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ABSTRACT

The system state model is Both an abstract and a computational 

construct for representing the activities of many classes of systems. 

This thesis investigates, from a user's viewpoint, the adequacy and 

utility of the system state model as a general purpose modeling tool. 

The investigation deals with the representation of complex hierarchical, 

simultaneous and asynchronous activities, alternative forms of conceptual 

representations, phased levels of specificity in problem treatment, and 

flexibility in modifying model specifications. The model was evaluated 

by applying it to the following types of classical modeling tasks.

1. Turing Machine

2. Critical Path

3- Human-Machine Interaction

4. Discrete Representation of a Continuous Process

5. Discrete Representation of a Discrete Process

6. Queueing

The investigation indicates that the system state model has a 

wide range of application. The six examples are presented in a manner 

to facilitate the potential user in visualizing the application of the 

model to other problems. The presentation also serves as a rudimentary 

"user's guide" for the current IBM 360 soft".;are implementation.
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1. INTRODUCTION

1.1 Modeling

A model is simply some type of representation of the actual system 

•which is being studied. The act of simulation involves representing the 

activity or behavior of the system. There is an implied static connota

tion to the term "model" and an implied dynamic connotation to the term 

"simulation".

Modeling and simulation are a rapidly expanding part of the general 

area of "programming". The digital computer is inherently a sequential 

machine. The field of modeling and simulation endeavors to overcome the 

limitations imposed by this sequential characteristic by allowing the 

computer user to model activity which may include simultaneous and 

asynchronous activities. The program which camouflages the sequential 

nature of the computer may, in general, be thought of as a model. ‘The 

model user is able to imagine that his computer is performing activities 

simultaneously and asynchronously in the manner of real world activities. 

The advantages which are gained by increasing model size, speed, general

ity, etc., tend to be offset by the overhead and user training required. 

Therefore, there has been a profusion of modeling languages and simulation 

tools which vary widely in generality and in areas of application.

1.2 System State Model

The system state model [10J is both an abstract and a computational 

construct for representing the activities of many classes of systems. The 

representation is in the discrete time domain, at arbitrary and varying 

levels of specificity, and may include simultaneous, asynchronous, and 

hierarchically-related activities. The system state model formal co ..struct

i.-.v":l'  c-c 1) iL'.-ii"ificat.tcn of the systn". to be •..odel-ed, (-2) t -n. ?.)r-
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motion of x^/to a static representation (3) transformation of to

a dynamic representation ) and. (4) evaluation, or execution of 07^. It 

is this execution capability which makes the system state model a simulation 

tool. The static representation is describable as a finite, directed graph 

involving loops and parallel lines. The identification of the system ^5/ to 

be modeled requires unambiguous enumeration of (1) "steps", the component 

parts of the processes in (2) "links", the connections between steps, 

representing the sequence of component part's, and (3) "blocks", representing 

the autonomy among processes, induced by a partitioning of "steps". These 

three primary attributes are usually explicit inaddition, there 

are seven secondary attributes which usually are implicit in • They 

are as follows:

(1) "Function level" of block, designating singularity or 

multiplicity of activity within the block

(2) "Cycle time" of block, designating minimum time in which 

a change may be observed in the block

(3) Exclusive "priority level", which includes interrupt 

capability and allows for hierarchically-related 

activites

(^) Input logic, which must be satisfied in order to 

start the next step

(5) Transition condition for emanating links, which 

must be satisfied in order to follow each such link

(6) Transition times, which specify the time to complete 

a step, given that a particular emanating link will 

be folio*.; jd
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(7) Transformations, i.e. the global effects of a step's, 

completion

The last five of these secondary attributes qualify "steps".

Transforming to the static representation '7?X involves (1) 

converting blocks, cycle times, and function levels to "subsystems", 

(2) converting steps, priority levels and input logic operators to 

"system states", and (3) converting links, transition conditions, 

transition times, and transformations to "transitions". It is the 

subsystems, system states, and transitions which comprise the finite 

directed graph mentioned above. The system state model's computational 

construct which currently is implemented for the IBM 360 serves to 

transform to and evaluate 7)12 • There is no "modeling language" 

or "simulation language" involved; rather user specifications are supplied 

in terms of basic system state model parameters. For a more detailed 

description of the system state model refer to Appendix A. 

1-3 Other Models and Simulation Languages

A model is simply some type of representation of a system. The 

act of simulation deals with the dynamic activities and relationships 

which represent the behavior of the system. Models may be classified 

as either physical or mathematical. Physical models are useful in 

many areas of engineering, architecture, and design. It is the math

ematical model, however, which is the concern of 'his thesis. 

Specifically, we are primarily concerned with numeric dynamic math

ematical models which allow system pertyrbations to be studied.

There is no shortage of models or simulation languages. If one 

divides the available tools into models primarily suited tor discrete 
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systems and. models primarily suited for continuous systems, it is found 

that there are more models tailored for the former.

Prohahly the most basic model is the "sequential machine" in ■which 

the next state of the machine can be determined solely from the input 

to -the machine and its present state. The Moore machine E15j and 

Mealy machine fl3] are examples of this type of model.

A model which is widely used as well as widely advertised is CPM 

(Critical Path Method) QV]. This model is represented as a network 

in which nodes represent events, links represent activities, and all 

logic is Ain).

Another model, GPSS (General Purpose System Simulator) E19] is 

widely used in modeling discrete systems. Its primary strength is in 

queueing problems. SDiSCRIPT [22J is a simulation language oriented 

toward the description of discrete event systems. GPSS includes special 

objects with fixed characteristics similar to characteristics of components 

of many real systems. SIMSCRIPT includes lists and list processing tools 

which adds to its flexibility. GASP (General Activity Simulation Program) 

£8 ] is a simulation language developed by U. S. Steel designed for the 

study of industrial systems. OPS-3 [2] is a discrete simulation language 

designed for real-time use in a time-sharing environment.

One of the primary targets of computer simulation are computers 

themselves. Several computer modeling languages developed by IBM 

which are "very specific in their application area are TPAD (Tele-Pro

cessing Analysis Program), CITDP (Computer Network Design Program, and 

CSS (Computer Simulator System). SP.PT is e/en more specialised in c’-us 

it mod-els the reliability of a computer system. (During certa.h: 

Ti'.es of a space fligrii, compute''- system reliatili+'v must be r'.'-’.i ei

).



at O.9995).1

To fill the need for modeling continuous systems, several languages 

such as CSMP (Continuous System Modeling Program) [ 7 JCSSL (Continuous 

System Modeling Program )[173 and MIMIC E20 J have been developed. They 

are suitable for modeling systems which can be described in terms of 

ordinary differential equations.

Some other examples of formal models follow. Scherr [18] 

hes utilized a continuous-time Markov process in modeling a human 

terminal user interacting with a computer. A model by Klienrock[9j 

based on a stochastic queueing principle, investigates time sharing in 

terms of each user's average CPU time. Another model by Anacker and 

Wang [11 investigates data processing rates and a two-level memory 

utilization. Denning [ 3 ] has constructed a model based on the '‘working 

set of pages" to investigate dynamic memory allocation. Lewis and 

Shedler [11] have constructed a probablistic model of a multiprogrammed 

computer system operating under demand paging. The model contains an 

explicit representation of system overhead, the CPU requirements and 

paging characteristics of the program load being described statistically. 

Garver and Lewis [5 ]have formulated "probability models for buffer 

storage allocation problems". The authors develop models based on in

bound messages to a computer being buffered prior to processing which 

describe (a) the results of blocking a single memory unit for the use 

of diverse messages, (b) the occupancy behavior of a buffer that is

"^"Information concerning these four languages obtained from 
February 1972 telephone interu'iew with lir. T.-.ra;.r.e Stanley, IBM 
Federal Uys ter^r Division, Manned Gpaceora?s Center, Hons ton. 



tied to a single message source, and (c) the occupancy of a buffer 

dynamically shared among many independent sources. On still a more 

detailed level. Gold [6]has formulated "a model for linear programming 

optimization of l/O bound programs". This model deals ■with a class of 

machines having periodically addressable secondary memory and programs 

with sufficient constraints to fit linear programming methods. Also on 

a detailed level, Lowe [12 J has explored the use in time shared systems 

of computer program models based on directed graphs and Boolean matrices.

It is obvious from this brief discussion that "models" in the loose 

sense of the word are plentiful. It will also be noticed that the tendency 

is toward developing specialized models to meet particular purposes. The 

role of the system state model, both as a formal and computational modeling 

construct, is therefore timely and valuable as a general purpose modeling 

tool.

l.U  System State Model Investigation

This thesis investigates the system state model (3SM) regarding 

its adequacy and utility as a general purpose modeling tool. The 

investigation deals with the following specific aspects of the model 

from a user's viewpoint.

1. Representation of complex hierarchical, simultaneous, and 

asynchronous activities.

2. Alternative forms of conceptual representation of a problem.

3- Phased level of specificity allowing macroscopic to microscopic 

problem treatment.

U. Flexibility in modifying model specifications as a result of 

simulation outnut.



The model was investigated, by applying it to the following types of 

classical modeling tasks.

1. Turing Machine

2. Critical Path

3. Human Machine Interaction

if-. Discrete Representation of Continuous Process

5. Discrete Representation of Discrete Process

6. Queueing

■ The presentation assumes that the reader is proficient in the 

specific problem area. It will not be necessary that he be strongly 

computer oriented. The approach for each type of problem is as follows:

1. Introduce the general problem area

2. Introduce the specific example

3- Specify the example formally in terms of a system to be

modeled,

if-. Transform . qV into the static model representation,

5. Perform the modeling operation by simulating the dynamic 

representation, 9)'t,

6. Discuss the results of the example in terms of specific 

model aspects

7- Discuss the implications of appropriate model aspects

to the general problem area

In addition to investigating the specific model aspects mentioned 

earlier, it should be noted that Steps 3> 5 above will instruct

the reader how to "use" the system state model, and scrze as a rudimentary 

"user's guide" for the IBM 360 software implementation. An vr.ders landing



of these steps will also allow the user to visualize the application of 

the model to other problems.

Each of the six modeling tasks are presented in a "stand alone" 

format. The sequence chosen in presenting them corresponds roughly to 

increasing complexity of the examples. Explanations of certain model 

features are presented as these features are needed to cope with the 

particular system being modeled. Therefore an understanding of each 

chapter may be somewhat dependent upon model feature descriptions in 

a preceding chapter. The results and conclusions pertinent to each 

example are presented in that example's individual chapter. The complete 

listing of each program may be found in the appropriate appendix. 

There is no intended comparison with other simulation languages. As 

Section 1.3 indicates, it is usually possible to find a special purpose 

language which may be better suited for a particular task.

Overall, the investigation of the system state model, based on its 

application to the six problem areas, indicated that the model does have 

the ability to function as a general purpose modeling tool. The utility 

of the model was found to vary depending upon the complexity, output for

mats, and analytic results embodied in each of the particular examples. 

The system state model construct allowed models to be generated which 

were adequate for the various levels of specificity required in the exam

ples. Certain examples, particularly the critical path and the queueing 

problems, required a facility for interrogating the data base of the 

example's model. The addition of such features as the tracing of transi

tion paths, interrogation of the static model structure, and interrogation 

of selected dynamic model parameters (e.g., model time, system state 

status, and residual transition time) would enhance the utility of the 

model and provide increased convenience for the user.
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2. TUBING MACHINE

2.1 Introduction

An important concept in automata theory is the sequential machine.

This is a machine whose next state and output are determined solely 

from its present state and its input signal. The sequential machine cay 

be conceptualized as a directed graph in which each node represents 

different past histories of the machine being modeled. The nodes have 

EXCLUSIVE-0R input logic (one and only one signal is allowed) and 

EXCLUSTVE-OR output logic. The machine always comprises exactly one 

subsystem, one priority level, has a cycle time of unity corresponding 

to a synchronizing clock, a transition condition which represents the 

input symbol(s), and a transformation which represents the output function.

The Turing machine [21] consists of a finite-staue controller and 

an unlimited capacity tape memory. The finite-state controller is 

identical to the sequential machine mentioned above with the addition 

that the output function also includes tape motion. The unlimited 

capacity tape memory is incorporated into the transformation associated 

with the system state. The sequential nature of the digital computer 

allows many of its properties to be modeled in terms of automata theory.

2.2 Example System

The system to be modeled is a "file look-up" Turing machine [ 14].

Initially, the infinite tape is arranged as shown in Figure 2.1, where each 

Lt corresponds to an item’s name, and each U^ corresponds to the item’s 

content. We wish to present the machine with an II and have the machine 

access the U . The allowable symbols are 0, 1, X (separator symbol), Y 

(end of file symbol), A (corresponds to 0), -.-nd B (corresponds to 1). The

9



^desired ^1 ^2 ^3

oii|x|ooiioi|x|oioiio|x|oiiioo|x|...
A UU1 ' "Ug ' U3

izn

Figure 2.1 Initial Tape Condition

READ
HEAD

U, desired

Ndesired• Adesired

Y Oil X A A B B A B X A B A B B A X A B B 1 0 0 ] X • • • Y

Figure 2.2 Ending Tape Condition
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0,A

START

Figure 2.3 Operation of the file
correspending
correspending

look-up Tuning machine 
to "nova left and read" 
to "t'ovs right a.nd read
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name of the desired, item. N , is at the left end of the file. For
desired

simplicity of presentation, all IL and IL are three cells. Together, they 

form, six adjacent cells. These six adjacent cells are followed by a cell 

containing X (or Y if this was the last item). The activity of the machine 

can be represented by the directed graph of Figure 2.3- After the machine 

completes its activity and halts, the tape will be as shown in Figure 2.2. 

Since A corresponds to 0 and B corresponds to 1, no information contained 

in the initial configuration was lost.. Now, however, the desired contents, 

LL are obtainable simply by moving right until a one or zero is read. The 

extraction of the contents is left to another machine algorithm which is 

not considered here.

2.3 Formal System,-oc/

The system described above is first transformed to the formal repre

sentation, i shown in Figure 2.U. The close correspondence between the 

directed graph of the machine operation, and Figure 2.U indicates the ease 

of conceptualization involved in moving to the system state model repre

sentation. The act of starting, and the act of halting are formally spelled 

out as separate steps. There is no conceptual difficulty here, and this 

simplifies the transformation of ^rj "the model representation, Z/T^ .

2.U  Model Representation,

The transformation from xj to 7?7 is again a straight forward process. 

The resulting system state graph (SS-graph) is shovm in Figure 2.5. It ^-ras 

decided to specify the Turing machine subsystem, MA.CH, as being at the 

function lev*-l which remits singularity of activity only. This Is referred 

to as "function Lo/el 2", ”Y- 2", or "software" t'unr,.r,ion "Jev'c-1. The syscsn
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itself is sequential so of course there could never be simultaneous activity 

of any steps. Therefore, the results of the computer run would have been the 

same if subsystem MACH had been specified to have "function level 1" which 

would have allowed multiplicity of activity within a given priority level. 

In either case, all system states are at the same priority level which was 

arbitrary chosen to have the value "1". They could have all been assigned 

priority 7, or priority 13, etc. and the results would not be affected. The 

selection of the singularity of activity function level has the advantage of 

emphasizing as well as enforcing the sequential nature of the Turing machine. 

The SSM input specifications corresponding to Figure 2.5 are shown in Figure 

2.6. Explanation of the order formats may be found in A.ppendix A. An integer 

vector, ITAFE, was used to represent the Turing machine tape. Initially, 

ITAPE contained the values shown in Figure 2.1. To simplify computer calcu

lations, a "3" was used to represent "Y", a "9" represented "X", a "2:r rep

resented "A", and a "4" represented "B".

2.5 Djmamic Model

The computer program listing and output is shown in Appendix C. This 

model actually executed for 2U7 cycles, including the start and stop steps. 

Since the termination (T) order in the input stream called for 500 cycles, 

the program continued to mark time, doing nothing, for 253 cycles. The 

vzasted time is not perceptible to the user in this case. Hov/ever, this 

method of specifying a number of cycles which will be on the "safe side" 

is clearly undesirable. Subsequent examples irill show how this problem is 

handled.

The FORTRAI1! logic of the transfoimationo, wriich appe-ars In dub_vutlr.o 

(cee Aj.^^ndlx C) merely serxes to move cl_e reaii-write heea .aj.oig the tfji,

14



Figure 2.5 Legend

Subsystem

MACH

Cycle Time Function Level

1 Singularity of Activity

System-State

L02
All others

Priority

0
1

Input Logic

Transition Condition Time

L20
LI?

All others

TRUE 0
TRUE 1

Determined by 1
present 'state' 
of machine and 
contents of tape

Transformation

Move left and read uape. 
Move left or right as 
required and x/rite on. 
tape if required.



jl'l/VCH

Figure 2-5 Model representation, '/7? , of the 
Turing machine £jr3tei:i, .



♦ ♦.♦**>****<i**** »*»*»♦*#*♦**♦ *»»»*»******4i*»**********»****»#**»e*it*>*w***ii*****»
MODEL REP^cSeJjrATlO.M 1SPUT 

** **»4r»*4***1i *»»* » *4**»»*4i** **♦**♦*****■»» >*♦*»♦»»***•♦ *♦♦♦♦»♦♦***#**»*»*♦ ♦ ♦****«

L . HACH 1 2
W • 101 HACH 1 *
W 102 MACH 0 ♦w SOL MACH 1 -»w S02 HACH 1 ♦w 503 HACH 1 ♦w $04 HACH I ♦w . $05 HACH 1 ♦w $06 HACH 1 +w T01 HACH 1 +
M TO 2 HACH I ♦W T03 HACH 1 ♦
X L01 $01 $01 -1 1 -1
X L02 $01 $02 -1 1 -1
X 103 $02 $02 -1 1 -1
X LOA $02 TO! -1 1 . -1
X LOS $02 $03 -1 1 -1
X LOS $02 504 -1 1 -1
X LOT $04 $04 -1 1 -1
X L03 $04 $06 -1 1 -1
X LOO $04 505 -1 1 -1
X LIO $05 505 -1 1 -1
X Lil $05 $02 -1 1 -1
X L12 $06 $05 -1 1 -1
X L13 $06 SOI -1 1 -1
X L14 $03 $03 -1 1 -1
X L15 $03 505 -1 1 -1
X LIS $03 SOS -1 1 -1

LIT 101 SOI 1 1 -1
X L18 $02 TO2 -1 1 -1
X L19 $06 T03 -1 1 -1
X L20 102 101 1 0
./
1 102
./
OXDR?
OSYXL
□ SACT
CMNTR MACH
T 500

Figure 2.6 Input specifications for the Turing machine 
model representation shown in Figure 2.5. 
The "L" order defines a subsystem, rhe "Tv" 
orders define system states, and the "2C" 
orders define transitions. For complete 
program listing see Appendix C.



by incrementing or decrementing the value of I, which is a pointer to the 

"cell" of ITAPE currently under consideration. The frequent calls of "Sub

routine SHOW" simply show ITAPE as its contents are modified during the exe

cution of the problem. Only the beginning and ending tape conditions are 

shown in Appendix C due to space limitations. The transition condition for 

each transition is simply a logical variable. For example, "SWV determines 

the condition of LO^; "SWl^" determines the condition of L14, etc. The 

appropriate values are assigned to the logical variables by the transfor

mations during each cycle of the model, to allow proper branching in the 

next cycle.

2.6 Example Results

This example shows that modeling the Tv.ring machine and simulating 

its activity is most straight forward. This is because nhe sequential 

machine construct of the Turing machine is a subset of the system state 

model construct.

2.7 General Conclusion

The directed graph, such as Figure 2-3^ which is widely used in auto

mata theory is readily mapped into a system, , suitable for modeling. 

It is not only close to the formal ^/representation, but is also a subset 

of the formal representation as specified in she 5S-graph. In fact, 

the directed graph of the sequential machine, with suitable initial con

ditions, is an SS-graph in which there is one subsystem with unity -cycle 

time and singularity of activity, in which each rode has EXCL'JSIYE-Cand 

in which all transition times are unity, ""ee simplicity of "u.12 SS-graph 

means that, a minimal amount of coding is involved in the computer s jramin 

of this, type of problem.

13



The system state model could "be a valuable teaching aid in courses 

dealing with the design and testing of automata. Actually, the students 

would only need a brief period of instruction in formulating the automata 

graph into an SS-graph suitable for coding and computer testing.
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3. CRITICAL PATH 

3-1 Introduction

Construction projects and manufacturing processes are frequently 

modeled by the Critical Path Method (CPM). This procedure is a man

datory tool for companies bidding on government contracts and is widely 

used by industry in general to schedule, allocate resources, and monitor 

progress. CPM maps the job or process into a directed graph in which 

the links represent tasks and the nodes represent points in time. Both 

input and output logic at each node is a logical "AND". CPM usually 

assumes, for each task, the least time, longest time, and likely time 

for completion. These times may then be used to obtain an expected 

time for each task. At any rate, there is an assumption of time for 

each link which the modeler may as well treat as a- single specifica

tion, whether it is constant, deterministic or probablistic.

3.2 Example System

The obvious challenge in using CH4 is to map accurately all tasks 

to the directed graph without overlooking anything. For the purpose 

of this example, assume the system to be the construction of a light 

industrial building consisting of a slab foundation, structural steel 

frame and some light machinery. It will be assumed that the construction 

sequence maps to the critical path diagram shown in Figure 3-1- The 

dotted links represent additional input logic required for nodes which 

are not "directly connected" by tasks. This graph in Figure 3-L could, 

of course, be a subset of a much larger frojec'c.

The investigation is based on the assumption that the sys “a--: i. - 

co 'rectly mapped to the CPM diagram. In effect then, -.he diagram of 

t?.e project shown in Figure 3-1 becomes the system. I” will i

2')



r’igure 3 • 1 Ci'itical path diagrain. for construction project.
IIi.ijp.bers on links represent task tir'.e in days.



that the critical path diagram can he mapped directly into the system 

state model representation. The nodes will map to system states and 

the links will map to transitions. An alternate approach will he shown 

in which the links map to system states. The latter approach will allow 

the critical path diagram to first he separated into subsystems (for 

example, piping, electrical, structural) which can proceed autonomously. 

Conceptualization on a subsystem level was not present in the original 

critical path diagram.

3.3 Formal System,

3.3-1  Direct Map Approach

In this approach, the activities denoted by a node’s emanating 

arrows in the critical path diagram map to a step . The sequencing 

of the activities denoted by the arrows in the critical path diagram 
0

map to links in . We are saying, in efiect, that the activity of 

step SOI in Figure 3-2 is "fabricate conduit for foundation, fabricate 

pipe for foundation, and excavate for foundation". Or we could have 

conceptualized the activity of this step as "perform the tasks indicated 

by links 1-lj-, 1-3, and 1-2 shown in the critical path diagram of 

Figure 3-1-" The transition times for links emanating from SOI, are 

of course, simply the times of the corresponding tasks as shown on 

links 1-^-, 1-3, and 1-2 of the critical path diagram. This concept

ualization is straight forward, but does not hold for the dotted links 

shown in Figure 3«1» They represented "dummy tasks" of zero time which 

were required to maintain the logic of the diagram. For example, dotted 

link $-4 in Figure 3*1 might have been required to allow "place rebar" 

(link 2-5) to complete before "pilace conduit" (link 4-6) started, si ..ply
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'because of some craft union agreement "between the electricians and. the 

iron workers. At any rate, the dotted link has imposed an additional 

constraint on tasks ^-7 and U-6, namely that they can begin only when 

task 2-5 is completed. This constraint is easily handled in the formal 

>4/ representation by adding link L27 from step 302 to step S04. Link 

L27 has transition time — 3? the same as L05 which corresponded directly 

to "place rebar". One is saying, in effect with L27, "place rebar and 

proceed to step S04". The constraints on starting step 30^ are there

fore maintained. Similar reasoning leads to replacement of dotted links 

16-13 and 16-10 with transitions L29 and L28 respectively.

An initial step, 101, was included simply to "start" the constmctio: 

project. Its emanating link completes in zero rime, so overall project 

time will not be affected. It is convenient; to conceptualize ^/using 

the "initial" step of zero time since the system state model construct 

includes the "initial" system state which completes its activity in zero 

time, and serves as a means of starting dynamic modeling. (See appendix 

A for more information on the initial system state). Note that only a 

link from an initial step may be conceptualized to take place in zero 

time.

3.3«2 Subsystem Approach

In this approach, the arrows of the critical path diagram, which 

actually represent tasks, map to steps in . The subsystem approach 

also involves partitioning into autonomous blocks (which will become 

subsystems m rhe nouel representation). __".e syczem is conceptualizes 

to consist of three blocks; structural, piling, and electrical as s’livn 

in Figure 3«3- Hie transition tines for all links emanating from a given 

stei are, of course, equal, since Vue step's quack's) co...pleuioii ti.' -



Figure 3•3 Legend

Blocks Structural 
Piping 
Electrical >

 Unity cycle time, multiplicity of 

activity

Steps 101, 102, 103
T01, T02 
All others

Initiate activity
Terminate activity
Correspond to tasks in Figure 3-1
AND input logic
Uniform priority

Time = 0 (initiate activity) 
Time = time of their parent task 
Transition condition = TRUE 
Mo transformations implied

Links : L36, L37, L38 
All others
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Figure 3•3•1 Structural block of the foinal system, 
representation, , of the critical perch 
diagrom for the subsystem approach.
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S12 S15 S21

102

Figure 3.3*2 Piping block of the formal representation, 
for the subsystem approach.

Figure 3*3.3 Electrical block of ti'.e formal representation, 
for the subsystem arm roach. 
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is not dependent on the next step in the construction sequence. In 

addition to adding an initial step in each block (101, 102, and 103 in 

Figure 3-3)^ a terminal step, T01, has been added, following "building 

cleanup" (52$), to allow this activity to continue for 4- time units (the 

duration of "building cleanup" and the transition time of L39) and then 

halt. A similar situation exists after "yard cleanup" (S2^) where a 

terminal step, T02 was added.

3-4 Model Representation, 

3A.1 Direct Map Approach

The system conceptualization shown in Figure 3-2 maps directly 

into the SS-graph of Figure 3<^- This figure represents one subsystem, 

GPM, just as the system, , was conceptualized to consist of one block. 

Subsystem C?M is specified to have "function levels 1", which allows 

multiplicity of activity, and a cycle time of unity. The initial system 

state, 101, whose emanating transition L01 consumes zero time, corres

ponds directly to the "start" step. All system states which correspond 

to steps in the actual system (SOI through S18) are assigned a priority 

level of 2. Three system states have been added, however, which lack 

corresponding steps in . They are 102, an initial system state, 

X02, and T02. System states X02 and T02, are assigned priority level = 1. 

(initial system states are always assigned priority level — 0 by 

definition in the current model implementation). The additional 

system states are used to invoke a transformation, upon completion 

of L31, whic'n will find the critical path thro:_h the ?S-grayh 

representing . This will be explained in Section 3-5*-1-- All 

eys""erf! states have AiED input logic and all transition conditions 

(which may be thought of as a step's output logic)-.,xe
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Figure 3-^ Legend.

Subsystem

CPM

System State

101
102
X02
T02

All Others

Transitions

L01
L30
L31

L27
L28
L29

All Others

Cycle Time Function Level

1 Multiplicity of Activity

Priority

0
0
1
1
2

Input Logic

Condition Time Transformation

TRUE 0
TRUE 0
TRUE 1 Terminate model cycling

and find critical path

links in Fig. 3-1

TRUE 3
TRUE 7
TRUE 7
TRUE Correspond to
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3 A.2 Subsystem Approach

The SS-graph representing , shown in Figure 3-5 is a direct trans

formation of -Cjas shown in Figure 3»3« The three separate blocks now 

become the three subsystems STRU, ELEC, and PIPE. Each subsystem is 

specified to allow multiplicity of activity and to have unity cycle time. 

All system states have AND input logic and all transition conditions 

(which may be thought of as a step’s output logic) are THUE. All system 

states representing steps in sfj» (tasks in the original system) are 

assigned priority level = 2. Three system states 104, XOU, and TOlfr have 

been added in subsystem STRU. Their role, analogous to the three additional 

system states in the "direct map approach", is to simply invoke a trans

formation, upon the completion If iM-, which will find the critical path.

3.5 Dynamic Model 

3.5-1 Direct Map Approach

The program listing and output is shown in Appendix D. The output 

shows that system state S-18 became active at time — 39- This system 

state corresponded to step S-18 in the last step in the project. 

Since it had no emanating transition it immediately (still at time =39) 

went to "input wait". This means the project would have ended after 39 

time units (days). At time =39, as S-18 goes to "input wait", one of 

the "additional" system states, X02 becomes active. Its emanating trans

ition, L31, completes at time = ipO and a transformation is invoked which 

finds the critical path, and terminates model cycling.

The method of handling model termination will first be described. 

Pecall that for the Turing Machine Model, (see section 2.5) a quantity 

of cycles was specified on the termination orier ("I" ca\i in input 

stream) which was large enough to be on the "safe siae" and assure
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Figure 3-5 Legend.

Subsystem Cycle Time Function Level

STRU, PIPE, ELEC 1 Multiplicity of Activity

System State Priority

101
102
103 
101+ 
xoU
T04-

All Others 2

Input Logic

corresponding to 
parent system state

Transitions Condition Time Transformation

L36 TRUE 0
L37 TRUE 0
L38 TRUE 0
1J+3 TRUE 0

TRUE 1 Terminate model cyclin
and. find critical path

All Others TRUE Time of task



Figijj?e 3.5.1 Subsystera STFU of model representation
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Figure 3.5.2 Subsystem P1PE of model representation,^

Figure 3.5.3 Subsystem ELEC of model representation, <2^



completion of the Turing machine operation. As was pointed out in 2.5 

this is wasteful and awkward. The additional system states 102, X02, 

and T02 are used to solve the termination problem as follows: At 

time = 0, 101 and 102 (Figure 3«^) both become active and their emanating 

transitions, L01 and L30 each complete, still at time zero. At this 

point the exclusive priority level feature of the system state model 

comes into play and the following occurs: Since the system states which 

correspond to steps in 4^ (SOI through S18) were at priority level = 2 

and the additional system states (X02 and T02) were at priority 

level = 1, the activity of SOI will take precedence over that of X02. 

Therefore, X02 will be held in "priority wait" while SOI becomes active. 

Of course, as soon as one of the transitions emanating from SOI completes, 

say L02, another system state S03, also at priority level — 2, becomes 

active. Its activity also precedes any activity at priority level = 1, 

holding X02 in "priority wait". This demonstrates the "multiplicity of 

activity" in this subsystem, as multiple system states at priority 

level 2 may be active simultaneously, and also demonstrates the exclu

sive priority level characteristic of the system state model, as priority 

level 1 activity at X02 remains in "priority wait". When subsystem 

activity at the higher level ceases, then the lower level system state 

X02 becomes active. Its emanating transition, which invokes the trans

formation of interest, completes, and the model run terminates.

The transformation which causes the run to terminate simply sets 

the value of the model variable "CT" x.’hich represents natal desiied 

model time to the current value of the model variable L'.T(l) which 

repres rats euvrent time in this subsystem. This solves n.he problem of 

model torir.ination when an unknown number of cycles are vo be e.'.ecu
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Before termination of the run, however, the critical path is determined. 

The coding of the transformation of L31 which interrogates the data structure 

of the system state model is explained in terms of the activity dump shown 

in Figure 3-6. Starting at the end of the dump (time =. 4o) one moves back

ward until a priority level 2 system state is found active. Such a system 

state is found at time =: 39, where S18 is active. This, S18, is the last 

system state on the critical path. The system states which are listed at 

time = 39? are then searched for one in "input wait". One is found, namely 

SI?. The reasoning here is simply that, along the critical path, as soon 

as a transition completes, its parent system state goes to "input wait" 

(or "residual active" shown as "(A)" in the activity dump, if the parent 

system state has other emanating transition^) which have not yet completed), 

and at that instant the next system state becomes active. In other words, 

there is no slack time on the critical path. The critical path is now 

being traversed backwards, so we look for an active system state and its 

predecessor, which at the same time must have changed to "input wait" 

(or "residual active"). Reference is again made to the status activity 

dump at time = 39? only S17 was in "input wait", therefore it preceeds 

S18 on the critical path. The dump is now searched backward until S17 

is found active. This is found to occur at time = 35« The system states 

listed at time =. 35 are then searched for one in input wait and S10 is 

found. The dump is then searched backwards until S10 is found active. 

This occurs at time — 30* The other system states listed at time = 30 

are then searched for one in input wait. This time, two are found, namely 

516 and S14. Reference is then made to the portion of the system 

colei data structure which stores the directed SS-graph. This results 

in finding 31^ linked to S10. Therefore 31^ is selected as b-rng w; J.e 

criti'•?.l p:Jh. fa? dump is then searches backwa-t: until 71*!- 1 :■ f > •-i
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f
 Priority

**#»****»*»1t*******MF*MN »*>w*******»»**#a**# * *xe * exe » »***«**« * * » «: **X * * ■*; » * X* k***eatw»»**)cf

* STATUS * TRA'-iSI TI3SS
* * STH2CL <i??A T8J

* * * ♦ L14 14 7 7
* ♦ 115 15 5 5

4r 4e ♦ L16 16 . 4 . 4
15 » CPM 1 . * SOS 9 2 * (A)

* * * 114 14 2 3
* . ♦ ♦ * 115 15 5 3
♦ * * L16 15 V 2
*6 : * Sil 12 St PW *
* - * Sil 12 * A

* X L13 13 1 1
15 * CP.1 1 . * Sil 12 2 1'4 *

* SL5 16 ♦ Pi *
* * S15 16 » A *
♦ * * ■ * L19 19 . 3 3

17 CPM 1 * SOS 9 2 » (A) *
* * £ 115 15 5 1
♦ - * .. * 9 LIS 16 4 0

18 * . CPU 1 . * S03 ' 9 ? * IW 9
♦ * S12 13 9 P4 4e
»•_ * SL2 13 9 A 9
* . * 9 * L2Q 23 5 5
# . * • » X L22 22 8 s
* . - L24 24 7 7

19 * . CP.n 1 * . S15 16 2 * 14 *
23 » . CPM 1 * 512 13 2 (A) . *

* ♦ * ♦ LZO 20 5 0
♦ ♦ * X L22 22 s 1
* ♦ 9 L24 24 7 2
* * S14 15 ■9 PM y
* * S14 15 * »
♦ . * * 121 21 7 - 7
* * * L23 23 7 7
♦ * * L29 29 7 7

24 CPM. 1 SL2 13 2 (A) . *
5t * ■#» 4c 122 zz & 3
# * * 9 L 24 7 1

25 * CPM 1 * 512 13 2 * I 4 *
30 * . CPM 1 * 514 15 2 * I* *

* S16 17 ♦
513 14 PM *

* S10 11 . # Pfi 9
* . S16 17 * A 9
* . * SIS .. 17 * IW 9
* * S2.3 A *
* * * * 123 2^ 2
* . * 510 11 A &

» <= * L25 25 5 5
32 CPM 1 » 513 14 2 * 14 4c
35 CPM 1 * S10 11 2 iy *

♦ * 517 13 * PH 9 •
» « , S17 18 A 9 •
* * ♦ 9 L2S - 25 4 4

39 * CPM 1 ♦ 517 ia ? <i 14 *
♦ * 518 19 * P^ *
♦ . ♦ S13 19 A
> ; » 513 19 * IM *
♦ .• * XC2 21 1 * A

9 ♦ . 131 31 I 1
40 * CPM 1 . * XD2 21 . 1 * 14

* ; 702 20 PH *
* 702 20 9 A * -

* 9 . T02 20 * 12 >

*♦» end of hddel cycling »»*

Figure 3*6 ^3 "'backward trace" of the critical T’v.th 
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active at time = 23- remaining system states listed at time = 23 are 

searched, looking for one in input -wait. None are found, however, S12 

is found "residual active" ("(a)") so it is next on the critical path. 

The search is continued until the starting system state is reached. The 

output lists the system states in reverse order as they were found hy 

this search process.

3.5-2 Subsystem Approach

This listing and output is also shown in Appendix D. The entire 

modeling operation was analogous to that described in 3-5-1* The additional 

system states IOU, XOi+, and T04 were placed in subsystem STRU because it 

was known that this subsystem contained the ending system state. Their 

role in terminating model cycling and invoking a transformation to find 

the critical path was the same as described in 3-5-1- Tnere was a minor 

difference in coding, however. In the direct map approach, this trans

formation contained all the coding in line. In the subsystem approach, 

the transformation called a subroutine, OUTPUT, which found the critical 

path.

3.6 Example Results

The example demonstrates the use of alternative conceptual repre

sentations of a problem. There was less coding involved in the model 

representation for the direct map approach. This could be an important 

consideration in large problems. The tracing of the critical path was 

identical in both cases, however, so there was no relative advantage in 

that portion of ihe problem. The use of a subroutine in she subsystem 

approach and in line coding in the direct map approach was sinpi; to 

show different methods which were equal in "-.’ork and res-;!’;.
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3-7 General Conclusions

The system state model was found to he well suited for the critical 

path system analysis. It is evident from Figures 3-lj 3*2, and 3-^ that 

the transformation from critical path diagram to SS-graph is a straight 

forward process. The critical path diagram corresponds directly to the 

formal system representation, s^/, as far as graphic representation is 

concerned. It should he noted, however, that it is the activitiesdenoted 

hy a node's emanating arrows in the critical path diagram which map to 

steps in us/* The sequencing of the activities denoted hy the arrows in 

the critical path diagram map to links in . The transformation is

conceptually just as straight forward in the case of the subsystem approach. 

The formal critical path construct is a subset of the system state model 

construct. This would allow anyone who is already trained to'think,in 

terms of the critical path diagram of Figure 3-1 to easily formulate his 

problem in terms of the direct map approach. The system state model 

solution for this approach offered the distinct advantage of not requir

ing the user to know before hand which task would be the final one. The 

subsystem approach put a slight constraint on the user by requiring him 

to know in which subsystem the final task would occur. The subsystem 

approach could possibly be advantageous on large projects in which a 

particular foreman (or subcontractor.) would prepare a diagram corres

ponding to Figure 3-3«l> fo1- example, and a general foreman (or general 

contractor) would add the links which connect steps in different blocks.

The system state model could be a useful teaching aid in courses 

dealing with critical path concepts. The required subset of system state 

model parameters could quickly be learned, and students could employ the 

model in analyzing projects. The utility of the model would be improved 
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for this purpose if the logic 'which finds the critical path (which was 

coded in Subroutine Output) was included as a part of the model and could 

be accessed by the student simply by a subroutine call. The existing logic 

would only find one critical path. Additional logic would be required to 

discover portions to the project containing multiple paths in the remote 

instances that this condition existed.

In order to function as a practical critical path tool, supplemental 

logic should be added which would determine the slack time for each task. 

This logic would involve comparing the total cumulative time associated 

with each arrow entering a node in the critical path diagram. For 

example, there are four arrows entering node 6 (Figure 3-1)• They are 

arrows 5-6, 2-6, 3-6, and U-6. The cumulative times to reach node 6 

via these arrows are 8, 6, 4, and 9 respectively. .The greatest time 

corresponds to arrow U-6, and indicates that it is the arrow which 

places the limiting constraint on "entering" node 6. The difference 

between this limiting constraint and the cumulative times associated 

with the other arrows yields the slack time associated with tasks which 

those arrows represent. In this example the slack for arrows 5-6, 2-6, 

and 3-6 would be 1, and- 5 respectively. The system state model 

construct would readily support the incorporation of this logic. 

Suitable output could then be added which would present the slack 

times in a convenient format.
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4. HU}.!AIJ-LtA.CHIME INTE PACTION

lfr.1 Introduction

In many physical situations, the role of a human is so important 

that it justifies explicit representation in the model or simulation. 

Although knowledge of human performance is a severe limitation in this 

type of modeling, there are some problems in which the human's role can 

adequately be represented. Human performance in a manufacturing plant, 

for example, might be the focal point of the "time and motion studies" 

of the industrial engineer attempting to maximize human-machine perfor

mance. On a more macroscopic level, the gross output of personnel may 

be modeled simply to determine when to add or withdraw workers from a 

project. The approach in this example will be to use a macroscopic 

analysis of the human's overall performance follo'jei by a microscopic 

analysis of a portion of his performance.

U.2 Example System

This example will model the activities of a human operator as he 

goes through the start up procedure for a hypothetical gas compressor 

plant. The plant will consist of several similar but not identical 

engines, each with its associated oil, water, and safety shut-down 

subsystems. The engines are started from a starting air system which 

supplies the entire plant. The operator will attempt to start, idle, 

and load each unit as quickly as possible and do so in a manner which 

will load the entire plant as quickly as possible. The machine portion 

of this example is shown schematically in figure ^.1. The human's 

og'-era'.ir-g procedure is ow.tliued i;: Figure --.2. The system will first 

bo preounio'j. nt a general level equivalent to Figure U.l and ~i jure -.2. 

A. ty.-'.cnl unit will thj- !■- mololed in detail, i .eluding its a-x: 1= v



Figure 4.1 Machine Portion of "Human-Machine interaction."



Figure U.2 Operator's Procedure for "Hurier.-Liachine Interaction."



oil_, vater, and. safety shutdown systems. The operator will then be modeled, 

as he interacts with the unit at the detailed level.

The macroscopic approach deals with studying the adequacy of the 

starting air system. The system is adequate if its recover ’̂" rate is 

sufficient to always maintain adequate pressure to "try another start". 

In other words, the operator should never have to wait for air pressure to 

build up, assuming it is at the maximum allowable value when he enters the 

plant. Total time to load the plant under ideal conditions is also of 

interest. Therefore, probabilities of ignition failure, temperature 

shutdowns and other realistic, but "non ideal" circumstances are assumed 

to be zero. Engines are modeled deterministically based on proper response 

at each step. This approach is intended to model the best time in which 

the operator can load the plant under favorable circumstances.

The microscopic approach will include the probability of success at 

each step in the human-machine interaction, and will include the operator's 

response to various unit perturbations as well as the unit response to 

operator absence.

U.3 Formal System,

^.3>1 Macroscopic Approach

The system is conceptualized to consist of seven blocks. Since five 

of the blocks represent five similar units, rhe graphic representation of 

steps and links shown in Figure ^.3-2 is typical for all of them. Minor 

dissimilarities such as differences in required idle rime or rate of 

starting air cor.sump"ioi'. cun easily be visualized a;;i accounted Jo" i:_ 

model coding by referring to the one "typical" unock layout. Fun ovh-cr 

blocks are th- stai’ting Hir system and the b .-ran operator.



Figure 4.3 Legend

Blocks: Starting Air 
Operation 
Unit No. 1 
Unit No. 2 
Unit No. 3 
Unit No. 4 
Unit No. 5

Steps: 101
102
U105
UlOo
All Others
All Steps

Links: All Links

Unity cycle time, multiplicity of 
activity

Initiate activity. 
Initiate activity. 
Priority = 2 
Priority = 3 
Priority = 1 
EXCLUSIVE OR input

priority = 0
priority = 0

logic

Time: deterministic, expressed 
in tenths of minutes (see Fig'jre 4.5 
Legend).
Transition conditions: allow opt5.mu 
system performance
Transformations: record effect(s) 
of step(s) completion.



FigU27e t.3.1. Starting air block of the forral system,y. tJ,

L03

of the Human-Machine Interaction

1.103 M04



U101

U201

U301

uUoi
UJOl
UlOo

U2O6

U306
u4o6
U506

101

L.3,3 Coerator cloak cf 0

for r-acroccoplo aparc^or.



The starting air (SA) system, shown in Figure t.3-1, represents simply 

an air storage tank fed hy an air compressor. The air compressor is started 

and stopped hy a pressure switch on the tank. It is assumed that there are 

no leaks in the starting air system, so thau the pressure will decrease only 

when the operator attempts to start a unit. The starting air system supplies 

five gas compressor engines through a common header.

There are five unit blocks, each similar to the Unit No. 1 block shown 

in Figure ^.3«2. The graphic representations of units 2 through 5 would be 

identical to Figure 4.3-2, except that steps and links would be numbered in 

the 100's, 200's 300's etc. For example, a step labeled U5O6 would corres

pond to "load" unit and a link labeled 14-30 would connect the "load" 

step of unit 4 to the operator step labeled MOI in Figure 4.3-3- This 

procedure of representing similar entities, in this case the compressor 

engines, with identical step and link orientation facilitates coding of 

the model representation. Of course, differences in the five units are 

still incorporated in the ultimate model representation. For example, 

the step U102, "idle for minimum time", might consume 3 minutes for Unit 

1 and 4 minutes for Unit 2. Therefore link 1129 would have transition 

time = 3 and Link 1229 (the corresponding link in the Unit 2 block) would 

have transition time = 4. Other difference might be reflected in the 

transformations. For example the rate at which smarting air pressure 

is reduced during the "crank on air" step mighr. vary among the units. 

Tliis could he accounted for in the transformation logic of one of that 

seep's emanating transitions. There is ar. jc.rlied irecjience among the 

steps in each unit block, a&rr.ely if r;as tcr.peruu'.rv Lecones to-j rr'yh and 

shen UlOg, "shutdoui:" is entered at the s-.-me t: r..e step ILOo, "les J. ”, is
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eriueracl, the "load." step is to prevail.

U.3-2 Microscopic Approach

The system is now conceptualized, as follows:

(1) There is a starting air system represented, by the

block shown in Figure U.3«l and explained, in Section

4,3.1 (1).

(2) There is one unit, represented by the block 

shown in Figure 4.4.2.

(3) The activity of the operator, in regard to this 

unit, is represented by the block shown in 

Figure 4.4.1.

4.4 Model Representation,

4.4.1 Macroscopic Approach

The SS-graph of the model representation for this approach is shown 

in Figure 4.$. This representation is direct transformation of the formal 

system, , of Figure 4.3. The three subsystems shown (and the other 

four unit subsystems not shown) are all specified to be "hardware", i.e. 

to allow multiplicity of activity. All subsystems have unity cycle time. 

Priority among steps exists only in the unit subsystems. Refer, for 

example, to Figures 4.3-2 and 4.5-2 in which system state U1C5, corres

ponding to "shut down" is assigned priority 2, so that if it is entered, 

ir will interrupt either system state U102 or U103 which represent idling 

steps. If, hoT.?ever, the operator returns to load this unit, as evidenced 

i.y system state U1C6 (the "lo-td" step) becoming acoit-e, tnis -..'ill ta.tj 

prcuedes'ce ot^r all system states in the sussysten, including L'lOy. I-. 

ufOect we are o-y±ng that if temperature shutj.0':;r. would coincide with 

Io-.; iii'.v. tlv. operator will override the si.rce le knows a'

> V * - ( — . • . . — * e V w.» •» * U.Xw* - ( •• Oe V. w .w « M 1 Vet. s*. — ■ , ►
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Figure U.U Legend.

Blocks: Operator
Unit

Unity cycle time, multiplicity 
of activity

Steps: Uli, l-nS
All others

AUD input logic
EXCLUSIVE OR input logic 
Uniform priority

Links: L22, LOU,
L31, L32 
All others

Transition times obtained, from 
probability distributions 
Times deterministic per 
Figure U.6 legend.

