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A QUALITY CONTROL DATA MANAGEMENT SYSTEM

by

M. B. Neher and R. E. Heffelfinger

SUMMARY

A data management system has been developed for the HP 3354

data system to support a quality control program. This system assigns

laboratory numbers to incoming samples and keeps track of the status of

each sample as results are entered by the various analysts. It also

assigns quality control sample designators (blanks, duplicates, and

standards). These data from the standard samples are used to calculate

precision, accuracy, and detection limit. Blanks, duplicates, and

standards are used to keep a cumulative sum (CuSum) file for both precision

(duplicates), and accuracy (blanks and standards). The CuSum files are

used to determine whether or not an analysis is "in control".

When samples have been completed, the data will be transmitted

to Edgewood Arsenal for permanent storage.

DATA MANAGEMENT SYSTEM ORGANIZATION

This system consists of several sets of programs which access

and manipulate data using several sets of data files. These programs

and data files are described in this section.

System Concept

This system is designed to be used on a HP 3354 GC Data System,

operating in terminal mode Basic. Each sample is catalogued as separate

files in the systems directory, with the required sample identification

data in a header record and each analyte in a separate logical record.

Both user samples and Q.C. samples are catalogued, but under different

formats. Q.C. samples (duplicates, blanks, and standards) are employed

to determine the precision, accuracy, and detection limit for each analyte
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in each sample type. The detection limit is determined by the method of
(a)

Hubeaux and Voss Data for standards are recorded in a statistical

data base file, which contains partial sums for each concentration. This

data allows calculation of the detection limit, accuracy and precision

as a function of concentration and variance for both precision and accuracy.

The data base is updated with each set of standards, applying a weighing

factor to the data already in the data base.

The variance determined from this data base is used to set up

oumulative sum data files. " All data needed to evaluate the performance

of the system are contained in the statistical data base and cumulative

sum data files. As samples are logged into the system, blank, duplicate,

and standard samples are specified by the system based on the number of

samples. The order is determined by a random number system. Basic does

not run creation of files from within a program. Hence, samples are

entered into temporary files and then written into permanent files after

the operator has created the needed files. Analysts interact with the

system in two ways, (1) to notify the system that a given analysis is

being started, and (2) to enter the results of the analysis.

The system maintains a cross reference file which contains the

Users Sample Number and the Laboratory Number which was assigned to the

sample. The cross reference file can be queried to determine the laboratory

number for a sample, and the status file is then queried to determine how

many analyses remain on the sample.

When an analysis is found to be out of control (or approaching

the out-of-control point), the cusum files can be plotted on one of the

system terminals to determine what mode of failure has occurred. Utility

programs are provided for restarting when such failures occur.

(a'Hubaux, A., and Voss, G., "Precision and Detection Limits for Linear
Caiibration Curves", Anal. Chem., 42, 849 (1967).

(b)Anon, "Laboratory Quality Control Manual", Federal Water Pollution Con-

trol Administration, Robert S. Kerr Water Research Center (1969).

.2 .. .. Lad,2
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Programs

The programs used in the Q.C. Data Management System can be

grouped together conveniently into several categories: sample entry,

data entry, initial start-up and utility programs. These groupings are

discussed in the following sections.

Sample Entry Program

Samples are logged into the system by this program, which

consists of five sub-programs. Four of these chain together and produce

an intermediate file'of data for use by the fifth, and a list of files to

be created by the operator, along with the identification of each file,

i.e., users sample number, levels and identification of QC samples (i.e.,

duplicates, standards, blanks, and spikes). The last program is called

when these samples are ready to be put in the process stream, and enters

them into the system.

These sub-programs and their functions are as follows:

ENTERS: SV - Dialogue to enter and set up parameters for samples.

Sets up random sequences for grouped samples. File

size limits the sequence length to .50,.so the maximum

group size is 25 (tentatively). For non-grouped samples,

the maximum group size of 25 is used and repeated as needed,

selecting a new random sequence each time. It chains to

ENTRS2:SV for sample information input. If the sample is

a "spectral" (i.e., non-standard) sample, it chains to

ENTRSP: SV.

-Ai.
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ENTRSP:SV - Special samples are handled by this sub-program. A

temporary file of information for the last segment is

set up (SPCTEM:DA) containing the sample identification

and analyses for each sample. (Not yet implemented.)

ENTRS2:SV - Accepts sample information for regular samples and sets

up temporary file of information (TEMFIL:DA) which con-

tains sample identification, type of analysis, and

specification of Q.C. samples. This sub-program also

prepares a list as the terminal of Lab Sample Numbers,

corresponding User Sample Numbers and file lengths required.

If a Q.C. sample is required, the concentrations and type

of Q.C. sample are printed out rather than the User Sample

Numbers..

FILWRT:SV - This program is run after the samples have been prepared

for analysis (i.e., Lab Numbers put on bottles and Q.C.

samples prepared). It puts entries in the status file

(STATUS:DA) and the cross reference file (CREFT:DA).

Variables are communicated between segments through and retained during

chaining by common arrays G, B, F, P, C, and L.

B - contains the sequence identifiers set up by ENTRSl:SV.

G - contains the parameters passed between sub-programs:

G() = Group size (samples, excluding Q.C.)

G(2) = Identifies group type: -1 = ungrouped sample

0 = new group

I = grouped sample

G(3' = Sample type (read from QCTIME:DA)

G(4) = Group type (read from QCTIME:DA) (o = unset)

G(5) = Number of user samples remaining in sequence

LL
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G(6) = Pointer to position in sequence

C(7) = Next standard concentration

G(8) = Last location in present sequence.

F - contains current sample and last started sample.

P - contians pointers into TEMFIL:DA or SPCTEM:DA.

C - contains prespecified standards ratios.

L - contains record length information read from METHOD:DA.

Data Entry Program

This program is the program by which analysis data is entered

into the system. Two entry modes are provided, normal entry (at a ter-

minal) for systems which are not automated, and automatic entry for

instruments (currently GC's only) which are automated and produce a

computer file containing data. It consists of form sub-programs which

chain together.

These sub-programs and their functions are as follows:

ENTERD:SV Dialogue enter sample number, compound name, date,

analysis method, analysts initials, and instrument

number. For Q.C. samples, it chains to ENTRD2:SV.

Replicates are handled by ENTRS1. For user samples,

it checks the Cusum files for accuracy and precision.

If the system is "out of control", a message is printed

and the data is not entered in the file.. If the system

is in control, but approaching the "out of control"

condition, the data is entered in the file and a

warning message is printed at the terminal. ENTERD

chains to ENTRD4 for the actual file entry and

STATUS file updates.

ENTRDl:SV This sub-program handles duplicates. The first of a pair

of duplicates is a user sample. Data are entered in this

file in regular format, and also in the duplicate (Q.C.)

file in the "expected" value location. It chains to ENTRD2:SV.

. '...
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ENTRD2 - This sub-program handles data for Q.C. samples (duplicates,

standards or spikes, and blanks). Data for the duplicates

are used to update the precision CuSum file. Standards,

spikes, and blanks data are used to update the accuracy

CuSum file. The standard or spike data are stored until

a complete set has been accumulated. At this time, it chains

to ENTRD3:SV.

ENTRD3 - This sub-program uses data stored in temporary locations

to update the data base and calculate new precision,

accuracy and detection limit data. These new data are

written back on this file for use by ENTRD1.

ENTRD4 - This sub-program uses data packed by ENTRD1 to update the

file header, and then update the status file.

Common variables for communicating between ENTERD programs.

COM H$(28) Sample file header

1-6 Sample Number

7-10 Sample Type

11-16 User Sample Number

11-15 are blank if Q.C.

16 = index to std conc.

(l=1/2X, 2=X, 3=2X, 4=5X, 5=1OX, 6=20X, 7=50X)

17-21 Date Submitted

22-23 File

24 Priority

25 Replicate Sequence*

1= first

2 =second, etc.

26 No. Replicates*

0 = single sample

1 -duplicates

2 - triplicates, etc.
*Initial system is restricted to duplicates, of which the second is a Q.C.
sample.

V .j.



27,28 Status

0 = not started

>0 = number analyses remaining

-1 = done

(if applicable, -2 = all replicates done)

N$(9) Data File Name

V$(20) Analysis Data String

1-5 Analyte Name

6-10 Date Completed

11,12 Analysis Method

13,14 Instrument Number

15-17 Analysts Initials

18-20 Measurement Units

P(6) Numeric Variables

1 Analysis Type

2 Sample File Record Number

3 Address of current string in record

4 Replicate Identifier

5 Analysis Result

6 Analysis Sequence Number in Methods File

7 Number of Results packed in B Array

A(2) Numeric Equivalent of Sample Number

Initial Start-Up Programs

USTATS:SV

This program accepts data from analysis of standards, without

requiring that the standards be logged into the system under the normal

laboratory number system (i.e., by use of the sample log in program).

It Is to be used only for initial start up, or to rebuild the data base

S

r .

1 ' ' " .. .
' '

. . I .. . . . . . ... . ' ; , ! : -i : . .. . . : : . ... . ... ..... : . .. . . ..
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after a method goes out of control. It accepts data in sets run at the

standard concentrations (.5, 1, 2, 5, 10, 20, 50 X detection limit) and

2 2
stores it in the data base as sums at each concentration, EX, EX , EY, EY

XY, EAY and Z(AY) and also stores the number of sets of data, a

minimum of 4 sets of data. The detection limit can be calculated, using

the method of Hubeaux and Voss. For this calculation, the program chains

to HUBVOS:SV. The accuracy and precision are also calculated, and the

detection limit and the variances and coefficients for the least squares

best fit line for precision and accuracy are then added to the data base.

