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USER’S MANUAL
for the

FREIGHT ANALYSIS PG SOURCING SYSTEM



SYSTEM OVERVIEW

The function of this system is to find a least cost solution for supplying
vehicles to sales districts from assembly plants.

The costs involved vary from plant to plant and between plants and
districts, making this a complex task, unsuitable for manual calculation.

cost solution,

The following costs are taken into account when finding the least cost
solution.

Inbound Freight Costs
Premium Inbound Freight Costs
- Manufacturing Straight Time Costs
- Manufacturing Weekday Overtime Costs
- Manufacturing Saturday Overtime Costs
Downtime Costs
Outbound Freight Cost
. Transit Costs
. Ramp Costs

The following constraints are also taken into account when finding the
least cost solution,

Normal Plant Capacities
. Weekday Overtime Capacities
Saturday Overtime Capacities

Sales District Forecasts

The problem size limitations of the system are as follows:
- Maximum of 5 plants per carline,
- Maximum of 29 U.S. sales districts.

. Maximum of 7 Canadian sales districts.



FREIGHT ANALYSIS
LINEAR PROGRAM FORMULATION

The following standard LP formulation is used to solve the Freight Analysis
Sourcing System problem. This LP finds the least cost solution of sourcing
vehicles to assembly plants in order to meet vehicle sales forecast for
sales districts.

The Objective Function minimizes manufacturing and freight costs. These
costs include inbound freight and premium inbound freight; manufacturing
straight time, overtime, and downtime:; and outbound freight costs.

The LP is constrained by the following constraints:

1. The number of vehicles shipped to each sales district must equal the
sales district forecast.

2. The number of vehicles sourced to each plant must not exceed that
plants normal and overtime capacities. Also, if the number of
vehicles sourced to a plant is less than the plant’s normal

capacities, downtime units (units representing unused capcity) must
makeup the difference.

3. The number of weekday overtime units sourced to each plant must be
less than or equal to the plants weekday overtime capacity.

4. The number of Saturday overtime units sourced to each Plant must be
less than or equal to the plants Saturday overtime capacity.



FREIGHT ANALYSIS
LINEAR PROGRAM FORMULATION
Variable Definition:

i =~ plant
j = sales district

0Bjj = outbound shipping cost from Plant i to district j
IBj = inbound freight cost to plant i
MSCj = manufacturing straght time cost at plant i

Xij = quantity shipped from plant i to sales district j

WOT; - weekday overtime cost at plant i
zj = quantity of weekday overtime at plant i

SOTj = Saturday overtime cost at plant i
qj = quantity of Saturday overtime at plant i

DT{ =~ downtime cost at plant i
wi = quantity of downtime at plant i

DRj = district requirements for region j
PCj = straight time capa:ity at plant i

WOC; = weekday overtime capacity at plant i
SOCj = Saturday overtime capacity at plant {1

Objective Function:

Min fZ (0Bjj + IBj + MSCj) x3j + (WOTy) zj + (SOT;) qi + (DTy) wy
j

Subject To:

{fxij = DRj for j =1,2,....36
?’xij + Wi -2j -qi = PC; for i=1,2,..5

zi < WOCj for i =1,2

qi < S0C; for j =1,2



INPUT COSTS AND CONSTRAINTS REPORT

This report provides all the costs and constraints input by the user to
find the least cost sourcing solution for a given carline.

The following Input Costs Report example has highlighted those cells which
can be edited. Do not edit any cells which are not highlighted.

The first page begins with a TITLE of the carline being analyzed. Only
this occurrence of the Title should be edited, all other Titles will
reflect a change to this title.

Following the Title are all the cost parameters for each plant. The plant
names are also specified. Only this occurrence of the plant names should
be edited. All other occurrences of the plant names will reflect the
changes to these plant names.

Next are the normal, weekday overtime, and Saturday overtime plant
capacities, followed by the total U.S. and Canadian Sales forecasts. All
plant capacities are then totaled, followed by the total US and Canada
Sales forecast. The total sales forecast must be less than the total plant
capacities or there will be no possible least cost sourcing solution.

sales forecast and the total US or Canada forecast.

