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ABSTRÄCT

The syst.em of scheduling surgical requests at

the victoria General Hospital in WinniPeg, Manitoba, is

examined analytj-cal]y. A logically structured model is

developed, in which primary system components interact

with the incoming daily demand. The construction of a

FORTRAN programme to simulate the scheduling (slating)

process according to the d.esigned structure is outlined.

Experiments with the simulator, which established

the validity of the model and simulated several scheduling

policies are d.iscussed in some d.etaj-l" The experimental

results characterize the slating system from the point of

view of the patient, the surgeon, and the hospital admin-

istration. After an analysis of these results, conclusions

are drawn regarding the operation of t.he actual slating

system.

Propositions are presented for the development and

use of a ,'second generation" slating simulator. They are

followed by an exposition of the expected role of various

hospital sub-system mod.els in large sc.ale computerized

information sYstems
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CHAPTBR ONE

TNTRODUCTTON

1.1 Purpose of the study

fnherent in the concept of a system are the ideas

of structure and interrelationships. Since mathematics is

largely the systematic treatment of forms and relationsr anY

well-defined study of a particular system must consist of a

mathematical, analytic approach. The purpose of this thesis,

therefore, is to present a mathematical model of a specific

system and to outline the construction of a digital computer

simulator based. on the model. The output from various

simulation experiments should create a better understanding

of the system being analyzed.

L.2 An area of application

Since the cost factor for treatment and cure of

disease is currently receiving much attention, the delivery

of health care has become a major area for application of

"the systems approach " (Churchman,1968). Specifically,

much effort is devoted to studying the feasibility of

computerized hospital informaÈion systems, in order to

combine systems concepts with the latest in computer

technology. An economic feasibility study of introducing

such an automated information system at the Victoria General
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Hospital in Vfinnipeg, was reported by Sprague (1972). In

the feport, particular concern is given to the system of

surgícal slating: "AL present, surgical slating is performed

manually by a single clerk using decision rules which are

sometimes arbitrary and not always optimal." Since the

slating process involves many components of the hospital

system structure, and since the process is'almost entirely

logical and defineable, the surgical slating sub-system is

chosen as the system to be modelled and studied in this thesis.

l-.3 Outline of the.steps 'of the, study

Following a somewhat detailed description of the

actual setting and the activities related to slating at the

Victoria General Hospital (VcH), is the exposition of the

design of the mathematical model, with the accompanying

assumptions. Exogenous events, which affect the mod.eIled

slating system but are themselves external to it, and.

endogenous events, internal to the system, are described.

Data bases used for the events' quantitative representation

are outlined.. Simplifications prod.ucing a net effect model are.

discussed and justífied.

Following the design of the model is its construction.

A thorough explanation of the FORTRAN coded simulator

is presented, outlining the purpose of the main modules,

random variable generation and list processing techniques.

Features built, in for debugging and varying the size

and format of the slunmary report, are described. Evaluative



measures for the slating systemts performance, obtained

as output from the simulator are outlined with reasons

for their construction.

The next topic is actual use of the símulatíon

model. After successful validation of the mode1, an

elaboration on the experiments performed is presented.

They test the effect on the slating system of alternate

time allocation procedures, of varyíng the number of

anesthetists and of altering the surgical bed availability.

Results obtained from experimentation are displayed

and interpreted, with a brief discussion of their economic

impJ-ications. Interpretations of experimental results

give rise to several conclusions regarding the existing

system, which may be of interest to management.

An overall evaluation of the model follows,

with highlights of its possible extensions and refinements,

both in the design and construction phases. The future

role of similar simulators in computerized hospital

information systems is discussed.
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CHAPTBR TWO

DESCRTPTION OF THE SYSTEM

2.L Slating system components

In order to examine the setting for the model

profitably, it is necessary to have, ât the outset, an

idea of the system and its components. In the case of the

slating sub-systern, elective surgical requests form the

exogenous input. A surgícal bed is required for each patient

that is to be admitted to the hospital. The request is
scheduled according to a block time allocation scheme

particular to VGH. Scheduling is performed by the slating
clerk, who also handles ieplaceable and abru.pt cancellation.
The surgeon, the nursing team, the anesthetist (for general

anesthetic surgery) and an appropriate operating theatre

form the other requirements for rêquested surgery to be

actually performed.. The scheduler or slate, Ís arranged

daíly. ft generates all surgical activity during the day

that is not classified as "emergency".

2.2 Relevant svstem meehani sms

Surgery is performed by a (fairly) constant

number of doctors with operating privileges at the hospital.
Over L50 different types of surgery are performed,

varying in time and equípment required, and hence Ínvolving



restrictions on use of operating rooms. 
,,r

Hours for regular, elective surgery are 8:00

a.m. to 4:00 p.m. claily except SaLurdays, Sundays and

holidays.

These hours are subdivided into "blocks" and 
.:,:

aSSigned tO the Surgeons. Thus, each surgeon knows at what ',','.,'

times in the week he can operate. This eliminates too many

requests for the morning hours with idleness ín the afternoon.
.:. _. :

For each regular d.y, a set of blocks covering all 
i;:,:;.:i,

the regular surgery hours, is assigned to an anesthetist. 
:

l-:.. :.:-::

Thus, a surgeonf s block time is intended for his elective í: ì';;

surgery with a general anesthetic only 
,

. Five anesthetists are in use daily, with each being 
,

assigned to a set of surgeons' block timäs for scheduling 
.

I

purposes 
,

A request for surgery with a loca1 anesthetic is 
i

not scheduled according to the block time allocation scheme. 
l

i

The blockíng system causes surgieons to perform '

a considerabre number of operations in succession. 
,,,,,,,,,

Elective surgery requests can be classified ,.,,

according to their "admission property". """'

(a) Patient is admitted to the hospital prior

to surgery for tests and preparation. Most of these

patients arrive one day in advance. i,r,',.:

(b) NFA (uot for Admission). Patient, arrives

a short time before surgery and leaves on the day he

arrives
(c) POA (Post-Operative Admission) . Pat,ient : :.,:
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arrives shortly before surgery, but remains j-n

hospital afterwards for post-operative recovery.

Twe1ve operatíng theatres are in existence as

shown in Figure 1. Of these, theatres I and 9 are used

for deliveries and are under separate jurisdiction, while

theatre L2, designated for endoscopy, is not presently

ín use.

Theatres 2, 4, 5, 6, 10 and 11 are labelled

"general purpose", while room 1 is restricted to orthopedic

surgery, room 3 to cystoscopíes, and room 7 Lo Caesarian

sections.

2.3 Specific slating procedures

A request for surgery is telephoned in to the

slating clerk, who makes note of it on a "work sIate".

In order to book an operation within his block,

a surgeon must make a request to the slating clerk not later

than 48 hours prior to his desired starting time. Otherwise,

the surgeonrs block tÍme becomes "open" for other use.

A surgery request can be classified as being for

a specific date in the futurer or "as soon as possible".

As soon as a request comes in, a card is made

wíth the names of the patient and surgeon, surgery çype

other pertinent data. The card is filed in a slot which

is dated. The date ind.icates the day of the patientrs

scheduled arrival at the hospÍta1

up

and

The slating clerk books the operation for a length
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. of. time she thinks will be necessary, based on her prevÍous
. .: .

experience. Upon a cancellation, bookings on the "work

slate" are rearranged. Much dialogue exists between the

slating clerk and the surgeon before a booking is made.

Maximal utilization of operating room facilities

is the slating clerk's goal and, as a result, the operating ,.:,,,:,

rooms are never deliberately scheduled "empty" during

regular operating hours. 
,

The day a patient is to be ad.mitted. for an operation .,,,,.,,,,

(that is not of the NFA variety) , the request card is given ' 
'''':

: . . .. - : . .::

to the admissions secretary, The secretary checks if a ,t',",',',

surgical bed is available and, if so, telephones the patient 
i

to come in. ff no bed is available, the operation must be

postponed, resulting'in further slate rearrangements. 
i

Occurrences of. requests for emergency surgery at '

the VGH are fairly rare, allowing nearly all such cases 
I

I

to be performed after regular hours

Thefina1s1ateforaparticu1ardayiscomp1eted

on the previous day. The slating clerk sends the "\nrork slate ,,,,,
:: i.:. :,. l:,

to the operating room supervisor for assignment of d.if ferent '':: :t:

theatres to the various operations scheduled. The sheet ;"';;';;;:

then goes back to the slating clerk, who comes up with a

typed, fÍnalized slate.

Abrupt cancellations of cases on the finalized. 
.,,.,., ,.

slate are made by the slating clerk or by the operating room

supervisor.
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2.4 Factors ínfluencing system efficiency

The established procedures do create several

areas of concern with regard to maintaining the operating

efficiency of the surgical slating system at a fairly high

level. An estimated 15? of the scheduled operaLions are

cancelled. In many cases, the cancellations occur too late

for feasible rescheduling, leaving the operating room idle.

The idleness of anesthetists is also increased by cancella-

tion, suggesting an investigation into the number of

anesthetists that could be used most effectively. Some

surgeons appear to be postponingi more cases than others

because of lack of enough available block time. ïn addition,

fragmentation of block time occurs when available time is

left unsched.uled sole1y because of lack of an available

operating room or because of ínsufficient extra time for at

least one add.itional case., Since eventual implementation

of computerized slatíng would alter the slating system's

structure significantly, a simulation modelling approach

in order to pinpoint the bottlenecks more exactly' seems quite

appropriate.
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CHAPTER THREB

DESIGN OF THE MODEL

3.1 An analytíc approach r , j

ïn order to investigate the areas of concern

in the system, a model of the surgical slating system was

designed to study the ef fect of alternate block time alloca- i,",.,,',
..., ;...-_,.

tion procedures on operating room and anesthetist utilization, 
,,,,,;,,,,;,

as well as on throughput efficiency for surgical request

The system, functioning on a daily basis, was viewed. as
I

a series of component sub-systems: 1) the generation of i

exogienous demand, 2) the attempt of each request to satisfy 
I

the necessary critería wíth respect to availability of 
l

surgeon's block time, availability of a bed for a surgical 
i

patient,andwíthrespecttoapossib1erequest'cance11ation,

3) the attempt by a reguest not fíltered by the previous

sub-system (2) , to locate an appropriate amount of time ' 
.: :.::

¡,,rt,t,,,',,,,"(block time for a general anesthetic) and an available ,..: .' : :; : ;..

operating room for the duration of the surgery :': ':i:'

Each sub-system was then designed in detail as

a specifíc segment of the model, with a succession of events

endogenous to it attempting to reflect a similar succession :', ",..
as observed at the VGH. In any such model, however, it is
impossible and sometimes undesirable to reflect every detail
Even while restricting the modelled events to those of primary
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significance with regard to the'model's eventual purpose,

it becomes desirable to construct other assumptions and

simplifications which alter somewhat the actual observed

order. By the nature of the símplifications, their effect

on the modelled system's evaluat,ive measures should be either

nonexj-stent or negligible.

3.2 The data base

With a particular modelling structure in mind,

quantitative characterizatíon of the entities and events of

the system forms the next step. The surgical demand generation

sub-system \{as the first to be investigated. Many of the

surgical operations performed are related medically and

require similar theatre occupancy times. A simplification

ltras initiated whereby procedures with the same average

duration as well as similar variability in duration were

placed in the same class, províded they vüere related medically

and cou1d. be performed in the same theatre (s) . The result

$¡as a reduction from over 150 procedures to 37 surgery

classes (Figure 2).

Since a major aim of experimentation lvas to

evaluate alternate scheduling methods, and Lhe only available

estimate of the number of requests on a given day was from

the dayts slate, itself a function of one particular scheduling

method, the information on hand was deemed insufficient.

It was therefore necessary to collect "raw" data on daily
surgical requestsr âs they came in to the slating clerk.

i---'-1:.
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L2

Surgery

Figure 2

classes used ín the model

Code

I
2
3
4
5
6
7
I
9

10
11
L2
13
L4
15
16
L7
t8
19
20
2T
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Description

Local-1
Local-2
Loòa1-3
Local-4
Local-5
Local-6
Local-7
General-1
General-2
General-3
General-4
General-5
General-6
Gynecology-1
Gynecology-2
Urology-1
Urology-2
Urology-3
Urology-4
Obstetrics-1
Orthopedics-1
Orthopedics-2
Orthopedics-3
Orthopedics-4
Plastíc-1
Plastic-2
Plastic-3
Thoracic-1
Thoracic-2
Ear-Nose-Throat-1
Ear-Nose-Throat-2
Ear-Nose-Throat-3
Neurological
Dental-1
Dental-2
Ophthalmology-1
Ophthalmology-2
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A form (Figure 3) \,sas designed with emphasis on the day 
,,, ,,

the iequest came ín, whether it was to be performed as soon

as possible or on a definite day ín the future, and the

actual day the regeust was slated for. Data v¡ere gathered

by the slating clerk for a period. of 10 weeks. In addition 
:..information was obtained on request cancellations, with :':.:: :':::

'' ".'.:.t :.1

emphasis on whether there was sufficient time to replace

the cancelled request. Requests made before the start of
the study period for definíte dates during the period. were ,.,,.,.,

,:,:¡-::.: :,.:'

also recorded. Each of the requesting surgeons was identi-
. :,,.:, ,'l 

-
fied by a code number (1-39) assigned to him. All the ,:'-,.::,::

general practitioners, who perform surgery on relatively rare

occasions, vrere grouped and considered as one surgeon, the

General Practitioner, with a code number of 37. 
i

Another noteworthy simplification was introduced

into the data base for exogenous demand. Since the t,

significance of the day ín a surgical request is essentially 
I

the d.ay the request is for, it was decided to merge the 
.

requests to be performed soon with those for a definite :,
l:::-. r-'

future date. Thus, each request in the gathered data base ,,',,, ''

was labeIled to be for a particular day, varying from ,]...',-,',',,'l

I tq 50. This labelling \A/as achieved by considering the

"as soon as possible" requests as requests to perform surgery

two regular surgery days after the requests rnrere reported. 
:.r,,;-.,,t..,..

The reason for this was that surgeons are required to claim

their block time 48 hours in advance. A frequency distri-
bution of the number of requests for a given day was then

formed. since requests that were cancelred and subsequently -,;.::::.,,,
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Figure 3

The form for incoming requests
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re-booked were entered again on the incoming request sheet,

all cancelled requests were considered as being withdrawn

from the system. A relative frequency of cancelled requests

$ras calculated over all the classes, since there was no

apparent indication from the hospíta1 staff of requests

for a particular class being cancelled more frequently. The

approximate length of an operation from each class, was

obtained, to the nearest 30 minutes, from the slating clerk.

In order to study bed availability for surgical

patients that require admission into the hospital, it was

necessary to obtain a value for posL-operative length of

stay (LOS) for each surgery class. Since LOS was not

considered. as a criterion for a surgical procedure's belonging

to a particular surgery class, the procedures within a class

were found not to be homogeneous with respect to LOS. To

ensure homogeneity within a surgery class with respect to the

LOS factor, in addition to average duration and medical and

logistic compatibility, the following technigue \'{as applied.

Procedures within a class vrere subdivided into three

categories, those occurring i) often' ii) mod.erately often,

and iii) rarely, with arbitrarily assigned probabilities of

i) .65, ii) .25, and iii) .10 respectively. Knowing the averagie

LOS for every procedure in each of the three categories

within a surgical class, allowed construction of a probability

distribution of LOS homogeneous over all procedures in the

class. For example, if category Í contained three surgical

proced.ures, two of which caused an average LOS of 3 days

and one caused an average LOS of 4 days, category i would
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contribute a probability of 2/3 x .65, or .44 to an average 
,,,:

LOS of 3 days and L/3 x .65, or .2I to an average LOS of

4 days. Similar calculations for categories ii and iii would

yield the desired distribuLion. Thus, LOS was taken to

have a homogeneous distribution over all procedures in a

given surgical class, but this dístribution was estimated ','l'

as a mixture distribution taking into account the relative
frequency of LOS for each surgical procedure within the

class. Factors such as the particular surgeon, the age ,,, ìi,.,:.'..
of the patient, etc., v¡ere assumed not to affect the LOS

'l
distribution. ': :'r " :

3.3 Structure of the model

3.3.1 Demand generation. segment

The fÍrst, segiment of the model provides genera-

tion of demand. for surgery. Its purpose is to use the

collected data in such a way as to provide daily, an entire
set of surgical requests for slating consideration. The

model requíres the distríbution of the number of requests

occurring per day, the probability distribution over the 39

surgeons that a request is made by a particular surgeon,

the set of 39 d.istributions each àefining the relative
frequency of a surgeonts services over the 37 surgery classes,

and the post-operative length of stay distributions for
each surgery class.

After deciding on the number of requests to be

consÍrir'.:red for slating on a part,icular day, each request ís
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classified as being from a particular surgeon for a

particular surgery class, and producing a particular LOS.

Request classification ís based on random and

independent selection from cumulative distribution functions

formed from the probability d.istributions required by the

model. The complete seL of requests for a given day is

identified as the dayrs demand. list, which is required as

input to the next segment.

Several assumptions are implied in the demand

generation segirnent. With regard to the distribution

of the number of requests for a given d.y, no significance

is attached to the day of the week. This follows as a

result of a one-vlay analysis of variance test performed

on the observed. data. (The missing value for Good Friday

was estimated from the other Friday figures.) The observed

F-va1ue with 4 and 45 degrees of freedom was 0.775 t which

d.id not exceed the tabulated F-value for significance at

the 952 level of 2.57. The conclusion was, therefore, that

the effect of the day of the week on the number of daily

requests was statistically non-significant and thus it

\^¡as thought that the factor need not be isolated in the

model.

Although, in reality, surgeons occasionally

requested two surgical procedures on the same patient,

to be performed in succession, this occurrence r^¡as rare

enough (38 of the requests over the 50-day observation

period) to be justifiably excluded from the model. The

mod.el treats two such requests as being for two different
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patients. This assumption does introduce a bias into t.he

model, requiring up to twice the observed demand for surgical

beds by the "double procedure" requests.

The demand produced by thís segment is fof elective

requests only, since emergency surgery at the VGH is usually

performed after regular hours.

3.3.2 Filtering segment

Unslated. requests for previous days, now on the

waiting listr âs well as the dayrs requestsr ês provided

by the d.emand generation segment, pass through a hierarclty

of filters (Figure 4) as preparation for the day's actual

slating attempt.

A request is taken from the waiting list t ox, íf

it is empty, the d.emand list. If the surgery is to require

a general anesthetic, the request encounters the surgeon

block time filter (A). ïf the requesting surgeon does not

have btock time on that day, the request is placed on or

remains on the waiting list.

If block time exists and the request is not of

the "not for admission" (NrA) variety, the request then

encounters the bed availability filter (B). A counter is

kept on the number of surgical beds available by keeping

track of the number of patients who will have alread.y had

surgery and are scheduled to depart each day.

Since most patients arrive in the hospital one day

before surgery, the model, although considered to be functioning

at a particular d.ay in t,ime, steps back one day at this point.

The question is whether a bed was available yesterday to the
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Hierarchy of

Figure 4

filters f.or a surgical request

Level I
(encountered
daily)
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Block Time Filter

Availability
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patj-ent whose request is being processed today. This is an i:t..:

example of an alteration of the flow of events by time

as observed in the real system, yet the model is simplified

and yield.s the same net effect. A request finding all the

beds fulI is postponed and. remains on the waiting list, with 
i,.,,,,,,.,

the information on its having been filtered., recorded ':':"::

appropriately.

The last fitter of the sequence (C), deals with

request cancellation. ït possesses a unique property in ;i,,'.'",t'.. .: . -

that a particular request can encounter this f ilter only ;, ¡,,.,,

once. fn fact, it has been calIed the cancellation d.ecision i'::: i

filter. Once a request passes through t.his fíIter, a

decision is reached on its cancellation status: whether 
:

ít will be cancelled by the slating clerk, if sor whether ,,

it will be a cancellation that can be replaced, if not,
I

whether it will be cancelled by the operating room supervisor. :

Thisdecisionismadeonaprobabi1isticbasi.sfrominforma-

tion compiled from the data base. A non-replaceable cancella-

tion is passed on to the segment attempting to slate the 
'., ,,, 

,.

1:, ::., 
:-: '

request, with an indicator that this request is for a t'gap" 
,.,,,.,i,,,

surgery, i.e. one which will cause idleness in the operating : :¡r: :

rooni for a prescribed length of time. A replaceable

cancellation is deleted from the mod.elled system.

Should the first attempt to slate a request prove '.,'.,. ,' .

unsuccessful and should the request encounter the cancellation

decision filter on a subsequent day, a cancellation decision .:

indicator, associated with t,he requestr will allow it to

bypass this fitter. This provision has been buíIt. in to the :, ,:
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model to maintain the proporti-on of cancelled requests 
:

approximatety equal to that observed, by not reversing the

decision as to whether a particular request will have been

cancelled.

A request that has passed through or by the fir-ters 
,.,,.,,,,,-,

in this segment is passed on to the following segment of the :'::::::

model.

3.3.3 Slatíng attempt segment

This segment is the most intricate in d.esign since ;',,;:',;;',"'
: 
t.l .t,t

it actually attempts to slate each request passed to it. by 
i,.'.,,,,.,:.,

its pred.ecessor segment. A request for surgery with a general :.

anesthetic is examined in a different manner from that with

a local anesthetic, since the former follows the block time 
)

l

allocation scheme, while the latter.d.oes not. 
i

i) Requests for a general anesthetic l

Under modelling assumptions, a surgeon may be 
i
,,

allowed no more than two disjoint blocks of time per day, I,

either with the same or ivith a different anesthetist. No

block may be shared, therefore each surgeonrs block is . ::r. -: . l.l -:: -

'::l:-:::-
.l , l

exclusively his o\4rn. 
,,.,i.,,,

The first, criterion for slating is the avaj-Iability :':':: :.:

of sufficient block time for the requesting surgieon. If

enough block time is not available, the request is placed

on the waiting list. An attempt to slate the request is ,:,- ;,.

' : ':

made later.

The duration of requested surgery that is postponed

is kept track of as a statist,ic for each surgeon. It is to

serve as a possible ind,icator of the amount of additional '.,',,,','.' ,
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time a surgeon would need under a revised time allocation

pIan. The effect of a particular requestts postponement

and. placement on the waiting list does not infl-uence the

postponement statistj-c each time that the request is pro-

cessed. A postponement decision indicator ensures that

the duration of a postponed request is accounted for only

once.

With enough block time avaíIable, the problem of

fincling an appropriate operating room follows. The model

attempts to retain a surgeon in the same operating room for

successíve operations, íf this is at all possible. A room

is chosen such that it will be available for the entire

scheduled duration of. surgery, beginning at the proposed

start time designated by the block structure.

If no room is available, the model attempts to

start surgery 30 minutes later than the originally proposed

starting time. If still no avaitable room is found. t or if

the scheduled. finish time should. exceed the end of the

surgeonrs block time (because of the 30 minute advance),

the model adds to the counter for requests postponed because

of lack of room, and places the request on the waiting list.

A particular problem occurs with requests for

cystoscopic surgery. Operating room 3 is the only theatre

in which these cases can be performed. The room is allocated

to requests with either a general or a local anesthetic

and since the latter d.o not follow the block time scheme,

the room may often be found occupied. Since the occurrence

of cystoscopies is not, very frequent, the room allocation
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procedure for general anesthetic cystoscopíes is the same

as that for other requests and contains the provÍsíon for

the 30 mínute advance in proposed starting time. The

provision is limited to 30 minutes since this time is not

used in further scheduling, but causes a deliberately idle

fragment in the surgeon's block time. For example, if the

surgeon's block indicates a proposed start at 10:00, but room

3 is not. free untÍI 10:30 and the case is slated for 10:30,

the half-hour between 10:00 and 10:30 will not be used by the

surgeon on that day.

In cases where more than one theatre may be allocated

to a requestr âs in "general purpose" surgiery, where theatres

2, 4,51 6,10 and 11 can be booked. interchangeably, the

search proceeds ín ascending order of the operating room

number.

ff an appropriate room is located for the reguíred

duration, it is recorded as occupied for that time. The

surgeon's scheduled location is noted and the request is
considered slated. Once a request is slated for a given time,

it is neither removed from the slate nor rearranged to start
at a different time. ThÍs mod.el characteristic can create

non-optimal use of block time since the amount of time

unused may be a function of the order of a surgeon's daily
requests. For example, a surgeon with a 3 hour block asking

for three procedures to last 2, ,t , and $. horrr", will leave

I hour unused with two requests on the waiting Iist,. Had

the order of the same requests been such that the procedures

I4tere to last Lt, 1å and 2 hours, the surgeon's block time
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vrould be fully utilized with only one additional request ì

'''
on the waiting list

After designating a request for the slate, the model

proceeds to assign to the request the appropriate anesthetist

from the block structure, along with the starting time and

scheduled duration. The request is then actually attached 1"'¡'1" "'

to the day's slate. Since surgery for this request will have

been performed on the day it is slated for, the previous day's

surgical bed census is increased by L, indicating the ; ,t" t'

:' ::'

patient's arrival into the hospital one day prìor to his

scheduled surgery. From the LOS information, 'the day on i'lt't'.'':

l

which the patient will free his bed. is also noted

Exceptionsinthisregardaremadewhens1atingNFAcases
I

or ,,gap,, surgery caused by irreplaceable (usually last minute) 
I
t,

cancellations i

ii) Request for a local anesthetic i
:

Requests of this nature are handled differently t 
)

since they do not utilize time from a surgeon's allotted

block(s). In fact, the model ensures that a surgeon is 
,:r.:.,1.,.,,

not. scheduled to perform any surgery with a loca1 anesthetic ., ,

-, ,.:t,:;t ' ,; ,

during his block tíme. i:" ":

A request for a cystoscopy with a local anesthetic

is assigned to operating room 3, while every other local

procedure is assigned to room 11. In either case, the

procedure must share the operating room with general

anesthetic surgery.

If a surgeon does have block time on a parLicular

day, an attempt is made to schedule the local procedure
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immediately following the end of his first block. The search

for enough consecutive free time in the appropriate operating

room is continued, should no such tÍme be found starting

with the first attempted time. A check ís made to ensure

that there is no colIísion with the surgeon's second block.

If time is unavailable following the end of the first block,

a similar search is made attempting to schedule the case

before the first block starts. The request is placed on the

waiting list if the latter procedure is also unsuccessful,

otherwise the request is slated

If the requesting surgeon does not have block time

assigned to him for the particular day, the only problem

becomes to find enough consecutive free time in the re-
quired operating roo*. The search is started at the beginning

of regular surgery timer. 8:00 a.m.

iii) Rescan of the waiting list
After each request from both the waiting list and

the dayrs demand list is processedr ân updated waíting list
ís produced along with the day's slate. Since the blocking

system only is used to schedule general surgeïy requests,

block fragmentation and lack of requests from specific
surgieons can cause a significant under-utilization of block

time. To increase slating efficÍency, the updated waiting
list is rescanned in an attempt to fíll unused portions

of block time irrespective of the requesting surgeon.

The rescan procedure is limited to non-cystoscopic

cases with a general anesthetic. Each request requiring
hospital stay is passed through the bed avairabirity filter.
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If the cancellation status of a request h." ,rot yet been

determined, the request is passed through the cancellation

filter. An attempt at slating tþe request is then mad.e

A scan is performed to find a surgeon who has enough idle

block time for the request. If such a surgeon is found, a

start and finish time is proposed for the requested pro-

cedure. The proposed time may collide with time for local

anesthetíc surgery that has already been slated for the

requestíng surgeon. It may also collide with the requesting

surgeon's own block time(s). fn either case, the request

ceases to be considered for slating on the rescan and is
returned. to the waiting list. If no problem occurs with
the proposed time and. if an appropríate operating room is
selected, a note is made of the block time being "given"

by one surgeon, and "taken" by another. The request is
then assigned appropriate information and attached to the

slate. As a result of this rescan procedure, the waiting

list is updated further and the number of cases slated is
íncreased.

3.3.4 Summary segment

Throughout the attempt at slating, various counters

are maintained to evaluate the modelled procedure. For example,

the number of requests postponed and cancelled is recorded

daily. The number of d.ays a request remains on the waiting
Iist before being slated, and the size of the waiting list
each day are also kept track of by the model.

The purpose of the final segment of the model is
to summarize the data obtained by day, by week, and by
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realízation of the entire 50*day period. Thus' daily

statistics are ad.ded to those for the week, which are in

turn added to the overall accumu'!ators. Utlízation statis-

tics on the operating rooms and anesthetists are calculated.

An overall sunmary report consistíng of the requests and

their realízationsr âs slated, is also prepa::ed. It is

segregated first by surgeon and then by surgery class.

This design of various evaluative measures is the basis for

production of informatÍon reports, after the mod.el is con-

structed for use on the digital computer.

3.4

The analytic model of the system of surgical

slating contains a number of assumptions and simplifications. 
:
i

They are outlined in this section for facility in under- 
j

standing the underlying principles of the model's design:
i

3.4.1 Generation of demand l

1) There are 5 surgical days per week and I i::: ,.
..:.'.:.....: l '

hours per day, starting at 8:00 a.m., except for l{ednesday ,,.,': .,'
.-.: _:: l:.- ::

which has 7 hours starting at 9:00 a.m. ;i ,:::'.::

2) One realization consists of 50 surgical days

3) All requests are considered only as being for
a certain day, irrespectÍve of when they were actually made. 

.;.',,,,,,:,',',:,

4') Requests for two operations in succession

on the same patient are modelled as two distinct requests

for different patients. This results in a somewhat higher

demand for surgical beds in the model than in reality. ,, :.:::;.
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5) Thirty-nine different surgeons are requesting

surgery with surgeon 37 representíng the General practi-

tioner. A1so, there are 37 surgery classes consisting of
procedures Lhat are related with respect to medical type,

duration, and variability in duration.

6) Only the average duration for a procedure from

each surgery class is considered. Also, a distribution of
average post-operative length of stay (Los) is associated with
each class. The LOS has a homogeneous d.istribution over

a1l procedures in a given class, and the distribution is not
affected by the particular requesting surgeon.

7) Duration of a surgical procedure includes that
of set-up time, anesthetist's preparation (if needed),

surgeonrs preparation, the operation itself, the

post-operative instrument count (if needed) and the clean-up

of the operating theatre.

B) Requests may require the patient,s entry into
the hospital one day prior to surgery as well as

post-operative stay for recovery, or the requests may be

classified Not for Admission (N.F.A. ) . post-operative

admission patients are not identified separately, but enter
the modelled system one day before surgery.

9) The model is restricted to requests for elective
surgery, since emergency cases are usually performed after
hours.

3.4.2 The slating of requests

1) The surgical bed census is monitored daily
along with a record of the number of post-surgical patients

:;::::
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scheduled to depart each day.

2) Patíents depart at the start of each day

before new arríva1s are consídered.

3) The model proceeds through time by days.

However, in the case of a reguest for day n, although the

modelled process is at day n in time, a retroactive bed

availability check is made for the pati-ent on day (n-1).

The check ís bypassed, however, for an NFA patient.

4) No distinction is made between surgeons oï

classes when estimating cancellation probability from the

data base.

5) Cancellation of requests is performed. either by

the slating ci"rL (replaceable or non-replaceable) or the

operati-ng room supervisor (non-replaceable) .

6) A decisíon regard.ing cancellation of a

particular request is made only once during the entire
realization.

7l All replaceable cancellations are eliminated

from the modelled system, even though some are only post-

poned. in reality. The distribution of incoming requests

allows for this símplification.
. 8) Five anesthetists are present ín the system,

with provisions to Íncrease the number to 7 for experimenta-

tion purposes.

9) A block time allocation scheme gives each

surgeon a fixed amount of time each week for cases involving
general anesthesia. Local anesthetíc surgery is not done

by a surgeon during his block time.
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10) A surgeon ís allocated at most two disjoint

blocks per day. The allocation scheme does not aIlow

sharing of blocks.

11) A request ì-s placed on the waiting list on

a given day because the surgeon does not have block time

that d.y, or there is not enough block time, causing a

postponement of the request, or because no operating room

is available on time.

12) The Lime postponed for a given request is
noted only once during a 50-day realization.

13) Operating theatre 1 is reserved. for ortho-
pedic surgery, while theatre 3 ís for cystoscopies (re-

gardless of anesthetic) . Theatres 2, 4, 5, 6, 10 and 11

classified as "general purpose". Theatre 7 ís restricted
to Caesarian sections. All loca1 anesthetic cases (except

cystoscopies) are performed in theatre 11 only

L4) In the slating attempt, all requests on

the waiting list are processed before the requests on the

day's demand l-ist.

15) If possible, a surgeon will continue in the

same operating theatre wíth successive cases.

16) The time unused (at. most 30 minutes per

case) because of unavailability of an appropriate oper-

ating room at the first proposed starting time, is lost.
17) A non-replaceably cancelled request is slated

similarly to other existing requests. It is labe1led,

howeverr âs a request for "gap" surgery, and is included.

as such i.n the s1ate. This type of request, even if not
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an NFA, does

18)

time, it is not

geon's requests

time.

not alter the surgical bed census.

Once a request is slated for a particular
rescheduled, even if the order of a sur-
should create unnecessarily vacant block

19) After scanning the waiting and demand lists
in a daily slating attempt, the updated waiting tist is
rescanned, filling up a particular surgeon's unused block
time with requests from other surg:eons. The rescan is
limited to non-cystoscopíc cases wíth a general anesthetic,

The assumptions and simiplifications employed.

in the model are justified, bearing in mind. that the main

purpose of the model's design is the study of the effect
of arternate block time allocation procedures. Despite
the above mentioned alterations and innovati-ons, the mod.el

nevertheless refrects the.general structure of the actual
system observed at the Victoria General Hospital.

3.5 General comments

The design of the model displays a unique

characteristic feature. .A,lthough considered a time
advance model with the unit of time being the day, the
model "Iooks back" iit time by one day when at the bed

availability filter and when updating the surgj-caI bed

census. rn addition, the incorporation of abruptly
cancelled casesr âs such, into the srates, provides them

with definite information on the implied realization of
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the surgical processes that the slates generate. This can

be viewed as "looking ahead" in events, if not in time. The

net effect feature allows examination of the effects of a

particular time allocation scheme on aspects of surgical

processes whích themselves need not be.simulated in time.

fn short, the slate from the model, in addition to stating

what should happen, gives insight ínto what will have

happened. For example¡ w€ may know at slating time, that

at a given hour a reguest wíIl have been abruptly cancelled

and. will hêve left a particular operating theatre idle for

90 minutes. This feature proves to be especially effective

in the compuLer application phase, where minimizing storage

of future evenLs is a definite goal.

The design demonstrates both stochastic and

deterministic aspects. The number of d.aily requests and

the number and type of cancellations are arrived at on the

basis of empirical probability distributions. Meanwhile,

the scheduled. duration of a procedure from a particular

surgery class as well as the post-operative length of stay

are arrived at from a set of pre-determined, averagie figures.

The latter aspect simplifies the model structure, but also

na.rrows somewhat, the scope of iÈs effect.

As with a skyscraper or freeway overpass, the.step
following the design is actual construction. For the slating
system model, this implies construction of a computer

programme which will aI1ow the system's digital simulation.
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CHAPTER FOUR

CONSTRUCTTON OF TI{E MODEL

4.L fnvolvement of the computer

From the design, it is evident that the surgical

slating system model possesses many dynamic propert.j-es.

The model simulates a pass through time performing various

activiLies such as creating daily demand, reforming the

waiting list and producing the daily sIate. Since these

activitíes can be described adequately by logical abstrac-

tion and represented completely by numeric coding, involve-

ment of a high speed digital computer in the system's sj-m-

ulation is inevitable. lVith the existing hardware technology

and its supporting software, a realization of the slating
process for 50 d.ays can be simulated in a matter of several-

tens of seconds. The construction phase of the model, there-

fore, consists of choosing an appropriate programming language

to reflect the design. Particular emphasis must be placed

on efficient coded representation of the necessary events

and entities by utilization of data structures which the

chosen language supports.

4.2 A corrstruction overview

In decÍding

was taken to ensure

on a language for

that the syntax of

the simulator, care

the language did not



necessitate major alterations in the original design. An

additional requirement was that the language be implemented

and supported by the University 'of Manitoba's Computing

Centre. Since the process to be simulated does not follow

any of the classical situations taken care of by speci fic

problem-oriented simulation langiuages, FORTRAN was chosen

as the med.ium for computer application. Intended for

scientific use, it allows representation of a varj-ety of

structures, although the coding may be somewhat l-aborious.

The availability at the Centre of the WATFIV compiler with

its lucid diagnostic messages speeded up the initial construc-

tion stages.

Since the model is designed as a series of segments,

modularity is desirable in its progranming. The SUBROUTINE

feature is used throughout the coded model, allowing the

construction and verification to be performed j-n stages.

Besides the main supervisor routine, the modules are classed

as being of either primary purpose or utility type. The

progranme follows the sequence of the design in isolating

the four distinct phases, ví2. input recognition, demand

generation, slating, and output production. All information

as to both exogenous and endogenous events and entities of

the slating system is coded in st,ructures easily acceptable

by any FORTRAN compiler.

System representation

This section forms an exposition of the methods

r--r., ..r. .1, ¡, .:r!-¡ ù'¡:,-';._!_-:,] :-l ;.:::.,:: r'.t, :1..

1A
J,*

4.3
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employed in storíng the necessary information on the incoming

requests as well as on system characteristics essential to

the requestsr processing.

4.3.L Information on exogenous demand

Demand generation is '¡ased on observed relatíve

frequency data. Following is a description of the types of

FORTRAN structures used in producíng requests for surgery.

The distribution of the number of requests for a

particular day is read in as a cumulative distribution function
.i

(C.D.F.) and stored in a one-diniensional real val-ued array, DIST.

Successíve values of the step function stored in the array

correspond to,equally spaced points in the range of the random

variable. This rangie consists of a number of points equal

to the value of NOPTS. The range begins with the value of

INDVAL. The values of the successive points in the range

differ from each other by the value stored in IDELT. The

actual technique of generating variates from a distribution

represented in this manner, is explained in the next section.

The probability distribution of a given request's

coming from a particular surgeon is read into PROBDR, a

real valued one-dimensional array. Each of the 39 components

of the array corresponds to the observed relative frequency

of a request from the surgeon whose code is that of the

component.

A distribution of a surgeon's services over all the

surgery cLasses is also required. Since one such distribution
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exists for each of 39 surgeonsr a two-dimensional real valued

array DOCLAS is used. DOCLAS consists of 39 ro!üs and 39

columns. Even though only 37 surgery classes exist, two

"nufl" classes have been added throughout the programme,

allor¡ing for possible future extension. The d.istribution of

services by surgeon i is read into the ith row of DocLAS.

The values in PROBDR and in each row of DOCLAS are then

successively cumulated to allow for generation of variates

from these empirical distributions

A post-operative length of stay distribution is

associated with each surgery class. Since the number of
I

points in the distribution varies with the class, the arrays

of cumulative distribution values for all classes are con-

.catenated into a large one-dimensional real valued array,

LOSI, consisting of 82 components. The corresponding domain

values, i.e. the LoS days' are stored in an integer valued

array LOS2, also with 82 components. An integer array'

INDEX (39) indj-cates where in LOSI, the C.D.F. for the

length of stay for a particuJ-ar surgery cfass can be found.

The information stored in the above mentioned

structures is required before starting the simulation, tq

al1ow for the stochastic aspect of the model, which is called

.for in the design

4.3.2 Information on the slating process

A priorÍ quantitative information on several aspects

of the slating process is also needed at the s'Lart of the

simulat,ion procedure.

Representation of the block time allocation scheme
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is a major requirement. For a given surgical d.y, 7 con-

secutive columns of the two-dimensional integer array BLOCK

are associated with 7 ð.Lfferent anesthetists. A column

contains I rows, each representing one hour of surgery.

Surgeon codes are entered in these rows, providing thc neces-

sary block informaÉion. Only the first 5 columns contain

non zero entries, since only 5 anesthetists are presently

in use. Wit.h 5 surgical days per week' BLOCK consists of

I rows and 35 columns. The representation used is very

similar to that observed in reality at the VGH, although

it may seem somewhat cryptic. Required information can be

extracted from this structure by reading successíve surgteon

codes down the columns.

LENSUR (39), a one-dimensional integer array contains

the averagie durations of procedures from each of the possible

surgery classes. The time is given in minutes, to the near-

est half-hour.

The boolean matrix OPRM with 39 rows and 12 columns

indicates which surgery class is compatible with which oper-

ating theatre(s), with a 'f indicating compatibiliLy.

Information is isolated regarding the day (s) of

the week that each surgeon is allowed to perform surgery

with a general anesthet,ic. The boolean matrix DOCAV (5,39)

allows for easy reference on the matter without the necessity

of searching through BLOCK.
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As for operating room availabilit.y, Lhe logical

valued array XFRAG marks a particular room as being 'F'-free
or 'T'-taken, for a specific half-hour period during the

day. The array thus consísts of 16 rovrs and L2 columns,

with the columns correspondin.¡ to individual operating

rooms

Particular emphasis must be placed on the coded

representation of surgical requests and their processing

by the simulator programme. A 15 ro\^/, 800 column two-5y¡"

j-nteger array RQFILE is designated as the storage file

for complete information on each surgical request, as is

necessary throughout the realization (Figure 5). A sur-

gical request is represented as a column of RQFILE, contain-

ing such iniLial information as the d.ay the request is for,

Èhe codes of the requesting surgeon and surgery class and

the post-operative length of stay.

