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Formal Verification of Complex Kernel Data Structure Programs

LI Xue-Jian, YU Yun
(School of Computer Science and Technology, Anhui University, Hefei 230601, China)

Abstract: As a fundamental component of a software system, the kernel of an operating system plays a crucial role in
constructing a highly trusted software system. However, in practical verification, there are still many difficulties in
invariant definition of global properties, and formal description and verification of complex data structure programs in the
kernel of an operating system. Given the global properties satisfied by the kernel of an operating system, this study
defines these properties at the code level on a function-by-function basis through global invariants and conducts formal
verification in different functions to prove that each function conforms to.the global properties of the operating system
kernel. To formalize the complex data structure programs frequenﬂy adopted in the kernel of an operating system, the
study proposes a method employing nested shape-graph logic by extending the shape graph theory and provides a
correctness proof for this method. Einally, it verifies the code related to task creation and scheduling, and message queue
creation and operation in the operating S};stem kernel.
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il IRER BER E S M

while NestShape(X, M) do
SplitShape(X.A, X.0);
if AnalyseShape(X.F.f) then
InferShape(X.A);
end

end
return M[A];

(1) SETIRE 55

TEHRETEAR B oy B fE b, 75 220G IR 45 1
HIFREHR 7198 R, IR Fod i 5 & 1 77 SUORAEAEXT
AR B A5 2 BT A SCHI<T, FL L, 8, D>Fn R
TREEE, P T %E%ﬁﬁ%%ﬁ?ﬁﬁ%%ﬂ@%
RIE X, F %%%@ﬁ%*@%ﬁﬁﬁ‘]@ﬁﬁ%ﬁ%é\ L /&
S TR bR m R, S o IR A
TEARIK R 4615 AR &, D RN IREUH 25 K T AR 3 1)
HARTT A,

Hik 2 i S GetShapeDef B8 BRI 4
O TR E X, IF HA HARAFAE 7 T € S TG
HT . N T TR, REAIE A, IR IR
TR O MBI AN PAF 4 v, 45235 R AR #0387 (1) 77
X, —EHEEHAE, BRNBAS Y 5 8HE. Tk
i, 3 PrimaryField pRECH W24 /15 552 BAEAE EH
AR TEARIB, A% 715 RUAAE, W) 43 0 TRON 35 380 &5 44
TR UG T SRS L A H AR SEES S . it
SecondaryField R 0 BT 14 11 715 5502 75 47 76 EUHE 25
FTEARIB, 252709 AR AE, WD CEUHRE 25 46 T RS A5
BHATORAE, 0 ARG T AR S S LA HARTT A
8 D . ZIE A BNEARE 2T T I L.
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#3k 2. SplitShape

A TEREEER A, TBRTT A O
A.T < GetShapeDef(O);
Q «—CreateQueue();
Enqueue(Q, O);
while isEmpty(Q) == False do
cur < Dequeue(Q);
if PrimaryField<cur> == true then
Insert(A.F, node of primary point-in field);
Insert(A.L, node of primary point-out fileld);
end
else if SecondaryField<cur> == true then
Insert(A.S, node of secondary point-in fileld);
Insert(A.D, node of secondary point-out field);
end
end
return M[A];

BERE S5 2 o A TAR P NSRS ) L, 7T LA
FAFE] 0 2274 BS il (1 R4S M 2, 11 10 R TBIR 7
Yi oy B9 MR A R I 1 R, 11 RTR R
438 5 VK R0 L7 R, e, s B ¢ A
BT AR P o 1 LA TG . FE TR UE SRR, SRR T
AR T fl LG 80505 5 2, D 2 08 4 0 L
0 £ 0 2 5 AT N S B 1 045, 0 7 2
% SRR A 5 T,

S t
' -I:I- 1 next next next next '-I_\I- :
Lo_ prev prev L—I"prev prev -
next
next

B9 70 i) i 4 # n T S

L]
¥

s " B
- next 1 next —— next
.

