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¢ .. . ABSTRACT Y

..‘;‘. ) R

Manufacturing companies in the \eighties are turning more and ' more

towards the use of _computer- based production and inventory management

[ 3 s

systemé These systems ‘provide for a better control of work-in-process
/

1nventory,,capacity requirements, and order tracking in a manufacturing
env1ronment The advantages of a computerized system~is that these systems |
can- respond quickly to any changes in inﬁ[t and compute- the revised -plan-

details. These systems also aid in developing reports for upper

management, providing for a logical co- ordination of the day -to-day ,J>

manufacturing'activ1t1es and for long range planning

o
Recent advances in the.microcomputer technology have made these‘systems
/available and atfordable“to small ‘manufacturers; In this study, a
zmicrocomputer-based capacity\ requirements planning(CRé) system was
designed Land. partially tested ‘;ith *an actual ‘implementation at Argo
Material Handling System Limited. The result 4to date indicate “an

a

Aimprovement in material control and’ shop planning. o RS

An approdgeh to strategic planning and the benefits of a decision
support’xystem(DSS) have been stressed A simple conceptual model for‘

(, decision making has been presented

[

adaptable to any small company with minor modifications A concise usér’s
manual is 1nc1uded4which explains the various programs in the CRP software

bl

package. ,;

iv,
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1. INTRODUGCTION

1.1 Purpose

The purpose of th’s two part study is to design the major modules of

the capacity requirement - planning and’ costing system : for a

mlcrocomputer based Integrated Production and Inventory Control System
"In addition a Decision Support System(DSS) for Strategic Plghning will

be outlined The " integrated system when developed will be part of a

'~ computerized production and inventory control system that can be used by

eny-company_after modifying the modules to suit their specific needs. The

system will be tested at a local manufacturing organization.

4N

1.2 Background Information

' The total production, inventory control and costing system being
developed consists of two major modules, viz., the Material Requirements

Planning (MRP) module and the Capacity Requirements Planning(CRP) module.

‘The MRP modules were designed by another graduate student, Stephen Cheng

as an M.Sc. thesis!®. The flow chart for the MRP is shown in
Figure 1.1. The CRP receives its input from the MRP and makes an analysis

to check if the requirements of the MRP can be successfully achieved The

flow chart for the CRP is shown in Figure 1.2. The combined flow7chart

for the microcomputer based Integrated Production and Inventory Control
System is shown in Figure 1.3. The system will be implemented at Argo
Material Handling System Limited., which manufactures a wide variety of

materizl handling equipment. Among the largevrange of material handling

equipment are dock levellers, elevating docks, wheel-chair iifts, and
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. v
dock shelters. Dock leve .lers and elevating docks account for over 60%
of the total sales. The company is based in Edmonton \and has
manufacturing licensing arrangements with several companies around the
world. J
7
At present the company practices an informal form of production,
inventory planm%ng and control system. The method is based on a
combination of past experiefice, ’'trial and error’ and a re-order point
system based on sales bookings. Computerizing the system will greatly
’ =

help‘in keeping track of the,activities done in the shop and also permit

management to review the progress' made more effectively.

1.3 Scope and Methodology

The scope of this thesis consists of developlng a computerized

&

Capacity Requirements Planning System to be executed on a PC, and to
dlscuss the outline of a Decision Support System(DSS) for Strategic
Planning. Ihe Capacity Requirements Planning System consists of the
following modules:

IS

(1) Capacity planning module.
(1i) Shop order processing module.
(111) Systems prooéssing»module(including'costing

and managerial reporting).

The capacity requirements pianning module takes care of .the
: ’ X.

. %
day-to-day requirements of the shop floor. This module takes informa%ion :

from the MRP matrix and prepares detailed work-orders for the shop and
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vendor orders after finding out which items are in stock and whi * items
ﬁave to' be produced. The gystems processing module will\;se morithly
information to find oﬁt utilization and prepare'coéﬁ exception reports.
It will also maintain and updaté,gost information‘of‘éach and every part
manuféctured. It is this module éhat maintains the data file information

-

to be interfaced with the financial package.

1.3.1 Magter Production Schedule (MPS)

The Q;nufacturing objective ¢f quantity and due date for tﬁe final
products are transformed by the st into a shop plan. The decisions in
tgis phase depend on both forecast® and confir@ed customer orders. The
optimization criteria are: meeting due dates, miﬁimum level of

work-in-process, and plant load  balance. The MPS uses éﬁrough cut

capacity planning method to:

¢S Esta?}ish times available at each work center. -
(1i) Sequence work frem queues. . =

-(111) Specify end-of-shift routines.

3.

1.3.2 Capacity Requirement Planning

3 The purpose is to plan the manufacturing and purchasing activities

necessary to meet the targets.of the MPS. A quantity and due date are set

for each part of the final product. Decisions in this phase are confined

to the demands of the MPS and the optimizatibn criteria include: meeting

due dates, minimum level of inventories, and departmental load balance.

13
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1.

) {
1.3.3 shop Order Processing

: . ¥ T
The goal is to transform the manufacturing requirements as set forth--

in the capacity requirement planning phase into a detailed machine

- loading plan for each work center in tha plant. It is essentially a

scheduling and sequencing task. The decisions in this phase are confined
: P

to the demands of the requirement planning phase and the optimization

criteria include: capacity balance, meeting due dates, minimum level of!
}

work-in-process, and manufacturing lead times. The decision variables

are plant capacity, tooling, on-hand material and manpower.

AN

1.3.4 Costing v . /’”(\k)'
.

In this phase for each and every part manufactured in épé/pfént an
estimate of the cost to makeé it is made. This infofmation is then passed

hg ) ' . )
on to the financial package. The cost details are updated periodically.

1.3.5 Financial Planning - =

'

Developing a module faf-this area is not being done as there are many
standard software packages readily available. However, interfacing the
césting and sales information-with tﬁis package 1is eséential for the
integrated system to be 1mp1eme;ted successfully. The interfécing of the
financial package will be undertaken by another graduate student. The

financial package will handle regular accounting and financial functions

" like General Ledger(GL), Accounts Receivable(AR) etc., and the outputs

will be financial statements on a periodic basis.

L



1.3.6 strategic Planning

One of the objectives of the management of an organizatiéﬁ'is not - only
~to improve gfficiency of current.operations but also to plan for ﬁhe
efficient use of the resources in the future. Decisions such as product
lines to be addeg/trimmed in the future) what components.may be farmed
oQt, what ;dditional promotion is needed for the product lines if a
competitor emerges, and what gdditional facilitiés have to be added to
achieve the planned, growth are required on a continual basig to remain

. ~

profitable in the long run. This sort of planning approach for future

courses of action is generally termed strategic planning.

Y

1.4 Software Considerations f’f\\\tj

The CRP system software has béen developed on the IBM Personal
Computer wusing the programming iangu;ge BASIC!I7I8) - (Beginner’s
All-purpose"Symbolic Instruction Code). Although BASIC 1is nqt a very
] versatile language for handiing large databases, it does .offér the
.following distinct advantages:
éi) Minimum hardware requiéements. Only 64K of RAM is-needed to rdn the‘
. BASIC program. Althougﬁ a twoidiskette dri;e system is fgcoﬁmended, the
programs can be run with ; single drive syétem.‘

(1i) Minimum soétware rquigéments. fhe BASIC programming_lhnguagé ié
readily évailgble and the inéérpfeter Version>is~a1mo§t always included
in tﬁe DOS diskette. Compiled versioﬁ of thesevprogfams written iﬁ BASIC
will he faster to exeéute; |

(iii)’Availability'of\subroutines.:BASIC'was oneboflthé firstflanguageg

that were developed for use on the microcomputer, so many ready4to-run'

N
‘¢ PR
* AN
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$ubroutines have been written and tested. These subroutines can he easily

interfaced within one’s own programs.

(iv) BASIC is simple and easy to learn Thls means that it is very easy .

to obtain the services of programmers who are proflcient in the language

The CRP application software is divided into.%hree distincc modules
with several sub programs within eéch module. They are: \
I. Capacity Pianning Module.
- 1. Item/Assembly Inquiry. - | o .
v . 2. Input ngk Center/Qpérations Sequence‘bata.  ’
B 3. Delete/Replace/Add Sequence. -
4. Pring§Work Center/Operations Sequeﬁce Information

- 5,,Ba -h Size Determination.'

6. Capacity'Planning‘Rgpprt.

{

&

7. Material Reqﬁisition List;* e
II1. Shsp Order,Propeésing Hgdule.
T -1, Defﬁilgd'Wo:k Centefischeduling:
(aj Edit Sgdp_Scheduig List,
(b, Early Due'Daté Schedﬁle;
{c) Sﬁortesf'Processing@Time échédule'
[ o (d) Shortest Remaining Job Slack Schedule.
| (e) First Come First Serve Schedule
'if »‘\'TZ..shoanchedule Repoft. o o | 2
e 3. Work Updating and'Reschedqling.

&

o
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4, Shop:Stetus Inquit;. . 3',
) %é;é‘VS;‘Operation Timeﬁﬂistory.‘ ;f
- 6. Shop Work Ordet‘Kpleasesﬁ i; | *
III.‘éystems Processing Module . : : . AL ;
" 1. Costing Ptograms. K
: '(a).Cost Inquity.‘ . )l' p ’
gb)'Shop brder Costingi
fJ ) (c) Historieal Co;?s end Foreeests, ,
, ; 2.'Month-end Processing- S ) e
3L'Menegement:Reoorts Ceneration. ¢
(a) éerformence'Heasorenent Reports. .
. . R
' (b);Efceotion Reports;':
N B if(e)-Utilizetion Reports{5 ‘ ‘
! ‘ﬁé. Random'lnventory Connt'éenftetion. ' o " A
5. Initial System Data Files Setup .
v&.'Reorganization of Data Files - | “\\ AU
7. Chein to Other’Programs. ‘ :\

The CRP application software 1s menu driven 'An 1ndiv1dual can go from

one program to another by selecting the corresponding number from the

5
\ b ’

'displayed.menus.‘The programs themsekves are user friendly and will

‘promotlthe user if ‘any errors are detected and\ask,foriconfirmation
' before anylaetion'is_qeken. There are a total of thirty two BASIC
progren;.and eight'dete files‘in the system. The CRP:system'also'requires

the.folloﬁing MRP system'déta.files,“



referred to in the various discussions and a conc15e User s Manual 1s

MASTERA.DAT ) : .
MASTERB.DAT )} Part Master Files.
INDEX .DAT }

BOM : .DAT } Bill of Materials file.
MRP .DAT } MRP matrix file. .

-
.
b

* The programs have been ies;gned to be general so that they can be

P Y

,implemented by different comparies w1th very little modification. Some

[

. 3 , .
modlfications like changing che l2ngth of part numbers may be 1nev1tab1e

"The source code of the programs can be obtained from the CRP diskettes

and the data records format 1§ presented in: the Appendices Together

they provide enough information for the experienced user to do program

\ s ; .

-modifications and future enhancement of the system The modules arev

’

: \

included in the- Appendices

N . ) . -
i.' - . . . : ‘ v,



2. DATA COLLECTION AND CONTROL -/

2.1 Data gathering
( .

- . Fdr?any-production and inventory system there are essentially two

_categories of characteristics; one that describes the environment outside

the system, and:one that describes the environment internal to-: the :
%?ystem. The selection: of data is started by preparing and examining the -

list of what are thogght-t0jbelimpoptanﬁﬁ¢haraétérisﬁiés;,-The_tésk‘bf‘

data selection is -approached external to the organization by giving
i,canidététidﬁ to:

5

.(15: The 'eibeqtedé:gdles,'bf"éééh ' indlﬁidual_ ﬁrpduct(maikét

. o PO . .
»* " research Iinformation).
. N o

—(ii) Custamer purchasing patterns, whether pétiédic, seasonal or

random(h#storiqal'ﬁaies da;a.anaiysis).

(iii)_The acceptable time perdod betvéeﬁ“receipt 6fvcu§tbme:;9rdgrliiﬁfﬁﬁ
o~ and delivery(market position and competition).
(iv). Desired service level(ﬁarket position and management policy).
‘jg_lﬁ'f __1  ‘The measurement of the internal characteristics detérmiﬁe:
_ (1) Capa¢it} and utilization of resources.
Y : . ERIEE . o : .
: R ‘(&) Production. v
. . (b) Facilities.
:(c) Labour.
~
! (d) Storage facilities.
S (e) Hatet1al handling and transportation facility.
‘_:"u (ii)> Lead times.
" ' -
12
<. ! )
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3
X,

(a) Custome; order pf;cessing.
(b) Production.
(c)qurchasing.
(1ii) Inventory.
(a) Cla;sificat;on.
'(b) Levels.
The contents of the database of any production and inventory control
systeﬁ should be limited to those items that will be put.to good use by

~

the system.
2.2 Pérf Mgster'and Idéntifié;tion
To be able to kgep‘tré;k of each and évery stage'of the production
process it is essential that each and every part Qsed in the plant has
an unique part number that identifies it complet;ly. For Argo Material
'Handling Ltd. an eighﬁ digit alphanumeric part ﬁumber was developed by
éraduate students Evan Hu and Stephen Cheng!3!, Thé first three digit;
beiﬁg alphabetic and the remaining being numeric. Care ‘was taken while
designing the numbers .o differentiate between finished" products,
assemblies, ‘subassemblies,A components éhd faw ‘matetial[m]. = The
bill-of-:w:eriai is divided into two sections: |
(i) Partc Master. ' ) \?(
In this section(file), for: each item , the following iﬁformétion is
stored: part number, néme, unit of measdre; reference number,ISuppiier
daté, unit pf;ce, and lead time. .

(ii) Product Structure.
. Lure

In this seétion(file) the- relationship betwee;4items is specified.

1
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The minimum required data are parent item number, son item number and
quahtity per assembly. These two sections are connected by ; chain
<« 1Yess or poinfer.

(]

2.3 Time Estimates
]
In order to assess the capacity req&{fgﬁent and prepare a schedule'of

jobs to be processed on different work centers it is necessary to make

an estimate of the production time for each part. There are two
. : A}

categories of work measurement procedures, direct and indirect!®1133)

The direct work measurement procedure includes (a) time’study, and

(b) a;tivity sampling. The indirect work measurement procedure includes

(é) synthetic timing, (b) pre-determined motion time system,  and

(c) analytical estimating.

Time study 1is the most widely adopted method for dbtaining time
%
estimates of shért cycle repetitive jobs. The simple equations arel33],
Normal Time = Observed Time X Rating Facto:‘ .

- Standard Time = Normal Time/(l- Allowance Factor)

Shop Processing Time = Standard Time / Efficiency

2.4 Manufacturing Routing and Operations Sequence

The data gathered in this pﬁase will clearly state the different work

centers through which a part must pass and a description of the various

operacions performed. When it has been determined how an item will be

mahufacﬁured, the details are recorded on a route sheet. .This 1is

basically, an outline of the required manufacturing operations. It is

B
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also.referred to as an operation process or instruction sheet, Qr‘a
manufacturing outline. Route sheets._aré of primary importance in a
business éroducing a variety of componenté usedbon a numbe ‘of different
finished 'produétsf The many combinations of .operations required to
fabricate the various items, coupléd with variations in the frequency
of production, makes it'mandatory that there be a systematic way of
.reco:dédg—and'using information on how to manufacture. It facilitates

production control and provides an instruction plan to the shop. The data
, : 3

so gathered will be the basis on which the machine loading and scheduling
' y .

will be done while processing a work-order. For each and every part that

is found in the part mastersfile this informat o. is to be recorded. The

form develoﬁed for this purpose is shown in Figure 2.1

- i
!
/

\ o
{

2.5 Operations Flow Cha Fs

‘

With the routing an# operations sequencing information charts are

. / -
prepared that describe the flqﬁ' of "work and the interrelationships

.

¢ _ .
Q .
between the parts. Flow rocegs charts can be either schematic, or-
par % . ‘
" detailed!21(151[33] tn a schematic flow process chart the various

activities performed in the shop to manufacture a part/product is

-

schematically described along with the operational times for each

ioperation. Detailed flow pfocess charts on the ;ghé; hang describe each
and every operation pe;formed in the shop along'with‘the operational
ﬁimes. While thé'scgematic chart does not describe‘the_operatioﬁs as 1is
done in the détailed flow process chart it is moré usZ;uI in finding out

the various jobs that are processed in the same work center. Sample

charts are shown in Figure 2.2 and Figure 2.3
‘ » Va
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ARGO MATERIAL HANDLING SYSTEM LTD.
ROUTING SHEET / OPERATIONS SEQUENCE

PART NUMBER :

DESCRIPTION : o d
\ w ¢ TIME PER UNIT
OPN. # | OPN.DESCRIPTION CENTERORK . ‘ REMARKS
{ SETUP | PROC. TOTAL
1Y .

g
A
»*x
&l
< |
P

’ k-]
2
>

v 2
-
S
-
[=*
[3)
&

ASSY. #

FIGURE 2.1 ROUTE SHEET / OPERATIONS SEQUENCE FORM

16
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WORK CENTER #1

17

WORK CENTER #2

UFB00010°
—®  CFB00010
_ 0.20
~ SLG00010 «
1 00 > g— -
P1000100_ 1 sBR00100
0.50
L] CRS00200
URS00200 :
| . 0.15
SLG00100 SLP00100 - lg—0
—> 0.60
1.45

Pz 1 )10

USS00010
ST
CSS00010
— 0.40

SBR00400 -

0.60
t

1.00

¢

ALP00100

FIXTURE #10

FIGURE 2.2 SCHEMATIC FLOW CHART
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2.6 Data Collection for Argo Material Handling System Ltd.

. To plan and control plant utilization management needs firstvclass
standards. Effective scheduling depends on the company’s abiiity to
project demand accurately and translate this into facilitf requirements.
Then, strategies can be—develdped to work around any limiting factors and
to exploit under utiliz;d facilities. The key ingredient for this entire
scenario is ghe production standard. The company ﬁust knoq‘the standard
time required to process or manufacture each product and the information
must be available for each production center. Anticipafed performance
must '‘also be known. These basic reqﬁirementé must be éaken care of before
any planning can be done!33!, |

o .

For t:h? study done at Argo Material Handling System/ Ltd. it is
- recommended that schematic as well as detaiied operation process charts
be drgwn as both are required to completely analyze the shop floor
activities. The information regarding the various work centers and the
operations sequence information for the various parts have been collected
and thé data bases have been set up to be used by the capaéity pianqing
module. The information.gathered is presentéd belo&. ;

The information regarding the various work centers has been collected
keeping in mind the requirements of the Capacity Planning Module. Caré
has been taken while designing the various fiéldg so that the information
gathered is complete. A sample screen input~is presented in Figure 2.4,
below and the fields are explained.

1. WORK CENTER # . ]1.A3 character work cénter number has been

o
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15-06-88 ) ‘'WORK CENTER DATA PROG:WORKCENT
1. WORK CENTER # :[A02j 2. WORK CENTER NAME,ﬁ[tATHE ‘ ]
3. LOCATION ¢ All 4. DESCRIPTION :[TURRET LATHE ]
5. NORMAL CAPACITY:500.0 . 6. MAX.CAPACITY: 900.0
7. EFFICIENCY FACTOR: 95.0 °
. 8. SET UP RATE 6.00
9. MACHINE RATE 14.00 10.LABOUR RATE 12.00
11. OVERHEAD RATE : 4.00
A(mend) U(pdate) I(gnore)

FIGURE 2.4 SAMPLE WORKCENTER DATA MENU

designed. It may be advisable to use an ordered sequence for work

center number, that will give some idea about the work center. It

may be helpful to have an alphanumeric

code, for example AOl. This

may denote work center 'Ol’ in department 'A".

2. WORK CENTER NAME
characters long. Work center names may

lathe', etc.

3. LOGATION

The work center name can at most be 25

be 'drilling m/c’, 'capstan

:. The location code is designed mainly to deliver raw

material to a particular work center or to move a part being

processed to its next operation. The
characters in length. It is advisable
f9r location code fhat gives some idea
genter.

4. DESCRIPTION :. This field contains

and is designed to contain information

location code is also '3’
to use an ordered sequence
‘of the 1o¢ation of the work
. JL

‘a maximum of 25 characters

about the work center other

than what is entered under the work center name.

{
5. NORMAL CAPACITY

Depending on the éompany policy this field

<
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will have different values.fThis is the 'normal capacity’ in
minutes for the work center. For example, if a company operates
only a single shift of 8 hours duration, and if it is obsgrved that -
the effective productionvtimé available during the shift is 7
hours, then the ’'normal capacity} in minutes for the work center
is 420(minutes). Needless to state that the normal capacity must
aiways be positive.

6. MAX.CAPACITY:. Like the above, this field Qill have different
values depending on company policy. If the éompaﬁy policy is not

to work overtime, this value will be the same as 'normal capacity’.

However, if it is possible to work overtime or aﬁ.extra shift(if

needed) 5he additional time available(in minutes) must be added to
the 'narmél capacity’. For example, considering the work center
described in field #5 above, if an additional 3 hours can be made
available then the ‘max.capacity’ is 600(minutes).[7 +3 hours].

Max. capacity cannot be less than the normal capacity.

7. EFFICIENCY FACTOR :. It is alway; advisable to build in some

allowance for rejects or scrap. Thé efficiency facgar will take
care of this. The efficiency factor is usually given as a
percentage. If you feel that the scrap or‘rejection rate is 10%,

ﬁhen the efficiency of throughput of the work center is 90%. This

field . cannot be negaﬁive or zero.

8. SET UP RATE :. If the setting up operations are done by a

different crew team, it may be necessary for costing purposes to

know the rates applicablerfor thglcrew. This .is in $/HR, This field
\

also cannot be negative. PR
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9. MACHINE RATE :. Depending on the work center, the machine rate

22

is the‘$/HR that the company spends just to. keep the work cénter
oéerating.'This'includes power etc.

10. LABOUR RATE :. Dépendiﬁg on the skill level reﬁuired to operate
the work center, tﬁis rate isientéred in $/HR.

11. OVERHEAD .RATE :. This is th% rate for calculating 6verhead
cha:ges for the work center. It is also in $/HR.

The rates antered above will be updated on a periodic basis.

The operations sequence information is required for scheduling
purposes. A sample screen input isrpresented in Figure 2.5 and the fields

are explained.

15-06-88 » OPERATIONé SEQUENCE PROG:OPSEQ
PART NUMBER :[CFB22000] DESCRIPTION :[ 2x3 FLAT BAR x1 THICK ]

.. OPN.# : 10

. OPN. NAME : SHEAR
.- WORK CENTER # : Al0
SET UP TIME.: 15.0
. PROC. TIME : 0.10
. ALT WORK CENTER # :

[ WAV, RSV N

‘A(mend) U(pdate) 'I(gnore)

FIGURE 2.5 SAMPLE OPERATIONS SEQUENCE MENU

1. OPN.# :The operatiéns numbér of a part deﬁogés the sequence of
operation. An operations number cannot be negative. Two operations
cannot have the same number. The normal practice i; to number
oparations in increments of 10, sé thgtNany ﬁeﬁ operation. can bé

inserted in the sequenée at a later date if the need arises.

*
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2. OPN. NAME:The operation name is the description of the

- ' operation. It can at most be 30 characters 1ong

-~

3. WORK CENTER # :The work center numbéer 1s the number of the rk
:&?}

center where the operation will be done. The work center numbe

“ a

3 charactersllong and the number must exist in the work center

file.

4. SET UB_IIME ThlS is the time in.minutes it takes to set up the,

work center before the operation for the part can be started. It

cannot be negative.

5. PROC. TIME: This is the t1me in minutes it takes to' complete the
i '

operationlﬁbr one piece. It cannot be negative.

