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A CLASS OF HIERARCHICAL PAGING ALGORITHMS

Ya.A. KOGAN
Institute of Control Sciences

Moscow, USSR

A paged virtual memory has become a common feature of large modern operating
systems. The costs associated with paging have led to a great deal of re-
search on the paging algorithms. Almost all paging algorithms discussed in
the literature and implemented in computer systems are local, since they
retain in 'main memory only those pages that were used recently in some sense.
FIFO, LRU and Working Set are well known examples of such paging algorithms,
which differ by the definitions of the set of most recently used pages.

With local paging algorithms the rerely requested pages may replace those

of real working set of a program. In this paper we define a class X of
hierarchical paging algorithms a member of wich with properly selected para-

meters will be free of this disadvantage.

For paging algorithms of the class % the contents and ordering of the pages
in main memory may be regarded as the state of the device.

Let Bt = (il, iz, s 1m ) represent the memory state at time ¢t .

To define a paging algorithmt we should indicate how Bt is transformed

into Bt+1.'

h
Let Bt= UM where h 1is a parameter of the classX, the intersection
k=1

Manj'-'Q for al k #j and

M = (ill’i12 cees ilml) » M, = (121,i22, cony iZﬁz)’ el 1y

) h
Mh = (ihl’ihZ’ o0ty ihmh) s i, .Z m, =m.

i=1

It should be noted that some of Mi may be empty. Now we introduce the

following parameters:
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It should be noted that some of Mi may be empty. Now we introduce the

following parameters:

M. is the maximal size of the set of the set MT’ fcee M )<

= H

T
T2 0000y N

T is the time that a page nay retain in MT, T%1, ey Dy, without
referencing to it. The time TT is measured, as usual in seconds of
process (virtual) time. We suppose that T, Z_Tzz e z_Th.

t, is the time since the last reference to tha page iTm E MT,

7=1,..., h. We shall use also some additional parameEers the essence

of which will be clear from the following definition.

Definition. Let X be the page that is referenced at time t+l,

t+l
For a paging algorithm A€X, the transformation rules Bt > Bt+1 are

defined by the following steps.

Step 1. Remove from MT those pages that are not referenced within the

interval [t+1—TT s t®13 Faedon ooy T i

) The ordered set of pages which is

Step 2. Denote by M’ = (lTl’ o iTmé
left in M e Lyeaesh 'y @fter Stepril.

T»
Let
’ = (M”M, ’
T e T
1 s
Step 3. The memory state Bt+1 differs from Bt+1

. . . \ . .
ii) only by MT’lf?fh’ if 76t+1€ MT DT where DT is a fixed subset
of MT,zfpih, and D1=¢ 5
iii) only by MT-I and MT if 7Lt+1€ DT where D, defined in ii)

and 2 <T1< h.

Step 4. Definition of Bt+1
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0 <(1T_<1 and liy"r—q'"r’ =1, ..., h, Dbe additional parameters

of the paging algorithms A€X .

In case

where

([P
Mh

i) B o= (M, ooy M, M)

: : . ’
at+1’ Ligeee s 1h“‘1:,) if th_f ahTh and m} <uh,

@+l Th1tce o 1m},1_1) £ th >01hTh or my = U.

In case ii)

~

. ’ s ' ’ s
By = Y, s ML o, M, HH, L., )
where for 'x‘t+1 =
M)
" s T
M1—1

i i P | i s 1
s o 5 o > “1s-1’ “Ts+l’ ’ Tm"r)

i if & < <m?
L S 1

In case iii)

B = (Ml e Tl M" M¥, M’ ssey Mﬁ)

t+l =2’ 1-1° T+1°
where for 'X,t+1 ek
. " . . . }
- (1rs’ Le=11? 0 Yelme ). 1 t‘r -1—< Ol'r--lT'r-l and mr-1<“1'--‘1
M1_1 = ™1
ry B . . . ’ = )
(lrs’ Lr-112 0 Y- ) if tr -1>QT-1 TT—l oF B s ™ e

and

\1"=

™1

h(lrl’ $568 Loy Loguy® cau lrm_;) 1f tr—lia'r-l T‘l’-l
’ ’
it Br-1 < Mea
L(IT—lm’ : 1'rl’ S 11.'8-1 ? 11‘8+1’ S l'l’m’)
T=1 T
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ik tr-l > a‘l’"lTT-l

’ =
orm:_, =}

Thus in a general case a paging algorithm k€ X depends on the following
parameters; h , 5h numbers Uos TT’ t't’ (x_r and l_r and h-1 of the
subset D_l_.

The class Y of hierarchical paging algorithms contains a number of

algorithms of practical and theoretical interest.

With T,=T,=...T, =0 and D =M ,2< T<h, we have the class H
12 h T T2 — =

introduced in [11. There known paging algorithms, FIFO, LRU and CLIMB,
are extremal members of H which are obtained for h=1, R,hsuh; h=1, lh-l
and ul-...-uun=1 respectively. With h=1 . and U= we have a Modified
Working Set paging algorithm [2] which transforms for ah-l in a Working
Set paging algorithm.

The class A, extends considerably the control possibilities as compared
with the class H . To demonstrate the advantages of the classx’) let us
consider a simplest Markov model of program behaviour. For this model

2 Pj (1-qi) J#i

LA LI | (1)

q;+(1-q)p;  j=i

where 1i,j=1,2 ,..., n 5 0<q; < i Py 2 0 and
n
T. P = La

i=1 !

Denote by Fm(A) the long-run page fault rate for the paging algorithm
A and main mémory size m . Using the correspondence between the Markov
model (1) and the independent model pbtainde form (1) if ql-...qnﬂo, we
can prove that for a simplest Markov model of program behavior

n
F_(LRU) = F; (LRU) / igl PV (2)
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where Fz (A) denotes the long-run page fault rate for the independent

model and ui=(1—qi).1 is the so called page duration.

Furthermore if Uy=eee= =V, then for any A€H

b (o]
¥ (A) = Fm(A) /s

h
Let I Hy =m and consider the Markov model (1) with the parameters
1
Py=«++=Pp=Ps Py g = O pm+2—...-pn=0, 9 ...=qm=0 and Qey = 9 -
Suppose that o =+ 0. and q > 1. Then it is easy to show that for any
A€H

>
F (A) > F_(LRU).
For example, with m=2 we have

lim F (CLIMB) / F (LRU) = 7/5; lim F (FIFO) / F(LRU) = 6/5.
a0,q91 ™ " 0*0,q>1 "’ s

Now let us consider the paging algorithm A€X defined by the following

=i

parameters: h=2, T=T2- o u1=m-2 u2=2, D2

1 Then it is easy to

22°
show that

= n
sup (F (A) / (a/ I pu, )]
P»G,q gl

is independent of m, while from [1] and (2) we have

n
sup CF (LRU) / (a / . pvp3=1+ 1 1/i
P>0,9q i=1

which is increasing logarithmically as m =+ o

Distribution-free results on algorithms of the class X, may be obtained

by the technique developed by the author in [11].

On the case of an independent model of program behavior explicit expression
of Fm(A) may be obtained for a number of paging algorithms A€ ‘K ,

For example, if T =T2- o, ul-llﬂc . uz-lz-m-c » D2-121, then

1



n
Fm(A) = Zpi v b p b) P; . Foapt oo pt sl /D

where summation extends over all parmutations of m distinct integers

selected from (1,2,..., n).
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Lapozdsi algoritmusok egy hierarchikus osztdlya

Kogan J. A'.

A’ dolgozat a lapozdsi aleoritmusoknak egy olyan
tdg osztdlydt vizsgdlja, mely tartalmazza a leg-
+ 8bB iamert tipikus: stratégiit.

PE3KOME

06 OmHOM KJjacce aJropudMOB BUDTYAJIbHOW NaMATH

A1.A. KoraH

3 paboTe paccMaTpHBaEeTCA MUPOKHH KJIACC aJrOPUPMOB, BKJIOUALMUA
6ONBIMUHCTBO W3BECTHHEIX THUIIMUHBIX CTpaATEeruH.
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Modeling and Simulation of Computer
Systems with Simulation Nets

by
Franz Schumacher

Gesellschaft fiir Kernforschung mbH, Karlsruhe
D-7500 Karlsruhe, Postfach 3640, FRG

e Introduction

The growing complexity of modern computer systems has made perform-
ance evaluation results more and more difficult to obtain. One pop-
ular approach that has been used for evaluating proposed computer
systems is discrete event simulation.

An efficient and generally known model description method does not
exist in the simulation of discrete systems. Especially when simu-
lating with SIMULA or SIMSCRIPT a complete description of the simu-
lation model will be the program itself.

The purpose of the paper is to introduce a method of representation
that is useful in constructing and evaluating a simulation model in
a relatively small amount of time. The method is based on Petri
nets /1, 2/ and carries on the activities on Petri nets performed
by Nutt /3/. The method will be named simulation net, abbreviated
s-net.

The s-net system is a computer program for simulating s-nets. The
s-net system has been implemented as a prefix class in SIMULA.
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In the following an informal definition of an s-net is given. The

application of the modeling method and the simulation system to a
queuing model of a computer system is shown.

2. Definition of a Simulation Net

The basic structure of a simulation net is a directed and coherent
graph with two disjoint node sets: the set of places, represented
as circles, and the set of transitions, represented as line seg-
ments. Each directed arc, represented as an arrow, connects one
place with one transition or vice versa, i.e. connections between
places or between transitions are forbidden. Figure 1 shows an ex-
ample of a net structure.

12

P4 T g

Figure 1. Example of an s-net graph
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An arrow from a place to a transition means that the place is an
input place of the transition, e.g. Pl of Tl in Figure 1; an arrow
from a transition to a place means that the place is an output
place of the transition, e.g. P1 of T2 in Figure 1.

A place may be marked, i.e. a place may contain tokens, represented
as dots. For example, places P1 and P6 in Figure 2 contain one
token each, and place P2 contains two tokens. Thus, the structure
of an s-net is equal to the structure of a Petri net.

Every transition possesses a so-called activation scheme and tran-
sition scheme. The activation scheme of a transition contains an
integer number for every input place. A transition is called ac-
tivated, if the number of tokens on each input place is greater or
equal to the corresponding integer number in the activation scheme.
For instance, if the activation scheme of transition Tl in Figure 2
is defined by

input place no. P1 | P2

number of tokens 1 l 2
then the transition Tl in Figure 2 is activated.

The definition of the transition scheme is quite lengthy and will
be given later. Now a transition scheme shall be defined by re-
moving one token from each input place of an activated transition
and by setting one token on each output place. This definition is
the transition rule in Petri nets. The execution of the transition
scheme is called firing of the transition. E.g. the transition Tl
in Figure 2 is activated with the activation scheme defined above
and the transition scheme can be performed. Figure 3 shows the net
after firing of Tl1. If all the activation schemes of transitions
T2, T3 and T4 contain the number one, these transitions can be fired
(s. Fig. 4).
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Figure 2. Example of a marked s-net graph

12

P1 P3
T

P2 P5
13

P&
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Figure 3. Fig. 2 after firing of transition Tl

P6
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T PG

Figure 4. Fig. 3 after firing of transitions T2, T3, and T4

When s-nets are used to model and simulate discrete systems, places,
transitions, and tokens may be interpreted as follows: A place re-
presents one or more conditions. If a place is marked, these condi-
tion holds. A transition represents an event and firing of a tran-
sition means that this event takes place. A token may represent a
temporary element and a place a permanent element of a system; e.g.
a token may represent a job in a computer and a place may be inter-
preted as a CPU. If the place is marked, the CPU is busy, etc.

Every token and every place may possess parameters, e.g. token num-
ber, place number, etc.

A so-called place time TP is allocated to a place. If a token enters
a place, it is delayed by this place by TP time units. E.g. if the
place time of a place P is 5 time units and if a token enters place
P after firing of T, then T' can't be fired before 5 time units:
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T P T
TP=5

R & e

The main rule of the dynamic behavior of an s-net says: If a token
enters a place P with place time TP, the activation schemes of the
output transitions of place P, i.e. the transitions for which place
P is the input place, are called after TP time units. If the ac-
tivation scheme of an output transition yields the value true, i.e.
the number of tokens on each input place is greater than or equal
to the corresponding integer number in the activation scheme, the
activation scheme calls the transition scheme, i.e. the transition
fires. If a place is the input place of more than one transition
(conflict case), the activation schemes of the transitions are
called in the sequence of increasing transition number.

The definition of the dynamic behavior allows the modeling of in-
terrupts and logical structures. The place time of place P2 in
Figure 5 is interrupted by place P1, because transition T' is ac-
tivated and fired after finishing of place time TPl.

T P1 T
TP1=5
PR e
P2
TP2=8

Figure 5. Example of an interrupt structure
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Figure 6 shows the modeling of an inclusive - or logic. According
to the resolution of the conflict case above, the transitions T1,
T2, and T3 are checked in increasing transition number order.

T1

S0
8

Figure 6. Modeling of inclusive - or logic

Now the transition scheme shall be defined. The scheme consists of
three parts; first, the attachment of the output places to the in-
put places, and second, for each attachment the amount of tokens to
be fired are defined. The third part contains assignment statements
for changing parameter values of the tokens and the places connected
to the transition. For example, the table below shows a possible
transition scheme of transition Tl in figure 2:

input place no.

output place no.

amount of tokens to remove
amount of tokens to add

e W
N o N
e - =)

Place(1l).Parl = Place(2).Parl + Token(Place(1l)).Par2

Each column represents one link between an input place and an out-
put place. It should be noted that in case of sinks or sources the
output or input place number is zero, e.g. column 3.

The first two rows define the 1ink.



- 2L =

The third row determines the number of tokens to be removed from
the input places and the fourth row determines the number of tokens
which are added to the output places. Under the table an assignment
statement is shown which changes a parameter of input place P1.

Two special cases give rise to separate treatment, first, if one in-
put place is connected to more than one output place, and second, if
an input place contains more tokens than tokens should be fired. In
these cases a selection must be made, e.g. random, first-in-first-
out (FIF0), etc.. Figure 7 shows an example of a complete transition
definition.

Activation scheme:

input place no.
minimum of tokens

Transition scheme:

input place no.

lower output place no.

upper output place no.

amount of tokens to remove

amount of tokens to add

token selection mode LIFO FI
place selection mode RANDOM

b (] P ot
© O, ©
mbmé)»

MWE=oIoTN
MO P,POOW
NOOVOYO

Figure 7. Example of a transition definition
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3. The S-Net System

The s-net has been implemented as a prefix class in SIMULA. The
prefix class, called SIMULATION NET, consists of the following
parts:

- s-net simulation part

- selection procedures: place time - token - place
- measurement procedures

- test of the model

- input of model definition

- output procedures:
model - results - histogram - trace - error - warning

- trace procedures
- reset procedures
- start simulation

- main line

For a more detailed description of the system see /4, 5/.

Now, the user has only to define his s-net model on input data, i.e.
matrices which define the net structure, and then the simulation
goes on. The standard output yields characteristics for every place
relating to the maximum, minimum, average, variance of number and
duration of tokens on a place, i.e. queue length, waiting times,
busy period, etc.. Special routines have been implemented which
support the user of the s-net in testing, data analysis etc., e.g.
trace, histogram, reset and clear procedures.
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4. An Example

A model of a computer with three parallel CPU's and two I0-devices
is shown as queuing model in Figure 8. The queuing disciplines be-
fore the I0-devices and the CPU's are assumed to be FIFO. The selec-
tion mode of an I0-device shall be the shortest queue length rule.
The service times in the I0-devices are Erlang distributed with
parameters 0.2, 3 and 0.2, 2, respectively. The CPU time is ex-
ponential distributed with parameter 0.1 . 50 jobs are in the sy-
stem.

10-queue I10-device CPU-queue CPU

-

Figure 8. Cyclic queuing model of a computer

The structure of the s-net model is shown in Figure 9.

The output of the s-net system for the model is shown in the appen-
dix.

The first table in the output report contains the random sample
amount of the following tables. The dwelltime can be interpreted as



T

(f'i

s 4

10-queue I0-devices CPU-queue CPUs
16 58 19
12 o3 T4 :59 —
110

S10

¢

51

3 g5 I8 DI .

QR

—
—

512 1N

S1
52

2

e

S13
16 :::
% 2
50 tokens

place times: TP1, 2, 3, 5, 8, 10, 12, 15, 16 = C
TP4 = erlang (0.2, 3)

TP6 = erlang (0.2, 2)

TP9, 11, 13 = negexp (0.1)

activation scheme: one token for each input place

transition scheme:

transitions T2-11 Tl
input place no. o 16
lower output place no. 1
upper output place no. —_ 2
amount of tokens to remove 1 1
amount of tokens to add 1 1
token selection mode FIFO FIFO
place selection mode QUEUE

Figure 9. s-net of the cyclic queuing computer model
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waiting time (place 1), idle time (place 3) or service time (place
13). The values in the table 'statistics of tokens' represent e.g.
queue length (place 1) or throughput (place 6).

The computation time ot the example was about 30 sec CPU-time on
IBM 370/168. Thus, the average computation time of one transition
firing, i.e. one event, was about 2 msec.

3: Conclusions

S-nets can generally be applied to modeling and simulation of any
discrete system. The advantages are manifold:

- Graphical arrangement, which means clear representation of
system elements and constraints.

- Laborious programming work can be avoided almost completely
and thus the verification of a program as well.

- The model definition in terms of an s-net is comprehensive and
can serve as a platform for discussions with involved persons,
e.g. managers, team members, etc..

- The s-nets are easy to learn, because they can be defined on
few sheets of paper (no voluminous handbook).

- Simulation studies can be performed by people who are not
familiar with programing languages.

The major disadvantage lies in the difficulty to survey s-net models
of very complex systems.

Future possible tasks are the implementation of a display inter-
face (light pen), the connection with description methods used in
continuous simulation (e.g. DYNAMO), and improvements of the s-net
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itself, e.g. representation of a model at different levels of detail
(topdown approach) in order to eliminate the disadvantage mentioned

above.
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Output Report of the S-Net System for the Example in

Figure 9.
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6 [0-DEVICE2(RUSY) 0.384 2.974 77.695 .0.0972
e CPU 1-2-3 (IDLE) 0.999 4.499 78.312 0.004
9 CPU 1-2-3 (BUSY) 0.000 0.000 0.000 0.009
19 CPU 1-2-3 (IFLE) 0.997 4,400 72.291 0.039
11 CPU 1-2-3 (BUSY) 0.000 0.000 0.000 0.C00
12 CPU 1-2-3 (IDLE) 1.003 4.251 54.111 2.008
13 CPU 1-2-3 (BUSY) 0.000 0.000 0.000 0.000
15 CPU-QUEUE 0.C00 0.000 0.000 Q000
16 CPU-10 CYCLE 1.000 2.441 28,004 0.004
STATISTIC OF TOKENS
AR R Ob o Rk ok ok
PLACENO PLACENAME AVERAGE STAND.DEVIATION MA X TMUM MINTMUM
1 [ 0-QUEUE 1.001 1.C81 6.000 0.000
2 I0-QUEUE C. 647 0.979 6.000 C.00C
3 10-DEVICFL(IDLE) N.123 C.328 1.000 0,000
4 [0-DEVICEL(BUSY) 0.877 0.328 1.030 0.0090
5 I0-DEVICE2(ICLE) 0.384 C.486 1.200 9.792)
(] I0-DEVICE2(BUSY) 0.616 0.486 1.000 0.002
e CPU 1-2-3 (IDLE) 0.C00 0.000 1.000 c.000
9 CPU 1-2-3 (BUSY) 1L.000 0.001 1.000 0.000
10 CPU 1-2-3 (IDLF) 0.000 0.000 1.020 0.000
11 CPU 1-2-3 (BUSY) 1.020 0.091 1.000 2.071
12 CPU 1-2-3 (IDLE) 0.000 0.000 1.000 C. 000
13 CPU 1-2-3 (BUSY) 1.000 0.001 1.000 7,000
15 CPU-QUEUE 43.846 2.437 47.00C 33.000
16 CPU-10 CYCLE 0.000 0.001 2.000 C.C00
PATHS
IREEERE
FROM PLACE UNTIL PLACE AVERAGE STAND.DEVIATION MAX TMUM MINIMUM
1€ 15 10.535 6.812 43.350 0.304
PATHS
R A 2 2
FROM PLACE UNTIL PLACE AVERAGE STAND.DEVIATION MAXTMUWM MINIMUM
1€ 16 167.918 25.525 261.309 104.309
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HISTOGRAM

CWELLTINME

: FOR PLACE NQO. 15
e L R R R

FREQUENCY

C.OCF+CC
0.00E+J0
S.00E+30
1.00E+01
1.50E+C1
2.C0F+C1
2.50E+01
3.09€+01
3.50F¢C1
4.00E+C1
4.50F+C1
5.00F +01
S«50F+01
€.COF+C1
£.50€E+01
T.00€E+01
T.50E+C1
8.00€E+01
f.50F +01
S.00F+01
9.50F+C1
1.CCE+C2
1.05E¢C2
1.10E+02
l.15E+02
1.20F+02
1.25E+C2
1.30F¢C2
1.35F+C2
1.40E+02
l.45F+C2
1.5CE+02
1l«.55E+C2
1.60E+C2
1.65E+02
1. 70F# (2
1. 75F+C2
1.80F+02
1.85FE+C2
1.90E+02
1.95F¢+C2
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Szémitégéprendszerek modellezése szimuldcids
héldkkal

F. Schumacher

A dolgozat egy a Petri-hdldkon alapuld médszert
ismertet szdmitdgéprendszerek miiksdésének leirdsdra,
ismerteti annak megvaldsitdsét SIMULA osztdlyként, és
bemutatja mdédszerének alkalmazdsdt.

MozmesmpoBaHNe BHUNICJUTENBHHX CHCTEM C IOMOIBI
AMATAIMOHHEX ChTeil

o, [ymaxep

PaGoTa 3HaxoMAT WATATENA C HEKOTODPHM METOIOM
OCHOBAHHHM Ha ceTaAX [leTpw mia omicamnsa paGoTH
BHUNCJIMTEJNBHHX CHCTEM. B CTAThe OIMCHBAETCA TEKXE
OCymMeCTBJIEHNe MOIEJMPOBAaHNA, KAK KJIACC
7 D NPWIATanTCA IPMMEHEHHS METOIA.



