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·oVERVIDi 

.---------
. Hy three month assiC}nllent - at·· the -Centra1··-Macbine ·Tool 

Institute. in Banqalore, ·India r -1.s :-part--o_f~ · a···tarqer -project .vi th 
purpose of establlshinq a CAD/CAM · cent~e ... ~llll4-·---developinq 

.consultinq capabilities 1~ this area. 

Spe~if ically my duties were in the field of com~uter 
Ei1lulation <DP/IND/82/019/11-03/Jl. 9. B> r includinq s. 

-Impartinq know-how on simulation techniques · for 
modellinq.and.analysis of descrete event manufacturinq. 

-Orqanizinq, initiating, quidinq and developinq a 
general job-shop simulat!on model for a machine-tool 
factory. The resulting software must be ·.flexible for 
extension to capacity pla.nninq and other manufacturinq 
decisions makinq functions. 

-Advisinq on the evaluation and selection of simulation 
lang\Jaqes and software packaqes · for manufacturinq 
systems. 

In order to realize all p~ssible objectives of my mission a 
project plan for my activities was rieveloped and is described in 
.3ection 2. '!\Jo identifiable cesearch and development ideas 
cesulted from the above taskr ru;d can be incorporated in a sinqle 
1n~ustry based project for a local firm. The analysis and 
s~cif ication of this project is qiven in section 3 of this 
reportr and the ·overall pr~ject is realizable as planned in 
s~ction 2. · · . ' 

A baseline desiCJll strate'1f is developed, justified and 
presented in section 4. 

The detailed desiCJll of the diff er~nt functions to be 
·impJemented was performed ir. collaboration with four engineers of 
CMTI. T!-e results are prese1"ted in section 5. 

These four engineers, after training, will become project 
lead~rs for the remaininq t~sks <softwar~ ·development and 
testinqi of the correspondinq.•ub-projects. These !unctions are 
discusf"!d in section .6 •. 

. . 

Som~ conclusions and recommendationa are q1ven in section 7. 

All ohjectives of my assi9Jl1!lent were completed 
aati•factori!y. At all ·times . my plans and suqqestions were 
discussed '°'Jt.h the 'manaqement of t~e ·In~titute. 

'l'be 1u }11· C...ifficult7 I encountered was the· lack 
documents 1·c,,oks, technlc:al report~ and papers> 
.inteqrated '' ·nufacturinq systems in 9'eneral, and 

of recent 
on computer 
simulation, 
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I. PROJECT PLAR 

The followinq proposal -outlines the three options concernin~ 
•Y activities at CMI'I_ durinq my assiqnaent <3 months>. 

Every project described in this document, includinq my work, 
is orqanized in three phases <with possibl~ sub-phases> Cll s 

Phase 1 : Definition arid Specification 
- Analysis of problem 
- Baseline design of a solution 

Phase 2 s··Development of Modules 

Phase 3 : Validation and Installation 
- Testinq of modules · . 
- Inteqcation testinq 

These three phases are of equal lenqth and are controlled 
effectively by. a set of milestone documents. A detailed 
presentation of this phase-plan approach ·to project manaqement 
will be qiven as a seminar to all project leaders of CMl'I and 
will be the strategy used for evaluation and control of progress. 

My duties could be carried out in three possible ways : 

Option 1 a The end product of ay activities is a 
complete software proqram. In that case, I will be 
desiqninq, codinq a-~ testinq a specific ·computer 
inteqrated function For a period of 3 aontha and for 
1 person <3 aan/mon~h effort> the resultinq product 
will · not be aore than 300 line~ of software • .15 lines 
per day x 20 days <proqr&lllDlinq productivity 1a in the 
order of 5 to 15 lines per day per person of desiqned, 
coded and tested software} • 

. . 
Option 2 : Hy 3 months assiqru0ent is 'considered 

as a· ·.definition · phase only of a larqer project 
·c therefore of a 9 months leriqth>. I will ·be then 
specifyinq in detail a software f\Jnction and·traininq a 
person to complete it.when I am qone. The. resultinq 
proqram Will be from 1800 lines to 2000 lines ·of code 
(estimated as follows : ·10 lines per day per 
proqrammer x 60 days - 1.e. 3 months of dev~lopm~nt -
~ 3 to 4 proqrUURera>,. 

Option 3 s- Durinq the analysis sub..:.phase of the 
definition and specification phase, I orqanize my work 
so that for three months I am enqa9ed in analysis <and 
projects initiation>· - This approach will allow me to 
initiate two research and.development projects at least 
as estimated by the same metrics as previously. Tbese 
projects will be chosen from a list of seminars I will· 
be qivinq C with l seminar resulting in 2 projects on 

' 
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·aver&CJe>. 

