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GROUPED OPTIMAL AGGREGATION TECHNIQU E 

1. SCOPE	
=.at

This document contains the description of the Grouped Optimal Aggregation

Technique (GOAT). The purposes of the GOAT procedure are!

„	 (1) To calculate minimum-variance unbiased estimages of acreage and

production for zones (states), regions and any designated arbitrary

collection of acreage strata.

(2) To calculate the mean squared prediction error for the acreage and
production estimages.

The procedure uses yield estimates, historical acreage information, and

a	 direct acreage estimages for each acreage stratum as inputs.

Included in this documents is a system overview, technical description of

the GOAT procedure, input formats, content s of the standard and optional

output reports, description of the individual subroutines, and description	 7

of the CMS GOAT EXEC with an execution sequence for the GOAT procedure.
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k1> 2. APPLICABLE DOCUMENTS o

! The following documents forms a part of this specification;

Weighted Ratio	 Estimation of Large Area Crop Production by Alan H. Fieveson,

SRS 1-04036'.
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3.	 SYSTEM DESCRIPTION
71

Th s, section contains the description of the GOAT software and the necessary
hardware.	 It includes:	 diagrams showing both system level flow and'the

hierarchy among subroutines, descriptions of the input;

_.

files and the

output	 and detailed descriptions of all subroutines. 'It also contains

information about the computer system,

3.1	 SYSTEM FLOWCHART
1

The system level flow diagram for the GOAT Program is given in Figure 3,1.1.

t A program hierarchy is shown in Figure 3.1.2.

t

1

i

1
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3.2 HARDWARE DESCRIPTION

The software for the GOAT program is operational on th(r EODL National

Advanced Systems 3000 ('AS=3000) at the NASA Johnson Space Center Noustons

Texas, On the AS-3000 the program is ruin under the Virtual Machine

370 NM370) Conversational Monitoring°t?jstem (CMS), GOAT requires the'^use
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Figure 3.1 .? Hierarchy diagram for the GOAT Program.
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3.3	 TECHNICAL SOFTWARE DESCRIPTION

' The purpose of the GOAT procedure is to cal^,ulate minimum variance unbiased

estimates of acreage and production for a gi'4en region.. 	 These estimates

r
are based on a dirett'satellite imagery data." The region is divided into -a

total of n acreage strata which become the basic elements on which,data are

collected.	 For each acreage strata there are yield estimates, variances of

qyield estimates. 	 direct satellite acreage estimates, ) and hist4ria'l acreage

data.	 In some cases data are lost or cannot be collected and direct

acreage data are not available.	 Thus acreage strata are designated as being

- of Class I or Class II.	 Strata having direct acreage estimates are termed

Class I and strata having no available direct acreage data are Class II.

The GOAT procedure is designed to fully utilize the available Class I

j direct estimates and the given historical data for both Class I and Class,.!/'II

strata,	 The preceding, in effect, accounts for the missing Class II data.

r
r she aver, data set on a region contains information on the n acreage strata,

It is assumed that there 'are a total of m Class I acreage strata, O<m<n..

The re ion usually is made up of a number of zones (states) each of which

consists of a subset of acreage strata from the n total strata. 	 The n

i
acreage strata are also assigned to the yield strata. 	 There is a total

of r yield strata, ran, each of which consists of a subset ofacreage strata.► iF
Usually a yield stratum can be considered a zone, but in generlal this is

not	 ,te case.	 The only restriction placed on the strata, zones, and yield

# strata is that each acreage stratur7is assigned to only-one zone and one

yield stratum,

In general the use of tha data in the following equations is represented

in standard matrix forms.	 The matrix notation is given by b, b and B

E where b represents a constant, b represents a vector and B represents a matrix.

`
rV

The transpose of the vector a is presented by aT .	 For each^f.lass I stratum,

di denotes the direct acreage estimate for the target crop for the current

year.

E
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The vector of direct estimates for the m Class I strata is given as

T
ti	

d1, d2 , ..., dm

The variance-covariance matrix of d is denoted by E and its estimate is

2	 12	 2

E`;	 s DYAG Cri s a20 ... , am

These within-stratum variance estimates, a2, m4ist be g i ven for each of the
m Class T strata. Let a denote the trm^ acreages of the target crop of the 	 Al

j	 current year. Let a be partitioned as

a T k T , a
T 1	 tit

a:	 wmrre al iJ the m by 1 vector of target crop acreages for the Class I strata

t

	

	 am  
a Is the (n-m) by l vector for the Class II strata, Note that there 'pare

only &+sect estimates for al given by d. There are no direct estimates for

they C 'ass TI strata.

k u	 For the r t yield strata, we denote 'n 	 the given vector of yield estimates
g for the n	 1^eage ;r't •a a.

Theipartitipning of 
n 

is done in the same way as a, that is 	 J,	
ii

11

T	 r ^T ^T
^,	 n	 L1 a n2

	

J	

a

k

`	 WaJere nj is, 3. m b'y 1 vector of yield estimates for the Class I acreage strata
and likewise, is,a (n-m) by 1 vector for the3Class II acreage strata. Note

that since the number of yield strata, r, is less than or equal to the number

'of acreage strata, there are usually repeated values in the n vector. 'That

a	 .
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is, there are only r unique yield estimates which correspond to the r yield
A

strata; The vector n* is denoted as t,	 he r by l vector of uniqu e yield
estimates. In order to associate acreage strata with yield sirata 
the n by r watri x U is defined by

x 1

U i 1 if the ith acreage stratum is in the j th yield stratum

0 otherwise.

Then the relation between n and n* is

t
A	 nMU	 ,

A)	 r,,

Also corresponding to the vector of yield
A

estimates,*, is the two r by r j

variance-covaHance matrices of T* and Q*-	 The matrix of the estimated !,
variance of the n* vector is given by T The estimated variances of the

true yield is given by A*.	 Once again in order to associate the n acreage

strata with the r yield strata for these two yield variances, 	 the U

matrix	 is used to obtain the two n by n matrices of

T = UT*Ur

and

S	 U	 3* UT •

The input variables are

 n T	 A l	 n	 A

'n - Cn' n 2' ,"^ n rJL	 .1

T	 DIAG [ At,  ,	 t2 j	 . , ,	 tr,.^ `.

and

^* 1 .
n	 =	 DIAG C	 ^, 1 ► 	 a^^,	 ... , wr,

fi

a-
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in which	 tj 	and w	 must be given for each of the J s12,..., r yield

strata.	 The n dimensional ^tector ^ is

U^n* ^ L	 All..., nn

where n	 is one of the r yield estimates of the n* vectorzorresponding to === `°

the ith acreage stratum.

The n by n matrix of T is given by-

t

-	 ^1	 1	 ^	 ^T- 6-DIAL	 t	 J	 t	 J	 ,.,, t	 J 2 2	 r	 r J

where t.. is. the variance estimate for the j t . yield stratum. and ,d_, is a _k.

by ki, ones matrix where ki is the number of acreage strata in the ith.yield

stratum.	 Note that the total number of acrear//strata n i s denoted by

r
E	 k

n^J =1

Note that B-DIAG stands for blocked diagonal matrix, 	 For the n by n

g variance matrix Q, the result is similar to the T matrix; that is

^ SZ - B-DTAG	 w	 J	 s	 w	 J	 , • • • , :w
	
J:""	 1	 1	 2	 2	 r	 r

where cad is the variance of the true yield estimate for the 
Jth 

yield stratum

and J	 is defined above,,

0
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In determining estimates in the GOAT procedure models for the crow acreage
.._

data are first considered.

The unknown crop acreages for the,,current year is assumed to fit the ratio

-model of

a

	

Y h + e
AU	 ti	 ru

where Y is a proportionality constant,	 is an n by i vector of historical ratiotih

crop acreages and 
c 

is the random error term. "The-variance-covariance

'^. matrix for the error term c is given b y the n by n matrix H.	 The Ci3matrix

p is assumed tq be diagonal and partitioned into elements for the Class I for
C

. Class LT garfttg as

'," H' = B-QIAG [Hl, H2

' where H	 is,,a,m by m matrix and H 2 is a (n-m) by (n-m) matrix.	 The above

,ratio model can be generalized for any two consecutive years. 	 The general

form of the ratio model becomes

J

<<
i}

a - 	a	 + et	 (2)trV	 t* ^
1

where a	 is the n by 1 vector of true crop acreages for year to 	 likewise
v

a	 for year t-1, Y	 is the proportionality cots tint between the two_
^, t	 1
consecutive years t and t-1, and a	 is the random error term.

titN
r

In the input data
1

set there are a t¢tal of N historical years of the best

s
acreage estimate of ^,t. 	 These values are denoted as
Note that the h vector give n for the ratio model (1) ca'ti be cAosen to be

7t
anyone of these N historical acreage vectors a t or some other	 iven

historical acreage data for another year.	 In fact i.t can be a 1 sumed that there

is a gap of k years between the current year and the historica`^ ratWot
r year (h).	 Toward this end the ratio model takes on the follows.` g form:

^

;.,
ka	 ?;

T	 1,
r

 rte..

Nrr
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where To is the selected ratio year, k is the-number of gap years, and y
is the proportionality constant to be determined, in this model, h is , the

ru

best estimate of tiTo and tiTa+k Is the true acreage estimated for the To+k

current year.

The estimate of the H matrix is now found by first finding the estimates	 ` ^n

for 
Y•t 

and 'yk.	 The estimate of ,^,k is given by
P'{	 2`̀	 1.

k =	
dj
	 hl O
/

(4)
=1 	 a =1

where	 is a m by 1 vector from h corresponding to the Class,h 	
ru

AI acreage 7

strata.	 The maximum likelihood  estimates of Yt are found by solving the
following nonlinear equation,

m	 n f 	 ^
p( t^i)A -`E[ 1 - p (t, i )) p(t-l,iv(1:Y t 	^t-1 ' i)3 (5y

i =1	
i =1 (t-2,3, ... ,N)

where p(t,i) is the percentage of crop coverage in year t for stratum i l

and is given by

p(t,i) = a t (i )^Ai (6)

th	 rwhere a,t(i) i s the i	 element of at and Ai is the total area for the i th

acreage stratum.	 The H matrix is then found by first computing:

a2-
	 )-Y	 p(t-l,i) 2 	Y	 p(t-1^i)(1-Yt

ti	 t 	 t
p(t-l,i)).	 ( 7 )t,,[(P(t,i

Next, 02 is computed as

^2	
n	 N	 ^2

/n(N- 1)
t'^-'i=1	 t=2

and
^

/A.
{

3-10 z



o

.F, . . _,^	 ik	 'lfil^rsa':"u, .rc	 Ak1t'3M*:.:	 - -c"-..x- . 	va	 . .	 _._

ORIGINAL PAGE IS
! f

v
OF , OOR QUALITY

t

Finally the diagonal estimates of the H matrix are found to be,

H(i,i)' A i	 8	
p (Ta,	 i)k{

x

i

k.. 
y	 p CTo 	 )	

,

y X i	 -1	 Xi »1	 (10)

where X i	 6i and,/1 	is given by
'T	

Frj $
3 + _	

k	
l/k	

(11)

The true production of the target crop for the current year is given by

77

i p ^ YT
(12)

s where y is the n by 1 vector of true yield values. 	 The general form, of the
s

production estimator is g iven bP	 i	 s	 Y

ti

where X is a n by m matrix, 	 As will be seen, this estimator for production

f gives rise to an acreage estimator, A.	 The X_matrix is to be determined

so that the production estimate has unbiased and minimum 	 variance

properties.	 7i'he focal step of the GOAT procedure is to find this optimal
matrix X which minimizes the varia nce of the production esti mate.	 In order

to find the form of thi s X matrix, the mean squared prediction error (MSPE)

of the product-►o ►i estimator is minimized and it is given by:

l"
3-11

"
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E(p-P)	 nT H n + y2 hT(1 + T ) h
AU 	 ^,	 ti

+tr (H R) +nT X(z+H^) 7T 
nn,

+ tr (TX (E + H	 T) -2nT X H	 n l

1 ^'
(14)

where tr denotes the trace of a matrix. 	 For the production estimate to be
unbiased,.,we find that the X matrix must meet the restriction - T

X h	 h C,1 b )

that is multiplying the n by m X matrix`-Jn the right h l by the Class
ratio year acreage values results in the n acreage strata values.	 For the (^

production estimate to have,'i nimum variance, the MSp l	 of
production is mi;ni.'mi,zed with respect to X and find that

' X = (tiT 	 lB	
ti	 INl)^1 	 - RB

-1 
hl

1ti -,	 1
h 1+ B -1 + R6 -1 (16)

ti W

t where B _ E + H^, the n by m matrix R is given by

f f
iA

R = . r( 1^T 9)
-1, 

9 nT H {17)^

where the n by 1 g vector is given by

g	
U(UTU)-1	

;n (18)
s ,

3-123-12
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Note that

(U U) = DIAG k 0 k s ##•o k_
l	 2	 rJ1.

where ka is the number of acreage strata in'the 
jth 

yield stratum.

An acreage estimator is found to be a special case of production estimations

in the production estimator, let 	 a is a ,,n by 7 vector of'
ones and Q = T = 0.	 In this special case,

A = 'T d	 C^	 1

where X	 is a m by 1 vector; defined by

X	 hT	 B -1	 h Y'[,hT
n

 . e ^- eT	 HB
_1

1	 l
 B

_l 
hT * B_	 H	 eN1

n

1N 'IV	 tiT1'f	 A,l	 0,l	 (20)

Where el is a m by 1 vector of ones.
	 `Che'MSPB of acreage is found to be

F(A`A)2 	 Cti^l 
B_l	

l^wl (e	 1 
B-1 H

1 ti1)2

T H^	 B" 1	 H1 el + eT H	
``1`	 (21) J	 '

where B = E + Hl.

In order to further utilize the data, the acreage strata are grouped according

to how well the ratio model (1) fits. 	 The acreage strata are di vided into

groups which give smaller estimates of the H matrix for each group than if

H is estimated using all of the strata. 	 A grouping of the strata is found t
in which the `ratio model fits better than if it were applied to the entire

collection of strata.	 To test whether the 'H matrix is smal l for a group,

the MSPE of the acreage estimate which is given fn equationj21) is considered, v

V(i) and V(j)denote the MSPB for two groups and V(i,j) denotes the MSPB

.

3-13 :A
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after; combining the acreage strata of the i th and th9	 ^	 group.. The two group.,:

will be combined if

V(i J) < DO) + V(3)	 (2 )

Otherwise the two groups are loft as two separate groups. A complete search,

of<all the possible combinations of the acreage strata for grouping search

is not pract cal,"si:nce there is a large number of passible matches evert

for a small number of strata. Instead, the grouping search is started by

considering each stratum as a group and key on the stratus having the

minimum acreage value in the historical year used In ratio,-Model (1). This

minimum historical acreage stratum is then considered and the following ratio

of the acreage MSPE is found
4

P = M'") + V(3)1 / V(1*^j)	 (g3)

where 1* indexes the group having the minimum historical acreage and

indexes a group that is eligible to be combined vIth the t* group. The

maximum p value is found as

AMAX
[V(i*) + V(JMAX)	 1 V(i*O,]' X )	 (24)	 i

whereAMAX indexes the jth group eligible to be combined with the a* group

that results in the maximum p value. Whether or not to combine the i* and
the j MAX groups is then decided. If It is found that 

PMAX	
1.0 ,	 (25)

then the two groups are not combined:,, The i* group is then flagged as

Ineligi ble for grouping in the current step 0 the..search. The next

largest minimum historical value among the nonflagged strata is then

found. After a combination has occurred, then any flagged strata are

reconsidered for grouping. l

Note that for each stratum, the grouping search requires ^tnforMation Indicat-

ing which of the other n-1 strata are eligible to be combined to it. This

z	 inputted information is used to create the join matrix given as

J
\. LL	 3-14	 „^'
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r_

^E

0

r

if the i th acreage stratum can be
JOIN ( i ,J) -	 grouped with the Jth stratum.	 (26j-

0 Otherwise

where i,3 = 1,2,3,,..,n. Also note that for the Class II acreage strata,

the grouping search must combine a Class II stratus to at least one Class I ,,
stratum. This is because an estimate of y m ►, st b^f associated to the Class II'
strata. In order to accomplish this association ;jn the grouping search,
we automatically combine the i* Class II to the jMA^ Class I strata. In this

case for the Class II strata, 
AMAX 

becomes

A MAX = V(JMAX) / V(i*) AMAX)

because V(i *) :does not exist for the case of a Class II stratum. A Class II

stratum cannot be directly combined with anotherr Class 11 stratum.

After the above grouping search is completed, the optimal matrix X is found
f

t

	

	 group-by-group. That is, equation (16) is applied to ,just the acreage strata

belonging to a group and a sub-block of element values for the X matrix is

found. The X matrix is bui'lt by placing these group subblocks together

into the final optimal matrix X 	 This completed matrix is then used in the

production estimate.