'
L_-.t prev pr prev prev (R

10 2 EJE I EHARLE

_______

t next next ! i
( F— > — N !
! I

11 5 B IR 454

(2) BRETEARE 7 Hr

AR A 4 B TIR i 1t 29 A, an SR 22 0 T
R, 5 AHE S5 M AN & LA, 55t mT LA
TEH N TRIR. % 3 K% HeadNode, TailNode,

NormalNode 73552 JIWr 2 k% i, RFETT m, HoAt
LRI BERT H B . 435 R HIG 34 3 A 1) T 0% 3 2l
SERYTE FEAT AR, IF BRI I 5 AT M
LA A5 Y R K TsEnd SR A W pR B2 75 250, BEXF AN IR
ISEATEAR, AEEAT AR BHIWTRRAE. b 5 7 B R B
BNV EESR, T BT E ) JE FE BT AT 48 17 ) 2 NULL;
O T BN A P R A T A IR A L B
REGENEIA AR, 5 B H W e B RTHR 45 [ R0

=
.

T
\

1% 3. AnalyseShape

0 AR R B o5
1, S 2 R LR R b

1
if iSEmpty(Q) == False do

return False;

end
Q <« QueueCreate();
EnqueueNextNode(Q, cur);
cur < R;
while IsEnd(cur, f, Q) == False do
cur < Dequeue(Q);
if NormalNode(cur) == False then
return False;
end
EnqueueNextNode(Q, cur);
end
if TailNode(cur, f) == False do
return False; \
end \

return True; 4 i

(3) WA TR A2
HRBTEAR S HTI BRI T TR e
HEAE I BETAR 5 SR, BT B i it —
S5 BT ORI 5 F AR TR RO R . S5 T 80
5 55 AR 45 0 R T2 SR80, MR ¢
EIRE N BB (L7 2), B BIRGHE.
K2 MERARE N E N

FERSE SR BRI

THAR G (BRAETEIR)+ R 254 (FRETR)
FRAETEAR  FEEH 8 1 O — R S5 M 38 i 3 s 4514
HIN 1 5

EBRAA (BRI AR IR 258 (hRIE AR/ T 42
ZHA)

R 16—/ OB R 1 2 R 25
AT

IR

TR (AT PO+ B 454 (bR AR/ AT
(SETe 512N %9/ 2N
TREF IR 1) AEAE— N RAEN D s B R B m 451
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Bk 4 v S F B4 AnalyseShape ) 5E FERAE
SN ORI PR = O 25 A IR T AR E S, 2 e TR E X
A AR, W TG 7 4% 2241 b F o 8 454 1 IR
5E S5 #5 FIE EHAE S5 T AR E SR A R A= 4
AR, 75 I8 T B8 # SecondaryStructure $HUHE R H IR
ghte, 3 H InferShape 15 2 X £ 245 4 IR €
X RS, GE i AR A R R R S5 R TR AR E
X, R B HR S T AR B A R TT A4S B iR B AR
KT E XL

H1% 4. InferShape

WA RREE A FIRIRE XM
v HE AR AR E L

K « AnalyseShape(A);
M[A] < K;
if K ==INACCURACY do
return M[A]; & 1
end .
for n in SecondaryStructure(A) do 4
if K==STANDARD && SK==ACCURACY then
M[A] < ACCURACY;
K «— ACCURACY;
end
if SK == INACCURACY || (K==ACCURACY &&
SK == ACCURACY && HasSecondaryPointInField
(the node which points to n) == False) && SK==ACCURACY
M[A] < INACCURACY;
break;
end
end
return M[A];

4.2 HXERSIRERYIE#14IERR

BEXHR B TR B B 7 iR R IR 1, AR R,

FEARATRE P 18, 20 28 )5 TR 1 75 B 48 AR £ 2
[i] E‘J?%%%‘BY&E%%%%%E%DQ%WH‘JE&E%%@1%%
— 8, W4, ZIIE ST A TR . B0 B A 4 T %
HEBRTHHE, S T 7 EIE B, RS0 SE T AT I
AR GAA, SR 5 TE AL B A ME S b A7 5 e
RIS e, BT A B SR BT &R, Ja & R RN, T8
2, BRI EHL a8 Hl GOR S mAR 2 55 3l i e A 8 ik
17 B I. A SR BE I AR 73 1 BRPIRZSAE s, 0 R TR
EIAG:
s4 : DecVar — AbsValue U {N, D}
{ s¢: AbsValue x FieldVar — AbsValue U {N, D}

o, sq2a P IR IO E, DecVar 97 Bl i

260 W7t JF & Research and Development

%74, AbsValue NHEH I G HuhE4E | FieldVar Ak
TREF AR, sptn HIFR BBV Il 3] 1) 25 HE P 1048
A 1B, N, D 2373 o o0f BE 4R £ ) 4E 9 NULL Fl&
TIREE.

