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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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- Design Tools for Data Handling Systems
Gill Ringland
CAP Ltd,

14 - 15 Gt. James St.
London WC1, England

Lawrence gerkeley Laboratory
University of California
Berkeley, California 94720
ABSTRACT
Complex data bases are now routinely accessed online. Proper

.design of access piocedures is vital to insuring the Security of the data
and that it can be recovered if necessary. The design tools discﬁssed in
the paper enable‘operator procedures to be charted in a way that identifies
the integrelation between sysfem recovery points and message seQuences.
The paper also describes the 1owéf level charts (flowcharts to describe in;

teractive processing) used as specification for programs to be executed

between recovery points.

Examples are given, from an order entry application: This is repre-
sentative of applications which are primarily data entry and without the

multitube of branching options encountered in some retrieval systems.



1. INTRODUCTION

This paper defines a chartihg methodology which has been used success-
fully in the design of online systems. The difficultiesvin thé design of
- these systemsmare twofold: ensuring'adequate performance, and data security.
It has been our experience that using graphic design tools improves the
system definition stége by showing the structure clearly. This helps de-
signers to isolate bottlenecks before they give performance broblemé. Even
more important it enabies designeers to identity pfocessing points at.which
data is saved, for.instancé in a database. When thése points have been
identified, the‘data'securify and'éystem recovery strategy can be planned.

The charting methodology also has been found inva}uable in describing
a proposed system to users. They, éince they ha?e existing practices and
"proqedures,‘the usérS-may weli provide input on which parts of the process-
ing may inVolve operator training,'or which are less convenient than need
be. These comments, when they can be accommodated withoutvaltéring thé
security of the system, will really help in system commissiohing and
acceptance. |

The charting methods are thus seen, not. as éhvénd in themsel?es, not
as providing pretty documentation, but as design'tqéls. It is the author's
opinioﬁ that computer systems designers have been. too reluctant to use |
vgfaphic design tools. This paper shows one charting methodology which has
been prbven in'ﬁsé - the aim is to provoke others to define extensioné or
'tovrefine'the scheme or perhaps to implemeﬁt for use aé an interactive
design tool onigraphic displays. | |

The author is not familiar with any charting schemes in general_use
which haie the same aimé-as the one described. James Martin, for instance

(2) discusses realtime system design and the man-machine interface but does not
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develop a charting scheme to unify the two syétem aspects. Similarly,
while there are many strategies for designing programs to improve this
reliability, see for example, (2), the structure_charts are related to the
static structure (e.g. formal calling parameters, subroufine levels) rather
than the execution sequence of the code.

This feature of the charting scheme described below, that of reflecting
the execution structure, is particularly important for realtime systems,
“in which it is usually "sociélly,desirable" to keep the smallest amount
of code possible in main store to process a message. By connecting the
unit of code stored at any one time to the data requiiéd fqr recovery, the
extent of damage from errors may be automatically assessed. fhis is of
particular importance_for systems in which data is captured online.

A charting scheme for describing the structure of stored data is
described in a companion paper (3).

The rest of this paper is divided into two sections. The first de-
scribes the formaliém and symbols. .The‘second uses thése in the coﬁtext

of a semi-realistic example, online order entry.

2. FORMALISM

The chartiﬁg methodology is used at three levels ‘in the system: to
describe operator prbéedures, the system structure, and the individual
processing modules.

-The operator prbcedure charts show the sequence of messages which
the operator.expects, and the valid actions (such as data entry, cancél,
restart) which can be taken in response to each screen. The program

structure charts relate the processing and data security aspects of the



Operator actions

Start code, help sequencé etc.
with operator response

Data entry by operator

Operator decision to alter -
processing
.n is function key

.n Normal function key entry

: Operator terminates with
.n optional function key

<+ A <

Program control

Message from system

Diagnostic from system ) .
(loops to earlier message repeated)

»

|n | Set switch n _(numeric)_

E_ ~ Clear switch n

_n4 -+ Test switch n and branch if set

XBL7411-8310

Figure 1. Operator pfocedure chart symbols.
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system during execution to the message written out and entered. At the
most detailed level, conventional flowcharts show the processing conse-
quent 'on a given message at data entry point. The organizational unit at

this level is referred to as.a message processor.

Operator Procedure Charts

These chafts use the symbols given in Figure 1. The operator actiohs-
are_always taken in response to screen formats diéplayed, giViné a range
of options (a_menuvformat) or some data fields’to be-fiiled'(a questiohnaire)
“or the posSibility of entering a funcfion code.(.n)‘to alter the séquencé
of processing. .

Start.and:help screens, used at the start of processing or after a
break, can be initiated either by the system or bybthe operatorvafter
losing ﬂer place in the proceSsingi

The data entry symbol on the operator protocoi'chart is éccompanied
by a description on what data items afe to.be'enteréd. The validation of
the data items may fail, in which case a diagnostic may appear. The
"pperator then tries agéin to insert the data items.

