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esign, development, and market analysis are only the initial
steps in preoducing a profitable product. Manufacture of the
product is the next step, Do you really know what is invoclwvad?
The first step is to specify th:s engineering data, What is the
structuyre of the product? You meed to determine the parts and
subasgsemblies that comprise the product and the quantities of
each required per unit. Which of thess compenents will you
manufacture? Which will yvou subcontract out teo other
manufacturing companies, and which will you purchase?

How that you have some of the engineering specificationg the
next step is to determing the manufacturing procedure - how is
the product to be made? You will need to decide the manufacturing
operations nscessary to construct the product and then specify
the lecation in your shop where the work will be done
fwarkstations), The sequence of these production steps, called
the routing., plus the labor and material required at each
aperation must be detailed.

The product iz specified and the manufacturing plant and
process are established. You are now ready Lo begin production,
How many products should vou build? You need teo consider custeomsr
demand, current and forecast, as well as the capacity constrainis
nf the factory, DOnce yvour production plan is established wou nesd
to determine wour material requirements. How many component parts
dn you need fto meet your production schedule? You also need to
determine the schedule of production for the manutactured
components, When do the purchased parts need Lo be ordered? You
nead to balance the desire to have components alwawus availabls
with the =conomic necessity of kegping inventory lavels asz low as
possibls,

Controls are nesded to monitor the flow of materials in the
stackroom and on the factery floor., When do the component
parts need to be issusd to the production lines and what
quantities ars required? You will want to monitsr the shop floor
and track the work in process, How much material is wasted? How
effitcient is wour work force? When the products are finally
conpleted you nesd to keep them in a finished goods inventory and
track their sales,

Finallw, wvou will be concerned with caleulating the costs -~
labar, material and overhead., The productien costs will help wou
decide your pricing policies and determine wour profitability.

From this brief and simplistic overview of a
manufacturing operation 1t should be clear that there are many
intricate relationships to deal with, Effective and efficient
management of a3 manufacturing operation is difficult to achiewe
and many neighborhood businesses as well as sephisticated
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manufacturing companies are turning to computers for help,

MATERTIALS MANALEMENTA3000

Hewlett-Packard is among the wvendars providing
application systems for manufacturing management - a
manufacturing company offering a solution teo the problems of
manufacturing companies. Materials Management 32000 is an
intarsctive material planning and comntrol svstem degsignaed to make
it eagier to deal with the complexities of eperating a
manufacturing compamy. It is primarily designed for
manutacturars who build standard products to stock in discrets
manufacturing steps (fabricators and assemblers? These companies
have a significant investment in inrventory, Haterials
Management /2008 canm help them balance their inventary levels with
customer demand for timely shipments to optimize their dollar
investment,

The complexity of the manufacturing environment can alse be
seen in the internal complexity of the software product which
provides the solution. Materials Management’3900 consists of owver
400,000 lines of $PL code which make up 161 transactiens
referencing 9 data basz2s, There are 291 screens, both transarctisn
screens and menu screens. There are also 168 batch programs. The
application data bases and szreens can be customized by the user,
Matzrials Management/3000 operates on any of the HP3I0Q0 family of
computers and uses the 264X family of termimals., The system uses
HF 's IMAGE data base management system and HP's ¥/3000 screen
handler,

Materials Management /3000 provides a solution to the
praviously sutlined problems of manufacturing companies by
supplyving 10 major modules. Their inter-reslation is diagrammad in
Figure 1.

Master Productien Scheduling: NPS is an on-lire management
planning and production scheduling tool. It is uzed by
the master scheduler to genrerate a production schadule
for the plant’s marketable products and to set ths mix
for the product options. Input te the module includes
the current customer orders, forecast customer orders,
the currsnt production schedule and the current levsl
of product inventory, The output of the MFS
calculations is called the mastesr production schedule.
This schedule contains suggested manufacturing orders
including quantities and starting dates. The scheduls
is than input to the Material Reguirements Plamning
CHMRP> module to plan the manufacture and purchass of
the required component parts. MPS alss includes a
"WHAT IF" simulation capability which allowus ths user
to gensrate tentative schedules, and view the impact
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of modifications on the current schedule,

