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ABSTRACT

This report investigates the d i f f i c u l t i e s
encountered wi th  respec t to a cer ta in l inear leas t
squares f i t  problem which arises in the f i e ld  of
holographic  i n t e r f e r o m e t r y .  It was found tha t  the
addit ion of another  variable to the equat ions  of
this l inear least squares f i t  problem explained
these d i f f i c u l t i e s  and provided consistent r e su l t s .
This repor t  also demonstrates  the use fu lness  of
Stewart ’s r ecen t ly  published p e r t u r b a t i o n  bounds for
the purpose of error bounding .

H ADMINISTRATIVE INFORMATION

This work was performed under NAVSEA Mathematical Sciences Program ,

“Numerical Methods for Naval Vehicles ,” Program Element 61153N , Task
Area SR 0140301, Task 15321 , DTNSRDC Work Unit 1—1808—010. The NAVSEI\

cognizant program manager is Ms. B. Orleans , SEA 03R.

INTROI)UCTION

Recent ly  D r .  Surendra K.  D h I r  (Head , Numer ica l  S t r u c t u r a l  Mechanics

Branch, Code 1844) called the autho r ’s attention to difficulties arising

from a linear Iea~~t squares f i t  problem i nvolv ing holograp hic disp lace—
1*ment measurements .  In  the problem described , it is desired to fit a

polynomial of the form w = ax + by + cz by a set of experimentall y ob-

tained data points (w ., a ., b ., c .), i=l ,...,n; hut under certain
1 1 t I

c i r cums t a n c es  the  po 1v~~omia l  would  have t o  be set up in a d i fte reiicc d

form , i . e . ,

w~~~1
—w~ = (a .+i

_a
i

)x  + (b .+i —h
1

)y  + (c
1
—c )z

A l t h o u g h  the polynomia l  can be f i t t e d  to t h i s  “d i f f t ’re nced ” da ta , the

r e l a t i o n s h i p  between t h i s  “d i f fer en c e d ” p rob lem and t h e  o r i g i n a l  p r o b l e m

is neither apparent nor simple.

One possIble approach is to regard the two least squares fit problems

as p e r t u r b a t i o n s  of one another  ( a f t e r  a d d i n g  a r edundan t  e q u a t i o n  to the

*A c o m p 1e t
~ 

l i s t i n g  of r e fe rences  i s  g iven  on page 21.

1 

— — - —
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“d i f f e r e n c e d ” sys tem) . lt  was w i t h  this approach in mind tha t  D r .

E l i z ab e t h  H.  C u t h i l l  (Assis tant  fo r  Numerical Anal ysis , Code 1805)

suggested inves t iga t ion of S tewar t ’s recen t ly  pub l i shed  p e r t u r b a t i o n

hounds b r  t h e  l i nea r  least squares f i t  problem. 2 These bounds were

f o u n d  to be v e r y  useful indeed . This report documents their application

to the  p rob l em in ho log raph ic  i n t e rf e r o m e t r y .

STEWART ’S PERTURBATION BOUND S

Lot  A be an m x n real matrix of rank r. It is possible to f i n d

• o rt h o g o n a l  i n a t r i t r .’s U and V ol o rde r s  m and ‘~~, respectivel y, such t h a t

-~ [i I
I1

~~ 
l o

= I •
~~~ 

whor e  • ‘ ,~ . . . • () . ( i t  w i l l  he ~eme mht ’ r ed t h i t  4T 1 or th og on i 1 ma I r ix
I r IH is . i  real matrix ~‘h, i~ r_ ’ I ! lI1SI)t)Se U j s  i t s  i n ve r s e . )  T h e  1 1 1 I 1J III t

U T
.\v is r e t  e r r ed  It i .  he s I fl~~~II I I F  v .ii i t t ’ I l e l l I m p I r s  i t  I r n  Fl Ill il I ll I I I

-, I ,ind ,ird f o r m  o TIw o , I I , . . . r are 1 . 4 1  l ed  t h e  si  ngu 1 :lr v i i  ues 01

A .  I t i t ’  p r o d u c t

I 1/ 1 1( (I

1/ 13 ;

\ ( I I

• i s  c , i I  led t i e  p s e u d o — i  nyc  rs&’ ot  A , w r i t  t e l l  A . I he  ~~Set i t I I  ‘— i Dvi ’  rse  IS

m any of th e  I r r o p e t I  105 of t h e ’  i l I v e l - i r ’ ot  .1 II] II.I ! , ‘ ‘ ‘ l . I t  F i X .  It i s , I f l

• f .t~ t , a g en er a l  j 7 s it Ion i l l  t h e  I I ’ S  e p t  of • t  m a t r i x  i n V e l ’ .r . I - o r  more

i z i t u r m a t  ion  on I 1 1 . 59 ’ t I lp i c S , t h e  r. - .i d. - r  i s  r e t  I- Fr I ll t o  s t e w a r t

The I , r ~ 1 I  I I - , I or hi  .‘~~. i i t ‘ 5 p e t  t I t t l I t  1 1 1 1 1  h o u nd s  r & ’ i i u i  i .  t h a t  .\ 11,45

been r educed  to t h e  s I ngu  I t  r va [ u t  I I I  ompi ’s  i t  ion  st  , ind , l  rd I erm . Tb is

P 
• •• —.—

~~~
——. — .—. •.—• —
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reduction involves no loss of generality since any m x n linear least

square fit problem Ax~~b and any of its perturbations (A+E)(x+h) b+k can

be reduced to this required form by the respective transformations

(U TA V ) ( V Tx)

4 
(U TAV+U TI:V) (V 

I
x+V

T
h) — t!Tb+U

T
k

For t h e  purpose ot our p r o b  tern we shall a l s o  assume t h a t  the columns of A

are  1 ln e a r l v  I ndep en dt ’nt  ,t t i i t  t h a t  t h e  I i r s  t u rows of A are a 1 ;o l inear ly

independent.

