
TITLE 

SYSTEMS AND METHODS FOR SCHEDULING A SET OF NON-PREEMPTIVE 

TASKS IN A MULTI-ROBOT ENVIRONMENT 

CROSS-REFERENCE TO RELATED APPLICATIONS AND PRIORITY 

[001] This patent application claims priority to India Patent Application 201821024387, 

filed on June 29,2018. 

TECHNICAL FIELD 

[002] This disclosure relates generally relates to scheduling a set of non-preemptive tasks in 

a multi-robot environment, and, more particularly, to systems and methods for scheduling a set of 

non-preemptive tasks in a multi-robot environment. 

BACKGROUND 

[003] Multi-robot systems and related technologies are being used widely in digital and 

automation era in a variety of applications and industries. For example, for a warehouse procurement 

system, the multi-robot systems are deployed to automate the process of storing and retrieving a 

wide variety of objects in and out of a warehouse. In a warehouse, good are systematically stored 

across a large area and are taken out of storage based upon the demand. Movement of goods or 

objects in and out of the warehouse poses a major challenge in terms of scheduling of tasks (relating 

to the movement to goods). Copious amount of demands flowing into the warehouse procurement 

system in real-time necessitates a demand for an optimum scheduling. With a rapid development of 

e-commerce and modern logistics, warehousing systems have a tremendous scale of inventory and a 

wide range of high demand vis-a-vis short-picking time, thereby demanding deployment of robotic 

systems. 
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[004] Task allocation in multi-robot systems is thus gaining a significant importance due 

to application in industrial and other technological domains. The process of assigning individual 

robots to sub-tasks of a given system-level task is called task allocation, and comprises a key 

functionality required of any multi-robot system. The purpose of task allocation is to assign robots 

task(s) in a way that will enhance the performance of the multi-robot system, which comprises 

reducing overall execution time. Generally, task allocation is an essential requirement for multi­

robot systems functioning in unknown dynamic environments. It allows robots to change their 

behavior in response to environmental changes or actions of other robots in order to improve overall 

system performance. 

[005] Task allocation in the multi-robot systems thus poses a complex challenge, 

especially in such robotics environments, wherein robots are equipped with different capabilities that 

are required to perform various tasks with different requirements and constraints in an optimal way. 

Because the problem of task allocation is a dynamic decision problem that varies in time with 

phenomena including environmental changes, the problem must be solved iteratively a specified 

time interval. Thus, the problem of task allocation becomes more complex to tackle. The 

requirements of a particular technological domain under consideration further affect the features and 

complexity of multi-robot task allocation problems. 

SUMMARY 

[006] Embodiments of the present disclosure present technological improvements as 

solutions to one or more of the above-mentioned technical problems recognized by the inventors in 

conventional systems. For example, in one embodiment, a method for scheduling a set of non­

preemptive tasks in a multi-robot environment is provided, the method comprising: defining, by one 

or more hardware processors, a plurality of tasks, wherein each the plurality of tasks is a non­

preemptive task characterized by an execution time, a specified time interval for completing the non-
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preemptive task and a performance loss function per time unit; partitioning, by a scheduling 

technique, the plurality of tasks into a set of schedulable tasks and a set of non-schedulable tasks, 

wherein the set of schedulable tasks comprise a subset of tasks to be executed within a predefmed 

time interval and having a maximum performance loss value, and wherein the set of non-schedulable 

tasks comprise a subset of tasks failing to execute within the predefmed time interval and with a low 

performance loss value; and scheduling, in a pre-defmed order, the plurality of tasks partitioned by 

performing a plurality of steps, wherein the plurality of steps comprise: (i) sorting, by the scheduling 

technique, the plurality of tasks partitioned in non-increasing order of one or more performance loss 

values corresponding to the plurality of tasks partitioned; (ii) scheduling the set of schedulable tasks 

in the multi-robot environment by assigning at least one of the set of schedulable tasks to each robot 

amongst a plurality of robots operating in the multi-robot environment by implementing a 

compaction mechanism, wherein the scheduling comprises: (a) determining, by the scheduling 

technique, a possibility of execution of each of the set of schedulable tasks in the multi-robot 

environment; (b) determining, by the scheduling technique, a possibility of scheduling a set of pre­

assigned tasks amongst the plurality of robots, wherein the set of pre-assigned tasks comprise one or 

more tasks other than the set of schedulable tasks and the set of non-schedulable tasks; and (c) 

scheduling, by the compaction mechanism, the set of schedulable tasks in the multi-robot 

environment upon determining the possibility of execution of each of the set of schedulable tasks 

and the possibility of scheduling the set of pre-assigned tasks; and (iii) scheduling, by a list­

scheduling technique, the set of non-schedulable tasks amongst the plurality of robots; categorizing, 

by the scheduling technique, one or more schedulable tasks amongst the set of schedulable tasks as a 

non-schedulable task upon determining either one of: (i) a least possibility of the execution of each 

of the schedulable task amongst the set of schedulable tasks; or (ii) a least possibility of scheduling 

the set of pre-assigned tasks; performing, based upon the one or more performance loss values 
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corresponding to the plurality of tasks, a load balancing of the plurality of tasks partitioned, to 

optimize the scheduling of the set of non-preemptive tasks in the multi-robot environment; 

performing iteratively, the step of identification of the one or more non-schedulable tasks by 

implementing the scheduling technique, until each the set of non-schedulable tasks is scheduled in 

the multi-robot environment. 

[007] In another aspect, there is provided a system for scheduling a set of non-preemptive 

tasks in a multi-robot environment, the system comprising a memory storing instructions; one or 

more communication interfaces; and one or more hardware processors coupled to the memory via 

the one or more communication interfaces, wherein the one or more hardware processors are 

configured by the instructions to: define, a plurality of tasks, wherein each of the plurality of tasks is 

a non-preemptive task characterized by an execution time, a specified time interval for completing 

the non-preemptive task and a performance loss function per time unit; partition, by a scheduling 

technique, the plurality of tasks into a set of schedulable tasks and a set of non-schedulable tasks, 

wherein the set of schedulable tasks comprise a subset of tasks to be executed within a predefined 

time interval and having a maximum performance loss value, and wherein the set of non-schedulable 

tasks comprise a subset of tasks failing to execute within the predefined time interval and with a low 

performance loss value; and schedule, in a pre-defmed order, the plurality of tasks partitioned by 

performing a plurality of steps, wherein the plurality of steps comprise: (i) sort, by the scheduling 

technique, the plurality of tasks partitioned in non-increasing order of one or more performance loss 

values corresponding to the plurality of tasks partitioned; (ii) schedule the set of schedulable tasks in 

the multi-robot environment by assigning at least one of the set of schedulable tasks to each robot 

amongst a plurality of robots operating in the multi-robot environment by implementing a 

compaction mechanism, wherein the scheduling comprises, wherein the scheduling comprises: (a) 

determine, by the scheduling technique, a possibility of execution of each of the set of schedulable 
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tasks in the multi-robot environment; (b) determine, by the scheduling technique, a possibility of 

scheduling a set of pre-assigned tasks amongst the plurality of robots, wherein the set of pre­

assigned tasks comprise one or more tasks other than the set of schedulable tasks and the set of non­

schedulable tasks; and (c) schedule, by the compaction mechanism, the set of schedulable tasks upon 

determining the possibility of execution of each of the set of schedulable tasks and the possibility of 

scheduling the set of pre-assigned tasks amongst the plurality of robots; and (iii) schedule, by a list­

scheduling technique, the set of non-schedulable tasks amongst the plurality of robots; schedule the 

set of schedulable tasks by categorizing, via the scheduling technique, one or more schedulable tasks 

amongst the set of schedulable tasks as a non-schedulable task upon determining either one of: (i) a 

least possibility of the execution of each of the schedulable task amongst the set of schedulable 

tasks; or (ii) a least possibility of scheduling the set of pre-assigned tasks; schedule the plurality of 

tasks partitioned by performing, based upon the one or more performance loss values corresponding 

to the plurality of tasks, a load balancing of the plurality of tasks partitioned, to optimize the 

scheduling of the set of non-preemptive tasks in the multi-robot environment; and perform 

iteratively, by implementing the scheduling technique, the step of identification of the one or more 

non-schedulable tasks, until each of the set of non-schedulable tasks is scheduled in the multi-robot 

environment. 

