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Introduction 

Modern computing environments increasingly depend on multicore architectures to manage parallel workloads 

with growing complexity. The effective utilization of such systems hinges on the underlying scheduling 

policies employed to allocate processor time across threads and processes. General-purpose operating systems 

like Linux and Windows implement sophisticated kernel-level schedulers that prioritize responsiveness, 

fairness, and throughput across heterogeneous workloads (Microsoft, 2021; Linux Foundation, 2025). 

 

Although these schedulers are robust and efficient in many scenarios, they typically lack awareness of task-

level dependency structures. In many real-world computing problems, the execution of specific tasks is 

contingent on the completion of others. Without built-in dependency handling, the operating system may 

indiscriminately schedule tasks that are logically blocked. This leads to inefficient CPU usage, unnecessary 

context switches, and resource contention, as threads are activated only to wait passively for prerequisite 

conditions to be met (Microsoft, 2022; Linux Foundation, 2010). 

 

This limitation motivates the introduction of an external model for task management that operates in user space 

and complements system schedulers by evaluating task dependencies before execution. Instead of attempting 

to replace kernel-level schedulers, this approach introduces a lightweight control layer that filters out tasks with 
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unresolved prerequisites. As a result, only tasks that are ready for execution are dispatched, leading to more 

efficient use of processor resources in systems with high concurrency and dependency density. 

 

The proposed solution defines a dependency-aware task execution framework that accommodates both 

statically defined task graphs and dynamically arriving workloads. Dependencies are expressed through 

explicitly maintained vectors and monitored via inter-thread signaling mechanisms, without requiring kernel 

modifications. This architecture offers compatibility across platforms and supports transparent task 

management for parallel applications. 

 

Existing literature on task scheduling has focused largely on optimizing execution order, minimizing makespan, 

and balancing processor loads in both static and dynamic contexts (Topcuoglu and Hariri, 2002; Pinedo, 2016). 

Some recent studies have introduced dependency-aware schedulers for distributed or heterogeneous systems 

(Lyberis et al., 2016; Cheng et al., 2024), but integration with system-level threading remains limited. 

Meanwhile, foundational documentation from Microsoft and the Linux Foundation describes low-level thread 

lifecycle management but does not incorporate dependency-driven execution control (Microsoft, 2025; Linux 

Foundation, 2010). 

 

In light of these limitations, this work proposes a novel, dependency-aware execution model that overlays 

system-level scheduling. The approach offers a unified mechanism for reducing idle thread occupancy and 

improving scheduling fidelity without modifying operating system kernels. The proposed design contributes a 

practical and portable method for enhancing task execution in multicore systems.  

 

Background and Related Work 

 
Task scheduling remains a critical research topic in the field of parallel computing and multicore systems. With 

modern processors integrating multiple cores, the efficient execution of concurrent workloads has become 

central to achieving high system performance and resource utilization. Operating systems such as Windows 

and Linux have developed advanced kernel-level schedulers to manage this complexity. These schedulers use 

preemptive strategies, time-sharing mechanisms, CPU affinity handling, and dynamic prioritization to ensure 

that available cores are fairly and efficiently utilized. 

 

Despite these capabilities, native operating system schedulers are not equipped to manage explicit inter-task 

dependencies. While they handle thread queuing and context switching based on priority or fairness, they lack 

awareness of higher-level logical constraints between tasks. In practical terms, this means that a thread may be 

launched by the scheduler even though it cannot proceed until another task completes. This can result in 

unnecessary CPU occupation and performance bottlenecks, particularly in dependency-rich execution 

scenarios. 

The Microsoft documentation titled “Scheduling” and “Process and Thread Functions” outlines how threads 

are prioritized and dispatched in the Windows operating system. Threads are maintained in priority-based ready 

queues and are selected for execution by the kernel-mode dispatcher component, but no mechanism is provided 

to defer execution based on dependency conditions unless implemented explicitly in user space. Similarly, 

“Windows Kernel-Mode Process and Thread Manager” describes the internal structures used to manage threads 

(such as ETHREAD and EPROCESS), but does not offer native support for dependency vectors. 

