


𝒋𝟎 𝒋𝟏 𝒋𝟐 

𝑒𝑥𝑒𝑐(𝑗) 2 2 2 

𝑝(𝑗) 100 101 102 

𝑑𝑙(𝑗) 3 2 3 

max_𝑖𝑎(𝑗) 3 2 3 

min_𝑑𝑟(𝑗) 
max_𝑑𝑟(𝑗) 

3 2 3 
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𝒕𝒒

𝒕𝒒

// T: Observation interval (range of 

time quanta) 

int tq = ...; 

range T = 0..tq-1; 

 

// c: Number of Processor Cores 

int c = ...; 

 

// n: Number of tasks 

int n = ...; 

range J = 0..n-1; 

 

tuple TaskExecution { 

int task; 

int execution; 

} 

 

int priority[J] = ...; 

int task_deadline[J] = ...; 

int max_interarrival_time[J] = ...; 

int min_duration[J] = ...; 

int max_duration[J] = ...; 

int triggers[J, J] = ...; 

int dependent[J, J] = ...; 



𝒆𝒇𝒆(𝒂) ≝ 𝒂

dvar int arrival_time[a in A] in T; 

dvar int duration[a in A] in 

 min_duration[a.task]..max_duration[a

 .task]; 

dvar int eligible_for_execution[a in A] 

 in est[a]..lst[a]; 

dvar int start[a in A] in est[a]..lst[a]; 

dvar int end[a in A] in eet[a]..let[a]; 

dvar int task_execution_deadline[a in A] 

 in T; 

dvar int deadline_miss[a in A] in -

 tq..tq; 

dvar int active[a in A, t in T] in 0..1; 

𝒂𝒄𝒕𝒊𝒗𝒆 𝒂, 𝒕 ≝  𝟏 𝒂 𝒕
𝟎

0 1 2 3 4 5 6 7 

𝑎0 1 0 0 0 0 0 1 0 

𝑎1 0 0 0 0 0 0 0 1 

𝑎2 0 1 1 0 0 1 0 0 

𝑎3 0 0 0 1 1 0 0 0 

→



/* I. Well-formedness constraints */ 

forall(a in A) { 

 

 wf3: eligible_for_execution[a] <=  

   start[a]; 

 wf4: start[a] <= end[a]; 

 

 if(prevc(A, a).task == a.task) 

  wf6: eligible_for_execution[a] == 

    maxl(arrival_time[a], 

     end[prevc(A, a)]); 

 else 

  wf7: eligible_for_execution[a] == 

    arrival_time[a]; 

      

 wf8: duration[a] == sum(t in T)  

   active[a, t]; 

 

 forall(t in T) { 

  wf9: t == start[a] => active[a, t] 

   == 1; 

  wf10: t == end[a] - 1 => active[a, 

    t] == 1; 

  wf11: t <= start[a] - 1 =>  

     active[a, t] == 0; 

  wf12: t >= end[a] => active[a, t] 

    == 0; 

  } 



/* II. Temporal Ordering constraints */ 

forall(a in A) { 

    

 forall(a1 in A : a1.task == a.task &&  

  a1.execution == a.execution-1) 

  to1: start[a] >= end[a1]; 

    

 forall(a1 in A : triggers[a.task,   

  a1.task] == 1) 

  to2: end[a] == arrival_time[a1]; 

       

 forall(a1 in A : dependent[a.task,  

  a1.task] == 1) { 

  to3: start[a] != start[a1]; 

  to4: start[a] <= start[a1]-1 =>  

   start[a1] >= end[a]; 

  }    

 } 

/* III. Multi-core Constraint */ 

forall(t in T)  

 mc: sum(a in A) active[a, t] <= c; 



/* IV. Preemptive Scheduling Constraints */ 

forall(t in T, a0 in A, a1 in A) 

 ps2: (active[a0, t] == 0 && 

   active[a1, t] == 1 && 

   sum(a2 in A) active[a2, t] == c && 

   eligible_for_execution[a0] <= t && 

   end[a0] >= t+1) 

   => 

  (priority[a1.task] >=    

   priority[a0.task]); 