Rough Cut Resource Planning: Rouch cut resource planning
CRPP ix a management tool used by the master
Fzheduler to compare the resouresas nesded to implemsnt
the master schedule with the available critical
regources to help produce a realistic master scheduls.
The user specifies the critical rescurce requirements
tor each master schedule part, and the maximum
capacity of these resonrces. Examples of critical
resources are labor hours, floor space, dollar
investment in work in process iaventory, material
suppliesz,. etc., The RPP reports highlight the capacity
ronstraints and help the user to resolve competing
demands for the critical ressurces. An on-line RPF
rapart can also be used to help evaluate simulated
maztar schedules by comparing their presource
reguirements to the requirements »f the current
soheditle,

Material Regquirements Planning: MRP simulates the complex
flow of materials required to manufacture products
and generates a material plan., MRP planning starts
with up-to-date information about the curerent
inventery levels and the planned production
requirements, Using part and bill of material
information the material requirments for each part
are calculated. The plan is started with the highest
lewal assemblies and then proceeds through the
lowest lewvel parts, MRP will rezchedule current work
and purchase orders and suggest new ordsrs as
necegsary to meet the demand, MRF is a regenerative
system - a complete material plan is gensrated
w2y time MRP is roun,

Parts and Bills of Material: This module provides on-line
maintenance of enginesring, accounting, and planning
information about sach part and product, and
information on how the parts relate o one ancther to
form tha product structure (bill of material),
Responsibility for maintaining this data will normally
be shared among several departments - accounting,
2ngineering specifications, and planning. Part and
structure data can be reviewed on-line or through
printed reports, The part and structure data iz used
by many of the other modules in Materials
Mamagement /30090, including MP3 and MRP.

Boutings and Workcenters: The Bill of Material defines the
parts and subassemblies that comprise a product but
dozsn 't document how the various components are
sctually assembled. The routings and workcenter
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module maintains inforaation that describes the
logations where the products are made (workcenters)
and the proper sequence of manufacturing (routings)
This imaformation is used to generate cost infermation
for the Standard Product €Ceost module, and to help
develop detailed production schedules. Respomsibility
fer this data usually resides with manufacturing
specifications.

Standard Producet Cost: SPC provides manufacturers with the
capability to accurately calculate the standard
costs associated with the manufacture of each
product, All current cost information may be
edited and reviewed on-line. The standard cost of a
product ie determined by accumulating all relavant
material, labor and overbhsad costs for the
components of the product as well as the costs
associated with the actual construction of the
finiskhed product, These standards can be wused to
determine product pricing and profitability,
Marketing as well asz the material manager would use
this data.

Hateriasl Issues and Receipts: This module helps ko contrel
stockecom inventory by maintain timely and accurate
records of all actionz that affect inventory
balanses. Ths data includes rcaceipts of work orders
or purchase orders, material issues from stock to a
particular work order, filling of a backeorder, or an
unplanned issue, All record keeping and updating is
done sn-line and a record of all inventory activity
iz kept on-ling for a user-specified period of time
as an audit trail. Stock room persennel are the
primary users of this system,

Inventory Balance Management: Inventoery balance management
iz a mndule to maintain information about inventory
balances and the warehouse lecations where the
inventary is stored, The current invantory status
can be affected by three types of transactions -
material movemsnt, inventory counts, and stock
adjustments. All three types of tramnsactions will
trigoesr an immediste update of the inventory counts
as well as create an audit trail record. All
udpates are done automatically in an on-line mode,
Current inventory balance data from this module is
us=d by MPS and MRP to determine the mext master
schedule and the mrext material plan., ALl activity
that affects inventeory sgtatus can be reviaswed
on-line. An inventory value report is also
availahle., Materials Management/3000 also allows fuar
multiple stock locations - a separate on-hand
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balance can be maintained for each stock leocation in
gach warehouse., This systam also helps with the
actual counting of inventory which is periodically
used to verify the inventory tetals,

Work Order Contrel: A work order is an internal fachory
authorization to build a specified quantity of a
particular subassembly by a specified date. #ll
wark orders require the issue eof on-hand inventory
for their completion., Prior reservation of on-hand
inventeory is the best method of prewventing shortages
at the time of issue, RAllecation, or logical
reservstion, of .on~hand inventory will help predict
arnd pravent these shortages. The timely nobtificatien
of axceptions to the material plan £an allow
corrective action before the results become
disastrous. The output of this tracking system is
the raports noting exception conditions. The
materials manager can then act on thesze reports. The
actual issuing of parts and work orders, and the
actual receipt of finished products is accomplished
by wgipmg the material issues and receipts module,
MRF is a prime user of information from this system.

