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Abstract

This paper presents the modeling metaedology incorporated in a GPSS/
360 program to simulate and test the operation of a genecralized re-
circulating conveyor-supplied system, consisting of loader, conveyor,
and multiplz work stations. Features of the generalized model include
its ability tc simulate a constant-speed closed-loop conveyvor with dis-
cretely spaced random loads, varisble spacing between work stations,
variable supply and return distances, variable toral length, zerc or
specifiably finite local storages at each work station, homogeneous
service rates in the work stations, variable number of work stationms,
and choice of arrival (loading) distribution. Output statistics in-

clude many tabulated operating characteristics of the systeu.

The design of recircuiating conveyor- in manufacturing organizations. Since invest-
supplied multiserver systems constitutes a manuts in conveyor systems are expensive, it is
significant area of responsibility for engineers desirable that engineers have a reliable design
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methodology for such systems.

A search of pertinent conveycr theory
literature indicates that a number of prior in-
vestigators apply multichannel queueing theory
or theory-based simulations to the analysis of
recirculating conveyor-supplied multiserver
systems. Previous research efforts on the con-
veyor system typically have investigated one of
two situations: (1) conveyors with randomly-
spaced loads serving siﬁgle or multiple ssrvers
(e.g., a powered belt conveyor}, and (2) con-
veyors with discretely spaced loads (usually
uniformly spaced) serving single or nultiple
servers (e.g., & powered line or overhead-type
conveyor with "hooks").

The methods used to analyze the discretely
spaced ("hook'") conveyor are completely dif-
ferent from those used for the randoﬁly spaced
("belt") type. The present model is concerned
with.the analysis of the recirculating "hook"-
type conveyor, in which loads can be visualized
as being spaced at integer multiples of the
"hook" spacing on a closed-loop conveyor that
moves at constaent speed. While there is a fair
amount of prior research concerned with non-
vecirculating conveyor-supplied systems, there
appears to be only a meager amount of work con-
cerned with the recirculating system in which
the conveyor is a continuous loop moving at
constant speed.

Kwo (2), 1958, was the first to cuiceive
the recirculating conveyor in its role as a

storage and delivery device as a part of a

iarger system coxmposed of a loader, the conveyor
and the'service channels. He develops three
intuitive principles governing recirculating
cciveyor operation, but presents no operating
characteristics other than how to calculate

limiting values of speed, capacity and uni formi ty

- of loading.

Pritsker (6), 1966, using simulation
methods, investigates the effect of feedback
(recifculation) fo; systems experiencing both
deterministic and ‘Markovian arrivals, and con-
cludes that distance between channels and feed-
back delay (distance) do rot affect the steady-
state operating characteristics of the system.
A careful reading of Pritsker's investigation
will reveal, however, that he (1) precludes the
formation of an arrival queue at the loading
point, (2) permits the possibility for recircu-
lated items and nekly arrived items to arrive
at the first server at the same virtual instant
in real time, and (3) assumes zero time delay
for items transiting between channels in search
of an open channel, while simultaneously
specifying a finite time delay on the return
portion of the conveyor. These are the
characteristics, not of a constant-speed system,
but rather of a looped system, for example,
composed of two belt-type conveyors (one, the
supply conveyor to the servers, rurning very
fast -- perhaps at "infinite" speed te provide
the zero time delay between :sisvers -- and the
other, the return conveyor, runping at some

slower, finite speed), with both belts being




randomly loaded (i.e., with icads randomly

spaced).

The same comments may be directed to the
simulations usc? by Phillips (4), 1969, and
Phillips and Skeith (5), 1969, who extend
Pritsker's simulation to include mcre system
operating characteristics. The essential dif-
ference between Phillip‘'s (4) model and
Pritskerts (6) is that Phillips requires a
queve to build at the head of the return con-
veyor if the return conveyor is occupied, where-
as Pritsker's model does not contain this re-
striction.

