve Slopes 

AF 1 0  RNF 
A F l  ORNF 
AF 1 ORNF 
AF1ORP;F 
AF1ORNF 
A F l  OHNF 
AF1 OFmF 
A F 1  OmlF 
AF 1 ORNF 
AF 1 ONKF 
A F 1  ORh?F 
A F 1  QRNI? 

702.3 PROtiRAM METHCD 

Tile AF1 module i n c l u d e s  t h e  pr imary overlay z.nd four 
secondary o v e r l a y s  on a b s o l u t e  file AF'IOPLF. 

3!!oitule Over lay  
N a m e  Level  Descriptic.il 

A F  1 ( 1 , o )  C o n t r o l s  flow of e x e c u t i o n  

AFGEgZIM ( I , ? )  Generates  geometry data 

AFSI (1.21 G e n e r d t e s  s t a t i c  i n d u c t i o n  matrix 

AFXjifDE ( 1 ~ 3 )  Generdtes m a l e  shapes 

A F U F  ( I , & ;  G e n e r a t e s  p r e s s u r e s *  sec t ional  
forces, and g e n e r a l l z e d  a j  r f  o r c e s  . 

7 0 2 . 3 . 1  PVERLAY (AF 1 OQLF,l,O) -AF1 

a -  R e t r i e v e s  and checks e x e c u t i o n  p a r a m e t e r s  iron 
common b lock  /C$TNPAKS/, 

b. R e d s  c o n t r o l  ln format ior i  t rom tile DATARNF and  
stores t h i s  d a t a  i n  l abe led  common biock /CfBNT.RL/ 
for c o m m u t ~ i c a t i o r l  with secont lary  over lays .  

c. Each secondary overlay 1s  p r e l o a d e d  t o  de t e rmine  
t h e  l e r l y t h  o i  a v a i l a b l e  blank common storage. A 
s u n u n a r y  o i  a v i i l a b l e  and r e q t i i r e d  hlank commun area 
i s  pr in ted .  The job is ahort .ed i f  i n s u f f i c i e n t  
f i e l d  l e n g t h  is a v a i l a b l e  for t h e  problem size. 

d .  S e c o ~ i d ~ r y  o v e r l a y s  ( 1 , 1 )  , ( 1 , L )  , ( 1 , 3 )  , nnci 
( 1 , 4 ]  a r e  cal le t l -  



e. P r l n t s  a job summary con ta in ing  execu t ion  times f o r  
each secondary over lay .  

Generates  s t r i p  qeomet-ry d a t a  

a .  keads main surf  ace,  c o n t r o l  s u r f a c e ,  and tab s u r f a c e  
geonetry i n p u t  data m a t r i c e s  f rom f i l e  DATARNF. 

b. Coil~putes s t r i p  c e n t e r l i n e  1/2 chord, 3/4 chord and 
e l a s t i c  a x i s  c o o r d i n a t e s ;  s t r i p  dahedra l s ,  s t r i p  
widths,  and s t a t i c  induc t ion  geometry parameters  
t o r  each s t r i p .  

c. ~ A ~ t - ~ ~ u t s  s t r i p  qeonet ry  mat r i ces  to file 
AFIORNF. 

Generates  t h e  stat-ic i n d u c t i o n  matrix 

a .  Heads s t a t - i c  induc t ion  geometry m a t r i x  from f i l e  
DATARNF . 

b. Computes 2-D o r  3-D s tat ic  i l lduct ion  mat r ix ,  S, 
dependinq on t h e  u s e r  a s s ignsd  o p t i o n a l  value of 
TWpD. 

c. Outputs the s t a t i c  induc t ion  matr ix  t o  f i l e  
AFIORNF. 

Generates  mode shapes. 

a .  Heads geometry data m a t r i c e s  from f i l e  AFIORNF. 

b. I f  e l a s t i c  modes have been s p e c i f i e d ,  t h e  rnodal 
c o n t r o l  nmtxix IS read from file DATAKNF and t h e  
n m a l  c o e f f i c i e n t  m a t r i c e s  a r e  read from t i l e  
INTEHNF . 

c. Displacemer~ts  and r e l a t i v e  r o t a t i o n s  a r e  computed 
f o r  each strip t o  g e n e r a t e  the mode shape matr ix .  

d. P a r t i t i o n s  of t h e  mode shape matr ix  are w r i t t e n  on 
t i l e  AFIORNF. 



e, I t  u n i t  r o t a t i o n  m d e s  have been s p e c i f i e d ,  t h e  
u n i t  r o t a t i o n s  c o n t r o l  ma t r ix  i s  read  from f i l e  
DATARNF . 

f .  h e l a t i v e  r o t a t i o n s  a r e  computed f o r  each s t r i p  t o  
g e n e r a t e  t h e  made shape matr ix.  

g.  P d r t i t i o n s  of t h e  mode shape matr ix  a r e  wrlt+':z on 
f i l e  AF 1ORNF. 

h. If r i g i d  body modes have been s p e c i f i e d ,  t h e  r i g i d  
body modes mat r ix  i s  r e a d  from f i l e  DATARNF. 

i. Displacements and s l o p s  a r e  conrputed f o r  each 
s t r i p  on each main s u r f a c e  t o  g e n e r a t e  t h e  mode 
shape matr ix  PHI. 

j. P a r t i t i o n s  of t h e  mode shape m t r i x  a r e  w r i t t e n  on 
t i l e  AFIORNF. 

Generates  a e r o e l a s t i c  f o r c e s .  

a  Reads geometry, modal and o p t i o n  d a t a  from DATARNF 
and AFlORNF. Modifies l i f t  and moment 
c o e f f i c i e n t s  - Loops t h r u  e  , on Kvalue ( o r  once) t o  
compute uns teaay f o r c e s  ( o r  a u a s i  - s teady f o r c e s )  , 

b. Computes o s c i l l a t o r y  derivative mat r ix ,  D. 

c. Computes and o u t p u t s  t o  AFlORNF s e c t i o n a l  f o r c e s  
i o r  each s t r i p  (PHI) -1D ( T i i I )  . 

d ,  Computes and o u t p u t s  t o  A F l O R N F  component f o r c e s  
for  each s t r i p ,  (PHI) S , - I D @ .  

e. I f  quas i - s t eady  f o r c e s  a r e  r e q u i r e d  then 
t e r m i n a t e s ,  o the rwise  conlputes and o u t p u t s  t o  
AFlORNF g e n e r a l i z e d  a i r f  orces . 



762.4 COMMON BLOCK USAGE 

------- - 
I WEHLAY:AFlO@LF PA 
1 NAME 1 (1.01 I ( 1 , 1 1  I (1 .2)  I (1 ,3)  I (1 ,4 )  I 

702 .4 .1  /KERWR/,/mPARS/,/KQRNDM/ are A T U S  system common 
blocks. 

7 0 2 . 4  - 2  ,'BCZNDX/ Contains blank comnon array i n d i c e s ,  

/C@NTRL/ Contains program control and s i z e  
int orxnation. 

/EHRMSG/ Contains array  of error messages. 

/ERRSUM/ Coccains error titie and error count. 

, A I L S /  Contain AF1 binary scratch file names. 

/LACmE/ Corltains lengths of a v a i l a b l e  core for 
each secondary over lay  of AF1. 



703 .  DESIGN YROCESZfJR 

703.1 GENERAL INFORMATION 

703.1.1 Purpose 

1. Produce margins o t  s a f e ty .  
2. Update element p roper t ies .  
3. Recoru and display h i s to ry .  
4 .  Optimize composite s t r u c t u r e .  
5. Smooth element p roper t ies .  

703.1.2 Access 

T h i s  :nodule is c a l l e d  from t h e  ATLAS con t ro l  program by 
t h e  EXECUTE DESIGN(p1ist) sta-ment, (sec. 212, r e f .  1- 
1) 

703.2 MATRIX ACTIVITY 

Kame -- Description - F i l e  

Input 

NBUCTAB 
NCOO lba 
NLLCRbh 
NDPO 0 ?a 
NDOO lba 
N1TYPE;a 
NKSOO la 
NLOO 1 ba 
NMATERa 
NMSOO la 
N@OJTII~  
NpDVCCa 
N W 0  0 la 
N P A M M d  
NYbOO la 
VPD0 0 l a  
NSMCPTa 
NSMKE:'a 
NSPOO la 
N S T O O  la 
NVARlAin 
LcPm 

Compression al lowables 
Shear al lowables 
Buckling i n t e r a c t i o n  
da t a  matrix 
buckling t a b l e  index 
Design load con t ro l  
Design loadcases 
Ijesilrjn corltrol 
Ten~perature data con t ro l  
Element type  and p a r t i t i o n s  
Element cont ro l  
Design loads 
Mater ia l  code reference 
Margins of safety 
Optimizdtion Control  matr ix  
Variable  c o n s t r a i n t  con t ro l  
Optimis : t ion  data 
Parameters 
Boundary d a t a  
Design data 
Smoothing property contro.1 
Smoothrng problem key 
Smoothing property data  
Kestrairl sj ,ing dalta 
Var iable  c o n s t r a i n t s  data 
Loadcase correspondence 

DATARNF 
DATARNF 
DATARNF 

DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATAkNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATIRNF 
DATARNF 
DA'ARNF 
DATARNF 
DATAR NF 
DATARNF 
D A r n N F  
DATARNF 
DATARNF 
DATARNF 
DATrnNF 
ilATARNF 
DATARNF 



2 6  KPlUMS1 S t i f f n e s s  parameters  DATARNF 
27 XSFOOla Element d a t a  m a t r i x  DATARNF 
28 KMOOOOl M a t e r i a l  p r o p e r t i e s  DATARNF 
29 SEKddda Element s u b s e t s  DATP RNF 
30 SC-0 lba Stress c o n t r o l  d a t a  STRERNF 
3 1 SLCSTba S t r e s s  loadcase  t a b l e  STRERNF 
32  ST001h S t r e s s  m r r i x  STREiiNF 

Output 

Name - Descr ip t ion  

IjESPARa 
EISTRYa 
KSFOO la 
M l N O  1 ca 
MPAhcba 
MPpOO la 
MTARcba 
MOO l c l a  
NO0 lcba 

History p a r a m t e r s  
I I i s t s r y  mini rmun marqins 
Element d a t a  ma t r ix  
Resize minimum margins 
Strength parameters  
P o i n t e r s  tor minimum margins 
Thermal des iyn  p a r a n e t e r  
S t r e n g t h  nunimun~ margins 
Thermal des ign  minirmun 
margins 
S t r e n g t h  n~asgjn of safety 
S t r e r ~ g t h  ~ n i n l n a x  margins 
Thermal min-max nmrgins 
Thermal margin of safety 

F i l e  - 

DESIRNF 
DRSIRNF 
DESXRNF 
DESIRNF 
DESIRNF '1) 
DESIRNF 
DESIRNF 
DESIRNF (1) 
DESIRNF 

DESIRNF (1) 
DESIRNF 
DESIRNF 
DESIRNF 

(1)  Also on SCOORNF 

A d e t a i l e d  d e s c r i p t i o n  of the matr ix  formats  is 
contained i n  r e f e r e n c e  1-2. 

703.3 PROGRAM METHOD 

The D S I L ' N  module c o n s i s t s  of a primary over lay  DESIGN 
and t e n  secondary over lays ,  KjdNTRjX,, 
STRNGTH, HISTgRY ,RESIZE ,FLUTTER, 
DATAMW, @'TI YLM, SMmHG , THERMLI and THERMLX . 

703.3.1 jAIErCLAY(DES;pl;FJ1,O1 - DESIGN 

a)  Contro ls  execu t ion  of secondary over lays  by us! ?g 
array i n  c:.unon block /L(dCCWT/, This a r r a y  i s  
established by t h e  KBNTRJm, over lay ,  a r ~ d  c o n t a i n s  a n  
entry fox  each over lay  t h a t  i s  t o  be executed. I f  
n a l t i g ) l e  s t a g e  execu t ions  are reques ted ,  the 
over lay  f i n d s  t h e  a d d i t i o n a l  informat ion  i n  
/LfdCTILRS/. 

b) Cornrnor~ b locks  /C@MMASK/ and /NCpRES/ are loaded by 
da ta  s t a t ements  i n  t h i s  overlay.  



T h i s  o v e r l a y  p e r f o r n ~ s  the managing f u n c t i o n  o f  tile 
DESIGN nlodule and does the fo l lowing :  

a)  S e t s d e f a u l t s .  

b) Heads e x e c u t i o n  pa rame te r s  i n  /C@XPARS/ and 
t r a n s l a t e s  them t o  module d i r e c t i v e s ,  wkich are 
stored i n  common b l o c k s  flA.LECBM/, /LKCmT/, 
@CFLTk/, /I@CHIST/, /LfKPA; '/ and  /KECmlTil/. 
Produces  d i a g n o s t i c s  t o r  unrecognizea  parameters .  

C )  Sets v a r i a b l e s ,  f i ~ e  n~lmes ,nd o v e r l a y  names. 

'703.3 - 3  P R L A Y  IDESImF. 1.21 - STRNGTH 

T h i s  o v e r l a y  produces  s t r e n g t h  margins  of s a k e t y .  

a )  I t  r e a d s  ma te r i a l .  a l l o w a b l e s  (produced by t h e  
m a t e r i a l  $ reproc \  ;sor) , buckl ing  a l l o w a b i e s  
(produced by t h e  d e s i g n  F:reprocessor) , elemerlt 
p r o p e r t i e s  (produced by the s t i f  fr.ess 
p rep roc t  ssor) , d e s i g n  da t a ,  l o a d s  d a t a  crnd 
t-emperature d a t a  ( a l l  produced by the d e s i g n  
~ r e p r o c e s s o r )  and f i n a l l y  s t r e s s e s  (produced by t h e  
stress processor). Eased on these daca it produces 
o u t p u t  a r y i n s  of s a f e t y  f o r  s t r e n q t h .  

b) The o v e r l a y  a l s o  c o n t a i n s  buck l ing  criteria r o r  
p l a t e - l i k e  e l emen t s  which call be applied e i t h e r  i n  
one s t e p  or by i t e r a t i n g  t o  convergence as 
i n d i c a t e d  by exec l l t i cn  pa rawc te r s .  

C )  The o u t p u t  i rom t h e  u v e r l a y  i s  a set of margins  of 
s a f e t y  and m i n i m u m  marsirs ot safety which can  be 
either "pure s t r e n y t h n  margins or a combinat ion ,-if 
s t renyt -h  and buck l inq  . 

a) Writes a l l  marg ins  of s d f e t y  C)I~ DLSIRNY a t  time r)f: 
execu t ion  if requested by u s e ?  . 

b) Produces  m a t r r x  c o n t a i r l i ~ ~ g  h i s t o r y  of rnarqins of 
s a f e t y  from p r e v i o u s  c y c l e s  tor o u t p u t  ; . r? ; i< - .  

T h i s  o v e r l a y  updates the  e l e V v 1 , ~ n t  p r o p e r t i e s  i n  t h e  K:;IC'- 
m a t r i c e s  on DA'TJLhNF'. 



a)  I t  reads bound da t a ,  design da t a ,  r e s t r a i n i n g  da t a ,  
input margin d s t a ,  element property data ( a l l  or. 
DATErHNF) and ca lcu la ted  xmrgins of s a f e t y  ion 
DESIRNFj . 

h) Updates el4- l en t  proper t ies  i n  t h e  KSF  matrices with 
regard t o  ca lcu la ted  margins of s a f e t y  sub jec t  t o  
the u s e r  c o n s t r a i n t s  which can be input ,  ca lcu la ted  
or  illtroduced as execution paranieters. 

703.3.6 V = Y ( D , )  - FLUTTER 

a) Thi s  ov2rlay rece ives  input  data  thrcugh t h e  
execution parameters (subsets  and assoc ia ted  
f a c t o r s ) .  These a r e  converted t o  margins of s a f e t y  
fo r  updating of eiement proper t ies .  T h i s  s e rves  
two Furposes: t o  update s t r u c t u r e  f o r  simple 
t a c t c r s  a:-cr t o  produce m l f l u t t e r  cons t ra i l l t sw 
(equivaT~nt  t o  ca lcu la ted  lower bounds on element 
proper2 . 

The c ~ m ~ t i ~ n  of t h i s  overlay is purely adminis t ra t ive .  
It  saves " c l d n  eleinent p rope r t i e s  on DESIRNE' i n  o rder  t o  
guarantee data integrity and to assure  an a l t e r n a t e  
r e s t a r t  point  f o r  a new res iz ing .  

Tnls overlay performs optimizations of composite 
elements (CPLATE and C W E R )  . It is b u i l t  around t h e  
concept of l o c a l  cpt imizat ion and opera tes  on a s e t  ot 
~ , r o b l e r s  defined in t h e  input  a s  element subsets .  The 
coxlstraints are of s t r eng th  type  and t h e  design 
t -a r iab les  can be coupled by d i r e c t i v e s  i n  t h e  i n ~ u t  
stream. 

T h i s  overlay changes (smom~s) element p rope r t i e s  
according t o  tile spec i f ica t ions  provided by t h e  user  i n  
t h e  smoothing da ta .  

703.3.1C W L A Y  (DESI@LF,1,13) - THERMLI 

TIAS overlay i n i t i a l i z e s  datcl for thermal design margins 
of s a f e t y  . 

Ic reads element propexties (prci!uzc5 by the s t i f f n e s s  
preprocessor) , design data an? t,'lcrmal loads  data 



(rroduced by the design preproces sor ) ,  and stresses 
(~rr)duced by the s-ress p r o c e s s o r ) ,  These da ta  a r e  
collected arid stored i n  a s i n g l e  block of  data  for each 
clenler~t. 

The output f roni the overlay is a ~ a r t i t i o n e d  s c r a t c h  
matrix containirlq a l l  elernerlt datd  (excluding mater ia l  
cillowdbles) r e q c i r e d  tor thernral d e s i q n  m a r s i r s  of 
s a f e t y .  

T h i s  over lay  produces thermal design marsins of sdf e t y .  

I t  reads  ~mterxa l  a l l o w a b l e s  (produced by the  mater ia l  
preprocessor)  and elr?ment data (produced by the desiqn 
preprocessor)  . Based on these data  it  produces otitput 
n ia ry ins  of s a f e t y  for thermal design. 

T h e  outrut from t h e  ovexlay i s  a set ot marains of 
s d t e t y  a i d  minur!u~ margins of  safety for thermal design, 



703.4 L'C'MPION RLOCK USAGE 
w 

OVERLAY 
1.0 11 . 1  11.2 11.3 i . 4 ( 1 , 5  1 1 . 6  11.11 (1.12 11.13 (1,ld 

4 

-- 
X - 

X 

CONPARS I X ' X - -. - - . - . . , 
X 

KERROR - - - -- - - . - -. . - I x x  X X X X X X 

X X 

X -- -. - -- 4 

Y 
-- -- . - - -- X 

-.- 

COMSCR 
--- 

X X X 
' 

DALECOM -- -- -. - - [ X X X X - 
DATAMS X 

X I 
INIT X 

,,-- 

LOCCONT - .- 
X X X X X 

X 

--- - 
I 

-- 

. -- - - - .- - . - .- - - -, - 
LOCPARS I! X X X X X X X X 

- - X 

. - -. X 
X X X X X X 

OLFLAG 
I 
1 X 

OPTCON X 
, .  -+-. 

-- - - 
OPTDDD 

- - .- 

- - -1 -----1-- - -. -- 
OPTPOS 

.- - -. - -- - -- -A - - - 
. - - - -- -. - - .. . 

OPTRES 
~. ~ 

. . - . - . . - - .- - - . - - - 
OPTVAX I 1 

. - 

REVECT 

THERCMI I 

1 H E R C I 4 X  

UF'tiOP 
I 

X 

X 
- k O l l - z G - -  



7 0 3 . 4 - 1  System Comnon Blocks 

A T U S  system c m l o n  blocks  
d e t a i l e d  i n  sec. 100-2,  

703.4 . Z  Desiqn Conunon Blocks 

Contdins i n f o r n u t i o n  f o r  the opt imize r  
i n  t h e  composite op t imiza t ion  - 

/ C@IMASK/ : Conta ins  b i t  i r ~ f  ormation fo r  maskina 

/CPMSCH/ : S c r a t c h  conunon block 

Conta ins  inf  o rnu t ion  regard ina  iteration 
f o r  s o l u t i o n  of n o n l i n e a r  margins of 
s a f e t y  in the STRNGTH o v e r l a y ,  

/DATAMS/ : Conta ins  i n f o r n e t i o n  requ i red  t o  produce 
margins of s a f e t y  f o r  each element i n  
t h e  STRNGTH over lay .  

/DESSCRT/ : S c r a t c h  common block.  

informat ion  concerning t h e  i n i t i a t i o n  
of a n  op t imiza t ion  for t h e  composite 
el  w e n t  s , 

Conta ins  vector d e t i n i n g  execut ion  
f i l e  names 2nd overlay names. 

jLfM'FLTH,/ : Corltains i r r t o r m t i o n  p e r t a i n i n g  t o  the 
f l u t t e r  execut ion  of DESIGN. 

Contdins i n f o r n a t i o n  p e r t a i n i n g  t o  the 
history execu t ion  of DESIGN.  

/LBCFARS/ : Contains executiorl v a r i a b l e s  f o r  DESIGN.  

lnrormdtion tor  execut ion  oi t h e  
subrout-ine 

Contains element d e s c r i p t i o ~  f o r  a l l  
element t y p s  ana size ot output 
p a r t - i t i o n s  . 
Contains pointers and f I as.., f u r  STRNGTH 
over lay .  



Contains pointers  and f l a g s  f o r  
execution o i  the  composite optimization. 

Contains scra tch  pointers  fo r  the 
composite optimization. 

Contains scratch matrices for conversicn 
of s t r a i n s  t o  s t r e s s e s  and transformation 
t o  element frames i n  the composite 
optimization. 

Posi t ion numbers f o r  ac t ive  pos i t ions  
i n  the  composite optinuzation. 

Flags hnd pointers  f o r  output from t h e  
composite optimization. 

Inlormation describing c r i t i c a l  laminae 
and re la ted  information. 

Cri ter ion and cvnveruerlce f l a q s  f o r  
composite optimization. 

Constraint infornat ion f o r  the composite 
optimization. 

Contains f l ags  and pointers f o r  the  
RESIZE overlay. 

Contains in fo r ra t ion  required for  one 
element i n  order t o  upilrlte element 
propert ies  i n  the RESIZE overlay. 

Contains f l a g s  and pointers  f o r  t h e  
TiiERMLI overlay. 

Contains f l a g s  and pointers  f o r  the 
THERMLX over l a y  - 
Contains f l a g s  and poin ters  f o r  the  
SMpIgTHG overlay. 



704. DUBLAT PROCESSOR 

704.1 GENERAL INFORMATION 

704.1.1 Purpose 

The DUBLAT Processor gene ra t e s  p ressure  d i s t r i b u t i o n s ,  
s t a b i l i t y  de r iva t ives ,  and general ized a i r  fo rces  f o r  
general  th ree-d imens io~~al  conf igura t ions  using t h e  
doublet  la t t ice nethod ( r e f .  704- 1) . Execution opt ions  
include : 

(1) U s e  of ex t e rna l ly  generated v i b r a t i o n  mode shapes 
or i n t e r n a l l y  senerated r i g i d  body modes. 

(2 )  One o r  two planes cf s p m t r y .  

(3) Pressure and normal wash co r rec t ions ,  

(4)  Reuse of a previously generated kerne l  matr ix  a t  
se lec ted  Mach numbers and reduced frequency values.  

704.1.2 Access 

This module is c a l l e d  f rom t h e  ATLAS con t ro l  pr0gr.m by 
t h e  EXECUTE DUBLAT(p1ist) s tatement (sec. 216, ref.  1- 
1) 

704.2 MATRIX ACTIVITY 

Name - Description 

DLDIiOO 
DLVIi 0 0 
DLPIi 00 
DLMCiOO 
DLRBiOO 
DLSSi 0 0 
Cddd 
INTABLE 

Control and size da ta  
L i t t i n g  surface geometry 
Body in t e r f e r ence  surface 
geometry 
Body doublet  geometry 
Velocity prof iles 
Pressure  s c a l i r ~ g  da t a  
Modal con t ro l  data 
Rigid body modes 
Subset da ta  
Modal i n t e rpo la t ion  a r r ays  
Interpolation t a b l e  

F i l e  - 

DATARNF 
DATARNF 
DAlbARf3F 

DATAKNF 
DARARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 
INTERNE' 
INTERNF 



Output 

BlCijOO 
B2Ci j 0 0 
ACMi j 0 0 
DBCi j 00 
GFOi j k l  
Mlpi j00 
M3pi j O O  
P W i  ~ k l  
PSCi j00 
QOOxxkl 
SBCi j00 
S W i  jkl 
SFBijkl  
SF@i j k l  
SGCi j00 
VPCi j00 

Box geometry ( p a r t  1) 
Box geometry ( p a r t  2) 
Contro l  and s i z e  d a t a  
Body doub le t  geometry 
Genera l ized  a i r  f o r c e s  
1/4 chord displacements  
3/4 chord s l o p e s  and d i s p l .  
P r e s s u r e  d i f f e r e n c e s  
P r e s s u r e  s c a l i n g  data  
Quasi - inverse  m t r i x  
St r ip /box cor resp .  table 
S t a b i l i t y  d e r i v a t i v e s  
Body s e c t i o n a l  f o r c e s  
S e c t i o n a l  f o r c e s  
S t r i p  geometry 
Ve loc i ty  ~ r o f i l e  d a t a  

DUBLWF 
DUBLRNB 
DUBLRNF 
DUBLHNF 
DUBLRNF 
D'cl BLRN F 
D'JBLRNF 
DUBLRNF 
DUBLRNF 
DUBLRNF 
DU BLRNF 
DUbLRNF 
DUBLRNF 
DUBLRNF 
DUBLHNF 
DUBLHNF 

k d e t a i l e d  d e s c r i p t i o n  of t h e  mat r ix  formats  
is conta ined i n  r e f e r e n c e  1-2. 

70L8 . J  PROGRAM METHOD 

The DUBLAT n~odule i n c l u d e s  t h e  primary o v e r l a y  and seven 
secondary o v e r l a y s  on a b s o l u t e  f i l e  DUBLfllLF. 

P r o g r m  Overlay 
N a m e  Level Descriptiorr 

D'JBLAT (1 ,o)  Contro ls  flow of execu t ion  

I N P U T G  (7,1) Generates  geometry and o p t i o n  d a t a  

MmEB (1,2) Ger,erates 1 / 4  chord box 
d isplacements  

MjdDEW (1,3) Generates  3/4 chord box 
d isplacements  and s l o p e s  

GENDW !l t 4) Genera tes  k e r n e l  and wash m a t r i c e s  

QL-31 (1,s) Generates  q u a s i  - inverse  of kernel 
matr ix  and s o l u t i o n  v e c t o r s  

E'UTS(6L (1,6) Generates  s o l u t i o n  v e c t o r s  from a 
prev ious ly  genera ted  quas i - inverse  

WDFIN ( 1 ~ 7 )  Generates  p ressures ,  s e c t i o n a l  
forces, s t a b i l i t y  d e r i v a t i v e s ,  
and g e n e r a l i z e d  f x c e s  



a. Retr ieves  and checks execution parameters from 
common block /CmPARS/. 

b. heads cont ro l  information from f i l e  DATARNF and 
s t o r e s  t h i s  da t a  in labeled common block /CjNI"I'glL/ 
f o r  communication w i t h  secondary overlays.  

c. Each secondary over lay is  p r e l o a d 4  t o  determine 
the  leng th  of a v a i l a b l e  blank common s torage.  A 
summary o t  a v a i l a b l e  arid required blank common a r e a  
is pr in ted .  The job is aborted i f  i n s u f f i c i e n t  
f i e l d  length is  a v a i l a b l e  f o r  t h e  problem s i z e .  

d. Secondaries (1,1) , (1,2) and (1,3) are c a l l e d  only 
once f o r  each execution of t h e  DUBLAT (1,O) 
overlay, while the (1,4) - (1,7) secondary over lays  
are ca l l ed  f o r  each combination of reduced 
frequency and Mach number t o  be executed, 

e, P r i n t s  a job summary containing execution times f o r  
each secondary overlay. 

a. Reads l i f t i n g  sur face  and in t e r f e r ence  s u f  ace 
geometry inpu t  data matr ices  from DATAHNF. 

L. Computes box coordinates  of sending ( cen te r l i ne  2/4 
chord) and receivincj  ( cen te r l i ne  3/4 chord) poin ts ,  
box d ihed ra l ,  and box inboard and outboard 
coordirlates fo r  each box. 

c. Outputs box geometry mat r ices  t o  f i l e  DUBLRNF. 

d. Reads doublet  geometry inpu t  data  matrix from f il-e 
CWTARNF . 

e, C r w  :es doublet  e l e r . ~ n t  r a d i i  and c e n t e r l i n e  
A . ~ i n a t e s  f o r  ecach boC, doublet .  

f - O u t ~ ~ t s  body doublet  geometry matrix t o  f i l e  
DUBLHNF . 

g. Reads pressure  co r r ec t ion  inpu t  da ta  matrix from 
f i l e  DATARNF. 

h. Determines the operat ion (pressure  s c a l ~ n g  or 
pressure  replacement) t o  be made on each box. 



i, Outputs p ressure  co r r ec t i on  da t a  matrix t o  file 
DUBLRNF . 

j. heads v e l o c i t y  p r o f i l e  i npu t  d a t a  matr ix  from f i l e  
DATARNF . 

k. Computes t h e  v e l o c i t y  r a t i o ,  v  ( l o c a l ) / v  ( f r e e  
stream) , to  be app l ied  t o  each box. 

1. Outputs the v e l o c i t y  p r o f i l e  matrix t o  f i l e  
DUBLFtNF . 

a. Reads modal con t ro l  matrix from f i l e  DATARNF ( i f  
e l a s t i c  modes are t o  be used) or r i g i d  body matr ix  
from file DATARNF ( i f  r i g i d  body modes a r e  t o  be  
used) . 

b. It nodes a r e  t o  be app l ied  t o  l i f t i n g  su r f ace s ,  
then 

(1) t h e  box geometry matrix is read  from f i l e  
DUBLRNF . 

(2) i f  e l a s t i c  mcrdes a r e  t o  be used, t h e  box 
subse t  matr ix  is  read from file DATARNF and 
each modal c o e f f i c i e n t  a r r a y  matr ix  i s  read 
from f i l e  INTERNF. 

(3) box q u a r t e r  chord displacements are computed 
using subrou t ine  AINl'G f a r  each mode t o  he 
app l ied  t o  each box, 

c. It e l a s t i c  modes a r e  t o  be app l ied  t o  body 
i n t e r f e r ence  pdrlels then  

(1) t h e  s t r i p / b o x  correspondence table is read 
from file DUBLRNF. 

(2) e a d ~  modal c o e f f i c i e n t  array matr ix  i s  read 
from file INERNF,  

(3) box quar te r  chord displhcements a r e  computed 
using subrout ine  AINTG f o r  each mode t o  be  
app l ied  t o  each box. 

d. I f  modes are t o  be app l i ed  t o  body double t s  then 

(1) the double t  geometry matr ix  is read from f i l e  
DUBLRNF . 



(2) i f  e l a s t i c  modes a r e  t o  be used, each modal 
c o e f f i c i e n t  xmtrix is read frcrm f i l e  INTERNF. 
O t h e r w i s e ,  t h e  r i g i d  M y   nodes matr ix  is read  
from file DATARNF. 

(3) double t  c e n t e r l i n e  displacements a r e  computed !. 
using subrou t ine  AINTG. 

Z 
. The q u a r t e r  chord disp1acerner.i~ mat r ix  i s  output  t o  

i i l e  DUBLRNF . 
704.3.4 BVERLAY (DUBLpILF.1,3) - M0DEW I 

1 
a. Reads modal con t ro l  matr ix  from f i l e  DATARNF ( i f  j 

elastic modes are t o  be used) o r  r i g i d  body mat r ix  ? 

rrom f i l e  DATAKNF ( i f  r i g i d  body modes are t o  be I 

used) . 
I 

b. I f  modes are t o  be a p p l i d  t o  l i f t i n g  s u r f a c e s  t hen  

(1) the box geometry mati-ix is  ipad from f i l e  
DUBLRNF arrd the subse t  ? a t a  matr ix  is  read 
from f i l e  DATARNF. 

(2) i f  v e l o c i t y  p r o f i l e s  a r e  t o  bt appl ied  t o  
s t r i p s  the v e l o c i t y  p r o f i l e  matrix is read 
from f i l e  DUBLRNF. 

(3) i f  elastic modes a r e  t o  be used, each modal 
c o e f f i c i e n t  a r r a y  matr ix  is read from f i l e  
INTERN??. 

(4) box th ree -quar te r  chord displacements and 
s lopes  are computed using subrou t ine  AINTS f o x  
each mode t o  be app l i ed  t o  each box.  

(5) wash va lues  (modified by t h e  v e l o c i t y  p r o f i l e  
e f f e c t )  a r e  com~~u ted  f o r  each box. 

c. If e l a s t i c  modes a r e  t o  be app l ied  t o  body 
i n t e r f e r e n c e  panels  t hen  

(1) t h e  s u i p / b o x  correspondence t a b l e  is  read 
from f i l e  DUBLRNF. 

(2) each modal c o e f f i c i e n t  a r r a y  matrix is  read 
from f i l e  INI'ERNF. 

(3) box th ree -quar te r  chord displacements and 
s lopes  are camputed us ing subrou t ine  AINTG fo r  
each mode t o  be app l led  t o  each box. 



(4) wash values  are computed f o r  each box, 

d, The wash matrix i s  ou tpu t  t o  f i l e  DUBLRNF. 

e. I f  body doublets  were def ined,  then 

(1) t h e  body doublet  geanetry matrix i s  read from 
file DUBLRNF. 

(2) i f  e l a s t i c  modes are t o  be used, each modal 
coekf ic ien t  rrratrix is read from f i l e  INTERNF 
(otherwise t he  rigid body modes matrix is read 

from f i l e  DATAhNF) . 
(3) doublet  a x i s  displacements and s lopes  are 

computed using subroutine AINTG . 
(4) the d e r i v a t i v e  of t h e  doublet  a x i s  s lopes  is 

computed. 

(5) using displacements, slopes, and d e r i v a t i v e s  
of s lopes ,  t h e  incremental p ressures  due t o  
doublets  a r e  computed and output  t o  s c ra t ch  
f i l e s  . 

Generates the kerne l  matrix,  [Dl, and t h e  wash 
matr ix  [W]. 

a, I f  an e x i s t i n g  quasi - inverse  matrix is t o  be  used, 
skips  t o  s t e p  e .  

b, The box geunetry matrices and s t r ip /box 
correspondence matr ix  a r e  read  from file DUBLHNF. 

c. Loops on boxes t o  compute elements of t h e  kerne l  
matrix, [Dl, using subrout ines  INCRp, KERNEL, and 
SNPDF 

d. Outputs kerne l  matr ix  t o  f i l e  DUBLRNF. 

e .  If modal data llas been defined,  t h e  box geometry 
matrices and s t r i p b o x  correspondence matr ix  a r e  
read from f i3-c DUKtRNF i n  preparat ion for 
generating the  wash . m t r i x .  

f , Loops or, boxes t o  genera te  a s i n g l e  K value  wash 
vector f o r  each mode. Each wash vec tor  is  01. 2ut 
t o  s c ra t ch  file SC4FIL. 



a. Reads raws of the ke rne l  - t r i x  [ D l  into blank 
common ur l t i l  e i t h e r  a l l  rows have been read or t h e  
ava i l ab l e  blank cammon has been f i l l e d .  

b. Performs Gauss el iminat ion on t h e  partioned [Dl 
matrix. 

c, Outputs the u?per and lower p a r t s  of the el iminated 
p a r t i t i o n  t o  two different sc ra t ch  f i l e s  ( t h e  lawer 
part conta ins  t h e  e l imina t ion  m u l t i p l i e r s ) ,  

d. If modal da t a  is gresen t ,  t h e  wash vec tors  are read 
and the e l i m i n a t i m  m u l t i p l i e r s  are applied t o  each 
vector.  

e .  Back s u b s t i t u t i o n  i s  performed t o  so lve  the system 
of complex equations D-1 W. The so lu t ion  vec tor  is 
output t o  a scratch f i l e .  

. The quasi-inver-se matrix is output  t o  f i l e  DUBLRNF 
in row p a r t i t i o n  form, 

Solves the  system o i  complex equations 

when a quasi - inverse  matrix is  available from a p r i o r  
execution of QUASI I .  The c a p a b i l i t y  t o  save the quasi- 
inverse allows t h e  GLNDW overlay t o  be bypassed, saving 
a s u b s t a n t i a l  por t ion 01 the job cos t .  This f e a t u r e  
app l i e s  only when t h e  wash matrrix is modified t o  
generate  a new solut ion.  

a, heads t h e  quasi- inverse matrix into blank cormon i n  
pa r t i t i oned  form. 

b. Heads wash vec to r s  i n t o  blank cl on. 

c, Applies e l iminat ion m u l t i p l i e r s  t o  t h e  wash 
vec tors .  

d. mck s u b s t i t u t i o n  is  performed t o  solve  the system 
of complex equations [ D ]-I[ W 1. The so lu t ion  
vectors are output  t o  a sc ra t ch  f i l e .  



Generates f i n a l  pressures ,  s e c t i o n a l  fo rces ,  s t a b i l i t y  
de r iva t ives  and general ized f mces .  

a .  Solut ion vec to r s  (pressure c o e f f i c i e n t s )  a r e  read 
from sc ra t ch  f i l e  and modified by the body doublet  
e f i e c t  i f  d o u b l - t s  were defined.  

b. I f  p ressure  co r r ec t ion  data are defined,  pressures  
a r e  modified accordingly.  

c. Loops on s t r i p s  t o  canpate s e c t i o n a l  fo rces  and 
s t a b i l i t y  der iva t ives .  

d. Outputs s e c t i o n a l  f o r c e s  t o  f i l e  DUBLRNF- 

e. I f  body doublets  e x i s t ,  m i p u t e s  body s e c t i o n a l  
fo rces  and modif ies s t a b i l i t y  derivatives. 

f . Computes generalized forces .  

g .  Outputs pressures, s t a b i l i t y  de r iva t ives ,  and 
general ized f o r c e s  t o  f i l e  DUBLRNF- 

704.4 COMMON BLOCK USAGE 

--- 
I # 

1 m y :  DUBLmF 
I NAME 

1 
1 ( 1 , O )  1 (1, 7 1 1  (1,211 (1.31 1 ( 1 , 4 )  1 i7,51 1 (1,6) I (1,7) I 

IKERRBR I x x x x x x x x 1 
Icmp= I x I 
1 KQRNDM I x x x x x x x x 1 
ICVNTRBL I x x x x x x x x I 
IEkkMSG I x x x x x X I 
1 ERRSUM I x I 
1 FILES I X x x x x x x X I 
ILUCWE 1 x x x x x x x X I 
IMATNAM 1 x x X 1 
1 SMIDP I X I 
IBCXNDX ( x x x x X I 

704.4.1 /KEhR$W/,/CfJNPARS/,/KQRNDX/ a r e  ATLAS system coanmcn 
blocks, descr ibea i n  sec t ion  100.2. 



7 0 4 . 4  -2 /CjbNTk$dL/ Contai.ns program control and s i z e  
information. 

/EKKMSG/ Contains array of error messages. 

/ERRSUM/ Contains error title and error count, 

/FILES/ Contains DUBLAT binary scratch f i l e  names, 

/LACpR.E/ Contains lengths of available core for  
each secondary overlay of DUBLAT. 

/MATPIAM./ Contains the pcrtinn of the matrix .lame 
which is common t o  all matrices. 

/&*lIDp/ 6NAkK matrix output auxiliary 1D. 

/BCINDX/ Contains blank common array indices .  

/DM/ Contains kernel matrix parameters. 



705. FLEXAIR PROCESSOR 

705.1.1 Purpose 

To ca lcu la t e  generalized a i r f o r c e  matr ices  that include 
the e f f e c t s  of the flexibility of v ib ra t ion  modes that 
are otherwise omitted from t h e  mathematical model of a 
s t ruc tu re .  

705.1.2 Access 

This module is ca l l ed  from t h e  ATLAS c o n t r o l  program by 
the SXECWE FLEXAIR statement (sec. 220, ref. 1-1) 

705.2 MATRIX ACTIVITY 

Name - Description -- F i l e  

Input  - 

6 AMC or 
X X X X X  

putout 

S t i f f n e s s  o r  F l e x i b i l i t y  
Matrix 
Mass Matrix 

Mode Shapes 
Generalized S t i f f n e s s  
Pa r t i t i oned  (Subset) 
Mode Shapes 
Aerodynamic module 
Control Matrix 

A I C  Matrix (Unsteady 
generalized a i r f o r c e  
matrices) 

MULTRNF 

MULTHNF 
MERGRNF 
MPSSRNF 
VIBKRNF 
VIBRRNF 
VBRRNF 

AF1OlWF 
DUBLRhi' 
MACHRNF 
RHJ113fZNF 
ADDIRNF 
AFl ORNF 
DUBLRNF 
MACHRNF 
RHj2 3RNF 
ADDIRNF 

FL-IH control  matrix FLEXRNF 
Generalized force matr ices  FLEXXNF 
which include the r e s i d u a l  
i l e x i b i l i t y  e f f e c t s  



705.3 PROGRAM METHOD 

FLEXAIR cons i s t s  of one primary overlay, named FLEXAIR, 
and six seco-,dary overlays named EXPAR, DATPREP, 
RESFLXN, RESFLXS, GENCBAR, and GENWR. 

FLEXATTR is t h e  main program (primary overlay) of t h i s  
U t i l i t y  Module. FLEXAIR es t ab l i shes  labe led  

comrnor~ blocks and d i r e c t s  program flow through secondary 
over lays.  

EXPAk is ca l l ed  t o  e s t a b l i s h  the values of the /EXPARS/ 
c o m n  block which contains  the con t ro l l ing  va r i ab le s  
f o r  the execution of the F'LEXAIH u t i l i t y  module by: 

a. Se t t ing  va r i ab le s  t o  d e f a u l t  values. 

5. Deciphering and ed i t ing  the execution parameters 
passed t o  FLEXAIR through t h e  A l W  labeled common 
block ./CIIMPARS/. Any e r r o r s  detected w i l l  cause 
diagnost ics  t o  be p r in t ed  a s  the17 a r e  discovered 
and FLEXAIR execution t o  be terminated. 

c. bIodif ying values of va r i ab le s  i n  /EXPARS/ complying 
with t he  execution parameters picked up. 

705.3.3 @lEFUAY tFLEXjdLF.1.21 - DATPREP 
DATPREP i s  ca l l ed  t o  e s t a b l i s h  t h e  working s torage  area 
and t o  read, prepare, and compute intermediate matrices 
needed f o r  computing the r e s idua l  f l e x i b i l i t y  and 
generalized force matrices. DATPREP goes through the  
following s t eps  : 

a. Estclblish working s torage  area.  

b. Read the cont ro l  m t r i x  from t h e  named random f i l e  
wri t ten by t h e  unsteady aerodynamic module fo r  the 
K-values, BREF, SPAN, and Mach Number. 

c. Loop on number of K - ~ l u e s  t o  read A I C  matrices [ a ]  
from named random f i l e  wr i t t en  by the unsteady 
aerodynamic modules, t o  check ava i l ab le  working 
s torage a rea ,  and wri t e  AIC matrix (full or 
j a r t i t i o n e d  depending on working s torage ava i lab le)  
on SCOORNF. 



Write K-valuername of A I C  matrix,  [ KVAL], on 
SCOORNF, 

Read mode shape matrix [ p ]  from VIBRRNF, e x t r a c t  
user node and freedom nunbers torming matr ix  
[NWH I, r epos i t i on  mode shapes forming matrix [ H I ,  
and w r i t e  nlatrlces [N0DH] and [ H I  on SCOORNF. 

Wad general ized s t i t f  ness [ KSTIFF ] from VIBHRNF, 
check f o r  rxgid  body modes, and w r i t e  matrix 
[GSTIFF] on SCOORNP. The next  5 steps a r e  
performed f o r  the s ingu la r  s t i f f n e s s  case only. 

Reorder and p a r t i t i o n  mode shapes [HI i n t o  
- - 
I I I 
I H i 1  I Hi, I 
I f i21 I H22 I 
L f 1 
such t h a t  [ H z ,  ] i s  non-singular, 

W x i t e  p a r t i t i o n  [ H I *  ] cn SCOORNF. 

Compute [L] = [ H I  ][Hz1 3-1 and write matrix 
[ L 1 on SCOOHNF 

head mass matrix [ M I  from MERGRNF, MULTRNF, 
o r  MASSRNF and p a r t i t i o n  i n t o  - - 

I I I 
J Mq 1 I M12 L 
I Mzl 1 M 2 2  I 
L I 

ref l e c t l n g  t h e  p a r t i t i o n i n g  of mode shapes 
1 

[ H I *  

Cmpute [ U l  = ( ~ ~ 1 ~ [ ~ 1 , 1 + 1 ~ 2 2 1 ) - 1  ( ~ ~ l ~ ~ ~ l l I + ~ M , l l )  
and w r i t e  [U ] on SCOORNF, 
Continue non-singular  and s i n g u l a r  s t i f f n e s s  case 
from here. 

Read st- iTfness matr ix  [ K ]  from MERGRNF o r  MULTRNF 
and w r i t e  s t i f t n e s s  [ R ]  on SCOORNF. Perform t h e  
next step f o r  t h e  s ingula r  stiffness case only. 



- - 
I I I 

m. Es tab l i sh  p a r t i t i o n s  1 Kal I Kl I r e f l e c t i n q  
I K 2 l  I K2+ I 
L I 1. 

the partitioning of mde shapes and write p a r t i t i o n  
[ K l l ]  on SCOORNF. Perform the next  s t e p  only  when 
the subse t  i nd i ca to r  is an, otherwise equate  index 
mime of [HI t o  [HB]. 

n. Read p a r t i t i o n e d  (subset)  mode shape rnatrix [PIS] 
from VIBRRNF; e x t r a c t  user node and freedom numbers 
forming matrix [NrnS], r epos i t i on  mode shapes 
forming matrix [HB], and write matrices [NgDS] and 
[HB] on SCOOFtNF, 

RESFLXN, c a l l e d  t o  compute the r e s idua l  f l e x i b i l i t y  
matr ix  [ C 2 ]  fo r  t h e  non-singular s t i f f n e s s  case ,  goes 
through the following steps:  

a. Read s t i f f n e s s  matr ix  [K ] from SCOORNF and i n v e r t  
t o  [ K ] - 1 .  

b. Read ueneral ized s t i f f n e s s  matrix [ KSTIFF ] and mode 
shapes [HI from SCOORNF. 

c. Compute r e s i d u a l  f l e x i b i l i t y  matrix [C, ] by rou t ine  
GENHKH : 

d. W r i t e  r e s i d u a l  f l e x i b i l i t y  matrix [C2  ] on SCOORNFI 

705.3-5 PERLAY (FLEXmF,1,41 - RESFLXS 

RESFLXS is c a l l e d  t o  canpute the r e s i d u a l  f l e x i b i l i t y  
matr ix  [C, ] f o r  t h e  s i n g u l a r  s t i f f n e s s  case.  RESFLXS 
goes through the following s teps:  

a. Read matrix [L], matrix [ U ] ,  and matrix [ K i l l  from 
SCOOKNF. 

b. Compute in termediate  r e s u l t  matr ix  [KT] by r o u t i r ~ e  
W C X :  

c. Inve r t  [KT] to[KT]-1. 



ci . Read general ized s t i f f n e s s  [ GSTIFF J and matrix 
[Hlz 1 from SCOORNF. 

e. Compute intermediate result matrix [CT, ] by r o u t i n e  
GENHK)i: 

[ CT2 ] = [ GSTLFF 1-1 - [ Ha I[ GSTIFF ]-a[ HI lT 

g ,  Compute r e s i d u a l  flexibility matrix [ C p  ] by rou t ine  
CALCC2 : 

h, Write r e s i d u a l  f l e x i b i l i t y  matrix [Cz J on SCOORNF. 

GENCBAK is c a l l e d  t o  form t h e  r e s i d u a l  f l e x i b i l i t y  
matr ix  [RF, assoc ia ted  wi th  the given pa r t i t i oned  
(subset)  mode shape node and freedom numbers. GENCBAR 

goes through the following s t eps :  

a .  Read use r  node and f reedm number matrices [ NpDH ] 
and [ NBDS] f o r  mode shapes and pa r t i t i oned  mode 
shapes, r e spec t ive ly ,  from SCOORNF. 

b. Form an a r r a y  of row numbers of the r e s idua l  
f l e x i b i l i t y  matr ix  r e l a t i n g  t o  the p a r t i t i o n e d  
(subset '  mode shapes by rou t ine  RpWNUM, 

c. Read residual f l e x i b i l i t y  matsix [C2 ] from SCOOKNF. 

d. Form the r e s i d u a l  f l e x i b i l i t y  matr ix  [RF,] r e l a t i n g  
t o  the p a r t i t i o n e d  mode shapes by rou t ine  F'RMCl3A.h. 

e. Write p a r t i t i o n e d  r e s i d u a l  L l e x l b i l i t y  matr ix  [RF2 J 
on SCOORNF over wr i t ing  [C2 ] and using [ C2 J index 
name. 

GENFjUR i s  c a l l e d  t o  compute the  general ized a i r f o r c e s  
with r e s i d u a l  f l e x i b i l i t y  e f f e c t s .  GENFBR goes throuqh 
the following sreps: 



Establ ish sequential  scra tch  files FLMSC1, 
FLEXSC2, FLEXSC3, and FLEXSC4 for par t i t iond 
matrices. 

Calculate density of air, p, fo r  all aiven 
a l t i t u d e s  by rout ine AT62. 

Read matrix [KVAL] f o r  K-values and name of A I C  
matrices. 

Setup t h e  F'LEXAIR cont ro l  matrix [C-] and 
es tab l i sh  i ts  values. Then w r i t e  FLEXAIR control  
matrix [ CpNTRpL] on FLEXRNF. 
Loop on t h e  number of X-values, NRVALUE. 

Head mode shapes [ HB ] and AIC matrix [ a ] (full o r  
par t i t ioned)  from SCOORNF. 

Compute intermediate r e su l t :  

Write matrix [ V ]  on FLEXSC2 

Read res idual  f l e x i b i l i t y  matrix [Cz ] or [ RFp ] and 
AIC matrix [ a ]  frm SCOORNF. 

Compute intermediate r e su l t :  

Write matrix [ W ]  on FLEXSCI 
Loop on number of Alt i tudes,  NALT 

Compute constant : 

Y = l / ,pb2(21ff  - 
K ,  f 

Compute [El then decanpose t o  upper and lower 
t r i ang les  : 

= [L/U ] decanposed by the rout ine 
C D E a M  . 

Read matrix [ V ]  from FLEXSC2 

Conipute intermediate r e su l t :  



o. Read mode shapes [HE] fran SCOORNF 

p.  Calcu la te  generalized f o r c e  matrix: 

q. Write genera l i zed  f o r c e  matrix [D,] on FIZXRNF. 
END of A l t i t u d e s  loop, 
End of K-values loop. 

r Drop and delete scratch f i l e s  FLEXSC1, FLEXSC2, 
FLEXSC3, and FLEXSC4. 

705.4 COMMON BLOCK USAGE 

Labeled common blocks  are used t o  pass  opt ions ,  
cons tan t s ,  counters ,  and .smal~ a r r a y s  between secondary 
over lays  of FLEXAIR. The block rimes and t h e  over lays  
i n  which they  a r e  def ined are shown below. 

- 
J NAME 1 [ l a 0 ) ~ ( 1 , 1 ) l ( 1 , 2 )  ( 1 , 3 ) 1 ( 1 , 4 ) l ( 1 , 5 ) 1 ( 1 , 6 ~  
( CjdMPARS I  x I  X I  X I  I  I I  I  
(EXPAKS x I x x ~ x x I x x l  
LKEKRBH I x l x I x l x l x I x l x I  
1 KQBUFP I X 1 I I  I  I  I  I  
IKQRNDM I x I x l x ~ x I x I x l x I  
1 PART1 I X l X l X l  I I  I x  L 

705.4.1 CjilNPARS, KElUjZR, XQBUFP, and KQRNDM are ATLAS system 
camon blocks  desc r ibed  i n  s e c t i o n  100.2 

705.4.2 /=PARS/ con ta in s  the c o n t r o l l i n g  parameters f o r  t h e  
execution of the F'LEXkIR u t i l i t y  module. The parameters  
are first set t o  d e f a u l t  va lues ,  and then modified t o  
comply w i t h  t h e  parameters  i n  t h e  EXECUTE F'LEXAIR 
statement.  

/PARTI/ con ta in s  the number o t  words a v a i l a b l e  i n  
working s to r age ,  the nunber of p a r t i t i o n s ,  and t h e  s i z e  
of t h e  p a r t i t i o n s  of t h e  various mat r i ce s  that need to 
be pa r t i t i oned .  



706, FLU= PROCESSOR 

706.1 GENERAL INFORMATION 

706, l . l  Purpose 

This module computes t h e  e i y e n s o l u t i m  of a f l u t t e r  
matrix from s t i f i n e s s ,  s t r u c t u r a l  damping, a i r  fo rces ,  
and mass o r  i n e r t i a  input  matrices, These matr ices  may 
be modified by the use r  "changeset" i n s t ruc t ions .  The 
so lu t ion  is based on t h e  parax~letric method of re fe rence  
706-1. By solving the roo t - sor t ing  problem, 
i n t e rpo la t ion  f o r  f l u t t e r  c ross ings  and automatic 
& l o t t i n g  can be accomplished, F l u t t e r  i n  f l u i d s  other  
than a i r  may a l s o  be simulated. The velocity-damping, 
V-g , and veloci ty-f  requency , V-f , curves can be 
opt iona l ly  p l o t t e d  f o r  each a l t i t u d e  inves t iga ted .  When 
requested,  t h e  normal and a d j o i n t  e igenvectors  are found 
a t  i l u t t e r  and a t  spec i f i ed  reduced frequencies.  

706.1.2 Access 

T h i s  t echnica l  modu2e is c a l l e d  from t h e  ATLAS Control 
program by the EXECUTE FLUTTER ( p l i s t )  statement. (sec. 
222, r e f .  1-1). 

706.2 MATRIX ACTIVITY 

Name Descr ipt ion - F i l e  

1 ULCSi Input d a t a  f o r  cases  DATARNF 
2 XMXX A i r  f o r ce  con t ro l  UDDIWKF 
3 -'=YY Unsteady air fo rces  ADDlRNF 
+ c;WISSxx Generalized mass matr ix  VIBRRNF 
5 GSTIFxx Generalized s t i f f n e s s  matr ix  VIBRRNF 

YXXXXXX Generalized mass o r  s t i f f n e s s  

Output 

1 F'kiupv j Print output  matrix FLUTHNF 
2 FPiupv j x  V-g p l o t  matrix FLUTRNF 
3 FLBCi j F l u t t e r  Solut ion Control  FLUTRNF 
4 Fiupv j w  Eiqensolution matr ices  FLUTRNF 
5 F'Piupv j P l o t  con t ro l  matrix FLUTRNF 

A d e t a i l e d  descr ip t ion  of t h e  matrix formats is contained in 
re fe rence  1-2, 



706.3 PRO(;RAM METHOD 

The FLUTTER processor c o n s i s t s  of a primary over lay,  
FLUDETN, and two secondary over lays ,  FLUTRD and FLUS$&. 

This program opens t h e  requi red  named random f i l e s :  
ADDIRNF, VIBRRNF, DATARNF and -PMITRNF, It c a l l s  FLUTFtD 
t o  i n t e r p r e t  the EXECUTE F'LUTTER statement.  For each 
t l u t t e r  da t a  case  i d e n t i f i e d ,  it c a l l s  FLUS$&, 

a ,  Heads and i n t e r p r e t s  t h e  input  da t a  spec i f i ed  i n  
the EXEC'UTE F'LUTTER statement.  

b. Checks da t a  ~ l i d i t y .  

c, Reads t he  c o n t r o l  matrix of the general ized a i r  
fo rce  matrix on f i l e  ADOlRNF and e x t r a c t s  data 
constants:  re fe rence  length,  Mach number, number 
of degrees of freedam, a l t i t u d e  f o r  r e s idua l  
f l e x i b i l i t y  opt ion and the number of reduced 
f requencies  for which a i r  force matr ices  e x i s t .  

d .  Checks t h e  u t i l i t y  matr ix  t a b l e  f o r  the presence of 
the general ize?  mass and s t i f f n e s s  matr ices  on 
VIBRRNF. 

e. Confirms t h e  presence of Lle general  f l u t t e r  da t a  
matrix on DATAHNF f o r  each case  i d e n t i f i e r ,  and the 
presence oi the l a s t  a i r  fo rce  matrix on ADDUiNF, 

f .  F l i n t s  t h e  nunluer of f a t a l  e r r o r s  found and 
appropr ia te  d iagnos t ics .  

This progrirm p e r f o r m  the f l u t t e r  e igensolut ion f o r  each 
f l u t t e r  case  defined.  

a. Fieads the general  f l u t t e r  da ta  matrix created by 
the  i r ~ p u z  preprocessor. It then e x t r a c t s  t h e  
n m i n a l  case  da t a  and t h e  po in t e r s  t o  t h e  changeset 
data .  

For each changese t 

b. Reads t h e  general ized mass and s t i f f n e s s  matr ices  
from VIBHHNF. 



c. Performs element changes as  spec i f i ed  by t h e  
changeset i n s t ruc t ions ,  on the general ized mass, 
s t i f f n e s s  and s t r u c t u r a l  damping matrices. 

For each r e t e n t i o n  vector  set 

d. Forms t h e  c o m ~ l e x  general ized s t i f f n e s s  matrix 
according t o  t h e  r e t en t ion  vec to r  set. Finds t h e  
number of r i g i d  body modes and rearranges  t h e  
r e t e n t i o n  vector set. 

e. Forms the  inverse  of t h e  complex s t i f f n e s s  matrix. 

For each a l t i t u d e  

t .  Computes t h e  a i r  dens i ty  and f i n d s  t h e  s t i l l  a i r  
coupled modes when requested. 

g. For each reduced frequency, reads  the a i r f o r c e  
matrix from ADDIRNF and forms t h e  f l u t t e r  matr ix  
according t o  t h e  cu r r en t  r e t e n t i o n  vec tor  set. 
Solves f o r  eigenvallles of t h e  f l u t t e r  matrix using 
the method of Layuerre i t e r a t i o n .  

h. Obtains flutter r o o t s  and cross ings  by l i n e a r  
i n t e rpo la t ion  on the V-g curve, When requested,  
computes the  normal and a d j o i n t  eigenvector.? a t  
f l u t t e r  points and/or a t  spec i f i ed  reduced 
frequencies.  

i. hrites mtrices FRiupvj, Fiupvjw and FPiupvj on 
FLUTRNF, f o r  p r in t ina ,  e igensolut ion data and 
p lo t t i ng ,  respect ive;  j .  

j. I f  a matched po in t  so lu t ion  is requested,  t h e  next  
altitude is computed f r o m  the lowest f l u t t e r  speed 
found . 



706.4 LVMMON BLOCK USAGE 

706.4.1 /kERRpIR/ ATLAS System common blocks, 
/C@+JPARS/ described i n  section 100,' 
/KQRNDM/ 

706.4.2 /XQCpM?/ Input data for t i t le  and headings 

/XQ2@42/ Data from EXECUm FLUTTER statement 

/ X Q W 3 /  Flutter roots data 

/XQ@M4/ Flutter Matrix Pointers and Options 

/DALWI/ Eigensolutiaa? data constants 

/EIGC@!/ Laguerre i terat ion eigensolution data 



70 7 .  INTERPOIATION PROCESSOR 

707.1.1 Purpose 

Generates  an array oi i n t e r p o l a t i n g  f u n c t i o n  
c o e f t i c i e n t s  f o r  one of f o u r  types  of r e p r e s e n t a t i o n s :  

a .  Surface s p l i n e  - where t h e  i n t e r p o l a t i n g  f u n c t i o n  
is the equatiorl  of an i n f i n i t e  pinned p l a t e ,  

b. Motion a x i s  - where the i n t e r p o l a t i n g  f u n c t i o n s  are 
cvbic  s p l i n e s  along a cont inuous  p l a n a r  curve.  

c. Polynomial - where t h e  i n t e r p o l a t i n g  f u n c t i o n  is 
represen ted  by an n t h  degree  polynomial. 

d. Motion p o i n t  - where t h e  i n t e x p o l a t i n g  f u n c t i o n  is 
a motion t r ans fo rmat ion  from a single p o i n t .  

e. &am s p l i n e  - where the i n t e r p o l a t i n g  f u n c t i o n s  are 
cubic  s p l i n e s  in arc l e n g t h  along a cont inuous  
p lanar  curve  c a l l e d  a  beam. A set of t h e s e  beams 
f o m  a 2 l a n a r  or near ly-planar  surf a c e ,  

707.1.2 Access 

This  module is c a l l e d  from L\e ATLAS c o n t r o l  pr-2. r by 
t h e  EXLCUTE INl'ERP@.ATIfBK ( p l i s t )  s t a t ement  (sec.  L -YL, 
ret . 7-1)  . 

707.2 MATHIX ACTIVITY 

Name -- D e s c r i ~ t i o n  -- F i l e  

Inpu t  

1 Sbidddvs Subset  node matr ix  VIBRRNF 
2 KNpALTa Nodal data matrix DATARNF 
3 KNClO Oa Nodal correspondence t a b l e  DATARNF 
4 KLji3C$3pa Local coord ina te  system DATARNF 

matrix  
5 ShXddda Nodal subset matrix DATARNF 
6 SFdddvs Subset freedonls and node VIBRRNF 

r~umber s 



output 

1  Cdddls Array of coef f ic ients  INTERNF 
2 1h"rABLE INTERN F 

A deta i led  descr ipt ion of the  matrix formats 
is contained i n  ref erenca 1 - 2 .  

707.3 PW)GW#. METHOD 

The INTZRP~TIjilN modu'.. cons is t s  of a primary overlay, 
INTEPkG, and seven secondary overlays, DIEPAR, DATPREP, 
DATPhE2, SURFSPL, MjZCI@?k, PBLY, and M B T I W P -  

707.3-1 ~VESLAY(INTE@IAF~~~O) - INTEPRG 

Controls t h e  flow of execution- 

a. Establishes module camon blocks and s e t s  
parameters t o  defaul t  values. 

b. Controls t h e  log ica l  flow of t h e  secondary overlay 
c a l l s  f o r  the  desired types of representat ion a -  
indicated on t h e  !SECUTE INTERPfJLATIji7N statement. 

Sets execution parameters. 

a. Establisnes the  values of loca l  var iables .  

I. ln ter rogates  /CfdNPARS/ and transmits t h e  parameters 
t o  the other overlays v ia  the  /PRGPAR/ common 
block. 

c. If errors are fourd i n  an  execution para~meter, 
DIEPM wri tes  a  diagnost ic  message and p roh ib i t s  
the in terpola t ion  t o  which it applies.  

Prepares mode shapes and coordinates. 

a. Reads t h e  subset mode shapes, subset freetiom and 
node numbers, nodal correspondence t a b l e ,  and nodal 
data matrix i n l o  core. 

b. Estabiisht?:; the  degrees o i  freedom a s  specif ied by 
the user  QT a s  i.ldicated by Ule .atode shapes matrix. 



c. I f  nodes a r e  def ined i n  an ana lys i s  frame, DATPREP 
reads t h e  ana lys i s  frame desc r ip t ion  from t h e  local 
coordinate system matrix . 

d. Picks up the use r  node number from subset freedom 
and node numbers nratrix and calls NCUIR for 
associa ted i n t e r n a l  node number and po in t e r  t o  
nodal da ta  matrix. 

e .  Using t h i s  po in te r ,  UATPREP picks up the node's 
a loba l  coordinates.  

f .  I f  an ana lys i s  frame i n d i c a t o r  is on, DATPREP 
transforms t h e  node coordinates  frcm global  frame 
t o  ana lys i s  frame. 

y Extrac t s  t h e  r o w  of subset mode shapes assoc ia ted  
with this re t a ined  freedom and places  it i n  matrix 
1938 

h. Steps d-g are repeated f o r  all freedoms- 

i. Writes the  mode shapes, [ @  ], coordinates ,  iind 
associa ted user node numbers onto SCOORNF. 

a. Reads mode shapes, [Q 3,  and increases  row d i m e n s i ~ n  
by t h r e e  (required by PLATEI r o u t i n e ) ,  

b. Rehus g loba l  coordinates ,  [XYZ 1, and e x t r a c t s  X- 
coordinates,  and Y-coordinates. 

c. Calculates t h e  l eng th  of t h e  c o e f f i c i e n t  matrix and 
a l l o c a t e s  core  f o r  it. 

d .  Calls PLATEI t o  generate  t h e  sur face  s p l i n e  array 
of coe f f i c i en t s ,  usirq a s  the i n t e rpo la t ing  
function t h e  small  de f l ec t ion  equation of an  
i n f i n i t e  p b q e d  p la t e .  

e .  I f  the ana lys i s  frame i n d i c a t o r  is on, SURFSPL 
appends t h e  r o t a t i o n  matrix and o r i g i n  l oca t ion  t o  
t h e  c o e f f i c i e n t  matrix. 

f . Writes the  coef i i c i e n t  matrix on random f i l e  
INThRNF . 

g. Appends t o  t h e  i n t e rpo la t ion  t a b l e  matr ix  t h e  
c o e f f i c i e n t  matrix index name, s i z e ,  and number of 
modes, and wr i t e s  t h e  t a b l e  on random f i l e  INTERNF. 



a. Reads m o d e  shapes, [ 91, coordinates, [ XYZ 1, and 
user node nunher array. 

b. Deletes i d e n t i c a l  node nmbers  and coordinates from 
node and coordinate arrays. 

c. Establishes the 0~'s-of -plane a x i s  and picks up the 
in-plane coordinates. 

d. Orders y-coordinate values in manotonic increasing 
sequence using rout ine BRDER. 

e , Establishes the node locat ion and motion ar rays  . 
f - Establishes the def i n i t i a n  point  loca t ion  and 

imaginary reference line slope arrays.  

g. Calculates the length of the array of coef f i c i en t s  
and a l l o c a t e s  core f o r  it. 

h. Calls -2.1 t o  generate t h e  motion axis a r ray  of 
coe f f i c i en t s  using a s  the in terpola t ing  function a 
cubic sp l ine  along a continuous planar curve. 

i If the analysis frame indica tor  is  on, MrnI$#NA 
appends the ro ta t ion  matrix and origin loca t ion  t o  
the array of coeff ic ients .  

j. Writes the coeff ic ient  matrix on random f i l e  
INTERNF . 

k. Appends t o  t h e  i n t e r p l a t i o n  table matrix t h e  
coefficient matrix index name, size, and number of 
modes for this type of representation and w r i t e s  
the table on randcm f i l e  IM'ERNF. 

a. Calculates t h e  length of the coeff ic ient  matrix and 
a l loca tes  core f o r  it. 

b. I n s e r t s  the following information i n  the 
coeff ic ient  matrix 

1. number of elements in t h e  array 
2. 10HP(bLYNpIAI, for type of reF tesentation 
3. pointer t o  transformation matrix 

(ar,~lysis frame) 



4. number of modes 
5 ,  degree of polynomial 
6. coe f f i c i en t s  f o r  the polynanial 

c, Writes the coef f i c i en t  matrix o landan f i l e  
ZNTERNF , 

d, Appends to t h e  in terpola t ion  t a b l e  matrix t h e  
coe f f i c i en t  matrix index name, size, and number of 
modes for t h i s  type of representat ion and wr i t e s  
the  t a b l e  on randan f i l e  INTEPNF. 

a, Reads m o d e  shapes, [Q], and coordinates, [XYZ]. 

b, Establishes motion a r rays  and moves values from t h e  
mode shapes matrix, [a]. 

c, Calculates the length of t h e  coe f f i c i en t  matrix and 
a l loca tes  core f o r  it. 

d, Calls MmIWP rout ine  t o  generate t h e  motion point 
coef f ic ients ,  using as the in terpola t ing  function a 
r ig id  t r a n s f e r  of motions of a datum point. 

e . If  the analys is  frame indica tor  is on, MpTIm 
appends the ro ta t ion  matrix and o r i g i n  loca t ion  t o  
the  coe f f i c i en t  matrix. 

f .. Writes the coeff ic ient  matrix on randan f i l e  
INTERNF , 

g .  Appzzds t o  the in terpola t ion  t a b l e  matrix the 
coef f i c i en t  matrix index name, s i ze ,  and number of 
modes f o r  the  type of representation and writes the  
t ab le  on rapdoan f i l e  INTERNF. 

Prepares t h e  node coordinates and generates t h e  i d e n t i t y  
mode shapes fo r  t h e  AIC option, 

a. Reads the nodal subsets, nodal correspondence 
tab le ,  and nrJdal da ta  matrix i n t o  core. 

b- If nodes are defined in an analys is  frame, DATPhE2 
reads t h e  local coordinate system matrix and picks 
up the analys is  frame description. 



c, Establishes the degrees of freedom e i t h e r  as 
specif ied by t h e  user o r  by defaul t ,  

d. Establishes the  size of coordinate and i d e n t i t y  
modes matrices. 

e, Loops on t h e  number of nodes, s t eps  f throuqh h. 

f. Picks up t h e  user  node number and poin ter  t o  nodal 
data matrix. 

g ,  Picks UF t h e  node ' s  global coordinates. 

h,  If the analys is  frame ind ica to r  is  on, DATPREZ 
transforms t h e  node locat ion from global  frame t o  
analysis  frame. 

i. Writes coordinates and nodes on SCOORNF. 

j. Generates i d e n t i t y  modes matrix and w r i t e s  it t o  
SCOORNF. 

