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Max points: 100
Point number for every task is within parenthesis.
For grade 3 at least 50 is required; grade 4 at least 65 and grade 5 at least 85

1 (8

The table below shows the demand for a particular brand of fax machine in a department store
in each of the last twelve weeks.

Week 1 2 3 4 5 6 7 8 9 10 11 12
Demand 12 15 19 23 27 30 32 33 37 41 49 58

e Calculate the four month moving average for weeks 4 to 12. What would be your
forecast for the demand in week 13?

o Apply exponential smoothing with a smoothing constant of 0.2 to derive a forecast for
the demand in week 13.

o Using the MSE (mean square error) which of the two forecasts for week 13 do you
prefer and why?

e What other factors, not considered in the above calculations, might influence demand
for the fax machine in week 137

2 (6)

A manager has narrowed the search for a new facility location to four communities. The
annual fixed and variable costs are shown in the Table below.

Location Fixed cost/year Variable cost/year
A $250,000 $11
B $100,000 $30
C $150,000 $20
D $200,000 §35
a. Plot the total-cost lines for these locations on a single graph.
b. Identify the range of output for which each alternative is superior (i.e. has the
lowest total cost).
C. If expected output at the selected location is to be 8,000 units per year, which

location would provide the lowest total cost?

38

The government is considering the economic benefits of a program of preventive swine flu
vaccinations. If vaccinations are not introduced then the estimated cost to the government if
the flu strikes in the next year is £7 million with a probability of 0.1, £10 million with a
probability of 0.3, and £15 million with a probability of 0.6. It is estimated that such a
program will cost £7 million and that the probability of flu striking in the next year is 0.75.
One alternative open to the committee is to institute an “early-warning” monitoring scheme
(costing £3 million) which will enable it to detect an outbreak of flu early and hence institute
a rush vaccination program (costing £10 million because of the need to vaccinate quickly
before the outbreak spreads).
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Draw the decision tree for this problem and suggest what recommendations the committee
should make to the government if their objective is to maximize expected monetary value
(EMV).

4 (12)

Customers arrive one at a time, completely random, at an ATM at the rate of 6 per hour.
Customers take an average of 4 minutes to complete their transactions, and historical data
have shown that the service time closely follow the negative exponential distribution.
Customers queue up on FIFO basis. Assume that there is only one ATM.

a. Find the following expected measures of performance for this system: The expected
number of customers in the system, the expected number of customers waiting for
service, the expected time in the system, and the expected time in the queue.

b. What is the probability that there are more than 5 people in the system at any random
point in time?

c. What is the probability that the waiting time in the queue exceeds 10 minutes?

d. Given these results, do you think that management should consider adding another
ATM?

5 (12)
Use the least cost method (LCM), Vogel’s approximation (VAM), and the modified transportation
method to find the least cost of the following transportation problem where the costs per unit are

shown in the matrix below.

Warehouses
Factories 1 2 3 4 Amount available
1 19 30 50 10 7
70 30 40 60 9
3 40 8 70 20 18

Amount required 5 8 7 14

6 (8

A General Motors Buick plant manufactures several Buick models. The company has forecast
its quarterly demands during the next four quarters, which are listed below. The plant can
produce approximately 25 autos per quarter for each worker on staff. Workers receive an
average of $15,000 per quarter in wages and benefits, and it costs $7,000 to hire and train a
new worker and $10,000 to lay off a worker. Workers can be hired or laid off at the beginning
of any quarter. GM expects to have 480 workers on staff and 2000 autos in inventory at the
end of the current quarter. Any auto held in inventory at the end of a quarter incurs a holding
cost of $1,000. Construct an aggregate plan for the next four quarters using the chase and
level strategies and compute their total costs.

