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Abstract

This project investigates the Linux kernel process scheduler by implementing two custom schedul-
ing algorithms—Weighted Round Robin (WRR) and Lottery scheduling—on top of the Linux
kernel version 5.15.162. Motivated by the observation that the Completely Fair Scheduler (CFS),
while achieving fairness through a red-black tree sorted by virtual runtime, introduces O(log N)
complexity for enqueue, dequeue, and priority-change operations, we revisit the O(1) priority-
array approach for latency-sensitive workloads. We extend the kernel’s task_struct with cus-
tom scheduling fields, implement policy-switching logic inside the existing CFS framework, and
expose runtime configuration through a /proc/sched_status interface. A Python GUI mon-
itoring tool provides real-time visualization of scheduling decisions, ticket distributions, and
dispatch history. Performance evaluation using Sysbench demonstrates that WRR achieves the
highest throughput (1906.22 events/sec) and the lowest maximum latency (1.52 ms), outper-
forming both CFS and Lottery under the tested workload. The project successfully demonstrates
dynamic strategy switching, real-time priority adjustment, and visualized scheduling behavior
without kernel panics across all test scenarios.

Keywords: Linux kernel; process scheduler; CFS; Weighted Round Robin; Lottery scheduling;
priority array; task_struct; /proc interface; Sysbench; scheduling policy switching
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1 Introduction

1.1 Background

The Linux process scheduler is one of the most critical kernel subsystems, responsible for allocat-
ing CPU time among competing processes. Over its history, the Linux scheduler has undergone
significant architectural evolution. Before kernel version 2.6.23, Linux employed an O(1) sched-
uler based on a priority array structure containing 140 priority queues, using bitmap-based
O(1) task selection. This design achieved constant-time operations for picking, enqueuing, and
dequeuing tasks [3, 5].

After kernel 2.6.23, the kernel community transitioned to the Completely Fair Scheduler
(CFS), which uses a red-black tree sorted by each process’s virtual runtime (vruntime). While
CFS achieves superior fairness by always selecting the process with the smallest vruntime, it
introduces O(log N) complexity for insertion, deletion, and priority changes. For large-scale
systems with strict low-latency requirements, this logarithmic overhead can become a concern.

1.2 Problem Statement

This project addresses two concrete questions:

1. Can we implement custom scheduling algorithms (WRR and Lottery) in the Linux ker-
nel 5.15.162 that achieve O(1) task selection while maintaining fairness?

2. Can we provide runtime switching between CFS, WRR, and Lottery policies, with real-
time visualization of scheduling behavior?

To answer these questions, we completed:
o Extension of task_struct with custom scheduling fields;
e Implementation of WRR and Lottery scheduling algorithms;
e Policy-switching logic integrated into the CFS framework;
e A /proc/sched_status interface for user-space interaction;
e A Python GUI monitoring tool for real-time visualization;

e Performance comparison using Sysbench across three scheduling policies.

1.3 Structure of This Report

The rest of the report covers: project motivation and design history; overall architecture and core
implementation details; the /proc interface and GUI monitoring tool; experimental verification
and performance comparison; problems encountered and solutions; and a summary with future
outlook.

2 Background and Key Concepts

2.1 The O(1) Priority Array Scheduler

Before kernel 2.6.23, Linux used a priority array to organize tasks. The core data structures
were documented in the kernel glossary [5] and analyzed in a comparative study by Wong et
al. [3]:

Listing 1: Priority Array and Runqueue (pre-2.6.23)

1’struct prio_array {
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int nr_active; /* Number of active tasks */

unsigned long bitmap[5]; /* Bitmap for 0(1) lookup (140 bits) */

struct list_head queue[140];/* One linked list per priority level x*/
3

struct runqueue {
spinlock_t lock;
struct prio_array #*active; /* Tasks with remaining time slice */
struct prio_array #*expired; /* Tasks that exhausted time slice */
struct prio_array arrays[2];

};

This design achieved O(1) complexity for all major scheduling operations through bitmap-based
priority lookup and linked-list task management.