This overlay generates the coef f i c i en t  matrix f o r  t h e  
beam byline method. The program w i l l  perform t h e  
following operations: 

a )  Read mode shapes, coordinates, node numbers, and 
nodal correspondence table .  

b) Establ ish va l id  Dm and a t -o f -p lane  indicator.  

c) Establish x-coordinate, y-coordinate, z- 
t rans la t ion ,  x-rotation, and/or ro ta t ion  arrays 
(position numbers) with its values. 

d) Establish pointer  array of 1 )  pointer  t o  row number 
where f i r s t  node starts, 2) number of nodes on Ith 
beam, and 3) indicator far extrapolat ing inboard 
and/or outboard. 

e) W p  on number of beams. 

f )  Read I t h  beam subset. 

g) Establ ish use r  node number array,  n w h r  of nodes, 
and pointer  t o  I t h  beam location i n  modes matrix. 



h) P i c k  up x- and y-coordinates for each node in the 
Ith beam. 

i) Order y-coordinates i n  ascending order, 

j) Loop on number o t  nodes to pick up Tz, Rx, and/or 
Ry by searching modes matrix for  a matching user 
node x~umber. 

k) t;nd of beam loop. 

1) Calculate length of coe f f i c i ent  array, 

m) Call subroutine BEAM1 ge.wrating a l l  information on 
the coe f f i c i ent  array. 

n) Establish table  matrix and m i t e  on INTERNF 

o) Establish auxiliary I D  and ident i f icat ion  of 
coe f f i c i ent  array and write on INTERNF. 

707.4 C O M N  BLOCK USAGE 

70 7.4 . 1 /KERRm/ ,/C@VPARS/,/DQBUFP/, /XQHNDM/ are ATLAS 
system cornon blocks, described i n  sect ion 100.2. 

707.4.2 /PRGPAR/ - Contains parameters which control the 
execution of the module, Values are established 
by defaults and the parameters on the EXECUTE 
INTEHPBLATI$dN statement. 



ISET - S t i f f n e s s  data set number 
ISTAGE - Boundary condition stage number 
NAMSUB - index name for mode subset 
IMETHgO - indica tor  f o r  method of 

i n t e r  p l a t  ion 
= 1,  surface s p l i n e  
= 2, motion ax i s  
= 3, polynomial 
= 4, motion point 

ICHECK - indica tor  f o r  checkout 
pr in t ing  
= 0, no pr int ing 
= 1, checkout p r in t ing  

IVSGT - Vibration set number 
ITX - freedan indicators-x,y,z t r ans la t ion ,  
IW x,y ,z  r o t a t i o n  
IT2 =0, not selected 
XRX =I,  selected 
IRY 
1RZ 
NDEF - number of de f in i t ion  points  and 

angles (for  m t i o n  a x i s  only) 
IDEFPTS(40)-user node number defining the Ith 

motion axis def in i t ion  point (for 
motion axis only] 

ANGLES (40) -angle of reference l i n e  a t  1 t h  
def in i t ion  point ( for  motion 
axis only) 

IhKIN -error r e tu rn  indica tor  from DIEPAR 
= 0, no e r r o r  
= 1, error detected in execution 

parameters f o r  t h i s  subset, 
continue on w i t h  next subset 
data. 

lm -pointer t o  the  l a s t  element of 
/CmPARS/ t h a t  was picked up f o r  
the current subset 

ITRAN -transformation matrix indica tor  
= 0, no transformation 
= 1, transformation matrix avai lab le  

in matrix RjAWW 
RJarRAN (3,4) - ro ta t ion  and t r ans la t ion  

transformation matrix. 
Txansformatim is from l o c a l  
t o  global,  The l a s t  column is 
the t r ans la t ion  matrix. 



/PBLYC$W - contains the polynamial representat ion 
coeff ic ients  which are established by the EXECUTE 
INTJZW&ATIm speci f ica t ions .  

1. W D E S  - the number of polynomial rmde 
shapes requested. 

2 .  CBEF (6 ,6  ,S) -the polynomial coe f f i c i en t s  f o r  
up t o  5 mode shapes. 
CPIEF (I+ 1, J+ 1 ) is the coef f ioient 
of the  x**I,y+*J term ( O I 1 , J I O )  

/BEAMCPM/ - contains the beam spline var iable  
parameters of which the values are es tabl i shed  
by t h e  EXECUTE INTERPfiIIATIjiVN statement. 

1. NBEAM - Number of beams (or nodal subsets 
forming beam nodes) 

2 -  IBEAM(100) - An array of information f o r  each 
beam. A t y p i c a l  word contains 
the following information pertaining 
t o  t h e  Ith beam. 

B i t s  59-18 - Index name of nodal 
subset associated with 
the I t h  beam. 

B i t s  97-2 - Not used. 

B i t  1 - Indicator  f o r  inboard 
extrapolation: 
= 0, Do not extrapolate  
= 1 ,  Extrapolate inboard 

B i t  0 - Indicator  for outboard 
extrapolation: 
= 0, D o  not  ex t rapola te  
= 1, Extrapolate outboard 



708 .  IDADS PROCESSOR 

708.1 GENERAL INFORMATION 

708.1.1 Purpose 

1. Generate complete loadcase correspondence t ab le  f o r  
a l l  requested user ID l s .  

2. Produce direct nodal loads i n  analysis coordinate 
system. 

3, Produce spec i f ied  nodal displacements fran a l l  
sources. 

4. Calculate statically equivalent nodal loads 
(consis tent  nodal loads f o r  BRICKS) from element 
piessure loads, and output these i n  the node 
analysis  system. 

5 .  Calculate cons is ten t  nodal loads from nodal and 
element thermal loading, and output these i n  the 
node analys is  system, 

6. Generate loads and displacements f o r  combined 
loadcases . 

7, Calculate the r e su l t an t s  for a l l  loadcases 
requested (basic or combined). 

8, Calculate nodal accelerat ions due t o  ro ta t iona l  
i n e r t i a  loads and multiply them by element mass 
matrices t o  compute nodal forces ,  

708.1.2 A c c e s s  

This module is ca l led  from the ATLAS Control program by 
the  EXECUTE m D S  (p l i s t )  statement (sec, 23U, ref , 1-1) . 

708-2 Matrix Activity 

Input 

Name - Description 

LCppniba 
LNOO 1 ba 
LEO0 lba 
LTO 0 1 ba 
LTLCCba 

LiTLTba 
LEDIRba 
LDOO 1 
LCpIMBba 
K C m  ba 

Load Case Corrpspondence 
Direct Nodal Loads 
Element Distr ibuted Loads 
Nodal Thermal mads 
Thermal Load Case 
Correspondence 
Nodal Thermal Load Index 
Element Load Directions 
Specified Displacements 
Combined L a d  Cases 
Load Case Corr , (from BC) 

DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 

DATARN F 
DATARNF 
DATARNF 
DATARNF 
DATARNF 



Output 

KDOO lba 

MA000 la 
LUOOOba 
GKSOOla 
GPOOOla 
KAO00 la 

MULTba 
IA001ba 
DCMRba 
ISCO 1 ba 
IS00 1ba 
DAO 0 1 ba 
ELCpNba 
-a 
LFAV-a 

Specified Displacements 
(from BC) 
Element Correspondence 
Element Data 
Nodal Correspondence 
Nodal D a t a  
Local Coordinate Data 
Element Nodal Data 
H o t a t i o ~ l  Inertia Loads 
Matrix 
Element Mass Matrices 
Element Thermal Loads 
Detailed Geometry 
Element S t r e s s  
Element S t i f fness  

Resultant Matrix 
Nodal Loads Matrix 
Load Yase Correspondence 
l n i t i a l  S t res s  Control 
I n i t i a l  S t res s  
Specified Displacements 
Element Tenperature Control 
Element Temperature 
Load Freedan Activity Vector 

DATARNF 

DATARNF' 
DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 

MASSRNF 
DATARNF 
DATARNF 
STIFRNF 
STIFRNF 

A de ta i l ed  descr ip t ian  of t h e  matrix formats is  
contained in reference 1-2. 

708.3 PROGRAM METHOD 

The L-S nodule cons is t s  ot a primary overlay, MUTHALD, 
and nine secondary overlays, BEGIN, m, W E ,  DISP, 
ELEM, THEW4, Rm, M U I m  and FIN. 

708-3.1 m A Y  (L@XD@LF,1,0) - MUTHALD (F(dFtTRAN1 

a) loops through secondary overlays 

b) c a r r i e s  module comnon blocks 

708.3 - 2  m A Y  (LPIAJ2jZLFl 1.1) - BEGIN ISNAFtK) 

a) es tabl i shes  values of t h e  /NUGGETS/ common block. 
This i s  done by in ter rogat ing  t h e  /CjilNPARS/ block. 

b) es tabl i shes  t h e  values of the /SETCpM/ common block 
by determining requested SETS and STAGES from 
/CpNPARS/ 



C) p r in t s  opening comment 

d) puts a l ist  of requested lcadcases on SCOORNF i f  
s p e c i f i c  loadcases are requested through /CWARS/. 
This list goes o u t  with the name ZHLC. 

e )  When reca l led  f o r  each SET and STAGE, r e s e t s  t h e  
values of t h e  appropriate  var iables  i n  carmnon 
blocks /NUGGETS/ and / S E T C W .  

f )  I n t h e  event of erroneousinformationbeing passed 
in /CB:IPAhS/, BEGIN p r i n t s  a message, increments 
-R and terminates processing. 

a) Produces t h e  loadcase correspondence table for the 
current  SET and STAGE. This t a b l e  i s  t h e  
in tersec t ion  of the requested loadcases with the 
union of t h e  loadcase correspondence t ab les  from 
the boundary condition data (B.C.) preprocessor and 
the LOADS preprocessor. 

b) Produces a scra tch  canbined loadcase matrix which 
1s writ ten on SCOORNF with index name DCpMBXX. The 
format of this matrix i s  explained i n  comments i n  
the code of subroutine D@MBUP. 

C) Prints a l i s t  of loadcases being processed fo r  t h i s  
SET and STAGE. 

a) Checks i f  there  are any nodal loads requested f o r  
t h i s  SET/STAGE. 

b) Reads i n  nodal data,  l oca l  coordinate data, 
loadcase correspondence, RSULT matrix, and the  
scratch combined loadcase matrix. 

c)  Loops through t h e  sources of nodal loads and reads 
the source loadcase correspondence t a b l e  and nodal 
loads data. 

d) Calls DUST t o  ca lcula te  the  nodal loads. 



708.3.4.1 DUST(F'jX3TRAN subroutine) 

a )  DUST reads t h e  incoming nodal loads and converts 
the loadcase t o  the in te rna l  loadcase number. I f  
t h i s  loadcase is not  a component of a requested 
loadcase, these loads axe ignored. 

b) The loads a r e  ro ta ted  t o  the global  system and t h e  
resul tan t  is incremented, f o r  t h i s  loadcase and any 
combined cases  of which it is a component, 

c)  Unless user requested resu l t an t s  only, the  load is 
ro ta ted  t o  the node analys is  system. 

708.3.5 ~LAY(I9ADGJLF.1.41 - DISP (SNAHKL 

a) Checks t o  see i f  the re  axe any specif ied 
displacements f o r  t h i s  SET/STAGE, 

b) Reads i n  loadcase correspondence and scratch 
combined loadcase matrix. 

c) Loops through t h e  sources of spec i f ied  nodal 
dis2lacements (LpADS preprocessor and B.C. data 
preprocessor) and reads in source loadcase 
correspondence t a b l e  and displacements, 

d) Calls FRIG t o  m v e  displacements t o  output matrix. 

708.3.5.1 F'RIG (WRTRAN subroutine) 

a )  F'RIG reads t h e  nodal displacements and converts the 
loadcase names t o  i n t e r n a l  load numbers. I f  t h e  
loadcase has not been requested and is n o t  a 
component of a requested combined case, this 
displacement is skipped. Otherwise, the 
displacement is  output f o r  t h i s  case and any 
combined load cases, 

a) Checks if: there  a re  any pressure loads f o r  this 
SET/STAGE. 

b) Reads i n  element data, nodal data, l o c a l  coordinate 
data,  loadcase correspondence, r e su l t an t  matrix, 
and scra tch  combined loadcase matrix. 



C )  Loops ~hrough sc rces of p ressure  l oads  and reads 
in source  Icadca. P correspondence t a b l e ,  element 
p r e s su re  data ,  a:.ld element p re s su re  d i r e c t i o n s .  

d) Cal l s  SUBEL t o  caiculate the equivalent nodal 
loads,  

7 0 8 -  3 -6.1 SUBEL (FBRTRAN subrout ine)  

a)  Loops through the element pxessure d a t a  u n t i f ,  it 
conles t o  a v a l i d  loadcase  (either requested or a 
component of a requested case)  , 

b) Sets up the element geometry i n  common  bloc^ 
/USUEL/. BRlCKs require subrout ine  BRKGEm, and 
common block /BHICKLE/. 

C)  Reads element pressures  and pressure  direction 
vec tor  from i n p u t  mat r ices  i n t o  /USUEL/. 

d) C a l l s  i nd iv idua l  elenrnt r o u t i n e s  t o  compute 
s t a t i c a l l y  equ iva len t  nodal loads  ( f o r  BRICK, 
cons i s t en t  nodal loads ;  see comments i n  GLpBPR and 
MUG) . These r o u t i n e s  a l s o  compute the element's 
con t r i bu t i on  t o  the loads  r e s u l t a n t -  

e) Increments r e s u l t a n t  f o r  appropr ia te  loadcases  . 
f )  Unless the use r  requested r e s u l t a n t s  only,  r o t a t e s  

nodal loads  to a n a l y s i s  system and writes them out .  

708-3.7 Thermal Loads 

Thermal loads a r e  c a l c u l a t e d  in a series of four 
over 1 ays . 
OVERLAY (WADBLF, 1.20) - THERMEL (SNARK) 

This over lay  reads i n  both nodal and element thermal 
loads  matrices form DATARNF and combines and r e f  ornlats 
the informat ion t o :  

1. Produce EZCpNba and EL000ba for use  by design. 

2. Produce s c r a t c h  matr ices  with element temperature 
data f o r  use by t h e  fol lowing t h r e e  over lays .  

W E W A Y  (LBADBLF, 1 ,2 1) - Ti-EFtM'I (SNARK) 



Computes i n i t i a l  stress and equivalent nodal loads f o r  
R p  and BEAM elements using element stress and s t i f f n e s s  
matrices from s t i f f n e s s .  

Canputes i n i t i a l  stresses and equivalent nodal loads for 
t h e  SPAR, GPLATE, BRICK, AND SRpD elements. 

YVERLAY (LBAD@LF', 1 ,2 3) THERMU2 (SNARK) 

Computes i n i t i a l  stresses and equiva ler ,~  nod??. loads f o r  
the PLATE, C p R ,  CPLATE and C W E R  elenen 

708.3.7.1 C W E  (FjBtTRAN subroutine) 

a)  Loops through elements c a l l i n g  BTU t o  s e t  up 
geometry t o r  each BRICK. 

b) Loops through requested t h e m 1  loadcases f o r  each 
BRICK c a l l i n g  STRAIN t o  set up vector of thermal 
s t r a ins .  

C) Calls TBRICK t o  generate consis tent  nodal loads and 
i n i t i a l  s t r e s ses .  

d) Increments r e s u l t a n t  and, unless  user requested 
resul tan ts  only, r o t a t e s  loads to analys is  system. 

Calculates nodal acce lera t ians  and wr i tes  them on 
scratch 

a) Sets up a l o c a l  scra tch  matrix LCRALab which 
contains a l l  information needed from LRpTNba f o r  
the  ca lcula t ion  of nodal accelerations.  The 
subroutines v j i ? T  and &@TCNTR s e t  up t h i s  scratch 
matrix. 

b) Calculates the nodal accelera t ions  i n  t h e  FfZlRTRAN 
subroutine A C C m  where an accelerat ion cont ro l  
m t r i x  ACCpNba and accelerat ion matrices ACOO lba 
are created.  Subroutines A G U I N  and S L A N G  are 
usee t o  compute l i n e a r  and angular accelerat ions,  
respectively.  

c) Processes combined loadcases i n  t h e  rout ine 
W W T  



Calculates nodal forces  by multiplying nodal 
accelerat ions and element masses. 

a) Modify XCRALaL, i n  +he rout ine FMALC f o r  use l a t e r  
on. 

b) Set up pointers  for mult ipl icat ion i n  t h e  r o ~ t i n e  
MULSET. Also set up loadcase I D  data .  

c) Compute nodal forces  i n  the rout ine  MULDB, using 
MAMULT a s  the mult ipl icat ion t o o l  and MAEXPND a s  a 
too l  t o  expand t h e  lower t r i angu la r  mass matrices 
i n t o  rectangular matrices. 

d) Combine loadcase ID data  and nodal fcrces i n  the 
rout ine LARp'r. Wso update t h e  r e -u l t an t  matrix 
RSULTba . 

a) Outputs the f i n a l  r e s u l t a n t  matrix t o  Lj7JADHNF and 
p r i n t s  it. 



708.4 CW-ON BLOCK USAGE 

- - 

1 pTvERLAY; 4aAD$&F I 
NAME I ( 1 ~ 0 )  I (I8 31 I (I821 I (1~3) I (1~4) I (I#5) I (1.7) I --------------------------------------------------- 

/WPAR.S/I x x x x x x I 
/KERR$R/ I x X X X X X x I 
/KQBUFP/ I x x x x x x I 
/KQRNDM/ I x x x x x x x I .--------------------------------------------------- 
/NUC<ETS/I x x x x x x X I 

I x X I 
/USUEL/ I x I 
/BR XCKLo/ 1 x i 
mcm/ I I 
m s /  I I 
/ARMYRBT/ I x I 
/MULPARS/ I I .------------------------------------------------ 

708.4.1 /KERRPlf;/,/C@PARS/DfiQBUFP/8/KQRND are ATLAS system 
common blocks, described in section 100.2. 



708.4.2 LOADS Processor Conrmon Blocks 

/NUGGETS/ is used throughout the module- It conta ins  
bu f f e r  s i z e s ,  matrix names, and con t ro l  parameters, It 
is i n i t i a l i z e d  by BEGIN. 

/SETCW preserves  information f o r  BEGIN as t o  which 
SETS and =AGES have been requested but  not y e t  
executed. 

/USUEL/ is used by ELEM t o  carry element p ressure  
loading information such as nodal geometry, p ressure  
values,  and nodal loads ,  

/BRICKLE/ i s  used by the BRICK pressure  loading r a u t i n e s  
BRKGEm, GLBBPR, and MUG, t o  c a r r y  add i t i ona l  BRICK 
information no t  kep t  i n  /USUEL/. 

/MACpM/ is used by the ATLAS matr ix  mult iply rou t ine  
MAMULT . 
/&ins/ i s  used by THERM and its subrout ines  t o  c a r r y  
element geometry, thermal s t r a i n s ,  nodal temperatures,  
nodal i ~ c i d s ,  and other information needed t o  compute 
thermal loads. 

/ARMYm/ is used by RfbT, A C C F ? ,  and C- t o  c a r r y  
in forna t ion  on t h e  number of loadcases and nodes and 
matrix row ind ices .  

/MULPARS/ is used by MULRprr, MULSET, and MULDP t o  pass  
data  on the number of loadcases, nodes, matr ix  i n d i c e s  
and p a r t i t i o n  numbers, and input/output  con t ro l .  



7 09, MACHBOX PROCESSOR 

709. I GENERAL INFORMATION 

709.1.1 Purpose 

The M A C H W  module ca lcula tes  unsteady aerodynamic 
loadings on coplanar o r  non-coplanar surfaces i n  
supersonic flow. The loadings are represented by a 
generalized a i r  force  matrix which is used by o ther  
ATLAS modules t o  provide a f l u t t e r  so lu t ion  (ref. 709- 
11 - 

709.1.2 Access 

T h i s  module is ca l led  from the ATLAS cont ro l  program by 
t h e  EXECUTE MACHBW ( p l i s t )  statement (sec . 236, ref . 1- 
1 )  

709.2 Matrix Act iv i ty  

Name Description - F i l e  

1 BpXi Nachbox input  data  DATARNF 
2 Cddd Interpolat ion coe f f i c i en t  a r ray  INTERNF 

1 AICCeee Velocity potent ia l  AIC a r ray  MACHRNF 
2 AICCINDX A I C  index array MACHHNF 
3 AICMeee Spa t i a l  A I C  p i n t e r  a r ray  MACHRNF 
4 A I C Y e e t  Planar AIC array MACHRNF 
5 AICWeee Upwash A I C  ARRAY MACHRNF 
6 A I C V e e e  Sidewash AIC a r ray  MACHRNF 

output 

1 ACMi j Control matrix 
2 ACNi j k l  A I C  index pointers  
3 BLnijkl Box l i f t s  
4 BpIXijkT Box code ar ray  for mnplanar 

t a i l  i f  present 
5 Bwi jkW Box code array f o r  wing (and 

coplanar tail i f  present) 
6 CMni jkl Sect ional  moments 
7 DWPijkl Normal wash pointers  

MACHRNF 
MACHRNF 
MACHRNF 
MACHRNF 

MACHRNF 

MACHRNF 
MACHRNF 



Comnon block ar ray  containing cL1 
inpu t  da ta  and execution 
parameters 

General ized aerodynamic 
coe f f i c i en t s  (real) 

Generalized aerodynamic 
coe f f i c i en t s  (imaginary) 

Generalized forces  
Planform column poin ters  
Wing (W ing-Tail) lower surf ace  

normal wash 
Non-coplanar t a i l  lower surface 

normal wash 
Mode slopes and def lec t ions  
Planf o m  row poin ters  
Pressure difference coe f f i c i en t s  
Subdivided normal wash pointers  

f o r  t a i l  
Subdivided normal wash poin ters  

f o r  wing 
Smoothed generalized aerodynamic 

coe f f i c i en t s  (real) 
Smoothed box l i f t s  
Smoothed generalized aerodynamic 

coef f i c i e n t s  (imaginary) 
Smoothed general  forces  
Sect ional  l i f t s  
Smoothed sec t ional  mments 
Smoothed pressure d i f f e r e n t i a l  

coe f f i c i en t s  
Smoothed sec t ional  l i f t s  
N ~ n - c o p l a ~ r  t a i l  subdivided 

normal ws.sh 
Wing (Wing-Tail) subdivided normal 

wash 
Smoothed ve loc i ty  po ten t i a l s  
W i n g  (W ing-Tai 1) upper surf ace 

normal wash 
Non-coplanar t a l l  upper surface 

normal wash 
Velocity po ten t i a l s  
Off planf om wash samples 

G C I i  j k l  MACHRNF 
MACHRNF 
MACHRNP 
MACHRNF 
MACHRNF 

G F O i  j k l  
ISPi jk 
Wni  j k l  

MACHRNF 

M W j k l  
MPTi jk 
P h i  jkl 
PSTi jk l  

MACHRNF 
MACRRNF 
MACHRNF 
MACHRNF 

PSWi j k l  MACHRNF 

SACi j kl 

SBni jkl 
SCIi jkl 

MACHmF 
MACHRNF 

SFOi jkl 
SLni jkl 
SMnijW 
SPni jkl  

MACHRNF 
MAcHFmF 
MACHRNF 
MACHRNF 

SSni j k l  
STni j k l  

El?cHRNF 
MACHRNF 

SUni j k l  MACHRNF 

MACHRNF 
MACHRNF 

UTni j k l  

VPN j kl 
WSni j k l  

MACHRNF 
MACHRNF 

A detsliled descr ipt ion of t h e  matrix formats is 
contained i n  reference 1-2. 



709.3 PROGRAM METHOD 

The M A W  module c o n s i s t s  of a primary overlay and 
e i g h t  secondary overlays.  

CONTH@ss func t ion  is to con t ro l  and d i r e c t  t h e  calling 
sequence of  the secondary o v e r ~ a y .  In addi t icr- ,  i'. 
chzcks t h e  e r r o r  r e t u r n  from each secondary overlay and 
determines wLa2 recovery is t o  be used i f  an  e r r o r  i s  
encountered. 

DATAPP first examines the / C m W . S /  ccmon block for the 
execution parameters. The data case  rnput  information 
spec i f i ed  on the execution card is then read from 
DATARNF. A comprehensive e r r o r  ana lys i s  is  completed. 
I f  no e r r o r s  are found, execution continues. 

Program SEpMBX processes all of the geometry data .  
Leading and trailing edge d a t a  is  t r a n s f c r m d  t o  a non- 
dimensional coordinate  system. Planform and diaphragm 
box code p a t t e r n s  are determined i n  subrout ines  BXCDPF 
and B X C P I .  The f r a c t i a n a l  on-planform por t ion  of a l l  
boxes c u t  by a planform edge is determined by subrout ine  
GMAREA, which i n  t u r n  c a l l s  subrout ines  ALPHAC and 
NTEtCEP. I f  s p a t i a l  AICns are neces s i t a t ed  by non-zero 
d ihedra l  angles  or v e r t i c a l  separa t ion  of wing and tail, 
i n t e g e r  array (MUAIC) is determined f o r  each A I C  set 
required, It se rves  a s  a map, s o  t h a t  only  t hose  A I C  
values  needed w i l l  be ca lcu la ted ,  The MUAIC a r r a y s  a r e  
computed i n  subrout ines  PWWAIC and PWTAIC. All 
r e s u l t i n g  arxays are w r i t t e n  on sc ra t ch  f i l e  IGEBSC, 

The p r ima ry  funct ion of program MPDES is t o  determine 
mode shapes (s lopes  and de f l ec t ions )  f o r  t he  problem. 
The planform information is read from a s c r a t c h  file 
created i n  program GEfi3MBL. Subroutine Rj3PE.R is c a l l e d  
t o  compute raw pointers for rcrwwise storage of h x  
c e n t e r  modal values.  I f  r i g i d  body modal input  was 
specikied i n  the input  d a t a ,  an i n t e r p o l a t i o n  
c o e f i i c i e n t  a r r a y  composed of t h a t  d a t a  i s  assembled i n  
core.  I f  r i g i d  body inpu t  was not spec i f i ed ,  an  



in terpola t ion  coe f f i c i en t  a r ray  specif ied by t h e  user  is 
read from INTERNF. In  e i t h e r  case t n e  in terpola t ion  
coeff ic ient  array,  with t h e  box center  locat ions,  i s  
passed t o  subroutine AINTL which re tu rns  the slopes and 
def lec t ions  a t  t h e  box centers.  

Program WDES a l s o  has an option t o  use an input  a r ray  
of thickness s lope  tunction values a t  box centers  
derived from "Piston T h e ~ r y . ~  This a r ray  is stored a s  
part of t h e  data  case by t h e  preprocessor, and is va l id  
only fo r  a user spec i f ied  Mach number. These values a r e  
used i n  an equation t h a t  computes the thickness 
correct ion fac tor .  

where 

GAMMA is t h e  r a t i o  of s p e c i f i c  hea ts  for a 
perfec t  gas (1.40) 

M is the Mach nunber 
dz is t h e  thickness slope funct ion values 
dx 

(XPY)  is t h e  thickness correct ion fac tor .  

709.3.5 -Y (MACWLJ?,l,4) - VICMAIN 

Program VICMAIN determines whether aerodynamic inf luence 
coe f f i c i en t s  must be calculated o r  re t r ieved  from 
MAMRNF f o r  each reduced frequency- 

A parameter a r ray  is read from t h e  geometry scra tch  f i l e  
for each s p a t i a l  AIC t h a t  is needed. The program then 
determines ii an ar ray  already e x i s t s  on MACHRNF. If it 
e x i s t s  the a r ray  is read, expanded i f  necessary, and 
s to red  on scra tch  f i l e  IAICSC i f  s p a t i a l ,  o r  i n  labeled 
common i f  planar. If calcula t ions  are necessary, 
subroutine KERNEL i s  ca l led  t o  cont ro l  t h e  ac tua l  
computations. KERNEL, i n  turn ,  c a l l s  R$MBER t o  do the  
in tegra t ions  of FUNCT and VMINC. 

Xi A I C B s  a r e  expanded or  calculated, they are added t o  
those already on MACIIRNF. 



Normal washes and ve loc i ty  p o t e n t i a l s  a t  t h e  box c e n t e r s  
are ca lcu la ted  f o r  eat\ mode shape i n  program N W W X .  
The necessary box p a t t e r n s  and geometry da t a  are f i r s t  
read Zrom t h e  s c r a t c h  file IG-SC. The mode shape and 
ve loc i ty  p o t e n t i a l  po in t e r  a r r ay  XPNTRM is read from 
sc ra t ch  f i l e  MpDESC, and a po in t e r  a r r a y  f o r  ?ormal- 
washes, IPNTDW, is generated by subrout ine  WINTER. 
These po in te r  a r r a y s  se rve  t o  d s soc i a t e  a box l o c a t i o n  
i n  a sparse ly  filled rectangular  a r r a y  wi th  t h e  
c o r r e s ~ o n d i n g  mode, ve loc i ty  p o t e n t i a l  o r  normal wash 
value i n  a s i n g l y  dimensioned, densely f i l l e d  a r r ay .  A 
loop on mde shapes is entered next.  The de f l ec t ions  
and s lopes  a t  box c e n t e r s  are read from s c r a t c h  t i le  
MplDESC i n t o  a r r a y  DEFSL- Subroutine VELPm i s  c a l l e d  t o  
compute wins upper and lower sur face  normal washes and 
ve loc i ty  p o t e n t i a l s  a t  box cente rs ,  and t r a i l i n g  edge 
ve loc i ty  po ten t i a l s .  It a tail is being analyzed as 
w e l l ,  t h e  con t r ibu t ing  wing narmal-washes are determined 
and VELP$ifT is  c a l l e d  aga in  for t h e  tail. If off - 
ylanform sampling was spec i f i ed  i n  t h e  input  da t a  case, 
subroutine SMPLW is c a l l e d  t o  compute t h e  sampling 
r e s u l t s ,  The v e l o c i t y  p o t e n t i a l  a r r a y  and t h e  t r a i l i n g  
edge ve loc i ty  p o t e n t i a l  a r r a y  are wr i t t en  an sc ra t ch  
f i l e  . 

Program SMpf8I'H uses  a least squares su r f ace  f i t t i n g  
technique t o  smooth t he  ve loc i ty  p o t e n t i a l s  generated by 
program NWVPMBX. The v e l o c i t y  p o t e n t i a l s  are read from 
s c r a t d ~  f i l e  and f i t t e d  wi th  a l e a s t  squares  polynomial 
by subrout i9e  FITTER. The polynomial equation derived 
from the f i t t i n g  is then used t o  compute an  in t e rpo la t ed  
array of ve loc l ty  p o t e n t i a l s  a t  planform box cen te rs .  
The smothed  values  are  then wr i t t en  on s c r a t c h  f i l e  
m1csc. 

Program CHpR3F uses  a l i n e a r  l e a s t  squares f i t t i n g  
tec.hnique t o  sn~ooth t h e  ve loc i ty  p o t e n t i a l s  alonq each 
chord. Af te r  t h e  ve loc i ty  p o t e n t i a l  a r r a y  i s  read from 
sc ra t ch  f i l e ,  it is separated by chord, The values  f o r  
each chard are changed t o  t h e  numerical s lope  between 
t h e  midpoint average values,  and subrout ine  CURVE i s  
called t o  f i t  a least squares polynominal curve through 



these s lopes,  The polynominal equation is integrated at 
each box on t h e  chord. The i n t e g r a l  value becomes the 
smoothed veloc i ty  po ten t i a l  a t  that box, The smoothed 
values a r e  reassembled and wri t ten  on a scra tch  file 
XAICSC, 

Program FgRCES calculates a generalized a i r  force  matrix 
f o r  each xeduced frequency. Planform information is 
read from the geometry and modes scra tch  f i l e s .  The 
outermost loop on thickness s lope tunct ions is then 
entered, One set of thickness s lope  functions,  defined 
a t  box centers  by equation ( I ) ,  is read from t h e  
thickx~ess s lope scra tch  f i l e .  I f  thickness s lopes were 
not  spec i f ied  i n  the  input  data  case, a un i t  a r ray  is 
used, Next a loop on mode shapes, used as weighting 
functions f o r  the generalized fo rce  calculat ions,  is  
entered. Each mode shape i s  read f r m  t h e  mode shape 
scra tch  f i l e .  In t h e  inner loop the ve loc i ty  po ten t i a l s  
and t r a i l i n g  edge veloc i ty  po ten t i a l  a r rays  are read 
from scratch f i le .  The bax pa t t e rn  f o r  each surface is 
then examined row by row. Arrays f o r  box l i f t s ,  
sec t ional  l i f t s ,  sec t ional  moments, pressure difference 
coeff ic ients ,  ve loc i ty  potent ia l s ,  generalized 
aerodynamic coeff ic ients ,  and generalized a i r  forces  a r e  
calculated and wr i t ten  on MACHKNF as requested by t h e  
user. 



709.4 COMMON BLOCK USAGE 

I Name I PNERIAY: MACHBLF I 
I I [ l a 0 1  I t l n 1 L I  t I m 2 1  I t l a 3 1  I ( I n 4 1  1  tlm5) I  ( l a 6 1  1 (? .7)  I  ( I n l O L l  
I /KmR$R 1 x 1  I I I I I I I I 
I /CWPARS/ I X I X I I I I I I I I 
I /KQRNDM/ I x l x l x l x l x l x l x l x l x  I 
I /KQBmP/ 1 x 1  I I I I I I I I 
I/YATRNAM/ I X I X I X l x I X I x I x I x l x  I 
1 /GEmTY/ l x l x l ~ l x l x l x l x l x l ~  I 
I /GEFRU12/ I x l x l x l x l x l x l x l ~ l x  I 
I /PLANXY/ I X l X l X l X l X l X l X l X l X  I 
I /ARHAys/ l x l x l x l x l x l x l x l x l x  I 
I /SAMPLW/ l X l X l X l X l X l X l X l X l X  I 
I /MPID=/ l x l x l x l x l x l x l x l x l x  I 
I flPX/ l x l x l x l x l x l x l x l x l x  I 
I /TSLBPE/ ~ x ~ x ~ x l x l x l x l x ( x l x  I 
I F;XEC/ I x l x l x i x l x l x l x l x l x  I 
I /MACH/ I x l x l x l x l x l x l ~ l x l x  I 
1 /KVAL/ I x l x l x l x l x l x l x l x l x  I 
I /LEVEL/ l x l x l x l x l ~ l x i x l x l x  I 
I  /WRITE/ I x l x l x l x l x l x l x l x l x  I 
I /KERN/ ~ x l x l x l x l x l x l x l x l - :  I 
I /FILES/ l x l x l x l x l x l x l x l x l x  I 
1 /TAPEIB/ I x l x l x t x ~ x l x l x l x l x  I 
i /NEWR/ I x l x l x l x l x l x l x l x l x  I 
I/CHECKpUT/ I x I x  I x  I x  I x  I x I x I x  I I 
I /MNDIB/ I x l x l x l x l x l x l x l x l x  I 
I /MASK/ I x l x l x l x l x l x l x l x l x  l 
I /RWBUFF/ 1 x 1  1 I I I X l X l X l X  I 
1 /AICCW/ 1 x 1  I I I X l X l  I I I  
1 /MUAICS/ I I 1 x 1  I 1 x 1  I 1 I 
I /EDGES/ I I 1 x 1  I I I I I I 
I  /LAREA/ I I 1 x 1  1 I I I I 1 
I /INDEX/ I I I x I I I I X l X l  I  
1 fIICPAR/ 1 1 I I 1 x 1  I I I 1 
1 /TPIc/ I I I I 1 x 1  I I I I  
I /BESFUN/ I I I I 1 x 1  1 I I I  
1 /PAX=/ I I I I I 1 x 1  I I I 
I /AICS/ I I I I I 1 x 1  I I I 
1 /DELrnP/ 1 I I I I  I x  l I f I 
I /NWSHES/ I I I I I 1 x 1  I I I 
I /SNWASH/ I I I 1 I 1 x 1  I  I 1 
I /SWASH/ I I I I I 1 x 1  I I I 
I l l  I I I x  L A & -  I 



709.4.1 /KERR@/,/CWARS/,/RQRNDM/,/KQBUFP/ are ATLAS 
system common blocks described i n  sec t ion  100 - 2 .  

709.4.2 _Module common blocks 

/MATRNAM/ - contains d a t a  case t i t le .  

/GE$dMTY/ - contains geometry data f o r  f i r s t  surf ace. 

/GE@l2/ - contains geometry da ta  for second surface.  

/YIANXY/ - contains numbers of edge def in i t ion  points 
and arrays  of edge d e f i n i t i o n  points. 

/ARRAYS/ - contains size limits of a r rays  used within 
MACHBgm . 

/SAMPLW/ - contains data  f o r  of f-planform wash 
sampling. 

/MjdDES/ - contains modal. data needed f o r  execution of 
a data  case. 

/Bm/ - contains input  var iables  determining box 
size and locat ion.  

/TSLldPE/ - contains information f o r  applying thickness 
slopes correction. 

/ m c /  - contains parameters and option indica tors  
from execution card. 

/MACH/ - contains Mach number index, number of Mach 
nurbers, array of Mach numbers, and current  
Mach ~trmber being used. 

- contains information about K values being 
used. 

/LEVEL/ - contains t h e  array of re tent ion  level flags 
( logical)  . 

/WRITE/ - contains flags for SNARK or READTF' formatted 
I/@ 

/-/ - contains da ta  for generation of A I C g s .  



contains names of ATLAS scra tch  f i l e s  s tored  
i n  l o c a l  scra tch  f i l e  name variables .  

contains var iables  used for  reading and 
writ ing of scra tch  files by rout ines  READMX 
and WRTPIM. 

contains courlter and f l a g  f o r  loca l  e r r o r  
analysis  

contains p r i n t  flays. 

contains va r i ab les  used fo r  SNARK reading 
and wri t ing on random f i l e s .  

contains masking constants. 

contains planar A I C  ar ray  t o  be communicated 
between VICMAIN and WVPMBX modules. 

contains buffer  a r ray  used by READMX and 
WRTEMX rout ines  . 
contains MUAIC a r rays  ( A X  maps) and other  
parameters needed £01: t h e  qeneration of AIC 
arrays.  

contain the leadiny and t r a i l i n g  edge x 
locat ions of t h e  planform. 

contains y coordinates of chord, and box 
f lag.  

contains planform column and row pointers-  

contains NUAIC a r ray  and o ther  parameters 
use f o r  generating an A1 C array.  

contains the AIC index array,  

contains var iables  used in the evaluation of 
Bessel function. 

contains var iables  and pointers  associated 
with A I C  a r rays  wri t ten on scra tch  f i l e .  



/AICS/ - contains the AIC arrays. 

/DELTAP/ - contains ve loc i ty  potent ial  arrays and 
pointer. 

/NWAS11ES/ - contains arrays used i n  normal wash 
calculation.  

/SWASH/ - contains arrays and variables used i n  
subdivided normal wash calculat ions .  

/SWASH/ - c o n t ~ i n s  arrays of of f  -planf orm samples. 

/EXCDES/ - contains box code array. 

/IW/ - contains a subdivision pointer. 



710. MASS PROCESSOR 

710.1 GENERAL INFORMATION 

1) Compute element and t o t a l  model mass propert ies  
2) Gen,?rate diagonal and/or non-diauonal lumped mass 

matrices 
3) Generate panel weight matrices 
4) Generate t h e  element mass matrices 
5) Generate f u e l  a?d piiyload d i s t r i b u t i o n  data  

710.1.2 Access 

This module is ca l led  from t h e  ATWIS cont ro l  program v i a  
the EXECUTE MASS ( p l i s t )  statement. (sec. 238, ref. 1-1) 

710.2 MAT;aX ACTIVITY 

Name Description - F i l e  

Input 

KLBCWa 
moo0 01 
=Pa 
XNC400a 
KNPUTa 
KPARMS 1 
RRFVOba 
KSFOO la 
MCMASga 
-ma 
MCWTa 
MFATUDa 
MFCBNDa 
MF'LJWla 
MFMUSEa 
MFULf f a  
MHjZLDSa 
MMELNBa 
m w p p a  
MLUMPOa 
MPANL ha 
WARMS 1 
= m a  

Substructure de f in i t ion  vector 
Set/stage -substructure 
correspondence veczor 
Local coordinate data  
Material data  
Element nodal data  
Nodal correspondence t a b l e  
N o d a l  data matrix 
Data set parameter matrix 
Retained f reedan vector 
Element data  
Concentrated mass data 
Concentrated mass nodes 
Condition data  
Fuel a l t i t u d e  data 
Fuel condition da ta  
Fuel management data-loading 
Fuel management data-ussrge 
Fuel element data  
Cargo hold geometry data  
Element nodal data  
Payload element da ta  
Mass lumping data  
Auxiliary panel da ta  matrix 
Data set parameter matrix 
Payload condition data  

DATARNF 
DATARNF 
GATARNF 
DATARNF 
DATAPNF 
3. T?uO?:F 
DA'PARNF 
DATARNF 
DATARNF' 
DAT?UWIe 
DATPaNF 
D.YFFs,'INF 
DATARNF 
DATARNF 
DAl'ARNF 
DATARNF 
DATARNF 
DATPLr NF 
P ATARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 
DATARNF 



output  

Payload loading da ta  
Seat  iiata - l o c a l  coordinates 
Seat  data - correspondence t a b l e  
Seat data  - coordinates 
Panel subset  da ta  
Element da ta  
Fuel tank geometry data 
Weight f a c t o r s  
Weight f ac to r  t a b l e s  
S t i f f n e s s  subset data  
Mass subse t  da ta  

DATARNF 
DATARNF 
DATARNF 
DATANF 
DATARNF 
D A T m  
DATARNF 
DATARNF 
DATARW 
D A T W  
DATARNF 

MAOOC la Eidment m a s s  matrices MASSRNF 
Og0001a Concentrated mass matrices MASSRNF 
Mxxxxxx Element weight da ta  MASSRNF 
Gxxxxxx Element geanetry da ta  MASSRNF 
IDxxOOa Element index matrix MASSRNF 
GFxmtxx Fuel te t rahedran geometry da ta  MASSRNF 
GPxxxxx Payload tetrahedron/scalar da ta  MASSRNF 
TprnWTa Weight summary matrix MASSRhT 
TAPLWTa Condition surmary matrix MASSRNF 
MDCqqqa Mass m z t r i  ces MASSRNF 
MREDsss Mass matrices (substructure) MASSRNF 
MFAVOOa Fr eedor a c t i v i t y  vector MASSRNF 
FFxmrxx Fuel tables MASSRNF 
FT.iNDxx Fuel t a b l e  index ~natz:' MASSRNF 
FVECf f a me1 vec tors  MASSHNF 
CVECppa Cargo vector !IASSILYF 
PVECppa Passenger vec tors  MASaSNP 
:.NMASga Concentrated mass da ta  SCOORNF/ 

.kZASSRNF 
AXxxxxx Auxilj arl  pane i da ta  SCOORNF/ 

MASSRNF 
W x x x x  Lumped mass data S CO ORNF/ 

MPSSRNF 
h d e t a i l e d  descr ip t ion  of the matrix fo rnu t s  i s  
contained in reference 1-2, 

The MASS module cons i s t s  of a primary overlay and twenty 
secondary overlays. 



a. Controls execution of the MASS module. 

a. Reads t h e  s t i f f n e s s ,  mass, fuel and payload element 
matrices and mul t ip l ies  the d e n s i t i e s  by the 
requested weight fac tor ,  

b. Extracts the coordinates of the element node . 
c -  Sets  up t h e  element geometry matrices. (Gxxxxxx) 

a) Compules the e i g h t ,  center  of gravi ty,  and weight 
maments of i n e r t i a  f o r  the stiffness, mass, fuel  
and payload elements. 

b) Sets up the element mass data  matrices (Mxxxx~x) . 
c) Sets up t h e  element index matrices (1Dxx00a) , 

d) Extracts the concentrated m a s s  nodal coordinates 
and sets up the concentrated mass da ta  matrices 
(CNMASQa) - 

e) Cmputes t h e  t o t a l  weight, center  of gravi ty,  and 
weight moxr(ents of i n e r t i a  f o r  each element set and 
f c r  each concentrated mass subset. 

f )  Sets  up t h e  weight summary matrix (TpILWTa). 

a) Sets  up t h e  axray of cu t t ing  planes corresponding 
t o  the auxi l ia ry  weight panels, 

b) Calls PANEL3 t o  assemble the s t i f f n e s s ,  mass, fue l  
and payload element weight data matrices f o r  each 
eiement subset ,  

C) PANEL3 calls PANEL2 which sums the weights of each 
element and/or p a r t  of element within a polygonal 
cylinder to g e t  the  panel weight. 

d) Weight data  matrices corresponding t o  each 
auxi l ia ry  panel subset a r e  wr i t ten  on sc ra tch  f i l e  
for use by the ASSMBLY program. 



a)  Assembles t he  s t i t f n e s s ,  mass, f u e l  and payload 
element weight data  matrices by cornputina t h e  
weight within a polyhedrm defined around each 
retained node such that each i n f in i t e s ima l  weight 
is lumped a t  t k  closest re ta ined  node, 

b) Weight data matrices corresponding t o  each set of 
retained nodes a r e  wr i t ten  on sc ra tch  file f o r  use 
by the ASSMBLY program. 

710-3.6 $W'ERLAY (MASS$3LF,1,6] - ASSMBLY 

a) Reads the weight data matrices f r o m  scra tch  f i l e  
f o r  t h e  element subsets  and a s s m b l e s  a weight da ta  
matrix corresponding t o  each defined mss 
condition. 

b) Adds t h e  concentrated mass data  t o  each weight da ta  
matrix as required. 

c) Sums t he  terms i n  each weight da ta  matrix and 
compares the t o t a l  weight t o  the t o t a l  w e i g h t  of 
the element subsets  t h a t  make up the mass 
condition, 

d) Writes the assembled weight data  matl-ices on 
scratch f i l e  f o r  use by the MRGMASS program. 

e) Sets up the  f i n a l  panel weight - t r i ces  
correspondins t o  the panel weight conditions and 
writes them on MASSRNF. 

f )  Sets up the condition sumnary matrix (TAPLWTa) and 
writes it on MASSRNF. 

7 10 . 3 .7 PERLAY IMASSfiP, 1, 7) - MRGMASS 
a) Heads the assembled weight data matrices from 

scratch f i le ,  

b) Converts weiqht to mass and assembles t.he diagonal 
and/or nondiagonal mdss nutr ix .  

c) The diagonal matrices are qenerated by ext rac t ing  
the required diagonal terms from t h e  w e i g h t  data 
matrices. The resulting matrix is a user matrix 
wri t ten on MASSKNF. 



d) The n ~ n d l a g o ~ l  matrices are generated by 
transferr ing the mass £ran the center  of gravi ty  t o  
the retained node. All r e j u l t i n g  af f -diagonal 
terms are retained.  The r e su l t ing  matrix is a user  
matrix wr i t ten  on MASSRNF- 

a) Computes the element lumped mass matrices f o r  
s t i f f n e s s  and mass elements. 

b) Computes lumped nrass  matrices for each defined 
concentrated MSS subset. 

C) The lumped mass ntatrices (PA0001a and Cg0001a) a r e  
wri t ten on MASSRIW. 

d) The t o t a l  weight of each slement/concentrated mass 
combination is computed and added i n t o  t h e  
corldition summary matrix (TAPLWTa) 

e) The mass freedom a c t i v i t y  vector  (MFAVOOa) for the 
elements and each concentrated mass subset is 
created and wr i t ten  an MASSRNF. 

a) This is a dummy overlay reserved f o r  cons is ten t  
n m s s  matrrx generation. 

a) Reads t h e  mass matrices for  each lower l eve l  
substructure and writes t h e m  out as user matrices 
with the names MFGDsss, w h e r e  asssu is the  
substructure nunber . 

b) Computes the t o t a l  w e i g h t ,  center of gravi ty  and 
weight moments of i n e r t i a  f o r  the top  l eve l  
substructure.  

C) Sets up the condition sumnary matrix (TAPLWTa) f o r  
the top  l e v e l  substructure.  

7 1 0 . 3 1 1  -LAY (MASSQLF,1,13) - PUELTET 
a) Forms t he  f u e l  tank tetrahedron scra tch  matrices. 



a )  Forms t h e  fue l  t a b l e  matrices ard their index 
matrix, (FTxxxxx, FTWDxx) 

a) Forms a l l  scra tch  matrices re la t ed  t o  f u e l  
manag emel'lt . 

a) Forms the f u e l  gemet ry  and index matrices f o r  each 
condition. (G-, IDxxxxx) 

a)  Forms the cargo hold tetrahedron scra tch  matrices. 

a) Forms the caryo t a b l e  scra tch  matrices and t h e i l  
index matrix. 

a) Forms t h e  cargo and passenger loading scra tch  
matrices. 

a )  Forms the payload geometry and index matrices f o r  
each condition (GYxxxxx , IDxxxxx) 

710.3.19 -MY (MPESm,1,23) - PAYVEC 
a) Forms the  fue l ,  cargo, and passenger loading 

vectors f o r  the GRAPHICS module. (FVecffa, 
CVECppa , PVecppa) 

a)  Forms t he  payload geometry and index matrices f o r  
the  generated balance conditions. (GPxxxxx, 
IDxxxxx) 

a) Sets up t h e  MASS Processor control  comnon block 
CpNMAT. 



710.4 COMMON BLOCK USAGE 

710-4-1 /CBNPAHS/wm@/w/KQBUFP/w/KQRM)M/ - ATLAS system 
comnon blocks, described i n  sect ion 100.2. 

7 10.4.2 /CpNMAT/ contains control and pxoblem size information 
for  use by the MASS module . 

7 10.4.3 /TETCBM/ passes control inf omation between FUELTET 
and TETDRIV. 

/-20/ has the coordin-te points for a 20 node BRICK. 

/-ER/ has the corner points for  a tetrahedron. 

/TABCBM/ has control information for  use in 
FUELTAB and TABDRIV. 

/EI&CBM/ passes control information between FUELELM 
and FCPNTET, 

/PELMCeM/ passes control inf o m t i o n  between PAYEX&! 
and PCBNpAS, PCjiWTET, 

/PBAL-/ contains balance data and control 
information. 

/PBGPC@¶/ passes control information between PAYBAt 
and PBAIX;P, PBALPAS , 



- 
I 1 (BIERLAY: M A S S m F  1 
NAME 1 0  1 1  1 3 611 (1.7 1.10 

1 C a N P W  I x I I I I I I I I 
I K E R R ~ I R I X I X I X I X I X I X I X  I I 
( K Q B U F P I X l X I X I x l x l x x  I x  1 
~ K Q R N W I X l X I x I x l x I x I x  I x  I 
JCmMAT 1 x i x 1 x I x x  1 x 1 x 1 x 1 

, NAME 
XERRBR 
KQBUFP 
KQRNDM 
CgNMAT 

I TETCPM 
CPIPIR20 
W N E R  
T-CPM 
ELMCW 



7 1 1 . MERGE PROCESSOR 

711.1 GENERAL INFORMATI ON 

711.1.1 Purpose 

Merge element s t i f f n e s s ,  mass, nodal l oads  and 
displacement matr ices  for regula r  azd substructured 
nodels. Produce tables of node and freedom a c t i v i t i e s .  

711.1.2 Access 

T h i s  processor is called from the ATLAS con t ro l  prosram 
by the EXECUTE MERGE(p1ist )  statement (sec. 242,  ref. l -  
1) 

711.2 MATRIX ACTIVITY 

Name - - Description -- F i l e  

Input 

Assembly c-ntrol Vector 
Stiffness Freedom 
Act iv i ty  Vector 
Retained Freedom Vector 
U s e r  keedom Reference 
Table 
Freedom Assignment 
Table 
Nodal Correspondence 
T a b l e  
Loads Freedom A c t i v i t y  
Vector 
Mass Reedom Ac t iv i ty  
Vector 
Loadcase Correspondence 
Table 
Element Stiffness 
Matrix 
Element Mass Matrix 
Element Concentrated 
Mass Matrix 
Nodal Displacement 
Matrix 
Nodal Loads Matrix 
Nodal Connectivi ty 
Bset Control 

DATARNF 
STIFRNF 

KRFVO ba 
XUFHTOa 

DATARNF 
DATARNF 

DATARNF 

MASSRNF 

STIFRNF 

MA000 la 
CgOOOla 

MASSRNF 
MASSRNF 

DAOO Iba 

LAO 0 I ba 
K N r n C r n  
I3SETCrn 

WADRNF 
B TARN F 
STIFRNF 



D e s c r i p t i o n  F i l e  - Name 

O u t p u t  

K i j  b a or 
XIMXXXX 
Mij b a  or 
X]IXXXXX 
Lil or 
XXXXXWI 
D 3 1  

i-j P a r t i t i o n  of MERGRNF 
S t i t f  ness Matrix 
i- j P a r t i t i o n  of MERGRNF 
Mass Matrix 
i-1 P a r t i t i o n  of MERGRNF 
Loads M a t r i x  
3-1 P a r t i t i o n  of MERGRNF 
D i s p l a c e m e n t  M a t r i x  
R e t a i n e d  F r e e d o m  MERGRNF 
C o r r e s p o n d e n c e  Table 
U s e r  F r e e d o m  R e f e r e n c e  MERGRNF 
T a b l e  
Freedom A s s i g n m e n t  Table MERGRNF 

Substructure Mode  

Input 

A s s e m b l y  C o n t r a 1  V e c t o r  
R e t a i n e d  R e e d o m  V e c t o r  
R e t a i n e d  F r e e d o m  
C o r r e s p o n d e n c e  Table 
Freedm A s s i g n m e n t  
T a b l e  
S t i f fness  F r e e d o m  
A c t i v i t y  Vector 
U s e r  F r e e d o m  R e f e r e n c e  
T a b l e  
N o d a l  C o r r e s p o n d e n c e  
T a b l e  
L o a d  F r e e d a n  A c t i v i t y  
V e c t o r  
L o a d c a s e  Correspondence 
T a b l e  
L o a d s  R u n c o d e s  Matrix 
St i f fness  R u n c o d e s  
Matrix 
N o d a l  D a t a ,  M a t r i x  
Downward  Loadcase 
R u n c o d e s  Matrix 
L o a d c a s e  Expansion 
R u n c o d e  M a t r i x  
N o d a l  Loads M a t r i x  
N o d a l  D i s p l a c e m e n t  
Matrix 

DATARNF 
DATARNF 
DATARNF 

I F A V s s s  DATARNF 

DATARNF 

INC lsss DATARNF 

DATARNF 

DATARN F 

DATARNF 
DATARNF 

DATARNF 
DATARNF 

DDMS SS 
I D L C s s s  

DATARNF 

LAO0 Iba 
DAOO Iba 



U s e r  Matrices 

17 KREDsss  Reduced S t i f f n e s s  Matrix 
t 8 MREDsss  Reduced Mass Matrix 
19 LREDsss  Reduced Loads Matrix 
20 DBS lsss Free P a r t i t i o n  Substructure  

Displacement Matrix 
21 DBS2sss Retained P a r t i t i o n  Substructure  

Displacement Ma t r ix  
22 DBS3sss Support P a r t i t i o n  Substructure  

Displacement Matrix 
23  GREDs ss Reduced G e o m e t r i c  S t i f f n e s s  Matrix 

Output 

i - j  P a r t i t i o n  of MERGRNF 
Substructure  S t i f f n e s s  
Matrix 
i- j P a r t i t i o n  of MERGRNF 
Substructure  Mass Matrix 
i-1 P a r t i t i o n  of MERGRNF 
Substructure  Loads Matrix 
3-1 P a r t i t i o n  of MERGRNF 
Substructure  Displacement 
Matrix 
Retained P a r t i t i o n  XaRGRNF 
Substructure  Displacement 
Matrix 
Retained Resdom MERGRNF 
Correspondence Table 
F r e e d a ~  Assignment Table MERGRNF 
User Freedom Reference MERGRNF 
Table 
i - j  P a r t i t i o n  of MERGRNF 
Sub-structure G e c n n e t r i c  
S t i f f n e s s  Matrix 

The format of the user  matrices is descr ibed in semi-on 
400.3. The format of the rest of the matrices is described 
i n  r e f e rence  1-2. 

71 1.3 PRUGRAM METHOD 

The MERGE module c o n s i s t s  of a primary overlay,  MERGE, 
and f i v e  secondary over lays ,  MRGSET, MRGMAP, WRSRT, 
PJdLYMRG and I@DER. 

a. Estab l i shes  processor @ s  f i l e  erlvironment 



b. Controls execution through stcondary overlays- 

c. Writes summary pr in tout  f o r  each overlay i f  
checkout f l a g  is on. 

d. Handles e r r o r  r e tu rns  and error- pr in t ing .  

Control parameter i r r terpretat ion and generation 

a - CpNPARS (3,l) i s  read f o r  bas ic  merge option. 

b. Rest of /CwPARS/ is examined fo r  cont ro l  
parameters and a matrix l ist.  

c Paraneters not  spec i f ied  a r e  s e t  t o  defaul t  . 
d. L i s t  of comon matrix names is  constructed. 

e. L i s t  of output matrices is s e t  up. 

f .  I f  not  already i n  exis tence,  t h e  freedom assignment 
table (KFAT) is constructed from the assembly 
control  vector (KACV) and s t i f f n e s s  freedom 
a c t i v i t y  vector (KFAV) - 

g. L i s t  of f r e e  freedoms is pr in ted  out by user node 
number and freedom index. 

h. I f  requested, l is t  of inac t ive  retained freedoms i s  
printed out  by user  node number and freedom index. 

i. For set /s tage mass merge, cumpare s t i f f n e s s  and 
mass freedom a c t i v i t y  vectors anl! indica te  
deviations.  

j. Produce retained freedom correspondence t a b l e  
(KHTC) from retained freedom vector  (KRFV) and 
freedom assignment t a b l e  (KFAT) . 

k -  Update user freedom reference t a b l e  (KUFRT) with 
f i n a l  p a r t i t i o n  population counts . 

1. For loads merge, obtain number of loadcases in 
problem . 

m. For loads merge, compare s t i f f n e s s  and loads 
freedom a c t i v i t y  vectors (LFAV) and indica te  
deviations. 



n. Set up matrix merging information and p r i n t  2 
mssage from matrices of zero order. 

o. Check t o  see  i f  a requested matrix already e x i s t s  
and p r i c e  t h e  appropriate  message (see BPTIN 
description, sec. 242, ref. 1-1). 

This c i c r l ay  reads bulk matrix data and assigns s o r t  
keys t o  each datum. The main program controls  t h e  
execution of t h e  overlay according t o  one of t h e  t e n  
merge options: 

a. Read matrix, produce s o r t  key elements for :  

S t i f fness  
:&lss 
toads 
Dif,placements 
St i f f  ness 
M a  a s  
Loads 
D<splacements 
Gfstif iness  
Gst i ffness  

Set/Stage 
Set/Stage 
Setf i tage 
Set/Stage 
Substructure 
Substructure 
Substructure 
Substructure 
Set/Stage 
Substructure 

b. Decorlpose a higher level substructure displacement 
matr:&x i n t o  its canpcment substructure matrices. 

c. !lYans.form a S U ~ S ~ N C ~ U ~ ~  displacement matrix from 
one londcase system t o  another. 

Convert s o r t  ke:~ elements i n t o  a s o r t  key and add datum 
t o  f i l e  t o  be sorted.  Each type of matrix is handled by 
a separate rout ine.  

Each block of s o r t  keys and datw.s is sorted and an in-  
place merge is performed before t h e  block is wri t ten  
out. 

I n  the event multiple blocks aye wr i t ten  out by MRGMAP, 
S T R I N G  performs t h e  s t r i n g  merge on these blocks. 
Blocks are maintained on numbered random f i l e s  so t h a t  
blocks may be sor ted  by sa r t ing  indices ,  Thus only 
o v e r l a ~ p i n g  blocks are ever ca l led  i n  f ~ r  s t r i n g  merge. 



Matrix da t a  contained on a so r t ed  sequen t i a l  f i l e  is 
wr i t t en  t o  t h e  random access  f i l e .  MERGRNF. i n  u t i l i t y  
matr ix  format, I f  a rw is missiny, a t  least one zero 
w i l l  be produced f o r  t h e  row. For a t r i a n g u l a r  matrix, 
t h e  zero i s  put on t h e  diagonal;  f o r  a rec tangula r  
matrix,  the zero  is put  i n  t h e  f i r s t  column. A t  t h e  end 
of t h e  process, ze ro  and nul l  matrices a r e  i n s e r t e d  into 
t he  u se r  matr ix  cata log.  

Provides a consis tency check an the g loba l  s t i f f n e ~ s  
(1, l)  p a r t i t i o n  by  determining the eigenvalues of t h e  
submatrix f o r  each node. The r a t i o  of l a r g e s t  to  
smallest is used as a test and e r r o r  and warning 
messages a r e  pr inted.  A second pass check may be 
requested which uses t h e  larger submatrix of nc3es 
connected t o  each node. 

711.4 COMMON BLOCK USAGE 

711-4*1 /CBNPARS/ , /KmBR/, /KQRNDW,/KQBm 
are ATLAS Comon Blocks descr ibed i n  
s ec t ion  100.2. 

7 1 1.4.2 MERGE Comon Blocks 

m y  I/ 
YFIRST - Switch ind i ca t ing  i f  f i r s t  c a l l  t o  

MAP rou t ine  
INTEN - Parameter i nd i ca t ing  type of matrix 

= 1 S t i f f n e s s  
= 2 Mass 
= 3 Geometric S t i f f n e s s  

MYSTAT (1,J , K )  - Array of matr ix  s t a t u s  codes 
J = Matrix How P a r t i t i o n  Nu&r 
J = Matrix Column P a r t i t i o n  Number 
K = Matrix Storage 

= 1 lower t r i a n g u l a r  matr ix  by r o w  
= 3 rectangular  matr ix  by row 

/BFSIZE/ 
MAXREC - Maximum record s l z e  of o u t p u ~  matrices.  

/CHKPRNT/ 
ICHK1 - Switch f o r  p r in t ing  input records  

i n  o c t a l .  
ICM2 - Not used. 



ICM(5 - Switch f o r  p r in t ing  ou tpu t  records  
i n  o c t a l .  

/C'lm"n/ 
ICHK3 - Switch f o r  p r in t ing  records  of 

unsorted f i l e  
= 1 in o c t a l  
= 2 i n  f l o a t i n g  point 

ICHK4 - Switch f o r  p r i n t i n g  records  of 
so r t ed  f i l e  (same a s  ICHK3) 

/=m/ 
KRTRN - Contains address i n  main overlay f o r  

error return. 

FRMcNT/ 
NFWlMS - Array containing p a r t i t i o n  counts 

NFRDMS (1) - N d e r  of elements i n  
Part i t io: ,  1 

NFRDMS (2) - Number of elements i n  
P a r t i t i o n  2 

NFRDMS (3) - Nunlher of elements i n  
P a r t i t i o n  3 

NFRDMS (4) - Number of elements i n  
P a r t i t i o n  4 

NFRDMS (5) - Number of columns i n  
de f l ec t ion  matrix 

NFRDMS (6) - Number of columns i n  loads 
matrix 

/pPTIN 10/ 
IMTXLS - Name of substructure matr ix  

to be expanded 
IPARTP - P a r t i t i o n  number of subs t ruc ture  

matr ix  t o  be expanded 

/MGWST/ 
MGWST - Switch t o  print CRU information 

/MRGBPT/  
M R W T  - Contains &sic merge switch 

= I  Set /s tage elemental s t i f f n e s s  
matr lces 

= 2  Set /s tage elemental mass matr ices  
3 Set /s tage nodal loads matr ices  
=4 Set/stage spec i f i ed  displacement 

matrices 
-5 Substructure  s t i f f n e s s  matr ices  
=6 Substructure  mass matr ices  
=7 S ~ b s ~ u c t u r e  loads  matr ices  



=8 Substructure  displacement 
mats ices 

=9 Higher level subst-r~ucture 
displacement matrix p a r t i t i o n  

=10 Substructure  loadcase dependent 
matrix expansion 

/MXFILE/ 
&$FILE - Number of matrices i n  a r r ay  MXFILE 
MXFILE - A r m y  containing mat r ix  names and 

codes 
MXE'ILE (I, 1) - N a m e  of rnatrix I i n  l ist  
MXFXLE (1,2) - Row p a r t i t i o n  code of 

matrix I 
= I  f r e e  
=2 z c t a i n  
=3 support  
=4 not used 

MXFILE ( I ,  3) - Column p a r t i t i o n  code of 
matr ix  I 
=1 f r e e  
=2 r e t a i n  
=3 support  
=4 no t  used 
=5 displacements 
=6 loads  

/ N E W /  
DASET - Contains set number i n  d i sp l ay  code 

equiva len t  i n  b i t s  23-18 
ISTGE - Contains s t age  number i n  d i sp l ay  code 

equiva len t  i n  b i t s  29-24 

/NEIGH/ 
NAMHLE - Array containing matr ix  f i l e  names 

rnTl0.N 9/ 
NmWS (I) - Nunber of rows i n  subs t ruc tu re  I 
NUCIS (1; - Number of columns in subs t ruc ture  I 

/PFDATA/ 
IDATA ( 1 ) - Number of 
IDATA(2)- Number of 
IDATA (3) - Number of 
IUATA ( 4 )  - Number of 
IDATA (5 ) - Number of 
IDATA (6 )  - N u ! e r  of 
IDATA ( 7 )  - Number of 
IDATA (8) - Nuniber of 
IDATA (9 ) - Nuniber of 

bulk records  read 
items in bulk records  
data mapped 
unsorted records  
items i n  unsorted records  
items in  so r t ed  records  
so r t ed  records  
output  matr ix  records  
items in output matr ix  records  



n=s/ 
NACV - 
NFAV - 

NUFR - 

Ksmg - 
KSBTP - 

Name of assembly control vector 
Name of s t i l fnes s  freedom 
activity vector 
Name of retained freedom vector 
Name of retained freedan 
correspondence table 
Name of user freedom 
reference table 
Name of freedom a s s i g ~ l e n t  table 
Name of : mdal correspondence 
table 
Name of loads freedom 
activity vector 

Contains concentrated mass data subset 
number in b i t s  53-48 
Retained freedom handling option 
= 1 Inactive retains are flagged 

as error 
= 2 Inactive retains are l e f t  i n  

problem 
Substructure number in display code in 
bits  35-18 
Structure type 
= 1 set/stage 
= 2 first level substructure 
= 3 upper level  substructure 
Matrix list switch 
= 1 no list 
= 2 list present 

Number of names in array 
&ray of substructure names 

N u m b e r  of words in sort group 
input file 
Sort f i l e  1 
Sort file 2 
Sort t i l e  3 



1 L OVERLAY: MERG0r.S 
1 NAME I ( IaO) 1 ( I a I )  1 l I a 2 )  I ( l m 3 )  I ( 1 a S ) l  

1 

I CgNPARS I x I 
I K E R w R  I x X I 
I K Q B m  I x I 
I KQRNDM I x x 1 
1 ARRAY1 I X x x I 
1 BFSIZE I X x X I 
( CHKPRNT I X x x X I 
I CXlKPT2 I X x x X I 
I -% I x i 
1 FRMLXT I X x x X I 
I pPTINl0 I X x x I 
I UPFAT I x I 
I MGC9sT 1 X x X I 
I MkGgPT I x X X x I 
I MTXSPEC I X I 
1 MXFUE I X x X I 
I MXTSPEC I X I 
I NECaN I x X X x I 
i NEIGH I X x X 1 
I NULLIN I x I 
I PrPTIlZM 1 X I 
I PPTIW~ I x x x I 
( PF'DATA I X x X I 
I RNAMEs I x X X I 
I SDATA I X x x I 
I SDATAl 1 x I 
( SNAMES I X x x X I 
I SFLFET I x I 
I SRTFILS I X X I 

J STRINGS I x x 1 



712. MULTIPLY PROCESSOR 

712.1 GENERAL INFORMATION 

712.1.1 Purpose 

The MULTIPLY processor eva lua tes  the matrix expression 

where [A], [B] ,  [ C ]  and [Dl a r e  ATLAS u s e r  matr ices,  and 
{) i n d i c a t e s  o p t i o n a l  terms, A series of from one t o  
f i v e  matrix products can be processed by each c a l l  t o  
the program. The f i r s t  matr ix  i n  a product may be 
s p e c i f i e d  a s  transposed. If any one of t h e  f a c t o r  
matr ices is n u l l  the corresponding matr ix m u l t i p l i c a t i o n  
w i l l  not be c a r r i e d  out.  

712.1.2 Access 

The processor is  c a l l e d  from the ATLAS c o n t r o l  program 
by the  EXECUTE MULTIPLY(p1ist) statement.  The matrix 
expression t o  be evaluated is  s p e c i f i e d  i n  p l i s t ,  which 
also may conta in  other opt iona l  s p e c i f i c a t i o n s .  (sec. 
244, r e f ,  1-1)- 

712.2 MATRIX ACTIVITY 

Input - 
From 2 t o  11 u s e r  matr ices,  depending on t h e  length  
of t h e  matr ix expression,  Any user  matr ix  r es id ing  
i n  t h e  ATLAS d a t a  base a t  t h e  t i m e  of the c a l l  t o  
the mult iply processor may be  used a s  input .  Formats 
of t h e  use r  matrices a r e  described i n  s e c t i o n  400.3. 

output  

A user  matr ix containing the evaluated matrix 
expression. 

712.3 PRDGRAM METHOD 

The MULTIPLY processor  i s  organized as an overlay 
program cons i s t ing  of one primary overlay,  MULTPAC, and 
tm secondary overlays,  SETPARS and MATMULT, The 
overlay s t r u c t u r e ,  including supporting subroutines,  is 
described i n  s e c t i o n  712.4. 'Ihe i n t e r n a l  processinu of 
the program is divided i n t o  three subtasks which a r e  
defined as fol lows : 



a) Matrix loading - The inpu t  matr ices  a r e  re- 
iormattea and copied on to  numbered random s c r a t c h  
f i l e s .  The primary purpose of t h e  re-formatt ing is  
t o  change the recard  s i z e  of t h e  matr ices  i n  o rde r  
t o  1) u t i l i z e  a l l  core  s to rage  a v a i l a b l e  t o  perform 
the matrix opera t ions ,  and 2) t o  achieve 
overlapping of CP opera t ions  and data t r a n s f e r  
to/from d i s k  s to rage  . The p r i n c i p l e s  used t o  
s e l e c t  t h e  matrix p a r t i t i o n i n g  s i z e s  will be 
d i s ~ v s s e d  in  s e c t i o n  712.3.2. A secondary e f f e c t  
of re-f ormat ting is t o  e x t r a c t  in f  onnat ion about  
matrix sparseness  which is used t o  inc rease  
processing ef f i c i ency .  me r o u t i n e s  performing 
matrix loadinu a r e  RTL(bAD, TFWAD and TBWAD. 

b) Matrix mul t ip l i ca t ion  - The matr ix opera t ions  
spec i f i ed  by the E X E m E  MULTIPLY statement i n  t h e  
c o n t r o l  program a r e  c a r r i e d  out .  The program 
a i s t i n y u i s h e s  between five d i f f e r e n t  m u l t i p l i c a t i o n  
nschemesm a s  described In s e c t i o n  712.3.1. The 
matrix m u l t i p l i c a t i o n  r o u t i n e s  are BTBMLT, BWMLT, 
FWDMLT, RCRMLT and RRRMLT. 

c) Matrix unloading - The r e s u l t  matrix is re- 
formatted and copied from s c r a t c h  f i l e  t o  t h e  
random named file AWLTRNF. Matrix p a r t i t i o n  s i z e  
on MULTHNF is  e i t h e r  inpu t  v i a  the c o n t r o l  program 
statement o r  a d e f a u l t  value i s  used. The matr ix 
unloading r o u t i n e s  are HTBWD and T B W .  