6. ALT WORK CENTER # :This isvoptional. If the specified operation

can be done in more than one work center then that information can

),\

be usged while scheduling Jobs to work centers If you enter this

- field\\then the work center chosen must exist in the file.
P { AN

~ The work center.and operations sequenceiinformation form the.data base
that feed the information to the Capacity Planning Module The programs
developed to set up these data bases are very flex1b1e and allow copying

- duplicate information from an existing part to’another part thereby

'reducing the amount of time spent on inputting data. . The programs also

-

allow for editing the existing information stored in the databases. .
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3." CAPACITY REQUIREMENTS PLANNING MODULE

R\

3.1 Overview of Capacity ReQuiremen@s pléhning'

é.l.l'Mahufactgring Acfivity Planning
Manufactufing activity ﬁianﬁing is. cohcerneé with thé overall.
operatioh éf an organization over a specified.time»horizon.; It ié known _l
by §uch‘nameéﬂas aggregate planniﬁé, éggregaté scHeduling, and operations
: \ : 20 , -

(251, From forecasts and customer orders, production planning

- planning
determineé thg human andjmaterial“pesourcéé required to produce the
output demand;d in an efficient manﬁer. The goal is to ¢ffectively*
. allocate 'system».gapaciﬁy (piant, équipment, and manpower) over a'
designaﬁed time‘horizoﬁ? The produétién ??an indicates the organizatioh’s
,strategic‘position_in resﬁon;e to the e{?&cgéd-demand for iﬁs oﬁtputs.-‘
A good prbdﬁction plen éhould:

(i) Be. consictent with tﬁe ofganizntional poli;yf

(11) Meet demand requifement;.

(iii)’Be within cdpacity constraints.

(iv) Minimize cost.

[

Production planning deals with outp;t in broad terms. Usually a
single overall measure of output or a 'limiped pumber of‘ product
cﬁtegories are planned. Aggregates such as tons of butput,’hours of .
eélipment time, or number of customers aré.used. Thé aggregaﬁlpﬁ:of
products into a common output unit substantially simplifies the planning

process. It permits top management to allocate resources in a general

way witnout be;ng engulfed in specific details. The pfo&uction planniﬁg

24
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" function shown in Figure 3.1‘ devises ‘the production strategy in

relation to aggregate levels of demand If the~demand for'a product of¥§)'

-
J
service were constant the- planning act1v1ty would be triv1al With

’

variability in demand production planning takes on 51gn1ficance .‘The'

maJor strategy variables assoc1ated with production planning £6T variable

3
-

demand are the production\rate, the inventory level, the work force size,

extra shifts, overtime, the product'mix;fand-subcontracting. These

strategickvariables can be varied, modified, fixed,'or nonexistent for.

N >

. . . | \ ¥ .
any organization depending on its peculiarities and policies.
: N \ . : * K ) . . .

\
~4

3. l 2 Master Schedule and Customer Orders . KX

A master schedule(also kgown as a master production schedule(MPS))

shows the kinds and quantities of products to be provided in each time

period in the future It translates the production plan 1nto specific

products or’ product modules and spec1fies the time period for their

completlonmlw]ug] Moreoyer, it can generate detailed material

requirements and capacity planning 1nformation which enable it to balance
demand against resources. : The'master scheduling function is shown in

_Figure 3;2.i In some organizations it may be difficult to differentiate

 between the production plan and the master schedule. The master schedule

is derived from the production plan but contains greater details. The
production plan deals with aggregate planning for total output, while the

. master schedule usually relates to specific products or ‘end items.

Normally a production plan covers a time horizon from 6 to 24 months and

.is updated monthly A mastér schedule is formulated within the time

horizon of the production plan and is updated\weekly. The master schedule

1.

. - .25
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should be somewhat longer than the éum ofucumﬁlative lead times of
éoﬁponent parts, subassemblies, and finalv ;ssemblies: Within the
.confines of the proddtﬁion plan, the‘ master schedule must balante
ﬁaterial and capacity requirements. ProViding material when capacity ig
nof available results in excess invenﬁory investment. Proﬁiding capacity

when material is not available results in low productivity. The master

schedule is the plan which takes care of these problems.

The inputs to the master schedule are the demand forecasts and
. ’ . i .’

customer orders. Custqmér orders are the basis for releasing shop planned.
& _ .

orders. The customer order processing and details of master schedul%ng

were done by another Graduate student Stephen Cheng!3!,

'371'3 Batch size determinatioﬁ’
Tﬁe current trend in the>ovefall business scenario is to moﬁe towa?ds

the Japanese.gonceptldf just-in-time(JIT), or the‘hore-widély acclaimed
zegdiinVentories;_ While one cannot deny fhé advantages of  the 1bove
cbﬁcept;l .when adopted by an organizétion- specializing iﬁ" typical
.job-shop aégivities, lost orders éndkpoor delivery scheéulés may result.
Batch production is the conventional way fo utilizé limited faéilities
to tﬁe ma#imum. ?étch préduction is required(over succesgive pfoduction
runs) to:. | ' -

A(ij Reduce,ppqduction lead time.

{ii) Increase utilization of facilifies and‘redpce idle labgur‘

time. " ?

 (i113) Load balance.
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There are severa. = :thods that can he employed for lot sizing. A few of
these are: |
(i). Lot-for-lot.
(i1) Classical ecoromic batch/quantity.‘
. (111) The economic time cycle model.
(iv) The least unit cost‘algorithn.
(vs‘. The least-total cost élgorithm.
(vi) Wagner—whitin algorithm.
A brief‘discussion on the first two are presented below. A detailed
discussion .‘on others | can be found in any text
book!(8] [')19] [251026](29] [3Ql .
(i) Lot-for-lot ; ‘L.ot-for-lot is the name given to the method that orders:'”
exactly what 1s'requ1red in each period Planned order releases are
matched to net requirements. Lot for-lot orderlng 1mp11c1tly assumes that
setup or ordering cost is much’ smaller than carrying .cost.
The MRP prograns developed'by Stephen Cheng assumes a lot-for-lot policy.
(ii) Classical economic batch quantity formula The basic formula for the

-economic batch quantity(EBQ) can be written as[“[gnlu

Q =/ ((2*S*D) /C) ;in which,

7
[ ]

cost:of single set-up for a batch

=]
[ ]

,demand for the time period considered‘
C = inventory holding cost of qarrying one .item
"~ for one time period as stock
The policy 1mp11ed by the use of this formula is that whenever stock

reaches the reorﬂer level(that is, 'a quantity sufficient to.cover the

?

N : arot e
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expected demand within lead time plus:% safety stock) a quantity 'Q‘ will

&

be ordered.
L e

RS
The CRP programs have this method of batch sizing.and aﬁ EOQ can be
computed for any part. Thé lot sizes détermined.by using one‘éf the above
ﬁethods is only a guidelige. Usualiy in a production shop it may not be
possible or advisable to strictly follow. the lot sizes andvsmoothing is
done regarding lot'sizes.v This is déne mainly to reduce raw material
stock that may be left‘over by rigorously following one of the formulas,

which increases handling and material accounting problems.

3.1.4 Resource Requirement Planning-

The term used in connection with the long fange planning of the
capacity at the master production schedule.level is Resource Reqﬁixemegt
flanning(RRP)“g”zﬂ. The objective or goal of the RRP is:

(i)‘ To aésess any.imbaiance between the p;annedvfactors that

affect capacity a;d thé long term master production schedule.

(ii) Io' determine the appropriate capacity of facilities,
J equipmgnt and labour needed in the future.

'(111) To establish a‘time phased plan, for aéquiring additional

.capacity or réducing existing capacity.

A flow chart for resource requirement planning is shown in Figure 3.3.

The process begins with an assessment of long-range forecasts and
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strategic objectives. Forecasts of demand for products and services

must be translated into specific equipment and labour needs. The next

step is to identify strategies for meeting future capacity needs. For
example, equipment needs might be met by replacing old machines with new

machines or by purchasing additional machines. In addition marketing
)

W
strategies, suchk as phasing product life cycles to mairntain comstant
levels of resource requirements, represent other alternatives. Once a
decision is taken an implementation plan is developed to coordinate the

timing of capacity decisions in relation to needs. These plans are then

communicated downward to the lower level personnel for implementation.

-3

3.2 The Design of the Capacity Requirements Planning Module

The maximﬁm level of output for a facility is its capacity.. For

organizations with a single or a few products, capacity is easily

determi-ad. For multi-product 6fganizétions,'capacity is more difficult
to meast - wnen the prpdu;ts shangfadilitieg. Capacity must be related
to a time frame and is usually stated as a»réte(quantity of “output in a
given time). It can be on a single shift or multi-shift basis; It is
onlyﬁva theqretiéalﬂ level of output which may not be' attainable.
Frequently as the capacity lével is-approached'effiqiency drops and costs
increase rapidly. vOpera;ing at‘ 100§ capacity is a rare 1if not
unattainable accomplishment because of equipment bréakdowns, personnel

vacancies, and absenteeism. Capacity planning decisions involve both long

term and short term considerations. Long term considerations relate to

overall level of capacity,'such as facility size, while short term

considerations relate to probable variations in capacity requirements

4
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created by'such things as seasonal, random, and irreguiar fluctuations
in demand. The time intervals covered by each of these categories can
vary signlficantly from industry to 1ndustry and it would be misleading

to attempt a precise definition of these terms.

3.2.1 Objectives of the Module
The principal objectives of the designed capacity plenning modnlesv-
are:
&) To determine available capacity with a view to confirm MPS
requirements.( | |
(1i) To.determine éverloads and bottleneck work centers.
. (11i) To indicate proper sequence of order producnion to meef
committed schedules.
(iv) To indicate the possiblé need to,subcontrect work or to
purchase instead of manufactu;e.
(v To measure production performance in relatien to tne shop
load ﬁeriod, and to indicate the need to rescheduie orders

‘which have™not been produced as planned during the expired

period.

3.2.2 Capacity Planning Techniques
The most common capacity planning techniquestzulgnzgnan are:
(1) Graphical technique Work center load charts are an exampie of>this
type. They are easy to undefstand and visualize. |
(i1) Linear progfamming technique: Since capacity planning can be

formulated as a LP problem it can be solved by this method.
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(111) Miscellaneous techniques : Numerous other analytical,vheuristic,

simulation, and computer search techniques have been developed. None of
these techniques have gained widespread acceﬁtance. Frequently their

input requirements and assumptions seriously limit their application.

The capacity planning technique incorporated in the CRP program,is
similar to the graphical technique. The MRP magrik,conEains informationv;
on the various parts that‘need to be produced during the current plan
period. This infofmation is fead and’ én EOQ will be planned for the

parts. The information regafding the routing and the work centers will

.then be read in and work loads will be found for the different work

centers. A comparison with the work center capacities will then reveal
if there is sufficient capacity or not.
3.2.3 Capacity Requireménts.blanninguubdule
The capacity planning quule developed as part of the CRP software

package consisté of three kinds of programs, viz. (a) inquiiy'program,
(b).éata‘;nfut/editiné programs and (c) capacity planning pra&rams. The.
various programs aré listed below.

1. Iﬁem/Assembly Inquiry.

2. Input Work Center/Operation§ Sequenpe Data.

3. Delete/Replace/Add Sequence.

4. Print Work Center/Operations Sequence Information.

5. Batch Size Determination.

6. Capacity Planning Report.

7. Material Requisition List.
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The first is an inquiry program meant to supply information to the
decision maker regarding any specifie part/assembly. The next three
programs are used to set up the work center and operations sequence
dataBases that drives the CRP. The last two programs are the outputs of
capaoity planning.
o
3.2.4 Data for Capacity ?lanning
The data requirements for capacity planning.are:
(1) Valid due dates on all released an& planned orders.
(11 Up-co-date routing and processing 1nformation.
(111) Accurate standards for processing and set-up times.
'(iv) Estimates of load due to unplanned occurrences
The due date information is built into the MRP matrix while computing
the net requirements The routing and processing time 1nformation is
avallable in the CRP database. The estimate of load due to unplanned

occurrences is input by the planner during the execution of the capacity

planning report program.

3.2.5 Capacity Pianning Report Program‘Logio ;
" The flow chart for capacity pianning is shown in Figure 3.4. The
inputs to the requirements plan originate in the MRP as 3 Master’
‘Scheduie which essentially is a parts explosion on a time frame. Ths MRP
matrigroontainswche Net Requirements ror each and every part in the
master file for an eight week period. A sample of the MRP matrix is shown

in Figure 3 5. The Capacity planning module reads this information %Pd

develops the needed input of the requirements plan. The parts to be
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3.4 FLOWCHART FOR CAPACITY REQUIREMENTS PLANNING
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| PART NO.: AAAA0001 | DESC.: SUPPLY/TAKE-UP REEL LEAD TIME : 2 |
SAFETY STK.: 0 812/03/87 PERIOD (WEEK)

., | STARTING BAL.: 20 1| -12] - 13} 14} 15| 16| 17] 18
GROSS REQUIREMENTS 0 0 ] 0 o| - 160 180 0
SCHEDULED RECEIPTS 0 0 0 0 0 ] 0 0
PROJECTED AVAILABLE 20 20 20| 20 20] -140( -320{ -320
NZT REQUIREMENTS 0 0 oy o 0 140 180 0
FLANNED ORDER RELEASES 0 0 0 140| 180 0 0 0

1
T

FIGURE 3.5 SAMPLE MRP MATRIX

produced during the planning period are then subject to their
technological ordering and a work list is prepared shohing the quantity
to be produced and which“machines need to be dsed ‘The cepacity
requlrements plannlng is done on an expected value basis.  The time
requlred to produce the quantitles are aggregated and compared co

available capacities and overloads, if any are revealed, so that the MPS

can be altered or other action initiated.,The results of the capacity

requirements plannihg’phaee is the capacity planning report shown in

Figure 3.6 .If there 1s enough. cépacity ﬁgéilable to meet all the

requirements then detailed shop order releases can be made and the

required matérials can be issued by the materials requisition list,

‘This capacity'Check pfesents capacities eﬁd loads by variable time
periods within a facility(work center). It helps the user make both short

term and long term decisions. The period lengths in short term planning

should be small so that decisions regarding overtime cfn be made. These

decisions result in the short term capacity changes that are required if -

the Master schedule is not to be altered In the long term planning, the
{
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ARGO MATERIAL HANDLING SYSTEM LTD.

CAPACITY PLANNING REPORT - Page _ of _
| PLAN PERIOD :ddimmiyy 10 ddimmiyy s ddimmlyy
WORK C?;;%TY LOAD GRSy PERCENT OF CAPACITY REMARKS
AO1 200.00 160.00 ‘ 80.00
Al0. | 200.00 180.00 ‘ 90.00
B20 | 160.00 200.00 Cos00 OVERLOAD
B99 100.00 100.00 o000 CRITICAL LOAD

FIGURE 3.6 CAPACITY PLANNING REPORT

Pt
3
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user must decide betwee; delay or capacity.changes of a more general
nature, vv1z ,/labour adJustments new facilities or sub contractlng This
lpformatio is of the utmost importance to the production manager.

. » ‘ , . . .

Capacity’ requirements plapning matches the planned logd against the
ayailable capacity. At this stage the ﬁser has the ability to review the
orderS»oh hand to rearrange the -order due dates, if needed, or sub
coﬁtraét sglectéd,orders. Conversely it i; possiﬁle that without sﬁdh
action, orders‘?epreééntiﬁg the overloads will be further delayed because

of capacity limitations.
e

CIt is important in any production control system to provide enough’

. flexibility so that necessary revisions which result from customer’s

requests, engineering changes, 'and planning and scheduling requifements
can be made easily and in a controlled manner. Changes arising due to

changes in customer orders ‘are 'taken care of in the MRP and a

regeneration of the matrix is executed. Changes arising from such factors

as delays due to machine breakdowns and the like will be taken care of

by CRP before any planning run is made. ) ' o

o



4. SHOP .ORDER PROCESSING MODULE "
/ . . ’

r

.A scheduling problem exists when a.large number of ihterdepbndeht
~activities ore required to use the same limitred facilities. Due to the
numerous possible combinations, the s%%ution to this problem involves
-processing a large amount of datégon a repetitive basis. This problem
can rarely be solved QZEiEfactorilyvusing manual techniques. It can bq
analyzed manually at any po?\t'in time relative_fo a given resouroe, bot
the resulting decisions in ferms of the "full time range and other
resources cannot usﬁélly be.visoélized”3ﬁ Con§équently,»management must
spend much of its time trying to correct tois sitoation. It‘is oxoctly
. ?orlthis reason that é computerized scheduling system i; a useful tool.
The major objectiQes of the designed scheduling system are to assist

’

management in:

(ii Meeting due oatés.

'(ii) geducing iead time of oroers, thereby'reoucing W;I—P.*’
'(iii) Minimizing idlo time on available reoourcesz |

(iv) frovidiné management with an up to. date and feasible

solution.

.“‘_“

and difficult to solve[zﬂ. Optimal solutions can abe found for job

sequencing problems with a small number of machines. However, optimal

NI -
40
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solutions for problems with a large number of machines do not exist.The
job sequegcing problem can be stated as "Given n jobs to be processed,
each has a setup time, processing time and>a due date. In ofder to be
complefed, each job 1s to,be processed at several m- hines. It is
required to sequence these jobs on the machines in order to optimize
certain perfo}mance criteria”.

A typical 1ist of performance criteria to Be optimised i;:
(i)‘ _Héan flow time or mean time in‘shop.
(i) Idle time of machines. - . -%x
S (1ii) Meah lateness of jobs(lateness of a job is defined as the
differeﬁce befween actual completion time of the job and its
Que date. Earliness/tardiness are different forms of the.
’ ‘saﬁe measure) .
%aiv) Mean queue time.
(v) Mean number of jobs in the system.
(vi) Percentage of jobs late.

.The factors that serve to describe and classify a specific scheduling

problem aréf '

1¢)) The number of Jjobs to be scheduled. .
(ii)” The nﬁmﬁer of.ﬁachages in the system.
. . s " .

" (11i) Type of manufacturing facility(flow shop or job shop).

!:_(gv)‘ Manner ..in vhich_ jobS‘\arrivé at the facility (static or

all

dynamic). .
(v) _Criterion by .which scheduling. alternatives -1 be

evaluated.:
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The first factor dgfines the exact number of jobs to be processed, the
time required for each process and the type of m;éhine needed (available’
.from the operations sequence information). The second factor defines the
number of machines in the system(available - from the work center
database). The third factor describes tﬂe flow of ‘jobs through the

‘ ¢
system. If the flow is continuous and the }éﬁs require the same séquencé
of machines, we call it a flow shop pattern. In éituationﬁ where there
is no common pattern for the flow of jobs throﬁgh the system, a job shop
pattern is said to exist. The foufth factor . describes tﬂe arrival
pattern, ahd is classified as either static or dynamic. In the static
pattern, there are '‘n’ jobs, each of which must be processéd by a set of
machines. All of the 'n’' jobs are availabie for précessing at the
initiation of the schéduling_period aﬁd‘no new jobslarrive during ﬁhe
period.: In the dynamic pattern, jobs arrive intermittently according to

a stochastic process. The fifth factor describes the use of one or more

of the performance criterion mentioned earlier.

‘Although. ;ome progress has been made in the flow éhop sequence
prbblem, little significant-progresgf has been made in the job shop
sequencing problem. This is dué to tﬁé;large numﬁér'of complex factors
that exist in the job shop enviroﬁment, such as the f;ct that the jobs
do‘not'ﬂéVe the same technological ordering. Bécéuse of tﬁe complexity
of these probleﬁs, nearly ;ll reported studieé have‘ resorted ‘to
simulatio@vas a research tooll1(241033] ' The most common scheduling rules

-

for job shop environment are:
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i pybast
(iii) EDD i‘ : :f 1- ﬁarliest”due'daté. Select thé jobs with the
’ earliest-dug date. \
'%iv) " SPT - Select the job with‘the shortest processing
time. |
() LRPT - Séleét the'job with the 1eastiremain1ng

)

_ pfoceésing time.
(vi) S/OPR . _‘.'Select_' the job with the minimum ratio of
| | job slack time/number of operations
* remaining.

(vii) :0pD ' - Select') the _ jobs with Ehe earliest

operational due date.

«

(viii) LéTART S Select the job with the earliest late stgrt
| time.}
“ (ix) OSLK R o Select éﬁe j:b,with the Leasttogerational
slack. | N

These rules are self explanatory.

f

There is a dynamic éspecm to the job shop éch@duling problem. A

schedule for the current set of Jobs is produced(by some method for
’ oy
example, EDD) ‘and ‘as this schedule is belng worked through new jobs

: ¥
arrive at the system There are two extreme&f

‘ :schedullng the new jobs.

One 1is to produce a’'new schedule each<§ime a new job arrives. The other

27
is- to completelv flnish the existifig -schedule before producing a new

>
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schedule for the jobs that have arrived in the meantime. The latter .-

:xtreme changes the problem from a dynamic jbb shop to a static job shop.
. v L9 .

a

Alternatively a solution in between these two extremes is a possibility ;*

wa
b3

Cid e . '
for using an. on-line computer system.

completed on & asachine, the information is fed into the computer and the

¥

programs then c.  .der the actual statu$ of the shop at that time and

with. . all the relevant information and criteria chosen selects the next

I’

job for that machine. Clearly the computational implicaqidhs of this are

<

considerable and in many cases may not be economically feasible.

" Consequently, less frequent re-sqheduling must be considered.

4.2 Schedulingseﬁpé/J ‘ T . - » i::;'

This phase of activity can be easily understood by following the steps

b

mentioned below:

1. _Chobse a work center.
. . <
- 2.  Choose a schedule period.
3. ' Choose a scheduling method. . s

B © (1) - Set prioritj'on orders.
(11) Set work center capacity limits.
(iii) Défine alternative work centefs;
(iv) Load work center in priority sequence.
(v) Select alternative work centers}
(vi) Reschedule oﬁer loads.

4.  Revise as necessary.

(1) To update, remove completed work, add new work and

Every time an operation is’

<r
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g!' start over again.

[ 5] : \.'4" ' ‘ ; .
4.3 Work Ordex Number

A job order or work order number is similar to a purchase order number
or a customer order ngmber. It is used to identify a set of jobs that the

shop will process. Work order numbers will assist in:

Sy

(i)_i Tracing materials issued to the shop, so thet the direct
materiel cost can be calculated.

kii) j%%llcw up work being»processed.

(iiiS.Accumulate time spent on a particular lot so that the direct
labour cost can be calculated.

v(i;) Analyze historical data.

)
| {

{Thereiate diiferent ways of numbering udrk order; One methed is to
issue, a worg order number for each individual customer crder Tnis wiiL
greatly facilitate in follow up activities The drawback of this method
is that there might be different order numbeLs for the same part being
processed covering different customer orders. The MRP matrix contains the
total net requirements of the part for the planned beriod and does not
identify specific'quantities to specific orders explicitly. Moreever the
CRP plans for an EOQ to ‘be produced and this means that the ptoduction
quantity may be greater than the immediate requirements of the customers.

'Con51der1ng these facts, work order-numbet‘has been assigned to work
schedules being sent to the shop anu‘1 manual follow up is recommended
at ,tne final assembly stage to identify the finished product with

I

specific customer 4rders. An eight digit work order number‘has been
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designed. The first two digits being the company name, the next two being
the number of orders released on a day, and the last four being the day
and month. For ekample, AR011506 denotes the first order released on June

‘ ’ o o
15. The incorporation of the daywandﬁ%onth into the work order number

. ) ) ) .i.t iy y
facilitates in fast retrieval of historic data.

