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1 Introduction



1.1 Applicable Documents 

1.2 Reference Documents 



2 Background

2.1 Supply Chain Network 

o

o

o



o

o

o

o

o

o

o

o

2.2 Gaps and Requirements  



2.2.1 Relevant Tactical Logistics IT Gaps 



Table 1   Tactical Logistics IT Gaps to be considered in this project [MC_2011, Section 6.3] 
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2.2.2 Relevant Requirements 

Requirement Description Gaps

Distribution management 

Inventory management 



3 Two-Echelon Supply Chain Management

3.1 Supply Chain Network 

3.1.1 The Extended Two-Echelon SCN 

o

o

Figure 3-1   The extended two-echelon Supply Chain Network. The arrows are showing from 
where the supplies/goods are coming from. 



3.1.2 The Two-Echelon SCN 

Figure 3-2   The two-echelon SCN – the tactical SCN. The arrows are showing from where the 
supplies/goods are coming from.  



3.2 Problem Definition and Characterization 
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3.2.1 Problem elements and characteristics 

o

o

o

o

o

o

o
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3.2.2 Stochastic problem characteristics 



3.2.3 Metrics/ Measures of Performance 

i.e.

3.3 Assumptions 

s

i.e.



3.4 Multi-Objective Optimization 

weighted-
sum scalarization 



4 Literature Review

4.1 Humanitarian Logistics 



4.2 Two-Echelon Vehicle Routing Problem  







4.3 Integrated SCM Problems 





5 Deterministic Model: Extended 2E-SCM



5.1 SCM in Disaster Relief Operations 

o

o

o

o

o



o
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o

o

o

o i

Figure 5-1   Extended Two-Echelon Supply Chain Network 
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5.2 Mathematical Programming Formulation 

e.g.
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5.3 Changing the MIP Model to Encompass Other Problem 
Versions  

Demand at the close supply node and the satellite nodes: 

Safety and risks, and their dynamic changes through the time periods: 

t



6 Stochastic Model

sampling

Explicit Stochastic Model - ESM1:



Explicit Stochastic Model – ESM2:

Explicit Stochastic Model – ESM3:

6.1 Mathematical Programming Formulation 

–sef 
Stochastic Explicit Form

Notation 

Decision variables 
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Constraints 
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7 Implemented Solution Approaches

7.1 Deterministic Model and General-Purpose MIP Solver 

7.2 Stochastic Model and General-Purpose MIP Solver 





8 Other Solution Approaches



8.1 Iterated Local Search and Variable Fixing Heuristic 

Heuristic H1: Alternate Heuristic  

while (the solutions do not start converging or time limit 1) 

Step 1:

Step 1.1(Initial iteration): Do either (a) or (b):  
(a) Fix variables x and w such that they reflect one of the two following two 

options for the routes between the satellite nodes and the customers: 
a. (Route s1-c11-c12-c13-s1, where this is the shortest route visiting all 

the customers associated with this satellite node (a solution to the 
associated TSP problem). Repeat this route three times within a 
period. Have similar routes for all the satellite nodes. Later, when the 
risks are to be considered we will remove the risky edges from the 
transportation network graph.  

b. Routes s1-c11-s1, s1-c12-s1, s1-c13-s1. Repeat these routes three times 
within a period. Have the similar routes for all the satellite nodes. 



(b) Solve the linear relaxation of the problem by CPLEX. Arrange x variables in 
descending order, and take one by one to fix them to 1 keeping the routes 
feasible. When infeasibility is reached, close the routes by connecting them to 
depots   

Step 1.1(Other iterations): In the second iteration, fix the routes – x and w variables –
as per the solution achieved in Step 2. 

Step 1.2: (Potentially) fix y variables to 1 to correspond to fixed x variables –
consider constraints (8) and (11) and other relevant constraints 

Step 1.3: Solve the remaining problem using CPLEX.  

Step 2:  

Step 2.1: Fix variables q and h to the values corresponding to the solution of the 
problem solved in Step 1.  

Step 2.2: Solve the remaining problem with CPLEX.  

end while  



Heuristics H2: Iterated Local Search  

Start 

while (Time Limit 2) 

Alternate Heuristic  

Perturbations: use one of the following  
(a) release all the variables, and run CPLEX providing the local 

optimum solution from the Alternate Heuristic as initial. Run 
CPLEX until Time Limit 3 is reached, or until a better solution is 
reached, or until another feasible solution is found 

(b) change cost or demand and run CPLEX for several minutes or run 
several iterations of the Alternate Heuristic. Switch the demand/ 
cost back to the initial demands/ costs 

(c) Use probabilities of demand scenarios 

use this feasible solution to re-start Alternate Heuristic  

end while 

end

8.2 Tabu Search (TS) Heuristics  

TS and Network Flow Solver Alternate Heuristic – Heuristic H3



Figure 8-1 Tabu Search Framework 



TS Heuristic with Embedded Network Flow Solver – Heuristic H4



8.3 Progressive Hedging  

8.3.1 Two-Stage Model Decomposition 

h q

First-stage problem:  NF – Network flow of supplies from the close supply node L to 
customers 

Objective 

Second-stage problem 

The Second-stage Low-Level VRP- LL-VRP



The Second-stage High-Level VRP – HL-VRP

q

Second-stage problem: Low-Level VRP – LL-VRP

Objective 

Second-stage problem: High-Level VRP – HL-VRP 

Objective 

8.3.2 Progressive Hedging Heuristic 

progressive hedging



Progressive Hedging Heuristics - PHH 

Estimate the transportation costs of one unit of the supply for each edge of the SCN 
based on the costs to transport full-truck load or 80% of the truck-load on the edge and 
back. Take the full price, or the percentage of it assuming that sometimes several 
delivery locations are visited on one route. The simple cost estimate could be  
Cost = edge_length*fuel_consumption*fuel_cost/ truck_capacity 

while (the transportation costs are not converging or time limit TL-PHH is not reached) 

Solve the first-stage network flow FH problem with the straight progressive hedging 
algorithm (sPHA) aiming at the quantities of the supply that are moved from the far 
supply node to the close supply node to converge. 