712.3.1 Matrix Mul t ip l i ca t ion  Formats 

A matrix mul t ip l i ca t ion  scheme is  defined by t h e  types 
o i  nlauices involved i n  a matrix product. The program 
d i s t i n g u i s h e s  between the f i v e  m u l t i p l i c a t i o n  schemes 
shown i n  t a b l e  712- 1. I n  t h i s  t a b l e ,  [ A ]  denotes the 
pre-multiply malix, [ B ]  t h e  post-multiply matr ix,  [ C ]  
t h e  add matrix,  and [ D l  t h e  r e s u l t  matrix. Where 
n t r iangular*t  is entered,  the lower t r i a n g u l a r  por t ion  of 
a banded, symnetrical matrix is meant. 



Table 712-1. Mul t ip l i ca t ion  schemes used by the MULTIPLY Processor 

I I I I b I 1 . 
IMultipli-1 [ A ]  1 [ B l  1 [c] I [ D ] I Subroutine I 
1 c a t i o n  I Matrix 1 Matrix I Natrix 1 Matrix I Used I 
1-Scheme 1 1 -- I 1 
I I i I I I I 
I 1 (rect&ngular~rectangular~rec~ngularlrectgar RRBMLT I - 

1 I I I I I 1 
I I I I I I I 

2  I l r e c t a n g u l a r l r e c t a n g u l a r ~ c t a n g u l a r l r e c t a r  RCRMLT f 
1 l t ranspose I 1 
I I 1 I I I I 

1-A . 

I 3 1 I r ec tangu la r  l t r i a n g u l a r  l t r i a n g u l a r  I BTBMLT I I 
I I I I I I I 1 
I 4 1 t r i a n g u l a r  1 rec tangu la r  l r ec tangu la r  ~ e c t a n g u l a r  1 IWDMLT I 3 

L A -  - L A  L I BWDMLT L i 

I 1 I I I I I 
I 5 ~rectangularlrectan~uhrltrianyular l t r i a n g u l a r  I RCRMLT I 
1 I t ranspose  I _ I _ - _ I -  

7 12.3.2 OVerld~ped Proccs inq  - Core S t r a w  

In pertorming the var ious  types of matr ix 
mul t ip l i ca t ions  t h e  program w i l l  attempt t o  optimize t h e  
processing i n  t h e  f o l l w i n g  ways: 

(a) W e r l a p  c e n t r a l  processor opera t ions  and d a t a  
t r a n s f e r  t o  and faom d i s k  s torage.  

(b) S e l e c t  matrix p a r t i t i o n i q  sizes such t h a t  a 
nunimum of core work a r e a  is  needed t o  s a t i s f y  
requirement (a) a b v e .  

I n  the following the arrangement tor each matrix 
mul t ip l i ca t ion  schene w i l l  be discussed s e p t r a t e l y .  The 
following no ta t ion  w i l l  be us&: 

t(c) - The Centra l  Processor time required t o  perform 
d=c  ( A )  a*b, where a, b, c and d a r e  a l l  
f l o a t i n g  point  numbers. 

t (a) - Disk crccess time. 

t(t) - The time required t o  t r a n s f e r  one word from 
d i s k  to  core. 



T (c) - The Centra l  Processor t i m e  r equ i red  t o  perform 
a matr ix ~ n u l t i p l i c a t i o n  with one set of [A] ,  
[ B ]  and [ C ]  par t i t ions .  

T ( t )  - The t r a n s f e r  t i m e  requi red  t o  copy one 
p a r t i t i o n  from disk t o  core. 

W - The size of t h e  core work area.  

i ,  k - Dimension parameters of t h e  [A] ,  [ B  ] and [ C ]  
matxices such t h a t  [ A ]  = A ( i ,  j) , [ E l  = B ( j , k )  , 
[ C ]  = C(i ,k)  , 

- 
U//L - Core r e s i d e n t  matr ix  p a r t i t i o n s  

J : : : L - Matrix p a r t i t i o n  being t r a n s f e r r e d  
between d i s k  and core. 

J L - Disk r e s i d e n t  matr ix  p a r t i t i o n s  

712.3.2.1 Mult ip l ica t ion  scheme 1 

1- 
Iy////////( 

y 1 : : : : : : : L  
j I I 

I I 
I I I 
I I I 
1- 

B matrix 

-1- 
A matrix C matrix 

The matrix m u l t i p l i c a t i o n  is i l l u s t r a t e d  i n  the f i g u r e  
above. The core  work a r e a  is  organized i n t o  four  
b u f f e r s  containing matrix p a r t i t i o n s ,  Three of t h e  
buf fe r s  conta in  t h e  [ A ] ,  [B], and [ C ]  p a r t i t i o n s  which 
a r e  c u r r e n t l y  being mul t ip l ied .  The f o u r t h  b u f f e r  is 
used ta s t o r e  t h e  next  [ B ] matrix p a r t i t i o n  t o  b e  



processed. T h i s  buffer is loaded while multipl ication 
i s  carried out on the  other part i t ions .  The [ A ]  and [ C ]  
partitions w i l l  contain x rows, and the two [B] 
part i t ions  y rows edch. Equations for W ,  T (c) and T (t) 
can then be set up as  follows: 

1 (c) = xykt (c) 

~ ( t )  = ykt  (t) + t (a) 

The requirement for overlapping of central  
processor operations and data transfer is obtained 
from the l a s t  t w o  equations: 

Substituting for  x i n  the first equation and evaluatinq 
dW/dy gives the condition for minimum work area: 

dW = 0;  y=& SQRT (t [a] ( i+k)  - 
dy k 2t (c) 



712.3.2.2 Mul t ip l i ca t ion  scheme 2 

I  ------ j------ I  
_ J x l x l  
I  1 / 1 : 1  I  
1 1 / 1 : 1  I 
I  i l l :  I  I 
1 1 / 1 : 1  I  
1 1 / 1 : 1  I 
1 1 / 1 : 1  1 

A ( t )  matr ix 

I  I 
I  I  I 
I  I  I 
1 u  

B matrix 

I  .Id 
I 1 I/////// 1 

Y I /////// l 
iJ-luuuA 

I  I  
L U  

C matr ix 

The work a r e a  i n  t h i s  case  con ta ins  f i v e  matrix 
p a r t i t i o n s :  two [ A ]  and [ B J  p a r t i t i o n s  and one [ C ]  
p a r t i t i o n .  The t w  extra [ A  ] and [ B ] b u f f e r s  a r e  loaded 
while the other  p a r t i t i o n s  a r e  mul t ip l i ed .  The [ A ]  and 
[ B ] p a r t i t i o n s  conta in  x rows, t h e  [ C ]  p a r t i t i o n  y rows. 
I n  s e t t i n g  up t h e  t r a n s f e r  t ime tor the [ A  ] and [ B  ] 
p a r t i t i o n s  it i s  assumed t h a t  t h e  corresponding f i l e s  
were accessed through d i f f e r e n t  channels s o  t h a t  the 
loading may occur simultaneously. The equations f o r  W, 
T ( c )  and T ( t )  w i l l  be: 

T ( t )  = x i t  (t)+t (a) 

The optimal b u f f e r  s i z e s  are then found t o  be: 

T (c) =T (t) : y=& t(tl + 1- t ( a 1  
k t (c) xk t ( c )  

dW=O : x=SQRT(t (a) - ) 
dx 2 t  (c) ( i + k )  



Multiplication scheme 3 

1- 
B matrix 

I , ,. , - , , , 
B (t) matrix 

J 
C matrix 

The work area contains three nratrix part i t ions ;  two [ B ]  
part i t ions  and one [ C  ] partition. One [B ] partion is 
transferred tc core while the other part i t ions  are 
mul t ip l i ed .  The B partitions contain x rows and the C 
par t i t ion  y matrix elements. The equations f o r  W ,  T ( c ) ,  
T ( t ) ,  x and y are: 

T ( c )  = xyt (c) 

T ( t )  =  kt (t) + t (a) 

T (c) = T (t) ; y = k w  + 1 t ( a 1  
t ( C )  X t ( C )  

dW = 0 ;  x = SQRT (1 t t a l )  - 
dx 2k t (c) 



Multiplication scheme 4 

This matrix product is evaluated as 

where L is  the lower t r iangular  half  of a banded 
symmetric matrix, and [U ]=[ L (t) ] without the diagonal 
terms of [L]. The matrix product is i l l u s t r a t e d  i n  the 
f igures  below. 

u I I 
1////11 I I 
4:::::L u 
i I I/////L 
I I I I 
. I L  
B matrix 

1- 
B matrix 

I -----i----- I I -----i----- I 
- - -- 
I I I I 1 0  I O O O I I T ~  I 
L, 1- 0 (0/0(  I I l:::::l> t o  d i s k  
1 0 o / /  1 ///I/ 1 O I / N I  I u / / 1  
1 o///// i J:::::L O//I I i J : : : : :I< from disk 
1 0 o////// I I 01 I I I 
I I 1  I 

L matrix C matrix U matrix 
U l U  

C matrix 

Because of the var iable  bandwidth of the  [L ] and [U] 
matrices, a part i t ioning of t h e  matrices which allows 
f u l l  overlapping becomes impractical. I n  both of the  
products described above the available core area i s  
divided i n t o  f i v e  equal p a r t i t i o n s .  Overlapped 
processing is employed as f u l l y  a s  possible. 



712.3.2.5 Multiplication scheme 5 

I - - - - - - j------ I 
I X l X l  

1  1 / 1 : 1  I 
1  1 / 1 : 1  I 
1  1 / 1 : 1  I 
1  i / 1 : 1  I 
1 1 / 1 : 1  I 
1 1 / 1 : 1  1 

A ( t )  matrix 

B matrix 

I 
C matrix 

The same algorithm a s  for multiplication scheme 2 i s  
used, except that i n  this case the [C] matrix is  lower 
triangular. The [ C ]  matrix partition contains y 
elements. The equations for optimal core usage are: 

T ( t )  = xkt (t) + t (a) 

T (c)  = T ( t )  ; y=kt(t)  + 1 t (a) 
t(a) x tCc) 

dW = 0 ;  x = 1 SQRT ($(a)) - 
dx 2 k t  (c) 



712.3.3 Scratch f i l e  usaqe 

The MULTIPLY Processor uses the follwing numbered 
random files for internal data storage: MULTF1, MULTF2, 
MULTF3, MULTF4, TABF'Ll and TABFL2. The files are 
accessed by the I/p routines REDER and WRTER. The 
contents of the f i l e s  are i l lustrated below. The 
storage formats referenced in this table are described 
subsequently, 

I I I I I I I I 
(Multipli-1MULTF1 JMULTF2 IMULTF3 IMULTF4 lTZ4BFLl ITABF'L2 I 
1 cation I I 1 I I I I 
I Scheme I I I I I u 
I I I I I I I I 
I 1 1A Matrix (C MatrixJB Matrix1 IPartitionI I 
I IFormat 1 [Format 1lFormat 11 I Sizes I I 

I 2 (A M a t r i x  IB Matrix1 C Matrix1 I Partition1 I 
I IFormat 1 IFormat 1 IFormat 7 1  1 S i z e s  I 
L L - L - L  1Fonnat 4 1 I 
I I 1 I 1 1 I I 
I 3 IB Matrix IC Matrix1 I 1 Parti tion 1 1 
1 (Format 7 IFormat 21 I I Sizes I I 
1- --I 1 lFormat 4 I 1 
I I 1 I I I 1 1 
I 4 1C Matrix 1C Matrixlb MatrixfA Matrix1PartitionlAdditionalI 
I i~ecords [~ecords i~ormat llFormat 31 Sizes {A Matrix I 
I 11,2,5*6,9,13,4,7,8,I I IFormat 4 jinfo. I 
I [lo,... I... I I I (Format 5 1 
I (Format 1 IFormat 11 -_I- 
I I I I I I I I 
I 5 (A Matrix IB MatrixIC Matrix1 IPartitionl I 
I (Format. 1 IFormat IlFbrmat 2 )  I Sizes I I 
. L L r -  I (Fonnat 4 1 L 

EL&,- ,a.w .*. .., A . . -...a a; m- 
. "  - I . .  . -  



7 1 2 . 3 . 3 . 1  Storaye format 1  

This format is used f o r  r ec ta ryu la r  matrices s t o r e d  by 
rows. Each f i l e  record c o n t a i r ~ s  a p a r t i t i o n  of t h e  
matr ix  cons i s t ing  of f u l l  matr ix rows, 

Word Contents 

Record r~umber 
Record length  
Po in te r  t o  first matrix elernent of record 
Row number of first matrix row i n  record 
Number of matrix rows i n  record 
Column number of first column i n  record 
conta in iny  a nonzero eleniunt 
Distance between f i r s t  and last coltlmn 
i n  record containing nonzero e l e m e n ~ 3  
Not used 
Matrix elements s t o r e d  sequen t i a l ly  
by rows 
In teger  checksuni of elements 1 through n. 

712.3.3.2 Storase  format 2 

This format is used f o r  f 11.11 (non-banded] symmetric 
matr ices which a r e  s to red  lower t r i a n g u l a r  by rows. 
Each rw is f u l l y  contarned i n  one record,  

Word Content? 

Record number 
Record l eng th  
Pointer  t o  f i r s t  matr ix element in record 
Row number of tirst row i n  record 
Number of matr ix rows contained in record 
Not used 
Matrix elements s t o r e d  s e q u e n t i a l l y  by rows 
In teger  checksum of elemen*is 1  through n 

712.3.3.3 Storage formht 3 

This fonnat is used f o r  banded symmetric matrices, The 
matr ix  i s  s to red  lower t r h n g u l & r  by rows. Each row is 
fully contained i n  one record.  111 che desc r ip t ion  below 
references  dre t o  t h e  [ B ]  and [C] matrices of 
mul t ip l i ca t ion  format 4. 

Word - -- Contents 

1 Record number 
2 Record length 



Pointer t o  f i r s t  matrix element in record 
Row number of first row i n  record 
N u i r  oL matrix rows contained i n  record 
Not used 
Let. NCjJL designate the  left-most nonzero 
col*mr~ i n  t h e  record. This word is  a pointer  
t o  the [ B  ] matrix record which contains row 
number NC@ . 
Let NR$W designate the number of t he  f i r s t  
matrix row contained i z  the next record. 
This word is  a pointer  t o  t h e  [ C ]  matrix 
record which contains row number NRW. 
L ; L W  designate the  l a s t  matrix row i n  
the record. This word is a pointer  t o  
the [ C] matrix record which contains row 
number LHjdW. 
Not used 
Sarri a s  word 9 
Same as word 10 
Same as  word 8 
Not used 
Matrix elements s tored sequent ia l ly  by rows. 
Each row is stored left  t o  right., s t a r t i n g  
w i t h  t h e  first nonzero element and ending 
w i t h  the diagonal element. 
Jnteger checksum of elements 1 through n. 

i12.3.3.4 Storage format 4 

Th i s  format cons i s t s  of t h r ee  records with t he  
following contents: 

Record Contents 

1 Array cvntaining t h e  lengths of each [A] 
matrix record. 

2 Array containing t h e  lengths of each [B] 
matrix record. 

3 Array containing the lengths of each [C] 
matrix r2cord. 

712.3.3.5 Storage format 5 

This tormat is used while processing mul t ip l icat ion 
scheme 4 ,  The f i l e  contairls WAREC+1 reco.-ds, where 
N-C is t h e  number of pa r t i t i ons  of the  [ A ]  matrix. 

Record Contents 

1 Array N@AREC+1 long. Word i contains 
word 8 of record i + l  of s torace  format 3. 



Word NpAW'C is zero, word N0AREC+l 
conta ins  t h e  i n t e g e r  checksum of words 1 
through N$dAHEC. 

j Each record j corresponds t o  record  j-1 
(2s jsN@IREC+l) of s to rage  format 3. The record is NRW+ 1 

words long, where Nk@W i s  the number of 
matr ix r o w s  s to red  in record j-l of 
format 3. Each element conta ins  the 
p o s i t i o n  (column number) of t h e  f i r s t  
nonzero elenlent in t h e  corresponding 
matrix row. Word N R m + l  conta ins  t h e  
in teger  checksum o t  t h e  record elements. 

712.3.4 Overlay D e s c r i ~ t i o n  

712.3.4.1 m R L A Y  (MUL-, 1,3 ) - MULTPAC 

The only tclsk performed by this code is  to c a l l  the two 
secondary overlays. 

712.3.4.2 WERLAY (MULWLF , I, I ) - SETPARS 

This overlay perf- urms the  f ol lowir~g f u n c t i m s  : 

a.  Decode and i n t e r 2 r e t  t h e  execution c o n t r o l  
parameters a s soc ia ted  with the program c a l l .  
I n t e r n a l  con t ro l  information parameters are set. A 
thorough checkout i s  performed on t h e  matr ix  
expression t o  be evaluated-  

b. I n t e r n a l  m a t r i x  buf fe r  s i z e s  are computed. The 
program at tempts  t o  a l l o c a t e  t h e  optimal buf fe r  
s i z e s  developed i n  s e c t i o n  712.3.2. I f  the a c t u a l  
core work area  is t o o  small t o  s a t i s f y  t h i s  
requirement, t h e  best poss ib le  buf fe r  arrangemer~t 
is adopted. 

712.3.4.3 0VERtAY (MUL'IJ3LF', 1 , 2 )  - MATMULT 

This overlay is entered twice during t h e  execution of 
t h e  MULTIPLY processor.  The task i n  (a) below is 
pertornled during the f i r s t  e n t r y ;  the t a s k s  described i n  
(b) and (c) during the second ent ry .  

a. The length  of t h e  core  woi - area  is computed and 
saved fc. use  i n  w e r l d y  prugram SETPARS. 

b. A che: - s made t o  see i f  the evaluated matrix 
expression w i l l  r e s u l t  i n  a zero  matrix. I n  t h i s  
case a riull  r e s u l t  matr ix  is  generated and f u r t h e r  
processing i n  t h e  module aborted. 



c. Matrix products are perfcumed i n  t h e  sequence 
sgecitied i n  t h e  matrix expression. The products  
w i l l  be added success ive ly  t o  t h e  add matr ix  given 
i n  the m t r i x  expression.  I f  no add matrix is 
spec i f i ed ,  a zero add matrix w i l l  be generated 
before m u l t i p l i c a t i o n  t a k e s  place .  Each matr ix  
product is pretaced by t he  loading of t h e  add 
matrix and the two product matrices, and followed 
by the  u130ading of t h e  r e s u l t -  

7 1 2 - 4  COMMON BLOCK USAGE 

7 1 2 4  /@NPARS/ 
BfiRm/ - ATLAS system common blocks, 
fiQBUW/ described i n  section 100-2. 
/KQHNDW 

- U s e d  for  the matrix loading 
opera t ion-  The parameters 
apply t o  the input matr ix of 
t h i s  operat ion.  

- Used f o r  the rndtrix unloading 
opera t ion .  The parameters apply 
t o  t h e  output  matrix of t h i s  
opera t i o n .  - Contains f i l e  names of s c r a t c h  
files. 

- Used f o r  the matrix loading 
opera t ion .  The parameters 
apply t o  the ou tpu t  matr ix  of 
t h i s  opera t ion .  - Used f o r  t h e  matr ix unloading 
opera t ion .  The parameters 
apply t o  t h e  i n p u t  matr ix of 
this operat ion.  
Used in t h e  matrix loading 
oper d t ion  . I t  determines 
whether a loaded matr ix  should 
be s t o r e d  i n  a compressed 
format (zero elements de le ted)  . - Contains oontrol information 
mostly ex t rac ted  from the ATLAS 
con t ro l  program stat.ement . 

- Co,~ta ins  MULTIPLY processor 
error f l a y s .  - C0nta.i.n~ matrix parameters 
used t o  perform the a c t u a l  
m u i x  mul t ip ly  operat ions.  - Contdins t e x t  f o r  error heading. 



- 
I 1 PnrERpY: MULTldLF' 
J NAME I (1.0) I ( 1.11 I (1.21 L 

I 

I I I X I I 
I K W H  I x I I I 
I KQBWP I I I x I 
1 KQRNDM 1 I I x L 
( EPAk I I I x I 
I EI'luu I I I X I 
I FILNAM I I I x I 
I IPrn I I I X I 
I IPAhB I I I X I 
1 MASHTP I I I X I 
I =TCPIN I X I X I X I 
I MLTEKR ( x I x I x I 
I RECPA-P I I I x I 
J TEXT I I I x L 



713. R H g 3  PROCESSOR 

713.1 GENERkL INFORMATION 

713.1.1 Purpose 

Calculate  unsteady loadings caused by motians of l i f t i n g  
su r faces  with t r a i l i n g  edge c o r ~ t r o l s  based upon the 
subsonic kernel  funct ion  approach of re fe rence  713-1. 

The pressure s i n g u l a r i t i e s  a t  hinge l i n e  and s i d e  edges 
are ex t rac ted  a r ~ a l y t i c d l l y  as a prel iminary s t e p  t o  
solving the i n t e y r a l  equat ion by co l loca t ion .  

The module c a l c u l a t e s  general ized aerodynamic f o r c e s  f o r  
user  supplied d e f l e c t i o n  modes. Optional in termedia te  
output  includes:  

a .  unsteady p ressures  a t  a n  a r r a y  of p o i n t s ,  

b, s e c t i o n a l  genera l ized  fo rces  , 

From one t o  four  con t ro l  su r faces  on the  half span can 
be accommodated . 

713.1,2 Access 

T h i s  module is c a l l e d  from t h e  ATLAS c o n t r o l  program by 
the EXECTWE Hip3 ( p l l s t )  s tatement  (tec- 250, ref .  1-1) . 

713.2 MATRIX ACTIVITY 

Name -- Description File 

Input  

1 R30i000 Input da ta  case DATmKF 
2 ItCmi000 Input hinge r o t a t i o n  c o e f f i c i e n t s  DATARNF' 
3 xxxxxxx In te rpo la t ion  c o e f f i c i e n t s  INTERNF 

1 CT.100000 C-matrix index 
2 C M i O O O O  C-matrix 

Output 

1 ACMijOO Control matr ix  
2 D W O i  jkl Ful l  downwash 
3 D W M i  jkl Modiiied downwash 



hme - Descript ion F i l e  

4 G F O i  j k l  Generalized a i r  f o r c e s  RH93RNF 
5 H U n i j O O  Cubic hinge r o t a t i o n  c o e f f i c i e n t s  RH93RNF 
6 MjdOijOb In terpola tedmode shapes RHB3RNF 
7 PhOijkl Unsteady pressure  r e p o r t  RHB3RNF' 
8 PSOijkl Pressure series c o e f f i c i e n t s  RHj23RNF 
9 H30ij00 Case and condi t ion  d a t a  RIfP3RNF 

10 SFmijkl Sect ional  genera l ized  f o r c e s  RH93RNF 

A d e t a i l e d  d e s c r i p t i o n  of the matr ix f o r r a t s  is 
contained in ref  erence 1-2. 

713.3 PWGRAM METHOD 

The RH03 module consists of a primary over lay ,  R H B I I I  , 
and t h i r t e e n  seconddry overlays: 

RH$iIJII d e i i n e s  t h e  l o c a l  labeled common blocks and c a l l s  
t h e  secondary over lays  i n  the sequence requi red  t o  
complete t h e  t a s k  (s) defined by t h e  card i n p u t  d a t a  case 
and t h e  execution parameters, 

Note that secondary overlays 1 through 6 are Mach number 
and K-value independent and a r e  c a l l e d  only  once. 

I ~ K E P  assembles a l l  case  and condi t ion  d a t a  t o  d i r e c t  
t h e  RHp3 ana lys i s :  

a. Checks execution parameters f o r  a case  number. 

b. hedds the designated d a t a  case,  R30i000, from 
DATNWF . 

c, I n t e r p r e t s  and s t o r e s  t h e  execution parameters. 

d ,  If v i b r a t i o n  mode shapes w e r e  spec i f i ed ,  reads  them 
i rom lNTERNF (sec. 150, ref , 1- 1) , checks t h e  
number of nodes, and saves t h e  a r r a y ( s )  on t h e  
i r i te rnal  sc ra t . -h  t i l e  IFSFILE (SCOlRNF) . 



e. Al t e rnd t ive ly .  i f  r i g i d  body mode shapes  were 
s ~ v c i f i e i i ,  I M ' U P  g e n e r a t e s  a n  a r r a y  s i m i l a r  t o  the 
INTERPQLATIjdN ltlotion p o i n t  c o e f f i c i e n t s  and s a v e s  
it on IFSFILE. 

C a l c u l a t e s  c o n t r o l  s u r f a c e  r o t a t i o n s  for each c o n t r o l  
s u r f a c e .  

a .  C a l l  A I N T L ,  usirlg t h e  irhterpolat . ion coef f icierlt 
array (s )  xead Lrom WSFILE, t o  c a l c u l a t e  the 
streamwise slopes of the cor l t ro l  s u r f  act? modes a t  
fou r  e q u a l l y  spaced points on the hinge l i n e .  

b. Repeat a. f o r  t.hc same four p o i n t s  t o  f i n d  t he  
s l o p e s  or t h e  nudes or) the  s u r f a c e  t o  which the 
c o n t r o l  s u r i a c e  1 " s  d t t a ched  ( c o n t r o l  s u r i a c e s  may 
be s t a c k e d ) .  

c. Calcu ld t e  the  ang le s ,  8, between the f o u r  p a i r s  of 
s l o p e s  (optionci! l y  modit l e d  by any user supplied 
v e l o c i t y  p r o f i l e )  and then  i i n d  t h e  c u b i c  
c o e f f i c i e n t s  oi t h e  V cu rve  pass ing  through the 
four  ~ o i n t s .  The cu rve  d e f i n e s  t h e  r o t a t i o n s  a l o n g  
t h e  h inqe  l i n e .  

a. I n s e r t  any h inqe  l i n e  r o t a t i o r ~ s  s p e c i f i e d  by c a r d  
i n p t  da td  ( o p t i o ~ l l y  modi t ied by  any u s e r  
supp l i ed  v e l o c i t y  prof i l  e) . 

e. Write t h e  hinqr r o t a t i o n  c o e f f i c i e n t  mat r ix ,  
HChi>OO, 011 RHV3RNF and IFSFILL. 

k. Wrlte t h e  case dnd c o n d i t i o n  d a t a  a r r a y ,  R30ij00,  
on RHV3HNF. 

q .  M i t e  t h e  c o n t i o l  matrix, ACMijOO,  on HH03RNF. 

713.3.4 ~~Y (KHP3jdLF,1,3) - --- DWHEP 

a .  Read t he  main surface i n t e r p o l a t i o n  c w t f  i c i e n t  
array froru IFSYlLE ::an~l c a l l  AlNTL t o  c a l c u l a t e  t h e  
&a1 d e f l e c t i o n s  and s l o p e s  a t  a l l  downwash p o i r ~ t s  
on the mdin s u r f  a m .  

b. Rrpc?dt a .  t o r  each corr t rol  s u r f a c e .  Note: t ;~ t .  
dowrlwash ~uir l ts  have beer) o rdered  suc:h t h a t  t h e y  
d ~ t ?  grouped: 

- mdin sur tacw ~uirlts 



- c o n t r o l  surf  ace  1 p o i n t s  
- c o n t r o l  surface 2 p o i n t s  - etc, 

c. Optionally,  modify s l o p e s  with u s e r  suppl ied  
v e l o c i t y  p r o f i l e ,  

d,  Write the i n t e r p o l a t e d  n~ode shapes, s lopes  ar~d 
d e f l e c t i o n  a r r a y s  on the file RHj33RNF with t h e  name 
M $ O i  j00, 

e. Write the mode shapes on t h e  s c r a t c h  f i l e  DWSFILE 
(SCo ISSF) . 

713-3-5 @ E l U A Y  (HHQ3@LFmlm4) - PRSPREP 

Ir an unsteady p ressure  r e p o r t  was requested PRSPREP 
generates t h e  prelintinary information (independent of 
Mach number and K-values) . 
a .  Write t h e  tollowing a r r a y s  on the s c r a t c h  f i l e  

WSFILE (SCO ISSF) : 

1. Y-BAH - va lues  of pressure  r e p o r t  chords 

2. X-EAR - values  of p ressure  r e p o r t  p o i n t s  

Perfom s t e p s  D. and c, for each pressure  r e p o r t  
chord, 

b. Calculate assumed main surf ace pressure modes and 
write on DWSFILE. 

c. Calculate  miscellaneous control s u r f a c e  information 
and t h e  mociified hinge l i n e  r o t a t i o n s  f o r  each 
colltrol sur face ,  m d  w r i t e  on DWSFILE. 

Ir s e c t i o n a l  general ized rorces  (SGF) were requested,  
SGFPREP prepares prel iminary information independer,& of 
Mach number and K-value. 

a. Write the Y-HAT values of SGF r e p o r t  chords on the 
scra tch  file DWSFILE (SCOISSF) . Perf o m  steps b, 
and c. for  each chord. 

b ,. For the  assumed main s u r  tace pressure  con t r ibu t ion ,  
determine t h e  chordwise i n t e g r a t i o n  g r i d ,  c a l c u l a t e  
t h e  assumed main su r face  modes a t  t h e  i n t e g r a t i o n  
points, and combine with the s p e c i f i e d  quadra ture  



weiqhts; c a l c u l a t e  t h e  n~odal  d e f l e c t i o n s  a t  
i r i t e g r a t i o r ~  p o i n t s  and canbine wi th  t h e  weighted 
assunled p r e s s u r e  nodes t o  form t h e  chordwise 
i n t e y r a l s  on a t e m i s e  basis, and save  the 
t e r m w i s e  i n t e g r a l s  on DWSFILE. 

For each c o n t r o l  sur f  a c e ;  

c. Determine c o n d i t i o n - i n d e p n d e n t  c o n t r o l  surface 
pressure t e r m s  and chordwise i n t e g r a t i o n  g r i d ,  
c a l c u l a t e  the nmdal d e f l e c t i o n s  a t  i n t e g r a t i o n  
l o l n t s  dnd conbine with the s p e c i f i e d  q u a d r a t u r e  
weights ,  c a l c u l a t e  t h e  cmtrol s u r t d c e  r o t a t i o n  a t  
the p a r t i c u l a r  s e c t i o n a l  chord i n  each  mode, and 
save c o n t r o l  s u r t a c e  in to rma t ion ,  i n t e g r a t i o n  
pints, modified hiriye  r u t a t  i o n s ,  and weighted 
deflect i o n s  a t  i n t e q r a t  i on  p o i n t s  on DWSFILE 
(SCOISSF) (see ref. 713-1). 

GFPREF prepa re s  a  f i l e  of Mach number- and K-value- 
illdependent d a t a  toi- l a t e r  c a l c u l a t i o n  of gene ra l i zed  
a i r t o r c e  m a t r i c e s .  

For t h e  main s u r f a c e  a s s m d  pressure c o n t r i b u t i o n ,  

a - Determine the zpariwise i n t e g r a t i o n  g r i d .  Perf  o m  
s t e p s  b. throuqh d,  for each chord.  

b, Cdlcu la t e  t h 2  spanwlse p re s su re  terms and chordwise 
irlteyrdtion q r l d  - 

c, For eacti i r l t e y r a t i o n  p o i n t ,  de te rmine  t-he chordwise 
p re s su re  terms, foi-m t h e  assumed main s u r f a c e  
nudes, and conbine with the s ~ e c i f i e d  quadra tu re  
w i q h t s .  

d, For each i n t y r a t i o n  p o i n t ,  ccr lculate  t h e  nrodal 
def lec t ior~ a t  i n t e g r a t i o r ~  p o i n t s  a long  the chord 
and dccunlulate t h e  weiqhted pressure -   nodal 
drt l e c t io r l  products. 

e. Write t h e  m a t r l x  01 termwise s u r f d c e  i n t e q r a l s  on 
the s c r a t c h  t i l e  UJSFILE (SCOISSF) , 

Por each c o n t r o l  su r f ace :  

f . Determine  the spanwise i r i t eg ra t  i on  q r id .  P e r f o r m  
ateps q .  t i ~ r o u ! ~ t ~  j. t o r  each chord. 



y. Determine the con t ro l  s u r f a c e  p ressure  terms and 
chordwise i n t e g r a t i o n  grid. Steps  h through j are 
repeated f o r  each i n t e g r a t i o n  point .  

h. Calculate  the modal d e f l e c t i o n s  a t  i n t e g r a t i o n  
po in t s  and combine with spec i f i ed  quadra ture  
weights. 

i. Calculate  t h e  con t ro l  su r face  r o t a t i o n  at t he  
i n t e g r a t i o n  chord i n  each mode. 

j. Write c o n t r o l  surtace information, i n t e g r a t i o n  
points ,  modified hinge r o t a t i o n ,  and weighted modal 
aef l e c t i o n s  on DWSFILE (SCO 1SSF) . 

Depenhlng upon the value of the two ~ r i l b l e s  ITHMAT and 
INDCM, s e t  i n  t h e  (1.0) overlay,  RDWRTC does t h e  
following : 

XNDCM Control si:riace i t ~ d i c a t o r  
= 0 - Main su r face  
= j - Control surf ace J 

ITHMAT = 0 - Redd the C-matrix 
= i - head the  C-matrix with t h e  name 

CMi0000 from RHp3RNF and save 
on t h e  s c r a t c h  f i l e  CMSFILE 
(SCO 2SSF) by rows. 

= -i - Read a C-rrratrix from t h e  
scratch file CMSFILE by rows 
and then write it on RHp3WNF 
with the record name CMi0000. 

Also wr i t e  t h e  C-matrix index 
a r ray ,  CM00000. on kH03RNF. 

CMCALC c a l c u l a t e s  a C-matrix associa ted  with an assumed 
main su r face  or cont ro l  surface pressure  modes f o r  a 
given planform, downwash p o i n t  d i s t r i b u t i o n ,  K-value, 
and Mach number. For each downwash chord ~ o i n t :  

a. Calculate  terms i n  t h e  downwash i n t e g r a l  expression 
which are dependent only on t h e  downwash chord and 
point.  



b. Determine the spanwise i n t e g r a t i o n  g r id - in tegra t ion  
region endpoints,  and quadrzture.  Perform steps c. 
through e , f o r  each r e g i o ~ ~ .  

c. Determine i n t e g r a t i o n  churd l o c a t i o n s  and 
associa ted  quadra ture  weighi. 

d. Increment the r o w  o t  t h e  C - m a t r i x  by the weighted 
value o t  t h e  spanwise inteqrand . 

e.  Write t h e  row of t h e  C-matrlx a ssoc ia ted  with the 
p a r t i c u l a r  downwadi po in t  on t h e  s c r a t c h  f i l c  
mSFILE (SCO 2SSF) . 

PCmFF removes t h e  s t e p  d i s c o n t i n u i t i e s  from t h e  
dwnwash m a t r i x  due t o  any coritrol su r face  r o t a t i o n  and 
s o l v e s  t h e  s e t  of simultaneous equat ions f o r  
c o e f f i c i e n t s  of the assume5 mi;; sur face  pressure  modes. 

PCJZIEFF w r i t e s  the following a r r a y s  on t h e  f i l e  RHB3RNF. 

DWOljkl - f u l l  downwash n a t r i x  
Dmlijkl - modiiied downwash matr ix 
FSOi j k l  - pressure  s e r i e s  c o e f f i c i e n t s  

PCjbEFF a l s o  writes on the s c r a t c h  f i l e  C0FFXSE (SC02SSF) 
t h e  c o e t f i c i e n t s  of assumed major surface  pressure modes 
t o  be read by PRESURE. 

If; an unsteady pressure  r e p o r t  was requested PRESURE 
c a l c u l a t e s  t h e  pressures  based upon t h e  da ta  generated 
by PRSPKEP and PCWFF. 

For each main surf  ace polnt ,  the malrl s u r f  ace 
c o r ~ t r l b u t i o r ~  t o  t h e  pressure  is computed using s matrix 
of assuned pressure  modes read  from t h e  sc ra tch  f i l e  
DWSFILE (SCO ISSF) arid t h e  pressure  c o e f f i c i e n t s  read 
from CBFPILE (SCO ZSSF) . 
The previously ca lcu la ted  con t ro l  surf ace in£  ormat ion is 
read rrom DWSPILL (SCO 1SSF) , the c o n t r o l  sur face  
con t r ibu t ion  is ca lcu la ted  and added t o  that of the main 
surf ace,  

The pressure report mdtrix, PROijkl, i s  w r i t t e ~  on  
R H 0 3 R N  F . 



Calcu la t e  s e c t i o n a l  gene ra l i zed  f o r c e s  (SGF) f o r  a K- 
value  and Mach number. 

For each chord: 

a .  Calcula te  the main s u r f a c e  c o n t r i b u t i o r  t o  t h e  
t o t a l  i n t e g r a l  by reading  from DWSFILE (SCO ISSF)  
t h e  matrix of chordwise integrals genera ted  i n  
SGFPREP, and combining with t h e  p res su re  
c o e f f i c i e n t s  r ead  from CWFILE . 

b. Read t h e  preca lcu la t ed  information from DWSFILE. 

c. Calcula te  the cor~ . t ro l  s u r f a c e  p res su re  a t  t h e  
quadrature p o i n t  d i s t r i b u t i o n  and mul t ip ly  by t h e  
weighted d e f l e c t i o n s  t o  genera te  t h e  c o n t r o l  
s u r f a c e  c o n t r i b u t i o n s  t o  SGF on t h e  chord, Repeat 
s t e p s  b. and c. f o r  each c o n t r o l  sur face .  

d. Write t h e  S G F  matr ix ,  SFmijkl ,  on t h e  f i l e  RHg3RNF. 

GF@kCE c a l c u l a t e s  t h e  gene ra l i zed  f o r c e  ma t r ix  f o r  a  K- 
value  and Mach number. 

For each main surf ace  i n t e g r a t i o n  chord: 

a. Ku l t ip ly  t h e  chordwise i n t e g r a l s  c a l c u l a t e d  i n  
GFPREP by t h e  va r ious  weighted modal d e f l e c t i o n s .  

b, Combine t h e  r e s u l t s  from a. with t h e  p res su re  
c d e f f i c i e n t s  read  from CfiPFILE (SCOZSSF) , and add 
t o  the gene ra l  a i r f o r c e  matrix.  

For each c o n t r o l  s u r f a c e  i n t e g r a t i o n  chord 

c, Kedd t h e  previous ly  c a l c u l a t e d  information from 
UWSFILE (SCO ISSF) . 

d.  Calcula te  t h e  c o n t r o l  su r face  p res su re  a t  each 
quadrature point, mul t ip ly  by t h e  weighted 
d e i l e c t i o n s  and add t o  t h e  genera l i zed  a i r f o r c , !  
matrix, 

e. Write t h e  genera l ized  a i r f  o r c e  matr ix ,  GFOi jk l ,  on 
the  f i l e  RHp3RNF. 



I f  a n  error is  d e t e c t e d  by any My3 module (except  
INPREP) the ove r l ay  is c a l l e d  to print a 
d i a g n o s t i c  message befare c o n t r o l  i s  r e tu rned  t o  t h e  
ATLAS c o n t r o l  program. The e r r o r  types i n c l u d e  I@ 
errors, SNARK e r r o r s ,  AINTL errors, (see d e s c r i p t i o n  of 
ALNTL, sec. 900), and e r r o r s  r e s u l t i n g  from s i n g u l a r  or 
nea r  s i n g u l a r  matrices. 

713.4 COMMON BLOCK USAGL 

7 1 3.4.1 / C ~ P A R S / ,  /KQBUFP;, /KEWR/,  and /KQRNDIW are ATLAS 
system c m n o n  blocks, descr ibed  i n  s e c t i o n  100.2. 

/BASIC/ c o n t a i n s  t h e  symmetry o p t i o n  and numeric c o n s t a n t s  
such as  (0.,0.), p i ,  pi /2 ,  semi-span, Mach number, 
K-value, etc . 

/CmD/ con ta ins  t h e  arrays of K-values and Mach numbers. 

/CI1RlEJT/ c o n t a i n s  i n t q e r  v a r i a b l e s  g i v i n g  t h e  s i z e s  of RHp3 
a r r a y s  or  p o i n t e r s  tu t h e  c u r r e n t  Mach numDer and 
K-values . 

/CVUAD/ c o n t a i n s  i n to rma t ion  per t iner r t  W chordwise 
i n t e g r a t i o n  of t h e  p r e s s u r e  k e r n e l  func t ion .  

/CSGEgM/ c o n t a i n s  geometry d a t a  for t b e  c o n t r o l  sur f  aces .  

/CSINFB/ c o n t a i n s  misce l laneous  c a l c u l a t e d  c o n t r o l  s u r f a c e  
da t a .  

/CSTEKM/ con ta ins  c o n s t a n t s  r equ i r ed  f o r  c o n t r o l  s u r f a c e  
p r e s s u r e  c a l c u l a t i o n s .  

/CSVALU/ con ta ins  v a r i d b l e s  a s s o c i a t e d  wi th  t h e  chords  u se3  
dur ing  c a l c u l a t i o n  ot unsteady p re s su re s ,  s e c t i o n a l  
gene ra l i zed  torces, and gene ra l i zed  fo rces .  

/bWCHD/ c o n t a i n s  v a r i d b l e s  a s s o c i a t e d  wi th  a downwash 
p i n t :  geometry, chordwise pressure terms and 
t h e i r  d e  ivative,:, and t h e  row of the C-matrix f o r  
the point. 

/ENDIT/ con ta ins  v a r i ~ b l e s  used to p r i n t  d i a g n o s t i c s  i n  t h e  
ove r l ay  6HRfdR t o r r o r  number, error l o c a t i o n ,  etc.) 

/FILES/ c o n t a i n s  t h e  n d m e s  of a l l  files used i n s i d e  RHp3. 



/HEDMXI/ contains the  l ist  of variables  used as header 
information tor a MATRIX1 formatted array. 

/INTCHU/ contains chord integration data, 

/KRNC$Jh J contains variables  used for kernel function 
calculat ions .  

/ G P  contains geometry data far  the main surf ace. 

/ ~ P T I ~ N S /  contains the  options spec i f i ed  by card input data 
or execution parameters . 

/QUADWTS/ contajr.5 r~uadrature weighting fac tors  used by -3 
i i ~  t h e  inteyration scheme. 

/TAbLE/ contains the  C-matrix index used to i d e n t i f y  C- 
m-zices and the data case/condition they 
iepresent,  





714, STIFFNESS PROCESSOR 

71b. 1 G E N F C  INFORMATI ON 

1, G\ uerate t h e  element s t i f  t-less m a t r i c e s  
2. Gulerste t h e  eienlerit  stress matrices 
3, Generate t h e  element qeometr ic  s t i f f n e s s  rhlatrices 
4 ,  Generate t h e  freedom a c t i v i t y  ma t r ix ,  which i n d i c a t e s  

t h e  freedoms that have s t r u c t u r a l  o r  (-eometric 
s t i t ' ne s s .  

714.1.5 Access 

Tl-is module is c a l l e d  krom the ATWS Cont ro l  program by the  
E)tdCUTZ STITNESS (?list) s t a t emen t  (sec. 252, r e f .  1-1) 

Name Desc r ip t ion  -- F i l e  

PAOOO l a  
GPO00 la 
KG0 00 1 s 

KFAVO la  
AAOOO l a  

Data se t  parameters  
Rodal d a t a  
Nodal c o r r e s p n d e r ~ c e  table  
Local c m r d i n a t e  sysitems 
Elercent data 
Mate r i a l  u a t a  
Element stresses 
Element keys  
Composite m a t e r i a l  d a t a  
Load c a s e  correspondence 
l a b e l  

Element s t i f f n e s s  
Elemer~t stress 
Element qenmetr i c  
s t i f f n e s s  
freed on^ a c t i v i t y  
Element s t i t f r . e s s  
t r a n s f  oma t ion  
Element geometric s t i f f n e s s  
t r a n s f  ormar -on 
E:lement l o c a l  s t i f  tress 
Element local st-ess 

DATARN F 
DATZiRNF 
DATARNF 
DATARNF 
D A T m F  
DATARNF 
STRERNF** 
DATARN F* 
DATMF 
STRERNF* * 

STIFRNF 
STIFlWF 
STIFRNF 

SCO IRNF* 

SCO IRNF* 
SCO IRNF* 



9 IFAVsss I n t e r a c t  treedon1 a c t i v i t y  STIFHNF 
( i n  c e r t a i n  cases) 

10 GFAVO Is Geometric freedom a c t i v i t y  STIF'RNF 
11 KOlSUMM C o m p o s i t e  m a t e r i a l  d a t a  DATARNF 
12 UCf&dFtba Load case correspondence STRERNF** 

label  

A d e t a i l e d  d e s c r i p t i o n  of t h e  matrix format  is conta ined  i n  
r eze rence  1- 2. 

These matrices are w r i t t e n  on STIFRNF only i f  the checkout f l a y  
is 13. 

**!hem matrices a r e  used when element geometric s t i f f n e s s e s  are 
generated.  

714.3 PHWhW. METHOD 

The STIFFNESS module c o n s i s t s  ot a pririury ove r l ay ,  STIFLEX, and 
seven  secondary ove r l ays ,  SETPARS, KGEN, PGEN, AGEN, GTRASMC, 
K G U N ,  AKGGEN . 

a .  E s t a b l i s h e s  module common b locks  ( i nc ludes  p u t t i n g  
v a l u e s  i n t o  /MSKCfZN/) 

b. Opens f i l e s  

c. Loops through secondary ove r l ays  

d. Writes summary ot c o r e  usage and CP t i m e  ( i f  checkout 
flag is on, a l s o  writes this summary a f t e r  each  
secondary ove r l ay )  . 

. E s t a b l i s h e s  the v a l u e s  of /LPCPARS/. The v a r i a b l e s  a r e  
f i r s t  set t o  the d e t a u l t s ,  then moditied t o  cor 2ly with  
the parameters  on the EXECUTE STIFFNESS s ta ten len t ,  
t r a n s n u t t e d  v i a  /(&TISPARS/. 

b, I f  the d a t a  set s p e c i f i e d  does n o t  e x i s t ,  SETPARS p r i n t s  
an e r x o r  message, mcrements  /KTRR@R/, and r e t u r n s  to 
STIb'UX. 

c. If a geometr ic  s t i t f n e s s  matrix gene ra t ion  is reques ted ,  
the s p e c i f i c a t i o n  of a loadcase and the e x i s t e n c e  of 
corresponding stresses is checked. I f  missing,  error 



messaye is p r i n t e d ,  KERRPH increxuented and r e t u r n  t o  
STIFLEX c a l l e d -  

d. It a higher  order BAICK is s p = i t i e d ,  (more t h a n  8 
nodes) , t h e  b u f f e r  sizes for the ou tpu t  m a t r i c e s  are 
~ u t o m a t i c a l l y  set l a r g e  enough t o  accomnodate at least 
one such e l e m n t .  

Elemont l o c d l  s t i t t n e s s ,  [k], ~lratrix qenerator 

a. Sets v a r i a b l e s  equa l  t o  p e r t i n e n t  /LWPARS/ values ,  
e.y,,  buf t e r  s i z e s ,  naines, s e t  niunber, 

b. Reads KPARMSl to  yet problem data, e.g,, number of nodes 
dnd elements ,  

c. Reads nodal data and KNClOOx, t h e  nodal  c o r r e s ~ o n d e n c e  
t a b l e ,  and c a l l s  NCTPIX,  which r e t r i e v e s  t h e  prcper b i t s  
trom b l o c k  3 or K N C 1 0 0 X  and stores them as  a set of 
d i r e c t  po in te r s  t o  t h e  nodal  &it&. 

d. Heads i irst  b locks  of element,  and m a t e r i a l  diita, 
establishes Ik) matrix block ,  sets the flags, l i n e  
counters ,  and i n d i c e s ,  and cdlls GENK t o  g e n e r a t e  t h e  
element l o c a l  s t i f f n e s s  matrices, 

e. Checks f l a y s  upor1 return from GENK: 

f l a y :  
MBACX 
ISFl 
I K X  1 

purpose : 
q e t  new n la te r ia l  mat r ix  
get mare element da ta  
f i l l e d  [ k] bl--k;wri te  it o u t  

dnd s t a r t  another .  

a. Processes t h e  e l e n r n t s  i n  i r l t e r n a l  o r d e r ,  first checkinq 
thzit m a t e r i a l  dnd element d a t a  a r e  a v a i l a b l e  for t h e  
c u r r e n t  element.  If not, sets r l a g s  as  i n d i c a t e d  i n  
KG'ZN, clhove, arid r e t u r n s  t o  KGEN. 

b. With d l  t h e  necessary da td  a v a i l a b l e ,  (;EN3 t r a n s f e r s  t o  
the element gene ra t ing  SXXX r o u t i n e s ,  where XXX 
r e p r e s e n t s  t h e  element type (R#D,RRICJC,SPAk,etc. ) , 
These, r e s p e c t i v e l y ,  generate the  [k] mtrices d i r e c t l y  
lnto t h e  [ k ]  rndtrix block. The element r o u t i n e s  check 
f o r  space i n  the block, 



c. Ix~serts t 9 e  I D  word (as described i n  ref. 1-2) at: the 
beginning of each matr ix,  updcrtes the counters and 
i n d i c e s  t o  r e f l e c t  the a d d i t i o n a l  s t o r e d  information and 
proceeds t o  the next  element, Note: KGEN,GENK, and t h e  
element r o u t i n e s  use canmon block /STXFCm/ t o  transmit 
f l a g s ,  counters ,  a d  o t h e r  needed data .  For a 
d e s c r i p t i o n  of /STIF-&/ see s e c t i o n  7 14.4. 

Element locai stress, [ p 1, n u t r i x  generator  

a .  Begins with the same Steps as  KGEN (secs .  714 - 3 - 3  a, b, 
C) - 

b. Reads f i r s t  blocks of element, and m a t e r i a l  d a t a ,  
e s t a b l i s h e s  [ k ]  matrix block, se ts  t h e  f l a g s ,  l i n e  
counters ,  and i n d i c e s ,  and c a l l s  GENP t o  genera te  t h e  
element l o c a l  stress matr ices .  

c. Checks flags upon r e t u r n  f r o n l  GENP: 

f l a g :  
MBACK 
ISF 1 
I P P l  

p r p o s e  : 
get  new mate r i a l  matrix 
g e t  more element da ta  
t i l l e d  [ p ]  b1ock;write it o u t  

and start another .  

714-3.4.1 GENP: (FjBt'TRAN subroutine)  

a. Processes the elements I n  i n t e r n a l  order, f i r s t  checking 
that mate r i a l  and element data are a v a i l a b l e  f o r  t h e  
cur ren t  element. If not ,  s e t s  t l a g s  as ind ica ted  i n  
%EN, above, arid returns to  PGEN. 

b. With a l l  t h e  necessdxy data ava i l ab le ,  GENP t r a n s f e r s  ta 
t h e  element genera t ing  YXXX rou t ines ,  where XXX 
represen t s  the element t y p e  (RpD,BRICK,S?Ak,etc.) . 
These, respec t ive ly ,  yenerate  t h e  [ p ] matr ices  d i r e c t l y  
i n t o  the [ p  J matrix block. The element r o u t i n e s  check 
for spice i n  the block. 

c. I n s e r t s  t h e  I D  word (as described i n  ref .  1-2) a t  t h e  
beginning of each mdtrlx,  updates t h e  counters  and 
indices t o  r e f l e c t  t h e  a d d i t i o n a l  s to red  intormation ant1 
proceeds t o  t h e  next  element.. Note: PCIEN,GENP, and t h e  
element rou t ines  use canmon block /STRECm/ t o  t r ansmi t  
f l ags ,  counters, and other needed data .  For a 
desc r ip t ion  of /STHE.CPIM/ see sec t ion  714.4.  



Element l o c a l  t o  a n a l y s i s  frame t r ans fo rma t ion  matr ix  
gene ra to r  

a. Beyins w i th  the same s t e p s  as  Ktim (sec. 714.3.3 a ,b ,c)  . 
b, Checks t h e  remaining space  i n  c o r e ,  and i f  t h e r e  is 

r o a m ,  r e a d s  the lirst s t i f f n e s s  clement mat r ix ,  KSFXXXX, 
and e s t a b l i s h e s  a n  element t r ans fo rma t ion  ([A]) mat r ix  
block. 

c. Processes  t h e  e lements  i n  i n t e r n a l  o rder :  g e t s  element 
t y p ,  number of nc3es, arld p o s i t i o n  in  KSF matr ix ,  
e x t r a c t s  nodes t r a m  KSF, e x t r a c t s  noda l  geane t ry  from 
KWALlX, and c a l l s  t h e  e lement  m a t r i x  gene ra t ing  
r o u t i ~ ~ e ,  AXXX, where XXX r e p r e s e n t s  e lement  type .  

d. Checks f l a y s  on r e t u r n  f r o m  element rou t ine :  

purpose : 
shows error o r  n o t  enough room 
f o r  [ A ]  
a n a l y s i s  f rme c o o r d i n a t e s  used 

lr t h e r e  i s  n o t  enough room, the c u r r e n t  block is  
written t o  the a p p r o p r i a t e  f i l e ,  and a  new block is 
s t a r t e d .  

I f  a n a l y s i s  t r a m  k i n e n u t i c s  are i n d i c a t e d ,  AL@CAL is 
c a l l e d  t o  perform t h e  t r ans fo rma t ion ,  Th i s  r e s u l t s  i n  
the r ep l ac ing  of [ A ]  wi th  [ A I s ,  the t r a n s f o r n ~ a t i o n  
betweer~ l o c a l  dr.d a r l a ly s i s  irame coord ina t e  systems,  
iU@CAL c a l l s  GRAB, an ATLAS system r o u t i n e ,  t o  produce 
the r equ i r ed  t r ans fo rma t ion  t r o m  t h e  u s e r  - s p e c i f i e d  
l o c a l  c o o r d i n a t e  system, stored i n  KWCWa. 

e. C a l l s  M m I N  t o  gene ra t e  runcodes t o r  each column of 
[A] .  A runcode con ta ins  t h e  node and freedom number, 
each pdcked i n t o  thirty b i t s .  M W A I N  a l s o  compresses 
o u t  ze ro  columns of [ A  1, 

f .  S t o r e s  I D  word a t  b t ~ ~ i r r n i n g  of e l c h  mat r ix  i n  [P..]. 

Element s t r e s s  [ P I ,  s t i f i n e s s  [ K ] ,  and geomet r ic  s t i f f n e s s  
m d t X i > c  [ K G ] ,  mat r ix  uenerdt-or: 



a. Establ ishes  nlatrix names, dimensions and I/@ f i l e s  from 
/LBCPAHS/ 

b. Establ ishes  pos i t ions  in core and f laus ind ices  and 
counters f o r  element [k] or  [kg] and [A] matrices,  and 
tor intermediate s torage  of t h e  [ k ][A) or [ kg A ) 
product. 

c. If [ K ] or  [ KG ] required,  then the [ K ] o r  [ KG ] block and 
t he  ac t i ve  freedom t a b l e  a r e  i n i t i a l i z e d  together  with 
associa ted  i nd i ce s  and counters.  

d. I f  [ P ] r e q u r e d ,  then t h e  [ p  J block is i n i t i a l i z e d  and a 
pos i t ion  i n  core  es tabl ished fo r  [ P J. Indices  and 
counters  dre i n i t i a l i z e d .  

e. Calls GPRAFTN t o  generate t h e  required matrices.  Comnon 
block /GTRAC$3M/ is  used t o  comunicate  f l ag s ,  counters  
and ind ices  with G'SRAFTN, 

f . Checks f lcrg KRET upan re tu rn  f rom GTRAFTN 

KRET value: 
s 0 

1 
2 
3 
4 
5 

b-10 

purpose : 
Computations completed 
[ k  ] o r  [kg ] matrix block exhausted 
[ P I  matrix block exhausted 
[ A ]  matrix block exhausted 
1 p 1 matrix block f i l l e d  
[K] or LKG] matrix block f i l l e d  
R e f e r s  t o  matrix block indica ted  3y 
(value -5) but  t o  c l e a r  from core  
f o r  ef f l c i e n t  core management 
S e t  up bigger [ kA ] o r  [ kGA ] block 
I f  appl icable ,  wi te a c t i v e  freedom vec to r s  

7 14. 3.6.1 GTRAFTN : (FPRTRAN subroutine)  

a .  Processes t h e  matrices i n  i n t e r n a l  order ,  using GTRASNK 
t o  perform a l l  I/p and core  management. 

b. Locates the [A] matrix i n  block and e x t r a c t s  matrix 
s i zes .  The word nlocatesn  des ignates  t h e  reading of a 
new block i f  required. 

c. I f  s t r e s s  run only, sk ips  t o  s t ep  j. 

4. Locates t h e  [ k 3 or [ kg ] matrix i n  t h e  block and e x t r a c t s  
matrix parameters. 

e . Checks on space i n  the  s c r a t ch  a rea  and f ornls the [ k ][ A ] 
or [ k g x ~ ]  product by c a l l  t o  MULTKA. 



714.3.7 

Ll ement 

d. 

b. 

Checks f o r  space i n  [ K ] o r  [ K G  ] matrix block and forms 
t h e  matr ix product by repeated ccllls t o  VTMEI, s t o r i n g  
d i r e c t l y  i n t o  t h e  block. 

If [ K ] matrix genera t ion  c a l l s  ZRPkJDEL t o  l o c a t e  
diagonal elements of [K] whose values  are less than  a 
given eps i lon  (present ly  10-12) t i m e s  t h e  l a r g e s t  
element on the diagonal ,  t h e  rows and columns t h a t  
correspond t o  such elerrrents are de le ted  from t h e  [ K  ] 
matrix.  

T h e  run-codes are taken t rom t h e  f A ] matr ix  and w r i t t e n  
i n t o  the beginning of the [ K ]  or [KG ] matr ix,  If t h e  
rows have been removed by s t e p  g ,  t h e  runcodes a r e  
adjus ted  accordingly and in KEAVXXX, t h e  active freedom 
vector .  

I f  no stress matrices are t o  be generated,  s k i p  t o  s t e p  
n. 

Locates the [p ] matrix i n  block and e x t r a c t s  the matrix 
s i z e s .  Also, checks f o r  space i n  [PI -matrix block. 

If [ k A ]  m t r i x  needed and not  computed, performs s t e p s  d 
and e .  

Mult ip l ies  [ p I[ A ]  or [ p][ kA]  using MAMlJLT. 

Packs I D  word and copies  runcodes from [ A ]  i n t o  [PI .  

Checks whether a l l  elements a r e  processed and i f  so, 
causes t h e  l a s t  blocks to be wr i t t en ,  Also causes 
KFAVXXX t o  be w r i t t e n ,  i f  appropr ia te ,  and a l s o  IFAVXXX, 
if appropr ia t c  - 

l o c a l  geometric s t i f f  uess,  [ kg 1, matrix genera tors .  

Begins w i t h  the same steps a s  KGEN (sec,  714.3.3 a, b,c) 

head f i r s t  p a r t i t i o n  o t  t h e  matrix of s t r e s s e s ,  
e s t a b l i s h e s  the [kg ] matrix block and reads t h e  f i r s t  
block of element data. 

Extrac ts  t h e  number of stresses per  element from t h e  
element key matrix,  

I n i t i a l i z e s  counters ,  f l a g s  and ind ices  and c a l l s  GENKG 
t o  genera te  element l o c a l  geone t r i c  s t i f f n e s s  matr ices.  



e. Checks f l a g s  upon r e t u r n  from GENKG 

t l a a  : 
ISF 1 
lST1 
lKK1 

purpose : 
G e t  more element d a t a  
G e t  mre stresses 
F i l l e d  [ kg ] block ; 
write it oilt and 
s t a r t  another  

714.3.7.1 GENKG: (FmTRAN subruutine)  

a .  Processes t h e  elements i n  i n t e r n a l  order ,  f i r s t  
ex t rac t ing  nodal da ta  and property data  f o r  c u r r e n t  
element. 

b. Transfers  t o  the element genera t ing  GSXXX rou t ines ,  
where XXX represen t s  t h e  element type  (RBD, BEAM, etc.). 
These, r e spec t ive ly ,  generate  t h e  [ kg ] matr ices  d i r e c t l y  
i n t o  the [kg] block. The elenlent r o u t i n e s  check f o r  
space i n  block, 

c. I n s e r t s  the I D  word ( a s  described i n  r e f .  1-2) a t  -!he 
beginning of each matrix,  updates counters  and ind ices ,  
checks i f  new element matrix p a r t i t i o n  needed and i f  so ,  
causes it t o  be read, then checks i f  a new matr ix of 
s t r e s s e s  is  needed and i f  s o  causes it t o  be read. 
KGGEN and GENKG and t h e  element r o u t i n e s  use the common 
block /KGC$3M/ t o  t r ansmi t  f l a g s ,  counters  and o t h e r  
needed data .  For a d e s c r i p t i m  of /KGC$dM/ see s e c t i o n  
719.4. 

Element l o c a l  t o  a n a l y s i s  flame tra?.?sformation matrix 
genera tor  f o r  geometric st] f f  nesses,  

a .  Begiris w i t h  t h e  same s t e p s  a s  KGEN (sec. 714.3.3 
a,b,c,d) 

r, 
A I n i t i a t e s  flags, coimters,  etc., and c a l l s  GENAKG t o  

yenerdte ' . ,J element t r ans f  o r m t  ion  matr ices,  

c. Checks I,.. JS upon r e t u r n  f r o m  GENAKG 

t l au :  purpose : 
I s F  1 G e t  more element da ta  
IAk 1 F i l l e d  [ A G ]  block; write 

it c u t  and s t a r t  another  



714.3.8.1 GENAKG(FpRTRAN subroutine)  

a. Processes t h e  elements in  i n t e r n a l  order ,  f i r s t  
e x t r a c t i n g  nodal da ta  f o r  t h e  c u r r e n t  element. 

h. Transfers  t o  the element generat ing AKGXXX rou t ines ,  
where XXX represen t s  t h e  element type (FQD, BEAM, etc,) . 
These, r e spec t ive ly ,  ?.aerate the [ AG J matr ices  d i r e c t l y  
i n t o  the [AG] block. %hey also check f o r  space i n  block 
and i t  n o t  room, cause GENAKG to r e t u r n  t o  AKGGEN f9r 
writing of block and start a new block. 

c. It a n a l y s i s  frame kinematics are ind ica ted ,  ALglCAL i s  
c a l l e d  tc perform t h e  t ransformation from element l o c a l  
coordinates  to  node a n a l y s i s  frame coordinates .  This 
r e s u l t s  i n  replac ing the elemat rou t ine  generated 
matr ix by one pos tmul t ip l ied  by t h e  appropr ia te  
t ransformation m a t r i x .  A W A l ! E  calls GRAB, an  TLAS 
system rou t ine ,  t o  generate  t h e  required t ransformation 
matrices.  This s tep  is i d e n t i c a l  t o  t h e  one perf armed 
by AGES. 

d. Corrects  t h e  t ransformation matr ix  for of f  set e f f e c t s  by 
use of subroutine WFTRAN. 

71U.4 COMMON BLOCK USAGE 

1 N a m e  I 



7 14.4.1 /KLRKBR/ , /XQKNDM/ ,/KQBUFP/. ICpjP?E.S/, a r e  ATLAS system 
common blocks. described in sec t ion  100.2. 

/-PARS/ is i i l l e d  by the ATIAS (0 ,O)  over lay  with t h e  
contents  of the EXECTJTE STIFFNESS statement.  

/KERRfdk/ con ta ins  t h e  v a r i a b l e s  KERHj2R AND KWARN, which 
are incremented whenever the processsr  encounters 
problems and an e r r o r  message is wr i t t en .  

714.4.2 /I@CPAHS/,/CgEiEUSE/, and /PISK@N/ are used throughout 
the processor.  

/I@CPARS/ con ta ins  parameters which c o n t r o l  t h e  
execution of the processor. These inc lude  buf fe r  s i z e s ,  
input/output  f i l e  names, and other  c o n t r o l  information. 
/l@CPkRS/ is es tab l i shed  by SETPAKS, from d e f a u l t s  and 
t h e  /-PARS/ s p e c i f i c a t i o n s  . 
/CpKEUSZ,' t r a n s m i t s  core usage information from t h e  
secondary overlays t o  hTf,FLEX, where it i s  included i n  a 
message p r in ted  when t h e  checkout switcn i s  o n -  

/MSKCm/ e s t a b l i s h e s  s tandard maskincr v a r i a b l e s  f o r  
masking 1 t o  60 b i t s .  These ,ire i n i t i a l i z e d  by STIFLEX. 

714.4.3 /mSAKti/,/GENSCFUi/ a d  /FLXINT/ a r e  connnon blocks 
a v a i l a b l e  througkiout t h e  processor but  used f o r  s p e c i a l  
purpose. 

/GENSCHA/ is  used a s  a s c r a t c h  a r e a  by KGEN,PGEN, 
A(;EN,KGGEN and AKGGLN, a s  w e l l  as t h e i r  genera t ing  
rou t ines .  By t h e  appropr ia te  use of EQUIVALENCE 
statements  bet wee^, loca t ions  in GENSCRA and subrout ine  
va r i ab les ,  core  usage can be reduced. 

/QTSAhG/ i s  used by t h e  GPLATE rout ines .  By pos i t ion ing  
it next  t o  /GENSCRA/ i n  core,  a l ~ d  dimensioning it ( I ) ,  
the two blocks &re forced to share v i r t u a l l y  t h e  sane 
core.  

/FLXINT/ IS the cormunication between some element 
s t i f f n e s s  generat ing rou t ines  (SBEAM,SRglD,SSPAR, SSRm) 
and F W ,  a r o u t i n e  which evaludtes  c e r t a i n  i n t e g r a l s  i n  
t h e  f l e x i b i l i t y  for~rmlat ion.  I t  is i n i t i a l i z e d  by 
STIF'LEX. 

7 14.4 - 4  / S T I F C ~ / , / S T R E C ~ M / , / ~ P E / , / G T h A C ~ M / , / K G ~ / ,  a r e  used 
t o  t r ansmi t  information between the secondary over lays  
and t h e  generat inq o r  conlputational r o u t i n e  i n  both 
ways. They a r e  l o c a l  t o  the respect5.ve overlay. 



/STIFCp/ is used i n  KGEN. It contains information such 
a s  element nodal data, proper t ies ,  mater ia l  data ,  
pointers and flags. 

/SVREC@¶/ is used in PGEN. It i s  s imi la r  to /STIFCBM/. 

/KADBPE/ is  used both in AGEN and i n  AKGGEN. Both 
occurances a r e  iden t ica l .  It contains information 
similar  t o  that of /STfFC@l/, with exceptions f o r  
nlaterial data,  a c t i ve  nodes, etc. 

/GXFiACpM/ is used i n  GTRASWK. It  contains information 
such as names, posi t ion references,  locat ions ,  
dimensions etc. of matrices being processed. 

/ K G W /  is used i n  KGGEN. It is s imi la r  t o  /STfFCBM/. 

714.4.5 /BRICKw/,/MA9bM/,/TRANSF/ and /TRIARG/ a r e  conrmon 
blocks associated with par t icu la r  subroutines. 

/MACBM/ is used t o  transmit  matrix dimensions and 
skipping f ac to r s  t o  t h e  ATLP! general purpose matrix 
multiply routine, MAMWLT. 

/TRANSF/ and /TRIARG/ are used by t h e  subroutine QTSHEL 
which is the generating rout ine  f o r  the  GPLATE s t i f f n e s s  
and s t r e s s  matrices. 



715. STRESS PROCESSOR 

715.1 GLNERAL INFORMATION 

715.1.1 Purpose 

715.1.1.1 Fur a Boundary Condition Stage: 

1. Assemble f r e e ,  retain,  and support  displacement 
matr ices i n t o  one t o t a l  displacement matrix.  

2 ,  Cornpute element stresses by mult iplying element 
local stress matrices by displacements and then 
adding i n i t i a l  stresses computed in the LOADS 
module. 

3. Compute element nodal f o r c e s  by mult iplying element 
s t i f f n e s s  matrices by 

displacements. 

715.1-1.2 For a Superposi t ion Stage (SUPSTAGE) : 

1. Generate ;r s i n g l e  matr ix  of displacements for a l l  
active, s t r u c t u r a l  freedoms f o r  s e l e c t e d  SUPSTAGE 
components, 

2 ,  Generate element s t r e s s e s  e i t h e r  by computation 
from t h e  superimposed  displacement;^ o r  by 
superimposing previously-calculated stresses f o r  
s e l e c t e d  SUI?STAGE components. 

715.1.2 Access 

This module is c a l l e d  from t h e  ATLAS Control program by 
the EXECUTE STRESS ( p l i s t )  command (sec. 254, r e f .  1 - 1) . 

