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ABSTRACT

[his report presents an interactive Fortran 77 computer program for

developing and plotting standard Shewhart control charts for X-bar and R

or s, p, np, c or u. It was developed on a VAX 11/750 computer using the

VMS operating system. Central lines and control limits may be based on

the input data, modifications of input data, or standard values. Input

data is stored in separate named files so that it may be recalled, modified,

or added to..
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USERS GUIDE

Before Running Program ..

All data must be stored in a permanent data file. The name of the data
file is limited to 10 characters.

X-bar, R, and S charts

This data must be stored in a data file with one subgroup per line with a
space or a comma between each value. The maximum number of subgroups is 30,
and the maximum subgroup size is 10. The maximum data value permitted is
9999.99.

P Charts

This data must be stored in a data file in the order number inspected,
number rejected, separated by a comma or a space. The maximum number of data 6-.
pairs is 30. The maximum data value permitted is 9999.99.

U Charts

This data must be stored in a data file in the order number ofnonconformities, number produced, separated by a comma or a space. The

maximum data value permitted is 9999.99.

NP and C Charts

This data must be stored in a data file with data values separated by a
space or a comma. The maximum number of data points is 30. The maximum data
value permitted is 9999.99.

If previously used control limits are going to be used, then they must be
stored in a permanent data file. They must be stored in the order-upper
control limit, lower control limit, central line, separated by a space or a
comma. If both X-bar and R (S) control limits are to be used, they must be
stored in separate files.

-7.:

Running the Program

There are 2 basic menus in this program. The first menu is only shown
once. It gives the user a choice of charts. If the user should wish to 3-,
change the type of chart, the program will have to be run again. This menu
gives the user a choice between: 1) X-bar and R charts, 2) X-bar and S charts,
3) C or U charts, 4) P or NP charts. The user makes his/her choice by
entering the number associated with the option and hitting the carriage
return.

After this choice has been made, the user will have to enter the names of
the data file and output file. These names are limited to 10 characters.
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X-bar, R, S Charts

The user must enter the number of subgroups and the subgroup size. These
values must be limited to 30 and 10, respectively. The name of the X-bar and
R (S) control limit files must also be supplied. Even if these files do not
exist at this time, the user is still required to enter a name for them in
case, during the run of this program, a decision is made to save current
control limits.

P and NP Charts

If the user chooses this as the first option, he/she must then enter a 1
if working with fraction rejected or 2 if working with number rejected. The
user must also give the name of the control limit file (limit 10 characaters).
The number of lots inspected must be entered and, if using the NP chart, the
lot size must also be given.

C and U Charts

If the user chooses this as the first option, he/she must then enter a 1
if working with number of nonconformities, or a 2 if working with L
nonconformities per unit. The number of data points (pairs) must be entered
along with the name of the control limit file.

All of the above information (and future information) will be requested
by the computer in the form of a written prompt which will appear on the
screen. The user must wait for the prompt before entering the information.

After the previous information has been entered, a second menu will
appear on the screen. This menu will vary according to the type of chart
chosen in the first menu. All options are listed below plus any information
that the user will need to enter.

* Options

Hardcopy of Data

A copy of the raw data and the points plotted on the charts will be
written to the output file.

Histogram

This option will only appear if the user choose X-bar and R (S) charts in
the first menu. The user will have to decide if the histogram will appear on
the screen, written to the output file, or both. The number of cell intervals
will also have to be entered. If the histogram is viewed on the screen, the
user will have to enter a 1 to continue the program.

Control Chart

If the user is running a P chart, then he/she has a choice between using
individual lot sizes, estimated average lot size, or calculated average lot
size.
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All charts give the opion of using control limits ca!culatpd from data,
old control limits, or aimed at values, except in the case of np (individual
lot sizes) charts or U charts which do not give the option for using old
control limits. In the latter case, the central line of a previous control
chart could be entered as an aimed at value. If aimed at values are chosen,
these must be entered by the user.

Charts can be viewed on the screen, written to a file or both. The
control limits can also be saved for future use. Out of control points are -
indicated by a question mark.

Add More Data

The user must enter the number of new data points (or subgroups). This
number is limited to 30. The permanent data file will be altered to reflect
the change in data. If the total number of data points (old and new) is
greater than 30, some of the beginning data points will be deleted to make
room for the new ones.

Delete Data Points

This option allows the user to delete data points from the calculation of
control limits. The user must give the total number of data points to be
deleted and the number of each point to be deleted. Once this is done, the
control chart is automatically calculated, so the user will have the same
options listed under Control Chart. These deleted points will be plotted on
the chart. The user should choose to have the control charts calculated from
data or else the influence of the deleted points will not be shown.

Exit Program

This option ends the program. To obtain a hardcopy of everything written
to the output file, the user should type PRINT (filename).

v
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INTRODUCTION

The following program is an interactive program designed for the

development of X-bar and R or S, P, NP, C, and U charts. The program features

p options that enable the user to analyze data using standard Shewhart quality

control procedures. Options include a histogram, the ability to delete points

from the calculation of control limits, and the ability to add new points.

KOutput from this program (excluding hardcopy of the data) can be viewed on the

screen and all can be stored in a data file to be printed out after the

program run is finished. This program is written in Fortran 77 and was

implemented on a Vax 11/750 computer. It is intended as an instructional tool

K and as a research tool for analyzing process data.

DESCRIPTION OF PROGRAM

MAIN PROGRAM

The basic function of the main program is to identify the type of data

being used, read the data from an external data file, and to call the

appropriate subroutines depending on the options specified by the user.

The first menu is the main program identifies the type of data being

used. This menu will only be displayed once during a run of the program, so

if the user wishes to change the type of data being used, the program will

have to be run again. The choices offered in the first menu are: (1) X-bar

and R charts; (2) X-bar and S charts; (3) C or U charts; (4) P or NP charts.

Some information will have to be entered by the user from the terminal.

This information includes the name of the data file, the name of the output

file, the name of the control limit file (except in the case of a u chart),

impemntd n aVa I170 cmpte. t i itede asanintrctina tol-1
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the subgroup size aad the number of subgroups (in the case of X-bar and R or

X-bar and S charts), and the number of data points (for all other charts).

The data will then be read from the external data file.

The second menu then will appear on the screen and the options will vary

according to the type of data being used. Once an option is chosen,

subroutines corresponding to these options are called and executed. When the

option is completed, this second menu is again displayed.I(

OPTIONS

Hardcopy of data

This option will give the user a copy of the current data set and the

values of the points which are to be plotted on the control chart. If the

data type being used corresponds to a C chart or an NP chart, then just the

subroutines to print a hardcopy of the data is called. If any other type of

data is used, then the first subroutine called is the one that calculates the

values of the points that will be plotted on the control chart. ThisSk
subroutine then returns to the main program and the corresponding subroutine

to print a hardcopy of the data is called. All this information is written to

the output file named by the user, and a hardcopy can be obtained after the

user has finished running the program.

Histogram

This option will yield a histogram either printed on the terminal screen

or written to the output file or both. This option is only available if

variables data are being used to prepare X-bar and R charts or X-bar and S

charts. When this option is completed, the second menu will appear on the

screen.
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Control Chart-

In general, this option will plot a control chart on the terminal screen

or write it to the output file, or both. No matter which control chart is

requested, three subroutines are called to produce the control chart. First, -

a subroutine is called to calculate all values needed to compute the control

limits. These values are then passed to a subroutine that calculates the

control limits and these values, along with the points to be plotted, are 0.

passed to the subroutine that prints out the charts. When this option is

completed, the second menu again will appear on the screen.

Addina new subroutines/Adding more data

These options enable the user to alter the data currently being used. A

subroutine corresponding to the type of data being used is called. The user

enters the new data from the terminal. The external data file is altered to

accomodate the new data as is the current data array in the program. When

this option is completed, the second menu is displayed on the screen.

Deleting data points

This option enables the user to alter the values of the control limits by

eliminating points from the calculation of the control limits. These points

are NOT deleted from the current data array in the program or from the

external data file. The first subroutine called calculates the data used in

the calculation of the control limits using all the data points. The next

subroutine called alters these calculation to reflect the change introduced by

the deletion of points. These altered values are then passed to the

subroutine that calculates the control limits and the points to be plotted are

3........................................-....... ....... ...



then passed to the subroutine that plots the control charts. When the option

is finished, the second menu will appear on the screen.

Exit Program

This option ends the program. rhe user can then obtain a hardcopy of the

output file which will contain everything that was written to the file (i.e.

hardcopy of data, histogram and/or control charts as applicable and as

requested).

In the above sections, the options and the various subroutines connected

with them were described in general. Each subroutine now is described in

detail.

DESCRIPTION OF SUBROUTINES

Subroutine-CRDXRS, CRONU, CRNPC

These three subroutines take care of the intermediate calculations needed

to compute control limits. They are called not only when a control chart is

requested, but also when a hardcopy of the.data is needed, and when data

points are to be deleted from control limit calculations.

