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ABSTRACT

- <
This thesis presents a multilayered distributed query ar-

chitecture applicable to multiple user infofmation systems

where user information requirements "are Hellqdefined. This
allows, via a small duplication of data, the segmentation of

. the system into autonomous functional areas. The result is a
. distributed system that can be easily ﬁg&ﬁfied and upgraded.
It has in addition the advantage that it allows for.easy in-

clusion of data access security and various operational

safeguards needed in multiple user systems.

In order to show the appiicability of such a distributed
architecture, the design of one facet of a hospitalfiﬂforma-
tion system, namely a patieﬁt medical record system, is pre-
sented. The oﬁeration of its critical element (data base

manager) was simulated.
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Chapter 1
INTRODUCTION

The exténsive (wide) use of multi-user coﬁputerized in- -
formation systems led to the re-evaluation of a number of
major points in the design of data base systems. To name a
few, data security, system reliability and cost performance.
Most of the researchs in Lhis area consider these problems
only for high performance gereral-purpoge data base systems.
With the present day wide varietieé of computerized informa-
tion systems for the non computer professional (lawers, doc-
tors) and generél public, it is imperative to consider the
above problems with respect to special-purpose 'low cost'

data base systems.

This thesis introduces a layered data’ base architecture
applicable to multi-user information systems where user in-
fogmétion requirements are restricted to a small portion of
the overall data base. This type of application arises in a
number of' sysfems such as: hospital information system,
banking system, school information system. The suggested
data base system is a special-purpose distributed data base
system where eaéh user has its own dedicated user-oriented
sub-data base. To overcome the data consistency, the data

security and the communication problems of completely dis-



tributed system, a central data base with,_very restricted

<
accessing protocol is maintained. This duplication also pro-

vides for data reliability.

The layered approach requires some duplication of data
and a high distribution of processing. Today, this is highly
cost effective because of the declining cost of mass storage

and the availability of inexpensive LSI hardware.

»

To show the applicability and feasibility of this dis-
tributed architecture, the design outline of a hospital in-
formation system is presented. Specifically, we consider thk
design of one facet of a hospital information system, name-
ly, a patient medical record _system used for medical care,

financial and administrative needs.

In order to-provide the necessary béckground, ter tyo
presents the basic data base concepts and the current 4Tends
in the major areas of the data base systém_ research. 1In
chapter three, the major characteristics of a hospital in-
formation system are discussed. In order to demonstrate what
has been achieved in this area, the description of two high-
ly regarded hospital information system; PROMIS and COSTAR,
are given. Chapter four presents the design outline of a
patient ‘medical record system using the layered data base
approach. This is done by specifying the data base organiza-
tion and defining a system architecture which supports the

above data base -organization. The «critical element of this
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g ,
system is the data base manager. The implementation of the

data base manager is described in chapter five. 1In the last

. chapter,. a simulatioh demonstrating the feasibility of the .

system is presented.



Chapter II
DATA BASE SYSTEM OVERVIEW

The purpose of this chaptér is to intro-
. duce basic data base concepts and to
provide a rough categorization of data
base systéms. The chapter begins with a
brief discussion of the development of
data base systems. It then continues
with a.description of the major aspects
of an integrateq data base. Finally,
the implementation of an integrated data
base is presented in terms of central-
ized, distributed data bases and data .

base machines,

2.1 DEVELOPMENT OF DATA BASE SYSTEMS

2.1.1 Evolution of data base concepts

In the late fifties and early sixties, government organi-
zations and large businesses began to store data on comput-

.er-accessible files, Time consuming tasks that were previ-



ously accomplished ﬁénually ie.gi"payroll, inventory), could
now be performed automatically by computer‘syétems at very
high speeds. These systems used magnetic tapes as storage
devices and the software provided little support for access-
ing the information stored on these devices (i.e. it execut-
ed only the input/output operations of the storage devices).
Also, the average access times - of magnetic tapes were very
poor. Subsequently, other types of storage devices such as
disks emerged. These}devices permitted more direct access
to the stored information; it is faster to record or re-
trieve non consecutive iﬁformation from a disk drive than
from a tape drive. New software also evolved to provide
support for manipulating and organizing files on these di-
rect-access storage:de;ices. For example, simple file or-
ganizations such as relative, indexed sequential, and others

were provided . These software systems were referred to as

file systems. These file systems isolated the users from

the storage device details, but they favored a close depen-
dency between the data and the programs that used the data.
As a result of this dependency, the fol}owiﬁg problems

arose;

(1) Since most files were used and structured for one
application, the data had to be stored redundantly
in many files, thus creating the problem-of keeping

the data consistent.



(2) 1t was impossible to change the file organization
and access techniques without affecting the applica-

tion program.

(3) In many cases, to service a new reguest, a new appli-
cation program had to be written to access several

private files.

To overcome the above limitations, the concept of an in-
tegrated data base was introduced during the 1late sixties
and early seventies. In this approach, all data are kept in
a central pool where it can be shared by all users. Further-
more, the concept of data independence was.introduced. Data
independence means that the physical organization of the
data base could be changed without affecting the application
programs. With the declining cost of memories and process-
ing hardware, thé current trend in the development of data
base sysfems is moving toward multi-user distributed systems

[DEEN 82].

2.1.2 Basic terminology

At this point, we shall introduce the basic data base
terminology. It should be noted that different terms for
describing files and data bases have been used by various
sources (e.g. companies, research institution). The follow-

ing definitions appear to be the most accepted in the liter-

b e e e R - i



ature [MART 77, TEOR 82) and were conceived by the CODASYL

Data Base Task Group.

Data Items - Smallest unit of named data, in many instance

it is referred to as a field.
Record - Named collection of data items.

File - Named collection of all occurrences of a given type

of record.

Data Base - Collection of the occurrences of multiple re-
cord types (files) containing all necessary relationship
information between records and/or between data items.
It should be noted that the above definitions describe
the elements of the logical data base, and not the elements

of the physical data base. These logical elements are illus-

trated in figure 1,




| i

RELATIONSHIP]  DATA . COLLECTION DATA ITEM

INFORMATION | (COLLECTION OF i
| OF FILES) RECORDS l
| /) . /"
| e —]
|
|

DATA BASE FILE RECORD

Figure 1: Wording describing the logical data base

2.2 INTEGRATED DATA BASE

‘As mentioned previously, to overcome the limitations of
file systems, the data must be integrated and its physical
structure must be transparent to the users. An integrated
data base may be defined as follow: it is an integrated
collection of data serving multiple applications where the
data are stored so that they are independent of the programs

that will use them.
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2.2.1 Characteristics gg'integrateé data bases
o ' ; -
Basically, ihtegration of the data is achieved by defin-

ing the structure of the data storing it, and al¥owing user
access via a general—pﬁrpose software called Data Base Man-
agement System (DBMS). In general, the user interface with
the DBMS is provided by way of two languages [YAO 78j:
"Data Definition Language”™, which is used to define the log-
ical structure of the data, and "Data Manipulation Lan-
guage", which allows insertion of new data, retrieval and
deletion of old data. Furthermore, there are many other
functions that must be carried out:by a DBMS, sﬁch as [ULLM
80]:

(1) Providing integrity mechanisms for maintaining the

accuracy of the data.

(2) Providing security mechanisms to prevent unauthor-

ized access.

(3) Providing concurrency mechanisms to allow users to

access the data base at the same time.—

(4) Providing facilities to reconstruct the data base

after a hardware or software error.

Figure 2 shows the data base management approach to data or-

ganization.

1



Figure 2: Data base management approach to, data
organization

The major objectives of the DBMS are :

_10_




(1) To provide physical data independence; that is the
users need not be aware of the physical data base

organization.
?’.

(2) To provide logical data independence by allowing
the user; to define a subset of the logical data
base. As a result, the 1logical structure of the
d&ta base can be expanded without modification to
the épplication programs. Also logical data irnde-
pendence réstricts the application program to view
only the portion of thé data base which is relevant

to it.

- (3} To provide a high level data manipulation lanquage
in order to make program developmept easier and

faster.

In order to achieve the above objectives, one has to rec-
ognize three lévels\of abstraction in the data base organi-

zation. [MART 77, TEOR 82, ULLM 80]:

Conceptual level - The conceptual level reprg;ents the

logical organization of the entire data base. More spe-
cifically, it defines the types of the data items and
specifies the relationships between them. Therefore, it
provides a framework for inserting fﬁe values of the data

items.

_11.-.
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External level -.The external level is concerhed with the

‘

way in vwhich the data is viewed by the ters.'Af this lev-
el many views can be defined where each is an abstraction
of a portion of the conceptual data base. 1In general, the
difference in the level of abséractiod between views and
the conceptual data base is not great, A

Y . Q

Physical level - The physical level representé the physi-

cal structure of the logical data base {(i.e it is the im-
élementation of the conceptual data base). This level can
be subdivided into several levels ranging from files down
to the actual physical addresses on stofage-_devices.
This is the level which has the greatest impact on the

data base system performance.

“Tﬂ;,interrelationships between the three levels are shown
graphically in figure 3. The conceptual and externa; level
corresponds to the iogical data base'and the physi%a ’evel
corresponds to the physical data base. 1In the next subsec-
tion, the different approaches to the design of a logical
data base will be described. The major issues concerning the
design of the physical data base are postponed to the next
sections since they are dependent on the environment “on

which the data base is implementéﬁ.

T -
’
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RaY

*VIEW - ©VIEW . VIEW

' LOGICAL DATA BASE .
DAT£ TYPES AND *

RELATIONSHIPS

H

,

PHYSICAL DATA BASE

FILE STRUCTURES AND
" | ACCESS METHODS o

[

Figure 3: Three levels of abstraction

- - e !
2.2.2 Data base models

t

In the following, we will investigate the various methods
for defining the data items and structures needed to model
the information requirements of a given enterprise. These

ngeth_ods are often referred to as data models and serve as a

-~
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basis for impiémenting the Data Manipulation Language and
Data Definition Languages of any'DBﬁﬁ. Among the various
data models.proposed' in fhe literature, two types éf data
model are widely available‘today [CHAM 79]: 1link structure

models and relational model.

~

2.2.,2.1 Link structure models

Link structure models are structures in which the rela-
tionships between record types can be graphically represent-

ed by arcs. The two basics link structure models are:

Hierarchiéal - In this model, the relationships between
the records types are represented in a tree structhre-.
A hierarchical data base structure can be defined as a -
.collection of record types in which there is one special
record type called the root. The others are referred to
as dependent record types. Each dependent recorq type has
a parent (record type) and each parent has at lea§£ one
child record tfpe. Note that for one occurrence of a re-
cord type, there may'be any number of occurrences for
each of Fts children. Thus, only oﬁe-to-man} relatiqp-
ships e allowed. The description of a simple data base
using 'this appfoach is shdwn'in figure.4. This is a very
simplelstrqcture and it is qifficult to map a complex

real-world situations with this model.

.—14_



HOSPITAL

SERVICES WARDS DOCTORS

STAFF ' PATIENTS PATIENTS

|
|

Figqure 4: Example of a Hierachical data base

Network - The network model is an extension of the hier-
archical model which allows more directly the modelling
of many-to-many relationships since it allows the repre-
sentation of many-to-one and one-to-many relationships.
Figure 5 illustrates the description of the hierarchical
data base of figt;re 4 using the network model. Here the

"patient” record type 1is not duplicated.and a "patient”

record can be accessed either via doctors or wards. The

/

_15-—
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main advantage of this model is its efficiency in per-
forming basic DBMS operations, since diffe}ent access
paths can be defined at data "base creation (a record can
be accessed in differenf ways). The major drawback of
this app?oach is the complexity of the éata model and of

the data manipulation language.

HOSPITAL

¥

'SERVICES WARDS . DOCTORS

STAFF PATIENTS

Figure 5: Example of a network data base

_16...



2.2;2.2 Relational model

The basic concépts to the relational model were intro-
duced by E.F. Codd [CHAM 76]. In this model, the data is
organized in a number of two-dimensional tables. A table
contains X table entries each having Y fields. The rela-
tionships between records which may belong to the same table
or to seperate tables, are represénted by a common value for
a given field. This model shields the user from the com-
plexity of the storage structure and access péths, and thus
requires a powerfull set of operators for data manipula-
tions. The main drawback of this model is that having no
predefined access paths, exhgustive search must be performed
to satfgfy a query, thus accesg_efficiency is reduced. Note
that in current implementation of the link structure models,
association among records is made via pointers, where as in
the relational model, association among records is made by
the same value of a field [CHAM 79]. Figure 6 shows a data'

base expressed in the relational model.

‘0



DOCTOR RELATION WARD RELATION
DOCTOR |PATIENT WARD |PATIENT| STAFF
D1 P | ‘;I-;_—;l_P—IEi;?Eq
D1 P2 w2 P2 | PAUL
D2 P3 | W3 P3 GUY

Figure 6: A relational data base

2.3 CENTRALIZED DATA BASE SYSTEMS

Centralized data base systems are data base systems which
are implemented at - one site. In general, these data base
systems operate on a general-purpose computer. Most existing
lérge data base systems are implemented in this fashion. 1In
this section, we will discuss the design issues encountered
in the implementation of an integrated data base on a gener-

al-purpose computer,

2.3.1 Characteristics of centralized data base

At present, most large data base systems use moving-head

disks as the storage elements. These disks can be regarded

_.18_




as being a linear array of fixed size blocks with a block
being the smallest addressable unit. A block wusually con-
tains one or more logical records plus.the information asso-
ciated with the storage format of tgy record. As shown in
figure 7, a traditional centralized data base system con-
sists of the application software, operating system, DBMS
software and the various files (i.e. conceptual schema, Ssub-
schemas, data, system files, etc.) [KERR 79]. Users inter-
face to the data base management system via the operating
system. The operating system controls all accesses to the
storage devices and in many cases, file systems are used to
éllocate the storage space and to provide the access methods

[WIED 81].



QUERY
USER OPERATING DATA BASE
| |APPLICATION |  |MANAGEMENT
SOFTWARE  fe SYSTEM |
y—— E SYSTEM
SE

"

SYSTEM FILES
APPLICATION FILES
. DBMS FILES

¥ . s . ‘-
Figure 7: Traditional data base system

-2.3.2 Physical data base design

’

The major factors that must be taken into account in the

physical data base design are

(1) Machine Characteristics:
-.Constraints and charac;eristics'of_ the physical

media; storage space, seek times, etc.

_20_



- Machine environment; for example, DBMS processing
attempts to refain critical pages such as index-
es. However, this goal is difficult to obt;in if

| the underlying system supports a ‘virtual memory

system. .

(2) Work Requirements:
‘ —'Random or sequential processing
.- Fréqﬁéncy of reference
- Response-time requirements
- Rate of records insertions and deletions

- Multiple-key or single-key retrieval

In most present day centralized data base systems, the
physical structure tends to be a collection of files (sin-
gle-record-type structure). The first problem encountered in
mapping the logical data base structure onto the data stor-
age devices, is to define the proper files. This is not a
trivial task for the following reasons: First, one must de-
termine the pointer structures among files for representing
the various relationships present in the logical structure.
Secondly, one may have to subdivide théhiggical files to im-
prove access time. There are two basic ways of subdividing
files [SCHK 78): (1) partionning the records into one or
more subfiles if the attributies of a file have different
access activites, and (2) grouping the records according to

their access activity.



Having defined the various files, the next step consists

of selecting the proper structure for each file.

Given a collection of records, there are many trade-offs
encountered in the selection of a file structure. For in-
stance, an organization which provides high flexibilty foé
searching, will require more storage space and may lead
slower access time. File structures can be classified into

two groups: _single-key and multi-key organizations.
N

Single-key organizations are structures which allow to
access a record from a file according to a primary key and
can be divided into sequential\or random organizations. In
sequential organization, recofds are stored according to a
specific sequence and can be accessed either by scanning the
file or by search mechanisms (e.g. binary search). 1In ran-
dom organization, the primary key is used to specify the
hardware address on the storage media. Two of the most com-
mon random organizations are indexed seguential and hashing

organizations [MART 77]. /

4

(1) Indexed Sequential Organization

This file organization has the property that re-
cords can be accessed either sequentially or ran-
domly through an index table. The records are

stored seguentially and, as a rule, the index table



does not contain a reférencg t& every records but
to blocks of records. This organization allows to
access efficiently the data both in a seguential
and in a random format. However, the major draw-

back is that it reguires complex maintenance opera-

tions.
(2) Hashing

The record address is calculated by inputting the
key value into a hashing func€ion which conve}ts it
into a physical address. This method provides effi-
cient retrieval and there are no major problems re-
sulting from insertions and deletions. However, it
is inefficient in the case of sequential accessing

-

and has poor storage utilization.

Multi-key organizations are . structures which allow to
process queries which involve more than one key. Most common
multi-key organizations achieve the above by linking re-
cords containing the same value for a given field via point-
ers. If the pointers are embedded in the record, the organi-
zation is referred to as a multilist file. 1If the pointers
are kept in an index table, it is referred to as an inverted
file. The inverted file is more efficient for handling com-
plex queries which iJ:;lve long decision functions since no
chains need to be followed. The major drawback of this or-
ganization is the maintenance of the index table.
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There are many problems associatéd with a centralized
data base systems. The major ones are performance, reliabil-
ity and expandability. Performance is dﬁe to the fact that
data can not bF processed directly on the storage devices,
As seen above, to access efficiently the data, complex data
structures must be created. However, these structures intro-
duce the following drawbacks [MfER 82}: (1) software com-
plexity is increased, (2) additional storing space is re-
quired, and (3) significant software overhead is introduced
when adding or updating data. At pa;gént, data base machine
is a substantial resource for dealing with the above prob-
lem. Distributed data base systems are another emerging
technology which provides many solutions for the above prob-

lems. Both distributed data base systems and data base ma-

chines are described respectively in the following sections.

2.4 DISTRIBUTED DATA BASE SYSTEMS

With the present-~day declining cost of memories and pro-
cessing hardware, it becomes cost effective to implement an
integrated data base over a distributed System. At present,
most existing distributed systems corresponds to loosely

coupled systems (computer network) as shown in figure 8.

In this section, first, we will describe the characteris-

tics of distributed data base systems. This will be done by

»



describing "what is a distributed data base system”™, enuma-
rating its advantages over a centralized data base system,
and describing the different approaches for implementiﬁg
these types of data base systems. Finally, the fundamental

problems peculiar to a distributed data base system are dis-

cussed briefly.

IDISTRIBUTED OISTRIBUTED
DBMS | DBeMS
A m <>
DATA OPERATING COMMICATIO | OPERATING | gﬁTSﬁE-
BASEIT. sysTeM | SYSTEM | v
1 [ }
| APPLICATION NETWGRK lAPPLl CATION
SCFTWARE }SOFTWARE B
DISTRIBUTED
0BMS
_
OPERATING . gﬁgAE
SYSTEM XY
APPLICATION
SOFTWARE

Figure 8: An example of a distributed data base system

_25_.

-

™

o



'ﬂ
2.,4.1 Characteristics of distributed data base  systems

A distributed data base system can be considered as a
collection of coopgrative data bases communicating via a
general communication medium (low banduidth). The user’'s
view of the data is an integrated whole, where both data
fragmentation and redﬁndancy are invisible: that is, users

are not aware of the location of their data.