[008] In yet another aspect, there is provided one or more non-transitory machine readable 

information storage mediums comprising one or more instructions which when executed by one or 

more hardware processors causes the one or more hardware processors to perform a method for 

scheduling a set of non-preemptive tasks in a multi-robot environment, the method comprising: 

defining, a plurality of tasks, wherein each the plurality of tasks is a non-preemptive task 

characterized by an execution time, a specified time interval for completing the non-preemptive task 

and a performance loss function per time unit; partitioning, by a scheduling technique, the plurality 

5 



of tasks into a set of schedu1ab1e tasks and a set of non-schedu1ab1e tasks, wherein the set of 

schedu1ab1e tasks comprise a subset of tasks to be executed within a predefmed time interval and 

having a maximum performance loss value, and wherein the set of non-schedu1ab1e tasks comprise a 

subset of tasks failing to execute within the predefined time interval and with a low performance loss 

value; and scheduling, in a pre-defined order, the plurality of tasks partitioned by performing a 

plurality of steps, wherein the plurality of steps comprise: (i) sorting, by the scheduling technique, 

the plurality of tasks partitioned in non-increasing order of one or more performance loss values 

corresponding to the plurality of tasks partitioned; (ii) scheduling the set of schedu1ab1e tasks in the 

multi-robot environment by assigning at least one of the set of schedu1ab1e tasks to each robot 

amongst a plurality of robots operating in the multi-robot environment by implementing a 

compaction mechanism, wherein the scheduling comprises: (a) determining, by the scheduling 

technique, a possibility of execution of each of the set of schedulab1e tasks in the multi-robot 

environment; (b) determining, by the scheduling technique, a possibility of scheduling a set of pre­

assigned tasks amongst the plurality of robots, wherein the set of pre-assigned tasks comprise one or 

more tasks other than the set of schedu1ab1e tasks and the set of non-schedu1ab1e tasks; and (c) 

scheduling, by the compaction mechanism, the set of schedu1ab1e tasks in the multi-robot 

environment upon determining the possibility of execution of each of the set of schedu1ab1e tasks 

and the possibility of scheduling the set of pre-assigned tasks; and (iii) scheduling, by a 1ist­

scheduling technique, the set of non-schedu1ab1e tasks amongst the plurality of robots; categorizing, 

by the scheduling technique, one or more schedu1ab1e tasks amongst the set of schedu1ab1e tasks as a 

non-schedu1ab1e task upon determining either one of: (i) a least possibility of the execution of each 

of the schedu1ab1e task amongst the set of schedu1ab1e tasks; or (ii) a least possibility of scheduling 

the set of pre-assigned tasks; performing, based upon the one or more performance loss values 

corresponding to the plurality of tasks, a load balancing of the plurality of tasks partitioned, to 
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optimize the scheduling of the set of non-preemptive tasks in the multi-robot environment; 

performing iteratively, the step of identification of the one or more non-schedulable tasks by 

implementing the scheduling technique, until each the set of non-schedulable tasks is scheduled in 

the multi-robot environment. 

[009] It is to be understood that both the foregoing general description and the following 

detailed description are exemplary and explanatory only and are not restrictive of the invention, as 

claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[010] The accompanying drawings, which are incorporated in and constitute a part of this 

disclosure, illustrate exemplary embodiments and, together with the description, serve to explain the 

disclosed principles. 

[011] FIG. 1 illustrates a block diagram of a system for scheduling a set of non-

preemptive tasks in a multi-robot environment, in accordance with some embodiments of the present 

disclosure. 

[012] FIG. 2A through 2B is a flow diagram illustrating the steps involved in the process 

of scheduling the set of non-preemptive tasks in the multi-robot environment, in accordance with 

some embodiments ofthe present disclosure. 

[013] FIG. 3A through 3C illustrates graphically a performance comparison of the 

proposed methodology (with and without load balancing) with traditional systems and methods (that 

is, Demand Bound Function (DBF) and Demand Bound Function (Alternate) or DBF (Alternate)), 

wherein a set of hundred non-preempted tasks by ten robot systems were performed for five 

different deadlines using the proposed methodology (with and without the load balancing) and also 

using the traditional systems and methods (that is, the DBF and the DBF (Alternate)), and wherein 

7 



performance loss is set to a random value between 1 to 10, in accordance with some embodiments of 

the present disclosure. 

[014] FIG. 4 illustrates graphically a sorting performed using the proposed methodology 

with the load balancing, in accordance with some embodiments of the present disclosure. 

[015] FIG. 5A through 5C illustrates graphically a comparison of a set of one thousand 

non-preempted tasks performed using the proposed methodology (with and without the load 

balancing) and also using the traditional systems and methods (that is, the DBF and the DBF 

(Alternate)) in case oflinearly increasing robots in the multi-robot environment, wherein a deadline 

is uniformly distributed between ei and lOeb and wherein the performance loss is uniformly 

distributed between 1 and 10, in accordance with some embodiments of the present disclosure. 

[016] FIG. 6A through 6C illustrates graphically a comparison of the set of one thousand 

non-preempted tasks performed using the proposed methodology (with and without the load 

balancing) and also using the traditional systems and methods (that is, the DBF and the DBF 

(Alternate)) in case of linearly increasing robots in the multi-robot environment, wherein the 

deadline comprises a mix of four different distributions, and wherein the performance loss is 

uniformly distributed between 1 and 10, in accordance with some embodiments of the present 

disclosure. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[017] Exemplary embodiments are described with reference to the accompanying 

drawings. In the figures, the left-most digit(s) of a reference number identifies the figure in which 

the reference number first appears. Wherever convenient, the same reference numbers are used 

throughout the drawings to refer to the same or like parts. While examples and features of disclosed 

principles are described herein, modifications, adaptations, and other implementations are possible 
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without departing from the spirit and scope of the disclosed embodiments. It is intended that the 

following detailed description be considered as exemplary only, with the true scope and spirit being 

indicated by the following claims. 

[018] Embodiments of the present disclosure provide for systems and methods for 

scheduling a set of non-preemptive tasks in a multi-robot environment. In general, multi-robot task 

allocation comprises assigning tasks efficiently amongst robots to optimize task scheduling or task 

allocation. For example, task allocation in a warehouse, wherein objects are scheduled to be 

dispatched when a customer places an order for it, comprises fetching objects from storage racks to 

the packaging dock. Although the tasks may be homogeneous in nature, but they may differ based 

upon the storage location and weight of the item. In general, tasks are handled as a wave, where a 

wave can contains couple hundreds to thousands tasks. Once these tasks are completed, the next 

wave, which accumulates during the execution of the previous wave, is picked for execution. 

[019] The problem of scheduling a set of non-preemptive or atomic tasks to a plurality of 

homogeneous and autonomous robots in a smart environment, especially a smart warehouse 

environment, is closely similar to a non-preemptive scheduling or a sporadic process scheduling on a 

homogeneous multi-processors system. The goal is to schedule optimally a maximum number of the 

set of non-preemptive or atomic tasks within a deadline corresponding to each of the set of non­

preemptive or atomic tasks. Further, since each of the set of non-preemptive or atomic tasks has a 

deadline and a performance loss attributed to it that may be incurred on a multi-robot system if any 

of the set of non-preemptive tasks is not completed within its corresponding deadline, the goal of a 

task scheduling system is to reduce the number of deadline misses and minimization of the 

performance loss. 

[020] Still further, since the available resources (especially robots) are fixed in number 

and a number of task in-flows may be very large during a particular time of the day and during a 
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certain period of the year, and a large number of tasks are bound to miss their deadline during these 

high demand periods. For example, considering a scenario of the smart warehouse environment, 

movement of goods or objects in and out of the smart warehouse environment poses a major 

challenge in terms of scheduling of tasks (relating to the movement to goods). All the tasks imported 

in a wave of tasks are required to be finished as soon as possible using the limited number of 

resources (robots) and then the next wave is imported. 

[021] The traditional systems and methods, especially in warehouses implementing robots 

or related technologies, do not consider the deadline and the performance loss associated with each 

of the set of non-preemptive or atomic tasks and thus discard many tasks amongst the set of non­

preemptive or atomic tasks if such non-preemptive tasks are bound to miss their deadlines. However, 

in general, each task in the smart warehouse environment has to be completed even if the 

corresponding deadline is surpassed. Partitioning the set of non-preemptive or atomic tasks and 

scheduling them on the multi-processors system (or a multi-core system) comprises s major task 

scheduling problem. 

[022] Further, most of the traditional systems and methods provide solution(s) wherein 

preemption is allowed, that is, a task may be preempted on one processor and later may be resumed 

on same or even another processor. However, such task scheduling techniques cannot be 

implemented in case of non-preemptive scheduling environments. Some of the traditional systems 

and methods have proposed non-preemptive scheduling techniques for the non-preemptive 

scheduling environments, however, such techniques cannot be implemented on the multi-processor 

systems and as discussed above, such techniques do not consider the performance loss and the 

deadline related aspects. 
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[023] Hence, there is a need for a technology that provides for scheduling non-preemptive 

tasks on the multi-processor system, wherein each of the non-preemptive tasks have a corresponding 

deadline or performance loss value associated with it. 