Use values of q variables as linking variables between the first-stage model and the 
second-stage model 

Solve HL-VRP problem with the converged values for q 

For each scenario, solve the LL-VRP with the scenario dependent values for q 

Re-Estimate the transportation costs of one unit of the supply for each edge of the 
SCN based on the solutions of the VRP problems 

end while 

Straight Progressive Hedging Algorithm - sPHA 

θ



α

8.4 Traveling in Convoys 



Convoys Heuristic – Heuristic H5 

Step 1

Step 2:
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9 e2E-SCM Software Package

9.1 High-Level Software Architecture 

o

o



Figure 9-1 High-Level Architecture for 2E-SCM Decision Support System 

o

o

o

o

o

o

o

o



o

o

o

o

o

o

o

o

o

o

o

9.2 Source Code 



9.3 e2E-SCM Solver 



Figure 9-2 Initial Class diagram with some of the implemented classes. 



Figure 9-3   Class diagram for Demand Node 



Figure 9-4   Class diagram for the transportation asset 



9.4 Problem Instance Generator 

Figure 9-5   Problem Instance Generation Process 



9.5 SCN Simulator 



o

o

o

o

o

o

o

o

o

9.5.1 Overview 

9.5.2 Implementation 





9.5.3 Inputs 

9.6 User Interface 

9.6.1 Solver GUI 



9.6.2 Solution Viewer 

o

o



o

o

o

o

o

o

o

9.6.3 Solution Review 

9.7 Using the Software 

9.7.1 Generate Problem Instances 

python generate_problem_instances.py -n 1 --path sample --
basename sample_ sample.pig 



9.7.2 Run Solver 

java scm.driver.SCM  

9.7.3 Results Analysis

from SCMsolution import SCMsolution 

solution = SCMsolution(‘solution.sol’) 

result = solution.result 



9.7.4 Simulator 

from SCMsolution import SCMsolution 

import json 

solution = SCMsolution(‘solution.sol’) 

orders = solution.get_orders() 

json.dump(orders,file(‘orders.json’)) 

python SupplyChainSimulator.py 



10 Computational Study

10.1 Experimental Setup 

10.2 Initial Experiments 





Figure 10-1   Gurobi log of the run and the optimal solution value. A deterministic model has 
been solved.



Figure 10-2  Inventory level changes at the echelons. . A deterministic problem has been 
solved.



10.3 Solution Details 



-------------------------------------------------------- 
Transportation costs, inventory costs, and unmet demand 
--------------------------------------------------------- 
Transport (distances, full cost, weighted costs) 
 
To Close Supply Node: 600.0, 900000.0, 180000.0 
To Satellite Nodes:   2397.642041673445, 119882.10208367204, 23976.420416734458 
To Customer Nodes:    4001.799595182156, 200089.97975910763, 40017.995951821445 
-------------------------------------------------- 
Inventories (amounts, full costs, weighted costs) 
-------------------------------------------------- 
Close Supply Node: 558.0000000009896, 5580.000000009898, 1116.0000000019793 
Satellite Nodes:   624.000000000411, 6240.000000004109, 1248.000000000822 
Customer Nodes:   1795.9999999989623, 35919.999999979336, 7183.999999995849 
------------------------------------------------ 
Unmet Demand (amount, full cost, weighted cost) 
-------------------------------------------------- 
Customer Nodes:    107.99999999935449, 107.99999999935449, 1079999.999993545 
------------------------------------------------ 
Input file name:  /home/dathomson/pig/sDRel_1p/sDRel_1p_min_1.json 
Output file name:  /home/dathomson/solutions/sDRel_1p_min_1.sol 
Number of scenarios: 1 
Number of time periods: 15 
Number of satellites: 3 
Number of demand nodes: 6 
Number of products: 1 
------------------------------------------------ 
Execution Time: 244.905 seconds  Time limit set to Gurobi by user: 240.0 seconds 
Objective value: 1333542.4163620998; Gap: 2.5134635096738753%; Runtime: 240.97220611572266 
------------------------------------------------ 
Number of constraints : 673635 
Number of variables: 238335; Num of binary variables 187740; Num of integer variables 214740 
------------------------------------------------ 

e.g. e.g.



10.4 Computational Study Results 
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Figure 10-3 Inventory at Demand Node 



Figure 10-4 Inventory at Satellite Node 

Figure 10-5   Inventory at Close Supply Node 
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11 Conclusion and Future Work

11.1 Conclusion 

o

o

o



11.2 Future Work 

11.2.1 Potential Tasks 



o

o

o

o

o

k

o

o

o

o

o



11.2.2 Other Relevant Problems 



A Military Scenario

A1 Distances, Travel Times, and Frequency of Transport 

A2 Transportation Assets 



Table A-1   CF Logistics Vehicle Capacities 

Vehicle type Capacity 

NSE Fleet of Vehicles



Fuel consumption

Loading and unloading times



A3 Supplies Variety and its Origin 

A4 Demand 

Table A-2 Demand Through History 

Time Soldiers NSE Staff Supply 
Demand per 

day

Number of Loads/Trips per day (20t per vehicle)



o

o



A5 RFID and Lost Goods 



B More on Military Transportation Assets
 
Prepared by John Conrad 
 
Question 6.  What is the fleet size (number of vehicles) at APOD? What is the capacity of each vehicle for 
each load type? In kilograms and in cubic meters, or is there any other load unit being used? 
 
It is understood that we need a fleet size number to work with for our scenario.  I have had a couple of 
thoughts as I work on a relevant number for our use.  In Adaptive Dispersed Operations (ADO), the military 
envisions less force-on-force set-piece fights and smaller, section-level combat engagements involving 
irregular, highly adaptive and technologically sophisticated adversaries. This requires some thinking with 
respect to how the basic load of combat supply in a unit is dispersed forward of the A2 echelon.  In ADO, 
perhaps it no longer makes sense to send supply though a single point (Unit Quartermaster)? 
 