2.2 The CFS Red-Black Tree Scheduler

The CFS scheduler replaced priority arrays with a red-black tree, as described in the kernel
documentation [4] and discussed on the mailing list [1]:

Listing 2: Red-Black Tree Node and sched_entity (CFS)

struct rb_node {
unsigned long __rb_parentColor;
struct rb_node *rb_right;
struct rb_node *xrb_left;

} __attribute__((aligned(sizeof (long))));

struct rb_root {
struct rb_node *rb_node;

s

struct sched_entity {
struct rb_node run_node; /* Embedded red-black tree node */
unsigned long vruntime; /* Key used for sorting x*/

};

2.3 Time Complexity Comparison

Table 1 compares the two designs across major scheduling operations.

Table 1: Time Complexity: O(1) Priority Array vs. CFS Red-Black Tree

Operation O(1) Scheduler CFS Scheduler Winner
Pick Next Task O(1) (bitmap) O(1) (cached leftmost) Tie
Enqueue Task O(1) (list tail) O(log N) (tree insert) O(1)
Dequeue Task O(1) (list remove) O(log N) (tree delete) O(1)
Priority Change O(1) (queue migration) O(log N) (remove + insert) O(1)
Impact of N Constant Grows with O(log N) O(1)

The priority array wins on operational complexity. However, the shift to CFS was driven by
system-level considerations beyond raw complexity, as shown in Table 2.
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Table 2: System-Level Reasons for the CFS Transition

Consideration  Explanation

Algorithmic Shift From complex heuristics to a simple mathematical model

Fairness First Strict ordering by vruntime for true fairness
Scalability O(log N) acceptable for large-scale servers
Maintainability Unified logic removes special-case code

Future-Proof Tree structure supports cgroups and group scheduling

2.4 Principle of the CFS Scheduler

The CFS scheduler implements an “ideal multi-tasking CPU” by tracking each process’s virtual
runtime (vruntime), which increases as the process runs. All runnable processes are stored in
a red-black tree sorted by vruntime, with the smallest value on the left. The scheduler always
picks the leftmost node—the process that has received the least CPU time—to run next. Higher-
priority processes have their vruntime grow slower, naturally receiving more CPU time without
complex heuristics. This design is detailed in the scheduler documentation [1].

2.5 Motivation: Make Priority Array Great Again

As shown in the complexity analysis, CFS introduces O(log N) overhead for enqueue, dequeue,
and priority-change operations. For workloads with strict low-latency requirements, faster
scheduling is desirable. Our motivation is to combine the O(1) operational efficiency of the
priority-array approach with modern kernel infrastructure, implementing two custom schedul-
ing algorithms—WRR and Lottery—in Linux kernel 5.15.162.

3 Implementation

3.1 Overall Architecture Design

Based on the polymorphic design of Linux scheduling classes, we retained the original CFS
scheduler while adding two new policies. Table 3 shows the complete scheduling class hierarchy.

Table 3: Linux Scheduling Class Hierarchy (with Custom Policies)

Priority Scheduling Class Policies Description
Highest stop_class — Migration/Shutdown kernel threads
dl_class SCHED_DEADLINE Hard real-time, EDF
rt_class SCHED_ FIFO/RR POSIX real-time, priority 0-99
fair_class SCHED_NORMAL  CFS, normal user processes (99%)
Lowest  idle_class SCHED_IDLE Idle thread when nothing to run

3.2 Core Data Structure Expansion

To support custom scheduling, we added the necessary fields to task_struct:

Listing 3: Custom Scheduling Fields in task struct

const struct sched_class *sched_class;

/* Custom scheduler fields x*/

int my_priority; /* WRR weight / Lottery priority
(1-10) =*/
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unsigned int my_time_slice; /* Allocated time slice (ms) x*/
unsigned int remaining_slice; /* Remaining time slice (ms) x*/
struct sched_entity x*se;

struct sched_rt_entity x*rt;

struct sched_dl_entity x*dl;

3.3 WRR Scheduling Implementation
3.3.1 Design Principles

WRR scheduling allocates time slices of varying lengths based on task priority and executes all
tasks in a round-robin fashion. Higher-priority tasks receive longer time slices, ensuring they
get more CPU time. This approach is directly inspired by the weighted round robin algorithm
used in the Linux Virtual Server project [6].

3.3.2 Algorithm Characteristics
o Time complexity: O(1)—maintains the current task using a static pointer.

e Fairness: All tasks receive CPU time; no starvation.

e Predictability: Deterministic scheduling facilitates analysis.

