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RESUME

L'accés concurrent de plusieurs transactions a un systéme de
base de données impose la mise en place d'un mécanisme de contrdéle de cohérence.
Le contrdle est généralement réalisé en partageant la base de données en
unités deverrouillage ou granules, et en définissant des régles de verrouillage
des granules qui assure 1'intégrité de 1'information. Toutefois, le maintien
de 1'intégrité par ces mécanismes se fait au détriment des performances globales
du systéme. Ceci est di@i aux restrictions d'accés des transactions & la base
imposée par les politiques de verrouillage, et & la charge supnlémentaire
induite par la gestion des verroux. Une aporoche d'analyse quantitative du
role de ces facteurs est présentée dans cette &tude. Dans une nremiére étape,
les facteurs les plus importants qui déterminent le comportement final du
systéme du point de vue de ses performances sont mis en évidence et analysés
indépendamment. Les résultats ainsi obtenus sont réunis dans une seconde
étape pour conduire une évaluation des performances finaleq. Au cours de cette
approche de modélisation hiérarchisée, diverses techniques de résolution
analytique sont utilisées et les résultats obtenus sont illustrés par des
exemples numériques. Les conclusions de 1'article indiquent la sensibilité
des résultats pbservés aux hypothéses concernant le comportement des transactions
et 1a nécessité de données expérimentales dans ce domaine.



ANALYSIS OF LOCKING POLICIES
IN DATABASE MANAGEMENT SYSTEMS

ABSTRACT

Consistency control has to be enforced in database manaqement
systems (DBMS) where several transactions may access concurrently the
database. This control is usually achieved by dividing the database into
locking units or granules, and by specifying a Tocking policy which ensures
integrity of the information. However, a drawback of integrity enforcement
through locking policies is the dearadation of the global system performance.
This is mainly due to the restriction imposed by the Tocking policies to
the access of transactions to the database, and to the overheads involved
with the management of lTocks. A framework for the quantitative analysis of
the impact of these factors on the performance of DBMS is presented in this
paper. In a first step, the main factors which determine the behavior of
these systems are rointed out and analyzed independently. The results hereby
obtained are aagregated in a second step to yield a aglobal performance
evaluation. Throughout this hierarchical modeling approach various analytical
techniques are used and the result are illustrated by numerical examples.

The paper concludes by pointing out final results sensitivity to some
basic assumptions concerning transaction behavior and the need for more
experimental studies in this area.

KEY WORDS AND PHRASES : consistency, concurrency, database management,
performance modeling, queueing models, queueing networks.

C.R. CATEGORIES : 3.50, 4.33, 8.1




I - INTRODUCTION

Quantitative analysis of locking mechanisms and of their impact
on the performance of transaction systems have received relatively
little attention [RiS77, RiS79, B1G791. Although numerous concurrency
mechanisms have been proposed and implemented, there is an obvious Tack of
experimental as well as analytical studies of their behavior and their
influence on system performance. The present state of the art in this area
can be compared to the situation in the late sixties when the first virtual
memory systems were being implemented : at this time the now classical concepts
of program behaviour (locality of references, working-sets, memory management
policy, etc...)were only emerging and it took several years to fully understand
and master ;hem.

In order to perform a quantitative analysis of transaction
systems of the performance, it is essential to point out the factors that

determine the behavior of these systems. Three main factors may be identified :

i) transaction behavior : it may be described by the pattern of

references of the transactions to the subsets (logical or physical) of the
database and by the way the Central Processing Unit (CPU) and

Input/Output (I0) resources of the system are used by the transactions. Given
a locking mechanism, the reference pattern is obviously a determining factor :
depending on the way references are distributed over the databése, the

Tocking mechanisms will have a more or less drastic effect. However, as noted
above,little experimental evidence on reference patterns of transactions is
available. In particular, the existence of properties of sequentiality or
1oca1?ty in the access pattern is still a contoversial issue [RoH75, TuR76,
Smi78, Rod761. Faced with this situation, any analysis relies on rather strong
assumptions. For instance, in the - analysis of locking granularity presented
in [Ris771, Ries. and Stonebraker characterize the behavior of a transaction
by the number of entities referenced, and assume that the number of granules
locked by a transaction is proportionnal to the number of entities referenced.