As a result of daily demand generation, the new

requests are each stored, with their initial information,

in RQFILE. fn fact, the requests are joined by pointers

to form a subset of RQFTLE identified as the demand list.

Zero valued entries in a request column are reserved at

this stage for further information on the request viz. the

number of days spent on the waiting listr or precise slating

Ínformation e.g. room slated. for, scheduled duration, Lype

of anesthesia, code of the anesthetist and cancellation

inforrnation.
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Figure 5

A request in RQFILE
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WAÏTÏNG LIST
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After processing the first day's demand, RQFILE

is divided into three distinct sublists: the waiting list,

the slate, and the availabítity list which consists of

nodes (columns) to be used for storage of future input.

Whereas certain entries of a request node in RQFILE contain

information on the naLure of the request and its slating

status, other entries form "pointer fields". As indicated

in Figure 6, the elements within each sublisL are joined

to each other by pointers. The order in this linkage cor-

responds to the order in which the requests are generated..

Links within each of the three major sublists are unidirec-

tional and always point at the more recent entry onto the

list. The lead.ing node in the waiting l-ist, the slate,

and the avaílabilit.y list is identified by the value of

an external poi-nter to it, represented by WL, SL, or AVAïL

respectively. The l-asÈ node on the waiting list contains

a "dummy" pointer value of -1BB while the value of the

pointer field in the last node of the sl-ate is -I77.

The slate list itself is further subd.ivided into

sublists by each scheduled operating room and sublists by

each requesting surgeon. Each component of the one-dimensional

array CLASPT (I2) corresponds to one of the 12 operating rooms.

The value of each component is a pointer to the most recently

processed request node assigned to the appropriate room.

If no such node exists, the value is a "dummy", -99. Pre-

viously processed request nodes that have been assigned to

the same operating room are linked together by pointers.
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Request linkage in RQFILE

È
ts



These pointers are unidirectional and point a!ì/ay from the

more recently processed node. The last node in a sublist

of requests assigned to a particular theatre contains a

"dummy" vafue of '99 in t,he room poi-n.ter field. Sublists

by room are used when prepari-ag a printout of the simulated

slater on which the information is segregated by operating

room. A similarly structured linking process is employed

to subdivide the slated requests by surgeon. The one-

dimensional array, DOCPT (39), contains pointers to the most

recent request slated for each surgeon. Should no such

request exist for a given surgieon, his correspond.ing value

in DOCPT is -gg. Although the linking feature by surgeon

is not used by the model, it is potentially valuable for

outputting scheduled cases segregated. by requesting surgieon.

Figure 6 illustrates the request linkage showing

Èhe first B nodes of RQFILE. The waiting 1ist, identified

by VüL, consists of nodes 1, 3 and 6 while the slate, iden-

tified by SL is formed from nodes 2, 4 and 5. AlI other

nodes, beginning with the TLint form available space which

is as yet unused. Since all the slated requests in the

example are slated for room 2, they form an operating room

sublist for theatre 2. The list is identified by the pointer

value in the second component of CLASPT. Also, slated

requests 4 and 5 are from surgeon 20 while request 2 is from

surgeon 37. Tn linkage by surgeon, therefore, requests 4 and

5 form one sublist, which request 2 forms another. Appropriate

values in t,he array DOCPT identify the two sublists.
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Af t.er the day' s slate is appropria-tely dealt with

by the simulator, this list is cleared by SUBROUTINE CLBAR

and its nodes are attached to the availability list for

receipt of the next day's demand

Although somewhat difficult to construct in FORTRAN,

especially when dealing with "boundary" condi-tions, the

above mentioned list processing features possessed by the

simulator are of undeniable value. With core storage being

both costly and limited, all information, especially that

processed in large volume, must be efficientllr represented

in the programme. When no longer necessary, information must

be abruptly removed to free valuable space. Since the mean

number of requests for a given day is indeed fairly high,

only efficient storage management makes computerization of

the designed model feasible. With an insight into the tech-

niques used in constructing some essential components of

the simulator, a more detailed account of the entire programme's

operation is now presented.

4.4 Programme operation

The supervisor of the entire simulator is the main-

line routine DMAIN. It either performs or delegates to

other primary routines the simulatorrs four main tasks,

viz. a) receiving as input particular system characteristics,

b) generation of the exogenous daily demand, c) formation of

the daily slate, d) production of quantitative evaluative

measures and generation of suilrmary reports as output.



4.4.L System characteristics

DMAIN reads in LOS1 and LOS2 as well as INDEX,

providing the simul-ator with information on post-operative

length of stay. DIST, containing the cumulative dist.ribu-

tion function for the number of requests for a day, is. al-so

received. Calls are then made to particular routines DINFOR

and SLINFO to obtain specific characteristics related to

demand and slating. DINFOR provides the relative frequency

distribution for the occurrence of a particular surgeon's

requestr âs well as the 39 distributions for each surgeon's

services over the existing surgery clässes. The utility

routine CUMUL forms cumulative distribution functions from

t.hese distributions.. SLINFO provides information on surgery-

t.heatre compatibility in oPRMr ëÌs weII as availability of a

particular surgeon to perform general anesthetic surgery

on a particular day in DOCAV. The average length of a pro-

cedure from each surgiery class is read into LENSUR and the

essential information on the block time availability scheme

to be used by the simulator is read into BLOCK. AIso the

availability nodes of RQFILE are initialized by SLINFO.

4.4.2 Exogenous daily demand

Upon a return from SLINFO, a portion of DMAIN is

enclosed within a DO-Ioop, to be performed once for each day

of the run. First the number of requests in demand for the

day is decided upon by a caII to REQGEN. This routine, wit,h

its utility EMPIR' makes use of the "Monte Carlo" digital
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simulation technique. Since the range of function values

of a cumulative distribution function is the set of real

numbers between 0 and. I, a value of the random variable,

r, from the uniform probability density function on the

interval (0, 1) is generated. Considering the graph -rf

the C.D.F., a value of x that corresponds to the y-va1ue

of r is sought. Should the C.D.F. be strictly monotonically

increasing, this inverse transformation method (Maisel &

Gnugno1i, L972, pp.150-L52) would produce a unique x for

any r-vaIue, the x-value being a rand.om observation from

the distribution the C.D.F. of which is used. However,

since the empirical C.D.F. for the number of daily requests

is a step function, . t,he method may not yield a unique map-

ping of r onto x; two different x-values (even two different

integers) may correspond to the same r-value. Therefore,

in applying the inverse transformation, the graph of the

C.D.F. is considered to consist of straight lines, with

each line joining the two points with different successive

C.D.F. values. This technique of linear interpolation by

subroutine INTERP produces a smoothing of the C.D.F., parti-

cularly in cases where the C.D.F. value remains unchanged

for two successive integers on the x-axis. The generated

variate is truncated down to the nearest integer before

being returned to the calling routine.

A very important requirement for a simulation of

this type is the random pattern of variates generated from

the unit interval, (0, 1). Since a programmed generator is,

in fact, only pseudo-random, various tests must be performed

..::.::.: -.: j,: > t.: _:.:- l::t-':
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to detect statistically significant departures from the

generatorrs intended random output. The generator used

should be free from both local and global trends. Since

several uniform pseudo-random number generators have been

developed and tested by quali:-ied researchers, a generating

routine of this sort need only be calIed. The simulator

makes use of UNI, a generator of observations from the uni- I

form distribution on the unit interval. The routine, devel-

oped and thoroughly tested by G. l,larsaglia et aI. at McGill

University in L972, will produce the same sequence of random

numbers each time if calls to it are preceded by a call to

the starter subroutine RSTART. The required rand.om number

is produced. by an "excl-usive or" of two pseudo-random integers,

one gtenerated by the congiruential meÈhod, the other by the

"binary shift" technique (Knuth, Lg6gt p.28). The routine

is fast (44 microseconds per call) and. well adapted to

the System/370 with its 32-bit word size (Arnason, 1973).

It is invoked throughout the simulator where a resul-t such

as it provi-des is necessary.

When the number of daily requests is established.,

a similar procedure is followed in "labelling" each of the

requests. The cumulative distribution function for a

particular surgeon, then that f,or a particular surgery class,
given the surgeon, are employed to generate specific variates
specifying the surgeon and the class for the request. A

similar generation t,echnique is used to determine the post-

operative length of stay for the request, using the appro-

priate C.D.F. within LOSI and LOS2. At this stage, the
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surgeon, class and LOS completely specify each request in

the dayrs demand which ís subsequently stored in RQFILE i:y

a call from DMAIN to the ut.ility routine STORE. With the

demand list generated and filed, subroutine SLATER is used

for t.he next segment cf the modelts design , viz. the a:tual
slating attempt.

4.4.3 Slating attempt

The central rout.ine of the entire simulator, SLATER,

is the largest in number of statements as well as the most

intr.icate in coding. It receives the RQFILE daily with t.he

waiting list, the demand list, and a list of yet unused

storage. SLATERTs main function is to examine each request

on the waitj-ng and d.emand lists, and to employ coded system

characteristics (e.g. the block allocation scheme) to produce

a revised waiting list and a slate for the day.

After extracting necessary information from BLOCK

and initiatizing various accumulators constructed to aid in
slating evaluation, SLATER then examines a reguest, CURREQ,

from RQFILE. The entire waiting list is scanned before the

demand List. If the surgery code exceeds 7, the anesthetic

is general and DOCAV indicates whether the surgeon has been

allocated any block time for the day. If sor the routine

ensures that the value of the surgical bed CENSUS does not

exceed the limit, BEDLïM, should Lhe request require a

surgical bed. Passage through this filter is retroactive

in time by one day to ensure an available bed upon arrival
as indicated in the design. The cancellation decision filter
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is encountered next. A request on which a decision has

been ma-de regarding cancel1atíon, vrill have a 'f in the

seventh row of its node in RQFILE. Such a characteristic

allows the request to bypass the filter for reasons indi-

catel in Sec" 3.3.2" On a first encounter with the filter,

UNI j-s called to decide whether a cancellation by the

slating clerk will have occurred. The proposition is

confirmed if the generated variate does not exceed the

observed relative frequency of slating c1erk cancellation,

0.146. Similar decisions are made regarding replaceability
of the cancelled request and a possible cancellation by

the operating room supervisor. Non-replaceable cancelled

requests are assigned a "gap" code by adding 100 to the

code of the surgery class. Replaceable cancellations are

deleted from the list that supplied them, zeroed, and

attached to the availability list.
' A request that has passed through or by the above

mentioned filters seeks entry onto the day's sIate. If the

anesthetíc is general there must be sufficient block time

for the surgeon and hence an available anesthetist. The

time left in the first block of the day for surgeon i is
recorded in TAVLD (i), r+ith TAVLDA (i) denoting any time

remaining in the seconri block of the day. AÈ times, a

request will be postponed at this stage. If this is the first
postponement for the request during a 50-day realization, a

code of 10 ís added to its sevent.h row in RQFILE, representing

the postponement decision indicator. A request possessing

this indicator does noÈ contribute to postponement, statistics

regarding number and time, both of which are recorded for
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each surgieon in the arrays WNPOST (LDOC) and WTPOST (LDOC) .

Loca'b.ing an appropriate operating room is the next

problem. The array DOCLOC records the previous location

for the surgeon involved, and that is the first, proposed

valu-: for CIIOICE. Exceptions are made for cystoscopic

cases requiring theatre 3 and for 60Z of the general anes-

thetic N.F.A. cases which are assigned directly to theatre

10. The non-zero entries of the array NPOSS constítute

possible alternatÍves. A scan is made through the logical

room occupancy array XFRAG, each column of which represents

a different theatre. ff the case can not begin at the pro-
:

posed starting time in any of the possibl-e locations, an

attempt is made to schedule it. 30 minutes later. However,

information in ENDD (LDOC), or ENDDA (LDOC) must be examined

to ensure that the time advance does not extend the surgical

procedure past the end of the surgeon's block time. If no

available room is located for the appropriate time, the request

remains on or is attached to the waiting list after increment-

ing the counter LACKRM.

Should the anesthetic be loca1 and the procedure a

cystoscopy, operating room 3 is assigned to the request; if

the loca1 case is not a cystoscopy the room assigned is 11.

Proposed starting time is set to the value of ENDD (LDOC)

for the surgeon, i.e. the end of his first block. An XFRAG

scan is performed to determine if the assigned room is

available for the intended duration. If unavailable, the

proposed start time is successively increment.ed by 30 minutes

with an XFRAG scan each time unt,iL suitable Èime is found in



the appropriate room. Should Lhe Lime collide with the

surgeon's second block for general anesthetic surgeryr or

should no suitablq time be found foltowing ENDD (LDOC), a

similar attempt is made to schedule the entire operation

before the start of the surgeon's first block, denotecl by

STARD (LDOC). Should the requesting surgeon not have block

time on the day of his request for a local case, the problem

of scheduling around his block (s) is eliminated. Proposed

starting time is set at 8:00 and a search for enough consecu-

tive time in the assigned operating room is started. Before

ad.mitting acceptance of a proposed time for a local anesthetic

case, a check is also made to ensure that a surgeon to be

slated for a period.of time in room 11 has not already been

scheduled for a local cystoscopy in room 3, and vice-versa.

This ch-eck is accomplished by scanning all requests on the

sublist of the current slate associated with the desired room.

For example , Lf a surgeon is to be slated in room 11 from

11:00 to 12:00, all the cases scheduled. for room 3 are scanned

to see if the same $urgeon has not already been sched.uled

in room 3 for at l-east some time between 11:00 and 12:00.

The pointer to the sublist. of requests slated for room 3 is

given by CLASPT (3). An unsuccessful slating atÈempt results
in the request's being placed or retained on the waiting list.

A request that is a candidate for the day's slate

aft,er the time and room have been agreed upon, is then actually

assigned the necessary slating information (line 540). The

code of the anesthetist is entered in the llth row of the

request node in RQFILE. The 5th row cont,ains the room number
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while the Bth row contains the starting time. Length of

surgery is located in the 9th row and type of anesthesia

j-n the 10th. The request is "chaj-ned" oÌ'r to its operating

room sublist with the value of the pointer to the previously

terminal node occupying row 11. Row 6 contains a pointer

value with respect to the request's membership on a surgeon

sublist. At this point the weekly block time actually used

by the surgeon is updated in the array WTUSED (LDOC) 
"

Should the request have been postponed earlier the same week

because of insuf f j-cienL but existing block time, its cont.ri-

bution will be present in the value of the weekly accumu-

lator VüTPOST (LDOC). Since the purpose of the array WTPOST

(39) is to record for each surgeon the weekly time postponed

and not yet slated, the length of the operation about to be

slated is subtracted from the appropriate component of WTPOST.

I,{ith complete slating information coded in the node repres-

enting the surgical request, and with appropriate accumu-

lators properly adjusted., the request is then attached onto

the day's slate (line 31).

As f.ar as programming is concerned., attaching an

element of either the waiting or the demand l-ists to the

slate, is fairly involved. As the waiting list is scanned,

some of its nodes form the first portion of the linked slate

list, while other remain on the waiting list. Requests are

not removed. from the wait.ing list according to a familiar

Iast-in first-out or first-in first,-out specification. For

example, nodes located near the middle of the waiting list

may be removed and added to the current end of the s1ate.
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Nodesarenoton1yremovedaccordingtoarì''irregu1ar''
pattern from one sublist of RQFILE, but they are, at the

same time, attached to another sublist. Care must be taken

in properly adjusting the values of the external id.entifying
'pointers for the slate and the waiting listr âs well as i-n 

r,,,,.

updating the pointer fields in each list uporl a ne\^I entry : :

or a deletion. As for the demand list, its nodes are

attached to the waiting list, to the daily slater or in 
:.,,,

the case of replaceable cancell-ation, to the availabilit.y :.:':l

Iist, (in which case the entries are zeroed) . Because re- 
:,'.,..,

arrangements in each of the three main sublists occur dur-

ing each simutated day, slate attachment requires particular
'care in the coding stage. Suf f icj-ent inf ormation on the

.operation of this section of the programme must be provided ,

to aid in debugging

Before actual linking onto the slate, a request that l

requires hospital admission and is not to be scheduled as

a "gap" case causes an update in the previous day's CENSUS.

Also, a record is kept on what day the patient is scheduled

to leave, since it is known at this stage whether the case

will have actually been performed on the day in question.

The scheduled future depart,ure is recorded in the array

LEAVNG (IFUT), which contains a component corresponding to

every day in the realization. For example, if it is known

that a patient is scheduled t.o depart on day 30, the value

of LEAVNG (lO¡ is incremented by 1.

After the waiting and demand lists are completely

scanned to produce the day's slate, the updated waiting list
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is rescanned (J-ine 4708). After bypassing requests for

local anesthetiis, each remaining request, labelled FILREQ,

encounters the bed availability and cancellation filters,

the structures of whj-ch are identical to corresponding fil-

ters encountered upon a regular scan. A request passing by

or through both filters is ready for a slaLing attempt. A

surgeon JDOC is sought such that his unused first block time

can be used to schedule the request from LDOC, the surgeon

identified with FILREQ. If JDOC is located, and appropriate

operati-ng room is sought in the same manner as in the primary

scanning process. For the proposed time which LDOC "takes"

from JDOC to be accepted, a) an XFRA,G scan must indicate an

available operating.room, b) there must be no collision with

a local anesthetic case that may have already been scheduled

for LDOC and, c) the proposed time must be outside the possible

block time(s) of LDOC. Condition b) is tested by examíning

the sublist of all- reguests on the slates that \dere made by

LDOC. This sublist j-s identified by the external pointer

DOCPT (LDOC). Condition c) uses information on the start
and finish times of blocks for LDOC , viz. STARD (LDOC),

STARDA (IDOC), ENDD (LDOC), and ENDDA (LDOC). Upon satisfying

the condit.ions, FILREQ is removed from the wait.ing list and

chained onto the slate. In addition, appropriate accumulators

on cancellation, postponement, etc. are adjusted along with
proper components in the arrays TFIL and WTAKEN. TFIL (JDOC)

indicates the amount of time in üDOC's first block that was

filled by requests from other surgeons. WTAKEN (LDOC) keeps
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track of how much block time surgeon LDOC "took" from other

surgeons on the rescan

Throughout the entire slating attempt, particul-ar

counters in the form of single valued identifiers or entire

arrays are employed to co1leci useful evaluative information

in a logicaJ- manner and producing meaningful reports for

the simulator's potenùia1 users.

4.4.4 Report generatíon

During a simulation and upon its completion, it. is

essential for the prograflme to print out enough relevant

information that characterizes those aspects of the system

whj-ch the simulator is intended to analyze. In addition, the

output must be comprehensive enough to inform the analyst

whether the.machine is indeed performing what the design

requires.

In addition to its previously mentioned functions,

subroutine SLATER is responsible for outputting the results

from an optional monitoring process which describes the pro-

cessing of each request. SLATER also contains provision for

summary reports daity, weekly, and over the ent,ire run. It

can output. the blocking scheme, surgical bed census informa-

tion and. the simulated slate, for each simulated day.

As an aid in debugging and preliminary model val-ida-

tion, SLATER outputs upon the user's request, a detailed

description of its daily workings. The first 160 columns

of RQFILE are print.ed out both before and af t.er the day's

slating attempt, along with the pointers to each sublist,.
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Furthermore, each request processed is ide¡ltified with the

list ít is taken from. The number of occupied surgical

beds on the previous day is provided with each requestr âs

is the cancellation decision. Should insufficient..block time

or I-acl< of a free operating room not allovr slating, the event

is noted. Information is al-so provided on the choice(s)

of operating room considered and proposed startj-ng time (s) .

General and local anesthetic cystoscopies are specifically
identified. In addition to monitoring the processing of

individual requests, this "debugi option" provides, at the end

of each dry, a reflection of XFRAG, which denotes scheduled

occupancy for each operating: room. The progranìmed command.s

to output this "debug" information are of the form IF (DEBUG)

WRITE (6,xxx).... A value of .TRUE. for the logical variable
DEBUG will activate the trace feature.

Besides monitoring information, the potential daily
summary provided by SLATER is fairly extensive. The block

titne allocation scheme is pri-nted out as an array with 8 rows

and 7 columns, each column corresponding to an anesthetisL.

Surgeon codes form the components of the array, the informa-

tion of which is to be read by column. Information follows

on the previous day's census of occupied surgical beds. The

census at the start of the day is reported, along with the

number of scheduled departures. The next section of the

report consists of a printout of the simulated effective slate.
Information headings are: Room, Time, Surgery Class, Surgeon,

Anesthetist, Schedules Duration and No. of Days on WL, before

being slated. Slated requests are sorted by operating room,
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The starting time ís on a 24-hour scale, and scheduled re-
quests that wí11- not have been performed are l-abelled with a

'(G)' following the denotation of surgical class. Following

the simul-ated slate printout is a daily summary which charac-

terizes the schedule produced. Information j-s providcd on

the dynamics of the slating process, cancellat.ion, and post-

ponement. An attempted evaluation of the process is presented,

followed by statistics on slated operating room utilization:
for each theatre j-ndividually and over all available theatres

in total.

fnformation reported on the operation of the simulated.

s1ater(Figure7,)inc1ud'es:1)trrenumberofrequestsonthe

waiting list from the previous d.y, 2) the number of requests

slated from the WL, 3) the number of reguests removed from 
i

l

the V'IL by replaceable cancellation, 4) the number of requests 
l
I

slated from the WL specifically d.uring the rescanning process, 
l

5) the size of the exogenous d.aily demand, 7) the number i
:

of requests added to the WL, 6) the number of demand requests

replaceably cancelled, B) the nurnber of requests sl-ated d.ir- ,,,,,-,,. .:_:.;1.-

ectly from the generated demand and, 9) the total number of ,,,,,,

requests for the day to be slated. The amount of information 
'"'

reported is quite sizeable, since the simulation is to pro-

vide as much insight as possible into the operation of the
i'l";''observed systemo ,'r i:

The type of information produced also provides in-
herent consistency checks on the simulator's operation. lvhen

the number of requests slated from the WL on a particular
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Figure 7

A daily srilnmary report

UüTIÀRÍ FROII SI¡IULÀîED SLÀÎ8 ON DÀY I¡8

5.L À1I N G:

No. oF REQUESTS oN IL Pnoü YDSTERDÀY: 395

{O. OF REOI EstS SLÀTED PRO¡I l¡L: 28

IIO. OF FEOUESTS C¡TNCDLLED FROII IIL: 1

IO. OT REOUESTS SLÀTED ON RESCÀN OF BL: 1

ETOGTNOUS DAIIY DEIIÀND: 35

llO- O¡ DEllÀ¡¡D REOttESTS CÀIICELLED (RBPLÀCEÀBLE): 4

l¡O. Ol' REQoESTS ÀDDED TO til: 29

I¡O. OF REQUESTS SLÀTÐD DIRECTLY FBOü DÀIIY DEI'IÀND: 1

TOIIT NO. OF DÀILY REQI'ESTS SI,ÀÎED: 30

CâNCELI.ÀTTON ÀND POSTPONEüENT:

I¡O. OP REQUESTS CÀNCELLED BY SLÀTING CLENK: 8

ïo- or REoUESTS CÀNCELLED BY O.R. SUPERVISOR: 3

{O. OF BEOUESTS GÀPPED BECÀttSP OF ÀBRUPÎ CÀÌ¡CELLÀTION: 6

. NO. OF l¡Àt INED REOUESTS POSTPONED BECÀUSE OF lNsÛFFTCIENT BLOCK TrüE: 262

NO. OÌ ÀVÀILÀBLE ST¡RGICÀL BEDS: 140

ïO- Of RE0UESTS POSTPONED BECÀUSE OF U¡IÀVÀILÀBLE BED: 0

No. oF REoUEsTs PosTPoNED BEcÀUsE oF ¡,ÀcK oF À FREE oPERÀTING Rootl: 0

¡val.uÀlloN:

I¡IÀCTION OF EXÀttlNED REQftESTS t¡ITH INSITFFICIENT (EXISTING) BLOCK TfilE: 0.609

?NACTTON OF EXÀIIII{ED REQUESÎS SLÀÎED: O.O7O

åTEBAGE NO. OP DAYS ON WL FOR À sIÀTED 8EQUE51: 9.448 S1l. DEV.: 6-063

o?gRlTrilG BOOtt Ûlr¡.rzÀTroN (sLAIED) :

D?lBÀTINGnooil: 1 2 3 4 5 6 7 I 9 10 11 12

5rà.1¡D UIrLIZÀTION PERCENTAGE 37.5 62.5 62.5 75.0 56.3 37.5 0.0 0.0 0-0 12-5 0-0 0'.0

pEacENTAGE sLÀTED IDLE TIÍIE 62.5 37.5 37.5 25.0 43.8 62.5 100-0 100.0 100-Û 8?-5 100-0 10O-0

OTÐTÂLL PSNTORüÀNCE:

SLÀTED-TIIIE UTILIZÀTION PEBCEI¡TÀGE OVER ÀLL OPERÀTTNG NOOÍS ÀVÀILÀB]'N: J€'19

PERCENÎÀGE SLÀTED IDLD TII'18 OVER ALL Ot'ERATING FOOITS AVÀILÀBLE: ó1.81



5B

day \2) plus the number of requests removed from the WL by

cancellation (3) are sul:tracted from the sum of the number

of requests on the WL from the previous day (1) and the number

of requests added to llI, (7) , the net result should equal the

number of requests on the WL (L), on the following day's

report. Also, when the total number of daily requests slated
(9) minus the number of requests sl-ated from the waiting

list (2), is added to Lhe sum of the number of requests added

on to the WL (7) and the number of demand requests cancelled

(6), the net result should. yield the val-ue of the exogenous

daí1y demand. Summarized, the verification procedures with

respect to waiting list processing (I) and accountíng for
exogenous demand (II) can be written in equation form as

follows:

. (1) [trl + (ttr + e) = (r) 'k

* - next day's reporL

II . (7) + (6) + (e) (2) : (s)

Cancellation and postponement information consists

of the number of requests: 10) cancelled by the slating
clerk, 1l) cancelled by the O.R. supervisor, l.2) "gappedrr

because of abrupt cancellation and, 13) postponed because of .:,:"

insufficienL block time. ïtem 14, the number of available

surgical beds is provided for reference, since it, is followed
i 
t-,rt.'

by 15) the number of request.s postponed because of an unavail- ì

able bed. Finatly, 16) information on the number of requests

postponed because of lack of a free operat,ing room is reported.
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The fraction of examined requests with insufficient

but existing block time, along with the fracti-on of requests

slated, attempt to provide quantitative evaluation of the

slating process. An additional measure reported iE the âvêr:

age rumber of days spent on the WL by a request not slated

directly from the day's demand. As an indication of disper-

sion in the waitíng time distribution, the standard deviation,

is also produced.

Operating room utilization statistics provided in

the daily report are the slated utilízation and slated idle

time percentages for each of the 12 existing theatres. These

figures are summarized ir¡ the "overall performance" evaluation,

by utilization and idleness percentages totall-ed over all

those operating theatres that are not designated unuseable.

It ís to be noted that. the utilization statistics are derived

from the slate only and, therefore, no s.tochasticity is intro-

duced j-nto the length of each surgical procedure.

Besides the daily reports, weekly sunrmary statistics
are also provided by SLATER (Figure 8). Slating information

consists of: 1) the number of requests on the tüL at the start
of the week, 2) the number of requests generated during the

week, 3) the number of requests slated during the week and.,

6) the fraction of requests slated. The number of requests

slated directly from the daily demand (4), and 5) the number

of requests slated on the rescan of the waiting list, are

presented. Viewing the slating system as a "single server"

process, 7) the average number of days a request that must
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Figure B

A weekly sunmary report

ïNEKLY SU¡.IIIÀRY S1ÀTISTICS ON SIIIULATED SL¡ITING fOR I{EEK I 1O

S!ÀTI NG: l,t-t, rt,','

No. OF REouEsTs ON cL À1 SÎÀRT oF SEEK: 382

IIO. OF REQUESTS GENERÀ1ED DURI[G HEEK: 213

l{0. oF REQUESTS SLÀTED: 170

NO. OF REOUESTS SLÀTED DIRECTLY TRO}I DAI¡.Y DÐüÀND: 28

NO. OF REOUESTS SLÀÎED ON RESCÀN OF I.L: 10 ': : .':.-.:

ERÀCTION OF REOUÐSTS SLÀTED: 0.29 :r.: :l

ÀVERÀGE UO. OP DÀYS À REoUEST BE|IÀINS ON l¡I,: 10.80 ST- DEv.: 57.53 
,,,,,,,.,

ÀVERACE NO. OF RE0LESIS ON DÀrLY ïi,: 392. 00 Sr. O¡1. j 8- 49 : j,.::-i.:

CÀNCELLÀTTON ÀND POSTPONEIIEilT:

No. oF REOI'ESTS CÀNCELLED BY sLÀlING CLEBK: 32

NO. OF REOI]BSTS CÀNCELLED BY O.R. SUPERVISOR: 24

. r¡O. OP REOUESTS GÀPPED BECÀUSE OF ÀBRUPT CÀNCEII-ÀTION: 31

NO. OF EXÀlllNED REQttESTS POSTPONÀD BECÀltSE OF INSUTFICIENT 3.LOCK TIñE: 158

NO. OF REQUESÎS POSTPONED BECÀUSE OF UNAVÀIIÀBI,E BED: O

NO. OF REot ESTS POSTPOI¡ED BECAI'SE OF l'ÀCK OF A FREE OPÐRÀÎÌNG R00ü: 10

OPENÀTING ROOII I'TIITZÀIION (SLÀTEDI :

opERÀTrNc Rooü: 1 2 .3 lt 5 6 7 I 9 10 11 12

sLÀTEDUTILIzATIoNPEBcENTÀGE33.886.335.082.543.852.50.oo.00.06J.821.3o.0
pERCEuTÀcE SLÀTED rDLE TrüE 66.3 13.8 65.0 17-5 56.3 47-5 100.0 lO0. O 1oO. O 36. I 78.8 1oO. O :.- . '

l:::':; ì

SLÀÎED-ÎIüE ûllLIzÀTIox PERCET¡ÎÀGE oVER ÀL'. o?ralTTtlc Roolts ÀYÀILÀBLE: tt6.53 ::

ÀNESTSETrST ttlrLrZÀlION (SLATED) :

INESTHETIST:1234567

PERCEÙTÀGB OP lrHE OCCUPTED: 6S.8 80-0 :16-3 '17.5 ò2,5 0.0 0.0

ÀYERÀGEOCCUPAHCY PTRCENTAGE: 77.00
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!{ait remains on the wL and, 8) the average number of reguesLs

on the daily waiting list, are reported with their corres-
pond.ing standard deviations. rnformation provided on can-

cellation, postponement, and utilization of operating rooms

is similar to that in the daily report. An additional feature
in the weekly summary is slated anesthetist utirization.
The percentage of time each anesthetist in the system is
occupied, is reported, with the programrne's rec/ognizing Lhat

an abruptly cancelled "gap" surgiery wirr cause anesthetist
idleness. These anesthetist occupancy figures are then av-

eraged. Thus, the simulated system is evaluated from several
points'of view, viz. that of the patient and surgeon having

to wait for the request to be scheduled., that of the operating
room manager wishing to utilize the theatres'as much as pos-

sible and. that of the anesthetist, who is remunerated by the

case and wishes to avoid idl-eness

To allow further insight into the performance of a

particular block time allocation scheme, several accumulated

statistics and carculated indices are reported. weekly by

individual surgeon (Figure 9). For each of the 39 surgeons

the block time allotted and that actually scheduled for use,

are presented. rn addition, the time each surg,eon has "taken"
from others during rescans of the waiting rist is reported
along wit¡r* the block time "given away" by each surgeon to
others during the week.. Further, three performance indices
are cal,culat,ed for each surgeon:

1) The Block Utilization fndex = (b1ock time

scheduled * block time given) : (block time arlot,ted) .
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Figure 9

A weekly report by surgeon
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this index measures the fracLion of a surgeon's

block ti.me that has been scheduled f or use.

2) The Fragmentation Index = (block time

unused) t (block time allotted). It measures the

rel-ative size of unused "fragments" j-n each surgieon's i.:.......,
, 

,., ;.r,,;,, ., :, ,a:: . ,

blocks

3) The Request Utilizat.ion Index = (block

time scheduled + bl_ock time taken * unslated time 
::.:....:,,,,

postponed) ? (block time allotted) . The index .,,,,,.,,',r¡,'

provides information as to how much block time each .: :,'..:
i: 

' ') ::: :): l:::::

urgeon would requirer âs compared to the amount of
' time. he has been allotted..

Vlith a request utilization of 2.88, for
i

exampler w€ know that the particular surgeon would 
l

have required. 2.88 times his presently allotted
block time in ord.er to schedule all of his requests 

I

;'
during the week. 

l
I

Mean values and. standard deviations, calculated over 
.

. all surgeons ' are provided for each of the three ind.ices to : ', ' : - ,
':::.:::-::t:.:

' ,.. :i. .: ._end the weekry summary. 
'.:,:,:,:,,,:,r:,,,

Upon complet.ion of one 50-day realization of the
'slating process, summary statistics are provid.ed for the

entire run (Figure l0). The format resembles the weekly sum_ 
,:,:.:...:,:,;.,:¡:

mary, including a detailed account of time utilizat.ion and. 1'':'"'':, ':r;

fragmentation for every surgeon in the system

Although the reports obtainable from the system are

quite diverse and numerous, it may not be desirable to produce
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Figure 10

A summary for the entire run

SLÀlTNG:

ro. oF REQuEsrs oN uL 
^T 

sr¡tnT oi RuN: 0

HO. OP nEQUESTS GENEtIATI:D DURING RUli: 2138

DO. OP REQUESîS SLÀTBD: 1690

. !O. OP BEOUESTS SLÀTED DTRECTLY FIIOII DÀILY DDüÀI,¡D: 433

üO. OT.nEOUESTS SLÀTBD ON REscÀN oF ltl: 365

rRÀCTION OF REQUESTS SLÀTgD: O.7g

ÀYERÀGE NO. OF DÀYS À REOUEST NEHÀINS ON HL: 3.17 ST. DEV.' iO.OT

¡VERÀG.E NO. OF REQUËSTS ON DÀILy HL: 86.t)Z S1. DEv.: 60.51

CÀtiCELLÀTIOH ÀLlD POSTPONEÍENT:

NO. OT RÐOUESTS CÀNCELLED BY SLÀTING CLERK: 314

. ùO. OF REQUESTS CÀNCELLED BY O.R. SUPERVISOIì: 295 
l

}lo.oPREoUDSTsGl.DPEDBEcÀgsDoFÀB8UPTcÀNcELLÀTroN:339

No.oFExÀÈfrllEDREouËSTsPosTPoHEDBEcÀUsEoPtNSUFFIcrENTBLocKTIuE:891

IIO. OP REOUE5TS POSTPONED BECÀUSE OF UNÀ!ÀILÀIILE BED: O ,

NO. OP REOITESTS POSTPONED BECÀUSÌi OF LÀCK OF À FREE OpEn¡ttHC nOOl: 53
I

OPERÀÎING 8OOI.I I'TILTZÀ1IO[ (SLÀTED} :

OptRÀTIt¡GROotr: 1 2 3 4 5 6 7 8 9 10 11 12

SLÀTED UlrLrZÀlrotr PERCEt¡ÎÀcE 29.g ?1.0 45.¡¡ 66.9 63.5 q9.3 0.8 0.0 0.1 t¡3.5 2S.O O.O 
t,,,..,
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SLÀTED-TI¡tE ttTILIZÀTION PERCEIì1ÀGE OVÈR ÀLL OPERÀTING ROOtIS ÀV.\ILÀDLE: l¡¡¡.24

ÀNESÎHElIST UTILIZÀTIO¡I (SLÂTED} :

À¡ESlt¡ETfST: 1 2 3 l¡ 5 6 7

PERCEHTÀGE OF TII|E OCCUPIED: 72.1 70.6 ?3.9 7¡¡.¡¡ 68.1 0.0 0.0

[VDRÀGE OCCÛPÀNCY PEBCEIITAGE: 71.82
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a1l of them during the entire run. I{aving on hand enough

evaluative information in the weekly and the overall run

summary, reports such as block and. bed census information, the

simulated slate and the daily summary, are relegated to a

seco.¿dary status. They would be desired. for only a short

period of time, when more extensive monitoring of the system's

behaviour is warranted. Thus, logical valued suppressor

codes, COVERI, COVER2, and COVER3 are incorporated into the

prografiìme, with each suppressing the printout of particular

information. A value of .TRUE. for COVER1 excludes the print-

out of block schemes, surgical bed census and daily slates.

COVER2 suppresses daily summary reports, while COVER3 alIows

only the printout of the summary for the entire realization"

Report generation, however, is noL limited to the

subroutíne SLATER. The calling supervisor, DÌ4AIN, has pro-

visj-ons to output the daily exogenous demand, listing each

request generated, and identifying the surgeon, the surgery

class, and the post operative LOS. This listing precedes

the daily slating reports and. can also be _suppressed. A

particular routine has been constructed, however, to provide

an overall summary linking the phases of demand generation

and slating attempt in the simulator. SUBROUTINE REPGEN, a

call to which is made only once by DMAIN, contains provisions

for several reports to be provided upon completion of the

simulation.

REPGEN produces reports on surgery requested and

thaÈ actually performed, with information on the Latter events



66

bein<1 ¡:rovi<tc-d l:y the daity slates. The f :Lrst rcport provídes

svrgery "¡:erforntancc" ratios, by surgcon. The fractj-on of

reques;ts for: surgery that the existing systcm has allowed

each surgeor-r to perfo::m, is reported along wiLh the number

of cases requested and. performed. The seconcl reporL p:^r;d.uces

performance ratios by surgery class. More detailed reports

follov¡, indicating requesL and performance statistics by

surgery cfass for each individual surgeon and by surgeon for

each surgery class. Final11', a report on surgeon-cIass

request frequencies, ín 39 by 39 array form is provided,

from which is obtained similarly formatted information on

surgeon-class request probabilities. The latter can be

compared to the values read into the model, with a good fit

providing additional "trust" in the model. Following are

similar reports on surgieon-class performance frequencies and

probabilities, completing the volume of j-nformation that

REPGEN may be called upon to produce.

A potential user of the model may be inclined to

request for only a subset of the possible reports, since some

may be either too general or too detailed for the user's par-

ticular purpose. Thus, in additíon to the COVER codes, the

main parameter of REPGBN is METIIOD, an integer variable taking

on a value between I and 4. This feature allows for variabil-

ity in type and volume of reports generated, a very desirable

feature in such a system which produces extensive information.
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':
4.5 Summary

The consi-ructed roul-ines of the simulator follow the

logic of the design. A modular programme written in a general

purpose scientific applicaLion language al-l-ows an approach of
construction in stages which rre evident in the general flow 

.,,.,1,,

char'1. (Figure 11). Moreover, it is the construction phase which

Iink s observed reality with available computer technology,

illustrating a distinct area of contemporary computer l

, 
_._::,¡:;-ì

_ ..: i'-r
_:.: :application.

Generation of variates from supplied empirical dis- ..,:,.,,,.

tributions adds to the versatility of the model, while the

various codes;representing the simulated system's attributes
il1ustratetheapp1icabi1ityoftheana1ytic,structura1

viewpoint. The output from the prograrnme is designed to
contain, in precise numeric form, much meaningful information

i

on the system's performance. The format of the output is
intendedtoa11owrapid'orientationforaperSonfami1i.ar

with the slating system, but not necessarily with modelling 
, ,,.

or programming detail. Th; volume of information provided :-:':,.:),,

:.
may be extensive or brief , avoidi-ng abuse of peripheral , ,:, 

,i, :

resourceS.Withaconstructedsimu1atorread'yforcomputer

execution, the stage is set, for several levels of mod,el

experimentation
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CHAPTER FIVE

EXPERIMENTATION WITH THE MODEL

5.1 Initial preparation

After the construction of a computer programme to

simulate the main events of the surgical slating system,

several preparatory steps were taken Lo ensure validity in

experimentation. Since the functioning of the slating system

depends largely on the nature of the exogenous demand, the

demand generated for a period of 50 days was analyzed. It

\4ras necessary to errsure that there \^/ere no significant depar-

tures from the information in the observed data base. The

cumulative distribution function (C.o.r.¡ for the observed.

number of requests for a given day was compared. with that

formed from the variates generated by the programme. The

maximum difference between the two functions, taken over the

entire range of the random variable, was 0.06. Because

this difference lras small, it was concluded that no error

could be detected in generating variates from the distribution

of the number of daily requests. In verifying t.he input

further, the generated distributions of the number of requests

from each surgeon, the number of request.s for each surgery

class and the distributions of post-operative LOS were com-

pared with their observed counterparts. With the surgeon

code and the observed relative frequency of the surgeonrs

requestsr ân empirical cumulative distribution function

69
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was formed, treating the surgeon code as the random variable.

A similar C.D.F. was formed using programme generaLed

relative frequencies. The maximum deviation between the

two cumulative distribution functions \^/as 0.03, indicating

a very good fit. An identical procedure with the dis-

tribution of the number of requests from each surgery cfass

yielded an even smaller maximum deviation of 0.02. A

visual verifícation showed no apparenL discrepancy between

the generated length of stay figures and those input

to the programme. This accurate generation of exogenous

demand was not surprising, since variates were generated

not from theoretical distributions, but from empirical

cumulative distribution functions with which the resulting

distributions vrere then compared.