715.2 MATRIX ACTIVITY 

N a m e  Descript ion F i l e  - 
Input  

1 WARMS 1 Parameter matrix DATARNF 
2 KKFVOba Retamed freedom vec to r  DATARNF 
3 WATOba Freedom assignment t a b l e  MERGRNF 
4 KLCTO 0 a Element correspondence table DATARNF 
5 ISSCsss Substructure correspondence DATARNF 

t a b l e  
6 ISSSC$3R Subs tmcture  con t ro l  t a b l e  DATARNF 



KSF matr ices  i n  i n t e r n a l  DFTARNF 
a r d e r  

Elment  l o c a l  s t r e s s  matr ix STIFRNF 
i n i t i a l  stress c o n t r o l  LBADRNF 

nlatrices 
I n i t i a l  stress matr ices  WADRNF 
Loadcase correspondence t a b l e  LBADRNF 
Loadcase correspondence r a b l e  DATIANF 
Displacement U s e r  Matrices 

f r e e  displacenients 
r e t a i n  displacements 
suppart  displacements 

SuprL~os i t i o n  loadcase DATARNF 
correspondence t a b l e  

Freedom assignment t a b l e  MERGRNF 
Retained freedom v e c t o r  DATRRNF 
Element s t i f f n e s s  matr ix STIFRNF 
Superposi t ion d a t a  wi th  DATARNF 
known ox unknown f a c t o r s  
Stage type  and unknown DATARNF 
f a c t o r s  key 
Superposi t ion displacement DATAWNF 
c o n s t r a i n t s  
Superposi t ion stress DATIIRNF 

8 GPO00 l a  
9 ISCO lba 

E c r i p t i a n  - F i l e  

S t r e s s  loadcase s p e c i f i c a t i o n  STRERNF 
table 

Displacement c o n t r o l  matr ix STRERNF 
Displacement matr ices STRERNF 
5-ress  c o n t r o l  matr ices  STRERNF 

( i n t e r n a l  order)  
S t r e s s  matr ices  ( in te rna l  STRERNF 

order)  
S t r e s s  use r  element S TRERN F 

correspondence table 
Stress element s o r t f  ng index STRERNF 

t a b l e  
F lex ib le  element con t ro l  STRERNF 

matrix 
KSF matrices i n  user o r d e r  3TRERNF 
S t r e s s  matr ices  (user  order) STRERNF 
S t r e s s  c o n t r o l  matr ices  STRERNF 

(user ordrz)  
Loadcase correspondence t a b l e  STRERNF 

DCNTRba 
Dl00 1ba 
SCNO lba 

UFO0 l a  
US001ba 
USCO 1 ba 



13 FCNTL(D~ Force con t ro l  matrix STRERNF 
( interna 1 order)  

14 FpOOlba Force matr ices STRERNV 
( i n t  a n a l  order) 

15 UE'CO Iba r,-rce con t ro l  matrix STRERNF 
(user orcier) 

l b  UFXXXba Force matrices STRERNF 
(user  order)  

17 UDCO lba Displacement con t ro l  matrix STRERNF 
(user  order) 

111 UL,XXXL>a Displaceme~~t  matr ices STRERNF 
(user  order  ) 

19 SUPEHba Superposition da ta  with STRERNF 
jnput or computed 
f ac to r s  

A de t a i l ed  desc r ip t ion  of t he  matrlx kormats 
is contained ~ J A  ref erenze 1-2 .  

715 .3  PROGRAM METHOfr 

The STRESS module cons i s t s  of a primary overlay,  
STREJbLF', and t e n  secondary overiays,  SETPARS, RETSBRT, 
DEPLEC, L C R F W ,  =RESS, UPRDEB, MULDIS SUPRFAC, 
SUPRGIS, and SUPRSTR. 

Ca l l s  s e~onda ry  o w r l a y s  os needed. 

a.  Reads the param. .. ,. IXS i n  the EXECU ;E STRESS 
statemeat  and sei; up l o c a l  parameters i n  t h e  
/STrCPARS/ conmoil b? 2 zk. 

b. Checks fo r  t h e  presence of dl). matr ices need4 f o r  
i npu t  i~ a l l  o the r  c w r l a y s  of the STRESS module. 
St-ores h3f2x an6 f s l e  nams i n  /STRPAE/. 

c ,  Se t s  up +he stres.. 'loadcase specj . f ica t ian  t a b l e  
her! s;;,:cifi cd I o a d c a " ~  a r e  requssted, 

a. When retained iredom dispLacem~r.t~ are present an? 
not i n  i n t e r n a l  nodal orCier, mi2  vexl lay s o r t s  the 
d.'.splacerr,ents I?' .. i l l t e r ra1  I A O ~ L ~  order . The ATJA,  



routine SHELL is used t o  determine t h e  sor t ing  
or2 lz of the  displacements. 

b. When a11 sor ted  matrices f i t  i n  core, sorting is a 
simple operation of moving displacements from t h e i r  
old &,\s i t ion t o  t h e i r  new posi t ion using two 
rout ines  INDSET and INSERT. 

c .  When core l imi t a t i ons  prevent sor t ing  as  i n  b, two 
a d d i t i m a l  raut ines  aid in the sor t ing,  INF'IND and 
WTFIND, Available core is f u l l y  used by INFIND 
controlled sor t ing-  Matrices which do not f i t  i n  
core a r e  temporarily s tored on scratch while 
ji3UTFIND controls  input/output and number moving. 
Local common block /FINDPAR/ passes parameters 
between routines.  

715.3.4 m R L A Y ( S T R E g L F , 1 , 3 )  - DEFLEC 

a, Eisplacement pa r t i t i ons  are assembled on a freedom 
by freedom basis. The treedom assignment t a b l e  has 
each node's freedoms broken down into 4 categories - not ac t ive ,  free, re ta ined,  o r  supported. The 
main program does matrix inputloutput  only while 
the rou t ine  DISMERG does t he  ac tua l  matrix 
assembling. The loca l  conmon block /MERPARS/ 
transmits parameters between DISMERG and DEFLEC. 

a. When s t r e s s e s  a r e  not  wanted f o r  a l l  loadcases, 
this overlay is cal led.  Its function is  t o  modify 
the displacement matrices by removing a l l  loadcases 
no t  requested. The main program does matrix 
iriput/output while t he  routine SLCDISP does the 
actua'. matrix modif icatims, 

b. The modified t o t a l  displacement matrices and t h e i r  
control  matrix dre wri t ten  on scratch. 

a. This overlay ca lcu la tes  the elemelit stresses by 
m l t i p l y i n g  the loca l  element stress matrices 
GPOOOla f r o m  STIFRNF by the t o t a l  displacement 
m t r i c e s .  Once the mult ipl icat ion is  completed, 
l n i t i a l  stresses, i f  any, a r e  added. The main 
program does a l l  matrix I/B while f i v e  subroutines 
do a l l  other functions. 



b. The code i s  designed s o  t h a t  i f  a l l  needed 
displacement ma t r i ces  w i l l  no t  f i t  i n  c o r e  at  one 
title, matr ix  I D  is minimized. This is 
accomplished by t ak ing  a m a n t a g e  of t h e  banded 
p r o p e r t i e s  of t h e  e l e m e ~ l t  stress matrices. As soon 
as STFtESS is done with a displacement p a r t i t i o n ,  
i t s  p o s i t i o n  i n  core is  f i l l e d  by the n e x t  
p a r t i t i o n  n o t  a l r e a d y  i n  core.  Thus, a range of 
nodal drsplacements Hmovesn wi th  the program a s  it 
c a l c u l a t e s  t h e  stresses element by element. When a 
displacement m a t r i x  no t  in t h e  wnodal rangen is 
requi red ,  it is f u l l y  u t i l i z e d  by a l l  elements i n  
the current stress matrix.  

c. The r o u t i n e  SCSETUP sets up t h e  stress c o n t r o l  
matrix and determines an "element range" f o r  which 
stresses can be calculated. a t  t h e  c u r r e n t  time. 

d. me r o u t i n e  KULTSET sets up a mat r ix  MULTAB which 
conta ins  information on how t h e  stress and 
displacement mat r ices  should be mul t ip l i ed .  

e. The r o u t i n e  MULCNTR, by using MULTAB, calls the 
A l Z I i S  r o u t i n e  MkMULT to do t h e  a c t u a l  
nnzl t ipl icat ion.  It  also t r ansmi t s  I/B r e q u e s t s  for 
displacement ma t r i ces  t o  t h e  main program thru t h e  
local common block /MILPARS/- 

f .  The f low i n  the program goes through SCSE'X'UP, 
MULTSET, and MULCNTR i n  a c y c l i c  fash ion  a s  t h e  
*element range" m o v e s  fran t h e  tirst element t o  the 
l a s t  , 

g. After a l l  l n u l t i p l ~ c a t i o n  is  completed, t h e  r o u t i n e  
ALDSIGO adds i n  i n i t i a l  stresses t o  t h e  r e s u l t s .  

a. Forms an element correspondence t a b l e  us ing  t h e  
l o c a l  r o u t i n e  SMASK and the l i b r a r y  r o u t i n e  ESmT1. 

. Forms an ele.m->t s o r t i n g  index t a b l e  using SHELL. 

c .  Fornls KL. I. l t r i c e s  i n  u s e r  element o rde r  us ing  t h e  
library r o u t i n e  K S F R W  . 



d.  Forms user ordered stress and stress m n t r o l  
matrices using t h e  l o c a l  routines SPLIT and GLUE 
and the l i b r x y  rout ine  W R D .  

e. Prepares t h e  force  control  matrix f o r  sor t ing  i n  
the rou t ine  SPLITF. 

f .  Uses SmRD t o  sort forces  and their force  control  
matrix. 

g. Reformats t he  control  matrix i n  t h e  rout ine  GLUEF. 

h, Prepares fo r  displacement sor t ing  i n  the rout ine  
DCSPLIT . 

i. Uses Sfi5E,RD t o  s o r t  displacements and the  control  
m t r i x .  

j, Ref ormats the  displacemer~t con t ro l  matrix i n  t h e  
routine DCGLUE . 

715 .3 .8  -Y ( S T R E r n ,  1.7) - MULDIS 

a. This overlay ca lcu la tes  element nodal forces  by 
mu1 t ip lying the element s t i f f n e s s  matrices by t he  
displacements. The core management log ic  is  
s imilar  t o  t h a t  used i n  the  STRESS program. 

b. The rout ine  MULSET sets up the  common block MULPARS 
and a l l  pointers needed for the multipl icat ion.  I t  
also s e t s  up the  force control  matrix. 

c. l'he rout ine  MULDp does t h e  control l ing of t h e  
mult ipl icat ion by making c a l l s  t o  MAEXPrlD f o r  
expansion of a column i n  a lower t r i angu la r  m t r i x  
and c a l l s  t o  MAMULT for  the multipl icat ion.  

a .  This overlay updates t he  superposit ion data  matrix 
SUYERba from f i l e  DATARNF and writes it out on f i l e  
STHERNF. The main program does a l l  matrix 
input/output except for  constxaint data which is 
mnaged by CmSTR when unknown loadcase fac tors  a r e  
present. Unknown f ac to r s  ( i f  any) a r e  calcula ted 
and replaced i n  the  SUPEkh output matrix, 

b. Houtine SUPWlEP replaces user I D  with i n t e rna l  I D  
fo r  a l l  component loadcases i n  SUPERba matrix. 



c. koutine CpNSTR is c a l l e d  when unknown f a c t o r s  a r e  
present  i n  t h e  SUPERba matrix. It genera tes  t h e  
c o e f f i c i e n t  sc ra tch  matrix and t h e  c o n s t r a i n t  
scrd tch  matr ix which a r e  solved i n  SUPRFAC t o  
produce t h e  ca lcula ted  fac to r s .  Routine EXPAND is 
c a l l e d  by WNSTR t o  r e tu rn  the SCLSTba matrix index 
i ~ r  a candidate loadcase. 

d. Routine FACTpIRS rep laces  unknown f a c t o r s  ( i f  any) 
w i t h  computed t a c t o r  va lues  i n  SUPERba matrix. 

e ,  Routine X.WHMA ref  ormats t h e  SUPERba matrix.  The 
component l o a a ~ z s e s  which were c o l l e c t e d  i n t o  one 
da ta  block per  supeipos i t ion  loadcase a r e  now 
co l l ec ted  i n t o  one data block p e r  a c t i v e  s tage .  

715.3.*0 @lERLAY(ST*tE@LF,1,11) - SUPRDIS 

a .  This  ovex-ldy performs superpos i t ion  t o  form one 
s tage  of displ?cements. The main program does 
matrix inpu~/outp=rt  and two subrout ines  do a l l  
o the r  funct ions.  

b. SUPGDCN genera tes  a displacement con t ro l  matr ix and 
a vecror  of number of freedoms per  p a r t i t i o n  of 
superimposed displacements f o r  one superpos i t ion  
s tage.  Routine SUPIjISP does t h e  a c t u a l  
superpos i t ion  of displacements. 

a. This overlay performs superpositiorl  t o  f o m  one 
s t age  of stresses. The r a i n  program reads  i n  t h e  
superpos i t ion  matr ices SUPSTGa and SUPERba. 

b. N)DITUP r e a d s  i n  t h e  stress and loadcase d a t a  t o  be 
ext rac ted  f roin each co~nponent s t a g e  and genera tes  
an ontp11t stress matrix for t h e  one superpos i t ion  
stage. Routirle ADDjZNE w i l l  add a l l  loadcases 
belonging t o  one s t age  t o  t h e  stresses i n  t h e  
output matrix.  



715.4 CMMON BLOCK USAGE 

s- 

I- WERLAY: STREBLF L 
I NAME 11,011.111.211,311,411.S,!1.611,711,10 11.11 11.12 
l / K E K R w I x l x I x I x I x l x I x I x l  x I x I x I 

715.4-1 /KEhRm/,/CpPAHS/,/KQBUFP/,/KQRNDM/ are ATLAS system 
common blocks descr ibed i n  s e c t i o n  100.2.  

715.4.2 /STRPAHS/ is =ed by a l l  overlays of the STRESS module. 
It conta ins  con t ro l  parameters, f i l e  names, index names, 
buf fe r  s i z e s ,  and p a r t i t i o n  numbers, a l l  set by t h e  
SETPARS over lay.  

/FINDPAk/ is used to pass parameters and con t ro l  
intormation between t h e  SNARK program RETS&TRT and i t s  
two subroutines INFIND and BUTFIND.  

/MERPN(S/ is used t o  pass parameters and con t ro l  
information between t h e  S- program DEF'LEC and its 
subroutine DISMERG . 
/SLCPAHS/ is used t o  pass parameters and con t ro l  
i n f o r m t i o n  between t h e  SNARK proaram L C R F 3  and i t s  
subroutine SLCD JSP. 

/MULPARS/ is used t o  pass parameters and con t ro l  
i n f o r m t i o n  between t h e  SNARK program STRESS and its 
subroutines MULCNTR and MULTSEX. 

/MACBY passes parameters between the ATLAS r o u t i n e  
MAMULr and t h e  r o u t i n e  MULCNTH. 



/=TPAR/ passes parameters between the ATLAS l ibrary 
routine S0ERD and the program UWDER which c a l l s  S m D .  

/FILES/ holds array space in common for  use i n  c a l l s  to 
FLLEADD. 

/I.Y6KPARS/ passes parameters between the SNARK program 
MULDIS and its suhroutines MULSET and MILLW. 

/SUPEW/ i s  used t o  pass  parameters and control 
information between the program SUPRFAC and its 
subroutines. 

/SUPEKDI/ is used t o  pass parameters and control 
information between the program SUPRDIS and its 
subroutines . 
/SUPEhIM/ is used t o  pass parameters and control 
informtion between the  proyrm SUPRSPR and its 
subroutines, 



716. VIBRATION/BUMLING PROCESSOR 

716.1 GLNERAL INFORMATION 

1. Generate t h e  frequency (eigenvalue) matrix. 
2. Generate t h e  mode (eigenvector) matrix. 

716.1.2 Access 

T h i s  module is cal led from t h e  ATLAS control  program by 
the  EXECUTE VlBRATIjlN ( p l i s t )  o r  EXECWE BUCKLING ( p l i s t )  
statement (sec 258  and 2 0 8 ,  ref .  1-1) . 

716.2 MATRIX ACTIVITY 

Name - Description - F i l e  

Input 

output 

FREQSxx 
WDESxx 
SMdddxx 
GMASSxx 
GSTIFxx 
m x x  
SFdddxx 

VSETCf3N 
BSETCW 
EIGENxx 

Mass matrix 
S t i f fnes s  or f l e x i b i l i t y  matrix 
Geometric s t i f f n e s s  matrix 
Nodal data  subset  DATARNF 
Retained freedan vector DATARNF 
Nodal data DATARN F 
Nodal correspondence t ab l e  DATARNF 
Condition summary MASSRNF 
Local coordinate system DATARNF 
Mass module control  da ta  DATARNF 

Eigenvalues 
Eigenvectors 
Subset mde shape 
Generalized mass 
Generalized st i f f  ness 
Total  mass 
Subset freedom and node 
numbers 
Vibration set conditions 
Buckling s e t  conditions 
Eigenvalues 

VIBRRNF 
VIBKRNF/BUrnNF 
VIBRRNF 
VIBRRNF 
VIBRRNF 
VXBRRNF 

VIBRRNF 
V I  BRRNF 
BUCKHNF 
BUCKRNF 

Where xx is the vibra t ion  or buckling set number. 

A deta i led  descr ipt ion of t h e  matrix formats i s  
contained in  reference 1 -2. 



71b.3 PROGPAM METHOD 

This module c o n s i s t s  of a primary overlay,  VIBRPRG, and 
s i x  secondary overlays,  PICXUP, EIGENC, EXPAND, RIGIDBM, 
EQCHECK, and PSUBSET. 

716.3.1 W U A Y  V I B R ~ F ( 1 , O ) / B U C K ~ ( 1 , 0 )  - VIBRPRG 

a. Es tabl i shes  t h e  FET ( f i l e  environment t a b l e )  and 
associa ted  b u f f e r s  for t h e  seven sequent ia l  blocked 
s c r a t c h  f i l e s  which are used by t h e  eigenvalue and 
eigenvector  generat ing rout ines .  

b. Controls  t h e  l o g i c a l  flow of t h e  c a l l s  t o  t h e  
secondary l e v e l  overlay programs f o r  the d e s i r e d  
eigenvalue and eigenvector r e s u l t s .  

c. S e t s  va lues  i n  module comnon blocks, including 
/TAPES/. 

716.3.2 ~ R L A Y ( V I B R ~ L F , I , I I  - PICRUP 

a ,  Es tab l i shes  t h e  values oi /PRGPAR/ common block. 
The v a r i a b l e s  a r e  f i r s t  set t o  d e f a u l t s ,  then  
modified t o  comply with the parameters on the 
EXECUTE VIBRATIpN or EXECUTE BUOKLING s t a t e m n t .  
(These parameters a r e  t ransmit ted  v i a  the /CBNpARS/ 
common block. ) 

b. It e r r o r s  a r e  found in the EXECUTE statement ,  
PICKUP p r i n t s  e r r o r  messages a s  they  occur and 
keeps a t a l l y  of warnings and f a t a l  e r r o r s  i n  t h e  
/KE;tlR@t/ common block. 

c .  ~ o u t i n e  RMATRIX reads  t h e  mass and s t i f f n e s s  o r  
i l e x i b i l i t y  matrix (for v ib ra t ion  a n a l y s i s ) ,  o r  t h e  
s t i f f n e s s  and geometric s t i f f n e s s  matr ices ( f o r  
buckling a n a l y s i s ) .  The matrices a r e  expanded from 
t h e  ATLAS user  matrix form t o  a f u l l  upper 
t r i a n g u l a r  form i n  a s i n g l e  dimensional a r r a y  by 
rou t ine  EXPAN and then w r i t t e n  an s c r a t c h  f i l e  
(VIBRSC 1) by rou t ine  WRTSCR f o r  t h e  e igensolut ion  
rou t ines  c a l l e d  l a t e r  i n  EIGENC. 

d .  Insert set and s t a g e  numbers, mass and s t i f f n e s s  o r  
f l e x i b i l i t y  names i n  v i b r a t i o n  set condi t ion  
matrix. 

716.3.3 $WERLAY(VIBR@LZ,1,3) - EIGENC 
Solves the  eigenvalue/eigenvector problem. 



Establishes the s i z e  of the dynamic storage area ,  
pointers  f o r  the  required arrays, and c a l l s  rout ine  
ElGENS which ca lcu la tes  the  frequencies and modes, 

EXGENS (l?pRTRAN subroutine) 

Reads the matrices f o r  t he  eiqenvalue problem i n t o  
core fran scratch storage. 

C a l l s  kEDSY3 o r  REDSY4 t o  reduce t h e  eigenproblem 
[X](x) = l[M](x] t o  the iorm [P]{z) = l{z), where 
(21 = [ L ( t )  I I x )  and [MI = [ L I [ L ( t )  I, [ P I  = [ L I - l  

[ K  ][L (t) 1-1. [ M I  must be pos i t ive  d e t i n i t e  and [K ] 
and [ M I  a r e  s to red  i n  compact upper t r i angula r  foni, 
on scra tch d i sk  files, 

Calls  TRIDIL t o  t r id iaqonal ize  [P ] by HouseholderBs 
reduction, farming matrix [ D 1, and f i d s  t h e  norm 
of matrix [Dl. The norm is defined as the  maximum 
value of t he  sum of t he  absolute values of the  
elements i n  a row of [ Dl. 

I f  QR o r  Sturm ex t rac t ion  method i s  requested 
EIGENS calls SYMQR o r  SEPARZ respect ively  t o  f ind  
eigenvalues from the r e a l  syrmnetric txidiagonal  
matrix, [ D l .  QR f inds  a l l  eigenvalues, Sturm only 
those requested . Calculates the cutoff value 
(norm* 10-12) . I f  absolute value of a.n eigenvalue 
is less than t h e  cutoff value, the  eigenvalue is 
s e t  t o  zero, 

I f  eigenvectors a r e  not requested, EIGENS skips  t o  
s t ep  j. 

Loops on the  number o t  eigenvectors requested 
ca l l i ng  VECTW t o  f i nd  eigenvectors, y ,  
corresponding t o  the  given eigenvalues, 1, by t h e  
Wielandt inverse  method. 

where 1 lx 1 1 is t h e  Euclidean norm of x. 

I f  nondiagonal mass indicator  is on, EIGENS calls 
RECJiWL t o  t rans£ o m  eigenvectors back t o  t he  
or ig ina l  reference by 



h.  Cal l s  N w  t o  normalize t h e  eigenvectors .  The 
normalizing values,  r, a r e  t h e  inverse  of t h e  
l a r g e s t  element o t  t h e  vector ,  and are s t o r e d  a s  
the unscaled genera l ized  masses. 

i. Writes t h e  eigenvectors  on s c r a t c h  VIBRSC3. 

j. Eigenvalues a r e  transformed a s  follows: 

f =la - when eigenvalue problem is formulated in 
terms of s t i f f n e s s  and mass matrices 

f=1/1* - when eigenvaiue problem is formulated i n  
terms of f l e x i b i l i t y  and mass matr ices  

f =-1/1 - when eigenvalue problem i s  formulated i n  
terms of stiff r ~ e s s  and geometric 
s t i f f n e s s  matr ices 

k. Writes t h e  eigenvalues,  f ,  on s c r a t c h  f i l e  VIBRSCZ. 

1. Write t h e  unscaled g e n c r a i z e d  masses, r, on 
sc ra tch  f i l e  VlBHSC2. 

Generate general ized mass and genera l ized  s t i f f n e s s  
matrices.  

. heads the eigenvalues,  f ,  from s c r a t c h  f i l e  and 
writes them on V I W N F  w i t h  the index name FREQSxx 
(v ib ra t ion  ana lys i s )  or EIGFNxx on BUCKRNF 
(buckling ana lys i s )  . 

b. Reads t k s  unscaled genera l ized  masses, r , from 
s c r a t c h  f i l e  and genera tes  t h e  vec to r s  of sca led  
general ized masses, mbar, and general ized 
s t i f f n e s s e s ,  kbar ,  by: 

kbar = mbar*l t o r  s t i f f n e s s  type  or 

kbar = mbar/l f o r  f l e x i b i l i t y  type 

c. keads eigenvectors ,  y,  from sc ra tch  f i l e  and writes 
the vec to r s  on random d i s k  SCOORNF with index names 
WCxxx where xxx is t h e  column number o t  t h e  mode 
m t r i x ,  



d. Exparlds the general ized mss and genera l ized  
s t i f f n e s s  vec to r s  t o  rec tangu la r  matrices with zero  
off -diagonal elements. 

e. For t h e  zero frequency p a r t i t i o n ,  c a l c u l a t e  
yeneral ized mass matrix by [ $  (t) ][MI[@]. 

f . Writes the general ized niass n a t r i x ,  [ M a r ] ,  and 
general ized s t i f f n e s s  matr ix,  [kbar], on VIBRRNF 
wlth the index names GMASSxx and GSTIFxx 
respect ive ly .  

Spec i i i ed  r i g i d  b d y  modes, HEM, and t o t a l  mass matrix 
for t h e  r i g i d  model. 

a. Reads r e t a i n e d  freedom vector ,  nodal data matrix 
and nodal correspondence t a b l e .  

b. Reads t h  user  s p e c i i i e d  uncoupled rigid body 
freedom i n d i c a t o r s  URBM, TRBM, PRBM, and codes them 
as  follows: 

Code treedom 

1 x - t r ans la t ion  
2 y - t r a n s l a t  ion  
3 z - t r ans la t ion  
4 x- ro ta t ion  
5 y- ro ta t ion  
6 z - ro ta t ion  

c .  Reads conditj .sn summary matrix. From the given 
mass matrix index name or from the r ~ n c e n t r a t e d  
mass subset number, finds the raw OA the condi t ion  
summary matrix where the total  mass elements a r e  
stored. 

d. Establ ishes  the t o t a l  mass matrix a s  follows: 

r W t  I 7 

I Wt I 0 I 
I wt I 

[ J ] = 1 ------------- 1 ---- ---- ----- I 1 1 -  , 
I I I x x  Ixy 1x2 I 9 
1 0 
L 

I IXY IYY IYz I 
I 1x2 Iyz Izz J 

w k n r e  g = mass matrix d i v i s i o n  f a c t o r  from 
matrix MPARMS 1 on DATARNF. 



Picks up t h e  coordinates  of t h e  cf?nter  of g r a v i t y  
(Xcy, Y c g ,  Zcg) from the condi t ion  sumnary matrix, 

I f  f u l l  model s k i p  t o  s t e p  j. 

For a half  model, HIGIDBM f i n d s  the plane of 
symmetry -f t h e  whole system and o f f s e t  (d i s t ance  
from the plane of symnetry to t h e  cog. )  from t h e  
HALF parameter i n  t h e  execute s tatement  and the 
center  of g r a v i t y  ~ 0 0 r d i ~ t e s  of t h e  half system. 

Es tab l i sh  the trarlsf ormation mauices :  [ ar ] and 
[ a l l  t o  move t h e  ha l f  model cen te r  of g r a v i t y  t o  
the plane of symmetry fran the r i g h t  o r  l e f t ,  
respect ive ly  . 
Transforms t h e  t o t a l  nlass matrix from t h e  half  
system c.g . t o  t h e  whole system cog .  with t h e  
f ollowirq equation: 

(These matr ix opera t ions  are performed using 
SNARK com~ands .) Replaces [ J ] with [ J H  1. 

I f  URBM indica ted ,  i . e . ,  RBM r e l a t  ve t o  t h e  g loba l  
ax i s ,  s k i p  t o  s t e p  u. 

I f  THBM indicat-ed, i.e., RBM r e l a t i v e  t o  the user  
se lec ted  t r i a d ,  s k i p  t o  s t e p  p. 

For PRBM, i.e., RBM r e l a t i v e  t o  t h e  p r i n c i p a l  a x i s ,  
RXGIDBM e s t a b l i s h e s  SNARK pos i t ion  numbers f o r  
sc ra tch  a r rays ,  e x t r a c t s  3x3 i n e r t i a  p a r t i t i o n ,  
[It], from t o t a l  mass matrix,  and c a l l s  rou t ine  
VkLVCT t o  e x t r a c t  eigenvalues and eigenvectors .  
KIGIDBM then reorders  eigenvalues and e igenvectors  
such t h a t  t h e  l a r g e s t  element of an eigenvector  
l ies  on the diagonal of the e i g e ~ l v e c t o r  matrix,  
normalizes t h e  eigenvectur  by d iv id ing  by i t s  
length  and t ransposes t h e  eigenvectors ,  forming the 
matrix which r o t a t e s  front g lobal  t o  p r i n c i p a l  axes.  
Expands t h e  e i g e n ~ l u e s  t o  a f u l l  3x3 diagonal  
matrix,  which replaces  [ It], f orminy [ JP  1. 
Replaces [ J ] with [ J P  1. 

Converts d i r e c t i o n  cos ines  of t h e  3x3 eiqenvector  
matrix t o  Euler angles,  in t h e  sequence: yaw, 
pi tch ,  r o l l ;  and p r i n t s  them. 



o. Skips t o  s t e p  s, 

p. For t he  T!tEM (user selected t r i a d ) ,  RIGIDBM 
es tab l i shes  pos! t ion nlhnkrs f o r  scra tch arrays ,  
and c a l l s  rout ine  &pTRAN t o  generate 3x3 ro t a t i on  
mhtrix [ r 1, from user specif icrl angles. The 
ro ta t ion  matrix ro t a t e s  tile referer  .e frame from 
global t c  user axes. 

q. Establishes t rans la t ion  m t r i x ,  [ G I ,  and mul t ip l ies  
[r][G] t o  g e t  [rr  1 .  

r. Establishes the transformation matrix, [ a],  which 
transforms the  t o t a l  mass matrix from t h e  global  
rezerence irame t o  the  user specif ied reference 
frame, transforms the  t o t a l  mass matrix by: 

[ J U ]  = [ a ( t )  p J # a ]  and replaces [ J ]  w i t h  [JU] 

s. Generates HBM ( r ig id  body modes) i n  the  following 
steps: 

1. Establishes SNARK matrix posi t ion numbers f 3 r  
coordinates of cog,, node location,  and 
dif ference of c.g. arld node location.  

2. Reads l oca l  coordinate system matrix- 

3. Loops on the  number of retained degrees ok 
fre%dom, s teps  3 througn 10, t o  generate t he  
component RBM (the 6x6 matrix f 01- each node 
loca t ion) ,  

4. Picks up in t e rna l  node nuurlber from retained 
freedan vector,  corresp~nding user node number 
and polnter t o  nodal data matrix f o r  node 
coordinates from nodal c2rrcspondence tab le ,  
and node coordinates from nodal data matrix. 

5. Computes the  di f ference array r e l a t i v e  t o  the  
specif ied f ramp. 

6. Establishes the  mode component matrix by 
appropriate inser t ion  of the  elements of t h e  
di f ference array. 

7. If analysis  system indicator is o f f ,  skip  
s teps  8 and 9. 

8. RIG:CDk3Pi gets t he  global  t o  i . a lys i s  frame 
t r a n s t a r m a t ~ m  matrix from t h e  l oca l  



coordinate system matrix and e s t a b l i s h e s  t h e  
r o t a t i o n  matrix between user spec i f i ed  frame 
and ana ly s i s  frame. 

9. Forms t he  transtormation matrix, [ a 3, between 
t h e  u se r  spec i f i ed  frame and the ana ly s i s  
frame and transforms the component mode 
matrix, [C]. 

10. Se l ec t s  t h e  RBM freedoms from the component 
n t r i x  as requested by the user  and i n s e r t s  
these  f reedons i n  the  appropr ia te  column of 
the modes matrix. 

t. I f  a t o t a l  mass index name is spec i f i ed  by t h e  
user, RIGIDBM wri tes  t h e  t o t a l  mass matrix onto 
VDHRNF. 

u. I f  t h e  normalizing ind ica to r  is o f f .  RIGIDBM sk ip s  
step v. 

v. Calls  r ou t i ne  NpWA t o  normalize each RBM column of 
the modes matrix by div id ing by t h e  l a r g e s t  value, 
r, and saves it. Establ ishes  t h e  normalizing 
transformation matrix, [ Norm 1, where t he  diagonal 
elements a r e  t h e  inverses  of t h e  absolute  elements, 
r, found above, and normalizes the RBM p a r t i t i o n  o f  
the genera li zed mass matrix by : 

heplaces f 3 3 by [ JN ] 

w. Replaces t h e  i l e x i b l e  modes by the RBM modes by 
overwriting the respect ive  column a r r ays ,  on t h e  
sc ra tch  random f i l e  SCOORNF. 

x. heads the general ized mass matrix. Replaces t h e  
p a r t i t i o n  of the general ized matrix e f f ec t ed  by the 
hBM with the respec t ive  ireedoms of t h e  
(normalized) t o t a l  mass m t r i x ,  and w r i t e s  t h e  
general ized mass matrix on VIBRKNF. 

y .  If the FU3M general ized mass matrix name is 
speci f ied  by t h e  user, RIGIDBM writes t h e  
generalized mass matrix on V I B W  with spec i f i ed  
matrix name. 

z. I f  the RBM general ized s t i f f n e s s  matrix name is 
spec i f i ed  by t h e  user ,  RIGIDBM reads the 



general ized s t i f f n e s s  matr ix and then  writes it on 
VIBRRNF w i t h  t h e  s p e c i f i d  matr ix name. 

Perform equil ibr ium and or thogonal i ty  checks. 

a. Es tab l i sh  SNAU p o s i t i o n  numbers and matr ix s i z e s  
t o r  t h e  va r ious  matr ices  used i n  t h i s  program. 

b. Read t h e  eigenvalues [ t 1, mass o r  geometric 
s t i f f n e s s  [MI, and s t i f f n e s s  [R]  matrices. 

c. Perf oms equilibrum (compatibi l i ty)  checks, s t e p s  d 
through g, f o r  each wctor.  

d . keads an eigenvector  { y )  . 
e. It stif tness  type requested,  QCHECX c a l l s  a series 

o t  r o u t i n e s  (MULTI or READM, SfiiULTUR, and SUBTR) t o  
solve t h e  f ollvwing equation: 

[ d e l t a ]  = [K-i*M]{y] 

t .  It f l e x i b i l i t y  type requestec,  EQCHECK c a l l s  the  
same series of routines as i n  s t e p  e t o  so lve  t h e  
following equation: 

[ d e l t a ]  = [FM-f *I ] (y) 

where [ F ]  is t h e  f l e x i b i l i t y  matrix 

s. Co~nputes and p r i n t s  the following FWS equi l ibr ium 
check r e s u l t  by transpose-multiply and squareroot  
rou t ines  : 

WMS = SQRT(;/(NM-1) *[del ta  (t) ]*[del ta])  

where NM i s  the number of modes. 

h. 1i rigid body n l o d ~ s  requested, EQCHECK f i n d s  t h e  
number o t  uncoupled r i g i d  body t r a n s l a t i o n s  and 
r o t a t i o n s  spec i f l ed  by t h e  user ,  r eads  t h e  
general ized masu, [m] ,  and mass, [MI, and loops on 
the  number of vectors, s t e p s  i through m t o  q r f o r m  
the mode shape or thoyvnal i ty  check. 

i. Heads t h e  p ivo t  eigenvector  [ y (i, ] 

3.  Calls r o u t i n e  MULTI or SMULTLJR to  compute t h e  
terr~porary result, [ T 1 1, by the following equat ion 



k. Performs s t e p s  1 through m tor each vector ,  t o  
compute a row of the orthoqorlal i ty  check r e s u l t s .  

1. Reads a n  eigenvector  [ y (3)  1, and c a l c u l a t e s  

m, Computes the  value, TMP, by 

Tile value, TMP, is represented  by a symbolic code 
given i n  t h e  table below; and which is p r i n t e d  

Symbol -- Ind ica tes  

n, Forms t h e  f u l l  modes matrix,  f +], by reading 
eigenvectors  i n t o  the appropr ia te  columns of  [ 9 1, 

o. Write mode shapes on VIBiiRNF with index name 
MpDESvs ( v i b r a t i o n  ana lys i s )  or on BUCKRNF with 
index name MmESvs (buckling a n a l y s i s ) .  

Ex t rac t  mode shapes assoc ia ted  with given nodal. data 
subse t s ,  

a. Estab l i sh  SNARK p o s i t i o n  numbers f o r  the var ious  
matr ices  used i n  t h e  program. 

b. Read mode shapes, nodal correspondence t a b l e ,  and 
re ta ined  f reedam vector .  

c, Performs s t e p s  d through h for each s p e c i f i e d  
subset ,  korming the  subset  mode shape matrix and 
subse t  freedom and node numbers, 

d. heads the nodal da ta  subse t  matrix, t o  get t h e  u s e r  
node numbers f o r  the subse t ,  

e, Finds t h e  total nuaber of freedcms of the subse t  
(row di~nension of subse t  mode shapes, N D W )  , 



f . Est-ablishes t!!e s i z e  of the subset  mode shape 
n m t r i x  ( N D W , N ~ A )  , where NM is the number of modes 
(vectors)  . 

g. C a l l s  rou t ine  PIC= t o  ex t r ac t  t h e  rows of the 
mde shape matrix and form t h e  subset mode shape 
matrix which is associa ted  with t h e  subset ,  

. Pack he re ta ined  freedom ind i ca to r  i n  t h e  f i r s t  
thirty b i t s  and user  node number i n  t h e  secand 
t h i r t y  b i t s  of a word and s t o r e  t h e  word i n  the 
subset  freedom and node number matr ix,  

i. k i t e s  the subset  mode shape matrix on VIBRRNF or 
BUrXRNF with index name SMdddxx and t h e  subset  
freedom and node number mtrix on VIBRRNF with 
Index name SFdddxx. 

71b.4 COMMON BmCK USAGE 

I I @VERUY:  VIBRjTU? I 
J NAME 1 (1,ol 1 (1,1] 1 (1,3) 1(1,4] j ( 1 .5 )  1 (1*6]  1 (1,7) 1 
IKEKEcSFR I x X X X X X x I 
I CWPARS 1 x x x x x x X I 
I KQRNDM ( x x x x x x X I 
J KQBUFP I x x x x x x x L 
I PRGPAk I x x x x x x X I 
I TAPES 1 x x x x x x x I 
I D I M S  I X x x x x x X I 
1 CHKPhNT 1 x x -  X X X X x 1 

716 .4 -1  m W , / C B N P M / , / K Q . R N D M / , , / K Q B U F P /  are ATLAS system 
common b locks ,  described i n  sec t ion  100.2. 

716.4.2 /PRGPAR/ -- program va r i ab l e s  

DYNTYPE - type of dynamic matrix 
= 1, s t i f f n e s s  
= 2, i l e x i b i l i t y  
= 3, buckling 

MASTYPE - mass o r  geometric s t i i f n e s s  matrix format 
= 0, diagonal 
= 1, non-diagonal 

VALTYPE - eigenvalue ex t rac t ion  method 
= 0, y-R 
= 1, Sturm 

N - number of equations i n  eigenvalue 
problem 



NVAL - number ot eigenvalues (frequencies) 
requested 

NVEC - number of eigenvectars ( m o d e  shapes) 
requested 

SET - data set number 
SmGE - s t i f f n e s s  execution stage number 
C$aNMASS - concentrated mass subset number 

(not  used) 
HALF - model p lane  of symmetry i n d i c a t o r  

= 0 ,  f u l l  model 
= 1, o f f s e t  x, yz p lane  o t  symmetry 
= 2, o f f s e t  y, w plane of symmetry 
= 3, of f set z, xy plane of symmetry 

NBRM - r i g i d  body mode normalizing i n d i c a t o r  
= 0 ,  do no t  normalize 
= I ,  normalize 

IVSET - v i b r a t i o n  set number or buckling set 
number 

NAMERNF - VIBRRNF o r  BUCKRNF 
KEYRBM - r i g i d  body mode re fe rence  frame i n d i c a t o r  

= 0, no r i g i d  body modes 
= 1, global ax i s ,  URBM 
= 2 ,  p r i n c i p a l  axes,  PRBM 
= 3, use r  defined a x i s ,  TRBM 

XkEF - o r i g i n  of use r  defined triad r e l a t i v e  
YREF t o  the globa l  frame 
ZREF 
IRBMRI - number of R.B.M. r o t a t i o n s  f o r  user 

def ined a x i s  
IF d~4R (6)  - a x i s  about which r o t a t i o n  is made f o r  user  

defined a x i s  
= 1, x-axis 
= 2,  y-axis 
= 3, z-emis 

RBMR (6)  - angle  of r o t a t i o n  about se lec ted  a x i s  f o r  u s e r  
def ined a x i s  

NAMVSET - vibra t ion/buckl ing  set condi t ion  matrix 
index name 

NAkii,tSS - mass matrix index name 
KfiYSTIF - s t i f f  ness/f l e x i b i l i t y  matrix index name 
I.AMC$3$3R - nodal coordinates  index name 
NAMRFV - r e t a i n e d  freedom vec to r  index name 
NAMNCT - nodal correspondence t a b l e  index name 
N A M V A t  - eigenvalues (frequencies) index name 
NAMVEC - eigenvectors  (mode shapes) index name 
NAMRIN - mode matrix t o  be a l t e r e d  index name (RBM) 
N w j  - a l t e r e d  m o d e  matr ix index name (FU3M) 
NAh.cMA - transformed t o t a l  mass index nanle (not  used) 
NAMGMA - general ized mass index name 
P:?&IHGM - a l t e r e d  general ized mass index name (RBM) 
NAMGST - genera l ized  s t i f f n e s s  index name 



NAMRGS 
NREMS 
ImMS 
Nf2JElG 

ISUBSET 

- a l t e r e d  genera l ized  s t i t f n e s s  index name (RBM) 
- number of r i g i d  body modes s e l e c t e d  (13) 
- currexlt r l g i d  body rrrode (RBM) 
- e igenso lu t ion  equat ion i n d i c a t o r  

= O,  no equation s p e c i f i e d  i n  execute l ist  
= 1, equat ion s p e c i f i e d  

- number o t  subse t s  requested f o r  
e i g e n s o l u t i o r ~  r e s u l t s  

XSUBRBM - number of subse t  requested per FLBM 
(not  used) 

SUBSETS (100) - index names of s t i f t n e s s  nodal subset  
matr ix 

SUBKBMs ( 100) - index n e s  of s t i f f n e s s  nodal subset  
matr ices  f o r  RBM 

UhBM - i n d i c a t o r  f o r  g l o b a l  reference  a x i s  
PRBM - i n d i c a t o r  f o r  p r i n c i p a l  reference  a x i s  
TRBM - i n d i c a t o r  for user defined re fe rence  a x i s  

7 16.4.3 /TAPLS/ - s c r a t c h  t a p e  v a r i a b l e  names 

NTP 

NTPX 
NTPY 
KD3 
KD4 
RD5 
KDb 
MTP 
MTPX 

- (VIBRSCI) - mass and s t i f  tness/f  l e x i b i l i t y  
matr ices  in s ing ly  dimensioned a r r a y ,  s t o r e d  
upper t r i a n g u l a r  by rows - (VIhRSC2) - used f o r  in termedia te  - (VISRSC3) r e s u l t s  while executing - (VIBRSC4) p a r t i a l  out-of -core r o u t i n e s  

- (VIBRSCS) for eigenvalue/eigenvector 
- (VIBRSC6) s o l u t i o n s  - (VIBRSC7) - (VIBRSC2) - e i g e n v e c t o r s p e r m o d e  - (VIBRST3) - eigenvalues and genera l ized  

mss 

716.4 -4 /DIMS/ - F.E.T.s f o r  sc ra tch  tapes  

TITLE ( 17) - t i t l e  f o r  v i b r a t i o n  
V14LSC1(548) - F.E.T. and buffer  a rea  f o r  VIBRSCl 
V142SC2(548) - F.E.T. and buffer  area f o r  VIBRSC2 
V142SC3(548) - F.E.T. and b u t t e r  a r e a  f o r  VXBRSC3 
V142SC4(548) - F.E.T. and buf fe r  a r e a  f o r  VIBRSC4 
V142SC5 (548) - F.E.T. and buffer  a rea  f o r  VXBRSC5 
V142SC6(548) - F.E.T. and bufter area  forVIBitSC6 
V142SC7(548) - F.E.T. and buffer a rea  for VIBRSC7 

716.4.5 /CHKPRT/ - checkout parameter 

IPHINT - checkout p r i n t  ind ica to r  
= O ,  no p r i n t o u t  
= I ,  p r i n t  t iming information only 
=9, p r i n t  everything f o r  checkout 



800.  A T U S  POSTPROCESSORS 

A l l  ATLAS hardcopy outplt  material is produced by one of 
the postprocessors. The PRINT postprocessor prints 
matrix values, processor input and output, and checkout 
quantities,  such as checksums. The EXThACT and GRAPHICS 
postprocessors prepare information which w i l l  drive one 
of t h e  available o f f l i n e  plotters ,  and write it t o  the 
GRAPHICS output f i l e  of ATLAS. They a l s o  support 
interactive graphics processing. 



80 1. PRINT POSWPROCESSOR 

The PhINT module handles a l l  of t h e  A'PLAS pr in ted  
output .  

80 1.2 ACCESS 

This  module is c a l l e d  from t h e  ATLAS c o n t r o l  program by 
one of t h e  fol lowing ca-ds: 

PRINT IHPUT(PHBC,plist) 
PFUNT pUTPUT (PHK , p l i s t )  
PRINT ,MATRIX (Fname, p l i s t )  
PRINT MATRIXID (Fnme , mli s t) 
PRINT MATRIX (F'name, CHECKSUM, p l i s t )  
PRINT MATRIX(Fname,CHECKPRfNT,plist) 

where : 

P W C  - t h e  type of d a t a  p r i n t  desired 
m a m e  - ATLAS random access  k i l e  
p l i s t  - user  s e l e c t e d  e x e c u t i o ~  parameters 
m l i s t  - list of matr ix names 

861.3 PRINT I N P U T P I N T  j3UTPUl' COMMANDS 

Table 80 1- 1 shows t h e  a v a i l a b l e  postprocessor  p r i n t  
opt ions,  and the corresporlding secondary overlay 
numbers. References are to s e c t i o n s  i n  r e fe rence  1-3. 



T a b l e  801-1. Postprocessar Secondary Overlays 

1 1 PRINT INPUT I PRINT OUTPUT 1 
J Print T y p e  IOverlaylkeferencelOverlavlReferenceL 

I STIFFNESS I (1rl) 1 252 I n-a. I n.a. I 
I BC I 
( MASS I 
1 STRESS I 
I DISPLACEMENTS1 
( DESIGN I 
I INTERACT I 
I 1 
I AF1 I 
( MACHBm I 
I HH03 I 
I DUBLAT I 
I VIBRATI$RU 1 
1 ADDINT 1 
I FLU- I 
I REACTIWS I 
( FLEXAIH 1 
I Mk',EKIA.L I 
I FmCES I 
I EXSTRESS I 
( EXDISP I 
( BUCKLING I 
I NBDAL I 
I LAMINA 1 
I FREEBmY 1 

801-4 PRINT MATRIX/PRINT MATRIXID COMMANDS 

These colmnands are described in section 200, reference 
1-1. OVEHLAY (PRXNW, 1,77B) -GPRINT does the  actual 
printing using the SNAFU PHNTMAT command. 

801-4.1 ChecksuWCheckprint matrix printinq 

T h e  form of the command is as follows: 

PRINT MATRIX (Fname, Chkword , INDEX=XX??XXXX , 
h l = N l , R 2 = N 2 , C 1 = N 3 , C 2 = N 4 , ~ T = f o r m a t , S K I P L = N 5 )  

w h e r e  

F'name - ATLAS random access file name 
Chkword - Either CHECKSUM or CHECKPRINT 



M X X X X X  - Matrix name t o  be pr in ted  - 
Aster isk  opt ion a s  described i n  
sec t ion  200, reference  1-1, is 
avai lable .  The parameters 
INDEX=name may be repeated. 

The following opt ions  apply only t o  the  C H X K P R I N T  
option. 

Pi1 - F i r s t  row t o  be pr in ted  (default-1) 
N 2 - Last row t o  be pr in ted  (defaul t -  

l a s t  row of matrix) 
K3 - F i r s t  columl t o  be p r in ted  

(def ault-1) 
N4 - List column rn be p r in ted  

(de fau l t  -1as t column of matrix) 
format - P r i n t  fonnat:  (4HREAL(dcfau3-t), 

7HINTEGEk,SH~AL,6HMIXEDI,6HMIXED~) 
N5 - >0, Skips N5 l i n e s  before p r in t ing  

50, Skips t o  new page, sk ips  I N 5 1  
l i n e s  before  p r i n t i ng  
(de tau l t  - N5=2) 

These comands r e s u l t  i n  the ca l l i ng  of BVERLAY (PRINW, 
1,76B) -PRNTSUM. 

801.5 ADDITION OF PRINT POSTPROCESSW FdR ATLAS MODULES 

a. Changes t o  (PRINmF, 1,O) -PRINPK 

1. Change d imens io~s  ot ISpNAM and ISBNUM arrays ,  
which conta in  t h e  module names and secondary 
overlay numbers, respect ive ly .  Note t h a t  
ISWM is doubly dimensioned. 

2. Change DATA statements t o  r e f l e c t  the new 
names i n  ISpNAM and new overlay numbers i n  
ISpNUM. 

3. Change value of LPIJZIP, set in a DATA stGtement, 
t o  t h e  new number of modules represented. 

4. Add iappropriate s tatement nuinbers t o  computed 
G0 W statement,  whjr t  jumps t o  appxopriate 
secondary overlay c a l l a  



5 .  Call FILEADD (sec. 900) i f  A'IZAS random f i l e s  
are required by secmdary overlay. Use array 
FETB for c a l l .  

b. Changes to PRINT iturnmy routines 

1. Add pVEHLAY card i n  appropriate numerical 
sequence. 

2 .  Add Pn$3GEi33K, SUBRWTINE and END cards as 
required. 



80 2. EXTkALT PC). TPROCESSOR 

802.1 GENERAL INFORMATION 

802.1.1 Purpose 

To e x t r a c t  from ATLAS generated da ta  the i t e m s  t h a t  a r e  
recognized i n  t h e  ATLAS DATA DIRECTORY, and t o  w r i t c  
them in  indexed sequen t ia l  f o m .  

802.1.2 Access 

This module is ca l l ed  from the ATWlS cont-rol program v i a  
t h e  EXECVPE EXTRACT ( p l i s t )  statement.  (sec. 218, r e f .  
1-1) 

802.2 MATkIX ACTIVITY 

Input  

Ndme Descript ion 

ADATDIH 
bSETC@+J 
CVECQ 1 a 
DCNTHba 

DIWlba 
EIGENO 1 
FPi j klm 

FPi j klmn 
FREQS 0 1 
FZTECO l a  
W W a  
DMELNPa 

KNC lOOa 
K N W T a  
KPkAMs1 
WVOba 
KSFOO l a  

ATLAS Data Directory 
BSET Control matrix 
Cargo conditioir vec to r  
Displacement con t ro l  
matrix 
Loadcas e correspondence 
t a b l e  
Displacement n ~ a t r i x  
Buckling Eigenvalues 
F l u t t e r  p l o t  da ta  con t ro l  
~ a a t r i x  
F l u t t e r  p l o t  da ta  matrix 
Vibration eigenvalues 
Fuel vector  matr ix 
Local coora. systenls matrix 
F lex ib le  element nodal 
matrix 
Nodal correspondence t a b l e  
Nodal da ta  matrix 
S t i i f  ness parameter matrix 
Retained freedom vector  
Flexible  element da t a  
m a t r i x  
User freedom reference  
table 
Buckling eigenvectors  
Vibration eigenvectors  

F i l e  - 

DATARNF 
STIFRNF 
MASSRNF 

STHERNF 
STRERNF 
BUCKRNF' 

FLUTRNF 
FLUTRNF 
VIERRNF 
MASSRNF 
DATAHNF 

DATARNE 
DATARNF 
DATARNF 
DATARNF 
DATARNF 

DATAR NF 

DATARNF 
BUCKRNF 
VIBRRNF 



Mass parameter matr ix 
St rength  mi11 . margins 
of s a f e t y  matrix 
Thermal min. margin 
of s a f e t y  matr ix 
Passenger condit ion vector  
S t r e s s  c o n t r o l  matr ix 
Label subset list matr ix 
S t i f f n e s s  element subset 
matrix 
Mass element subse t  matrix 
Subset freedom and node 
nos. 
Label subset  matrix 
Stress loadcase s p e c i f i c a t i o n  
t a b l e  
Subset m d e  shapes matrix 
Nodal subset matrix 
Ordered nodal subset 
matrix 
S t r e s s  matrices 
Condition summary matr ix  
Total mass proper t i e s  
matrix 
VSET c o n t r o l  matr ix 

DATARNF 

DESIRNF 
N W  lcba 

DESBNF 
MASSXNF 
STHERNF 
DATARNF 

WECO la 
SCNO lba 
SMNLST 
SLKddda 

SEMddda 
SFdddO l 

STRERNF 
VIERRNF 
DATARNF 

SMdddO 1 
SNXddda 
SPKddda 

DATARNF 
STRERNF 
MASSRNF 

ST00 lba 
TAPLWTa 
TpTLWTa 

MASSRNF 
VIBRHNF 

Name Descript ion - F i l e  - 
Output 

Copy of the  ATLAS 
Data Directory 
Ex t rac t  Control  matr ix  
Extrclct namr l ist  
A t t r i b u t e  name l i s t  
matr ix 
Extracted d a t a  matrix 
Low 1nde.x list matrix 
Al t i tude  s u b s e t  list 
matrix 
A l t i t u d e  s u b s e t  matr ix  
F l u t t e r  case  subse t  
list matr ix  
F l u t t e r  case  subset  
matrix 
Changeset subset I i s t  
ma tr i x  
Changeset subset matrix 
Condation subset  list 
matr ix 

EXTkRNF 
EXTRRNF 
EXTRRNF 

EXTRRNF 
EXTRRNF 
EXTRRNF 

DBOO lXX 
DB I NDXX 
ALNMLST 

EXTRRNF 
EXTRRNF ALNMOO 1 

W M L S T  
EXTRRNF 

EXTRRNF 

EXTRANF 
EXTRRNF 

EXTRRNF 



CgNMoo 1 
CYNMLST 

Condition subset matrix 
Cycle subset list 
matrix 
Cycle subset matrix 
Loadcase subset  list 
matrix 
Loadcase E .'lbset matrix 
Mode subset list 
matrix 
Kode subset matrix 
Retainset subset 
list matrix 
Retainset subset 
matrix 
Mode/elemerkt subset 
list matrix 
Copy of ordered nodal subsec 
matx i x  
Label subset list 
matrix 
Label subset matrix 

EXTRRNF 
EXTRRNF 

EX!IRRNF 
EXTRRNP 

RSNMOO 1 

EXTRRNF 

SDTNLST 

PROGRAM METHOD 

The EXTHACT inodule consists of one primary overlay, 
EXTRACT and 18 secorkdary over lays . 
QVERLAY ( EXTR0LF. 1-0 1 - EXTRACT 

a )  Sets up conanon block /C1/ 

b) Calls gVERLAY (1,1) t o  in terpre t  the control 
statement. 

c) If it is  a ref ormatter r w ~  it c a l l s  BVE~CLAYF j 1 ,4)  
and (1,s) and returns. 

d) If it i s  not a reformatter run, p9eRLAY (1,2) is 
called t o  set up the Extract Cor~trol i:%formation 
and s e t s  up a loop governed bi the  varrlable IMG. 
Counting b i t s  from l e f t  tr, right :AS 1 %o 60, i f  the  
n8th b i t  of U-K; i s  on, the s~czrfiiary pVERYAY 
(1 ,n+8) is called. F A C ~  of these secondi~ry 
overlays extracts a certdn t y p e  of data. 

e )  Calls gVERIAY (1 ,3 )  t o  reorder the data extracted in 
step !d) abovr.. 



a) Opexls required f i l e s  

b) I n i t i a l i z e s  cornon block /EXMpIDCM/ 

c )  In te rpre t s  control  statement contained i n  / C m = S /  
and s to re s  t he  parameter values specif ied i n  
appropriate locat ions  i n  /EXMp(EI/ 

d) Checks fo r  l e g a l i t y  of parameters and conf l ic t ing  
specif icat ions  

e Sets up standard label  subsets  that are not 
predefined by the  user, but  are used i n  t h e  
control stLcement 

f )  Scans the l abe l  subsets and compiles the a t t r i b u t e  
dependency, element type dependency and matrix 
group list contair ing t h e  data  specif ied by the 
labels  i n  t he  labe l  subsets 

g) Checks i f  a l l  required a t t r i b u t e s  and/or subsets  
are s ~ e c i f  i e d  

h) Sets up appropriate defau l t  values as required 

i) Closes f i l e  

a) Opens required f i l e s  

b) Generates t he  c ~ n t r o l  information for the  current  
extract  

c) Updat.es the Extract Control matrix 

d) closes f i l e s  

a) Opens required files 

b) Reorders the extracted data i n  t e r m s  of increasing 
in2ex valties . The following algorithm is used: 

(1) A scra tch matrix SCI is defined t o  use up 
available cor - 



(2) A pass is made on all p a r t i t i o n s  of t h e  
extracted data  and the  index portio:r of each 
of t h e  keys is  extracted arrd put  intc; the  
sc ra tch  matrix. 

(3) The sc ra tch  matrix Sil3 is compacted down t o  
ac tua l  s i z e  and another scra tch matrix SC2 of 
the same s i z e  is  defined. 

(4) Array SCI is searched i n  sequence of ascending 
index values. The sequence number f o r  each 
en t ry  i n  SC1 is recorded i n  t h e  corresponding 
errb- i n  SC2. 

(5) A scra tch matrix SC3 is defined t o  use up the  
avai lable  core. An estimate is made a s  t o  how 
may keys and t h e  associated data  records (say 
N) may be contained i n  SC3. 

(6) A sequent ia l  pass i s  made on the preliminary 
extracted data matrix p a r t i t i o n s  until a l l  of 
the keys 1 thru N i n  t h e  reordered sequence a s  
laifi o u t  i n  SC2 a r e  encountered. These keys 
&?d da ta  recaras z r e  passed i n t o  SC3 and SC3 
is writ+.en ouc as a pcrrtition of t.he extracted 
data, containing t h e  firsi N keys and 
associated data. 

(31 The process (4) t h r u  (b) is repeated u n t i l  a l l  
& t a  has been racrrciesd. 

C) Write Ot i t  .+a DBIhLXX matrix contai.ning the lawest 
=.*sxes i n  sack of L,)le extfac-.eZ ?a+ 2 ;zzC,itions. 

d) Closes tiles 

aj Opens required f i l e s  

b) Sets ul; reordering spec i f ica t ions  

c) Calls subroutine SERODAT t o  recard t h e  extracted 
data, Subroutine SERODAT contains code almost 
i den t i ca l  t o  t h a t  i n  t he  program REORDAT. The same 
basic algorithm is used for  resor t ing t h e  data 

d) Closes f i l e s  



-Dl is a WRTRAN program that writes randan access 
r e c o r d s  on a rode/element basis from t h e  data re-sorted 
by the program fcESBHT. 

3 )  Opens f i l e s  

b) heads SNARK generated matr ices  using RDRMXI 

cj Writes out  random access r e c o r d s  usirrg WRTER. 

d) Closes f i l e s .  

802.3.7 F L A Y S  :~&~d,1,11B) t o  (M'I'R0LF11,25BL 

These overlays excact the da ta  from ATLkS f i l e s  and 
wr i t e  them ou t  on EXTRHNF. The ac t i ons  taken by each 
overlay a r e  i d e n t i c a l  in nature.  T h e y  are:  

a ?  Open required f i l e s  

b) Read required ATLAS matrices 

C )  C ~ 1 1  subroutine t o  e x t r a c t  da t a  from ATLAS matr ices 

d) W~lte the extrac ted  da ta  matr lces  on EXTRRNF 

e) Closes f i l e s .  

The overlay numbers. t he  program names and t h e  da ta  
ext rac ted  by  each are summarized i r l  the following t ab le .  

----- 
JOVEHLAY I PHiX;. I DATA I 
1 No. I WtW 1 I 
1 (1.11) I EXTNPDE I NBDE-Related Data I 
1 (1,12) 1 EXTVMpD I Vibrat ion  node-shape da ta  I 
I (1.13) 1 UTVGVF I F l u t t e r  V/G-V/F curve r e l a t e d  da ta  I 
( (1,14) I UTSEDT I S t i t f n e s s  e l e k n t  p roper t i e s  
1 (7.15) 1 EXTDESP I Nodal displacement data 
1 (1,16) 1 EXTELST I S t i f f n e s s  element stresses 
I (1,171 I aTL(aDB 
I (1,20) I FXTKUDC 
I I 
1 (1,21) 1 EXTSMS 
I (1,22) I XXrnEDT 
1 [1,23) 1 XXTEM$3D 
( (1,24) 1 UTTMS 
1 (1,251 1 EXTMATR 

Loadabil i ty curve r e l a t e d  data 
U s e r  reference t a b l e  and loadcase 
corresp. t a b l e  
Stress margins of s a f e ty  data 
Mass element i d  and connect iv i ty  d a t a  
Buckling  node-shape da ta  
Thermal margins of sayety da t a  
ATLAS matrices 



802.4 ORGANIZATION OF EXTRACTED DATA 

80 2.4.1 General Comments 

The following philosopy is used t o  organize t h e  
extracted data  : 

The ideal ized s t r u c t u r e  (nodes and elements) is the  
basic  e n t i t y  t o  be d e a l t  with. I t  can be completely 
described i n  terms of nodal coordinates, element 
connectivi ty and s t i f f n e s s  propert ies.  When t h e  e n t i t y  
is subjected t o  an  influence such a s  a loadcase o r  a 
v ibrat ion mode, i ts  behavior can also be described i n  
t e r m s  of t h e  behavior of the nodes (i.e. t h e  
displacement components) and the  behavior of t he  
elements ( s t r e s s  components) . The data  associated with 
t h e  descr ipt ion of t h e  s t ruc tu re  and its behavior is t h e  
basic  data t h a t  is to be extracted by t h e  EXTRACT 
FxL'xessor, Each such data  item is assigned a unique 
label .  The ATLAS DATA DIRECTPRY lists a l l  these  labels 
a rd  provides a aescr ip t ion  f o r  each (see sec. 802.6) . 
An execution of t he  ATIAS system generates a la rge  
number of data i t e m s .  This total data  is i d e n t i f i a b l e  
i n  t e n s  of some rna jor  system parameters such as the  set 
number, t he  s tage number and the loacase labels .  I n  
addit ion,  t h e  concept of subsets  is use6 t o  i den t i fy  
selected p a r t s  of the data. The node/element subsets  
i den t i t y  pa r t s  of the  ideal ized s t ruc ture .  The l abe l  
subsets  i den t i fy  parts of t h e  data  items associated with 
t he  nodes and elements. In  addi t ion t o  these  subsets, 
t h e  user spec i f i e s  subsets of loadcases, v ibra t ion  mode- 
shapes, i2iltt.er conditions and other  parameters of t h i s  
nature,  i n  THE EXoCLTS EXTRACT comnand. 

These major system parameters and C.2 subsets defined 
a r e  regarded a s  t h e  a t t r i b u t e s  of the s>D;% and t h e  
extracted data  is iden t i f i ed  and brganized i n  t x n t s  of 
the numeric values of G e s e  a t t r i b u t e s .  

802.4.2 System Att r ibutes  

The following 17 quan t i t i e s  a r e  regarded a s  system 
a t t r i b u t e s  f o r  t h e  ATLAS system and a l l  t h e  data items 
extracted a r e  recognized in terms o t  t he  value of one o r  
more o t  these  a t t r i b u t e s  

( 1) Extract Name - This is the name specif ied 
by the  user i n  a pa r t i cu l a r  
EXSCVIlE EXTRACT -C. 



St i f fnes s  set number 
Mass set number 
Stage number 
Loadcase subset  number 
Hoae subset  number 
F l u t t e r  case subset  number 
Al t i tude  subset  number 
Node/element subset  number 
Label. s i h e t  number 
Passenger condj ti.? . number 
Cargo condit ion number 
Fuel condit ion number 
Changeset subset  number 
i tetainset  subset  number 
F l u t t e r  condit ion subset  number 
Design cycle subset  number 

An a t t r i b u t e  I M ~  be a s ing l e  or  mul t ip le  valued e n t i t y ,  
At t r ibu tes  1,2,3,4,11,12 and 13 f a l l  i n  t h e  f i r s t  
category, e-g.. s t i f f n e s s  and mass set numbers 
cons t i t u t e  one value only, whereas 5 t h r u  10 and 14 t h r u  
17 & a l l  in the  second category, e-g. ,  a loadcase subset  
may have many loadcases associa ted  with it and a 
node/elernent subset  cons i s t s  oi severa l  noires/elements, 

At t r ibu tes  may represent  in teger ,  f l o a t i n g  point, o r  
alphanumeric values. A l l  a t t r i b u t e s  except 1,5,8 and 10 
con t a i r~  in teger  values. At t r lku tes  1,s and 10 have 
alphanumeric values, and a t t r i b u t e  8 conta ins  a f l o a t i n g  
po in t  value. All t h e  alphanumeric and/or f l oa t i ng  po in t  
values a r e  put l n t o  a l i s t  and t h e i r  sequence number i n  
the list is used a s  t h e  in teger  number associa ted  with 
t he  pa r t i cu l a r  non-integer value. 

802.4.3 At t r ibu te  Usaqe 

The a t t r i b u t e s  t h a t  are associated with data  m y  be used 
to extract and organize data  in one of t h e  following 
manners : 

1) To form the index narre ot the matrices containinq 
the extracted  data. 

2 )  To form the index pa r t  of the keys t h a t  are 
associated with t k e  extracted data .  

3) The values of t h e  coqonen t s  of an a t t r i b u t e  are  
used i n  forming the  index pa r t  of the keys t h a t  are 
associated w i t h  it. 



I n  addit ion t o  t h e  above usage t h e  a t t r i b u t e  values may 
be used i n  ident i fying t h e  matrix index names and 
appropriate data i t e m s  i n  the ATLAS matrices from which 
the data is  extracted.  

The current  usage of t he  a t t r i b u t e  values i n  ident i fying 
the  extracted da ta  is a s  follcws: 

At t r ibute  Number 1 is used a s  specif ied i n  (1) above 
while a t t r i b u t e s  5 thru 9 and 14 t h r u  17 a r e  used a s  
specified i n  (3) above. 

802.4.4 Organization of Data 

T k  extracted da ta  is organized in the  following manner: 

The data extracted by one EXECUTE EXTRACT command is 
s tored i n t o  a series of matrices of miximum s i z e  3000 
words. A s  many matrices as required a r e  wri t ten ,  The 
matrlx index names a r e  formulated a s  DBOOIXX, where 001 
is the  numeric p a r t i t i a n  number and XX is the  extract 
nuI~IL,er i n  display code. (Each EXECUTE EXTRACT comand 
i n  a job is assigned a sequent ia l  ex t r ac t  number by the  
processor. ) 

The data within each of t he  DBOOlXX matrix p a r t i t i o n s  is 
organized as follaws: 

WORD 1: B i t s  59-30 Unused 
B i t s  29-15 No. of keys i n  t h e  matrix 
B i t s  14-0 Lowest key in tne matrix 

WORDS 2 t h ru  n* 1 contains n keys. Each key 
is composed as follows: 

B i t s  59-48 Pointer i n  t h e  matrix 
where t he  data record 
associated with this key 
is stored.  

B i t s  47-36 Length (No. of words) of 
the associated data record. 

B i t s  35-0 Index. The index is formed 
by using t h e  in teger  values 
of se lected a t t r i b u t e s  or  t h e i r  
components. 

WOFtDS n+2 th ru  L ( the  last word) : 



Contain t h e  data records f o r  t he  n keys 
above. 

A matrix DBXNDXX is m i t t e n  out f o r  each extract .  This 
matrix contains a s  .mny rows as t h e r e  a r e  p a r t i t i o n s  of 
the extracted data  matrices. Each row contains t h e  
lowest index (i.e., b i t s  35-0 of Word 2) in each of t he  
corresponding extracted data matrices. 

A matrix DBEXCW is wri t ten out on EXTRRNF, This matrix 
contaiirs a sec t ion  f o r  every ex t rac t  f o r  which t h e  
EXTKRNF contains data. Each sect ion contains complete 
deLails  of t he  nature of the data extracted. 

802-4.5 The Data Index 

The following t a b l e  descr ibes  t h e  manner i n  which t h e  
various a t t r i b u t e s  a r e  used i n  forming the index. 

ATPRIBUTE USAGE TYPE FIELD 
(see sec. 802.4-3) 

L O C A S E  SUBSET 
MODE SUBSET 
FLUTTEh CASE SUBSET 
ALTITUDE SUBSET 
NODE/kUMENT SUBSET 
CHANGESET SUBSET 
RETAINSET SUBSET 
FLUTTER CONDITION 

SUBSET 
DESIGN CYCLE SUBSET 

B i t s  
B i t s  
B i t s  
B i t s  
B i t s  
B i t s  
B i t s  

Bits 
B i t s  

NOrE : Attr ibutes  t h a t  use the  same f i e l d  a r e  
never associated w i t h  t h e  same data 
items. Thus a unique INDEX is 
associated with each data i t e m ,  

*Only f o r  standard l abe l  subset names DISPRINT and 
S'mPhINT 

The node and/or element in te rna l  I D m s  a r e  the  components 
of the a t t r i b u t e  "node/element subset." These toqether 
with the following addi t ional  information obtained from 
the  ATLAS DATA DIRECT@ (sec. 802.6) is used i n  forming 
t h e  index. 



For each node or element-related item t h e  ATLAS DATA 
D1J;REC'IpJRY has assigned t h e  element type  ( 0  for nodes, 1 
thru 13 t o r  elements) ,  a code ( 0  thru 6) ant: a sequence 
no. ( I  t h r u  n) s o  t h a t  each node/element-dependent label 
is uniquely i d e n t i f i e d  by i ts element type,  code and 
sequence number. Out of these ,  t h e  element type  and the 
code are used along with the i n t e r n a l  i d  a s  follows: 

b i t s  23-20 element type  (0 t h r u  13) 

b l t s  19-17 code ( 0  t h r u  6 )  

b i t s  16-0 I n t e r n a l  I D .  

This coupled with the use of bits 35-24 f o r  loadcase o r  
mode o r  cyc le  numbers r e s u l t s  i n  t h e  d a t a  being s o r t e d  
by l o a d c a s e m e / c y c l e ,  element type,  code and i n t e r n a l  
ID i n  t h a t  sequence. 

The above usage of node element subset  components i s  
standard except when the standard l a b e l  subset names 
DISPRINT and STRPRINT are used. Xn t h a t  case  the  
arrangemc n t  is 

b i t s  35-19 u s e r  I D  

b i t s  18-15 element type 

b i t s  14-12 code 

bits  11-0 loadcase number 

T h i s  r e s u l t s  i n  s o r t i n g  of t h e  e x t r a c t e d  data by user  I D  
and loadcases i n  that order .  

The data record corresponding to an index conta ins  i n  
genera l ,  a l l  values,  the l a b e l s  f o r  which h v e  t h e  same 
code, e . g . ,  the nodal coordinates  x, y and z have, 
c o d e = l  and sequence numbers 1, 2 and 3. Whenever t h e  
l a b e l  subset  conta ins  these 3 labels, t h e  da ta  record 
will contain the 3 values in the  sequence x, y and z. 
I f  t h e  l a b e l  subse t  conta ins  only t h e  l a b e l s  x and z, 
t h e  corresponding d a t a  record w i l l  be 2 words long and 
t h e  values w i l l  be x and 2, All  node and element 
r e l a t e d  da ta  is  organized I n  t h i s  fashion.  See ATLAS 
DATA DIRECTPRY for  l a b e l s ,  t h e i r  codcs and sequence 
numbers (sec. 802.6) . 