These prior investigations apparently fail

to model the constant-spsed recirculating con-
veyor faithfully; tha£ is, a recirculating con-
veyor in the form of a continuous loop that
operates at constant speed. Consequently, the
effects due to finite time delays occuring in
the system are not isclated and analyzed. Thus,
a remedy for these deficiencies became the
impetus for the development of the model de-
scribed herein.

An additional cbjective, adopted early in
the conceptual phase, was to create a utiliity
simulation model of the constant-speed recir-
culating system -- a model that would be highly
flexible and capable of application over a wide
range of operating conditicns without changing
the program code. The result is presented
herein.

Description of the Physical System

The simulation program presented in this
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paper models the physical system depicted in
Figure 1. This system consists of a supply
point (or "lcader"), the recirculating closed-
loop conveyor, and the m service facilities or
channels ("servers").

Functionally, the system shown in Figure 1
can be described as follows. Semi-processed
items, presumably from a prior stage in a manu-
facturing process, arrive at the tail of the
loader at random times, according to some inter-
arrival time distribution with a mean rate ).

If a queue is present in the lcader, an arriving
item waits; otherwise, it is loaded directly on
the first empty éosition on the passing conveyor.
Queue discipline in the losder is FIFG. Each
such on-lceded arriving item, cr any recircu-
lated item, is conveyed at constant conveyor
speed to the first service channel for additional
processing where the server is polled for avail-
ability. If the first server is idle, or if
space in a local storage reserve is available,
then the conveyor-supplied item is off-lcaded
and either enters the sarver or is added to the
local storage of reserved (useables), as the
case may be. If the first server or the first
storage is full, the conveyor-supplied item re-
mains on the conveyor and, a short time later,
depending upon the constant conveyor speed, polls
the second server for availability. If the
second server is available (idie server or non-
full storage reserve), the item is off-loaded;
otherwise it continues to the third server, and

so forth.




The polling sequence is repeated until one
of two events occur: (a) entry is gained at one
of the subsequent channels, or (b} entry is not
gained at any channel, causing the conveyor-
supplied item to recirculate at constant speed
on the return portion of the conveyor, finally
to reappear again at the first channel where
the pelling sequence begins again. With the
proper choice of system parameters, in the form
of arrivals, services, conveyor speed, and
physical dimensions of the ‘system, the arrivals
at the loader constitute a "birth" process and
the services in the servicing channels consti-
tute a "'death" process, so that the system can
be operated at stochastic equilibrium.

The cenceptual system shown in Figure 1 is
based on the following assumptions:

1. Arrivals into the system (at the tail
of the loader queue) are assumed to follow an
interarrival time distribution of the investi-
gator's choice (e.g., exporiential, determin-
istic, etc.)

2. Local storage (reserve) may or may not
be specific at any channel -- that is, the
capacity of each server is restricted to the
item receiving service, plus any value of local
storage (including zero).

3. All service channels have the same mean
service rate.

) 4. Outputs from the service channels are
not returned to the recirculating conveycr.

5. The unloading of an item from the con-

veyor is determined solely on the basis of a

free channel on local storage avaiiability; that

is, the unloading decision is made at the dis-
crete point in time when the item reaches a par-
ticular channel (no "“look-zhead"). Items poli
the servers for availability in sequence in the
direction of conveyor movement, and items
failing to gain admission at the mth (last)
channel are recirculated.

6. The "hooks" on the conveyor are equally
spaced and thé conveyor moves at constant speed.

Since the conveyor is a continuous loop, both

service and return portions move at the same
speed.

7. The physical dimensions of the system
-- that is, loader to first channel distance,
return conveyor length, and inter-channel

~

spacing -- are finite (0 < DL’ DR’ DS < ®j,

Model Description

Based on the foregoing assumptions and on
the functioning of the physical system, a simu-
lation model was encoded in the GPSS/SQG simu-
lation language (7).

The flow chart in Figure 2 displays thz
basic coding. The format of Figure 2 generally
follows the physical system in Figure 1 to
facilitate identification of the coded program
steps with the functional portions of the system
in Figure 1. Most of the GPSS statistical tab-
ulation biocks (the system "instrumentatioa' by
which output information is gathersd) have been
omitted from Figure 2 for clarity.