Purchase Order Tracking: A purchase order represents a
scheduled receipt for purchasad items. Entering a
purchase order requires the entry of more
information than that required on a work ordar
- &.9. vendor information, shipping information,
price information., It is alse pessible to group
multiple delivery dates and/or multiple parts on
the same purchase order., Purchase Order Tracking
zvstem momitors these scheduled receipts and also
maintains vendor iaformation. Users can get a
raport on the current orders for a particular
wvaendor, or the value of outstanding purshases by
scheduled receipt date. The purchasing department
and the materials manager would normally uze this
module,

What diztinguishes Materials Managemant /3600 from other
materials management systems in the marketplace is not just the
product features but the design and implemantation philosephy
behind it., This philosophy evolved from previous experience with
application systems, a knowledge of the competitive marketplace,
and first-hand experience with manufacturing company operations,
The dezign philosephy can be summarized as providing a
functionally complete zolution which fits the business practices
of the user, i1s friendly and easy to use., and is supportable by
HP .

F-2 - 06



APPLICATION STRULTURE

Materials Management/3000 evolved from a previous product,
MFE/3000, which was releaszed in Pecember of 1977. MFG/3830 began
in the HP3000 manufacturing area as a2 computerized solutien to
HF s internal materials management problems. As the system was
completed and put into use it becams clear that other medium to
larges manufacturing cempanies were having the same sorts of
problemsz. It was decided to to turn the home~grown system ints
a product .

MFG/3000 was sold both as an object code product and a snurce
code product. A source code product is one in which the actual
computer programs are sold to the user. The user then can modifw
the code directly if they wish to implemant apy medifications. R
sodrce code product is difficult for the factory to enhance and
puts a support burdsn on the customer. The bug tixez and factory
enhancements must be sent to the user in sgource code format. The
customer must them implement the changes manually, I¥ the
customer has made modifications te the source code the changes
from HP may not bz compatible., It is also wvery difficult for the
factory to support a source code produckt. If the user reports a
bug the source of the error is difficult and time—consuming to
detect since ths fault could be in the original code or in the
uger-modified code.

An object code product ix one in which only the executable
code i gs2nt to the customer. The wser cannot maks any
modifications te thiz produst and so has gained factory support
at the price of flexibility and lecal user eontrol. The idea of
an object code product is a difficult one to "sell" to the
cugtomer., The application cannot be tailored to fit the
individual needs of the customer. On the sther hand, it is rot
possible for the factory to anticipate all the detailed and
digtinctive capabilities peculiar to any particular customer,

HP's sclution was to develop an object ende product that was
uger customizable, The big advantage is that HP can fully support
and snhance the product while the user can tailor the applicatien
to suit their individual needs.

Most of MFGZ/3300 custeomers had purchased the object code
version, The majority of theose customers that did purchase the
saurce code were interested in changing the field edits, the data
item characteristics, and the data items in the reports, not the
pragram legic., The implementation strategy was te include
standard and accepted functions in the program cede and provide
softyare tools to allow the custeomers te tailor, or Ycustemize,”
the system to £it their own individual requirements. So the
program code was separated from the data item characteristics,
the zcreen formats, and the other parameters that characterize
each particular ingtallation of the product. This would allow
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the factory to maintain the logic of the programs while the user
could tailnr the edits and data item characteristics, as well as
modify the appearance of the application,

Thae nexwt problem to tackle was to develop an efficient
mechanism Lo "interpret" the user-supplied execution—time
paramsters. The first design decision was to put the
customizable information into tables. A& table-driven application
waz chogen over a compiled application because implementation of
the latter design meant the development of a3 new language, a
challenging task in itself. And control over the customer use of
the language would be difficult, Data item customization via
re-compilation of all the scurce code programs would be
time~-consuming and preme to error. The factory would also lose
same conbtrsl owver the integrity of the application once tha
sodrce oode waz distributed to the customers., A table-driven
apnlcliation seenmed the wise choice.