Let the  1 I n e .t r  l e e .  t s~~~t u  es I it p r o b  I i’m A(x+hi ) =b+k result from a

p~ r t u r b a t  ion  0 1 the r i g h t  - hand  side o I Ax h. Del Inc ‘ as 1 A M  2 
At 11 2 

*

and ~ as h
1 

/ A j ~ x wher e  is thi t ’ sub—vector of the f i r s t  n

compon ent  s t i t  h . Ih~b i i ~ , k S ilfl L 1. l v .  l ’hoti S t ew a r t  p rov ides  the p e r t u r —

hat i o i ~ h o u n d

I! h~ ) / - x ii , - , k
1 IL /~ h

1 , (In e q u a l i t y  1)

N e X t  j e t  t u ~ l i n r ’ i r  1, - , t s t  ~~I I l i . I r I ’ s  l i t  p r o b l e m  ( A + E ) x  = b result from

a perturh at Ion o t  t h e  c o t - I  I I i . - n t  m a t  r lx e t Ax b .  De f inc . as

A M ~ ~I B
1~ r wht ’rt~ B1~ 

is the I n v e r s e  ot  t h e  ~~~ order p r i n c i pal  sub—

m a t r i x  ot A -s- P . Let  he t h e  0 t h  or d e r  princ ipal submatrix of  E and let

E~ 1 
he the  ( r n — n )  x n s i t b m a t r i x  o t  E b e l o w  E11 . D e f i n e ’  ‘~ and b

1 
as bet ore .

• *
The reader  Is no doub t  I am i l  i ar  w i t h  t h e  concep t  ot  the  no rm ot a

vector x , written l i x Y, and d e f i n e d  h~’

I n  2I l x H = I X .

i = l

wher e the x 1 
are the components of the vector x. Since there are’ several

norms defined for v e c t o r s , le t us be more precise and refer to the above
norm .is ii x lt 2 . For A , an in x n real matrix , 11 A M 2 is defined to be

the largest singular value of A. It c a n  he shown t h a t  i x H 2 = I i Vx II 2 and
II” 

• 
UT AV IL where U and V are unitary matrices. Accordingly this

norm (along with others) is said to he unitarilv invariant. For mor e
I n f o r m a t i o n  on norm.s and t h i e f  r p r op er t  ii’s the  reader  is r e f e r r e d  to
Stewart.

_ _ _ _ _  _ _ _ _ _ _ _  

i
• - •
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Let  b ) be the rn—n subvector of b below b
1
. Then Stewart obtains the

p e r t u r b a t i o n  bound

lIh 2 - - 
Ii ~~~~~ • _

) 
liE~ 11 2 / Mb 2 1 2

-~ I~ 

II 
+ k~ i~ir 

~\ 
IIb~ ~‘ 2

11E 21 !i 2 \
+ —--------

~~ (inequality 2)
IA  11 2 /

Define the real valued matrix function

-
t

i M F 1 2
~ (F)

(1+ jF~~ )
~~

Stewart hounds the  last term of Inequality 2 and obtains another pertu c—

h i t  ion bound

1E 11 11 2 • 1ib~~lL / K  

~2l \+ K ~~~~~ - - I ( I n e q u a l i t y  3)
11 X 112 l i’ i1 2 ilb 1M 2 \~~t\ II 2 !

C l e a rly  these three inequali’-ies can be used to provide “worst possible

case ’ bounds for a given least square  f i t  problem Ax = b .  In  t h e  c isc o l

Inequality 1 one needs only to provide some upper bound for I l k 1 ~, I I

obtain such a bound for IlhH / H x M 2 
when only the right—hand side  h is

perturbed . As regards Inequalities 2 and 3 one m u s t  p rov ide  uppe r  bounds

• for and E~~ to obtain similar worst p o ssi b le  cast ’ bounds  f o r

i h i i 2 / i l x ~~2 when only A is perturbed . The r eader  is r e - mi n ded  t h a t

,~ 1

l ( t \  + E  ) ‘II,~ ~I —  A11 2 E11 2

(see Wilkinson ,
4 

p. 92) if ~A 1~ II 7 li E 11 ii~ < 1. In Inequality 3 the

I tinction may be hounded from above by 1.0.

4 
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THE TESTS

We shall r e f e r  to the 7 x 3  linear leas t squares f i t  problem A x = b

where

— . 2l45805lE+00 — . 592239 llE+0O — . l8537080E+0 1
— . 35869262E+0 0 — . 54449323E +O 0 — . 18l76699E+Ol
— . 2276l852E+00 — . 47379546E +O O — . 18959881E+Ol

A = — . 3O49 1734E+00 — . 45507956E+O0 — . l8743727E+ Ol
— . 374059O4E+0O — .437 l4 104E+00 — . 18487759E+Ol

• — . 23612950E+O0 — . 35l088l4E+0 0 — . 19235878E+0 l
— . 38382l9 lE+OO — . 32889374E+ OO — . 18685387E+0 1

and
• . 36O5544OE—03

.3565O322E—03
• . 3585288lE—03

b = .35650322E—03
.35447764E—03
. 35650322E—03

3 52 4~~205E—03

as t he “ o r i g i na l ” p r o b l e m .  It  is e s t i m a t e d  t h a t  the elements of the

columns of A and h ,ire subje’c ’~ to uncertainties of 5~~. l1~~, 2~~, and ~~
respect~ v &-lv .

We define the “di ft ereticed ” x I Ii near least squares I ii problem

• t h u s :  t o r  i = 1 , . . . ,6 s t i h t  F a c t  t h e  III eqs I t  ion f r o m  t h e  j+15t equation

of the  o r i g i n a l  p r o b l e a ;  the  sovt - n t h i  r ’q u at  ion  of the d i i  ferenc ed  p rob lem

is the dii fereut ’e o l  t h e  f I r at  and St - V i ’IIIII c Ilt i , i t  ions of  the o r i g i n a l

p r o b l e m .  We d e f i n e  th e  ‘‘ u igm on t i’d’’ 7 x i l i n e - a r  I e’ is t s qua res  f 1 t p rob I or

m e r t ’Iv  by a d d i n g  a f o u r t h  c o l u m n  ol 1.0’ s to  the  c o e f f i c i e n t  m a t r i x  of

the ’ o r i g i n a l  p r o b  len •i ~~ i t  an o t  lie’ r unknown x , t r t he  sol  u t  ion  vi c t or . ~5-

solve t h  i s  augment  i’d p r ob ion f o r  t hue ’ va I uc ol  x , , t a k e  t h e  o i i  g it~a 1 7 x I

l i n e a r  l e, i s t s p l i rt ’s I i t  p r o b l e m  Ax = h arid subtract t h e  v a l u e  of x , 1 r ent

the right—hand side b of the o r i g i n a l problem. Wi- s h a l l  r e t e r  to  t h ue ’

r t ’ s u i l  t i ng  7 x 3 1 i nc a r  l ea s t  squares  t it problem ~is the “m o d i f i e d ” p r o b l e m .

