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The maximum that the power company can pay for coal at its power plant location in Missouri is dictated by competition. Therefore, the landed cost at the power plant of coal  production costs plus transportation costs cannot exceed ex ceed $20 per ton. Since western coal costs $17 per ton at the mine, the maximum worth of transportation is $20  $17 = $3 per ton. However, if the grade of coal is equal to the coal from the western mines, eastern coal can be landed in Missouri for $18 per ton. In light of this competitive source, transportation from the western mines is worth only $18  $17 = $1 per ton. 15



Prior to transport deregulation, it was illegal for a carrier to charge shippers less for the longer haul than for the shorter haul under similar conditions when the shorter haul was contained within the longer one. To be fair, the practice probably probably should be continued. If competitive conditions do not permit an increase in the rate to  Z , then all rates that exceed $1 per cwt. on a line between  X and  Z should not exceed $1 per cwt. Therefore, the rate to  Z is blanketed back to Y so that the rate to Y is $1 per cwt. By blanketing the rate to  Z on intervening points, no intervening point is discriminated against in terms of rates. 16



(a) From text Table 6-4, the item number for place mats is 4745-00. For 2,500 lb., the classification is 100 since 2,500 lb. is less than the minimum weight of 20,000 lb. for a truckload shipment. From text Table 6-5, the rate for a shipment 2,000 lb. is 8727¢/cwt. The shipping charges are $87.27  25 cwt. = $2,181.75. (b) This is an LTL shipment with a classification of 100, item number 4980-00 in text Table 6-4. From Table 6-5, the minimum charge is 9351¢ and the rate for a 
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 Try (1): (1): Rate is $5.65/cwt. 5.65  270 = $1,525.50. Try (2): (2): Rate is $3.87/cwt. 3.87  300 = $1,161.00



Lowest cost



Try (3): (3): Rate is $3.70/cwt. 3.70  360 = $1,332.00 (d) The shipment is a truckload classification (2070-00) of 65. The rate at 30,000 lb. is $4.21/cwt. The charges are 4.21  300 = $1,263.00. (e) Classification of this product is is 55 (4860-00) for a truckload of 24,000 24,000 lb. Check the  break weight according to Equation 6-1. Break weight =



3.87  30,000



 20,549 lb.



5.65 Since current shipping weight of 24,000 lb. exceeds the break weight, ship as if 30,000 lb. Hence, 3.87  300 = $1,161.00. $1,161.00. Now, discount discount the charges by 40 percent. That is, is, $1,161  (1  0.40) = $696.60  21



The question involves evaluating two alternatives. The first is to compute the transport charges as if there are three separate shipments. The next is to see if a stop-off privilege offers any cost reduction. The comparison is shown below. Separate shipments



 Loading/unlo  Loading/unloading ading 22,000 3,000 15,000



Route A to D A to C B to C



 Rate, Stop-off Stop-off $/cwt. charge charge Charges Charges $3.20 --$704.00 2.50 --75.00 1.50 --225.00 Total charges $1,004.00



With stop-off  Ship direct to B and split deliver thereafter.



 Rate, Stop-off  Stop-off   Loading/unlo  Loading/unloading  ading   Route $/cwt. charge Charges 25,000 A to B $1.20 $ 300.00 40,000 B to D 2.20 880.00 Stop-off @ C $25.00 25.00 Stop-off @ D 25.00 25.00 Total charges $1,230.00



Direct shipment shipment
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 Try (1): (1): Rate is $5.65/cwt. 5.65  270 = $1,525.50. Try (2): (2): Rate is $3.87/cwt. 3.87  300 = $1,161.00



Lowest cost



Try (3): (3): Rate is $3.70/cwt. 3.70  360 = $1,332.00 (d) The shipment is a truckload classification (2070-00) of 65. The rate at 30,000 lb. is $4.21/cwt. The charges are 4.21  300 = $1,263.00. (e) Classification of this product is is 55 (4860-00) for a truckload of 24,000 24,000 lb. Check the  break weight according to Equation 6-1. Break weight =



3.87  30,000



 20,549 lb.



5.65 Since current shipping weight of 24,000 lb. exceeds the break weight, ship as if 30,000 lb. Hence, 3.87  300 = $1,161.00. $1,161.00. Now, discount discount the charges by 40 percent. That is, is, $1,161  (1  0.40) = $696.60  21



The question involves evaluating two alternatives. The first is to compute the transport charges as if there are three separate shipments. The next is to see if a stop-off privilege offers any cost reduction. The comparison is shown below. Separate shipments



 Loading/unlo  Loading/unloading ading 22,000 3,000 15,000



Route A to D A to C B to C



 Rate, Stop-off Stop-off $/cwt. charge charge Charges Charges $3.20 --$704.00 2.50 --75.00 1.50 --225.00 Total charges $1,004.00



With stop-off  Ship direct to B and split deliver thereafter.



 Rate, Stop-off  Stop-off   Loading/unlo  Loading/unloading  ading   Route $/cwt. charge Charges 25,000 A to B $1.20 $ 300.00 40,000 B to D 2.20 880.00 Stop-off @ C $25.00 25.00 Stop-off @ D 25.00 25.00 Total charges $1,230.00



Direct shipment shipment
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 Split deliver at all stops.  Rate, Stop-off Stop-off  Loading/unlo  Loading/unloading ading Route $/cwt charge Charges Charges 40,000 A to D 3.20 1,280.00 Stop-off @ B 25.00 25.00 Stop-off @ C 25.00 25.00 Stop-off @ D 25.00 25.00 Total charges $1,335.00



Other combinations may be tried. In this case, there appears to be no advantage to using the stop-off privilege.
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 C H A P TE TE R 7   TRANSPORT DECISIONS 1



Selecting a mode of transportation requires balancing the direct cost of transportation with the indirect costs of both vendor and buyer inventories plus the in-transit inventory costs. The differences in transport mode performance affect these inventory levels, and, therefore, the costs for maintaining them, as well as affect the time that the goods are in transit. We wish to compare these four cost factors for each mode choice as shown in Table 7-1 of the manual. The symbols used are:  R = transportation rate, $/unit  D = annual demand, units C = item value at buyer's inventory, $ C' = item value at vendor's inventory, $ T = time in transit, days Q = Shipping quantity, units



Rail has the lowest total cost. TABLE 7-1



An Evaluation of the Transport Alternatives for the Wagner Company



Cost type Transport



Method R D



In-transit inventorya



IC’Dt/365



Wager’s inventorya Electronic’s inventory



a



IC’Q/2 ICQ/2



Rail 2550,000 = $1,250,000



Piggyback 4450,000 = $2,200,000



Truck  8850,000 = $4,400,000



0.2547550,000 (16/365) = $260,274 0.25475(10,000/2) = $593,750 0.25500(10,00/2) = $625,000



0.2545650,000 (10/365) = $156,164 0.25456(7,000/2) = $399,000 0.25500(7,000/2) = $437,500



0.2541250,000 (4/365) = $56,438 0.25412(5,000/2) = $257,500 0.25500(5,000/2) = $312,500



$3,192,664



$5,026,438



$2,729,024 Total C’ refers to price less transport cost per unit.



 2



As in question 1, this problem is one of balancing transport costs with the indirect costs associated with inventories. However, in this case we must account for the variability in transit time as it affects the warehouse inventories. We can develop the following decision table.



Service type
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 Cost type



Method



A



B 11.809,600 =$114,048 0.20509,600



Transport



 R D



129,600 = $115,200 0.20509,600



In-transit inventory



 I C  Dt /365



(4/365)



(5/365)



= $1,052



= $1,315



Plant inventory



 I C Q*/2



0.3050(321.8/2) = $2,684 0.3062(321.3/2)



0.3050(357.8/2) = $2,684 0.3061.80(321.8/2)



Warehouse inventory



 I C’ Q*/2 + I C ’r 



+ 0.306250.5 = $3,927



+ 0.3061.8060.6 = $4,107



$122,863



$122,154



Total Recall that Q* 



2 DS /  IC







2(9,600)(100) / 0.3(50)



 357.8 cwt. for the plant, assuming



the order cost is the same at plant and warehouse. However, for the warehouse, we must account for safety stock (r ) and for the transportation cost in the value of the product. Therefore, For A: Q



*



 2 DS /  IC  2(9,600)(100) / 0.3(62)  321.3 cwt.



and for z = 1.28 for an area under the normal distribution of 0.90, the safety stock is: r   zs LT (d )  1.28 1.5  (9,600 / 365)  50.5 cwt.



For B: Q



*



 2(9,600)(100) / 0.3(61.80)  321.8 cwt.



and r



 1.28 1.8  (9,600 / 365)  60.6 cwt.



Service B appears to be slightly less expensive.  3



The shortest route method can be applied to this problem. The computational table is 5



 shown in Table 7-2. The shortest route is defined by tracing the links from the destination node. They are shown in Table 7-2 as  A D F G for a total distance of 980 miles. TABLE 7-2



Tabulation of Computational Steps for the Shortest Route Method Applied to Transcontinental Trucking Company Problem
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 Solved nodes directly  Its closest connected to connected  unsolved  unsolved  Step nodes node 1 A B A D 2 A D B C 3 B C D C D F 4 C E C F D F 5 C F E G D F 6 E G F G a Asterisk indicates the shortest route



Total time involved  186 mi. 276 276 186+110= 296 186+110= 296 276+ 58= 334 276+300= 576 296+241= 537 296+350= 646 276+300= 576 296+350= 646 537+479=1016 276+300= 576 537+479=1016 576+404= 980



nth nearest  node B



 Its minimum time 186 mi.



 Its last  connection a AB



D



276



AD*



C



296



BC



E



537



CE



F



576



DF*



G



980



FG*



4



In this actual problem, the U.S. Army used the transportation method of linear  programming to solve its allocation problem. The problem can be set up in matrix form as follows: Origin  Destination



Letterkenny



Cleveland 150 150



South Charleston 100 150



San Jose 800



325



350



300



Fort Hood



300



50



50



275 Fort Riley



 Demand 



325



350 100



100



375



400



275



Fort Carson



100



300



100



250



100



450



Fort Benning



100



0



Supply



400



150



100



150



The cell values shown in bold represent the number of personnel carriers to be moved  between origin and destination points for minimum transportation costs of $153,750. An alternative solution at the same cost would be: 7



 Origin



Destination



Cleveland S. Charleston Cleveland San Jose Cleveland San Jose Cleveland



Letterkenny Letterkenny Fort Hood Fort Hood Fort Riley Fort Carson Fort Benning



 Number of carriers



150 150 50 50 100 100 100



 5



This problem can be used effectively as an in-class exercise. Although the problem might be solved using a combination of the shortest route method to find the optimum  path between stops and then a traveling salesman method to sequence the stops, it is intended that students will use their cognitive skills to find a good solution. The class should be divided into teams and given a limited amount of time to find a solution. They should be provided with a transparency of the map and asked to draw their solution on it. The instructor can then show the class each solution with the total distance achieved. From the least-distance solutions, the instructor may ask the teams to explain the logic of their solution process. Finally, the instructor may explore with the class how this and similar problems might be treated with the aid of a computer. Although the question asks the student to use cognitive skills to find a good route, a route can be found with the aid of the ROUTER software in LOGWARE. The general approach is to first find the route in ROUTER without regard to the rectilinear distances of the road network. Because this may produce an infeasible solution, specific travel distances are added to the database to represent actual distances traveled or to block infeasible paths from occurring. A reasonable routing plan is shown in Figure 7-1 and the ROUTER database that generates it is given in Figure 7-2. The total distance for the route is 9.05 miles and at a speed of 20 miles per hour, the route time is approximately 30 minutes.



0.5



1.0



1.5



2.0



0 19



17



20 21



20



 0



 FIGURE 7-2 Input Data for ROUTER for School Bus Routing Problem  — PARAMETERS AND LABELS — 



Problem label  –  School Bus Routing Exercise Grid corner with 0,0 coordinates (NW, SW, SE, or NE) - NW  DEPOT DATA Depot description - Atlanta Located in zone - 0 Horizontal coordinate  –  0.14 Vertical coordinate  –  0.45 Earliest starting time (min) - 0 Latest return time (min) - 9999 Default vehicle speed (miles per hour) - 20 After how many clock hours will overtime begin - 9999 GENERAL DATA Percent of vehicle in use before allowing pickups - 0 Horizontal scaling factor - 1 Vertical scaling factor - 1 Maximum TIME allowed on a route (hours) - 9999 Maximum DISTANCE allowed on a route (miles) - 9999 LOAD/UNLOAD TIME FORMULA Fixed time per stop - 0 Variable time per stop by weight - 0 By cube - 0 BREAK TIMES Duration of 1st break (minutes) - 0 To begin after - 9999 Duration of 2nd break (minutes) - 0 To begin after - 9999 Duration of 3rd break (minutes) - 0 To begin after - 9999 Duration of 4th break (minutes) - 0 To begin after - 9999
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 --STOP DATA — 



 NO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21



STOP LOAD VOL. LOAD DESCRIPTION TY WGHT CUBE HCRD VCRD ZN TIME BEG1 END1 BEG2 END2 Stop 1 D 1 0 0.14 0.80 0 0 0 9999 9999 9999 Stop 2 D 1 0 0.14 1.14 0 0 0 9999 9999 9999 Stop 3 D 1 0 0.14 1.31 0 0 0 9999 9999 9999 Stop 4 D 1 0 0.35 1.31 0 0 0 9999 9999 9999 Stop 5/22 D 1 0 0.52 0.61 0 0 0 9999 9999 9999 Stop 6 D 1 0 0.58 1.31 0 0 0 9999 9999 9999 Stop 7 D 1 0 0.80 1.31 0 0 0 9999 9999 9999 Stop 8 D 1 0 1.03 0.61 0 0 0 9999 9999 9999 Stop 9 D 1 0 1.03 0.96 0 0 0 9999 9999 9999 Stop 10 D 1 0 1.03 1.31 0 0 0 9999 9999 9999 Stop 11 D 1 0 1.36 1.31 0 0 0 9999 9999 9999 Stop 12 D 1 0 1.48 1.31 0 0 0 9999 9999 9999 Stop 13 D 1 0 1.80 1.31 0 0 0 9999 9999 9999 Stop 14 D 1 0 1.87 1.31 0 0 0 9999 9999 9999 Stop 15 D 1 0 1.84 0.61 0 0 0 9999 9999 9999 Stop 16 D 1 0 1.95 0.61 0 0 0 9999 9999 9999 Stop 17 D 1 0 1.29 0.10 0 0 0 9999 9999 9999 Stop 18 D 1 0 1.26 0.61 0 0 0 9999 9999 9999 Stop 19 D 1 0 1.15 0.10 0 0 0 9999 9999 9999 Stop 20 D 1 0 0.69 0.23 0 0 0 9999 9999 9999 Stop 21 D 1 0 0.14 0.26 0 0 0 9999 9999 9999



 — VEHICLE DATA —  --CAPACITY--



 NO. 1



VEHICLE DESCRIPTION Bus



TP 1



NO 1



WGHT 9999



CUBE 9999



--VEHICLE-FIXED COST 0



PER MI COST 0



--DRIVER-FIXED COST 0



PER HR COST 0



OVER TIME COST 0



 — SPECIFIED STOP-TO-STOP DISTANCES —  STOP STOP  NO NO. DESCRIPTION 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19



14 14 15 16 18 19 19 19 19 9 9 9 5/22 5/22 5/22 5/22 20 20 20



Stop 14 Stop 14 Stop 15 Stop 16 Stop 18 Stop 19 Stop 19 Stop 19 Stop 19 Stop 9 Stop 9 Stop 9 Stops 5&22 Stops 5&22 Stops 5&22 Stops 5&22 Stop 20 Stop 20 Stop 20



STOP  NO. 16 15 17 17 9 8 20 5/22 18 20 19 21 1 21 20 9 21 0 5/22



STOP DISTANCE DESCRIPTION IN MILES Stop 16 Stop 15 Stop 17 Stop 17 Stop 9 Stop 8 Stop 20 Stops5&22 Stop 18 Stop 20 Stop 19 Stop 21 Stop 1 Stop 21 Stop 20 Stop 9 Stop 21 School Stops 5&22



0.78 0.90 1.06 1.18 0.58 0.76 0.59 1.14 0.53 1.08 1.11 1.69 0.56 1.05 1.14 0.97 0.84 1.03 0.55
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 20 21 22



17 0 2



Stop 17 School Stop 2



0 School 5/22 Stops 5&22 5/22 Stops 5&22



2.43 1.37 1.03



6



Strategy 1 is to stay at motel  M 2 and serve the two routes on separate days. Using the ROUTESEQ module in LOGWARE gives us the sequence of stops and the coordinate distance. The routes originating at M 2 would be:  Route Stop sequence 1 8,6,1,4,2,3,5,7,9 2 10,13,14,17,18,16,12,15,11 a



a



 Distance 95.55 mi. 86.45



182.00 mi. Includes map scaling factor



The total cost of this strategy would be:



Motel 3 nights @ 49.00 Travel 182 miles @ $.30/mi. Total



$147.00 54.60 $201.60



Strategy 2 is a mixed strategy involving staying at motels closest to the center of the stops clusters. The route sequences from different motels are:  Route Stop sequence Distance 1 4,2,3,5,7,9,8,6,2 98.50 mi. 2 18,17,13,14,10,11,15,12,16 80.30 178.80 mi.