Exparience with MFLG/72000, with its rudimentary edit table,
led to the decision to expand thig table and add to it a data
dictionary which wrould contain tha structure of the data base,
the gpecification of the data itams itself, and the format of the
screens and reportzs,. Mow that the contents of Lthe tables had been
agresd upaon the next problem was to provide efficient
execution—time ascoess to the data in the tables,

Tables implemented in files or data bases would be too slow
to accoess at execution time., If the tables were places on the
stack toon much mamory would be uzed., Extra Bata Segments could
provide efficisnt execution-time access with good memory
utilization., The design agreed upon put the "source wersion of
the application parameters into a data base, so the user could
edit them. This data was them compiled intoc extra data segments
fur execution-time acgess,

The only problem with extra datas segments is that they are
nat sharable across sessions., An important uaderlyving assumption
that the apploiation would have many users. So the application
had to be designed Lo allow for multiple wusers. The solution was
to develep a control program to manage all the Materials
Management /3000 uszer terminals so that thew would appear to the
MPE operating syvstem as just one session., This selution fit in
nicely with the design goal to have a dedicated system - the user
would interface with a program that was optimized for the
non-coamputesr professional instead of with MPE., This control
program would automate some of the standard ceontrol functions,
such as scheduling terminals and initiating batch jobs,

Some of the teols necessary to implement an object code
user-custemizable applciation were already available,
IMAGE/30G0, the data base subsystem, eliminates data redundancy
and resulting maintenance problems, V/3000, the forms data entry
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subsystem, makes it easy to design and implement a friendly,
consistent user interface. The MPE message system provides a
facility for creating customizable report headings and user error
messages,

To meet our objectives it was necessary %o develop two
more tools, the Application Customizer and the Applicatieon
Monitor. The Custemizer provides a method for the customer to
tailor Materials Management./3080 to fit an individual
environment, and the Monitor automates many of the dav-te-day
administrative functions ususally performed by an operatisns
staff. The Monitor accomplishes its function by starting and
stopping terminals at predetermined times and scheduling
background jobs such as MRP to be run on a regular basis. System
security is controllable because users may not use the
application (i.e., Materials Management/3008> unless system
administerater has instructed the Monitor to start the applicatisn
on a specific terminal. The Monitor also includes review
capahility of the application-gensrated error messages and other
system activity, such as the background job schedule or current
terminal activity, To the application program, the Moniter
provides many services normally associated with operating
systemg, The application programs mav request services such as
procass initiation, interprocess communcation, and resource
allocation for on-line terminals and printers. The applicatieon
designer can concanterate on solving application-orianted
problems and call on the monitor to provide ether functions that
ars necessary but not directly involved with materials management
functions.

The key coemponenet of a customizable application is the
application data dictionary, which serves as a repository for
application~depandent information such as data item
characteristics, data base schemas, ¥/3000 form descrip-
tionsz, securily passwords, terminal configuration, and

background job schadules, The Application Customizer
was designed to maintain the data dictiomary, and it per-
forms two major functions., The first is a facility for custom-

ers to alter or customize the application svstem using a
simple menu-driven fill-in-the-blanks sequernce of forms.
S3ince this is the part of the Customizer most visible te the
customer, the bulk of the design effort went into making
customization functions simple and easy to uanderstand by
nonprogrammers.  The second function performed by the
Customizer is to transform the information present in the
data dictionary from data structures suitable for run-time
access by the application programs. Thess transfeormed data
structures, collectively known as the rum-time application
ta dictionary, are used by the application programs to
determing the wvalues of all customizable parametersz in the
sypstem.

F-2 - 09



Fig. 2 shows how the Customizer, the Monitor, IMGEE/3000
V¥/3600 and the application software interact.

CUSTOMIZATIOH TECHMIGQUES

The rest of this article describes seme of the metheds
used by the designers of Materials Management/3000 to design
programs that can operate efficiently in a customizable
environment. Because Materials Management/30860 iz a cus-
tomizable application, the customer has the ability to change
many of the characteristics of the system by modifu-~
ing items in the application data dictionary, rather than
using the traditional time-censuming and error-prone
method of modifuing source code and compiling programs.
Designing customizable applications is therefore compli-
cated by the fact that many assumptions traditionally made
by application programmers are not true. Customers may
modify data item characteristics, add and delete items,
modify the on-lins user interface, and define additional
processing.