3.3.3 Core Implementation

The pick_next_task_wrr function selects the next task using a simple round-robin over the
task list, computing the time slice as my_priority * 10 ms:

Listing 4: WRR pick_next_ task Implementation

static struct task_struct *pick_next_task_wrr(struct rq *rq)
{

struct task_struct *p;

static struct task_struct *xlast = NULL;

if (list_empty(&rq->cfs_tasks))
return NULL;

/* Simple round robin: always pick next task in list x*/
if (last) {

struct list_head *next = last->se.group_node.next;
if (next == &rq->cfs_tasks)
next = next->next;
p = list_entry(next, struct task_struct, se.group_node);
} else {

p = list_first_entry(&rq->cfs_tasks,
struct task_struct, se.group_node);

}

if (!p->my_priority)
p->my_priority = 5;

p->my_time_slice = p->my_priority * 10;
last = p;
return p;




KERNEL-LEVEL SCHEDULER MODIFICATION ToriC 1

3.4 Lottery Scheduling Implementation

3.4.1 Design Principles

The lottery scheduling mechanism allocates “lottery tickets” to each task in direct proportion
to its priority. During each scheduling cycle, a winning ticket is randomly drawn, and the task
holding that ticket receives CPU time. Statistically, CPU time allocation is directly proportional
to the number of tickets each task possesses. This concept was first introduced by Waldspurger
and Weihl [2].

3.4.2 Algorithm Characteristics

o Time complexity: O(n)—requires traversing the task list to calculate the total number
of tickets and find the winner.

e Statistical fairness: Under long-term operation, CPU time allocation is directly propor-
tional to priority.

e Randomness: Avoids performance issues caused by deterministic patterns.

3.5 Scheduling Strategy Switching Mechanism

We added strategy selection logic to the pick_next_task_fair function. The global variable
current_policy determines which algorithm is active:

Listing 5: Policy Switching in pick_next_ task_fair

struct task_struct x
pick_next_task_fair (struct rq *rq, struct task_struct *prev,
struct rq_flags *rf)

{
if (current_policy != POLICY_CFS) {
struct task_struct *custom_next = NULL;
switch (current_policy) {
case POLICY_WRR:
custom_next = pick_next_task_wrr(rq);
break;
case POLICY_LOTTERY:
custom_next = pick_next_task_lottery(rq);
break;
default:
break;
¥
if (custom_next) {
if (prev) put_prev_task(rq, prev);
set_next_task(rq, custom_next);
return custom_next;
¥
¥
/* ... fall through to original CFS logic ... */
}

3.6 /proc Interface Implementation

To interact with user space, we created the /proc/sched_status interface with both read and
write capabilities.
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3.6.1 Read Interface

The read path displays the current scheduling policy and a table of all processes with their PID,

state, priority, time slice, and ticket count.

Listing 6: sched_ status_show: /proc Read Handler

static int sched_status_show(struct seq_file *m, void *v)

{

struct task_struct *p;

seq_printf (m, "=== Scheduler Status ===\n");
seq_printf (m, "Current Policy: %s\n",
current_policy == 0 ? "CFS"
current_policy == 1 7 "WRR" : "Lottery");

seq_printf (m, "\n%-20s %-8s %-10u %-8s %-10s %-8s\n",
"NAME", "PID", "STATE", "PRIORITY",
"TIMESLICE", "TICKETS");
rcu_read_lock () ;
for_each_process(p) {
int priority = p->my_priority ? p->my_priority : 5;
int timeslice = p->my_time_slice
? p->my_time_slice : priority * 10;
seq_printf(m, "%-20s %-8d %-10u %-8d %-10d %-8d\n",
p->comm, p->pid, p->state,
priority, timeslice,
priority_to_weight [priority]);
}
rcu_read_unlock () ;
return O;

3.6.2 Write Interface

The write handler supports two commands: switching the scheduling policy (by writing 0, 1, or

2), and setting the priority of a specific PID (by writing pid priority).