Quarter  Aggregate Demand

1 10,000
2 12,000
3 9,000
4 11,000
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7 6

Demand for an item is normally distributed with a mean of 18 units per week and a standard
deviation in weekly demand of 5 units. The lead-time is 2 weeks, and business operates 52
weeks per year. What P (time between intervals) approximates a 75 unit EOQ? What T is
needed for a 90 percent cycle-service level? Answers are to be rounded to the nearest integer.

8 (8

The BOMs for products A and B are shown in Table 1. Data from inventory records are
shown in Table 2. The MPS calls for 85 units of product A to be completed in week 4 and 100
units to be completed in week 7 (the lead time is one week). The MPS for product B calls for
180 units to be completed in week 7 (the lead time is two weeks). Develop the material
requirement plan for the next six weeks for items C, D, E, and F.

Item Made of Number*ltem Item Made of Number *Item

A 2*C 1*D B 1*D 2*E

D 2*¥F 1*E D 2*F 1*E

E 1*F E 1*F
Table 1
Inventory Record Data

Item

Data Category C D E F
Lot sizing rule FOQ =220 IA4L FOQ=300 POQ-=(P=2)
Lead time 3 weeks 2 weeks 3 weeks 2 weeks
Safety stock 20 0 0 80
Scheduled receipts 280 (week 1) None 300 (week 3) None
On-hand inventory 25 0 150 600
Table 2
9 ()

Consider the following job times for a three-machine problem. Assume that the jobs are
processed in the sequence A-B-C. Find the optimum sequence for processing the jobs below
and show it on a Gantt chart for all three machines.

Machines
Job A B C

1 10 6 18

2 14 4 10

3 8 6 14

4 16 8 6

5 12 4 4

6 14 0 16
10 (4)

a.”Because organizations in the service sector do not manufacture products from raw
materials, materials management concepts do not apply to them.” Do you agree or disagree
with this statement? Why?
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b. Few, if any, products or services fit the EOQ assumption (e.g. no variation in demand, lead
time, or supply) so how can the EOQ model provide guidance in managing real-world
inventories?

11 (6)

An assembly line involves 9 tasks that require a total assembly time of 66 minutes.

The firm has determined that there are 480 productive minutes of work available per day. Furthermore,

the production schedule requires that 40 units be completed as output from the assembly line each day.
Task Performance time(m) Predecessor(s)

A 10 -
B 11 A
5 3 B
D 4 B
E 12 A
F 3 C.D
G 7 F
H 11 E
I 3 G,H
a. Draw a precedence Diagram.
b. What cycle time results in the desired output rate?
c. Balance the line as best as you can.
d. What is the efficiency of your solution?
12 4)

Three operations, A, H, and C are arranged in series. For an eight-hour shift, the effective capacities
are 24, 18, and 20 units per day, respectively. What is the effective capacity of the system? To increase
production, 33% overtime was authorized at operation H and 20% at operation C. Soon after the
overtime was authorized, the average output rate for the system rose to 21 units per day, which is less
than 24 units per day expected. Explain three likely reasons the average output rate fell below

expectations.

13 (6)

The maintenance department of a hospital uses about 816 cases of liquid cleanser annually.
Ordering costs are $12, carrying costs are $4 per case a year, and the new price schedule
indicates that orders of less than 50 cases will cost $20 per case, 50 to 79 cases will cost $18
per case, 80 to 99 cases will cost $17 per case, and larger orders will cost $16 per case.
Determine the optimal order quantity and the total minimum cost.

14 (6)
a. How do we classify products for logistics purposes and how can they be linked to the
product life cycle and the 80-20 curve? Explain in details.
b. What are the most important product characteristics that can influence logistics?
Explain in details.