In describing the simulation model the

following topics will be presented: composition,




medel input, model functioning, unique featuves,
model oufput, and model executicn. Each of
these topics is discussed in the following
paragraphs.

Mudel Composition

Referring to Figure 2, the model system
prigram consists of eight functional portions:
(1) data input cards (not illustrated), (2) a
data initialization sequence (not illustrated),
(3) a sequence of blocks representing the re-
circulating convéyor, (4) a sequence of blocks
providing for system arrivals and representing
the loader, (5) a generalized block sequence
representing from 1 - 10 service channels, (6) a
block sequence representing the unloading oper-
ation at the service channels, (7) a data com-
pu%ing sequence (not illustrated), and (8) a re-
port generator (not illustratced).

By means of the REALLOCATE feature in the
GPSS language best use is made of the necessary
core, s¢c that the program in its present version
runs in 122K of ; 128K partition on the IBM 360
series computers. Compile and run time together
on a 360/65 varies from about 40 seconds to more
than 2 minutes, depending upon the '"length" of
the conveyor (total number of transactions in
the system) and on the number of service channels
{proportional to the amount of internal compu-
tation required). The entire source deck in-
cluding comment cards is about 300 cards in
length.

Model Input

Two distinguishing features of a utility

simulation program are flexibility of appli-

cation and ease with which the model configur-
ation can be changed. These cbjectives axe
accomplished in the model by writing the pro-
gram in generalized form and INITIALizing input
data. All input to the program is through ten
INITIAL cards, one STORAGE card, and two
FUNCTION definitions. By means of these in-
puts, the following system parameters are con-
trolled:
1. XNumber of service channels (1 - 10),
2. Spacing between channels {(in "hook™
pitches),
3. Distance from loader to first channel
(pitches), ) |
4. Total length of conveyer (no. of hooks),
5. Conveyor "hook" pitch (in fuet),
6. Conveycr speed (feet/min),
7. Mean interarrival time of arrivals
at the loader queue tail (millimin),
8. Mean service time of a served item

(millimin),

(Lo}

Standard deviation of interarrival time,
10. Standard deviation of service time,
1i. Capacities of local storage (''useables")
at each service channel (ne. of items),
12. Statistical distribution of item inter-
arrival time,
13. Statistical distribution of item ser-
vice time.
These system parameters completely specify any
constant-speed recirculating conveyor-supplied

system of the form depicted in Figure 1, in which
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lozds are spaced st random discrete iatervals
(by integral muitiples of the 'hook" pitch].

By merely specifying the values of these
parameters, one cen use this model without
change to simulate any particular system of the
type mentioned which incorporates any arrival
distribution and any service time distribution
{given that they have finite variances), and
which comsists of 400 or less '‘hools" and 10 or
less service channels.

Mode! Functioning

After the necessary data are read in to
desuribe the exact model configurastion desired,
the GPSS program first gemerates one transaction
which performs some calculations on these data
and stores the results in SAVEVALUEs for sub-
sequent internal use. (These details are not
reported here}.

Subsequently, the next block sequence of
interest is the manmmer in which the program
"hyilds™ the recirculating cunveyor and simu-
lates its operation (see Figure 2). The "hook"
trarsactions representing the cc.veyor are gen-
erated by the "conveyor building generator'':

GENERATE X30,,2,X5,0,6,F
SAVEX 30 contains the mean creation time which
the program has earlier computed from the
specified "hcok” pitch and the conveyor speed.
No modifier is specified in Field B, so that the
conveyor "hook" trarsactions are created at con-
stant intervals of the mean time required by
The first of the '"hook" transactions

SAVEX 30.

is created at an offset of 2 time units
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(Field C), to permit input dat; initialization
and calculation to take place via another
(earlier) transaction originating in a preceding
GENERATE block (not depicted in Figure 2).
SAVEX S (Field D) contains the total number of
transactions (number of ""hooks') to be generated,
each of which is geﬁerated with FRIORITY O
(Field E), and also with 6 fullword parameters
(Fields F and G). In this manner, the total
length of the conveyor is established, as well
as the discrete (and uniform) Eiﬂg.spaciﬁg of
each "hook" corresponding to the conveyor speed
and pitch.

