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Abstract- Scheduling in uniprocessor real-time systems is a fundamental challenge to guarantee the timing
constraints of tasks. Traditional methods such as Rate Monotonic and Earliest DeadLine First lack sufficient
efficiency in complex systems. As an effective solution, Adaptive Mixed-Criticality (AMC) systems enable mode
switches between different criticality levels, ensuring that high-criticality tasks do not miss their DeadLines, even
under heavy workloads. However, determining the optimal priority assignment for tasks in these systems is an
NP-Hard problem. In this paper, to overcome this challenge, a hybrid method based on the Bat Algorithm (BA)
and Ant Colony Optimization (ACO) is proposed. In this approach, the output of the Bat Algorithm is utilized as
the initial pheromone value for the Ant Colony algorithm to increase the convergence speed. Simulation results
demonstrate that the proposed method, compared to baseline approaches and previous research in this field,
increases the schedulability ratio of Low-criticality tasks by 91% and reduces the response time compared to
machine learning algorithms, which indicates the higher efficiency of the hybrid algorithm in managing mixed-
criticality systems.

Keywords- Adaptive Mixed-Criticality Systems, Fixed-Priority Scheduling, Bat Algorithm, Ant Colony
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Algorithm Hybrid_BA_ACO_Scheduler

Input: Task Set T, Parameters

(Nipaey, Maxltergay, Nygney, Maxitergscoy a, B, p)
Output: Optimal Permutation P*

// --- PHASE 1: BAT ALGORITHM (Exploration)

1: Initialize N4y bats randomly across the valid
permutation space.

2: Calculate initial Fitness(Sol;) for all bats using
EvaluateByRTA(Sol;).

4:FORt = 1TO Maxlter(gay:

5: Update parameters: A « 0.98,r « r(l -
e(—o.u))_

6: FORi = 1TO Nypar:

7:  Generate New Position (Sol;) based on random
walk and S0l influence (using Swap operators for
permutation validity).

8:  Fit' « EvaluateByRTA(Sol}).

9: IFFit' < Fitness(Sol;):

10: Update Sol; and Fitness(Sol;).

11: IF Fit' < Fitness(Sol(gest)):

12: Update Soligest;-

13: END FOR

14: END FOR

15: P{BA} « SOl{Best}

// --- PHASE 2: ACO (Exploitation & Seeding) ---

16: Initialize Pheromone Matrix 7(p, t) of size N X N

(where N is number of tasks).
1

Period;

17: Initialize Heuristic Information 7(t) = for all

tasks t.

18: **// KNOWLEDGE INJECTION **

19:FORp = 1TON:

20: TaskID « Pggylp] (Task at priority level p from
BA result)

21: 1(p,TaskID) « t(p,TaskID) + Atgay //
Ataugg,y is the bonus factor (e.g., 5.0)

22: END FOR

23: P* « Py (Initialize global best with BA result).
24:FOR it = 1TO Maxlterycoy:

25: FORk = 1TO N4y (For each ant):

26:  Construct Solution Py iteratively fromp = 1to N:
27: Calculate Selection Probability: SProb(p, t) o«

(z(,©)* . (n(©)”$ for all available tasks .

28: Select Task t using Roulette Wheel selection
based on Prob.

29: P [p] « t.Remove t from available tasks.

30:  Fity « EvaluateByRTA(Py).

31:  IFFit, < Fit(P*): UpdateP*.

32: END FOR

33: // **Pheromone Update**

34: Evaporate:7 « (1 —p).7T .

35: Deposit: Reinforce 7 based on 1/(1 + Fitkbest) for
the best ant of the iteration and 1/(1 + Fit(P*)) for the
global best ant.

36: END FOR
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«/ Initial best fitness: 1020

+/ Final optimized order (BA+EMC): [7 921368 10 4 5]
Final Fitness: 1020

=== Final Report ===

HI: 22/22 (100.0%)

Lo: 7/23 (30.4%
Jr>»

oS oy 598! (Bolai yolie wigy ¥ Sl

Silwaand s b3yl g Judxs -Y-0

G0 gy 90 b sl jo eolaiig by, 2l (iSu (nl 5o
(et (oS 5 (S SedS g, g 4l e o681
2 Sibead 5l ol mlis 05 (o0 ) b)) 950 (AMC)
6ol o caslonds Julow alides v dw 55 e dasee
5 (Gantt Charts) oasjls s Sloj L8, Jul= «(Pie Charts) IS