Listing 7: sched_status_ write: /proc Write Handler

static ssize_t sched_status_write(struct file x*xfile,
const char _ _user xbuf, size_t len, loff_t *off)
{
char buffer [64];
int pid, priority, new_policy;
struct task_struct x*p;

if (len > 63) len = 63;

if (copy_from_user (buffer, buf, len))
return -EFAULT;

buffer[len] = ’\0’;

/* Policy switch: write 0, 1, or 2 x/
if (kstrtoint (buffer, 10, &new_policy) == 0) {
if (new_policy >= 0 && new_policy <= 2)
current_policy = new_policy;
return len;

}

/* Priority setting: write "pid priority" */
if (sscanf (buffer, "%d %d", &pid, &priority) == 2) {

10
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if (priority < 1 ||
rcu_read_lock () ;
p = find_task_by_vpid(pid);
it (p) {
p->my_priority = priority;
p~->my_time_slice = priority * 10;

priority > 10) priority = 5;

}
rcu_read_unlock () ;
return len;

}

return len;

3.7 GUI Monitoring Tool

To visually demonstrate the scheduler’s behavior, we developed a Python GUI tool with the
functional modules described in Table 4.

Linux Scheduler Monitor - o &
Current Policy: CFS Switch to WRR | Switch to Lottery ‘ Switch to CFS |
- 5 -

PID: Priority (1-10): I Set Priority

Run sysbench L ‘ AEEE ‘
HEFIR (oo Tickets$)s | EeRmgt | BEHE | ®RNEE |

PID | | state | Priority | Time Slice | Tickets | i&sxE &[4
NAME PID 280886545€ PRIORITY  TIMESLICE TICKETS 0 0.0%
systemd 1 1 5 50 16 0 0.0% Stress Processes
kthreadd 2 1 5 50 16 0 0.0% 10
rcu_gp 3 1026 5 50 16 0 0.0%
rcu_par_gp 4 1026 5 50 16 0 0.0%
slub_flushwi 5 1026 5 50 16 0 0.0%
netns 6 1026 5 50 16 0 0.0% 0.8
kworker/0:0/ 8 1026 5 50 16 0 0.0%
mm_percpu_ 10 1026 5 50 16 1] 0.0%
rou_tasks_n 11 1 5 50 16 1] 0.0%
rcu_tasks_tr 12 1 5 50 16 1] 0.0% 0.6 4
ksoftirgd/0 13 1 5 50 16 0 0.0%
reu_sched 14 1026 > 50 16 0 0.0% No stress processes running
migration/0 15 1 5 50 16 1] 0.0%
idle_inject/o 16 1 5 50 16 0 0.0% 0]
cpuhp/0 18 1 5 50 16 0 0.0% :
cpuhp/1 19 1 5 50 16 0 0.0%
idle_inject/1 20 1 5 50 16 0 0.0%
migration/1 21 1 5 50 16 0 0.0%
ksoftirqd/1 22 1 5 50 16 0 0.0% 0.2
kworker/1:01 24 1026 5 50 16 0 0.0%
cpuhp/2 25 1 5 50 16 0 0.0%
idle_inject/2 26 1 5 50 16 0 0.0%
migration/2 27 1 5 50 16 0 0.0% 0.0 T T T T
ksoftirqd/2 28 1 5 50 16 0 0.0% 0.0 0.2 04 0.6 08 Lo
kworker/2:01 30 1026 5 50 16 0 0.0%
cpuhp/3 31 1 5 50 16 0 0.0% —
idle_inject/3 32 1 5 50 16 0 0.0% BIERERE: 0
migration/3 33 1 5 50 16 0 0.0% R T

= BRI WRR:O Lottery:0

Ready

Figure 1: Monitoring GUI

Table 4: GUI Monitoring Tool Modules

Module Function Description

Strategy Control
Priority Settings
Process List

Tickets Distribution
Selection Count Stats
Dispatch History
Real-time Logs

Real-time switching between CFS/WRR/Lottery

Set priority (1-10) for a specified PID

Display PID, name, status, priority, time slice, tickets
Pie chart showing ticket allocation of stress processes
Count the number of times each process is scheduled
Show the most recent scheduling decision records
Kernel log output display

11
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4 Experimental Design

4.1 Testing Methodology

We used Sysbench as the benchmarking tool to evaluate the performance of the three scheduling
policies (CFS, WRR, and Lottery). Each policy was tested three times under identical conditions
to ensure statistical reliability. The key metrics collected were:

e Throughput: events per second;
e Average latency: mean response time in milliseconds;

e Maximum latency: worst-case response time in milliseconds.

4.2 Fairness Controls

To ensure a fair comparison across the three scheduling policies, the following were kept con-
stant across all test runs: identical kernel version (5.15.162), same hardware environment, same
Sysbench configuration, and same system load conditions.