The above definition of a distributed data base is a
highly problematic definition since it 1is very difficult to
give it a precise definition of a distributed data base sys-
tem. According to Enslow [ENSL 78], there are three dimen-
sions that characterize the degree of decentralization of a
.system: control, storage and processing hardware, and each
of these dimensions has a spectrum of values. This is shown
in more detail in figure 9. Thus, in many instances, it be-
comes a matter of interpretation whether a system is a dis-
tributed data base system or not, For examplé, how do we
classify the following systems: (1) a data base computer
) combined with one or more general purpose computers, and (2}
a data base distributed over a computer network, but where
all global processing are controlled by a central computer,
For a system to be identified as a distributed data base
system, Enslow requires that the three dimmensions listed
above be highly decentralized, thus it does not consider the

above two systems as distributed data base systems. Other




authors [DEEN 82, MARY 78, CHAM 77] advocate a nominal de-

gree of. decentralization for each dimension (les$ restric-
>

‘tive criteria).
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Figure 9: Dimensions that characterize the degree of
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The major advantages of a distributed data base<%ystem as
opposed to a centralized data base system are [ENSL 78, PEEB
78, CHAM 79, QUIN 81] :

&

High Availability - The usef can access data from differ-

ent locations in the network.
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High System Performance - In general, the data is stored

at locafions'whdig it, is most ffequently used. This pro-
vides faster access, higher throughput (parallel process-
ing) and lower communication costs if the system specifi-

cation requires g geographically dispersed system. -

Reliability -- The probability of complete total system

failure is reduced. .

Flexibility - It is easier to expend in -function and in

S . L. . .
capacity; i.e. it is easier to upgrade the various compo-

nents .\ ;
LN

Autonémx - The subsystems of each functional area cen be
more specifically developed to meet their needs and inde-

pendently, of the others.’
N

Hovewer a SEnsralized data base system as the main advan-
tage thatrit is simpler to imbleﬁent aﬁ'integrated data base
on a general-purposerbgmputer as opppeed to a distributed
processon architectu;e;}

The main element of a distributed data base system is the
Distributed Data Base Management system (DDBMS). A DDBMS is
a generalized softwaré‘system which in addition to providing
all functions of a DBMS, allows users to access data stored
on the network in the -same way as if it was stored locallyf
DDBMS can be implemented as .specialfpurpose and general-

purpose DDBMS (YAO 78):
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Special-purpose DDBMS are designed to perform only a spe-
cific task. For example, an airline reservation system could
perform only one task : maintaining the inventory of the
available seats; The PROMIS system (i.e a hospital informa-
tion §ystem) which will be described in chapter three is

also another example of a special-purpose system.

Federated systems , a type of. general-purpose DDBMs, are
systems which integrate already existing data base systems
to ptoduce an unified data base system. In general, the ex-
isting DBMS are different in terms of data representation
and data manipulation,' These systems are the hardest to im-
plement on accolint of the incompatibility of the computers,
DBMS, ect. One reguires a lot of software code in order to
integrate the various DBMS. An example of federated system
is SERIUS DELTA [LITW 82] which is the current project phase
of the French NationalrInstithte for Research on Information
and Automation (INRIA}, SERIUS-DELTA 1is a general purpose
DDBMS which interfaces with existing and largely unmodified

DBMS.

Integrated systems _are another type of general-purpose
DDBMS which consists of a single software system running ei-
_ther on identical or nonidentical computers, with all nodes
of the network supporting the same data model. This approach
is possible only if the entire system is built from scratch.

Example of such a system is POREL [NEUH 82]. This is a pro-



totype DDBMS which supports a relational system which can be

implemented on different types and sizes of computers.

-2.4.2 Fundamental problems with DDBMS

The fundamental problems associated with the design of a

distributed data base system are:

Where to store the data - Data may be distributed in two ba-

sic ways: partitioned, where only one copy of each record
exists, and replicated, where two or more copies of the
same record exist. Replication provides'locélity of refer-
ence potential for parallel processing and better reliabili-
ty. However, these benefits are realized at the cost of
keeping the data consistent during updates and the extra
memory space needed [BERN B8l]. Determining the optimal data
allocation scheme is a complex issue; many parameters are
involved: access paterns, amount of data, frequency of up-
date, communication cost and speed, éct. Many methods have_
been proposed to determine the optimal file allocation, but
more researéE\Tsﬁneeded before these models can become prac-

tical [BERN B81].

How to locate the data - In general, a directory which indi-

cates the location of every data elements in the network is
used, Two opposite extreme approaches for implementing a

directory are described:

ps



(1) A full directory may be kept at every node. This scheme
results in better query response and reliablity but re-
quires more storage space and multiple directory up-

dates.

(2) On the other hand, the directbry may be centralized. Up-
dating is relatively easier but there are many disadvan-
tages associated with this approach such as poor reli-

ability, high communication costs , slow response, etc.

Between these two poles, a full range of possible schemes
exist, In general, the manner in which the directory is
distributed depends on the same consideratigns that governed
the way the data is distributed (e.g. freguency of updates,

delays for response).

Control of concurrent updates - As stated before, when using

redundant data, the major problem is to ensure data consis-
tency between the various copies. This problem is compli-
cated because of asynchronous accesses and concurrent up-
dates. Note that there 1is no _such thing as absolute
consistency, since there is alQays a transient state due to
the physical delays in the system. Many update algorithms
have been proposed to maintain data consistency [CHAM 79,
PEEB 78, BERN 81]. These methods involve trade-offs: - for
instance, one cannot minimize both the communication costs

and the delay in completing updates.



"Deadlock - If a tésk must establish temporary exclusivity
control over a portion of the data baée, then a deadlock may
occur.- For instance, when a record is updated, no one can be
allowed access to the record during the update. In a dis-
tributed data base as opposed to a centralized data base,
the deadlock problem is amplified on the account that the
control is distributed accross the network and the communi-
- cation delays are long. Whether the data base system is
centralized or distributed, there are‘three basic approaches
to resolve the problem of deadlock [SREE 80, MARY 78, CHAM
79]: prevention, avoidance and detection. Many algorithms
using these approaches have been suggested, but it is very
difficult to determine analytically the operational effi-

ciency of these methods [MARY 78].

Fault tolerance and recovery - The major problem involved

here 1is maintaining data consistency in the presence of
failures {e.g. network failures or sites crashes) during up-
date transaétions. Numerous ﬁapers have been written on how
to update replicated data when not all copies are available
for update [PARK B3)]. Also methods have been suggested to

provide proper recovery of failed site [SKEE 83].



2.5 DATA BASE MACHINE

In this last section, we will describe new types of hard—"
éare which are designed for the purposes of managing data.
There are a number of factors affecting the performance of
a DBMS running on a general-purpose computer. The major fae<

tors are [MCKE B82]:

(1) A general-purpose computer can not process data while it
is in secondary memory. Thus, a large amount of data
must be moved between the secondary memory and main mem-
ory. The numerous ' methods for limiting this traffic
(e.g. indexing, hashing) reguire large amount of pro-
cessing time to execute the insertion and deletion oper-

ations, and occupy a large amount of storage space .

(2} In general, a general-purpose operating system supports
a virtual memdry system which utilizes dynamically the
memory in order to support efficiently multiple users.
This works against DBMS efficiency where a DBMS tries to

keep critical pages {indices) in the main memory.

Data Base Machines were developed to improve the perform-
ance and to reduce software complexity of centralized data
base sysfems. These are specially designed systems (both in
hardware and 1in software) that implement the traditional

DBMS functions.



Data base machines which implement most of the processes
of a DBMS are referred to as Data Base ,éomputers [Ya0 78].
An example of such a system is Infoplex which is implemented

on a complex of microprocessors [MARY 78]. In this system

high-level data base requests are decomposed into segments

which are executed in parallel by the microprocessors. Other
examples of Data Base Computers are [BERR 82]J: the Rela-
tional Associative Computer System (RELACS) and the DIRECT

system.

There are also other types of data base machines which
perform only a subset of the general DBMS functions. These
machines can be categorized as: special-purpose processors

and intelligent memories.

The basic éhilosophy behind special-purpose processors
is to transfer to hardware a defined DBMS function which was
originally implemented in software. . Examples of such system
are [BERR 82]): search processors, directory processors, in-

verted file processors.

Intelligent memories are devices which provide quick real
time searching by 1including some processing in the mepfory.
Intelligent memories have two basic capabilities : data can
be referenced by content rather than Sy hardwére'storage ad-
dress, and searching can be done in parallel. These systems

fall into two major groups:
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Associative Memory - An associative memory is usually

referred to as solid-state device which includes some
logic that allows simple operations to be performed in
parallel. Due to their high costs and limited capacity,
recent research has focused on various ways to utilize
these devices as staging devices fér large data base in-

stead of a complete memocry system.

Cellular-Logic Devices - The main attribute of these de-

vices is that more processing is moved closer to the sec-
ondary memory. The architecture of such devices is shown
in figure 10. Examples of Data Base “Machines based on
this concept are [SU 79]: the Context Addressed Segment
Sequential Memory (CASSM) and The Relational Associative
Processor (RAP). CASSM consistg of an array of identical
cell controlled by a;central controller.. Each cell con-
sists of a circular memory element (disk track of a fixed
head disk) and a processing element. The search is direct
, 1.e. data is processed on-the-fly. The disadvantages
associated with these devices are: (1) Fixed-head disks
are an order of magnitude higher in cost per bit stored
than moving-head disks. (2) The amount of processing that
can be performed on a single revolution is limited since
thé flow of data is continuous. RAP is similar to CASSM
except that each processing element has a track memory .
Thus, data must be moved into an intermediate storage

3

(track memory) before processing can be initiated.

~
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2.6  CONCLUSION

In this chapter, the basic concepts of data base systéms
were introduced. The current research activities and tech-
nology trends of data‘base systems were presented next in
terms of distributed data base s§stems and data base ma-
chines. This data base overview was done to highlight the
major problems associated with current DBMS and to provide
the proper background for developing the proposed data base
system. Moré\research is needed to devélop viable general-
purpose distributed data baﬁe management system. There are a
number of data base machines in operation today. These sys-
tems are cost effective in applications which require pro-

cessing of large quantities of data at high speeds.

One aspect gelated to data base system not discussed in
detail in this chapter is the advances in mass storage tech-
nolegy. With the continuing advances in magnetic recording,
magnetic disks will continue to be the dominant technology
for a few years [CHI B2)]. Other mass storage technologies
such as bubble and charge-céuple devices offer some advan-
tages over magnetic disks but they are costly to be used for
as storage devices for large data bases [TERR 79)]. Optical
disk technology is emerging, but at present its use is re-

stricted to write-once and read-only applications [CHI 82].



. Chapter III
HOSPITAL INFORMATION SYSTEM OVERVIEW

The purpose of this chapter is to de-
scribe the characteristics of a Hospital
Information system. In order to give an
insight of tge requirements of such a
system, a description of two highly re-
garded systems is given. These systems
are COSTAR and PROMIS.
/F'

3.1 CHARACTERISTICS OF HOSPITAL INFORMATION SYSTEM

A hospital information system (HIS), in addition to the
data processing requirements of any large institutions (e.qg.
payroll, inventory control, planning), must satisfy all in-
formation activities related to patient care [BALL 75].
More specifically the clinical aspect of a HIS consists of
providing a computerized medical record and of supporting
the clinical data processing functions of the various ancil-
lary services {(e.g. pharmacy, clinical laboratory, radiolo-
gy) [WHIT 81]. Also included here is patient billing. Al-
though patient billing 1is a financial activity, it 1is

directly related to patient care; an HIS must capture auto-
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matically charges whenever a service is given to a patient

[MISH 81].

The computerized medical record system can be considered
as the core of a HIS [TOLC 81]. A well designed computer-
ized medical record system must be capable of performing the

following functions [BARN B82]: ’

(1) Allowing immediate access to any specific data in a
patient medical record. For instance,‘ when admit-
ting a former patient in regular or emergency situ-
ation, the system should immediately provide a per-

tinent summary of his/her medical history and

profile.

(2) Displaying the patient's data in different formats
in order to accomodate the needs of the various

users.

(3) 1Including safequards for detecting errors and pre-

venting unauthorized accesses.

The computerized medical record will be discussed in more

detail in the next section.

Each of the ancillary services require various clinical

. )

data processing functions. The major functions <consist of
L

interfacing various computerized instruments o directly ob-

tain test results, performing quality control tests, commu-




nicating results throughout the hospital and others [GIEB

75, MORT 82]. In general, these fctivities require access
to two distinct data bases [MORT éz]: - the medical record
data base and special-purpose medical data bases. 5Amedica- -
tion daga base is special-purpose medical data base which
contains drug information such as drug-drug interactions,
drug side-effects, ect. Another special-purpose medical data
base is a clinical laboratory test datgibase which contains
for each test the normal range of results, the amount and

type of specimen required, test fees and others.

It can be seen that a HIS requires the integration of a
large number of quite different data bases and processing
activities [WHIT Bl]. This integration allows for sharing of
data {(e.g. medical record) between the various depart-
ments. This inteqgration also provides for controlled commu-
nication between the various departments (i.e. it automates

the information flow of the hospital).

To give an insight to the daily functions of a HIS, con-
sider th; example of prescribing a medication for a pa-
tient. First the doctor in the ward may need to consult the
patient's medical record to prescribe a medication. Follow-
ing this prescription must be transmitted automatically as a
request to the pharmécy department, Before submitting the
medication, the pharmacy, 1in processing %he prescription,

must perform numerous verifications which require access to
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the patient's med?cal record and, its own special informatién
system (medication data base). Examples of such verifica-
tions are*:'chggkiﬁg_for drug allergies and drug-drug inter

a&tions, making certain that the prescription is related t

one of tﬁeﬂ!!iiye problems. In addition when the medicatioﬁ
is'deliQered, the system must update béth the pharmacy in-
ventgrf and the patient's medical record and provide the

proper charges.
: £

1y

3.2 COMPUTERIZED MEDICAL RECORD SYSTEM : /3 )
/ A

A properly defined and updated medical record is an inva-

.luable. tool for the clinician 1in practicing his profession.

It is with the help of the information stored in the pa-
tient's medical record that thé gfin;cian estéblishes his
diagnosis, monitors or guides the patient during therapy,
decides on the tests to be perfbrméd and on the required

- N J
surgical intervention. Furthermore, the patient record will

serve in studying disease -or treatment modality. The majori-

ty of published clinical studies are tabulated from such

data.

L

To be effective it 1is important that the computerized
medical record system provides a well organized record and
presents it in a format so that the clinician is capable of

screening the information relevant to the problems being

L}
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treated.: There are many ways to Qrganize and present the
- :

information stored in a patient med¥al record. At present,

there are two basic record organizations which are widely
used {BENJ B0]. The problem-criented medical record is a
format where data gathered from different sources (e.g.

nursesl doctors, laboratories) at different times is record-

~ed according to a series of problems [WEED 71). This format

is now taughi/in most of the pqﬂical schools [ESTR 79]. The
alternative is the‘timg—;}iented'medical record where data
is recorded chronologically accarding to their soqurces (e.qg.
radielogy, clinical laboratory) [FRIE 72]; The major dif-

' V4 -
feréﬁbe between both organizations, is that the time-orient-

ed medical Fggcord’is source structured and chronologically
sequenced as opposed to the/problemcoriented medical record
which is problem structured and chrpnologically sequenced.

In the following, tﬁﬁ_informqtion refuired in a patient med-
o T o

-ical record is defined without ecifying any particular re-
- Ca - . . v\

cord organizations.

The "patient medical record"™, when a person seeks medical

care, consists of two parts. The first part is the. perma-

a

nent medical record (PMR) and outlines his/her profile and

.

“history. The second part is the transient medical record

(TMR) and contains all information gathered durina\the pa-
tient's hqspital stay. The TMR 1is usually gquite excessive
and may contain irrelevant information after the patient

has been released. Therefore, it 1is only kept during the

-



patient’'s hospital stay and is used to update the history

section of the patient's PMR after the patient has been re-

leased.

The PMR of a patient contains the following information

[WEED 71, ZIMM 78, BENJ 80]:

‘Patient Profile : identification data, hereditary and

chronic diseases, drug allergies, etc.

History : all relevant past information gathered in pre-
vious encounters. This information can be organized in

either time-oriented or problem-oriented format.

The TMR can also be organized 1in the same fashion as the

history section of the PMR and roughly contains the follow-

ing

information [WEED 71, ZIMM 78, BENJ 801}:

N . . . .
Admitting information : present patient problems, finan-

cial arrangement , attending physicians, etc.

Physician notes: examination record, possible diagnosis,

treatment and therapy, etc.

Service reports: clinical laboratory , radiology,

physical examinatton, etc.

Progress notes : observations of the medical staff who

are in direct contact and responsible for the care of

\bfhe patient. C T



3.3 .EXAMPLES OF EXISTING HIS 4

—~ +
\I
In this section, we will debcribe two hospital informa-
A

tion systems which are considered as exemplary by profes-

sionals knowledgeable in the computer and medical 'fields

[ESTR 79].

3.3.1 COSTAR

COSTAR (Computer-Stored Ambulatory Record) is a central-
ized medical information system for ambulatory care. Besides /17
providing a computerized patient record for the outpatients,
it supports administrative/financial functions such as billi
ing and scheduling. A modular design approach was used for
implementing COSTAR. This allows functions to be added or
deleted after. the system is in operation. The core of the k
COSTAR system includes the following basic modules: . securi-
ty, registration and medical record system. Other addition-
al modules such as scheduling, accounts receivable module,
etc. are available. However, COSTAR does not satisfy all
the information activities of the ambulatory group practic-
es. For example no modules are available for the clinical

laboratory and the pharmacy.

This system 1is written in MUMPS (Massachusetts General

Hospital Utility Multi-Programming System) language and can

be implemented on different hardware configurations which
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support this language. MUMPS is a high-level interpretive
file management system oriented to medical applications.
Because of the storage and processing requirements of
COSTAR, the minimal computer configuration is in general a
minicomputer system. Note thét COSTAR user interface is via

non intelligent terminals,

3.3.1.1 Medical record organization

To improve the efficiency of the computer for retrieving
and organizing the medical information in a patient medical
record, some standardization of the vocabulary used in the
medical record is needed. In.COSTAR, this standardization
is éyovided through the "Directory": a dictionary contain-
ing all medical terms. allowed in the medical record. ’Every
entry of the COSTAR directory corresponds to a code standing
for a descriptive term such as name of disease or a problem,.
laboratory test, procedure, medicafion, etc. Associated
with each directory code entry is the actual name and type
of the code. For inétance, the code 'MHABl' corresponds to
the term hypertension and éonsists of a problem. This 1is
the minimal information that is required for a directory en-
try . Additional parameters may be defined for each code
such as fees for a procedure or a test, clinical status (e.g
abnormal and normal test results)- and parameters specifying

the structure of the stgred data. A basic set of terms



comes with the package. Practices can add or delete terms to

suit their special needs.

he COSTAR medical record is divided into two sections:
demographic data and medical iﬁformation. The medical in-
formation is stored 'in a time-oriented format, where time
corresponds to the different visit encounters. This infor-
mation is made up of a number of entities called events. An
event consists of a singie code\recorded at a single encoun-
ter. More specifically, the eJent information consists of
the code name with the information related to the code and
the encounter information E;/éhown in the status report of
figure 32. For example, the information associated to a me-
dication code would consist of a short textual directions,
the number of refills, the dose, etc. The encounter infér-
mation usually consists of the date of the encounter and the
name of the provider. Therefore, the medical information

can be viewed as a collection of events that 1link codes to

encounters. In its simple format, a patient medical record

is formatted as shown in fiqure 11.