Subroutine CRDXRS

This subroutine performs calculations on subgroup data. The raw data,

the number of subgroups and the subgroup size is passed to the subroutine.

The average and arange (std. dev.) of each subgroup, the grand average (over

all subgroups), the average range (std.dev.) are passed back to the main

program.
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Subroutiric CRDPU

This subroutine is called to perform calculation on data dealing with the

number rejected and number inspected, or the number of nonconformities and the

number produced. The raw data and the number of data points are passed to

this subroutine. For each pair of data points, either the fraction rejected

or the number of nonconformities per unit is calculated. The average fraction

rejected or the average nonconformities per unit is calculated.

If the data being used deals with the number rejected and the number

inspected, then the user has a choice of using individual lot sizes, estimated

average lot size, or a calculated average lot size. If the user chooses a

calculated average lot size, then this value is calculated. If the user

chooses to use an estimated average lot size, then the user is asked to enter

this value from the terminal. All this new information is passed back to the

main program for future use.

Subroutine CRDNPC

This subroutine does intermediate calculations for data consi!.ting of the

number rejected or the number of nonconformities. The number rejected

(nonconformities), the number of data points, and in the case of data dealing

with nonconformities, the lot size is passed to this subroutine. The average

number rejected (average number of nonconformities) is calculated. If the

data used is the number rejected, then the average fraction rejected is

calculated. All this new data is passed back to the main program.

5



Subroutines CLXRSCLPNPCCLPC

These subroutines take the calculations passed to the main program from

CRDXRS, CRDPU, and CRDNPC and calculate the upper and lower control limits and -- -

the central line of the control chart.

Subroutine CLXRS

This subroutine calculates the control limits for the X-bar, R, and S

charts. The average of X-bar over all the subgroups, the average range (std.

dev.), the subgroup size, and the number of subgroups are passed to this

subroutine. The user is given the choice of having the control limits

calculated from the data, using old control limits, or using aimed at values.

If the user chooses to have the control limits calculated from data, then

these are calculated. If the user chooses to use old control limits, then

these are read in from the control limit data file, the name of which was

asked for at the beginning of the main program. If aimed at values for X-bar

and sigma are to be used, the user is required to enter these values from the

terminal and then the control limits are calculated. The control limits along

with the data passed in are passed back to the main program.

Subroutine CLPNPC

This subroutine is used to calculate the control limits for the np chart

or the c chart or the p chart if an average lot size is being used. The

values of np-bar and p-bar or c-bar are passed to this subroutine. The user

is given the option of having control limits calculated from the data, using

old control limits or using aimed at values. If aimed at values are being

used, the user is asked to enter them from the terminal. The control limits

are then calculated the same as if the original data were being used. If old .2

control limits are being used, then they are read in from the control limit

6
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main program."

Subroutine CLPC

This subroutine calculates the control limits for the u chart or the p

chart (if using individual lot sizes). The values of u-bar or p-bar and the

number of data points and the number produced or the number inspected are

passed to this subroutine. The user is given the option of having the control

limits calculated from data or using aimed at values. Old control limits are

not used here since the control limits depend on the number produced or the

number inspected for each data point. If the user chooses to use aimed at

values, then he or she is asked to enter this value from the terminal. Then

the control limits for each pair of data points are calculated and passed back

to the main program. L

Subroutine Chart

This subroutine plots the control chart for X-bar, R, s, p, np, and c.

The points to be plotted, the control limits, and the number of points are

passed to this subroutine. The user is given the option of displaying the

chart on the screen, writing it to the output file, or both.

Basically, no matter which chart is to be printed, the procedure is the

same. The upper and lower control limits and the central line are placed at

specific locations on the chart. The points to be plotted are then scaled

between the upper and lower control limits. If a point falls above the upper

control limit or below the lower control limit, that point is indicated by a

question mark. If it falls in control, an asterisk is used. The values of

the upper and lower control limits and the central line are printed on the

7
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chart. Thm usr" is given the option of saving the values of the ccrtral li..-

and control limits in the control limit file named in the main program.

Subroutine UCHART

This subroutine displays the u or p chart (individual lot sizes). The

user is given the option of viewing the control chart on the screen or having

it written to the output file or both. The values for each set of upper and

lower control limits, the central line, and the points to be plotted are •

*. passed to this subroutine. This subroutine is basically the same as

Subroutine CHART, except that all values are scaled between the highest valued

upper control limit and the lowest valued lower control limit. If a point

*i falls outside its control limits, it is indicated on the chart by a question

*: mark. Otherwise, the point is plotted as an asterisk. The user is not given

the option of saving these control limits as they are dependent on the lot

sizes (number produced). If the user wishes to use the value of the central

line again, he or she can use it as an aimed at value in a future run.

Subroutine DELXRSDELPU,DELNPC

These subroutines are used to delete points from the calculation of

control limits. These data points are not deleted from the permanent data

file or the current data array used by the program.

Subroutine DELXRS

This subroutine deletes points from the X-bar, R, or s charts. The

average of each subgroup and the range (std. dev.) of each subgroup, the

number of subgroups, the overall average and the average range (std. dev.) are

passed to the program. The user is asked to enter the total number of

subgroups to be deleted. The sum total of the averages of all the subgroups

8
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011d Lh: sun totdI of th , (.sstd. dev.) of all the subgroups are then

calculated. The user is asked to enter (one at a time) the number of the

subgroup to be deleted. The average and range (std. dev.) of the deleted

subgroups are then substracted from the sum totals and the new overall average

and average of the range (std. dev.) is calculated. The only values that

change then are the average of the subgroup averages and the average of the

ranges (std. devs.). Consequently, when the chart is printed out, all data

values will be plotted.

Subroutine DELPU

This subroutine deletes points from p or u chart. The number rejected or

the number of nonconformities, the number inspected or the number produced,

the average fraction rejected or the average nonconformities per unit and the

number of data points are passed to this subroutine. The user is asked to

enter the total number of pairs of data points to be deleted. The total

number inspected or the total number produced and the total number rejected or

the total number of nonconformities are calculated. The user is asked to

enter (one at a time) the number of the data pair to be deleted. These values

are then subtracated from the respective totals and the new value of p-bar or

u-bar is calculated and passed back to the main program.

Subroutine DELCNP

This subroutine deletes points from the np or c chart. The number

rejected or the number of nonconformities, the average rejected or the average -

number of nonconformities and in the case of the NP chart, the average

fraction rejected and the lot size are passed to this subroutine. The user is

asked to enter the total number of data points to be deleted. The total

* number rejected or the total number of nonconformities is calculated. The

9
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- d Lh,. as:J to e- , L r th. numb,.r of the data point to be deleted. The

values of these data points are then substracted from their respective totals

and the new values for the average rejected and the average fraction rejected

or the average nonconformities are passed back to the main program.

Subroutines ADDXRS, ADDPU, ADDNPC

These subroutines allow the user to add new data points to the existing

data file. These points also are added to the permanent data file.

Subroutine ADDXRS

This subroutine adds new data to existing subgroup data. The current

data array, the number of subgroups, the subgroup size, and the name of the

permanent data file are passed to this subroutine. The user is asked to enter

the number of subgroups to be added. If the number of current data points

plus the number of new data points is greater than 30, then enough subgroups

are deleted from the beginning of the file to make room for the new ones and

the remaining data points are moved up to the beginning of the file. The user

is then asked to enter each subgroup (one at a time). These values are added

to the current data file and the permanent one. The number or subgroups is

also updated. These new values are passed back to the main program.

Subroutine ADDPU

This subroutine allows the user to add new data points to the data for

the P chart and the U chart. The number rejected (number of nonconformities)

and the number inspected (number produced) and the number of data pairs are

passed to this subroutine. The user is asked to enter the number of pairs of

data points to be added. If the total number of data points (old and new) is

greated than 30, then the beginning data points will be deleted to make room

10



-. -..-.. A~. ... .. j .... .... ..., ,.. ... ,.... .... . . .

for thn new ones. Th., user will then be asked to enter the new data points

and these will be added to the current data arrays and the permanent data

file.

Subroutine ADDNPC

This subroutine allows the user to add new data points to the data for . .i"

the np and c charts. The number rejected or the number of nonconformities and

the current number of data points are passed to this subroutine. The user is

asked to enter the number of data points to be added. If the total number of

data points (old and new) is greater than 30, then enough of the beginning

data points will be deleted to make room for the new ones. The user will then

be asked to enter the new data points and these will be added to the current

data array and the permanent data file.

Subroutines HCDXRS, HCDPU, HCDCNP

These subroutines write to the permanent output data file a copy of the

raw data and any intermediate values that are used in plotting control charts,

namely the values of the points that are plotted. The user can obtain a

hardcopy of this data when the program is completed.

Subroutine HISTO

This subroutine plots a histogram of the data used for X-bar and R or s

charts. The raw data, the number of subgroups, and the subgroup size is

passed to the subroutine. The user is then asked to input the number of cell

intervals wanted. The number of cell midpoints and the number in each cell

are then calculated and the histogram is printed out. Each row of asterisks

in a cell corresponds to one observation unless otherwise indicated by the

scale on the side of the histogram.

