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Abstract

This paper proposes a task-level Linked Lock Queue (LLQ)-based spinlock technique to mitigate lock contention
and inter-core load imbalance in multi-core RTOS environments. The proposed method manages shared resource
access using task nodes and controls lock acquisition order through a global queue, thereby reducing synchronization
overhead and execution time deviation between cores. The method was implemented and evaluated on a Cortex-R5
dual-core FreeRTOS environment based on the Zynq UltraScale+ RFSoC platform. Experimental results show that the
LLQ method improved execution time by 30.84% in the dual-core single-task condition and by an average of 46.35%

in the multi-task condition, while reducing inter-core execution time deviation by approximately 98%.
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Algorithm 1. LLQ structure and lock acquisition and
release algorithm

typedef struct: task_node

task_id /| A3 ID

task_state /| ElA= AE]

task_node *next_task Il next 5 EfA3
lock_acquire  // = &5 Zeia

typedef struct: llg_lock_t
queue_tail // LLQ 9| olx|2t =
owner_task id // &AM 2t &% EfA3 ID

function llg_lock_acquire ( llg_lock_t *lock , task_node *node )
node—>next = null
atomic_flag_clear_explicit(
node—>lock_acquire, memory_order_release)
node—>state = READY
task_node *prev = atomic_exchange_explicit(
lock—>queue_tail, node, memory_order_acq _rel)
if(orev 1= nul)
atomic_store_explicit(prev—>next, node,
memory_order_aoquire)
node—>state = WAITING
while(atomic_flag_test_and_set_explicit(
node—>lock_acquire,
memory_order_aucgire)
else
lock—>owner_task_id = node—>task_id
node—>state = RUNNING

function llg_lock_release ( llg_lock_t *lock , task_node
node)
task_node *next = atomic_load_explicitinode—>next,
memory_order_aoquire)
if(Inext)
task_node *expect = node
if(atomic_compare_exchange_explicit(
lock—>queue_tail, expect, null,
memory_order_acq_rel,
memory_order_aoquire)
lock—>owner_task_id = -1
retun
while(l(next = atomic_load_explicitthode—>next,
/
memory_order_release)))
lock—>owner_task_id = next—>task_id
next—>state = RUNNING
atomic_flag_clear_explicit(next—>lock_acquire,

memory_order_release)

32 Lock Acquire &112|&
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lock_acquire = CLEAR

node->next = NULL
state = TASK_READY

:2. Atomic Exchange (Acq_Rel) }

atomic_exchange_explicit(&lock->queue_tail, node) |

return prev |

Sequence Diagram for lig_lock_release

Current Task
(node)

Lock
.y NextTask
(queue_tail) (next)

[71. Load Next Node (Acauire) |

alt /) [prev==

lock->owner_task_id = node->task_id
state = TASK_RUNNING

LL (Fast Path: Lock Acquired Immediately)]

1. Load Next Node (Acquire)

atomic_load_explicit(&node->next)
return next

[prev != NULL (Slow Rakh: Wait in Queue)]

{3. Link to Previous Node (Rel

atomic_store_explicit(&prev->next, node)

N

state = TASK_WAITING

1 4. Spin Lock / Wait (Acquire) |

loop /J [while test_and set(lock acquire) == true]
Spin / waiting

Lock Acquired!
(Signaled by prev via lock_acquire)

alt [next = NULL (Potential Last Node)]
[2. Try to Clear Tail (CAS: Acq_Rel) |
compare_exchange_strong(&lock->queue_tail, expected=node, desired=NULL)
alt__J [CAS uccess (Successfully isolated, no one else came)] i i

success

lock->owner_task id = -1
(Lock Fully Released)

[CAS Fail (Anothir task is currently joining the queuej]
fail

{3. wait for Delayed Next Node (Acquire) |

L%

a2 2 L1Q AFE &S

clojof 13
Fig. 2. sequence diagram for LLQ spin-lock acquisition
algorithm
33 Lock Release &11z2|&

loop [while next == NULL]
atomic_load_explicit(&node->next)
Next node pointer resolved!

alt [next != NULL (Handover Lock to Next Task)]

e i) |

4. Handover & Signal (Release)

lock->owner task id = next->task id
next->state = TASK_ RUNNING

atomic_flag_clear_explicit(&next->lock_acquire)

Lock Acquired!
(Exits spin loop)

O 3 LLQ AEE oM 2ne|Fof ofgh AlRA
ctojof 2

Fig. 3. sequence diagram for LLQ spin-lock release algorithm
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