HUBVOS: SV

This sub-program is used for the statistical calculations of

detection limit, precision and accuracy.

FXCSUM: SV

Once the data base has been built for and analyzed, this program is

run to set up the cusum file for the method. Once the cusum file has been

set up, it will automatically be updated as data are entered into the system

through ENTERD. Hence, as with USTATS, it's only used for initial creation

of the cusum files or to rebuild a file when a method goes out of control.

Maintenance and Utility Programs

This category includes those programs which are used to examine the

status of the system.

CREF:SV

This program is used to examine the cross reference table to determine

the Laboratory Number corresponding to a given User Number, to look up that

Number in the Status Table, and report on its status. If requested, it will

then look up the specific Sample File and report the status of each analysis

in the sample.

• ,, :1
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CKCSUM: SV

This program is used to examine the cusum file when a method is

reported out of control or heading towards being out of control. It puts

a rough plot on the system device (TTY or CRT) or alternately, can send the

data to a remote computer (e.g., Tektronix 4051) for output on any desired

output medium.

WSTATS:SV

,This program is used for initialization of the Status File, STATUS:DA.

It enters the prefix for the Laboratory Number (specified by the operator)

and sets the value of the laboraotry to 00001, or any other value entered by

the operator. It is also used to change the prefix designation.

WMETHIII: SV

This program is used to set up the file of methods information used

by the various programs in the system, and to rewrite the Mfethod File as

changes become needed.

WTMFIL:SV

This program is used to initialize the temporary files for ENTERS

and FILWRT. It will be used only to reinitialize thes e temporary files in

the event of an unexpected incident preventing their normal reinitialization

by the system programs.

WQCTIM: SV

This program is used to initialize the Q.C. time file, and as with
sWTMFIL:SV, should not be needed again unless an unexpected malfunction occurs.
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GRPSZE:SV

This program is used to create the Group Size Table. This table

should never be altered by the system. However, it is expected that changes

in the group sizes will be required as data are acquired in the system.

TAB9OT:SV

This program is used to write out the T Table File for the statistical

program portion of USTATS:SV and ENTERD:SV. It should not be needed again

barring a catastrophic system failure.

CRFLST

This program is used to initialize the cross reference table, CREFT:DA.

If you run a cross reference file which has been already initialized, it will

list the contents of the file. (It is not for use on any other file and would

probably give an error message.)

FILCHK

This program was written for debugging purposes, and is included for

help if problems arise. It is for use only on sample (user or Q.C.) files

* and simply lists the header and each analysis block, without spacing or

decoding.

Data Files

The programs described above access and manipulate 4 sets of data

files:

(1) Sample files - one file for each sample.

(2) Statistical Data Files - two files for each defined

analysis type. One file contains data from stan-

dard samples for calculation of the precision,

L(



accuracy, and detection limit for each analyte.

The second file keeps the cumulative data for accur-

acy and precision of each analysis.

(3) Status and Cross Reference Files - The Status File

has an entry for each sample, arranged'in numerical

order. The Cross Reference File contains the User

Number and the Laboratory Number.

(4) Parameter Files - These files contain parameters which

are used by the various programs in recording and manip-

ulating of data and data files.

These files are described more fully in the following section.

Sample Files (ANNNNN:DA)

Header (Real and Q.C. Samples) 19 words

Lab No. Dec. Eq. Wd 1, 2, 3, 4 (2 Data words)

Lab Sample No. Char. 1-6

Analysis Type Char. 7-10

User Sample No. Char. 11-16 (Note 1)

Julian Date Received Char. 17-21

File Char. 22-23

Priority Char. 24

Number of Replicates Char. 25
(Note 2)

Replicate Sequence No. Char. 26

Status Flag Char. 27-28 (Note 3)

Each analysis for real samples (21 words for each analyte)

Analysis Name Char. 1-5

* Julian Analysis Date Char. 6-10

Analysis Method Char. 11, 12

Measurement Boolean Char. 13, 14

_777777 - -I

iA
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Measurement Mantissa Char. 15-20

Measurement Exponent Char. 21-23

Measurement Units Char. 24-26

Accuracy Char. 27-30

Precision Char. 31, 32

Instrument Number Char. 33, 34

Analysts Initials Char. 35-37

Status Flag Char. 38 (Note 4)

Analysis Sequence No. Char. 39, 40 (Note 5)

QC Sample Files (16 words for each analyte)

Analysis Name Char. 1-5

Julian Date Char. 6-10

Method Char. 11, 12

Instrument No. Char. 13, 14

Analyst Initials Char. 15-17

Status Flag -Char. 18

Expected Value 2 words (1 data word)

Found Value 2 words (1 data word)

Analysis Sequence No. 2 words (I data word)

Note 1: For QC Samples, characters 1-5 are blank

Char. 6: 1 = blank

2-8 are relative levels for standatds

Note 2: 0 for single samples, 2 for duplicates (Q.C.)

3-9 indicates spikes.

The second character indicates offset from first

replicate or the base sample for the spike.

Note 3: 0 = not started

-1 = Done

-2 = All replicates done (if applicable)

>0 No. of analyses to be completed.

7 - ;--- --- ---- - I i
7 - .... 1 '
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Note 4: 0 - not started

1 - started

2 - completed

Note 5: N = sequence identifying number in

Methods file

REAL SAMPLES: Block 1 Header+ 5 analyses

Subsequent blocks 6 analyses

QC SAMfPLES: Block I Header+ 6 analyses

Subsequent blocks 8 analyses

Temporary Files

TEMFIL:DA (6 records)

Temporary file to hold list of Laboratory Numbers for use by FILIWRT

to write unto Analysis File after creation by operator.

Lab No. (N$) 1-6

User No. (U$) 7-12 22 char. (12 words)

Date (D$) 13-17

Analysis Type 18

Priority 19

No. Replicates 20

Replicate Sequence 21

Unused 22

First block

Word 121, 122 Block number of last entry P(l)

123, 124 Address of last word of last entry P(2)

125, 126 Number of entries available P(3)

f
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SPCTEM:DA (6 blocks)

Temporary file for special samples (tentative format).

Length of entry 1, 2 (holds number of.anlayses)

Lab No. (N$) 1-6

User No. (US) 7-12 10 words as in TEFIL:DA

Date (D$) 13-17

Analysis No. 1 Use sequence

Analysis No. 2 numbers from

etc. Methods File

Sample Status Files

STATUS:DA Control File

1. Packed decimal equivalent of prefix + 2 digits.

2. 3 low digits of next lab number.

3. Same for highest lab number for

4. which analysis has been started.

eated (3. Same as above

6. for lab number.

7. No. of samples in set

:)le set to 0 when done.

8. Sample type initially.

when started:

thousands value - no. analyses started

units value - no. analyses finished

&L ,77 O.Q. Qw
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CREFT:DA Cross Reference File

1. Users Lab No. 6 char.
Repeated for each sample.

2. Lab No. 6 char.

Quality Control Data Files

CUSTfN:DA Cusum File (one for each sample type)

Two blocks for each analysis, first block Precision

second block Accuracy

Ordered by Sequence No. in Methods File

Block format:

I = Status

0-.5 = In control

>.5 = Warning

11 = Out of control

2,3,4 = coefficients of equation of upper and lower

limit times

5 = number of points in file
6-63 = up to 58 data points.

STATSN:DA Statistics Data Base (one for each type of sample)

One block for each analysis

Block format:

1 = concentration of IX x standard

2 = current detection limit

3 = number of data sets accumulated

4 = S2 for precision

5,6;7 = coefficients for precision line

8 = S2 for accuracy

9,10,11 = coefficients for accuracy line

12-25 = 2 level stack of results for each level,

waiting for a complete set partial sums

for each level

26-30 = 1/2X EX, EY, EXY, EX2 , E2

j2



16

31- 35 = 1X

36-40 = 2X

41-45 = 5X

46-50 = lOX

~51-55 = 20X

56-60 = 50X.

61 = E-

62 = E(-

Parameter Files

METIIOD:DA Methods File

Record 1

175 characters -Method Names (arranged according to

RMA's analysis list

24 characters - 5 standard and SPEC sample names

10 characters - 5 standard sample type abbreviations

Record 2,3

100 numbers - Sequential analyses for analyses in

each standard sample type

10 numbers - 2 x 5 array, start and size of string

of analysis numbers in above array

Record 4

35 numbers - Analyses numbers for each* lab.

6 numbers - 2 x 3 array, start and size of string

of analysis numbers in above array

GRSIZEtDA Group Sample Size Table

Group Sizes

Loc 1 2 3 4 5

Value 21 16 11 6 1

.. -.- .......