Hy reco11URendation is to take the third option. Thia will 
allow me to complete all three duties of ay job desc~iption. I 
have identified 6 aeainars <therefore 12 projects would be 
initiated>. Two of these-projects will be oriented research and 
developmen~, and the ten others vill-be oriented .as enCJineerincJ 
procurements · < 1. e •. evaluatinq available packaqea, acquirinq and 
installinq them>. This identification of seminars <and projects> 
will be performed more systematically, by first analysinCJ the 
existinq machine-tools, computer hardware and software and 
projects underway, then submittinq a baseline design of a 
desirable computer. inteqrated· cell, and finally pr-oposinq a. 
strateqy to reach this qoal. · 

It appears that this effort is of the order of 3 years in 
lenqth and 102 man-months, estimated as follows a 2 R and D 
projects x (9 months per project leader + 3 months for 3 
proqrammers + 3 months for 1 analyst) + l~ enqineerinq projects x 
l·enqineer x <3 months of evaluation+ 3 months of testinq). 

The possible seminars and 'projects are listed below : 

Seminars : - Software Enqineerinq Project Management 
- Computer Networks 
- Distributed Systems 

Intelliqent Sys~ems 
- Robotics/Imaqe Processinq 
- Databases · 

Projects : 

• Research and· De.velopment· 

- Real-time Control<modellinq, simulation> 
- Real-tiae Schedulinq <classical, heuristic> . 

• -Procurement . of packaqes 

Software Project Manaqement 
- Simulation 

Optimum Schedulinq 
Plailninq < HRP > 

- Manuf acturinq Databases 
Local Area Networks 

· - Robotic Systems . 
Ezpert Schedulinq 

- E:zpert Process Planninq· 
- Robot Vision Systems 

If Option 2 is chosen, the correspondinq project can be one 
of the two research projects listed under option 3. 

Option l·ia definitly not recommended as a 300 lines proqraa 
can not be of any industrial value. 

' 
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II.PROBLEM ANALYSIS 

.- . . . 

· The two research and development projects mentioned in the 
plan ·of ·section 2, can be incorporated ir. a apecific_industrial 
application for a local tool aanufacturinCJ · coapany. . In this. 
project it. is required to aodify ·the existinCJ Pre-planninCJ, 
Planning and Control (PPC> computerized system shown in fiCJUre ·1 

. in order to improve the performance of shop~floor operations. 
. . 

Specifically the new system will :_ . 
. . 

- Optimize·part production and resource utilization 
-_React effectively t;o enviroment chanCJeS 

· The approach taken is also shaw in fiCJUre 1, with these 
functional levels : 

- Simulation : for sequencinq of operations 
in time 

- Scheduling: for.dynamic allocation and 
opti~ization under constraints · 
of resources. 

- Monitoring : for real-time update of manufacturing 
changes. 

- Data reduction.and acquisition : for on-line observation 
and update of parameters and conf iquration 

- Organizing of production : for productivity improvement 
by evaluating manufactinCJ ~ptio~. 

The resultinCJ software package could be isplemented on 
a - dedicated micro-processor located in the shop-floor at&d 
theref Qre accessible for interactive feedback by operators 

·of real-time monitored operational data, and/or urgent 
production r~quests .- · 

With this approach the new and existing structures will 
be functionally similar as shown ·in table 1 and fiqure 2 
respectively. .. . 

I 
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tII. BASELINE DESIGN 

The approach is to realize ·an adaptive shop-floor controller 
usinq .simulation, dispatchinq rules and operation heuristics for 
d~sicplinq almost real-time schedules. This desiqn ia justified 
and discussed in wha~ follows. • 

Driving and controllinq operations . effectively on a 
manufacturing shop-floor requires the development and application 
of a job sequencing strateqy satisfyinq some qlobal production 
criterion. · The sequencinq of shop-floor operations are ob~ained 
from a schedulinq algorithm and: applied dynamically as events 
occur in real-time. 

Schedulinq of shop-floor operations has traditionally be~n 
formulated as an optimization problem. Classical static or 
dynamic scheduling techniques compute a global performance index 
<e.g. mean flow-time> or implement a local optimization 

. <non-delay schedule qeneration> •. In all cases the optimization 
strategy may be. exact <optimal> or approximate <truncated> and 
uses search techniques such as: branch-and-bound ~lqorithms, 
linear integer or dynamic programming as shown in figure 3. 
Because of the enumerative nature of .these mathematical methods, 
the generation · of constrained n/m job-shop schedules results in 
np-complete problems and for ·any practical situation computinq 
times are too lonq to allow for any rescbe6ulinq due t~ ch&nqes 
in values for n, m or parameters to be performed in real-time, so 
tha:t events are .. monitored.and controlled as they occur. 

