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BUSINESS MANAGEMENT 

Companies nonitor their processes so that they cm 
identify actions that need to be taken. #earures 
such as monthly sales. expenses by category. inwcn- 

tory lbv4Ls~ days debt and computer service avail- 
ability are recorded and reported. 

This paper introduces the application of quality 
control techniques to help you determine whether a 
process needs intervention. You will want to iden- 
tify when a short term fluctuation becomes signif- 
icant. when a longer term trend appears and most 
important. dstsrnine what sort of action is appro- 
priate. 

There 4~4 nany potential pitfalls in presentation 
techniques even when the correct information is ba- 
ing used. Sons are mentioned. but ar4 not the prime 
purpose of this paper. There mre good examples in 
reference 1. 

OUALITY IN BUSINESS tlANAGEPlENT 

The techniques will 
help 

ap;;;;ation of quality control 
some of tha tradrtzonal problems of re- 

porting, for example: 

. It is difficult to tell what to look at when m 
chart is too full of numbers (Figure 1 1~ excep- 
tion reporting will help (Figure 5 ). The con- 
cept of control lines will help with the 
identification of exceptions. 

* A report that only shows the latest results 
(column 2 of -Figure 2 ) does not tell you 
r;;o;hsr this 1s the-usual positiTzo;;mn excep- 

. Often a rollrng average 3) 1s 
used for comparison. Control charts such 4s the 
cusum chart will put information in context. 

. The planned or required level of ths process 
need to be shown (column 4 of Figure 2 1. The 
viewer cmn determine whather the ficiuras are ac- 
ceptable. 

. A page full of succ4ss stories can be good for 
morale but conceals issues that need attention. 
Reports and charts are often more meaningful if 
they count defects rather than s"cc4ss4s. It is 
then much easier to identify the action needed 
to reduce the defects. 
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0 Us4 of graphics to give en immediate and eccu- 
rata impression of the situation. (Figure 3 ) 
Though they can equally confuse unless care is 
taken (Figure 4 and reference 1). 
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The Month in Context 
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Figure 2. Computing Services Availability Re- 
vort 

1 Figure 3. Graphics can help 

I 

An -nt Tulic. aill WuISh? 

Figure 4. Graphics can be misused! 
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These are techniques that can be without 
great technical innovation. 

applied 
Deciding whether you 

have an exception and what sort of action should be 
taken is harder. For example: 

0 HOW different is the figure from what you would 
have expected? It may not be what you want, but 
is it sufficiently different from the 
trigger action? 

past to 

0 Is the process running at the required level? 
Even if the latest result is bad you could still 
be around the right level. 

0 Is there a change in the level of the process 
that is significant? This is important whether 
or not you are achieving the required level. 

0 Am I going to achieve target x by date y? 

Changes may take several readings before you can be 
confident about them. This is where the principles 
of statistical quality control can help. 

APL FOR QUALITY IN BUSINESS MANAGEMENT 

To examine data I use VSAPL rel 4 with GDDM and 
GRAPHPAK (reference 2) for the graphics. This pro- 
vides easy interactive facilities without a major 
investment in programming and without the formality 
of application packages. Once established. I use APE 
(reference 2) or the IBM PC to produce the required 
charts on regular basis. Within IBM I have access to 
internal software for statistics (GRAFSTAT, refer- 
ence 9) and for chart production (APCiS reference 3). 
An interactive statistics and graphics packeqe is 
crucial for the development of ideas and techniques. 
The charts in this document and presented were 
produced using a generally available plotter with a 
roll of foil. or downloaded to a PC with a small 
plotter attached. 

The APL code involved is not lengthy and would run 
in any APL environment. More- attention would be 
needed to automate the collection of the data in- 
volved and in the special features of your graphics 
protocols. 

THE MANAGEMENT SYSTEM 

SUMMARY REPORTS 

Although the examples shown have a weekly or monthly 
reporting cycle the same principles would apply to 
other frequencies. The subject of the report might 
be a list of computing services offered by a DP de- 
partment (Figure 2 1. The measures might rel;;;ef," 
the percentage availability or the number of 
rupts that took place. 

Following the advice above. you will highlight the 
;g;atisf;;;;=; sE;viccs. They may be unsatisfactory 

a reasons. Where these are few and 
well known. they could be noted on the summary 
chart; where they are many then a supporting chart 
is essential. 

March Service Availability 

uachine In Control Lam I l4ot.s 
-_ -- - - - - - -- -- _ --- -------L--I-l-" 

Branch 1 A - Softwar. 