&
4.4 Details of the Shob Orde; Processing Syétem
The éggélorder processing module consists of the following programs.
1. Detailéd Work Center Scheduling. ’
(a)  Edit Shop Schedule List. '
(b)‘ anrly Dge ﬁgte Schedule.
(F) Shoftest Prdcessing Time Schedule.

(d) Shortest‘éemaining Job Slack Schedule.

(e) First Come First Serve Schedule.

2. Shop Schedule Report.
n '35 Work Updating and Rescheduling.
4, Shop Status Inquiry.
5. Operation Time History.
6. _Shép V>rk Order Releases. {%g;”

P EX Pt .
. " T
The flow chart for scheduling is shown in Figure 4.1. The input to the

sequencing module comes from the capacity planning phase where a check
has been made -to find out if there is enough ‘capacity Availabie to

: : ‘ »
develop a realistic schedule. The actual. scheduling is essentially a

sequen:ing task following a sequencing rule(due date for example). The
work losd is prepared for each work center for the scheduling period.

. S .
"This scheduling takes place in two stages as follows:



START

READ FRCM TEMP.
FILE.

MAKE CHANGES
| IN TEMP. FILE

"

DEVELOP SCHEDULE.

SORT BY WORK CENTER
PRINT SCHEDULE UPDATE COMPLETED
: ' WORK. ’
REMOVE COMPLETED

WORK. FLAG DELAYS.

FIGURE 4.1 FLOWCHART FOR SCHEDULING

UPDATE HISTORY FILE.

TN
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L Overview - the total work load for the week is known to the

shop planner.

(2) Detailed - the work to be performed for the day is schedifed

and released to the shop. ( ¢
P

/

/

The 6¢wverview is designed to give the planner some flexibility ‘on the

actual work and to identify.bottle neck facilities that may be expected
in the near futurg if there is a delay in wo;k. Each part in the
requirements list is analyzed to détermine whether it can pass thro;éh
the work’centérs or whe;her a delay may'be expezted. This information is
essential because most orders may involve penalties for tardy.deliveries.
The essence of the sequencing problem can be illustrated by a simple

example. Suppose Argo has received orders for two products A and B, which

-are both manufactured in a definite two-step process. The first op*ﬁQQion
R . Waly

is performed in work center 1 and the second in work center 2. The time

requirements for the two products is given in . Table 4-1.

Machine processing times

Product ) ﬁork center 1 Work center 2
4(hrs) : 12(hrs)
8(hrs) 6 (hrs)

TABLE 4-1 TIME REQUIREMENTS FOR ORDERS

[Po



' while if B precedes A the total time becomgs 26 hours. Clearly 1t wou

49

The - scheduling problem is to determine how to process thlese two
/*».

products in the shortest possible time. Since operation 1 mus# precede

. . S
-operation 2 , only two pfoduction sequences are possible. Either 1)

A or product B can be processed first. Figure 4. 2 depicts the relaty

\

apportionment of time under each productlon sequegee . It can bé

if A precedes B the total’time required for processﬁpé w111ahe 835
53 T
F:

=
’v

be preferable to process A before B(It may be p01nte% %ut that thi% is
the SPT scheduling rule- schedule the Job with the shortest processing
time first). Application of the graphical method is limited to. relatively
KSmele problems. If the number of products to be made were incéhgged and

J
if all of them had to be processed through these two work centers then

the number of possible combinations increase and it uould be unwise to .

resort to graphing each and every possible combination to pick out the

best sequence! It is for this very purpose‘computers are used for
sequencing work. The. capacity planning module after proceSSLng has the
work 1load for the perlod under consideration. This information
essentlally 1nc1udes part number, quantity, and the routing 1nformetion
The Scheduling module reads this list and categorizes work into 'gateway’
operations and 'secondary' operations. The priority of scheduling work
is set to be normal by default unless it is a rush order or delayed order
from the previous period. In order to differentiate between the various
parts that need to be scheduled, a priority system\has been designed. The
list of priorities designed for use at Argo is shown in Figure 4.3.
L% | | |

Parts with a low priority value(high priority) will be scheduled
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A PRECEDES B
W.C #1 . ‘
A 4 . B 12

» t
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1
1
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W.C #2 ! A .
1

&\'\-l
| B PRECEDES A
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:

FIGUIiE 4.2 GRAPH OF SEQUENCING PROBLEM
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ARGO MATERIAL HANDLING SYSTEM LTD.

R
PRIORITY PRIORITY EXPLANATION
VALUE axE

0 U Urgent work. Highest
priority.

1 R Rush job.

) B Back’_iog work from
previous periods to be
scheduled before
scheduling new jobs with
-normal priority.

3 N Normal prior'*v(default).

4 K’i D Delay scheduling the

g part.
_ Hold schedule(part not to

5 H be inclided in schedule,.

but will be flagged as

‘pending work in the file.

This may arise due to
material shortages or
other causes).

v

FIGURE 4.3

. -).IO:‘RITY CODES FOR SCHEDULING
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firstﬂ While.scheduling consideration isJﬁiven to standard or estimated
time yaiues, shop efficiency, scrap and transit time between operations.
TV~~manufaéturing time for the werk order covered during a schedule is

mated using the formulal®3!,

.
v

[KNO OF ﬁOVFS)*TRANSIT TIME+(TOTAL HRS. OF WORK/SFOP EFFY 11
. e HOURS AVAILABLE PER DAY '

~ N§. OF DAYS REQUIRED

£J¥he work _neduled is then sent to the shopi for processing and
feedback is received on completed work. The shop schedule ig shown in

Figure 4.4,

7

The release of work can be controlled by either reducing its priority

or by delaying its release date. The effect of lowerihg the priority but

keeping the otiginal telease date is effeetive in bverloaded{conditions
but this effect is reduced if uﬁderloed occur. This methed ellows the
user flexlblllty to find the best sequence The pr1ority is set as
normal by default in the plannlng phase and the user has the option of
changing it in the scheduling phase. It iS’adesed that séheduling never

be done for 100% of capac1ty ‘Full shop lgaﬁing causes more schedullng'

¢.

s

systems to fail .than any other factor.’ This is because if all available

wdrkvcenter’hours are scheddrqd’with known orders, thenﬁgﬁyfemergehcy

K

oraers or breakdowns will requlre an entire restructyring of the schedule

;Tmaklng the initial schedule meaningless.

.
3
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ARGO MATEIiIAL HANDLING SYSTEM LTD.
SHOP SCHEDULE FOR dd/mm/yy

Page _}f\’

Work center : A01 'S l{hf’R/

PLAN PERIOD dd/mm/yy to ddimmivy
| PART - | opn.# | Qry. |ESTIMATED| AcTUAL | ACTUAL |OPERATOR-
NUMBER TIME(HRS) | TIME(HRS) | QUANTITY | INITIALS
" /{
CFB00010 | 10 " 100 0.8 1.2 96 u
; ” \ ,
CRS00010 | 15 150 1.4 1.0 150
CSS00010 | 10 46 1.0 1.0 38

e




4
The scheduling process also involyes the feedback on work completedl

eo that the'sohedule can be updeted. Therefore, in order oo-gain full
benefit from daily reschedullng, a prompt and accurate feedback system

‘has been de51gned This involves -daily collection of dafé of the- Jobs
" completed: the actual time spent on the- job and the actual quaotlty
Rroduced. This information is essential if the schedule is--to .be
‘meaningful. thual produc;;on rogress is recorded and_compareo with the
scheduled production requirements tq\ifeerve current stetue of each part’
in the schedule. Expediting action is fnipiated to minimize_delays, to

: —— A

remove the causes of delays‘and preyent>their recurrence. New schedules
are prepared as necessary to replace plans and sehedulesiohich have not

been accomplished. Any uncompleted work is rolled over to the . next

schedule with a higher priority.

4 i)

A total compietion of the schedule signals that the work is complete

and that the relevant information can Be stored in the history file. An
analy51s of scrap allowance that need to be pr@yided in future productlon
runs can be obtained from the data collected regarding the production

quantity planned and actual quantipy accepted‘afterninspection. Options

exist for partial completion of work.




5. SYSTEMS PROCESSING MODULE e
, *

’The<§ysteﬁs processing module consists oflprogréms designed to perform
ﬁhree important taské; viz."" (i) costing; (i;) manageméﬁt report
’generatié;\;nd (1ii) month-end processing and house keepiﬁg. The programs

Q'inéluded M this module aré iisféd béloﬁ.
. i; Costing Programs ..

(a) Cost Inquiry.

(b)  Shop Order :Costing.

(c) Hiétorical Costs and Forecasts.

2. . Moﬁth-end P;ocegsing

3. ¢ Management Reports Generation.

. (a) Performance'Measurement Reports.

NN ——

(b) Exception Reperts. -

¢ .
(c) ﬁtilization.Reports. //
N i
4. Randbm Inventory Count Generation.
5. Initial System Data files Setup. -
6.. ( Reorggniza;ion»of‘Déta Files. ° :

7. Chain éo Other Programs.
? ‘ .
5.1 Costihé éyétems ’7
5.1.1 Purpose of césting:,Costs are defined as resources §acrificed or
foregone to achiéve a specific.objeqtive. Cost accounting provides data
forgpbree majé% purposes,viz.,:
o (1) - Planning and co?trolliﬁg foutine operatioﬁs. //)

. (ii) Non-routine decisions, policy making;‘ and bldng fange

55
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planning.
(1iii) Inventory valuation and income determiﬂation.
Other purﬁoses include getting a reliéble basis for pred#cting the
economic consequences of é host of decisions such as: . ;
(i) Which products should Be made? Deleted? | ’ Q"/
(ii) _Should product‘ components be manufactﬁred or- acquired
outside? |
' o v
(1ii) What prices should be charggd?
(1iv) Shoﬁld the propased-equipment perburcﬁased?

(v) Should the manufécturing methods be changed?-

T (vi) Should the department/divjsion be expanded?

Cost information provides management with a clear picture of the gy

activities of the organization and hence _there is the need for

‘determining the costs as accurately as possible!1011121{21]

~.

_ o ,
5.1.2 Elements of Cost

There are three hajér elements in the cost of a manufactured
product101[271133] .~ | |

(i) Direct material§: All materials that are physicaily obéervable

as being identified with the finisheq;géqq_gndczhat may be traced

to the finished good in{an ecoﬁomicéii}}féﬁsiﬁle manner. Examples

are sheet steel and subassemblies fér a mgéérial handling equipment
manufacturer. V

(ii) Direct labour: All labour that;is>physically traceable te the

finishéd‘good in an economically feasible manner. Examples are the

labour of machine opérators and assemblers.

<y .

ap
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+(iii) Indirect manufacturing costs: All costs other than direct

-materials and direct labour that are associated with the

o

SR AT manufacturing rocess. Other terms describlng this category include -
S : S
i factory ove ady/ manufacturing overhead, -and manufacturing'
: oy expenses. There are two subclassification of factory overhead,
viz., (a) Variable factory overhead: Consumable and indirect labour
o . fall into this category. (b) Filxed factory overhead: Supervisor
. gory ¥y 1% Sory

. . \ . .
salaries, maintenance salaries, rent, insurance, taxes, and
) . e

,depreciation fall in this category.

. 5.1.2.1 Shop Overhead
Direct materials and labour may be traced to physicai units worked on
thrcugh materialvrequisitions‘and work orders. But, by its very nature
- factory overhead.cannot beispecifically identified with physical units.
#Yet the making of goods wouid be impossible without the incurrence of
such overhead"’ cd?%s ‘as depreciation, material handling, janitoriai
> services, repairsffproperty taxes, utilities etc.. Overhead:is applied
‘to products because of management’s desire for a close approximation of
costs of different products. If such product costs are to be helpful to
the nanagement for product pricing, income determination, and inventory
raluatlon they must be timely as well as accurate. If the purpc;;\ﬁere
to applx all actual overhead to actual production for the year, the most
accurate application of overhead could be made only at the end of the
year, after actual results are determined This would be too late and
hence overhead rates are computed in advance of production and actual

L

figuréé&ps§g ‘to check;thefpredetermined overheads in the long run. The
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I3

basis for calculating overhead costs may vary from éomp§ny to éoﬁpany.
The most commonly used bases are:
(1) birect labour hours.
(i1) Machine hours. : *
~(1ii) Direct labour cdst.

(iv) Direct materials.

5.2 The Design andLImplementation of the Hicrocomputer Based Costing

System
The costing prggrams developed for use, as part of the capacity
¥ ¢’ ’ _
planning modules have been developed to feed Céertain information on

product costs and expenses to all levels of managemeﬁt and to interface
with a financial package.” The main impetus to developing the costing

programs was the need to identify manufacturing costs of products, so

that product contributions can be monitored and historical records. of
product costs be maintained efficien ly for easy comparison  and

forecasting purposes. . - ¢

No rational e;onomic decision can. be médé in, any u;anufaétuf;ngi"
enterprise without the use of di;ect costs. Conﬁeﬁtio;él or t;aaggiodait
- forms éf costing, pri;éipally absorptionléosting; dﬁscuredpﬁé idé#gi}jjw
-and sources of company profit. This can lead to décision; thagergdﬁée

D
¥

rather than improve profits. The standard cost of a production opération

" involves both the hourly cost of the process- known as the Machine Hour

Rate(MHR) and the amount of'time\kb process the product through each of
]

these work centers- known as Production Standard(PS). The development

e
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of MHR is laréely from existing and/or estimated cost and finaucial data.
To develop a ratioual set of MHR, ‘direct costs should be traceable to anu
specifically identifiable with the production facilities they represent.
The skills needed to do this come from finapnce and production managers’
The MHR is part of the work center information and it is wupdated

frequently!33] ‘ .
‘l

#

iy ' : <
Direct costs are required when est

t#tépggthe contribution from an
offered price and/or to assist in es@abliahing prices for products. These
direct costs, as previously seen, have three major components, viz.,
(15Direct lgbour'costs, (i1)Direct materialvcosts, and (iii)Indirect
product cogts - overhead costs. lhe objectire of the costing programs is
to accurately establish‘these costs,

. -
: \ :
It is usual to compute the cost of a product as shown below:

MANUFACTURED COST = DIRECT MATERIAL + DIRECT LABOUR + SHOP
OVERHEAD
SELLING PRICE - HAgUFACTUREﬁ,;:; COST..+ ADMN. COSTS +

_SELLING COSTS ¥ 'INCOME: TAXES + SALES TAXES

+ PROFIT MARKUP

The flow chart for the programs designed is shown in Figure 5.1 and

the procedure is explained below.

The input to the costing program is obtained from the completed shop

schedule file. This file will® contain the information regarding the part,



START

READ INFORMATION
REG. PROCESSED
PARTS FROM FILE.

S —
. MASTER FILE

COMPUTE MATERIAL *

AND LABOR COSTS
WORK CENTER FILE

Y

USE HISTORICAL
OVERHEAD RATE

COMPUTE MFTG. COST
= (DM + DL + OH)

PRINT VARIANCE
REPORT

UPDATE COST INFO.
IN MASTERHISTORY
FILES

%

PRINT REPORT
i
. &

FIGURE 5.1 FLOWCHART FOR COSTING PROGRAMS
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- the quantity produced and the time taken to produce them. The costing

" programs will then compute the direct material, direct labour ‘and

overhead costs as follows.

Direct labour costs: As defined earlier these are the costs of processing
the produet(s) or order(s). through all the: operational eteps. Each
operation has its own labour rates and machine hour rates -MHR, 1.e’, the
dlrect costs per hour 1ncurred in the running of the machine. or work
center The starting point in the development of the labour costs is the
determinatlon as to how the product will be made. The overalllprocess
must be defined and a sound method developed,for eacn‘operation.iAn‘

appropriate labour measurement technique, say, time study 1is then

employed to measure the standard time T. If the operator efflciency(n)

T

_ 1s known then an output standard t{ﬁp; - T/ n ) can be determined.

These requirements have been taken .care of in the pre production phgse

and. the. machlne information, operations sequence information are

: maintained in the ‘respective data bases. The product of the MHR and the

productlon standard, totalled over all the operations result in the total

direct labour costw‘uznzn, as can be seen from the followin equation..
‘ g q

n i )
CL = Z (Ty; x MHR, ), where
U1 . o
Ty 1s the production output standard for operation i

" MHR; 1is the rate a%plicable for operation i

n is the number of Operations in the process.



Y,

Operation . standard/unit(mins) per hour($) Costs
10 Cutting 5 ©10.0  5X10.0/60= 0.83
 ,20ﬁDri11ing ‘ 15 - 11.5 15X11..5/60~ 2,88
30 Finishing . 20 - ' 11.0 20X11.0/60= 3.66
" S . n '

52,

EL Y

A simple illustration is shown below in Table 5-1. from which it can

be noted that the direct labour cost for part CFB00010 is $7.37.

Table 5-1
Manufacturing summary for Part CFBOOO1O0

Production output Labour rate

i=} -

Ci = Z(Tyy X MHR, ) = 0.83 + 2.88 + 3.66 = $7.37

Direct”materials: The material content of a product depends upon its
) G- v :
configuration. Decisions made regarding the product’s form, features, and

such operating characteristics .as weight and strength will determine what

n

kind of matefials will be ﬁSed and in what quantities. Material

guantities will also depend on fhé prodhction process employed as there

&~
E

‘may be losses dué/@o rejectionmn. .

Thevunit material cost can be obtained from purchase invoices and the
actual material consumed can be obtained from -matgrial requisition
summary lists ﬁo arrive at. unit idirﬁbt: material cost. A simple

illusﬁfation.is shown in TébléyS-Z.,ﬁ 

.Overhead costs: These are the mnon material costs and are usually

o

forecasted from historical records.HThé arrival of- a specific overhead

rate for a period requires a pfbjected'produétion volume. L%.is usual to.

-,

‘
3

compute the actual overhead cost incUrred’aftey‘the period is over. For

LY

&P
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Table 5-2 »
Direct Material Requisition Summary . =
Requisition Job Dept. Amount  Job Order
number no. no. (% . ,sub total($)
© 501 ARO11405 26 32.00 .
502 - AR011405 27 ' 51.00 83.00
503 ARC11505 1226 204.00 204 .00
504 AR051605 28 19.00 ‘
505 ARO051605 32 . 101.00 '120.00

example, if the factory is expected to operate'efficiently at a volume

of 16000 direct labour hours a month and management has estimated that
. R

cost using this volume, the factory overhead will be $96000 a ménth, the.

overhead rate will therefore be 96000/16000 = $6/Hr.

;$

. [ ' N
The sum of the 1labour, material and overhead cost gives the

manufactured cost. Administrative and selling expenses are then

apportioned to products based on la@éur hours' expended. These expenses

when added to the manufactured. cost gives the factory cost less

taxes!191027) 1t i5 this information that is made available to the user.

A markup for profit can be made to arrive at the selling priqe. A sample

output is shown in Table 5-3.

¢

Aﬁart from the calculation of direct labour, material ‘and overhead

costs for each product the costing programs also can roject ‘a moving

average of historical costs for cost control purposes.

o

Once a wnrk schedule iﬁrcompleted the infbrmat on‘regarding what
. . S .
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. h o
Table %3

Cost Summary for the ﬁ%lth of
: S
Part Qty. Matl. Labor Overhéad Unit Unit
number . ~ cost  cost coSEIE

cost hist. cost
CFBO0010 100 400.00 80.00 30 5.15
SBRO0O100 25  325.00 140.00 L00¥50 % 21.00 20.15

ALWO01000 4 600.00 150.00 50.00 00.00 200.00

°

products were prdduced, ont which facilities, the quantity, and the

processing time are filed in the history file.

.The costing programs can access this information and based on user
input for administrative, selling expenses, and taxes, will be able to
compute fairly accurately the actual costs and the components of actual

C_ZOStS .

5.3 Housekeeping and Month-end Processing

"It is eséential‘that pefiodical puiging and updating. of databaéeévbe
done so that data.can be efficiently handled. This is the funétion‘of the
house keeping and montb-eﬁd pr9cessing program in the Systems proéessiﬁg
.quule.iThe month-end processing does the functi;n of identifying parts
completed in the ;hoploéd'file, and transférring the information to the
production history fiief The cost and time est;mates may, if the uigi\
wishes, -be updated if large variances are observed over a time period.
The programs setup in thé MRP and CRP are designed to maintain only 13

A

months information(current month and Past 12 months). Recent advances in
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fiie handling includes the aQailability of low cost software that can
perform the task of archival' and retrieval of data files. They
essentlally compact and encrypt the files thereby reducing the size

' drastically These advgnces will make it posslble to maintain a 1onger
period of historical recdyds. A five-year history would probably be °

"desirable.

The programs of both MRP and CRP are written in the BASIC language. -
The efficient use of file space was achieved by designing the data file

formats to reduce redundancy'“’’l. This was achieved by employing

/

pointers, which are the 1links between files relating information
corresponding to any part in the part master file. Since it is impossible

to input data in an ordered sequence the files have to be rearranged in
a logical-sequénce so that the search time is reduced. Housekeeping

functions are

;to periodically reorganize these data files. The
reorganlzatlon{ f'RTINDEX DAT(route index file) and OPSEQ.DAT (operatlons
sequence flle)‘files used in. capacity planning is shown before and after
reorganization in Flgure 5.2 and Figure 5.3. The index file contains the
part number and the pointer which refers to the location in the operation

sequence file where the operations sequence is stored, The reorganization

removes unused records and rearranges the records logically as shown.

Knowledge of the time required to accomplish work is a vital part of:
a production control system. For scheduling to use these standards - -
effectively these files have to be updated periodically, so that the

relationships between standard and actual time are known. "These



OPSEQDAT

RTINDEX.DAT
REC.# PART # PTR. REC # OPN. # DESCRIPTION .....
1 | DUMMY 115 : DUMMY
14 2 | ABF00010 5 2 10 . SHEAR
3 | crBooolo 9 3 20 DRILL
4 | cFBOoo20 11 — 4 9998 - END OF OPERATION
s | crsooolo 2 1l s 1o ar
6 | “ENDREC® 6 15 DEBURR
7 20 WELD
8 9998 END OF OPERATION
-
9 10 TRIM
10 9998 END OF OPERATION
-2
11 10 DRILL
12 20 TAP
]
13 DELETED
N
147 9998 " 'END OF OPERATIION
.
15 9998 " ENDOFFILB

FIGURE 5.2 FILES BEFORE REORGANIZATION



. RTINDEXDAT OFSEQDAT _
PART # PTR. RECH OPN. # ' DESCRIPTION ........
1
4 p
DUMMY ! e : DUMMY
' ABF00010 2 2
10 ar
CFB00010 6 3 :
15 DEBURR
- . -
CFB00020 3 20 WELD .
] .
c 11
RS00010 -1 9908 END OF OPERATION
*ENDREC* o ] 10 TRIM
7 9998 END OF OPERATION
8 10 DRILL o
s 20 __TAR, e
A ‘ ;
10 9998 = WLENDOF OPERATION
s}
10 SHEAR
11
DRILL
12 20
1 9998 END OF OPERATION
e 9998 END OF FILE . -

FIGURE 5.3 FILES AFTER REORGANIZATION

»

b
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relationships. form the basis for a.more realistic production control
function in the future production funs; The moﬁth-end‘processing also
summarizes data tﬁat forms the basis for developing reports to-fhe

management that is described in the next chapter.