Changing Data Item Characteristics

An assumption traditionally made is that once a data item
iz defined, its characteristics will nat change. In & cus-
tomizable 2nvironment that assumption is no longer walid,
Because it iz poszible for the customer to alter the length,
type and precision of any field, the application program has
no idea what the characteriztics of fields will be until the
program is axecuting., For example, there are three broad
categoriez of data tupe used by Materials Management/3600:
aglphanumeric strings, numeric fields, and dates fields,
fin application designer may assume a data item is one of these
three genseral types, but cannot know the specific
format of the fizld, Humeric fields may be any of five
numeric data twpes: digplay numeric (with explicit sign and
decimal point), zoned numer {(with implicit decimal peint
and =ign owverpunch?, packsd decimal, 1é6-bit integer, and
32-bit integer. Gany numeric field may be changsd teo any
osther numeric type and the length and the precision
Cnumber of deismal places) of display humeric, zoned
numeric, and packed deccimal numbers may alse be altered
by the customer,

The solution iz te place field definitions in tables that are
accessed by the application program at execsution time.
These tablsz form the run-time application dgata dicitensry
generated by the Application Customizer and are accessed
only by a set of Application Customizer routines called
intrinsicz. Thiz enables the designer to code the application
without specific krowledge of the structure of the tables., As
the Application Customizer is enbanced, the tables may
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change, but the application programs will net hawve to be
modified because the intrinsics insulate the application
from the fApplication Customizer,

A field may have several occurrences in an application,
sach having slightly different characteristics, For exanmple,
a numeric field may be present on an IMAGE data set, and
also on a dats entry screen defined for a transaction that
updates the data set. The item on the screen will be defined
az being display numeric type, with a length of ten digits
including two decimal places, the same item on the data set
Wwill be defined as being packed decimal, with a length of 15
digits including four deacimal places., The designer can de-
velop customizable programs without concentrating on
thess differences because of the intrinsics provided by the
Application Customizer to handle all arithmetic and data
movement operationsz,

A table Icokup is regquired every time a3 data item is
maniputlated by the application. Materials Management/30083
is structuared to provide the the best response time for
users who perform the same transaction many times, uzing
few or mo other transactions. An example is loading dock
persaonnel who perform”receive stock” transactions almost
exclusively., When a transasction is entered, onlv that por-
tion of the customizer tables that contains data item defiini-
tions are used by the trasnaction is meoved to the program data
area. The data itewm definitions remain in memary until the
user branches to anether tramsaction., Hith the needed data
item definitions in program data memory, Customizer in-
trinsics mav acoass data definintions with a minimum of
nverheasd., This conzerves memory and provides fast
response time for sSubsequent executions,

S5ince ktherg are Cystomizer intrinsics that perform data
movement and arithmetic operations, instead of coding
SPL statements to manipulate data, the application de—
signer codes calls to intrinsics that add, subtract, multiply,
or divide numeric data items, and move numeric or al-
phanumeric items, These intrinsics reference the data item
definition tables, parforming data validatien, decimal point
normalization, data type conversion, and security check-
ing. If an error prevents propesr processing, the intrinsic
returns an appropriate error code, and the user can be
informed,

Modifwing Fields
In addition to changing data item characteristics, it is
possible for the customer to add and delete some fields

appearing on screens and data sets., HMaterials Hamage-
mert /3080 is desigred to perform specific inverntory control
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functions, 30 a working set of data 1tems must be present for
the application to perform its function properliy., Theze data
items are defined as critical to the application and may not
be deleted by the customer, 0Other data items in the releaszed
groduct are included for coptional processing and may be
deleted by the customer for reaszons of gfficiency or to pre-
vant user confusien, On ths othar hand, a customer may

want to adspt the applicaticon to perform additional func-
tivns nat anticipatad by the application designers. This will
requitre the addition of data items to data entry screens and
data sets. A method must be used to represent the associa-
tion of data items with screens and data sets to the applica-
tiorn programs,

Fortunpately, much of the processing in Materials Man-—
agament /3600 and many other data procaessing applicatiens
invelves the movement of complete records from place to
place. For example, "add" transactions simply construct a
record from the data items entered on a data entry screen,
and after appropriate validation edits, move the record teo an

IMAGE data set. “"Change” transactions retrieve a recerd
from a datz set, update it with fields entered from the scresn.
and then move the record back to the data set, When

adding or deleting a data item on a data set or screen both
the designer and thes customer must associate the item with

& specific racard format, Record formats are nothing more
than collections of data item Jdefinitions that correspond to
the fields on & data set or data entry screen record, A data
antery sareen record and the corresponding data set record it
will uypdate will contain many of the same data items, al-
though they may have different characterisitics., Since it is
unknown until execution time exactly what items will be
present on a given record, the Application Customizer pro-
vides an intrinsic that moves worresponding data iteme

from one record to another.