3.3.1.2 User interface

COSTAR provides two types of user interfaces. First, a
high level query.language is provided (2} research and sta-

tistical purposes. Secondly, for the clinicians access to
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patient - event|}j] code encoun-
profile i 1 teri
EVENTS COCES ENCOUNTERS

Fiqure 11: COSTAR record format

the medical records, three basic formats for displaying the

patient’'s medical data are provided:

(1) Encounter report: it displays all information col-

lected during a patient encounter,

(2) Status report: this is a current summary of a patient
record. It corresponds to the most current information
of a patient's diagnosis, physical findings, medica-
tions, laboratory testé, ect. The organization of

this report is shown in figqure 12.

(3) Flowchart: this display consists of a chronological
listing of all occurrences of a particular coded item

together with the associated code information.
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Figure 12: . COSTAR status report

As seen above, all user accesses are very rigidly con-
trolled ) with the user being able to select 6niy from a
very limited set of display modes. In addition, because of
the highly encoded format of the information, all input data

to the system must Be recorded on special encounter forms

which are entered into the system via clerical personnel.
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Coding of information is advantageous; as it saves space and
reduces prd&essing, but it mékes the system less flexible;
-information must be entered into the system in a rigid for-
mat. Thus, coding 1is appropriate for the storage of long

term records but not for the storage of short term records.

3,.3.2 PROMIS

The major objectives of PROMIS (Problem-Oriented Medical
System) 1is to provide a computerized medical record system- -
and a quidance system for patient care. It provides little
support for other applications. As its name.implies, PROMIS

automates the problem-oriented medical record format.

I

3.3.2.1 Medical récord organization

The main format for displaying a patient medical record
is the problem-oriented medical record format. This format
consists of (1) a problem list which includes all past and
present problems, (2) a data base (e.qg. mediéal history,
profile), and written out separately ﬁbr each problem, (3) a
plan (e.g. diagnostic, plan for collecting additional infor-
mation, orderigg treatment), and (4). progress notes which
"include all data collected after. the ﬁnitiél plan has been

established.[WEED 71, BENJ 80). Other formats are also sup-

1]
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ported by the PROMIS system. For example, it is possible to

retrieve directly all laboratory tests fog\a given patient.

The physical structure of the data base which contains
all the patient medical records is divided into three sec-
tions: a data section, a problem section and an index sec-
tion. All these sections are stored in different files. The
data section contains, for each patient in a chronological
order, all information included in his/her medical récord.
The records in the data section are divided into simple en-
tries (variable-length logical units), wvhich are wusually
small and can be addressed individually. The problem sec-
tion contains, for eachrpatient all his/her problems. Asso-
ciated with each problem is a list of ordered procedures and
the reasons for issuing them. The problem section is stored
in a separate file in order to optimize retrieval efficiency
because this patient data is frequently accessed. The index
section includes a number of index tables pointing to the
data section in order to allow the various accessing methods

described above.

3.3.2,2 Guidance system

h
Guidance refers to the giving of medical advice during

the ingquiry process. The guidance system of PROMIS is im-

plemented by confronting the user with a set of structured



displays. A display is made up of selectable and/or non-se-
lectable text. Choosing selectives choices causes branch-
ing to other displays, or actions such as adding data into
the patient record, enabling procedure'ordering. Thus, by
making the selection from the options presented on the dis~
play the user progresses through the network of displays,
where each display becomes more and more specific. The use
of this branching network integrates the patient data and
medical knowledge data to arrive at a decision or carrying
out an action. In many situations, choosing corresponds to
directly writting into patient record. The most general
. types of displays are: Data base, problem list, 1initial
plan and progress notes. These displays serve as high-leveli
indices to the other displays. According to Weed [Weed 71],
they represent the four phases of medical actions. More spe-
cifically, the first action in patient care is the collec-
:tion of the data base (history, profile). From this , the
problem list is formulated and for each active problem, ini-
tial plans are written. Then each problem is followed by

progress notes. Figure 13 illustrates a data base display.

———

In order to provide such a guidance system, PROMIS con-
tains a special data base that includes knowledge (E.G. de-
fined problems) that has traditionnaly resided in medical
libraries, journéls and textbooks. Example of such informa-
tion are: medically defined problems, drugs, radiology pro-

cedures, physical therapies, patient history questionnaire,
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4 PHASES OF MEDICAL ACTION

RETRIEVE l ADD TO :
— DATA BASE ; —DATA BASE F
S PROBLEM LiST | — PROBLEM LIST |
— INITJAL PLANS ! — INITIAL PLANS :
— NTHER RE TRIEVA{,/S, l — OTHER ACTIONS g

7

|

]
1

ADW BASE

| DATA TO COLLECT ON ADMISSION
2 MAJOR PROBLEMS

3 HEALTH CARE PROFILE

L SOCIAL PROFILE

S HISTCRY DATA BASE

5 PHYSICAL EXAMS DATA BASE
7 LABCRATCRY DATA BASE

8 PRESENT [LLNESS

Figure 13: Data base display
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ect. Furthermore, the above information must be integrated

with the patient medical record.

3.3.2.3 System implementation

?ROMIS_is implemented on a network of minicomputer nodes
connected by a high speed CATV bus as shown in figure 14.
The network contains a master node called the network node
and one or more common nodes. The network node houses super-
nodal files such as a master patient location file. "Each
common node is a general-purpose node.dedicated to specific
wards and/or services which can serve approximately 20 to 30
terminals. These common nodes contain a copy of the medical
guidance gystem and application software. Each common node
also maintains the medical records for its patients. Fur-
thermore, all PROMIS application programs are written in a
tailor made programming language PPL (PROMIS Programming

Language).
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3.4 CONCLUSION

Most of the HIS systems

centralized

systems. The major

these systems are [QUIN 81]:
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are implemented as maxi-computer

problems associated with




(2)

(3)

(1)

(1)\It shares all problems of a centralized data basl.system

such as cost, reliability, upgradability (high degrada-
tion with the number of users increased), etc.

x . .
Integration Problems: many hospitals have installed or

will installed special-purpose information processing

.systems such as pharmacy, automated laboratories and

others. These stand-alone systems must be integrated
into the overall system. Interfacing these modules infq
a centralized gIS is a difficult and costly task because
of the incompatﬁbility of the hardware and software

[MISH 81].

Lack of adaptability: if one uses a, general-purpose
package (e.g. COSTAR), then it is unlikely that a com-
mercial information system can support efficiently all

the information functions of all  the hospital [GUEM

"82]. This problem is due to the fact that the informa-

tion activities of the various departments varies from

one hospital to the other, and that vendor offers only
one system for each functional area. For example only
one pharmacy system would be supplied.

Lack of flexibility: since most HIS provides limited

= 4
amount of pre-specified reports, they don't allow dif-

, ferent users to have access to the general data accord-

ing to their specific needs [BLUM 82].
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Other examples of available centralized HIS are: . The
TECHNICON medical information system [ESTR 79] which is im-
plemented on a IBM 370 system or respective ébmpatible Sys-
0 -I \p'
tems and I1BM's Medical Information System [MISH B81] called
4
;tl\ \ﬁgghient Care System". < :
. , ' There are also a limited number of available distributed
\ .
HISs such as PROMIS which are implemented on a network of

minicomputer . Because of their distributed nature, they
benef it from some of the advantages of distributed systems
such as fail soft capability, upgradability, etc., but étey
still carry mahy of the problems of fentralized H£§° Fo; in-
stance, in the case of'PﬁbMIS "each node- has a compléte copy
of the system which serves a geographically area of the hos-
. pital (i.e. a group of ;ards and services). Thus, whether
- . there is one or more nodes, the facilities provided by the (,ﬂ_//
system are always the same. Another example of a distribut-
\ _ed system is CHAMPS [CARR 75]. In this \gsystem, each minicom-
puter performs only a specific task such as terminal inter- .
- facing, file management. Also, an ihtelligent local arén\#//”
communication network has been suggested for integrating
o étandngOne systems [TOLC 81]. d

" In summary, up to the present, most successful medical
computer‘applications consist of executing one specific task
p

(e.g. computed tnmcggg%pic scanner) [LINC 83].~ However,

large information systems have proved to be impractical be-
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cause they are too difficult, too rigid, or too intensive to-

be used well JLINC 8\3.].

=
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Chapter 1V

A DISTRIBUTED QUERY ARCHITECTURE FOR A HOSPITAL
' = INFOMATION SYSTEM

S
This chapter presents the design outline

of a hospital information system (HIS)
using a layered’ data base organization.
Speéifically, we shall consider the de-
sign of one.facet o£ an HIS,. némely an
integrated medical record system. Fur-
thermore, we will indicate how it can be
integrated with other computerized hos-
pital systems. In the first section, the
specification of the scope of applica-
tion for the system is given. Secondly,
the medical record data base organiza-
tion is specified. Next the system ar-
chitecture which supports the above data
base organization 1is presented along
with its operation. Finally each element

of the system is discussed in detail.
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4.1 SCOPE OF APPLICATION

-
EY

In this system, we confine "patient care™ to be that

-~

" which is delivered to inpatients (i.e. 1patients confined to

beds) and to emergency patients. Al;hbfgh clinical outpa-'
tient care {.i.e care delivered to a scheduled patient hav-
ing no bed), is not included, the system could be easily ex-
panded to support it. In the first portion of this section,
we will identify the various system ﬁéeré'and briefly de-
scribe their system access reguirements. —The rgmainder of
this section will be devoted to .a degcription o@éthe infor-

mation flow between the system users.

4.1.1 User types
In the system there are four types of users:

Admission - The admission user performs all the actions
required for admitting scheduled patients. Furthermore
it controls all requests for releasing and transferring

inpatients or emergency patients.

Wards - The wards users {e.g., cardiology, maternity, pe-
diatry), require all medica%xﬁnformation relating to pa-

tients assigned to them.

Services - The hospital services users (é.g., Pharmacolo-
gy, pathology, clinical laboratory), reqguire specific in-
formation on ail patients currently in the hospital; that
is emergency patients and inpatients. !
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Emergency - The emergency user requires immediate and
priority access to any data 1in a patient's medical re-

cord.

4.1.2 System information flow

The system information flow s described by outlining the
user's interactions with the system during a patient cycle.
Whenever a scheduled patient is_ admitted to the hospital,
admission must generate the "admitting information record
{includes present pfoblemé)“ and combine this record with
the patient profile and relevant medical history to form the
'current medical record' (CMR). If the patient has been
previously admitted to the hospital then the patient profile

and the relevant medical history can be obtained from the

~patient 'permanent medical record’ (PMR). 1In the case of a

new patient, admission is responsible for generating the pa-
tient profile and medical history. To Eémove any confusion,
the CMR consists of the temporary medical record (TMR) with
the addition of the ‘patient profile and relevant medical
history. Once the CMR is created, it is transferred to the
ward to which thé patient has been assigned. Subsets of the

CMR are passed on to the various services.

-

The process of admitting an emergency patient is compli-

: : .
cated by the nature of an emergency situation; that is, im-
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mediate medical attentidﬁ must be given to an emergency pa-
tient. Therefore, when admitting an emergency patient, his/
her éMR should be .restricted to only what is relevant to the
emergency situation. Thus, the CMR is composed of the perti-
nent admitting information, and of the patient profilé and
relevant medical history from the PMR. If there is no PMR,
as in the case of a new patient, then the emergency must
generate a complete enough CMR in order to satisfy the needs
of the emergency and the various services. Once the CMR is-
available, subsets of the CMR is passed on to the various
services. After the emergency's critical moment has passed,
emergency must obtain the information missing from the CMR
(and PMR in the case of a new patient). Subsets of this in-
formation may also be required by- the various services.
Note that once an emergency patient is admitted, emergency
interacts with.the system in the same fashion as a ward in
delivering care to. its patients. In the discussion below,

the term ward also refers to emergency.

Given that a patient is admitted (from emergency or ad-
" mission), let us now examine the everyday system ope;ation.
Service requests are initiated by a ward where a user (usu-
ally a physician), after consulting a patient's CMR, may re-
guest a number of actions from the various services. These
requests are then transmitted to the appropriate service.
If warranted (e.g. as a safeguard), before servicing the re-

quest, the service user may request additional information



from the. CMR or PMR. Once the ward request has been ser-
viced, the service station transmits the regulés to the ward
that initiated the request. After the results are received,
and verified, the ward initiates an update to'the patient's

CMR.

In this system, all patient transfers (i.e. from\a ward
or emergency to another ward) are initiated by the patient's
present ward. Every patient transfer must be validitated
(for safeguard and administratiQe purposes) by admission be-
fore they can proceed. When a transfer has been accepted by
admission, the ini;iatiﬁg ward must provide an update to the
PMR and to the CMR {including the CMR portions of the vari-
ous services). Furthermore, the targetted ward may request
additional history information to be inclﬁded in the pa-

tient's CMR.

When the patient is released, the patient's ward uses the

CMR to update the PMR. Afterwards the CMR is deleted.

4.2 DATA BASE ORGANIZATION

In many information systems, users only.requf}e access to
a small, well defined portion of the data base [QUIN 81].
The philosophy behind the data base organization is driven
by this fact. Essentially, each user has a local (private)

copy of his portion of the data base. A copy of the total
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data base is kept at a central location primarily for down-

Joading to the local data bases and for reliability.

In this application two distinct data bases are identi-
fied: (1) the "on-line archival data base"™ (OADB) containing
ali.PMRs and (2) the "cunrent data base” (CDB)} containing
all CMRs. The OADB provides the patient profile and the
relevant medical history to be downloaded to the CDB. In ad-
dition, the OADB provides a data source for research stud-
ies. - The CDB is accessed by the wards and services since
it is their source of working data. As stated in the previ-
~ous section, wuser demands on the CDB are small and well de-
fined. For instance, each ward haé under its care a sméll
number of patients and each service'only requires‘; limited
-amount of the patient's CMR. Therefore, the CDB is distrib-
uted over the wards and services, with, each ward and service
having a- lacal data base and specialized tailor made query
processing system. By distributing the data in this fashion,

. the following functions are necessitated:

(1) Cooperative alggrithms are required for controlling

concurrent updates,

(2) schemes are required for locating - data .which 1is not

locally available, and,

4

(3) security mechanisms are required at each node.

— 63_
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Performing these functions at each sork station (ward-or
service), complicates their implementation, and‘requires
considerable communications between the work stations. In
an altgrnat; approach, all global transactions (e.g. access
for additional information, update) are channelled to a cen-
tral node where a complete copy of the CDB is kept. The jus-
tification for the cost of data duplication is counterba-
lanced by simplicity of access, the ease of the maintenance
of the local data bases and by having a more reliable sys-

tem.

The data bese organization is a layered‘gygtﬁfmzfth user
access being restricted to the outermost layer as shodp in
figure 15. This layer is _subdivided into a number of dedi~
cated user-oriented data bases referred to as -local data
bases. At the innermost layer is the OADB. In between these

two layers is the CDB.
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" Figure.15: Data base organization

4.3 SYSTEM ARCHITECTURE AND OPERATION

The HIS architecture to support the layered data base or-
ganization is illustrated in figure 16.‘ Three basic system
elements are {aentified: (1) data base manager subsystem
-which controls all accesses to the CDB and to the-OADB, and
the interactions (local data bases) between the work sta-
tions and admissions, (2) the service, ward and emergency
work stations {(local data bases), and (3) admission. The

data base manager subsystem and the work stations are inter-
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connéEXed by a common bus referred to as the "central bus".
All information on the bus is transmitted in the form of a
tagged message, Each transmission is a broadcast from one
element to all others. The admission is directly connected
to the data base manager subsystem mainly because the ac-
tions for admitting, transferring and releasing a patient

require in general access to the OADB.

ON-LINE

ARCHIVAL
DATABASE

-

CURRENT SIATABASE ADMISS1ONS
— ANAGER
DATABASE SUBSYSTEM

-

[ | [ 1l

SERVICE X] |SERVICE Y WARD 'X' WARD '’
LOCAL LOCAL LOCAL LOCAL
DATABASE| | DATABASE DATABASE | |DATABASE

Figure 16: System architecture
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The organization of the data base manager subsystem as
shown in fiéure 17, is based on the concept of separating
processing and cbordinatfbn activities [KR¥E 83] in order to
provide a reliable, -efficient and simple to design system.
In thié system, Eﬁé-coordinator is the data base manager and
the processing elementg are: CDB controller, the OADB con-

troller, the admission interface-and the bus controller.

“»
. | =~ ON-LINE
0A CONTROL- ARCHIVAL
LER DATA BASE
' SUBSYSTEM
-
N y
CONTROL- DATA BASE
LER > MANAGE R
=
A
' —
CURRENT . - —
DATA BASE J ¢ :
SUBSYSTEM
BUS
CONTROLLER | ADMISSION
;

Figpre 17: Data base manager subsystem organization
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The functions provided by this - HIS system can be divided

into three classes: 5

(1) Functions that can be performed locally in the work
stations such as requests for retrieving locally
available data and producing varipus terminal dis-

plays.
f

(2) Periodic functions such as transferring from the OADB
the less pertinent history information to an off-line
fiemory system and éxecuting garbage collection rou-
tines for each data bases (including local data bas-

es).

. ’ 4
(3) Functions requiring interaction between .the various

elements of the system such as.data base downloading

wvhen a patient is admitted.

These functions classes .can be .categorized as classes
that 4o require'interactions between system elements during
exgsutioh and those that do not. The first two functions
classes fall into the first category; this implies that'
their implementation is fairly straightforward. Functions of
the last class does require interactions; therefore, these

types of functions are inherently more difficult to imple- "’

ment, The functions of this category are enumerated and de-

.scribe as follows:

3
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. N
A) Admittingﬁ\g_g?tient from admission., This process is
initiated by admission and involves the following ac-

tions:

(1) In the case of a former patient, the OADB.is aceessed
| in order to retrieve the patient profile and the rel-
evant medical history according to the retrieval

_ strategy specifiéd_ﬁy admission. The rétrieval strat-
egies are discussed later in thi§‘chapter. The re-

. % . trieved data is.combined with the admitting informa-
tion to férm thé CMR. In the case of a new patient,

admission must generate the CMR by using a special
questionnaire to determine patient profile and medi-

£

cal history.

. %
(2).-The CMR is transferred to the CDB. At the same time,

. this record is broadcasted over the central bus so
- that each work station can store relevant sections of

the CMR in their local data bases.

B) Admittingua.patieni from emergency. This process involves |
g [ .. ' .

‘the following actions:

(1) The OADB is accessed to determine if there 1is a re-

cord for this-particular patient.

(2) 1f there.is such a Eecord,' then the patiéﬁt profile

and relevant, médipél history.i;g}etrieved "and com-

bined with the pertinent admittiﬁg.information to
- ‘ ‘ s 'I‘ L
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C)

(3)

(4)

o | %
o

form the CMR. In the case of a new patient, emergency

must generate"tge CMR by using a special question-

‘naire to obtain the pertinent patient profile and

medical history. _ -

This initial CMR 1is transferred to the CDB. At the
same time, it is broadcasted over the central bus to

be picked up by the appropriate service work sta-

tions.

-~ - . ) fl

When .possible, information left out of the CMR (be5\\ﬁ-

cause of the urgency in admitting the patient), is

- added. This involves sending an update to the CDB and

to .the various service work stations.

Service request. These requests are initiated by wards

and involve the following actions:

(1)

(2)

vice requests for each patient in the CDB. .