L18, L17 Transition conditions based on 
0.7 probability of successful 
ignition. Transformations 
record effect(s) of step(s) 
completion.
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Figu-Ts 4.U.1 0"2r3.bo2? block of fke 
for nicroscopic approach

U01

UO3

UO5

U07

51



M03

mo4

mo6

m2

mi4

mU

UOl U02

Figure U.4.2. Unit block ci the syscen.

for the microscopic approach
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Figure U. 5 Legend

Subsystem

MAN, SA, U1

Cycle Tine

1

Pur.ctlca Level

Multiplicity of Activity

System State Priority Input logic

101, IC2 0 9
SA01, SA02, SA03 0 9
T01, U105 2 9
U106 3 ©
All Others 1 ©

Trsnsi tion

L6? 
121 
L16 
L09 
LIO 
L07 
L08 
Lil 
LOU 
L05 
L01 
LC2 
L03

L13O- 
LI 31 
L127 
L133 
L125 
L126 
LIS1* 
1128 
LI 32 
L129 
L122 
L123 
il2U ■

Condition Tine

THUE 0
Unit No. EQ. 1 20
Unit No. EQ. 1 10

A unit is ready to idle 3
No unit to idle 3

A unit is ready to load 5
No unit is ready to load 5

All units loaded 5
THUE 1
THUE 1

P.CE. P max and Conn on 1
P.GE. P min and Comp off 1

(Neither L01 nor LC2 taken) 1
THUE 20
THUE' 20
THUE 5
THUE 1

Idling and tesp OK 5
. Tenp too high 1

Tenp too high 1
Idle tine.LT. eax allowable 10

Idled too Long 1
THUE 60

Successful ignition 10
Successful ignition . 10

THUE 10

Transformation

Reflect engine cranking

Tercinate slzulacion
Turn off cctpressor
Turn on cocpressor 

record pressure 
Record pressure 
Record pressure

Record unit loaded

Record tenp shutdown 
Terminate idle and tenp sensing

Increment temp

Increment idle time

Record nin. idle time completed 
Unit step talcing air

Record failure to fire



Figure 4.5.1. Model representation,/^/, of the starting 
air subsystem

4.5.2. 1-L.c'.=l repro se.-t at Lon, , o? the Unib I;i 
sub system (t‘~iical) for the nacroscotie a'crroa



MAN

Figure U.5.3- The operator sub system, MAN, for the 
macroscopic approach



4A.2 Microscopic Approach

The model representation, , for the operator and unit subsystems 

is shown in Figure ^-.6. The starting air subsystem is identical to that 

shown in Figure U.5.1 for the macroscopic approach. The model representation 

is substantially a direct transformation of -^as shown in Figures ij-A.l and

4.d.2  except for several system states and transitions which have been added. 

System states X01, X02, and X03 had no counterparts in . They simply 

function as gathering points for activity to facilitate the repeated model

ing of start-up attempts. The system states corresponding to steps" in 

are at priority level 2 and the additional system states are at priority 

level 1. (The additional ones are analogous to the "extra" system states 

in the Critical Path Model. Pecall the e:<planation of Section 3-5-1-) 

System state X01 can become active only when ?.ll other activity in the 

U1 subsystem (at priority level 2) ceases. Since X01 and X02 both trans

ition to X03, it will become active only when operator and unit are dormant. 

The emanating transition of X03 will then invoke a traasforma-tion which 

resets appropriate initial condition parameters and allows the simulation 

of another start. Note that the starting air subsystem, SA, continues 

to "run" during this process of quiesing and restarting the operator and 

the unit. Therefore the last value of starting air pressure on one simu

lation run will be the initial value of suarting air pressure on the next 

run.

4-5  Dynamic Model

t.“.l. Macroscopic Approach

The dynamic behavior of th- tarting c-ir subsy- hem, nA, st'rol;-' 1.. Ives 

xiaJatin^ the value of air press”re as a i’'un'jtton of the eiaosed ti-'e ' etwesn 

'.pint's, trie i'-ie .■f p-vsoure incven.se wV-u. '"he comp re sso c aiitnirif < 11=



Figure 4.6 Legend.

Subsystea

MAH, U1

Cycle Tice

1

F-tctlon Level

Multiplicity o. Activity

Systea State

101
XC1
XC2, X03
M14, UH

All Others

Priority

0
1
1
2
2

Tracsltion

L01
LSI
LJO
Ljo
L39
123, 424
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running, and. the rate of pressure decrease which each engine maintains 

while cranking on air. Note that no links emanate from this subsystem. 

Communication with other subsystems is accomplished via global 

variables. This demonstrates an important feature of the system 

state model, namely, the completely autonomous behavior of a subsystem, 

which interacts with other subsystems at a "global" level only. In this 

example, the parameters of interest, which are stored in common (global 

to all subsystems), include pressure at this instant of time, maximum 

pressure (at which the compressor turns off), minimum pressure (at v.iiich 

the compressor turns on), a "compressor switch" which indicates whether 

or not the compressor is on, and five "engine switches" which indicate 

whether or not a particular engine is cranliing on air. The vario'jts 

engines, of course, may consume air at different rates.

The subsystem, MAN, which models the operator's activity involves 

only sequential activity. We are saying that at the macroscopic level, 

the man can do only one thing at a time. There is an implied start 

up sequence in which is representated in '22^ by ordering the units 

in the sequence that they should be started. For example, system state 

MOI (Figure U.5.3) which corresponds to "determine if there is an 

idling unit ready to be loaded" involves scanning an array of status 

codes which would indicate the existence of a unir in this category'’. 

The scan always is done in the prearranged sequence. A similar scan 

of status codes is used to "determine if there is a unit ready to 

idle" in system state ii02. This scan also is done in t-ne seme prearrang 

sequence implied in , i.e., in the order of increasirg unit nurxer.



The five unit subsystems, U1 thru U5, may each have various 

system states active simultaneously. A list, IS, was used, to record 

the status of each unit. Tlie classifications selected were as follows:

Value Meaning

0 Untried
1 Failed to start
2 Idling, not ready to load
3 Idling, ready to load
U Loaded
5 Failed to load
6 Gas temperature shutdown

For example, when IS (3) — 3 and IS (^) = the interpretation is 

"Unit 3 is ready to load and unit 4 is already loaded". As mentioned 

in 4.2, all five units behave in a deterministic manner, based on 

"correct" responses at each step. Therefore status codes of "5" and 

”6" do not appear since program logic does not allow these ..ailures 

during startup. A status code of "1" does appear during the time an 

engine cranks on air. As soon as ignition takes place, however, rhis 

code is changed to "2", indicating the unit is now idling.

The results of the macroscopic simulations are shown in Appendix 

E. Each transformation includes a write statement which shows the 

present value of starting air pressure, status of each unit, and 

status of the compressor. This material is condensed into the graphic 

results shown in Figure 4.7- The status activity dump in rhe appendix 

shows model cycling termination after 490 cycles. The uime increments 

chosen were "diciminutes", so this actually represented 49 minuses to 

load rhe plant.

4.>.2 Microscopic Approach

The dynamic cehavior ol the s'cartlr.j --.Il ou-tsyste,.-., SA, is

ZL'J.3.. --’..VIJ- 730 “-t -11 ~ll*j riltC 2'00-?O O'Lc ' IO C' >" l :i.. 0'22007 ZOcti. O.i_i_ O1j t

.'.r/j L, j.j j.'/ol"-' 1 .jo toji'j- he orily o_:e i'30.jhioi. j'Ol ■.
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The subsystems which model the operator and the unit, MAIT and Ul, 

are conceptually different from the macroscopic representation. Computer 

output, such as shoim in Figure 1+.8, traces the detailed actions of the 

man and of the unit. Appendix E contains selected output from twenty 

simulated starts. These simulations are based on probabilistic evaluation 

of all "branching" conditions. Appendix B contains listings of programs 
3 

used to obtain values from various probability distributions. As mentioned 

in 4.4.2, the starting air pressure was not re-initialized for each of 

the twenty simulations, but was permitted to run continuously across 

simulation "boundaries". Therefore the final pressure for one run 

becomes the initial pressure for the next run. This means that in system 

state MOI, "read pressure gage”, the operator in general will see a 

different pressure for each simulated start. If the pressure io below 

a specified value, he will wait (system state M02) and then transition 

back to "read pressure gage". The length of time consumed by "vra.it" 

is logically going to be a function of his pressure reading. For 

example, an extremely low pressure would indicate that he might take 

a coffee break and then return to check the pressure again. The 

system state model allows this idea to be easily represented. The 

transition time for L04 (Figure 4.6) is simply an expression involving 

the. current value of pressure. For simplicity, wait time was assumed

The random number of generator is based on RAI'ihu, from the IBM 
Scientific Subroutine Package. The raniou variables ware obtained 
from subroutine ATSIE which was based on raterial presented by Dr. 
C. E. Donaghey, University of Houston, in a. graduate Industrial 
Engineering coiirse. Spring Semester, 1971.



sihulaho'4 of AMornea S'A.ar

TiHc STEP JUST COMPLETED AIR PRESSURE

MAM ENGINE

I HE READ STARTING AIR PRESSURE * 210 C DECIDES TO WAIT
12 #iAIT TIME COMPLETED 221
13 HE READ ‘STARTING AIR PRESSURE * 222 C DECIDES TO TRY A START
14 He TURNED ON IGNITION SNITCH 223
16 HE DPENeO STARTING AIR VALVE 225
17 RPM» 10 RPM LAST READING" D 22*
13 RPN^ 20 RPM LAST READING* 10 223
19 RPM» 30 RPM LAST READING* 20 222
20 RPM* 40 RPM LAST READING* 30 221
21 RPM* 50 RPM LAST READING* 40 223
22 RPM* 60 RPM LAST READING* 50 219
23 RPM* 70 RPM LAST READING* 60 2ia
24 RPM* SO RPM LAST READING* 70 2LT •
25 RPM-* 90 RPM LAST READING* 80 21 S
2 5 = VDO RPM LAST PEAiX.NG-* 90 215
27 RPM* I 10 R?M LAST RcAOL'tG* 100 21*
28 RPM* 120 RPM LAST READING* 110 213
29 RPN* 130 RPM LAST READING* 120 212
30 RPM^ 140 RPM LAST READING* 133 211
31 RPM* 150 RPM LAST READING* 140 . 210
32 TACH READING *4$ 150 239
35 CJcNEO fuel gas valve 205
40 TASH READING UA5 210 231
42 CLOSED 5A VALVE 199
43 ENGINE CRANKS D.M AIR FDR LAS T ri 45 212-
47 HE SET GOVERNOR TO IDLE 23»
4 7 IDLE Tf'*ER Sn.RTG 2 3'
49 m . •• f - : - 7 ; m -t Z"? "5 e J
■’‘9 -LAJ LlS-LA/zJ -DR DPE ^rci ? 'k "A
50 TEN? 123 237
5 I TE-N-J = 110 233
52 I-.1-*? = 123 23 9
5 3 TE^P = 133 n . •»
5 4 T c H •> = 14 3 w 1 A
5 5 TE.’P * 153 212
5-> TEMP = 153 ZLJ
5 7 TEMP » 173 21 V
53 TEH? * 130 215
59 TEN? = 193 -21a
60 HE RETURNS IQ UNIT AFTER WAIT 217
60 . TEMP * 203 217
61 IDLE TIME TEM? ROHWOR DcACTtVATEO 213
62 LOADS UNIT AMO LEAVES 219
82 DISCH E SUCTIDM VALVES 3R = -t, 3TPASS CLOSES 219
63 ENSIMt TAXES L2A0 220
64 ' E.'IGiXE OPERATE'13 U.MOES LCAO 221

SHUT a-au'i ANO SIMULATE ANOTHga START
64 ENGINE TAKES LAST CHARGE 3= FUEL 221
64 IGNI TI3N S^a rc-i OPENS 221
6 5 FUEL GAS STOPS 222
55 IGNITION CIRCUIT DFr 222



to vary directly with pressure increase required. He will continue 

reading the pressure (and waiting if required) until the minimua 

pressure is reached which will justify trying to start the engine. He 

then turns on the ignition and the starting air. The engine commences 

to crank over on air while he observes the tachometer, v.hen a speed of 

150 RPM is reached he turns on the fuel gas. There is a 0.7 probability 

of successful ignition. Therefore about 70 per cent of the simulation 

runs will show him closing the starting air valve and setting the 

governor to "idle”. At this point, conceptually, the man and the 

engine part company. The man 'waits' (or brings other units to idle) 

for a period of time determined by a random value obtained from a 

uniform distribution. Meanwhile, the unit idles for a minimum time 

determined by another random value from the same distribution. Cnee this 

minimum idle time is exceeded the unit is subject to automatic high 

temperature shutdown, (system state U08). Usually, the operator will 

return in ample time to load the unit and allow a completely success

ful start-up.

4.6 Example Results

This example shows alternate conceputalizations based on varying 

levels of specificity. (Recall that the Critical Path Model, Chapter 

3 involved alternate conceptualizations at same level of specificity). 

The system state model readily allows the system, to be specified 

in terms convenient for each level of specificity. Cver-all plant 

considerations e'-ch as total start-up vime, effect of voxyi-'r start in.: 

air system capacity, or nd'aing personnel can easily be ccnlazef. 'ro..-. 

sim-.latio.i results such as -chose presented in Fiy;re ■--.7.



The arrangement of engine controls can "be of importance in the 

microscopic simulation results. Effects of the operator waiting for 

starting air pressure to build, up or for the unit to complete its 

minimum idle time can also be readily shown.

The microscopic approach, which lends itself to repeated simulations, 

could be conceptualized along different lines and increase its generality 

with little increase in programming. For the output shown (Appendix E) 

it could easily be imagined that twenty units are each tried once, instead 

of one unit being tried twenty times. If there were many units of very 

similar characteristics, the additional overhead of coding to handle the 

bookkeeping would be minimal. Since starting air pressure was allowed to 

run continuously during the twenty simulated starts, the model could be 

construed to represent the starting of twenty identical units.

For both levels of specificity, an additional block could be added 

which would represent the effect of the pipeline pressure and flow on 

the station itself.

U.7 General Conclusions

The system state model is suited for studying industrial systems, 

including certain human activity, at varying levels of specificity. 

The flexibility of choosing the desired level of specificity is an im

protant advantage in the design of many systems. Of course the steps 

may also be represented with deterministic or probabilistic sequence, 

depending upon the design level involved. For example, the air compressor 

should first be sized on the basis of all units starting successfully.. 

The effect of repeated tries on some units could then be studied. The 

activity of the blocks was readily represented as discrete processes.
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even though much of the activity involves physical systems which are 

continuous. Chapter 5 deals with continous processes in detail. At 

this point it should simply be noted that an appropriate selection of 

time increment (in this example 0.1 minute) will produce adequate results. 

The system state model construct allows problem formulation in steps and 

links which are easily describable in English and engineering symbolic 

terms. The model could be a valuable tool in many industrial engineering 

applications.
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5. CONTINUOUS PROCESS

5-1  Introduction

Continuous processes, especially in cany r'non-steady state" 

systems, must in general be represented by differential equations 

■which describe the phenomena. There are some simulation languages 

such as CSMP (Continuous System Modeling Program) and CSSL 

(Continuous System Simulation Language) which are designed to 

simulate systems described by ordinary differential equations. Of 

course, there are some systems which are not describable in terms of 

ordinary differential equations, so the problem is sometimes too 

general for these special purpose languages. In these cases, the 

modeler must look for a. difference' equation relationship, or in seme 

other manner imagine that the process is actually occurring in 

discrete steps. It is the conceptualization of a continuous process 

as a discrete process which occurs in increments of "manageable" size 

which allows the digital computer to be widely used in continuous 

process problems. 

5-2 Example System

This example deals with analyzing a spill from a liquified 

natural gas (LNG) storage tank. The system can be partitioned into 

several blocks, each of which is a separate continuous process. 

Several of the blocks continuously interact with one another. 

Effectively, the "output" or "effect" of one block may become the 

"input" of "cause" to another block. The geometry of zhe system is 

shown in Figure 5-1-



Figure 5.1 LNG storage facility

Legend.
OD
ID
H
HD
XL
XDW
XV7

Outside diameter of tank =150 feet
Inside diameter of tank = 140 feet
Initial head of liquid above puncture = 100 feet
Height of dike = 6 feet
Length of bottom of diked area = 900 feet 
Distance to do’AH'.rind monitor point = 1000 feet 
Width of bottom of diked area = 300 feet



It is assumed that a puncture suddenly occurs in the 'base of an 

LNG storage tank and that the contents of the tank flows out into the 

diked area surrounding the tank. The liquid flows out at a 

decreasing rate, and spreads across the diked area in a layer of 

uniform thickness. This spreading layer, due to boiling and due to 

the freezing of water vapor at its periphery, is assumed to be one 

foot deep. The one foot deep layer spreads across the diked area 

until the entire bottom of the diked area is covered with liquid. 

Once the entire bottom is covered, liquid depth is incremented over 

the entire liquid surface area. To simplify the arithmetic involved 

in this example, the floor of the diked area is assumed to be 

horizontal. As soon as liquid appears in the dike, vapor will be 

formed at the liquid surface. The vapor is heavier than air and 

will remain on the surface of the liquid, and on the surface of the 

ground adjacent to the liquid until the liquid completely covers the 

bottom of the diked area. The vapor is generated at a decreasing rate, 

until eventually it reaches the top of the dike. Of course, the 

generation of vapor serves to decrement the quantity of liquid in the 

dike. When the vapor goes over the top of "the dike, it will be 

dispersed downwind according to wind velocity and weather conditions. 

It is desired to find the vapor concentration at a particular downwind 

location. This might be, for example, a point at grade elevation at 

the MG plant property line. The importance of the vapor 

concentration, of course, is that the gas-air mixture is flu.ncable 

within a certain range of concentrations. The computation which 

determines douiiwind concentration is based on a method by Parker flcj .



Wind

Figiire 5.2 The LI-IG spill continuous process system.



Conceptualization of three different states of this system is shown 

in Figure 5«2.

5.3 Formal System,

The system is formalized as shown in Figure 5-3« The first "block, 

TAI'IK, simply represents the activity related to the punctured tank 

itself. After the initial ’start' step, we simply visualize the leak 

as occurring incrementally. With each time increment, there is an 

associated mass of LNG which flows out of the puncture. This reduces 

the amount of LNG remaining in the tank. Since the tank is of constant 

horizontal cross section, this directly reduces the head of liquid 

above the puncture. The reduced head will mean that a siightly reduced 

flow rate will result in the next time increment. The process 

continues to cycle through this step, "mass cf KTG leaves tank", for 

the duration of the problem, or until the tank is empty.

Each time a "mass of LNG leaves the tank", the quantity of LNG in 

the dike is incremented by this amount of material. The block "LIQUID 

IN DIKE" contains the steps in the mass balance process which

(a) spreads the liquid in a layer of uniform, of one foot thickness 

until the floor of the diked area is covered, and then (b) increments 

the depth of the pool and the area of the pool as the liquid builds 

up in dike.

As soon as "liquid enters the dike" a link is taken which 

initiates the formation of vapor at the liquid surface. Once initiated 

this step continues to be active for the remainder of the problem. 

The formation of vapor activates two other steps, namely (1) increment!, 

the muss (and hence the dimensions) of the vapor layer and (?)



S03

Figure 5’3-1 The hlock "TAI'IK" of the formal system.

SOI

S06

Figure 5.3.2 The block "LIQUID III DIKE"

S03

Figure 5-3-3 The block " VAFOKEZATlOif 1D D1:C3
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Figure 5.3.4 The block "VAPOR DISPERSION"

S09
I L12

S10 1
Re-evaluate 
environmental 
conditions and 
reset initial 
conditions

L13

SOI

Figure 5»3»5 The block "EWIROM'IEIIT"



decrementing the mass (and hence the dimensions) of the liquid pool.

The formation of vapor and related changes in vapor dimensions and 

liquid dimensions take place in a separate block labeled "vaporization 

in dike".

When the vapor reaches the top of the dike, the activity switches 

to another block, "vapor dispersion downwind." This block consists of 

only one step which simply computes maximum downwind concentration of 
2 gas at the point in question. The conceptualization of the system is 

oversimplified at this point by neglecting the effect of any further 

increase in liquid depth. Actually the liquid layer would continue to 

increase in depth and force vapor out of the dike by displacement as 

well as by generation at the liquid surface.

The system is formalized to include one more block, "environment", 

which contains only one step. Tnis step simply allows the model user 

to evaluate another set of environmental conditions, for example, wind 

velocity, weather category etc., re-initialize the necessary parameters, 

and model the system under the new environmental conditions. In this 

example the only condition which was changed was the effective cross- 

sectional area of flow from the puncture. Wind and weather were assumed 

constant at reasonable "worst case" values. The cross section of flow 

from the puncture was varied from 100 to 20 square feet, in increments 

of 20 square feet.

2Inis calculation is bused on methods employed in a computer 
program developed by Dr. Robert 0. Parker of TIYU, and H., L. Cook and 
J. C. Puls of Transcontinental Pipe Line Co 'p., Fonstc::, T?._-:a', I'-^^C.



5.4 Model Representation,

The system representation, xj^J5 > maps directly to the model 

representation, 07^ , shown in Figure 5-4. This SS-graph demonstrates 

the conciseness with which a complex continuous process can be rep

resented. The coding, as showin in Appendix F, is quite brief. The 

five subsystems are all designated as "hardware" or "multiplicity of 

activity". All system states within a given subsystem, are at the 

same priority level so there may be simultaneous activity whenever 

required. This model representation allowed the environment parameters 

to change only at the end of a complete simulation run. The transition 

LI3 (Figure 5-4) from the environment subsystem's S10 simply invokes a 

transformation which adjusts the initial condition parameters. For 

example, wind velocity or weather category might be varied while puncture 

size and initial head are kept constant. For this example, however, wind, 

weather, and head were held constant at "worst case values" and the 

puncture size was varied. 

5-5 Dynamic Model

In order to approximate a continous process as a discrete process 

a suitably small time increment must be chosen. The cycle time for all 

subsystems was unity. However, the system states which "generate" liquid 

from the tank (S01) and "generate" vapor (506) do so by continually 

transitioning back to themselves (L03 and LIO respectively) every two 

time cycles. Although a transition time of one T,’O'.;ld he the intuitive 

choice, a time of two was necessary due to a oenavioral characteristic 

of the current system state model software implenenvanior,. Tnese 

"ginerat-j" system states, which initiate ?1L tale.ucing for sn-h
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Figure 5-^ Legend.

Subsystem Cycle Time junction Level

TAJIK 1 1 (multiplicity of activity)
LID 1 1
VID 1 1
VDB 1 1
ENV 1 1

System State Priority

101 0
All Others 1

input Logie

Transitions TransformationCond.it ion

L01 TRUE 0 Initialize parameters
L02 Head.. GT. 0 1 Increment quantity in 

dike, decrement Head
L03 Head.. GT. 0 2 HO
lo4 Head..LE.O 1 7o?ite "Leak Stops"
L05 Bottom not 

covered, by 
liquid.

1 Increment area of pool

L06 Bottom is 1 Increment area and
covered, by 
liquid.

depth of pool

L07 TRUE for 1 Sets Condition for
first mass 
of LNG to 
leave tank

L07 to FALSE

lo8 TRUE 1 Decrement pool 
depth and area

L09 TRUE 1 Increment vapor 
depth and area

LIO Vapor below 
top of dike 2 MO

LU Vapor above 
top of dike

1 Record time

L12 TRUE 1 Compute do^mtzind 
concentration

L13 TRUE 1 Reinitialize 
parameters
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time increment, were conceptualized to consume one second of real time. 

Therefore, throughout the program, the value of model time in each 

subsystem is divided by 2 to obtain real time. It is the resulting 

value of real time that appears in the output.

Sometimes conceptual difficulties arise when the modeler attempts 

to "sequence" the continuous events. For example, one might ponder 

the relative merits of (1) incrementing liquid pool area and then (2) 

generating vapor with the resultant reduction in pool area, or performing 

these operations in reverse order. For a suitably small time increment, 

such questions are not relevant. It is possible in the case of this 

example to easily use a suitably small increment, such that "sequence" 

of steps and boundary conditions, such as vapor reading the top of the 

dike, become unimportant. For example, the program tests for trie vapor 

layer reaching or exceeding the top of the dike. The amount by which 

it could exceed the top is negligible in the chosen time increment.

The activity of the system can be followed from the portions of 

the computer output shown in Figure 5*5« This run is based on a cross 

section of flow of 100 square feet from the puncture. As time elapses 

in 0.5 second intervals, the head and quantity in the tank decreases 

at a decreasing rate. The quantity in the dike increases at a 

decreasing rate. The depth of liquid is nearly constant as it spreads 

across the bottom of the diked area in a one-foot layer. It decreases 

in depth only by the amount of vapor which is formed. Prior to che 

time = I0.5, the depth of vapor above the top of the liquid is zero. 

Up until this time, the vapor x/hich is generated simply covers “he po-.-tio;. 

of the bottom of the diked area not yet covered by liquid. At
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tise 16.5, the bottom is covered., partially by liquid and the

remainder by vapor, as evidenced by the depth of vapor (measure from 

top of the liquid) which changes from zero to 0.06 feet. The next 

significant change in system configuration occurs at time — 33»5* 

Here the liquid has completely covered the bottom of the diked area 

and for the first time, there is an increase in liquid depth. From 

this point on, the increase in pool area is quite small, being 

dependent only on the sloped sides of the dike. The next event of 

interest occurs at time = 66.5 when the-vapor reaches the top of the 

dike as evidenced by liquid depth plus vapor depth exceeding the 6-foot 

dike height. Throughout the course of the problem, the regression rate 

(evaporation rate expressed as change in depth) has steadily decreased. 

After the vapor reaches the top of the dike, the computations which 

yield concentration at the downwind point are carried out as mentioned 

in 5«3-

5.6 Example results

For the geometry and environment of this example, it was found 

that downwind gas concentration varied with puncture size as shown in 

Figure 5*6. This indicates that a puncture whose flow cross sectional 

area was less than 20 square feet would not be much of a hazard at the 

downwind point. Concentration, for practical purposes, levels out at 

about 20 per cent, since a puncture larger than one with 100 square feet 

of flow area would probably result in the partial collapse of the tank. 

This t^e of disaster would be something of the nature of a plane 

crashing on the tank and is nob reasonable to consider here.
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Figure 5-6 Downwind, concentration as a function of nunc Lire size 

5-7 General Conclusions

This example is typical of a large class of continuous processes 

which can be handled concisely by the system state model. The important 

model aspect is simply the ability to concisely represent interrelated 

simultaneous activities. Of course, an appropriate time increment 

must be chosen for evaluating the effects of these activities.

There is a definite place for the system state model in the design 

of LUG storage facilities. Once the general geometric layout is 

established, various design parameters can easily be varied to determine 

their effect on downwind concentrations. For example, the regression 

rate, which is very rapid in the early time of a spill, and tapers off 

to a relatively low value later in the spill is very imps..'tano. By 

covering the dike floor with insulating matc.’i:,!, the regression rate 



can "be reduced, resulting in more manageable vapor generation.1 The 

process can readily "be modeled for a family of regression rates, where 

each family is a function of dike floor material and time.

Another strength of the system state model is demonstrated in 

this example, namely the ease with which the modeler can launch into 

conventional FORTRAN calculations whenever desired. All of the model 

activity up to the point at which "vapor comes over the dike" was really 

only mass balance accounting which insured adequate representation of 

the system so that the correct time, and hence regression rate, would 

"be available for the computations which determine concentration.

In general, any process involving noncompressihle flow could 

readily be handled in the manner of this example. A natural extension 

of the methods used in this example would be to model the surface area 

of the "pure" vapor layer at the top of the dike as a set of smaller 

(more "manageable") vapor cloud generators. Each incremental vapor 

cloud generator would produce a "subcloud", whose movement downwind 

would be modeled.- The cumulative effect of the "subclouds" at any 

point would yield the concentration at that point.
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6. BISCRETE PROCESS

6.1 Introduction

There are some systems •whose dominant characteristic is simply that 

their dynamic behavior occurs in discrete increments. This discrete 

behavior may be in regard to time, or to space, or both. Most queueing 

problems, for example, are special cases of these types of systems. The 

Turing Machine, discussed in Chapter 2, is also a classic example of a 

discrete process. The digital computer itself is an outstanding example 

of a physical device which behaves like a discrete process. The 

interrelationships between computers which are veiy important in the 

field of telecommunication can add considerable complexity to a discrete 

system. For example, processors may share a common data file, resolve 

conflicts between updating the file and accessing the file, manage 

queues of requests for a resource, poll terminals and resolve many other 

problems related to system "overhead". The speed of the computing 

hardware makes the discrete nature of this activity practically 

invisible to most users. The fact that it is discrete, however, gives 

the digital computer the peculiar characteristic of being ideally suited 

for modeling itself.

6.2 Example System

This example deals with the interaction between two similar 

computers which are competing for a memory resource. The system is 

shown schematically in Figure 6.1. It is ase-;r.ed that Ccmputer Ho. 1 

has "priority" o;c-r Computer No. 2. "Tiecsver co..flnct arises over the 

use of the memory resource, it will be shorn than one sys-em. suate 

model cor s'.rue l alio".;; straightforward mode.lin.’ C""* i-.o ccmror wri ?"'i v- 

hundl?:'/ n:h'.:.2s. Thaso are as follows:
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Common memory

Figure 6.1 The Discrete System. Two processors access a common 
resource, ported, memory-. Once a processor requests 
access to a port, it vzill suspend, activity until that 
access is completed.



(1) Interrupt: Processor No. 1 may interrupt Processor 2 

anytime it desires to obtain the resource. Processor 2

is never allowed to interrupt Processor 1; it may use the 

resource only when Processor 1 is not using it.

(2) Interlock: Processor 1 will obtain the resource in the 

case of simultaneous request and Processor 2 will wait. 

If the requests are not simultaneous and either processor 

already has the resource, the other processor will wait for 

it to be released.

There is an additional consideration in the structure of the memory 

resource, namely that the memory is ported. For the purpose of nhis 

example, it is assumed that each port is an independent memory "resource 

and that conflict will occur between the competing processors only when 

they both attempt to access the same port. The implication in this 

example is that for a very large number of ports vsrj liotle conflict 

will occur. However, the advantage of increasing the number of ports is 

offset by the reduced memory resource available in each one, and by the 

overhead involved in routing requests to the proper port. The hjrpothetical 

system will be modeled as the number of poms ranges from 1 to 5 for the 

cases of both interrupt and interlock.

0.3 Formal System,^/

6.3-1  Interrupt

The Formal System is shown in Figure 6.2. Steps GFF2 and GEN1 

are cor.tinvally generating requests for '.hi c.=r?:?y resourc-.-. £s..-h 

request has associated with it a specific go-t .-.umber and o?.e required

-ort. .he port number is ger.er--ted on she 1 -;.cis of a

ill cis~,?*ibuiior.. The ajccss "im-'S are 0: "ai-.e l 2.
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normal distributions. It is assumed that each processor 'will use only 

one port at a given time. Each processor will simply generate requests 

until it is notified that the memory resource is released. Its current 

request will then be routed to the proper port. Processor IIo. 1 which 

has priority will always be able to access the port even if Processor 2 

was already accessing the port. Processor 1 will, therefore, always be 

able to proceed at its own pace. In the situation in which Processor 2 

was already accessing the port which Processor 1 desires to access. 

Processor 2 activity will be suspended until Processor 1 completes its 

access and releases the port. At that time, Processor 2 will continue 

its activity. The Formal System is shown with 5 ports, however, the 

model representation will allow the number of ports to te varied for 

each simulation run. The system conceptualization for interrupt is 

simply based on representing each port as a separate block. These 

blocks are specified to allow multiplicity of activity. However, 

Processor I's access step within each block has a higher precedence, 

or exclusive priority assigned to it, than the corresponding Processor 

2 access step. It is the specification of the two exclusive priority 

levels within each port which actually represents the "interrupt" hardware 

capability.

6.3-2  Interlock

The Formal System concept for interlock is also shewn in Figure 6.2. 

In Tais case, the five blocks ".-.hich represent the five r.emor/ ports are 

specific 1 to allow singularity of activity only. This in effeev allows 

access to each .port on a first cone first serve Lasts. Processor 1 has 

.o; lost its I..t::cr.,r' capability. In of oinvlcu. :s - l

c-- sync port, lovevcv, collision must still be resol-'-od. I';
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be assumed, that the precedence lies with Processor 1. 

6A Model Representation, 

6A.1 Interrupt

The system representation, \ which is shown in Figure 6.2 maps 

directly into the model representation,'^7/ , show in Figure 6.3- There 

are no initial steps or initial system states in the representation of 

this system. The "generate" system states, GEN2 and GEH1, were simply 

activated at Time — 0 by an initial order which causes their terminating 

transitions L202 and L102 to "complete" at Time = 0. As soon as these 

transitions "complete" the system states to which they terminate, GERS 

and GEiil, become active. This demonstrates a method of ini liaising model 

activity without resorting to 'Initial1 system states which were used in 

preceding examples. There are three additional system stares, I?l, 101, 

and X02 which do not have counterparts in • Their purpose is to 

invoke logic which will decrement the number of ports available to the 

processors. Initially, all five ports are available and. when transition 

102 completes the appropriate heading is printed. After an arbitrary 

time. Say Time =100, the transition conditions for Lllh. and L21^ become 

FALSE, which prevents any more access requests from being "heard". Ample 

time is allowed for pending access requests to be completed, then trans

ition LOL completes. It invokes a transformation which decrements the 

number of ports available, resets initial conditions, and resets model 

tir.2 to zero. It th model time once again less than 100, tiansition 

conditions for L214 and L114 necome TFTI and. accuse req.os1"^ tee ag.i.: 

"heard''. Transition 102 completes once again uni onuses a new hostiem 

to hr prirtied. vhi-h reflects ti.e n-ju port confi purati o .



Figure 6.3 Legend.

Subsystem
C2, ci

Cycle Time' Function Level

1
1

M-rltipiicity of Activity 
Multiplicity o- Activity for "Interrupt” 
.Singularity of Activity for "Interlock1*

System State

I01,X01,X02 ’
GE2?2,SE2i2,DUM2
G3XL,S22a,DUMl
ViIT2,mi
.P15,P1^,P13,P12,P11
P25,P21t,P23,P22,P21

Priority

Transition Condition Ti-r? Transformation

L2G2,L1C2 TRU3 2 • -
L01 TRU3 0
LO2 THUS 1 Write heading for output
L03
L<A

Tice. LT.l$0
Tine. G3.15O

1
1 Eecrenent no. of ports.

L215,L115 THUE 1

■ resec initial conditions, 
and reset time to zero.

Generate port no. and

L2C3 thru L207 THUE '■ 1
recn-.-’-art access time.

Print message reflecting

L103 thru L107 THUE 1
desired access.

Print message reflecting

L208 thru L212 THUE Required access
desired access.

Print message reflecting

LIOS thru L112 THUE
time

Required access
completion of access.

Print message n»fleeting

L213,LU3- THUE
time

1
completion of access.

L214,L11U Tine. L3.100 1
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The system is made up of seven subsystems. There is a subsystem 

representing each of the five ports and a subsystem for each of the two 

processors. All subsystems are specified as "hardware" or the multiplicity 

of activity function level. The system states in each port subsystem 

which correspond to Processor 1 accessing the port have higher priority 

than the corresponding Processor 2 system states.

6.U.2 Interlock

The model representation for the interlock scheme is also shown in 

Figure 6.3* The only difference between this and the preceding 

interrupt description is simply that the five subsystems representing 

the five ports are now specified as "software", and all access steps 

have the same priority. The software speeifieatio.'.,. of co’irse, enforces 

singularity of activity within its subsystem. Activity of system states 

within these five subsystems will be on a first come first senr/e basis. 

If two system states in the same subsystem attempt to become active 

simultaneously, however, the system state model construct will resolve 

the conflict. Simply by ordering the model input parameters such that 

Processor l's "memory access" system state follows the corresponding 

Processor 2’s "memory access" system state, the Processor l's system 

state will take local precedence over the other. For example, as shown 

in Appendix G the order for system state 125 will have a lower rank than 

Pl?, and Pl? will have precedence if the two system states attempt to 

become active at the same instant. P.efer no Appendix for a .iescriptioa 

of tank in software subsystems.

6.? Dynamic Ilodel

'.'uty;;-om tb.e mouel ruiis (shown, in A:.y.-.—ix C-) x pl_:-.l^.;. ?o .11 

l’SvJ in i. .••? s'-.nly of real systems. It is a simple matter r.o 
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determine the total memory accesses or "throughput" as a function 

of the number of ports and the precedence scheme. The amount of time 

v;hich one processor or the other spends waiting to enter a port may also 

be of interest. The output shown covers an unrealistically brief 

period of time due to space limitations in the Appendix. The method 

presented here, however, could be the basis for meaningful statistical 

and analytic comparison if the system were simulated over realistic 

time frames.

6.6 Example Besuits

This example demonstrates the ease of specifying a discrete 

process in terms of the basic system state model parameters. Vei-y 

little additional program logic is required. The amount of time '.-jhich 

the processors spend either waiting to access the memory, or suspended 

while in the process of accessing the memory could readily be determined. 

In the interest of simplicity, this example involved only two processors. 

Figure 6.U shows the percentage of time which each processor actually 

spent waiting for interrupt and for interlock. However the situation of 

many processors accessing a common data base can easily be visualized. 

The same considerations in using the system state model would apply in 

representing interlock or interrupt schemes with the additional 

processors. The example assumed that all memory ports would use the 

same precedence scheme. The system could just as easily be modeled 

based on interrupt in some ports and interlock in others. All that 

need be changed, of course, is sin ply the system s“ntc .-.ode 3 l;v;r. 

order wliich dotermii.es whether the oubsystem which rop_-eserns f? e 

wets will te "hardware" or "software".



Percentage 
of time 
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waiting



6.7 General Conclusion

The discrete process chosen in this example had a very straight 

forward model representation.. There are many discrete physical systems 

whose activity is primarily based on resolving rules of precedence. For 

straightforward schemes analogous to Interrupt and Interlock and their 

combinations, the system state model is readily applicable. The use 

of the model could facilitate instruction in courses relating to the 

design of telecommunications systems. The model construct which allows 

the user to specify subsystems as "hardware" or "softwaie", automatically 

effects logic which would otherwise require considerable specificity at 

a microscopic level.
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?. QUETJEIKG SYSTEM 

7-1 Introduction

There are many systems of interest which can be described primarily 

in terms of a queueing discipline. They r^nge from the simple physical 

situation of people in a single waiting line being served on a first 

come first serve basis, to situations having complex relationships 

between multiple queues and between the entities within each queue. 

Queueing' problems involve discrete processes and are a favorite target 

of discrete simulation languages such as C-?SS (General Purpose System 

Simulator). Many fields of engineering place considerable emphasis on 

problems of this type which are common in many manufacturing, inventdiy, 

distribution, and transportation systems.

7.2 Example System

This example will model a hypothetical system shown schematically 

in Figure 7-1- The entities in the queues will be referred to as ".jobs" 

although they could be thought of simply as "transactions", objects", or 

other descriptive terms. In general they could be jobs in a job shop, 

goods in a transportation and distribution system, parts in a manu

facturing plant or students in a registration sequence. The system will 

involve more than simple queueing discipline. The "queue" by definition 

is simply a waiting line in which jobs are served on a first come first 

serve basis. However, the term "queueing" is sometimes Loosely used to 

apply to processes with very complex serving algorithms. For example, 

the jobs may be ser-ed on the basis of some priori ty which is implied, 

ia the process or on the basis of the expected serving time. The ter- 

"queue" will be used in this example in its looser sens- no iv.disa'"? a 

-.alting situation which may inclule rcfinemen :s in addition Lir ;t





come first serve considerations. The system consists simply of tvo 

serving stations each with its associated queues and queueing discipline. 

Each job which enters the system visits each station once and only or.ee 

and then leaves the system.. When each job enters the system, it is 

assigned a priority of 1, 2, or 3 applicable to Station 1. It also is 

assigned its expected time at each station, and its first station is 

designated. It is assumed that half the jobs visit Station 2 and then 

Station 1, and the other half of the jobs, of course, are visiting the 

two stations in the opposite sequence. The serving of jobs at Station 1 

will be primarily according to the priority which they were assigned when 

they entered the system. A job with priority 3 "•-ill actually interrupt 

the serving of a job of priority 2 or 1 and complete ins ser'rice time at 

Station 1 while the lower priority job is "susper.dei". The inrerruptel 

job at the lower priority level, of course, would continue to be served 

after the higher priority job leaves the server. It is also assumed 

that the age of the jobs must be considered. If a job in the Station 1 

queue becomes "too old" it will be assigned a priority of 4. This will 

allow it in effect to move to the head of the line and interrupt the 

serving of any job which is not yet too old. In addition to scanning 

the Station 1 queue for jobs which are too old, the system will also 

check the age of interrupted jobs at priority level 3, 2, and 1. A job 

may become too old at the service station itself due to continual 

interruption by higher priority jobs. If such a job is found, it is 

assigned a priority level 5 which then allc-.s it to finish being served.

The jobs at. Scation 2 are served accoriir.g to the expccved 

Station 2 tir.e. Tae jobs with the least time are served firs":. Here 

•agali: tile ago of jots in the queue is checked. If a joe is found 



old" it is moved to the head of this queue. Once moved because of age 

a job is flagged to prevent future repositioning in the queue should 

other jobs become too old. As soon as a job leaves its first station, 

it goes immediately to the queue of its second station; and as soon as 

it leaves its second station, it disappears from the system. The system 

will allow jobs to be generated for 120 minutes. After this time no 

new jobs will enter the system. The system will continue to function, 

however, until all jobs are fully processed and released.

7-3 Formal System,^/

The system is formalized as shown in Figure 7-2. The first block 

simply generates jobs. This block consists only of the "start" step 

which initiates activity and the generate step vzhich continues to 

generate jobs until an arbitrary time limit is reached. Each job has 

associated with it a unique number, the time at uiiich it -i/as created, 

its priority at service Station 1, its expected time at each station, 

and the first station to "which it will be routed. The jobs are numbered 

sequentially as "they are created, the priority is either 1, 2, or 3 with 

equal probability. Approximately half of the jobs will visit Station 1 

first. The time between job arrivals is assumed to be a random value 

from an exponential distribution. The expected job times are assumed 

to be random values from normal distributions.

There is a block vrhich represents the queue associated with 

service Station 2. It includes steps which reflect new jobs joining 

the queue and existing jobs joining the queue afrer chey complete 

processing at Station 1. There are also steps which check the co.c-ee 

for jobs which are too old and reposition jobs in uhe que'.iu if required.
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The Station 2 block represents the activity of the Station 2 

server itself. The server simply obtains a job from the head of queue 

2, processes it ■without interruption, and then obtains the next job. 

If queue 2 is empty, the server -will continually check for the next 

arrival. The step corresponding to the processing of the job consumes 

an amount of time equal to its expected time which was associated with 

this job when it was "generated". At the conclusion of this processing 

the job is released if this was its second station or routed to the 

appropriate priority level for servicing at Station 1 if it has not yet 

visited that station.

The block which represents the Station 1 queue is somewhat more 

complicated due to the constraints of priority. The system is con

ceptualized such that this block includes, first of all, three separate 

queues, one for each of the three possible initial values of priority. 

These three queues may have jobs join them from either Station 2 or the 

generate step. (G01 of the generate block). In addition to the steps 

representing these three queues, there are steps which check the age of 

jobs in the three queues. If a job is found which has become too old, 

its priority is set to U, and it is moved to a level 4 queue. The only 

source of level jobs is the level 3^ 2, and 1 queues. There are also 

steps which represent a level 5 queue. This queue is fed only by jobs 

which have become too old while being held suspended at the level 3; 2, 

or 1 service station.

The block corresponding to service Station 1 inc-Ludes svecs ch 

represent activity at five different priority levels. Tne firs" 

".hreo of thee.' levels corres^'O".! ro the ori"-' na? ’riority ".-hie''- "c'-c 

.-.ere assigned, na'.ety 3> 2, or 1. The level 2 c-rver Is.niles tl- .jobs
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which became too old. in the queues which fed. the level 3^ 2, and 1 

servers.' The level 5 server handles the jobs which became too old. at 

levels 3? 2.? 1 while they were held suspended by the processing of

higher priority jobs. In addition to these five exclusive priority 

levels, there is continuous activity at a lower inclusive level.

(The system state model construct allows a system to be formalized along 

these lines through the conceptualization of a priority level of 0. 

Activity within the priority level 0 may continue regardless of any 

other activity in the block.) The steps at priority level 0 simply 

involve checking the age of jobs at the levels 3> 2, and 1 servers.

If a job is found at one of these levels which is "too old" and which is 

not being processed due to activity at a higher level, it will be moved 

to the level 5 queue. When the server at level 5 obtains this job, 

pending activity at the job’s original level will be superseded and the 

job’s processing time at level 5 will be only its residual processing 

time at the original level. For example, suppose Job No. 13 of 

expected time 6 minutes is being processed at level 2. If it is 

processed for 2 minutes and then interrupted due to activity at 

level 3 until it becomes "too old", it would be transferred to level 5- 

Its processing time at level 5> however, will now be 4 minutes.

All blocks are conceptualized as "hardware" since there exists a 

multiplicity of activity. All cycle times are unity and in general 

the time for all steps to complete is unity. Of course, 'the processing 

steps at Station 1 and 2 consume the expected time? which were generated 

"./i+i each job for the respective stations.

7.A •'odel fey- .0-0.• or, 

The r.oiel ; epresentation V/ / is shown in Fig'ire 7-3- It i-- a 



direct transformation of the formal system • The generate subsystem, 

GEN, simply generates jobs at intervals determined by an exponential 

distribution. This is accomplished by specifying the transition time 

for transition LCB to be a value obtained from an integer function. 

The function simply includes an appropriate call to subroutine ATD-IE 

to obtain a random value from the exponential distribution. (Refer to 

Appendix B for Random Variable Generator.) 7,Vhen the transition L02 

completes, a transformation is invoked which generates and records 

the required job attributes. The complete information concerning the 

job is then stored in an array which may be thought of as the system 

inventory.

The subsystem representing queue 2 includes transformations which 

record the arrival of jobs and which rearrange the queue if jobs are 

found to be too old. The arrival of jobs from two separate sources is 

accounted for by transformations associated with the emanating transi

tions of separate system states. Separate system, states (Q201 and CP03, 

Figure ?•3-1) eliminate the possibility of collisions which would cause 

"lock out" at a single EXCLUSIVE OR system state if two jobs arrive 

simultaneously. Collisions, of course, would occur if an existing job 

and a new job arrived at the same instant. The system state Q.2O3, 

which corresponds to "job joins queue 2 after leaving Station 1", also 

has five terminating transitions and EXCLUSI^ OR input logic. There 

can never be a collision in this case, however, since uhese five 

transitions emanate from mutjally exclusive prioriuy levelo in a„ui.ier 

s' "10 s y 311? m»

Tv: ,?’• .tion 2 n h system is also psi"-' v nr--igh"1"a rd ani 

'ui'ancfur:?utiu-av are used to record the ssvver taZeiuq j.?cs fro.
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queue. Upon completion, they are sent either to Station 1 or released 

from the system. The act of releasing a jot involves erasing its record 

from the "inventory" array.

The subsystem representing queue 1 includes activity at priority 

level 0. The system states at level 0 correspond to the steps which 

check the age of jots in the queues. To avoid possible conflict at 

step Q109 which alerts the level 3 server, recourse is made to the use 

of different priority levels. Since the server is to be alerted when 

either a new job joins the queue or a job from Station 2 joins the 

queue and EXCLUSIVE OR input logic is specified for system state Q109 

(Figure 7.3-2), it is possible for "lock out" to occur at Q1C>9. If 

system states Q115 and Q116 were to become active simultaneously, their 

emanating transitions would complete simultaneously. Then the EXCLUSIVE 

OR input logic would prevent system state Q1C9 from being entered. By 

assigning Q115 and Q109 a priority 2 and leaving 0116 at priority = 1, 

this "lock out" cannot occur. Now if Q115 and 0116, which correspond 

to jobs joining the queue from two separate sources, attempt to become 

active simultaneously, Q116 will be held in priority wait. While it 

is in priority wait, Q115 which corresponds to a job joining the queue 

from Station 2, will complete its activity. Then and only then will 

system state 0116, corresponding to the new job joining the queue, 

become active. It will complete its activity and again, if appropriate, 

the server will be alerted. Similar reasoning leads to assigning 

priority 2 to corresponding system states associated wish the level 2 

queue and the level 1 queue. (The in/olved sys :ev. staves are WJ17, 

Q.1.11, Qil9',i v,nd 1113 in Figura 7-3-I)- —e i„^.vv 135is to de
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Flc-jre 7-3.2 Legend.