The eperation of the MOVE CORRESPORDING intrinsic is
very simple. The intrinsic is passed the record format
definitions present in the source format, the instrinsic
searchas the target format for a correszponding item defimi-
tion. If a match occurs, the data is moved from the souerce
to the target record, changing the data type, length, and preci-
sion if necessary. This process continues until all corre-
sponding fields have been moved from the source to the
target record. The MOVE CORRESPONDING intrinsic allows
the designer to think on a record level, not being coneraed
with individual data items., This makes it possible for tha
customar ko add and delete noncritical data itemes at will,
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Fig. 2 shows an example of MOVE CORRESPONDIN oper-
ation., Each record is described by a format maintained by
the Application Customizer. Every item is assigned a
unique i1tem number by the Customizer., This item number
is used to identify all occurrences of an item. Each format
consists of a format header, which contains pointers and
information concerning other control structwres, and a col-
lection of item definitions, organized in ascending item-
number ordsr. The MOYE CORRESPONDING intrinsic per-—
ferms its function for each item in the source format (in this
case the screen format) which has a matching item defini-
tion in the target format (the data set format), The intrinsic
Iozates ths field and determines its langth, type, and preci-
sion, using information stored in the item dafinition. In this
example, the source field is located at byte 0 and is ten bytes
long., An item type code of 3 indicates that the field is in
display numeric format and the precision is two decimal
places,

The target field is located at byte 54 of the data set record
and is eigth bytes in length. An item type code of 5 indicates
that the fisld is in packed decimal fermat, and the precision
iz four decimal places, HMOVE CORRESPOHLING copies the
field from the screen record to the data set recod, changing
the type, iengith, amd precision of the data accerding o the
item definition,

Changing Screens

In addition to changing field and record characteristics,
the customer hasz the ability to modify the appearance of the
application itself., Data antry sereen apperarance; and evan
the sequence of zcreens may be altered by the customer.,

¥/3080 prevides a relatively simple method for altering
scresn appearance. Screens may be redesigned by repaint-
ing them using a few control character sequences oen HP's
26xx series terminals, This gives the customer the power to
alter scresns ze they look like forms that are presently in
usg, lessening the technology shock thay many users ex-
perience. Screen alterations are then entered inte the run-
time application digtionary wvia the customizer and trans-
lated into updated record format definitions, The applica-
tion program is thereby insulated from cosmetic changes to
screensz, The MOVE CORRESPOHDING and other Customizer
intrinsics handle changes in data field arder as easily as
additions and deletions,

In Materials Management/3000, screens corresponding to
transactions are at the bottom of a large tres of menus. The
26xx terminal serizs haz eight dynamically definable
softkeys. Thess kevs are usad by the application as the
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primary methed of moving from screen to screen, The top of
each screen in Materials Management/3000 contains eight
labels, esach corresponding to a data entry screen or a menu.
The user may navigate threugh the menu tree by pressing a
saftkey that will cause the application to transfer to the
desired transaction, or to a menu that will list seven other
choices, The eighth function key is always labeled EXIT and
takes the usar to the screen’s parent.

The customer has the ability to modify these labels
through the Customizer, creating subtrees for different
users. For sxample, security reasons may require that a
customer prevent steck room persannsl from altering anv
engineering data. By remeving any labels that identify
transactions dealing with engineering data, it is possible
to restrict the stockroom personnel to a closed set of
trangsactions,

The application determines geoftkey definitions by look-
ing up values in a screen sequence table, which is part of the
run-time application dictionary and is accessed by Cus-
tomizer intrinsics. A&n entry in the sequance table is
aszociated with every screen, Before displaying a screen,
the corresponding entry is moved to the program data area,
It the ussr presses a softkey, the application looks up the
value that corresponds to the key pressed and transfers
contrel to the appropriate screen or menu, This allows the
customer to be wvery flexible in tailoring the sustem and
relieves the dezignzr of the burden of determining the
zerean structure while coding,