6. INTERFACING FINANCIAL PACRAGE AND

‘ HANAGERIAL‘REPORTS GENERATION

:

6. lenterfa ing inancial Package

As previously dlscussed the costing programs developed are intended

r‘”\s
to keep ‘track of cost\Jléprmatlcn~of products and are not designed to

. carry out the accounting functions. There are many commercial_software
packages available:té do the accounting fﬁnction. Some Jf the packages
have modules that can do a limited amount of jeb costlng However the
input. requlrements of the modules -may be dlfferent from the flle formats |
_that are used in the costing programs deveidped in the CRP. Moreover,

most of the commerc*al software packages available are in compiled form,

ik

and any attempt to modlfy them to suit the ex1st1ng format may prove to
I,v . L)

. be expens1ve Wlth this scenario in mind, the best solution is to develop ’

a stanp alone program that will convert the data files 1nto%a format

readable by the commerc1a1 accounting packageigThls work of selectlng

*'5»».

software package and developlng the 1nterfac1ng program w1lL be ' done by
a Graduat? student as part of a M. Eng project For 1ntegrat10n w1th~£ﬁe

‘designed. mlcro computer based production and 1nventory control system )

. v ,
two, software packages, viz., BEDFORD and ACCOUNTMATE seem to be sultable.
/) v , ) . “u . . F] ) N

. ~u 7

’ . e . .

1N

- —

The success or failure of . anf'system depends on its capabllﬁgy to
forewarn the -decisiom makers of Varlations from plan : computerlzed
sysxem is usually able to, reduce the time gap and can present’?ﬁe‘
decision makers wuth useful 1nformatlon to- measure performance and .

o d

' observe dev1at10ns from targets.

N )
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v
6.2 Performance Measurement Report

The term'proddctivity is used to measure actual output against the

standard expected. Productivity deals with time and not costs directly.
It is essential that management is_made aware of the shop status so that
. any persistingﬂproblem'can be tackled"more efficiently. Work center
'performance reports and plant performance reports have been designed for

oy

this ?urpose. The sample reports are shown in Figure 6.1 and Figure 6.2

) | g

o,

Clock hours are actual hours spent on the ‘job. Non-chargeable hours-are’
1

unproductive hours due breakdowns etc. Earned standard hours are the

factual standard hours allocated for the job based on standard time
-éstimates. With a known;standard time(hence the earned standard hours),

and the workcenter rates, any variance between clock hours and earned

'standard'hours denotetthe potential -gain/loss (contributfon) of the

® . %
workcenter. =~ . . i

o

6.3 Exception Reports

The reports designed fcr this. purpose are intended to reflect large

t

‘changes over successive planning periods Delivery delays are also

, classified under this category as the’ objective is to meet due dates. The

report formats are prasented in Figure 6.3 and Figure.Q?ﬁ.

&

,6}47Utilization"Reports ..

- !

The effic1ent utilization of fac1lities is of axtreme concern to

£°*
managemeht: and the utilizationﬂog facilities will help management to

develop strategies for off- loading sub assemblies or conduct new product
research and the like._The report format is shown.in Figure 6.5.

Sy

g



ARGO MATERIAL HANDLING SYSTEM LTD.

N

3

PLANT PRODUCTIVITY REPORT Page _ of _
1
N
MONTH ENDING : ddimmlyy
E ¥l 5 NON CHARGEABLE | EARNED ‘
gvomc \ CLOCK CHARGEABLE HRS. STDHRS. | PRODUCTIVITY
ENTER # | HRS.
- HRS.: " . ao
o . o
A01 160.00 20.00 140.00 133.00 95.0 %
A10 160.00 10.00 150.00 < | 164.00 109,:.)0 %
. - ¢
B20 160.00 0 160.00 154.00 96.0 %
- B99 160.00 40.00 ~ 120.00 106.00. 88.0 %
C99 160.00° 60.00 100.00 - 75.00 75.0 %
$
J .
~
4
v -
. ) ! i’ ‘ol
L VA
TOTALS | - 800.0 | 130.0..| 670.0 632.0 , 794.0 %
«

FIGURE 6.1 PLANT PRODUCTIVITY REPORT
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ARGO MATERIAL ‘HANDLING SYSTEI\'i LTD.

PRODUCTION CENTER PERFORMANCEREPORT  puge  of
MONTH ENDING :  * PRODUCTION CENTER : Al10 ddimmiyy
JOB # | CLOCK EARNED VARIANCE CONTRIBUTION
HRS. STD.HRS. HRS. GAIN(LOSS) $
0010 8.00 +6.00 (2.00) - (82.94)
0015 8.00 7.00 (1.00) (41.47)
0100 - 8.00 9.00 1.00 41.47
0110 8.00 8.00 0 | 0
0200 8.00 5.00 (121.41)
.
) Vs
s ‘
v
\ of
TOTALS | 140.0 | 3s5.0 (5.0) 4} (207.35)
. |PRODUCTIVITY = EARNED HRS. / ACTUAL HRS. = 35/40 -= 875 %
i N . c ;.‘i"' p T . R A o - o
,.‘5\- ;\.-i w

" FIGURE 6.2 PRODUCTION CENTER PERFORMANCE REPORT

s
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ARGO MATERIAL HANDLING SYSTEM LTD.

PRODUCT DELIVERY SCHEDULES Page _ of .
MONTH ENDING : ddimmlyy
‘ Lo : , DELIVERY DATE
PART # CUSTOMER VALUE »
' (%) PROMISED | ACTUAL
FDL16200 - U OF A 4000.00 04/15/88 | 04/20/88
FDL16200 NAIT 3850.00 04/10/88 | 04/10/88
EDL15400 SAFEWAY ~| 5125.00 05/12/88 | 05/15/88
(’V ” - ‘ |
*
{
.,é 2 : > _
. :"{-_ﬂ" {

" FIGURE 6.4 PRODUCT D

C o

~

> :
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FIGURE 6.3 PRODUCT COST REPORT

a

ARGO MATERIAL HANDLING SYSTEM LTD.
~. PRODUCT COST REPORT Page _ of
MONTH ENDING : ddimm!yy
PART # CURRENT LAST RUN SIX MONTH AVG.
- COST$ | cosTs COST $ ¢
ALP00100 550.00 574.00
'| ADW00100 © " 1000.00 _* 105000
- ” ‘,&\
* {; . )
& <]
\
. @
. |
5 T I ’
‘ - T ;
- g g /
]

PR
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QRGO MATERIAL HANDLING SYSTEM LTD.
- PLANT UTILIZATION REPORT Page _ of _
MONTH ENDING : s ddimmlyy
WORK SCHEDULED UTILIZATION
CENTER # |~ ACTUALHRS. HRS. (%)
“AO01 160.00 150.00 93.75
AL0 "~ 160.00 “ 4000 25.00
B20 - 120.00 100.00 ,83.33
B99 100.00 100.00 100.0
Cc99 ~ 80.00 w, 75.00 93.75
N
A\ . X .

. FIGURE 6.5

-

PLANT UTILIZATION REPORT

) .r:f";;f‘}.'?

Tl
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The use of these" reports; wixl identifyvibottienécks " and 3thﬁsd" -

facilitate in improving the,qverall'planning'and,co;drdinating of ‘thef .

various departments. ’ o ‘ : . o . ’\:
: R B } S B
- .
!’
v
»
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7. IMPLEMENTATION OF THE SYSTEM’

i

This thesis involves the development and implementation of‘a complete
computerized productlon and lnventory control system at Argo Material
Handling Ltd. Thls study is the«second of a two- -part research prOJect
which involved Lhe ‘design of a total materlal and capacity requirements
planning system The flrst part of thlS chapter is devoted to a general

discussion," whlle the second suggests recommenditionsvfor implementation.

T

7.1 Implementation Factors
ugﬁessful

implementation, the follow1ng dlscuss1on can serve as a gulde to future
. o
. N

Although there aré many factors that centribute to a
1nsta11at10ns

7.1.1 Management Suppottﬁﬁ

‘The first requirement for any successful implementation is to have the

~ 2

full support and active commitment ‘of top management. In most

organizations, the. main obstacle to a successful system lles not in the

technlcal areas(hardware and software) - but - 1n the people 1nvolved -

R

thelr attltudes interests, and commitment towards the system. It is

-

well known that seeking top management support and approval is a tlme

consuming task. Often this means endless presentations, studies and
£ d

‘meetings, but this is an inevitable and vital step to a. successful

implementation because of the following'reasonss

«

. (1) A properly designed and run computerized productlon and

1nventory plannlng and control system will change the entlre

i7
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operation of the organization. It means a rediatrigution.of
. powers within‘an organization. People do not like to lose the
controls that they have acquired over the years and conflicts

of interest may occur.

t

(ii) Implementation of a new system is costly. In addition to

“

hardware and software costs, other costs such as re-hiriﬁg,

9

training, and consulting will be involved. ‘ “ .

(iii) The time needed for installation and full utilization can be

lengthy. Typical time requirémenﬁ fbr.an average system like
Ehis may exceed one year deﬁehd%ﬁg on theistatus of the
preseﬁt praétices, availability of data racords, and co-
oﬁeration of management. During this time span, a successﬁpl-
implementatian requires the continual support and a cegéain
commitment to ) implementation from eye;ypne ‘in‘ the

organization.

S <

7.1.2 Data Acquisition

During implementation, the most demanding and time consuming task 1is

establisﬁing the accuracy and inCegrity of the databases.  Inaccurate and
obsolete bill of materials records can hinder the computerization process

considerably. When this‘happens,,oné cannot solely fely—qn inforﬁaciqn

'

aﬁailablélon thé-files‘and a follow up is required to update the files

as quickly as possible. dbsolete files are .a major»causé‘forrpeoﬁié

(Y
«

geqcfngﬁdis-iilusioned with computer .systems when. they are-installed for

, ~

the first time in the- organization. The system also ‘requires fairly
. a - . . - - .

accurate estimates for production standards {f the schedules developed

« : . ' - a

v
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are to be realistie.

7.1.3 Education and Training
Before and after implementation, the company has to _provide an
essential education and training program to all its staff. The key people
that will benefit most from such a program are those who rely heavily on
the system's operation and output. There are basically four areas to be
covered in an education ptogram..They are:
(L) Why does the company need such a new system ?
(11) How will the new ,system affect emplaoyee’s day-to-day
activities ?
(i1i) Wwhy 1is the support of all personnel so criticel to the
success of the system 7 ’
(i#) The system is here to help, and is not a threat to anyone'’s
joo.

;
A}

"The benefit of such a program is that it should clarify the doubts of

the employees Not everyone in the organization needs to go through the

~ sSame level- of detail and sophlsticatlon

As with most new installations, certain new skills are required in
;runnlng the system. Thls means retraining of some of the existing staff

and sometimes recrultment of new employees._The existing organization
. : : . o .
tructure may have to be changed to’ accommodate the new system.

>

Management support is needed for a smooth’ transition
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7,lfﬁ-ﬁ%f$onnel Turnover

One.of the more common factors contributing to the failure of the

system is‘high employee turnover, especially those involved in the data

fpfocessing areas. It is not uncommon that the people who initially

Ldes1gned and installed the system might no longer .be with the company

to complete .the 1mplementatlon Personnel turnover is something that is
not fully controllablé by the‘management, however, a certain degree of
influence can be exercised over the timing of the turmover. When an
employee’s departure is affirmed, the company must act quickly to find

a suitable replacement, elther by hiring or shuffling some of the other

staff. If this is.done sw1ft1J, then adequate time will be given to the

new employee to follow up ‘the dutles and respon51bllities of the "would
. f’ .
be" ex-employee before he or she ‘departs.

7.2 Implementation at Argo Material Handiing System Ltd.

A microcomputer-based capacity;requirementsxplannihéfbﬁ%} system for
small manufacturers has been partially tested at ArgopMatéfial Handling
Ltd.; a small manufacturing company located in the northwest industrial
area of Edmonton. The company specializes in the design-and manufacture

. . «
of . a number of material handling‘ equipment such as “dock leyéllers,

¢

elevat@ng docks, door seals, .and wheel-chair lifts. The result is an
improvément in the accuracy and reliabillty of the inventory records{and

easier plannlng and control of shop schedules The company is in the

process of computerizing the design function into the system.

Due to the nature of the business at Argo, it is not uncommon to
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receive orders from a customer that are only slightly different from the

"many standard designs that the company usually produces. This means new

drawings have to be drawn, a bill of materials prepared, and the process
plan findlized. This is a time consumihg activity and often the job is
started by word-of-mouth instructions so that the delivery schedule is

met . Y

The inventory master files and the bill of materials have been entered
for about 2000 stock items. However the operations sequence information
has been entered for only about -1000 items. The production standards

presently available will have to be updated, if the schedule is to be

realistic.

The order processing is to be computerized soon with the manual follow
up to monitor the system The MRP system will not be available until .

themws T gdt Around “this’ hurdle a shop work order release program HT;’

been de51gned which overrides the MRP and calculates the requlrements

-

directly from the bill of materials and prepares a sorted list of work
tozbe routed o the shop. This will enable the collection of some recent -
operational’ times.that can then be used. dimfuture runs.

AN

7.3 Recommendsztions
v T v . - - : - 9
The - CRP application softydre was developed. on. tﬁe IBM. Personnel

‘Computer using the BASIC computer language.'The program source code and

" data file format are avajilable for making modifiCations or - future

- .‘\‘ . ) )
enhancements to the system. = " During che implementation -process many

e
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! {
difficulties were encountered and the following is:. a ‘list of

.recommendations for implementing similar systems:

(i) The MRP which feeds the net requirements information to thé
<

CRP will be accurate only if the part master files are
’ -

complete and up to date. During the time spent for updating
the files, the.MRP may be overridden aﬁd the shob schedule
can be directly preparéd from Tthe bill of materials

relationships and - operations sequence information without -

4

RN

any consideration for cafacity limits. This will give a -

%

v

: n _
schancé“%o collect some time estimates as well.
® ' e
(ii) Frequent changes to drawings is- a time consuming task to be
. ,J}\ .

K

done ménually. If. the system can be interfaced with a
computerized dréfting package like Autocad, then intérfacing
programs can be written to down load a bill of materials

B
rectly to the system when a new drawing is released. Thus,

Wwill be only one system in operation and there will be
e \ |
‘glfh ibd‘id the shop. ;

peed. .The CRP application'programs are written in
hiee | -
";p%eter~BASIC‘langpage. These can be very easily

»

TN 4, : . ' ’ '
iﬂS%bragg"medium. The amount of data that can be stored on one
double sided double density 360K diskette is approximately

1000 stock item records. Since the shop handles a large

ISR

database a hard disk for data storage is highly reqommeﬂded.

(v) Multi-user environment. The present CRP applicatidﬁ?software
& o »

can be run in single-user’s mode. This means only one person

3
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(vi)

A

- N -

can use the system at a time. Recent microcombutervsystems

~

ard capable of executing'nultipie applications concurrently:
Thos: future development of the .CRP package should allow for
multi-user environment. -

The incorporation of a decision support system(DSS) in the

.83 .

planning environment is recommended. A DSS can evolve as the

L
decision maker learns more about the problem to be solved and

moreover, a DSS ‘can be developed .by non-data processing

professionals. The decision to develop one’s own DSS, or to
. yan .

install -a -vendor—supplied//system has to be" carefully
- s

'evaluated It should be noted that certain in&;stries and -

<

m_forganiZatlons are better sulted than others to the ‘use’ of

3

‘”5packaged systems If agiackaged system prov1des -or can bel' b

modifled to prov1de management's information needs a greatf;

deal of time: and developing effort can be saved 0ther_1 _

factors to con51der include the availability -and sklll of in-

house personnel, the commitment and investment in an existing
system, and the extent to which the organization is willing
) . ' . (* N
. S DY I
to modify its procedures to conform to the. packaged system,

~



| 8. STRATEGYC PLANNING - o
% s ‘

8.1 Strategic Planning Fundamentals

e
" A plan is a predetermined couxse of'action.,It represents goals and

N

’ . o

activities necessary to achieve those goals.’ Control is the activity that

~

'measures deviations  from planned performance and initiates corrective

action. Planning is an ongoing organizatfhnal function that provides thev
framework for operationa activities ‘and decision making. 'The
organizational mission is.translated into operational objectives through
an organizational hierarchy of planning ﬁctivities There is planning in
drganizations even though there may not be a formal operational plan;

hbwever, informal Planning is us@ally 1nconsistentland incomplete The
reasons for formal organizational planning are to focus the energies and
activities of the plans of the subareas and indiVlduals within the
organization, and to remove ambiguities about what the organization
should do. The formal plan not only guides activities it provides a
basis for evaluating results“j”lm Four conceptual 1evels of planning

&

in ‘an. organlzation can be 1dent1f1ed differing in the organizatlonal

ilevel of respoFsibility 1dentified the scope of planning issues
.addressed ~and the planning horizon(sometimes the fhird and ‘fourth
,; levels are oonsidered 4as ore level) The typical levels in the hierarchy

“of. planning[m] are’ shown in Figure 8 1

: i

8.2 Need for Long Range Planning(lRP)
The need and the benefit that can accrue from planning can be ea ly

demonstrated through % lestionnaire. Prepare a shortilist,ofvi

8.
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“questions thht are believed to be vital for the firm's future. Ask each

‘executive who has responsibility for high level Mecision making to answer

A

-

o

'

* Strateglc planning(5 years and beyond)'

* Operations planmning(l -12montﬁs?

*

Which businesses should the firm be in? 2
‘How should they be financed?

How should scarce resources be allocated across
business sectors?

* Tactical‘planning(l -5 years)

What are the optimal patterns of capital investment
and givestmeht for implementing some longer-range
plan? -

What decision about facility location, expansién, or

shut-down will maximise profitability?
What products should be, added or deleted from the
product line? ) s

-What is the optimal ﬁroduct pricing pattern?

What is the optimal operating .plan(raw material
-acquisition, product sources, inventory levels,
distributjon system configuration, route and mode of
distribution, etc.) to meet specified system
objectives, consistent with some longer term plan,
with existing facilities in the next planning period?
What is the b&st operating plan on which to base plan
for production and dispatch?

Scheduling and disnatcﬁinz(righf now)

What»épecifiéuoperations or séquenée of operations'
- should be performed with what existing facilities, or
-meet -specified output reguirements in the next.

operational period?

§ NER—

)

w3

A

B »
AT A

~_FIGURE §.1 HIERARCHY OF PLANNING & i |

o

[ \
y .
PRI
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themland compare the answers. They are almost chrtain‘to disagree. fhis
simple device may help explain why‘some departments in the company have
been’working at cross-purposes. It may give a clue to the real reason
behind personality oonflicts and uncover poor communication within the
firm A few key questions that could be asked are presented below, even
though these are by no means final and exhaustive. B
< ’ (1) What‘husiness is the company in ?

(ii) Where is the market ? Who are the customers 7

(iii) What business should the-company be. doing in five years from

- now ? |

(iv) What- immediate _problems must be solved ? Which ones are so
critical that théir solution in one way or other, will have
an important influence on‘the future of the fin??

(v) “What should the return on investment be - three, five, ten

| ’yeats'frdm now. ?

(vi) How big should,the company be in;five or ten years ?

(vii) What should be the market share of the company’s products in
the‘marketi- three, five , ten years from now ?

(v111)What means should be used to grow - acqu151tion merger, R&D,

improved marketing ?

(1ix) How should the company_bebfinanoed_?

PR

‘bIn most firms where formal LRP is unknown the results of this
questionnaire will do. more to show the need for LRP than any other‘

persua31ve argument that can be made.
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8.3'Methods for Strategic Planning

In finding and solving a problem 'a decision maker faces a myriad of
¢ :

t.&ecision cycles. What 1s the problem and what 1s the cause of the -

4

problem?:. What additional data is needed, and how should the solution be

imp\emented?. Each of.these major steps in solvingla problem involves the

‘selution of sub problems- and many deci51ons have to be madem2”32]-

The models developed in the area of plannlng can be classified as:

1) ~ Conceptual. A model describing the planning processiin ‘terms of
factors both internal and external to the plannlng unit.

(ii) Behavioral. A model describing. the planning process in terms of a

set of inter-related variables.

(iii) Mathematical. A model describing the planning process in terms of

o

‘varlables quantified to scale

\
Thebproblem'structure of these models can be generalized as:

(1) Definition of scope usﬁally on a time frame.

’
.

(i1) Explicit provision for evaluating discrete/parametric variations

(3

in model inputs,
7 . ‘
(1ii) godel structure should be such that direct access to the model and

database“ére,possible for st effective use of the,approech.

8.4‘Data for élanning furposes

The“Soufces;ofrplenning data\are internal data organized and processed
for olenning'upurnoses, and external data from 'various _sources- and
environmental scanning[“] The internal'data reflects the historical

.

performance of the organization It is usually very accessible 'and its

-

e
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.accuracy known. However, it should not, be the sole input to the plamning
process because externel factors may invalidate historical performance
for progections External data can be obtained from traditional jsources
such és,published reports,_government documents, or services that providew

industry data. Some trade associations provide industry data and

-

projections External data can also be obtafﬁed from data banks oovering
G

a wide variety of economic activity. Anothef’alternative and. the most

»

important one, for obtaining planning data is the use of environmental

scanning techniques. : -
’ .’. . *
8.5 Requirements of a Strategic Plan
A planning_model is a meé%od'for structuring, manipulating, and
COmmunicating fnture plens The model describes the process by which the
Plans are ~developed from input data and internal calculationsmonzm. The
model should. provide _ ) , o i ‘
(1) A format{for presenting thefresuitifrom processing the ,model.
(1) A'set of inpuc data. R |
(iii) A set of processing statements(formulas logic etc. )
As described earlier.a strategic plan is a long term plan on which the

future of ’the organization rests. The strategic plan involves 'the

f;entification and communication of the following oL T¢&.

(1) Mission - A broad{ tar mqnx‘of the purpose of. .

. the organization
(ii) éoals L i>‘, A general statement of whet is to be
‘ accomplisned.
‘(iii)HStrategies - A general approach to achieve goals.

ST
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(1v) Objectives - A statement of measurable results to

be achieved.

(v) |, Plans and budgets A guideline for preparing budgets

: for sub-plans. |

(vi) Policy " - Limits to }acceptable behaviour,
express ethical and moral values,
decision limits, and standards;

(vii).Time frame' ' - - The time period under consideration.

. . : N M A

8.6 Strategic Planning For Argo Haterial.Handling System Limited.
Argo is a smallvmanufacturer of material handling equipmeht;'The
company's main area of strength is in‘the design and production of these
products. The‘ company’'s existing product lines are dook levellers,
elevating docks, handicapped lifts'and doch seals, and these are sold in

Canada, United States, and other foreign countries.
—~— 4

'The‘management of the company has shown keen interest in streamlining

- the operations of the organization and is in the process of implementing

'“.'a computerized Production «InventoryAgontrol and Planning System for

. © *
-‘efficient use of resources - The analysis of the company s past sales .

’—~s1nd1cate that sales have stagnated and have not grown as the management

\—\, “n —

expected This is mainly due to the present product lines which due to
A
‘the competition have a strong position only in regional markets
Figure 8.2 shows the position of the company and the managenfent goal to~
™

be reached This will mean that a new product has to be introduced in a

market with 'a large potential Market research conducted through dealers
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FIGURE 8.2 HISTORICAL PERFORMANCE AND PROJECTIONS FOR Ang

and lndustry data show that the United States market for hanq'capped

lifts to be - promising The company’s .main product lines and their

estlmated market position over the next five years is shown in

E R

Flgure 8 3. The products can be analyzed on a producc p051tion

~

comparlson grid as shown in Figure 8.4, The grid position reveals that
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-

the Canadian, market 1is very price competitive and hence sales are

dominated by regional manufacturers as transportation costs can be a

»

large factor. It is obvigus that there is a very 1arge potential tb enter

into the United States market for handicapped. lifts, especially in the.

west.

- /

The scope for expansion in the Un1ted States is strengthened by the

Ld

.fact that at present the United States manufacturers of comparable

~ products are situated in the edst, and hence Argo could be very price

. . . ‘
competitive. Based on the preliminary analysis the LRP objectives f%r

Argo_can be stated as, s . , v

>

&

Mission: "To diversify ourlproduct lines so as te/minimize the dependence

&

on any~one product line completely for existence and growth":

The 1ong range obJectives set to fulfill this mission statement -are:

(1)

(i1)

\(1ii)

Liv)

Argo’'s basic bu51ness obJective shall be to manufacture and market

]

products required by customers for areas of their home office,'or

institutions that can be manufacture"through the processes within

\
our technological scope.

