TEHAE 8020 CFak 8 ERI) 2HAS

Transactional Model and Evalution of Vehicle System *

TP—1

Hironari Murai, Makoto Takizawa !
Tokyo Denki University

e-mail{hiro,taki}@takilab.k.dendai.ac.jp

1 Introduction

There are various kinds of systems where something
is moving, e.g. motor cars in roads, packets in network,
automated guided vehicles in factories, and workflows
in offices. A vehicle sysiem is a model obtained by ab-
stracting these systems, which is composed of vehicles
moving in the space. The space is considered to be
composed of units named space objects. Each object
denotes some parts of paths. The objects are further
partitioned into smaller objects. An object denoting
a path is represented by a sequence of objects, each
of which denotes a part of the path. Each higher-level
object denotes more abstract and broader area than
the lower-level ones. Takizawa and Hamada [3] dis-
cuss a broad path decision where each vehicle v first
finds a broader path composed of higher-level objects
to the destination, and then the path is so detailed as
to include lower-level objects as v is approaching to
the destination.

Since each object o can admit a limited number of
vehicles, some vehicle cannot pass o or it takes longer
time if o is congested. There are two approaches to
resolving conflict among requests on o from multiple
vehicles, i.e. scheduling and dynamic resolution. In
the scheduling method, the vehicle movement is de-
cided what time and what objects each vehicle v would
pass before v departs. In vehicle systems including
large number and various kinds of vehicles in a com-
plex space, it consumes much computation to make up
the schedule. In the resolution method, each vehicle v
tries to pass o any time v would like to pass 0. In this
paper, we adopt the resolution scheme where v locks
o before passing o. If the lock request is accepted,
v can pass o. We discuss three schemes for releasing
objects with respect to when vehicles release objects,
i.e. open, semi-open, and close ones. In addition, we
discuss how to relate the releasing schemes with the
types of vehicles.

In section 2, we present a system model. In sec-
tion 3, we present synchronization schemes by which
the vehicles lock and release objects. In section 4, we
present the evaluation of the synchronization schemes.
2 System Model

A vehicle system T is composed of a collection V of
vehicles and a space S which is a set of paths where
the vehicles move. A set of roads is an example of the
vehicle space where motor cars move around as the
vehicles. S is partitioned into disjoint units named
objects, '

Each primitive path (o) can be represented by a path
p = {{01), ..., (0n)) where each o; is a component of
o. p is written as (o)l. (o)1 is named a component

path or first ezpansion of (o). The i-th ezpansion (o)i
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is defined as ((0,)"", ..., {0n)""!) for i > 1, and (0)°
= (o).

[Definition] Let p, g, and = be paths from an object
s tod. q is a broadest path of p if p << ¢ and no path
» such that ¢ << ». ¢ is a most detailed path of p if ¢
~< p and there is no object r such that r «< ¢ 0.

‘Each movement of a vehicle v on an object o to be
atomic, i.e. v can pass either o or not. Hence, we
mode! the atomic movement as a transaction on the
vehicle space in this paper.

Since the vehicle space is tree-structured, the atomic
movement of v on o is realized as a sequence of atomic
movements on component objects oy, ..., 0, of 0.  The
movement v on the component o; is also modeled as a
transaction named a subiransaction. Thus, the move-
ment of v is a nested transaction [2].

2.1 Types of vehicles

There are types of vehicles on how they could move
in the vehicle space. The vehicles are classified with
respect to the following three points.

1. Vehicles are removable or not.

2. Vehicles are stoppable or not.

3. Vehicles are retreaiable or not.

4. Vehicles are separatable/mergetable or not.

There are two kinds of vehicles, i.e. one can be
removed and the others cannot. The second point is
concerned with whether vehicles can stop or not. The
third point is concerned with whether or not v can back
along the path passed by v. For each unreireatable
vehicle v, as soon as v passes o, v can release o since v
never backs. On the other hand, if v is retreatable, v
can hold o since v may back the same path which v has
passed. One train composed of multiple cars can be
separated to multiple subtrains, each of which includes
the cars in the train. Each subtrain can take different
paths. Such a vehicle is separatable. In addition, the
subtrains can be merged into one train. Such a train
is mergeable.
3 Vehicle Transaction
3.1 Locking scheme

In order to make sure that v can pass o, v locks o
before arriving at o. If v locks o, v is assured to be
able to pass o. After leaving o, v can release o. Here,
suppose that cap((o)) represents how many vehicles o
can admit at the same time and hold((0)) denotes a
number of vehicles which are now on o. If cap({o))
— hold({0)) > 0, o can accept further lock requests to
pass (o) from other vehicles.

Suppose that v on 0; would like to pass (o). First,

v sends a lock request to o.
[Locking scheme]

(1) If cap((0)) — hold((0)) > 0, o tries to lock all
the ancestors of o for v. If all of the ancestors
cannot be locked, v cannot lock o. If locked, o
is locked and hold({0)) := hold({0)) — 1.