These l i n e a r  leas t s q uar e  l i t  p rob lems  were p er t u r b e d  ten t i m e s  each .

The rati o ot  the  no rm 01 t h e  s o l u t i o n  p e r t u r b a t i o n  to the solution n or m

w e-i c o m p u t e d  a l o n g ,  w i t h  t h e l  r h o u n d s  provided by Inequal it ics 1 through ~~.

These r e s u l t s  i r e  compared  i n  Tab l o s  1—S for perturh -u t ions* of either or

* The perturhations in Table 5 w er e  reduced by •t t: ic t or of 10 to meet the ’

c condition II A 1~ I t IE 11 ii < I for the a p p r o x i m a t io n  of  (A
11 

+ E
11~~~

’ 
~~2

5 
( 1

~~~~~~~~~~~~~~~~ ~~~~~~~~ 
— — —s -.- • — —— p~~~ — -~~ -n_a--ne .~~~~~~
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4~i .0 ~~ ~4 C’ c”i —? ,-‘i ~-4 ‘C Ill r-~• ~i .,-
~ o m -~~ ‘C ‘C cc 0 -~ 1(1 a’ a’

1.1 Ifl 5 I/l N. r— a’ a’ C’ ~~ cc ‘C cc
o s ~~B ~~ 0 0 1(1 I/l LO 1(1 111 SD If I LII If’ If I

~~, ~~ (N (N (N (N IN IN (N (N (N IN
-I
.0
o ~~1,1 4~IO~ c N. cc III LII ..4 (‘1 0 1(1 LO -~
~O C5 ~ N. 0’ cc cc .—t C ~~ ‘-I “~ -~
U ~ 0 (‘1 —4 N~ IN cc cc IN .-4 c’I ~~• 4J 

~~~~~C cc ‘—. 10 N. I— ~~ 10 ‘C ~~ ‘C
U
B ‘-4

~
, l

- — IN C’ ‘-a’ .—~ cc N. L11 IN r-~ C
cc 10 cc 10 cc ~~ 10 10 a- ~~10 0’ IN IN ‘C ~~4 C

-i — - -— C” I (N (N (N (N IN 1(1 tO

‘3.0 —~~ X cc .-4 .-4 10 (N IN .-I -~ic ---4 0 .-4 IN tO 10 ‘C (N tO ~~ LII
L. (~ C N. N. N. N. N. N. N. N. N. N.

C 3 Ifl~~~
~ ~ 0 0 -4 —4 4 -4 .-I ...4 . 4  ~~4 4

~~ 
-~~ n~~ cc

a -
~~
i~,- ;i~,

--4 ’O
~~~ 
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bo th  the r i g h t —  and l e f t — h a n d  sides ot t I i & ’s e  p rob l ems . We s h a l l  comment

on t h e se  ri ’s t i l . t s in t h e  next  sect ion.  These r e s u l t s  w er e  o b t a i n e d  by

• s i n g le p r e c i s i o n  ~‘o m p u t a t  ion on the Ci) C 6400 - i t  DTNSR I ) C . S u b r o u t i n e — i

t r ~)m t h e  IMS L I~i h r , 1r v
1 

wer e  used to compute  s i n g u l a r  v a l u e  d e c o m p o s i t i o n s ,

SO lv t ’ i i  twa r l eas t  s1111 1 r es t i t  pr ob  I ems , and gene r at  i~ I a i tdo m n u m b e rs

I.e t

,
_ .21~~~8043E+00 — .6161 794 5E+ 0U — . 1852 147 8E +0 l

/ — . 3609101b1- +0() — . :~2~ -~2 18. ’ l-;+oo — . 181925 39E+0l
— - 2195 l 5 0 l I ~+O1) — . 2 ( )  3- ~ I -~ I 1-1+00 — . 186092411+01

A ’ — .31 149031E+0() — .-d 56371 ~l-1 +OO — - 1880861 1E+0 l
- - 

— . 4— t1~) 2 1 8 I + U ( t  — .4 390 592611+00 — - I $ 5 0  3~ 1 E+01
— .2  ~~ ~~~ 3 1- 1+04 ) — . 12 .827 ~9i-:-+-00 — . 194 51 94 8E+0 l

- • — . ~—~~‘)7 12- ’.E+OO — . I ) l - . ~ 1- ’.s I- : --1--o ) — . 1 ? I l - ~0 - ~l4E+01

- ii’ I
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- 1 4 7 1 2-4 - . ’H- --M I

I~~
)
~9 107 .1-1 —0 1

= . 34 i ~~~ h 1-. I - 1 — t )  I

. 1:.0 ) —I I l  1_ ’ ~4 I 1 -  ( 4 1
155 i ti-’251 ,— ( )  I

be t he C i t - r I  t i r h t i~in s  o t  t h e  A ansi  b m , i t r j s - t ’i-i s1~- t  m e d  p r e v i s ’u s lv .  The

—io l u t  ion ol 4 1 1 1  l i r i c i n C i pro}’ l i n t  Ax  = h is

(— - .1 4 0 4 ) 1 4 11 l~— ( ) - ~.
: — . h h ~ 1 1 -1 11- :—

- . 10 1 i1 () I

1 he ‘41 ) 1 i i  ion x ’ ~t ’ - j s ’h I em Ax ’ = 1) 1 1 4 4 1  \‘ 1i ~ - r t i i r h t - i l )  i s

— . 4 ) 7 / hI l l) ~ 1 I }  - I

- - . 7  ~l ’0~~ l I  - ( ( 4

.1 4 51 1 . IUi ) 4  I
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1li ~-se results should prove useful as benchmark results for those who w i s h
-
~ to  run  the problems pub l i shed  in t h i s  r e p o r t .

OBSERVATIONS AND CONCLUSIONS

l e t  us b eg in  by e x p la i n i n g  the  d i s c r e p a n c y  between the s o l u t i o n s  01

t h e  o r i g i n a l  and the  d i f t e r e ’ n e -ed linear l e a s t  squares  f i t  p rob lems . A

sv s  tern ot  m l i n e a r  equa t  ions in n unknown s Ax = b is sa id  to  l) e c o n s i s t e n t

i t  t h er e  e x i s t s  Cl  so lu t  ion ve c t o r  x which  s a t i s f ie s  each  e q u a L  ion of t h i s

s\-stem exactl y . It is obvious from the rules of algebraic manipulation

t h a t  any  s o l u t i o n  of a c o n s i s t e n t  sy s t e m  i s  l i k e w i s e  a s o l u t i o n  o f  i t s

d i t  t 1’r ~- I l5 - ed sy s t em .  I f  Ax = h is i n c o n s i s t e n t , we d e f i n e  the  l in e ’ , ir  l e a s t

F- - ‘4~l u i  re -s t 1 so I Ut ion ” t o  he t h a t  real v e c t o r  x wh i d l  ‘41 i i i  im I ~1e ’s t he - no rm

of t he  r e s i d u a l  vec to r  r = Ax — b.  ‘I’hus i t  is mere  l v  a n o t . i t  Lon a l  s on—

~. t ! i i e ’ I i s e t O  w r i t e  an i n c o n s i s t e n t  l i n e a r  l e a s t  sq u a r e s  f i t  p r o b l e m  as

Ax = I) , 5 i l i c e ’ c’qu . I  I i t  V oh t ~i i i ~s Oil ly  when we’ i nc  h ide t lie r e s i d ua l  ves t or r

t h u s

A x = b + r

I t  we C O f l N T  t l u s t t h e  0 i f  I e rc ’nc e -d sv s  Len t  by s u b t r a ct  tag the  equat  ions  o I

I i s  1 t sy s t e m  4 ron s u i t - ano t i l t ’ r , we can  see t h a t  t l ie- r .~ s id ua l  Vi i - t o  i r ‘

I or x w i t h  r s -
~~~~pe - I - I t 0 the I I I  I 1e’ r e - n e c -il svs  t e rn  is