Argo .shall distribute pr&ducts to the above customer groups in
Canada,-United States, and other foreign countries.
The firm shall strengthen its present sales and distribution

facilities and shall immediateli develop or expand the facilities

&
-

to achieve the market coverage.
e - .,

~

The firm shall maintain a high standard of custcmer and product

service.

2
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Year . 1 2 3 4 5
Canad&an C T i
Dock Levellers - 4600 5000 - 3500 6000 6500
Argofunits) 220 220 220 220 220
% Share 4.8 4.4y .. 4.0 3.7 3.5
Elevating Docks 950 1000 1050 o 1100 1150
Argo(units) 60 70 80 '&\ 90 100
$ Share “ 6.3 . 7.0 7.6 o 8.2 8.7
Handicapped Lifts 300 320 340 360 400
Argo(units) 15 17 - 20 25 30
% Share : 5.0 5.9 6.9 7.5
Door Seals 143000 - 15500 15800 16000
Argo(units) 260 #4 © 380 425 450
'$ Share = 2.1 2.5 2.7 2.8
United States Expansion ' : ‘ o
.}Handicapped Lifts 200 575 700 1300 2200
. Total Sales(Mil.$) 1.871 2.789 3.703 4.830 6.150

FIGURE 8.3 MARKET GROWTH FOR ARGO

T

(v) ' Within’a_five‘yeaf period, our objective shall be to double our
.present‘ rate of .groducc; development by means og internal
development. .

g (vi) . Ouf fate cf growth objectiﬁe shall be to‘increase cur-seles volume
'b}- n average of 35% annually, ﬁaincaining a AS%Igfdge-cargin on
'prz;ucte i 2 | '

= (vii) Our major objeccive in terms of directio; of growth shall be to

expand present product lines and acquire or develop new\pfoducts

within ohr selected markets.

(v111)As a method for growth, our %&jective shall ‘be to acquire or

develop pnoducts utlllzlng our pigfgﬁﬁimanufacturing facili nd

technical skills

Entry into froncier fields except as related to

»

.our present technology should be av01ded

LU



SALES.. PRICE © QUALITY MARGINS . U:s. MARKEI
. , . o , ' -,4;' ) .
ARGO . .REGIONAL COMPE- = HIGH e 35%, FAIR'
_ ' TITIVE '- -LOW -  POT.
L FEW SOME COMPE- COMPA - ' EF o ?}
- MAJOR NATIONAL TITIVE RABLE - - .
COMPE- ) ' ‘
TITORS
. ARGO :?:ECIONAL' COMPE-  HIGH 45%  FAIR
Y A \ TITIVE ~ FAIR * POT.
- D MANY ° REGIONAL COMPE - - LOW . T . L
COMPE- "~ TITIVE o ‘
-TITORS ’
ARGO  REGIONAL COMPE-  HIGH 55%¢ " LARGE
: " \LITIVE o "HIGH" © POTENTIAL '
H i N ‘ . - » el .
L COMPE- REGIONAL  COMPE- FAIR S e
TITORS o TITIVE ' ' ‘
. DL~ DOCK LEVELLER ED- ELEVATING DOCK  HL- HANDICAP LIFTS
, FIGURE 8.4 PRODUCT -POSITION MATRIX -
(ix) The firm shall attempt *o meet'the above objectives'within'the
_existing plant areas. If new faci}lties are requlred they shall
be built on a de centralized regional basis. Capital equipment
shall be édded only for programs directly supportlng these
obJectlves and then;only if it will pay out Jlthin two years.
(x) :Withln five years, our obJective shall be- to recruit and- train
L sufflcient management and technical personnel to back up the '
present management- group in depth and to support the growth of the
v

firm Spec1a1 emphasis shall be placed on the development of the.

hmarkéting capabilities of the firm. : ) ]
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8.6.1 Strategic Plan Overview,

- .

(i) Argo”s'position : The’gross margins on existing products are not

high. Argo has established a good position within the market it

serves. [N

Lii) - ﬁh@ironment : The size of the United States market for elevator
products is very attvactive. Un~ ted States federal law requires all

schools and public funded buildings to provide access to

'
£

X handicapped lifts. 3 . o . s
:(iii) Objective : Thelcompany proposes to improve its overall market}
technoiogy,”and quality positions S | o " vﬁggu
(iy) Strategy : A strategy of tost reduction price improvement

improved production scheduling and inventory control and selective‘

i

resource commitment to ne products and marketsi w111 beﬂ

(v) ProgramS' Expenditure  of $1OO 000 for equipment additions andi |
!

SSO 000 in additional working capital are required )

~

implemented.

v(vi) Results : These results are forecast -($ 1000 s) .

" | 1988 1989 1990 1991 1992
\ Sales 1870 2790 -3700 = 4900 6150
3 . . £ e ' . .
g Net income. 135. - 194 250 . 450 620
L &

.g8.6.2 Situation Asgessment/Environment
The”planning Situatign can be analyzed under:
(1) - Customers - Market Has diverse: custom?r ‘base . which includes ;g o

buildiné contractors and industrial ‘users. Company has  low

p051tion w1th distributors



-(1i) Profitability - Profit is projected to average 10% net to sales in

- 8. 6 3 Objectives and Goals

Y

‘two years time.

(iii) Manufacturing Capacity - Up to about 1985 the industry capacity has

almost matched market demand. However, due to U.S federal laws,ithe"

‘market’ has expanded, but"additions to capacity has been slow. The
company will require added capac1ty in equipment during the
forecast period to serve growth opportunlties in the. handicapped

lift sector

. "

) devoted to- the development of a technically superior pPr. .uct with

a great proflt potential '(
Qy)"‘Competition‘ Primary competitors vary. by segment Major United -

. States competitors for handicapped lifts are in the east hnd hence

. A\
-

Argo should be able to acquire a greater share in the west where'

it is focu551ng ltS marketing efforts Many.small producers have

no design capabilites

’KVi)»:SegmentiAnalysis~- Figure 8. 5 shows the iﬁdustry potential(in the

95

v

3

"(iv), Technology - Substant1a1 englneering and de51gn effort has been

‘United States), status- of Argo ‘and the major compefiébrs in the

United Stat3§~of America T

The following objectiVes and goals have been identified

(i)‘“*Profitability .
. . l!<
Obje~ tive(s) - Maintain balanced cash position through the forecast

period \Improve operating net income over 1ong term Maximize cash

. . ).’
n

oy ) . °
’ ~ . 1

o

usage by maintaining tight ~~~~ control;_over receivables and



(i1)

(1i1)

Industrv_botehtial
. Annual U.S market size : $ 220 Mils.
~ Annual growth rate expected 5%
Argo Status -
Sales (Handicapped lifts 1988) $ 240,000
Average sales growth(1985-38) 3%
Average sales growth expected(1988-92) 354
Cash position -1988 N Behind
Liquidity - cash category * Behind
Technology position -1988 Lead
Degree of .risk predicted’ . Normal
. Competitors in U.S - Estimated Market Share
(U.S. West) '
Cheney S - 40 %
American stairglide . . 25 % .
National Wheelovator 10 % ’
Inclinator of America 10 %
, ' e , | 7 /
FIGURE 8.5 SEGMENT ANALYSIS N

inventories. Meet corporate guidelines for return on investment.

Goal(s) - Increase net income to $662, 000 by 1992 "Reduce number

of days for recelvables to 60 days and 1nventories to 40 days

Cost:
Objective(s) - Improve cost position relative to competition.

Improve utilization of existing facilities. Maintain product

‘quality positiorlwhile improving internal quality cost performance

Goal(s) - Increase product1v1ty(1988-100) to 140 by 1992. Maintaln
quality costs at 1% of sales in 1992,

Market: ‘

Objective(s) - Improve position on present markets served. Increase

volume and share in selected'market.segments (U.S;west) through
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8.5.4
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e

product development, capacity ad@itions and expanded distribution.
Goal(s) - Increase sales of elevating equipment in United States
to $2.5 Million by 1992. Add plant capacity by investing $100,000
in neQ equipment. Set up assembly facilities in United States when

added capacity is fully utilized.

Strategic Issues

The plan has to consider the following strategic issues.

i

(i1)

(iii)

Growth - Can the company handle the proposed sales expected with

the existing facility and personnel ? L.
‘Price' - Can price levels forecasted be maintained through the

forecast period without losing market share ?

Liquidity - Can the company maintain a balanced cash position

despite the investment required to gain forecasted growth in volume

S (iv)

and earnings ? o =

Materials - Can the compafly apply resources to qualify critical raw

~“erial substitutions without jeopardizing . important cost

2

~

;mproVég;nts and product programs.

To address the strategic issues raised, the following strategies have

been formulated.

(1)

(i1)

Growth - Allocate resoﬁrces to add capacity, and develop new
products for long term growth of salés and ear'ﬁn;s. Reduce impéct
of market cycles, if any, by increaéipg pe- astration in growtﬁ
seguents.

Price/Volvme - Operate at price/volume levels which will maximize



(iii)

(iv)

(v)

(vi)

(vii)

4 , 98
total eentributipn margin. Gain market share if - possiblet but
maintein baeic canability toi effectively serve‘ markets and
customers on a lon} term basis.

Cost and Productivity - Utilize existing facility to .fullest
extent. Conce -ate resource effort on cost reduction by investing

in eqdipment and facilities to improve 1labour productivity,

materials and process costs. Implement product standgrdization

programs wherever possible.

Liqnidity - Maintain balanced cash position by limiting new plant

investment wherever possible. Maintain tight control over

receivables, inventories, billing terms and stock avallability

‘Technology - Apply new technologies to reduce product cost and to

maintain superiority in product development. Seek finaneialjsupport
from Government agencies and technical licensing contracts.
International - Improve international participation by’ continuing
to license technology. ’

Human resources - Support growth objectives by establishing program

t6 recruit high potential professional and management personnel,

8.6.5 Programs

In order to achieve the expected results each Strategic element should

have programs)geared towards achieving the stated goals.

1.

Strategy: Allocate capital and personnel resources for long term _
growth of sales and earnings.
(a)Strategic Element: Improve sales and distribution strength by

increasing direct selling capability.
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'érogram(s): Continue'to'serve dealers and oontractors through‘sales’

force' Expand sales force penetration with direct purchasing end

sers. Use. 1ncentive programs to target sales effort Increase

E}go s contacts with architects who prepare housing development
‘pspec1fications |

(h)Strategic Element: Emphasize existing products, service and

Bl

- qual i.'ty:.' v
~:'Program( ) Utllize design aovantages to increase sales in
residentfal‘and commfrcial construction markets§3Maintain high
/\xouality control and- enhance customér image
(c)Strategic Element Improve utilization of eristing facilities
Add capacityAas necessary. | o
Progrgm(s) Implement‘ two shift dperations.lwhenever market,
: opportunities exist. Utilize existing plant capacity to maximum
extent to defer new investment Decide on timing for setting up
assembly operations in the United States.
Strategy: Operate at price/volume levels which will‘maximize total
contributipn margin. Gain share if possible, but-maintain basic
capability to effectively serve markets onla long term basis..
(a)Strategic Element: Continue strong upward price focus,
maintaining capability to quickly respond to market conditions’
Program(s) Raise prices and firm up terms during strong markets.
Build in price escalation whenever_market will permit. Follow
prices‘down when large share loss;s would otherwise occur and if"~

necessary, gain share by maintaining a high quality.

Strategy: Concentrate resource effort on improving manufacturing
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productivity.and costs.. .
Prqgram(s):almplement‘a-formaliaed, structured program to reduce.
scrap and rework costs. Improve production scheduling. \Implement,
;product standardization.program and reduce number of speciiications
'7>offered ‘»;f o o
.‘4. Strategy:i Maintain balanced cash p031tion nhrough selective
investment, 11m1ting new plant additlons and maintaining tight
VTeentrol over receivables and inventories |
(a)Strategic Elettent: ImproVeiutiligaeien ofvexisting facilities.
Program: Implement two shift operations wnenever possible to reduce
or defer'capacity additions. . |
- (b)Strategic.Element; Continue tighs con~-rol over reéeivables and
inventpries:'j‘ | |
fnegram(s):v8£rictly enforee billing terms. Monitor inventories
'elesely,‘adjusting levels fof periodic changes among‘long and short
:cycle produet segments Adhere strictly to payment terms,
5. 'Strategy Improve inten\\fional participation.:
(a)Strategic Element Utilize technology transfer to gain new
licensing income. |
Program(s): Continue to license process/technology and maintain
current worldwide agreemenss.

Vo

In order to implement these program(s) budget a certain fixed amount,

8.6.6 Financial Summary
Following the strategic Plan, Argo is expected to achieve the results

-



shown below. ($1000fs)

Total Sales
Wh?gi-éhair
Gross Margins
Net Income

- Productivity

‘1988 3%89‘

1991

1992

1990
1870 2790 3700 4900 6150
240 755 1140 1850 2500
766\\_1227 | 1628 2156 2706
135 \\194. 250 450 620
100 . 110 120 130 140

In reviewing these goals of Arge, it

101

is apparent that they are

workable. In order to attain these goals, management should be able to

receive and analyze the various internal and external factors speedily
i 7

. and take suitable actions. A Decision Support SyStem(DSS)“is recommended

for analyzing the company and market information. The DSS design is

discussed in the next chapter.
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‘9. CONCEPTUAL MODEL FOR DECISION?MAKING
AND v
T y
LiSIGN_QF A DECTISION SUPPORT SYSTEM

9.1 Conceptual Model

| In.order to understand the various interrelations that exist in the
decision making Processes of an organlvatlon a conceptual model(28) jg
-presented to descrlbe the process as a multistage de01sion process. The

\

conceptual model in its elemental form is shown in' Figure 9.1.

In many cases where project selection.or managehent decisions are made
without followinggg’fofmal plan b;sed on a set\ngrules, the outcome of
teétions taken cannot be clearly explained.ae there wiil be no clear
fndication as to what had gone wrong in the process that led to the
decision. As a concept, the model shown in Figure 9.1 is not difficult
to understand. However the same cannot be said of the individual.blocks

that form‘the model, for they help drive the decision making process.

Conceptually, any problem faced by the managemeﬁt has a solution that

is part of the 'Global set of Alternatives' which may or may not meet

' the expectations of the bu51ness A 51mple screening process(rules of

thumb) can ellminate alternatlves that have no potential This reduces
the options to_be evaluated to a 'Perceived set of Alternatives’ which

have to be rigorously evaluated. Each of these perceived set of

- altérnatives 1is subject both to environmental eonstraints and

organizational constraints, and those alternatives that survive can be

called 'Feasible sets of Alternatives’. These sets can be subject to risk

102
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analysis or some sort of rank ordefing can be done to arrive at the

organizational choice. The block 'SourCe of Information’ is the 'Data
Base’ of the ’'Decision Support System’ that is being updated contlnuously

to be able to prov1de valuable information to the decision maker.

9.1.1 Model Application to Argo
This conceptual model can be applied to the decision making of a new

product selection and introduction. The ana1y51s of products manufactured

by Argo and the market survey information provided reveals that the

company’s main product line, dock levellers, has a very low.profit margin

N

- and a low possibility ror improving marketk share‘ This is due §o the fact

that the market is very prike competitlve and the market segmented by

regional producers. Howeve , the United States market for handicapped

lifts is very large and hplds. thexmax1mum potent1a1 for growth. The
organizational plan then, is to hold Argo's position in the dock leveller
segment and grow. in the handicapped lifts ereas. The basis for this line
of thinking is that even though the margins on dock levellers are not
high, the product line shares a large portion of fixed costs and dock
leveller parts ate being shitped to the United States. The dealers and
other contacts can be profitably exploited to promete the new product
line.

The strategic objectives of Argo clearly states that new products

| should be chosen in an area closely‘related to the technological process

with which the company 1is strong Handicapped 1ifts can be designed and

manufactured within the existing framew0rk of company operations without
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major changes.

The 'global alternatives’ for Argo, then, can be thought of as a large
number of prpducts’ components and spare parts in the material handling

b
industry. .

In order to eliminate many less attractive products a simple New
Product Evaluation checklist and a Product Evaluation Ch;rt have.beeq
designed (Figure 9.2 and Figure 9.3) ., The checklist is broken down into
seven .basic areasi/ginance; éompetition, sales and distribution, legal,
market,'productio;; and research and dgveloﬁment. TheJ:;;zziijt serves
as tﬁe starting point for evéluating.new product options of the company.
The evaluation chart can then be comple;ed‘baseq on the checklist and a
scoring system can be em;loyed to include weights for the various aréas.
The seleétion of a proper wei&hiﬁé scheme‘involves the use of several
.criteria to evalgate business opportunities. These kind of problems are
termed as multi-criteria decision making problems. -

The decision making consists of the clarifying of goais, the generation
of alternatives, thél,search for information, tﬁe evaluation of
alternatives and implementation and control. The kinds of issues at;acked »
under each of'th; major groups is selected from what are thought to be
parameters directly affecting the‘outcome. The selectioﬂrﬁroqgss usually
involves the féllowing steps:

(i) Search ; search for all possibie attributes that can be

-

effectively measured against a reliable bench mark.
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FINANCIAL

ROI o
Industry profit trends
Discount-cash flow history
Cash or stock requirements
Time to profitability
Dollar value potential

- Complements LRP

Price compatition

Risk ratio vs ROI

Cost of marketing

COMPETITION

Number and size
Company .image
Quality
Product advantages
Price advantager
gersonnsl advantages
arketing advantages
Ease of entry
Opportunity for improvement
Historic trends

SALES_AND DISTRIBUTION

Cdst of sales

Physical distrit. ‘on
Discount factors

Utilizes personnel skills
Sales service requirements
Sales appeal

Freight factors

Calibre of competitive sales

Cost of new sales organization-

Price factors
LEGAL

Patent or acquisition
possibility
Disclaimer form accepted
Copyright trademark validity
Infringement liability
‘Option - royalty terms

Patent application foasibility

I

RERRERREY NERRNNRRY

NRRERERN

RERRN

MARKET

Size and growth trend
Utilizes management skills
Uses marketing organization
Research costs
Repeat possibilities
Complements LRP
Territory restrictions
Seasonal aspects ?
Product design and Packaging
Advertising -

public relation costs

BRODUCTION

Low tool costs

Uses present facilities .

Uses present labour force

Effect on labour -relations

Manufacturing ; '

Raw material availability

Inventory requirements

Calibre of competitive

production

OQutside purchase ratio

n-plant production

RESEARCH AND DEVELOPMENT
Low development cost
Material feasibility
Technical rating
Success history - .
similar products
Development time
Personnel limits
Facilities adequate
Experience factors
Output warrants investment
Within risk criterion
Complements LRP

PROJECT ¢
FRODUCT .
DATE : ’

[

NERRRRRN

NRRERN

l

A

T

S

‘ FIGURE 9.2 NEW PRODUCT EVALUATION CHECKLIST

(ii)v Creaﬁion of altgrnatives -

most useful -attributes.

(iii) Decision -

from the search list identify the

in this phase decide on the measurement scales

against which the attributes are classified as positive or

A2 2
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is kpown and evaluate the results.
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(iv) I@p17ﬁent - try out the selected attributes on a case that
‘ 3 .

Y
EVALUATION
FACTORS

FINANCIAL

~ POOR
(0-3)

MARKETING

COMPETITION

RESEARCH AND
DEVELOiyENT

PRODUCTION

< sALES AND-
DISTRIBUTION

LEGAL

PROJECT #

FAIR
(6-7)

GOOD

(8-9)

PRODUCT

-DATE

0

EXC.

(10)

REASON FOR TOTAL
EVALUATION SCORE

SN

TOTAL SCORE

WT

FIGURE 9.3 PRELIMINARY EVALUATION CHART

In the literature multi-criteria decision modelémsl are classified as:

(i)

-

Decision outcome oriented - models based on a(viey that one

achieves an understanding of a problem if one can’predict its
. kd

-outcome accurately. Utility functions and decomposition

te¢hniques‘afe examples of this approach.

(i)

o
™.

-

Decision Process oriented - models baséd on the concept of -

Q

P
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that will fall under one of the following clas&es:

, 108
\
'understanding the process.” Multi-objective linear

* 4 .
programmiig(m*1ti-parametric ', Programming) and interval

Programming are examples of this approach.
L

Many types of evaluation models rave been.presenteﬁ in the literature(35!
(i) Conjunctive modelsk
-(11) Disjunotive models,
tiii) Linear models. » )
(i%) Additive models. K o
(vh Letgcographic models .-
(vi) Utility models.
(vii) Hierarchicai(models. , L
For. -the Seiection of proper attributes that comprise the major areas

presented in the checklist - the hierarchical approach appears .to .be

effective and relatively easy. This process begins with the selection of’

a large set of variables and ‘pProgressively reducing it to a choice set

capable of measuring the effectiveness of the area it represents This

’
~

process shoé?d be' decided by top management personnel who have
LB
experience and can predict - closely the relationship of the attr; buteij

and the’ probability of success:. The total weighted score then will be the

‘basis for further consideration of product choiqps * The product ideas

that pass through this stage are the 'perceived . set of alternatives’,

’

.. - - . . /"7\\1 o o3
The next stage ‘is the analysis of internal and extern/‘fconstraints

?

‘The environmental constraints involve the analysis of markets and
: o :

competitor(s) strengths and weaknesses. The organizational constraints

\
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primarily involve the technical'capabilities,'and financial requirement
for the new. product decision. In Argo's case, for its proposed expanSLOn

‘%§3n the United Stauggils very large. Argo belng a technically strong

.

'organization the main 1nternal constraint is identifylng the source of

funds for f1nanc1ng capac1ty addltions required due to the mew product

1ntroduction
. .\7

With this' scenario, the alternatives available to ‘Argo can. be

'. enumerated as: ' ‘ ' . , :
‘ ' . N
L) Discopt\nue some existing products to make room for the new

-

"product without any additions to existing capacity

(11) Maintain market share in:’ dock levellers while promotingﬁ

elevating docks and wheel chair lifts This will involve

additions to capacity,

(iii) Sub-contract some of the components-, to make room for the new’

product-and add capacity n a phased manner.
Since the management policy is to, maintain current market share of
' products that cannot gain a greater share of the market the feasible set
of alternate choices available to Argo then include:
(1)  Arrange for additional funds to add to capacity.
(ii) ‘Sub;contract certain components.
The final organizationalh choice may involve both of these
. alternatives A continuous review w111 have toibe done every quarter to
'analyze market conditions and make appropriate decisions. It is for such

situations that a decision support system(DSS) will be very useful.

~

Y
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the market analysis indicates that the potential for handicapped lifts~f

N
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9.2 Decision Support System _ ) ' N
9.2.1 DSS Defined | L j
- A DSS is a computer-ﬁaséd informatibn.system used to support decision .

©

makfhg activities in situations where it is not possible or not desirable

'

to have an -automated system perform the entire decision LU 2ss

It is a support, as the decision making criteria are not fully
developed in unambiguous terms.ie. the rules for deciding are not

épecific. A data base system with a high query language capability can

be the basis of a Dssi510271

9.2.2 Need for DSS.
- ¢ ' ) .
Strategic information is required by management in order to formulate
Plans that are best for ‘the organization!2d] There are many questions

ﬁhat have to be answered,’likef .

i

What ;re the most critical vafiables.affec;iﬁg the success of
present business ?