The codes have %en devised primarily from t h e  viewpoint 
of having t h e  data  sorted f o r  convenient and sequential  
access during generation of graphic displays. 

$0~.4.6 Automated Generation of Indices 

Currently t h e  building of indices  i n  t h e  keys i s  hard- 
coded i n t o  various da t a  extract ion routines. However, 
some general provisions e x i s t  i n  t h e  code to  automate 
t h i s  process. They a r e  a s  follows: 

a) Data Statement f o r  Array INDXDB i n  program EXCBN: 

This ar ray  contains the program recognized names of 
a l l  t he  a t t r i bu t e s .  The order of t h e  a t t r i b u t e s  i n  
this array may be considered a s  t h e  hierarchy of 
the a t t r i b u t e  usage in the  index, i-e., i f  t he  
tirst, seventh and eleventh a t t r i b u t e s  a r e  t o  be 
used i n  forming the  index, they would be used i n  
t h a t  order from l e f t  t o  r i gh t  i n  the  index. 

b) Data Statement f o r  Array INDXFW i n  program EXCON: 

The numbers here ind ica te  t h e  number of bits 
required t o  contain the  values of the corresponding 
a t t r i b u t e s  (or t h e i r  components) i n  the ar ray  
INDXDB . 

c) Data Statement fo r  Array IDEF i n  program EXDATA 

Each en t ry  i n  IDEF corresponds to an a t t r i b u t e  name 
i n  the array INDXDB and indicates  t he  usage of the 
a t t r i b u t e  i n  ident i fying the  extracted data.  The 
usage information f o r  t h e  n'th a t t r i b u t e  is  stored 
in the  n b t h  3-bit  f i e l d  from l e f t  t o  r i g h t  i n  t he  
n'th word. Number 2 i n  the f i e l d  ind ica tes  t h a t  
the a t t r i b u t e  lalue is t o  be used i n  t h e  matrix 
index name f o r  t h e  extracted data matrices, number 
3 i n  the f i e l d  ind ica tes  t h a t  t h e  a t t r i b u t e  value 
is t o  be used in  the  index i n  t h e  key and number 4 
i n  t h e  t i e l d  indicates  that t h e  values of t h e  
components of the a t t r i b u t e s  are t o  be used in 
forming t h e  index i n  t he  key. 

d)  Subroutine KEYGEN 

T h i s  subroutine i s  ca l l ed  from data extract ion 
routines. It accepts t h e  a t t r i b u t e  names i n  the 
first row of t he  array IAREND dimensioned as (4,n) 
and p u l l s  out  the l e t  most b i t ,  t h e  rightmore b i t  
and t h e  usage code (2,3 or 4) f o r  t he  a t t r i b u t e s  i n  
rws 2, 3 and 4 of IAREND. 



802 .5  COMMON BLOCK USAGE 

802-5.1 /C@NPARS/ 
/KLRROR/: System common blocks, descr ibed i n  
/KQRNDM/ s e c t i o n  1C0.2. 

802.5 - 2  /LNC$2MM/: Same a s  i n  ATLAS Library Routine 
L ~ D k R E C  

802.5.3 / O S /  This comnon block i s  s i m i l a r  t o  t h e  
system conwon block by the same name 
except t o r  t h e  l eng ths  of the  a r rays  and 
is used t o  s i s d a t e  LWAREC input  of 
l a b e l s .  

/C 1/ Contains masking cons tants  

/C2/  Contains t h e  values for t h e  number of 
w r d s  in a l a b e l  subse t  and t h e  number of 
r i n i t e  element types recognized. 

/ElCM(JDCM/ Common block for communication between 
secondary overlays. See comments i n  code. 

/MSKCjBN/ Contains masking cons tants .  

/SpRTELC/ C o n t a i ~ s  information requi re4  by t h e  
reorder ing  subroutines.  See comments 
i n  code. 



802 .6  ATLAS DATA DIRECTORY 

An engineering description of ITEM NAME in Table 802-1 is 
presented i n  reference I - I .  



Taule 802-1 ( C o n t i n u e d )  

1 3 6 1  
I 3 7 1  
1 3 n 1  
1 3 9 )  
1 4 0 1  
1 4 1 )  
1 4 2 1  
1 4 3 )  
1 4 4 1  
1 4 5 1  
1 4 6 1 ,  
1 4 7 1  
I 4 * 1  
I 4 C )  

C O V C F  1 b L  
C O V P f  I I U  
C D V I C  
C O V V A I  
C O V L l  
C O V L Z  
C C V h 3  
C O V L 4  
C O V S I O U I l  
C O V S I ( Y A I 1 '  . 

C O V S I C I U ? L  
COVS101A21  
C O \ S I C . S l L  
C O V S I C - S I U  

X I  
C O V I A L I 2 L  I I X 
C O V ~ ~ U I Z I I  x a I 

m 1 - 5 1  C O V I F ~ P  
I S b I  c l ) V ! M l  X  I 
1 5 7 1  C O V l i C I L  I 
1 5 C 1  C O V l l C 1 1 '  f 

I 1 5 9 1  C O V I ~ I l l  
Z I b P I  C O V l I I I L  

rn 
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X  
I 
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I 
I 
1 
X  
I 
X  
I 
I 
I 
I 
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I 
I 
I 
I 
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I 
I 
I 
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X  
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4 
4  
4 
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4  
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X  

3 
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4 
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b 
b 
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Table 802-1. (Concluded) 



To generate graphical displays using t h e  extracted data 
residing on the f i l e  EXTRHNF. generated by t h e  EXTRACT 
PrOCe SSOr  

The GRAPHICS Postprocessor produces online and/or 
off lane two- and three- dimensional windowing, rotat ion,  
two-dimensional clipping, and p lo t  selection. Display 
types include: orthographic projection, contour, 
matrices in numerical form with mfloating  window,^ and 
execution menus. 

Bat:& andJor interactiwe nodes are provided t o  produce 
optional CfBIpBO, CALCQavlP or GERBER o f f l i n e  plots  while 
optional online graphical displays are generated on a 
Tektronix 4014 CRT. 

The processor makes extensive use of t h e  follawing 
sottware packages: 

BCS Interact ive Graphics l ibrary.  
BCS Numerical Plot t ing System; 
Tektronix PLm-10 Terminal Control System- 

803-1.2 A c c e s s  

This n~oc lu le  is called from t h e  ATLAS control program by 
the EXECIlTE GMWHICS statement (sec. 228, ref .  1-1) 

803.2 MATRIX ACTIVITY 

Name - Description - F i l e  

Input - 
1 ADATDIR 

DBEXCW 
DBEXTNM 

I DBINDEX 
DBOO ~ X X  

I DBINDw 
I ALNMLST 
I ALNmOO) 
I CANMLST 
I CANMOO1 

Copy of ATLAS Data Directory 
Extract control matrix 
mtract name List 
Attribute name list matrix 
Extracted data matrix 
Low index list matrix 
Altitude subset list matrix 
Altitude subset matrix 
Flu t te r  case subset list matrix 
Flu t te r  case subset matrix 

EXTRRNF 
EmRRNF 
EXTRRNF - 
EXTRRNF 
EXTRRNF 
EXTRRNP 
EXTRRNP 
EXTRRW 
EICTRRNF 



CSNMLST 
CSNMOO 1 

I cpn\lMLs'I' 
CmMO 0 1 

1 CYNPlLST 
I CYNM001 

LC&MI,ST 
1 LCNMO01 

MDNMLST 
MDNMOO1 

I RSNMLST 
I HSNMOOl 
I SUBSLST 
I SPKddda 
I SDTNLST 
1 SITMOO1 

Changeset subset  list matrix 
Changeset s u b s e t  matrix 
Condition subset  list matrix 
Condition subset  matrix 
cycle subet list .mtr ix  
Cycle subset  matrix 
Loadcase subset  list matrix 
Loadcase subset  matrix 
Mode subset list matrix 
Mode subset matrix 
Retaimd subset  list matrix 
Retained subset  matrix 
Node/elemrnt subset  list matrix 
Ordered nodal subset  matrix 
hbel subset list matrix 
Label subset  matrix 

EXTUNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
ZXTRRXF 
EXTRaNP 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 
EXTRRNF 

Out put 

1) The Graphics File - GRAPFIL 

The graphics f i l e ,  G/F, consists of user defined plot 
a t t r i b u t e s  input via  ATLAS GHAPHICS statement (s) for 
generating on-screen and/or offline graphical  displays.  
G / F  cons i s t s  of t w o  sequent ia l  binary f i l e s ,  GRAFSQl and 
GkAFSg12, wr i t t en  & subroutines WGRAH, WGRAD and 
optionally WGhAT under t-he control of the GRAPHICS (1,O) 
primary overlay, Records contained on G/F are wri t ten  
w i t h  the  following write statements: 

GRAFSQ 1 - 
WRITE (GRAFSQ 1) NWX ( U i D  (I) ,I= 1 ,NWX) ,NWY, 

(XIN(I )  ,1=1 ,NW) ,mu, (XCLVL (11 ,I=~,NWCL) 

GRAFSQ1 consists ot one data  record per graphical  
display, while GHAFSQ2 consists of one data f i l e  (e-g., 
K da ta  recorcis followed by an EgJF mark) f o r  each record 
writ ter .  0x1 GRAFSQ 1. 

Record Type One 

WhI'AE (GhAFSQ2) KPD,LKGh, (IbUI.' (I) , I= 1 ,LNGH) ,NP ,IDIMN, 
( ( X Y Z  (1,J) ,I=l,NP) , J = T , I D I M N )  , J K O D E , N f D  
((LBLX (1,J) ,l=I,NL) ,J=I,LLL) 

N recurcis of t h i s  type are wri t ten t o r  each graphical  
display,  the ldst being indicated by s e t t i n g  KgD=3. 
Subroutine WGRAD wri tes  these  records, where 1 I N. 

. - p r y  -. F 



hecord M e  Two - Optional 
The second type is optional,  depending upon whether 
special annotation is requested by the user v ia  GRAPHICS 
statement (s) , and is wri t ten  by subroutine WGRAT, 

WtUTE (GMFSQZ) KSgDm NS , l@C , (JTEXT (I) ,1=1, I@C) , J, 
(JCHArZ. (I) . l= l .J )  (CIISIZE (I) .1=1,J) , ((XYPT(K.1) ,I=l.J).  
K=1,fDIK) , (JW- (I)  .1=1,J). (THETA(I) , I= l .J )  

M recurds of this type may be written for each graphical  
display,  depending on user d j ~ ~ ~ % i v e s  where 0 I M, I f  
records of t h i s  type are wri t ten  for a display, then the 
Mth record j c, signalled by s e t t i n g  K@D=23, Each display 
is terminated by an E m  mark being wri t t en  on GRAFSQZ, 

The contents of data  records wr i t ten  on G/F by 
subroutines WIGRAH, WGRAD and KRAT is described i n  
section 100 1, 

2 )  Device Independent Vector Fi le  - VECWIL, 

V/F is a sequent ial  binary f i l e  containing o f f l i n e  
device (e-go , CALWMP) independent canmands- V/F is 
used by a user se lec ted  postprocessor as an input  f i l e  
to yer~era te  off l ine  dependent commnds for the CjBMp80, 
CAU:pMP or GERBER p l o t t e r ,  V/F is w r i t t t x  by BIGS lower 
level routines,  QXGRPT and QXHDH, 

V/F is wri t ten  in the tollowing format: 

WIUTE (97) IR,NW ,NC,NCHSZ, (ITEXT (KK) ,KK= 1 ,NW) , 
NPTS, (XX(3) .YY [J) ,J=l.NYTS) 

The r i le  is terminated with an E@Io 

803.3 PROGRAM METHOD 

The GHAPHICS module cowsists of 2 primary overlays. The 
function of the first primary overlay is to  access the  
information on MTRBNF and generate the sequent ial  files 
GRAFSQl and GRAFSQZ (or G f l )  according t o  the  user 
speci f ica t ions  supplied in the EXECUTE GRAPHICS command- 

The function of t h e  second primary overlay is t o  
i n t e r p r e t  the contents of G/F, generate a device- 
independent vectox x i l e  (V/F) , generate online displays,  
and create a device-dependent p lo t t ing  data  f i l e  (P/F) 
f o r  any of the 3 o f t l i n e  p lo t t ing  devices e .g . ,  CAtC(PMP, 
GERBER and Cmp80. 



The purpose of the two primary over lays  is t o  c u t  down 
on the  co re  size requirements, The arrangement works as 
follows: On encountering an EXECUTE GRAPHICS command, 
the (0,O) overlay c a l l s  t h e  (1 ,O)  over lay from GRAPmF 
i n  t h e  normal manner. The (1,O) overlay i n t e r p r e t s  t h e  
contents  of /CvNPAFtS/, genera tes  the G / F  f i l e ,  and 
determines whether any d i sp l ays  are to be produced and 
i X  a V/F f i l e  is t o  be c rea t ed -  I f  n e i t h e r  of t h e s e  is 
required,  the (1 ,O)  returns d i r e c t l y  t o  (0,O) . 
Otherwise it calls ( 2 , O )  i t s e l f .  Af te r  conplet inq t h e  
des i r ed  t a s k s  t h e  (2.0) r e t u r n s  t o  (0,O) and the ATLAS 
program execution continues normally, 

The (1,O) primary overlay,  GFGEN coxta ins  the e i g h t  
sttcouciary over lays  v i z  ; GRCm,BALPLrn ,GENMAT ,GEWLT,  
NVECPLT.9fC@PLT,XYPl@T, and MTWIPLT. 

The func t io r~  of G K E N  is t o  i n t e r p r e t  t h e  parameters of 
the EXECUTE GWPHICS statement and genera te  t h e  graphics  
f i l e  GIIAPFlL which contains  t h e  basic information 
requxred t o  generate d i sp l ays  by the (2 ,O)  primary 
over lay and its secondar ies ,  The program reads  t h e  da t a  
t r o m  t h e  ranaom access  f i l e  EXTRRNF, generated by the 
EX!l"hACT processor, and w r i t e s  the same on the sequen t i a l  
f i l e  (;RAPFIL using the subrout ines  WGRAH, WGRAD and 
WGKAT . 
The file EXTkRNF contains  s e v e r a l  s ec t ions ,  each 
pertair~irlg t o  an EXECWTE EXTRACT command and i d e n t i f i e d  
by t h e  mEXNAMEm supplied by t h e  user  i n  h i s  EXECUTE 
EXTRACT conunand, These EXNAMEUS a r e  r e f e -  ., t o  by the 
user  in h i s  EXECUTE G W H I C S  connand implying t h a t  the 
data required to generate  t h e  spec i f i ed  d i sp l ays  is 
contained i n  t h a t  s e c t i o n  of EXTRHNF which is i d e n t i f i e d  
by the CXN?.!!E. One EXECUTE GRAPHICS command may r e f e r  
t o  more than one EX- ind ica t ing  more than one s e c t i o n  
of EXTkRNF can be used i n  generat ing d i sp l ays ,  

Program GFGEK calls t h e  overlity ( 1,2 1) which interprets 
tlle conten ts  of t h e  EXECUTE GRAPHICS command and 
determines the number of EXNAMEes t h a t  a r e  s p e c i f i e d  as 
w e l l  as t h e  type of d i sp l ay  t h a t  is to  be generated from 
da t a  r e l a t e d  t o  each EXNAME. The va lue  of t h e  v a r i a b l e  
NUMPLT i n d i c a t e s  the type of d i sp lay  t o  be generated and 
has t h e  following s ign i f i cance -  

N W L l  = 1 - 3D or thographic  p l o t s  oL s t r u c t u r a l  
qeumetry . 



NUMPLT = 2 - 3D orthographic plots of nodal 
displacements. 

NUMPLT = 3 - 3 D  orthographic p lo t s  of sca la r  
quant i t ies  re la ted  t o  f i n i t e  
elements, 

N W L T  = 4 - Contour p lo t s  of sca la r  quant i t ies  
re la ted  t o  finite elements, 

NUMPLT = 5 - V-G/V-F graph plots. 

NUMPLT = 6 - Other graph plots  

NUMPLT = 7 - Matrix plots  

A separate secondary overlay is used t o  generate p lo t s  
o t  type 1, 2 and 7 ,  whereas one secondary overlay 
generates p lots  of types 3 and 4, and one generates 
p lots  of types 5 and 6 .  

The program GFGEN sets up a loop for  the  number of 
EXNAMEas referred t o  i n  t he  EXECUTE GRAPHICS command. 
Using the value of: NUMPLT associated with each of t h e  
EXNAME'S it calls the required overlay to generate t he  
desired display. 

The generation of nloadabil i ty diagramsg8 is carr ied out 
ent i re ly  by the  secondary overlay ( I  ,20) , program 
BkLPLpI'. me program BALPLW a l so  in te rpre t s  t he  
conter~ts of the  EXECUTE GRAPHICS statement, The 
indicator fo r  this path is  set i n  the variable LpDIND. 

After the W F I L  is completely written t h e  program 
wrxtes four  words on sequential f i l e  IDIRECT. The 
contents of these words a r e  used by the  primary overlay 
(2,O) program AGP to determine subsequent actions. The 
possible subsequent actions a r e  as follows: 

a) In in teract ive  mode 

generate online displays only 

generate online displays and w r i t e  them on 
VECTFIL 

W r i t e  t h e  contents ot GUiPFIL onto VECTFXL 
without display 
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Write contents of VECTFlL onto TAPE99 for an 
o f t l i n e  p lo t t ing  device, 

I) I n  batch mode 

Write contents of G W F I L  onto VECTFIL 

Write contents of VECTFIL onto TAPE99 f o r  an 
o f f l i n e   lotting device. 

It none of these act ions is required, t h e  (2,O) overlay 
is no t  called.  

The following contains a step-by-step descr ip t ion  of the 
tasks pertormed by GFGEN, 

a) Opens and posi t ions the  two sequent ia l  f i l e s  of the 
graphics file, GRAPFIL- 

b) I n i t i a l i z e s  coxtunon blocks /GRMgDcM/ and /C1/ 

C )  Opens the randam files E-F and SCOORNP- 

d)  Calls overlay (1,2) which i n t e r p r e t s  the contents 
of /CpNPAHS/ 

e) C a l l s  overlay ( 1 , 2 0 )  which generates loadab i l i ty  
p lo t s  i f  so iniricatea by the value of the var iable  
W I N D .  I f  (1,20) is called, s t eps  ( f )  thru  (h) 
are omitted. 

f )  Checks the value of the variable  IEXTDEF which 
indicates  the t o t a l  number of EXNAME'S from which 
data is t o  be displayed. Omit s t eps  ( g )  and (h) i f  
IbXTDEF'=O, 

y) Calls overlay (1,21) which sets up matrices from 
the extracted data ,  i f  N W L T  = 1, 2, 3 or 4. The 
a a t r i c e s  contain all t h e  information t h a t  is 
required t o  produce a l l  displays. 

h) Sets up a loop 1 t o  IEXTDEF. Every pass of the 
loop checks the  va?ue of t h e  variable NUMPLT and 
c a i l s  the associated overlay. The f i r s t  value i n  
NUMPLT is  set up when the overlay (1,21) i s  cal led.  
u c h  secorldary overlay ca l led  subsequently r e s e t s  
NWlPLT a s  required f o r  t h e  next cycle,  before 
returning t o  ( 1 , O )  . 

i) Writes the variables  IBA!KH,ISW@FF,IDEVC and NPLm 
on t h e  f i l e  UlkCT. 



j) Closes a l l  f i l e s .  

k) Returns i f  I CALL=O. 

1) Otherwise c a l l s  Overlay (GRAPj&F',2,0) 

a; Sets up d e f a u l t  p lo t  parameters i n  common block 
/ G m C M / *  

b) Checks i f  loadab i l i ty  p lo t s  a r e  t o  be generated. 
I f  so, sets W I N D -  1, moves the contents of the 
matrix DBINDXX f o r  the speci f ied  EXTRACT to  a r ray  
W - S  i n  common block /-CM/ and returns.  

C) In te rp re t s  sequent ia l ly  the contents of the  
parameter list i n  t h e  EXECUTE GHAPHICS statement. 
The  values are s tored  i n  the a r ray  MP i n  the common 
block /(X@liC!F,'. Whenever an EXNAME is 
encountered, t h e  contents of MP(1) thru MP(U3) 
provide the speci f ica t ion  f o r  t h e  displays t o  be 
yenerated from the data  associated with the EXNAME. 
These a r e  t ransfer red  t o  a column of the  matrix 
with index name EXNMLST. After  t h e  cummand is 
completely interrogated the EXNMLST matrix is 
wri t ten on t h e  scra tch  f i l e  SCOORNF, The matrix 
EXNMLST contains a s  many columns a s  the  EXNAMEBs 
re fer red  t o  t h e  EXECUTE GRAPHICS command. 

d) Writes the EXNMLST matrix on SCOORNF. 

Program BALPLjBl? d i r e c t s  t h e  farmation of loadab i l i ty  
p lo ts .  These cons i s t  of a f an  grid of weight vs vehicle  
cg-x in percent Mean Aerodynamic Chord, overlayed by 
passenger, cargo, and f u e l  vectors  . Subroutine CHKDATA 
looks through CpNPAZiS f o r  keywords, and sets values 
accordingly. GRID f o r m  the basic fangrid,  using 
various graphics u t i l i t y  routines,  while VECTm takes  
appropriate matrices from EXTRRNF and ca lcu la tes  t h e  
passenger, cargo and f u e l  vectors  a s  required using 
various graphics u t i l i t y  routines.  

803.3.4 ~LAY((;RAPf&F'.1.2?1 - GENMAT 
The program GENPAT generates certain matrices which 
f a c i l i t a t e  generation of displays by subsequent 
overlays. The matrices, a s  iden t i f i ed  l a t e r  i n  t h i s  



section, are generated f o r  information that is needed 
several  times by subsequent overlays, 

T h i s  a m i d s  multiple accessing by keys of +be nno- 
contiguously s tored  data i t e m s ,  The da ta  items are 
accessed only once by t t~e keys and the desired 
intormation is then availcrble a s  s e l f  contained 
matrices. These matrices a r e  created f o r  each of the  
EXNAML8s refer red  t o  i n  the  EXECUTE GRAPHICS command. 
The characters  6 and 7 i n  t h e  index n a n e s  fo r  these  
matrices contain the  in teger  number i n  display code 
associated with t h e  EXNAME. 

Step-by-step t a s k s  performed by the program a r e  as 
follows : 

a)  Reads the tollowing matrices: 

DBINDEX - E X M F  
DBEXl'NM - EXTRRNF 
SUBSLST - EXTRRNF 
LJ!IXMLST - EXThhNF 
DBEXCjdN - EXTRHNF 
EXNMLST - SCOORNF 

b) Sets up a loop for number of columns in t h e  EXNMLST 
matrix. 

Finds plottype (2nd variable  i n  t h e  column) in 
MIMPLT , 

If NUMPLT is grea te r  than 4, omit s t eps  (c) thru 
( g )  . Carries  out  s t e p s  (c) th ru  (g) f o r  each pass 
i n  t h e  loop, 

c) Obtdins t h e  associated a t t r i b u t e  information by 
ca l l ing  the  s u k o u t i n e  INDXUSE. The subroutine 
a l s o  obtalns the number of nodes in NUMNfBDS, t he  
number of elements of each type i n  a r ray  NUMELMS, 
t o t a l  number of elements i n  NmLT, the  se lec t ion  
pa t te rn  for rnde-related items i n  a r ray  XSELPNB and 
the same f o r  element r e l a t ed  items i n  ar ray  
ISELPEL 

d) Sets elements 50 thru 57 of the current  column of 
the EXNMLSI' ~ n a t r i x -  

e) C a l l s  GENpSW t o  generate the  following matrices: 

VEDFOOl - Each word i n  this matrix 
contains a p a i r  of 30-bit in tegers  



that are i n t e r n a l  node numbers 
between which a line i s  to be drawn 
when generating a gr id ,  

=DO0 1 - Each word  i n  this matrix contains  
up t o  5 packed 12-bit in t ege r s  which 
are the s t r u c t u r a l  nodes f o r  an 
element- As many w o r d s  per element 
are wri t ten a s  required. 

The matrix i n  posi t ion MWSS 's a nodal subset  
matrix f o r  t h e  element s t r u c t u r a l  nodes for a l l  
elements i n  the data for t h e  EXNAME, 

f) Calls GkNDUSS t o  generate t h e  following two subset  
matrices 

The matrix i n  posi t ion MAF is t h e  subset of nodes 
for which data  is extracted,  with respect  t o  the 
i n t e r n a l  nodes, 

The matrix i n  posi t ion MNID is t h e  subset  of 
element nodes w i t h  respect  t o  t h e  nodes f o r  which 
data  is extracted.  

) Calls  GEDUCBT t w i c e  t o  generate nodal 
correspondence t a b l e s  f o r  nodes represented by the 
subset matrices MAF and MNID. 

A nodal correspondence t a b l e  is e s s e n t i a l l y  a 
renumleriny scheme whereby t h e  a r ig ina l  node 
numbers that may not be contiguous a r e  renumbered 
cont;iguously from 1 to N where N is t h e  number of 
r~odes, The nodal correspondence t a b l e  contains 
information f o r  obtaining both old-new and new-old 
correspondence. 

For the MAF matrix t h e  internal i d s  of t h e  nodes 
are regarded a s  user U)s and a new sequence of 
i x ~ t e r n a l  IDS is generated and incorporated i n  t h e  
first correspondence t a b l e  i n  the  posi t ion MNCT, 
This scheme is  used t o  g e t  a compact connectivity 
matrix. 

For t h e  MNU) matrix the i n t e r n a l  1Ds of nodes are 
regarded as user U)s and a new sequence of i n t e r n a l  
IDS is generated and incorporated i n  the second 
correspondence t a b l e  i n  posi t ion MNCT1. This t a b l e  
helps i n  locat ing a given node in the  ext rac ted  
data 



Calls SELCpRD t o  obtain the nodal coordinates of 
the nodes i n  the  extracted data  and pu t s  them i n  
nlatrices a t  posit ions MXG, MYG, MZG, respectively.  

The coordinates, as obtained by c a l l i n g  SELCmC, 
are i n  the global coordinate system. The user 
spec i i  i ca t ion  i n  tne EXECXJTE GHAPHICS cornrand 
and/or the de fau l t  spec i f ica t ion  f o r  the  desired 
news may require  t h a t  these coordinates be 
transformed. For t h i s  purpose t h e  program c a l l s  
GETTkIN t o  obtain t h e  transformation spec i f ica t ions  
for  t h e  data hnd calls UTRANS t o  perform t h e  
transformations. The coordinates i n  posi t ions MXG, 
MYG and MZ(; are transformed and s to red  i n  posi t ions 
MXT, MYT and MZT. 

I f  NUMPLT=3, the  transformed coordinates are 
projected onto t h e  Y-2 plane by zeroing out t h e  
contents of the n~atxix  a t  MXT. 

I$ NUMPLT=4, t he  I-xansf ormed coordinates a r e  
projected onto t h e  X-Y plane by zeroing out t h e  
corltelrts of t h e  matrix a t  kZT. 

C d l s  GENCpNM t o  generate the connectivity matrix. 
This is an upper t r iangular  b i t  form mdtrix. The 
bits t h a t  are turned on in a r o w  ind ica te  the 
connection of t h e  node represented Ly t h a t  rw t o  
the other  ncrdes. 

Calls GENMAF t o  ;Irtnexate the matrix of analys i s  
f r m s  and A wAtrix ok a s e r  IDS f o r  the nodes i n  
the extrac' J e t a .  

Calls GENXEID t o  generate matrix of user IDS f o r  
the rlenents i n  the extractea data. 

Calls (;ENECG t o  generate a matrix of element c.g. 
locations (based on s t r u c t u r a l  nodes) f o r  t h e  
elenents  i n  the extractea data.  

Writes the  loca l  frames matrix on SCOORNF. 

Sets up a  loop for the numbers of EXNAME'S. For 
each LlXNlilYlE the minimum and maximum values of 
transformed X ,  Y and 2 coordinates a r e  obtained. 

I f  SCALE i s  specizied a s  a parameter i n  the EXECUTE 
GRAPHICS statement, the coordinate matrices, t h e  
element  c-y. loca t lon  matrix and the min./max. 
values a re  scaled. The nunimum and the  maximum 



values a r e  put i n t o  elements 44 t h r u  49 of the 
cu r r en t  colunm of the W W i T  ~ n a t r i x .  

Steps  (c) t h r u  (q)  r e s u l t  i n  wr i t ing  on SCOOhNF t h e  
fo l lowi r~g  matrices f o r  each EXNAIG, from which d a t a  is  
t o  be displayed.  

I )  I f  the EXPLpDh op t ion  i s  s p e c i f i e d  by t h e  user i n  
his EXECUTE GRAPHICS command, it impl ies  that the 
data from a l l  the EXNAME'S a r e  t o  be displayed 
toge ther  i n  one s i n g l e  d i sp lay .  I n  t h a t  c a s e  the 
maximum anti the minimum cso l a ina t e  va lue s  a r e  
u r i a t e d  t o  retlect t h e  maximum and t h e  minimums of 
the combined t o t a l  d i sp lay .  

s) Loads t h e  first co1urt-u~ of t h e  EXNMLST matr ix  i n t o  
a r ray  MP in t!!e ccplr.on block /GhMpDCM/ s o  t h a t  t h e  
primary overlay proyrani GFGEN c a l l s  the next proper 1 ' 
seccndary over lay .  1, 

--------------------------------------------------- I .  

I ( Pos i t i on  I I 
( Index N a m e  1 K a m e  1 Contents I 
----------------L---------------------------------- 

1 XGLPBXX 1 MXG I Global X-coordinates I 
( Y G L B X X  I Myti 1 Global Y-coordinates 1 
( ZGLWXX I MZG I Global 2-coordinates I 
i XlilANXX I MXT I Transformed X-coordinate1 
( YTI3AlS.U I IW-J! I Transformed Y-coordinate! 
I ZThA&XJ. I XZT i Transformed 2-coordinate l 
I W W ' X  1 PAF I Nodal d n a l y s i s  frames I 
( MNgIDl.:. ( J 5 I Nodal User I D S  i 
( MELIDXX I ;#&ID ( Element user  I D S  I 
I DCpRT!;X 1 MNCT ( F i r s t  nodal correspon- I 
I I 1 dence table 1 
I MCPINl.%X ( MCpN I Connec t i v i t yma t r i x  I 
I MECGTXX I MECGT I Trarrsf orned element I 
I I I c-g. matr ix  I 
I MLVZldXX I ML9CA.L I Local re fe rence  frame I 
I I I t a b l e  I 
I ljCyaRlXX 1 N M c T l  I Second nodal correspon- I 
I I I dence t a b l e  I --------------------------------------------------- 
These matr ices  c o r ~ t a i n  a l l  the in tormat ion requ i red  t o  
genera te  a l abe l ed  g r i d  and a r e  used t o r  t h a t  purpose by 
subsequent over lays .  



This over1 ay p l  d s  geometry . 
a )  Reads matr ices  9bINDEX and D E E X W  frcm EXTRRNF. 

b) Calls ISDXUSE. t o  obta in  a t t r i b u t e  usage in t h e  
array IINDEX. Numbers of elements of each type  i n  
array NUMELMS, number of nodes in NUMNfBDS, t o t a l  
number of elements i n  NPELT, s e l e c t i o n  p a t t e r n  f o r  
node-dependent i tems i n  a r r ay  ISELPNP and the same 
f o r  elerl~ent d e p n d e n t  items i n  a r r a y  ISELPEL- 

c )  Cal l s  GLTMAT t o  read appropr ia te  matr ices  from 
SCO OHNF'. 

d) Cal l s  WGRAH t o  write t h e  header on G/F. 

e) Cal l s  GENTBAC t o  genera te  g r i d  it required or c a l l s  
GEKPpIN t o  generate po in t s  ocly .  

f )  Cai l s  GENDZ t o  genera te  dZ coordinates .  

'J) Calls  GENNpID t o  generate  node l a b e l s  i f  required.  

A }  Cal l s  GELELED t o  genera te  element l a b e l s  i f  
required.  

i) mads the EXNMLST matrix and loads t h e  next column 
oi the matrix i n t o  t h e  array .hPS i n  common block 
IC;RM@DCM/ so t h a t  t h e  primary over lay program GFGEN 
c a l l s  t h e  next proker secondary overlay.  

This overlay p l o t s  nodal displacements for loadcases an2 
v ib ra t ion  and buckling mode shapes. 

a)  heads rnatrices DBINDEX, DBEXCm and DBEXTNM from 
CX'rRRNF . 

b) Cal ls  lNDXljSE (see s t e p  (b) i n  w e r l a y  (1,22) ) 

c) ulls GETMAT t o  read a p ~ r o p r i a t e  mat r ices  from 
SCOORNF . 

d )  He~lds matrix AUATDIR (ATLAS DATA DIRECI(PIRY) trom 
EXTRkNF and determines t h e  vec tor  components t h a t  
cl~e t o  be ~ l o t t e d .  



e )  Deternlines whether the vector canponents a r e  
dezendent on loadcases  of  mode shapes and f i n d s  o u t  
the index rwne of t h e  IC/M$JDE s u b s e t  ma t r ix  t h a t  i s  
a s s o c i a t e d  wi th  t h e  d a t a .  

f )  Reads t h e  a p p r o p r i a t e  LC/MvDE s u b s e t  ma t r ix ,  

g )  Generates  t h e  nINIjEXm t h a t  i s  a s s o c i a t e d  wit!! t h e  
f i r a r  vector t o  be p l o t t e d  an3  c a l l s  GETREC t o  
l o c a t e  the key i n  :he e x t r a c t e d  d a t a .  

h) C a l l s  GENNVEC t o  g e n e r a t e  t h e  displacement  p l o t s .  

