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Abstract 

In game-theoretic grid computing, selfish users may misreport task information to obtain individual 

advantages, leading to prolonged scheduling negotiations and degraded system performance. This study aims to 

develop the resource allocation mechanism for dynamic tasks (RAMDT), an online scheduling mechanism based on 

the direct revelation principle. RAMDT incentivizes users to truthfully disclose their private task attributes—value, 

length, arrival time, and deadline—at the initial bidding stage, thereby accelerating equilibrium convergence, 

reducing bidding rounds, and minimizing resource waste. Theoretical analysis demonstrates that RAMDT satisfies 

individual rationality and incentive compatibility, ensuring truthful reporting is a weakly dominant strategy for 

rational users. Simulation results show that compared with random-bidding protocols, RAMDT reduces the number 

of rounds for resource equilibrium from exponential to linear in the number of users, and achieves a higher task 

completion rate than the first-come, first-served (FCFS) scheme. Overall, RAMDT aligns self-interested user 

behavior with system-wide scheduling efficiency.  
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1. Introduction 

Economic-based grid resource scheduling systems [1–3] rely on user-submitted task information, such as execution 

budgets and completion deadlines [4–6], to make resource allocation decisions. However, grid users are autonomous and self-

interested: under many existing economic scheduling mechanisms [7–9], they may misreport task information to gain 

individual advantages. Typical examples include reporting artificially tight deadlines to signal greater task urgency and obtain 

scheduling priority, or starting with low bids and progressively raising them in order to discover favorable prices. The presence 

of such false information prolongs the strategic bargaining process, increases resource consumption without necessarily 

improving allocative efficiency, and can lead to erroneous allocation decisions that degrade system-wide performance. 

Ex-post approaches such as credibility evaluation [10] can penalize dishonest behavior, but only when objective evidence 

is available—for instance, verifying actual task sizes or confirming timely payments. However, certain task attributes, such as 

the completion deadline, are inherently subjective and cannot be independently verified either during or after execution. This 

does not mean that such attributes lie beyond the reach of mechanism design. Rather than verifying them ex post, one can 

embed cost structures into the allocation and payment rules ex ante so that misreporting becomes disadvantageous to the user: 

a user who declares an artificially tight deadline risks having the task cancelled during execution while still bearing the 

execution cost, yielding negative utility. Under such a design, truthful reporting can emerge as a weakly dominant strategy, 

aligning individual incentives with system-wide objectives, thereby improving resource utilization and scheduling efficiency. 
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Economic approaches to grid scheduling have long employed market mechanisms such as commodity markets, auctions, 

and bargaining protocols [1–3, 11, 12], yet they typically assume that users truthfully report their task requirements. To counter 

self-interested behavior, game-theoretic and mechanism-design methods have been applied to grid, cloud, and edge resource 

allocation [10, 13–15]. However, auction-based mechanisms either rely on iterative bidding with high communication 

overhead [16] or, when single-round [17], leave the incentive issues of multi-attribute private information unresolved. In 

parallel, online scheduling studies have addressed joint job scheduling and data allocation [7], interactivity-aware scheduling 

[18], and online mechanism design for demand response [8]. Nevertheless, few existing studies appear to jointly address the 

incentive problems of multiple private attributes—value, length, arrival time, and deadline—within a single online mechanism, 

which motivates the mechanism proposed in this paper. 

In this paper, a dynamic task scheduling setting is considered in which tasks arrive stochastically over time, are 

independent of one another (no precedence constraints), and are executed non-preemptively on computational resources that 

differ only in processing capacity. Within this setting, the resource allocation mechanism for dynamic tasks (RAMDT) is 

proposed as an online scheduling mechanism grounded in the direct revelation principle of mechanism design theory [19], 

thereby restricting attention to incentive-compatible direct mechanisms. Each task is characterized by a private type comprising 

four attributes: arrival time, execution deadline, task length, and willingness-to-pay (which serves as the weight of the task in 

the system objective). Under RAMDT, a system broker allocates arriving tasks to resource queues based on a value-density 

criterion and charges each user a compensation cost that internalizes the utility loss inflicted on downstream tasks. Formal 

analysis establishes that this compensation-based design satisfies both individual rationality and incentive compatibility, and 

that truthful reporting of all four task attributes, including the unverifiable deadline, is a weakly dominant-strategy equilibrium. 

Because users no longer benefit from strategic manipulation, the multi-round bidding characteristic of conventional auction-

based protocols is eliminated: users submit their true types once and receive allocation decisions in a single round of interaction. 

The remainder of this paper is organized as follows. Section 2 formulates the dynamic task scheduling model and defines 

the user utility function. Section 3 presents the RAMDT mechanism and proves its theoretical properties. Section 4 describes 

the algorithm implementation and reports the simulation results. Section 5 concludes the paper and discusses future directions. 

2. Dynamic Task Scheduling Model 

2.1  Model formulation 

As grid computing serves a large population of users, tasks from multiple users may arrive simultaneously at any given 

moment, and tasks arrive at discrete time instants. In an economic grid scheduling system, resource allocation must satisfy 

user demands while also considering the overall efficiency of resource scheduling. For instance, the system may insert higher-

priority tasks while meeting the QoS requirements of other users, or compensate affected users appropriately when impacts 

occur, ensuring that their utility does not decrease. Accordingly, the mechanism design problem for grid resources is modeled 

as a dynamic task scheduling problem. Assume that user tasks are distributed discretely over time. Each task i is represented 

by its type: 

0 0( , , , )i i i i ia d l w T T R R + + + +=    
 

(1) 

where ai(𝑎𝑖 > 0) denotes task arrival time, and di(𝑑𝑖 > 𝑎𝑖 +
𝑙𝑖

𝑝𝑗
) represents the execution deadline, before which the task must 

be completed. The constraint ensures that the task is feasible on at least the fastest available resource (otherwise it will be 

rejected). Pj is the processing capacity of resource j, li(𝑙𝑖 > 0) is the task size normalized by standard processing capacity, and 

wi(𝑤𝑖 > 0) is the willingness-to-pay, representing the user’s valuation of the task. 
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Fig. 1 Dynamic task scheduling model 

The type space for user tasks is denoted by 𝛩 = 𝛩𝑎 × 𝛩𝑑 × 𝛩𝑙 × 𝛩𝑤. Assume that grid resources differ only in processing 

capacity and are identical in other properties, meaning that any task can be executed on any resource, with the processing 

capacity determining the corresponding execution time. Let the grid resources be M = {1, 2, … m}. Task arrival is a stochastic 

event following a certain distribution. The scheduling process is illustrated in Fig. 1. 

