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OPERATING INSTRUCTIONS FOR MCMENT METHOD CIRCUIT ANALYSIS ON THE
RECOMP II

The purpose is to present detailed operating instructions for the cir-
cuit subroutine generator (compiler) and the moment method computer
programs which have recently been developed and checked out on the
RECOMP .

The programs are logically divided into two sections:
I Circuit subroutine generation (compilation), and
II Moment method circuit analysis.

Division I is essentially performed by loading one tape and typing one
set of input. The results are one tape punched from the computer.
The operating instructions are described in Section I.

Division II consists of two phases. Phase 1 is the calculation of par-
tial derivitives and is performed by loading two tapes, typing one set
of input and waiting for the typeout of the partials. Phase 2 consists
of loading a third tape, typing one more set of input and waiting for
the typeout of the output parameter variances. The operating instruc-
tions are described in Section IT.

Limitations

Throughout the programming of this problem, an effort was made to con-
serve space so that as large a circuit as possible could be used in this
analysis. Even so, the memory size of the RECOMP makes certain limita-
tions necessary, the most important of which are given below:

(l) The number of input parameters must be not greater than 30.

(2) The number of output parameters must be not greater than 25.
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(3) The size of the matrix of coefficients must be not greater
thaen 12 x 12,

(4) The number of constante appearing in the matrix equation
other than the constant 1, must be not greater than L9,
If the same constent sppears more than once 1t is counted
for each appearance, (Error stop 0002,0)

{5) The number of orders generated by the compiler must be not
greater then 896, (Error stop 000L.0)

(6) The number of psirs of parenthesis in any one expression
{i.e., matrix element, failure test, or stress fmction)
must be not greater than 10, (Error stop 0001.0)

(7) During compilation a table called the A table is generated.
The table contains for each input parsmeter:
A) One word of identification
B) One word for each gppearsnce of that particulsr
input parameter in eny matrix element,
This teble must contain not more than 150 words. (Error

St@p 000300)

Round off error

During the calculation of pariials the method used to solve the mutrix
equation is & convergence technique, As the progrsm is now written each solution
mst sgree with the value of the same sclution from the previous iteration to a
tolersnce of .,0001. This means that each matrix sclution whose absolute value is
not less than 1, is accurate to 5 significant figures,

A glance at the formula used 1o calculate the partial derivitives
(Refs 1 above) will reveal, however, thai when an input parameter has very little
affect on an output parameter,(i.e., the partial is very small) numbers which
exe very nearly equal are subtracted., When this occuxrs, significant figures are
lost on occesian, In the flight control flip flop {i.e., the test case), during
the calculation of partials all five significant figures were lost. This means
that some of the partlals were not accurate, even in the first significant figure.
At first thought this seems criticel. Fowever we anticipste that these partials
which are inaccurate will contribute very little to the cutput veriancss any
way. So the output wvarlances should be accurste to at least 2 or 3 significant
figures., If, however, the situation is still considered critical, the tolersnce
on the matrix solutions may be tightened by modifying the floating point number
in locatins 1506 and 1507 on Tape No. 1, the calculation of partials tape, This
inerease in accuracy will only be achieved at the expense of computer time.

The sample problem used to check out these programs was the flight
control flip flop. The matrix, stress functiomns, fallure test, and computer ine
put and output are included in Appendix A of this 1UL.



I. Circult Subroutine Generation (Compilation)

In order to generate the circuit subroutine tape, the following steps
should be performed in sequence.

(1) Load tape #3 {compiler tepe).
(2) verity tape #3. |
(3) Push "start" button. ¥

(%) Shortly thereafter the computer will type "MATRIX ORDER®
and stop, walting for the size of the matrix of coeffici-
ents (=12) to be typed. Type this value and hit “carrisge
return”,

{(5) Iumediately thereafter tte computer will type "COEFFICIENTS";
<o & carriage return; and stop, walting for the non«zero
matrix elements to be entered.