 

On Linux systems, the “Linux Scheduler – Kernel Documentation” details the behavior of the Completely Fair 

Scheduler (CFS), which balances load across cores without dependency awareness. The “Workqueue” 

subsystem allows the deferral of work but lacks integrated signaling or synchronization mechanisms for 

interdependent threads. Furthermore, the “Kernel Stacks (x86-64)” documentation elaborates on the low-level 

handling of thread state and stack context, but similarly does not extend into abstract dependency models. 

 

This gap in functionality has led researchers to explore higher-level approaches that augment existing operating 

system scheduling with dependency management mechanisms. Several studies have proposed solutions that 

introduce external scheduling logic, dependency graphs, or cooperative execution policies to better align thread 

dispatching with application-level constraints. The lack of such mechanisms in general-purpose operating 

systems motivates the development of lightweight, user-space models that can manage task readiness and inter-

task relationships without altering the operating system’s core behavior. 

 

The model presented in this study is designed to address this exact limitation. Rather than attempting to replace 

the system scheduler, it operates as an additional decision layer that controls when a task is eligible for 

execution based on explicit dependency resolution. This architecture enables compatibility with both static and 



dynamically generated workloads, allowing for flexible integration into existing task pipelines. 

 

Example of Thread Lifecycle and Scheduling on Windows Systems  

The Windows operating system provides a well-documented model for managing processes and threads at the 

kernel level. When a thread is created, the system allocates internal kernel-mode structures such as the 

EPROCESS object for processes and the ETHREAD object for individual threads. These objects encapsulate 

critical information including scheduling parameters, priority levels, and processor affinity, as described in the 

documentation titled About Processes and Threads (Microsoft, 2021) and Windows Kernel-Mode Process and 

Thread Manager (Microsoft, 2025). 

 

Once initialized, a thread is placed into the system’s ready queue, which is structured according to thread 

priorities. The Windows scheduler then selects threads from these queues using a priority-driven pre-emptive 

scheduling algorithm, as outlined in Scheduling (Microsoft, 2021). The dispatcher component handles context 

switching by saving the state of the currently running thread and restoring the state of the next selected thread. 

A simplified diagram illustrating the process of assigning a newly created thread to a CPU core is shown in the 

Fig. 1. 

 

The scheduling mechanism also supports dynamic behavior. For instance, when I/O operations complete, the 

associated thread may receive a temporary priority boost to ensure responsiveness. Additionally, the system 

maintains fairness across threads by monitoring CPU usage and adjusting execution windows accordingly. 

These aspects are further detailed in Process and Thread Functions (Microsoft, 2022). 

 

When a thread is dispatched for execution, it runs on an available processor core until it either completes its 

task, voluntarily yields control, or is pre-empted by a higher-priority thread. During execution, the thread may 

access shared resources, perform system calls, or generate new tasks depending on application logic. The entire 

lifecycle is managed by the kernel with minimal involvement from user-space components. 

 

Understanding the mechanics of this lifecycle is crucial for identifying performance bottlenecks in concurrent 

execution. In particular, launching threads before their dependencies are resolved can lead to idle waiting or 

resource contention. These inefficiencies are not addressed by default in the Windows scheduler, which is not 

aware of inter-task relationships. The proposed dependency-aware execution model addresses this limitation 

by adding an intermediate user-level layer that evaluates dependency satisfaction before thread activation. This 

approach allows better coordination between task readiness and system-level scheduling decisions without 

modifying the internal workings of the kernel. 

 

Overview of sample research work 

 

Numerous research efforts have addressed improvements in task scheduling by incorporating knowledge of 

task dependencies and execution constraints. One influential contribution is the work by Topcuoglu and Hariri, 

who proposed the HEFT (Heterogeneous Earliest Finish Time) algorithm for heterogeneous computing 

environments. This algorithm considers both task computation times and inter-task communication costs to 

generate an optimized execution schedule. It is particularly well suited for static task graphs where the complete 

dependency structure is known in advance, but it lacks adaptability to dynamic workloads (Topcuoglu and 

Hariri, 2002). 