Furthermore, a number of factors affect the size of the Standard Military Pattern (SMP)i fleet in a theatre of 
operations (or at the APOD as you have asked). The geography, strength of the economy in the country of 
operation, the availability of commercial trucking, weather and tactical environment.ii  Therefore the fleet 
size at the APOD depends largely on the use of commercial trucking, availability of air assets (helicopters) 
and APODs for aerial delivery, rail and water ways for moving material.  In our work we need to remember 
that ground fleets are not the only or necessarily even the best way of providing logistics in an ADO 
environment.   
 
In terms of vehicle fleet size of a land task force at an APOD, let us assume for our purposes that the theatre 
is extremely austere and the ability to contract civilian transport is very limited.  As such we have two 
vehicles in inventory at present --the Armoured Heavy Support Vehicle System (AHSVS) and the Heavy 
Logistic Vehicle Wheeled (HLVW). The AHSVS was introduced to the fleet after my tour in Kandahar with 
HLVW.   
 
The HLVW  
 
The 1,200 HLVW (16 tonne lift capacity) is the far older of these two logistics haulers.  It was introduced to 
service in the summer of 1990 and by Afghanistan War was entering the twilight of its useful life.  The new 
vehicle was acquired between the fall of 2007 and March of 2008 and was delivered direct to Afghanistan. 
The HLVW was originally procured as a 10 tonne capacity vehicle.  Beginning in 1995, a program to retrofit 
the HLVW 10 ton vehicle to carry 16 tonne with a PLS was started.  This program ran as money was available 
up until about year 2000. Although it is recognized that the HLVW is no longer fit for operational duty 
overseas, it is still the CF’s intent to use them domestically.  I can see the truck being used for a while yet. 
 
The in-service fleets of Land logistics vehicles, designed in the Cold War for contiguous, linear operations, are 
not suited to adaptive dispersed operations, in which non-contiguous, non-linear operations have been and 
are expected to continue as the norm. In-service fleets are simply classed by their payload capability as light, 
medium, heavy and super-heavy vehicles. Delivered to the Land Force in the 1980s and 1990s, in-service 
logistics vehicles face obsolescence and rust out.   
 



See photo I found below at right for an example of the HLVW 16 tonne with sea container PLS system. This 
type of delivery tool was used all the time by my NSE to deliver to forward FOBs. 
 
 
 
 
 
 
 
 
 
 
 
Lessons learned in the Balkans and Afghanistan highlighted deficiencies in payload, functionality, mobility, 
protection and firepower. The worldwide introduction of intermodal containers has allowed pre-configured 
loads to be seamlessly trans-shipped across any mode of transportation including by road, rail, sea and 
air, without the requirement to repackage loads.iii Canadian and allied forces use intermodal containers for 
strategic cargo 
 

 
 
 
 
 
 
 
 

 
shipment. While most allied forces have container capable logistics vehicles for tactical level shipment, 
Canada does (or at least did not until recently) not. Because our in-service logistics vehicles are not designed 
for such loads, significant effort is expended to manhandle and re-package loads from containers to cargo 
trucks for tactical level shipment.  
 
Additionally, because in-service trucks have less payload capacity, more trucks and crew are potentially 
required to move the same load over the same time period. Because of their weight and size, intermodal 
containers require logistics vehicles with appropriate payloads as well as load handling functionality. The 
payload and functionality of logistics vehicles must therefore be optimized for transporting intermodal 
containers. (from DND public webpage) 
 
The AHSVS (23 Tonne) 
 
The new AHSVS (pictured above) will be employed in the conduct of combat service support and combat 
tasks. This includes towing the M777 Lightweight Towed Howitzer and its basic ammunition load, 
transporting general cargo, such as humanitarian supplies, recovering all vehicles up to the LAVIII, 
transporting tanks and delivering bulk water and fuel.iv The new truck has a payload of 23 tonne. 
 



Question 7, 8 and 9.   

7.     What is the fleet size (number of vehicles) at main base in Canada used by CANOSCOM? 
What is the capacity of each vehicle for each load type? In kilograms and in cubic meters, or 
is there any other load unit being used?  

8.     What is the fleet size (number of vehicles) at other bases in Canada used by CANOSCOM? 
What is the capacity of each vehicle for each load type? In kilograms and in cubic meters, or 
is there any other load unit being used?  

9.     How many combat troops can be supported by this fleet size stated in 8.? What is the number 
of NSE staff involved in inventory/ warehouse and transportation tasks? Please provide one 
or two examples. 

 
It is easier to determine our fleet numbers and also our daily demand numbers by working backwards from 
the fighting unit.  The further from tactical danger, the more mixing of commercial pattern vehicles can and 
will occur. CFJOSG’s (formerly CANOSCOM) vehicle fleet in Canada is very limited in terms of SMP vehicles.  
The units of CFJOSG will never have a capacity problem to move material at home in Canada.  These 
domestic units have access to commercial carriers. 
 
I submit we use a 2,500 soldier Task Force with a battle group as its main combat element. This Task Force is 
very similar to the model used for part of the NATO effort in the Balkans (where the Canadians deployed 
two battle groups for a time and then returned to just one deployed under SFOR) and more recently, Task 
Force Afghanistan.  The Task Force would have: 
 

a. A slice of National Command Headquarters Element, staff officers, signalers and support soldiers for 
this HQ function. 

b. The task force’s main fighting arm is an infantry BG with an artillery battery, engineer troop and 
additional combat support and service support elements.  Based on the organization of an infantry 
unit, there could be as many as 45 LAVs (14 per company), 12 echelon (A1 and A2 vehicles for 
replenishment purposes like the HLVW or AHSVS described above) and another 15 to 20 vehicles for 
the attached combat arms in the Battle group. Call it 77 to 80 vehicles 15 of which would be logistics 
or echelon vehicles like the AHSVS or HLVW. 

c. A National Support Element (NSE) or logistics battalion. This logistics unit would have a good 30 to 
50 vehicles of the AHSVS and HLVW type and capacity for the NSE in theatre.   The NSE would have 
smaller, soft skinned vehicles at the APOD that do not leave the defended location such as medium 
to light transport trucks and material handling equipment. 

d. Total task Force Vehicles—120 to 150. 
 
The number and capacity of trucks at the APOD is not really required as the APOD does not move material 
forward.  The NSE does this. With a fleet size of 50 vehicles, the NSE could comfortably sustain a Canadian 
Task Force of 2,500 soldiers.   
 