Function keys are_iﬁplemented by hardware oﬁ mahy keyboards. ‘The
screenful of data is transmitted and control is.passed‘fo a different
screen from that nofmally found in sequence. - So,_fof instance, "end of
batch" would often be signalled by a function key depression. . (For con-
.veniénce, in:the example we will show the function cbdes into which the
keys are mapped, rather than the function keys e.g. EB instead of .3);

The switches, which are set and tested by program, are introduced

to explain why different screen sequences may be seen by the operators, .



Screen display
XXXX iS map name

Dotted line between screen and
input symbol implies data
validation and correction loop

100

—
I

Access to backing s'r‘ore’

Write information to a status
area in store which is used =
for recovery

Diagnostic messages,requiring
operator to re-enter information

or to cancel the entry

( ) - Entry or exit point

XBL 7411-83|2

Figure 2. Block chart symbols.



depending on circumstances.

Block Charts

Kl

_Théée'charts use the symbols defined in Figufe 2. ,They are used to
produce ah overview of the system actions,vin particular.the intérrelation
between operator actions and the sotrage of-data oﬁ backing store. |

The operafor input may be validated and corfected,by a loop which
requires her to retry data entry. This may be shown expiicitly by a |
dottedvliné.between the screen and input symbols, to représent operator
think time. . | | | |

It is important at this level of design to define at'whatvstages of
processing recovery procedures may use saved information and when-data
must be’reentefed. This_is the_pufpose of the "access to bééking sfqre
symbol'" on the block chart. Furthef, the status'areﬁ is défined asvthe
.Iaréa which ié saved when the mapping system is entered, fo output a
message or redﬁest_more data.

The use of.diagnostic‘messages indicatesvthat the item hés'hot'beenh
acéepted, andﬂdata éntry'mﬁst be repeated. The Symbol.therefore may
appear in éonjunctibn with the display + input.symboi;'giving_furthef
details of validation procedure. |

The entry or exit point appears as for normai flchhérting, to in-
dicate that control is‘passed either ot the monitor or operating system,
6r tp_aﬁbther méésage.processor,_or_to an entry poiht of this‘meSsage_pro—

_cessor.



SOR Start code

Screen requesting general
~order information

¥ end of batch

) MICN
EB |

¥ order and customer numbers

% incorrect input (not on file)

MCHK Visual check screen with'
customer detail

%* reject

% accept

Set order in process switch

Screen requesting article line input

% end of order

¥ input article details

EAj
3 incorrect input (max order lines)

——_—< * incorrect input (not o"n'v file)

MART - Visual check screen givin.gvarvticle
details and possible credit or
- stock alert

XBL7411-8307

Figure 3.1, Operator procedure for order entry.



Flowcharts
The conventional flowcharting symbols are used, to indicate the pro-
cessing”between data entry, and exit back to the monitor a operating sys-

tem, within a message processor.

3. EXAMPLE'—‘QNLINE ORDER ENTRY

To follow_the example, the reader will probablyvfind the following
list of assumptions heipfdl, even though they aie nof central tb the
point of this paper:

* all orders once keyed in and accepted are stored as
'~ entered on the order file.

* those articles which cannot be immediately supplied
are written to the pending order file in the form
of a back order.

* - an initial warehouse note is made for all those
~articles of an order which can be supplied.

-*  sequential files for later batch processing
are made for those articles of an order which-
cannot be supplied at all and those for which
insufficient stock is on hand. '

* the article file is updated when the warehouse
note is issued. : :

* warehouse notes for back orders are 1ssued in
batch, i.e. outside this system.

‘Naming Conventions

Fbr convenience, some naming conventions'have been used on the charts
to indicate -the activity repreéented. The format is: type code; three
character identifiers, where type code refers to the type of activity, and

the three characters identifier represents a section of the processing.
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—-< RJ ¥ reject article-it is lost
vy
{

¥ instructions to ignore ortible-reported out

| 57 AC % accept

End of order

Visual check screen with order summary

X* reject

% accept

Order is processed - clear switch

Return to ask for next order

"ZREC  Error recovery or help

‘Order in process

)

XBL7411-8313

Figure 3.2. Opérator procedure for order entry (continued).



Some examples might be helpful:

*ZXXX are exit points to a system process from
a message processor, Or vice versa.

e.g. ZREC for the recovery procedure,
ZEND to end the application.
*SXXX are entries to the application by providing a start code.

"e.g. SORD for start of order entry.

*LXXX are entries to or exits from a message processor, when
“initialisation is not needed and transfer is via a linkage
list. ' :

élg. LORD for proceSsing of order entfy}
LART entry to message processing for each article line.