i) Loads t h e  next c ~ l u m n  of EXNMLST matr ix  i n t o  t h e  
&-ray MP i n  camon block /GRM@CM/ so t h a t  the 
primary overlay proqrani GF'.EN cal ls  the nex t  proper  
~~~~~~~ry over l a y .  

T h i s  over lay  p l o t s  s t r e s s  components, p r o p e r t y  v a l u e s  or 
na rg ins  of s a f e t y  associated with f i n i t e  e lements  a s  3-D 
or thograph ic  p l o t s  o r  contour plots. 

a )  heads c ia t r i ces  DbINDEX , ~ n d  DEEXCPN fram FX'IXRNF. 

b) C a l l s  INDXUSE (see s t e p  (b) i n  o v e r l a y  (1,22) ) 

C)  Cd?.ls GETMAT t o  read a p p r o p r i a t e  m a t r i c e s  f r m  
SCOOHNF . 

d) heads m a t r i x  ADATDlR (ATLAS DATA DIRECWHY) trom 
EXTkRKF and. de te rmi r~es  t h e  scalar q u a n t i t y  t h a t  is 
t o  be p l o t t e d .  

e) I f  t h e  s c a l a r  q u a n t i t y  i s  depenaent on 
loadcases /cycles ,  t h e  index ndme for the 
loadcase/cycle s u b s e t  matrix i s  0 b t a i n . e ~  and the 
loadcase/cycle s u b s e t  m'txix i s  read. 

f )  C a l l s  GETREC t o  l W a t e  t h e  f i r s t  key f o r  t h e  s c a l a r  
i n  t h e  e x t r a c t e d  iiitta- 

g) C a l l s  SF3ESCA t o  g e n e r a t e  3-D s c a l a r   lots or, 

h)  Calls GE3UECp t o  g e n e r a t e  contour  p l o t s .  

i) Loads t h e  next column 05 EXNMIST m a t r b  i n t o  the 
a r r a y  Mk i n  ccmon block /GRIV?$2fDCM/so t h a t  t h e  
primary over lay  progrdm GFGEN calls the nex t  proper 
secondary over lay .  



This overlay  lots V/G-V/F cb,ves or  s c a l a r  vs ,  
loadcase or  s ca l a r  vs, cycle graphs. For V f i - V f F  
curves: 

a )  Heads the  s i r s t  ext rac ted  data matrix. 

b) C d l l s  GENVGVF t o  generate p lo ts .  

The ( 2 , O )  primary overlay, AGP, has 13 secondary 
overlays viz. MENUEX, PLTXTZD, PLTXT, MIIU(, CPLTXT, 
CPLIXT2, SC4020, CALCMP, GERBER, HCNENU, GDRCTRY, 
CATURL, and CNTUP3 associated with it. The purpose of 
the (2,O) and its secondary overlays is given below. 

For s c a l a r  v s  . loa3case/cycle graphs. 

c) Reads matrices DBINDEX and r)BEXC$&l from EXTRRNF. 

d) Cal ls  INDXUSE (see s t e p  (b) i n  overlay ( 1,22) ) 

e) keads n l a t r i x  ADATCIR (ATLAS DATA DIRECT@RY) from 
EXTHRhlF. 

f )  Determines the  a t t r i i m t e  dependency of t h e  scalar 
r ~ u o z t i t y  t o  be p lo t ted  axid checks t h a t  t h e  quant i ty  
is re l a t ed  e i t h e r  t o  loadcases or design cycles.  

q)  Heads the  loaacase/cycle subset  matrix. 

h) c a l l s  subrout i r~e StiWDAT t o  have t h e  required data 
selected and reoxdered so t h a t  the ext rac ted  da ta  
is stored by elements with r e s u l t s  f o r  a l l  
loadcdses/cycles being stored sequent ia l ly  f o r  each 
element. The rout ine SGE($DAT is t h e  same a s  used 
by overlay (EXIIIpLF, 1,4) , program RESmT i n  the 
FXTWCT processor. 

i) Cal ls  subroutixle W P L p T  t o  generate graphs. 

j) Loads the  next column of ?3XhMLST nlatrix i n t o  the  
array MP i n  c~~mnnlon block /GhEr1@C34/ s o  t h a t  t h e  
primary cverlay G K E N  c a l l s  t h e  next proper 
sccoridary overlay. 



b) S t r t s u y  a look for thtl entries of t h e m a t r i x  
MDblNDX dnci calls subrout.ine GENMA1-R to qenerdte 
p l o t  of each mat r ix .  

c) Loclds t t~e n e x t  colunm ot EXNMLST nlatrix into the 
a r r a y  MP i n  cornnulo11 block /W.(dDCM/ SO thclt the 
F r i m r y  ovrr lc ly  G S L N  ccills t h e  proper secondary 
o v e r l a y  nrx-t . 

803.3.10 jdVEHLAY ( F .  - AGY 

Y r o q r m  iU;F n w n i t o r s  execut ion of t h e  appropriate 
secol~;fary ovel- lnys  ~mt l t  r it hsinq the i l l f o rma t ion  
s u p ~ i i e c l  by the usel- i n  h i s  EXECUTE GRAPHICS statement 
iirld that  s u r p l i r i l  v i a  the keyMarc? during i n t e r a c t i v e  
o p r r d  t lull. 

The i ~l r , c t l o r l s  pc3r io11!1ea by the i nc i i v idua l  secorldary 
ov t8 r l ays  arc'  ~ Ies~r i i~ed  111 the f ollowiriq sec)tions. 

Proqra!\r MtNUEX is r r s p o ~ l s i b l e  lor & IiIt?nUS pertaining 
t o  v l l l i ne  c i i s ~ l d y s  n ~ ~ t l  keyboard activities, e x c l u d i n g  
tlic c r a s s h , i l r s  (q1dl4lic CUL-SOL.) , and is i i~voked orlly i n  
t t r t '  convel s a t  iu1-d l ~wcit>. ::peclf ic f u n c t i o n s  i nc lu t l e :  
d e c i p h e r i n g  u s e r  i11i)uts uritttred v i a  the keyboard to r  
legdl conundntls dnd/or tlatd, cr i s p l a  y lng  appropricr te menus 
r-t.clut\strd by t h e  consolt. opel-,itor, u p d a t i n u  
t x d n s t o r r r u t i o n  pnralntxters ( e ,  c!. , zoon~)  , a n d  passirlq u s e r  
u l r e c t i v e s  o t  tht? yrdphlcs  e x e c ~ i t . i v e ,  AGP, via l&elctd 
conulivr~ (t? - 9 .  , p l o t  selrc-t  VIA) . 
YLNULX, tht\ t.xectltivt-, con:-101s the d i s p l a y  cintl 
tur ic t  i o ~ b a l  p r a * t \ s s  of the f v l l o w i r ~ q  ntenus and 
directories : 

Plot. Tr dnsf orma t lor1 Menu. 

H t ? l t h r  t o  1-e:rrcr~;cr 1- 1 t o r  d c te tn i l ed  t 8xp lana t ion  ot 
t-hese nltbrrus ard t t w  colmarlci s t r u c t u r e  recluired by each. 



Program PLTXTZD i s  c a l l e d  by AGP t o  genera te  two- 
dinterlsiondl y rd ph ica l  d i sp lay  s, including two- 
aimetlsional mu l t i p l e  p ro jec t ions .  This over lay  d i s p l a y s  
one, two, three or t ou r  d i s p l a y s  on a s i n g l e  "frameen 
Graphical i npu t s  are read o f f  the G / F  i n i t i a l l y .  P l o t  
limits may be superseded on l i ne  us ing t h e  c r o s s h a i r s  or 
the plot transf orrnatior~ menv. The f ollowinq f e a t l u e s  
a-e supported via PLTXIZD: 

Plotting of any number of points or curves on 
a single  lot; 

Superposi t ion of text p l o t t e d  i n  alphanumeric 
and/or vec to r  form; 

Opt ional  genera t ion  of axes or g r i d ;  

Two-dimensional windowing v i a  c r o s s h a i r s  f o r  
s i n y l e  plCt  per i r a . ~ ;  

C ~ q r e h e n s i v e  array of p l o t t i n g  styles; 

Autanat ic  generatio11 of a v e c t o r  f i l e  un l e s s  
S U F ~ ~ S S ~ ~  by use r ;  

803 .3 .13  P E R L A Y ( G R A P W , 2 ~ )  - PLTXT 

Progrant YLTXT i s  c a l l e d  by AGI' t o  genera te  e i t h e r  
~rthcnjr~phx or ~ e r s p e c t i v e  graphical disp lays .  
Graphicdl lrlputs are read off the graph i c s  file 
initially. The d i sp l ay  may be altered v i a  t h e  
c r o s s h a i r s  or one of the t r imsformation menus, The 
Lollowing f e a t u r e s  &e supported by PLTXT: 

Transtornlatloxl optiosls such as windowing and 
rotat i on  ; 

Plo t t ing  or CUAY number of po in t s  or curves or. 
a s i r iq l th  blot; 

S u ~ r x p o s i t i o n  of t e x t  d isplayed in  
dlphanumeric and/or vector form; 

Optimum subject spd ce co rn~u ta t i on  op t ion  prior 
t o  displayinq r o t a t e d  o b j e c t  ; 





d i s k l a y s  (views) are gemrated by t h e  user  v i a  
transiormatlon op t ions  ( egg  . , zoom, r o t a t i o n )  . 

803.3-16 ~ElU4Y(GRAP0LFw2,10) - CPLTX'R 
f 

Program L'PLTXTZ using the M*M matrix of uniforrrlly spaced 
z-values cfr~puted by @VERLAY ((;RAPj&F,2,7), computes t h e  
i sobar  1 i ~ ~ s  u s m g  t h e  following method: Each 
rec tacyula r  g r i d  element is e--mined sepa ra t e ly  t o  
de te r i~une  i f  any of t h e  suppl ied coritour l eve l s  is 
contairred wi thin  it. I f  so, an a r i t h m ~ t i c  average is  
used t o  compute a t l f t h  po in t  t o  subdivide t h e  r ec t ang le  
i n t o  4 separa te  tx iangles .  Each t r i d n g l e  is exanlined 
separa te ly  t o  de t e r~n ine  i f  contour l e v e l s  a r e  contained 
wi th in  it and l l n e a r  i n t e r p o l a t i o n  is used t o  compute 
t h e  i soba r  l i n e s .  The process  is repeated tor each 
rectarlcjular y r i d  element. 

CPLTXT2 a l s o  d i sp l ays  the M*M su r f ace  d e f i n i t i o n  matrix 
ds a three-dimensional or thographic  p ro j ec t ion  of the 
su r tdce  g r id .  The u se r  is allowed t o  i n t e r a c t i v e l y  
d e f i n e  the o r i e n t a t i o n  and sca l ing  i r l f  onnation of t h e  
d i sp lay .  The kollowing method is used t o  generate  t h e  
3D display:  3 D  l i n e s  are drawn through each of c ~ e  M 
rows a r~d  M c ~ l u m n s  of t h e  matrix,  Each g r i d  po in t  i n  a 
l i n e  1s defined i n  x, y, z spzce  by its row, colum and 
n ~ a t r i x  value,  Sctrling i n  t h e  x, y dimensions is 
normalized t o  30% OL uni ty ,  The o r i e n t a t i o n  is p re se t  
t o  RX = 5 degrees,  HY = 15 degrees and RZ = 30 degrees. 

Pzouxaii  SC4020 is t h e  Stramberg Carlson 4020 
postprucessor.  The postprocessor i s  used t o  convert  
aevice  independent commands wr i t t en  on t h e  vec tor  f i l e  
(?'I?Pi;97) t o  t-he SC4OZO o r  CpMp80 dependent comands 

wxi t t c -11  0x1 TAPE95. The Fostprocessor u t i l i z e s  t h e  
Boei,;;: Nunier  ica  1 Plo t  tirlg Sys tern (NPS) i n  the corlversion 
process. Tne 2:)s tprocessor  a l s o  generates  a f i l e  ca l l ed  
#r'FLlliE which cont;:zi~s d i i e c t l v e s  f o r  the gZIMp80 p l o t t e r  
operator, T k  conten ts  wr i t t en  on the PFFLINE f i l e  a r e  
obtdined e i t h e r  v i a  EXECUTE Gi?APHICS s ta tement (s )  and/or 
generated by user d i r e c t i v e s  defined v i a  t h e  Hardcopy 
Questionnaire Menu ( r e f e r  t o  JdVERLAY (GFtAPmF, 2,15) ) . 
Both TAPE97 dnd VPFLINE a r e  used for queuing data  during 
 lot postprocessing - 

803.3.18 jJVERLAY(GRAPmF,2.13) - CALCMP 
Prol~ram CALC'KY is the ChLCji3MP model 763 Fostpxocessor. 
The postprocessor is used t o  canvert device  independent 



comnl~al~ds w r i t t e r ~  01: t h e  vector- f i l e  (TAPE97) t o  C A L C W  
deperlcient co~lunands w r i t t e n  on TAPE99. The p o s t p r o c e s s o r  
u t i l l z e s  e x t e n s i v e l y  t h e  Boeiry Nun~er i ca l  P l o t t i r ~ g  
Systenl (NPS) i n  the conversion p r o c e s s .  The 
p o s t p r o c e s s o r  a l s o  y e n e r a t e s  a f i l e  c a l l e d  jdFFLINE which 
cor l ta ins  d i r e c t i v e s  f o r  t h e  CALCmP operator (e .a , ,  bond 
or ve l lum) .  The c o n t e n t s  w r - i t t e n  on t h e  PFF'LINE f i l e  
are  o b t a i n e d  e i t h e r  v i a  EXECUTE GhAPHICS s t a t e m e n t  (s) 
ar~d/or qene rd t ed  by user d i r e c t i v e s  d e f i n e d  v i a  t h e  
Hardcopy Q u e s t i o r ~ i ~ a i r e  Menu ( r e f e r  t o  pVEH=dY (GRAWLF, 2, 
1 5 ) ) .  Both TAPE97 and fBFFLINE a r e  u sed  for queuing data 
a~ring p l o t  p o s t p r o c e s s i n g .  

Progrdm GERBEh is t he  GEIiBU d ra f t i ng -mach ine  
p o s t p r o c e s s o r .  The p o s t p r o c e s s o r  is used t o  c o n v e r t  
d e v i c e  i ndependen t  com~ends w r i t t e n  on t h e  v e c t o r  f i l e  
(TAPE97) t o  GEKBER c l r a t t i n g  -mdchir~e dependent  commands 
w r l t t e n  0x1 TkPE99. The p o s t F r o c e s s o r  u t i l i z e s  
e x t e l i s i v e l  y the Boeixly Numerlcdl P l o t t i n g  System (NPS) 
i n  the conve r s ion  p roces s .  The F o s t p r o c e s s o r  a l s o  
u e n e r a t e s  a t i l e  c d l l e d  PFFLINl? whlch c o n t a i n s  
u i r e c t i v e s  t o r  the GbHBE?. o p e r a t o r  (e.y ., pen type )  . 
Tile corlterlts w r l t t e x l  on the  BFE'LINE f i l e  are o b t a i n e d  
e i t h e r  v i a  EXECUTE GRAPHICS s t a t e m e n t  (s) and/or 
generated by u s e r  d i r e c t i v e s  aefined via the Hardcopy 
~ . u e s t i o n n a i r e  Xeuu (refer t o  pERLAY (GRAPmF, 2 , I S )  ) . 
Both T k P t Y 7  and VFFLINE are used tor  queuing  d a t a  d u r i n g  
p l o t  t o s t ~ r o c e s s i r l q  . 

803.3.20 W E U Y  (tiIiAP@LF,2,15) - HCMENU 
P r o u r d ~ i  HCMENU o n l y  displays t h e  Iiardcopy W e s t i o n n a i r e  
Menu when runrlinq in the c o n v e r s a t i o n a l  mode. The menu 
d l l o w s  t h e  user to d e t i n e  t h e  f o l l o w i n g  i n f o r m a t i o n  
i n t e r a c t i v e l y :  

O f f  l i n e  p l o t t i r l y  d e v i c e  ( egg . ,  CpMp80, CALCPI.:) ; 

Mail ing a n d  o p e r a t o r  d i r e c t i v e s ;  

P l o t  s t a c k i n y  opt i on .  

T h i s  in f  o r n l a t l o ~ ~  is t r a r i s n ~ i t t t d  t o  the a p p r o p r i a t e  
o t t l i n e  p o s t p r o c e s s o r  (e.9. , CALWMP) via l a b e l e d  
cornman. 

The hdrdcopy Q u e s t i o n n a i r e  Menu is  n o t  c u r r e n t l y  used.  



Program GDHC'l'IIY's primary f unc t io r~  i s  t o  build a 
d u e c t o r y  of t h e  graphics  f i l e ,  G/F. The d i r e c t o r y  is 
used t o  d i sp l ay  t h e  Gname Directory and P lo t  I D  
Directory. The directory provides a summary of the 
graphica l  d i sp l ays  w r i t t e n  on G/F and s u f f i c i e n t  
informdtion t o  al low e t f i c i e n t  re fe rences  t o  any d i sp l ay  
se l ec t ed  by t h e  user via  t h e  Qlanle Directory and/or P lo t  
I D  Dixectory. 1he d i r ec to ry  also contains  t h e  plot type 
(e .g . , contour) which is u s e d  t o  deternune which 
over lhy(s )  is t o  be c a l l e d  t o  generate  t h e  disp lay .  

The directory i s  wr i t t en  on tile IDRCT, one binary  
record per subject index (e .g -, V/G - V/G) . 

Prouran~ C%TUK2 is c a l l e d  wfler~ a  contour p l o t  is t o  be 
generated using t h e  su r f ace  t x i angu la r i za t ion  algori thm 
and assoc ia ted  koktware descr ibed i n  regerence 1-1 t o  
c0mput.e the coni l rc t iv i ty  da t a  yiven a set of bourldary 
points clnd an a r b i t r a r y  number of data  po in t s .  The 
t o t a l  number of po in t s  should not  exceed 1000 and t h e  
t o t a l  number of r e s u l t i n g  triangles no t  exceed 1600. 

The sur face  t r i a n y u l a r i z a t i o n  algori thm is s t a t e d  below: 

1, Star t  the t r i a n g u l a r i z a t i o n  using any two ad jacen t  
bounuary po in t s  i and j. 

2. Determine t h e  point  k which y i e l d s  t h e  l a r g e s t  
a y l e  between i k  and jk. 

3. Define t h e  first t r i a n g l e  as  i j k  and set a f l ag  
i n d i c a t i n g  whether k is t o  t h e  l e t t  o r  r i g h t  of t h e  
l i n e  i J .  

4. Check whether t h e  s i d e  i k  is on t h e  boundary o r  the 
side of a previously generated t r i a n g l e -  I f  so ,  go 
t o  s t e p  5, i f  r ~ o t ,  proceed as tollows: 

. Firld the point 1 which y i e ld s  t h e  l a r g e s t  
angle between 11 and l k  ~lrld is on t h e  proper 
s i d e  of ik .  If k is t o  t h e  l e f t  of ij, 1 m u s t  
be t o  the l e t t  of i k .  



1, I f  the s i d e  li is p a r t  of a previous t r i a n g l e  
l i m ,  set l - m  and repea t  t h e  test for li. 

c. I f  the siae kl is p a r t  of a previous t r i a n g l e  
klm, se t  and go t o  s t e p  4b. 

d. If n e i t h e r  c m d i t i o n  4b o r  4 c  i s  m e t ,  de f ine  
Ikl as t h e  next t r i a n g l e  i n  the subdivision.  

5. K e p a t  s t e k  4 f o r  t h e  s i d e  kj. It  is important  
t h a t  t h e  order  i k  and kj be used ( r a t h e r  t han  k i  of 
jk) t o  generate  t r i a n g l e s  which a l l  have t h e  same 
r o t a t i o n a l  sense  as i j k .  

o .  Find a l l  ad j acen t  t r i a n g l e s  tor t h e  next  t r i a n g l e  
i n  t h e  list. If the nodes of t h e  next  t r i a n g l e  a r e  
labeled ~ j k ,  s t e p  4 must be repeated for each s i d e  
ji ,  kj and i k .  

7. kepeat s t e p  6 f o r  each t r i a n y l e  i n  t h e  subdivis ion,  

This algori thm w i l l  normally I -esul t  i n  a complete set of 
ddjacer~t  t r i a n g l e s  whose union c o n s i s t s  of t h e  e n t i r e  
region when completed, each side of each t r i a n q l e  w i l l  
e i t h e r  

1. be on the  bounclary of t h e  reyion,  

i be a common s i d e  between two ad jacen t  t r i a n g l e s ,  or 

3. have no neighboring po in t  which w i l l  form another  
t r i a n g l e  wi th  the c o r r e c t  r o t a t i o n a l  sense. This  
condi t ion is considered an e r r o r  i n  t h e  progrdm, 
but t.he program w i l l  continue to  process t h e  
t r i a n g l e s  which ndve been found. 

The connect ivi ty  da ta  is ~ a s s e d  t o  jdVERLkY (GRAPBLF, 2,32) 
f o r  t ur ther  processing . 

Froyrm CTJTUR3 is automat ical ly  c a l l e d  when t h e  surf  ace 
t r i a n a u l a r i z a t i o n  algori thm is t o  be used t o  genera te  a 
contour p l o t  ( r e f e r  t o  WERLAY (GRAP-, 2,31) ) . 
When th is  overlay is c a l l e d  t w o  d i t f e r e n t  graphs  nay be 
qenerclted, 



1. C o ~ ~ t o u r  plot generated f ran the surface 
t r i a n g u l a r i z a t ~ o n  computed by program CNTUR2 using 
boundary po in t s  and axbitrdry Set of i n t e r i o r  
~ o i n t s  written on G/F. Contour l l n e s  are computed 
using l i n e a r  i n t e rpo la t ion ,  

2 ,  optional p l o t  showing the surface t r i angu la r i za t ion  
computed by CNTUH2. 

803.4 COMMOEI BLOCK USAGE 

I R U h @ k I X  I X  I X  ( X  I X  I X  
I C p N P A k s I x  I x  l x  l x  l x  I X  
I K V h N L F  I x I x 1 x I X I X  I X 
( G k M ~ C M I x  I X  I X  I X  X I X  
IF'ILE99 1 x I I x  I I x  I X  
J W k k A D X  1 X I I X  I I X  I X  
1WI;REITX I x I I X  I I x  I X  
( C H C K G F  I X 1 l x  I I x  I x  
l X L Z V t  1 x I I I I I 
1lglnUF9s I x I I I I 1 
I I P B U F Y  I x 1 I X  I I X  1 %  
IKjdRDAbti  I X I I I I I 
I C l  I x  I 1 I X  I x  1 x  
I P L T S T U P  1 I ! X  I I I 
( L A b E L Y  1 I I X  I I X  I X  
I T E X T 9 4  ( I I X  I I X  I X  
I H D H 9 3 5  1 I I X  I I X  I X  
I ZLTBUF I 1 I X  1 I X  I X  
IELTC'W I I I I X  I X  I X  ----------- ---------------------------------------- 



_____-_ _------ ----------------------------------------------- 
I K I A R m  I x I I I I I I I 
I P ' I L E 9 9 I x  I x  I x  I x  I x  I x  I x  I 
IgFFLNE I x I I I I i I I X 

I X i z V L  I x I I x  x I X  I x  l x  I 
IhPSCjdM I 1 I I I I I I X 

I ZNCrn'rR I x I I I I I x  l x  I X  
( Q X G D B A I  X I X I X l x  x 1 I X  I 
IYXSCCP I x I I x  I I I I I 
l Q X C p I R D ( X  I X  I X  I X  ( X  I X  I x  I 
I C W L I M  I x I 1 I I I x  I x  I 
ICgmL IF2  I x I I I I I x  I x  I 
IFETBUFP I x I I I I I I I 
I I$dBUFSB I X I 1 I I I I I 
I l l asUFU I x I I I I I I I 
l I T Y P L T  I x 1 x 1 I I I I I 
( H D H 9 9 9 X  I X  X I X  I x  x I x  I 
(hUMEL99 I X I I I I I I I 
l HCDATA I X I I I I I I I 
IBATCWI I X I I I I I I I 
(KEEPST I X 1 I X  I X  I I X  I X  1 
IXhLWUP I x 1 I x  I x  I I x  I x  I 
I k j t R U A b G I x  I x  I x  I X  I X  I X  I X  1 
ICALCST I x I I x  I x  I I x  I I 
1snMTs I x I I x  I x  I x  I x  I I 
IVI.*FLN I x  I X  I I I I I I 
IQXSTRG I X I X I X I X t I I X  I 
I Q W L S C  I x I I x  I x  I I I x  I 
IYLTYPE I x I I X  I X  1 I I X  I 
IVCVIEW I x I I x  I x  I I I x  I 
IQXDUMY I X I I X  I I X  I I I 
(KLY10 I X I I X  X I I I I 
ISCXEENP 1 X I X I I I I I I 
IHDRPBS I x I I x  I x  I x  l x  I I 
I I S E L E C T I x  I X  I X I X  l x  I x  l x  1 
I U S E h S P I X  I X  I X  I X  I X  I X  l x  1 
IERASE9 I X I I X  I X  I I X  I I 
I Y L T 9 9 9  1 X I X I X I X I X 1 X I I 
IDRCTRY I x I x I I I I I I 
( T R A N S F I X  X I X  I x  I x  x x I 



--------- 
I 
I w4E. 

i 
4. ( KkRkjdJH 

1 FILE99 
6 

1 Vr'FLhE 
I X G V L  
( NPSCePI 
I ZMCjmTh 
) VXSDBA 
( Q;SCC$b 
I Y X L W  
1 CgNLIM 
I CVAJLLM2 
I FLTBUFF 
I I(aBUF9B 
I IWUF!, 
I ITYPLP 
I11DR9Y 9 
1 NIPlEL99 
I HCUA'I'A 
I bATCHN 
1 KEEPST 
1 XaLwuP 
I hjbHDu3G 
1 CILCST 
l STLMTS 
1 jdFFLN 
(QXSTRG 
I QAPLSC 
/ PLTY PE 
1 QCVIEW 
1 LXDUMY 
IKLY10 
1 SCREENP 
1 HDHPBS 
I I SELECT 
1 USERSP 
1 aias1i9 
( PLT999 
1 DIiCTRY 
I THANSF --------- 

[@VhhLAY: G W B L F  (2,Xl Continued I 
1 {2,13) 1(2,14) 1(2,15) 1(2,30) 1(2,31) 1(2,32) 1 



803.4.1 /Cj3NPARS/, /KtRRJilH/,  /KQRNDK/ a r e  ATLAS system comnon 
blocks, described i n  sectLon 100.2. 

8 0 3.4.2 Module Comnron Blocks 

/GRMJdDCM/ Secondary overlay canmunicat ion common block 
t o r  over lays  under (1.0) . 

/c 1/ Masking cons tan ts  camon block 

/PLTCIQrl/ Common block f o r  cons tan t  a r r a y s  required a s  
c a l l i n g  parameters f o r  rou t ines  WGRAD, WGRAH 
and WGRAT. 

/FUE99/  System common block def ining G / P  f i l e  names 
and d i agnos t i c  f i l e  name, 

/ W m x /  Contains i nd i ces  and buffer, p e r r u t t i n g  G / F  
qe r~e ra t ion  i n  mul t ip le  secondary overlays.  

./WGRATX/ Used to save i n d i c e s  tor buf fe r ing  t e x t  
parameters when a p l o t  is being createa and 
w r i t t e n  on G/F i n  d i f f e r e n t  secondary 
overlays.  

Ind lces  t o r  checkixlg l o g i c a l  sequence of 
wr i t ing  GWSQ1 and/or GRAFSQZ. 

Buffer t o r  reading and wri t ing  l abe l ing  
information f o r  current p l o t  being w r i t t e n  on 
C; IF, 

Contains alphanumeric information and 
a t t r i b u t e s  of how and where t h a t  information 
i s  t o  be displayed on c u r r e n t  p l o t  being 
w r i t t e n  on G F .  

GRAFS(r1 (header f i l e )  read and write common 
block - con ta ins  user def ined p l o t  a t t r i b u t e s .  

Head and write common block of X,Y,Z 
coordinates  a i d  p l o t t i n g  method w r i  t e en  on 
GRAFSQZ . 
CpMp80, GEREtiR or CALCpMP postprocessor 
d i r e c t i v e s  f o r  of 2 1  ine operator .  

Number of contour lwels and values  a t  which 
i sobar  l i n e s  are computed, 



/ ITY PLY/ 

/hDR999/ 

/NUMbL99/ 

Common block used by NYS rou t ines  c a l l e d  by 
CpMp8 0 postprocessor. 

Surtace d e f i n i t i o n  matrix computed by (2,7) o r  
c o r ~ e c t i v ~ t y  data cunputed by (2,311 i f  
contour p l o t  is  displayed.  

Graphic da t a  set i d e n t i t i e r s  def ined by BIGS. 

Defaulted otl ject  space limits i n  rasters, 
i n i t i a l i z e d  p r i o r  t o  c rea t ing  a p lo t .  

Current. screen object space and s u b j e c t  space 
limits, respec t ive ly .  

Subject  space l i m i t s  read off G/F when contour 
over lays  involving the octant-weighted average 
algori thm a r e  executed (i.e., (2,7) and 
( 2 , s )  1 . 
Incremental X,Y distances between contiguous 
mesh po in t s  when contour over lays  involving 
t h e  octant-weighted Lverage algori thm a r e  
e x e c ~ t e d .  

I / V  bu f f e r  t o r  vector  f i l e  (TAPE971 . 
1/p buf fe r  t o r  s t o r i n g  G/F d i r ec to ry ,  and f o r  
s t o r i n g  o f f l u l e  devlce dependent c o m n d s  
(TAPL99) . Single  bu f f e r  i s  used f o r  both 
functxoas s i n c e  TAPE99 is crea ted  j u s t  p r i o r  
t o  e x i t i n g  AGP, overwri t ing d i rec tory .  

I/@ buf fe r s  for G/F (i .e., GRAFSQ 1 and 
GRAFSV2) . 
Plo t  type  code (e.y . , 4 for perspect ive)  .. 

b u t t e r  fox reading/writing G/'F header records.  

Nunber o t  r e s u l t i n g  t r i a n g l e s  computed when 
t h e  su r f ace  t.riangu2.arizatiolr a lgor i thm is 
used t o  c m p x t e  contour p l o t s .  

Off l i n e  p l o t t i n g  device  (e .g . , 7iICALCflMP) . 
Code iden t i fy ing  execution mode: 

C = Conversaticnal  
1 = batch Mode, Compute G/F, V f l  and P/F. 
2 = Generate P/F orrly from e x i s t i n g  V/F. 



/KEEPST/ Ort l~oyraphic  pxoject ion sub jec t  space limits 
i f  blowup opt ion is used. 

/XbLWUP/ Code i1,dicating i f  blowul. op t ion  was used o r  
n o t  (1 or 0 ) .  

/ R 9 R D W /  OX thographic pro lecr ion  order of r o t a t  ion f o r  
RX , RY and RZ. 

/CALCST/ Orthographic pro jec t ion  sub jec t  space limits 
computed i f  Transfox.nation Menu was invoked 
without previously invokir~g t h e  cross! l a i r s .  

/STLMTS/ <ode t o  indicate i f  a data record has been 
read off G/F f o r  cu r r en t  d i sp l ay  being 
generated. I f  code > O ,  code = number of 
records  read;  o themisc ,  L- J e  = 0. 

Ir idicate which p l o t s  the bsex has  s e l e c t e d  
u r t e r a c t i v e l y  to generate  on t h e  vec to r  f i l e  
without generatin9 online.  

/QXSTRG/ Butfer  for transforming use r  coordinates  t o  
screexr coordinates.  

/QXPLSC/ Used by sc i s so r ing  rou t ine  t o  determine i f  
beam pos i t i on  is t o  be redeiirled p r i o r  t o  
p l o t t i n g  next  set ot  points .  

/YLTYPh/ P l o t  type ( e - g . ,  l i n e a r - l i n e a r  type  p lo t )  used 
by BIGS, 

/QCVIEW/ Rotation matrix and r o t a t i o n  angles  used t o  
determine t h e  or ierr ta t ion of a 3D d i sp l ay  
(reter t o  BIGS subrout ine  GVIEWj . 

/ Q X D W /  Used f o r  s to r ing  row and co1w.m n-rs when 
displaying a matrix i n  numerical form, ox for 
l abe l iny  yr ids .  

m y  l o /  Current screen s u b j e c t  space l i m i t s  {converted 
t o  RST system from XYZ) a f t e r  invoking the 
Tr allsf ormat ion Menu. 

/SCREtNP/ Screen pos i t i on  ( I X  , I Y )  where  t h e  alphanumeric 
cursor  is cu r r en t ly  displayed or w i l l  be 
displayed next. 

/HDm@s/ Record number (on GIIAFSQ 1) loca  tin9 a c t i v e  
p l o t  o r  matrix header record f o r  a s p e c i f i c  
subject index ( r e f e r  t o  G/F Directory Menu: . 



/ ISELECT/ Plut s u b j e c t  index n a m e ,  p l o t  t i t l e ,  and file 
number l oca t i ng  coord ina tes  w r i t t e n  on f i l e  
GmSQ2. 

/USEKSP/ Contains selected s u b j e c t  index, selected p l o t  
index, error code, d c t i v e  Function Menu op t ion  
number, and code i den t i fy ing  c u r r e n t  g r aph i c  
k t a t e  Lor t h e  menu execut ive  (MENUEX) . 
Code m d i c a t i n g  i f  previous p l o t  is complete 
or being generated,  

Defines b a s i c  graphic  s ta te  of current d i s p l a y  
(e . g . ,  y r i d  a l ready  displayed) . 
Contains the number of subject indexes and the 
names ot each w r i t t e n  on G F .  

C b r r e r l t  Plot Transformation Menu parameters  
(e -g . , eyepoint ,  cer~ter-of  - i n t e r e s t )  . 



90 0. IKl'ERACT IVE CONTROL 

To prepare, i n t e r p r e t  clnd execute ATLAS comnan3s in an 
interactive enuiranment. ATLAS commands may be 
specif ied and processed one by one, o r  several  a t  a time 
i n  what is ca l l ed  command procedures. ATLAS program 
f i l e s  may be created,  nlodified or interrogated through 
an e d i t  f a c i l i t y  in te rna l  t o  the ATLAS code. 

900.1.2 Access 

The i n t e r a c t i v e  cont ro l  processor is c a l l e d  from a.e 
ATWiS cont ro l  program by the  INTERACTIVE CjdNT- 
sthtement (sec. 200, r e f .  1-1)- 

900.1.3 Description --- 
'the in te rac t ive  control  capabi l i ty  cons is t s  of a set of 
irrteractive commarids, and the code t o  generate and 
process, or invoke processing of these commands. 
Logically the C j d N m  processor code performs t h r e e  
major functions;  console communication, execution of 
command procedures, and monitoring of operat iors .  These 
functions, together with the command language w i l l  be 
described i n  the tollowing t e x t  i n  s u f f i c i e n t  d e t a i l  t o  
support subsequent sec t ions  o t  t h i s  documentation. A 
more compreherislve discussion r e l a t e d  t o  the use of the  
in te rac t ive  capabi l i ty  is contained i n  reference 1-1, 
sect ion 200. 

1. In terac t ive  Control Language. There a re  two types 
of i n t e r a c t i v e  comands; one which w i l l  be 
referenced to a s  regular commands, and another . 
which is ca l led  p r i o r i t y  commands. The latter type 
is used e n t i r e l y  within the console comunication 
tunction and w i l l  therefore  be discussed i n  
con junction w i t h  this function. 

The regulztr commands must adhere t o  the  following 
qeneral format ( the characters  <> are used t o  
enclose components of t h e  command and a r e  not p a r t  
of the command i t s e l f )  : 

<label> <:> <id> <dl> <para neter list> <dz> <$> 



label - Command label cons i s t ing  
of f r o m  1 t o  3 alphanumeric 
charac te rs .  The f i r s t  
che rac t e r  must be a letter. 

- Command label de l imi te r .  

- Command ideztiiier 
cons i s t i ng  o t  a prinary I D ,  
and i n  some cases an 
a d d i t i o n a l  secondary I D .  
~ o t h  IDS can have from 1 
t o  b alphanumeric cha rac t e r s  . 

- I D  d e l i m i t e r  cons i s t ing  
of e i t h e r  the cha rac t e r  <(>, 
l e f t  parenthesis ,  or of the 
cha rac t e r  <,>, comma. 

praxr~eter list - A c t u a l  parameters t o  be 
t r a n s n ~ i t t e d  t o  t h e  executing 
code. The parameter list 
s y r ~ t a x  is  descr ibed i n  
s e c t i o n  200 -2. 

- Parameter list de l imi t e r  
cons i s t iny  of either t h e  
charac te r  <) > , r i g h t  paren thes i s ,  
or of t h e  charac te r  <.>, period. 

3 - End of command charac te r .  

blank cha rac t e r s  in te rspersed  i n  the  command have 
no effect, except i n  con junction wi th  the TP-BY 
~ a r a m e t e r  list statement as described i n  re fe rence  
1-1, sec t ion  200. 

2 .  Console Comunicatiorl. The console co~onunication 
cia occur i n  e l t h e r  of two modes; the A-mode 
(ATLAS) , o r  Vie I/E-node of t h e  edi t  f a c i l i t y .  The 

A-mode is the a e f a u l t  case ,  t h e  e d i t  mode i s  
entered by issuance of a s p e c i a l  p r i o r i t y  command. 

ir, t h e  A-mode regula r  i n t e r a c t i v e  commands a r e  
typed i n  l ine-by- i ine  and t ransmi t ted  t o  a 
temporary core  bu f t e r .  This input  mode is 
interrupted e i t h e r  by i s su ing  a p r i o r i t y  command, 
or by giving t h e  s igna l  to s t a r t  execution of the 
specified conmands. A p r i o r i t y  command is de tec ted  

processed out-of-order i n  r e l a t i o n  t o  t h e  
r egu la r  conunands . Once execution of t he  command i s  



completed, t h e  cor:trdl w l l l  revert t o  the A-mode, 
r e d y  tu resume p r e p a r a t i o n  of r e q u l a r  consnands. 
Upon d e t e c t i n g  tile execute-s iqr ia l  the connnand 
butter w i l l  k t r imsmi t t ed  to a rese rved  disk f i l e  
(TEXTPIL) and cwntsol w i l l  be direc t .ed  t o  t h e  
execute kunctlon.  The cmands  r e s i d i n q  on TEXTFIL 
are c o l l e c t i v e l y  c a l l e d  a conunand procedure, 

The edit f a c i l i t y  is e q u i v a l e n t  t o  the BCS,TXEDIT 
Frogram as of June, 1 9 7 5 .  All ccrpab i l i t i e s  of the 
CNEDITor w i t 1 1  respect t o  yenera t ing ,  r~lodifying or 
sccrm~inq f i l eb  are c l v a i l b l e  from i n s i d e  t h e  ATLAS 
proqranl. I n  p a r t i c u l a r  it is cin t ic ipa ted  t h a t  t h e  
e d i t  t a c i l l t y  ul ATLAS will be used t o  gerlerate 
cumnra~;d procedures and  ATUS inpu t  data files. 

R l o r i t y  commands have t h e  fo l lowing general 
torloat : 

& - The ampersand c h a r a c t e r  which 
s i g n i t i e s  t h e  p r i o r i t y  command, 

i d  - Command i d e n t i t i e r  co r l s i s t ina  
of. from 3 t o  10 alpfmnumeric 
c h i z a c t e r s ,  

orqument - A 11ti1nber o r  an a lphanuver ic  
s t r i n g  ot c h a r a c t e r s .  

Eildrlk char-act-ers i n t e r s p e ~ s e d  i p r i o r i t y  
command arc ignored.  

3. Co~~unilnct Execution. The  execut ion  t u n c t i o n  operates 
an ncin~ed coxrunaid procedures each or which may 
c o n t a l r ~  any ~iumber of c o n m i ~ d s ,  The a c t u a l  
processing of a procedure t a k e s  place i n  two 
s t a g e s .  I n  st'qe I t h e  procedure is interrogated 
conlmand by conmnd, and the source  code is 
t r a n s l a t e d  i n t o  a d e t i n e d  object code format (sec.  
900.2.2.2) . The source code and the object code 
reside cn sewrate s t q u e r ~ t i a l  f i les.  11: staqe 2, 
provided t h e  "compllatiorl" t a k i r y  p lace  i n  stage 1 
was succutsstul, the ~wrmr~and execution is a c t u a l l y  
c d r r i e d  ou t .  TJhe code t o  perform these o p e r a t i o n s  
may be located ax~ywhert? in t h e  ATLRS system 
dspendlry on the type  ot cor~nnand t o  ue yrocrssed. 
EXecution uf tllr P r -  AS K A S S  n~odule, for instr lnce,  



w l l l  requi re  t r a n s f e r  t o  t h e  MASSWF overlay. The 
code tc process other types  of commands may be 
local t o  the i n t e r a c t i v e  cori trol  processor . Thus, 
the e x e ~ v t e  funct ion wst contain the l o g i c  
requir.ed t o  perform the necessary branching to, and 
recovery f r o n ~  ex te rna l ly  and i n t e r n a l l y  located 
code, 

Coxrunand prcrcedures can be executed i n  two d i f f e r e n t  
modes. In the FULL mode a l l  comnands i n  the 
procedure are processed without any i n t e r a c t i o n  
allowed from the terminal .  I n  the STEP mode t h e  
con t ro l  r e t u r n s  t o  t h e  terminal  after execution of 
each conmarld. A t  t h i s  po in t  any ac t ion  may be 
initiated, including processing o i  new command 
procedures, betore processing o t  the c u r r e n t  
procedure 1s resumtd. 

Command &roCedU.res may be nes ted  through procedwe 
calls (kUN-cammands) up to a c e r t a i n  l e v e l  defined 
in the code. The h iyhes t  level procedure w i l l  
dlways te the one c u r r e n t l y  being processed- Once 
a procedure processes a revert t o  a lower level 
~ r o c e d u r e ,  t h e  procedure itselt and any 
ir.terrnediate proceciures will be purged f r o m  the 
krocedure linkage de t in i t i o i l .  

4.  blcnitor ing of operdt  ions ,  The r e l a t l ~ n ~ h i p  between 
the  t h r e e  i n t e r a c t i v e  con t ro l  processor func t ions  
arid t h e  remainder of the ATLAS system is shown i n  
t!3e i l l u s t r a t i o r l  . 
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The monitor tunction controls the  in teract ion  between 
the cmsole canrmunication function, the conunand 
execution, and the external runctions of the ATLAS 
system. 

900.2.1 Reserved F i l e s  

The following t ~ l e  names are reserved tor  use ~y the 
interactive cwrltrol processor : 

TLXTF lL 



f&JECTx (Where x may be any 
alphiu~umeric charac te r )  

I'nese are a l l  s e q u e r ~ t i a l  f i l e s  with usage as descr ibed 
below. 

TEXTFlL conta ins  source  code f o r  the ( l a s t )  command 
procedure preGarea l n  the A-type console  mode. 

fdBJEC1X con ta in s  o b j e c t  (compiled) code of source  
procedures f rom TWiTFlL, The l a s t  charac te r  of t h e  name 
w i l l  be t h e  d i sp l ay  code e q u i w l e n t  of t h e  procedure 
l e v e l .  

HISTFlL conta ins  the %iayfilew ot t h e  i n t e r a c t i v e  
con t ro l  a c t i v i t y ,  J u s t  be fore  the execut ion of a command 
is i n i t i a t e d ,  a copy of the c m a n d  is w r i t t e n  on to  the 
HISTFiL . 
Atart. from these reserved f i l e s  the  i n t e r a c t i v e  c o n t r o l  
processor w i l l  accept any source file prepared in t h e  
edltor, and generate o b j e c t  code tiles according t o  
s p e c i f i c a t i o n s  on C(IIMPIZE or RUN commands. 

500.2 - 2  F i l e  Formats 

1. Source F i l e  Format 

Commands a r e  w r i t t e n  on the source  file according 
t o  the fornlat de f ined  i n  s e c t i o n  900.1.2.1, End- 
o f - l i n e  i s  ind i ca t ed  by a ze ro  12-bit  byte.  I f  a 
l i r i e  ends a t  the  9 th  or 10th character of a word, 
ail a d d i t i o n a l  z e r o  word w i l l  be adaed t o  the i n p u t  
record. 

2. object F i l e  Format 

word 1 - lOH(8BJECTFILE 

word 2 - Number of i n s t r u c t i o n s  i n  f i l e  
(=hJN) 

word 3 - s t a t u s  = I 

1 = -2 - Fatal errors de tec ted  
chrrinq compilat ion.  



1 = -1 - Warning c o n d i t i o n s  
a e t e c t e d  dur ing  
compilat ion.  

I = 0 - &o warning c o n d i t i o n s  
or f a t a l  errors d e t e c t e d .  
Procedure is i n a c t i v e ,  

I > 0 - Frocedure is a c t i v e .  
1 is the number of the 
l a s t  comiand beiny 
executed from t h e  
procedure. 

word 4 - Execution nwde (=4HFULL o r  4HSTEP) 

word 5 - N a m e  of c a l l i n g  procedure (revert 
f i l e )  . 

word b - T o t a l  nurr~ber o t  warning c o n d i t i o n s  
detected dur iny  compilat ion.  

word 7 - Tothi  ~mrnber  of fcltal errors 
detecttd d u i n q  compilat ion.  

wcrd 8 - O (no t  used) 

word 9 - 0 (not used) 

word 10  - 0 (not used) 

word 1 1  - B i t s  59-18: Contains t h e  l a b e l  
ot first command. 

B i t s  17-0: P o i n t e r  t o  f i r s t  
command (=KK) 

word 1; - Same as word 11 for second cummand. 

word 1 1 + M V  - Length  of oh ject f i l e  + 1 

From here  on t h e  connnalds are s t o r e d  s e q u e n t i a l l y  
dccording t o  t h e  f o l l o w ~ n q  format: 

F l r s t  command 

word KK - S t a t u s  for  first cammanci (=J) 

J = -2 - Fatctl compi la t ion  errors 



J = -1 - Warning condi t ions  
encountered 

J = -0 - Compilation ok 

word KK+ 1 - Po in t e r  t o  source copy of cammarld 
( =LL) 

word KK+L - Poin te r  t o  o b j e c t  code of command 
(=MM) 

word KK+3 - Number of warning condi t ions  
erlcountered f o r  command 

word KK+4 - Number of fatal e r r o r s  
encountered for comand 

word K K + 5  - Room f o r  up t o  10 warning or  
e r r o r  coQ s . 

word KK+ 14 

word U - Source copy of cornmand 

wor ' MM - Compiled fonnat  01 command. 
The format f o r  each command i s  
descr ibed i n  s e c t i o n  900.2.3. 

The second conanand fol lows,  etc. 

90 0.2.3 co~npi led  Command Formats 

The source  form oi t h e  commands i s  shown here to  c l a r i f y  
the con~piled tormats.  For a d e s c r i ~ t i o n  ot t h e  e f f e c t  
ot each comnmar~d, parameter opt ions  anci d e f a u l t  va lues ,  
etc., ule reference 1-1, section 200, should be used. 

1. CJ6MPILE (I =af i l e  , @=bf i le ,  F-f ormat, M = m o d e )  

Compiled f orn~a t  is: 

word 1 - Bits 59-12: 8LCWPILEb 
B i t s  11-0 : Command t y p e  ( = I )  

word 2 - Length of cornpiled format 



word 3 - Compile  input file (afile) 

word 4 - Conipile output  rile ( b f i l e )  

word 5 - Source code format 

word 6 - Procedure execut ion  mode 

Compiled tornat is: 

word 1 - Blts 59-12: BLCjdMPILEX 

B i t s  11-0 : Command type ( = 2 )  

words 2-0 - Sar:re as for CmPLiE command 

3.  RUN (p = b t i l e ,  M = mode) 

C m p i l e d  format is: 

word 1 - B i t s  59-12: 8LKUNbbbbb 

B i t s  11-0: Command t y p e  (=3) 

word i - Ler~gth of: cornpiled format 

wurci 3 -- Procedure nam (object code file) 

word 4 - Procedure execut ion  mode 

4 . I & W T  (f5 = hf i le  , M = mode) 

Compiled tormat is: 

word 1 - Bits 59-12: 8LREVEKTbb 

b i t s  11-0 : Cansnand type (=4) 

word 2 - LengtJl of compiled tormat 

word 3 - Revert procedure name 



word 4 - Execution mode to be assumed 
by t he  revert procedure 

Con~piled format is: 

word 1 - B i t s  59-12: 8LkETURNbb 

B i t s  11-0 : Ccmcdnd type  (-5) 

word 2 - Lenyth of c o m ~ i l e d  format 

6 .  C m E  (FL = nnn) 

Compiled format is: 

word 1 - Bits 59-12: bLCpP&bbb 

B i t s  11-0 : Ccmmand t y p e  ( = 6 )  

word 2 - Length of compiled format 

word 3 - hequested field length (=nnn) 

7. QUIT 

Corr~piled format is: 

word 1 - B i t s  59-12: 8XQUITbbbb 

B i t s  11-0 : Camnand type (=7) 

word 2 - Lenyth ot canp i l ed  format 

b .  tXECUTE moaule ( p l i s t )  

Conlpilea rormt is: 

word 1 - Bits 59-12: 8LEXECUTEb 

B i t s  11-0 : Command type (=8 )  

word 2 - L e n y t h  oL compiled format 



uorc: 3 - Overlay t i l e  nante of module 

wurd r) - P~imary  overlay number 

word 5 - KCWPM of wmnlon block /C@NPARS/ 

word o on - Array CpNPARS of c m o n  block/CpNPARS/ 

9 .  hLW3 INPUT (g l i s t )  

Coriipi led f orma t is : 

word 1  - Bits 59-12: 8LKEADbbbb 
B i t s  11-0: Cornand type (=9) 

word 2 on - S a t e  as t o r  EXECUTL command 

10.  W D  narre ( p l l s t )  

C o m p i l e d  format is: 

word 1  - Bits 59-?2;  8LLpW)bhbb 

bits 11-0: Cbmmand type ( = l o )  

word 2 on - Sdme a s  for EXECUTI. command 

11 .  SAVE nanle ( p l r s t )  

Ctmil;ile format is:  

word 1 - Bits 59-12: 8LSAVLbbbb 

B i t s  11-0 : Command type ( ~ 1 1 )  

word ;: - Same ds 2or EXECUTE command 

12. PFUNT namea [ p l i s t )  

C o m p i l e  tormat is: 

word 1  - Bits 51-12: BLSAVEbbbb 



b i t s  11-0 : Command type ( ~ 1 2 )  

word 2 - Same as f o r  EXECUTE cornmand 

13.  XNDU. FILES ( p l i s t )  

~ o r ~ i p i l e d  r ornrat is: 

word 1 - B i t s  59-12:  BLINDEXbbb 

Bits 11-0 : Command type (=13) 

word ; 011 - Same as for  EXECUTE command 

14 .  PRpELEM I D  ( text )  

Compiled f vrmat is: 

word 1 - b i t s  59-12: 8LPRvBLENb 

B i t s  11-0 : Command type (-14) 

word 2 - Length of c m ~ i l e d  f o r m a t  

wora 3 on - Contains " t e x t n  

1 5 .  CHANGE I D  (text) 

Compile(? format is: 

word 1 - Bits 59-12:  8LCIIfSJGE;bb 

B i t s  11-0 : Conlmand type ( = I S )  

word 2 on - Sarre a s  for  YRBBLEM I D  command 

1 b .  PURGE, nanle (plist) 

Complied forn~crt. is: 

word 1 - b i t s  59-12:  bLYURGEbbb 

bits 11-0 : C0Smdnd type ( = 1 6 )  



word 2 - Length ot c a n p i l e d  format 

word 3 - KCpNPAk of co~onon, b l o c k  /CpNPAHS/ 
I , ;  

word 4 on -. Array C m W  ot cunrmn block  /C$NPAHS/ 

17. icFSkME FATRIX ( p l i s t )  

Catpi led  t ormat ic : 

word 1 - B i t s  59-12: bLRY..&lEbb 

bits 11-0 : Co:,..;and tyFe (=l?)  

word 2 on - Same as  tor PURGE command 

18. qm(3 ( l a b e l )  

Compile format is: 

word 1 - B i t s  59-12: 8LGji3Tfdbbbb 

Blts 11-0 : Command t y p e  (=18) 

word 2 - Length of canp i l ed  format 

word 3 - Contains the nlabel@@ 

19. IF ( l o g i c a l  express ion)  

C o m p i l e  format is : 

wold 1 - B i t s  59-12: 8LIFbbbb~b 

B i t s  11-0 : Cc!mand type 1,= 19) 

word 2 - Length of c a n p i l e  ,ormat 

word 3 on - Contains the  log \<-;a1 expression 
as a compressed string of c h a r a c t e r s  

20 IKTEGEA (A, b (rm) , . . , ) 



:o~nkllle tormat is : 

wS~1d 1 - Bits 59-11: 8LINTUEIib 

Bits 31-0 : Connand t y p e  ( = 2 0 )  

word 2 - 5enqVi of canpiled format 

word 3 - Nzme of rirst parameter (=A) 

h.)rd 1, - l ~ d e x  of first parameter ( = O )  

word 5 - Ndme of second parameter ;=B) 

word 6 - Inaex oi second parameter (=r:n) 

w\rd .7 - Etc .  

Ca::ipiled forcat  is: 

wor3 1 - B l t s  59-12: 8LHEkLbbbb 

blts 11-0 : Command t y c e  (=21) 

word i on - Same as tor INTEGER command 

L L .  U G l C A L  (A, b ( n n ) ,  , . . ,) 

C o n ~ p i l e d  tcjrmat is: 

W C I ~  i - Bits 59-12: 8 U 0 G I C A i h  

blts 11-0 : Commartd t y p e  ( = 2 2 )  

word i on - Sctme ;IS for INTLtiEk can;mnd 

23, C$R!TXNUE 

Ca.xplled iormd t is: 

woxd 1 - b l t s  59-12: i3LCmTIRUE 

blts 11-0 : Command type  ( ~ 2 3 )  



word 2 - L e x ~ g t h  of canpi led  format 

i4. LIST @;tion (A, b (hn) , . . . .) 

compiled forrat is: 

word 1 - Bits 59-12: 8LLISrnbbb 

B i t s  11-0 : Command type (=24) 

word 2 - Length of cmpi l ed  format 

word 3 - Contains "oflionn 

word 4 - Number of parameter list statements 

word 5 - N a m e  or f i r s t   diameter (=A) 

word 6 - Ir ldex ot t i r s t  ~ a r a n ~ e t e r  ( = O )  

x d  7 - Na:ue ;f second pdran~eter (=n) 

word 8 - I r iaex of second parameter (=nn) 

word 9 - Etc, 

2 5 .  Arithmetic Ex&ressiorl 

word 1 - blts 59-12: 8LrlEXPRbbb 

B i t s  11-0 : C o m n d  t y p e  : = 2 5 )  

erozd 2 - Length cf c m y i l e d  format 

word 3 - Contains t h e  a r l t i u ~ ~ r i i c  
ex-pression as a conipressed 
string of characters 



Fiyure  900-1 aepic-ts the tunctiollcil s t r u c t u r e  of the 
i n t e r h c t i v e  cor,*.xol p r o c e s s o l ,  showi?ig t h e  r e l a t i o n s h i p  
ot t!~c major c ~ l i ~ ~ o l l e n t s / s ~ r o u t i n e s  of t h e  system, The 
ttlrec na j o r  t u ~ ~ c t l o ~ l s  of t h e  processor  discussed i n  
sect i or, 9C -1.3 ; t t t lrni . . i i l  c o n u ~ u n i ~ d t   OILS, command 
execut ion ,  arid morLitorir~q cf o p e r a t i c a s ,  are p r  f ormed 
by t h e  t!~rctt suL~routiries C@NS)1ILF, EXECUTE and K$9h'IT$%. 
T h e s e  r o u t i n e s  .iliulg wi th  some importdnt  subord ina te  
i u n c t i o n s  wiil be discussed  in t h e  following p a r a q r a ~ h s .  

The c o n t r o l  processul  is i ~ v o k e d  flom t h e  CpNTK@L (1,O) 
over lay  by a c a l l  t o  t h e  iTWNITjdR subrou t ine ,  T h i s  c a l l ,  
aioxlg with solilt. a d d i t i o n a l  c o n t r c l  code is  generated 
i rorn k.lecolcpili ng t h e  ATLAS c u n t r o l  stcltenient 
XNTEMCTIVE Cj6?3T!?@ . 
The corltrol processor L S C ~  blank co:rmn as i ts  pl imary 
WOI k d ~ t ~ a  1 n  e r c i ex  t-o d c C ~ r l l r l l 3 d d t e  v a r i a b l e  s i z e  
ln f  urnu t ion  . Tlw rLoqrclnl ~ilair~t;;? nu i ts  own core s i z e  
requi rements ,  I n  yt?ner*l lt w l l l  work on a minimum-siz? 
LldnX cu~runcrr~ area of 300 o c t a i  l o c a t i o n s ,  however, when 
a laiyer requirenient is detected a t  a c e r t a i n  s t a g e  of 
the o t e r a t l o n s ,  the f iela l e n g t h  w i l l  be changed f o r  t h e  
4 u r a t i o n  of that requizenlent. The job f i e l d  l eng th  
sl:rzl  t l ed  by t h e  user  w i l l  be mdintdinrd f o r  ~ r o c e s s i n g  
t'xterrral t t ~  t l i c  c~rltr01 pIocessox. The code used t o  
1i:iulcrcJe t h e  f l e l t l l e n y t h  i s  corltaineci i n  t h e  s u b r o u t i n e  
C!hN(;FZ arlci t h e  conu~torl bluck/CpNiLEN/. 



E'iyu:e 900-1. Fluictloncll Structure of ,le 
111teractive C'orrt rol Processor 



9 . 3 .  The Xmll% hout inc  

Tnr nionitor directs t h e  "trdi:icu Detween the terminal  
a c t i v i t y ,  the local cona~land execut ion ,  and t h e  externa l  
ATLAS code, I t s  actions u e ~ e n d  on the vdlue of the 
tollowing l o g i c d l  v a r i a b l e s :  

IACT 1 VE - This  v a r i d b l e  has the v a l u e  true for the 
uura t i o r ~  of i r l t e r a c t i v e  p r o c e s s i n s ,  The 
value is set xn t h e  C@NTRJBL ( t  ,0) 
overldy, The n o n i t o r  will t u r n  the va lue  
t o  tdlse i n  the to l lowing  two occas ions ;  
1) when a QUIT cammand is processed,  and 
2) i f  a batch job a t t sn lp t s  t o  access t h e  
c o n t r o l  processor ,  

- When HESS = true -- the C@hS(dLE s u b r o u t i n e  
w i l l  be c a l l e d  caus ing i n t e r a c t i o n  with 
t h e  t e rmina l ,  

- When EXkC = t r u e  the n:onitor w i l l  c a l l  up 
the EXECUTE f u n c t i o n .  

- When EXTL = t r u e  this v a r i a b l e  d i r e c t s  
the nionitor t o  branch t o  an externdl  
ATLAs pruyram module. Logically the 
c o n t r o l  p rocessor  is s t i l l  i n  execu te  
mode w h i i r  t h i s  is  going on, ana c o n t r o l  
will r e t u r n  t o  t h e  EXECUTE routine once 
the AT= module i s  completed. 

QU.' '2 - W f ~ e r l  QUIT = t r u e  t h e  m n i t o r  w i l l  
t e r m m a t e  the interactive ~ r o c e s s i n g  
mode. 

90 b. 3 . 2  The C@tiI';= Routine 

a ,  I n i t i a l i z e ,  

d ,  kewinc! the source code f i l e  (IESTFIL) 

dl), Set n i i r l i l n u n ~  f i e l d  l ens t l l ,  

UC. S e t  illput bufter po.mtels. 

b. head one r r c o r a  f I O ~ I  t e rnknd l .  

ba. Write A - p ~ o m p t  (id) , t h e n  redd record .  



baa. Firld p o s l t i o n  of tirst and l a s t  non-blank 
c h a r a c t e r  i n  input  r ecord  ( rou t i ne  
N@4&KK) 

twb, I f  110 non-blank c n a r - ~ c t e r s  found, uo 
tu (ba) fo r  new record.  

bcic, It tirst cha rac t e r  is arapersarid (E) w e  
have a :ior i t y  command. Branch to  (c) . 

baa. It last chardcter is number symbol (1)) 

i t  is a s i g n a l  t o  tennixlate te rmina l  mode. 
I n  that  case - - 
bada. Set t e rmina l  t e ~ m i n a t i o n  f l a g  

(FIN1 = t r u e )  . 
badb. Heplace # c h a r a c t e r  by $ 

c h a r a c t e r  i n  case use r  f  o r a q t  
t o  i n d i c a t e  exid-of -command 
himsel f .  

bb. S t o r e  input record in source code bu f f e r .  

bba. Add end-of-l ine symbol t o  inpu t  r ecord  
(12 b i t  z e ro  oyte)  

bbb. Inc rease  f i e l d l e n g t h  i t  required .  

bbc. Copy i npu t  r ecord  t o  buf fe r .  

bbd, i f  t e ~ m i n a t i o r ~  flag is se t  branch t o  (d) . 
I f  riot branch t o  (b) f o r  more. 

c. Process p r i o r i t y  commands 

ca. Con~press conmmnd, ie. take out  all blank 
c h a r a c t e r s  ( r ou t i ne  CpMPHES) . 

cb. F m d  command tyw ( r ou t i ne  CmPARE) 

cbd. I f  t y p e  no t  recvynized w r i t e  message 
ard brarch t o  (b) . 

cb5. Bra~lch according t o  command type .  

cca. Find beginrriny ot bryument l i s t  
(pos i t i on  of comma) 



ccb. Ii no  conuna tound, i n t e r p r e t  t h a t  a s  
aryun~ent  ntissiny. I n  that c a s e  --- 
echo, Set d e f a u l t  dryument v a l u e  = I  

ccbb. Brdnch ti> (ccd) 

ccc. Decode arqunlel~t 

ccca. Check t h a t  argument is p o s i t i v e  
i n t e g e r  

ccd. S p c e  t a c ~  i n  souxce code b u f f e r  t h e  
specitled nunikr  of l i n e s  

c d a ,  It butfer is empty write m e s s ~ q e  
and branch t o  (b) 

ccdb. Locclte the s p e c i f i e d  nunher of 
z e r o  bytes. I f  no zero bytes 
found, or tewer t h a n  s p e c i f i e d ,  
position a t  beginning of source 
buf ier . 

cce,  I f  &DLLETE connnaild --- 

cced. hesttt  source  b u f f e r  p o i n t e r s  a t  
position tound (ccdb) 

ccf .  If GPkIE3T co~nlmnd --- 

C C ~ .  Print Lrom p o s i t i o n  round i n  (ccdb) 
t o  end  ct source  buffer  

cctb. branch t o  (b) 

cd. ECPRL Comana 

cda. Find beyinning oi  brgument L i s t  
(position of conuna) 

cdb. I f  conuna nilsslny, i n t e r p r e t  t h a t  as  
argument missing. Write messaae and 
branch t o  (b) 

cdc. Decode aryumer~t 

cued, Check that hrgument is an i n t e g e r  
w i t h i n  r t?asonable range 



cdcb. H e s e t  the value f o r  user 
f i e ld l eny th  

cdd. Branch t o  (b) 

ce. EELIT command 

cea. Find beginning of argument L i s t  
( p s i t i o n  of coma) 

ceb. I f  conuua is missing - no amument l ist  

ceba. The default  e d i t  f i l e  is TEXTFIL 

cebb. Branch t o  (ced) 

cec. Decode argument l ist  

ceca. Check that name is l e g a l ;  ie, 
l enq th  I 7 charac te rs  and f i r s t  
charac te r  being a letter 

ced. Write the source  code buffe r  t o  disk  
t i l e  TEXTFIL 

cee. I t  e d i t  f i l e  # TEXTFIL, open the f i l e  

cez. C a l l  t h e  EDlT subrout ine  

ceg. Fieturn f x m  edit mode 

ceya. Close the e d l t  i i le ,  un less  it 
is TEXlFIL 

ceyb. Check lenyth of TEXTFIL t o  s e e  
i f  f i e l d l e n g t h  requi ren~ents  have 
changed. 

ceyc. Head TUTFIL 

cegd.  Branch t o  (b) 

dcl. F i r s t  harldle the case when t k , e  source code 
bufter is ernlty (no new colnmands spec i f i ed )  

ddd. If 110 procedures are a c t i v e ,  w r i t e  
message and brauch t o  (b) 



ddb. S e t  up return t o  c u r r e n t  procedc-e 

aL. Source coue b u t t e r  a o n t a i r ~ s  n e w  commands. 
Nest this procedure t o  current procedure 

dba. S e t  up o b j e c t  code f i l e  name. ( F i r s t  
6 c h a r a c t e r s  a e  fdBJECT. The 7'th 
c h a r a c t e r  is t h e  display code 
e q u i v a l e r ~ t  of   he procedure l e v e l )  

&be S e t  up compile-execute com111ci1~3 t o  
p rocess  t h e  new procedure 

dc. Write source  code Suffer t o  TEXTFIL 

da.  Set c o n t r o l  t o  tl-ansf er t o  execu te  mode 

de. Return 

900.3.4 The EXECUTE Routine 

aa. S e t  n~inir.itun f i~ ' d l e r y t h  

1 .  Eranch accordix~g t o  e n t r y  mode 

. I f  processlrlg of e x t e r r ~ a l  ATLAS code h a s  j u s t  been 
t e rmina ted  ( v a r i a b l e  EXTL = true) t h e n  branch t o  (d) 

bt.. Otherwise execut ion  of a r ~ e w  command is t o  be 
i n i t i a t e d .  Branch t o  (c) 

c:. Start execut ion  o t  new c m a u c i  

ca. Set c o n t r o l  v a r i a b l e  XBST = f a l s e  (XBST i s  set 
true i t ,  dur ing  execu t ion  oi one conenand a l l  the -- 
c o n t r o l  informat ion  ior execut iny  n e x t  command 
is set up) 

cb. Erancli accoxdlng t o  command type t o  one of cc 
through cq 

cc. CBMYILE and LpNPILEX coxm,iands ( subrou t ine  
CfmPILE) 

cd. HUN commands ( subrou t ine  RUN) 

ct. RETURN commar~ds 



cfa. Set c o n t r o l  v a r i a b l e  READ = t r u e .  

cLb. Branch t o  (e) 

ch. QUIT command 

cha. Set c o n t r o l  v a r i a b l e  QUIT = true 

chb.  branch t o  (e) 

cl. EAECU'E, REAU, 1&IAD, SAVE, PhINT and I N D E X  
canmands ( s u b r o u t i n e  XMPDULE) 

cj. P3$3BLEM I D  and CHANGE I D  commands 
( subrou t ine  PRBLMID) 

ck. PURGE and HENA;*& commands ( subrou t ine  
IMWJ LE ) 

cl . GpTJil cornmdnds ( subrou t ine  WWS) 

an. I F  conunanas (subrout ine  .T?S) 

ca. INTEGER, HEAL arid L S l C A L  commands 
( subrou t ine  DECLAkE) 

coa. Branch to (e) 

cp. LIST c o m n d s  ( subrou t ine  LIST) 

cy . P ~ i t h m e  t i c  s t a t ements  ( subrou t ine  AEXPR - for 
t h e  t ime  k i n g  this is a dummy r o u t i n e )  

cr. Check i t  any of t h e  s u b r o u t i n e s  above have 
reques ted  t r a n s f e r  to e x t e r n a l  ATLAS code 
(check v a l u e  of EXTL) . I r  so, branch t o  (e) 

d. E.;~nish execut ion  of one command 

dci. ~f error r lag  (KEhRm) her been set --- 
~ a d .  Reset error f lag (KLRRpR = 0) 

dab, Request t r a n s f e r  t o  terminal (READ 
= t r u e )  --- 



db. I f  t r a r ~ s f  er f l a g  t o  t en r . ina l  set, branch 
t o  (el 

dc. I f  execution b u t i e r  (LXBUF) has beer1 set 
by l a s t  cornmima (XBST = t r u e ) ,  branch t o  
( c )  t o  have lt executed 

aL;. It c u r r e n t  procedure is executed in FULL 
mode (no i n t e r r u ~ t  from t e r m i n a l )  --- 
dda. Set up  a hEVE1CT command t o  cont inue  

process ing  that procedure 

ddb. Branch t o  (c) t o  have t h e  REVERT 
comnrclnd executed 

de. I f  c u r r e n t  procedure  i s  executea  i n  STEP 
mode ( i n t t r r u p t  from t e r m i n a l  after each 
conm~and) --- 
dea, S e t  transfer tlag READ = true  

deb. Branch to ( e )  . 

df. If none of d6 - de d o v e  something is 
d r a s t i c a l l y  wrong. Write messaae and 
transier t.o t e r m i n a l  

e, Terminate execute  mode (Set EXEC = false) , 
Return t o  monitor 

900.3.5 T ~ F  mPILE r o u t i n e  

The C p ' S l L E  r o u t l n e  t r a s l a t e s  a source  code procedure 
(sec. 900.L.2 1) i n t o  an objec-t code ~ r o c e d u r e  (sec. 
900.2.2.3/4) 

aa. Set minimurn f l e l d  l e n g t h  

ab. O ~ e n  t h e  source  code  t i l e  dnd t h e  o b j e c t  
Code f i l e  

ac, Check t b  ,t f i e l d l e n y t h  is b ig  enough t o  
read t h e  source  f i l e  

dd. It source  f i l e  is ewty e x i t  with e r r o r  i lac.  
set 

ae. kedd source  file 



a t .  I f  source  tile is w r i t t e n  i n  BATCH mode 
(it.. FjdhTRAN compatible format)  conver t  it t o  
TTY fornat.  def ined m sec. 900.2.2.1 
( subrou t ine  CjdhV9"TY) 

dy. Count. n u n k r  crf commdrlds or1 source file. 
Count u W r  of 3 s i g n s  ( r o u t i n e  CHARCWT) 

dh. I n i t i a l i z e  co r e  b u t t e r  t o  c o n t a i n  o b j e c t  
code 

aha. Adjust  r i e l d l e r ~ g t h  so the o b j e c t  b u f f e r  
is  wreasonablyw big  (it should  a t  l e a s t  
be MINBUF big) 

ahb. Set b u f f e r  t o  z e r o  

dhc. Set 18st through 4 ' t h  word o t  o b l e c t  
code header. 

b. btcwle one cmnar~d a t  d time 

ba. Check it a l l  cornlands hdve been decoded 
( a r e  w e  kbast the l a s t  S siqn on t h e  source  
f i l e ? )  

baa. I f  decodinq done branch t o  (c) 

. Bound ~ o s i t i o n  of n e x t  conuuand, i . e m ,  ~ o s i t i o n  
l ead ing  and t r a i l i n c j  3 siyri ( subrou t ine  
L@CCHAH) 

L\c. Check if next  canmand is a comrnerlt ( l o y i c a l  
r u n c t i o n  C0.WKT)  . A comnent e i t h e r  starts 
witn the t w o  c h a r a c t e r s  */, o r  it i s  it blank 
o r  ~ I I  empty conulrarid . 
bca. I f  corumand is a comment, branch t o  (ba) 

bd. lncrexnefit conn~and counter  

. Place copy of comm~rd 1 x 1  ohjl code hutf  er 
(see  s e c .  900.2.2.2, word LL) 

. L e t  aadress of w ~ r u  MM of o b j e c t  code b u f f e r  

q. Cfreck t h a t  i i e ld lenc j th  is  big  enough. There 
n ~ u s t  be rounl f o r  nlax r~unber  of parameter list 

aramet t'rs (LYAHAFA) 



bh. Locate and decode t h e  command l a b e l  
(subroutine XJdCLABL) 

find. Lccate pos i t i on  of l a b e l  de l imi t e r  (:) 

bhad. I f  co colon, branch t o  (bhe) 

bhb. Locdte pos i t i cn  of equal sign ( = j  . 
( W e  hdVe t o  see i f  t h e  colon is p a r t  
of "set equalw (:=) of an hrithmetic 
expression) 

blba. I f  no equal sign branch t o  (hhd) 

bhc. Both colon ana equal  s ign  e x i s t ,  do w e  
have a l a b e l ?  

bhca. N o  l a w 1  i f  : and = occur i n  
that order ,  arid a r e  e i t h e x  
consecutive or are separated 
by bl&nk cha rac t e r s  only. I n  
t h a t  case  brdnch t o  (bhe) 

~ l r d .  Ijecoae label 

bhdh. Compress l a b e l  to t h e  l e f t  o t  
t h e  f i e l d  

bhdb. Check t h a t  l a b e l  i s  no t  empty, or 
longer than 7 cha rac t e r s  

bhe . Terminate LVCLABI, 

ti. Locate axid decor?: t h e  command i d e n t i t i c a t i o n  
(stbroutine W C I D )  

bia. Locate r , o s i t i o ~ ~  o t  i6 del imi te r .  I t  is 
e i t h e r  t h e  f i r s t  l e f t  paren thes i s ,  o r  t h e  
f l r s t  comna followiny the  label 
del lmi te r .  It none of t hese  i s  found, 
end-of-ID is set t c  end of c:omxnd 

bib.  Cumpress W t ~ ~ a r d s  the label de l imi t e r  



L i e .  Locate pri:iary ID ( subrou t ine  CWPARE) 

bicd .  I f  no  primary IIj found t h e  cotmani! is  
eitner an  arithmetic e x ~ r e s s i o n  or 
un-recognizable  . Brarich t o  (bie) 

b id .  Look for secor~daxy ID ( subrou t ine  CpMPt'rlRE) 

b iaa .  F i r s t  nask o t t  t h e  primary I D  s o  
we ccrn f irld o u t  where t h e  secor~dary 
I D  s t a r t s .  Ttie prinlary I D  need not 
be complete, s o  mask o f f  as many 
chracters ds match with the comple te  
ID ( s t o r e d  i n  a r r a y  NLIS'TB) 1: 

t i d b .  If secondary I; ernF;1'? branch 
t o  (bie) 

bide. Locate  secondary  ID ( s u b r o u t i n e  
C(ZPSAHEJ 

. , , . 
Lie. Terlrunate Lp1JlD , ,. 

LJ. Lecode the s p e c i a l  canm~;tnds PhPBLLV I D ,  
CHW(;E ILJ, lF, and arit111r;etic e x ~ r e s s i o n s  
( s u b r o u t ~ x ~ e  STECIAL) .  The parameter list of 
t h e s e  cormnands does  no t  t o l l o w  t h e  afntdx 
o t  other conu~lands, s o  t h e y  must be t r e a t e d  
seya r  ately. 

~ j b .  Bra. .:h t o  ( b n ~ )  

3 .  Decode t h t :  2af~ceter l i s t  of a l l  r e q u l a r  
c o m n d s  accor,:Lna t o  t h e  syr,tax r u l e s  an? 
t r a n s l a t e d  form,. :s  described i n  s e c t i o n  200.3 
( s u b r o u t i n e  PXRLLST; 

bka. Locdte t h e  pur-:itio~l ~f t h e  c o n a n d  
pard:  c e r  l i s t  (sad o u t l n e  LPCPLST) . 
T h e  p c * s l t i o n  ot tee l e a d i n g  parameter  
list dciimir, .r  is t i . t  commdri(1 I D  
d e l l r m t e r .  The yes. lion of t h e  
t r a i l i n g  parameter list a6 , l in : i te r  
( a  r i y h t  . ran t ] - ,es io  o r  !';.rid) 
i s  tourd by a chardcter s w z c h  from die 
t r a i l  in? co~nrnalld de l imi  t3 L- towards  ~ h c  
leasAinu : mmar.d d e l i m i t d r  . 



bkb. Decode one s ta tement  a t  a t i m e .  
Statement d e l u n i t e r s  a r e  cammas, 
SLz.icement t ypes  are des ianated as  
follows: 

type  A: keyword (ifidex) 

?&CP (123) 

tyge B: keyword = Farameter 

AA = 67, BB = VALUE 

type C: keyword = multiparameter 

SAM = (4, gh, 13 ?Jd 2 1 )  

tyFe D: keyword = llst express ion  

~ i r , = l T ' @ Y B Y 2  

t p e  E: keyword = n;atr ix e x ~ r e s s i o n  

MAT = [ A - k * C] 
type F: Matrix express ion 

[ ( A + B )  * C =  0 1  

Lkc. Locate leading a ~ d  t r a i l i n g  delirrii ter 
tor next  s ta tement  ( subrou t ine  LBCCHAR) 

hkd. Find  t h e  s ta tement  type  ( s u b r o u t i ~ e  
FIhbTYP) 

bke.  Srancn according t o  s ta tement  t ype  t o  
one ot hki t h o u g h  bk] 

bkt. Decode s ta tement  t y p  A (subrout ine  
D E C q E A )  

bkq. Urcode stdterne~t type  B (subrout ine  
D L O E B )  

bkh. Decde stateclent  t ype  C (subrout ine  
DEC~cCIEC') 

bki. Decode s ta tement  t ype  D (subrout ine  
DLCPDED) 



bk3. D e c o d e  statemexlt type L. and F 
( s u t r o u t  i n e  DLCVDEP) 

bkk. Brarich to  (bkc) i r  more s t a t e m e n t s  tc 
be cieccliea 

b k l  . Terninate  PAhLIST 

11. C o q ' l c t e  a e c d i n a  ot F a r a a e t e r  list f o x  
cormand ( submut i r r e  FINISH). 'n t h i s  
section a l l  unique q t i o n s  f o r  c p a r t i c u l a r  
command will be t e s t e d ,  and t he  tindl o b j e c t  
c w e  tor t h e  comnland ~ruduceci. 

b la .  Cunple te  c o n ~ i l a t i o n  ot CgT?3ILE, 
CwPLEX and RUE: commands (subroti: ine 
FINISM)  

L l b ,  Con,plete c o n p i l a t i o n  of REVERT command 
(subrau-tine FINISliEij 

b l c .  c'onri:letr c o n . ~ i l a t i o n  or  C(Z3.E c o r r m d  
( su lxou t  i1.e FIRISHC) 

l a .  C a n ~  lete c'm!:ll;tion of EXECTJTE, -2, 
LW9, SAVE, PRINT anc INDEX commands 
(suLrout ir ie  FINISIID) 

ble, Call lete compilat ior .  o t  PUhGE and 
i<ENiVIE conz~rands ( s u b r o u t i n e  FINISKF) 

1 . Ccanplete conipilatior,  of SGiW commands 
( s u b r o u t i n e  F I N I S E G )  

blq. Comple te  c o n ~ p i l a t i o r ~  ot 1N.l-ZCZR, WL, 
ar~d LjBGICAL ccannrands ( s u b r o u t i n e  Yi ; ; ISFHI  

b l h .  Corliplete compi l a t ion  01 LIST c o m z L s  
( s u ~ j r o u t i r ~ e  FINISEI)  

hi. S e t  words KK tbrouc_:l~ KK+4 of o b ~ e c t  code of 
conwnc? (sec. 400.2.2.2) 

bn. Increnler~t t o t a J  error ani wdrnlns c o u n t e r s  

. b r a n ~ ! ~  t o  (ba) 



c . c'u1:plete c o n ~ p i l a t  i o n  ot currmand procedure . 
ca. Set vcilues ct the oblect code  heade:: ( t i r s t  

1 C words) 

cb. Write sumxtmry error o r  witrrang messages i f  
necessary 

cc. Write o b l e c t  code  b u t t e r  to d i s k  

cd. It corunland i s  C&jPwll.kX, p r e p a r e  execution 
b u t t e r  t o  execute the corn t i led  p rocedure  

ce. C l o s e  s o u r c e  code f i l e  and object code  t i l e .  
(Not it s o u r c e  cmde t i l e  = TEXTFIL) 

c f .  T e n n l n a t r  C$BMPIIL 

960 .4 .1  /CmEm/ - AILAS sys t ec .  cmnnor~ b l o c k s  d e s c r r i d  
/KEhhjdii/ i n  section I00 - 2  

930.4-2 /CgkEUE;/ - c'ol,tdins p a r m e t e r s  t o r  msnclging 
dynanLc r ie ld lengtn  d u r i n g  t h e  
rxecut ior i  ot t h e  i n t e r a c t i v e  c o n t r o l  
p r o c e s s o r  

A - Co~~tairis a core r e s i d e n t  v e r s i o n  ot 
t i r e  d a t a  base 

/ N S L c T /  - c ' o n t a i r , ~  v d r l a b l e s  r e l a t e d  t o  error 
r e p r t i q q  t o r  the i n t e r - a c t i v e  cor~trol  
coZe 

/IkCTlVr:/ - c'orituins b s i c  c o n t r o l  vc i r iab les  to r  
the i n t e r h c t i v e  c o n t r o l  p r o c e s s o r ,  
w1l i c J i  must be k e p t  111 t h e  r o o t  o v e r l a y  
u u r i n g  execution. 

/NLIS?TI/ - C o n t a ~ n s  t r e  ~ r i o r l t y  command 
i d e n t i t i c a t  i o n s  

/NLZ :?U/ - Contai1.s the  primary conrmand 
i d e r i t i f  i c a t i o n s  



/'NLISl c/ - Col~tcr~ns the secondary camdid 
idt rltit  i cat ior l s  

/Fi\RAFJ - iomnunicat ~ori drea tor subrout l n e s  
P A h L l L r  d l u  FINISH. It contd ins  
the decoded paranwter list tor one 
comndnd . 

/YFlLtS/  - c.'ont.iiins t h e  stdl?ddrd rile names 
useu ~y t h e  control  processor  

/XP~IHAX/ - C'ol~tairrs &sic c o n t r o l  r.arcrrreter s 
used i n t e r n a l l y  by t h e  i n t e r a c t i v e  
c-ontrol code 

/XBST/ - Contarns contro l  i~~tormci t ion  internal 
