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⚪ Mathematical Programming: A mathematical programming model is a decision 

model for planning decisions that optimize an objective function and satisfy 

limitations imposed by mathematical constraints .

⚪ Optimization: Finding a solution which results in either the minimum cost or 

maximum performance under the given set of conditions .
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Introduction



Linear Programming (LP)

⚪ In mathematical notation, a linear programming problem is expressed as follows:

Max (Min)        Z  =  C X (objective function)

Subject to :

A X  ≤≥ b (set of constraints)

X ≥ 0 (non-negativity)

Where

C: row vector of objective function coefficients,

X:  column vector of decisions variables,

A: matrix of constraints coefficients,

b: column vector of right hand side values, representing available    resources 

DPÜ, Faculty of Engineering, Mining Eng. Dept.

3-7 October 2020,  Kütahya, Turkey



Linear Programming (LP) Continued

Max Ƶ= 
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Linear Programming (LP) Example

–Graphical Solution
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Applications in Mining Industry

⚪ Determining Ultimate Pit limits,

⚪ Finding the optimal sequence of blocks extraction,

⚪ Finding the optimal blending pattern,

⚪ Cutoff grade optimization,

⚪ Finding the optimal places for blasting,

⚪ Truck Dispatching in open pit

⚪ Equipment Replacements

⚪ and many more..
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Network Diagram for Safety Trans Company (STC) 
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Spreadsheet and Excel Solver Model for STC
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Spreadsheet and Optimal Solver Output for STC
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Network Models
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LINDO Model for Transportation Problem
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LINDO Output for Transportation Problem
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Network Models – Max Flow Problems
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LINDO Model for Max Flow Problem
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LINDO Output for Max Flow Problem
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Network Models – Shortest Path Problems
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LINDO Model for Shortest Path Problem
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LINDO Output for Shortest Path Problem
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Network Models – Assignment Problems
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LINDO Model for Assignment Problem
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LINDO Output for Assignment Problem
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Network Models – Min Cost Problems
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LINDO Model for Min Cost Problem
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LINDO Output for min Cost Problem
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Network Models – Critical Path Problems
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LINDO Model for Critical Path Problem
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LINDO Output for Critical Path Problem
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Activity Network for Example Problem.
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Project Simulation Example   (An Activity Network)
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One Simulation Run for Example Problem
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Frequency Distribution for Project Completion Time
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Example Problem 1:  Tyrone Mine Paper 
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Open Pit Truck/Shovel Haulage System Optimization 

(Optimal Route Selection, Four-node example, all possible paths 
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Open Pit Truck/Shovel Haulage System Optimization 

(Optimal Route Selection), Four-node example, Closed out 
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Open Pit Truck/Shovel Haulage System Optimization (Optimal Route 

Selection), Four-node example, dispatched 
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Problem Statement

LP Model Objective Function is: (which automatically maximizes synergy )

Maximizing overall production rate which is equivalent to 

(Maximizing both shovel and truck utilization (i.e: minimum shovel idle time and 

truck queue times)

Minimizing total number of trucks required for all  shovel coverages without trucks 

queuing.

This is expressed as a combination of three components as follows:

⚪ Total number of trucks on the road plus (+)

⚪ Total number of trucks at the dumps plus (+)

⚪ Total number of trucks at the shovels

SUBJECT TO:

⚪ Truck balances around each node (i.e.:  continuity and rate-limiting ) and 

⚪ non-negativity
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Assumptions of LP Model

1)  based on 

⚪ shovel digging rates

⚪ dump times

⚪ travel times

Calculated in real time to generate 

Optimal Routes for the current pit configuration

2) pit is viewed as a fixed (at any snapshot-point in time) number of muck points 

(sources) and damp points (sink) that are called nodes.

3) The nodes are connected by valid transactions routes that are called paths

4) some nodes are considered rate-limiting (e.g.: shovels and occasionally the crusher 

unless temporary ore stockpile is provided).

5) leach and waste dumps are assumed as capable of handling all transactions
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MATHEMATICAL FORMULATION

Decision Variables  for LP Model :

⚪ xij: Average number of trucks per min over path i,j ( trucks/min )

⚪ tij:  Average truck travel times in min over path i,j  ( min )

⚪ ti:  number of minutes it takes to process a truck at node i ( min)

⚪ ri:  number of trucks processed at node i per min( trucks/min ), 

⚪ ri =1/ ti

Objective Function: 

Min Z = 
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MATHEMATICAL FORMULATION Continued

Constraints:

o For waste shovel (rate limiting node) ;

⚪ For ore shovel (rate limiting node);
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MATHEMATICAL FORMULATION Continued

⚪ For waste dump (non-rate limiting node);

⚪ For crusher (non-rate limiting node)

⚪ Non-negativity;

xij ≥ 0 for all i and j
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Excel Solver Model for Example Problem
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Excel Solver Output for Example Problem

DPÜ, Faculty of Engineering, Mining Eng. Dept.

3-7 October 2022,  Kütahya, Turkey



LINDO Program for Four-Node Tyrone Mine

Truck/Shovel Optimization Problem
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LINDO Output for Four-Node Tyrone Mine 

Truck/Shovel Optimization Problem
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Input Data for Case Study Problem 
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Shovel-Truck System as Closed-Out System
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All possible Truck Paths
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A Typical Truck-Shovel Mining System



Truck-Shovel Modeling Concept 

Discrete-Event-System Simulation Approach
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An Example Shovel Loading Gantt Chart



Example Problem2:Ultimate Pit Limit Design by 

Positive Moving Cone Algorithm
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Ultimate Pit Limit Design by Positive Moving Cone Algorithm Con’t
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Example Problem3: Cutoff Grade Optimization Problem
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Example Problem3: Cutoff Grade Optimization Problem Con’t

Grade Category

Mid Point

( ons/ton )

Grade Category

( ons/ton )

Tonnage×100

( ton )

0,001 0 - 0,02 70000

0,0225 0,02 - 0,025 7257

0,0275 0,025 - 0,030 6319

0,0325 0,030 - 0,035 5591

0,0375 0,035 - 0,040 4598

0,0425 0,040 - 0,045 4277

0,0475 0,045 - 0,050 3465

0,0525 0,050 - 0,055 2428

0,0575 0,055 - 0,060 2307

0,0625 0,060 - 0,065 1747

0,0675 0,065 - 0,070 1640

0,0725 0,070 - 0,075 1485

0,0775 0,075 - 0,080 1227

0,0090 0,080 - 0,1 3598

0,229 0,1 - 0,358 9576
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An Example of grade-tonnage curve
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Cutoff Grade Optimization Problem Con’t

Grade Category

Mid-Point
( ons/ton )

Grade  Category

( ons/ton )

Tonnage×100

( ton )

0,001 0 - 0,02 70000

0,0225 0,02 - 0,025 7257

0,0275 0,025 - 0,030 6319

0,0325 0,030 - 0,035 5591

0,0375 0,035 - 0,040 4598

0,0425 0,040 - 0,045 4277

0,0475 0,045 - 0,050 3465

0,0525 0,050 - 0,055 2428

0,0575 0,055 - 0,060 2307

0,0625 0,060 - 0,065 1747

0,0675 0,065 - 0,070 1640

0,0725 0,070 - 0,075 1485

0,0775 0,075 - 0,080 1227

0,0090 0,080 - 0,1 3598

0,229 0,1 - 0,358 9576

Total 125000
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Optimization  of Blasting Design
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Activity Diagram for Strategic Planning
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Activity Diagram for Short-Range Planning
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