In our analysis, we shail use a somewhat more sobhisticated probabilis-
tic model of transaction behavior although it also makes a strong assumption
on the distribution of references over the database.

ii) locking scheme : Tocking schemes may by physical or logical

depending on whether the units of lockina are physical or logical subsets of the
databases. e restrict our attention in this paper to physical Tocking. A

physical locking mechanism is characterized by three main factors :

- the Lock Acquisition Policy (LAP) which specifies at which instant

of the transaction lifetime 1locks are requested. LAP's are basically split
into two categories:static LAP's (SLAP) and dynamic LAP's (DLAP). Under SLAP
all the locks needed for executing transaction are requested at the initiation
of the transaction. The transaction is executed only if all its requested
locks are granted ; otherwise it is blocked.Under a DLAP, locks are requested
by a transaction on demand, whenever @& transaction references a granule

that is not already Tocked.

- the Lock Release Policy (LRP) which specifies when the locks
acquired by a transaction are released. In order to maintain the consistency
of the database a static LRP (SLRP) has to be used, i.e. a LRP

where a transaction releases its locks only when its execution has been

completed.

Foilowing £R§S77“, the analysis presented in this paper is carried
out by assuming that the locking policies used are SLAP and SLRP. The main
advantages of this combination of LAP and LRP is that deadlocks are avoided
and that, from the point of view of the analyst, its study is easier. However,
it should be kept in mind that locks mean Tlifetimes are longer under a SLAP
than under a DLAP, and hence that a SLAP restrict the transaction's accesses
to the database more severely than a DLAP.

- the size of the physical locking units or granules (assuming that
all Tocking units have the same size). Given a LAP and a LRP, the remaining




design parameter is the granule size. Obviously, in theory, the smaller
the granules, the smaller the constraints imposed by the locking mechanism.
However, at this point, secondary factors such as locking overheads have

to be taken into account, since their influence may become important when
the number of granules is large.

ii1) the multiprogramming environment : the multiprogramming

environment describes the resources (CPU, I0) that the transaction,

system uses for the actual processing of transactions. These resources, their
characteristics and organization have an important impact on the global
performance. Of the three factors we have jidentified, the Tatter is also
presently the best understood and mastered. Within the past ten years much
experimental an analytical effort has been devoteé to this area

(DeK76, MeP781, and the appropriate methods and tools for the analysis of the

multiprogramming environment do exist.

Once these factors have been identified, we must select
which approach will be used to analyze them and quantify their influence. In
[RiS77, MuK771 simulation models are used. Although, this technique has the
advantage of imposing no restriction on the complexity of the analyzed
mechanisms, it cannot always provide a clear insight and understanding of
the system performance and of the role of key assumptions.

Our approach in this paper is based on hierarchical analytical
modeling [ChS781. The basic idea underlying this approach is that in a first step
each critical factor should be analyzed independently, clearly stating
assumptions and their consequences ; the results hereby obtained are
aggregated in a second step to yield a global performance evaluation and
final conclusions.

A broad presentation of this approach is given in section II.
Section IIl is devoted to the model of transaction behavior and the analysis
of the locking mechanism. The multiprogramming environment is studied in



in section IV. Final resuits on the global performance are presented and
discussed in section V. Conclusions are given in section VI.

IT - PRESENTATION OF THE APPROACH

The transaction system is analyzed using a hierarchical modeling
approach. Three levels of .modeling are considered as represented in figure 1.

At level 1, the different stages transactions go through during
their 1ifetime are described. The model used at this level is represented
in figure 2. Transactions are issued from a set of interactive terminals.

Upon arrival of a new transaction in the system all the locks needed

for the complete execution of the transaction are.requested. Lock requests
are processed by the CPU and I/0 resources of the system. During the "locks
request" phase the transaction is in the state REQUEST. Upon completion

of this phase, locks requested are either granted, eithe; denied. If locks
are granted, the transaction enters the state ACTIVE and it is executed

by the CPU and I/0 resources of the system until compietion. It then returns
to the terminal that has issued it. If locks are denied, the transaction is
sent into the BLOCKED queue and enters the state BLOCKED.

BLOCKED transactions are removed from the BLOCKED cqueue in order
to enter & new "locks request" phase whan an ACTIVE transaction leaves the
system and releases its locks. The maximum number of BLOCKED transactions
removed from the BLOCKED queue at each departure is a control parameter
of the transactions scheduling policy.



The organization and operations of the CPU and I/0 resources
of the system are described and analyzed at level 2. These resources are
used by the transactions when they are either requesting locks (state
REQUEST), or being executed (state ACTIVE). The analysis of level 2 will
be conducted to derive the processing rates of ACTIVE transactions -and
REQUEST transactions depending on the number of these transactions sharing
the CPU and 1/0 resources.