After successful valid.ation of the generated

input, the entire simulator \^Ias put through several pre-

liminary runs. Each run¡ sj-mulating a period of 50 sur-

gical d.ays, was made with a "zero startr'., i.e. the system

contained no requests on the waiting list and. no recovering

patients before the first simulated day. The internal

structure of the existing slating system was closely

reflected. The assigned block' allocation scheme was quite

similar to the one actually used during the observation

period at the Victoria General Hospital. Five anesthetists

were in use, with 130 surgical beds. Since it, is essential

to have a good indication that the programmed simulator

is indeed operating without logic errors or programming

ttbugst', consistency checks mentioned in the previous
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chapter were performed on the daily output for several

simulated i,seeks. In addition, the DEBUG option was

. activated for several- days to ensure correct list processing

in the handling of the waitiirg and daily demand lists.

Since the hospital was not empty when the 50-day

data collection and observation period began, it was de-

sired to eliminate any possible adverse effects of a

t'zeto starL" in the simulator. Va1ues of various output

measures were compared from the first few weekly reports.

An attempt was mad.e to determine at what point in time

the simulated system would reach "steady state". According

to Emshoff and Sisson (L970) steady state is achieved

when any perceptible non-period.i-c time trends have

disappeared from all variables describing the state of the

system. Since the generated d.emand is labelled for a

particular day, and since the rescanning process attempts

to filt unused gaps in each surgeon's block time, stability

was seemingly achieved in the first few weeks. The weekly

number of requests slated oscillated around LTOt the

number of requests cancelled by the slating clerk, around

31, and the number of requests "gapped" around 34. The

slated operating room utílization, averaged over 9 theatres,

vras a few percentage points from 48? t,hroughout the first

I weeks. The averagie percentage of time that an anesthetist,

is occupied showed no significant departure from 73e".

However, the effect of a" zero start"was not

completely eliminated either by the net effect property of

the generated demand or by the rescanning process. Surgeons
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who do not perform many cases per week did noL ask for

time until several- weel<s from the s'l-art of the run.

fhe nuniber of requests slated on rescanr which is reported

weekly, showed a significant decline from 53 on weel< t

to L7 on week B. As more requests were generated and

stored, surgeons filled up more of their own block time,

since even those su.rgeons who make requests rarely had

accumulated enough requests.

Two other major complications occurred in

determining steady state. The waiting list, a conceptual

mechanism introduced in the design of the model to

identify a delay factor associated with each surgeon's

request, was condtantly increasing in size" It had

grovsn from 0 requests at the start to 426 at the end. of

the tenth week. Surgical bed shortage became evident

by the 7th week, resulting in a lower average block

utilization, 0.86r âs compared to a fairly stabilized

0.92 during the previous four weeks.

Since the large size of the waiting list v¡as

at least partially caused by .a lack of beds, the bed

availabiliÈy question was investigated further. A

request in reality may have been made and permanently

cancelled before the question of bed availability arose.

In the model, however, such a request wilJ. have been

id.entified, passed through the bed availability filter'

and only then probabilistically labeIled. as a replaceable

cancel-lation. This, in turn, causes the number of cases

postponed because of lack of beds to be higher in the
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model than in reality. AIso, reguests for two pro-

cedures on one patient in reality were modelled as two

separate requests involving two patients, resulting in
twice the bed der¡.a.nd. for such occurrences. Based on the

argument that the generated input consists of more

requests than were actually handled in reality (although

it represents quite well the number of requests consid.ered

by the real system), the upper limit on the bed census

r{/as raised to 140 beds, a number considered large enough

to avoid excessive bed shortage that was not observed in
reality.

Before rerunning the simul-ator with a new

surgical bed limit, it was decided to adjust the mod.el

in such a way as to allow it to perform two consecutive

5O-day realizations without interruption. The first 50

days (10 weeks) would act as a I'work-up" period, which

would provide a waiting list, bed census, and patient
departure information for the second 50-day run" A1I

other accumulators would be cleared and reinitialized
after the "work-up" period. Since the postponement

accumulators will have been zeroed, the postponement

decision indicator would need to be eliminated. from each

request located on the waiting list before the second run.

The second realization wourd provid.e more information on

the behavious of the waiting list and on the apparent

stability of other output measures. With provisions

made for two successive realizations, the simulator
produced weekly reports on 20 consecutive simulated weeks.
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The first 10 weeks were simulated under the

same conditions as in the previous runs except for the in-
crease in bed capacity. A significant difference in results
\das that the average block utilizatio¡r did not fall below

0.90 d.uring the Bth, 9th, and 10th weelis. The size of the 
,-,,,,,

waiting l-ist, which was still ever increasing \^/as reduced

to 3BZ requests after 10 weeks from the previous 426. The

second 1O-week period confirmed stability of the model with
:.,',, '.,,'regard to the weekly number of requesLs slated and the ,

number of requests cancelled, both by slating clerk and by .,' ,r,,,:.
the operating room supervísor. The number of requests

s1ated'onthereScanofthewaiting1istsett]ed.downto

approximately 18 per week

However, except for a period of two weeks, the

size of ¿þs rraiting list showed no sign of stabilization and :

had'risento62Lattheendofthezotr.week.Thebed
;

census, which had ceased to be a problem during the first
50-day run, r,rtas again causing the average bJ-ock and anesthetist
utilization figures to drop, from the 17th week on. At ,': t 

'

'' ' t,

this stage, it was evid.ent that a more detaited investigation ,,',"
-1 :.:

was required into the behaviour of the waiting list and the

inadequacy of the number of surgical beds

5.2 Detailed model validaÈion

5.2.1 The waiting list

Since most requests do pass through the bed

availability filter and. require a general anesthetic, the
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main structure ínfluencing the placement of a reques'b

on the waiting list is the block time allocation scheme.

Using average figures, a throughput analysis was done on the

blocking system used by the model to d.etermine the number

of requests each surgeonrs block(s) could slate. The'block
-.çtructure lvas viewed analytically as a "single-server",
processing requests that arrive weekly. For each surgieont

a relative frequency distribution was obtained. as to the number

of his requests for procedures from particular surgery

elasses. Vüith the duration assigned to these classes known,

an average length of a surgeonts requested procedure was

calculated. Vthen this figure (in minutes) \^7as divided inLo

the total weekly block time allotted to the surgeonr âh

average number of requests put through by the surgeon's block(s)

was obtained

For example, íf a surgeon had requested 20 procedures

from class 5 and. 30 procedures from class 14 over the observed

50 days, a relative frequency of 20/50 = .40 would be

assigned to class 5 and 30/50 = .60 to class L4 for this

surgeon. Knowing that the duration assigned to a class

5 operation is 30 minutes and that of a class L4 operation

is 60 minutes, the average time per request for the surgeon

woutd be calculated as .40 x 30 +.60 x 60 = 48 minutes.

If this same surgeon had 240 minutes of block time per week,

he would put through 5.0 requests weekly. The results of

such calculations for all the surgeons, based on observed

request data and assigned block time are presented in Table

1. SummÍng the weekly throughput statistícs over all 39

surgeonsi a figure of 164.3 was obtained. .



Table 1

Weekly request through;out (average) for each surgeon

Surgeon

I
2
3
4
5
6
7
B

9
10
11
L2
13
L4
15
16
L7
1B
19
20
2L
22
23
24
25
26
27
2B
29
30
31
32
33
34
35
36
37
38
39

Avg. LengLh/
procedure

77.4
75.3
62.2
9r"4
0.0

72.L
89.7
60.3
67 .8
85.2
82.0
60.1
73.1
60"0
89.7
60"4
60.1
BB.8
78.6
60.0
74.0
89.4
69. s
60.0
7 0.4
64.6
60.0
7 6.6
79.5
83.9
84.9

105.0
60.0
67 .2
67 .6
93.4
65.7
64 .8
60. 0

Block time allotted
(mins. )

720
180
180
180

0
240
180
480
780
180
L20
660
L20

60
240
480
360
480
840

60
300
L20
420

60
180
300
180
rB0
180
180
360
L20

60
240
480
480

1080
180

60

Weekly throughput

9.3
2.4
2.9
2.0
0.0
3.3
2.0
8.0

11.5
2.L
1.5

11.0
1.6
1.0
2.7
8.0
6.0
5.4

r0.7
1.0
4.L
1.3
6.1
1.0
2.6
4.6
3"0
2.3
2.3
2.2
4.3. r.1
1.0
3.6
7.L
5.1

\L6.4
2.9
1.0
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.4, weekly arrival rate for requests entering the

blockíng system was then calculated from the observed data

base. V[ith requests for two surgical procedures on the

same patient considered as two different requests, and with

an estimated 50 requests for Good Friday , 2344 requests

were presented to the slating system in reality. From these,

243 were for a local anesthetic and did not require block

time. Approximately 13% of the remaining 2101 requests

vrere replaceable cancellations, leaving 1B2B requests to

be serviced by the blocking system ín 10 weeks" Thus, with

h , the weekly arrival raLe being 182"8 and¡¿, the weekly

(maximum) servíce rate, L64.3, the blocking system used

in the model posesses a utilization factor, p = thl of

1.11. From queueing theory (ttillier and. Líeberman, L967,

p. 300) it. is known that if P exceeds 1.0, the size of the

queue for the single serveï will not reach equilibrium ¡

but will contínue increasing. Tt is noteworthy that this

analytic approach does not assume any fragmentation of block

time, which would make P even larger. Thus, the fact that

the size of the waiting list in the model had not stablized

in the preliminary runs is not unusual. It is evident

that the surgical demand, which usually posesses seasonal

variation in size, v/as relatively high during the 10 weeks

of observatíon.

5.2.2 The surgical bed census

Apart from the ínstability of the waiting list,
the lack of available surgical beds durÍng the second of

two consecutive lO-week periods, was investigated" The

77
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upper limit on the bed census had been increasecl to 140

and no problem in this area was encountered during the

fírst 50 simulated days. After a thorough search, j-t was

realized that. while a 5O-day "work.-up" period directly

preceeding the 50-day real-ization to be analyzed may k.a-re

displayed some advantages, it did create an unforeseen

problem. The demand distribution used in the model

consists of requests labelled exclusively as for a certain

day, irrespective of when these requests had actually

been made. Thus, t,he demand distribution, with its net

effect property, itself accounts for all requests made for
a particular 50-day period., makíng the incoming waiting

list cause excessive.demand f.or the second lO-week realLza-

tion. The 382 requests on the waiting list at the end of

the 10th week, when added to 227L generated for the following
lO-week period, presented the system with 2653 requests

for slating consideration. This figure was excessively

high and. did not represent reality. It was also identified

as the main cause of the surgical bed shortage during the

second 5O-day realization.

5.2.3 Adjusting the demand. distribution

A decision regiard.ing strategy for further experi-

mentation had to be made at this point. Since most evalua-

tive measures stabilized within the first two or three

weeks (except for the size of the waiting list and the

number of requests Filated on the rescan), a choice had to

be made regarding the use of a ilwork-up" run. On the one

hand, a "zero st,art,r' proved to have fewer disadvantages
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than had been anticipated. On the other hand, a "zero

start" \r'ould make any output measures regarding the

waiting list quite unrealistic. Whj-le the waiting list
in the model is indeed only conceptual (being related to

the waítJ-ng of all reguests p:-esented for slating considera-

tion), it is neverthel-ess a well-defined performance

measure of t.he simulated system. Since no exact counterparL

exísts in the system being simulated, it provides additional
ínformation which might be quite significant in evaluatíng

other blocking system alternatives, where it might reach

equilibrium. should the waiting list be made use of following
the "work-up".run, the demand distribution would. have to
be altered

Since it was d.ecided that the concept of a waiting
list is indeed desirable, several runs weïe made whereby

the mean of the distribution of the number of reguests

for a given d.ay was decreased without otherwise changing the

shape of the distríbutíon. The procedure used. was to shift
the cumulative distribution function to the left so that the

smallest x-value for which the C.D.F. value is not zero

would be reduced. A necessary condition was that the

number of requests generated from the c.D.F. for the second

consecutÍve 50 days, when added to the size of the waiting
list at the end of the first 50 days, would yield a number

approximately equal to 2350 (since 2344 requests occurred

in reality). A reduction by 3 of the mean daily demand

yielded 22IL requests for the second 50 days, with an
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incoming waiting list of 178 requests

This procedure in no way altered the distribut.ion
of the code of the surgieon making a particular request
nor the distril¡ution of the cod.e of the surgery class asked

for. The throughput efficiency of the slating system, in
reality as well as in the model, depends largely on the
number of requests that exist each day for slating consj-dera-
tiono Although the total demand generated for a given day

from the adjusted distribution ís, in expectation, smaller
by 3 requests from the figure that the original distribution
would have provided, there exists, nevertheless, a sizeable
number of requests on the waiting list, which is considered
for slating each day. Thus, the adjustment in the input
distribution was not expect.ed to cause. major changes in
the eva'luative measuresr and the model_ would. not lose in
validity, with arl analysis limited. to the Éecond of tvüo

consecutíve 50-d.ay rearizations. Henceforth, a,'simulation
run" will refer Lo this second realization only
5.2.4 Further model verifi-cation

Having arrived at a ,,standard,, demancl cl,istribution
and having fixed the upper limit of 140 surgical requests,
weekly reports (Appendix 5 ) from the simulation run were

then analyzed in an aLtempt to ensure no further unexpected.

ínconsistencies. The number of weekry requests srated
varied from 163 to l7B over the l0 weeks. The number of
cancelLations var:ir:d from 42 to 7s. The operating room

utilzation percerlLage, averaged. over the 9 rooms in,use,
showed a minimum value of 44.03g and a maximum of 49.86t.



B1

The average anesthetist utilizatíon ranged from 7L.002

to 80.00?. The block utilization ratio, averaged weekly

over the 39 surgeons vaired from 0.87 to 0.93, with 6

out of 10 observations being either 0.91 or 0.92. .The

values for each of the above merrtioned measures, when

examined in the order of their occurrence, showed considerabl-e

fluctuation between the reported minimal and maximal

values, therefore no tendency of continual- increase with

time was observed. A bed shortage occurred only during

the 9th week, but d.id not reappear in the 10th week. The

size of the wáiting líst, which was expected to increase

with time for the reasons given in Sec. 4.2.I, rose from

I7B at the start of the run to 382 at the start of the 10th

week. The above mentioned results demonstrate suffi-cient
stability in the modelts operation from week to week.

However, before using the mod.el for experi-mentationr

it is indeed essential to formulate a large degree of

confidence in the modelrs adequate reflection of the

system it was d.esigned and constructed to simulate. Thus,

in addition to having investigated stability over tj-me,

a test of the modelrs robustness with respect to a different
seed value for the pseudo-random number generator was

performed. Also, tests of the modelrs sensitivity were

performed by increasing and decreasing the number of
requests presented for slating. Finally, the summarized

results for the entire simulated run were compared with
related measures deduced from the data base characterizing
the real slating system at the Victoria General Hospital.
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5.2.5 RobusLness of the model

As discussed in Sec.4.4.2, the function UNI,

which generates pseudo-random numbers, is started by a

call to the subroutine RSTART. With the second of two

seed values required as input to RSTART set to 0 permanently,

the first. seed value of 9463L6767 (seed a) had been used

in all runs. Another seed value (seed il) which would not

cause a reproduction of most of the same sequence of UNI

variates, was obtained by calling the function IVNI (Arnason,

L973) at the end of the run. Results from a simulated run

using the new seed value, which should not differ signifi-

cantly from values produced, in the previous run, r¡rêrê then

compared" The surnmary from the run using seed a (run 1)

is presented in Table 2 r with the results of changing to

seed b, (the value of which was -20576933) presented in

Table 3 (run 2) .

Vüith regard Lo slating, both runs yielded a

fraction of requests slated equalling 0.72. In run I

2389 requests \^rere examined, either gienerated during the

run or from the incoming waiting list, while in run 2,

the corresponding fi-gure was 2345. 1714 requests were

slated in run I and 1693 in run 2. The average number of

days a waiting request remained on the waiting list was

7.89 ín run I and 7.95 in run 2. The average number of

requests on the daily waiting list was 264.84 in run 1

and 262.46 in run 2. As for cancellation, a total number

of 586 requests were cancelled in run 1 and.615 in run 2.

Out of these, 311 \trere not replaceable (gaps) in run I,
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and 337 in run 2. The number of requests which were

postponed at some time during the simulated 10 weelcs was

L462 ín run 1 and L4B9 in run 2. Run 1 showed 337 requests

not finding a surgical bed ( all during the 9th week ) ,

while run 2 díd not report a surgical bed shortage. The

utilization averages for operating room time¡ âs slated, were

46.I8å and 44.583 respectively for the two runs. These

uLilization percentages appeared. quite low in both cases/

since they were averages taken over all operating rooms

available to the slating system, and some rooms (particularly

7) \dere rarely used. The averagie anesthetist occupancy

percentages were 75.003 and 72.BSZ. Since the Lwo runs

are independent realizations of the same process in which

randomness is involved, the close agreement in most

output measures ad.ds a degree of conf idence to the modelrs

operation" The agreement also shows that the utilization
averages are calculated over a sufficient number of data

points for the Central Limit Theorem (Freund , 1962 | pp. 185-

187) to operate and. to reduce the variance of the means"

The observed sample means are therefore close to the true
rrtheoretical" mean, and their numerical values are trust-
worthy system descriptors. In addition, the fact that no

bed shortage was evident. in run 2 and that the bed census

reached its limit during one week in run 1, indicated that
an acuLe bed occupancy problem d.id. not now exist in the

simulated system.

5.2.6 Sensitivity tests

As a test of the model I s sensitivity to change in
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.input, the exogenous demand was increased to handl-e 25LO

requests in the 50-day period (run 3). Anot*her experiment

decreased the demand, obtaj-ned from the incoming wai-ting

list as well as g'enerated, to only 1603 requests (run 4) 
"

To avoid predictable difficulties with bed availability, run

3 was assigned. a bed census limit of 300. Changes in the

evaluative measures were then observed for run 3 (Table 4)

and compared to those from run L, which handled a demand

corresponding to reality.
The number of requesLs slated in run 3 was L69L,

as compared with L7I4 in run 1. The size of the incoming

waj-ting list increased from 178 to 363 in run 3. The

average waiting time.increased from 7"89 days to 13.37

days and the average size of the daily waiting list increased

from 264.84 to 450.36. A significant increase in run 3

vsas in thè number of requests postponed because of l_ack

of a free operatingi room, from 59 requests to 359. The

average operating rooilt and anesthetíst util_izatíon figures
\¡¡ere 46.L8% and 75.008 in run L, and 45.10? and 73.57? in
run 3. The block utitization, averaged over 39 surgeons,

increased by oirl-y 0.01 in run 3. Thus, the model did prove

sensítive to an increased d.emand, reflecting this in those

output measures which are d.ependent on demand size.
Nevertheless, the model also indicated an inherent timita-
tion on the slating systemrs operation, since the number

of requests slated, and the operating room and anesthetist
utÍlization did not Íncrease with a higher input of requests.

Results from run 4 (Table 5) demonstrated the

(to
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Summary from run 3
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Table 5

Summary from run 4

JUI!.!AqY--F.LìO¡I_-.EN.I IF.E.RU.I. CF'---- 5O SIMULATË.9 ?AY9 AFTER A
;T ;. ;; i Ù¡ *-*+ i lî'{ i r * l r* * *'lt ; * 1i{**'¡ * * r ** * r ¡r s * i. * r ¡. * ü * * * * ù * r'}*

NO. CF REOTJÉSTS ON WL AT STAFT OF RUI\: 3 ¡

NO. OF REOUESTS GST\FRATEI) DUF I T\G .NUN: 1572

ñõ;--õF--ËEõuÉsis:54Ãr ED : r 3ó r

NO. EF REO(,,ESTS SLATED DIRECTLY FRCM DAILY DEMANO: 574

NC. CF ÊEOUESTS SLATEfI Or\¡ trESCAr\ CF hL: 575

FRACTION OF RÉOUÉSTS SLATED: C.85

ì
Ii t c. -qF---eE-o-u.F=sÆ-ç¡Fl?.Eo BEe¡-u-S-Elt--Ag¡-ve.I-c-A¡!-cE.l=LAI lqli --¡0-8

. CANCELLATION AND OOSTPOI\EMENT:
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AVERAGE NC. OF REOUESTS ON OAILY WL: 26.46
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.modelrs sensitivity to a significan{: demand decrease.

only 1361 requests were slated, and more requests had. to
be slated on the rescan, since surgieons who d.o not request

often did not request surgery every week. The operating
room utilization average dropped from 46.r}z in run 1 to
35.01å in run 4" Anestheti.st utiliza,cion dropped from

75.00ea to 57.852. The average waiting time and the averag'e

size of the waiting l-ist dropped considerably in the 4Lr-

run. In fact, stabilization of the waiting list was achieved.

Tabfe 6 shows the size of the waiting list at the start
of each week in the run 4 realLzation. The resurts verify
the fact that,on1y an excessivery high load in the other runs

did not allow the waiting list to settle" In add.ition,
the fraction of requests sl-ated in run 4 was 0.85, which

is indeed close to the maximum of 0.975 (since 0"]25 of the
requests are replaceabre cancellations). Thus, the sensi*
tivity tests give further evidence as to the modeils validity.
5.2.7 Comparj-son wíth observed. d.ata

As a last major step in the validation procedure,

the sunmary results from run I were compared to corresponding

figures observed in reality. During the 50 surgical days

for which data were gathered by the slating clerk | 2ir86

requests \^rere made. Out of these , 447 requests were

srated beyond the observation period, either because of the
systemrs inability to slate them sooner (196) or because of
the surgeonsr specifically requesting a later time (251),

161 requests v¡ere placed in the waiting slot (hospital
personnel call it, their Waiting List), meaning that no

:..'. ..1.,,|:;1'.J ¿:i|.... -'ì

B9
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Table 6

simulation of the
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system with low clemand

90

I = lleek

I

2

3

4

5

6

7

B

9

10

Size of VIL at start of week I
31

23

23

24

28

31

42

23

26

24
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definite decision could be arrived at on their slating
upon their arrival. It is unknown how many of the 161

requests were actualÌy slated during t-he observation

period.

Removing 447 + 161 from 2186 leaves 1578 reguests

considered as candidates for slating. An estimated 50

requests were addedr ässuring the system operated on Good

Friday (since the one surgical day was missing from

observed. d.ata), leaving 1628 candidates obtained during

the observation period.. In ad.dition , 2II requests \,vere

recorded as havíng been made before the study period for
times during the period which started with day g. No

record of such "outside" requests for days l to B was made,

and a figure of 148 was estimated, yielding 359 candidates

coming from before day I for slating during the 50 observed

days. Adding 359 to L62B gives L9B7 candidates for slating,
Since approximately 134 of the requests were replaceably

cancelled and therefore not slated, the number of estimated

requests slated in realj-ty (inctuding those to be later
scratched off the slates) is at least L}BT x 0.87 = L727.

This figure is a lower.bound because the number slated

from the 161 requests ptaced in the waiting slot is not

known. Had all 161 requests been slated during tl:b observa-

tion periodrthe total number slated would be IBBBr âÍr upper

bound. The total number of requests for the 50-day

period was estimated as 1888 (slated at most) + 196 (not

slated during period) + 260 (replaceable cancellations) =

2344. Thus, the fraction of request,s slated in reality
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lies between 0.735 and 0.804. copies of actuar srates for
the observation period, which would have provided a more

accurate figure, were unavailable at the VGI{ at the time

validation \4ras being performed. Act.ual record.s f or oper-

ating room and anesthetist utilj-zation vrere not looked

into

Comparing results from run 1 with observed

rearity, the model considered 2389 requests and srated L7L4¡

in reality 2344 requests were encountered and of these

at least 1727 were slated. The mode] had a waiting rist
with 395 requests after 50 days; in reaÌity, at most

357 requests could not be slated. The slating clerk
cancelled. 331 requests in the mod.el and 318 requests in
reality.

Regarding operating room utilization, anesthetist
utilization and the utilization of block time, bo't-h the

slating cl-erk and the operating room manager at the vGH \^/ere

consulted. Tndic&.tions v¡ere that the "general purpose"

theatres are in use for a large portion of the day. The

figures from the mod.el may be biased towards a greater

use of theatres 2 and 4 because the search for a room i-s

made in ascending order of the room number. Room 7 is used.

rarely, agreeing with the modelts results. ïn aII, no

significant dåscrepancy was índícated with regard to the

modelrs report on slated utilization of the operating
theatres. The figures for anesthetist utilization arso

generally agreed with reality. Although the block allocation
scheme used by the moder (Table 7) was not identical to



Entries consist of surgeon codes;

Monday

time 1?: t I
800 I 4 6 910

900 1 4 6 910

1000 L 4 6 9:C

1100 119 6 911

1200 33 19 39 8 11

1300 38 19 37 I 36

1400 38 9 37 8 36

1500 38 9 37 I 36

Table 7

Regular block time allocation scheme

rovrs correspond to time of block reservation,
anesthetists (1-7)

9L
00
00
00
00
00
00
00
00

Tuesday

12345

1371526L8
1371526L8
137152618

20 37 15 2r 19

L2 37 L7 2L.L9

t2 l-3 17 2L L9

12 13 L7 2L L9

12 13 L7 2L L9

2L
00
00
00
00
00
oo
00
00

lVednesdalt

I ? 1I:
00000
L2528L2 9

L2528L2 9

L2628l.2L7
2326 834I7
23 27 29 34 L9

24 27 29 34 L9

37 27 29 34 L9

9L
00
00
00
00
00
00
00
00

Thursday

t!M
r22302337
t22302337

32 8302337
32 8 92337
L6L2 92325
L6L2 931 3

L6L2 931 3

L6L2 931 3

col-umns correspond to

1L
00
00
00
00
00
00
00
00

Friday

I ? 1!:
35 16 18 31 36

35 16 18 3r. 36

35 16 18 31 36

37 L6 18 35 36

37 8183536
37 71935 2

3? 7L935 2

37 71935 2

9L
00
00
00
00
00
00
00
00

'(O :ìi
(, ::iì

ii;

-ìl'

i:lì
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the scl^reme In realiLy, but was only based on ít (for

example, the modelled scheme does not allow sharing

blocks), it was indicated that in reality approximately

922 of the block tíme is utilized for slating. Averaged

over all surgeons, the model produced a mean block

utilzation of 0.91 wit.h a standard deviation of 0.16.

After a fairly extensive analysis of the modelled

system, it became evident that. the model does reflect the

desired aspects of the real slating system in a satisfactory
manner. The next step, t-herefore, was to plan several

experíments to illustrate the model's use.

5.3 Experimentation strategy

The main purpose of modelling the surgical slating
syst,em at the Victoria General Hospíta1 was to evaluate

some effects of different block time allocation schemes

without having to actually implement these schemes ín the

hospital setting. with a satisfactorily validated model

on hand, experimentation can indeed prove worthwhile,
particurarly so in the case of digitar computer simuration.

Because of the speed with which today,s computer

executes its instructÍons, it \,ras possible to achieve a

simurated I0-week realization of the slating process, in-
cruding a IO-week "work-up" period, in a matter of tens of
second.s. using the resources of an rBM system 370/r5g

and the FORTRAN H compiler, 93.03 seconds of Central Processing

unit time were used. The particular compirer requires
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considerable core storage ín exchange for a fast compilation,.

and its error messages are quite cryptic. The WATFfV

compiler was therefore used in the initial runs of pro-

gramme development, and requj-red 191.54 seconds of C,P.U.

time for the same job. With computing time being reasonable,

severaf strategies were undertaken to provide quantitative

bases for possible future planning.

Four different block time allocation methods

r^rere investÍgated. Method A corresponded to the system

in use during the observation period. It contained five
anesthetists and the blocking scheme in Table 7. Methods

B and C used four and six anesthet.ists respectively. The

blocking schemes \,rere formed by basing the changes from the

scheme in method A on each surgieon's reguest utílization
statistj-cs reported in ttre a summary (table. B). Tables

9 and 10 show the exacL nature of the time allocaticn used

in method.s B and C.

The size of the exogenous demand for each of the

three methods was generated from the "standard" distributíon
used in run I of Sec. 4.2.3. In fact, the simulat.ion run

providing information on method. A was none other than run

1 itself. As mentioned earlier, a run for each of the three

methods originally called for a 50-day "work-up" period,

forlowed by a rearization of 50 days providing the evaluative

output. rn method B' however, with the dernand being the same

as for A, but with only 4 anesthetists on hand, a problem

was experienced with the inclusion of a "work-up" period.

The size of the waiting list in B increased much more
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Entries consist o.f surgeon

rime 111!
800L469
900 I' 4 6 9

1000 10 11 6 9

]r00 r0 ll_ 6 36

1200 33 19 39 36

Ì300 38 19 37 I
1400 38 9 37 I
1500 38 9 37 8

Table 9

Block Èime allocation with
cod.esi rovrs correspond to time

anesthetists

Mond.ay

:9L
000
000
000
000
000
000
000
000

1'_1!
L37]-526
L37L526
137ls26

20 37 18 21

12 37 18 21

12 13 L7 2L

12 13 17 L9

36 14 17 19

Tuesday

:11
000
000
000
000
0 0.0
000
000
000

4 anesthetists

of block reservation,
(1-7)

M r:
00000
L2528L2 0

L252812 0

L26L7L2 0

2326L724 0

2.3 27 29 34 0

8272934 0

9272934 0

Vüednesday

1
0

0

0

0

0

0

0

0

I
0

0

0

0

thursd.ay

I ? 1!
L223023
I223023

3230 823
3237 I 3

L637 9 3

L6L2 9 3

L6L2 931

L6L2 93I

columns correspond to.

0

0

0

0

:1L
000
000
000
000
000
000
000
000

Friday

I ? 1r
35 16 18 31

35 16 l-8 3l-

36 16 L8 31

36 16 18 35

37 I 235

3719 235
37'19 7 35

37L9 73s

:9L
000
00
000
000
000
000
000
000

(.o
{



EnÈries consist of

Monday

lime : r_: ::2
800 I 4 6 91037
900 I 4 6 91037

1000 I 4 6 9r037
1100 119 6 91137
1200 33 19 39 I 11 20

1300 38 19 37 I 36 27

1400 38 9 37 I 36 16

1500 38 9 37 I 36 16

surgeon cod.es;

Table 10

Block time allocatíon with 6 anesthetists
ror^Is correspond to time of block reservati-on,

anesthetists (1-7)

!
0

0

0

0

0

0

0

0

Tuesday

I ?:::2
1371526]-8 I
L37152618 I
137152618 I

2037 152119 I
L2 37 t7 21 19 16

12 13 17 21 19 38

t2 13 L7 2L 19 38

t2 t4 17 2L t9 38

!
0

0

0

0

0

0

0

0

Wednesday

t::::2
000000
L2s2812 937

L2528L2 937

L 26 28 L2 L'l 37

2326 834t737
23 27 29 34 L9 37

24 27 29 34 L9 L2

37 27 29 34 19 t2

!
0

0

0

0

0

0

0

0

Thursday

I',-: :: 2
L2230233734
L2230233734

32 830233735
32 I 9233735
16L2 9232535
L612 931 337

L6]-2 931 337

L6t2 931 337

columns correspond to

!
0

0

0

0

0

0

0

0

Friday

1 :: :::
3s16183136 I
3516183136 9

3s16183136 9

37L6 183536 9

37 8183s36 9

37 7 t9 3s 227

3i 7193s 227

37 71935 220

:
0

0

0

0

0

0

0

0

\o
@
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rapÍdly than in A, leavíng 482 requests on the list at

the end of the first 50 days, compared to L7B such

requests in A. As a result, the number of requests

presented to B for slating during the second 50 days was

abnormally high, causingi a request file overflow in the

simulator prograïtme" It was therefo::e decided to increase

the mean of the distribution of daily demand for method B,

such that the generated demand would consist of approximately

2350 requests for the first SO-day period. Then, for method

B only, results were recorded from the "work-up" period
(with increased input) and. not. from the second 50-day realiza-
tion" Because the rescanning feature (Sec.4.4.3) causes

rapid. stabilization in nearly all evaluative measures

except those concernj.ng the waiting list, most results
obtained from the first realization should be as reliable as

those which would have followed a "work-up" run. Figures

regarding the waiting list would not have the same meaning

without a "hrork-up" and were therefore ignored for method

B.

fn addition, sensitivity tests, such as those

that had been appJ-ied to method^ A d.uring the validation
process, were also performá¿ on methods B and C. Thus,

the three method.s were examined with a below normal request

ínput (yielding methods A-,8-, and. C-), and subsequently

with the size of the input being raised above the "standard"

Ieve1 (in methods A*, B*, and, C+). As planned, results
from the second 50-day period were recorded in each sensí-
tivity test.



Method D examíned yet another way of estabrishing
an alterante block time allocation scheme, apart from
varying the number of anesthetists. The "work_up,, run of
D \,'ras identical in all aspects to that of method A. rn
fact, since all the random aspects of the model make use of
a sequence of programmedr pseudo-randomly generated variates,
the output. from the "work-up" of D was identical to that of
A. The property of being able to perform the same experi-
ment twice (or more) and to achieve entirely iclentical
results, is a unique and very desirable feature found only
in simulation experiments (Conway , Lg63 | p 52) . Ho\,,rever,

after the first five weeks following the ,,\nrork-up,, ín method
D, the entire block arlocation scheme was dynamically
restructured. Additional coding was provided. in subroutine
SLATER whÍch would zero the previous block array and produce
a new structure.. Request utilization ratios (brock time
used + block time taken + unslated time postponed) * (block
time allotted) ) , which had been calculated for each surg.eon
for the first S-week period, \^/ere multiplied by the allotted
weekly block times to form preriminary reallocation weights.
vlhen each of these weights was dívided by the sum of the
preliminary weight figures, actual reallocation. weights
resulted. These actual weights d.etermined the amount of
weekly block time each surgeon \^/as to receíve. For exampre,
wit'h onry 2 surgeons in the system, surgeon r, allocated
360 minutes with a utilization ratio of 0.33 would yield
a preliminary weight of 360 x .33 = r20. surgeon 2, arrocated

t00
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420 minutes, with a utilization ratio of 3.0 would produce

420 x 3. 0 = L260 as a preliminary weight f igure. I^iith actual
reallocation weíghts for the 'Lwo surgeons being it2l/i*3BO

and 1260/1380, and with the total time available being

420 + 360 = 780 minutes, surgeon I would be assigned 68

minutes (I20/I380 x 7BO), while surgeon 2 would. be assigned

712 minutes (I260/L380 X 780). Tn order to adapt to
the hourry allocation restriction, surgeon 1 would actuarly
receive 60 minutes of block time and surg'eon 2 would receive
720 minutes. An entÍrely new block allocation scheme was

produced after the fífth simulated week. This scheme was

adaptive to a measure of previous system performance (Table 11)..

Five anesthetists vüere retained throughout the method D

realization, and sensitivity tests !ì/ere not performed. The

purpose of method D was to determine the effect of periodicalty
restructuring the block allocation scheme, assuming the

nature of the exogienous demand. will not change.

5.3.1 Observed results

Main results from experiments using methods A,

B, and c, along with their counterparts with intentionally
decreased (A-, B-, C-) and increased (A+, B*, C+) demand

distributions are summarized. in Tabre 12. rnformation on

request slating, operating room and anesthetist utilization
and average utilization of surgeons' blocks ís presented

and analyzed.

The primary characterístícs of each of these

methods are first outlined for easy reference:



Entries consists of

Dynami-cal1y

surgeon codesi rovüs

Tirne

800

900

1000

110 0

1200

1300

14 00

1500

Monday

1',_
137

l_ 37

137

L37

L37

137

137

23?

M
7 9IL
I911
8 f L2

I912
o o l,

I912
I 912
81012

Tabl-e 11

reallocated block time with

correspond to time of block
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Method A: "standard" demand clístribution I L4o surgj-cal

beds, 5 anes'L.hetists, intended to ref lect
reality

Method A-: "1o\,,/" demand distributíon, l.40 surgical
beds, 5 anesLhetists.

Method A+: "hi_gh" demand distribution, 300 surgical
beds, 5 anesthetists.

Method B: "high" demand distribution, I40 surgical
bed.s, 4 anesthetistsr rro "work-up" period!

Method B-: "Iow" demand distribution, L40 surgical
beds, 4 anesthetists"

Method B+: "hi-gh" demand di_stri-bution, 300 surgÍcaI

beds, 4 anesthetists
Method c: "standard" demand dístribution, r40 surgical

beds, 6 anesthetists

Method C-: "Iow" demand distríbution, ]-40 surgícaI

beds, 6 anesthet.ists.

Method c+: "high" demand. d.istribution, 300 surgical
beds, 6 anesthetists.

The primary purpose for performing these experiments

was to investigate the effects of altering block allocation
by reducing the number of anesthetists to four, and then

increasing the number of six. Sínce the block time allocation
structure is the centrar component of the slating system

and since the Ètructure is related directly to the number

of anesthetists in use, experimental results provided some

varuable insight into the srating system,s operation.
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a) A runs (S anesthetists):

With the "standard" block struc.ture, ít was

immediately noticed that the fraction of reguests slated
in A and A+ was sufficiently below the maximum of 0.87.

. Since the size of the vraiting list did not reach equilibrium 
.,,,,,1,,.,

ín methods A and A*, the demand proved Loo high for Lhe

system to handle. rn A, the main reason for this fact was

the evident rack of sufficient brock time. 
,,,,,,,::,,

Method A*, with an even higher input, demonstrated :: :::

that in ad.dition to a lack of btock time, a lack of operating ,.,,.,,,

rooms is apparent"

Vlíth a 1ow demand, method A- showed the waitÍng
rist stabilizing. A request for a given day that was not

slated on that day was required to ,,wait,, an average of
2.lL days. This figure was considered reasonable.

The most interesting fact deduced from the A-runs,

however, \¡ras found in operating room (o.n"¡ and anesthetist
utilization. As the demand was increased in A+, the operating
rooms and the anesthetists \^/ere not utilized more, implying '-,,.,.,..

:

that the system Ín A was already operating und.er a heavy load. ,'.',-"',,,'.

. ,', , 
,.:,, 

,,

b) B runs (A anesthetists):
When a reduction was made to 4 anesthetists,

in the B-runs, the resurts \irere quite predictable. The 
.:r.;:.:,:

fraction of requests slated dropped considerably because of ':':r::::'':

a lack of block time previously associated with the 5th

anesthetist. The waiting list did not stablizer âs expected
' fhe number of requests in B postponed because of
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insufficíent (exísting) block time dropped from that in A,

because only 4/5 of the existing l:lock time in A was avail-
able in B.

The number of surgical beds was adequate as was

the number of operatingi rooms. The operating rooms, were in
use approximately 7Bz (36.L0/46.18) of the time used in A.

Thus, the percentage d.ecrease in o.R. utirization was approxi-
mately equal to the percentage decrease in block time (aoz)

a hypothesis which, if corroborated by further experÍmentation,
might prove to be quite useful.

On the averager ân anesthetist ín B was not more

occupied than an anesthetist in A. since, ín realityr ärr

anesthetist is assigned to one "column" of blocks covering
the B hour time span for surgery, removal of one anesthetist
should not necessarily increase the amount of time each

remaining anesthetist (who is assigned. to his own ,,column,,)

is occupied. vüith a large enough demand, anesthetist
utilization depends strictry on utílization of exj-sting
block time and on the number cases which have been cancelled
and cannot be replaced Ín time.

With an increase in demand, the B* run caused

an overflow in the request fil-e after the 4th week following
the "wòrk üp". No results on this run \^rere tabulated.,

, Use of a lower demand and a "work-up" period in
B- did not change the o.R., anesthetist, and. average broclc

utilization figures from those in run B wíth no 50-day

"hrork-up". Even with a lower demand, the waiting rist did
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not stabilize in B-, indicatíng 'bhe demand rvas s{:i11 too

high for only 4 anesthetists.

c) C runs (O anesthetists) :

An increase to 6 anesthetists automatically

provid.ed I20Z of 'the available blocl< time offered by A.

The extra block time aided considerably in the throughput

of requests as evidenced by the stablizaLion of the

wait.ing list, even with a higher demand in method C+.

Vüith an íncrease in throughputT however, a serious

lack of both surgical beds and available operating ïooms

was noticed. V'Iith the bed census limit increased to 300 from

140 in C+, 809 requests were postponed because of a lack

of an appropriate operating room. Primarily as a result of

the lack of O.R. f..ititi.=, the block time utlization

average was lower (0.e2) in C+ than in A (0.91)" A lack of

surgical beds further lowered the block time utilization to

0. B0 (in c) .

The anesthetist, whose utilization is directly

related to that of block time, was (on àn average) occupied

less than in A (67.103 in C and 7L.OBZ in C* as compared

to 75.00? in A). An immediate benefit of adding the extra

anesthetist, however, was that the waiting time was sub-

stantially reduced for a request that had not been slated

directly from daily d.emand. Such a situation would be

beneficial to both paÈient and surgeon

The hypothesis arísing from the B-runs that Lhe

perceniage increase in block time should yield an approximately

equal percentage increase in the average O.R. utilization,

was diffÍcult to verify; since O.R. and bed availability
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vùas not adequate. However, the fact was estal¡Iished thal:

an adequat.e availabitity of operating rooms and surgical

beds is a necessary (but perhaps not sufficient) condition
for not rejecting the hypothesis.