The estimations for any given subset of the acreage strata is found by the

following process. S donetes the _set of acreage strata that makes up

a zone, the region or any arbitrary subset of strata. `to find the production

G estimate, a masking operator is applied with respect to 	 and find

j
E ;	 P,(s)	 nT X d
€ i	 ^o - (28)

V	
^	 `

{
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At

Where do is the vector o f yield estimates for th e acreage strata in S only,
That is, the yield estimate values for strata not in S marked out of the
vector n. The masking occurs by settfng the element to zero. The estimate

of MSPE for production becomes

E(P-P)2
nu
no H n + (r ^)T Ono + To) fr h)

+ tr (H sto ) + rho	
l 
X (E+ H 1 ) Xl	

no^ ->
r j

T
+ tr [To 

X+H 1 
} X

T- 2 no X li nol
NO

o	 ...,
(29)

k

F	 Where 
no 	 1A	

and To indicate that elements, rows, and columns corresponding

to strata not in S are masked out.	 Also,	 the n by n matrix r is defined as

r'= DIAL (	 1	 y	 n

where g i is the index of the group containing the i 
th 

stratum and y Cg i ) is

the estimate of gamma for this group.	 The acreage estimate for S 4^comes.	 '

4	 A(S)	 _ XT d
(31)

where the i th element of the X'vector is found to be Y)	 1

X(i) =	 CC2 (i)/C 1 	 ^(i)]	 Ch	 O/b(i)] + Ciii)/b(i)] (32};
,

where is taken over the coverage set S*', 	 That 'is, for strata not in S*,, the

corresponding el ,errAnt of ,X is set of zero.	 This coverage set S* is defined
as the union of all ,groups of strata which have at least one stratum in S.

Then
-

C1 O	 E [h^ (J) / b (i)d (33}
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r	 ^	 ^	 o

thWhere b(j) is the j element of the B matrix and the summation is taken
thover the strata of t4 groupJn which- the I stratum is found in. Also,

is where both summations are taken over the strata contained in the intersection
thIN,	 of S with the group In which I	 strata is found, -^,,, lso, the first

summation is for all the strata and the second summation is for Class 11 only.

The estimate of MSPE for acreage becomes

where, agotn H ts the 
masked matrix containing only the strata in S.



3.4	 INPUT FILE DESCRIPTION

Two files, a control card file and a data file, are required for execution

of the GOAT program,	 These arse described in section 3.4.1 and 3.4.2,

3.4.1	 USER DEFINED CONTROL CARD FILE

(FILENAME,) (FILETYPE) (FILEMODE)
..

The Control Card file specifies the parameters qf the data that are inputs to
the GOAT program.	 Each record consists of (1) a "keyword" which begins in

column one and is at most 10 characters long and (2) input parameters in

columnsll through 80.	 Numbers in a series must be separated by commas,

blanks are optional,	 Continuation of a series of numbers in a record is

indicated by a comma, followed by an ampersand (, Q after the last number on

the card image.

The data from this file is used to set the variables in the PARAM COMMON block

L
}

by the READFL subroutine.

ACCEPTABLE
KEYWORD	 INPUTS DESCRIPTION

AREA STRAT	 positive number This record gives the

. :number of acreage or area
2

strata that are included

in the data file.

HIST YRS	 positive number The tfptal number of

historical years.

HMOATRIX YR	 positive number Number of consecutive

0storical years,starting

with the first, that are }

. used for calculating the

.
H matrix.

RATIO YR	 positive number The number of the historical

year used for rationing. 0

GAP	 positive number The number of years gap

v
-

between the r tfo; year and

the current year.
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ACCEPTABLE
KEYWORD, INPUTS DESCRIPTION

OPTION SET positive number The number of optional or

arbitrary sets (pzones) of
acreage strata.

SCALE positive number The scale factor for the
acreage units. (optional,
default value is 1)

UNIT." , free format Units of area and
pro6ction for report

information (optional).	 +,

`	 CROP free format Crop type for report

_ information (Optional).

JOIN At least 2 and up to
F

List of acreage strata
13 five-digit positive ,ID's that are '1igib1e 'to
numbers', separated by
commas, be joined with the first

ID in the list.	 No more
than 12 acreage strata may
be joined to the first.
The numbers are separated

by , commas.	 a

PZONE At least 1 and up to Lisa, of acreage strata ID's in
249 five-digit positive
numbers, separated by

a pseudozone Ozone or arbitrary

commas. set.	 No more than 20 pzones

(arbitrary sets) are accepted.

The numbers are separated by

commas.	 `.

3-19 3
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ACCE PTA kE
KEYWORD INPUTS DESCRIPTION

COM14ENT free format This optional record gives s

any comments for report

il0ormation.

CHECK: OUT 0 2,3,4, or 6 This optional record is =1^
used for diagnotic purposes

only.	 (pefault value zero),,.
For a description of the

output generated by the

values of CHECK OUT, see q

section 345.2. _.

END*_ none Thi s r ekbord '1 qent -' ieS

the end of the user defined 1

records (optional).

An example of a Control Card Me fo l 1 ows : , fry

AREA STRAT 12 }
` HIST YRS 7

RATIO YR 6

HMATRIX YR 5

GAP 4

OPTION SET 2

a SCALE 1000

UNITS Acres and bushels
E

CROP Spring small grains

,

JOIN 17001, 18001, 18002

JOIN 17002,,.18001, 18002, 18003, 18004, 18005,

JOIN 19001, 19002 a.

E 3_20
v
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(Filename) (Fil`etype) (Filemode)

E The Data File contains the ,relevant data for each acreage	 (or'^-,trea)^s.tratum
There is a maximum of 250 records, al l having th e y5 ame format,

ft
Format of a record

Variable
,. 1

Columns Format Name Contents

1-5 15 IDSR ID of acreage stratum*

k
6i7 2X

Oank

8-10	 ', 13 IDYL SR ID of the y •i el d s tra tum

11 1X Bla nk

'^12- 20 F9.2 DACES Direct acreage estimate.
_. - -,

21-22 2X Blank

23=31 F9.1 VDACES Variance of DACES.	 o

32-33 2X Blank

34-42 F9.3 TAREA Total area of acreage stratum.,

43 ix Blank

44-51 F8.3 YLDEST Yield estimate.

t 52 Ix Blank

53-59 F7.2 VARTY Variance of true yield.
i

-60-66 F7.2 VARES.Y Variance of estimated yield.
i 67 1X' Blank	 -

68-157 10(F9.3)' HSACRE Historical' acreages for each

i historical year (10 years maximum).,

*The M of the acreage stratum has the form xxyyy, where xx is a 2 digit zone

ID and yyy is a 3 digit identification for the acreage stratum in that zone.

For example, 50101	 indicates that stratum 101	 is i n zone 50. t
w
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The fol l ovi;nq list sh.owq the eRviyal ence hetween tfle. namgs , s^e,d i;n tt^e data file

and FORTRAN rQutines, and the yector notattgn qgeid in Section 3.3, the technical

Software Description, and tn;e repRrt, tsQe gktted RatiRstimati.on for La ,rOe Area

Crop Production"- by Alan K. rfeiieson. Tht!^ 1t4t wQgld he v4e ful
, 

for compartsons.,
between formulas i ,n the technical description and thetr tiplementatton tn'the
FORTRAN code.	 6

VECTOR	 VARIABLE
NOTATION	 NAME

	

ME	 4

d	 DACES(I)

^r	
VDACES(I)

nn,	
YLDEST(I)

St	 VARTY	
c

T (y)	 VARESY

h h	 HSACRR(I,RATOYR)

a	 HSACRE(I,t) t=1,2,...,NHSYRS (The number of historical years).tit	
9

A i	 TAREA(I)

t	
^E
,r

x

}
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3.5 "
.
,OUTPUT p scR^PT^ON

The lOAfi program has standard and 9ptt4n4l outs}ts	 These outputs can he	 7

placed into a file or sent to the printer, depending on the re sponse of
d	 the user to the GOAT EXEC (see section 41 ►

3.5.1	 STANDARD OUTPUT

The 3 ,tandard output consist of three serttons. 	 Fi°rst, an input summary- of the
control" card file is given.	 This output '1.5 generated by the si0routine REACFL

and is an echo check of the i ,nformat,ion giyyen in the control fi,?.e.

The second output Section is a data s-ummary of the acreage and yield strata.

For each acreage stratum, the following are output,

1)	 Acreage stratum identifying number.
t

s	 2),	 Direct acreage estimate (d vector).
ti

3)	 Variance of the direct ac,r( age estimate (a`

4)	 Coei:ficient of variation for the direct acreage estimate (in percentl,

-5)	 Historical acreage for the ratio year (^h vector), 	 y

For the yield strata, the outputs are the ytel d estimate, -yari;ance of the true
yield and the variance of the estimated yield. 	 These yield values are given for

each acreage stratum showing wrjich acreage strata belong to the yield strata. 	 Also	
j

on this yield strata output page, the group indicators for the acreage strata are

given,

The thi rd section of the standard output is for the acreage and production estimates.

-	 _A page of output is given for each zone, for the region and for each selected

arbitrary set of strata.	 Each page of output begins with. a list of acreage strata

identifying numbers of strata for which estimates are being made. 	 This page of

output finishes with six estimated values. 	 The actual estimate is 'given along with.

the associated mean squared prediction error and the root mean squared predi.cti:on

error for both acreage and production. 0
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3.5,2 OPTIONAL OUTPUTS
	 `o

There are optional outputs ayailahle to the user WhIch are accessed by the

keyword CHECK OUT in the Control Gard ffle, This yariahle allowA the user to

call for additional checks• gn the input datA or for diagnostic checks on the

grouping search of the acreage strata. The; pos^stble val°ues for CHECK OUT are

2,4,5 or 6. Any other value given for thfs variable 's ignored and results i ,n	 j

no additional output. The value of 2 9-1yes addi tional echo checks of the input. 	 i

data. 'The subroutine CHECKI is invoked by subroutine REAM only when the value

of 2 is given 'to CHECK OUT,

The Value of 4, 5 or 6 results in diagno4ttc outputs for the grouping search of

the acreage strata iJescribed in section 3,3. A yalue of 4 results i,n output on
the final grouping search. This tncludes^'group indexes, gamma estimates for each,

group, estimated H,matrix, and estipaated X vatrix. The value of 5 or 6 adds

step-by-step information on the grouping search. tp the output given by the value

of 4. A Value of 5 giveY, to CHECK OUT results 'fn abbreviated in formation for

each grouping step. A value lof 6 results fn detailed information for each step.

T	 I
._	 1
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3,6 SOFTWARE DESCRIPTION

3,6.1 GOAT (MAIN)

General Purpose

The purpose of GOAT is

(1) To produce minimum variance, unbiased estimates of acreage and pro-
duction for a country, zones (states), and any arbitrary set of area
strata using yield estimates, historical acreage information and direct

b

acreage estimates for each acreage stratum.

(2) To estimate the mean squared prediction error for the acreage and
	

i

production estimate.
	

1

Specific Purpose

The GOAT program is the main driver"'4hich calls the subroutines listed

below.

Linkages

GOAT calls subroutines READFL, WING, PREST, STATS, ZONES, REGION, and ARB

Interface

Galling sequence;

Not applicable	 (GOAT EXEC which loads and executes GOAT is described
in section 4),	 s

Calling sequence parameters:

Not applicable.

COMMON Block Variables Used.

See Appendix A for a complete description of the COMMON block variables.

COMMON	 ELEMENT	 VARIABLE	 INPUT/
NAME	 POSITION	 NAME	 OUTPUT

EST

1	 NGRPS	 I
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COMMON ELEMENT	 VARIABLE
L

INPUT/ 

E

NAME POSITION	 NAME OUTPUT

2	 GROUP(250) I

^ 3	 HMATRX T

Note, these 3 variables are returned to the main routine from WING which

',.	 sets the values of the respective variable in the EST Common Block.

t

Local Variables

-

None

Input
F
C

None.

,_.
Outpu t
None

Flowchart

Not applicable.

Listing

See Appendix B for a compiled listing of GOAT.

}

y

t i
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3.6.2 SUBROUTINE READFL

Purpose

The purpose of subroutine READFL is to

i	
(1) read the data contained in the Control Card File and set the value of

the variables in the PARAM common. For a description of the variables
of the Control Card File, see section 3.4.1,

(2) Call the subroutine RDATA to read the data file.3

(3) Set the JOIN(t,J) matrix, the ARBSET(I,J) matrix, and the historical

acreage vector for the ratio year.

Linkages

p READFL is called by GOAT,

READFL calls RDATA. READFL is also calls CHECKI if CHECK OUT equals 2.

For a. descri ption of CHECK OUT. see Ontional Outnuts. section 3-.5.2.

READFL uses the function NUMBRa

Interface

Galling sequence:

CALL REAI7FL(IERROR) J

Calling sequence parameters:
Input/

Argument	 Output	 Descriptio n

IERROR	 0	 Error flag with values

0 OK

1 keyword unrecognized.

2 acreage stratum ID unrecognized in JOIN

record.

3 acreage stratum ID unrecognized in PZONE

record.
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COMMON Block. Ya rtaW es Used

See Appendix A for a complete degcript en or the CQJ	 Nyariakles.'

CAMMON
NAME

ELEMENT-	 YART,AB^C gFQ
P03	 N AME T

'ARAM

NAS o
2	 NHS'YRS

3	 NYASl kfi Q

4	 RATOYR 0

GAS,
0

-  IsCALE(sa)_ Q

7	 TUNSTS (80) 9

8	 f ROP(8Q) Q
0

JQIN(250,250) Q

10	 NAR6 0

11	 ARSSCT(20,250)
O

12	 TQUT U

DATA

hDS.R x a

'i

11	 HRATYR 0

Local Variables

VARIABLE
NAME _ DESCRIPTION

I DO-loop index, array -variable.

J DO-loop index, array variable.

LINE Array to hold characters on control card in columns 11-80.

rJOIN Array to hold acreage stratum ID's from JOIN statement.

3-29
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VARIABLE
NA DESCRYPTION

INDEX Index of names in DATA statement,

KEYWD Four character keyword on control card. 	 «

KOUNT r count of the number of numbers on a control card, the	 °°

value of the function NUMBR,

NAMES Array containing 15 data names"(first 4 characters of

keyword).

NUMBR See function VUMBR.

r	 TEMPI Temporary variable to hold remaining characters of the

-control card keyword that are not stored in IIKEYWDII

TEMP2 See TEMPI

I 11 ACOL 1,0 1 umn 1 ndex to th c -JOIN pia tr i n  .

INXROW Row index to the JOIN matrix,

F	 LINENO` Counter of the lines in the control card file,

NUMBER Array temporarily holding the number on a control

card record.

Inputs

Unit Type,	 Description

4 Disk	 Control- Card Ftl e

Outputs

Unit Type	 Descri_p_t an

3
4y

Terminal	 Error messages.

6 Printer	 Summary `report of input, error messages.

a
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DESCRIPTION

The subroutine READFL searches the Control Card File for the number of
historical years NNSYRS in order to send it to the subroutine RDATA. 	 Then
RDATA is called and returns NORECS, the number of data records, 	 (Phis is
used as a check against the number of acreage strata, NAS, reported in the
Control Card File.)	 Through the common block DATA, the subroutine RDATA
also supplies READFL with the acreage strata ID's (IDSR) which are used
to set the JOIN matrix.

The Control Card File is rewound and READFL processes each input record
and sets the variables in the common. block PARK	 Each input record is
echoed back in a summary report,

For each "JOIN" record, a row of the JOIN matrix is set. 	 In this record,

t each acreage stratum may be ,coined to no more than 12 other acrea ge .strati_

In other words, a "JOIN" record is, l imited to no more than 13 acreage strata
IDIs.

For each ""PZONE"' (pseudo-zone) record, a row of the ARBSFT matrix is set.
An arbitrary set or pzone may consists of 1 through 249 acreage strata.
READFL will accept no more than 20 pzones.

After the "END*" record or end of the control card fiieREADFL sets the J
- historical acreage vector for 'the ratio year, HRATYR. 	 Next, it tests the

number of optional or arbitrary sets reported in the Control Card File

against the number of pxones counted.	 If they disagree, the latter is used x

acid a message is issued. 	 READFL checks if the "JOIN" matrix is symmetric,
and if it is not, a correction is made with a+<,iessage	 Finally, if ""IOUT""
has	 been set to 2, the subroutine CHECKI	 is called',	 (See description in 3.6,7)
READFL returns the parameter IERROR to the main routine. 	 If it is non-zero,
the program stops. 	 Non zero values of IERROR are described above under
the calling sequence parameters,
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READFL	
ORIGINAL PACE 19

G
OF p06-4 QUALI'F'Y

FIND

r
NNSYRS

r

RDATA

tRE11GFEAND
iTA FOR EARN
 STRATUM,

^	
x

`	 F

r

REWIND

t	 CARDR(CC) FILE

j

END.

	

RECORD OR	 y
END OF FILE?	 A

x

NO

READ INPUT
RECORD, SET
APPROPRIATE
VARIABLE

1

w

I x

i

Figure 3.6,2,1 Functional Flowchart of Subroutine READFL
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A

OR1OINAL PAGE lsl
OF POOR QUAL11

_
RATOYR j	

Y
0 7' STOP 10406

_J

ii

EXTRACT HISTORICAL
ACREAGE FOR RATIO YEAR
PASSED FROM ROATA

CHECK NUMOEROF CC
OROITRARY SETS VS.

l NUMBER OF PZONES

N
` CORRECT JOIN MATRIX

''

IF NOT SYMMETRIC

CHECKI

SOUTCHECK	
YES

2
WRITE INFORMATIO5

DATACONTROL CARD AND
FILES FOR INSPEC

-

NO

i

RETURN

4k

Figure 3.6.2.1 (Cohtinued)
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3.6.3 SUBROUTINE RDATA

Purpose

The purpose of subroutine RDATA is to

(1) Read the data file.

(2) Set the vector CLASS1 which indicates whether an acreage stratum has

Class 1 data or not.

Lipkaes

IA	 RDATA is called by READFL.

RDATA call s ZSO.RT,

1

Interface

Calling sequence:

CALL RDATA(NHSYRS,NORECS)

Calling sequence parameters;

Input/	 ?.
Argument	 Output-	 Description

NHSYRS	 I	 Number of historical years.	 °?