What is the ;otgl cost associated witﬁ a project s anning differeﬁt'
departments ? |

How long can‘thé firm wait to begin findncing a major éxpansion
program, given,différenﬁ COnfidence leQels in expected interest
cos* finance the pfog;am ?

Is the equity position'of the firm really increasing or,decfeasing

due to effecﬁs of inflation ?

Which product lines are performing well, which are to be

. Q
strengthened and which are to be dropped ?

G



111

Who are the competition, and how are the competitprs.performing ?
The ‘importance of this sort of information ié well understood. When
received on a timely basis the management can react to new opportunigies
or head;off potential p:oblems before they materialize.

%

9.2.3 DSS Framework

The general DSS framework can be viewea'as having three components-
its Language Syst;m(LS), Knowledge System(KS), and.Problem Processing
System(PPS) (131311 4 yger states problems for a DSS to solve by using a
language system. A DSS’s knowledge system holds facts about ’an
aéplication area that are releﬁant. to solving problems for that
application. .The problem processor accepts problems représented with the
LS and utilising applicati;n-specific‘knowledge represented in the KS

generates information for decision support. The framework is showr below.

Decision Support System

Language Pgoblem Processing System Knowledge

System # information collection System P
* problem recognition
* model formulation
.* analysis ‘ .

v
¢

[ . -
In designing a DSS prototyping or adaptive design!?®! has been one of

the ways adopted by many organizations. A problem to be solved is chosen.
A reliable problem solving technique is then applied to solve the problem
and tested against a bench-mark. The results are analyzed and necessary

modification are done to the processing model. This is useful because the

pN
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‘requirements of the system canng;\%lways be predetermined.
“d .

9.2.4 DSS for Planniﬁg | L

In most small 6rganizations strategic. and tactical dégisions are

. .

made on the baéis'of intuition, Jjudgment . ad past experience(161(23]1 1,
order to present valuable information to top management, the systeﬁ must
be broken down iﬂto integrated subsystems. The major subsystems are,

Finance, Marketing, Manufacturing, Purchasing, Personnel, a counting,

R&D, and Corporate planning. Each of these sub systems will consist of

. 3
different modules which may affect t'. performance of cther subsystems.

As a starting point fo; effective planning within.a'DSS environment, it
is helpful to examine those factors that are-capable of making/breaking
an or janization. These factors bare. called under different names
as[“[gnlﬂ, critical success factérs(CFS), key result .areas(KRA) or.
strategic busiﬁéssﬂunits(SBU’s). These factors are areas of activity that
should receive constant and careful attention, and their performance
measure¢ continually as these fac?ors sﬁpport the attainment of the

]
. e
organization’s goals and objectives,

The source of these factors depend on the structure of the industry,
the competitive strategy, 'the"industry position, and = internal and

external factors.

9.2.5 Steps in DSS design
In order to develop a DSS the following steps can be used as a guideline.

(1) .Decide on the type of problems that are expdcted to be

/
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solved.

Select appropriate models for forming part of the

‘processing and knowledge systems.

(141)
()
)

(vi)

(vii)

Check and dec. ‘e on input data formats.

Build data base and chéck integrit&vof data.

Run  the DéS wifh‘a problem aqd compare with known pench
marks. | |

Updaté database.

LY

Embellish problem Solving model continﬁously.

9.2.6 Design of a DSS for Make/Buy Analysis

9.2.6.1 Data Base for a DSS

The data base of any DSS has to have up to date informatiorn that .can

be accessed

by the processing'and knowledge sub-systems!®?! For a 'DSS in

the capécity planning area, the database should contain the following"

information.

DSS data base ‘
Finance information

Capital structure :
Outside sources of funds -
Cost of outside sources of funds

- Cash receipts

Cash disbursements v
Other receipts and disbursements
Projected cash needs '

Product cost details -

Marketing information

Customer master file
Forecasting data and formulas _
Historic data on performance - ' .
Market research data . -

Market research models and _ —

techniques.
Service level data
Order level data
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Vendor details and capabilities

Production information

Machine capacity and utilization

Machine capabilities of producing items

Machire cost factors

Sales orders(and back orders)

Engineering data and product change/cost informatlon ,
Inventory information- raw material WIP, and finished goods
Due dates, manpower requirements

A make/buy mathematical model can be incorporated in the DSS to
access the data base and a decision can be made regarding which

components are to be produced and which are to be sub contracted.

To identify product components that can be sub-contracted to make
capacity available, a mathematical model is presented.i’The objective is

to minimize the total production cost maintaining capacity and demand

restrictions.

9.2.6.2 Mathematical Program fc 21 for Make/Buy Analysis

The production process w1thin a factory can be con51dered as a
multi-stage process as shown in Flgure 9.4. Each of these stages may have
alternative‘process'technology capabilities which are either in place
(in-house eapacity) or under consideration(farming odt)(The simplest case
being, each process having only 2 tgchnological choices viz., in-house
and ooly one'vendor) The purpose of the model is to predict ‘the impact
of the alternative process technology choices on both product unit costs
and related measures of manufacturing system performance (utilization)

The optlmlzatlon sought, allocates product volumes to alternative process

technologies at each stage in the manufacturing process.
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) . _ ) :
Let p, t, and k represent' indices for the manugadturing process
(stage), technology alternative and product class, respéc£1vely. Let JS
3
define discrete input parameter spt and choice varlable Qpex aS follows
S = 1 if technology t is available for process p | !
- 0 otherwise,
and ‘ : » .
9pex = 1 - if product k 1s allocated to technolog& t

within process p

=0 otherwise.

Let V (q) be the minimum variable production cost for process P (Vy(q)=

Ex Ve Xoix 1 ) given the values for sm;and Qpex spec1fied in vector q.

The procességproduction volume is decomposable for each p. THe overall

choice problem is

t
s.t
Zspe S TLy e, (1)
Z Gu < I;Lpt ........................ (2)
Z The Xpex S CAPL..S,. ... ..., (3)
z xm > R (%)
Ry = Pok - K e (5)
&&. qptk _<- xpu S X.p& vqpt.k ..... ‘e s e s e LI (6)
T 20 . (7

Spt » Qpex a@re (0,1) and fixed.
: (Y
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wﬁere:
(1) F.is the fi#ed coﬁt of technology t, process p.
(ii) TL and PL are the upper limits on the number of technologies
per process and the number of products assigned to process
P. and technology t respectively.
+ (1ii) Ry are the‘pféduction requiremen;s for product k at process
stage p. |
(iv) ‘Xpu:is the prodﬁction volume for process p, technology t, and
product k.
(v) Vot 1s the variéble ﬁroduction cost for ptk.
(vi)  Koexs X tx are the lower and upper bounds 6n.production‘volume:
(Vii) roe isrthé capacity utilization rate for product k at pt.
Kviii)pﬂ: is the routing indicator variable(pﬂ;-i if the product
k is processed at process p and 0 otherwise). -
(ix) Xy are production requirements for product k.

(x) CAP,, is the capacity. for technology t process p.

Eqn. (1) and Eqn(2) are the upper limits on the number of technologies
per process and the number of products assigned to process p technology
t. Eqn(3) 1is the capacity constraint. Eqn(4) 'is the production
réquiremgnt cénstraint. eqn(5) 1is the process production requirement
éonstraint. Egqn(6) 1is the bpundé for production volumes, and Eqn(7) is

- the non-negativity constraint.

The inputs requirements of the model are, plant capacities, product
)

costs,'prqduction requirements, purchasing costs, and process details of
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products (operation times and routing}. The outputs are process
selection(list of parts to be made in-house and those that are to be sub

contracted out), production costs, and performance estimates.

‘To clarify the model, 1let us consider an example. For sake of
simplicity only two producds(A and B), four processes(Pl, P2, P3 and P4y,
and two technologies(Tl - in-house and T2 - vendor) are considered. The
production requirements for the two products ( X, ) are [500, 1000]. The
prqéess production requirements( Xx ) could be different from this

requirement, depending on pProcess losses and other factors.

The product routing information P 1s shown below

Prod. A 1 1 1 0

Prod. B X 0 1 1

~ The time required(mins) to process each of the parts at the process stage

is shown below(capacity utilization rate Toex )

-

The capacity for the time perlod under é??sideration is shown below

7
(CAP -]
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PL P2 B3 P4
T 2000 2000 2000 4000
T2 10000 10000 10000 10000

Outside capacity is given a very large number to

The variable production cost($) is shown below

Pfod. A Tl
T2

Prod. B T1
~ T2

Fixed costs for placing an order on the vendor

then can be shown as below

P1 - P2
T 15 25

T2 20 20

20

20

assume enough' capacity.

4 0
5 0
2 3
2 4

is $20. The fixed costs

-\
/

(

Considering process Pl alone, we can define(qmi;tﬁngnSﬁbécript P)

) v . . _
Vy; (@) = Min ( vy, X;; + Viz X2 + Vyy Xy + V,y, X, )

which is Min { 3X;; + 6Xy, + 3%, + 5X,, )

S.T 3X;; + 2X;, < 2000
3% + 2X,, < 1000
X + X5 > 500

X2 + Xpp . > 1000

0
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Solving for all X’s, we have X1 = 500, X,, = 0 {ﬁm = 0, and X,, = 1000 -
which means produce Product A in-house and farm out Product 2. Ve canﬁ§\}
solve for other procesges similarly and find the production process
selections. For process 3 we have X;; = 500 X2 = 1000, X,; = 0, and
Xy = 0 whlch suggests that both Product 1 and Product 2 should be
produced in house. The total minimum cost can be obtained adding the
fixed costs to the minimum value of the objective function solved, as
above., The capacity slack can also be obtained from gh% solution and if

needed a ranging analysis can be done on the variables

The selection of a’'model for ptocessing is very important. The models
should be carefully'chosen to form a DSS in each of the functional areas
and within each functional area. The models have to be reliable and

should not have many restrictions.
/] { .

i
/

4
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10. CONCLUSION

The purpose of this two part study is to design the major modules of

the capacity requirement B&anning and costing system for a
H . . .

microcomputer based Integrated Production and Inventory Control System

and to discuss the’deéigﬁJ;f a Decision Supﬁort System(DSS) for strategic

planning.

The Capacity Requirements Planning(CRP) system developed has fulfilled
the objectives set out for it to perform, V%z.,
(¢H) Interface with the Materiaélngquirements Planning (MRP)

i g »
system. CB

(11) Create and -aintain shop database.

(1ii) Develop realistic shop schedule.
(i1v) Calculate manufacturing cost for parts produced.

(v) Prepare reports for management. . )

The main modules of the CRP have been developed using the- BASIC

programming language. The programs are menu~dfiven and are user-friendly.

The CRP system has been partially tested with an actual implementation
at Argo 'Material Handling System Limited. The CRP system has been
designed to operate along with a materiéi requirements planniné(MRP)
system so that mateyial planning and scheduling fuﬁcgions, can be

integrated to achieve the benefits of each of the systems. The result is

an improvement in material control and shop planning activities.

121
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The partial implementation of the system made a very important point,
that any system will heve to be nodified and tailored to suit the needs
. of ;he individual user. The implementation of the,system clearly creéted
en awareness'of tne kind of problems that one shoald solve during
implementation in an organization. not familiar with a computerized
system. In this regard two problems deserve menpdonlng (1) running the
system initially when the databases are not acdhrate and (11) generating

.

the MRP matrix for calculating the net requirements of parts.

)
\

The MRP/CRP systems require. that the databases are complete and
accurate if the schedules developed are to be realistic However

collecting the stock status information and the shop processing time
P

information usually takes a very long time, even~upto one year. To'

override. this rigid requirement, a special program has been developed

which will override the MRP and develop shop route sheets(instead of

schedules) to be c1rculated in the shop. :This will enable the company to

gather wvaluable shop processing time information, allow .the shop
: personnel to get acquainted with the system, and provide enough time for
the concerned personnel to develop the discipline and dedication that a

‘wk,

computerized system needs to ,succeed, , >y

This study was also aimed at designlng the data bases forming part of
a decision support system(DSS) for strateglc planning. The database
information that is required to form part of a DSS in the capacity
planning area has been presented. The actual data record formats are not

presented as they will depend entirely on the organizational?needsﬁ'The

- 4

A
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benefits of the 1phg range planning(LRP) process has been emphésized and
the steps invol§ed in developing a strategic plan has been briefly
discussed. It 1is hoped, small businesses _thati plan to instaii a
computerized ;ystem like thé ﬁRP/CRP will grédually extend the system to

cover the planning activie%fs as well.

?

A conceptual model for analyzing a decision making process in an

s

 organization has been presented: A mathgmatical programmiﬁg moéel for

analyzing make/buy decisions has been suggested and it can form part of

the DSs ﬁhat can embellish the, MRP/CRP system. The success of the
- Sw

computerized s&stem depends entirely . on the organizational culture. The

databases must be maintained accurately and'the system sﬁould not: be

over-ridden except in an emergency.

[y : ' ~
i . .

3 ' ?
2

The ~ program _souréé .code and file ' formats are available ‘fof

modification in future installations.

e

]
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APPENDIX A\

USER'S MANUAL FOR .RUNNING THE CAPACITY

REQUIREMENTS PLANNING SYSTEM{

(The following pages describe the CRP software, their purpose,

‘requirements  and inputs for the new user of the CRP application

vsoftware).

127 N «



- o

\

TABLE OF CONTENTé
Chapter Page

I.VSYSTEM REQUIREMENTS AND PRQGRAM LOADING

INSTRUCTION .......... ... .. . .. ... 130
II. CAPACITY PLANNING MODULE ... . e 134
® 1. Itgm/Assembly Inquiry“ ............................... 136
2. Input Work Cenper/Opefatiéns Sequence Data ....... -.. 137
3. Deléte/Replace/Add Sequence ................ .. .. AP VA

4. Print Work Cgﬁtef/dperations Sequence
| Information ......... . .. 146
5. Batch Size Determination ...n...................%...1 149
6. Capacity PlanningtReport ...... e e <. 152
7. Material Requisition List ............... . .. ... . . 154
III. SﬁOP ORDER PROCESéiNG~HODULE .......................... 155
1. Detailed Work>Center Scheduling ............... .. ... 156
2. Shép Schedule Report .............. .. ... .. .. . . . 158
3. Wérk Updating anangscheduling ................. <.+ 159
4. Shop Status Inquiry .......... ... . ... . .. .. .; :§3 ...... 160
5. Operation Time History ............................. 162
6. SHop Work Order Releasés ........................... 163

%

Iv. ,_SYSTEi;IS PROCESSING MODULE .................. ... ... . 164
1. Costing Programs ..................... . ... ... . 166

128



Chapter

Initial System Data Files Setup
Reorganization of Data Files

. Chain to Other Programs

129
Pagg

171
172
174
176

177



130

I_SYSTEM REQUIREMENTS AND PROGRAM

LOADING INSTRUGTIONS

This is a Capecity Requirements Planning(CRP) system that runs on the
" IBM Fa2rsonal Computer(PC) as part of the Pnoductlon and Inventory Control
_System. The minimum hardware requirement is an IBM PC or compatlble with
dual disk drives of 360K each, 64K of RAM, and a printer for hard copy

outputs and reports.

The CRP system is designed to operate along w&th ;v Material
-Requirements Planning(MRP) system. The CRP system will access the
inventory master files, bill-of- materials(BOM) file and the MRP- matrlx
created and maintained in the MRP. To acquaint yourself with these please

refer to the operating instructions of the MRP system.

The amount of inventory data that can be stored on a double sided
double density 360K diskette is approximately 1000 stock items. Larger

inventory bases should dggla hard disk for data storage.

To start using the system, you willhneed the CRP program disk and a
formatted disk for data storage. Refer to the DOS manual'on'how to format
a disk, if you do not know.

' »
There are a total of thlrty two BASIC program files with extension
.BAS on the dlskette In addition there are thirteen data files( DAT),

one batch file(CRP.BAT),and one system file (CONFIG.SYS). A copy of IBM's
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. BASIC‘language'intetpreter Version 3.0 is also included on the diskette.
If yousare dsing a machine other than IBM's, please make sure to replace
this version~of BASIC with the one recommended for your machine before

running the programs.

You will need a DOS system disk to boot the maqhine. Make sure that
you have a CONFIG.SYS file on ith or else copy the one from the CRP
diskette. Make sure that the ‘CONFIG. SYS flle has the command FILES-12
This is requlred as the CRP will access as many as eight. Input/Output
- files 51multaneously More instructions can be found in the DOS manual.
It is recommended that you make a working copy of the CRP diskette and

keep the original in a safe place. Refer to the DOS manual on how to
copy a disk.

After the computer has been turned on and the Dos orompt appears,
insert the*CRP diskette into drive‘A‘(the one on the left or at the top),
and type CRP. You will then be prompted to'entet the new date and time.
It is important that the system has the correct date and time so as to

correctly store and retrieve historical data.

After you have entered the date and time, the'computer wili load the
program into the memory. The first message that you will see on the.
screen is sthn in Figure A.1. You should enter D if you have a duai disk
drive or H if you have a hard disk drive for data storage. The program
Qill then prompt you to enter the letter of the diskette drive(if yod had

entered D) or the name of the hard disk direccory(if you had entered H).
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Tﬁi§ information regarding the location of data scérage is transferred
‘to other menu driven programs that you might access. If your data files
will be maintained inuaﬁfixed 1o¢ation, it is betﬁer to include it in the
program itself father than entering it every time y§u run the CRP. Any

knowledgeable usergcan hard code this in the program CRPINTRO.BAS

| Capacity Requirements Planning System(?n the IBM PC |
l _ l

Are your CRP data files on the (D)1skette or the (H)ard disk ?

< 7

Figure A.l CRP System Start Up Menu

15-06-88  MAIN MODULE ' PROG : MENU1'

0. EXIT

1. CAPACITY PLANNING nQbULE

2. SHOP ORDERS PROCESSING MODULE
3. SYSTEMS PROCESSING MODULE

4. GO TO MRP MODULE -

CHOICE (0...4)

Figure A.2 Main Menu of the CRP System
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-

Programs in the CRP application software are menu-driven and user-
/_& , - .
friendly. The main menu is shown in Figure( A.2. It consists of three

processing modules, each having their own suB-menus and sub-prcgrams for

processing the corresponding data. //”

If you are using the system for the first time or if you are entering
data for a different company, you should go to the System Processing
Module and run program #5, to create the initial data files on your

diskette before running other programs. The following pages explain the

various programs. e
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IT CAPACITY PLANNING MODULE

15-06-88 CAPACITY PLANNING MODULE PROG : MENU?2

0. EXIT

1. ITEM/ASSEMBLY INQUIRY

2. INPUT WORK CENTER/ OPERATION SEQUENCE DATA
3. DELETE/REPLACE/ADD séQUENCE
4. PRINT WORK CENTER/ OPERATION SEQUENCE DATA
5. BATCH SIZE DETERMINATION

6. CAPACITY PLANNING REPORT.

7. MATERIAL REQUISITION LIST

CHOICE (0..7)

Figure A.3 Capacity Planning Menu

l.>Item/assembiy inquiry - display all the etock details on the screen
plus any outstanding orders relating to the particular stock

2, Input work center/operation sequence data - create/amend details
regarding a work center, or create/copy opegation . sequence for a part.
3. Delete/replace/add Sequence - amend existing details of the operation
sequence of a part. |

4, Print work center/ bperationvsequence data - display details of a
work center(s), or details 6} the operation sequence of a part(s) on the
screen or print it out on a printer.

5. Batch size determination - Create anm'’ economic batch quantity (EOQ or

EBQ) for a part(lf known) or calculate an EOQ based on historlc data
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6. Capacity planning report - read information from the MRP-matrix and

|

compute capacitzﬁ;;ﬂgirements, Cumulative work load for each work center
is maintained d compared to available capacity and ‘a report is

generated.

7. Material requisition list - prepare list. of raw material/parts to be .

issued to the production shop. to complete the current production

schedule.
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1. ITEM/ASSEMBLY INOUIRY

Enter the part number of the item/ assembly you wish to look at and all

of its detail will be displayed on the screen.

15-06-88 ITEM/ASSEMBLY INQUIRY PROG: ITEMINQY |

B

1. ASSY NUMBER: [ALW15400] 2. DESCRIPTICN :[LIPVWELgﬁENT 6W 25000]
3. QTY. ON HAND : 0 4. PROD. ORDERS : NO OUTSTANDING ORDERS

5. LEAD TIME, 1 6. LAST INVENTORY TAKEN ON : 12-05-88

Q.N\

% ’ .
7. UNIT COST : $ 550.00 8. LAST PRODUCTION RUN DATE: 14-06-88

9. USED ON :
FDH15410 DOCK LEV. 68 DH., 25000 MECH. LIP
FDL14600° "-DOCK LEVELLER 6x6 20000#%#
FDL15400 DOCK LEVELLER 6x8 25000#
FDL15800 " DOCK LEVELLER 6x8 35000%
FDL17000 DOCK LEVELLER 6x10 25000#%

Hit <ENTER> after reading details!

Figure A.4 Item Inquiry Menu

Note:(i) If thé part is a purchase item, then field #4 will be Purchase‘
Orders and field #8 will be Last Purchase Date.

J(ll) If the part is a finished product or if the part has,no BOM
relationships, then field #9 USED ON: will display, |

Above part i1s a finished product. No used on informationt.

" Type in a * in the part number field to éxit the program.

»
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2. INPUT WORK CENTER/ OPERATION SEQUENCE DATA
<
: ‘ S , T, o
This program is used to create a new work center, amend work ‘center

-~
= -
details or create/copy op;;éci?n sequence for a part. The menu is shown

in Figure A.5 \\

PN

L .

15-06-88 WORK CENTER MODULE _ PROG:MENU3 -

0. EXIT n

i
[

1. INPUT WORK CENTER DATA OR QUERY

2. INPUT 0?//—TIONS SEQUENCE
/

T

. CHOZCE (0. .2)

Figure A.5 Work Center/Operations Sequence Menu

Input work qenter?data or query - there a;e 11 fields that the user has
to enter to create a new work Cénter(Figure A.6).

1. WORK CENTER # - enter any charécter string of length 3, the program
will check -the work center database to! determlne if it is a new work

center. If it is,

The user at this point shquld check ¢t :,é if the work center number
just entered is correct: Enter Y if it is a new and correct number,
otherwise enter N to clear the entryland enter another number. If the

work center number entered at?eady exist the program will display the

details (Figure A. 7) and pro pt
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¢

15-06-88 - WORK CENTER DATA PROG : WORKCENT

1. WORK CENTER # :[AOl] 2. WORK CENTER NAME : | ]
3. LOCATION : 4. DESCRIPTION [ , ]
>. NORMAL CAPACITY: 6. MAX. CAPACITY:
7. EFFY. FACTOR:
8. SET UP KATE. : 9. MACHINE RATE
10. LABOR RAT§; :  11. OVERHEAD RATE:

NEW WORK CENTER (Yes/No)

Figure A.6 Work Center Maintenance Meﬁg

\

A(mend) U(pdate),‘ I(gnore)

-

Make appropriate selection

X
2% ? W.C NAHE%% enter the name of the work center maximum permissible

.
\
o

length is 25 characters. Use description field if greater than 25

characters;

' A

.3 LOCATION - enter any character strlng»of length 3. This fleld is used

for materlal handling purposes

4. DESCRIPTION - enter any character string upto length 25 This field

“is de51gned to contain informatlon about the work center other than what
has been entered in W.C. NAME. | ‘

‘5, NORMAL CAPACITY - enter chelamoug? of timé/ih minutes available in

minutes each'working day. Foruexample,.if yonr coﬁpany ooerates unlyla

‘single shift'of‘S;hours duration,_and if the effective productlon S

-

]
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available is 7 hours, then the nérmal ¢apacity 15\420 minutes.
6. MAX. CAPACITY - enter Ehe am;unt of time in minqtes that could ée
- made available each working day. If your cémpany policy will permit you
to wérk.overtime or operate ‘an extra shift if needed, the additional ﬁime
available ;hould be added to the normal capacity. %or example, if an
extra 3 hours of producfiop time could be‘made ayé&lable then the maximum

capacity is 600 minutes(7+3 hours). The maximum capacity should at least

be equal to normal capacity.