/* V. Good CPU Usage Constraints */ 

forall(a in A, t in T) 

 gcu1: (sum(a1 in A) active[a1, t]<=c-1) 

   => 

   (active[a, t] == 1 ||  

   eligible_for_execution[a]>= t+1 || 

   end[a] <= t); 

 

forall(a0 in A, a1 in A, t in T : t < tq-1) 

 gcu2: (active[a0, t] == 1 && 

    active[a0, t+1] == 0) 

   => 

   (end[a0] == t+1 || 

   (active[a1, t+1] == 1 =>   

   priority[a1.task] >=   

   priority[a0.task]+1));  



wf13: deadline_miss[a] == end[a] - 

 task_execution_deadline[a]; 

 

maximize 

 sum(a in A)(maxl(0, minl(1, deadline_miss[a]))); 

𝒇 ≝  𝒎𝒂𝒙(𝟎,𝒎𝒊𝒏 𝟏, 𝒆 𝒂𝒊 − 𝒅𝒍 𝒂𝒊 )

𝒊

 

𝒇 ≝  𝟐𝒆 𝒂𝒊 −𝒅𝒍(𝒂𝒊)

𝒊

 



𝒋𝟎

arrival_time (at): [0 3 2 4 0 3] 

duration (dr): [3 3 2 2 3 3] 

eligible_for_execution (efe): [0 7 2 4 0 3] 

start (s): [0 7 2 4 0 3] 

end (e): [7 10 4 6 3 6] 

task_execution_deadline (edl): [3 6 4 6 3 6] 

deadline_miss: [4 4 0 0 0 0] 

active: [[1 1 0 0 0 0 1 0 0 0] 

         [0 0 0 0 0 0 0 1 1 1] 

         [0 0 1 1 0 0 0 0 0 0] 

         [0 0 0 0 1 1 0 0 0 0] 

         [1 1 1 0 0 0 0 0 0 0] 

         [0 0 0 1 1 1 0 0 0 0]] 

𝒋𝟎 𝒋𝟏 𝒋𝟐 

𝑒𝑥𝑒𝑐(𝑗) 2 2 2 

𝑝(𝑗) 100 101 102 

𝑑𝑙(𝑗) 3 2 3 

max_𝑖𝑎(𝑗) 3 2 3 

min_𝑑𝑟(𝑗) 
max_𝑑𝑟(𝑗) 

3 2 3 



We evaluated Performance 

by increasing 𝒏 and 𝒕𝒒 

Most optimal solutions were found shortly after the search 

started, even if the search took a much more time to terminate 

It took a significant amount of time 

to find all optimal solutions 

𝒋𝟎 𝒋𝟏 𝒋𝟐 

𝑒𝑥𝑒𝑐(𝑗) 2 2 2 

𝑝(𝑗) 100 101 102 

𝑑𝑙(𝑗) 3 2 3 

max_𝑖𝑎(𝑗) 3 2 3 

min_𝑑𝑟(𝑗) 
max_𝑑𝑟(𝑗) 

3 2 3 



𝒂𝒄𝒕𝒊𝒗𝒆

𝟐𝒏∗𝒆𝒙𝒆𝒄 𝒋𝒏 ∗𝒕𝒒

𝒏 𝒕𝒒

𝟏

0 1 2 3 4 5 6 7 

𝑎0 1 0 0 0 0 0 1 0 

𝑎1 0 1 1 1 0 1 0 0 

𝑎2 0 0 0 0 1 0 0 0 

0 1 2 3 4 5 6 7 

𝑎0 1 1 

𝑎1 1 1 1 1 

𝑎2 1 

𝑎0 [0,1), [6,7) 

𝑎1 [1,4), [5,6) 

𝑎2 [4,5) 

𝒋𝟎 𝒋𝟏 𝒋𝟐 

𝑒𝑥𝑒𝑐(𝑗) 2 2 2 

𝑝(𝑗) 100 101 102 

𝑑𝑙(𝑗) 3 2 3 

max_𝑖𝑎(𝑗) 3 2 3 

min_𝑑𝑟(𝑗) 
max_𝑑𝑟(𝑗) 

3 2 3 
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