Event randomness in industrial job-shop environments can be 
incorporated in an adaptive schedulin~ strateqy based on 
heuristics <common sense> ·such as: 111.spatchinq rules, 
simulation, expert systems or real-time emulation <hierarchical 
or distributed> as shown previously in fiqure · 3. These 
approache·s do not quarantee a qlobal performance <no optimization 
criterion exists>. The expert system approach (based on a· 
directed .search and a knowledge representation of artificial 
intelligence>, developped at Carnegie-Mellon University, produces 
a pseudo-optimal schedule with ·ability to react in almost 
preal-time to production perturbations. The other approaches 
generate different non-delay schedules (not necessarily optimal> 
but react in real-time to the manufacturing.environment. 

In this project an on-line scheduling" strategy is 
developped. . It is based · on a simulation of the job~sbop 
environment, combined with different dispatchinq rules for ~very 
aachine-toolCno dispatchinq rule is best at all times) as shown 
in fiqure.4. Results of the simulation are qrouped.and displayed 
for evaluation. · The acceptance or rejection of the suqgested 
~perational schedule <simulation> is based on ezp11cit 
constraints <deadlines, etc:.> .and/or experience , <possib_le 
improvments>. Hhile simulation results ·are evaluated, 
manufacturinq operations are monitored in real-time and the 
production environment and parameter values are updated C2,3J • 

. · 
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When reschedulinq is req\iired or desirable Cinacceptable 
delays, chanqe. of. confiquration, better ·.overall performance 
possibility; -. reroutinq -neceeaity·, etc~>, the· shop-floor 
parameters are .modified interactively and accordinq to production 
heuristics "then simulation ia initiated aqain. Production 
heuristics can be formulated as simple ·decision rules <IF •••••.•• 
THEN ••••• ) and will be establiStiP:d off-line usinq the "experience 
-of. ·the foreman. The · updatinq of the data required by these 
decision rules is performed interactively in real-time·. 

This desiqn of on-line shop-floor drivinq and control with 
foreman in the loop and feedback heuristics implemented elsewhere 
and could result in a CMl'I packaqe_product. 

The. software will be.developed entirely in Fortran on a 
micro-processor .(Vax> and will· use t~e existing job~shop 
modelling and simulation capabilities of CMTI. It is estimated 
that the detailed desiqn can be completed in the remaining two 
months of my assignment and that the codinq and testing phases 
will require four proqrammers and two analyst respectively over 
two period a of three months. ·. 

If this .software is desiqned in·a top-down structured manner 
and developed in modular layers, it can-be integrated in a more 
general package by adding a .flexiple cell desiqn capability using 
different heuristic decision rules <part mix selection, 
machine-tool evaluation, cell.confiquration, etc.).· 

The-heuristic.decision rules can later.be.incorporated more 
formally in a knowledqe base system with a prop~r meta-lanquaqe 
and inference enqine, or even in an expert system _ schell .with 
reasoning and l_earninc] capabilities.· · 
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IV. DE'l'AILED SPECIFICATION 

. -
In order to achieve the software enqineeriftCJ · 9oala of 

flexibility, expandability and eaae-of-uae, the in~ut, process 
and output functions of f iCJUre Z are deaiqned in . a top-down -
fashion-and developed. in aodular, menu-driven interactive IUUUler. 
Since the ayate• will be inteqrated in a real-time environment, 
the testinq will also be conducted in a top-down ~xhauative 
manner. 

The detailed specification of the different ·functions of 
this software packaq• are described usinq data-flow diaqrama <an 
upcJraded state transition technique>. 

These data-flow diaqrams interface to the data structures of 
fiqure 2,-and implement the overall flow-chart of fiqure 4. They 
vill be-completed by system -level flow-charts or pseudo-code 
vhenever necessary. A description of these functions is qiven 
next. · 

A. Shop-Floor Controller: -This module _ performs the 
hiqhest level function of choosinq amonq monitorinq 
events, inputinq data, sequencinq operations,. 
orqanizinq production,. and outputinq results as shovn 
in fiqure 5. Hhen invoked usinq the name "floorN, the 
proqram displays a menu of options <~onitor, input, 
operate, produce, output and exit> and vaita for an 
ansver, the .. user then chooses an option and initia~es 
the correspondinq module. If no appropriate choice is 
made an error is printed and the session is restarted 
<continued>. Such· loqic may - be formulated _by the 
flov-chart.of- fiqure 6. It is then simple to translate 
this flow-chart (or an eq\iivalent pseudo-code> to the 
tarqet _lanquaq~ chosen Cin this case Fortran>. 

B. EVent Monitor1nqa Thia: function _consists of simple 
updatinq of the followinq files: 

• 
• Actual Times 
• Machine Status 
• Operator Status 
• Order Status 

The data is entered by. the· operators. A data-flow 
diaqraa for this transaction is shown in fiqure 7 .• 

C. Input Processing: Similarly a· data-flow dtaqraa for 
the interactive menu-driven input·proceaainq is qiven 
in fiqure 8. Thia module manipulates . the vork files 
and data of the . factory and produces, by add:lnq, 
deletinq, chanqinq, restorinq or ezamininq records,. ~ 
active file for the show-floor. · 

' 
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The specification of ·these record.aanipulatinq basic functions ia 
not presented at this stage. but will· be aenu-driven for ease of 
.use by the operator~ They consist of ~isplayinq and ~ eventually 
aodifying the data in the record. 