-.,, . .
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Blanks

Loc 6 7 8 9 10

Value 3 2 2 1 1

Duplicates (or Replicates)

Loc 11 12 13 14 15

Value 4 3 3 2 2

Spikes

Loc 21 22 23 24 25

Value 7 6 5 4 3

Standards

Loc 16. 17 18 19 20

Value 7 6 5 4 3

QCTIME:DA Q.C. Time File (one record for each sample type)

G(3) I. Sample type

G(4) 2. Group Flag -1 = Non-grouped sample

0 = Initial state

N>0 = Grouped sample

N = Set in group

G(5) 3. Number of user samples remaining in

group

G(6) 4. Pointer to position in sequence

G(7) 5. Next standard concentration

G(8) .6. Last location in present sequence

-63 sequence elements (up to 57)

jr

_ _ _ _ _

. "
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OPERATION OF SYSTEM

This section outlines the procedures for use of the system, and

is divided into sections for initial start up, normal operation, system status

check, and G.C. operation. The sub-section illustrating system dialogue is

givcn in Appendix C. The portion output by the system is underlined.

Initial Start-Up Procedure

This section describes the procedures to be used in starting up j
the system at first.

9 Load all (or at least start up) programs and

CSAVE under specified name.

* Using the CREATE command, create the following

utility files:

STATUS:DA 40 records (for 600 files) (a)

CREFT:DA 40 records

METHOD:DA 4 records

QCTIME:DA 5 records

GRSIZE:DA 1 record

TTAB90:DA 1 record

TTABLE 3 records

TEDFIL:DA 6 records
(b)SPCTEM:DA 6 records

STATSI:DA 16 records

STATS2:DA 27 records

STATS3:DA 27 records

STATS4:DA 9 records

STATS5:DA 21 records

CUSUMl:DA 32 records(c)

(a)The size of STATUS:DA and CREFT:DA can be chosen any desired size. 40

records was chosen as a suggestion.

(b)Not implemented on initial system.

(c)Only STATS3 and 4 and CUSUM 3 and 4 are needed at first, as the method

of handling biological, soil, and sediment samples is undecided.

- _ _~ *--- - . . .
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CUSUM2:DA 54 records

CUSUM3:DA 54 records

CUSUM4:DA 18 records

CUSUM5:DA 42 records

* Run set-up programs.

WMTHOD:SV to write out METHOD:DA

WTMFIL:SV to write out TEMFIL:DA

WACTIM:SV to write out QCTIME:DA

GRPSIZ:SV to write out GRSIZE:DA

CRFLST:SV to initialize CREFT:DA

FILCIIK:SV to list sample files

WSTATS:SV to initialize STATUS:DA

WTABLE:SV to write out TTABLE:DA

WTAB90:SV to write out TTAB90:DA

* Run standards on all analytes (at 1/2, 1, 2,

5, 10, 20, and 50 times detection limit(a)

(Ideally 4 replicates on each of 4 days.)

Enter data into the system using USTATS:SV.

(Can't use ENTERD yet, because it requires a

cusum file. At least 4 replicates must be

run before the next step can be taken.

" Run FXCSUM:SV. This takes the data from the

statistical data base and creates both pre-

cision and accuracy cusum files.

Once FXCSUM:SV has been run for a given malysis type, the system is

ready for normal operation

(a)
A preliminary set of data should be run to determine the approximate
value of the detection limit, unless it is already known.
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Normal System Operation

Once the system has been started by the above procedure, normal

operation involves a different sequence described below.

Sample Login

Samples are entered into the system by use of ENTERS:SV.

The program assigns sequential laboratory numbers, indicating where blanks,

duplicates, and standards occur. It also choses values for the standards.

When all samples have been labled with the designated laboratory number

and all blanks, duplicates, and standards are ready for analysis, and the

indicated files have been created, the program FILWRT:SV is run. This

program takes the information stored by ENTERS:SV and writes the analysis

information into the fiies. It also enters the sample numbers into STATUS:DA

and CREFT:DA. When samples are ready for analysis, the program ANALYZ:SV is

run. This program checks the cusum files for the analysis. If the analysis

is not in control, the program prints Q.C. OUT-OF-CONTROL, and will not

accept samples for that analyte.. If the analysis is in control, it sets

the status flag for each analysis in each sample to "STARTED".

Laboratory Data Input

Data are entered into the sample files by use of the program

ENTERD:SV. For user samples, the appropriate CUSU file is queried to

ascertain that the analysis is still in control, and if so, the data is

enetered into the file, and the status flag for that analysis in that

specific sample is set to done. If the analysis has gone out of control,

the data is rejected.

For Q.C. samples, the appropriate CUSUM file is updated and a

flag set to indicate status of the system. For standards or spiked data,

the statistical data base is updated, and when one complete set of stan-

dards has been run, the precision, accuracy, and detection limit are re-

evaluated. If the system is approaching the out-of-control point, a Q.C.

p .1
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WARNING message is given. If it is out of control, a message, "Q.C. OUT-

OF-CONTROL"'is given and no further analyses can be started or data entered

into sample files.

Q.C. Operations

When an analysis is flagged as out of control, or approaching

the out-of-control point, the system will type out a warning message.

At this time, it is necessary to assess the situation. The program

CKCSUM:SV plots the CUSUM file data on one of the system terminals for

on-the-spot diagnosis. If the analysis is out of control, a new statistical

data base can be set up by running a new set of standards as was done to

start the system.

DISCUSSION AND FUTURE WORK

The data management system described in the previous sections

(and the Appendices) has been debugged as well as is practical in without

real data. The system has been installed at RMA, and is currently in the

process of acquiring data in the start-up phase, and should be operational

in the next few weeks.

Actual experience with the system is essential in assessing the

results and determining what problems exist. It is a virtual certainty that

some program bugs will be uncovered in the early weeks of operation. How-

ever, these are areas which need further development before the system can

be considered totally operational. In addition, changes in requirements for

the system have been made that have not been put into effect yet because

they occurred so late that incorporation in the initial system would have

delayed it unduly. The known requirements are discussed in the following

paragraphs.

~ ~ 7,-

, ~ ~ ~ ~ ~ ~ ~ ~... ¥!K ..IJ" : .:;.



22

Standards vs. Spikes

Working spiked samples into the computerized data management

system is more difficult than for standard (known) samples. For water

samples, standard samples are workable. However; no "standard" soil sedi-

ment of biological samples are available so that only real spiked samples

seem appropriate. Accordingly, it was decided that the initial system

would be concerned only with water samples. Tentative provisions have been

made for spiked samples, but the exact means of implementation has not yet

been decided upon.

Alteration of Data Format

When the system was being designed, the header block for the

data file and the data block for each analyte were defined to be comrpat-

ible with Edgewood's data file format. Therefore, analyte names were al-

lotted 5 characters, the mantisso for the analysis was allotted 6 characters

and the units file was allotted 3 characters. Similarly, the file header

was provided with 2 characters for the data called "FILE", 2 characters (BA,

SO, WA, SE, for Biological Assay, SOil, WAter, or SEdiment, respecti:ely).

In a recent visit to RNA it was learned that these requirements have been

altered: 6 characters for analyte name, 5 characters for analysis mantisso,

and 4 characters for units. In addition, the header needs an additional

field "LOCATION (or WELL) IDENTIFIER" and doesn't need the 2 character

"FILE". These changes have yet to be worked into the system.

Additional Programs

All of the originally planned programs have been implemented on

the system with the exception of two that are intimately linked with the

data format. These are the program to transmit data to the Tektronic 4051

for convers ion to the proper format for the Edgewood file, and the program

to list all samples ready for analysis in individual laboratories. These
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remain to be completed. In addition, the Methods File will need to be modi-

fied as new sample types are defined, even for RMA. Installing the system at

other labs will probably mean an entirely different Methods File. Accordingly,

an EDITOR to modify the Methods File should be developed.

The conversion to the new data format will require about I man-

week, and probably 1 man-week for debugging all the changes required. The

new programs probably will require about 2 to 2-1/2 man-months for development

and debugging. The time required for debugging the installed system is

difficult to estimate, but could involve 1 to 2 man-months.,

Lj
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USTATS:';'/ Program to Build Statistics Data Base for Analytes

This program starts with an empty data base file, or one which

has become suspect or worthless (e.g., when an analysis goes out of con-

trol). It requires only that a file named STATSn:DA exist on the system,

(where n is the number of the sample types currently defined).

Sample Type

No. Name STATS in File Length

1 CPB (comprehensive pilot, biological) .16 records

2 CPS (comprehensive pilot, soil) 27 records

3 CPW (comprehensive pilot, water) 27 records

4 360 (3600 water) 9 records

5 BSNF (Basin F) 21 records

and the methods file, METHOD:DA, which contains identification data for

the sample and analysis type. When the program is started, it first checks

for the availability of the methods file, and if it is not present, it

aborts with error message (1).

(1) METHOD:DA NOT AVAILABLE

If the file is present, the program prints (2)

(2) ENTER SAMPLE TYPE

I In response, the sample type is entered.

If it is not defined in the methods file, error message (3) is printed,

(3) ILLEGAL SAMPLE TYPE

and the program waits for a valid type. The program can be terminated by

hitting the space bar and a carriage return. When an acceptable sample

type is received, the program then looks for the proper STATSn:DA file.

If not found, it issues the error message (4),

(4) STATSn:DA NOT AVAILABLE
and goes back to the request for a sample type, (2). If the stats file is

found, the program then prints (5)

(5) ENTER ANALYSIS NAME

...
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If the analysis is not included in the methods file, an error message

(6) is printed,

(6) UNDEFINED ANALYSIS FOR THIS SAMPLE TYPE

and the prompt (5) is repeated. If the analysis is legal, the program

then prints (7).