(Task Instances) bages oy dilo s, Judos

Laiges cdl> g Cadidgo & 5 (w0 (A
Joged «QOS) " gy ok S" romiw sl il (n G0
e bglas a0 o Goled |y o] sl (50,50 b ol e 00l
30,8 behs g sole cll> 100,00 ;2 (gly>| Cuddsn onins lis

i 0,90 o] B> (g saims lis

139800 ) 25 Gree Julod 7 K& el
by slroyss pled ¢ logas aw 2 )01 Sl by gl )
o & S ooy (sl 45 L (] 4 0 S SLlS” e
mled 308 S5, L aS oo, goiunl oulds pendl oy Voo
e el 0550 oo o ,Sles odipo L iloalds osls
low sl oloj g ouds ol e dz gl i S el >

loiall b aidog Vo Lol (Task Set) cisllg aeyorme anl
Veooolaws el (Coedl maw 5 gl 090 J ! b)) Cglaie
21y otalesl 33505 st b ol Clil (iaghy cnl sl 4iebss
5 BA ab lap)ofl plp )3 o pms p5le 55 U]
sl szl (TUNiNG) 555 welais ploxil oISl § 5,5 Lia>AMC
19 wiysSI bl ialed gl ol cpal o] pal 3 1, (oIS 5
Ganpley glaslas jea> o ganlaglyl a5 5 1L
4 B8 lapn ;o8 sl ondieelas sla il by ool BI
95 Pl eyl SYlEe 5o ot polie b @l 9 525 205

adloads Ol 8> 50 (SolS

O+l Fr olawd :BAT = 3l o2 )55 Jol 56 o
r=0.1 Ll gy 54 = 095 lao cuily oo )5

aliew Lgluéé 3o gséLi;Sfl LSS‘?J*“‘? LS‘)%

@z )90 Vo olawi :(ACO - 8z )90 o )65)l) pgo 318 @
e 5 =01 09e9p pFs cupe IS T

Tl Ognte 9 (21, K0n oo —V-0

Jooly &gl (gozmins b il p;i)953|‘¢;~*§d 58 50
u|9.~c aQ J.‘>o|) w‘ D] ..\.»5640 .\.Jy wl.ue C,.».D.:S l) A.A.ja‘

o0l ACO (2 36501 ;3 (5905, o silo (sl (Seed) adgl ;5
258 Sygo 65 ESS (e e B ogd oo

g oo oddlin VS Slwlre sl 29,5 10 T jsbles
aS 1y (Fitness) auje al jlade cuwl atudly oS 5 o ,65]
oo SS9 Sloj Cdgeo yols s 5l sloany > 5l S 5

ded gmals o Ko IS0 4wl

Command Window

>»> Phase 1: Running Bat Algorithm (Exploration)...
-> Initial BAT Best Fitness: 5583
-> BAT Phase Finished. Best Fitness: 5255
-> BAT Solution: [93127 65108 4]

>>> Phase 2: Running ACO (Improvement & Exploitation)...

Using BAT solution to seed Pheromones.

BCO Tter 10 Best Fit: 5255

BCO Iter 20 Best Fit: 5255

BCO Iter 30 Best Fit: 5255

BCO Iter 40 Best Fit: 5255
o/ FINAL Optimized Order (Hybrid BAT+ACO): [93 127 65108 4
o/ Final Fitness: 5255
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Task Instances: Current (ACO)

TA(H) [Pt P2 P3 P4 P5
T2(H) P1 P2 P3 P4
T3(H) Pt P2 P3 P4 P5 P6 P7
o T4(L) P P2 P3 P4 P5 P6
x T5(L) P P2 P3 P4 PS5
& T6(L)| P1 P2 P3 P4 P5
= T7(H) P1 P2 P3
T8(L) P1 P2 P3 P4
TI(H) P1 P2 P3
T10(L) | P1, ¥ P2 ., P3 ¥
0 20 40 60 80 100 120
Time
Task Instances: Imported (BAT Algorithm)
TA(H) P P2(H) P3(H) P4(H) P5(H)
T2(H) | 1 P2(H) P3(H) P4(H)
T3(H) | P1| P2(H) P3(H) P4H) P5H) P6H) P7(H)
o T4(L) =Py P2 P3 P4 P5 P6
x~ T5(L) P P2 P3 Pa P5
& T6(L), P2 P3 P4 P5
= T7(H) | P1 P2(H) P3(H)
T8(L) P1 P2 P4
TY(H) P1 P2(H) P3(H)
T10(L) ¢ P1, P2 i—P3 i
0 20 40 60 80 100 120
Time
Task Instances: Imported (AMC Standard)
T1(H) | P1 P2(H) P3(H) P4(H) P5(H)
T2(H) P1 P2(H) P3(H) P4(H)
T3(H) Pt P2 P3(H) P4(H) P5(H) PB(H) P7(H)
o T4L) =P
~ T5(L) P1
8 T6(L)I - RIG(P1)
= T7(H) P2(H) P3(H)
T8(L) P
TY(H) P1 P2(H) P3(H)
T10(L) ¢ af; I i i L s
0 20 40 60 80 100 120
Time
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Gantt Chart: Current (BA+ACO)
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Gantt Chart: Imported (BAT Only)
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Gantt Chart: Imported (AMC Standard)
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