The behavior of transactions during theéir locks request phase will be

analyzed at modeling 1level 3. Given a simple model of the transaction references
requests to the entities of the database and the number of granules in the
database, we will derive the probability distribution of the number of

blocked granules depending on the number of ACTIVE transactions. These

results will be used to obtain the probability that locks are granted to a
transaction at the end of its locks request phase depending on the number

of ACTIVE transactions.

The three levels of modeling will be presented and analyzed in
the following order : Level 3, Level 2 and Level 1.

IIT - ANALYSIS OF TRANSACTION BEHAVIOUR AND LOCKING MECHANISMS

The physica1.database consists of cells that represent
the elementary physical unit of storage (this will be for example a disk
sector) and it is divided into m granules, where the granule is the locking
unit.

111.2 - Transaction behavior

The behavior of a transaction consists of a sequence of accesses
to the cells of the database. This sequence is defined by the following
assumptions :



1 - a transaction makes n accesses during its execution,

2 - accesses are uniformly distributed over the cells of the
database,

3 - accesses are independent.

Given these assumptions we shall derive the probability Pk(l),
g2 =1,...,m, that £ aranules are locked when k transactions are simultaneously
active, and the probability q that a new transaction enters the set of
active transactions when k transactions are already active. These results will
then be illustrated by numerical examples.

1I1.3 - Derivation of Pk(z) and Ay

Let x(p), p = 1,...,m be the probability that the number of distinct
granules accessed by a transaction is p, given that the transaction makes n
accesses. The derivation of x(p) is similar to a standard combinatoric problem :
given n like objects and m unlike buckets, what is the probability of leaving
p buckets non-empty after having uniformly distributed the objects into the
m buckets ? Applying standard results of combinatorics (see for instance
[(Rio587 pp. 103), we then have

(1) xe) = (GO M

(2) P1(£) =x(2) , f2=1,...,m

In order to derive Pk(z), we write the following recurrence formula
between Pk(k) and Pk_l(z),

B e "D
2) = —— i) . -
A
£ P _(3) X (J)
j=1 k-1 j=1 i




In (4), Xi(p) is defined as the probability that a transaction is
granted p granules given that i granules are already locked. The terms in
the denominator of (3) are normalisation factors : since the k-th transaction
can become active only if there are less than m granules locked by the (k-1)st
transactions, the probabilities pk_l(i), i=1,...,m1 are normalized by

m-1
the sum I pk_l(j) ; in the same fashion, given i, the maximum number of
J=1
new granules locked by the k—th.transaction is m-i, so that the probabilities
m-1i
X;(p) in (3) are weiahted by I X.(J).
j=1

From Pk(z), we can derive the mean number Ek of granules locked
when k transactions are active

m
(5) g, = E i P (i)

and we straightforwardly obtain the probability a that a new transaction is
granted the locks requested when k transactions are already active :

The results obtained in the previous section may help us to have
a first insight of the effect of locking on the operation of the transaction
system. The mean number ik of locked granuiles and the probability A give
clear indications on the maximum possible number of simultaneously active
transactions, and on the chance that a new transaction has its locks granted.

These indications will have td be analyzed and interpreted with
respect to the model of transaction behavior that has been used. Recall
that the model assumes that, for a given transaction, its accesses to the



cells of the database are uniformely distributed over the whole set of cells :
in other words we assume that transaction references exhibit no Tocality. We
may thus expect with this model of transactions behavior the effect of
Tocking to be severe.

.Those observations are illustrated by the numerjcal results presented
in Tap]es I and II. These results have been obtained.for n = 21, i=1,5,
m= 23, J=1, 8 and k ranginog from 1 to 8. Table I and Table II respectively
give ik and 9y - Figures 3a and 3b depicts the variation of ik as a function -
of mwithn=4 and n = 16.

The importance of the no-Tocality assumption is revealed by the
influence of the number n of accesses made by a transaction on the mean
number of blocked granules Ek‘ Transactions with a' large number of accesses
to the database very rapidly tend to lock most of the granules and to prevent
activation of new transactions. On the other hand, this effect is partly
allievated by an increase of the number of granules. However, as we shall
see in the following sections, the increase of the number of granules causes
an increase of the CPU and I/0 activity devoted to 1locks requests, which
is detrimental to the processing rate of active transactions.