r ’ 
( 

r 2 —r 1

r —r
II 1

In  cone  r . i  I r ‘ is not  the  r es  i d I i ~l I v e c t o r  of m m  irn un i n o r m  t o t  t lie ’

d i  I t ~ -rc ’ nced sy s t e m  intl  henc e- x is  not  t h e  l e a s t  s q u a re s  I i t  s o l u t i o n  t or

t he d i t I e rene-ed svs t em.

N e x t  I et  LIS ~‘~~iis  jd~ r t h e  model ing  ol t h e- or i ~~ na 1 7 x 3 p r o b l e m .  I t

we inc lude CLII ex t  r .L v a r i a b l e  k in i’d cli e ’ ( 1 I I d  t ion ~~t th e-  or I g i ma 1 — ~
- s cm

( t h u s  oh t  . i l n i n g  t he  I ~ ~ augm c-n le -d sy st e m )  , we I m d  t h a t  t he I I rst t h r e e

unknown s of  t he  a u g m e n te d  svs te rn  h e ~ts  1 sq i lare s  I i t  so I i i  t i on  do n o t  agr e e ’

it i 1 1 w i th  t h e  I c-as t sq u a re s  f I t s s C I  U t  ion  of t he or  i ~ i n . i  I - .v ~- I I ’m. R a l l i e r

12
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they coinc ide with the least squares fit s o l u t i o n  of the  7 x i  system

whose coefficient matrix is A but whose right—hand side is diminished by

the value o t  k (modified system) . Clearly this fourth unknown k is

crucial.

Finally, this investigation has demonstrated the value of using

Stewart ’s perturbation hounds in the  e r r o r  ana ly s i s  of the  l inear least

squares fit problem. En pa rti cular the Inequality I estimates seem to

bound I I h M / H x I l  q u i t e  n i s - t ’ I ~ ’ when o n l y  b is p e r t u r b e d .  In fac t these

Inequ ality I hound s ,ir1 ’ roughly a third ot  the’ worst possible error

c- i-i t intat e - , i t  f o r de d  by I n eq u al  i t  v I . As might he expected t h e  inequalities

2 and 3 c - st  m a t e s  d o not  h o un d  H h L  • / :: x li w hen  A i s  perturbed as closely

- I .ts the Inequa lit I es t  im a t e 5  d~ I or pert .  u rhe d  h .  However  a t  worst the

Ine- qua l i t  i t ’s _ C and I c- s t  im a t e s  I I I I I C - i r  H I  he t l ~ I t  ~r t - , i N - r  than e i g h t  t i m e s

h I / x li . ttsua I l v  t h e  I n t -qua  I i t  y I b o u n d s  are ’ ‘‘ sharpe ’  r ’ (c loser)  t han

t he  l neq u a  I i lv 2 h ou n d s  , i It h i ou g h i  t Ii is I - - lil t a lways the case- - These-

- 
‘- 

I 
l nequal i t  l os  2 Cli l d  3 hound s i re ’ r o u g h  I V .1 t t i l t  I I  ot  I l it ’ worst p o s s ib l e ’

error e stim ltts I r s ~~~i d e - s I by  I n e ’ I j u a l  i t  l t C C  2 1)111  1 , i t ’s ; c - s I i v e l v .

So I a r  i l l  r e s u l ts  s li) t I I  s - I  i nO i 5 - . i i - - t h a t  t h e  e r  rs ’rs I rom a j  C) l nt

pert u rb_ it ion t lt A ,in,l b ire  1 s s C l ) - j 4 1  V i l i , - -0171  ot  t h e ’  i t -s 1~ , - , t j v s - e r r o r s  and

-
~ -

- b-~’ hoeIIis I. ’d b5 t b -  -011) 0! t I le  h o u nd s  I - r s v l s l t ’ iI by I n i - j u d i  it les 1

and 2 or I and I .