Suhcyszex Cj-cle Ti-» Function Level

Systen State

Q101,Q102,U.03,'l
QlA ,0107,0103 J

0109,0111,0213,1 
0215,0117,0119 J 
All oilers

Priority

0

2

1

Transition Condition Tine Trensiomation

L19,L20,L21 T?-U3 2 Print "snapshau” of systen
Ij22 A job too old in level 3 aueue 1 Move it to level 14 cnaue, Qlt
L23 A job too old in level 2 ensue 1 Move it to levs! 1 queue, c-L
3.— A job too old. in level 1 oueua 1 Move it ta level -t cueus- w"4
L25 c*t*7z* 1
L3O.L31,t^, 
L35',L38,L39 T7tU3 1

l*rO Le'.-el 5 server idle 1 indicate Level 5 server busy
T D? Level 5 server dvjtt 1
12? ' Level 4 server ic_La 1 Indicate Level server busy
12= Travel 4 b * 1 •

level 3 server 1 T-dic-tte Level 3 server busy
133 Level 3 server =usy 1
L3i5 Level 2 server 1 ■ - ! — 1 Indicate Level 2 server busy
137 Level 2 searver =usy 1
L10 Level 1 server id-^n 1 Indicate Le’.-el 1 server busy
111 Level 1 server busy 1

116,117,113
103,1014,105

J See Figure 7-3-1

LOLl,1016,1017' See Figure 7-3-3
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Q105 which corresponds to the step "A job joins level 5 queue" is also 

EXCLUSIVE OR. Even though this system state has three terminating 

transitions, there will never be a collision of inputs because the 

transitions emanate from three mutually exclusive priority levels in 

a separate subsystem.

The system which represents Station 1 is the nose complex subsystem 

of the model. It includes system states which directly correspond to 

the steps shown in Figure 7.2.5- There are five mutually exclusive 

priority levels, 1 through and there is also activity at level 0 

which proceeds independently of the other levels'. The level 0 activity 

checks the age of the Jobs at the levels 3^ 2, and 1 "process" system 

states. Suppose, for example, system state S102 which ccrrespmls to 

the step "Check age of job at level 2" discovers chat job is too old. 

Transition LO^-6 will be taken which terminates at system state SL36 and 

whose function is simply to temporarily prevent further level 2 activity. 

It is possible that in the same "instant" of time transition 10^-6 

completed, the job may have been finished and released. Obviously, if 

such an event occurred there would be no need to move the job. There

fore, the logic of the emanating transitions from system state SI36 is 

dependent upon whether that job was actually held at the lower level. 

If it "got away" the transition L3^7 is simply taken and the model 

ignores a job already released. If, however, it is found ~hat the job 

is still held at level 2, it will be moved to level 5 “u assure i^s 

processing with a minimum of additional delay. Iraxsirion 13-8 which 

terminates at a level > system state ■■.’ill become active and lev 2I c is 

eu'/.-rod. Pc-ouc3 sing a‘. lover Ice's i.~ s." sue;.5-1. .tnoc.er tra: ".on, 

L3'-?; will to jo.::: active, and it will in. j".:e a transfoL _abio.; vhi.-c

12.
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places the job in question on the level 5 queue. The job on the 

level 5 queue, of course, will be obtained and served at level 5 without 

interruption. When system state Sl^l; which corresponds to "obtain 

the next job" at level 5 becomes active, it will not only initiate 

processing at that level, but it will supersede the original interrupted 

activity at level 1. This is accomplished by transition L5^8 which 

emanates from system state S151 and terminates to system state 3121. 

The act of supersedence, as currently implemented by the system state 

model, proceeds as follows: Completion of the transition from the 

higher priority level system state (S151) to the lower priority level 

system state (3121) causes all pending activity at the lower level to 

be erased by setting all residual transitions times at that level to 

zero. The system state to which the higher level transition (15^-8) 

terminates will then become active.

For the example mentioned above, suppose at job No. 18 originally 

being processed at level 2 had an expected time of 8, and had processed 

for 3 minutes before interruption by, say, a priority 3 job. The 

residual transition time for the active emanating transitions of the 

"process job" system state (S123) will be 5 when supersedence occurs. 

The residual transition time of these transitions will be set to zero. 

Conceptually, the job has "disappeared" from the "process" step. The 

system state which was reached from the higher, superseding level, 

then becomes active. For this example, it would be 3121, corresponding 

to "obtain next job". The level 2 ser/er will not "remember" the 

pending activity, corresponding to the processing of job No. 18. Tne 

level 2 server will simnly make a "fresh sta^t" and obtain the nex+" 

Job on the que4- .



7-5 Dynamic Model

Jobs were created up until time =120 which corresponded to two 

hours of real time. Every two time cycles, a complete snap shot of the 

system was printed out. In addition to this print out, the inventory 

was shown after the creation of each job and after the release of each 

job. The snap shot included the job number and expected time of the 

job currently served at Station 2 and currently served (or interrupted) 

at each priority level of Station 1. The contents of all the queues 

were also shown. After model time exceded 120, the model continued to 

function until all jobs were finally released from the system. This 

occurred at time =:202. It should be noted that the configuration of 

the system in the snap shots is only a "fleeting glimpse" of what is 

actually going on. For example, a snap shot may show the system "at 

the beginning of time — 10", "at the end of time — 10", or some time 

"in the middle of time = 10". The activity of subsystem. STA1 which 

reflects a job at Station 1 being moved to level 5 occurred at time =: 72 

A portion of the output is shown in Figure As time = 72> job No. 8 

is at the priority 3 serving station. It activity is suspended, 

however, by job No. 6 which is being senzed at the priority level. 

When the next snap shot is printed at time —7'-? job No. 8 has disap

peared from priority level 3 server and reappeared at the priority 

level 5 queue. Although the job No. 8 expected time was originally 

shown as 9 minutes, its expected time at le"el 5 is shou-r. as only 6 

u-inutes. It had beer, processed for a total of 3 '".ir. j ta;: before ic Wu.s 

inter’r’.’.pt-'iJ. by level 4 activity. Figure 7-5 sho'exa./.ples of "he r.?"'-c- 

r.ea.T of jobs vhinh have become too old iii ^he -h- "cap «• '.ot at

tise — Ao shows job Ih. 2 on the prioi’ity 1 :..e. a. \t wire = hsj v-c
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it is seen that this .job has been moved to the level 4- queue. The 

next snap shot, at time = ^-6, shows job No. 2 being served a level 

The serving of job No. 2 at level 4 interrupts the serving of job No. 8 

which already occupied the level 3 server.

Manipulation of the jobs in Station 2 queue is straightforward. 

They are simply ordered by increasing job time. For example, at 

time 22 Ml- (Figure 7-6) the queue contains jobs 5> 3? and 7 in the order 

of increasing job time. At time 140, however, it is seen that job 

No. 12 of time 11 is flagged as being too old. It now is ahead of 

job No. 18 of time 11 which is not yet too old. 

7-6 Example Results

This example demonstrates that the system state model may conven

iently be used to represent complex hierarchical, simultaneous, and 

asynchronous activities. In addition to the model specifications, 

considerable transformation logic was required. This is not surprising 

in view of the complexities which were represented in the queueing 

system. The example is analogous to many physical situations in which 

priority, age, and overhead of job handling are of considerable 

importance. The system state model construct was convenient not only 

for maintaining simultaneity of activity and resolving potential con

flicts but also in the modeling of supersedence. An additional strength 

of the model is that it provides a convenient framework for coding 

considerable supplemental logic. Such logic enhances the comprehensive

ness and flexibility of the model. For example, it would be a 

straightforward process to incorporate accounting logic which would 

1-eruiue, for each job, proc.os bime, "-.ait ti:r.-'. s’sp-r.Je’ tin . 

arrival tiir.c at. each station, etc. Tnis supplemental logic, which io
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invoked, by transformations, is readily added in modular increments. 

Modularity facilitates debugging and subsequent enlargement and 

refinement of the model.

7.7 General Conclusions

The system state model could be an aid in fields such as 

industrial engineering which emphasizes digital simulation of a wide 

variety of systems. The model framework would allow the engineer to 

specify his system in terms of steps, links, and blocks, and formulate 

a model representation using those very concepts, as opposed to trans

forming them to a limited mathematical discipline (such as queueing) 

embodied by a restricted set of "verbs". Constraints which frequently 

affect physical systems such as precedence and supersedence could 

readily be handled with model specifications.
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8. APPENDIX A System State Model

8.1 Definition

The system state model (SSM) is firstly, a formal model for repre

senting, in the discrete time domain, the temporal and spatial relation

ships among the components of the process or system being modeled. 

These relationships may be specified at varying and arbitrary levels of 

specificity. Secondarily, it may be considered also a simulation model 

since capability exists for supplemental representation of other aspects 

of component activity, in a suitable coding medium.

It is necessary to begin -with a complete, inambiguous formulation 

of a system with the following attributes:

(1) A finite, non-empty set N = of steps representing the 

component parts of each process in .

(2) A finite, non-empty set P= eTJivalence classes,

called blocks, induced by a partitioning of N, representing 

the autonomy among processes in •

(3) A finite, non-empty set K = {X.} of links between steps 

representing the sequence of component parts of each process 

in sxj .

(U) A finite, non-empty set G == £/X} of function levels.

(5) A finite, non-empty set D — 5} of cycle times.

(6) A finite, non-empty set M = of priority levels.

(7) A complete set A= {<x} of Boolean primitives called input

logic operaiors.

(3) A finite, non-empty set B — {of transition conditions.

(9) A finiLO, non-empty set T = £t} °f transition times.

121



(10) A finite set F = £^Jof transformations.

The sets N, P and K are explicit in sjcJ, while the remaining sets, in 

general, are implied.

A system state model static representation "T?^ of system 

consists of the following:

(1) A finite, non-empty set L of subsystems corresponding to 

blocks.

(2) A finite, non-empty set W of system states corresponding to 

steps.

(3) A finite, non-empty set X of transitions corresponding to 

links.

8.1.1 System State Concept

One may imagine each step of a process within 'a system to 

consist of some operation and various sequence (decision control) 

conditions, timing conditions, and functional transformations; while 

the links between steps serve solely to connect the various steps. 

Often, however, one may also imagine expanding a certain step into a 

whole sequence of steps at a more micro-level or, conversely, of 

consolidating several steps into a single step at a more macro-level. 

Hence, in general, no unique set of steps exists for quantitatively 

describing any given process.

In the SCM each system state may represent only the operation 

of one step within , while the transitions represent the associated 

sequence (decision control) conditions, timing conditions, and 

functional transformations. The term "system state" is used because 

the particular step or steps which may be active within a process 

any time give important information regarding vhe "state" of t'-"?
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precess - i.e., the present inputs (sequence or decision control 

conditions) and something of the history of previous steps which 

already have been completed or, equivalently, something of the history 

of previous inputs. Also, the state of the process gives important 

information regarding the state of the system jV to which the process 

helongs. In general, since there is no restriction that only one step 

of a particular process may be active at any time and since there certainly 

is no restriction that only one process within may have a step active

at any time, it is impossible for one system state in the SSM to repre

sent uniquely the state of a process or the state of the system .

If one did desire to have exactly one system state uniquel?/ repre

sent the state of <3 at a given time, then each system snate would no 

longer represent the operation of one step in a process. Instead, the 

step or steps which might be active within the processes of at a 

given time would form a set of active steps, and this set of concurrent 

active steps would be represented by a single system state. However, 

it is usually very difficult to form such combinations of steps, 

especially when considering autonomous processes within a system . 

In the SSM a set of system states will be necessary, in general, to 

uniquely represent the state of the system being modeled.

8.1.2 Graph Formulation

A. static representation '^7 a system may be formulated as 

a general, directed graph in which both loops and parallel arcs are 

permitted. Using nodes of the graph to denote system scales and 

dirocred arcs to denote possible transitions between pai^s of system
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the ordered 3-"tuple <X) = oJ and to each of the k ' arcs emanating 

from the node the ordered 4 tuple (>{,8 ,T, </>) =^(. Assigned to each 

subset of nodes denoting a subsystem in is the ordered 3-tuple 

(/,,s^)= A.

In Figure 8.1 is depicted a graph formulation in i-zhich one subsystem 

'X is identified and, within , one system state cu is identified, and 

associated with CO , one emanating transition X .

Figure 8.1 SS-graph

8.2 Static Representation

Generating a static representation given a completely specified 

system sij requires an understanding of the various parameters involved. 

The following interpretation may be given to the parameters of the X 

3-tuple (s, S,-r), (jU 3-^uple and X 4-tuple

The block parameter p e P is an identification parameter which 

denotes within an autonomous subset of processes operaring under a 

common control (''synchronizing logic" or "clock") end, ex-’evt for eo.-i- 

munication with other such autonomous subsets, operativ.g Ir-T.-p. oa-.o -ly 



an;'] asynchronously. In > f takes a positive integer valve l<r/)<|P|, 

and is the 'X-tag parameter which identifies uniquely each subsystem.

The assignment of 9< -tags to blocks is dependent upon the cycle time 

parameter SGD. Within any block p 6 "S?, there exists an implied or 

inherent synchronizing control whose function is to assist in determin

ing a) the sequence and b) the rate of execution of the steps of the 

process(es) within that block. The rate or cycle time identifies

a minimum interval in which the fastest step in the block might be 

completed. In this interval corresponds to the minimal transition 

time required for any system state in the subsystem to complete one of 

its transitions. The cycle time parameter, assigned to each block, 

takes a positive integer value, 1 S , corresponding to the acvual 

e::ecution rate in the block.

In '771 there is also a O-origin discrete time domain where the 

represented execution of all blocks in begins coincidently at 

represented time zero.

The assignment of "X -tags to blocks may be completed by arranging 

the cycle time assignments in natural order, with equal cycle times 

ordered arbitrarily. The resultant ordering reflects also an ordering 

of the blocks to which the individual cycle times are assigned. That 

block with the smallest cycle time hasp = 1 assigned to it, subsequent 

blocks in the order are ssigned successively higher p -values, and the 

block with the largest cycle time hasyO—|p| assigned to it.

The possible existence of fundamentally different tjqpes of 

processes in must be distinguished in • Specifically, two 

classes of block processes, called hardware and software, may exist 

ir. those re,,' ue distinguished by the f motion Level paraeehT



'T 6 G. In the parameter takes a positive integer value, 

denoting either hardware, T — 1, or software, T ~ 2, class processes. 

Different Mocks may have different cycle times yet he of the same 

function level.

Together, the three parameters 'A-tags, cycle time and function 

level form the ordered 3-tuple and define a subsystem 7^,61,

in •

The step parameter 6 N identifies one step within a process of 

^$5 3 also serves to identify a system state in . In takes

a positive integer value l^i\4 |n|, and is the 6U-tag parameter which 

identifies uniquely each system state. The assignment ofW -tags to 

steps may be dependent upon the inherent precedence among the steps.

Within each block in <5/, one or more steps of .one or more 

processes may tend naturally to execute simultaneously but are prevented 

from doing so by the existence of some kind of relative precedence 

between steps or groups of steps. This relative precedence avoids 

potential conflicts and helps maintain synchronous hierarchical 

operation within the block. If the steps are arranged in groups 

according to relative, exclusive precedence the resulting order is 

called their priority and those with relatively higher priority take 

exclusive precedence over those of lower priority. Tne parameter 

priority level p- M denotes the priority among groups of steps in a 

block of . In , precedence among system states is achieved, in 

part, by ordering groups of system states -as the represented groups 

of stops are.ordered. The priority of each group is denoted by /j- 

which hakes a non-negative integer value. For the block p C- p wiuh the 

greatest number of c.istinct exclusive priority levels | I'|, that
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of steps "with the lowest priority has yx = 1 assigned to it, s^hsepuent 

higher priority groups are assigned successively higher values, and the 

group with the highest priority has /O =|M | assigned to it. Every 

step is assumed to have a priority equal to the priority of the group 

in which it resides.

Further distinctions of local precedence or priority among 

individual steps in a group may be possible, but these are dependent 

upon the tj’pe of block to which the steps belong. In sone cases 

several steps within a priority group may be able to execute simultane

ously while in other cases only one step within the group may execute 

at a time. In "TTL these distinctions are dependent upon the function 

level of the subsystem to which the priority levels belong. In a 

function level one subsystem, there exists no local precedence or 

priority among system states of a given priority level and one or move 

system states may be in some stage of transition simultaneously. In 

a function level two subsystem,^ 2, there does exist an inherent 

local, exclusive precedence, called rank among system states of a given 

priority level. Rank may be implicit in but in 'TA. it must be denoted 

explicitly. In rank is denoted by proper assignment of -values 

to steps. Steps are arranged in ascending order of rank within each 

priority level, priority levels are arranged in order of priority 

(ascending -values), and blocks are arranged in order of cycle time 

(ascending <S-values). The assignment of uj -tags and rank to steps 

may be completed by assigning f] = 1 to the firsv step -he abc/e s"-p 

ordering, and assigning successive -values ir. natural order to r:.'-1- 

seqr-ut steps, and assigning Q = IT , to the last step ir. v.ie srey 

orfjriug. Steps vithiu function level one blocks, and sr: p_ .v ~ 
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rank "within priority levels of function level two blocks may be ordered.

arbitrarily.

There also may exist in , effectively, an inclusive priority 

level for any block wherein steps may be executed without prempting or 

being prempted by other steps within the level or any exclusive prioiuty 

level. In <2^ this inclusive priority level is denoted by/t-=O wherein 

no rank exists irrespective of the function level of the parent sub

system. Consequently, each system state in this priority level may be 

in active transition without regard to other system state activity else

where in exclusive priority levels. A priority level with,tb=O may be 

considered having the highest inclusive precedence of any level in a 

subsystem in OTI. .

For each step in there exists, effectively, some tj'pe of 

input logic for the links which terminate at this step from previous 

steps. Only when this so-called input logic is satisfied, will the step 

actually be executed. In ui/ this input logic may be onl^ implied but 

in <2/1 it is stated explicitly. The set A of input logic operators 

contains one of several complete sets of Boolean primitives. The 

chosen set contains two operators called EXCLUSIVE OR (@) and logical 

AND (•) k— £0, * J . In <2^ each system state has one and only one 

input logic operator associated with it (■X,= 0orjA. — and a 

system state may be entered only after its input logic is satisfied. 

Each system state has one or more associated transitions which tern- 

inabe to it from other system states and a necessary condition for 

entering the system state is that a certain logical combination of 

these transitions has Leer? cor.plotod. The isv.it lev:" t ?,r •I'at-.-.- c< f- ; 

op--'.". Lfio ; the tyre of input logic which exists for ihe sysr.-^-j. caLj 



and determines what type of logical combination of terminating 

transitions has been completed. If ok-©, then a mutually-exclusive 

input situation exists wherein one and only one of all terminating 

transitions may be completed if the input condition is to be satisfied. 

If c<=♦, then a conjunctive input situation exists wherein all term

inating transitions must be completed if the input condition is to be 

satisfied.

Together, the three parameters UJ -tag, priority level and input 

logic operator form the ordered 3-tuple (^,/c, c() and define a system 

state LL^6W, 1^ |Nj, in 72^ . If two system states, and lD j 

are in the same priority level of the same subsystem and rank exists, 

is of greater rank than C0-t if i> j.

After a step in is begun execution, a certain time will

elapse before the execution will be completed. '•Jhen the execution 

is completed some link(s) will point to the next step(s) to be 

executed. The length of time needed to complete execution of the 

step, and the particular next step(s) which is (are) linked for 

execution both depend on the conditions which prevail within 

at the time. In a system state is entered and begins execution 

involving transition(s) to one or more system states. The link 

parameter, /f <=. K, which denotes a specific link between a pair 

of steps in ? also serves to identify in a particular

transition between a pair of system states. In it rakes an

integer value 1*;/^^ |k|, and is the parameter which labels

uniquely each transition. The assignment of X -values to 



to it, other links have successive values of assigned and some last 

link has )\= Ihlassigned to it.

The implied output logic of each step in determines -which 

link(s) is (are) taken to subsequent step(s). In '7/i. this implied 

output logic is specified by associating a condition or combination of 

conditions with each link. The parameter transition condition 8e B is 

used which, in general, may be a Boolean function in n variables. If 

the transition condition is satisfied,p is logically true and the 

corresponding link w'ill be taken. Transition conditions are formulated 

for each link so as to reflect the conditions under which that link 

would be taken during execution of 07^ .

The time consumed during execution of a step in may depend 

upon the subsequent link to be taken. In /??(. this time is specified 

by the transition time 7? T parameter which takes an integer value 

l^^^lTI and, in general, maybe an algebraic Function in n variables, 

Transition times are assigned to each link to reflect the execution tim 

of the step from which the link emanates, given that the link is to be 

taken when execution of the step is complete. The value of f assigned 

to any link denotes the time needed to execute the associated step, 

given that the execution occurs independently of all other steps in 

and is expressed in units of the cycle time assigned to the parent bloc

In , each link may also have one or more implied operations 

associated with it that provide supplemental specification of activity 

in '-jj • The transformation parameter denotes the additicnal 

specifications to be assigned to each link. Tj^pical specifications 

include statistical computation, spribol input/output, unci d3Tc ^vs-.sfov.

Together the four parameterj of 'X -tag, ‘.rac.sLtio.. cor.liti.



transition time and. transformation form the ordered ^-tuple 

and define a transition 6. X, , in . X transition -whioh

emanates from some residing in subsystem Ag is uaker. and becomes 

active Is entered and is TRUE. The minimum time required before

the transition can be completed is expressed in terms of cycle time 

( of "Ajj. Existence of a transformation is recognized -when the trans

ition is completed; all transformations consume zero time throughout ♦

8.2.1 Dubbed System States

Additional special-purpose system states may be defined which are 

restricted forms of the normal system state considered thus far. Two 

such forms are initial and terminal system states. The need for their 

existence ic 'yh'2 5 in general^ is only implied by the specification-^/7. 

An initial system stateeu1 is a system state with priority level - 0, 

either input logic operator; no terminating transitions; and one or 

more emanating transitions, each with^—l (TRUE), V=C and an 

optional . A terminal system state is a system state with 

EXCLUSIVE OR input logic, one or more terminating transitions and no 

emanating transitions.

Initial system states function as source nodes in the SSM to 

initiate modeling activity. They are enterable only a-: model time 

zero since they have no terminating transitions. Terminal system 

states function as'sink nodes in the SSM to terminate existing 

modeling activity in a particular subsystem at a specific priority level.

8.3 Transforming bo

To transform system to static repreccn~a~.io'.: > do the

z"-'i.Llj-.-.ing :

' a) Identify blocks
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(B) For each block -

(1) identify cycle time

(2) identify function level

(3) create subsystem by assigning appropriate S -value and

'Y -value to block and then assigning P -value in 

increasing order of & -value.

(1+) identify steps

(5) for each step -

(a) identify input logic

(b) identify priority level

(c) identify rank, if existent

(d) create system state by assigning appropriate and

.Zt-value to step and then assigning /[ -value, in 

order of rank if relevant.

(6) identify links

(7) for each link -

(a) identify necessary conditions

(b) identify time to complete operation in step, 

conditional on this link being taken to next step.

(c) identify any functional (supplementary) operations.

(d) create transition by appropriate -value or 

expression, V - /alue or expression and <p to link 

and then assigning )( -value.

(C) For each system state -

fl) identify parent subsystem corresponding to parens tics?, 

of represented step

(?) a.- 'igu vjstem state to parent snh^yste^.
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(D) For each transition -

(1) identify the emanating/terminating step pair of the 

corresponding link

(2) assign to the transition the corresponding emanating/ 

terminating system state pair.

8.4 Modeler’s Guide for Version 4-.1

A sequential list of specifications for a complete static repre

sentation 071 is organized as sho'wn in Figure 8.2. The individual types 

of specification are called orders. These orders are listed and 

explained in the following paragraphs.

8.U.1 Subsystem, System State and Transition Orders

Each subsystem (,\), system state (u;) and transition (7;) is defined 

by a separate order. Subsystems are defined by L-orders, system states 

by W-orders, and transitions by X-orders. Symbolic identifiers are 

assigned to all such orders, and each identifier must be unique with 

respect to all other identifiers. An identifier for subsystem and 

system states consists of one to four characters with leading or 

trailing blanks being ignored. An identifier for transitions must be 

of the form Lnnn, where nnn is an integer from 1 to 999* The first 

character must be nonnumeric and blanks should not be embedded within 

the identifier. At least one subsystem (L-order), one system state 

(W-order), and one transition (X-order) must be specified.

8.U.2 Control Orders

Control orders are identified by the characters appearing 

in tlie first rwo character positions of tne order.

8.k. 3 Iriti-.i Condition Orders

Tnesc oni;”s I’.ay be used to identify i.:;'.lai el'-teD t_>
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specify specific transition latches to be set, indicating the trans

ition has "completed". In each I-order one initial system state may 

be specified in the name field using the appropriate identifier. The 

I-order may also be used to set transition latches for terminating 

transitions of a system state. This is accomplished by specifying the 

system state identifier in the name field and, in subsequent fields, 

identifiers of any terminating transitions for which the transition 

latch(s) should be set.

8.if-.4- Control and Monitor Option Orders

One monitor option may be requested by name in an O-order.

Further O-orders may be required to provide all necessary parameters 

for the monitor option. These orders must appear immediately before 

the T-order. Various control options may be requested by O-orders 

also. These requests may appear at any time before the T-order» 

Further information may be found in section 8.6 Options.

8.4.5 Model Termination Order

The number of modeling cycles to be executed must be specified in 

a T-order. Receipt of the T-order also signals the end of static 

specifications of the model representation.

8.4.6 Expressions for Transition Conditions and Transition Times

The T-order is followed by the and T expressions. These are 

written in a pseudo Fortran source code. The pseudo Fortran begins 

with any Fortran specification statements followed by a control (V) 



expression (Boolean function of n logical variables). In the .6 -field, 

of the X-order, a primitive is denoted by "0" if its value is FALSE 

or by "1" if its value is TRUE. An expression is denoted by "-1". 

The expression itself is defined in a F0RTPA1J like manner as follows:

Col. 1-6 Col. 7-66

BLnnn Boolean expression, function reference, or combination 
of these two

where Lnnn is the transition identifier appearing in the appropriate

X-order. A primitive may be referenced as B(L(nnn)). That is, the 

primitive is referenced by the variable B with subscript L with 

subscript nnn where Lnnn is the transition identifier.

Example: BLdO b(L(79))
BL812 .N0T.B(L(002))
BL1 FUIIC(X).0P.B(L(002))

In this example, B(l(79))j B(l(002)) denote primitive p for transitions 

L79 and LOOS respectively, while BLSO, BL812, and BL1 denote expression 

for transition. ISO, LS12, LI respectively. FUIiC(x) represents a

F0RTPA1T function.

8.^-.6.2 *21 Expression (Transition Time)

Each may be a primitive (independent variable) or an expression 

(function of variables). In the field of the X-order, a primitive 

f is denoted by a positive integer less than 16,33^- and equal to the 

transition time. An expression 'C is denoted by "-i" and is defined 

in a FORTRAN like manner as follows:

Col. 1-6 Col. 7-66

TLnnn Constant, variable, arithmetic c sate.ms-it, or fnnctiOL 
reference

'."her? Tnr.n is th^ tvans? tLon identifier ap-e iriug ..n f'.’ appropv'. t•. 

X-vrier. A primini/e ^muyte refe?-eneed as 1(L(-'!-.™)), sl'iL- is, i :-j 
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same as a primitive .but using the variable T. The value t? = 0 has 

a special meaning and. applies to transitions emanating from initial 

system states.

8.4.7 Statements for Transformations

An existing transformation (^) is denoted, by "-p" in the cp -field, 

of the appropriate X-order. Each such consists of one or more 

FORTPAN statements, the first of -which must have as a statement label 

the X (transition identifiers) of the associated transition. This 

label will be non-numeric. If additional statement labels are needed, 

they must be numbers in the range 60001-9999'3> and- they must be unique 

from all other additional statement numbers used in all other trans

formations. If it is necessary, when executing the statements Df a p , 

to branch to the first FORTRAN statement, then a dummy first scarcrent 

must be added since it is impossible to reference a statement using a 

non-numeric label.

Example: TX1 COUNT COUNT 4- 1

GO TO TX1

TX1 is an illegal statement reference; consequently, a dummy first 

statement must created

TX1 CONTINUE

6001 COUNT COUNT + 1

CO TO 6001

ir: creating each d* from the Fortran statements, the Sol. implementation 

a:’.tomatically generates a terminal statement of the form "CO TO y??-?"

e the la:i sto iemeut for each existing O . 1J the user wishes -co s.; is 
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a that includes multiple exits, then the referenced statement number 

for each exit must be 99999• The (^'s may appear in any order, but con

siderable computer initialization time may be saved if they are in the 

same sequence as the s (X-orders) to 'which they belong.

8.4.8 Notes

(1) The , Y and <^> specifications are used to generate a 

Fortran subroutine named "BTP".

(2) Control orders in and 4> specifications must appear

even though orders do not occur between them.

(3) Values for ai2(3- K. are assigned in the sequence in which 

the input orders occur.

(4) During execution of a model representation, expression /3s 

and s associated with emanating transitions of a given 

system state are evaluated in the sequence those transitions 

appeared in the input of the static specifications.

(5) Ordering is by transitions within system states, system states 

by rank within priority levels, and priority levels within 

subsystems.

(6) Rank is determined by ascending values.

(7) All transition latches not specifically set are reset at 

initialization.

(8) Do not override the SSM generated

IMPLICIT LOGICAL * 1(b), niTEGER * 2(T)

for the and X" expressions and <£> statements:.

(9) If subprograms are needed for support of the and 'C

expressions and statements, these may be written in 

Fortran and input in the sequence shown in Figure 8.2. :.1'_
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Fortran library routines are available.

(10) If subprograms have been written previously, or otherv;ise

supplied., and. are in object form, these may be inserted, as 

shown in Figure 8.2.

8.5 Order Formats

(1) L-order (subsystem)

Col. 1 : "L"

Col. 7-10 : ^(subsystem identifier), 1-4 characters,
' leading alphabetic character, unique with 
respect to all other , <7, and K identifiers.

Col. 25-32 : (cycle time), positive integer 32?66.

Col. 33-40 : "T(function level), "I" or "2" denoting function
level one or two, respectively.

(2) W-order (system state)

Col. 1 : "W"

Col. 7-10 : r\(system state identifier), 1-4 characters,
leading alphabetic character, unique with 
respect to all other p , r^, and K identifiers.

Col. 13-16 : ^(identifier of subsystem to which the system
state belongs). If preceding L-order defined 
the subsystem to which this system state 
belongs, then this field may be left blank.

Col. 25-32 : ^(priority level), non-negative integer 4.

Col. 33-40 : ck(input logic operator), or "4-" denoting
logical-and or exclusive-or operator, respect
ively.

(3) X-order (transition)

Col. 1 : "X"

Col. 7-10 ; (transition identifier), 1-4 characters
leading alphabetic character, un'.u’je -i :n 
respect to all other p , and idee t'.flers.



Col. 19-22

Col. 25-32

Col.

Col. Ul-48

: (identifier of systen state to -which the
transition terminates.)

: (transition condition), "0" or "1" if a
primitive, "-1" if an expression.

: ^'(transition time), a positive integer 16333 
if a primitive, ”-1" if an expression, "0'r If 
emanating from a combinational system state.

: (transformation), blank or "0" denotes no
transformation, "-1" if a transformation exists.

(.4) I-order (initial system state)

Col. 1 : "I"

Col. 7-10 : (system state identifier).

Col. 13-16 : A( (transition identifier) or blank.

Col. 19-22 : Aor blank.

Col. 25-28 : ^or blank.

Col. 33-36 : A or blank.

Col. 41-44 : /\or blank.

(5) T-order (termination)

Col. 1 : "T"

Col. 7-14 : number of modeling cycles to be executed
before termination, positive integer 2^ - 1.

(6) 0-order (option)

Col. 1 : "0"

Col. 2-5 : code name of control option or application
algorithm option.

Col. 7-80 : (see particular option).

(7) ./-order (control)

Col. 1-2 :

Col. 3-72 blank.
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8.6 Options

By using an O-order the modeler may request certain control and 

monitor options. Listed "below are the options available.

8.6.1 Control options

(1) PRNT - Print the list of input specifications. This order

may appear anywhere in the input list and causes 

the remainder of the input to be listed.

Card format:

Col. 1 : "0"

Col. 2-5 : "PRMT"

(2) MDRP - Print the static model representation.

Col. 1 : "0"

Col. 2-5 : "MDP.P"

(3) SYl^IL - Print the table of symbols, bhen this request is

made, a table containing all user identifier s^bols 

will be printed following the static model repre

sentation if it is requested.

Card format:

Col. 1 : "0"

Col. 2-5 : "SYML"

8.6.2 Monitor options

(1) M1TTR - Monitor the activity of the named subsystem or 

system state. The data from this monitoring is 

transferred to secondary storage for later use.

Card foi’mat:

Col. 1 : "0"

Cel. 2-u • ’■liiTP"



Col. 7-10 : cu -identifier or P -identifier.

Col. 13-16 : jUL- (priority level).

Possible specification combinations:

disposition

1. X individual a? is monitored.

2. X all U) in are monitored.

3. XX all to within D are monitored.

(2) SACT - Print a status activity dump. Data from the MNTB 

option is printed beginning at the initial model 

time specified and ending at the terminal model time 

specified. Data printed is controlled by the para

meters of the MJTTR option card.

Card format:

Col. 1 : "0n

Col. 2-5 : "SACT"

Col. 7-1^ : initial model time to begin monitoring, or 0

Col. 19-26 : terminal model time to end monitoring, or 0.



9. APPENDIX B Random Variable Generator Program

The subroutine RANDU is from the IBM Scientific Subroutine Package.

The subroutine ATB-1E is based on material presented by Dr. 0. E. Donaghey,

University of Houston, in a graduate Industrial Engineering course.

spring semester, 1971' '

FORTRAN IV G LEVEL 23 RANDJ DATE = 72153 22/08/33 .

0001 SU3RDUTINE RANO'JI IX, IY,YFL) 9301
r IX REPRESENTS THE SEED. THIS VALUE SH3ULD 3= INITIALI ZED 9332

c IN THE CALLING PROGRAM
0302 IY=IX • 65539 3333
0303 IFIIY)5,5,6
030* 5 IY=IY » 2157*83657 » 1 0007
0005 6 YFL=IY
0005 YrL=YFLe 0.*6566135-9 0333
0007 RETURN 0310
oooa END

FORTRAN IV G LEVEL 20 ATIHE DATE = 72153 22/03/33

0001 SU3ROUTINE ATI ME I Pl,P2,?3,K,VAL .NSEEDI 0301
0002 IFK.EO.11)33 TO 111 0332

C X-ll NORMAL OISTRBUTTON 3333
C Pl= HJ(MEAN) - 003*
C P2= SIGHa(OEVIATID.N) 333 5
C 23= 0 3335

0003 IFtK.£0.15)00 T3 115 0337
c' X=15 EXPONENTIAL OISTRI3UTI3N, FALLING T3 TME RIGHT 3333
c Pl= MEAN . 3339
c P2= NIN 3310
f* P3= 0 3311

000* IF!K.EQ.l&IGO T3 115 3312
' c K=16 EXPONENTIAL DISTRI3UTI3N, RISING T3 THE right 0313

c PI= MEAN 001*
c P2= MAX 0315
c P3= 0 0316

0005 IFIK.EO.21)03 TD 121 0317
c K=21 3IN0HIAL 0ISTRI3UTI0N, USE FOR SMALL VALUES OF N 0313
c Pl= N 0019
L. P2= PROBABILITY 0320
c P3= 0 0021

0006 IFIK.EO.22)00 TO 122 0022
c .< = 22 BINOMIAL DISTRIBUTION, USE F3.R LARGE VALUES 3= N 0323
c Pl= N 002*
c P2= PROBABILITY 0325
c P3= 0 0026

0007 IFIK.EO.20>G3 T3 120 3327
c K=20 UNIFORM DISTRIBUTION 0323
c Pl= MIN 3329
c • P2= MAX 0330
c P3= 0 3331

0003 IF I I X. GE.31) . AND-( .< . LE-*0) ) 03 TD 130 - 0032
c K=31-50 ERLANG SKEHcO TO RIGHT 3033
c PI= MEAN 003*
c P2= MIN 3335
c P3= MAX 3335
c SUBTRACT 30 FROM K TO FINO SHAPE PARAMETER 3337

0009 IFllK.0E.5U.AND - I<.LE.50))S3 T 3 ltd 3038.
c K=91-50 ERLANG SKEWED TO LEFT 0039
c Pl= .MEAN 00 50
u P2= MIN 03,1
V P3= max 3052
c SUBTRACT 50 FROM < TO FIND SHAPE PM 03 >3

0010 RETURN 305*
0011 111 S'JM = O. 3355
0 3 12 DO till 1=1,12 03 55
001 3 CALL 3 AN )U1 NSEED, IT, YFL> 33 11
0315 MSEED=!Y 00 53
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0315 538=535* YFL 3049
0315 1111 cosriNjE 0353
0017 V4L = (SU'5-6.)*P2 *P1 3051
0318 RETURN 3352
0019 115 CALL RANOU(NSEEO,IY,YFLI 0053
0020 NSEEO=IY 0354
0D21 VAL= -<P1-P2)» AL3G(YFL) 3355
0022 VAL=VAL*P2 3355
0023 RETURN 0357
00 24 116 CALL RANOUlNSEEO»IY»YFL) 3358
00 25 NSEED=IY 0359
0026 VAL = -(P2-P1>» ALOG(.YFL) 0350
0027 " VAL= P2-VAL 0351
0028 IFiVAL.LT.0.)G3 TO 116 3352
0029 RETURN 0353
0033 121 N=P1 0354
0031 KVAL=O 0065
0032 03 1121 1=1,N 3356
0033 CALL RANDU<NSEEO,IY,YFL) 0357
0034 >4SEE0=IY 3353
0035 U=YFL 0059
0036 IF(U.LE.P2)KVAL=KVAL»1 0370
0037 1121 CONTINUE 3371
0038 VAL=KVAL 0372
0039 RETURN 3373
0040 120 CALL RA,NOUINSEED,IY,YFL) 3374
0341 N5EED=IY 0375
0042 R = YFL 3375
0043 yAL=R»(P2-Pl) + Pl 0377
0044 RETURN 3373
00 45 122 N = P1 0079
0346 R=(1.-P2)*’N 0333
0047 CALL RAMOUl.N5EEO,fY, YFL) 3331
00 48 .NSEEO=1Y 3332
0349 U=YFL 3383
0050 IFIU.LE.RIGO TO 1122 0334
0051 SJN = R 3335
0352 □ 3 1222 L = 1,.N 3335
0353 l=L-l 3337
0354 R=((N-I1/11*1))»lP2/I1.-P2))*R 0333
0355 SU'*=SUNrR 3339
0355 iFIU.LE.SUMIGO TO 1322 3393
0057 1222 CONTINUE 3391
0358 VAL = .N 0092
0359 RETURN 0393
0360 1122 VAL=O. 3394
0061 RETURN 0395
0062 ' 1322 VAL = L 0395
0063 . RETURN 0097
0064 130 J.< = K-30 0393
0065 1131 PROO-1. 3099
0066 DO 1130 1=1,JK 0133
0067 CALL RANDUtNSEEO,IY,YFL) 0101
0368 NSEED=IY 3132
0069 PROO=PROO* YFL 3133
03 70 1130 CONTINUE 3134
0071 VAL= ( -(Pl-P2>*AL33IPR03>I/JX >P2 0135
0072 IFIP3.E0.0.1RETJRN 0106
0073 IF(VAL.LE.P3)RETURN 0107
0074 GO TO 1131 3109
0075 140 JX=K-40 0109
0076 1141 PROO=1. 3113
0077 DO 1140 1=1,JX out
03 78 CALL RANDUINSEEO,IY,YFL) .0112
0379 NSEED=IY 3113
0330 PR0D=PR03» YFL 0114
0081 1140 CONTINUE 0115
0382 VAL= P3 *ItP3-Pl)*AL0GtPR03))/J< OILS
0383 IF(VAL.GE.P2)RETURN 3117
□ 334 GO TO 1141 0113
0365 END 0119



10. A±.irETjDIX G Turing I4achine Program

♦ »***»»*»«*»*»<H»*t**»»*»**«4*+***»■»♦»♦»« *♦♦»»♦***»»»**«
MODEL REPRESENTATIO.H INPUT 

***#«»»♦»*»** ♦»»»» *»»»■*»»**♦•♦»** ••»*»*•*♦**»*»
L HACK 1 2
W 101 HACK 1 +
M 102 MACH 0 s
M SOL MACH 1 -»
W S02 MACH 1 ♦
N S03 MACH 1 ♦
M S04 HACK 1 ♦
W SOS MACH 1 ♦
W SOS .MACH 1 ♦
W T01 MACH 1 +
M T02 MACH 1 >
W T03 MACH 1 ♦
X LOL SOL SOI -I 1 -1
X L02 SOI 502 -1 1 -1
X L03 S02 502 -L 1 -1
X LO* 502 T01 -1 1 . -1
X LOS S02 S03 -1 1 -1
X LOS S02 SOS -1 1 -1
X LOT SOS SOS -1 1 -1
X L03 SOS 506 -1 1 -1
X L09 SOS SOS -1 ' 1 -1
X LLO SOS SOS -1 1 -L
X LL1 SOS S02 -I 1 -1
X L12 SOS SOS -1 1 -1
X i.13 SOS SOL -1 1 -1
X L14 S03 503 -1 L -1
X LL5 503 SOS -1 1 -1
X LL5 503 SOS -1 1 -1
X LIT IOL SOL 1 . . 1 -1
X LL8 S02 102 -1 I -1
X LIT SOS T03 -1 1 -1
X L20 102 101 1 0
-/
I 102 
./ 
OMOR2 
OSYML 
OSACT 
UH.HTR MACH
T 500
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SYMSDL LISTS

RHO

1

L-NAHE

HACK

RHO L-NAMc RH'3 L-NAME RHO L-NAME

ETA W-NAHE ETA W-NAM8 ETA W-NANE ETA •J-NAME

1 101 4 S02 7 505 lO- - T02
2 102 5 S03 8 SOS ll T03
3 SOL S S04 9 T01

KAP?A X—NAME KAPPA X-NAHE KAPPA X-NAME KAPPA X-NANE

L L01 6 LOo 11 Lil 15 LIS
2 L02 7 LOT 12 112 17 L17
3 Lt>3 8 L03 13 113 13 L13
«» L04 9 109 1* 11^ 19 L19
5 105 10 LIO 15 115 20 120.
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INITIAL HOJEL REPRESENTATION (PAGE

* * ♦ *4ie*****i**»******************** ♦♦*»»#♦>♦»»♦##*#»»«»**»>»s»x»i>(»e t >»»»>>;>>> >;
* * S'JdSYSTENS ♦ SYST EN-STATES » TRANSiTI3MS
*>»*.>*** **♦#»**♦*♦#•♦**♦ **»•*♦*** *4 >*»*** »*»♦•*>** »***»*•**#*»##•##•»#»»*••»
* ♦ USER ♦ USER # USER ETAIJl:
» LINE »SYH3OL RHO DELTA GANIA ♦ SYH30L ETA HU ALPHA STATUS • SYH33L AAPPA ETA LINE BETA TAU Pi
*****♦*»♦♦»»*♦**»*»*»•********»»»♦*♦♦*>♦*♦**♦*♦* *#e###»#**«»**#a*»»a#»«**aii*»**M*»***#**#l» #*♦*••*♦ ••*«•«»#**
» 1 . ♦ HACK 1 1 2 * ♦
* 2 * • 102 2 0 ♦ I» >
♦ 3 * * • L20 20 1 31 • 1 0
• 4 * * T03 11 1 ♦ X *
* 5 * » T02 10 1 ♦ X ♦
♦ 6 * ♦ T01 9 1 ♦ X •
» 7.4 ♦ 506 8 1 ♦ IW *
♦ a . *■ ♦ ♦ LIZ 12 8 7-1 1
* 9 4 * • L13 13 3 28 -1 1
* 10 * » • 4.19 19 11 4 -1 1
» 11 * * S05 7 1 ♦ IM *
♦ 12 * ♦ » HO 10 7 11 —1 1
• 13 » * * Lil 11 4 22 -1 1 *
4 1A . » » 504 6 1 ♦ IM •
* 15 . * » * L37 7 5 14 -1 1
* IS * * L03 8 8-7-1 1
* 17 . » * * L09 9 7 11 -1 1
» 13 * * 503 5 1 + 1H » -
4 19 » * * L1A- 15 5 13 -1 I
» 20 * * • L15 15 7 11 -1 1
» 21 * * # L15 15 3 7-1 1

•* 22 •* * 502 A 1 + IM » . .
4 23 * * L03 3 4 22 -1 1
> 2A . » * » LOA 4 9 & -1 1
#25 4 * # 105 5 5 13 -1 1

■* - 2o ■ » * • LOS- o 5 14 -1 1
# - 27 # • LIS 13 13 5 -1 1
■■> 28 * * SOI 3 1 * IM # .
# 29 # * » L01 1 3 28 -1 1
* ■ 30 # * * 102 2 4 22 -1 1
* 31 . # * 101 1 1 * IM #= ,
# 32 # » • LIT 17 3 23 1 1
* *********** «***«*«* ***««***■«**«* *********************** *«««««** «**1****************
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fQAiaAN

0001
-0002 
0003

000^

0005
0005
0007
0003
0009
0010

0011

0012
0013

COL* 
0015

0016 
0017

0013
0019

0020
0021

0022
0023

0024
0025

0026 
0027

0028
0029

0030 
0031

0032
0033

0034
0035

0036 
0037

0033
0039

0 3*3 
03*1

00 *2
0 'J S 3

IV G LEVEL 23 BTP DATE - 72153 20/29/47

SUBROUTINE 8TP(33833,TTTTT,YYYYY,») 
IMPLICIT INTEGER»21T).LOGICAL®!! d> 

• . CO-IHiJN/BLKl/ "I TAPE, I ,NPTR,
1 5M I,S J2,SW3,SR4»5M5,SW5,SU7,Sa8.SW9,S»L0,S1211»S4l2,SWL3»SrfL4»
1 SNL5,SaLb,SW17,SaL8,S-il9 

LOGICAL*!1 SyL,SW2,Sa3,SH4,SW5,SW6TSU7,SW8»SM9tS>il0,SyH,SWL2.S>il3,SW14,
1 SW15,SaL6,Sai7,S218,Sai9 

DIMENSION ITAPEdOO) 
INTEGER*? XX.’'.XX,YYYYY,ZZZZZ,L 
COMMON/CHI1/31 3000), TUOOOI.U 10001 
ZZZZZ=YYTYT»190 
ZZZZZ=ZZZZZ-180 
GO TO I.