IV - ORGANIZATION AND OPERATIONS OF THE CPU AND I/0 RESOURCES

At a given instant, the transactions in states REQUEST or ACTIVE
share the CPU and I/0 resources of the system. We shall assume that there
is no priority scheme set between ACTIVE and REQUEST transactions, and that
the CPU processes these transactions on a processing-sharing (PS) fashion
and I/0 units process them according to a FIFO policy. The system consists
of one Central Processing Unit (CPU) and a set of B identical independent
Disk Units (DU). The I/0 operations of a transaction are uniformly
distributed over the B DU's.

We shall now describe the different CPU and 1/0 operations performed
by REQUEST and ACTIVE transactions.
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Let v(m) be the mean number of distinct granules requested by a
transaction. A transaction in the state REQUEST will thus perform on the
average v(m) elementary lock request operations. An elementary lock request
operation consists of :

- a CPU service time with mean tR

- a DU service time with mean Sp-

An expression of v(m) is simply obtained from the results presented
in the previous section. Ye have

m
vim) = = p.x(p)
p=1
and, from (1),
(7). v(m) =y

It should be noted here that we have assumed that the elementary
operations involved in a lock request, i.e. the CPU and DU services do not
depend on m. This is certainly an optimistic assumption since management
of locks tables may become more cosly as m increases, and, for instance,-several
disk accesses may be needed per Tock request for a large value of m. Therefore,
results obtained for fixed values of tR and Sp will have to be interpreted
with respect to this assumption.

IV.2 - OPERATIONS PERFORMED BY ACTIVE TRANSACTIONS

A transaction in the ACTIVE state performs n accesses to the entities
of the database, each access being followed by a CPU processing time. The
activity of an ACTIVE transaction will thus consists of n elementary operations

comprising :

- a CPU service time with mean tA

- a DU service time with mean Sp-
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We assume that the CPU and DU service times are independent random
variables, and that DU service times have a negative exponential distribution.

- o e e o B o o e e T A A - e e e e o e ) e e = -

Let k and p be respectively the number of ACTIVE transactions and
REQUEST transactions processed by the resources at a given instant of time.
Due to the fact that ACTIVE and REQUEST transactions have different behaviors
their processing rates depend on k and p through functions of the form
(ks p) and yp(k, p).

In order to derive uA(k, p) and uR(k, p), we follow the standard
approach used for the throughput analysis of multiprogramming systems [DeK761.
As represented in figure 4, fixed numbers k and p of ACTIVE and REQUEST
transactions are maintained in the system, and the sharing of the CPU and
DU resources by the two types of transactions is analyzed using a closed
queueing network model with different classes of customers [BaC757.

An analysis of this model will yield for instance the throughput
rate XA(k, p) and XR(k, p) of ACTIVE and REQUEST transactions through station
CPU. Since ACTIVE and REQUEST transactions require on the average respectively
n and v(m) CPU service times, we have

1

up(ks ) = Xy(ks P)/n

XR(k’ p)/v(m).

"

UR(ka p)

The functions uA(k, p) and pR(k, p) aggregate the different effects
of resource sharing by ACTIVE and REQUEST transactions. Using the equivalent
server approach [Ch$781, they will be used at modeling Tevel 1 to analyse
the giobal- performance of the transaction system.

It should be noted that uA(k, p) and uR(k, p) depend on the
granularity m through the function v(m). Increasing the number of granules
will increase the number of elementary lock requests performed by a transaction
in the state REQUEST, and limit the availability of the CPU and DU resources
to ACTIVE transaction. As a consequence, the processing rate of ACTIVE
transactions will be degraded.
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In order to illustrate this effect, we have plotted in figure 5
uR(k, p) as a function of p for m ranging from 2 to 28 with n = 4 and k = 2.
The results have been derived with the following values of the parameters :

t
"

A 50 msec.

“+
"

R 10 msec.
Sp = SR = 50 msec.

B = 3 (3 identical DU's)

They have been obtained by usina the solution package OMAP [ MeP78, Ver79l
developoed by CII-Honeywell Bull, and. INRIA. The listing of the QNAP program
used for this computation and example of its outputs are given in Table III.
Mote that the value of 1/uA(k,p) and l/uR(k,p) are stored in an array after
each resolution so as to be used later on when qlobal performance is analyzed.

It can be observed from figure 5 that, due to the specific
behavior of the function v(m), the effect of granularity on the locking
overheads is particularly important as m increases from 2 to 25.