D. Operation Sequencing a· This module cons:lsts of the following· 
·f\D'lctions <figure 9> a , 

• 

E. 

F • 

.-
Setup of· the shop-floor manufacturing model 

- Simulation of the operations in scaled time 
- Reduction of the resulting data 
- Evaluation of the results · 
- Reorcjanization of the configuration 

The shop~f loor conf iquration 
-dispatchinq rule is assi<Jlled 
function, is interactive and 
data-flov diaqrams. 

is established and ·a 
·to evey machine-tool •. Thia· 
will be specified usinq 

The simulation subroutine uses .the defined shop-floor 
conf iquration and qenerates time histories of production. 
This subroutine is· not interactive and is therefore 

. specified usinq a flow-chart. 

The resultinq data from the simulation is then transformed 
to more co~pact qraphs, tables, etc.; This subroutine is· 
also specified usinq a flow-chart. 

The evaluation <observation) of results and the 
. reorqanization of the. confiquration can be combined .in a 
list· of IF ••• ; •• "l'HEI ••••• cases where ttte IF and THEN 
parts are . subroutines, _specified usinq flow-charts ·and 
representinq the manufacturinq heuristics. 

Production Orqanizinq s Thia module sets up a test.database 
first, then chooses the teats cases (e.q. · load balancinq, 
batch splitinq) in order to optimize production by selectinq 
the appropriate types· and . mix of parts· Cl0,11,12,13,14]. 
These batchinq and tialancinq functions must be used 

.itteratively Jince interdependant (batchinq requires 
.balancinq and'balancinq may not be· possible for a given 
batch>.. This module · uses the operation s"equencin9 module 
for evaluation of the results then accepts or rejects them. 
The· correspond>nq sUbroutines are spe~ified usinq 
fl0w-charts. The overall data-flow diaqraa for this module 
is shown in figure 19. . 

Output ·Results 1 The data-floW diaqram for tl'..is. interactive 
. module·· i• shown in . fi~re · 11. · The differents files, 

simulation .results,· reduced data~ static and dynamic 
snapshots an~ manaqement reports are produced on request. 

· These· functions are specified ua~nq flow-charts. · 
' • • 4 

- . . 
G. ·!lb22 Hodel i This .· sub--module qenerates the manufacturinq 

environment and initializes it. ·Tbe state of the system and 
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its dyna.aic properties.are represented by the followinq C4la 

1. Shop image 1 This f\D'lction aOdela the elements of t~e 
shop-floor uainq entities - <machines,· batchea,tools, 
etc.> and their attributes -<availability,number in 
:buffer ,etc.>. · A . detai·led list of entities and 
attributes is qiven in table 2. · 

In this model production is orqanized into oreers, 
jobs, batches and parts. Orie day of production 
therefore may consist of sP.~eral. orders, orders are. 
composed of one or several jobs, jobs consist of 
batches contained in pallets and batches are composed 
of one or several.parts to be machined usinq fixtures. 
Jobs are of two different types: manufacturinq · 
requests <existinq, new and cancellation> or maintenace 
tasks «preventive or service>. Machines may also be of 
different types <machine..,tools, carts or conveyors and 
inspection stations or operators>. 

2. Shop activities: This function creates discrete events 
<machine, queue> accordinq to some.dispatchinq rule 
Cpriority,first-come first- served,etc.) and affects 
the system imaqe accordingly· <subject to other 
contraints, e.q. process plans). A detailed 
definition of these dispatchinq rules is qiven in table 
3 CS,6,141. 

In this approach, each machine is followed by 
queues <a· queue identifies uniquely a part to be 
manufac\·.tred> so that only two types of events ·can 
occurs loadinq a machine-too· ~ith a batch of parts or· 
unloadinq the batch of parts into the correspondinq 
queue upon machininq completion• 

A data-flow diaqram representinq this sub-module 
is qiven in fiqure 12. 