 

In the context of production-level computing systems, several studies by Nowicki and colleagues have 

introduced enhanced scheduling techniques. These include decision-making models for task allocation in 

constrained environments, as described in Nowicki (2012), as well as productivity-oriented cooperative 

approaches to project scheduling (Nowicki and Waszkowski, 2017). Additionally, Burzyński, Nowicki, and 

Waszkowski (2025) proposed the use of genetic algorithms to solve complex scheduling problems involving 

large sets of interdependent tasks. These approaches aim to improve system throughput and execution 

efficiency but generally require centralized planning and preprocessing. 

 

More recent approaches explore scalable, decentralized scheduling mechanisms. The Myrmics system 

introduced by Lyberis et al. (2016) presents a dependency-aware task scheduler designed for manycore 

processors. It employs a region-based memory model and hierarchical task decomposition to minimize 

coordination overhead. Shankar et al. (2013) examined the role of operating system-level mechanisms in 

promoting energy-efficient scheduling and advocated for kernel-level frameworks that can dynamically adjust 



 

task execution based on system state and workload characteristics. 

 

Research by Cheng et al. (2024) investigated dependency-aware scheduling in real-time systems, specifically 

within connected and autonomous vehicles. Their model uses diffusion-based reinforcement learning to 

manage complex task graphs, emphasizing the risks of improper execution sequencing in time-sensitive 

applications. 

 

Despite these advances, most existing solutions either require significant architectural changes, depend on 

specialized hardware, or are tailored to specific application domains. There remains a lack of lightweight 

mechanisms that can be integrated with general-purpose operating systems to improve task scheduling without 

modifying the kernel. The model proposed in this study attempts to fill this gap by introducing a user-level 

component that handles dependency verification before task dispatch. It provides a practical approach to 

enforcing execution correctness without altering the underlying scheduling policies of systems such as 

Windows or Linux. 

 

 

Fig. 1 Simplified diagram illustrating the process of assigning a newly created thread to a CPU core, 

including its transition through the scheduling system and final execution on a logical processor. 

Model Description 

Efficient execution of dependent tasks in modern multicore systems requires a robust mechanism that ensures 

tasks are launched only when all necessary prerequisites are satisfied. The proposed model introduces a 

lightweight, scalable solution by enhancing each task with an independent termination signal, effectively 

decoupling the dependency management from direct task identifiers.  

Dependency Management Through Signals 

Instead of representing dependencies through task IDs, each task in the model is associated with a dedicated 

termination signal. Upon the successful completion of a task, the corresponding signal is activated. Dependent 

tasks maintain a vector of such signals, and their readiness is determined by monitoring the activation of these 

   

            



signals rather than checking task states explicitly. This signal-based approach simplifies the readiness checking 

mechanism, enabling faster, lock-free verification of task dependencies. Tasks automatically transition to the 

execution-ready state when all associated signals are set, reducing synchronization overhead compared to 

models requiring active dependency tracking via task identifiers.  

Execution Policies 

The model allows flexible policies regarding when tasks are launched relative to their dependencies: 

 

• Strict Dependency Policy: A task is allowed to start only once all its dependency signals have been set. This 

ensures that no task consumes processor resources unless it is fully ready for execution. 

• Partial Dependency Policy (alternative but not primary focus): A task may start after the fulfillment of the 

first dependency, but it must perform passive waiting whenever subsequent dependencies are not yet 

satisfied. While theoretically possible, this approach may lead to inefficient processor utilization, as 

partially started tasks could block valuable computational resources. 

Given the above, the strict policy is considered the primary and recommended approach within the model. It 

maximizes processor efficiency by ensuring that tasks compete for resources only when they are fully ready, 

minimizing idle or blocking periods on cores.  

Task Structure and Scheduling Flow 

Each task is initialized with: 

• A unique termination signal. 

• A vector of dependency signals corresponding to its prerequisites. 

• An optional CPU affinity hint to favor certain cores during scheduling. 