V - ANALYSIS OF GLOBAL PERFORMANCE

Having analyzed modeling levels 2 and 3, we now dispose of the
aggregate results that . are needed for the analysis of the global performance.
The interactions between the different factors which have already been
investigated are summarized in Figure 6. Analysis will be conducted at
modeling Tevel 1 by using a multiclass queueing network model as presented
in figure 7. The set of K terminals is modeled by an infinite servers station
TERMINAL with mean thinking time T, and the set of CPU-1/0 resources is
replaced by two exponential FIFO stations RESREN and RESACT, with processing dependent
rates “A(k’ D) (uR(k, p)) when k ACTIVE transactions and p REQUEST transactions

are respectively present in these stations.

When a REQUEST transaction has completed its lock requests, its
locks are granted with probability 9y » if k transactions are active, and
it then enters the set of ACTIVE transactions ; with probability l-qk, its
locks are denied and the transaction proceeds to the BLOCKED queue.
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Transactions are removed from the BLOCKED queue when ACTIVE tran-
sactions terminate and release their locks. Thus removal of transactions
from the BLOCKED queue is trigerred by departures from the station RESACT.
Let r be the maximum number of transactions removed from queue BLOCKED. If
i if the current number of transactions in queue BLOCKED, the actual
number of transactions removed from queue BLOCKED at each departure is min(i, r).

Due to the strong dependence between queues BLOCKED ; RESACT and RESREQ,
standard results on multiclass queueing network models are not lenger applicable.
Given the assumptions of the model, the only exact solution technique
available is through a Markovian analysis [Ste78]. This is done by using again the
solution package QNAP. The text of the QNAP program is given in ‘Table IV.
Transfers from the BLOCKED queue to the RESREQ queue are specified by the
primitive MOVE. Since QNAP uses only linear arrays a macro-instruction IND(I)
is used to access the element of the arrays TA and TR where 1/uA(k,p) and
and 1/up(k, p) are stored.

The results are presented in figure 8 and 9 . They have been
obtained with the following values of the parameters of the model :

n =4,

m = 20 to 28,
tA = 50 msec.,
tR = 10 msec.,

Sp = sR = 50 msec.,

B =3,
r = 1,
T .=1.5 sec.,

Figure 8 displays the mean number of ACTIVE, REQUEST and BLOCKED
transactions in the system as a function of m. The main observation is that as m
increases the mean number of BLOCKED transactions decreases rapidly, while
the mean number of ACTIVE transactions steadily increases.
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The mean number of REQUEST transactions reaches a maximum for m=32
and slowly decreases afterwards. It is thus to be expected thay the qglobal
throughput will increase with m for large values of m.

This is illustrated in figure 9 where is plotted the throughput D(m)
of the system, for n ranging from 2 to 25, expressed in terms of mean number of
transactions processed per unit of time. It is observed thay D(m) decreases
through a minimum and then increases with m.

This observation, which contradicts the results presented in [RiS771
where D(m) exhibited a maximum, is to interpreted with respect to the set of
assumptions that have been used through the analysis. As it appears from the
results of modeling levels 2 and 3, since 9 increases with m, the ratio of
the number of ACTIVE transactions to the number of -REQUEST transactions tends
to increase ; on the other hand, since the mean number of locks v(m) tested by
RENUEST transaction increases with m, REQUEST transactions tend to need more
processing as m increases. However, as indicated by the behavior of the throughput
function D(m), this behavior is determined by the increase of A rather than
by the increase of v(m). This points out again the key role played by locking
overheads, here quantified by the function v{(m). In order to explain the
discrepancies observed between our results and those presented in [RiS7717, it
should be recalled that the function v(m) used in this study is of the form
v(m) = om. In general, assumptions on transaction behavior used in those two
studies are basically different : Ries and Stonebraker use a "linear" model of
transaction behavior ; we use a "non-Tinear" model.

VI - CONCLUSIONS

We have presented in this paper an analytical framework for the
performance analysis of locking mechanisms in transaction systems, and we have
illustrated this approach by a detailed analysis based on a simple probabilistic
model of transaction behavior.
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This analysis provides a clear understanding of the various factors
that determine global performance. It also raises many new issues that can
only be solved by further extensive experimental and analytical studies. Two
particular topics deserve special attention : the modelina of transaction
behavior and the modeling of locking overheads. As noted above, the model of
transaction behavior we have used makes a strong assumption on the distribution
of references over the database : this model has to be validated by comparing
its results to those of more complex models, involving for instance localities
or sequentialities in the reference pattern. We have also pointed out in Section V
the key role played by locking overheads. Here again a more refined analysis
is needed, in relation with the modeling of transaction behavior. We are currently
working along those directions and we hope that this paper will initiate paraliel
investigations.
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JBECLAR/QUEUE CFU,DUT,DU2,00U3;
CLASS ACTIVE,REQUEST;
REAL XA,XR,Y.NA,NR,Tac100),Tk(100) H,N;
INTEGER KTR,I4,1K,1;
/STATION/NANE=CPU;
SCHED=FS;
SERVICE(ACTIVE)=EXP(XA);
SERVICE(REQUEST)=EXP(XR);
TRANS=IU1,1,D02,1,0U3,1;
INIT(ACTIVE)=14;
INIT(REQUEST)=IR;
[
/8TATION/NAKE=DU1;
SERVICE=EXF(Y);