{6) For each nonezero matrix element two lines of information
mst be typed, They are:

8. The location of the matrix element in the
following form: row, comma, colum,
carriage return. e.g., for the second
element in the third row type "3" ",® "2%
Ycarrisge retwrr™, ¥or the third element
of the dependeni column vector of a 10 x 10
matrix,type 3% "," "11" ®cerriage return”,.

b. The algebraic representation of the matrix
element in the following format, which 1s
intulitively orisnted:

1) The entire expression must be en-
closed irn parentheses, Other zets of
parentheses are used, as needed, to
avold ambtiguity in the algebraic ex=-
pression.

2) This expression must be a function of

A's and constants only.

The A’s axye the identification of
the input parsmeters; these should be
assigned priocr to compilation, The sube
seripis of the A's are not enclosed in
parantheses, Immedlately preceding each
& "lettexr shift” must be typed and immedi-
ately tollowing each A "figure shift' must

# The location counter should be set at 0100,0. This should be done at the end
of the tape; if not a new tape shouldl be made.
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be typed. The only two times these two
keys are hit is in typing the letters
A, V, GE; G, Ly, LE; or L or in typing the
vord STCP (each of thege letters will be
described as they appear).

The constants are typed in the
followirg format: XXecwxX XXneeX
i.e., the value of the constant

{= 500 000 000 000) without
using an exponent and including a
deeinal point,
Cofoy 6. ? 6003 6059 055 0456

3) Four operations are permitted.
+ add

— gubtract
& mltiply
/ divide
Multiplications and divisions are performed
first {from left to right) and then 2ddi-
tions and subtrsctlons,
€.80s (AL +A2/A3) 1s compiled as:
divide A2 by A3 and then add
A) to the quotilent,
(120"'29/30) s 12066
((AL+A2)/A3) is compiled as:
add Al to A2 and then divide
the sum by A3,
((12.+2.)/3.) = 4.66
(AL & A2 & A3) is compiled as:
mltiply Al by A2 end then
maltiply this product by A3.
(12, & 2, & 3.) = 2k, & 3. 2 T2,
(AL & (A2 & A3)) is compiled as:
mltiply A2 by A3 and then
multiply this product by Al.
(12, & (2. & 3.)) =12, & 6. = 72,
(A1/A2 & A3) 1is compiled as:
divide Al by A2 and then multiply
this quotient by A3.
(12./2. & 3.) = 18,
{A1/(A2 & A3)) is compiled as:
divide AL by the product of
A2 and A3_o
(12./(2. & 3.)) = 2,

{7) After the computer types "COEFFICIENTS" and the carriage returns
then, for each non-zZere matrix element, type:

e. "row member", "comma", "ecolumn number®,

"earriage retura®,



(8)

(9)

Gsm

Y. When the computer stops type: "left
parenthesis", "algebraic representation
of the matrix element", "right paren-
thesis", "carrizge retum",

€o8oy If __AL _ _ Al were in row 3,
A2 +A3
column 3, ome would type:

3
5

3
carrisge return

(

letter shift
figure shift

letter shift

letter shift

figure shift

figure shift

carrisgz returm

For sach nonezero matrix element the generated instructions
for eveluating each matrix element are punched out and the
computer balis when 1t 13 ready to recelve the next matrix
element, Repeat Step (7). When all nonezero matrix elements
have been entered and the computer is reedy to accept amnother
element type: "letter shift", “STOP", “"cerriage return®™.

The computer will immedlatelyiype "FUNCTIONS"; the carriage
will return; end the camputer will stop, waiting for the
first stress function o be typed. With two exceptions
these are entered exactly the seme as the coefficlents.

&, There is no ideatification line typed
i.e.y; Nothing like "1,3 carriage return"
is typed ‘ .
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These functioas may depend on not only
tee A's {the input pervameters) and cone
shtants but on the Vis (the matrix solu-

tions) a8 well.

The first element in the

matriz solution veoter is V1 the second

e.8. Suppos

letter shift
v
Pigure shifb
1
&
letter shift
A
figure shift

+ Wio O\wie

letter shift
v
figure shiflt
3
)

caxriage retum

e l%%&% 4 ¥3 were a stress
function, One would type:

{10) For each stress functior. the generated instructions for
evaluating it sre punched out and the computer stops vhen
it is ready 4o receive the next stress function., Repeatbt
When all stress functions have been entered and
the computer is ready tc receive enother;, type “letter

(11)

Step (9).

shift", "STOP", Ycarriage returm”,

The computer will immediately type "FAILURE TESTS"; the
carrisge will returny and the computer will stop, walting

for the first fallure test to be typed.

