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Abstract: One of the successful approaches to unit commitment is the dynamic programming algorithm (DP). Dynamic 

programming has many advantages over the enumeration scheme, the chief advantage being a reduction in the 

dimensionality of the problem. It is one of the refined algorithm design standards and is powerful tool which yields 

definitive algorithms for various types of optimization problems. This paper presents a detailed study of various 

approaches of dynamic programming to the power system unit commitment and some hybrid techniques based on 

dynamic programming. 
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INTRODUCTION: UNIT COMMITMENT 

 

NIT commitment (UC) problem involves scheduling the on/off states of generating units, which minimize the 

operating cost, start-up cost and shut-down cost for a given horizon under various operating constraints. In 

addition to fulfill a large number of constraints, the optimal UC should be met the forecasted load demand calculated 

in advance, plus the spinning reserve requirement at every time interval such that the total cost is minimum[1].  
        Unit commitment is a mixed-integer nonlinear optimization problem. It involves determining the economical 

operation schedule subject to all constraints. However, this problem has integer and continuous variables and 
moreover has many constraints. It is difficult to determine the economical operation schedule for that reason. The 

exact optimal solution can be obtained by complete enumeration which cannot be applied to realistic power systems 

due to its computational burdens. Adequate operating reserve is required in an electric power system to maintain a 

desired level of reliability through a given period of time. The traditional unit commitment is one of difficult 

scheduling problems for minimizing operation cost of units while satisfying the constraints on generators and system 

characteristics. However, in recent years, power systems become deregulated and competitive so that the power 

system operation requires the problem reformulation that reflects the changes under new environment. So attempts 

are being continuously made to solve this problem by reliable iterative and heuristic methods. A number of such 

methods has been developed so far such as [2]: 

 Dynamic Programming 

 Integer Programming 

 Lagrange Relaxation 

 Genetic Algorithm 

 Neural Networks 

 Simulated Annealing 

 Evolutionary Programming 

 Particle Swarm Optimization 
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The above figure shows the daily and weekly Unit Commitment Schedule of four units [3].  

 

DYNAMIC PROGRAMMING 

Dynamic programming is a powerful mathematical tool that utilizes the principle of optimality to solve optimization 

problems that can be characterized by sequential decision processes. It was first introduced by Dr. Richard Bellman 

in the late 1950, who described the way of solving problems where you need to find the best decisions one after 

another. The word "programming" in "dynamic programming" is a synonym for optimization and is meant as 

“planning or a tabular method”. It is basically a stage wise search method of optimization problems whose solutions 

may be viewed as the result of a sequence of decisions. Dynamic programming method which is based on priority 

list method is flexible. This method has many advantages such as its ability to maintain solution feasibility. 
Nevertheless, this method has dimensional problem with a large power system because the problem size increases 

rapidly with the number of generating units to be committed, which results in an unacceptable solution time. This 

algorithm would consistently evaluate a large number of possible decisions in terms of minimizing the overall cost 

in a multistage scheduling problem. In its fundamental form, the dynamic programming algorithm for unit 

commitment problem examines every possible state in every interval. Some of these states are rejected instantly 

because they are found infeasible. But even, for an average size utility, a large number of feasible states will exist 

and the requirement of execution time will stretch the capability of even the largest computers [4]. 

       Dynamic programming has many advantages over the enumeration scheme, the chief advantage being a 

reduction in the dimensionality of the problem. Suppose we have four units in a system and any combination of 

them could serve the (single) load. There would be a maximum of 24 - 1 = 15 combinations to test. However, if a 

strict priority order is imposed, there are only four combinations to try [5]: 
 

Priority 1 unit 

Priority 1 unit + Priority 2 unit 

Priority 1 unit + Priority 2 unit + Priority 3 unit 
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Priority 1 unit + Priority 2 unit + Priority 3 unit + Priority 4 unit 

The imposition of a priority list arranged in order of the full-load average cost rate would result in a theoretically 

correct dispatch and commitment only if [6]: 

 
1. No load costs are zero. 

2. Unit input-output characteristics are linear between zero output and full load. 

3. There are no other restrictions. 

4. Start-up costs are a fixed amount. 

 

In the dynamic-programming approach that follows, we assume that: 

 

1. A state consists of an array of units with defined units operating and the off-line.   

2. There are no costs for shutting down a unit. 

3. The start-up cost of a unit is independent of the time it has been off-line (i.e., it is a fixed   amount). 

4. There is a strict priority order, and in each interval a defined minimum amount of capacity must be operating. 
 

In dynamic programming based unit commitment algorithms, for each time interval (usually an hour), different 

combinations of units, which render feasible solutions to the scheduling problem, are considered. At each stage, 

economic dispatch is performed on every feasible unit combination to calculate its generation at equal fuel 

incremental costs. Taking into account transitional costs associated with the units’ startup and shutdown, the 

algorithm could proceed in a forward direction to cover the entire scheduling horizon. The optimal schedule is 

obtained by tracing the path linking the successive decisions that rendered the least total cumulative cost. Since 

transitional costs are time dependent, forward dynamic programming must be used [7]. 