Question 10.  How often there are vehicles traveling between APOD and each FOB? How many FOBs are 
there (provide an example)? 
 
Vehicles travel between the APOD, any forward NSE location and the FOBs of the battle group daily in 
accordance with our doctrine and replenishment cycle.  Tonnage per day required by our task force?  This is 



a difficult one to estimate.  In the First World War, the needs of an infantry Division of 15,000 to 20,000 
soldiers equated to 150 tonnes per day.  A World War II Infantry Division would consume 12,000 tonnes per 
day.  Put another way, a WW I Division’s maintenance load would need 6.5 (7) loads of our brand new 
AHSVS truck.  The WW II Division would need 522 truckloads of AHSVS material.  I would estimate the needs 
of the modern, information-driven infantry battle group would be closer to 25,000 to 40,000 tonnes per 
day—particularly in the ADO context.  The greatest bulk of this is liquid—POL and water.  Very few spare 
parts and other items clog up the supply chain.  The bulk of the material that flows daily is the combat 
supplies: fuel, water, ammunition and rations.  Personnel being moved by the supply system—either going 
on leave or personnel replacements for casualties are small, almost negligible in number compared with the 
need for diesel and water.  Only 20 to 25 % of the force can go on leave at any one time.  
 
Question 12.  Average travel times vary from the average when impacted by severe weather (sandstorm) or 
enemy interference (IED ambush). 

i SMP vehicles are specially engineered army trucks versus civilian pattern trucks.  Civilian pattern vehicles are heavily 
used to do military hauling in Canada. 
ii In most cases we can reasonably assume the APOD is secure/tactically safe.  If it is not it soon becomes the number 
one priority for the Canadian Commander on the ground to make it safe. 
iii We may wish to address containerization of loads in our modeling.  Container shipment is prized among logisticians 
as it eliminates the need for double and triple handling of material as it moves across different modes of transport.  PLS 
delivery of containers occurred often at the FOBs in Kandahar province. 
iv In total, the project will provide the CF with 82 vehicles. The AHSVS will be broken down into four main 
variants:  
* 25 cargo with material handling crane variant vehicles (of which 

eight will be gun tractors for the M777);  
* Five recovery variant vehicles;  
* 12 heavy tank transporter tractor variant vehicles; and  
* 40 palletized loading system (PLS) with container handling unit variant vehicles (10 petroleum, oils, 

and lubricants variants and five water variants). 



C Capacities and/or Stock Levels for in Theatre Modeling
Prepared by John Conrad  

Petroleum, Oil and Lubricants (POL) 

Historical Data for 1 Canadian Mechanized Brigade Group in the mid-1990s



Basic Load holdings of Various Arms of 1 CMBG 

Maintenance load for 1 CMBG 

Total Maintenance load of Fuel

POL Delivery to 1PPCLI.  September 2005—Kandahar Workups 
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Water



Rations 
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D Current Distribution Policies

o

o



o

o



o
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E Data Sets

Prepared by John Conrad, MSM, CD  



Classes of Supply*

Types of Supply 

Name Class Weight in Kg

E1 Military Scenario Data 



Consumption by People   

Demand per person, per day, at Close Supply Node 

Demand per person, per day, at Satellite Node 

Demand per person, per day, at Demand Node 



Consumption by Assets 

Demand per asset, per period, at Far Supply Node  

Supply Type Demand Per Period Mean Demand St Dev Demand

Demand per asset, per period, at Close Supply Node  

Supply Type Demand Per Period Mean Demand St Dev Demand



Demand per asset, per period, at Satellite Node  

Supply Type Demand Per Period Mean Demand St Dev Demand



Transportation Assets  

Far Supply Node Transportation Assets  

Number Cost Speed 
kph

Range 
(loaded)

Fuel 
capacity 

Payload 
in tonnes

Product 
compatibility

Non
compatibility

Close Supply Node Transportation Assets 

Number Cost Speed 
kph

Range Fuel 
capacity 

Payload Product 
compatibility

Non
compatibility



Satellite Node Assets  

Number Cost Speed 
kph

Consumpti
on/100 km

Fuel 
capacity 

Payloa
d

Product 
compatibility

Non
compatibility



E2 BC Earthquake Scenario Data 



Consumption by People  

Demand per person, per day, at Close Supply Node 

Demand per person, per day, at Satellite Node 

Demand per person, per day, at Demand Node



Consumption by Assets   

Demand per asset, per period, at Far Supply Node  

Supply Type Demand Per Period Mean Demand St Dev Demand

Demand per asset, per period, at Close Supply Node  

Supply Type Demand Per Period Mean Demand St Dev Demand

Demand per asset, per period, at Satellite Node  

Supply Type Demand Per Period Mean Demand St Dev Demand



Transportation Assets

Far Supply Node Transportation Assets  

Number Cost Speed 
kph

Range 
(loaded)

Fuel 
capacity 

Payload 
in tonnes

Product 
compatibility

Non
compatibility

Close Supply Node Transportation Assets 

Number Cost Speed 
kph

Range Fuel 
capacity 

Payload Product 
compatibility

Non
compatibility



Satellite Node Assets  

Number Cost Speed 
kph

Consumption/
100 km

Fuel 
capacity 

Payload Product 
compatibility

Non
compatibility
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G SCM Solver: Output 

G1 Gurobi output .sol file  
# Solution for model Supply Chain Model 
# Objective value = 1.3335424163620998e+06 
x.0.0.0.0.0.0.0 0 
x.0.1.0.0.0.0.0 0 
x.0.2.0.0.0.0.0 0 
x.0.3.0.0.0.0.0 0 
x.0.4.0.0.0.0.0 0 
x.0.5.0.0.0.0.0 0 
x.0.6.0.0.0.0.0 0 
x.1.0.0.0.0.0.0 0 
x.1.1.0.0.0.0.0 0 
x.1.2.0.0.0.0.0 0 
x.1.3.0.0.0.0.0 0 
x.1.4.0.0.0.0.0 0 
x.1.5.0.0.0.0.0 0 
x.1.6.0.0.0.0.0 0 
… 
x.6.1.0.0.1.0.10 1 
x.6.2.0.0.1.0.10 0 
x.6.3.0.0.1.0.10 0 
x.6.4.0.0.1.0.10 0 
x.6.5.0.0.1.0.10 0 

q.0.0.0.2.0.0.3.7 1.4000000000000348e+01 
q.0.0.0.2.0.0.3.8 0 
q.0.0.0.2.0.0.3.9 0 
q.0.0.0.2.0.0.3.10 0 

d.0.0.2.0.2 2 
d.0.0.3.0.2 2.0000000000000018e+00 
d.0.0.4.0.2 2.0000000000000004e+00 
d.0.0.5.0.2 1.9999999999999998e+00 
d.0.0.0.1.2 2 
d.0.0.1.1.2 2 
 