H. Operation Simulation: This function produces the behavior, 
in time, of the shop manufacturinq. The proqram scans the 
representa.tion of the. system every ·time-interval, selects 
the events accordinq to activities and tries to implement 
the st~tus chanqe in the system imaqe. If the event cannot . 
be immediatly executed it is recorded for a later trial. 
The outcome of the execution of· events and other relevant 
statistics C Gantt chart, counts, occupency rates, etc.) are 
recorded. A flow-chart for this · 

• 
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11uJ>..:module is qiven in. ··fiCJUre ·· 13 · C4l.~ -'l.'hi .... conditional-·. 
event approach· presents ~~the·-r1s1t--of'1eadlocta-:tontf-evel1t-
wai tinq for a condition to--be. aatiaf'ied by-anotber-event·and · 
via-versa>. Thia ·11tuation can be avoided· by· usinq a ·111obal 

. <.aul ti-valued> condition t semaphore> as. shown in ·f iCJUrea 14, · 
is·,. 16 and 17. · 

In this. desiqn,. the model imaqe is alt~red· by ·recordinq ·· 
chanqea · in the attributes of the entities (machines,. 
operators, queues, etc.> and time. · The recordinq · is 
performed on the producti<>n active file. 

Choosinq the simula~ion time-shop can be performed in 
several ways: small· or based on experience or as,larqe as 
possible and approximately equal to half the lenqth ~( the 
shortest operation. · 

The outcome of the execution of- .events <Gantt chart> 
and other relevant statistics are recorded. A list of 
statiscal parameters useful for the evaluation of the 
performance is qiven below: 

- Number of ord~rs completed 
- Number of jobs completed 

Number of manuf acturinq requests comple.ted 
- Number of manufacturing requests newly arrived 

Number of manufacturing- requests· .cancelled 
- Number Qf 'preventive maintenance requests completed 
- Number-of service maintenance requests completed 
- 'Number of batches completed · 
- Number of ·parts completed 

Number of orders 'waiting in shop 
- Number of jobs·waitinq in shop 
- Number of batches wa.itinq in shop 
- Queue sizes · . · 
-·Manufacturing- start times· 
- Manuf.acturinq completion times 

Idle times for machines · 
Idle times for operators-

- Preventive maintenance times. 
- Service maintenance times 
- Operators absenteism 

Machine -down times 

Entities 

Table 2 Entities and Attributes 

Attributes 
~--------~---------~---~---~--~·~-----------~--------~------

Orders 
I 

s - Code 
1 - Number of jobs· 
1 - Delivery schedule 
1 -·status 
I 

Jobs - requests Existinq . 1 Code 
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Table 2 <Continued) 

New·· 1 

- Cancellations 
Maintenance- Preventive: 

. - Service • 
-1 

NUllber of batches ' · ., 
- Delivery schedule 

Process sheet number 

Batches : 
: . • 

- Status 

Code 
- Sizes 
- Pallets . . Fiztures J 

-.Transfer time . . - Minimum batch quantity . . 
I 

: 

- Number of parts 
- Status 

Machines Ha.chine tools . : 
- Carts <no toolsJ : 

Code 
-·Number 

- Inspection stations: - Capacity 

Buff era 

Operators 

·Tools 

Process 

: 
: 
: . • .. . . . . . 

-.Capability 
Number of shifts 

- Location 
Buffers 

- Dispatchinq rule 
Status 

: - Code 
: Size 
: - Status . . 
: - Code 
: - Number· 
s Pref erred machines 
: Skills ·. 
: - Performance indez 
: Status 
: 
: - Code 
: - Operation number 
: - Machine number 

.. : Status 
I 

• . - Code 
: - Number of operations 

Time 

: 
I 

I 

- Operation details 
(sequence, tool 
code, ~tc. >. 

- Set up time 
: - Op"ration time/: 
s ·- Inter transfer ·time 
: 
: Calender 

- 1 -- Holidays 
I Shif tS 
s - Hours 

•. 
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Table 3 Diapatchinq·rulea 

Neiqhted priority CSl 

• I 

Urqency number Cl4l 

First-come first-servedC6l 

Random C6J 

Shortest processinq time C6l 

Greatest total work C6l 

; 

Earliest due date C6l 

Least alack time remaininq C6l 

.. . . 

Pa~t. !, w .. P~: 1 . ·where 
external priority for the 1th job 
ia qiven by Caroll'• rule [SJ 
remaininq proceaainq tiae/ 
current proceasinq time : Pt,:= estimated size of the next queue 

·: w,, w,, w,,.w.,= weiqhtinq factors <may 
: be obtaininq by optimization . . -CSl or heuristicall') 

: RT-<RPr+RQT>; where 
: N = -----------
: OPS 
: RT = remaininq time to due date 
: RPT = remaininq processinq time 
: RQT ~ remaininq expected queue time 

OPS = remaininq number of operations 
: 
: 

. . . . 

. . 

. . 
. : 

R • • = time at which the ith job becomes . , a ready· for the next imminent jth 
operation 

y •• = uniformly distributed value for 
'd the next illllllinent jth operation 

of the ith job 

P;; • processinq time of the next 
v imminent jth operation· for 

the 1th ~ob . 

: ~ p~l; where . 
s r;'·I~ total number of operations for 
: the ·1th job 
: . 
: ti,• ~ due Q!te. for the 1th job 

: ~ • t ·!jp ·,•,ll; where 

: t= time at which a machine is 
selected. 