[024] Referring now to the drawings, and more particularly to FIG. 1 through 6C, where 

similar reference characters denote corresponding features consistently throughout the figures, there 

are shown preferred embodiments and these embodiments are described in the context of the 

following exemplary system and/or method. 

[025] FIG. 1 illustrates an exemplary block diagram of a system 100 for scheduling a set 

of non-preemptive tasks in a multi-robot environment, in accordance with an embodiment of the 

present disclosure. In an embodiment, the system 100 includes one or more processors 104, 

communication interface device(s) or input/output (I/O) interface(s) 106, and one or more data 

storage devices or memory 102 operatively coupled to the one or more processors 104. The one or 

more processors 104 that are hardware processors can be implemented as one or more 

microprocessors, microcomputers, microcontrollers, digital signal processors, central processing 

units, state machines, logic circuitries, and/or any devices that manipulate signals based on 

operational instructions. Among other capabilities, the processor(s) is configured to fetch and 

execute computer-readable instructions stored in the memory 102. In an embodiment, the system 

100 can be implemented in a variety of computing systems, such as laptop computers, notebooks, 

hand-held devices, workstations, mainframe computers, servers, a network cloud and the like. 

[026] The VO interface device(s) 106 can include a variety of software and hardware 

interfaces, for example, a web interface, a graphical user interface, and the like and can facilitate 

multiple communications within a wide variety of networks NIW and protocol types, including 

wired networks, for example, LAN, cable, etc., and wireless networks, such as WLAN, cellular, or 
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satellite. In an embodiment, the 110 interface device(s) can include one or more ports for connecting 

a number of devices to one another or to another server. 

[027] The memory 102 may include any computer-readable medium known in the art 

including, for example, volatile memory, such as static random access memory (SRAM) and 

dynamic random access memory (DRAM), and/or non-volatile memory, such as read only memory 

(ROM), erasable programmable ROM, flash memories, hard disks, optical disks, and magnetic 

tapes. 

[028] FIG. 2A through 2B, with reference to FIG. 1, illustrates an exemplary flow 

diagram of a method for scheduling the set of non-preemptive tasks in the multi-robot environment, 

in accordance with some embodiments of the present disclosure. In an embodiment the system 100 

comprises one or more data storage devices of the memory 102 operatively coupled to the one or 

more hardware processors 104 and is configured to store instructions for execution of steps of the 

method by the one or more processors 104. The steps of the method of the present disclosure will 

now be explained with reference to the components of the system 100 as depicted in FIG. 1 and the 

flow diagram. In the embodiments of the present disclosure, the hardware processors 104 when 

configured the instructions performs one or more methodologies described herein. 

[029] According to an embodiment of the present disclosure, at step 201, the one or more 

hardware processors 104 define a plurality of tasks, wherein each of the plurality of tasks comprises 

a non-preemptive task characterized by an execution time (or a task execution time), a specified time 

interval for completing the non-preemptive task and a performance loss function per time unit. The 

term 'performance loss' as used herein may be understood to be similar to the term 'penalty' which 

is a commonly used term in a warehouse task scheduling, wherein task scheduling generally 

comprises corresponding 'deadlines' and 'penalties'. Further, although the proposed methodology 

has been explain with reference to a warehouse system, it may not be understood to be limited to 
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warehouse system(s) only. The proposed methodology may be implemented or extended to all such 

environments / applications / technologies or related scenarios, wherein scheduling or task 

scheduling is performed using robots or related technologies. 

[030] The step of defming the plurality of tasks may be discussed in the light of a set of 

below assumptions. 

Set of assumptions-

(i) A wave of tasks is imported into a multi-robot platform, for example, a warehouse 

management system (WMS); 

(ii) m homogeneous robots are available in the multi-robot platform or the WMS, 

wherein the homogeneous robots may carry and push objects one at a time; 

(iii) A plurality of tasks (forming a set of tasks) T is available at the beginning of each 

wave amongst the wave of tasks, and a next wave or a further wave is available only post 

completion of all the tasks in a current wave, and by implementing available resources; 

(iv) The multi-robot platform or the WMS communicates all required information, for 

example, a task-id, the task execution time, a deadline, a performance loss (or a penalty) about the 

plurality of tasks within a wave to a task scheduler; 

(v) If a customer places an order for multiple goods, each good picked up is treated as a 

separate task. In this scenario, each of the plurality of tasks may have a different execution time. 

But, they are associated with an identical deadline and an identical performance loss value; 

(vi) An actuation time is identical for each of the plurality of tasks and is not included in 

the task execution time, and thus, the task execution time comprises only a complete travel time for 

a robot; 

(vii) Each of the plurality of tasks is atomic and non-preemptive. Once any of the task is 

started and assigned to a robot, it must be completed; 
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(viii) The multi-robot environment comprises a plurality of robots, wherein each of the 

plurality of robots have sufficient energy to fmish all tasks assigned to it during a wave, and have a 

requisite knowledge of the corresponding warehouse environment (for example, the WMS); and 

(ix) A robot is never idle ifthere is a task in the queue awaiting execution. 

[031] As discussed above, the technical problem of allocating tasks to the plurality of 

robots may be mapped to a task scheduling on a multi-processor system (not shown in the figure). 

The plurality of tasks in a wave are to be partitioned amongst m identical robots, and the plurality of 

tasks are to be assumed so as to minimize the performance loss. 

[032] According to an embodiment of the present disclosure, the plurality of tasks (that is, 

the set of tasks) (T = {tv t 2 • "'. tn }) are available at a beginning of each wave amongst the set of 

waves imported into the multi-robot platform. In an embodiment, each of the plurality of tasks may 

be formally represented as ti = (ei. d i• pa for all 1 ::; i ::; n, wherein ei is the execution time, d i is 

the deadline and Pi is the performance loss. Further, there is a team of m warehouse identical robots 

R = {r1• r2 • .. '. rm}. Tasks with a varying processing time (from the plurality of tasks) are to be 

scheduled amongst the m identical robots, while minimizing the performance loss. As mentioned 

above, if any task amongst the plurality of tasks missed corresponding deadline (of failed to execute 

within the corresponding deadline), a performance loss proportional to lateness may be imposed. 

[033] In an embodiment, the performance loss function may be defined as: 

p(ta = max(O. (Ci - da x pa equation (1) 

wherein ci represents a completion time for a task ti> wherein ti corresponds to the plurality 

of tasks. Referring to equation (1), it may be noted that if a task is executed within a deadline, there 

is no performance loss but once the task fails to execute within the deadline (or misses the deadline), 

the performance loss increases proportional to time. The proposed disclosure thus provides for 

partitioning the plurality of tasks, that is, n tasks amongst m robots and an order of executing a 
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subset of tasks assigned to a robot, wherein T(7]) denotes the subset oftasks assigned to robot 7], and 

wherein the subset of tasks correspond to the plurality of tasks. Thus, an objective function of the 

task scheduler may be denoted by equation (2) below: 

min LZ:l P (ta equation (2) 

[034] According to an embodiment of the present disclosure, at step 202, the one or more 

hardware processors 104 partition, by a scheduling technique, the plurality of tasks into a set of 

schedulable tasks and a set of non-schedulable tasks on the multi-processor system, wherein the set 

of schedulable tasks comprise a subset of tasks to be executed within a predefined time interval and 

having with a maximum performance loss value, and wherein the set of non-schedulable tasks 

comprise a subset of tasks failing to execute within the predefined time interval and with a low 

performance loss value. 

Scheduling technigue- The proposed disclosure facilitates partitioning and scheduling of the 

set of non-preemptive tasks (or sporadic tasks) on the multi-processor system and in the multi-robot 

environment, wherein each of the set of non-preemptive tasks has a deadline by implementing the 

scheduling technique disclosed herein. The scheduling technique thus further facilitates formulating 

and resolving the technical problem of the task scheduling on the multi-processor system to decide 

how the tasks with the varying processing time are to be assigned to each of the plurality of robots, 

along with the order of execution of each of such tasks (that is, the tasks with the varying processing 

time). The waves of tasks imported into the multi-robot platform thus serve as an input to the 

scheduling technique. 