NORECS	 0	 Number of records in data file

COMMON Alock Variables Used

See Appendix A for a complete description o^
:
 the COMMON block variables.,

COMMON	 ELEMENT	 VARIABLE	 INPUT/
_NAME	 POSITION	 USED	 OUTPUT

DATA
Al

1	 IDSR(250)	 0:
r

2	 IDYLSR(250)	
0..

3	 CLASSI(250)	 0

4	 DACES(250)	 0

3=35	 }.
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^\

sl

COMMON	 ELEMENT	 VARIABLE	 INPUT/	 a
NAME	 POSITION	 USED'	 OUTPUT

5	 VDACES(250)	 0
r:

G	 TAREA(250)	 0

7	 YLDEST(250)	 0

8	 VAR TY(250)	 0

9	 VARESY(250)	 0
"

10	 HSACRE(250,10)	 0	 .

a

Local Variable

None.

Inoue

j	 Unit	 Tye	 Descri Pti on

5	 Disk	 Data file,

Outputs

None.

Description

The subroutine RDATA first checks if the number of hi storical years is

nonzero	 and then proceeds to read each record of the data file.- 	 For .;+

each acreage stratum with Class r data, the vector CLASSI is set equal to .

y I.	 For Class 1.'^ data, the yector is set equal tq Q.	 (An acreage stratum

has Class I	 data if satellite data has provided a direct acreage estimate.)y	

A count of the number of records is maintained and returned to READFL

through the parameter NORECS. 	 If either the variance of the true yield

or the variance of the estimated yield is zero, it is reset to a small
value (to avoid division by zero in subsequent subroutines.)	 Letting the

variance equal a value close to zero simulates taking the limit of n 	 times;
k	 ;.
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f	 % ( c.f. equati ,Qn 3.2Q, Fi;eyesgn). for the prQOyct`1,)n estivate as tkte >yoriance

approaches zero, In this special case the R matrix approaches W and if all

the components of the yield vector, no are set equal to 1 the production

equation, 
nT Xo d o reduces to give the optimal acreage estimate.

Flowchart

See figure 3.6.3.1 for a flowchart of the subroutine RDATA.

Listing

.,	 See Appendix B for compiled listing of RQATA.

ro

f

f
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3.6.4	 SUBROUTINE ZSORT

Purpose

The purpose of subroutine ZSORT is to arrange the records of the data file

such that all acreage strata of the same zone are together.

Linkages

ZSORT is calleeby RDATA.

Interface

Calling sequence:

CALL ZSORT(NORECS,NHSYRS)

Calling sequence parameters:

Input'
Argument	 Output Description

NORECS	 I Number of records in data file.

NHSYRS	 X Number of historical years.

COMMON Block Variables Used

a

See Appendix A for a complete description of the COMMON block variables.

COMMON	 ELEMENT VARIABLE INPUT/
NAME	 POSITION USED OUTPUT

DATA

1 I;DSR(25)

2 I'DYLSR(.25Q). r
3 CLASSI ( 250)

4 DACES(250) I
,'

5 VDACES(250) I
6 TAREA(250) I

.
7 YLDEST(250)

j,
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COMMON ELEMENT VARIABLE	 INPUT/	
1

NAME POSITION USED	 OUTPUT

VARTY('250)	 L

9 VARESY(250)	 I
10 HSACRE(250,10)	 I,

v

Local Variables

VARIABLE
a

NAME - DESCRIPTION

I DO-loop counter over acreage strata.	 r

J DO-Poop counter over acreage strata:

ICUR Pointer to the current 'ono number.

ICURI Pointer to the next zone number.

ITOP Contains the current zone number:	 t;;,	 1

INEXT Contains the next zone number.

a JMIN Minimum range number of DO-loon for searching-

through zone numbers

ICHECK Contains the zone number of acreage stratum

during DO-loop search.
a

ISAVEi i=1,2,3 These variables save values of 	 tie data records

SAVEn n=4,...,9 during the exchange of records. 	 A

HSAVE(10) These variables save the historical acreage

during the exchange of records.
n	 Al

Inputs

None'.

1 ,^

r

r
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outputs;

None.

Description

During each iteration through the number of acreage strata, zone numbers of
consecutive acreage strata, each located with pointers, are compared, The 1
zone number is the first two digits of the acreage stratum ID, IDSR. If
these numbers are the equal, the pointers each move down one and the

comparison is repeated, If the zone numbers of a pair are different, the
second pointer compares the remaining zone numbers with the first or current
one of the pair. If an equal zone number is found, the pointer to the
current zone number moves down one (to the unequal one) and the data .records
of the respective pointers are exchanged, The second pointer continues`

searching for equal zone numbers. When all exchang`6s are finished, the

pointers are incremented by ones and the process begins again until all
acreage strata are grouped by zone numbers.

1

Flowchart

See figure 3.5.4.1 for a flowchart of the subroutine ZSORT.

Listing
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3.6.5	 FUNCTION NUMBR

Purpose, "a

4
The function NUMBR counts how many identification numbers are on an inputted

line from the Control Card Pile,	 The function returns the courst as its{
,f functional value and the identification numbers are returned in the

argument list.

>> Linkages

Calling sequence:

NUMBR(LINEMUMVEC)

Calling sequence parameters:
i

Argument 	 I` 0 Description

LINE(80)	 Y Array of characters which is a_

particular line of the control card

} file.

NUMVEC(250)	 D Array of identification numbersf

found in this input line.

;s NUMBR	 0 Count of the totalnumber ► in the
,F

array NUMVEC.

;t COMMON Block Variables Used:.

None.	 {^

Local' Variables
,t

Not applicable.

j
Inputs

I= r
None.

^XtU Outputs

None.

p

i}
H
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02scri tp ion

The function NUMBR receives an array of characters which represents one line

of the Control Card File. , This line has been read column-by-column into aW

integer array (1*4) using an Al format. Thus, each element of the input

array coming to the function contains one character/digit of the particular

line of the control card in character format. The character iu the integer

(i.e.,32 bit word) is left Justified. The line of input has 80 characters,

but only columns 11 through 80 are used. Columns 1 through 10 are reserved

for key words. The function extracts the segment i'dentifi'cation numbers

from this character string which is contained in the received array. The

identification numbers are assumed to be separated by commas,	 1

,

The subroutine 14A1BN converts the character 0 digit into an integer

digit.

The function NUMBR starts to ,build the identification number from the digits

returned from I4A1BN. The function NUMBR stains by s,earch.ing the received

array and skips to the first nonblank character. On fi'iadin a nonblank

character, the function determines whether or not the character is a digit

and calls the subroutine 14AlBN if it is a digit, If the character is not o,

a digit, then the function assigns a number to the output vector NUMVy C and

returns. 'rhe function continues to search for the next character. If ^V

is read, then the function reads the next line of the control card file and

y,
reinitiates a search on this new received array. if a , is found, then

another number is added to the vector NUMVEC and the search of the input ,, c

line for another identification number continues.

Flowchart
Not applicable.

ii	 Listin

See Appendix B for a compiled listing of the function NUMBR.

;>	
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3.6.6 SUBROUTINE I4AlBN

Pulse
The subroutine I4AIBN takes a numeric digit that has been read in by ar

character format and conve rts it-to a integer form. 	 -

ank̂ a^^

I4AIBN is called by the function of NUMBR.

Interface

Calling sequence,

CALL, I4AlBN(IFLD NCHFLQ,NCVTED)

Calling sequence parameters:

Argument	 i u	 Description	
=.

IFLD(20)	 I	 The input numeric digit in	 v

character form.

NCNFLD	 I	 The total numeric digits input

(set to 1) .

NCVTED	 0	 The character digit i n integer form.

Local Variables

Not applicable.	 f,

Inputs

None,
e	 ,

Outputs
None.

i

i
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Description_

The subroutine I4AlBN converts the character di g it into an integer digit by
exchanging bytes around using logical variables. If the 'input
character is not a digit 0 to 9 0 an error message wi11e_be generated.

Flowchart

Not applicable.

Listing
\y 1

See Appendix B for a compiled listing of I4AlBN.

I

Y

{

r
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3.8.7	 SUBROUTINE CHECKI

t

Purpose

Checkl	 is used as a diagnostic tool to check out information contained in
the control card file and some of the information contained in each record

of the data file,

Li nKUes

CHECKI is called by READFL.

NOTE:	 REAM only calls CHECKI if CHECK OUT equals z in the Control Card

File,

Interface

Calling sequence;

I E(IOUT , En, ?) rail	 ruECKl

Calling sequence parameters

None,
a

COMMON- Block Variables Used

See Appendix A for a comple+a description of the COMMON block variables.

COMMON	 ELEMENT VARIABLE INPUT/
NAME	 POSITION NAME OUTPUT

PARAM

I NAS I

2 NHSYRS I

3 NYRSIH
I

4 RATOYR I

5 GAP I

6 ISCALE I

7 IUNITS(80) I p.

8 ICROP(80) I

r.
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COMMON ELEMENT VARIABLE	 INPUT/
NAME POSITION NAME	 OUTPUT

0_. JOIN(250,250)	 I

f
0 :,NARK	 I

11 ARBSEV M 250)	 -I

12 IOUT	 I

DATA

1 I DSR(250)	 I
;.

4 DACES(250)	 I

.
7 YLDEST(250)	 I

10 HSACRE(25010)	 I
-a

f
Local Variables

VARIABLE'
NAME DESCRIPTION

IAS DO-loop index for the acreage strata.

J DO-loop index for columns of JOIN and ARBSET matrices.

r Inputs

None

9

.• Outputs I

E Unit Type Description

6 Disk or Printer Control	 Card file variables

' Data file values.
z

7
LA

r
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3.6.8	 SUBROUTINE GRPING

Pur ose

The purpose of subroutine GRPING is to group the acreage strata in such a

manner that the variance of combined acreage strata group is less than the
G'

sum of the individual variances,

k'

4

Li nkag„eS,

E GRPING is called by GOAT.

GRPING calls AVOPT and FIND2,
^	 v

m
Interface.

Calling sequence: E

CALL GRPING (NGRPS, GROUP .HMATRX)

r Cal ling sequel► Ce pars pete rs
* Input

Argument	 Ou tput Description

F NGRPS	 0 The number of groups,

GROUP	 0 -Vector containing the croup number for

each acreage stratum.
x^ z

'HMATRX	 0 The H-matriX or the diagonal

dispersion matrix containing the

°s variance of the error term in the

ro ortionalft	 model	 see equation 1

1€ _section 3.3)	 a.

4

Bl ock Variables UsedCOMMON

z

j

See Appendix A for a complete description of the COMMON block variables.

COMMON	 ELEMENT VARIABLE	 INPUT/

NAME	 POSITION NAME	 OUTPUT

PARAM

4

1 NAS	 I	
^i

^
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COMMON ELEMENT	 VARIABLE	 INPUT/

E
NA,., ME POSITION	 NAME	 OUTPUT

9	 JOIN(250s250)	 I

12	 TOUT	 I

DATA

1	 IDSR(250)	 I

e

3	 CLASS1(250)	 I

5	 VDACES(250)	 I

1'1	 HRATYR(250)	 I

Local Variable

VARIABLE

r 
_ NAME DES_CRiPTION

o
I0i p0-loop i ndex for array variable Q^l

i'l,dl DO-loop index for array variabl e. 1
k

s
IAS Index of the acreage strata.	 -	 ,F

NHX The number of acreage strata in the combined group

'corresponding to the current maximum variance ratio,	 ±!

HMAT H-matrix restricted to acreage strata in current group.

HMIN The minimum historical acreage in the ratio year.

a IDEL Index of acreage st^'ata/group being absorbed by the

INEW , group.	 Quantities related to the IDEL - acreage

strata are being deleted or set to zero.

IGRP The I-th groups IGRP, designates , the active group with

the minimum historical acreage.

IMIN The index of the acreage strata/group having minimum

historical acreage (IGRP = GROUP(IMIN))-.

IiEW The index of the Class I acreage strata/group that is

retained.	 The INEW-group absorbs IDEL group.

LOUT Flag for signaling diagnostic output.

,
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VARIABLE
NAME_	 DESCRIPTION

r

j	
'f=

ISET Vector of absolute indices for acreage strata in

the current group.

JGRP The J-th group designates the Class I group being

^ considered for combination with IGRP, the T-th group.

LINE Data statement containing four underline symbols.

NSET Number of acreage strata in the potential group

which is formed from the two groups IGRP and JGRP.

The group's variance ratio has not yet been

determined to be the maximum.

GROUP Vector containing the group number for each acreage

stratum.

HTEST Primary vector used to group acreage strata.

For each acreage stratum I, HTEST(I) contains the

historical	 acreage in the historical	 ratio year.

ILINE Index used for underlininq which is in a data statement.
J

INDEX Holds thee group number of an acreage stratum that

is a group indicator (i.e., 	 it has activity value 2).

INDHX Vector of absolute acreage strata indices in current
r

group to be used for the H-matrix.

ITEMP DO-Loop index through current group which may be

temporary depending onsucceeding variance ratios,

NUMII Number of Class II acreage strata.

RATIO Ratio of VOPTJ	 variance of a Class I acreage

strata/group or VOPTI + VOPTJ, sum,of the variances

F' of 2 ClassT acreage Strata to VOPTIJ, the variance

of the combined group.

SFLAG Flag to check if all acreage strata have been grouped.
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VARIABLE
NAME DESCRIPTIONc,

SLINE	 ,, Data statement containing four * symbols for star-lines,

VOPTI The acreage.mean square prediction error, MSPE, for

the I-th group, IGRP	 (optimal variance I-th group).

VOPTJ The acreage mean squared prediction error, MSPEs for

the J-th groups the Class I group that may be joined

to the I-th group	 (optimal variance J-th group).

VTEMP Temporary variable holding the acreage MSPE for the

group resulting from combining the I and J-th groups.

This variance is temporary until the maximum value

of RATIO is found.

ACTIVE Vector that maintains the, ; status of - each acreage

stratum during the grouping process. 	 Active's values n

and their ,meanings are;

ACTIVE VALUE DESCRIPTION

d

1 Initial setting that activates all _acreage strata

' All strata with this setting will be considered

f
further in the grouping algorithm.

2 Setting for an acreage stratum with maximum historical
t;,

acreage but one not eligible to be joined to any other

acreage strata group or one that gives a RATIO value

<	 1;

3 Setting for the IDEL acreage strata group that is

being absorbed' in the INEW group.

8 Setting for a Class IT acreage stratum that has been

considered but for which no eligible Class I stratum

° could be combined at the current state of the

grouping algorithm.

9 Setting for a Class IT acreage strata that has been

combined with a Class I group.
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VARIABLE
i	 NAME DESCRIPTION
s

CLASSI For each Class I acreage strata, the Class I vector

has value 1.	 For Class It strata the value is zero.

GAMSPE The mean squared prediction error for acreage of a

i
group,

HMATRX The H-matrix or the diagonal dispersion matrix

containing the variance of the error term i n the

proportionality model	 (see equation 1, section 3.3.

F or equation 2.1, Weighted Ratio Estimation for

AgRISTARS, Fieveson).

HXTEMP vector temporarily saving the kl-matrix values

calculated for the current group.

ISOLAT Number of isolated Class IT acreage strata.

JFIRST The first acreage stratum which is eligible to

he JQi.ned to the minimum historical acreage

strata/group, the IMIN stratum.

JOINIM Inpex of the Class I acreage stratum that wil l be

Joined to the IMIN stratum.

RATMA'X The ma xi mum yea 1 ue of RATIO.

VOPTTJ The meat squared prediction error MSPE (or optimal

variance) of the group resulting from the,union of

the I-th group,	 I'GRP a_r(d the J-:th group,	 QRP.

Inputs

None.

Output

Uni t Types	 De scri pt^

6 Disk_	 Check out data
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Description,

The subroutine GRPING groups acreage strata based on the estimate of the

acreage variance for the group. The subroutine is divided into two parts

to deal first with Class IT acreage strata and then the remaining Class r

strata.. A class I acreagq..5tratum is one for which a direct estimate based

on satellite data has been given: A Cllass IT stratum has no°direct estimate.

At the beginning of the routine each acreage stratum is "acttyated" and is
initialized to be a group by itself, the diagonal H matrix i.s set to zero,
and the mean squared prediction error (MSPE) for group acreage simplifies to

the variance of the direct estimate for ClassI strata.

if there are any Class It acreage strata then the one with the minimum
historical acreage value in the ratio year (RATOYR) is chosen to be

grouped with some Class I acreage stratum. If there are none ini.tiallytor

no active Class II strata remain afterprevious grouping attempts, t.Ke

program checks that each Class II stratum has been combined with at least

one class II stratum, Then, either it stops if there ts an isolated Class

_IT stratum or proceeds to the second part, the Class T groupi-ngt_

Using the JOIN matrix the program checks if any Class I acreage stratum
is eligible to be joined with the minimum acreage Class rr stratum. fif none
is eligible, the program lreturn;; _ to the remaining Class II' strata and finds
the stratum with the next largest minimum historical acreage value. If some

Class I stratum group is eligible to be joined, the progrorn determines the

maximum value of
RATIO = VOPTJ / YOPTIJ

where VOPTJ is the acreage mean squared prediction error (MSPE) for the

class I group and `VOPTIJ is acreage MSPE of the group formed by combining

the Class I and Class II strata. Also the elements of the H matrix for this
combined group are returned from the subroutine AVOPT and stored temporarily.

y
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Next, several variables are changed to reflect a grouping in which the Class
II stratum is essentially absorbed into a class I group. The Class M"

stratum is assigned the same group number as the Class I group, The two

historical acreages, for the ratio year are added and the result is stored in
the HTEST vector where the Class I acreage was stored and the position in
HTEST storing the Class I'I acreage is set to zero, Since th,is Class I'I
stratum has been absorbed in a Class T group, it Is excluded from further

active consideration and the number of isolated Class rrs is decreased.	 *

With the new grouping the JOIN matrix is changed so th.at the row and column
for the Class II stratum are all zeros and the row and column of the new

group are changed to reflect the addition of the Class 17 stratum to the
Class I group, The matrix is also kept symmetric. Also the elements of the

H matrix corresponding to the absolute acreage stratum index (versus the

sequential index in group) are stored. The program reactivates Class IT

strata that were considered but not eligible to be combined with any Class X

stratum at that time. The program repeats the process of grouping the next

active, Class II acreage stratum with minimum acreage.
i

When every Class ?I acrea ge stratum has been combined with a Class I group,	 i

the program proceeds to the second part, the Glass I search. _Here, also,

the active stratum with minimum historical acreage is found. It is

designated as the IMIN stratum and IGRP group. If there are no active strata,

the grouping is complete and the subroutine returns the grouping, H matrix

and number of groups to the main routine. Assuming the active Class r	 (

stratum with minimum historical acreage has been found, the JOIN matrix is

checked to see if any acreage strata/group is eligible to be joined with it.

