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Real-Time Scheduling to Increase Execution Efficiency
on SMT Processors

SHINPEI KATO,t HIDENORI KOBAYASHIHt and NOBUYUKI YAMASAKIY

It is not straightforward to schedule real-time tasks on SMT processors, since the execution
efficiency fluctuates due to hardware resource competition. Also, some combinations of the co-
scheduled tasks degrade the execution efficiency and it cannot increase throughput sufficiently.
This paper proposes a real-time scheduling scheme for SMT processors which deals with the
execution efficiency to increase throughput without missing the deadline, then evaluates its
effectiveness. The proposed scheme, U-Link Scheduling, bounds the fluctuation of the execu-
tion efficiency by limiting the combination of the co-scheduled tasks using the characteristic
of periodic tasks. It increases throughput by choosing the combinations of the co-scheduled
tasks so as to boost the execution efficiency when it builds the combinations. Also, this paper
describes how to estimate the execution time of tasks and provide the schedulability analysis.
The evaluation result shows that UL-DEDF, an algorithm of U-Link Scheduling, bounded
the fluctuation of system efficiency, then increased throughput about 40% over the existing
real-time scheduling algorithms without missing the deadline.
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Fig.1 Scheduling example on multiprocessors.
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Fig.2 Scheduling example on SMT processors.
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Algorithm UL-FFDE
Input: Task set 7

Output: Co-scheduled set 7/ and axis set «

Begin
1: Let umazx(t) = (73
: Let etest(Tk Tj)

= max{Uj|7; € 7});

2 = ({Tkl\l<z}u{'rk U}
3 : Let utest(ry, ;, ,’C )=, T =T, UT, )
4:k«—1;
5 : while 7 # (
6: T]’c’l — umax(7);
T o Ty
8: 7 =1—umaz(r);
9: for2<i<M
10 : sort {7; € T} as etest(fé,i,rj) > etest(f,;,i,fj+1);
11: for each 7; € 7
12 : if UtGSt(Tllc,i U Ty, Tl’m. U ;) < utest(oy, Tl’m. uTy)
13 : Tl’m. = Tl’m. UTj;
14 : end if
15 : end for each
16 : end for
17: k—k+1;
18 : end while
End

06 UL-FFDEOOOOOO
Fig.6 The algorithm UL-FFDE.
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Algorithm UL-DEDF
Input: The set of axis tasks a
Output: The set of running tasks {v;|¢ = 1,2,..,m}
Begin
1: if there is no ready task in «
vt <0
3: else
4 choose «; from « based on EDF;
5: v — ay;
6: for each {7]'|k > 1}
7
8

N

if there is no ready task in T;j

e+ 0;
9: else
10: choose 7; from Tl’j based on EDF;
11: Vi < T
12: end if
13:  end for each
14: end if
End

09 UL-DEDFOOOOOO
Fig.9 The algorithm UL-DEDF.
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Table 1 Outline of the SMT Processor.

Clock Frequency 100 MHz
Fetch width 8
Issue width 4

32-bit X 32-entry X 8-set
32-bit X 64-entry

Integer register
Integer renaming register

FP register 64-bit X 8-entry X 8-set
FP renaming register 64-bit X 64-entry

ALU 4 4 1 (Divider)

FPU 2 + 1 (Divider)

64-bit ALU 1

FP Vector Units 1 (4FPU x 2line)

Branch Unit 2
Memory Access Unit 1
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/* P is a feedback period.
Kp, Ki and Kd are constant.*/
void PID_control (input)
{
e(t) = setpoint - input;
sum_e(t) = sum_e(t-P) + e(t);
delta = Kp * e(t)
+ Ki * sum_e(t)
+ Kd * [{e(t) - e(t-P)} / PI;
output = prev_output + delta;
return output;

}

/* ROW and COL are constant.
datal[][] is a global variable. */
void MEM_access(char img[ROWxCOL])
{
for(i=0; i < ROW; i++)
for(j=0; j < COL; j++)
datali] [j] = img[i*COL + jl;

010 00O0ODODOODOO
Fig. 10 Tasks for the evaluation.
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Table 2 The number of each instruction type.

ALU | ALU D | FPU | FPU D | MAU | BU
PID-INT | 39 1 0 0 12 1
PID-FP 15 0 24 1 15 1
MEM 1 27 0 0 0 31 5
MEM 2 49 0 0 0 62 10

03 O0OODoOoDoooo
Table 3 The delay of each instruction type.
ALU | ALUD | FPU | FPUD | MAU | BU
1 9 3 12 30 1

—o—UL-DEDF - - -#--- EDF-FF - -4 - EDF-US

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Instance ID

011 0000000
Fig.11 Fluctuation of execution time.
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Table 4 Relative Instruction Rate (RIR) and Unit
Competition Rate (UCR).

ALU | ALUD | FPU | FPU D | MAU | BU
RIR | 0.29 0 0.36 0.02 0.23 | 0.02
UCR | 241 1.00 3.33 1.51 3.19 | 1.47
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