If users submit task information truthfully, the resource scheduling system can make faster and better decisions while 

satisfying user resource demands, thereby improving overall system performance such as resource utilization. However, since 

grid users are autonomous, rational, and self-interested, aiming to maximize their own utility, they might conceal their true 

situation and submit false task values, delaying task submission to gain greater benefits during the resource scheduling process. 

Let the true type of user’s task be 𝜃𝑖 = (𝑎𝑖 , 𝑑𝑖 , 𝑙𝑖 , 𝑤𝑖) , and the type submitted by the user to the system be 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′). 

The grid resource scheduling system makes resource scheduling decisions based on the submitted task information and the 

current state of resources. 

2.2  Utility function 

From the system’s perspective, effective grid resource scheduling must balance performance optimization with the 

influence of users’ self-interested behaviors. Through carefully designed mechanisms, users can be incentivized to adopt 

strategies that enhance overall system performance. In other words, rational decision-making by individual users should 

simultaneously advance their own utility and contribute to systemic efficiency. 

In the proposed model, user behavior involves selecting 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′) from the type space  according to a certain 

strategy and submitting it to the resource scheduling system. The goal of mechanism design is to encourage users to submit 

their true task information 𝜃𝑖 = (𝑎𝑖 , 𝑑𝑖 , 𝑙𝑖 , 𝑤𝑖) , enabling the resource scheduling system to make appropriate resource 

allocation decisions. 

Based on the premise of user rationality and objective reality, the characteristics of the task information 𝜃𝑖
′ =

(𝑎𝑖
′, 𝑑𝑖

′, 𝑙𝑖
′, 𝑤𝑖

′) submitted by users are analyzed as follows: 

(1) Since tasks cannot be submitted before they arrive, 𝑎𝑖
′ ≥ 𝑎𝑖. 

(2) The system can obtain task length information during execution and can impose penalties to prevent 𝑙𝑖
′ < 𝑙𝑖; therefore, 

users will submit 𝑙𝑖
′ ≥ 𝑙𝑖. 

(3) 𝑤𝑖  is completely private information that the system cannot verify. The value 𝑤𝑖
′ submitted by the user may either reflect 

the true value (𝑤𝑖
′ = 𝑤𝑖) or conceal it (𝑤𝑖

′ ≠ 𝑤𝑖). 

(4) The task completion deadline is also the user's private information, so the truthfulness of 𝑑𝑖
′ cannot be discerned by the 

system. 

For convenience of analysis, the following parameters for tasks and the task scheduling process are defined: 

(5) The notation i → j signifies scheduling task i to resource j. 

(6) Let 𝑐𝑖(𝑗) be the completion time of task i on resource j. 
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(7) The coefficient 𝑘 =
𝑤

𝑙
 represents the value density of task i, which reflects its priority. Tasks in the resource queue are 

sequenced in descending order of their k values. When a new task arrives at resource j, it is inserted into the queue at the 

position corresponding to its k value. Tasks with the same k value are ordered by their arrival time. 

(8) Let 𝐴𝑗(𝑡) represent the set of all tasks in the task queue of resource j at time t. For any task i in this queue, let 𝐻𝑖(𝑗) 

denote the set of tasks preceding task i in the queue, and 𝐿𝑖(𝑗) denote the set of tasks following task i in the queue, i.e.: 

   ( ) ( ) | ( ) |
s i

i j r i j s ia a
H j r A t k k s A t k k 

=     =
 

(2) 

   ( ) ( ) | ( ) |
s i

i j r i j s ia a
L j r A t k k s A t k k 

=     =
 

(3) 

(9) Let 𝑒𝑗(𝑡) denote the remaining execution time of the task currently being executed on resource j at time t. 

Based on the submitted task information, the completion time 𝑐𝑖
′(𝑗) required for task i to execute on resource j is: 

,,

( )

( ) ( ) ( )
i

ir
j i i j i

r H j j j

ll
c j a a e a

p p

  



= − + + +
 

(4) 

The remaining time (slack) of task i after completion, with respect to its deadline, is given by: 

,,

( )

( ) ( ) ( ) ( )
i

ir
i i i i i i j i

r H j j j

ll
t j d c j d a a e a

p p

  



 
= − = − − + + + 

  


 

(5) 

The user gains benefit from the execution of task i; the longer remaining time indicates higher execution efficiency and 

thus higher user benefit. Let the user’s benefit be 𝑣𝑖(𝑗) = 𝑤𝑖𝑡𝑖(𝑗), i.e.: 

,,

( )

( ) ( ) ( ) ( )
i

ir
i i i i i i i i j i

r H j j j

ll
v j w t j w d w a a e a

p p

 



 
= = − − + + + 

  
  (6) 

Since a newly arrived task i is inserted into the resource’s task queue based on its k value upon being scheduled, the 

insertion has no impact on the execution of tasks in set 𝐻𝑖(𝑗). However, the execution times of tasks in set 𝐿𝑖(𝑗) will be 

prolonged due to the insertion. From Eq. (4), the owners of these tasks will incur a loss of benefits. The owner of task i pays 

compensation to the owners of affected tasks in set 𝐿𝑖(𝑗) to cover these losses. The compensation constitutes the execution 

cost for task i, i.e., the compensation cost for task execution is: 

( )

( )
i

i
i i

r L jj

l
j w

p
 



= 
 

(7) 