BExf_EIRPA BR B, AR E I % 54, 55, DecVar,
AbsValue, FieldVar, {N, D} 18 SCHATfERE. ©A1% A
REFEE, A UITRE R R A, AR 3 RAE, 75 W45
bR A Ak, HESUh R AR, R4 44 4R, LA NULL
FIE IR, <\

IR G (R AR B i e e 4544 45 O dis
S AR SOH B R R A s, A IR
GiNG>, A6 R il 45 M AR B, Go o U e 45
FTEAR B, JF35 50 s 05 570 18 Bt S5/ A ELE
SERPIIRy, FHRLPTF 240N 4 AR BAH A
s’dp : DecPrimary — AbsValue U {N, D}
s/, - DecSecondary — AbsValue U{N, D}

s}p : AbsValue X PrimaryFieldVar — AbsValue U {N, D}
s’f : AbsValue x SecondaryFieldVar — AbsValue U {N, D}

ExF Bk 4 AR, RS BIA DecPrimary,

p Sfs
SecondaryFieldVar [ & SUHATERE. EA1% BAARSE
F B S5 A P W AR B 44 TR, W\i@?ﬁ%*@?ﬁ%i’%ﬁ%
AR, B S8 7 R T A Sl W 4 7
BEF IR Hth G, FE0HE 25 TR BT 4 S8, B &5

Wb s A, B 2 M A 44 7 8, VKR
SR 2 R

E X1 RESHE Ts, 8B Ts, TR E
G = G| AGy, TIRUETNIH 3 SRR AT

) @i&s;pgsd, 8! Cs4, s’fpgsf, s}sgsf.

2) I%l%ls:ip, Sds s;',sfé)‘(iﬁzi\’%/%s:ipgsd, s Csd, HXt
{EREHIX € sap, X' € 545

iy, (1) = v, Wisa(x) = vitis () = w, Wsa(x') = w.

%s&p(x) =Dils/, (x') =D, Msy(x) = DEsq(x') = D.

sy, () = N3s) () = N, Ws4(x) = N8lsg(x') = D.

3) I%liﬂls}p, St S}S%Xiﬁﬂ\%%?\js}pgsﬂ S’ C8fs H
LRIy € sppy ¥ € 574

%s}p(y) =V, Msp(y) =v; [FEE, %s}s(y’) =w, M
s =w'.

#is',(v) = DEs, (v') = D, Wsy(y) = Ds;(v) = D.

., . )
DecSecondary, Sap> Sas » S PrimaryFieldVar,
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#is (0 = N3s, () = N, Ws () = N&ls (') = N.

EX 2 RESHBETIRES, iIcfEsC s, B TR
KIG|I AGy = G, TARIE N 3 MR AHHRAL.

€)) @iﬁsdgs;pus;ﬁ sfgs}pus}s.

(2) BRHLs) s sa, sy, 08 SRR R N saCs)y, Usyy . HAS
FREHIx € sq.

Fsa(x)=v, }“\Us;p(x) = vEls), (x) =v.

Fisq(x) =D, )rlle;lp(x) =DHls/, (x) =D.

#isq(x) =N, Jrlﬂs;p(x) =Nus/, (x) =N.

(3) BRHLS ), 57, 8, SRR RNy s pCs'y usy, H
FEERy e sy

Fsp() =w, Ws, () = wills s () = w.

#is(v) =D, M), (v) = DBLs, () = D.

#isp() =N, s, () = Nelis’ () =N.

A THRPNEE X5, FATHEENG © G AG,.

ERIEHG = GiAGE

TE?Eﬁﬂﬁﬁj\%Jﬁﬁ, PR R A S R A BRI
WA RIRW R R, MR H R TG B, X
HHI<T, F, L, S, D>Tuc A 3&0R, Hh LRI JC R A A
7] 1R B S, 43 ) A B2 2% B 45 4 R T IR 260 e X, 3=
AR ARG RS, EEIR AN H AR A
G, IR S KR AR5 AR S, CEE 454 10 H bR
RS XETRAR EUE BRI RS s AL’ ERIIBE R
BLFE: 75 B AT, RS s 10 3 55000 45 A AR s &5
R AR B IR EEFURES s BT A & 2 TR A
SR RME RAS s b1 32 B0 45 46 AU 25 K 1

R I I RARAE s L AR T8 1R R Z TR

K Z A TA]. M AT DAAS B pR 2 b & N E S Z F R &
W -

¥
N

DecPrimary € DecVar
DecSecondary € DecVar
PrimaryFieldVar C FieldVar
SecondaryFieldVar C FieldVar

R E S 1 I (1), (2), 3), 73 2s" T s, ATEA

G =G AGy.