. TRANS=CPU;
/STATION/NAME=DU2 ;COPY=IIU1;
a
/ETATION/NAME=DU3;COFY=DU1;
&
/FARAN/CLASS=CPU;
/EXEC/HEGIN
XA:=0.05;
XR:=0.,01; .
N:=4;
Mi=1;
&
NA:=4;
NRs=H¥N/ (H+N-1)3
&
Y:=0.05;
KTR:=5;
&
TA:=0;
WHILE IA«<=KTR [0 BEGIN
IR:=0;
WHILE IR<=KTR 00 BEGIN
ANALYTIC:

Ti=(KTR+ 1)+ IA+IR+1,
TACT) :=NA/HTHRUFUT (CPU,ACTIVE)
TE(I):=NR/HTHRUPUT(CPU,REQUEST);
PRINT(I,TA, IR, TACI),TR(ID)
TRi=IR+1;
ERDS
Ta:=TA41;
ENIi;
ENT;

4 AHALYTIC RESOLUTION #4:%

+++¥SURCHATIN 1 TOTAL NUMBER OF CUSTOMERS= 3
++x*¥SUBCHAIN 2 TOTAL NUMBER OF CUSTOMERS=  §
R R T I AR L iR Rt L LT Ty e
* NAME  + SERVICE # BUSY FCT # CUST NB * RESPONSE * THRUFUT =
EEEXERERAER DR R AR R RE R ¥ d Y R R R RN L]

¥ * + * * * #
* CPU % ,2027E-01% ,8525 * 2,637 * L 6262E-01% 42,12 ¥
¥ (ACTI) #+ ,5000E-D1% .5404 * 1,528 ¥ 1413 ¥ 10.81 *
* (REGUY » .1000E-01% ,31314 k1,110 * JIS45E-013 37,31 ¥
* ¥ * + £ * *
+ N ¥ L5000E-01% L7020 k1,788 ¥ 1273 ¥ 14,04 *
4 ¥ #* § * * *
@ DU2 4 LS000E-0i# L7020 4 1,788 4 L1273 % 14,04
¥ 2 + ¥ 4. * ki
+  DU3 ¥ OUG000E-01r L7620 + 1,788 1273 14,04 +
4 4 * 1 it * +

R S R S T T L L]
SFACE USED @ 3/100
4y ENI OF ANALYTIC RESOLUTION :i#w4

EEEEEEEE T T EL AT 32 T

Table III
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JGECLAR/QUEUE TERMINAL ,RESREQ, RESACT , KLOCK : INTEGE K
K1.K2:REAL TREF TREGUEST.TACTIVE, 00
REAL G(|0)=1.0,0.?%.0.883.0.333,0.F?a.v.kfﬁ.o.aw,o.éss
f0.592,0.352;
§
$ HACKD IND(L:
[A:=CUSTNB(RESACT ) :
[R:=CUSTNE(RESREQ) :
Li=(KTR+ 1) TA+IR+1 ;
3 END
i
SATATION/NAME=TERMINAL @
TYPE=DELAY;
SERVICE=RXF{TREF) ;
TRANS=RESREQIREQUEST )
IRITOACTIVE 1 =KTR:

Le=CUSTNBCRESACT ;
Bl:=0(I+1);
FINDGT)
EXPLTR(ID) ) :
END;
TRQNSIT=RESACT(ACTIUE).RQ,BLOCH;
SETATION /HAME=RESACT:
SERVICE=FEGIN
Bis=t:
FIND(DD
EXfFraiTyg g

e |‘g

faliid

JFREARSOFTLC
IF himi

EMIi;

NETUORH(1ERHINRL,RESRED,RESGCT.ELHCHB;
Kle=f;

HP.HTHRUPUTiELHCH),ﬁHEFPGHSE(HLUEH}):

Table 1V
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