An additional feature becomes very powerful for experi-
endced usersz of Materials Management/3000. A {6-character input
field called the command window is present on all menu screens.
If the function desired by the wser iz not directly accessible
from a menu, the desired function name may be entered into the
command window and the corresponding screen will be accessed
directly, eliminating the need to mnavigate through the menu tree.
Wharnever ths application detects an entry in the command window,
a Customizer intrinsic retrieves the appropriate value,
effectively providing 2 ninth zoftkey. The command window may be
altered via the customizer and ¥/3000 to accept only selected
labels, This provides an additional measure of security, while
providing the means for the experienced user to travel rapidly
from screen to screen,

Processing Logic GCustomization

it is impossible for the designers of a general-purpose
application to anticipate the needs of every customer, Cus-
tomers will almost always want the application to do some
additional proceszsing, beyond the capabilities of the stan-
dard preduct. With noncustomizable applications, the cus-
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tamer would either have to purchase source eonde and mod-
ify it, ar live with the standard product, HMaterials Manage-
ment /2080 provides two methods of modification. The first
involves V/3000 and the second involwvaes the Application
Custopizer., VY/3000 provides a set of powerful functions,
including: checking for minimum length, data tvpe checks,
range chechks, pattarn checks, and data formatting., Houwever
these functions apply only to data entared on the screen
recards,. To allow customer-—defioed manipulation and
mevaement of data betwesn screens and data sets, a set of
functions called proceszing specifications may be

entered using the Customizer,

Procesging specifications are defined by the customer for
gach transaction where additional processing is desired,
Simple commmands a3llow the user to add, subtract, multiple,

divide, and move data items., These commands are com-
piled and placed in tables that are accessed by Customizer
intrinszics at 2xecution time. In most ef the product, each

tranzaction is structured so that after all normal processing
occurs but before any data sets are updated, the processing
specification interpreter is called., This is a Customizer in-
trinzic that performs the operations indicated by the
customner-entered statements., It is posgsible to alter almosk
any data item on any data set that is to be updated by a
transaction. This tool allows the custemer to extand the
ucsefulness of the appplication program to areas that were not
originally anticipated by the designer,

Fig, 4 shouws how customer processing specifications
are implemented. The format header of the screen format
contains a pointer to any processing specifications the cus-
tomer may have defined for the transaction. #All processing
specifications are generated by the Customizer and placed
in a procezsing specification table., which resides in an extra
data segment. The processing specification interpreter uses
the pointar and length fields in the format header to locate
and mowve the procezsing specifications defined for this
transaction to the stack, The Customizer gemerates an in-
termediate language in the form of triples, which consist of
an operation code and two operands. Each operand field ig
either a constant, a register, or a format/field number com-
bination. In this example, the customer wishes te convert
the value entered in field 135 freom pounds to grams and
accumulate the result in field 222, which is described in
format 14. This might occuwr in the situatien where the
customar wishes to record the wear—-to-date quantity ordered
for management reporting., Field 133, described in format
22, corresponds to the gquantity-ordered, which is accumulated
on some other record for use in preparing periodic man-
agemznt reports, The normal unit of measure for ordering is
pounds, but for some reaszon, managemant has decided to
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accumulate the total quantity in grams., The first triple

moves the constant 454 Lo register {1, The second triple
multiplies the contents of field 133 by the contents of reg-
ister 1, and placez the result back in the register. This
converts the wvalue of the field from pounds to grams. The
contents of the register are then added to the contents eof field
222 in the third triple., Upon returning from the processing
specification interpretar, the transaction will update all of
the effected data sets. This method of implemantation allows the
customar to add to or override the processing specified by

the applicatien dezigners.

Local Languages

HF s market For manufacturing applications is
worlduwide, The application designer cannot assume that the users
of an application understand the English languwage, HMaterials
Marnagement /3000 is designed to be completely localized te anw
language supported by the 26xx series terminal without
reprogramming,  Localization maw be accomplished by translating
the screens using Y/3000, by modifying repert headings and error
messages stored in message catalogs, and moditfying other litarals
maintained in the application Jdata dictionary. Materials
Marnagement 3000 uses many zingle-word literals to control
processing., For example, a . user may enter engineering infermatisan
about & part, =such as whether it is normally purchased or
fahricated, The English wersion of Materials Management/3a400
codes this information as P or F on the data base, The litarals
P and F will have different interpretations in other languages,
Therefore the customizer maintains another table containing all
literals defined by the application designer. When manipulating
literals =zntered by users, the application must first look up the
current value of the literal. The table is leoaded into the
program data ares and acosssed by dApplication Customizer
intrinzics. Because the table is located in the program data
area and accessed directly, there is very little additional
overhezad, MNonEnglish-speaking customers have an application
product that is easily understandable by their users, and the
support burden ig minimized for HP because gnly one version of an
application system needs to be supported instead of one for each
language.