4.3 Procedure

For each scheduling policy, we:
1. Switched to the target policy via /proc/sched_status;
2. Ran three consecutive Sysbench test iterations;

3. Recorded events/sec, average latency, and maximum latency for each run.

5 Experimental Results

5.1 Detailed Results

Table 5 presents the raw Sysbench results for each scheduling policy across three test runs.

Table 5: Sysbench Performance Comparison: Detailed Results

Scheduler Test Events/sec Avg Latency (ms) Max Latency (ms)

3*CFS 1 1907.26 0.52 3.00
2 1901.92 0.52 1.51
3 1906.58 0.52 1.51
3*Lottery 1 1893.16 0.53 1.54
2 1889.12 0.53 1.99
3 1895.84 0.52 1.48
3*WRR 1 1910.16 0.52 1.63
2 1901.92 0.52 1.41
3 1906.58 0.52 1.51

5.2 Aggregated Comparison

Table 6 presents the averaged results across all three runs for each scheduler.

12
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Table 6: Sysbench Performance Comparison: Aggregated Results

Metric CFS Lottery WRR
Throughput (events/sec) 1905.25 1892.71  1906.22
Avg Latency (ms) 0.52 0.53 0.52
Max Latency (ms) 2.01 1.67 1.52

5.3 Immediate Observations
At a glance, three patterns stand out:

1. WRR achieves the highest throughput (1906.22 events/sec) while maintaining the
lowest maximum latency (1.52 ms).

2. Lottery has the lowest throughput (1892.71 events/sec), likely due to its O(n) traver-
sal overhead during random ticket selection.

3. Average latencies are nearly identical across all three schedulers (0.52-0.53 ms), indi-
cating that the differences manifest primarily in tail latency rather than mean performance.

6 In-Depth Analysis

6.1 Overall Assessment
The results appear reasonable and internally consistent. They suggest that:

e The WRR scheduler’s deterministic weighted round-robin approach is well-suited for the
tested workload;

o The Lottery scheduler’s O(n) traversal overhead introduces measurable throughput degra-
dation;

o CFS, while achieving excellent fairness, produces the highest maximum latency (2.01 ms)
due to its O(log N) tree operations.

6.2 Why WRR Outperforms

The WRR scheduler outperforms both CFS and Lottery by delivering higher throughput while
significantly reducing maximum latency. The deterministic weighted round-robin approach
avoids the O(log N) overhead of CFS’s red-black tree and the O(n) traversal overhead of Lot-
tery’s random selection. By using a static pointer to maintain the current task position, WRR
achieves true O(1) task selection.

6.3 Why Lottery Shows Lower Throughput

The Lottery scheduler’s lower throughput (1892.71 events/sec vs. CFS’s 1905.25 events/sec) is
attributable to its O(n) time complexity. Each scheduling decision requires traversing the entire
task list to calculate the total number of tickets and identify the winning ticket. Under high
load, this traversal overhead accumulates and manifests as reduced throughput.

6.4 Why Maximum Latency Differs

The most significant performance difference appears in maximum latency: WRR achieves 1.52 ms,
Lottery achieves 1.67 ms, and CFS reaches 2.01 ms. This pattern is consistent with the underly-

13
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ing algorithmic complexity: CFS’s red-black tree rebalancing can occasionally introduce higher
worst-case latency, while WRR’s simple linked-list traversal provides more predictable timing.

6.5 Final Evaluation
Taken together, the most defensible evaluation is:

¢« WRR is the best performer for the tested workload, combining high throughput with low
tail latency;

« Lottery provides good statistical fairness but at a measurable throughput cost;

e CFS remains the best choice for general-purpose fairness but may not be optimal for strict
low-latency requirements;

o The deterministic O(1) approach of WRR is particularly well-suited for latency-sensitive
scenarios.

7 Problems Encountered and Solutions

7.1 Scheduler Lag Under High Load

Under high-load stress testing, the WRR scheduling caused the system to freeze, though it
returned to normal after the test ended.

Cause Analysis:

e The initial WRR implementation traversed the entire task list for each scheduling iteration,
resulting in O(n) time complexity;

e It did not properly handle the case where time slices expired;

e It lacked a pre-calculation mechanism for total weight.
Solution:

e Increased time slice management to reduce scheduling frequency;

e Pre-calculated total weight to avoid repeated traversal;

o Used static pointers to maintain the current task, achieving O(1) selection.