Good Luck
Sabah Audo
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\ppendix 1:

7

No

00 M 02 03 04 05 06 07 08 09

0 5000 5040 5080 5120 5160 .5199 5239 5279 5319 5359

1 5398 5438 5478 .5517 .5557 5596 5636 5675 S5N4 5753

2 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141

3 6179 6217 6255 6293 6331 6368 6406 6443 6480 6517
4 6554 6591 6628 6664 6700 6736 8772 6808 6844 6879

5 6915 6350 6985 7019 7054 7088 7123 1157 2180 7224

6 1257 7291 7324 7357 1389 7422 7454 7486 7517 7549

7 7580 6N 1642 7673 7704 77134 7764 7784 7823 7852

8 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133

9 B159 8186 8212 8238 8264 8269 8315 8340 B255 B389
10 8413 8438 8461 8485 8508 8531 6554 8577 8599 8621
il 5643 B6E5 8686 8708 8729 6749 8770 5780 6810 8830
12 8649 £863 8668 6907 8925 8544 8962 8980 8397 8015
13 3032 8549 9066 5082 9039 9115 913 9147 5162 5177
V4 9192 9707 9222 8236 9251 9765 8279 8292 9306 9319
15 9332 9345 §357 9370 9387 3334 8406 9418 9479 9341
1 9452 9463 9474 9484 9495 9505 9515 9575 8535 9545
17 §554 9564 9573 9582 9581 9599 9608 8616 9625 9633
18 9641 8649 9656 9664 8671 9678 9686 9693 5699 .9706
19 an3 9719 8726 9732 9738 8744 9750 9756 9761 9767
? 9772 8778 9783 9788 9793 87393 8803 9808 9812 9817
21 9821 9826 8830 9834 9838 9842 8846 /5850 .9854 8857
72 9861 5864 9868 9871 9675 9878 9881 .5664 9887 9890
23 9693 8896 9898 .3301 9804 9506 .9909 99 9913 9915
24 9918 9320 9922 9875 927 .8929 9931 9932 9934 9936
25 9938 .8940 5941 8943 8945 9946 9948 9949 9351 9952
26 9953 8555 .9956 9557 5959 9960 8961 9962 8963 9964
27 9965 9366 9967 5968 9969 9570 9971 9572 9973 9974
Z8 9374 8975 9976 8377 9977 9978 8979 9979 8980 8981
29 9981 9582 99827 8983 9964 8984 9985 9985 .9986 9986
20 9987 9387 9987 9988 9388 9589 9589 9989 9530 9399
31 8930 9391 9991 9391 5952 9992 9992 9992 9993 .9993
K 9993 9993 9954 2994 .9994 8994 9994 9935 9935 9935
33 9395 9995 9395 9396 9995 9995 9996 9936 9395 9947
34 9997 9997 9397 9997 9997 9897 9397 9997 9997 9938
863




____#___J_g.__%.u_%w_-m/&ﬁ.k mmfk‘ﬁ} o, 74>_r Weeks S5-73 s,

b W (23 40T+ 154 j = !7 25 L
My o (223 /9 )7@ R
. (20 t 2 F+ 2D/ /7)74: = 2475 )