If not, this stratum is deactivated and the one with the next largest

4istorical acreage value among the active strata is located. Proceeding

through the acreage strata/groups that are eligible to be joined to IGRP,

the program determines the maximum value of

RATIO = (VOPTI + VOPTJ) /_VOPTIJ

where VOPTI is the acreage MSPE for the group IGRP, VOPTJ is the acreage
	 r

MSPE for the acreage strata /group which is eligible to be joined with IGRP,
and VOPTIJ is the acreage MSPE for the combined group:

s.
3-56



1	 4

If the value of RATIO is less than l ,O, the grouping is rejected since
the combined variance is more than the sum of the two individual variances.

If this happens , the IGRP group is deactivated and the program returns to

find the next largest minimum histoM cal acreage group.

When two acreage strata/groups are combined, several variables are changed

as in part I to reflect this. Essentially, the acreage strata/group with

minimum acreage absorbs the other one and values such as its group number,

LATEST, and the JOIN matrix are set accordingly, Any deactivated Class I

strata with active value 2 are reactivated to L and the procedure returns
to the beginning of the C1assl search.

The grouping procedure ends when all the strata have been deactivated so

that a IMIN stratum cannot be found. This happens when (1) RATIO is less

than 1 which causes the IMIN stratum to be deactivated to value 2, and a

return to the beginning of the Classl search (which searches only active

Class I strata ) or (2) no acreage strata/group is eligible to be joined to

the IMIN stratum which results in deactivating it to value 2 and returning

to the beginning of the Class 1 search. The acreage strata are checked to

see if all Class Ir strata have been deactivated to 9 and if all Class K

strata have been deactivated to 2 or 3. (An absorbed Class I stratum is

deactivated to value 3).

Finally, the group numbers arP rchanged so they are sequential and the

number of groups is counted. Control returns to the main routiAe.

Flowchart

See figure .6 .1 for	 f lowchart o the GIVI NG subroutine.g	 3 ¢8	 r a flowck^ t f h_	 IN

}

Listin g

See Appendix B for compiled listing of RDATA.
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3,6,9	 SUBROUTINE FIND

Purpose

Subroutine FIND2 finds the indexes of the acreage strata belonging to two

groups that are being considered for merging. 	 It also finds the number of a
acreage strata in the.new group,

L4 nka es

FIND2 is called by WING.

Interface

Calling sequence;

CALL FIND2(GRPI,GRP20GROUP,NAS,NSET,ISET),

Calling sequence parameters;
Y,

Input/
Argument	 Output Description

GRPl	 I Group number of the first group
(group with minimum historical
acreage) .

GRP2	 I Group number of the second group

possibly being joined to GRPl.

GROUP	 I Vector containing group number of
each acreage stratum.

.NAS	 I Number of acreage strata._

NSET	 0 Total number of acreage strata in

the new group.

ISET	 0 Vector containing the absolute
acreage strata indexes for the new
group.
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COWON^Block Variables Used
a:

None.

Local 'Variables

None.

fInputs,

None.

Ouputs

Unit	 Type	 Description	 ?t
O

6	 Printer	 Warning message of group with no members.

Description

While running through the acreage strata by indexes from 1 to NAS, the

program compares the group number of the current acreage stratum with either

of the group numbers GRPI or GRP2. If they agree, the index is placed in

ISET, and NSET is incremented by one. The subroutine checks the final value
r	 of NSET and prints a warning if it equals zero

Flowchart

c	 Not- applicable, ,

of
Listingw	 _

4E	 e°

i
See Appendix B for a compil ed listing of FIND2.

tt
z
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I	 3,6.10 SUBROUTINE AVOPT

Purpose	 1^

The subroutine AVOPT ca1"culates the mean squared prediction error of the
acreage estimate and the variance matrix for a ^ .Jvgni set of acreage

strata.

t	 LinLq es

AVOPT is called by the subroutine GRPING.

AVOPT calls the subroutine HGAMMA.

Interface

Call ing sequence;

CALL AVOPT(NSET,ISE'f,VOPT,HMAT) 	 a

Calling sequence parameters:

Argument	 I/O	 Description

NSET	 I	 Total number of acreage strata it!

the input set of acreage strata.

IST(NSET)	 I	 Sequential indexes for the acreage

strata.

VOPT	 0	 The acreage mean squared prediction

error for this set.

HMAT(NSET)	 0	 The variance matrix associated with

thi s set_ of acreage strata

r

}
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COMMON Black Variables Used

7
e

See Appendix i^ for a complete description of the CO	 ON blocks.

COMMON	 ELEMENT	 VARIABLE
NAME	 POSITIONN,	 AMA	 ^l 0

t	 PARAM

3	 NYRSlH

5	 CAP	 T

12	 IOUT	 T

DATA

3	 CLASSI(250)'	 I

4	 DACES(250)

'	 5	 VDACES(250)	 T

6	 TAREA(250)	 I

`	
10	 HSACRE(250,10)	 I'

11	 HRATYR (250)	 I'

jr.
F

.i

ii	 r

c

t 
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Local Variables

VARIABLE
NAVE

B

D2

02

EP

T2

Xl

BM

-

i

DESCRIPTION

Intermediate calculation for H matrix,

Intermediate calculation for H matrix,

Intermediate calculation for H matrix,

Intermediate calculation for H matrix.

Intermediate calculation for H matrix, 	 c

Intermediate calculation for H matrix,

Component 1 of the mean square prediction error
(MSPE) of the acreage ebtimate,

ED2	 Component 2 of hisP of the acreage e5tima e.
.r

Bpi	 Component 3 of :MSPE of the acreage'stimate.

BOT	 Summation of the historical acreage for the Class l
anrpan9 rtrafa inf +ha ninon to



VARIABLE I
NAME DESCRIPTION b

EHIS Summation of all the historical crop acreage for the

given set.

CGAMK
v

Gamma for the current year raised to the K(GAP) power.

KYEAR Indexing of the historical acreage years of data.

:i

KYRMI KYEAR minus 1, the lag year. 	 l '

THETA Intermediate calculation for the H matrix.

BMATRX Intermediate calculation for the H matrix,

HISGAM(10) An array of the historical gammas returned from the

subroutine	 HGAMMA.

J

{
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i	
f

Inputs	
n

None,

Out uts

Unit	 Type	 Description.

6	 Printer	 Possible errors, and optional output

(CHECK, OUT) .

3

Description

The subroutine begins by calling the subroutine HGAMMA to obtain the

historical acreage ratios. 	 The subroutine AVOPT then continues by using
these ratios to calculate the acreage variance matrix.	 Using values in the
DATA common blocks and this variance matrix, the subroutine finds

_	 subcomponents to calculate the mean squared prediction of the acreage

estimate.	 The subroutine finishes with a check on the subcomponents found.
If the checks fails, an error message is printed out and the GOAT procedure

continues
f

Flowchart

See figure 3.6.10.1 for a functional flowchart of the subroutine AVOPT.

F

Listing

See Appendix G for compiled listing of AVOPT.

A
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ORIMAL PAGE r
`^;.

OF POOR QUALITY
AVOPT

r

f HGAMPUI

f FIND HISTORICALISTTORICA

CALCULATE
It MATRTX

r d

i CALCULATE COMPONENT.
OF MEAN SQUARED

` PREDICTION ERROR
(MSPE)

CALCULATE ACREAGE

MEAN SQUARED 4

PREDICTION ERROR
(MSPE)

CHECK COMPONENTS
OF MEAN SQUARED
PREDICTION ERROR

(MSPE)
-^

}

RETURN

,^

q

r

Fi qurs 3.6,10.1	 Functional Flowchart of Subroutine AVOPT. K	 j`E ^^

c
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3.6.11 SUBROUTINE HGAMMA

Purpose

The subroutine HGAMfiA calculates the Ot t , the historical acreage ratios, for
the historical years that are used in calculatj'ng the H matrix.

Linkages

h HGAMMA is called by the subroutine AVOPT,

Interface
^. r

•	 Calling sequence:

CALL`HGAMMA(NSET,ISET,HISGAM)

t Call ing sequence parameters:

Ar ug ment ,De cri pti on

NSET	 I Number of acreage strata in the potential

group which may be formed from IGRP and

JGRP in GRPING subroutine.

f
'

ISET(NSET)	 Y Vector containing acreage stratil indices

for potential	 new group.

HISGAM(10)	 0 The historical gammas that are calculated

in this subroutine.

COMMON Block Variables Used

See Appendix A for a,coniplete description of the COMMON block variables.
^s

COMMON	 ELEMENT VARIABLE	 INPUT/ r
NAME	 POSITION USED	 OUTPUT

PARAM

•	 1 NAS	 I
.i

3 NYRSIN	 I 1

7

1
,

t

x
t
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COMMON ELEMENT	 VARIABLE	 INPUT/

NAME POSITION	 USED	 OUTPUT

DATA

6	 TAREA(250)	 I

1.0	 HSACRE(250,10) 	 I

Local Variables i

VARIABLE

NAME DESCRIPTION

E Intermediate value used to compute SUM1 and SUM2.

H Crop acreage_ proportion in (K=l)-st year. 	 This

intermediate value is used to compute SUM1 and

SUM2.

I DO-loop index,

W Intermediate value used to compute SUMI and SUM2.

XD Sum of the historical crop acreage proportions in K-th
E

year over the acreage strata in the group.	 This value
:d

is used to calculate DEM and DELTA. j

BOT Bottom or, denominator in the ratio for the starting

value of Newton's iteration for GAMMA.	 It is the

sum	 of the his Orical acreages in the previous

' year or (K-1)-th year with respect to the current

I year (K-th years ) u

i IAS fc"r Index oeage `-strata.

TOP TOP or numerator in the ratio for the starting value

fori of Newton's iteration	 GAMMA.

,r GMAXr
Maximum allowable value for gamma.

.

LEFT The left hand side of implicit equation for y.

i Equation 5 section 3.3 or see equation 4.19,

F "Wei§hted Ratio Estimation of Large Area Crop

Production", Fieveson.

J
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VARIABLE
NAME DESCRIPTION

SUM1 Component;	 in the numerator of DELTA.	 Intermediate

calculation in Newton's iteration.

SUM2 Component in the denominator of DELTA.	 Intermediate G

`. calculation in Newton's iteration.

DELTA DELTA is the change in the approximation for gamma

in each iteration of Newton's method.	 That is

it corresponds to - f(x)/f'(x) in the iteration

scheme;
i

HPMAX Maximum value of HISPRO over acreage strata t

referenced by the vector ISET

KYEAR Index of the historical years, from 2 to NYRSiH.

Also index of the gammas., 	 `, g

KYRMl K-th year minus one, i.e., the year preceeding the
K-th year, I

NITER- Number of iterations.

RIGHT Right hand side of implicit equation for y.	 See

"LEFT" above for reference.
i

HISGAM Vector containing the historical gammas for the`
years 2,3 ... . 	 NYRSIH.

HISPRO The historical proportion of crop acreages, i.e.,

historical acreage divided by total acreage for a

stratum.

NITM X Maximum number of iteraticans of Newton's method.

RELDEL Relative delta, i.e., the ratio of DELTA, the.

change in gamma, to HISGAM.

Inputs

None,

3-7i
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Outputs

None.

Description

The subroutine is designed to calculate the historical gammas for the years

2,3,.., NYRS1H. The essential feature of the subroutine is an application

of Newton's method to solve the implicit equation for gamma. (Equation 5

of section 3.3).

The gammas are the proportionality constants used in_th'lb equation

at ^ Yt at-1 + et

p
; where a t is an nxl vector of stratum crop acreages in the year t and et is

a ^ a uvn^ vacr.v^',.	 nn a-proximate starr ingj value of	 yt,	 needed _^_^^
	 Newton S

S'

method, is obtained from

1

E	 d i 	hi
i=1	 =1

where h i are the historical crop acreages 'in the (k-1) st year and d i are

Y the historical crop acreages in the k-t;h year (or d	 ate the direct acreage

r estimates in the current year) for the n acreage strata in the potential

group under consideration•

For :-each of the k years, k =2,,.., NYRSIH, the program computes the
^ starting value of gamma. 	 When equation 5, Section 3.3 is modified to the	 ^

form f(Y) = 0, it is feasible to apply Newton's method to approximate Y.

)

i

r First, necessary components for the method are computed and then the

r successive approximations to Y are computed by the formula

Y i	 Yi-1	
f
(Yi-1 )	 i	 = 1,2,...

r
f'(Yi_1)
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The" program continues thiswhere V denotes the first derivative of f.
iteration until either

f(Y'i -1 ) / f" (Yi„1)
_	 < .00001

Yi-1

-	 or the number of iterations exceeds NITMAX which has been set to 26, In
the latter case, the last computed estimate of Y is saved in HTSGAM.

A final adjustment is made on'the values found for gamma. If the value
of gamma is less than ,.005, then the value is reset to ,005, and if it
is greater than GMAX, it is reset to GMAX. (GMAX	 .995 / MAX (pi)

where n. is the histaric l crop . arpane nrnnnj+f` ion fnr the .-th arraanP

stratum in a group).

x
Finally, it is determined if each y satisfies equation 5 Section 3.3 to	 .

within 4 significant decimal places. The subroutine returns control to

the main routine after the NYRSIH-1 gammas have been computed..
r

r Flowchart

See figure 3.6.11.1 for a flowchart of the subroutine HGAMMA
a

Listing



Q' iGiNAL RAGF- 15

t[ OF POOR QUALITY ".

NYRSIN is the number of historical years used

E YRS111 NO
for computing the N•matrix.

STOP

R

YES ^.>

00 100

I

K02,11YRSI11

Find initial value
of yy.

Sat number of
iterations
N1TER. to O._

r 4
NITER•NITER +1

.,

1

facts DELTA, tobn
NITER

YES or
Y by Newtons the relative 1	 Y +DELTA

method. chan90

7YES

0001Y2 O

KO

Check upper and
NO

 STOP
lower bounds
on Y+

#F{

M *Refer to Section 3,:3, equtS.YES

i

t S
; Figure 3.G,11.1

..
Functional Flowchart for Subroutine NGANMA

t:
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3,6,12	 SUBROUTINE PREST

PPug„ose

The subroutine PREST calculates variables needed in the estimation step of

the GOAT procedure. 	 The main variable calculated is the X matrix.	 Other

variables found are the B matrix and indexes between the acreage and yield

strata.

Linkages

PREST is called by the GOAT main
-

program.

Interface

Calling sequence:

CALL PREST

COMMON Block: Variables Used:
t

See Appendix A for a complete description of the COMMON blacks

COMMON	 ELEMENT VARIABLE INPUT/ ,.
NAME	 POSITION NAME OUTPUT

PARM l

1 NAS L

12 IOUT I

DATA

1 1QSR(250) I	 '

2 IDYLSR(250) I

3 CLASSI (250) r
-

4 DACES (250) I

5 VDACFS(250j I ,:
7 YLDEST(250) I

9 VARESY(:250) I`
4
i

11
- NRATYR(250) I
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COMMON ELEMENT	 VARIABLE	 INPUT/

NAME POSITION NAME	 OUTPUT
O

EST
1

NiGRPS	 Y

2 GROUP(250)	 I

k, 3 HMATRX(250)	 T
l

4 BMATRX(250)	 0

5 GAMMA(250)	 0

r: 6 XMATRX(250,;,250)	 0

7 XOCl (.5 .0)	 0

8 NUMYS	 0
p

9 IYDSEQ(50)	 0

1G' IYDSEQ(50)	 0
1

11 IYD(250)	 0 t
c;

Y,

12 XD(250)	 0

Local Variables

VARIABLE
NAME DESCRIPTION

a

BOT Summation of the historical acreages for the Class I
5 strata of the ratio year.

HO Summation for the Class I strata for tie historical
acreage	 ys9 uared,divided b	 corresponding value of y

the B matrix (h l B	 tit ) '	 {,.
NUH(250) Intermediate value for the A matrix, summation of

yield estimate multiplied by the H imatrix for the
Class	 I.

TOP Summation of the Class I direct acreage estimates.

} GVEC(250) Intermediate vector for calculating the R matrix,

equation 18,	 section 3.3. a
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VARIAGLE
NAW DESCRIPT ION

RBIH(50) ^n'termedi.ate vector for. , calculating the X matr ,tx

CHECK The va lue us4)d in	 , hecki ng w Tether the i th element

of Y 
til 

is equal 't ,, h. r
^	 <	 a

IPAGE A ►t index number for printing the X matrix..