[035] According to an embodiment of the present disclosure, the scheduling technique 

comprises two phases. In the first phase, the scheduling technique (implemented via the one or more 

hardware processors 104) attempts an assignment the set of schedulable tasks, that is, the scheduling 

technique assigns a maximum number of tasks (amongst the plurality of tasks) to a robot, wherein 
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one or more high performance loss tasks are scheduled with a high priority. In the second phase, the 

scheduling technique attempts to assign the set of non-schedulable tasks accumulated in the first 

phase such that corresponding accumulated performance loss may also be minimized. The 

implementation of the scheduling technique to partition and schedule the set of non-preemptive tasks 

or the sporadic tasks having the deadline on the multi-processor system may now be considered in 

detail. 

[036] According to an embodiment of the present disclosure, the plurality of tasks may be 

initially partitioned by the one or more hardware processors 104 into the set of schedulable tasks and 

the set of non-schedulable tasks by implementing the scheduling technique. Thus, the set of n tasks 

are partitioned or split into rn + 1 disjoints sets, that is, T(rl), T(r2), ... , T(rn), T, wherein T(1]) 

represents a subset of tasks that may be scheduled on a robot 1], and T is a subset of tasks that are 

not schedulable on any of the plurality robots without violating the deadline of the set of schedulable 

tasks. 

[037] In an embodiment, the partitioning facilitates assigning the set of schedulable tasks 

to the one or more robots (amongst the plurality of robots) before the one or more robots begin 

movement at full speed. In other words, one or more of tasks amongst the plurality of tasks that may 

be accomplished with a zero performance loss value are assigned to the one or more robots most 

suitable to execute the set of schedulable tasks. Example of the sorting has been discussed in detail 

in paragraphs 52 to 54 below, wherein the set of schedulable tasks and the set of non-schedulable 

tasks are partitioned on processors PI and P2. 

[038] According to an embodiment of the present disclosure, at step 203, the one or more 

hardware processors 104 schedule the plurality of tasks partitioned in a pre-defmed order by 

performing a plurality of steps. At step 203(i), the one more hardware processors 104 sort, by 
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implementing the scheduling technique, the plurality of tasks partitioned in non-increasing order of 

one or more performance loss values corresponding to the plurality of tasks partitioned. 

[039] Although the partitioning facilitates assigning the maximum number of tasks, 

however, the performance loss may still not be minimized. In an embodiment, the scheduling 

technique thus first sorts the plurality of tasks partitioned in non-increasing order of the one or more 

performance loss values, and based upon the sorting, considers the plurality of tasks partitioned for 

scheduling using a compaction mechanism (a known technique implemented for the task scheduling 

amongst robots). Examples of performance loss minimization have been discussed in detail in 

paragraphs 52 to 71 below. Further, as mentioned above, an example of the sorting has been 

discussed in detail in paragraphs 52 to 54 below. 

[040] According to an embodiment of the present disclosure, at step 203(ii), the one more 

hardware processors 104 schedule, by implementing the compaction mechanism, the set of 

schedulable tasks in the multi-robot environment by assigning at least one of the set of schedulable 

tasks to each robot amongst a plurality of robots operating in the multi-robot environment. The step 

of scheduling may now be considered in detail. In an embodiment, at step 203(ii)(a), the one or more 

hardware processors 104 determine, by the scheduling technique, a possibility of execution of each 

of the set of schedulable tasks in the multi-robot environment. Thus, to check if a task tl can be 

scheduled to a robot rk (amongst the m robots), both equations (3) and (4) (discussed below) are to 

be satisfied. 

'Vti E T(1j): d i > dl : di - (I.tjETCTj) ej + el ) ~ 0 equation (4) 
djSdi 
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wherein equation (3) facilitates enough space to execute the task tl after executing all the 

tasks scheduled on the robot Tk and has a deadline smaller than t 1• 

[041] In an embodiment, at step 203(ii)(b), the one or more hardware processors 104 

determine, by the scheduling technique, a possibility of scheduling a set of pre-assigned tasks 

amongst the plurality of robots, wherein the set of pre-assigned tasks comprise one or more tasks 

other than the set of schedulable tasks and the set of non-schedulable tasks. Thus, equation (4) 

facilitates that all the tasks scheduled on the robot Tk (that is, the set of pre-assigned tasks) and have 

a deadline greater than tl may still be scheduled, if tl is scheduled as well. 

[042] In an embodiment, scheduling the set of schedulable tasks comprises categorizing, 

by the scheduling technique, one or more schedulable tasks amongst the set of schedulable tasks as a 

non-schedulable task upon determining either a least possibility of scheduling each of the set of 

schedulable tasks and / or a least possibility of scheduling the set of pre-assigned tasks. Thus, if 

either of the criteria fails, that is if either equation (3) or equation (4) are not satisfied for each of the 

plurality of robots, tl is added to 1', wherein l' is the subset of tasks that are not schedulable on any 

of the plurality robots without violating the deadline of the set ofschedulable tasks. 

[043] According to an embodiment of the present disclosure, at step 203(ii)(c), the one or 

more hardware processors 104 schedule the set of schedulable tasks in the multi-robot environment 

(on the multi-processor system) upon determining the possibility of scheduling each of the set of 

schedulable tasks and the possibility of scheduling the set of pre-assigned tasks in the multi-robot 

environment. 

[044] According to an embodiment of the present disclosure, at step 203(iii), the one or 

more hardware processors 104 schedule, by a list-scheduling technique, the set of non-schedulable 

tasks amongst the plurality of robots, wherein the scheduling is performed on the multi-processor 

system. In an embodiment, given the set of n tasks (that is n independent tasks) and the m robots 
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with sequence dependent time set-ups, the list-scheduling technique may be implemented to process 

a plurality of jobs without preemption on exactly one of robot amongst the m robots during a non­

negative time, equal to an execution time of a job amongst the plurality of jobs. 

[045] In an embodiment, as soon as any of the plurality of robots becomes available to 

execute a next task, the available robot may pick a task at the front of a queue. Since each of the m 

robots are identical, each of the m robots takes identical time to execute a specific task. Hence, in 

case more than one robot is available pick the task at the front of the queue, a robot with a lower 

robot-id may assigned the task. None of the m robots remain idle until each of the plurality of tasks 

is complete. 

[046] Although the scheduling technique partitions and schedules the set of non-

preemptive tasks (or the sporadic tasks) on the multi-processor system and in the multi-robot 

environment and minimized the performance loss, yet, in some cases makespan (discussed later in 

paragraphs 62 to 71) may increase, as during the first phase the set of schedulable tasks may get 

assigned to first robot (with a least robot-id) on which the set of schedulable tasks are schedulable, 

thereby overloading robots with a smaller robot-id. 

[047] In an embodiment, to overcome the problem discussed above, the one or more 

hardware processors 104 perform a load balancing of the plurality of tasks partitioned to optimize 

the scheduling of the set of non-preemptive tasks on the multi-processor system and in the multi­

robot environment, wherein the load balancing is performed based upon the one or more 

performance loss values corresponding to the plurality of tasks. Thus, the scheduling technique 

facilitates load balancing of the plurality of tasks partitioned amongst the plurality of robots at the 

end of the second phase, without any tradeoff in overall performance loss. A detailed example of the 

optimization has been discussed in paragraphs 52 to 56 below. 
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[048] According to an embodiment of the present disclosure, initially, during the load 

balancing, the first and the second phase are marginally tweaked. Thus, the load balancing 

comprises a re-arrangement of the one or more schedulable tasks and one or more non-schedulable 

tasks based upon an identical performance loss value, wherein the identical performance loss value 

corresponds to the one or more schedulable tasks and one or more non-schedulable tasks, and 

wherein the one or more schedulable tasks and the one or more non-schedulable tasks correspond to 

the set of schedulable tasks and the set of non-schedulable tasks respectively. During the load 

balancing, in the first phase, a sorting of an initial task-set T may be performed in non-increasing 

order of the one or more performance loss values. One or more sorted list tasks (from tasks under 

sorted list) may have the identical performance loss value. 

[049] In an embodiment, the one or more sorted list tasks having the identical 

performance loss value are rearranged amongst themselves, based upon a slack time of each of the 

one or more sorted list tasks in an increasing order, wherein the slack time is defined by (di - ea. 
The sorted list may then by passed by the one or more hardware processors 104 to the compaction 

mechanism. Further, in the second phase, unlike scheduling in T by implementing the list­

scheduling technique, the scheduling technique works on the principle of scheduling a right task at a 

right time. 

[050] In an example implementation, suppose tasks ta and tb are scheduled in an order of 

t a , t b , and further incur a performance loss P, a smaller execution time of a(ea) resulting in a lesser 

delay tb in the beginning, and thereby resulting in a lower performance loss value, that is, (P 0( e). 