RIGUEWIGI NGy = G.

[EEETIES S

DecVar € DecPrimary U DecSecondary

{ FieldVar C PrimaryFieldVar U SecondaryField Var

R SE X2 R (1), (2), 3), BFlsC s (CF
NEET), TLAGIAGy, = G.
2 158G o G| AGs.

5 SKEGsE R
51 HFHEFEMERAWIUE

uCOS-II 75 J7 ! R G E R, N i P i E
SRS I, FE X B T HE AR B PR o, e X
S T FH I IR 52 SCH0 TR FH I8 5 ) 3lai A R, 7
B C i 3 PR R [ fr B, A1 IR 2 OS Task-
Create Jy/1il, S LA A1 M2 08 B0 SR R 36T

PRI OSTaskCreate(task, p_arg, OS_STK, ptos,
prio)“atlﬂﬁ%/l\%ﬁiﬂl, TN SR R I A
N4,

(1) task AZFHEF AL, 48 M R AF 55D,

(2) p_arg sEFEEFFEAY, T n] {72 W] A B A0 [X I,
MRS 1 IRIBATH, S AR S HE R

(3) ptos RFREFRAY, 5 M) B AT S AR AR TN

(4) prio RFEFH LT IS

TEIIE P A2, AT TR Z oA sk B S B i,
I S B AT E R AT R IR, X BLAT E R
HBAEAE (requires ) WA RIEA) . [F] 2, f5 B 2%+
NEJBUAE (ensures-++) MFHICTE A) A X L1 W 5 4t 8 WL
*3. 5

3¢ 3y OSTaskCreate HiJ5 B %1+

Gig &L ) R 7 5 ik

Wi ® requires 0 < OSTaskCtr < OS MAX TASKS+O0S N_
" %1% SYS_TASKS;

ensures \result > 0 && OSScheduleCount > \old(OS-
=}

2 P ScheduleCount) /{25 BB Th, W HEAT A 4510 &
T &&\vresult == 0; //E 5B KIL

1.

TESERE T R e AT G B AW S R 2 5, &
AL 5 AL RR B 22 4 C RIS VERE Hh 38 InAH . i) 4 R 1
5. WITE_F3iR OSTaskCreate B8 %0 F b, 36 & 4 R 1k
Jii 1, 2,3, 5. BN A an 5% S BR.

3% 5. OSTaskCreate 115

/*@requires 0 < OSTaskCtr < OS_MAX TASKS +OS_N SYS_
TASKS;
/*@ensures \result > 0 &&

OSScheduleCount > \old(OSScheduleCount)&& \result == 0;
/*@strong global invariant only_one:
Jint i€0..0S_LOWEST_PRIO
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(V int j€0..i—=1.OSTCBPrioTbl[;] = null
v OSTCBPrioTbl[j] = OS_TCB_RESERVED Vv (OSTCBPrioTbl[/]#null
A OSTCBPrioTbl[j] # OS_TCB_RESERVED
A OSTCBPrioTbl[j]-OSTCBRunStat = 0))
A (OSTCBPrioTbl[i]#null A OSTCBPrioTbl[i]# OS_TCB_RESERVED
A OSTCBPrioTbl[/]-OSTCBRunStat = 1)
A (Vint jei+1..0S_LOWEST_PRIO.OSTCBPrioTbl[;] = null
v OSTCBPrioTbl[j] = OS_TCB_RESERVEDV (OSTCBPrioTbl[j]#null
A OSTCBPrioTbl[j] # OS_TCB_RESERVED
A OSTCBPrioTbl[j]->OSTCBRunStat = 0));
/*@strong global invariant OSRdyTbl_OSRdyGrp_Consistency:
v int je[0..63].0SRdyTbl[; >> 3u] == 0
—=(OSRdyGrp & OSMapTbl[>>3u]) = 0;*/
INT8U OSTaskCreate(void (*task)(void *p_arg),
void *p_arg, OS_STK *ptos, INT8U prio)
{ OS_ENTER_CRITICAL();
if (OSIntNesting > Ou) {OS_EXIT CRITICAL();
return (OS_ERR _TASK CREATE_ISR);}
/*@strong global invariant prio_range: >
¥ int ieO‘.OSiLOWESTiPRI0.0STCBPriothl[i}qﬁnull A OSTCBPrio-
Tbl[i]+OS_TCB_RESERVED §
=OSTCBPrioTbl[i/]>OSTCBPrio _ i
/*@strong global invariant correspondence:
V¥ int ic0..0S_LOWEST PRIO.((OSRdyTbl[i >> 3u]
&(1 << (i&0x07u))) > 0A(OSRdAyGrp & (1 << (i >> 3u))) > 0)
= (OSTCBPrioTbl[i]#null
A OSTCBPrioTbl[i]#OS_TCB_RESERVED
A OSTCBPrioTbl[i/]-OSTCBStat=0S_STAT_RDY);*/
if (OSTCBPrioTbl[prio] == (OS_TCB *)0)
OSTCBPrioTbl[prio] = OS_TCB_RESERVED;
OS_EXIT_CRITICALY();
psp = OSTaskStkInit(task, p_arg, ptos, Ou);
err = OS_TCBInit(prio, psp, (OS_STK *)0, Ou, Ou, (void *)0, Ou)
if (err == OS_ERR_NONE)
{if (OSRunning == OS_TRUE) { OS_Sched();}
} else { OS_ENTER_CRITICALY();
OSTCBPrioTbl[prio] = (OS_TCB *)0;
OS_EXIT CRITICAL(); }return (err);}