OSCAR
Operating System for Computer Aided Design’s
Realization.

J. Fabdk, G.Hermann, Zs.Rdcz

Computer and Automation Institute
of Hungarian Academy of Sciences

INTRODUCTION

The paper describes an automated workshop of special purpose
machines controlled by a minicomputer. This workshop is
dedicated to design, produce and test printed circuit cards
and electrical equipments.

The information flows in the system in two ways. The descrip-
tion of the object to be produced can be given in a pretty
formal way to a midicomputer - in this case a (DC 3300 -
where it is processed by a special program package and
forwarded either by a communication line or by hand through
a punched tape. The other way is to produce these data in a
very primitive language by the designer and give it directly
to the minicomputer. Therefore there must be a possibility to
check those descriptions for correctness, modify it if
necessary, check it again and so on in an interactive way.

The information, produced in either way and stored in the
library, is considered a data set from the aspect of the 0S,
but for the special purpose machine it is a program,
prescribing its action. This paper deals with the 0S, so the
library files will be referred to as data.

The operation of the workshop is controlled by an operator

gitting before a keyboard of a teletype or a display. It is
her duty to initialize all works to be done concerning both
the production and the interactive design process. This is

performed by programs and by the OS whose action is pretty

predetermined.
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Taking into account the requirements to be met by a so-called
general purpose OS and by this one, you may conclude that
this special 0S, providing these facilitieg:is an extended
subset of the "general purpose" 0S.

We decided to build up taylor made system, i.e. some well
known facilities had veen left out /e.g. the possibility of
extension or modification of computer programs/, and on the
other hand new ones corresponding to the actions to be per-
formed were introduced.

INTEGRATED SYSTEM

The integrated system developed in our Institute is a complex
of hardware and software and its scheme is outlined in fig.l.

CDc 3300 Workshop
R-10
control tape :
formal design & format é{gggg;g;ion
description CAD Jﬁé & tation
A & 21 [test
2,0 (IR0
o] +> 0
bl n o
jeon O O
2.0
&
(o N
I T
'
designer —, direct
description

Integrated system
figel,
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The design is always the duty of the CDC 3300 and the output
which is a technological description of the object in the
alphanumerical direct description language must be processed
by postprocessors to get the data called control tape format
digestable for the special purpose machine, Postprocessing

may take place in either computer. The last phase of the
prdcess, i.e. production, documentation and test takes place
in an automated workshop. In the following, in order to
distinguish the electrical ewuipment to be designed and pro=-
duced from the equipment operating in the workshop, the former
group will be referred to as "equipment" and the latter as
"dedicated machines" or simply "machines". Using the control
tape as an input, the machines are able to work off-line, too.
The work in the workshop tékes.place automatically, controlled
by a minicomputer R-10 made in Hungary. On-line, the machines
can operate on the basis of both the numeric control tape
format and the direct description, called in the following
gymply data files,

FUNCTIONS OF THE WORKSHOP COMPUTER

The tasks of the workshop computer are the following:
1, Establishing information flow between the computer and the

machines, which means to operate the machines and collect in-
formation from them,

Operating the machines supposes a two way connection between
the computer and the machines., The computer sends the dedica=-

ted machine control bytes or normal data bytes. A control
byte is an instruction to the machine itself, /for instance:
start, stop, send status message, etc./ Normal data bytes are

parts of the numeric control tape format. If the production
takes place on the basis of the direct technological descrip-
tion , the conversion to the control tape format is performed
real-time,
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A machine sends the computer data bytes or status mescages.
The latter consists of a status byte and supplementary
message if one byte is not able to express all the informa=-
tion to be sent.

There is a possibility of the data collection for mainly
statistical purposes.

2, Providing possibilities to modify the description of the

equipment to be produced., This may be necessary mainly in

the case when the technological description is given directly
to the system by the designer, so it is not produced by the
midi computer. The picture of the cards can be plotted and
the designer engineer has the possibility to check and correct
them in the workshop using these facilities.

Only the correct cards will be manufactured, Even in the case
of an automatic design, the modification of data files may be
demanded., First of all, the automatic design handles only
certain elements of the cards, To use other elements, for
instance, condenser, etc., one has to modify the designed
card by putting these elements on it.

The machines in the workshop are operated in parallel, 8o
multiprogramming capability is a very important feature of

the system.

HARDWARE ENVIRONMENT of the workshop.

The dedicated machines in the workshop are as follows.

ADMAP it produces printed circuit card plates

CALCOMP it is a special plotter

MSI TESTER it carries out the test of IC-s

TESTOMAT=C it tests ready printed circuits

MANU WRAP and TSK are semiautomatic machines for wire-
wrapping.

Most of these machines have been made in our Institute, but

there are also foreing made machines among them,



These machines operate without any disturbances even if the
speed of the data flow decreases from time to time., So the
time is not a crucial factor in their handling., The connec-
tion has been realized by BSI /British Standard Interface/.

The system peripheral equipment are: one disc, one paper
tape unit and two teletypes, one to control the workshop,

one for editing. At most 6 dedicated machines can be connec-
ted to the system.

SOFTWARE COMPONENTS

The whole software consists of the following components:
special operating system,
gpecial jobs,
data files.
In the sequel the special OS will be discussed in detail., Now
~the question arises, why such a structure of software is useful
in solving the tasks mentioned above,
The individual machines of the workshop require various and
different services from the system. These differences were so
big that it didn’t pay off to furnish these services by one
single. program., Instead, the system contains a set of programs,
called functional programs, eacn devoted to one specified
function of a specified machine, These functional programs
form a significant part of the jobs, processed in the system.

An other kind of jobs are the service programs., They make it
possible to modify a data file written in an alphanumerical
language /editors/, to analyse it with respect of syntax
/syntax analyzers/, to convert it into a numerical control
tape format /postprocessors/, and to plot the picture of the
object in order to check it before production, Since the direct
technological description of the object depends on the machine
it is made for, so as many postprocessors and syntax analyzers
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are needed, as many types of the dedicated machines exist.
These service programs are not built into the system constantly,
they can be changed in case of necessity.

These joba are executed in parallel in the system, They are
monitored by the special OS i.e, they are put in, initiated
and finished by the 0S5, In addition to this, the 0S takes care
of resources shared by the processes, of data management, of
gtandard I/0 and of some other common functions.

We want to emphasize that the OS supervises only the execution
of the jobs. In the system only the data files can be modified.
To create, to debug and to modify both functional programs and
gservice programs are possible only by the host computer, and
this is valid for the parts of the 0S, too.

FUNCTIONAL PROGRAMS

A functional program describes the function the computer has
to execute to operate a dedicated machine., It usually begins
with testing the status of the machine and specifying the data
file and its record to be worked upon. If the machine is ready
to work, the functional program begins to send data bytes to
the dedicated machine, It receives and analyzes the status
messages from the machine and according to these messages it
decides about the further operation of the machine.

A functional program consists of two main parts, the opera=
tional program and the emergency program. The operational

program takes care of testing the machine, specifying the
data set, sending data bytes or blocks to the machine and
communicating with the operator. The emergency program is
responsible for the analysis of status messages., If there is
a change in the status of the machine, it sends a status
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megsage informing the system about ite new status. An arrival
of a status message stops the execution of the operational
program, the status message is analysed by the emergency pro=
gram, and a decision is made about the further action.
The result of this decision may be:
- to continue the operational program without any modifi-
¢ation
- to continue the operational program at a new entry point
- to suspend all operations until a new status message
arrives.
The emergency program is executed on a higher interrupt level
than the operational program, Both the operational program and -
the emergency program use the facilities of the 0S,

The analysis of the status messages are standardized as follows.
The state of a machine is described in the computer by one or
more finite state automata. The handling of some machine
actionsymainly in connection with the start and the stop)is
common for all machines, These actions are described by a
common automaton. The individual actions, characteristic only

for a certain machine, are described by its private automaton.
Transition functions are represented in form of tables. The
input of the automaton is determined by the status message as
well as some logical variables evaluated during the execution,
The output is a series of actions, which is referred to as the
entry point of the program describing these actions, Evaluation
of the state transition is made by reentrant system routine
determining the new state and the output of the automaton
according to the current state, the transition function and

the input signal.

The common automaton and its t?ansition funcition can be seen
in fige. 2., The following bits of the input signal are handled
by this automaton:



finite state automaton

Finite state automaton and its transition function.
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x1 - on-line: O, off-=line: 1

x2 = gtart: O, stop:1l

x3 - anew: 1, else: O

x4 = consol request:1l, else: O
The bit x3 is used to indicate the request of returning to the
beginning of the actual record.
The bit x4 shows the operator’s request to interfere with the
work of the machine., The zero value of xi will be denoted as
XI. An arrow without any inscription marks all the rest

possibilities,
Masks are used to decrease the size of the transition function
tables, The mask mi Bhows the bits of the input signal

gignificant in the state i.
The output signal O is a special one., It means that the same
input signal will be evaluated in the new state of the auto-
maton, This is another tool to decrease the size of the table.

FUNCTIONS AND SPECIALITIES OF OSCAR

Its functions are:
- to give possibility to establish a new job,
- to provide a multiprogramming capability and to
supervise the common resources,
- to give standard data management,
- to provide I/0 facilities,
- to organize\the operator communication,
- gome other special functiony for instance to evaluate
the state of automata, etc.
Since the structuie of usual operating systems is well known,
only the special features of this O0S will be discussed here ,

The following resources are shared in OSCAR:
- CPU
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- operative memory

- magg~storage /disc~files/

- system peripheral equipments

- gtandard routines of the 0S.
In connection with the memory allocation,it is an important
fact, that during their execution the functional programs are
in the operative memory apart from the overlay structure
defined by the programmer of the functional program. As a
result the memory allocation is in close connection with the
initiation and termination of the jobs.

Another very important fact is that the dedicated machines
are not shared among the jobs, From this point of view the
peripheral equipments including the dedicated machines can

be devided into 3 groups. '

a./ shared devices, Processes waiting for such a device form
a queue, A device is only temporarily allocated to an
actual process, When the required operation has been com-
pleted, the process releases the device.

b,/ reserved devices. In this case, it is not worth waiting
for such a device, because. the reservation may take long
time, for instance hours, Reservation is marked by a flag,
If the called device is busy, the calling process will be
aborted issuing an error massage. The dedicated machines
belong to this group.

co/Exalusively system equipments, These devices can be used
only by the OS and not by the jobs. So there isnst any
reservation,

The standard routines of the 0S are reentrant. They operate

the data field of the calling process,

The different services of the 0S may be used by operator com-

munication through the consol or by calling standard routines

from the functional programs,
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Standard routines include the followinga:

- I/0 actions /transfer of bytes or blocks from and to
the dedicated machine/

- routines building a part of the data management /to
get bytes, blocks or pages of data files/

- routines for operator communication /consol handler/

- routines called by'emergency programs

The following functions are initialised by operator instruc-
tions:

- job management /to establish, to initiate and to
terminate jobs/
- a part of data management /to put in and delete files,
etc./
-~ gome other functions /to list jobs and machines, to
punch data files, etc./
In connection with the resource allocation, the deadlock
gituations must be discussed. A usual deadlock situation can
be seen in fig., 3/a. T1l, T2, T3 and T4 are tasks, T3 and T4
are handlers of some resources,Tl is waiting for T3 and T2 is
waiting for T4, but they can?!t get the required resources
becausé the resources are reserved by the other task, But in
our case, as we mentioned'before, it is not allowed for a task
to call two tasks in parallel, so this deadlock situation can’t
occur in the system.
Figure 3/b and 3/c show a deadlock situation between system
tasks, This case may actually accur, for instance T4 is
a line printer handler and T3 is a disc handler, so in fig.3/b
the task T1 calls the line printer handler, and the line
printer handler calls the disc handler because the text to be
printed is stored on the disc, In fig. 3/c the disc handler
calls the line printer handler to print a disc error message.
This situation results a deadlock., To avoiq this situation,
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a priority order must be determined among the system tasks in
regpect of calling. For instance T4 may call T3, but T3 musn’'t
call T4? i.e, we have forbidden that a disc error massage be
printed on the line printer. ,

We use other method to indicate a disc error. So the situation in
fig. 3/b is allowed and the situation in fig, 3/& is forbidden.

a9 L |
13 T4,T2,T3,Th — tasks
11 | P
T3
TH
T2
Tipical deadlock situation
by Cy
3 TY
T4 T2

T4 e |

T4 : Line printer

T3: Disc handler

Deadlock situations
fige 3o
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LOW LEVEL SCHEDULING

Low level scheduler allocates the CPU among the processes
ready to run, i.e. it makes a choice of which process to run
first. To understand the scheduling strategy it may be useful
to be familiar with the interrupt levels and the I/0 handling
in the system.

4 interrupt levels serve for all the dedicated machines,These
are in the order of their priority:
- IT level of status messages of the machines /emergency
level/
- IT level of input data bytes /INP level/
- IT level of output bytes, control bytes or normal
data bytes /OUT level/
- IT level of operational program /MAIN level/
IT level of status messages has the highest priority. Transfer
of a data block is initialized on the MAIN level, but the
transfer is carried out on the according IT level, An IT on
the emergency level causes to stop both the operational
program and the data block transfer.
Decision of the émergency program may cause the operational
program to become inactive, The whole emergency program, in-
cluding reading and analyzing the status message, is executed
on the emergency level, Therefore a new eventual initiation
of an emergency program may take place only after the current
one has been finished, so these programs need not be reentrant.

The status of a process may be the following: ready, suspended,
running, dormantmhehrmeaning are the same as usual, A living
process gets over the following state transitions:

' running —s suspended «pready —srunning.
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In dormant state the process is inactive., It can get into
dormant state from every state in cunsequence of the decision
of the emergency program., Similarly only a status message can
"awake" the process, i.e. bring it out from the dormant state.
Processes in ready state are competing for the CPU and proces-
ses in suspended state are waiting for one of the resources.
Both ready and suspended processes form queues /first in first
out/.
The core of the information, used by the 0S is the gystem
table, The cells of the system table are owned by the dedi~-
cated machines. In case a process is initialised it will be
asgociated to the cell of that dedicated machine the process
is operating on, This cell contains the following information:

- queue linkage

- process status

- pointer to the data field

of the process

As it is not allowed for a process to wait for two resources
in parallel, so a process occurs. only in one queue at the
same time, The first part of the data field of a process is
gtandard., This serves to hold information for standard reen-
trant routines, for instance the contents of registers,
pointers to the actual data, working storage, etc.

An important characteristics of our scheduling strategy is
that the interrupts don’t cause scheduling. Control is trans-
ferred to the scheduler only in the case when the process has
to wait for completion of some event, for instance I/0O opera-
tion, Its advantage is simplicity. Its disadvantage is that a
bad operational program can monopolize the CPU, In this system
this disadvantage does not play role due to the following:

- The nature of the functional programs is such, that they
often need some not available resource, so they will be
often suspended /e. g. data transfer/.

- Dedicated machines are not real-time devices,
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OPERATOR COMMUNACATION

The operator can interfere with the operation both of the 0S
and the functional programs via consol. Job management takes
place in an interactive mode., First of all the operator puts
in the functional programs, service programs and data files.
In order to initiate a job the operator specifies the dedicated
machine and the functional program, which will be associated
to each other. The 0S checks the free status of the machine,
the existence of the functional program and the available free
memory for the program. If these conditions are satisfied,

the job will be initiated., If even after a garbage collection
the memory is full, the job will be aborted with an error
message. At the end of a functional program the operator has
the possgibility to repeat the execution of the program.

Besides this the following facilities of the system can be
used by the operator via the consol,

LIST - to list programs and data files

STATE - to list the state of the dedicated machines
DELETE =~ to delete programs and data

RENAME - to rename data

HARDCOPY - to punch data

TAPE - to transfer data to and from magnetic tape
MODIFY =~ to modify system tables

Functional programs can use the consol to communicate with
the operator. Standard routines serve to reserve and to
release the consol, to print a string of characters and to
receive a character,

DATA MANAGEMENT

The structure of the data basis is very simple. Every file
contains records of the same amount.
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A catalogue page belongs to each file, it contains the name

of the file /maximum 80 char./ and the locations of its
records, The catalogue pages of the files form a linked list,
Records are on consecutive pages on the disc. The location

of their first pages can be found in the catalogue, The struc-
ture of the library can be seen in fig. 4.

‘ ! | k"l kl}—\ I (0]
catalogue catalogue

of records of records

FILENAME 1 FILENAME 2 FTLENAME 3

R4 Rk | | VA

/=

records

The structure of the library
Tig. 4.
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Data records can be established and deleted by operator
communication. Every active process has a one page puffer.
In order to get data from files of the library, functional
programs use standard routines, This can happen on two
different levels, The program can ask the next charachter,
the next block of n characters, the next block terminated by
a terminator character of the current record, In this case
the system takes care of the automatitc change of pages. If
the structure of the records is well defined, it is possible
for the program to handle its data itself. This increases the
efficiency of the program.

CONCLUSION

The development of our system was based on an analysis of the
functions to be carried out by the 0S, According to our
opinion it is worth developping a special operating system to
solve a special application problem, because it will be cheap
and effective to operate and it is not too expensive to create.
Thanks to the structure of the software, our system is
extensible in the sense that new machines and new services may
be easily included when demanded, The system is now operating
gince half a year in the RSD department of an electronic
factory in Hungary.
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Az OSCAR egy célorientdlt operdcids rendszer, amely elektro~-
nikus digitdlis berendezések gydrtdsdt, dokumentdldsdt és
ellendrzését végzd célgépek égyidejﬁ lizemeltetésére szo0lgdl.
Ezen cikk dttekintést ad a rendszer egészérdl, a hardware és
goftware kdrnyezetr8l és az operdcids rendszer funkcidirdl.
Részletesen foglalkozik a kezeld programokkal $8 az operdci=-
6s rendszer f8 komponenseivel, a task-kezelés, job-kezelés
és adat-kezelés strukturdjdval $s szolgdltatdsaival.

PE3IOME
dabok 0., XepmanH I'., Pan X. : OCKAP

OCKAP sBisAeTcA cHelyaJibHOM ONEpPAallMOHHON CUCTEMOH, Cllyxamed IJiA
SKCIUIyaTallUd 3JIEKTPOHHOI'O O6OpPYHNOBaHHA IJIA U3TOTOBJIEHHA, IOO-
KYMEHTallUd M NPOBEPKH MedyaTHHX MNjaT. B craTee naercA obumee
omnucaHHe BCEeH CHCTEMbl, allapaTHBX CPEelCTB H MATeMaTHYECKOr'o
obecreueHuAa, MCIONb3YEMBIX IAaHHOH ONEepalrOHHOH CUCTEMOH U €€
dyHkuui. JaeTca nogpoOHOE OINMUCAHHE ee CTDPYKTYDHE W TJIaBHBIX
KOMIIOHEHTOB
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1. Introduction

Computer networks generally consist of several autonomous
computers (Hosts) interconnected by a communication system
for message exchange between the Hosts. The application

of computer networks in areas characterized by the demand
for high reliability of the execution of (user) requests
is increasing considerably. Reliable execution of requests
can be achieved by redundancy (e.g. simultaneous execution
by several computers) or the handling of a request by
another computer in the case of failure of the executing
computer. To be efficient and reliable, execution of
requests demands the existence of coordinating mechanisms
between the computers.

Most of the existing solutions to this problem apply
centralized control structures - one master coordinating

the work of the other computers, the slaves. This solution
eventually fails if the master computer is down. The improve-
ment of communication technology allows the development of
decentralized coordination mechanisms, which are more flexible
and still work correctly if some of the coordinating computers
fail. A protocol for decentralized control is proposed in this
paper.

2. Network Control

A computer network handling requests of users, so called
network requests, can be interpreted as a set of interacting

system - and user processes. Processes are the organizational
entities within a computer associated with the execution of a



request and to which resources are allocated dynamically.
We distinguish between user processes reflecting algorithms

implemented by a user and system processes describing services

provided by the computer network. The deadlock-free allocation
of reusable resources is executed by special system proc-
esses. The internal allocation of resources within a

computer is provided by local system processes.

The network control comprises the global coordination of

the execution of network requests and is accomplished by net-

work system processes.

Efficient network control is based on information about
specification of requests, state of request execution and the
state of the resources in order to decide on the mutual
association of resources to processes applying a given

optimizing strategy.

Processes may run in an independent manner or be coordinated

if a request demands simulfaneous use of several Hosts.

An organizational entity for the network control will be called
an action. An action specifies a finite set of processes to be
coordinated and the resources needed for their execution. It
comprises the events, initialization and termination. The
initialization of an action means the réservation of the required

resources and the activation of the corresponding processes.

Termination denotes the completion of processes and the releasing

of resources no longer needed.

In the following a reliable network is assumed, i.e. all compo-

nents of the network are supposed to work correctly.

3. A basic decentralized coordination mechanism

Coordinated execution of actions depends on the complexity of
the requests and on the state of the resources. Before solving
the general case of distributed resource management, a sim-
plified problem shall be treated in order to develop a basic

coordination mechanism.



We assume that each user request

- consists of exactly one action
- requires the allocation of all Hosts for exclusive use

-~ is executed without preemption and within a finite time.

The coordination of request execution can be achieved by
providing each Host computer with a special component, a
scheduler, which handles the resource allocation in coop-
eration with the other schedulers. For the cooperation, the
schedulers have to exchange messages according to network
wide accepted protocols depending on the structure of the
network control: centralized or decentralized.

The principle of decentralized control is that each scheduler
has to participate in deciding which of the waiting user
requests has to be executed next. Complete agreement of all
schedulers with respect to a decision must be achieved. Several
strategies can be pursued. The strategy proposed consists of
the strong coupling of scheduler activities; this ensures high
reliability in service.

To define the basic coordination mechanism we assume that n

Hosts with associated schedulers exist. Formally a scheduler can
be described (cf. /U/, /7/) as a sequential automaton by the
T-tupel (S, Ins Tago O4ns Onyn Ms N) where S = {1,2,3,4} denotes
the set of states, I, = {A;, ...A,, E} resp. I, = {a,e} re-
presents the set of the internal resp. external input messages,
Oin resp. Oex = {d} the set of internal resp. external output
messages, M: Sx(Ijn\J Iox) + S is the state transition function
and N : S x (Iin\U Iex) * Oin x Ogx the output function.