I R I  it -

The f o l l o w i n g  p t o c t tin ~ w1 -re- II~ 1I ’d I I ) - h t i i n  some- s it t he ’ r e - su l  I s

p cihi  11 she’d in t Iii s re-pc) t . I l i e  r t - , I I I C - r is r e m I n d e d  CI  I lie spec i . i l  row I l l s )

c o l u m n  r a n k  c o n dit  i On S  h o l d i n g  f o r  t h i s  pr oh )  1cm . I n  ~~I r t  ie - u l , i r  , l i t ’

p rocedure t o  r ob t a  ing an rn x in u n i t  - i r v n~ i t r i x 11 ’ I rom t lit’ m x m tin ~t Ci r V

mat r Ix (I  out p u t  I rom t he I,S~-Al ,R s lb r- I I !  I i ie ws _ d i l l V IlIide’r t l i e ’ s~ - c 0110 —
t ions. (The - I,ist rn—n c o l  umu s  c i t  t bc m x m ident it y matrix 1 . i  rt - annexed

t & i  t h e  rn x in mat r i x II . ( C ’ i s  oh t  .i i n o s i  by  or  t hogoi i ;i  i i  i •j  ng  t be st ’ m (‘ Cl I umns

u s i n g  Gram—Schmid t algorithm. Ut e- e uir’-a’. t h i s  I s i I 1 e e ’d l i re - s i l l  he ce nt - r u  j , ’ t - sI

by mod i lving i t  w i t h  - s u i t , i h l e ’  b c - f o r e  and a l t e r pe’ rmeltat b u s . )
I

f .  
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P~ O~~~A N SK0P~O3 (3UT PUT ,T*PE6 *OUTPUT )

DIMEN SION A (7),8(7) ,C(7),AA (?,3),BB (7),~~(7P ,i4( AREA (99I,X (T), Y (7)
I 1 (11 ,*N IT ) ,S (7),CC (7).C~ Os (3.3),Q(7,3).H(?).V (7 , 7)  ,G (7,3)

Ot~I:*SION tK ((3 ,3),B~(3)
OIM ~’N SION TI?)
OIN:N SION QQ ?,3,,~~B (fl,aCC7,? ),aO 3,3),~~E (3I
DIMEIISIc)N QU (7 ,T) ,XKK (7),XK (7)
D!I~E IISION Q F I7 )
OINEN SI3N QP (?’,3P
DIP g E M S IO P4 ELI ~~~~~~ ?,3),~~Q fl,&U 7,3),~~v 3 , 3 , & .-l 7,3 ~~~~~~~~

( ~~ (7,3I ,(T (7,3)
DIN E M S I O N  E2 1 (t.,3)