The total cost of this strategy is: Motel M 1 1st night $ 40.00 nd  M 1 2 night 40.00 rd 45.00  M 1 3 night a Travel 214.80 mi. @ 0.30/mi. 64.44 Total $189.44 a



178.80 + 36 = 214.80



Strategy 2 appears to be most economical. 7 



(a) Since distances are asymmetrical, we cannot use the geographically based traveling salesman method in LOGWARE. Rather, we use a similar module in STORM that allows such asymmetrical matrices, or the problem is small enough to be solved by inspection. For this problem, the minimal cost stop sequence would be: 23



 BakeryStop 5Stop 3Stop 4Stop 2Stop 1Bakery with a tour time of 130 minutes. (b) Loading/unloading times may be added to the travel times to a stop. The problem may then be solved as in part a. (c) The travel times between stop 3 and all other nodes are increased by 50%. The remaining times are left unchanged. Optimizing on this matrix shows no change in the stop sequence. However, the tour time increases to 147.50 minutes. 8



This may be solved by using the ROUTER module in LOGWARE. The screen set up for this is as follows.
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 FIGURE 7-3 Input Data for ROUTER for Sima Donuts --PARAMETERS AND LABELS —  Problem label - Sima Donuts Grid corner with 0,0 coordinates (NW, SW, SE, or NE) - NE  DEPOT DATA Depot description - Atlanta Located in zone - 0 Horizontal coordinate - 2084 Vertical coordinate - 7260 Earliest starting time (min) - 180 Latest return time (min) - 9999 Default vehicle speed (miles per hour) - 45 After how many clock hours will overtime begin - 168 GENERAL DATA Percent of vehicle in use before allowing pickups - 0 Horizontal scaling factor - 0.363 Vertical scaling factor - 0.363 Maximum TIME allowed on a route (hours) - 40 Maximum DISTANCE allowed on a route (miles) - 1400 LOAD/UNLOAD TIME FORMULA Fixed time per stop - 0 Variable time per stop by weight - 0 By cube - 0 BREAK TIMES Duration of 1st break (minutes) - 60 To begin after - 720 Duration of 2nd break (minutes) - 60 To begin after - 1200 Duration of 3rd break (minutes) - 60 To begin after - 2160 Duration of 4th break (minutes) - 60 To begin after - 2640 --STOP DATA —   NO 1 2 3 4 5 6 7 8 9 10 11



STOP DESCRIPTION Tampa FL Clearwater FL Daytona Beach F Ft Lauderdale FL N Miami FL Oakland Park FL Orlando FL St Petersburg FL Tallahassee FL W Palm Beach F Puerto Rico



TY D P D D D P D P D D D



LOAD WGHT 20 14 18 3 5 4 3 3 3 3 4



VOL. CUBE 0 0 0 0 0 0 0 0 0 0 0



HCRD VCRD ZN 1147 8197 0 1206 8203 0 1052 7791 0 557 8282 0 527 8341 0 565 8273 0 1031 7954 0 1159 8224 0 1716 7877 0 607 8166 0 527 8351 0



LOAD TIME 15 45 45 45 45 45 45 45 15 45 45



BEG1 360 360 360 180 360 180 180 180 600 360 360



END1 BEG2 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800 1440 1800



END2 2880 2880 2880 2880 2880 2880 2880 2880 2880 2880 2880



--VEHICLE DATA —  -CAPACITY-VEHICLE  NO. 1 2 3



DESCRIPTION Truck #1-20 Truck #2-25 Truck #3-30



TP 1 2 3



NO 3 1 1



WGHT 20 25 30



CUBE 9999 9999 9999



--VEHICLE--



--DRIVER--



FIXED



PER MI



FIXED



PER HR



OVER TIME



COST 0 0 0



COST 1.30 1.30 1.30



COST 0 0 0



COST 0 0 0



COST 0 0 0



Making a run with ROUTER will give the route design.
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 Pickup



Pickup



FIGURE 7-4 Graphical Display of Route Design for Sima Donuts



The route design involves 3 routes for a total distance of 3,830 miles, a cost of $4,978.71, and a total time of 100.4 hours. The route details are as follows: Route #1 with 20-pallet truck  Depot Start time  3:00AM of day 1 Daytona Beach Deliver 18 pallets Clearwater Pickup 14 pallets Depot Return time  5:48AM of day 2 Route #2 with 20-pallet truck  Depot Start time  3:00AM of day 1 Orlando Deliver 3 pallets W Palm Beach Deliver 3 pallets Ft Lauderdale Deliver 3 pallets N Miami Deliver 5 pallets MiamiPuerto R. Deliver 4 pallets Depot Return time  4:43PM of day 2
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 Route #3 with 30-pallet truck  Depot Start time  4:13AM of day 1 Tallahassee Deliver 3 pallets Tampa Deliver 20 pallets St Petersburg Pickup 3 pallets Oakland Park Pickup 4 pallets Depot Return time  4:03PM of day 2 9



Given sailing times and dates when deliveries are to be made, loadings need to be accomplished no later than the following dates: To: A B C D  From: 1 16 40 1 2 69 25 5



The problem can be expressed as a transportation problem of linear programming. There will be 6 initial states [(1,1), (2,5), (1,16), (2,25), (1,40), and (2,69)] and 6 terminal states [( D,10), (C ,15), ( A,36), ( B,39), (C ,52), and ( A,86)]. The linear program is structured as shown in Figure 7-4. Using a transportation solution method, we determine one of the optimum solutions. There are several. The solution is read by starting with the slack on initial loading state 1. This tells us to next select the cell of terminal state 1. In turn, this defines initial state 3 and hence terminal state 3. And so it goes until we reach the terminal state slack column. This procedure is repeated until all initial state slacks are exhausted. Our solution shows two routings. The first is (1,1) ( D,10)(1,16)( A,36)(2,69)( A,86). The second is (2,5)(C ,15)(2,25)( B,39)(1,40)(C ,52). Two ships are needed.
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FIGURE 7-5 Transportation Matrix Setup and Solution for the Queens Lines Tanker Scheduling Problem 10



This is a problem of freight consolidation brought about by holding orders so they can be shipped with orders from subsequent periods. The penalty associated with holding the orders is a lost sales cost. (i) Orders shipped as received Weight   Rate a 10,000  Hays 0.0519 0.0519 Manhattan 14,000  0.0408 Salina 13,000  0.0498 Great Bend 10,000  Transportation Lost sales Total a



= = = = =



Cost  $519.00 726.00 530.00 498.00 $2,274.00 .00 $2,274.00



Ship 8,000 lb. as if 10,000 lb.



Average period cost is $2,274.00
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 (ii)Consolidate first period orders with second period orders.  Rate Weight   Cost  = 0.0519 Hays 16,000  = $830.40 a Manhattan 40,000  0.0222 = 888.00 0.0342 Salina 26,000  = 889.20 0.0498 Great Bend 10,000  = 498.00 Transportation $3,105.60 Lost sales 1,050.00 Total $4,155.60 a



Ship 28,000 lb. as if 40,000 lb.



The lost sales cost is 1,000 cases  $1.05 = $1,050.00 to hold one group of orders for 2 weeks. Average cost per period is $4,155.60/2 = $2,077.80. (iii) Hold all orders until the third period. Weight    Rate 24,000  0.0426 Hays 0.0222 Manhattan 42,000  a Salina 40,000  0.0246 0.0498 Great Bend 15,000  Transportation Lost sales Total a



= = = = =



Cost  $1,022.40 932.40 984.00 747.00 $3,685.80 3,150.00 $6,835.80



Ship as if 40,000 lb.



Lost sales Hold 1st period orders for 2 periods 1,0001.05.2 = $ 2,100 Hold 2nd period sales for 1 period 1,0001.05 = 1,050 $ 3,150 Average period cost is $6,835.80/3 = $2,278.60 Summary Ship immediately $ 2,274.00 Hold orders 1 period 2,077.80   Hold orders 2 periods 2,278.60



Optimum



11



Routes are built by placing the trips end-to-end throughout the day from 4AM until 11PM, respecting the times that a warehouse can receive a shipment. This is a 19-hour  block of time per day, or there are 95 hours per week per truck in which a truck may
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 operate. If there were no delivery time restrictions on warehouses and trips could be  placed end-to-end for a truck without any slack at the end of the day, the absolute minimum number of trucks can be found multiplying the number of trips by the route time and then dividing the total by the 95 hours allowed per week. That is,



Warehouse location



Flint Alpena Saginaw Lansing Mt. Pleasant W. Branch Pontiac Traverse City Petoskey



(1)  Number of trips



43 5 8 21 12 5 43 6 5



(2) Total time  per trip, hr.



(3)=(1)(2) Total time, hr.



1.25 10.50 2.25 3.75 5.50 6.00 2.75 10.50 11.75 Total



53.75 52.50 18.00 78.75 66.00 30.00 118.25 63.00 58.75 539.00



For 539 trip hours, 539/95 = 5.67 rounded to six trucks needed per week. Now, it is necessary to adjust for the problem constraints. A good schedule can be found by following a few simple rules that can be developed by examining the data. First, begin the day with a trip where the driving time to a warehouse is just long enough for the truck to arrive at the warehouse just after it opens. One-half the driving time should exceed 6:30  4:00 = 2:30, or 2½ hr. Trips to Alpena, Traverse City, and Petoskey qualify. Second, use the short trips at the end of the day to avoid slack time. Third, allocate the trips to the days using the longest ones first. Make sure that the total trip time for a day does not exceed 19 hours. For a minimum of six trucks, the following feasible schedule can be developed by inspection. Truck 1



Truck 2



Truck 3



Truck 4



Truck 5



Truck 6



 Day 1 Petoskey 11.75 W Branch 6.00 Flint 1.25 Total =19.00 hr. T. City 10.50 2 Lansing 7.50 Total =18.00 hr. T. City 10.50 2 Lansing 7.50 Total =18.00 hr. Alpena 10.50 Lansing 3.75 3 Flint 3.75 Total =18.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr.



 Day 2 Petoskey 11.75 W Branch 6.00 Flint 1.25 Total =19.00 hr. T. City 10.50 2 Lansing 7.50 Total =18.00 hr. Alpena 10.50 2 Lansing 7.50 Total =18.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr. M Pleasant 5.50 3 Pontiac 8.25 2 Flint 2.50 Total =16.25 hr.



 Day 3 Petoskey 11.75 W Branch 6.00 Flint 1.25 Total =19.00 T. City 10.50 2 Lansing 7.50 Total =18.00 Alpena 10.50 2 Lansing 7.50 Total =18.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr. M Pleasant 5.50 4 Pontiac 11.00 Flint 1.25 Total =17.75 M Pleasant 5.50 6 Saginaw 13.50



 Day 4 Petoskey 11.75 5 Flint 6.25



 Day 5 Petoskey 11.75 5 Flint 6.25



Total =18.00 hr. T. City 10.50 2 Lansing 7.50 Total =18.00 hr. Alpena 10.50 2 Lansing 7.50 Total =18.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 hr. M Pleasant 5.50 4 Pontiac 11.00



Total =18.00 hr. T. City 10.50 2 Lansing 7.50 Total =18.00 hr. Alpena 10.50 2 Lansing 7.50 Total =18.00 hr. M Pleasant 5.50 4 Pontiac 11.00 2 Flint 2.50 Total =19.00 M Pleasant 5.50 4 Pontiac 11.00



Total =16.50 hr. W Branch 6.00 2 Saginaw 4.50



Total = 16.50 W Branch 6.00 10 Flint 12.50



Total =19.00 hr.



Total =10.50 hr.



Total =18.50 hr.
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 Although this schedule meets the requirements of the problem, it might be improved by  better balancing the workload across the trucks and the days. 12



(a) A sweep method solution is shown on the following figure. Five trucks are needed with a total route distance of (30+29+39+44+19.5)10 = 1,615 miles.
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(b) The sweep method is a fast and relatively simple method for finding a solution to rather complex vehicle routing problems. Solutions can be found graphically without the aid of a computer. However, there are some limitations. Namely,



 The method is heuristic and has an average error of about 10 to 15 percent. This  



error is likely to be low if the problem contains many points and the weight of each point is small relative to the capacity of the vehicle. The method does not handle timing issues well, such as time windows. Too many trucks may be used in the route design.
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This problem may be solved with the aid of ROUTER in LOGWARE. The model input data may be formatted as shown in Figure 7-6. 31



 (a) The solution from ROUTER shows that four routes are needed with a minimum total distance of 492 miles. The route design is shown graphically in Figure 7-7. A summary for these routes is given in following partial output report. Route Route no 1 2 3 4 Total



Run Stop Brk Stem time, time, time, time, time, Start Return No of Route hr hr hr hr hr time time stops dist,Mi 1.2 1.0 .3 .0 .4 08:59AM 10:12AM 3 29 8.9 6.6 1.3 1.0 1.1 08:32AM 05:25PM 19 199 6.2 3.7 1.4 1.0 .9 08:42AM 02:54PM 14 112 7.5 5.1 1.5 1.0 1.4 08:30AM 04:02PM 12 152 23.8 16.4 4.4 3.0 3.8 48 492



Route cost,$ .00 .00 .00 .00 .00



(b) Note that route #1 is short and that a driver and a station wagon would be used for a route that takes 1.2 hours to complete. By “attaching” route #1 to route #3, the same driver and station wagon may be used, and the constraints of the problems are still met. The refilled station wagon can leave the depot by 3:30-3:45PM and still meet the customers’  time windows and return to the depot by 6PM. Thus, only three drivers and station wagons are actually needed for this problem. FIGURE 7-6 Input Data for ROUTER for Medic Drugs --PARAMETERS AND LABELS —  Problem label - Medic Drugs Grid corner with 0,0 coordinates (NW, SW, SE, or NE) - SW  DEPOT DATA Depot description - Pharmacy Located in zone - 0 Horizontal coordinate - 13.7 Vertical coordinate - 21.2 Earliest starting time (min) - 480 Latest return time (min) - 9999 Default vehicle speed (miles per hour) - 30 After how many clock hours will overtime begin - 168 GENERAL DATA Percent of vehicle in use before allowing pickups - 0 Horizontal scaling factor - 4.6 Vertical scaling factor - 4.6 Maximum TIME allowed on a route (hours) - 168 Maximum DISTANCE allowed on a route (miles) - 9999 LOAD/UNLOAD TIME FORMULA Fixed time per stop - 0 Variable time per stop by weight - 0 By cube - 0 BREAK TIMES Duration of 1st break (minutes) - 60 To begin after - 720 Duration of 2nd break (minutes) - 0 To begin after - 9999 Duration of 3rd break (minutes) - 0 To begin after - 9999 Duration of 4th break (minutes) - 0 To begin after - 9999 --STOP DATA —  STOP  NO 1 2 3



DESCRIPTION



TY



Covington House Cuyahoga Falls Elyria



D D D



LOAD



VOL.