Internal messages are used for the communication between
schedulers. With the messages A;j, i = 1(1)n, the schedulers
indicate mutually the agreement to execute that user request
accepted by scheduler i. Also with message E it is shown that
the schedulers have terminated the request execution. Oijp con-
tains the same message types as Ijip.
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External messages refer to the local interactions of a
scheduler with users or with the local Host operating system.
The message a € Igy indicates the existence of a waiting
user request in the scheduler's Host. With message d e Oex a
scheduler orders the start of the execution of a user
request to the local Host which returns message e after

termination of the request execution.

The graph in fig. 1 illustrates the activities of a scheduler.
The elements of the state set S are represented by vertices,
the functions M and N are defined by the directed edges marked
according to the pattern:

external input, internal input/external output, internal output
("-" represents the empty message)

—,Aip I-,(n-I) Alp

a-/-,n-1) Ay &

A ln(n-1)Ai - (n-1)Aj,/d,-

NS
-An-1)E/-,- (’:*\‘ e,-/-.(n-1)E
Ne o’

fig. 1: State transition diagram of scheduler 1 for the
basic coordination mechanism

In detail a scheduler works as follows:

- A coordination cycle can only begin in state 1. It can be
initiated by the scheduler (self-initiation) or by some other
scheduler (external-initiation). After initiation a
scheduler waits in state 2 for the agreements to its decision

by the n-1 remaining schedulers.

- If the agreements of all the other schedulers to a user request

(initiated by scheduler ix) have been received, a scheduler
in state 2 performs the transition to state 3 as soon as it
has declared its agreement to this request for its part.

- Since each scheduler is authorized to initiate coordination

cycles, simultaneous initiations referring to different user
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requests imply conflicts. To solve such conflicts user
requests must be made distinguishable by means of unique
priorities. A simple scheme is to use the identification
scheme for the Hosts and the sequence of request generation
within one Host.

- A supersession of user requests, being currently presented
for agreement, by a user request Ajp of higher priority is
only permitted when a scheduler is in state 1 or 2. '

A scheduler can only grant an externally initiated super-
session if no n-1 agreement messages for a user request
have arrived. It is allowed to propose a supersession only
if it didn't send any agreements referring to a different
user request and if it wasn't itself an initiator of a
coordination cycle.

- In state 3 a scheduler orders the start of the user request
execution and awaits the message e. After execution of the
user request the scheduler sends the corresponding message
E to the other schedulers and passes to state 4. The return
to state 1 is performed if each of the other schedulers
indicated, by message E, its readiness for a new coordination
cycle.

Assuming a conflict-solving priority regulation for the user
requests, this protocol provides for the transition of all
schedulers into state 3 and prevents, as shown in /6/, that
the schedulers being in state 3 have started the execution of
different user requests. Since the coordinated return to state
1 is ensured, the protocol guarantees, in the case of a
reliable computer network, the deadlock-free coordination of
user request execution.

4, Distributed resource management by decentralized control

A general distributed resource management requires the schedulers
to be equipped with scheduling algorithms (cf. /2/), which per-
form resource allocation and deallocation on the basis of
allocation state information. For reliable scheduling this in-
formation has to be maintained identically by each scheduler.



As the algorithm must be the same for each scheduler, g
deadlock-free resource allocation is achieved if the actual
allocation information is kept consistent, i.e. each modi-
fication of that information has to be coordinated.

For simplicity we assume that an action must predeclare its
needed subset of network resources (not necessary all Hosts
as in 3). A preemption of an action in execution is not
allowed.

To solve this general case of resource allocation the basic
protocol can be used, i.e. if both events of action execution -
initialization and termination - are handled in different
coordination cyles /4/. The corresponding protocol for the
coordination of the schedulers can be described by the set

of states S = {1,2,3,3',4}, the internal messages Lo ¥ Oy =

= {Al’ RRY. W E}, the external messages I = {a,e,v}, O = fd}

} ex ex
and the functions M, N depicted by fig. 2.

e,-/-.(n-1)Ay = Ajp/-. (n-1)Ajp
ﬂ.'/-,(n-1)A1 _'(n_”Ai‘/_‘_
= Ajl-(n-1)Aj (-1 A4~ Termination
Initialization
v,-/-,(n-1)E
- An-1E/- - Virldgln-11E Vo7 ln-1€

fig. State transition diagram of scheduler 1 for the
coordination of action execution

The meaning of the messages a,e,d is the same as in 3. The
internal message v denotes the end of the scheduler's
activities in state 3 resp. 3'. Meésages As, i s 1(1)n,
exchanged by the schedulers, indicate the agreement to execute
the request accepted by scheduler i. A request in this case
represents the demand either for the initialization or for the
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termination of an action, which has to be specified by the
message too.

A coordination cycle in this general case doesn't concern
the coordination of request handling as in 3., but the
coordination of initialization or termination of actions.
This leads to the extension of the set of states:

In state 2 the initialization of an action implies a
transition to state 3, a termination, to state 3'.

To solve conflicts during the agreement phase and to augment
utilization of resources, termination of an action has higher
priority than an initialization.

In state 1 and 2 a scheduler works the same as described in

3. In state 3 (consequence of the initialization of an action)
a scheduler allocates resources to the action, updates the
state of resources and starts the action (if and only if

the computer corresponding to the scheduler has to be

involved in the execution of that action). On the other hand,
in state 3' the state of the resources has to be updated only.

After having exchanged messages E indicating the end of the
activities in state 3 or in state 3', all schedulers perform

a transition to state 1 and are ready to start a new coordina-
tion cycle.

To achieve a deadlock-free coordination of requests (under the
assumption of a reliable network), a request for the ini-
tialization of an action can only be agreed to if the resources
demanded by that action are actually available for allocation.
This must be tested in state 1 by inspecting the allocation
state information.

We can consider the execution of requests consisting of sets
of (dependent or independent) actions using the protocol
described above.

A requirement for the protocol to be applicable is that a
detailed specification of the resources needed for action
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execution exists.

5. Implementational aspects

5.1. Integration of schedulers in the Host computers

An obvious way of implementing the schedulers in a computer
network is to completely integrate the corresponding activities
in the Host computers. This implementation assumes suitablé
properties of the communication system for the exchange of
messages between the processes (e.g. users, schedulers) in

the network. The concept of connection oriented communication
is regarded as the most appropriate of the existing alternatives
/1/. According to this concept a directed logical connection,
which supports the transmission of an arbitrary number of
messages between processes, is established before transmitting
messages. Communication primitives are needed to create/

delete a logical connection and to send/receive messages.

Under this assumption the scheduler may be structured as
shown schematically in fig. 3 (cf. /6/).

external messages internal messages
(trom local users) ¥ (from other schedulers)
messugesl:—éj _1
T —| requests
Queue control
messages input for
from external
schedulers ‘ stimuli
ol Protocol unit |, output to
other schedulers
allocation | l
state =
information = output for

external stimuli

fig. 3: Components of a scheduler
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The queue control mechanism manages the message queue and the
reduest queue: As a consequence of an "initialization message"
a request (on performing a coordination cycle) is created and
placed in the request queue; after having terminated action
execution, the corresponding request is eliminated; information
(e.g. messages) is passed to the protocol unit being inter-
preted there.

The protocol unit has to determine the next activity of the
schedulef, considering the actual statg_of the protocol. In
particular, messages for the other schedulers or to the local
user resp. operating system (external stimuli) are created.
Decisions of the protocol unit are enabled using a table of
the actual state of resource allocation (allocation state

information).

5.2. Realization of schedulers applying special hardware

The complete integration of the schedulers in the Hosts implies
a considerable overhead due to activities for the transfer of
messages between schedulers. If the network is not reliable,

the schedulers in addition to the management of the coordination
cycles also have to survey most of the protocol activities by
means of time-outs.

In many computer networks, message exchange between Hosts
is supported by special computers, communication processors.
We suppose that each. Host is linked to exactly one of these

communication processors and vice versa.

An approach to reduce the load of Hosts is to implement an
administrator Ai in Hosti and a secretary Si in the corres-
ponding communication processor CPi. The secretaries possess
a structure analoguous to the schedulers of 5.1.



In this case the steps of request execution are as follows:

- a request R, originated from Hostj, is passed to the local
administrator Aj’
- A. assigns a (unique) priority to R and transmits the request

J
to its secretary Sj,

- SJ discusses a possible execution of R, communicating with

the secretaries on the other communication processors,

- if request execution is accepted by the secretaries, the
corresponding administrators are advised to cause this
execution,

= the administrators indicate the termination of request
execution to the secretaries, which finish the request

execution cycle.
As the control of time-outs can be executed by the secretaries,
the values of time-outs can be chosen more appropriate than in

the case of the implementation described in 5.1.

6. Performance analysis by means of simulation

6.1. Models for computer networks

To obtain a feeling for the qualitative and quantitative
difference between the implementations proposed in 5.1. and
)
computer network /8/ was used; it is implemented in SIMULA
/3/. The simulation model was based on a suitable model for

5.2., a simulation-based modeling system* of an existing

communication systems in computer networks. These communi-—
cation systems usually are structured in different layers,
corresponding to the hierarchy of different levels of
communication protocol (see fig. 14).

*)The modeling system was developed at the Institut fir
Datenverarbeitung in der Technik (Karlsruhe) at the request
of the Hahn-Meitner-Institut (HMI - Berlin); it supports
a detailed investigation of the message flows in the
layer-structured protocol hierarchy of the HMI-computer
network /8/.
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messages requests requests messages
to/ from to be coor- to becoor- to/from
other dinated |dinated other
processes ' processes

w control messages '

control messages

L T 0 Klea <= | U kR

Host | CPy CPj Host |

<+ real information flow

<---» yirtual information flow

fig. U4: Integration of schedulers in the protocol hierarchy
11g. ¢

of a computer network

(CP: Communication processor; TC: Transmission channel)

The meaning of the protocol layers may be:

- L1: line procedure, regulating data transmission
between two physically connected computers

- L2: packet level, regulating data exchange between

Host computers.

A protocol layer of the communication system is represented
by a protocol module in a computer (Host, communication
processor). Modules of identical layers exchange control
messages (e.g. in order to establish flow control) whereas
directly coupled protocol modules of different layers within
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a Host exchange commands or messagés. As in existing
computer networks, the protocol modules of the simulation
model are separated into sending and receiving parts to
consider different priorities or buffer sizes for the
sending or receiving activities.

In the hierarchy of communication protocols, schedulers
can be viewed as "users" of the communication system. From
the point of view of the communication system, schedulers
are equivalent to user processes exchanging data.

To model the competition of the protocol modules and the
scheduler or the secretary for the resources within a
computer (Hosts, communication processors) the concepts
detailed in /5/ were applied.

6.2. Experimental results

The comparison of the scheduler implementations detailed in
5.1. (version I) and 5.2.(version II) are based on a con-
figuration of four Host computers each of which is connected
to a communication processor via a channel-channel 1link

(170 5—2%%2§). The communication processors themselves are
completely interconnected by high speed serial connections
(17 5—§1£9§). Service times for software activities were

sec
chosen according to an existing computer network (/8/).

Two different types of information were transferred by the

communication system

- control data between the schedulers resp. secretaries
(length: 10 Bytes)

- messages between other processes (length: arbitrarily
chosen in the interval [100, 5001 Bytes)
(background stream).

The particular objective of the experiments was the investigation
of the influence of the background stream and request intensity
on Host and communication processor utilizations. Measurements
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were carried out in the stationary state. The experiments were
considering different arrival rates "a" of messages (between
user processes) and various arrival rates "b" of requests

(for coordination).

U A

0.

0.

0.

0.

0.
+ + + + + + + -
10 20 30 40 50 60 70 80 a

fig. 5: Host utilization U in dependance of (message) arrival
rate a [1/sec] for versions I and II (b = 4 [1/sec]
constantly). NN describes the system without any
requests for executing coordination cycles, i.e. b = 0.
Utilization of communication processors is marked in
parentheses.
(note: version I is not stationary for a = 80).

Fig. 5 shows the considerable superiority of version II in

comparison to version I. In version II, utilization of Host

computers as well as those of communication processors is

significantly smaller. Furthermore the stationary state

of the system is maintained for larger arrival rates of

(user) messages.

7. Conclusion

In this paper coordination mechanisms for the decentralized
control of request execution have been proposed. Two methods
for a possible realization of those protocols in a computer
network have been demonstrated. Performance evaluations for
possible implementations were obtained, applying a simulation
model of an existing computer network.
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The coordination protocols introduced may be used e.g. to

support integrity in distributed data bases or to coordinate

activities in distributed systems for control of technical

processes. As shown in /U/, these coordination protocols can

be extended to fault-tolerant protocols, meeting the

requirements of real computer networks with inherently un-

reliable components.
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Decentralizdalt hdaldzatok tervezése ég
gzimuldcidja

Wofﬁmyr, B., Dmbnik, 0., Holler, E.

A dolgozat decentralizdlt szdmitdgép hdldézatok
koordindldasdnak megbizhatdsdgli problémdjdval foglal-
kozik. Ismertet egy iitemezési mddszert, és leirja
annak hatékonysdgi vizsgdlatdt.

[TpoexTrpoBanie M IMMITAINE IelleHTDPANT30BAIHNE
ceTeil

b. Bougpumrep ) 0. fpodruk , E. Xoudep.

B paroTe MCCAEIYTCA NMPOOJIeN HaNexHOCTH
YTIPaBIEHAA HEUEeHTPAIIBOBAHHEIT CETHAMI BHUMCIUTEIBHIX
ManmH, OIHCHBAETCA HEKOTODHIX MeTOX paclpeleeHIs
PECYDPCOB U aHAJMBNPYETCA 3N)eKTUBHOCTEH METONA.
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OF OPT'AHM3ALIMM BBHYMCJMTEJBHOI'O IMPOLIECCA B OIHOM
KJIACCE TIAKETOB IMPUKJIAIHBIX MPOT'PAMM HA EC 3BM

U.B Cepruenko, U.H. lapaciok

Cozpnanve a0deKTUBHHIX MAKeTOB MNPUKJIAIHHX nporpamm /IMM/ asBndser-
CA ONHUM M3 NyTed noBemeHUA 2HOEKTUBHOCTHU NPHUMEHEHUSA BHYHUCIIU-
TEJILHON TeXHUKH. CKOPOCTb M TOYHOCTH DPENMEHUA NPUKIAIHHX 3anay
¢ nomoupwio [, BO3MOXHOCTEH DEUEHHA C HUX MOMOMBK CJIOXHBIE 3ala-—
YU ABJIANTCA OIOHUM M3 INOoKazaTesyied KauecTBa U abhdexkrusHocTu [III1.
O9THU NOKAa3aTeNId CYHEeCTBEHHO 3aBHCAT OT CIOCOG0OB OpraHu3allydu
npo6JEMHOTO MaTeMaTHYecKkoro otecneuenusa /IIMO/ MM u npouecca
BHIIIOJIHEHUA MPOrpaMMHBIX MomyJseit /IIM/ TMO TIIIT.

OnHuM U3 sTanoB opraHusdauuu [IMO [T ABIAeTCA MOOYJBHBIA aHaINU3

KJjlacca IPUKJIIAIOHEX 3allauy, T.e. CO3JlaHHe TaK HA3hBaeMOM CHCTEMH

NPOrPaMMHBIX MOIYJIEH M3 MHOXECTBa AJICOPHTMOB DEmeHus 3anay OaH-
HOI'O KJlacca /aHajior MOAEJIM MpeIMeTHOW obyacTu [ 3] /. 9TH Bom-

DPOCH MpPEeNCTaBJIAIT CaAMOCTOATEJIbHEHA UHTEPEeC U yXe, B YACTHOCTH,

u3yyasuck B paborax [2, 3, 4.

B HacToAmen cTaTbe CUCTEMATUIUDYITCA DA3JIMUHBIE CIIOCOOH CTPYKTY-—
pupoBaHua [IM [IMO IIMIT ¥ MX OUCIEeTYUPOBaHHE B MNPOLIECCE pEeneHHud
3a71a4 OAHHOI'O KJjlacca B 3aBHCHUMOCTH OT HEKOTODHEIX TPebOBaHUH K
pecypcaMm 9BM. Ilpy sToMm, rosopa o [IIl, ycioBUMCA NOHHUMATB, YTO
peup unet o I, cTtposamuxca Ha EC OBM c WCIIOJIb30BAHUEM CYMECT-
BYIOIHWX BEDPCHH onepauuoHHeXx cucrtem (PCP, MFT, MVT) [5] , a HUX
[IMO mpencTaBieHO MomynbHEM rpadom ¢* [ 4 1. Ecim ClelHaJIbHO He
O'OBOPEHO, KaKad U3 BEPCHUHH OINepaluoOHHOM CHCTEMH HMEEeTCA B BH-
ny, 6yneM NnoHMMaTh, YTO CKa3aHHOE OTHOCHUTCA K Ji06OH M3 BhIIE
[IEPEUYUCIIEHHEX BEDPCHH.

Hrak, MycTh 3amaH MONYJNBHHI rpad G* , NmpencTaB/IALMMA CTPYKTY-
py KJacca 3amay U MeTomoB ux pemeHus [ 4 1.

¢™ = 6* (Z, My F);
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rjle Z - KOHEeUHOEe MHOXKEeCTBO BEpHHH, COOTBETCTBYWHEE MHOXECTBY
3amay z = {zl’ Zysenns ZIZI}’ NpeJicTaBJIANIUX 3allaHHbIH
KJlacc 3anay Z;

M - KOHEYHOEe MHOXEeCTBO BEpHHWH, COOTBEeTCTByWHHUX [IM
M = DUOUE,

rpe p, 0, E - COOTBETCTBEHHO KOHEYHBIE MHOXECTBa MOJIYJIeH THIIOB
IaHHBIX, OINEePaAlUOHHBIX W 3PraTHBHBEX MOIYJIEH;

F - uHdopMallMOHHBIE INyru, oTobpaxanmue HHOOPMAIMOHHYH
B3aUMOCBA3b Mexny [IM;

G~ - ApyCHO-NapaJuieJibHhiA HHOGOpMAMOHHBIH T'pad.

PaccmoTpuMm cTpykTypupoBaHue [IM ¥ UX JMCNeTuYdpoBaHWEe B 3aBHCH-
MOCTH OT Pa3JIMYHBIX XapaKTEePUCTHK KJjlacca 3alay - Or'PaHUuYeHUH
Ha naMATh U Ha BPEeMA NPUM DeumeHWd 3amad 2TOoro kijacca. [Ipu aTom
JUIsl onpelleJiIeHHOCTU 6yneMm npexnnosarats, uyTto [l pa6oraeT B pe-
KXUME HHTeprnpeTauuu [ 7] .

0O603HauuM V - namaTb, BbiesieHHad [l [nnA BHIOOJHEHUA MONyJieH
M,6M; V. - MamATh, Heob6xonuMas Ui BBHIIIQJIHEHUA MOMIYJIA M.

T(zj)’ Ti - COOTBETCTBEHHO BpeMA /KoMMepuyeckoe/ pemeHusa 3ana-
yy zj U BBHIIOJIHEHUA MOIYJIA Mi;

r(zj), T, = COOTBETCTBEHHO BPEMA NMPOCTOA LUEHTPaJbHOI'O MPOLEC-
ca [pU pEemeHUHd 3aIauyu zj U IIPU BHIIOJIHEHUU MOy~
Jg M, ;

1

c(zj), ti -~ COOTBETCTBEHHO UYHWCTOE BPEMA DPEneHUA 3allauM zj U
YUCTOE BPEMA CUEeTa MOJYJA Mi;

T(zj), Ti - COOTBETCTBEHHO NOMNyCTHMOE BpEeMA DPeneHUA 3alaudu zj

H IOONMyCTHMOE BDEeMA BLIIMOJIHEeHWUA MOIYJIA Mi.



)

T HyCwamax vi < Vs '1'i < ;i (i =1,2,...,|M|). Cnenosarensuo
T(zj) < T(zj) (j = 1,]z|). WHBEIMM cliOBaMM NaMATh U BpeMa GakTH-
YECKH HEeJIUMUTUDPYIT. Takue orpaHUUYeHUs OOBNHO TIPUCYMH HECJIOXHBIM
3anayaMm, pemamnmuMca Ha OOmMX OCHOBAHUAX B o6mEM IOTOKe 3alau.

I.I. CTPYKTypHUpPOBaHUE MOIYJIeH.

B aTom ciaydae uenecooGpaano co3rgaBaThb MOOYJIX HpOCTOﬁ CTPYKTyY-
pat [ 5 1.

Monysny nNpOCTOM CTPYKTYDH ABJANTCA Haubonee ahHEeKTHUBHBIMH B CMBIC—
JIe CKOPOCTH BBITOJIHEHHA. OTO CBA3AHO C TEM, UTO OHH CONEDXAT

BCe HeOob6XOINMMHE JNJiId CBOEI'O BHITOJIHEHUA OINEpPAaTODPH, T.€. IHHAMH-
YEeCKH HEe MCIOJIb3YIT ADPYI'HMX MONYJIEH W INO3TOMYy HE MCHOJIbB3YIT
TaKHX MakpOKOMaH] 3arpy3KH Kak LINK, LOAD, XCTL, ATTACH. Momy-
JIM 9TOH CTPYKTYDPH MOI'YT COIEpXaTh MOANPOrpaMMel, oOb6palmeHHe K
KOTOPHM OCYMECTBJIAETCA C I[OMOmMBIH MaKDPOKOMaHe CALL /WM C mo-
MOHmEBI ONMEepaToOPOB nepexona/ U TakuM 06pa3oM MONYJIM 3TOH CTDPYK-
TYDH BHIIOJHAKNTCA 63 yyacTHA CYINEepBU30OpAa.

MonyJyii NPOCTOH CTDYKTYDHl KakK M MOIYJU JIOOOH ODYIOH CTPYKTYDH
HAUYUHAITCA MaKPOKOMaHIOW SAVE M 3aBepumalnTcsad MaKDPOKOMAHIIOH
RETURN.