B,%TLﬁfi%ﬁd@l&%{,ﬁ%@%&u&ﬁmé}%
PR AT B T AR M1 4 FroR, SC AP 32 3R DL B0
BLEFEATIRAE.

5.2 R¥PEFRILHIEEGIIIE

TEREAT W A% B 2% 3000 25 KR i B Uk 2 iT, FRATT 75
B X nCOS- 11 #AE R 48 A% A (1355 7 Eiis 45 e ik AT
TEAMUL . PATIE R, ML T{E% 2 )5, OS_TCB
W, ERERFNZH, OS_TCB AR #H %
HIAEFH, BT SRAEGE AT 55 A R S 40 45 F TCB
XU B R ORI S $6%F, 230 TCB RIS 4LI84r, b
W 38 73 5 BARISAIE 23 B 7 TG 5% ARG, R ) 45 44 1k
LI 12.

262 i H K& Research and Development

K4 RHUhERERGER TR

B0 E R LiEESk W7 A W7 S 1T
OSTaskCreate, OSTaskDel,
PR OSTaskSuspend, OSTaskResume, 127 233
OSSched

2 OSTaskCreate, OSTaskDel, 103 197
OSTaskSuspend, OSTaskResume

PR3 OSTaskCreate, OSTaskDel, %9 176
OSTaskSuspend, OSTaskResume

)74 OSTaskDel 20 43

VRS OSTaskCreate, OSTaskDel, 95 185
OSTaskSuspend, OSTaskResume

P56 OSSched 25 49

0SQCreate, 0SQPost, 0SQPostFront,
PEIR7  OSQPestOpt, 0SQPend, OSQAccept, 101 189
\ . 0SQPendAbort
0SQCreate, OSQPost, OSQPostFront,
TE8  OSQPostOpt, OSQPend, OSQAccept, 108 204
OSQPendAbort
Bt 12 668 1276
typedef struct OSTCB{

struct OSTCB *OSTCBNext; /45 i) J& — M5 Hl Bt Fa &1

struct OSTCB *OSTCBPrev; /45 7§l —AMT &4 R i Fa 41

struct OSTCB *OSTCBFreeList; /3 [ 24 i} 4% PRAT- 45 4% il B )
B ekt

INT8U OSTCBPrio; IMES IS 53

} OS_TCB;

& 12 TCB 25tk
LB

RYiE T R 5L @STnit() 5 D L pCOS-11
RGUAT T IO, e 2 @ S K4 OSTCBTDI],
SSANEZEL HLIK 7T 2 AR BT T U OS_TCB, 3% L ff)
OS: TCB &xidbArsz, WM 78R (LE 13). Fil
W IRBE R dr 22 AT 55 Pt He s iR R

[FJ BN, FEAT 5% TR 5 Ik P v, 6 2 [ ) T 45
i) B e R 2 AT &5 45 B 3%, O AR 42 8 — 4
TE A AT 5541 55 2 2 OSTCBPrioTbI[] & i AH X} 3
R HAE S5 TCB, 4N 14 fias.