11°.,
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CONCLUSION

This program is user friendly and with little instruction can be used by

anyone with a little knowledge in the field of Quality Control. All of the

options are designed to be run independently. This causes some redundancy

with regard to the number of subroutines called, but offers the user maximum

flexibility when running the program.

The Appendix provides a listing of the computer code.

12
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COO* "^IN PROGRAM
C
C::: THIS IS AN INTERACTIVE PROGRAM DESIGNED TO AID
CO' IN THE DEVELOPMENT OF K-EAR. f. S.C. U. P.AND NP CONTROL
C*** CHARTS
C

DIMENSION 0(30. 10). KBAR(30). RANCE(30). SIGNA(30)
DIMENSION U(301.VUCL(30J.VLCL(30.P(301
REAL NI(30). NR(20).HC(30).NP(30). NPD
INTEGER SS
REAL LCL
CHARACTER*1O NAMEI. NAME2. NAME3. NAME4

C
C*** DISPLAY FIRST MENU
C

WRITE(3. lb

WRITE(.e) 'I) K-BAR AND RANGE CHARTS'
WRITE(5.*) '2) K-BAR AND S CHARTS'
WRITE(5.*) '3) C AND U CHARTS'
WRITE(5.*) *4) P AND HP CHARTS'
READ4S.ol MENUI

C
C**. READ IN DATA
C

WRITECS..) *ENTER THE NAME OF YOUR DATA FILE
1 ( 10 CHARACTERS)l
READ(3.5) NAMEI

3 FORMAT(A)
WRITE(3..) 'ENTER THE NAME OF YOUR OUTPUT FILE
2 ((- 10 CHARACTERS)'
READCD.5) NAME2
OPEN(LWIT-1, FILE-NAMEI * STTUS- 'OLD')
OPEN(UNI T-2. FILIE-NAIIE2. STATUS- 'HEW')
IF(MENU1.EQ. 1.OR.MENUI.E0.2? THEN

WRIrE(3. *1 'ENTER THE NUMBER OF SUBGROUPS'
READ(3.*) HS
IJRITE(3.*) 'ENTER THE SUBGROUP SIZE'
READ(3.*) SS

CLOSE(UNIT-I.*STATUS. 'KEEP')
IIRItE( S.* 'ENTER THE NAME OF XBAR CONTROL

I LIMIT FILE(4- 10 CHARACTERS)'
READ(S.5) NAME3
IF(MENUS.EQ. I) THEN

WRITE3.o) 'ENTER THE NAME OF RANGE CONTROL
I LIMIT FILE C(m 10 CHARACTERS)'

READ 13. ) NAME4
ELSE

WRIT(..) 'ENTER THE NAME OF BIGWA CONTROL
I LIMIT FILE ((in 10 CHARACTERS)'%

READ(.5) NAME4
ENDIF

ELSEIF (MENU&. EQ.4) THEN
WRITE(3.*) 'ENTER I IF WORKING WITH FRACTION

A REJECTED (Pl'
WRITE5.0) 'ENTER 2 IF WORKING WITH NUMBER

I REJECTED (HP)'
READ(3.01 I9IP
WRITE(5.. 'ENTER THE * OF LOTS INSPECTED'
READ(3:0) NL.
IFEIHP.EG.1) THEN
WRITE(S,.) 'ENTER THE NAME OF CONTRO3L LIMIT FILE'
REAO(5.33 NAME3

DO 10 I-I.
READC1.6) NI(I).NR(I)

10 CONTINUE
ELSE

WRITECS.. 'ENTER THE LOT SIZE'
READ(5.*) LS
DO 20 I-lI.

READC1..) NR(I)
20 CONTINUE

END IF
ELSEIF(MEII EG. 3) THEN

WRiTEIS..) ',ENTER I IF WORKING WITH *OF
I NONCONFORMITIES (Cl'

WRITEt!..) 'ENTER 2 IF WORKING WITH NONCONFORMITIES
I PER UNIT (U)'I

READ43..) MCU
WRITE(3.o) 'ENTER THE NUMBER OF DATA POINTS'
REAO(B.*) N

%p.

%2-..



IITE(5.*) 'ENTER THE NAME OF CONTROL LIMIT FILE'
READ(5. 5) NAIIE3

DO0301N

30 EBECONTINUE

DO 40 11I.N
READ( I.*1 NC( I3 NP~ I)

40 CONTINUE
END IF

END IF
45 IF MENUl. EQ. 1. M. MENJI. EQ. 2) THEN

C
C** -DISPLAV SECOND MENU *

C
WRITE(5. 50)

50 FORMA(,l / 'MN'/~ *-

WJRITE(9. 1) HADOYOF DATA'
WRITES.*) *21 HISTOGRAM'
WRITE(E*.*) 13) K-BAR CHART'
IF MENUI.E.1) THEN

bIRITE(3.*) '4) R CHART'I
ELSE

IdRITE(5.*3 '4) S CHART,
ENDIF
WRITE(5.*) '51 ADD NEW SUBGROUPS'
WRITECS.*) *63 DELETE SUBGROUPS'
WRITE(3.ol 171 EXIT PROGRAM'
READ(3.*) MENU2

C
C*** CALL APPROPRIATE SUBROUTINE ACCORDING TO OPTION CHOSEN
C

IF(MEb;U2. Ea. .AND.HENUi.EQ. 1) THEN
CALL CRDXRS(D. NI. SI. KAR. RANGKXG. ANN. MEMII)
CAL-L HCDXRS( 9.NI. 5 AR. RANGE. MENU1, * 4)

ELSE IF (MENU2. EQ. I *AND. MENUl.*EQ. 2) THEN
CALL CRDXRSID. NI. 5 KR.SIGMA,Kgl. SIGN. MENUI)
CALL HCOXRS(D. MS. SS. KEAR. SIGMA. MENUI. *45) '..

ELSE IF(MEMI2. EQ. 2) THEN
CALL HISTO(D. MS.SS. *45) -

ELSE IF(MENJ2. EQ.3. AND. MENUI. EQ. lb THEN 4
CALL CRDXRS(D. NI. 55. lAR. RANGE. KN.RANB. MENUI)
CALL CLKRS(MENUI. MEMI 2. N. MANE. N8. 5. UCL. LCL,

I CL. NAME3)
CALL CHART £ KUAR. UCL. LCL. CL. MS. NAME3. MENU I *MENU12.

I MNP. "CU. *45)
ELSEIF(MENU2. EQ.3.ND. ME4i1.EQ. 23 THEN

CALL CRDKRS(D. MS. S5. XBAR. SIGMA, KEG. SIGN. MENUI 3
CALL CLXRS(MENUI. MENU2. Xii.SIGN S. PS. UCL.LCL. 4.

I CL.MKAMM I
CALL CHART(KNAR. UCL. LCL. CL. NI.NAME3. IENUI. MENU2.

I *4.MCU.*431
ELSEIF(MENU2. EQ.4. AND. MENUS. EQ. ) THEN '.

CALL CRDKMS(O. MS. SS. KNAR. RANGE. KiD. MAND. MEMI) %%4
CALL CLXRS(MENUI. MENU2. X211. RANW MS. S5. UCL. LCL.

I CL. NAME4)
CALL CHART(MANGE. UCL.LCL. CL.MS. NAME4.MENUI, MENPJ2.

I NP. "Cu. 45)
ELSE IF(MENU2. EQ. 4. AND. MENUI. EQ. 2) THEN

CALL CRDKRS(D. MS. S.KAR. SIGM. KEN.SIGN, MENUS)
CALL CLKRS(MENUI. MENU2.iN. SIGN MS. .UCL. LCL.

I CL. NAME41
CALL CHART(IIGMA. UCL. LCL. CL. NI. AME4. MENU). MENU2,

I MNP.MCU. *45)
ELSEIF(MENU2. EQ.31 THEN

CALL AOOKRS(D. NI. S. NAMEI. .45)
ELIEIF(MEt*U2. EQ. 63 THEN

WRITE (S.* 43 ARE THESE SUNGROUPS TO NE DELETED FROM'
WRITE(I.4 'of IK-BAR CHART'

IMENUI.E. II THEN
WRITE(3. 0) '2) R CHART'

ELSE
WRITE(S.*3 '2) S CHART'

ENDIF
READIS. 0) MOEL
IFfMDEL.EQ. I) MENU2-3
IF IMDEL. EQ. 2)1 MEMU2-4 1)TN

CALL CRDKRS(O. US. 55. lEAR, RANGE. KEN. MANE. MENUI)..v
CALL DELIMS(KNAR. RANGE. S. KiN. RANE. MENUI)
CALL CLKMS(MENUI. MENU2.Kim. MANN. S. 55. UCL. LCL.

I CL. MAME31



CALL CHART( XSAR. UCL. LCL. CL. NS. MAME3. MENU! * MENU2.