WGHT



CUBE



1 9 1



0 0 0



LOAD HCRD VCRD ZN 23.40 13.40 6.30



12.90 13.40 16.80



0 0 0



TIME



BEG1



2 18 5



540 540 540



END1 BEG2



END2



1020 1020 1020



9999 9999 9999



9999 9999 9999
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 46 47 48



Westbay Westhaven Broadfiels Mnr



D D D



6 2 6



0 0 0



8.40 8.50 18.20



18.00 18.10 22.90



0 0 0



10 5 2



630 540 540



690 1020 1020



9999 9999 9999



9999 9999 9999



--VEHICLE DATA —  -CAPACITY--



 NO. 1



VEHICLE DESCRIPTION Station wagon



TP 1



NO 50



WGHT 63



CUBE 9999



--VEHICLE-FIXED COST 0



--DRIVER--



PER MI COST 0



FIXED COST 0



PER HR COST 0



OVER TIME COST 0



FIGURE 7-7 Graphical Solution for Medic Drugs
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There is no exact answer to this problem nor is one intended. Several approaches might  be taken to this problem. We could apply the savings method or the sweep method to solve the routing problem for each day of the week, given the current demand patterns. However, we can see that there is much overlap in the locations of the customers by delivery day of the week. We might encourage orders to be placed so that deliveries form tight clusters by working with the sales department and the customers. Perhaps some incentives could be provided to help discipline the order patterns. The orders should form a general pattern as shown below. Currently, the volume for Thursday exceeds the available truck capacity of 45 caskets. Maybe the farthest stops could be handled by a for-hire service rather than acquiring another truck for such little usage.
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 Monday



Tuesday



Friday



Depot



Wednesday



Thursday



It appears that the truck capacity is about right, given that some slack capacity is likely to be needed. Once the pattern orders are established, either as currently given or as may be revised, apply principles numbers 1, 3, 4, 5, and 7.
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 FOWLER DISTRIBUTING COMPANY Teaching Note



Fowler Distributing Company involves a problem of routing and scheduling a fleet of trucks to serve customers for beer and wine products on a daily basis. Determining an efficient design for making daily deliveries when stop sequence, number of trucks and their sizes, warehouse location, and time window restrictions are variables is the objective of this exercise. For the most part, students should consider that they are to  prepare a consulting report to management about this problem. The several questions  provided at the end of the case study should help direct the analysis. The ROUTER model is used to cost out and to optimize the various design scenarios. Run results are tabulated in Table 1. Q1. The current design may not be as efficient as it might be. Therefore, our first task is establish a profile of the current design and then to plan the routes so as to minimize the total miles driven and the number of trucks needed to serve the customers, subject to the restrictions of truck capacity, time windows, total time on the route, etc. Running the current route design in ROUTER establishes a benchmark as shown in Figure 1. The design requires 334 miles of travel with 5 trucks. The daily routing cost is $764.62.  Next, optimizing this problem, given no change in data or restrictions, gives the revised benchmark design as shown in Figure 2. Now, costs are reduced to $731.31 per day for a total routing distance of 311 miles. Six trucks are needed. There appears to be a substantial change in the design of the routes that can achieve a ((334  311)/334)100 = 7% reduction in the total miles traveled to make the deliveries. The saving in cost is ($764.62  731.31)250 = $8,327.50 per year. This is not a large savings, but it can be achieved without changing the restriction on deliveries or incurring additional investment. Q2. Time window restrictions often force route design into stop sequences that are not very economical, that is, routes cross themselves. This is the case for the revised  benchmark design as shown in Figure 2. To determine the impact of the time windows, we can make an optimizing ROUTER run where there are no time window restrictions. The daily time windows are all set 8:00AM to 5:00PM. The optimized routes are shown in Figure 3. The route mileage is 270 miles per day for five trucks. The total cost is $673.64 per day. From the revised benchmark, this is an additional cost reduction of ($731.31  673.64) 250 = $14,417.50 per year.
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 FIGURE 1 Current Route Design



The questions for management are: How restrictive are the time windows? Can deliveries be made outside of the account's "open hours", such as by giving the driver the key to a safe storage area? Can management offer a small incentive to widen the time window when it otherwise would not be convenient for the account? Relaxing such time windows is often one of the important sources for cost savings in routing problems. Q3. When there are no truck capacity restrictions on a routing problem, the most efficient route design would be to use one large truck to serve all accounts. Therefore, we would expect that trucks of larger capacity would reduce the total distance traveled. A ROUTER optimizing run was made with 600 case capacity trucks to find out. All other conditions were set at the current design.
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 FIGURE 2 Optimized Current Route Design



Compared with the optimized current design, the potential savings is ($731.31  722.98)  250 = $2,082.50 per year. Two 600-case trucks would be needed, along with 3 of the smaller trucks. Although there is a positive savings associated with using larger trucks, the savings seems quite small and perhaps not worth switching to some larger trucks at this time. We should note that these savings are a result of comparing full costs, which include truck depreciation. Although a present value analysis would be appropriate here, we would need some additional information which might include (1) the proportion of truck costs allocated to equipment depreciation, (2) the life of the trucks, (3) the estimated salvage value of the trucks, and (4) and the required rate of return on investments of this type.
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 FIGURE 3 Route Design with Relaxed Time Window Constraints



Q4. From the incremental costs in the detailed report of the optimized current design, we can see that account 14 costs $39.05 and account 19 costs $35.04 to make the deliveries. Since the volume of account 19 is 90 cases and exceeds the 50 case capacity of an outside transport service, account 19 cannot be considered for alternate delivery. If it only costs $35.00 for an outside delivery service to handle account 14, then a cost savings can be realized. Dropping this account and redesigning the routes shows that only 5 trucks are needed for a route cost of $690.17 and route miles of 286. The total cost for handling all accounts would be $690.17 + 35.00 = $725.17. Compared with the optimized current design, this is an annual savings of ($731.31  725.17)  250 = $1,535.00. Economically, Roy should use the outside transportation. However, losing direct control over the deliveries and possible adverse reactions from route salesmen may give him second thoughts about it. Q5. Two ROUTER runs were made here in order to determine the effect of a shorter workday before overtime begins. If no overtime is allowed, then six trucks are required for a total daily routing cost of $754.77. If some overtime is permitted, then the route cost can be reduced to $733.28 with 6 trucks required. Compared with the optimized current design, Roy Fowler would seem to be putting himself at a disadvantage by not wanting to pay overtime. Q6. Moving the warehouse to a more central location would have the appeal of being closer to all stops and would result in shorter routes. Testing this shows that total route distance can be reduced to 305 miles with a daily cost of $716.91. However, in order to meet the time window and other constraints, an extra truck is needed. There is a potential annual savings of ($731.31  716.91)  250 = $3,600.00. Since it costs $15,000 to make
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 the move, a simple return on investment would be (3,600/15,000)  ROI , the move should be seriously considered.



 100 = 24%. At this



Q7. Routing and scheduling beer trucks from a central depot is quite similar to delivery problems found in manufacturing, retail, and service industries. Several examples are listed below.



 Serving branch banks by making pickups and deliveries of canceled checks,      



supplies, and other paper work from a central domicile point for the trucks Making Federal Express pickups and deliveries around an airport Dispatching school buses around a school for student pick up and drop off Dispatching service personnel for various service companies such as electric, water, gas, and telephone Making retail deliveries from a warehouse Making deliveries from a plant location to warehouses and then picking up supplies from vendors on the return trip. Making deliveries (and pickups) of medical records to doctor's offices and other locations from a central record-keeping location such as a hospital



Summary Roy Fowler should consider optimizing his route design. This can be done at no investment to him, and he can gain about a 7% reduction in operating costs on the average. A substantial benefit can be realized by widening the time windows. He should especially see if those time windows that cause routes to overlap themselves can be widened. The potential for doing this is up to $14,418 per year. He should explore the possibility and reasonableness of serving accounts 14 and 19 by an outside transport service. Finally, he should consider relaxing his rigid policy of not wanting to pay overtime, especially if the union is successful in negotiating a 7½-hour workday. There seems to be little opportunity for reducing cost by increasing truck capacity or relocating the warehouse. Although there are operating cost reductions available, they do not seem sufficient to justify a change in truck size unless Roy can make good use of the trucks in other ways.
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 TABLE 1 Results of Various ROUTER Runs  Run type  Miles Cost  Trucks Current design 334 $764.62 5



Optimized current  No time windows restrictions Trucks at 600-case capacity 7½ hr. work day - no overtime 7½ hr. work day with overtime  New warehouse location



311



731.31



6



270



673.64



5



299



722.98



5



332



754.77



6



311



733.28



6



305



716.91



7



Comments Cost out current design Improves on current route design



Time windows opened Two routes require larger trucks Route time allowed to be no longer than 8.0 hours Route time allowed to exceed 8.0 hours Warehouse moved to more central location
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 METROHEALTH MEDICAL CENTER  Teaching Note Strategy MetroHealth Medical Center’s mission is to provide transportation to and from its facility for those patients that cannot afford the expense or are unable to use other modes of transportation. MMC currently has a fleet of vans and drivers to serve this patient  population. In addition, some transportation can be provided as part of the hospital’s contract ambulance service. The primary service provided by Transportation Services is to pick patients up and bring them to MMC for their scheduled appointments and then to return them to their origin points. Careful management of the fleet is needed through vehicle assignment to patients, routing the vans, and assigning some of the patients to the ambulance service for transportation. It is the purpose of this case to show how a basic routing and scheduling model can  be used to assist in answering the typical questions surrounding fleet utilization in a service setting. The ROUTER module in LOGWARE is used as the analytical tool. This case does require some insight on the part of the student to deal with the complexities of this problem. Considering the amount of data provided and the richness of the issues involved, this case is probably best assigned as a project rather than as a homework exercise. Answer to Questions (1) Which vans from the current fleet should be used?  subcontracting be used?



To what extent should



This problem is complex, considering that it is quite dynamic. Although the patient pick up list appears to be fixed for a particular day, changes take place in the form of cancellations and occasional additions. Patient appointment times are met a high  percentage of the time, but not always. Patients to be returned to their origins may find alternate means of transportation so that 100 percent of the patients picked up may not have to be returned. For simplicity, it will be assumed that the patient pick up list is fixed for a particular day and appointment times are rigid. In addition, the returns are not directly considered in designing the routes. Rather, they are expected to be seeded into the pick up routes. This need not be a serious limitation as long as van capacity (number of pick-up patients to the number of available seats) is not highly utilized on a pickup route and van utilization for pick ups drops as appointments are concentrated in the morning hours and return times are shifted toward the afternoon hours, as shown in Figure 1.
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  Appointment times



Return times



FIGURE 1 Appointment Time and Return Time Distributions



A typical day’s patient list can be submitted to ROUTER. Coordinate points for zip code areas are scaled from the map in Figure 2 of the case study. Appointment times are represented as time windows with a 2-hour gap for pick up. A large number of 15 passenger and 6-passenger vans are assumed available to start the ROUTER model. Since ROUTER is a basic vehicle routing and scheduling model, it simply assigns patients to vans and gives a sequence to pick them up. It assumes that a single van leaves and returns to MMC only once in a day. Analysis must account for this, since vans make several out and back trips per day. It is not possible to accurately recreate the current routing patterns for the vans from the data given. However, optimized routing and scheduling can be found through the application of ROUTER. First, the typical daily appointment list is solved with ROUTER using a 2-hour time window where the ending window time is the appointment time. An average speed of 27.5 miles per hour, variable costs of $0.11 per mile1, and a large number of 15-passenger and 6-passenger vans are used. A complete database is shown in the appendix of this note. Using the appointment list for the typical day as representative with all 56 patients, ROUTER shows that 6 vans are needed, where one is a 15-passenger type (route 1). This is routing where no patient is transported by the contract transport service. The routing represents a total of 329 miles driven at a variable cost of 329 mi.  $0.11/mi. = $36.19. The routes are placed end-to-end to cover the full day and then ranked, first by the number of patients transported throughout the day on a van and second by the total miles driven, as shown in Table 1. A reasonable procedure for allocating routes to vans is to assign routes with the largest number of patients first to the largest vans. This is because 1



Per mile variable cost is determined as repair cost/30,000 mi. per yr. = $1,000/30,000 = $0.03 per mi. plus fuel cost at $1.00 per gallon/average miles per gallon = 1/13 = $0.08 per mi. for a total of 0.08 + 0.03 = $0.11 per mile.
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 the ambulance service charges on a per patient basis, and these routes would be most costly to subcontract. If the number of patients is tied for a van, rank first the van with the shortest total route distance. TABLE 1 Route Design for Representative Patient Appointments with No Transport Subcontracting Van no. 1 1 1 1 1 2 2 3 3 4 4 5 6



Start from  MMC  6:07AM 6:52AM 8:55AM 11:04AM 11:41AM 7:24AM 10:59AM 7:41AM 10:45AM 7:37AM 11:52AM 7:24AM 7:43AM



 Return to  MMC  6:28AM 8:28AM 10:30AM 11:31AM 1:27PM 9:05AM 11:57AM 9:16AM 12:27PM 9:12AM 1:34PM 8:44AM 9:03AM



 Patients on route 1



81 4 1 5 5 5 5 5 5 5 4 3 56



 Route distance 7 mi. 22 33 9 35 32 13 29 33 30 33 25 28



329 mi.



 Route time 0.3 hr. 1.6 1.6 0.4 1.8 1.7 1.0 1.6 1.7 1.6 1.7 1.3 1.6



17.6 hr.



1



A 15-passenger van needed.



The cost of this initial route configuration can be summarized as follows: Annual cost of 1 15- assen er van Annual cost of 5 6-passenger vans Annual repair cost of 6 vans Annual cost for 6 drivers Variable cost Total cost



$ 5,750 1 28,500 6,000 141,000 8,686 3 $189,936



1



$23,000/4 yr. = $5,750 ($19,000/4 yr.)  6 = $28,500



2 3



329 mi. x $0.11/mi.  240 days/yr. = $8,686



The question now is whether substituting contract carriage for some of the routes will significantly lower vehicle and driver costs while only slightly increasing variable costs. Since the routes are ranked in Table 1, a reasonable rule for dropping routes would be to start from the bottom of the route list in Table 1 and work upward. This will determine the number of vans needed and the patients to be transported by each mode. These results are shown in Table 2. An unlimited number of subcontracting trips is assumed.