All -demands for a service request must be validated

by the data base manager subsystem.

If.yalid, then the. ward transmits the actual service.
requesy on the céntral bus where it ' is picked-up by
the data base manager sﬁbsystem and the appropriate
service work station; _For proper sys ' 'operafion,
each ward ma{ntains a list.of allioutgtanding service
requests which is updatedr whenever the request has
been serviced. Furthermore, the data Base manager su-
bysfem also maiﬁtains a list of all'outstandinguser—

-~ . ~

..-‘70_



D)

E)

Update request.(These requests are initiated by wards and
can be of two.types: (1) those resulting from the data
produced by a ward (e.g.,'doctoré, nurses), and (2) those
resulting from data p:oduéed by the completion of a ser-
vice reguest. This update process involves the following

actions:

(1) All update reguests must be validated by the data

base manager subsystem before they can be initiated.

(i) 1f -valid, then the ward broadcast the update over the
central bus where it is picked up by the data base

" manager subsystem to update the CDB. Furthermore, if
the update resulted from a service request, then the
update must also be picked up by the appropriate ser-

vice work stations to update their local data bases.

L

(3) IF the update is the result data of a _service re-
guest, then the list of outstanding service reguests
in both the ward local data base and CDB must be up-

dated.

Additiona nformation requést. For each work station,
all requests for —accessing data which are not available
in its local data base are directed to the data base man-

ager subsystem, This involves the following actions:

(1) The gata ‘base manager Subsystem checks the validity

of the'request.
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(2) 1f valid, the data base manager subsystem obtains the
information from the appropriate data base (i.e. CDB

- or OADB). |
(3) The data base manager. subsystem transfers the re-
-quired information to the work station that requested

the information.

F) Transferring a patient. This process is initiafed by a
ward or ;emergency by sending a tranfer réquést to the
data base manager, subsystem. The following actions'take
place: : - /‘

(1) The data base manager subsystem checks for proper au-
thorization, and if valid transfers the .request ,to

admission,

(2) When admission accepts the transfer, the data base
manageé subsystem.signals.the initiating work station
to proceed with the transfer. The initiating ward
must generate an ‘update to the CDB and OADB, Simul-
taneously, if addi;ibnal history infofmation is ré-

+ < quired by the“targetted ward, a retrieval request to
the OADB is issued. We assume that the retrieval re-
quest was transmitted (by the initiating ward) along

with the transfer request.

(3) When the data base manager sdbsystem receives the up-

date to the CDB, this update is combined with the ad-

'
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ditional hiéiory information to form- the new CMR.

This CMR is traﬁsferrgé to the CDB. Concurrently, the .

CMR is broadcasted over _fhe central.‘bus to be
e picked-uﬁrby the targetted ward ;nd the various ser-

vices.

G) Releasing a patient. This process is initiated by a wérd’
and involves the following actions:

(1) The data base manager subsystem checks the validity

of the request. If valid, the request is directed to

admission.

(2) When admission accepts the release request, the data
sbase manager subsystem verifies that all outstanding

. service requests are completed.
- . )
(3) Then data base manager  subsystem signals the - pa-
tfent's ward to transmit thé reguired data_for.updat-
ing the OADB. Concurrently, it signals all work sta-~

" ?
tions to delete this patient record from their local

data bases.- ’/////

(4) When the OADB i's updated, the patieﬁt's CMR is delet-

S

e

ed.from the CDB.

N
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4.4 SYSTEM ELEMENTS -

*

4.4.1 On-line archival data base subsystem

The on-line archival data base subsystem consists prima-
rily of a storage device and an intelligent controller. Thé
controller services all requests to accesé'the OADB. Func-
tions performed by this unit are similar to the functions
provided by a file s§stém, but in this case they are imple-
mepted on a Adedicated hnit. The following subsections will
be described: (1) the accessing requirements for the OADB,
(2) a record organization that permits efficient processing
6f the accessing operations, and (3) the iésues involved in
the implementation of the archival data base subsysbem dre

discussed.

4:4ml.1 \ 3cce;;ing requirements

~ As stated before, 3 the OADB holds the PMR oé all former
patients. The PMR includes the patient profile and m:dical
history. The patient profile is always retrieved as a whole,"
thus thi:ggi;;/gf the record is manipulated as a single enR
tity in ¥he OADB. on the other hand; one'must be able to ac-
cess specific informatiqn within the history section. %

- N

*
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There are three_fundaﬁ?hﬂgl'strategies for retrieving the
medical history information of a patient. The first strategy
is retrieving iﬁformation accord?ng to its relevanéﬁyto the
préggit medical problem. The second strategy is to retri#ve
the past information according to time, The third stratégy
ijbretrieving information according to its level of general‘
importance. Alternatively, a mixture of any two or all three
of the above strategies is possible. The format of the re-
cord organization should reflect the chosen ret?&eyal strat-

egy in order to make searching more efficient. \

.

4.4.1.2 Record organization

The on-line archival record (PMR) is divided inéo two
parts: patient pgofile and‘history.l The complete record or-
ganization is{illustrated in figure 18. Tﬁe patient profile_
is generally fixed length while the médicéa history/is vari-
able length. To access specific information within the pa-
tient medical history, this subrecBrd must be well struc-
tured into ' well defined addressable fields. quthermore,
becausg of the nature of lmedical information, the fields
must also be of variable length. In most HIS, the retrieval

~ 'of the past history is done in a problem-o:iented mode or in

a time-oriented mode. In this system, the fatient medical

- history is organized in a problgm-oriented format. The med-

ical history can also be retrieyed in a time-oriented for-
‘mét, but the operational gf{ig}ency would diminish.

rd
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The medical h1sto;g%¥§\d1v1ded into a2 number of variable .
length problem’ sections—Each problem section cons1st&,of
all data related to a part}culér problgh. Each preoblem sect
tion is further subdivided into a proﬂlem; field descfith;T _
and a number of variable length encounter sectionsi The
ﬁroblem field descriptor includes the name of the problem.:
The encounter section consists of the data collected during
an encounter vigit for a particular problem. In turn, each
encounter section is subdivided into an encounter field de-

(f\\\\ scriptor and a number of data fields. The encounter field
\\Bescrlptor includes the date of the encounter. Each data
field is made up of data field descriptor and a variable
list of data items representiﬁg information such as lab re-
sults, a‘diagnbsis, and so on. The data field descriptor in-
cludes: Vtags indicating the importance of the inférmation
(i.e status flag), user access security tags and the type of
information ‘f.g.-laboratory results, diagnosis). The status
field is used for filtering irrelevant data during retriev-
al. Note that the sqcur{py tags could be included \in the
problem field descriptor instead of being inqluded ‘in the
field data désariptor. ' -

3 —

(f"

4.4.1.3 Implementatidn .aspects

‘An estimation of the size of the OADB will yield some in-

‘. , , .
sight on the system requirements. # It is very difficult to

-

—



P

1 ' . }

—7
PROFILE MEDICAL HISTORY’
, IFPROBLEM i | PROBLEM j [PROBI®M k
[ O .
PROBLE™M 1 eNCOUNTER i [ENCOUNTER | [ENCOUNTER K
NAME ‘
ENCOUNTER DATA DAA DATA
DATE FIELD i FIELD | FIELO K
STATUS [SECURITY] TYPE
TGS | TAGS |OF DATA Qs JIEMS
o

Figure 18: Archival medical record organization

determine the size of a PMR for several

reasons: (1) the

wide variation in the contents of a PMR, (2) the period of
time that the information is kept on-line, and (3) the re-
cord{ng format: encoded or narrative text. 'From the litera-
ture [MCDO 83, SCHU 79, BEAM 79}, it was concluded that an
average of 5Kk to 10K b;tes for the on-line archival ;ecord
(PMR) ié_ah appropriateacgtimate. For example, a medium-size
hosgi;al wgth 50000 former p&tiehts will_réquj}e a OADB of

approximately 500M bytes. .
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Based on this assessment, the JOADB can be implemented as

one of the following memory systems:

- A magnetic tape based systemﬁ ‘This has the advahtage of
storing off-ljne information at a low cost [CHI 82].
However, because a tape drive is a sequeﬁtial device,
its response time degrades répidly with the number of

- accesgses.,

- A moving-head disk system: the average access time is

superior to that of a magnetic tape, system but the cost

for maintaining off-line information is much higher. 1In

addition, a more complex backup procédure is required.

I1f one chooses a\moving~head disk memory system, various

index tables can be included to reduce retrieval time. 1f.a

magnetic tape system is used, all searches must be performed
sequentially. Currently, most large data base systems use
two separate technologies for on-line and archival stqfage:

maghetic disks and tapes [COPE 82]. /
_ N :

In the following,.we will briefly ocutline the implementa-
tion of a disk based archival data base. In a disk systemn,
there are two fundamental approaéhes for‘informationt re-
trieval., 'fhé first up;'lsists’ of processing the information

e

as it 1is ing retrieved (i.e. ‘on-the-fly'). In the second

1)

approach, first the dati.?lock is transferred in a buffer .

L
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where it is subsequently p}ocessed.' The first technigﬁe re-
quires a faster processor since it must process data without
the benefit of buffefiﬁg. For our system, the second. ap-
" proach is more appropriate because the OADB is accessgd in-

frequently.

Let us now examine the influence of the buffer in the

. "block-buffered” retrieval technique. The minimal size of
this buffer is determine by the file blocksize. The block-
size in turn affects the amount of disk storage needed and
the number of input/output operations for record retrieval.
System performance can be enhanced. through the ise of double

buffering. .

-

Next, a.suggested directory structure for'the OADB is as
follows.(fPatient medical records qre‘accessed_through a pa-
tient diréctdry. The patient directory contains a set of re-
cord pointers for each patient. This set of pointers refer-
ences : (1) the patient profile record, and (2) the problem

‘éubrecords of the medical histéry. Overflow pointers are in-

-cluded to facilitate expansion of the medical history.

‘’ . N

An off-line meﬁqry system.must be integrated to the OADB
in order to support\back-ups and the arch%val of irrelevant
outdated inférmation. This system is é;éign for.patient
care, thus to allow the inclusion of addifional fuﬁétions,
such as enabling various queries for research purposes, oth-
er index tables could be included. |

N
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4.4.2- Current daté base subsystem

!

The current data base subsystem consists of a storage de-
vicé and an intelligent controller. The controlier process-
es all accesses to the CDB. ~ In the first subsection, the
accessing requirements for_the CDB are described. From this
a record organization that.permits efficient' processing of
thé accessing operatiops is presented. Finally, the issues
involve {n the implementation of the CDB are briefly de-

scribed.

N\

4.4.2.1 Access requirements,

The CDB contains all CMRs. The CMR consists of. the admit-
ting data, patient profile and relevant medical'hiéto:y, and
information gathered during tye patient's hospital stay.
Most of accesses to the CDB are to update the CMR. . There
are also occgsionpl requests from Sservices to access infor-

mation not locally avaylable. ‘ S

t

- J
4.4.2.2 f/Record organization

The CMR is divided into two parts: (1) the patient pro-
file and relevant medical history, and admitting.informa-
- tion, aﬁ§ (2) all data gathered during the patient's hospi;

tal stay. The first part is static,.seldom accessed, and is
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stored primarily for reliability. The second part is dynam-
ic; tﬁis information should be structured accgrding to in=
formation source {e.g. service or ward) in order to facili-
Ea;e.retrieval and ﬁpdafing. The complete organizatién,of a.

CMR is shown in figqure 19.

Theudynamic subrecord is divided into two sections: ward
and servicé. The ward section consists.of the in ormation
‘entered by the ward staff (e:g. nurse notes, doctor notes).
The service séction-consists of the results produced by the
- various services. fhis information is structured acéording
to the service who entered it. Furthermore, each service
suhs;ctibn is subdivided into a number data fields. Each
data field is composed;of a data fiela descriptor indicating

the date of the request, a tag indicating if the request has

‘been serviced, and variable lentgh 1i§t of data items.

4.4.2.3 Implementation aspects ’

It is very diffiéult to obtain‘an estimate of the size of
the CDB., . The justification is similar to that presented in
section 4.4.1.3 for the OADB. From the literature [MCDO 83,
SCHU 79, BEAM 79], it was concluded an average of 10K:to 15K7
bytesrfor a CMR is an appfopriate estimate. For example, a
medium size hospital with 1000 current patients wili require

a CDB of approximately 20M bytes. The current data base is

- 81 - : -~
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Figure 19: Current medical record organization

-

S -]

accessed frequently .therefo?e a hard disk-system'-dbyld-be

choosen,

TS

The CDB is mainf% accessed to update the CMR, therefore

using the "block-buffer” retrieval technique is a reasonna-,

ble design choice.

The CDB can be partionned into three different files:

(1) The "static"™ file includes the admitting data -and pa-

tient profile. These fixed 1®ngth recofds‘dre seidbmly

accessed. Thus a simple file organization . is required

for this collection of records,

.- 82 -
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(2) The "ward" file includes inforﬁqpion‘entered by the ward
staff., These variablé'length fecnrds are aléo accessed
seldomly. Again a simplé file organization is suffi—'/,/f'
cienp. ‘ o !

> \
\

(3) ihe "éggvicg' file,includes information provided by.the
) ser&icesév'These \i;riable length records are acéessed
frequently for updates, for storing outstanding service
requests aéd_for retrieving additional information. 1In
this casei the deéiré té maintain an acceptance, level of‘

performance‘jistifies the use of a more complex file or-

-
\ .

ganization.

4,4.3 Work stations

13 .

One of the major difficulties in the design of a multi-
"ugér inforfation s}stem is to provide a user-friendly inter-
face tailored to‘specific user-needs. In the suggeéted 5ys-
tem, each of the:work stations has its own data base,
thereéore an information retrieval system tailored to spe-
‘cific user needs can béf“brovﬁded. Mdre specifiéally, all
appliéations progrg;s (e.g. generating menus and reports),
-are part of the work station{ since they are tasks that op-
_erate on local data. programs cén be tailored to user
- héeds. In‘add{tion, various dedicgted functions can be in-

&1uded, for example the automatic scheduling of service op-

erations.
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There'are three types of work stations: Qard, emergency
and service work géations. As stated previously, except for
the case of admitting a patient, emergenrcy is functionally
similar to a ward. Bach ward work sfétion contains the com-
plete CMR information of the patients assigned to their
ward. Each service work station has a limited amount of in-
formation on all patients currently in the hospital.  This
information consists of (1) a selected section of the pa-
tient profile, admitting data and relevant medical history,
and (2) the service sectiqn containing data produced by var-
jous services which is relevant to them. 1In general, a work
station would be impleménted on a single microcomputer-based
system. - -Considering present day cost of hard disk system
and the advisability of preventing users to handle disks,
small non removable hard disk system should be integrated in

all work stations.

4.4.4 Data base manager

The data base manager is the control element of the data
base manager subsystem. Its main duty consists of coordinat-

ing the various processing elements.

From the description of the system functions that are
controlled by the data base manager subsystem, it is appar-

ent that the data base manager must be a highly interactive
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'system. This can lead to severe bottlenécks. The design of’

~ the data base.manager will be dealt within the next chapter.

4.4.5 Bus controller

In this syétem, the bus conf:oller is an intelligent com-
munication device. The structure of the bus controller con-
sists of'twé levels. Tﬁe inner level provides the properi
-communication interfaé: with the central bus. The outer lay-
er provides high level functions (tasks) to the data base
manager, 'Broadqast a CMR' is an examplé of. such tasks.
These tasks are defined in the next chéptér. From the sys-
‘tem ‘operation reguirements, it can be seen that the traffic
on the central bus is very low and thus serial data trans-
mission via a pair of twisted wire could be used with a sim-

ple protocol to resolve bus contention. The following two

bus approaches can be consisdered:

- passive media with handshaking protocol;

- centrally controlled bus where all requests for accessing
the bus are serviced by a central controller,

g

Thg first strategy requires more processing power at each
station whilé the second would.require more lines and may be
less reliable. The " decision should depend on. the physical

layout of the hospital and the estimated traffic.

-
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4.5 SYSTEM INTEGRATION

In mény‘iatgé institutibns: one of the major problems is
to integrate’ ;he various - special purpose information pro-
cessing ?ygteﬁs such as patient billing, schedulihg of ser-
vices, inventory system, automated laboratories and other
épeciélized information igtrievals systems. {e.g. diagnostic

aids, pharmacology decision aids) [NMISH B81].

The distributed patient information system suggested in !

this chapter can easily be interfaced with most of the above
mentionned systems. In the suggested architecture, system

integration can be done in the following ways:
I

- Connecting directly some of the work stations to other in-

formation systems or computerized medical instruments.

- Connecting some special-purpose systems as listeners on
the bus so they can capture information relevant to them.

ar’

4.6 CONCLUSION

A complete distributed system solves the maﬁor p;oblems
{(e.g. adaptability, flexibility,- reliability) associated
with centralized HIS‘[QUIN 81]. However, the main problem
with this distributed approach is the lack of integration
[QUIN di]i In addition to.providing the general advantages

of distributed sygetems, the suggested system overcomes the
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integration problem. This was achieved by implementing the
nucleus of an HIS’(i.e. medicél record system) as special-
purpose system using the layered data base approach. Yet to
bé discussed is the cost of such a system; that 1is the
hardvare, software and maintenance costs. This is done by
considering the cost relative to a general-purpose central-
ized data base system. We estimate that there are no major
differences in the hardware costs. .The main difference in
the cost of a work station as opposed to an intelligent ter-
minal, is the cost of the storage device. This added cost is
counterbalanced by the use of a simple multi-microprocessor
based system instead of a minicomputer (e.g. VAX system) for
access}ng the on-line data base. ' However, one can tailor
special-purpose user-friendly interfaces at much lower cost
in the described - system. Mainienance costs should also be-

much lower because of the distributed nature of the system.
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Chapter v Fﬁ\ -

IMPLEMENTATION ASPECTS OF THE DATA BASE HANAGEE}_//,

The primary‘ function of the data base
mapager is to initiate the controller - .
tasks _fof executing the system-wide
functions. These controller: tasks and
their sequencing relations are defined
in the first part of this chapter. Next
an implementation of the data base man-

ager is given.

)

5.1 DATA BASE MANAGER FUNCTIONS

In this section we will specify the data base manager ac-
tions that support the data basejﬁanager subsystem functions
outlined in the previous chapter. To facilitate the discus-
sion, a special graphical notation is introduced. This
graphical notation illﬁstrates the data flow between the
various controllers and the data base manaéer; In addition,

it also'illustrates the sequencing relation of the control-

ler tasks.
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5.1.1 Graphical notation

This notation was inspired in part from the notation sug-
geégga by Buhr [BUHR 84], for the represention of the data
flow between concurrently executing modules., In our case,
the modules correspond to the data base manager and the var-
ious controllers. This pictorial notation was also inspired
from the data flow [RUMB 5] for representing task sequenc-

ing relationships.

" An element 'A' requesting.an element 'B' to execute task
L 4

*

_'K' with parameters 'P' is represented in our notation as -

shown in figure 20. The response from element 'B' to 'A'

- can be one of the following three: data, status (yes,no),

and/or task completed. Graphically E?py\are denoted as de-

picted in figure 20 . . : e

The task sequencing relationship is represented by a di-
rected graph as shown in figure 21, The nodes correspond to
the execution of a task, the triggér arcs represent the con-
trol signals and the arkows’emerging from the center of a

node illustrate the_initiation of a task. A nod initi-

ate a task when all of its input trigger arcs are set. hen
the initiating task.is completed, the corresponding node

sets all of the trigger arcs leaving this node.