5.3.2 A proposed al-ternative

Since operating room availability could actually
be increased at the Victoria General Hospital (theatre 12 had

been left delíberately idle), the results from the C runs

initiated an analysis into the possibility of adding a 6th

anesthetist to the actual slating system. while the results
from method C leave no doubt as to the fact that an extra

anesthetist wou1d. increase the request throughput and decrease

waiting under the specified demand load, several quest.ions

had to be answered regarding the effect of such a decision

on operating room and anesthetist utilization.
Since the number of surgical beds can not be in-

creased in reality, results from c indicate that approximately

550 additionar requests courd have been slated in 10 weeks

had sufficient operating theatre(s) been made avaílable.
Attempting to sl-ate 55 requests per week in the additional
theatre (s) -would require at least 3575 minutes (using a con-

serv'ative estimate of 65 minutes for the duration of a pro-

cedure with a generar anesthetic). since a maximum of 24oo

minutes would be available in the extra room 12, at most 37

additionar requests courd be slated per week. A more realis-
t,ic estimate, realizing that ind.ividual operat.ing room utiliz-
ation rarely exceeds 702 because of ot.her constraints, would re-
duce 37 to 26. hliÈh an additional room in use 7oz of,the time,

the O.R. utilizatÍon average would increase from 48.gAE to 51.IOB
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The hospital adminj"stration's objective i.s to maxi-

mize the throughput of patients in a gi-ven time, subject to

structural constraints such as the surgical bed limit and the

existing number of operating rooms. Results from run C imply

that use of an additional operating room woulcl indeed cause

a higher weekly throughput of surgical patients. Such a de-

cision, however, would create an extra cost for the use of all
additional O.R. personnel and for such items as linen, nec-

essary drugs, and other supplies. Should the number of pa-

tients put through per week seem satisfactory enough with 5

anesLhetists, a d.etailed cost vs. benefit analysis for using

the add.itional theatre would seem in order.

From the point of view of the five existing anesthe-

.tists, the addition of a 6th anesthetist¡ âs modelled in run

C, would be beneficial only if the averag'e anesthetist utiliz-
ation \À7ere to be greater than or equal to that in run A
(i.e. 752). The reason for this is that the group of working

anesthetists is awarded a fee for each surgical procedure.

The money accumulated for the group is then divided among

all the members of Lhe group. Thus, should a 6th anesthetist

lower the average anesthetist utilization, his presence wourd

lower the income of each of the initial five anesthetists.

With no additional operating room provided and. 6 anesthetists
in use, run C showed that the anesthetist utilization figure
did decrease from 75.003 to 67.108.

Should. room 12 be opened and utilized approximately

708 of the time, about 26 more cases wourd be srated per week.
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Assuming equal distribution among al-l the anestheti-sts, ân

additional averagie of 4.33 requests would be slated by each

anesthetist per week. Out of these 4.33, a certain "gap

fraction" will consists of non-replaceable cancel1ations

which do not contribute to anesthetisL use. Since a "ùap"

request occurs when i) the cancellation is made by the

slating clerl< and is not replaceable or ii) the cancellation

is not made by the slating clerk but by the operating room

supervisor. The value of this "gap fraction" \r'as obtained by

applying results from probability theory (La Valle, I970,

p.B3) to observed relative frequencies.

Prob (gap request) = Prob (cancellation by slating clerk
' AND non-replaceable cancellation)

+

Prob (no cancellation by slating clerk
AND cancellation by O.R. supervisor).

= Prob (cancellation by slating clerk)

x

Prob (non-replaceabl-e cancellation
given that a cancell-ation by slating

clerk has occurred)

+

Prob (no cancellation by slating clerk)

x

Prob (cancellat.ion by O.R. supervisor

given that no cancelLation by slating
clerk has occurred).
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. Prob (gap request) = 0.15 x 0.15 + 0.85 x 0.17

. = 0.L67

Vlith 0.16'7 as the "gap fraction", an averagie of only 3.61

additional requests per week would contribute to an anesthet-

íst's u'b.ilization. Using the .cequest duration figure of 65

minutes, each anesthetist would recei've 235 extra minutes

of work weekly, yielding an additional 9 "BZ average utiliza-
tion. This would increase the anesthetist utilization figure
from 67.I0 in run C to 76.90, justifying the additíon of a

6th anesthetist to the system, provided t.he demand had not

been extraordinarily high during the observation period.

Since several 'unsubstantiated assumptions (e.9, 702 utiliza-
tion of the additional roomr ârr even spread of additional
cases over all anesthetists, average length of a surgícal
procedure) were used to arrive at this conclusion, further
experimentation with the model would have to be performed in
this regard before making definite recommendations.

5.3.3. Effects of adaptive blocking

As previously mentioned¡ Ern experiment was performed

with method D, \^/hereby the block allocation scheme of method A

\tras entirely restructured by the simulator itself after the

5th week. the new blocking system was based on each surgeon,s

ut,ilization of his initiarty assígned time. Table rr shows

the dynamically reallocated block times obtained in method D.

A comparison of the l0-week summary results from D with those

from A is presented in Table 13.



Tab1e 13

Evaluative measures for an adaptive blocking system

Method A

( 1) Fraction of requests sl_ated 0.72

( 2) Average waiting time/request 7.Bg

( 3) Average size of daily WL 264.84

( 4) Insufficient block postponements L462.00

( 5 ) Average O. R. utilization eo 46 .18

( 6) Average anesthetist util-ization s" 75.00

( 7) Average block time utilization 0.91
( 8) Standard deviation in (7) 0.16

( 9) Average request utitization 1.50
(10) Standard deviation in (9) O.BB

LI2

D

0.74

7 .38

237.40

L469 "00

4s "93

74.7s

0.94

0.05

I.s4

0.66



Although the restructured block system was in effect
for only the last 5 weel<s r method D already showed an increase

in the fraction of requests slated during a l0*weel< period.

The average waiting time figure, although obtained for an

unsLal:ilized queuei-ng system, showed signs of a decrea;e.

A significant result occurred in the average l¡Iock time utiliz-
ation figures in which D showed an increase of .03 with notice-
ably less dispersion. This indicated a more uniform utiliz-
ation fraction for each of the surgieons' blocks. Request

utilization data showed less variability among the surgeons,

indicating the blocking system in the last 5 weeks of D was

indeed more "fair" with respect to distributing avail_able

time to aII tile surgieons.

The results from method D indicate that reallocation
of block time based on data from the simulation can indeed

create an improvement in the system

Also, the results point out the need of an endogenous

component of the slating system (viz. the blocking scheme)

to adapt itself periodically to the exogenous demand which

affects the system's efficiency. rn reality, such block real-
local-ions should be performed often enough to increase signifi-
cantly the throughput efficiency, but not so often as to cause

un\{arranted discontent and confusion among the surgeons.

5.3.4 A swnmary of reLevant conclusions

From the preparation and execution of the d.escribed

experiments, several basic conclusions vrere drawn about the

Victoria General Hospitalrs surgical slating system.

r13
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They. are nor{ sunìrnarized and presented.

1.) The system encountered a very high demand

for surgery during the observation period. since only
5 anesthetists were actually in use, the demand must

show conside::able scasonal variabil-ity.
2-) There are 3 main constraints on the through-

put of requests for surgery:

i) the surgicar bed limit (L2B beds in rearity)
ii) the available block time (rerated directly to
the number of anesthetists used) and

iii) the availabirity of sufficient operat.ing room

spac,e at the approprj_ate time.

3.) For a particular internar structure of the
' slating system, there exists an upper limit on anes-

' thetisÈ ai:d operating room utilization. A larger
input will have no effect on the utiri-zation figures
once this limit has been reached.

4-) some experi-mental results yield the forlow-
ing hypothesis: "The percentage change in available
block time is very nearry equal to the peïcentage
change in average operating room utirizati-on, provid.ed
that the availability of operating rooms and surgical
beds is adequate. " There is not enough evidence to
confj_rm the hypothesis as fact.

5.) with a large enough demandr ârr anesthetist's
utilization will not depend on the number of other
anesthetist,s working with him.
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6. ) An additional ( sixth) anesthetist woul_cl

require at least one more operating room clesignatecl

for "general purpose" procedures. Thus, the benefib
of addiLional throughput wourd involve the cost of
maintaining additional facil-ities.

7.) With one additional_ operating room opened

for general use, indications are that a sixth anes-

thetist would prove quite beneficial- provided the
demand remained as high as during the observation
period

8. ) Block time arlocati-on should be periodically
restructured.. The procedure.should be based not only
on the surgeons' past utilization of their brocks,
but arso on the duration of cases that the surgeons

had to postpone because of insufficient b]ock time
(as is accouñted for in the model's request utiliz-
ation indices).

5.4 General comments

upon examining the results from experimentation, it
is easy to realize that considerably more knowledge is obtained
about a real life system by attempting to simulate it. New

ways of analyzing the system become evident and more inter-
reLationships are recognized among the system's components.

with the experimentar resurt.s ordered. and outlined. by an

"operationar researchêr", management has a more solid base
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from which to make the ever necessary decisiotls.

The slating system simul-ator has dcmonstrated the vrays

in which it does reflect aspects of reality" The experiments

performed have given an indication as to the model's potential

use. Such experimentation, ho\,üever, has al-so pointecl cut

areas in which this "first generation" model can be improved,

so that a future version would become even more reliabl-e in
its quantitative system evaluat,ion. The revised. model should

also be extended to allow f-or a greater variety of possible

experiments. Several proposed revibions and additions are

outlined in the following chapter.
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CIJAPTER SIX

PROPOSITIONS FOR I¡URTHER DEVELOPT,IENT

6.1 Introduction

rn producing a simulation moder of the surgical
slating syst.em, the primary concerns were to construct a 1og-

ically correct programme, to demonstrate confidence in the
model's validity, and to perform several experiments indicating
the modelrs potential use. with the value of the simul-ation

model established, the main purpose of the model then becomes

its actuar use as an aid in d.ecision mal<ing. rf the model

is to be used on a tlrn term and more gienerar basis, however,
j

it is necessary to implement several improvements and extensions, l

I

the introduction of which was made obvious in primary experi- I

Ì

mentation. Propositions for development of a "second. generation,, :

simula'¿or are outlined in the remainder of this chapi:er. l

6.2 Sj-mulating the performance of surgery

rn an attempt to expand the model, the iniLial as-
sumptions vüere reviewed to identify those posturates whích,
if altered appropriately could provide a more accurate reflec-
tion of the simurated system. For example, figures for duration
of surgical proced.ures were ent.irely determinist.ic and depend.ed

only on the surgical class. rn determining post-operative
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length of stayr flo variability was involved after probabilist-
ícally identifying the type of procedure in a crass (sec.

3.2.), In practice, . it is weII known that two id.entical
operations hardly ever last exactry the same amount of time.
Effects on surgi-ca] duration of factors such as the j-de¡tity

of the surgeon, the age of the patient, and others, seem too
significant to be ignored without justification. Also, a

patient may recover from surgery more rapidly than expected,

or he may remai-n i-n hospital beyond his expected discharge

date

The distributions of observed. duration of procedures

from each of the 37 classes should be thoroughly analy zed.

The data may indicated that d-uration of a surgical procedure

can be adequately represented by a theoretical probability
distribution, such as the normar (Gaussian) distribution
(Barnoon and Wolfe, 1968, p.281). An analysis of variance
(Maisel and Gnugnoli , rg72, chapter 6) shoul-d be performed

on several factors suspected to cause considerable variation in
the mean duration for a particular surgery class. 

. 
with the

statistically significant effects of some factors identified,
a more precise effect of each factor on duration of surgery

can be described by a linear regression equation (VÍinston, Lg64)

rn any case, use of entirery deterministic figures for the
duration of surgical procedures should be abandoned in favsu¡
of distributions of duration. Mean values for each distribu-
tion should be retained, however, for they couLd, stilr be

used at. the slat,ing st.age.



In the "first generation" model, evaluative measures

such as those on operating room and anesthetist utilization
were based on the assumption that all surgical procedures

.--wrll have bcen performed exactly as srated. The actual
process of performing the operations generated by the daily
slate v¿as implied, but not simulated. use of distributions
of surgery lengths woul-d prove beneficial not so much in the
slating (since the clerk can not predict much of the variability
that wil-l arise) but. in an additional section of the model

devoted to surgery simulation. A simuration of the surgical
processes every day, following the formaLion of the slate,
would make the model more complete in its erratrration of the
surgery system in general. rt would ad.d, to the credibility of
the existing evaluaLive measures and would al1ow introduction
of other measures rvhich depend on the randomness in the realiz-
ation of surgicar procedures. For example, amount of overtime
beyond a surgeon's block and the number of late starts because

of overtime j-n the previous case could be identified.. Dif-
ferences between scheduled time and starting time could be

recorded in the model for each classr or even for each

surgeon-class combination. Data on the timely arrival 0f all
personnel required for a surgical operation could be analyzed
and incorporated into the model. The effect on the o.R.
util-ization of a tate arrival by a surgeon or an anesthetist
courd be reported. rn arl, introd.ucing stochasticity into the
duration of surgical procedures woul-d atlow not only an adequate
anaJ-ysis of slating, but a reflection of the activities created
Ì:y each daity slate.

119
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. The randomness in post-operative LOS woul-d give

a more realistic picture of surgical bed availability, whj-ch

has proven to be a constraining factor in situations where the

d.emand is high. The surgical bed census shourd be monj-tored

and printed out daily. The number of days in a run on which

the limit has been reached should be reported, and the days

identified.

6.3 Varying the scheduling algorithms

In the primary version, requests for general anes-

thetic surgery were scheduled within a surgeon's block strictly
according to a first come, first served principle. As pointed

out ín Sec. 3.3.3, this procedure can cause unnecessary idle
fragments in block time and is definitely not optimal. Sev-

eral dj-fferent ordering schemes should be attempted for cases

within a block, with the effect of.each on the evaluat.ive

measures noted.. For exampler the cases with the longest mean

duration courd be slated first. Another scheme wourd be to

slate the shortest cases first. Goldman et al. (1969) suggest

a policy which slates the most variable cases first. Tn order

to test the effect of different algorithms satisfactorily,
appropriate stochasticity is required in the duration of a

surgical procedure. with this stochasticity present, atÈempts

courd be made to produce an optimal scheduling algorithm, that
is, one which woutd cause the idle time of personnel and waiting
time of patients to be held to a minimum.
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In simulating actual performance of surgery, all
procedures shourd be carried out in their assigned operating

rooms as soon as possible, in spite of their slated starting
times. In this wây, fragmentation of one surgeon's block in
the niddle of the day woul-d not cause unnecessary overtime for
the operatíng room personnel. In the experiment on dynamic

reallocation of block timer the block construction procedure

was very rudimentary and would need to be refj-ned. Each sur-
geon should receive an amount of consecutive block time with
the same anesthetist equal to the maximum mean duration of al-I

the surgery classes which the surg,eon has requested. As much

time as possible should be assigned in contiguous blocks. rn

addition, all block time in the revised model should be assigned

by the half-hour and not by the hour.

6.4 Varving the exogenous demand

It is quite reasonable to assume that, in reaiity,
the daily demand for surger)z varies with the time of year.

The surgical demand at the Victoria General Hospital is usuatly
lower for July and August than it is for February and l1arch.

The demand for late December is not as high as the demand for
early April. f f the model is to ref lect .reality as far as

the srating sysLem is concerned, it must reflect reality with
regard to the input affecting that system. Thus, a fairly
detailed investigation into the seasonal variation in the

demand would have to be performed. Techniques sf linear
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regression (Draper and smith , Lg66) could be used to forecast

the expected monthly demand based on past data. The forecasting
model, which v¿ourd update itself through time, should provide

the appropriate input to the slating simulation model. Also,

seasonal variation in the relative frequency distributi ons of

a particul-ar surgeon making a request ancl of a particular
request being for a specific crass wourd need to be analyzed

and accounted for. The simulation model couLd then be run for
at least 25 weeks, with an initial 1O-week ',vr'ork-up".

An add.itional feature would be to make us.e of two

independent pseudo-random number generators. One would be used

in producing t.he demand, with the other strictly for use by

the simulators of slating and performance of surgical proced.ures.

This woul-d ensuie independence of the nature of endogenously

generated variates from the nature of the exogienous demand.

Thus, for example, different slating procedures could be

evaruated on their ability to cope with identical- (but stoch-

astically generated) realizations of daily demand.

6.5 Programming requj-rements

With the introduction of time varying d.emand , of a

more precise selection method for slated duration, and of actual
simulation of the surgical- processes, the simulat.or programme

would need to undergo severaL changes and additions. The demand

generation segment would contain coding expressing the relation-
ship of demand size to simulated time. Appropriate accumulators

L¿¿
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would allow the updating of this relationship a'b regular inter-
vals. should additionar factors such as patient age or weight
be requj-red to identify a requesL more completely, the number

of rows in the request file structure woufd have to be increased.
such factors would be associated with a particurar request
upon generation of variates from appropriate empirical dis-
tributj-ons" For example, the cumulative distribution function
for patient age (or, aL least t ãgê group) would be read i-n

and stored"

Each surgieon-cl-ass combination,would be associated ::,, 1.,1,

with a particular distribution of duration (empir:ica1, or
perhaps analyÇic), since the identity of the surgeon would

most likely have a bearing on the length of a procedure. The I

l

Imeans of each distribution would need to be computed and. stored, ,l

since the duration <¡f surgery would remain deterministic in
the slate production stage. Hov/ever, in the additional sur- 

:

gerysimu1ationsegment,variateswou]dbegeneratedfromthe

duration distributions. Factors such as patient age and weight
could' affect the simulated duration by incl-usion of a 1inear ,i,,,,.,,,,,

tt,t;t' t'

regression model in the progranme, as d.iscussed by Esogbue ,,,:,:;:,,,

(1968, p.96). Nev¡ accumulators wourd be introduced to evalu-
ate the performance of surgical operations. patient waiting
time, surgeon's waiting time, and. actual (simulated), rather 

,,:,.,.,.,,,..than slated operating room and anesthetist utilization woul_d ".: 
'':-":

be recorded.

The simulation of srated surgery would be programmed

as an "event advance" (Emshoff ç si-sson , rg7o, p.159) procedure,
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vrith each operating room viewed as a "server" in a queueing

process. The arrival times would be obtained fr.om the slate
(i.e. deterninisticalty), while service times would be treated

as random variables. Each operating room i-n use would thus

crea;-e a separate queueing system, since operating: room d.esig-

nation for a particular case would. not change after the sl-ate

has been produced.

Since the state of the simulated system changes only

upon occurrence of an additional event in the "event ad.vance"

method, the surg:ery simulation segment would r"nuir" another

linked l-ist structure representing future events. upon realiz-
ation of the events, nodes representing them in this structure
would be zeroed and at.tached to the availability list. care

should be Laken to produce efficient coding and to minimize

the necessary computing time

Presently developed segments of the simulator should

be made adaptable to a more general situation, where, for
example, the number of surgeons could exceed 39. Thus,

attributes of many endogenous system components should not.

be assigned. values in the programme, but should be charac-

terized by appropriate input to the programmed simulator.

6. 6 Controllirig the sygtem' s operation

With t.he proposed additÍons and refinements described

in this chapterr the "second generation" moder, after having

undergone exLensive validation, should reflect. surgical



slating aL the Victoria General Hospital with more accuracy

and more detail. With the potential for a grcater variety
of experiments and with an j-ncreased amount of output, such

a model could be run periodically, in "batch" mode, to aid

hospital management in its operating decisions. The no<le1

would also prove valuable to the slating clerk in refining
her technique.

Should the nature of the varying demand be success-

fuI1y mod.elled, the combinatj-on of i) the demand forecasting

model and ii) the slating and surgery simulation model, could

be viewed as a "mathematical control.model" of the entire
surgical sub-system in the hospitar environment" fts regular

use with periodically updated input would all-ov¡ the output

from this model to control most of the hospital's activity
related to surgery. With a "control mod.el" on hand, manage-

ment would be able to anticipate undesirable changes in the

actual system's performance and. could introduce preventive

measures to keep the system's operation under control
It is evident, however, that construct.ion of such

a refined model would require considerable time, effort, and,

most of all, data. Since the data presently being gathered at
the hospitar are not extremery extensive, nor are they cen-

tralized, the lack of appropriate data could pose serious

problems in the modelrs further development. However,

with cornputerized data banks in sight as components of large

scale automated "hospital information systems,,, much more data

should be available in easily accessible form. This would.

L25
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allov¡ the development and use of an even more refined surgicat
system model in conjunction with models of other hospital
sub-systems.
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CHÀPTER SEVEN

THE MODEL WÏTHTN A HOSPITAL INFORMÄTION SYSTEM

7.I Potential for further model use

The concept of a hospital information system (HIS),

defined by Bekey and schwarLz (L972) as "a high-speed, computer-

controLled. multistation authorized access information flow

network for the hospital", is receiving increasing attention
in the involvement of computer systems in the health care

field. The study initiated at the victoria General Hospital
(sprague, r972) indicated that an automated. information sys-

tem at the hospital is indeed feasible and should become

reality in the not too distant future. At least two such

extensive systems, the Kaiser-Permanente Medical fnformation

System j-n Oakland, California (Van Brunt, l-?TO) and the

Danderyd Hospital computer system in sweden (Abrahamsson et ar.,
1970)havea1readydemonstratedtheirwiderangieofapp1ication

wiLh unquestionable benefits. ,:'

The main featureS of a hospital information system

are its centrarization of all data pertinent to hospital
activity and. its capacity for rapid retrieval- of such data 

.,1

which are grouped appropriatery and arranged. for visual impact.

ïn addition, the Hrs is arways developed modurarly, making

necessary the identification of particular hospitar sub-

systems (eg. slating) and their components. Since a simulation 
,approach requires detailed system identification, extensive
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daba and appropriate computing facilities, a FIrs environment

would undoubtedly stimurate interest in the use of more in-
volved simulabion models on a regular basis.

7.2 A "third g,enerat.ion" model

With the implementation of a hospital information

system, the "second generatj-on" model of surgical slating
proposed in chapter 6 coul-d undergo even further arteratj-on.

Aspects of the system that \,vere not considered because of
nonexistent or insufficient data, could be included. For

exampler distributions of the actual arrival times of surgeons,

anesthetists, and. otier required personnel relative to their
scheduled arrivals, coutrd be retrieved from a data bank in a

matter of seconds" special programmes could be introduced

into the Hrs to isolat.e significant factors affectíng the

rength of a surgical procedure ba.sed on continually updated

information. The demand for surgery and surgical bed. occupancy

would be reflected much more accurately, and many unexpected

occurrences could be predict.ed.

Development of a "third generation" model of the

surgicar slating sub-systenr should be based not only on the

availabj-lity of more information, but also on innovations

suggested solely by repeated use of the "second. g,eneration"

version. For example, the operating room designations could

be made to vary according to the sj-mulated time of year,

Perhaps attempting ydt another scheduling algorithm may be
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warranted.Shou1dtheproposedclrangestendtoa]-tersignifi_

cantly the structure of the f irst two ve::si-ons, rewritirlg the

entire programme might be worthwh:'-le. The basic existing flow

of logic (Appendix 2) could be retained.

fn addition to exis:ing simui-atic¡n languages such ,, ,,,

as STMSCRTPT and GPSS, new languages, oriented specificalry
toward simulation are being developed conLinuarly. The aim in
this development is to provide for more versatility in appri- 

i,,, ,,r,,

cation and to keep the programming done by the user to a 
:'::: '::

minimum. By the time a hospital information system would be ,:',..,'.,r.

impl.emented at the Victoria General Hospital, it is safe to
assume that construction of the latest version of the slating

l

model in FORTRÄN would not be advisable.
,The "third generation" slating model wauld soon 
.

become a much relj-ed upon manag'ement aid. since a Hfs would 
;

provide for on-line terminals, the simulator could. be calred 
.

from such a terminal in an interactive mode. The model '

programme would reside on auxiliary storage and wourd be 
::,.:.::;

allocated main core upon request. use of the model would not :':.:

be limited to a series of "batch" mod.e runs, but would. alIow .,r,,,,,,,,,,'': :

consid.erable "conversation" between the model and the user

The user could alter simulated policy decisions during Lhe

course of a runr upon examining a variety of output available 
;,,,;.,.

virtually upon request. For example, the economic consequences 
:: :';-1:

of adding or deleting resources would be displayed for the

user in an easily understandable format. The user coul-d then

indicate in what manner the simulation shourd proceed. wiùh
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this leve] of sophistication, extensive "control modcls" for
many hospital sub-systems would become indispensable,

7.3 Comput.erized slating

In addition to mod.elling the slating system lcy

computer' the HIS would. involve the computing resources in the

actual slating actj-vitj-es. Sprague (L972) reports that

".. the slating clerk can be assisted. greatly by a computer

based scheduling procedurel' Refinements and. additions

to the main ideas developed in subroutine SLATER would create

an on-line interactive computerized slater, The role of the

slating clerk would then be to interface between the computer-

.ized slater and the requesting su.rgeons. upon input of al1

relevant information, the slati.ng clerk wourd receive an

acknowledgment of the request and a proposed starting time.

The computerized slater would need to be accessible throughout

the regular working day. rt would have rapid access to files
with information on predicted surgical bed census and on

previously srated requests, in addition to information used

by the slating simurator. An optimal scheduling algorithm

would be used, improving the utilization of facil-ities. v'¡it.h

the load on the slating system at the Victoria GeneraL Hospi-

ta1 expected to increase substantially because of increasing

urban development in the vicinity, t.he aid of the computer in
the daily slatÍng procedure wil-I be required and appreciated.

, t r"1:
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7.4 Conclusion

The concept of a sysLem is receiving an increasing

amount of attenbibn in our current culture. Everyday occur-

rences in various institutions are no longer viewed. as dis-
tinct acti-vities, but as components of more complex sl:stems.

The aim of this "component thinking" is to discover those

system components whose measures of performance are truly
related to the performance of the overal-l system. fn the

extensive Hrs as well as in the "first generation" simulator,

the synthesis of components is clearly evident. fn fact, much

of the varue of computer simuration models lies in the fact
that they are conceived and developed according to a "system

philosophy", and can. bring to light operational characteristics
that may have otherwise never been noticed.

It has long been said that "fortune favors the pre-

pared mind". with a more global outrook and a vision of the

future through effective simulation, it is hoped that everyone

concerned will indeed be better prepared to deal- with the

increasing complexities which are ari-sing in the delivery of
adequate health care

1-31
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1.

.A LTST OF PROCEDURES TN EACH SURGERY CLASS

Local Anesthetic

LOCAL_I:

Circumcision
Vasectomy

LOCAL-2:

Cystoscopy
Cy s tos copy-panendo s copy

LOCAL.3:

Cysto-retrograde pyelogram

LOCAL-4:

Toenail removal
Closed red.uction of fracture
Need.le biopsy of vertebra
Removal of K-wires

LOCAL-S:

Bronchoscopy
Laryngoscopy
Otoscopy
Tracheoscopy
Tympanostomy
Myringotomy
Sigmoidoscopy
Excision of polyp
Excision of cysts
Excision of nevus
Removal of tatoos
Biopsy

LOCAL-6:

Complete exodontia
Impactions
Extractions
Excision of hypertrophied tissue of mout.hExcision of oral antral fistula

2.

3.

4.

5.

6.
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7. LOCAL-7:

Extraction of cataract
Ect.ropian excision
Chalazion exci_sionpterygíum excision
Xanthoma eyelid excision

General Anestheti_c

8. GENERAL-T:

Appendectomy
Circumcision
Breast biopsy
Anal fissurectomy
Sigmoidoscopy
HemorrhoÍdectomy
Excision of pilonidal cystExcision of lipoma
Excision of mammary d.uct system
Vasectomy

9. GENERAL-2:

Gland. biopsy
10. GENERAL-3:

Herniorrhaphy
Cholecystectomy
Varicose veín ligation and strippingSimple mastectomy
Thyroidectomy
Repair of prolapsed rectum
Colostomy closure
Orchiopexy

I1. GENERAL-4:

Common bile duct exploration
Vagotomy a gastroenterostomy
Partial gastrectomy
RadÍcal mast.ectomy
Femoral-popliteal bypass
Aorta-femoral bypass
Jejuno-i1eat byþàss
Staging laparotomy
Hemicolectomy

ì,
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L2. GENERÀL_S:

Radical gland biopsy

13. GENER.A,L-6 :

Abdominal perj-neaI bowel resection
Removal of abdominal aneurysm

T4. GYNECOLOGY-I:

Tubal ligation
Cone biopsy of cervix
Cervical amputation
Cervical cauterization
Dilatation & curettage
Excision of Bartholin gland
Hymenectomy
Salpingectomy
Oophorectomy
Laparoscopy
polypectomy
Perineotomy

15. GYNECOLOGY-2:

Hysterotomy
Abdominal hysterectomy
Vaginal hysterect.omy
Anterior vaginal repair
Posterior vaginaL repair
A&pvaginalrepair
S a lpingo- oophorec tomy
Tuboplasty

16. UROLOGY-I:

Cys to s copy-panendo s copy
Cystoscopy a manÍpulation of stone
Cystoscopy a needle biopsy
Cystotomy
Urethrotomy
Transurethral resection of bladder neckFulguration of lesion
Dilatation of stricture

T7. UROLOGY-2:

Cystoscopy e retrograde pyelogram
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18. UROLOGY-3:

Cystoplasty
Orchidectomy
Hydrocelectomy

19. UROLOGY_4:

Ureteroli-thotomy
Nephrolithotomy
Suprapubic prostaLectomy
Retropubic prostatectomy
Transurethral resection of prostate
Pyeloplasty
UreLeros igmoid anas'L.omosis
Ureteronephrocys to s tomy
Exploration of kidney
Marshall-Marchetti procedure
Pereyra procedure

20. OBSTETRTCS-1:

Caesarian section
Shirodkar suture of cervix
McDonald stitch of cervix

2L. ORTHOPEDICS-1:

Closed. reduction of fracture or dislocaLíon
22. ORTHOPED]CS-2:

Simple amputation
Anthrodesis
Bunionectomy
Excision of ganglion
Release of Dupuytrenrs contracture
Menisectomy
Anthroscopy
Release of carpal tunnel
Bursectomy

23. ORTHOPEDTCS.3:

Major amputati,on
Laminectomy
Bone graft
I,üedge tarsectomy
Tendon repair
Spinal disc resection
Open reduction of fracture
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24. ORTHOPEDICS-4:

Spinal fusion
Arthroplasty

25. PLASTTC_I:

Dermabrasion
Z-plasty ,.1,, .

Pedicle skin graft
Breast augmentation
other l-hour plastic procedures

26. pLAST'C-2 : 
,,,,,,

Repair of bilateral lop-ears :

Transposition & neuroplasty of ulnar nerve
Breast reductio 

stiõ rrrnroo^rrr, 
l'"":'other 2-hour plastic procedures

27. PLASTTC-3:

3-hour plastic procedures

28. THORÀ.CIC-I:

Mediastinoscopy 
:

29. THORACTC-2:

Lobectomy l

Mediastinoscopy e lobectomy
Pneumenectomy
MedÍastinoscopy & thoracotomy

30. EAR-NOSE-THROAT-1: 
,,,,,1

Bronchoscopy , ,., 
,

Laryngoscopy ', 
'.',' ,

Otoscopy
Tracheoscopy
Tracheotomy
Tympanostomy
Removal of papitloma pharynx
Tubing of ear ,: :..

tonsillectomy :":i :

Adenoidectomy
Tonsillectomy & adenoidectomy
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31. BAR_NOSE-TIIROAT_2 :

Laryngotomy
Myringotomy
Rhinoplasty
Submucous resection
Tympanoplasty
Exploration of ear

32. EAR_NOSE-THROAT_3:

Mastoidectomy
Stapedectomy
Rhinoplasty & submucous resection
Myringoplasty
Myringoplasty revj-sion
Reconstruction of ossicular chain

33. NEUROLOGTCAL:

i Cervical sympathectomyI Lumbar sympathectomy

34. DENTAL-I:

fmpactions
Extractions
Complete exod.ontia
Excision of cysts of the mandible
Excision of hypertrophied tj_ssue of mouth

35. DENTAL-2;

2-hour dental procedure

36. OPHTHALMOLOGY-I:

Cataract extraction
Strabismus correction
Ectropian excision
Chalazion excision
Pterygium excision
Blepharoplasty

37. OPHTHALMOLOGY-2:

Dacrocystorhinostomy
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-c*-+ 
+ * *'* * * * * ** *-* * ** *-*-t* * *,ü * + * * * * + * * t, ** t * * rr

Ct * * *'1. t + * * * * * t<'lß * * ¡Ë * + + + A * * + * * * * * * S * * + + + * t *
c
c
c *++ PROGRÀMI1E SURSCHED ***
C A DIGITAI SII.IULATION I1ODEL
C OF TIIE SCHEDÛLING OF SURGICAL REQUESTS
C À1 THE VICTOBTÀ GENERAL HOSPIîÀL
C I{INNIPEG, MÀNITOBA
c
c
C+ * * * * * * t * * * * * * * * * * * * * t + + *'B * * * f *,|( + + * * * # * +

c* * * * * * t * * * * * * * f * * * * * * * + * + * * * * * * * * * + s + * * tr

c
c
C THIS I,IÀIIí ROUTTNE SIMULÀÎES SIIRGICAL REOUEST OCCt]RRENCES
C AND PLACES THE REOUESTS IN À FILE FOR ÜSE BY THE SLATER ROUTINE
C IT ALSO PRODf'CES A I'IANAGET'IENT INI¡ORIlATION REPORT ÀFTER
C TITE LÀSÎ SIIIOLÀTED DAY
c
c. INTEGER*2 INDEX (39}

INlEGER*2 FTNÀL(39, 39),PERFOR (39,39)
TNTEGER*2 AvAIL,tAST
INTEGER*2 NSURG,NTYPE.LENGTH
TNlEGER*2 I{KDAY,DAY,CLASPT{12),DOCPT (39),RQFILE (1 5, BOO)
TNTEGER*2 !IL, 5L, I{LAST. SLAST, IDEMD
rNlEcER *2 0PRil (39, 1 2) , DOCAV (5,39) , IJLOCK (8, 35)
INTEGER*2 FINDAY
INTEGER LENSUR (39) ,RTAVI,D(39) ,RlUSED (39) ,RDTLOC (39) ,

*RTpOST (39) ,RNPOST (391 ,l'lNR8Q,RNRE0,14OPUT (121 
' ROPUT (121 ,

*B1G Ap, RNOROI'!, R CÀN OR, RCA NCL, RN O BE D, R'ri AIT, R B Et.IL
INTEGER WTAKEN (.39) , RTAKEN {39)
INTEGER CENSUS,LEAVNG (50)
INTEGER DCÀNCL, DCÀNOR' DNOBED
INTEGER FNREIIL, RNREHL' RIDCAN
INTEGER WS LAT, hrNRE$L,TW Af T, l{NOBED, t{CÀNCL, I.¡NOBOM, 1.¡TGAP, H NPOSr ( i9) ,

$llTPosT (39),I{DTLOC (39),HTAVLD (39) 
"'¡lUSED 

(39)'!tCANOR
TNTEGER tOS2 (85)
REAL LOSl (85)
REAL RnlEÀT 139) ,RvILDÀY,UTRAT (39) ,HLDå,Y,RFFTND{39) ,RBLUT (-39)
REÀL CtfPRDR{39), Ct'ICLAS (39,39)
REAL DIST (50)
LoGTCA[,* 1 cOvER 1, covEn2,covER3
TNTEcER CLCODE {39,4) ,rÍANOCC (7) ,RANOCC (7) ,BSLAT, DSTÀ8, HTrrL (19}

*, RTFIL (39} ,ITNFILL, RNFIf,L
. COI'IHON /SCHED/ LEAVNG,LENSUR' BTÀVLD' RTTJSED'RDTLOC

* , R TPO S T , R N P O S T , R U T R A T , !{ N P O S T , H T P O S T , H DT LOC . H T A V L Ð , fl T II S.E D , t' T R AT ,
*ç¡TFIL, RTFIL, I{T AKEN, RT AK EN'. *HS LÀT, !{LDÀY r WNREçIL, Tl,¡ÀIT, I{}¡OBED, }ICÀN CL, !I CÀ NOR, !lNO NOi{. IITG AP,
*I'tNREHt' RNREt'lL' RIDCAN' IÞ{LSRT'IRLSRT 

"v{NFf 
LL,RNFf LL,

*RR EWt, RE LDAY, H NRE Q, R NR EQ, CENS US, RC PUT, i,IOPIJT, BLOC K, OPR ù1, DOC ÀV

COMÈION /STÃTE/ CI'IPRDR'C¡f CLÀS' NOCLi\S, NODOCS

COüt'tON /FtLE/ RQFILE' ÀVAf L,LAST, CLÀSP1, DOCPT'SL,r,lL'!üLi\ST, SLÀST'
* ID EI.I D

coHMoN /coDE/ cl,coDE
coMHoN /OltT/ FINÀL, PERFOn
coMtloN /srAY/ LOS1, LOS2,TNDEX
COIITION /'[.TRA/ RFRIND,RBLUT,HÀNOCC,RÀNOCC,DSTAB,RSLÀT,RCANCL,RCANSR' *,RTGAP,RNOBED, RNOROM,IRNf,IL,IRNHL2,RHLDA2,FTNDÀY,COVER1'COVER2,

*co vER 3
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,c
i c REÀD IN IYPE oF REPoRT DESIRED, BEÀD (5,35) NREPT

35 FORI{ÀT (14)
c
C I NITI ÀLIZ ÀTION OF PS EU DO-R AN DO[l N UI{B ER GEN ERATOR

cALL RSTÀRT (94631 6'167,01
c
C INFORI{ÀTION ON POST-OPERAIIVE LOS AND ON STIRGIC¡TI CLÀSS NAII ESC IS REÀD IN

READ (5,400) (INDEX {I) ,I=1,39)400 ToRHAT (3912)
READ(5,401ì (LOS1 (r), I=1,82)

401 FORr'rAT (20 P4.21
REÀD (5,4021 (LOS2(J), J=1,821

402 FORMAT (20r4)
DO 55 J=1r39
READ(5,271 (cLcoDE (J,I¡,I=1,4)

2'l FORtlAT (4 A4)
55 CONTINUE

c
C PÀBA¡,IETERS FOR DISTRIBUTTCN OF DATLY REQUESTS
C ÀBE INPIIÎ

READ (5,100) NOPlS, tNDVÀL, IDELT
100 FORUAT (3r5)

READ (5,101) (DISl lJ) , J=1,NOP1S)
101 FORr'tAT (10F5.2)

L
C CALL ROI]TINE PROVIDTNG FURlHER INFORTlAlION ON SURGTCAL DEMÀND

CÀtL DINFOR
c

HPÂRAH = 1

C PROVISION IS I,IÀDE FOR À III¡ùORK-.UPII RUN
Do 7'17 ITER = 1,2
CÀLL SLINFO IIIPARAI{)

DO 50 K= 1, FINDÀY
rFlcovEBl) co To 9001
i{RITE{6,600)

600 FoRÌ'tAT 1t'1 I,20X, r*** ExoGENOgs DEI'1 AND FoR SrJRcIcÀL RE0UESTS ++*r,7¡
STRITE (6,700) K

700 fOR¡fÀ1 lr r,30X,t DÀY2 .,I21
9001 DÀY = K

C GENERÀTE THE NUMBER OF REOUESîS FOR THE DAY
CÄLL REOGEN(TX, NOPTS, IDELT, INDVAL, DISl, NREQ)
rF(covERl) co To 9002
9¡RIIE (6,'t021 NRE0

702 FORl.tÀT (r I , I NO. OF REQUESTS: ' ,13, /lIF (NREPl . EQ. 4} HRITE (6,70I+)
70u FORMAT(r r,15X,rsuRGEON. ,20X, TSURGERy CLASST,l5XrtLENGTH Or STÀy (