: j• the next imminent operation for the 
I ith job 
I 

Fewest operations remaininq C6l: q• -: .t j + 11 t.1here 

Least work remaininq C6l -.. ~ 

' 
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I. ·~Reduction a The qathered 1tati1tica must be reduced to• 
aeaninqful perforaance . evaluation criter-ia •C? tb&t appropriate 
corrective action can.be decided upon if necessary. A liat of 
data reduction parameters are qiven belCN CT,8,9lz 

- Percentaqe of orders completed 
Percentaqe of jobs completed 

- Percentaqe of orders behind schedule 
- Percentaqe of jobs behind schedule 
- Percentaqe of.machines utilization 
- Percentaqe of operators utilization 
- Percentaqe of queues utilization 

Work in proqress levels 
- Job sequences for machines 
- Averaqe throuqhput time for jobs 

Averaqe waitinq time for jobs 
- Bclr chart loadinqs for machines 

Bar chart loadinqs for operatore 
- Delivery dates forecast 

J. Result Evaluation :The.evaluation of results and alteration 
of the manufacturinq. confiquration are qrouped in two sets of 
subroutines accessible to the shop foreman who chooses the 
performance criterion to.be observed (displayed> and the remedial 
action to be taken. The functions of these subroutines are 
listed below C7,8,9,10l: . ' 

!.Performance: - Jobs behind schedule 
- Jobs completed ahead of schedule 
- Orders cancelled 

Nev ordei:s . 
Machines underutilized 

- Hachinas overutilized 
Machines unav•ilable 

- Operators underutilized 
- Operators overutilized· 
- Operators unavailable 

Th.rouqhput time more than standard 
- ~oi:k in proqress more than standard 

2.Actions : - Allocation of more machines 
- Allocation of more operators 
- Choose alternate routes 
- Choose alternate work centre 
- Reallocation of machines 
- Reallocation of operators 
-·subcontract jobs 
- Hold back jobs 
- Choose alternate diapatchinq rules 
- Chanqe job priorities 
·- Alloca~e nev jobs · 

• 

k. Batch Splittings ·The main criterion the · batchin9 · procedure 
must satisfy is to minimize the total time for proceasinq all 
parts. This is formalized as follows: · 
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Hiniaization of the nUlll>er of batches required 
to process all parts· <this miniaizea the time 
asaoc.iated vi.th batch chanqeovera>. 

- Maziaization of the averaqe utilization over 
all machines <this ainiaizea the tiae required 
to work throuqh an individual batch). · 

The second of these issues suqqests the need for balancing 
the work evenly among the machines. 

L. Line Balancing: 
balancinq are : 

The main issues associated with line 

- Minimization of the differences in time 
required for workload assiqned to different 
machines. 

- Quarantee that all the work for each batch 
is assigned to some machine •. 

The second issue brings up the possibility of conflict since 
it may be impossible to assiqn the work prescribed for a given 
batr.h. If balancing fails batchinq must be tried again until a 
trade-off situation is reached • 
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· V. REMAINING TASKS 
-------~----------• 

Becauee of the ·lack of appropriate 'documentationr · the 
modules on batch splittinq and line balancinq have not been 
desiC}ned in as much detail as necessary. These tasks will be 
c<>11pleted by one of the· senior analysts. takinq part in the 
project. , 

The previously developed data-flow diaqrams and flow-charts 
and the finalized flow-charts for the incompletly desiqned 
modules need to be auqmented with the required data, in order for 
the ~ifferent modules to perform their functions. 

The codinq and documentinq of these modules and the 
correspondinq data ·-structures will require· four proqrammers 
<analysts> for a period of three months (_the batch splittinq and 
line balancinq modules will require and extra month for 
completing the desiqn). The documentation will also include the 
user manuals, the programminq manual"s, the test res·,~ts .. etc·. as 

.described in the project manaqement seminar. 

Each module must be tested exhaustively and separately, then 
in inteqration with the other related modules. 
with all modules is necessary.This phase 
analysts for a periOd of three months. 

A global test run 
will require two 

The installation of the packages will consists of 
transporting the software, its documentation and its test cases 
to the appropriate hardware/firmware .<in this case a micro-Vai 
system, to be acquired>. 

The names of the proj~ct analysts and proqr~mmers and the 
their assiqments is given in annex 1. 
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CONCLUSIONS AND RECOMENDATIONS . 
------------------------------

l. The two research and development. projects were ·desiCJTied 
satisfactorily within the ~iae planned <excep~ for two modules>. 