Conditional control is introduced through two special op-

erators: branch and merge operators. These special opera-

—_—
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é TASK COMPLETED

l STATUS (YES/NO)

B | é DATA

Figure 20: Data flow

tors are illustrated in figure 22, The branch and merge op-

erators can have any arbitrary number of input and output

trigger arcs. The branch operator functions as follows:

~ when all of the input control signals are set, then the
brancb node sets the output trigger arcs that correspond to
the e-val_uated condition. The merge operator _\pperat;.es as foi—-
lows: whénever an input trigger arc is set, then all trig-
ger arcs l.eaving this node are set. Figure 23 shows the

construction of a conditional control using these operators.
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Figure 21: Control directed graph

For the completeness of this graphical notation, three
additional operators were introduced: wait, timer/counter
and gate operators. These operators were not used 1in the

thesis. The wait operator works as follows: when all input

. _91...



‘triége:'arcs " become active, then all its, output trigger
arcs become,apti§e. ~This node -is défined to simp;ify draw-
ing. For the timer/counter- operator, when its input trigger -
arc becomes active, the set up value is entered. The occur-
rence on an event/time input will decrement the count by 1.
Whenever the count becomes zero, the'gytput.trigger arc is
activated. Anytime the disablet signal becomes active, the
count is frozen and the node does not respond to the event/
time input: The input trigger arc can set;up the node only
if@he count is ~zero or if the node is disabled. The gate
operator 6perates‘§; follows: when enabled, the gate trans-
mits, otherwise the gate blocks thé propoggtion of the input

4

trigger arc signal.



TIME/EVENT
. - ENABLE ' '

ENABLE

DISABLE DISABLE

Figure 23: Segquencing operators
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Figure 23: Conditional

5.1.2 Definition of the data base manager operation

In this subsection, the control actions of the data base
manager are described. The descriptions are presented in

terms of the system functions they represent. Pictorial de-

scriptions using the previous defined graphical notation are ’

used as the vehicle of presentation.

(1) Admitting a patient from admission

v - 94 -
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-There are two types of édmission;' adhitfing a former pa-
tient or a new patient., 1In the case of a former;patient,
the hiétory retrieval strategy must be transmitted along
wigh the -admitting réquest. While the data base manager
vaits for the/admitfing data, it sends a request to the on-
line archival data basee(OADQY- controller .to retrieve the

patiént profilé and the sections of the medical history

Sspecified by the retrieval strategy. When both the retrieved

data and the admitting data are received, they are combined

to form the CMR. 1In the casé of a new patient (i.e. no PMR

o . .-
exﬂgzs for the admitting patient),  the admission must also

produce the patient pgofilé and medical history. The data

base manager transmits the CMR to the current data base

(CDB) controllgr where it is inserted. Concutrently, the CMR
is passed to, the busg cqntrolIer to be broadcasted over the
central bps. The.controller task structure diagrams for ad-
mitting a former patient and new patient aré shown in fig-

ures, 24 and 25 respectively.

7

NS
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(2) Admitting a patient from emergency

Upon receiving an admission request from emergency, the
first action of the data base manager is to send a request
to the OADB’-éonitolf:f to retrieve the patient profile and
the sections of the medical history specified by the re-
trieval strategy. The retrieval strategy is transmitted

along with the admission request over the central bus.

If the patient has an on-line archival record (PMR), then
‘the data base manager sends the retrieved data to the bus
controller to be broadcasged over the central bus and to the
CDB controller where it ié‘inserted. Whenéver the admitting
data becomes available from emergency, the bus controfier
transmits the admitting data to the data base manager so
that the CDB be updated. Note that the bus controller must
broadcast this data so that,the local data bases can be up-

dated.

1f no PMR was found, the data base manager signals tﬁe
bus controller to obtain from emergency the cni;ical admit-
ting information. This information is immediately transmit-
ted to the CDB controller where it ~is inserted. Whenever
the data base manager receives the remaining CMR informafion
from the bus controller, it transmits this récord to the
data‘base manager .to update the patient's CMR. Note that

the bus controller must broadcast both the initial CMR and

the remaining CMR information so that the 1local data bases
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be properly updated. The éorrespondiﬁg strgctured éraphs
for admitting a former patient and a new patient are shown

in figures 26 and 27 respectively.,
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(3) Service reguest

Whenever thg_ data base manager is signa;ea from a ward
,f”’\ﬁﬂafor a service request, _its first action is to check the va-
\\ tidity‘of the request. If valid, the data base manager re-
' quests the bus, controller to inform the initiating ward to

_ broadcast the service request. When the bus controller re-
fﬁ¥3 ceives the service‘request, it transmits it to the data base
manager who seﬁds an update request to the CDB controller to
stored the service requést: I1f the service request is not
valid}zan error message is sent to the initiating ward. 'The

pictorial description of ‘this process is illustrated in

figure 28 .

%
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(4) Update Request ‘ .
-

The data base manager's first action éonsists of deter-
mining if the reqguest is valid (i.e. to make certain that
the person who made the request is allowed to do so). if
the rggyaéf'is'valid, the data base manager signals the bus
controller to request the update data from the initiating
ward. If it is a service update, then this daia is'also_
broadcasted to the service stations, When the update data
(ward or service response) is received by the data base man-
-ager‘(via‘the bus controlier), it transmits this data to the
CDB controller to update the patient record. The corre-

sponding structured graph is illustrated in figure 29‘;
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{(5) Additional Information Reguest

The additional information request signal is transmitted
from a local work station (ward or service) to the database

manager via the bus controller.

Before submitting the request to the CDB or the CADB con-
troller, the data base manager verifies the validity of the

guery reguest.

1f valid, then it determines to which data base (OADB or
CDB)} to issue the query request. Furthermore, each data base
controller performs verification to protect against unau-
thorized accesses. If the gquery request is acceﬁted, the re-
guested patient data is sent to the data base manager. who
signals the bus controller to transmit this data to the re-

(4

questing work station.

I1f the request has been rejected by the data base manager
or by the data base controller, then an error message is
sent to the requesting work station. The corresponding

structured graph is shown in figure 30 .
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{(6) Releésing a patient , ¢

_This process is initiated by a ward. The ward sends a re-
queét to the data b;;e manager to release a'patient over the
central bus. First, the database manager checks for proper
authorizationt 1If valid, it transfers the fequést to admis-
. sion, Whén admission signals the data base manager to pro-
ceed with the release‘ppocess; the first step is to deter-
mine whether '~ theré are outstanding service requests. The
database manager transmits a query to the CDB controller and

c urrently signals the -bus controller to broadcast a re-

guest to check for outstanding service requests.

If no outstanding service requests. exist, the data base
manager signals the bus controller to broadcast a command to
delete the CMR of the patient who is being released. When
the bus controller obtains the on-line archival update re-
cord from the patient's ward, it transmits it to the data
base manager who sends the on-line archival wupdate data to
the OADB controller to updéte the patient's PMR. For reli-
ability, the patient record in the CDB is not deleted until
the update of the OADB has taken place. The pictorial de-

scription of such a process is shown in figure 31 .
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(7) Transferring a patient

. . 1
Upon receiving a transfer request from a ward, the data

base manager checks the validity of the request. 1If vﬁlid,
it transfers the /yéa;estto admission. Whenever the-data
base manager is \requested by the admission to proceed with
‘t;; transfer process, it sends a regquest to the bus control-
ler to.*inform the originating gard to transmit the upaagp
data and the on-line archiyal data. Concurrently, it sends a
request to the OADB controller to retrieve the additional
histoesy information specified by the transfer request. 1f
the transfer 'is .found not valid by the  database manager or
not proved bf the admission, an error message [is sent to

N\ VP B 4
the inyjtiating ward. &

~ When the on-line archival updated data is receivéd, the
datya bace manager issues an update request to*the OADB con-

trollery Furthermore, when both the retrieved patient his-

tory.and’/the updated current data are available, they are
combined to form.the new CMR. This CMR is sent to the CDB
controller to update the patient's record. Concurrently, the
data base manager issues- a requestf to the bus controller to
broadcast the CMR. The correspondiﬁg graph is shown in fig-

ure)32 .

0\
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5.2 IMPLEMENTATION OF THE DATA BASE MANAGER

The data base manager must posses the following proper-
ties. First; the data base manager must be efficient in or-
der to provide a fast response for critical requests. Sec-
ondly, the .data base manager mugt be reliable since its
failure can stop partially (or completely) the operation
of the system. Finally, the data sase manager shoula-be up-
gradablg in order to'adapt the system to new deménds (e.q.

the addition of new work stations}.

The data base manager will be implemented as an cligarch-
ical system [KRIE 82]. An oligarchical system is a multi-
layered organization whose lowest level is composed of enti-
ties (processing elements) and all other layers are
comprised of coordinators (system- control elements). There
are n>l control levels where each coordinator at level i is
directly connected to several coordinators at level i-1 (in
the case of i=1, the coordinators are connected to the enti-
tfeé). Furthermore, each coordinator 1is connected to at
least one coordinator at level i+l {except in the case of
i=n which: corresponds to Ehe top level). 1In this model,
there are ;three kinds of communication primitives : re-
guests, _control signals, and transfers. All requests are
sent to a higher levél, control signals are sent to lower

levels and data transfers are sent within the same level.

e
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5.2.1 Data base manager organization

In this subsection, a possible mapping of the data base
manager bésed on oligarchical control is presented. The
first design st?p consists of partitioning the entities into
groups and associating a coordinator to each group. The par-
titionning ~of the entities schould be done according +to
their level of interactions (i.e entities having a high d;;
gree of interactions between them should be connected to the

same coordinator).

As outlined ih chapter four, the overall data base is or-
ganized in a layered strucdture where the information trans-
fers between the different layers are controlled by the data
base manager. From this specification, two entity groupg
can be indentified. - One group consists of those entities
implicaﬁed in the data transfers between the CDB and the lo-
cal data bases. These entities are the CDB controller and
the bus controller. The other group consists of those enti-
tﬁes implicated 1in the data transfers between the CDB and
the OADQJ These entities are the CDB controller, the OADB
controller and the admission interface. Coordinators, re-
ferred to as task driver "1" and task driver "2", are as-
signed to each group. Task driver "l" controls all accesses
to the CDB from work stations., It also acts as the control-
ler for interactions between the work stations. In addition,

all data transfers between work stations and task driver "2"
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are controlled by task driver "1*. Task driver "2" controls
all accesses to the OADB. It also controls the admission in-
terface since most admission requests involve access to the
OADB. Furthermore, all data transfers between the CDB and

OADB, and the admission are coordinated by this task driver.

At the above level, a coordinator (the‘task manager) is
allowed to manage both task drivers. The task manager will
(1) provide controlled interaction between both task driv-
ers, (2) control accesses to shared resources (e.g. global
memory, CDB). The organization of the data base manager is

illustrated in figure 33 .

-\

In order to provide fail soft capability, the task manag-
er should be able to take over the duties of both task driv-
ers, and each task driver should be capable of taking over

the functions of the task manager and the other task driver,

The information flow in the data base manager is now de-

scribed. In an oligarchical system, all information trans-
fers occur at the bottom level. More specifically, all data
involved in any éransaction are stored in the initiating
processing‘element until the transfer to the target re-
source can be completed. All reguests are initiated by the
process%hg elgments‘ and are directed to the task drivers.
Depending on the actions necessary tolservice the reguest,
the task driver will either transmit the'propeF control sig-

nals to the bottom level or send a request to the task man-
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Figure 33: Data base manager organization

ager. In a normal mode of operation, the task manager only
receives requests from the task drivers and only sends con-
trol signals to the task drivers. Task drivers "1" and
"2", and the task manager must maintain a queue for all re-'

quests involving the system resources that they control

(e.q. controlf?bs, memory) .
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Next, a suggested bus organization for the bottom level
is described. In order to take advantége of the parralle-
lism existing-betweeﬁ the processes, eacﬁxxask driver has a
separate bus interconnecting itself to the elements it con-
trols. The bus associated with the task driver "1" connects
" the bus controller and the CDB controllers. The bus associ-
ated to task driver "2" connects the CDB and OADB control-
ler, 'and the admission interface. 1In order to store tempo-
rary data, each bds' has a buffer connected to it.
Furthermore, a dual port.memory is connected to both buses.
This will allow data transférs‘betweep the bus controller,
and either the OADB controller or the‘ admission interface.
For the other levels, the elements of the data base manager
(task manager, task-driver "1", task driver "2") must be in-
tercOnnected in such a way that each unit can take the du-
ties of the other in the instance of a failure._The'complete
block diagram of the data base manager is illustrated in

figure 34 .

Access to buffers must be coordinated since they are
shared by concurrently executing processes. Comunications
between the units of the data base manager can be reduced:
(1) by having each task driver direct control over the buff-
er associated with it, and (2) having the task manager di-

rect control over the common memory.
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5.2.2 Implementation aspects of the data base manager's
units

In this section, the implementation aspects of each ele-

ment of the data base manager are presented.

Both task drivers-:are similaE in the sense that they have
the same fﬁnctional regquirements. The general organization
of a task diiver is shown in figure 35 . The look-up table
gsseniially stores finite state machines for each possible

request. These machin? states can -be of four types:
(1) Initiating a controller task
(2) Sending a request to the task manager

(3) Executing internal tasks such as verifying the validity
of requests, determining to which data base to issue a

guery reguest.

{(4) Initiating data transfers between the buffers and the
common memory. One method of accomplishing this 1is .to
include a DMA channel between the common memory and the’

buffers.

-

.. "The list of currently executing reguests contains the re-
quest identifier, regquest parameters and request execution
' status for each request that is being executed. Correspond-

ing to each type of activity, there is a gqueue listing the
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Figure 35: Task driver organization

activities ready to be executed. Each query entry includes
the activity parameters and an identifier to indicate the
initiating request, Semaphores will provide synchonizatién‘
between unit's over shared resources, A contfoller semaphore
is set whenever a task is activated on the corresponding

controller and is reset whenever the task driver receives a

signal indicating that the task is terminated.
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To describe the operation of a task driver, we will de-
scribe the cycle of activities that occur in the execution
of a requeét. In the case of task driver "1", a request to
a a task driver to start a set of activities can be initiat-~
ed either by the task manager or the bus controller. 1In the
case of task driver "2", the admission interface or the task

manager ca originate the request.

Upon receiving such a request, an entry is created in the
list of currently executing reguests and the first activity
from the table of actions -is transmitted (with the appropri-
ate parameters and request identifier) to the corresponding

gqueue.

The execution of each agtivity requires the Qvailability
of one or more resources (where a resource can be internal
or external). Whenever a resource is no longer required,
the following actions must take place: (1) the resource se-
maphores must be signal, (2) the look up table is checked to

determine the next activities to be initiated and (3) the

status field of the list of currently éxecuting requests is

updated: The next activities waiting on the reset. sema-

phores must be initiated. This cycle continues until all

gueues are empty. '!/

In the above discussion, we have assume that all activi-
ties have the same level of priority. A priority mechanism

can be easily implemented in this organization. For in-
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stance, _critical tasks can be inserted at the front of the

queue instead of the end of the queue.

The task manager coordinates accesses to the CDB and the
common memory. Furthermore, cqmmunications between both task
drivers is done fhrough the task manager. The task manager
can be organized in the same fashion as the task drivers. In
a normal wmode of operation, it can only receive requests
from tﬂe task drivers. These requestsg/g%n be of two types:
communication requests and requests for access to resources
under its control. Note that the assignment of the common
memory and the CDB can be done according to a priority

scheme,

Because éf the complex requirements of the task drivers,
each task driver could be implemented as a task driven mul-
ti-processor system [KRIE 81]. A taék-driven multi-processor
system consists of a number of processors each having its
own local memory and some I)O capability. 1In addition, the
system may have global resources such as global memory for
passing messages and for storing common variables. All re-
sources available to the sysfem, inciuding the processors,

are controlled by a dedicated ‘unit call the executive,
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5.3 CONCLUSION

The'purpose of this chapter was to present the design of
the of the data base manager.. This was done by defining for
. each of the system proccesses, the various controller tasks
and the sequencing relationships between these tasks. A
graphical notation was introducéd to describe the operation

of the system,

The data base manager being the critical element of the
suggested layered data base system, has to be implemented as
a highly reliable multi-processor system. This was achieved
by the defining the data base manager as an oligarchical
- system, Réughly speaking, this regquired the definition of
the coordination of task inté;actions in a 'hi?rarchical
fashion. This was done by identifyéng‘the function of two

task drivers and a task manager.
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Chapter VI

SIMULATION‘
In order toishoﬁ the feasibility of the
'system, we hagg simulated’ the operation
of the data bése manager. The simulatioq
demonstrates that the data base‘manager
allows the various controllers to oper~
ate concurrently to execute simultaneous
processes. The first section presents a
brief description of how the simulation
was performed. Then, the actions of both
task drivers to coordinated the execu-
tion of each system process are defined.
Finally, examples of the simulation are

presented.

6.1 SIMULATION DESCRIPTION

To provide concurrent opergtion between both task driv-
ers, each task driver was allowed to run sequentially using
equal time-slices. 1In this-gystem, the major functions of
the task manager consist of controlling accesses to the cur-

rent data base and to the common memory. These functions
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wvere simulated by using semaphores for controlling accesses

to those shared resources.

Each task driver has a buffer for storing temporary data

belonging to different processes wiich can be executed in

parallel. This means that at any moment, ° the buffers can

have data belonging to different processes and flowing in

differént-directions. In order to avoid deadlocks that can

4'resu1€ from the fact that data in the buffer can flow in two

}

-

used. Each buffer is segmented into

-%iffereht directions, the following illocation séheme is

wo parts where each

. segment stores data flowing in one direction. This is a very

simple scheme and one could develop a more sophisticated
scheme that could achieve higﬁér-system performance. Wifh
respect to the common memory, the only restriction is with '
respect to size.l Only data beionging to tﬁo processes are

allowed to reside simultaneously in the common memory. The

simulation listing is included in appendix a.

Y

6.2 ACTIVITIES OF TASK DRIVERS 1 AND 2

I;\thig section, we will indicate for each task diver,
the sequeﬁce of activftﬁes required to process each system
function. The above is achieved by.introducipg a special
graphical notation referred to as an "activity éraph". Ba-

sically, this graphical notation consists of a flowchart

)
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with the addition of a "wait"™ operator as sﬁown _%n figure
36.- In(this graphic§1 natation, the exéqution box, condi-
tional box and collecting point are repreéented in the same
fashion as in a floucha:t. A link (i.e. control patﬁ) that
has a wait operator as its destination is represented by a
dotted line. Otherﬁisg, the links are represented by a solid
line. Whenever a proceSs reaches (through a datted line)~a
w§it'9peratdr, it enters into a wait state. The process is
a!lowed-to continue when all input trigger arcs of the wait
operator are set. Usin§ the above notation, ‘the'following
subsections present the sequence of activities required to

process each system function,

“

Y’ Figure 36: Wait operator . | T,
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6.2.1 Activity graphs of task driver "1"

The actions performed by the task driver

nate the execution of each system process,.

separately by the following activity graphs.
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MANAGER
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-

———— e —
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b — e m e = )
|
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Figure 37: Admitting a patient from admission
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Figure 38: Admitting a patient from emergency
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Figure 39: Service request
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6.2.2 Activity graphs of task driver. 2"

The actions performed by task driver "2" to coordi
the execution of each system process, are presented/sepa-

rately by the following activity graphs.
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. 6.3 SIMULATION EXAMPLES

‘- \.
L

The first set of examples represent the system processes

being executed separately.

multiple process requests are ini

.