AT — AN S8 F 1 43 AT kB TR B 58 IE Ty
%, SN G RIS AN IR 6 BN, B R E TR
K LA 15, Horr, OSTCBLst 5 ] 3= 4 45 ¥ i1 X0 ) ik
&, RFE WAL T 55 P il B % 16 3k Fq £, OSTCB-
Prev A& B T5%F, OSTCBNext fA£ % J5%F; OSTCB-
FreeList i [7] CHUE 45 M WU A 8538, 1RFH W I
S5y s N BE R M Sk Fa %l A5 484 FH OSTCBPrev
A OSTCBNext #E4T# 7w.
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OSTCBFreeList []

OSTCBTbI[]| TCB | TCB TCB NULL

A A _ AL A_A_£A_A_ A _ L A4

OSTCBNext OSTCBNext

K13 AR5 EHI e N

INULL| \ \
OSTCBPrev

OSTCBFreeList []
OSTCBPrev

OSTCBTbI []| TCB | TCB TCB INULL

OSTCBNext

INULL|

*OSTCBPrioTbl []| 0 1 2 7 16 23 37 52 61 62 63
22 Dy =y ‘\-‘
14 AT i P R FIAT 55 1 il e 25 (N B 3R \ B
4 o .
r— ‘
\ *
I N (N y L
! :
. ptcb 4 .
OSTCBList OSTCBPrev|+ OSTCBFreeList
[———== | OSTCBNext OSTCBNext ¥, OSTCBNext f=———- |
| I > > > OSTCBNext | |
- N osteer 8 - X « |
L] T OSTCBPrev OSTCBPrev L OSTCBPrev L1
N W
; OSTCBPrev OSTCBNext
» OgTCBFreeNext v
s 3
L
OSTCBNext

T
N
|

K15 mERIRERS]

MR 7 5 0, 76 BRI E I AR b, X B R R 45
T4 PRI B 2% A1 3R 7 4 155 N B3k 1) pteb A7 T~ X 1r) B 2
OSTCBList H, H3k77 % (] OSTCBPrev 4%, OSTCB-
List 48 A (55 5 BRI BR ) pteb — XU BE R R EL,

LA ) B R A TE N n, FFIREI KA n RTEET 1,
WA ER I e — AT i — NS Ja BT
Filik i A M B DI, L OSTCBList fi [ 5 s
S A OO ) BE R, ORI BE R A AN n—-1 HLFR
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JResE R KRR 2, ©SMERTT S H OSTCBNext,
OSTCBPrev $h %, ME XU m) 3R 55 Ji7 — A1 s Al
TRATSS; MR RS, A (0 BE 25 1 IR AR

YRR 5 R T T B 2% A e SO N IR LR T I
OSTCBNext J7%, Iy 25 (R BE R X 55 3R, KN
0, FEAEH H 2 SCHE AR 0 S BB A A i
Ji B SRR R AN ST I, B R A R 1,
T A A N T RUPR R B ) B R I Sk R SR S Sk
SR EER I EE 2 N1 R At N RN, TR A 3
P SR R E.

TEN A SEAH KW 5 /A 2 5, N1 5 240 Ui B
B TR EZ 48 0 E 7 VR 0 TAE AL, TR R SR
B, R R G b TR B OB S5 4 23 15, JFATAH B

(95 AR ST B S b, v, 3 M0 4 gl AR

-

Sl BURTLAE F, L 454 oh, UOHOR S5 K AR 443 B 1A
BILZE'S, D 454, 4B 5 B M 45 M LI 16, YK
SRR ULIED 17 ZETRR P2 BTN B, PR R 0 S
77 3R B £ M T AT R 35 e e 5
KGR, 759K R St i, R AR
OB 5 1 FE, 15 H MO 45 0 1 TR 52 SR bR HE
IR ZETLIR R 5 B B, 6 — 45 40 B RO S5 K TR
S SUMARHETAR, 3 ELIGAF 148 1 92725 — A YK
4 16 A 4 0\ TV AL ST 4073
7, FRATT A5 15 1 3 MU 25 M A OB £ 4 T T 4R 5
SURIIE S f5 0, BEARAR A TR P o B8 3
R P 1 AR SCNRIE S2 TR, 75 4 B Tk 5
S RTG53 500 = B0 2 b R KO0 2 52
A\ S e