-:1 OIPI EMS I0N

~~~~

- 

IF (J~~.i Q .L ) K~ :JQ

*X —5 .1~~5e6.I
V V = - ~~. ‘~~ 9 —O .7

-
- Z Z =~~. 53~~i1~.4.

-
~ XO :Y~~:Z3 O.O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
*1 1) (( 3 )  ( 6) t~ . 2

Y ( I ) = V 1 2 ) a l . 8 T 3
Y (3 1=VO.) :Y(,I :3.25
Y ( ô)  T V ( 7 )  :— t .25
l I t )  : 1 ( S )  : 1 ( 6 ) : — ,  .12
2 ( 2 )  at  (~~)~ Z ( 7 ) :— 5 . 2
1 (~~

) = — 5. 65
03 1

IZZ—1 1’c)) )
A (IC ) I * X — ~~Lu I •(  X X — ~ ( 

~ ) ) / ~~( K)
= ( Y V — V t ~ ) ,1Q3 ~ ( YV — Y( K) I /~~( K )

1 C (() (l1— ZQ) ~~~),(ZZ— l (K ))/R (K )

~‘4 ( ~I a 17.8
X~~(2):X ~l (.)~~~M (,)zj7 .6

~ 4 (3) = 17 . 7
17 .5

* M ( T )  t7.~
X L A I I 3 O* : 5 1 , 5 . G 3.  9 3 7  E — O 9
0) .7 1=1,7

~~ ( 1 ,j ) A ( I )
~~~ 1 , 2 )  8 ( I )
~~~ 1 . 3 )  :C ( I)
2 3 ( 1)  :X L A M 8 0 * ~~~4 ( 1)
~~ :-~~~~~ :281 !)

1,7 ~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 2 3 ( 6 ) ’ ’ Z G Q B ( ? b ’ ’ 2 )
0) .~ J=1,3
0) ‘.~ 1:1,7
2~~((,J) :Q~~(I,J)

4~$ 2~~(1.J) Q3 (I.J)

14
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HaS
IS~~zI
W U I E(6 , 99 ) ((Q ~ (1.J),J i,3) ,Izl,7)

93 F3~~4* t (j X ,2H I2Q , 3 Ej 6 .8 )
CALL L SV A ,.R (UQ, M , N,M ,M,I3~~,WKAR EA ,QE ,0C,~~D)
*NRM :APIAXL (QE (1),QE I2),s2E (31 1
X *aiI~~:AP lAX1 (1.3~~QE (t),1./ QE (2),1./QE (3))
w~ 1tE (6,62)((aII ,J),J:1 ,3),I=1, 7)

62 F)~~HA T ( 1X ,2 ’ - 4 ~ C,3 E 16.7)
CALL ~~ 0M P (QC ,~~J.M, N)
4RIT: (5 ,63)(IQJ (I .J).J=1.7),I :1,7)

63 F Q~~P4U (1X ,2)-E2U .7E16.7)
00 15 1=1 ,7
9 3 ( 1 )  = J . C
13) 15 K = 1 , 7

15 88 (1I=Bl (1I ,2U (K,1 ) I28 (K)
8IM ~~l:S~~RT (83(I)• 2+93(2) ’2+89(3)~~~2)
3jPI~~l: SJR Y ( (I) ‘ ‘2 +33 1,?) ‘‘2+BB (3) “
92~~1:S)~~T ( d 3 ( 1 , I ’ ’ 2+ 8 8 ( 5 ) ’ ’ 2 + B 8 ( 6 ) ’ ’ 2 4 8 8 ( 7 ) ’~~I
‘4 ii = I
I D I T = 8
C A L .  L , . . i Q * R C 2 P . ~3,I ,~4,N 3.”$ .H,IJGT, WKA ~~E* ,1jR)

‘.6 F)lUl~~T ( i X , ~~H~ 9, 11O,(16. I~
)

X l = ~~~~ T (XS 1W)
43 L): ~ P4~~ ~l
K~~: J~
C~~LL ,, I .J b(X t ~), 7. 1)
))  53  1~~1, 7

3J * 1 1)  = A ( I ) +  (—t )’’L ’T (1)’.à ’.T’A(I
C~~~L L  I~~~j d ( 2 ’ ( s h .  7 , 1)
D O 31 1 :1 ,1

31 3 ( 1 ) : 3 ( I ) — (  — 1 ) ’ ’ I ’ I  ( 1) ’ .1~~3 ’ B ( I )
~~ L_ ;;;~~(3 ’ - ~,7 ,T)
3) 3’ 1 = 1 . 7

32 ( L ) = ~~( I ) +  ( — 1 ) ’ ’l ’I  ( 1) ’ . 32 3 ’~~ ( I )
C*t. L , .J ~3( .

~ ‘J Q, 7 , 1
03 3~ 1 = 1 , 7

33 X ’ 4 ( 1 I  :~~ e4 ( r I  — ( — ~~) ‘ ‘ L ’ t ( I ) ’ .~~5 ’ x N ( 1 I
I T E  ( 2 1 2 )  IT (  1 I , X N ( t )  1= 7 )

212 F3-~’qAT (1x, 1~~ T ,~~ t .8 . 2 l X - ~,E b .8 I
$ L A 1 B ) A :~~I .5 .u ’3 .937 E— ~a - )

( = 1 , ?
99 ( L )  LA Pl ts O4 ’ L ’ ~l ( K )
~(I((()= 3B (K)_CC’R)
C~ t(P 9I(( I

AA IL, 2 )  =91  K )
2 A * ( c , 3 1 = C ( K )

0) ,) LL:1.3

DO a) (=1, 7
613 ~ ( I L L ) : X K ( L L ) I 2 ~~( K , 1 L I ’ X ’ C K ( K )

— L K 2 S~2~~T IX <2 )

15
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-C’

R ’I S= (  XAPS I Z’KKl ) #XMR N
WRITE ( 6. 65) RI4S

65 F3~~lAT (1X .4e4 R45 ,EL6.8)
0) 33 1=1,7
0) 33 .Jj ~~3

J ) = AA I I,
C 83 211,i) A A ( I ,J )

W~~t t E ( 6 , 5 0 )
50 F3~~NA T (I Ht/tk ,3.IAA AN) ~ 3)

WRI1 E (6 ,5t )(*A (<,t),AA (I(,2 ) ,AA (K,3 ). 98((),( i, 7)
51 F3R ’I*1 (tX ,3E1 6.8.(2O.3)

03 1.1 1=1 ,7
0) II J=1 ,3

I I  ET ([,J) Q~~(I,J)
0) 8 1 1 , 7
0) aS J j ~~J

F - - &ul (I.J) 0.0
0) ô3 K 1,3
EL C 1 ,J) t L  I I,.)) + E T (  I ,()’20 ( K , J )

68 & I ,J I= &  I,J I+c ,G1I ,O ’J.) (X ,J )
03 ,3 1= 1 , 7
03 ~~
E T ( 1 . J ) O .~

33 o i  (= 1 ,7
~T (1,J )=t1(I, J ) +2U (K ,I)’EL (K,J)

6~ GG (!,J)=&GU,J) +~~U (K ,1) ‘~~4 (<,J )
W~~I 1 : C , , 2 ) )  ( ( E T( t , J I , J : 1 ,3 )  ,1 1 . T )

2b F3~~PI A T  ( 1 X , 2 H E T .  3EIb .8)
WUIE (6,27 J ((G (Z,J),J=i.3) ,1 1,7)

27 F3~~4A T (1X ,2H~G , 3~~j,.S)
3) 1? 1:1, 7
03 11

12 ET (1,J):G (I,J).E, T (I ,J)
d~~IT E  (

~~,2, ) ( l E T  ( I  ,J ) ,J 1, 3) , 1 = 1 , 7)
33 FL 1:1,3
D3 71 J : ;,,3

71 Ett (1. J P - :ET (I,J)
0) 72 1=’., ?
03 7? J~~1, 3

72 E 2 1 ( 1 — 3 , J ) = E T ( I , J )
C A L L . LS II ALR ( G,M, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.I~~IT E ( . 2~~) (GUI I )  ,I:L, 3)

28 F3~~i*T (iX ,2HS. ,E1 6.8)
9I 4 AlAL1 (1.3”~~Q (1),t.J/GQ (2),t.3/G)(5))C A L L  LS~~A L R (EtL ,~~,N,M,M, IS ~~,W< A RE A ,G3 , (LJ ,G ~~)