TABLE 2 Optimal Number of Vans
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 Variable (gas + SubconVans  Driver  Vehicle repair) tracting  Total  $14,686 $ 0 6 $141,000 $34,250 $189,936 1 5 117,500 29,500 12,946 6,235 166,181 4 94,000 20,000 11,286 14,549 139,835 3 70,500 15,250 8,623 35,333 129,706 2 47,000 10,500 5,986 56,117 119,603 1 23,500 5,750 3,798 76,901 109,949 0 0 0 0 116,390 116,390 1 Annual subcontracting cost is $8.66 per round trip  240 days per year  3 patients = $6,235.20 (2) How many subcontracted trips should MMC negotiate and at what price?



One 15-passenger van appears to be the optimal number, but this requires 37 patients  20 days per month = 740 subcontracting trips per month. This is more than the 500 allowed. If the 500-trip limit (500/20 days per mo. = 25 patients per day) is to be respected, approximately one additional van will be needed. On the other hand, the cost of the additional van is the annual cost of a van + the annual driver’s salary + the gas and repair cost = $19,000/4 + 23,500 + 1,1882 = $29,438/yr. to transport 10 patients per day. At this rate, MMC could afford to pay $29,438/240/10 = $12.27 per round trip (find 10  patients for van 2 in Table 1). Possibly the subcontractor would be willing to offer this additional transport for a price between the $8.66 and $12.27 per trip. It would be in Mac’s interest to do this. Renegotiating all trips at the 750-trip level is another possibility. MMC can afford to pay a subcontracting cost of up to $189,936 - 31,0483 = $158,888/yr. This would require transporting 37 patients per day at a maximal average trip cost of $158,888/240/37 = $17.89. Since $17.89 is the optimal worth of subcontracting, MMC probably can negotiate a rate much less than this while still encouraging the subcontractor to provide service at the higher level. (3) MMC is considering using all 6-passenger vans. Would this be a good decision?



Developing daily routes and assigning them to 6-passenger vans is the same as for Table 1. This initial allocation without subcontracting is shown in Table 3. Considering the subcontracting trip limit of 500 patients per month (25 patients per day), two vans are needed in the MMC fleet. This number of vans is determined by counting the patients from the bottom of Table 3 until approximately 25 patients are found, considering increments of full vans and noting the number of vans remaining at the top of the list. (Assume 27, an extra 2 patients can be accommodated by the subcontractor at no additional cost.) The variable cost for two vans is shown below.



Variable cost type



Two 6-passenger 



One 15- & one 6-passenger van



45 miles x $0.11/mile  240 days/yr. = $1,188. Driver + vehicle +variable costs for one van, or 19,000/4 + 23,500 + 2,798 = $31,048.



2 3
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 vans



Annual cost of 2 drivers 47,000 5,9601 Vehicle mileage + repair cost Subcontracting cost 56,1172 Total $109,077 1 150 mi.  $0.11/mi.  240 days/yr. + 2,000 = $3,960. 2 27 patients  $8.66/trip  240 days/yr. = $56,117.



47,000 5,986 56,117 $109,103



In contrast, the 15-passenger and 6-passenger van configuration compared with the two 6-passenger van configuration saves $109,103  109,077 = $26 per year. The initial outlay is less for the smaller van by $4,000. From purely an economic standpoint, using  just 6-passenger vans would appear to be the best choice, however there may be customer service reasons for having the larger van available to meet peak demand needs. TABLE 3 Route Design for 6-Passenger Vans Only Van no. 1 1 1 1 1 2 2 2 3 3 4 4 5 6



Start from  MMC  6:07AM 6:52AM 7:37AM 11:04AM 11:52AM 7:22AM 8:55AM 10:59AM 7:41AM 10:45AM 7:24AM 11:41AM 7:24AM 7:43AM



 Return to  MMC  6:28AM 7:37AM 9:12AM 11:31AM 1:34PM 8:19AM 10:30AM 11:57AM 9:16AM 12:27PM 9:05AM 1:27PM 8:44AM 9:03AM



 Patients on route 1 3 5 1 5 5 4 5 5 5 5 5 4 3 56



 Route distance 7 mi. 12 30 9 33 13 33 13 29 33 32 35 25 28 332 mi.



 Route time 0.3 hr. 0.8 1.6 0.4 1.7 1.0 1.6 1.0 1.6 1.7 1.7 1.8 1.3 1.3 17.8 hr.
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 APPENDIX A Database for ROUTER --PARAMETERS AND LABELS-Problem label - METROHEALTH MEDICAL HOSPITAL Grid corner with 0,0 coordinates (NW, SW, SE, or NE) - SW DEPOT DATA Depot description - Medical Center Located in zone - 0 Horizontal coordinate 7.40 Vertical coordinate 6.13 Earliest starting time (min) - 360 Latest return time (min) - 960 Default vehicle speed (miles per hour) 28 68.0 After how many clock hours will overtime begin GENERAL DATA Percent of vehicle in use before allowing pickups - 100 Horizontal scaling factor 3.102 Vertical scaling factor 2.820 Maximum TIME allowed on a route (hours) 2.0 Maximum DISTANCE allowed on a route (miles) - 9999.0 LOAD/UNLOAD TIME FORMULA Fixed time per stop 6.00 0.00 Variable time per stop by weight 0.00 By cube BREAK TIMES Duration of 1st break (minutes) 0 To begin after - 9999 Duration of 2nd break (minutes) 0 To begin after - 9999 Duration of 3rd break (minutes) 0 To begin after - 9999 Duration of 4th break (minutes) 0 To begin after - 9999 --STOP DATA--



NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44



STOP DESCRIPTION---- TY Baker P Boyd P Carver P Ivey P Rashed P Walsh P Johnson P Burgess P Delgado P Fairrow P Middlebrooks P Suech P Lawson P Reed P Bongiovanni P Miller P Talley P Williams P Dumas P Taylor P Barker P Lhota P Manco P Webb P Wilson P Arrington P Staunton P Wall P Williams P Caruso P West P Amaro P Brown P Ciesicki P Pinkevich P Staufer P Winterich P Brown P Ball P Lanza P Mayernik P Suech P Heffner P Jarrell P



LOAD VOLUME WGHT CUBE 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0



-COORDINATESLOAD ---TIME WINDOWS---HCRD VCRD ZN TIME BEG1 END1 BEG2 END2 6.50 8.90 0 0 390 510 9999 9999 6.20 9.00 0 0 390 510 9999 9999 11.00 5.00 0 0 420 540 9999 9999 10.00 6.00 0 0 420 540 9999 9999 10.00 10.00 0 0 420 540 9999 9999 3.50 5.00 0 0 420 540 9999 9999 8.00 5.50 0 0 450 570 9999 9999 9.00 7.50 0 0 465 585 9999 9999 8.20 7.20 0 0 465 585 9999 9999 8.60 7.80 0 0 480 600 9999 9999 8.00 5.40 0 0 480 600 9999 9999 5.00 6.50 0 0 480 600 9999 9999 6.30 8.80 0 0 510 630 9999 9999 9.05 7.30 0 0 510 630 9999 9999 9.00 5.80 0 0 525 645 9999 9999 7.80 5.40 0 0 540 660 9999 9999 6.50 10.20 0 0 570 690 9999 9999 7.50 7.00 0 0 585 705 9999 9999 7.20 5.90 0 0 630 750 9999 9999 9.80 7.00 0 0 645 765 9999 9999 7.20 6.00 0 0 660 780 9999 9999 8.00 6.20 0 0 660 780 9999 9999 10.10 9.00 0 0 660 780 9999 9999 9.70 7.00 0 0 660 780 9999 9999 9.00 5.80 0 0 660 780 9999 9999 10.20 5.90 0 0 720 840 9999 9999 6.40 8.80 0 0 720 840 9999 9999 9.50 5.10 0 0 720 840 9999 9999 8.20 7.20 0 0 720 840 9999 9999 7.00 5.00 0 0 375 495 9999 9999 5.60 6.00 0 0 390 510 9999 9999 6.00 6.60 0 0 420 540 9999 9999 7.20 4.20 0 0 420 540 9999 9999 6.50 3.00 0 0 420 540 9999 9999 6.60 5.10 0 0 420 540 9999 9999 5.80 6.00 0 0 420 540 9999 9999 7.30 4.80 0 0 420 540 9999 9999 4.00 5.00 0 0 435 555 9999 9999 6.20 6.30 0 0 450 610 9999 9999 6.20 5.90 0 0 450 610 9999 9999 7.10 7.00 0 0 450 610 9999 9999 4.00 6.50 0 0 465 625 9999 9999 5.20 4.50 0 0 480 640 9999 9999 4.20 6.80 0 0 480 640 9999 9999
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 45 46 47 48 49 50 51 52 53 54 55 56



Piatak Swaysland Baer Wills Fauber Mullins Pack Westerfield Lisiewski McPherson Mykytuk Gutschmidt



VEHICLE NO. DESCRIPTION---1 15-pasngr vehcl 2 6-pasngr vehcl



P P P P P P P P P P P P



TP 1 2



1 1 1 1 1 1 1 1 1 1 1 1



0 0 0 0 0 0 0 0 0 0 0 0



7.00 6.10 3.80 4.70 5.20 7.20 6.20 5.90 5.00 4.20 6.00 5.50



3.50 6.70 4.90 6.10 6.80 6.30 5.00 6.30 5.50 6.20 6.50 5.90



0 0 0 0 0 0 0 0 0 0 0 0



0 0 0 0 0 0 0 0 0 0 0 0



480 480 540 540 660 660 660 675 690 720 750 780



640 640 700 700 780 780 780 795 810 840 870 900



9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999



9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999



--VEHICLE DATA----VEHICLE--- ----DRIVER---OVER --CAPACITY--FIXED PER MI FIXED PER HR TIME NO WEIGHT --CUBE ---COST --COST ---COST --COST --COST 20 15 99 0.00 0.11 0.00 0.00 0.00 20 6 99 0.00 0.11 0.00 0.00 0.00
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 ORION FOODS, INC. Teaching Note Strategy The purpose of this case study is to allow students to analyze a distribution problem where determining the optimal paths through a network is central to the problem solution. The shortest route methodology applies, and the ROUTE module in the LOGWARE software can effectively be used. This module permits students to quickly find the shortest distance paths from any starting point to all other points in the network. A  prepared data file of the network is available for use under the ROUTE module. The case has several dimensions that allow it to be used as a homework assignment, a short case study project, or as a basis for classroom discussion. It is a simple problem in network design highlighting transportation routing issues, however additional factors such as inventory consolidation and investment costs allow for an enriched analysis.  Note: A database for this problem is available in the ROUTE module of the LOGWARE software. Answers to Questions (1) Can Anita improve upon the current distribution operations?



It should be obvious to Anita that the current distribution system may not be performing at optimum. Allowing carriers to decide the routes to use when they are being paid on a mileage basis is like asking a fox to watch the chicken coop. She really cannot expect that carriers will be motivated to seek out optimal routing patterns. Therefore, she should determine the best routes between regional and field warehouses and insist that carriers invoice according to the mileages along these specified routes. Using the map provided in Figure 1 of the case study and the current assignments of field warehouses to regional warehouses, she can develop a database for the ROUTE module in LOGWARE. The database is shown in the Supplement to this note. Running ROUTE will give the optimal routes from which she can develop transportation costs, as shown in Table 1 below. Compared with the current cost level, a savings of $652,274  630,140 = $22,134 per year can be realized. This savings does not require any investment; however, it will be magnified by the growth in demand in the next five years.
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 TABLE 1 Optimal Transportation Costs Under Current Distribution System Design  Regional warehouse



 Field warehouse



Fresno Fresno Fresno Fresno Burns Burns Burns Totals



Los Angeles Phoenix Salt Lake City San Francisco Portland Butte Seattle



Optimal route miles



 Average number of tripsa



219 588 815 183 293 676 467 3,241



366.7 200.0 116.7 280.0 143.3 16.7 186.7



Transport cost, $



104,399 b 152,880 123,644 66,612 54,583 14,676 113,346 630,140



a



Determined from the warehouse throughput divided b y the average shipment size. e.g., 110,000 cwt./300 cwt. = 366.7 trips.



 b



$1.30 per mi.  219 mi.  366.7 trips = $104,399.



(2) Is there any benefit to expanding the warehouse at Burns, OR?



Finding the optimal distances when serving all field warehouses from Burns or Fresno gives a slightly different allocation of field warehouses to regional warehouses than is currently the case. That is,



 Field warehouse



Los Angeles Phoenix Salt Lake City San Francisco Portland Butte Seattle



 If served  from Burns



 If served  from Fresno



806 mi. 973 536*  555 * 293   676* * 467  



219 mi. 588* 815 183* 757 1,120 925



*



*



Indicates optimal assignment.



This shows that Salt Lake City would be better served out of Burns rather than Fresno. Burns currently is near its capacity limit, so to assign Salt Lake City's volume to it would require expansion. In the short term, 35,000/8 = 4,375 cwt. of inventory capacity is needed. However, (43,000 + 5,000 + 56,000)/8 = 13,000 cwt. of the 15,000 cwt. of available capacity is currently being used. At minimum, an additional increment of capacity is required at a cost of $300,000. Reassignment of Salt Lake City to Burns would save 815  536 = 279 miles per trip. On 116.7 trips per year, the annual savings would be 1.30  279  116.7 = $42,327. The simple return on investment ( ROI ) would  be:  ROI







$42,327 $300,000



 100  14.1%
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 If the anticipated growth in demand is realized, the number trips to Salt Lake City would increase to 56,000/300 = 186.7. The projected savings in the fifth year would be 1.30  279  186.7 = $67,716. The average annual savings would be (42,327 + 67,716)/2 = $55,022. The average annual ROI is:  ROI







$55,022 $300,000



 100  18.3%



Anita must now compare this return to other worthy investments in the firm to see if this opportunity is worth the risk. (3) Is there any merit to consolidating the regional warehousing operation at Reno, NV?