»
4
(OSTCBList pteb
: OSTCBNext OSTCBNext.

r—=—=—-- I OSTCBNext P — |
! L < OSTCBNext |
P N Sstomp < < < |
L1 rev OSTCBPrev OSTCBPrev OSTCBPrev L1
Bl 16 FHERL MR
OSTCBFreeList OSTCBNext [————-— |
> > OSTCBNext | |
- < e | N |
|r -:‘ OSTCBPrev | B _I\';
PN
| | OSTCBPrev
—_d e

17 R | )
A

W R TR 40 A 28 FROAT: 55 M Bk R 5006 E AP R,

i bR B b B A B SRR I W AR AR 5 s

RS RER R R AR PR T A

LN Ed CLAGIE ) 55 % CHUD Wi AN W s AT 3L
E il OSTaskCreate 70 123 240
OSTaskDel,
E5IE OSTaskSuspend, 195 407 879
OSTaskResume
MEpSY N IEeIE:S 0SQCreate 50 106 198
HIEBAFIHEEAME  OSQPend, OSQPost 65 139 357
Mt 7 380 775 1674
6 gk

HBAE RGN AZ BRI AUE — B 22 AR SR Tl
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FALFRE M AL, WEFN SO B A JR AN A2 Ui e
S, B2 HE S MR Fr i) 2 A 0 T T B AR 36 E fr)
RIRIE, TR B2 il W AR A K.

ARSCRT XX ] L, — D5 T, G R R S
LARR BN B AT T AL IE, 7 B4R U A R Gt
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3 6. OSTaskDel RS

typedef struct OSTCB{
struct OSTCB *OSTCBNext;
struct OSTCB *OSTCBPrev;
struct OSTCB *OSTCBFreeList;
} OS_TCB;
/*@shape OSTCBNext, OSTCBPrev: dlist, primary

shape OSTCBNext, OSTCBPrev: dlist, secondary*/
/*@requires OSTCBList—OSTCBPrev == \null
A \dlist_seg(OSTCBList,ptcb) A \almost_dlist(ptcb)
A \length(OSTCBLIst,OSTCBNext) ==n A n = 1
A OSTCBList—(OSTCBNext: n—1)—>OSTCBPrio == OS_TASK _
IDLE_PRIO A oldptcb == ptcb;
ensures \result == OS_ERR_NONE A \dlist(OSTCBList)
A \length(OSTCBList, OSTCBNext) == n—1 && n = 2 Aoldptcb—
OSTCBNext == \null A oldptcb—=OSTCBPrevi== \null A OSTCBList—
(OSTCBNext: n—2)—OSTCBPrio =OS:TASK_IDLE_PRIO
v \result == OS_ERR_TASK DEL IDLE
A OSTCBList—OSTCBPrev == \null A \dlist_seg(OSTCBList, oldptcb)
A\almost_dlist(oldptcb)A\length(OSTCBList, OSTCBNext)=n A n = 1
A OSTCBLIist—(OSTCBNext: n—1)—OSTCBPrio=0S_TASK_IDLE PRIO;
*/if (ptcb—OSTCBPrev == (OS_TCB *)0) {
ptcb—OSTCBNext—OSTCBPrev = (OS_TCB *)0;
OSTCBList = ptcb—OSTCBNext; }

else {ptcb—OSTCBPrev—OSTCBNext = ptcb—OSTCBNext;

ptcb—OSTCBNext—OSTCBPrev = ptcb—OSTCBPrev; }

/*@requires ptcb—OSTCBNext == \nullA\dlist(OSTCBFreeList)
A \length(OSTCBFreeList, OSTCBNext) == n A n = 0 A oldptcb = ptcb
A 0ldOSTCBFreeList == OSTCBFreeList;
ensures \dlist(OSTCBFreeList) A \length(OSTCBFreeList, OSTCB-
Next) == n+1 A oldptcb == OSTCBFreeList
A oldOSTCBFreeList == OSTCBFreeList—(OSTCBNext:1)
A\result == OS_ERR _NONE v 0ldOSTCBFreeList == \null
A \list(OSTCBFreeList) A \length(OSTCBFreeList, OSTCBNext) ==
A oldptcb == OSTCBFreeList A \result == OS ERR_ NONE*/
ptcb—OSTCBNext = OSTCBFreeL@st; B
OSTCBFreeList = ptcb; . &
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