(2) Otherwise, o rejects the lock request from u.
That is, v cannot hold 0. O

The lock request to o is propagated to the ancestor

- objects of o. If all the ancestors could be locked, o
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can be locked. Unless v can pass o; after passing oy,
.+4 0j—1, i.e. v cannot lock (o;) or cannot lock all
the ancestors of o; while locking (o0;), v; is referred
to as abort. In the conventional database systems,
if a transaction aborts, the transaction disappears af-
ter the whole update effect done by the transaction
is removed. On the other hand, only the part of the
transaction can be aborted, i.e. partial abortion [4].
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Figure 1: Partial abortion

Suppose that v fails to pass some component o; after
passi:g 01, ... 0i~1. If v could find another way to o,
instead of passing 0;,0;44, ..., 0, as show in Figure 2,
v can pass o by taking the way found.

Suppose that a vehicle v can be separated into sub-
vehicles vy, ..., v,, i.e. vis separatable. Each subvehi-
cle 4; can be moved independently. Hence, vy, ..., ¥,
are modeled to be subtransactions of v which can be
executed in parallel. If all the subvehicles arrive at the
destination, they are combined into one vehicle v. v
commits if all the subtransactions vy, ..., v, commit.
In addition, even if some v; aborts, the others are not
aborted because the subtransactions are independent.
3.2 Releasing schemes

There are three ways to release objects. Here, sup-
pose that (0)! = ((01), ..., (04)) and % denotes a
subtransaction of v on o;.

[Schemes for releasing objects]

(1) If v is a root of the vehicle, i.e. v arrives at the
destination, all the locks held by v are released.
Otherwise, no objects are released.

(2) (o1), +.., (on) held by the subtransactions vy,
..«y Up of v are released.

(3) (o) is released, and all the paths obtained by vy,
.+« Un are released if they are still obtained. D

The first scheme is a close scheme which is a strict
2PL [1]). The second scheme is a semi-open one. It is
noted that (o) is still held by v while {0,), ..., (o,,g
obtained by v, ..., v, of v are released. The thir
scheme is an open one where all the objects obtained
by v are released. The open vehicle transactions hold
less objects than the other two schemes. On the other
hand, the open vehicle v may not back since all the
objects passed by v are released.

It depends on the type of the vehicle which scheme
is adopted to release objects. Suppose that v is
unretreatable, i.e. v never backs along the path passed
by v. Hence, as soon as v passes objects, v can release
the objects, i.e. unretreatable vehicles can adopt the
open scheme. On the other hand, A retreatable vehicle
v can adopt the semi-open or close scheme since v can-
not back if the objects which v has passed are released.
If the close scheme is adopted, v can retreat, i.e. v can
reverse the same path taken by v. In the semi-open
scheme, v can find another path of the component ob-
jects of higher-level objects which v still holds. Since
the semi-open scheme holds less objects than the close
one, the semi-open one implies that more vehicles can
be admitted in the space than the close one.

4 Evaluation

We evaluate the close, semi-open, and open schemes
in terms of the number of objects held by each vehicle.
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Figure 2: Evaluation of releasing schemes
We assume that a space tree T is height- and breadth-
balanced, where the height is | + 1 and each non-leaf
object has k subobjects. Suppose that T' denotes one-
way path. The lowest-level path includes k' lowest-
level objects. We assume that a vehicle v moves on
all the objects from the left-most lowest-level object to
the right-most one, i.e. v passes k! lowest-level objects.
Suppose that v is in a lowest-level object o; in T. A
parent of o; is denoted by o;_;. Thus, o; is an ancestor
of o which is at a level i(< !). Here, oy denotes the
root of T. o; is the @1(< k)-th component object of
the root, i.e. o0,. o; is the a;-th component object
of 0;_y (i =1, ..., k). The position of v in T is

represented by (ay, ..., a;), where each a; < k.

Let No, Nso, and N be the average numbers of
objects held by v in the open, semi-open, and close
scheme, respectively. No =1+1, Nso = ((l+2§/2§ +
(kl/2), No = ((1+2)/2)+1/2 (for k = 1), (1 +2)/2) +
(k/2)(K — 1)/(k — 1) (for k > 1). Figure 1 shows
the logarithms of No, Nso, and N¢ for k given | =
10. The semi-open transaction holds less objects than
the close one. In the semi-open scheme, O(k) objects
are locked while O(k') objects are locked in the close
scheme.

5 Concluding Remarks

In this paper, the vehicle movement is modeled as a
nested transaction in the space tree. The vehicles are
classified in four points, removable or not, stoppable
or not, reireatable or not, and separatable or not. We
have shown open, semi-open, and close schemes for re-
leasing objects and how each kind of vehicle can adopt
a synchronization scheme. We have shown the evalu-
ation of the releasing schemes in terms of the number
of objects locked.
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