The utility for the owner of task i is the difference between benefit and cost. Consequently, when task i is executed on 

resource j, the user’s utility function 𝑢𝑖(𝑗) can be expressed as: 

( ) ( ) ( )i i iu j v j j= −
 

(8) 

i.e., 

,,

( ) ( )

( ) ( ) ( )
i i

i ir
i i i i i i j i r

r H j r L jj j j

l ll
u j w d w a a e a w

p p p


  

 

 
= − − + + + − 

  
 

 

(9) 

The goal of task i’s owner is to maximize utility, i.e., given that the task can be executed, select an appropriate type 𝜃𝑖
,
  

from the type space 𝛩𝑖 such that 𝑢𝑖(𝑗) is maximized. 
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2.3  Resource allocation mechanism for dynamic tasks 

In this model, the user’s strategy is to select a specific task type 𝜃𝑖
,
 from the type space 𝛩𝑖  and submit it to the resource 

scheduling system to maximize utility. Here, the user’s strategy space is the task type space. A direct mechanism is adopted to 

implement RAMDT, which is designed to induce truthful reporting of private task information. 

The RAMDT mechanism can be applied to online resource scheduling for dynamic tasks. Its execution process is as 

follows: 

(1) Based on the task’s utility function 𝑢𝑖(𝑗) and the goal of utility maximization, the user selects an appropriate type  𝜃𝑖
" ∈

argmax 𝑢𝑖(𝑗) from the type space 𝛩𝑖  
and submits the task information 𝜃𝑖

,
 to the resource scheduling system broker; 

(2) The broker of the resource scheduling system, based on the information in the user’s type 𝜃𝑖
,
, calculates the task’s 

execution time 𝑐𝑖
′(𝑗) and execution cost 𝜋𝑖

′(𝑗) on various resources, constructs the set of available resources MJ, and 

returns MJ and 𝑐𝑖
′(𝑗) to the user; 

(3) To maximize the utility function, the user decides whether to submit the task and selects the resource for execution; 

(4) The resource scheduling system schedules the task to the task queue of the user-selected resource where it waits for 

execution, and charges the user the execution cost; 

(5) The maximum completion task is limited to the volume of 𝑙𝑖
′. For any remaining portion, it is scheduled to the end of the 

queue and incurs an additional charge. 

Based on the RAMDT execution process, the following cases are considered. If the user does not submit the task, the task 

execution benefit is zero, the execution cost is zero, and thus the total utility is zero. If the user completes the task by the 

deadline, the task’s benefit is given by Eq. (6). If the submitted task is not completed within the deadline, the user’s execution 

benefit is zero, but they still incur the cost. According to Eq. (9), the user’s utility in this case is 𝑢𝑖(𝑗) = −
𝑙𝑖
′

𝑝𝑗
∑ 𝑤𝑟

′
𝑟∈𝐿𝑖(𝑗) . 

Therefore, the user’s utility is: 

'

( ) ( )

( )

[( )

,

( )

 

]  ,

( )  

0,    

 

i i

i

i ir
i i i i i j i r

r H j r L jj j j
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i r
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'

j

' l ll
w d w a a e a w task is simmitted and completed

p p p

l
u j w task is simmitted and nothe

the

t completed
p

task is not simmitted

 


 







− − + + + −





= −





 

  (10) 

2.4  Budget balance 

In RAMDT, monetary transfers occur only between users, with the broker acting as a clearing intermediary. When a task 

is inserted into a resource queue ahead of existing tasks, the inserting user is charged a compensation cost equal to the 

externality imposed on the delayed downstream tasks, and this amount is disbursed to the affected users as compensation. No 

payment is created or retained by the broker. 

Proposition 1 (Budget Balance). Under RAMDT, the total compensation collected from inserting users equals the total 

compensation paid to delayed users; the broker runs neither a surplus nor a deficit. 

Proof. By construction, the compensation charge levied on an inserting task equals the sum of the externalities imposed on all 

downstream tasks it delays, and each delayed task receives exactly its imposed externality as compensation. Summing over all 

insertions, total receipts equal total payments, so the mechanism is ex-post budget balanced. 
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3. Mechanism Constraints of the RAMDT Algorithm 

To ensure optimal resource allocation decisions that improve system performance while meeting users’ quality-of-service 

requirements, it is essential for the resource scheduling system to receive accurate task information from users. In line with 

principles of mechanism design, the proposed scheduling mechanism must satisfy both incentive compatibility and individual 

rationality. The following section examines whether and under what conditions the RAMDT mechanism adheres to these 

constraints. 

3.1  Individual rationality constraint 

Theorem 1 The RAMDT resource allocation mechanism satisfies the individual rationality constraint. 

Proof:  ∀𝜃𝑖 ∈ 𝛩, 𝑎𝑖, 𝑑𝑖, 𝑙𝑖, 𝑤𝑖  are all bounded. 

(1) If user task i is executed on resource j, then 𝑐𝑖
′(𝑗) and 𝜋𝑖

′(𝑗) are bounded, thus 𝑣𝑖(𝑗) = −𝑤𝑖𝑐𝑖
′(𝑗), and user’s utility 

𝑢𝑖(𝑗) = 𝑣𝑖(𝑗) − 𝜋𝑖(𝑗) is also bounded. 

(2) If the user task cannot be executed, then 𝑐𝑖
′(𝑗) → ∞, 𝑣𝑖

′(𝑗) = −𝑤𝑖𝑐𝑖
′(𝑗) → −∞, thus 𝑢𝑖

′(𝑗) = 𝑣𝑖
′(𝑗) − 𝜋𝑖

′(𝑗) → −∞. The 

utility from executing a task is greater than that from not executing it, i.e., 𝑢𝑖(𝑗) > 𝑢𝑖
′(𝑗). Through mechanism design, 

rational users are incentivized to participate in task scheduling under this mechanism. 

3.2  Incentive compatibility constraint 

Theorem 2 The RAMDT resource allocation mechanism satisfies the incentive compatibility constraint. 