2. The seminars suqqested were not all given. An· outline ~or the 
software manaqement seminar is qiven in annex 2Cll. The 
elaboration of three other seminars <distributed systems[lSl, 
computer networks[l6l , intelliqent systems Cl7l> has .been 
started in collaboration with three CH'l'I enqineers. Hhen 
completed the seminars will be qiven by the CMTI engineers. 
Outlines of these seminars are given in annexes 3,4 and 5 
respectively. · 

3. Two other seminars should be -initiated in the areas of robotics 
Cl8l and databases Cl9l <necessary in computer . inteqrated 
manufacturinq> and quidelines are qiven in annexes 6 and 7. 

4. Contactinq research institutions.in the U.S, Canada, .France and 
Switzerland for traininq ·of CMTI scientists, acquisition of 
software packages and possible colloboration arrangements were 
also initiated. Because ·of . time, not many responses were 
received ( it is possible to arrange for training of two 
scientists at ·the National Research Council of Canada> 
Therefore the procurement types projects were not completed. 

5. The documentation for research and solution tools <mathematics, 
logic, etc.> is not adequate <not many recent books, r'ports, 
papers, proceedings) and should be augmented. A partial list of 
topics important in computer manufacturinq is qiven in annex 8. 
A more detailled list of specific books, reports· etc., will sent 
upon my · return to Canada. ~ome of the documentation I brouqht 
was made available to CHTI. A list of these documents is qiven 
in annex 9. 

• 6. The planned hardware/firmware application software is adequate 
for the different projects in progress. Other possible research 
and development projects could .be initiated and a partial list of 
such projects is given in annex 10. 

• 

' 



• 

' ·t 
. I 

I 

•. • 

• 

·REFERENCES 

J:ll Hetzqer, P.H., Manaqinq a Pr09ramainq Project," 
2nd :Edition, Prentice ~ Hall, Enqlewood Cliffs,· 
1981. . 

C2l Pera, Production Systems, Report No. 309, 
November 1976. 

[3] 

[4] 

. -[5] 

[6] 

NTIS, Flexible Manufacturinq System 
Handbook, Report .No. ADIA127928, Feb. 1983.· 

Gordon.G; System Simulation, 2nd F.dition, 
Prentice-Hall,New-Delhi, 1978 • 

. Filip, F .G., Neaqu; G., Donciulescu, D.A·., 
Job-Shop Schedulinq Optimization in Real-Time 
Production Control, Computers in Industry, 
Vol.4 , No.4. Dec. 1983. . 

Conway~ R.W.,Maxwell~ H.L.,Miller, L.W., 
Theory of Schudlinq Addisson-Hesley 
Readinq, 1967. 

C7l Pera, Scheduling in a Subcontract Machine 
Shop, Report No.355, April 1981. • 

C8l Pera, Real-Time Scheduling, Report No. 367, 
·June 1982. · · 

C9l Pera, Product.ion ~ystems, Report No_. 379, 
September 1983. 

ClOl NTIS, Flexible Manufacturinq System 
Handb_ook, Report No. ADIA127 _929, February ·1983. 

Clll NTIS, Flexible Manufacturing System 
Handbook, Report No •. AD/Al27 930, February 1983. 

Cl2l Kochhar, A.K., Development of Computer-Based 
Production Systems, F.d.ward Arnold, London, 1979. 

. . 

Cl3l Bedworth, D.D., Bailey, J.E., Integrated Production 
Control Systems, John Hiley ,New York, 1982. 

Cl4l Colley, J .'L., Landel, ·R.D., Fair, R.R.,- Production 
Operations Planninq·and Control, Holden~Day, San 
Francisco, 1971. 

Cl5l Champine, G.A., Distributed.Computer Systems, Allied 
Publications, New Delhi, 19B:J. · 

C16l Tanenbaum, A.S., Computer Networks,_ Prentice-Hat!, 
New Delhi, 1981. 

41 



.. ' 
• 

. . ; . . ..... 
~. l 

' . ~ 
~ ... 

, 

. L 

.1 

! 

l 
I 

l 

• 

.. 

• 

. ' 

- "' 
C17l Rich. E., Artifical Intelliqence, McCraw-Hill~ 

Sinqapore, 1983. 
. . .. 

C18J Paul,_R., Robot Manipulators, Manufacturinq T~chnoloqy, 
Napervilie, 1981. · 

Cl9l Date, C.J ••. Introduction to Date Base Systems, ~rd 
Edition, Addisson-~esley, Readinq, 1981 • 

~;.:.._ ... --· ..... . 

• 
~- . 

4
~ 

' I. 



' . . . 
- ---· --:- -:.--- -: . -- -----:;----- ---.- ---·.----- -.--- -- . "-·- - -·- --- - -- - -- .. - --- -

Annex 1 - People.and Assiqnaenta 

Mr. ~hanbhoque,. H.B.V : Codinq,. testinq of model,. 
simulator,. monitor modules 

Mr. Suresh,. M. S. · . codinq,. testinq of dispatchinq . 
rules,. input,. output modules 

Mr. Somashekar,. B.S. codinq,. testinq of data 
reduction,. result evaluation 
modules 

Mr. Subramanian,. K. : detail desiqninq~ codinq,. 
testinq of batch splittinq, line 
balancinq modules 

. 
Mr. Srikantiah·, M.S. . intelliqent system seminar . 
Mr. Ramaiah,. y.s. : distributed systf!ms seminar 

Mr. Shekar,. M. computer networks seminar 

.. 