If Reno were to replace the Burns and Fresno warehouses, an initial cost of $2,000,000 would be incurred to establish the new location and shut down the existing warehouses. Against this cost would be a savings of 40 percent of the inventory in the two regional warehouses. That is, the total inventory is 393,000/8 = 49,125 cwt. now and 528,000/8 = 66,000 cwt. in five years. The inventory cost savings now would be 0.40  0.35  60  49,125 = $412,650 and in five years 0.40 0.35  60  66,000 = $554,400. However, transportation costs will increase compared with the two-warehouse distribution system. If Reno is used, the transportation costs would be: Optimal route  Field warehouse  served rom Reno miles Los Angeles 472 Phoenix 732 Salt Lake City 520 San Francisco 228 Portland 542 Butte 823 Seattle 716 Totals 4,033 a 472  336.7  1.30 = $225,007



Current no. of tri s 366.7 200.0 116.7 280.0 143.3 16.7 186.7



Current transport cost, $ 225,007a 190,320 78,889 82,992 100,969 17,867 173,780 869,824



5th-year no. of tri s 440.0 280.0 186.7 350.0 190.0 50.0 263.3



5th-year transport costs, $ 269,984 266,448 126,209 103,740 133,874 53,495 245,080 1,198,830



We cannot make a fair comparison with the current system design since there is inadequate capacity at Burns to handle the growth in volume. Two additional units of capacity will be needed for a total of $600,000. Then, the net investment attributable to Reno is 2,000,000  600,000 = $1,400,000. The revised transportation cost for the fifth year is as follows.
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  Regional warehouse



 Field warehouse



Fresno Fresno Burns Fresno Burns Burns Burns Totals



Los Angeles Phoenix Salt Lake City San Francisco Portland Butte Seattle



Optimal route miles



219 588 536 183 293 676 467 2,962



5th-year number of trips



440.0 280.0 186.7 350.0 190.0 50.0 263.3



Transport cost, $



125,268 214,032 130,092 83,265 72,371 43,940 159,849 828,817



 Now,



Transport costs Transport costs  Net increase Less inventory savings  Net cost savings



Current year  $587,813 869,824 $282,011



5th year  $828,817 1,198,830 $370,013



(412,650) $130,639



(554,400) $184,387



Burns/Fresno Reno



The average annual savings for Reno now is (130,639 + 184,387)/2 = $157,513. The relevant return on investment is  ROI







$157,513  100  11.25% $1,400,000



This is probably not a sufficient return to justify the warehouse at Reno. Rather, if Orion wishes to serve the increasing demand  there is no requirement to do so  then the better strategy would be to expand Burns by 20,000 cwt. and serve Salt Lake City from this location. An interesting question to pose to students is: What does it mean to only serve demand up to the limits of capacity? Orion could serve only the more profitable demand and avoid the risks of expansion.
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 R & T WHOLESALERS Teaching Note4



The objective of this assignment is to minimize the total monthly delivery costs for R&T Wholesalers, a company distributing general products throughout India. The focus is on one warehouse acting as a truck depot that delivers merchandise to retailers located in surrounding towns. Delivery expenses are minimized through the optimal utilization of the trucks, crews, and related expenses. The constraints and other considerations listed  below were used when designing the solution methodology and identifying the optimal solution. Constraints  Operating Schedule - Trucks make deliveries every day of the week except Saturday or Sunday -  Normal operation is for trucks to be loaded overnight and leave from the warehouse in the morning - Trucks make deliveries within towns from 9 a.m. to 6 p.m. - Earliest start time for trucks is 12 a.m. in the morning of delivery - Trucks returned to the depot require 2 hours for reloading and subsequent sameday delivery  Visits Per Month - Every town has a known number of visits per month  Truck Capacity - T407 trucks have a capacity of Rs500,000 - T310 trucks have a capacity of Rs350,000  Truck Operating Costs - Trucks operate at an average speed of 40 km/hr - T407 trucks have an operating cost of Rs13,500 - T310 trucks have an operating cost of Rs7,000 - T407 trucks have a running cost of Rs5 per kilometer - T310 trucks have a running cost of Rs3 per kilometer - Each truck has a crew of two, a driver and a helper - The driver is paid Rs2,200 per month - The helper is paid Rs1,400 per month - Each crewmember receives Rs60 per day for meals and other expenses while on the road  Working Schedule - Flexibly planned breaks for crewmembers are at approximately 6 a.m., 12 p.m. and 6 p.m. - Breakfast and lunchtime breaks are 30 minutes each and dinner is 6 0 minutes



4



The solution to this exercise is provided by Nutthapol Dussadeenoad, Inderjot Gandhi, Earle Keith, Lisa Kuta, Jan Shahan, and Piyanuch Vichitakul who were students in the MBA program of the Weatherhead School of Management.
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 - Crewmembers are allowed at least an 8-hour overnight break before starting a route on the following day -  No overtime is paid and the company policy is to return the crews to the warehouse each day rather than plan for overnight layovers Other Considerations  Assumptions - Delivery demand is fixed by quantity and location, and city demand cannot be subdivided  Opportunities - Subcontracting is available at an estimated rate of Rs15 per km one way to the town. Methodology The methodological options leading to a good solution are outlined in Figure 1.



START



1. Route 43 cities altogether 



Cost = Rs116,678



2. Route all 4-visit cities and outsource all 2-visit cities



Cost = Rs135,254



3. Route 2 sets of data: all 4-visit cities in one seat and 2-visit cities in another set



4. Route 2 sets of data: mix between 4-visit cities and 2-visit cities



Cost = Rs109,092



Cost = Rs78,328



5. Outsource all cities whose demand is > Rs350,000 and route 2 sets of data: mix between 4-visit cities and 2-visit cities



Cost = Rs65,780



 N Satisfy? Y STOP



FIGURE 1 Computational Options to Find a Good Solution
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 Detail on each methodological step is offered as follows. 1. Route all 43 cities altogether Weeks 1&3: visit all cities = 14 routes/week Weeks 2&4: visit only 4-visit cities = 7 routes/week Results: -  No. of truck used: T401 = 2, T301 = 2 - Cost = Rs116,678 2. Route all 4-visit cities, outsource all 2-visit cities All week = 7 routes/week Weeks 1 & 3: visit half of 2-visit cities. Weeks 2 & 4: visit another half of 2-visit cities. Results: -  No. of truck used: T401 = 1, T301 = 1 - Cost = Rs135,254 3. Route 2 set of data, separate between 4-visit cities and 2-visit cities 4-visit cities: all weeks = 9 routes/week 2- isit cities: - Week 1&3: visit half of 2-visit cities = 4 routes/ week - Week 2&4 :visit another half of 2-visit cities = 3 routes/week Result -  No of truck used: T401=1, T301 =2 - Cost = Rs109,092 4. Route 2 sets of data, mix between 4-visit cities and 2-visit cities 4-visit cities + half of 2-visit cities: visit in weeks 1&3 = 10 routes/week 4- isit cities + another half of 2-visit cities: visit in week 2&4 = 9 routes/week  Note: Arrange 2-visit cities into 2 sets by following the below steps - Separate those 2-visit cities into 2 sets by area, east/west. - Sort cities in each set by sales per visit. - Set all cities in odd row as set 1, and all cities in even row as set 2 - The logic behind this method is that each set should be balanced in terms of demand and area. Result -  No of truck used: T401 = 1, T301 = 1 - Cost = Rs78,328 5. Route 2 sets of data, mix 4-visit cities and 2-visit cities, and outsource all cities whose demand greater than Rs350,000 4-visit cities + half of 2-visit cities: visit in weeks 1&3 = 10 routes/week 4-visit cities + another half of 2-visit cities: visit in weeks 2&4 = 10 routes/week  Note:
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 1) Arrange 2-visit cities into 2 sets by following the below steps - Separate those 2-visit cities into 2 sets by sales per visits, low demand and high demand - Sort cities in each set by distance from the central warehouse - Set all cities in odd row as set 1, and all cities in even row as set 2 - The logic behind this method is each set should be balanced in terms of demand and distance from the central warehouse. Using distance should reflect the better route than roughly separating cities by east/west area like in method 4. 2) Outsource cities whose demand is greater than 350,000 so that only a T310 truck is required - Guntur and Rajahmundry are the only 2 cities whose demand is greater than 350,000. Both of them are weekly visit cities, therefore, outsource to these two cities every week. Result -  No. of truck used: T301 = 2 - Outsource 2 cities for all weeks: Guntur and Rajahmundry - Cost = Rs65,780, which is the best solution Best Solution The best solution per method 5 completes all deliveries for a total monthly cost of Rs65,780 using only 2 of T301 trucks together with 2 sets of crew members. The cost calculation is shown in Figure 2. The daily schedule shown in Figure 3 represents the number of trucks needed, the truck routes with stop sequence, the schedule of truck usage through the month, and the schedule for using the crews. The Gantt chart of truck deliveries throughout the month is shown in Figure 4. See the router solution reports generated from LOGWARE, ROUTER module, for individual route detail. The reports divide the month into weeks 1 & 3 (Figure 5) and weeks 2 & 4 (Figure 6).
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 FIGURE 2 Cost Calculation Sheet for Best Solution Total monthly cost fixed cost



2  2  2 



allowance



Week 1&3 Week 2&4



of of of



truck 2 (T310) driver helper 4 2 2



Running cost



Common Carrier 



people people people



Week 1 & 3 Week 2 & 4



= = = x x x = =



To Guntur To Rajahmundry



= =



2  weeks 2  weeks 2  weeks



x x x



3,146  km



2 2 2 5  days 5  days 4



days



x x x



x x



3 Rs/km



2,414 km



km km



x x



15  Rs/km



35  76 



x x x



3 Rs/km



15  Rs/km



7,000 2,200 1,400 Rs 60  Rs 60  Rs 60 



x x



2  weeks



x x



4 weeks



2  weeks



4 weeks



= = =



14,000 4,400 2,800



= = =



2,400 1,200 960



= =



18,876 14,484



= =



2,100 4,560



Total



65,780
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FIGURE 3 Daily Schedule



Daily Schedule Summary WEEK 1 & 3



Truck # DAY 1



I



II



Route 1 Depot Podili Kondulur Tanguturu Depot 25 Depot Jangareddygudem Kakinada Depot



Sta rt Time



End Time



Route Mile s



4:27 AM



Crew # Driver I, Helper I



7:04 PM 5.46 AM



405 339



5:45 PM



Driver II, Helper II



 FIGURE 3 Daily Schedule



Daily Schedule Summary WEEK 1 & 3



Truck # DAY 1



I



II



DAY 2



I



II



DAY 3



I



II



DAY 4



I



II



Route 1 Depot Podili Kondulur Tanguturu Depot 25 Depot Jangareddygudem Kakinada Depot



Sta rt Time 4:27 AM



5.46 AM



405 339



Driver II, Helper II



5:45 PM 6:39 AM



7 Depot Tadikonda Tenali Chirala Vuyyuru Depot



7:59 AM



8 Depot Sattenapalle Ongole Depot



Crew # Driver I, Helper I



7:04 PM



5 Depot Chilakalurupet Narasaraopet Macheria Depot



13 Depot Kaikalur Bhimavaram Tadepallegudem Depot



End Time



Route Mile s



Driver I, Helper I



8:18 PM



306 Driver II, Helper II



8:47 PM



232



6:47 AM



Driver I, Helper I



7:07 PM



253



7:01 AM



Driver II, Helper II



8:12 PM



19 Depot Narasapur Mandapeta Depot



5:19 AM



11 Depot Pamarru Machilipatnam Palakolu Depot



7:19 AM



307 Driver I, Helper I



7:03 PM



349 Driver II, Helper II



5:19 PM



240
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 DAY 5



I



II



Outsource 



24 Depot Eluru Chintalapuidi Depot



6:56 AM



2 Depot Kani Giri Bestavaipetta Giddalur Markapur Depot



3:44 AM



Driver I, Helper I



3:11 PM



190 Driver II, Helper II



11:21 PM



525



End Time



Route Mile s



Guntur Rajahmundry



W EEK 2 & 4



Truck # DAY 1



I



II



DAY 2



I



II



Route 3 Depot Ongole Depot



Sta rt Time 5:01 AM



Driver I, Helper I 3:28 PM



18 Depot Jaggayyapeta Eluru Depot



6:34 AM



13 Depot Vuyyuru Machilipatnam Gudivada Depot



7:41 AM



19 Depot Hunuman Junction Chirala Bapatia Repalie Depot



8:26 AM



Cre w #



278 Driver II, Helper II



5:00 PM



276 Driver I, Helper I



3:30 PM



153 Driver II, Helper II



7:49 PM



175
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 DAY 3



I



II



DAY 4



I



II



DAY 5



I



II Outsource



14 Depot Tenali Palakolu Depot



7:35 AM



24 Depot Tanuku Nidadvole Kovvur Depot



5:12 AM



16 Depot Nuzvid Tadepallegudem Bhimavaram Depot



7:27 AM



29 Depot Piduguralia  Addanki Vinukonda Narasaraopet Depot



6:23 AM



23 Depot  Amaiapuram Kakinada Depot



4:23 AM



Driver I, Helper I



4:40 PM



243 Driver II, Helper II



5:04 PM



315 Driver I, Helper I



5:51 PM



236



Driver II, Helper II



7:49 PM



318 Driver I, Helper I



7:52 PM



420



Open Guntur Rajahmundry



 Note: Truck # represents the number of type T301 truck.
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 FIGURE 4 Gantt Chart of Truck Deliveries Throughout the Month
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FIGURE 5 ROUTER Solution Report, Weeks 1 and 3 Label- Untitled Date- 11/23/2002 Time- 2:47:17 AM  *** SUMMARY REPORT *** TIME/DISTANCE/COST INFORMATION



Route no 1 2



Route Run Stop Brk Stem  time, time, time, time, time, Start Return No of Route hr hr hr hr hr time time stops dist,Mi 14.6 10.1 2.5 2.0 7.8 04:27AM 07:04PM 3 405 19.6 13.1 4.5 2.0 9.4 03:44AM 11:21PM 4 525



Route cost,$



1215.00 1575.00



5



13.6



7.6



4.0



2.0



5.4 06:39AM 08:18PM 



3



306



918.00



7 8



12.8 13.2



5.8 7.7



5.0 3.5



2.0 2.0



1.4 07:59AM 08:47PM  5.0 07:01AM 08:12PM 



4 2



232 307



696.00 921.00



 FIGURE 5 ROUTER Solution Report, Weeks 1 and 3 Label- Untitled Date- 11/23/2002 Time- 2:47:17 AM  *** SUMMARY REPORT *** TIME/DISTANCE/COST INFORMATION



Route no 1 2



Route Run Stop Brk Stem  time, time, time, time, time, Start Return No of Route hr hr hr hr hr time time stops dist,Mi 14.6 10.1 2.5 2.0 7.8 04:27AM 07:04PM 3 405 19.6 13.1 4.5 2.0 9.4 03:44AM 11:21PM 4 525



Route cost,$



1215.00 1575.00



5



13.6



7.6



4.0



2.0



5.4 06:39AM 08:18PM 



3



306



918.00



7 8



12.8 13.2



5.8 7.7



5.0 3.5



2.0 2.0



1.4 07:59AM 08:47PM  5.0 07:01AM 08:12PM 



4 2



232 307



696.00 921.00



11



10.0



6.0



3.0



1.0



3.3 07:19AM 05:19PM 



3



240



720.00



13



12.3



6.3



4.0



2.0



4.5 06:47AM 07:07PM 



3



253



759.00



19



13.7



8.7



3.0



2.0



7.2 05:19AM 07:03PM 



2



349



1047.00



24 25



8.2 12.0



4.8 8.5



2.5 2.5



1.0 1.0



3.6 06:56AM 03:11PM  7.7 05:46AM 05:45PM 



2 2



190 339



570.00 1017.00



 VEHICLE INFORMATION Route Veh Weight Delvry Pickup Weight Cube Delvry Pickup no typ capcty weight weight util capcty cube cube 1 1 350 180 0 51.4% 9999 0 0 2 1 350 134 0 38.3% 9999 0 0



Cube Vehicle util description .0% T310 .0% T310



5



1



350



342



0



97.7%



9999



0



0



.0% T310



7 8



1 1



350 350



337 350



0 96.3% 0 100.0%



9999 9999



0 0



0 0



.0% T310 .0% T310



11



1



350



350



0 100.0%



9999



0



0



.0% T310



13



1



350



326



0



93.1%



9999



0



0



.0% T310



19



1



350



330



0



94.3%



9999



0



0



.0% T310



24 25



1 1



350 350



266 296



0 0



76.0% 84.6%



9999 9999



0 0



0 0



.0% T310 .0% T310



*** DETAIL REPORT ON ROUTE NUMBER 1 ***  A T310 leaves at 4:27AM on day 1 from the depot at Vijayawada



Stop  No description



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes
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 2 Podili 6 Kondulur