Theorem 2 is proven by considering the reported task attributes 𝑎𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′

 
and 𝑑𝑖

′ separately. 

Lemma 1 For the RAMDT resource allocation mechanism, it is a dominant strategy for a rational user i to submit the task’s 

true value 𝑤𝑖 , i.e., 𝑤𝑖
′ = 𝑤𝑖 . 

Assume at time 𝑎𝑖
′, user i newly submits a task 𝜃𝑖

′ = (𝑎𝑖
′, 𝑑𝑖

′, 𝑙𝑖
′, 𝑤𝑖

′). At that moment, the task queue of resource j contains 

s tasks, arranged in order of k value. Suppose the k value calculated based on the task i’s true value lies between tasks ju and 

jv in the queue, i.e.: 

1

1

u i v s

u i v s

w w w ww

l l l l l

  

    
     

 

(11) 

(1) The user’s submitted value 𝑤𝑖
′ satisfies 

𝑤𝑖
′

𝑙𝑖
′ >

𝑤𝑣
′

𝑙𝑣
′ > ⋯ >

𝑤𝑠
′

𝑙𝑠
′ . 

As shown in Fig. 2(a), according to the utility function in Eq. (9), if task i is scheduled to resource j and added at the end 

position s+1, the utility is: 

,,
( 1)

1

( ) ( ) ( )
s

s ir
i i i i i i j i

r j j

ll
u j w d w a a e a

p p

+  

=

 
= − − + + + 

  


 

(12) 

If task i at position s+l is swapped with task js at position s in the original queue, as shown in Fig. 2(b), the utility becomes: 

,,1
( )

1

( ) ( ) ( )
s

s i ir
i i i i i j i s

r j j j

l ll
u j w d a a e d w

p p p

−
  

=

  
= − − + + + −  

 
   


 

(13) 

where the compensation for the affected task js after insertion is included in the sum over 
𝑙𝑖

′

𝑝𝑗
𝑤𝑠

′. 
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Fig. 2 User ranking in the queue based on submitted value 

Let ∆𝑢𝑖
(1→𝑚)

(𝑗) represent the change in utility when task i moves from position l to m in the queue of resource j. Based 

on the utilities of the task at positions s and s+l in Eqs. (12) and (13), the change is: 

( ) ( ) ( )
' ' ' ' '

( 1 ) ( ) ( 1) '

' '

 
0s s s s s i i s i s

i i i i s

j j j i s

l l l l w w
u j u j u j w w

p p p l l

+ → +  
 = − = − = −  

   

(14) 

As is evident, swapping the positions of tasks ji and js yields a higher utility for user i than queuing at the end of the line. 

Consequently, a rational user, when submitting a task 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′, )  , should strategically act to ensure 

𝑤𝑖
′

𝑙𝑖
′ >

𝑤𝑠
′

𝑙𝑠
′ , that 

ji is placed ahead of  js  in the queue. 

Similarly, for a task at queue position s, when condition 
𝑤𝑖

𝑙𝑖
′ >

𝑤𝑠−1
′

𝑙𝑠−1
′  holds, swapping the task ji at position s with js-1 at 

position s-1 yields the change in utility: 

( )
' ' '

( 1) 1 1

' '

1

0s s i s i s

i

j i s

l l w w
u j

p l l

→ − − −

−

 
 = −  

 
 (15) 

Thus, the rational user submitting the task should choose 
𝑤𝑖

′

𝑙𝑖
′ >

𝑤𝑠−1
′

𝑙𝑠−1
′ . By analogy, the task satisfying submitted 

𝑤1
′

𝑙1
′ > ⋯ >

𝑤𝑢
′

𝑙𝑢
′ >

𝑤𝑖

𝑙𝑖
′ >

𝑤𝑣
′

𝑙𝑣
′ > ⋯ >

𝑤𝑠
′

𝑙𝑠
′  value should satisfy 

𝑤𝑖
′

𝑙𝑖
′ >

𝑤𝑣
′

𝑙𝑣
′ > ⋯ >

𝑤𝑠
′

𝑙𝑠
′ , to ensure task i can be placed before jv in the queue, as 

shown in Fig. 2(c). That is: 

i v s

i v s

w w w

l l l

  
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    (16) 

(1) The user’s submitted value 𝑤𝑖
′ satisfies 

𝑤1
′

𝑙1
′ > ⋯ >

𝑤𝑢
′

𝑙𝑢
′ >

𝑤𝑖
′

𝑙𝑖
′ . 

If the submitted value of task i satisfies 
𝑤𝑖

′

𝑙𝑖
′ >

𝑤𝑢
′

𝑙𝑢
′ , that is, the task i at queue position u+l swaps its queue order with task 

ju at position u, the additional utility gained by task i is: 

( ) ( ) ( )
' ' ' ' '

( 1 ) ( ) ( 1) '

' '
( ) 0u u u u u i i u i u

i i i i u

j j j i u

l l l l w w
u j u j u j w w

p p p l l

+ → + = − = − = −   (17) 
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It is evident that if a user posts a task with an inflated value to gain priority execution, the utility obtained by the user will 

decrease instead. Therefore, the value posted by the user should be 

 

𝑤1
′

𝑙1
′ > ⋯ >

𝑤𝑢
′

𝑙𝑢
′ >

𝑤𝑖
′

𝑙𝑖
′ . 

From the above proofs, the value submitted by the user for the task should satisfy: 

1

1

u i v s

u i v s

w w w w w

l l l l l

    

    
       (18) 

From Eqs. (16) and (18), a rational user’s submitted task value 𝑤𝑖
′ should place the task in the same queue position as if 

submitted with the true value. Since tasks arrive dynamically, to ensure task i remains in the position corresponding to its true 

value even after subsequent task arrivals, submitting the true value aligns with the user’s optimization goal. 

