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1 ]
Y , 410073);
A 410073)
E-mail: guixz@263.net
http://www.nudt.edu.cn
( fly-by-wire ) .
, .TGM(task graph model) ,
. 4 ' .
, TGM 5 .TGM
: TP391 A
( fly-by-wire ) .
“ » [1.2]
. , -The University of Texas at Austin ~ A.K.
Mok University of Illinois at Urbana-Champaign  Jane W.S. Liu .
Mok Modechart®¥  Jane W.S. Liu PERT S(prototyping
environment for real-time systems) [,

, .TGM(task graph
model) @ TGM Mok Jane Gupta Grimshaw
Marlowe , Silberman 69 [10] TGM ,

TGM .
TGM ., :PERTS ObjectTime w12
TGM TGM Modechart Petri ¥
(1) TGM (2 TGM :(3)
.TGM .
TGM 3 : (periodic-task model)!*¥
(complex-job model) (imprecise computation model)!*°!.
* : 2000-07-27; : 2001-03-09
: (60073003); (Z99-04);
(41320070104)
(1961 ), , . , , I, ,
(1943 ), (1938 ),
(1970 ),
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1. TGM .G=(V,E, f), AY, E
V= {z’l,... ,rn}(rzl,neN), T . E:{el,... ,qﬂ} (m>LmeN), EcCV xV , g =<Ti,Tj> , 6 € E,ri,z'j eV k=1,...mi,
j=1...n If :VxV > E
3
4 : .
2. (®,P), @ (oY, @2..),P (
), : P : i
@ P (28],
1 (@,P) m n, n=p*m+q,0<g<m, n p* @™+ @9,
g=0, @%=0.
3. (sporadic) . ’ ,
(a,b)(b>a>0) , , ,
Jane W.S. Liu [5]
2 1 ) )
) 4 )
1
4, ,
: (max_exec_time) (min_exec_time) (aver_exec_time)
(ready_time) (deadline) (period) (phase).
[10].
(max_exec_time=infinite,min_exec_time=0,aver_exec_time=max_exec_time,
ready_time=0,deadline=infiniteperiod=infinite phase=t).
(aver_exec_time) . (ready_time)
, (rel_ready_time)
r, r
, .Period ,
(phase) m , 1 m. (rel_deadline)
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1: :
(period=100ms,phase=10ms,rel_deadline=70ms,max_exec_time=30ms).
10ms , 100ms . ,
30ms, 70ms . , 1 10ms, 80ms;
110ms, 180ms,
2: o1 ,
(period=(1400ms,1600ms),rel_deadline=1000ms).
1400ms~1600ms
1500+100ms
2

(name=discrete_sensor,period=[(1400ms,1600ms)],rel_deadline=1000ms).
, discrete_sensor 1 000ms . ‘7
) . b discrete_sensor
1400ms~1600ms

5. . ,
(name) (weight) (preemptibility) (lax_type) (lax_function)
(num_subtask) (subtasks) (op_interval) (period_part).
[10].
(name=no default,weight=0,preemptibility= Jax_type=BL ,lax_function=
num_subtasks=1,subtasks=all,op_interval= ,period_part=none)
: (name)
, . (weight)
, (critical) "
3 , )
(preemptibility) . ,
1 .Lax_type
Lax_type=BN . , , . BN
, BN .
4:Lax_type=BN (bolt) , (widget) (gadget)

(name=holt,period=1000ms,rel_ready time=500ms,rel_deadline=650ms,
max_exec_time=100ms,lax_type=BN).
bolt , widget gadget . , gadget ,
, . , ,bolt , gadget
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Lax_type=BL , BL .Lax_function

(name=display,period=2000ms,max_exec_time=500ms,aver_exec_time=300ms,
rel_deadline=350ms,lax_type=BL ,lax_function=1-t/550).

,display , . ,

, 0.55s , ,
BL !
BN
Jane . ( ) , ,
(mandatory).
(start,finish,frequency).

Start  finish 1 Jfrequency

0,

6:

(name=tracking,period=1000ms,rel_deadline=1000ms,max_exec_time=infinite,
op_intervals=((2,3/6),(5,3/6),(6,last,0))).