*DÀYS) I )

c
C INITIALIZE POINTERS TO SUBLISTS BY OPERATI NG ROOI.I AND SUFGEONC FOR FUTURE SUBDTVTSION OF SLÀTED REOUESTS

9002 DO '|.7 J=1,12
17 CLAS PT l.l) = -9 9' DO 18 J=IrNODOCS
18 DocPT(J) = -99

c
DO 99 Hü=1, NREO
y?L = UNr (0) t

C WHICH SURGEON IS üÀKTNG lHE REOUEST?
DO 9 I=1,NODOCS
IF (YFL . cÎ. CritPR DR {r) ) GO TO 9



rs0

NSURG = f
GO TO 900

9 CONTINTE
9OO YFL = UNI (O)

C !ÍIIÀT CLASS OF SURGNRY?
DO 10 I=1 r 37
IF (YFL .GT. CHCLÀS (NSURG,T)) GO TO 10
NTYPE = I

C WHAT IS THE AVERÀGE LBNGÎTI OF SIAY?
YFL = UNI l0)
INDC = INDEX (NTYPE)
LIHIT=INDC+10

DO 505 J=INDC,LIt'llT
IF (YFL .GT. LOS1(J) ) GO TO 505
LENGTH = LOS2 (J)
GO 10 701

505 CONTINUE
1O CONTINUE

C THIS REQUEST IS FOR NTYPE OF SURGERY
701 rF(covERl) GO 10 9003

IF (NREPT .80. 4) HRITE (6,7061 NSIJRc, (cLCODE (NTYPE,LL) , Ll,= 1,41 ,
*L ENGTH

706 FORMÀT (r r,1BXrf3,22N.,4À4r 20X.,Í.41
c
9C03 f'INÀL(NSURG,NTYPE) = PINÀL(NSURG,NTYPE) + 1

C STORE THTS REOUEST ON FILE
CALI. STORE (DAY,NSURG,NTTPE,tENGTH)

c
99 CONTTNTE

c
CALL SLAlER (DÀT,NREQ)

c
C CÍ,EAR THE PREVIOÛS DÀYI S SLATE FROI'I THE FILE

CÀTL CLEÀB
c

50 CONlINTB
c

rF (nPÀRAr{,80.2) GO 10 777
DO 778 I=1,39
DO 778 J,= 1,39

778 FINÀL{I,J) = $
T.IPARAU=T,IPÀRÀU+1
DSTAB=DSTÀB+50

777 CONTINUE
c
c
C CÀLL THE REPORT GENERATION ROUTINE

CALL REPGEN (NREPT,NOCTAS, NODOCS,COVER i,COVËR2,COVER,])
c
C A PROPERTY OF THE GENERÀTOR IS EXTRACTED

NNRN = MI (0)
r{RrTE (6,5999) NNRN

5999 FoRI'l ÀT(r1r, ///,25N., r IVNI: I'I12)
c

STOP
END
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c
c$$$$$$$$$$$$$.$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$s$$$$s$$$$$$$$$$$$$$$$$$$$s

SUBROUTINE DTNFOR
c
C ROUTINE REÀDS IN EXOGENOUS DEI''AND INFOR¡{ÀTION
C COLTECTED FROM HOSPITÀL DATÀ
c

INTEGER*2 FTNAL (39' 39) , PERFOR (39,39)
AEAL PROBDR (39) , DOCLAS (39,39)
BEAL BIIFF(39) /39+0.0/
couÌ.loN /sra,TE/ PROBDR , DOCLAS ' NOCLAS ' NO DOCS
,cotltfoN /otlT/ FINÀL, PERFOR
Do 27 I=1'39
Do 27 J=1r39

27 FTNAL (I'J) = Q

REÀD (5,200) NOCLÀS
BEAD (5,200) NoDocs

200 FoRr{AT (r3)
C PROBABITITY OF OCCt'RRENCE OF A PÀRTICULÀR SURGEON'S RDQUBST

READ(5,100) {PROBDR (f)'f=1,NCDOCS)
205 FORr,!ÀT (20F4.3)
100 FoBr'rÀT 120r4.3)

C DTSTRIBUTION OF A DOCTORIS SERVICES OVER THE SURGERY CLASSES

Do 5 I='l , NO DOCS

5 READ 15,205\ (Doctl\s (r'J) ,J=1,NocLAs)
C CUT'IULÀÎE TfIE INPI]T PROBABII,ITIES

caLL cUt'f IJL ( PROBDR, NODOCS)
DO 8 JJ = 1r NODOCS

DO 9 KK=1'NOCLÀS
9 BTTF (KK} = DOCI,AS (JJ' KK)

cÀLI, culuL (BIrFF,39)
DO 10 KK=1,NOC.LAS

10 DocLAS (JJ'KK) = BUFF{KK)
DO 1 1 KK=1,39

11 BUFF (KK) =0'0
8 CONTINUE

RETI'RN
END

0
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ìc
, cs$$$$$$$$$ss$$$$$$$$$$$$$$$$$.$s$$$$$$$.$$$s$$$$$$$$$$$s$$$$$$s$$$$$$$$$s$$$$$s$

suBRouTrNE SLTNFO ( I{PÀnÀ tit}

c
C ROUTII'¡E REÀDS IN BLOCK TII'IE ALLOCÀTION SCHEI"IE AND OTHEF
C TNFORIIÀTION DESCRTBING THE STBUCTURE OF THE SLÀTING SUB-STSTEII
c

TNTEGER*2 WL,SL, f{LÀ ST, SL ÀST, IDEI,I D

INTEGER*2 ÀVÀTf,,tASI
INTEGER+2 DÀY,CLASPT (12) , DOCPT {39) ,ROFILE I1 5,8OO)
rNTEGER*2oPRH(39,12l,DocÀv(5,39)'BLocK(B,35)
INTEGER*2 FINÀL (39,39) , PENFOA (39,39)
INTBGER*2 T'INDAY
TNTEGEN r{NREML, RNR BIIL, RTDCÀ N, l,ÍTFIL (39}, RTFT L (.]9 ), $INFTLL, RNFIL.L
INTEGER I{TÀKEN (39) , RTÀKEN (39)
INTEGER LENSTTR 139),RTAVTD (39),RTUSED(39),RDlLOC (39),

*RTPOST (39),RNPOST (39) ,lINREQ,RNREQ,HOPUl (121 ,ROPIIT (12) ,
*RTGAP, R NOROI.', RCANOR, RCAN CL, RNOBED, R !i A IT, RR EWt, LEAVNG ( 5O), C ENSUS

INTEcER I.tSLAT,t¡NREÍlLTTÍlAIT, !INOBED,',,¡CÀNCLTÍ^lNOROt{,,,,ITGÀP,HNPOST (39) ,
*rùTposr (39),!tDTLoc (39) ,r{TAVLD(39) ,I.lTUSED (39) 

"r,¡CANORTNTEGER WANOCC(7ì, RANOCC(7),äSLÀT,DSTÀB
REAL RUTRÂT (39) ,RHLDAY, TTRAT (39) .t,,iLDÀY,R FRTND (39) , RBLUT (39) :

tocrcAr,*1 covERl,covER2,covER3,
CO¡,II'ION /SCHED/ LEÀV NG, LE NSUR, R TAVLD, RTt]S XD, N DTLOC

*,RTPOST,BNPOST,RUTRAT,!INPOST,lllÎPOST,I{DTLOC,I,ITAVLD,t,llTuSED,UTRAT.
+ InlTFIl,' RTFIL' HTA KE N' RTAK EN'
*.}¡SLAT,i,TI,DAY,!INREl.IL,TÍ.TATT,TdNOi]ED,!ùCANCL,i'ICÀNOR,!¡NOROM,l,[TGÀP,
*lüN REMI. T RNR EML, RIDCA N, f WLSRT, T R LS RT, IiN T'I L L, R NFI t L,
+RR EÎ¡tL, R HtDA Y, tr.lN REQ, R NR 80, CE N S US, RO PUT, !ùO PUT, BL0CK, OPR l'1, DOC AV

cou$oN /FtLE/ R0FTL E, AV ÀTL, LAST, CLASPT, DOCPT,SL, F¡ L, hltÀST, SLÀST,
*TDEMD

COI,I¡,ION /OIJT/ FINAL, PERFOR
coMt'toN /XTRA,/ RFRINDTRBtUT,'!üANOCC,RANOCC, DSTAB,RSLAT, RCANCL,RCANSR '

*, RTcAp, R NOBED, RNO ROt{, IFNl,IL, IR Nt{L2, RüLDA2, FINDÀy, COVnR 1, COVER2,
*covER3

C TITE REOUESÎ FILE, ROFILE, IS INITIÀLIZED UPON THE FIRST C¡ILL
c TO SLTNFO, r. E. nttt ¡pÀRÀli EQUÀLS 1

rF (ilPÀRÂtl . GT. 1) GO TO 777
C INFORMÄTION TS PROVIDED ON OPERATING ROOM-SURGICAL CTASS
C CO I{PÀT IB I LTTY

DO 56 K=1r39
56 READ(5,66) (OPRt{(K,J), J=1,121

, uu i?illirllÎll'ou A suBGEoNts BLocK rrME EA.H 
'¡EEK 

DAy i"'

:.DO 57 K=1,5
57 READ (5,6'll (DocÀV (K,J) ,J=1r39) ::

67 FORt't¡\T (3912) 
"C ÀVERAGE LENGTH OF EACH SURGICAL CLÀSS TS REÀD.IN

READ(5,971 (LENSUR (J)'J=1,39)
97 FORMAT {2014)

C RE¡\D IN INFORMÀTION ON BLOCK TIME ALTOTTED
C FOR SURGERY }¡TÎH GENERAL ANESIHEI'IC

Do 90 K=1r35
REÀD(5,77) {BIOCK{J,K),J=1,8) :,:,

77 Eo RDIAT l8I4) :

9O CONTINUE
c
C SUPPRESSION CODES FOR INFORMATION PRINÎOUT

COVERl = .TRUE.
COVER2 =.TRuE.
COVER3 = .FÀLSE.



INITTÀLTZE STRUCÎURES REQUIRED FOR ÀCTUÀL SLÀTI¡IC
Do 58 K=1,799
DO 70 JJ=lr 13
ROFILE (JJ,K) = $
R0PftE 114'Kl = K+1
CONTINUE
R0FILE (14,800) = -99
DO 71 JJ=1,800
R0FTLE(15,JJ) = Q

DO 60 J=1r50
LEÀVNG (J) = $
ÀVÀIL = 1

LAST = -99
SL = -77
WL = -88
SLÀST = -77
I{LAST = -88
CRNSIIS = 0
IDEMD = 1

DSTAB = 0
LAST DÀY OF RT'N

FINDAY = 50

NO. OF OPERÀTIONS SCHEDULED TO BE
IS INITI¡\tIZED
DO 44 I=1r39
DO 44 J=1r39
PERFOR (I'J) = S
BETURN
END

1s3

c
c

70

58

71

60

c
c
c

INTTIALTZE OVERÀLL ÀCCUI{ULÀTORS FOII ONE SIMI'LÀTTON RUI{

777 fRNsIL = 0
RfDCÀN = 0
RNRE¡'T = O

RSLÀÎ = O

RHTDÀY = O.
RREHL = 0
RNREO = O

RIIAIT = 0
RNOBED -- O

BCÀNCL = 0
RCANOR = 0
R NOROT{ = 0
RTGAP = 0
RIT-FTLL = O

IRLSRT = 0
f RNI{L2 = 0
RWLDÀ2 = 0.
DO 100 J=1r39
RTPOST (J) = Q

RTFIL (J) = $
RT AI(EN lJ) = Q

RNPOST (J) = Q

RDTLoC (J) = Q

RTUSED (J) = Q

RTAVLD fJ! = Q

R FR IND (J) = 0.
RBLUT.(J) = 0.

'l 00 RUTRÀT lJ) = 0.
DO 101 J=1r12

10 1 ROPtIT (J) = Q

DO 45 T.=1,7
45 RANOcc lI) = Q

44

PERFORIIED BY EACH SI'RGAON
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c
' c$$$$$$$.$$$$$$$$$$ß$$$$$$$$$$$$$$$$$$S$$$$$$$$$$$S$$$$$$S$.6$$$$s$S$:D$$$$$$$$$$l
. SUBROUlINE REOGEN (NSEED.NOPTS,IDELT,INDVAL,DIST,NREQ)

c
C GENEAATE lHE NUI'IBER OF SURGICAL REOUESTS TON À GIVEN DAY
C FROM A GIVEN DTSTRIBUÎION
C PARÀMETERS:
C NSEED - TOR USE BY RANDOI'I NUI,IBI]R GENERATOR
C NOPTS- NO. OF POTNTS OF C. D. F. PROVIDED
C IDELT- INTERVAL BEII{EEN TABULÀÎION VALTI ES OF lHE RANDO¡I
C VÀRIABLE SEPRESENTTNG THË NUHBER OF DAILY REOI'BSTS.
C INDVÀL - INITIAL DTSTRIBUTTON VALUE : :

C DTST- CORRESPONDING C.D.F. VALUES FOR NOPTS POINTS
C REPRESENTING DÀILY RE9UESÎS.
C NREQ- VALUE RETIIRNED BY ONE CÀLL TO THIS ROUTINE.
c

REAL DrST 150)c::
C CAI.L A ROUTfNE ÍlHfCH GENERATES VARIÀTES FROI'1 AN EI'tPIRICAL DISTRIBUIIO[.',

.:-.,C IT I.¡ILL RETURN A VALUE FOR NBEO 
:

c
cA LL EüprR (N SEED, t NDVÀL, TDELT, DI.ST ,R E0, NOPIS) :

NREQ - IFIX (REQ) ::..:;
RETTIRN
END

c
c$$$$$$$$$$$S$S$$$$$$$S$S$$$$$.$$$s$$$$$$$. $$$s$$$$$15.$$s$$s.6$.t$î$$$$$$$$$:ü$$$lü$:

S UBROUT I NE EI,I PTR ( IS EEÐ, STVA],, I NCR, CU I'1 PR, VAR, IDT U )
c
C GENERATES VARIATES FROI.Í A SUPPLIED EüPIRICÀI
C CU}1ULÀIIVE DISTRIBÜÎION FUNCIION. :

C U.SES IINEÀR TNTERPOIAITON.
C PÀRAI.IETERS
C ISEED- FOR R.N. GENEBATOR
cSTvÀI-STARTrNGvÂLUEFoRRÀNGEoFFtANDol'tvARrÀBLE.
C INCR- VÀLT]E USED TO ÏNCRE{'1 ENT R.V. HHEN FORI.{TNG C.D.F.
C CI'MPR. VECÎOR DENOTING THE Ci'I'{UI,ÀTTVE DISTRIBUTTON FUNCTION.
C " VAR - VÀRIÀTE OBTÀÏNED FROM THE DISTRIBIIîION
C IDIII - DIT1ENSION OF CUI1PR ON THIS CALI
c

REAL CUilPR (50), LOPROB
I NTEGER STV AI,
INTEGER HI BD -: ..

YFL = UNI (0) ',,' ,

DO 5 K =1,IDItl ':: 
:rF (YFL. LE. CUUPR (Kl ) cO T0 6 :,:-:

5 CONTINUE :':.:
6 LOBD = STVAL + INCR * (r(_2)

HIBD=LOBD+ïNCR
KLK = K+1
IF (KtK,c8.IDIH) GO TO 17
IF (CU14PR (KLI() . EQ. CUMPR (K) ) HIBD = HTBD + INCR

17 RLOBD = FLOAT(LOBD)
RHfBD = FLOÀT (Hf BD) ,.,. ,'

[IIPROB = CU|IPR (K) 
',',,1 

'

rF (K .EQ. 1 ) cO TO 7
J=K- 1

LOPRoB =cUllPR (J)
GOTOB

7 LOPROB = 0,0
8 CALL TNTERP (YFL,RLOBD,RI-TBÐ,T,OPROB,HIPROB,VÀN)

RETUR N

END
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c
c$$$$$$$$$$$$$$$$$$s$$$$$$$$$$$$$$$$$$s$$$$$$$$$$$.$$$$$$$$$$s$$$$$$$$$$$ô$$$$$s

SUBNOUTINE INTERP (RAN,SI{B,BGB,SI.1P,BGP,VAR)
c
C LINEAR TNTERPOLÀTOR
C I]SES TWO-POINT FOR¡Î OF LINEAR EQUÀTTON.
C SMB,BGB _ BOUNDS ON RANÐO}I VARIABLE
c stfp,BGp - c.D.F. BouNDs Tc BE.USED I\ INTERPOLÀTION.
c

vÀR = sttB + ({RÀN_st{p)*(BGB_S}fBlI/ (BGp_Strp)
RETt] RI{
END

c
c$$$$$$$s$$s$$$$$$,$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$.s$$$$$$rË$$$s$$$$

stlBR0urINE CUt"rUL (ÀRRÀY, rDIH)
c
C À I]ÎILITY ROUIT}IE TO CUMULÀTE lHE ENTRIES ]

C O!'À OIIE DIMENSIONAL ARRAY
c

REAL ARRAY (IDIM)
DO 5 K=2rfDII'l
ARAAY (K) = ÀRRÀY (K-11 + ¡IRRAY (K)

5 CONTINUE
IF (ÀRRAY (IDIM) .EQ. 1.0} RETURN

ARRAY(IDIM) = 1.0
RETURN
END
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c
c$$$$$$$$$$$$$$$$$$$s$$$$$$$$$$$$$$$$$s$$$$$$s$$$$$$$$s$s$$$s$$$$$$ü$$$$$$$$s$$$

suBRoulrNE sloBE {DAT,DOCTOR,CLÀSS,LCODE)
c. C ROUTINE STORES SURGERY REOUESÎ IN FTLE
C PÀRAHETERS:
C DAY - THE DAY FOR IJTIICH THE REOUEST IS I,IÀDE

C DOCTOR - CODE OF TIIE SIJRGEON
C CLÀSS - COÐE OF SI'RGERY CLÀSS REOU ESTED
C LCODE - ÀVERAGE POST OPERATIVE LENGII{ OF STÀY
c FoB THrS OPERÀTION '-' ,

::: ::

INTEGER*2 ROPILE(15,800),CLASPl (12I,DOCPT (39I
TNTEGER*2 DAY, DOCTOR,CLÀSS,LCODË,ÀVÀIL,LJ\ST
INTEGER*2 SL, [IL, I,Ù LÀ ST, SLASl,I DEII D, I AV
coû,! ¡loN /EI.LE/ R QFrL E, AV À rL, LASl, Cr, AS PÎ, DOCPI, SL, H I, I{ LAST, S LÀ ST,

*IDE¡'ID
C SL. POINTS TO THE SÎORED REQUEST LIST TO BE USED BY SLÀTER :

IF(St .EQ. -771 SL = ÀVAII ,.'.",,
IF (SLAST . NE. -771 RQFILE(14'SLAST) = ÀVArL ::::

C NODE TO BE FILTED PRESENTLY IS LOCÀTED
SLAST = ÀVÀIL
AVAIL = RQFILE (14, AVAIL, ;::. ::

C STGNÀL END OF SLÀTE, IN CASE NO MORE REOUESTS ARE INPUÎ
R0FILEl14,SLÀST\ = -1'l'l

C BEGIN ACTUAL STORING OF INFORMAÎTON ON THTS REOUEST
ROFItE{1,SLAST) = DAY
a0FILE{2'SLAST) = ÐOCTOR
R0FItD {3,SLAST) = CLASS
RQFILE (4'SLÀST) = LCODE
IDEMD = SL
rF (ÀvArL . 80. -99) HRrrE (6,9)

9 FORMAÎ (I 
" 

I+**REOUEST FILE IS FULL **X' )

BETURN
END

c
cS$$$S$$.$$$$$$5$$$$$$$$$S$$$$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$$$$s$$$iì$:5$$$$$$d$$Ë$$

SUBEOUTINE CLEAR
c
C SI,ÀTI NODES IN RQFILE ÀNE CLEARED
C TO HÀKE ROOM FOR THE NEXT DAÏIS DEITÀND
c

INT.EGER*2 R0pILE ( 15, 800), AVÀIL,LAST,CJ,ASpT ( 12), DOCpT (39)
INTEGEFT2 SL,I,¡L,SLÀST,I{LAST.IST,IPI,OI,DPT :

INTEGER*2 TDEFTD .
coMfioN /YILE/ RQFILE,AVATL,LASI,CLASPT,DOCPT,SL,FL,l{LAST,StÀST, .*IDEMD :

IST = SI.
IPT = SL

10 Do 25 K=1r13
25 R0FILE (K,IPT) = Q

R0FItE(15,IPT) = Q

OLÐPT = IPT
IPT = ROFILE {14,IPT)
rF (rPT . NE. -1771 GO TO 10
RQFILE 114'OLDPT) = ÀVAIL
AVAIL = ISt

C S LÀTE IS NOI{ EI{PÎY
SL = -77
LÀST = -99
SLAST = -77
RETU R N

END
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c
c$$$$$$$$$$$$$ss$$$$$$$$$$$$$$$$$$$$ss$$$$$s$s$$$$$$$ss$$ss$$$$$$$$$$$$$$$$$$$$$

sÛBROÛTTNE REPGEN (t{EIHOD,NOCLAS, NOOOCS,COVER 1,COVRR2,COVER3¡
c
C THIS ROUTINE GENERATES INPORüAÎION REPORÎS ON THE REQUESTS
C PÀRÀüETERS:
C ¡IETHOD: TTPE OF REPORT DESTN ED (CODE)
C NOCLÀS: NUMBER OF SURGERY CLASSES
C NODOCS: NUT{8EB OF SURGEONS
c., '

,::" :TNTEGER*2 FINÀL (39,39),PERIJOR (39,39)
TNTEGER*2 DAY,ROPILE (15,BOO) ,CLASPT (121 , DOCPT (39) ,AVATL,tÀST,IDEiID
INTEGER+2 ST,WL,t.ILÀST,SLÀST
INTEGER CLCODE (39,4)
BEÀL RBÛF (39)
LoGICÀL*1 COVER I,COVER2,COVER3
CO¡{¡ION /FT.LE/ ROPÌL E, AVÀIL,I,AST, CI,ÀSPT, DOCPT, SL, Í¡ L,I¡I,AST, SLAST , ,,1:,....

j ';' :* IDEI'ID
coütloY /coDE/ clcoDu :'!:',:

COHI,ION /OUT/ ÐINÂL. PERFOR
c.
C REPORT ON SURGERY RE0UESTED AND THÀT PERFOR¡IED i:: ::

c
fF (covER3) GO TO t}555
r{RrTE (6,400)

4OO FORI{AT ('1' ,//,30X,I SURGERY PERFORÌ{ANCE RATIOS BY SURGBON' ,//I
i{RrTE(6,401)

40'l FORHÀT(r r,15X,'5URGEoNr,1OX,r# RnOUESTEDr,l0x,r# PERFOR¡IEDr,'l 0X,
*IRÀTIOr,,/}

DO 402 J=1,39
IRSU$S = 0
IPSUI,IS = O

DO 403 K=1r39
IRSIil,tS = IRSUHS + Ff NÀL (J,K)

403 IPSUT'tS = lPSUllS + PERFOR (J'K)
IF (IRSUIIS. NE.0) FRAc = FloAl (IPSUt{s) /FIoAT (lRsUt{S)
IF (lRSUt'1S. E0.0) FRAC = 0.
'dRrTE ( 6, 405) J, IRSUT{ S, TPSUIfS,FBAC

405 FORHÀT (r | ,15Xrr4,13X,15,14X, I5,18X, F5.3)
RBUF (J) = FRÀC

402 CONTINUE
CÀLL USTÀT{RBIIF'RM'RD) ,,,',
l¡RIlE{6'5405) RU'RD ,:.,:r,.;

5405 FORtIAT (r ',///, 24X. ,t RATIO üEAN: r,F6.3,5Xr rST. DEV. i t r f6.3)
C .,.',

I{RITE(6,500) :::
500 FOR¡lÀT(. lt,//,30x,rsuRGERT PERFORT4ANCE RATTOS BY SURGERT-CLJISSr, l

*//l
f.¡BrrE (6, 501)

501 FORTTÀT{r ),15X,t cLÀSS rrl0Xrr # REQUESTEDTTI0X,t# PERFORT{EDr,10X,
*r RATfOr r/)

DO 502 K= 1, 39
f RSUHS = 0 r: ::"
IPSTMS = .0 i,',,,..-,,

DO 503 J=1,39
IRSUHS = IRSIJI{S + F INÀL (J, K}

5O¡ TPSU¡IS = IPSUHS + PERFOR {J,K)
IF {IRSUI{S. NE. O) FRÀC = FLOÀT (IPSUMS) /FLOAT (TRSUMS)
IF (IRSUMS .E0. 0) FRÀC = 0.
!{RITE (6,5051 (cLCODE(K'LL),LL=1'4)'IRSItHS'IPSUItS,FRAc

505 FORIf At (r t ,'12r,444,10X,r5,14Xr15,14X,¡'5.3)
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RBUF (K) = FRÀC
502 CONTINUE

cÀlL usTÀT (RBUF, Rtt, RD)
HRrrE(6,5405) RM,RD

c
C ADDITIONAL REPORÎS . SPECIFTED BY I,IETHOD
c
C I.IETHOD:
C 1 . REPORT BY SURGEON
C 2 - REPORÎ BY CLÀSS
C 3-SI'RGEON-CLÀSSSU¡II'IARY
C 4-COTiJPREHENSIVEREPORT
c

co To (12,15,19,121 . üETHoD
c
C LIST BY SI'RGEONS
c

12 wRrrE(6,101)
101 PORHAT (I1I,' REPORT ON REQUESTS ÀND PERFOR},IANCE OF INDIVTDUÀL SURGE

*oNS',///l
c

l{RrrE {6,105)
DO 9 KK= 1, NODOCS
nRrTE (5,103) KK

103 F0RMAT(r t,TSURGEON: f,14 
)

105 FORI'lAT (r t ,t , r9X, r SURGERY CtASS r,15X, r NO. REÇttESTEDr r l5X, r NO. pËR
*TORMEDI)

ITOT = 0
NTOT = 0
DO 100 J=1, NOCLÀS
NR0 = FINÀL (KK'J)
llR0 =. PERFOR (KK,J)
ITOT=ITOT+NRQ
NTOT=NTOT+¡,lRQ
rF (NRQ .80. 0) GO TO 100
I,üBITE{6'7) {CLCODE (J'JK),JK='1,4),NRQ,l'tR0

7 poR¡.l A1 { | r , 10X,4À4,20X, r4 ,20N., r41
1OO CONTINUE

i,f RITq 16,571 rToT, NToT
57 FORt'tAT(r r,38x,rTOTAI,: tr13,15XrrTOTÀl: rr13,///l
9 CONTINUE

rF (trETrroD . EQ. 4) co ro 15
RETI'RIT

c
C LTST BY SURGERY CLASS
c

15 HRITE {6,201)
201 FORt'lÀT (11"' NEPORT ON REQUESTS AND PERF'ORI'IANCE BY SURGERY CLASS"

+///l
c

DO 1O KK = l,NOCLAS
!ìIRITE (6,2031 (CLCODE(KKf l'll{) ¡ HM=1,4)

203 FORt{AT (r r,tCLAsS: r,5Xr4À4)
l¡ntrE (6,205)

205 FORMÀT lr r,5X,rSURGEONr, 22X,rNO. REOUESTEDT Tl5X, r NO. pERFORtIEDT)
IT0T = 0
NTOT = 0
DO 200 J =1, NODOCS
NR0 = FINAL (J'KK)
Mß0 = PERFOR (J'KK)
ITOT=TTOT+NRO
NTOT=NTOT+l'lR0
rr {NRQ ,80. 0) GO TO 200
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HBITE (6,8) J, NBQ, ttR0 ,'

8 PORHAT (r r r10X,T3r20xrr4r24XrT4l
2OO CONTINUE

f{RITE (6,58} ITOT,NTOI
58 FOBMÀT f t r,3l¡X, rlOTAL: ' rl3,15Xr rTOTAL: r rT3'///l
1O CONTINÛE

4555 IF (|,IETHOD . EQ. 4) GO TO 19
FETU R N

c
C 5U I,IIIÀRY REPORT FOR THE PERIOD OF STUDY
C',

19 ÞIRITE (6,20l : '

20 FORI'tÀT (r 1t , I SUHHÀnY: SURGEON-CLASS REgUEST FREQI,ENCIEST ,//l
sRrrE{6,51)

51 FORI'1 ÀT (I-' ,ISURGEON I 
'25N 

r ISURGERY CL,i\SS t "/}gBfTE {6.6'l) (J'J=1,39)
61 FORI'tATlr r rBY,39f3,/\

DO 39 K= 1 , NODOCS . .:.
39 HRrTr (6'211 R, (FINÀL(K,J),J=1r39) .:: ;::-

21 FORHAÎ(| rrr3,5xr39r3) :r:::',i

HRrrE (6,40)
4O FORI,IAl (I1I, 'SUI'II'II\RY: SURGEON-CIASS EEQUEST PROBA.BII.ITTDSI ,//I ::..:I-:

NCODE = 1 .: 
:' 

.::

59 riRrrE (6,51)
50 lrRrTE (6, 17) (J'J=1 ,20)
17 FORMAT ( r r ,5x,20 16 )

HFITE (6 
'18 ) {J ' 

J=21 ,391
18 FOBMAÎ ( r 

"7X,1916, 
//l

rF {NCODE .80. 2) GO TO 79
IF (NCODE . EQ. 3) GO TO 89
Do71K=1'17
fSUü = 0
Do 171 J =1'39

1j1 ISUM = ISUü + FINAT (K,J)
cAI.L O{trPRO (K,rSUIf , FINÀ1,)

7 1 CONTIN UE
HRrrE 16,7051
NCODE = 2
co ro 59

79 DO '8'l K= 18r 34
ISü11 = 0
DO 181 J =1,39

181 ISUú = TSUH + FINÀT (K,J) :..
CALL OUTPRO f KrrsuM,FrNÀL) ,.' .,'.

81 CONTINUE :: '

WRITE {61705) l''',".'

NCODE = 3 ,' .' 
,.',,

GO TO 59
89 Do 91 K=35,39

ISUT,I = O

DO 191 J=1,39
191 ISUM = ISUU + FINÀL (K,J)

CALL OUTPRO (K,ISIJI{' FTNAL)
91 CONTINUE . .:

c .,,_.,..

r{RrrE (6,300)
300 FORMÀT (t1', r SUl,lt,|ARY: SURGEON-CIASS PERFORTIANCE FRI:0IJENCIESt '//lI'¡RrTE(6,51)

I.lRITE (6,61) (J'J=1,39)
DO 301 K=1,NoDOCS

.101 llRItE (6,21) K, (PERFoR (K'J) 
'J=1 ,39)

llRrrE (6,302)
302 FORuAT(r1r,rS0üHART: SItÊGEON-CLÀSS PEnFORI'IANCE PR0BABILI1fÍ.ESt'//l
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NCODE = 1

359 nRrrE(6,511
350 1,¡RITE(6,17) fJ,J='|..201

!,¡RITE (6,18) (J,J=21 ' 39)
rF (NCODE .8Q.2) GO TO 379
rF (NCODE .80. 3) GO TO 389
DO 37 1 K=1 ,1'l
ISUIi = 0
Do 3171 J=1'39

311-1 ISU[{ = fSUl,l + PERFOR (K,.I)
cÀLL OITTPRO (K, rsuü ' PERFOS)

371 CONTINUE
!tRrrE {6,705)
NCODE = 2
GO TO 359

379 Do 381 K=18,34
ISUII = 0
DO 3181 J=1r39

3181 ISUH = ISUtl + PERFOR(K,J)
CALL OUTPRO (K'ISUM' PERTOR)

3B 1 CONTINIIE
HRrrE (6,705)
NCODE = 3
GO TO 359

389 Do 391 K=35'39
ISUM = 0
DO 3191 J=1'39

3191 f SU¡1 = ISUf'l + PERFOR (K, J)
CÀLL OUTPRO (K'ISU¡{' PERFOR)

391 CONTINI]E
r,¡ErrE{6,750)

750 FORHAT(I T,35X,I*** -END O.F SUI'II{ABT REPORT- **+')
I,¡RrrE (6,705)

705 FORI,IAT (.1t,/l
RETT}RN
END

c$$$$$$$$$$$$$$$$$$$$$s$$$$$$$$$$$$$$$$$$$$$$s$$$$$$$$$$$$$.s$s$$$$$$$$$,ô$$s$$$s$
SUBROUTTNE OTJTPRO (tINE, N, FINAL)

c
c uTtLITy FOR CALCUTATING AND PRINTING SUI{MARI PROBÀBIIIlIES
c

INTEGER TEHP (39)
TNTEGER*2 FTNÀL (39, 39)
REÀL VECTOR (39)
rF (N .NE. 0) GO 1O 7

DO 9 I=1'39
9 vEcToR (r) = 0-0

GO TO 19
7 DO I K=1r39

TEIIP (Kl = FINÀL {Lf NE' K)

B VECTOB (KI = FLOAT (TEI,1P (KI ) /FLOÀT IN)
19 I.lRITE (6' 1 0) LINE' (VECTOR (K) ,K= 1 

'201 l

10 FORMÀT {r ' ,Í3,5x,20F6.3)
}tRrTE (6,'11) (VEClOR (Kl , K--21'39)

11 FORt'lAT (t t,9x, 1986-3,/l
RETURN
END
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c
C$ $S S$ $$ $S $$ $ $$ $$ $ $ S $ $S fj S$ $ t S:ß.$ $$$$ $.$ $ $$ $ $ $$16,ñ $$S $ $$ $ jß t Í t1:ñ g I tgl; f; $ $$ $.fi:ü $ .':ô $s $ t, J.¡c$$.6$$$$s$$s$$.t$s$$$$$s.$$s$s$.s$:'$$$J$s$$$$$.û.$$$$6$$î$$î36$,[:û:6.'6t;$s$$-ü ü$$r$$$.!$.t,$:¡c
c

SUBROfJTINE SLÀTER (DÀY, NREO}
c
c
cf
c
c
c
c*
c
c

**********,Ë***,F+
DETBRTIINES THE EFFECTTVE

TIIT SI¡IULÀTI]D DÀY.
NREQ ¡¡PNESDNTS TIIE SIZE

* ,t ,F * +.4 + {< * f + * * * * *

* * * t + * + + * f< ** * * ìt * tß ** * * * +.
5LÀTE DOR JTS TNPfIT PÀRÀIIETTJR,

OTJ TI.IE EXOGNNOI'S DÀILY DEIfAND

IITTEGERt2 R0FILE(15,800) ,cLÀsp? (121 ,DOCpT (39) ,ÀvÀiL,LÀST
fNTEGER*2 CllR R80, ttK D /ty, L DOC, D tr y. yEST , I LOS, F IRST, lì FSL, RFHL
INTEGEn*2 FINÀL (39,39) , pERFOfr (39,39) ,DHLCÀNTDSLCANI I¡1 EG E N'* 2 S L, I,¡ t, H L À S T, S L ÀST, I D Ei'! D. rS LT K E, r f,¡ T,TK E
INTEGER *2 rAil' rBLK' I' FT' EAT, ¡l DUR' llN Ds L1', TE l{ 1, TEtt2, TErl 3, TE¡t 4,*LÀVPÎR, LCYPTR, lOLD, PNOP EN
INT,EGER*2 OpR¡l (.39,12),DocAv (5, 39),BLOCK(8, 35), DOCIOC (3g),

*DAYBLK (39¡, À¡¡ES1 (39),ÀNESz (39),i¡poss (10)
INTEGAR*2 TNIIP (1 6,'II,BUFFETi (7I,tsEDLII,1
INTEGER*2 FINDÀY,OPLEN

TNTEGES FItREQ,HNFrLL, RNFILL,TFrL (39),t{TFrL (-39), FTFIL (.39)
INTEGER ASSIGN (39)
rì;TEGER RÀt{OCC (7), DST,IB,RStÀT,'ítrTÀKEN (39), ETAKEN (39)
r¡¡TEGER LENSUR (39) . CHOTCE,CLCCDE 139,4) , tiÀìrocc (7)
TNTEGER TÀvLD (19'1,1 A'/LDA (39)' srÀ¡l) (39),srÀRDÀ (39),8¡tDD (39),

*ENDDÀ (39) 
'iìREHL'NREVIL,l'INREüL,Tl'¡ÀIT,R'r¡.Ef T, DNotsED,,..ti{oBED, tì¡¡oBlD,

*CE¡{S US, DCANCL, í{CANCL, RCAN CL, DCÀNOB, rr CÀ1.¡OR, R CÀNO tì, LEÄVNc (50) ,$TORÀvL(12) 
''l{NOROll ,RNoROl'l ,DTGÀP,l'lTGAP,tìTcÀ.PrtiNPOST (19) ,RNpOS,I (39),*HTPOST (39) , RTPOST (39) ,LAVTit'l (30) ,LCySOC (30) ,r¿DTtOC (3?) , RÐTLOC (39)+GCYSTL, i¡TUSED (39) , nTusED (39) , !úTÀVID {39) , RlAVLD (.39) , DSLAT, frsLÀT,*oPUT (121 t IIoPUT (121 , RoPUT (12\ , !{NBE0"RNRE0,DNPoST,t,¡NBEttL,r,tiDcÀN

*,RIDCÀN,RNREI,lL

REAL I{ETGHT (39)
RDÀL RITTRÀ1 (39), Rt'll, DAY, 

'lLDÀ 
Y. UTRÀT (39),s LUR (1 2), pERcItJ ( 1 2), FRIND* (39) ,BtuT (39) , pEfìcÀN 

f 7) ,RBLUT (39),RpRIN0 (3C)
INTEGER BLÀNK/' I/.GAP,/' (G)'/,CHAR
LOGrCÀL*1 XFRÀG (16,12\,DEBUG,COVE¡t1,covER2,COVER.l

coil¡.toN /FfLE/ RQFILETÀVA, IL,LÀST,CLÀSpÎ ,DocpT,sL,r.tL,t,LÀf;T,sLÀST,
*TDEHD
cct{HoN /scHv:D/ LEÀVNc, LENSUn, t(ÎÀVLD,nTUSED, RDTLCC

*'FTPoST'nNPoST'RUTRÀT'l{NPoST,tiTPoS?,i.lDTLoc,l.l'lAvLD,HTUSEDrgTiìi\T,
* I,¡TFI L, RT FT L, lIT /\K EN, RT ÀK EN,
* HSLi\T 

' 
I{LDÀ Y ' HN RnH L, THÀ r T ' !,lNoBED, lic ANcL, $rcÀ NoR, hI No Roi'l, !¡T(; Ap,*l'¡NREflL, R NR EHL, Rr DCA N, ri{I.S RT, lR LSRT, t¡Nt'IL L, R N¡.rL L,*RRE!{L, RtlLDÀY,1,l NRE0, n Ntì EO, CENSUS, ROpuT, W0puT, BLOCK,OpRf,t, DocÀv

cot'tr{oñ /ou"Î / PrNÀL, PERFOR
coHMoN,/coDn,/ clcoDE
coHlloN ,/xTR^/ n FR I N D, R BLUT, H ÀN OCC, R ÀNOCC, DST ÀB, RS Li\T, RCÀ NC 1,, RC ÀNOtì*, RTG ÀP' nNoBED' R NonoMr IR Nl{L' IRI{HL2, RHLD 

^2 
, rI NDÀ Y, covtìR 1 , cov uñ2.*covER3

c
c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c

c
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C THE ROUTINE RECEIVES A HAIÎING LIST (lT) AND A LIST OF DEI{AND
c FoR THE DAY (St)
c IT PRODIICES AN UPDAIED ll4rtING LIST i\ND À LrST OF SLÀ18Ð REQUESÎS
c
c++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
c
C DESCBIPÎION OF ACCUI.IULATORS USED FOR SLATE EVALTIATION
c
C DÀILY COUNTEAS:
C NREI{L - NO. OP REOUESÎS TIìOH DEIIAND LIST THAT HAVE BEEN PLACED
C ON WAIÎING LIST
C DNOBED - NO. OF REOUESTS PLACBD ON iil BECÀUSE OF I'NÀVAILABILITY
C OF BEDS
C DCANCL . NO. OF CÀNCELLATIONS BY SLÀTING CLERK
C DCÀNOR . NO. OF CÀNCELLAîIONS BY O.R. SUPERVISOR
C LACKRI'I - NO. OF REOUESTS POSTPONED tsECAUSE OF LÀCK OF A FREE
C OPERÀTTNG THEATRE FOR TIIE REQUTRED DURATION
C DSLÀT. NO. OF REQIIESTS PLÀCED ON SLÀTE TN À DÀY
C DTGf\P - ÀTIOUNT OP ÎT¡|E I'GÀPPEDII BECAIJS E OF ABRUPT CÀNCELLAlION
C NREI'I!¡L - NO. OF REQUESTS SLATED TRO}I PREVIOUS DAYI S HAITING LTST
C IDCAN - NO. OF REOUESTS SLÀTED DIRECTLY FROH DÀTLY DEMÀND

C NNI.¡L - NO. OF REQUESTS ON !ùL FROM YESTERDAY
C NFTLL - NO. OF REQUESTS SLATED ON fiESCÀN OF HL
C Dt,ÙLCÀN - NC. OF BEOUESTS CÀ}¡CELLEIJ (REPIÀCEABLE) FRO¡I I.lL

C DSLCÀN - NO. OF RNOUESTS CANCELLED (REPLACEÀELE) FROM DAILY DETIANi)
c
c
C IrEEKLY COÛNlERS:
C I,¡LDÀY - ÀVERAGE NO' OF DAYS A RE9UEST SPENDS ON WAITING LIST
C BEFORE BEING SLÀTED
C fiSLÀT - NO. OF REOUESTS PLACED ON SLATE IN À 9IEEK

C HNREWL - NO. OF REQUESTS P],ACED ON I,ÙATTING LIST
C TWAIT - TOTÀL NO. OF DAYS I.¡AITED BY ÂLL REQUESTS OII rtll
C BEFORE BEING SLÀTTD
c I.¡NOBED - NO. OF REQUESTS PLACED ON tll BECÀtlsE OF

C BED UNAVAILABILITY
C !{CÀNCL - NO. OF CÀNCELLATIONS BY SLÀ?ING CLERK PER IdEEK

C HCANOR . NO. OF CANCELLATTONS BY O.R.
c I{NoRotl - NO. OF REQUESTS POSTPONED BECAUSE OF

C TACK OF FREE OPERATING THEATRE
C IWLSRT - NO, OF REOUESÎS ON I{L AT THE STARÎ OF THE I¡EEK
C Í¡TDCÀN - NO, OF REOUESTS STATED DIRECTLY FROI{ DÀTLY DEIIAND
C WNFILT - NO. OF REQUESTS SLATED ON RESCAN OF HL
C lITGAP - I{EEKI.Y AMOUNl OF TIIIE I'GÀPPEDII