"\/& - ( ’%zij_j_&u_%i_z_ém__

o = (3Fe 33432430y 33

Wi = (4 3T+ B3932) )y =355

L'\/a-; - /Lf%'f Lf’-&&?——& 7)3‘/“ = L/O

hr%__LL&.S_.j: 22 +30 '277")_%11;‘, J,ﬁé_q_:_g e B e

} T L Fa U 7 A | R e e R

v = (SE p4grls 33y = MHbzs A 44

£ X p. Cw ﬁﬂ?élltﬁ:f“? s
. S/
V\J’L__‘-_'.. A

Wy - o2(1v)s a.8(1z-6) . 355
V‘/S’ o Oa-Z/?. 3) -+ d\g(/5—283 = 1 S"_IQH_ o

W o 0-2(18)+0.5( 1534 o (R963

Wa 20:2(30) 40.813.96) - 20.3%

W =03 732 402/20 K‘fﬂ = L2674

Wy 0. z/'sz)j 0.5(22. A%j - 24.357
Wig 20 ZKS:I‘L;&’:-_”‘?(ZL/'})}L: 2+ a(

Wy o 0-2041) +o.8/ 2% 20t) - 2. 945

W,y o 0-2(49) +6.8(29.%5) . 33932

WS = s ) (/SJ:[—_OJX (!Zj ~ [2-6 S

Wy o 02055) 06_(;3._5_‘%?2) Y BT

g

M,Sa Ma\}\‘»’qg (e o Th? S - ’L'ﬁ A mm Z(%Q_,_ bE 23/8
= 10F-43




- AR O

wle see thet fgopz fw#ch Haadgﬂwf Lowed,
Mence e f“’—‘tﬁfﬁm'ﬂne ﬁwccaﬁf‘ »/) 1{6 *f'hﬁ(f‘ hes

Lo /fwcrofmc,c_ci 1@% ‘ft,c Me mn{ %}VC/{_(JC

Obhes Faches L
. Af;:,iamaf_ Aemmand
& el yerla's t e <
v /F/\t‘&- o e e s erin thic brand Qum_/i
QH«M lon m«\(fs S
¢ ﬁenc&&f( ¢ conomrc Q) Fualrey S
e tecline (afy R
G/




Fixed and variable costs for four potential plant locations are shown below:

a. Plot the rotal-cost lines for these locations on a single graph.

b. Identify the range of output for which each alternative is superior (i.e., has the lowest
total cost).

c. If expected output at the selected location is to be 8,000 units per year, which
location would provide the lowest total cost?

Solution a. To plot the total-cost lines, select an output that is approximately equal to the ex-
pected output level (e.g., 10,000 units per year). Compute the total cost for each
location at that level:

Plot each location’s fixed cost (at Output = 0) and the total cost at 10,000 units; and
connect the two points with a straight line. (See the accompanying graph.)

Total annual cost ($000)

0 T4 8 10 12 14 16
Annual output (000 units)

b. The approximate ranges for which the various alternatives will yield the lowest costs
are shown on the graph. Note that location D is never superior. The exact ranges can
be determined by finding the output level at which lines B and C and lines C and A
cross. To do this, set their total cost equations equal and solve for Q, the break-even
output level. Thus, for B and C:

(B) (C)
$100,000 + $30Q = $150,000 + $200

Solving, you find Q = 5,000 units per year.
For Cand A:

(C) (A)
$150,000 + $20Q = $250,000 + $110Q
Solving, Q = 11,111 units per year.

c. From the graph, you can see that for 8,000 units per year, location C provides the
lowest total cost.
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the input process is a Poisson process The armvalraleis A = 6 per hour. The mean
service ime is 4 minutes = 1/15 hour, so that the service rate is u = 15 per hour.
The utilization rate is p = A/ = 6/15 = 2/5 = 4.

a L= p/(1 -~ p)=(2/5)/(3/5)=3/4(= 0.6667).

Ly= pl = (2/5)2/3) = 4/15 (= 0.2667).
W= L/A=(2/3)/6=2/18 =1/9 hour (6.6667 minutes).
W,=L,/A=1(4/15)/6 = 4/90 = 2/45 hour (2.6667 minutes).
. Here we are interested in P{L > §).
In general,
PIL>k) =D P,=5 (1= p)p"=(1 - Py p"

n=k+ | n=k-+| n=k+ |

= (1= pp*'(1/(1 = p)) = p**!.

Hence, P{L > §) = p® = (0.4)% = 0.004].
c. Here we are interested in P| W, > 1/6).