(7) NEW DATA BASE?

If the new data base is being built (whether for a totally new file or

rebuilding a file that has gone bad, a YES (or Y) response will cause the

system to write -1 and 0 on appropriate portions of the file, and to issue

the prompt (8).

(8) ENTER THE 1X CONCENTRATION LEVEL

The response to this question is entered into the file and thereafter,

all standards are expected to be related to this concentration.

If the response to the question (7) is NO, the program types out the 1X

concentration level, and the status of the system, number of sets of data

in the data base and contents of this temporary register. The system then

types (9).

(9) ENTER TARGET LEVELS

The response must be 1/2, 1, 2, 5, 10, 20, or 50. Any other response will

cause an error message (10) to be output.

(10) ILLEGAL TARGET LEVEL

ENTER TARGET LEVEL

Only two values can be present for each level. If temporary storage is

already full, the error message (11) will be output and the system will go

on to 0.

(11) LEVEL ALREADY FULL

After a satisfactory target level has been entered, the system will print (12).

(12) ENTER ANALYSIS RESULT

Any legal number will be accepted, so be careful.

If an erroneous number is entered and a carriage return is given before the

error is discovered, it can be corrected at any later time by entering the

complement (negative value) of the number in a later step. If a negative

number is entered, the system will respond (12a).

(12a) ENTER REPLACEMENT VALUE?

ip



If the erroneous number is still in the temporary storage register, it will

simply be replaced and the system will continue at (15). If the value is not

in the temporary storage register, the system will respond (12b).

(12b) VALUE NOT IN TEMPORARY STORAGE,

DO YOU WANT DATA BASE CORRECTION?

A YES resronse will cause the system to correct the partial sums in the data

base. A NO response will cause the system to ignore the negative input, and

in either case, to procede on to (15).

If the temporary storage levels are full, the system will type (13).

(13) LEVEL NOW FULL

After each data point is entered, the system checks to see if one complete

set of data has been entered into temporary storage. If so, these data are

written to the permanent data base, and the temporary storage registers are

again made available for use.

In any event, the system will then ask (14).

(14) DO YOU WANT STATISTICAL CALCULATIONS?

If the response is YES, the system will calculate and print out the de-

tection limit and the precision and accuracy as a function of concentration.

The least squares line for the latter two are also calculated. The detec-

tion limit, the variance and line coefficients for precision and accuracy,

the updated partial sums are also rewritten in the statistical file

(STATSn:DA) for later access by the program. Typical dialogue sequences

are shown below.

(15) MORE DATA?

if the response is NO, the updated data are written into the system file

and the program stops. If the answer is YES, the system asks (16).

(16) SAME ANALYSIS?

If the response is YES, the program goes back to (9). If the response is

NO, it updates the present data base, then starts over at step (2).

V 

I
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The following examples of output dialogue illustrate the operation of

USTATS:SV. (System dialogue is underlined.)

The first example shows the creation of a new data base. Some steps have

been omitted for brevity, but the process was carried far enough to permit

calculation of statistics. (This file was created from replicate standards

with identified analysis results, so the errors should all be zero.)

3,RUN

ENTER SAMPLE TYPE: 7360

NEW DATA BASE??Y
ENX x CNTRATION LEVELs?.5
VNTER TARGT LEVELI ?.5
ENTER FOUND VALUE: ?.25

DATA TO ENTER? ?Y
-ME ANALYSIS? ?Y

ENTER TARGET LEVEL ?1
ENTER FOUND VALUE: .5 
MORE DATA TO ENTEfRT_?Y
SAME ANALYSIS? .Y -i

iNTERTARGET LEVEL: 12
ET-F----OUND VALUE: ?!1
9-ORE DATA TO ENTER?'?Y

-AME ANALYSIS? ?Y
ENTER TARGET LEVEL: ?5
ENTER FOUND VALUE: 72.5
MO)'RE DATA TO ENTER? ?Y
SAME ANALYSIS? Y

'V1



ENTER TARGET LEVEL: ?20
ENTER FOUND VALUE: ?10
MORE DATA TO EUJTER? ?Y
.SANE ANALYSIS? ?Y
ENTER TARGET LEVELt: S0
ENTER FOUND VALUE: 25.
DO YOU WANT STATISTICS CALCULATED? ?Y
THE VALUE OF T IS 1.701
THE SLOPE IS -
THE INTERCEPT IS 0
THE STANDARD DEVIATION IS 0
.THE OVERALL COEFFICIENT OF VARIATIOr IS 0 k
THE DECISION LIMIT IS 0
THE DETECTION LIMIT IS -1

LEVEL Z VARIATI 0
.25 "0
2.5

25 .0
.0

LEVEL ' ACCURACY

J ,_-5 0{

5g

MORE DATA TO ENTER??N

BASIC RADY

*=

'I



The second example shows addition of data to an existing data base. In

this case, the analytical results were allowed to vary so that results should

not be zero.

>oRUN
ENTER SAMPLE TYPEt "360
iNTER ANALYSIS NAME:?CL
NEW DATA BASE??N
3 SETS OF DATA ARE IN THE DATA BASE.
I rEIX TARGET CONCENTRATION IS I
TEMPORARY STORAGE STATUS:
LEVEL CONTENTS
-5 .5
I L

5 5
10 10

ENTER TARGET LEVEL: .50
ENTER FOUND VALUE, ?50
DO YOU WANT STATISTICS CALCULATED? .Y
THE VALUE OF T IS 1.701
THE SLOPE IS 1.07403
THE INTERCEPT IS 3.65998E-02
THESTANDARD DEVIATION IS 1.79103
THE OVERALL COEFFICIENT OF VARIATION IS 13.1545.2
THE DECISION LIMIT IS 3.1682
THE DETECTION LIMIT IS 5.8643

LE VARIATION
.5 8.22596
1 8.22596
2 •11.0867

To 957427

U0 957 427
50 9.57427t V EL rC- U-R -A

I- 10.5-372'5

5 7.5
10 7.5

5 7.5

* MORE DATA TO WTER??N

BASIC READY

-#.-.-
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The third sample also shows addition to an existing data base, and also

illustrates the use of a negative value to correct an erroneous entry.

ENTER SAMPLE TYPE, ?360
ENTER ANALYSIS NAMESCL
NEW DATA BASE??N
3 SETS OF DATA ARE IN THE .DATA BASE.

THE IX TARGET CONCENTRATION IS I -
TEMPORARY STORAGE STATUS:
LEV EL CONTENTS
•5 .5

2.0-i-

50
.NTER TARGET LEVEL ?5
ENTER FOUND VALUE! ?45
MORE DATA TO ENTER? ?Y
SAME ANALYSIS? ?Y
ENTER TARGET LEVEL: ?10
ENTER FOUND VALUE: ?10
MORE DATA TO ENTEQ? ?Y
AME ANALYSIS? ?Y
FJTER TARGET LEVELt ?5
ENTER FOUND VALUE: ?-45
I R REPLACEMENT VALUE?5
MORE DATA TO ENTEPR? ?Y
SAME ANALYSIS? ?Y
fr2 ER TARGET LEVIEL, 720
... ER,'FVUND-VALUE: ?20
MO0RE DATATOENTER? ?N

W



FXCSUM:SV Program to Setup Cumulative Sum File

This program takes data from the statistical data base created by

USTATS:SV and builds the cumulative sum files for both precision and accuracy.

It requires that a file, CUSUMn:DA, exist on the system, where n is the

sample type. These files require no initialization. The STATSn:DA file,

created by USTATS:SV, and the Methods File, METHOD:DA, are also required.

n Sample Type CUSUMn:DA Length

1 CPB 32

2 CPS 54

3 CPW 54

4 360 18

5 B 42

The program is called by the command: RUN FXCSUM:SV.

The system outputs (1)

(1) ENTER SAMPLE TYPE?

If the sample type is not correctly entered, the system responds with (2),

(2) NON EXISTENT SAMPLE TYPE

and repeats (1).

If the sample type is alright, the system checks for the CUSUMn:DA and

STATSn:DA files. If either file is not found, the system prints (3),

(3) n:DA NOT AVAILABLE

and terminates. If both files are found, the system prints (4).

(4) ENTER ANALYTE NAME?

If the analyte name is incorrect, the system responds with (5),

(5) ANALYTE NOT IN THIS SAMPLE TYPE!

and repeats (4). If the analyte is correct, the system then procedes to

write out the two records in CUSUMn:DA and terminates with (6)

(6) BASIC READY.

This sequence is illustrated in the following example dialogue.

p~ .'4
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In this example, the sample type BSNF did not have the data base

completed for any analyte than Cl. Hence, Cl worked OK. F was

rejected as it is not an analyte in BSNF samples. The END-OF-FILE

message occurred because the data base record for NIT had not been

prepared.

In the second example, the cusum file for CPW samples had not been

created.

)RUN FXCSUM
ENTER SAMPLE TYPE:?BSNF
ENTER ANALYTE NAMEI?CL

ANALYTE NOT IN_. THIS. SAMPLE TYPE!

ENTER ANALYTE NAME:?NIT
END-OF-FILE/END-OF-RECORD IN LINE 620

>RUN
ENTER SAMPLE TYPE:?CPW
CUSU 43 "DA NOT _VAILABI_L

IJASIC READY

CKCSUM:SV - PROGRAM TO PLOT CUSUM FILE ON SYSTEM CONSOLE

This program plots the cusum file for a specified analyte in a

specified sample type on the system console (or other specified device).