Each failure test

consists of two algebraiz expressions, each of which is
completely enclosed in parentheses, and the two are
sepaxated by cne of the Pfollowing four expressions.

8o
bo
Co
de

GE
G
1E
L
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In order for the circult to fail:

g, If OF is used, the expression on the left
must be greater than or equal to the ex«
pression on the right,

b, If G is used; the expressicn on the left
must be greater than the expression on
the righto

Co If LE is used; the expression on the left
must be less than or egqual to the ex-
preassion on the right,

do If L is used, “he expression on the left
st be less then the expression on the

right,.

Within each of the two uxpressicns {referred to sbove ss
“the expression on the left" and "the expression on the
right") typing is exsctly the seme as for the stress
functions, 1
e.8., Suppose a eircuit will £ail when(ugg) < { y2 )2
Al v V2 {

One weculd type:

(
letter shift
v
figure shift
1
&
letter shift

figure shift

letter shift

figure shift

letter shift

figure shift

Jetter shift



(12)

(33)

(1k)

8o

flgue shift

{
lettor shift
v
figure shift
2
&
letter shift
v
figure shift
2

)
carriege return

For each fallure test the genersted instructions for deitermining
the sueccess or failure of the circuit are punched out and the
computer stops when it 1s ready to recelve the nexit failure
test. Repeat step (11), When ell failure tests have been
entered and the computer iz resdy to accept another failure

test type "letter shift”, "STOP¥, “carriage return”.

The computer will punch out the memory of the compiler,
the A table, and stop ab 0006.0. This is the end of the
program, Advence the tape and tear it off. This is the
camplete compiled portion of the cireuit subroutine, ready
t0o be read into the mecaine for Phese II (ealculation of
partisls snd veriences).

There are ervor halis programmed into the compiler, These
ecen be distinguished from stops where the computer is
walting for typed information by the zlpha light on the
comsole. ‘This light willl be on if the computer is waiting
for information from the typewriter. The error halts

are identified by the location lights cn the comsole.

0001.0 = There are t00 meny parentheses in a
statement, Each of the ccefficients
and stress functions and each half of
the failure test may have up %o ten
sets of parentheses,

0002,0 = There are %00 meny consiznts in the
\ compiled program. The number of con=
stants, counting each repeated
occurrencs separstely but not counting
the constant 1.0, must be less than
fifty,
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0003,0 «» The A table is too big. The number
of input yarameters {ithe ASs) plus
the number of non-zere matrix elements
each of them gppears in must not be
grester than one hundred and £ifty.

0004,0 = There are too meny orders in the com-
piled program, The mumber of orders
mist not exceed eight hundred and
ninety six,

0005.,0 = The number of left parenthases is not
equal to the number of right parens
theses., Push the appropriste numbered
start swilch as described below,

0006.0 = This is te end of the program.

1220.0 - Something has been typed wroug; €.g8.;
a figure hift when it was not needed
or two letter shifts before an A or V.
Push the “stari” btutton (not one of
the numbezed stert buttons). The tape
will sutoratically be reset and the com-
puter will secon stop; ready for the
statement to be typed in again.  In the
cage of tre coeffleients the identificetion,
"row", "ccmma®, “colum®, “carriage return®,
mist be re-entered also.

There are three numbered sitart switches at the right hand side
of the console. These ere t0 be ugsed in conjunction with
error stop 0005.0 and ary other time vhen an error in the type-
in has been made and recognized before the carriage retwm is
hit which sends the computer on to compiling and punching out
an slgebralc statement, Simply press the error reset button
and then the appropriate start button.