PIW, > 1} = pem®=N = () 4e-05-008) = ( 40715 = 00892

d. The answer is not obvious. Looking at the expected measures of performance,
it would appear that the service provided is reasonable. The expected number
of customers in the system is lessQ than one and the average watling time in
the queue is less than 3 minutes. However, from part{c) we see thal the
proportion of customers having to wait more than 10 minutes {or service
is almost 10 percent. This means that there are probably plenty of irate
customers, even though on average the system looks good. This illustrates a
pitfall of only considering expected values when evaluating queuing service
systems. H
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Aggregale

Quarler Demand

| O OOO

2 12,000

3 2.000

4 11,000
Solution:

(a) Chase Demand Strategy For each quarter we determine the number of workers needed to meel
the demand in thar quarter exac{Iy ihen we ad\ust lhe work[orce accnrdmgiv

Aggregalc "~ Planned
Demand Oulput Workers Workers Workers Inventery
Q {units) (umls) on S!a[i’ Hm-d Laid Off (umls]
0 480 2000
I 10.000 8,000 320 0 160 0
2 12,000 12,000 480 160 0o 0
3 9.000 9.000 360 0 120 0
q 11,000 1,000 440 80 0 0
Totals (qis. 1-4) 1600 240 280 0
Salaries 1600 workers x $15.000/ql = $24.000.000
Hiring cost 240 workers x $7.000 =% 1.680.000
Layol( cosl 280 workers x $10.000 =% 2.800.000
Invenlory cosl 0 units x $1.000/unil = 0
Tola\ cost $28.480.000

(b) Level Strategy. For each quarter we compute the net cumulalive requirements and the num-
bEI 0 workers needed to make [he cumulatwe requaremems

Nel Cumulatnc Workfrs Needcd
Q Req_uuernems to Makc Cum Reo_
| 8.000 320 DO
2 20.000 400.00
3 29.000 386 67
4 40 000 400 00

The Edrgesr number of workers ever needed 15 400, so we \M” retiuce the workforce to 400 and
keep l lhe'e

Aégrcgale Planned
Demand Output Workers Waorkers Workers Invenlory
Qi {units) (unils) on Stalf Hired Laid Off (units)
0 480 2000
| 10.000 10,000 400 0 80 2000
2 12,000 10,000 400 0 0 0
3 9.000 10.000 100 0 0 1000
4 11,000 10,000 400 0 0 0
Totals (ats 1-4) 1600 0 80 3000
Salanies 1600 workers x $15.000/q1 = $24.000,000
Hiring cosl 0 workers x $7.000 =%0
Layoll cosl 80 workers x $10.000 = % 800,000
Inventory cost 3000 unus x $1.0007unit = $ 3,000,000

Total cosl $27.800.000



.

Solution  We first define D and thep P. Here, P is the

pressed as a multiple (or fraction) of time interval ¢ (
expressed as demand per week):

time between reviews, ex-
t =1 week because the data are

D=(18 units/week)(52 weeks/year) = 93¢ units

D (52 = 53¢ (52) =42, or 4 weeks

With d = 18 units per week, we can also calculate P by dividing the EOQ by ¢

to get 75/18 = 4.2, or 4 weeks. Hence we would review the birdfeeder Inventory

'very 4 weeks. We now find the standard deviatjon of demand over the protection

nterval (P + L = 6);
0P+L — Cr[ \fP -+ L = 5\/g = 12 Units

Before calculating T, we also need z value. For a 90 percent cycle-service level
-z = 1.28 (see the Normal Distribution appendix). We now solve for T

-

b

T = Average demand during the protection interval + Safety stock
=dP+ L)+ 2Tpy g
= (18 units/week)(6 weeks) + 1.28(12 units) = 123 units