Besides considering the change in utility for task i, the impact on the utilities of other tasks behind the insertion point 

must be considered. For the aforementioned insertion of task i before js, the change in utility for task js is: 

( ) ( ) ( )
' ' ' '

( 1) ' ' '( )s s i i i i
s s s s s s s s s s

j j j j

l l l l
u v j j w c j w w w w w

p p p p
→ + =  + = −  + = − + = −  (19) 

Since the user submits the true value, ∆𝑢𝑠
(𝑠→𝑠+1)

= 0. That is, the utilities of existing tasks remain unchanged after 

swapping positions with task ji. Consequently, true value reporting guarantees compensation-neutrality: any task displaced by 

a higher-priority insertion receives full compensation for the externality imposed on it, ensuring that the utility of the displaced 

user does not decrease. A full characterization of allocative Pareto efficiency across all users is left as future work. 

In summary, for the types 𝜃−𝑗
′  submitted by other users, user i will submit a type with the true value 𝑤𝑖 , i.e., 𝑤𝑖

′ = 𝑤𝑖 . 

Lemma 2 The RAMDT makes it a dominant strategy for a rational user i to submit the true task length, i.e., 𝑙𝑖
′ = 𝑙𝑖. 

Proof: Since the resource can obtain task length information during execution, penalties can be imposed for tasks with 𝑙𝑖
′ < 𝑙𝑖, 

such as rescheduling the remaining part of the task 𝑙𝑖 − 𝑙𝑖
′ to the end of the queue after execution starts 𝑙𝑖

′, increasing the 

task’s execution time 𝑐𝑖(𝑗) and reducing the user’s utility. Therefore, rational users should submit 𝑙𝑖
′ ≥ 𝑙𝑖 when submitting 

the task. 

 

Fig. 3 Queue ordering based on the submitted task length 

If the task is scheduled according to 
𝑤𝑖

′

𝑙𝑖
, the task will be at position 𝜇 in the queue, with utility 𝑢𝑖(𝑗); if scheduled 

according to 
𝑤𝑖

′

𝑙𝑖
′ , it will be at position 𝜇, with utility 𝑢𝑖

′(𝑗). Based on the two insertion points, the original queue tasks are 

divided into three sets A1, A2, and A3, i.e., 𝐴1 = {𝑗𝑟 ∈ 𝐴 |
𝑤𝑟

′

𝑙𝑟
′ >

𝑤𝑖
′

𝑙𝑖
}, 𝐴2 = {𝑗𝑟 ∈ 𝐴 |

𝑤𝑖
′

𝑙𝑖
>

𝑤𝑟
′

𝑙𝑟
′ >

𝑤𝑖
′

𝑙𝑖
′ }, 𝐴3 = {𝑗𝑟 ∈ 𝐴 |

𝑤𝑖
′

𝑙𝑖
′ >

𝑤𝑟
′

𝑙𝑟
′ }, 

as shown in Fig. 3. 

According to Eq. (9): 

3

2

'

;
( ) ( ) ( ) ( ) ( )

r A ri r i i r

i i i i i i r A

j j j i r

ww l l w w
u j u j l l l l

p p p l l

  
 



 
− = − + − + − 

 
 


  (20) 
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According to Lemma 1, all users submit the true value, i.e., 𝑤𝑖
′ = 𝑤𝑖 , and thus: 

3

2

'

;
( ) ( ) ( ) ( ) ( ) 0

r A ri r i r
i i i i i i r A

j j j i r

i
ww l l w w

u j u j l l l l
p p p l l

   
 



 
− = − + − + − 

 
 




  (21) 

It follows that the utility 𝑢𝑖(𝑗) obtained by a user when submitting a task with the true length 𝑙𝑖 is greater than 𝑢𝑖
′(𝑗)

 
that is obtained when using a false length 𝑙𝑖

′. Consequently, a rational user will submit tasks using the true length 𝑙𝑖. 

Lemma 3 RAMDT makes it a dominant strategy for a rational user i to submit tasks at their actual arrival time, i.e., 𝑎𝑖
′ = 𝑎𝑖. 

Proof: Since a task can only be submitted after it arrives, 𝑎𝑖
′ ≥ 𝑎𝑖 . Suppose two identical tasks ji  and js arrive 

simultaneously at time ai, ai = as, wi = ws, 𝑤𝑖
′ = 𝑤𝑠

′, 𝑙𝑖
′ = 𝑙𝑠

′ , but task ji is submitted immediately at time di, while task 

js is submitted at time 𝑑𝑖
′ (𝑑𝑖

′ > 𝑑𝑖). 

 Let AN be the set of other tasks submitted in the time interval [𝑑𝑖,𝑑𝑖
′]. Among AN, let AH and AL denote tasks scheduled 

into the queue before ji and after ji. According to Eq. (9), the utilities of tasks ji and js are given by: 

( ) ( )

( ) ( ) ( ) ( )
i i

i ir
i i i i i i j i r

r H j r L jj j j

l ll
u j v j j w d w e a w

p p p


 


 

 
= − = − + + − 

  
   (22) 

( ) ( )

( ) ( ) ( ) ( ) ( )

s s

s sr
s s i i i i s i j s r

r H j r L jj j j

l ll
u j v j j w d w a a e a w

p p p


 

 
     

 

 
= − = − − + + + − 

  
   (23) 

(1) If task js is submitted while ji remains in the queue. 

Under the RAMDT mechanism, task js will be positioned after ji in the queue. Given that Li(j) ⊆ 𝐿𝑠
′ (j), then πi(j) ≤

𝜋𝑠
′(j). Since ji remains in the task queue, the resources remain occupied during the time interval [di, di

′]. Therefore: 

( )( ) ( ) ( )

( ) ( )

s H s

r
s i j i j s

jr H j A j H j

l
a a e a e a

p


 

  −

− = + −  (24) 

Then: 

( ) ( ) ( )

( ) ( ) ( )
H si

r r r
s i j i j

r H j r A j r H jj j

s s

j

l l l
a a e a a e a

p p p

  
  

  

− = + + −−    (25) 

( ) ( ) ( )

( ))( ) ( ) (
i sH

r r r
j i i j

r H j r A j r H j

s

j j

s

j

s

l l l
e a a a a e a

p p p

  
  

  

= −+ −++    (26) 

so: 

( ) ( )

( ) ( ) ( )

si

i s
i i s

r r
j i i j s

r H j r H jj j j j

l ll l
e a a a e a

p p p
w

p
w



  
 

 

+ + +
  

−  − − +  
     

+


   (27) 

Then vi(j) ≥ 𝑣𝑠
′(𝑗), because ui(j) = vi(j) − πi(j) and 𝑢𝑠

′ (𝑗) = 𝑣𝑠
′(𝑗) − 𝜋𝑖

′(𝑗), therefore ui(j) ≥ 𝑢𝑠
′ (𝑗). 