 
 



G2 SCM Solver Log and Solution Details 

Optimize a model with 673635 rows, 238335 columns and 3801893 nonzeros 
Found heuristic solution: objective 1.62031e+07 
Presolve removed 337395 rows and 58186 columns (presolve time = 5s) ... 
Presolve removed 337400 rows and 58188 columns 
Presolve time: 9.17s 
Presolved: 336235 rows, 180147 columns, 2422688 nonzeros 
Variable types: 20505 continuous, 159642 integer (139662 binary) 
 
Root simplex log... 
 
Iteration    Objective       Primal Inf.    Dual Inf.      Time 
   37005   -2.7322577e+06   1.126078e+04   0.000000e+00      5s 
   56114   -2.7049967e+06   2.111952e+04   0.000000e+00     11s 
   68464   -2.6903224e+06   1.888799e+04   0.000000e+00     16s 
   79200   -2.6730016e+06   3.656076e+04   0.000000e+00     22s 
   86264   -2.6641307e+06   2.139600e+04   0.000000e+00     26s 
   93494   -2.6586469e+06   2.066231e+04   0.000000e+00     31s 
  104060   -2.6525473e+06   2.548280e+04   0.000000e+00     37s 
  111525   -2.6462822e+06   2.135130e+04   0.000000e+00     41s 
  118664   -2.6397954e+06   2.021240e+07   0.000000e+00     45s 
  127741   -2.6328587e+06   2.140497e+04   0.000000e+00     50s 
  139897   -2.6206688e+06   3.903966e+04   0.000000e+00     56s 
  149034   -2.6167596e+06   1.215524e+04   0.000000e+00     60s 
  159931   -2.6159428e+06   1.027347e+04   0.000000e+00     66s 
  169429   -2.6011270e+06   9.525906e+03   0.000000e+00     71s 
  176330    3.8970855e+06   1.110272e+04   0.000000e+00     75s 
  183149    3.8983335e+06   7.265027e+02   0.000000e+00     80s 
  184901    3.8983335e+06   0.000000e+00   0.000000e+00     82s 
 
Root relaxation: objective 3.898333e+06, 184901 iterations, 82.11 seconds 
Total elapsed time = 111.55s 
Total elapsed time = 118.76s 
 
    Nodes    |    Current Node    |     Objective Bounds      |     Work 
 Expl Unexpl |  Obj  Depth IntInf | Incumbent    BestBd   Gap | It/Node Time 
 
     0     0 3898333.49    0 2207 1.6203e+07 3898333.49  75.9%     -  122s 
H    0     0                    4024659.4763 3898333.49  3.14%     -  154s 
     0     0 3899171.22    0 3745 4024659.48 3899171.22  3.12%     -  163s 
     0     0 3899171.22    0 2898 4024659.48 3899171.22  3.12%     -  209s 
H    0     0                    3999799.1156 3899171.22  2.52%     -  228s 
     0     0 3899171.22    0 3568 3999799.12 3899171.22  2.52%     -  235s 
H    0     0                    3973590.1058 3899171.22  1.87%     -  262s 
     0     0 3899171.22    0 1594 3973590.11 3899171.22  1.87%     -  299s 
     0     0 3899171.22    0 1501 3973590.11 3899171.22  1.87%     -  321s 
     0     0 3899171.22    0 1265 3973590.11 3899171.22  1.87%     -  339s 
     0     0 3899171.22    0 1304 3973590.11 3899171.22  1.87%     -  356s 
     0     0 3899171.22    0 1034 3973590.11 3899171.22  1.87%     -  371s 
     0     0 3899171.22    0  912 3973590.11 3899171.22  1.87%     -  383s 
     0     0 3899171.22    0  886 3973590.11 3899171.22  1.87%     -  395s 
     0     0 3899171.22    0  925 3973590.11 3899171.22  1.87%     -  405s 
     0     0 3899171.22    0  677 3973590.11 3899171.22  1.87%     -  415s 
     0     0 3899171.22    0  789 3973590.11 3899171.22  1.87%     -  425s 
     0     0 3899171.22    0  906 3973590.11 3899171.22  1.87%     -  469s 
     0     0 3899171.22    0  635 3973590.11 3899171.22  1.87%     -  476s 
     0     2 3899171.22    0  625 3973590.11 3899171.22  1.87%     -  490s 
    10    12 3899581.49    7  926 3973590.11 3899266.25  1.87%  1210  495s 
    30    29 3900133.49   10  933 3973590.11 3899355.64  1.87%   603  550s 
    62    53 3901969.49   15  906 3973590.11 3899355.64  1.87%   315  555s 



    90    77 3922529.49   22  887 3973590.11 3899355.64  1.87%   228  560s 
   102    93 3922537.49   25  878 3973590.11 3899355.64  1.87%   203  582s 
   327   317 3923537.85   79  675 3973590.11 3899355.64  1.87%  76.4  590s 
   429   412 3923841.94  101  561 3973590.11 3899355.64  1.87%  62.9  598s 
   508   489 3923897.94  117  529 3973590.11 3899355.64  1.87%  55.9  600s 
 
Cutting planes: 
  Learned: 15 
  Gomory: 13 
  Implied bound: 625 
  Clique: 2 
  MIR: 147 
  Flow cover: 165 
  Zero half: 9 
 
Explored 528 nodes (775920 simplex iterations) in 600.21 seconds 
Thread count was 4 (of 4 available processors) 
 
