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Implementation 

Specification 

•  Task model 
•  Execution-time analysis 

Implementation 

Specification 

 How should it be done? 

 What should be done & 
 When should it be done? 

Can it be done with the 
given implementation? 

New design! 

•  Task model 
•  Schedulability test 

•  Logical function 
•  Temporal function 

•  System model 
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task body P1 is 
   Interval : constant Duration := 5.0; 
   Next_Time : Time; begin 
   Next_Time := Clock + Interval; 
   loop       Action; 
      delay until Next_Time; 
      Next_Time := Next_Time + Interval; 
   end loop; 
end P1; 
task body P2 is 
   Interval : constant Duration := 7.0; 
   Next_Time : Time; 
begin    Next_Time := Clock + Interval; 
   loop       Action; 
      delay until Next_Time; 
      Next_Time := Next_Time + Interval;    end loop; 
end P2; 
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t 0 

    Task’s relative deadline (responsiveness constraint) 
–  Represents the maximum allowed time within which the 

task must complete its execution 
–  Applies relative to the time when the task becomes executable 
–  Derived as a function of the environment (e.g., laws of nature, 

control theory, ...) 
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    Task’s time offset 
–  Represents the first arrival time of the task, e.g., the earliest 

time instant at which the task becomes executable 
–  Applies relative to a given ”origin” of the system 

The arrival time of the n:th iteration of a task then becomes 
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Dad? How do they know 
how much weight a bridge 
can handle? 

They drive bigger and 
bigger trucks over the 
bridge until it collapses! 

Oh, I guess 
I should have 
known that! 

Honey, if you 
don't know the 
answer, just 
SAY so! 

Free translation from Swedish by J. Jonsson 

Then they take the 
weight of the last truck 
and rebuild the bridge 
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Program 
(no input 

data) 
Compiler + 

WCET analysis 

Code 

WCET 

Real-time compiler 

for I:=1 to N loop 
begin 
  if A > K  
    then A:=K-1; 
    else A:=K+1; 
  if A < K  
    then A:=K;   
    else A:=K-1; 
end; 
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estimated WCET 

real WCET 

Input data 

Execution time 
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for I:=1 to N loop 

begin 
  if A > K  

    then A:=K-1; (T1) 
    else A:=K+1; (E1) 

  if A < K  

    then A:=K;   (T2) 
    else A:=K-1; (E2) 

end; 

A := A / B; 
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Given a system  
(= program structure + system platform) 

find the program’s “worst-case” execution time 
for all possible input data, initial system states  

and (internal and external) system events 

•  Issues in the analysis of program paths 
–  how to limit WCET (if necessary, pessimistically) 
–  how to eliminate false paths (in order to derive a tight 

WCET estimate) 

•  Issues in the analysis of temporal behavior 
”everything that takes time must be modeled in a realistic 

fashion (or at least not optimistically)” 
–  accurate and effective timing model of the system platform 

(influence of, e.g., cache memories, pipelining, ) 
–  consequences of system events at run time 

(e.g.: exceptions, interrupts, context switches)  
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•  CFG may not contain cycles 
•  Non-executable paths must be eliminated 

A control flow graph (CFG) describes 
the structure of the program 

Timing analysis problem: 
Find the longest executable path in 
the program’s CFG 

for I:=1 to N loop 

begin 
  if A > K       (I1) 

    then A:=K-1; (T1) 
    else A:=K+1; (E1) 

  if A < K       (I2) 

    then A:=K;   (T2) 
    else A:=K-1; (E2) 

end; 

WCETe = 

 N*(WCET(loop) + 
 WCET(I1) + 

 max(WCET(T1), WCET(E1)) + 
 WCET(I2) + 

 max(WCET(T2), WCET(E2))) 
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Modern processors have several advanced mechanisms 
(e.g., pipelining, caching, branch prediction, out-of-
order execution) that cause significant variation in the 
execution time of a processor instruction. 

We must therefore estimate the execution time for each 
executable path through the program and at the same 
time account for these mechanisms. 

This can be solved by partitioning the program code into 
code blocks and analyze each block separately. 

Today, mature methods for timing analysis only exist for 
pipelining and caching. 

IF ID EX M  WB 

ICACHE DCACHE 
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