Use of the program, of course, requires the presence of the appropriate

CUSU.Mn:DA file (n is the sample type as defined on A-l), and the methods

file MET11OD:DA. It first checks for the availability of the methods

file, and if it is not present, it aborts with the error message (1).

(1) METIIOD:DA NOT AVAILABLE

V r wI.

S-.--~



A-10

If the file is present, the program prints (2)

(2) ENTER SAMPLE TYPE

and entering any character (other than space) followed by return will end

the program.

If it is not defined in the methods file, error message (3) is printed,

(3) ILLEGAL SAMPLE TYPE

and the program waits for a valid type. The program can be terminated by

hitting the space bar and a carriage return. When an acceptable sample

type is recieved, the program then looks for the proper STATSn:DA file.

If not found, it issues the error message (4),

(4) STATSn:DA NOT AVAILABLE

and goes back to the request for a sample type, (2). If the stats file is

found, the program then prints (5)

(5) ENTER ANALYSIS NAME

If the analysis is not included in the methods file, an error message

(6) is printed,

(6) UNDEFINED ANALYSIS FOR THIS SAMPLE TYPE

and the prompt (5) is repeated. Entering any character (other than space)

followed by return will restart at (2).

When a proper analyte is entered, the system prints (7)

(7) WHICH PART?

Acceptable responses are P, A, or E; P for precision cusum, A for accuracy

cusum, and E for return for another analyte. In the plot on a terminal or

line printer, the upper limit line is shown by +, the lower limit line by

-, the expected line by 0, and the actual line by *. A typical example

follows. (This plot was made from a new cusum chart containing no data,

only the limits.

>RUN
ENTER SAMPLE TYPE? BSNF
ENTER ANALYSIS NAME? CL
WHICH PART? P

,. . = .,,. . ... .. .. . . . . : ' - . : ': , : -. i,. .. ] ~ . .. . . . I~ : - : ' ' ' ' ' r ' ?
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ENTERS:SV - PROGRAM TO ENTER SAMPLES INTO SYSTEM

This program is used to log samples into the data management

system. Enters requires the presence of four data files:

* METIIOD:DA - file of methods information

* GRSIZE:DA - file of group size data

o QCTIME:DA - file to store information about

the sample group in process

o TEMFIL:DA - temporary file to store information

about each sample for later permanent

storage.

Enters recognizes the five sample types currently contained in

the methods file. A definable sample class "SPEC" is planned but not yet

implemented. It permits samples-to be handled as GROUPED or UNGROUPED

samples, depending upon the situation or viewed by the person responsible

for entering samples.

GROUPED samples will normally be used when a relatively small

number of samples is being handled. The intent is that a complete set of

Q.C. samples will be included with each group. Some alteration in what

constitutes a "complete set of Q.C. samples" may be required as experience

is gained with the system, but the initial setup includes an entire set of

7 standards (0.5X to 50X) and duplicates or blanks. The group size table

includes specification of Q.C. samples for any size group.

The UNGROUPED category is designed for a sample which will be run

very often (50 or more per week). This category will include a set of 7

standards, 3 duplicates, and 3 blanks for each 30 samples.

Normally a GROUPED sample set may be started any time one GROUPED

set has been completed, or if the system is running in the UNGROUPED mode.

It is not necessary to enter all samples of a group at one time, although

that can be done if desired. The system keeps track of each group in the

file QCTIME:DA.

The only limitation is that TEMFIL:DA can only hold Information

for 60 samples, including the Q.C. samples.

$
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The system is protected as much as possible. Enter of numeric

data where alphabetic data is required (or vice versa) will cause the

program to print ?? and wait for a proper response. There is one point

of caution, however. The use of Control-Q MUST be avoided for termination,

because the program requires proper exit, which involves writing data in

three files. Use of the Control-Q will completely ruin sample number

continuity and Q.C. spacing records.

When ENTERS is run, the program initially prompts (1).

(1) GROUPED SAMPLE?

If the response is N (or NO), the program prompts (2).

(2) ENTER SAMPLE TYPE?

If the sample type is not defined in METHOD:DA, the program prompts "NON-

EXIST SAMPLE TYPE" and repeats prompt (2). When a suitable sample type

is entered, the program checks QCTIME:DA. If an uncompleted group is

currently in progress, the program prompts (3).

(3) GROUP CURRENTLY IN PROGRESS.

n REMAINING. SHOULD GROUP BE COMPLETED?

If the response is Y (or YES), the old group is completed. If the response

is N (or NO), the current group is abandoned and this sample type is run

in UNGROUPED mode until a new group is defined. In this case, the program

then proceeds with actual sample entry dialogue (6).

If the response to (1) is Y (or YES), the program then prompts (4).

(4) NEW GROUP?

If the response is (Y), the program pcompts (5).

(5) GROUP SIZE?

If the response is greater than 25, the program prompts "MAX GROUP SIZE IS

25" and repeats prompt (5). When a satisfactory group size has been

enetered, the program then prompts (2).

If the sample type is acceptable and there is no current group, the pro-

gram procedes to setup a sample group, then prompt (6).

(6) LAB. NO IS AOOOO (or whatever the next number actually is)

n RECORDS NEEDED.

ENTER USER SAMPLE NO?

A six-character sample number provided by the user is entered.

.. ..



The program then prompts (7)

(7) ENTER JULIAN DATE RECEIVED?

The 5-digit Julian date is entered. For each sample group at a single

sample login session, the letter S can be used after a date for the first

sample enetered. This will cause the same date to be repeated.

The program automatically assigns Q.C. samples in a pseudo-random order*

and prints out the lab no. and the identifying data. Standards are given

in terms of the concentration used in initially setting up the statistical

data base. This concentration should not be changed (even if the detection

limit does drift) until a new statistics data base is started, otherwise

the validity of the accuracy data will be destroyed.

If no Q.C. samples are in order (or after the Q.C. sample information has

been typed, the program then prompts (8).

(8) ANOTHER SAMPLE?

If the response is Y (or YES), the program proceeds to the next sample,

prompt (6). If the response is N (or NO), the program then prompts (9).

(9) ANOTHER GROUP.

If the response is Y (or YES), the program returns to prompt (1).

If the response to (9) is N (or NO), the program terminates.

As long as room remains in TEMFIL:DA, ENTERS can be rerun

repeatedly; the new entries are added at the end. When a group (including

the Q.C. samples) is larger than the remaining space in TERFIL:DA, a

warning prompt is given: "THERE IS ROOM FOR ONLY N FILES". Also, when

TEMFIL:DA is filled, the program will automatically end.

A random number sequence is used, but it is required that duplicates must
be duplicates of a user sample, not a blank or standard, so duplicates are
not placed in a totally random manner.

~'-~ K
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illustrating and largely self-explanatory dialogue is given below:

>RUN ENTERS
GROUPED SAMPLE? ?Y
NEW GROUP? ?N
ENTER SAMPLE TYPE: 7360

LAB. NO. IS A00009
2 RECORDS NEEDED.
ENTER USER SAMPLE NO:?A12678
ENTER JULIAN DATE RECEIVED. ?12378
ANOTHER SAMPLE?Y

LAB. NO. IS A00010
2 RECORDS NEEDED.
ENTER USER SAMPLE NO:?A12679
ENTER JULIAN DATE RECEIVED. ?S
ANOTHER SAMPLE?Y

LAB. NO. IS A00011
2 RECORDS NEEDED.
ENTER USER SAMPLE NO:?A12680
ENTER JULIAN DATE RECEIVED. ?S
ANOTHER SAMPLE?Y

LAB. NO. IS A00012
2 RECORDS NEEDED.
ENTER USER SAMPLE NO:?A123677
ENTER JULIAN DATE RECEIVED. ?S

LAB. NO. IS A3003
2 RECORDS NEEDED.
Q.C. SAMPLE: STANDARD- CONC.=.5X
ANOTHER SAMPLE?N
ANOTHER GROUP?Y
GROUPED SA4PLE? ?Y
NEW GROUP? ?N
ENTER SAMPLE TYPE: ?360

1N
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LAB. NO. IS A00014
2 RECORDS NEEDED.
ENTER USER SAMPLE NO:?BC1245
ENTER IJULIAN DATE RECEIVED. ?03978
ANOTHER SANPLE?N
ANOTHER GROUP?Y
GROUPED SAMPLE? ?Y
NEW GROUP? ?Y
GROUP SIZE? ?BSNF
??10
ENTER SAMPLE TYPE: ?BSNF
GROUP ALREADY IN PROGRESS!
5 REMAINING. SHOULD IT BE COMPLETEDY

LAB. NO. IS A00015
4 RECORDS NEEDED.
ENTER USER SAMPLE NO:?QW1III
ENTER JULIAN DATE RECEIVED. ?044a78

LAB. NO. 1S A00016
3 RECORDS NEEDED.
Q.C. SAMPLE; DUPLICATE OF LAST SAMPLE!

LAB. NO. IS A00017
3 RECORDS NEEDED.
Q.C. SAMPLE: STANDARD- CONC.=SX
ANOTHER SAMPLE?N
ANOTHER GROUP?N

BASIC READY
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FILWRT:SV - PROGRAM TO WRITE OUT SAMPLE FILES FROM TEMFIL:DA

FILWRT is used to write out sample files indicated when ENTERS

is run. FILWRT accesses the methods file, METH{OD:DA, writes the required

sample information in the sample files, chains to DIRFIX:SV to enter the

files in the status file, STATUS:DA, and the cross reference file, CREFT:DA.