In the . other set of examples,

d simultaneously.

} \
6.3.1 Single reguest
Process: Admittinﬁ‘a former patient from emergency
& * - - . -
CLOCK | -~ ACTIVITIES INITIATED RESSQURCE
PASK DRIVER 1 TASK DRIVER 2 -
7 : 2 .
0o ‘ Retrieve request Archivaldb
9 2 Insert emergency Currentdb
f ' former patient : .
S Transfer from ACB | CM and ACB
_ to common memory ' _
11 Transfer from com, CM and LCB
mon memory to LCE
13 Broadcast emergen Busctl
cy former record
_ . . )
23 Update emergency f\\\ﬁﬂufientdb
former patient
Process terminated at clock: 29

& .

Initial data:

- patient profile: wwwwwwwwww
patient history: xxxxxxxxxx

‘patient admitting .data: yyyyyyyvyyy

Data broadcasted by busctl: WyWWWWWWWWWXXXXXXXXXX

Data received by the currentdb:
"patient profile: wwwwwwwwww
patient -history: xxxxxxxxxx

- patient admitting data: yyyyyyyyyy

\
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/

Process: Admitting a former patient from admission

CLOCK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 TASK DRIVER 2
0 Retrieve request Archivaldb
0 Transmit admitting Admission
- data :
12 Insert admission Currentdb
: patient
12 Transfer from ACB CM aﬁd ACB
. ] toc common-memory -
14 Transfer from com CM and LCB
mon memory to LCB
16 Broadcast new Busctl
record -

Process terminated

Initial data:

patient profile:
patient history:
patient admitting data: kkkkkkkkkk

at clock:

WHWWWWWWWW
ZZZTZZLZZ22Z

22

Data broadcasted by busctl: wwwwwwwwwwzzzzzzzzzzkkkkkkkkkk

Data received by the currentdb:
patient profile: wwwwwwwwww
patient history: zzzzzzzzzz

R patient admitting data:  kkkkkkkkkk

- 140 -




¢RI 1 sy
A

ER

Process: Admitting a new patient from admission

¥

CLOCK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 Tf‘zSK DRIVER 2
0 Transmit new Admission
record :
14 _ Insert admission Currentdb
patient -
14 ' "Transfer from ACB CM and ACB
‘to common memory
16 Transfer from com CM and LCB
mon memory to LCB .
18 Broadcast new Busctl
record

Process terminated at clock: 24

Initial data:
patient profile: 1111111111

patient ‘history: mmmmmmmmmm
patient admitting data: nnnnnnnnnn

'

Data broadcasted by busctl: 1111111111lmmmmmmmmmmnNnnnnnnnn

Data received by the currentdb:
patient profile: 1111111111
patient history: mmmmmmmmmm
patient admitting data: nnnnnnnnnn
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Process: Service request

CLOCK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 TASK DRIVER 2
0 Transmit ward regq Busctl
to broad ser req
5 Update service Currentdb’
reguest
Process terminated at clock: ' 11
Process: Update request
\
CLOCK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 TASK DRIVER 2
0 Transmit ward req Busctl
to broad update
9 Update service Currentdb
respond
Process terminated at clock: ' 14

Initial data: )
service respond update: ddddddddad

Data received by currentdb:
service respond update: ddddddddd

Process: Update reguest

-
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Process: Additional information request

CLOCK ACTIVITIES INITIATED RESSOURCE_
TASK DRIVER 1 TASK DRIVER 2
0 Query request Archivaldb
4 Transfer from ACB CM and ACB
.- to commen memory

5 Transfer from com CM and LCB
mon memory to LCB '

6 Transmit addition Busctl
al information

Process terminated at clock: 11

Initial data:
additional history data:

Data transmit by busctl:
additional history-data:
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Process: Release a patient

CLOCK - ACTIVITIES INITIATED RESSQOURCE

TASK DRIVER 1 TASK DRIVER 2

0 Broadcast request Busctl
for outstanding rq

0 Check for Currentdb
outstanding req

5 Broadcast delete Busctl
command

13 Transfer from LCB CM and LCB

’ to common memory _
14 Transfer from Com CM and ACB
mon memory to ACB

15 Update reguest Archivaldb

21 Delete request Currentdb

Process terminated at clock: 25

Initial data:
update archival data :

0000000000

Data received by archivaldb:
update archival data: oocooo00000
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6.3.2

~. o

.

PROCESSES:;

- Multiple requests

Admitting new patient "Z" from admission

Update patient "X"
Update patient "¥Y"

y

CLK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 TASK DRIVER 2.
0 |UPDATE X
=1l Transmit ward req Busctl
to broad update (9)
0 ADMT-~AD 2 )
-1 Transmit new Admission
record (14)
9 IUPDATE X
-2 Update service Currentdb
respond (5)
14 |UPDATE Y ‘
~1 Transmit ward req Busctl
to broad update = (9)
14 . ADMT-AD 2 -
- -2 Insert admission - Currentdb
patient (6)
~2 Transfer from ACB CM and ACB
to common memory (2} | .
16 |[ADMT-AD 2
-3 Transfer from com CM and LCB
mon memory to LCB (2)
33 |ADMT-AD 2
-4 Broadcast new ' Busctl
record (6) ‘
23 |[UPDATE Y
-2 Update service . Currentdb
respond (5) X
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Process UPDATE "X" terminated at clock:

Initial data:
Service respond update: PPPPPPPPPP

Data received by'currendb:

Service respond update: ppPppPPPPPP

Process UPDATE "Y" terminated at clock: -;ﬁa,

"

Initial data:
service respond update: ddddddddd

Data received by currentdb:
.service respond update: ddddddddd

Process ADMT-AD "Z" terminated at clocksy

Initial data: -
~patient profile: 1111111111
patient history: mmmmmmmmmm
patient admitting data: nnnannnnnn

14

28

29

Data broeadcasted by busctl: 1111111111mmmmommmmmnnNnnnnnnn

Data received by the currentdb:
patient profile: 1111111111
-patient history: mmmmmmmmmm
patient admitting data: nnnnnnnnnn
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PROCESSBS: .

- Admitting new patient "X" from admission

Release patient "Y"

-6 Delete request

CLK ACTIVITIES INITIATED RESSOURCE
J
TASK DRIVER 1~ TASK DRIVER 2
0 |RELEASE Y
-1.Broadcast request Busctl
for outstanding rq(5)
-1 Check for - Currentdb
outstanding req (3)
] ADMT-AD X
-1 Transmit new Admission
record (14)
5 |RELEASE Y
-2 Broadcast delete Busctl
command (8)
13 |RELEASE Y
-3 Transfer from LCB CM and LCB
to common memory (1)
14 RELEASE Y
-4 Transfer from Com CM and ACB
mon memory to ACB (1)
14 ADMT-AD X
-2 Insert admission Currentdb
patient (6) '
15 ADMT-AD X _ .
-3 Transfer from ACB CM and ACB
to common memory (2)
15 RELEASE Y
-5 Update request {(6) |Archivaldb
17 |ADMT-AD X |
-4 Transfer from com CM and LCB
mon memory to LCB (2) .
19 |ADMT-AD X
-5 Broadcast nhew Busctl
record (6)
21 RELEASE Y
(4) |Currentdb
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Process ADMT-AD "X" terminated at clock: 25.

- Initial data:

patient profile: 1111111111
patient history: “mmmmmmmmmm
patient admitting data: nnnnnnnnnn

.Dafa broadcasted by busctl: 111111111lmmmmmmmmmmnnnnnnnnnn

Data received by the currentdb:
patient profile: 1111111111
patient history: mmmmmmmmmm
patient admitting data: nnnnnnnnnn

Process RELEASE "Y" terminated ‘at clock 25

Initial data:
update archival data : 0000000000

Data received by archivaldb:
update archival data: 0000000000
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PROCESSES :

|r

Admitting former patient"z' from.emergency

Update patient "X"

Additionnal information (patient "A")

Update patient "Y"

- 149 -

CLK ACTIVITIES INITIATED RESSOURCE
TASK DRIVER 1 TASK DRIVER 2 -
0 |UPDATE X .
-1 Transmit ward req Busctl
to broad update (9)
0 8 ADMT-EM 2Z _
-1 Retrieve request (9) |Archivaldb
9 |upDATE x
-2 Update service Currentdb
respond . (5) )
9 ADMT-EM 2 o
-2 Transfer from ACB CM and ACB
to common memory (2)
11l | ADMT-EM Z
-3 Transfer from com ~ ,9M and LCB
mon memory to LCB (2) T
14 |UPDATE Y .
-1 Transmit ward req Busctl
to broad update (9)
14 ADMT-EM 2
-4 Insert emergency —~ | Currentdb
former patient (4)
18 ADDINF A :
~1 Query request (4) [Afchivaldb|
22 ADDINF A
. -2 Transfer from ACB - CM and ACB
. toc common memory (1)
23 |uPDATE Y - '
-2 Update service Currentdb
respond (5) | -
28 |ADMT-EM 2
-5 Broadcast emergen ? ) Busctl
cy former record  (10)




38 |ADDINF A
-3 Transfer from com
mon memory to LCB (1)

et et

38 JADMT-EM Z
-6 Update emergency
. former patient (6)

39 |ADDINF A
-4 Transmit addition
al information (5)

CM and LCB

Currentdb
\_,/

Busctl

.

Process UPDATE "X" terminated at clock: 14

-
Initial data:
Service respond update: PPPPPPPPPP

Data received by currendb:
Service respond update: pPPPPPPPPP

Process UPDATE "Y" terminated at clock: 28

Initial data:
service respond update: ddddddddd

Data received by currentdb:
service respond update: ddddddddd

Process ADMT-EM "Z" terminated at clock: 44

Initial data: .
patient profile: wwwwwwwwww
patient history: xxxxxxxxxx
patient admitting data: yyyyyyyyyy
oy
Data broadcasted by busctl: WwwWWWWWWWWXXXXXXXXXX

Data received by the currentdb:
patient profile: wwwwwwwwww L
patient history: XXxXXXxxxx LN
patient admitting data: yyyyyyyyyy

Process ADDINF "A" terminated at clock: 44

Initial data: .
additional history data: zzzzzzzzz:z

Data ;rgnsmiﬂ?’!‘busctl:
additional history data: zzzzzzzzzz
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- Chapter VII
CONCLUSION

Present day research as indicated in chapter two is .main-
ly focused on the design of very large general-purpose data
base systems. A major research area is the development of

the various data base processors. An alternate research area

considers the ihtegration of existing data bases into a sim-

ple unified data base system.’ This research area is moti-
vated by the following facts: (1) the recognitiod of the
benefits of distributed systems, and (2) the lérge invest-

ments in existing data base systems.

With the declining cost of processing hardware and stqQr-
age devices, -computerized information systems are becoming

cost effective in a variety of applications. Many of these

applications require the design of simple user oriented cost -

effective data base system. In the case of small number of
users, this can implemented by using a general-purpose mini-
computer system. This approach is not cost effective in the
case of more complex multi-user system as it requires a

large amount of software overhead.

This thesis introduces a layered data base architecture

applicable to multi-user information systems where user ac-
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cess requirements are restrﬁcted to a small portion the
-total da;a.base. In such cases by duplicating- paft of the

-"data base, one can isolate the various users and provide a
highly reliable user oriented distributed:data base system.™

// To show . the applicability and feasibility of sueh layered '-

' data base, the implementation of a patient 'me@ical record

_sfstem was presented. To provided the required backgrohnd,

> a survey of existing HIS was done.

In chapter four, a top down des#@n of the proposed system

- was undertaken: In this systém, the critical element is the

ddta base manager which has; to control the information flow
between the different layers.- Using the oligafchical ap- -

(t proach, in chapt;r five, the implementation of the dgta base

manager as a multi-processor systemlwas presented. The oper-

ation of the data base manager was- simulated in order to

show the feasibility of the design.

o

In this thesis, we dehonstrate that if is possible to im-
plement a cost effective special-purpose systems in applica-
tions where general-purpose system have failed to work. The
next step is td‘undertake a detaileé simulation to check for
possible bottleneéﬂs, and its overall integration into an
HIS. ' v

This layered data ba;e is applicable to a nuﬁber of other
special-purpose data base systems. Iﬁ is relatively straight
forward to map the requirements of suchrapplicatioﬁs’into a

two or multilayer data base .system.
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\ : ) ‘ Appendix A

\:%;\‘ : SIMULATION LISTING

A simulation in Pascal was ‘done to show the feasibility
of the data bq;e manager's design. The main section of the
program is -fitst described. Then a list of the variables
used is given, Along with this, the relevant data struc-
tures used are described. Finally, each procedure called is
described separately. Note that the program section for
printing ghe result is not included in this program list-

ing. C

PROGRAM simulation (input,output);

-

*

_ . ~
This program. simulates the concurrent operation of task

drivers 1 and 2. This is achieved by calling repeatedly the

- two procedures that simulate the operations of task drivers
‘1l and 2. The task managér is implemented as a passive re-

source;. i.e. accesses to CDB and the cOmmon memory are con-
trolled by a settable flag., The bus controller, the CDB con-
troller, The OADB controller and admission interface are
also implemented as passive resources. '

BEGIN ' ‘
initialize; 7 Q\\'

This procedure initializes variables such as counters,
flags, linked lists. ' : . i '
fniptl; ¢
inipt2; .

~These two procedures initialize respectively the 'task
static list”of each task driver.

inireq;

This procedure initiates the system requests (e.g. update
request, release request}.” This procedure is not included
o

in this listing. . __,,\\“9
WHILE bo DO . | _
* BEGIN : ' -
taskdrl;
taskdr2:
- taskdrl;
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.counter := counter + 1;

~fini; &
END; END. ' -
The COUNTE epresenté the clock of the system. Proce-

dures TASKDRY ~and TASKDR2 correspond respectively to task
drivers 1 an . During each clock cycle, procedure TASKDR1
and TASKDR2 are called. Procedure TASKDR]l i1s recalled after
procedure TASKDR2 to check if a request was send by proce-
. dure TASKDR1, The procedure FINI is not included in this
program listing. The program terminates when all tasks are
completed. This condition 1is evaluated by the procedure
FINI. ,

The following data structures are required for this simu-
.lation. These data structures are listed according to type
of object they represent. - .

1) System bﬁfferg .
LCBUFFER MACBUFFER,COMMONM: These variables represent

- respecttively the lc buffer, the ac buffer and the
common memory., Bach one is implemented as an array of
type character. '

2) Data bases

CDB: The current data base is implemented as an array of
records. Each field consists of an .array of type
character representing a section of a CMR. '

ADB: The on-line archival data base is implemented in
the same fashion as the current data base.

3) Control buses

All communications between the elements of the da}a/ﬁgée
manager subsystem are done through variables. _

CTL1,CTL2: These are the control bﬁses which interconnect
the task drivers to their controllers. These buses are
implemented as linked lists.

CTLTN: This control bus interconnects the task
manager to the two task drivers and is implemented as a
record.

4) Lists of task drivers

A

TD1PTLST, TD2PTLST: The task static lists are implemented
as an array of record. The record format is defined as
follows:
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(ressource}: The name of the resource on which the
task resides.
(TIMEOUT): A count representing the execution time.
(BUFFER): Buffer segment affected during the execution
) of- the task.
. ot

READYQl,READYQ2: The ready lists {dynamic)} list

the task waiting to be executed. Those lists are
implemented as an array of record. The record fields
.are self explanatory.,

ACT1LST,ACT2LST: The execution lists contain all
currently executing tasks. Those lists are implemted
as_linked lists.

TYPE

dix = PACKED ARRAY(.l..10.) OF char;

sept = PACKED ARRAY(.l1,.7.) OF char;

dixhuit = PACKED ARRAY(.l,.18.) OF char;

resstype = (rcurrent,rarchival,rbusctl,radmission,dmal,

. dma2); .
processtype = (adadm ademer, serreq,updreq addinf,transf,
release)

tasktype = (1nadmp,1nemerfp,1nemernp,upemernp,uptransf
upemer fp,upserreq,upserres, upward,queryreq,
checkoutreq,deletereq,retrieve,query,update,
bnwr,btrr,breour,bdec,bemr,temncr, term, twasr,
twaup, taddinf,twatr,arr,art,atradm,atrnr,
dmalcom,dma2com,dmalch,dmaach) ;

link = @object;

object =
RECORD
next : link:
data : integer;
END; '
"bus =
RECORD
curtask : tasktype;
arctask : tasktype;
\\_::) bustask : tasktype;
— admtask : tasktype;
57 ‘ -dmatask : tasktype; .
) base : link; ‘
- END;
busl = . ‘ «
RECORD

request : (cdbr,comr, cdbd comd) ;
resp : integer;
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- address : integer; - a
END; )

current = - .
RECORD : <.
patprofile : dix; ’
pasthistory : dix; t -
admdata : dix; : -‘\
wardinf : dix;
servicel : dix;

service?2 ix;
END; .
archival =
RECORD
patprofile : dix;
pbll : dix;
pbl2 : dix;
pbl3 : dix;
END;
ready = “
RECORD,

ind : integer;
process : processtype;
task : tasktype;

END;. 2

ptlst =
RECORD )
ressource : resstype;
timeout : integer;
buffer : {(wlcfs,wlcbs,wacfs,wacbs,rlcfs,ricbs,racfs,
racbs,wcom, nobuffer)
END;

point = @activetype;

activetypé“?w

RECORD
ind : integer;
process : processtype:
task : tasktype;
timeout : integer;
prochain : point;

END;
cn =
RECORD
ck : integer;
no : integer;
pr : integer;
END;
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VAR

t,i : integer;

bo : boolean: -
. cdb : ARRAY(.l..5.) OP current;

adb : ARRAY(.1..5.) OF archival; : o

lcbuffer,acbuffer,commonm : PACKED ARRAY(.1..100.) -
OR char;
ctll,ctl2 : bus;
ctltm : busl;
p : link; : : ( )
test2,test3,resultd : text;
l,act2lst,actllst : point; ‘
readyqgl,readyq2 : ARRAY(.0..10,) OF ready;"
backl,back2, frontl,front2 : integer;
tdlptlst,td2ptlst : ARRAY(.processtype,tasktype.) OF

T ptlst: .

resslsem,ress2sem : ARRAY{(.resstype.) OF integer;
acbf,acff,cdbf,combf,comff,lcff,lcbf : integer;
counter : integer: T : "
finish : ARRAY(.processtype,l..5.) OF integer;
flagl,flag2,admf : integer:
work : ARRAY(.processtype,l..5.) OF integer;
indent : ARRAY(.processtype,l..5.)} OF integer:;
num : ARRAY(.processtype,l..5.) OF cn;

PROCEDURE initialize; { S .

This procedure initializes the following variables: (1)
all flags, (2) COUNTER variable, (3) CDB and ADB variables,
(4) 1link- lists; i.e. CTL1.BASE, CTL2.BASE, ACT1LST,
ACT2LST, (4) pointers of the READYQl and READYQ2 queues.

VAR
i,x : integer;

PROCEDURE listini (VAR source(; link);

BEGIN
new(p); ‘

- p@.next := NIL; .
p@.data := 0;
source := p .