ELSIF(MD E.EQ.!.AND.MEMU.EG.2) THEN
CALL CRDXRS(D. MS. SS. ISAR. SIGMA. XIB.I. 3. MENU)
CALL DELXRS(XDAR, SIGMA. MS. XD.SIGH. MENU)
CALL CLXRS(MENUI. MENU2. XIII. SIG9. NS. SS. UCL. LCL.
CL. MAME3)
CALL CHART (XEAR. UCL. LCL. CL. t45.NM3. MENU! *MENU2.
0.0O. '45)

ELSEIF(MDEL.EQ.2.AND.MENUI.EG1. ) THEN
CALL CROXASCD. MS. SS. KUAR. RANGE. XII. RAM. MEW.!)
CALL DELXRS(XSAR.RAMGE.NS. XBB.RANH.MENUI)
CALL CLXRSfMENUI * MENU2. XIII. RAMS, MS. SS. UCL, LCL.
CL. MAME41
CALL CHART IRANGE. UCL. LCL. CL. MS. NA1&. MENU!. MENU2.
0.0. '45)

ELSEIF(MDEL.EQ.2.AND.MENUI.EO.2) THEN
CALL CRDXRS(D. MS.SS XDAR. SIGMA. XIS.SIGN. MENU!)
CALL DELXRS(XEAR.SIGMA.NS. XSS.S!GS.MENU!)
CALL CLXRS(MEHU!. IIENU2. XIII. SIGN. MS. SS. UCL. LCL. .
CL. MAME4)
CALL CHART(S!GMA. UCL. LCL. CL. MS. NAME4. MENU!. MENU2.
0.0. *45)

ENDI F
ELSEIF(MENU2. EQ.7) THEM

GO TO 1000
END IF

C*O. DISPLAY SECOND MENU
C

ELSE IF (MENU*. EQ. 3. OR. MENU! * EQ. 4) THEN

60 FOMT*I./, MENU,./)
WRITE(5.*) 11 HARDCOPY OF DATA'
IF(MENUI.EO.4) THEN

IF(MNP.EG.I) THEN
bIRITECS.') '2) P CHART'

ELSE
WRITE(5.*) '2) NP CHART'

ENDIF
ELSE

IF(MCU.EQ.!) THEM
WRITEC.*) '2) C CHART'

ELSE
WRITE(5.*) '2) U CHART'

ENDIF
END IF
WR ITE ( ..*) '3) ADD MORE DATA'
WRXTE(5.*I '4) DELETE DATA'
WRITE(5.*I '5) EXIT PROGRAM'
READ(5.*) MENU2

C
CO.* CALL APPROPRIATE SUBROUTINE ACCORDING To OPTION CHOSEN
C

I F(MENU2. EQ. I) THEN
IF(MENUI. EQ.3. AND. MCU. EQ. ) THEN

CALL HCDCNP(NC. N. 0. 45)
ELSE IF (MENU!. EQ.3. AND. MCU. EQ. 2) THEN

CALL CRDPU(NC. NP. N. MENU!, U. US.0.0. MENU2)
CALL HCDPU(N4C. NP. U.N. MENU1. .45)

ELSEIF(ME-NUI.E10.4. AND.MNP. EQ. 1) THEN
CALL CRDPU(MP. Mt. NL. MENU!. P. PD. MEW., ALS. MENU2I
CALL HCDPU(NR.Nt.P.NL.MlENUI. *45)

ELSEIF(MEfNU.E9.4. AND.MNP.EQ.,2) THEN
CALL HCOCNP(RNL.LS.*451

ENDIF
ELSE IF(MENU2. 10.2. AND. MENU! *EQ. 3) THEM

tF(IiCU.EG.I? THEN
CALL CRDNPC(NC. N.0. ARC, 0)
CALL CLPNPC(MENU!. 0.AR4C.0. UCL. LCL. CL.NMR3)
CALL CHART (NC. UCL. LCL. CL. N.NMR3.MENU!,
MENU2 0. MCU. *43)

ELSE
CALL CROPU(NC. NP. N.IMNI. U. US.0.0. MENU2)
CALL CLPU(MENUI. N. NP. US. VUCL. VLCL. CL)
CALL UCHART(U. VUCL. VLCL. CL. N, OMNU. 045)

ENDIF
ELSE IF(MENU2. 10.2. AND. MENU!. EQ.4) THEN

IFUINP.EQ.I? THEN
CALL CRDPU(MR. NI. ML.MENU! *P. PU.MENP.ALS. MENU2)
IF(MENP.EG. I) THEM

CALL CLPU(MENUI *ML-.*PU. VUCL. VLCL. CL)
CALL UCHARTIP. VUCL. VLCL. CL. MLMENU!. *45)

%-.~.*



EL SE
CALL CLPNPC 4MENUS 1. NP. PD. ALS. UCI.. LCL. CL. NANE3
CALL CHART (P. UCL. LCL. CL. NL. NAHE3. MENUI.

I MENU2. "NP. 0. *45)
ELEENDIF

CALL CRDNPC(NR. NL. LS. NPO. PS)
CALL CLPNPC(fMENUI. MNP, PD. W8S. UCL. LCL. CL. NAME3)
CALL C1EART (HR.UCL. LCL. CL. NL. NAME3. MENU!.
MENU2. MNP.O0. 045)

END!)'
ELSEIF(MENU.EG.).AND.MENU.EQ.3) THEN

IF(MCU.EG.I) THEN
CALL ADDCNP(NC.N. NAME!. *45)

ELSE
CALL ADDPU(NC. NP, N MENUS. NAIIEI. *45)

ENDI FIELSEIF(MENU2.EG..AN.ME EQ.4) THEN
IF(MNP.EO.)) THEN

CALL ADDPU(NR. NI, NL. MEN4UI.NAME!. *4b)
ELECALL AODCNP(NR. NL. NAME). *45)

END IF
ELSE IF (MENU2. EQ. 4. AND. MENU). EQ.3) THEN

IF(MCU.EG.1) THEN
CALL CRDNPCNC.N.O.ANC,O)
CALL DELCNP(NC. ANC,. .N 0
CALL CLPNPC (MENU)l.0. ANy, . UCL. LCL. CL. NAME3)
CALL CHAAT(N4C. UCI.LCL. CL. N. NAIE3. MENU!.

I ELEMEN2. 0. IICU. *45)

I ELSE~CALL CRDPbU(NC. NP.N. MENU!. U. UN.0.0. MENU2)
CALL DELPU(NC.ANC.NP.N)
CALL CLPU(MENUl. N. NP. U&.VUEL. VLCL. CL)
CALL UCHART EU. VUCL. VLCL. CL.N. MENU1. *45)

END IF
ELSE!)' 1MENU2. EQ.4. AND. MENU I.EQ. 4) THEN

IF(MNP.EQ.!) THEN
CALL CRDPU(NR. NI*NL. MENUI. P. PS.MEP. ALS. MENU2)
CALL DELPU(NR.PB.NI.NL)
IF(MENP.EG. I) THEN

CALL CLPU(MENUI.*NL.NI. PU. VUCL. VLCL. CL)
ELECALL UCHARTEP.VUCL. VLCL. CL. NL. MENUI. *45)I. ELSCALL CLPNPC (MENUS. MN. Pg. ALE. JCL. LCL, CL)

CALL CHARTEP. UCL. LCL. CL.N4..NAMIE3. MENU1.
MENU2. MNP.0. *45)

END IF
ELSE

CALL CRDNPC(NR. N!..LU.WP. PB)
CALL DELCNP NA. NPU PS, Na. Lgi
CALL CLPNPC (MENU! * MNP.P.UCL. LCL. CL. NAIE3
CALL CHART (NR. UCL. LCL. CL. NI.. NANE3. MENU!1.
MENU2. MNW.0.*45)

ENDI F
ELSE IFJMENU2. EG. 5) THEN

ENDI F

35. ENU

DIMENSION A(30).85(30)

IDELETED'
READES,*) ND
NNS-NS-ND

AD-AD*NS
DO 10 I.!.ND

bJRITE(5.*) 'ENTER SUBGROUP NUMSER TO BE DELETED,
READE.*) K
AU-AU-A()

SO CONTINUE
AU-AS/NNS

I RETURN
END

t%

p%



C... THIS SUBROUTINE DELETES DATA POINTS FROM THE P AND U CONTROL CHARTS
C

SUBROUTINE DELPU(A. AD.B. N)
DIMENSION A(30).B(30)
WRITEtS..) 'ENTEk THE TOTAL 0 OF PAIRS OP DATA POINTS
I TO BE DELETED-
RIEAO(5.*) NDO

DO 5 I-l.N
TLS-TLS+B( I)

5 CONTINUE

DO10 11I.ND
WRITECS.*) 'ENTER DATA POINT 0 TO BE ELIMINATED
READIS.*) K
AU-AB-A(K)
TLS-TLS-S (K)

