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Abstract

Several approaches to anlayzing real-time schedulability have been presented, but since these used a fixed
priority scheduling scheme and/or traverse all possible state spaces, there take place exponential time and space
complexity of these methods. Therefore it is necessary to reduce the state space and detect schedulability at
earlier time.

This paper proposes and implements an advanced schedulability analysis algorithm to determine that is

satisfied a given deadlines for real-time processes. These use a mnimum execution time of process, periodic,
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deadline, and a synchronization time of processes to detect schedulability at earlier time and dynamic

scheduling scheme to reduce state space using the transiton rules of process algebra. From a result of

implementation, we demonstrated the effective performance to determine schedulability analysis.
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o]c}.
2AE7154 54 (schedulability analysis)o]3t
2A2t B4 2AE AN Fdd o =
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Pou=nil | ¥[8 )2 | P+Q | PP [ sw(P, d) | fw(P, d) | e(P, d)
2 2. CCS-R T2 A~
Fig. 2. Processes of CCS-R
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T nil T2 o™ T3 AAQU-(P+ QN
T4 AAQ=(PQN T5 A =sw(P,di
T6: R >fu(P,d\ Ti: A =e(P,ON
18 3. CCS-RY £g5¢9]
Fig. 3. Termination predicates of CCS-R
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Fig. 4. Transition rule of CCS-R process
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oA 7bg 2FEE 7HE AlAtele] ZRA|29 B
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off XA~ AAIEIFA £ gt

ole} Z& wpyog mEMAY AHAEIFA B
A& F3] Y 1A & AdE F3l §
7188k 22 A28 %S sfetslejof g CCS-
RE ZHE AAZ Z2A29 gdolld 3 A&
53t F713 5EE sdce A 4
223} SPT(Synchronizing Process Table)S -4
e whE-2 (el 13 2] o] dxE|FelA e,
fw, swsh 22 ZaAs AR wAsA) shech

o

rin

(&xaF 1] SPTY 74 dazs

. 22422 33}
n:

p:Ne (4,1 <i<n

d: 7|2

1 for all p, € 1 do

2 a<p2 A Ehst=0;

3 while a # nil do

4 case a do

5 Y st = st + d(v);

6 a : st = st + d(a);

7 if (a, pi, d(a), st)7} SPTol| ixﬂs}

8 then (a, p;, d(a), st)°l] st & %‘-7} h:]—
9 else SPTol (a, pi, d(a), st)& 5-E3t} endif
10 st = 0;

a :st=st+d(a)

—
—_

12 if (a, p, d(a), su7} SPTel &5,

13 then ( a, pi, d@), syl st& F7}ch

14 else SPTol} ( a, pi, d( a), st)E 23} endif;

15 st. =0,

16 v'+¥? ¢ st = st + max(d(y), d(v N;

17 a + ¥ @ st = st + max(d(a), d(Y)),

18 if (a, p, d(a), sz} SPTol| Eai3},

19 then (a, p;, d(a), syl st F7}3ic}

20 else SPTell (a, pi, d( a), st)E 5E¥r} endif;

21 st = 0;

22 a'+a’ : ll‘ @', Py d(a), st)7} SPTe) 51}]5}

22 then (a, pi d(a), st)ell sti+d(a )—- %7}7{}4

23 else SPTo (@', pi, d( a), st+d(@))& 23}

|f

24 |f (a pi, d(a), s)7} SPTe) t—xﬂ%}ﬂl

25 then (2%, pi, d(a), syel] st+d(a’ )— 2713}

26 else SPTell (2%, p, d( @), st+d@NE St}
endif;

27 st = 0;

28 endcase;
29 a < p9 g 524
30 endwhile
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Foizlch & zZRAAUA S 5718 FAE
ol = AL Ay st & 713k 5
9] st@)/st( 2 )& 33 22 E(circular lisy 2 3 Z 3}
of #3ghct.

X

¥ 1. SPTY F+x
Table 1. Structure of SPT

713 B¢
o 712 Az}
st@)/st( @)

57153 | Z2AM 20| TN
d@)/d( a)

ala pi

(&32lF 2] 2A1E87HsA 4
e T2

oJe_i' oAz 3 A7bg Z2 A2 AN
: ni*ﬂ*ﬂ “]’7‘}"]7P— °‘]7 ), <]l #-& M unschable
ﬂ—] Ui, 1 <i<n

P S id Pl, l <is<n,

picl 0 olabe] o] FAE ALY F AAslE xR
5y

missed : vHA kg o7 o, 3kl —‘F"% “‘A

g
§
[=9
o
=
o
—z
He
P
ot
o b
=]
SZ
.L
Nlo
E
A
e
o
e
X

3_4]*3] A% n{ px, o p, ]"1_ <kl<

ipd E7187) Bt ¥ 2E Sab Ha sy

) “é]iu}f:m—l FISAAS AL s mzA Pl 5]
it 7] 8 7}A AZF, st 2 ZEAA pe 7
s A

CTi: Z2AA p«] HAAZE, ot @ ZR2AA pis AAFA Y

DL; : X2A|2 ] wighA|zh d 0 Z 244 pid vigbA 2t

si 0 Z2 A2 pi9 slack(dl - ct)

interval : T2 AX F7|o) H4 FulS

m : SPTY Y44

1fori=1tondo

2 st = ST; ct = CT;; dli = DL; endfor;

3 loop

4 unschable = false;

5 for j=1tomdo

6 a = SPT[j].act_name; p; = SPT[j].proc_name;
7 ifsy=0

8 then if (st.7} SPT[jl& =bx=} st b

9 then ST, = SPT[j]®] A st g

10 st; = max(cti, dl) + ST;; ct; = max(ct;, dl) + CT;
11 A = st; G = DL; + dl;