t o  the execut ion  mde . 



1000. ATLAS LIBRARY ROUT1hE.S I 
h l l  nrodules i n  ATLAS are supported by the ATLASL l iurary which is 
a cornbirration ut t h e  . U I B  r o u t l r e s  and t h e  SNAHK library 
rou tmes .  AL19 r o u t i n e s  a l e  described i n  section 7001. User..; 
shoula not cai.. SNAiiK l i b r a r y  rwtines d i r e c t l y  b u t  should u s e  
the ShARK lariquage instead (ret . 10-1) . Addi t ional  routirres 
which a r e  clvi;l~lable only t o  c o n t r o l  programs a r e  conta ined i n  
CLIB. 'I'nese ro  tines are described in s e c t l o n  1002. Th: 
A I L i . S / N A S T W  i n t e r f a c e  r o u t i n e s  described i n  s e c t i o n s  1003 and 
1004 are a l s o  t a r t  ot G l b  since they are used by car,+rui 
FI ograms . ILlb su~ports t h e  i n t e r a c t i v e  capc lb i l i t i e s  of t r r e  
C ~ b ~ ~  ruuiule as described i n  s e c t i o n  900. VLIB is used by 
con t ro l  p r y r a m s  t o  supply the VERSIPh r o u t i n t  which i r r i t i d l i z e s  
the VXPEh corrmun block. The c r e a t i o n  of VLIb is descr ibed  in 
s e n l ~ n  502.6. 



100 1 A l W  ALIB LIBhARY ROUTINES 

Routine 

A l r n  
AlNTT 
kRCL 
I3EAEV 
b1 TCAT 
BsgRT1 
cw.m 
qnsm~ 
caMcv 
CVBIC2 
RATSRT 
bLCfJD1 h 
3EkLV1 
m 1 v 2  
L?)!RY I NT 
~ I S t i k P  
ELEPXCK 
ELFPUT 
S C A N  
ESET1 
tqakT1 
FUEAOD 
FILEDEL 
FIhDIFU 
F'LIP 
w p  
GNISnT 
GI%KUP 
G m B  
HPRMI 1.z 
lDCHECK 
IFIND 
INCBCD 
IN- 
INCfiB 
ICUB 
llEMLST 
JACpMI 
KSTHEPR 
LINLMT 
rgrDAnEC 
MAATTCH 
MAMULT 
PihSKIT 
MATAINT 





DI.TE : January 3973 

k U W O S t  : Generates d i s ? l a c m e n t s  and slopes a t  unsteady 
aerodynamics corbtrol points specified i n  t h e  g loba l  
a x i s  systeru. 

GSAGL: bIML!SI~ X (NPIS) ,Y (NPTS) ,Z (NPTS) ,DELZ (NR$WZ,NCOLS) 
1 Sk (NVAhY) ,GAPMA (NPTS) ,DZ 1 (NRWZ ,NCOLS) , 
1 DZ z (~rtgwz ,accas ) 
CALL A I N n ; ( X , Y ~ Z , N P T S e  b k L L r N R ~ Z 8 N ~ 1 8 N C 0 L S . S A 8  

1 lNDG,GAMMA, INDD,DZ 1 ,DZ2) 

GAMMA 

lNDD 

X,Y,Z,NPTS - (X,Y,Z)  Location of NPTS output 
points i n  glob61 system 

NC$iILI,NCjdLS - F i r s t  colmr and number of columns 
to be used 
I f  NClgLS=r, a l l  columnsZNCf&1 w i l l  
be used 

Sk - In t e rpo la t ion  c o e f f i c i e n t  array 
L N G  - Ind ica to r  fox local n r i e n t a t i o n  of 

nc,mal conponent , 
=O - (;AMMA assumed ze ro  for a l l  

p i n t s  
=I - W i M A ( 1 )  a p p l i e s  t o  a l l  

po in t s  ( G W i  i n  radians) 
=2 - GAMMA (I) a p p l i e s  t o  point  I - Array of normal o r i e n t a t i o n s  
GAMMA has same s i g n  as DZ/DY of 
su r t ace  a t  point - Ind ica to r  f o r  generat ion of slopes 
d t  o u t p ~ t  p o i r ~ t s .  
= O  - N o  s lopes ,  D Z 1  and D 2 2  

not  required 
= I  - D 2 1  = DZ/DX, nZ2 not required 
= 2  - DZ1 = DZ/DY, DZ2 no t  required 
-3 - DZ1 = DZ/DX, DZ2 = DZ/DY - L NPTS = Row dimension of t h e  matr ices  
t h a t  are to conta in  t h e  output  



O U T P U T  --- 
DELZ - Displacements a t  o u t p u t  p o i n t s  
NCJsLs - No. colunlns r e t u r n e d  
LZ1,DZ2 - Slope a t  ou tpu t  points 

INDD - E r r o r  i n d i c a t o r  
LO - No error 
<O - error of the iorm lOH*NNNNNbiNXX, 

NNNNNNN=r o u t i n e  name, X X = e r r o r  no. 
= lOH*AINTG 1 - ~ n t e r ~ l a t i o n  coefficient 

array type not recognizable 

CUPAWN : None 

SbLi30UT WES : AINlT, PLATEv,B&Yfl,MpAXp,mp,mYY 

DISCUSSION : (1) Transf om o u t p u t  p o i n t s  t o  l o c a l  i n t e r p o l a t i o n  
coord ina te  system by c a l l i n q  GTmT entry p o i n t  
of AIhTT. 

(2) Select i n t e r p o l a t i o n  o u t p u t  r o u t i n e  a s s o c i a t e d  
wi th  i n t e r p o l a t l o n  ulformation a r r a y .  

(3) Generate  clisglacerrients (op t iona l ly ,  s l o p e s )  
a t  o u t p u t  points by calling: 

PLATE@ f o r  s u r f  ace s p l i n e  method 
BEAMV for beam s p l i n e  method 
MpTAXjB f o r  motion axis method 
b$PI"I'Tfd f o r  n o t i o n  Forn t  (rigid body) method 
P$iJLY@ for  polynomial method 

(4) Modify d i s ~ l a c e m e n t s  (s lopes)  by d i f f e r e n c e  
Letween d i h e d r a l  a t  ou tpu t  p o i n t  and o r i e n t a t i o n  
of local system w i t h  respect t o  the g l o b a l  system. 

a 

(5) Trar~s turm o u t p u ~  ~ o i r r t s  back t o  q l o b a l  system 
hy call iny LIYGT errtry Folnt  of AINTT. 



PUWOSE : Generates displacements and s lopes  a t  unsteady 
aerodynamics con t ro l  p o i n t s  s p e c i f i e d  i n  the  l o c a l  
axis system 

USAGE : DIMENSljdN X (NPTS) ,Y (NPTS) ,2 ( N R W  VNCOLS) ,SA (WARY) 
I DZ 9 (NRWZ ,NCOLS) ,DZ 2 (NRgW2 pNCOLS) 
CALL AINTL( X,Y,NPTS, Z,NRplwZ,NWLl,N-S,SAp 

1 INDDpDZ 1,DZ2) 

X,Y ,NPTS - (X,Y) Locatiori of NPTS output  
points i n  local system 

NCjdLI,NC$BLS - F i r s t  c o l m  and number oh columns 
t o  be used 

lNDD - Ind ica to r  f o r  generation of s lopes  
a t  ou tpu t  po in t s  
=O - N o  s lopes .  DZ1,D22 not  required 
= 1  - D21 = DZ/DX, DZ2 no t  required 
=2 - DZ1 = D Z D Y ,  L~22 not required 
= 3  - DZ1 = DZ/DX,DZ2 = DZ/DY 

NKOWZ - 1 NPTS The row di~aension of t h e  
matrices containing t h e  output  
displacements dr~d s lopes .  

O U T P U T  

2 - Displacements a t  output  po in t s  
NCpLS - No. columns returned 
DZ1 ,DZ2 - S l o ~ e  a t  output  p o i n t s  
INDD - Error  i n d i c a t o r  

LO - No error 
<O - error of t h e  form lOH*NNNNNNNXX, 

NNNNhM-routine name, XX=error no. 
= 10H*AINTL 1 - In t e rpo la t ion  co- 

e f f i c i e n t  array t ype  
n o t  recognizable 

CO-YMON : None 

LANGUAGE: FPR'IWiN 



J S S I :  ( 1 )  Select interpolat ion output rout ine  a s s f x i a t e d  
w i t h  l r~ terpo la t ion  caef t ic ier~t  arrcly 

(L) Generate displackrnents (optionally, slopes) at 
outhut koints  by cellling: 

PLATE'@  to^ surtdce s ~ l i n e  nethod 
bETd4P tor beam spline  net', 
?$YJ"Fjd tor m o t i o n  axis mr--, A C . ~  

fi.@TPT$d lor  m c L i o n  point , r i q i a  ... iy) n~etnod 
PBLY P f 07: po lynonri a1 mt.hoc! 



CONMUN : 

SUBROUTINES: 

LPXUAGE : 

DISCUSSION: 

AINTT 

January 1974 

Coordinate transformation routine for unsteady 
aerodynamics i n t e q o l a t i o n  routlne A I m G  

LUlENSIBN X (NPTS) ,Y (NPTS,Z (NYTS) ,h(3,3) , T ( 3 )  
CALL AINTT (X,Y,Z,NPTS,k,T) 

I N P U T  

NPTS - Number o t  points  
X , Y , Z  - Coordinates of wints 
h - Rigid rotatfdn mtrix. global  to  loca l  
T - Translation vector,  global to l o c a l  

X ,Y, Z - Trarrsf ornad coo~:dinates I 
None 

None 

Er,try Points: G T m T  - Transforms points  from global I \  1 .  
to lccal s, ' 

i 

LT-T - Transfom. Ants t x o m  local 
to global ,.xisY 



COPAOM : 

S U ~ ~ ~ T I ~ I i  : 

LAStilJAGE : 

DISCUSSION: 

Deterni.112 the drc length along a cubic, between 
two  point,^ 

XO - x-coordinate oi i ~ i t i a l  point 
YCI - )--coordinate of .Y7iitial point 
CI,C2,C3 - Cubic coef fizicnt:: in Y Ye£ tninu the 

zurve (ncte: CO is r,ot 7.-eguired) 
X -- x-coordinate of f inal pc int  
Y - y-coordinate cf final point 

O U T P U T  

S - ELKC length f rorr~ (Xb ,YO) t o  ()r,Y) alonq 
the curve x = CO+Cl*y+C2+yZ+C3*y3 

None 

If the eurve is a cubic, i . e . ,  C3 # 0, a 4 p i c t  
Gauss-Legendre quadrature is  a p p l i e d .  Otherwise 
ii closed f orio sol~t.ior, t o  the integral is  evaluated. 



Unknown 

Unknown t 
Calculate nlodal eisplacenrents dnd o~tionally slopes I I 
a t  a set of output points, given an i n t e r p o l a t i ~ n  
information array generated for a beam-spLine system, 

See l i s t i i i y  for a complete definition of all 
parameters 



C'UfilMON : 

Sl~khOUTIKES: 

=LNG UAGE : 

31SCUSS10N: 

lo count the on bits i l l  the nrasked portion of the 
words i n  a n  array 

~ ~ l Y E N S 1 g m  M F a Y  (N) 
CALL BITCAT ( M Y  ,MASK, Ei ,&bIlS) 

U 4 Y  - Array with b i t s  to he counted 
A S  - Yasking constant 
?; - Dimension cf array 

NFlTS - N u n h ~ x  ot bits counted 

Kon e 

U s e  2IT(YrT in pretcrence t o  NLiITSl when an array 
is ta be counted, or when t h e  use of d masking 
word is mdicat-ed. 



hUUS1NE : 

AU'l'HON: 

DAlE : 

PUhPOSt : 

USAGE : 

'Ib convert ah@~b2n W A R E C  input to mMpDE1w input 

U T A  - Card inlaye (ih10) as read by 4 X m ? 3 C  in 
DATA(1) - DATA(8) and blank f i l l e d  word 
DAlA (9) 

The 90 characters i n  "DATAn crre scanned right to 
le f t .  It the tirst non-blank character found is 
a y  character other than + (plus s i g n ) ,  a blank 
and a s lash  are written to its r i g h t -  If it is 
a g l u s  s i g r ~ ,  it is repldced by a blank, 



AUTHORS: G .  vonLimbach and S. Wahlstrom 

DATE : December 1 9 7 3  

PUhPOSE : Generation of i s o p a r e t r i c  shape func t ions  and 
their r irst d e r i v a t i v e s  t o r  a l l  co rne r  nodes of 
q u a d r i l a t e r a l s  or hexahedrons. 

USALE;: (qwd) D1,41Eh'Sl@l EVAL (3) , 1CW ( I D ,  4 )  , NE%E ( 4 )  , 
1 X S l ( 5 , I r )  , N U J P P I  ( 4 )  ,EJ)cpnCY (2,4) ,FUNC(2,4) , 
1 PAkTIIJ. ( I D , 4 )  

(lrexa) DIEIENSIjkS EVAL (3) ,1LW (1D.8) ,NEDGE ( 1 2 )  , 
1 X S I ( 5 ,  ) NELiP81(12),EDCPHN(L,12),FUNC(2,8), 
1 PARTIAL ( I D ,  8)  

CALL CYISW (IDeEVAL, ICj4@,h'EDGE,XSI ,NEDWI, 
1 LDCPHN, EURC, PAFtTIAL) 

ID - Kow dimension of I C W  and P Z T U U ,  
( 2  tor q u a d r i l a t e r a l ,  3 for hexahe3ron) 

EVAL - Array of coordinates  o t  the poin t  
d t  which t h e  fur~ctxon and its partials 
are computed. (Dimension -3) 

lCJ@ - Array of c o m e r  coordir  tes. IOw (i, 3) 
is coordinat-e X ( i )  of corner  j 

KEDGE - Array of i n t e r i o r  nodes. 
XEDGl (i] , h e r e  i=NEDP$#I (e) , is the 
n u i i r  of i n t e r i o r  nodes on edge e. 

XSI - Array of l o c a l  edqe coordinates .  
X S I ( k , i ) ,  where i = N W w I ( e ) ,  i.s t h e  l o c a l  
e d ~ e  cocrd ina te  of node k on edge e ,  

hZCYJd1 - N t D P p I  (i) is t h e  po in t e r  t o  LDGE i 
i n  NEDbL ar~d X S I ,  Thus XEDGE cind 
SSI must be stored i n  the same order, 
but not n e c e s s a i l y  i n  order  o t  
increasirrs  edge number. 

EDCmN - Array o r  corner nodes. EDCjilRN (j, i) is 
t h e  j t h  corner r~ode of edge i (j= 1 , 2 )  



FUNC - WNC (1, i) is output ds t h e  value of 
the shape tunction N (i) . 
FUNC (2, i) is replaced with normalization 
value ( 3 -  125) it input as  zero. O t h e r w i s e ,  
not changed. 

COhHON : N o n e  

DISCUSSION: Isopar~riwttl~ic s h a p  functions are treated i n  almost 
all t e x t s  or, elementary i i n i t e  element analysis ,  
e.g., 0. C. Zienkiewicz, The Finite Element Method 
i n  Enuineering Science,  2nd e d i t i o n ,  McGraw hill, 
Londo:l, 1971, p. 107ft. 



HIJUTINE: 

AUTHOR: 

DATE : 

PU,srOSL: 

USAGE: 

COMMON : 

SUahOUTiNES:  

LlrNi; d AGE : 

IJASCUSS~ON: 

October 1 9 62 

10 f i t  a con~posi te  cubic through n (S400) points .  

CPIENSIPlh: S (400) ,X (400) , Y (400) 
CALL CmCU (LA,DB,S,X,Y ,L,M,N,NDA,NDB) 

I N P U T  

x 
Y 
Dk 
DB 
L 
M 
NDA 
NIjD 

Array ot 111dependexlt v a r i a b l e s  
Array of dependent '~ariables 
Values of the d e r i v a t i v e  a t  x ( 1) 
Values of the d e r i v a t i v e  a t  (n) 
Ignored 
The nunher ot p o i n t s  
The order of the cierivative a t  x ( 1) (1 or 2! 
Tne order  of t h e  d e ~ i v a t i v e  a t  x(n) ( 7  o r  2) 

S - The a r r a y  of s lopes  a t  the given points 
M - Error  condit ion 

= 0 i f  success 
= 7 i f  t l oa t i rq -po in t  overflow (77462B) 
= 2 i t  overflow light on 
= b i f  div ide  check 

A p o s i t i v e  vhlue of Y other thar, 1,2, o r  4 
i nd i ca t e s  mre than one of these e r r o r  condi t ions  
i n  which cdse IJ! w i l l  be t h e  sum o t  their 
l r iaividual  returns. 

None 

None 

CW.CU e s t a b i i s h e s  a cubic  bktween each pirir of 
adjacent  points .  The cubic matches i ts neighbors 
i n  tunc t ion  value and i n  t he  first two de r iva t ives  
dt its end p o i r ~ t s .  



ROUTINt:  

AUTHOR : 

DA?E : 

PUhPOSE: 

COMMON : 

SUEIROUTXNES : 

UiNG UAGE : 

UISCUSSIOK : 

W. R .  Smith 

March 1961 

I= tit a cubic to  two points ,  given the s lope  at  
each. 

I N P U T  

X ( 1  X ( 2 )  - X - coordinates ot given points 
Y (1) ,Y (2) - Y - coordinates of given points 
D (1) ,n (2) - Slopes (dy/dx) at given p i n t s  

C - Array o f  cubic coefficients 
I? - Error curldition 

= 1 i f  success 
= 2 i f  accunulator overflow 
= 3 if X ( l )  = X(2) 

None 

None 

The subroutine sets up the system of four 
sinlultaneobs equatiorrs expressing t h e  four 
given conditions,  and solves it f o r  the coef- 
f i c i ents  of the cubic: 



AUIHOk: Gary C. Peterson 

PL'RPOSL: Given an array of  real ~~umbc?rs, sort the array i n t o  
&.rending order and creace a mapping array 

USAGE : CALL DATSRT (A,AMAP ,N ,DIS,NBTUSD) 

A The array to  be sorted 
N Length of A 
51 S A value used t o  determine when t w o  elements 

of A are s u f f i c e n t l y  close to be considered 
i d e n t i c a l  

NJIITUSL, A value, which, when tound, w i l l  be omitted 
from the ordered array 

O U T P U T  

A The ordered array 
W An array of integers  stored as  f loat ing  point 

nmbers mappirry the input A t o  the output A 
N Length of A, A h ? ?  a f t e r  ordering 

COMMON : None 

LANGUAGE : I'mThAN 

DISCUSSIUX: Called by the rouii2e BEJ(IMv. 



ilclUTINE: 

AUTHOR: 

USAGE: 

U. A. Fel ippa 
L, J. Schmid 

DEWDlR is a support routine to  L-EC. I t  
updates error counters ix fatal error 78 occurs. 

C@llWN/CAHDS/REC (250)  ,ID (250)  ,KRECS,KOS,ITEMS, 
1 KEhk (3) ,3BL 

See the LjdDAkEC routine description for  
definitions of the variables, 

None 

KEI(R (3) # 0 im~lies an occurrence of err01 78.  



USAGE: 

PhwLE.mIPS : 

COMMON : 

SUBROUTINE: 

LANGUAGE : 

DISCUSSIObi : 

L. F. Wade 

October 1961 

To f i n d  t h e  t i rs t  d e r i v a t i v e  of t h e  quad ra t i c  
through t h r e e  given po in t s  a t  a s p e c i f i e d  one 
of t hese  p o i t ~ t s .  This  ~ r o v i d e s  a good 
a~prox ima t ion  t o  the slop of a func t ion  a t  a 
point ,  particularly i f  the o t h e r  two po in t s  used 
a r e  nearby. 

I N P U T  

P - The array of x-coordinates 
Y - The array of y-coordinates 
N - 1,2, o r  3, the poin t  a t  which the de r iva t ive  

is  wanted. 

O U T P U T  

~1 - The first de r ivz t ive  a t  t h e  requested po in t  

Kone 

Kone 

The subrout ine  f i n d s  the unique ~ o l y n a m i a l  o t  degree 
two through the given po in t s ,  then  eva lua t e s  its 
f l ~ s t  d e r i v a t i v e  a t  t h e  spec i f ied  po in t .  

The x ( i )  must be distinct, b u t  may be i n  any order  
and unevenly spaced. The p o i n t s  may be co l inear .  



ROUT1 NE : 

AUTHOR : 

U A n  : 

PUWOSt : 

COMMON : 

SUht\OUTIhES : 

LkSGUAGE : 

DISCUSSION: 

6. W. Erwin, Jr. 

May 1961 

'Iu f i n d  the second de r iva t ive  of the cubic  through 
tour  given po in t s  (X(i) , Y (i)) dt &n a r b i t r a r y  po in t  
whose x - c o ~ r d i n a t e  i s  given. 

I N P U T  - 
X - The a r r ay  of x-coordinates 
Y - The a r r ay  ot y-coordinates 
XX - The x-coordinate o t  t h e  po in t  a t  which t h e  

second de r iva t ive  is wanted. 

O U T P U T  

i - The secor~d de r iva t ive  a t  t h e  point  x. 

None 

The subproqram finds the unique polynomial of 
aegree t h r e e  through t h e  given points ,  then 
evaluates  its second d e r i v a t i v e  a t  t h e  des i red  
x, which need no t  be one of t h e  four  given x 
coordinates,  

The x (i) must be d i s t i n c t  ( the  subprogram r e t u r n s  
with D 2  = 0, i f  they are not) . The x (i) lnav be 
i n  any order  and mevenly spaced. 



PURPOSb: Given F ( X i  ) , F (X2) ,DF (A 1)  ,'DX, and DF (X2) / D X  , 
Calculate DF (X) /DX, X21XLXl for N modes where 
Hermite ixrterpolation i s  used to approximate PCX), 

USAGE : DIMUS1$3N IjFX (NR 1 ,N) , FX 1 (NR2 ,N) , DFXl (NR2 ,N) , 
FX2(Nh2,h), DFX2(lk2,N) CALL DHkMINT (X,DFX,NRl, 
Xl,FX1,DFXI,X2,FX2,DFX2,NFU,N) 

PA&ME!ERS: See l i s t i n y  for complete explanation of parameters. 

COKYON : None 

LANGUAGE : E'ghTREIN 

DISCUSSION: Used by fi@TAX(b. 



AUTHOR : (;. von Limbach 
S. Wahlstrom 

DATE : January 1974 

PUhPOSE: Gerleratian of isoparametric shape functions and 
t h e i r  tirst derivat ives  for a l l  i u t e r i o r  nodes 
on one edge of a hexahed-on or quadr i la te ra l .  

USAGE: (quad) DIMENSIPIN ILJ (4) , EVAL (3) , CWII ( ) , PARTIAL (3,2) , 
1 FURC ( 2 ,  ) 

(hexa) CmmSlaN ( 5 )  , EVAL ( Z j  ,CP@ ( ) , PARTJAL (3,3) , 
1 FUNC (2, ) 

CALL EDISHAP (13,EVAL . 

ID - I D  (1) = 2 f o r  quadr i l a t e ra l  
3 for  hexahedron 

I D  (2) = b?umbsr of i n t e r i o r  nodes on edge 
I D  (3; = N = I Y  (1) +L 
IDCN)  Direction indica tors  of 2 1 ox 0. 

When ID(2+i) i s  2 1, this indlicates 
t h a t  X (i) has t h i s  value f o r  the edqe. 
When it has t h e  value of zero, it 
indica tes  t h a t  the  edge i s  i n  t h e  
X (i) direct ion.  

tVAL - Evaluation point.  EVAL (i) i s  x (i) f o r  
t h e  p i n t  a t  which t h e  function and i ts  
p a r t i a l s  ~ure evaluated. 

Cm - Edge cmrd;inares. CW(k) is node k on 
t h e  edrjc?. Cornexs axe included. 

mRJC - FUKC (1 ,i) is output as t he  value 
of the shape tunction N (i) . 
FUNC (2 ,i) i s  replaced with 
normalization va l u s  ~f i-nput as 
zero. Otherwise not changed. 



PARTIAL - pARTXkL(i,j) = d N ( j l  
dX (i ) 

COMMON : hone 

LANGUAGE : F$iWI'X4AN 

DISCIISSION: Isoparan~etric shape functioris are treated  i n  a l m s t  
a l l  t e x t s  on elementary k i n i t e  element iinalysis. 
See tor example: 0 ,  C .  Zienkiewicz, TkAe Fini1.e 
hlement Method i n  Engineering Science ,  2nd e d ~ t i o n ,  
McGraw Hill, London, 1471, p .  107ff. 



kUUTIIsE : 

AUlllOH : 

DATE : 

YUhPOSt: 

L- C. Carpenter 

July 1971 

To pick se lec ted  f l e r i b l e  elements out  of a KSF 
matrix and s tore  it in the new arder into a scratch 
array - 

I N P U T  

PJZEX - KSF-mtrix 
LCT - Correspondence tab le  (old to new) 

O U T P U T  

ISCRAT - Intermediate KSF matrix i n  new order 

Luwer bound tar se l ec t ion  
Upper bound far se l ec t ion  
Number of c l e m n t s  that  w i l l  fit in ISCRAT 
Next free word for element data block i n  
scratch 
Total zize of scratch 
Scratch overf l o w  indicator 
Number of l a s t  element written 
Size ot KSF matrix 

masking constal~ts 

None 



bl;;c'USSIOK: how I. ot LCT cwtdlrrs the new address (J) ot the  
old I t n  e l e m e n t .  k p s s  is made through the KSF 
nlatrix, It the '3' tor an element lies within t ! e  
lulits IL - I\i, the  data for the element is 
inserted into ISCRAT. 



SUBROUTINt : 

L A N G U A U  : 

DISCUSSION: 

ELEPUT 

L. C. Carpenter 

July 1971 

To construct the tin& KSF natrix trom the inter- 
mediate mtrix ISCkAT, senerated by ELTPICK. 

I ) I P ~ S I @ i  ISCRAT ! ) ,@!SLEX ( ) 
-/sgHTELC/IL ,IU ,NPASS, 1NTSCR .YWCSCR, ISCRFUL, 

1 msTEtw,-i? 
C3a(lM$N/MSKC$UN/MsK01 ,MSK02, .  . .MSKbO 
CAGL ELEPUT(ISCiZAT,MF~,NIH,MW~DS) 

I N P U T  

ISCRAT - Intermediate KSF matrix 

O U T P U T  

. W X  - The KSF matrix 
NIR - N u m b e r  ot elenents in the KSF natrix 
W R D S  - Size ot  KSF matrix 

Lower bound for se lect ion 
Ugper bound for  election 
N u m b e r  of e l e n r e n t s  i n  ISCRAT 
Next tree word fox clement data block i n  
scratch 
T a t a l  size of scratch 
Scratch overt l o w  indicator 
Nusnt>er of l a s t  element w r i t t e n  
Size of KSF matrix 

masking constants 

Data f o r  elemrlts are 2icked up stqueilt ially from 
ISCRAT and put i n t o  KSF matrix in appropriate form. 



R u W I N E :  ESCAN 

Y U h Y O S t :  Locate the row ot a matrix which has the sp.tcif ied 
occurrence of an item. 

U S X i  : CLYENSI@I &A1 (AkTbIE) 
CALL ESCAN (.NAT, .%\SK, PATDIM, N@CCUR. I'PE;M, N A W )  

?'.AT - Y a u i x  to be searched 
b V 6 K  - Masking constant 
P-4TDIX - bixensicar of MAT 
hpCCU3 - Occurrence of item to be found 
I T M  - I t e i ~ ~ t o b e  t o u d  

O U T P U T  

LXM'ON : hone 

SUESOUTlNLS: Kone 

D l s C U S s I u N :  By s r e c i r y l n g  the mask, items packed in a word 
are located, 



ROVTINE: 

ENTRY : 

AU'IflOH: 

DATE : 

P W O S E :  

UsAL;E: 

Unknown 

Unknown 

'Io sort a vector i n  s,*ii-descending order. 

DrnINSIjm V(N) 
CAU ESmT 1 (V,N) 
CALL BSmT 1 (V,N) 
CALL LSET1 (K) 

I N P U T  

V - V e c t o r  to be sorted 
K - New cr i ter ion fo: bubble sort 
N - Number of alemencs in vector 

O U T P U T  

V - Sorted vector 

The algorithm used in ESmT1 is an adaptation of 
that aue t o  M, H. Vanemden. (See article on 
sortiny by idilliam A.  .Martin in ACM Cmputing 
Surveys, V o l .  3, KO. 4,  (kc .  1973) pg. 147-174). 
b S m l  sorts  the vector by using the bubble sor t  
technique. tntry point S t T I  a l t e r s  the minimum 
vector length for which the Vanemden sort is used 
from a default  of 25 to K. 



hUUl'Ih'E: 

AUTli0h. 

D A l L  : 

PUhPOSE : 

USAGE;: 

COPIiMON : 

SUKxOUTlSLS : 

LANGUAGE : 

IJISCLJSSIOri : 

G .  von Limbach 

To open f i l e s  f o r  access by ATLAS o v e r l a y s .  

DIMENSIBN FET( ) 
CALL F I T m D  (FET,FILEl, . . . ,FlLEN) 

I N P U T  

k.'ET - Array dinrnsioned lGO*N f o r  FET t a b l e s  
PLLEl - F i l e  names ( e i t h e r  inteqer or 5 format,  

N120) 
FILE3 

S e e  discussion. 

FtTADD is use6 by F I W D  to open unblocked f i l e s ,  
E5les which do standard FIi5RTRkh' I D  (mAD,WRITE) 
should use FETLDIT to open f i l e s  with appropr ia t e  
butfer sizes and b lock iny  parameters. 



ROUTINE: 

AUTHOR : 

DATE : 

PURPOSt : 

USAGE : 

PlilaM&TEHS: 

C O ~ O N  : 

SUBROUTINES: 

W U A G E  : 

DISCUSSIUN : 

G. von Limbach 

December 197 3 

Delete and close a l l  files not an the program card 
ot A-S . 

N o n e  

None 

The routine is cal led  by ATLAS after calling each 
primary aver lay. 



hUJT1E;E: 

AUTHOR: 

DAlE : 

PUWOSE : 

USAGE : 

COrnON : 

SUBttOUTINL:  

LANGUAGE : 

DISCUSSION : 

December 1973 

Find an internal element numDer from a user element 
number 

W I C A L  IU1ATCHFX 
DLMENSIjZJIS KLCTOO ( 1) 
CALL F I N D I F U  (KLCrOO,NFT.WLE,~~N@,MkTCHED) 

K L C P O O  - Data portion of KLCTOOa matrix 
NF'A' - Row dimension of KLCTOO 
Ng3EI.E - User element number 

O U T P U T  

IELENp - Internal element number ( i f  any) 
MAKXED - True if PJjELE; appears i n  KLCTOO 

False i f  NmLE appears in KLCTOO 

None 

hone 

Given d calldidate user element number, the routine 
performs a binary search for the user element 
number i n  matruc  KLCTOOa t o  attemFt a ,natch. If 
successful,  the match iltq is set TRUE and the 
correspondlrlg internal element number is returned, 
If unsuccessful, the match f lag is set  FALSE, 



ROUTINE.: 

AUTHOH: 

DATE : 

YUkkdSE: 

FLIP 

G .  von L~nlbach 

October 1973 

Transform a vector given a transformat~on matrix 
from local to global. 

('ALL FLIP (C,G,P, X) 

I N P U T  

C - ?.ppropriat.e colum: of local 
coordinate system matrix 

G - Origi ral vector irr local frame 
P - Nodal coordinates 

O U T P U T  

X - Trans2omd ec tor  
in glcbal frame 

None 



USAGE: 

l-AmVETENS : 

G. von Lixnbach 

October 1973 

Transform a vector given a transformation matrix 
from global to local. 

C - A p ~ r o ~ ~ r i a t e  column oi local coordinate system 
111a tr i x 

G - Original vector i n  global frame 
k - Nodal c o o ~ d i n a t e s  

G U T P U T  

X - Transformed vector in local f r a m  

None 



COMMON : 

H. Hansteen 

October 1974 

!b d e f i n e  an e n t r y  f o r  a new user matr ix  
i n  t h e  ATLAS use r  matr ix  name ca ta log .  

CALL GMISRT(IM,MNAME8FNAME,KW,NCm,MTYP, 
1 NDTYP ,MExLS, NMBL) 

- 
N C W  - 
MTYP - 

mTYp - 
MBLS - 
NMBL - 

Narne of new matrix 
P i l e  name where matr ix  w i l l  be s to red  
(L- f ormat) 
Matrix r o w  dimension 
Matrix column dimension 
Matrix type i n d i c a t o r  
= l  - rec tangula r  matr lx  
= 2  - symmetric matrix 
=3 - diagonal matrix 
=4 - n u l l  matr ix  
Storage format (= 1) 
Maximum n e t r i x  block s i z e  
Number of matr ix  blocks 

O U T P U T  

IKh - Error  flag 
= 0 - standard return 
=-2  - matr ix  wi th  same name has been 

over -writ ten.  
=-3 - i l l e g a l  f ilenaine (not  an ATLAS f i l e )  
= -4 - e r r o r s  i n  remainirlg argument list 
=-5 - checksum e r r o r  f o r  d i s k  read operat ion 

CpMl@N/MATX\B/ - ATLAS executive systenl common block 
C$3MM@N/KQKNDM/ - ATLAS executive system camon block 

INCRb, SHIFT, REiUR ,WhTER, MIKSUM 

*- 

ui, R p """LA.. - a"'- -. - ?, ', ., ,- ---..- . b -.lj+ci ,-- 



DiSCUSSION: l'! . user matrix name ciittllog is generally saved on 
the system f i l e  SYSRNF. If the s i z e  of the 
catalog is small, however-, a copy of the catalog 
is kept i n  core o n l y .  GPJSRT works as  follows: 

a)  It checks is the spec i f i ed  matrix name is 
previously defined i n  the  catalog.  It  so it 
returns with the err sr  f lag  set. 

b) It checks thct the specif ied f i l e  name 
coincides with one of the ATLAS data files. 
Error return if check is neyatxve. 

c) Checks ranae of r w i n i n g  parameters as follows: 

o I N R ~  I 219-1 
b I NCVL I 218-1 
1 I MIYY I 3 

hDTYP=1 
0 S MBLS 5 21e-1 
CJ I NPBL I 218-1 

Error return i f  check is  negat ive .  

d) Generates the new entry into the cataloq. 

N o  error messayes are printed from the  routine. 



ROUTINE: (;MIl<UR 

AUTHOR: a. H i u r s t e e r l  

DA1E : October 1974 

YUhPOSE: To extrzct a " ~ e c i f i e d  entrv in tire A T ' S  user 
matrix name catalog 

USPAGE: CALL GPLKUP (IHR,MNkME,FNAME,NR@W,Nw,MTYP,NmP, 
1 P a t s ,  NMBL) 

MNAME - Name of matrix for which i n f o r m a t i ~ n  
is sought 

IFtH(in) - = 1- Checks it n l a t r i x  e x i s t s  and r e t u r n s  
output  parameters 

# 1- C'lecKb i f  matrix e x i s t s  on ly  

1Pd(out)  - = 0- Standard r e t u r n ,  matr ix  found j 
=-I- Matrix name no t  i n  ca t a log  
=-2- Catalog empty 
=-5- Checksum e r r o r  for disk r ead  opera t ion  . 

O U T P U T  

kWAME - File n a ~ e  where ~11a t r ix  i s  s t o r e d  
hxlaw - How dimel\sioii of m a a i x  
NC@L - Colurr~~l dimension of mat r ix  
MlYP - Matrix type indicator 

= 1 - r ec t angu la r  m a t r i r  
= 2 - synrmetxic mat r ix  
= 3 - diagonal  matr ix  
= 4 - n u l l  matrix 

NDTYP - Storage format ( = I )  
MBLS - Maximum nlatrix block s i z e  
NMBL - Nunber of matrix blocks 

CONMON : C~AON/M?iTTAB/ - AT- execut ive  system comnon block 

SUBROUTINES: 3.NCRB,SIiIFT,KEDER,LCKSUY 



l i l x U S s I U N :  ?be user matrix name catalog is gener. I l y  saved on 
h e  system file SYShIW. If the s i z e  of the 
catalog is small, however, a copy  of the catalog 
is kept i n  core only. 

No error messayes are printed trom the routine. 



hOUTI KE : 

XU1 HOR : 

LkTt : 

PUhPOSE; : 

CWAUN : 

SL'BHOirrINE : 

LANGUAGE : 

DISCUSSION: 

G. von Lmbach 

To ~'o11'pute the global-to-local  transformaticm 
matrix f o r  a yiven l o c a l  coordinate  system a t  a 
yiven point ,  

k - Mass or s t i f t n e s s  local coordinate matrix. 
X - G l o b a l  cocudinates of pixit 

O U T P U T  

T - Tramf o r m a t i  matrix V(loca1) = W(qloba1) 

None 

None 

For r e c t a r ~ q u l a r  systems the coordinate  t rans -  
formation is constant  and t h a t  a t  t h e  o r i g i n  is 
used. For c y l i n d r i c a l  and sphe r i ca l  systems the 
coordinate system dt the po in t  is chosen t-o be 
right handed with the x ax i s  along the l o c a l  R 
axis and y and z axes t an t jen t ia l  t-o constant  
l oca l  coordinate lines, Thus t h e  mapping f ram a 
koint t o  t h e  caordinate  system is coctinuous except  
f o r  the poles  of t h e  sphe r i ca l  system where arbi- 
t r a r i l y  the y a x i s  is t h e  l o c a l  x a t  t he  nor th  
pole and the l o c a l  -x a t  the south pole. 



YUhYOSF.: Perform Hermite interpolation for F ( X ) ,  X l I X I X 2 ,  
qiven F ( X I )  , F ( X l )  ,DF ( X I )  /DX, and D F ( X 2 )  /DX, 
tor N modes 

Values for which interpolated resu l t s  
are desirec? 
kow dimension of  FX array 
Inde~endent variable values bracketing X , 
T h e  dependent variable array correspondinq 
to X I  
The deperder't v d i a b l e  array corresponding 
t o  x2 
The array or slopes a t  X I  
The array of slopes a t  X 2  
R o w  dimension of P X l 8 F X 2 , D F X 1 ,  and DFX2 
Ihe nurnber of calms in F X I , F X 2 ,  D F X 1 ,  
DFXZ, and FX 

J?X - The interpolated .results  a t  X for  N 
columns 

COl4MOh : None 

LANGUAGI. s m m  AN 



DlXiJSSluK: 1 subrout ,ne c~tlculates the function 

?I (I) = C'l* (Cl*C3*liFX 1 (I) + CZ*CU*FXI (I) 
-CSW6*DFX2 (I) + C S * C ~ * F X ~  (1) ) 



ROUl'iNE: 

AUTHOR: 

D R l b  : 

PUSQSt : 

F. P. Gray 

September 1972 

Check eleme~t data tar duplicated user labels and 
print duplicates found. 

I N P U T  

E L N g f  - Element nodal matrlx (KMELN@,MMELNB) 

~~ - O no duplicate labels found 
1 duplicate labels  e x i s t  

hone 



ROWINE : IFIMD 

AUlHOR : W. J. Erickson 

DATE : October 1975 

PUi2POSk: To determine w h e t h e r  a nmber is contained i n  an 
array. 

USAGE : DIMENSISIN A(N) 
I = I F I N D  (A,AI ,N) 

I N P U T  

A - Array in which to search 
N - N u m b e r  beina sought 
h~ - N u m b e r  of wards in A to search 

O U T P U T  

I - Result 
= 0 AI not present in A 
= I A 1  is equal to A(1) 

COWON : None 

SUBKOVTINES: None 

L A K  UAGE : W J A S S  



KCWl'IhE : 

AUl'HOk : 

DATE : 

PUWOSt : 

USAGE: 

PAHAMETERS : 

C. A, Felippa and i. 3,  Schrnirl 

To increment t h e  numericid pa r t i on  05 a le f t -  
adjusted BCD i t e m  of t h e  f om, UAXXXXFFF, where 
A..A is a non-numeric por t ion,  X...X is t h e  
numeric port ion am F..F is r i y h t  f i l l  of t h e  
word. The f i r s t  t w o  p o r t i o ~ ~ s  must be present .  
X.. ,X may conta in  only  cha rac t e r s  0.1, . . ., 9 - 
C@U'49N/LFrC@lM/NI NT , N W T  , N$R!R, CCC ( 2) 
A = INCBCD wLDBCD,INC,ldLDNW,NE;WNBC,WP,KERI() 

PLf, - BCD i t e m  t o  be increnlented 
INC - In t eqe r  increment 
W K d C  - ,\iumbl?r of clraracters i n  WDBCD, excluding 

r i y h t  till o t  word 
KINT - See 
NWT - a e s c r i p t i o n  
W R  - i n  
CCC - LlaDAHEC 

L H P ( i n )  - I f  LmP = 0 ,  decoding of n u m e r i c  
por t ion of W B C D  is skipped 
(can be used when INCBCD is called 

i r k  a loop t o  r ecu r s ive ly  increment 
a bCD item) , 

Ljd$P(out) - = 1 unless  an e r r o r  condi t ion 
114s occurred. 

KENS - See desc r ip t ion  i n  L@IAREC 

O U T P U T  

A - lncremented BCD item 
RLWgC - Number of characters i n  A 

C@WjdN/LRC'dMM/NINT, NJdllT, NWH, CCC (2) 



R 9 U T 1  NE: 

AUlLIOR: 

DATE : 

PUkPOSE: 

USAGE : 

PAHAMETERS : 

W. J .  Erickson 

To increment the specified numeric portion of a 
7 chardcter record name 

N = INCR (INDEX, ILCB, IRCB ,IDEL) 

INDLY - Record name to be incremented 
XLCB - Leftmost charactex position of numeric 

portion 
XhCB - Rightmost character -position of 

numeric portion 
lLjU - S l z e  of increment 

O U T P U T  

N - Incremented reccxd name 

None 

ILCB, IRW resLric+zd to  25ILCBSIRCB17 



ROUTINE: INCHB 

DATE : Aucjust 1973 

PGHPrjSE : 'Io increment a i ixed  po in t  number which occupies 
bi t  p o s i t i o n s  6 through 17 of a word. The rou t ine  
was s~lecif i c a l l y  designed t o  modil y t h e  record 
number f i e l d  o t  an ATLAS random index, 

USAGE : IE = INCRB (Ik, IDEL,  IRR) 

I N P U T  

Ih - lndex name to  be modified 
lDEL - The p o s i t i v e  or negative index modifier  

I5 - The nodif i ed  lndex name 
W - Zrror  i l a g  

= 0 - standard return 
= 2 - increment value exceeds range of 

n w ~ e r i c  ti eld ( I IDEL 124096) 
= 3 - incremented index exceeds range 

of nunreric f i e l d  (24096) 

SUBhOVTlNES: hone 

LANGUAGE: WTfi AN 

DISCUSSION: Tnc. pos i t i on  ot the nun~eric  field is set 
i n t e r n a l l y  i n  t h e  routine t o  al low f u t w e  
r e a e r i n i t i o n  of the ATLAS randonr index format. 

It an error condit ion is encountered the output 
vari&le  remnxns unchanged. N o  e r r o r  messages 
are pr in ted .  



ROVTINE: 

AUTHOR: 

DATE : 

USAGE: 

PAE(AMETERS: 

COMMON : 

SUBROUTINES : 

LANGUA(;E : 

I SUB 

Harold Hansten 

July 1975 

3 = ISUB (SUB ,N) 

I N P U T  

SUB - Element  or r~odal subset laatrix 

N - Internal element or node number 

J - 0 N is not in the subset 
I N is in the subset 

None 

SHIFT 



AUTHOk : Sharad H .  Gadre 

D k l L :  September 19 75 

PUhPuSE: Load values into  the ATLAS datii directory matrix. 

USAGE: CALL ITEMLST (MAT) 

FAT - k 2-column m a t r i  r w i t h  the data directory 
packed i n  it. The number of rows is 
currently 405. 

COP$.2nl : None 

SUSItOUTIKLS: Kone 

LANGUAGE : FWTRAN 



AUTHOR: h. L. Dreisbach 

DATE : February 1974 

PURPOSE: Compute eigenvalues and/ar eigenvectors  of a real 
symnretric matrix v i a  t h e  threshold Jacobi  
diagonal izdt ion methc.3, Optionally,  each 
s iqenvector  may be normalized r e l a t i v e  t o  t h e  
l a r g e s t  element i n  t h e  vec tor ;  the magnitude 
of the l a r g e s t  element i n  each of t h e  r e s u l t i n 3  
vec tors  is * 1 , 0 .  

USAGE ; DIMENSIfZN A (N,N) , B (N,N)  
CALL J A W 1  (A,B,N,&WW) 

A - Fiatrix f o r  which a11 e iyenso lu t ion  i s  t o  
be performed. This matrix is destroyed 
during coxputat  ian. Resul tan t  e igenvalues  
a r e  generated i n  the diaaonal  of t h i s  
matrix. 

N - Order of mtrices A and B 

W V  - Eiaenvalue/eigenvector computation 
options.  
1 - Compute eigenvalues only  
2 - Compute eigenvalues and e igenvectors  
3 - Colnpute eigenvalues dnd normalized 

e iyenvectors  

A - Resul tan t  eigenvalues s to red  on diagonal .  

B - Resul tant  matrix of e igenvectores  s to red  
colmmwise i n  sequence corresponding t o  
eigenvalues,  

COWION : None 

SUEkOUTINLS : None 

LANGUAGE : FjBHTUN 



DISCUSSION: IX an  off  -diagonal elemer~t of A i s  g rea te r  than 
the  threshold, it is annihi la ted via a plane 
ro ta t ion  t r a n s f o r ~ ~ t i o n .  This process i s  continued 
ur , t i l  each off-diagonal element is l e s s  than a 
i i n a l  nornl det iaed a s  follows : 

RNPRMI - Off-diagonal ncm,  I n i t i a l l y ,  t h i s  is 
tile square r o o t  of t h e  sum of squared 
of f-diagonal elements of A, 

FN - Final  narm equal t o  (RNPRMI*lOd/N) 
T f I S H  - Threshold defined as (RNBRMI/NJ) , If 

a f t e r  a complete sweep, THRESH is 
yreater than F N ,  THRESH i s  re-se t  to 
(THIiESHfl3) and another sweep is 
per t  ormed . 

The result-ing matrix is the diagonal matrix of 
eigenvalues D. B i s  t h e  m u l t i ~ l e  Froduct of 
orthogonal matlices which r e s u l t  i n  the  following 
re la t ionship  s :  

B (T) *A* B=D 
A*B=B*D 
A=B*D*B (T) 

Thus,A- l=B*D-1*B (T) 

fie:" erence : A. ~ a l s t o n ,  A Fi_rs t  Course i n  
Numerical Analysis, McZraw-Hill 
Book Co,, 1965. 



HQbTIKh: 

AUThOR: 

DA7.E : 

PUhPOSE : 

U%iGE: 

COMMON : 

SUbROUTIKES : 

LAN(; UAGE : 

DISCUSSIUN: 

October 1974 

To reorder  KSF mdtzi ces . 
LlMUJSIaN C9.U (N) ,PBS (2) 
CALL KSFHEm (LNFILE,ININDEX,~TFIL:',~IND,@~, 

1 N , P P S , m )  

I N P U T  - 
INFILL - The f i l e  name of the i n p u t  KSF 

m a t r i c e s  
I K I N D E X  - The index name of the  f i r s t  i n p u t  

ma t r ix  
m - The correspondence t a b l e  which ho lds  

t h e  new order f o r  t h e  )SF matrices. 
J i n  row I means t h e  new Jtb element 
i s  the o l d  Ith element.  

N - The number of e leme~ts  t o  k reordered .  
PpS - Ar, array i n  w!Lch Pl;dS (1) and PpS ( 2 )  

each c o n t a i n  a v a i l a b l e  ~ o s i t i o n  
r e f e r e n c e s  f o r  use by K S F W R .  

WY?ILE - The f i l e  name of t h e  r e a r d e r e d  
KSF r ~ a t r l c e s .  

@ W I N D  - The index name f o r  t h e  f i r s t  
r eo rde red  KSF matr ix .  

PRR - E r r o r  f l a g  
=O - s tandard  r e t u r n  
=1 - SNARK e r r o r  encountered 

None 

I t  is  n o t  a d v i s a b l e  t o  use t h e  same f i l e  and 
index names for t h e  i n p u t  and o u t p u t  matrices. 

Tnls  r o u t i n e  i s  coded us ing  the SNARK language 
f o r  matrix manipulat ion.  



ROUT1 NE : 

AUrnlOh : 

DATL : 

YUhPOSE: 

USAGE: 

P W I E T E K S  : 

COWION : 

SUMOUTINES : 

LANGUA(;E; : 

LINLMT 

W. J. Erickson 

June 1976 

T o  make line limit exceeded d non-fatal error. 

CALL LJNLMT 

None 

Hone 

SYSTEMC 

FpRTAAN 



AUTI;ORS : C, A. Fel iypa  
L. 3. Schmid 

GATI;: November 1970 

P U M s T  : To read and decode one free f i e l d  d a t a  record 
( fo r  data record   convention^ see 
sec. 100, r e f .  1-1) 

USAGE : W-b@N/CAItDS/iEC (250) . ID (250) .KRECS. KCDS. ITE!!S, 
1 KEhR(3) .JBL 

C@X?@N/LR2BM.!INT, NWT, W R ,  CCC ( 2 )  
DIMENSXW IREC ( 2  SO) 
EQUIVALLNCE (REX, IREC) 
-LBI;AREC 

COkUION : C@MN@K/CARUS/kEC (250) .ID (250) .KRECS ,XCDS, ITEMS. 
1 K E X t  (3) ,JBL 

C ~ / L R C @ 4 I 4 d N I N T 8 N ! A J T 8  NjXIR,CCC ( 2 )  

JbL - a) I f  J B G O ,  a l ~ h m u m e r i c  items are 
stared l e f t - ad ju s t ed  with z e r o  f i l l ,  

b) I f  JBL= (blank) , al~hdnUIIIeric item 
arc stored l e f t - a d j * s t e d  with blank 
f i l l .  

Defaul t  va lue  f o r  JBL is blank. 
hlNT - F i l e  name/number of the  ca rd  input  file 

from which L$EXU3EC reads data recads 
Dff i rul t  is NIIW=S. 

NWT - File name/humbex of a coded output  file 
onto  w h i c h  S$K&RLC w r i t e s  the image of 
t h e  da t a  i npu t  cards .  Defaul t  is NgWT=ti. 
I f  N m = O  t h e  d a t a  records  a r e  no t  
w r i t t e n  (use fu l  f o r  t e l e t y p e  work) 

N%JR - F i l e  name/number of a coded output  
f i l e  on to  which error d i agnos t i c s  
are wri t t en .  Defaul t  is NWR-6. 

k=RECS - T h e  data record counter.  Rnpty records  
(comments only) are no t  counted. 
G e n e r ~ t e d  records  are counted. 

kCDS - The data card counter  



ITE4S - Counter o t  decoded data items loaded 
i n  REC 

KEC - Vector i n t o  w h i c h  LjdDAREC loads decoded 
card data. On input REC should c w t a i n  
t h e  previously decoded record. Upon 
re turn  REC contains the new items. 
LmAREC st?ts REC (ITEMS+ 1) . . . REC (250) 
to zero. 

- Vector into which LjNlAREC loads 
ident i f  i c a t i o t  f o r  each data i t e m ,  
I f  da ta  item is; 
=SHFIXED - fixed point number 
=BHFLgATING - f loa t ing  point number 
=N - alphalumeric s t r i n g ,  

where N i s  the number of characters  
i n  t h e  s t r i n y ,  It N>10,ID=10. 

L(AhREC sets I D  (ITEMS+ 1) . . . I D  (250) t o  zero. 
CLT - Array used f o r  in te rna l  comnunication 

between LjK)AREC and rout ines  D E W I K  and 
1N~iK.T'). 

O U T P U T  

R ( I )  - Courrt cf ii-ziihtr~ of items i n  t h e  current  
record which caused f a t a l  e r r o r  7 8 ,  i l l e g a l  
data i n  f i e l d ,  on decoding. 

KEfiR(Z) - Count of all other e r r o r s  detected by 
L$mdtEC 

m ( 3 )  - Set t o  1 whenever r a t a l  e r r o r  7R 
occurs 

LANGUAGE : m m  



USAGE: 

Given, the d e l i n i t i o n  01 a motion a x i s ;  For .in 
i l r b i t r a r y  po in t ,  determine the  a s s o c i a t e d  motion 
a x i s  retertancr p a i n t ,  the distance from the p o i n t  
to the ref crence  p i n t ,  an3 the  arc l e n u t h  clloxl~ 
the n~otlorl a x i s  t o  the  reterencr point .  

Du!ESSl$#R M:A (KYALP) , Y m  ( E l W P )  , DYDXHL(NDP)  , 
1 SI4A ( N Y i P )  , CMA (NSEG , U ) . XMAP (NSEG) , 
1 YbV-? ( N S E h )  

CALL YiTTCH ( X , Y , X M A , Y M H , D Y D l i h L , S F A , ~ P , h S E G ,  
1 CY-A,WAY,YMAF,XR,DR,SR.THETmL; 

XMRF 

- x-coordinate  ot arbitrary p o i n t  
- y-cwordindte 01 a r b i t r a r y  p o i n t  
- x-coordinates of motim axis d e f i n i t i o n  

point-s 
- y-coordinates  ot mot ion  axis d e f i n i t i o r ~  

p o i n t s  
- dy /dx  ot rrterence l i n e s  t l~roug l~  each 

n o t i o n  a x i s  d e f i n i t i o n  p i n t  
- Arc length along mtian a x i s  to 

d e f i n i t i o n  po in t  
- Numbel 01 motion axis d e f i n i t i o n  p o i n t s  
- Number of motim axis seaments (=N,W@P-3) 
- c'ubic c o e f t i c i e n t s  i n  Y d e t i n i n g  the 

m ~ t i o n  a x i s  on each strqment 
- x-tuordinatr ot mapping point for a motion 

axis segment. 
- y-coordinate ot ma,,piq p o i n t  f o r  n motion 

a x i s  seyment 
(Note - S,Y.AP (1) , Y P N  (I) is the 
i n t e l s e c t i u n  ot the r e f e r e n c e  l i n e  
through LIA \ I )  ,YAW (I) def  i n &  hy 
DY D ? : a  (I) and t h e  ref ert-nce l i n e  
t o r  I + ? )  



O U T P U T  

XR - x-coordixlate of reference point on 
motion axis 

YH - y-coordinate of reference point on 
motion a x i s  

LR - Distance from (X,Y) t o  (m,YR)  
SR - Arc length alcng motion axis t o  (XR,YR) 
'R iETP.HL - Angular difference between t h e  reference 

line and gree stream 

LANGUAGE : F'mm 
DlSCUSSION: The motion axis segment associated with (X,Y) is 

dete~-mined. The seqment is t h e  f i r s t  f o r  which the 
distance from t h e  reterence line a t  the outboard 
de f in i t ion  point  t o  (X,Y) is negative. The cubic 
coeff ic ients  f o r  t h e  segment a r e  accessed, or  
calculated it  the a t t a c h m n t  w i l l  be inboard of the 
first o r  outboard of the last d e f i n i t i o n  point.  In 
the  l a t t e r  cases a l i n e a r  extension of t h e  rnotian 
a i s  d e f i n i t i o n  a t  t h e  de f in i t ion  point is made. 
iioutine RLFP'I is ca l led  t o  d e t e d n e  (XR,YR), 
rout ice  ARCL is c a l l &  t o  determine SR, a d  DR a d  
lHETIUcG a r e  ca lcula te3  within MAATCH. 



kUhWSE: Iberiornl one of the f ollowiny matrix products: 

1. C = C+AB 
2 .  C = C-AB 
3. c = m  
4.  C = - A B  

A,a - Factor matrices 

O U T P U T  

C - R e s u l t  matrix 

variables : 

II, - 1,2,3,4 selects option above 
M - Number oi rows i n  C and A 
N - Numbt.r df columns i n  C and I! 
P - Number of colunns i n  A and rows i n  B 

CEjdWSP - S c i p  factors  far locating next row/column 
W S P  where 
w s p  XRWSP = N u ! r  of elements to s k i p  to  
CWSP set to a new row i n  matrix I, 
AcWSP and 
B-P XCglLSP = Number of elemnts to  skip to  

> 

get to a new column i n  matrix X .  i 

S U M O U T I N t S :  None 



DISCUSSION: MWULF is optimized for outer products, where P is 
small and N is large and M is between, 

TLYE = 2.3*M*N*P + Ff + 59 Microseconds 



RUVTINE: 

AUTHOR : 

DATL : 

PUIIM)SE : 

L. J. Schmid 

To convert a l c f  t adjusted, blank filled pcrtion of 
a word to zero f i l l .  

I N P U T  - 
W E I h  - The word with r ight  aajusted blank f i l l  

N - The same word with right adjusted zero 
till 

SHIFT 

None 



ROUI'XNE: MATAINT 

AUIWOR : S. Wahlstrom 

DATE : October 19 70 

PUWOSE: Calculate mtzrpolated standard material properties 
for a qiven temperature 

P W J T E l U :  INPUT 

ITEMP - Temperature tor which properties are 
desired 

PhfdPMAT - Matrix of material properties 
NRjdWS - Eumber or temperatures (row dimension) 

in PE&9FMAT 
IFlRST - First property desired 
IIAST - Last property desired 

RESULT - Vector of  interpolated properties,  a t  
least (ILAST-IFIRST+I) elements ions 

I - Error tlag 
-0 ,  Nornal return 
= 1, Temperature out  of ranqe 
= 2, I Y iRST> ILAST 

COMMON : None 

SUBKOUTINLS: None 

LANGUAGE : FPIRTHAN 

DISCUSSION: No extrapolation is allowed 



Row I N E  : MATCINT 

AUTHOR: J. M I  Held 

PUWOSt : Calculate interpolated composite material 
propert ies  tor a given temperature 

USAGh : I = MATCINT(TEY2, CIMAT, KPDE, NFIRST, NLISP, RESULT) 

YAHATSETEHS : INPUT 

T - Temperature fox which  properties are 
desired 

CblAT - Composite material matrix 
K ~ D E  - Material c d e  for current material 
NFIRST - F i r s t  property desired 
NLAST - Last property desired 

O U T P U T  

RESULT - Vector of interpolated properties 
I - >0, Thickness of lamina * 1000 

- 1 ,  NFIRST>NLAST or 
NFIKST(1 or 
-ST> allowable 

-3, Temprature out of range 
-4, MCmE not present i n  CMAT 

COLMON : Kone 

SUBROUTINES : None 

LANGUAGE : WRTMN 

DISCUSSION: ho extrapolation 1s allowed 



KOUTINE: 

AUTHOR: 

DATE : 

PUWOSE : 

USAGE : 

PARAKETEHS : 

COMMON : 

SUhkOUTINE : 

LANGUAGE : 

DISCUSSION : 

December 1969 

To rewrite a matrix within a given storage area so 
it will conform with new dimensions to  be a l l o c a t e d  
to it. 

CALL .UTFXP (MAT?, MR 1 ,MC ,MAT2 ,MR2) 

I N P U T  - 
MATl - The old matrix 
Mkl - Row dimension of MATl 
IYC - Column dimension of FIAT1 and MAT2 
MhZ - Row dimension ot MAT2 

O U T P U T  

MAT2 - The compressed/expanded vers ion  of MATl 

None 

None 

Xf PA2 < MH1 it is assumed that MATl contains 
(P&l-MR2+1) zero rows at the lower end o f  the matrix. 

MAT2 is then formed by d e l e t i n g  these rows, 
If MR2 > MRI, MAT2 is ~ormed by adding MR2-MR1+ 1 
zero rows t o  the ex is t ing  rows of MAT1. 



ROUTINE : 

AUTHOR: 

DATE : 

Y UhPOSE : 

USAGE : 

January 1973 

tiiven an in te rpo la t ion  coef f ic ien t  array f o r  a 
notion axis system generated i n  rou t ine  WTAXI, 
ca lcu la te  modal displacements and s lopes  a t  a set 
of output points .  

DIMENSIW X (NPTS) ,Y (NPTS) , Z  ( N R m 2 , m E S )  ,SA ( m y ) .  
1 DZ I (NRgWZ ,NMWES) , DZ2 (NR@WZ,NE@DES) 
L X L  M@TAXB (X,Y, NPTS, Z ,NRj2hIZ ,NC@L1, NC0LS,SA,IND5, 

1 DZ 1 ,DZ2) 

NPTS - Number of output po in t s  
X,Y - Coordinates of output po in t s  
-2 - Row dimension of 2,DZl,DZ2 
NWL 1 - First input  column to be used 
&@LS - Number of columns t o  be used - if N-=O, 

a13 columns LNC9LI w i l l  be used 
SA - In te rpo la t ion  coe f f i c i en t  a r ray  

MDD - D e r i l a t ~ v e  option ind ica tor ,  
=0, no der iva t ives ,  DZ1 ,DZ2 not required 
= 1, D2 I=DZ/I>X, DZ2 not  required 
=2,  DZ I=DZ/DY, DZ2 not  requited 
=3, DZl=DZ/IW, DZ2=DZ/DY 

O U T P U T  

Z - Modal d i ~ p i ~ c e m e n t s  a t  output ~ , o i n t s  
NWLS - Number of columns returned 
DZ1,DZZ - D e r i ~ t i v e s  as indicated by IKDD above 
INDD - Error retuxn 

10, No e r r o r  
=lOH*MplRXpJ I ,  S A  has wrong format 
= IOH*MBTAX@ 2, illegal number of 

colunals requested 
=lOH*Mpl%X~ 3, illegal nwnber of 

output points ,  NPTSlO 
=lOH*rM$ZDUp 4,  i lleqal row dimension 

f o r  2,  NRgWZ<NPTS 

COMMON : None 



DISCUSSION: For each point  specif ied,  t h e  routine:  

1. Cal l s  MhATTCH, which determines motion a x i s  
reference point,  arc length along motion axis 
t o  reference point ,  and angle Zrom reference 
l i n e  t o  free stream. 

2.  Determines associa ted motion s t a t i o n  segment 
of motion axis.  

3. Calculdtes displacements and n t a t i o n s  a t  
reference point f o r  a l l  i ~ d e s :  

a. I f  re terence point  arc length is not  within 
(S (1) ,S (NMS) ) - use l i n e a r  extrapolat ion for 

displacements and endpaint S (1) o r  S (NMS) 
values f o r  rota t ions .  

b. I f  reference point  arc length is  within 
(S (I) ,S (MNS) ) - c a l l  HERMINT f o r  Hermite 
in te rpo la t ion  . 

4. Generates d i s ~ l a c ~ e n t  and (optionally)  slopes 
a t  the output points .  

NM,PDES, used i n  the DIMENSIPN statenerl t  is given by: 



ROUTINE : mm 

DATE : January 1973 

PUiWOSE : Given an interpolation coef dicienc array generated 
i n  MJlaPTI associated with the  rnotim of a r ig id  
body datum, calculate  the displacements a t  a 
set of output points.  

USAGE: DIMENS1@!l X (MES) ,Y (MPTS) , Z (MPTS) , DELZ (MIfZWZ ,NMpIDES) e 1 

1 SA (NVAhY) ,SAMEN (MPTS) , DZ 1 (NRprWZ , N W E S )  , 
1 D22 (NkmZ ,NMmES) 
CALL mP(X,Y,Z,RPTS,DEL;,MZprWZ,NCPLLSnSA# 

INLG,GAMI.S,INDD,DZ1 ,DZ2) 

PmETERS: I N P U T 

1 
X,Y,Z - 
ABS (MPTS) - 

SA - 
INDG - 

GAMMA - 

1 

Cmriinates of output points. ! 

Number of outp t points. If MPTS<O, 
Z i s  assumed to be zero for all points.  
Row dimension of DELZ, DZ1, DZ2 
First input column t o  be used 
Number of coLumns to be used. If X q L S <  0,  
a l l  co~umns L N C p  1 w i l l  be used 
Interpolation cc .- f i c i e n t  array 
I: .dicator for orlentat ion of norme 
displacenent 
=O, same a s  global 2 ,  no GAMMA used 
= 7 ,  angle (;AMMACI) appl ies  to all paints 
52.  angle GkMMA(I) appl ies  to point I 
Angalar orientation (radians pos i t ive  in 
positive X sense) of normal displac*.,nents, 
as  indicated by INDG 

INDD - Derivative option h d i c a t o r  
=0, no derivatives, DZ1 and DZ2 n c t  required 
=1, DZI=DZ/DX, D22 not required 
=2, DZl=DZ/DY, D22 not  required 
=3,  DZl=DZ/PX, BZ2=DZ/DY 



D E L Z  - Normal displ;.cemeats at output po in t s  
NWLS - ~umbex of colunns returned 
DZi,DZ2 - Derivatives as  s p e c i f i e d  by INP5 
l N C D  - Error ind ica tor ,  

10 - No error 
= 10fi*MpTPT@ 1, SA has wrong f ormst 
= IOM*Mj2TPT(d 2, illegal number of output 

points, FZPS=O 
= 10H*WPTP 3, illegai row dimension 

f o r  DELZ, (NR$YWZ(ABS(MPTS)) 
= lOd*MpTPTP) 4 ,  i i l g a l  number of 
columns requested 

CO,WON : None 

LANGUAGE : FpIRTRAN 

DISCUSSION: For each output poiut  specified, the raut ine  
generates displacements and (optionally; slopes by 
a rigid trans=orma_ion of t h e  motion of  a dz-turn. 

NIWSS, used i n  the  DIMEN,Cl&RV statement i s  g iven  
by : 



RO~?TlKE: 

AUTHOR : 

DATE : 

PURPOSE: 

USAGt : 

COPAON : 

SUBROUTINE : 

LANGUAGE : 

DISCUSSION : 

December 1969 

To copy a subaMtrix of a matrix into another matrix. 

I N P U T  

Source matrix 
how size of MAT1 
Row s i z e  of MlT2 
How lacation INMAT1 of tirst element to 
be moved 
Column J-ocatiorl in MAT1 of first element 
tc be moved 
Row location in MAT2 of first element of 
submatrix 
Column location in AATZ of the first element 
of submatrix 
Number of rows to be movled 
Number ot columns to be moved 

O l J T P ' J T  

YP-Ti! - kesult matrix 

None 

The appropriate elements are copied from MhTl to 
FAT2 using a double do loop. 



DATE : k!!y 1909 

PL'WOS t : Move the contex~ts ot a block 0: core to a new 
l w a t  ion, 

USXbt : CALL MWSTti (lV,FIWT ,LAST) 

'&J - New l o c a A o n  of t irst  word ot b l o c k  
FIhST - First word of block 
UI..T - Last  word oi block 

Dl-C'USSIOP:: Ttr;ls rout ine  is the ct.san;c as  W Q : m ,  part of t h e  
SN:m package . 
k2strlctlon: FIRST i LAST 



ROVTIME: 

ENTRY: 

AUTHOR : 

DAlE : 

PUWOSL: 

CmutdN : 

SUBkOWIIJES : 

LEAG UM; E : 

DISCUSSION: 

0. L. Anderson 

h t r y  NBITSI - To count the runber of 1 bits of a 
pkrt ia l  ward. 

Entry NblT1 - To count a l l  1 b i t s  of a word. 

I N P U T  

WjdRD - Word ir. sltich 1 Lits are counted- 
1 - b i t  to start coui~tiny ($59) 
J - Bit t o  stop c o u n t i q  (11510) 

O U T P U T  

N - Number of 1 bi ts  in spec?-tied portion of 
word 

None 

If 59212J>O is not sa t i s f i ed ,  a l l  1 b i t s  are 
counted. 



i.tu'nINE: 

E.N'kY : 

AUTHOR : 

>ATE : 

3L;wOst: 

Kay 1973 

NCUIH - O b t a i r l  the r o w  i n  the naaal  data t a b l e  and 
t h e  h t e r n a l  node number, given the user 
fiumber 

XCIUR - Obtain r o w  and user number, a iven internal  
number 

EInEtJSIfi3Pi NCT( ) 
CALL NCIIIR (NCT, N U S R  ,NINT, IRW) 
UU NCIUZi (NcT,NINP,KUSE~, IkfdW) 

I N P U T  

KCT - Nodal correspondence table 

L U S U  - User node cuinber 
NINT - Internal nocir 1,umbt'r 

Ih$W - h o w  ~ o i r ~ t e r  t o  nodal data table 

hone 

I t  MISER is not detineu.  NlNT and I R W  are set to 
zero, 



ROVTINE: 

AUTHOR: 

DATE : 

PUhPOSE : 

USAGE: 

COMMON : 

SUBROUTINES : 

LANGUAGE : 

L. J, Schmid 

December 19 6 9 

Print the nodal data matrix 

D m S I W  XX (MR ,MC) , NCT (NCTR) 
CALL K$DFhNT (XX , MK, MC, NCT, NCYK) 

I N P U T  

XX - The nocia1 data matrix 
MR - how dimension ot XX 
MC - Column dimension cf .U 
NCT - The nodal correspondence table 
NCTR - how dimens~on of NCT 

SHIFT 



AUTIIOR : S. Wahlstrom 

DATL : Sep tenlber 1 9 70 

PUNQSE : Compute the optimum tormat for a given f i e l d  
w i d t h  and number 

U S E :  C P U  PPTWR (A, W, F) 

A - Some real number 
W - Fie ld  width (integer number) 

F - Format as a hollerith constant 

CW?¶0N : None 

LA!% UAGE : k ' P n < w  

DISCUSS..ON: pPTFgJR c a  be used when s e t t i n y  up a variable  
tornat in an array. F has t h e  format for  print ing  
k usir:g W columns. Tile l a s t  character i n  F is a 
comma, 



HOUTINE: 

AUIHOR: 

DATE : 

YUhPOSE: 

January 1973 

Given t h e  sp l ine  coefficients tar a set of 
functions as dete,mined in rou t ine  PLATEI, and the 
associated input points,  c a l cu l a t e  the values of 
the funct ions  and t h e i r  der iva t ives  at a set of 
otrtput points-  

USAGE: DlMENSIgN XPl (N$dPTS) , Yp (NPPTS) ,216 (NRW2,NWDES) , 
1 SA (NVARY) , DZ 1 (-2 ,NC!@DES) ,DZ 2 (NRWZ ,'NPWES) 
CliLL PLATE@ (XB, YP, NWTS , 29 , N m Z  , NCW 1, N W S ,  

1 SA,INDD,DZl,DZZ) 

N p T S  - Number of output po in t s  
X@,Yjd - Coordinates o t  output ~ o i n t s  
NRWZ - Row dimension of 29.DZ1,DZZ 
NcW1 - F i r s t  input column t o  be used 
Z:@LS - h'umber of colunms 

-0 - all columns L N C m I  
:a - s p l i r ~ e  coerf icient array as generated 

in PLAITU 
INDD - ae r iva t ive  option ind ica tor  

=0, no der ivat ives ,  D21,DZ2 not required 
=I, LZl=DZ/DX, D22 not  require6 
=2, DZ l=DZ,/DY, DZ2 not required 
=3, E2 1=DZ/DX, D22=DZ/PY 

O U T P U T  

COMloN : None 

Interpolat-ed function values 
Number oi ca lunms returned 
Error condi t ion 
10fi*PLATEj.3 1 = s p l i n e  sc ra tch  a r r ay  has 

wrong format 
IOH*PLA'IE@ 2 = i l l e g a l  number of columns 

requested 
Not prduced i t  IK7D=0 
D2/EX i f  INDD=1 or 3 
DZ/DY i f  I N D D - i  
Not produced i t  INDb=O,l o r  2 
DX/DY i f  INDD=3 

SUhROUTlNES: W B C Y L ,  VIP 



LANGUAGE : F'mTRAN 

DISCUSSION: NMpDES, used in the DIMENSIPIN statement is given 
by : 



ROUTINE : PIdLyjb 

AUTHOR : M. Y. Hirayama 

DATE : August 1973 

PUhPOSE : To obtain displacements and slopes f rmi 

coeff ic ients  ot a polynomial w i t h  independent X and 
Y variables and a maximum order ot 5 .  

DmSIm X (NPTS) ,Y (NPTS) , Z (NHWZ NMmES) p 

1 D21 ( N R ~ 2 , ~ E S )  ,022 (NR@IZ,NM@ES) ,A (NVARY) 
CALL PJ1ILY~(X,Y,NPIS,ZfNRPkJZ,N~Ll,NC~.A,INCD,DZ1,DZ2) 

PARAMETERS: I N P U T 

X - x-coordinates ( local)  of output points 
k' - y-coordinates ( local)  of output points 
KPTS - number ok output points 
NR$3WZ - row dimefision of Z - must be I NPTS 
N w l  - nunber of modes 

= 0 ,  pick UF number of n~odes i n  
coe t f i c i en t  array 

A - Coetf i c i e n t s  array 
INDD - Inaicator tor derivative output 

= 0, no derivatives 
= 1 ,  dZ/dX 
= 2 ,  dZ/dY 
= 3,  both dZ/dX and dZ/dY 

O U T P U T  

2 - Matrix of cbsplacements at  output points 
u2 1 - Not used i f  INCD = 0 or 2 

dZ/dX i f  INDD = 1 or 3 
DZ 2 - Not used i f  INDD = 0 or 1 

dZ/dY if INDD = 2 or 3 
INDD - Error return 

= O NO error 
= 10H*P$dLYB X, where 

X = 1 - Polynomial name incorrect 
2 - Too many modes speci f ied 
3 - NRWZ < NPTS 
4 - I N D D C O  or > 3  

COMMON : None 

SUMOUTINES: None 

LANGUAGE : 39nThiuY 



DISCUSSION: W@DES, used ir, the DIMENSIpN stateme~lt is given 
by : 



ROUTINE: 

AUTHOR : 

DATE : 

PUkPOSE : 

USAGE r 

PkRAMErnRs: 

COWlON : 

SUhKODTINES : 

UAGE : 

Unknown 

Unknown 

Print a n l a t r i x  in octal format with 5 numbers 
per line. 

CALL PRNTJbCT (MAT ,.NAP, : ' X C )  

MAT - Mdtrix to print 
MkTR - How dimension 
hATC - Column dimension 

None 



ROUTINE: 

AUTHOR: 

UATE : 

PUWOSE : 

USAGE : 

COMMON : 

SL&NWI"INE: 

LAN(;'JAtiE : 

DISCUSSION : 

January 1973 

Find t h e  i n t e r s e c t i o n  of a given s t r a i g h t  line 
and a cubic. 

I N P U T  

YMA 1 - 

O U T P U T  - 

x-coordinate of a r b i t r a r y  po in t  
y-coordinate of a r b i t r a r y  p o i n t  
x-coordinate of mapping p o i n t  
y-coordinate of mapping p o i n t  
(Note YM = i n d e f i n i t e  i f  (XM,YM) 
undefined) 
dY/dX of reference l i n e  i f  (XM,YM) 
defined 
y-coordinate of inboard motion a x i s  
d e f i n i t i o n  p o i n t  
y-coordinate of outboard m o t i , ~ n  a x i s  
d e f i n i t i o n  p o i n t  
cubic c o e f f i c i e n t s  i n  y de f in ing  
motion a x i s  on (YMkl,YNA2) 

- x-coordinate of r e f  errrlce p o i n t  
- y-cocrdinate o t  reference  po in t  

None 

Depending u ~ o r l  t h e  values of CO , C 1, C2 ,C3 t h e  
s o l u t i o n s  t o  a cubic, qur~dratic ,  or l i n e a r  e q ~ a t i o n  
are determined, That s o l u t i o n  f o r  which YMA1 < YR 
r Y.WZ is  used, 

C S , c  is: x = CO*C't*y + C2*y2 + C 3 * y 3  



ROUTINE: 

AUT1:OR : 

DhTE : 

PUhPOSE : 

I ISAGE. : 

PAhAMEl'ERS : 

COMMON : 

SUhkOUTINES: 

LANGUAGE : 

Kandace K. Yaqi 

heorder a subset matrix. 

I N P U T  

INS!JB - Old subset matrix 
WRR - Sorting correspondence where CpRk i?) =J 

means that new element J is the same 
a s  old element I 

N - Number of eleme,~t=s 

O U T P U T  

@ITSUB - Sorted subset natrix 



ROUTINE: SCAMP4 

;,UTHOk : G. W. Erwin, Jr. 

DATE: . November 1 f 6 1 

BUhPOSE : F j t  a chain of cubic equations through a set of 
points  

USAGE: DIMENSIj2N X {N) ,Y (N) ,C (4 ,KJ or C (7  ,K) where K2N-1 
CAU SCAMP4 (X,Y ,N,NDA,NLB,DA,E)B,C,S,M) 

The array of A-coordinates 
The ar ray  of y-coordinates 
The nunrber 1 .  aiven po in t s  
The order (tirst o r  second) of t h e  
derivative iit X ( 1) ; input as a 
negative in teger  i f  t h e  der iva t ive  
is t o  be computed by SCAMP4 
The order ot t h e  der iva t ive  a t  X ( N )  
The -Sue of t h e  der iva t ive  a t  X (1) ; no t  
- -ied or chanqed if NDA tO 
The valut' of the de r iva t ive  a t  X (N) , 
The cubic coefficients are tc 3e stored 
i n  2 four  by (n-1) array 
The cubic coe f f i c i en t s  a r e  t o  be store6 
in a singly subscripted array according 
t o  t h e  (2D) cornpcsite curve format 

O U T P U T  

C - The =ray of cubic coeff ic ier l ts  
S - The array of der iva t ives  y (i) 1 a t  the 

given x (i) 
N - L .ror r e tw i t  

=O success 
11M57 implies error return from W:lCU 
Pi large implies e r ror  r e t u n  K on J t h  
cubic t r a m  CUEIC2 (M=?OO*J+Kj 
=-1 implies Kc2 



kouTIKE: 

AUThOR: 

DATE : 

PUhPos: : 

Unknown 

P ~ i n t  a g r a ~ h i c a l  display on the output file to  
i n d i c a t e  the status 01 execution. 

CALL SCREW 

None 



hUVPIKL: SEE LL 

DATE : Pay l9b7 

IIUWuSE : 10 reorder an array of 11umbers in ascending order. 

USWE : DI*MEKSIJEh' X (h) .K (h') 
CALL S H U  (X#K#N) 

h - ';he lexqth of the arrays X .and K 

X - ?he array which is reordered by the 
routine 

K - A n  1n:eqt.r array of slze N, K ( 1 )  contciins 
the original  posi t ion of new element X (I) 



DXE : Pay 1367 

PURPOSE r To reoraer the elenents  of an array Y accordina 
to an index array K such that  Y (K (I) ) is moved 
to p o s i t i o n  Y (: j . 

USAGL : DIMENSIQN Y (N) , K ( N )  ,DUM(N) 
CALL SH1.LL.X (Y . K.N .DUX) 

K - The index array 
DUM - An arr i i y  used f o r  intermediate storage 
N - The length of arrays Y ,  K and L)UXY 

Y - The array which 1 s  reordered by the 
routine 

CO,XMUN : l a n e  

SUBROUTINES: None 

LANGUAGE : mTl\kh; 



houTINL;: 

klll HOH : 

C n T t  : 

Y U h P O S :  

U S E  : 

kAi*.hiLTE,S : 

W. J. Erickson 

F ~ r s t  mask, then shir t  every entry i n  an array. 

CALL S * W K  (MAT,MArnIM, I S H I F T , M A s K )  

I N P U T  

.PAT - Array to be modified 
FATDIM - Array dimension 
lSHlFT - Number of bits to left shift 
-K - ,Mask to use prior to sh i f t ing  

P4T - Array with each word masked and 
shitted 

None 

None 

Useful tor extracung packed data from an array, 



HOW1 N E S :  WERE 
=so 1 - smsos 

AblHOR: G.  von LimLMch 

CATE : August  1974 

Y W O S E :  S f E N l  and its subrout i r l r s  SBESUl t luouyh SpFSOS, 
a g e n e r a l  sort package tor element d a t a ,  sort 
v a r i a b l e  s i z e  blocks of d a t a  and the ass xlated 
inc?ex table using a correspondence table. 

w m / m T p ~ / r p m  (UO) 
IPAH is i n i t i a l i z e d  by r!m c a l l i n y  program wi th  
f i l e  names, index r.a~nes, and SHIM' and INCR 
arguments for i n p t  and uutput da ta .  For p r e c i s e  
curzent  d e f i n i t i o n  of c o n t e n t s  of IPAR see comments 
m S l d U D .  

S U U O U T I N E S :  ESPKTI, YpVS'K,  INCh, S H I F T ,  FF.TEDIT 

oISCUSSiOPI': .WEkD c l e a r s  b lank  corrcno~~ anu adcis its own t i les.  
.Scratch tiles w i l l  be dropped and any f i l e s  added 
by SgLIcD w i l l  be de le t ed .  Sol-tlnu or index t a b l e s  
AS dohe by EWkT1 amd blocks of data are  moved 
by MWSTC:. T h c ~  i npu t  index t a k l e  c9nta.ins packed 
block numbers, rod numbers and data s i z e  numbers 
I n  i n ~ u t  order. The inpu t  d a t a  blocks may con ta in  
da ta  not  r e t e renced  in the index t a b l e .  The 
correspondence t a h l e  is a list of t h e  o u t p u t  
k o s i t i o n s ,  desiqr.mt.ed i n  t h e  i n ~ v u t  o rde r .  The 
output  w i l l  be in i nc reas ing  o rde r ,  bu t  need n o t  
be s e q u e n t i a l .  



h0VTINE: 

AUTHOR : 

DATE : 

PUhF'OSk.: 

c3JmoE; : 

SUMOUTINL: 

LANGUAGE : 

DISCUSSION: 

F. P. Gray 

June 7972 

This subroutine interrogates a matrix index name 
a d  counts the number of a s t er i sks  (*) present.  A 
test index and masking index are also tanned, 

I N P U T  

i N E X  - 7 character index nan~e, l e f t  adjusted, 
zero rili 

iTiST - 7 chardcter test index, lett adjusted, 
zero fill 

L ! ? K  - 7 character test index, l e f t  adjusted, 
zero f i l l  

ISTAR - Count or stars i n  index 

Kone 

None 

The test index i s  formed by convertina t h e  s tar s  (* j  
I n  the index name to  zeros. 
l h e  masiu1;y index I..- fornted trom the octal word 
777777777777770C0000 by replacing the sevens by 
zeros i n  the loca t ions  currespondina to the s tar s  
(*) i r k  t!le index n a m e .  



PARAMETERS : 

COMMON : 

S3BROUTINth: 

LANGUAGE : 

DISCUSSION: 

TRANS 

January 1969 

Establish 3x3 orthogmal coordinate transformation 
lnatrlx &tween a global and a local cartesian 
rectangular coordinate system. 

U I K E N S I m  T (3,3) ,DX (3) , DYZ (3) 
? U S  (T,DX,DYZ ,M,S) 

LIX - Global coordinates of local x axis 
GYZ - Global coordinates of a vector i n  

local  xy or xz plane 
P: - <O if DYZ in xz plane 

=O if yz orientation is arbitrary 
>O i f  LJYZ i n  xy plane 

O U T P U T  

T - Transformation matrix such that 
V ( loca l )  = TV (global) 

S - > G  length of DX 
- 1  EX is  shorter tban 10-15 
-2 DYZ is paral le l  to DX 

None 

First, the x-axis  is obtained by ~~ormal izat ion  of 
DX; then, the normlized cross product ~i u X  and 
DYZ defines the second axis (either y or z 
drpendinq on M). Finaliy the third axis is 
obtained a s  a cross pruduct o t  t!!e f i r s t  two. If 
h=O, the l a s t  two rows ot T dre s e t  t o  zer3. 



k C X 1 N E :  

AUTHOR : 

D h T f t  : 

PUhPOSL: 

USAGE : 

CUMMOK : 

SUBROUTINES : 

U.hGUAGE. : 

DlSCUSSICN: 

April 1972 

Compute t t ~ e  vector (cross) product 

C I M L N S I m  A (3) ,B (3) ,C ( 3 )  
CALL VECPhjBD (A,B ,C, 0) 

I N P U T  

b - F i r s t  .,ctor vector 
C - Secone tactor vector 

O U T P U T  

A - Result  vector - A= (B) X (C) 
- L e n y t h o t A  

None 

The equations used are: 



ROUTINE,: 

AUTHORS : 

August 19C9 

C a n p u t e  the  product vector of e i ther:  

1 ,  A matrix stored by columns, post multiplied by 
a column vector, or 

2. A m a t ~ i x  stored by rows, ~re-ntUltiplied by a 
row vector 

USAGE: LlMENSlW V (L) ,R (M) 
DIMENSIm A(M,K) where R 1 L for  1.  
DIMENSIPJ A (K#M) where K 1 L for 2 .  
CAJL \TMhI (V,A,N ,L8M0R) 

V - Factor vector 
A - Factor matrix 
1 - Column to column  ski^ tactor for 1 .  

how t o  r o w  skip ractor for 2 .  