If a deadline d of delayed task tb is greater, the performance loss value on the multi-robot platform 

(for example, the WPS) is less. Further, for an identical execution time and an identical deadline 

corresponding to both ta and tb, the task with a greater performance loss per unit time step delay p 

holds a higher precedence in the order of execution (P 0( p). 
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Thus, a priority of a task may be determined using equation (5) below. 

'<Iti E f. {Pi X (t - da} -:- ei equation (5) 

wherein t denotes time at which a robot is ready to take up a new task. 

[051] In an embodiment, the load-balancing comprises an identification of the one or 

more non-schedulable tasks with a maximum priority value from the set of non-schedulable tasks, 

by implementing the scheduling technique. The one or more non-schedulable tasks with a maximum 

priority value are removed from f, and are assigned to the first robot 7J, 1 :$ j :$ m, that is idle or 

finishes an earlier task at time t. The process is re-iterated over T, until each the set of non­

schedulable tasks is scheduled in the multi-robot environment, by assigning to any of robot amongst 

the plurality of robots. 

[052] Thus, the proposed disclosure by implementing the scheduling technique, help in an 

identification of any of tasks (amongst the plurality of tasks) that may result in a minimum 

perfonnance loss, if delayed for some time. At the end of the second phase, the proposed 

methodology load balances tasks amongst the plurality of robots so improve makespan and avoid 

exhaustion of any of the plurality of robots. As discussed above, the idle robot picks up or selects the 

task ti from an overloaded robot only upon ensuring a possibility of non-violation of tasks already 

scheduled. Thus, the proposed methodology improves makespan without any comprise in the overall 

performance loss in the multi-robot environment of the multi-processors system. 

[053] In an embodiment, the sorting, the partitioning, the scheduling of the set of 

schedulable tasks and the set of non-schedulable tasks, and the optimization with minimization of 

the performance loss may be explained with the help of below example. 

Table 1 
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Task ei di Pi 

t1 6 10 1 

t2 7 10 2 

t3 7 10 2 

t4 4 10 2 

Referring to Table 1 above, let there be set of four tasks, that is, T = {t1, t2, t3, t4} 

characterized by execution time ei' deadline di, performance loss Pi to be scheduled on processors 

PI and P2. 

Case 1 - In an embodiment, sorting the set of four tasks based upon deadline in an increasing 

order results in a task list in an order { t1, t2, t3, t4}, which may be considered for scheduling. The 

possible schedule may comprise as: 

1 6 7 10 

PI 
t1 t4 

1 7 7 14 

P2 t2 ,'--, _t3_---' 

[054] In an embodiment, initially the task tl is scheduled on PI. Then the task t2 is 

scheduled on P2, as the task t2 is not schedulable on PI within its deadline. The task t3 is not 

schedulable on either of the processors (PI or P2) within its deadline, hence categorized as a non-

schedulable task. Further, the task t4 is scheduled on the processor PI, as the processor PI has 

enough empty space to adjust the task t4 within its corresponding deadline. This process continues if 

there are more tasks and they are schedulable within their deadline (which is not necessarily 10 for 
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all of them). At the end the set of non-schedulable tasks (in this case only the task t3) are scheduled 

using the list-scheduling. The list scheduling thus comprises processing a sorted list using first­

come-first-serve, where sorting criteria can be varied (in this case using deadline). Further, with 

given schedule, the task t3 finishes its execution 4 units after its deadline incurring a performance 

loss of 2 x 4 = 8 units. Tasks ti, t2 and t4 are completed within their defined deadline and do not 

incurred any performance loss. 

[055] Case 2 - Sorting the set four of tasks in the non-increasing order results in a task list 

in an order {t2, t3, ti, t4}. In this scenario, the possible schedule may comprise: 

1 7 8 13 

PI 
t2 tl 

1 7 7 11 

P2 t3 t4 

Here the tasks ti and t4 miss deadline incurring a performance loss 3 x 1 = 3 unit and 

1 x 1 = 1 unit respectively, the overall system performance loss being 4 unit. In case of tasks 

being sorted by their deadline (in the increasing order), though the number of tasks missing deadline 

may be fewer than the case where tasks are sorted by performance loss (in the non-increasing order), 

the overall performance loss is much higher. This is because, the sorting of the tasks based upon the 

performance loss results in scheduling of tasks with higher performance loss value with higher 

priority, thereby minimizing the overall system performance loss. 

[056] Considering another example scenario for the optimization, referring to Table 2 

below, let there be set of three tasks, that is, T = { ti, t2, t3} characterized by execution time ei> 

deadline di, performance loss Pi to be scheduled on processors PI and P2. 

Table 2 
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Task ei d i Pi 

tl 6 10 1 

t2 7 10 2 

t3 7 10 2 

Case 1 - In case of a preemptive scheduling, the possible scheduling scenario may comprise: 

1 3 4 10 

PI 
tl t3 

1 7 8 10 

P2 t2 t1 

Case 2 - In case of a non-preemptive scheduling, the possible scheduling scenario may 

compnse: 

Scenario (a)-

I 6 7 13 

PI 
tl t3 

1 7 

P2 t2 

Scenario (b)-
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1 7 8 13 

PI 
t3 t2 

1 7 

P2 t1 

[057] In both the scenarios (a) and (b) depicted above for non-preemptive scheduling, 

each of the tasks are completed by the processor to which it is assigned, unlike, in case of 

preemptive scheduling wherein the task tl executes on the processor PI before it is preempted after 

time unit 3 and later resumes execution on the processor P2 and continues till completion. In case 

of preemptive scheduling, none of the tasks missed their deadline, incurring zero performance loss. 

On the contrary, where tasks are non-preemptive in nature, the tasks t3 and tl miss deadline in 

scenario (a) and (b), respectively. In scenario (a), t3 finishes its execution 3 unit after its deadline 

incurring a performance loss of 2 x 3 = 6 unit. Similarly, in (b), t3 completes execution 3 unit 

after its deadline but results in only 3 X 1 = 3 unit of performance loss. 

[058] According to an embodiment of the present disclosure, robustness, results, technical 

advantages, the performance loss minimization and a comparison of the proposed disclosure with 

traditional systems and methods may now be considered in detail 

Datasets- As discussed above, each of the plurality of tasks may be formally represented as 

ti = (eiJ diJ pa for all 1 :::; i :::; n, wherein ei is the execution time, di is the deadline and Pi is the 

performance loss. Further, execution time of each of the plurality of tasks is equivalent to from and 

back distance from a task location and a packaging dock, in the WPS. A set of coordinates 

corresponding to the task location and the packaging dock were obtained from a standard capacity­

constraint vehicle routing problem (CVRP) dataset. 
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[059] In an embodiment, results of two different sets, comprising of 100 and 1000 tasks 

respectively may be discussed. For each of the two sets, five different datasets comprising one or 

more pseudo-random deadlines were generated. The strategy to associate the one or more pseudo­

random deadlines is identical to a standard procedure to generate a data in a real-time scheduling 

domain. 

di = ei, wherein a deadline di of task is set identical to corresponding execution time 

ei. In this case, only m (that is, total available number of robots) tasks meet deadline, while 

a large number of tasks are bound to miss deadlines. Although a rare scenario, but 

considered to highlight the efficiency of the proposed disclosure; 

d i = 2ei, wherein the deadline d i of task is set to twice the corresponding execution 

time ei. Although the number of tasks missing deadline may still be high, but considered to 

highlight the efficiency of the proposed disclosure; 

d i E [ei,10ed, wherein the deadline di is set to a random value in the range of 

ei, 10ei, wherein ei, 10ei are randomly distributed; 

d i E [Sei,10ei], wherein the deadline di is set using a uniform distribution in the 

range of Sei,10ei. This represents a scenario wherein a large number of tasks are 

schedulable within corresponding deadline each of the large number of tasks (if not all); 

and 

d ~ mix, comprising a mix of all previous four datasets with an equal probability to 

ensure that the task scheduler is not favoring a particular distribution of deadline. 

[060] In an embodiment, for each of 10 datasets generated (5 each for 100 and 1000 

tasks), the one or more hardware processors 104 generate three datasets each with a different 

performance loss. In an embodiment, if associated performance loss is Pi for a task tio the incurred 

performance loss (value) may be computed using equation (1). 
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p ~ [1,10], wherein a performance loss is set to one or more random values 

generated using a uniform distribution in the range of 1 and 10; 

P ~ same, wherein the performance loss is set to one identical value, for example 

10, for each ofthe plurality of tasks; and 

p ~ extreme[l or 10], wherein the performance loss is set to either of two extreme 

values, that is 1 or 10, with an equal probability. 

