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Hardware Implementation of Real Time Operating

System Task Scheduling Algorithm

Abstract

Real-time operating system plays an important role in the embedded systems,
controls the work and operation of the whole system. The merits of a
performance of real-time operating system have a direct impact on all the
performance of the system.Existing real-time operating system kernel is the
software that is added to applications. It not only increases the amount of storage
space, but also increases applications of additional load, especially in a strong
real-time occasion. Response to processing tasks within the time limit has
become a basic requirement for real-time operating system.

Overhead for real-time operating system cause the application to reduce the
enforceability.Only improving scheduling algorithms can not make real-time
increased significantly. So this paper proposed hardware real-time operating
system FPGA-based design. Real-time operating system kernel is hardened to the
FPGA platform. As a separate hardware module execute in parallel with the
processor.Established by the interrupt controller, input/output registers and
real-time task management module of the overall structure of the hardware
real-time operating system. The main working process: Through the data bus to
send the appropriate commands and parameters to a specific hardware logic unit
input registers, hardware logic units take appropriate actions, and the results are
sent to the corresponding output registers for the CPU to read.

In this paper, embedded real time operating system pC/OS-II uses as the
research object. Modify the pC/OS-II in the data structure by the
software.According to the parallelism features of the hardware logic, build each
module of the hardware logical structure. The whole design utilizes VHDL
hardware description language to describe each function module.Using Xilinx's
ISE 8.2 software to analysis system debugging, to complete function simulation.

In this paper, design and implement the hardware logic for the task
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management module and the semaphore management module. Task management
module improves and hardens the pC/OS-II task scheduling algorithm.Based on
the uC/OS-II kernel original priority-based preemptive scheduling algorithm.,
Extend the same priority task scheduling algorithm.Remove the requirement for
each task of the original system having a different priority. Use hardware logic to
implement the real-time operating system task management module,
deterministic and real-time are improved significantly. Give full play to the
potential multi-task parallelism. Analysis and improve the semaphore
management and application of pC/OS-II. Design and implement the hardware
logic for semaphore management module.Reduce the overhead for frequently
look-up table and access memory. Make scheduling function of real-time
operating system from pure software into hardware to implement, it greatly
improves real-time and processing of the real-time operating system.

Keywords real-time operating system, task management, hardware task
scheduler, field programmable gate array
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#PRI REGH 72, ME4-4PTR, SR RGP SR AN RLAR S
77 %PRI_REGHIALEL, o 77 92 o B B R SR R AR TIRALEI AR 56 4R mER LR
%77 PRI REGIIFEAL AL, 7 MR R R R TS AR B RS . &
77 PRI REGH H{E 151845 045, 2B R E kL TRESHRARL
%R PRI_COMPH:*&%%WEEJ%ﬂ&%ﬂ@’dﬁ%@&osrcmﬁo{’ﬁ%tmﬁm%"-,
S MIDEMERES], HRDEEH Mt FRESnRBRERSEMES
TCBH 4L e A b, WnREAR, 44 e RLAE 45 OID S, 76 % i E 40,
ﬁ)ﬁ%ﬁ@ﬁ‘]&t?ﬁ)ﬁ%#&ﬂﬁﬁ’&fﬁ%’%E‘JE%E‘]ID%%?%%@%EOSTCBPﬁoTbL
MELTFRESHBREREREFS IR T L A 2 % 55k 72 B AR [ 55
KHEHMIDS .

PRI_REG
6|5 14(3]2]1]0

7
A A
l T___%Oﬁﬁill, i%i\ﬁt%z&ﬂsoaﬁﬁ%ﬁ%
#1HM1, i%njﬁt%é&ﬁlaﬁ&%@t%
RIAL, ﬁffﬂt%é&mw}_%aﬂt%
BmIrRl, BRMES AL FHRE

s e
 Hiy gl B
Gl R A ATIE S R

P 4-4 {R%4 % 178 PRI_REG
Fig. 4-4 Register of PRI_REG
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ﬂ%)\i’t@éﬂv‘%‘m%9&%&@»&#%&%%}%&%n ETHRARBERE
uC/0S-11 i1 B8, 115 TR S HE — MR R TCB RS TR RAT 5 B
B, &3xEitER FPGA H@)#W%ﬁ%%ﬂ&&tw{%ﬁﬁw&mﬁ%mm TCB
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8 FBUG 15 BIRE.