IdRIT E C a, 23) (GUI 1) .1st, 3)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CAL L L S 1A ~..R (E2I ,1,M,M ,~~, I S W , W K * R E A , , Q , ~~U,u ~~
)

WR1TE (,,~~8)(G i2 (1),I:t,3)

E2 L 4 ~~l :AMA X i(G2( L ) ,G Q (2)..3(3))
A~~~0EF :3IN RM IE21NRM
C~~I :A 3~~0E~~/SQR1U.3 ,A3CaEF’~~2

16
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R1S:3!N i~Pl’ t~11N~~1+ (3 2N 1’ F I I NRM ’ C l I )/X NRM
INR~I’E11 l ,(flINRM”2’82NM’E2i N~H4)/XNRM.8INR hl ’2’E2tN~ P$’’2

W U TE (a,6.)R4S,X~~t4S
C 6’. F D R M A T ( j x , . e - 4  R-(S, E16.8, IX ,514 X R W S , E 1 6 . 8 1

t 1 E ( 5 ,2 2 ) R IS , 3j N I~M,E11NRM,aNRM, C4I,XN~ M,E21NRhl
22 F) RI(A T ( L X ,  t H i d , T E I 6 .  8)

*KA ~ 9A ~~~A N RN’ 81NUl
XN L J z 3 L 1 4~~Mf (A NRI ’ .C I OL O)
WRIrE(,, 17 )X KA’3A R , XN IJ

1? F3~~1AT (tx ,8 HKA 3~~A 9AR,E16.8,3H NlI ,E16.8)

-,
13) 36 J :t ,J

- -

03 73 1:1, 7
78 H(J )~~t 1 ( J ) + A A ( I , J ) ’ A A ( t , J )

- - 86 4 ( J P : S~~~T ( t I t J ) )
03 •3 J=1.2
IL! M: .1+ 1.
03 3~ I= ILIM ,3
SJI:3 ,~~
03 73 (:j , 7

7-9 SU’ l :SJ~4 + A A  ( K , J )  ‘ 4 * 1 K ,!)
817 C 3S( I ,J ) :SU 1/ l- 4 ( I) ’ H(J ) )

(34:3
N 38: 1
133 :16 9=7

CALL  LL~~O A R ( A A , 9 3 , M , N A A , 1d BB , IA A , I 8 9 , I O G T , i u I C A ~~EA ,1 E~~
)

20) F) *T (L I4~~’ (jX ,S-4PS UE)1NJ ,3Ej5.7) )
-l~~1TE ( o ,  lOu I It~

100 F) * T ( j t - l~~/ 1X,,’-I IER :,I 1i~ )
W~~1TE (6 .  l~a l )  ( K ,  93 ( K ) ,  ( : j ,  3 )

101 F3 lAT (~~X ,3 t4JVid,I9, (tb.8
381  1) 85 ( L ) +  1313 12) ‘33 ( 2 )  +139 (3 )  ‘1391 3)

XN R1:S)~~T( SUIt )
W~~1TE ( a, 97 ) SJM j,L N ~~M

97 F3~~l*T (1u-I O /1K .7- 4JV td SUO ,E1b .8/1X ,8~4SQ~~T JV4, E i,6.3)
3) *• <~~l , 7

‘.‘. 5 ( L )  =C~~( K 5  — A ( K I  ‘ 38 ( 1 ) — B ( < )  ‘ 6 8 ( 2  ) - C ( K )  ‘ 8 3 (3 )
w~~f I (,

i.31 ((.51<), (:1.7)
1,3 F 3 T ( 1 H G / ( 2 ,X , , . I RC S I ) , I ld . t i t S . 3) )

I ( 9 3 ( l ) — 2 I 3 ( t ) I ” 2 + ( B 3 ( 2 ) — Q t 3 ( 2 ) ) ” 2 + ( 3 9 ( 3 ) —~~B ( 3 ) ) ” 2

21 F3~~~ * T ( 1 X ,.. t4B8~~B ,2 E t 6 . 8I
g , WR!T ~~(6 ,2t ) X ) 4 ,40L0

2’. F 3 R I A t ( 1 X , 2 l 4 ’ ’ . Z~~1o.8 )
X,.4S :S2~~T (X L ~IS)l40L 0
W~~1J j  1,, i~7)  X L Mi, K L” IS, S,

67 F)’~I*T (1X , e,M kL43,E15.~~,F15 .~~,¼Il R HS,~~15.3,-15. 8)
L

17
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1

0) 7; i(:j ,7
75 M(~~) = S ~~R T ( A ( K ) ’ 4 ( k ) + B I K ) ’ B ( K ) + C ( K ) ’ C ( K ) )

-
~ 03 76 1=1,6

JLI4 :Ii1
- - 00 76 J JL IH, 7

C3S :(4 (I)’A (J)IB (I) ’a (J)I-C (I)’C (J)i/ (M(II’4(J) )
76 W R I I E ( 5 , 7 ? ) I,J ,~~3S

1 77 F3~~pj4T (jH3 ,5X, tO4R 0 W ~0S1NE ,2I3,E16 .8)

- DO St J= 1,2
ILI)I J I1r 03 31.

81 W~~I1E (6,82)J,I.~~C0S (I,J)
8! F ) R M A I ( i J 4 O , 5 X , 1 3— 4 COLUPI N ~0S I N E,2 I 3 ,E i 6 . S)

- N 3
- 

- 13=1*4
ISd=L

- 

- C*L~ L S t J A ,.. R (~~,1, l , IA , I A ,ISW , W K A R E A , S , G , J )
F’- WU TEIa.881 (K,5 ((),X1,3)

85 F0~~’ l * T ( 1 HO / ( 1 0( ,3 I 4S 1 N l  V A L , 1 5 , E 1 6 . 8 ) )
I ,  4~~1IEi6 ,8~~)((G(I,J) ,J :1,,41,I=j,M)

319 F) R P 1* T ( 1 I - I 0 / ( IX , t - I U , 3 E 1 5 . 3 ) )

L WRIIE (a ,9))( (V (1 ,J) ,J 1,1),1 1 ,N)
90 FOUII T (l I’4U / (1X,L-4 V, 3E15 .3))

( 
~~ , 9’.) ( ( T ( K (  I, J) ,J :L ,  3)  .1: 1, 3)

9, F)~~IA T( tHl3 / (lX ,3 lTKK ,3E 1 a ,8))

C* LL L L S Q A R ( T K ( , B b 2 , 3 , 3 , t , 3 , 3 , 8 , W K A R E A ,IE~~
)

W~~ITE (a,93) IE~
93 F3~~I4 T ( t X , 5 t - 4 I E ~ = ,I1O I

W U T E ( 5 , 9 5 ) ( (T ( ( (I , J ) ,J = t , 3 )  .1:1,3)
95 F3~~I*T (tl10 / ( IX , 7 - 4 T K K  P S I , 3 E 1 6 . 8 ) )

-a

-‘ 
3’. C 3 N T [ M J E

ST 3~’
EN0

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~



S 1J3~~3UT INE VI O IP(V ,Q , I , M)
DIME NSIO N V ( 7 , 7 ) , V A (7 , 7 ) , (

~ ( 7 , 7 ) , 1 N 0 E X ( t 3 ) , I NV ( t 3 ) , C ( 1 0 )
O I I I E M S L O N  WKA ~~~A ( 2 5 Q )
IF ( M . G T . 3 )  GO t )  ‘.00
NP O M + 1
0) 33 J:I’4P0,’j

03 33 1:1,11

1 03 2 1:1,1
03 j J :j, 1

1 V 3 ( t , J ) = O . u
2 V 3 ( I , I ) 1. 3

03 3 1:1,~l
3 I P 4 O E L ( 1 I I

13) ;3 I=1,N
IF (~~(I,I) .NE .3.3) G3 T~ ‘.9
03 s~ J I,N
IF (W (I.J).E ~l .0.3) GO TO 81~
I3T 0~~E=1 N )t XI I)
1~I 0 E X ( 1 )  : I N O E X ( J )