When AH = ∅, then ui(j) = 𝑢𝑠
′ (𝑗), else ui(j) > 𝑢𝑠

′ (𝑗). 

(1) If task js is submitted after ji  has left the queue. 

Given that task ji is not in the queue, it must have been completed or removed from execution at that time. Then: 
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( ) ( ) ( )i i i j ic j a a e a  − +  (28) 

which yields 𝑢𝑖(𝑗) = 𝑢𝑠
′ (𝑗). 

Therefore, submitting the task at time di is a dominant strategy relative to submission at time 𝑑s
′ (𝑑s

′ > 𝑑i) . A rational 

user therefore has an incentive to submit the task at time di. Lemma 3 is proven. 

Lemma 4 RAMDT makes it a weakly dominant strategy for a rational user i to submit the task type based on its actual 

completion deadline, i.e., 𝑑𝑖
′ = 𝑑𝑖. 

Proof: The RAMDT schedules tasks into the resource queue using 𝑘𝑖
′ =

𝑤𝑖
′

𝑙𝑖
′  as the reference metric, without considering the 

actual completion deadline. However, task execution takes the actual deadline into account. If the task has not been completed 

by the time 𝑡 = 𝑑𝑖
′, its execution is canceled, while the user is still charged. From Eq. (10), the task utility in this case is 

negative, 𝑢𝑖(𝑗) = −
𝑙𝑖
′

𝑝𝑗
∑ 𝑤𝑟

′
𝑟∈𝐿𝑖(𝑗) . 

If the user adopts strategy 𝑑𝑖
′ < 𝑑𝑖, this strategy is weakly dominated by truthful submission: it yields identical utility 

when the task is completed before 𝑖′
𝑑 and strictly lower utility when completion falls between 𝑖′

𝑑 and 𝑑𝑖. This demonstrates 

that strategy 𝑑𝑖
′ < 𝑑𝑖 

constitutes a dominated strategy for the user. Similarly, submitting 𝑑𝑖
′ > 𝑑𝑖 is also weakly dominated: 

it yields identical utility when the task completes before 𝑑𝑖 and strictly lower utility when it completes between 𝑑𝑖  and 𝑖′
𝑑. 

Therefore, the user’s weakly dominant strategy is to submit 𝑑𝑖
′ = 𝑑𝑖. Lemma 4 is proven. 

Combining Lemmas 1-4, it follows that truthful reporting of the task information, together with prompt submission upon 

arrival, is a weakly dominant strategy for the user. Therefore, rational users will submit 𝜃𝑖 = (𝑎𝑖 , 𝑑𝑖 , 𝑙𝑖,𝑤𝑖). Theorem 2 is fully 

proven. More precisely, truthful reporting is weakly dominant overall: for the deadline attribute (Lemma 4), any misreport is 

only weakly dominated by truthful reporting, whereas for the value, length, and arrival-time attributes (Lemmas 1-3), truthful 

reporting is strictly dominant. 

The user utility can be represented by a tree structure as shown in Fig. 4. When the user submits the task with true 

information, the utility is 𝑢𝑖(𝑗) and 0 ≤ 𝑢𝑖(𝑗); when submitting under other conditions , the utilities are 𝑢𝑖
′(𝑗)1, 𝑢𝑖

′(𝑗)2, 

𝑢𝑖
′(𝑗)3 

and 𝑢𝑖
′(𝑗)1 ≤ 0 ≤ 𝑢𝑖(𝑗), 𝑢𝑖

′(𝑗)2 ≤ 0 ≤ 𝑢𝑖(𝑗) and 𝑢𝑖
′(𝑗)3 ≤ 0 ≤ 𝑢𝑖(𝑗); if the task is not submitted, the utility is 0. 

Therefore, the utility-maximizing strategy is to submit the task type truthfully. If the task can be completed within the deadline, 

the user follows strategy 1 in Fig. 4; if it exceeds the deadline, the user follows strategy 2 in Fig. 4 and abandons task execution. 

 

Fig. 4 Tree representation of user utility 
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4. Simulation and Analysis 

4.1  Algorithm implementation of the mechanism 

From the above analysis, the resource allocation mechanism for dynamic tasks (RAMDT), implemented as a direct 

mechanism, can incentivize users to submit true task information. The implementation of the RAMDT consists of two parts: 

the user strategy for dynamic task (USDT) algorithm on the user side and the broker resource allocation algorithm (BRAA) 

on the resource scheduling system broker side. 

Under the RAMDT resource scheduling mechanism, rational users perform task type submission, decide whether to 

submit the task, and select the resource, as shown in Fig. 5. The USDT algorithm is implemented as shown in Algorithm 1. 