1.2. JucneTyupoBaHue MOLYJIEH.

[lycTs TpebyeTcsa pemuTh 3alady zjez, UCXOJIHBIE JTaHHBIE KOTODPOM

NnpyUHamiexaT K TUy D, 6D. Torma COBOKYINHOCTH Mo,uyneﬁ, ynopsano-

k
YEeHHOE BHIIOJIHEHHE KOTODHIX I[IPUBOIUT K DENEeHWI HaHHOW 3alayu OIl-

peneyifgieTca HEKOTODPHM nonrpadom ij, KOTODEIM HUCIOJNB3YyA 0003Ha-
YeHusAa [’4 ] MOXHO 3anucaTh COOTHOIEeHHUEM

m

- *
ij = H[Ak(zj)] = thl Wk(ej). (l)

Ecny TpebyeTcAa pPEmWUTh IMOOMHOXECTBO 3aJay Z, ¢ Z, HCXOIHHE IaH-

® € X
= G ., npexn

k
Hble KOTODLIX NDUHamiexaT K THITY Dk’ TO noxnrpad G
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CTaBJIANIHWA COCTAB BHUYUCIMTEJBHON CXeMbl OG06MEeHHOI'O aJI'OPUTMa
pemeHdsa 3alay B -TEPMHHaX U O0603HaYeHUAX paboTH [ 4 | onpenenser-
CA COOTHOMEHHEM

iz, |
Gy, = HIA @)= Ul HIA(z)] (2)

AHam3, WHOOPMALMOHHON B3aUMOCBSA3H NPOTI'DAMMHEIX MOIYJIEH BXOIA-—

=
HUX B nonarpadw ij, sz

HUA MOINyJieH, KOTODHH MOXHO OINHCATh IpPaBHJIAMH:

[IO3BOJIAET ONpPpeneJIMTh IIODAIIOK BHIIOJIHE-

§ L Monysu oIHOrO Apyca BHINOJIHAITCA B IPOU3BOJILHOM MODAIKE;
o)
2°. Momynu m-ro sApyca MOXHO BHIIOJIHUTH MOCJIE BHIIOJHEHUA CMEeXHbIX
¢ Humu mopynert (m-1), (m-2),..., O ADPYCOB.

~

2. llycTh max V, > V, T, Te (3 & 152,005 10])

i i i i
B 3TOM cUTyaluH T(zj) < T(zj) (GG " 1,2,...,]2|), onHako B MHO-
XEeCTBE MOJIyJied M CymecTBYIT MOJIYJIM, KOTODHE HE MOT'YT OHTH BHI-

M.

[IOJIHEHEI B IaMATH 06BeMOM V. IlycTh 3TO O6yOyT MOIYJIH Mil’ i,
9 c

M. e

in
OTU Or'pPaHMuYEHHa OOBYHO XapaKTEepU3yHOT 3anaud, KOTODPHE OTJIMYAlT-
CA OT OIMCAHHBIX B II. 1. 6oJbmHMMH OO6BeMaMH nepepabaThiBaeMbIX OaH-—
HEIX U OoJiee I'DOMO3IKUMHU aJIrOPHUTMAaMHU.

2.1. CTpyKTypHUpOBaHHE MOOYJIEH.

PaccMOTpUM BKpaTLle OCHOBHEIE CBOHCTBA OBEDJEHOBOH CTDYKTYDH
/CTDYKTYDEl C NEepeKpecTUaMH/ .

MonyJsib OBEPJIEHOBOM CTPYKTYPH HNEJIMTCA HA CErMEeHTH, KOTODHE MO-
I'yT COBMECTHO HCIOJIB30BaTh OOHY M Ty Xe objlacTh OCHOBHOM IaMa-
TH, T.€. MOI'YT BHIIOJIHATHCA B OJHOW U TOH xe obnacTu. Hckioue-
HUE COCTaBJIAET IJIABHHHA T.€. KOPHEBOW CEerMeHT MOIYJid, KOTODLIH

BCerjga HaxOOWUTCA B MNaMATH BO BPEMA BHIIOJIHEHUA ODYI'MX CEI'MEHTOB
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aToro monynsa. CMEHYy CEerMeHTOB OCYyHeCTBJIAET CYnepBU30D, B CBA3HU
C YeM IIpU BHIIOJHEHHWU MOLOYJIA OBEPJIEUHOW CTDPYKTYDH NPOUCXOIUT ITO-—
Tepa BpPeMeHH Ha opraHu3alui CMeHbl CEeI'MEHTOB. CeI"MeHTbI, ‘'KOTOpEBIE
COBMECTHO HCIIOJIE3YT OIHY M Ty Xe ob6JiacTh naMHTH./HO He TNpHHan-
JIEXAT OOHOMY U TOMYy X€ HYTH/ Ha3bBaeTCA HCKIINYaKIUMHA /HO He
MOI'yT HaxOOUTHBCA OIHOBDEMEeHHO B IlaMATH, WU, KaK NOpaBHJIO, HMEKT
OIoHHaKOBBEIE OTHOCHUTEJIbHEIE nmeHa/. Cel"MeHTbI, KOTOpbhIE MOI'YT Haxo-—
IOUTBCA B MaMATU OIHOBPEMEHHO HAa3hBAaKWTCA BKJOYawmyuMu. O6MeH na-
MATH MEeXIy MCKJIoYamMHUMH CEI'MEHTAMHU OCYIECTBJIAETCA 4Yepe3d ob-—
JIaCTh naMATH CTapuero BKJIIO4Yamomero cerMeHTa.

PasMmemeHue /nyaHupoBaHWe/ INPOrPAaMMHBIX CEKIMH B OBEDPJIEHHOM MO-
OyJie MOXHO CJeJyiaTh IpPU MOMOmH MNPEeJIOXEeHUN pelaKTopa CBA3ed orne-
paTopHo# cucTeMsl [ 5 ] INCLUDE, INSERT, a Takxe NyTEM pa3Mene-
HUA OOBEKTHHIX KOJIOI CErMEHTOB /CEeKIUHUH CEerMeHTOB/ OTHOCHUTEJIBHO
NpenJoXeHu OVERLAY. [IporpaMMHEIE MOLOYJIM OBEDJEHHOM CTDYKTYDHI
6pIBAlT OOHOOGJIACTHEIE W MHOI'OO6JaCTHhIE. MOOyJsib OIHOO6JIACTHOH
OBEDPJIEMHOW CTPYKTYDEl MOXET OBITH MNPElCTaBJIEH B BUIE OBEDIJIEHHOI'O
IEepEBa, KODHEM KOTODPOI'O ABJIAETCA KODPHEBOH CerMeHT. Ecid Heko-
TOPHIH CEI'MEHT IPOI'PAaMMHOT'O MOIYJiIA TpebyeTcs pal3JIMUHBM CEeKIUAM
M3 Da3JIMUHEIX NeTed M HEeT BO3MOXHOCTH /HM3-3a OrpaHMYEeHHH Ha mna-
MATH/ Pa3MECTHUTh 3TOT CErMEHT B KODHEBOH CErMEHT, HeO6XOOUMO
IIOMECTUTH DTOT CEIMEHT B OTHEJIbHYKW 06JIaCTh NaMATH. OTO MOXHO
cHenaTh MNPH ITIOMOMH YIPAaBJAKIErO MNPEIJIOXEHHA pelaKTopa CBA3eH
OVERLAY ¥ cJyioBa REGION.

[Ilpy naHUpPOBAHUW NAMATH IJIA MOLYJIEH OBEPJIEHHOW CTPYKTYDH HEO06-
XOOUMO YYMTHIBATE IAaMATH OBEDPJIEHOI'O CylepBU30pa, Takux ero Ttab-
JIML Kak Tabysuua cerMeHToB (SEGTAB), Tabisuubl BXoHnoB (ENTAB),
CIIHCOK INpHMeuaHu#t (NOTELST), KOTOPHE IMOMEMAKNTCA B OBEDJIEHHBIH
MOLYJIb .

TakuM o6pa30M B pacCMATPUBAEMOM CJyyae KaxIbld MOIOYJIb
Mi @ {Mi 5 s s Mi } nenecoo6pa3Ho NpPencTaBUTh B BHIE MOIYJIA
v

OBEpPJIEHHOH CTDPYKTYDPH, T.€. KaXIbi MOLYJb Mi OoJxeH O®TH INpen-
v
cTaBJIeH B BHUIEe OYyHKIHOHAJIBHO CBA3aHHHX (GparMeHTOB CETrMEHTOB
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M
bueHde MomyJed M ") HaCHI'MEHTHI Miv 6yl1eM CUUTATDH ONI'TUMAaJIbHBIM ,

€CJIHk miv - mtn ( miv Yis FH? miv - YHUCJIO CEerr'MEHTOB B MoOyJe Miv’

CO3IaHHEIX & -M CHOCOﬁOM; Viv = MnaMAThb, 3aHUMaeMass KODHEBLM

CerMeHTOM.

3amMeuaHue. HHOTHma, KOrma, HaOopuMep, MOOYJIH M,  ~ HMEOT CJIOXHYI
CTDYKTYDY, ObBaeT 3aTPYIOHUTEJIbHO NPEeNCTaBUTh M3 B BHAE MonyJeH
OBEDPJIEHHOW CTDPYKTYDH. B Takux ciaydyaagx MOOYJIH Miv MOXHO Ipen—
CTaBHUThb B BHIE MOLYJEH IHHAMHUYECKH-TIOCNIENOBATEeJIbHOH CTDPYKTYDHI.

Monysnp IOHMHaMHUYECKU-IIOCJIENOBATEJIBHON CTDPYKTYDH B IDOIECCE CBOE—
'O BHIIOJIHEHUA IOWHAMHUYECKH BHI3BIBAET MOIYJIH, KOTODPbBIE HEeO6XOIUMO
BBHIITOJIHUTH 1JIA HODPMaJIBHOI'O 3aBepumeHUA ero paboThl. BrizoB, 3ar-
DY3KY ¥ HAIIQJIHEHHEe 3TUX MOIYJIeW OCYuEeCTBJIAETCYNEDPBU30D C IO-
MOIBH OIHOW M3 MaKpPOKOMaHI: LINK, XCTL B KauecTBEe OIHOI'O U3
rnapamMeTpoB (EP) KOTODHEIX ABJIAETCA UMA BH3BIBAEMOI'O MOAyJA. Eciu
HEKOTODPBIE MOIYJIM HCIIOJIB3YKWTCA MHOI'OKPATHO B IpOLiecCe peuneHwuda
3a0auyd, TO OJIA UX 3arpy3KHU U yHaJIeHUA U3 MaMATU Lejecoobpas-
HO HCIIOJIB30BaTh MakKpPOKOMaHIBl COOTBETCTBEHHO LOAD W DELETE.
[locne 3arpys3ku MOAyJiA C [OMOWBH MakKpPOKOMaHIe LOAD IepenaTh eMmy
yhnpaBJIEHHE MOXHO C TIOMOmBI0 MaKpOKOMaHIpl LINK HJIM OIepaTODPOB
nepegadyu ynpaBJIEHHA .

Monynu, HCIOJIB3YyKIHUECA B KadeCTBE COCTaBHHX YacCcTer MonoyJeH
JUHAMHUYECKO-TIOCJIeIOBATEJIbHOH CTPYKTYDbl, MOI'YT OBITE MOIYJIAMH
NIPOCTOH HJIM OBEDPJIEHHOH CTDYKTYDH.

2.2. IlucneTuyupoBaHUEe MOIYJIEH.
OnpeneneHrWe cocTaBa BHYHUCIIMTEJBHBIX CXEM H | Ak(zj)] s H [A*(zk)]
OCYmECTBJIAETCA COOTBETCTBEHHO 1o dopmyisam (1), (2), a Nopanok

o o o}
BHIIIOJIHEHHA MOAYyJIeH onpenensdeTcAa Mo npa BuilaMm 1, 2=

3. NMycTb mgx V, < V, T, > T, (i=1,2,...,|M|) u crnemosarensHC
o
T(Zj) > T(zj) (j=1,2,...,|2|). Takue orpaHuuyeHua, OGHYHO, MPH-
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CYymY KJIaCCy HEeCJIOXHBIX 3allay, Demanmuxcsa B peaJIbHOM MacuTabe
BpeMeHd, JIM60 TepAnmUX CJMMIKOM MHOI'O BPEMEHH Ha OXUIaHue pecyp-
COB Tak, UYTO MNpolleCcC HX pemeHHUudA HeJIb3A INPH3HaATh YIOBJIETBODPHU-
TeJIbHBIM.

K sToMmy ciyyai OTHOCATCA W KJIACCH 3aJa4, BCe aanaqﬁ U cJierioBa-
TEJIBHO BCE MOIYJIU Ei’ KOTOpBIE fe 06A3aTeNbHO XapaKTEepPH3YITCH
BpPEMEHAaMHU T(zj) > T(Zj)’ Ti > Ti. Bymem nnsa onpeneyieHHOCTH 10—
JaraTb, 4TO CYmECTBYWT 3aladu {z,,zz,..., zp} 6Z, a cJenoBa-

TEJIBHO W HEKOTOPBIX MOLYyJIeH {Mil’ M Min} < M TakWe, UTO

0 (2 igreeee
Tz )>T )= 12...,p), T; >T; (v=1,2..., ).
u u A

3.1. CTpyKTypUpOBaHHE MOLYJIEH.

[Ilpyu CTPYKTYDPUDOBAHHUU MOIYJIEH Miv(v = 1,2,..., N) HYXHO HMETH

B BUOY, YTO T(z )=tz )+7(z; ), Tj =t; +7 u, cyeno-
M M U LA A

BaTEJIbHO, BEJIMUHHEI ﬂﬁ )>0, 7, >0 (u=12,...,pv=12,...,%).

M v
lefl O9TOM BO3MOXHEI IOBa CJIy4yada:

e (a1 (sz € Z)[t(zj) < T(zj)].

3.8, (Yy € D2k, -, 2 i) > Tiag)) > Taag)) + take) > g

. Cnyyadt 3.1.2. He mnpelcTaBiiAeT UHTEPEC B paMKaXx Npo6JIeMaTHKH
HacToAmeHd cCTaTbM, Tak Kak OH CBA3aH C IIOMCKOM IO CymeCTBY HO-
BEIX METONOB DPEMEHHA 3alad  Zp|Zg), . - -, L,

Cinyuay 5.1.1. mnpencTaBideT MPaKTUUECKUH HHTEpeCc TaK KaK MOXHO
NPEenrnpHHATE MOIBITKY MHHHMH3AlWH COCTAaBJIAIKHX T(Z‘El)’ ieie T(thp)

3amaya MHHUMHU3ALHH COCTAaBIIALIUX T(zg)); - - -, T(2g) CBOIHUTCHA
K MMHMMH3ALUWH COCTABJIAKMHUX T; MPOrDaMMHBIX MOXYJIEH. 9TO BO3MOX-
HO B DaMKaX OINEepallHOHHOH CHCTEeMb MVT C MOMOMBI0 MaKPOKOMaHI
ATTACH, DETACH, WAIT, POST W GJIOKOB YNpAaBJIEHUA COGHTHAMH ECB.

C noMompi0 3THX CPEACTB MOOyJW M, (i = 1,2,..., n) Heobxomumo

ki
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NNpeliCTaBUTh KaK MONYJIM IUHAMHYECKH-NAapPaJlJIeJIbHOH CTPYKTYDH[ 5 ] .
Monynp 3TOM CTPYKTYDH BO MHOI'OM IOXOX Ha MOIYJIb IHUHAMHUYECKH-
nocyenoBaTeNbHON CTPYKTYDH. OTJIMUME COCTOUT B TOM, YTO MOXYJIb
JUHaAMHUUEeCKU-TapaJUleJIbHOM CTPYKTYPhl NO3BOJIAET ODPI'aHU30BATH BHI-
NIOJIHEHWE MOAYJIeH, KOTODPHE OXHUIAKT 3aBEepHEeHUs HEKOTODHX COOBITHIA,
napajuiesibHO. JlMHaMHUueCcKHU-NapaJulesibHbe CTDYKTYDPH BO3MOXHO Opra-—
HU30BaTh JIMIb B ONEPALMOHHOW CHCTEME MVT C IIOMOmMBLI0 MaKDPOKOMaH-—
IObl ATTACH. Monysbk, KOTODHIH BBIAET MakKpOKOMaHOy ATTACH Ha3hBa-
eTcAa TMOopoXIanmuM /UHave nopoxiawmas 3amava/, a MOLYJIH, KOTODHE
o6pa30oBaHE 3TOH MaKpPOKOMaHIOW KaK OTHEJIbHbE 3aayu, HAa3HBaloT
cA mnon3agayaMd. YHUUTOXEHHE IOPOXIEHHBIX M0I3alay OCymecTBJIAeT—
CA MakKpOKOMaHIIOW DETACH. 3amayaMm .H nonsaladaM IpPHCBaUBaeTCH
IUCIETUYEPCKUI NPUOPHUTET /uuciio u3 auanasoHa 0-255/, KOTODHI
CYmMEeCTBEHHO BJIMAET Ha IMOPANOK BHIIOJIHEHHA MOLYJIEM: B KauIblii MO-—
MEHT BDEMEHU ylpaBJieHue MoJiyyaeT MOOYJib, KOTODHH HMEET HaUBHIC—
WY OUCNEeTUEPCKHUN NPUOPDUTET U HAXOOUTCA B COCTOAHWHM I'OTOBHOCTH
K BHIIOJIHEHUIO /6oJyiee nmompofHO 06 3ToM cM. [ 5 1/.

3.2. IlucrieTynpoBaHUe MOLYyJIEH.

[Ipy pemeHUH BONPOCOB 06 aBTOMATU3ALMH [POLECCOB MNJIAHWUDOBAHUA
nopanka BHINOJIHEHHA [IM, CTPYKTYpHpPOBaHHe KakK IHHaMUUeCKU-Ilapaji—
JIeJIbHBIE MOIYJIH, BO3MOXHBEI IBa CJIy4yad.

3.2.1 vy My < T

3.2.2. (Y eMI M, ... MUy >'%’il) + (T, >'fi‘_) 1.

n n
B ycnoBuax ciyuvasa 3.2.1. MJIaHMpOBATH MODPAINOK BHITOJIHEHHWA MOIY-—
nen uenecoobpa3HO MO aHaJlIoTHHU C Im. l.2.

YcnoBua cnayuasa 3.2.2. 03HaAUawnT, UYTO NYTEM CTDYKTYDUDOBAHHA MO-—
nyneu Miu Kak MoOyJiel IUHaMUuYeCKU-NapaJuleJIbHOM CTPYKTYDPH He

VIaJIOCh YJIOXUTH BDPEMsA HEKOTODBIX MNPOTrPaMMHBIX MOLYJIEH B 3alaHHbEe
npenesbl. Bo3HHKae 3alaudya CBENEHHWA K MHUHUMYyMy CYMMapHOI'O BpeMe-
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HH BHIIOJIHEHHA MPOI'DAMMHLIX MOMAYJiell 3a CYeT COCTABJIANMHUX ¢ .
OTrcona cinenyeT, 4YTO BHIIOJHEHWE MOOYJEH Mi“ HeoOXOoOHuMO OpI'aHu-
30BaTh JUWHaAMHUYECKU-TapaulesibHO. Kak yxe oTMeyasloch, 3TO BO3MOX-—
HO DpeaJii30BaTh B pPaMKax OIEPalHOHHOW CHUCTEMb MVT C I[OMOMBI0
cpenctB: ATTACH, DETACH, WAIT, POST, ECB IIyTeM COOTBETCTBYIONHUX
JIopaboTOK 3JIEMEHTOB BeNyueH NporpamMmsl, peaJjd3anuu s3ananuit [I11.

InAa u3ydyeHusa 3TOH 3alauyu pacCMOTpuUM 6GoJiee obumui ciydai, Korua
Mn={Mil,...,Min}=M ,
M obJiazialT CBOHCTBAMHU T, > Tg, V, <V /nocie npouecca CTPYKTY-
PHUDPOBaHUA C yueTom 1. 5.1./.

T.€. KOT'I& BCe€ MOIYJIM MHOXeCcTBa

TpebyeTca CBECTH K MUHUMYyMYy CYMMapHOE€ BPEMS BHIOJIHEHUA MonyJien
BBIUHCJIMTEJIBHON CXEeMbl 3a CYET MCIIOJIb30BAHHUSA BDPEMEHH OXUIAaHHUA
PECYpPCOB B IIpoleccCe DpeneHuda 3alnayd.

COBOKYNHOCTE NPOI'PAMMHBIX MOIYJIEH, BHIOJHEHHE KOTODHX MMPHBOIUT

K DEWEHHI0 OTHEJIBHHX 3a/ay Z,6Z WM HEeKOTOPOI'O MOJMHOXeCTBa 3a-
nad Z, €Z, MX B3aUMOCBA3b KaK M B NMDPEIBIYHMMX CIIy4YadX MOXHO 3a-
nucaTh CooTHomeHuaMdu /1, 2/. OcTaeTcAd OTKDHITHM BONPOC O MJaHU-
DOBaHWM MOPAIKA BHIOJIHEHWA MOIYJeidl B KaxIOM M3 ApycoB raba G-

C UEJNb0 MHHUMH3alUHU CYMMApPHOI'O BDEMEHH BEHIIOJIHEHUA.

[lycThb Mi » M%,..., M%i - COBOKYIIHOCTEH BepumHH-MonyJed mnonrpada
x

sz /o603HAYNM ee Mil] j-ro spyca.

TpebyeTca NOCTPOUTH TaKyl MOCIENOBATEBHOCTH {Mi}, YTO6H CyM-
MapHOe BDEMA BBHIOJIHEHHA MOLYJIEH My, ..., M%j 3a CYET HCIOJIb30-
BaHUA COCTAaBIIALIUX ﬂ 6BUIO0 MUHUMAJIBEHO .