The overall execution flow is as follows: 

• Tasks are generated or arrive dynamically. 

• Tasks with no dependencies are immediately ready for execution. 

• Tasks with dependencies monitor their signal vector. 

• Once all signals in a task's dependency vector are activated, the task is dispatched for execution on an 

available core. 

A comprehensive illustration of the internal operation of the proposed model is provided in Fig. 2. This 

schematic representation presents the logical flow within the Dependency-Aware Model (DAM), beginning 

from the moment a task enters the system. Tasks without dependencies are directly forwarded to the system 

scheduler for immediate execution. Tasks with an associated dependency vector are placed under the 

supervision of DAM, which monitors the readiness of each dependency signal. DAM operates in an event-

driven manner, reacting only when notified of a change in dependency status thereby eliminating unnecessary 

polling overhead. Once all required signals are set, the task is dispatched for scheduling and execution on an 

available core. Upon completion, the task emits its own signal, enabling the readiness evaluation of downstream 

dependent tasks. 

 



 

 

Fig. 2 Logical Architecture of the Dependency-Aware Model (DAM) 

Expected Benefits 

The primary theoretical advantage of the model is its ability to prevent premature task activation. By ensuring 

that only fully ready tasks enter the execution phase, the model aims to: 

• Minimize processor idle times caused by unnecessary waiting inside tasks. 

• Reduce contention for CPU resources. 

• Optimize overall task throughput, especially in workloads characterized by significant inter-task 

dependencies. 

The effectiveness of the model is expected to be particularly noticeable in environments with a high ratio of 

dependent tasks, where traditional schedulers might otherwise suffer from excessive passive waiting or context-

switch overheads.  

Formal mathematical notation 

A representative example of a task dependency graph is presented in Fig. 3. In this graph: 

• T – denotes an individual task, uniquely identified by its number. 

• Dep. (Dependencies) – indicates a list of signals from preceding tasks that must be completed before a given 

task can start. 

• SR-x (Signal Ready x) – represents the completion signal emitted by Task x once its execution is finished. 

Each directed edge in the graph symbolizes a dependency between tasks: when a task is complete, it emits a 



corresponding signal (SR-x) that satisfies the dependencies of subsequent tasks. This modeling approach allows 

for a flexible yet precise representation of task relationships without requiring direct task ID management 

during execution. 

 

The task dependency graph can be formally described as a directed acyclic graph (DAG) 𝐺 = (𝑉, 𝐸), where: 

• 𝑉 is a finite set of vertices representing tasks 𝑇𝑖 . 

• 𝐸 ⊆ 𝑉 × 𝑉 is a set of directed edges, where an edge (𝑇𝑖 , 𝑇𝑗) indicates that task 𝑇𝑗 depends on the completion 

of task 𝑇𝑖 . 

Each task 𝑇𝑗 is associated with a dependency set 𝐷(𝑇𝑗) ⊆ 𝑉, which contains all tasks that must completed 

before 𝑇𝑗 can start execution. To model readiness for execution: 

• Each task 𝑇𝑖  emits a signal 𝑆𝑅𝑖  upon its completion. 

• The readiness of task 𝑇𝑗 is defined as: 

𝑅𝑒𝑎𝑑𝑦(𝑇𝑗) = ⋀ 𝑆𝑖𝑔𝑛𝑎𝑙𝑅𝑒𝑎𝑑𝑦(𝑇𝑖)

𝑇𝑖∈𝐷(𝑇𝑗)

 

where: 

• 𝑅𝑒𝑎𝑑𝑦(𝑇𝑗) is a boolean function indicating whether task 𝑇𝑗 can be executed, 

• 𝑆𝑖𝑔𝑛𝑎𝑙𝑅𝑒𝑎𝑑𝑦(𝑇𝑖) is a boolean signal indicating the completion of task 𝑇𝑖 ,  

• ⋀ denotes the logical 𝐴𝑁𝐷 operation over all required signals. 

Thus, a task becomes executable only when all required signals from its dependencies are set. 