10 CONTINUE
AD-AB/TLS
RETURN
END

C
C**. THIS SUBROUTINE DELETES POINTS FROM THE C AND NP CONTROL CHARTS
C

SUBROUTINE DELCNP(A. AS. 35.N.LS)
DIMENSION A(30)
WRITE(S..) 'ENTER THE TOTAL 0 OF DATA POINTS TO BE DELETED'
READ(5.*) ND
MNNS-N-ND
AB-AB*N

D WRIT;E(5.) 'ENTER DATA POINT STO BE DELETED' 1.
READ(3..) K
AD-AS-A(K)

10 CONTINUE
80-AB/(IW450LS)
AS-AD /NNS
RETURN
END

C
C*** THIS SUBROUTINE PRINTS A HISTOGRAM TO THE SCREEN
C*** AND TO AN OUTPUT FILE
C

SUBROUTINE HISTOCO. NS. .*)
DIMENSION D(30.10). PCOUNT(20). NCOUNT(20). NCOOR( 12)
DIMENSION CM(20)
INTEGER SS.C2
CHARACTER*63 COLE DASH
CHARACTER*70 LONG
WRITE(5.O) 'MENU,
WRtTE(3.*)
WRITE(3.*) 'I) PRINT HISTOGRAM TO SCREEN'
URITECS..) '2) PRINT HISTOGRAM TO FILE'
WRITECS.*) '3) BOTH'
READ(3.*) MENUH
DCIAX-D(l. I)
DMIN-D(I. I)
DO 20 I-I.NS

DO t0 J-1.SS
XF(D(.J).LT.DMlN? DEIN-D(t.J)
IF(D(I.J).GT.DMAX) DIAX-D1t.J)

10 CONTINUE
20 CONTINUE

DO 23 1-1.63
COL(I: 11-'.'
DASNII:I)-'-

25 CONTINUE
WRITE(S.O)
IdRITECS.*) 'INPUT 0 OF CELL INTERVALS ((-20)'
READ(5.*) C2
Cl-(DCIAX-DMIN)/C2
DO 30 .J1.C2

KCOUNT(Jl0. 0
30 CONTINUE

DO 40 I-I.Ns
DO 33 K-1.SS

J-INT( (D( I.K)-DMIN)/CI )+I.O
IF(J.GT.201 J-20
KCOUPNTtJ)-KCOU4NT4J)+.1.

35 CONTINUE
140 CONTINUE

KMAX-O
DO 45 I-I.C2

%



IF(KCOUNT(I).GT.KIAX) KMAXKCOUNT(I3
45 CONTINUE

IF(flENUN.EG.2) 00 TO 90
NDUM-tMAX/20+1~.
FACTC1A-NDUI

DOC3 1-.20 I (KCOUNT(I 34. 5)/FACTOR
.,o CONTICN I

IJAITE(5. 55)
55 FORt ATe'1'.20K. 'HISTOCRAMV?

DO 80 1-20.1.-1
LON'G( 1:1)
DO 60 K'-270

LONC(K: K)-'
60 CONTINUE

IPT-3
DO 63 J-1.20

IF(I.GT.NCOUNTCJI) THEN
I PT-I PT43

ELSE
LONC(IPT: IPT)-'.'
IPT-JPT4I
LONQ(IPT: IPT)'*'l
tPT- IPT 42

ENDIF
65 CONTINUE

I ID-FACTOR. I
I F (MlOD(9. 53.CO. 0) THEN

WRITE(b.70) ZID.LONG
70 ELEFORMIAT(' '.15.70)

IJRITV 3. 75) LONG
75 FORMAT( . 5X.A70)

ENDIF
80 CONTINUE

SdRITE(5.8S) DASH(1:653
85 FOfRMAT(' '.5XA651

WRITECS..) 'PRESS I TO CONTINUE'
READ(3.O) ND
1F(flENUM.E0.13 GO TO 150

C
Coo* PRINT HISTOGRAMI TO OUTPUT FILE
C

90 WITE(2.95)
95 FOAI T(1.30X. 'HISTOORAMV. /3

IdRITE(2. 100)
100 FORMjAT '0', 3OX. FREOUENCY'

WRIVE(2, 105)
105 FORMAT(' '.'CELL MIDPI.)

URITE(2. 110) DASH(1:65)
110 FORrIAT(12X.63A)

NOUtI$.NAX /60+1
FACTOR-NOUM
DO 135 X-I.C2

K-(KCOUNT( 1)*.5)/ACTOR
CN(I)-DIIIN'(2.Oo( I-I )41.0).CI/2?.
IF(V..EQO) THEN

WRITP(2. 115) CudI)
115 FORIIAT(12X. /' *.FIO.2, 1K, '/12K. ' '3

ELSE
WRITEC(2. 120) COLCI:K)

120 FOR3IAT(12X. A)
WRIME2.125) CM(l).COL(1:K)

125 FORMIAT(' '.FIO.2.tX.A)
URITIIC2. 120) COL(I:K)
WA1TE(2. 130)

130 FORMATI 12,+'3
ENDIF

135 CONTINUE
WAITE(2,120) '
IJAITE(2. 120) DASH(l:65)
DO 140 1-1. 12

NCOOAE I )-XFACTOR*5
140 CONTIU

WAZTE(2. 145) (NCOOR(I3.1I1. 123
145 FOARiAT(12X. 12153
150 RETURN I

-* END

panTHI SUBROUTINE CALCULATES X-BAR. THE RANGE OR THE
.. TANDARD DEVIATION FOR EACH SUBGROUP AND ALSO



C*** X-DOUBLE BAR. R-BAR. AND S-BAR
C

SUBROUTINE CRDXRS(D. NS.55. Al. A2. All.A28. SENUII
DIMENSION D(3O. l0l.AI(303.A2(30)
INTEGER SS
AIB0. 0
A28-0. 0
IF(MENUI.EO. I) THEN

DO 20 I-1.NS

KI-D( I. 1)
XLO-D(1. I
DO 10 J-I. SS

IF(D(I.J3.LT.KLO) XLO-D(I.J)
IF(D( I.J3.CT. KNI) XHI-D(I.J)

10 CONTINUE
Al C 13Al( I /SS
AI-AIG*A3 (I)
A2( I 31HI-XLO
A2B A234A2( I)

20 CONTINUE
AID-AIB/NS
A2B-A2B INS

ELSE
DO 30 11I.NS

Al (13=0.0
DO 30 J-l.SS

AlI 3)A1 (130(1. J)
30 CONTINUE

AIC I 3.AI(I /SS
AlU-AIB.Al (13
A2C 13=0.0
DO 40 J1.SS

A2C I)-(D( I. J3-Al (13 30'2+2( 33
40 CONTINUE

A2( I)-SGRT(A2(1I /(SS-l 33
A28-A28+A2( 13

50 CONTINUE
AID-AID/NS
A2B-A2B/NS

END IF
RETURN
END

C
C*** THIS SUBROUTINE CALCULATES THE FRACTION REJECTED OR
C**' NONCONFORMITIES PER UNIT FOR EACH DATA PAIR AND
C*** THE AVERAGE FRACTION REJECTED AND THE AVERAGE
C*** NONCONFORMITY PER UNIT
C

SUBROUTINE CRDPUCDI. CD2. N. HENUI. CO. CBB. MENP. ALS. CENU2)
DIMENSION CD1(30). CD2(30).CDB(30)

CR-a. 0
CN-O. 0
DO 20 11I.N

CDB(1-0.0
CD(l)-CDt( I)/CD2( 13
CR-CR.CDI (I)
CN-CN+CD2( 13

20 CONTINUE
CDBB-CR,'CN
IF (MENU2. EQ.I) GO TO 40
IFCMENUI.EQ.4) THEN

WRITE(5.o) I DO YOU WJISH TO USE'
WRITECS.*) 11) INDIVIDUJAL LOT SIZES'
WRITE(5,.3 '23 ESTIMATED AVERAGE LOT SIZE'
IRITE(5.*3 '3) CALCULATED AVERAGE LOT SIZE'
REA(5.3 MENP
IF(MENP.EQ.2) THEN

WRITE3,a3 'ENTER ESTIMATED AVERAGE LOT SIZE'
READ(5,*3 ALS

ELSEIF(MENP.EO. 33 THEN
DO 30 I-I.N*'..

ALS;ALS+CD2( I
30 CONTINUE

ALS-ALS/N
ENDIF

END IF
40 RETURN

END
C
C**. THIS SUBROUTINE CALCULATES THE AVERAGE NUMBER REJECTED AND AVERAGE



C*** FRACTION REJECTED OR THE AVERAGE NUMBER OF NONCONFORMITIES.
SUBROUTINE CDNPCICRD. N. LS.CND..CP)

DIMENSION CROC3OI
CNB-O. 01-
DO 1 0 11I.N

CNB-CNB.CRDC I)
10 CONTINUE

CNBZCNB/N
IF(LS. NE. 0) CPB-CNB/LS
RETURN
END

C
C::- THIS SUBROUTINE ALLOWS THE USER TO ADD NEW SUBGROUPS TO
C*** THE EXISTING DATA FILE
c

SUBROUTINE ADDXRSC(D. NS. SS. NFILE .)
DIMENSION D(30.10)
INTEGER SS
CHARACTER*1 NILE
WRITEC3.e) 'ENTER THE NUMBER OF SUBGROUPS TO BE

I ADDED'
READ(.) NA
NTNMA.NS
IF(NT. CT. 30) THEN

ND-NT-30
D0 20 11I.NS-ND

DO 10 J1I.SS

10 CONTINUE
20 CONTINUE

NN NS-ND+ I
NSD30

ELSE
NN NS+ I
NS:NS+NA

END IF
DO 40 1-MN. NS .