12 else ST; = SPT[j]¢] o}& st g

13 st = ST;; A; = sty G = di;

14 endif;

15  else A; = st; C; = di; endif;

16 s =dl - ctiy By = ct; - st;;

17 if s; < O then missed = true; missed_p = {pi} Umissed_p;

18  break endif;

19 for k = j*l to m do [*t}& L2AA9 Fr3 »Ezin
H] L ¥/

20 missed = true;

21 il SPT[k].act_name = ‘a then
22 p; = SPT{k] proc_name;
23 if sty =0
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24 then if (st,7} SPTIk]] kx|t st 3h)

25 hen ST = SP’T[k]_J A st gk
26 stj = max(ctj, dlj) + ST},
27 cty = max(ct;, dl)) + CTj;
28 A; = st; Gy = DLy + dl;
29 else ST; = SPTk]Y t}& st z,k
30 st = ST;; A; = st;, C; = dl;
31 endifl’;

32 else A; = st; C; = dIj endif;
33 s; = dlj - ct; By = ct; - st
34 if s; < 0 then missed = true; missed_p
= {p;} Umissed_p;
35 break endif;
36 missed = missed and max(A;, Aj) > min(Ci-B,, C-By);
37 if missed then break endif;
38 endif;
39  endfor;
40  unschable = unschable or missed; /* A T2 A7)
N
41  if unschable then return unschable;
42 endfor;
43 g Al
44 for all pp € N docti =ct - 1, st; = st; - 1 endfor;
45 fori=1tomdod=d, -1 endfor
46  interval = interval - I;
47 until interval = 0;
48 return unschable;
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enum symbol { proc, rcv, snd, comp, start, finish,
exact, seq, alt, nil, lparent, rparent, num,
assign, comma, slash, nosy };

struct proc_term |

enum symbol type; /* T2 TR/ ¥/

char name{4]; /* T3 o) E ¥

int dur, j* SAe] $8 A7+

struct proc_term *term; [* -2 S3}ol] tigF EQIE]Y/

int dl;  /* FaRe] wpRhAIZE ¥

struct proc_term *link; /*thg Fatel] oigl FQlEl¥
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struct a_node |{

P EHS 35 v
char namel[4]; J* E2ko] 6|8 ¥/

int dur; Jx Z2be] 3 A7) ¥/

struct a_node *link;/* Thi FAbol Wk E1E ¥
b

enum symbol type;
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struct d_node {
int dur; /* Z3} AIZE ¥
int slack; [* =W ¥
int dl; /* 9FZEAZE ¥
struct d_node *link; /* t}-&
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struct sch_node |{
int pno; /¥ TEAHA HE ¥
int slack; =
int di; /% PPHAZE B AEY A ke wprhAzE v
int interval, [* ZRA G FI] ¥
struct sch_node *link;
B
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struct sss {

int pno; /* T2AHx WE ¥

int dl; /* wRFAIZE

struct sss *link;
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struct spt_node {

char name[4]; I* F713 F2ke) o) F ¥

enum symbol type; /* 57]3} F2te] £F ¥/

struct sss *s_ndx; /* 573} FAL Sl =
BAlA, 2 ZEAA9 A
A7, AE e
Z=o digh FE ¥

J;
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sonl” | T [P | g | 422
iz s i w
N1 6 6 2 67
N2 15 1 7 33
N3 16 10 2 80
N4 10 7 0 100
N5 10 4 0 100
N6 16 8 2 75
N7 10 5 4 20
N8 10 5 4 20 | Slack<0
N9 6 6 2 67
N10 6 6 2 67
N1l 6 6 3 50
N12 4 4 3 25 | Slack<0
NI3 7 7 6 14 | Slack<0
Al 122 85 41 52
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N1

Pa ::
Pb

N2

Pa ::
Pb =
Pc
Pd =

N3

Pa =
Pb ::
Pc =
Pd =
Pe ::
Pf =

N4

Pa ::
Pb =

N5

Pc ::
Pd ::

N6

Pa ::
Pb :
Pc ::

N7

Pa ::
Pb ::
Pc

N8

Pa ::

e@a', 3);Pa;

e(g'; a2’y 6);Pb;
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e( B vifw(v'a', 13), 15):Pd;
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e(\'a;al ;sw(\'J;

1,1 3, 1
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12), 16);Pa;

14), 16);Pc;

e(vs B ;fw(v:a', 30), 16);Pd;

e(\"‘;a], 8);Pe;

e(a ', 16);Pf;

12), 16);Pb;
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e( d 1;c‘, 8);Pd,;
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Pb = e(v';a'yv%; B', 10);Pb;
Pc ::= e(vz;a];\'z, 10);Pc;
Pd ::= e(\";bl;CS, 10);Pc;

N9
Pa ::= e(a';¥', 3);Pa;
Pb = e( 2 ' ¥ 2!, 6);Pb;

N10
Pa ::= e( 2 ', 3);Pa;
Pb = e(al;al;v4, 6);Pb;

N11
Pa = e( g Y, 3);Pa;
Pb ::= e(al;v3;al, 6);Pb;

N12

Pa = e( a2, 2):Pa;

Pb ::= e(vz;a’, 4);Pb;

Pc = e(fw(a';y', 3), 4);Pc;

N13

Pa :=e(2} B 7);Pa;
Pb ::= e(a';v'ic', 7);Pb;

Pc = e(vib'; ¢!, T)Pc;
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