Since each "hook" transaction in the ontire
citcuit is never destroyed and always experi-
ences the same relative ircremental delays in
the circuit, each "hook" transaction retains its
identity throughout the simulation znd slso its
time-relative position to every other "hook" at
all times, regardless of its physical location
in the system logic. The functional effect is
thus one of a specific sequential, time-ordered,
finite numbered set of transactions which behave
in the simulation as a conveyor chain on which
load points ("hooks") are discretely spaced and
which move at constant speed in a closed loop.

The six "hook" transaction parameters are

utilized as follows:

P1: Contains the value 0 or 1, to indicate
whether the "hook" is loaded (1) or
empty [0).

P2: Contains a value (1, 2, ..., 10) to

indicate the next service channel to




be polled for entry. If entry is suc-
cessful, this value becomes the chamnel
identifying index.
P3: Contains a value for the variable time
delay to be experienced by the "hook™
transaction in "skip'" transiting be-
tween 2 qhznnel where a load has just
been unloaded and the beginning point
of the recirculation loop.
P4: Contains the number of recirculatiohs
experienced by a loaded "hook" before
it is unloaded {reset to zerc immedi-
ately after the "hook" is unloaded).
P5,P6: For use in future modifications of the
model.

The next block sequence of intercst is the
cne defining the operation of the '"loading sta-
tion" and its interaction with the conveyor
"hook" transactions. The transactions repre-
senting incoming physical items to be conveyed
and processed by the system are generated by the
block

GENERATE X7,FNJ,X25,,1,2,F .
SAVEX 7 contains the "'item" mean interarrival
time (from INITIAL aats), which is modified by
FUNCTION 1, the interarrival time distribution
(any desired normalized statistical distribution
with finite variance). The offset interval is
specified in Field C, which uses the value con-
tained in SAVEX 25 -- a value calculated in-
ternally in the data initialization sequence,

sufficiently great timewise to permit the re-

circulating conveyor to be 'built' before the

first item to be processed "appsars™ at the
lcadexr. There is no creation limit (Field D},
and each “item" transaction is created with
PRIORITY 1 (Field E) arnd with 2 fullword para-
meters (Fields F and G). '

The key blocks in the "‘loader" are the
ENTER MAIN 1, GATE LS 1, and LEAVE MAIN 1 blocks.
Storage "MAIN" is capacitated by a STORAGE def-
inition card to a value of cne. GATE LS 1 pre-
vents the forward movement of an "item" trans-
action in "MAIN" until LOGIC Switch 1 is set
(Yon")., This combination of blocks forces the
formation of a first-come, first-served queue
("LINE") of "items' behind the loader in the
event the conveyor cannot load “items" as fast
as they arrive.

Assuming now that the simulation has ad-
vanced to the point where there is an "item"
transaction in "MAIN" (delayed by GATE LS 1},
and where a queue ("LINE") exists waiting to
enter "MAIN", the interaction of the conveyor
with the ioader can be described as follows. A
recirculeting hook'" transacticn is first tested
at |

LOAD TEST E P1,0,BYPAS
to determine if the conveyor "hook" is empty

(P1 = 0). If it is already loaded (P1 # 0) the

"hook" bypasses the loading sequence to the BYPAS
ADVANCE X26 biock. If the "hook" is empty
(P1 = 0), it then tests for the presence of one
or more “item" transactions in the loader:

TEST G Q$LINE,O,BYPAS

If theve is no item waiting (Q$LINE = 0), the



“hook" byjp:asses to BYPAS ADVANCE X26. If there
is sn item waiting (QSLINE # 0), the "hook"

transaction then sets [OGIC S 1 {*cn") and im-
medieszely encounters the BUFFER block, with the

following consequences:

(a) the current events chain scan is re-
initiateq,

(b} the "hock" tramsaction is delayed with
zero relative time change (since it
is Priority 0),

{c) the "item" transaction in '"MAIN" is

activatuvd and moves (since it is
Priority 1) as a result of Logic
Switch 1 having been set ("on") by the
"hook"

transaction. The "item' trans-

action then continues to move, which

resets Logic Switch 1 (resetting the

"gate'" so as to delay a subsequent

"jtem" transaction), then on to TER-

MINATE 0 after passing through the

DEPART LINE, TABULATE, an LEAVE MAIN
1 blocks.

This sequence destroys one "item' trans-
action, which has now served its purpose --
representing a load or "item" for the 'hook"
waiting in BUFFER. After the "item" ftcansaction
is TERMINATEd, the waiting "hook" transacticn
moves immediatély {since it was delayed with
zero relative time), and its Parameter 1 is
changed from 0 to 1 (signifying now a loaded
"haok") by the ASSIGN 1, K1 block. The "loaded
hook™ trensaction theun proceeds to the BYPAS

ADVANCE X26 block, where it is delayed for the
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transit time (X26) anaiogous to the éonveyor
distance from the loader to the first service
channel. (The time delay value in SAVEX 26 is
internally calculated once from the initialized
input data by an earlier one-time transaction,
and all "hooks", loaded 61' unloaded, are deiayed
by the same increment of relative time).

The next block sequences of Interest are
the “"channel test sequence" and the ''channel

indexing sequence" (Figure 2). These are nearly

"~ self-explanatory, except to point out that the

first test (CNT2 TEST E P1,1,ADV31l) is to
determine if the "hook" transaction is loaded
(P1 = 1). If not, the hook byp#sses the channrel
polling sequence to the ADVANCE block (ADV31

ADVANCE X31) which provides the time d=lay

necessary (stored in SAVEX 31) to transit the

distance between the first and last serviée
channels. Otherwise, if the "hook' is loaded
(P1 = 1), the ASSIGN 2,K1 block assigns the
value 1 to Parameter 2, which indicates that the
polliﬁg sequence is to begin with Channel 1.
Channel 1 is tested for entry in the block
GATE1 GATE SN¥ P2 ,HEXT1
(when the value of the channel index, P2 = 1),
which allows the “loaded hook" transaction to
enter the "unloading sequence" at Channel 1 if
that channel (or its local storage) is not full;
otherwise the transaction moves to the block
NEXT1 TFST L P2,X1,0VER
which determines if the last channel has been
tested.

If not, the transaction moves through

the indexing sequence in which the channel




identifying number (P2) is incremented by one,

a delsy is encountered corresponding to the
d{stance between two adjacent channe.s, and the
next sequential channel is polled for entry.
Loaded, unservicad '"hook" transactions, after
polling each channel and failing to unload, then
begin the recirculation journey via the ADVANCE
X28 block after passing through the statistical
TABULATE RECIR block, which tabulates the re-
circulation frequency of loaded "hooks".

If a "loaded hook'" finids 2n open service
channel or available local storage in the pol-
ling sequence, it then enters the "unloading se-
quence" blocks (Figure 2). Here, the entering
"hook" transaction is first increased in
priority (PRIORITY 2 block), so that when a
duplicate or "copy'" transaction (representing
an unloaded "itenm') is created in the SPLIT 1,
CHAN ° lock, the duplicate will have a higher
priority in the current events chain. Imme-
diately after the SPLIT block, the "hook"
transaction encounters the PRIORITY 0, BUFFEk
block, which develops the fullowing consequences:

(a) the priority of the parent '‘hook"
transactinn is reduced (PR = 0), while
the priority of the duplicate trans-
action (representing the unloaded
“item") remains higher (PR = 2);