SW #1 = This switck ie to be used during the "ecoeffici-
ents" phase of ‘the compiling., It can be used
any time before the carrisge return following
the algegreic statement has been hit. Thus it
can be useé if an error in the identification
is discovered while one is typing in the
corresponding algebraic statement, In all cases
the identification, "row", "comma", "colwm",
"carriage returm", must be typed sgain, as well
as the algebralc statement.

SW #2 = This switch is to be used during the "stress
functions™ phase of the compiling. The alge~
braic statament must be re-entered from the

typevwriter.
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SW #3 =« This switeh is used during the "failure
tests®™ phase Jf the compiling. The
algebraic statements must be retyped.

It is hoped that these error halts will catech most of the
errors of the typist bui no attempt was made to catch all
errors, If there is an error, notlced later by the typlst,
but not noticed by the uachine at the time of compilation
of that statement, there is only one casy thing to do =
staxrt over,
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MOMENT METHOD OPERATING INSTRUCTIONS

Ii, Caleulation of Partial Derivitives, and Verlances of Quiput Parameters

Upon completion of the circuit subroutine coupiler, calculation of
the partial derivitives and verisnces of cutput parameters may begin. The
following steps should be performed in sequence,

(1)
(2)
(3)

(W)
(6)

(7)

(8)

(9)

Load tepe #1 (ecelculation of partials tape)

Verify tspe #l.

Iload the compiled circuit subroutine tape, i.e., the tape
that was punched during the compllstion phase,

VYerify the eircult subroutine tapeo

The computer will immediately type "N IS, and stop
walting for the number of different input parawmeters,
1.e.,, the number of different A's., Type the value of
Ny, and hit carriege return.

The computer will immediately type "ITS IS", and stop
weliting for the number of different output parameters,
(3.e., number of matrix solutions + the number of
functions), Type the value of ITS, and hit carrisge
retum,

The computer will immediately type "MEANS", do a
carriage retirn and stop waiting for the means of
each input parameter to be typed in., Type:

a. The mean valpe of input parameter Ay in
the format = * weX o XXX wmaX
i.e., 'Type the value of Xj without using
an exponent and be sure to include the
decimal point.

b. Hit the carriage retur.

Co DO.(B.) and (b) fori= 13233,“'00910‘0 After
each carriage return be sure to wait for
the computer to stop before typing the
next mean values

The Recomp will then solve the matrix equation with all
parameters at their mean value, If any of the failure
tests indicate fallure, the Recemp will stop with {5060.1)
in the location counter. This stop probably means that

»
If any mean or correlation coefficient i{s negative type "-", if they are
‘positive, however, do not type a sign.
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something is wrong with the equivalent circult, Pushing
the start button will caigse the mean matrix solutions

to be typed out in deciml floating point, five words
per line, If the circul’ passes all the failure tests
the mean matrix solutions will automatically be typed
out in decimal floating »point, five words per line.

(10) In either case after the type-out of the mesn matrix
solu’aona, the computer will proceed autocmatically to
the calculations of partisls., This operation will run
interrupted for a fairly long period of time. For a 6 x 6
matrix, 21 input parsmeters and 2 functions the time re-
quired is one hour and 23 minutes. As the partiels are
calculated they are typed out {decimml floating point,
five words per line) in groups of YIS, The first group
will be:

the secand

dv 9;2/ 9} oy
//x@’ R Bt %

and s0 on until the last group, which will be

//xn ’ A: ’ /xn ’ 9%y
The approximate time required for the calculation of partials
can be determined by noting the time elapsed between the type~

out of the mean matrix solutions and the type«out of the first
set of partials and multiplying by N.

(11) After all the partials sre calculated, the Recomp will stop
with {0003) in the location counter,

(12) The next thing to do is load Tapef2 (calculation of Variance
Tape}. Be sure not to use a memory zero routine.




(13) Verify Tape 32.
(1%) Push the start button, *

{15) The Recomp will immediately type “Variamces®, do a
carriage return end stop waiting for the varlence of cach
input parameter to be “yped. Type:

(A) The veriance of input parameter Ay in the
format XXewaX XXewsX {,e., type the value
of @2 Ay without using en exponent and be
sure to include the decimal point,

(B) Hit the carriage return.