1 2001,2002,2003,2004,2005,2005,2007,2003,2009,2010
1 ,2011,2012,2013,2014,2015,2015,2013,2019, 1, 2

1 ),ZZZZZ
RETURN 1

1 . e • 3, 4, 5, 6, 7, O e 9, 10, 11, 12
1. 13, 14, 15, 16, 17, 18, L9> 19, 19, 19

C 8L01
2001 33333- SW!

GO TO 99999
C BLC2

2002 83333- 5W2
GO TO 99999

C 5L03
2003 33338- SW3

GO TO 99999
C 3L04

2004 833S3- 504
GO TO 99999

C SL05
2005 83338- SW5

GO TO 99999
C 8L05

2006 83338- SW6
CO TO 99999

C BLOT
2007 83888- SM7

GO TO 99999
C BL08
2008 83338- SW8

GO TO 99999
C BL09
2009 83333- SW9

GO TO 99999C 8L10
2010 83338- SMIO

GO TO 99999
C Bill

2011 B3338- SW11
GO TO 99999

C BL 12
2012 83383- SW12

GO TO 99999
C BL13

2013 83388- SW13
GO TO 99999

C Bl 14
2314 23333- 5914

GO TO 99999
C 8L15

2015 53333- S*w 15
GO TO 3999)

C 8LL5
2016 83333- Salo

GO TO 99999
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C BL 13
03V* 2013 88333» SW13
60*5 CO TO 99999

C BL19
00*6 2019 63388= SH19
00*7

€ 117
GO 70 99999

00*3 17 CONTINUE
00*3 XRITEIMPTR.aOOS)
0053 7035 FORHAHINITIAL.TAPE CONDITION1I
0051 CALL SHOR
0352 yRITEINPTR-,7006)
0053 7036 FORMAT I'I')
035* 6002 1 = 1-1
0355 CALL SHOW
0055 WRITEINPTR,7004H
0057 7004 FORMAT!1 *,•!=»,14).
0058 IF<ITAPe<I).EQ.3)G2 TO 5001
0059 SW2 =.FALSE.
0360 SMI . =.TRUc.
0061 Ir!I TAPS!I).EQ.Q)ITAPET11=2.
0062 IF!I TAPE!I).cO.l)irAPE!I> = 4
0063 CALL SHOW
0064 GO TO 99999
0065 6001 SH2 =.TRUE.
0366 SMI =.FALSc.
0067 C 101

GO TO 99999

0369 1 CONTINUE
0069 GO TO 6002
0070 8001 CONTINUE
0071

C '102
GO TO 99999

0072 2 CONTINUE
0373 6033 1 = 11-1
0074 CALL SHOW
0075 MR! TE(.NPTR,7004) I
0076 IF!I TAPE!I).E3.9)G3 TO 5003
0377 IFdHAPEill.EU.QJ.OR.llTAPE! D.EO.IDGO TO 600*
0073 IF!ITAPE!I).EQ.31G3 TO 6005
0079 IF(ITAPE!I).EO.2)GO TO 6006
0030 IF!ITAPE!n.EQ.4)G3 TO 6007
0031 GO TO 99999
0092 6003 SM4. =.TRUE.
0033 SH3 -.FALSE.
0034 SH13 -.FALSE.
0035 SMS =.FALSE.
0036 S«5 -.FALSE.
0037 ■ GO TO 99999
0033 6004 SM3 -.TRUE.
03 39 SW13 -.FALSE.-
0090 SW5 -.FALSE.
0391 SW4 -.FALSE.
0092 SM6 -.FALSE.
0093 GO TO 99999
0394 6005 SxlS -.TRUE.
0395 SW3 -.FALSE.
0396 SW5 -.FALSE.
0397 SW4 -.FALSE.
0093 S=6 -.FALSE.
0099 GO TO 99999 -
0100 6006 ITAPE!I)=0
0101 CALL SH34
0102 SW5 -.TRUE.
0103- SMS- -.FALSE.
0104 SW13 -.FALSE.
0105 SW3 -.FALSE.
0106 5W4 -.FALSE.
0107 GO TO 99999
0133 6307 I TAPE'. I ) = 1
OiO> "CALL SHOW
OH'J S'.d-. TRUE.
0111 S.5 =.FALSE.
0112 ssi3 -.false.
0113 SMI =-false.
0114 SF* -.FALSE.
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0115

0115 
0117 : 
01 18 
0119

0120 
0121 
0122 
0123 
0129

0125 
0126 
0127 
0128 
0129

0130 
0131 
0132 
0133 
0139

0135 
0135 
0137 
0133 
0139 
0150 
0161 
0152
0163 
0169 
0145 
CI4o 
01 57 
0168 
01 69 
0150
0151

0152 
0153 
0156 
0155

015S 
0157 
0158 
0159 
0160 
0161 
0162 
0163
0166 
0165 
0166

0167 
0168 
0169 
0170

0171 
0172 
0173 
0174

Cl 75 
Cl 15 
O'. <7 
0173 
0179 
Gl SO 
0131 
0132
Cl 33

C135

CO TO 99999
C L03

3 CONTINUE
GO TO 6008 

6002 CONTINUE
GO TO 99999 '

C LOS4 CONTINUE
HRITEtNPTR,70011

7001 FOHMATl*!', ’ENOING TAPE C3.N0I TI3N’ ) 
CALL SHOW 
CO TO 99996

C L18
18 CONTINUE

4iRITElS?TR,70aZ)
7032 FOXHAT<• ERROR CONDITION TERMINATION L13’) 

CALL SHOW
GO TO 99999

C LOS
5 CONTINUE

6039 1=1+1
CALL SHOW 
WaiTE(.NPTR,700*) I 
lr( 117APE ( 11 .£3-21-3R» (I TAPE! 11 .E0«4)-Q.R-CI TAPEt 11 • £3.9))

1 GO TO 6010 
IrtITAPEtI).E3.1)G0 TO 6011 
Ir(1TAP£(I).EQ.31G3 TO 6012 
GO TO 99999

6310 SN14 -.TRUE.
5315 =.FALSE. 
SWL6 =.FALSE. 
GO TO 99999

6011 5X16 =.TRUE.
5W15 =.FALSE.
5W14 =.FALSE.
GO TO 99999 

6312 ITAP£'II=2
CALL SHOW 
5X15 =.TR'JE. 
S916 =.FALSE. 
5W14 =.FALSE. 
CO TO 99999

C L16
14 CONTINUE

GO TO 6009 
8333 CONTINUE

GO TO 99999
C L15

15 CONTINUE
6014 1=1-1

CALL SHOW
HRITEfNPTR,7304)1
I FI I TAPE<I>-EQ.31G3 TO 6013
SW10 =.THUE. 
swii =.false. 
GO TO 99999 

6013 SWU -.TRUE.
SW10 -.FALSE.

• CO TO 99999
C LIO

10 CONTINUE
GO TO 6014 

8006 CONTINUE
GO TO 99999

C Lil
11 CONTINUE

GO TO 5008 
8005 CONTINUE

GO TO 99999
C LI6

15 CONTi'IUc
5015 1=1+1

CALL SHOW
WRITEINPIR, 7004)I
Ir((TAPEII) .SQ.31GJ TO 5016
IF! I TAPE I I) .20.9)30 TO 5017
I.-1 ITAPEi i) .EO.0)03 TO 5013
Irtt:A?E(I) .c3.l)G3 TO 5319
GO TO 93999

6018 ITAPeI!)=2 
CALL SHOW
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01SS 
0137 
0133 
0139 
0190 
0191 
0192 
0193 
0199 
0195 
0195 
0197 
0193 
0199 
0200
0201 
0202

0203 
0209 
0205 
0206

0207 
0203 
0209 
0210

0211 
0212 
0213 
0214 
0215

0216 
0217 
0213 
0219 
0220

0221 
0222 
0223 
0224 
0225 
0223 
0227 
0223 
0229 
0230 
0233 
0232 
0233 
0234 
0235
0236 
0237

0233 
0239 
0240 
0241

0242 
0243 
02 44 
0245

0246 
0247 
O245 
0249

6020 51412 =.TRUE.
5X13 =.FALSE.
5X19 =.FALSE.
GO TO 99999 

6016 SX19 -.TRUE.
5X12 =.FALSE.
5X13 =.FALSE. 
GO TO 99999 

5017 5X13 =.TRUE.
5X12 =.FALSE.
5X19 =.FALSE.
GO TO 99999 

6019 ]TAPc!I)=4 
CALL SHOW 
GO TO 6020

8006 CONTINUE
GO TO 99999C L12

12 CONTINUE
GO TO 6015

8007 CONTINUE 
GO TO 99999C L13

13 CONTINUE
GO TO 6002 

8003 CONTINUE
GO TO 99999

C LI9
19 CONTINUE

XR1TE(MPTR,7003>'
7003 FCRNAre •,'ERROR C3N0ITIUN TERMINATION H9‘).

CALL SHIH 
GO TO 99999 

C L06
6 CONTINUE

6021 1=1+1
CALL SHOW
X3I TEt.NPTR,7004) 1
IFt I IT APE( I) .EQ.21.3.R.I ITAPEl I). EO. 4 > .OR. (1T APelil-E3.9) > 

1 GO TO 6922
IFlITAPEII).50.0)03 TO 6023
1 F I I TAPE ( 11 . E-3.1) GO TO 502* 
GO TO 99999

5022 SX7 -.TRUE.
5X9 -.FALSE.
S'X3 = .FALSE. 
GO TO 99999 

6023 SW8 =.TRU=.
3X7 =.FALSE.
5X9 -.FALSE.
CO TO 99999 

5024 ITAPEII)=4 
CALL SHOW 
5X9 -.TRUE. 
5X3 -.FALSE. 
5X7 -.FALSE. 
GO TO 99999

C L07
7 CONTINUE 

GO TO 6021
8009 CONTINUE

GO TO 99999 
C L03

8 CONTINUE 
GO TO 6015

8010 CONTINUE
CO TO 99999 

C L09
9 CONTINUE

GO TO 6314 
99999 RETURN 

£?40
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SHOJ DATE = 72163 20/27/47FORTRAN IV G LEVEL 20

0001
0002

SUBROUTINE SHO^
COMMJ'l/3LKl/ I TAPE, I.HPTR,

1 SMI ,SU2, SX3,SR4,SW5,S»6,SW7,SN8,SW7,5WL0,SVLl,S>li2,S>JL3,SJ14,
1 5ML5,S>il6,SW17,SML8,SMl9

0003 LOGICAL^!1 SMI, SH2,SM3,SW4,SM5,S'M6,SU7,Sya,SW9,SX10,SMll,Sl<12,SML3TSM14,
1 S>.15,SWL6,SW17,5X18,5X19

0004 
0005

DIMENSION ITAPEllOO)
HRIT£(NPrR,700Ll11TAPE<JII,J 1=2,4),(ITAPEIJ21,J2=6>11>,1 I TAPE!J3) 

1 J3=13,18),iITAPEIJA),04-20,25),<I TAPE!J5),J5=27,32),
1 (ITAPElJ6),J6-34,39)

0006 7001 FORMAT!•O’,’ ¥*,312,’ X’,612,’ X'.SIZ,* X»,SI2,
1 • X‘,612,’ x',e>12.' ¥•)

0007
0003

RETURN 
ENO

FORTRAN IV G LEVEL 20 8LK DATA DATE.= 72153 20/29/47

0001 BL30X DATA
CO 02 CCM.'lON/dLKl/ ITAPE,I,N?TR,

1 5-4 1,5 J2,5 J3,5-4, 5X5,5X5, SV 7,SW8,5*9,5X10,5X11,5X12,5413,5X14,
1 5415,5*16,5*17,5X13,5X19

00 03 DIMENSION I TAPE!100)
0304 LOGICAL*!

1 SHI, 5X2,5X3,5 44,5 45,5X6, 5'47,5X3,5'49,5410, 5411,5412,5413,5X14,
1 5415,5416,5417,5418,5419

■0005 DATA 5'41,542,543,54 4,54 5,546,5*7,5X3,5X9,5410,5411,5*12,5413,
1 5'4 14,5415,'SW16,5417,54 18, 5'419
I /.FALSE.,-FALSE-,-FALSE.,.FALSE.,.FAI SE.,.FALSE.,.FALSE-,
1 -FALSE.FALSE.,.FALSE...FALSE...FALSE.,.FALSE.,.?AlS=.,
1 .FALSE...FALSE...FALSE...FALSE.,-FALSE./

0006 DATA NPTR/6/
0007 DATA 1/5/
0003

n
 

O
 

(T
•» 

O Or> 
cl 

O OQ
 

O O 
O O

'

a
 

0 0
 

H O
 

14 O
 

0 a 
d 0

 
O
' 0
 

fn 
uuD

l h"*1 
. 

Q

0009 END
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INITIAL TAPE CONDITION

YOllXOOllOlXOlOllOXOlllOOXOOOOOOXOOOOOOY

ENDING. TAPE CONDITION
Y011X22G*2*X2*2**2X 2 44100XOOOOOOXOOOOOOY

END Of hC-OEL CYCLING *♦*

FINAL HOOEL REPRESENTATION (PAGE 1)

****£-♦** >4>***X*»»*3>«***6*4#*#*F<»**** ♦#♦**♦** *.>»**> >*.»*♦.>;>*»*♦****♦*♦ *•»* f •*4.* ♦ » ♦ »X* C # #*«

* ♦ SUBSYSTEMS * SYSTEM- STATES . ♦ TRA.-lSt Tt 3NS
e * A* It • 4i»e»x**e«*<*v*****<?$:

» «■ USER 4 USER 4 USE <1 ETA i J) :
* LINE »5YH33L RH3 DELTA GAMMA $ SYMBOL ETA MJ ALPHA STATUS * SYM33- XAPPA ETA LINE 3ET A T AJ
*t?*p*64i*$t3»t*t4L****e#t*»* *♦**<;♦#♦♦***»• *$*$51
<i 1 * HACK 1 1 2 $ 4

2 * ♦ 102 2 0 * IH 4
* 3 4 ♦ L20 20 I 31 -1 0
* 4 ■* * T03 11 1 * X *
» 5 * < T02 10 1 * X 4
* 6 ♦ ♦ T01 9 1 * IH ♦

7 4 4 S36 8 1 + IW
♦ 8 4 ♦ * LIE 12 8 7 -1 1
* 9 4 . ♦ 4 ■ L13 13 3 23 -1 1
4 13 4 ♦ 4 L19 1? 11 4 -1 1
* 11 * « SOS 7 1 + IW 4
♦ 12 <e 4 4 • LIO 10 7 It -1 1
♦ 13 4 * 4 Lil 11 4 22 -1 1
$ 14 * 4 S04 6 1 4- IH 4
» 15 ♦ ♦ 4 LOT 7 6 14 -1 I
» IS * 4 4 L08 8 8 7 -1 1
♦ 17 4 * 4 L09 9 7 11 -1 1

18 4 ♦ S03 5 1 ♦ IW 4
* 19 4 ♦ 4 LIS- 1* 5 18 -1 1
4 20 4 ♦ ♦ " L15 15 7 11 -1 1
X 21 4 4 4 LIS IS 8 7 -1 1
* 22 ♦ ♦ S02 4 1 4- IW 4
♦ 23 * 4 4 L03 3 4 22 -1 1

2 4 $ 4 LG* «► 9 6 -1 1
• 25 4 ♦ 4 LOS 5 5 13 -1 1

26 * 4 4 1.0 o S & 14 -1 1
e 27 ♦ 4 4 na 18 IQ 5 -1 1
4 Z L 4 SOI 3 1 *• IH 4
•y 7> • •$ 4 4 LOl 1 3 23 -1 1
$ 33 ♦ 4 4 L3Z 2 4 22 -1 1
t 31 ♦ 4 131 1 1 * IH X
4 32 ♦ r $ 'LIT 17 3 23 1
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11. APPEKDEC D Critical Path Pro^raa

11.1 Direct Map Approach

♦*»*»*♦*>«»»♦»»»«»#*•*»•»•♦•♦«*«•»»»»•»♦»»»»»***»»»•»*♦»♦»•**»■»»*>»«**>»♦*»»**>*
H33EL REPaESENTATI3*4 L’iPUT

L CPM 1 1
W 101 CPM 0
M SOI CPS 2
U S02 CPfl 2
M S03 CPM 2W sot CPM 2
H SOS CPX 2
W SOS CPM 2
H S07 CPU 2
H SOB CPH 2
M SOB CPM 2W S10 CPH 2
H Sil CPM 2

S12 CPH 2
W S13 CP3 2
M Sit CPM 2
W S15 CPM 2
W SIS CPM 2
W 517 CPM 2
U S13 CPH 2
W 702 CPM 1
H X02 CPM 1
>4 102 CPM 0
X L01 101 SOI 1 0
X L02 SOL S02 1 t
X L03 SOI S03 1 3 .
X LOt SOI sot 1 6
X LOS S02 SOS 1 3
X LOS S02 SOS 1 2

L0 7 503 SOS 1 1
X L03 SOS SOS 1 2
X LOB 504 S07 1 t
A LIO SOS SOS 1 1
X Lil SOS S03 1 3
X L12 SOS S09 1 1
X L13 509 S03 1 3
X Lit 503 Sll 1 2
X L15 503 S12 1 5
X LIS S08 S10 1 t
X L17 S07 S10 1 2
X L13 511 SIS 1 1
X L19 SIS S13 1 3
X L20 512 SIS 1 5
X L2L Sit SIS 1 7
X L22 S12 S13 1 6
X L23 SI 3 S17 1 2
X L24 S12 510 1 7
X L25 510 S17 1 5
X L26 S17 S13 1 t
X L27 S02 sot 1 3
X L23 Sit S10 1 7
X L29 Sit S13 1 7
X L30 102 X02 1 0
X L31 X02 ro2 1 1 -1
./ 
I 101
I 102./ 
CMDRP 
OSYHL 
OSACT 
M.'iTX CPI 
T 45
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INITIAL HdDEL REPRESENTATION IPAGE 1)

•»••»••*»>*•♦*•>»*••*»»*»•*»»»*♦•♦*•**•»•♦•***»**••»••»»#••»>#»*»»♦»»>* »*«*#**»>M>*e« 
». * SUBSYSTEMS • SYSTEM-STATES * TRANSITION»»***4*«**»**««*«««»«*«»*«*««««*««****««««*a4>«*««**»«**x«*«*«x»*«*x«*»«»*»***«***»**»»»x»»x«x«**
• • USER • USER * USER ETA(J)A
• LINE •SYMBOL RHO DELTA GAMMA ♦ SYMBOL ETA MU ALPHA STATUS • SYMBOL KAPPA ETA LINE♦*•»»•»**♦•*♦»«•xxxxxxxxwxxxxxx*xxxx»xxx*»**>*x»*»xe»»*
• . 1 * GPM 1 1 1 • *
• 2 * • • 102 22 0 . IH • . ............ - .
• . 3 • • • L30 30 21 52
• * • *101 10. IW »
• 5 • • • L01 1 . 2 G3
•-. 6 ♦ » 518 - 19 2 . X * ........................................................
• 7 * * SIT 18 2 . IW •
• B * * * L26 26........... 19. ..fa.
• . 9 * * S16 17 2 X *
» 10 » ♦ SI5 16 2 . IW ■ •
• 11 1 * » L19 19 19 6.
• . 12 • » S16 15 2 . • IW »- ....
» . 13 » * * L21 21 17 9
• 16 . * ♦ ■ • L28 • 23 - 11 26
• 15 » * * L29 29 16 IS
»16 . • * S13 16 2 . ■ IW • . - . ..
• . 17 . » » * L23 23 18 7
• - 18 * » S12 13 2 . IW » . ...................... . -
» 19 • * » L20 20 15 12
• 20 * * * L22 22.. 16 IS-
• . 21 * » . • L26 26 11 26 -
• . 22 * » 511 12 2 . . IW - • ......................................
• 23 » » » L13 13 16 10

26 » • SIO 112 . I A » ............................................... ... .
1 25 » • * L25 25 13 7

26 * • 509 10 2 . IW * . ......................... .....
• 27 • » • L13. 13 9 23
fc 9A. * » S.3.3 9 2 - I A * . ......

»*»*****»x»*N*»e 
«••*•«*«•*«*•«««
BETA TAU PHI

1 0 0
1 0 0

- 1 6. . 0

1 3 3

1 . 7 0
17 3
1 7 0
12 3
I 5 3
1 .6 0
17 0

113
15 0

1 3 S

• 29 • »
• • 30 * *
*■ 31 » •
» 32 ♦ * S37 8
> 33 • •
» . 36 » » S36 7
• 35 • •
» 35 • » 505 6
• 37 * *
• 38 • •
• 39 • ♦ 536 5
• . 60 • •
» 61 ♦ *
• 62 * * 533 6
• 63 • »
• 66 • » 502 3
• 65 * *
» 66 * •
» 67 » *
• 63 » » 531 2
• 69 » »
• 50 » •
» 51 ♦ »

» L16
• L15
• L16

2 IW »
• LIT

2 IW •
• Lia

2 . IW *
• LIO
• Lil

2 IW •
• L03
• L39

2 . IW * ■
• LOT

2 IW *
» LOS
• LOB
• L27

2 IW *
» L02
• L03 
» LOB

xxx«a«4**eAXe»»»Ax»>x»s»xxx*

16 
15- 
IS

17.

12

10 
11

8
9

7

5
5

27

2
3 
6 

xeexxx

12 22 1
.. 13 . 18 .. 1

11. 26 1

11 26 1

10 26 1 .

7 36 1
9 28 1

7 36 1
8 32 1

7 36 1

6 35 1
T 36 1
5 39 I

3 66 1
6 62 1
5 39 1

SXXXXXXXXXXISXXXI

2 C
. .5 :

6 :

2 :

1 i

1 :
3 (

2 1
6 1

1 i

3 . 
2
3

6 
3 - 
6 

XX4X*****4«

INITIAL MODEL REPRESENTATION (PAGE 2)

» >« »»*»»»«*»* ««*«««»* *** *«««««*« «*»»***»»*»»##**«»*# »«»«*«»»« »e »«»*>» «•**»« »•>»«» »••»>« •»#♦#««**»*»»
* » SJ3SY$TENS * SYSTEN-STITES » T.’ A NS I TI DNS
u« >>*»»«■«* «*«»»»•**♦**■»»»»»■« »»*■>«»>«* »«**»»»*»>»»**»«»»>«>•» »■•■»»»»***♦ * x»»
♦ * USSR » JSER » JSET SYAijl:
» LINE »3Y13OL RH3 DELTA GANIA » Sf’llOL ETA NU ALP.'.A STATUS > SYH33l ;<A?>A ETA LI'iE 3S7A TAJ ?

» 52 > » X32 21 1 . IW ♦
« 53 => » * L3L 31 33 5 *■ 1 1
» 53 « • T32 2.3 1 X *
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FQSTRAM IV G LEVEL 20 BTP D4TE = 72168 20/39/13
0001 SUBROUTINE 3TP(83383,TTTTT,YYTYV,») 

IMPLICIT LNTEGEA»2( T ), LOGICAL»11 3)0002
0003 CORMON/TERM/CT
000* CORNO-'l/LAM30A/LOELTI 100) ,LOTI 100)
0005 INTEGER** CT
0006 CO3NOH/CHI3/ KJ I 1000),KREMANI 1900),KNXTRK11300)
0007 COHHON/OMEGA/ OREAR,QFR3NT,VNEXII509),SPR130,NPRI 31500),

1 NSTATl*99),NlSrR>H*00)
0003 INTEGERS NNEXr,NPRIO,NSTAT,NlSrRV,.<NXTR9rXRcMAN,9FRONr,QREA«,

1 NPRIOO.KJ
0009 INTEGER*2 KREHAX
0010 IHTEGER*2 LRHOX,NPRIOX,N,S.NX.KX,KTI ME
0011 DIMENSION LI ME 1100),IETAl109).TATJS1199)
0012 DATA LIME,TETA.TATUS 7100*9,100*0,100*0/ .
0013 DATA NPTR/67
0016 INTEGER*2 XXXXX,YYYYY,ZZZZZ,L
0015 CONMON/CH 11/31 3900),T(1000),Lt 1900)
0016 ZZZZZ=YY YYYH80
0017 zzzzz^zzzzz-iao
0013 GO TO I

1 31, 31, 31, 31, 31, 31, 31, 31, 31, 31
1 ),zzzzz

0019 RETURN 1
C L31

0020 31 CONTINUE
0021 CT = LQm)
0022 HRirSlMPTR,730*>
0023 700* FORMATt’l’,’ ‘ SYSTEM STATE ACTIVITY"//

1 12X, "LINE TINE ETA STATUS’//)
0326 1 = 1
0025 6001 READ!11,EN0=6003)LOT X,LRHOX,NPRI OX,N,S,NX
0026 7031 FORMAT!" ',3016.7)
00 27 IF(N2RIOX.E2.1)GO T3 6003
0023 Lri=ll)=LQTX
0029 rET4U)=N
0030 TATUS(I)=S

' 0331 HRI rE! NPTR,7991) I ,LIME I I ) ,TETA( I ) , TAT'JSI I )
0032 1 = 1 + 1
0033 IFtNX.EO.OlGO TO 6001
003* DO 6092 J=1,NX
0035 RE AO(11,END-600 3)XX,XTIME,KREHAX
0036 6092 CONTINUE
0037 GO TO 6001
0033 6003 ICLOC.t=LIMEII-l)
0039 HRITE!.HPTR,7005)
00*0 7095 FORMATI"!"," CRITICAL PATH"//

1 1 TIME EMTEREO ETA"//)-
00*1 1 = 1-1
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FORTRAN IV G LEVEL 20 BTP DATE » 72158

00*2 6004 IFILINEII>.EO.ICLO:X)GO TO 6005
0043 WRIre<NPTR,7OO2)
0044 7002 FORMAT!• ERRORl").-
0045 GO TO 99999
0346 6005 1F<TATUStO.EQ.6)G3 TO 6006
0347 I-I-l
0048 GO TO 6004
0049 6006 IH3-TETA<I)
0050 6037 WRITE(NPTR,7001IICLaCK,IHO
0051 6008 1-1-1
0352 IF(LINE!11.EQ.ICL03X1G0 TO 5009
0053 WRITEtNPTR,7003).
0054 7003 FORMAT I• ERR0R2’).
0355- ' GO TO 99999
035b 6039 lFHTATUSlI).EQ.a).3R.(TATUSm.EQ.l)lG3 TO 6010
0057 GO TO 6003
0058 6010 ITL-TETAM)
0359 6015 IF( I.EQ.DG3 TO 6011
0360 1=1-1
0061 IF(LIME 1 I).EQ.I CLOCK)GO TO 6012
0052 GO TO 6013
0063 6012 IF(ITATUS(I).EQ.8)-OR.(TATUS11).EQ.1))S3 TO 6014
0064 GO TO 6015
0065 6014 N-IHO
0066 NTEST-TETAU )
0067 K1-N1STRW(NTEST)
0363 ■ 6016 IF(KJIK1).EO.N)GQ T3 6013

• 0369 Kl = :<NXrR9(.<l)
0070 IFlKl.EQ.OlGO TO 6013
0071 GO TO 6316 •
0372 6013 ITL-TETAII)
0073 6013 IFl i.EQ.DGO TO 6011
0074 IF!<TETA(I).EQ.ITL).AND.tT4TUS(I).cQ.6))S3 TO 6319
0075 1 = 1-1 .
0076 GO TO 6013
0377 6019 IHO-TETAd)
0073 ICLOCK-LIME! I)
0079 GO TO 6007
0030 6011 1CLOCK-O
0031 WRITE(NPTR,7001)ICLOCX,ITL
0082 GO TO 99999
0083 99999 RETURN
0084 ENO

20/39/13
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SYM33L LISTS

RHO L-NAME RHO ' L-.SAME RHO L-HAME RHO L-HAME

1 CPM
- -

-

ETA W-HAMS ETA U-XAME ETA W-MAMg ETA rf-MAMfr

1 101 7 SOS 13 S1Z ia S17
2 SOI 3 " S07 IS SL3 '' 19 SI 33 S02 9 S03 IS SIS 20 - TO?
«. S03 10 S09 15 SIS 21 X02
5 SO* 11 SIS 17 SIS 22 102
6 SOS 12 SH -

XA?PA ■ X-NANE KAPPA X-'fAHE KAPPA X-^AME KAPPA X-HAXe

1 LOL 9 LOT 17 LIT 25 L25
2 L02 ia LIO 13 LL3 2S L23
3 L03" ii LIL 19 L19 27 L?T
-f LOS LI ' 23 L23 23 L23
5 L05 13 L13 21 L2L 29 L29
6 L05 1* LIS 22 L22 33 L3J
7 LOT 15 LL5 23 L23 31 » X1
3 L03 16 Lla ■ <_ -y l.2 t

CRITICAL PATH

TIME ENTEREO

39

30
23
13

10
9
7

0

ETA

19
13 
II 
15 
13

9
13

7



♦ TIME ♦ SUBSYSTEM ♦ SYSTEM--STATE * 4 STATUS 4 TRANSIT IONS 4
♦ » SYMBOL RH3 4 SYMBOL ETA H'J 4 4 SYMBOL <AP?A TAU . R 4
»»*♦»»♦♦**»«*♦»»•»*«****♦*♦***♦♦*#•♦*♦»*»♦»♦♦*»•<*•♦**♦♦*4««4444*4*M»N**4*4 4t*4 »«44«444«*44444>44444*

3 ♦ CPM 1 * SOI 2 2 4 <A> 4 ♦
* ♦ 4 4 L02 2 4 1 4
♦ 4 4 4 ■ L03 3 - .. 3 0 - ♦
* 4 4 4 LOS 4 . S 3 * ■

. » 4 S03 4 4 PM 4 4
» 4 S03 <r 4 A 4 4
* 4 4 4 L07- 7 1 . 1 ■ 44 ♦ . CPM . ' 1 SO 3 s 2 4 IU 4 4

. ♦ ♦ SOI 2 4 TA) 4 4
* * 4 4 L02 2 0 4
♦ 4 4 4 LOS - 4 6 - 2 4
» 4 S02 3 4 PW 4 4
* X S02 3 4 A 4 4
» 4 4 4 LOS 5 3- 3 4
» 4 4 ’ • 4 LOS & .. .. - 2 . 2 4
* 4 4 4 L27 - 27 3 - 3 • ., 4

6 » CPM 1 4 S02 3 2 ♦ IA) 4 4
4t - 4 4 4 LOS 5 . 3 1 4
» 4 4 4 LOS s 2 0 - 4
♦ 4 4 4 L27 . 27 3 1 4
♦ 4 SOI 2 4 1W 4 4

7- . > CPM 1 4 S02 3 2 4 Id 4 . - 4
4 SOS 6 4 PW 4 4

. » 4 SO<r- 5 5 PW 4 .. >
» . 4 SOS 6 4 A 4 .. 4
♦ . 4 4 4 LIO 10 1 . 1 4
d 4 4 4 LIL 11 3 3 4
♦ . 4 so* 5 4 A - 4 4

4 . 4 4 L08 3. ■ 2 " 2 - 4
♦ 4 4 4 L09 . 9 4 . 4

a # t CPM 1 * SOS 6 2 4 (A) 4 *
* 4 4 LIO ■ 10 -■ 1 - 0 - 4

» 4 4 4 Lil 11 - 3 . . 2 . ♦
• 9 » CPM 1 4 S04 . 5 2 * (A> 4 4

* 4 4 4 L03 3 2 - - 0 4
♦ 4 4 4 L09 9 4 2 4
* 4 SOS 7 4 PW 4 4

- * 4 SOS 7 4 A 4 4
♦ . 4 4 4 L12 12 1 - 1 4

10 CPM i 4 SOS 7 2 4 IW 4 .. 4
41 4 SOS 6 4 IW 4 .. 4
* 4 S09 10 4 PW 4
♦ 4 S09 10 4 A ■ 4 . 4
* 4 4 ♦ L13 13 - 3 • 3 4

11 * CPM i 4 SOS 5 2 4 IW 4 4
♦ 4 537 8 4 PW 4 4
» 4 S07 8 4 A 4 4
♦ 4 4 4 L17 17 2 2 4

13 4 CPM i 4 509 10 2 4 IW 4 4
* 4 S07 8 4 IW 4 *

4 SOB 9 4 PW 4 •
» . 4 S03 9 4 A 4
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* TIME « 
» SUBSYSTEM * 

» SYSTEM—STATE
ft

STATUS ft 
ft

TRANSITIONS ft
ftSYN30L RH3 SYM3CL 

iftftft>*4*)ftft4
ETA MU SYH33L 

^ftftftftftftftft
KAPPA 

ftftftftftftftftftl
TAU 

kftftftftftftft
R

* ft ft L14 14 2 2 ft
* . ♦ ft ft H5 15 . . 5 . - 5 . ft
» * ft ft L16 16 . 4 4 . ft

15 CPX 1 . ♦ soa 9 2 ft (A) ft ft
» ♦ ft ft L14 14 2 0 ft
♦ . ft ft L15 15 5 3 ft
* ♦ ft ft L16 16 4 2 ft
* : ♦ Sil 12 ft PW ft ft

"»■ Sil 12 ft A ft ft
♦ ♦ ft ft L13 18 1 1 ft

16 ♦ CPU 1 . ♦ Sil 12 2 ft 1U ft ft
* S15 16 ft Pi ft - ft» * S15 16 ft A ft ft

* ft • ft LI9 19 . 3 3 ft
17 * CPM. 1 » soa 9 2 ft (A) ft ft

» * ft ft LI5 15 5 1 . ft
* • *. ft ft L16 16 4 0 ft

18 * . CPX 1 . soa 9 2 ft IW ft ft
♦ ♦ S12 13 ft PH ft ft♦ SL2 13 ♦ A ft ft
♦ . ft ft L20 20 5 5 . ft
* ft ft L2Z 22 6 6 ft♦ * - ft ft L24 24 7 7 ft

19 ♦ . CPM 1 » ■ S15 16 2 ft IM ■ ft ft
23 » CPM 1 * 512 13 2 ft (A) . ft ft

» * ft ft L20 20 5 0 ft
» ft ft L22 22 5 1 ft

♦ * ft ft L2^ 24 7 2 ft
S14 15 ft PW ft ft

* » S14 15 ft A ft ft
* . ft ft L21 21 7 7 ♦

♦ ft ft L23 28 7 7 ft
» ft ft L29 29 7 7 ft

‘ Z't CPM 1 S12 13 2 ft IA) ft ft* ft ft L22 22 6 0 ft
» ■# ft ft L24 z* 7 1 ft

25 > CPM 1 S12 13 2 ft IM ft ft
30 CPM 1 ft S14 15 2 ft IX ft ft

* * S16 17 ft Pti ft ft
» S13 14 • ft P'.T ft ft
* » SLO 11 ft py ft ft

=> S16 17 ft A ft ft
♦ . * S16 17 ft I a ft ft

» S13 14 ft A ft ft
♦ » ft ft L23 23 2 2 ft
♦ . ft 510 11 ft A ft ft
* ♦ ft ft L25 25 5 5 ft

32 * CPM 1 S13 14 2 ft I a ft ft
35 CPM 1 ft S10 11 2 ft IW ft ft

ft S17 ia ft PH ft • ft
* ft S17 18 ft A ft ft
» ft ft ft L25 - 25 4 4 #

39 » CPM 1 ft S17 18 2 ♦ IW ft ft
* ft S13 19 ft PW ft ft
* ft sia 19 ft A ft ft
* . ft sia 19 ft IM ft ft♦ . ft X02 21 1 ft A ft ft
*• ft . ft ft L31 31 1 1 ft

40 * CPM 1 . ft X02 21 1 ft IH ft ft
* ft T02 20 ft PW ft ft
* ft . T02 20 ft A ft ft
♦ ft T02 20 ft IH ft ft

»>» END OF MODEL CYCLING *»»
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11.2 Subsystem Approach

MODEL REPRESENTATI3N INPUT 
**♦•*»»»♦****»♦♦♦♦*>♦**#♦««*•**♦♦*»»*♦♦♦*♦*»*♦*»♦♦*♦**»♦»*•»***»♦♦♦*****»*♦*****
L STR'J 1 1
L . PIP6- I 1
L ELEC 1 1
W SOL STRU 2
U S02 STRU 2
M SO3 STRU 2
W sot STRU 2
W SOS STRU 2
W SOS PIPE 2
W 507 PIPE 2w soa ELEC 2
w S09 ELEC 2 .
H SIO ELEC 2
H Sil ELEC 2
W S12 STRU 2
W S13 STRU ‘ 2
H SIS STRU 2
W 515 STRU 2
W SIS STRU 2
W S17 ELEC 2
W 513 ELEC 2
w S19 PIPE 2
w S20 STRU 2
H S21 STRU 2
M 522 PIPE 2
W S23 STRU 2
W S24 STR J 2
•J 525 STRU 2
w T01 STRU 2
w 101 STR'J 0
w 102 PIPE 0
w 103 ELEC 0
w IOS STRU 0
w X04 STRU 1
« TOS STRU 1
X L01 SOI S03 1 s
X L02 SOI S02 1 4
X L03 503 SOS 1 3
X LOS 503 SOS 1 3
X LOS 503 S09 1 3
X LOS 503 SIO 1 3
X LOT SOS S13 1 3
X L08 SOS SIS 1 3X L09 SOS SIS 1 3
X LIO S13 S23 1 2
X Lil S23 S2S 1 1
X L12 502 S12 1 2
X L13 SOS S12 1 1
X LIS $10 S12 1 2
X L15 SOT S12 1 1
X LIS S12 SIS 1. 1
X L17 SIS S13 1 3
X L13 SIS SIS 1 3
X L19 SIS SIS 1 3
X L20 SIS 520 1 5
X L21 SIS 513 1 5

161



X L22 S15 519 1 5X L23 S20 521 1 5X L24 S21 517 . 1 7
X L25 S21 522 1 7
X L2& SOS 507 1 3
X L27 S19 522 1 6
X L28 522 525 1 2X L29 503 510 1 6
X L30 503 509 1 6
X L31 509 511 1 4
X L32 511 517 1 . 2X L33 514 517 1 4
X L3% 517 525 1 5
X L35 518 517 1 7
X L36 101 SOI 1 0
X L37 102 506 1 0
X L38 103 508 1 0
X L39 525 TO1 . 1 4
X L40 521 525 1 1X L41 507 519 1 1
X L42 511 518 1 1X L43 104 X04 I 0
X L^-t X04 T04 1 1. -1
./
1 ■ 101
I 102
I - 103
I 104
./OMOXP
OSYML
OS ACTC'-IMR STR'J
GMMTR PIPE
OMiSTR ELECT . 45

FORTRAN IV G LEVEL 20 BTP DATE = 72163 20/*5/23

0001 SU3R3UTINE 3TP(83385,TTTTT,YYYYY,*)
0002 !.M»Li:iT INTEGER *2 ( T ), LOGICAL*! < 8)
0003 CO^NON/TERa/CT
0004 C01N0N/LAN30A/LDELTI100».LOT(100)
0005 lNrEG£R»4 CT
0006 INTEGER*2 XXXXX,YYYYY,ZZZZZ.L
0007 CCIHON/CHU/ai 3000) , T( 1000), LI 1000)
0003 ZZZZZ=YYYYY*180
0009 ZZZZZ=ZZZZZ-180 ■V
0010 GO TO 1

1 44, 44, 44* 44, 44, 44, 44, 44, 44*
1 ),11111

0011 RETURN 1
C L44

0012 44 CONTINUE
0013 CALL OUTPUT
0014 cr=Lqni)
0015 99999 RETURN
0016 EMO
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OUTPUT DATS = 72158 20/^5/ZaFORTRAN IV G LEVEL 20

0001 £U3R0'jriME OUTPUT
0002 01 IE "IS IOM LIME!100),TETAtl03),TATUS( 1001
0001 InrEC=R>2 LRHOX.NPRIOX,N,S,SX,XX,KTIHc
0004 INTEG£R»2 KREHAX
0005 INTEGER TETA.TATUS
ooos DATA LI’IE,TETA.TATUS Z100»0,100«0,100>07
0007 COM "ION/OH I 3/ KJ(1009),KREHASI1300),<NxrR«( 1000 >
oooa COMHON/OHEGAZ OR EAR , 0 FRONT , SNcXT (500 ), N?R I-33 ,NPR 131 500) ,

1 ' NSTATI400).NlSTRnl400)
0009 INTEGER’2 NNEXT,NPRI 0, NSTAT , VISTRW, KNXTRW.AREHAM.OFRONT,Q.RcAR,

1 MPRIOO.XJ
0010 NPTR=6
0011 WRITE(NPTR,7004)
0012 7004 FORMAT!•l',' SYSTEM STATE ACTIVITY'ZZ

1 12X, ’LINE TIME ETA STATUS’ZZX
0013 1=1
0014 6001 REAOIH,ENO=60O3>L3TX,LRHaX,N?RI0X,N,S,NX
0015 7001 FORMAT!' »,8G14,7)
0016 IF[NPRIHX.EQ.l)GO TO 6003
0017 LIME!I)=LQTX
0018 TETA(1) = .N
0019 TATUS!I)=S
0020 WRtTE!NPTR,7001)I,LIHEtl),rETA(I),TAr ’JSi I)
0021 . 1 = 1*1
0022 IF!NX.EQ.OJGO TO 6001
0023 D3 6002 J=1,NX
0024 READ!ll,END«6003)KX,KTI.ME;KREMAX
0025 6002 CDMTIN'Jc
0026 GO TO 6001
0027 6003 ICLOCX=LIH£<1-1)
00 28 b'RI TE t N’PTR , 7005 )
0029 7305 FORMAT!’!*,’ CRITICAL PATH'ZZ

1 • TIME ENTERED ETA’ZZ)
0030 1 = 1-1
0031 6004 IF( LIMElI).EQ-ICLGCX)GO TO 6305
0032 HRITEtMPTR.TOOZ)
0333 7002 FORMAT!’ ERR0R1’)
0334 G3 TO 99999
0335 6305 IF!TATJS!I).cO.6)G3 TO 6006
0036 1 = 1-1
0037 GO TO 6604
0038 6305 IH3=fErA!I)
0039 6037 WRITEINPTR.TOOL)ICL3CX.IH0
00 40 6003 1=1-1
0341 IFtLIHE!I).EQ.ICLOCK)GO TO 6009
0342 HR! TE ("IP T.R . 7003)
0043 7003 FORMAT(* ERR0R2’)
0044 GO TO 99999
00 45 6009 IF!ITATUSII).EQ.8).OR.!TATUS!I).EQ.11)G0 TO 6013
0346 GO TO 6008
0047 6010 ITL = TETA(D
0048 6015 IF!I.E0.1)G3 TO 6011
0049 1 = 1-1
0050 IFtLIME!D.EQ.ICLCCX1G0 TO 6012
0051 . GO TO 6313
0052 6012 IF! ! TATUS! I) .EQ.8) .OR. ! TATUS! D-EQ.1)163 TO 6014
0053 GO TO 6015
0054 6014 H-IHO
0055 NTEST=TETAU)
0355 K1=N1STRW(NTEST)
0057 6016 IF<KJ(X1).E3.N)GO TO 6018
0059 Xl = :<NXrRUIKl) .
0059 IFIKI.EQ.0I30 TO 6313
0060 GO TO 6316
0361 6018 irL = TETA(I)
0362 6013 IF! I .E3.DG3 TO 6011
0353 IF! tTeTA(I).EQ.1TL).AND.tTATUS!11.EQ.6)150 TD 5319
0064 1 = 1-1
0055 GO TO 5313
0366 6019 IHD=rETA(I)
GO 5 7 ICL2G<=LIME<I).
0363 GO TD SOO?
C''S9 531’. TC'_CC4=3
03 TO hr I r:-< ;?r?.,7ooi) i clock, itl
0371 GO TO 99999
0372 99999 RETURN
03 7 3 E’lD
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INITIAL MODEL REPRESENTATIOM {PAGE 1)

* * SU8SYSTEHS X SYSTEM-STATES ■ riAMsiriDss

♦ ♦ USER ♦ JSER * USE 3 ETAIJ)z
♦ LISE ♦SYMBOL RH3 DELTA GAMMA X SYH30L ETA MJ ALPHA STATUS ♦ SYM33L <APPA ETA LIME 3ETA TAJ PHI
♦ 1 ♦ STRU 1 1 1 X X
♦ 2 ♦ X 104 33 0 IM X
• 3 X X L43 43 31 49 1 0 0
* 4 » X 101 27 0 IM X
* 5 • X X L36 35 1 45 1 0 0
» & ♦ x T01 26 2 X x
N 7 * X S25 25 2 IM ♦
* 8 * X X L39 39 2$ 6 1 4 0
* 9 ♦ X 524 24 2 X X
* 10 » X 523 23 2 IM X
♦ 11 » X X LU 11 24 9 1 1 0
♦ 12 ♦ X 521 21 2 IM X

13 » X X L24 24 17 63 1 7 0
14 x X X L25 25 22 54 1 7 0

* 15 x X X L40 40 25 7 1 L 0
» IS » x 520 20 2 IM X
# 17 x X X L23 23 21 12 1 5 0
♦ 13 X SIS 16 2 IM X
* 19 * X X L17 17 13 23 1 3 0
> 2D ♦ X X L13 13 15 22 1 3 3
# 21 X X X L19 19 14 25 1 3 0
* 22 » X 515 15 2 IM X

23 X X X L20 20 20 IS 1 5 0
» *> '* ¥ X X L21 21 13 55 1 5 0
*x 25 X X L22 ■ 22 19 55 1 5 3
* 2S » X 514 14 2 IM x
> 27 # X X L33 33 17 63 1 4 0

28 x X 513 13 2 IM X
29 x X X LIO 13 23 10 1 •> 0

» 30 » X 512 12 2 IM X
* 31 X X X LIS 15 16 13 I 1 0

32 * » 505 5 2 IM X
> 33 » X X LOT 7 13 23 L . 3 0

34 X X X L03 3 15 22 1 3 3
♦ 35 X X X L09 9 14 25 1 3 0
6 .35 x X 504 4 2 IM X
» 37 X X X L13 13 12 33 1 1 0
♦ 33 » X 503 3 2 IH X
» 39 X x x L03 3 5 32 1 3 0
* 40 X X X L04 4 4 35 1 3 0
♦ 41 X X X LOS 5 9 75 1 3 0
* 42 X X X LOS S 10 73 1 3 3

43 X X 502 2 2 IM X
» 44 X X X L12 12 12 30 1 2 Q
♦ 45 X X SOL 1 2 I'M X
* 45 X X X L01 1 3 33 1 4 0
» 47 ♦ X X L02 2 2 43 1 4 0
> 4 3 ♦ X T04 32 L X X

49 * * X04 31 1 IM X
> 53 X X X L44 44 32 43 1 1 -1
X 51 ♦ PIPE 2 1 1 X X
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>***#***»**♦***»*»♦*♦*»**»»*>>♦»»*♦*» »******»**-x****» *♦*>#**#*»****>>♦»***** **i»**** >*♦*•** ********

INITIAL MODEL REPRESENTATION (PAGE 2)

»»**»»»«»*♦•»*«»»#*»*»*>»*>>♦»»>* >"»*>**•»»►•»»*««»**»♦♦♦»»»*  «**»n>**»ii*<I***********;
* ♦ suasYsrEMs • ♦ system-states • transirtoms
*******♦♦****♦*♦***♦****♦*♦*♦**♦*♦***»***»**•*♦♦*»****************♦*************>*********♦♦********♦♦*♦**********
* .» USER » USER * USER ETAtJ):
* me »SYH53L RH3 DELTA GAMMA * SYMBOL ETA MJ ALPMA STATUS ♦ SYMBOL SAPPA ETA LIME BETA TAJ PHI

** *»i* **■********♦*•«»***♦****♦*»*■** ************* ********* ******* **»*•********•***********-**■*******•>■*•**♦***♦******♦***<