[061] According to an embodiment of the present disclosure, the comparison of the 

proposed methodology with the traditional systems and methods, that is Demand Bound Function 

(DBF), may now be considered in detail. Since the goal of the DBF is to minimize the number of 

deadline misses,.it discards tasks not schedu1ab1e. In one embodiment, upon extending the DBF, the 

tasks not schedu1ab1e initially under the DBF were scheduled under the list-scheduling technique, 

and the performance loss was computed. 

[062] As is known in the art, the DBF selects non-increasing order of execution time as 

the sorting criteria, while sequentially checking the schedu1abi1ity of the tasks. Although 

sequentially checking the schedu1abi1ity of the tasks may result in a high schedu1abi1ity in some 

environments, it may not result in minimizing the performance loss, while completing all the tasks. 

Thus, using an alternate version of the DBF, that is Demand Bound Function (Alternate) or DBF 

(Alternate), wherein the alternate version sorts the tasks based upon non-increasing order of 

performance loss. 

[063] In an embodiment, a comparison of the proposed scheduling technique, including 

the load balancing was performed with the DBF and the DBF (Alternate), wherein the comparison 

was performed based upon the overall performance loss incurred while completing each of the tasks, 

the number of deadline miss, and makespan of the wave, that is, time when a last task fInishes 
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execution, considering each of the plurality of robots work in parallel. The incurred performance 

loss depends on the number of tasks in a wave and the number of available robots. 

[064] In an embodiment, for the datasets with 100 tasks, the number of robots were fixed 

to 10, while the number of available robots were varied for the datasets with 1000 tasks starting 

between 10 and 140 robots, thereby determining how robust the task scheduler is with varying 

number of resources, and how does the performance improves with the increasing number of 

resources. 

[065] According to an embodiment of the present disclosure, referring to FIG. 3A through 

3C, based upon the overall performance loss incurred, the number of deadline miss, and makespan 

of the wave for 100 tasks and 10 robots, results obtained by implementing the proposed 

methodology (with and without load balancing), the DBF and the DBF (Alternate) may be 

considered. In an embodiment, the deadline may be set to five different values and the performance 

loss may be set to a random number between 1 and 10 as discussed above. Referring to FIG. 3A 

through 3C again, it may be noted that the proposed methodology outperforms the traditional 

systems and methods, that is the DBF and the DBF (Alternate) significantly in terms of the overall 

performance loss incurred. 

[066] Referring to FIG. 3A through 3C yet again, it may be noted that by implementing 

the proposed methodology, the task scheduler incurs almost no performance loss when the tasks 

have greater deadlines. Referring to FIG. 3B, it may be noted that the proposed methodology 

minimizes a number of tasks missing deadlines as compared to the DBF, which further proves that 

the task scheduler incurs almost no performance loss when the tasks have greater deadlines. This is 

because the proposed methodology implements the compaction mechanism while maximizing the 

schedulable tasks, as compared to the traditional systems and methods, for example, the DBF and 

the DBF (Alternate) which implement a variation of a demand bound function, wherein a task may 
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be scheduled on a robot only if it there is enough space for the task with largest execution time 

amongst the set of unscheduled tasks. Thus, the traditional systems and methods leave some of the 

tasks unscheduled, which can be scheduled by implementing the proposed methodology. 

[067] As discussed above, the proposed methodology attempts to assign the maximum 

number of tasks to the busiest robot, thereby keeping some of robots amongst the plurality of robots 

little occupied, and thus the robots with little occupancy may be assigned a few set of tasks from the 

second phase (that is, from the set ofnon-schedulable tasks) within a little time. Early beginning of 

tasks missing deadline reduces the overall performance loss incurred. However, referring to FIG. 

3C, a spike in the makespan may be referred, which is overcome by implementing the load 

balancing at the end of the second phase. Further, referring to FIG. 3C again, it may be noted that 

the sorting mechanism implemented by the proposed methodology while performing the load 

balancing results in further improvement of makespan. Due to each of the reasons discussed above, 

the proposed disclosure minimized the performance loss. 

[068] Referring to FIG. 4, it may be noted that the sorting performed by the proposed 

methodology not only minimized the performance loss, but further minimized the number of 

deadlines misses, in comparison to higher execution time first (that is, non-increasing E) and an 

earliest deadline first (non-increasing 1 -:- D). 

[069] According to an embodiment of the present disclosure, in order to determine the 

robustness of the proposed scheduling technique, the performance of all 15 datasets was evaluated 

with 100 tasks and 10 robots. Referring to Tables 3 and 4 below, results of the evaluation may be 

referred, wherein P denotes a performance loss, D L - M denotes a deadline miss, and M S denotes 

makespan. Referring to Tables 3 and 4 again, it may be noted that the performance loss values 

shown in Tables 3 and 4 are ljl00th of actual performance loss accumulated. 
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[070] Referring to Tables 3 and 4 yet again, it may be noted that the proposed 

methodology, by implementing the proposed scheduling technique, always outperforms the 

traditional systems and methods for example, the DBF, with respect to performance loss and 

deadline miss, even when all tasks have the identical performance loss value, or even an extreme 

performance loss value. The proposed methodology, by implementing the scheduling technique, 

sacrifices makespan in order to minimize the performance loss value. However, by implementing the 

load balancing, overcomes the problem of makespan. 

Table 3 

Performance DBF DBF (Alternate) 
Deadline 

loss P(102 x) DL-M MS P(102 x) DL-M MS 

di = ei 1465 90 502 886 95 550 

di = 2ei 1246 84 500 669 95 550 

di E [ei,10ei] 776 55 536 476 47 524 
P ~ [1,10] 

di 
400 34 536 122 31 524 

E [Sei,10ed 

d ~mix 947 54 528 657 59 522 

di = ei 276 90 502 235 93 518 

d i = 2ei 234 84 500 191 93 518 

di E [ei,10ed 140 55 536 121 48 522 
p ~ same 

d i 
75 34 536 59 32 522 

E [Sei,10ei] 

d ~mix 185 54 528 165 57 518 

P di = ei 1587 90 502 940 93 518 
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~ extreme d i = 2ei 1352 84 500 668 93 518 

d i E [ei,10ed 857 55 536 474 46 526 

d i 
521 34 536 166 34 524 

E [Sei,10ed 

d ~mix 1071 54 528 603 57 518 

Table 4 

Proposed methodology Proposed methodology (with 
Performance 

Deadline (without load balancing) load balancing) 
loss 

P(102 x) DL-M MS P(102 x) DL-M MS 

d i = ei 748 90 526 691 90 542 

d i = 2ei 524 69 528 505 71 544 

d i E [ei,10ed 30 9 896 31 8 544 
P ~ [1,10] 

di 
0 0 730 0 0 530 

E [Sei,10ed 

d ~mix 232 34 764 219 33 556 

di = ei 225 90 528 175 90 544 

d i = 2ei 176 70 528 135 64 550 

d i E [ei,10ed 25 12 898 10 8 536 
P ~ same 

d i 
0 0 792 0 0 528 

E [Sei,10ei] 

d ~mix 87 34 812 63 33 536 

P ~ extreme di = ei 722 90 526 595 90 556 
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di = 2ei 476 73 526 365 65 540 

d i E [ei,10ed 23 11 888 12 8 542 

di 
0 0 750 0 0 524 

E [Sei,10ed 

d f- mix 124 34 796 109 35 544 

[071] According to an embodiment of the present disclosure, in order to determine the 

scalability of the proposed scheduling technique, the performance was evaluated with 1000 tasks as 

well. Referring to FIG. 5A through 6C, it may be noted that the performance of the proposed 

methodology increases or improves multi-fold with increasing number of robots, as compared to a 

marginal increase in performance of the traditional systems and methods, for example, the DBF. 

Referring to FIG. 5B, it may be note that the deadline miss count reaches zero with 110 robots, 

while the DBF still incurs a significant number of deadline misses. 

[072] Although makespan of the scheduling technique is equivalent of makespan of the 

DBF, it may be higher than makespan of the DBF in case of less number of robots. However, 

referring to FIG. 5C, it may be noted that as the number of robots increase, the proposed scheduling 

technique surpasses the traditional systems and methods in terms of makespan as well (particularly 

at 80 robots). Referring to FIG. 6A through 6C, a comparison of the set of one thousand non­

preempted tasks performed using the proposed methodology (with and without the load balancing) 

and also using the traditional systems and methods (that is, the DBF and the DBF (Alternate)) in 

case of linearly increasing robots in the multi-robot environment, wherein the deadline comprises a 

mix of four different distributions, and wherein the performance loss is uniformly distributed 

between 1 and 10 may be referred. Further, referring to Tables 5 and 6 below, a comprehensive 
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perfonnance analysis for the dataset with 1000 tasks and 80 robots with different perfonnance loss 

settings and two perfonnance loss sets d i E [ei' lOed and d +- mix may be observed, wherein P 

denotes a perfonnance loss, DL - M denotes a deadline miss, and MS denotes makespan. 

