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Introduction



• Non-Users: In its simplest form, what does Pyomo look like?



• New Users: What’s the deal with index sets?



• Experienced users: How can I help new users with index sets?
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Min Cost Flow



• Set: Nodes ≡ N • Set: Arcs ≡ A ⊆ N × N



• Var: Flow on arc (i, j): ≡ xi,j , (i, j) ∈ A



• Param: Flow Cost on arc (i, j): ≡ ci,j , (i, j) ∈ A • Param: Demand at node i: ≡ Di, i ∈ N • Param: Supply at node i: ≡ Si, i ∈ N P minimize ca x a a∈AP subject to: Sn + (i,n)∈A x(i,n) P −Dn − (n,j)∈A x(n,j) n ∈ N xa ≥ 0, a∈A
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A=N ×N



# singlecomm.py from coopr.pyomo import * model = AbstractModel() model.Nodes = Set() model.Arcs = model.Nodes * model.Nodes



model.Flow = Var(model.Arcs, domain=NonNegativeReals) model.FlowCost = Param(model.Arcs, default = 0.0) model.Demand = Param(model.Nodes) model.Supply = Param(model.Nodes) def Obj_rule(model): return summation(model.FlowCost, model.Flow) model.Obj = Objective(rule=Obj_rule, sense=minimize)



def FlowBalance_rule(model, node): return model.Supply[node] \ + sum(model.Flow[i, node] for i in model.Nodes) \ - model.Demand[node] \ - sum(model.Flow[node, j] for j in model.Nodes) \ == 0 model.FlowBalance = Constraint(model.Nodes, \ rule=FlowBalance_rule)
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The Same Only Different



# d2singlecomm.py - double indexes instead of an Arc # equivalent to singlecomm.py from coopr.pyomo import * model = AbstractModel() model.Nodes = Set() model.Flow = Var(model.Nodes, model.Nodes, \ domain=NonNegativeReals) model.FlowCost = Param(model.Nodes, model.Nodes) model.Demand = Param(model.Nodes) model.Supply = Param(model.Nodes) def Obj_rule(model): return summation(model.FlowCost, model.Flow) model.Obj = Objective(rule=Obj_rule, sense=minimize)



def FlowBalance_rule(model, node): return model.Supply[node] \ + sum(model.Flow[i, node] for i in model.Nodes) \ - model.Demand[node] \ - sum(model.Flow[node, j] for j in model.Nodes) \ == 0 model.FlowBalance = Constraint(model.Nodes, rule=Flow
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Not So Dense?



You could use model.Arcs = Set(within=model.Nodes*model.Nodes) or mode.Arcs = Set(dimen=2) and then



def FlowBalance_rule(model, node): return model.Supply[node] \ + sum(model.Flow[i, node] for i in model.Nodes \ if (i,node) in model.Arcs) \ - model.Demand[node] \ - sum(model.Flow[node, j] for j in model.Nodes \ if (j,node) in model.Arcs) \ == 0 to match P Sn + (i,n)∈A x(i,n) P −Dn − (n,j)∈A x(n,j) n∈N
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Let’s Do It My Way



I like



def FlowBalance_rule(model, nd): return model.Supply[nd] \ + sum(model.Flow[i, nd] for i in model.NodesIn[nd]) - model.Demand[nd] \ - sum(model.Flow[nd, j] for j in model.NodesOut[nd] == 0 to get it you need NodesIn and NodesOut, which you could just read from data, and maybe you should;
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however,



you could get them from the arcs as follows:



def NodesIn_init(model, node): retval = [] for (i,j) in model.Arcs: if j == node: retval.append(i) return retval model.NodesIn = Set(model.Nodes, initialize=NodesIn_i
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Oh, Do You Really Like Numbers?



model.NumNodes = Param(within=PositiveIntegers) model.Nodes = RangeSet(model.NumNodes)
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From “Getting Started with Coopr”



You want for i in model.I, k in model.K, v in model.V[k] One way to get it:



def kv_init(model): return ((k,v) for k in model.K for v in model.V[k]) model.KV=Set(dimen=2, initialize=kv_init)
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Illustration



from coopr.pyomo import * model = AbstractModel() model.I=Set() model.K=Set() model.V=Set(model.K)



def kv_init(model): return ((k,v) for k in model.K for v in model.V[k model.KV=Set(dimen=2, initialize=kv_init) model.a = Param(model.I, model.K) model.y = Var(model.I) model.x = Var(model.I, model.KV) #include a constraint #x[i,k,v] 
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Summary



• You can have any number of indexes, each with any number of dimensions.



• If the index sets are sparse, it usually seems best to me to form higher dimensional sets to serve as the index sets, rather than using multiple indexes.
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Questions or Comments?
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