 

Fig. 5 User task strategy selection process 

Algorithm 1 USDT Algorithm (User Strategy for Dynamic Task) 

1. Submit task type 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′, )  

2. Receive from resource scheduling system: available resource set MJ, 𝑐𝑖(𝑗), 𝜋𝑖(𝑗) 

3. If set MJ is empty Then 

4. Return False 

5. Else  

6. Calculate task utility 𝑢𝑖(𝑗) on each available resource using Eq. (10) 

7. Select resource j such that 𝑢𝑖(𝑗) is maximized 

8. Submit resource selection result to resource scheduling system 

9. Pay cost 𝑐𝑖(𝑗) to the system 

10. End if 

11. Return True 

The resource scheduling system broker, based on the RAMDT mechanism, user task information, and the user’s selected 

resource, schedules the task to the corresponding resource queue and charges the execution cost. The task scheduling process 

of the resource scheduling system is illustrated in Fig. 6. The BRAA is implemented as shown in Algorithm 2. 
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Fig. 6 The task scheduling process of the resource scheduling system 

Algorithm 2 BRAA Algorithm (Broker Resource Allocation Algorithm) 

1. Receive the user’s task type  

2. Calculate the task’s completion time using Eq. (4) 

3. Calculate the task’s execution cost using Eq. (7) 

4. If set MJ is empty Then 

5. Return False 

6. Else 

7. Form the available resource set MJ 

8. Obtain the user's resource selection. 

9. Receive task and schedule to selected resource. 

10. Charge the user the execution cost 

11. End if 

12. Return True 

Computational complexity of BRAA. For a resource queue of length n, determining the insertion position by criticality 

(value density) takes O(log n) time via binary search, while shifting the queue costs O(n); computing the compensation charge 

requires scanning at most n tasks behind the insertion point, i.e., O(n) per arriving task. The broker therefore incurs O(n) time 

and O(n) space per task in the worst case. This per-task cost can be reduced to O(log n) per insertion by using a heap- or 

balanced-tree-based queue structure. Since the design is centralized around a single broker, its scalability bottleneck lies in the 

broker's per-task overhead.  

The Remark (Broker overhead in practice). The per-task broker cost is dominated by a single linear scan of at most n 

queued tasks with O(1) arithmetic per entry. Even for a queue of n = 10,000 tasks, this corresponds to approximately 104-105 

elementary operations, which may require only microseconds on commodity hardware. By contrast, task inter-arrival times in 

the target grid workloads are on the order of milliseconds to seconds (a mean inter-arrival time of 
1

𝜆
 ≈ 143 ms at λ = 7 in the 

simulations). The broker’s sustainable throughput thus substantially exceeds the task arrival rate, and no significant queueing 
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at the broker is expected under the studied conditions. Systematic throughput benchmarking under extreme arrival rates, 

together with the distributed multi-broker design discussed in the Conclusions, is left as future work. 

4.2  Simulation and analysis 

Simulation setup. The simulated grid comprises 100 users, 10 resources, and 1000 tasks per configuration. Task arrivals 

follow a Poisson process with rate λ = 7; task lengths are normally distributed with mean 1.0 and standard deviation 0.2; task 

values and deadlines are drawn from Uniform(1, 10) and Uniform(5, 50), respectively. Each configuration is repeated over K 

= 30 independent trials, and all results are reported as the mean values with 95% confidence intervals. 

Positioning relative to VCG-style and auction-based mechanisms. A direct numerical comparison with the classical VCG 

mechanism is not directly appropriate in this setting: VCG is an offline mechanism that requires all agent types to be reported 

before allocation and does not address unverifiable private information, whereas RAMDT makes irrevocable online decisions 

upon each task arrival and specifically incentivizes truthful reporting of an unverifiable deadline. Indeed, the compensation 

charge of RAMDT is itself a VCG-style externality payment adapted to the online setting; RAMDT can therefore be viewed 

as an online analogue of VCG rather than a competitor. Table 1 contrasts RAMDT with the classical VCG mechanism and 

representative auction-based mechanisms [10, 13-15] at the feature level. Given these structural differences, the numerical 

experiments below compare RAMDT with the online baselines of FCFS and random bidding. 

The resource allocation mechanism is evaluated in this model, focusing on the selection of 𝑎𝑖
′, 𝑑𝑖

′, 𝑙𝑖
′, 𝑤𝑖

′ in the user 

task type space to illustrate the utility changes. Task arrival times follow a Poisson distribution, and task lengths follow a 

normal distribution. The sequence of task scheduling is illustrated in Fig. 7. 

Table 1 Feature-level comparison of RAMDT with VCG-style and auction-based mechanisms 

Feature RAMDT Classical VCG Auction-based mechanisms 

Decision timing 
Online, irrevocable upon 

arrival 

Offline; all types known in 

advance 

Offline or multi-round 

iterative 

Reporting protocol 
Single-round direct 

revelation of four attributes 
Single-shot sealed bid Multi-round bidding 

Unverifiable deadline 
Incentivized via ex-ante 

externality charge 
Not addressed Not addressed 

Payment rule 

Compensation = externality 

on downstream tasks (VCG-

style, online analogue) 

Clarke pivot externality 

payment 
Price-based payments 

Budget balance 
Exact balance  

(Proposition 1) 
Not guaranteed in general Depends on design 

Communication overhead O(1) reports per task O(1) reports, but offline Multiple bidding rounds 

 

 Fig. 7 Dynamic task resource configuration sequence 
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The simulation environment includes users, the system broker, the grid information server (GIS), and resources. 

Resources register their relevant information with GIS when joining the grid system. Task generation is modeled as a random 

event. When a task is generated, the user submits the task type information to the system broker. The Broker uses the BRAA 

algorithm to select and allocate resources for the task and returns the execution time and cost for the available resources to the 

user. If the user submits the task, actual resource allocation and scheduling are performed, and the corresponding cost is 

charged. Task execution results are returned directly from the resource to the user. After a resource is allocated or released, 

the resource entity updates its information in the GIS. 

The user chooses a task type 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′)

 
from type space 𝛩𝑖 , and the utility variation with the submitted value 

𝑤𝑖
′ is shown in Fig. 8(a). 

   
(a) Utility vs. submitted task value (b) Utility vs. submitted task length (c) Utility vs. submitted task time 

Fig. 8 Relationship between utility and submitted task value, length, and time 

Simulation results show that, with other information unchanged, the user’s utility varies with the submitted value 𝑤𝑖
′. 

When 𝑤𝑖
′ = 𝑤𝑖 , the utility reaches its maximum, indicating that submitting the true value 𝑤𝑖  aligns with the user’s interest. 