, 1 . 3 o1 tracking 2 ;2 tracking
5 ;3 tracking 6 o1 2
6 3 . 3
6. .
in-type out-type .in-type
.out-type :
in-type in-threshold in-constraints out-type out-threshold
out-constraints
[10]. .
(in-type=and,in-threshold=(and-in =n,or-in =1),in-constraints=none),
(out-type=and,out-threshol d=(and-out =n,or-out  conditional =1),out-constraints=none).
T  in-type and or.
1, intype=and, T T . in-type=and and-in
2, in-type=or, in-type=or or-in .or-in in-threshold,
, and-in in-threshold
or-in T in-threshold=n, 7 n T
In-constraint or-in Jin-constraint , ,
7:GPS or-in ( 1 ). 5 Satellite.1,...,Satellite4  Position
.Satellite.x .Position Satellite.x
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:(hame=Position,in-type=or,in-threshol d=3). Position 3
O3 Position :in-type=or,in-threshol d=3.
T out-type 3 :and,or  conditional.
1, out-type=and, T T , out-type=and and-out
And-out out-threshold ,out-type and.
8: And-out ( 2 ). Seism . , Record
Klaxon ,
Satellite.2
Saelite \\: / Record
; A
03 Position Seism
/ \ Klaxon
1, 2, 3, 4, . , , .
Fig.1 Or-Intasksin GPS navigation systems Fig.2 And-Out tasks in earthquake measurement
1 GPS Or-in 2 And-out
Record Klaxon . A Seism

2, out-type=or, , , ,
or-out .Or-out out-threshold,
Out-threshold e ,
,out-threshold 1.

9: or-out ( 3 ).
(name=radar, period=1000ms,deadline=500ms,out-type=or,out-threshol d=1¢);
(name=pl ot, period=1000ms,phase=30ms,deadline=700ms);
(name=fast-plot,period=1000ms,phase=500ms,deadline=500ms).

Radar , 500ms.Plot ,
,Fast-plot . Radar ,Plot  Fast-plot
, . (@) Radar .
3, out-type=conditional, conditional .Conditional out-threshold
,out-threshold . e,
,out-threshold le.Conditional ,
Out-constraint or-out  conditional ,Out-constraint ,
.In-constraint  out-constraint in-type  out-type
10: conditional ( 4 ).

Plot

Radar O\‘ Detection — |  warning

Fast-Plot

Fig.3 Or-Out tasksin radar tracing Fig.4 Warning tasks of fighter planes

3 or-out 4
Detection :(out-type=conditional ,out-threshold=1). , ,
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Warning ; ,detection

(reged_subtasks).

.out-type=conditional ,out-threshold=1

(type,units,reqed_subtasks).

Reged_subtasks al,
;units al,

(type)

(type=no default,units=1;reqed_subtasks=all).

(units)

11: )
(type=vehicle,units=1;reged_subtask=all);
(type=fuel units=1;reqed_subtask=2);
(type=across_light,units=all;reqed_subtask=7).
5 TGM
TGM
, TGM [10]. ,
TGM ( 5 ).
/ Display
Cortrol A
\ Log
Sensor_a \
Calculate
Sensor_b Red Blue Green
. a, b, . . . . .
Fig.5 TGM model about the process of robert painting
5
TGM
Control , 4 1 ,Control
Sensor_x . 2 ,Control Calculate
) ) 3 Blue,Green Red 3
. ( , 3
). 4 , Display Log
Control

(subtask=2,in-type=and,in-threshol d=2,out-type=and,out-threshol d=1);

(subtask=3,in-type=and.in-threshol d=1e,out-type=conditional ,out-threshold=1);
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(subtask=4,out-type=and).
1 , 4 . )
[27].

TGM
) 4 .TGM

[12]
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Abstract: The advancement of simulation technology promotes the deep research of real-time systems in urgent
need such as nuclear reactor, military field and fly-by-wire systems. According to the simulation approaches, the
description model of real-time systems must be presented. Task graph model is one of the description models. The
real-time task in TGM model is very important. With the use of quantitative simulation method, the task is defined
with four kinds of parameters and subtasks combining a task. By using this method, the real-time systems
application can be described easily, the execution model of TGM can be constructed quickly, and its software can be
researched and implemented quickly. TGM model and tasks design are successfully applied to the real-time
simulation system of three surveillance satellites.

Key words: real-time tasks; temporal parameters; functional parameters; connection parameters; resource requirement
parameters
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