(c) Do (A) end (B) for 1=1,2,3 ..o No After
esch carriage return be sure to wailt for
the computer 20 stop before typing the
next varlauce,

(16) After the varisnces are read in, the computer is ready to
accept the correlation coefficients for sll input peremeters
of mlti-parameter paris. For each such pexrt 1t is necessary
to type in the following informations

(A) Part I.D, (anr 2-digit identification for the
pert) this nunber will appear in the output as
an identificaslon of the part,.

{B) NOP, the number of parsmeters in the part.

{(C) For every possible combination of parsmeters
in the ti7ied part a correlastion coefficie-
ent must be typed in, even if it is zero.
Along with this correlation coefficient the
input perameter numbers of the two parameters
being correlated are typed.

The above information is typed as follows:

(17) The computer will type “MULTI PARA PARTSY, do a carriage
return, type "PART ID", and stop waiting for a multi-parameter
part identification. ‘lype any two-digit number you choose,

Do not hit the carriage return. The computer will immediately
type W, and stop walting for the number of parameters in
this multieparameter part to be typed. Type the value of NOP,
and hit carriage returmn.

(18) The computer will immediately type "CORR COEFF", do a
carrisge return and stop waiting for the correlation coeffie
cients for this part to be typed in. For every possible pair
of input parameters in this multieparameter part type:

#The location counter should be set to 0100.0, if it 1s not,the location counter
will have to be set from the keyboard. If this is the case, a new tape #2
should be punched including the setting of the location counter to 0100.0.
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(A) The correlation coefficient in the formai#
T oxtXeesX, 1.2, type the number with-
out using an exponent, and be sure to ine
clude the decimal point.

(B) Hit the space bar, end wait for the Recomp
to stop.

(C) Type the input parameter number of one of
the two parameters being correlated,

(D) Hit the space bar, and wait for the computer
to Stopo

(E) Type the input parameter number of the
second of the two parameters dbeing
correlated,

(F) Hit _the carriage return.

{G) Perform staps (A) through (F) for all possible
combinations of the parameters in this part
(i.e., if there are n input perameters in
this part, n{n=1) lines of correlation coeffi-
cients must be typed).

(19) When the input for one multi-parameter part is completed the come
puter types "PART ID" again, expecting input for another mlti-
parameter part. If there are more multi-parameter perts, repeat
steps 17 and 18, when there are no more multi-parameter parts,
type letter shift, END.

(20) The input is now complete., The computer automatically starts to
calculate the ovtput parameter variances. For each of the ITS
output parameters the following information is typed out.

(21) The computer types "VAR of i" (i is the number of the output
perameter being evalusted), does a carriage return and types
out the total variance of output parameter 1 in decimal float-
ing point. It then does a carriage return, types "ST DV IS",
does a carrisge return and types the standard devietion of
output perameter i1 in decimel floating point.

(22) The Recomp.next types "PERCENT OF VAR DUE TO EACH PARA", and
does & carriasge return.

(23) It will then type out N lines of information. Each line will
contein two numbers. The first is in decimal floating point
and represents the percent of the total variance of output parse
meter 1 that 1s attributable to the input parameter whose identi-
fication is the second number an the same line,

# If eny mean or correlstion coefficient is negetive type "=", if they are
positive, however, do not type a sign,
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{24) Next the computer types "PERCENT O} VAR DUE 'TO EACH PART", and

does s carriage return.

(25) One line of output i1s then typed for each multi-parameter part

(26)

{(27)

for which input data has been typed in. Each line eontains two
numbers, The first is in decimal floating point and is the
percent of the total variance of output parameter i that ie .
attributable to the mulii-perameter part whose identification
is the second number on the same line,

Steps {21) through (26) are performed for each output parameter
(ioeog for iﬂlp 25 3 ww= ITS)

The program 1s finished end stops with (0002) in the location
counter, For 2 circult with 21 input parameters, 8 cutput
paremeters, and 3 multie.parameter parts. The variance section
required 29 minutes including typing in the deta,

e Dienman—

Jo E. Drennan
Battelle Memorial Institute
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Appendix & {Semple Problem)

As mentioned above, the sarnpie problem used to check out these progrems
is the flight control flip flop. This circult and the ssme set of dais that was
used on the Recomp were iun through the Moment Methed program on the TEM T09.