- -

7. EFFY. FACTOR - enter the expected throughput.ofhthe work center. For
_example, if the expected rejegtion rate is 5%,?_

then the throughput is 95%. Enter 95.0 ix this field

8. SETUP RATE ; enter the $/Hr. rate for setting up Fhe work center.

9. MACHINE RATE - enter the $/Hr. rate for running the work center.

lO.LABOR RATE -yente: thei§/Hr. rate paid to the operator of the work

center.

llYOVERHEAD:RATE - enger the $/Hr. rate that  should be.ch%rgéd as
—0verﬁead for ;perating the work center. |

After entering the last fie}d(or if the work center numbervexisted in

the file) you Qilitbe prompted(Figure A.7),

A(mend) U(pdate) I(gnore)>

If you are satisfied with your inputs chqése U and the detailévwill be

updated and the following message will be displayed.
Work center»detgils updated. Hit SENTER> to continue.
Pfgss the.<ENTéR>‘key to enter a néw number.
1f for some reason you feei that the information in éome.field needs to

be changed.then choose A and enter the field number you want to change.
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15-06-88 WORK CENTER DATA. PROG : WORKCENT
ER/#/A' | .
1. WORK CENTER-#-:[AO1] 2. WORK CENTER NAME :[LATHE 4 ]
3. LOCATION . ' 411 4. DESCRIPTION : [TURRET LATHE |
8 L. : d“ - J
5. NORMAL’ CAPACTTY: 500 " 6... MAX. CAPACITY: 900
' ‘ \
7. EFFY. FACTOR:  95.0
8. SET UP RATE : 6.00 9. MACHINE RATE : 14.00
10. LABOR RATE :12.00 11. OVERHEAD RATE: 400
: A(mend) U(pdate) I{gnore)

Figure A.7 Work Center Maintenance Display

You''can choose A as many tlmes as you wish,

necessary changes choose U to update or I to)

Note: You will not be,

it has been entered in the file,

If there are a lot of work centers in the file

12

to view the existing work centers before choosingsa new number .

60

>

After making all the
ignore the inputs..

permitted to change the work center number once

"then it will be useful

Enter a

? in the work center number field and the ex1sting work centers lel"be

dlsplayed

halfway hit the <Esc> key.

*as shown in Flgure A 8.

Follow the i

;-

nstruction .Tojquit

¥
iy

Type in a * in the work center number field to exit the program

Input operation sequence data - enter the part number yqp want to 1nput

operatlon sequence for

K

and if there is no eXisting operatlon sequence lnfo

s
\ S
A

If the part number exists 1n the part master file

&
rmation for the part
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WC# DESCRIPTION  LOCN NOR. MAX = EFFY SETUP M/C TABOR O.H.
CAP. CAP. % RATE RATE RATE RATE
)1 MILLING M/C 111 450.0 800.0 80.0 4'0 3.0 12.0 5.0
AO2 LATHE All 500.0 9oo 0950 6.014.0 12.0 4.0 °
AO4 PUNCH PRESS ALT 0.0 0.0 0.0 0.0 0.0 0.0 0.0

H™ 1 ANY KEY TO CONTINUE

1L&ﬁre A.8 Wogk Center Listing

ca

w

then you will bé allowed to prqdeed.,The.following messagé”will be.
4 ) i . 4 7

displayed(Figufe A.9).

15-06-88 - . OPERATIONS SEdUENCE; ' ~ PROG:OPSEQ

PART NUMBER:[CFB22000] DESCRIPTION :[2x3 FLAT BAR x 1 THICK ]

RTINDEX file has been  updated: Hit <ENTER> to continue.

Figure A.9 bpéra;ion Sequence Menu

RTINDEX file has been‘uﬁdated. Hit <ENTER> to contingé.
After you hit <ENTER> you will be prompted,
Do you want to cépy operation (Yes/No)
< ,
If you'bnter Y you will'be prompted’,
| Please enter part nuqber to copy operations
' You caﬁ enter the ﬁarg number . if the  part number exists théﬁ the

following message will be displayed.

. Operation details copied. Hit <ENTER> to continue.
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However if no operation details exist for the specified  part the
éfqllow1ng message w111 be displayed. |
Operations for specified part do not exist.

Do yeu want te#try again (Yes/No)

Enter Y if jOU. w4nt to ‘try again or else enter N to input from

keyboard(Flgure A.10)

Laan ¥

15-06-88 . O%ERATIONS SEQUENCE PROG:OPSEQ

+ . : . . )
PART NUMBER :[CFB2Z000] DESCRIPTION 1 [2x3 FLAT BAR x 1 THICK ]

1.vOPN. #.f% 10 ' . ' ’
2., 0PN. NAME : SHEAR

3. wORxIcENTER # : AL0

4. SET UP TIME': 15.0

5. PROC. IfME C:0.25

6. ALT.JW.C 4

'A(gend)v _ U(pdate) ' I(gnore)

Figure A.10 Operations Sequence Menu

There are 6 field that have to be entered for each operation,

l\ OPN. # - enter a p051tive 1nteger (Note; (1) The operation‘# denotes

the sequence of operatlon (11? Two operations cannot have the same
'epeFaplen #. (1ii),The operations needbnot be entefed in sequence; The

program will sort out the sequence. (iv) Operation # should be less than

19990. (v) -Adequately space operation numbers .to permit future changes.
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For example, use 10, 20 ete., instead of 1,2..
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2. OPN. NAME - enter the name of the operation(maximum 30

characters).
3. W.C. # - enter the ﬁﬁmbefvof the wirk g?ntér where the
operation‘will be performed. (Note: The éﬁfkﬁgenter ﬁumber must exist in
the work center file otherwise yog will not“be alliggd to c;ntihue).
4, SET‘UP TIME - enter thé_time in minutes needed ﬁo set up the work
1 .

center to‘gﬁgform the operation.
5. PROC. TIME -  entey the -time in minutes needed to complete the
operation on one piece. ; |
6. ALT.-W.C.#'- optioﬁai entry. If the speéified operationican be done
at more than one’work'center, than'you can enter that work center number.
The work center must exisﬁ.
After enﬁering the last field yd&‘will be prompted,

A(mend) U(pdate) I(gnore)
Follow the instructions to amend a.field.

To end the sequence for the part enter 0.in the Opn. # field. You will

"be prompted to confirm,

Do you want to end operation (Yes/No)

. B2 v .
Enter Y to end the operation for the part and~yzu can start entering a
new part number if you want. ‘

.Enter a * in the part number field to exit the‘program.
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3. DELETE/REPLACE/ADD SEQUENGE e,

f

This program is used to edit the operation sequence information for an

existiﬁg part. Enter the part number you want to edit and choose from,

Delete/Replace/Add
15-06-88* OPERATIONS SEQUENCE PROG:EDITOP
PART NUMBER:[CCS22000] DESCRIPTION: {3/4 DIA BAR x3-3/4 LG CRS]
OPN. # DESCRIPTION WC# STIME PTIME ALT WC# -~
10 SHEAR A0l 0.0 0.0
20 - PUNCH HOLE  A02 0.0 0.0
30 DEBURR ~ A03 0.0 0.0 Al5
Make a selection from DELETE/REPLACE/ADD
Figure A.11 Operations Sequence Editing Menu g
Delete .6ption - enter D to choose the' delete option. You will be

prompted,

Do you want to delete entire opera;iens (Yes/No)
Enter Y if you want to. dalete all the operations of the part. If you
enter N you w111 be prompted, |

Please enter # of operation to be deleted.

%

Enter the operation number you want to delete and the followiﬁg message'

will be displayed.

Specified operation deleted. Any more deletions (Yes/No)

Enter Y 1f you want to delete another operation or enter N to end

LN
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Replace option - enter R to choose the replace option. You will be
prompted, Wiﬁ
Please enter operation # to be replaced.

Enter the operation number for whigh you want to change details and

follow the instructions. /

Add option#—wénter A to add/insert operations. The following message
will be displayed. ’
System feady‘to accept additlon(s). . Hit <ENTER> to continue.

This is similar to entering operation sequence. To end sequence enter 0
3 N

for Opn. #.

"Enter a * in the part number field to exit the program.
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4. PRINT WORK CENTER/ OPERATION SEQUENCE INFORMATION

Choose the appropriate number from the print sub-menu shown in
Figure A.12 : .

,".2

- 15-06-88  WORK GENTER/OPERATIONS SEQUENCE DETAIE&@—" PROG: PRIYT

fo

0. EXIT

o
®
e,

o?
1. WORK CENTER DETAILS

2. OPERATIONS SEQUENCE DETAILS

Lot

4.

Figure A.12 Work Center/Operation Sequence Print Menu [
- * / ’
,
N .
ng numbers for either work

i

Enter the range of numbers(étarting and endi
center or part as the case may be). The program will prompt you to choose

s 3
«

the output device(Figure A.13 and Figure A.14).

15-06-88 WORK CENTER DETAILS ':PROG:PRINT T

STARTING NUMBER : [A01] ENDING NUMBER 1 [B99] .

\.",‘(;x

'SCREEN/PRINTERA (S/P)

Figure A.13 Work Center Print Menu
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15-06-88 OPERATIONS SEQUENCE DETAILS PROG : PRINT

STARTING NUMBER : [00000000] ENDING NUMBER :[Z22Z222Z]
SCREEN/PRINTER - (S/P)

o _ . Figure A.1l4 Operations Sequence Print Menu

2y

WC# DESCRIPTION

A0l MILLING M/C
A02 LATHE

04 ¥imen PRESS

LOCN .NOR. MAX EFFY SETUP M/C LAROR O.H.
CAP. CAP. % RATE . RATE RATE RATE

111° 450.0 800.0 80)0
All 500.0 900.0 95.0

ALT 3.0 0.0 0.0

HIT ANY KEY TO CONTINUE |

4.0- 3.0 12.0 5.0
6.0 14.0 12.0 4.0

. &
0.0 0.0 %0.0  0.0.

Figure A.15 Work Center Listing on Screen

'3

Currently printing operation for part # CSS22000

OPN.# DESCRIPTION WC# STIME
10 SHEAR A0l 0.0
20 PUNCH HOLE A02 0.0
30 .DEBURR 0.0

AO03

HIT ANY KEY TO CONTINUE

PTIME ALT WC#

loNoNo)
coo

AlS

Figure A.16 Operations Sequence Listing on Screen
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Enter S if you want to §iew'on the scréen(Figure'A.lS and
Figure A.16), or else enter P to produce a hard coﬁﬁgbn the printer(in
addition, fo;}operaéions sequence, you céuld specify if you need a form

feed after every part).

f; To view the files enter a ? in the starting number field.
“"(5\ . ' ' T

Enter a *ﬁ%n the starting number field to exit the program.
) ' g
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3. BATCH SIZE DETERMINATION

(88" _BATCH STZE DETERMINATION PROG : BATCHQTY

PART NUMBER :[ALWISASO] DESCRIPTION :[LIP WELDMENT 6W 25000%]
LAsz! 12 MON’I’H DEMAND =~ 0 Units
EXISTII;IG BAICH SIZE = 5 Units

D¢ want to change batch size. (Y/N)

£ ‘ Figure A.17 Batch Sizing Menu

. 3
This brogram is used for calculating the economic order quantity(EOQ),
the max. inventory level, total average cost of the EOQ policy, and the
re-order 1eyel.
Enter the part number for-which- you want to calculate or change the batch
size. The ‘ex1st1ng batch 'size and the past year’s demand will be
dlsplayed Enter Y to change the batch size or N to ignore the- part If
you entered Y you have the option to enter a batch size or calculate‘a
batch size. Follow the instructions

) T,

EOQ calculation option - there ‘Are two ' models avallable(inflnlte

T

productlon model and finié% production model) "For the 1nfinite

production model you will have to .enter. the ﬁgfléW1ng (Figure A.18).

1. Expected demand rate in units per year - enter the expecteggyearly
V”demand for the part. ‘ ) o 4-ﬁ;
2. Orderingdcost - enter the 5fdering or set up cost for the part.

2

3. Inventory Carrying Cdé% - enter the ihveﬁtcry carrying cost as a
fraction of the cost of the part.

4. Unit cost - this?gﬁ%ormation will be'read‘from'the master file.
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[

15-06-88 BATCH SIZE DETERMINATION PROG: BATCHQTY

1. Expected demand rate in units:pér year = 100

2. Fixed ordering/setup cost = $ 50.00

3._Inventory carrylng cost rate (O<ICC<1) - 0.15

4. Unit variable cost = $550.00°
N !

5. Procurement lead time (weeks) . - 2

A(mend) . I(gnore) C(alculate EOQ)

Figure A.18 Batch Size Determination Inputs

5. Lead time - this information will also be read from the master file.

You will be prompted,

A(mend) I(gnore) C(alculate EOQ)

The output is shown in Figure 4.19..-

TR

7. AR .
,'excg%ﬁ that the production

Note: The finite production model is similar

. rate has to be entered:
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15 76-88 BATCH SIZE DETERMINAIiON PROG:BAIbHQEX
1. Economic batéh size (EOQ) - 11
. 2. Maximum inventory - 11
3. Cost of.pfocuring/producing 100 units= $55000.00
4. Average annual.ordering/sefup cost = $ 454.15
5. Average annual holding cost = § 454,15
6. Totél aQerage annual cost - $55908.30
7. Procurement/production cycle L 40 Days
8. Lead time demand | | = 4 Units
9. Reorder point . = 4 Units
Existing batch sizé S = 5 Units

Hit <ENTER> to continue after viewing results

Figure A.19 Batch Size Determination Ougput Format
o
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-E;GCAPACITY PLANNING REPORT

o

. . ' i
15-06-88 CAPACITY PLANNING- REPORT ‘WORﬁiOAD

The ogtpuﬁ of the production pPlan is the Master Prbduction
Schedule(MPS) which in turn leads to MRP. The MRP computes the
net requirements for each and every part based on thg customer

orders and forecasts for an eight week period.

This program will read the MRP matrix informatidn and compute the
production tim requirement and check for capacity overruns. This
'program will also prepare a list of parts that need to be
purchased. ' o

1

The production quantity that will be considered is

MAX(net requirement, EOQ). j
Make sure that the MRP matrix’ has been regenerated before running
this program. Also make sure that the last shop schedule has been
updated for all the work completed. '

DO YOU WISH TO PROCEED. ({Yes/No) .

Figure A.20 Capacity Planning .Report Menu

Enter Y‘té prdcegd or N to exit. If you enter;d Y you will be prompted,
Enter number of weeks to be included in plan(<=38)
Note: It is not advisable to choose mofe than two weeks if the MRP is
regenerated on a weekly basis. ¢ L
After all the MRP matrix information has been reaa/the following message
ﬁill be displayed.
| Production and Purchase feguirementé have been
wrigten to files. Make a selectiqﬁ from,
- , ° 0. EXIT ‘ »
- 1. CAPACITY REQUIREMENT REPORT

. 2. PURCHASE REQUIREMENT REPORT
' ' ‘ CHOICE (0..2)
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15-06-88 ' CAPACITY REPORT PROG : WORKLOAD
PLAN PERIOD: 15-06-88 to 20-06-88

WC# - CAPACITY(HRS) EST. LOAD(HRS) & OF CAPACITY REMARKS

AO1 200 . 160 | 80.0

Al0 200 - 180 ‘ 90.0 A
. B20 160 200 125.0 - OVERLOAD

B99. | 100 ‘100 @ ® 100.0  CRITICAL -

LOAD

N4

Figure-A.21 Capacity Report Display

Choose 0 to exit. The capacity report or purchase report could be

. . ‘-"”:’ . - : .
directe&‘ to the screen or printer. Sample screen outputs are shown in

Figure A.21 and Figure A.22.

15-06-88 PURCHASE REPORT ' .~ PROG:WORKLOAD

PLAN PERIOD 15-06-88 to 20-06-88

1~

PART #  DESCRIPTION QTY. REQD. SUGGESTED EOQ
P1000010 3/4 DIA PIN 240 : T 400
CBS00100 . BRASS BUSHING 72 80

Flgure A.22 Purchase Report Screen

S

L
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7. MATERTAL REQUISITION LIST

15 06:88 MATERIAL REQUISITION LIST PROG :MATLREQ

ELAN PERIOD 15-06-88 to 20-06-88

.2,
-

“yPART # - DESCRIPTqujg ‘ QTY. REQD. QTY.ISSUED
- 1 UFB22000 2x3 FLAT BAR 120 LG 12
| ~ URS00100 2x2 RECT. 100 LG 10

Authorized by:

v

i . Figure A.23 Material Requisition List

i 7 ‘ -~

This program is used to generate. the material requisition needed by the
production shop to draw materials from the stores to fulfill the current:
production schedule. This is useful for transporting material and for

y

material control.

‘Entef#the number of days that you Qant the list to cover and the odtéqt y
' deggce to which the'fepg%t is to be rduﬁed(screen/printer).

.Once material has been i%sued to the shop, fufther material will nét be
allowed to be drawn on the game shop schedule. The screen outpqt is shown

in Figure A.23.
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II SHOP ORDER_PROCESSING MODULE .

.15-06-88 SHOP ORDER PROCESSING MODULE PROG:SHOPMENU
Sy 0. EXIT .
] 1. DETAILED WORK CENTER SCHEDULING A
2. SHOP SCHEDULE REPORT :
3. WORK UPDATING AND RESCHEDULING
4. SHOP STATUS ENQUIRY
5. OPERATION TIME HISTORY
. ‘6. SHOP WORK ORDER RELEASES
CHOICE (0..6)

Figure A.24 Shop Order Processing Menu

,

1. Detailed _work center scheduling - prepare the work _center schedule
based on a schedullng method chosen by the user.
2. Shop schedule report - print a prepared schedule on the screen or on

the printer. Option exists for amending quantity and/or priority.

3. Work updating and rescheduling - this program updates the completed

work and maintains the schedule file for rescheduling.
4. Shop status enquiry - display current status of the shop or“a
particular work center on the screen.

5. Operation time history - maintain a historical;recordiof Ectuai

E

processing times for future.schedhling purposes . S “E : Ex

6. Shop work order releases - prepare shop schedule over .riding MRP.

Requires user inputs on part number and quanticyﬁrequired, and érwork

order will be produced without considering capacities This isronly'té";

A

be used 1nit1ally when the system is being setup and until the system

data bases are updated.

=y
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1. DETAILED WORK CENTER SCHEDULING

15-06-88 DETAILED WORK CENTER SCHEDULING PROG : SHOPLOAD

[

This program must be run only afer the CAPACITY PLANNING REPORT
program has been run, as it requires the input from it. Please
ensure that it has been run! ) . I

/

0. EXIT -
~ 1. EDIT SHOP SCHEDULE LIST :
2. EARLY DUE DATE SCHEDULE
! 3. SHORTEST PROCESSING TIME SCHEDULE
4. SHORTEST REMAINING JQ}'SLA K CHEDULE
5. FIRST COME FIRST SERvﬁ?ﬁ'm EDY
A“‘" @Hum (0..5)
& . Figure A.25 Detailed scheduling Menu

°

Enter the number of your choice.
1. Edit schedule 1list - Choose this option if you want to change the
quantity and/&t priority of parts before scheduling. ' The shop load
prepared from the CAPACITY ‘PLANNING REPORT will be displayed one
screenful at a time and you can scan through and make the neceSSary

‘amendments(Flgure A 26) ' nif

Enter A and the line number to, make d%anges to the quantlty or the .

priofity, N to view next screen or E to end edits and qult

Schednle chdices(27.5) - Choose a echeduling method thatfyou,want to use

for preparing the shop schedule. The user will be prompted |
Have all changes in Qty. /Priority been entered. (Y/N) ) g

Enter N to exit to make changes. Enter f if there are no changes to be

‘made and a schedule will be prepared according to the rule chosen.
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15-06-88 . SHOP SCHEDULE EDITING PROC:SHOPLOAD
PART # DESCRIPIION e QTY. PRIORITY

1) CFB22000 2x3 FLAT BAR x1 THICK 85 N
2) CRS22000 2x2 RECT. BAR x 4 1G. 100 U

. : . « |

/) s \13

Make a selection from A(mend) N(ext) E(nd)

PRIORITY CODES N-normal U-urgent R-rush B-backlog D-delay H-hold

Figure A.26 Edit Shop Schedule Ménu
After the schedule has been generated the following ﬁessage will be
displayed,
Shop.séhedule_has been generated !

. Run Shop schedule report to view schedule.

Hit <ENTER> to exit.

)
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2. SHOP SCHEDULE REPOQRT

15-06-88 ~ SHOP SCHEDULE REPORT PROG : SHOPREPT

STARTING W.C #.[A01] ENDING W.C # [Al0]

PRINTER/SCREEN (P/S)

JOB ORDER # :AR011506 WORK CENTER : AO1 SHEAR
: R /
PART # DESCRIPTION 0PN NAME A QTY. TIME
1) CFB22000 2x3 FLAT BAR 10 SHEAR © 45

2) CRS22000 2x2 RECT. BAR . 35 SHEAR . 75

Hit <ENTER> to continue after viewing !

Figure A.27 Shop Schedule Report Menu

This program must be run after the detailed work center schegduling has

: &
been done. The user must input the Sﬁfﬁ
ke b

ggg and ending work center

¥

numbers for which the schedﬁle-is to be viewed/printed. If only one work

center is needed, use¢the same number for starting and ending numbers.

\

Enter ‘the output device for the schedulé, P for printer and S for screen.

-~
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3. WORK ﬁPDATING AND RESCHEDULING

15-06-88 WORK UPDATING AND RESCHEDULING "PROG : WORKUPDT
PART # [CFB22000] DESCRIPTION [2x3 FLAT BAR x1 THICK ]

QUANTITY REMAINING ON SCHEDULE : 25

1.0PN.# : 10 2.QUANTITY COMPLETED : 15
. QUANTITY PENDING : 10
A(mend) ':.U(pdate) I(gnore)

Figure A.28 Work Updating Menu

. ) - N , 7
’  This program;is used to update completed work of the schedule prepared
-so, that the'hecessary control codeszéan be written in the files. The
~ user will_bé;prompted for the part number, the opn.# and the quantlty

'produced A check w111 be made to see 1f the quantity pendlng is negatlve

so that any input efrors can be detected.

Enter A to amend quantity, I to ignore details on the screen and U to

-
update information.
. o

Enter a * in the‘part:number field to eﬁd‘entefing“dpdatéS'and the

follow1ng message will be displayed

E(xit)/R(eschedule)

" Enter E to exit the program or R to. reschedule the remainlng work

e

2

o T
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4. SHOP STATUS ENQUIRY

15-06-88 SHOP STATUS ENQUIRY PROG: SHOPSTAT
STARTING W~C # [AO1] ENDlNG_W.C # [Al0]
Cy ;’ ,
W.C# ~ SCHEDULED HRS. COMPLETED HRS.
A0l 150 7 85
AQ03 75 75
Hit <ENTER> after viewing !

Figure A.29 Shop Status Menu

15-06-88 ) SHOP STATUS ENQUIRY PROG:SHOPSTAT

STARTING WC # [A01] ENDING W.C # [AO1}
JOB ORDER # :AR011506 - WORK CENlﬁR . A0l SHEAR
\\‘PART_#';' bESCRIPTION OPN NAME  SCH.QTY.  QTY.PROD
1) CFB22000 2x3 FLAT BAR 10 SHEAR 75 50
2) CRS22000 '2x2 RECT. BAR 35 SHEAR 75 75

Hit <ENTER> to continue after viewing !