09:00AM  1 09:30AM  1 11:28AM  1 12:28PM  1 -->Break 0 minutes 1 01:19PM  1 02:19PM -->Break 60 minutes 07:04PM 1 ------- --



1 Tanguturu Depot Stop  No description



Stop volume Weight Cube



2 Podili 6 Kondulur 1 Tanguturu T tals Weight: Del = 180



24 90 66 Pickups



Route time: Driving Load/unload Break Total



10.1 hr 2.5 2.0 14.6 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



0 0 0 =



30 60



243.0 118.5



162 79



YES YES



60



21.0



14



YES



---



225.0



150



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 51.4% .0% 183.00 7.6 44.6 .0 51.00 .6 18.9 .0 -48.00 -.7 .0 .0 0 Cube: Del = 0 Pickups = 0



Distance: To 1st stop From last stop On route Total Max allowed



162 mi 150 93 405 mi 9999 mi



$.00 .00 1215.00 .00 $1215.00



*** DETAIL REPORT ON ROUTE NUMBER 2 ***  A T310 leaves at 3:44AM on day 1 from the depot at Vijayawada



Stop  No description 5 Kani Giri 9 Bestavaipetta 7 Giddalur 4 Markapur Depot Stop  No description



Arrive time -->Break 09:00AM -->Break 01:21PM 02:41PM 05:12PM -->Break 11:21PM



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 11:30AM 1 150 286.5 191 YES 30 minutes 1 01:51PM 1 30 81.0 54 YES 1 03:41PM 1 60 49.5 33 YES 1 05:42PM 1 30 91.5 61 YES 60 minutes 1 ------- -- --279.0 186



Stop volume Weight Cube



5 Kani Giri 9 Bestavaipetta 7 Giddalur 4 Markapur Totals Weight: Del = 134



24 25 25 60 Pickups



Route time: Driving Load/unload  Break Total



13.1 hr 4.5 2.0 19.6 hr



 Max allowed



24.0 hr



0 0 0 0 =



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube .0% 38.3% 87.00 3.6 31.4 .0 15.00 .6 24.3 .0 210.00 8.4 17.1 .0 -21.00 -.4 .0 .0 0 Cube: Del = 0 Pickups = 0



Distance: To 1st stop From last stop On route Total Max allowed



191 mi 186 148 525 mi 9999 mi
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 Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



$.00 .00 1575.00 .00 $1575.00



*** DETAIL REPORT ON ROUTE NUMBER 5 ***  A T310 leaves at 6:39AM 6:39AM on day 1 from the depot depot at Vijayawada



Stop  No description



Arrive time -->Break 11 Chilakalurupet 09:00AM 12 Narasarapet 10:31AM -->Break 42 Macheria 01:46PM -->Break Depot 08:18PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 111.0 74 YES 1 11:31AM 1 60 31.5 21 YES 30 minutes 1 03:46PM  1 120 105.0 70 YES 60 minutes 1 ------- -- --211.5 141



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 97.7% .0% 57.00 .6 71.4 .0 .00 .0 42.9 .0 405.00 2.7 .0 .0 0 Cube: Del = 0 Pickups = 0



11 Chilakalurupet 92 12 Narasarapet 12 Narasarapet 100 42 Macheria 42 Macheria 150 Totals Weight: Del = 342 Pickups



0 0 0 =



Route time: Driving Load/unload Break Total



7.6 hr 4.0 2.0 13.6 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



74 mi 141 91 306 mi 9999 mi



$.00 .00 918.00 .00 $918.00



*** DETAIL REPORT ON ROUTE NUMBER 7 ***  A T310 leaves at 7:59AM 7:59AM on day 1 from the depot depot at Vijayawada



Stop  No description 14 Tadikonda 19 Tenali 8 Chirala 18 Vuyyuru 18 Vuyyuru Depot Stop  No description



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM 1 10:00AM 1 60 31.5 21 YES 10:58AM 1 11:58AM 1 60 58.5 39 YES -->Break 30 minutes 02:00PM  1 04:00PM  1 120 91.5 61 YES 05:57PM  1 06:57PM  1 60 117.0 78 YES -->Break 60 minutes 08:47PM  1 ------- -- --49.5 33 Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube
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 14 Tadikonda 60 19 Tenali 140 8 Chirala 98 18 Vuyyuru 18 Vuyyuru 39 Totals Weight: Del = 337 Pickups



0 72.00 1.2 0 33.00 .2 0 219.00 2.2 0 66.00 1.7 = 0 Cube: Del = 0 Pickups = 0



Route time: Driving Load/unload  Break Total



5.8 hr 5.0 2.0 12.8 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



96.3% 79.1 39.1 11.1 .0



.0% .0 .0 .0 .0



21 mi 33 178 232 mi 9999 mi



$.00 .00 696.00 .00 $696.00



*** DETAIL REPORT ON ROUTE NUMBER 8 ***  A T310 leaves at 7:01AM 7:01AM on day 1 from the depot depot at Vijayawada



Stop  No description 15 Sattenapalle 3 Ongole Depot



Arrive time -->Break 09:00AM -->Break 01:13PM -->Break 08:12PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM  1 60 88.5 59 YES 30 minutes 1 03:43PM  1 150 163.5 109 YES 60 minutes 1 ------- -- --208.5 139



Stop volume Weight Cube



Capacity in use Weight Cube 100.0% .0% 15 Sattenapalle 45 0 87.00 1.9 87.1 .0 3 Ongole 305 0 567.00 1.9 .0 .0 Totals Weight: Del = 350 Pickups = 0 Cube: Del = 0 Pickups = 0



Route time: Driving Load/unload  Break Total



7.7 hr 3.5 2.0 13.2 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Inc cost to serve stop In $ In $/unit



Distance: To 1st stop From last stop On route Total Max allowed



59 mi 139 109 307 mi 9999 mi



$.00 .00 921.00 .00 $921.00



*** DETAIL REPORT ON ROUTE NUMBER 11 ***  A T310 leaves at 7:19AM 7:19AM on day 1 from the depot depot at Vijayawada Stop



Drive Distance Time
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 Stop  No description 20 Pamarru 22 Machilipatnam 38 Palakolu Depot



Arrive Depart time to stop time Day time Day Min Min -->Break 30 minutes 09:00AM 1 10:00AM 1 60 70.5 10:36AM 1 11:36AM 1 60 36.0 -->Break 30 minutes 02:12PM  1 03:12PM  1 60 126.0 05:19PM  1 ------- -- --127.5



Stop  No description



Stop volume Weight Cube



47 24



YES YES



84 85



YES



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 100.0% .0% -9.00 -.1 82.3 .0 126.00 1.2 51.4 .0 285.00 1.6 .0 .0 0 Cube: Del = 0 Pickups = 0



20 Pamarru 62 22 Machilipatnam  22 Machilipatnam  108 38 Palakolu 180 Totals Weight: Del = 350 Pickups



0 0 0 =



Route time: Driving Load/unload  Break Total



6.0 hr 3.0 1.0 10.0 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



to stop wind Miles met?



Max allowed



47 mi 85 108 240 mi 9999 mi



$.00 .00 720.00 .00 $720.00



*** DETAIL REPORT ON ROUTE NUMBER 13 ***  A T310 leaves at 6:47AM 6:47AM on day 1 from the depot depot at Vijayawada



Stop  No description



Arrive time -->Break 23 Kaikalur 09:00AM 39 Bhimavaram 10:54AM -->Break 36 Tadepallegudem 01:48PM -->Break Depot 07:07PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 102.0 68 YES 1 12:24PM 1 90 54.0 36 YES 30 minutes 1 03:18PM 1 90 54.0 36 YES 60 minutes 1 ------- -- --169.5 113



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 93.1% .0% -12.00 -.2 79.4 .0 -39.00 -.3 37.1 .0 123.00 .9 .0 .0 0 Cube: Del = 0 Pickups = 0



23 Kaikalur 48 39 Bhimavaram  148 36 Tadepallegudem  130 Totals Weight: Del = 326 Pickups



0 0 0 =



Route time: Driving Load/unload Break Total



6.3 hr 4.0 2.0 12.3 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Max allowed



68 mi 113 72 253 mi 9999 mi
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 Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



$.00 .00 759.00 .00 $759.00



*** DETAIL REPORT ON ROUTE NUMBER 19 ***  A T310 leaves at 5:19AM 5:19AM on day 1 from the depot depot at Vijayawada



Stop  No description 30 Narasapur 29 Mandapeta



Depot



Arrive time -->Break 09:00AM 11:30AM -->Break -->Break 07:03PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 190.5 127 YES 1 01:30PM 1 120 90.0 60 YES 30 minutes 60 minutes 1 ------- -- --243.0 162



Stop volume Weight Cube



Capacity in use Weight Cube 94.3% .0% 30 Narasapur 30 Narasapur 160 0 75.00 .5 48.6 .0 29 Mandapeta 29 Mandapeta 170 0 285.00 1.7 .0 .0 Totals Weight: Del = 330 Pickups = 0 Cube: Del = 0 Pickups = 0



Route time: Driving Load/unload Break Total



8.7 hr 3.0 2.0 13.7 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Inc cost to serve stop In $ In $/unit



Distance: To 1st stop From last stop On route Total Max allowed



127 mi 162 60 349 mi 9999 mi



$.00 .00 1047.00 .00 $1047.00



*** DETAIL REPORT ON ROUTE NUMBER 24 ***  A T310 leaves at 6:56AM 6:56AM on day 1 from the depot depot at Vijayawada



Stop  No description 37 Eluru 41 Chintalapuidi Depot Stop  No description



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM 1 11:00AM 1 120 94.5 63 YES -->Break 30 minutes 12:41PM  1 01:11PM  1 30 70.5 47 YES 03:11PM  1 ------- -- --120.0 80 Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 76.0% .0% 37 Eluru 198 0 90.00 .5 19.4 .0 41 Chintalapuidi 68 0 192.00 2.8 .0 .0 Totals Weight: Del = 266 Pickups = 0 Cube: Del = 0 Pickups = 0
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 Route time: Driving Load/unload  Break Total



4.8 hr 2.5 1.0 8.2 hr



 Max allowed



Distance: To 1st stop From last stop On route Total



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



Max allowed



63 mi 80 47 190 mi 9999 mi



$.00 .00 570.00 .00 $570.00



*** DETAIL REPORT ON ROUTE NUMBER 25 ***  A T310 leaves at 5:46AM on day 1 from the depot at Vijayawada Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 40 Jangareddygudem 09:00AM 1 09:30AM 1 30 163.5 109 YES 32 Kakinada 10:15AM 1 12:15PM 1 120 45.0 30 YES -->Break 30 minutes Depot 05:45PM 1 ------- -- --300.0 200



Stop  No description



Stop  No description



Stop volume Weight Cube



Capacity in use Weight Cube .0% 84.6% 40 Jangareddygudem 68 0 -183.00 -2.7 65.1 .0 32 Kakinada 228 0 363.00 1.6 .0 .0 Totals Weight: Del = 296 Pickups = 0 Cube: Del = 0 Pickups = 0 Route time: Driving Load/unload  Break Total



8.5 hr 2.5 1.0 12.0 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



Inc cost to serve stop In $ In $/unit



Distance: To 1st stop From last stop On route Total Max allowed



109 mi 200 30 339 mi 9999 mi



$.00 .00 1017.00 .00 $1017.00
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 FIGURE 6 ROUTER Solution Report, Weeks 2 and 4 Label- Untitled Date- 11/23/2002 Time- 4:21:32 AM  *** SUMMARY REPORT *** TIME/DISTANCE/COST INFORMATION



Route no 3



Route Run Stop Brk Stem  time, time, time, time, time, Start Return No of Route hr hr hr hr hr time time stops dist,Mi 10.4 7.0 2.5 1.0 7.0 05:01AM 03:28PM 1 278



Route cost,$ 834.00



13 14



7.8 9.1



3.8 6.1



3.0 2.0



1.0 1.0



2.0 07:41AM 03:30PM 3.0 07:35AM 04:40PM



3 2



153 243



459.00 729.00



16



10.4



5.9



3.5



1.0



3.8 07:27AM 05:51PM



3



236



708.00



18 19



4.8 11.4



3.8 4.4



.5 5.0



.5 2.0



3.8 06:34AM 5:00PM 1.7 08:26AM 07:49PM



2 4



276 175



828.00 525.00



23 24



15.5 11.9



10.5 7.9



3.0 3.0



2.0 1.0



9.1 04:23AM 07:52PM 7.0 05:12AM 05:04PM



2 3



420 315



1260.00 945.00



29



13.4



8.0



3.5



2.0



4.0 06:23AM 07:49PM



4



318



954.00



 VEHICLE INFORMATION Route Veh Weight Delvry Pickup Weight Cube Delvry Pickup no typ capcty weight weight util capcty cube cube



Cube Vehicle util description



3



1



350



305



0



87.1%



9999



0



0



.0% T310



13 14



1 1



350 350



327 320



0 0



93.4% 91.4%



9999 9999



0 0



0 0



.0% T310 .0% T310



16



1



350



315



0



90.0%



9999



0



0



.0% T310



18 19



1 1



350 350



235 280



0 0



67.1% 80.0%



9999 9999



0 0



0 0



.0% T310 .0% T310



23 24



1 1



350 350



318 229



0 0



90.9% 65.4%



9999 9999



0 0



0 0



.0% T310 .0% T310



29



1



350



305



0



87.1%



9999



0



0



.0% T310



*** DETAIL REPORT ON ROUTE NUMBER 3 ***  A T310 leaves at 5:01AM on day 1 from the depot at Vijayawada



Stop  No description 3 Ongole Depot Stop  No description



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM 1 11:30AM 1 150 208.5 139 YES -->Break 30 minutes 03:28PM 1 ------- -- --208.5 139 Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube .0% 87.1%
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 3 Ongole 305 0 834.00 2.7 Totals Weight: Del = 305 Pickups = 0 Cube: Del = 0 Pickups = 0 Route time: Driving Load/unload  Break Total



7.0 hr 2.5 1.0 10.4 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Distance: To 1st stop From last stop On route Total Max allowed



.0



.0



139 mi 139 0 278 mi 9999 mi



$.00 .00 834.00 .00 $834.00



*** DETAIL REPORT ON ROUTE NUMBER 13 ***  A T310 leaves at 7:41AM on day 1 from the depot at Vijayawada



Stop  No description 18 Vuyyuru 22 Machilipatnam 26 Gudivada Depot



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM 1 10:00AM 1 60 49.5 33 YES 10:58AM 1 11:58AM 1 60 58.5 39 YES -->Break 30 minutes 01:20PM 1 02:20PM 1 60 51.0 34 YES 03:30PM 1 ------- -- --70.5 47



Stop  No description



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 93.4% .0% -6.00 -.2 82.3 .0 153.00 1.4 51.4 .0 21.00 .1 .0 .0 0 Cube: Del = 0 Pickups = 0



18 Vuyyuru 39 22 Machilipatnam  108 26 Gudivada 180 Totals Weight: Del = 327 Pickups



0 0 0 =



Route time: Driving Load/unload Break Total



3.8 hr 3.0 1.0 7.8 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



33 mi 47 73 153 mi 9999 mi



$.00 .00 459.00 .00 $459.00



*** DETAIL REPORT ON ROUTE NUMBER 14 ***  A T310 leaves at 7:35AM on day 1 from the depot at Vijayawada



Stop  No description



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes
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 19 Tenali



09:00AM 1 10:00AM 1 -->Break 30 minutes 01:33PM  1 02:33PM  1 04:40PM  1 ------- --