The outbound freight costs are divided into three costs for each plant and
district. The first cost i1s the transportation cost. The second cost is
the ramp cost. And, the third cost is the transit cost
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PENALTY COST REPORT

The Penalty Cost Report is a myopic look at the least Total and Outbound
Penalty per plant/district,

The following computations are performed to produce this report,
1. Total Penalty (Total) per plant/district = penalty per plant - best
penalty for that district. (penalty is: mfg. + ramp + transit +

transportation + inbound + premium)

2. Outbound (0/B) per plant district = transportation - best
transportation for that district.

3. Totals per region (also US and Canada totals)

A. line 1. percent totals for Total and O/B: sum of percent of
sales for least cost Total or 0/B, 1 Total and Outbound for each
district.

B. line 2. outbound costs after selection of the best plants.

Each of the four worksheet structures will have a slightly different
Penalty Cost report. The 5 plant model has been included in this report.
The 4 plant model will not contain the last plant Total and 0/B columns.
Likewise, the 3 plant model will not contain the last 2 plants, and the 2
plant model will not contain the last 3 plants. -
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DATE:  23-Mar-83 SOURCING COSTS
TIKE:  03:20 PH 1983 LIEHT TRUCK
NOR - orp
TOTAL 0/8 TOTAL 0/8
Bost 217 105 0 0
Buff 274 148 0 0
Newy 110 0 0 8
Pitt 115 27 0 8
Phil 125 2 0 0
Hash 0 0 82 151
TOTAL 6.0 9.42 17.52 12.32
NOEA REGION 159.2 218.9
Atla 10 0 60 124
Char 0 0 124 19
Hezp 124 73 47 74
Jack 6 0 67 155
N.0. 72 31 3 105
Loui 127 48 76 80
TOTAL 3.8 12.12 0.0 0.0%
SUEA REGION 203.5 0.0
Chic 349 21 107 116
Clev 241 131 LY/ 72
Hiluw 25 240 91 170
Indi 21 128 9% 114
Cinn 60 0 82 111
Detr 360 21 % 112
TOTAL 0.0x 2.52 0.0% 0.0%
GRLK REGIOH 196.0 0.0
Dall 1% 204 143 248
k.C. 348 326 180 267
2 Ozzh 102 0 0 0
StLo 200 178 67 152
Heus 19 157 147 43
I.C. 447 415 150 25
TOTAL 0.01 0.0Y 0.0% 0.0%
CEMT REGIN 0.0 0.0
LosA 270 &7 103 215
Sand 273 21 238 Hé
Seat 09 45 8 185
Phix 102 0 0 0
Peny 374 361 IEN 243
TOTAL 0.0v 0.0 a.c... 0.01
KEST REGICH 0.0 0.0
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SOURCING SUMMARY REPORT

The Sourcing Summary Report shows the least cost sourcing pattern by plant
and district. This should give the analyst a quick view of where vehicles
are being sourced and which districts are split sourced. Total sourced

. pPlant volumes are also provided.




B2 Controllers Sourcing Systea

DATE:  23-Har-63 SOURCING PLAM RESLLTS
TIKE:  03:20 pY 1968 LIGHT TRUCK
District HOR 0rp Hip TCT ket TOTAL
u.s.
Bost 0.0 445.5 0.0 0.0 0.0 445.5
Buff 0.0 194.4 0.0 0.0 0.0 194.4
Newy 5.4 0.0 0.0 0.0 0.0 5.4
Pitt 170.1 0.0 0.0 0.0 0.0 170.1
Phil 216.3 140.1 0.0 0.0 0.0 356.4
Hash 48.0 0.0 0.0 0.0 0.0 486.0
Atla 283.5 0.0 0.0 0.0 0.0 283.5
Char 307.2 0.0 0.0 0.0 0.0 307.3
Heap 194.4 0.0 0.0 0.0 0.9 194.4
Jack 385.3 0.0 0.0 0.9 0.0 368.3
N.D. 218.7 0.0 0.0 0.0 0.0 218.7
Louj 5.3 0.0 127.0 0.0 0.0 186.3
Chic 0.0 0.0 224.3 0.0 0.0 243
Clev 0.0 0.9 202.5 0.0 0.0 202.5
Hilw 0.0 0.0 3.7 153.4 0.0 186.3
Indi 0.0 0.0 155.9 0.0 0.0 153.9
Cinn 202.5 0.0 0.0 0.0 0.0 202.5
Detr 0.0 0.0 324.9 0.0 0.0 323.0
Dall 0.0 0.0 0.9 0.0 318.4 318.4
f.C. 0.0 0.9 0.0 0.0 307.8 307.8
{zah 0.0 0.0 0.0 0.0 0.0 0.0
Stlo 0.0 0.0 224.8 0.0 0.0 226.8
Hous 421.2 0.0 0.0 0.0 0.0 421.2
I.C. 0.0 0.0 0.0 405.0 0.0 405.0
LosA 0.0 0.0 0.0 8.1 413.8 477.9
Sanl - 0.0 0.0 0.0 380.7 0.0 380.7
Seat 0.0 0.0 18.3 0.0 0.0 186.3
. Phix 0.0 0.0 0.0 0.0 0.0 0.0
Deny 0.0 0.0 0.0 3726 0.0 372.6
324.0 7.0 1400 157%.0 1240.0  8100.0
Canada
Atle 0.0 9.3 0.0 0.0 0.0 %.3
East 0.0 105.3 0.0 0.0 0.0 105.3
Cent 0.0 120.% 0.0 0.0 0.0 120.¢
Lake 0.0 - 169.2 0.0 0.0 0.0 163.2
HicH 0.0 1197 0.0 0.0 0.0 119.7
Nest 0.0 185.4 0.0 0.0 0.0 185.4