K-I-CNN-1)
WRITE .30) K

30 FORMAT(' ' 'ENTER SUBGROUP 0 '.12. TO BE ADDED')
READ(.*) CDfI.J).J-1,SS)

40 CONTINUE
CLOSECUNIT-). STATUS- 'DELETE')
OPENCUNITI1, NAMIE-WILE. STATUS- 'NEW'1)

RETURN I
END

C
C*** THIS SUBROUTINE ALLOWS THE USER TO ADD DATA POINTS
C*O* TO THE EXISTING DATA FOR A C OR NP CONTROL CHART
c

SUBROUTINE ADDCNP CA. N. W~FILE. *)
DIMENSION A(30)
CHARACTER*I0 NWILE
WRITECS.*) 'EN4TER THE NOF DATA POINTS TO BE ADDED'
READCS.*) NA
NT-NA.N
IF(NT.GT.30) THEN

ND-NT-30
DO 10 II.N-ND "

A ( l )ACNDNI)
10 CONTINUE

NN-N-ND+ l
N-30

ELSE

NN-NAI

NS-N+NA

ENDIF
00 30 I-NN.N

K-I-(NN-I)
WRITECS,0) K

20 FORMAT(' ','ENTER DATA POINT ',12.' TO BE ADDED')
READ(CB.) ACI) I

30 CONTINUE
CLOSECW4IT.1.STATUS-'DELETE')
OPEN(UNIT-1,*,NAME-NFILE. STATUS- NEW')
DO 40 I-IN

SRITEI.) A ) )
40 CONTINUE

RETURN I . .
END

C

(;,4.THS UROTIEALON HEUSRTOAD AT PITS'.:-8!
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C::: THIS SUBROUTINE ALLOWS THE USER TO ADD DATA POINTS
CeO TO THE EXISTING DATA FOR A P OR U CHART l

SUBROUT INE ADOPU fA. B. N. MIENU 1.WFI Le,
DIMENSION A(30).9(30)'"a
CHARACTER*1O NWILE
WRITECS.*) 'ENTER THE 0 OF PAIRS OF DATA POINTS TO BE

I ADDED'
READCS. ) NA
NT!NA.N
IF(NT.GT.30) THEN

ND NT-30....
00 10 I-I.N-ND

AC! )-A(ND+I) .

10 CONTINUE
NN-N-ND. I
N-30

ELSE
NN-N*I
N'N+HA ~

ENDIF
DO 40 I-NN.N

IF4MENUI.EQ.3) THEN
WRITECS.1 201

20 FORMAT( *'. 'ENTER 0 OF NONCONFORRI TIES AND UNITS
I PRODUCED')

ELSE
WRITE(5. 30)

30 FORMAT(' 'ENTER * OF REJECTS & 0 INSPECTED')
END IF
READCS..) A(I).BCI)

40 CONTI NUE
CLOSE(U)NIT=I. STATUS- 'DELETE')
OPENC(UNI T- 1. NAME-NFILE. STATUS- 'NEW'I)
IF(IIENUI.EGI.3) THEN

DO 50 I-L.N
WRITECI..) A(I).BCI)

30 CONTINUE
ELSE

DO 6 -.
60 CONTINUE

ENDIF
RETURN 1
END

CeeC THIS SUBROUTINE WRITES A HARDCOPY OF THE RAW DATA
C*** AND THE POINTS TO SE PLOTTED FOR AN K-BAR. R, OR S
C*** CONTROL CHART
C

SUBROUTINE HCDKRSCD. NS, S. A-B.MENUI. C)
DIMENSION 0(30. 10).A(30).8(30)
INTEGER S

WRITE(2. 10)
10 FORMAT('l'.I//.35X. 'SUBGROUP DATA'., 0'. IX. 'SGN.33K.

I'RAE DATA'.//)
DO 20 I-1.NS

WRITE(2. 15) I. (DC!. J).J1.,SS)
10 FORIIAT4' '.IXI2,2X.lOCIK.F6.2))
20 CONTINUE

IF(MENJI.EQ. I) THEN
WRITE(2. 30)

30 FORMAT''/I/.33K. 'SUBGROUP DATA'.l//.33K. 'ESAR'.
I 9K. 'RANGE', i//

DO 30 I-I.NS
WRITE(2.401 ACTI.B(I)

40 FORMIATC '.28K.F9.4,3X.F9.4)
50 ELECONTINUE

WRITE(2. 60)60 FORIAT('I'.///.3K. 'SUEGROUP DATA'. //f 33K. 'KBAR'.

D0 80 I-INS
WR!TE2.70) ACI).B(I) .

70 FORMAT(' '.28X.F9.4.5K.F9.4)
s0 CONTINUE

ENDIF
RETURN I
END --

C
C*** THIS SUBROUTINE WRITES A HARDCOPY OF THE RAW DATA AND

Co* THE POINTS TO BE PLOTTED FOR A C OR A NP CONTROL CHART

%~%



SUBROUT INE HCDCUWCN*1M.WLS.*REAL NHD(301
IF(LS.EQO) THEN

WRITE(2. 10)
t0 FORMAT. I*.///. 32X. 'DATA SET FOR C-CHAT')

WRITE42. 201
20 FORPIATU//36X. 'NUMBER. 1-40K. 'OF'. t349, 'NONCOWO0W1ZTIES',

DO 30 11i.NDP
&1ITE42.25) N4D(I)

25 FORMiAT(37X.F7.2)
30 CONTINUE

ELSE
IJRITE(2. 40)

40 FORMAT('1'. ItI. 32X. 'DATA SET FOR NP-CHART')
HRITE(2, 43)

45 FORMAT('0'. 34X. 'LOT'. x. 'NUMSNER/.' ',33X. *SIZE".
I 71.*REJECTED'.f/)

DO 55 I-I.NDP
SJRITE(2.50) LS.NHD(I)

50 FORM AT(' '.33X.I4.7X.F7.2)
55 CONTINUE

END IF
RETURN I
END

C
C*0* THIS SBROUTINE WRITES A HARDCOPY OF THE RAW DATA AND
C*** THE POINTS TO BE PLOTTED FOR A P AND U CHART.
C

SUBROUTINE HCDPU(I4D.H1H03. HHD1. NOR.ME11J1. 0
DIMENSION H*1fl30.1*42(3.HHOI(30)
IF(MENUI.EO.3) THEN

iR ITE(2. 10)
10 FORMAT( '1'. ///321. 'DATA SET FOR U-~CHART')

IR ITE(2. 20)
20 FORIIAT(//.191. 'NUHUER';614X.' 'N ER'. x

I 'NONCONFORMITIS'/' '.20K. 'OF'. 15X, 'OF UNITS'.
2 13X. 'PER*/' '14X. 'NONCONFORMITIES'.UGX. 'PRODUCED'.
3 12X, 'UNIT'. I

DO 40 1-1.HOP
WITEC2. 30) HHD2(1).HH*101). 14D1(I)

30 FORMAT' 'i.F.7.2. 13X.F7.2. IOX.F9.4)
40 ELECONTINUE

WRITE(2. 50)
50 FORMAT('1'.f//.32X. 'DATA SET FOR P-CHART')

bMITE(2. 40)
40 FORMATC///. 25X. 'NURSER'. 101. 'MMBER'. lOX. 'FRACTION'.

I /' '.22K. 'INSPECTED'.7X. 'REJECTED'.101. 'REJECTED'. I
DO SO I-1.NDP

WRITE(2.70) )*1D2fI).S*ID(I).HHDIfII
70 FORMAT(' '.23X.F?.2.SK.F7.2.9X.F9.4)
s0 CONTINUE

ENDIF
RETURN 1
END

C
C*** THIS SUBROUTINE CALCULATES THE CONTROL LIMITS FOR A X-BAR.
CoO. R. OR 8 CONTROL CHART

SUBROUTINE CLXRS(MENUJ1 MENU2. K119. S2.US. 8S. UCL. LCL. CL. WPILE)
DIMENSION A2(10).AI(I0).04(10).D3(10).34(10).33(I)
DIMENSION D2(10).0l(10).63D2(10.3210).31(10).C2(10)
INTEGER S9
REAL LCL
CHARACTER*10 WFILE
DATA A2/0.0. 1.66. 1.02..73.338..49..42..37..34..31/
DATA A /0 ,O3. 762. 39.1. , 1. 0.1. 41 1. 20.1. 17.1. 09. 1.0OW
DATA D4/O.0. 3.2?,.2.57.2.20.2.11.2.00.1.92. 1.6,.t.62.1.78/
DATA 03/o0.0.0.0.0.0.0.0.0.O.0*0,..14. *.8..22/LDATA 94/0.0,3.27.2.57.2.27.2.09. 1.97.1I.6. 1.61. 1.76.1.72/DATA 03/0.0. 0. 0.0.0. 0.0. 0. 0..03.. X2. 1Y..24..20/
DATA D2/0.0.3.69.4.36.4.70.4.92.5.065.2..31.5.39..47/
DATA DI/0.O...O..0.0.0.0.0.O. . * 39. .33..6 9/
DATA S02/0.0 1. 126, 1 .493.2.059.2. 326.2.334. 2.704.2.647.

