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Chained Optimization Scheme for Simultaneous Co-allocation 
of Resources of Different Types  

Outline 

• Parallel jobs scheduling in high performance and cloud systems requires 

the use of significant resources of different types (computational nodes, 

data storages, software packets, network connections, etc.) 

• Known scheduling algorithms are designed to allocate homogeneous or 

heterogeneous resources of the same type  

• We propose a solution for the problem of simultaneous co-allocation of 

resources of different types 
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Single-type Resource Requests 

The resource requirements for a single job execution  are arranged into 
a resource request: 

• n - number of simultaneously reserved computational nodes 

• p - minimal performance requirement for each computational node 

• V - computational volume for a single node task 

• C - maximum total job execution cost (budget) 

 

Heterogeneous resources of the same type share the same 
characteristics: 

• performance and cost for computing nodes 

• volume and cost for memory modules 

• storage capacity and cost for SSD 

• etc. 
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Window Search Problem 

Allocate a window of computing four nodes for a time T, with requirements on nodes performance 

and total cost. Minimize window start time: 

 Nodes 
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Slot: 
• Node 
• Performance 
• Cost 
• Start Time 
• Finish Time 
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0-1 Knapsack Slots Subset Allocation 
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Limited Size Slots Subset Allocation 
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Number n of simultaneously required resources 
is predetermined 
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Interval-based Slots Subset Allocation 
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Recurrent Solution for Interval Problem 
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Resources Allocation Example 
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Simulation Study 
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Considered Algorithms 

For the experiment simulation we consider the following algorithms. 

Feasible algorithms: 

• Chain knapsack-based algorithm 

• GUniform greedy algorithm 

• GProportional greedy algorithm 

Infeasible algorithms (for additional evaluation): 

• GReferenced greedy algorithm (requires Chain solution as an input) 

• GUniform X2.1 greedy algorithm with available budget 2.1 times increased 

• GProportional X1.35 greedy algorithm with available budget 1.35 times increased 

• GReferenced X1.18 greedy algorithm with available budget 1.18 times increased 
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Simulation Results 
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Simulation Results 

 
• Chain knapsack-based algorithm advantage by the target criterion Z over greedy 

analogues ranges from 6% to 25% 

• Greedy algorithms requires 35% to 110% additional budget to catch up with the 

chain solution 

• Chain algorithm requires much more time for the calculations (100x times in our test 

environment) 

• GProportional algorithm with budget distribution can outperform greedy analogues 
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Conclusion and Future Work 

 • Chain algorithm is proposed to use knapsack-based allocation procedure for 

composite scheduling problems with resources of different types (computational 

nodes, data storages, software packets, network connections, etc.) and a common 

cost limit 

• Chain algorithm automatically solves the problem of proper budget distribution 

between the constituent subproblems 

• This allows Chain algorithm to noticeably outperform greedy analogues and 

justify its relatively high computational complexity 

• The future research directions include design and testing of additional technics 

for the chain algorithm complexity optimization  
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