K	 •'	 UPOTNO60Y Intermediate vector`` for calculating the	 ve'ctorw of

equation l0, sec tion 303.

GRPGAM
ill

The estima te for gamma of a group.
u

INGAYS(50) A count of the .number of acreage strata belonging

to the intersection of a group and a yield strattx.
The ,count is ,given for each yield straaq.

IYULD An index for the NUMYS yield strata..
M_

KGROUP An index for-the NGRS group of at-reage strata.

-	 0NE •PNO x . matrix.A constant value for calculati ng tide R
Q

RMATRX(50,50) The R matrix ^1^'equation 17, sectio	 3.3.

r	 XMATHl	 250 Vector of values found in }the multiplication of the

.. Xt Matrix and the 'h	 vector.	 Used to check° whether
tiI h,I	h .

ry

Inputs

None.

Ou tputs .7

Uni t IMe 	 0escription

-	 6 Printer	 Possible ei-J^ors and optional output. 	 =
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Description

c

The first variable assigned in this subroutine ls-'the 8 matrix.	 This is a

simple	 addition of the input matrix iiDACES and the computed matrix

NMATRX from the grouping step. 	 Next, the number of : unque yield strata

is counted and a separate vector containing their identifying indexes°is

orgatedw'	 A vector of numbers pointing to the first acreage stratum for

each yield stratum is found.	 rn order to index the yield strata sequentially,

a vector of sequential numbers for the unique yield strata identifying pumhers

is created.	 The X matrix is calculated next using the grouping ^f the

acreage strata.	 That is equations 18,-17 and then 16	 section 3 * 3, are
:v

applied to each group until the X matix is filled. 	 At the end of this loop

which built the 7 matrix, the estimate for gamma for the group is found by
NNa„plying equation 11, section 3.3, and is assigned to each acreage-stratum

in the group.	 After the	 -matrix is obtained, the iPN̂ termediate vector of c

values used for the acreage and production es-6-imates,	 d,	 ts, found (A ii”, the
rV

vector of direct acreage estimages).	 Next, the restriction on the X matrix to

have an unbiased production estimate is checked,	 This is done by checking

the individual	 elements of equation la, 'section 3.3, and, for unequal elements,
^-g s processing bywriting out an error messa ge.	 The PREST subroutine complete	 pro.	 Ong 	 ^ a

writing optional output if the user specifies ft in the Control	 Card Fi-le.' i



'	 ORIGINAL P,AG9 I

F
OF POOR QUALITY

F	 -.
G

	

PREST	 t.

W.

INITIALIZEk
B MATRI X

INDEXING BETKEN
ACREAGE STRATA
AND YIELD STRATA

DETERMINED

..yam--_...

is

T MATRIX BUILT	 I

^7j

^ROUPMBY4ROUP	 a

MULTIPLY X
MATRIX WITH

	

d VECTOR	
~

_	
r y

CHECK X

s

	

	
MATRIX 'FOR

UNBIASED

CONDITION

3,S

OPTIONAL

	

OUTPUT	 i

4

1	 RETURN r

f

Ff9ure 3. 6,12.1 Functional Flowchart of Subroutine PREST, ,.
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3.6:13 SUBROUTINE STATS

Purpose

The purpose of subroutine STn.TS is to print a summary of the input data

and the results of the ,grouping algorithm,

l.i nka es

:STATS is called by GOAT

Interface

`	 Calling sequence:
C

ji

D	
y
i

r	 , 	 CALL SCATS

Calling sequence parameters:

None.

COMMON Block Variables Used

See Appendix A for a 	 complete description of the COMMON block yari. ables, -r

COMMON	 ELEMENT VARIABLE INPUT/
'	 NAME	 POSITION NAME, OUTPUT

,.	 PARAM

1 NAS ( 250)

7 IUNITS(50)

II

I

B ICROP(00) I

DATA

^e

'1	 1 IDSR(250) 1r

2 I DYLS'R( 250) .._, f-

3 CLASSI(250) I

4 DACES'(250) I

5 VDACES(250) I	 -

7 YLDEST(250) I

3-80 1
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COMMON	 ELEMENT	 VARIABLE	 INP41T/	 c'

NAME	 POSITION	 NAME	 OUTPUT

8	 VARTY( 250)_ 	 I

g	 VARESY(250)	 I

11	 HRATYR( 250)	 T

(	 EST
I

2	 GROUP(250)	 I

Local Variables

VARIABLE
NAME	 DESCRIPTION

CVDACE	 Coefficient of variation of the direct acreage^i
s

	

	 ^-
estimate.

E, Inputs

None.

`r
Outputs	 .'

,

a

Unit	 Type	 Description-

5 	 Disk and/or Printer	 Summar Data or Gro u ping .y	 P

Description

If an acreage stratum is Class I , the coefficient of variation of the direct
acreage estimate is calculated. If the acreage stratum is Class I'T, the
coefficient of variation is zero.

First, user information concerning the crop type and units of area and

production are printed. A scale factor is available, but since no scaling
of the data occurs, it is skipped. This option is included for flexibility

if future refinements call for resealing the input data
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The first part. of the data summa ' ,,,is printed. For , each acreage stratum,

this includes the acreage (area) stratum ID, direct acreage estimate,
variance of the direct acreage estimate, coefficient of vari'ation, and the
histori00-4;ea for the ratio year. For each acreage stratum, the second
part of tho summary includes the acreage (area) stratum W. the yield stratum

ID, yield estimate, variance of the true yield, yariance;,of the estimated

yield, and the group to which the acreage stratum is assigned.

3
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3.6.14 SUBROUTINE ZONEST

Purpose

The purpose of the subroutine ZONEST is to

(1) Set the IMASK vector to indicate the acreage strata for each zone.

(2) Supply IMASK to the subroutine EST2 for the calculation of acreage
and production estimates and their respective mean squared prediction
errors (MSPE),

F r
	

(3) Print the acreage and production estimates and the respective MSPE
and Root MSPE.

1 1 -

Li nka ec es

ZONEST is called by aCAT.

ZONEST calls 'EST2,

interface

Calling Sequence

Call ZONEST

Calling sequence parameters: a
None. a

COMMON Block Variables Used

See Appendix A for -a complete description of the COMMON block yartables.

COMMON	 ELEMENT VARIABLE INPUT/
NAME	 POSITION NAME OUTPUT'

PARAM

Ilk 1 NAS I
1

DATA
1

1 I<DSR( 250) I

z

;rt
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Local Variables

VARIABLE
NAME DESCRIPTION €

r A Area estimate,

I Index over acreage strata.

J Loop-index.

P Production estimate.
h

IZ Zone ID of the I-th acreage stratum.

p ICURZ Pointer to the current zone,

IMASK(250) Vector which indicates the acreage strata in the F

current zone.

4
IOUT6 Counter used for printing sets of 6 acreage-strata

'IDs -.
t

f ITEMP Vector holding up to 6 acreage strata ID's in the

^

{

Zone.

IZONE ID of the current zone referenced by ICURZ.

PMSPE Production mean squared prediction error.

ARMSPE Acreage root mean squared prediction error.

PRMSPE Production rootmean squared prediction erro r, till

{ UDLINE Data statement variable used for underlining. 4

Inputs
None.

Outputs

Unit Tyke	 Description L

6 Printer	 Standard output for zones.
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Description

The subroutine ZONEST extracts the zone ID from the Wof the first acreage

stratum listed for a zone. Then, for each acreage stratum (from 1 to NASA

with the same zone IDs the corresponding component of the IMASK vector isis

set to 1. 	 of IMASK for acreage strata in different zones retain

the default value of zero). The IMASK vector is supplied to the subroutine

EST2 which returns acreage and production estimates and their respe'tive

mean squared prediction errors-at the zone level. These estimates are
printed: If there are any more zones, the process is repeated, That is

the variable ICURZ points to the next acreage stratum having a different

zone ID and the IMASK vector is reset. If there are no more zones, control
returns to the calling program GOAT.

In order for the subroutine ZONEST to find all the acreage strata in the

same zone, it is assumed that they hate been listed together,: This arrange

mart is ensured by the ZSORT subroutine.

*The ID of the acreage stratum has the form xxyyy where xx is a 2 digit

zone ID and yyy is a 3 digit identification for the acreage stratum in that
zone. For example, 50101 indicates that stratum 101 is in zone 50. i

0

0

ii
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.r ,-	 •.max

ORIGINAL: PAGE tS
OF P40R QUALITY

A

FIND ZONE ID FROH Cj
THE ICURZ ACREAGE
STRATUM

1

f

LOCATE EACH ACREAGE
STRATUM IN THE ZONE

i( TO SET IMASK VECTOR,
j	 [ ADVANCE ICURZ

EST2
3

CALCULATE ACREAGE; AND
PRODUCTION ESTIMATES
AND MSPE'S FOR THE
ONE a

R

PRINT ACREAGE AND
PRODUCTION ESTIMATES

' AND MSPE'S FOR THE
ZONE

DOES
ICURZ POINT
TO ANOTHER

RETURN
?ONE

VES

A

*ICURZ is a pointer to the first acreage stratum in the set of strata composing a zone;

Figure 3 " 4.14.1	 Functional 'Flowchart of Subroutine ZONEST
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3,6.15 SUBROUTINE REGION

Purpose 	 =f

The purpose of subroutine REGION is to'calculate and print the estimates of acreage

production, and the respective mean squared prediction errors for the entire

region.

Linkages

REGION 'is called by GOAT.

REGION calls EST2.

Interface

Calling sequence:

CALL REGION
E	 ,;

^-	 Callinu seauence parameters:

None.

3

COMMON Block Variables Used.

See Appendix A for a complet description of the COMMON block variables
A	

^	 ^

COMMON	 ELEMENT	 VARIABLE	 INPUT/
NAME	 POSIION 	 USED	 OUTPUT

PARAM

l	 NAS	 I

DATA

:t	 l	 IDSRI(250)	 I

Local Variables

;VARIABLE
NAME	 DESCRIPTION	

z

A	 Area estimate.

I	 Index over acreage strata,

J	 Loop-index.

..	 A
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VARIABLE
NAM, E	 DESCRIPTION

	

a	 P	 Production estimate.
t

IMASK(250)	 Vector which indicates all the acreage strata in

the region.

IOUT6	 Counter used for printing sets of 6 acreage strata

I
ID's.

ITRMP

	

	 Vector holding up to 6 acreage strat ID's of 'the
region.

PMSPE	 Production mean squared prediction error,
k

	

t	 ARMSPE	 Acreage root mean squared prediction error.

PRMSPE	 Production root mean squared prediction error.

UDLINE	 Data statement variable used for underlining.

,v Inputs_

	

p '	 None.
G

a

r

Outputstputs

Unit	 Type	 Descri tion

6	 Printer	 Standard output for region.
a

Description.ion
t 

The subroutine REGION sets each component of the IMASK vector that corresponds

to an acreage stratum to 1; (The region is defined to be the entire set of

acreage strata.) The IMASK vector is supplied to the subroutine EST2 which

computes the acreage and production estimates and their respective mean

squared prediction errors for the region. These estimates along with the
root mean squared production estimates are printed and control returns, to

the calking program GOAT.

;;	
u
;)
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3.5.16	 SUBROUTINE ARB

?R!^Rose 4

Ile purpose of subroutine ARB is to calculate and print the estimates of

acreage and production and their respective mean squared predtcti
.
6n errors

for any arbitrary collection of acreage strata.ii

Linkages

ARB is called by GOAT.

i
ARB calls EST2.

A

Interface

Calling sequences

CALL ARB €	
1

Calling sequence parameters:

None.

COMMON Block Variables Used.

See Appendix A for a complete description of the COMMON block variables.

' COMMON	 ELEMENT VARIABLE INPUT/
NAME	 POSITION USED OUTPUT

PARAM

1 NAS I s

1Q NARB T

11 ARBSET(20, 250) I

1 DATA

1 I DSR( 250) T

C>r  s .:

i
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Local Variables	 ^)

VARIABLE
NAME DESCRIPTION'

A Area estimate.

Y

r
Tndex over acreage strata,

J I Loop-index.}
P Production estimate,	 a

IARB Index of arbitrary set of acreage strata
s

AMSPE AcrIage mean squared predicti-n-*ror.

IMASK(250) Vector which indicates all the acreage strata in 	 A
a

the arbitrary set.	 0Ai

IOUT6 Counter used for print?;ng sets of 6 acreage

strata	 10's.

ITEMP Vector holding up to 6 acreage strata TD' s of the

arbitrary set.

PMSPE Production mean squared prediction error,

ARMSPE Acreage root mean squared predi ction error.

` -	 PRMSPE Production root mean squared prediction error, 	 s>0

UDLINE Data statement variable used for underlining.

Inputs
x None.

Outputs

Unit Type	 Descri ption

4 6 PM nter	 Standard output for an arbitrary region.
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Description

For each acreage stratum in an arbitrary set, the subroutine ARB sets the

corresponding component of the IMASK vector to 1 	 This information is

received From the ARRSET matrix where there are NAR6 rows-one for each

arbitrary set-and each row contains exactly the information required in

`	 the IMASK vector. For each arbitrary set of acreage strata, the IMASK

vector is supplied to the ,ubrouti ne EST2 which returns acreage and production

estimates and their- respec." ,̂ive mean squared prediction errors for this

set;. These estimates are^,9 inted. When the loop over the arbitrary sets

is finished, control returns to the call ing program GOAT.

r	
Fl ciwch a rt'

Nr/t applicable.

Lis ting 1

I

See Appendix B for compiled listing of ARB

f	 ,

t

a

c	 ;

y

f
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3.6.1 7 SUBROUTINE EST2

Purpose

The subroutine EST2 calculates the production and acreage estimates along

with their mean squared prediction-error CMSPE) for any given input set

of acreage strata

,,	 Li nka^es
9

EST2 is called by the routines ZONEST, REGION and ARB.

Interface
J

Calling sequence:

,

CALL EST2(IMAShAREA,AMSPE,PROC,PMSPE)

`	 Calling sequence parameters:

Argument I 0 Description

IMASK I A vector of 0 or 1 values indicating

which of the NAS acreage strata
belong to the given subset of strata.;'

AREA _ 0 Acreage estimate for the given subset
of strata

E
AMSPE

t
0 -	 MSPE for the acreage estimate;

PROC 0 Production estimate for the given subset

of strata.

pMSPE 0 MSPE_for the production estimation..'

COMMON Block Variables Used

See Appendi x A for a description of the Common block vapiables

COMMON ELEMENT VARIABLE
NAME POSITION NAME	 I/O

PARAM r.

1 NAS	 L

DATA
i

3 CLASS1(250)	 I F
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VARIABLE U
NAME Nt.U1E ,	 I	 Q	

;.

4	 DAC^IS(250) I

5	 VDA'^tS(250) T

YLDEST(25Q) I

8	 VARTY(250) I

9	 VARESY(250) I

11	 HRATYR(250) I

EST

2	 GROUP(250) I	
a

3	 HMATRX(250) ' I

4	 BMATRX'(250) I

5	 GAMMA(250) I

6	 XMATRX(250) I

7	 XOC1(250) I

b	 NUMYS I

10	 IFIRST(50) I

r
11	 IYD(250)

..
I

12' 	 XD(250)
a

JJ	 I

Local Variables

VARIABLE 1
NAME DESCRIPTION „^

EX(250) Intermediate vector fb`r calculating production estimate. 	 a

The result of multiplying the masked yield vector times

the X matrix.

KG Index for a group of acreage strata:

V1 First term of the production MSPE	 equation 29, section 3.3.

V2 Second term of the production MSPE, equation 29	 section 3.3.

c^ f	 .,
J
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VARIABLE
NAME DESCRIPTIO14

V3 Third term ofthe production MSPE, equation 09, section 3.3.

V4 Fourth term of the production MSPE, equation 29, section 3.3.

V5 Fifth term of the production MSPE, equation 29, section 3.3.

V6 Sixth term of the production MSPE, equation 29, section 3.3.

XO(250) The X vector for the area estimate, equation 29, section 3.3.

SNAR(50) Intermediate vector for V2,
,D

VAI First term of the area MSPE, equation 35, section 3.3
.i

VA4 Second term of the area'MSPE, equation 35, section 3.3

VA6 Third term of the area MSPE, equation 35	 section, 3.3.

XBX Intermediate value for V5.

AREA Acreage estimate for._.,the given Set of acreage si,;rata.

PROC Production estimate for the given sel of acreage strata,

XOC2(250) A value for each C4ro ►ap used in calculating the X vector,

equation 34,	 Section 3.3. +'

AMSPE Estimate of the acreage MSPE..

IMASK(250) Input Vector indicating the given set of acreage strata.

INGRP Group indicator used irl building the SSTAR vector.`

PMSPE
Y

Estimate of the production MSPE.

SSTAR(250) Indicator vector of all the acreage strata in the

coverage set of strata-.	 The union of all groups

having at 'least one stratum in the given- input set of

strata (IMASK),

IY'IELQ Index for the yield,strata.
E.

RMATRX(50,250) Intermediate matrix for V5.
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Inputs

None.

Outputs

f
None.

r
Description

F

	

	 The subroutine EST2 begins with using the `input Vector IMASK to set,the $STAR

indicator vector which points to the acreage stra`ta , in the coverage set.