Branch 5 A Proi ost running 

eransh A w 
_____-______ ____ --- --------_____-- 

CA - out of sontro,. 1 - 1 rarninp, 
Figure 5. Computing Service Exception Report 
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Figure 5 shows a summary chart with one line for 
each service containing two control indicators and a 
comment space. The column ‘in statistical control' 
tells us whether the level of service is consistent 
with the previous level of service. The column 
' level' indicates whether the level of the service 
is meeting requirements. 

The statistical methods used for quality control 
charts, described below. 
for these columns. 

provide objective criteria 
The notes indicate where any 

actions have been taken or are planned. 

Whenever a service is identified as 'out of control' 
or 'not meeting requirements' 
mation is required. 

then supporting infor- 

TTHGN SIJPPOR 

These are the foundations of the process. You will 
need to produce the 'supporting' information in or- 
der to produce the summary charts. Only the sum- 
porting charts that match an exception wouid 
normally be included in a reporting package. 

It is now that you need to understand what is meant 
by in or out of statistical control. W.E. 
(reference 

Deming 
41 pioneered much of the application of 

quality control to business management. Juran has 
produced textbooks (as reference 5) and education 
material on quality improvement. 

As a general rule you should count defects, such 
lost time, and aim to minimise them (Figure 6 1. A"," 
objective for each measure might thus be zero. In 
practice you hay be rather far from an objective and 
choose to monitor against the current level. 
to do better. 

aiming 
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1 Figure 6. Non Availability of Service 

In any process there will be ups and downs. You need 
to identify what degree of up and down should be ex- 
pected. About 20 readings is usually sufficient to 
establish a level and the variability. Statistical 
theory can tell us how to calculate an expected var- 
iability. (See the appendix for some examples.1 

If you are within 
should not be 

that expected l;;z; then you 
action. 

Some 
prompted to take any 

processes have a clear pattern as in Figure 7 
and it would not be sensible to panic at alternate 
readings! Others may be harder to tell. for example 
(Figure 8 1 when a process is increasing, when does 
a temporary 
increase? 

reverse become a change in the rate of 

1 Figure 7. Alternating depression and rejoicing? 

Fortunately YOU can use APL to apply statistical 
theory to indicate where there might be problems. 
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STATISTICS 

CONTROL CHARTS 

A control chart is a line graph where you can plot 
the value of a process being monitored and identify 
the expected levels of variation. You can also iden- 
tify significant changes in the process level it- 
self. YOU should seek a proper description such as 
that in reference 5 section 23. Briefly: 

P CHART A chart that monitors the proportion of 
defective items where you know the size of 
a fixed or variable sample. Figure 9 

C CHART Charts that are used to monitor a count of 
defects where the count is much smaller 
than a possibly unknown population size. 
(Figure 10 I 

XBAR CHART Use to monitor the average of samples, or 
to plot an individual variable. (Figure 11 
1 

RANGE CHART Associated with an Xbar chart to look at 
the variability within small samples (Fig- 
ure 12 I. 

CUSUM CHART A more sophisticated chart that uses the 
running total of the difference between a 
process and a fixed level. (Now you start 
to see the need for APL!.) It is partic- 
ularly good at giving a visual image of 
changes in processes Figure 13 

Figure 9. Orders not processed within 2 days 

) i f _-.--- _-_ -_-----_ -.-_-_-_-_-___- _______ -_. ~.~,on ) 
I 5 _-_-_-_-_-_-.-_-_-_-____________________. c I 

B::“’ 

1 Figure 10. Number of software failures I 

Figure 11. Average delivery time 

Figure 12. Range of delivery times I 

-500 

Figure 13. Monthly Expense vs Plan 

A control chart that measures a process against a 
past level will tell you when a process is behaving 
differently from in the past. To examine whether it 
is achieving a specified target level, the control 
lines orl~y~;tm reference level. should be the rc- 
quired . Both were required for the exception 
report in Figure 5 

CONTROL LINES 

Apart from the CUSIJM chart, you draw control lines 
that indicate warnings and action levels. As a gen- 
eral rule, when a process exceeds the warning line 
on two consecutive occasions, or the action line 
once then the process is said to be 'out of statis- 
tical control'. The level of these lines is calcu- 
lated as the mean plus 01 minus a multiple of the 
standard deviation. 