Every four weeks we would order the number of units needed to bring inventory
position IP (counting the new order) up to the rarget inventory level of 123 units.
The safety stock for this P system is 1.28(12) = 15 units, compared to only 9 units
for the Q system,
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ltpin: A

| Week | 1 o 3 4 5 6 7 8
MPS Quantity (due) B85 100
MPS Quantity (release) 85 100
. ltem: B | Week | 1 2 3 4 5 6 7 g
MPS Quantity (due) 180
MPS Quantity (release) 180
Item: C Lot Size: FOQ = 220
Description: Lead Time: 3 weeks
Safety Stock: 20 units
week 1 2 3 4 5 6 7 8
Gross requirements 170 200
Scheduled receipts 280
Projected on hand | 25 | 305 | 305 | 135 | 135 ) 135 | 155 | 155 | 155
Planned receipts 220
Planned order releases 220
Item: D Lot Size: L4L
Description: Lead Time: 2 weeks
Safety Stock: 0 units
Week 1 2 3 4 5 6 7 8
Gross requirements . 85 180 100
Scheduled receipts
Projected on hand | 0 0 0 0 0 0 0 0 0
Planned receipts ' 85 180 | 100
_ Planned order releases [ 85 )" 180 | 100
ltem: E Lot Size: FOQ = 300
Description: Lead Time: 3 weeks
Safety Stock: 0 units
Week 1 2 3 4 5 6 7 8
Gross requirements B5 180 | 100 | 360
Scheduled receipts 300
Projected onhand | 150 65 65 | 185 85 25 25 25 25
Planned receipts 300
Planned order releases 300
iltem: F Lot Size: POQ=2
Description: Lead Time: 2 weeks
Safety Stock: 80 units
Week 1 2 3 4 5 6 7 8
Gross requirements 170 | 300 | 360 | 200
Scheduled receipts
Projectedon hand | 600 430 130 280 80 80 80 80 80
Pianned receipts 510
Planned order releases [ 510
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1O Q. Materials management concepts apply to service organizations in the same way as to manufacturing
organizations. The materials management decisions such as staffing plan, work-force schedule,
inventory control (44 percent of the economy's inventory is held by wholesalers and retailers
alone), operations scheduling, and purchasing are as important for the efficient management of
service organizations as they are for manufacturing organizations.




1\

TN L T e e s st s ey
) : St 4 e o

10 minutes

_ 480 minutes

Cycle time (in minutes) = 40 units

= 12 minutes /unit

lotal task time _ 66

| Minimum number of workstations = m = 55

= 5.5 or 6 stations

Efﬁciency = 66 minutes 66

(6 stations) X (12 minutes) 73 - 91.7%

Note that opening a seventh workstation, for whatever reason, would decrease the eff
ciency of the balance to 78.6%:

. 66 minutes
Effi = _
Y O stations) X (12 mimeg = 786%



B

MU e g T YR T

}2.-' operauon A produces 24 units per day, a large WP Inventory will build in front of operation H, byt
throughput will siil] be limited to 18 units perday.

24 18 20
T oy
( )

Herbie

With overtime, the daily capacilies are:

24 24 24
— A ST
)

(Herbie

Eli Goldrany,

We would Expect the throughput 1o increase 10 24 unjig perday. However, the oulput incre ased 1o
only 21 units per day. Possible causes include 1) fatigue from ovenime, 2) matenial shorages, ang
3) the loss of throughput that always occurs when vanable operations are closely linked The outpu
rales are average rates, meaning Lhat at any particular time the producuon rate at one of the
operations could be less than the 24 unjis perday rate and cayse a lemporary boteneck. When the
operations are closely linked, (no WIP) throughput is always determined by the (momemar}')
weakest link. The system can not take advantage of favorable conditons at one operation unless
those favorable conditions occur simuJLaneoUSIy al all operations. The upshot of all this is tha the
average throughput of closely linked opcrations will almost always be less than would be expected
from just looking at average capacities. For a thorough discussion of bordenecks, see The Goal, by



The maintenance department of a large hospital uses about 816 cases of liquid cleanser
annually. Ordering costs are $12, carrying costs are $4 per case a year, and the new price
schedule indicates that orders of less than 50 cases will cast $20 per case, 50 to 79 cases
will cost $18 per case, 80 10 99 cases will cost $17 per case, and larger orders will cost
$16 per case. Determine the optimal order quantity and the total cost.

See Figure 13-10.