Next, a constant for each group of the coverage set is found according to

equation 34 section 3.3. The X vector of equdtl,gn 32, section 3.3, I's

calculated and 'is then used along with the di.'rect ,acreage est imates to

find the acreage estimate. - The MSFE for acreage is found Oy-using tfte

calculated X vector and two common blgck.matrices The production estimate

_	 i found next from the common yari'a_oles and the input rMQS!e rector. T"e ; ix
components of production estjmate'MSFE` i, fQund according to equa ton 29,

section 3.3, and then added together!`
r

Flowchart

See figure 3.6.17.1 for a functional flowchart of the subroutine EST2

Listing

See Appendix B for a compiled listing of EST2,

is
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SET'SSTAR VECTOR

ORIGINAL PAGE 13
FROM THE INPUT
VECTOR IMASK

OF POOR QUALITY :1

CALCULATE THE X
VECTOR FOR ACREAGE
ESTIMATE

pp

AGREA4TE ! .,	 r̂ ^ ;;

ESTIMATE

ut

CALCULATE THE 3
COMPONENTS OF
ACREAGEMEAN
SQUARED PREDICTION

r

ERROR

CALCULATE

x,

.ACREAGE

MSPE -=

Cl

CALCULATE`

`1PRODUCTION

ESTIMATE a	
f	 a

1I

CALCULATE PARTS
FOR 4 COMPONENTS
OF PRODUCTION MSPE

CALCULATE THE 6	 ?,

COMPONENTS OF

r:

P-ROnUCTION MSPE

CALCULATE
PRODUCTION
MSPE

RETURN_

Figure 3.6.17.1	 functional Flowchart of Subroutine EST2
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4.1 OPERATING REQUIREMENTS

The Grouped Optfmal Aggregation Technique (GOAT) is operatioral,.,on the

AS-3000 computer at the Earth Observation Divi'sion, Building 17 Johnson
Space Center,'Houston, Texas. The program is run on the ASS-3000 under the
Virtual Machine 370 (VM370) Conversational Monitoring System (CMS) with the
run streams (EXECS) using the control program (CP) command environment.

The user must link and access the disk where GOAT resides with the appropriate

read password. Por example, if the procedure is on account DS40 with read

password RDS40, then the command GETDISK DS40 191 XXX B RR PASS RDS40

will link account DS40 to virtual machine address XXX (where XXX is any 3

digit number other than 191) and access it as the B disk.

A-sufficient storage requirement for execution of the GOAT program is 83ZK

by Ees .
h

The GOAT program requires;

(1) A CONTROL CARD file as described in Section 3.4.1 and

(2) A DATA file as described in Section 3,4.2.
4

The program can run in either an interactive mode or a batch machine node.

If the batch mode is selected, either the module ;DEX370 MODULE must be on

the DS40 disk to supply the userid and name to the batch machine, or if

this module is absent, the EXEC will query the user for this information.

4-1	 1i.
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4.2 NS EXEC

The run stream or EXEC provides the facility for providing the file-name
file-type, and file-mode for the control card file and the data file. (The
file mode is optional with default to the A disk), There is the facility
for the batch mode or interactive mode, In the interactive mode the output
can be stored on the A disk or`a,6nt to the printer. The console file is'
also stored and printed with the output in this mode. If the batch mode
is used, the user is presented with a menu of available batchimchines,
their time limits, and hours of operation. See figure 4.2.1.

i

The listing of the GOAT EXEC is in Appendix B.

a

i

r
1

3

r	 .

1
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p1Npl PAG
E 19

GOAT EXEC

\^
QtlA

s OF POUR

VOOL CONSOLE
''- FILE

7

CAR C
OI LTERQI

E	 !

^'1

i {

1 NAME DATA
FILE

w

OATCft

OAT
OR	

INILR
INTERACTIVE

r..	 ,.

.j

f
tt

CHOOSE BATCH OUTPUT
j WHINE PILE 9N DISK FILE	

PRT
{ OP' TO

PRI7TER
x

EXECUTE NAME DISK I^

FILE

1 CLOSE	 AND
PRINT CONSOLE

FIGS EXEC;JTE

r

PRINT OUTPUT
CLOSE CONSOLE

FILE

j

E%IT
PRINT CONSOLE

_ FILE' AND OUTPUT s

EXIT
fir..

__ x

Figure 4oM Functional FTowaNnnC of GOAT EXEC.
Ii
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4,3 OPERATING EXAM4^,,IE

The command to execute tho program is GOAT. After typing GOAT, the EXEC

prompts the user to enter the names of the control card file and data file

as follows.	 -

FOR THE CONTROL CARD FILE ENTER: FILE-NAME FILE-TYPE [FILE.hPOE]

(Default filo mode: is A

FOR THE DATA FILE ENTER: .FILE-NAME FILE-TYPE	 [FILE'-MODE]

Next, the EXEC prompts the user to choose the BATCH or INTERACTIVE mode as

follows.

DO YOU WANT BATCH OR INTERACTIVE?' ENTER: BAT/INTER

if yllc ba 4h mode I s ehGser1, the execution begins after the usfir's responses to
the follo^

i
 Ing query:

1
WHICH BATCH MACHINE DO YOU WANT?
ENTER:	 FOR	 TIME LIMIT (CPU MINS)	 CORE	 TIME UP	

{

I	 BATQUICK	 1	 832K	 24 HOURS
2	 BATSHORT	 15	 832K	 24 HOURS
3	 BATMED	 45	 832K	 24 HOURS
4	 BATEOD	 60	 2MEG	 24 HOURS
5	 BATJSC	 240	 2MEG	 MID-8AM
6	 BATHOUST	 240	 8MEG	 MID-8AM
7	 BATLONG	 500	 2MEG	 MID-8AM

If the interactive mode is chosen, the EXEC will continue with the following

statements;:

DO YOU WANT THE OUTPUT ON A CMS DISK FILE OR SENT TO THE PRINTER?
ENTER FILE/PRT

If FILE is chosen, the output from the GOAT pr`, jcedure will be put on a

user determined disk file which the EXEC requests:

FOR THE CMS DISK FILE ENTER: FILE-NAME	 FILE'-TYPE	 [FILE-MODE]

Either after this response or the PRT response above, the execution will

begin in the interactive mode
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COMMON ELEMENT VARIABLE
NAME _ POSITION NAME DESCRIPTION

PARAMa

1 NAS Total number of acreage strata.

2 NHSYRS Number of historical years
of acreage data,

3 NYRSiH Number of consecutive
historical years that are
used to calculate the H matrix.

4 RATOYR- The index number of the
historical year used for
ratioinp.

5 GAP The number of gap years
. between the ratio year and

the current year.

5 ISCALE Scaling factor for acreage.

7 IUNITS(80) One comment line that describes
the units of acreage and
production.

8 ICROP(80) One comment line that describes y
the crop type. 1

9 JOIN(250,250) A matrix denoting which
acreage strata are eligible
to be grouped with each
stratum.

10 NARB Number of arbitrary subsets	 r
of acreage strata on which 1

estimates are made,

11 ARBSET(20,250) A matrix in which each. row denotes
one of the NARB arbitrary
sets of acreage strata.

12	 ! IOUT A flag for optional
" -diagnostic output.

p
DATA

1 -jDSR(25Qj The identifying numbers of th.e
NA$ acreage strata.

A-1
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COMMON	 ELEMENT VARIABLE
NAME	 POSITION NAME DESCRIPTION

c
2 TDYLSR(250) The identifying numbers^of

thy: NUMYS yield strata.

3 CLASSI(250) Indicator vector of the
Class I acreage strata.

4 DACES(250) Direct acreage estimates for
the Class I acreage strata.,

k

5 VDACES'(250) Wi thin stratum variance
associated with the direct
acreage estimate.

6 TAREA(250) A vector of the total area
for each of the NAS acreage
strata

7; YLDEST(250) A vector of yield estimates
i for each acreage stratum.

8 VARTY(250) Estimates of the -(year-to-
year) variance of the true
yi el d,

9 VARESY(250) Estimates of the variance a

I

of the estimated yi eld.

i
10 HSACRE'250,10) Historical acreages for each !

acreage stratum for each
historical year,

11 HRATYR(250) Histori cal acreages for the
ratio ,year.

EST

1 NGRPS

1

Number of groups ofacreage
strata.

2 GROUP(250) The group i-ndicator for each
acreage strata.

-3 HMATRX(250) The diagonal matrixcontaining

k' variances corresponding to jA
, the error term of the ratio'

model	 (equation 1,	 sectioh 3.3).

>>	 4 BMATRX(250) The sum of the two matrices

i VDACES and HMATRX,

,
y

A-2
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GRMMON	 ELEMENT yARPAOLE
NAME	 POSIT NA E DES	 PTION

5 GAMMA(250) The estimated value of the

`	
g current gamma for the group

containing acreage stratum,

z^
I 6 XMATRX(25A,254) The optimal' matrix for the
`	 % production estimation

3 (equation 13, section 3,3),

7 XOC1(250) A constant used in the X
vector of the acreage	 ^'
estimate.	 A value is given
for each of the NGRPS groups.

f
r

8 NUMYS Total number of yield strata

9 TYDSEQ(50) The unique yield strata
i deni 4,11,,fi ers of the vector
luY^^jS ►\i,f

10 IRRST(50) ihe`index.number (1 up to 250)
of the first ,acreage stratum
within a yield :strata.`

11 IYD(250) Indexing of yield strata
4 with sequential numbars

0 up to 50)

12 XD(250) The values resulting from the
matrix 7 multiplied by the
vector d

it

I

t(.^.

4
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ii^amca" aaa ii omcamc^amcâaao ĉ a^aaaaomcaaaaaomcao°°aaaaaaaQ^aa^^c^°cc°a° fa°^aa°nco^c^amca^o^aiYaa°Dra^co^c^i>c^oci;°caaa^^omca^°a( z «<a«a4.ca.^awiww«w«awsw^i^.«^tit<sssss<^s<.c,lrts«wt<itMa^sww°,awaa.^wwt,r^,cat+r
to at uuuuuuuuuuuuuuuuuuuuuuu uuu	 uuu uuU uuur i _y i	 11 	 i	 11o

_ i ii	 i	 :	 i	 ivti
iI11

I	 in

= 1 .^ 2
1O M(A I Ln w w	 v1	 NN	 °N 1	 1	 1 m Sg1 S	 ^,	 h0y

iW CO 1 W 1	 Y+	 X	 !+ I	 1
	

taiO OLD I u 1	 M	 r" •1w 1	 1 	 i	 1 K I S	 S	 ItZ ro 1 O W• 1W. <Z 1 Sn JJ S	 M^	 ¢ MW 1 u. IttS	 1	 iQ	 S S 1	 7	 •+	 IIS1	 «	 Ua t	 1	 ♦ tlJ 1	 O 1 1	 w	 a1K 1• 1 Z Ow 1	 h?► 	 Z w< 1	 1	 MIJC 1	 1	 t 1	 1	 *+	 V4
1 S i	 1	 !A	 1	 IWI It 1	 "!	 a<a 1 • >`N 1	 ^	 ^;-; 1	 1	 1- ?	 t	 1 w 1 1	 I	 v ^L^. w	 O•Za 1 a M 1	 o 1	 1	 ax 1	 1 r t 1	 ci	 ►+	 ")S1	 On	 tnOtA	 O 1	 1	 4<1	 151 1	 Z ♦ 	 •+ y< W0 t t I-Zp.Z 1	 N Nu1N	 a0 I	 1	 h	 1	 1 Z 1 1	 1	 W	 11	 0.	 Sla NZ 1 Z

7O V)< I uM )-.	 N1	 J iwJH	 w1p .9 11	 IW S	 e S an I	 I 	 =0 0 t-	 :IZ SIL ^S 1 7 •K 1 ^• 4a4	 om= I J 1	 W	 1	 1 2 1  I	 .. w0 w	 po I iN Q 04M	 T<a< i O 1	 I- 1	 i 0. 1	 1	 b	 O	 N	 «C I Y*Z S	 +^ ;*>X	 zawZ 1<	 ZU 1	 S W 1 . 1	 I	 N	 00-	 ..+•^	 WC +•U
S a Z h 1	 .«...	 ..e• 1w,..	 41	 IS1 a t	 I	 PO - O.	 MNO h W < < 1 1 a ^0 wY. 1	 1 ti 1 1	 1	 •	 -409L	 N-d	 1nM Z7 1 O Z 1 1 <1'*• 	1  	 .+1 11 0. hZ 1	 1, 111 	 z • VII	 rOryM= P	 =

S1 % =W 1 a0.+ 1	 O	 +. ; W 1	 OW	 si	 ai in 00 1 s 0 1	 .r	 o 1.	 1 r	 wl	 1 O t	 • tL 'fF 1	 wool- 0`	 r.a U 1 • W G 1	 ;..	 ., •	 •n 1 J 1 W\ .̀1'	 I	 I U. 1	 0; •n 1	 1	 rl.-+	 -0.4	 • j4"L2u P1 •• WtA2 1	 0-00	 N1	 .+UtOU141	 i- • 1< 1 1+«	 W 1	 1	 1	 a Z 1=1 	 W•	 w
1 • W" 1 oNInNN W	 O 1 U 1 r+1 01 1	 141	 w

P JE^ IIL I

1!1+4 ► ahw--cLS CL S_	 Z	 .n+ wxwWtAJO 1 • h4. I	 M-N`^	 0	 to 1J1 • t Z 1	 1 .^ t	 t.;V,-
	

..r+t.Z O.S	 iAOOMOM ^J.. 1 a l 
O. 0  	 1 a W . 7.hxx .

  +O^GWW	 OrZ •^+ 1 + «r ! aowwwo* 04zl- 1 O I Yl\ W 1 l+ 1 0 I a	 W 1G t O 1 rf	 IA • s s s	 O<q.<1 r ►^U1 O 1	 04004 • Wf'. UwO i W 1 N :)w1 W 1 JI .0m = N 1	 1 •+	 woo— pr.rwt Il1►IM 1	 W/ • VI< W S 1	 O.	 -AA	 •44000 I	 i •-W in I M 1	 1 24a f 1 0 1	 ZWW""	 •	 1..1.1	 1 + W	 a 1 1.4w J!`a«raZxa•^^•• 1 IA 1 YZtfl	 1	 1 a 1 •Z<r
2Z 1	 1 .^^.	 •• •....	 ir:.aa..i wJ. W 1	 2 J • < w I 1 N	 9-«+^ 12 1 Inw	 O 1... 1 Z 1 ^+ • 1	 1 00	 .*++p ibYY	 tDC»tC1Qr0"0z a 1	 1 • Wh 5I 1 ui^.	 Cox 1 0 1 4 Jrh t o 1 w 1	 rrlt ^ 1	 1 Co-	 e.- t-u4N 	 *mtAtno?-< a1 Itt	 1^7x1 1w1Moo	 t	 • 1]91 it N I	 1PPO11=-9-1	 ko0^	 tT

"^ h 1	 i a 4tx W1 1Jh	 4 a 1 LA 1wrm•K0W1O1	 It•+ ►- 1	 1 ••	 aOZZtan- •IIII{ aW W1	 h1 i•Iw W1JF• 21	 of 1u4	 a .9 1Z1	 Q0 j1 j	 wW t17 1	 iW O ltww.w.w Op	 pOw Z1	 1 Ir 1Ott!	 1	 S
I'm	 NRL 1WIZ tW1 • 1JIar"7 W 1	 1 - -	 -%.-- O-WW"

4
O

..0
w1	 7 1
F- I	 I

a1:x
1 4

N1u	 VII	 Y
1. JW wt 	 1

I	 !	 •^
1 a	 as 1Z1O	 M21a1101< ICZ

1" 1 w tt u 1 a 1 k 1 wpinw J.
I	 lwwy co	 •••+WOGW- 1	 1 t-. Wt•-tW64.Ib iLim`•I^u11AM^zW =1	 O 1 O 1 a O 1 <U Z I	 = I 1 w	 WwZ 1 01 to	 4	 1 4 1	 1	 "044 0.. J I	 1 «+r+0	 .., ....y	 «+Zlw•+W O t	 ,,	 I 1 to I u4 P" i N	 I 1 4^O	 (DOO 1	 1 Z	 *	 I Z I W I C rZ < I	 1 aaOO	 Oliaaaa< a 1	 ;Gt <n h 10 M1	 W t- 1h	 4.1 1Wr	 Ww= I	 1W<*	 I`^1 Y I'.ta"O U 11 I=i-0	 U-M-KI Mi rW m1	 to I'a I aa n1 0 	1 1hi	 ht-r 1	 1Zh ♦ 	 1	 Ih1	 0 u-u O1	 M14 to1m a 1hU OIW Ic I 1ZO	 ZZO 1	 I•+<•	 $ W 1	 10F {	 ; Wa W I	 I 1° 1	 4	 a i	 1 1 wU	 P-Nwu 1	 1 GO•	 1 1- 1	 1 0tf .. Z=) 1	 OI •+1 OI	 tCl	 WI 1	 4444t	 an**	 1	 M	 1	 1	 1 1Ì	 4 C 40 1	 1 1 /	 O1	 1 1 1	 a	 ^	 1	 i	 1	 r? .^	 O 4l+ Z to 1	 to 1 S I- a I	 N1 1	 at 1 1	 S	 1	 i	 1	 .r IUi I	 L 1 1	 1	 i	 1	 1	 1.. .. uvuuuuuuuvuvuuuuuuuuuuu uuu	 uuu UIJ
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ŷly
ôg
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> w. Y0t ru+ :►̂W.k.în. oin Win ,N..rin„

	 00000000 rule ufVti+.^w^.^^.•«^,.^.. it',..

w Q O

B-74	
..	 ..



c

ORIGINAL RAGE IS

OF POAR QUALITY

i

c
i

ea
.r.