%ﬂ'ﬁﬁﬁ%ﬁrﬁﬂ%ﬂé&%&&%&ﬁ—’héﬂm TCB, ZALEHEHIHRM
ZEEB KRS AR S BN ERESR, $# B ERARMOE, BBR
oW B AR, KR LER, Rt TCB HHELEH. SR ID 5
39 OSTCBId, % Mifks%E% AN OSTCBPrio, AR T AT % 9 & FR S K9
OSTCBStat, fF % i it if 40 5 31 9 OSTCBDelay EEMERKDAA
OSTCBStackSize, £% HkEIEE 9 OSTCBStkBottom, fa i A HR I8
&+3% OSTCBEwtPtr. Fi VHDL &7 TCB (B ¥ 5%

TYPE tcb IS RECORD
OSTCBId : std_logic_vector(0 to n);
OSTCBPrio - std_logic_vector(0 to n);
OSTCBStat  std_logic_vector(0 to n);
OSTCBDelay : std_logic_vector(0 to n);
OSTCBStackSize - std_logic_vector(0 to n);
OSTCBStkBottom : std_logic_vector(0 to n);
OSTCBEvtPtr : std_logic_vector(0 to n);

END RECORD;

Bl F it TCB ¥dE4HRE T pC/OS-I o g B 24 B B XA
3%, FAMRT BT 2H BRI RS CER[34]

F&HRAEH FFRA OSTCBStat, ST F TR T IE RN, ATLAR
EAES B SRTRA, WRASREEERS: Wi FHERETEREN, UE
RESHERHEASAERHRE. HFXESENRBAEENR
OSTCBPrio 1 OSTCBDelay XH 24, ZGMNR T TEARAES R
R 2e & M BT R R AR W wir gk AR, BT IERES A
%IF OSTCBId, B FE% 4% OSTCBPrio &EME, AFARKESREH
R ttse%, MF OSTCBDelay HIHH 0. ARETFHLEN, ARFREL
% 1) OSTCBId A1 OSTCBPrio, HEEERANRERET, BL—NRGTHH, &
FRERAEL N OSTCBDelay /780 1, BE IS MET, RERSES
) OSTCBDelay BEAREWRAAREMEM, BB ZAEHEST, W
OSTCBDelay FHFREZ - ZYE S B EENMNE: 5 OSTCBPrio i}
A, REZRE, BRERIT s 7.4 ) OSTCBPrio HOEAR IR, W
OSTCBDelay fi{& i K AR SEHAT o
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432 I BEEERENR

115 B PR i A R AL ¥ EMTEAARKEAREE
E’@—&%Ei&ﬁﬁ%ﬁﬁmﬂfrzu&%&%Emﬁﬁwﬂ\ﬁ%, 3 H &R
TS LT X mmm %R, Al ZAME R VA W RLREY — R
L% AFI RS EF T, #AESABERENNZ, KIBESHRE
w5 BAFI AT EFTHES DLEe s A TR E S M BRBIRALES. EBRA
Ki&‘éfﬁ%%uC/OS—H%ﬂ‘ﬁt%z&%&Eﬁiﬂﬁﬁ&w&mﬁﬁm_t,?‘EWFFE]E%
AAHFR RN E R, & BB S 2% A LA S AR S B AT IO, T
B R S B AT 5 W B S AT v RAMES B A HEREERN, BEFHF
1 1) g S8 A 55 BRAT BRUBUT o &%wf%&é%%iéﬁ&ﬁﬁ%?&ﬂt%zﬁﬁﬁ#
HegrRskrlES. st FohHRE R4 M A RR T XA, R4
AR SR ETRERERNRESES B &R R MES — BT RS
wAs, B S ESTFIRET. B L 2 G B R 9 — R B RS R AR R
G RE.