*MXXX are map definitions used by the message processors and
the mapping system, used to format input and output data

*PXXX is the name of a message processor.

e.g. PORD is the name of the order entry message pProcessor.

Operator Procedures

An exaﬁple_of an order entry proéedure is shown . in Figure 3. It Shows-
tﬁat'following a start code, to specify that the application required is
order entry, a message referred to as MICN is dispiayed or typed. This re-
quesis information on thevnext;order to be processed. The»opéra;or may
enter order and customer details, which may be incorrect and ﬁeed the oper-
ator to key a réplécement. Alternati?ely, the operator may, on first being
| pfesented with the screén for order and customer details, decide that fhere
are no more';rders to be processed. Any new application could theréafter
be started by kéying a new start code.

The second point clearly shown by the operatof procedurekcﬁart is that

some screen sequences follow as a normal part of processing, forming a loop.



Diagnostic
“CUSTOMER NOT
ON FILE”

MICN

Not on file

MCHK

Figure 4.
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PORG

SORG, LORG

d

Request
Order
Information

EB = end ( )
gperator ZEND
eys.... of batch —

Order & customer number

>

~

Read
Customer READ KEY
File

N

Save
Customer #,
Order #

Write
Order
Headers

WRITENXT

Display
Customer -
Details

ULy

Operator RJ = reject

Key

N

AC = accept

Set order
in process
Switch

‘ LART }
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Order header block chart.
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Diagnostic
“ARTICLE NOT
ON FILE”

Diagnostic
“TO MANY
ARTICLES"”

MART

write log of

v instructions
. ignored

A

Request
article
line

MORD

order
review
screen

operator
keys...

AC=accept

operator
keys...

EO = end of order

article details

READKEY . reject

READKEY with
UPDATE

WRITEUPD

update
customer
file

clear order
in process
- switch
save
article #

and quantity

article
details visual
check screen

operator RJ = reject

articles

10 ignore

WRITENXT

-Figure 5.

keys...

AC = accept

update
article
file

READKEY with UPDATE
WRITEUPD

write to
order & warehouse
notes data

coliection file

WRITENXT

update
record #

write to

pending order
data collection
file

update
status area
: informqtion

WRITENXT
WRITENXT

update
status area
information

XBL7411-8314

Order article_block chart,



Within thé'ioop, error paths under program control or operator decisioné
may cause the sequence of messages to change. Fofvinstance, in the article
line input section, the normal path is from the article line questionnaire,
through compuéer validation and visual check screen, to.acceptance of the

order.

The loops are used to define coherent sections of processing which

will be grouped together into a message processor.

System Design and Block Charts

When thefdperator procedure fér an application,has been established,
the inter-felation with the file architecture must be established, and the
recovery points identified. This is done by means 6f block charts.

The block chart of order entry (Figures 4 and 5) showé the information
whiéh the systems analyst provides for the programmer. He defines the
application;oriented diégnostics (éuch as 'artiqle not on file' and the

stage'at whicﬁ,this validation should be performed. He defines the data

in the status areas, which is saved each time a-new message is output, and

used for recovery. He defines the points in the processing at which files

are read and written.

- It can be seen that the loops identified on' the operator procedure

chart are reflected in the block chart.

Message Processor Structure

The prégrammer uses the block charts to organize his work into mes-

sage processors. The order entry application divides into three message

processors, PORD, PART and PERR in a logical manner. 1t is anticipated



( PART )

(‘MART )

( MORD )

Figure 6.

Message processor structure chart.

 GIUAC MIAL [LoRD TMART MORD
Set up Analyse Analyse Analyse
MIAL MIAL MART MORD
screen input input iInput
—
( MIAL ). Set up Set up LORG
MART MORD
screen screen

XBL7411-8311
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that in this type of processing, the structure of a message pfocessor
would beras-tyﬁified in Figure 6.

In this hessage processor, there are several legs. Each lég is sim-
ilar fo a norﬁél section of executable code in that there is a defined
point at which user data may be available as input ffom a keyboard, some
processing (including possibly file I/0), an output message is set up
and the program exits. The let may be entered as é fesult of a message
(e.g. MART),.or as a result of a call from anothervmessage processof
(e-g. LORD), or as a result of a start code (which is not relevant for
this message préceééor).

Each leg may be conveniently represented by standard flowchartiﬁg .

techniques.

4. CONCLUSION

The author does not claim this to be a perfect scheme -- however, she
hopes that it will help analysts in the field to develop a framework that
.can be used for their appllcatlons and to reduce thelr problems |

The scheme was developed out of a predecessor deflned by J Johnson :
of CAP. It was jointly formulated by a team con51st1ng of Esmond Hart,

Pat Bailey, Bob Wustman, Andrew Patterson and the’author.
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