B NpeanoioxeHuax, UYTO HWMEIT MECTO HEpaBEeHCTBA:

Vi= 12,V = 12, I E D > () > o) (3)

CYMMapHO€ BpPEMSA BHIIOJHEHWUA MOINYJIeH j-I'o Apyca Kak MonyJien IOuHa-
MHUECKH NapaJjuieJIbHOM CTPYKTYDh MOXHO MNPEeACTaBUTH COOTHOMEHHEM:
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i=1

. n .
i J i i J 4
(Ti—-1'i)+2rn-=l=2l t'}+21nj. (4)

HeTpynHo BHUIOETHb, YTO BEJIHYHHAa TJ JOCTHUT'aeT CBOEI'0 MHHHUMyMAa,
Korma BeJIHYHHa 1%

JOBaATEeJIBHOCTH MOH&HH/ MUHUMaJIbHA. OTcooma ciaenyeT, 4UYTO MNPU BHI-
[IOJIHEHWU YCJIOBHUH (3) B KAUECTBE HUCKOMOH TOCJIEIOBATENbHOCTH

/T.e. BPEMA OXHIOAHHA IIOCJIendHero B IIocie-

{Mi} MOXHO B3ATH JIOOYW0 MOCHENOBATENbHOCTE MOMYJIEH j-Tro sApyca,
MOCJIEIHUH 3JIEMEHT KOTOPOM XapaKTepHU3yeTCA MHHHUMAJIbHON BEeJIM4YH-—
HO ﬁ :

Ha npakTHke IOBOJIBHO DEIKO yIaeTCA MOJYYHUTEH BEJIMYHHE d B
UHUCTOM BHIE. B KauecTBE HX OILEHOK MOTLYT CJIYXUTH BEJIMUNHH c Tg
roe CJ - KO3OOULUMEeHT OXUIAHUA, XapaKTEePHUIYIMUH OOJI0 Bpemenu
3anaquHoro MOZyJIeM M. j-Tro Apyca Ha OXHIaHHE DEeCYypPCOB HIJIH

(u) BHIIOJIHEHHE Ollepalldii BBOOa-BeBOHa. [IpH BHOOpPE 3HaueHU# Koadh-
GULUEHTOB OXUIAHUA cg esiecoobpa3HO YUYWTHIBATH MOTEDPH BDEMEHH

Ha OpraHW3alul COBMEMEHHsd.

ycioBUa (3) He ABIANTCA CJIMMKOM XECTKUMH Or'DAaHWYEHMAMH. JIel'ko
nokasaTb, YTO K 3TOMYy CJIyYaid MOXHO eme CBECTH M IDYyT'Me COBOKYII-
HOCTH Mi]. Hanpumep, ecCjyii W3 COBOKYIHOCTH [ni] yIaeTca TOCTDPO-
UThH nocnenogaTeanOCTb TaKywo, QTO'd” = 432; ﬂ , a IJA KaX-
IO¥ maphl (Mi, l)Monynen 3TOH nocnenoaaTéanOCTH BEIIIOJIHAETCA
HEepaBEeHCTBO r,<:TF1 , TO 3Ta MNOCJENOBATENBEHOCTE TOXe byneT

OIITUMaJIbHaA B CMbIBJIe MHHUMHU3AllMH BEJIMYHUHEI TJ.

B ofmeM ciydyae 3aTPYIOHUTEJIBHO MOJYUYHWTH AHAJIUTHUYECKOE BhHIpAXEHUEe
IJ1A BEJIMYUHEI Tj M, CJlefoBaTesIbHO, yKasaTb, Kak Jyume CTDOHTH
NOCJIENOBATEJIBHOCTH {Mi}. OnHako ucclienoBaHuA /HanpuMmep, Mocye-
NOBATEeNIPHO aHAJMBUDPYA CHy4Yau A n; = 2, 3, 4,.../ nokasmBawT,
UTO IUIA MOJIyYeHHd 3HAYEeHHA 6JIU3KOTO K MHUHHMaJIBHOMY 3HaUEeHHI0
BEeJIMYMHBI TJ MOXHO IOCTDOHUTH IIOCJIENOBATEJBEHOCTH {MJ} B NOpANKe
yOBIBAHUA BEJIMUHUH ﬂ . OnTumManeHy® NOCJNeNoOBaTEJbHOCTh {Mi} MOX—
HO TMOJIYYUTH C IOMOHMBI METOHa IOJIHOT'O nepebopa BapPUAHTOB.
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TakuMm o6pa3oM B 06meM ciiyyae OIMH U3 aJI'OPHTMOB BHIIOJIHEHUA

NpOrpaMMHHIX MoayJieit nounrpados G;k

NPOTr'PAMMHOR BBIYHCJIUTEJIBEHON CHCTeMe, C ILEeJIbBIOMHMHHUMH3allUhd BPEMEHUH

B [, paboTawmux HA MyJIbTH-
pemeHda 3alady COCTOUT B CJEeOYIueM:

1%, Bce MONyJNIHM, NpUHAIJIexamue nourpady ng MOAPYCHO YMOPANOYNU-—
BaKWTCA B HCKOMBIE TOCJIENOBATEJIBHOCTH {Mi} /j - HoMep sApyca,

i - HoMep Monynsa B aApyce/.
oX . Momymu MoCJIeNOBATEIBHOCTH {Mi} BBITOJIHAITCA TMOADPYCHO.

3%, Oxunaoumuit MOIyJb MJ MONKJIOYAETCA K BHITOJHEHU MOMIYJIA MJ
NocNIenoBaTeNbHOCTH {MJ} NpH YCJIOBHH, YTO MOMYJb MJ 4 BHHOHHeH,
MM60 HEe MOXET OHTEH anonHeH M3-3a TOrO, YTO npononmaeT HaXO0-

IOIUTBECA B COCTOAHHHU OXHIAHWHA.

4. MycTts v, >V, Ti > T, (i = 1,2,0005 M|, T(Zj) > T (zj)
(G = 1,2,...,]z])-

9Ta CHUTyalusa MOXET BO3HHKATh IJIA TaK HA3bBaeMbX OOJIBHMX 3a7au,
pPemaeMbelx B peaJiIbHOM Macumrabe BpeMeHH /hnu B YCJIOBUAX OJIM3KHUX
K 3ToMy/.

4.1, CTpyKTypupoOBaHuUEe MOLyJieH.

Kaxneii monyis M.6M (i =1,2,...,|M|) CTDYKTYypPHDYETCA Kak MO-
IyJiIb OBEDPJIEHHOM CTPYKTYDH /MO aHajJorud ¢ m. 2.1./, KpoMe TOro,
UCMOJNB3YNTCA CPEICTBA ONEepalMOHHON CUCTEMBl MVT (ATTACH, DETACH,
WAIT, POST, ECB) pacnapajuieJIMBA€TCA BHUMCIMUTEJBHEI NpOLEecC Tak,
YTOGH BeJMYHHA 7;  ObUla MHHMMaJbHa IJA JAHHOTO MOIYJA M, .

4.2. IucnerunpoBaHue MOLYJIEH.
[IpennosoxuM, 4YTO MOCJEe CTPYKTYDHPOBAHUA MOAyJied coryiacHo m.h4.1.

B MHOXECTBE M CYHNECTBYIT MOLOYJIH (Mil""’ Min)’ IJIA KOTODBIX
n#(u= Lisas ) U clenoBaTeNbHO, IJId HEeKOTODHX 3ajad, Hamo-
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ume Z . o8 Z
p p,(“, 5 Jp)

T(Z. ) > T(Z. ,..., T(Z. ) > T(Z. ).

i ( 5 A Jp) (Jp)

B aTom cliydyae IIJIaHUPOBaHHE IMOpPAINKAa BHIIOJIHEHUA NPOI'PAMMHBIX Monoy-—
JIer OCyuecCTBJIAEeTCHA COI'JiaCHO peKOMeHHaHHﬁ  § S 3.2.2.

CnenyeT OTMETUTH eme OIHY BO3MOXHOCTH DKOHOMHHM BDEMEHH I[pU pe-
HEeHWU IPHKJIanHbeX 3anad ¢ nomoumbio [ Ha EC 3BM ¢ HCHIoOnb30BaHU-
€M OIlepallMOHHOM cHCTeMbl MVT. 3TO KacaeTCA IpOolecca CTDPYKTYpPH-
poBaHudg [IM [IMO IIIl, cymHOCTBE KOTOPOI'O COCTOUT B craenyiomem. Cpe-
ai Bcex [IM IIMO Il Heo6xoOouMO BHOEJNUTE Takxe [IM, KOTOPHE MHOI'O-
KDaTHO HCHONB3YKTCA B Ipelecce pemeHua 3anad. [locsie Toro, Kak
Takue MOLYJIM OTOOpaHEl, C IOMOWBI DENAKTOpa CBA3EH HX Lelnecoob-
Pa3HO CTPYKTYPHPOBATH KakK MOBTOPHO HCIOJB3yeMble [ 5] , 4YTO mo3-
BOJIAET COKOHOMHUTE BpEMdA, 3aTpadyeHHOe Ha IOBTOPHY 3arpys3Ky

9THUX MonmyJsied B pabouyw 06JacCTh.

Bemie 6BUIM pPACCMOTDPEHH BONPOCH OPTraHU3allud BHYHCJIMTEJIBHOI'O IMPO-
uecca B IIll, opHueHTUPOBaHHBIE Ha ONHOMNDPOLIECCOPHYW OBM cemeicTBa
EC. Ocobrii MHTepeCc npuoOpeTanT 3aTPOHYTHE BOIPOCH B MNaKeTax
porpaMM, ODPHEHTUPOBaHHbE Ha KoMiiekc EC 9BM. M3BecTHO, UTO
9BM EC 1030 u EC 1050 MoryT O6BITH OOBEIEHEHb B BBIUMCJIHTEJBHBIH
KOMIJIEKC, O6Jiananmyil yxe OBYMA NpPOLEeCCOpPaMd. YINpaBJIEHUE 3THM
KOMIJIEKCOM OCYMECTBJIAET CIELHaJIbHO CreHepHpOBaHHAA OmnepaldoH-—
HaA cucreMma aApJAwmasaca pacuupeHueMm OC. Takum o6pa3oMm, KpoMe OT-
MEUEHHEIX BhIIE DE3YJIETATOB IMOABJIAETCA BO3MOXHOCTE MDUMEHHUTH
AMEnMUEeCA K HaCTOAmMEMY BPEMEHH Pe3yJbTaTH [0 pacllapaJljIeIMBaHUI0
BHYMCJIMTHIIBHOI'O Tpolecca Ha kommuiekce OBM /cM. Hampumep [ 8) /
¥ K IaKkeTaM [PUKJIAIHBIX OpOIr'DaMM.
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Egy alkalmazdsi programcsomag-osztdly iitemezési
algoritmugdrdl ESZR szdmitdgépekre

I. V. Szergijenké, I. N. Paraszjuk

A szerzd8k kordbbi kutatdsai eredményeinek konkrét
alkalmazdsa ESZR/0S operdcidés rendszer vezérlete alatt
miik6d8 alkelmazdsi programcsomagok optimdlis iitemezési
algoritmusdnak meghatérozédséra.

On the scheduling for a class of program packages

for Ryad machines

I. V. Sergiyenko, I. N. Parasyuk

In this paper the authors apply their previous
results for solving a concrete problem = the problem
of optimal scheduling for program pachages running
under the control of OS operating system.



ON SOME FEATURES OF PAGING ALGORITHMS

by D. Bdrdossy /VIDEOTON Research Institute/
and A, Ivdnyi /E6tvés Lordnd’s University/

INTRODUCTION

The majority of the papers on paging - for example the
works of Denning, King, Aratdé, Kogan, Chu and others - deals
with deterministic demand paging algorithms noninformed a-
bout the continuation of the reference string /with so-cal-
led nonlookahead algorithms/,

In 1971 Aho, Denning and Ullman [i] proposed a method
for the formal description of these deterministic, nonlook-
a&head algorithms.

In his paper Belady [é] mentioned a stochastic algorithm
~g0-called random algorithm /RAN/. Recently a lot of other
ones was proposed, for example in [ﬁ] and [E].

In the first part we extend Aho, Dennind, Ullman’s ter-
minology to the deterministic lookahead algorithms, and exa-
mine the relationship between two features /sequentiality
and rationality/ of these algorithms,

In the second part is given a formal description of a
subset of stochastic algorithms, which contains the known
deterministic ones too. We extend the results of the first

part to this set of algorithms,

L2
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PART I. DETERMINISTIC ALGORITHMS

l.1. Notations

We use Belady’s mathematical model [é] of computers
with two-level paged virtual memory. According to this
m6d01 the computer consists of a central processor unit
/CPU/, & main memory /MM/ and a backing store /BS/. MM and
BS are divided to equal-size units, so-called pageframes.
The programs are divided ihto paged corresponding to the
pageframes. Processing a program we move its pages - if
necessary - between the memory levels. Figure 1; shows

the schema of such a computer,

Yy

CPU [+ ~« MM = >+ BS
hY
m pageframes n

n pageframes

Fig. 1. Schema of a computer with two-level paged memory

We use the following notations.
m - the number of pageframes in MM /l<m< oo/;

n - the number of pageframes in BS /m<r <o’
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N = {Vl, ST \?n} - the set of pages, located in the
pageframes of BS;
Wyp= T7y eeey Ty /e €N,y t=1, ..., T/ - the reference string;
NL - the set of all possible ch’ ;
S, - the state of MM at moment t /the set of the included
pages /S,C N, og|slgm/;
M® - the set of all possible different S

t

t 3

qtsﬁqp,qf/t - control state, which contains information
about the past /qp/ and the future /qf/ of the reference
string. We can remark, that qp and qp are both partially
ordered subsets of N;

Qp - the set of all qp;

Qf - the set of all Qe 3

Q = Qp X Qp - the set of the control states;

S, - initial memory state /often: |S_| = 0/;

9, = initial control state;

g: M xQx N - M x Q - mapping, which after each page

request determines the new memory and control states;

A = {N, Mm, Q, So’ Q> gy sixtuple - the paging algorithm,

1,2, Definitions
1.2.1., Demand paging algorithms

In this paper we omit - if it is possible without the

risk of misunderstanding - the indeces,

Further we discuss only the so-called demand paging
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a@lgorithms.
Definition 1 [i] A paging algorithm A -(N,Mm,Q,So,qo,g>
is demand paging algorithm, if its g 1is as follows:

/5,q*/, if Vies
84/8,0,Vy/= < /5+ vi,q"/ if viq;s and |SI<m
/S+ ‘91- \)J,q”’// if v;&S and |S|=m, where
vjt‘;'s.

Let’s take as example the well-known algorithm FIFO
/first in - first out/. FIFO is a demand paging algorithm,
and replaces the page having spent the most time in MM, In
the case of FIFQ qp contains the pages in MM in the order

of their arrival:

a = /315 eees Y/, where ksm, and y;EN /i=l, ..., k/.
For FIFO qp is not used. The mapping g, is /if |S| =

= m/ as follows:

/S,qp/ 1 x=E€S

&prpo = 8prro/Sr9pe*/ =4
/5 +x -y, if xefs,

Where qp’: /x, yl, ceey y -1/0
Further on we often refer to the algorithm MIN, propo-
sed by Belady [2]. This algorithm replaces that page being
in the main memory which will be referenced at the latest,
Let’s )\t = St-—l\st call the removed page during the
processing of T, /.A,tE.N, or ’\t =g /.

Let rt1=r*‘ =V, [ty £ t/, vV [t = 141, L.,

2



= 8% -

t,=1/, then Pt/"a/'. t,-t 1is the "forward distance" of
page *98 at moment ¢ [ﬁ]. 1) 4 rtlz‘w)B end r VY, /t =
=t +1, t; +2, oo /, then let P, /VY /=0o.

MIN also is & demand paging algorithm, according to
which the removed page }‘t is such a page of St’ for which
holds

\4 Ve €Sy PIV SSPIN/

l.2.2. Processing costs

Definition 2 [i] The processing cost of & reference r,
in OJT equals to |

(S 5 0, if rtéj St-l
g = O/Wyp, A, T/ =
1, if rt‘§ist-1'

Definition 3. The processing cost of the Wy equals to

T' :
C = C/’O.)T, A/’ = E :(Sle’ A’ rt/'
t=1

1.2.3. Sequential and rational paging algorithms

Definition 4. A paging algorithm is sequential [}], if

lw'| Jw”
V(A)"CL)“’ (,0“’ E :‘SIC\)’CU“,Aarf//" J/wsw’:s,A’rt/.
t=1 t=1
According to this definition A 1s sequential, if the

processing cost of the sequence a)T t1ill moment +t depends
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only of the first t references in a)T.

For example MIN, and all the nonlookahead algorithms
/FIFQ, LRU, CLIMB etc./ are sequential,

Definition 5. A paging algorithm A 1s rational, if

for every reference GJT’ =Ty’ oo Tp? and Wp'l=ry’t...ry’’

e following conditions imply )\t”x 98:

Jt,, Jt, @/ 1€t <t
' b/ds Y, = rtl’ = rtl”
c/Vk /t,41€kSty-1/ 1,0 £V,
a/Jt AL E,-1/ Ny = Y
e//yj /’lﬁj.StQ/’ rj’zrj”
According to this definition A 1s rational, if it does
not use more information about the continuation of the refe-

rence sequence, than the algorithm MIN,

l.3. On the equivalence of rationality and sequentiality

In this section we examine the relation between the rati-
onality and the sequentiality. The motivation for this is the
following: the sequentiality can be well used in some exami-
nations [z], but for a given paging algorithm it is easier to
verify the rationglity.

It 1s easy to show that these features are equivalent, if
the algorithms don’t use future information /q./.

The following two exampleo show that the equivalence

isn’t true in generality /for lookahead algorithms/, that is
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the sequentiality doesn’t imply the rationality and the rati-
~onality doesn’t imply the sequentiality.
BExample 1. Let the function g of A as follows:

Bircis 3 vluv2¢s

gy =
| 8pyr If YUY, ES.
It is easy to see that this algorithm is rational.
Let m=3, ¢u’=Y, V3 Y, Y, VY Yy V5 Y, V3 ¥, vy,
Wr=y, Y3 Yo ¥ ¥ Yy Vg Vi Vp ¥y Vi
Processing (3’ and )’’’ at r8=’94 the costs will be
different /c58’=0, (55”-1/, so the algorithm isn’t sequenti-
al.
Example 2, Let Lt=true, if there exists such an s
/3<8<n-2/, for which the following conditions hold:
@/ Y 1§ 5ps Yad g, V1€ 8y, V€S
b/ ry = Vy5 Tyom Vo Tyug= Vi Ty Vi Tyusm Yy
rt+5=v5; vor Tyuns1™ Vni Transo” Vs‘
Let the function g, @as follows:

/St_\?n-l*rt’ qQ*/, if Ly=true and rt+n+2=\gn
EA/"St ’ q’rt-/ =
EuIN® otherwise,
This algorithm is not rational, because in some casges
it needs more information /rt+n+2/’ than MIN.
However we can show that this algorithm is sequential.

The algorithm A changes the memory state usually as MIN
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does it. If A decides otherwise /replaces Vn-l instead
of fn/, then in the next step it correct the diffﬁrence in
the memory state /removing Qn/ without difference in proces-
sing cost. Therefore A 1is sequential.

We can prove that under certain conditions a rational
algorithm is sequential, because the following assertions
are valid.

THEOREM 1. Every demand paging algorithm A having all
the properties a, b, ¢, d 1is sequential:

a/ A is rational;

blV’qp’, qp” g/S,/qp’.qf/,x/-g/S,/qp".qf/,x/;

¢/ Let s*={r, | r € /s ap/f and  §°[)s*=527()s¥, then

8, /8’ ,a,%x/=g,/S"* ,a,x/;

d/ If for Yse S; t, 1is as in Definition 5, and <& 1is
the partial order in qf,tuJ;rl s rt2 and -yu #*Vs, then
for every w’, (o’’ ys<'Yu /in W'/ implies Y < Vu /in
ww’’ /.

For the simplicity we reformulate this assertion nonfor-
mally, formulate the other assertion only nonformaliy and give
only heuristic proofs of these assertions.

Assertion 1. Every demand paging algorithm

&/ which is rational;

b/ which doesn’t use ap

c/ for which the new 9y and the new S don’t depend on
the pages of S being absent in Qe 3
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d/ for which qe 1is limited by the rationality;
is sequential.

Proof of agsertion l, We use an indirect proof. Let’s
suppose that A 1is an algorithm with the above features but
it isn’t sequential: in this case there exist at least one

Wy Wy, Uz, for which

:J/w Wy, A, r/,#ZJ/w s kg wsle

t=1

So there is a time moment t /0< t< T/, that J/u)TcJI,A rtlﬁ
c;’/O'Jm(.q.)‘?, A, rt/. This inequality means, that at time t the
algorithm remove a pagein one sequence but not in the other
sequence, Hence the memory state S was different fer a page
which occures still in the equal sequence G)T. Let’s denote
with tl the first moment, when the memOFy states become dif-
ferent in connection with a page still occuring in &)T. Before
this moment t, it holds S;’=S,’’/for all t<%;/, and this
step brings the first difference in S/. On the other hand
/qf/t -/qf/E" for the page removed at t;. But the function g,

uses only S and qf to determine >‘t' So at time t, diffe-

rence in S cann’t occur. This contradiction can come only from

%;% J I u)l,A,rtI¥ %i%tyﬁu)Tu)z,A,rt/. Hence the algorithm
A is sequential.

Agsertion 2, Every demand paging algorithm

o/ which is rational;

b/ which doesn’t forget the used future information;
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¢/ for which if the future information is available till
rationality, then the function g is like as in point ¢/ of
assertion 1;
is sequential.

Proof of assertion 2. The memory states /S/ during the
processing of a)TaJI and WnW, can differ only if the al-
gorithm "looked over"™ “)T; in this case the algorithm knows
the future till rationality for the pages still coming in the
equal sequence. So g uses for this pages only Qe and S°?
according to b/. This doesn’t cause difference in processing
cost /ses assgertion 1./. On the other hand if no difference
occures in memory state S, then the pwocessing costs are also
equal in the two sequences.

| The majority of the deterministic paging algorithms is
in the bounds of assertion 2. Assertion 1. is not so general,
but it gives results for some special algorithms /e.g. fu-
ture not forgetting algorithms/;

IXI, STOCHASTIC ALGORITHMS

A part of the paging algorithms - for example RAN [i],
reF, [3], we, [4], pp_ [6]- are stochastic ones. In this
part,extending the method due to E. Gelenbe [ilwe will descri-
be a class of stochastic algorithms, which contains all the
known by us deterministic and stochastic algorithms. We will

extend the results of part 1. to this class of algorithms.
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2.1. Notations

We leave the meanings of N, QJT, NT, n, m, S, Mm, s Q
without change and introduce the following new concepts:

R = /oCl, ...,cﬁk/ - stochastic memory state, where k =(:)
anddCi gives the probability of the event, that a
given /the i-th/ set of m pages is in MM, and the
sum of these £ -s equals to 1;

R® - the set of the stochastic memory states R;

z = /%, ...,'E;/‘- the probability distribution of the
control states, where §;=P/q=qiﬁ and the sum of the Y-8
equals to 1;

Z* - the set of all z

We have to extend the function g of 1l.1. in the follo-
wing way: Q x M x N —» Z* x R®.