C I{ANOCC (7) - 1I}18 EACH ANESTHETIST IS STATED TO !ilORK

C HOPUT (12) - TII1E EACH OPEBATING ROOII TS SLÀTED F'OA IJSE

c HTFIL (39) - UN('SED BLOCK ?IflE GMN Àl{Ay BY A SURGEON TO OTHERS

c HTÀKEN (39) - EXTRA BLOCK lÏr'lE TÀKEN BY A SURGEON FROH OTHERS

c HTPOST(39) - T.TNSLATED TILE POSTPONED FOR EÀCH STJRGEON BECAUSE OF

C INSUFFICIENT BTOCK TIME
c I{TUSED (391 - Tlt'l8 GrVEN BT SLÀTER {BASED ON BLOCKS)
C TO EACH SURGEON FOR GENERÀL SURGERY

c Í¡TAVLD (39) - TrllE ALI,OTÎED BY tsLOCK TO EÀCH SURGEON

C UTRAT (39) - (BLOCK TIHE IrSED + BLOCK TIHE TAKEN + (lN¡LATED TrüE
c POSTPONED) / (BtocK Trt'lE ÀLLOTTED 10 THE SI'RGEON)
c
c
C OVERÀLL NUN ACCI'MT'LATORS:
c
C NAT1E - COUNÎERPÀNT OF ÍJEEKLY COUNTER

c -_--c RllLDAy I.¡LDÀY
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C RREI¡L . HNRE}¡L
C NWATT - TI{AIT
C RNOBED I{NOBED
C RCÀNCL - HCANCL
C RCÀNOR - ÍICANOR
c nNoRott - HNOROH
C NTGÀP . I{TGÀP
C RWLSAT TWLSRT
C RIDCÀN - I{IDCÀN
C RNF TLL . fINFf LL
c RÀNOCC 17) - [{ÀNOCC{7)
c ROPUTll2) - I,¡OPUT(12)
c RTFrr (39) - I{lFfr (39)
c RTAKEN (39) - HÎAKEN (39)
c RTPOST (39) - Í{TPOST ( 39)
c RTÀVLD {39) - I,lrAVtD(39}
C RTUSED I39} - HTUSED(39)
C RUTNAÎ(39) - OVERALL UTILTZATION RÀTTO FON EÀCH SURGEON
c DESIGNED AS AN ETFECTIVENESS !IEÀSURE FOR THE BTOCKING SYSTE}i. .":I'¡;

c
c
c

COVDR3 =.TRUE.
IF (DSTÀ8. GT.0) COVER3 = . FÀrSE.
IFIDÀY.GE.45 .AND. DSTÀB .GT.O} COVER2 = .FALSE.
IF(DAY.GE.45 .AND. DSTÀB .GT.0) COvERI = .FALSE.
GO TO 9600

c
C THIS PORTIOI¡ OF THE PROGRÀI4ME IS INVOKED ONLY IN EXPERIMENTATION
C !IITH ADÀPTTVE SCHEDULING
c
C ÀTI'EI.IPT TO RESCEEDUIE tsLOCK I.IHE IN AN ADÄPTTVE I{ODE
C BASED ON CUI.IULATED UTILTZATION BATIOS FOR 25 DÀYS

DO96B0 K=1,39
DO 9680 J=1,5

9680 DOCAV{J'K) = Q

DO 9691 J=1r8
Do 969 1 K=1,35

9691 BLOCK{J'K) = Q

RIIfRAr(5) = 0.
DO 968 1 J=1 ,39
rF (J. EQ. 5) GO TO 96 I 1

RTJTRAT {J) = (RTPoST (J) +RÎÀKEN (J} +RTUSED (J} ) /FtoAT (RTAVLD (J) )
968 1 CONTINUE

C I.IETGHTS ARE CÀLCULATED FOR AI1OUNT OF TII{E TO BE ÀSSTGNED
C 10 EACH SI'RGEON

DO 9601 J=1r39
960 1 I'lEIGHT (J) = RUTRAT (J) *I{TÀVLD (J)

RUTSUII = 0
Do 9602 J=1,39

9602 RUTSUü = RTITSUI,t + ÍtEIGHT lJ)
DO 2345 J=1'39

2345 !{BIcHÍ (J) = l.IEIGHT (J) ,/ RUTSUH
RUTSUM = 0
TOTI¡'lE = 11700
Do 9603 J=1,39
t'IEIGHT (J) = [lEIGf.IT (J) * TOTIME

9603 RUTSU6 = RtTTSUH + ç¡EIcHT (J)
rF (RUTSUM.GE.TOTTME) GO TO 9604
I{ErcHT(371 = l,tEIGHT(37) + (TOTIME-RUTSUH)

C ¡\SSIJRE A üTNIMUM OT 60 HINUTES FOR EACH SURGEON
9604 RUTSUM = O

Do 9605 J=1,39
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c

c
c
c
c

rF {!¡ErGHTlJ} .GE. 60.0) GO TO 9605
BUTSUI{ = (60.0 - IIEIGHT{J)) + RUTSUM

I.IEIGHT (J) = 60.0
9605 CONTINUE

sUBTRÀCT EXTRA ADDED TIt.IE FROI.I THÀT ÀLLOTTEÐ TO SURCEON 37
HETGHT{37) = WEIGHT(37) - RUTSUü

REFORH ENTTRE BLOCK SYSTEI'I

DECIDE ON NO. OF HOURS TO BE GIVEN EACH SURGI?ON

RUTSUI{ = O

Do 9606 J=l,39
HT = flErGHT fJ) /60.0
ASSIGN (J) = IFIx (r¡T)

COLLECT LEFTOVRN HINUlES
Ir{T = ÀSSIGN (J) *6 0
RUTSUH = BUTSUM + (f{ErGHT (J) - FLOAl (IlrT) )

9606 CONTINUE
ASSIGN(37) = ÀSSIGN(37) + BUTSUYI/60.0

c
C RO$I A ND COLUI{N TO BE FTI,LED

NNC=1
NNR = 1

NPASS = 1

SUßGEON IS DESIGNÀTED
J= 1

9660 NOLEFT = 0
NO. OF HOURS TO BE ASSIGNED ON TI{IS PASS

NOHORS = I'lI N0 ( ÀSS IGN (J) 
' 
7)

rF(NOHORS.EO.0) GO TO 9661
No.oFitofIRScURRBNTANESTHETISTcANAccoMi.foDATE

NÀBIE=g-NNR+1
rF (NABLE .LT.NOHORS) NOLEFT = NOHORS - NÀBIE
LIM=NNR+NOHORS-1
IF (LIM . GI. B) Lrt{ = 8

DO 9650 K=NNRTLIü
9650 BLoCK(K'NNC) = J

IF {NNC. f E.7) MI'IDAY = 1

rF (NNc. GT.7 . AND. NNc . t8.14) t{üDAY = 2

IF (NNC. GT. 1 4 . ÀND. NNc. rE' 21) Mt{DAY = 3

IF (NNC' GÎ.21 . ÀND. NNc. L8.28) Mt4DAI = 4

IF (NNC'GÎ.28 .ÀND. NNC.LE.35) Ml',lÐAY = 5

C BEFORII THE DOCTOR ÀVAÍIABTLÍTY TABIE
DOCÀV (l{¡'IDAY'J) = l
ÀSSIGN lJ) = ASSIGN (J) - (tIM-NNR+1)
NNR=LfM+1
rF(NNR .L8.8) GO TO 9661

' NNR = 1

IN-SERVTCE MODELLBD
NNC=NNC+1
NCOL = üODlNNC,7)
ÀLLO!I FOR ONLY 5 ¡\ NESlIIETTSTS

IF(NNC.EQ.6 .OR. NNC.EO.7) NNC = NNC + 2

rF (NNC.E0.8 .OR. NNC.E0.9) GO rO 9697
rFlNcoL.EQ.0 .oR. Ncor-80.6) NNC = NNC + 2

g6g't TF (NNC. GT. 3 5) GO TO 9662
IF(NNc.GT.14.AND. NNC.LT.21) NNR = 2

rF {NOLEFT .80. 0) Go To 9661
C FILL UP COLUÌ'IN I{ITH LEPTOVER TIT{E

C FROI'I PREVIOUS ÀNESTIIETIST
LIt{=NNR+NOLEFT-1
Do 9651 K= N NR' LItl

9651 BLOCKIK'NNC) = J

c
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ÀsSIGNlJl = ASSTGN¡J) (tIM - NNR + 1)NNR=LIü+1
IF {NNR. tE.8) cO 1O 9699
NNR = 1

NNC=l{NC+1
NCOL = tlOD (NNC,7)
rF (NC0L. E0.6) NNC = NNC + 2
IF (NNC. GT.1 4 . AND. NNC. tT.2 1 . ÀND. NNR. EQ.1) NNR = 2

9699 CONTINUE
c
C CHÀNGE SURGEON
c
9661 J=J+1

IF (J. Lli.39) cO TO 9660
NPÀSS=NPÀSS+1
rF (NPÀSS .cT.4) GO TO 9666

c
C BEGIN À NEI{ PASS
c

9665 J= I
co ro 9660

C CHECK THÀT ALI, ÀSSIGNED lII.IE HÀS BEEN ALI,OCATEI)
9666 ISUl,l = 0

DO 9667 K=lt39
9667 ISU U = IST'11 + ASSIGN (K)

rF (rsur,t .GÎ. 1) Go 1o 9665
C ITBITE OUT NEI,I BLOCKING SYSTEI,I
9662 CONTINDE

C TNTERCfIÀNGE SO¡18 OF FRIDÀTIS ALLOCATIONS [.ITTH lIIOSE ON I,IONDAÍ
C ÀND TUESDAY, TO ELTilTNATE BIOCK OVEITLAP ON FRIDÀY
c

T.1=2
12=32
ID1 = 1

ID2=5
978 1 DO 9780 KK= 1 r I

LTEIl = BTOCK (KK,I1)
l{TEH = BLOCK(KK,f2}
DOCAV(IDl,llTEl{} = l
BLOCK(KK,f1) = ¡!TEt{
DOCAV {T-D2, LTEt{) = |

9780 BLoCK (KK,r2) = LTBI,
ÎF (I1 . EQ. 8) cO TO 9782
f 1 = 8
T.2 = 33
ÍD1 = 2
co To 9781

9782 CONTINUE
c

r.rR ITE ( 6, 966 9)
9669 FORMAT ¡r1t,20X.r REARRANGED BLOCK 5TIìUCTURET,./)

HBITE (6,96'1 0) (J,J=1,35)
9670 FORt4ÀT (r tn/,5(713,3x) 

)
DO 9682 J=1,39

9682 BUTRÀT{J) = 0.' 
DOC61 1 J=1,8

9671 ITRITE (6,96701 (BLOCK(J,K),K=1,35)
c
C THE REI'IATNDER OF SUBROUTTNE sLÀTER IS INVOKED DATLY
c

9600 rFlcovEnl) co ro 4531
C PRINT OUT BI,OCK INFOBMATION
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llRrTE (6,9001
900 FORt'lÀT (' 1' 

'25N.' 
I GENEBÀL SURGERY BLOCK-TIME ÀRRANGEüENT. ,//lÍtRrrE (6,901)

901 FORHÀ1 (r ..,/r40X, rÀNESTHETISTST ,///l
I,¡nITE (6,9021 (J,J=1 ,7¡

902 FORH ÀT ( r r ,30X ,7 (6N. ,Í41 , //l
I{RITE (6,903)

903 FOnHÀT (" rllXrrTIMEr,40Xrr SURGEON-CODES T,/)
4531 NDÀY = DÀy

flKDAy = MOD(NDÀy,5)
f F (!lKDÀT . EQ. 0l I{KDÀY = 5
ISTR= (wKDAf-1)*7+1
IFNN=ISTR+6
11!18 = 800
[(=1
IF ÍCOVERI) GO TO 4532

905 BRTTE (6,907) IT¡,t8, (BLocK (K,J) ,J=ISTR,IFNN)
ITME = lTtlE + 100

. K = K+1
rF (K . tT. 9) GO TO 905

907 FORHÀT f r r,10XrI5,15X ,''l (6Xrr4l ,/l
c
C INITIALTZE VECTORS HHICH EXTRACT tstOCK INFORI,IATION
c
4532 DO 910 J=1,39

TÀVLD (J) - 0
TÀVLDÀ lJ) - 0
STARD {J) = Q

STARDA(J) = Q

ENDD (J) = Q

ENDDA (.r) - 0
ÀNES1(J) * -1

. 9 10 ÀNES 2 (J) = -'l
C EXTRACl PERTINENT BLOCK IN¡'ORI.lATION FOR USE IN SLAÎING

IR= 1

IC=ISTR-1
913 1ç=fÇ+1

NOLDR = -1
IF (rC .GÎ. rFNN) cO TO 916

912 IDCTR = BTOCK lIR, IC)
C DISREGARD SURGEON CODE OF O

rF(rDcTR.NE. 0) GO TO 917
fR=fR+1
rF (IR .LE. 8) cO TO 912
IR=1
co To 913

917 IF (rR .80. 1) co ro 9't 1

C CHECK FOR STJIRT OF A DTFFERËNÎ SURGEONTS BLOCK
rF {IDCTR .EQ. NOLDR) cO TO 911
rF (NOLDR.E0.-1) cO TO 91 1

IF fENDD (NOLDR) .GT. 0) ENDDA (NoLDR) = 800 + (IR-1) *100
rF (ENDD (NoLDR) .EQ. 0) ENDD(NoLDR) = 800 + {IR-1) +100

911 rF(ENDD(rDCIR).cT.0) GO TO 918
TÀVLD(IDCrRl = lAVLD(IDClR) + 60
rF (slARD{TDCTR) .EQ. 0) STARD(rDClR) = 800 +(IR-1) xlOC
IFIÀNES1 (IDcTP) . 80.-1) ÀNES1 (IDcTrì) =HOD (IC,7)
IF IANES 1 (TDCTR) .80.0) t\NES1 (rDCTRl = 7
co To 915

, 918 1ÀvLDÀIIDCTBI = TttvLDÀ(IDCTR) + 60
rF (STARDÀ(IDcTB) .80.0) sTÀRDAtrDcîR) = 800 + (rR-1)+ 100IF (ÀNES2(IDCTR) .n0.-1) AtiEs2 (IDClR) = r-toD (Ic,7)
IF (ÀNEs2 (rDCTRf . EQ.0) ANEs2 (IDcTr() = J

c
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915 UOLDR = fDCTR
I8 = IR + I
rF (rR .LE. 8) cO TO 912
IF {ENDD(NOLDR}.cT.0) ENDDÀ(NoLDR} = 1600
rP (ENDD (NoLDR) .80.0) ENDD (NoLDR) = 1 600
IR=1
co To 913

c
C SI{ITCH BLOCKS SO TfIAT FTRST BLOCK I{OULD OCCUR ¡\T THE EARLIER TII,lE
c
916 DO 1916 LDOC = 1,39

rF ( {slARD(LDOC) .LE. STARDJT(IDOC) ) .OR. (STARDÀ (LDOC} .89.0) )*GO TO 1916
lEI{1 = STARD (IDOC)
TEü2 = ENDD (I.DOc)
TEtl3 = TAVLD (Í.DOC)
TEM4 = ÀNES'l (tDOC)
STÀRD (LDOC) = STÀRDA (LDOC)
ENDD (LDoCl = ENDDÀ (LDOC)
T¡\vLD (LÐOC) = TÀvLDA(LDOc)
ANESl (LDOC) = ANEs2 ILDoC)
STARDÀ (tDOC) = TElf 1

ENDDÀ ILDOc) = TEM2
TÀVLDÀ (LDOC) = lEt'l 3
ÀNES2 (LDOC) = TEM4.

1 9 16 co Ntr¡¡ nE
c
C IS PRINTOI]T FOR DEBUGGING DESIRED?

DEBUG = .FALSE.
c
c
C INITIÀLTZE ALL OTHER ACCÛI,1ULÀTORS
C REOIIIRED FOB SI.ATE EVALUÀÎION
c

LDOC = 0
IÀN = -55
DSLAT = 0
DCÀNCT. = 0
DNOBED =O
DCANOR = 0
NREI{L = 0
.LÀCKRM = O

DTGÀP = 0
DSLCAN = 0
DELCAN = O

NR Et{ t¡L = 0
NFILL = 0
GCYSTI, = O

DNPOST = O

NNWL = 0
NI{AIT2 = 0
NWAIT = O

C UPPER LI¡{TT ON'SURGICÀL BED CENSUS
BEDLII'1 = 140

I
Do 3336 J=1,1 0

3336 NPOSS(J) - 0
DO 9 50 1 J=1 .12

9501 OPUT(Jl = Q

DO 3339 f=1,1 2
DO 3339 J=1,16

3339 XFRAc (J,I) = . FALSE.
Do 801 I=1,39
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TFrt (I) = 0
DOCLOC fr) - -1

801 DAYBTK (f ) = 'l

c
IF (Í{KDAY .NE. 1) co To 920

FEEKLY ÀCCU¡lUI.ATORS:
II,fTLL HAVE BEEN ADDED TO RUN ÀCCUI{ULÀTORS

ÀND PRINTED AT END OF EÀCH HEEK)

c
c
c
c
c

ITLDAT = O.
HNRE'¡L = O

TçIAfT = 0
l{NOBED = 0
UNREO = 0
ïCÀNCL = 0
IllNfIL = 0
HCANOR = O

IIINHL2 = 0
WLDÀY2 = 0.
f,IN RE¡IL = O

s¡fDCÀN = 0
WSI, ÀT = O

!{TGAP = 0
HNOROü = 0
HNFILL = O

NWPST = 0
DO 803 J=lr39
WNPOST (J) = Q

I{TFIL (J) = Q

HTPOST lJ) = Q

$¡DTLOC (J) - 0
r¡TÀKEN (J) = Q

I{TUs ED (J) = Q

EIAVI,D (J) - 0
FRIND(J) = 0.
BLtIT (J) = 0.

803 UTBÀT {J) = 0.
Do 804 J=1,12

804 I{oPUT (J) - 0
DO 805 J--1.7

805 HÀNOCC (J) - 0

TOTAL TII,IE AVÀILABLE TO
THTS Í.¡EEK

c
c
c
c
920 DO 921 J=1r39
921 $rTAvLÐ (J) = wTAVLD (J) + rÀvLD (J)

BACH SURGËON FOR GENERÀL SURGERY

+ TAVLDA (J)
c
c
c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

ROFILE Now coNsIsTS oF À !{ÀITING LIST, À LIST oF REOUESTS To BESLATED, AND AN ÀVAILABfLTTY.LIST

lHIS PORTION PÀSSES THE SET OF DÀILY REOUESTS lHROUGII
THO FTLTERS:

BED AV ÀTI,ABILIlT
CANCEILATION

c
c
c
c
c
c
c
c
c
c
c

'l

2

TIIE HAITING LIST IS SCANNED FIRSl, THEN THE DEI,IAND LISl IS EXAIIINED.
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c
C À REQUESÎ IS EITHER:
C 1) PLÀCED OR KEPT ON I{L
c 2) PLÀCED ON TllE sLÀTE
C 3) CÀNCELLED
c
c
c + ++ + + ++ ++ ++ + + ++ + + ++ ++ + + + + + + + + +++ + ++ + + ++ + + + + + + + + + + ++ + + + + +++ ++ + + + ++ + + + ++ + + + ++ + + +

c
c t.,!,

f F (COVER2) GO To 4543 : ::

rF (covERlì wRrTE 16,7201
I{RrrE (6,4050)

4050 FOnHÀT (' ' ,//////////,25x,' suRGrcAL BETt CENSUS TNFORt'tÀTrONt ,///l
, ü¡RrTE (6,4051) DAY

4051 FORMAT(r r,38X,rBEFORE STHULATTON OF SLÀTrNG ON DAY: t,!3,//l
c r..

, C SI¡ITCHES ARE INfTfÀLfZED INDICÀTING ÎHAT A REOUEST HAS BEEN ,,,
i q TÀKEN FRoM lHE t{ArrrNc L rsr oR lHE DEMÀND Lrsr :

4543 IWLTKE = O

ISLTKE-0 .:' NSLOI=O ..',i'.
Lr,tLPRo = 0
YEST=DAY-1
FIRST = 1

c
rF lcovER2) Go To 4544
ûlRrlE (6,4052) YEST,CENSLS

4052 FORI''I AT (1 I ,45X,ICENST]S ÀT STARl O¡ DAY ' ,T3,I BEFORE DEPARTURES IilÀ

*S: t rT4r//l
c
C THE CENSUS ON THE DÀY PRECEDING THE SII'IÜI/\TED DÀY IS ADJUSTED
C BY REI'IOVTNG THE PATTENÎS SCI{EDULED TO IEAVE.
c
4544 Ir(DÀY.EQ.1) YEST = 50

cENsttS = CENSUS - LEAVNG(YEST)
tVN = LEAvNG(YESI)
LnAVNC (YEST) - 0
rF (covEB2) GO TO 4545

i rF (DÀY .Nn. 1) !¡RrTE(6,4053) yEST,LVN
, l¡053 FORt'tAT(r r,45x,rNO. SCIIEDULED 1O DEPART ON ÐÀY 

"T3,r 
'JAS: I,I4)

_riSttS IF {DEBUG) cO TO 700 
. :...:.

i C ;:;r;:1:;:;

i c IS THE NEXT REQ0EST TO COsiE FROI'I WÀITING LIST OR FROI'I THE

: c DEüAND LIST? .,, '.,

.C'',' '.:l:2 RFWL=0
rF{ fHL .EQ. -88) .OR. (TSLTKE .Eg. 1) ) GO TO 142

I c taArrrtc Lrsr rs Nor EMPTY
t rF (LwLPRo .NE. o) co To 71

C LAST NODE T'ROI''I WL THÀT TS TO BE PROCESSED IS SET
II,¡LPRO = WLÀST

c I{LAST ADJUSTED FOR SCANN ING PROCESS BY SLATER .,

, C IT PREVTOUSLY INDICÀTED LAST NODE OF WÀITING LIST ÀCCEPTED BY ':

C SLATER '::':.':

C THE SI.ATER HÀS ÀI,REÀDY EXAMINED I{LAST NODE

C A I BOUNDÀRY CONDITIONI IS RESOLVED FOR LTSÎ PROCESSING.
c

i{LAST = flL
71 rF ( (HLAS1.E0. LlrLPRO) .On. {AQrrLE(14,!¡LÀST) .80. -188) )

*GO TO 1¡{2
Ir ( (wLÀST.EQ. I{t) .AND. (IHLTKE.EQ. 0) )citRR¡:C = FLAST

C AEQUEST HAS BEEN TÀKEN FROM THE HAITING LTST

a-
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rF (IHLTKE .80. 1) CURRE0 = RQFILE (1ft,!¡LAST)
C SPECIAL CONDTTION FOR NO CURRENT HAITING tISÎ

rF (IITI,TKE" EO. 1 . AND. I.¡L AST. EO. HL . ÀND. NSLOT. EO. O} CfIRRf,Q = g¡
IP{DEBrrc} HRrTF(6,4001) cURRE0

4001 FORI'TÀT{r ',t REQUEST FROH tùL:r,14)
NNÍIL=NNI{L+1
IfTI,TKE = 1

c
C REI,IOVE POSTPONEITENT DECISION rROM PREVTOUS t{ORK-UP RUI¡IF (D¡\y.Ee. 1. ÀND. (RQrrrE(7, currREe) . cT.10) ) aQFTLE (7¡CURREQ) =*ROFILE(7,CURREO) . 1O
c
C ACCOUNT FOR INCOMING ÍIAITING IIST fN NO. REOUESTED POR RÛNIPlDAY.cT.l) GO TO 4987

LI,D = ROFILE (2,CI'RREQ)
LLO = R0FILE (3,cURREQ)
IFlLLo.cT.100) LLO = LLO - 100
IF lDÀY. EQ.'l) FINÀL (LLD,LLO) = FINÀL (LLD, LLo) + 1

4987 RFr{t = 1

GOTO4
c
C REOUEST TS FROI'' DEIÍAND LTST

142 ÍF {rDEr,tD .80. -'1771 Go To 4708
IF (ISLTKE .EQ. 0) ISLTKE = 1

CURREQ = IDEHD
IDEl,lD = R0FILE (14,IDEtlD)

C TDENTIFY THE SURGEON
4 LDOC = R0FILE (2,CtIRREQ)

IF (DEBUG) WRIÎE (6,4002) CURREQ
4002 FORHAT (r t ,t CURRENT REQUEST: , ,I4)

TF(DEBUc) HRrîE(6,4003) cEN5rJ5
4003 FOBHÀT(r ,,, CENStIS: IrI4)

C LOCAL SURGERY DOES NOT FOLLOI,i BLOCK SYSTEM
NS = RQFTLE (3,CURRE0)
rFlNs .ct, 100) NS = NS - 100
rr (Ns . LE. 7l co TO 143

C CAN THE ST'RGEON OPERÀTE ON THTS FEDKDAY?
IF {DOCAv(WKDÀy,LDOC) .NE. 1) GO to 20

143 rF (RQFTLE (4,CURREO) .EQ. 0) GO TO 6
c
C BED ÀVATTABILITY FTLTER

rF lcBNsus.LT.BEDLrt'l) cO TO 6
C NO BED AVAILABLE

DNoBED=DNOBED+1
IF (DEBUG) r{RITE (6,4004)

4004 FOEHÀTlr tr'NO BEDr)
GO TO 20

c
C CANCELLATTON T'ILTER
c
C REOUESTING SURGEON IS ÀLLO!¡ED TO OPERÀ'TE TODAY
C SIGNIFY THÀT TIIIS REOI'EST I,{IIL HAVË PÀSSED THROÛGH TIIE
C CA NCETLÀTION PTLTER

6 rF {(RQFTLE(7,CURREQ} .N8.1) .e¡lO. (RQrrLE{'7,cURREQ) .N8.11) )*GO T0 1310
GO TO 310

1310 RQFILE(7,CÍIRREQ) = RQFILE(7,CURRE0) + 1

c
YPL = UNI (O)
rF (YFL .cE. 0"146) CO ro tO
rF IDEBUc) cnITE (6,4 005)

4005 FoRMÀT (t t ,t cÀNc. BY sL. c1. r)
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c
C CÀNCELLÀÎION BT SLÀTING CTEAK !¡T[L OCCUR
c

YFL = UNI (0)
rF (YFL .cE. 0.151 cO TO 11

c
C NON-REPLACFABLE CANCELI,ÀIION fIILL OCCUR
c

IF (DEBUc) r.rR ITE (6, 4006)
4006 FoRt'rAT(r r,r NoN-REPL.f)

c
C CREÀTE GÀP SURGERY
c

RQFftE (3,CURREQ) = BoFILE (3,CURREQ) + 100
co To 310

c
C THERE IS NO CANCELLÀTION BY SLATING CI.ERK
c

10 YFL = UNI (0)
IF (DEBUG) I{RITE(6,4007)

4007 FORttAT(r n,' NO CÀNC. BY St. CL.f)
IF (YFL.G8.0.169) GO TO 310

c
C REOUEST Í,IILL HAVE BEEN CANCELLEÐ BY OPERATING ROO¡,i SUPERVISOR
C SCHEDI'IE GAP SURGERY
c

rF {DEBUc) !JBITE (6,4008)
4C0B FORflAT(t t,' CANC. BY ORr)

ROFILE l3,cttRRE0) = RQFILE (3,cIlRREQ) + 100
R0FTLE{15'cURREQ) = l

C+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
C REOUEST HÀS PÀSSED THROUGII ÀPPROPRTATE FTLTERS
C AN AîTEI,IPT IS NOW MÀDE TO SLÀTE I1
c
c+++++++++++++++++++++++++++++++++++++++++.+++++++++++++++++++++++++++++++++++++
C SLATTNG A NON-CYSTOSCOPIC PROCEDURE HITH À GENERÀL ÀNESTHETIC
c
C BLOCK THAÎ REQI]EST Í.¡ÂS TÀKEN FROI{ IS NOTED
310 TBLK = 1

C DEÎERTIINE THE TYPE OF SURGERY
NSURG = RQFILE(3,CURREQ)

C REMOVE GAP EFFECÎ
IF {NSIIRG .GT. 100) NSTRG = NSURG - 100

C TS THE ANESTHETIC LOCAL OR GENERÀL?
IF (NSUBG . LE. 7) cO TO 500

C GENERAL ÀNESTHETIC
0PLEN = LENSIIR (NSURG)
rF (TÀVLD(r,DOC) ,E0.0) cO TO 1002

C DOES SURGEON HAVE ENOUGH BLOCK TTTÍE LEFT?
505 rF (DÀYBLKILDoC) .NE. 1) G0 TO 1001

rF (oPLEN .LE. TAVLD(rDOCl) GO 10 502
1001 IF{DAYBLK{LDOCI .NE. 2l cO TO 1002

rF (oPLEN .r,8. TAVLDÀ (rDOC) ) GO TO 502
. GO TO 506
1002 rF (TÀvLDÀ (LDOC) .80. 0) G0 TO 503

DAYBTK (r,DOC) - 2
co ro 505

C SURGERY TÀKES LONGER TTIAN SECOND BLOCK
C BLOCK TO BE SEÂRCHED IS BLOCK 1 AGAIN
506 DAYBLK (LDoC) = 'l

C PCSTPONE THE REQUEST
503 rF {DEBUc) WRrrE (6,4 009)
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4009 FORüATlr ',' NOT El¡OUcH BLOCK rrüEr)
DNPOST=DNPOST+1
IF {RQFTLEIT,CURREO) .GE. 1O) GO TO 2O
I{NPoST (LDOc) = I{NPOST (LDOC) + 1
HTPOST (LDOCI = r{TpOST ILDOC) + opLEN

C POSTPONE¡{ENT DECISION INDICÀÎOR
RQFILE {7,crrRRE0) = RQFTLE (7,cURRE0) + 1OC RRQUEST þ¡ILL BE KEPT OR PLACED ON Í{AIÎING LISTco To 20

c
C ÎHERE IS ENOUGfT TTME TO SCHEDULE THIS OPERÀ'TION502 rF (DÀYBtK(LDOC) ,80. 1) TÀVLD(LDOC) = TAVLD(LDOC) _ opLENrF (DÀYBLK(tDOC) .80. 1) co To 507C III,IE TS TAKAN PROI,I SECOND BIOCK OF DAr

TAVI.DÀILDOC) = lAVLDÀ(LDoc) - OpL]jNC BLOCK 10 BE SEÀRCH8D ON NEXT ATTEI{PT TS BTOCK 1
DAYBLK (LDOc) = 1

c BLOCK REQUESÎ !ÙÀS ÀSSTGNED 10 IS BLOCK2IBIK = 2
c
C CHOOSE À ROOI'I FOR SURGERY
c

507 CHOTCE = DOCLOC(LDoC)
IF(cHOIcE.E0.3) cHoIcE = -1C SURGICÀL CLASS 1'9 I,IÀT BE A CYSÎOSCOPY
rF(NSrrRc .NE. 19) GO TO 2004

C SIIBGEONS 9 AND 35 DO NOT DO CYSTOSCOPTES
rF(LDOC.E0.9.OR. LDOC.EQ.35) co To 2004yFL = UNII0)
IF(YFL.I,E.0.65) CHOICE = 3

C SIXTY PERCENT OF GENERAL NFA PROCEDUAES ASSTGNED DIRBCTLÏ TOC ÎHEÀTRE 10
2004 yFL = UNr (0)

IF (YFL. cT.0.60) co To 8506
Ip ({NSURc.EQ. 14) . A¡¡0. {RQFTLE(4,CTJRREQ) .80.0} ) cHoICFI = t08506 tF{cHorcE"E0.3} co 1o 9007

C DETERI{TNE TTIE POSSIBLE CIIOICES FOR THIS REOUESTIFII, = 1

fCL=1
DO 9099 J=1,10

9099 NPOsS (J) = Q

DO 900 1 .J=1 ,12
IF IOPRM (NSI'RG, J) . NE. 1) GO TO 9 OO 1
NPOSS (IFIL} = J
IFT'L=TFIL+1

9 OO 1 CO NTI NI'E
C ÀSSI'RE SURGEONIS LÀST LOCATION IS A¡{ONG THE PRESENT POSSTBTLTTIESLXL=0

DO 9098 J=1,10
9098 IF(cHorcE .EQ. Nposs(J) ) LXL = 1

rF {LXL .80.0) cHoIcE = -19007 rr'(cHorcE . Eg.3) co To 509C THERE IS ASSURA NC8 OF AVÀIT,ABLE BTOCK TII-IEC PROPOSE ST ÀRTTNG T II.IE
IF (IBLK. EO.1) T=IlIN (ENDD (LDoc) ) - (TÀvLD (LDoc) +oPLEN)
IF IIBLK. Ee"2l T=MrN (ENDDA(LDoc) ) - (TÀvLDA {LDoC) +opr.bN)IF (CIIOIcE . EQ. - 1) CHOTcE = NpOSS ( t)
IF (CHOICE .EQ. 3) co To 509
NVÀC = 0
fTR = 1

9006 NROrt = l(T-800),/30) + 1

C PNOPOSE FI NISH TII,Í E
FT=T+OPLEN
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rF{DEBUc) WRrrE(6,4010) CHOTCE
4010 PORI.!AT (r , ,, CHOTCE: ,, 14)

NHR = IHOURS (T)
IF(DEBUG) i{RITE(6,4011) NHR

4011 FORMÀT(r ,rt TInE: I,I4)
tjROH = (fT-800),/30
DO 9500 J=NR0l.¡, MROII
rF (xFRÀG(J,CHOTCEI) GO TO 9003

95OO CONTINUE
co ro 512

C SEÀRCH THROUGH ALT POSSIBLE CHOICES
C EXCEPTTON FOR SPECIPIC ASSIGNT,IENTS
9003 IFICUOTCE.80.3) GO TO 9004

CHoICE = NPoSS (IcL)
ICL=ICL+1
rF lcHorcE .80. 3) Go to 9003
rF (cHorcE .EQ. 0) GO 1O 9004
c0 10 9006t 900t¡ fCL = 1

rF (rrR.GE.2) GO 1O 1 004
C CAN SURGEBY STÀRT 30 UTNUTÈS LATER THAN ON PREVIOI'S ATTEI.IPI?

T=T+30
, NVAC = NVAC + 30

ITR = ITR + ,I

IF (IBLK .NE. 1} GO TO 9O05
rF{ (trrN (ENDD (tDOC) ) -1) .LT. OPLEN) GO TO 1004
rF fcHorcE. EQ. 3) GO TO 9 006
co To 9003

9005 rF ( (rlrN {ENDDA (LDOC) ) -T) . LT. OPTEN) GO TO 1 004
GO T0 9003

C REOUEST I{TLL BE POSÎPONED BECAI'S!] BLOCK TIHE HTIL HAVE RU¡{ OUT
C BY THE 1IÙIE SURGERY WOULD FINISH

1004 LÀCKRM = LACKRII + 1

C REVERSE ÀVÀILAtsLE TTUE
rF (IBLK. E0. 1) TÂvLD (LDoC) = TAVLD (tDoC) + OPLEN
rF lIBtK. E0.2) TAVLDÀ (L DoC) = TÀVLIJA (l,DOc) + oPLEN
IF (DEBUG) BRrTE (6,40221

4022 F0RtlAT(| r,I IÀCKRU - PUT ON IìIL.)
co ro 20

c
C T,FT ACCEPTED AS START AND FTNISH TII,IES IN CHOICE ROO¡I
c

512 DO 508 l=NROIl,l,lROll .

5OB XFRÀG(L.CHOICE} = .TRUE,
510 DOCLOC ItDOC) = CHOIcE

C ADJUST FOR FRAG¡ÍENTE D TI MB LOSS
IF I (IBLK.80. 1) . AND. (NVÀc. GT.0) ) TAvLD (LDoc) =TAVLD (LDoc) -NvItc
IF ( ( IBLI(. 80. 2l . A ND. (NVAC. GT. 0) ) T ÀVIDA ( LDOC) =TAVLDA (LDOC) -NVAC
rP (rÀN . NE. 0) GO TO 540
fÀN = -55
GO TO 15q0

C SLÀTING A CÏSTOSCOPÏ
C HITH GENERÀt TTNESTHETTC
c
C ASSUHE SURGEON HAS AT I.IOST ONE BI,OCK

509 ITR = 1

NvAc = 0
IF (DEBUG) I{RrTE (6,4012)

4012 FORHAT ( r t ,' G. CYSTOT)
C PROPOSE START T FI NISH TII.IES

T = ürN {ENDD (rDOc} ) - (TltVLD (tDoc) + oPLEN)
2702?T=T*OPLEN
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OF OCCUPTED ROOM

520

SURGERY

80. 0) co To 2770

174

NHR = rHouRs (1)
rF (DEBUcl sRrTE (6,4 0 1 3) NHR

4013 FORttÀ1(r ,,. c. cysTo TII.tE: 
"I4)NBor{ =f (T-800)/30) + 1

HROI{ = IFT-g00l /30
DO 2700 J= NROII , H ROW
ïF (XFRÀc (J, 3) ) co To 270 1

27OO CONTINÜE
GO TO 2703

C T,IOVE DO!ÙN BY 30 flTNUTES rF POSSTBLE
2701 rF (rTR.GE.2) GO rO 1004

T = T+30
ITR = TTR+I
rF { (MTN IENDD (TDOC} } -T} . GE.OPLEN) GO TOC REJECT THE RAOUEST
GO TO 1004

C ÀCCEPT REOU EsT: NoTE 1I ¡.IE LosS EECAUS E2703 IF ÍITR .EO. 2l NVAC = 30
co 10 512

c
c
c
c
c

SCHEDULING LOCÀL SURGERY

500 CPTEN = LENsUR (N SttRG)
NVÀC = 0
Ip(NSURG .EÇ.2 .oR. NSURG.E0.3) co ToC ^SÜRGERY rS NOT À CYSTOSCOPY
Ir (DEBUG) rrtRITE (6,530)

530 FORttAT lr 
" 

r LOCÀL ÀNESIHETICr )C SET OPERÀTTNG TIIEÀTBE AT 1 1 FOR LOCÀL
CHOfCE = 1 1

co To 523
c

520 CHOICE = 3
IF (DEBnG) HRIÎE (6,4 014)

4014 FoRI{Àt ¡t tr t L. cysTor)
C TRY TO SCITEDIJLE ÀROUND FIEST BLOCK

523 IF (STARD (LDoc) .8e.0 . AND. ENDD {LDoc) .C SCHEDUTE DCHN
T = MIN (ENDD ll.Docl )2776ET=T+OPLEN
rF (FT.cT.1280) Go ro 2772
NHR = IHOURS (T)
Ir (DEBrrc) HRrrE (6,4015) NHR

4015 FoRMÀT lr r,' LocAL TIHE: ',14)IFISTÀRDA{LDOC).E0.0 .ÀND. ENDDÀ(LDOC),8Q.0) co To 277,1IF(rT.GT.I{TN{STÀRDÀ (LDOCI )) GO TO 2772
2771 NRoi{ = f (T-BO0) /30) + 1

¡1Ror,¡ = {FT - 800) /30
DO 277 3 J=NROI{,HRO}I
rF (XFR ÀG (J, CHOICE) ) GO TO 2?74

2773 CONTINUE
GO .IO 2775

27'l 4 f = T+30
co To 2776

C SCHEDULE ÛP
2772 T = MrN{STÀRD(LDoc}) - OPLEN
2777FT=T+OPLEN

IF(T .LT. 800) GO TO 2778
NROI,I = ((T-800)/30) + l
t{RoI'¡ = {FT _ 8001 /30
DO 2779 J=NRC[{,HROH
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IF (XFRAG {J, CHOICE) ) GO TO 2780
2779 CONTTNUE

C CÍIECK FOB COTLISION I{ITH OTHER LOCAL SURGERY
2775 cO TO 525

C REOUEST SI,ATED
9775 IAN = 0

IF (cHOIcE. EQ. 1 1) !fDTLOC (LDOC) = $DTLOC (LDOC) + OPLEN
GO TO 512

c
2780 T = T-30

GO 10 2777
2778 CONTINUE

rF (DEBUG) HRrrE (6,4 0 1 6)
4016 FORHÀT(r ',' NO TIME FOR LOCÀL r)

GO TO 20
C SIIÍPLE DOlfI{I.IARD SEARCI{

2770 T=800
2781 FT = T+OPLEN

rF(FT.GT.1280) GO rO 2778
NHR = fHOURS (T)
rF (DEBUG) flRrrE (6, 40 1 5) NHR
NRoti = ((T-800)/30) + 1

t{RCi{= (FT-800) /30
DO 21 82 J = NnOr,¡ ,. 11 RolI
rF lxFRÀG (J, CHOTCE) ) GO TO 2783

2'182 CONTINUE
co ro 2775

2783 T = T+30
GO TO 2781

C EXAMfNE IF THTS SURGEON HÀS ÀLREÀDY BEEN SCHEDULED
C FOR À LOCÀI CYSTOSCOPY IN ÎHIIÀTRE 3

C PBOPOSIìD TII1E HIGHT CI.ASH iIITH TOCAI CYSTO.
525 lF{CHOICE.E0.3) ITHTR = 11

1F (cHoIcE. EQ. 1 i ) IT HTB = 3

ICLITSH = CLÀSPT (ITHTF)
2349 rF( (rCLÀSH.E9.-991 ) GO TO 9775

IISRG = RQFIIE(2'ICI.ÀsH)
rF (IISBG . NE. I.DOC) GO TO 2348
ISTCLD = RoFILE (B,TCtASH)
ISTCLD = UfN (TSTcLD)
IFNcLD = fSICLD + RQFILE(9'ICLASH)
IF I (rt. tE.rsTcLD) .oR' (T.GE. TFNCJ.D) ) GO TO 2348

C A CI,ÀSH HAS BEEN NOTTCED
rF (DEBUGI nRrTE16,2347l

2347 FOR¡{AT (r r ,15X, rCr,ASH CF LOCÀ¡. çirrH t. CYSTOT)
GO rO 2'178

23¿lB IcLASH = R0r'ÌtE (l3,ICLASH)
GO TO 23rt9

c
c
C ATTÀCH FULL StÀlING fNFORIÏATION !'OR THIS REOUEST ONTO ROFITE
c
c
C A N ESTHETIST
540 IF (IBtK. EQ.1) rAN = ÀNES1 (LDOC)

IF (IBLK .80.2) IAN = ÀNES2 {LDoC)
R0FTLE (1 I,CURnEQ) = rÀN

c
C THEATRE

1540 R0FILE (5,Ct,nREQ) = CHOICE
C CHI\IN BY OPERATING ROOM

RgFfLE (1 3,CURREQ) = CLASPT (CHOIcE)
CLÀSPT (CHoICE) = CURREQ
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C LINK BT SURGEON
R0FILE(6,CURREQ) = DOCPT (LDOC)
DoCPT(LDOC) = CURREo

C STÀRTTNG TI¡IE
R0FItE(8,CURRE0) = IHOURS(î)

C DURÀTION
R0FILE (9,CURREç,) = OPLEN

C TYPE OF ÀNESTHESIÀ: 1 - LocAL, 2 - GENERAL
R0FILE ('l0,CURRE0) = 'l

lF {NSURG . GT. 7l R0FILE ('l0,CuRREQ) = R0FItE (10,CURREQ) + 1IF (IÀN .GT. 0) wTUSED (LDoc) = IiTUSED (LDoC) + oplEN
UOST= Í{KDÀY- 1

IF IIAN.GT. O . AND. (ROFILE(7.CURREO) . GT.1O) .AND. (RQPILE (12,CIIRREQ)+ .LE. tïoST) ) l{fPosT{tDoC) = HTpOST(LDoc) - OpLEN
c
C f.IÀS GÀP SURGERY SCIIEDULED?