L - Dimension of vector 
M - Column dimension of matrix for  1 .  

Row dimension of matrix for 2 .  

O U T P U T  

h - R e s u l t  vector 

COMMON : hone 

SUfurOUTINES: N o n e  

LANGUAGE : CgXYPASS 

I1SSUSSION: Time = 40+ G .  b (M/2-1) + 1.8 ( :M-L) 12- 1) microseconds 



11.  Schmeising 
C. berner 

August 1969 

compute the product vectar of either: 

1.  A matrix stored by rows, post multiplied by a 
columrl vector, or 

2 .  ;s nlatrix stored by columns, pre-multi~lied by 
a row vector 

USI.GE : rjIMENSIj2N V (L) , R (X) 
D I P ? E N S I ~ N  A ( M , K )  where K 1 L fox 1 .  
DIMENSIji3K A (K,M) where K 1 L for 2. 
CALL VTMVI (V,A,N,L,M,R) 

V - Factor vector 
A - Factor mzltrix 
N - Row to  r o w  sk ip  factor for 1 .  

Column to coPcimn skip iactor for 2 .  
L - Dimension of veL.t,or 
M - how dimension ot matrix for 1 .  

Column dunension of matrix for 2 .  

R - Result vector 

COMMO~J : None 

LANGUAGE : CJiQlPP S S 

L , l S c U S S I O N :  Time = 40+ 4.6 (M/2-1) + 1.8 ( (Pi-L) / i - 1 )  microseconds 



RoUTINE: 

kU1HOR : 

DAlb: 

PURPOSE : 

H. Hanstcen 

August 1Yb9 

Compute the product vector ot ei ther:  

1. A = t r i x  storru by rows, post  multiplied by a 
columr~ vector, or 

2. A matrix stored by salumns,  re-multiplied by 
a row vector 

aid ddd i t  to  the ex i s t ing  coritents of t h e  result 
vector. 

USAGE : DUENSI0N V (L) .R (M) 
DIMtNSLpN A (M,K)  where K 1 L for  1. 
I)IMENSl@N A ( K , M )  where K 2 L for 2 -  
CAU VTMVI(V,A,N,L,M,R) 

V - Factor vector 
h - Factor matrix 
N - Row to r o w  s k i p  factor Por 1. 

Column to column skip tactor for 2. 
L - Dimension of vector 
K - How dimensicn of matrix for 1. 

Columrl dintension of matrix for 2 .  

k - kesult  vector 

COMMON : None 

SUEiFtOUTINLS: Nune 

LANGUAGE. : CpNPAsS 

DISCUSSION: W s  routine is  ident ica l  t o  VTMVL, except for its 
accumulation teatbq'e. 



ROUTINE: hGMD 

DATE : October 1975 

PUUOSE:  Tb write d a t a  r r  cords  on f i l e  GkAFSQ2 (second f i l e  
i n  common block /FlLE99/) 

USAGE : CALL WGRAD(Km,X,Y,Z,IBFk,LK(aDE,XL) 

PARAMETERS: I C P U T 

N3.D - I n p t  code tor  data record 
= 1 d i r e c t s  data i n  c u r r e n t  c a l l  t o  be 

w r i t t e n  t o  GHAFSQ2 with more d a t a  t o  
iollow. 

= 3 indicates that t h i s  i s  the l a s t  c a l l  
t o  the r o u t i n e  for t h e  c u r r e n t  
d i sy lay .  

x - &ray ot X c o o r d i r ~ a t e s  t o  be p l o t t e d .  
Y - Array of Y coordinates  to be p l o t t e d  
z - Array o t  2 coordinates  t o  be p l o t t e d .  

IbFR ( 1) - C k r v e  p l o t t i n g  coae ( o t h e r  than contour 
p l o t s )  

= I s o l i d  l i n e s  
= 2 p o i n t s  
= 3 dashed l i n e s  (dash l enq th  = 0.1 

inch) 
= 4 s o l i d  l i n e s  and symbol a t  p o i n t s  

symbol denoted by value  of LBFR (2) 
= 5 dashed lines and symbol a t  p o i n t s  
= 6 symbols (at points) 
= 8 ddshed l i n e s  - l eng th  s p e c i f i e d  by 

t h e  use r  i n  IBFR(U). 

IBFR(L) - P l o t  symbol code 
- - ?HA t h r u  1 H Z  hna 1E1 t h r a  1H9 

r e s u l t s  i n  t h e  s p e c i f i e d  chararter 
beirig plotted ds t h e  symbol - - 1 t h r u  9 r e s u l t s  i n  t h e  fol lowing 9 
symbois L .lg plotted, r e s p e c t i v e l y  



IEFk (3) - P l o t  symbol code for user -spec i f  Led boundary 
p o i n t s  on a contour  p l o t  o n l y  
- - 1  t h r u  9 resu l t :  i n  t h e  above 9 symbols 

being p l o t t e d ,  r e s p e c t i v e l y .  

IBF'R (4 )  - U s e r  s p e c i f i e d  dash l e n g t h  in 0.C 1 i n c h  u n i t s  
(IBFk (k) =I0 i m p l i e s  0.1 i n c h  dash l e n g t h )  

IBFR(5) - Skip f a c t o r  f o r  p o i n t s  i n  t h e  X , Y , Z  
a r r a y s .  
= 1  i m p l i e s  a l l  p o i n t s  
= n  i m p l i e s  p o i n t  NOS. 1, l+n ,  1+2n, . . . 

IBFR (7) - N1aIber of trace t y p e s  (NT) per  r e c o r d  
NT L 10 

IBFR ( 8 )  - Number of d a t a  p o i n t s  d e f i n i n g  f i r s t  crace 
t yFe  ( S  200) 

IBFk(7+NT) - Number of d a t a  p o i n t s  d e f i n i n g  
NT-th t r a c e  type .  

IBr'R(LI+NT) - Number of curves t o  p l o t  for f i r s t  triice 
t y p e ,  each car i s t i n g  of I B F R ( 8 )  p o j n t s .  

IEFR (7+2*NT) - Number of curves t o  p l o t  f o r  NT-th trace t y p e ,  
each  consisting of IBFk (7+NT) points. 

LWDE - p l o t  l a b e l l i n g  code 
= 0 l a t e l l i n g  n o t  r e q u i r e d  
= 1  p l o t  user-def  i ned  

p l o t  l a b e l s  (see XL) 
= 2 p lo t  pro-ram-g2nerate~ numeric 

l a b e l s .  (See XL) 
XL - The to l lowing  ba ta  re< '.red j f 

LKOLE = 1  
XL (1) = Number of l a b e l s  N ( S  100) 
x,, (2) t f s u  XL (4) - 

X , Y , Z  p o s i t i o . 1 ~  
of t h e  f i r s t  label-  

X I  (3N- 1) thru XL(3N+1) - 
X , Y , Z  p o s i t i o n s  
of t h e  N - t h  label. 

XL (3Ei+2) = F i r s t  l d ~ i  ( H o l e r i t h  L 
10 c h a r a c t e r s )  

XL (4N+ 1) = N-tb l a b e l  (Ho le r i t h  I 
1C cllaract .ers)  

The following d a ~ a  r e q u i r e d  i f  
LKr)DL = 2 .  

XL (1) t h r u  XL(3) - 
X ,  Y,  2 o f f s e t s  for l a h e l s  i n  
u;er u n i t s .  



XLIt! )  - f i r s t  l&el 
XL (5) - increment tcr successive l a b e i ?  
XL (6)  - f i r s t  p o i r ~ t  t o  be l abe l l ed  f o r  a 

given curve. 
XL(7) - s k i p  f ac to r  f o r  po in t s  on cmes 
XL(8) - tirst curve t o  be l a b e l l e d  
XL(9) - s k i p  f ac to r  for zurves 
XL (10) - number of poi;,;;l to be labelled 

per curve, 

CUMMON : CpMMpN/FILE99/ - ATLAS systern coxmmn block 

SbBttOUTlNES : LBLBUF, PCKTRC, PCKXY Z ,SPTS 

DISCUSSION: Subroutines K H A H ,  WGRAD and '&GHAT toqe ther  
f onnulate in te r fac ing  eattw,g. .c f o r  t h e  ATLAS 
cjraphics capab i l i ty .  U E ~ I J  these  rou t ines  t h e  u sz r  
may def ine  p l o t s  that may ?x displayed 
i n t e r a c t i v e l y  o r  may be ?lotted o f f l i n e .  X 1 1  
f ea tu res  of the ATLAS ~ n t e r a c t i v e  graphics 
capab i l i ty  are app l icab le  t o  t he se  user-defined 
;slots. The mo$e cf usage is as follows: 

F i l e  buf iert 

DIMENYIW BU E'1 (600) , BUF'2 (600) ,BUF3 (1 17) 
Arrays f o r  WGKAH rou t ine  (Maximaq-i dimensions) 
DW.ENSljN I H D  (29) ,XHIj (22) ,CL (99) 
Dimension of CL=n;tlnber at contour l e  ve l s  spec i f i ed  , 
U ?nay be a simple v a r i a d e  i o r  o t h s r  t y ? e s  of 
p lo t s  
DDlENSI@d X (1000) ,Y (1000) ,Z (1000) ,Id"R (27) ,XL (40 1) 
D i m e r  - , ia~s  of x, y,z = r h e  maximw, utwnber 
of pu.!r,ts to  be displayed per c a l l  t o  WGRAD. 
Dimel!sic::  ,af X L  = ( 4 + N +  1) ,&ere N is t h e  number 
cf l a b e l s  co he displayed w ~ t h  LKODE=l 
Dimensio;~ c' X L  = 10. IF LKODE = 2 ,  
XZ, nmy be a sirrple variable i f  no l a b e l s  a re  t o  be 
displayed. 
DIME2JSI@N ITXT(9b) ,NCY (10) ,CS (10) ,PgS (10,3) , 
NWS (10) . X L  : 10) 
Ji.:~ension of I iTT  - nurishrz of charac te r s  t o  bf 
O'spl ayed/a, 
dimcrbsion of I d i ; ; ,  C S ,  hWS and .AX% = Number of set 
points  (NSP) 
Dimension 06 PpS r- !?!SP,1! Iar  2-D data 

-. (NS!?, ?j fLhr 2 -L data 
Oper, t i l e s  
CALL E'XLUDD (GRAFSQ 1 ,BUF : , 00 9,  ; ,O , IRP) 



CALL FILFADD ( G H A F q 2  ,BUFk8 0 0 0 ~ 1  , 0 , IRR) 
CU FUEp~P(DXAGFLL,BUF3,1~7,I,O8JRR) 
W I t Z D  rCXAFSQ1 
HEWIND GRAFSQL 
User code to generate arrays for routines 
w H 8 w R A D  and WGRAT 
CkU WGWAH (IHD,XHU,CL) 
CXLL WGWrD, (WD,X,Y, 2,IBFR8U$3DE8jCL) 
CALI, %RAT (KBD.ITXT.NSP,EJCH,CS,NS,NWS,ANG) 
heturn files 
CALL FETDEL (GT?P?SQl, IRR) 
CALL FETDEL (GWWSQ2, IRR) 
CALL F'ETDEL (DIAGFIL, IHE() 
Execute GRAPHICS module, usiny only the W L I N E  
parameter. T h i s  pararaeter is not required if 
interactive &splays only are required 
EXECUTE GRAPHICS (PIFFLINE = 1 



DATE : October 14 7 5 

PURPOSE : Tr, write a header record on L.le GRAFSQ 1 ( f i r s t  f i l e  
in conanon block /FLLE99/) 

USAGE : CALL WGRAIi (IHD, X H 3 ,  a) 

Array I H C  
IHD ( 1 )  - Holeri* blarlk-f i l l e d  p l o t  -group 

i d e n t i f i e r  
I W  ( 2 )  thru IHD ( 4 )  - Holer i th  blank-f i l led  p lo t  

i den t i  f icx . 
I H D ( 5 )  - 3umber ot u t l e  words for t i t l i n g  the 

axes f o r  x-y graphs or f o r  titling t h e  
display f o r  orthographic, and contour 
p lo t s -  ( 5  4) 

IHD(b) - Gra~h tormat c d e :  
= 0, 36 i13t disp lay  g r i d  
= 1, draw axes w i t h  tick marks. 
= 2: 5zsi f a l l  grid .  

IHD(7) - Number oi q r i d  d iv i s ions  alonq X axis, 
If s e t  t o  zero, the pragram w i l l  
a u t o ~ ~ t i c a l l y  generate s u i t a b l e  
divis ions .  

IM) (8) - Similar  t o  IHD ( 7 )  , f o r  Y ax i s .  
Im (9)  - Header code: 

= 0, one header record f o r  a d i sp lay  
= 9 ,  multiple header records  f o r  a 

display-  This f ea tu re  is used f o r  
obtxining mul t ip le  p l o t s  cm a s i n g l e  
trame. Applicable only f o r  oraphs 
and contour plots .  

IHD(10)- Plo t  type code 
= 1, X-Y graph 
= 2, 0 r t h O y ~ a ~ h l c  project ion 
= 3, contour using rectangular  boundary 
= 4 ,  perspective 
= 5, contour using user -specif ied 

boundary 



l H D ( 1 1 )  - Grid code 
= 0 ,  l i n e a r  X and Y 
= 1,  l e r i t h m i c  X,  l i n e a r  Y 
= 2, linear X, logar i thmic  Y 
= 3, logari thmic X ,  logar i thmic  Y 
= 4, polar y r i d  w i t h  r a d i a l  a x i s  
= 5, polar g r i d  with logari thmic r a d i a l  

axis .  
1HD ( 1 2 )  - Text option code 

= 0 ,  subroutxne =RAT w i l l  not be c a l l e d  
= 1 ,  subrout ine  ISFtAT w i l l  be ca l l ed ,  

1ED ( 1 3 )  - Number ot d iv i s i ons  alony each s i d e  of 
t h e  recxdnuular boundary f o r  a contour 
p l o t .  

U D ( 1 U )  - rhmrber of contour l e v e l s  (I 99) 
XHD ( 1  5 )  t h m  IHD (14+3*1HL (5) ) 

x , Y   lot tit? es Or ~ r t h o q r a p h i c  and 
contour d i sp l ay  t i t l e s ,  

1HD (15+4*IHD (5) ) 
Order o t  r o t a t i o n  about X 6 is. 

nu: (l6+4*1HD (5)  ) 
O r d e r  of r o t a t i o n  a h u t  Y a x i s ,  

Ulc ( 1 7 + b * I m  (5) ) 
Order ot r o t a t i o n  about Z ax i s .  
Each o t  the above 3 variables may be 
assiqned one ot t h e  nunbers 1 ,  2 o r  3,  
a d  are meaninqful only f o r  orthographic 
p ro j ec t  ions. 

i-zray xw 
SiD (11 - Ilozizontal p l o t  size fo r  of t l i n e  p l o t s  
SHL, ( 2 )  - Ver t i ca l  plat.  size f o r  o f t l i n e  p l o t s  
X f f D ( 3 )  - Number of ~ounda ry  points spec i f i ed  i f  

user-speci t i ed  boundary opt ion is used 
t o r  contour p lo t s .  

XHD(U) - rcatat-ian angle dbouz X a x i s  
X W ( 5 )  - hota t ion  angle about Y a x i s  
XHD (6) - Rotation angle  about Z a x i s  
XED ( 7 )  th ru  )itiD(b) a r e  meaninqful only  f o r  

orthoqraphic p ro jec t  ions. 
XHD (7) - li cwrdini r te  o t  eyeyoint  
XHD (8) - Y coord i r~a te  o i  eyepoint 
XHD(9) - 2 coordinate of e y e p i n t  
X)...Ii( 10) - X coordinate of cen t e r  of i n t e r e s t  
XHD ( 1 1 )  - Y coordinate of cen t e r  of i n t e r e s t  
XHD(12) - 2 coordinate 02 cen te r  of irlterest 
XHD (7) thxu XHD(12) are meaningful only fo r  

perspective p l o t s  



XHE (13) - Code tor disyltayinq t h e  user axis 
o r i e n t a t i o n  dnd scales for orthoyxaphic 
& l o t s  
= 0 ,  display or ier l ta t ion and s c a l e s  
# 0 ,  do not d i sp l ay  t h e  abwe 

XHD (1U) - not used 
XHD (15) - Code tor s i z e  of l a b e l l i n g  characte-s 

= 0 ,  size = G.1067w - d e f a u l t  
= 1.. s i z e  = -25" 
= 2., s i z e  = -125" 
= 3 . .  s i z e  = .1067w 
; 4.. s i z e  = .062SW - - f l a a t i n g  point number indicating 

size i n  inches. 
U(l)  thru CL(IHD(10)) - 

Contour l e v e l  values (IL can be a s i n g l e  
dunmy varicible i f  t h e  p l o t  type  is not 
contour. 

XHD(16) - scale vcrlue f o r  sca l ing  orthographic 
p ro jec t ions  

XHD (17) - Yaximum X va lue  for sub jec t  space 
XHIj (18) - Maximum Y va lue  for subject space 
MID (19) - Maximum 2 v d u e  i o r  sub j ec t  space 
XHD (20) - Mirunnul~ X value  f o r  sub j ec t  space 
XIUI(21) - M i n i m u m  Y value for sub jec t  space 
X??? (22)  - K i n i r n u m  2 value  f o r  subject space 
c Z  (4)  t h r u  CL(1HD (IU) ) 

coI~tour level values CZ may be a dummy 
v a r i a b l e  i t  IHD(1Y) = 0 i.e. t h e  p lo t  is 
n o t  a contour p lot .  

C'0,WON : C ~ P l @ N / F I L E 9 9 /  - ATLAS system common block 

CISCUSSIuN: See WGRAD 



DATt : October 1975 

PURPOSE: wtitc . yecial  anrotstion data records. 

PARAMETERS: I N P U T  

w - Input c d e  for data record 
= t 1. directs data i n  current call to 

be wri t t en  to GRAFSQ2 with more 
data to follow 

= f 3, indicates t h a t  this is t!!e last 
call to  the routine for the 
current display. For the above 
options + indicates  Tektronix - 
drawn cllaracters , - indicates 
vectat - drcrwr: character. 

ITXT - Array of armotcatiun information (I 96 
words) 

NSP - Kumkr ot set pints (locations to 
comwnct- a strina of characters) 

NCH(O) - Number or chardcters to be displayed at 
tirst set point ,  

NCH (NSP) - Same for  NSP-th set po in t  
CS ( 1) - Character size i n  inches for 1 irst set 

~oirrt (required orily i f  K0D < 0 )  
CS (NSP) - Same for NSP-th set po in t  



W(1,l) thru P0S(It3) - 
t;!& ject space amrdinates  for f i r s t  set 
point. (X , Y , 2 ) 

&9S(NSP,1) thru P- (NSP,3) - 
Same for NSP-th set point 

Only X and Y coordinates required f o r  2 
dimer.simbal d i sp lays .  

NCT(1) - Number of characters to be displayed a t  
f i r s t  set point .  

NCT (NSP) - Saw f o r  NSP-th set point 

lahe characters are s t u r e d  contiguously i n  
t h e  array ITXT. 

ANG ( I )  - Orientation angle in  deyrees,  measured 
couuterc loc~wise  from horizontal 
chrcrction f o r  the  f irs t  set point  
eequired only i f  KfJD < 0) 

ANG (NSP) - Sane for NSP-th set point .  

COmON : CyIMMBN/FILLSY/ - ATLAS system coanmon block 

SUBROUTINES: PCXTXT 

3ISCUSSION: See WGRAD 



HUUTlKE: 

AUmUR: 

DATE : 

kUhtPOSE: 

USAGE : 

January 1973 

To initialize spec i f i ed  rows and colums t o  zero. 

M - Number ot r o w  to zero out 
SF - Startinq column to zero out 
NL - Last column to  zero out 
Nk(mJ2 - Row dimensian size of 2,DZl and DZ2 
INDD - Icdicator for zeroing out DZ1 and DZ2 

=0,  Zero out only Z 
= 1, Zero out ovs?.y Z and DZ 1 
=2, Zero out oniy 2 and DZ2 
=3,  Zero out only Z , D Z 1  and DZ2 

O U T P U T  - 
2,L~Zl,D22 Xauices with jubmatrices zeroed out 

None 

None 

The colufnris N F  to NL for the f i r s t  M rows are 
~ n i t i a l i z e d  to zero for nlatrices indicated by INDD 
indicator. 



hOuTINt: 

AUTHOR : 

DATE : 

PUhPOSE: 

USAGE : 

PARAMETERS : 

CGMMGN : 

SUEihOWINES: 

'LJLNGU~GL : 

DISCUSSION: 

O. L. Anderson 

Unknown 

Set the contents of a block of core to zero. 

I N P U T  

F I S T  - Address of f irs t  word of block 
LAST - Address of last word of block 

None 

None 

*his routine is the same as WQZERp, part o t  the 
=ARK package, 



1002. ATLAS CLIB LIBRARY ROUTINES 

Routine Pillsa 

C'OTNE 
D E S W F  
DEsOgNS 
UPFLEX 
FLEXFIL 
GCSGEWl 
XSATAT 
rnCGEgm 
MASSFIL 
SETUP 
SPREFIL 
VAMAT 



St ig  Wahls trom 

July 1975 

Generdte a st ikfness  data set frm a subset of an 
exist ing set. 

CALI, CUTNE (SEI ,NEWSET NfdDSET, DATAF'XL , KSFSI ZE , IRR) 
I N P U T  

SET - Existing set number 

NEWSET - New set number 

b@DSET - Nodal subset number 

ELEMSET - Element subset number 

DATAFIL - File name (use DATAhNF) 

KSFSIZE - KSF block s i z e  i n  NEWSET 

O U T P U T  

IRH - LE 0 S U C C ~ S S ~ U ~  
1 SET not available 
2 NEWSET exists already 
3 NWSET not available 
4 ELEMSET not available 
5 NPESET and ELEMSET not  compatible 



h o O T l N E :  

AUTHOR : 

LATE : 

PUkFlSE : 

COMMON : 

SUBROUTINES: 

LANGUAGE : 

E'. D. Nelson 

Apri l  1976 

Scan the minimum/xnaximurn margins of s a f e t y  
array and check for corlveryence on elemev .,LL.. .31es. 

SNkRK CALL DESCWF (DATAMIN, = N B t C ,  = IBPT1) 

DATAMIN - Minimum E maximum marqins of safety 
matrix pos i t ion  

NPnc - Number of loadcases i n  c ~ r r e n t  s t a g e  

BUCYCL - First design cycle i n  a do loop range 

EWCYLZ - Last design cycle  i n  a do loop range 

LUHCYCL - Current design cycle i n  a do loop * ~ r i e s  

C0NVEHG - Array containing t h e  u s e r s  converqence 
cons t r a in t  values ,  C e l l s  1 thru 13 
are f o r  element types 1 t h r u  13. 

I SET - Data set number 
lSTAGE - BC s t aqe  number 
1 PPS - Matrix pos i t i on  o f f s e t  

I@T1 - Eleroenc convergence f laa. I n i t i a l i z e d  
to 1 by cal l irq rout ine .  Set t o  ze ro  
by DESC@dF i f  element convergence i s  
successful .  

~ ~ N / U S E R C ~ ~ / B E F C Y  CL, EmcYa, CURCYQ,, 
-RG(17), ISET, I S T A G E ,  IWS 
INTEGER DATAMI N 

None 



ROUTINE : DESCgNS 

AUTHOR : F. D. Nelson 

DATE : April 1976 

PUBPOSE: Check f o r  user spec i f ied  convergence 
options. Any spec i f ied  aption (s) w i l l  
be t e s t e d  f o r  completion. 

USAGE : CALL D E S W S  

BEGCYCL - Fir.* design cycle i n  a do loop range 

CpWEXtG - Array containing t h e  user  convergence 
cons t ra in t  options. C e l l s  1 t h ru  13 
a r e  f o r  element types  1 th ru  13. C e l l  
1 4  is the t o t a l  weight change between 
consecutive cycles. C e l l  15 is  f o r  
r a t i o s  of weight change t o  t o t a l  weight. 
C e l l  16 is convergence summary p r i n t  f l a g  
( -0 s k i p  p r i n t ;  * O  - p r i n t  sumnar,y) , C e l l  
I?  is the DESCj3NS execution f l a g  (-0 
- test c e l l s  1 t h r u  15; <O - convergence 
termizated; = I  - co. rergence not required, 
cells 1 t h ru  ?5 are :ero) . 

ISET - Data set number 

IPPS - Matrix pos i t ion  off s e t .  
Local pos i t ion  is s e t  t o  IWS + 1. 

ENDCYiZ - Last  desiqn cycle  i n  a do loop 
range. Set  t o  zero by DESC@VS 
i f  e r r o r  detected. 

CURCYCL - Current design cycle  i n  a do loop 
s e r i e s .  Set t o  zero by DESCBNS i f  
e r r o r  detected. S e t  t o  ENDCYCL i f  
convergence cons t ra in t s  s a t i s f i e d .  



SUBROUTINES: DESCjiYNP, FILEFiDD, WRREC, SHIFT 

DISCUSSIC:? t D E S W S  provides the user witit. the  £ oll.owing 
corivergence options : 

1 .  Maximum allowable changes for 
each selected element type 

2. Maximum change in kotal 
weight for two  consecuti-;e ,yc les  

3. Maximum r a t i o  of change i n  
weight to  t o t a l  weight 

Convergence cr stxaj-nt values must be stored by the 
user 's cont-rol program i n  conm? block USER=, 
array CjBWEXG. D E S C P S  should be ca l led  Lor 
i n i t i l i z a t i o n  after READ INPUT and a t  the end of 
each design execution cycle .  Each call to DES- 
must be coupled with a preceeding EXECUTE MASS 
(PRPCEDURE = n) statement. 



hOUTINE : E)iPFLEX 

AUTHOR : F. PI Gray 

DATE : June 197; 

PURPOSE : This subroutine expands a synaaetric matrix to a 
full N*N matrix- 

N?MP(NR) - A user matrix ~ a r t i t i o ~ ~  stored in 
lower triangular format. 

NR - Row dimensicn of NlMP 

N - Row dimensj.an of NPfE 

O U T P U T  

NWS (N,N) - Expanded matrix 

LWHMON : None 

SUBROIITINES: Nane 



hOUTINE: FLEXFIL 

AUTHOR: F. P. Gray 

DATE : May 1973 

PIJ WOSE: This routine sets up the f l e x i b i l i t y  matrix data 
t i le of the ATLAS-PLEXSTAB interface .  

USAGE : CAU FLEXFIL (INDEX) 

INDEX - F l e x i b i l i t y  mcttrix index name (H or L 
zarmat: 

FXXXOOO - F l . e x i ~ i l i t y  matrix 

The f l t?xi .>i l  it  y matrix t i le  (urlblocked) 
n ~ e  f l e x  nutr ix  is written onto  f i l e  SAVESSF a s  N 
records - one r o w  per record. 

SUBROUTINES:  EXPFLEX, GMLKUP, WCRB 

UNGUAGE : m T K A N ,  SNARK 

FILE USAGE: MrJLTRNF 
SA\lESSF 

D I S C U S S I O N :  WARNING - T h i s  subroutirr  accesses data i n   lank 
conrmon by d i r e c t  c a l l s  to SNARX support 
routines.  M ~ d i t i c ~ a t i o n s  may be required 
for  new versims of SNARK. 

SNARK sub iout ines  ca l l ed  - LQ11 

SN.WK arrays used - KQDATA 



ROUTINE: 

AUTHOR: 

DA'E c 

PURPOSE : 

c m m  : 

SUBROUTINES: 

IAKUAGL. : 

FLLE USAGE: 

DISCUSSION: 

K. K. Yagi 

July 1976 

!lb convert the GCS surface external 
storage into matrices on 
DATARNF f o r  the GCS-ATAS interface .  

CALL GCSGEm (LFIL ID) 

I N P U T  

T F I L  - F i l e  on which the GCS surface external 
storage is stored. 

U, - i d  name of the geanetry cmponent 
to  be defined. 

None 

DATARNF 

This routine is entered using the SNARK language 
tor matrix manipulation. 

GCSGEW checks DATARNF to  see i f  this is the  f i r s t  
geometry component t o  be defined or i f  there  are  
other geometry def in i t ions .  I t  then creates or 
modifies matrices accordingly . 



RUUl'ING : KSATAT 

AUTHOR : R. L. Dreisbach 

DATE : February 1 9 7 6 

PURPOSE: Interface  SAMECS-generated (see reference below) 
reduced s t i f f n e s s  m a t r i c e s  t o  A W  for subsequent 
AZZAS analyses. The W F T L  1 matrix da t a  from a 
W A C  format f i l e  are read from an ATLAS restart 
f i l e  and output on f i l e  MULTRNF of ATLAS as a U s e r  
Matrix, 

USAGE : CRL- KSATAT (NIP, NSTR , IRR) 

N I F  - Input t i l e  posi t ianed pioperly at S W A C  
matrix. Must be one of the ATWIS restart 
f i l e s  (e .g . SAVESSF) . 

NSTR - Substructure number, i f  the output matrix 
I 
4 

is t o  be used as such, Otherwise, a number I 

i n  the range 0 thru 999 t o  be used t o  
i den t i fy  the output matrix KREDXXX, 

O U T P U T  

IRR - Error ind ica tor ,  
0 = NO e r r o r s  
1 = E r r o r  encountered 

KKEDXXX - Stiffness matrix on MULTRNF f i le ,  
XXX is input  as NSTR. 

COMMON : None 

SUBKOUTINES: None 

DISCUSSION: The output  matrix on t h e  A'PLAS f i l e  MULTRNF is 
iden t i f i ed  as a SET/STAGE reduced s t i f f n e s s  nratrix 
or  as a lowest-level subst ructure  reduced s t i f f n e s s  
matrix. T f u s  matrix can be used i n  subsequent 
ATLRS analyses pruvided t h a t  the f a l l w i n g  ATLAS 
input data  a r e  a l s o  provided. 



1, Nodal data  containing a t  least those  
nodes associated with t h e  s t i f f n e s s  
matrix. 

2 .  S t i f  tness  elements p r w i d i n g  dunuuy 
s t i f f n e s s e s  f o r  a t  least t h e  re ta ined  
kinematic freedoms of the matrix. SCALAR 
elements a r e  most convenient t o  e f f e c t  
these d-y s t i f f  nesses , 

3. Boundary condit ion data  which i d e n t i f y  
the re ta ined freedoms i n  t h e  order  
associated with the matrix. 

4. Other ATLAS data such as Loads, Mass, 
etc. t o  be associa ted w i t h  the re ta ined  
freedoms, 

4ef erence: S. L. Barter, et al., "SAMECS Structural 
Analysis System--Useras Document, Version 
SV72E,n Boeing Computer Services, Doc, 
No.  BCS-G0396, Aug., 1974. 



ROUTINE: 

AUTHOR: 

DATE : 

PURPOSE: 

USAGE: 

PARAMETEHS: 

COMMON: 

SUBROWINES: 

LANGUAGE : 

DISCUSSION: 

G. N, Bates 

December 1975 

To convert data intended for the NASA-LRC A L r p l a n e  
Configuration Program to ATUIS  Geametry data. 

CAU LRCGEW (IREAD, IWRITE, IERR) 

I N P U T  

IREAD - User defined fi le which contains the 
NASA-LHC data 

IWRITE - User defined fi le which w i l l  receive the 
ATLAS G e o m e t r y  data 

IERR - Error counter 
=O, NO errors 
#0, Error contained on f i le  IWRITE 

NASA-LRC data is read f r a  f i le  DEAD, converted t o  
ATLAS Geometry data and written to  f i le  iWRITE for 
further use by ATLAS, 



ROUTINE: MaSSFIL 

AUTHOR : F. P. Gray 

DATE : m y  1973 

PURPOSE : This routine sets up the mass/geametry data file of 
the ATLAS-FLMSTAB interface. 

USAGE: CALL MASSFIL (INDEXINSET#-) 

PARAMF#!rERs: I N P U T  

INDEX - Mass matrix index name (H or L format) 
NSET - tata set nunber 
NSTAGE - Stage nmber 
KI9ALTX - Nodal data matrix 
KNC 100X - Nodal correspondence table 
KRFVOXX - Retained freedom vector 
MPCXXXX - Mass matrix 

Card Input: Reference 3- 1 

O U T P U T  

Imd The FLEXSTAB mass/geometry f i l e  ( locked) 

SLENDER BBDY R z W  

WORD ---- 
1 
2 
3 
4 
5 
6 
7 
8 
I 8  

n 
#I 

ITEM --- 
YB 
w 

SmM 
ASYMM 
CPDE 
lw 

XN1 
m2 

n node coordinate 
(I (NN words) 
I 

7+NN MN1 
8+NN MN2 
n n mass at node 
I) (NN words) 
I) I) 

FORMAT ------ 
Floating 

a 

Integer 
n 
I) 

n 

Floating 
#I 

n 
n 
8m 

NDPF ~nteger 
X 1HX or blank 
Y 1HY or blank 
Z IHZ or blank, 



THIN BQDY REWRD 

ImM --- 
xg 
w 
28 
T 

SYMM 
ASYMM 
CPDE 
m 
NF' 

node coordinates 
( 2*NN words) 

mass at node 
(NN words) 

nodes and assoc 
body for each 
panel corner 
point 
(8*NP words) 

floating 
n 
mn 

Dm 

ADTEGER 
I 

mm 
a 
t 

floating 
n 

n 
I# 

ll 

u 
n 
m 
I 

n 
W 

la 

Integer 
n 
n 

n 
n 
n 

n 

Xnt 2ger 
1HX or blank 
1HY or blank 
1HZ or blank 

An end-ot-file mark con~ludes  the mass/geormetry data. 



SUBROUTINES: SETUP, LWAREC, lNCRB 

LANGUAGE : FPRTRAN, SNARK 

FILE USAGE: DATARNP 
MASSRNF 
SAVESSP 

WARNING - T h i s  subroutine accesses data i n  blank 
comon by direct c a l l s  to SNARK support 
routines. Madifications may be required 
for new versions of SNARR. 

SNARK subroutines called - L Q l l  

!jNMK arrays used - VQDATA 
KQDATA 



HOtrrINE: 

AUTHOR : 

DATE : 

PURPOSE : 

USAGE : 

PARAMETERS : 

LWMMON 

SUBROUTINES : 

LANGUAGE : 

SETUP 

F. P. Gray 

This  routine sets up the geometric data for the 
FLEXSTAB mass/geomtry file . 
CALL SETUP (KN@L,K~,MASS,~T,KR,MR,~,N~E, 
=J.W) 

I N P U T  

Nodal data matr ix  
Nodal correspondence table 
Mass matrix 
Row dimensian of KNBD 
Row dimensiar of MASS 
Pointer t o  mass matrix terms for the 
body 
Number of retained nodes tor the body 
Body type indicator 
Retained freedom vector 

O U T P U T  

NpUT (X) - Geometric data 

NCUIR 



ROUTINE: STREFU 

AUTHOR : F. P. Gray 

DATE : June 1973 

PURPOSE: mis routine reads a FLEXSTAB net loads file and sets 
up the ATLAS nodal loads matrices. 

USAGE: CALL STREF IL (NCAS ES) 

The FLEXSTAB net  loads f i l e  (unblocked) 

NCASES - The number of load cases  (integer) 

NOTE: The nunber of load cases represents 
the  rider of input f i l e s ,  the  
number of symmetric cases ,  ar the 
number of ant isymmetric cases,  
whichever is largest .  

O U T P U T  

QSYMMXX - Symmetric nodal loads matrix 
QASYMXX - Ant isymnetr ic nodal loads matrix 

NOTE: The load case numbers w i l l  be 
assigned sequential ly beginning 
with the  f i r s t  input f i l e .  

COMMON : /KE=wR/ 
DQBUFP/ 
/KQRNDW 

SUBttOUTINES: None 

LANGUAGE; : Fj&TRKY, SNARK 

FILE USAGE: DATARNF 
SAVESSP 



DISCUSSION: WIWINC - T h u  subroutine accesses  data i n  
b lank  c o m n  try direct c a l l s  to 
SNARK support routines. Modifications 
may be required for new versions of 
P y a .  ..- 

SNAHK scbroutine~, ca l l ed  - I411 

SNARK arrays used - VQDATA 
KQDATA 



ROWINE: VAMAT 

AUTNOh : K. H. Helmut. 
A. Tornallya y 
P. P. Gray 

DATE : December 1976 

PURPOSE : Calculate shear, mment, and tors ion  along a wing, 
body, and horizontal t a i l  from a given s e t  of panel 
air loads and panel weight (symmetric conditions 
only) 

C W - E  : Reference 1- 1 

PARAMETERS: I N P U T 

The SDSS tape from FLEXSTAB - file EA ,;I' 
{Ref. D6-4 10 64-3 FLEXSTAB 1 .02.00 Prc 
Descr ip t i~n)  

The panel weight matrix MDCXXXX 

C a r d  Input: Reference Boeing document D6-42315m 

O U T P U T  

Fi le  SAVESSI - Unl:orrrrlted Binary (If  i l e  per case) 

Record Contents 

x coardinates of VAMAT cuts  
y cocjrdinates of VAMAT cuts  
Shear a t  cut K 
Not shear a t  tr~t K 
Bending moment a t  c u t  K 
Net bending moment a t  c u t  K 
Torsion a t  cut K 
Net torsion a t  cu t  K 
Fanel a ir load 
Panel areas 

COMMON : /KEmm/ 
/KQBUFP/ 
f i G R N r n /  
/-s/ 
/MlSC/IMAX,IW,NPRlNT,LSCUT,NSCIPT,NPS1,NPS2,NCSl, 

NCSL , K w D  



SUBROUTINES: VAMGEP 
VAMI'X! 
VAMBUT 

LANGUAGE : m T R A N ,  SNARK 

FILE USAGE: IjATARNF 
MASSRNF 
SAS3ESSF 
SAVESS 1 
SCOOSSF 

DISCUSSION: This routine represents the VAMAT pro<rram 
is used in conjunctian wjth the 

FLEXSTABfiTLAS interface. 
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ROUTINE: 

AUTROR : 

DATE : 

PURPOSE: 

USAGE: 

PARAMETERS : 

COMMOK : 

SUE&OUTINES; 

LANGUAGE : 

Kandace K. Yayi 

February 1975 

To convert NAS!CRAN data (SPC,SPC1 ,ASET, and ASETt 
cards) in to  ATWIS BC data. 

None 

O U T P U T  

NEND - E q u a l s  1 if an E@F is reached, 
otherwise it equals zero. 

C@WdN/NA/CAFtD ( 10 ) , NCARD ,NTAPE , LTAPE , NATAPE 

Common block to ccmrmunicate with the cal l ing  
program. 

0 - Array which holds the current 
NASJBAN card image. (Hollerith) 

K W U )  - Numbar of cards read i n  t o  date. 

NTAPE - F i l e  where the ATLAS input goes. 

LTAPE - File where the ATLAS output goes. 

NATAPE - F i l e  containing an echo of the 
NASTRAN card images. 

Common block t o  receive from NpDSTIF the non-zero 
constraints 

PS - Vector containing nodes and the ir  
constraints. 

i P  - Number of words in PS f i l l e d  w i t h  
data. 



DISCUSSION: 1 .  BC reads in  cards f r m  NTWE one at  a time. 
It  assumes the f i r s t  card image has already 
been read into  the array CARD before the sub- 
routine was called. A l l  card images read in  
are immediately echoed out t o  the N l S T M N  
output file. 

2 ,  BC writes out the ATLAS card image onto LTAPE 
a s  soan a s  the NASTHAN code is translated, 

3. Bt returns when an qaF is reached or when a 
card other than SPC,SPCl,ASET, OR ASET1 is 
encountered - 

4. A warning message is issued when an EjBF is 
reached and a continuation card was expected- 
The card is ignored- 

. The maxirum number of stages allcrwed i n  the 
ATLAS BC data is 10.  When more than this is 
encountered in the con~ersion, an error 
message is issued and only those SPC or SPCI 
cards with SIDms already read bn w i l l  be 
converted . 

B. A t  the end of the BC conversion a table is 
printed on NATAPE showing the correspondence 
between the ATLAS stage numbers and NASTRAN 
se t  ID'S, 



ROW1 NE: 

AUTHOR: 

DATE : 

PURPOSE: 

USAGE: 

PARAMETERS : 

SUBROUTINES: 

LANGUAGE : 

KBndace K, Yagi 

February ? 97 5 

To convert NASTRAN data (C@UU cards) into A l U S  
mcentrated mass data. 

CALL, CMAss (NEND) 

I N P U T  

None 

O U T P U T  

NEND - Equals 1 if ElaF is reached, it 
otherwise equals zero, 

w / N A / C A m  ( 1 0 ) , NCARD PNTAPE, LTAPE , MATAPE 

Canwon block to cammunicate with the calling 
program- 

CARD - Array which holds the current 
NASTR?W card image. (Hollerith) 

NCkRD - Number of cards read in to date. 

W'WE - F i l e  where the ATLAS input goes .  

LTAPE - File where the  ATLAS output goes. 

NATAPE - File containing an echo of the 
NASTRAN card ixiages, 



3, CMASS returns when an E&9F is reached or when a 
card other than CfdNML i s  encountered- 

4. An e r ' ~  ,r message is issued when a continuation 
card was indicated ror e NASTRAN -2 card 
and an E81F was reached instead. 

DISCUSSION: 1. CMASS rt ads in cards from the input f i l e  one 
at a t i m e ,  I t  assumes the first card image 
has already been read in  before the subroutine 
was cal led.  All card images read i n  are  
immediately echoed aut onto the NASTRAN output 
f i l e ,  

2 ,  It writes out the ATLAS card image onto the 
ATWIS output f i l e  a s  soon as the NASTRAN card 
is  translated, 



ROUl'INE : 

A r n O R :  

DATE : 

PUhPOSE: 

USAGE : 

PARAMETERS : 

February 197 5 

To convert NASTHAN data (MRfiJR, CBAR, PBAR ,CHEXAl, 
~~2,CPINE($D,ChaD,PWD,OPDMEN,PQ~,C~N, 
PTRMEN,CQUAD1,PQUADl ,CTRIA1 ,PTRIAl,CQUAD2, 
PQUAD2,WDPLT,PQD~T,~PLT,PTkPLT,CfRBCp 
PTRBSC,CSHEAR,PSHEAR,CMIBE,PTUBE cards) into 
ATLAS element data. 

CAU ELESTIF (NEMD) 

I N P U T  

None 

O U T P U T  

NEND - Equals 1 i f  an EBF is reached, 
otherwise it equals zero. 

C@lM@N/NA/CARD ( 10) , NCARD ,NTAPE , LTAPE , WTAPE 

Common block t o  cammulicate with the c a l l i n g  
program. 

QiRD - Array which holds the  current  
NASIWlN card image- (Holleri th) 

NCXRD - Number of cards read i n  t o  date.  

NTAPE - Fi lewheretheATLASinputgoes .  

LTAPE - F i l e  where the ATLAS output goes, 

NATAPE - F i l e  containing an echo of the 
NASTRAN card images. 

Common block to receive from MATERIAL t h e  mater ial  
codes and t h e i r  corresponding temperatures and 
NASTRAN M I D t  s. 

M o E  - Matrix which holds the infor;nation, 

INTNUM , R E A L N U M , S H W T ,  ISCAN, IRE- 



LANGUAGE : WTRAN 

DISCUSSION: 1 ,  ELISTIF' is  divided into two sect ions ,  

The first section reads in the element cards 
putting the P type cards on f i l e  JGMKP and the  
C type cards on f i l e  JUNXC. The W D ,  
CHEKAI, and CHEKAZ cards are put on JURCKC. 
BAF@R i s  not put on a f i l e  but decoded as it 
is read i n ,  

The second section takes one card at a t i m e  
from JUNKC then looks  through JUNKP f o r  a 
matching card- If none is f curid, an error 
message is issued and the next C type card is 
read in. If a match is found, the program 
goes t o  the proper place anti decodes the 
cards, writing the AIPLAS card images on the 
output f i l e ,  

Transfer i r o m  the f i r s t  section to the second 
occurs when a card is encounter& that is not 
one of the NASTRAN cards mentioned in the 
purpose section above, or when an E w  is  
reached. 

2 .  The routine returns when an EpF is reached on 
f i l e  JUNKC. 

3,  The first section checks t o  m k e  sure a l l  
cards that  indicate  a continuation cards do 
have them. If one is not found, a warning 
message is issued and that card is ignored. 

4. Whenever trouble is  encountered in trying t o  
convert element in the second section, a 
warning message is issued indicating the 
trouble. 

5 ,  The following shows the correspondence between 
the NASTRAN cards and the ATLAS cards they 
convert t o  : 

CBNW,CRSIID and P W D  RpD or BEAM 

CTUBE 
CBAR and PBAR 

BEAM 



CQDMEN and PQD-, 
CTRMEN and PTRMEN 

CQUADl and PQUAD?, 
CTRIA1 and FTRIAI , 
CQUAD2 and PQUADZ, 
CTRIAZ and PTRIA2, 
CQDPLT and PQDPLT, 
CTRPLT and PTRPLT, 
ClPRBSC and PIRESC 

PLATE 

GPIATE 

C S H m  and PSHEAR SPLATE 

b. ELSTIF assumes the first card image has 
already been read i n t o  the array CAIW before 
the subroutine is called. 



ROZPTINE: 

AUTHOR : 

DATE : 

PUKPOSE : 

USAGE : 

PAHAMETERS: 

COMON : 

SUBROIITXNES: 

LANGUAGE: 

DISCUSSION: 

INTNUM 

Kandace K .  Yagi 

To convert a word containing e ight  Hollerith 
characters representing an integer i n t o  that 
integer nu.& er . 

X - The input Hollerith word  to be converted. 

I - The output integer f om of X. 

None 

1. If X is blank, I i s  returned with a zero 
value, 

2 .  The number in X must be stored i n  contiguous bit 
locations (no separating blank characters), but can 
otherwise be located anywhere within X .  

3, N o  warning messages are printed- 



ROUTINE: m(m 
AUI'HOR : Kandace K. Yagi 

DATE : April 1975 

PURPOSE : To recognize the cards t h a t  are converted to ATLAS 
by any of the  programs called by NASTATL. 

USAGE: CALL IREcpIG (1) 

I - Equals 1 if the card image i n  array 
CARD is recognized, Equals 0 - 

otherwise. 

C@IM@I/NA/CARD ( 1 0 )  , NCARD , NTAPE , LTAPE ,NATAF'E 

Common block to ca4nmunicate with the cal l ing 
progranl . 
CMtD - Array which holds the current 

NASrWIN card image. (Hollerith) 

NCARD - Number of cards read in to  date, 

NTAPE - File where the ATLAs input goes. 

LTAPE - F i l e  where the ATLAS output goes. 

WiTAPE - File containing an echo of the  
NASTRA!.!. c a - d  images, 

ROUTINES : None 

LANGUAGE, : F%'RTRAN 

DISCUSSION:  N o  warning or error messages are issued. 



ROUTINE: 

AUTHOR: 

DATE : 

PURPOSE: 

USAGE : 

PARAMETERS : 

SUBROUTINES : 

LANGUAGE: 

Kandace K, Yagi 

February 1975 

To convert NASTRAN L@iDS cards into ATLAS LjZRDS 
data, NASTRAN W C E  and m T  cards into ATLAS 
Np9DAL LpAD data, and NAS3RA.N P-2 cards into 
ATLAS ELEMENT WAD DATA. 

I N P U T  

None 

O U T P U T  

NEND - Equals I if an EjZP is reached, 
otherwise it equals zero, 

# 

Camnaon block to canmunicate w i t h  the cal l ing 
program- 

CAR0 - Array which holds the current 
NASTRAN card image. (Hollerith) 

NCARD - Number of cards read in  t o  date. 

NTAPE - F i l e  where the ATLAS input goes, 

LTIbPE - File where the ATLAS output goes. 

NATAPE - Pi le  containing an echo of the 
NASTRAN card images. 



DISCUSSION: 1. reads in cards from lVl?WE one a t  a t i m e -  
It assuw , the  f i r s t  card image has already 
been read into array CARD before the 
subroutine was cal led.  A l l  cards read i n  are 
immediately echoed a t  t o  the NASIPIAN output 
f i l e .  

2 .  WADS w r i t e s  t h e  ATLAS card image onto LTAPE 
as soon a s  the NASTRAN code is t rans la ted .  

3. I f  a l l  t h e  sca le  fact.ors onaNASTRANLp4D 
card are zero, a warning is issued and that 
card is ignored. 

4 . If an EpF is encountered where a continuation 
card is expected, a warning message is  issued, 
the  card is ignored an2 WADS returns.  

5.  WADS returns when an Em is reaches or when a 
card is encountered that is converted i n  
another rout ine,  



HOIRIXNE: 

AUTHOR: 

DATE : 

PUWOSE : 

USAGE: 

PARAHSTERS: 

COMMON : 

SUBH0UT1NES: 

LANGUAGE : 

Kandace K. Yagi 

February 1975 

To convert NASTRAN data (MAT1 and MAT3 cards) into 
ATLAS material data. 

CAU MATRIAL (NEND) 

I N P U T  

None 

O U T P U T  

NEND - Equals 1 i f  an EPF is reached, 
otherwise it equals zero, 

Camnon block to  communicate w 4 t h  the c a l l i n g  
program. 

CARD - Array which holds the current 
NASTRAN card image. (Hollerith) 

NCARD - Number of cards read i n  t o  date ,  

NTAPE - F i l e  where the ATLAS input goes, 

LThPE - F i l e  where the A!lTAS output goc?s. 

NATAPE; - F i l e  containing an echo of the 
MASTRAN card images. 

Common block to  pass t o  ELESTIF the  material codes 
and corresponding temperatures, 

MCpDZ - Matrix holding the information. 



DISCUSSION: 1 .  MATRIAL reads i n  cards from the input file one 
a t  a time. It Gssumes the first card image 
has already been read into array CARD befort 
the subroutine is cai led.  All card images 
read in  are immediately echoed out to t k  
MISl'lUJN output file. 

2- It writes the  A F A S  card imaqz onto the A F A S  
outpuL f i l e  as man a s  the NASTRAN card i s  
translated. 

3.  .MATRIAL returns when an EpF is reacher3 or men 
a card other than MAT1 or MAT3 is enc~untered. 
A warning message is isslied when a 
continuation card is indicated and an Em is 
reached, 

4 .  A check is made t:, make sure WiT3 cards have a 
continuation card. If not, a warninq message 
is i s ~ o e d  and that card is ignored* 

5. A check is  made 0x1 the number of materials 
defined. If the number exceeds 49, ac error 
message is issued and the rest of the MAT7 and 
MAT3 cards are ignored. 

6 .  Poissonls ratios  I n  the xy and yz  directions 
are checked for aysolute values greater Chan 
1 - 0 ,  a war.iing is issued for any such cards 
and they are ignored. 



ROWINE: 

AUTHOR: 

DATE : 

PUHPOSE : 

USAbE : 

PARAMETERS : 

Z C M W  : 

SUBROUTX NES: 

LANGUAGE : 

NASTATL 

Kan&ce K. Yagi 

February 1975 

'lb drive the subrattines which convert NELcTRAN data 
into ATLAS data. 

LTAPE - f i i e  where the ATLAS ouwut goes, 

-/NA/C",RD ( ; 0 ) , NCARD ,NTAF'E, LTAPE , NATAt-r 

Conanon block to canmunicate with the calling 
program. 

CARD - Array which holds the current 
NASTRAN card image - (Holleritlr) 

NCARD - Number of cards read in to date. 

NTAPE - F i l e * e r e t h e A T L A S i i ~ p u t g o e s ,  

LTAPE - F i l e  where the A T U S  output g w s ,  

NATA?E - F i l e  where ihe NASTRAN ca.rd images 
read in are echoed out to. 

Camon block to pass the non-zero constrainl-.s from 
m S T I P  t o  BC. 

PS - Vector conhining nodes and their 
constraints- 

IP - Number of words i n  PS f i l led with 
data. 

Co-mmn block t o  pass the material .?odes and their 
temperatures f r o m  MATRIAL to  ELSTIF. 

MWDE - Matrix which holds the  data. 



DISCUSSION: 1. NASTATL reads the f i r s t  card from the input 
t i le  into  the a r r a y  CARD, 

2 .  It then interrogates the card imaae finding 
which subroutines it should be sent to. 

3. Those subroutines return to NASTATL when they 
come across a card they do not canvert, They 
pass that card image back via the array PXRD, 

4, NASTATL either finds the proper subroutins to 
send it to or writes an error message when the 
card can not be recognized, It then reads in 
the next card. 

5 ,  When an EjiW is reached by either NASTATL or 
one of the subroutines, NASTATL returns, 

No warning messages are issued. 



SUBROUTINES : 

LANGLAGE : 

February 1975 

Tb convert NASlWCV data (GFlD and 6RDSET cards) 
into A¶= s t i f f n e s s  data- 

I N P U T  

None 

O U T P U T  

NEND - E m s  1 if anEgPis  reached, it 
otherwise equals zero. 

Caaunon block to  communicate w i t h  the cal l ing 
program 0 

0 - Array which holds the current 
NASTFW4 card image. (Hollerith) 

NCARD - Number of cards read i n  t o  date. 

LTAPE - F i l e  where the ATLAS output goes, 

NATAPE - F i l e  containing an echo of the 
NASTRAN card images, 

Conanon block to receive from -IF the non-zero 
constraints 

PS - Vector containing nodes and the ir  
constraints. 

IP - NWer of words in PS f i l l e d  w i t h  
data. 



DISCUSSZQV: 1 ,  NjiVDSTIP reads in cards from the input file one 
at a time. It assuxms the first card imase 
has already been read into CARD before the 
subroutine was called. All  card hsges re& 
in are hum3iately echoed out to tne rmsTm!? 
output file- 

2 .  It writes the ATLAS card image onto the ATLAS 
output file as soon as the NASTRAN card is 
translated- 

3, WDSTIF returns when an E$iW is reached or &*,en 
a card other than GRID or O S E T  is 
encountered, 

No error or warning messages are 5-ssued. 



ROVTINE: 

A m m :  

D A W  : 

PURPOSE: 

Kandace K, Yagi 

Ib convert a word containing eight Hollerith 
characters representing a rea2 number into that 
real number, 

PWETERS:  X - The input Hoilerith word to be converted, 

h - The output real form of X ,  

SUBROVTINES: N o n e  

DISCUSSION: 1,  If X is  blank, R is returned w i t h  a zero 
value, 

2 ,  The number i n  X must be stared i n  contiguous 
bit iocations (no separating blank 
characters), but can otherwise be located 
anywhere within X. 

3. N o  warning messages are printed. 



1004, ATLAS 'PO NASTRAN DATA 00NVERSION ROIlTlNES 

ATtwATEXP 
BCCNV 
BCLDEXP 
CMMA = 
DISPRT 
ELeMCMI 
ELEMEXP 
GXPPILE 
LtScNv 
LDPRT 
HASSCNV 
NBDW 
m=3 
PUNBNEL 
RETEXP 
RETNBDE 
SDWP 



AUTHOR: Kandace K. Yagi 

. DATE : &ril 1935 , 
% 
1 - PURPOSE: To convert ATLAS i n t e rna l  data i n t o  NASTRAN data  or 

to convert ATLAS internal data j i~ tc .  expanded ATLAS 
data. 

USAGE: CAU ATNA(ISET,ISTAGE,NC@lD,L11,L21,L31,D31, 
W,Mm,LDBC,MASS,LISTN) 

CALL A'~(ISET,IsPAGE,BL,L1lrL2t,L31,D31,NELP:, 
NpD#LDBC,LIsTA,LISI'EXP) 

PARAMETERS: I N P U T  ( AmA) 

ISET - Se t  number 

ISTAGE - Stage number 

NCBND - Mass dis t r ibu t ion  condition number 

LDBC - 

MASS - 

LISTN - 

I N P U T  

ISET - 

Name of the f ree  loads matrix 

Name of t h e  r e t a in  loads matrix 

Name of the  support loads matrix 

Name of the  suppart displacement 
matrix 

1 i f  element data  are t o  be 
converted, otherwise 0 

1 i f  node data are t o  be converted, 
otherwise 0 

1 if loads and BC da ta  are t o  be 
converted, otherwise 0 

1 i f  mass data a r e  to  be converted, 
otherwise 0 

Output f i l e  where t he  NASlRAN data 
goes 

Se t  number 



XSTG - Stage number 

BL - Always set 0 

L11 - Rame of free loads matrix 

L2 1 - Name of re ta in  loads matrix 

L3 1 - Name of support loads matrix 

D3 5 - Name of the support displacemznt 
matrix 

NELE - 1 i f  element data are to be 
converted, otherwise 0 

N0-D - 1 if  nodal data are to be converted, 
otherwise 0 

LDBC - I i2 loads and BC data a r e  to he 
converted, otherwise 0 

LISTA - AT- input card images, if none set 
0 

LISTEXP - Output file where the ex~a5ded ATLAS 
is put. 

C m / K Q R N D M /  - system c o m n  block 

@MP&fN/KQBUFP/ - system common biock 

w / K E R R O H /  - system comaon block 

C ~ / L Z Z C B M M /  - Lj2DAREC common block 

CJBW$JN/INCREMT/ - ccrraaon block of increments used 
for cxeating new user i d ' s  when 
more than one NASTRAN card i s  
converted from one ATLAS card- 

SUBROUTINES: SHZFT,IFFREC,N~EXP,~CNV,SMASK,ES~1't, 
SHELL, INCR,KSFREBR, ELEMEXP,ELEMCNV,BCLD, 
BCCNV,LDSCNV,MASSCNV,EXPFILE 

LANGUAGE : m m  



DISCUSSION: Subroutine ATNA is used f o r  two purposes. One, t o  
canvext ATLAS in te rna l  data t o  NASTRAN- Two. t o  
convert ATLAS in te rna l  data  i n t o  expanded ATL?S 
data, 

Entry point ATNA is used f o r  the ATLAS t o  NASTRAN 
conversion and entry point ATEXP i s  usid f o r  
expanded ATLAS , 

The ATLAS t o  BASTm conversion f o r  DC, I@WS and 
EvXMENT data takes place i n  t w o  steps.  The f i r s t  
is mnversion af ATLAS in te rna l  t o  A T '  expanded. 
The second is from ATLAS expanded t o  NASTRAN, 

The ATLAS t o  NASTRAN conversion fo r  Mass data  is 
d i r ec t l y  from ATLAS in te rna l  t o  NASTRAN. 

!l%e ATLAS t o  NASTRAN conversion f o r  Nodal data i s  a 
cambination of t he  above two, For the creat ion  of 
the  GRID cards t h e  cmversion is done i n  the two 
s tep  way and f o r  a e a t i o n  of SEQGP cards the 
conversion i s  done d i rec t ly .  

Before ca l l ing  t he  sllbroutine, DATARNF,MASSRNF', 
MUiGRNF, and SCOOHNF must be opened. Also 
SCOOSSF,SCOISSF,SC02SSP, and SC03SSF and t h e  output 
f i l e  m u s t  be assigned, 

Error messages are issued and t he  subroutine 
returns when any of the in te rna l  ATLAS matrices 
needed fo r  t he  conversion a r e  unavailable, 

For the expanded ATLAS, i f  LISTA equals 0 LISTEXP 
w i l l  just hold t h e  data sets created, I f  LIST& is 
not zero, LISTEXP w i l l  hold the  data from LISTA 
w i t h  t he  expanded ATLAS data sets replacing their 
corresponding data. 

This r o u t ~ n e  is coded using the SNARK language f o r  
matrix m-inipulation . 



ROUTINE: 

AUTHOII : 

DATE : 

PU.rZPOSE : 

USAGE; : 

PAHAMETERS : 

COMMON : 

SUBHOUTINES: 

LANGUAGE : 

DISCUSSION:  

BCCNV 

Kandace Rn Y a g i  

To convert expanded ATLAS BC data  i n t o  NASTRAN data  
(SPC and ASET cards j . 

CALL BCCMl (NIIAPE) 

I N P U T  

NTAPE - The file wb re t h e  NASTRAN cards 
are wr i t ten ,  

-/CARDS/ - A LpDAHEC ConmIon block 

CpMM&3N/LRCBMM/ - A L@IAREC common block 

1. The ATLAS input cards a r e  assumed t o  be 011 the 
input file. I f  a d i f f e r e n t  file is wanted, 
N I N T  in the common block LR- will have t o  
be changed. 

2. Only one card image is kept a t  a t i n e .  

3 ,  'rhe ASET card is made from t h e  data of four  
h E T A I N  cards. After  every four th  RETAIN card 
is read in ,  the A S E T  card is written t o  NTAPE. 

4 .  T h e  SPC card is wri t ten fran the data  of one 
SUPWRT card. The SPC card is writ ten as soon 
as the SUPPPRT card is deciphered. 

5. If  t h e  f i r s t  item on a card is not 
BEGIN ,END ,STAGE, SET,RETAXN, or S U P m T ,  t h e  
card is not recognized by this program, A 
warning message is issued and the card is 
ignored. 



0 BCCNV returns when an END card is  reached, or 
when a record is encountered which takes up 
more than one card, The l a t t e r  condition i s  
included so  that a comment card can be the 
delimiter between the  support of inactive 
freedoms and the  support of ac t ive  freedoms. 
The l a t t e r  are converted with the "support 
d isplac~nentn data an9 therefore s h ~ u l d  not  be 
converted here. The SUPPmT DISPLACEMENT 
cards are convea-Led by the LD.=3NV routine. 



ROUTINE : 

AUTHOR : 

DATE : 

PURPOSE : 

USAGE :. 

PARAMETERS : 

COMMON : 

Kandace K. Yagf 

April 1975 

To prepare data for and drive the submutines which 
take internal ATLPS data and convert it into 
expanded ATLAS input data for Lfi9ADS and BC. 

I N P U T  

lSIT - Set  number 

ISTG - Stage number 

Ll 1 - Loads matrix for  the free  parti t ion 

L2 1 - Loads matrix f o r  the retain 
partit ion 

L3 1 - Loads matrix for the  support 
parti t ion 

D 3  1 - Support displacement matrix 

KRFV - Flag t o  indicate i f  retained freedom 
vector is available or not. 

NAfM - R w  dimension of KRPV 

- ,,q - Number of nodes. 

C$%u@N/KERWR/ A system common block 

CpMMpN/KQRNDM/ A system common block 

C$3MM!iW?/K(?BUFP/ A system common block 

SUBROUTINES : 

LANGUAGE : 

C ~ / L R C ~ W  A I@DAREC common block 



DISCUSSION: B W E X P  contains =ARK statements. 

The expanded ATLAS card image data for LPADS is 
output on SC03SSF, for BC it is on SC02SSF. 

BCLDEXP expects the nodal corresr~ondence table to 
be read in at ~ o s i t i o n  1 and the a.csembly control 
vector to be read in at position 3 =fore it is 
called. I?. also expects the retained freedom 
vector to be read i n  at position 2 if it is 
a v ~ i l a b l e ,  



ROUTINE: 

AUTHOR: 

DATE : 

PURPOSE : 

USAGE: 

COMMON : 

SUBROUTINES: 

LANGUAGE: 

DISCUSSION: 

March 1975 

To prodme NASTRAN card images from ATLAS internal 
mass data. 

CAU CMlMASS (NCT ,KF!EV, MASS ,NR@WS ,N@UT,NREXl].$BD ,ST, 
NTYF'E ,N=T) 

I N P U T  

NCT - Nodal correspondence table 

KRFV - Retained freedom vector 

MASZ - Mass matrix 

NR$WS - Row dimension of K& 

NRETNW - Number of retained mass nodes 

ST - Matxix to store mass matrirv for 
nodes 

WiT - Outpuk f i l e  

NTYPE - Katrix type, dhgonal  or ful? 

NKET - Vector of retained nodes (intercal 
ID'S) . 

NAS!E&?4N -1 cards are created from the 
hiormation in the iaternal A l W S  data. 

N o  errorfiarning messages are issued. 



ROUTINE: DISPRT 

AUTHOR: Kandace K. Yagi 

DATE : March 1975 

PURWSE : Tb print  expanded BC support cards of active 
freedoms and the loads support displacement cards. 

USAGE : CALL DISPRT(D,~~,KACV.KFAV,NCT,NN,LZSTLD.LISTBC, 
-1 

D - Diasplacemmt matrix, 

m - N-r of r o w s  in D, 

RAW - Assembly control  vector. 

KFAV - Freedam act iv i ty  vector, 

NCT - Nodal correspondence matrix , 

NN - Number of nodes in set. 

- 0 if D is a null matrice, otherwise 
1 .  

LISTLI, - F i l e  where the SUPPORT DISPLACEMENT. 
card images are written, 

LISTBC - F i l e  where the EC card images are 
w r i t t e n .  

COiWON : c-pMr@N/LOADSmC, NF, LC ,La 

Comnon block to  cammrnicate w i t h  the cal l ina  
program, 

N m C  - Array which holds the active f r e e d o m  
numbers. 

NF - N u m b e r  of active freedoms. 

LC -. Number  of load cases t h t  matrix will 
hold . 

LCR - Number of load cases processed t o  
date. 



DISCUSSION: (1) If D i s  n u l l ,  only the support cards are 
yenerated, If D is not  n u l l ,  both the support 
cards and the support d i s p l a c e m e ~ ~ t  cards are 
generated. 

( 2 )  DISPRT l ooks  a t  both KACV and KFAV to t ind  
which nodes and treedams have displacements. 
It then prints  out the support cards ,  If D is 
not n u l l ,  it a l s o  goes through D printing both 
the zero and non-zero displacements for  t h e  
support dispbcement data. 

No error or warning messages are issued. 



R w r l r n :  

A'JTHOR : 

DATE : 

PURPOSt : 

KANDACE K. Yagi 

December, 1975 

To convert e.cpanc3e-d ATLAS element data into NASTRAN 
data (C~@,PW,CBAR,PSHEAH,CSHEAR,PTRIAl,~IAf, 
FQUAD 1.  CQllAD 1. CHEXA 1, -, CTRHEH, PlKlYEM,CQDMEM 
cards) , 

USAGE : cxLL --E) 

PARAMETEkS: NTAPE - the f i le  where the NASTRAN card 
Mages are written- 

LWMMON : CJJMF@N/CARDS/ A 4tXUiREC common block, 

~ / U X C P M P l /  A W A R E C  camon block 

a @ Q W N / J - N ~ p p T /  Common block which holds the  
increments used when one ATLAS 
card creates  t w o  or mre 
NASTMW cards, The increments 
are added to  the ATLAS user 
number to create new ;CASTRAN 
user numbers, 

NL , ,W - SPAR and CgVER midnodes 
(default  10000,20000) 

IPL I ,  IPLZ - PLATE s t i f f en ing  (default  - 
10000,20000) 

I w u ,  1-L - Upper and lower RIQS of SPAR 
(default - 10000,200 00) 

IcVU , LCVL - -sic C p E R  (default - 10000, 
20000) , 

IcWl ,lcW2 - lvper @VER s t i f f en ing  (default  
- 12000,14000) 

ICVL 1, IWL-2 - Lower stiffening (default  
- 22000,2u000) 



DISCUSS113N: I ,  The ATLAS i n p t  card images are assumed t o  be 
on the input f i l e .  If a di f ferent  f i l e  is 
wanted, NINT ir, the ccmumn block LR- has t o  
be cha~ged. 

2 ,  Only one ATLAS card image is kept a t  a time, 

3. RgUD and SWD are converted t o  W D .  

4,  SPAR is converted t o  ~ ~ , C S A E A R  and PSHEAR. 

5.  BEAM is converted t o  PBAR and CBAR. 

ti, CpVER and PLATE are converted to CTRMEM and 
VTRMElrl, or CQDMPM and PQrmEM- 

7 .  GPLATE is cunverted to CTRIA1 and P1RIA1, or 
CQUAD 1 and PQUADI , 

8, BflLCX is converted t o  CHEXA1, 

9. SPLATE is converted to CSREAR and PSZFEAR, 

10. O f f  -set  PLATES, BRICXs with more than 8 nodes, 
and S C X A R  elements are not converted. If any 
of these are encountered, a warning message is 
issued and the element is ignored. 

11. A check is made on the lumping factors of 
SPARS, It they are not zero a warning message 
is issued and they are assumed zero, 

12- 21A,Z2A,23A,21B8Z2B, and Z3B, and Z3B i n  CBAK 
cards are not se t ,  Comnent cards are issued 
t o  indicate w h a t  they should be, 

3 No material Foper ty  definition cards are 
created by th is  program, MAT1 and MAT3 
coment cards are issued when an element is 
converted that needs one. 

14, If a card other than BEGIN,END,R@l,BEAM.SPAR, 
~'pIvw, PLATE ,GPLATE, BRICK ,SpBD, SPLATE, or 
SCALAR is enoountered, a warning is issued and 
the card is ignored, 

15. LLEMCNV returns when an ZND card is reached. 
There is no check for w, 

N o  error messages are issued. 



ROUTINE: 

AUTHOR : 

DATE : 

PUhPOSE: 

USAGE: 

PARAMETERS : 

SUBROUTINES:  

LANGUAGE : 

DISCUSSION : 

S. W a h l s t r o m  

June 1972 

To create expanded ATLAS input cards from t h e  KSF 
matrices. 

CALL ELEMx'  (KSF,NCT,FIL,PIZ$PPW) 

I N P U T  

KSF - ~ a t r i x  containing element data, 

NCT - Nodal correspondence table .  

FIL - F i l e  where the expanded ATLAS data 
goes ,  

PROlPaJ - Field width used for s e c t i o n  
propert ies .  

O U T P U T  

None 

ELEMEYP does the setting up of the intormation for 
the card images. I t  pases this information to 
PUNPRJEL which does the actual writing of the card. 

No error or warning messages are issued.  



ROUTINE : 

AUTHOR: 

DATE : 

PUIcPi)3E: 

USAGE : 

PARAMETERS: 

C O ~ O N :  

SUEiROUPINES: 

LANGUAGE : 

Randace K. Yagi 

A p r i l  1975 

To create an ATLAS input deck frm a giv- ATLAS 
deck and one to four replacement input data sets. 

I N P U T  

ISET - Set number. 

LISTA - If 1 ,  no m S  input data to be 
changed, otherwise the input data 
w i l l  be changed. 

LISTEXP - Output file containing the modified 
input data. 

LWD - F i l e  of new nodal data. 

LELE - File of new element data. 

LBC - F i l e  of new BC data. 

L-l.D - F i l e  of new L@%DS data. 

NPID - If I then replace nodal datir, 
otherwise NglD = 0 ,  

NELE - If 1 then replace element dats, 
otherwise NELE = 0, 

LDBC - If 1 then replace loads  and BC, 
otherwise LDBC = 0 ,  



DISCUSSION: It LISTA is 0 ,  only the replacement sets indicated 
are placed on LXSTEXP, and/or L E U  make up 
the s t i f f n e s s  data set, 

It LISTA is a f i l e  name, it is searched for  the 
s t i f f n e s s ,  loads, and bC data sets, If any of 
these data sets are found on LXSTA, and the 
corresponding indicator 0, NELE ,LDBC) is turned 
an, that  data set w i l l  be substituted in the input 
deck. 

If there i s  moxe than one s t i f f n e s s ,  loads, or BC 
data sets in th.e input f i l e ,  just the f i r s t  one is 
replaced, 



ROVTINE : 

AUTHOR : 

DATE : 

PURPCSE : 

USAGE : 

PARAIWTERS : 

SUBROUTINES: 

LAKUAGE: 

DISCUSSION : 

December 1974 

To convert expanded ATLAS LgADS data into NAST-;AN 
data ( m C E , m N T ,  and SPC cards), 

NTAPE - F i l e  where the NASTRAN cards are 
written. 

-/CARDS/ A WDAREC cormnon block. 

Cj3MI@N/LRC@YM/ A W A R E C  camnnon block. 

1. The ATLAS inpct card images are assumed to  be 
on the input f i l e .  If a different  file is 
wanted, NINT i n  the  common block LR- has t o  
be changed. 

2.  Only one card imaae is  kept a t  a time. 

3. Nodal loads data is  converted i n t o  m C E  amd 
P@ENT cards. 

4, SUPWRT DISPLACIMENT cards are converted into 
SPC cards. 

5 .  Cards not recognized by this program trigger a 
warning message and are then ignored. 

6 .  LGSCNV returns when an END L@ADS card is 
reached. 



R'3UTINE: IDPRT 

AUTHOR: Kandace K. Yagi 

DATE : March 1975 

PURPOSE: lb store the loads  i n  a durmny matrix and ther, use 
that lnatrix t o  print ATLAS cards i-A expanded form, 

USAGE: CALL LDPRT (L,LR$W,KhLN,KFkV,IDWIM,NN,NCT,MATR, 
LDW, LIST) 

P A P t T E R S :  I N P U T 

L - Loads matrix, 

-am - Number of rows  i n  L. 

KACV - The assembly control vector, 

KFAV - The freedoan act iv i ty  vector, 

LDUMM - A dummy matrix. 

NN - Number of nodes in set. 

NCT - Nodal correspondence matrix. 

MATR - 15 i f  free loads matrix 
30 i f  retain loads matrix 
45 i f  support loads matrix. 

- 1 i f  this is  the l a s t  matrix t o  be 
read in and a print is wanted. 

0 i f  no print is wanted, 

LIST - Fi le  where the ATLAS card images are 
to be printed, 

O U T P U T  

None 

C@dMJBN/LBADS/NFWC, NF,LC ,LCR 

Common block to canmunicate with the calling 
program. 

N m C  - Array which holds the active freedom 
numbers, 



P.:F - Nunber of active freedoms. 

LC - Number of load cases the dummy 
matrix w i l l  hold. 

LCR - N u m b e r  of load cases processed t o  
date.  

SUBROUTINES: SHIFT,NCWIR 

LANGUAGE : -RAN 

DISCUSSION:  1. I n  t h e  ca l l ing  program IDUMM should be set up 
such that t h e  number ox rows equals NN and t h e  
number of columns eqcals NF times LC. 

2. LDPRT goes through L only looking a t  load 
cases L C .  + 1 to LCR + LC. It reads each row 
of L f inding out w h i c h  node and freedom it 
r e ~ r e s e n t s  by examining KACV and KFAV. It  
then puts the  inf ornution from L i n t o  its 
proper place i n  IDUMM. 

3. If LDWR equals 1,  LDPRT w i l l  p r i n t  the  
expanded ATLAS load cards f o r  load cases LCR + 
1 through LCH + LC using only t h e  non-zero 
load values in IDUMM, 

N o  e r ro r  o r  warning messages a r e  issued. 



ROUTINE: 

AUTHOK : 

DATE : 

PURPOSE : 

USAGE : 

PARAMETERS : 

COMMON : 

S m O m I N E S  : 

LANG IIAGE : 

DISCUSSION:  

March 1975 

To create NASTRAN card images from the internal 
form of A'- data. 

CALL MASSCNV (NSET pNOBM) p p m S  p NR) 

I N P U T  

NSET - Set number. - - Number of rows i n  KRFV matrix. 

M - Number of retained nodes, 

O U T P U T  

ma - File where the NASaUW output goes, 

W / K Q R N D M /  A system common block. 

C&MM@N/KQBUFF/ A system common block, 

C@dM0N/KERRJBR/ A system common block. 

MASSCNV contains SNARK statements . 
MASSCNV reads the avpropriate matrices and then 
c a l l s  RF.INpDE and CNVMASS t o  do the actual 
canversion to  card images. 

Wror messages are issued when matrices needed for 
the conversion are not found, 



ROWINE : 

AUI'HOR : 

DAZE : 

PURPOSE : 

Randace K, Yagi 

December 1974 

To convert expanded ATLAS nodal data into NASTRAN 
data (GRU) ,MPC, and SEQGP cards)  . 

USAGE : 

PARAMETERS. -. NTAPE - The f i l e  where t h e  NASTRAN card 
images a r e  written, 

COMMON : C@W@N/CARDS/ A LQfDAREC common block, 

fACgIM&/ A 43DAREC common block.  

CpDlpN/INCREMI'/Comnon block which holds the 
increments used when one ATLAS card 
c r e a t e s  tw  or more -;ASTRAN cards, 
The increments are added to  the 
ATLAS user number to create  new 
NASTRMd user numbers. 

=,NU - SPAR and a)VER mid-nodes (de fau l t  - 
10000,20000) 

IPL1,IPU - PLATEstiftening (default - 
10000,20000) 

lXpDU,IRpAL - Upper and lower RODS of SPAR 
(default  - 10000,20009) 

1 vT,ICVL - Basic WVP( (de fau l t  - 10000, 20000) 

1 ~ W 1  ,XCW2 - Upper COVER s t i f f e n i n g  (de fau l t  - 
12000,14000) 

ICVLl,LCVL2 - Lower COVER s t i f f e n i n g  (de fau l t  - 
22000,27000) 

SUBROUTINES: 

LANGUAGE : 



DISCUSSION: (1) The ATLAS input card images are assumed t o  be 
an the input file. If a d i f ferent  f i l e  i s  
wanted, NINT i n  the common block LRCPIMM has to 
be changed. 

(2) Only one card image is  kept G time- 

(3) Node cards specifying three coordinates are 
converted into  one GRID card. N d e  cards 
specifyinq four coordinates are ccn-ve~rted into 
two GRID cards and one MPC c a d .  

(4) A SEQGP card image is made after every fourth 
GRID card is created. 

( 5 )  NmCNV does not check for  unrecognized cards 
or for  EpFes before the END NpIDAL DATA card. 

(6) NpPCNV returns when an EM) NODAL DATA card is 
reached. 

N o  error or warnir.3 messages aLe issued from 
NgDCNV- 



D A m  . June 1972 

PURPOSE: To create expanded ATLAS input cards from the nodal 
data matrix. 

USAGE : CALL N W E X P  (N$TDMAT, 7 3 , N N  ,NCT,FILE ,F@RMAT) 

PIUAMETERS: I 14 P U T 

N-T - Nodal data matrix. 

NN - Number os ii.dcc j ~ -  set. 

NCT - Nodal correspon ' ence table. 

FlLE - F i l e  on whicn the expanded ATLAS 
i n p u ~  6 -.,:a a ~ e  written. 

m T  - The punch f o m a t  
GE C Zesired f i e l d  w i d t h  
( ?  I FOPEiAT 5 15) 

LT 0 desired field width but decimal 
polnt line up. 

COMMON : None 

SUBHOUTINES: p t y ~ ,  N C U I l i  

LANGUAGE : WRTRAN 

DISCUSSION: The nodes are ~ r i . n t e d  out  i n  use i  order, 

N o  error messages are issued. 



ROUTINE: 

AUTHOR : 

DATE : 

-PUhPOSE: 

COMMON : 

SUBROUTINES : 

LANGUAGE : 

DISCUSSION : 

June 1972 

To create expanded AT3.S input card inages of 
ELEMENT data. 

I N P U T  

I D  - Element type (XNTEGER) 

MAT - Material d e -  

TmP - Temperature - 
USERID - ELement user i d  ( integer) .  

NBD= - Vector of user node numbers, 

EiNg'liES - N-er of nodes. 

PRBP - Vector oi element properties- 

PR$PFW - Field w i d t b  used for  sect ion  
properties- (integer) 

=BP - Number of properties. 

FIL - Output t i l e .  

None 

BPTm 

V3NPRJEZ takes  the inpnt information and creates one 
ATLAS e l e m a t  card image. 

No error o r  warning message is printed, 



COrnON : 

SPEROUTINES : 

LAKUAGE : 

DISCUSSION: 

Tc create Ar lAS RETAIN card images. 

CALL k E m P  (RRET*m,NfmT* WL4) 

I N P U T  

NRET - R e t a m e d  $reedom vector (W) - 
NCT - N o d a l  correspandence table, 

NDIM - Dimension of NRET 

None 

RETEXP takes the information f ran WET and NCT and 
creates expanded ATLAS input data, 

No error or warning messages are issued. 



ROUTINE: REl'NmE 

PURPOSE; : To conpute the n-r of retained nodes and create 
ir vector containing those nodes. 

PAWLMEm-: I N P U T  

KACV - Assembly mntrol  vector- 

Nh - Number  of nodes. 

C t U T ? U T  

NRETNPJD - Number of retained nodes. 

NRET - Vector oi retained nodes. 

LANGUAGE : m'rm 

DISCUSSION: A pass is made through KA"V and a check is made f o r  
non-zero ireedams, These non-zero treedoms are 
c o u ~ t c d  and put into the vector. 

1.0 error or warning messages are issued.  



ROUTINE: 

AUTHOR: 

DATE : 

P U M S E :  

USAGE : 

PAHAMETERS: 

SDEXP 

March 1975 

Create ATLAS ddta SUPWR1 cara images for inactive 
f x eedoms - 

l N Y U T  

WAV - Freedm d c t i v i t y  vector. 

NClP - N o d a l  correspondence table. 

NWT - output f i l e .  

h3WES - Number of nodes,  

SDESY t d k e s  L'le ~nlormtior? trom W A V  and NCT and 
writes it to N@JT i r r  the tom 01 expanded ATLAS 
u ~ u t  ,:at a - 
NO error or warnini~ nlessages a r e  pr inted.  
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