Time limit reached 
Best objective 3.973590105760e+06, best bound 3.899355640253e+06, gap 1.8682% 
 
------------------------------------------------ 
Inventories at customers) 
 
Inventory at Customer Nodes for each scenario and for each time period:     
Scenario  Satellite  Customer  Time period  INV      QNTY_Arr  demand  unmet_demand 
 0           0           0           0      0.00      0.00      6.00     6.00 
 0           0           0           1      0.00      0.00      6.00     6.00 
 0           0           0           2      0.00      12.00      6.00     6.00 
 0           0           0           3      12.00      0.00      6.00     0.00 
 0           0           0           4      6.00      10.00      6.00     0.00 
 0           0           0           5      10.00      20.00      6.00     0.00 
 0           0           0           6      24.00      0.00      6.00     0.00 
 0           0           0           7      18.00      0.00      6.00     0.00 
 0           0           0           8      12.00      0.00      6.00     0.00 
 0           0           0           9      6.00      10.00      6.00     0.00 
 0           0           0           10      10.00      20.00      6.00     0.00 
 0           0           0           11      24.00      0.00      6.00     0.00 
 0           0           0           12      18.00      0.00      6.00     0.00 
 0           0           0           13      12.00      0.00      6.00     0.00 
 
… 
 0           2           4           12      18.00      0.00      6.00     0.00 
 0           2           4           13      12.00      0.00      6.00     0.00 
 0           2           4           14      6.00      0.00      6.00     0.00 
 0           2           5           0      0.00      0.00      6.00     6.00 
 0           2           5           1      0.00      0.00      6.00     6.00 
 0           2           5           2      0.00      6.00      6.00     6.00 
 0           2           5           3      6.00      6.00      6.00     0.00 
 0           2           5           4      6.00      8.00      6.00     0.00 
 0           2           5           5      8.00      10.00      6.00     0.00 
 0           2           5           6      12.00      0.00      6.00     0.00 
 0           2           5           7      6.00      18.00      6.00     0.00 
 0           2           5           8      18.00      0.00      6.00     0.00 
 0           2           5           9      12.00      0.00      6.00     0.00 
 0           2           5           10      6.00      6.00      6.00     0.00 
 0           2           5           11      6.00      18.00      6.00     0.00 
 0           2           5           12      18.00      0.00      6.00     0.00 
 0           2           5           13      12.00      0.00      6.00     0.00 
 0           2           5           14      6.00      0.00      6.00     0.00 
 



--------- 
Inventory at Satellite Nodes:     
Scenario  Satellite  Time period  INV   QNTY_Arr  QNTY_Left 
 0           0           0       0.00     0.00     0.00 
 0           0           1       0.00     54.00     0.00 
 0           0           2       54.00     18.00     54.00 
 0           0           3       18.00     70.00     18.00 
 0           0           4       70.00     60.00     70.00 
 0           0           5       60.00     40.00     60.00 
 0           0           6       40.00     0.00     20.00 
 0           0           7       20.00     20.00     0.00 
 0           0           8       40.00     58.00     40.00 
 0           0           9       58.00     52.00     58.00 
 0           0           10       52.00     60.00     40.00 
 0           0           11       72.00     0.00     72.00 
 0           0           12       0.00     0.00     0.00 
 0           0           13       0.00     0.00     0.00 
 0           0           14       0.00     0.00     0.00 
 … 
 0           2           9       60.01     30.01     20.00 
 0           2           10       70.02     39.98     56.00 
 0           2           11       54.00     0.00     54.00 
 0           2           12       0.00     0.00     0.00 
 0           2           13       0.00     0.00     0.00 
 0           2           14       0.00     0.00     0.00 
 
--------- 
Inventory at Close Supply Node:     
Scenario  Time period  INV   QNTY_Arr  QNTY_Left 
 0           0       0.00     150.00     0.00 
 0           1       150.00     146.00     150.00 
 0           2       146.00     150.00     78.00 
 0           3       218.00     150.00     218.00 
 0           4       150.00     150.00     140.00 
 0           5       160.00     0.00     120.00 
 0           6       40.00     148.00     40.00 
 0           7       148.00     150.00     100.00 
 0           8       198.00     112.00     198.00 
 0           9       112.00     140.00     112.00 
 0           10       140.00     0.00     140.00 
 0           11       0.00     0.00     0.00 
 0           12       0.00     0.00     0.00 
 0           13       0.00     0.00     0.00 
 0           14       0.00     0.00     0.00 
 
------------------------------------------------ 
Total inventories over all periods 
 
Customer Nodes  
Scenario  Satellite  Customer  INV      QNTY_Arr  demand  unmet_demand 
 0           0           0     158.00     72.00     90.00     18.00 
 0           0           1     115.97     72.00     90.00     18.00 
 0           0           2     114.00     72.00     90.00     18.00 
 0           0           3     121.98     72.00     90.00     18.00 
 0           0           4     134.05     72.00     90.00     18.00 
 0           0           5     132.00     72.00     90.00     18.00 
 0           1           0     178.00     72.00     90.00     18.00 
 0           1           1     116.03     72.00     90.00     18.00 
 0           1           2     146.00     72.00     90.00     18.00 
 0           1           3     123.98     72.00     90.00     18.00 
 0           1           4     113.99     72.00     90.00     18.00 
 0           1           5     104.01     72.00     90.00     18.00 
 0           2           0     134.00     72.00     90.00     18.00 



 0           2           1     112.00     72.00     90.00     18.00 
 0           2           2     146.00     72.00     90.00     18.00 
 0           2           3     148.00     72.00     90.00     18.00 
 0           2           4     168.00     72.00     90.00     18.00 
 0           2           5     116.00     72.00     90.00     18.00 
 
Satellite Nodes  
Scenario  Satellite  INV      QNTY_Arr   
 0           0       484.00       432.00 
 0           1       573.95       432.00 
 0           2       524.04       432.00 
 