(b) the currert events chain scan is re-
activated by the BUFFER command;

the "copy' transaction moves tirst

LY
[
~—

(due to PR = 2), ENTERing tho storage

whose iceitifying channel number is
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contained in Parameter 2 of the "copy"

transaction, joining the appropriate

QUEUE*2, and so forth;

(d)} when the '"copy" transaction ceases to
move, due to QUEUE*2 or ADVANCE X8,FN2,
ther. the parent "hook" transaction
(now with PR = (  moves again through
the remainder of the unloading se-
quence blocks, which perform the
housekeeping functions noted in
Figure 2. It is noteworthy to add
that the ASSIGN 1, KO block changes
the value of Parameter 1 in the "hook"
transaction from 1 to G, signifying
that the "hook'" has now been unloaded;
thus, after the recirculation trip it
is again available for loading again
at the loader.

The final group of blocks of particular
interest in Figure 2 is the '"generalized service
channel sequence", which models from one to ten
service channels and their associated local
storages. These blocks are fairly self-
explanatory, although it should be noted that
orie of the outstanding utility features of the
entire model is embodied in this sequence. To
write the storage, queu: and service facilities
in general form, we use to advantage the fact
that the channel, storage and queue identifying
number is contained in Parameter 2 of e "copy"
transaction created in the SPLIT block. Thus,
one can use this identifying number in the form

*2 to identify which ENTER, QUEUE, SEIZE, DEPART,




RELEASE, and LEAVE blocks and statistics are lo

be affected by a particular "item" unloaded from
the "hook”. It shuuld also be noted brieflx
that we use Parameters 3 and 4 of the "copy"
transactions for the accumulation of statist;cal
data concerning waiting and service times of an
#item" being serviced, rather than for the pur-
poses mentioned eariier for the parent 'hook"
transaction.

Unique Features

Some cf the unique features of the model,
described in detail above, can be summarized
as follows:

A (1) the GENERATion of a finite number of
sequenced, undestroyed transactions, equally
spaced in.relative time, to represent a closed-
loop conveyor with equally spaced load points
("hooks") travelling at constant speed through-
out the simulation;

‘ (2) the ‘uterfacing of random "item" ar-
rivals with the continuously moving conveyor at
the "loader", which realistically models the
conditions (8) that an "item" is '"loaded" only
when an eapty conveyor "hook" is available, and
(b) that arriving "items" build a first-come-
first-served queue if they arrive momentarily
faster than the conveyor can '"load" ther:

(3) as & consequence of (2° ‘"items' ar-
rive at the first service channel .t random
integral multiples of the time required for the
conveyor to advance one pitch length -- this is
difforent from the completely random interar-

rival times assumed by prior investigators for
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elt-type conveyors;

(4) the ''generalized service channel se-

' quencs" that permits aepresentation of up to 10

service channels by one set of btlocks;
(5) all input to the program, completely

specifying the model configuration and operatien,

.is through the use of the INITIAL, STORAGE and

FUNCTION cards, which makes major model changes

necessary in order to simulate different systems.

.

Model Qutput

The output from the simulation occurs via
thes REPORT editor, and consists of the following:
1. Report cf all data inputs.
2. Report of internally ~alculated data:
(a) Conveyor length (feet)
(b) Distance between channels (feet)
(c) Distance, loader in first channel
(feet)
(d) Distance, first to last channel
(feet)
(e) Distance of return ioop (feet)
(f) Conveyor circuit transit time (min)
(g) Tr_sit time, loader to first
channel (min)
(h) Trensit time, first to last channel
(min)
(i) Transit time, return loop (min)
(j) Transit time, between channels
(min)
(k) Transit time, one pitch length
{min)
(l)' Conveyor service rate (hooks/min)

(m) Nominal input utilization (new



\

(n)

(o)

(p)

(q)

(r)

(s)

arrivals) on supply portion of

conveyor {decimal)

Mean input utilization (new ar-
rivals) cn supply portion of con-
veyor (decimal)

Mean utilizetion (recirculated
items) on return loop of conveyor
(decimal)

Mean total utilization (new ar-
rivals plus recirculated items)

on supply portion of conveyor
(decimal)

Mean frequency of recirculation,
given that an item recirculates

on return loop (decimal)
Probability of recirculation

= relative frequency with which
all items recirculate, including
those that do not)

Nominal overall system utilization
(bvergll "black-box" utilization),

%

Utilization of all service channel

facilities.