SJecurity Checking

An advantage of manipulating data in an interpretive
mode is that other functions may be added with a minimum
of effort by the designer. One example is security checking.
Many auditors demand that security access be carried down
to the data item lewvel., In Materials Management/3000, each
user is assigned a password that will grant that user accass
to only the data items that he or she is expected to review or
update. The password is entered only once on a special
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security screen. The user may view only screens that con-
tain data items for which that individual has access, and on
screzns that may be accessed, not all data items may be
reviewed or updated. This allows the user to see and mani-
pulate enly the authorized items,

This type of security would require a lot of design and
coding effort in a conventional system., In Materials Man-
agement/3000 the Customizer intrinsics that manipulate
data alsc perform a security check., The Customizer main-
tains a table containing all wvalid passwords along with a list
of data items to which that password grants access. Each
time a Customizer intrinsic accesses a data item, a table
lookup is performed. If the user does not have access to the
item, an error message is displayved on the terminal. This
powerful feature is implemented with a minimum of over-
head and design effort,

CORCLUSIDRS

Materials Management/3000 is HP's first user-customizable.
factory-supportable application system. The team that designed
and implemented Materials Management/3000 has verified that an
object code user-customizable product is a good idea and that it
works, The performance of such an applicatien can be acceptable.
As the installed basze expands we are gaining a better
understanding of our customer needs. In general, the customers
really like the product. They just want HF to expand its
capabilities. Two examples are discussed next.

We are looking into providing more customization
features, R frequent request is to allow the user prograas
greater acecess to the application data base. This could be
accomplished by allowing the user access to our customizer
instrinsics. The data baze would only be accessed through these
intringsics and tharefore the integrity of the data base could bz
insured. Users are also requesting the ability to add data sets,
and gain more flexibility in asseociating data items. Even with
expanded capabilites, though, some customers wil! still want more
flexibility. For example, they want to write their own programs
to perform expanded data validation and they want the applicatien
to call these programs, Another feature request is program legic
customization, The user would be able to select among pre-coded
algorithms,

In another area, the design team is exploring the
implications of a distributed application. Currently, Materials
Management/3008 is a single application system that runs on one
HP3000 machine, R distributed application system would involve
functions and data spread out among several machines, We need to
understand how to distribute the data and how to handle the
customization of dats distributed throughout an applicatien
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network, These are eonly two areas of research. There is a lot te
do,

Built on thes tachnology of an appliecation
monitor and an application customizer, Materials Hanagement/3800
iz HP's first step toward providing.a toatal solution to the
problems of manufacturing companies.
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Formats:|

| Field item
item \ Field \ Length| Type ltem
Number| Offset| (bytes)! Code! Precision
- item |
L 135 0 10 3 2 Definition
Format  ~~~ee___ e
Number e e
/\f J\/ Screen
22 6 | 27 |135] 224] o o ¢ | 414 Format
Format ltem Definitions
Header+ +
[ /\/ ! : A"-f . Data Set
16 | | 6|27 92135 s s 414|chmat
Format. V- - L"‘::.jf
Number! .- T
f = i . ™ ltem
135 | 54 & | 8 4 | Definition
Item Field Field | Item | Item
Number| Offset Lengthy, Type| Precision:
(bytes) Code
Records:|
! —'r —y hal ! ~ V e
i Screen
l 12.14 it A Record
0 10 12 32 /\/
4 Byte
y Offset
0 35 e 54 62
1 J\/ Data Set

12.1400| @ o @

/\/ Record
Fig. 3 An example of the operation of the MOVE CORRES-
PONDING Customizer intrinsic. See text for details. F-2 21




Format Header
Processing Processing

Format Specification Specification
Number Pointer Length
22 ’ 5 x3|

3 =number of statements

Operand 1 Operand 2

Operation Format  Field Format Field
Code . Number Number Number Number

Operation
Codes

Move

Ada -
Subtract
Multiply

Divide

< 0 -2 454 -1 1

HWN =0

3 22, 135 | -1 1

1 -1 1 14 222

Processing Specification Table

™

Fig. V An example showing how custormer-specified pro-
cessing is implemented. See text for details.
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