Close Supply Node  
Scenario  INV    QNTY_Arr   
 0        1462.00     1296.00 
 
------------------------------------------------ 
Customer visits 
 
Customer Node Visits for each time period:     
Time period  Satellite Customer  Number of visits 
 0           0         0          0 
 0           0         1          0 
 0           0         2          0 
 0           0         3          0 
… 
 2           1         2          2 
 2           1         3          2 
 2           1         4          12 
 2           1         5          4 
 2           2         0          2 
 2           2         1          2 
 2           2         2          2 
 … 
 
Customer Visits for all time periods:     
Satellite  Customer  Number of visits 
 0           0           12 
 0           1           22 
 0           2           14 
 0           3           22 
 0           4           20 
 0           5           22 
 1           0           10 
 1           1           18 
 1           2           12 
 1           3           14 
 1           4           28 
 1           5           20 
 2           0           14 
 2           1           16 
 2           2           12 
 2           3           16 
 2           4           14 
 2           5           14 
 
------------------------------------------------ 
Satellite: visits and routes 
 
For each time period:     
Time period  Satellite   Number-of-visits  Number-of-routes 
 0              0           0.0              0.0 
 0              1           0.0              0.0 



 0              2           0.0              0.0 
 1              0           14.0              0.0 
 1              1           10.0              0.0 
 1              2           6.0              0.0 
… 
Total for all time periods:     
Satellite  Number-of-visits   Number-of-routes 
 0                   54               32 
 1                   58               36 
 2                   56               36 
 
------------------------------------------------ 
Routes: close supply node and far supply node 
 
For each time period:     
Time period  Close:Number-of-routes    Far:Number-of-routes 
 0                    0.0                    1.0 
 1                    120.0                    1.0 
 2                    32.0                    1.0 
 3                    96.0                    1.0 
 4                    56.0                    1.0 
 5                    48.0                    0.0 
 6                    16.0                    1.0 
 7                    40.0                    1.0 
 8                    80.0                    1.0 
 9                    48.0                    1.0 
 10                    56.0                    0.0 
 11                    0.0                    0.0 
 12                    0.0                    0.0 
 13                    0.0                    0.0 
 14                    0.0                    0.0 
 
Total for all time periods:     
Close Supply Node:  Number of routes is 592 
Far Supply Node:  Number of routes is 9 
------------------------------------------------ 
Routes: close supply node --> satellites 
Time period 0 
    Vehicle type 0 
Time period 1 
    Vehicle type 0 
        Vehicle 0 ((num nodes, dist, y) (2.0, 99.90175173639349, 1.0) sat 0(q 
0.010000000000000009, (3,0)=1(0,3)=1)  sat 1(q 0.0, )  sat 2(q 0.0, )  (0,3)=1(3,0)=1)    
Route: (3,0,3,)  ) 
        Vehicle 1 ((num nodes, dist, y) (2.0, 99.90175173639346, 1.0) sat 0(q 0.0, )  sat 
1(q 0.0, )  sat 2(q 4.000000000214619, (3,2)=1(2,3)=1)  (2,3)=1(3,2)=1)    Route: 
(3,2,3,)  ) 
        Vehicle 2 ((num nodes, dist, y) (2.0, 99.90175173639346, 1.0) sat 0(q 0.0, )  sat 
1(q 20.000000000000014, (3,1)=1(1,3)=1)  sat 2(q 0.0, )  (1,3)=1(3,1)=1)    Route: 
(3,1,3,)  ) 
        Vehicle 3 ((num nodes, dist, y) (2.0, 99.90175173639349, 1.0) sat 0(q 
0.010000000000000009, (3,0)=1(0,3)=1)  sat 1(q 0.0, )  sat 2(q 0.0, )  (0,3)=1(3,0)=1)    
Route: (3,0,3,)  ) 
        Vehicle 4 ((num nodes, dist, y) (2.0, 99.90175173639346, 1.0) sat 0(q 0.0, )  sat 
1(q 11.980000000214844, (3,1)=1(1,3)=1)  sat 2(q 0.0, )  (1,3)=1(3,1)=1)    Route: 
(3,1,3,)  ) 
        Vehicle 5 ((num nodes, dist, y) (2.0, 99.90175173639349, 1.0) sat 0(q 
0.010000000000000009, (3,0)=1(0,3)=1)  sat 1(q 0.0, )  sat 2(q 0.0, )  (0,3)=1(3,0)=1)    
Route: (3,0,3,)  ) 
Time period 11 
    Vehicle type 0 
Time period 12 
    Vehicle type 0 



Time period 13 
    Vehicle type 0 
Time period 14 
    Vehicle type 0 
------------------------------------------------ 
Routes: satellites --> demand nodes 
Time period 0 
   Satellite 0 
        Vehicle type 0 
            Vehicle 0 
            Vehicle 1 
… 
Time period 2 
   Satellite 0 
        Vehicle type 0 
            Vehicle 0 
                Route 0 ((num nodes, dist, y) (5.0, 100.04498987955368, 1.0) cust 0(q 
0.0, )  cust 1(q 0.010000000000001563, (4,1)=1(1,5)=1)  cust 2(q 0.010000000000000009, 
(2,4)=1(6,2)=1)  cust 3(q 0.0, )  cust 4(q 11.999999999999433, (4,1)=1(2,4)=1)  cust 5(q 
5.999999999355126, (1,5)=1(5,6)=1)  (6,2)=1(5,6)=1)    Route: (6,2,4,1,5,)  ) 
            Vehicle 1 
                Route 0 ((num nodes, dist, y) (2.0, 100.04498987955368, 1.0) cust 0(q 
11.999999999999432, (6,0)=1(0,6)=1)  cust 1(q 0.0, )  cust 2(q 0.0, )  cust 3(q 0.0, )  
cust 4(q 0.0, )  cust 5(q 0.0, )  (0,6)=1(6,0)=1)    Route: (6,0,6,)  ) 
            Vehicle 2 
                Route 0 ((num nodes, dist, y) (4.0, 100.04498987955368, 1.0) cust 0(q 
0.0, )  cust 1(q 0.010000000000001563, (1,2)=1(3,1)=1)  cust 2(q 11.989999999999432, 
(1,2)=1(2,6)=1)  cust 3(q 5.9999999999994, (3,1)=1(6,3)=1)  cust 4(q 0.0, )  cust 5(q 
0.0, )  (2,6)=1(6,3)=1)    Route: (6,3,1,2,6,)  ) 
            Vehicle 3 
                Route 0 ((num nodes, dist, y) (2.0, 100.04498987955368, 1.0) cust 0(q 
0.0, )  cust 1(q 5.9799999999994204, (6,1)=1(1,6)=1)  cust 2(q 0.0, )  cust 3(q 0.0, )  
cust 4(q 0.0, )  cust 5(q 0.0, )  (1,6)=1(6,1)=1)    Route: (6,1,6,)  ) 
            Vehicle 4 
 