Utilization and other storage sta-

tistics for all storages, including

local storages at each channel.

Queue siatistics for each queue in the

model.

The statistical distributions of:

(a)

Recirculeticn frequency of items

that recirculate once or more;
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(b) Wajting times in each service
channel queue;

(c¢) Service times for each service
channel;

(d) Departure rate from each service
channel;

(e) Waiting time in the "loader"
queue;

(f) Loading rate (pick-up rate by the
conveyor) at the "loader";

(g) Loaded hook recirculation rate on
the return loop;

(h) Loaded hook arrival rate at the
first service channel; and

(3) Inter-item times corresponding to
the rate distridutions mentioned
in (), (g) and (h).

The richness of these selected performance
statistics permits almost any post-simulation
operational analysis to be made, as will be seen
in the sample simulation results reported in
subsejuent paragraphs.

Model Execution

The program has been usc.i so rar to simu-
late about 80 different conveyor system con-
figurations, ranging from 1 tco b channeis and
with various loop-lengths, various distances
between loader and first channel, various
channel spacings, various speeds, "hook" pitches
and other operating parameters. For a typical

simulation, the tfollowing simulation control

cards would be used:




*

*

START 200,NP
RESET

START 1000,NP
GENERATE 99:1,,0

SAVEVALUE 9,V9

SAVEVALUE  12,V12
SAVEVALUE  -17,V17
TERMINATE 1
START 1
REPORT

*

*

The START 200,NP command initially ''loads"
an empty and idle system which, in response to
the RESET card, permits the actusl simulation to
. commence with the START 1000,NP command. 7Yhis
tends to remove tke transient start-up effect
from the cutput statistics, which is desirable
for this model. Realistically, a recirculating
conveyor in a manufacturing plant, for example,
would be used continuously or if it were stopped
intermittently (say, overnight) then it would be
restarted in the same loaded condition as when
it was stopped. Thus, the steady-state oper-
ating condition is of primary intersst, not tue
transient phase.

Following the START 1000,NP card which
initiates the actual simulation, a GENERATE

block is uced to generate one final transaccion

=

whose function it is to calculate some statis-

tics! information fran data develcped in the
simulation. The statistical information is
stored in AVEVALUES, via numerical calculations
performed by VARIABLE statements analogous to
the arguments of the SAVEVALUE blocks. Once
this duty is performed the final transaction is
destroyed in the TERMINATE 1 block, which ends
the simulation. The REPORT card initiates the
GPSS rgport e&itor, and cutput ensues.

A comment should be made about the trans-
action sample sizes (209 and 1000) used to "load"
the system and perform the simulation. These
are merely representative. In an actual s%mu-
lation, one would need to replicate the exper-
iment with a particular configuration several
times with different random nuyber seeds (using
the RMULT feature), so as to provide an inde-
pendent measure of the random error in the
experimeat. Then statistical tests for sig-
nificance coula be applied to the experimental
results, and the experiaenter could decide
whether or not his simulation sample were large
enough for steady-state to have been rgached.

Typical Simulation Results

As & result of some prior work with this

model, several interesting and .unexpected

phenomena have been obtserved in studying constant
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speed recirculating conveyors that zre random
discretely loaded and serviced.

For example, consider the following:

1. Based on an argument that finite delay

times in th- system give rise to opportunities




for system regeneration points to occur (which
would not be possible if delay times were zero),
it was hypothesized that system performance
parameters in the finite delay system would be
different from those given by earlier investi-
gators who assumed zero time delays in the
system.