Table 5 

DBF DBF (Alternate) 

Deadline DL DL 
P(10 3 x) MS P(10 3 x) MS 

-M -M 

di E [e,10e ] 31211 627 17314 17258 547 18708 
Performance 

d +- mix 40732 673 17310 28210 579 18340 
loss 

d i E [e,10e ] 5622 627 17314 4146 549 18534 

d +- mix 7352 673 17310 6140 577 18500 

di E [e,10e ] 31662 627 17314 14803 545 18456 

d +- mix 39554 673 17310 24326 578 18406 

Table 6 

DBF DBF (Alternate) 
Deadline 

P(10 3 x) DL-M MS P(103 x) DL-M MS 

di E [e,10e ] 2331 124 22042 1707 113 18286 

Performance d +- mix 11037 372 24246 9878 370 18528 

loss Di E [e,10 e ] 1311 123 23762 978 109 18318 

d +- mix 3471 365 22370 2797 370 18410 

d i E [e,10e ] 1229 115 22594 975 104 18310 

d +- mix 6057 375 22490 4996 371 18422 
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[073] In an embodiment, the memory 102 can be configured to store any data that is 

associated with the scheduling of the set of non-preemptive tasks in the multi-robot environment. In 

an embodiment, the information pertaining to the plurality of tasks partitioned, scheduling of the set 

of schedu1ab1e tasks and the set of non-schedu1ab1e tasks, the deadline, and the performance loss etc. 

is stored in the memory 102. Further, all information (inputs, outputs and so on) pertaining to 

scheduling the set of non-preemptive tasks in the multi-robot environment may also be stored in the 

database, as history data, for reference purpose. 

[074] The written description describes the subject matter herein to enable any person 

skilled in the art to make and use the embodiments. The scope of the subject matter embodiments is 

defined by the claims and may include other modifications that occur to those skilled in the art. 

Such other modifications are intended to be within the scope of the claims if they have similar 

elements that do not differ from the literal language of the claims or if they include equivalent 

elements with insubstantial differences from the 1itera11anguage of the claims 

[075] The embodiments of present disclosure herein addresses unresolved problem of 

scheduling the set of non-preemptive tasks in the multi-robot environment or scheduling the set non­

preemptive tasks on the multi-processor system. The embodiment, thus provides for the scheduling 

technique to schedule the set of non-preemptive tasks in the multi-robot environment, wherein the 

scheduling technique provides for the partitioning of each of the set of non-preemptive tasks, and 

finally provides for the scheduling of each of the plurality of tasks (the set of non-preemptive tasks) 

partitioned upon determining the possibility of execution of each of the set of schedu1ab1e tasks and 

the possibility of scheduling the set of pre-assigned tasks amongst the plurality of robots. Moreover, 

the embodiments herein further provides minimization of the performance loss associated with each 

of the set of preemptive tasks and unlike the traditional systems and methods, each of the set of 
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preemptive tasks, by implementing the scheduling technique, is scheduled to be executed in the 

multi -robot environment. 

[076] It is to be understood that the scope of the protection is extended to such a program 

and in addition to a computer-readable means having a message therein; such computer-readable 

storage means contain program-code means for implementation of one or more steps of the method, 

when the program runs on a server or mobile device or any suitable programmable device. The 

hardware device can be any kind of device which can be programmed including e.g. any kind of 

computer like a server or a personal computer, or the like, or any combination thereof. The device 

may also include means which could be e.g. hardware means like e.g. an application-specific 

integrated circuit (ASIC), a field-programmable gate array (FPGA), or a combination of hardware 

and software means, e.g. an ASIC and an FPGA, or at least one microprocessor and at least one 

memory with software modules located therein. Thus, the means can include both hardware means 

and software means. The method embodiments described herein could be implemented in hardware 

and software. The device may also include software means. Alternatively, the embodiments may be 

implemented on different hardware devices, e.g. using a plurality ofCPUs. 

[077] The embodiments herein can comprise hardware and software elements. The 

embodiments that are implemented in software include but are not limited to, firmware, resident 

software, microcode, etc. The functions performed by various modules described herein may be 

implemented in other modules or combinations of other modules. For the purposes of this 

description, a computer-usable or computer readable medium can be any apparatus that can 

comprise, store, communicate, propagate, or transport the program for use by or in connection with 

the instruction execution system, apparatus, or device. 

[078] The illustrated steps are set out to explain the exemplary embodiments shown, and it 

should be anticipated that ongoing technological development will change the manner in which 
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particular functions are performed. These examples are presented herein for purposes of illustration, 

and not limitation. Further, the boundaries of the functional building blocks have been arbitrarily 

defined herein for the convenience of the description. Alternative boundaries can be defined so long 

as the specified functions and relationships thereof are appropriately performed. Alternatives 

(including equivalents, extensions, variations, deviations, etc., of those described herein) will be 

apparent to persons skilled in the relevant art(s) based on the teachings contained herein. Such 

alternatives fall within the scope and spirit of the disclosed embodiments. Also, the words 

"comprising," "having," "containing," and "including," and other similar forms are intended to be 

equivalent in meaning and be open ended in that an item or items following anyone of these words 

is not meant to be an exhaustive listing of such item or items, or meant to be limited to only the 

listed item or items. It must also be noted that as used herein and in the appended claims, the 

singular forms "a," "an," and "the" include plural references unless the context clearly dictates 

otherwise. 

[079] Furthermore, one or more computer-readable storage media may be utilized in 

implementing embodiments consistent with the present disclosure. A computer-readable storage 

medium refers to any type of physical memory on which information or data readable by a processor 

may be stored. Thus, a computer-readable storage medium may store instructions for execution by 

one or more processors, including instructions for causing the processor(s) to perform steps or stages 

consistent with the embodiments described herein. The term "computer-readable medium" should 

be understood to include tangible items and exclude carrier waves and transient signals, i.e., be non­

transitory. Examples include random access memory (RAM), read-only memory (ROM), volatile 

memory, nonvolatile memory, hard drives, CD ROMs, DVDs, flash drives, disks, and any other 

known physical storage media. 
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[080] It is intended that the disclosure and examples be considered as exemplary only, 

with a true scope and spirit of disclosed embodiments being indicated by the following claims. 
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CLAIMS 

1. A method of scheduling a set of non-preemptive tasks in a multi-robot environment, the

method comprising a processor implemented steps of: 

defining, by one or more hardware processors, a plurality of tasks, wherein each the plurality 

of tasks is a non-preemptive task characterized by an execution time, a specified time interval for 

completing the non-preemptive task and a performance loss function per time unit; 

partitioning, by a scheduling technique, the plurality of tasks into a set of schedulable tasks 

and a set of non-schedulable tasks, wherein the set of schedulable tasks comprise a subset of tasks to 

be executed within a predefined time interval and having a maximum performance loss value, and 

wherein the set of non-schedulable tasks comprise a subset of tasks failing to execute within the 

predefined time interval and with a low performance loss value; and 

scheduling, in a pre-defined order, the plurality of tasks partitioned by performing a plurality 

of steps,, wherein the step of scheduling the plurality of tasks partitioned comprises performing, 

based upon the one or more performance loss values corresponding to the plurality of tasks, a load 

balancing of the plurality of tasks partitioned, to optimize the scheduling of the set of non-

preemptive tasks in the multi-robot environment, and  

wherein the plurality of steps comprise: 

(i) sorting, by the scheduling technique, the plurality of tasks partitioned in non-

increasing order of the one or more performance loss values corresponding to the plurality of 

tasks partitioned;  

(ii) scheduling the set of schedulable tasks in the multi-robot environment by

assigning at least one of the set of schedulable tasks to each robot amongst a plurality of 

robots operating in the multi-robot environment by implementing a compaction mechanism, 

wherein the scheduling comprises: 

MCSLLP



39 

(a) determining, by the scheduling technique, a possibility of execution of

each of the set of schedulable tasks in the multi-robot environment; 

(b) determining, by the scheduling technique, a possibility of scheduling a

set of pre-assigned tasks amongst the plurality of robots, wherein the set of pre-

assigned tasks comprise one or more tasks other than the set of schedulable tasks and 

the set of non-schedulable tasks; and 

(c) scheduling, by the compaction mechanism, the set of schedulable tasks

in the multi-robot environment upon determining the possibility of execution of each of 

the set of schedulable tasks and the possibility of scheduling the set of pre-assigned 

tasks; and 

(iii) scheduling, by a list-scheduling technique, the set of non-schedulable tasks

amongst the plurality of robots. 