> 
♦ 52

53
» 
*

* 
*

102 28 0 • IW * 
# L37 37 6 61 1 0 0

* 5A * * 522 22 2 • I-rf ♦
* 55 ♦ > <-28. 28 25 7 1 2 0
♦ 5S * ♦ S19 19 2 • IW ♦
* 57 ♦ * * L27 27 22 54 1 6 0
* 53 ♦ ♦ S07 7 2 • IW *
* 59 » ♦ ♦ L15 15 12 30 1 1 0
* 60 * * * L41 41 19 58 1 1 0
♦ 61 * ♦ S06 6 2 • IW *
♦ 62 * ♦ * L26 26 7 58 1 3 0
* 63 ♦ ELEC 3 1 1 » *
♦ 6<» » * 103 29 0 IW ♦
♦ 65 * * L38 33 S 77 1 0 0
* . 66 # S18 18 2 • • IW *■
* 67 * * » .• L35 35 17 63 1 7 0
* 68 » * S17 17 2 e IW *
* 69 » * L34 34 25 7 1 5 0
♦ 70 * * Sil 11 2 e IW *
* 71 * * * L32 32 17 53 1 2 3
* 72 ♦ » * L42 42 13 65 1 1 0
♦ 73 * » S10 10 2 » IW *
♦ 74 * * * LIA 14 12 30 1 2 0
» 75 # » S09 9 2 e IW *
» 76 » * * L31 31 11 70 1 4 0
* 77 ♦ ♦ S03 3 2 • IW *
♦ 73 * * * L29 29 10 73 1 6 0
■* 79 * * * L30 30 9 75 1 6 0
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SYManL LISTS

RHO

1

L-NAHE

STRU

RHO

2

L-HAHE

PIPE

RHO

3

L-NAHE

ELEC

RHO L-NAHE

ETA H-NAHE ETA W-HAHE ETA W-HANE ETA 4-N4ME

1 SOI 9 509 17 $17 25 $25
2 S02 10 510 13 513 26 T01
3 S03 11 Sil 19 $19 27 131
4 S04 12 $12 20 $23 23 102
5 505 13 S13 21 $21 29 103
6 S06 14 514 22 S22 30 104 .
7 507 15 S15 23 $23 31 X34
8 soa 16 $16 24 $24 32 T04

KAPPA X-MAHE KAPPA X-.HA.MH KAPPA X-.*tA1E KAPPA X-Nt'ie

1 LOl 12 L12 23 L23 34 L34
2 . 102 13 L13 2 4 L2S 35 L35
3 L03 14 LI4 25 L25 35 L35
4 L04 15 L15 26 L25 37 L37
5 L05 16 LIS 27 L27 33 L33
6 LOS 17 L17 23 L23 3 9 L39
7 L07 18 Lid 29 L29 40 L43
8 L0 3 19 L19 30 LOO 41 L41
9 L09 20 L20 31 L31 42 L42

10 LIO 21 L21 32 L32 *3 L43
11 Lil 22 L22 33 L33 44 L44

CRITICAL PATH

TIME ENTERED ETA

39 26
35 25
30 17
23 21
18 20
13 15
10 16
9 12
7 10
4 3
0 1
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TIME » SUdSrSTEI 9
9

SYSTER-STATE * 
•

STATJS

t O*> 99>

*
SYM33L 

^♦99X9999

4MSI riO'iS 
<APPA TAU R 9SYM3CL RHO SYMBOL ETA HU

3
I * * * W v * ■

PIPE 2 9 506 6 2 ♦ IW 9 9
♦ 507 7 ♦ PW 9 9
* SOT 7 9 A 9 9

♦ » 9 9 LIS 15 1 . 1 9
» 9 9 L41 41 1 1 9

4 * STRU 1 * . SOI 1 2 9 IW 9
> PIPE 2 9 SOT 7 2 9 IW *» 9
•• STRU 1 9 S03 3 2 9 PW ♦ 9
> 9 S02 2 9 PW 9 9
♦ . 9 S03 3 9 A 9 9
♦ 9 9 9 L03 3 3 3 9
* 9 * 9 LOS- 4 3 3 9
♦ . 9 9 9 LOS 5 3 3 9
• ■ 9 9 9 LOS 6 3 3 9
9 9 S02 . 2 9 A 9 9
9 9 9 9 L12 12 2 2 9

6 9 STRU 1 9 S02 2 2 9 IW 9 9
» ELEC 3 ♦ SOS 8 2 9 • IW 9 ♦

7 9 STRU 1 S03 3 2 9 IW 9 ♦
9 * SOS 5 9 Prl 9 »
'* » S04 4 9 PW 9 9
9 ELEC 3 9 S10 10 2 ♦ ■PW 9 9
* 9 S09 9 # PW 9 9 .
9 . STRU 1 9 505 5 2 9 A 9 9
» . 9 9 9 L07 7 3 3 9 ;
* * - * 9 LOB a 3 3 9 .
9 * 9 9 L39 9 3 3 9
9 9 * S04 4 9 A 9 • 9
9 9 9 9 L13 13 1 1 9
9 ELEC 3 9 510 10 2 9 A 9 9 -
9 9 9 9 L14 14 2 2 9
9 9 509 9 9 A 9 9
9 9 9 ♦ L31 31 4 4 $

a 9 STRU 1 . 9 504 4 2 » IW * - ♦
9 9 ELEC 3 510 10 2 IW 9 *

9 STRU 1 * 512 12 2 * PW * 9
* 512 12 9 A * *
* 4t 9 # L15 IS 1 . 1

10 • STRU 1 ♦ 512 12 2 9 IW * ♦ -
SOS 5 9 IW 9 *

• 9 515 15 9 PW 9 ♦
6 9 516 16 9 A 9 9
» 9 * 9 LIT 17 3 3 9
# 9 » 9 • Lia 13 3 3 9
* 9 * 9 L19 19 3 3 9

11 » ELEC 3 9 509 9 2 » IW 9 9
9 $11 11 * PW 9 9

» : 9 Sil 11 * A 9 9 .
9 9 » 9 L32 32 2 ■ 2 9
•> 9 9 9 L42 ^2 1 1 9

12 # ELEC 3 9 511 11 2 9 (A) 9 9
9 9 9 9 L3Z 32 2 1 9
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* TIME ♦ SUdSrSTEH » SYSTEM-STATE *.STATUS * TRANSITIOMS »
» * SYH3OL RHU » SYMBOL ETA MU ♦ * SYM3DL <A??A TAU R •

♦ ♦ ft L42 42 1 3 ft
13 ♦ STRU 1 ♦ S16 16 2 ft IM ft ft

» ELEC 3 ♦ SLl 11 2 ft IW ft ft
# STRU 1 ♦ 515 15 2 ft PR ft ft

♦ SL4 14 ft PR ft ft
♦ * S13 13 ft PH ft ft

♦ S15 15 ft A ft ft
» ♦ ft ft L23 20 5 5 ft
* ♦ ft ft L21 21 5 5 ft
♦ * ft ft L22 22 5 5 ft

* • S16 14 ft A ft ft
• * ft ft L33 33 4 4 ft

♦ S13 13 ft A ft ft
♦ ♦ ft ft LIO 10 2 2 ft

15 ♦ STRU 1 * S13 13 2 ft IW ft. ft
523 23 ft PW ft ft

♦ ♦ S23 23 ft A ft ft
* ft ft Lil 11 . 1 1 ft

16 » STRU 1 ♦ S23 23 2 ft IW ft ft
» ♦ S24 24 ft PW ft ft
* * S24 24 ft A ft • . ft.
> • ♦ S24 24. ' ♦ IW ft ft

17 ♦ STRU 1 . * S14 14 2 ft IW ft ft
18 STRU 1 515 15 2 ft IW ft ft

♦ •• S20 20 ft PM ft ft
# PIPE 2 . S19 19 2 ft PW ft ft
41 ELEC 3 * 513 18 2 ft PM ft ft
* - STRU 1 » 520 20 . 2 ft A ft ft
» ft ft L23 23 5 5 ft
* PIPE 2 519 19 2 ft A ft ft

ft ft L27 27 6 6 ft
* ELEC 3 » sia 13 2 ft A ft ft

» ft ft L35 35 7 7 ft
23 » STRU 1 ♦ S20 20 2 ft rw ft ft

» * S2l 21 ft 2'3 ft ft
♦ * S2L 21 ft A ft ft

* ft ft L2'. 24 7 7 ft
* ft ft L25 25 7 7 ft
» • ft . ft L40 40 1 1 ft

24 » STRU 1 --4 S21 21 2 ft IA1 ft ft
♦ ft ft L24 24 7 6 ft
* * ft ft L25 25 7 6 ft
♦ * ft ft L40 43 1 0 ft

PIPE 2 ♦ S19 19 2 ft IW ft ft
25 * ELEC 3 S18 13 2 ft IW ft ft
30 ♦ STRU 1 S21 21 2 ft IW ft ft

» PIPE 2 » S22 22 2 ft PM ft ft
* ELEC 3 * 517 17 2 ft PW ft ft

PIPE 2 S22 22 2 ft A ft ft
ft ft ♦ LES 23 2 2 ft

* ELEC 3 ft S17 17 2 ft A ft • ft
ft ft ft L34 3* 5 5 ft

32 » PIPE 2 ft - 522 22 2 ft IW ft ft
35 ♦ ELEC 3 ft S17 17 2 ft IW ft ft

» STRU 1 • ft S25 25 2 ft PW ft ft
♦ ft S25 25 ft A ♦ ft
♦ ft ft ft L39 39 4 4 ft

39 * STRU 1 ft ■ S25 25 2 ft IW ft ft
♦ ft T31 26 ft PW • ft ft
♦ ft TOl 26 ft A ft ft
♦ ft T01 26 ft IW ft ft
♦ ft X04 31 1 ft A ft ft
* ft ft ft L44 44 1 1 ft

40 ♦ STRU 1 ft X04 31 1 ft IM ft ft
» ft T04 32 ft PW ft ft

ft T04 32 ft A ft ft
♦ ft T04 32 ft IW ft ft

»'■«* EMD Cr MODEL CYCLING »»»
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12^ AP‘P3?rDl.\ E Hur-an-Machine interaction Frogram

12.1 L'acroscopic Approach

****♦*♦***♦***♦**♦•*♦********»•♦*♦**♦*♦♦**•*>»♦♦*•**♦♦****»♦♦*#****♦******> t**** 
MODEL REPtSSENTAHJN I'iP'JT 

*>»**♦»**♦»•»»*♦♦♦**♦•********» »*•*****♦*** »**n*»* »***«••»•♦»>>**♦*♦♦** ♦♦*#♦****

1 MAM 1 . 1
L SA 1 1
L U1 1 1
L U2 1 1
L U3 1 1
L U* 1 1.
t U5 1 1
H 102 SA O ♦
W SAOl SA O ♦ .
y SA02 . SA O ♦ .
w SA03 SA 0 ♦
X L01 SA01 . SA03 . -1 - 1. -1
X L02 SA01 . SA02 -1 1. -1
X L03 SA01 SA01 -1. 1 -1
X LO* SA03 SA01 1 1 -1
X LOS SA02 SA01 1 1 -1
X LOS 102 SA01 1 0
H 101 . HAM' 0 ♦ .
W MOI . MAN 1. + .
W M02 MAN 1 ♦
H H03 MAN 1 ♦
W MOS MAN 1. ♦
w T01 HAN 2 ♦
X LOT MOI M03 -1 5
X LOS MOI M02 -1 5
X L09 H02 MO* -1 3
X LIO M02 MOI -1 3
X Lil . HOI 701 -1 3 . -1
X L12 M03 VLOS -1 ID . -
X L13 MO 3 U23S . -1 ID .
X LIS M03 U30o -1 10
X L15 MO 3 uses -1 10
X LIS M03 U506 -1 10
X LIT . MOS U501 -1 20 -1
X L18 MOS US01 -1 20 -1
X L19 MOS U301 -1 20 . -1
X L20 MOS . U201 -1 20 -1
X L21 MOS U101 -1 20 . -1
X . L67 101 MOI 1 . 0
w U101 111 1 *
w U231 U2 1 ♦
M U301 U3 1 ♦
M U401 US 1 ♦
w U501 US 1 ♦
M U102 U1 1 ♦
w U202 U2 1 ♦ .
H U302 U3 1 ♦
W U402 US 1 ♦
w U5O2 US 1 ’ +
w U103 U1 1 +
H •U203 U2 1 ♦
W U303 U3 1 ♦ .
H US03 US . 1 * .
W U503 US 1 ♦
W U104 UL 1 ♦ .

U20S ,U2 1

169



w U3OS U3 1 ♦w w w V w M W W W w w w M w w M W W y 
H M y 
X

u*o*
U504
U105
U205
U305
U405
U505
U106
U205
U30&
U»06
U506
TIO1
T201 .
T301
T431
T501
U107
U237
U307
U407
U507
L122

U4
U5
U1
U2
U3
U4
U5
U1
U2
U3
U4
U5
VI
U2
U3
U*
U5
U1
U2
U3
U4
U5
U101 U102

1
1
2
2
2
22
3
3
3
3
3
1
1
1
1
1
1
1
1
1
1
-1 .

♦
*
♦
<■
+
♦♦
+♦ 
♦
♦ .
*
♦ .
■»
♦
♦
♦

♦
♦
10 -1

X L222 U201 U2O2 -1 10 -1
X L322 U301 U3D2 -1 10 -1
X L422 U401 U402 -1 10 -1
X L522 U501 U502 -1 10 -1
X L123 U101 U134 -1 10
X L223 U2O1 U234. -1 . 10
X L323 U301 U304 -1 . 10 •
X L423 U431 Ui34 -1 10 .
X L523 U5O1 U504 — i 10
X 1124 U1O1 -301 1 10 -1
X L224 U201 HOL 1 10 -1
X L324 U301 HOI 1 10 -1
X L424 U401 MOI 1 10 -1
X L524 U50L MOL 1 10 -1
X L125 U104 U104 -1 5 -1X L225 U204 U204 -1 5 -1
X 1325 U304 U334 -1 5 -1
X L425 U404 U404 -1 5 -1
X L525 U504 U534 -1 5 -1
X L125 U104 U105 -1 1
X L226 U234 U205 -1 1
X L326 U304 U305 -1 1
X L425 11404 U405 -1 1
X L525 U504 U505 -1 1
X L127 U105 T101 1 5 -1
X L227 U205 7201 1 • 5 -1
X L327 U3O5 7301 1 5 -1
X L427 . U405 7401 1 5 -1
X L527 U505 7501 1 5 -1
X L128 U103 U103- -1 10 - -1
X L223 U203 U203 -1 10 -1
X L328 U303 0303 -1 10 -1
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X usza U403 U403 -1 10 -1X L528 U503 U503 -1 " 10 -1
X L129 UIO2 U103 1 60 -1X L229 U202 U203 1 60 -1
X L3Z9 U3O2 U303 1 60 -1
X L*29 U4O2 U403 1 60 -1
X L529 U502 U5O3 1 60 -1
X L13O U106 HOL 1 20 -1
X L23O U20& HOL 1 20 -1
X L33O U306 MOL 1 20 -1
X L430 . US06 MOL 1 20 . -1
X L53O U5OS MOL 1 20 -1
X L131 U106 UL07 1 20
X L231 U206 U2O7 1 20 .X L331 . U306 U307 1 20 .
X . L431 U40S U407 1 . 20
X L531 U5O6 U5O7 1 20
X L132 U103 TL01 -1 1
X L232 U2O3 T20L -1 1
X L332 U303 7301 -1 1
X L432 U403 T40L -1 1X L532 U5O3 1501 -1 . 1
X LL33 U107 TL01 1 1 -1
X L233 U207 T201 1 1 -1
X L333 U307 T301 1 1 -1X 1433 U4O7 T401 1 1 -1
X L533 U507 T501 1 1 -1
X L134 U104 7131 -1 1
X L234 U204 7201 -1 1
X L334 U304 7301 -1 1
X L434 U404 7401 -1 1
X L534 USD* .7501 -1 1
./.
I 101 .
I 102 .
./
O.MORP
OSYML
OSACT
D.'INTR HA.t
□.INTR U1
C.-1NTR U2
as NTS U3
OMNTR U4
O.1NTR US
T 2300
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♦***»<»*»<•****♦»**•***♦*•*•» *♦•♦*♦»***»**»****••♦<'••♦*♦•*•♦**»*•••••*•**•**•♦•**»»**•♦♦•*****♦*♦•♦••••♦»♦*♦**

INITIAL MODEL REPRESENTATION (PAGE 1)
■♦♦♦** *♦♦♦***•******••*» *•• •***«»»*••**** ******** ********

♦ * SUBSYSTEMS ♦ SY ST EM-STATES * TRANSITI3 NS ♦
♦*♦«»*** •*•♦♦♦•>♦•*e********* ♦ * • **•••*■1k* ** ** ♦♦•♦***•**#♦ * •• * * * **• •*••*••* * * * ** *•**»****♦*** *••♦•*♦*

• * USER * JSER » USER ETA (J): *» LINE ♦SYMBOL RHO DELTA GA4HA • SYMBOL ETA HU ALPHA STATJS » SYH33L <A3?A ETA LINE 3ET4 raj PHI »*********•*•* * *#«*♦*•***•*••*♦*#•*** ** ************ *♦*•****♦••* ****** • *v ****** ************* ************* • ••»*•*♦**♦*
* 1 * MAN I 1 1 ♦ * ♦
• 2 * 101 5 0 ♦ 1W * *
* 3 * ♦ » L57 22 6 20 I 0 3 *♦ 4 * » 131 10 2 * X • *
* 5 ♦ ♦ HO* 9 1 * IW * •
♦ 6 *r » * L17 17 15 1*1 -1 20 -1 »* 7 ♦ ♦. * L18 18 14 119 -1 20 -1 •• B » » * L19 19 13 97 -1 20 -X ♦♦ 9 » * * L20 20 12 75 -1 20 -1 ♦* 10 ♦ ♦ ♦ L21 21 11 53 -1 20 -1 *
♦ 11 * M33 8 1 ♦ IW « *
* 12 * * ♦ LIZ 12 36 36 -1 10 0 *
■ 13 ♦ * ♦ L13 13 37 58 -1 10 0 ♦* 14 * * ♦ LI* 1* 38 80 -1 10 0 •♦ 15 » ♦ » L15 15 39 102 -1 10 3 ** 16 * * * Ll£> 16 40 12* -1 10 0 ♦
♦ 17 » ♦ M02 7 1 ♦ IM ♦ ♦
♦ 13 * ♦ * L09 9' 9 5 -1 3 0 *
♦ 19 * * * LIO 10 6 20 -1 3 3 ♦* 20 * * HOI 6 1 ♦ IM * »
* 21 * * ♦ L07 7 8 11 -1 5 0 ** 22 » ♦ * • Loa B 7 17 -1 5 0 ** 23 ♦ * Lil 11 10 * -1 5 -1 *» 24 * SA 2 1 1 » * ♦* 25 * SA03 . 4 0 ♦ IW * ♦
♦ 25 * * ■ ♦ LO* * 2 29 1 . 1 -1 »♦ 27 * • » SA02 3 0 ♦ IM * ♦
» Z3 * ♦ * LOS 5 2 2? 1 1 -1 ♦* 29 * * 3401 2 0 ♦ IW * *
* 3D ♦ * LOl 1 4 25 -1 1 -1 ** 31 * » * L02 2 3 27 -1 1 -1 ** 32 ♦ * * L03 3 2 29 ■ -1 1 -1 ** 33 ♦ 9 102 1 0 * IM *
* 34 * * ♦ L35 6 2 29 1 0 0 ** 35 * U1 3 1 1 * * *
* 35 * * U106 35 3 ♦ IM * *
* 37 * * ♦ L130 63 6 23 1 20 -1 ** 33 ♦ » * L131 68 46 . *1 1 20 0 *
♦ 39 * U105 31 2 ♦ IM ♦ *
» 40 # ♦ * L1Z7 *8 41 *3 1 5 -1 *
♦ 41 ♦ * U107 46 1 + IM ♦ ♦
* 42 * * L133 73 41 *3 1 1 . -1 ** 43 • ♦ T101 41 1 * X * •
♦ 44 ♦ * U10* 26 1 ♦ IW ♦ ♦» 45 » * » L125 38 26 ** -1 5 -1 *
♦ 45. * * * L12S *3 31 39 -1 . 1 3 *
♦ 47 *' » LL3* 83 41 *3 -1 . 1 0 •> 48 * * U103 21 1 ♦ IW ♦ *
♦ 49 ♦ * * L123 53 21 *3 -1 10 -1 ♦* 50 ♦ * * L13Z 73 41 *3 -1 1 0 •• 51 * * U102 16 1 * IW * ♦
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INITIAL WDEL REFAESENFATIQN (PAGE 2)

• • *•♦••♦•*•****♦****••*•••****♦41**** **«**•**•**••«***•**
• » sjasrsFE-is ♦ - SYSTEM-STATES ♦ TRANSITIONS *
** ♦ ♦♦**♦• *««*«*4»*•«**♦*•*♦»«♦*♦♦**•»i* •******* *♦♦♦ * *********** ****** * *** *************4i*«***4। * *♦♦ *♦***♦♦*♦♦*•* **
• * USER ♦ USER • USER ETA{J)r *
♦ LINE ♦SYM30L RHO DELTA GA^IA ♦ SYMBOL ETA MU ALPHA STATUS • SYM3DL KAPPA ETA LINE 3ETA TAU PH! ♦

* * ♦ * ♦* ♦ *••*♦*♦♦♦♦♦•♦*♦*»•••**♦ »•* ** *♦** ********•♦♦*♦•♦•** •**♦*•**•****♦♦*****
• 52 • ♦ * LIZ? 53 21 48 1 60 -1 *

53 • U101 11 1 ♦ IW » ♦
♦ 5V » ♦ ♦ L122 23 16 51 -1 10 -1 *
« 55 • * L123 23 26 44 -1 10 0 ♦
♦ 55 »

i
» - LIZ* 33 5 20 1 10 -1 *

♦ 57 » U2 4 1 ♦ ♦ *
• 53 • ♦ U206 37 3 ♦ IM > ♦
• 59 * ♦ * L233 64 6 20 1 20 -1 ♦
• 60 « . ♦ * L231 59 47 63 1 20 0 *
• - 61 . ♦ ♦ U205 32 2 ♦ IW * *
* 62 ♦ - » * L227 49 42 65 1 5 -1 *
» 63 e • •# U207 *7 1 ♦ IM * . *
» 6* 9 * * L233 79 42 65 1 1 -1 *

65 ♦ * T201 S2 1 ♦ X * ♦
» 65 ♦ ♦ U204 27 1 ♦ IW * ♦
a 67 ♦ » ♦ L225 39 * 27 66 -1 5 -1 *
♦ . 68 ♦ ♦ * L22S 44 32 SI -1. 1 0 •
M 69 • » ♦ L23* 84 42 65 -1 1 0 *
» ; 70 » U203 22 1 ♦ IW *
♦ 71 * ♦ ♦ L223 54 22 70 -1 10 -1 *
♦ 72 * ♦ * L232 74 42 65 -1 I 0 *

73 * U202 17 1 ♦ IM ■* *
76 ♦ • ♦ * L229 59 22 70 1 60 -1 *
75 # > U201 12 1 ♦ IW * *

♦ 76 * » * L22Z - 24 17 73 -1 ' 10 -1 *
• 77 * » * L223 29 27 55 -1 10 0 *

73 » . » # L22* 34 6 20 , 1 10 -1 *
♦ 79 » U3 • 5 1 1 » . * *
♦ ao » U305 38 3 » IW » .
* 31 » * L33J 65 5 23 1 20 -1 ♦
♦ 82 ♦ ♦ L331 73 43 85 1 20 0 *

83 * ♦ U305 33 2 ♦ IW » *
» 84 » ♦ * L327 50 43 37 1 5 -1 ♦
* 85 * * . U307 48 1 . * IW * *
♦ 85 41 > * L333 93 43 37 1 1 -1 *
» 87 * T301 43 1 * X * ♦
* 88 ♦ * - U304 28 1 ♦ IW * ♦
» 89 #. . . . ♦ -. » L3Z5 40 23 38 -I 5 -1 ♦
♦ 90 * ♦ L325 45 33 83 -1 1 0 *
* 91 * * L33* 35 43 37 -1 1 0 *
♦ 92 * ♦ U303 23 1 ♦ IM ♦ ♦
# 93 • * * L323 55 23 92 -1 10 -1 ♦
♦ 94 ♦ » * L332 75 43 87 -1 1 0 ♦

95 . ♦ » U3O2 13 1 ♦ IM * ♦
♦ 96 • * L329 53 23 92 1 60 -1 *
♦ 97 » * U301 13 1 ♦ IM * *
» 93 * * ♦ L32Z 25 13 95 -1 10 -1 *
» 99 ♦ * L323 33 23 33 -1 10 0 *

100 ♦ '* L32* 35 5 23 1 10 -1 *
101 ♦ U4 b 1 1 » * *

* 102 ♦ * UV06 39 3 * IW * *
#*X«*»*♦♦<*•♦•*♦•«♦***♦*♦*•»♦5 M*«♦***»*#*♦*«»»»*»#♦*♦*♦*•♦**»***#***»**»M *•******•*♦♦♦*******♦*♦*♦*♦**•********
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ISITIAL HGOEL REPRESEhrATIO.'f (PAGE 3>
•♦n♦#«**••«»»♦#♦**•♦♦♦»♦••»******•»***#n►*♦*** * W V • • ** *4

♦ * SUSSYSFEMS ♦ SYSTEH-STAFES * ♦ TRANSIFIONS ♦
»**«*> *•**♦*♦»***♦•* e*»ee»**»*M*»>*****^»>>** »* »*•««««•►»#♦»*»
• * USER ♦ J5ER • USER ETA(J)a *
* LINE ♦SY4dOL RHO DELTA GAN^A e SYH33L ETA M3 ALPHA STATUS • STMJGL KAPPA ETA LIME 3ETA TAU PHI ♦
♦»#♦♦♦♦ »»»n*»*eM>*4*«<«**«***e»M*»♦*»*♦*• *•♦••*»•***«««•*••»♦*«»»«»•»••*»»«»»*»*«•»*«•*
* 103 ♦ * * L*33 65 6 20 1 20 -1 *
♦ LO't ♦ ♦ • L*31 71 *9 107 1 20 0 •
• 105 * ♦ U405 3t 2 ♦ IM * •
» IOS * ♦ • L*27 51 A* 109 1 5 -1 •
• 107 « U407 49 1 ♦ IM » *
♦ 103 * » . • L433 81 44 139 1 1 -1 •
> 109 » » T601 44 1 ♦ X » •
* 110 ♦ . U404 29 1 ♦ IM • •
♦ 111 ♦ * « L425 41 29 110 -1 5 -1 •
* 112 4i ♦ » L42S 46 34 105 -1 1 0 »
♦ 113 * <r • L434 35 44 139 -1 1 0 »
* 114 * . * U403 24 1 + IM 1 •
* 115 ♦ ♦ » L423 55 24 114 -1 10 -1 •
* 116 ♦ ♦ * L4-32 76 44 139 -1 1 0 •
♦ 117 » U402 19 1 ♦ IM * »
♦ 113 * * • L429 61 " 24 114 1 60 -1 *
♦ 119 * ♦ U401 14 1 ♦ IW « ♦
» 120 A ♦ • L422 25 19 117 -I 10 -1 »
» 121 » L423 31 29 110 -1 10 0 *
* 122 # ‘ » L424 35 6 20 1 10 -1 •
* 123 ♦ U5 7 11 ♦ » •
* 124 U506 40 3 ♦ IW » *
» 125 * * L533 57 6 20 1 20 -1 »
■> 125 * > . »- L531 72 53 129 1 20 0 *
* 127 ♦ * U505 35 2 ♦ IW » •
» 123 * » • L527 ' 52 45 131 1 5 -1 *
* 127 > U507 50 1 ♦ IW » ♦

» 130 ♦ ♦ » L533 32 45 131 ' 1 1 -1 *
« 131 » * 7501 45 1 * X * *
* 132 * U504 30 1 > IW * ♦
» 133 ♦ « L525 42 30 132 -1 5 -1 *
* 134 ♦ » L526 47 35 127 -1 1 0 »
♦ 135 ♦ * ♦ L534 87 45 131 -1 1 0 •
♦ 135 * » U503 25 1 ♦ IW * »
» 137 • * » » L528 57 25 135 -1 10 -1 ♦
* 133 * » L532 77 45 131 -1 1 0 •
* 139 * ♦ U502 20 1 ♦ IM » ♦
♦ 140 * » * L529 52 25 135 1 60 -1 *
» 141 * ♦ U501 15 1 ♦ IW « •
» 142 ♦ » . * L522 27 20 139 -1 10 -1 •
♦ 143 » ♦ * L523 32 30 132 -1 10 0 •
♦ 144 ♦ » * L524 37 5 20 1 10 -1 •
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FOaTSAN IV G LEVEL 20 BTP DATE = 72153 20/51/22

0001 
0002 . 
0003
000*
0005
0006

0007
0008
0009
0010
0011
0012 
0013

001*

0015 
0015

0317 
0318

SU3R0UriNE 3TPl83333,TTTTT,YYYYr,*» 
IMPLIOir INrSGeR*2(F),LOGICAL*!tB) 
CORMON/TERM/CT 
INTEGER CT 
C03H0V/LA.330A/ LOELTI103 ) ,LQT (100 ) 
CO^MOV/BLKl/ 

I IT(5),IS15>,IEC5I,ERATEI5)»PS(5>,IC,I3,I9L 
1 NSEEO,! .SWLOAO.SWlDLErSWFIRE 

LOGICAL LOAD,LAST,IDLE,FIRE 
LOGICAL SWL0A0,SMI0LE,5WFIRE 
INFEGER*2 XXXXX,YYYYY,ZZZZZ,L 
C01MON/CHI1/B(3000)fit 1030),Lt 1300) 
ZZZZZ=YYYYY»180 
ZZZZZ=ZZZZZ-180 
GO TO I 

1 . 2001,2002,2003,2037,2003,2009,2010,
1 ,201*,2315,2015,2017,2018,2019,2323,
1 ,2325,2026,2027,2028,2329,2030,2031,
1 ,23',0,23 *1,20*2,20*3,2394, 20*5,20*6,
1 • ,2355,2055,2057,2073,2079,2075,2075,
1. ,2335,2086,2087, 1, 2, 3, 9,
1 , 13, 19, 20, 21, 23, 29, 25,
1 , 39, 35, 36, 37, 38, 39, 90,
1• , 99, 50, 51, 52, 53, 59, 55,
1 . , 59, 60, 61, 62, 63, 69, 65,
1 . , 79, 80, 81, 82, 82, 82, 32,
1 

RETURN 1 
C BL01

2001 33383- IP.GE.PN).ANO.1 IC.cQ.l) - 
"GO T3 99999

C 8L02
2002 33388- IP.LE.PN).ANO.11C.EQ.O) 

G3 TO 99999
C BL03

,INI,CRATE,PI,PN.P,

2311,2012,2013
2021,2023.232* 
2032,2033,2039 
23*7,2053,2059- 
2077,2033,2084.

5, 11, 17
25, 27, 33
41, 42, 43
55, 57, 53
65, ■ 67, 73
82,- 82, 82

),ZZZZZ

0019 .
0020

0021
0022

0023
0026

0025
0025

0327
0023

0029
0030

0031 .
0032

0033
003*

0035
0036

0337
0033

0039
03*0

00*1
03*2

03*3

2003 88388- .NOT.(IP.GE.PN.ANO.IC.83.1) 
GO TO 99999

C 3L07 
2007 83338- LOAOIZ)

GO TO 99999
C BL08 

2003 88388- SWLOAO
GO TO 99999

C 8L09
2009 83883- IOLEIZ)

GO TO 99999
C 8L10

2010 83388- SWIOLE
GO TO 99999

C SL11
2011 83338- LASTtZ), 

GO TO 99999
C 8L12

2012 BB333- INL.EQ.l 
GO TO 99999

C BL13
2013 88388- INL.cQ.2

GO TO 99999
C BL14

2019 83333- INL.EQ.3
GO TO 99999

C 3L15
2015 33383- INL.E0.4 

CO TO 99999
C BL IS

2316 38333- INL.EQ.5
GJ TO 93999

C 3L1 7
2017 383-33- INI.EQ.5

CO FO 99=999 
C El IB 

2013 33333= LNI.cQ.*

-OR.(P.LE. PN.AND.IC.EO.O))-
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03*4 .

0345
0046

00 67
0048

0049
0050

0051
0052

0053
0054

0055
0056

0057
0058

0059
0060

0061
0062

0063
0354

0065
0066

03 67
0 3 53

0069
0070

0071
0372

0073 
0074.

0075 -
0076

00 77
0073

0079
0030

0031 .
0082

0383
0084

0035
0086

0387
0083

03 39
0090

CJ3>
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03 TO 99999
C BL19
2019 BB333= INI.EQ.3 

GO TO 99999
C BL20

2020 ,BB3B3= INI.EQ.2 
GO TO 99999

C BL21
2021 BB3BB- INI.EQ.1 

GO TO 99999
C BL122

2023 BB338= FIREIZ) . 
GO TO 99999

C 81.222
2024 8B338- FIREU) 

GO TO 99999
C BL322

2025 B33BB- FIREIZ) . 
GO TO 99999

C BL422
2026 88388« FIREIZ) 

GO TO 99999•
C 81522

2027 68333= FIREIZ)- 
GO TO 99999

C 81123 
2023 83338= SWF IRE 

GO TO 99999
C 81223

2029 88833- SWFIRE 
GO TO 99999

C 81323
2030 88333= SWFIRE 

GO TO 99999
C B1423
2031 "3333= S-'FIRc 

GJ TO 99999
C 31523

2032 88388= SWFIRE 
GO TO 99999

C 61125
2033 83333= 17(1).IE.150 

GO TO 99999
C 81225

2039 88838= ITt2).lE.15O 
GO TO 99999

C B1325
2040 88388- ITO).IE.150 

GO TO 99999
C 81425

2041 83838= IT(4>.1E.15O 
GO TO 99999

C 81525
2042 "saaaa- itoi.ie.iso 

GO TO 99999
C 81125

GO TO 99999
C 31123 

2J53 33333= ISili.EO.3

2043 83333= IT(l).GT.15O 
GO TO 99999

.A-IO. ITID.NE.999

C 81226 
2044 83383= ITO).GT.150 .AND. ITf2) .ME.999.

GO TO 99999
C 81326 

2045 83333- ITO).GT.150 .AMO. ITO)..NE.999
GO TO 99999

C B1426 
2046 53333= IT(4).GT.15O .AMO. 17(4).NE.999

GO TO 99999
C 81526 

2047 23338= 17(5).GT.150 .AND. 17(5).ME.999



0092 GO 70 99999
C 81223

6093 205* 33388- IS(2).EQ.3
009* GO TO 99999

C 8L3Z3
0095 2055 83383- IS13).EQ.3
009S GO TO 99999

C 81*23
0097 2056 88383- IS<*).EQ.3
0093 GO TO 99999

C 81528
0099 2057 88863- IS(5).E0.3
0100 GO TO 99999

C 81132
0101 2073 88338- IStll.EO.*
0102 GO TO 99999 

C 81232
0103 207* 88888- ISUl.EQ.*
010* GO TO 99999 

C B1332
0105 2075 88888- IS131.EQ.*
0106 GO TO 99999

C 81*32
0107 2076 83388- IS(*1.EQ.*
0108 GO TO 99999

C 61532
0109 2077 83388- IS(5).EQ.*
0110 GO TO 99999 

C 8113*
0111 . 2083 83388- ITm.Eq.999
0112 GO TO 99999

C 8123*
0113 208* 88888- ITC2).EQ.999
Oil* GO TO 99999

C 8133*
0115. 2035 33383- IT13J.E3.999
0116 GO TO 99999

C 81*3*
0117 2036 33383- ITl*).E3.999
0113 G3 TO 99999

C 8153*
0119 2037 83333- ITt5).E3.999
0120 GO TO 99999

C 101
0121 . 1 CONTINUE
0122 6001 P-» * CRATE*IC -1 IE(1)»ERATEfl> > IE<2)«ERATE<2)

1 » IE(*)»ERATE<*) * IE(5>»ERATE(5>)
0123 " 7001 FORMAft* •,F6.2,212,1515,110)
012* GO TO 99999 

C L02
0125 2 GO TO 6001
0126 8001 CONTINUE
0127 ■ GO TO 99999 

C 103
0123 3 GO TO 6001
0129 8002 CONTINUE
0130 GO TO 99999 

C 10*
0131 * CONTINUE
0132 IC’O
0133 • GO TO 6001
013* 6003 CONTINUE
0135 GO TO 99999

C 105
0136 . 5 CONTINUE
0137 . IC-1
0138 GO TO 6001
0139 . 800* CONTINUE
01*0 GO TO 99999

C 111
01*1 11 CONTINUE
01*2 cr=tqm)
01 *3 GO TO 93399

C 117
01** 17 CONTINUE
01*5 6002 IS(5)-1
01*5 IE £ 5 > =1
01*7 ■y.llTE'. 5,73 31 IP, INI. INI, IT, IS, IE, 10

IEi3)•ElATEt3>:
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0148 GO TO 99999
C L18

0149 18 C057IHUE
0150 6003 IS!4)=1
0151 . IE14)=1
0152 WRITE<5,7001)P,ZNL,INI,1T.IS,IE,1C
0153 GO TO 99999

C L19
0154 19 CONTINUE
0155 6004 IS<3)=1
0158 1E<3>=1.
0157 HRITEt5,7001)P,INL,INI,tT,15,IE.IC
0153 GO TO 99999

C L20
0159 20 CONTINUE
0180 6005 IS<2)=1
0161 IEt2)=l
0162 WRITEJ 6,7001IP,INL,INI,IT,IS,IE.IC
0153 GO TO 99999

C L210164 21 CONTINUE
0165 6006 IStl)»l
0166 IE< 1) = 1
0167 WRITcI 6,7001)P,INL,INI,IT,IS,IE,IC
0163 GO TO 99999 

C L122
0169 23 CONTINUE
0170 6007- ISC 1) = 2
0171 WRITE(6,7001IP,INL,INI,IT,IS,Ic,IC
0172 GO TO 99999

C L124
0173 33 CONTINUE
0174 6008 IEI1)=O
0175 WRITE(5,70311P,INL,INI,IT,IS,IE,IC
0175 GO TO 99999 

C 1128
0177- 53 CONTINUE
0173 6009 IS<1)=3
0179 WRITE[6,7001 IP,INL,INI,IT,IS,IE,IC
0130 GO TO 99999 

C L130
oiai 63 CONTINUE
0132 6010 IS(1)=4
0183 HR I TEC 6,7001IP,INL,INI,IT,IS,IE,IC
0184 GO TO 99999 

C 1222
0185 24 IS(2)=2
0185 MRITEC 5,7001 IP,INL,INI, IT,IS,IE.IC
0187 GO TO 99999 

C 1224
0183 34 IE(2)=0
0189 WRITE 16,7001IP,INI,INI,IT,IS,IE.IC
0190 GO TO 99999 

C 1228
0191 54 IS(2)=3
0192 HRI IEC6,7001)P,INL,INI,IT,IS,IE,IC
0193 GO TO 99999 

C 1230
0196 64 ISI2)=4
0195 WRITEC 5,7001 IP,INI,I Nt,IT,IS,IE,IC
0195 GO TO 99999

C 1322
0197 25 IS(3)=2
0198 WRiTEC 6,7031 IP,INI,INI, IT, IS,IE.IC
0199 GO TO 99999

C 1324
0200 35 !E(3)=0
0201 HR!TEC 5,7031 IP,IML,INI,IT,IS,IE,IC
0232 GO TO 99999

C 1323
0203 55 ISC3)=3
J 4. 4J * UR I?E(6,733LJP,INL, INI, IT,IS,13,IC
02)5 G3 TO 93999

C 1313
0205 S3 I5C3)=4
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0207
0203

0209 
0210 
0211

0212
0213
021*

0215 
0215 
0217 .

0218
0219
0220

0221
0222
0223

022*
0225
0225

0227
0228
0229

0230 
0231 .
0232

0233 
023* 
0235

0236 
0237 
0238

0239
02*0
02*1

02*2
02*3 
02**

02*5 
02*6 
02*7

02*3 
02*9 
0250

0251 :
0252 
0253

02 5*
0255
0256

0257
0258
0259

0250 
0261 
0262

0263 
02b*

WaiTE(6,7001)P,LSL,INI,IT,IS>IE, IC 
GO TO 99999

C 1*22
26 IS(*)=2

WRIrE(6,7001)P,IML,INI,IT,15,IE,IC.
GO TO 99999

C L*2*
36 !£(*)=■□ 

hRirE(6,7001)P,INL,INI,IT,IS,IE,IC 
GO TO 99999

C 1*28
55 ISi*l = 3 

WRITE(6,7001)P,IHL,INI,IT,IS,IEtlC 
GO TO .99999

C L*30
66 IS(*)=* 

k!UTE(6,7001)P,lNL,lNIrIT,IS,IE,IC . 
GO TO 99999

C L522
27 lSt5)=*2 

WRITE(6,7001)P,INL,INl,ir,lS*IE,lC 
GO TO 99999

C 152*
37 IE15)-O 

HRITEt6,7001)P,INU,INI,IT,IS,IE,IC 
GO TO 99999

C L52B
57 ISt5)=3

WRITE (6,700 IIP, INI., INI, IT, IS. IE, IC 
GO TO 99999

C L530
67 IS(5)=*

WRITEI 6,70011P,INL,INI,IT,IS,IE,IC 
GO TO 99999

C L125
38 IT(1) = IT 11>*5

**RI TE I 6,7001) P, I ML, I MI ,-IT, IS ,1E, IC 
G3 TO 99999

C L225
39 IT<2)-IT<2)+5

WRIIE(5,7001)P,INL,INI,IT,IS,IE,IC 
GO TO 99999

C L325
*0 IT{3)=IT(3)*5

HR ITE16,7001)P,INL,I HI,IT,IS,IE,IC 
GO TO 99999

C L*25
*1 1TI *)«IT<*)*5

WRITE(6,7001)P,INL,lNI,ir,IS,IE,IC 
GO TO 99999

C 1525
*2 IT(5)«IT<5)*5

HR!TE<6,7001)P,INI,I HI,IT,IS,IE,IC 
GO TO 99999

C 1133
78 ITll)=999

WRITE(6,7001)P,INl,INI,IT,IS,IE,IC 
GO TO 99999

C 1233
79 ITI2)=999

HRI TE I 5,700 DP, INI, INI, IT, IS, I E,IC
GO TO 99999

C 1333
80 IT13)=999

WRITEt6,7001)P,IN1,INI,IT,IS,IE,IC 
GO TO 99999

C 1*33
81 IT<*)=999

•HRITE(5,7001)P,IML,INI,IT,IS,IE, 1C 
GO TO 99999

C L533
82 IT<5)=999

HRITEl5,73D1)P,IN1,INI,IT,IS,IE,IC.
G'J TO 99999

C L127
*3 IStl)=6

HR! rE(5,7331)P,I.-|l,Iai,IT,I5,IE,IC
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0265

0265 
0267 
0263

0269 
0270 
0271 .

0272
0273
0276

0275 
0276
0277

0278 
0279 
02 80

0281
0232 
0233

0236 
0235
0286

0237 
0233
0239

0290 
0291 
0292
0293

0001 " 
0302 .

0003

0006 
0005

OOOl 
0002

0003
00 06 
0305 .
00 06
0007
00 0 3
0009

130

GO TO 99999
C L227

69 IS(2)=6
HRITE(6,7001)P,INL»INI»IT>IS,IE,IC
G3 TO 99999

C L327
50 IS13)=6

WRITE(6,7001 IP,INL,IN!,1T,IS,IE,IC
GO TO 99999

C L627
51 1S16) = 6

WRITE(6,7001)P,INL,JNI,IT,IS,IE,IC 
GO TO 99999

C L527
52 ISI5)=*6

WRire<5,7001)P,INL,INI,IT,IS,I£,IC 
GO TO 99999

C L129
58 IStl)=3 

MRITE(6,70011P,INL,INI,IT,IS,IE,IC 
GO TO 99999 ■

C L229
59 ISt2)-3 

kRITE(6,70011P,lNL,INI,IT,IS,IE,IC 
GO .TO 99999

C L329
60 IS(3)=3

MRlTEt6,7001)P,INL,INI,IT,IS,IE,IC
GO TO 99999

C L629
61 IS(6)=>3

Vi.RI 7E ( 6,7001 ) P, IML, INI , IT, IS, I E, IC-- 
GO TO 99999

C 1529
62 ISI51-3

HR!T=16,7001 IP,INI,INI,IT,IS,IE,IC
99999 RETURN

ENO

BLOCK DATA 
C0MHCN/3LX1/

1 ITI5),IS(3),I = !5>,ERATE!5),P5t 5) , I C, 10, INL, INI ,CR ATE, P>T,PN,P,
1 NSEcO.I ,SRL0AO,S410LE,S3rlRE 

DATA
1 IT/5*0/,IS/5»0/,IE/5»0/,ERATE/10.,6*5.0/,PS/5*220./,IC/0/,
1 ld/I/,INL/l/,lNl/l/,CRATE/1.00/,P>1/253./,PN/230./,NSEEO/65569/

DATA P/250./ 
END

LOGICAL FUNCTION FIREIX)
C0NN0N/8LK1/

1 ITl 5), ISIS) , IE (5), ERA! El 5) ,PS ( 5) , IC, 13, INI, INI, CaATE,P*t,P.-t,P,
1 NSEEO,! ,S'RL0A0,SAIDLfi,S2FIRE

LOGICAL SyLOAQ.SJlDLE.SWFJRE
LOGICAL*! Sa
SW-.TRUE.
SNFI.RE-Sa
FIRE’SN
RETURN
END



LAST . DATE » 72153 20/51/22FORTRAN IV G LEVEL 23

0001
0002

LOGICAL FUNCTION LASTtX):
CCHMON/aLKl/

1 IT(5),IS15>, IE (5) ,ERATE15) ,PS( 5), I C, 13 , INL , INI , CR ATE, PN ,P.N,P,
1 HSEED,I ,SWLOAO,SWIDLE,SVFIRE

0003
000*
0005
0005
0007 -
0003
0009
0010
0011
0012
0013
001*

LOGICAL SWLOAOrSWIOLE.SWFIRE 
LOGICAL*! S3 
03 1 3=1,5 
IF!IISlJ)-EQ.*i.GR.<IS!J1.EQ.51) GO TO 1 
GO TO 2

1 CONTINUE 
SW-.TRUE. 
GO TO 3

2 SV-FALSE.
3 LAST-SW 

RETURN 
END

0001
0002

LOGICAL FUNCTION LOAOIXJ.
C0NH0N/3LK1/ .