The standard deviation is calculated differently for 
the different types of data in the charts listed. 
The warning lines are the mean plus or minus twice 
the standard deviation, action lines are p1u.s or mi- 
nus three times the standard deviation. The appendix 
shows the sort of calculations needed. Figure 14 
shows the calculation of control lines for a P 
chart. 

+-------------------------------------------- ------* 
vLINES*SIZE PLINES DEFECT 
17 Calculation of control lines for 
R P chart with constant sample size 
P * DEFECT+SIZ& 
PBAa=(t/DEFECT)++/(pDEFECT)pSIZE 
VARc(PBARxl-PBARI+pDEFECT 
SDEVcVARw.5 
R Action and warninq lines and mean 
LINEScPBAR+SDEVx 3 2 0 2 3 
v 

Figure 14. Control lines for P charts. +--------------------------------------------------+ 

For example. the number of days a service was not 
available 100% of the day as a proportion of the 
month would be plotted on a P chart. Figure 15as- 
sumes 30 days per month. 
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DEFECT*10 15 5 14 6 30 5 14 10 8 
LINES+30 PLINES DEFECT 
PLOT (DEFECT VS %lO) AND (2 5pLINESl VS 0 10 

Figure 15. Using P chart control lines 

The chart produced shows the data, upper and lower 
action and warning lines and a mean, When the lowtr 
lines are below the X axis they should be ignored. 
Most of the aeasures fall between the warning lines 
this indicates an 'in control process'. The sixth 
point however is out of control and somt further in- 
vestigation would be rtquired. 

The warning lines correspond to something that you 
might expect to happen naturally once in 40 readings 
and the action lines once in a thousand times. 

14;;;ztyo;niav;h;henezicilities to produce graphic 
to examint each measure this 

inttractive approach is suitable. If you have many 
measures, YOU can identify whether each is in sta- 
tistical control and then produce the charts for 
those that are not. 

LINE%30 PLINES DEFECT 
R making use of global variables 
R in control if: 
INc(2xSDEV)A.>IP-PBAR 
R I for warning 2 for action 
SE!'* +f(3 2xSDEV>o.,lP-PBAR 

Figurt 16. Checking for in or out of control 

For C charts, where there are a small number of de- 
fects compared to the number possible (but at least 
5). then SDEV is the square root of the average num- 
ber of defects. 

Although this technique allows you to look back in 
history and spotlight past problems. the more press- 
ing need may be to look at the latest set of results 
and determine if action is needed. For a ronthly re- 
view. it is helpful to plot weekly figures. for a 
weekly review plbt daily figures if- YOU can 
Figure 17 

, Figure 17. Weekly figures for monthly review 

Based on, say a recent set of 20 readings you have 
established the control lines. You now add points 
for each new period and interpret the chart. 

LNTERPRETING THE CONTROL CHART 

The recommended steps are: 

1. Is the process in control with respect to the 
past level? If yes, go to step 5 
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2. 

3. 

4. 

5. 

6. 

7. 

Is it wildly out? If so investigate to tstablish 
-k~kp;aust. do take action now, ignore other 

Is it drifting out? If so, the mean level nay 
have changed so recalculate the control lines 
and rt-evaluate from step 1. If there is a 
change that matters it will be detected at 
2 or 7. 

step 

Is the variation acceptable? A range chart can 
be produced that shows the 
sample. 

variation within 
Control lines can be established for tht 

range. An 'out of control' 
out or drifting, 

rangt.could be wildly 
follow steps 2 and 3. 

Is the process 
target level? 

in control with respect to the 
If so, go to step 7. 

The target level is not being met. You now need 
to review it or take steps to iaprovt the proc- 
ess as described in the next section. 

The process is in control. You may now wish to 
look for any changes in the level. Examine the 
CUSUM by eye or replot 
level of the process to 

against the prtvious 
look for 

level. 
changts in 

You may not be happy with tht variability 
and wish to take action to improve the level of 
the control lines. 

IMPROVING THE PROCESS LEVEL 

The mean level does not meet requirements? The vari- 
ability is too great? You now have to identify the 
causes. A tool for this is the Ishikawa caust and 
effect diagram, often called tht fishbone chart. 
(Figure 18 reference 8). 

sqzq ",'; 

m B 

Figure 18. Ishikawa cause and effect chart 

The objective is on the right. with the factors that 
affect it on the merging lines. 