Figure A.30 Shop Status Menu
’ .
This programlls used to display the status of work in the" shop Enter
the starting and ending work centers and the scheduled hours and

completed hours will be displayed on the screen. If you enter the same

number for the starting and ending numbers then the detalls of the parts
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completed will be displayed(Figure A.30).L@

Enter a * in the starting work center -number t
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5. OPERATION TIME HISTORY

15-06-88 . OPERATION TIME HISTORY PROG: TIMEHIST
-1.PART # [CFBQZOOO] DESCRIPTION [2x3 FLAT BAR x1 THICK ]
2.0PN.# :10 \ OPN. NAME [ SHEAR ]
3.QTY. : 25 4. SETUP TIME : 12.5 5. PROC. TIME : 20.0
A(mend) . - U(pdate) I(gnore)
Q

Figure A.31 Operation Time History Menu

This program is deéignad{to collect operation time spent in producing

parts. This informatié@ will be stored for future operation time

‘estimates to be used f&y'scheduling purposes. This program needs to be

used only if th;re -afeﬂ no reiiable time estimates available for_
production‘standards. Viéﬁ_ . )

Enter the par; number, operation humber, the quéntitv produced and the
time taken to produce the quantity in minutes. |

Choose U to update entries, I to ignotre and A to emend the entries.

Enter 'a * in the part number field to exit the program.
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6. SHOP WORK ORDER RELEASES

b ,
15-06-88 SHOP WORK ORDER RELEASES . PROG: SHOPWORK
1.PART # [CFB22000] DESCRIPTION f2x3 FLAT BAR x1 THICK ]

2
9 2.QTY. :10

Please wait....Checking BOM..!

Figure A.32 Shop Work Order Release Menu

 This program is degigned for initial use when the system is‘ﬁirst'setup
and the stock master files and time estimates are ’noﬁ tvery well
established. When the inventory file information is incomplete it will
be a waste of time to run the MRP and‘CRP séheduling programs to prepare
a sghédule because theAMRP will then contain almost each and every part
in the BOM of the finished product. Instead it will be faster to override
the MRP and prepare a work list based on finiéhgd product requirements
directly. This program does éssentially that.

Enter the part number of the finishedfproduét that you want to produce
and the quantity that you want. The BOM will be read and the list of
parts to be produced will be sorted out based'on opération and work

centers.

Enter a * in the part number field to exit the program.’

Note: The user will have to input each finished product separately and

do a manual update for follow ups.
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IIT SYSTEHS‘PROCESSING MODULE

15-06-88 SYSTEMS PROCESSINGvMODULE v PROG : SYSMENUS

EXIT

COSTING PROGRAMS

. MONTH-END PROCESSING PROGRAM v
MANAGEMENT REPORT GENERATION

RANDOM INVENTORY COUNT GENERATION
INITIAL SYSTEM DATA FILE SETUP

- REORGANIZATION OF DATA FILES

. CHAIN TO OTHER PROGRAM

NOOUVP WO

CHOICE (0..7)

Figure‘A;33 Syétgm Processing.Menu
- 1. Cosﬁing programs - display cost informatigh fér a particula?hstock
item, compute the manufactured cost of a prodﬁgt‘and,comparison with
historical costs. | | | d |

2. Month-end processing - delete unwanted records from the shop schedule
file of the current month and rolls the production history flle forward
by one month to make room for next month’s entries.

3. Management report generation - pfepares and disﬁlays management
information régarding performanée, exceptions,;and shop utilizat;on on
the screen or' on the printer. |

"4, Random inventory count generation - Prepares a random list of parts
based on user input for physical verification.

5. Initial system data file setup - use this progrém ohly.once vwhen the
‘syétem is sétup initially or for a new company . |

6. Reorganization of data files - reorganizes the data files by deleting
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( C
unwanted records and légically arranging. record in a sequehtial manner

for faster access.

7. Chain to other program - provides a means to any other -user written

program which might access/manipulate the CRP system data files.

N
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1. COSTING PROGRAMS

15-06-88 COSTING PROGRAMS ~ PROG : COSTMENU

COST INQUIRY _
SHOP ORDER COSTING
HISTORICAL COSTS AND FORECASTS

»

<
Lo

CHOICE (0. .3)

Figure A.34 Costing Program Selection Menu -

r

@

Enter the number of your choice for the program that you want ‘to access,
1.Cost inqtiry - enter the part number of t:he part: for which you want

the cost, 1nformat:10n and it will be displ@yed on the s"i:reen(Figure A.“35) .

15-06-88 COST INQUIRY .- ot - PROG: COSTINQY
PART # [CFB22000)] DESCRIPTION [2x3 FLAT BAR 1 THICK |
DIRECT MATERIALS : §$ 5.45

DIRECT LABOR T8O s

DIRECT OVERHEADS : § 2.18 ,

TOTAL'COSF  : $15.00 SR K 1.
Hit <ENTER> after viewing details ! : \
. . , : -~
- P F)
a P : . S : ;
2 . 1] o . . .
‘ : . , Figure A.35 Cost Inquiry Menu . . S —
! & o 0 . ‘ ’ 7 ’ i

L e 8
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Hit <ENTER> to clear the screen and key in another part.
"To get the information for all the parts in the file enter a ? in the

part number field and the cost details will be displayed, one screenful

at a time(Figure A.36). -
15-06-88  COST INQUIRY - . PROG: COSTINQY
PART # DESCRIPTION DMATL DtABR DOVHD TOTAL
1) CFB22000 2x3 FLAT BAR 10.00 12.12 3.00 . 25.12
2) CRS22000 2x2 RECT. BAR 5.60 7.40 ‘ 2.00 15.00

“

-

' Hit <ENTER> to continue after viewing !

Figure A.36~Cost Inquiry Menu
s L L

. Hir‘<ESC$ to quit;halfway.‘; )
: S S . i
Enter a * in the part number flelé to- exit the program. | i
2.Sbbp order epsting - this prograa will prompt the user, for thefjob

I
order number and will dlsplay the shop hours spent on that orden and

“prompt for user inputs regardlngpadmlnistrative and selling costs. The

t

order will then be costed.

\3 Historical cost- and forecast - enter the part number and the past 12

. -

months' cost’ 1nformat10n will be displayed. A mov1ng average forecast. °

'can be obtalned(Flgure A. 37)

<

Enter a *_irp the part number~fie1d tbleiit the program. . RN

-
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15-06-88

PART #

CURRENT"

HISTORICAL COST INFORMATION : (BLANK MEANS NO INFORMATION)

" MaY 88

FEB 87

NOV ‘87, :

AUG 87

0§
N
$
$

COST INQUIRY

4

[CFB22000]

TOTAL COST

i

o APR 88

JUL 87

JAN 87 :

OCT 87 :

. $15.00

$14.50 MAR 88,
8 ~DEC 87 :
s SEP 87
$ ~ _JUN 87

Do You Want a Moving Average on Cost. Y/N

Enter no of Months in Moving Average (< 12)

"

PROG : HISTCOST

DESCRIPTTON [2x3 FLAT BAR x1 THICK

: $14.50
$
s .o
$

]

Figure A.37 Historical Cost Menu

4
1

o«
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2. MONTH-END PROCESSING

15-06-88' | MONTH-END PROCESSING " PROG : MNTHEND
[ . . . ’

This month-end processing program should be executed only once a

month after all stock transactions for the current month have

been entered and reports printed.

The main functions of the month-end processing program are:

(1) Remove completed work from the shop schedule file and update

production history file.

(ii) Flag uncompleted work and change priority for scheduling.

(iii) Roll production -history file forward by a month.

(iv) Maintain the work center performance and utilization in
history files.

IMPORTANT : All current month's transactions must be entered
.before running this program.

HAVE ALL TRANSACTIONS FOR THE MONTH ENTERED Y/N -

Esing Menu

Ty

The main.fuﬁctions of this program are to delete unwanted records from
ﬁhe shob schédule file, flag delays and roll the produgtion history file
forward. .{‘ o : - S “

Reméve.complgted work - when work isfcompqued’by,the shop»apcordiné to
théxschedule preparea,#thé'fecofa-;géociated Qith ﬁhé‘ﬁarq.is ;otJAeleﬁedr
-from the schedule immediétely but 4are 5n1y'ffagqu. These have. to be

"vrﬁmoved to the profuction history file. Any uncompletéd work wilL“alsoQ
have to be flagged andﬁtheir priority increased before_rgschedﬁliné is
.done. R e w '
) - ) \ ’ ‘, ’\.'L b “ .,‘ O Wt ' LN - !
"~ Production history file-: each production history file record stores a
. " . 8 .
13 _months’ producstifin-history data. They represent the past 12 months
: . T N S . :
3 .
'.
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and current months’ roduction of .a particular stock item. The System
] . P P y

A

;date is’reset evegxpﬁime after running the month-end processing program,
so is the.current month, which increases by one. Therefore the past i2
months' production hlstory records associated with each month is no
longer‘correct and has to be updated._This is accomplished by rolling the
production figures in the prodﬁction history file forward by a month in
order to reflect the month change .

" Maintain work center utilization - the performance and utilization
flgures for each work center w111 be maintained for a 12 month period

for management use,
-

As the files associated with the shop schedule and; product hlstory w11¥
( "
be updated every time this program is run, the user will be asked,

HAVE ALL TRANSACTIONS FOR THE MONTH ENTERED. Y/N +

Enter N if you are not sure and the pr%gram w?ll exit. If you enter Y

N
you will be again asked,’

, ARE YOU READY FOR HONTH END' PROCESSING Y/N

Enter Y if ready or N'to exit;
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3. MANAGEMENT REPORT GENERATION

15-06-88 MANAGEMENT REPORT GENERATION ' PROG:REﬁéEN
0. EXIT ’
1. PERFORMANCE MEASUREMENT REPORT
2. EXCEPTION REPORT
3.

UTILIZATION REPORT

-

\ 9
CHOICE (0..3)

q;','. @

" the screen or print it on the printer..

a,

fl.Perfo:ménce -heasurement reports- this will' present 'the‘

productivity and thé productiv1ty of each work centen.ln the plant
L =?£‘

2.Exee5tion reports- this will dlsplay the parts that hkxe a productlon

cost much above the acceptable limit and also the delivery schedules

w

completed during the month ‘ 5

3. Utilization report- the work center utilization will be presented
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4. RANDah INVENTORY COUNT GENERATION

15-06-88 RANDOM INVENTORY COUNT GENERATION PROG:INVCOUNT'

This program is designed to assist in phy51cal counting of
high value items on a periodic basis

This program will generate a random list of part numbers

to be checked based on user input. This will help reduce
pilferdge, mis-handling of stock and in maintaining accurate
stock status in the data base.

-t

NO OF INVENTORY ITEMS IN THE MASTER FILE - 1878

Please enter,
1. Number of parts to be checked
2. Base line cost for parts to be checked

Q\ .

4,

- MAKE SURE THE PRINTER IS ON. CHOOSE...Print/Quit

Figure A.40 Random Inventory Count Menu
2

a !

-
/ o,

The number of items in the file will be dlsplayed and the user will have -

to input the number of parts to be checked and -the 1east cost for the
L' 4
) parts to be checked Enter P to prlnt or Q to exit program. Sample output

fl

is shown in Figure A.4]. ' } o Co o I
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©15-06-88 ' RANDOM INVENTORY COUNT GENERATION = - Page #-1
’ N ‘ ' A '
) ¢
Part # Description Qty. in file Actdal Qty. Remarks
AHC02200  Assembly Hyd. Cylinder 18
P1000010  Bronze. bushing- 400

»

Figure A.41 Inventory

Count Output
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:5. INITIAL SYSTEM DATA FILES SETUP

15-06-88 INITIAL SYSTEM'DATA FiLES'SETUP _ PROG SETUP .

This program should only be’ used to create the data files when
the system is initially installed. There will be eight new
files created on the .diskette with the extenSLOn .DAT after
initialization. = . ’ J

The data\files‘arev: : . , o
Workcenter file - WORKCENT.DAT

Routing index file - RTINDEX .DAT
Operations sequence- OPSEQ  .DAT

Cost information - COST . .DAT
Production history - PRODHIST.DAT
Cost history - COSTHIST.DAT

" Shop schedule file - WORKLOAD . DAT
Work center h;story- WORKHIST.DAT

WARNING : RUNNING THIS PROGRAM WILL DESTROY ALL EXISTING
CRP DATA FILES.

ARE YOU SURE YOU WANT TO DO THIS. Y/N
Figure A.42 Initial System File Setup Menu

The program should be used only to'create the initisl CRp database after
the system is installed. Be certain that an empty diskette is placed in

- the data drlve otherwise all ex1st1ng data files will be destroyed and

o’

new files 1nitiallzed

‘The following is a brief description of the data files.

&

1.WORKCENT. DAT - this file contains the details of ‘the work center such
as work center number name, capacity, cost rates and efficiency

2. RTINDEX DAT - this index file points to the operat;on sequence records

rof a part in-the operations 'sequence file- ' The stock nhmber is used as

the kev for accessing a particular record Uhen searching for “hel

X, = -

operations sequence nformation this file is fxfsc scanned and the exact
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- location of the operations sequence is obtained. This breakup of the file

permits for copying operations sequence information.

3.0PSEQ.DAT - this file contains the details of operations for a part

" such as operation numbér, name, work center number and operational time

o5

estimates. St

4.COST.DAT - this file contains the direct material, direct labor and K

overhead cost information for every stock item.

"

5;PRODHIST.DAT - this file stores the past 12 months'vp:odnction quantity
for everyfétock item. ' ' o
&.COSTHIS}:DAT - this file stores the past 12 months’ cost figures for
every stéck item.

7.WORkLOAD.DAT - this file is the shop schedule file that cpntains the;f

part list for preparing a schedule..It .stores the quantity and priority

of parts.

8.WORKHIST.DAT - this file stores the past 12 months’ wotk center

performance information.
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6. REORGANIZATION OF DATA FILES

15-06-88 .REORGANIZATION OF'DATA FILES PROG :REORGIND

When there are a large number of random insertions and deletions
to the operations sequence file, the time required to access a
particular record may increase 51gn1fifant1y Moreover, due to
the organization of the file setup, for easy copying of
information, random insertions will create orphans and these have
to be deleted. This pProgram is used to reorganize and rebuild the
RTINDEX and OPSEQ files for more efficient handling. , '

Due to the limited amount of storage capability(360K) of a
diskette after the reorganization, the rebuilt files will be
written onto the diskerte placed in,drive A and the diskette in
drive B will still contain the original data before
reorganization. This is a safeguard even if the pProgram is
interrupted halfway, the original data file will remain intact
and‘useful.

ARE YOU READY FOR REORGANIZATTON, ;Y/N

Figure A.43 Data Reorganization Program(Menu
. %

After a large amount of random deletion/insertion of operations sequence
information, the flles will not be in any order and pointers have to be
used ®o access the records. The time requlred to access a particular}

record may 1ncrease signiflcantly Moreover due to the file setup- .

.ﬁg;flmgrxly deSLgned to Dermlt copying information from one part to

;aﬁbbﬁ?fﬁ there may be records that have no links at all in the file and
. “a .

chese haye“to be deleted This program rebuilds the index and operations

Y
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7. CHATN TO OTHER PROGRAMS

Thi's is a program provided in the current Capacity Requirements
Planning package for the user to use some other programs written

for accessing and manipulating the MRP/CRP data files.
The chain-to progrém shoﬁld provide an option for the user to
return to the current CRP package, otherwise the user will have

to reboot the system to get back into the CRP package. '

Please enter name(ircluding path, if any) of the program to be
chained-to or an * to exit.

NAME OF CHAIN-TO PROGRAM : <

‘4

e
~

N

Figure A.44 Chain to Other Program Menu

S,

2

This program prowides a link from the’CRPszstém data base to'aﬁ§ other

user-written routines. Td run this program, remove the CRP disketteqfrom
~

the default drive and replace it with the other user-program diskette.

Type in the name of the program to be chained to and hit <ENTER>.

A
0y .
¥

If you are-using a hard drive enter the complete path for the program. .

. ¢

It is upto the user to incorpdfate the necessary chaining in his own

‘{ﬁgram to return to the  CRP package ‘environment. Otherwise, you will
h

ldve to bring up the CRP start up menu.in order to return to the CRP

‘. .

software. The CRP data file structures are available at the end. This

information is sufficient to enable a Rnowledgeable user to manipulate

the CRP data file.

v
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WORKCENT . DAT - stores the work center information.

Y
No. of ’

Position bytes Field description ®  Variable
01-03 3 Work center number WCNUMS
04-28 25 Work center name | WCNAMES |
29-31 3 Location code number l‘ LOCNS™
32-56 25  Work center descr;ption WCDES$ "
57-60 : b4 ﬁ;rmal wqfk center_capécit?’ NCAPS

. Y

61-64 :,4; 4 “yax. wéfk center capéc?ty . MéAPg.
65—65 4 thfic?ehcy‘factof - . EFFY$ ;&
69-72 4 Setup réte» : ‘ " SRATES
73-76 4 Machine rate v MRATES
77-80 4 Labor rate o ,’f‘ LRATES

o 5184 | ‘ OHRATES

Gy :

Total = 84 -“ :

on

(48 <

' S ' < .
index file, points to OPSEQ.DAT file.

U

S

v

‘Vériable
piber "index .  PARTIDS
) y Z:{JJ’ ) ’ ' " ’ '
09-10 e -Pointer to OPSEQ.DAT RECPTRS
Total = 10 Bytes per record. ‘
OPSEQ.DAT - stores operations sequence information.

v : Nop of ' v i
Position bytes Field description Variable . Y
01-02 . 2 ' Operation number ' OPNUM$ N ‘

. ' . . ¢
- 03-32° 30 Operation name L OPNAMES
33.35 o3 Workcenter nhmbef . . WCNS



. Vd ) . ' ‘.
"y k - _ . 180
d
i < No. of >
Position . bytes Field description Variable
) /Zi;}9 4 Setup time for operation STIMES
0-43 A Processing time for operation PTIMES$
“ « , o L <
. Lb4-46 3 Alternate work center number AWCN$ o d
Ve “ ’. Pt ~ ’
Total = 46 bytes per record.
. v .
4]
COST.DAT - stores product cost information. - : ‘
: No. of . v
‘Position bytes E%;lﬁ description : Variable
- 01-04 4 Di t materlal cost " DMCOST$
. . . ¢
05- 08 6 Dire_ct‘labor cost DLCOSTS -
A T B .
o B - TR o ‘ w5
f}*jD9 12 NS _4'- ‘ Direct overhead-Cost .- . DOHCOSTS " .
13- 15 R Total cost @ v TCOSTS

4 . -
.gu

17-24 Unused fleld for expan51on. . NdCdST$\;} 

Total = 24 bytés per*record.:‘ 'A

: ‘ﬁ Al o : . 3

" . PRODHIST.DAT - stores the monthly production quantities and production
- — e ' . ‘
date(s) for a 13§month_period.
- : . gi - a
o : : .
: . No. of A - o
i Position bytes "~ Field description = ' Variable
- 01-06 6 - Current month of 1ast year ‘j PH1$ e
. . . ) . ) : . :, . "f -
"~, ‘ . 07-12 : 6 Current month +l of last year PH2$ - - - .
% '»113-18 6 Current month +2 of last yéaf lPH3$: "‘- %1 :
19-24 6 ' Current month +3 of last‘yéar\;PH4$ ‘ N
25.30 . 6 Current month +4 of last year. PH5$ i
31-3¢ 6 " Current month +5 of last year PH6S
37-42 6 Current month +6 of last year PH7$

, 43-48 '6  Current month +7 of last year PH8$



& “ L
) . | . | 181
# N ‘ i : v
No. of " o ©
Position bytes Field description Variable
. 49-54 6. . Current month +8 of last year PH9$, ' o
55-60 -6 '~ Current month +9 of last year PH10${ -
61-66 6 Current month +10 of last year .PH11$
67-72 6  Last month of current year PH12$
73-78 6 Curgent month of current year  PH13$ ’

"Total = 78 bytes per re¥ord.

i

v

' COSTHIST.DAT - stores the monthly cost information(direct material, and

direct labor) for“a 13-month peried.

-

i No. . of ‘ - N R
Position bytes Field description . Yariable.
01-08 8 Current month of last year CH1$
109-16 .8 Current month +1 of last year CH2$ B
17-24 8 Current month +2 of last year CH3$
25-32 8 . Current moﬁth +3 of last year CH4$
v “ﬁS-AO , -8 ) Currentfmon;h +4 of last year: CHS5S -
‘:% ;éi€;é > \_.‘ 8 ' Cufrent mént$‘+§_ofV1é3t\yéﬁ;xséﬂé$ R
“‘ 4§;56‘;; 2):;8' ;’:%Cﬁrreﬁt mogthﬁ¥6 of:iast year CH7$
>: E$7;6A: ?‘;f? 8  .‘.f¢grfeﬁtim6héhx+7lof’1ast year CH8$" i
‘_fu654%2 R K ‘:8f‘f jqﬁ#;éﬁt-ﬁﬁﬁgﬁ;;S éf lasé.yegr VCH9$ e ;
:?5?73;§0fﬂ' .-‘ﬁ%;};ﬁtéﬁfiénﬁn;;ﬁtﬁ:;?qu_lésp ye;p ,CHiOSQ
81-88 ‘vzga":gAQQéﬁéégéﬁénFﬁ“fibf9fulésf§¥§5‘  éh?1$:';ﬁ”ff?;k
89-96 - 8 Last month of Current year . CHIZS .
97-104 . 8 | rent month of“éﬁfféhgﬁyéh?f'Abﬁi3€;}3?
.fotal'- 104 .by= S crd. e
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WORKLOAD.HBAT - stores

No. of
Position bytes
01-08 8
L /’
09-38 30
39-40 2 o
B AR 30
71-73 .3

74-75 - 2

76-76 1

77-78 2
79-82 '4 
83-86 4
87-90 .. 4

the shop schedule }nformation'month;

Fiéld description
Part number

‘Part descriPtién
Operation number\
,Operation name
Work center number
froauctiqn quantity
Priority>éode

¢
Quantity produced

(2]

R

Time to produce quantity

Quantity remaining

Not ﬁsed

Total = 90 bytes per record.

K
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1
Variable
) PARTNS

. PDESC$
odes
OPﬁESSA. W
wcuds
PQ$
PRCODES
s

S TPS - | -
QRS

NUSES$
~.

[

. '  WORKHIST.DAT -'stofeévthe scheduled hours of every work center for a 13- -

month period:

No. of
Position bytes
01-04 T4
S 04-08 4

109512 4

13-16 4 " current month +3

Jfl?;Zfo.%Agf:§f<i;‘ éﬁfreﬂf moq&ﬁ +4

Current month of

Current month +1

" Current month +5
i 'u-f"sl‘l' 4,

- st;zgi;;f ‘vkgfju%f‘Current montHJ¥6‘

Field'descrigtiog
las

of
Cur;ént mqntﬁ +2 of’
.of'
of

of

\

of

Current month +7 of

- Variable
t year- Ws1$
last year wszs .
last year .WS3$.
last year Wst$
lastlégafﬁ;w35$‘
last yeggw\wsss
last year WS7§. i
last ye;r WsS8$ \ o N
' L
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. No. of . -
Position bytes Field description Variable
33-36 4 . Current month +8 of last year WS9$.
.'32-40 4 Current month +9 oﬁ;last year WS10%
41-44 4./ Current month +10 of last year ' WS11$
45-48 4 Last month of current year - ws12$
49-52 4, Curfent month of current year WS13$
. ! N L e

-

Total' & 52 bytes per record.