For deterministic algorithms this definition gives the
old one.

In general case it is difficult to give the function g
in a simple form. If the number of the control states is fi-
nite, then we can describe g with a matrix. Its size is
/1Ql x|M®x n/ x /1Q x|M™| /.

If the algorithm is in the state /S,q/ and a page
requeét for % occures, then a row of the matrix gives the
probabilities of the next state /§,J7: the j-th element
gives the transition-probsbility for the j-th state. The sum
of the elements in a row equals to 1.

For practical purposes this matrix is too difficult.
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Sometimes we use an other matrix: its size is /Ilelmmlxn/leml
A row of this matrix gives only the memory state probability
distribution. Beside this matrix we have to give a function

which determines the new control state.

2.2. Modification of the definitions

Because the stochastic algorithms describe the memory
states with some probabilities, we have to extend the defi-
nitions of processing costs. The processing cost of the re-
ference r, equals to ‘§/U)T’A’rt/ =1 -p,, where £t= Vi
and P’i = P//Yié s/.

The processing cost of a T-length program realisation
QJT is the same as in 1l.2., but we have to use the new de-
finition of the reference cost.

We keep also the old definition of the sequentiality.

In the definition of the rationality we have to intro-

duce a new condition beside the old ones, namely

PING" =N I = BIX P =),

2.3. The relation between the rationality and sequentiality

The two assertions of the section 1.3. are also valid
for stochastic replacement algorithms. We have to use the
new definitions in the theorems.

In the proof of the assertion 1’. we have to use the

new reference processing cost. The inequality <5/cJT,A,rt/#
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IJ/u)T’,A,rtA means, that the probabilities P‘P/rté s/
were different in the two processings, hence the stochastic
memory states were also different. The proof is otherwise
unchanged.

The proof of the assertion 2. is essentially unchanged.
We have to use - in accordance with the function g - the
stochastic memory state R and the new processing cost as
in the assertion 1.

This new assertion 2’. can be'used for the majority of
the deterministic and stochastic algorithms. For example
b? PP, satisfy its conditions. For these and
some other algorithms it is easy to show the rationality,

MIN, REF_, MP

but to prove their sequentiality on an other way would be
more difficult.
Acknowledgment., The authors are indebted to E; 2.
Lubimski Professor of Moscow State University, who pro-

posed to investigate this problem.
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Osszefoglald

LAPOZASI ALGORITMUSOK TULAJDONSAGAIROL

Bidrdossy Déniel /VIDEQOTON Fejlesztési Intézet/
Ivédnyi Antal /EStvos Lordnd Tudomdnyegyetem/

Az elsd részben a lapozdsi algoritmusok leirdsdra
eddig haszndlt terminoldégidt kiterjesztjilk ellrenézd
determinisztikus algoritmusokra, majd megvizsgdljuk,
milyen Ssszefiiggés van ezen algoritmusok két tulajdon-
sdga /sorossig és ésszeriiség/ kozott.

A mdsodik részben megkiséreljiik a sztochasztikus
algoritmusok halmazdnak egy -~ valamennyi dltalunk is-
mert determinisztikus és valdsziniiségi algoritmust
magdban foglald - részhalmazdnak formdlis leirdsdt,
és az elsl rész eredményeinek kiterjesztését erre az

glgoritmushalmazra.



- 94 -

Pezsnowme
0 HOKOTOPHX CBO/CTBAX CTPAHNYHHX AJT CPUTMOB

I. Bapmomm /llccrenoparensexuii MueTuryT dupmu BUIEOTOH/
A. UBamn /Yumsepcurer mv. Jopaxnna $Teema/

B NepBoif YacTil PadOTH TEPMUHONOTHUS, NPMVEeHGHHAS A
onucanusa "cioenux" CTPAHMYHHX aJTOpUTMOB, DACIDOCPAaHAETCH
I DeTepMMHUDOBAHHEYX rPcsenu) CTDAHIYHHX aJNTOpPUTMOB. Pacc—
MaTpMBAETCA CBA3hL MeXTy IOBYMA cBoiicTBaMM /IOcirenoBaTeNb—
HOCTb ¥ DAITMOHAJLHOCTE/ HTIIX &JI OPHTMOB.

BO BTOPOIT YyacTu cresaHa TONHTKA Ha (OpMaThbHOE Olli-
CcaHye TaKOr'o ITOIMHOXECTBA BEPOATHOCTHHX CTDEHNYHHX aJIo-
PUTMOB, KOTODOE BKINYaeT B ceOs BCe WU3BECTHHE HaM JeTep-—
MUHUDOBAHHHE ¥ HEIETEPMUHUPOBAHHHE CTDAHNYHHE &JIODUTMH.
Pe§ybeaTm [IEPBOii YacTX pacrnpocTpaleHH U Ha 9TO IOIMHO-

KECTBO CTPAHWYHEX &JI ODUTIMOB.



SOME RECENT DEVELOPMENTS IN DISK SYSTEMS UTILIZATION

Gyorgy Gyéry
Computer and Automation Institute of the Hungarian
Academy of Sciences

I. Introduction Disk systems tend to serve more and more

specified and sophisticated purposes. Thus their operating
modes have to be more and more specific in order to catch

up with the specific tasks to maintain.

The aim of this paper is to present two of the recent ine

vestigations concerning such adapted disk scheduling policies.
One of these deals with specific dynamic allocation problems,
in the case of which the sizes of the most frequently allocated
areas are known. The other one examines the queneing properties
of the rotational latencies of a disk system with identical
starting addresses for all the stored records. This latter
attempt aims the easier organization of a disk scheduling
system at the expense of a less effective hemory space
allogation and thus persues aims in some sense contrary to
those of the first.

II. A Fibonacci-like buddy system variation

A buddy system is a way for dynuamic storage allocation with
some large starting blocks of memory space. Should a demand
arige for allocating a sufficiently small area, a free area

of a suitably small size is looked for and if none is found,

a larger one of the nearest size will be split to two buddies
and the search restarted. Should the buddy of a free area be
freed also, the buddies are reunited and if no further buddies
become both free by this step, the united area will be recorded
in a table suitable to its size.
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Let the buddy sizes admitted in this procedure be S“S; o
/in decreasing order/. Traditional buddy systems are
characterized by splitting areas to two equal buddies and
thus by the equation S&'l' s&'t‘ Generalized Fibonacci-like
systems split areas to buddies according to the equation

S“BS“_‘* S\L- g(u_) f1/s

In the case of the Fibonacci buddy system C(v.) 1 and

in most of the systems used in practice ‘(.\(u) is constant. The
reagon for this is simple: if the equality ((1): (—(\L-'\J& v
holds for any W , the starting address of the left buddy of
a memory area with size S W - ‘L\‘ is ambignous and therefore
must be stored either in the area itself or in a separate
table /1/. Unless ((K) é A and is monotone nondecreasing,
an other kind of anomaly may also arise. If the user®s objective
is to achieve a free memory area of a given gize within the
ghortest time /i.e. performing as few splittings as possible/
the optimal way to accomplish this may not begin with
gplitting the smallest bigger area available. On the other
hand, the splitting strategy may considerably influence the
distribution of available areas of the different sizes. The
original buddy system has the main advantage of easy and quick
allocation and release algorithms /4/. On the other hand, it
is not especially effective in utilizing memory space. The
introduction of more sephisticated buddy systems obviosusly
has the aim of better memory utilization. The cost of this
new feature is more complicated algorithms for the allocation
and release., Utilizing a generalized Fibonacci~like buddy
gystem may have two major advantages if the function

is suitably chosen: memory blocks of some required sizes may
be obtained in a great number and margins of larger areas may
be made to coincide with boundaries of physical blocks.

When designing a generalized Fibonacci~like buddy system, the
following two questions arise /which in the auther’s opinion
are worth further investigation/:
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1. Which buddy function £ (M) should be used of those whioh
provide us with the needed sizes of blocks with respect
to the given distribution of demands over the sizes of
blocks.

2. How should then the allocation procedure be chosen /with
regspect to the possibile different ways of splitting memory
areas until one of the needed size is obtained/ to yield a
reagsonable compromise between short allocation times and
keeping the gize distribution of the free memory areas
possibly close to the required one.

What makes the problems more complicated is that their
golutions obviously depend on each other,

III,Rotational latencies of a disk system with uniform
gstarting addregses
In this section rotational auxiliary memory devices

/called disks for the sake of brevity/ will be coneidered
with an operational system that assigns the same starting
address to every record. Taking the time taken by one
rotation of the digk for a time unit transfers of records
may begin at instants some /integer number of/ time units
after the first time the read /write head passes the
initial address.

We shall assume that the record lengths have a known
uniform distribution and denote by T, the probability
that a record is transferred in T\ rotations. We assume
also that the arrival process ie Poisson with parameter A.
Let us denote by M (‘t) the number of requests in queue
and by h‘f‘) the number of disk revolutions having been
taken by the current transfer at time ¥ . The process
(M), N (&)) /with Nt)=-4if the queue is empty/ is
not itself a Markov one, but it has an imbedded Markov
chain at times 'ti, when the starting address passes the
disk heads. The one-gstep transition probabilities of the
latter are
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with € = T(X)Tu | ¥ >Tw-1) = 4~ F(Tf“')
‘ a- F(T(w-1)

and with zero probabilities for all the transitions not
involved in the previous equations.

For the detailed proof of the following results the
reader will be referred to /3/. First, the imbedded
Markov chain can be shown to be aperiodic and irreducible.
Then its ergodicity can be proved. Using this, with

Te Si=T1 .5 ‘R(t)-.' a:' <.,

o o (4-%)
Eiw}gzhgs“"rw and A(z): .Q_-’AT AR

the probability of an empty queue
X(o);? (O‘~1) = A -’).T €i'~3
and the generating function of the state probabilities

a " A(!.)'i -1
?,0): 5 ; i) 2= [4- F((n-)T)] Yo} — s

can be obtained, from which the state probabilities of

the imbedded Markov chain (H (’t . )‘ N (t . ))
L .

follow. These results are generalizations of some

corallaries of a theorem of Skinner /5/. A consequence
of the previous result is that of Skinner’s results as
well,

By averaging the generating function of the state
probabilities of the imbedded process at times (ti*“)
with respect to T\ one gets the expected number of
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requests in queue ( T)’- E {WI}

0,
E{H} = Al (E {t} *%) +-—-—-1 . - T E{W})"
with ‘, given by the proportion of the length of a
transfer to the time unit (L ~Vti.) .

E(W) = S W,
wei

In the possession of these results the effectivity of
the disk scheduling policy with uniform starting addresses

Moreover,

can be congidered. The primary one being the gimplicity
/of the addressing policy/ our question is if it is worth
the deterioration of the mean response time and the
fragmentation of the disk space. From the latter point of
view this policy at first sight occurs opposite to that

of the generalized buddy system., It is true, that their
aims are totally different, but without further knowledge
of the record size distributions no condusion can be
drawn. An approximately uniform distribution of the record
gizes is disadvantageous for both, but it is more for the
buddy system. On the other hand, if all the records are

of the same length, the buddy system cannot be conveniently
used either. In both cases the mean response time of the
uniform starting address policy is next to that of the
FIFO scheduling in the case of uniformly distributed
starting addresses and thus for bugsy states of the system
congiderably worse than the mean response time of the
Shortest-Latency~Time=First policy at uniform starting
addresses. The estimations have been derived from the
results of /3/ and the simulation results of /2/.
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Diszkrendszerek haszndlatédnak ujabb
nédjairdl

Gydry Gydrgy

A dolgozat kordbbi cikkek alapjdn két allokdlédsi
stratégldt ismertet, és azok effektivitdsdt hasonlitja
tesze az allokdlandd terilletméretek eloszldsa szerint.
Az egyik stratégléndl a rekordok kezddcime rdgzitett,
a mdsik az ismert "buddy system" dltaldnositédsa.

PESIME

0 HOBHX MeTOIAX MCIOJ30BAHMA MICKOBHX CHCTEM

Isépne Inépn

Hacrosmaa padora Ha OCHOBE pPaHHEe ONYGINKOBAHHHX
padoT OMMCHBAET IBe CTPATETNM AJUIOKAIWA M CPABHUBAET
nx efPeXTHBHOCTH IO pacHpelesIeHVD MaMATH.

[Ipr mepBO# cTpaTermy HAYAJNBHHE anpeca samuceit

furcrpoBaHH.Bropas cTpaTernd ABIAETCA 060GCmeHmeM M3—
BecTHo#t "buddy system".
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Coordination of dynamic systems of processes

E16d Knuth
Computer and Automation Institute Hungarian
Academy of Sciences

l. Dynamic case

means systems consisting of permanently variable number
of cooperating processes. The control structure of a
dynamic system may be described by static /fixed/ models
in some of the cases. However, when this way can not be
chosen, the realization and the. verification of the
synchronization rules becomes much more difficult.

This paper introduces a reasonable general rule which
can be used to build algorithms in a wide class of
applications and makes it possible to reduce the problem
to those used in the sgstatic case.

Let ¥ be the set of synchronization rules controlling
the system. Since the system is dynamic, the set ¥ is
permanently changing during execution time.

The gseparation principle we propose is the division of
y’ into disjoint classes such that

1. There is no operation in the system synchronized
by rules belonging to different classes;

2. A set of rules contituting a class can be
generated /and later released/ always together.
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If we can comply with this principle in programming,
we shall be able to verify a lot of properties from
the static viewpoint, and the dynamic nature will be
reduced to the interconnections among classes. The

principle described is illustrated by the example of

2. Telecommunication procegses

which usually contain two types of critical actions:

D -~ declaring a demand,
/placing a notice into a queue/;

C - passing a checkpoint
/testing whether certain demand is served/.

Demands declared are served /action 8/ by a central
monitor routine which works according to certain
gscheduling strategie and which is driven by the
information contained in queues.

Processes can create a collection of subprocesses and
even subprocesses can do so. Actions D and € can be
contained by different subprocesses therefore we have
no information on which of them occure first.
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Demands declared by processes can be of different types
i.e., they can belong to different queues. However, at

a time more than one demand can be declared for the same
queue and they may be satisfied at different time points.
Moreover, the number of processes and subprocesses working
together is unknown too.

This complicated cooperation can be made well structured
by making the operation rules disjoint. Consider the sets
of logically connected triplets of critical actions:

/D, 8, C/. For each of the triplets the following
requirements must be fulfilled:

1/ 8 can not precede D.

2/ € must delay the executing process
until the demand tested is both declared and
served.

3/ If a process is waiting for a certain service,
its execution mugt awake the process.

4/ A process testing a demand already served must
continue its progress.

Suppose we generate an istance of a data structure registrating
the status of the cooperation rule for each triplets of
logically connected actions. Now, for example the following
algorithms can be used in a quasi-parallel environment:
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As the cooperation in one triplet is a fixed /static/ rule,
it is very easy to verify all the four requirements we
prescribed for example by using the usual assertion method
/see e.g. [1]/. By other side, the disjointness of the
triplets guarantees the correct coordination of the dynamic

gystem as a whole,
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Folyamatok dinamikus rendszerének koordindlédsdrdl

E. Knuth
MTA Szdmitdstechnikai és Automatizdldsi Kutatd Intézete

A dolgozat konkurrens folyamatok programozdsdval foglal=-
kozik abban az esetben, amikor a koordindland§ folyamatok
gzdma v4ltozd.
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ON RESOURCE ALLOCATION POLICIES IN UNIPROCESSOR SYSTEMS

WITH NONPREEMPTIBLE RESOURCES

Wojciech Cellary

Institute of Control Engineering
Technical University of Poznan

Poznan , Poland

————————

ABSTRACT. The problem‘of nonpreemptible resource
allocation in uniprocessor systems to minimize schedule
length is considered. The solution of the performance
failures problems such as deadlock and determinacy is
taken into account. The optimal and heuristic methods
are presented and compared with classical deadlock

avoidance method.

1. INTRODUCTION

In this paper we consider the problem of optimal resource
allocation in computer systems. One can distinguish two

aspects in the general case of such a problem :

- firstly - the optimization of a given performance
measure , and
- secondly - the solution of the performance failure:

problem,

Performance failures in the system here mean :
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- first, deadlock which is a system state in which the
progress of some tasks is blocked indefinitely because
each task holds nonpreemptible resources that must be
acquired by others in order to proceed , and

- second, the determinacy of the set of tasks; the set
is non-determinate if the results produced by indepen-
dent tasks depend on the order in which these tasks

are executed.

Until today, these two aspects of optimal resource
allocation were considered separately. There are a number of
algorithms which deal with scheduling tasks on processors,
but without regard to other resources. On the other hand,
known approaches to solving the problems of performance
failures in the system do not explicitly take into account
any performance measure, In this paper we will present an
approach to the solution of general problem of optimal
resource allocation, i.e., such an approach to the solution
of the performance failures problem, which allows for the
explicit formulation of theloptimization problem., We will
consider the minimization of schedule length as a system
performance measure,

In Section 2 we formulate the problem precisely and present
approaches to the solution of the performance failures
problems., Sections 3 and 4 deal respectively with the optimal
and heuristic approaches to the solution of the considered
problem, Section 5 contains some computational results and

Section 6, final conclusions.
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2. PROBLEM FORMULATION

As was mentioned, our goal is to solve the performance
failures problem together with the minimization of schedule
length as a system performance measure.

First,let us consider approaches to the solution of the
deadlock problem. As is known, there are three general
approaches to dealing with deadlocks: detection and recovery,
prevention, and avoidance [1] o We disregard the detection
method since, in generai, recovery is not allowed. We will use
a prevention method, because the application of the avoidance
method does not allow for the explicit formulation of the
optimization problems for any system performance measure,
However, the avoidance method improves resource usage as
a consequence of its formulation and, as a result, tends to
minimize schedule lerigth. Therefore, in Section 5, we will
compare the presented approach with the classical avoidance
method given in [4] .

Let us pass now to the determinacy problem. As is known,
this problem can be solved simply by introducing the ad-
ditional, proper precedence constraints between tasks [1] .
Thus, considering sets of dependent tasks, it is possible

to solve the determinacy problem.

In our approach, we will assume that every task is split
into the maximum number of operations /see Fig. 1/, where
an operation is the basic system unit which can request
resources. We assume that an operation is characterized by
its performance time, and its resource request vector,

Moreover, all resources held by an operation are released



~-11C-

after its completion, This assumption allows for deadlock
prevention,becausevno operation holds resources while waiting

for others to release resources. -

Let us now explain the problem of requesting a central
processor., We will use the idea of "processor sharing". This
means that an operation requests some percentage of processor
power only., The operation performance time, multiplied by
the percentage of processor power, is equal to the processor
work time during operation performance. The idea of processor
sharing allows one to consider parallel processing in a uni-

processor system,

Sum-marizing, we will consider the minimization of schedule
length for a set of dependent operations, each operation
characterized by its performance time and resource request

vector,
3« OPTIMAL APPROACH

It can be proved that the problem formulated here is
NP-complete [3]. This means that polynomial in time, optimal
methods for solving it probably do not exist. Thus, it is
necessary to look for simple suboptimal policies which could
be used in operating systems. However, enumerative, optimal
methods are also needed at least for the evaluation of the

suboptimal policies. Let us start with these methods.

Note, that in Section 2 we have in fact formulated a multiple
constrained resource, project scheduling problem for which

there exists a rich bibliography. For solving the problem we

propose the method given by Patterson and Huber [5] since
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it has valuable computational properties. It uses the zero-
-one approach together with the minimum bounding technique
which consists in establishing a lower bound on the resulting
zero-one programming problem to see if it has feasible
‘solution. When the solution of the zero-one problem is not
feasible, schedule length is increased by one time unit and

the feasibility examination is repeated.

Let us note that in this method the zero-one opproach is
used only for the examination of the solution feasibility.
The advantage of this method over using zero-one programming
without employing any form of bounding [6] , 1s the great
reduction in the computational time needed to reach the

optimal solution.

Let us introduce now some definitions to be used in this
section and formulate the zero-one problem,

We will consider time split into periods /t=1,2,...T;
T equals the last period in the scheduling horizon/.

Every operation j /j=1,2,s44,N/ will be characterized by
the following :

Tj - performance time /in integer time periods/;

ej - the erliest possible period in which operation j
could be completed /by virtue of operation
precedence constraints/;

lj - the latest possible period in which operation j
could be completed /by virtue of operation
precedence constraints and due date/;

rjk - operation J requirements of units of resource k

/k=1,2,..’ ,K/;
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1 if operation J is completed in period %,

xjt =
0 otherwise,

/xth O for ¢ <ej and t > lj/'

The set of operations is characterized by the following

parameters :

CP - the critical path length /in time periods/;
e - the earliest possible period by which the set of
operations could be completed /by virtue of

precedence constraints/;

1 in period t if all operations have been

[
ot
]

in or before period t;

0 otherwise,

/xtE 0 for % < e/

Moreover, let Rk denote the amount of resource k

available in the system /assumed constant/.

The zero-one formulation of the problem is as follows.

Maximize
5
X /1/
t=e T

Subject to:

Jis .
ZL xjt =1 , J=1,2500e,N 3} /2/

N
x, < (1/N) jz Z X5q 0 teesetliees, T /3/
=1 q=ey



-113-

n n
=@ t=e
m n
N t+T.-1
; q=t er Ja == Rk - 8=1,25000,T /5/

k=1,2’.IO,K

The meaning of the above formulation is as follows.
Minimization of schedule length is equivalent to maximization
of the number of time periods remaining after completion of
the set of operations /1/.

Equations /2/ define variables X34 and guarantee that
every operation will be completed. Inequalities /3/ define
variables Xy and guarantee the completion of the whole set
of operations. Inequalities /4/ correspond to the precedencc

constraints / << denotes "immediately precedes/, and /5/ -

- %o the resource constraints.
The minimum bounding algorithm may now be presented.