Having identified the potential causes, they must be 
ranked to identify the 'vital few’ and the 'trivial 
many' : The 'partto' technique is used for this. (A 
$e;hnlque named by Juran, see reference 5. section 

Take each of the contibutory factors. put them 
in descending order and plot the cumulative value. 
Figure 19 

CAUSEc'ABCDEFG' 
AMOUNT+30 70 20 35 100 10 20 
+\AMOUNT['#AMOUNTI 
100 170 205 235 255 275 285 
PLOT +\AMOUNTC*AMOUNT3 

Figure 19. Pareto Chart 

The 'Quality' approach (reference 8) would then sug- 
gest you initiate an improvement project for the vi- 
tal few 
others. A 

and use Quality Circles for addressing the 
Quality Circle is a well defined forum 

where staff involved in a process meet weekly to di- 
agnost and remedy problem areas. 
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THE CUMULATIVE SUM CCUSUM) CHART ACHIEVING bN OBJECTIVE 

DEFINITION 

To look at the behaviour of a process compared with 
a reference level calculate the cumulative differ- 
ence between the data and the reference level: "PLOT 
O,+\DATA-LEVEL", The reference level may be a target 
level or the average over a recent period ;Elabout 
20 readings. If you use the average of the 
readings you have. "LEVEL +(+/DATA)+pDATA" then the 
chart will always start and end on the X axis. When 

individual reading is greater than the 
t"Ee line will ascend, when it is less it 

average 
will de- 

scend. The slope of the line is what is important. 

CONTROL LINES 

We are now concerned about the steepness of the 
slope so YOU have to draw a V shaped mask 
Figure 2OThe slope of the mask is determined by the 
standard deviation of the data. The mask is placed 
0l-i the cusum at a point. If the cusum crosses the 
sides of the V the process is out of statistical 
control. This means that the processt;z running at 

a level significantly different from reference 
level. or horizontal on the cusum chart. 

CUSJY out “8 -_ 

-1 
Figure 20. CUSUM with V mask 

There is much theory about the best values for the 
mask, see reference 10 for a good introduction and 
reference 6 for discussion. In practice you should 
to scale the chart so that one unit on the X zlxis is 
physically the same as 2 standard deviations meas- 
ured on the Y axis. See the appendix for how to cal- 
culate whether a point is in control. 

THE PROTRACTOR 

As noted above. the process starts and ends on the X 
axis. We can start to draw a protractor by labelling 
the horizontal as the mean value. Whenever the curve 
is level you are running at that value. Examination 
of the axes enables the construction of other val- 
ues. 

In Figure 21 you see the number of sales per month 
for 12 monthly results. The shape shows YOU were 
running at below average for 9 months and above av- 
erage for 3. The average being 200, the level 
is 200. 

part 
To draw a 150 scale on the protractor you 

measure 1 unit horizontally and -50 vertically. 

z;u can now use the protractor to measure the level 
the process over any period by measuring the 

slope. 

4 

Figure 21. The CUSUM protractor 

If you know you want to reach a specified objective. 
for example. a total number of sales or a percentage 
availability of a service, then you produce a CUSUM 
against the required level rather than the mean. 
Figure 22 

Figure 22. Is the target reasonable? 
J 

A curve which charges off in one direction is sta- 
tistically out of control (will cut the V mask) and 
is a clear indication that the target is not rcason- 
able! To see what has to be done to reach a target 
bv a specified date. YOU have to measure the slope 
of the line required to-return to the X axis in the 
specified time. 

BUILDING THE MANAGEMENT SYSTEM 

THE SOURCE 

You should monitor 
can be taken. 

processes in a way that action 
Try to avoid compound indexes where 

it is not clear how the components are behaving. The 

;;;r&rs being monitored can come from existing 
, such as from APLDI files, or 

ally. 
recorded manu- 

ANALYSIS 

Depending on practicalities, YOU can produce the 
control charts and examine them manually, or compute 
whether they are in control and chart those that are 
not. (Use P, C, XBar-R or cusum charts) 

An exception report might show those processes which 
have warnings and actions and processes that are not 
running at an acceptable level. It should not in- 
clude processes that are in statistical control. 

Notes are made where actions have been taken . . . was 
there any effect? 
taken. 

and where actions are going to be 

REPORTING 

The exception reports you create will cause an imme- 
diate review of out of control situations: was 
action taken? will it stop a xx-occurrence? is fur- 
ther action needed? (As in Figure 5 on page 4 

Supporting charts will be required to explain those 
items out of control. 