The cutput is labeled:
00 6380-53 (OOh) 100 27 J IWFFY 3ck3-05k 0©6/03/20
If this output is rot availsble at N.A.A., 1t cen be cbtained from

A. Techler at Battelle Memorial Institnte.
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Parsmeters have been Assigned
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MATRIX ORDER 6
COEFFICIENTS

1,1

(1./(A11+414)+1./421+ .00000003333+1./415+1./ (46+1000000. ) }
1,2

(=1./421)

1,3

(~1./(26+41000000.))

1,4

(=.00000003333-1./(411+414))

1,7
((A3-419)/815-.,026/021~A17+ .5/ (A11+814))
2,1

(~1./421)

2,2

(1./85+1./821+1./84,)

2,3

("'lo/ 55)

2,6

(-1./84)
2,7

(.026/421-420/A5)

3,1

(~1./(A6+1000000.))

3 » 2

("'1 o/ 35)

3,3

(1 c/ (564'1000000 ° )410/ Ag"lo/ 38410/1%5)
3,5

(~1./A8)

3 97

(820/45-419/49)

4,1

(~.00000003333-1./(811+414))

4ok
(1./A2+,00000006667+1./A1041./(A11+424) }
4,5

(- .00000003333)

4,6
(=1./A2)



A-5

47
(~219/430-.5/(A11+A14 ) +416+A17)
553

("’1 l/ As)

5,4

(-.00000003333)

5,5

(1./47+1./412+ ,00000003333¢1./A8)
5,7

(a18/27-416)

6,2

("1 e/ M)

6.4

(~1./22)

6 06
(1./A141./42+1./81341./44)

6,7
(a18/81)

sTOP

FUNCTIONS ,
(((v3-v1)/(46+1000000. ) }&( (V3-V1)/ (4641000000, ) }&46)

((218-v5)2(218-V5) /A7)
STOP

FAILURE TESTS
(V6)1E(-16.)

sToP

N IS21
ITs Is8
MEANS
3300.
9100.
6.2
10.
350.
10000.
3300,
9100,
33000.
33000.
10000,
5000.
1000.



)

25.

10.
-0000005
-000001
25,

25,

o9

5

=18463485 +02 18420641 02 =16IH3R +02 -19324729 +02 93108267 +01
=18110236 +02

=38495695 =04 40419799 ~04f 38784192 =04 52152548 =04 69560491 -05
~78948597 <04 83099568 -14 66142217 07 ’

1719809, <07 21104762 =07 20127708 -07 =61049262 =0/ 29056274 ~09
99265952 07 84384964 ~16 -27636697 -11

98592984 <00 98523291 +00 94537997 +00 85515616 «+00 16953383 +00
9724329, +00 =11680098 =08 «16120276 =02

=39731677 =03 ~41788452 ~03 —~40094622 =03 13667030 -O1 71138584 04
30210886 ~01 -10454531 ~12 67642887 =06

=30136533 =05 =31656186 =05 25356278 ~02 -26203241 ~05 4545862 -03
=31243333 -05 73123805 =10 -43224741 -05

=14551914 ~11 54049965 13 48265581 09 -33122929 ~12 86351060 -10
~41161129 -12 13944452 -16 82143878 -12

=24424649 ~05 ~25645439 ~05 -89174330 -04 -25029393 ~05 -23664007 -02
=25315251 <05 ~24982488 ~11 22501134 -04

=2464,5268 ~05 ~25877272 -05 =90003022 <04 ~21242919 -05 50210207 ~03
25539755 =05 «25216560 11 =-47742826 05

69498662 07 72972590 <07 25380703 -05 61933305 -07 45502765 =06
72023186 -07 71105425 ~13 -43266719 -08

44565539 =07 45710172 <07 43904352 07 21763166 -04 90537589 -08
68655807 07 ~19044771 =16 -86087739 -10

47041509 -08 38892686 -08 37024643 08 -14979761 -04 -15013521 <09
=~12396186 =07 -28852937 =16 14299800 -11