2. The method of claim 1, wherein the step of scheduling the set of schedulable tasks comprises

categorizing, by the scheduling technique, one or more schedulable tasks amongst the set of 

schedulable tasks as a non-schedulable task upon determining either one of: 

(i) a least possibility of the execution of each of the schedulable task amongst the set of

schedulable tasks; or  

(ii) a least possibility of scheduling the set of pre-assigned tasks.

3. The method of claim 1, wherein the load balancing comprises:

(i) a re-arrangement of one or more schedulable tasks and one or more non-schedulable

tasks based upon an identical performance loss value, wherein the one or more schedulable tasks and 

the one or more non-schedulable tasks correspond to the set of schedulable tasks and the set of non-

schedulable tasks respectively; and  
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(ii) an identification of the one or more non-schedulable tasks with a maximum priority

value from the set of non-schedulable tasks by implementing the scheduling technique to schedule 

the set of non-preemptive tasks in the multi-robot environment. 

4. The method of claim 3, wherein the identical performance loss value corresponds to each of

the one or more schedulable tasks and the one or more non-schedulable tasks, and wherein the one 

or more schedulable tasks and the one or more non-schedulable tasks correspond to the set of 

schedulable tasks and the set of non-schedulable tasks respectively 

5. The method of claim 3, wherein the step of identification of the one or more non-schedulable

tasks is performed iteratively by implementing the scheduling technique, until each the set of non-

schedulable tasks is scheduled in the multi-robot environment. 

6. A system for scheduling a set of non-preemptive tasks in a multi-robot environment, the

system comprising: 

a memory storing instructions;  

one or more communication interfaces; and  

one or more hardware processors coupled to the memory via the one or more communication 

interfaces, wherein the one or more hardware processors are configured by the instructions to:  

define, a plurality of tasks, wherein each of the plurality of tasks is a non-preemptive 

task characterized by an execution time, a specified time interval for completing the non-

preemptive task and a performance loss function per time unit; 

partition, by a scheduling technique, the plurality of tasks into a set of schedulable 

tasks and a set of non-schedulable tasks, wherein the set of schedulable tasks comprise a 

subset of tasks to be executed within a predefined time interval and having a maximum 
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performance loss value, and wherein the set of non-schedulable tasks comprise a subset of 

tasks failing to execute within the predefined time interval and with a low performance loss 

value; and 

schedule, in a pre-defined order, the plurality of tasks partitioned by performing a 

plurality of steps,, wherein the one or more hardware processors are configured to schedule 

the plurality of tasks partitioned by performing, based upon the one or more performance loss 

values corresponding to the plurality of tasks, a load balancing of the plurality of tasks 

partitioned, to optimize the scheduling of the set of non-preemptive tasks in the multi-robot 

environment, wherein the plurality of steps comprise: 

(i) sort, by the scheduling technique, the plurality of tasks partitioned in

non-increasing order of the one or more performance loss values corresponding to the 

plurality of tasks partitioned;  

(ii) schedule the set of schedulable tasks in the multi-robot environment

by assigning at least one of the set of schedulable tasks to each robot amongst a 

plurality of robots operating in the multi-robot environment by implementing a 

compaction mechanism, wherein the scheduling comprises, wherein the scheduling 

comprises: 

(a) determine, by the scheduling technique, a possibility of

execution of each of the set of schedulable tasks in the multi-robot environment; 

(b) determine, by the scheduling technique, a possibility of

scheduling a set of pre-assigned tasks amongst the plurality of robots, wherein 

the set of pre-assigned tasks comprise one or more tasks other than the set of 

schedulable tasks and the set of non-schedulable tasks; and 

(c) schedule, by the compaction mechanism, the set of schedulable

tasks upon determining the possibility of execution of each of the set of 
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schedulable tasks and the possibility of scheduling the set of pre-assigned tasks 

amongst the plurality of robots; and 

(iii) schedule, by a list-scheduling technique, the set of non-schedulable

tasks amongst the plurality of robots. 

7. The system of claim 6, wherein the one or more hardware processors are configured to

schedule the set of schedulable tasks by categorizing, via the scheduling technique, one or more 

schedulable tasks amongst the set of schedulable tasks as a non-schedulable task upon determining 

either one of: 

(i) a least possibility of the execution of each of the schedulable task amongst the set of

schedulable tasks; or 

(ii) a least possibility of scheduling the set of pre-assigned tasks.

8. The system of claim 6, wherein the load balancing comprises:

(i) a re-arrangement of one or more schedulable tasks and one or more non-schedulable

tasks based upon an identical performance loss value, wherein the one or more schedulable tasks and 

the one or more non-schedulable tasks correspond to the set of schedulable tasks and the set of non-

schedulable tasks respectively; and  

(ii) an identification of the one or more non-schedulable tasks with a maximum priority

value from the set of non-schedulable tasks by implementing the scheduling technique to schedule 

the set of non-preemptive tasks in the multi-robot environment. 

9. The system of claim 8, wherein the identical performance loss value corresponds to each of

the one or more schedulable tasks and the one or more non-schedulable tasks, and wherein the one 
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or more schedulable tasks and the one or more non-schedulable tasks correspond to the set of 

schedulable tasks and the set of non-schedulable tasks respectively 

10. The system of claim 8, wherein the one or more hardware processors are configured to

perform iteratively, by implementing the scheduling technique, the step of identification of the one 

or more non-schedulable tasks, until each of the set of non-schedulable tasks is scheduled in the 

multi-robot environment. 

11. One or more non-transitory machine readable information storage mediums comprising one

or more instructions which when executed by one or more hardware  processors cause: 

           defining, by one or more hardware processors, a plurality of tasks, wherein each the plurality 

of tasks is a non-preemptive task characterized by an execution time, a specified time interval for 

completing the non-preemptive task and a performance loss function per time unit; 

partitioning, by a scheduling technique, the plurality of tasks into a set of schedulable tasks 

and a set of non-schedulable tasks, wherein the set of schedulable tasks comprise a subset of tasks to 

be executed within a predefined time interval and having a maximum performance loss value, and 

wherein the set of non-schedulable tasks comprise a subset of tasks failing to execute within the 

predefined time interval and with a low performance loss value; and 

scheduling, in a pre-defined order, the plurality of tasks partitioned by performing a plurality 

of steps,, wherein the step of scheduling the plurality of tasks partitioned comprises performing, 

based upon the one or more performance loss values corresponding to the plurality of tasks, a load 

balancing of the plurality of tasks partitioned, to optimize the scheduling of the set of non-

preemptive tasks in the multi-robot environment, wherein the plurality of steps comprise: 
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(i) sorting, by the scheduling technique, the plurality of tasks partitioned in non-

increasing order of the one or more performance loss values corresponding to the 

plurality of tasks partitioned;  

(ii) scheduling the set of schedulable tasks in the multi-robot environment by

assigning at least one of the set of schedulable tasks to each robot amongst a plurality of 

robots operating in the multi-robot environment by implementing a compaction mechanism, 

wherein the scheduling comprises: 

(a) determining, by the scheduling technique, a possibility of execution of

each of the set of schedulable tasks in the multi-robot environment determining, by the 

scheduling technique, a possibility of scheduling; 

(b) a set of pre-assigned tasks amongst the plurality of robots, wherein the

set of pre-assigned tasks comprise one or more tasks other than the set of schedulable 

tasks and the set of non-schedulable tasks; and 

(c) scheduling, by the compaction mechanism, the set of schedulable tasks

in the multi-robot environment upon determining the possibility of execution of each of 

the set of schedulable tasks and the possibility of scheduling the set of pre-assigned 

tasks; and 

(iii) scheduling, by a list-scheduling technique, the set of non-schedulable tasks

amongst the plurality of robots. 

12. The one or more non-transitory machine readable information storage mediums of claim11,

wherein the step of scheduling the set of schedulable tasks comprises categorizing, by the scheduling 

technique, one or more schedulable tasks amongst the set of schedulable tasks as a non-schedulable 

task upon determining either one of: 
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(i) a least possibility of the execution of each of the schedulable task amongst the set of

schedulable tasks; or  

(ii) a least possibility of scheduling the set of pre-assigned tasks.
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