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A Low Latency Real-Time Execution
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Abstract: In recent embedded real-time systems, there are many systems with both hard real-time tasks
and soft real-time tasks. While soft real-time tasks are executed with long periods and low priority, hard
real-time tasks are executed with short periods and high priority. Responsive Multithreaded Processor (RMT
Processor) is a prioritized SMT architecture and has 8 logical cores to achieve fine-grained real-time process-
ing. However, existing real-time OSs execute tasks by scheduling, and hence these real-time OSs can execute
tasks with ms periods and cannot execute them with dozens of s periods. In this paper, we propose Respon-
sive Task, which is a high-priority hard real-time task to occupy one logical core with the interrupt wake-up
structure on RMT Processor and can be executed with dozens of ps periods. Experimental evaluations show
that Responsive Tasks have smaller overhead and lower jitter than Real-Time Tasks by scheduling.
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Fig. 1 Task Execution by Scheduler.
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Table 1 Outline of the D-RMTP 1.

Clock frequency 62.5 MHz

Active Thread 8
Fetch Width 8
Issue Width 4

Integer Register 32 bit x 32 entry X 8 set

Floating Point Register | 64 bit X 8 entry X 8 set

ALU 4+ 1 (Divider)

FPU 2+ 1 (Divider)
Branch Unit 2
Memory Access Unit 1
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Table 2 Thread Control Instruction.
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Fig. 3 Example of Assginment in Responsive Task and Real-
Time Task on D-RMTP I.
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Fig. 4 Simultaneous Execution of Responsive Task and Real-
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int create_task_resp(int core_id,
int priority,
unsigned long period,
unsigned long wcet,
void *(*entry) (void *),
void *arg);
int create_task_rt(int core_id,
int priority,
unsigned long period,
unsigned long wcet,
void *(*entry) (void *),

void *arg);

void *entryl(void *arg)

/* execute Responsive Task */

void *entry2(void *arg)

/* execute Real-Time Task */

void *entry3(void *arg)

/* execute Real-Time Task */

int main(void)
{
create_task_resp(core_idl, priorityil,
periodl, wcetl, entryl, argl);
create_task_rt(core_id2, priority2,
period2, wcet2, entry2, arg2);
create_task_rt(core_id2, priority3,
period3, wcet3, entry3, arg3);

return O;

0 6 Responsive Task [0 Real-Time Task 0000
Fig. 6 Example of Usage of Responsive Task and Real-Time
Task.
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Fig. 7 Evaluation Kit for D-RMTP I.

tickOOOOO0OOOOOOOODOOOCODOOO
00000000000 d-createtaskresp00000
Responsive Task 00000000000 OOCOO
OOtick0O0ODDOOOOOOOOOODOODOOOO
o weet: DO0OODODO [us
OO0ooooooooo wsOODODODOOOoOOOO
oOo00oOoOoOoOobOoOoOooboOoobooooooodg
ooooogo
e entry: OOOOOOOO
oo0ooOdU0boOOoOoOo0oooOoUoboooooog
O00000ooooooooDooo voidoOOOd
O000O00DOO0O0O00OOUNIXODOODo osood
00000000 APIDOO0O POSIX (100000
O pthread_create 0000 300000000000
e arg: entry J 0O O0MO
entry O O00O0OO0O0O0OOentry OOOODOO
pthread create 0 000 400000000000
create_task_resp 0 0 0 create_taskrt 0 0 00000
int00000IDOOOO0OODOOCOOOOOOoooDooOod
0000000000000 000UdU0UdOmainOO0O
0 Ocreate_task_resp 0 0 0 10 Ocreate_task rt 000 20
O00OO0D0ODOO0OO00 100 Responsive TaskO 200
Real-Time Task 00000000100 Responsive Task
00000 coreidl DO0O0OO entryl OO0OODOOOO
200 Real-Time Task 00000000 ODOO core.id2
0000 RMO EDFOOUODOOOODOOOOOOOOO
Oentry20000 entry30 000000 Oentryl OO
entry2 0 D 0entry30 00000000000 arglDarg20
argd0 00000

5. OO

51 0000
O0OOCOOODODO Responsive Task 0O OO0 O0O0O0O0OO

79



2015
Embedded Systems Symposium 2015

O 70  D-RMTPIOOOODOOOOOODOOD-RMTP 1
000000 D-RMTP SoCO System on ChiplJSDRAM
O Flash Memory 00 000 O SiPO System in Package
O0O00O0OO0OD-RMTPIOOODO 100000DO0O0O0
SiPO00000O0 /000000 FPGAUODOODOOO
ogoooobooooooooboboooooooooooo
Responsive Task 00 000000000 OSOOSRAM
00000000000 0000000SDRAMOOONO
00000000000 SRAMOOOOOOOODOOO
ooo
Oo0fdooobooooboooooooooooooono
O0Real-Time Task O 1000000000000DO0O0O
000000000 D0O000Real-Time TaskOO OO OO
godoooooooboooooooobooooooa
00000000000 EDFO RMOOOOOOOOO
000 ALUOOODOO00D0DOO000O0D0000o0oon
godooooooobooooooooboooooa
0200000000Real-Time Task OO DO DOOODODO
gobobbobobobobobbo opsdoboon
gobd300pusdonoogg
godbooobooooboooboooooobooon
O00000D0D0O00ODOReal-Time Task OO O 0000 4
0 OResponsive Task 0 0000 300000 O Real-Time
Task OO OO0 5ms 0000000000 O0ONOO Real-
Time Task 0 4000 0000000000000 0O0OO
000000000000 1%0000000o0oooon
00 24%0000000000EDFO RMOOOOOOO
O0O0O0D0ODOO0O0DOResponsive Task OO O DOOOODOO
50 pdd HighfM60ud] MiddleM70us] LowdO 00 0000
0 00 Responsive Task 0 0 O O O O O Responsive Task
O00000O00D0DDoDoDoOODoOO000000000d 1.5us
O000000Do0o03us0000000000000
000000000 DOO00O00OResponsive Task 00O 0O
O00000000D0D00000 Real-Time Task 00O
000000oooooooooog 1oomsO0O00oOoonQ
0000000000 ooooooooooooooon
O0000000oooooooooooooooooon
O0000000oooooooooooooooooon
O000o000o0o00Dooooooooooon

5.2 000000000

Responsive Task 0 Real-Time Task 00000000
O0000o000oooooooooooooooooon
000D0OD0OO000D0DOO00Responsive Task 0O O0O0OO
O0000000000OReal-Time Task OO O OO OO
O00o00o000oooooDooooooooooooon
Oo0o0o00ooo0oooooDooooooooooog

2015 Information Processing Society of Japan

ESS2015
2015/10/23

03 0Do0oooooog
Table 3 The Comparisons of Overhead.

ooo oo 000 [ws] DODO [ws] OO0 [us]
Responsive 1 0.928 0.928 0.928
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Real-Time 4 33.248 33.475 36.736
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Fig. 9 Average Relative Release Jitter of Task of Array Access Operations (EDF).
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