For proper operation, it is essential that:

(1) All sample files have been created, with the

proper length.

(2) The statistics file for all analyses have

been set up.

(3) There is sufficient room in STATUS:DA and

CREFT:DA for all files to be entered.

If any of these conditions are not fulfilled, FILWRT will terminate

abnormally with a diagnostic message.

FILWRT involves very little dialogue. When it starts, it types

the prompt (1).

(1) ENTER NO. OF RECORDS TO SKIP?

This question should be answered with 0, unless one of the error conditions

has occurred (discussed in more detail in subsequent paragraphs). It will

then proceed to process TEMFIL:DA typing the name of each file in sequence.

If it finishes normally, it types the message (2).
(2) ALL FILES IN TEMFIL:DA COMPLETED

If all files are written out, but there is not room in STATUS:DA or

CREFT:DA, message (2) will be followed by messages (3) and (4) (Error A).

(3) STATUS:DA OR CREFT:DA FULL!

(4) ONLY n ENTRIES MADE FROM TEMFILDA

Two other error conditions can occur. If one of the sample

files is missing, the program will type (5) followed by (4) (Error B).

(5) DATA FILE Xnnnnn:DA NOT AVAILABLE

If one of the statistics files are absent, message (6) will be typed

followed by (4) (Error C).

(6) STATISTICS FILE STATSn:DA NOT AVAILABLE

Recovery from an error involves correcting the error and rerunning

FILWRT. Errors B and C are corrected by creating the missing data file or

i • ,;,.' ' .

~ .~. ~ a
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completing the incomplete statistics file. Error A requires either deleting

inactive (completed) names from STATUS:DA and CREFT:DA or making the STATUS:DA

and CREFT:DA longer. The deletion of file names is planned as a part of the

program to transmit data to the Tektronix 4051 (page 21)

When rerunning FILWRT after the error has been ocrrected, enter

the number typed out in the error message in response to prompt (i).

Sample dialogue sequences are shown below.

3.131C R,-ADYi :- RUtN Zt TERS

GPOUP-L) SANPI2L? ?Y
V-7') GROW'? ?Y
GROUP 21Z? ?5
I NTR SAIPLE TYP]E: ?36 0

L.A.3, IO. IS AC ',IA ,
2 -CO1J S N E u1).
C. C.. 1APLK-ILAtvK!

J'.-3L Stko : ? 2 1 -1~5
"T-(i JuL-i4J O&ti* N;5ULIV>9.. ?1.427'

AbO i"H)T )k PL.?Y

LA:J. NO. IS A0300J3

,:.1T US!R SA.IFLE NO: ol 2346
DTER JULIAN OA'E YCEVL... ?73

L4D. NO. Is AIN005

. C. U ; S PLICAT OF LAST 0;A1IPLL!
LAO IO IS L\J07 J
A.'k TZ O.1i T L; NZi) .

ATH:OiH UGLIU?N

.IASIC w :.A ;Y
>CG?-A T A,)000IDA,2

> C;IEA T A," 6 1) 213: JA,2

>Cf,AT .. A;! 1;1:14: JA,2

J r~t: FI 1 1" T

.i-';rAi NO. 0Os' N ;,I "[0f J}(lP?? '

JIL.K A.I.. J I :.)A

F I L. AJ .iC.,: ,)A

4 I.N'I' J . COU(iI'LCT,-':i FhO l T L FIL: A.

* k.2.*
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ANALYZ:SV - Program to Start Analyses

This program is used when an analysis is started. It sets

the appropriate flags in the analysis data file and the status file,

so that system queries will indicate the actual status. It requires

the methods file, METHOD:DA, the status file, STATUS:DA, and the cor-

responding CUSUM file. Absence of any one of these will cause a run-

time error.

When the program is started, it issues the prompt (1).

(1) ENTER SAMPLE TYPE?

If an unknown sample type is entered, the system prints (2), and repeats

(1), waining for an acceptable sample type.

(2) ILLEGAL SAMPLE TYPE!

When an acceptable sample type is entered, the system prompts (3).

(3) ENTER ANALYSIS NAME?

Any name not defined in METHOD:DA causes the error message (4), and

repeats prompt (3).

(4) UNDEFINED ANALYSIS FOR THIS SAMPLE TYPE.

When an acceptable analysis name is enetered, the system checks the CUSLM

file. If either the precision or accuracy file shows "out of control", the

error message (5) is typed and the prompt (3) is repeated.

(5) PRECISION* Q.C. OUT OF CONTROL.

If the CUSUM file is OK, the system then types prompt (6).

(6) ENTER SAMPLE NO?

If no such sample number is found, the prompt is repeated. If the sample

file is found, the sample type is checked against the type entered in (1)

above. If the types do not agree, the error message (7) is typed and

repeats prompt (6).

(7) SAMPLE Xnnnnn IS WRONG SAMPLE TYPE?

If the sample type is OK, the system then checks the status flag for the

analysis. If the analysis has already been started (or completed), the

system issues an error message (8a) or (8b) and repeats prompt (6).

*or "ACCURACY", etc.

J

' " * * . . . ... . . . .ii~ im|u p . .. . . ... .. . . . . . . . .. .. . . .. .. .i . i. . . . . . . .. ..
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(8a) ANALYSIS ALREADY STARTED

(8b) ANALYSIS COIMPLETED

If the analysis has not been started, the status flag is set to

started in the sample file and in the status file.

The dialogue is illustrated in the following example:

- . - r , ~ ~ *r **..

LI



A-22

CREF:SV - Program to Determine Status of Samples

This program returns the status of samples. It can be used

to search for a sample by user number or by laboratory number. It

requires the status file, the cross reference file and the analysis data

file.

When started, the system prompts (1).

(1) ENTER USER SAMPLE?

Almost any six-character name is accepted. The system reads the cross

reference file, and if that entry is not found, issues the error message

(2) and repeats (1).

(2) USER NO. NOT IN CROSS REFERENCE FILE!

If the entry is found, the system types (3),

(3) LABORATORY NO. IS Xnnnnn

and also indicates whether the sample has been started or not. If it has

been started, it indicates how many analyses have been started and how many

have been completed. It then types the prompt (4).

(4) DO YOU WANT THE STATUS OF INDIVIDUAL ANALYSES?

If the users response is N (or NO), the system goes to (1). If the users

response is Y (or YES), the status of each analysis is printed individually,

and the system then goes back to (1).

*CAUTION - EXCEPTION - Any character (other than space) followed by

return is used if you want to get the status of a sample by lab. no.

and will cause prompt (1a).

(la) ENTER LABORATORY NUMIBER?

In this case, step 3 is skipped, and the system proceeds to process

* the given lab. no.
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The following dialogueC illustrates the use of CREF:SV.

>,,i[) C ; iJ

LNT2J U5..J N. : ?IAl,.345

uW-Aoi PJ. 13 ~CLX iK
iA.L.; .$; TYP.: 6)VO L

UT3k LNO. 1"O.'T lqFU

t?
ig, -n Lilj 1;J. i I
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ENTERD:SV - PROGRAM TO PUT ANALYSIS DATA IN FILE

ENTERD is used to put analysis results into the sample data

files. Since, in theory, the analyst does not know which samples are

user samples and which are Q.C. samples, the program treats all alike.

When the program is started, it issues the prompt (1).

(1) ENTER LAB SAMPLE NO:?

If the sample number entered does not correspond to an existing sample

data file, an error message (2) is issued and prompt (1) is issued.*

(2) FILE UNNNNN:DA NOT AVAILABLE!

When a proper sample number has been entered, the program checks the

sample data file heading for internal consistency. If no problems are

found, it then issues the following series of prompts (3-9).

(3) ENTER 'ANALYSIS NAME:

(4) ENTER ANALYSIS RESULTS:

(5) ENTER DATE:

(6) ENTER ANALYSIS METHOD:

(7) ENTER INSTRUMENT NO:

(8) ENTER ANALYSTS INITIALS:

(9) ENTER MEASUREMENT UNITS:

If the analysis name does not exist, for the sample type, or is not

recognized, the program issues error message (10), and goes back to (3).

(10) ANALYSIS NOT IN FILE.

If the analysis name is satisfactory, the next action depends on the type
of sample.

For user samples, the program next checks the cusum files if

either accuracy or precision is unsatisfactory, an error message (11) is

issued and the program goes to step (12).

(11) PRECISION (or ACCURACY) Q.C. OUT OF CONTROL.

*A response of Control Q or any character followed by return aborts the

program.

* t .
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If the cusum files are satisfactory, prompt (12) is issued.

(12) ANOTHER ANALYSIS FOR THIS SAMPLE?