*2.970,3.078/
DATA 1121.0. 1. 84.1. 66 1. 1.1. 76. 1.71. 1. 67.1.64.1.11. 8/
DATA *1/0.00.0.0.0-0.0-0.0. .03..10..*17.22..26/ *
DATA C2/0.0.. 56342..* 7236.. .79"9. 6407.. 6664.. 6062. *9027.

$ .9139-. 9227/
WRITEC,.*) *MENU'
WRITE(S.*) '

10
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bJRITE(3..) 'I) CONTROL LIMITS CALCULATED FROM DATA'
W1RITE(. :2) USE OLD CONTROL LIMITS'

5RTE :.) '3) USE AlIED AT VALUES'
REAO(5.' ) MENCL
IF(MENCL.EO.1) THEN

IPFIMENU2.EQ.3) THEN
IF~mENuI.Eo.1) THEN

UCL-KBB+A2(SS) *SB
LCL-XBB-A2(SS)*SB
CL-XB

ELSEIF(MENUI.EQ. 2) THEN
Y-(NS-I. )f4S
UCL-XDB4SGRT(Y)*AI (SSeS
LCL-XBB-SGRT(Y)*AI (SS)*SD
CL-KBS

FNO IF
ELSF "rLIENU)2.EO. 4. AND.MENUI.EO. I THEN

:L-04(SS)*Sft
LCL..D3(SS)*SU
CL-SD

ELSE IF (MENU2. EO.4. AND. MENUI. EQ.2) THEN
UCL-04(SS).SB
LCL-83(SS)*SB
CL-SB

ENDIF
ELSEIF(MENCL. EQ. 2) THEN

IF(I4ENU2.EG.3) THEN
OPEN(UNIT-3. FILE-NFILE. STATUS- 'OLD')
READ(3.*) UCL. LCL, CL
CLOSECUNIT-3. STATUS- 'KEEP')

ELSEZF(DIENU2.EQ.4) THEN
OPEN(UNIT-4. FILE-NFILE. STATUS- 'OLD')
READ(4.0* UCL. LCL. CL
CLOSE(UNZT-4. STATUS-IKEEP')

END IF
ELSEIF(MENCL. Ea. 3 THEN

IF(MENU2.EG.3) THEN
WRITECS.*) 'ENTER AlIED AT VALUES FOR XBAR AND

1 SIGMA'
READ(5.*) X8,510
Y-REAL(NSI
UCL-XE+(3SGRT(Y) )*StG
LCL-XB-(3/SORT(Y) 1*5KG
CL-ID

ELSE IF (MENV2. EQ. 4) THEN
WRITE(3.*) 'ENTER AIMED AT VALUE OF SIGMA'
READ(3.*) SIC
ZF(PENUI EQ. I)THEN

UCLD62(SS)*Slg
LCL-DI (SS)*SIQ
CL-SD2(8S)*Slg

ELSE
Y-(NS-I. INS
UCL-82(S5)*SIQ*S0RT(Y)
LCL-Bl SS)*SIC*SGRT(Y)

LENDF LS ) G Y
ENDI F

END IF
RETURN
END

C
C*.4 THIS SUBROUTINE CALCULATES THE CONTROL LIMITS FOR A
C

SUBROUTINE CLPNPC(MENUI, MNP. R. AN. UCL. LCL. CL. NWILE)
REAL LCL
CHARACTER*1O NWILE
SRITE(.*) 'MENU'
bIRITE(5,*)
WRITECS..) 11) CONTROL CHARS CALCULATED FROM DATA'
WRITE(3.*) '2) USE OLD CONTROL LIMTIS'
bIRITE(S.e) '3) USE AIMED AT VALUES'
REAO(S5.*) MENCL
I F(MENCL.Ea.3) THEN

IF(MENUI.EG.4) THEN
WRITE(S.e) 'ENTER AIMED AT VALUE OF P-PRIME'

ELSElfrlIENUI. EQ.3) THEN
WR ITES5.*) 'ENTER AIMED AT VALUE OF C-PRIME'

ENDI F
READ(8.*D AP

END IF
IF(MENCL. SO. I.OR.MENCL.EQ.3) THEN

P.%

r21,



IF(IIENUI.EO.4) THEN
IF (MI.EQ.I) 1THEN

UCL-AP+3.SORT( (AP*I ....P. )AN,
LCL-AP-3.SORT( ((AP*(I -AP ) )/AN)
CL-AP

ELEUCLAN.3SORT(AN*E 
1-AP))LCL.AN-3 SORT AN. -AP

CL AN
END IF

ELSEIF(MENUI.EQ.3) THEN
UCL-AP+3*SORT( AP)
LCL-AP-3SORT (AP)
CL-AP

END IF
ELSE

OPEN(UNIT-3. FILE=NFILE. Si 'US- 'OLD,
READ(3. *) UCL. LCL. CL
CLOSE(UNIT-3. STATUS-'KEE)'

END IF
RETURN
END

C
C*** THIS SUEROUTINE. CALCULATES THE CONTROL LIMITS FOR A
C*** P (INDIVIDUAL LOT SIZES) OR U CHART
C

SUBROUTINE CLPU(I'EMI. N. NV. AP.VUCL. VLCL. CL)
DIMENSION VUCL(30). VLCL(30)
REAL NV(30)
SRITE(3.*) P EWU
WRITE(3.*)
WR ITE (3.*) 'I1) CONTROL CHARTS CALCULATED FROM DATA'
bIRITEC.0) '2) USE AIMED AT VALUE FOR CENTRAL LIME' L
READ(3.0) MENCL
IF(MENCL.EG.21 THEN

IF(MENUI.EG.3) THEN
WRITE(3.*) 'ENTER AIMED AT VALUE FOR U-PRIME'

ELSE
WRITE(3.*) 'ENTER AIMED AT VALUE FOR P-PRIME'

END IF
READ(5.0) AP

ENDIF
IF(MENUI.Eg.3) THEN

DO 10 11I.N
VUJCL(fI=AP+3*BQRT(AP/NV(Z)
VLCL(l I -AP-3*SGRTfAP/NV(I))
IF(VLCL(I).LT.O.) DLL1-.O0

10 CONTINUE
CL.AP

ELSE
DO 20 1-1. N

VUCL(I)-AP*3eSGRTAP(-AP)/NV(I)
VLCL(I)-AP-3#SGRT(P(-AP)/NV(I))
ZFfVLCLfI).LT.0.0) VLCL(Z)-0.O

20 CONTINUE
CL-AP

ENDIF
RETURN
END

C... THIS SUBROUTINE PRINTS X-DAR. ft. S. P (AVERAGE LOT SIZES). W.
Co** AND C CONTROL CHARTS TO THE SCREEN OR TO AN OUTPUT FILE
C

SUBROUTINE CHART( A. UCL. LCL. CL, N. NFILE. MENUI. MENJ2. MNP. MCU. C
DIMENSION A(30).ND(30)
REAL LCL 7
INTEGER 96
CHARACTER*1O W~ILE
CHARACTER*7O LIME
CHARACTERO) POINT
bIRITE(3.*) ' MENU*
WRITEC S.*
WRITE(3.*) '1) CONTROL CHART To FILE'
WRITE(3..) '2) CONTROL CHART TO SCREEN'
WRITE(3.*) '3) BOTH,
READ(5.*) MENCH
IFCMENCH.EG.2) 00 TO 125
IF( (MENUl. EQ. 1. R. MENUI. EQ.2).*AND. MENJ2. EQ. ) THEN

WRITE(2. 10)
10 FORMAT('I'.35X. 'X-UAR CHART')

ELSE IF (MENU I.EQ.1. AND. MENU2. EQ.4) THEN
WRITE(2. 20)

20 FORMAT('I'.35X. 'RANGE CHART')

12 ' -



ELSEIF4IIENUl. EQ.2. AND. NENU2. EQ. 4) THEN
IJRITE(2. 30)

30 FORMAT('1'.37X.*S CHART')
ELSEIF(MENUI. EQ. 4. AND. E. EQ. 1) THEN

WRITE(21 40)
40 FORMATI '. '37X. 'P CHART')

ELSE IF (ENUI. EQ. 4. AND. MNP. EQ. 2) THEN
IJNITE(2. 5.0

50 FORMATe'I'.37X. 'N CHART')
ELSEZW4IENUI. EO.3. AND. NCU. EQ. ) THEN

WRITE(2. 60)
60 FORNAT''.37K. 'C CHART')