The authors' earlier research substantig.
this hypothesis (1). Two system performance
parameters, the probability of recirculation,
Pr, and the return conveyor utilization, oR,
were shown to be functions not only of the
system loading, Pg» but also the input loading,
Py the latter being related inversely to con-
veyor speed (see Figure 3). Tf these per-
formance parameters were independent of finite
délay times, then they would be invariate with
changes in conveyor speed; however, such was
not the case. Both of these performance par-
ameters were shown to be non-simple functions
of finite delay times in the system (Figvre 3).
This confirmed éhe hyrothesis and also tended
to indicate that an assumption ot zero delay
times within or between points.of the system is
not a realistic one for constant-speed finite-
delay recirculating systems.

2. Another result is that constant-speed
(finite delay) recirculating conveyor-supplied
systems can display "blocking" on the service
(supply) portion of the conveyor (see also
Figure 3), a phenomenon not possible under
prior research in which zero time delays were

assumed. A constraint of all such finite delay
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recirculating systems is that they be opers.ted
50 that the utilization of the service conveyor,
p;, never exceeds unity (see also Muth (3) for
a different approach with the same conclusion
for cyclically-loaded continuous conveyors).
This constraint apparently does not exist and
has not been reported for previously investi-
gated recirculating conveyors.

3. It can also be inferred that the prob-
ability of recirculating, Pr’ collapses into two
theoretical conditions as "end points", when
conveyor speed (or input loading, pi) reaches
limiting values (see Figure 4). For the case
in which conveyor speed becomes "infinitely"
large and the number oi hooks great compared tc
a possible queue length, the system is analogous
to a zero delay search condition, and Pr ap-
parently collapses into theoretical values for
P(m), the probability of all channels simul-
taneously busy, for a theoretical M/M/m:=
queueing system.. For the single server system
case when the conveyor speed is slowed so that
blocking occurs ou the serving conveyor
(o*c = 1,0), arrivals at the service channel
become exactly determinittic, and Pr apparently
collapses into theoretical values of P(1) for
the theoretical D/M/):0 queueing system. In
between these limiting cases the probability of
recirculation (analogous to probability of
"overflow" for a non-feedback system) takes on
internediate values indicative of a complex

function of the finice delay experienced be-

tween channels, the form of which is not




presently understood.

4. A final result is that constant-spzed
recirculating conveyors not only can be used as
storage devices, but that maximum utilization
of the return leg effactively occurs in the ap-
proximate range 0.5 b < 0.7 for all values
of m (number of servers) and Pg (system loading)
-- see Figure 3. In this range, the expected
loader queue length is small (virtually all ar-
rivals are "stored" on the conveyor). Thus,
since the input londing, Pis is under control
of the designer, an opportunity exists for an
economic trade-off of queue storage space at the
loader for increased conveycr speed or de-
creased hook spacing, the principal controllable
determinants of Py

Conclusions

The GPSS/360 simulation program described
herein effectively models the operation of a
ccnstant speed recirculating conveyor-supplied
multiserver system, in which random arrivals
are acccmmodated and served, and in which the
conveyor is loaded in a random discrete manner
with load-points ("hooks') equally spaced on
the conveyor loop.

The program is effective as a utility pro-
gram for the investigation of different system
configurations without the necessity of
changing the model. To uate, over 80 different
configurations have been investigated, with the
sole changes in the program being in the 10
INITIAL cards, 1 STORAGE card, and 2 FUNCTION

definitions.

Compilation and execution time for a simu-

lation is quite shert comsidering the logic
complexity of the system -- on the order of 40
seconds to 2.5 minutes on an IBM 360/65 computer.
The value of this utility program is demon-
strated by the fact that preliminary usage has
already provided some interesting and unexpected
operating phenomena concerning discretely loaded
recirculating constant-speed conveyors, not
heretofore observed quantitatively; namely, the
"hlocking' phenomenon, the dependence of certain
system performance parameters on loadings and
conveyor speed, and the apparent collapse of the
probability (relative frequencey) of recircu-
lation into theoretically determined values
under limiting conditions of system operation.
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