63139956 06 66295763 ~06 23052388 -04 64703244 ~06 61173648 ~03
654422/0 -06 64582038 ~12 58167513 -05

=17610990 =03 <1849:227 -03 17742971 -03 -23858720 -03 -31822496 04
=36117362 ~03 38016213 -13 30258704 -06

41197162 -08 32959393 -08 29780146 -08 -14980277 ~04 -22797999 =09
~-12706731 -07 -33113081 =16 17713491 -11

33178173 01 33154720 -01 31813602 ~01 28777422 -01 57050944 ~02
32723980 <01 =39305464 =10 =54247406 04



A=T

68421856 +01 69810822 +01 =5347031y +02 41743268 +0L 16408001 +0Ok
1140881l +02 17372468 =05 15601742 +

=13018878 +01 =10753207 +01 =10228920 +0L 41675120 +0L LO9L6L50 <01
34443802 +01 80291626 =08 =38897265 =03

34605053 =02 36334686 =02 21725431 =01 LS186292 02 L9B27199 +00
65758240 =02 52610802 =09 ~473786L) =02

-986L75L46 +00 =98579950 400 =95609738 +00 ~98195906 +00 =171L6213 +00
=9731290L +00 87501860 =09 16303631 ~02

~113864L3L =02 =11960596 -02 95806706 +00 =99004238 =03 17176184 +00
«1180475L =02 27629228 <07 =16332129 =02

=6930908 ~03 33189¢c) -01 31835809 -01 14797321 -01 57083150 =02
32743187 01 93052571 <09 =54278082 <04

VARIANCE

SOO >3

3500..

»01

8,
10000,

4500,

500,.

3500..
500000..
500000,
4500,

1000,

LS.

50,

10,
-00000000001
. 00000000004
.03

.03

o 0015

,02

MULTI PARA PARTS

PART ID 10 NOP 2
CORR COEFF

0, 315

PART ID 11 NOP L
CORR COEFF

0L L 8

0, 4 20

01 L 21
00520

015 21

0, 20 21

PART ID 12 NoP 2
CORR COEFF

.01 16 17

PART ID END

VAR UF O1



A

119926392 <01
ST DV IS

223h1,21); +00
PERCENT OF VAR DUE TO EAC PARA

114811033 «02 01
20734736 =08 02
19469813 +02 03
25294937 =02 Ok
18190993 =03 05
19086337 16 06
59744302 =05 07
1,2579932 -0k 08
4,8371852 =05 09
1989015k =05 10
19945495 =09 11
79850660 <06 12
27954381 02 13
16997084 =1t 1L
22048282 +02 15
68225965 -06 16
12350289 «06 17
71956505 -03 18
S8LTL106 +02 19
38952606 =05 20
8823028l -05 21
PERCENT OF VAR DUE 7O EACH PART
41518095 +02 10
27414778 =02 11
79995699 =06 12

VAR OF 02
49879389 =01



L™
Shw g

ST DV IS

2233369l +00
PERCENT OF VAR DUE TO EACH PARA

16377106 =02 O
31254162 <08 02
195460618 +02 03
28007956 <02 Ol
20090746 «03 05
26356165 =19 06
65927889 <05 07
16987669 -0l 08
53378750 =05 09
20944721 =05 10
13646683 =05 11
88115116 =06 12
30847707 <02 13
10889483 -11 1k
22037869 +02 15
71090986 =06 16
84336403 =07 17
7940LO%L ~03 18
5844902 +02 19
11302052} <05 20
44168399 -01 21 |
PERCENT OF VAR DUE TO EACH PART
41498488 +02 10
146907382 <01 11
79034909 =06 12
VAR OF 03
11224100 +00