END;

o

PROCEDURE actini (VAR source : point); :

BEGIN .
new(l): .
1@.prochain := NIL;
source := 1; -

END;

BEGIN
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listini{ctl].base);
listini(ctl2.base);
actini(actllst}; -
actini(act2lst}:

bo := true; - .
frontl := 1;

backl := 1;

front2 := 1;°

back2 := 1; .
resslsem{.rcurrent.) := O0;
resslisem{.rbusctl.) := 0;°
resslsem(.dmal.) := 0;
ress2sem{.rcurrent.,) := 0:
ress2sem(.rarchival.) : :
ress2sem{.radmission.) := 0;
ress2sem(.dma2.) := 0;

- Ycff :
. lcbf :=
cdbf :=
comff :=
acff :=
acbhf :=

.
n
o

we we ()3we me np
-

oo OO

(9]
(2]
g
o
"
-
]
o

counter := 0;

FOR x := 1 TO 5 DO
WITH cdb(.x,} DO
FOR i := 1 TO 10 DO
BEGIN
patprofile(.i.) := "'
pasthistory(.i.)
admdata(.i.) &= ' '
wardinf(.i.) = ' '
servicel(.i.)}) := '
service2(.i.) :=
END;
FOR x := 1 to 5 DO
WITH adb(.x.) DO -
POR i := 1 to 10 DO
BEGIN A
patprofile(.i.
pbll{.i.) := '
pbl2{.i.) = *
pbl3(.i.) := "'
END;

- ey we

" END;

PROCEDURE iniptl;

e wa

sz 'w';



this procedure initializes '"the task static

driver 1. - -
4 -
BEGIN
WITH tdlptlst(.adadm, dmalcb ) DO
BEGIN -

ressource := dmal;
buffer := wlcbs;
timeout := 2;
END:;
WITH tdlptlst( adadm,bawr.) DO
BEGIN
ressource := rbusctl:
buffer ., rlcbs, ¢
timeocut := 6;
END;
WITH tdlptlst( ser;eq twasr.) DO
BEGIN
ressource :s= rbusctl-
buffer := wlcfs;
timeout := 5;
END;
WITH tdlptlst( serreq,upserreq.) DO

BEGIN
ressource := rcurrent;
buffer := rlefs:

timeout := 6;
« END; A
"WITH tdlptlst( updreq, twaup.) DO
BEGIN
ressource := rbusctl;
buffer := wlcfs;
timeout := 9;
END;
WITH %dlptlSt( updreq,upserres.) DO '
BEGIN
ressource := rcurrent;
buffer := rlcfs;
timeout := 5;

END; -
WITH tdlptlst( updreq, upward ) DO
+ BEGIN

ressource := rcurrent:’
buffer := rlcfs:
timeout := 5;
END;
WITH tdlptlst( addinf,queryreqg.) DO
BEGIN
ressource := rcurrent;
buffer := wlcbs; :
timeout := 10;
END;
WITH tdlptlst( addinf, tadd1nf ) ‘DO
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BEGIN /)
ressource := rbusctl%
buffer := rlcbs;
timeout := 5;
END; ,
WITH tdlptlst(.addinf,dmalcb.) DO
- BEGIN
ressource := dmal;
buffer := wlcbs;
timeout := 1;
END;
WITH tdlptlst( ademer,dmalcb.) DO
BEGIN
ressource :=. dmal-
buffer := wlcbs;
timeout := 2; . .
END:
WITH tdlptlst( ademer ,bemr., ) DO
BEGIN
ressource := rbusctl;
buffer := wlcfs;
timeout := 10;
END;
WITH tdlptlst( ademer, upemerfp ) DO
BEGIN
ressource := rcurrent;

v buffer := rlcfs; v
timeout := 6;
END;

WITH tdlptlst(.release,breocur.) DO
° "BEGIN
ressource := rbusct1°
buffer := nobuffer;
. timeout := 5;
END
WITH tdlptlst( release checkoutreq ) DO
BEGIN
ressource := rcurrent;
buffer := nobuffer;
timeout := 3;
END;
WITH tdlptlst( release bdec ) DO
BEGIN
ressource := rbusctl
buffer := wlcfs;
timeout := 8;
END;
WITH tdlptlst( release dmalcom,) DO
BEGIN
ressource := dmal;
buffer := wcom;
timeout := 1;
- END;
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- END;
PROCEDURE inipt2; ™ "

This procedure 1n1t1a11zes the task static
driver 2, ‘

BEGIN ‘
WITH td2ptlst(.adadm,retrieve.) DO
BEGIN
ressource := rarchival;
buffer := wachbs;
timeout := 9;
END;
wITH—td2ptlst(.adadm,atradm.) Do
BEGIN
ressource := radmission;
buffer := wacbs;
timeout := 12;
END;
WITH tdzptlst( adadm,atrnr.) DO
BEGIN -

ressource := radmission;
buffer := wacbs;

Nﬂ;meout = 14:

WITH td2ptlst(.adadm,inadmp.) DO
BEGIN
ressource := rcurrent;
buffer := racbs;
timeout := 6;
END;
WITH td2ptlst(.adadm,dma2com. ) Do
BEGIN
ressource := dma2;
buffer := wcom;
timeout := 2;
END;
WITH td2ptlst(.ademer,retrieve. ) DO
BEGIN
ressource := rarchival;
buffer := wacbs;
timeout := 9;
END;
WITH td2ptlst(.ademer,inemerfp. ) DO
BEGIN
ressource :c’ rcurrent'
buffer := racbs;
timeout := 4;

END;
WITH td2ptlst( ademer,dma2com. ) DO
BEGIN
ressource := dma2;
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buffer := wc
timeout := 2
END;
WITH td2ptlst( addlnf,query ) DO
BEGIN
ressource := rarchival;
buffer := wacbs;
timeout := 4:

om;
h

END; .
WITH tdetlst( addinf, dma2com=) DO
BEGIN

ressource := dma2;
buffer := wcom;
timeout := 1:

END;: .
WITH td2ptlst{.release,dmaacb.) DO
BEGIN
ressource := dma2;
buffer := wacfs; . '
timeout := 1; :
END;
WITH td2ptlst( release update.) DO
BEGIN o

ressource := rarchival;
buffer := ragfs; -
timeout := 6

END;

WITH td2ptlst{.release,deletereq.) DO

BEGIN
ressource := rcurrent;
buffer := nobuffer;
timeout := 4;

END;

END:

FUNCTION removectl (source : link) : integer;
) -~

This function removes an element from the linked list of
pointer type LINK. This function is used for linked lists
CTL1.BASE and CTLZ2.BASE.

BEGIN .
p := source@,next;
removectl := p@.data; -
IF p@.next = NIL THEN
source@.next := NIL
ELSE _ ‘
source@.next := p€.next;
dispose(p): : :
END;

PROCEDURE insertctl (source : link; a : integer);
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This procedure inserts an element 1nto a linked list of
pointer type LINK.

VAR
trans : 1ink7

BEGIN
new(p);
pe.data := a;
p@.next := NIL; :
trans := source; .
WHILE trans@.next <> NIL.DO
trans := trans@.next:
trans@.next := p
END; -

PROCEDURE insertact {source : point; w : integer;
x : processtype;
y : tasktype:; z : integer);

This procedure inserts an element into a linked list of
pointer type POINT. This procedure is used by linked lists
ACT1LST AND ACTZLST. : '

VAR
trans : point; -
BEGIN :
- nev(I): . v
1@.ind := w;
l@.process := x; _ ‘
l@.task := y; . -
l@.timeout := z;.
1@.prochain := NIL-
trans := source; :
WHILE trans@.prochain <> NIL DO
trans := trans@.prochain; /
trans@.prochain := 1; -
END:

PROCEDURE remact {(sourcel,source2 : point);

This procedure removes an element from a linked list of
pointer type POINT. : .

BEGIN
WHILE sourceld@. procha1n <> source2 DO
sourcel := sourcel@.prochain;
sourcel@.prochain := source2@ prochain;
END; -

PROCEDURE insertql {w
Y

integer; x : processtype;
tasktype); '
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This procedure is called'@o insert an eleflent into the
the ready list READYQI '

-

BEGIN
readyql( backl.).ind := w;.
readyql{.backl.).process :
readyql{(.backl.).task := y
backl := (backl + 1) MOD 1
END;

O=e 1
- )

PROCEDURE insertg2 (w : integer; x : processtype;
> y : tasktype);

This procedure is called to insert to 1insert an element
into the ready list READYQ2.

BEGIN .
readyg2(.back2.).ind := w; X _ -
readyg2(.back2.).process := x; :
readyg2{.back2.).task := y;
back2 := (back2“$ 1) MOD 10;

END;

-

PROCEDURE busctl;

This procedure represents the bus controller. " The bus
controller .is simulated as a passive resource. Its function
in this program, 1is to initializg the lc buffer for the bus
controller tasks which send dagg/go the data base manager.

VAR
loc,i : integer;

BEGIN
loc := renovectl(ctll.base);
CASE ctll.bustask OF

bnwr: ;
btrr: ;
breour: ;
bemr:
FORYi 1= l TO 10 DO
lcbuffer(.i,) :=
bdec: :
FOR 1 := 1 TO 10 DO

lyl‘

[}
L4

lcbuffer(.i+{loc-1).) ;= 'o';
' temncr:
-FOR 1 := loc TO loc+9 DO
BEGIN
lcbuffer( i.) = 'a';
lcbuffer(.i.) := 'b';
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END;
term: ;
twasr:;
twaup:
FOR i := loc TO loc+9 DO
- lcbuffer(.i.) := 'ad';.
taddinf: ;. _
Awatr: ¢
FOR i := loc TO loc + 9 DO
' ‘ BEGIN i
L lebuffer(.i.) :«
¢ lcbuffer(.i+10.)
lecbuffer(.i+20.)
lcbuffer(.i+30.)
lcbuffer(.i+40.)
lebuffer(.i+50.)
END:;

WHUwND
- - - - -y

[P e o To I

g WM NS e %P

END;
END;

PROCEDURE curdbctl (cf : integer); ' ;

. This procedure represents the CDB controller. ® In this

~ program, it is implemented as a passive resource. This pro-

cedure executed all accesses to the CDB data structure for
all CDB controller tagks called.

VAR ) ]
X,patno : integer;
¢cl,c2 : char;

PROCEDURE tdriverl;
VAR
x,1 : integer;

BEGIN
CASE ctll.curtask OF
- inemernp:
"BEGIN
i ;= removectl(ctll.base);
FOR x := 1 to 10 DO
BEGIN
cdb{.patno.).admdata(.x.) := lcbuffer(.i.);
A =1+ 1
END; '
END; . .
upemerfp: : : B .
BEGIN : . t\
1 := removectl(ctll.base); 7
FOR x := 1 TO 10 DO -
BEGIN
- cdb({.patno.}.admdata(.x.) := lcbuffer(.i.);
i=1+1
END;
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fpemernp L o
i BEGIN - -
S ST removectl(ctil base);
"POR x := 1-TO 10 DO
BEGIN '
cdb(.patno.}. patprof1l£(.x.) 1=

1cbuffer( i.); ’

cdb(.patno.). pasthxstory( x.) :=
lcbuffer( i.);:
i =1+ 1
. END;
~ END; ‘
upserreq:
.CASE removectl(ctll.base) OF

Nt _ _ 5.

cdb(.patao.).servxcel(.lo.) = 'o';
2: - . ' .
cdb(.patno.).service2(,10.) := 'o';
END; '
checkoutreq:
BEGIN
cl := cdb{.patno.).servicel(.10.);
c2 := cdb( patno. ).service2(.10,);
IF {(c1 = '0'). OR (¢2 = 'o') THEN
insertctl(ctll.base,l)
ELSE
insertctl(ctll.base,0);
END; '
- upserres: .
BEGIN
i := removectl(ctll. base)
CASE' removectl(ctll.base) OF .
. 1-
FOR x =1 TO 9. DO
BEGIN
cdb(.patno.).servicel(.x.,) :=
. - lcbuffer(.i.); :
i%f= i +1; -
END;., .
2: Sl
FOR x :=1 To 9 Do
BEGIN-
cdb(.patno.). serV1ce2( x.)
lcbuffer(. 1.)
it=1i+1;

- g

END; .
END; ’ . . .
END: ; SR
upward:
BEGIN ' 1
i := removectl{ctll. base) R

FOR x := 1 TO 10 DO ' 4.
BEGIN ' f% |
- . . -.- H . A_' fey : . -
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.

‘cdb(.patno.).wardinf(.x.) := lcbuffer(.i.);
o121 o+ 1 . }
,END;
 END;
gqueryreq: -
BEGIN : A g 3
i t= removectl(ctll.base); o
FOR x := 1 TO 10 DO T
BEGIN ol
lcbuffer({.i.) := 'q';
1= 1+ 1;

) END; . e
END: : o ) L _
uptransf:. - ‘
BEGIN . ‘ .
i := removectl(ctll.base); o ‘
" FOR’x := 1 TO 10 DO S L
BEGIN
WITH cdb(.patno.) DO : S -
'BEGIN T
patprofile(.x.) := lcbuffer(.,i.); .
pasthistory(.x.)} := lcbuffer(.i.);
admdata(.x.) := lcbuffer(.i.):
vardinf(.x.) := lcbuffer(.i.);
servicel(.x.) :=.lcbuffer(.i.);
. service2(.x.) := lcbuffer(.i.);
END;
i=1i+ 1;
END;
END; =
END

_ PROCEDURE tdriver2;

VAR : o
i,x : integer;

BEGIN - , z
-1 s= removectl{ctl2.base);
CASE ctl2.curtask OF

inadmp: . : _ .
FOR x := 1 TO 10 DO .
BEGIN : L ;
- WITH cdb(.patno.) DO . - ' '
BEGIN . : Lo
patprofile(.x.) := acbuffer{(.i.);
pasthistory(.x.) := acbuffer(.i+10.);
admdata(.x.) = acbuffer(.i+20.); .
END; : S
1 =1+ 1;"
END;
deletereq:; "
inemerfp: »

fi

FOR x_:= 1 TO 10 DO
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BEGIN . -
WITH cdb(. patno ) DO
BEGIN .
patprofile(.x.) := acbuffer( i.);
pasthlstory(.x.) := acbuffer (. 1+10 ):
END‘
1 o= 1+ 1
END; N ‘
END; :
END;

BEGIN . )
IF cf = 0 THEN - - Lo
‘BEGIN
patno := removectl{ctll.base):
tdriverl
~ END
-ELSE : .
BEGIN '
patno := removectl(ctl2.base);
tdriver?2
- END;
END; :
PROCEDURE arcdbctl;
This procedure represents the OADB controller as a pas-
sive resource. This procedure performs all the required ac-

cesses to 'the ADB data structure to process the OADB con-
troller tasks called. ‘

VAR
i patno loc,pbl : integer;
a : PACKED ARRAY(.1..10.) OF char:

PROCEDURE search (x,y : integer):

BEGIN
WITH adb(. DO
CASE F
a := pbll;
2: a := pbl2y; .
3: a := pbl3; .
END; '
END; .
BEGIN

patno := removectl{ctl2.base)};
pbl := removectl{ctl2.base);
loc := remgpvectl(ctl2.base);
"CASE ctl rctask OF
retrieve:
BEGIN
search(patno pbl)
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FOR-i := 1 TO 10 DO >
BEGIN ' '
acbuffer(.loc+i0. ) := af.i. )
acbuffer(.loc.)}
adb(.patno.). patpro£1le( i.); .
loc := loc + 1;
_END; : . - .
END; ‘
query:
BEGIN .
* search{patno, pbl)
FOR i := 1 TO 10 DO
BEGIN . T
acbuffer( loc.) := a(.i.);
loc := loc + 1; _ :

END;
END;
update:
BEGIN
: WITH ADB(. patno ) DO
CASE pbl OF .
1: pbll := a; .o

2: pbl2 := a;
.3: pbhl3 := a;
N END;
FOR i :=1 TO 10 DO
BEGIN
a(.i.) := acbuffer(.loc.);
~loc = doc + 1;
END;
END;
END;
END;

PROCEDURE admission;

This procedure corresponds to the admission interface.
The admission interface 1s implemented as a passive re-
source. This procedure 1n1b{gé£yes the ac buffer for the ad-
mission interface tasks called: _

VAR
i,loc : integer;

BEGIN - \
loc := removectl(ctlZ base); i
CASE ctl2.,admtask OF

arr: ;
art:
atradm:
FOR 1 := loc TO loc+9 DO
BEGIN . - .
acbuffer{(.loc/?) := 'k'r
loc := loc +-1;
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.. END; . ‘ ' .

atrnr: - . . -

"FOR i :=1TO 10 DO - e

BEGIN . ) .
acbuffer(.{loc=1)+i.) = "1'; -

/acbuffer(.(locf9)+i.) t=
acbuffer(.(loc+19)+i.) :

END;

END; :

END;

PROCEDURE pdmal;

. This procedure tran

sfers data Ep and from the COMMONM and
the LCBUFFER. : '

~

VAR . - | . .
loc,i,size : integer; v

BEGIN
size := removectl{ctll.base);

~_loc := removectl(ctll.base);
~—. CASE ctll.dmatask OF
dmalcom: Co.
FOR i := 1 TO size Do
commonm{.i + (loc-1).) := lcbuffer(.i.);
dmalcb: i : -
EOR i := 1 TO size QO
" lcbuffer(.i+49.) := commonm(.i+(loc-1).);
END; ' S . :
END; _

" PROCEDURE pdma2; ‘ i N
This procedure transfers data to and from the COMMONM and

‘the ACBUFFER,

v '

VAR :
loc,i,size : integer;
Al
BEGIN
size := removectl(ctl2.base);
loc := removectl{ctl2.base); :
CASE ctl2.dmatask OF _ 1
dmaZcom: . 7&9

FOR i := 1 TO size DO
commonm(.i+(loc-1).) := acbuffer(.i+49.);

dmaacb: .
FOR i := 1 TO size DO
acbuffer(.i.) := commonm(.i+{loc-1).}:;
END; , A ‘
END; . = S J . _
- / N . L

' PROCEDURE taskmanaggr(/
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The task manager is implemented as a passive resource.
This ‘procedure controls all -accesses, to the current ‘data -
base and the common memory through semaphores (flags). ’

BEGIN . ‘ .
CASE ctltm.request OF
cdbr : _
BEGIN
IF cdbf = (0 THEN
. - ‘BEGIN t ~
' : cdbf := 1; R
ctltm.resp := 073
- END
ELSE '
ctltm.resp := 1;
. END;
cdbd: :
cdbf :=0;
comr:
v IF comff = 0 THEN
BEGIN
comff .:= 1; .
. ctltm.resp := 0;
ctltm.address := 1;
END
ELSE
IF combf = 0 THEN
BEGIN
combf := 1;
ctltm.resp :=. 0;
. ctltm.address := 50;
: - END ] :
ELSE o
ctltm.resp := 1;
. comd: '
BEGIN
IF ctltm.addresg = 50 THEN
combf := 0
ELSE
comff := 0;
END;
END;

END; df;/;//
PROCEDURE t#&skdrl;

This procedure simulates the operation -of task driver §.
The main section of this procedure is divided into two,
parts. The first pacgp calls a procedure (ACTIVATE) to check
if any tasks in the-ready list can be executed.- The other
part .provides access to the look-up table. This table is ac-
-cessed for the following purposes: (1) to call the -passive

resource procedure (e.g. BUSCTL,ADMISSION) to execute a task
and (2) to determine the next task(s) ready to be executed.
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list conbains the following information:

" checks if the task is ready to be executed.