.. 
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Annez 2 - Project Mana9eaent 

. 
Pr09r•1U1Able developae~t cycle 

- Definition phase 
- l>esiqn phase · 
- Pr09r&mmin9 phase 
- System test phase 
- Acceptarice phase · 
- Installation phase 

Project plan outline 

- Phase plan 
- o·r9anization plan 
"".' Test plan 
- Chan9e pl•n-
- Documentation plan 
- Reportin9·, pian · 

Operation plan 
- Deliverable plan 

..-

• 

/ 



• 

• 

• 

. - -- ' ~ 

•. .. '· 

. ' 

Annex .3 Distributed Systems· 

. 
Fun~tional decomposition 

Hierarchical structurinq 

- Distributed realization 

- Modellinq 

- IDF. o,.r,.2 
- Petri nets 

Validation techniques 

- Workstations 

I - . 
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Annex 4 - Computer Networks 

- Theory 

- Finite atate aachine 
- Petri nets · 
- Others 

- International Standards Orqanization <ISO> 

- Open System Interconnection <OSI> · 

- Local Area Network CLAN> 

- Manufacturinq A~tomation Prot~col <MAP> 

• 

• 
• 
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Annex 5 - Intelliqent Syste•s 

- LanCJl.!&qes 

Liap 
- Proloq 
- Others 

- Artificial i~telliqence 

- Searchinq 
Knowledqe representation 
Natural lanquaqe processinq 

- Theorem provinq 

- Expert systems 

- ParadiCJlllS 
- Inference enqines 
- Knowledge enqineerinq 
- Truth maintenance~ etc •• 
- Learni~q systems 
- distributed systems 

/ 
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Structure a 
- Kineaatica· 

" - Dynamics 
- Lanquaqes. 

• 

- Vision 
Path planning 

- Intelliqence 
- Multi robots 

. 

• 

·Annex 6 

' 

-· - ·4s 

.. 

Robotics 

, 
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Annex 7 Databases .. 

.. Ar chi tectur·e · 
- Hierarchical aodel 
- Network aodel 
- Relational model 

.. 
- Dat$se aana<Jement systems 

· Industrial systems 
- Databases in manuf acturinCJ ' 
- Buildinq a database . 

• 

• 
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Annex 8 - Books/Reports/Papers/ •••••• 

- Hod.ellin9/Siaulation 
- Scheduling 
- Planning 
- Artificial intelliqence 
- Ezpert ayateaa 
- Robotics 
- l•aqe proceasinq 
- Networks and protocols 
- OperatinCJ systems . . . 
- Databases 
- Distributed systems and architectures 

PrOduction manuf acturinq · 
Project management 

' 

·,,, 

t 

• 

• 
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Annex 9 - Documentation 

• 
GE aster plan 

CAD/CAM literature search • 

!:%pert systems in manuf acturinq 

- NBS/AMRF 

Project management 

- Real-time shop-floor contr.ol 

- Selected articles in CAD/CAM 

- CAD/CAM databases <in French> 

Standards in CAD/CAM 

- ICAH architecture 

- ICAH microf iches < 10 sets > 

- IPAD microf iches < 2 sets 

' - Expert systems microf iches 2 sets l 

- Manufacturing information system microfiche < 1 set 

: .. 
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Annex 10 - R and D Projects in CIM 
-------~--------------------------

1. CAE 

- Finite element methods 
- Dynamic system control and optimization 

2. CAD 

- Expert systems for draftinq and drawinq 
- Group technoloqy 
- Generative planninq 

3. CAM 

- Real time simulation<emulation> and schedulinq 
- Distributed numerical control 
- Expert systems for part process planning 

Expert system for adaptive scheduling 

4. CA1' 

- On line testing 
- CAD directed inspection 

S. Expert and Intelligent Systems for 

- CAE 
CAD 

- CAM 
... CAT 
- Adaptation and monitorinq 
- Image processing and pattern recognition 
- Voice and speech interfaces 
- Learning · 

6. Distributed Systems 

- Architecture : hardware, software, networks •••.• 
- Tools : finite state machines, Petri nets, 

IDF I s , DFD , • • • • • • • • 
- Distributed intelligence and expertise 
- Distributed databases 

7·. Robotics : 

- Off line programming <accura· .. path generation> 
Task level programming 

- 3 D sensors and vision < recoq. · 1 t ... ) 
- Trajectory tracking <movinq targetJ 

Path planning <collision av~idance> 
- Mobile and multi robots 




