Vol.0 No.O0

ooo0oooooo 1959

sMTOOOOOoOoOOoOoobOoooooboo
goduoboogoooon

oot

O o o ot

sMTOOOOOOOO0OO0O0OO0O00COO0O0O0O00O0O0000000O00OO0O00O0O00O0O0O00O0C0O0
goooooooooooooooooobooOobOOO0OOO0U0oOooooOObO0O0OoOoOoOooOoooo
ooo00o0o0ooooo00ooO000oooO0O00oO000DOO000O000OO0ooooOsSMT
oooooooooooooooooooooooOoOoOOOOCOOOOOOOOO0OOOOooooo
0000000000000 000D000000D0000000D00000O000D0O000 U-Link
oooooo0ooOo0oOoOo0oO0oOOoO0O0oObOO0O0Oob0OoO0DOOO0O0OOO0b0OOOO0ObOObObOO0O00Dn
ooooooooooooooooooOooOoOobocOoOoOooOoOoOoOobOOOOOOoOoOoOoooooo
oobooooooooooooooooooOoOOoOObO0OO0OO00O0bOOo0OooboOoOooooooon
oo sMTOOOOOOOOOOOOOOOOO0O0OOOO000O00ODO0O0000O0O0O0O000000
00000000000 0000000000D0000000D00DVU-LINkODOOOOO0O00O
O00000000UL-DEDFOOOOOO0O0OOOOOOOOOOCOOOOODOOOOOOOOO

00000000 40% 00000000000

Real-Time Scheduling to | ncrease Execution Efficiency on SMT Processors

SHINPEI KATO,* HIDENORI KOBAYASHI+ and NoBUuYUKI YAMASAKI+

It is not straightforward to schedule real-time tasks on SMT processors, since the execution efficiency fluc-
tuates 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 schedul-
ing 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 execution efficiency by limiting the combination of the co-scheduled tasks using the char-
acteristic 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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Algorithm UL-FFDE
Input: Task set T
Output: Co-scheduled set 7/ and axis set o

Begin
1: Let umax(7) = (5 : Ui = max{Uj|tj € 1});

2: Let etest (1, 7)) = E({1, Il < i} Ut Uty)});
3: Let utest(g;, T j) = Uyt = R U T s
4 k1;
5 : while T7#0
6: Ty — umax(t);
T o Ty
8: 1=1—umax(t);
9: for2<i<m
10 : sort {1j € 7} by etest(7y;, 7)) > etest(1y;, Tj+1);
11: for each 7j €7
12: if utest(g; UTj, 5 UT)) < utest(ok, 5 U T))
13 : Tai = T U T
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 o
Output: The set of running tasks {y|i =1,2,..,m}

Begin
1: if there is no ready task in o
22 {nr<0;
3: else
4:  choose 0 from o based on EDF,;
5 n<ao;
6: for each {7]|k > 1}
7 if there is no ready task in TQ
8: W 0;
9: else
10: choose 7} from ‘L'Q based on EDF;
11: K — Tj;
12: end if
13:  end for each
14: end if
End

09 UL-DEDFOOODO0OOO
Fig.9 The algorithm UL-DEDF
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01 sMTOOOODOOooOO
Table 1  Outline of the SMT Processor

Clock Frequency 100MHz

Fetch width 8

Issue width 4

Integer register 32-bit x 32-entry x 8-set
Integer renaming register | 32-bit x 64-entry

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

ALU 4 + 1 (Divider)

FPU 2 + 1 (Divider)

64-bit ALU 1

FP Vector Units 1 (4FPU x 2 line)
Branch Unit 2

Memory Access Unit 1

/* 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.
data[l[] is a global variable. */
void MEM_access(char img[ROW*COL])
{
for(i=0; i < ROW; i++)
for(j=0; j < COL; j++)
datali] [j] = img[i*COL + jI;

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

ALU | ALUD | FPU | FPUD | 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
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Table 3 The delay of each instruction type
ALU | ALUD | FPU | FFUD | MAU | BU
1 9 3 12 30 1
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Fig.11 Fluctuation of execution time
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Table 4 Relative Instruction Rate(RIR) and Unit Competition

Rate(UCR)
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