BEGIN

activate; . B
For h tdsk in the ready list, this procedure checks %
the resqurces -that it requires are available., If the re-
sources|are available, then the ready task is inserted into
the exedution list (ACT1LST). Each entry of the execution .
¥1) request identi-
fier, (2)Y name of the process, (3) name of the task, and (4)
a count indicating the end of the execution of the task.

1l «u= actllst@.prochain;
WHILE-l <> nil DO . .
BEGIN ’ ‘ . ‘
IF l@.timeout = counter THEN
BEGIN :
remact (actllst,l);
CASE l@.process OF RS
serreq : prserreq;
updreq : prupdreq;
addinf : praddint;
adadm : praadadm;
ademer : prademer;
release : prrelease;
END; : '
END; .
1 := l@.prochain; . -
END; END; R

For each task ig the execution list, the above program
section checks if the task is completed. This is.achieved by
verifying if the clock (COUNTER)-i1s equal to the count field
(TIMEOUT) which is stored in the ready list. I1f the above
condition is satisfy, the look-up table is accessed to exe-
cute the task and to determine the next task(s) ready to be
executed. In this program, the look-up table is subdivided
into a number of process look-tables.. Each process look-ta-
ble is implemented as a separate procedure. )

» -~

PROCEDURE activate;
Forn each task in the ready ‘list (READYQl), this procedure

&
VAR
a,i,flag,z : integer;
X : processtype;
-y : tasktype;
w : resstype; -
rs : dix;
pt : sept; :
< " tal,ta2 : dixhuit; o

e



BEGIN -

. : - 4 )

z 3= backl; - - _ -

WHILE frontl <> z DO Y - ~ ,\.
BEGIN . . SN

2

flag := 0; - o .
a := readyqgl(.frontl.).ind;
x := readyql(.frontl.).process;
y := readyql(.frontl.).task;
IF resslsem(.tdliptlst(.x,y. ) .ressource.) = 0 THEN
BEGIN .
IF tdlptlst(.x,y.}.buffer = wlcfs THEN
+ IF lcff = 1 THEN
flag := 1; '
IF tdlptlst( X,¥.). buffer = wlcbs THEN
IF lcbf # 1 THEN

flag := 1; )
IF tdlptlst(.x,y ). buffer = wcom THEN
BEGIN
ctltm.reguest := comr;
taskmanager;

- flag := ctltm.resp;
work(.x,a.} := ctltm.address;
END; :
1P flag = 0 THEN
*BEGIN
IF tdlptlst(.x,y.).ressource=rcurrent THEN
BEGIN .
ctltm.request := cdbr;
taskmanager;
. flag := ctltm.resp;
¥  END;
END; ‘
END , \
- ELSE
BEGIN . - - ~ ’
flag := 1; ' '
END; : ' .-
IF flag =,0 THEN | £
BEGIN .
»i := tdlptlst(.x,y.).timeout;
W = tdlptlst(.x~g\) .ressource;
i := counter + i;
1nsertact(actllst a,x,y,i); :
resslsem(. tdlptlst( x,y.). ressource.) := 1;
frontl := (frontl + 15 MOD 10;
IP tdlptlst( X,y.).buffer = ulcbs THEN

lebf := 1;
IF tdlptlst( x,y ). buffe: = wlcfs THEN
leff := 1;
" END ‘
ELSE _ S

BEGIN eé////
.. readyql{. backl.).ind: =r dyql(.frontl.).ind:,‘
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END;
. END;

readygl{.backl.).process:=read

readyqgl(.backl.).task:=readyql

backl := (backl +'J.) MOD 10;

~ frontl := (frontl +1) MOD 10;
END; .

,

-

PROCEDURE prserreq;

This procedure fepresents

cess SERVICE REQUEST.

VAR :
i : integer;
BEGIN
CASE l@.task OF
twasr:
BEGIN
ctll.bustask := twasr:
" insertctl{ctll.base,l):
busctl;

1nsertq1(l@ ind, serreq upserreq)
resslsem{.rbusctl.) := 0'

END;

upserreq:

"END;
END:;

PROCEDURE prupdreq;

This procedure
UPDATING REQUEST.

BEGI
i

N
t= 03

ctll.curtask := upserreq;
insertctl(ctll.base,2);
insertctl(ctll.base,l):
curdbctl(i};
resslsem{.rcurrent.) := 0;
ctltm.request := cdbd;
taskmanager;

icff := 0;

fi
END'

%

VAR
i

BEGIN

nish(. serreq,l@ ind.) := 1;

P

integer;

CASE 1@.task OF
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' twaup: : ‘ Q:::::L\
BEGIN -
. ctll.bustask := twaup;
1nsertct1(ct11 base,l); , T
busctl; ) -

1nsertq1(1@ ind, updreq,upserres).
resslsem(. rbusctl ) := 03

END;
upserres:

BEGIN
i 1= 0;

ctll.curtask := upserres-
insertctl{ctll.base,2);
insertctl(ctll.base 1)
insertctl{ctll,base,l);
curdbectl(i); ‘
resslsem(.rcurrent.) := 0
ctltm.request := cdbd;
1cff := O; .
taskmanager; ot
finish{.{ipdreq,1@.ind.) := 1; y *
END; .
upward:*
BEGIN
i = 0;
ctll.curtask = upward;
insertctl(ctll.base,2);
insertctl(ctll.base,l);
curdbetl(i);
t resslsem(. rcurrent.) :
ctltm,request := cdbd;
taskmanager;

= {;

1cff 3= 0;
finish(.updreq,l1€@.ind.} := 1;
END;
END: _
END;: ’ >

PROCEDURE praddinf;

This procedure implements the look-table of the process
ADDITIONAL IvaRMATION REQUEST.

VAR :
ger. -

BEGIN
CASE l@.task OF . |
queryreq:
BEGIN . 9
™ i= 05 T

" ctll.curtask := queryregq;. N -
insertctl(ctll.base,l); =
insertctl{(ctll.base,50);
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curdbetl{i); - - )
resslsem{.rcutrent.) := O: .
ctitm.request := cdbd;
taskmaniger:
1nsertq1 1@.ind,addinf,taddinf); .
END;
dmalcb:
BEGIN
ctll.dmatask := dmalchb;
insertctl(ctll.base,10);
insertctl{ctll.base, vork( addinf,le.ind. ))
pdmal;
resslsem(.dmal.) := 0;
ctltm.request := comd-
ctltm.address := work( addinf,l@.ind.);
taskmanager; °
insertql l@.ind,addinf,taddinf):
END;
taddinf:
BEGIN
ctll. bustask := taddinf;
insertctl{(ctll.base,50);
busctl; ,
resslsem(.rbusctl.) := 0:
finish(.addinf, 1@ ind.) :
END; (
END;
END;
PROCEDURE pradadm-

= 1

This procedure represents the process ADMITTING A PATIENT
FROM ADMISSION,

BEGIN

_CASE 1@.task OF - 7
dmalcb: . h
BEGIN
ctll.édmatask := dmalcb; -
1nsertctl(ctll base, 30)

“insertctl(ctll. base work (. adadm 1@.ind.) };
pdmal;:’
resslsem(.,dmal.) := 0; .
ctltm.request := comd :
ctltm.ad®ress := work( adadm,1@.ind.);

AN taskmanager; ‘

.insertql{1€.ind,adadm,bnwr); )

END;

bnwr: . ‘ .

BEGIN \
ctll.bustask := bnwr:
insertctl{ctll.base, 50) -
busctl; . | . ; .
resslsem(.rhpsct;.) = 0;
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lcbf := 0; :
finish(.adadm,l@.ind.) := 1;
num( .adadm,1€.ind.).ck := counter;
END; ‘

END: . i R .
END; ‘ .

PROCEDURE prademér-

This procedure represents the look-up table of the pro-
Cess ADMITTIHG A PATIENT FROM EMERGENCY. :

VAR
i : integer;

BEGIN
CASE l@.task OF
dmalcb: -

BEGIN /\
.ctll.dmatask := dmalcb;
‘insertctl{(ctll.base, 20) ’

1nsertct1(ctll base, uork( ademer,l1@.ind.));
pdmal;
resslsem(.dmal. ) := 0; ...
ctltm.request := comd;
ctltm.address := work( ademer,}@ ind.);
taskmanager;
insertql{1@.ind,ademer,bemr);
END:

bemr:

BEGIN

ctll.bustask := bemr;
insertctl{ctll.base,50};
busctl; }
resslsem( rbusctl.) 1= 0;
lcbf := 0;
1nsertq1(1@ 1nd ademer, upemerfp)
END; }
- upemgrip:
' BEGIN ’
i := 0;
ctll curtask := upemerfp;
insertctl(ctll.base,2);
ingsertctl{ctll.base,l)!
curdbctl(i);
resslsem(. rcurrent.) := 0;
cotltm.reqguest := cdbd;

taskmanager;
‘1cff := 0; g
finish(. ademer 1@.ind.) .:= 1;
END; )
END;’ :

END;
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PROCBDURE prrelease--

Th1s procedure 1mp1ements the 1look-up . table of the
. RELEASING A PATIENT process. -
VAR ,
i : integer;
BEGIN
- CASE l@.task OF
breour: .
BEGIN
ctll.bustask := breour;-
insertctl{ctll.base,1); 4
busctl; Lo
resslsem(.rbusctl.)} := 0;
IF indent(.release,l@,ind,) = 0 THEN
indent(.release, l@.ind.) i= 1
ELSE
<  BEGIN
indent(.release,1@.ind.) := 0;
1nsertq1(l@ ind,release, bdec);
END; A
checkoutreq:
BEGIN
1 = 0;
K ctll. curtask := checkoutreq;
insertctl(eétll.base,l);
curdbctl{i); -
. resslsem{.rcurrent,) := 0;
ctltm.request := cdbd;
taskmanager;
i := removectl(ctll.base); -
IF indent(.release,l1@.ind.) = 0 THEN
indent(.release, 1@.ind. ) =1
ELSE
BEGIN i
indent(.release,1@.ind.) := 0
insertql{(1@.ind,release, bdec)

[
r
»
’

BEGIN .

"ctll.bustask :=.bdec;
1nsertctl(ct11 base 1)
busctl;
resslsem( rbusctl ) := 0;

- insertql(1l@.ind,reledase, dmalcom)
END;
dmalcom°

BEGIN
ctll.dmatask := dmalcom;
insertctl{ctll.base,10);
insertctl{ctll.base,work(.release,l@.ind.));
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. pdmal;
\ resslsem{.dmal.) := 0;
lcff := 0;

insertq2(1€.ind,release,dmaacb);

END;
END; . i
END; ' '
PROCEDURE taskdr2;

This procedure sxﬁulates the operation

of task driver 2.

The task driver 2 is implemented in the sape fashion as the

task driver 1,

BEGIN
activate;
WHILE ] <> DO
BEGIN
IF 1@.timeout = counter THEN
. BEGIN
- .- - remact(act2lst,l);

CASE l@.process OF
adadm: pradadm; -
ademer: prademer;
addinf: praddinf; i
release: prreleasev

END;

-END;

1 := 1@.prochain; .
END; END; —_—

\

top
PROCEDURE activate;

For each task in the ready list (READYZ)
checks if the task is ready to be ‘executed.

-

VAR
a,i, flag Z : integer; . : -
X !¢ processtype;

'y : tasktype;

w resstype;’ ~
'rs 3 dix; : .
pt : sept,

tal, ta2 dxxhu1t'

BEGIN
z := back2;
WHILE front2 <> z DO
"BEGIN. .
- flag := 0;
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readyg2(.front2. ) ind;
readyg2(.front2.).process;
readyq2(.front2.).task;
F ress2sem(.td2ptlst(.x,y. Y. ressource, ) = 0 THEN
BEGIN
IF td2ptlst(.x,y.).buffer = wacfs THEN
IF acff = 1 THEN

-

a
X
y
I

o flag := 1; , T

/]

IF tdetlst( x,y.). buffer
cbf = 1 THEN
ﬂ t= 1- .
' ~ IF x = adadm THEN
. IF (y = retrieve) or (y
IF admf = 1 THEN
o BEGIN
flag := 0;
. admf := 0;
END-
ELSE
gg IF acbf = 0 THEN _
admY := 1; ] . -
IF td2ptlst(.x,y. ) .buffer = wcom THEN
BEGIN - :
ctltm.request := comr;
taskmanager;
flag := ctltm.resp;
work(.x,a.) := ctltm.address;
END;
IF flag = 0 THEN : \
BEGIN
IF td2ptlst{.x,y.). ressource=rcurrent THEN
BEGIN .
ctltm.requf 1= cdbr; .
taskmanageT; .
. flag := ctltm.resp;
END; _

wacbs THEN

atradm) THEN

-

. END;
END -
ELSE - N . _ .
BEGIN ' : - : - -
flag := 1; '
IF flag = 0 THEN o : T
BEGIN N : :
i" := td2ptlst(.x,y.).timeout;
w := td2ptlst(.x,y.).ressource;
i := counter + 1i; -
1nsertact(act2lst a,x,y.»: -
ress2sem(. tdetlst( X,Y.).ressource.) := 1;
front2 := (front2 + 1) MOD 10;
IF td2ptlst( X,y.).buffer = waqu THEN

acbf := 1; -
IF tdetlst( x,y~.).buffer = wacfs THEN
acff := 1; s
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END
-ELSE

BEGIN . .

" readyg2(.back2.).ind := readyq2(.front2.).ind;
readyq2(.back2.).process:=readyqg2{.front2.).process;
readyqz(.backz.).task:qreadquY.frontz.).task;
back2 := {(back2 + 1) MOD 10;

* front2 := (front2 + 1) MOD 10;

- ¥ END;
END; .
END; . -

PROCEDURE pradadm;

This procedure represents the look-up table of the pro-
cess ADMITTING A PATIENT FROM ADMISSION.

VAR '
i :,intéger;

BEGIN
CASE 1@.task OF
retrieve:

BEGIN

. ctl2.arctask := retrieve;
insertctl(ctl2.base,l);
‘insertctl{ctl2.base,3);
insertctl{ctl2.base,50);
arcdbctl; -

IF indent(.adadm,l@.ind.) = 0 THEN
indent(.adadm,l@.ind.) := 1

ELSE
BEGIN

indent({.adadm,1@.ind.) = 0; ,
insertg2(l@.ind,adadm,inadmp); .
insertg2(1@.ind,adadm,dma2com);
END; 3 .
ress2sem{.rarchival.) := 0;
END; - :
atradm: )
BEGIN
. ctl2.admtask := atradm:
oy insertctl(ctl2.base,70);
admission;
ress2sem(.radmission.} :=
IF indent{.adadhm,1@.ind.)
indent(.adadm,1@.ind.)
ELSE ,
BEGIN : *
indent(,adadm,1@.ind.) := 0:
insertqg2(l@.ind,adadm,'inadmp);
insertg2(l@.ind,adadm,dma2com);
END: ~
END;

.
r

0 THEN
1

nno
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atrnr:
BEGIN

ctl2.admtask := atrnr;

insertctl{ctl2.base,50);

admission;
ress2sem{.radmission,)

insertq2(1@.ind,adadm, inadmp);
insertg2(1€.ind,adadm, dma2com)

END;
inadmp:
BEGIN

i:=1; ‘
ctl2,.curtask := inadmp;
ansertctl{ctl2.base,l

1nsertctl(ct12,base,5054

curdbctl(i);

resszsem(axcurrent ) = 0;

ctltm.request := cdbd;
taskmanager;
1F flagl = 0 THEN
flagl := 1
ELSE
BEGIN
acbf := 0

END;
dmaZ2com:.
BEGIN
ctl2.dmatask := dma2com;
insertctl{(ctl2.base,30};
insertctl{ctl2.base,work(.adadm,1@8.ind.});

pdma2; -~

ressZsem( dma2.} := 0;

:= 03

insertql(1@.ind,adadm,dmalcb);

IF flagl = 0 THEN

flagl :=-1
ELSE
BEGIN
acbf := 0;
flagl := 0;
END;

PROCEDURE prademer;

This procedure

ADMITTING A PATIENT FROM EMERGENCY.

VAR
i

integer;
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BEGIN
CASE l@é.task DOF . s =
‘retrieve: ' -

BEGIN
ctl2.arctask := retrieve;
insertctl(ctl2.base,l);

" insertctl{ctl2.base,l);
insertctl(ctl2.base,50);
arcdbctl; -~
‘insertqZ(l@.ind,ademer,inemerf$);

_insertq2(1@.ind,ademer ,dma2com};
ress2sem{.rarchival.}) := 0;

END; * - '

inemerfp:

BEGIN
i = 1; .
ctl2.curtask := inemerfp;
insertctl(ctl2.base,2);
insertctl(ctl2.base,50);
curdbectl({i);
ress2sem{.rcurrent.) := 0;
ctltm.request := cdbd;
taskmanager;

IF flag2 = 0 THER s
flag2 := 1
ELSE ¢
BEGIN
acbf := 0;
flag2 := 0;
END;
END;
dma2com:

BEGIN -
ctl2.dmatask := dma2com;
insertctl(ctl2.base,20);
insertctl{ctl2.base,work(.ademer,1@.ind.));
pdma2;
ress2sem{.dma2.) := 0; .
insertgl(1@.ind,ademer ,dmalcb);

IF flag2 = 0 THEN
~ flag2 := 1
ELSE
BEGIN
acbf := 0;
flag2 := 0;
END; T
END;
END;
END;

PROCEDURE praddinf;
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This procedure represents the look-up table of the pro-
cess ADDITIONAL INFORMATION REQUEST,.

BEGIN
CASE l@.task OF
" query: .
BEGIN
ctl2.arctask := query,
insertctl(ctl2.base,l);
insertctl(ctl2.base,3);
insertctl(ctl2.base, 50)
arcdbctl:
1nsertq2(l@ ind,addinf,dma2com);
END:
dmaZcom:
BEGIN
ctl2.dmatask := dmaZcom{
insertctl{ctl2.base,10);
insertctl{ctl2.base, work( addinf,l@. ind. 1);
pdma2; . X
ress2sem(.dma2.) := 0;
insertgl(l@.ind, addlnf dmalchb); z
acbf := 0;
END; ]
. END;
END:

PROCEDURE prrelease;

This procedure represent the look-up table of the process
RELEASE A PATIENT. .

VAR
i : integer;
BEGIN
CASE l@.task OF
dmaacb:
BEGIN |
ctl2.dmatask := dmaach;
insertctl(ctl2,.base, 10)
insertctl{ctl2.base, work( release l@ ind.));
pdma2; ~
ress2sem(.dma2.) := 0;
ctltm.request := comd;
ctltm.address := work(.release,l@.ind.);
insertg2(1@.ind,release,update);
END;
update:
BEGIN

ctl2.arctask := update;
insertctl(ctl2.base,l};
insertctl{ctl2.base, 3),.
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insertctl{ctl2.base,l);

arcdbctl;
insertg2(l1€.ind,release,deletereq);
ress2sem{.rarchival.) := 0;

END;
deletereq:
BEGIN
i =1,

ctl2.curtask := deleteregq;
insertctli{ctl2.base,l);
insertctl{ctl2.base,1};
curdbctl(i);
ress2sem(.rcurrént.) := 0:
ctltm.request := cdbd:
taskmanagkr;
finish(.release,l@.1nd.) := 1;
num{.release,l@,ind.).ck := counter;
END; .
END;
END;
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