ENDIF
IF(LCL. LiT 0.0) THEN

WRiTE(2. 70)
70 FORIMAT('0'.&4X. 'U'/40K. 'C*.24K. 'C'/40K. 'L'.24Y-

I 'L'/)
WRITE(2.?5.) CL4UCL

75 FORIIAT(//36X.F P.4. 16K. Y. 4/40K. -'. 24X.': '
ELSE

wAITE(2. 60)
S0 fORIIAT('0'. 14K. 'L'. 49K. 'U'/11.X. 'C'. 24X. 'C'. 24X, 'C'/15K 'X L',

a 24X. 'L'. 24X. 'L'I)
WRITE(2.90) LCL.CL.UCL

90 fO~FtMT(I.F9.4.16X.F9.4.16K.F9.4/15X. ': '.24X.' '.24K.':')
END IF
biNITE(2. 95)

95 FORNAT(S.72' )
IL DO 115 1-1.N

LINE-'
IF(LCL.LT.0.0) 00 TO 96

96 LINE 133:35)1 !'
LINE(&0: 60).'
WRITE(2. 100) LINE

LOD FORMiAT(3X. ': .A70. ': ')
LINEt10: 10)-
LINE(60: 40)-'
.J((49A( I).4JCL-5OULCL)/(UICL-LCL) )+.5

ZF(J.LT.1) .5-3
IF(.J.GT.70) .5-70
IP(J.LT. 10.OR.J.GT.&0) THEN

ELSE
LINE(J: )'*'

ENDIP
WRITE(2. 110) I.LINE

110 FORflAT(2K. 12.'-'.': '. A70. '
115 CONTINUE

WRITE(2. 120)
120 FORMAT M. 72' 1

IFCIIENCH.EQ.1) 9O To 260
125 IF( (NENUI. EQ. 1. OR. MENUl. EQ. 2). AND. MENU2. EQ. 3) THEN

bIAITE(5.*) ' K-BAR CHART'
ELSE IF (MENU1. EQ. 1.* AND. MENUJ2. EQ. 4) THEN

WRITE(3.*) ' RANGE CHART'
ELSE 1W rEMJ1.EQ. 2. AND. MEIN2. EQ.4) THEN

IINITEI.*) ' S CHART'
ELSEIF(1IENU.EQ.4.AND.N.EQ. 1) THEN

WAITE(3.*) I P CHART'
ELSEIFOMENUI. EQ. 4. AND. 19P. EQ.2) THEN

WRITE(3.*) ' NP CHART'
ELSEIF(IPENUI .E1. 3. AND. fCU. EQ. ) THEN

IIRITE(5..*) I C CHART'
END IF
DO 210 1-1.N

NbiI)-((I4.A(I)+UCL-17.LCL)1(UCL-LCL))..5

:WN()LT.I Nl I-
F NBI).OT.9 No(I)-19

210 CONTINUE
DO 250 11.1-

DO 215 .5-1.70
LINEIJ:J.)'

215 CONTINUE
IF(I.EQ.10) THEN

DO 220 J-1.70
LINE): J)-'-'

220 CONT INUE
ELSEIF(I.EO.2.OR.I.EQ.181 TILN

IF(I.EG.2.AND.LCL.LT.0.0) GO TO 227
DO 225 J1.70,2
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LINE(J: JI-'-'
225 CONTINUE

END IF
227 POINT-'

IF fI EQ.I9.OR.I.EQ.I) POINT-*?'
DO 230 .11.N

IF(I.EO.NB(J1I LINECJ*2:J*2I-POINT
230 CONTINUE

IFtI.EO. 19) THEN ...
WRITECS. 240) UCL. LINE

240 FORMAT (' '. F8.4. * .A&I)
ELSEIF(I.EG. 10) THEN

WRITE(5.240) CL.LINE
ELSEIFEI.EG.2) THEN

IF(LCL.LT.0) 0O TO 250
WRITEC5.240) LCL.LINE

ELSE
bIRITE(5. 245) LINE

245 FORMjAT(' '.101.': ',A61)
ENDIF

250 CONTINUE
260 WRITE(5.*l 'ENTER I TO SAVE THESE CONTROL LIMITS'

WRITECS..) 'ENTER 2 TO CONTINUE'
READ(3.e1 NSCL
IF(NSCL.EQ.1I THEN

IF( (MENUI. EQ.1. OR. I'ENU)2. £.2). AND.MEENU2. EQ. 4) THEN
NU-4

ELSE
NU3

END IF
OPEN(E*41T-NU. FILE-PVILE. STATUS- 'UNNOWN')
CLOSE(UiNIT-NU. STATUS- 'DELETE)
OPEN(UNIT-NU. FILE-WFILE. STATUS- 'NEW 1)
WRITE(NU. *1 UCL. LCL. CL
CLOSE(UNIT NU. STATUS- 'KEEP)

ENDIF
RETURN 1
END

C
C*** THIS SUBROUTINE PRINTS P (INDIVIDUAL LOT SIZES) OR U
C*** CONTROL CHARTS
C

SUBROUTINE U;CHART(A. VUCL. VLCL. CL. N. MENUI. *)
DIMIENSION A(30). VUL(30). VLCL(30). NA(30). N3(30). NC(30)
CHARACTEReIO WFILE
CHARACTER*70 LINE
CHARACTER.1 POINT
WRITE(5.*) ' MIENU', -
bIRITEt 5.0.
WRITE(5.el '1) CONTROL CHART TO FILE'
WRITE(5..1 '2) CONTROL CHART TO SCREEN'
WRITEES..) '3) BOTH'
READ(S,*1 MENCH
XHI-VUCL( II
XLO-VLCL( 1)
DO 5 1I.N

IF(VUCLfI).GT.XHI) XHI-VUCLEII
IF ,VLCL(I).LT.XLO) XLO-VLCLCII

5 CONTINUE
IF(IiENCH.EQ.2) 00 TO 90
IF(NENUI.EG.3) THEN

WRITE(2. 101
10 LS FORlAT('1'. 37X. 'U CHART')

WRITE(2, 20)
20 FORMAT('l'. 371. 'P CHART')

ENDIF
WRXTE(2,30) CL

30 FORMAT ('0'.,33X, 'CL - '.F9.4.//)
WRITE(2. 40)

% 40 FOREIAT(5X.72f'. ')
J-( (49OCL4XHI-500XLO /( XHI'-XLOI14.5

DO 70 I-I.N
LINE'
K-((490A(I)+XHI-500XLO)/(XHI-XLOI 14.5
K-fl.,
L-( (49*VUCL( I )i'HI-5O*XLO)/(XHI-XLO) 14.5

f-((49OVLCL(I).IHI-50.XLO)/(XHI-XL0))..5

LINE(J:J)-'!'
LINE(L:L1'
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L~E~L)-'!: *% *ENIFL.) I
WIE(..) I.LI0

so FO.T2.L12. 'O. 7E0. %
INEK:) )?
LFK.JE:K..L. KE.)LIEKK-

WRITE(2. 50) LINE
50 FOANMAT(3X. ': .^70.A7. '

70 CONTINUE
WRITE(2. SO)

,!) FORNTSX.72('.'))
IF(IIENCN.EG.I) 00 TO 160

lo IF(PIENUI.EG.3) THEN
WRITE(3.*) *U CHART'

ELSE
bIRITE(5.*) *P CHART'

END IF
NO-C(16.*CL.XHI-17*XLO)/(XHI-XLO))+1. S
Do 110 I-I.N

NA(I)-( C1&*AC),XHI-17*XLO)/(XHI-XLO) 1+1.5
NSClI)-((1*VCL( I).XNI-17:XLO)/(XHI-XLO) 141.5
NC I)(l*VLCLI4.XHI-17 XLO)l(XHI-XLO) 141.5

110 CONTINUE 01)N()1
DO 150 1I.1-

DO 115 J-1.70
LINE(J: J)-'

115 CONTINUE
IF(I.EQ.NDP THEN

DO 117 J-1.70
LINE(J: .)-'--'

117 CONTINUE
END IF
DO 120 J-I.N

IPCI.EO.N9(J).OR.I.EG.NC(J)) THEN
LINE(J*2: J*2)~-
LINE(,J*2+1: J02+1 )-_

END IF
POINT-'*'-
IFINA(J).LT.NC(J).OR.NA.J).OT.N3CJ)) POINT-'?'
IF(I.EG.NA(J)) LINECJ*2+1:.J*2+1)-POINT

120 CONTINUE
IF(I.EG.ND) THEN

WRITES. 130) CL.LINE
130 FORMIAT(*' %F9.4. '-'.': '.A61) *

ELSE
WRITECS. 140) LINE

140 FORMAT(' l.OX,': ',A6I)
ENDIF

150 CONTINUE '*
URITECS.*) 'ENTER I TO CONTINUE'
READ( S. ) NW

160 RETURN I

ENDi

15
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