38 Palakolu Depot



Stop  No description



54.0



36



YES



60 ---



183.0 127.5



122 85



YES



Capacity in use Weight Cube 91.4% .0% 19 Tenali 140 0 219.00 1.6 51.4 .0 38 Palakolu 180 0 513.00 2.8 .0 .0 Totals Weight: Del = 320 Pickups = 0 Cube: Del = 0 Pickups = 0 Route time: Driving Load/unload  Break Total



Stop volume Weight Cube



60



6.1 hr 2.0 1.0 9.1 hr



 Max allowed



Distance: To 1st stop From last stop On route Total



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Inc cost to serve stop In $ In $/unit



Max allowed



36 mi 85 122 243 mi 9999 mi



$.00 .00 729.00 .00 $729.00



*** DETAIL REPORT ON ROUTE NUMBER 16 ***  A T310 leaves at 7:27AM on day 1 from the depot at Vijayawada Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 21 Nuzvid 09:00AM 1 09:30AM 1 30 63.0 42 YES 36 Tadepallegudem 10:45AM 1 12:15PM 1 90 75.0 50 YES -->Break 30 minutes 39 Bhimavaram 01:39PM  1 03:09PM  1 90 54.0 36 YES Depot 05:51PM  1 ------- -- --162.0 108



Stop  No description



Stop  No description



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 90.0% .0% -63.00 -1.7 79.4 .0 -66.00 -.5 42.3 .0 93.00 .6 .0 .0 0 Cube: Del = 0 Pickups = 0



21 Nuzvid  37 36 Tadepallegudem  130 39 Bhimavaram  148 Totals Weight: Del = 315 Pickups



0 0 0 =



Route time: Driving Load/unload Break Total



5.9 hr 3.5 1.0 10.4 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



42 mi 108 86 236 mi 9999 mi



$.00 .00 708.00 .00 $708.00
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 *** DETAIL REPORT ON ROUTE NUMBER 18 ***  A T310 leaves at 6:34AM on day 1 from the depot at Vijayawada



Stop  No description 24 Jaggayyapeta 37 Eluru Depot



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM 1 09:30AM 1 30 115.5 77 YES -->Break 30 minutes 13:24AM 1 3:24PM 1 120 94.5 63 YES 5:00PM 1 ------- -- --115.5 77



Stop  No description



Stop volume Weight Cube



Capacity in use Weight Cube 10.6% .0% 24 Jaggayyapeta 37 0 462.00 12.5 .0 .0 Totals Weight: Del = 37 Pickups = 0 Cube: Del = 0 Pickups = 0 Route time: Driving Load/unload  Break Total



3.8 hr .5 .5 4.8 hr



 Max allowed



Distance: To 1st stop From last stop On route Total



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Inc cost to serve stop In $ In $/unit



Max allowed



77 mi 63 136 276 mi 9999 mi



$.00 .00 828.00 .00 $828.00



*** DETAIL REPORT ON ROUTE NUMBER 19 ***  A T310 leaves at 8:26AM on day 1 from the depot at Vijayawada



Stop  No description 25 Hanuman 8 Chirala 27 Bapatia 16 Repalie Depot



Arrive time -->Break Junctio 09:00AM 11:11AM -->Break 02:01PM 04:08PM -->Break 07:49PM



Stop  No description



Stop volume Weight Cube



25 Hanuman Junctio 8 Chirala 27 Bapatia 16 Repalie Totals Weight: Del = 280 Route time: Driving Load/unload 



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 3.0 2 YES 1 01:11PM 1 120 72.0 48 YES 30 minutes 1 03:01PM 1 60 19.5 13 YES 1 05:08PM 1 60 67.5 45 YES 60 minutes 1 ------- -- --100.5 67



50 98 82 50 Pickups



4.4 hr 5.0



0 0 0 0 =



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 80.0% .0% -117.00 -2.3 65.7 .0 -57.00 -.6 37.7 .0 .00 .0 14.3 .0 108.00 2.2 .0 .0 0 Cube: Del = 0 Pickups = 0



Distance: To 1st stop From last stop



2 mi 67
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 Break Total  Max allowed Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



2.0 11.4 hr



On route Total



21.0 hr



Max allowed



106 175 mi 9999 mi



$.00 .00 525.00 .00 $525.00



*** DETAIL REPORT ON ROUTE NUMBER 23 ***  A T310 leaves at 4:23AM on day 1 from the depot at Vijayawada



Stop  No description 31 Amaiapuram 32 Kakinada



Depot



Arrive time -->Break 09:00AM 11:22AM -->Break -->Break 07:52PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 247.5 165 YES 1 01:22PM 1 120 82.5 55 YES 30 minutes 60 minutes 1 ------- -- --300.0 200



Stop volume Weight Cube



Capacity in use Weight Cube .0% 90.9% 31 Amaiapuram  90 0 60.00 .7 65.1 .0 32 Kakinada 228 0 270.00 1.2 .0 .0 Totals Weight: Del = 318 Pickups = 0 Cube: Del = 0 Pickups = 0 Route time: Driving Load/unload  Break Total



10.5 hr 3.0 2.0 15.5 hr



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed  Total



Inc cost to serve stop In $ In $/unit



Distance: To 1st stop From last stop On route Total Max allowed



165 mi 200 55 420 mi 9999 mi



$.00 .00 1260.00 .00 $1260.00



*** DETAIL REPORT ON ROUTE NUMBER 24 ***  A T310 leaves at 5:12AM on day 1 from the depot at Vijayawada



Stop  No description 34 Tanuku 35 Nidadvole 33 Kovvur Depot



Stop Drive Distance Time Arrive Depart time to stop to stop wind  time Day time Day Min Min Miles met? -->Break 30 minutes 09:00AM  1 10:00AM  1 60 198.0 132 YES 10:33AM  1 11:33AM  1 60 33.0 22 YES 11:55AM  1 12:55PM  1 60 22.5 15 YES -->Break 30 minutes 05:04PM  1 ------- -- --219.0 146
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 Stop  No description



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube 65.4% .0% 60.00 .4 27.1 .0 -9.00 -.2 12.9 .0 81.00 1.8 .0 .0 0 Cube: Del = 0 Pickups = 0



34 Tanuku 134 35 Nidadvole 50 33 Kovvur 45 Totals Weight: Del = 229 Pickups



0 0 0 =



Route time: Driving Load/unload Break Total



7.9 hr 3.0 1.0 11.9 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



132 mi 146 37 315 mi 9999 mi



$.00 .00 945.00 .00 $945.00



*** DETAIL REPORT ON ROUTE NUMBER 29 ***  A T310 leaves at 6:23AM on day 1 from the depot at Vijayawada



Stop  No description 43 Piduguralia 10 Addanki 13 Vinukonda 12 Narasarapet Depot



Arrive time -->Break 09:00AM 11:57AM -->Break 01:52PM 03:56PM -->Break 07:49PM



Stop  No description



Stop Drive Distance Time Depart time to stop to stop wind  Day time Day Min Min Miles met? 30 minutes 1 10:00AM 1 60 127.5 85 YES 1 12:27PM 1 30 117.0 78 YES 30 minutes 1 02:52PM 1 60 55.5 37 YES 1 04:56PM 1 60 63.0 42 YES 60 minutes 1 ------- -- --114.0 76



Stop volume Weight Cube



Inc cost to serve stop In $ In $/unit



Capacity in use Weight Cube .0% 87.1% 147.00 1.8 64.3 .0 150.00 2.5 47.1 .0 54.00 .8 28.6 .0 .00 .0 .0 .0 0 Cube: Del = 0 Pickups = 0



43 Piduguralia 80 10 Addanki 60 13 Vinukonda 65 12 Narasarapet 100 Totals Weight: Del = 305 Pickups



0 0 0 0 =



Route time: Driving Load/unload  Break Total



8.0 hr 3.5 2.0 13.4 hr



Distance: To 1st stop From last stop On route Total



 Max allowed



21.0 hr



Route costs: Driver (reg time) Driver (over time)  Vehicle (mileage) Fixed Total



Max allowed



85 mi 76 157 318 mi 9999 mi



$.00 .00 954.00 .00 $954.00
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 CHAPTE R 12 STORAGE AND HANDLING DECISIONS  2



Various alternatives are evaluated in Tables 12-1 to 12-4. The annual costs of each alternative are plotted in Figure 12-1. The best economic choice is to use all public warehousing.
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 r a Pure Public Warehouse Strategy  Privately-operated  pace quireents, q. ft.b 2,500 0,000 7,500 5,000 12,500 3,125 15,625 8,125 7,500 3,750 0,000 6,250 1,875



 Private allocation 0% 0 0 0 0 0 0 0 0 0 0 0



 Monthly  Monthly  fixed cost  variable cost  $0 $0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 $0 $0



Rented  Rented allocation 100% 100 100 100 100 100 100 100 100 100 100 100



 Monthly  storage cost  $30,000c 24,000 18,000 12,000 6,000 1,500 7,500 13,500 18,000 21,000 24,000 27,000 $202,500



 Monthly handling  cost  $50,000d 40,000 30,000 20,000 10,000 2,500 12,500 22,500 30,000 35,000 40,000 45,000 $337,500



 Monthly total cost  $80,000 64,000 48,000 32,000 16,000 4,000 20,000 36,000 48,000 56,000 64,000 72,000 $540,000



$5/lb.) .) = Thruput (lb.)  (1/ 2 turns)  (1/0.40 storage space ratio)  (0.1 cu. ft./$)  (1/10 ft.)  (5 $/lb.) and 100% of the demand through the rented warehouse, then 1,000,000  (1.00/2)  0.06 = $30,000 $50,000



TABLE 12-2 Costs for a Mixed Warehouse Strategy Using a 10,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 16% 84% $9,792d $3,200e $25,200f  $42,000g Feb. 800,000 50,000 20 9,792 3,200 80 19,200 32,000 Mar. 600,000 37,500 27 9,792 3,200 73 13,140 21,900 Apr. 400,000 25,000 40 9,792 3,200 60 7,200 12,000 May 200,000 12,500 80 9,792 3,200 20 1,200 2,000 June 50,000 3,125 100 9,792 1,000 0 0 0 July 250,000 15,625 64 9,792 3,200 36 2,700 4,500 Aug. 450,000 28,125 36 9,792 3,200 64 8,640 14,400 Sept. 600,000 37,500 27 9,792 3,200 73 13,140 21, 900 Oct. 700,000 43,750 23 9,792 3,200 77 16,170 26,950  Nov. 800,000 50,000 20 9,792 3,200 80 19,200 32,000 Dec. 900,000 56,250 18 9,792 3,200 82 22,140 36,900 Totals 6,750,000 421,875 $117,504 $36,200 $147,930 $246,550 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  (1/0.40)  (0.1/10)  5 = Thruput (lb.)  0.0625 c 10,000/62,500 = 0.16 d (3510,000/20) + 1010,000/12 = $9,792 per month e 1,000,000 0.160.02 = $3,200 f Given a turnover ratio of 2 and 84% of the demand through the rented warehouse, then 1,000,000  (0.84/2)  0.06 d 1,000,000  0.84  0.05 = $42,000



 Monthly total cost  $80,192 64,192 48 ,032 32,192 16,192 10,792 20,192 36,032 48,032 56,112 64,192 72,032 $548,184



= $25,200



 TABLE 12-2 Costs for a Mixed Warehouse Strategy Using a 10,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 16% 84% $9,792d $3,200e $25,200f  $42,000g Feb. 800,000 50,000 20 9,792 3,200 80 19,200 32,000 Mar. 600,000 37,500 27 9,792 3,200 73 13,140 21,900 Apr. 400,000 25,000 40 9,792 3,200 60 7,200 12,000 May 200,000 12,500 80 9,792 3,200 20 1,200 2,000 June 50,000 3,125 100 9,792 1,000 0 0 0 July 250,000 15,625 64 9,792 3,200 36 2,700 4,500 Aug. 450,000 28,125 36 9,792 3,200 64 8,640 14,400 Sept. 600,000 37,500 27 9,792 3,200 73 13,140 21, 900 Oct. 700,000 43,750 23 9,792 3,200 77 16,170 26,950  Nov. 800,000 50,000 20 9,792 3,200 80 19,200 32,000 Dec. 900,000 56,250 18 9,792 3,200 82 22,140 36,900 Totals 6,750,000 421,875 $117,504 $36,200 $147,930 $246,550 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  (1/0.40)  (0.1/10)  5 = Thruput (lb.)  0.0625 c 10,000/62,500 = 0.16 d (3510,000/20) + 1010,000/12 = $9,792 per month e 1,000,000 0.160.02 = $3,200 f Given a turnover ratio of 2 and 84% of the demand through the rented warehouse, then 1,000,000  (0.84/2)  0.06 d 1,000,000  0.84  0.05 = $42,000



 Monthly total cost  $80,192 64,192 48 ,032 32,192 16,192 10,792 20,192 36,032 48,032 56,112 64,192 72,032 $548,184



= $25,200
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TABLE 12-3 Costs for a Mixed Warehouse Size Strategy Using a 30,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 52% 48%c $29,375d $9,600e $15,600f  $26,900g Feb. 800,000 50,000 60 29,375 9,600 40 9,600 16,000 Mar. 600,000 37,500 80 29,375 9,600 20 3,600 6,000 Apr. 400,000 25,000 100 29,375 8,000 0 0 0 May 200,000 12,500 100 29,375 4,000 0 0 0 June 50,000 3,125 100 29,375 1,000 0 0 0 July 250,000 15,625 100 29,375 5,000 0 0 0 Aug. 450,000 28,125 100 29,375 9,000 0 0 0 Sept. 6 00,000 37,500 80 29,375 9,600 20 3,600 6,000 Oct. 700,000 43,750 69 29,375 9,600 31 6,510 13,020  Nov. 800,000 50,000 60 29,375 9,600 40 9,600 16,000 Dec. 900,000 56,250 53 29,375 9,600 47 12,690 2 1,150 Totals 6,750,000 421,875 $352,500 $94,200 $61,200 $104,170 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  1/0.40  (0.1/10)  5 = Thruput (lb.)  0.0625 c 30,000/62,500 = 0.48 d (3530,000/20) + 1030,000/12 = $29,375 per month e 1,000,000 0.480.02 = $9,600 f Given a turnover ratio of 2 and 52% of the demand through the rented warehouse, then 1,000,000  (0.52/2)  0.06 d 1,000,000  0.52  0.05 = $26,000



 Monthly total cost  $80,575 64,575 48,575 37,375 33,375 30,375 34,375 38,375 48,575 58,505 64,575 72, 815 $612,070



= $15,600



 TABLE 12-3 Costs for a Mixed Warehouse Size Strategy Using a 30,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 52% 48%c $29,375d $9,600e $15,600f  $26,900g Feb. 800,000 50,000 60 29,375 9,600 40 9,600 16,000 Mar. 600,000 37,500 80 29,375 9,600 20 3,600 6,000 Apr. 400,000 25,000 100 29,375 8,000 0 0 0 May 200,000 12,500 100 29,375 4,000 0 0 0 June 50,000 3,125 100 29,375 1,000 0 0 0 July 250,000 15,625 100 29,375 5,000 0 0 0 Aug. 450,000 28,125 100 29,375 9,000 0 0 0 Sept. 6 00,000 37,500 80 29,375 9,600 20 3,600 6,000 Oct. 700,000 43,750 69 29,375 9,600 31 6,510 13,020  Nov. 800,000 50,000 60 29,375 9,600 40 9,600 16,000 Dec. 900,000 56,250 53 29,375 9,600 47 12,690 2 1,150 Totals 6,750,000 421,875 $352,500 $94,200 $61,200 $104,170 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  1/0.40  (0.1/10)  5 = Thruput (lb.)  0.0625 c 30,000/62,500 = 0.48 d (3530,000/20) + 1030,000/12 = $29,375 per month e 1,000,000 0.480.02 = $9,600 f Given a turnover ratio of 2 and 52% of the demand through the rented warehouse, then 1,000,000  (0.52/2)  0.06 d 1,000,000  0.52  0.05 = $26,000



