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SHOP SCHEDULING WITH
MANY PRODUCTS
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3 —Kurt Vonnegut, Jr., Player Piano
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Figure 4.3 sample workcenter load report.
ropriate. However, this causes all displaced jobs to be rescheduled, both here a5
app ing quite a disruption in the schedule and extensjye

at subsequent workstations, creati :
ine. In this case it would be preferable to assign only the period in which g

, will be performed. Effectively; each operation is assumed to be performed
at the end of the period and unavailable at the next workstation until the next period,
In such a system, the minimum flow time for a job is the number of periods equal
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solution

ncre i ;
thus we should be able to complete the jogsgg :inmierlod 3 to 383 hours, and

—— Ed

In preparing load reports it is convenj

ent t
The load profile is a time-phased |j 0 make use of load profiles for each

isting Qf the resource requirement on each
t. For instance, suppose the standard batch

: ' ' states that in the first period after release
each unit of this part requires 0.17 days at workcenter A, In the second period 0.07’

days are needed at workcenter C. In the third period, 0.44 days are used at F, and
in the fourth period, 0.15 days at workcenter D. Times are one-tenth of the normal
batch time.

Jobs are released so products can be sold, not to occupy space with inventory.
Consequently, we should follow two basic rules.

First, if you can’t sell it, don’t release it!
Second, if you can’t make it now, don't release it now!

The rules carry the understanding that normal lead times should be taken into account
when asking whether we can make and sell the item. For instance, if the first machine
in the production sequence currently has a two-week supply of jobs in its input queue,
there is no point in releasing a new job. However, if normal throughput time is two
weeks for a part and the two-week queue is at the last machine in its sequence with
no other currently released jobs heading for that machine, then it may be time to
release the job.

Most manufacturing systems involve assembly of component parts into products
prior to shipping. Assembly cannot occur unless all parts are available. In this case,
part releases should be coordinated so that the components arrive simultaneously at
assembly. Suppose component A and component B are combined to make a product.
Component A has a lead time of one week to arrive at assembly, whereas component
B takes two weeks. Order releases should be offset such that B is released a week
ahead of A. This practice is common in the assembly of complex products such as
automobiles. The engine and other subassemblies are fed into the final asseqlbly
line with precise timing and synchronization to produce a ({ustom-ordered vehicle.
In batch manufacturing, MRP (Materials Requirements Planning) systems attempt to
do the same and can be successful if valid part lead times are known. Unforn{nat.e.ly,
the attempt to schedule compound assemblies is hindered by the system reliability
law encountered in Chapter 1. Suppose parts are released such that each part has
a4 90 percent chance of being available when it is needed for assembly. If wel h;x{e
10 parts, then the probability that we can complete the assembly as sch'edu ed is
0.9 = 035, If the assemb ly has 100 parts, this probability is only 0.00003!

i

4.2.1 Bottleneck Scheduling

hops, for a spe i ings there is

shops, for a specified part mix and routings the
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Figure 4.5 Gantt chart for Example 4.3.

The first thing that should strike you about the figure is that even for this rel-
atively well-behaved processing system, machine utilization is not very high. The
makespan is 21 time units. During that time the machines are busy 12.0, 9.0, 10.5,
and 4.0 time units, respectively. Makespan is a good measure if the facility is truly
devoted to this set of jobs during their manufacture. In reality, however, the next
schedule of jobs may be assigned to machine 1 starting at any time after 12, and
machine 4 could be busy completing the previous schedule until time 10 without
E conflict. Alternatively, we might have workers assigned to these machines only from
the time of their first job arrival until last job completion, time 4.5 to 15.5 for ma-
chine 2, instead of the entire 21 time units. Nevertheless, makespan does indicate
E the length of time for which the facility will be occupied by one or more of the cur-
4 rent jobs.

Putting aside for a moment the question of the appropriateness of malfespan asa
criterion, we may ask whether this is the best makespan schedule. Idle time cle'arl.y
exists in the schedule, leading us to question its efficiency. It turns out that tf_us is
often a difficult question to answer. Nonetheless, we can, at least, wry by finding 2
lower bound on schedule makespan. Each machine supplies a lower bound. e
makespan must accommodate (1) the delay before the machine can begm process-
ing, (2) total processing time on the machine, and (3) the remal;n1r1§(ipézsc:;sjsuc;g1
time for the last job after it leaves the machine. Thus, a lower bou
Machine ; js

v N . M ' .
LBj = min[ ij,-} +Zpij ap mim{ Z er] (4 i)
: i=1

pe= il
r=1 o

in
Summationls from 1 to 0 and M + 1 to M are defined tO‘ b Q'CZnhzmmr:egrfc;n;ssing
€duation 4.1 correspond to a lower bound on when macmr.li]before total schedule
lime op 7, and a lower bound on how soon J apsilaLe d. the largest of these
Completion, Since each machine provides a valid lower bound,

s also a lower bound.
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4.4.1 Dispatching Rules

Wwhen a processor becomes available, a job m
. : ' ust be selec b
:mmediate setup and processing, We refer to this as ;i;:ed from its input queue for

: : tching Si tenatrd
rules areloftecr;nui)eed 1ln shf(i)p schedglmg. Table 4.7 lists a dozensof :lr:]eplme(dlspauhmg
i classified as being static or dynamic. Static rules hz)x::: I;;pul_a ?

iy s iority

indices that stay constant as jobs travel 4

change with time 'and queue characteristt}':cr:.ul%ll‘]\wtl?cal?cljdl;itl')lv)vh(fa-jl.r:;aS ('jyna(rin ok
are fixed) are stfmc rules. LWKR is dynamic, since the remainingumrl(r),c’zeg'gr:3 d‘j“es
decreases as the job pfogresses through the shop, that is through tir: ASlz::;t me
mles_a're also dynamic. Slack is defined as slack = ciue date - : i ”
remaining work, that is, the time until the due date minus remairc\?r: reniotclme' g
time. Due dates may also change while the job order is open; howevef Iger &;stmlg
[1984] concluded that for reorder point inventory systems L;se of stat;c dulZ dat;
based on average demand rates is preferable to the use of d’ynamic due dates, which
constantly reflect random fluctuations in demand. Rules can also be classi’ﬁed as
myopic or global. Myopic rules look only at the individual machine, whereas global
rules look at the entire shop. SPT is myopic but WINQ is global. :

Table 4.7 Standard Dispatching Rules

3 Name Description
b SPT (Shortest Processing Time) Select a job with minimum
; processing time.

EDD (Earliest Due Date) Select a job due first.

FCFS (First Come, First Served) Select a job that has been in
the workstation’s queue the longest.

FISFS (First in System, First Served) Select a job that has been
on the shop floor the longest.

S/RO (Slack per Remaining Operation) Select 2 job with the
smallest ratio of slack to operations remaining to be
performed.

Covert Order jobs based on ratio of slack-based priority to
processing time.

LTWK (Least Total Work) Select a job with smallest total
processing time.

LWKR (Least Work Remaining) Select 2 job with smallest total

processing time for unfinished operatigns. i
MOPNR (Most Operations Remaining) Select a job with the

most operations remaining in its processing sequence.

MWKR (Most Work Remaining) Select 2 job with the most total

processing time remaining.

RANDOM  (Random) Select a job at random.

WINQ (Work in Next Queue) Select 4 job whose subsequent
machine currently has the shortest quUEUe-:

EXAMPLE 4.10

Current time is 10, Machine B has just finished a job,. and it i§ time t0 selefth icir
next job, Table 4.8 provides information on the four lob.s available. For each O

__the dispatching rules above, determine the corresponding sequence:
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