1 iri5),IS<5),IEt5),ERATE<5J,PSI5),IC»ID,INL,lNI,GRATE,PN»PM,P,
1 HSEEO.I , S'VLOAOvSWI DLE,SVFI RE-

0003 • 
ODO* . 
0005 
0005 
0007 
0008 
0009 
0310 
0011 . 
0012 
0013 
031* 
0015 ■ 
00’6

LOGICAL SNL0A0,SWIDL£,S3FIRE 
LOGICAL*! SW 
DO 1 3=1,5
IF! IS!J).£0.3)60 TO 2

1 CONTINUE
SW=.FALSE.
SALDAO-.TRUe.
GO TO 3

2 INL’ 3
SW-.TRUE.
SWLOAO-.FALSE.

3 LUAD-SW 
RST'JRN 
ENO

0001
0002

LOGICAL FUNCTION IDLEIX)
CONNON/OLXl/

1 I T (5) , IS ( 5 > » IE l 5), ER AT E< 5) ,PSJ 5), I C»13,I.NL> INI ,CRArE,PM,P.*<,P> -
1 NSE=O,I ,SML0A0,S9I0LE,SWFIRE

0003 
000* 
0005 
COOS 
0007 
0008 
0009 
0010 
0011
0012 
0013 
001* 
0015 
0016 
0017 
0013 
0019

LOGICAL SWLOAO,SUIOLE,S3FIRE 
LOGICAL*! SV 
DO 1 3=1,5
IF I I ISI 4).EO.O).AND.IP.GE.PSIJ))) GO TO 2

1 CONTINUE
DO 3 3=1,5
IF! 1 ISC4).EQ.l).AN0.<P.GE.PSI J))) GO TO 2 

3 CONTINUE
SW1OLE-.TRUE. 
S9-.FALSE. 
CO TO *

2 SW-.TRUE.
S'.IOLE = .FALSE. 
INI-3

* IDLE- SW 
RETURN 
ENO
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SYM30L LISTS

RHO L-HAME RHD L-MAMe RM3 L-NME RHO L-HAHE

1 HAM 3 U1 5 U3 7 J 5
2 SA * U2 6 U*

ETA M-NAME ETA W-MAME ETA rf-MAME ETA M-.HAME

1 102 I* UMH 27 U236 39 UtO6
2 SA01 15 U501 23 U336 AO U506
3 SA02 16 UL02 29 U¥3* *1 Till
* SA03 17 U202 33 U506 42 • TZ3I.
5 101 13 U302 31 U105 43 7331
6 HOL 19 U4-O2 * 32 JJ2 3 5 44 7*31
7 N02 20 U502 33 U3D5 45 7531
8 H03 21 U103 3A U^D5 46 UI37
9 MO* 22 U2O3 35 U535 47 U237

10 TD1 23 U303 35 UI05 43 U337
IL U101 2A U<»03 37 U235 49 U*37
12 U201 25 U503 33 U306 50 U537
13 U331 . 2S UlO*

KAPPA X-NAME KAPPA X-NAME KAPPA X-^A^E KAPPA X-'tAHE

1 L01 23 L122 45 L323 67 1530
2 L02 24 L222 45 L426 S3 1131
3 L03 25 1322 47 L525 69 1231
4 L04 25 1.422 48 L127 70 1331
5 L05 27 1522 49 L227 71 1*31
6 LOS 23 1123 53 L327 72 1531
7 L07‘ 29 1223 51 LV27 73 1132
3 L03 30 1323 52 L527 74 1232
9 L09 31 1923 53 L123 75 1332

10 HO 32 1523 54 L228 75 1*32
11 LIL 33 LIZ* 55 L323 77 1532
12 LL2 34 122* 5S L428 73 1133
13 L13 35 132* 57 L523 79 1233
14 L14 36 1*2* 53 L129 80 1333
15 L15 37 152* 59 L229 81 1*33
16 LIS 33 1125 50 L329 82 1533
17 L17 39 1225 61 L429 83 113*
18 Lid 40 1325 52 L529 84 123*
19 L19 41 1925 63 L130 85 133*
20 L20 42 1525 64 L233 86 1*3*
21 L21 43 112S 65 L333 87 153*
22 LS7 4* 1225 65 L433

250.00 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 3 3 □
145.00 1 1 0 0 0 0 0 2 0 0 0 0 1 3 0 3 3 I
1*5.00 1 1 0 0 ' 0 0 0 2 0 0 0 0 3 0 0 3 0 1
150.00 1 1 5 0 0 0 0 2 0 Q 0 0 0 3 0 3 3 I
155.00 1 1 10 0 0 0 0 2 0 0 0 0 D 3 0 3 3 1
153.00 1 1 15 0 0 0 0 2 0 0 0 0 0 0 0 0 0 I
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165.00 1 1 20 0 0 0 0 2 0 0 0 0 0 0 0 0 0 l
170.00 I I 25 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1
175.00 1 1 30 ‘ 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1
180.00 1 1 35 0 0 0 0 2 0 0 0 0 0 0 0 0 □ 1
165.00 1 1 . 40 0 0 0 0 2 0 0 0 0 • 3 0 0 3 3 1
190.00 1 1 45 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1
195.00 1 1 50 0 0 0 0 2 0 0 0 0 * 0 0 D 0 3 1
200»00 1 1 55 0 0 0 0 2 0 0 0 0 □ 0 0 0 3 1
205.00 1 1 60 0 0 0 0 2 0 0 0 0 0 0 0 0 . 0 I
205.00 1 1 60 0 0 0 0 3 0 0 0 0 0 0 a 3 3 1
210.00 1 1 65 0 0 0 0 3 0 0 0 0 0 0 0 0 3 1
215.00 I 1 73 0 0 0 0 3 0 0 0 0 . 0 0 0 0 0 1
215.00 1 1 70 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1
220.00 1 1 75 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1
244.00 1 1. 75 0 0 0 0 4 0 0 0 0 a 0 o 0 0 1
245.00 1 1 999 0 0 0 0 4 0 0 0 0 0 0 0 0 0 1
251.00 1 2 999 0 0 0 0 4 1 0 0 0 0 1 0 0 0 0
196.00 1 2 999 0 0 o 0 4 2 0 0 0 0 1 3 0 0 0
196.00 1 2 999 0 o • 0 0 • 4 2 0 0 0 0 o- 0 0 3 a
230.00 1 2 999 5 0 0 0 4 2 .0 0 0 0 0 0 0 D i
205.00 1 2 999 10 0 0 0 4 2 0 0 0 0 0 0 0 0 i
210.00 1 2 999 15 0 0 0 4 2 0 0 0 0 0 0 0 •o 1
215.DO 1 2 999 20 0 0 0 4 2 0 0 0 0 0 0 0 3 i
220.00 1 2 999 25 0 0 0 4 2 0 0 0 0 0 0 0 0 1
225.00 1 3 999 30 0 0 0 4 2 0 0 0 0 * 0 '0 3 3 i
230.00 1 3 999 35 0 0 0 4 2 0 0 0 0 0 0 0 0 i
235.00 1 3 999 4a 0 0 0 4 2 0 0 0 0 0 0 0 0 i
240.00 1 3 999 45 0 0 0 2 0 0 0 3 0 0 0 3 i
245.00 1 3 999 50 0 0 0 4 2 0 0 0 0 0 0 0 3 i
246.00 1 3 999 50 0 0 0 4 2 1 0 0 0 0 1 0 3 i
230.00 1 3 999 55 0 0 0 4 2 1 0 0 0 0 1 0 0 i
210.00 1 3 9 99 60 0 0 0 4 2 1 0 0 0 D 1. 0 0 L
210.00 1 3 999 60 0 0 0 4 . 3 1. 0 0 0 0 I 0 0 1
232.00 1 3 9 99 60 0 0 0 4 3 2 0 0 0 0 1 0 3 1
232.00 1 3 999 60 ‘0 0 0 4 3 ■ 2 0 0 3 D □ 3 3 1
235.00 2 3 999 65 0 0 0 4 3 2 0 0 3 ■3 0 * a 0 1
237.00 2 3 999 65 5 0 0 4 3 2 0 0 3 0 0 3 3 1
210.00 2 3 999 70 5 0 0 4 3 2 0 0 3 3 0 0 0 1
210.00 2 3 999 70 5 0 0 3 2 0 0 3 0 0 0 0 J
212.00 2 3 999 70 10 0 0 4 3 2 0 0 0 0 0 a 0 1
215.00 2 3 999 75 10 0 0 4 3 2 0 D 3 0 0 0 0 1
217.00 2 3 999 75 15 0 0 4 3 2 0 0 0 0 0 0 0 1
222.00 2 3 999 75 20 0 0 4 3 2 0 0 0 0 0 0 0 1
227.00 2 3 999 7d 25 0 0 4 3 2 0 0 0 0 0 0 0 1
232.00 2 3 999 75 30 0 0 4 3 2 0 0 0 0 0 0 0 1
237.00 2 3 999 75 30 0 0 4 4 2 0 0 0 3 0 0 0 1
237.00 2 3 999 75 35 0 0 4 4 2 0 0 0 0 0 0 0 1
233.00 2 3 999 999 35 0 0 4 4 2 0 0 3 0 0 0 0 1
242.00 2 3 999 999 40 0 0 4 4 2 0 0 3 5 0 0 0 1
247.00 2 999 999 45 0 0 4 2 0 0 0 0 D 0 0 1
251.00 2 4 9 99 999 50 0 0 4 4 2 0 0 0 0 0 0 0 0
251.00 2 4 999 999 55 0 0 4 4 2 0 0 . 3 0 0 0 0 0
251.DO 2 4 9 99 999 60 0 0 4 4 2 0 0 0 0 0 0 0 0
251.00 2 4 9 99 999 60 0 0 " 4 4 3 0 0 0 0 a 0 0 0
251.00 2 4 999 999 60 0 0 4 4 3 1 0 3 0 0 1. 3 0
235.00 2 4 999 999 65 0 0 4 4 3 1 0 0 0 0 1 0 0
211.00 2 4 999 999 70 0 0 4 4 3 1 0 0 0 0 1 0 0
211.00 2 4 999 999 70 0 0 4 4 3 X 0 0 0 0 X 0 0
195.00 2 4 999 999 70 0 0 4 4 3 2 0 0 0 0 1 3 0
196.30 2 4 999 999 70 0 0 4 4 3 2 0 3 3 0 0 0 0
197.09 3 4 9 99 999 75 0 0 4 4 3 2 0 3 0 0 0 0 1
203.00 3 4 999 999 75 5 0 4 4 3 2 0 0 0 0 0 0 1
232.00 3 4 999 999 80 5 0 4 4 3 2 0 3 3 0 3 0 1
2 32.00 3 4 999 999 80 5 0 4 4 3 2 0 3 . 0 0 3 0 1
235.OJ 3 4 9 99 799 80 10 0 4 4 3 2 0 3 0 0 . 0 0 1
207.DC 3 4 999 999 85 10 0 4 4 3 2 0 3 □ 0 0 3 L
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Z13.00 3 *> 999 999 8i> 15 U 4 4 ' 3 2 U □ 0 0 3 a 1
215.00 3 ♦ 999 979 85 20 0 4 4 3 . 2 0 0 0 0 0 0 1
220.00 3 * 999 999 85 25 0 4 4 3 2 0 0 3 0 3 3 1
225.30 3 4 999 979 85 30 0 4 4 3 2 0 0 3 0 3 0 1
223.00 3 4 999 979 85 30 0 4 4 4 2 0 0 0 0 0 0 1
233.00 3 4 999 999 85 35 0 • 4 4 4 2 0 0 0 0 3 3 1
231.30 3 4 999 999 999 35 0 4 4 4 2 0 >0 0 0 0 0 1
235.00 3 4 999 999 999 40 0 4 4 4 2 0 0 0 0 0 3 I
2S-3.00 3 5 999 999 999 45 0 4 4 4 2 0 3 0 0 0 3 1
2*5.00 3 5 999 999 999 50 0 4 4 4 2 0 0 0 0 0 0 1
253.00 3 5 999 999 999 55 0 4 4 4 2 0 3 0 0 3 0 1
251.00 3 5 999 999 999 60 0 4 4 4 2 0 0 0 0 0 3 0
251.00 3 5 999 999 999 60 0 4 4 4 3 0 0 0 0 0 0 0
251.00 3 5 999 999 999 60 0 4 4 4 3 1 3 0 0 0 1 0
236.00 3 5 999 999 999 65 0 4 4 4 3 1 0 0 0 0 1 0
211.00 3 5 999 999 999 70 0 4 4 4 3 1 0 0 0 0 1 0
211.00 3 5 999 999 999 70 0 4 4 4 3 1 0 0 0 3 1 0
135.00 '3 5 999 999 999 70 0 4 4 4 3 2 0 0 0 0 1 0
196.00 3 5 999 .999 999 70 0 * 4 4 3 2 0 0 0 0 0 0
197.00 * 5 999 999 999 75 0 4 4 4 3 2 0 0 0 0 0 1
203.30 5 999 999 999 75 5 4 4 4 3 2 0 0 0 0 D 1
232.30 5 999 999 999 80 5 4 4 4 3 2 0 0 0 0 0 1
202.00 5 999 999 999 80 5 4 4 4 3 2 0 0 0 0 3 1
235.00 5 999 999 999 80 10 4 4 4 3 2 0 0 0 0 0 1
257.30 * 5 999 999 999 85 10 4 4 4 3- 2 3 . 0 0 0 9 1
213.30 * 5 999 999 999 35 15 4 4 4 3 2 0 0 0 0 0 1
215.00 * 5 999 999 999 35 20 4 4 4 3 2 0 3 0 0 - 0 1
220.00 4 5 999 999 999 85 25 4 4 4 3 2 3 0 0 0 0 1
225.00 4 5 999 999 999 85 30 4 4 4 3 2 0 0 0 0 0 1
230.00 4 5 999 999 999 85 30 4 4 4 4 2 3 0 0 0 3 1
230.00 4 5 999 999 999 85 35 4 4 4 4 2 0 0 0 0 0 1
231.00 4 5 999 999 999 999 35 4 4 4 4 2 0 0 0 0 0 1
235.30 4 5 999 999 999 999 40 4 4 4 4 2 0 0 0 0 0 1
2*0.30 4 5 999 999 999 999 45 4 4 4 4 2 0 . 0. 0 0 0 1
2*5.00 4 5 999 999 999 999 50 4 6 •4 4 2 0 0 0 0 0 1
250-30 4 5 999 999 999 999 55 4 4 4 4 2 0. 0 0 0 0 1
251.00 4 5 9 99 999 999 99'9 60 4 4 4 4 2 0 0 D 0 0 0
2 51.0-3 5 9 99 999 999 999 50 4 4 4 4 3 3 0 0 0 0 0
251,00 4 5 999 999 999 999 55 4 4 4 4 3 0 0 0 3 3 0
251.33 5 5 999 999 999 999 70 4 4 4 4 3 0 0 0 0 0 0
251.00 5 5 999 999 999 999 70 4 4 4 4. 3 0 0 0 •3 0 0
251.03 5 5 999 999 999 999 75 4 4 4 4 3 0 0 0 3 D 0
251.30 5 5 999 999 999 999 30 4 4 4 4 3 0 3 0 0 0 0
251.00 3 5 999 999 999 999 30 4 4 4 4 3 0 3 0 0 0 0
251.00 5 5 999 999 999 999 30 4 4 4 4 4 0 0 0 0 0 0
251.30 5 5 9 99 999 999 999 999 4 4 4 4 4 0 0 0 0 0 0
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12.2 Microscopic Approach

L MAN 1 1L U1 1 1
L SA 1 . 1
W SA01, SA 1 ♦ .w SA02. SA 1 ♦w SA33 SA 1 ♦w 102 . SA 0 ♦
X L42 102 SA01 . 1 0
X . L43 SA01 SA03 -1 . 1 -1
X SA01 SA02 -1 . 1 -1
X L*5 SA01 SA01 -1 . 1 -1
X L46 SA03 SA01 1 1 -1
X L47 - SA02 SA01 1 1. -1w HOI HAH 2 ♦w M02 MAH 2 ♦w H03 HAH 2 ♦w KO* . MAN 2 ♦
H MOS MAN 2 ♦w MOS MAN . 2
H MO? MAN 2 ♦
W M03 MAN 2 ♦
M HO? HAN 2 ♦
W MIO . HAN . 2 *
H Mil MAN 2 ♦
W M12 MAN - 2 ♦
W M13 HAN 2 +
W Ml* MAN 2 •
H MIS NAN 2 ♦ .
W T01 . HAN 2 ♦ .

T02 NAH 2 * ,
M X01 HAN 1 . ♦ .
W X03 MAN 1 •
M 101 NAN 0
X L01 101 . MOI . 1 0 -1
X L02 HOI . H03 -1 1 -1
X L03 HOI M02 -1 . 1. -1
X LO* HO 2 HOI 1 -1. -1
X LOS H03 U01 . 1 . 1 -1
X LOS H03 MOS 1 . 1. -1
X ' LOT MOS U03 1 2 -1
X L08 MOS MOS 1 2 -1
X L09 H05 H05 — 1 1 -1
X LIO MOS MOS -1 1 -1
X Lil MOS H03 -1 1 -1
X L12 H03 M09 1 . 2 -1
X L13 H09 T02 1 1 . -1
X LIS MIO H03 1 3 -1
X LIS MOS M07 1 3 -1
X LIS MOS U05 1 3 -1
X L17 M07 Mil -I ’ 5 -1
X L13 H07 MIO -1 5 -1
X L19 Nil M12 1 2 -1
X L20 H12 M13 1 5 -1
X L21 H12 U07 1 5 -1
X L22 H13 MIS 1 -1 -1X L23 MIS 701 1 1 -1
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X L2^ N14 U10 1 1 -1w UO1 U1 2 ♦w UO2 Ul 2u U03 U1 2 ♦w U04 . Ul 2w U05 Ul 2 ♦w U05 Ul 2 *w U07 Ul 2 •>w UO3 Ul 2 ♦w U09 - Ul 2
H ULO Ul 2 >
N Uli Ul 2 •M T03 Ul 2 A
W TO* Ul 2 ♦U T05 Ul 2 *
H T05 Ul 2 ♦
W X02 Ul 1 •
X L25 U01 U01 -1 1X L26 U01 U02 -1 1 -1
X L27 U03 U03 -1 1X L23 U03 UOA -1 1 -1
X L29 UD5 U05 -1 1
X L30 U05 U05 -1 1 -1
X L31 . U07 uoa 1 -1 -1
X L32 J07 H1A 1 -1 -1
X L33 uoa uoa -1 1 -1
X L34 U03 U09 -1 1 -1
X L35 uoa Ull -1 1 -1
X L36 U10 Ull 1 1 -1
X L37 Ull TOS 1 1 -1
X L3B HIS MIA -1 1
X L39 MIS X01 -I .. 1 -1
X L4O U02 T03 1 1 -1
X L41 U06 TOS 1 I . -1
X L^3 U l) T'JA 1 1 . -1
X L5O TO! XJ1 1 1 . -1
X LSI T02 X01 1 1
X L53 T03 X02 1 1
X LSS- X01 X03 1 1
X L55 X02 X03 1 1X L55 X03 MOI . 1 1 -1
./
I TO1
I 102
./
O.MOXP
OSYML
T 2000
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IHiriAL M30EL REPaESENIAHOM (PAGE 1)

> * suasrsrE.NS ♦ syst E.N-STATES ♦ TRANS!riONS

• USER • JSER * USER ETA! JU »
» LINE *5YX30l R.HO DELTA GANIA ♦ SVH3DL ETA ■MJ ALPHA STITUS * SYH33L KAPPA ETA LISE BETA TAU PRI ♦

e I . • hAN 1 1 1 w X *
2 * 101 2* 0 ♦ IX X

♦ 3 ♦ ♦ ♦ L01 7 5 45 1 0 -1 X
* 4 • • T02 21 2 ♦ IX ♦ ♦
» 5 • * ♦ L51 50 22 50 1 1 3 *
• 6 $ » T01 20 2 ♦ IX * *
* 7 • * L50 49 22 53 1 I -1 ♦

8 ♦ • N15 1» 2 * IX ♦ ♦
• 9 * ♦ X L33 44 13 11 -1 1 0
♦ 10 ♦ L39 45 22 53 -1 1 -1 *
* 11 ♦ * H14 18 2 ■ IX •* ♦
* 12 * X L23 29 20 5 1 1 -1 *
» 13 » X L2S 3D 34 60 1 1 -1 ♦
♦ 14 » » M13 17 2 ♦ . IX * ; ♦
* 15 ♦ » X L22 23 19 3 1 -1 -1 ♦
• 18 V A N12 IS 2 * IX *
♦ 17 * ♦ » L20 " 25 IT 16 1 5 -I ♦
♦ 13 * # . X L21 27 31 57 1 5 -1 ♦
* 19 * ♦ Nil 15 2 ♦ IX X *

20 . » ♦ L19 25 15 16 1 2 -1
* 21 . » • * *10 1* 2 ♦ IX ♦ *
» 22 * M ♦ LIS 20 12 25 1 3 -1 *
♦ 23 ♦ » H39 13 2 ♦ IW * *
♦ 24 ♦ L13 19 21 4 1 1 -1 *
* 25 » H03 12 2 + IX M *
* 25 ♦ • ♦ L12 13 13 23 1 2 -1 *
♦ 27 - M07 11 2 ♦ IX *
* 23 > » LIT 23 15 19 -1 5 -1 ♦
» 29 ♦ L13 24 * 14 21 -1 5 -1 ♦
» 33 * ♦ NOS 10 2 + IX * »
♦ 31 . * ■> L15 21 11 27 1 . 3 -1
» 32 * LIS 22 29 72 1 3 -1 *

33 * » MO 5 9 2 IX ♦ *
♦ 34 ♦ * L09 E 5 9 33 -1 1 -L *
» 35 ♦ X ♦ LIO IS 10 33 -I 1 -1
» 3$ ♦ » * LU 17 12 25 -1 1 -1 *

37 * * M04 8 2 ♦ IX # •
» 33 * X . ♦ L37 13 27 77 L 2 -1 *
* 39 * X * L08 IS 9 33 1 2 -1
* 40 ♦ X M03 7 2 ♦ IX * *
♦ 41 * » * LOS 11 25 az 1 1 -I *
♦ 42 ♦ X ♦ LOS 12 3 37 1 1 -1 ♦
♦ 43 * # M02 6 2 * IX * »
♦ 44 * X * LOS ' 10 5 65 1 -1 -I *
* 45 * X MOI 5 2 ♦ IX • *
* 44 » » . * L02 8 7 60 -1 1 -I *
* 47 ♦ * • LOS 9 6 63 -1 1 -1 ♦
♦ 43 • * X33 23 1 ■ IX *
* 49 » > * L5S 5S 5 65 1 1 -1 *
♦ 50 » » X01 22 1 ♦ IX * *
* 51 * X L5S 52 23 68 * 1 1 3 ♦
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♦ »•*♦♦•♦#♦*♦♦* ***•***♦*##•♦** •»•*•**♦**♦* *»»**ii ***«*• *w*M* a* »*w»*ew** ****»-

INITIAL MODEL REPRESENTATION (PAGE 2)

*♦**♦»••>>»»*»»*•*♦»»♦»*•»♦•*>#»•**♦*»•••>**♦*»***♦•**•*>****»*»»*•**»»>***♦*•♦♦•**♦*»*♦**••**»**> aa
• • ♦ SUBSYSTEMS ♦ SYSTEM-STATES * F<ANSI 11345 ♦

♦ «»#*♦♦»• *>*♦**♦♦*!»♦*»*♦#*♦•■•♦•*»*»♦••*•♦*»*♦♦••*••*>**»*•**##**•*> a *>»*>»•»• «••»*♦»****♦*♦♦>♦*****»
♦ ♦ USER • USER • USER ETAtJ):- •
* LIME »SYM3OL• RHO DELTA GAIIA » SYiaDL ETA MU ALPHA STATUS * SYM3DL <APPA ETA LINE SETA TAU PHI a

♦ ♦»*a*aa***i* ♦♦*«♦♦***♦♦»♦♦****•*♦»**♦♦♦•»»♦•♦*♦♦♦**•»*♦*♦♦*♦•»*>**♦*♦♦»#  aa»*** >»#»*•» >♦*»*»•••♦♦♦♦»>♦♦*♦♦♦**•♦**»♦

* . 52 ♦ U1 2 1 1 a a a
* . 53 a a T06 39 2 > X a a
> . 54 • a T05 38 2 ♦ X ♦ a

55 ♦ a T04 37 2 4- X a a
* 55 # a T03 36 2 * IW ♦ a
* 57 * ♦ * L53 51 40 85 1 1 0 a
* . 58 » a Ull 35 2 • IW ♦ a
* 59 ♦ a a L37 43 39 53 1 . 1 -L a
♦ , 60 * . » U10 34 2 ♦ ' IW a a
♦ . 61 » ♦ a L35 42 35 53 1 1 -1 a
* . 62 * # U09 33 2 ♦ X a ' a
» 63 ♦ ♦ uoa 32 2 ♦ IW a a
♦ 64 a a L33 39 32 S3 -1 t -1 a
♦ 65 ♦ a a L34 43 33 52 -1 1 -1 a
♦ 66 ♦ • a a L35 41 35 53 -1 I -I a
* 67 a U07 31 2 IW a a
» 68 * , a a L3L 37 32 S3 1 -1 -1 a
» 69 a a L32 3 3 13 11 1 -1 -1 a
* . 70 * a . U06 30 2 ♦ IW a a
♦ 71 * ♦ a L41 47 33 > 4 I 1 -1 a
» 72 » a U05 29 2 IW a a
♦ 73 a a a L29 35 29 72 -1 1 0 .a
* 74 a a a L30 36 . 30 70 -1 1 -1 a

75 * a UD4 . 23 2 * IW a a
» . 76 » a a L48 43 37 55 1. 1 -1 a
* 77 * a U0 3 27 2 * IW a a
» . 73 a > a L27 , 33 27 77 -1 1 0 a
* 77 ♦ a a L23 34 23 7 j -1 1 -1 a
» , 90 > a U32 26 2 ♦ IW a a

81 a a a L40 45 35 55 1 1 -1 ■ a
♦ 32 a a . U31 . 25 . 2 > IW a a
* 83 * a L25 31 25 32 -I. 1 0
♦ * 86 a a a L26 32 25 33 -1 1 -1 a
a 85 * a X02 40 1 • IW a • a
♦ 86 a a a L55 53 23 43 1 1 3 a
» 87 * SA 3 • 1 1 a a • a
* 33 . a a $02 4 0 ♦ IW a - a
» 89 a •. a a L42 1 1 94 1 - 0 0 a
♦. 90 . a a SA03 3 1 . + IW a a
» . 91 a a a L46 5 1 94 1 1 -1 . a
♦ 92 a - a SA02 2 1 ♦ IW a a
* 93 a a a L47 6 1 94 1 1 -1. a
a 94 * a SA01 1 1 ♦ IW a a
* • 95 a a a L43 2 3 90 -1 1 -1 a
♦ 96 a ,a a L44 3 2 92 -1. 1 -1 a
♦ 97 a a k L45 4 I 94 -1 1 -1 a
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SYH8GL LISTS

RHO

1

L-NAHE

HAH

RHO

2

L-NAHE

U1

RHO

3

L-NAHE

SA

. RHO L-NAHE

ETA W-NAHE ETA W-NAHE ETA W-NAHE ETA W-NAHE

1 SA01 11 H37 21 T02 31 007
2 SA02 12 H09 22 X31 32 U33
3 SA03 13 H09 .23 X03 33 - 039
* 102 14 MIO 24 101 34 013
5 H31 15 .Mil 25 UOl . 35 Oil
6 HO 2 • 16 H12 25 002 36 T03
7 MO 3 17 M13 27 033 37 T34
8 HO* 18 Hl 4 23 034 38 T05
9 H05 19 H15 23 035 " 39 T05

10 H0£> 20 . TOl 33 035 40 X02

XAPPA X-NAME KAPPA X-NAME KAPPA X-NAtE KAPPA X-MAME

1 L42 15 L09 29 L23 42 L3S
2 L43 15 LIO 33 L24 43 L37
3 L44 17 LU ■ 31 L25 St L3 3
4 L45 13 L12 32 L25 as L39
5 L45 19 LL3 33 L2 7 45 L43
6 L47 20 L14 34 L23 47 L41
7 L01 21 L15 35 L29 48 L43
3 L02 22 LIS 35 L3 3 49 L53
9 L03 23 L17 37 L31 50 L51

10 L04 24 L13 33 L32 51 L53
11 LOS 25 L19 39 L33 52 L54
12 LOS 25 ' L20 43 L34 ' 53 L55
13 L07 27 - L21 41 L35 54 L55
14 L08 23 L22
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8TP ■34 IE 72163 21/31/31FORTRAN IV G LEVEL 23

0301 SU3R0JTINE arp(39393,TTTTT.YYYYV,*) .
0'302 IMPLICIT INTEGER*2<T),LOGICAL*11 3)
C003 COMHOM/TE.RM/CT
ODO* C0MM0M/LAM3DA/LDELT< LOO) ,lqh 100) ,
0005 INTEGER P.PS.PNtPM
0006 IMTEGER»4 CT
0007 COMHON/aLXl/

1 P,PS,P.M,PN,ITEHP»RPM,RPMRcQ,RPMLST,NS , IG , I E , IS, CRATE,ER AT E , IT ,
1 SRIG,S‘RSA,S>4FG,SWL0,SMFAIL,SMT

0008 LOGICAL SWT
0009 LOGICAL S9IG,SyFG,SWSA,SyLD,SMFAIL
0010 LOGICAL FIRE
0011 DATA NPTR/6/
0012 . INTEGER»2 XXXXX.YYYYY.ZZZZZ.L
0013 COMMO-I/CHI 1/813000), T( 1000),L< 1000) .
0014 ZZZZZ=YYYYY»180
0015 zzzzz=zzzzz-iao
0016 GO TO (

1 2002,2003,2004,2003,2009,2015,2016,2317,2323,2324.
1 ,2031,2032,2033,2034,2035,2035,2339,2340,2041,2344
1. ,2045,4010,4028,4037,4033, .2, 3, 4, 5, 6
1. , 7, 8, 9, 10, 11, 12, 13," 14, 15, IS
1 , 17, 18, 19, 20,- 21, 22, 23, 24, 25, 2S
1 , 27, 28, 29, 30, 32, 34, 36, 37, 38, 39
1 , 40, 41, 42, 43, 45, 46,- 47, 43, 49, 54
1 ),ZZZZZ

0017 RETURN 1
C 8L03

0013 2009 33338» P.LT.PS
0019 GO TO 99999

C BL02
0320 2033 33333= P.GE.2S
0021 GO TO 99999

C 8L09
0022 2015 33333= RPN.LT.RPHREO .AND. RPM.GE..RPMLST
0023 GO TO 99999

C 8L10
0324 2015 33333= RP.N.Gc.RPMREQ
0025 GO TO 99999

C 8L11
0026 ' 2017 33333= RP.M.LT.RPMREO .AMO. RP,4.LT.RPMLST
0027 GO TO 99999

C 8L17
0028 2023 83333- FIREIZ)
0029 GO TO 99999

C 8L18
0030 2024 B33BB- SMFAIL
0031 GO TO 99999

C BL25
0332 2031 83888- SMlG
0033 ' GO TO 99999

C BL26
0034 2032 88388- -NOT.SJIG
0035 GO TO 99999

C BL27
0336 2033 83333- SWSA
0337 GO TO 99999

C 8L28
0033 2034 83333- .NOT.SUSA
0339 GO TO 99999

C 3L29
0-340 2035 39333= SMFG
0D4L . GO TO 99999

C BL30
0342 2036 33333= .NOT.SRFS
□ 3 43 GO T.-- 99999

C 3L3 3
03 44 2039 93333= ITEMP.LE.203 -ANO. .NOT.S-LO
0 3 35 ?,3 TO 999 99

C 3L36
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034& 2040 80399= ITEMP.Gr.200 .ANO. .NOT.SULD
0047 GO TO 99999

C BL35 
0348 2041 89383= SWLO
0049 GO TO 99999

C BL38 
0050 2044 63383= .NOT.SWT
0051 GO TO 99999.

C BL39. 
0052 2045 88338= S«T
0053 GO TO 99999

C 8143 
0354 2002 83383-. (P.GE.PM) .AND. t IC.EQ.l) •-
0055 GO. TO 99999

C BL44 
D356 2003 88388- (P.LE-PN)-AND.(IC.EQ.0)
0057 . GO TO 99999

C 8145 
0058. 2004 83388= .NOT.i(P.GE.PM.ANO.IC.EQ.1).03.( P.IE.PM.AND.IC.E0.3) )
0359 GO TO 99999

C TL04 
0360 4010 TTTTT- PS-P*2.
0361 GO TO 99999

C T122 
0362 4023 TTTTT- IMAIT(Z).
0363 GO TO 99999
0064 4037 TTTTT- IWAITIZ)
0065 GO TO 99999

C T132 
0066 4033 TTTTT- IT
0067 GO TO 99999

C 150 
0053 49 CONTINUE
0059 SWIG-.PA1SE.
0070 S9FG-.FA1SE.
0071 GO TO 99999

C 156 
0072 54 CONTINUE
0073 RPM-O.
0074 . RPNL5T —1.
0075 SNIG-.FAlSc.
0075 SV10-.FA1SE.
0077 SUFG-.FA1SE.
0073 SWSA-.FA1SE.
0079 SWFAI1-.FA1SE.
0330 SWT-.FA1SE.
0031 ■ LOTI 11=0
0082 1QT<2)-O
0033 CQT<3J=0
00 34 IFl MOUNT.EQ-20JCT-E0TI1) :
0035 ITEMP-100
0036 KOJNT=XOUNr*l
0037 MRITEINPT.R, 70561
0033- 7356 FORMAT I«1•,43X,•SIMJ1ATION DF ANOTHER START*//' TIMEr,40X,

1. 'STEP JUST COMP1ETED*.32X,’AIR PRESSJRE*//15X,*MAN•,50X,
•v ■ENGINE*//).

0039 GO TO 99999
C 101 ,

0090 7 CONTINUE
0091 KOUNT-1
0392 WR1TE(NPTR»7001)IQTII),P
0093 7301 FORMATPl*,* TI He * , 40X, • S TE? JUST G3H>1ETED* ,32X,'MR PRESSURE

1 //• .HAN*,50X,,ENSIME*//I7t
1 . • MAN ARRIVES AT THIS UNIF*,61X,I8) '

0394 GO TO 99999
C 102 

0095 8 CONTINUE
0095 MRrTEINPTR,7302)lQni>,P
0097 7032 FORMAT!* *,Io,* HE REAO STARTING MR PRESSURE =*,I4,» S *,

I •DECIDES TO TRY A START•,25,13) .
GJ'73 GO TO 99999

C 103 
0099 9 CONTINUE
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0100 kriret*i?rR, 7303)ion d,?
0101 7033 FOn.^Ari* •»16,‘ HE READ STARTING AIR PRESSURE S

1 -DECIDES TO WAIT-,32X.J3)
0102 GO TO 99999

C 104
0103 10 CONTINUE
010* MRITElN?TR,7004)LQTl1),P
0105 7004 FORNATC ',I6»- WAIT TIME CONPLETED*,56X,I 3 >
0106 GO TO 99999

C 105
0107 11 CONTINUE
aios SWIG-.TRUE.
0109 G3 TO 99999

C 106
0110 12 CONTINUE
0111 WRITE<NPTR»7006)LQTi1),P
0112 7006 FORMAT!’. ‘,16,’ HE TURNED ON IGNITI3N SWIFCH • , 57X,IB> -
0113 GO TO 99999

C 107
0114 13 CONTINUE
0115 IE-1
0116 SWSA-.TRUE.
0117 GO TO 99999

C 108
0118 14 CONTINUE
0119 NR1 Tc I NPTR, 7008) LQTm.P
0120 7309 FORMAT!’ ’,15,’ HE OPENED STARTING AIR VAlVc• ,57X,13)
0121 GO TO 99999

C 109 ,
0122 15 CONTINUE
0123 Rpatsr-RPN
012* RPH-RPM+10.
0125 lai-RPNisr
0126 1R-RPH
0127 WRiTe!N?rR,70Q9)lQr!1),IR,IR1,P
0123 7039 FORMAT!1 *,16>’ RPN=’,14,’ RPM LAST READING-*, 14,

1 55X,16)
0129 G3 TO 99999

C 110
0130' 16 CONTINUE
0131 RP-.EST-RPN
0132 RPM-RP.H+IO.
0133 iri=rpnlst
0134 IR-RPH
0135 WRIT=(NPTR,7010)lQT!D.IR.P
0136 7010 FORMAT!’ ’,I6,’ TACH READING WAS • ,I6,62X,13) .
0137 GO TO 99999

C 111

0138 17 CONTINUE
0139 WRITE!NPTR,7011)L0T(l),ia,P
0140 7011 FORMAT!’ ’,I6,« TACH READING WAS »,I5.62X,18):
0141 . GO TO 99999

C 112
0142 18 CONTINUE '
0143 WRITE!NPTR»7012)LOT 1 1),P
0144 7012 FORMAT!’ •,16.• C10SE0 SA VA1VE*,59X,I8) :
0145 SWSA-.FA1SE.
0146 IE-0
0147 GO TO 99999

C 113
0148 19 CONTINUE
0149 WRITE(NPTR,7013)LQT!1),P
01 50 7013 FORMAT!’ ’,16,’ TURNED OFF IGNITION*,65X,I8> .
0151 . S>IG=.FA1SE.
0152 GO TO 99999

C 114
0153 20 CONTINUE
0154 HR ITEtNPTR,7314)1QT! 1),P
0155 7014 FDANAFt’ ’,I6,« C10SED FS VAlVc’,S9X,I3>.
0155 S-iFG-.FALSE.
0157 GO TO 99999

C 115
0153 21 CONriNJ?
0159 L.Ri TEt'iPTR, 7015) 1QT! 1) ,P
0150 7015 FORMAT!’ ’,16,* OPENED FUSE GAS VAIVE’,64X,13) .
0161 G3 TO 99999

C 116
015? 2 2 COili'-j?
0153 S ..-G-.TRUE.
C 1 □ 4 G3 TO -J 9 >99
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C 117
0165
0165
0167
0168
0169
0170 .

23 CCMT1HU6
RP.«=RPM + 50.
IR’RPH
WR1IE(NP72,7017)LOT 111,IR,P

7017 FOR.IAre ’,15,’ TACH READING H AS • , I 7,52X , I 3) "
GO TO 99999

C L13
0171
0172
0173
017*
0175
0176

24 CONTINUE
RPM-RPH-20.
IR = R?.H
MRITE<NPTR,7018)LOT 1ll.IR.P

7018 FO.RNAIl’ ’.lb,’ TACH READING H AS' , 17.52X , I 8) :
GO TO 99999

C 119
0177 25 CONTINUE
0178
0179
0180
0181 '
0182

HR I TE t-NPTR, 7019) LOT 11),» 
7019 FORHAri’ ’.lb,’ CLOSED SA VALVE•,7DX,13)

IE=O
SHSA-.FALSE. 
GO TO 99999

C L20
0183
018*
0185
0136

26 CONTINUE
HRirEtNPTR,7020)LQr(l),P

7020 FD.RHAH’ ’,16,’ HE SET GOVERNOR TO IDLE’,62X, 13)
GO TO 99999

C L21
0187
0133
0189
0190

27 CONTINUE
FRI TE 1 .NPTR", 7D21) LOT t 1),P 

7021 F0R8ATII7 ,50X,’IDLE TIMER STARTS’,24X, I 9) . :
GO TO 99999 :

C L22
0191 .
0192
0193
0195
0195

28 CONTINUE
SWLDa-TRUE»
HRlTE(NPTR,7022)LQTt1),?

7022 FORMAT!’, •air* HE RETURNS TO UNIT AFTER HA1T • ,5b.X, 13)
GO TO 99999

C L23
0196 
0197 
0193 
0199

29 CONTINUE
WRITE!NPTR,7O23)LQril),P 

7023 FORMAT!’ ’,16,’ LOADS UNIT ANO L = AVES•,64X,I 3)
GO TO 99999

C L24
0200
0201
0202 .
0203

30 CONTINUE
HR IIE!NPTR,7024)LQT!1),P

702* FORMAT!17 ,50X,’DISCH & SUCTION VALVES OPEN, 37PA5S CLOSES’,13). 
GO TO 99999

C L26
0204
0205
0206 
0207

32 CONTINUE
HR!IE!NPTR,7026)LQT!1),P

7026 FORMAT!!? ,50X, • IGNI TIO.N SWITCH OPENS ’tlSXjIlO)
GO TO 99999

C L23
0208
0209
0210
0211

3* CONTINUE
WRITE!NPrR,7028)LQri 1),P

7028 FORMAT!!? ,SOX,’ENGINE CRANKS ON AIR FOR LAST TIME’,US) 
GO TO 99999

C L30
0212
0213 ■
0214
0215

36 CONTINUE
WRITEINPTR,7030)LOT!1>,P

7033 FORNATd? , 5 OX, ' ENGINE TAKES LAST CHARGE OF FUEL ’,117). 
GO TO 99999

C L31
0216 37 CONTINUE
0217 '
0213
0219

HR! TEiNPTR,7031)LOT!1),P
7331 FORMAT!’ ’rlbiSOX, ’MIN IDLE TIME COMPLETED’•13X,117) .

GO TO 99999
C L32

0220
0221
0222
0223 ■

33 CONTINUE
WRI TE<'IPrR,7D32)1011 1),P

7032 FORHAftIT ,53X,’FLAG DISPLAYED FOR OPERATOR ’,117) "■
GO TO 97999

C L33
022’t 
0225 
0225 
022Z 
5?.: )

3 7 CCITITJE
HR I IE < '1 p T R , 7333 > LQT! 1) , ITEM?,? 