An in control process running at an unacceptable 
level might cause you to establish a project to im- 
prove the level. This would use the Ishikawa cause 
and effect chart to assess the causes and a 
chart to rank them. 

pareto 

DEFINING THE TARGET LEVEL 

A target could be expressed as a mean level over a 
period together with some control line criteria. For 
example a 98% availability over 4 weeks with no more 
than one day a month between 96% and 98x and 1 day 
every 3 years below 95%. If it is not acceptable to 
have days below 98%. then it is unreasonable to have 
a target process mean of 98%. The variability of the 
process will provide the necessary information to 
calculate the appropriate mean 
line. 

for a 98% warning 

Terence J. McKee 69 Quality Business Management 

.; 



APL FUNCTIONS 

CONTROL LINES FOR C CHARTS 

vLINES*CLINES DATA 
Cl1 CBARc(+/DATAI+pDATA 
CZI SDEVcCBARx.5 
C31 LINES*CBAR+-3 -2 0 2 3xSDEV 

V 

C CHART WITHOUT GRAPHICS 

vINTERRUPTS 
Cl 1 Uc'Enter interrupts per day' 
CZI INT*O 
c31 A want upper C chart lines 
C41 LINES*3&CLINES INT 
151 R 1 for warning 2 for action 
C61 COUNTcLINES+.<INT 
171 MESSAGE*3 4p'DK WARNACT ' 
I81 (~((PINT),~~~INT~.MESSAGELCO~JNT;I 

v 

For point X,Y if the snub is 5 sigma, the starting 
levels are x, Y+(l l)x5xSIGMA. For a 
sigma 

slope of 5 
over 10 readings I check the Y value of point 

X-l against Y+(l -112 _ 

t 
look at the la 
1 

:5.5xSIGMA. Figure 24show.s. the 
alculatlon of points that would be outside the 
MASK. Once a process is established. you would only 

test value - a much simpler calcu- 

v CUSlJM x 
a setup 

INDc,pX 
R points to be tested against earlier points 

VALIDtIND.=.>IND 
R calculate mean and standard deviation 

MEAN*+/XtpX 
SIGMA*(C+/((-l&X)-1*X)+2)+2x-l+pX)*0.5 

a calculate cusum 
XC*+\X-MEAN 

R Diffs between CUSUMs vs what is allowed 
ACT*lVALIDxXCo.-XC 
ALLCIVALIDXSIGMAX5+.5XINDo.-IND*.-IND 
COUNT~~O,IND)Il+(ACT>ALL)xopTND1 

A Report results 
(OaX.tl.53 XC),':',sCOUNT 

CONTROL LINES FOR XBAR CHARTS 

The control lines are still 2 end 3 times the stand- 
ard deviation. This time the standard deviation of 
the XBAR values (SX) has to be calculated from the 
samples. For samples of 2 to 10 you can use a factor 
and the mean range. For equal samples in rouz of X: 

Rc(+/lr/X)-(L/X))+Ncl~~x 
At.836 .590 .485 .43 .395 .37 .351 -337 -325 
SX+AtN-llxRBARGNx.5 
LINES'(+/,X+x/pX)tSXx-2 -1 0 1 2 
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CONTROL LINES FOR CUSUM CHARTS 

Assuming that the cusum chart is correctly scaled, a 
V mask drawn on clear film can be used for different 
charts. There is a much theory on V masks (reference 
7). A fairly standard mask is shown in Figure 23 

Figure 23.%ensions of a V Mask 

The control lines on an X-bar chart are equivalent 
to the V mask on a cusum chart. 

CUSUM IH OR OUT OF CONTROL 

As you are interested in how many points on the 
chart cross the Vmask you can calculate the limits 
for the last N readings by adding fixed amounts r;) 
the point being considered and checking to see 
the boundaries have been exceeded: 
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a 100: at 110 
CUSlJM Iii 

sdev is small 

1 -4:oooooooooo 
2 -8:1000000000 
3 -10:1000 0 00000 
4 -12: 1000000000 
5-12:1000000000 
6 -12:1000000000 

i 
-10:10 000 00 0 00 

-8:0000000000 

lo' 
-4:0034567000 

0:0234567890 

R Which shows that 2-9 are outside the 
A VMASK for point 10. 

MEAN 
5.5 

SIGMA 
0.7071 

1 ?pxc 
-4.5 -8 -10.5 -12 -12.5 -12 -10.5 -8 -4.5 0 

Figure 24. Finding the out of control triggers 
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