 

 

Fig. 3 Example of a task dependency graph 

Operational Model Overview 

After establishing the theoretical foundations of task dependency management, it is essential to present how 

the proposed model operates within a real system environment. Fig. 4 provides a conceptual overview of the 

interaction between the standard operating system scheduler, the CPU architecture, and the introduced 

Dependency-Aware Model (DAM). Initially, tasks are created either dynamically or predefined and placed into 

a general Ready Queue, representing tasks available for execution. Tasks that possess unresolved dependencies 

are intercepted by the DAM and temporarily redirected to a Hold Queue, preventing their premature dispatch 

to the operating system scheduler. The DAM continuously monitors the system by listening for completion 

signals emitted by previously executed tasks. Rather than performing continuous active polling, the DAM 

remains event-driven and reacts only when state changes occur in the system. Upon receiving such signals, the 

DAM reassesses the tasks in the Hold Queue. Tasks whose dependency conditions have been fully satisfied 

are transferred to the Ready Queue, making them eligible for scheduling on available CPU cores through the 

standard scheduler. This architecture ensures that CPU resources are allocated exclusively to tasks that are fully 

ready for execution. As a result, processor idle times caused by blocked or passively waiting tasks are 



 

minimized, and the throughput and efficiency of the task execution pipeline are significantly improved.  

 

Fig. 4 Enhanced model of task scheduling utilizing the Dependency-Aware Model (DAM) 

Discussion 

The proposed model introduces an event-driven mechanism for enforcing task dependencies at runtime. This 

mechanism operates independently of the operating system's native scheduler and relies on the emission of 

task-specific completion signals. A task is dispatched only after all prerequisite signals have been received, 

ensuring that dependency constraints are satisfied prior to execution. 

 

One of the key strengths of this approach is its simplicity. Unlike optimization-based schedulers that aim to 

compute an optimal task ordering, this model applies a rule-based filter that only requires knowledge of each 

task's dependency list. This is particularly relevant in systems with dynamic task generation, where dependency 

graphs may evolve during execution. While solving the full scheduling problem under dependency constraints 

is known to be NP-complete (Pinedo, 2016), this model avoids the complexity by enforcing correctness through 

readiness checking. 

 

In addition, the model’s architecture is inherently reactive. It monitors dependency signals without polling, 

responding only when a relevant event occurs. This design eliminates idle CPU usage from background loops 

and reduces resource contention. Tasks that are not yet ready remain inactive and are not introduced into the 

scheduler’s domain, thereby minimizing unnecessary preemptions and context switches. 

 

This strategy is especially advantageous in high-load scenarios involving dense dependency graphs. Instead of 

attempting to determine execution order in advance, the model allows execution to proceed naturally based on 



the actual fulfillment of dependency conditions. As a result, system responsiveness and resource utilization 

improve, particularly in environments where interdependencies introduce scheduling bottlenecks.  

Conclusions and Future Work 

This paper presents a lightweight and scalable model for handling inter-task dependencies in multicore systems 

through the use of signal-based verification. By replacing identifier-based dependency checks with signal 

vectors, the model introduces an efficient mechanism that ensures tasks are executed only when all necessary 

conditions are met. The approach is scheduler-agnostic and does not require reengineering of core system 

components, allowing seamless integration with existing task management frameworks. 

 

The key benefit of the model lies in its ability to prevent premature execution and idle processor occupancy by 

tasks that are not fully ready. This reduces resource contention and minimizes the overhead typically associated 

with waiting mechanisms. The model is designed to support dynamic task inflow, enabling it to handle a wide 

range of real-time and batch-processing scenarios where dependencies are complex, but well-structured. 

 

Future work should focus on comprehensive simulation and performance evaluation in diverse workload 

conditions. In particular, it would be valuable to assess the model's efficiency gains across systems with varying 

core counts, dependency densities, and task arrival patterns. Additional exploration could investigate 

integration with priority-based scheduling or energy-aware execution policies. These extensions would further 

validate the model’s applicability and potential for improving execution efficiency in real-world computing 

environments. 
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