A=10

ST DV IS

33502841 +00
PERCENT OF VAR DUE TO EACH PARA

67006390 <03 01
12632619 =08 02
79625001 +01 03
11457740 <02 O4
57280621 +02 05
93395148 <12 06
35423089 =02 07
25262529 =01 08
2869551, ~02 09
85866123 =06 10
54958010 <10 11
L7344392 <03 12
12621237 <02 13
39505755 =12 1
20170073 +01 15
18533282 ~04 16
3391222 =07 17
12615217 <01 18
2432177 +02 19
12266472 +01 20
18059197 =01 21
PERCINT OF VAR DUE TO EACH PART
16979507 +02 10
58541600 +02 11
18583050 <0 12
VAR OF Ok

o~y

705N S 0

3% DV 75



A=I1
21689055 +00 |
PERCENT OF VAR DUE TO EACH PARA
28909LLT <02 OL
27729855 =01 02
15545673 +02 03
31765597 +01 Ol
14595828 <03 -05
10495151 =17 06
66586990 =05 07
33574935 -04 08
LOT69673 =05 09
50342279 +00 10
21465499 =02 11
88996070 «06 12
Shhs3k6L =02 13
23852200 -0l 14
17604151 +02 15
26951428 +00 16
13431750 +01 17
13021270 <02 18
61493142 +02 19
31254853 <05 20
93092538 -02 21
PERCENT OF VAR DUE TO EACH PART
33150124 +02 10
31890034 +01 11
16247227 +01 12
VAR OF 05

15131386 -01
ST'DV IS



12300970 +00
PERCENT OF VAR DUE TO EACH PARA

15988825 -03 01
19528512 -11 02
18994767 +01 03
26756031 =03 O4
1365695l +02 05
22175281 -12 06
18504096 +02 07
58314069 +01 08
68L17LL6 =03 09
27086265 =06 10
67034589 <12 11
24731475 +01 12
30116345 =03 13
17174525 <13 14
21510323 +01 15
12945618 +00 16
40310107 =09 17
149223833 +02 18
58287971 +01 19
292445956 +00 20
143069228 <02 21
PERCENT OF VAR DUE TO EACH PART
40505091 +01 10
13957608 +02 11
1294560 +00 12
VAR OF 06

55915037 -01
ST DV IS



236146360 +00
PERCENT OF VAR DUE TO EACH PARA

55735285 -02 01
61679387 -07 02
16911832 +02 03
13058349 +02 Ok
17457663 <03 05
13635104 =17 06
57306788 ~05 07
1,0829389 -0l 08
146385906 <05 09
42149841 -05 10
12366879 -08 11
7659275706 12
10498226 =01 13
14438068 -10 1
19151536 +02 15
16928330 ~05 16
77188698 <06 17
23200265 <02 18
50808158 +02 19
37383200 -05 20
38348046 -01 21
PERCENT OF VAR DUE TO EACH PART
36063368 +02 10
13110022 +02 11
24875819 -05 12
VAR OF 07

5L7L1198 -16
ST DV IS



73987295 -08
PERCENT OF VAR DUE TO EACH PARA

63074415 -07 01
15528556 <10 02
24492175k 01 03
15972938 =06 O4
9767946 +02 05
15984577 <11 06
5700685 =02 07
40656072 =01 08
46180770 =02 09
33128915 <09 10
684435002 =11 11
76191968 =03 12
11880532 <06 13
10015090 -12 1k
28222245 -01 15
40114270 -0k 16
42843641 <08 17
15168992 =01 18
41960579 =01 19
20917721 +01 20
31635332 <01 21
PERCENT OF VAR DUE TO EACH PART
53144000 =01 10
99837949 +02 11
140110263 0Ok 12
VAR OF 08

13680783 =05
ST DV IS



A-I5

11696487 ~02

PERCENT OF VAR DUE TO EACH PARA
1598882l =03 O

19540216 <11 02

18994767 +01 03

26756130 <03 Ok

1365695k +02 05

22194837 12 06

18504095 +02 07

58314069 +01 08

68417465 <03 09

27085798 =06 10

67260718 -12 11

24731476 +01 12

30116342 =03 13

12467463 <13 1

21510326 +01 15

12945696 +00 16

40233457 <09 17

L9223832 +02 18

58287971 +01 19

29245956 +00 20

43069316 -02 21

PERCET OF VAR DUE TO EACH PART
40505093 +01 10

13957608 +02 11

12945681 +00 12