R FuC/OS-THES B HEET BLAS T, ST S A R AR SR AE
wC/OS-TH & —— % R K, wﬁﬂﬁ%iﬁﬁﬁﬁmﬁtﬂﬁﬁiﬁt%z&ﬁﬁﬁ%
&, FR i E T A% HERITCB, AR EBIHE SRR S 51 R OSTCBPrioTbl[]
RFREANA KR, s AT 5 B 4 OSTCBPrioff 2 J5 » BLAEIRIT
iﬁﬁﬁtﬁ'ﬁ%’(fﬂ%OSTCBPﬁoTbl[]ﬁ%#SM%EJIIiJ’ﬁ“ES‘E?'J’FETﬁE%WJTCB‘”‘, RN
R H4E 45 T LAH 6 AR R AR B R R % W[5 3k 3 [ 8 — £ % TCBHIL 6451
#0STCBPrioTbI[ |4 Bt Jk 11 £ AME 55 KTCB, ABHRRERNARES
16 4 2 45 1) MO 4 S HE R — AN TCBBA S #. % 4% 51 & OSTCBPrio TbI[ FME %
TCBHI3% & a0 E4-5F 7 FIFIB\FI 8 TCB A IR 5B R, A7 Fl—BABIEY
TCBHIR SR A R

E%iﬁlﬁ%%'—arcmﬁ%iﬁ%mmvuﬁﬁ%iﬂﬂ :

CASE TCBPrio IS

WHEN"000"=>IF RDY="1"THEN x<="00000001";

ELSE x<="00000000";
END IF;
WHEN"001"=>IF RDY="1' THEN x<="00000010";
ELSE x<="00000000";
END IF;
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WHEN"010"=>IF RDY="1' THEN x<="00000100";
ELSE x<="00000000";

END IF;

WHEN"011"=>IF RDY="l' THEN x<="00001000";
ELSE x<="00000000";

END IF;

nnnnnn

WHEN OTHERS=>IF RDY="1' THEN x<="10000000";
ELSE x<="00000000";

END IF;
END CASE;
. [japrron| TCB | #HTCB| fHTCB| fHIATCR
TCBPrioTbl

OSTCBPrioTol | T ™| “ner | mosast | fodet | ooset

TCB TCB TCB

v ¥

TCB TCB

TCB

A& 4-5 OSTCBPrioTbl HI%HI R B

Fig. 4-5 Structure example of OSTCBPrioTbl
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S HIH 43 ECB AR, W 4-6 Frs.

1. B AEBEBMIEA RS, BRI A% R SR LT RS
s RUE S S RERIULES cre_sem, EEEMBRET delsem, {5
SR HiE{E S pend_sem, {5 SEBBIES post_sem. LiESREIES cre_sem
ENMESRFHFHEL

HXE, RAS4EHTARENNE, FiEHE
Sem_cnt_regs ', W LABIL(E 2R84 Sem_cnt_regs &R B R E AR
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Fig. 4-6 Hardware strcture of semaphore management modules

2. WiEvH i ER R0 b B R 2 B H A S AU I R R T RS B
BRI R FZE. WA SR EREH T AHESRIM | AR 1 B3R
fe, BB ESHERARMEES R Cnt ME S EAE, 3 ERELE
M 844 th O 45 R NI H 6