 Monthly total cost  $80,575 64,575 48,575 37,375 33,375 30,375 34,375 38,375 48,575 58,505 64,575 72, 815 $612,070



= $15,600
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TABLE 12-3 Costs for a Mixed Warehouse Size Strategy Using a 40,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 $39,167 $12,800e 36% 64%c $10,800f  $18,000g Feb. 800,000 50,000 80 39,167 12,800 20 4,800 8,000 Mar. 600,000 37,500 100 39,167 12,800 0 0 0 Apr. 400,000 25,000 100 39,167 8,000 0 0 0 May 200,000 12,500 100 39,167 4,000 0 0 0 June 50,000 3,125 100 39,167 1,000 0 0 0 July 250,000 15,625 100 39,167 5,000 0 0 0 Aug. 450,000 28,125 100 39,167 9,000 0 0 0 Sept. 600,000 37,500 100 39,167 12,000 0 0 0 Oct. 700,000 43,750 91 39,167 12,800 0 1,890 3,150  Nov. 800,000 50,000 80 39,167 12,800 20 4,800 8,000 Dec. 900,000 56,250 71 39,167 12,800 29 7,830 13 ,050 Totals 6,750,000 421,875 $470,004 $115,000 $30,120 $50,200 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  1/0.40 ( 0.1/10)  5 = Thruput (lb.)  0.0625 c 40,000/62,500 = 0.64 d (3540,000/20) + 1040,000/12 = $39,167 per month e 1,000,000 0.640.02 = $12,800 f Given a turnover ratio of 2 and 52% of the demand through the rented warehouse, then 1,000,000  (0.36/2)  0.06 d 1,000,000  0.36  0.05 = $18,000



 Monthly total cost  $80,767 64,767 51,167 47,167 43,167 40,167 44,167 48,167 51,167 57,007 64,767 72, 847 $665,324



= $10,800



 TABLE 12-3 Costs for a Mixed Warehouse Size Strategy Using a 40,000 Square Foot PrivatelyOperated Warehouse  Privately-operated Rented WareSpace house require Private  Monthly  Monthly  Rented  Monthly  Monthly thruput, ments, allo fixed cost  variable allo storage handling  a b  Month lb.  sq. ft. cation cost  cation cost  cost  Jan. 1,000,000 62,500 $39,167 $12,800e 36% 64%c $10,800f  $18,000g Feb. 800,000 50,000 80 39,167 12,800 20 4,800 8,000 Mar. 600,000 37,500 100 39,167 12,800 0 0 0 Apr. 400,000 25,000 100 39,167 8,000 0 0 0 May 200,000 12,500 100 39,167 4,000 0 0 0 June 50,000 3,125 100 39,167 1,000 0 0 0 July 250,000 15,625 100 39,167 5,000 0 0 0 Aug. 450,000 28,125 100 39,167 9,000 0 0 0 Sept. 600,000 37,500 100 39,167 12,000 0 0 0 Oct. 700,000 43,750 91 39,167 12,800 0 1,890 3,150  Nov. 800,000 50,000 80 39,167 12,800 20 4,800 8,000 Dec. 900,000 56,250 71 39,167 12,800 29 7,830 13 ,050 Totals 6,750,000 421,875 $470,004 $115,000 $30,120 $50,200 a Thruput (lb.) = Sales ($)/($5/lb.)  b Space requirements (sq. ft.) = Thruput (lb.)  ½  1/0.40 ( 0.1/10)  5 = Thruput (lb.)  0.0625 c 40,000/62,500 = 0.64 d (3540,000/20) + 1040,000/12 = $39,167 per month e 1,000,000 0.640.02 = $12,800 f Given a turnover ratio of 2 and 52% of the demand through the rented warehouse, then 1,000,000  (0.36/2)  0.06 d 1,000,000  0.36  0.05 = $18,000



 Monthly total cost  $80,767 64,767 51,167 47,167 43,167 40,167 44,167 48,167 51,167 57,007 64,767 72, 847 $665,324



= $10,800
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FIGURE 12-1 Total Annual Costs for a Combined Warehouse Size Using Private and Public Warehouse Space
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The annual cost of public warehousing is: Handling Storage Total



$ 600,000 300,000 $ 900,000



The costs of private warehousing are: Annual operating $ 250,000 Annual lease payment 3150,000 = 450,000 Other fixed (one time) 400,000 The savings in operating costs of lease vs. public warehousing is: Savings = $900,000  250,000 = $650,000/yr.
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 TABLE 12-5 Ten-Year Cash Flow Stream for Public vs. Leased Warehouse Comparison Savings  DepreSavings less Savings:  Pre-tax ciation less depre After-tax  Lease vs. net cash  schedepreTaxes ciation Savings net cash Year   public  flow dule ciation (35%) & tax less tax  flow (3,050)a 0 $0 $0 0 0 0 0 ($3,050) 1 650 650 593 208 385 442 57 b 442c 2 650 650 57 593 208 385 442 442 3 650 650 57 593 208 385 442 442 4 650 650 57 593 208 385 442 442 5 650 650 57 593 208 385 442 442 6 650 650 57 593 208 385 442 442 7 650 650 58 592 207 385 443 443 8 650 650 0 650 228 422 442 442 9 650 650 0 650 228 422 442 442 10 650 650 0 650 228 422 442 442 $6,500 $3,450 $400 $6,100 $2,139 $3,961 $4,361 $1,311 a Capitalization lease plus initial cash outlay, i.e., $2,650,154 + 400,000 = $3,050,154  b Depreciation charge for each of seven years is 1/7 = 0.1429 such that 400,0000.1429 = $57,143 c Add back depreciation, i.e., 385 + 57 = $442



 Discount  factor  1/(1+i) j



0.9009 0.8116 0.7312 0.6587 0.5935 0.5346 0.4817 0.4339 0.3909 0.3522  NPV =



 Discounted  cash flow ($3,050) 398 359 323 291 262 236 213 183 165 149 ($471)
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Capitalizing the lease over ten years, we have: (1  0.11) 10  1  $2,650,154  PV  450,000 0.11(1  0.11)10 The initial investment in $000s then is: Initial investment = $2,650 + 400 = $3,050 The ten-year cash flow stream is shown in Table 12-5. Since the savings are expressed to favor leasing and the net present value is negative, choose public warehousing. 4



Given: k = $210/sq ft. S = 100,000 sq. ft.



 Capitalizing the lease over ten years, we have: (1  0.11) 10  1  $2,650,154  PV  450,000 0.11(1  0.11)10 The initial investment in $000s then is: Initial investment = $2,650 + 400 = $3,050 The ten-year cash flow stream is shown in Table 12-5. Since the savings are expressed to favor leasing and the net present value is negative, choose public warehousing. 4



Given: k = $210/sq ft. S = 100,000 sq. ft. C = $0.01/ft.10,000 = $100/ft.



The width is: W



*







C  8k S  2C  8k 







100  8(210) 100,000 2(100)  8(210)



 308 ft. The length is: *



 L



 S / W *  100,000 / 308  325 ft.



 5



Space layout according to text Fig. 12-4(a) can be determined by the application of equations 12-8 and 12-9. These equations specify the best number of shelf spaces and the best number of double racks, respectively. Equations 12-10 and 12-11 give the length and width of the building. The optimal number of shelf spaces would be:



 dC h  2aC  s  2C  p  K ( w  a ) L  m1     L  2(dC h  C  p )   2h  1



*







1



 400,000(0.001)  2(10)(0.50)  2(3.00)  50,000(8  10)(4)  155



 4







2(400,000)(0.001)  3.00







2(4)







 120.48, or 121
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 The optimal number of double racks would be: * 1



n











 K ( w  a ) L  



1



 



wa



 dC h  2aC  s  2C  p  



2(dC h



 C  p )







2h



2[(400,000)(0.001)  3.00]   50,000(8  10)(4)    8  10  400,000(0.001)  2(10)(0.50)  2(3.00)  2(4)  1



 52 The warehouse length would be: u1



 n1* (w  a )  52(8  10)  936 ft.



and the width would be: v1



 2a  m1* L  2(10)  121(4)  504 ft.
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According to Equation 12-17, the number of truck doors can be estimated by:



 N



 DH 



 CS 



Therefore,  N = (7512,000) 3/(312,000) 8 = 9.37, or 10 doors 7 



Summarizing the given information as follows:



Initial investment Useful life Salvage value @15% of initial cost Annual operating expenses Return on investment before tax



Three Five type 1 type 2 units units $60,000 $50,000 10 yr.10 yr.



Seven type 3 units $35,000 10 yr.



$ 9,000



$ 7,500



$ 5,250



$ 6,000



$12,500



$21,000



20%



20%



20%



An initial solution to this problem can be found through a discounted cash flow 157



 analysis. Three alternatives are to be evaluated.
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(1  0.2)10  1  PV 1  60,000  6,000



10   0.2(1  0.2) 



1







 9,000 10  (1  0.2) 



 60,000  6,000(4.2)  9,000(0.16)  $83,760  PV 2



 50,000  12,500(4.2)  7,500(0.16)  50,000  52,500  1,200  $101,300



 PV 3



 35,000  21,000(4.2)  5,250(0.16)  35,000  88,200  840  $122,360



The low present value of the Type 1 truck indicates that from among these three alternatives, this would be the best buy. 8



Given: Initial cost of equipment = $4,000 Operating costs 500 + 40(t - 1)2 - 30(t - 1) Salvage value S n = I (1  –  t /7) Rate of return on investment = 20% Replacement is expected to be with equipment of like kind The best replacement year can be found by comparing the equivalent annual cost of a sequence of similar equipment replaced every n years. The equivalent annual cost is:











 j n n n  I   AC n     j1 (C  /(1  i ) )  (S n /(1  i ) ) i (1  i ) /(1  i )  1 n



Solving this equation for different years is facilitated if the equation is set up in tabular form, as shown in Table 12-6. The equipment should be replaced at the end of the third year of service although a 5year replacement cycle is also attractive.
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 TABLE 12-6



Equivalent Annual Cost Computations for Problem 8



(1) Year, n



 Initial  nvestment,



1 2 3 4 5 6 7



$4,000 4,000 4,000 4,000 4,000 4,000 4,000



(2) Operating costs,



C



 j



/ (1  i)



 j



(3) Salvage value, S / (1  i) n



(4)  Factor 



(5)=(1+2-3)(4)



i(1 i)n (1 i) n  1



 Equivalent annual  cost, n



$2,857 1,984 1,323 827 459 191 0



1.20 0.65 0.47 0.39 0.33 0.30 0.28



$416 770a 1,117 b 1,488 1,898 2,350 2,841



a



$416 + [500 + 40(2-1) 2  –  30(2-1)]/(1+0.20)2 = $770



 b



$770 + [500 + 40(3-1) 2  –   30 (3-1)]/1+0.20)3 = $1,117



$1,871 1,821 1,783  1,818 1,795 1,848 1,915
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(a1) Layout by popularity involves locating the more frequently ordered items closest to the outbound dock. Based on the average number of daily orders on which the item appears, the items closest to the outbound dock would be ranked as follows:  B,I,E,A,F,H,J,C,G,D The storage space might then be used as follows. Inbound



D



H, F, A



A, E



B



J, C, G



H, J



E



B, I, E



Outbound (a2) Layout by cube places the smallest items nearest the outbound dock. Using the individual item size, the ranking would be as follows:  A,E,I,C,J,H,G,B,F  The layout of items in the storage bays would be:
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 Inbound



F, D



B



H, D



H, G, B



D, J, C



E, A



E, I, C



E



Outbound (a3) The cube-per-order index is created by ratioing the average required cubic footage of a product to the average number of daily orders on which the item is requested. Hence, this index is found as follows:



Product A B C D E F G H I J



(1) Space required cu. ft. a 5,000 30,000 15,000 17,000 55,000 11,000 7,000 28,000 13,000 9,000



(2)



(3)=(1)/(2)



Daily orders 56 103 27 15 84 55 26 45 94 35



CPO  index  89 291 556 1,133 655 200 269 622 138 257



a



500 sq. ft. stacked 10 ft. high



Locating the products with the lowest index values nearest to the outbound dock results in the following ranking and layout:  A,I,F,J,G,B,C,H,E,D



161



 Inbound



D



E



E, F



E



H, C



B



F, I, A



F, J, G, B



Outbound (b) All of the above methods assume (1) that the product is moved to the storage locations in large unit loads but retrieved from the storage locations in relatively small quantities and (2) that only one product is retrieved during an out-and-back trip. Therefore, these methods do not truly apply to the situation of multiple picks on the same trip. However, they may be used with some degree of approximation if the  products can be aggregated as one and grouped together or zoned in the same section of the warehouse. 10



This is an extra challenging problem that requires some knowledge of linear  programming. It may be formulated as follows. Let  X ij represent the amount per 1,000 units of product j stored in location i. Let C ij  be the handling time associated with storage bay i and product j. G j is the capacity of a bay for product j and R j is the number of units of product j required to be stored. The linear programming statement is: Objective function Zmin = .90X  11 + .75X  12 + .90X  13 + .80X  21 + .65X  22 + .95X  23 + .60X  31 + .70X  32 + .65X  33 + .70X  41 + .55X  42 + .45X  43 + .50X  51 + .50X  52 + .45X  53 + .40X  61 + .45X  62 + .35X  63



Subject to: Capacity restrictions on bays
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 20X  11 + 33.3X  12 + 16.7X  13







100



20X  21 + 33.3X  22 + 16.7X  23







100



20X  31 + 33.3X  32 + 16.7X  33







100



20X  41 + 33.3X  42 + 16.7X  43







100



20X  51 + 33.3X  52 + 16.7X  53







100



20X  61 + 33.3X  62 + 16.7X  63







100



and storage requirements restrictions on products 



X  11 + X  21 + X  31 + X  41 + X  51 + X  61 X  12 + X  22 + X  32 + X  42 + X  52 + X  62 X  13 + X  23 + X  33 + X  43 + X  53 + X  63







11







4



12



Solving the linear programming problem by means of any standard transportation code of linear programming, such as LNPROG in LOGWARE, yields: The total minimum handling time is 138.68 hours



X  12 = 1.610 X  21 = 1.020 X  22 X  31 X  43 X  51 X  53 X  63



= = = = = =



2.390 5.000 5.988 4.980 0.024 5.988



where X s are in thousands of units. That is, product 1 should be stored in bays 3, 4, and 5 in quantities of 1,020, 5,000, and 4,980, respectively. Product 2 should be stored in bays 1 and 2 in quantities of 1,610 and 2,390, respectively. Product 3 should be stored in bays 4, 5, and 6 in quantities of 5,988, 24, and 5,988, respectively. Graphically, this is:



 Bay  Product  1 2 3 % of bay capacity



1



2



3 5,000



1,610



1,020 2,390



53.7



100.0



100.0



4



5



6 



4,980 5,988



24



5,988



100.0



100.0



100.0



 Require -ments 11,000 4,000 12,000
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