D = 816 cases per year S=$12 H = $4 per case per year

2DS 2(816)12
H 4

= 70 cases

2. The 70 cases can be bought at $18 per case because 70 falls in the range of 50,

79 cases. The total cost to purchase 816 cases a year, at the rate of 70 cases PET Orde;
will be ,

TCq0 = Carrying cost + Order cost + Purchase cost
(QI2)H +(DIQ)S + PD
(70/2)4 + (816/70)12 + 18(816) = $14,968

Because lower cost ranges exist, each must be checked against the minimum cost gen-
erated by 70 cases at $18 each. In order to buy at $17 per case, at least 80 cases must be
purchased. (Because the TC curve is rising, 80 cases will have the lowest TC for that
curve's feasible region.) The total cost at 70 cases will be

TCyo = (80/2)4 + (816/80)12 + 17(816) = $14,154

To obtain a cost of $16 per case, at least 100 cases per order are required, and the total
cost will be

TCio0 = (100/2)4 + (816/100)12 + 16(816) = $13,354

Therefore, because 100 cases per order yields the lowest total cost, 100 cases is the
overall optimal order quantity.



Product Characteristics

Logistics costs are sensitive to such characteristics as product weight, volume (cube),
value, and risk,

In the logistics channel, these characteristics can be altered through package design or
finished state of the product during shipment and storage. For example, shipping a
product in a knocked-down form can considerably affect the weight-bulk ratio of the
product and the associated transportation and storage costs.

A firm producing high valued goods (such as machine tools and computers) with logistics
costs being a fraction of total costs will likely give little attention to the optimality of
logistics strategy.

However, when logistics costs are high, as they can be in the case of packaged industrial
chemicals and food products, logistics strategy is a key concern.

Classifying Products
Consumer Products are those that are directed to ultimate consumers.
A three-fold consumer classification has been suggested

Convenience Products are those goods and services that consumers purchase frequently,
immediately, and with limited comparative shopping. Typical products are banking
services, tobacco items, and many foodstuffs.

These products generally require wide distribution through many outlets. Distribution
costs are typically high but more than Justified by the increased sales potential that is
brought about by this wide and extensive distribution.

Customer service levels are expressed in terms of product availability and accessibility.
(Examples are vending machines for Pepsi-cola etc., and telephone kiosks all over the
place).

Shopping Products are those for which customers are willing to seek and compare:
shopping many locations, comparing price and quality, performance, and making a
purchase only after careful deliberation. Typical products in this category are fashion
clothes, automobiles, and home furnishings.

Because of the customer’s willingness to shop around, the number of stocking points is
substantially reduced as compared with convenience goods and services. Distribution
costs for such suppliers are somewhat lower than convenience goods.

Specialty Products are those for which buyers are willing to expend a substantia] effort
and often to wait a significant amount of time in order to require them. Buyers seek out
particular types and brands of goods and services. Examples can be almost any type of
good ranging from fine foods to custom made automobiles or a service such as
management consultancy advice. Because buyers insist on particular brands, distribution
is centralized and customer service levels are not as high as for convenience and
shopping products. Physical distribution costs can be the lowest of any product category.
Because of this, many firms will attempt to create a brand preference for their product
line.



Industrial Products are those that are directed to individuals or organizations that use
them to produce other goods or services. Their classification is quite different from
consumer products.

Traditionally, industrial goods and services have been classified according to the extent
to which they enter the production process. For example, there are goods that are part of
the finished product, such as raw materials and component parts; there are goods that are
used in the manufacturing process, such as buildings and equipment; and there are goods
that do not enter the process directly, such as supplies and business services. Although
this classification is valuable in preparing a selling strategy, it is not clear if it is useful in
planning a physical distribution strategy.

Industrial buyers do not seem to show preferences for different service levels for different
product classes. This simply means that traditional product classification for industrial
products may not be useful for identifying typical logistics channels, as is the
classification of consumer products.