3. (ESEMBEHEHR BEASHRAESEFRRANRTFSES
i ECB. R EFAE S RAFBER RN FFET, R R R
B4 T IR R, §/ Mz B R AHE—HIFRK ID 5. XA FPGA ]
B RS ERREIESBROESFERIIR. AAHIS AR E S RTH
s, BAMESRIRE S RAF RN EERFHFROMBEINO,
FTEEAPRAEESEREES R, wE R EEE SR, KHERNESEY
FRMMRALE 1, YHESRIESEN, oS HRESBORAAR
HHES, FREEREFBIENLES. EERAEREEH—WENR
R AR, b R AR 25 B IR A B PR T ER ST A 1 2R REHEES N ID 5
BABESEEER.
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R4 NHRLE B BIESSRFIRT. w = BB R IHE S post_sem B M,
WM& Cnt<0, W& RE & EAESRRE SRR Nizfs S BNELSERF
i3 sh R R e R B AT 3 B R AR S S 58 K i Task_Ready 55
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Fig. 4- Hardware implement of system calls of semaphore management
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EEEE SR Sem_id MBS B 1754 Sem_cnt_regs L 2 17 4 P IR
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3.ﬁ%ﬁﬁH(Vﬁﬁ)%%%iﬁm%%mﬂﬁmﬁﬁﬁ,ﬁ%,mﬁ
BHEE RN Sem idEMES 2775840 Sem_cnt_regs FIAH N & 77 3% L3R
BHE SR Cnt (. ELFESEM Cnt 1 %, BEEMANKES
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W%CM%,M&ﬁﬁ%%ﬁ%ﬂﬁﬂ%%%ﬁ:ﬁﬁ%%%%ﬁmﬁﬁ%%
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U0 H R 0 Xilink 2 7 & HEH {4 7F & B 5 ISE(Integrated Software
Environment, Z3AEK#EFF1%)5 EDK(Embedded Developments, BARF X LR
#)FIEE P& XUP Viterx PRO-Il. #AJ5%f A VHDL HEWRBHTAR. F&
FITHELA R, FF B ThER 0 ST B AT BASRIGE BTt IRl ATt

51 XUP Viterx-II PRO B4 FEF &

Xilinx A& FPGA BHHKAHE, R AR KM SIEE E R HIE
%, TREEETER, Xilix 25 — i (SR B E FHRUEEHRAE
RMAGRBT R, TIATRER Se (Bt IR . A I E BT A MELRFE
£ Xilinx 2 &4 XUP Virtex-1I Pro BEAFF BEE, HFEaPEET PowerPC
405 WM AL 32, Virtex-1I Pro 251 XC2VP30 FEHFARBE DR 5-1 FR"
% 5-1 Virtex-11 Pro XC2VP30 EEHAME
Table. 5-1 The main technical characteristics of Virtex-1I Pro XC2VP30

i) Slice | 4+#®& | 3 RAM | Power EHF | DCM | Rocket | BKH
¥H (RAMAR | FE pc | E%E% |%E| Vo | AIO

XC2VP30 | 13696 428Kb 2448Kb 2 136 8 8 644

AFFFEBAHE R T RAR A 5-1 Fi, BFFRRE Xilinx 2 8&iHH
XUP Virtex-11 Pro FF R A4 . SIS FFRAR L3R4 T WA 32 AL PowerPC 405 &
pbmse, AT 100MHz RGER 40 75MHz () SATA B4, 1O bank #2487
g4, DCM {247 84, LogicCells Je4T 30816 T, 18ib ) Block RAM 2

BT 1364, HH Block RAM BB K4 2443KB, FTREMEA U0 EH
g 644 A I AETRFFRIVERG T — 8 USB REMOM—# JTAG nE

B

-
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Fig. 5-1 Virtex-II Pro development board
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maEE 1 Xilinx & gu,

ISE MEERaAELITRA. K8, 1R, EHAMTER, WE 5-2
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Table.5-2 ISE design tools table
Bt %E iR &3} TH
HDL X &% # XST Translate
ECS REEHER FPGA Express HDL Bencher MAP BitGen
StateCAD R4 (Synplify | (ModelSim) Placeand | IMPACT
2 LeonardoSpectrum) Route
Core Generator Xpower
Constraint Editor
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Fig. 5-4 Function simulation diagram of hardware task management
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Table.5-3 Resources required of hardware realization in XC2VP30FF896C

Logic Utilization Used Available Utilization
Number of Slices 506 13698 3%
Number of Block 85 558 15%
Number of  Slices Flip Flops 746 27394 3%
Number of 4 input LUTs 423 27394 2%
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