1°, Tet T equal the smallest integer greater than or

N
equal to max {CP, mix [(1/Rk) ;Z;rjk'tj ]} .
2°, Sset up a zero-one integer programming problem using
/1/ - /5/ with T as the maximum finish period.
Call this problem P .,

3%, If P has a feasible solution stop the algorithm,

otherwise, replace T by T+1 and repeat from step 2%
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In step 1° of this algorithm we determine the lower bound
on the schedule length, which is either the critical path
length - CP , or the maximum resource work content for
a particular resource divided by the quantity of that resource
available in the gystem. After termination of the algorithm,
the schedule with the shortest length will have been found,

since shorter length schedules are certainly infeasible,
4, HEURISTIC APPROACH

There are known a number of heuristic approaches to the
solution of the multiple constrained resource, project
scheduling problem [2] « The shared idea of these methods is
as follows., We construct, step by step, a schedule increasing
the size of a partial schedule by an operation which satis-
fies precedence constraints. From among operations which
can increase the size of a given partial schedule we choose
the one with the highest priority. Priorities are associated
with operations in accordance with a given priority rule.

The main difference between the considered methods simply
consists in the choice of the priority rule. From the com-
parison provided by Coopep [2] y 1t follows that there are
six priority rules which produce the best results., From among
them, after computational experimentation for typical sets

of tasks, we have chosen the rule which uses the total time
of successors of an operation as its priority.

Let us formulate this method more precisely.

1

Let S, and Sg denote sets of predecessors and successors

J

of an operation j, respectively, Let a partial schedule be
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a specification of start times for a subset X of a set of
operations, such that if j € X then so i € X for all i € Sj’
and such that the resource constraints are not violated., To
increase the size of a partial schedule we have to determine

a start times satisfying the resource constraints for some
operation j; this operation cannot be in X , but all its
predecessors must be in X, The set of operations which satisfy

this requirement will be denoted by QX y dla€ay QX = { Aietd # X,
i €X, for all i€ sj} .

The algorithm can now be presented. It consists of the

following steps.

1, Enter, with an empty partial schedule /X =@ /.

2°, Create Q . If Q = # then stop the algorithm,

3%, Calculate Ps = “T; & EE: Tis for all JEB. =
J j i€ S-1 1 X

J

4”. Choose operation j* from Q with the maxinum Pjx o

5°., Schedule operation j* /find the earliest possible

start time, such that the resource and precedence

constraints are not violated/ and return to step 2%

5 COMPUTATIONAL RESULTS

The proposed heuristic approach was compared with the
classical avoidance approach [4]. 70 typical sets of tasks
were scheduled both by the proposed algorithm and the avoidance
method. In 74% of the cases the proposed algorithm gave

shorter schedule lengths, by 15% on average.

Especially valuable results were obtained when :
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1. Tasks could be split into a great number of operations.
2. The precedence constraints were relatively stronger

then resource constraints,

The first postulate is very often fulfilled. Typically,

a task need some resources for a long initial period /spooling
of input files/ and for a long terminal period /spooling of
output files/, so that it can be split into separate
operations.

The second postulate is fulfilled if many tasks use a common
data base and the solution of the determinacy problem
requires the imposition of manytédditional precedence
constraints,

Moreover, let us note that the ratio of the overhead
involved in the proposed algorithm to the overhead involved
in the avoidance method is on average of the order
1/ (1.5*N) since the avoidance method is a dynamic rule, and

thus must be performed for every resource request.
6. FINAL REMARKS

The proposed approach allows one to consider explicitly
schedule length minimization in systems with nonopreemptible
resources., The system performance failures problems, such as
deadlocks and determinacy, are solved, and moreover the
proposed solution of the deadlock problem aims to increase
resource utilization,

The comparison of the proposed method with the classical
avoidance approach shows the advantage of this method,

especially when the determinacy problem is set up, and the
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task performance type is reading-processing-writing.
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Fig. 1. Task structure
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KVAZI PARALLEL TASKRENDSZEREK

G4spdr A., Visontay Gy., Cséki P.:

MTA Szédmitdstechnikai és Automatizdldsi
Kutaté Intézete

Usszetett szdmitdgépes feladatokat rendszerint ©nalls prog-
ramok - ugynevezett taskok - programozott egyiittmikcdésével ol-

dunk meg. lldsszéval lehet4vé tesszilk, hogy a taskrendszer elemei

megszakitsdk mikodésiiket, dtadjdk egymasnak a vezérlést, majd
folytassdk futasukat a megszakitdsi ponttdl.
l, A task allapotoks :

Egy taskrendszerben a taskok 6t dllapotat célszeri megkiilon-
boztetni:

- Uj task az ugynevezett taskkonyvidrbdl léphet be a taskrendszer-

be., Ilyenkor egy uj taskpéldény keletkezik. A taskkonyvtdr ondl-
16 futasra képes taskokat tartalmaz, melyek prototipus allapot-
ban vannak /taskkonyvtar lehet példaul az operdcids rendszer fo-
konyvtdra, felhaszndldéi konyvtdr vagy egy file/.

- Az egyiittmiikdds taskok koziil aktivnak nevezzilk azt, amelyiknél
éppen a vezérlés van. Ilyen mindig legfeljebb egy van a rend=-
szerben,

- Virakozdnak nevezzilk azokat a taskokat, amelyek a kdzponti memd=

ridban helyezkednek el, de nem aktivak. Aktivva vdlhatnak viszont,

ha vezérlést kapnak az aktiv tasktol.

Passziv dllapotunak nevezziik azokat a taskokat, amelyek sajat fu-

tasukat Célbeszekitottdk ¢és nincsenek a kozponti mendridban. Lzek

tdroldsara disken egy ugynevezett RUN TILE LIBRARY-t létesithetliink.

- Termindlt dllapotunak nevezzilkk azt a taskot, melynek futdsa végle=-
gesen megszakadt, az dltula lefoglalt kozponti memdria pedig fel-

szabadult,
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2s A taskmiiveletek.

A taskrendszer elsd taskjat JPB COHNTRPL utasitdssal aktivie

zadljuke. Az aktiv task végrehajthat ugynevezett taskmiiveleteket,

melyek azonositdl a kovetkezdk: TASKCALL, TASKINTERRUPT, TASK-
TERMINATE, TASKPASSIVATE, TASKACTIVATL. liinden taskmiivelet két
taskra hat. Egyikiik mindig ez ektiv task. Lgy-egy taskmiivelet
hatdsara:
- az aktiv task az elfirt dllapotba keriil és a masik task valik
aktivva
- létrejon /TASKCALL, TASKACTIVATE esetén/ illetve megsziinik /TASK-
INTEXRUPT, TASKTERMINATE, PLASKPASSIVATE esetén/ a két task kozott
az ugynevezett hivdsi kapcsolat.
Egy ujonnan létrejott hivasi kapcsolatban a taskmiivelet eldtti aktiv
taskot hivdénak, a taskmiivelet utani aktiv taskot pedig hivottnak ne-
vezziike A hivasi kapcsolatot 1létrehozd taskmiiveletek hatasdara a hivé
task varakozd dllapotha keriil, mig egy hivdasi kapcsolatot megsazlinte-
t8 taskmiivelet hatdsdra ismét a hivé task vdlik aktivvd. Vagyis TASK=
INTERRUPT, TASKTERMINATE, TASKPASSIVATE esetén az aktiv task hivéja
kap ismét vezérlést.
Hivdsi lancnak nevezziikk a taskok egy olyan Tl, TZ,"' T, soro-
zatat, ahol
- a Tl JPB CPNTRPL utasitdssal aktivizdlt
- a Tn aktiv
- a7, hivéja T, (14i¢n-1)

A TASKACTIVATE illegdlis taskmiivelet a hiviési lénc vdarakozd &dllapo-

td elemeinek aktivizdldsdra.



ALLAPOTVALTOZASOK A TASKLUVELETEK HATASARA

A miivelet eldtt aktiv task lehetséges dllapotvaltozdsai

CAR
\NA‘ER?‘,\:@MCT\V NTE VARAK0ZO

TRS¥F
T TQe&cAL\' < PA
AKT IV TASK PASSIVATE ﬁ:'PAsszw
MSKTER
Mivarg

——
TERMINALT

A miivelet hatdsdra aktivvd v4ald task allapotvalitozdsa
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3. A taskrendszerek kezelését tamogatd eljardsok.
Megterveztiink és implementdltunk egy eljardscsomagot, melybe a

kovetkezd eljardsok tartoznak:

a. A fent definidlt taskmiiveleteket megvalésitdé TASKCALL, TASK-
INTERRUPT, TASKTLRMINATE, TASKPASSIVATE &s TASKACTIVATE elja-
rasoke

be A TASKSAVE eljdrds, mely segitségével az aktiv task mdsolatot
készithet magdrdl a RUL TIllii LIBRARY-be; a TASKLSTORE eljdrds,
mely segitségével egy kordbvban készilt mdsolattal feliilirhatja
magat.

Ce A RUN TILE LIBRARY létrehozdsat és karbentartdsdt biztosité

RTLGENERATE, RTLCOLPRESS, RTLAEPORT és TASKDLLEYL eljdrdsok.
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de A taskok kozotti informdciddtaddst a RUN TIME LIBRARY kommuni-
kdcids mezdin keresztiil megvaldsitd PUTFIELD és GUTFIELD elja-
rasoke.

Az eljardscsomagot CDC 3300 SIMULA/LASTER szdmdra implementdltuk,

14sd [3].

A jelen anyagban azonban csak az RITLGENERATE, TASKPASSIVATE,
TASKACTIVATE, TASKCALL, PUTFILLD és GETFIDLD eljdrasokkal foglal-
kozunk kissé részletesebben.

A RUN TINE LIBRARY haszndlata lehetdvé teszi, hogy a kozponti
memériaban helyet szabaditsunk fel, és példdul egyidében csak a fu-
t6 /aktiv/ task és az 6t hivé /varakozd/ task legyen a kozponti me-
méridbans

A fenti fogalmak és eszkozCk segitségével bonyolult taskrend=-
szerek /példdul nagyméretii szimuldcids feladatokf kezeléséhez lehe-

t6ségiink van rendszermonitort irni. £ taskrendszerek éppen pasze

sziv elemei a RUN TINE LIBRARY-ben helyezkednek el. A taskrendszer
strukturdjénak, dllapotanak modelljét ilyenkor a monitor tartalmaz=-
hatja és a taskrendszer egy-egy eleme a monitorban tarolt modellen
torténd elemzés eredményeképpen aktivizdlddhat.

E dolgozat végss célja egy konkrét, a SIIULA 67 programozési
nyelv kvdzi parallel folyamatkezelésének elvén alapuld rendszer-

monitor modell ismertetése,

4. A RUN TINML LIBRARY fogalmas

A RUN TIlix LIBRARY egy az RTLGLINLRATE eljdaras altal létre-

hozott disk-~file, melynek tartalma:
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- Taskok passziv allapotban /ldsd TASKPASSIVATE eljaras/, a pasze

szivdlasi pontjuktdl ujraaktivizdlheté formdban /lisd TASKACTIVATE
eljdrds/.

- Taskok kozotti kommunikdcidra szolgdld, standard méretii, progra-

mozhaté nevii, vdltoztathatd tartalmu kommunikdcids mezdk /ldsd
PUTFIELD, GETFIELD eljardsok/.

A RUNI TIME LIBRARY kezelését teljes mértékben a felhaszndld
programozza, mig a fejlettebb operdcids rendszerekben a hasonld
szerepet bettltd eszkozdk nagyrésze csak az opericids rendszerek
szamara érhetd ele. A 2UN TILE LIBRARY egy uj konyvidrfogalom, me-
lyet hosszi idejii szdmitdsok és nagy memdriaigényii taskrendszerek
szamara konstrudltunke. A RUN TILE LIBRARY és a kezelésére kiala~
kitott eljdraskészlet egyéb felhaszndldsi teriilete ismeretlen.
Hatékony felhaszndldsa érdekében meg kell tervezniink a réépiild
kiilonféle szervezettségii taskrendszerel wodelljeit /ldsd task-

rendszerek monitorai/.

5¢ A fontosabb eljdrdsok részletesebb ismertetése.

PROCEDURE ~RTLGENLRATE ((LIBSIZ:);
INTLGER LIBSIZE;eee
‘Funkcid:s A RUIN TILE LIBRARY kezdodéllapoténak generdldsa.
PROCLDURE TASKCALL (POINTMAME,IASKIAME,LIBHAL&“LEJSAGE);
VALUL POINTNANG, TASKIALL,LIBN Ai.&.i., LLSSAGE;
TEXT FOINTHRALL ,TALKITALL g LIDUALL JLEOSAGE ;e ee

runkcid: Taskhivéas taskkonyvtarbdl.



PROCEDURE TASKPASSTVATE(POINTLI ALl  STATLIALL) ;
VALUE POINTHAIME ,STATLEALL ;
TeXT POINTLHAND STATLIANE; e ee
Funkcid: A futd task pillanatnyi dllapotdrdl masolat készitdse a
RULI TIiLlE LIBRARY-be majd a task termindaldsa.
PROCLDURE TASKACTIVATE (POINEIAKL ,SLATLIALL)
VALUL POINTNAMG ,STATLNALL
TEXT POINTNAME ,STATLNAND; eee
Funkcid: Passziv task visszahivdsa a RUN TILE LIBRARY~bLGle
PROCEDURE PUY PIELD (FILLDIAME , FILLDTEXT) ;
VALUE FIDLDNALE, FIELDTEXT;
TEXT FISLDNAME, FIELDTEXT;...
Funkcidé: Kommunikdcids mezl létrehozdsa/mddositdsa/megsziintetése

a RUN TIME LIBRARY=-ben,

TEXT PROCEDURE GuTFILLD (FIELDNAMG);
VALUE FIELDHALLE ;
TEXT FISLDNANML jeece

Funkcidé: RUN TINt LIBRARY=-beli mezd tartalmdnak szolgdltatdsa,

Paraméterek:
POILTNALME - Tetszlleges, a hivasi/passzividldsi/aktivéaldsi
pont helyének azonositdsdra alkalmas szovege
TASKIVALLY - A hivott task neve.
LIBNALE - A hivott taskot tartalmazd kinyviir azonositdjuae
ISSAGL - A hivott task szdmdra stadandé paraméter string.
LIBLIZL - A RULK TIils LIBRAKY méretét meghatirozd szdmértdke
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STATENANME - A RUN 1Iku LIBRARY-be készitendd, vagy az
onnan visszahivandd mdsolat neve.

FPILIDIALE = A 1létrehozandd/mdédositendd/megsziintetendd
vagy a kereselt kommunilkdécids mezd neve a
RUN T10L0 LIBRARY=ben.

FILLDTLXT -~ A koumunikicids nezd itartalma.

6. lionitorral miikodd taskrendszerelk szervezettsdpe.

Taskrendszerek futtatdsat monitorral célszeri szervezni, ami
azt jelenti, hogy a taskrendszer elemeit rendre a monitor aktivi-—
zdlja és az aktiv tasikpélddny passzivdldsa, illetve termindldsa
esetén a vezérlést a monitor kapja visszae. Ilyen szervezds esetén

a kozponti memdria foglaltsdigénak folyamatat az aldbbi dbra szem-
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Az dbrén az aktiv taskot satirozds jelzi. Lbben az esetben
a taskrendszert a kovetkezlképpen szervezhetjilkk:s A monitorban té-
roljuk a rendszer egy modelljét. Egy taskpéldidny monitorbeli mo-
delljét drivermek nevezzilke A driver egy monitoron beliili adat-
struktura, melynek attributumai a hozzirendelt teskpélddany dlla=-
potdara vonatkozd informacidkat tartalmazzdk. A driverek dltal al-
kotott struktura /példdul fa/ tiikrozi a taskrendszer pillanatnyi
" strukturdjdt, dllapotdt. A tovdbbiakban a taskokat nagybetiikkel,
driveriiket pedig a megfeleld betii feliilhuzdsaval jeloljiik és meg=
forditvas Példdul az X task drivere f, és megforditva az X driver
az X taskot reprezentdlja. A késdbbi dbrdkon kizardlag drivereket
abrazolunk a kor szimbdlum segitségével.

A taskrendszerekben kétfajta vezérlésataddsi mdédot kﬁlﬁnﬁbz—
tetink mege

Decentralizdalt vezérlésdtadasrdl akkor beszéliink, ha a task-

rendszer éppen aktiv eleme a sajat dllapotardl szdldé jelentésen
kiviil beleszdl még abba is, hogy passzivalasa illetve termindldsa
utdn a monitor melyik taskot aktivizdlja.

Centralizdlt viszont a vezérlésitadds akkor, ha az aktiv task-
példédny kizdrdlag dllapotjelentést ad. Ilyenkor a monitornak kell
eldonteni, hogy melyik taskot kell kovetkezdnek aktivizdlni,.

Mindkét tipusu vezérlésitadds esetén a taskpélddnyok a moni-
torral a kovetkezdképpen kommunikdlhatnak:

Egy-egy taskpélddny az dllepotardl szdéldé jelentést és a vezérlés-

dtaddst eldird parancsdt /ha wan ilyen/ eljdrashivésokon keresztiil
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helyezi el a RUN TIME LIBRARY kommunikdcids mezdin. Az eljdrds
feladata gondoskodni az éllapotjelentés és a parancs 0sszhang-
jarél. Vezérlésataddskor a monitor a neki szant dllapotjelentés
és parancs értelmezése, majd a driverek Aaltal alkotott struktu-
rén vald elemzés utdn vilasztja ki a kovetkezlnek meghivandd

taskot.

Ts ALGOL 60 szerkezetii taskrendszerek.

Az ALGOL tipusu nyelvekben a program épitdelemei a blokkok,
a taskrendszerek épitdelemei pedig a taskok. E pont célja megvizs-
gélni azt, hogy az ALGOL tipusu nyelvek joél bevalt blokkstruktu-
rai megfelelSk-e taskrendszerek szerkezeteként is.

A kbvetkezd dbrin egy ALGOL 6o program futdsanak Tolyamatdt
szemléltetjiike Az dbran a blokkokat csillaggal jeldljiik, a prog-
ram futdsdnak pillanatnyi Aallapotdt pedig egy blokkokat tartalma-

z4 verem adbrizolja. A verem aljan a legkiils, a verem tetején pe=-

dig az éppen aktiv legbelsd blokkot reprezentdld csillag foglal

helyet.

*—
* e *
= * * % *% *
* * % 3 % »* % *

£, ta t5 kg ty te t3 ty

Az 4brén t.-k az ALGOL 6o program bloklmiiveletei végrehajtdsdnak

i
idépontjait jelentik. Az dbrdzolt ALGOL-folyamatban a blokkmiive-

letek a kovetkezdk voltaks
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belépés blokkba tyy by, by, e, temban

kilépés blokkbdl t t ~bane

4 P70 g
Az ALGOL 6o-=ban a blokkbdél kilépésnek két valtozata van. Az egyik-
ben a vezérlés a blokkot zards LND-en keresztiil tdvozik a blokkbdl,
a masikban a vezérlés egy kiilsG blokkbeli cimkére keriil.

Az ALGOL 60 blokkmiiveletei alapjan, a teskrendszerek vezérlési
szerkezetére vonatkozdan az aldbbi Gtletekre jutottunk:

Tele A taskrendszer dlljon egyetlen, taskokbdl felépiild folyamat-
béle A taskrendszer mikodésének és dbridzoldsdnak szabdlyan a kovet-
kezdk:

a, A folyamat pillanatnyi allapotat egy drivereket tartalmazd

verem reprezentdlja. Rajzban:

: az alapité task drivere

b. A verem legalsd drivere a folyamat alapitd taskjanak driveres

a Futé\skltfcs task drivere
et —

Ha egy a monitornak szdld parancs hatdsdra ez a driver meg-
sziinik, akkor megsziinik a folyamat is, és ekkor az ALGOL 6o
szerkezetii taskrendszer terminal.

ce A verem tetején 1év5 driver a folyamat futdsképes taskj&anak

drivere, liivel az ALGOL 6o szerkezetii taskrendszerben egyet-
len folyamat van, ezért annak futdsképes taskja egyben aktiv
is.
7e2e A monitornak szdlé vezérlésdtaddsi parancsok a kovetkezlk:
NEWTASK(}) Az X paraméter egy taskprototipust azonosit. A parancs
hatésdra a monitor egy ud X drivert helyez a verem tete-

jére melyet az X-re vonatkozd informdcidkkal tolti fel,



- 130 ==

Ezutan a TASKCALL eljaras segitségével a taskproto-
tipus alapjdn létrehoz majd aktivizil a kdzponti memd-
ridban egy uj taskpéldanyt.

Példa:

A NEWTASK(X) 4
©|% L A
o {7 parancs ha~ o v
0 tédsara: °
JUMP(X) Az X paraméter egy taskpéldényt azonosit, A parancs

hatdsdra a monitor torli a verembdl az X feletti Osz-
szes drivert, majd aktivizdlja az X taskpéldanyt a
TASKACTIVATE eljdras segitségével.

Példa:

A Juie (%)

parancs ha=-

Q0000
x| <l gl

Q| X
tdsdras Q
CUT(X) Az X paraméter egy taskpéldanyt azonosit. A parancs

hatdsdra a monitor torli a verembdl az X feletti Osz-
szes drivert az X-al egylitt, majd a vezérlést annak a
tasknak adja a TASKACTIVATE eljaras segitségével, amely=-

nek a drivere a verem tetejére keriilt /ha van ilyen/.
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Példa:

A cun(x)

parancs ha-

tasdras ‘
@

<|

©060
<i xlgj

8, SIMULA 67 szerkezetii taskrendszerek.
A SINULA 67, mint az ALGOL Go-at teljes egészében tartalmazd

annal magasabb szintii, univerzdlis programozdsi nyelv, az ALGOL 6o-
nél sokkal dltaldnosabb vezérlési szerkezettel rendelkezik: Blokk-

strukturdi és blokkmiiveletei hatékony eszkdzei a parallel folyama-

tok szimuldcidjdnak illetve realizdldsanak egyprocesszoros szamitd-
gépen,

lMivel a SIMULA 67 egyprocesszoros szamitdgépet tételez fel,
ezért a parallel folyamatok koziil mindig pontosan egy hasznédlhat=-
ja a proéesszort. Lzt az egy folyamatot aktivnak nevezziike Ezt
kvézi parallel miikédési médnak szokds nevezni. A SIMULA 67 tehdt

valdjédban nem parallel, hanem csak kvdzi parallel folyamatrendszert

kezels, A tovdbbiakban a Kvdazi parallel folyamatrendszert KPFRe-el
roviditjiike.
A SIMULA 67 folyamatkezelését vizsgdlva, a taskrendszerek

vezérlési szerkezetére vonatkozdan a kovetkezd otletekre jutottunk.