IF(R0FILE(3,cURRE0) .GT. 100) DTGAp = DTGAp + lIF ( IROFILEI3,CURREO).GT.1OO) .ÀND. {ROFILE(15,CIJRRBQ) .EQ.O) )fDcÀNcL=DCANCL+1
IF{R0FItE(15,CURRE0} .80.1) DCANOR = DCÀNOR + 1

GO TO 31
c
c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
c
C ÀTTACH REQUEST ONTO lHE DAYIS SLAÎE
c

C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
31 flos = RgFIl,E (4,CURREO)

IF (rros .80. 0) co To 8888
C ÀSSU¡,lPTTON: NON.REPLÀCEABLE CÀNCELLÀTIONS DO NOl TI¡ UP CENSUSIF (RQFILE(3,CURREQ) . GT.1OO) GO TO SBBB

IFUT=IIOS+DÀY
IF (IFItt . GT.50) IFUT = IFttT - 50
LEAVNG(IFUT) =LEAvNG(IFUT) + 1

CENSUS=CENSUS+1
C IS THIS THE FIRSÎ REQI]EST TO GO ON SLÀTE TODÀY?

8888 rF ( (FIRST .EQ.1) .AND. (RFflL ,EQ. 1) ) GO TO 91
GO 10 50

91 SL = CURREO
RQFILE (14,WLAST) = RQFILE(14,CURREe)

SLÀST = CURREQ
IF {CURREQ.EQ. HL) T{L = RQFILE(14,cURREO)
IF (CURFE0 . 80. I.¡LA 5T) ïLAST = Ht
R0FILE ( 14, CtÌRREQ) = -177
co 10 22

C RFI{L = 1, REQUEST IS NoT FIRST
50 rF (RFWL .80. 0 ) GO TO 12

RgFILE(14,ÍJLAST) = RQFILE (14,CURREQ)
C CHATN PREVIOI'S BEOI'EST ON THE SLAÎE TO THIS ONE

21 ROFITE {1q,sLÀsT) = cURREO
. IF (CURREO. EO. fil) I{L = RQFILE (14,CUNNEO}

IF (CURREQ .80" t{LÀST) HLÀST = HL
IF(RFr{L .EQ.1 .AND. NSLOT.cT.0) RQFII,E(14,lfLAST) = RqFILE* (14,CURRE0)
R0FILE (14,CURRE0) = -177
SLÀST = CtlRRE9
GOTO2

C REOUEST TS TÀKEN FROI-I DEMAND I,ISI
C IS IT THE FIRST REOUBST TO BE SLÀÎED TODÀY?

12 rF (FIRST "NE. 1) cO tO 21
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SLAST = CURREO
C IBOUNDÀ8Y CONDITIONSI TÀKEN CARE OF

rF (SL .LT. 0) SL = CTRREQ
22 FIRST = 0

GOTO2
C REOUEST IS IIIPED OOT
11 DCANCL = DCANCL + 1

rF (DEBUG) I{RrrE (6,4019)
4019 FORHÀT (t r, I REPL. CÀl{C. t}

Do 1lto J=1,13
140 RQFTLE (J,cURREQ) - 0

IF (Rrv{L .EQ. 1 ) R0FILE{14,stLAST) = R0FfLE (14'cURRaQ)
IF(RFf{L .80.1 .ÀND. TSLTKE .80-0) DI{LcAN = DHLCAN + 1

I¡ {IS LTKE . EQ. 1) DS LCAN = ¡5¡ç¡¡ + 'l

rF (cuRRE0. 80. lrl) HL = R0FTLE ( 14, CURREQ)

IF (CURREQ .80. l{LÀST) I,¡LÀST = i{L
ROFILE {14,CltRREQ) = ÀVAIL
IF (SL .EQ. CURREO) SL = -1
ÀVAIt = CURREO
GOTO2

c
C CHANGE REOUEST TO IFOR TOT{ORRO$II AND PUT IT
C ON I{AIÎTNG LTST IF I1 TSNT ALREÀDY THERE
c

20 rF IDEBUG) ÍIRrrE (6,4020)
4020 r,on¡{A1 (r , ,, GoES oN HLr)

C TS THIS REOUEST OFF THE !¡ÄTIING LIST?
rF (RQFTLE (12,CURREQ) .NE. 0) GO 1O 40
IF (SI, .80. CURRE0) SL = -1
IF (l'lL .80. -88) I{L = CIIBREQ
rF {r,ttasr . NE. -88) GO TO 42
}ILAST = t{L
GO 10 43

c cHÀr N REoUEST ONÎO I{Àrî trsl
42 RÇFTLE {14'HLÀST) = CURREQ

i{LÀST = CIIRREQ
c NO. OF DÀyS REQUEST $IILL HÀVE BEEN ON I'lL UNTI1 NEXT rII'18 IT
C IS EXAIIINED

43 ROFTLE fl2,cURREQ) = R0FTLE (12,cURREQ) + 1

C ÀDD ONE TO NUMBER OF BEQU ESTS PI.ACAD ON Í']ÀITING LIST
NREFL=NREtlL+1
RgFILE Il,CURBEQ) = RQFILE (1'CURREQ) + 1

R0FTLE (1r¡,CItRREQ) = -188
GOTO2

C REQUESÎ I{UST I,IATT ÀT LEAST ONE I'¡ORE DAY ON ITAITTNG LTST.
40 B0FILE {12,CURREg) = ROFTLE (12.CtrRRE0) + 1

ROFITE (1'CURREQ) = ROFILE (1'CURRE0) + 1

lF{RQFILE(1'CURREQ) .80.51) RQf'ItE(1'CURREQ) ='l
HLÀS1 = CURREQ

C A REQUEST HAS BEEN PLÀCED OR LEFT ON I'IL IN lODÀYIS StrÀTING ATTEI'IPT
NSLOT = 1

GOTO2
c++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
c
C RESCAN OF HL
c
c
c+ ++ ++ ++++ ++++++++ ++ ++++++++ +++++ +++ ++ ++ + ++++ ++ + ++++ ++ ++++++ ++++ ++ ++ + ++++ + +++ + +

4?08 Ir'(DEBIIG) HRrrE{6,5000)
5000 FORI'IAT(r 

", 
R B S C A N ! ! ! r)

c
c THE ldl IS RESCÀNNED TO FILL UNUSED BLOCK TII'18 T{IÎH REQUESÎS
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C FBO¡I AITY SURGEON
L

FfLREQ = 1¡¡.

IFINÀL = I{LAST
5444 I{LAST = FILREO

FTtREQ = R0rIf,E (14' s¡LAsT)
IF (FrrRE0 . Nn. rFIN i\r) GO TO 5445
I.lLAST = FILREQ
co To 5748 : :

'--'tlT!*ylî'iliiiii:iiüì u,,,,0 :':

IF {DEBUG) FRITE (6,4 003) cEN SUS
NS = R0FTLE (3, PILREQ)
II'(NS.cÎ.100) NS = NS - 100
OPLEN = LENSUR (NS)

C ELI III NATE CYSTOS CO PT ES AND LOCALS .

f F (NS . LE. 'll cO TO 5444 ,::,::,:
IF (NS.80. 16 . oR. NS. Ee. 17 . oR. Ns. EQ. 19) co To 5{144 '. ,

c
C EÀCH REOUEST ENCOUNTERS TIIE BED AVAILABTTITY AND -ì.:...C CÀNCELI,ATT0N FITTER .........
c
C BED AVAITÀBII,IIY

rF (cENSrrs . LT. BEDLIT{} cO To 5006
DNOBED=DNOBED+1
rF (DEBUc) I{RrTE (6,4004)
GO TO 5444

5006 rF ( (R0FIf,E(7,FrtrRE0) .NE. 1) . a¡lD. (RQFrtE (7,FrI,REO) .NE. 11) )*GO TO 5310
co ro 5510

C CÀNCELTÀTION
5-310 R0FILE('7 

' 
Ff tREq) = RQFTLE (7,FILRDg) + 1

YFL = UNI (0)
rF (yFL, G8.0,146) GO 1O 5010
rP IDEBUG) lIRrrE (6,4005) l

Y,FL = UNI (O)
IF(YFL.GE. 0.15) GO TO 5011 I

rF (DEBUGI HRITE (6,4006)
R0FrL8(3,FILREQ) = RQFTLE{3,FILRE0) + 100
GO TO 5510

50 10 YFL = UNI {0)
rF (DEBUG) t{RrTE (6,40071
rF{YFL.c8.0.169) GO TO 5510 l

IF IDEBUG) WBITE (6,4 008)
RQFILE l3,Ff LREQ) = RQFILE (3, FILREQ) + 100 '..' ,','

ROF ILE ( 15' FILREQ) = 'l

GO T0 5510
5011 DCANCL = DCANCL + 1

rF{DEBUG) WRrTEl6,4019)
DO 5140 J=1,13

5140 R0FTLE(J,FItRE0) = Q

R0FILE ( 1 4, !l tÀST) = RQFILE (1 4, FILREQ)
ÐwLcAN = DHLCÀN + 1 

lr"rr'!r\!v' 
'lttt"tt

RQFÍ LE { 14, FILREQ) = ÀVÀIL 
t:: 't:':

ÀVAIL = FILRE0
FI LR EQ = r{L ÀST
GO TO 5444

C LOCK FOR SURGEON JDOC Ì,IHOSE BLOCK TII.IE CÀN BFÌ USDD TO SAÎTSFY
C REQUEST FROII LDOC.
5510 JDoC = 0

JJST = 1

5891 DO 5599 J=JJSTr39
rPLUG = TAVLD (J) _ lFrr (J)
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rF (rPLÛG .rT. OPLEN) GO 1O 5599
GO TO 551 1

5599 CONTINUE
C NOT ENOI'GII TIME AVAILIIBLE

GO 10 5444
5511 JDOC = J

C CHOOSE A AOOH

CHOICE = DoCLoC (LDOC)
IF {CHOICE.80.3) CHofCE = -1
IF(CHOrCE.EO.3) GO TO 5007
NFIL = 1

NCL=1
DO 5099 J =1'10

5099 NPOSS {J) = Q

DO 5001 J=1,12
rF (oPR¡{ (NS, J) . NE. 1) GO TO 5001
NPOSS (NFIt) = J
NFII=NFIL+1

5OO 1 CONTINUE
LXL=0
DO 5098 J=1 ' 10

5098 IF (cHoIcE.E0. NPoSs (J) ) LXf' = 1

IF (LXL. EQ.0) cHorcE = - 1

C PROPOSE STARÎ
5007 II' (CHoIcE.80.- 1) cHol.cE = NPoSS (1)

T = MIN I ENDD (JDoC) ) - Tl\VLD(JDoC) + TFIL (JDOC)

NROr{ = ( (T-800) /301 +1

FT=T+OPLEN
l.lsRcH = ÐocPl (LDOC)

5502 rF {}1SRCH. 69. -99) GO TO 5890
HSRCiI 1 = R0FILE (3 

' 
t'l SFCH)

IF (tlsRcHl . cT.',l00) l'lsRcHl = t'f sRCHl - 100
rFÍMSRCHl .CT.7) GO 1O 5501
l!tf 5T = B0FILE (8'MSRCH)
MtfFN = I'IHST + ROfÏI,E(9'MSnCH)
rF (FT. LT. t{l'tsÎ .OR. T-GT.l'tMFN) GO 10 5501

C A CI,ASH I.¡TTH LOCAL SURGERY FOR TDOC

GO TO 5444
5501 HSRCH = RQFILE{6,MSRCH)

GO TO 5502
C I{ILL A CI,ASH HITH BLOCK TI$E OF IDOC OCCUR?

5890 rF (T. ç8. ENDD (LDOC) . OR. FT.LE. S1ÀRD (LDOC) ) GO TO 5892

5893 rF(JDOC.GE.39) GO TO 5444
JJST=JDOC+1
GO TC 5891

5gg2 rF (T. GE. ENDDA (LDOC) . OR. FT. L r:. S1ÀRDA (LDOC) ) GO TO 5503
GO TO 5893

5503 rF(DEBUGI f{RrrE(6'4010) CllorcE
NHR = ITIOURS (r)
1F (DEBUG) HRrTE (6,401 1) NHR

!tROid = (FT-9001 /30
Do 5900 J=NROH ' l''lRol{
rF{xFR¡\G(J,CHOTCE}) GO TO 5903

5900 CONTTNttE
GO TO 5912

5903 rF(CHOTCE'80.3) GO TO 5904
CHOICE = NPOSS (NCL)
NCL=NCL+1
rF(cHoICE.NE.0) GO TO 5503

5904 LACKRü = LITCKRM + 1

rF (DEBUG) I{RrrE(6,40'221
GO TO 5920

c
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C SLÀTE lHE REOUESÎ
c

5912 DO 5913 L=NROet, HBOI{
5913 XFRÀc{L,cHOICE) = .TRUE,

DoCLoc(LDoCl = CHoICE
TFIL (JDoC) = TFIL (JDOC) + OPLEN
rÀN -- ÀNES1(JDOC)
ROFTLE (11.F ILREQ) = Ii\N
IF(IÀN.GT.O .ÀND. (RQFTI,E(7,¡'II,REQ).GT. 1O) .ÀND. (ROFILE

* (12, TItREQ) . r,E. r,rKDÀy) ) IÍTPOST (LDOC) =HTPOST (LDOC) _OpLEN
I.lTÀKEN (LDoC) = l{TÀKEN (LDOC) + OPLEN
NFILL=NEILL+1

c
C ÀTTACH SLAT TNG TNTORI'IÀTION

R0FILE(5,FrLRE0) = CHOICE
ROFILE (13. FI].REQ) = CLÀSPT (CHOTCE)
CLÀSPÎ(CHOICE) = FILREQ
RQFILE (6, FILnE0) = DOCPT (IDOC)
DOCPT (LDoC) = FILREO
ROFILE (8, FTLREO) = IHOURS {T)
R0FILEI9'FItRE0) = OPLEN
n0FILE ( 10, FILREQ) = )
]F (ROFILE{3.FILREO).GT.1OO) DTGAP = DTGÀP + 1

rF ( (R0Frr,E (3, FTLREQ) .GT.100) . ÀND. (R0FrLE (15, FrrREÇ) .80.0) )*DCANCL=DCANCL+1
IF(RQFILE(15,FIIREQl .80.1) DcÀNOh = DcÀNOR + 1

c
C CHÀIN FILREQ ONÎO SLÀTE
c

ïlOS = FOFILE ll{, FILRI0)
ïF (ItOS.80.0) GO TO 5888
rF {R0FILE {3,FrLRE0) . cT. 100) c0 1o 5B8B
IFUT=ILOS+DÀY
IF(IÎUT.cT.50) IFUÎ = IFUr - 50
tEAvNG(IFtr) = LEAVNG(IFilT) + 1

CENSUS=CENSUS+1
5888 RoFILE (14,I{LAST) = R0TILE (14, FItREg)

R0FfLS{14'SLAST) = FItRE0
R0FTLE (14, FILFEQ) = -177
SLÀST = I'ILREO
FILREQ = 1¿LÀS1
GO 10 5444

C KEEP REOUEST ON FL
5920 n0FILE ( 1 2,FrLREQ) = R0FTLE ( 12, FILREe) + 1

ROFTTE (1,YT. LREQ) = ROFTTE (1 , ¡'ILRÍQ) + 1

co To 5444
c
c+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
c
c
C OUTPUT THE DESTRED INFORI'IÀTION ON TH]i STHULÀTED PROCESS
c
c
c++++++++++++++++++++++++++++: ++++++++++++++++++++++++++++++++++++++++++++++++++
c

5748 rF {DEBUc) cO TO 700
co ro 4707

700 !¡RrrE (6,7)
7 FORMÀÎ 1r 1. ,20X, TCONÎENÎS OF lHE REQUEST FILE. t,//lIF (FIRST .NE. 1) t,rRrTE (6,24311 DÀY

2431 FOR¡lÀT (t t ,10X, r ÀFTEtl SLÀTINc DAy: r, f 4)
I.]RITE (6,708) (J,J=1r40)

708 FORflAT (r t,//,40Í.3,//l
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Do 702 K=1r 14
702 HRITE f6'703) (RQFILE {K'J) 'J= 1 '40)703 FoBHAT (r r,40I3)

HR ITE (6' 70 8) (J, J=4 1 ' 80)
DO 704 K=1r14

704 fIRITE l6'703) (RQFILE (K,J) 'J=41 '80)l,¡RITE (6,708) (J,J=81 .1201
DO ?05 K=1,14

705 l.¡RIfE (6,7031 (RQFILE(K'J), J=81,120)
çIRITE (6,7081 (J,J= 121'1601
DO 706 K=1,14

706 1'IRITE (6,703) (R0FILE (K,J) ,J=121.1601
,IF (DEBUG} lJRTTE (6' 4 O 2 1) I.¡L,S L' I DE ITD, I,¡L¡\ ST' S LAST, L ÀST, J\VAIL

4021 FORIIAT(r trt WL: tr14rt SL: t,Í4rr IDEMD: n,T4, I 
'tLÀST: 

tr14r' SLÀ
*ST: rrT4rr IAST: rrI4rr AVAIL: r,Iq)
IF (FInST .80. 1) GO TO 2

c
C PRINÎ OUT THE EFFECTIVB DÀILY SLATE ...
c

4707 rF{COVEAl) GO TO 4533
HRrTE (6,107 ) DAY

707 FORMÀT ('1' ,//,15X,I EFFECTIVE SURGICAL SLATE FOB SII'IULATED DAY: I

*,14r///)
HRrTE (6,'7091

709 FOR['l AT(t ,,5X,rnOO]1 r,BX,rTIt{E,,8X,rSURcERY CLÀSSr,l5Xrr.SURGEONr,
*11XTT ANESTHETISTI,6X,TSCHEDULED DTJRATION 

"TX,IDÀYS 
ON ¡{L" //I

453-l ITAVL = 1

f = 1'115 IN = ctASPT (I)
rF (rN. s9. -99) GO TO 717

716 TEMP IIT¡\VL' 1) = RQFf LE (5 
' 
IÌì

TEIIP {rTÀvL'2) = RQFTLE{B' rN
TEI{P (ITAVL' 3} = FQFILE (3'f l'¡

TE¡1P (ITÀvL' 4) = RQFILE (2,IN
lEi'lP(ITAvL,5) = RQFILE(11'IN)
TE¡IP (ITAVL,6) = ROFII,E{9'IN)
TEt'lP {ITAVI'7) = RQFIIE ( 12'IN)
ITAVL=ITÀVL+1
Ir(RoFILE(12,rN) .GT. 0) NRE14l{L = NREtll,'r + 1

DSLA1_DSLAT+1
NI{ÀIT = Nt{AIT + RQI'IIE ( 12 'I N)

NWAIT2 = NI.l.AI12 + (RQFILE(12,IN) +RQFtLE (12,f N) )

rF I R0FTLE (3,rN) . tr. 100)
+oPUT ln0rILE (5,IN) ) = OPtIT (IìQFILE (5,IN) ) + n0FIlE (9'IN)
IN = R0FILE(13,IN)
rF (IN.NE.-99) GO TO 716

C SORT E PRTNT
rF (rrÀvt .EQ. 2\ Go TO 886q
LATEST=ITÀVL-1

6662 LAST = LATEST
Do 6664 J=2,LAST
K = J-1
rF {TEtlP (K,2} . LE. T Et'lP (J, 2) ) GO TO 66 64

C INTERCHA}IGE
LÀTEST = K

DO 6616 L =1,1
. BUFFER lf ) = TEI'f P (K" L)

TEüP (K, L) - TEt4P (J, L)
6616 TEIIP(J'L) = BIIFFEiì(L)
6664 CONTTNUE

C ¡\RE FURTHER PASSES NECESSÀRY?
IF (LÀlEST . tT. LÀST . AND" L¡\TEST . GT. 1) GO To 6662

c

t'
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8864 LPIT = ITAVL - 1

DO 8865 J=1r LIrll
NTYpE = TEMp(J,3)
NANS = TEt{p lJ,5)
IF(NTYPE.LT.100 .AND. NÀNS.ND.0) wANOcC(NANs) = úJÀNOCC(NANS) +* TEM P (J,6)

C ÀCCUMULATE NO. OF OPERAÎIONS TO BE ACTUÀLLY PERFONHED
f,DOC = TEHP (J,4)
IF (NTYPE.LT.100) PERFOR (LDOC,NTYPE) = pEBFOR (LDOC,NTypE) + 1
IF IWKDÀY.80.1) Itf LSRT = NNr,¡L
TF {DAY. EQ. 1} TRLSRT = IIJLSRT
rF(covERl) Go To 8865
CIIÀR = BLANK
rF ( NTYPE .r,T. 100) GO TO 6865
NTTPE=NTYPE-100
CHAR = GÀP

6865 HRITE (6,7101 TEHp (J,1) , TEtlp (J,21 , (cLcoDE (NTypE,LLl , LL=1 t4) , CHAB,+TEflp (J,4) ,TEt'f p (J,5) ,TEüp {J,61 ,rEüp (J,7)
8865 CONTINUE

rF(covERl) co To 4534
ÍùRrrE(6,8710)

8710 FoRHÀT(r ,, I r)
¡1 534 DO 8866 J=1,LtfT

DO 8866K=1,'l
8866 TEMP (J, K) - 0

DO B867 K=1,7
8867 BUFFER (K) = Q
'l 17 f = I+1

ITÀVL = 1

rF (r .LE. 121 GO TO 715
710 FoR¡lÀT {r r,3x"r4'9x,15,9x,4À4,44,4x,r8,12x.17, 12NrTg, 12xrf7,/l720 FoBI'lÀT(t1t, . t,/l

IF (DEBrrc) GO TO 474 7
co To 4748

4 747 liR rTE 16 ,7 201
DO 747 t!=1r16

7 tl'l lrRrTE (6,7211 {xFRÀc (M, N) , N= 1, 12)
721 FOnHAîlr t,25x,12L51

c
C PRODUCE DATLY SUI.IÈIARY
c
4748 IDCAN = DSLAT - NREI{t'It

rF {covER2) co To 4541
sIRrrE (6.7801 DÀY

780 FoRI"IAT 1t 1t ,25x,t süM¡IABY FROI'1 sf l{ULATED sLAf E o¡l DAY | ,15,/l
I.¡R ITE (6,781 )

781 F0RI{AT ( r t ,10Y,,t StATTNG: r)
HRrTE{6,8710)
HRITE (6,782) NNWL

782 FoRt'l AT (r I 
' 15X' I No. ot' REpUESTS oN !íL FRot'l YESîERDÀy: | ,T4,/l

NRRl = NRE¡,Iç{L - NFILL
HnTIE (6,783) NRRl

783 FORflAT (r ' ,15X, r NO. OF RE0UESIS SLATITD f'FO¡{ t.¡L 3 . ,T4,/l
HRITE (6, 1784) Dr.¡tcÀN

1784 FORMAT (t n ,l5X, t NO. OF REQUESTS CANCELLED Fno¡,1 I{L; ' ,I4,/l
r¿R rlE { 6, 5784) NFIr L

5784 FOAHATfI I,15X,' NO. OF REQUËSTS SLÀTED ON RESCAN OF I.IL: 
"f4./It.¡RITE{6,784) NRE0

7Bq FORI'1¡\T(' r,15X,r EXOGENOTTS DÀILY DEt'IAND: t,T4,/l
$¡RrTE (6. 1't B5l DSLCAN

1785 FonMÀt1t r,15X,r NO. oF DEtlÀND REeUEsTs cANcELLED (REpLACEABLE) ¡ r*,L4,/l
NRR2=NREHL-NFILL



lrR rrE (6 ,7851 NR R2
l{BrrE (6,17861 rDCAN

1786 FORttA't (r . .15x, r No. OF RE0tESTS SLÀTED DIRECÎLY FROM DAILY DEt'lAND
*; t tf4r/l

HRrrE (6"786) DSLI\1
785 FORt'lAT lr r,15Xrr NO. OP REgUESTS ÀDDED TO UL: | ,14,/l
786 FORI'lAT(r I '15X,r TOTÀL NO. OF DÀILY BEQUESfS SLÀ'IED2 t,14.//l

HRrrE (6,78'll
?g? FoRMAI (r t ,10x, t cA NcELLÀTION AND POSTPONET'IENT: ')

f{RrTE(6,8710)
s¡RrrE{6,788) DCÀNCL

?88 FORI4ÀT(' r,15xrr No.
*/l
lrRrrE (6,'189',1 DCÀNOR

789 ToRMAT(r r,15x,r No.
* 14 ,,/l

wRrTE (6,790 I DTGAP
790 FORMAT (r I, 15x, I NO.

+Tf CNi t rf$,/l
t{B rTE (6,'1911 DNPOSl

7g1 FORMAT(. r,15xrr No. oF EXAI.IINED REQUBSTS POSTPONET BECAUSE OF INS
*UFFICIENT BLOCK TIHE: .,Í4,/I

!rRrrE (6,7921 BEDLr¡'!
?92 FORI*IAT {I ' ,15X,I NO. OF AVAILABLE SURGICÀL BEDS I ' ,T4,/)

HRrrE (6.7931 DNOBED
?93 FOBt{ÀT (r I ,15X,I NO. OF REQUlISTS PoSTPONED BECAUSE OF UNAVAILABLE

*BED: t ,Í4,/l
r{RTTE (6,794) LACKRT{.lg4 FoR¡f Àfll l' t,15X' l No. oF REQUESTS PoSTPoNED BEcAUSE oF tAcK oF À Ffi

*EE OPERATING ROOU i . 
'T.4,,/,/\HRrTE (6,795)

795 FORttAl {r r,l0xr I EvÀtuÀTIoN: r)
t,¡RrrE (6,871 0)
DENOT{=NN![,+NRE0
RBT = FI,OAT (DNPOST) / DENOT{

t{RrTE (6.'1961 RBl
796 FORMAT (' r,15xr I FRACTTON OF EXÀMINED REQUESTS [{rTH INSUFFICIENT (

*ExISTING) BLocK TfuE: t 
'85.3,/lRET = F¡,OÀÎ (DSLAT) / DENOM

wsITE (6,1971 RET
797 FOAüAT (r t,15xì' FRACTTON OF

IF (NREÈII,¡L . NE. O) GO TO 4974
EXÀMINED REQUESTS SLATEDi I,F5.3,/I

RstT = 0.
R I,ITD = 0.
GO 10 4975

4974 BHT = FLOAT (N!tÀrr),/FtoaT (NREUÍlI)
ISLTl = NRBt{WL - 1

B',r{TD = SQnT { lNHArT2 -(Ni.¡AIT*NIrAIt) /FLOAl(NRE¡4HL) ),/FLOAT(ISIT1) )

4975 f{RrTE (6,798) RHT,RI'JTD
'7gB FORHAT(r t,15xtt ÀVERAGE NO. O.F DAyS ON lll FOR À SLATED REQUEST: I

*,F6.3.6X,rST. DEV.: r,F6.3'///\
l¡RrTE (6,7991

799 FORI.IAT (I I,1OX,I OPERÀTING ROO¡'I UTI],IZÀTION (StÀTED): I)
r,¡RrrB (6,8710)
!|RITE (6'850) (J'J=1 

'121850 FORMÀT(' r,15x,r oPERÀTING ROOI'l 2 
"13X'1216,/l' Do 851 J = 1'12

SLUR (J) = FLOÀT (oPUT (J) ) //tl- 80

851 PERcTD (J) = 100. - si.uR (J)
HRITE (6'852t {SLUR(J)' J=1r121

852 FORtrÀT{r t,15x,r sLATED UTTLTZATTON PERCENT¡\GE I

!lRrrE (6,853) (PERCTD(J)' J--1'121
g53 FoRt4AT (r t,15x,r PERCENTAGE SLATiID IDLE TIME t

183

OF REOUESTS CÀNCELLED BY SLATING CLEFK: t'14,

OF REOUESTS CANCELLED BY O.R. SUPERVTSOR: ,,

OF RTìOUESTS GAPPED BECAUSE OF ÀBRUPT CANCELLA

,12F6.1,/l

,12F6.1,//l
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I{aITE (6,854)
854 FORttÀT(r t,10X,. OVERALL pERFORMItNCE: r)

wRITE (6, 87 1 0)
OPSl,l = 0.
PEBS ll = 0.
Do 855 J=1,12
oPSM = SIUR(J) + OPSI!

855 PERSI{ = PERCID (J) + pERSü
CpSll = OpS¡1,/9.
PERSM =(pERSt{ -300 ) / 9.
r{RITE (6,856) oPSr.r

856 ¡6P¡4¡11T 
"20X,' 

SLATED-TrME UTTLIZAÎION PERCENTÀGE OVEB ÀLL OPERA*TING ROO¡,lS ÀVÀILÀBLE: t,F'l .2,,/l
tlRIîE (6,857ì PERStl

857 FORI'IÀT (' ' ,zOXI' PERCENTAGD SLÀ1 ED .IDLE TIT,IE OVER ÀLL OPBRATING RO*OHS AVAILABLE: I,F7.21
C À DD TO I.IEEKLY ¡TCCUHULATORS

45q1 IÙSLÀT = I{SLÀT + DSLAT
If{NWL=NNIII+IHNIIL
I1/rNI{L2 = Il'lNllt2 + (NNtlT.*NNI,lt)
DO 858 J=1,12

858 flOPUT lJ) = $loPUT (J) + OPUT{J)
WNREQ=tlNRE0+NRE0
t{NFILI=I.¡NFfLL+NFItL
HLDAY = FLoAT (NI,IÀI1) + I{LDAY
HLDÀY2 = iILDÀY2 + NIdATT*N HÀIT
WCANCL=HCÀNCL+DCANCL
IdCANOR = I{CÀNOR + DCÀNOR
I'¡NORCI'I = TINOROM + LACKRT,I
HTGAP=ITITGAP+DTGÀP
WNOBED = IINOBED + DNOBED
IdNREHL ='rINREr,{t + NREi.¡L
r{NREML = IlNREtfl + NRE$!{L
HIDCAN=IIIDCÀN+IDCAN
DO 5860 J=1,39

5860 HTFIT (J) = TFIL (J) + !rTFrt (J)
ïF {HKDAY , NE.5) GO TO 9790
rF(covER3) GO TO 4551

c
C PRINT OUT WEEKLY SUI{MART
c

I}.¡EEK = DA,I/S
I{B rTE (6, 600) It{EEK

600 FoRMAT(r1r,25x,I wEEKLy SUtlMÀRy STÀîIsTIcS oN SIflUtATED SLÀTING Fc*R 
"tEEK 

* t ,f4. /l
rf RrTE (6,781)
r,¡RITE (6, 1 870) ItTLSRI

1870 FoRl'lAT lr t 
'/ '16x't No. oF REQUESTS oN I'JL ÀT sTART ot HEEK: t .14,,/,HFITE (6,870) HNREO

870 FoRMÀT (r t ,15x ' 
I No. oF REQUESTS GENERÀTED DURTNc !tEEK i t tTq,,/lI{RITE (6.87 1) I{SLAr

87 1 FORMAT (r .,15X.t NO. OF RE0IIESTS .SLATDDz t rI_qr/l
wRrTE (6,11861 r,lIDcAN
I{RITE (6,5784) WNFILL
DEN = F.I,OÀT (!TNREQ) + FLOAT (II,ItSRT)
FRSL = FLOAl(t{SLAT) /DEN
.HRTTE (6,872) FRsL

872 FORHIrT(r r,15X,r FRACTION OF REQUESTS SLATED: t,î5.2,/l
ÀVriT = l¡IDÀY/FtoÀT (t{NREML)
ÀVvlTD = SQRT ( (t.¡tDÀY2-{TJLDAY*I{LDAY),/FLoAT (I'¡NREIIL} ) /(t,¡NREML-1) )[{RrlE (6,873) ÀVH1, ÀVT{TD

873 FORI'IAT (I I ,"I5X,I ÀVERÀGE NO. OF DÀYS A REOUEST BEMÀ.INS ON I{L: I r*F5!2,6X.t5î. DEV.: .,F5.2r/l
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ÀVSZI{L = FLOAT (II{NIJL) / 5.
avsz1,J2 = sQRT ( (II{N!dL2 _ (IfiNHL,f IHNt'I,) /5.1/4. )
IlR rrE {6, 8741 ¡tvsz!lt, AvszH2

874 FOBIIÀT lr t,15X, r ,MRAGE NO. OF RE0UESTS ON DAILY !f L: I ,F6.'2,6X,*rST. DEv.: .,F6.2r//l
!'rR rrE (6,4'1201
frRrTD (6,7871
}¡R rrE (6,87 101
TTRITE (6,788) I{CANCL

i I.IBITE (6 ,7891 I{CÀNOR l ,' 
'i t{RrlE (6 ,7901 I{TGÀP ''..' : ':-:

DO 5989 J=1,39
, 5989 NWPST = I{NPOST (J) + NIIPST
ì wR rrE (6 ,79'll Nw PST
. IiRrrE (6,?93) I,¡NoBED

!¡RITE (6,'794) r.{NOROT't

I,ÍR rTE ( 6,7991 
:

WRIIE (618710) ,,,.. ,.,.'-.; t{RrrE (6,850) (J,J=1 ,121 ,.' .i ::::
' ¡o 860 J=1,12
: sLuR(J) = FtoAT(woPur(Jl|/24 t.:. :,.
I 860 PERCIDÍJ) = 100. - SIUR(J) :. :::.:..:. ;

I.¡RrlE (6 ,8521 (SLUR (J) ,J=1,12) r '' 'l

I'¡RITE (6,853) (PERCID (J) ,J=1,12)
OPSI{ = 0.
DO 5855 J=1,12

5855 oPSll = SLUR (J) + OPs¡{
CPSM = OPSt't/9.
r{nrTE (6,856) oPS14

, erR rTE ( 6 ,47201
I,IRrrE 16,880)

880 FOR¡'l ÀT (r r,10X,r ÀNESTHETIST U.TTLTZATTON (SLATED) : r)
r{RrrE {6,8710)
l|RITE (6'BB1l (J'J=1 '7), 881 FORTAT{r 

"15Xrr 
ANESTIIETIST: 1,25X,7T8,,/\

j oo 7654 J=1,-l
7654 PERcAN {J) = FLoAT (!lANocc (Jl \ /24.

, HRIÎE {6 ,8821 (PERCAN (J) , J=1,71
, 882 FORMAT{r r,15X,r PEnCENTAGE OF Trf¡E OCCUPTEDi 

"10X,7F8.1r/l, OPSM = 0.
, OO 5856 J=1 ,1

5856 OPSM = PERCÀN (J) + OPSl.l l

. oPSll = oPsM,/S. :'::-j.,:,:':.:.:

WRïTE(6,5870) OPSH 
:':ì::;::::

5870 FOR¡fAT(t ',20X, r AVERAGE OCCUPANCY PERCENTAGE; t,F7.2,/l : : 
:

HRrlE (6,6011 : '1:::

i.¡RrlE {6, 605) " '::. : : :

, HRITE 16,606)
ltRrrE(6,5607)
rdRfrE (6,5606)
I,IRrrE (6 ,6021
}¡RrrE (6,609)
I.t R rTE f6,607) i..:: ,.r.:.::.:..
lIRrlE (6,608) .... .,, ..,

, OO 2266 J=1 t39 
j':' : '

; rF(I{TÄVLD(Jì .NE. 0) GO TO 2265
UTRAT (J) = 0'
FRIND (J) = 0'
BLüT (J) = 0.
GO \O 2266

2265 TTIRATIJ) =(ellPOST(J) + t.lTAKEN (J) + HTUSED(J) )/FLo¡tT(r.tTAVLD(J) )

FBrND(J) = (úrTÀVLD(.r) - (t,JTUSED(J) +t'¡TFIL(J) ) ),/FLOAT(r,fTAvLD{J) }

BLtrT (J) = (r{TUSED (J) + !lTFIL (J) ) /rtoAT (}ITJ\vLD {J) )
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2266 coNTfN0E
c

601 FORHAT (. 1., //,',lOX, TSURGEON STÀTTSTICS (WEEKLY) : t,/l
4'1 20 PoRt'tÀT lr ',///l602 FORMÀT(r ,,20Y.,t BLOCK UTTLIZÀTrON - (BLOCK TrME USED + BLOCK Tr¡tE

* GTVENI / BLOCR TII.IE ALLOTTEDI )
607 FORHÀT (I 

"zOX,I 
REOUEST UTILIZATION - ( (lIHE USED + TTHE lAKEN +

*UNSLATED TIHE POSTPONED) / TTTIE ALTOTTED) FOR BLOCK SYSTEM ',/I608 FOnl{ÀT(r r,10x,rsuRGEoNt,5x,rALLOTTEDr,lX, rUSEDr,'l 0X,rlAKENr, gX,
*IGTVEN' ,8X, IBLOCK UT. I,8X,' FR. TND.' ,8X, I REOUEST UT.')