Pecf 0.0 103.5 0.0 0.0 0.0 103.5

4.0 1600 133009 1576.0 12400 9000.0



RECAP SUMMARY BUILD AND COST REPORT

This report begins by showing the normal, weekday overtime, Saturday
overtime and downtime units for each assembly plant, determined by the
least cost solution.

The next section breaks down the costs of the least cost sourcing solution
by plant. For each plant, a total cost is calculated, and a cost per unit
is calculated. A total Outbound cost is supplied for each plant and is
also presented as a separate US and Canadian Outbound cost.

The final column reports the total costs for the carline, including a total
cost per unit.



BeA Controllers Sourcing Systea

DATE: 23-Har-68 SUHHARY BUILD AMD COSTS
TIHE:  03:20 P4 1958 LIGHT TRUCK

Urits Produced (1000s)  GR oTp HTP TcT KeT TOTAL
Straight Tige 3224 1630 1450 1375 1240 9000
Heekday Overtime 0 0 0 0 0 0
Saturday Overtime 0 0 0 0 0 0
Dountine Units 0 1360 0 0 0 360
Totals 3224 3040 1480 1376 1240 10360
Total Costs (21000s) NOR $/car orp $/car
Norsal Inbound 651.2 202.9 191.5 114.0
Prezium Inbound 35.5 11.9 2.2 12.0
Assenbly (HFD) Bl 270 3.2 220
Heekday Overtige 0.0 0.0 0.0 0.0
Saturday Overtige 0.0 0.0 0.0 0.0
CQuttound 756.0 234.5 4343 238.5

(us.) (75.0)  (23.5) (120.3)  (218.3)

(can.) 0.0 0.0 (264.1)  (293.4) -
Hulti-Level 17.9 3.5 15.0 8.9
Transit §2.2 25.5 2.9 25.5
Dosntie 0.0 0.0 53.0 3.6
Total 2,274.6 705.5 1,113.0 662.5
Total Costs ($1000s) TcT $/car ket $/car
Horzal Inbound 239.4 174.0 260.4 210.0
Preziva Inbound 2.5 15.0 174 14.0
Assesbly (HFD) 357.3 20.0 293.9 2357.0
Veekday Overtice 0.0 0.0 0.0 0.0
Saturday Overtiee 0.0 0.0 0.0 0.0
Quttound 457 .6 J32.5 383.0 25.7

(U.s.) (457.6)  (32.5) (358.00  (232.7)

(Can.) 0.0 0.0 0.0 0.0
Helti-Level 5.7 4.2 6.7 5.4
Transit 35.6 25.9 2.4 2.3
Downtize 0.0 0.0 0.0 0.0
Total 1,118.7 811.6 964.8 78.1

WP 3/car
1154 8.0
11.3 8.0
055 2740
0.0 0.0
0.0 0.9
283 215
(2%3.3) (201.5)
0.0 0.0
4.1 2.3
Al 194
0.0 00
87.2  585.9
Tot. Cost  $/car
1,461.0  1€2.3
105.5  11.7
2,145.2 2384
0.0 0.0
0.9 0.0
2,304.2 2.0
(2,040.1) (251.9)
(264.1) (293.9)
9.4 5.5
231 4.2
$.0 0 5.9
6,336.3  704.0