7333 FORMAT(I 7,53X,•TEN? =•,I 5,33X,I 9).
I TEMP^I TE.‘!P»13
CO TO -737 <9
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0229
C L3*

*0 CONTINUE
0230 SNT=.THUe.
0231 SWrG=.FAlSE.
0232 SWIG=.FA1SE.
0233 WRI TEt.NPTR, 7334) 1QT( 1),P
0234 703* FORNATtl? ,50X,«I01E SHUT DOWN DUE TO SAS TEH? •,I17).
0235 GO TO 99999

C L35
0236 41 CONTINUE
0237 MSITEINPTR17035)COT ( 11 ,P
0233 7035 FORNATt17,SOX,•I01E TIME TEMP MONITOR OEACTIVATED’,7X,19» :
6239

C 136
GO TO 99999

0240 42 CONTINUE
02*1 WRITE!NPTR,7336)IQHI),P
02*2 7036 FORMAT!17,SOX,•ENGINE TAXES LOAD’,2*X,I9)-
02*3

C 137
GO TO 99999

024* 43 CONTINUE
0245 ■WRITE(.NPTR,7037)lQTt 1),P
0246 7037 FORMAT!• »,I6,50X, ’ENGINE OPERATING UNDER 10AD’,14X,I9)
02*7 HRITE!NPTR,7050) .
0243 7050 FORMAT! / • SHUT DOWN AND SIMULATE ANOTHER START*)
02*9

C L39
GO TO 99999

0250 45 CONTINUE
0251 SWIG=.FA1SE.
0252 WRITc(N?TR,7O39)1QT! 1) ,P
0253 7039 FORMA I(I 7,7X,’HE FINOS ENGINE SHUT DOWN’,50X,I8>.
025*

C L40
GO TO 99999

0255 46 CONTINUE
0256 WRITEINPTR,7040)1QT! 1),P

0257 7040 FORNiT!17,50X,’IGNITION CIRCUIT OFF•,21X,I9>.
0253

C 141
GO TO 99999

0259 *7 CONTINUE
0260 WRITEI HPTR,7041)1QT!1),P
0261 7041 FORMAT!17,50X,’FUEL GAS 5 TOPS’,27X,I 9)
0262

C 143
GO TO 99999

0263 2 CONTINUE
026* 6001 P=?-»CR AT E* IC-ER ATE* IE
0265

C 144
GO TO 99999

0266 3 CONTINUE
0267 GO TO 6001
0268 3001 CONTINUE
0269

C 145
GO TO 99999

0270 4 CONTINUE
0271 GO TO 6001
0272 8002 CONTINUE "
02 73

C 146
GO TO 99999

027* 5 CONTINUE
02 75 IC = O
0275 GO TO 6001
0277 8003 CONTINUE
0273 GO TO 99999

C 147
0279 6 CONTINUE
02 30 IC = 1
0231 GO TO 6001
0282 8004 CONTINUE
0283

C 148
GO TO 99999

028* 48 CONTINUE
0235 99999 RETURN
02 8* END

19^



FORTRAN IV G LEVEL 20 BLK DATA DATE = 72163 21/31/31

OOOL . 
0002

BLOCK DATA
CO'lMON/aLKl/

1 P,PS1PM,PN,ITEHP,RPM,RPMREQ,RP.,1LSr,NS ,IC,IE,IS, CRATE, ER ATE,IT,
1 SR IG,SRSA,SRFG,SHLO,SWFAIL,SWT

0003
0004
0005
0006

INTEGER P,PS,PN,P«
LOGICAL SWT
LOGICAL SWIG,SWFG,SWSA,SWLO,SWFAIL
DATA P,PS,P'i,PN/253 ,220 ,230 ,203 / , I TEMP/70/, RP1/3./,

1 RPHLST/-1./,RP1REQ/15O./, IC,IS,IE/0,0,0/,
1 NS/1223703125/,
1 CRATE/1./,ERATE/ 2./,IT/0/,
1 SWIG/.FALSE./,
1 SHFG/.FALSE./,
1 SWLO/.FALSE./,
1 SWT/.FALSE./,
1 SWFAIL/.FALSE./

0007 ENO

0301 LOGICAL FUNCTION FIRE(Z)
0002 LOGICAL FIRE
0003 COIHON/BLKl/

1 P,PS,P1,PN,ITE.*P,RPN,RP1REQ,RP>1LST,NS , 10 , IE, IS , CRATE, ERATE, IT
1 5WIG,SwSA,SWFG,SWLO,SWFAIL, SWT

0004 LOGICAL SWT
0035 LOGICAL SWIG,SWFG,SWSA,SWLO,SWFAIL
0005 LOGICAL SW
0007 NSEEO=NS
0303 SWFAIL=.FALSE.
0009 CALL ATINEIO.,ia.,0.,2O,VAL,NSEEO)
0013 NS=HSEEO
0011 IFIVAL.LE.7.IG0 TO 1
0012 SW=.FALSE.
0313 SWFAIL=.TRUE.
0014 GO TO 2
0015 1 SW-.TRUE.
0016 2 FIRE=SW .
0017 RETURN
0013 ENO

OOOL 
0002

FUNCTION IWAIT(Z)
CON.NON/BLX1/

1 P,PS,P.-1,J>N,ITEMP,RPM,RPMRE0,RPNLST,NS , IC, IE, IS, CRATE, ER ATE, IF, -
1 SWIG,SWSA,SWFG,SWLD,SWFAIL,SWT

0003
0004
0005
0006
0007 .
0008
0009
0010 
0011
0012

LOGICAL SWT
LOGICAL SWIG,SWFG,SWSA,SWLO,SWFAIL■
NSEEO-NS
CALL ATIHEl 2., 20.",0.,20,VAL.NSEcO)
NS=NSEEO
WA1T=VAL
IT=WAIT
IWAIT=WAIT
RETURN
END
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SIMULATION OF ANOTHER START

TIME

MAN

STEP JUST COMPLETED

ENGINE

AIR PIESSJIE

’ 1 • HE READ STARTING AIR PRESSURE = 221 £. DECIDES TO TRf A START
2 HE TURNED ON IGNITION SWITCH 222
* HE OPENED STARTING AIR VALVE 224
5 RPM”' 10 RPN LAST READING- 0 223
6 RPN- 23 RPM LAST READING- 10 222
7 RPM- 30 RPN LAST READING- 20 221
8 RPM- 40 RPM LAST READING- 30 220
9 RPN- 50 RPH LAST READING- 40 219

10 RPM- 60 RPM LAST READING- 50 218
11 RPM- 70 RPf LAST READING- 60 217
12 RPM- 80 RPH LAST READING- 70 216
13 RPN-. 90 RPM LAST READING- 80 215
1» RPM- 100 RPM LAST READING- 93 214
15 RP.M- 110 RPM LAST READING- 100 213
16 RPM- 120 RPM LAST READING- 110 212
17 RP.M- 130 RPM LAST READING- 120 211
18 RPM- 140 RPM LAST READING- 130 210
19 RPM- 150 RPM LAST READING- 140 239
20 TACH READING WAS 160 233
23 OPENED FUEL GAS VALVE 235
28 TACH READING NAS 210 230
30 CLOSED SA VALVE 198
31 ENGINE CRANKS ON AIRFDR LAST TIME 199
35 HE SEI GOVERNOR TO IDLE 203
35 IDLE TIMER STARTS 233
33 ' .MIN IDLE TIME COMPLETED 236
33 FLAG OISPLAfEO FDR 3PSRATD* 235
39 TEMP = ISO 237
40 TEMP = 113 233
41 TEMP - 120 239
42 TE.MP = 130 210
43 TEMP = 140 211
44 TEMP = 150 212
45 TEH? = 150 213
46 TEMP - 170 214
47 TEMP - 130 215
43 . TE.MP - 190 215
49 TE.MP - 2 30 21?
50 IDLE SHUT DOWN DUE T3 GAS TEMP 218
51 ENGINE TAKES LAST CHARGE 3F FUEL 219
51 1 GN!TION SNITCH OPENS 219
52 FUEL GAS STOPS 220
52 IGNITION CIRCUIT OFF 220
53 HE RETURNS TO UNIT AFTER WAIT 221
54 He FINOS ENGINE SHUT DOWN 222
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TIME

SlHULinn-j OF ANOTHER START

STEP JUST COMPLETED AU PRESSJRE

MAN ENSUE

1 HE READ STARTING AIR PRESSURE =■ 226 C DECIOES TD TRY A START
2 HE TURNED 3N IGNITION SWITSH 227
4 He OPENED STARTING AIR VALVE 2295 RPM> 10 RPM LAST READING* 0 228
6 RP?1« 20 RPM LAST READING* 10 2277 RPM* 30 RPM LAST READING* 20 226
a RPM* 40 RPM LAST READING* 30 225
9 RPM* 50 RPM LAST READING* 43 224

10 RPM* 60 RPM LAST READING* 50 223
11 RPM* 70 RPM LAST READING* 60 222
12 RPM* 80 RPM LAST READING* 70 221
13 RPM* 90 RPM LAST READING* 83 220
14 RPM* 100 RPM LAST READING* 90 219
15 RPM* 110 RPM LAST READING* 103 213
16 RPM* 120 RPM LAST READING* 113 217
17 RPM- 130 RPM LAST READING* 120 216
ia RPM* 140 RPM LAST READING* 130 215
19 RPM* 150 RPM LAST READING* 143 21*
20 TASH READING WAS 160 213
23 OPENED FUEL GAS VALVE 213
28 TACH READING WAS 210 205
30 CLOSED SA VALVE 233
31 ENSUE CRA.'US 39 AIR FOR LAST TINE 204
35 HE SET GOVERNOR TO IDLE 233
35 * IDLE TUER STARTS 203
52 HE RETURNS TO UNIT AFTER WAIT 225
53 •HIM IDLE TI“= 2C'3L = r = 0 225
53 FLAG DISPLAYED FSR 32E.RLT3R 225
5* LOADS UNIT AND LEAVES 227
54 DISCH C S'JSTISN acvES DPEN, 3Y?ASS CLOSES 227
5'» IDLE TINE TE.-.2 .’I'flTOl DEACTIVATED 227
55 ENSUE TAXES L3A2 223
56 ENGINE 32E.RAT1NS JNDER L3A0 229

SHUT OOWN AHO SIMULATE ANOTHER START
56 ENGINE TAKES LAST CHARGE OF FUEL 229
56 IGNITION SWITCH 02ENS 229
57 FUEL GAS STOPS 233
57 IGNITION CIRCUIT OFF 230
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TIME STEP JUST COMPLETED AIR PRESSJRc

HAM • EM31NE

0 HAM AAXIVES AT THIS UNIT 250
1 HE SEAO STAATIMG AIR PRESSURE = 250- C DECIDES TO TRY A START
2 HE TURSEO ON IGNITION SwiTOrt 250
4 HE OPENED STARTING AIR VALVE 250
5 RPH« 10 RPH LAST READING* D 243
6 RPH* . 20 ' RPH LAST READING* 10 246
7 RPH* 30 RPH LAST READING* 20 244
8 RPH* *0 RPH LAST READING* 30 242
9 RPH* 50 RPH LAST READING* 40 240

10 RPH* 60 RPH LAST READING* 50 233
11 RPH* 70 RPH LAST READING* 60 235
12 RPH- 80 RPH LAST READING* 70 234
13 RPH* 90 RPH LAST READING* 80 232
14 RPH* 100 RPH LAST READING* 90 230
15 RPH* 110 RPH LAST READING* 100 228
15 RPH* 120 RPH LAST READING* 110 225
17 RPH* 130 .RPH LAST READING* 120 224
13 RPH* 140 RPH LAST READING* 130 222
19 RPH* 150 RPH LAST READING* 140 220
20
23
28

TACH READING WAS 160
OPENED FUEL GAS VALVE 
TACH READING WAS 210

213
212
232

30
31 .
35
35
4b

CLOSED SA VALVE 
ENGINE CRANKS ON AIR FOR LAST TIHE

HE SET GOVERNOR TO IDLE 
IDLE TIMER STARTS

HE RETURNS TO UNIT AFTER WAIT

193
199
233
233
214

53
50
51
51
51
52
53

SHUT
53
53
54
54

. MIN IDLE TIME COMPLETED
FLAG DISPLAYED FDR 3?5RATDR 

LOADS UNIT AND LEAVES 
DISCH K SUCTION VALVES OPEN, 3YPASS 
IDLE TIMS TEH? MD'ttrDI DEACTIVATED 
ENGINE TAXES LOAD 
ENGINE OPERATING UNGEI LOAD

DOWN ANO SIMULATE ANOTHER START 
ENGINE TAKES LAST CHAlGe OF FUEL 
IGNITION SWITCH OPENS 
FUEL GAS STOPS 
IGNITION CIRCUIT OFF

213 
218 
219

CLOSES 219
217 
22 3 
221

221 
221 
222 
222
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SIMULATION OF ANOTHER START

TIME STEP JUST COMPLETED

ENOINE

AIR PRESSJ*

MAN

1 HE AEAO SFARTISG AIR PRESSURE =- 229 E OECIOES T3 TRY A START
2 HE rjRNED ON IG.NiriON SWITCH 233
4 H6 OPENED STARTING AIR VALVE 232
5 10 RPJH LAST READING* 3 231
6 RP.N- 20 RPrt LAST READING* 13 233
7 RPN* 30 RPN LAST READING* 20 229
8 RPN» 40 RPM LAST READING* 30 225
9 RPM* 50 RPM LAST READING* 40 227

10 RPH* 60 RP.N LAST READING* 50 . 226
11 RPM* 70 RPM LAST READING* 60 225
12 RPM* 80 RPM LAST READING* 70 224
13 RPM* 90 RPM LAST READING* ao 223
14 RPM* 100 RPM LAST READING* 90 222
15 RPM* 110 RPM LAST READING* 100 221
16 RPM* 120 RPM LAST READING* 110 223
17 RPM* 130 RPM LAST READING* 120 219
ia RPM* 140 RPM LAST READING* 133 213
19 RPM* 150 RPM LAST READING* 140 217
20 TACH READING KAS 160 216
23 OPENED FUEL GAS VALVE 213
28 TACH READING rfAS 140 233
31 CLOSED FG VALVE 205
32 ENGINE TAXES LAST CHAASe 3F FUEL 234
33 CLOSED SA VALVE ■ 203
33 FUEL GAS ST3PS 203
34 TURNED OFF IGNITION 234
34 ENGI'lE CH4XS 31 All F31 LAST Tt.16 234
35 (Gi-firiui sxrrcH 3?eis 235
3S O

 

G
 I) "l
i rj
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SIMULATION OF AN3THEH START

TIME S-TEP JUST C08?LErED AIR FRESSJIE

HAN ENGINE
i

1 . HE READ STARTING AIR PRESSURE » 240 £ DECIDES ID TRY A START
2 HE TURNED ON IGNITION SWITCH 241
4 HE OPENED STARTING AIR VALVE 243
5 . RPH» 10 RPM LAST READING* 3 242
6 RPM* 2D RPN LAST READING* 10 241
7 RPM* 30 RPN LAST READING* 23 240
8 RPM» 40 RPM LAST READING* 30 239
9 RPM* 50 RPM LAST READING* 40 238

10 RPM* 60 RPM LAST READING* 50 237
11 RP.M* 70 RPM LAST READING* 63 * 235
12 RPM* 80 RPM LAST READING* 70 235
13 RPM* 90 RPM LAST READING* 83 234
14 RPM* 100 RPM LAST READING* 90 233
15 RPM* HO RPM LAST READING* 100 232
16 RPM* 120 RPM LAST READING* 110 231
17 RPM* 130 • RPM LAST READING* 123 230
18 RPM* 140 RPM LAST READING* 130 229
19 RPM* 150 RPM LAST READING* 140 223
20 TACH READING NAS 160 227
23 OPENED FUEL GAS VALVE 224
28 TACH READING 4AS 140 219
31 CLOSED FG VALVE 215
32 ENGINE TAXES LAST CHARGE Dr FUEL 215
33 CLOSED SA VALVE 214
33 FUEL GAS STOPS 214
34 TURNED OFF'IGNITION 215
34 . ENGINE CRANXS ON MR FOR LAST TIHE 215
35 IGNITION SiI'CH 3.>ENS 216
36 IGNITION CIRCUIT OFF ZLI
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13. A1I-E1IDE< ? Continuous Process Progran

*^****»**>*******>*»*>*ei*N»*****>»***»**->*»*»***>#»*»***>***>**»*>**N*****#»M*>»

*»*^****#.te*-*********»***JI*J
MOJEL RePRESENLATl JU IMPJF 
ies At 1 ******** *»etl

L TASX 1 1
L HD 1 1
L VIO . 1 . 1
L ■ VDD L I
L ENV 1 . 1
H 101 TANK 0 >
M SOI TANK 1 «•
H S02 TANK 1 . *
y S03 LID 1 ♦w SO* LID 1 . ♦w SOS LID 1 *w S06 VID 1 ♦w SOT VID 1 t
H S03 VID 1 . ♦
W S09 VDD 1 +W SLO ENV 1 ♦
X L01 101 SOL 1 0 -1
X L02 SOI . S03 -1 1 -1X L03 SOL - SOI -1 2
X LOL SOL S02 -1 1 -1
X LOS S03 S04 -1 1 -1
X LOS S03 SOS -1 1 -1
X LOT S03 SOS -1 1 -1
X L08 SOS SOT 1 1 . -1
X L09 SOS S03 1 1 -1
X LIO SOS SOS -1 2
X Lil SOS 509 -1 1 -1
X L12 S09 SLO L 1 -1
X L13 SLO SOI 1 . 1 -1
./
I 101
./
CHDRP
03YML
OS ACT
T . 10000

IfH T1AL .MODEL REPRESEMTAriOM (PAGE 1)

suasrsTEMS » SYsrE-i-sTATES • transi riots >

» USE! ♦ JSER # J>cl ETA( N
• LINE ♦ SY-^aOL RHO DELTA GANNA SYM30L ETA MJ ALPHA STATUS « SY-ISDL KAPPA ETA LIME 3ETA TAU P3I »

» 1 * TANK 1 1 1 * »
» 2 ♦ 131 1 0 ♦ IM # ♦

3 ♦ » ♦ LOL . 1 2 5 I 0 -1 . #
♦ 4 • * SD2 3 1 ♦ X * »
• 5 ♦ * SOI 2 1 ♦ IW *

6 * * L02 - . 2 4 . 12 -1 1 . -1 *
* 7 ♦ * L03 3 2 5 -1 2 3 *
* 8 * * * L04 * 3 4 -1 1 -1 ♦
* 9 » LID. 2 1 1 . ♦ * ■ ♦
» 10 * * S35 5 I ♦ . X ♦ ■
♦ 11 » S04 5 1 ♦ X 9 ■ ♦
♦ 12 • . ♦ SD3 4 1 ♦ IW ♦ *
♦ 13 » ■ * ♦ LO-5 5 5 11 -I 1 -1 *
♦ 14 ♦ » « L3S 5 6 . ID -I I -I ♦

15 • ♦ * L3Z 7 - 7 19 - -1 1 -L ♦
15 * VID 3 1 1 » * • ♦

♦ 17 ♦ * SOS 9 1 ♦ X ♦ ♦
♦ 18 ♦ * SOT 8 1 + X » ♦
9 19 » S06 7 1 > IW ♦ ♦
♦ 20 » » LOS 8- 8 13 1 1 -1 *
♦ 21 » » * L09 9 9 17 1 1 -I *
* . 22 * •» LIO 10 7 19 -1 2 0 *

23 * • #■ LIL 11 13 25 -i 1 -1 *
2 4 » VDD 4 1 L X *

* 23 ♦ S09 10 1 * IW ♦ . *
# 2> . * LL2 12 IL 23 1 I -I
* 2f » ENV 5 I 1 * ♦

23 *> SLO 11 1 *• 1 w ♦
* 2 *> > L13 1 3 2 5 I A -1 »

Hv i > x * # > > e i x wix»xix***»>*y*»>**rf** k x » ) 1 9 > »iXX#>6XX>l>xXx)(>X>Akkyt x s * > X 9 9 > 1 * 11 XI > 11i il* Vti k * > Xx>9 >
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SYM33L LISTS

RHQ L-NAME RHO L-NANE RH3 L-NAME RHQ L-NAME

1
2

TANK
LIO

3 VIO 4- VOi) 5 ENV

ETA H—NAME ETA W-NAME ETA W-HAHE ETA H-.NANE

1 101 * 503 7 506 10 509
2 SOI 5 SOA S 507 11 513
3 S02 6 • 505 - 9 . 503

.. . . .

KAPPA X-NAME KAPPA X-NANE . KAPPA X-NANE KAPPA X-NANE

1 L01 5 LOS 8 L03 11 Lil
2 L02 6 L06 9 L09 12 LIE
3 
=►

L03
LO<f

7 L07 10 LIO 13 L13

FORTRAN IV G LEVEL 20 GEISIG DATS = 72163 21/12/32

0001 SUBROUTINE GETSIG<X,SIGMAY,SIGHAZ)
0002 DIMENSION S1GY120),SIGZI20F
0003 DATA SIGY /6.27, 9.87, 11.8, 15.75, 19.3, 22.97, 26.2, 33-2,

1 33.46,33.7 , '>0.4, 43.6, 46.6, 49.9, 54.1, 56-8,
1 60.7 ,64.0 , 67.3, 69.6 . /

0004 DATA SIGJ /5.95, 7.09, 9.89, 10.36, 11.5, 12.47, 14.11, 15.75, ' 
1 "17.06,18.40,20.01, 21.65,22.97, 24.23, 25.59, 26.93,
1 23.87,30.51,31.17, 32.15 Z

0005 DIMENSION XFI20J
0006 DATA XF/100.,200.,300.,400.,500.,600.,730.,SOO.,90Q.,1030-, 

1 1100.,1200.,1300.,1400.,1500.,1600.,1730.,1300.,
1 1900.,2000./

0307 IFfX.LT.lOO.IGQ TO 1
0008 IF(X.GT.2000.IGO TO 2
0009 NDIM=20
0010 CALL REAOY(X,XF,5IGY,VAL.NDIH)
0011 SIG.MAY = VAL
0012 CALL REAOYtX,XF,SIGZ,VAL,NDI,M>

' 0013 SIGMAZ=VAL
0014 RETURN
0015 1 SIGMAY=6.27
CD’S . SI -137=5.95
0017 RE TURN
0013 2 SiGMAi' = 59.S
03 19 SIGMAZ=32.15
00 23 RE TURN
0021 . ENO
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FOaTRAN IV G LEVEL 20 BTP 3ATE => 72158 21/12/32

0301 
0002 
0003 
0004 
0005 
OOOS 
0007 
6003 .

0009 
0010 
0011 
0012 
0013 
0014 .

0015

001& 
0017

0313 
0019

0020 . 
0021 .

0022 
0023

00 24 
0025

002S 
002 7

0028 
0029 .

0030 
0031

0032 
0033 
0034 
0035 . 
0035 
0037 
0038 
0039 
0040 
0041 
0042 
0043 ■ 
0044 
00 45 
0046 
0347 
0048

0049

0350 
0351 
0352 
0353 
03 54 
0355 
0356

SU3R0JTINE 8 7P( 33333 » TT TTT, YY V YY >-*) 
iaPHOIT I MIE GER 52 I 7 ) , LOG IC AL*11 8 ) 
003434/TERM/Gr 
COHMOS/LA.Hd'JA/LDELrl 100) .LOH 100) 
IHrEGc.R-*4 CT 
REAL»4 IO,TI.HE,TFULL,TEMPTY,TSTRIP 
LOGICAL SW5,SX7 
DATA XL/900./, XM/300./, 10/143./, 03/153./, 

1 X3N/1000./, H3/6./, XH3/25.9/, RH-3V/3.1
DATA NPFR/S/ 
INTEGE.R’2 XXXXX.YYYYY.ZZZZZ.L 
cotlos/cnii/a<3300),rtlooo),Li iooo) 
ZZZZZ = YYYYYM80 
ZZZZZ=ZZZZZ-180 
GO TO t 

1 2002,2003,2004,2005,2006,2337,2010,
1 , 4, 5, 6, 7, 8, 9, 11,
1 

RETURt 1 
C 8L02 

2302 83338=, H.GT.O- 
GO TO 99999 

C BL03
2033 83333=, I H.GT.O. )-AVO. ( t DPOOL*OVAPOR) .LT.50) 

GO TO 99999
C BL04

2034 83333= H.LE.O. 
GO TO 99999

C 8L05
2035 83333= APOOL.LT.(XL>XM-AOT). 

GO TO 99999
' C BL05' 

2335 83333= APOOL.GE.(XL*XM-AOF) 
GO TO 99999 

C BLOT 
2337 83383= SM7 

GO T3 99999 
C 3H3 

2010 83333= (DPOOL40VAP33).LT.HO 
GO TO 99999 

C BUI 
2311 83333= (OPOOL+OVAPOR).GE.HO 

GO TO 99999 
C L01

1 CORT IXUE X0j.ST = 1 
AP30L=0. 
OVAPOR-O. 
SM5=.FALSE. 
OPOOL=L. 
VOLVAP=O. 
QDIXE-O. 
ANGLE=0.01745*3.0 
PL=XL
PM=XW 
WIVDSP=6.0 
AIT = 3.14lS»I0»»2 /4. 
AOT = 3.1415»OD»*2 /4. 
SWT =.TRUE. 
WRITE(N2TR,7305) 

7036 FORMAT I•1•,53X,*LNG SPILL SI MULATlOV•/// 
1 • T . H or
1 • DL DV AP30L

GO TO 99999 
C L32

2 CO-ITINUS
OT = AFLOv * S3 IT(2.=32-2= H) 
ODIXE - Q3I.4E ♦ QT 
H = H- QT/AIT 
XT = L9T( D/2. 
MX I TH(MPT.3,7304)XT,H,OT,031 KE 

7304 FCP.-lATl* ’,4314.7)

H/10-3./, AFL0W/20*/, 
0757 .NSTRIP 710/ .

2011, - 1, - 2
12, 13, 13

l.ZZZZZ

QB 
RR.‘//> .
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0057 . GO TO 99999
C 106

0053 4 CG^riNUE
0059 TEMPT? = LQT<l)/2
0060 MR ITE(NPTR,7001>TEMPTY
0361 . 7001 FOR.MATd TANK EMPTY AT T = ',016.7, • NIN’J
0062 GO TO 99999

C 105
0063 5 CONTINUE
0366 . AP30L = QDIKE/OPOOL
0065 xr=LQrm/2.
0066 HRITE(NPTR,7008)XT,APOOL
0067 7008 FORHATt’ •,G16.7,70X,G14.7).
0068 GO TO 99999

C L06
C069 6 CONTINUE
0070 . AP00L= PL*PW-A0T
0071 . 0Pa0L= DROOL + QT/APOOL
0072 PL= XL «• 6.» DPOOL
00 73 PH= XH + 4«» DPOOL
0376 SU5=.TRUE.
0075 xT^Lorm/z.
0376 WRITE(NPTR,7007)Xr,OPOOL,APOOL
0077 7007 FORHAri* • , G14.7,42X,G14.7,14X,G16.7)
0078 GO TO 99999

C L07
0079 7 CONTINUE
0030 SWT =.FALSE-
0081 GO TO 99999

C L03
0032 . 8 CONTINUE
03 33 Xr=LflT<l)/2.
0386 riME=XT/60.
0035 CALL GETP.PJRR.TLME)
00 36 DELTO = P.a/(50.» 12. )
0037 OELTV =0ELT3>AP00L
00 3 3 DELTW = CELT? »"RH3
00 3 3 0PJ3L = DPOOL - DELTO " .
0390 IF(.N3T.SW6)GO TO 99999
0391 . PL = PL - 6 » DELTD
0092 P',3 = PM - .4 » DELTO
0093 ■ XT^L9r(l>/2.
0096 WRITE(NPTR,7305)XT, DPOOL,DVAPOR,APOCL ,3R
00 95 7005 FORMATi*',,G14.7,42X,4G14.7)
0095 G3 TO 99999

C L09
0097 . 9 CONTINUE . . . . .
0093 DELTVV =OELTW / RHOY
0099 ■ IF(AP33L.LT.(XL*Xrt-A3T))GO TO 6002
0100 CALL 3DyP.R(0ELTVV, VL, VW, OELTQV ,AOT)--
0101 . -VL=VLf6.»DELT0V ....
0102 yM=Vw*4.»DELTDV
0103 DyAP<3R= DVAPOR-+ DELTDV. . . . .
0106r GO TO 6303-
0105- 6002 VyOlO=(XL»XW-AOT-APOOL)»DPOOL
0106 yOLVA?=VOLVAP*OELTVV
0107 ■ IF(V3LVAP.GT.VVOIO)SO TO•6006
0108 GO TO 6003
0109 6004 VTOP-VOLVAP—YVOID -
0110 - VXL=XL*4.RDPOOL
0111 . yxw=xwt4.»0P03L - .
0112 CALL DOVPR4V TOP,VXL,VXW,DVAPOR,AOT )
0113 yL=VXL+4»0VAP0R
0116 va-vxwt44ovAPoa
0115 5033 CONTINJE . . .
0116 XT-LOTll)/2.
0117. WRITEtNPTR,7OO5)XT,DPOOL,OVAPOR,AP30L ,RR
0118 G3 TO 99999

C Lit
3119 11 CONTVIJE
0123 TRULL = LDTdl/Z
0121 TFJLL = TFU'-L/SO.
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0122 WR1TEtNPFR,7002)TFJLL
0423 7032 FJRMAK' VAPOR REACHES TOP OF OIXE AT T = ♦,G1*.7, • .415’)
012* GO 10 99999

C L12 - . . . .
0125 12 C01TIMJE
012& . XLV- XL +*.*H0
0127 X'«V= X9 t*.»HD
0128 ; WSTRIP= XLV/NST.RIP
0129 HE = 4STRIP» TANtASGLE) * HO
0130 ASTRIP= RSTRIPfXHV -AOT/NSTRIP
0131 TSrRIP=tasrRIP/RINOSP) /60.
0132 XTOFAL=O.
ei33 Y3 = X»V/2. "
013* WRlTE(NPrR,7009)RSTRIP,HE,ASTRIP,TSrRIP,Y3 •
0135 7039 F0RHAFt*0',5Gl*.7l
0136 • 00 6031 I=1,NSFR1P
0137 . X=X0W * WSFRIP*(MSFRIP - II.
0133 CALL GETSIG (X,SIGMAY,SIGMAZI-
0139 SIGHAZ^SIGHAZtHE
01*0 TIHE = FFULL »■ TSFRIP*(I-1)
01*1 . CALL GETRRIRR, TIME)
01*2 Q«RR • RHO 7720.
01 *3 - 0L= 0 ♦ ASTRIP/XWV
01*4 . XXOO =12.*QL/<-91M0SP»SIGHAZ»2.»SQaTI2.))l» ..........................

1 ERF(Y'3/(SlGMAY»SQRT(2.m
1 » EXP(-tHE**2/(2*SCG>4AZ **2)1)

01*5 WRI TEi'iPTR.ZOlD) X,SI GMaY , SI GMAZ , T HE . RR, 3 ,QL ,XX33
01*6 7013 FORMATl* •,aGl*.7)
01*7 XTOTAL = XTOTAL ♦ XXOO
01*3 6001 CD'ITIMOE
01*9 PCTX03 =XT0TAL»15.0/0.002221 :
0150 WRITei9PTR,7003)PCTX30
0151. 7003 FORMATl1 •, 1 CDNCEMTRATIOM AT DOWNaiNO POINT = », Gl*.7,

1 • PERCENT1)
0152 GO TO 99999

C L13
0153 13 CONTINUE
015* L;rt11=0
0155 L0T(2)=O
0156 LQT(3)=0
0157 LQn*)=0
0153 LQT(5)=0
0159 XOUNT=XOUNT»1
0160 IFIX0JNF.C3.6 )CT=LQTI1)
0161 AFL0N = AFL01«*20.
0162 H=100.
0153 VOL VA? = 0.
016* AP03L=0.
0165 DVAPOR-O.
0166 SW6=.FALSE.
0167 DP00L=l.
0163 QOIKE-O.
0169 ANGLE=0.017*5»3.0
0170 . PL’XL
0171 . ■ - PW=XW
0172 WIN0SP-6.0
0173 ■ AIT = 3.1*16»ID*»2 /*.
017* AQT = 3.1*16*00»«2 /*.
0175 SWT -.TRUE.
0176 WRITEINPTR,70061 - .
0177 99999 RETURN ■
0173 END
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READY DATE 72LS3 21/12/32FOATRAN IV G LEVEL 20

0001 
0002 
0003
0004-
0005
0005 ■
0007 . 
0003 
0009 
0010 
0011 
0012 
0013 
001* 
0015 
0016 
0017 
0013 ■ 
0019 
0020

SUdRO'jr INE READY(X,ARG, VAL, Y,NOI.H)
DMENSION AAG(20) ,VALl20)
DATA NPTR/6/
IF((X.LT.ARGt1)1«DR.IX.GT.ARGI NOTH)))GD T3 1
NS?ACE = NDI.'1 - 1
DD 2 1=1,MSPACE
IFIX.EQ-ARGU >)G0 TO 3
IFHX.GT.ARGlI)).AMD.IX.LE.ARGt1*11)IGO 73 .4

2 CONTINUE
WRITEINPTR.lOl)

101 FORMAT!’ •,’FAULT FORMAT 101 IN READY’) 
CALL EXIT

1 WR1TEINPTR,1O2).
102 FORMAT!’ ’,'X IS OUTSIDE RANGE OF ARG’) 

CALL EXIT
3 Y=VAL!I)

RETURN
4 Y = VAL!I*1)-!! ! VAL (I *1 )-V AL! 1) ) * I ARG! 1*1 >-X)) /! ARG t T fl)-A.TGC I) ) )-- 

RETURN
ENO

0301
0302
0003
0304
0005
0006
0307
0003
0009
0310
0311
0312
0013
0014
0015
0016
0017
0013
0019
0020
0021 ■
0022

SUBROUTINE GETRR!RR,TIME)
DIMENSION RISUL(5>,TISUL(6),REA.RrH!5),TEARrM!6)
DATA RISUL /0.292, 0.055, 0.040, 0.035, 0.331, 0.033 / . 
DATA TIS'JL /0.33 , 2.30 , 4.30 , 6.30 , 3.3 , 10.3 /
DATA REARIH/0.509,0.433,0.428,0.283,0.117,3-0335/ 
DATA I EARTH/0.0305,0.00514,0.0514,0.514,5.14,55.1/ 
MDIM-6 
IFtI IMS.GT.10.3)GO T3 1 
IFiTIME.LT.0.0035)30 TO 4 
IF! TI.ME.LT. 0.3)GO TO 2 
GO TO 3

1 RR-0.03
RETURN

2 CALL READY!.TIME, TEARTH, REARTH, RRIPM, NDIM)
R.R = RR1PM 
RETURN '

3 CALL READY! TIME, TISUL, RISUL, RRIPM, NDIM) .
RR=RRIPM 
RETURN

4 RR’0.509
RETURN 
END

0301 
0002 
0003 
0304 
0005 
0005 
0007 
0003 
0309 
0010 
0011 
0012

suaaouriNE dovpr!dvv,vl,vw,odv,aot) 
0=0.01

2 AT=!VL*4.*D )»!VW*4*0 );
A6-VL»VW
AAVG=<AT+A3)/2.
V=AAVG«0-AOT»0
IF(V.GE.DVVlGO TO 1.
D=D»0.01
GO TO 2

1 DOV=D
RETURN
ENO

2Go



LNG SPILL SIMULATION

T H ar 00 DL 09 AP33L R3

0,5000000 99.39574 1604.992 1604.992
U0300DQ 1694.992
1»500000 99.79152 1606.155 3209.146 - -
1*533000 0.9993580 0.0 1504.992 0.4522412
2*0jOODO 3211.203
2.530000 99.63736 1603.318 4812.461
2.530000 0.9937460 0.0 3211.233 0.4436242
3.O3OOOO A 4318.533
3.533000 99.53325 1602.*81 6*14.941 •

•3.530000 0.99315*6 0.0 4313.503 0.4257817
4.030000 6426.831
4.500000 99.97920 1601.64* 3016.582
4.500000 0.9975706 0.0 6426.901 0.4204*95
5.000000 8336.102
5.533000 99.37520 1600.807 9617.387
5.530000 0.9969940 0.0 8336.132 0.4151173
6.030000 9646.333
6.500000 99.27125 1599.970 11217.36
6.533000 0.9964249 0.0 - 9546.333 0.4097852
7.030000 11257.60
7.500000 - 99.15737 1599.133 12816.49
7.530000 0.9953631 0.0 11257.60 0-4044533
8.003000 - . 12359.73
8.530000 99.06354 1598.296. 14414.73
8,530330 0.9953087 0.0 ■ 12369.73 0.3991233
9.C30000 s 1*482.72
9.530000 98.95975 1597.459 16012.2*
9.503000 0.9947618 0.3 14482.72 0.3937887
10.30030 - - . .. 16096-55
10.53300 99.85603 1596.522 17608.86 .
10.50300 0.9942222 0.0 1S096.55 0.333*565
1L.30000 17711.19
11.53000 98.75237 1595.735 1920*.64 -
11.50000 0.9935931 D.O 17711.19 0.3331243
12.30330 19325.59
12.53000 93.54374 1594.943 20799.59
12.53000 0.9931553 0.0 - 19325.59 0.377772*
13.03330 23942.72
13.53330 93.54513 1594.111 22393.70
13.53330 0.9925430 0.0 - 23942.72 3.372*599
14.30030 - 22559.55
14.53300 93.46163 1593.274 23985.97
14.53000 0.9921331 0.0 22559.55 0.3671273
15.33000 2*177.0*
15.53000 93.33323 1592.437 25579.40 -
15. 50 300 0.9915356 0.0 2*177.34 0.3617956
16.33000 25795.16
16.50330 93.23*83 1591.601 27171.00
16.50000 0.9911494 0.3 25795.16 3.356463*
17.33300 27413.33
17.53000 98.13143 1590.763 28761.76 —
17.50'300 0.9906527 0.0 27413.33 0.3511313
18.30000 29333.14
18.53000 98.02320 1539.926 30351.69
13.50000 0.9932435 0-0 . . 29033.14 0.291012*
19.00000 30650.57*
19.53300 97.92495 1539.039 31940.77
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53000 0.9317391 0.0 65303^4* 3.2*55373
A2.03000 67931.44
<>2.53030 95.56554 1559.339 68258.75
42.50000 0.9313707 0-0 57931.44 0.2*35123
41.00000 69554.44
43.50000 95.46361 1569.032 69327.75
43.50030 0-9913351. 0.0 69554.4* O.25I5373
44.00030 71177.53
44.50600 95.36172 1568.165 71395.83
44.50000 0.9937022 0.0 71177.53 0.2396623
45.03030 72800.75
45.50030 95.25990 1567.323 72963.19
45.50000 0.9903721 0.0 72303.75 0.2376373
46.00000 7*423.9*
46.50000 95.1531* 1566.491 74529.63
46.50000 0.9300447 0.0 x 74*23.9* 0.2357123
47.C0000- 75047,13
47.50000 95.056*3 1565.65* 76095.25
47.50000 0.9797200 0.0 75347.13 0.2337373
43.00000 77670.38
43.50000 • 94.95477 1554.817 77660.06 . —
48.50000 0.9793931 0.99999985-02 77670.38 0.2317523
49.03000 79293.53 -
49.50000 94.85316 1563.980 79224.00
49.50000 0.9790739 0.39999996-31 77293.53 3.2297373
50.00000 80915.31
53.50000 94.75162 1553.1*3 - 80797.13
53.50000 0.9787624 0.6999993E--01 83915.81 0.2279123
51.00000 82543.OS
51.50000 94.65012 1552-306 82349.38
51.50000 0.9734487 0.9999993E-•01 . 82540.05 0.2258373
52.00000 84163.19
52.50030 94.5*868 1551.469 83910.81
52.50000 0.9781379 0.1399999 94163.19 0.2233623
53.00000 * 35786.25 •
53.50000 94.4*730 1560.632 85471.44
53.50000 0.9773295 0.1699993 85785.25 0.2213373
5^.00030 87*09.31
54.50030 94.34596 1559.795 87031.19
54.5CJ3O 0.9775241 0. 1999993 87409,31 0.213912*
55.30090 - 33352.25
55.50000 94.24469 1553.958 83590.13
55.50000 0-977221* 0.2299993 39332.25. 0.217937*
55.3DOOO 93655.35
55.50000 94.14346 1553.121 90143.19
55.50030 0.9769214 0.2599993 93555.35 0.2159623
5 7,00000 92277.31
57.50030 94.0*233 1557.284 91705.44
57,50030 0.9766241 0.2899997 92277.81 0.2139373
53.30000 93930.**
53.50000 93.94113 1553.447 93261.88
53.50000 0.9763296 0.3299997 93903.44 - 0.2120125
57.30030 95522.9* .
59.50030 93.84012 1555.610 94317.4*
57.50000 0.9763379 0.3599997 95522.9* 0.2103375
63.30030 97145.19
60. 50000 93.73911 1554.773 96372.19 -
63.50000 0.9757438 0.3399995 97145.19 0.2083525
61.00030 93767.33
61.50000 93.63815 1553.936 97926.06
61.50000 0.9754625 Q.*199996 . 93767.33 0.2350375
62.00000 100339.3
62.5.3030 93.53726 1553.099 99*79.13
62.50030 0.9751793 3.4599995 130339.3 0.20*1123
63.00030 102011.1
63.50000 93.436*2 1552.262 131031.4
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151.5000 0.9636805 3.029852 242384.0 0.53312536-01
152.0000 - - 243941-3
152.5000 86.67912 147Z.77L 235327.9
152.5000 0.9505356 3.049353 - - 243941.8 0.53187536-01
153-0000 245493.9
153.5030 86.58318 1476.934 237304.8 .. »
153.5000 0.9505323 3.069349 245493.9 0.53362536-01
155.0000 • 247055-3 -
155.5000 86.69727 1476.096 238780.8
155.5000 0.9534593 3.099347 247055.3 .0.52937596-01
155 .0000 243611.1
155.5000 86.39163 1475.259 240256.1 -
155.5000 0.9503859 3.119845 248611.1 0.52812592-01
156.0000 250155.1
156.5000 86-29565 1474.423 241730.4
156.5000 0.9603127 3-139844 . . 250155.1 0.52537536-01
157.0000 251720.5
157.5000 86.19992 1473.585 243204.0 . ..
157.5000 0.9602397 3.159342 251723.5 0.52552*96-31
158.0000- - 253274*3- -
158.5000 86.10625 1472.749 244676.7
158.5000 • 0.9501659 3.179342 . - 253274.3 3.52537536-01
159.0000 0.9560035 252323.5 -
159.5000 86.00362 1471.912 246148.6
159.5000 0.9559308 3.179842 252323.5 0.52312536-01
159.5000 0.9559333 3-L9934L 252323.5 - 0.52312536-01
160.0000 0.9715535 255979.S -■
160.5000 83.91306 1471.075 247619.6
160.5000 O.9715S6O 3-199941. 255979-6 0.5213753E-O1
160.5000 0.9715350 3.219341 . 255979-5 3.52137536-01
161.0000 0.9773099 257035.8
161.5000 83.31756 1470.233 249089.8
161.5000 - 0.9772375 3.219341 257035.3 0.52062596—31
151.5000 0.9772375 - 3.239941 - . 257035.3 0.52362596-01
162.0000 0.9329575 25703*.2
162.5000 33.72203 1469.401 250559.2
162.5000 0.9323853 3.239341 257035.2 0.51937596-01
162.5000 0.9323853 3.259940 257035-2 0.51937596-01
153.0000 0.9335014 257061.3
153.5030 33.62566 1463.564 252027.3
163.5000. 3.7335294 3.259340 257061.3 0.5131250E-01
163.5000 0.9835294 3.279340 257051.3 0.51312536-01
169.0000 0.9942417 257033.3
169.5000 ■ 83.53131 1457.727 253495.4
169.5000 0.9941699 3-279340 257033.8 - 3.51537536-01
169.5000 0.9941699 3.299339 257033.3 0.51637536-01
165.0000 0.9993733 257115.9
165.5000 83.43602 1455.890 254962.3
1S5.5OCO 0.9993086 3.299339 257115.9 0-51552596-01
165.5000 0.9998056 3.319339 257115.9 0.51562598-31
155.0000 1.Q05513 257153.3
155.5000 83.34077 1466.053 256423.3
156.5000 1.305439 3.3L9339 257153.3 □.51537*98-01
166.5000 1.005439 3.339338 257 153.3 0.51*37*98-01
157.0000 1.311139 . 257173.5 .. .
167.5000 83.24559 1465.216 257893.5
167.5000 • 1-01L0S7 3-339333 257170.5 O.5I312536-OI
157.5000 1.311057 3,359338 257173.5 0.51312536-01
168.0000 1.016756 257197.6
158.5000 83.15045 1464.379 259357.9
168.5000 1.016692 3-359338 257197.6 0.51137508-01
163.5000 1.316692 3.379837 257197.6 3.51137538-01
159.0000 1.022335 257225.7
159.5000 83.05537 1463.542 260321.4
169.5300 1.022313 3.379337 257225.7 3.51052598-01
169.5000 1.022313 3.399337 • 257225.7 0.51352598—31
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COhCEITRATIDN AT "DOAhMiHD POIMT •

219.5000 1.293695 4.3f981Z 253662.5 3.4431253'=-01
219.5000 1-293695 4.397312 253562.6 0.4491253H-01
220.0033 1.304192 25856.1,9
220.5000
220.5030

la-ziato 1620.355 334350.6
1.304129 4.399312 - 258538-9 3.44S375JE-DI.

220.5030 1.304129 4.419311 253583.9 3.44637535-01
221.0030 1.309622 -- 258615-3
221.5000
221.5030

78.1861* 1*20.018 335770.6
1.309560 4.419411 - 253615.3 0.4456249E-31

221.5000 1.309560 4.439311 253615.3 0.445S249E-01
222.0000 1.315049 - 253641.6
222.5000
222.5030 •

78.09395 1*19.180 337189.7
1.314947 - 4.439311 . 253641.S 0.4443749=-01

222.5000 1.314937 4.459310 253641.5 0.44437498-01
223.0000 1.320474 258657.9
223.5000
223.5030

78.00180. 1*18.3** 333508.0
- 1.323412 4.459310 253667.9 0.4431253E-01

223.5000 1.320412 4.479310 ; 253667.9 0.443125D=-01
224.0000 1.325394 258694.1
224.5000
224.5000 •

77.90971 1*17.507 340025,5
1.325332 4.479913 253694.1 3.44187535-01

224.5000 1.325832 4.499309 - 253694.1 ‘ 3.4413753E-0I.
225.0000 1.331311 258720.4
225.5000
225.5000

77.81757 1*16.669 341442.1
1-331249 - 4.499339 253723.4 0.44062491-01

223.5000 1.331249 4.519309 253723-4 0.4406249E-01
225.0030
225-5030 77.72569 1*15.833 342357.9

1.336724 - 253745.8 -

226.5000 - - 1.335663 4.519309 253746.8 0.43937495-01
225.5000 1.336663 4.539303 258745.3 0.43937495-01 ..
227.0030 • 1.342134 - - 253772.3
227.5030
227.5000

77.63377 1*1*.996 344272.9
1.342073 4.539303 ■ 253772-8 0.43812495-01.

227.5000 1.342073 4.559333 258772.3 0.43312495-01 .
223.0030
223.5000 77.5*190 1*1*.159 345537.0

1.347541 - 253799.1 -

223.5C00 1.347440 4.559303 253797.L 0-43637535-01.
223.5-230 1.347453 4.579337 253799.L 2.433375J5-01.
229.0030
229.5000 77.65009 1*13.322 347100-3

1.352943 .. 253825.4

22?.5330 • 1.352332 4.579307 253325.4 D. 43562495-01
229.5030 1-352332 597307 253825.4 3.43552,>9E-QL._
230.0000 1.358342 253351.4-
230.5030
230.5000

77.35832 1*12.*35 348512.3
1.353231 4.599337.- 253351.4 D.43437505-01_

230.5000 1.355231 4.519306 253351.4 0,43437505-01 .
231.0030 1.363737 253377.7
231.5000
23i.50CO

77.25662 1*11.6*8 349924.4.
1.353575 4.519336 253377.7 — 0.43312536-01

231.5000 1.353575 4.539305 253877.7 0.43312535-01.
232 .0030 
232-5000 77.17*96 1*10.811 351335.1

1.359123 253933.3 •

232.5030 - 1.369353 4.539306 - - 253903.3 0.43187496-01 :
232.5300 1.369053 4.559335 253903.3 0.43137495-01 ..

VA2JR A6ACH5S TOP OF DUE AT I - "3.1356565 - Mta —
233.0000 1.374516 - 253929.3

8.613*22 PESCEST
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1U. AIvEIDIX C- Discrete Process Program

14.1 Interrupt Case

MODEL < E SE'i f A F I 3S INPUT

L cz 1 1
L Cl 1 1
L P5 ■ 1 1
L 1 1
L P3 1 1
L ' P2 1 . 1
L Pl 1 1
W 101 Cl 0 *w X01 Cl 0 *
M X02 Cl 0 ♦
H SEN2 C2 1 .♦
W SEMI Cl 1 +
H W1T2 CZ I ■
W HIT1 Cl 1
w OU-11 Cl 1 ■»
u 0UM2 I ? 1 ♦
w P25 P5 1 »
M P25 P=y 1 ♦
M P23 P3 I ■>
M P22 P2 1 +
W P21 Pl 1 ♦

P15 P5 2 ♦
M Pli> PA 2 ->
W P13 PS 2 >
W P12 P2 2 +
W PI1 Pl 2 +
’H Cr'i2 C2 1 *
W GENL Cl 1
X LOl I 01 XOl 1 0
X L02 X01 X 32 1 1 -1
X L03 X32 X32 -I 1 -1
X LO'f X3? X31 -1 I -1
X L 11 tf GE.-il 'Pi TL -I 1
X L21A GEN2 Hl T2 -I 1
X L215 PI T2 SE’12 1 1 -1
X L115 HI T1 SEN! 1 1 -1
x L23Z GE‘I2 G5'I2 1 2
X L1D2 GEMl GEN1 1 2
X L233 SEN2 P25 -1 1 -1
X L103 SEMI PLS -1 1 -1
X L20'* SEN2 P2A -1 1 -1
X L104 SEN! Pl* -1 1 -1
X L235 SEN2 P23 -1 1 -1
X L105 SEMI P13 -1 1 -1
X L236 SEN2 P22 -1. 1 -1
X L13S SEMI P12 -1 1 -1
X L237 SE.N2 P21 -1 1 -1
X L137 SEMI Pll -1 1 -1
X, L233 P25 OJ-12 1 -1 -I
X L209 P24 0JM.2 I -1 -1
X L213 P23 0J4Z I -1 -1
X L21 1 P22 0J->2 1 -1 -1
X L212 P21 0312 1 -1 -1
X L213 OJ’32 HITZ 1 1
X L133 PIS DUH1 1 -1 — I
ZS L109 PLA Dull I -1 -1
A L113 P13 DUH 1 - -1 -1
X till P12 Dull 1 -1 -1
A LH2 Pl 1 0J11 1 -1 -1
X LL13 OU*tl Hi I I 1 1 ■
./
1 ' 131
I GE N2 L202
I r, - •; t LI 32
I S I T2 L 1 3
1 •j ; r i LI 13
-/
G
J i r H L
l« •.'. ; < '■
I 21 j;j
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fltriAL HQ3EL REPaESENTATta-i (PA3E 1)

• • subsystems • s ys r e i-st a r es » ritNSinn; *

ir.sE
• USER 
*SYN80L RHO DELTA G4-t“.X ♦

USER 
SYM3DL ETJ. *IU ALPHA status 9

JSE1 
SYH33L

ETAI d : •
TAU PHI

9 
9<A?P4. ETA LIME BETA

e i * C2 1 1 1 ♦ 9 9
» 2 ♦ e GEN2 20 1 ♦ IW 9 a
• 3 • • ♦ 1214 5 6 7 -1 I 3 9
a e» ♦ » 9 L232 9 23 2 1 I 3 9
* 5 ♦ » 0042. 9 1 ♦ IW 9 9
» 6 • ♦ 9 L213 25 6 7 1 1 0 9
» 7 • » WIT2 5 1 a I w 9 9
« 8 * ♦ 9 L215 7 4 9 1 1 -1 9
• 9 ♦ ♦ SEN2 4 1 ♦ Irf 9 9
♦ 10 • • 9 L203 11 13 39 -1 1 -1 9
» 11 * ♦ 9 L204 13 11 44 -1 1 -1 9
* 12 ♦ » a L2D5 15 12 49 -1 I -1 9
» 13 ♦ 9 L 2 3 5 17 13 54 -1 1 -1 9
u X<* 9 9 L237 19 14 59 -1 I -1 9
* 15 * CL 2 1 1 ♦ 9 ♦

15 ♦ * XD2 3 0 ♦ IJ 9 9
• 17 * a L33 3 3 IS -1 1 -1 9
» 18 » » 9 L34 4 2 19 -1 1 -1 9
* 19 * * X01 2 0 ♦ IM 9 >
• 23 * ♦ 9 L3Z 2 3 15 1 1 -1 9

21 ♦ t 101 1 0 ♦ I M 9 9
> 22 ♦ ♦ 9 LOL 1 2 19 1 □ 3 9
» 23 » SEMI 21 1 ♦ u 9 9
» 2<t * 9 9 LL14 5 7 P R -1 I D 9

25 » 9 L1D2 13 21 23 1 2 3 »
* 25 » DOMI 3 1 * 14 * - 9
* 27 * ♦ 9 L113 32 7 23 1 L 3 9
* 28 9 RITI 7 1 * Iti 9 ♦
* 29 9 9 L1L5 8 5 33 1 1 -1 9
u 33 ♦ ♦ SENT 5 1 ♦ iy 9 9
» 31 ♦ 9 L133 12 15 37 -1 1 -1 9
» 32 ♦ 9 L134 14 IS 42 -1 JI -1 9
# 33 ♦ 9 L135 IS 17 47 -1 1 -1" 9
s 3<r * » 9 LIOS 13 13 52 -1 L -1 9
e 35 ♦ ♦ ♦ LL37 23 19 57 -1 1 -1 9
* 35 » P5 3 1 L » 9 ♦
* 37 # * P15 15 2 14 9 9
> 38 ♦ * 9 L103 27 3 25 1 -1 -1 9
> 39 ♦ 9 P25 10 1 ♦ IN 9 9
♦ 40 ♦ 9 9 L203 21 9 5 1 -1 -1 9
# 41 » P4 4 1 1 9 9 *
* 42 • 9 P14 IS 2 ♦ IW 9 9
# 43 ♦ 9 a LL39 23 9 25 1 -1 -1 9
* 44 ♦ ♦ P24 11 1 * IW 9 9

45 . » ♦ 9 L209 22 9 5 1 -1 -1 9
♦ 45 * P3 5 1 1 ♦ 9 9
♦ 47 * # P13 17 2 ♦ IW 9 9
• 43 • ♦ 9 LLL3 29 8 25 I -1 -1 9
> 49 > » P23 12 1 IW 9 9
* 53 « ♦ 9 L213 23 9 5 1 -1 -1 9
♦ 51 ♦ P2 6 1 1 9 9 9

INITIAL MODEL REPRESENTATION (PAGE 21

» 9 SjaSYSTEMS • SYSFEH- STATES 9 TRAN SIT!DNS ♦

9 * USER * JSER 9 USER ETAI Ji: 9
LINE •SYH33L RH3 DELTA CA.HVA « SYM30L ETA HU ALPHA ST ATOS 9 SYH33L <A>PA ETA LINE BETA TAJ PHI 9

mHg x XXX > t 4>>> »XXMN*# k « W • • X t
* 52 M 9 P 12 18 2 * IW 9 9
9 53 • 9 LILI 30 8 25 1 -L -I 9
9 54 X e P22 13 1 9- Irf a 9
e 55 9 * 9 L211 24 9 5 1 -L -1 9
e 55 * Pl 7 1 1 9 9
i 57 9 • Pll 19 2 9 IW 9 • 9
* 53 * > a L1L2 31 a 25 1 -1 -1 ♦
• 59 X > P21 14 1 9 14 ♦ 9
» 53 » ♦ ♦ LZ12 25 9 5 1 -1 -I 9
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SrH33L LISTS

RdO L-NA-IE L-N4HE

1 C2 3 P5
2 Cl 4 PS

R43 L-'il'IE R40 L-NAKE

5 P3 7 PL
6 PZ

ETA ii-NA“E ETA W-NAME ETA 4-MAME ETA 4-'iA'1E

1 I 01 7 rfiri 12 P23 IT P13
2 X01 8 DU Ml 13 P22 13 P12
3 XD2 9 0042 1* P21 19 Pll
* SEN2 13 P25 15 P15 20 GE'12
5 SEMI 11 P2<^ 15 PL* 21 SEMI
5 WIT2

<A?PA X-NA4E KAPPA X-NAHe <APPA X-MAME CAOPA X-MAfc

1 LOL 9 L232 17 1235 25 L212
2 L02 10 L132 13 LIDS 25 LZ13
3 L03 11 1233 19 L237 27 1133

to* 12 L133 20 LL37 28 L139
5 LIL* 13 L20* 21 L233 29 L1L3
5 L21* 1* L13* 22 L239 30 1111
7 L2L3 15 L235 23 L21D 31 L112
3 L115 IS L135 2* L211 32 L113

213



FORTRAN IV G LEVEL 23 BTP DATE = 72153 22/33/33 PA3E

•

3001
0002
0003
000*
0305
0306

0307
0009
0009
0010
0011
0012

0013

001*
0015

0016
0017

0013
0019

0323
0021

0022
0023

002*
0025

0025-
0027

0028
0029

0030
0031

0032
0033

003*
0035

0336
0037

0038
0039

00*0
03*1

03*2
03*3

03**
03*5

03*5
0-3*7

03*3

5033 337 [ME 31203333, TrrTr,YYYYV,») 
IHPLIOIT INTEGER*?!1),LOG(CAL»1(B) 
INTEGER CT 
CONHON/TERM/GT 
CONHON/LAHBOA/LOELTI100J,LOTI 133) 
C3NN0N/BLK1/J3321*>,J 3311*),MP3RT 

f' ,Ktl,KI2,NS 
1 ,J15,J1*,J13,J12,J11,J5,J*,J3,J2,J1 ' - — - ....... —................