For a specific user selecting type 𝜃𝑖
′ = (𝑎𝑖

′, 𝑑𝑖
′, 𝑙𝑖

′, 𝑤𝑖
′) from task i’s type space 𝛩𝑖 , the relationship between utility and the 

submitted task length 𝑙𝑖
′ is shown in Fig. 8(b). The simulation results show that, with other task attributes held constant, the 

user’s utility changes accordingly with the variation in the submitted task length 𝑙𝑖
′. When 𝑙𝑖

′ = 𝑙𝑖 , the utility reaches its 

maximum, indicating that truthful reporting of the task length maximizes the user’s utility. 

The relationship between the task submission time and user utility is illustrated in Fig. 8(c). Task generation within a 

certain period is assumed to be a random event following a Poisson distribution. Since a task can only be submitted after it 

arrives, t = 0 represents the task arrival time, and t > 0 denotes the delayed submission time. 

According to Eq. (9), delaying task submission does not increase the task’s benefit, 𝑣𝑖(𝑗)|𝑡=0 ≥ 𝑣𝑖(𝑗)|𝑡>0. Meanwhile, 

other tasks submitted during the time interval [0, t] increase the execution cost of the original task, 𝑢𝑖(𝑗)|𝑡=0 ≥ 𝑢𝑖(𝑗)|𝑡>0. 

Therefore, the user’s utility gradually decreases with an increase in delay time, as illustrated in Fig. 8(c). When 𝑎𝑖
′ + 𝑐𝑗(𝑗) >

𝑑𝑖, the task cannot be completed within its deadline. Since task execution under this condition yields negative utility, a rational 

user would not submit the task, resulting in zero utility. 

  

Fig. 9 Comparison between RAMDT and 

FCFS algorithms 

Fig. 10 Comparison between RAMDT and 

random bidding protocols 
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In RAMDT, task criticality is determined by the value density k; the mechanism dynamically inserts tasks into the 

scheduling queue according to their criticality levels while compensating affected users. Provided that the scheduled tasks can 

be completed before their deadlines, tasks with higher criticality are given priority. In contrast, the FCFS scheduling algorithm 

processes tasks strictly in order of arrival. Even if a later-arriving task has a short deadline, it must wait in the queue, which 

may cause it to miss its deadline and remain incomplete. 

A comparison between the RAMDT mechanism and the FCFS algorithm is presented in Fig. 9. The results demonstrate 

that, by prioritizing critical tasks, the RAMDT mechanism achieves a higher number of successfully executed tasks under 

identical conditions, thereby attaining a higher task completion rate than the FCFS scheduling algorithm. 

In the random-bidding baseline, each user submits a bid drawn independently from a uniform distribution in each round. 

Users who do not win a resource re-bid in the subsequent round, and the process terminates when the allocation remains 

unchanged between consecutive rounds, which is defined as equilibrium.  

For conventional random bidding protocols, the number of rounds required to reach resource equilibrium approximates 

an exponential relationship with the number of users, as shown in Fig. 10. In contrast, when the RAMDT approach is adopted, 

the number of bidding rounds required to reach equilibrium exhibits a linear relationship with the number of users, 

demonstrating that RAMDT can achieve rapid resource matching. 

5. Conclusions 

The study investigated incentive-compatible online scheduling of dynamic tasks in economic grid systems, where 

autonomous and self-interested users may misreport private task information to gain scheduling advantages. A dynamic task 

scheduling model was formulated in which each task is characterized by four private attributes—arrival time, execution 

deadline, task length, and willingness-to-pay—and the resource allocation mechanism for dynamic tasks (RAMDT), a direct-

revelation online mechanism, was implemented through the user-side USDT algorithm and the broker-side BRAA algorithm. 

Theoretical properties of the mechanism were formally established, and its performance was evaluated through simulation. 

The main conclusions of this study are summarized as follows: 

(1) RAMDT satisfies individual rationality: whether a task is executed or not, a participating user's utility is always non-

negative, so rational users are willing to join the mechanism. 

(2) RAMDT satisfies incentive compatibility: truthful and prompt reporting of all four private attributes—value, length, 

arrival time, and deadline—is a weakly dominant strategy. Misreporting, including inflating the task value, understating 

the task length, delaying submission, or declaring an artificially tight deadline, cannot increase user utility. 

(3) By eliminating the incentive for strategic manipulation, RAMDT replaces the multi-round bargaining of conventional 

auction-based protocols with a single round of truthful type submission, thereby reducing communication overhead and 

accelerating the convergence of resource equilibrium. 

(4) Simulation results show that the number of rounds required to reach resource equilibrium grows linearly, rather than 

exponentially, with the number of users, and that RAMDT achieves a higher task completion rate than the FCFS algorithm 

under identical conditions. 

This study has several limitations that point to promising directions for future research. First, our model assumes that 

tasks are independent and non-preemptive; extending the mechanism to tasks with precedence constraints or preemption would 

broaden its applicability. Second, resources are assumed to differ only in processing capacity; heterogeneous resources with 

varying cost structures or specialized capabilities remain to be addressed. Third, the simulation environment assumes that task 

arrival distributions are known; in practice, these distributions may be unknown or time-varying, motivating adaptive or 

learning-enhanced mechanism designs. Future work will explore these extensions, as well as the integration of RAMDT with 
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real-world grid testbeds to validate its performance under realistic workloads. As a concrete path, heterogeneous resources can 

be modeled using a multi-dimensional resource vector (e.g., CPU, memory, and bandwidth), with the compensation charge 

defined as the sum of the per-dimension externalities; task precedence can be represented by a directed acyclic graph that 

restricts feasible insertion positions. Both extensions keep the ex-ante externality-charge framework and the proofs of Lemmas 

1-3 intact, while Lemma 4 needs to be re-verified under the constrained insertion rule. A systematic sensitivity analysis of the 

task arrival rate and the number of resources is also left for future work. 
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