t~4 D L ( J ) : 1 S T 3 ~ E
GO 1) ~1

8~ C ) M T L ” 1 J~W i~IT~~(E ,,33I
83 F)~~IAT ( lM1 / (tX ,84P13 P1 -~,3 r J )

ST O P
81 33 3~ K : j , M

S13~~E = J ( k , I )

V (K.J):3TOf~E
T O ~~E : lf A ( K , I )

l 3 ( ( . I ) : V A  (K ,, .))
82 J)s(K,J):ST3SE

~ (9 ST D~~E=V (I,I )
33  1 J = I , N
~ (1.j)=v (r.J )/;r)RE

51 V A ( f . J I ~~V % ( I . J I f S T D R E

3) iS K = l , M
1~ ( ( . E ~~. 1 )  GO 1) 5 3
ST3~~~= J (K, I)
03 ~~ J : I , N1
11 K .  :~~ ( < .  I )  Ri. ‘V (1, .1)

5t V * ( ( . J ) = V A ( K , J I - S T 3 R E ~~V A ( 1 , J )
53 C OMI I ’ 4J ~E
SC ~O N T t N U

I~*LL L I N V? F( tj A , l , M , V , I O GT , W <A R E A , I E R )
I T E ( 5 , F — 7 ) I E~

67 F)~~M 3 T ( j X , ,%MIE~~,Ij(j
)

03 3-3 l : i ,M
39 IN~~(1NJ :K (I)):I

a- . W~ ITE (),2~ i ) (141 (1 ) ,!:l.~1)
201 F3~~

j l T ( j X , 3 u - 4 t N J , j 0 I j O )
W~~IrE (,, U 1 (I’d3EXf I),I=1, P )

20~ F)~~M 3 T ( 1 x , 5 M I ~~) E * , i 0 ! L Q )
J O 3 % J : j~~j
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0) 38 1 t,M
38 12 (1 ,J)=V (I ,IMV (J ) )

i Q
~ 

137 ‘ .32 J :N,P(
0) 1,31 1 1 , M

401. 2 (1,J):~~.0
‘.02 ~(J,J):1.

0) .33 J=j ,N
0) ‘ .3 3  1 t , M

H ‘.03 I,J :v I,J
SLJ hi:).0
0) 2 3  I =1 ,M

- - i 20 SJ PI=SU PI I - 0( I,t ) ’ ’ !
- - - SLJI :S~~~T (SUM )

00 21 I:1,M
21, 2 ( 1 , L ) = ,~ ( I , 1 )/ i J 1

3) ~ ? L = 2 , M
L M O , . — l
00 23 ( 1,L MJ

03 2 3
2 3 C ( K ) : ~~ ( K ) . Q ( I , _ ) ’ Q ( I , C )

0) 2~ I 1,M
133 ?a K : i , L M 3

26 2 ( I , ~~ ) = ~~ ( I , L ) — ~~( I C ) ’ Q ( k , < )
SJN :).0
0) ‘7 1:1,11

27 S J M : S J I f Q ( I , L ) ’ ’ !
SJl :S~2~~T (S UM )
03 23 1:1,M

28 2 (I.L) :~ (I , L )/ SJ I
22 C3MTL IIJE

13) 1.33 I = L , M
03 1170 J :I, M
Sj M : O .
33 39

99 SLJM SJI+Q (K,1I’ 2 (K , J)
100 id~~I1E (~~,tOt ) I, J ,SU h1
101 F3 I~PI3T ( jX,~,HIJ3JI ,2 15, El,). 8)

REIJR N
Eli)

20 
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INITIA l. DISTRIBUTION

Co p ies Cod e Na me

1 N i - IL / Pod t ’ ~ - .4 l  (3 .  H ansen )  10 1844 D . A .  G i gn ic

2 N \ \ ! s - 5 OI 1 1850 ‘F. Corjn
I )

~~ 1 / .  a n ti n  I 1870 M . Z u h k o f f
I M , kelleher

- DDC 
2 1890 C.R. Gray

- 3.0. Strickland
I A i r  Furs - c Ac r~- R~~s I ab - - - -

- 1 1~~9 $ . L .  Good
P . N i k s 1a~

2 BUS I A N ! )  2 1 ~ hh  ~J - R .  C a s par
1 1!. O - ~ ’r ‘t’ _ — N  - Li  u
I ‘-I . Co t~d s  s 

1 52~~.l l C :~cl~i s s 1 f 1 e s i  , i b  (C)
1 1 M a r y  I t I / P r o !  - C .  - St e - w a n

I ~2 ’ .2  U n c l a s s i f i e d  L ib  ( A )

C [NT -1 -
~ 1) 1 STR I BC’! I

Cs~ p i c ’s Cs ci c N liCls -

1 ~ ) ) 2  3 ,  Bai

172 5  R . F .  , lon es , J r .
Jj-:. Rode-ri ck
P . M .  R o t h
I , . N .  G i f t  or ,i , J r .

1 1 7 3 0 . 5  , I . i l , ‘-Li

2 1730 . 4 >1. S i ]  i ve
N .  i- . F I s ’ r i v i n t  e

1 17 3 5  C . ~~

1800 C.H. G1~’issner

1802.2 F.M . Fre’nkiel

1 1805 E iI , Cut h il I

2 1 8 0 9 . 3  0. H a r r i s

1 1 82 !) A ~‘2_ Com ara

2 1820 L K .  > I e - o l s
I. - M. C ulp e p er

l I 83’) J W . S h o t

1-8 4 1  R, P. Eddy

S .K .  I)hir
c .c . :vt ,~~stj 11e
1- ’ - I-! - l k-n d er s on
M . M ,  H u r w i t , C
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DT NSRDC ISSUES THREE TYP IS OF REPORTS

1 DTNSRDC REPORTS . A FO RMAL SERIES , CONTAIN INFORMATION OF PERMANENT TECH
NICAL VALUE THEY C A R R Y  A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS i~
TH EIR CLASSI F ICATION OR THE ORIGINATING DEPARTMENT

2 DE PA RTMENTAL  RFPO P,T S, A SEMIFORMAL SERIES , CO NTAIN INFORMATI ON OF A PR EL IT\ 1
INARY TEMPORARY OR P R O P 9 I E T A RY  NATURE OR OF LIMIT ED INTEREST OR SIGNIF ICANCE
TH EY CARRY A D E P A R T M E N T A L  AL” HANUMER ICA L IDENTI FICATION

3 TECHNICAL MEMORANDA AN INFORMAL SER IES CONTAIN TECHNICAL DOCUMENTATION
OF LIMIT ED USE AND INTEREST TH EY ARE PRIMARILY WORKING PAPER S INTENDED FOR IN
T ERNA L USE THEY CA RRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE A ND THE
NU MERICA l  COOE OF T HE ORIGI NATING DEPARTMENT ANY DISTRIB UTION OUTSIDE DTNS Rf lC
MUST BE APP ROVE!’) BY THE I - l EA D OF THE ORiG INATiNG DEPA RTMENT ON A CASE BY CASE
BASI S
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