The Product Life Cycle

Products do not generate their maximum sales volume immediately after being
introduced, nor do they maintain their peak sales volume indefinitely. The physical
distribution strategy differs for each stage. During the introductory stage, the strategy is a
cautious one, with stocking restricted to relatively few locations. Product availability is
limited.

If the product receives market acceptance, sales are likely to increase rapidly. Physical
distribution is particularly difficult at this stage. Often there is not much of a sales history
that can guide inventory levels at stocking points or even the number of stocking points
to use.

The growth stage may be fairly short, followed by a longer stage called maturity. Sales
growth is slow or stabilized at a peak level. The product volume is no longer undergoing
rapid change, and therefore can be assimilated into the distribution pattern of similar
existing products. At this time the product has its widest distribution. Many stocking
points are used with good control over product availability throughout the market place.
Eventually the sales volume declines for most products as a result of technological
change, competition, or waning consumer interest. To maintain efficient distribution,
patterns of product movement and inventory deployment have to be adjusted. The
number of stocking points is likely to be decreased and the product stocking reduced to
fewer, and more centralized location.

The 80 20 Curve

The product line of a typical firm is made up of individual products at different stages of
their respective life cycles and with different degrees of sales success. At any point in
time, this creates a product phenomenon known as the 80- 20 curve.

The bulk of the sales are generated from relatively few products in the product line and
from the principle known as Pareto’s law. That is, 80 percent of a firm’s sales are
generated by 20 percent of the product line items. Each category of items could be
distributed differently. For example, A items might receive wide geographical




distribution through many warehouses and high levels of stock availability, where C
items might be distributed from a single stocking point (e.g. the plant) with lower total
stocking levels than for A items. B items would have an intermediate distribution strategy
where a few regional warehouses are used.

Product Characteristics

The most important characteristics of the product that can influence logistics strategy are
the attributes of the product itself — weight, volume, value, perishability, flammability,
and substitutability. When observed in various combinations, they are an indication of the
need for warehousing, inventories, materials handling, and order processing.

Weight—Bulk Ratio The ratio of weight to bulk (volume) is a particularly meaningful
measure, as transportation and storage costs are directly related to them. Products that are
dense, 1.e. have a high weight-bulk ratio (rolled steel, printed materials, and canned
foods) show good utilization of transportation equipment and storage facilities, with the
costs of both tending to be low. However, for products with low density (inflated beach
balls, boats, potato chips, and lamp shades), the bulk capacity of transportation equipment
is not fully realized before the weight-carrying limit is reached. Also the handling and
space costs, which are weight-based, tend to be high relative to the product’s sales price.

Value-Weight Ratio Storage costs are particularly sensitive to value. When value is
expressed as a ratio to weight, some of the obvious cost trade-offs emerge that are useful

in planning the logistics system.

Products that have low value-weight ratios (coal ore, and sand) have low storage costs
but high movement costs as a percentage of their sales price.

Inventory carrying costs are computed as a percentage of the product’s value. Low
product value means low storage cost because inventory-carrying cost is the dominant
factor in storage cost.

Transportation costs on the other hand, are pegged to weight. When the value of the
product is low, transportation costs represent a high proportion of the sales value.

High value- weight ratio products (electronic equipment, jewelry, and musical
instruments) show the opposite pattern with higher storage and lower transport costs.
If the product has a high value-weight ratio, minimize the amount of inventory
maintained is a typical reaction.

Risk Characteristics Product risk characteristics refer to such patterns as perishability,
flammability, value, tendency to explode, and ease of being stolen. When a product
shows high risk in one or more of these features, it simply forces more restrictions on the
distribution system. Both transport and storage costs are higher in absolute dollars and as
a percentage of the sales price.

Logistics Custonrer Service
Cus,t/omtﬁfiew the offerings of any company in terms of price, quality, and service, and

they respond with their patronage.