… 
------------------------------------------------ 
 
Transport (distances, full cost, weighted costs) 
 
To Close Supply Node: 1800.0, 2700000.0, 540000.0 
To Satellite Nodes:   7392.729628493126, 369636.48142465507, 73927.2962849311 
To Customer Nodes:    10404.67894747358, 520233.9473736771, 104046.78947473594 

-------------------------------------------------- 
Inventories (amounts, full costs, weighted costs) 

-------------------------------------------------- 

 
Close Supply Node: 1462.000000000629, 14620.00000000629, 2924.000000001258 

Satellite Nodes:   1581.9899999999275, 15819.899999999272, 3163.979999999855 

Customer Nodes:   2382.0099999998706, 47640.19999999742, 9528.039999999482 

------------------------------------------------ 
Unmet Demand (amount, full cost, weighted cost) 

-------------------------------------------------- 

999 
 
------------------------------------------------ 

 



------------------------------------------------ 

Input file name:  /home/dathomson/pig/sDRel_1p/sDRel_1p_min_1.json 

Output file name:  /home/dathomson/solutions/sDRel_1p_min_1.sol 

Number of scenarios: 1 

Number of time periods: 15 

Number of satellites: 3 

Number of demand nodes: 6 

Number of products: 1 

Objective function weights (transp.cost: F-L, L-s, s-c; Inventory costs; Unmet 
demand: 0.2, 0.2, 0.2, 0.2, 10000.0, 
Product compatibility constraints: false 
Wait next time period to leave: true 
Re-fueling constraints: false 
 

------------------------------------------------ 

------------------------------------------------ 

Execution Time: 244.905 seconds  Time limit set to Gurobi by user: 240.0 seconds 

Objective value: 1333542.4163620998; Gap: 2.5134635096738753%; Runtime: 
240.97220611572266 

 
------------------------------------------------ 

Number of constraints : 673635 

Number of variables: 238335; Num of binary variables 187740; Num of integer 
variables 214740 

 
------------------------------------------------ 

 
 

An example for the stochastic problem solving with 
3 scenarios:  
 
------------------------------------------------ 
 Inventories and unmet demand per scenario 
------------------------------------------------ 
Scenario  0 
------------------------------------------------ 
Inventories (amounts, full costs) 
 
Close Supply Node: 5473.99, 54739.90 
Satellite Nodes:   5442.01, 54420.10 
Customer Nodes:    5726.91, 114538.20 
------------------------------------------------ 
Unmet Demand (amount, full cost) 
 
Customer Nodes:    2162.00, 2162.00 
------------------------------------------------ 
Scenario  1 
------------------------------------------------ 
Inventories (amounts, full costs) 
 
Close Supply Node: 5441.96, 54419.60 
Satellite Nodes:   5424.04, 54240.40 



Customer Nodes:    5404.05, 108081.00 
------------------------------------------------ 
Unment Demand (amount, full cost) 
 
Customer Nodes:    17280.00, 17280.00 
------------------------------------------------ 
Scenario  2 
------------------------------------------------ 
Inventories (amounts, full costs) 
 
Close Supply Node: 5442.00, 54420.00 
Satellite Nodes:   5424.00, 54240.00 
Customer Nodes:    5410.12, 108202.40 
------------------------------------------------ 
Unmet Demand (amount, full cost) 
 
Customer Nodes:    32400.00, 32400.00 
------------------------------------------------ 
--------------------------------------------------------- 
 Transportation costs, inventory costs, and unmet demand 
--------------------------------------------------------- 
Transport (distances, full cost, weighted costs) 
 
To Close Supply Node: 7200.0, 1.08E7, 2160000.0 
To Satellite Nodes:   27273.178224035066, 1363658.9112017674, 272731.7822403553 
To Customer Nodes:    27612.417206756985, 1380620.8603378353, 276124.17206756625 
 
-------------------------------------------------- 
Inventories (amounts, full costs, weighted costs) - amounts and full costs averaged over 
scenarios 
-------------------------------------------------- 
Close Supply Node: 5452.649999999996, 54526.49999999996, 32715.899999999976 
Satellite Nodes:   5430.016666665356, 54300.16666665355, 32580.099999992137 
Customer Nodes:   5513.693333332166, 110273.86666664285, 66164.319999986 
 
------------------------------------------------ 
Unmet Demand (amount, full cost, weighted cost) - amounts and full costs averaged over 
scenarios 
-------------------------------------------------- 
Customer Nodes:    17280.666666666686, 17280.666666666686, 5.184199999999999E8 
 
------------------------------------------------ 
Input file name:  /home/dathomson/pig/sDRel_1p/sDRel_1p_MinAvgMax_1.json 
Output file name (.sol):  /home/dathomson/solutions/sDRel_1p_MinAvgMax_1_wnT.sol 
Number of scenarios: 3 
Number of time periods: 15 
Number of satellites: 3 
Number of demand nodes: 12 
Number of products: 1 
Objective function weights (transp.cost: F-L, L-s, s-c; Inventory costs; Unmet demand: 
0.2, 0.2, 0.2, 0.2, 10000.0, 
Product compatibility constraints: false 
Wait next time period to leave: true 
Re-fueling constraints: false 
------------------------------------------------ 
------------------------------------------------ 
Execution Time in secondt (tot, set by user, Gurobi runtime): 7579.434, 50400.0,  
7567.536954879761 
Objective value: 5.2126031627430755E8;   Gap: 0.005920280324420959% 
------------------------------------------------ 
Number of constraints: 2162265 
Number of variables (total, binary, integer): 805545, 619740, 668340 
------------------------------------------------ 
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