^a ki00i^1/?bO00G7Q06/C 1000g0000000 i<. +Yi^O!^Pil@O^t11P'Ivllfl^OPICO^O.+N!°1^'i/1^OhGD •
•.

s •+ API'f^h laGD47crJ ;P4Da01DCJtlDmtT0^0 + 0!OKTO^O^O^ •
•

0 000ng00000000000ctilg0000000 • e' ^• ,oa0000gOlacm000000000aooaoo p •t7"
^r

t11b 'yy"", ^L'yyZCaYaOQi00000Ca00z2zzx."LZZ Zz 22zzzZZ j.
00 0000000 z ^^^ Z iNMMY/INUfUVNN	 NN NN

^r

{•; 10 •1	 t	 \	 ^ •	 w ^ r r:I	 1	 !1t	 11 J J
iN
1 1	 7	 O.+ O.-iM IA.

1	 1	 H	 WII W w3 1 w Ut O' I p. 1	 I	 f	 3	 z
Z zO 1 ti !n 1	 1	 1-	 HO HO

Z ir~ N 1	 I	 Nl	 I.-M	 HC w WW I W 1	 I—	 U0: UO
K W	 W . W a i
W

1H
W 1 W'

O1	 I .	 O	 G
O' V	 i •	 <	 Wz4WZ ~•W	 W1 ti Ia l tn a,I	 t	 w	 0:0 .0:0 0x an 1 1	 1 to	 0:	 a...daw ^,	 a #

i (ate, 1 W ~ i	 i x	
oUl.[3U w Y1.W" " I,,1,-, h in« .1 M In 1	 1 rr 0	 4¢ o- wo =	 t•f In Mh W1 W t	 1.	 z	 •<W 11 <Wz!	 i	 ..k	 zmm	 00:

o0 M 1 w c Co.0 IA IS O 1	 I G.1 Z	 "00.000.a 511- N1	 I  O	 wo Hpa 1 /	 i o ..1	 : o< 0 In	 N In•l z Ix 1	 IN J	 ZWSzW m In0. t e'+ W 1	 1	 0	 11 -cm".Cm 1A	 O O IAb N	 -1 Z11C a	 W<I-W< O OW:1 W I- 1	 fO	 WZOIAZ:O O p "1
O

•	 0.1z01 0
O1	 sw W	 w Ow 0

IO	 1<t► V1	 ILN1 N N IrS  ^S	 1,	 s^rOzoOz
11	 0: 1 uc 1	 1 w U	

n
c u491 1- 1 0 	 1I.-	 to	 1-W.<r+W< O p. .a	 •  XI U4, t-	 1!	 W	 itlh-Wt-i-Ww 1 w

" d 1 m a 1	 1 Y o .+W«U<s< Q O	 1	 =-a-. Z zz OIn. NO	 -. i',WWIA I Z i to	 11+ 
Z	 ac0_ ccw0..Z 10 1	 t (A uxmw p-001-0100411- W 1 .;	 Iw zP1.^+moommo 4	 oa 00CSS - 1 r l N	 l •	 " • . <WaO WZOyp < 11A l et	 I -. ok..... ^ a Y_r F -	 1 I- W i z 	 1 xxw-f....  ► .. LMA :r"00.4

(A P.O-	 1 z W 1 •	 1 002	 •Xxxxwx I-	 Nm 4PlP'1 - - HW Wow	 t N. 00• wof*NOP to OO coo? z o(30010 1 J	 1 r •N . M--Cn .-- mm 00 '000
,^ • p 11 - 1 N 11 0:	 t • \w^-+^.h\\\.\\ .S	 %OU1	 r+	 N m.rtn{nNGO 1 a F- 1 0	 1 ... _.......	 \ W= —en	 f 4'l .+NNPIN—ww'" 1 aWO_ till Ux. 1 HHH1-.1-1-	 \	 z • z. 00	 O 0 tlO00a j WFr IIL 1 U L'J.1 •rte 1 f Q • QQ4	 m R	 - 00	 O O. coo CO1-000- 1 ►r

a0`Qa 1
1-.1 —n 1.ZS	 ZSS	 '1

I it,.W l co
• I.-
• W 04 0 0 +	 a' ^ ^000	 W.^ eJ`^CmNCDO35<O.Z l6 I.+O: IUAL	 UALU.	 QW Z r N r	 N .+ t r-r-+NP1.rd W-+SnrUSN p

'I 'I
	 a atla	 s d0 Oop W 00 0 0 0	 0 000000 IL.t.-nPUN ga

!,- P t- 00 Q 0 o	 o 0000100 W000 O
1 1
	 11 P0% aP 1<- a OOO.

UUUUU V	 `
004cO^Omm N In cW rrinzzca	 lnoh-	 O1nt-^	 . ... 4—M4-+0- .r O MM w NN. fn	 041 O	 &CM- ' - J0000000 0 O 00 :000000:OOH?	 -	 coo o<0000000 O O 00 000000	 000	 000 W

C. D; tr-+O.lf
ia.r• AICQ"O .f In -&44	 ac `O.a11^tgzNc In dlll tD.r1^M00)+foCN.•Rf► tfDCoco0 nl0-N-

HN-^NN^+O0N0000RIN00.-ONO-+N OOOA100000000f^000000CM00+Pcoo occ
00000

(4 Plaaa
44	

•anJI 00 z0000000a.:00010000000001D000000000000000004@0 00000 p^. OP>00 00
00 00 coo

0	
00 Hoog000 0400 00 000000 000OOOOrDOOC10 Ca0000g000G0N ootpa o0 00 000	 00

- J zzzz zz zz zzz	 zz J I wwaw&uxnwZwmw>-0a-M- JW. NtA%ntn VIM ow 000	 vm O	 IaltnO.N,Y^00,WWd`rWC11f7 ►'O'UIJP-a!h+O.y-i.11fWYtitl WOC10a.^ .w.-..+ -r+	 .w.^	 f.wrr- 1	 r...^ tC	 N0:1-ZmM-O. WOO:MF» ZZtLWlhN1AlA1-I,.JQrYU1Vb0^+4JUWW ti1.rN1^l!`.WJ Z	 titA1-NO.•aRV1Ui o<OypYfGlllo2<4<#-U Wm3c0--J0:<oZT	 NXtVECQO.aC7Se( t	 it
• UUfiOr!VYnttOO.Jf1lA6Y1Sa-LL<OtoJOtA^t►,7arW' zW-+^^ZVI<C-+^++^-++.+ah`7 ►i<VS=►a.rZZ41X07»N

-1
^

B'-75

A



fYV	 W{i fA.	 .YK00007^Z OZ
0	 O0	 O<ea	 o	 4

ZZ

^a
Ix Or°» »O

d tr rWlf+fAtV 1b i^ytl1M-i s.• • # # • # • # • Js^ mm
-	 o^WAM4 °IxNSYO 400.4 •qMjacw 900(v

000 0.W oea
< t1U tx1U tJ4K
n

~u1ViW I0.JI	 V) ►-w HOCK
^m I#JaNmnca^s-ettlJWln

i t~ngK	 110 .49Lnu a iLhY DY kY1Ui mwUMa 0
i Z tuS^30mmmo Zara zu^ cocoa so J

V r+0.•, oy 0000 0 X

+~+ i
Z ZWP-w,+o Zlw O• d0	 tt1
-M... •M•r^Ml'if`7i # 1[ NIR1	 wI) M ♦ _ ^

t • •NOD: N(Ltl( aC 0. O ar•
o
•

•
•
t7 N.

OCox ozzZZ2044	 Q •D:L><OC%ZZZ .O txGe
czzz W JwwOw^ JO W$-, 1N̂ CN O

1-104	 P c^
Oaon? 000CD of

Wy^
fp0000

y^
mPCD :Z ' 0: -40-441 o9op-M .9 4400610. < z

O W 0444 P-1^4 J J0000 -f Z N WW "0 o nfdN f L1 4 Qdit •OQLU •O..f .+n...•.• R N at. H. 1^«.«nw0..rLYn•+•.w.•+0.:Z -Waco1z w000
tn

^0 U00 UUUL)U W W W W*^ ^O < 1- CL dN $- Ll•iw•d x M
31.* 00
i	 - .. --.. .^ 0 NOdi f+ W .a t'J 3-

W M J ,J MC CruAnolo am z x O ct
d 49 W -9 kJ OR O.Dp-r-f. 00W k")OZV1^D4"wxx • Y SSV*. X 9-1-0. 00 00000 cc Z 1- 60.. x ^.W 'Z -9.+W--WV)V)-Wt •. 04 49 r1-W - 4400?- OKO <OOdo old - 'Z m r-N N < Z0000.M.JMW • U zLn~ U 2WWL - 0 0004 O ..J 1- :) .. ..O r. 1	 '7i0ii> tYtY • W mzm tad 4049 Q M to NW' z N Off+!-JOr< # O • )-.Ofx O • JJOC O O

O ur•z> OK MZ1-49 -4 MU>-T Z.̂^ Zr--Ootn Zo or (D •z W x 19 x 49 M (n-Nfv)M 4A* 1- O m
1W- w w w

a Z0. W>
_>

In
" W 6O. 4W \ 0	 04040 UO Co 0 Jo .JM?ft fnr- JO

m	 *,Doom 04 M W •MCCM N • LYC(0. Wm WOo..." WN LK .,ZT IL H •(y 6:NIVNNOWNN6: .4 .» MZzz W D:ZZZ Co m0000 03& 44 a" y' to OOZZ00000.'C40 'Jr r.• O d O i -90000Z W W Go	 cc 00 00 ¢ N 0440 4 OCOCDCO J JO^)OO J9 z •[O.	 00044 04 O O -41.•44 0 <W@7N ^	 ..^ W O GCt cc O LL 4044 P m(n _ N Z:H N. 'z •COW •4.»N »..» W
0. W ►y JOO.• JOOO N M 'ND 0.ddfffdfd)Idt1 WO00 WOOD 49 w
IV Y••••••••#•• Z x S Y m _ X tn

M	 .-r•.r0.«rS Z06: O u u 4
S

(D u sO In J W J W
%D O m $ d f f m 6, #,* t /- W 0.f-1 O to UU	 L6U u )1-000 ?-• # • s ra<d 49 Z '7 u44	 x W 1-wrsr w 1- ►r0.IX a0 6:U• MM4( cc .0 O Co OIn LY t- O O 01` A Ohl^» i` LD AO O O 0.O

W	 6.WWLL4, W W nu i W W W W a0 Oi(00.cgc .AtO Y
M	 LM OLA # N' ZtAL6Jm N ZLY49W 0 00000 0 Z Ui w -K=.JM M cknWX .+ W 0% .W- ,4L. -WYWWZMWI- s. N Z>. 4i M .JZ.MU +J O d

Z ommom 1Tmzo Muz >-94 Zo z4p.4& m ZLn O• Z < 0004000 >."W +xLn 001-0 ON Md .• x ,:
M	 wzzzxuo-jz D(z" 0: 0.4	 z w . ws .w

4(*-+Z^N Z > -9 > W VI W0. < F" JC30 J1N.O(WW O C...« t_ Jp N w 1-t- Ct t W N W s •- J 11 <M 49 O m wo4000 wo% Z pp erW 6. • Mm • MM A Aloccoo s w Z In W
z cc UUcctu m zz m Zz J Jcccoc -I r•- 1- Za MM 0 01# d • C • O n U Z, W. •.
N O " •NNOONNIYLYMwM COOtr 0000 O w W 0 iCoccomozZZZZ Ac o s[OQf O 'S • "M'

WM Ln o0 0000o Y oON Y oiiLa U W 0•• W rn RO4ocoo U •004 u •00.+ Z CD u •#0 O O JO4o O Joo4 M .. ^+ W. .9 1.. • .
"

; W o W
CoW W

0.040
W

CK
Ln rn S W m Z

•0. 0.dd4d44Ndd4f J Co J u O IC 0•* WMICf-O t•0•°00606000 z z W 49 W W 0. W Z w4
' .•

10
U.NNM4
WO000

!-(Y..r.-w^ »^.^...0.--i+0.` O W
9 dWN

O
Y

W
6. d • .fd m N

am
J dtOCOU ►

txoQ(Co.+
m mw Y

-K
U 0

49
h muoo0 !-• • • Z }# # • A

J Ob O COP-P-P-0 49
J

Cr
CVO Z OM m 4C

Jo ►-^^+- O 1-^acr o4 W 000000 Coo • • O o '++
W sD	 uw	 uuc:uv u u 1• ao r imoc4o 1- too 6- H M 1l.	 'Z 9	 x x ca < cocoa Z 00 u ad

} On 0W
1.-49 U.O WStn6.Z U.O WxatA)-- W_ mW w WU. W , Cz Ou

F •• Z' IA.	 I^.1•.k.V. 49-9.4».` AMWO W Z- z ZNOCDVJF- SW Z+CD U. U.Wr &n4f-OD wo	 ow W ZZI70 W ZCuW !- o p" W 0 V"NM 1 1• LAfd W W 14
" O• W 4 ,0 .f ,fWIQOoc W44N0.1-NMU-WVIQ1- i-9 n• S

<
w<0.

•
^ w 0 H '< ".

.z+
• • O

14 00004 S	 ►r(111Y0.^'WP,1-YV1 Z Q z '0. ?> .tn (z LA •Zn. U U C• <	 0=0mv.-OW 4` 49 J0 W. J-I0"1O." JcC r• ►» zis •.N =	 wV1UNLp<z►-O ?^ > W W- ".J Woos-+N :1- WOf M to h 0- :W
J

..
J

w- mLn049J<S-iS> U m< »-w t'/O04o4
49o00^zo t

t<
mmm Z

O ZO Mw" •M
> m-• IM .# -+ .40000 j 1-

d $ ~

6-76
v



•y
t

^d

M
V

1i1i

J
• y,

.• to ^- '

•	 ',, \ _: OOOOOCl OOCI OC7000O0OOOOdO000000QO0000QO00000btlOOC1o0000000b0900000Q0400000pb0 -'
• ♦ • tl' #-mi 14woPD	 wo c-gmmwinoP► imOOi NNfn ,#iF p.. WMC.-ONM 41 1cf-Ma. 	*mot, cc, O.rNf•ItW 'i^AI^IDO^Or^NN1:.r W OOOOQQOOO .r.+.•....^.•+.n.r... KyNNNNNNNNNI^ft^lf^tf'ft^IAlf^lf +9f+fRi I	 trr f fHlf11fW11f11fltf1U1U11f1111^^D^O^A p DSO D^O.OAAAA4J 1

2y	 O /^ OOOO OO0000000QOp0000000000oQO00000QO00000000C^0000000000000000000000000000• ac cocoa==a CococcocacCC 4
N W 04*0010000 0000 occoccamccoccoaccosoo00000000000coaroac

o00>3000aa0000000a0000000^.:oa00000n0000000d0000000c000000000000000a000^000 a •e^ v1 InlnlnuflnvlVlvlvllnlnvluflrtlnlnlnu + uwllnvllnlnlnlnvllnulVlvllntnlnullnlnlnurv+vlv1v11nInlnlnvllnlnvlVly►vwwlurinvwlurvlv+vlau►wuwwnuwnn
z Z q^1NNNNNNNNNNNNNNNNNMVWNNMiNNNNNNNNNNNNIM:IVI^MVNNNMVNNfVNNNNS^NNNIMAANNNNNNNNNNMNNNNN-• ^ VUUUUUUUUUUUUVUUUUU;
^

^..
^i G 1 1	 i	 1

^ V 1 1	 •	 I
1

< /1	 11 i

1 r	 1 gL6 W 1	 •	 ► •

s` z be ! __

ON	 I
W 00

1°-0
1 r. O

~
1	 ++^.	 y	 1

^;x 1 O 1	 W W i	 1W Ox 1 U 0 1„	 CC;	 t	 1
VIdy K 40- 1 Z I	 N>	 t	 1

j W 4' 1 W \ 1 ••	 y	 1
KS I J < 7	 y	 1

ZO 1 < 1	 0 o..oy	 t .^'' z - IA_ 1 Z C 1	 In	 VSOIny	I Ty < WO 1	 N KLAN•	 1 ►r
a NZ 1 = I	 -	 -IV-*	 1 _ •►^ ..1 I N z 1	 2	 LA-(X•	 I T '^I
a wa. 1 04 r	 0	 u1)-ry 	I .•,0 4 1 • r. I	 J	 Ua-1-•	 I W

t` w r I s sa 1	 r -CM4•	 1	 0 m a0 1 OW 1	 G	 aar	 1	 .,	 a	 ..# O ^'j,^7 .-j•,	 u20- VII 3- US 1 ►w »S•	 1	 N	 N .•.	 u .. -7..7..-^•,	 40̂o - u
I-W Cr t>-1VI

or ►-WW 1	 .. • . ••	 o	 i^1I	 •	 1	 o ON o	 ti
cis-.tz^ Iti--^ ..-•ooaoaoao - a•+•^ur-r--^- 0_anlnlnWiul>• vl	 x

S{
z-s0m

I
MI

o xa1-0
1	 y In 1	 1-	 0	 1--1	 00 W#	 000	 00

a6u0uovou w
O•++v+u•+u^tnt[y

aJ0w1+WWo-..cNi <U40 nC Yv111
In 00 Z 1 '• ►.. 1	 .r• J 1	 OOr-.1^	 0	 'oC^ . tJ^^rr*+ ►-^.++++n..rSU OOJtO<J` t3 >,} O U 1 r y 1	 t• W 1	 I.Da	 (D	 O *+flC+^+-+VIwP-'N>-t w+uo>F-»»~.+