- 132-

8ele A taskrendszer legyen taskokbol alldé KPFR, Az ALGOL-fo-
lyamat egy allapotdbdl eddig a kovetkezd driverstrukturat nyers

tiik:

00086

Szemléltessiik a taskokbdl 4116 KPIR egy allapotat a kdvetkezd

driverstrukturaval:

] &

A taskrendszer miikddésének és dbrazoldsanak szabdlyai:

a, llinden folyamatot egy-egy drivereket tartalmazd verem

reprezental.

be livel egy=-egy folyamat akkor sziiletik meg, amikor létre-
hozzuk alapité taskjat, €s akkor sziinik meg, amikor to=-
roljik azt, ezért az alapitd taskra vald hivatkozassal

utalhatunk magara a folyamatra is.
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ce. Egy KPFR pontosan egy kitiintetett, és tetszéleges szd=

mu egyenrangu folyamatbdl &ll,.

de A KPFR egyetlen aktiv folyamatdt abrdinkon nyil jeloli.

es A KPFR askkor jon létre, amikor elsd folyamatdt 1létre-
hozzuk. Ezt a folyamatot a monitor kitiintetettnek nyil-
vanitja. A kitiintetett folyamatot reprezentdld vermet

vastag vonal jeloli. llinden olyan parancs, melynek ered=-
ményeképpen a KPFR elvesztené kitiintetett folyamatdt, a

KPFR termindlssdt okozza,

fe A taskrendszer monitora mindig a KPFR aktiv folyamat&-

nak futdsképes taskjat aktivizilja.
B8.2. Sziikséges az aldbbi parancsok bevezetése:

NEWPROC(;) Az X paraméter egy taskprototipust azonosit.
A parancs hatdsdra a monitor uz uj folyamat
reprezentdldsdra egy uj vermet létesit, és
elhelyezi benne az X drivert. A monitor ezu=-
tdn az uj veremre irdnyitja a nyilat, majd
létrehozza és aktivizalja a kozponti memdéri-
aban az X taskpéldanyt a TASKCALL eljdrds

segitségével a taskprototipus alapjén.
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Példa:

A NEWPROC(X)
parancs ha-

tasara :

O ©
©) @ @0/0

Az X paraméter egy folyamatot azonosit, azaz

x|

X egy folyamst alapitd taskjinak neve, A pa-
rancs hatdsdra a monitor a kijelslt folyama-
tot reprezentdld veremre irdnyitja a nyilat,
ma jd aktivizadlja a ki;jelb’}t folyamatot, azaz
a folysmat futdsképes taskjdt aktivizdlja a

TASKACTIVATE eljdrds segltségévela

Példa:

A RESUME (X)
parancs ha -

o 'tc.;s.!\ ra . O

o|x (@ olx (@

Sziikséges a két kordbban bevezetett parancs dltaldnositdsa,

Junp(X)

Ha az X paraméter egy az aktivtdél kiilonbszs folya-
mat alapitdé taskjdt azonositja, akkor a parancs
hatdsdra a monitor t6rli a parancsot kiadd aktiv

folyamatot, majd végrehajt egy RESUME(X) parancsot,
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Példa:

A 3UMP (X)

parancs ha -
@ g tasara: o
e| @ ©x Q] @ X

CUT(}) Ha az X paraméter az aktiv folyamat alapitdé taskjit
azonositja, akkor parancs hatdsdra a monitor torli
a parancsot kiadd aktiv folyamatot, majd végrehajt

a kitiintetett folyamatra egy RESUME parancsote
Példa:

A cuT(X)
0 pam‘ncs ha-
(%) O| tasara:
o| lo| |ex

Szilkséges a folyamatok ideiglenes egymédshozcsatolédsinak, illet-
ve a csatolt folyamatok levdlasztdsdnak lehetS8sége. A csato-
14st veremtartalmek ideiglenes egymdsrahelyezésével, a leva-

lasztdst pedig a verem kettévdgdsdval dbrdzol juk:

csatoldg 2

T oL

i 4

G|z X

(i v () Y  szetvalasztas g
Qlu ®|x ~— v

ATTACH(X) Az X paraméter az aktiv folyamattdél kiilonbszs, az ak-
tiv folyaméthoz csatolandd folyamatot azonositja. A
parancs hatidsdra a monitor az aktiv folyamathoz csa-

tolja az X folyamatot, azaz az aktiv folyamat vermébe
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helyezi az X vermében 1évS drivereket, majd az
aktiv folyamat futdsképes taskjat ek&ivizélja a
TASKACTIVATE el jdréds segitségével, A csatolds rend-

Jét a fenti dbra szemlélteti,

DETACH(?)AZ X paraméter az aktiv folyamatban egy csatolt
folyamat alapité taskjat jeltli. A parancs hatdsd-
ra a monitor a csatolt X folyamatot levdlasztja az
aktiv folyamatrsl, majd az aktiv folyamat futdské-
pessé vdlt taskjdt aktivizdlja a TASKACTIVATE eljé-
rds segitségével, A szétvdlasztds rendjét a fenti

dbra szemlélteti,
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B.3. A SIMUIA 67 vezérlési szerkezete a fentieknél sokkal

bSvebby

a,/ A SIMULA 4ltaldnosabb, tobbszintes KPFR fogalommal

be

4

rendelkezik, A tobbszintesség lényegében azt jelen-
ti, hogy egy KPFR is lehet egy verem eleme, aminek-
az a jelentése, hogy egy KPFR részrendszere lehet

egy médsiknak, A tobbszintes KPFR utasitdskészlete az
egyszintes KPFR utasitéskészletének egyszerii 41tald-
nositdsa. A tobbszintes KPFR utasitdskészlete egysze-
ri szdmitdsokhoz fogalmilag tul sok, magasszintii fo-
lyamatkezeléshez illetve szimuldcidhoz pedig Gnmagd-
ban.tul kevés,

A SIMULA azonban szolgiltat egy midsfajta, hasznilha-

tébb, kényelmesebb, magasszintii folyamatkezelést is,

amikor a szimuldcids igénycknek megfelelfen definidl-
ja a standard szimuldcids osztdly fogalomkészietét is,
A SIMULATION osztdly folyamatkezeld utasitédsai a KPFR
fogalmdra és KPFR utasitdsokra €épiilnek, mert a folya-
matkezeld utasitdsok definicid szerinti végrehajtdsa

mindig KPFR utasitdssal /pld. RESUME/ fejez8dik be,

A végrehajtds felcserélhetetlen 1lépései ennek alapidn

a kovetkezdk:

1./ Elemzés a folyamatrendszer modell jén,

2./ A megfeleld KPFR utasitds és paraméter kivdlasztd-

sa, majd végrehajtdsa,
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9. Szimuldcids taskrendszerek problémdia

Mint mondottuk, a taskrendszerek szdmdra eddig beveze-
tett KPFR parancskészlet egyszerli taskrendszerek szdmdra
tul sok, szimuldcids taskrendszerek szdmdra pedig tul kevés,
Mivel a SIMUIATION osztdly a kényelmesebb, magasszintii folya-
matkezelést éppen a szimuldcidk igényeinek megfelellen defi-
nidlja, ezért a szimuldcids taskrendszerek vezérlési szerke-

zete és monitora szdmdra a SIMUIATION osztdly fogalmaibdl és

elveibSl kellene Stleteket meriteni, Nyitott kérdés az, hogy

a konkurrens folyamatok szinkronizdldsdnak milyen fogalmaival
és elveivel célszerii kiegésziteni azt,

A taskrendszerben a monitornak sz4l6 parancsok kibocsdj-

tédsdnak illetve feldolgozédsdnak sorrendje a kdvetkezs:

1,/ A taskrendszer aktiv taskjédban a megfeleld parancs és

paraméter kivdlasztdsa, majd kibocsdjtdsa,

2./ A monitorban elemzés a taskrendszer modelljén, majd a pa-

rancs végrehajtdsa.

Mint 14t juk, a SIMULA folyamatkezell utasitdsaiban szerep-
16 sorrend éppen ellentétes! Mivel az elemzés és a parancs ki-

vdlasztdsédnak sorrendje felcserélhetetlen, ezért a SIMULA vissza-

vezetési el jérdsa /lésd 8.3./ nem alkalmazhatd, Eppen ezért okoz

killonisen nehéz problémdt az elvdrdsoknak megfeleld /a redlis igé-
nyeket lefedS, egyszerii, kifejezd, biztonsdgos, magasszintii, stb./

parancskészlet, és monitorbeli modell kialekitdsa,
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Zur Analyse des Fchtzeitbetriebs von Prozefrechnersystemen

Gerhard Bergholz

Technische Univergitdt Dresden

l, Echtzeitbetrieb

Prozelrechnersysteme arbeiten im Echtzeitbetrieb.
Dabei verstehen wir unter Echtzeitbetrieb den schritt-
haltenden Ablauf der Prozesse im Prozefirechner-
system mit den zu iiberwachenden oder zu steuernden

Streckenprozessen, Wir filhren die Echtzeitbedingung

Tre ;1 (1)

ein, die engibt ob der Echtzeitbetrieb gesichert ist.
Dabei wird mit Tr die Reaktionszeit eines Echtzeite

auftrags und mit Tr die zuldsgssige Reaktionszeit be=-

z
zeichnet. Die Zuldssige Reaktionszeit Trz ist durch
die Streckenprozesse bestimmt.

Wir betrachten einen Strom von Echtzeitauftédgen, die
eine Reaktionszeit Tr besitzen. Dabei nehmen wir an,
dal die Reaktionszeit Tr eine ZufallsgroBe ist. Fiir
diesen Strom fiihren wir die Echtzeitwahrscheinlichkeit
ein, Die Echtzeitwahrscheinlichkeit Pe gibt an mit wel=
cher Wahrscheinlichkeit die Ungleichung (1) durch die

Echtzeitauftrdge des betrachteten Stromes eingehalten

wird. Es gilt also

P =P {Tr-’:Trz} ; (2)
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Die Verteilungsfunktion der Reaktionszeit Tr ist mit

R(t) =P {7 =t} (3)
definiert. Aus den Ansdtzen (2) und (3) folgt
B, = RIT..) - (4)

Somit kann die Echtzeitwahrscheinlichkeit Pe durch Ein-
setzen von Trz in die Verteilungsfunktion der Reak-
tionszeit bestimmt werden.

Die Bestimmung der Verteilungsfunktion der Reaktions-
zeit eines Stroms von Echtzeitauftridgen ist folglich
eine wichtige Aufgabe fiir die Analyse des Echtzeitbetriebs

eines ProzeBrechnersystems.

2. Zur Bestimmung der Reaktionszeitverteilung

Wir betrachten die Laplace-Stieltjes-Transformierte

R*(s) der Reaktionszeitverteilung R(%) mit dem Ansatz
o9

r¥(s) =’Se—St.dR(t). (5)
°
Zur Unterscheidung bezeichnen wir R(t) als Verteilungs-

funktion im Zeitbereich und R® als Verteilungsfunktion
im Bildbereich.

Fiir die Reaktionszeit eines 3tromes von Echtzeitauf-
trdgen gilt allgemein
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Hierbei ist Tv die Auftragsverweilzeit und Ts die Auf-
tragsverschiebungszeit (s./1/). Wenn mit VX(s) die
Verteilungsfunktion der Verweilzeit und mit 5¥(e) die
Verteilungsfunktion der Verschiebungszeit im Bild-
bereich angenommen werden, dann gilt fiir die Ver-

teilungsfunktion der Reaktionszeit im Bildbereich

R¥(s) = V¥(s).5%(s). (7)
In manchen Fédllen ist

. =0, (8)
woraus folgt

s¥(s) = 1. (9)

Fir die von uns betrachteten Fdlle mit TS=O gilt

der Ansatz

—sTa

l-e

s*(s) =
s (1o)

Dieser Ansatz wird in den weiteren Untersuchungen genutzt .
AuBlerdem muB3 noch als Grundlage fiir die Bestimmung
der Reaktionszeitverteilung die Verweilzeitverteilung

ermittelt werden.
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3. Verweilzeitelemente und ihre Kopplung

Wir nehmen jetzt an, daB in die Bedienung eines
Stromes von Echtzeitauftrﬁgen durch das ProzefBrechner-
systemen Verweilzeitelemente eingehen. Dabei habe das
Verweilzeitelement Nummer i die Verweilzeitverteilung:
im Zeitbereich Vi(t),(i=l, 2y¢eeen) und im Bildbereich
v¥(s), (i=1,2,...,n). Die Tafel 1 enthd@lt die symbo-
lische Darstellung der Verweilzeit- und Kopplungselemen-
te, mit deren Hilfe ein Forderungslaufplan (s./2/) fiir
die Bestimmung der Verteilungsfunktion der Auftrags-
verweilzeit aufgestollt werden kann,

Fiir die Erzeugung von Forderungen existieren eine
duBere und eine innere Quelle. In einer HuBeren Quelle
werden wiederholt Forderungen (Echtzeitauftridge) mit
einem Ankunftsabstand Ta erzeugt. Beim Durchlauf einer
Vorderung durch eine innere Quelle wird eine zweite For-
derung erzeugt (Forderungsspaltung, s. auch /3/). Beide
Forderungen laufen anschliefBend parallel weiter.

Eine Forderung, die bei einem Verzweigungselement
eintrifft, wird mit der Wahrscheinlichkeit 1-P gerade-
aus weitergeleitet und mit der Verzweigungswahrschein-

lichkeit ©P abgezweigt.
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Ein Suspendierungselement dient als Tor fiir die
ankommenden Forderungen. In diesem Element wird eine
ankommende Forderung solange suspendiert (aufgehalten),
bis aus einem Fortsetzungselement das entsprechende
Fortsetzungssignal eintrifft.

Mit dem Eintreffen einer Forderung in einer Senke
wird diese Forderung vernichtet.

Wir betrachten jetzt das Beispiel eines Forderungs-
laufplanes, der aus Verweilzeitelementen aufgebaut ist.
Dabei gehen wir von der Wechselwirkung eines Applika-
tionsprogrammes mit einem parallélen Informationsaus-
tauschkanal aus (s. auch /4). Fiir diesen Fall gilt der
in Bild 1 dargestellte Forderungslaufplan, Dabei ist
der Abschnitt links von der Strichpunktlinie dem Appli-
kationsprogramm zugeordnet und der Abschnitt rechts wvon
der Strichpunktlinie dem Informationsaustauschkanal. Die
Verweilzeitelemente mit den Verweilzeitverteilungen
Vi(s), V;(s), V§(s), VZ(s) entsprechen also Programm-
laufzeiten und Programmwartezeiten, wihrend das Ver-
weilzeitelement V?(s) der ﬁbertragungszeit eines {iber-

tragungswortes entspricht.
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Tafel 1¢ Elemente fiir den Aufbau eines Verweilzeit-

Forderungslaufplanes

Symbol Elementtyp

i Verweilzeitelement

Nummer i (i=l, 2, «ee,yn)

g Innere Quelle

C:‘L__D . AuBere Quelle
e '
v

P
i Verzweigungselement
1-P
v

€ - Suspendierungselement

Fortsetzungselement

v
wL , - Senke
G
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Applikations- | Informationsaus-

(:::::::) programm tauschkanal

Vy* (5)

ALY

1R
UTE

Wdom | al

Bild 1l: Verweilzeit-Forderungslaufplan fiir die Wechsel-
wirkung eines Applikationsprogrammes mit einem

parallelen Informationsaustauschkanals
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4. Verteilungsfunktionen elementerer Kopplungsformen

Wir betrachten jetzt folgende elementaren Kopplungs-
formen
- die Serienkopplung

die Verzweigungskopplung

die Schleifenkopplung

- die Parallelkopplung und

- die Synchronisation.

Mit Hilfe dieser Kopplungsformen lassen sich eine
Vielzahl mdglicher Verweilzeit- Forderungslaufplédne auf-
bauen. |

Fiir die oben genannten elementaren Koppluﬁgsformen
sind in Tafel 2 die Formeln zur Bestimmung der Verweil-
zeitverteilung des gekoppelten Abschnittes aus den Ver-
weilzeitverteilungen der Verweilzeitelemente angegeben.
Fir die Schleifenkopplung wurde mit Pi die Wahrscheinlich-
keit, daB die Schleife i-mal dﬁrchlaufen wird, angenommen.
Daraus ergibt sich fiir den Fall, daB die Schleife genau 1-

mal durchlaufen wird
O fiir i=1,2’ooo’l-l

Py = (11)
]_ fﬁr i—-:l.

Wenn wir dagegen fiir jeden Durchlauf der Schleife

an der Verzweigungsstelle eine konstante Verzweigungs-
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wahrscheinlichkeit P ansetzen, dann erhalten wir

P, = (1-P) il (12)

Bei der Parallelkopplung wurde angenommen, daB die
beiden ZufallsgroBen T und Tv2 statistisch unabhédngig
voneinander sind. Da die Formel fiir die Parallelkopplung
fir die Verteilungsfunktionen im Zeitbereich gilt, muB bei
gemeinsamer Nutzung dieser Formel mit solchen fiir die Ver-
teilungsfunktion im Bildbereich die Laplace-Stielt jes-
Transformation und die entsprechende Riicktransformation
ausgefiihrt werden. Die bisher praktisch ausgefiithrten Un-
tersuchungen zeigen, daB die dabei auftretenden Probleme
geringer sind, als das zunidchst aussieht.

Der Synchronisation ist im angefiihrten Fall eine Pa-
rallelkopplung untergeordnet. Das hat zur Folge, daB hier
die Laplace-Stieltjes-Transformation ausgefiihrt werden

mulBd,



Tafel 2: Zur Bestimmung der Verweilzeitverteilung

elementarer Kopplungsformen

Serien— A
Va* (5)

vi(s).v3(s) (13)

kopplung
¥
By ] |7
p

Verzwei gungs-

i W e o
kopplung A0 VE(s) = P.V3(8) + (1-P).v3(s)

el (14)
Schleifen-

| P
kopplung Ve"(5)
Vo

prsy ]| V)= D) Fivi(e) 1

(15)
Parallel- ( )—
kopplung L27) | viwy = v (£) .V, (%) (16)
I Wa*(S) I (im Zeitbereich)
|
Synchroni— vis) = VT(S).V§4(S).V§(S)
sation 1)

fl

W (s) ]| V34(s) e"St.dv24(t) (18)

r
| &“:5) | Vo, (%)

Vo).V, (8)  (19)

0
A
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5. Beispiel fiir die Bestimmung der Reaktionszeitverteilung

In der Arbeit (5) wurde fiir den Anwendungsfall einer
MeBwerterfassung und -verarbeitung der Erwartungswert der
Reaktionszeit analysiert. Jetzt soll fiir dieses Beispiel
die Verteilungsfunktion der Reaktionszeit untersucht wer-
den. Durch Umformung kann der Verweilzeit-Forderungslauf-
plan, der in Bild 2 dargestellt ist, fiir diese Beispiel
gewonnen werden.

Durch schrittweise Anwendung der in der Tafel 2
angegebenen Formeln, erhalten wir die Verweilzeitver-
teilung der Echtzeitauftrdge, die den in Bild 2 angege-
benen Forderungslaufplan durchlaufen.

Unter Nutzung des dabei gewonnenen Ergebnisses fiir
die Verweilzeitverteilung und der Formel (lo) fiir die

Verschiebungszeitverteilung erhalten wir

-s’I‘a 5 ‘
l-e
R(s) = : . Pj.exp[—s(n.Tbn+Tbm)]. (20)
j:
Dabei gilt
Byoi= Ty o+ Bs Tb3 + Tb5 + g s (22)
T
(23)
Pj.j

j=1



Die auf diese Weise gewonnene Verteilungsfunktion
ist fir konkrete Parameterwerte in Bild 3 dargestellt.
In dieses Bild ist auch die untere Grenze fiir die zu-

ldssige Reaktionszeit T eingezeichnet.

rz Pe=l

Mit Hilfe der Formel (20) kann auch der Erwartungs-
wert der Reaktionszeit E(Tr) ermittelt werden. Dazu wird
die negative Ableitung der Reaktionszeitverteilung gleich
0 gesetzt.

In Bild 4 wurden Ergebnisse filir den Erwartungs-
wert E(Tr) in Abhéngigkeit vom Ankunftsabstand T, des
Ankunftstromes aufgetragen. Dabei wurde fiir den In-
formationsaustauschkanal ein M/M/1-Bedienungsmodell, ein
D/M/1-Bedienungsmodell und ein G/G/ -Modell betrachtet
und vergliechen. AuBerdem sind in Bild 4 Simulationser-
gebnisse zum Vergleich eingetragen. Dies Simulations-
ergebnisse wurden mit Hilfe des VOPS SIMDIS, das eine
blockorientierte Sprache einschliellt, erhalten.

Fir groBe Ankunftsabstdnde, denen kleinere Auslastungs-
grade des Informationsaustauschkanals entsprechen, stimmen
alle mit verschiedenen Bedienungsmodellen gewonnenen Er-
gebnisse gut iiberein und entsprechen auch den Simulations-

ergebnissen.
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Bild 2: Verweilzeit-Forderungslaufplan eines Beispiels
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Fiir kleine Ankunftsabsténde, bei denen der Infor-
mationsaustauschkanal fast vollstandig ausgelastet ist,
gibt es groBe Unterschiede zwischen den verschiedenen
Modellansédtzen. Leider wdchst in diesem Bereich der
statistische Fehler der Simulationsuntersuchung auch
stark an, sodaB mit den zur Zeit vorliegenden Simulations-
ergenbissen keine Entscheidung dariiber mdglich, welcher

theoretische Ansatz genauere Ergebnisse liefert.
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Real-time folyamatok analizise

Bergholz G.

A dolgozat real-time rendszerek valdsziniliségazdmitd-
si modelljével foglalkozik, mely kiilnbdz5, a doleo-
zatbamr megadott absztrakt elemekb8l é&pithetd fel.

Analysis of real-time processes

G. Bercholz

The paper contains: a probabilistic model of real-time
gsystems: consigting of abstract elements defined in the
paper.
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