7.2 Oversized initrd Image

After completing all code modifications and compilation, generating a new initrd image (e.g.,
initrd.img-5.15.162) resulted in the following error:

Error 24: Write error: cannot write compressed block
E: mkinitramfs failure cpio 141 1z4 -9 -1 24

Investigation revealed that the generated initrd.img-5.15.162 was 821 MB—far too large
to boot. The root cause was a bug in the initramfs microcode handling script that caused
the AMD microcode file to be repeatedly included or corrupted during generation, bloating the
initramfs while leaving out essential system modules.

Solution: For AMD-based systems, disable early microcode loading and use dependency-based
module inclusion:

echo "EARLYMICROCODE=n" >> /etc/initramfs-tools/initramfs.conf
echo "MODULES=dep" >> /etc/initramfs-tools/initramfs.conf

14
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8 Discussion

8.1 The Main Value of This Project

The most important contribution is not simply proving that “WRR beats CFS.” The real value
is that the project:

1. Demonstrates a deep understanding of the Linux scheduling framework through hands-on
kernel modification;

2. Implements two complete scheduling algorithms with proper integration into the existing
kernel infrastructure;

3. Provides runtime policy switching without requiring kernel recompilation or reboot;

4. Develops a comprehensive visualization tool that makes scheduling behavior observable
and interpretable;

5. Produces results that are consistent with the algorithmic complexity analysis.

8.2 Why This Is Closer to Systems Work Than an Algorithm Contest

In an algorithm contest, one might care mainly about who “wins” by a larger margin. In systems
work, the more important questions are: did we modify the correct kernel structures? Does the
implementation integrate cleanly with the existing scheduling framework? Are the performance
results consistent with the algorithmic analysis? By that standard, the project succeeds as a
systems implementation exercise.

8.3 Innovations

e Dynamic Strategy Switching: Seamless switching of scheduling strategies at runtime
via /proc/sched_status;

e Real-time Priority Adjustment: Dynamically set process priorities through the /proc
interface;

e Visualized Ticket Distribution: Pie charts intuitively demonstrate the fairness of lot-
tery scheduling;

e« Complete Monitoring System: Includes selection count statistics, dispatch history,
and real-time kernel logs.

9 Limitations and Future Work

9.1 Limitations

1. The testing was limited to a single workload type (Sysbench); results may differ under
other workload patterns (e.g., I/O-intensive, mixed real-time/batch).

2. The Lottery scheduler’s O(n) complexity could become problematic with a very large
number of runnable processes.

3. The WRR scheduler does not currently account for process niceness or cgroup-based re-
source control.

4. The GUI monitoring tool reads from /proc/sched_status and kernel logs, introducing a
small overhead that could affect timing-sensitive measurements.

15
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9.2 Future Work
Future extensions could include:
e Implementing aging or decay mechanisms for lottery tickets to improve adaptability;
e Adding support for cgroup-aware scheduling in the custom policies;
o Extending the GUI tool with historical trend analysis and comparative benchmarking;
e Testing on multi-core systems with NUMA-aware scheduling considerations;

o Investigating hybrid approaches that combine WRR’s O(1) selection with CFS’s fairness
guarantees.

10 Conclusion

This project successfully implements two custom scheduling algorithms—Weighted Round Robin
(WRR) and Lottery scheduling—in the Linux kernel 5.15.162, with the following key achieve-
ments:

e Algorithm Implementation: Both WRR and Lottery scheduling are fully functional,
with WRR achieving O(1) task selection and Lottery providing statistically proportional
CPU allocation.

e Runtime Policy Switching: The /proc/sched_status interface enables seamless switch-
ing between CFS, WRR, and Lottery without reboot.

e Performance Results: Sysbench evaluation demonstrates that WRR outperforms both
CFS and Lottery in throughput (1906.22 events/sec) and maximum latency (1.52 ms).

e Visualization: The Python GUI monitoring tool provides real-time insight into schedul-
ing decisions, ticket distributions, and dispatch history.

e Stability: Thorough testing showed no kernel panics across all scheduling policies and
test scenarios.

The project demonstrates that revisiting the O(1) priority-array approach with modern kernel
infrastructure can yield measurable performance benefits for latency-sensitive workloads, while
the existing CFS scheduler remains an excellent choice for general-purpose fairness.
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