If the response is YES (or Y), it returns to prompt (3). If the

response to (12) is NO (or N), the data are entered in the sample file,

the status file is updated, and the program returns to prompt (I).

jA

(~
-------------------------------,.~-- .
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;4' T&M6164 Ib ON Ck3W7u7 USING OU012 BLKS fW1

* I IOXEM - PWUGkAM LSIAISZSV
2 2ohtEm - P-R~u'r<Ar1 10 UP'DATL IT1L 5TATISTIQS FILL
3 -3 ) L. UAJ A(d I ,tS3 1C E /3 1071 ,LCI ,F E73 ftU/H ,17 j ,L 1 ,M 4j
4 4 ld 6UM U 9)
5 b vI1 In OS241 1 C~ Et)) iElb~ ,AS E17D) I E2 5 1 ,J (1001
6 bDOUATA s~l~blovb
7 74LEI bi so
8 eoMtOk I:1TU 7
9 .93hEAU ZLIU

I 1102LLT 0lm"STATS :UAfe
2 12I4FILLS*
3 lAbSiGi "MtTtii0LaLA" # I
4 1401t L:IOGITu 17o
5 150HPINT "lhElt HOD: DA NO I AVAILAtsLt4

6 joluS1ue

9 191oFtR Imlr0 I uO
[A 20oJitAU 4WJjjjI~
~1 2 1 k3N-X J*
'2 22kiFUR falTUO 2
'3 23oFU' J xI10O 5
!4 je4k&RAL I; I LI J I
'5 2boNLXI J

!7 27 vPK 114 "tNIER SAMPLE. TYryP:*

'32 J2vLLT J=J+4
33 ~i~tJIV L~s:8.a(Jpj.'.5HtN J/0
34 d40NLXT I
35 6:v)~irT "ILLEUjAL SAMPLE TYPLSI'
)36 .6vGUTu 213

~38 .384AS5iLUr Li5,,L
$9 3901I LzvjTmr 4 42oL
40 qoo7PhINT D.i," NOT AVAI L.tll.

'1 41oGuiTu 7i~o
r42 42OPrMINT "LNIEK ANALYSIS NAMtJ"1l

43 430INPUT Ca~lpbl
44 4 41jLLT L:I(1,IJ

47 47oLt.T Kz C J4Ll-1) *t)+
'68 4khulII L~zAa (K fA+41THLN be
49 490N4XT J
i b~vPkIiT "IUNLEtINU ANALYSIS FuR TijIS SAMPLE TYPcI"

ol~IjGuTu. 42vi
0'2 b2t;LcT M(4J 3J41

~3 *.3vjLLr S1SwJ
to 041fPKNT "NEvi L)A1A BASL.V'1

55 )50GUSub 1010
36 objII* A192uQTO b*W



jo .4JUI W-.' 4-4 1' v 5-

30 Li0flNLXT I
)I oDkFu'R 1:22TU o3
12 b2h3PtNNT n11u

) 0 3IejLX1 I

35 bbv.LtT Simi

8.odk'FUIR Im1TO a

10 70WNLXT
' 1 7 101- M 131 <ALE1 h 3 k
'2 72,61F M (1) >0601U 7boi
13 r3IJPriI NT "1LNTEt% I X CUNLENTCA I ION LL VLL"
14 7410DNPUT ML1)

'6 7bioFuR J;1T0 7

/8 78oNtXT J
'9 79,Nt~xf 1

:51 olioFuR J=11O 7
'2 o2t;HtAU. 0 1 L) EJ) oL AJI ,F J # 6 (J] *H J I
13 b~kNLXI J

:) b5.Ho.iI - IN~PUT LJATA IthjM Tc.FMrAL
,)6 o~tP'rdr-T "H.NIEK 1AkGr.T LtVrcL.
37 ohuviqPvT XI
38 bb,6Fuk Ii=lTU 7

s4 94kPk~f-'T "LE~VEL ALPXEAUY IULL1I'
ob .4buGuTu 1340

j6 ~910TC N~k FUNU ALYL

47 97v4jNiP±T "LV. UWFL.

963l L tit~2i C1ill >j,oTO~ 1010

j4 1900FUO 1121T0

)5 14o lleLLI 11:3-coUT *t~k

I15 I'ici.tLIL21 (I113

2 10LtTj 1 t 1
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!I 12kie2LEI eII) nC11i1i*rl+lX1

t2 12 bQ)tlx L (I] -i(1 * iI Y

t5 1240LE uL]4GT iii a i +r
e6 12DOLLT vP YOU zd N T TT6.C IACLT.D~
01 12bJ~ONET Ib1I

e5 127OItf "JMEJ AI U NT7"

37 12bOlF A1:3<4UTU 140
30 1290PRNT "[) YUM4A% STATISTICS ";CLA.Y"

* 39 130060U80, 1610

)4 1.3,346dI' A170WT b

55 13414RIrNT -N(~ UESM AIAR TYPL'E? ;

37 13o)tlF AleOT 12O,70
38 13/0MHN1 "SMt AALYIS

40 13 ~io±NT AIM;MTO bboM.3

41 14c5~~~ )OLbio 4
42 14~wFt 1 1T 2rkINf"ALSML Yt"

43 15 N&, T J iU 011

44 1400bUU A:ITU 72r~
45 1444 RINr mlH~

4 7 1~jitOAT iITo

483 14/OPPIIUT gl...S

D2 1510PRINT lolo Io~

')3 1:5 o 4 U T
44

'17 15b.iltNr "IJLUT uLTIl
'2 1710RN 4~1;6tl'o 2

31 1640IUI A1U 42ork,27

'b 16304l)u~ 10
7I 174Vbti P~

'6 j7iL*JP±NT MfuL uTAT); SNESH? AT " N H AA At.
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77 l7b4PN1NT "TriE IX TAk[LT CUNLF.ilTh-ATIUN Ib "i;TAt$(0)jM(Uj
78 17?WtRlUNT 'ITt.MPFkAHY SlUkA.,E SlIlUS:1"
79 l7b0PRINT "LLVLL CuNi"ENTSi'
do0 17 ttPO( Jc1TU 7
al 180'efRHNT L Wl /TA$(1kj);

d5 18iJONLXT li
b6 1840PHINt
d7 18bONLXT J

90 IdOORINT~ "ENTLR RLPLALtLMENJT VALUE";

92 19001FCJIO );-lUT 134w3

!15 j9jv.'F Ct2,Y21vY1GUTU 19b(O
l 6 194i6LEr LE2Y23=Y.3

97 19Do'UTO 144'o
985 1904PPi-INT "I.ATA N~UT IN TLMtJOmAkY STUHALIE.P
V9 19/VJPPIeJr "U0 YOU WAi4T UATA UASE CORNELTLD"1;
do 196Uuzw 16b0

04 -2LA 1 (Y2j=:.4Y2j+YJT2-Y172

0ji 2000uUIO 104 0J

69 i/t N u

W' -

Li~



C-,, B-5
r*T=0000 IS UN Lu W5

UX - h1UdVLJsISV
2EM- PRUGIRAM TO TAKL DATA FIkOm CORE AND
oHM- CALCULATL DETECTION LIMIT# PHECIbIUN

* 4oHEm - ANU ACLUikALY DATA, TH-EN v4RL iT*IN A tILE.
b1 i ICOM A~dloIE 2l ,C[2,/~,UU7J L(/) ,F Vr(/1,('/I (N7i3L[/I ,M(41

ibocon1 05(91
70I~M X E-11 rU Ul

110I~FUR KRITO 31
120RLAU 01;X(K]

j13'0NLXT A
1 140aLtT KON

i 1603LtT T=XLKJ
17OPK~INT "INHL VALUE UF T Ib 11yTAtb(ia;T

i dioASSIGN USp1,E
19OLLLT A1xA2=C1zG2uC3:h0
20kjFUR 121TU 7

* 1l0LLT A1ZA14O(Il
22LL Aje=A2+FEIl

i2bieOLrT C~zC3+G EIJ
i ;60NtXT I
?27oGuSui: 8DO

I "ViL~t SLLIP(1-1T/X j5i2)

* 32oPKIcT 1'IHL STANUARD DLViATIUN IS "JTAoCvo);Sl
63oLLT S2m1WW~*S1/(L1/W)

-a4v PKINT 11fi UVLRALL LOL~rILIt.NT UF VARIATIUN IS "f;

i 5:)GuSUi 740'
Jbo~PHir,*T "LEVYEL X VARIATIUN"

4'37OLt~T H2:!1(11
I 4owFuk IWO1 7

42oNtX1 I
i43OGuSut3 910i

441dLLT A El zSit2
i45k;LLT A E2Jxbl
46uLtT AL31XMI
471oLtT A (4J XVJ
4driPHINT "I.LVEL X ACCURACY"1

v 49waFuI IvaUo 7
b~oLLT L.M*Z Ell
b1tdLLT L0i3L*h C-

b3WNLXt I

-p * bo t AEt. A 2 -t A/w /t a1



60*9PHINT #%#M4 1 i EI E 1M L J
01 abduFU' Im1FQ 8
o2 610PNIT #IPAC13
03 b2IdU'LXT I1
DA bawFuRt 1=T, 2

05 b4wFUR J=1TO 7

o7 b6vNLXr J
68 b7WNLXT j11
o9 b~hoFUR JaITO 7
70 0 9 P R IN T 4 1L) EJ 1E ( J jpF J I ,GIJ I ,I!J I

71 70O~NEXT J

/4 7JOLcT E13A1/W C

75 74k0LLT K±.cu1+S1*l*CSLQRt1+1/N+(tl*E1)/X1)), PIT*~

76 75OLc.T S =S I* T
77 76OLLT Co:r11/S

/9 76WdLT Az1".XI*LO)T2 rj C 7 -0 V30

uO 79O2eT t32*(LO*D*X1.L1) kt. ~)L~

02 0 11oL tT M L2 J =L I -t3 -S L R k bT 2 -4 A*C /2*A)

04 b-308 iIr ' TmE OLTLCTIUiN Lir IT IS TI~AU (iu) L I
05 b4viRtTURN
06 dbOiLO' Xj=A2-A1*A1/.J

08 070JLcT Z1;L2-AI*Ll/W
0s9 OdWLtT Mlc~l/Xi
$to o9OLLT d1=(C1*A2-A1*LC2)/(W*X1)

93 YdkFjjR Iz1TL 7
V4 93v)LtT L~M?-*Z lC

Vf6 V5LL Ae2A2,LTr2

40 9960LLT C66+8t

42 IdIO~UQ3Uo 050

43 100LI

44 10JO-N
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UG12 Tmoo~Ir4 IS ON CRJ70t? USLG OvOi~12 tiLKS kak11b

0~1 1i~til - I.RUGKAI1 i XSUM;SV
1d2 2OL - FRUGRAM TO SLT UP LUbLim PILL5
V340E - V~ILLfr NAIILS AKL CuSUMILJA ThRUU6HI
to 44 tri - LUiUtl5-UA IIP. Tht IVE SAMPLt lYi-LS.