W1L • 1 . ow 1	 O+-OO.4 1	 . 1%0	 1/1..... --InU1VIW4V1>41Vltn VIM.- OMMO " 1	 +.	 I9	 U\C.1 JV1^aWUWW1-4JSS 11 it S11 it 11 N 11 11 )1	 .a
1

f
•=•W of -90 Q

I I1
NVINN• CC 	 ON--W O O>.4U4a0aaz Z o

JO W 1 • F-N 1	 In-N- •-r-11	 l!	 .+..	 1na+.F- ♦ OCJaG<J44 .11 rQ7 O ml • < 1	 N--4-0-Wr > 1	 W+aCL	 UO20-4 ►+^..I.iC>I-»>-+ ••0
Of • nT I	 --IAV OMO	 I-	 •rmm=o Wz-- • tY O C +• •...ti •wa 	 U

- z 1 • U 1	 MMWWU• J 1 O WI 	 ODU!- a •aW =0 11 II 11 11 11 11 It 11 II•= ++aOlY7a0iY011•+
--l- 1 • W-9	 of I	 04UQ4.4 1 .-L U	 •ZU—I O zvtz U	 P" I1 UU»>UOU --

} Win I--•- 1 W 1	 e MW W 1 1	 nJ4.-IwM U I -- W ♦ 	 •.r-- • z.-.0 • In •.	 S-W on•»vuv^w.+sw ^
?1 Nw a	 1 1	 • M	 ml 1 .++4/CTSr0 I W a a ►---Wa- •x_X W	 "W::) U...+r.r...-. .....rQ^i "-! 0	 1 21	 • U.	 ..I I Vl	 rJ l> om:D(Z :owmU	 , u U	 >„2 !^+OG•+^••••i-•-^,	 U
f3 ZO

•+z.
in	 I
N	 1

1	 •
M1

WO 01u'	 0. 1 I0%,	 •	 14 2zu 800 000	 I1WI .a<	 ya. IIn	 +U ►4--.0•.o-u •11 	 T. 2	 WWWWWWWWWA<•+•t aT>-03	 Of- --'wow.tA<V	 W	 OffQJOWWWWI-W 0 •,1- 1 1	 m Z< W I I J ►.•	 *01M	 r-+ ►+	 a•-	 a1r+z	 Neu :S	 Sz w).WUUMO2mp } C U W t M-1	 )- I W W 1 4I- II: I I U<	 •Ii l	 IIO	 11W	 7U•-1 U	 UV V1NVIiJ1V+VIVIVIO	 O OOJ4<4J<40
N O •+ z	 1 1	 I F 1 M-C	 1 1	 O	 ♦• 	 1 z	 li ll	 U 11	 z IIS	 W^ x ..^«..	 C :u _UOC)-»>C

O ►+	 1 O 1	 m 1 T Vl l mm	 in I 1	 \	 •VII oo	 .^.+ }-r 7oS W >^U I,_	 I I	 1< 1 41-	 W 1 1 C:	 • z I w •-•aa++C.X=z2_.5 i.
3 zIM 0	 1 O 1 H	 O 1 C: 01 Wo z 1 t Wz	 *00001	 ZZ OW -	 •^•-!.-W 0	 1. 1 C'.	 1 ID ,I a	 •- 1 1 00'	 • •- I z	 ODUI16I-ZiLZWCF 4 C	 I 2. 1 0	 1-10 a I	 W	 I,- 1 I W=	 • In 1 WaN^-+	 .+.«°^..nKK SW IL	 1 1 In	 10 IOt7 01W I ►-= :ZIMMC --U a	 F IT I N	 Vf	 C i>'1 1-<	 O 1 z l z0	 y W I "Ou0
t Wa 0 1 1	 1 I	 W Cr 10 1^U	 •z1Gr0

O 40 1 1	 1 1	 U Q1 1	 •n1 AI ► zIn I in	 z t C. 1<	 vl iI i	 i	 IW .. I 1	 1
z.: in I- UUUU4UUUUUQUUUU1 UWWU	 UU4 : UUU	 U

0 Iwe.^. H W
a IL W

O N M,* SON-IL'DO.-.NP1flfl.0I.1 z C Oo NNNNNNNNiMMMMP1 P1N#PiN141Ir f1 ♦
f^ • O ^-+ Q 00	 OOtl0000oQQOC3iit9 Qi'b00000tldO000CSO000000000
;f .N W O ' 00'	 o000kl000OOii000.:.. 0000000000000 .00000000000

J (A z z zz	 ;zzzzzzzzzzzzzz zzzzixzzzzzzz zzzzzzzzzzz
W: !9 O 0 .. WV!	 VIIA VI VIIAVIVI VIVIVIVIVfVlV1 L MIAOVIVIVIOMOVIVIIA .VIVIV1VIInVLVKAVIVI{A. .

i > bJ ru. w.11r	 f.y.l•+HM.rrrr-I^wr•^w^^
.

r.1^Pry..rM^FNF+^-+r^F• .frFV•^OwrMA
i W O F -,f 0 Q

n

^^^ 6-77



ORIGINAL PAGE: IS

OF POOR QUALITY 9 uu200400 k^'
woo X

;t zoo
gCoop -,

sY

M IWO

K
14

In	 m de
It. Nf	 0 1- 1O	 0

wuww

ly	 #
in	 m
a	 a WUAi0

Oct

41
tn

CjV)Z
so in	 In
ru.

P-4

In	 fn
0

00(po
0	 000 ) 0	 0 00

c
 cc

CD ofoaloo

Ip	 a^NNIpw .0 	 fn O W
w 0	 0 ILW-41,44

0	 O.
CK 0-

C cc u.W	 U.

Ll

4#	 Aj V)V)wVI

•
0 	 a
a	 O -W micfti

w wo.—"Xw
N zip;

"'t4hW z Y1
In

W 0	 o w

a: CK
x m	 %0
W uj N w W.. oult%t

•0000=Coco
w cocoa

40000

0
0 

:a

^ ^1 T
Imm's0000

0 Coco
W

In ,:;."Wujwwww== a a I
0

4AC	 Ing14
* tnNm

=c
Ar
c, I:) 11.4.4 4 a w 4 4 0 11

---qw(nv)lAV)(.nx 0 0000
.

I)MUM

II	 It 11 
It 

It
	 It It 11 It 	 T

0	 C i Cerw
z m	 In z 4	 0-=;p

If c coca	 0 z	 --u .4

- -;sW
0 0=00	 O. -4

---;;;3;24mwmw Cr m
cc	 zNr4 .*	 n	 mm w	 w	 o-	 Cpl%DrAj*m	 0	 00 n 0 4	 .qntntn=N

z 0)-4wumQ== zz w Inmm 0 0 cc	 0	 cc 0 a a	 0000c 9000	 0	 cc 0 0 a	 0000 m	 0 ucoc
1`4 0	 m W WOLLIM

Ij	 " O-u	 1-30- .Coca
ww S N lnmMo	 @ e0	 .•m 0 0 1-	 T-1-90N Clocco

1--== ILO m d'CVN	 M	 ♦4 m 0 m 00000
zzzz oz 0 Coco	 0 0	 cc a a 0	 00000 •W 40000

0 coca	 O. 0	 cc c C o00000 * u	 c c
OZ	 00

ZZI-0 : z e w w
C0wz *W %D0)4pCCcM.-40 .0wm	 %a	 f-	 Lnoecru om CL444r.*
UUMW x 44 N 4 m

r. w occooccogoo	 cc c a 0	 00000 WM40,40,- 0-- Crm
04	 co^q OCQCCQCC cc	 cc 0 .0 0	 00000 woococo

ki 0
NLnM0Mp-c—NM^LntntnLntnLPfYM 0 (nNM-r 4Lnfn0,vlruM 49cc ---- cc -	 ^00000000 0 accocccooco 0 1.-

y. 4 cocoocccocooccocacco 0 00000000000 uj
rx (numth

woococc W—lXLLA0000oaco x	 411:10 W
• C	 occacmc cacao .4 	10 49 :1P

fy
:0:0

0	 Cl 6 coccocc cocoa Z ~
W

J z zzzzzzzzzzzz zzzzz J
W: In	 WOU41100011MU)V1IA 0011)(MA 0

CD W MMZW>UXWWWWWWWO-MO ►-WW.J>302")-UA"WW cc
Z -9

j
vivo-)	P-W^

B-78

61



f

ORIGINAL PAGE IS
OF POOR QUALITYIWrovua<

0000o000

¢040404000... O
in

NJ ! • ! ^mmOLr+.•tY
J.0
woo

v
tt

d Wti 41 ♦
WOW $--Ma

I^JLMV1 N a
gCUww 0,
utJ^ci< <w^ +go:

aWOO
o^NM

is
<NuV10 zum Boca Jq4 -9 wo atcoo LA.

N ^o> o. 000 =
• t - m►•.

1004000 ' MAO' mv)ra. w
z to

O aCoco Z a0 JsoN 1w- 1-r
N,. 0000 OOOm 'W.4

m
wo,
Q^000 O4A Q

7.
o N

P-p- 49 j J000 w
W 11Qt •o.. ,* wr..yy < H m
F► • • • • J000 0< mCC►+L1t Woo0 W u0 cx

J Z 0m
t uu 4 Mw• O I P b 2 V1

r_ w ^ _^ +a^	 a ,a
r I^ U.It. W 1 +@ R'i6 W ti GD >VI VI VI VI < W Od 0--*Qrn O	

>(
m

YWNY ! _ Z.^r-m 00 0000 z r a 1G
3i'r=ujV)

mu>W
•
•

n+
u

44V1V1^
xLMAJr

<oo
4900C2

coo •+ z
J ►- m

O N̂+
O <44m • W 404 m V1 to N

w w >VIV14 0 0 *.JJm 0 O 7k O y ►.•> dig z ch zNMCD O t9 ►
`z. X 41 VIV1 O–NI r O 0 (^K W W> wr w m z 1
r _ z a .+

Wm 04.. 4uu 0 J()h .JI P-- .. 4
d u0 M- N • W W00-4 x zz MmoO .[ W 0 ID m0o0 t m–Zoo Y 4 O 4 4000 _. O

Z d oo m 0 cwcncD J J000 w4 O 00 0 d 4WCON .n.4.r w 0 11

r Or W^•Ni^O IJIf ~ W000
W •••a z Y m z VIVia.... o u o

? Z0 J w V [
o m CL,04 r r w it

M uu a s•• • • Wa0 000 z n a,
" 4. 1--Mcr m +M MOO-N O m O x

m o GMI O.+.yM o o atp • Coo 0000 u CL G"
W U.W • w W 40o 4000 W z
to	 (n • N mmoui 00 000 .z.. W• ^+ .(V1Wm M
-KIZ-0 • VI •ZJmu J O .D
W>-Wu Y494 zf►N zADOO O
ar>W •Ortn 0 M4 ••	 z

yrrz >.
N.

,M r
}..

I jw,.. :JN.00
r < W N WOO.. •r	 ,J 11	 at
m O w mood Z 0 °tip •. de 4000 .r z IA W

ON 0 oOWM0 a: J. ^J000 F. H ,^
N u O W O:+or+rloN. 0 O0000 O

W
W 0

•
F ^

DOOO.•. 4044 O Z •
00000 a ^C4k.

_ u W	 lA. !1
0000CP u 000. z. m r u •W

J WSCO J 4 M	 ►••
CD m Ln ti S W 0 0 2

rp-+A ***** z W -4 W W 2.. 0 ►rr-^r+m 0 W m Nd .J u4w I m u 0 o-
z M1 r-C1 44 mVAN W..0m of O m 4

P x >.* 0 9 J: ONd O 0— IV z to 0-+
0 rwaa Odd w Coco •• o O .4

w Vu u u r 400 r 4000 r r Vtacc Od0
W. W

W. m I	
w

u W0 Zm v+ r z w z u
WWWk>L 4V1WV1 W z zN01 .0 W k "VIVIVI	 1/1 W =OUW r 207

V1M^0 w V1	 I.-M w W. 4.. r
+ k-ccur 4 •	 0 4[ r z z 0 N

M wwwmw z CK» In a .r u u O• >VIJYw 41 .0-0 W J.nhai rti	 ^. zN 49.0-. 00 > W W N J Wd00 M 0 r W .i
VIJO=J u m .+ m000 z z to 0

J U"Z). cc < d /000 O O ►.	 r+ •
W O J Z .J000 w ►a r r•

,

~^ 1<-	 1<- ^ h:
W IA V a s

0
(A

r

8-79



_^	 .. ._	 ...

t

j



r,

i

In general the GOAT system stops are for error conditions such as faulty

input files, zero divides, DO variable out of range, etc. 	 Each system stop

is defined below.	 The stop numbers generated has a general format r

i of:
X,XYYYY

f where,

XX is an assigned number to each of the s%broutines

and

YYY is the nearest numbered label within the given subroutine.

The subroutines of the GOAT system have been assigned the following

1
prefatory numbers, XX 	 _

Subroutine	 Prefatory Number

GOAT (MGTNI	 10
READFL	

10

RDATA	 10

GAPING	 20

AYOPT	 30
FI N D2	 40

^)HGAMMA	 50
r^ PREST	 60

STATS	 ,
7
,0

s ZONEST	 80
3

REGION	 90
ARB	 10
EST2	 12

The following is a l is t of system stop numbers and their description,

Stop Number	 Descri ption

"' =	 10001	 Error in reading the inputs files.	
a

i

10110	 The number of records in the input data file was found

to be greater than 250.

10400	 The index of the i'ii stori c oal year used as;, the

p

ratio year was foalpd to be less than or'`equal to zero.

C-1
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Stop;Number	 Description

`=10401	 The number for the ratio historical year was found to: ,^
be. greater than the total number of input historical

years.

10440dhTe JOIN matrix was found to be asymmetrc after the	 ^	 7
matrix was read in.

ik

E

n10999	 Error was found in reading the input fj) a containing

the values for the parameter common block:

10010	 The number of historical acreage years was

s	 found to be greater than 10.

10015	 The number of records in the data file was found to

be less than or equal to zero.
r,tF

20056	 An itola ed Class II acreage stratum was left over in

the searching of Class II's in the grouping procedure.
i

20057	 An activity indicator of a Class II acreage stratum

3	 was Found to be in error,

20089	 The DO Loo 89 maximum index ra nge was found to be
i^	

p	 g

i	 less than or equal to zero.

2...0100	 Two Class II acreage strata were to be combined.

20101	 The JOIN matrix was found to be asymmetric.

20160	 A check if all Class I acreage s.tra a to be

active and all Class II to be combined has failed.

C-2
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Stop Number Description

20219 The DO Loop 219:maximum,range was found to be less than

' or equal to zero.

20220 A C111ss I acreage stratum was to be combined with F

another group, but was not accomplished. 	 This may be
caused''by the structure of the join matrix or because e

of Wt 	 of variances found,
y

20251' ` After the JOIN matrix was changed, it was found to be
„ asymmetric.

20530 The actlYity array for the final steps of the grouping

procedure°'was found to be incorrect.

30001 The number of acreage strata in a group was found to

be less than or equal to zero.

30010 The DO Loop 10 maximum index range was found to be

less ',than or equal to , zero

30020 Conditions for a zero divide occurred (BOT)* E

30021 conditions for a zero divide occurred (GAP).

30022 The 00 Loop 30 maximum index range was found to be

:less than or equal 	 to one (it -.should be 2 or ;,more) . 1

_30030 Conditions for a zero divide occurred (BVAR).

30050 -	 Conditions for a zero divide occurred (BMATRX).

30961 Conditions for a zero divide occurred. 	 (BD3),

*TNe words-in parentheses are the variable naves in the appropriate

subroutine.
t^
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Stop Number Description

30070 'Conditions for a zero divide occurred (BMATRX).

1
30071 Conditions for a zero divide occurred (EHIS).

50001 The number of years of historical acreage data was

found to be less than 2.

50010 Conditions for a zero divide occurred (TAREW

r

k 50011 Conditions for a zero divi de occurred (BOT) .

50012 Conditions for a zero divide occurred (HPMAX)

50025 Conditions for a zero divide occurred (E).

50026 Conditions for a zero divide occurred (HISGAM).

50027 Conditions for a zero divide occurred (DEM).

k 50090` Conditions for a zero divide occurred (BOT).

` - -50095 Conditions for a zero divide occurred (TAREA).

50096 Conditions for a zero divide occurred (HISGAM).

-50097 Conditions for a zero divide occurred (TAREA),
ri

50098 Equation 5, section 3:3	 was not satisfied using

4

m ,the esti,,,ated gammas found.

60051 The number of groups was found to be less than or
k

equal to zero.

F C-4



Stop Number	 Description

60080	 The index for an arrk►y was found to be out of range.

60081	 Conditions for a zero divi^de occurred (INGAYS).

60082	 Conditions for a zero divide occurred (VARESY).

60084 The index for an array was found to be out of range.

k	 ^^

60085 Conditions for a zero divide occurred (VARBSY).
9

60086 Conditions for a zero divide occurred (ONEPNG),
_a

60090 Conditions for a zero divide occurred (BMATQX).

60100 Conditions for a zero divide occurred (BMATRX).

60110 Conditions for a zero divide occurred (HU).
i

I

°i

60111 Conditions for a zero divide occurred (BMATRX).

60120 Conditions for a zero divide occurred (ROT;`.
4

60230 Conditions for a zero divide occurred (HRATYR).

12030 Conditions for a zero divide occurred (BMATRX),

12040 Conditions for a zero divide occurred (XOC1).

12041 Conditions for a zero divide occurred' (BMATRX).

12109 The index for an array was found to be out of range.
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EXAMPLE RUNS

r

As explained in section 3.5.2, there is optional diagnostic output. This

appendix gives three example runs with three different options given for the

{	 type of-diagnostic output, as well as three different sets of input files.

t	 r

j

S

yy

,k
k

X
a 

1#t

F
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