 

The dynamic programming (DP) method consists in implicitly enumerating feasible schedule alternatives and 

comparing them in terms of operating costs. Thus DP has many advantages over the enumeration method, such as 

reduction in the dimensionality of the problem. There are two dynamic programming algorithms [6,7]: 
 

 Forward dynamic programming 

 Backward dynamic programming 

 
In Forward DP approach one could set up the algorithm to run forward in time from the initial hour to the final hour. 

Conversely, in Backward DP approach, one could set up a dynamic-programming algorithm to run backward in time 

starting from the final hour to be studied, back to the initial hour. The advantages of the forward approach are: 

 

• Generally, the initial state and conditions are known. 

• The start - up cost of a unit is a function of the time.  

 

 Thus the forward approach is more suitable since the previous history of the unit can be computed at each stage [8]. 

 

WORKING METHODOLOGY 

General working methodology for achieving solution using DP approach is given as [9]: 

 
Split into Subproblems – The main problem is divided into a number of smaller, similar subproblems. The solution 

to main problem is stated in terms of the solution for the smaller subproblems. 

 

Table Construction for Storage - The fundamental idea of dynamic programming is to avoid calculating the same 

stuff twice and usually a table of known results of subproblems is constructed for the purpose. Dynamic 

programming thus takes advantage of the duplication and arranges to solve each subproblem only once, saving the 

solution in table for later use. The key to competence of a dynamic programming algorithm is that once it computes 

the solution to a constrained version of the problem, it stores that solution in a table until the solution is no longer 

needed by any future computation. The initial solution is trivial. This tells us that we trade space for time to avoid 

repeating the computation of a subproblem. 
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Combining using Bottom-up means - Combining solutions of smallest subproblems obtain the solutions to 

subproblems of increasing size. The process is continued until we arrive at the solution of the original problem. 
        

 Figure shown below indicates the Working Methodology of Dynamic Programming solving Unit Commitment 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

                      Fig. : Flowchart showing Unit Commitment by Dynamic Programming 
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ADVANTAGES OF DYNAMIC PROGRAMMING APPROACH 

 

 Dynamic programming decomposes a problem into a series of smaller problems, solves the small problems, 

and develops an optimal solution to the original problem step-by-step. 

 Dynamic programming is so powerful device that encourages tremendous growth in researches for solving 

sequential decision problems, and research related to dynamic programming has lead to fundamental 

advances in theory, numerical methods, and econometrics [10]. 

 Dynamic programming algorithm for unit commitment problem examines every possible state in every 

interval. 

 Dynamic programming (DP) method consists in implicitly enumerating feasible schedule alternatives and 

comparing them in terms of operating costs. 

 Dynamic programming has many advantages over the enumeration scheme, the chief advantage being a 

reduction in the dimensionality of the problem. 

 One advantage of this method is its flexibility and adaptability – it can be easily modified to model 

characteristics of specific utilities [11]. 
 

DISADVANTAGES / LIMITATIONS OF DYNAMIC PROGRAMMING APPROACH 

 

 The optimal solution used in Dynamic Programming involves solving a subproblem, and then it uses the 

optimal solution to that subproblem. This key property of the solutions produced by dynamic programming 

is that they are time consistent. This is essentially due to direct implication of the principle of optimality. 

 This method works best on objects which are linearly ordered and cannot be rearranged such as characters 

in a string, points around the boundary of a polygon, matrices in a chain, the left-to-right order of leaves in 

a search tree, etc [12]. 

 The major shortcoming of making use of dynamic programming as a means is that it is often nontrivial to 

write code that evaluates the subproblems in the most efficient order. 

 Dynamic programming searches backward from the final step to the starting point. It can compensate the 

lacks of the conventional OPF. But this procedure is too computationally expensive for most real world 

problems [13]. 

 The biggest limitation on using dynamic programming is the number of partial solutions we must keep 

track of. For all of the examples we have seen, the partial solutions can be completely described by 

specifying the stopping places in the input. This is because the combinatorial objects being worked on 

(strings, numerical sequences, and polygons) all have an implicit order defined upon their elements. This 

order cannot be scrambled without completely changing the problem [14]. 

 Because of its combinatorial nature, dynamic programming suffers from exponential increase of 

dimensionality which can prevent its applications in large-scale systems [15]. 

 

CONCLUSIONS 
 

This paper presents an dynamic programming approach to the unit commitment problem in an electrical power 

system. DP approach is a most powerful optimization prototype over the others. DP was the earliest optimization 

based technique to be applied to the UC problem and is still used extensively all over the world. However, it can be 

made more effective by making DP based hybrid algorithm with the help of other useful techniques. 
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