105 tOel- T'HiS P1.0(AAM HL:QUIrKES IHAT THh S1AISNL)A
66 bomrEil F~ILE AikE AVAiLA6LE
017 /7iNLM - VEthSjO4 UATE 2/4/7o
0B boKiirI - LLbUM14DA IELUht) LLNUTh'S ARL, iREbPLCTlVLY

1I 10 i±M A~tJ ,b E I *U .117 0J ,E I t 0J ,d (11 I cE (201

12 120rLr-irEirluOOVA

14 1 40kc.A.. mI ,t 2

17 170~NLXT I
18 l8k FuR u11O 2
19 ioFUR J..)jQ 5

42 ereNtXr 1
-.3 iieijkmM - ALPHA# otl1A AfvD SYS1Iri VANIAt61LILTY FAiA,1ElLiis.

! 6 en2UL;:T Aoc"CuSUM hjA"l

~c -~.4 1.,1 "r.N IEk R AMPLE TfPL:"
S50 ~~IF u T Lb Ei I

) .5 1 e rL~ I 1 1 1b

04 a4vFoj'i IzlTO 5

)5 5uiLL.T K=K+4
)6 r L oLIp1 4LS L K IK +31G UT U 40
7 )7vJJXJ I

)6 5duii "'-4UiEXIbTLNT bAMIPLE TYPLI"l

'3 4.3ku1 tziJTMEN 4010j

*4 44kiPKdr- Av;
5 45riih qqw*
6 461jA0.5116N v.**p2,L

* 49v~'r~l1NT "1 puT AVIAILAdLL.1"

I :)104K~INuT "LNTEK ANALY~r NAMEI"J;
2 2uviieT C~vC1,:)
3 03mJLLT liu
4 )4vLLT K 12 6CI IJ

7 *?vLLT J ad kKJ
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,amLPi PkUUNAM LN1J(SZSV
!tieirlM w' ?LjL6AM 'IU AL~CEPi bAr PLtE INFUIRmAIIUNp

4%tl- ASbItaN LAUUNA'UHY NUI1IbLR# ISbUL UIKLLTiONS
4hm- pot uwC SANPLtS AiWL WIII OUT FILtS,

DO K t - ;d/Di/78 VLRIbIUN.
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I 14wNLXE I
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2~~ I J
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44LePe~Ig.T "ItrJEXIN t MPE PL:ETPA

* 05,LLT GL3j:

49KioLAU K1idLL

DACLXIJ
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3 7bv~GUTU 71o

57 bwi IL t (i)= UO105 k
I 77 Lr T 6111 =eOTU 101

4 Oi'O'LtT G [Nj = ;i :5
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APPENDIX C

LOGIC FLOWCHARTS FOR MAJOR PROGRAMS

This section includes logic flowcharts for the two most compli-

cated portions of the system. Flowcharts are included for these, because

the logic was complicated enough that flowcharts were required for program

development, and will probably be useful for further debugging and/or

modification in laboratory use. The other programs were much simpler, or

simply developed from portions of these programs, that flowcharts were not

needed for their development.

SAMPLE LOGIN PROGRAMS

Three programs are in this set, ENTERS, ENTRS2, and FILWRT.

a .
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16.6 lOINIIS

YIES upO IA

RfADTIMFR Fl2).Fl2l.l
REOR I. F141l-1

pill- P 44Ira)

BESET,71ilYE

SIM ~ ~ ~ ~ ~ ~RlE11 .R 0I Nl 1110
Nxl ENY

4 111EXIFil ENR 

Dill' -
i9

NO RETURN

0 <P 131
SUBROUTINE ESN

S

: SIN E 
Y .

P I T jR 

E6 

C 9

$ ROOM FOR ~RECOROSNEEOED
LT.. P 13,rhILES PRINT TEMP F.EM .AINING

RETURNFIEUL

YES

NO _PRINT I I-I
ANOTNER

SAMPLE"

UPDAS YEO

GO SUB A

CoNVERT
DECIMAL NO

TO
CHARACTER

STRING 42<0 NINRM T

GO SUB C SMP0

AIST SAMPLE CHIIN INTNTER.

PINT OUP N

61* SIII INPUT USERA

SAMPLE NO0

[.1 .lV.SUBROUTINE ENRV)K

SAMPL BLAN INPU GATEATEAILE OCIM

Z1141.17)PRIN -1.

F. I YES

DUPLICATE1 O) .LAT. no

PRINT #1.
III.I.I1.01111

LOGIC FLOW4CIART FOR ENTRS2:SV



&AD

ATTACH
TIMAFIL OA t 41.2

ASSNO

YE7 O. S' RINI REGULARAt #1*O (

PRINT '3.20.26 0

A AL



DATA ENTRY PROGRAMS

There are three programs in this set: ENTERD, ENTRD2, and

ENTRD4.

. ....1



C-6

Ep
I'D

PRINT "Tan
IA 1, Pull

ITT 9

Valoady -. STATUS\Rion"

virs. DOME
&LANK? As :611-301

RIADINal N Wj.NUMINS

A040-11 .3914CADER NI. JOX NUMIA6 m I

ATTACH 0 a STOP

CHECK TVP
OFSAMPUE

STATUS) NOT 

No

AVAILAOLL

NO Olt YES -PtilOASIS)

ATTACH NIS
YES

V 
NI

7R.A..". TYPE-

091, .0

C 9 1 
YES

OKI No

YES 
x

ON MPRINY-'HEADER READ.2
TOM- RRVA-SAM PLE ITIAS

ANALYSES NAME NOS DIFFER N2.1. 51 PRIN
AN41Y$ NOT AVAILABLE"I

A ::DAIIAN tY METHOD
ANALYSIS INITIALS
INSTRUMENT NUMSER
MEASUREMENT UNITS No

61, 0

P2 YES ANALYSIS FOR

1:11, 0 THIS SAMPLE~

C"A READ .2,
'NT.D Np. SI

0111111,181-SLA X YES INPUT
AS

YES S11-0

YES F(201 No No YES
? To X

PRINT NO
........... 'ACCUAACY

NO .0 YES EAT) I.. At
A 2

No. NO-I
READ .1 BINOI.

P12115 risi -
PRINT "ANALVSIS also-No)-

NOT) 9421 PAW C
TRY AGF:mtt B120-hol,

Put Vul-of-commot

P131 0

110.1-4
V*11.61

vas

P431 0131.40

too LOGIC FLOWCHART FOR ENTERD:SV
"31)700

'S 7_777_77-



ENTRY

READ
HEADER

SEARCH FOR READ IN READ IN

ANALYTE PRECISION ACCURACY

BLOCK CUSUM CUSUM
FILE FILE

RECORD
ANALYSIS

VALUE

i "EXTRACT RECALCULATE ] R EC A LC U LA T E i

EXTRACT FsLCs 1
"GIVEN"
VALUE

UPDATE YESYE
HEADER 5llS1

NO oNO
REWRITE
HEADER

AND FIRST UPDATE UDT
DATA BLOCK CUSUM CUSUM

FILE FILE

YES, DONE

CHAIN
NOPRINT "PRECISION ENTRD4=SV

Q.C. OUT-OF-
CONTROL"

SREWRITE
SANALY'[E

PRINT "ACCURACY
Q.C. OUT-OF

NO CONTROL"

CHAIN
W ENTERD=SV

LOGIC FLOWCIIART FOR ENTRD2:SV

t_ .-
'| 11 .... | I I l | = " ... 'L"t ... " -1 ' '- - "-" ff I



ENTRY

READ
ACCURACY

[DiTA D(I)

RETRIVE
DATA

FROM B+P
ARRAYS

SELECT
ACCURACY
PRECISION

ATTACH
N$ #1PUT IN

ATrACH STRING
STATS DA PUT IN

MS$#2 FILE

J~j UPDATE
HEADER

READ CI, Dl

PRECISION* ATTACH

Ms,

SELECT UPDATE
LT. GT O-R E STATUS:DA

SELECT
Cl. CS0 OR

ACTUAL

F CAINBACKTO ENTERD'SV

LOGIC FLOWCHART FOR ENTRD4