605 FORMAT (r . ,20X. ' ALLOTTED - TI¡'18 ALLOTTED BY BLOCK SYSTEHT )
5606 FOR¡,IÀ1 ( ' ' .20X,' GIVEN - TII.IE GIVDN TO REOU ESTS FBOM OlHER SURG]ICN

*s.)
5607 FORt'tÀT (r t ,20X, r TAKEN - BLOCK TIl,lE TÀKEN FROH oTHER SURGEON5T ¡
606 FORMÀT ( r . ¡ZQXt I U5 ED - B1,0CK TIUE USEDr )
609 FoRHÀT (r .,20N.,t ÌR. IND. - (BLOCK TIHE UNUSED BECÀfJSE OF FRAGT'tENT

*AlION/TT¡{E ALf,OTTED) FOR BLOCK SYSTEM ' )
c

Do 650 J=1,39
llFTTE (6,651 ) J, I{TAVLD (J),!lTUSED (J) . !JTAKEN (J),HTF IL {J), BLUî (J), FRIND

* {Jl , UTRAT (J)
651 FORI,IAT f r r ,10Xrr5, B x,r5,8x, r5,8Xrr5,8x, r5,12x,F4.2r 12N.F4.2,12N,F

*6.21
650 CONTTNUE

CA LL USTAT (BLI'T, BMN , BDEV)
CÀtL TJSTAT (FRTND, FMN, FDEV)
cALL 0S1¡\r (UîRÀT, UTMN, UlDEV)
!{RITE (6.652) BMN, BDEV
r,tRrrE {6,653) F¡'lN, FDEV
l¡RrrE rc,654 ) Ult N,llTDEV

652 FORMÀT (t t r29X,rBLOCK UTILIZÀTIONr,16X, I ¡lEAN: I,F5.2,9X,'STAìiDARD
* DEVIATTON: I , F5.2, //I

653 FCRt'tAT (r t,29X,rFRÀGMENTÀTION rNDrCATORSr,9XrtMEl\N: r,r5.2n9X,
* I STÀNDÀRD DEVIATION : 

" 
F5. 2, //I

654 FORMÀTlr t,29X,rREQUEST UTTLTZÀTrONf ,l4XrrMEÀN: t,F5.2t9X,
*ISTÀNDÀRD DEVIÀTIONI I,T5.2,//,1

HB rrE (6,655)
655 FoBtlAT(r rr60xr|*d'****t*+*+*r)

I.JRrrE (6,7201
c
C ÀDD HEEKLY ACCIJI1ULATORS TO TIIOSE FOR ONE RUN.
c
4551 RNREO = RNREO + f{NREO

RIDCAN=R¡DCÀN+HIDCAN
RNRETÍL = RNREMt + r,tNREttL
RSLAT=RSLAT+t¡StÀT
RNFILL=RNFILL+}lNFTLT
RHLDAT=RÍ{LDAY+f.lLDAY
RI{LDA2 = R!lLDÀ2 + WLDÀY2
RCÀNCL=RCÀNCL+t,rCÀNCI
RCANOR=RCÀNOR+fllCANOR
BTGAP =. RTGAP + !{TGAP
RNOBED = RNOBED + I{NOBED
RNORCM = RNOROT{ + WNOROH

IRNTIL=TRNl{L+II.INWL
IRNI.¡I,2 = IRNHt2 + Tt{NHL2
Do 660 J=1,12

660 RoPUI (Jl = ROPtll (J) + !loPUT (J)
DO 661 J=1,7

661 RÀNOCC (J) = RANOCC (J) + HÀNOCC (.1)

DO 662 J=1,39
RTAKEN {J) = RTAKEN (J) + HrÀKEN (J}
RNPoST lJ) = RNPOST (J) + HNPOST (J)
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B1ÀvLD(Jl = RTAvLD(J) + HTAvLD{J)
RTPOST(J) = RTPOsTIJ) + HTPOST (J)
ATFIL (Jì = IìTFrL lJ) + HTFIL (J)

662 RTUSBD(J) = RTUSED(J) + IITUSED(J)
lr} 7766 J=1,39
rF (RTAVLD (J) . NE.0) GO TO 7765
BUTRÀT (J) = 0.
RFBIND (J) = 0.
RBLtIT(J) = 0'
co 10 7766 :

7765 RUTRAT {J) = (BTPOST (J) + RîAKEN (J) + RTITSED (J) ) ,/F'LOÀT (RTÀVLD (J) } : ':
RFRTND {J} = (RTAVLD (J) - (RTUSED (J) +RTFIL (Jl ) | /ELO ÀT (RTAVLD (J) }

RBLIIT(J¡ = (RTUSED{J) + RTFIL(J)) ,/ rLoAr(RTÀvLD(J))
7766 CONTINUE

IF (DAT.NE. FTNDÀY) GO TO 9790
c
C LAST DÀY OF BUN I'¡ÀS JUS1 sII'IUI,ÀTED .. -:

c ,t.'.
c"

Í¡RITE {6,665) FINDAY, DSTAB _

665 FORt{AT(r1t,20x,rsuHl1lARY rROt{ ENlIRf; RUN Orr ,15,'. sÍlfulATED DÀYS A

+FTER À r rI5,I DÀY STÀBILIZATION PERIODT ) .",,..
ËlRrTE (6,6661

666 FoRi'lAT (| ' ' 1BX' | *+***+******#***#*+**+,¡*+*****ìk*****i(*(!(**********+
* ** **** * * * * * ** *+ ** ¡<* ++ + )F * + ** * ** *'k ** ** * *+ * l r,/)

I,{RrTE (6,'7811
wRrlE (6 ,166'll TRLSRT

1667FORt'IAT{rt'/,16X-,TNO.OFREQUESTSONf/{LATSTARTOFRUN:t'T'4'/l
l{RrTF: (6.6671 RNREQ

667 FORUÀT ( t I,'l 5X,, NO. OF BEQUESTS GENERATED DtIFING RUN: ' ,T4 r/l 
,

fdRITE (6,87 1) RSLÀT
f{RITE (6,1'7861 RTDCAN
f{RrrE{6,5784) RNFTLL
DEN = FTOAT(RNREQ) + FLOÀT{IRLSRT) ]

FRSL = FLOÀT (RSLÀT) / DEN

l¡R rf E {6 ,8'12) FR SL 
l

AVlrT = BI{LDAY,/FtOAT (RNREHL)

RBSLAÎ=RNREMI-1
Avt{TD=S QRT { ( R!¡LDA 2- (R RL DA Y# RliL DÀ Y,/FtOAT ( R NR E}1t) ) } /RBS L AT)

1{FllE (6,873) ÀVW1'AVI,lTD
AVsz!¡L = FLOÀT {IRN$ll),/FINDAY
FNDAY = FINDAY - 1 

,::,:::....
IFNDY = FINDAY ;.:::::::;.::i

L\SZH2 = SQRT ( (IRNslL2- (IRN!{L*IRNHL,/FLOÀT (IFNDY) ) )./FNDÀY) '

WRITE(6'874) ¡\VSZWL'AVSZH2 :.:,: :.::::':

!{RITE (6147201 ::i::::::'" 
:IiRrTE (6.7871

I,ÙRrrE (6,871 0)
WRITE (6,788) RCANCL
HR rTE { 6,789) RCANOR
l.¡RrrE (6,'190) RTGAP
NRPST = 0

DO 5968 J=1'39 ):: :

5968 NRPST = RNPOST (J) + NRPST .,,,,,¡1,,,,.

r{RrrE 16,7911 NRPST
l'¡RrTE (6,1931 FNOBED

' l,lRrÎE (6,794) RNOROI'1

HRrTE (6.7991
!{RrTE (6 ,87 1 0)
I,lR ITE (6 

' 850) (JrJ=1 , 12)
DO 6?0 J=1'12
sLrJR (Jt = FLOÀr (ROPUT (Jl \ / {24. * (rrNDAY/5.) )

670 PERCID(J) = 100. - stuR(J) : ,



I{RrTE (6,852) (StUR (J) ,J= 1 ,121
fJRrîE (6,853) (PERCID{J), J=1,121
OPSM = 0.
Do 59 69 J=1 t 12

5969 0PSr{ = sLUB (J) + OPSü
OPSH = OPStt/9.
r/RrrE (6,856) oPsü
i{RITE (6,t17201
HRITE (6,BBO)
fIP rrE ( 6, 871 0)
HRfTE 16,881 | (J,J=1,71
DO 671 J=1.7

671 PERct\N lJ) = FLoAT (RÀNocc (Jl \ / 124. * (FrNDÀy/5. ) )
I{FITE (6,8821 (PERCAN {J) , J=1,71
OPS tl = 0.
DO 5970 J=1.7

5970 OPSM = PERCAN (J) + OPS¡'l
CPS !l = OPSM,/5.
HRrrE (6,5870) OPSr.l
r¡¡RITE (6,6721

672 FORMÀT(I 11,//,lOX,ISURGECN STATTSTICS (OVER ENTIRE STMIJLÀlTON HIIN)+¡ |,/l
!¡RrTE (6,605)
HRITE (6,6061
wRTTE (6,6021
r{F rTE ( 6, 609)
tiRITE (616071
r.rRrrE(6,608)
DO 673 J= 1,39

673 I{RTTE (6,6511 .'I ,RTÀVLD(J),RTUSEDIJ) ,RTÀKEN{.]),RTFIL(J},RBLUT(.T},
+BFRTND (J) , RUTRÀT (J)
CALL USTÀI (RBtIiT.BHN,BDEV)
CAI,t USTAT (RFRTND, F¡4N,FDEV)
CÀtI USTÀT (RUTRAT, UTI1N, UTDEV)
['RITE (6,6521 B¡l]J, BDEV
!,rRITE (6,653) FtÍ N, FDEV
!lB rTE (6, 654) UTtIN, UTDEV
HFIlE (6,6551

9790 BETUR'N
END

r8B
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c
c$$$$$$$$s$$$$$$$$$$s$$$s$$$$$$s$$$$$$$$s$$$$$s$$$$$$$$$$$s$$$$$$$$$$$$$$$$$$$$s

sÛBROtTTINE ttSTAl (ÀRRÀy, Rt'lEÀN, RDEV)
c
C ÛTTLITY ROIITINE TO CÀLCULÀTE
C SAI'IPLE HEAN AND STÀNDARD DEVIATION
C OF À 39 COMPONENT ÀRRAY
c

REAL ARRAY (39)
ÀCC = 0.
SACC = 0.
DO 10 J= 1,3 9
ACC = ACC + ÀRRÀY (J)

10 SACC = sACc + ÀRRÀT{J} + ÀRRAY(J)
RlilEAN = A,CC/39
RDEV = S9RT ( (sÀcc - { (Àcc*Accl /39.11 /38.1
BET URN
END

c
c.S$$$$$$$$$$$$$$$$$S$s$$$$$$$$$$$$$$$$3$$î$$$$$$$.s$$$$$$$$$$$$lSit$$$$$$$J$ü.¡ssss

FUNCTION üTN (N)
C CONVERTS A TII'IE TN HOI'RS
C TO I1INUTES PAST 8:00

lllN = N - 800
NllfN = llIN
ürN = MIN/100.
NMIN = NI'lIN - MIN*100
lllN = (l.rrN*60 + Ni'lrN) + 800
RET URN
END--_ö"

c'$$$$$$s$$$$$$$$$$s$$$$$$$$$$$$$$$$$$$$$$$$$$s$$$s$$$s.¡.$$$$$$'t$$$s$$$$$$$s$$b$$$
C CONVERTS TII'18 TN ¡{INUTES
C 10 TIME IN EOURS
C ON A 24 HOUR CI,OCK

FUNCIrON THOnRS (H)
I NTEGER+2 I,I

l.lTS = H-800
IHOURS=tiTS/60
MTS = HIS _ (IHOURS,t 60)
IIIOURS = IHOIIRS*1OO + MTS + 80O
BETÛR N

END
¡
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APPENDIX 4

DETA]LED OUTPUT FOR DAY 49



f:t:tì.1: i:.,

191

NO. OF

*** ÈXOGENOUS DEIIÀND

DÀf: 49
REQUESTS: 48

SU RGEON
1

18
34
3l¡

2
ts

q

37'2i
35
7

.38
'27

23
37
12
32

9
10
16
24
38
21
11
26

1

9
21
77
2l
37
3l
38
37
I

37
9
1

4
37
10
12

2
12
14
31
37
l9

FOR SURGICÀL REQUESTS ttr

SUNGERY CLÀSS
GYNECOLOGY-1
GEN ERÀ L-4
toc,lL- 2
UROLOG Y- 3
GEN ERÀL- 3
GEI¡ E RÀ L.3
ORlHOP E DICS- 3
GE N ERÀL- 3
GEN ERÀL- 1

GYt¡ECOLOG y- 1

E- N-T- 3
LOCÀL- 1

DENTÀL- 1

LOCAL- 1

GYNECOLOGY* 1

UROLOG Y- 1

LOCÀL-5
GYNECOI.OGY- 1

E-N-T- 2
LOCÀL- 6
GY N ECOLOG Y- 1

LOCÀL-2
GEN ERÀL- 3
E-N-T- 1

GY N ECO LOG Y.2
GYNECOLOGY-1
GYNECOLOGf- 1

GENERÀL-3
DENTÀL- 1

GENERÀL- 1

E-N-T- 1

G YN ECO LOG Y- 2
GENERÀL- 1

GYNECOLOGY- 1

GY N ECO LOG Y- 1

GYNECOLOGY- 1

GY N ECOLOGY- 2
LOCÀL- 1

oRlH0P EDrCS- 2
GYIIECOLOGY- 1

E-N-T- 3
LOC ÀL- 2
GEN ERÀL- 1

UROLOGY-4
GY N ECO LO GY- 1

GENERÀL- 3
E-N-T- 1

GYNECOLOGT- 1

LENGTH OF (DÀYslST ÀI
2

12
0
0
I
I

14
4
6
0
4
0
0
0
0
5
0
0
4
0
0
0
I
2
I
0
2
I
0
6
2
I
6
7
3
3
I
0
2
2
4
0
1

10
7
6
2
2
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TIIIE

800

900

1000

1 100

1 200

1 300

1q00

1 500

GENERÀT SORGERY BLOCK-IIITE ARRANGEIIEI¡T

SURGICÀL BED CENSUS INFORIIÂlION

BEFORE STHULÀTION OP SLÀTING ON DÀY: 49

cENsus AT STÀRT oF DAY 48 BEFoRE DEPÀRTUBES llÀs: 122

NO. SCHEDULED 10 DEÞÀRT ON DÀf 48 I{ÀS: 23

ÀN ESTHETISlS

1234567

S URG EO N-CO DES

1 22. 30 23 37 o O

12230233700
32830233700
328e?33700
16129232500
16 12 9 31 3 0 0

16 12 9 31 3 0 0

16 12 9 31 3 0 0



EOOII

1

2

2

2

2

z

2

3

3

3

3

1I ItE

1 030

800

930

1 100

1 200

130 0

1430

800

900

I 100

1 230

800

900

1 000

1 200

130 0

1400

800

930

140 0

STRGERÏ CLASS

ORlROPEDICS- 3

GYN ECOLOGÍ-2

GENERÀL- 1

GTN ECOLOG Y- 1

DEN TÀL- 1

E-N-T- 3

PLA SîIC- 1

tocÀ L- 2

LOC ÀL-2

LOCÀL-2

UROLOGY.4

GEN ER ÀL- 1

GE¡I ERÀL- 1

E-N.T-2

GÍII ECOLOGY. I

GYil ECOLOGT- 1

GEII ER À1-3

E-N-T-3

E-N -t- 3

GEN ER AL-3

4

¡
c

4

rt

4

(c)

SU RGEON

37

37

t7

I
't6

16

16

34

38

12

12

22

22

11

25

3

3

30

30

12

(G)

5

5

5

ÀN DSTHETTST

5

(c)

(Gt

5

5

2

1

SCHEDÍ'LSD DURAlIOII

90

90

60

60

60

0

0

0

2

DÀY¡ OH CL

18

19

19

15

15

15

l3

90

60

60

60

60

2

2

1

5

5

5

i)

Ì1

¡

t
t!

i:

t,
ì:
I

':

l:.

'ì

i.
.:

.lt

.'i

'.ì
:;ì

90

60

60

90

60

3

3

2

0

0

0

15

60

90

90

90

12

5

20

I
15

15

90 lt¡

:il
:..1

:i:
!.:i
:.:

:l ri

H
\€l(,



6

6

6

6

6

800

930

1 100

130 0

lq 30

800

1000

1 100

120 0

1 300

1tt30

800

1 100

1 200

1 300

t0

r0

10

t0

10

10

11

11

11

11

GENER ÀL.3

GYNECOLOGT- 2

GEI¡ ERAL.3

G fN ECOLOG Y- 2

GEN ER ÀL- 3

GENEBAL-4

GTNECOLOGY- 1

GYN ECOLOGY- 1

G Y N ECOLOG Y- 1

GTN ECOLOG Y- 2

GYNECOLOG Y.2

LOCÀ1- 1

tocÀL-6

LOCÀL-5

loc ÀL- 1

(c)

(G)

23

23

23

31

31

1

I
9

9

9

9

4

t4

rt

4

4

1

2

3

3

3

3

0

0

0

0

(G)

90

90

90

90

90

38

16

32

23

120

60

60

60

90

90

60

60

30

60

7

5

5

0

0

3

16

17

16

15

7U

0

o

0

0

ts\o
d\
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duür'tÀRy pRoÍ srnuLÀTED sLÀTE oN DAy 49

S LÀTI NG:

NO. OF REoUESTS oN tlL FROIt YESTERDÀY: 395

NO. OF nEQUESTS SLÀTED FROt'l ïL: 25

NO. 0F REQUESTS CÀNCELLED FRoü l{L: 4

t¡O. 0F REoUESTS SLÀTED oN RESCÀN 0F lll: t

EXOGENOUS DATLY DEMiND: 48

NO. OF DEI,IÀND REQUESTS CÀNCELLED (REPLÀCEABLE} : 1

NO. OF REQUESTS ÀDDED TO r¡L: 37

NO. OF REOI,ESTS SLÀÎED DTRECTLY FROII DÀILT DE¡!ÀND: g I:

lOTÀL NO. OF DÀILY REOUESTS SLÀTED: 35

CANCEL!ATION AND POSTPONEIIENT:

NO. OF REOUESTS CÀNCELLED BY SLÀTIHG CLERK: 6

NO. OF REQt'8S15 CÀNCEI,LED BY. O. R. SUPDRVISOR: ,.1

NO. OF nE0UESTS GÀPPED BECÀLSE OF ÀBRUPT CÀNCELLÀTrON: I

I¡O. OF EXAIIINED REQUDSTS POSTPONED BECÀI'SE OP INSUFFICIENl BLOCK TIIIE: 266

NO. OF AVÀILÀBLE SI'RGICAL BEDS: 140

NO. OF REOT'ESTS POSTPONED BECÀUSE OF U¡IÀVÀILÀBLE BED: O

NO. OF REOUESTS POSTPONED BECAUSE OT LÀCK OF À FREE OPERÀTING ROOI': 1

EYALUÀTIOI¡:

FEÀCTION OF EXÀürNED REQUESTS IfTH INSUFFICIENT (EXISTING) BLOCK TIAIE: 0.600

FRÀCTIoN OF ExAlrItlED REQUESTS SLATED: 0.0?9

ÀvERÀcE NO. OF DÀYS ON HL FOR A SLATED REoUEST: 12.769 ST. DEV.: 4.950

OPERATTNG ROOÌ' UTII,IZÄÎIOì¡ (SLÀÎED) : 
.,,.,,

OPERÀîING nooü: 1 2 3 4 5 6 ? I 9 t0 lt 12 ::'::'

SLÀTED UTrr,rZAlrON PERCET¡ÎÀGE 0.0 75.0 25.0 8?.5 37.5 56.3 0.0 0.0 0.0 100.0 37.5 0.0

PERCENTAGE SLATED rDLE TrllE 100.0 25.0 75.0 12.5 62.5 43.8 100.0 10o.0 100.0 -o.o 62.5 100.0

OYERÀLL PERFORI'IÀNCE:

SLÀTED-TIIiE t ÍILIZÀTION PERCENTÀGE OVER I\LL OPERÀTI NG ROOtlS ÀVÀILÀBLE: 46.53 
.:, .,,
i":lPERCENTÀGE SLÀTED rDLE Tlt'lE 0VER ÀLL OPERÀTIl{c BO0t'ls ÀVÀILÀBI.E: 53. ¿t7
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APPENDTX 5

WEEKLY REPORTS FOR SIMULATED

WEEKS 5 to 10



\ h{O. CF FEOUESTS SLAT EO: I 69

I NO' OF REOUESTS SLATED DTPECTLY FRCM

SLATING:

NO. CF REOUESTS I]N SL AT START OF WEEK2 23?

NO. CF REOUESTS GENERATED CUFINi WEEK: 202

__{E!-f!_Y_-_E_u_tt1A!l_Y___sIAI_r_SlIçç c-l¡. SIMULATED sLArI¡ç.-r.QR ,rEEf.. f

¡

STÊC'NETËÑ-fI-

NC. CF RÊOUESTS SLATED CN FESCAN Ots

FRACTION OF REOI.JESTS SLATED: C.39

AvFRAGE No. ç¡ p_Ays A F-_EO(rEST-__Eg_ti4.lll9_çlL__w_!_:.__ 6!_?_q

AVERAGE NO. OF REOUESTS ON DAILY WL: 237.60 ST.

I...¡O. OF FEOUESTS CANCELLEO BY SLATI I\G, CLERK: 3O

f.io. CF pEOUESTS CAÌ\CELLED nY O.R. SUFFRVISOR: 3l
NO. CF PEOUESTS GAPPED RECAUSE OF ABFUPT CANCELLATION:

NO.

NO.

N-o.

oPgRAÌr NG RO_-ori_uTlLlZllIl_CN (S_LArEo ) :

õF-LAM-i ñËö--riE-riuE-ïS- ÞcSr-ÞCñÉl-138ê ¡ùS F- 
-tt'É-rñsUÊÈ]-cTFñ-r-ã-fotR-TI-¡4Ë:--1:'3-

CF REOUESTS POSTPCNED EECAUSE Cf-- UNAVAILABLE BED: C

CF PEOÌ.'ESTS POSTPCI\ED BECAUSE CF LACK OF A FREË OPÊRAT¡NG FOOÑ.I:

DÁTLY DEMAND:

hL : L(S

OPERAT I NG ROOM: I

SLATEO UTILIZATION PERCENTAGE

PERCENTÂGE SLÂTED IDLF TIMË

ANSSTHET¡ST UTILIZAT ION ( SLATEO) :

2l

-LÁ.1"Ëö=Y]I¿E_OI'Î LIZA'T TÑ--PEIìCEN-fAGË-OVF.R-ALË'-OPFEATING'-ROUMS-A'YÀILTBËE: --?

ÃÑE5YFETTS-T

PERCENTAGE OF T IÀ'E OCCUPIED:

AVERAGE OCCIJPANCY PERCENTAGE:

oEV. : 4.83
l_r_._ _qF_Y . -:_-_l r-r 

g e_

35.O

ó5 ..O

234
77.5 ¿+.-?.9 62.5
22.5 Sé.3 .37.5

34

56789
68.e 47.5 C.O O.O C.O

31.3 52.s lo0.o loc.o roc.o

2a Ê

7 2.50

-- --1--

t4

----.2 ---

63.3

1l'

i"

lo rt t2
33.8 28.8 0.0
66.3 7r.3 100.o

73.8

il
ìi
\)

72.5

il

c.0 0.0

iì,1

,: :.

--!j 'l

t-i:

:.:.:ts\o



SURGEON STATISTTCS (WÊEKLY) :

ÁLLOTTED - TIME ALLOTTED BY tsLOCK SYSTFM
USED - BLOCK TIME USÍ:D
TAKEN - BLOCK TIIVE TAKEN FRCM CTHER SURGÊONS

SURG EON
t
2
3
4

GIVÉ.N - TI fvlË GIVEN TO REOUESTS FRCM OTHER SL,IRGSONSuLÁ ut LLt¿A r Itrr\ - _L-LCçõ TI¡.1F USED -+ BLOCK TIME GIVEN) ./ RLOCK TIME ¡1LLOTTE;-i-ñõ;---"aBLoC{*ï-I-M-Ë-Uñús-É'D--BÈ¿Àu-s-r¡-r=-F¡i¡c¡¡Èrui¡l i¡ñ'/1 r Mtr Àr ¡ nr1tròr-rrñö -Þr-r-I 2,.4-lIc¡ - (FLccK:r,J-yrF usED + BLocK rIME GIVEN) ./ RLocK TIME ¡ILLoTTED.".BLoc{*ïIM-Ë-uÑ-ÚST'D-.BÈcÁU-.-il.o_È-.ÈtiÀc¡¡Èr.¡r¡ri¡Ñ7irire.ã[uorrFD'-F1oR..Rì--ccrSY5_
ILIZATIcN - ( (TIME USED + TIME TAKEN + .ur.rèt¡rEó il¡¡È poSrporueó¡ 7-ri¡rE ALLOTTED) FOR BLoCK SySTEM

IZATICN -

I
I
I
I
I
I
2

4
5
6
7
6

22
?3

,, 24
25
26
27

USED T¡KEN G IVENslc O tsC60 90 90l8O O O0 0 l8o
----Õ-----Ò2ro o ol5o o o450 t20 0750 0 0900óo

60
240
480
360
4BO
840

60

30
3l
32
33
34
35

oo60zto o o4sooo
180 O tSO390 0 60T{JO 0 060co.-_21-6-_
60060

39OOô
6000

.15C o o

90çoo
63000--ô--_0--90i--

r20
420

60
tBo
300
lao
l8c--i Bi

38
39

18C
3ó0
t20

60
24C
480
4AO

27Coo
180 0 o15O O O1'8c---- -*'-- -o
leo 0 0
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SURGEON STATISTICS (WF.EKLY) :
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r8o 0 O

90060Bo--

BLOCK UT. FR. INO. REOUEST UT.4.92 C. oa l. 330.83 0.r7 r.l71.O0 o¡0 2.t7

FFAGMENTATION INDICATCRS

o0'60
UTILIZATION MEAN:

I .01
}.0--_-il.ö---=____-_--c;ö
1.00 o. c 2.6

'ìEQIJEST 
UT IL IZAT I CN

1.00 o.o t.ool.to c.o 1.750.S6 ô-ô¿. 2-)10.96 0.o
1.00 0.o.00 o.o l.sc0.75 a.25 2.75o"a9.e? 0.r8 2.27

---2a 
2 5l.o0 C.O Z.CCo.88 c.t3 o.8a

r .0o c. o r.69a.cr? 0.c8 0.670.e4 c. 06 c.751.00 0.c 0.71
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SLAT I NG :

NO. OF REOUESIS ON WL AT SIART OF

NO. CF RFQUESTS GENEFATED DUFII\G

No L_!l_ rìL_or:,_Eîj_L _1'=¡I qq: -.1_si.
NO. OÊ REOUESTS SLATED DIRECTLY FRCII DAILY DEMAND:

NO. eF RÉOUESTS SL aT ËD ON RESCAñ- OF hL : I I

FRACTION OF FEOUESTS SLATED: O.2E

AVERAGË NO. OF REOUESTS ON DA,ILY WL: 3é5.20 ST. OEV.:

RAGE_NO. OF D_4_YS__4__8_qguESr REUA INS _C_l.t- l¡JL: rO.2_3__ ____lT._

NO. OF

cN_s r_y_qL4lq_q.-.9!_A-LAr-1 t!G.1_q8_-il_-Et:6 # lc

NO.

¡*O ¡

rÂE EK : 366

WEEK: I93

OF

CF

FEQUtrSTS CANCELLED BY SLATI¡iG CLFRK:

FEOUESTS CANCELLED BY O.Ro SUPERVISOR: 2l
REOUESTS GAPPED BECAUSE gF ABFUPT CANCELLATfON: 25

NO. OF FEOUESTS pOSTPCi\ED AECAUSE CF UNAvAILABLE EED: 0

ÑO. CF REOUESTS POSTPONED BECAUSE CF LACK OF A FREE OPERATING ROOM:

RATI NG ROOM UT IL I ZAT JCN ( SLATED } :

fN¡ Ë-ó--T¡É-o-tt Ê 5ï5-PûS-T p-óñEó-6gC-trtr5É-'UF-I NS UFFICÌEñr-_BtDgK --rrMtr-
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SURGEON STATISTICS (WFEKLY) :

ALLOTTED. TIME ALLOTTED BY SLCCK SYSTFM
USED - ËLOCK TIVE USEf,)
TAKEN - RLoCK TIvË TAKEN FRCM CTHER SURGEoNS

SUFG É
I
2
3
4

GIVËN - TIME GIVEN TO REOUESTS FRCM CTHFR SIJRGEONS
gùoc< TJTIaIzATIoN - ieuccx rIt'/E usED + eLocK TIME GIvEN) / ELocK TIME ALLorrËD
Ë-F=.-'iN'é-:-==îbtõõ<-trùÈ-ùñuseó'oçcÀu:se oÈ rñÀcuËrur¡iioñztrùF ALLùrIFD) FoR-8LccK_sYsrÉEr---_
REQIJEST UTILIZATION - ((TIÞ1E USEO + TIMF TAKFN + UNSLATED TIME POSTPONFD) / TJME ALLOTTED) FOR BLOCK SYSTEM

ON ALL O'TT ED U
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0

0
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c.Õ0-

FRAGMENTATION I NDICATCRS
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o
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o
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a. 07
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APPENDTX 6

SUMMJ\RY REPORTS



zLA

SURGEON R ÀTIO

0.6 80
0.6f1
0.537
0.412
0.0
0.632
0.7 20
0.538
0.582
0.609
0.484
0.582
0.667
0.500
0.639
0.58q
0.681
0.648
0 .625
0.364
0.6q4
0.565
0.7 01
0.529
0.581
0.471
0.530
0.688
0.500
0.5?1
0.800
o.692
0.550
0.6¿t8
0.558
0.7l9
0.538
0.547
0.800

SI'RGBRY PERFORI,IÀNCE RÀTIOS BY SURGEON

I RBOOESTED

100
t8

# PERFORI,IED

1

2
3
4
5
6
7
I
9

10
11
12
13
14
t5
16
17
l8
19
20
21
22
23
24
25
26
27
2A
29
30
31
32
33
34
35
36
37
38
39

68
11
22

7
0

24
18
6q

113

rtI
17

0
38
25

r19
19q

23
31

177
15
I

36
154

u7
54
80
22
45
23
87
11
36
70
66
16
16
28
40
13
q0
54
86
5''

396
95

5

RÀTIO IIEÀN: 0.583

t4
15

103
10

4
23
90
32
35
50
I

29
13
61

9
21
33
35
11

16
32

9
22
35
q8
41

.213
52

4

ST. DEv.: 0.13q



2TL

SURGERY PERFORITÀNCE RATIOS BY SUNGER?-CLÀSS

CLÀSS

LOCÀL- 1

LOCAL-2
IocÀ L- 3
LOCÀL-lt
LOCÀL- 5
LOCÀL-6
LOCÀL-7
GENER AL- 1

GENERÀL-2
GEIIERÀL-3
GENERÀL-4
G ENER À L-5
G ENER ÀL- 6
G fNECOLOG Y.1
G YNECOLOG Y- 2
TIROLOGY- 1

U ROLOGY- 2
UROLOGY-3
U ROLOGY- 4
OBSTETRfCS- 1

ONTHOPEDICS- 1

ORlHO PEDI CS- 2
ORTHO P ED IC S- 3
ORTIIO PEDICS-4
PLÀSTIC- 1

PLÀSTIC-2
PLÀ STIC- 3
TftoRÀcrc- I
TnoRÀcIc- 2
E-N-T - 1

E-N-T- 2
E-N-T-3
N EUROI,OGICAI.
DENlÀ L- 1

DENTA L- 2
OPHTH À L MO LOG Y- 1

OPHTq ALUOLOG Y.2
xxx
xxx

T REOUESTED

41
70
23
15
tt2
27
r¡?

145
2

297
55

1

0
643
153
105

28
27
68
15

5
a2
25

6
20
I
0
2
6

127
39
41
10

27q
0
0
0
0
0

* T'ERFORI,IED

29
46
16
11
31' 
18
27
8g

2
196

. 34
0
0

353
84
53
15
1'l
39

5
5

43
18

¡¡

13
6
0
0
3

70
23
27

7
120

0
0

_0
0
0

S1. DEV.2 O.297

RÀTIO

0. ?07
0 .657
0.696
0.733
0.738
0.667
0. 57 t¡

0. 607
1.000
0.66 0
0.ó18
0.0
0.0
0.549
0. 5¿¡ 9
0.505
.0. 53 6
0.630
0.574
0.333
1.000
0. 524
0.7 20
0-667
0.650
0.750

. 0.0
0.0.
0.500
0.551
0.590
0.659
0.700
0.561
0.0
0.0
0.0
0.0
0.0

nÀTIO !tEÀt¡: 0.tt92
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272

nEPOnl OU RBoUE:iî5 tND PnnPOAÉÀNCE

SUBGPBT CLÀSS
SURGBON: 1

L0cÀL- 1

LOC Àt,- t¡

LOCÀ L-5
. GEN ERA 

',- 
1

GENERAL-3
GEN NIìÀL-I¡
G I N ECOLOG Y- 1

, GYN¡:COLOGY-2
ORTIIOPEDICS-1
oRl tloP ED rCS- 2

OR TIIOP E DICS- 3
PLÄSTIC- 1

SURGEOI¡: 2
GEN ERÀL- 1

GEtr nßÀ L-3
GEN ENÀL-4
G y ti EcoLoG Y- 1

GYN ECOLOGY- 2

ORlHOPE DICS-2

SURGEOI: 3
LOC À L-5
GEN ERÀL- 1

GENERÀL-3
GYNECOLOGY- 1

ORlHOPE DICS.2
PLÀSTIC- 1

E- tl-1- 1

suRGEOlt: t¡

LOCÀ L-q
oRl¡lo P EDrCS-2
ORTIIOPE DICS - 3

ORTHOPED TCS- 4

or INDIvIDItAL SUfIGEOIIS

NO. R¡:OUESlDD

IoTÀL: 18

loT ÀL: 4 1

lOTÂL: 17

lOTÀL:

loTÀL: 38

Iro. PERFOfiI'lEI)

0
0
2

16
18
.5
18

1

2
2
1

2
iorrl: 68

1
t
5

20
26'9
31

1

2
3.1

.2
TOTÀL: 1OO

0
2
1

4'
4
0

6
q

3
5
o
1

3

1

3
1

6
6
1

2
10

3
2

6
5
6

l6
1
t
6

3
7
I
I
I
¡t
I

6

ÎOTAL: 11

TOTÀL:

2
2
2
I

stRGEOr¡:

TOTÀL:

lOTÀL:

SURGEOI: 6
GEII N RÀ L- 1

GEI¡ ERÀL- 3
GE t¡ E lìÀ L- tt

GEN NRÀL- 5
GYNECOLOGY- 1

oRTllopBDrcS-2
PLÀI;TIC- I

'E-N-T-1

I
q

7
0
5
3
1
3

TOTÀL:



suRGEOtt: 1
LOCÀL-4
LOCÀ L-5
GDN ENÂL- T

oRTll0PEDlcs-2
PLÀSTIC- I
PLA ST IC- 2
E-H-T-3

SUBGEON: I
GEII ERÀ I.- 3
GY N DCOLOG Y- 1

GYIIECOLOGY- 2

S0nGEOtl: 9
GE}TERÀL- I
GEIIERÀL-3
GYIIECOLOGY- 1

Gl l¡ EcoLoG Y- 2
.gBOLOGY- q

OBSlETRICS- I

ST'RGEON: 1O
GEN ERÀL- 3
E-N-1- 1

E-B-1-2
E-N-T-3
DE NT A L-1

ST RGEC$: 1 1

E-N-1- 1

E-ìl-T-2
E- N-T-3

SORGEON: 12
L0cÀI- 1

LOCÀL-2
LOCÀL-3

. GEN ERÀL- 1

GEIIERÀL-3
GY N BCOLOGT- 2
UROLOGY- 1

UROLOGY- 2
URO LOG Y- 3
¡'ROLOGY- 4

SSRGEON: T 3

LOcÀL-5
GE I¡ E RÀL- 3

GY N }:COLOGY- 1

GYN NCOLOGT- 2
E- N-T- I
DEHTÀL- I

2r3

¡¡

1

131
49

1

I
loTÀl:194

IIOT ÂL:

lOT ÀL:

ToTÀL: 23

lOTÀL: 31

roTÃL: f77

TOÎÀL: 1B

lOTAL:

1 OTÀL:

TOTÀL:

lOTÀL:

l¡
17

1
2
5.
0

33
3

13
t9

lOTÀt: t03

¡¡

3
1

2
5
2
1

6
tt
2
2
7
2
2

3
52

9
64

3
93
23

119

3
10

2
15

I
3
I
2
2
I

3
0

75
3l

1

3
113

1
1

3
8
1

1
1

7
13

1

11
16

l¡

1
23

9
7
I
1

62
6

19
35

2
4
I
2
3
3

lOTIL: TOTAL: l0



2]4

S!¡RGEoN: 1 4
LOCÀL-5
GYNECOLOGY- 1

E-N-T- 1

sgRGEoN: 15
GN N ERÀL-3
GEN ERÀL.I¡
UROLOGY-4
THORÀCIC- 1

ÎH O RÀCIC-2
NÉ U ROLO G ICÀ L

SI'RGEOR: 16
LOCÀI,-5
LOCAL-6
LOCÀL-7
GEN ERÀL- 1

GEN ERÀL- 3
GYNECOLOGY- 1

I'ROLOGY- 2
PLASTIC. l
PL ÀSlIC- 2
E. N-T- 1

E-N-T-3
DE NTAL- 1

SURGEON: 17
DE ITÀL. T

SURGEO[: 1 I
LOC À L-5
GEN ERÀL- 1

GENERÀL-3
GEN ERAL-4
GYNECOLOGY- 1

GYN BCOLOGY- 2
URO LOGl- 3
UROLOGY- II

ÒR THOPE DICS.2
ORT HOPEDICS- 3

2
4
2

2
2
0

I
5
1

0
3
6

9
18

3,1
2
1

0
r¡

0
3
6

43
90

11
I
2
2
6
7

TO f ÀL:

IOTÀL: 23

TOîÀL:

TOT ÀL:

TOTÀL: 154

TOlÀI,: q7

TOT ÀL:

12
27

5
2
3
2t1
9
I
5
I

79

1

3
22

2
1

2
I
1

I
1

35

2
5

32
5
2
2
2
I
1

2

32
32

TOTÀI,:



t1,":;ili-^; ;':iJ';::-. : i::l.: j::1::i::,:l

a't tr
¿, L-.'

SURGEoN: 1 9
GENERÀL- 1

GEN ERÀL-3
GEN ERÀL-4
GYNECOLOGT- 1

GT I¡ ECOLOGT- 2
OBSTETRICS- 1

OR THOI'E DICS- 2
E-N-T- 1

SURGE0N: 20
tRoloGT- 1

UROI.OGY- 2

s0RGEot¡: 21
L0cÀL-5
GENERÀL-1
GEN EFÀL- 3
GEN ERÀL.4
t RoloGY- 3
E- N-T- 1

SUBGEON: 22
GENERÀL-1
GEN ERAL- 3
GYI¡ECOLOGY- 1

ORTHOPED ICS- 2
ORlEOPEDICS - 3
E-N-r- 1

SURGEON: 23
LOCÀL- 1

GENERÀL-1
GENERÀL- 2
GEN ERÀ L- 3
GEN ERAL- 4
GYNECOLOGY- 1

GYN ECOLOGY- 2
on IHoPE DICS -2
E- N.T- 1

SURGEoH: 24
GYNECOLOGY- 1

101 ÀL:

101 ÀL :

IOTÀL: 45

TOTÀL: 23

q

25
I
6
6
2
2
4

50

7
38

3
9

10
3
4
6

1

15
I
t
1

3
29

7
ì
3
0
1

I

12
11
I

22
1

6
3
0
5

61

I
?0
14

3
2
5

9
4
6
1

1

2

l5
17

I
27

I
11

6
2
7

TOT ÀL:

TOlÀL:

TOlÀL:

TOTÀL: 13

101ÀL:IolÀL: 87

lOTÀL: 17 TOTÀL:



: a:.:i.iifj j.t,:.:.-: :-..)

2.L6

SURGEOT¡: 25
GY N ECOLOGY- 1

GYN ECOLOG Y- 2
UNOLOGY- 4

SURGEON: 26
GEN ERÀL- 3
GÏNECOLOGY- 1

GYN ECOLOGY- 2
UBOI,OGY-4

ST RGEON: 27
DENTÀL- 1

Stt RGEo N: 28
E-r¡-T-1
E-N-1-2
E- N-T- 3

SoBGEoÌl: 29
ORTHOPEDICS- 1

OFTHOPE D ICS- 2
ORTfIOPEDICS-3
E- N-T- 1

st RGEOI{: 30
LOCÀL-5
E-N-1-l
E- l¡- T- 2
E-N-T-3

SURGEoN: 31
LOCÀL- 1

GEN ERÀL- I
GEN ERÀL-2
GEN ERAL- 3
GE N E RAL-4
GYN ECOLOGY- 1

GYN ECOLOG Y- 2
OBTHOPEDICS- 1

. PLÀSTIC-2
E-N-T- 1

TOT AL: 36

TOIÀL: 70

TOTÀL: 66

101ÀL: 16

TOT ÀI,: 1 6

lOTÀL: 28

toTÀL: 40

66

15
5
1

?1

9
2

1

26
5
1

33

7
53
13

2

I
7
1

1

12
1

2

2
r¡

9
13

tolÀL:

TOTÀL:

TOTAL:

TOÎAL: 1 1

TOTÀL:

TOTÀL: 16

35
35

lt
6
1

1

4
1

2

1

2
4
9

,/,

1

1

1

7'l
1
q

1

2
3
1

32

1

2
1

19
2
6
3
2
3
I

TOTÀI,:



2I7

SURGEON: 32
LOCÀL-5
GENERÀL-3

STRGEON: 33
LOCÀL-7

SURGEON: 34
locÀL-1
L0cÀL- 2
LOCÀL-3
GEN ERÀL- 1

UROLOGY- 1

UROLOGY- 2
I'ROLOGY- 3
UROLOGY- 4

SORGEON: 35
GYNECOLOGY- 1

G TN ECOLOG i- 2
uRoLoGr- ¿¡

OBSTElRICS- 1

SURGEOT¡: 36
I,ocAL-4
UROLCGY- 1

ORTHOPE DICS - 2
OR T HOP ED ICS- 3
ORTIiOPE DICS.4
E-H-T-'l

3
6

lOTAf,: t3

lOTÀL: rl0

TOTÀL: 54

60
19

3
4

TOlÀL: 86

lOTÀL: 57

I
6
6
1

72
3
4

1¡¡

ÎOÎÀL: 9

22
ÎOTÀL: 22

at

(¡

6
0
6
3
2

10
IOTAL: 35

TOTÀL: .¡ I

10T¡tL: 41

36
11

1

0

4
1

21
t0

3
2

5
t

31
13

¿l

3



2,r8

SURGEON: 37
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