DATA NPTR/6/ 
INTEGERS XXXXX,YYVYY,ZZZZZ,L 
CONHOV/CHIl/BI3300),Tt1000),LI1300) 
ZZZZZ=YYYYY»180 
zzzzz=zzzzz-iao 
GO TO 1 

1 2033,233*,2305,2005,2011,2012,2013,231*,2 315,2316
1 ,2017,2318,2319,2320,*321,*3?2,*323,*32*.*025,*327
1 ,*028,*029,*030,*031, 2, 3, *, 7, 3, 11
1 ,12, 13, 1*, 15, 16, 17, 18, 19, 23, 21
1 , 22, 23, 2*, 25, 27, 23, 29, 33, 31, 31
1 ),ZZZZZ

RETURN 1 
C BL03 ' '

2033 B33B3= LOT<1)-LT.153 
GO TO 99999 

C BLO* 
200* 83338=- LQTt 1) .GE. 153 

GO TO 99999 
C BL11* '

2335 33338= LOT I I).LE.133 
GO TO 99999

C 3L21V>
2336 63383= LOTI 1>.LE.133 

GO TO 99999
C BL2O3

2011 88388= 3032(3).EQ.5 
■ GO TO 99999

C 3L20* 
2013 83388= 3032(3).EQ.* 

GO TO 99999 
C 8L205

2015 38388= 3032(3).EQ.3 
GO TO 99999

C BL206
2017 83388= 3082(3).EQ.2 

GO TO 99999
C 8L207

2019 83388= 3032(3).EQ.1 
GO TO 99999

C BL103
2012 83383= 3031(3).EQ.5 

GO TO 99999
C BL10* 
201* 88388= 3081(3).EQ.* 

GO TO 99999 
C 8L105

2016 88388= 3031(3).EQ.3 
GO TO 99999

C BL10S . "
2018 63338= 3031(3).EQ.2 

G3 TO 99999
C BL107

2020 83388= 3031(3).EQ.1 
GO TO 99999

C TL208 
*021 TTTTT= 35T 

GO TO 99999 
C TL209 

*022 TTTTT- 3*T 
GO TO 97999 

C TL210 
*023 Trrrr= 33T 

GO TO 99999 
C TL211 

*02* TTrrr= 021

2U



00*9 GO TO 99999 
C TL212

0050
0051

5025 TTTTT= JIT
GO TO 99999

C TL108
0052
0053

6027 TTTTT= J15T
GO TO 99999

C TL109
0055
0055

6028 TTTTT= J16T
GO TO 99999 

C TH10
0055
0057

6029 TTTTT= J13T 
GO TO 99999 

C TL111
0053
0059

6030 TTTTT= J12T 
GO TO 99999 

C TL112
0060
0061

6031 TTTTT= JUT 
GO TO 99999 

C L02
0062
0063

2 CONTINUE
WRI TE ('.'PTRi 7001INPOIT

0065
0065
0066
0057

7001 F0RH4USOX,• INTERRUPT USING',12,* PORTS')
HR!TE<NPTR,7002)

7002 FORNAU'O',12X,'TIMS',13X,'COMPUTER 2',33X,•COMPJTER 1'//) 
GO TO 99999

C 103
0063
0069

3 CONTINUE 
GO TO 99999

C 106
0070 
0071 
0072 
0073 
0075 
0075 
C075 
0077 
0378 
0079 
0030 
00 31 
0082 
0033 
0035 
0085 
0036 
0087 
0033 
0039 
0090 
0091 
0092 
0093 
0095 
0095 
0096 
0097 
0093 
0099 
0100 
0101 
0102 
0103

6 CONTINUE 
LOTI 11=0 
L3-TI2)=0 
L3T(3)=0 
LQri6)=3
LQT(5) = 0 - •
L0r'6)=0
L37<7)=0
NS=1220703125 
J15 = 0
J 16 = 0
J13=0 ■
J12 = 0
JU=0
J5 = 0
J6=0
J3 = 0
J2 = 0
Jl = 0
J15T=0
J16T=0
.J13T=3
J12T=0

------ J11T=O - " ' .
J5T=0
J4T=0
J3T = 0
J2T = 0 
J1T = O 
KIL = O
KI2 = 0
NP3.RT = NPOR7-1
IF(SPORT.Eq.O)CT=lQTII)
GO TO 99999

C 1215
0106
0105
0105

7 CONTINUE 
CALI CREAT2 
GO TO 99999

C 1203
0107 
0103 
0107 
0U0 
□ lit 
0112

11 CONTINUE
J5=J232tl)
J5T=J032(6)
NXX = 5
U'<I TEt N»TR,7D05)L0TI 1), J5,J5T,NXX
GO TO 99999

C 1226
0113 13 CONTINUE

215



01 14 J4 = J032tl)
0115 J',T = J032t 4)
0116 NXX = 4
0117 W3ITE1NPT9,7006>1011 11,J 4,J4T,NXX
0113 GO TO 99999

C L205
0119 15 CONTINUE
0120 J3=JO32<1)
0121 J3T=J032<4)
0122 NXX = 3
0123 wai TE(NPTR»70051LQT(11,J3,J3T.NXX
0124 CO TO 99999

C L206
0125 17 CONTINUE
0126 J2-J032I1)
0127 J2r=J032<4>
0128 NXX=2
0129 WRITElNPTR,7006)LQT(1),J2,J2T.NXX
0130 GO TO 99999

C L207
0131 19 CONTINUE
0132 Jl=JO32(l)
0133 .J1T=J332I4)
0134 NXX = 1
0135 WRITEtNPTR,7 305)LOT<11,J1,JIT,NXX
0135 7036 FORNATI* • ,12X,I 3,1 OX,•J 33*,I 3,• OF DJIATI3N•,I3,1 44N1S P3ir*,I3)
0137 GO TO 99999

C 1115
0133 8 CONTINUE
0139 CALL GREAT!
0140 GO TO 99999

C 1103
0141 . 12 CONTINUE
0142 J15=J331(1)
0143 J15T=J03l(4)
0144 NXX=5
0145 WRI TEINP 13,7303)LOT(1),J 15,J15 I,NXX
0145 GO 10 99999

C 1104
0147 14 CONIINUE
0148 Jl4=j031tl)
0149 J14T=J031<4>
0150 NXX = 4
0151 WRI IE INPTR, 7008 >1011 1) , J14, J 14T',NXX
0152 GO 13 99999

C L105
0153 16 CONTINUE
0154 J13-J931(1)
0155 J13T-JO31(4>...................................... "
0156 NXX-3
0157 HRITE(NPTR,7008)LQT<1),J13»J13T,NXX
0158 GO TO 99999

C 1105
0159 18 CONTINUE
0160 ji2=joBim — """ —■ ........................... .. """ '
0161 J12T=J031<4)
0162 NXX-2
0163 WRITECNPTR, 7308)LOT<1),J12,J12T,NXX
0164 GO TO. 99999

C 1107
0165 20 CONTINUE " " . ............................ ■ " " - • - - - -
0166 Jll=J331I1)
0167 J11T = JO3H4) •
0168 NXX-1
0169 WRITEINPTR,7303)LOTI 1),JI1.J 11T,NXX
01 70 7033 FORMAT!' •,12X,13,55X,•J 33•,13,• Or 0JR ATI3N•,13,• WANTS PORT1,13)
0171 GO TO 99999

C L103
0172 27 CONTINUE
0173 ,WRITEINPTR,7309)LQTt1),J15
0174 7039 rORMATI* ’,12X,I 3,55X,•J38’,13,• RELEASES PORF*)
0175 J15=0
0176 J151-0 “ .
0177 GO 13 99999
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0173 
0179 
0180 
0181 
0182

0183 
oias 
0185 
0186 
0187

oiaa 
0189 
0190 
0191 
0192

0193 
0196 
0195 
0196 
0197

. 0198 
0199 
0200 
0201 
0202

0203 
020* 
0205 
0206 
0207

0203 
0209 
0210 
0211 
0212

0213 
021* 
0215 
0216 
0217

0213 
0219 
0220 
0221 
0222 
0223 
022*

C L109 
23 COITI'iUE 

WSITEISPTS,70091 LOK 1),JI* 
Jl* = 0 
Jl*T=0 
G3 TO 99999

C L110
29 CONTINUE . .

WRI TE LNP TR > 70091 LOT I 11.J13 
J13 = 0 
J13T=0 
GO TO 99999

C till
30 CONTINUE

WRITEINPTR,7009)LOK 1),J 12
J12-0 
J12T=0 
GO TO 99999

C L112
31 CONTINUE

WRITEINPTR,7009)101(11,011
J11T=O 
Jll-0 
GO TO 99999

C 1208
21 CONTINUE

WRITE!N2TR,7OO7)1QK1),J5 
J5 = 0 
J5T = 0 
GO TO 99999

C 1209
22 CONTINUE

WRITEtNPTR,7007)107! 1),J* 
J* = 0 .
J*T = O 
GO TO 99999

C 1210
23 CONTINUE

WRITE!N372,7007)LOT! 1),J3 
J3 = D 
J37 = O 
GO TO 99999

C 1211 
2* CONTINUE

' WRITE(NPTR,7007)10T(1),J2
J2 = 0 
J2T = 0 
GO TO 99999

C 1212
25 CONTINUE

WRI TE(N2TR,7007)10T(1),J1 
J1 = O 
J17 = 0

7037 F3RH4K* • , 12X, I 3,1 OX , • J33 • , I 3, ' RELEISES PORT1) 
99999 RETURN

EN3



FOtraiN IV G LEVEL 23 BLK DATS DSTE = 72153 22/03/33

oooi block data
0002 C0333N/BLK1/JOBZI 4) . J331 ( '») .NPORT

1 ,KU,KI2,VS1 ,JL5,JL^,J13,J12.Jll,J5,J4.J3,J2.J1
0003 DATA J 15 e J 1't» J 13 » J12 » J1 L r J5 r J3» J2» J 1 /O > 0,0 > 0 r 0» 0# 0» 0»0» 0/
000* DATA J0a2,J331,NPOaT/*«O,*»O,5/
0005 DATA KU,KI2,NS/0,0,1220703125/
0005 ENO

0001 SU330jriNE CKEATl
0002 INTEGER CT
0003 CO*NON/reR>T/CT
QOO* C0NN-3V/LA.330A/LDELTI 100) .LQTI 100) '
0005 C0“30N/BLK1/J332(*),J0311 *>.NPORT

1 ,KI1,KI2,NS
0005 XP=NP0RT*0.99
0007 .NPTR = 6
0008 2 KU = KU*1
0009 J03U 1)=XI1
0010 J03K 2)=LQT(1)
0011 HSEEO=NS
0012 CALL ATIMEU.01, XP , 3.0, 20, VAL, NS = E3>
0013 J331C 3)=VAL .
001* CALL ATIHEi 5.0, 2.3, 0.0, 11, VAL.NSEcD).
0015 IF(VAL.LE.1.)VAL=2.
03 16 23311 *>=VAL
3317 NS=NSE=O
0018 RETURN■
0019 ENO

0001 SUBROUTINE CREAT2
0002 INTEGER CT
0003 CaiNON/TERN/CT
000* C0NM3N/LAN3DA/L0ELTt103),LOT I 103)
0305 COHHOV/BLKl/J332 I *) , JOB! ( *) , .NP3RT

1 ,KU,K12,NS
0006 NPTR=6
0007 XP=NPORT*0.99 ’
oooa 2 KI2=K12>1
0339 J0321 l>-=<12
0310 J032I 2)-L0T.<l)
0011 NSEED=NS
0312 CALL ATINE11.01, XP , 0.0, 23, VAL, NSEED)
0013 J0321 3)=VAL
001* CALL ATIMEI 6.0, 2.3, 0.0, 11, VAL.NSEED)
0315 IF( VAL.LE.1.)VAL=2.
0315 J0321 *1=VAL
0017 ns=.nseed
0018 END
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INTESIUPT JS1MS 5 P3trs

TIME co'iPuresi 2 ZDIPUTER I

3 J33 1 3r DJRATI3M 6 H4NTS PORT •>
3' 333 1 3F 3J3ATI3N A WANTS P3RT I
7 333 1 RELEASES P33T
9 J33 1 R£L£AS£S PORT

11 333 2 3F 3J3ATI3N 5 WANTS P3RT A
13 J33 2 3F DJRAno^ 6 WAITS PORT %
15 333 2 RELEASES »33T
19 • 333 3 3? 3J3ATI3N 3 WANTS P3RT 5
22 333" 3 RELEASES P3»T
22 J33 2 RELEASES P3Rf
25 J33 3 3r DURATION 8 MAHTS PORT 1
25 333 4 3F 3J3ATI3N A WANTS PORT A
29 333 4 RELEASES P3RT
33 333 5 3r 3JRATI3* 7 WANTS PORT 5
33 333 3 RELEASES PORT
37 303 4 3r CJRATION 5 WANTS PORT «.
40 333 □ RELEASES P3RT
42 333 4 RELEASES P3RT
43 333 5 3F 33RATI3N 3 WANTS P3RT 2
45 333 5 3r DURATION 4 WANTS PORT
4b 333 5 RELEASES P3R7
49 333 7 3r 3JRATI3N 1 WANTS P3RT 5
49 333 5 RELEASES P3RT
50 333 7 RELEASES P3RT
53 333 6 Dr DURATION 6 WANTS PORT 5
53 333 a 3r D3RATI3N 7 WANTS 2337 5
60 * 333 3 RELEASES P3RT
63 333 9 3? JJRATI3N 9 WANTS P3RT A
65 J33 6 RELEASES PORT
69 J33 7 Or DURATION 8 WANTS PORT 1
71 333 9 RELEASES P3RT
75 333 ID 3^ 3JRATI3N 1 WANTS P3RT 5
76 333 ID RELEASES J3RT
77 J33 7 RELEASES PORT
79 J33 11 3r DJRATtSN 7 WANTS P3R7 2
81 J03 a OF DURATION 6 WANTS PORT I
86 333 11 RELEASES P3.RF
87 J03 8 RELEASES PORT
99 333 12 3r 3JRATI31 7 WANTS P3RT 3
91 J33 9 3r DURATION 2 WANTS PORT 5
93 J33 9 RELEASES PORT
95 333 12 RELEASES P3RT
97 JOB 10 3? DURATION 2 WANTS PORT 3
99 333 13 3r 33RAna't 2 WANTS P3R7 4
99 J33 10 RELEASES PORT

101 333 13 RELEASES P3RT
103 J-33 11 OF DJRAFTGN 3 WANTS PORT 2
106 J33 11 RELEASES PORT
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jsin; po^rs

TIME COMPUTER 2 CO-tPJTER 1

4 J33 1 3r DURATION 6 rilMTS PORT 3
4 J33 I 3= DURATION A RANTS PORT 1
8 J33 1 RELEASES PORT

10 J31 1 RELEASES PORT
12 J33 2 3F DURATION 5 RANTS PORT 3
14 J33 2 OF DURATION 6 na*hs PORT 3
17 J33 2 RELEASES PORT
20 J33 3 3F 3URATI3N 3 RANTS PORT 4
23 JD3 3 RELEASES P3RT
23 J33 2 RELEASES P3RT
Zb J33 3 OF DURATION 8 XAMT5 PORT 1
2b J33 4 OF DURATION A RANTS PORT 4
33 J33 4 RELEASES PORT
34 J33 5 3r DURATION 7 RANTS PORT 4
34 J33 3 RElEAScS PORT
38 J33 4 3F DURATION 5 jiAMTS PORT 4
41 J33 5 RELEASES 2337
44 J33 5 3F DURATION 3 RANTS PORT 2
46 J33 4 RELEASES PORT
47 J33 5 RELEASES PORT
50 J33 5 3F DURATION >» siAiTS PORT 4
53 J33 7 OF DURATION 1 RANTS PORT 4
51 J33 7 RELEASES PORT
54 J33 a OF DURATION 5 RANTS PORT 4
SO J33 8 RELEASES PORT
61 J33 5 RELEASES PORT
64 ' 333 6 OF DURATION 7 jiAMTS PORT 4
64 J33 9 OF DURATION 8 RANTS PORT 3
71 333 6 RELEASES PORT
72 J33 9 RELEASES PORT
74 333 7 OF DURATION 8 rfAMTS PORT 1
7S J33 ID OF DURATION I RANTS PORT 4
77 JD3 13 RELEASES PORT
80 333 11 OF DURATION 7 RANTS PORT 1
87 J33 11 RELEASES PORT
89 333 7 RELEASES PORT
90 J33 12 OF DURATION s RANTS PORT 1
92 333 8 OF DURATION 7 WAMTS PORT 2
9S J33 12 RcuEASES PORT
99 333 a RELEASES PORT

100 J33 13 OF DURATION 2 RANTS PORT 4
102 333 9 OF DURATION 2 WAMTS PORT 2
102 J33 13 RELEASES PORT
104 333 9 RELEASES PORT
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INTESRJPT JSIS3 3 Pmrs

TIKE COMPUTER 1COMPUTER 2

3
3

. 7
9

J33

JOB

1

1

3F DUlATIO-t 6

RELEASES PORT

WANTS PORT 2
JOB
JOB

1
1

3r DURATION 4 
RELEASES POST

WANTS PDLT 1

11 JOB 2 OF DURATION 5 WANTS PD1T 2
13 JOB *2 OF O’JRATIQl S WANTS PORT 3
16 JOB 2 RELEASES PORT
19 JOB 3 Or DURATION 3 WANTS P3*T 3
19 JOB 2 RELEASES P3RT
22 JD3 3 RELEASES PORT
23 JOS 3 OF DURATION 8 WANTS paar 1
25 JOB 4 OF DURATION 4 WANTS P3«r 3
29 JOB 4 RELEASES PORT
31 JOB 3 RELEASES PORT
33 JOB 5 OF DURATION 7 WANTS P31T 3
35 J33 4 OF O'JRATIO'I 5 W4NTS PORT 3
40 JOB 5 RELEASES PORT
43 JOB 5 OF DURATION 3 WANTS PD1T 2
45 J33 4 RELEASES PORT
45 JOB 5 RELEASES PORT
49 JOB 5 Or DURATION A WANTS PORT 3
49 JOB 7 OF 3URATI3N 1 WANTS ptu 3
50 JOB 7 RELEASES PORT
53 JOB 3 3= DURATION 5 WANTS P3tT 3
59 JOB 3 RELEASES PORT
60 J33 5 RELEASES PORT-
63 J33 5 OF DURATION 7 WANTS PORT 3
63 JOB 9 Or DURATION 9 WANTS P3TT 3
71 JOB 9 RE-EASES PORT
75 JOB 13 OF DURATION 3 WANTS P3DT 1
73 J33 5 RELEASES PORT *
81 J03 7 OF DURATION 1 WANTS PORT 3
82 J33 7 RELEASES PORT
83 JOB 13 RELEASES PORT
95 J33 3 Or DURATION 7 WANTS PORT 1
87 JOB IL OF DURATION 5 WANTS pair 1
93 ' JOB 11 RELEASES PORT
97 JOB 12 Or DURATION . 7 WANTS P31T 2
93 J33 8 RELEASES PORT

101 JOB 9 OF DURATION 2 WANTS PORT 3
103 JOB 9 RELEASES PORT
134 JOB 12 RELEASES PORT
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MTEIHUPT dSINS 2 pjirs

TIME CDIPUrgR 2 DDIPUTER L

4 
4 
a

13 
12 
14 
17 
20 
23 
25 
25 
33 
34 
34 
33 
33 
43 
45 
49 
53 
52 
54 
55 
57 
S3 
63 
57 
70 
73 
SI 
32 
84 
85 
83 
93 
94 

103 
103

J38 I QF DURATION 6 WANTS P3RT 2

J38 1 RELEASES PORT

J38 2 DF OURATION 6 WAHIS PORT 2

JOB 2 RELEASES PORT
J38 3 Jr 0JRAHJN 4 WANTS PORT 2
JJ8 3 RELEASES PORT

JOB 4 OF DURATION 7 WANTS PORT 2

J08 4 RELEASES PORT

JOB 5 OF DURATION 1 WANTS PORT 2

JOB 5 RELEASES PORT 
J33 5 Or DURATION 6 WANTS PORT 2

J03 6 RELEASES PORT

JOB 7 OF DURATION 1 WANTS PORT 2
JOB 7 RELEASES PORT 
J03 3 Or DURATION 7 WANTS PORT 1

JOB 8 RELEASES PORT

J03
JJ3

1 
1

*Xr JURATION 4 
-EASES PJRT

WANTS P-HT 1

JJ3 2 □ F DURATION 5 WANTS PDtr 2

J33 2 LEASES PORT
JJ3 3 3F DURATION 3 WANTS ?3*r 2
J03 3 1c LEASES PORT
J03 jr JURATION B WANTS P32T 1

JDS * RELEASES PORT

JDS 5 OF DURATION 5 WANTS PORT 2
JDS 5 RELEASES PORT
JD3 5 0- DURATION 3 WANTS PORT 1
J33 S RELEASES PORT

JD3 7 DF DURATION 4 WANTS PORT 2

JD3 7 RELEASES PORT

JD3 3 DF □ j*4Tt3'* 7 WANTS PORT 2
JDS 3 *~L E1S=5 PD^F
J33 7 3- DJixriDH B WANTS PORT 2
JDS 3 <£L EZlScS P32F

J33 ID 3F DJ^ATID'f 3 WANTS PJRT I

J03 13 RELEASES PORT 
003 11 OF JURATION 5 WANTS PORT 1 
JJ3 11 RELEASES PORT
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IHTERRJPT JSI*45 1 ?3RF

TIME CDMPJTcR 2 :3MPJTER 1

3 J33 1 OF OJRAriO^ 6 wasts PORT 1
3 JOB 1 Or DJ1ATI31 4 liANTS P3TT 1
7 JOB 1 REl EASES PDtT

11 JOB 2 OF DJiATIDN 5 KANTS P33T 1
16 JOB 2 REL EASES ?31T
18 JOS 1 RELEASES FORT
19 JOB 3 OF DJTATI3N S KANTS P3TT 1
21 JOB 2 OF DJRATIOM 3 X4*ns PORT 1
25 JOB 3 BEL EASES P3:tT
23 JOB 2 RELEASES PORT
29 JOB 4 3 = 3JTATr3f B KANTS P33T 1
31 J33 3 OF DURATION 4 WANTS PORT 1 . •
37 JOB 4 REL EASES f>3*T
41 JOB 5 Or 3JAATI3N 7 KANTS P33T 1
41 J33 3 RELEASES PORT
45 J33 4 OF OURATIOM 5 WANTS PORT 1
43 JOB 5 R = L EASES P3RT
51 JOB S 3 = 3JXATI3N 3 KANTS P3TT 1
5't JOB 5 REL EASES PUT
56 JOB 4 RELEASES PORT
57 J33 7 Or 3J3Arr3N 4 KANTS P33T 1
59 JOB 5 OF DURATION 1 WANTS PORT 1
61 JOB 7 REL EASES P33T
62 JOB 5 RELEASES PORT
65 JOB 6 •Or DURATION 6 WANTS PORT 1
65 J33 3 OF 3J^ATI3N 7 KANTS POtT 1
72 JOB 3 REL EASES P33T
75 JOB 9 OF JJAATIOn 9 KANTS P3XT . 1
83 - JOB 9 REL EASES P33T3d J03 6 RELEASES PORT
3 T JOB 13 * 3 = 3J?AFE3N 3 KANTS P33T 1
89 JOB 7 OF DURATION 1 WANTS PORT 1
95 JOB 13 R EL EASES P3RT
95 J33 7 RELEASES PORT
9? JOB 3 Or DJAATION 7 WANTS PORT I
99 JOB 11 3r 3J<Ari33 5 WANTS P33T 1

105 JOB 11 REL EASES P33T
112 J33 a RELEASES PORT

EMO OF MODEL CYCLING
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14.2 Interlock Case

M33EL REPIESE-jTMID^ IMPJT

L , C2 1 I
L CL 1 I •
L P5 1 2
L P* 1 2
L ‘ P3 1 2
L P2 1 2
L Pl " 1 2
W 101 CL 0
W X01 Cl 0 ♦

X02 CL 0 ♦
SEH2 C2 I . «■w SE\L CL 1

M WITZ CZ 1 ■
W WIT1 CL 1 e
W 0UM1 Cl 1 ♦
H DUM2 C2 I ♦
W P25 P5 1 ♦
U P24 PS 1 ¥
W P23 P3 1 ♦
w P22 P2 1 ♦w P21 PL 1 ♦w P15 PS 1w PIS PS 1 ♦ .w P13 P3 1 ♦
H P12 P2 1 ♦

P1L Pl 1 *■
GENZ CZ 1 <•

w GcNl Cl 1 «■
X LOL 131 XOl 1 0
X L02 X01 X02 I 1 -1
X L03 X02 X02 -I 1 -1
X LOS X02 XOl -1 1 -1
X L21S GEN2 WITZ -L 1
X LUS GENL Will -L 1
X L215 WITZ SEN2 L 1 -1
X LL15 win SEN1 1 1 -1
X L2D2 GEN2 GEN2 1 2
X L102 SEMI GENL 1 2
X L233 SEM2 P25 -1 1 -1
X L133 SEN1 PIS -1 1 -1
X L20S SENZ P2S -1 1 -1
X LIOS SEMI PLS -1 1 -1
X L205 SENZ P23 -1 1 -1
X L105 SEN1 P13 -1 1 -1
X L235 SENZ P22 -1 1 -1
X LIOS SEN! P12 -1 1 -1
X L237- SEN2 PZL -1 1 -1
X LL37 SEN1 P1L -1 1 -1
X L20a P25 DUMZ 1 • -I -1
X L209 P2S DJ'32 1 -1 -1
X L213 P23 0JM2 1 -1 -1
X L211 P22 0UN2 1 -1 -1
X L212 P21 DUN2 1 -1 -1
X L213 0JM2 WITZ 1 1
X L103 PLS DUN1 1 -1 -1
X L139 PLS DUNl 1 -1 -1X LUO P13 DUNl 1 . -1 -1
X LIU PL2 OUNL 1 -1 -1
X LU2 PL 1 DOMI 1 -1 -I
X LU3 DJH1 WI T1 1 1
• / •
1 101
I CEH2 L202
I GEN1 L10Z
I WITZ L213
I win LU3
,/
O'-'OIP
3S rXL
CMNTR C2
T 2033
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INITIAL MODEL RE PRE SENT ATtON (PAGE 1)

• ♦ SJ3SYSTEMS » SYSTEM-STATES 8 TtANilTIO'iS 8

♦ USE* ► JSER 8 JSE1 eta < Jl: . 8
LINE ♦SYM33L RH3 delta GAMMA * SY130L ETA HU ALPHA STATUS 8 SYMBOL <APPA eta LINE 3ETA TAJ PHI 8

• 1 ♦ C2 1 1 1 ♦ 8 8
» 2 * • GEN2 20 1 ♦ IW 8 *
» 3 * 8 L214 5 5 7 -1 1 3 8
♦ * * ♦ 8 L232 9 23 2 1 2 0 8
• 5 ♦ 8 DJM2 9 i 8 IW 8 8
* 6 8 8 L213 25 6 7 1 1 3 8
♦ 7 ♦ ♦ WIT2 6 1 IW 8 8
* B * * 8 L215 7 4 9 1 1 -1 8
* 9 • * SEN2 4 1 > IW 8 • ♦
* 10 ♦ • 8 L203 11 13 39 -1 1 -1 8
* 11 » » 8 L23» 13 11 99 -1 1 -I •
<1 12 * 8 L205 15 12 99 -1 • 1 -1 8
• 13 • ♦ 8 L205 17 13 5 4 -1 1 -I ♦
♦ Lt ♦ 8 L207 19 14 59 -1 1 -1 *

15 * Cl 2 1 1 * 8 8
» IS ♦ * XOZ 3 0 8 IM 8 8
♦ 17 » ♦ 8 LOO 3 3 15 -1 1 -1 8
* 18 ♦ » 8 L04 * 2 19 -1 1 -1 8
♦ 19 ♦ 8 X01 2 0 * IM 8 8
> 20 # * 8 L02 2 3 15 1 1 -1 8
♦ 21 * 8 101 1 3 * IM 8 8
♦ 22 ♦ 8 L01 I 2 19 1 0 3 8
» 23 ♦ * GENL 21 1 ♦ IM . 8 8
♦ 2S- * 8 LUA- S 7 29 -1 I 3 8
» 25 ♦ » L102 13 21 23 1 2 3 . 8
♦ 25 •> 8 DJ.Ml 8 1 ♦ IM 8 8
# 27 » » 8 L113 32 7 23 1 1 3 8
* 23 8 /i I T1 7 1 IM 8 8
* 29 * 8 8 L115 3 5 30 I 1 -1 8

33 * » SEMI 5 1 8 IM 8 8
31 > 8 8 L103 12 15 37 -1 1 -1 8

* 32 8 8 8 LIO'* 1^ 15 4? -I 1 -1 *
♦ 33 * 8 8 L105 13 IT 47 -I 1 -1 ♦
♦ 34 * * 8 LIOS 13 13 52 -1 1 -1 8
♦ 35 * » 8 LL07 23 19 57 -1 1 -1 8
» 36 » P5 3 1 2 8 8 8

37 ♦ 8 P15 15 1 8 IM 8 8'
♦ 33 ♦ 8 8 LL33 27 3 25 I -1 -1 8
♦ 39 8 8 P25 13 1 8 IM 8 8
* 43 8 8 8 LZ38 21 9 5 1 -I -I 8
> 41 » P4 4 1 2 8 8 8
* 42 * 8 P14 15 1 8 IM 8 8
* 43 * • 8 8 L109 23 8 25 1 -1 -1 8
41 44 *' 8 P24 11 1 8 IW 8 8
♦ 45 ♦ 8 8 L209 22 9 5 1 -1 -1 8
♦ 46 * P3 5 1 2 8 8 8
• 47 » 8 P13 17 1 8 IW 8 8
» 48 ♦ 8 8 LL10 29 9 25 1 -L -1 *
« 49 8 P23 12 1 8 14 8 8
* 53 ♦ 8 8 L210 23 9 5 1 -1 -1 8
* 51 » P2 6 1 2 8 8 8

INITIAL MODEL REPRESENTATION (PACE 2)
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SY133L LISTS

RHQ L-N43E R43 L-NA'Ie R-13 L-NAME *43 L-NAHE

1 C2 3 PS 5 P3 7 PI
2 Cl 4 PS 5 P2

ETA W-N4ME ETA W-.HAME ETA W-NANE ETA W-NAME

1 101 7 Mill 12 823 17 P13
2 X01 8 OUML 13 PZZ 13 PiZ
3 X02 9 0332 14 P2I 19 P1L
S SESZ 10 P25 15 PLS 20 SEN 2
5 SE'il 11 PZS 16 Pi* 21 GENL
6 HIT2

KAPPA X-NAME KAPPA X-NAME (APPA X-NANE KAPPA X-NAME

1 L01 9 L202 IT LZ35 25 L21Z
2 LOZ 10 L132 13 LIOS 25 L213
3 L03 11 LZ03 19 LZOT 27 LID3
<> 10* 12 L1D3 20 L13T 23 LL09
5 LZ1* 13 L20S 21 L203 29 LLIO
6 L114 14 LIOS 22 L239 30 LUI
7 L215 15 L235 23 L210 31 LIU
8 L115 16 LIOS 24 LZi.1 32 LU3
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INTCRL3C< USIS^ 5 P2RFS

riME C31PJTER 2 • OOIPUTER 1

3 J33 1 □F ajRATIBN 6 WANTS PORT 4
3 • • J33 1 OF DURATION A HINTS P3*T
"I JD3 1 RE_EASES PORT

J3B 1 RELEASES P3RT
11 J33 2 0- DURATION 5 HANTS P3*T
13 J33 2 DF DJRATID.*i 6 WANTS PORT 4
16 J33 2 RELEASES PORT
19 J33 3 Dr DURATION 3 HANTS P3VT
22 J33 3 RELEASES PORT
22 JOB 2 RELEASES PORT
25 J33 3 DF DURATION 8 WANTS PORT 1
25 J33 ' 4 Or DURATION A HANTS P39T
29 J33 4 RE.EASES PORT
33 J33 Or DURATION 7 HANTS PD1T
33 J3B 3 RELEASES PORT
37 J33 4 OF DURATION 5 WANTS PORT 4
60 J33 5 RELEASES PORT
42 JOB 4 RELEASES PORT
43 J33 5 OF DURATION 3 HANTS ?3<T
45 J33 5 Or DURATION 4 WANTS PORT 4
46 J33 5 RELEASES PORT
*9 J33 7 DF DURATION 1 HANTS PDtT
49 J33 5 RELEASES PORT
50 J33 7 RELEASES PORT
53 J33 6 OF DURATION 5 WANTS PORT 5
53 J33 3 Or DURATION 7 HANTS PltT
60 J33 3 RELEASES PORT
63 J33 9 OF DURATION 3 H4NT5 P3^T
66 J3B o RELEASES PORT
69 J33 7 Or DURATION 8 WANTS PORT 1
71 J33 9 -RELEASES PORT
75 J33 13 3: DURATION L HANTS P3^T
75 JD3 13 RELEASES PORT
77 J33 7 RELEASES PORT
79 J31 11 OF DURATION 7 HANTS P3JT
81 J33 8 Or DURATION 6 WANTS PORT 1
86 J33 11 RELEASES PORT
87 J33 B RELEASES PORT
89 J33 12 OF DURATION 7 HANTS P3^T
91 J33 9 OF DURATION 2 WANTS PORT 5
93 J33 9 RELEASES PORT
96 J33 12 RELEASES PORT
97 J38 10 OF DURATION 2 HANTS PORT 3
99 J33 13 3- DURATION 2 HANTS P31T
99 J33 10 RELEASES PORT

101 J33 13 RELEASES PORT
103 J 33 11 OF CURATION 3 WANTS PORT 2
106 J3B 11 RELEASES PORT
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interlock jsins ?jxrs

TIME COMPUTER 1COMPUTER 2

* JD3 1 OF DJRITiaN 6 HANTS PtPT 3

8 
10 
12 
1*

JOB

JOB

1

2

RELEASES PORT

OF DURATION 6 HANTS PCRT 3
17
20
23
23
26

J3B
JOB

2 
3

RELEASES PORT 
OF DURATION 8 HANTS PO^T 1

26
30
34
34
33

J33
JOB

3 
4

RELEASES PORT 
OF DURATION 5 WANTS PCRT 4

41
46
46
47
50

jaa

JOB

4

5

RELEASES PORT

Or DURATION A WANTS PORT 4
50
51
54
55
53

JOB
JOB

5 
6

RELEASES PORT 
OF DURATION 7 HANTS pear 4

61
64
S3
72

JOB
JOB

6 
7

RELEASES PORT 
Dr OUR All ON 3 WANTS pa^r 1

72
76
77
80
80
84

JOB
JOB

7 
8

RELEASES PORT 
DF DURATION S HANTS POST 1

87
90
93
95

joa
JOB

a
9

RELEASES PORT 
DF DURATION 2 WANTS PORT 4

97
93

100
102

JOB

JOB

9

10

RELEASES PORT

Or DURATION 2 WANTS PORT 3
102
104 JOB 10 RELEASES PORT

J33 L3 RELEASES PORT

JOB 1 DFOURATI-DN 4 AKHTS pair 1
JD3 1 RELEASES PORT

JOB 2 DF DURATION 5 iJl'iTS pon 3

JOB 2 RELEASES PORT
JOB 3 DF DURATION 3 WA'iTS PERT 4
JOB 3 RELEASES PORT

J33 4 DF DURATION 4 POXT 4
JOB 4 RELEASES PORT
JOB 5 DF JURATION 7 PD7T 4

JOB 5 RELEASES PORT
JOB 5 DF DURATION 3 JAMIS poir 2

JOB 5 RELEASES port
J33 7 OF DURATION 1 JAMTS potr 4
JOB 7 RELEASES PORT
JOB B Dr DURATION S JAMT5 POXT 4

JOB 3 RELEASES PORT
JOB 9 DF DURATION 3 JAMT5 P3XT 3

JOB 9 RELEASES PORT
JOB IO DF DURATION I Nttrs PO^T 4
JOB 13 RELEASES PORT
J JJ 11 0.- DURATION 7 JAMFS P37T 1

J33 11 RELEASES PORT
JOB LZ Dr DURATION 7 JAMTS pair 2

J33 12 -RELEASES PORT

JOB 13 OF DURATION 2 JAMIS 2
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I-iTERLDC* JSI-13 3 PDRTS

TIME COMPUTER 2 COMPUTER I

3
3
7-
9

JD3

J3B

1

1

□F DURATION 6

RELEASES PORT

WANTS PORT 2
J33 
433

1
1

3F 33R4TI3N 4 
RELEASES P3RT

P3<T t

11 JDS 2 3F 33RATI3N 5 jil'iTS PCRT 2
13 J33 2 Or DURATION 6 WANTS PORT 3
16 003 2 RELEASES P3RT
19 333 3 3r 3JRATI3N 3 >a*»TS P31T 3
19 JD3 2 RELEASES PORT
22 333 3 RELEASES PORT
23 J33 3 OF DURATION 8 WANTS PORT 1
25 333 4 OF DURATION 4 J4MF5 P3<F 3
29 333 4 RELEASES PORT
31 J33 3 RELEASES PORT
33 433 5 OF DURATION T MMTS P31T 3
35 JDS 4 OF DURATION 5 WANTS PORT 3
to 333 5 RELEASES PORT
t3 333 6 Or DURATION 3 P3*r 2
45 JDS 4 RELEASES PORT
46 333 5 RELEASES PORT
49 JOB 5 OF DURATION 4 WANTS PORT 3
49 303 7 OF DURATION 1 44475 pcht 3
50 433 7 RELEASES PORT
53 433 3 Dr DURATION 5 44475 PD^T 3
54 JOB 5 RELEASES PORT
57 JDB 6 OF DURATION 7 WANTS PORT 3
60 333 3 RELEASES PORT
63 333 9 Dr DURATION 3 riK47S patr 3
67 JDS 6 RELEASES PORT
71 J33 7 Or OJRAIION 8 WANTS PORT 1
75 333 9..RELEASES PORT
79 433 13 3F DURATI3N 1 pair 3
79 JDB 7 RELEASES PORT
SO 333 ID RELEASES PORT
83 JD3 3 OF DURATION 7 WANTS PORT L
33 333 11 3F DURATION S W44TS pair 1
89 303 11 RELEASES P3RT
93 433 1Z Dr DURATION 7 44475 P3<r Z
96 JDS 3 RELEASES PORT
99 JDS 9 OF DURATION 2 WANTS PORT 3

100 433 12 RELEASES PORT
101 JOS 9 RELEASES PORT
103 433 13 3= D3RATI3N 2 *4475 PUT Z
105 433 13 RELEASES PORT

229



IMTERiaCK USIS3 2 PDRTS

CDHPUFER 2 01PJTER 1TIME

a
J33 1 Dr outaria.N 6 WANTS PORT 2

J33
J33

I
1

3F 31B4TI3N 4 
RELEASES P38T

4AMTS PORT 1

10 J3B 1 RELEASES PORT
12 J33 2 3F 3J3ATI3M 5 rfANFS PORT 2
14 JDS 2 OF DJRAna.*i 6 WANTS PORT 2
17 J33 2 RELEASES PORT
20 JD3 3 □F DJIATJOV 3 rfAMTS PDRT 2
23 jna 2 RELEASES PORT
26 JDB 3 OF OURATIOM 8 HANTS PORT 1
26 JD3 3 RELEASES P3RT
30 J33 4 3F 3J3ATI3M 4 MAMTS PDIT Z
34 J33 4 RELEASES port
34 JOB 3 RELEASES PORT
38 JDS 4 3F OJRATZG.N 7 WANTS PORT 2
38 J33 5 DF 3JRATI3M 5 HA-iTS PDRT 2
43 J33 3 RELEASES P3RT
46 J33 5 3F 3JAAri3N 3 4ASTS PORT 1
49 J33 S RELEASES P3RT
50 JOB 4 RELEASES PORT
52 J33 7 DF DJRAT13M 4 rfANTS PORT 2
54 JOB 5 Or OJRAFCaW 1 WANTS PORT 2
55 J03 7 RELEASES PORT
57 JDS 5 RELEASES PORT
60 JOB 6 DF DURATION 6 WANTS PORT 2
60 J33 9 D.- DJRATIDM 7 RASTS PDIT 2
67 J33 8 RELEASES PORT
70 J33 9 3F 3JRATID8 8 RASTS PDRT 2
73 J33 6 RELEASES PORT -
76 JOB 7 □F DURATION 8 WANTS PORT 1
Bl J33 9 RELEASES P3RT
84 J33 13 DF DJRATIDM 1 RASTS PDRT 2
84 JOB 7 RELEASES PORT
85 J33 ID •RELEASES PORT
83 JDS 8 OF DURATION 7 WANTS PORT 1
83 J33 11 DF DJRATIDS S RASTS PDRT 1
94 J33 11 RELEASES PDRT
98 J33 12 3f -DJIATIDH 7 RASTS POTT 1

101 J3B 8 RELEASES PORT
108 J33 12 RELEASES PORT
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INfERLD-A JSHS I ’3RTS

TIME COMPUTER 2 COMPUTER 1

3 JOB 1 OF OJRATIO.M 6 HANTS PORT 1
3 J33 I OF DURATION 4 HANTS PORT 1
7 JOB 1 RELEASES PORT

11 JOB ? OF DURATION 5 HANTS PORT 1
13 JOB 1 RELEASES PORT.
17 JOB 2 Or DURATION S HANTS PORT 1
18 J33 2 RELEASES PORT
21 JOO 3 OF DURATION 3 HANTS PORT 1
24 JOB 2 RELEASES PORT
27 JOB 3 OF DURATION 8 HANTS PORT T
27 J03 3 RELEASES PORT
31 J33 <* OF DURATION * HANTS PORT 1
35 JOB 3 RELEASES PORT
39 JOB H Or DURATION 7 HANTS PORT I
39 J33 A RELEASES PORT
43 JJ.3 5 OF DURATION 5 HANTS PORT 1
46 JOB A RELEASES PORT
49 JOB 5 OF DURATION 3 HANTS PORT I
51 JOB 5 RELEASES PORT
54 J03 5 RELEASES PORT
55 JOB S OF DURATION A- HANTS PORT 1
57 JOB 6 OF DURATION 1 HANTS PORT 1
59 JOB 5 RELEASES PORT
60 JOB 6 RELEASES PORT
63 JOB 7 OF DURATION 6 HANTS PORT 1
63 JOB 7 OF DURATION 7 HANTS PORT I
70 JOB 7 RELEASES PORT
73 JOB 3 0- DURATION B HANTS PORT 1
76 JOB 7 RELEASES PORT
79 JOB 8 Dr DJRATIOM 3 HANTS PORT 1
84 JOB 8 RELEASES PORT
87 JOB 9 OF DURATION I HANTS PORT 1
92 JOB 8 RELEASES PORT
93 JOB 9 RE-EASES PORT
95 JOB 9 OF DURATION 7 HANTS PORT 1
97 JOB ID Or DURATION S HANTS PORT 1

•102 JOB 9 RELEASES PORT
108 JOS 13 RELEASES PORT

EMO OF MODEL CYCLIMS »»»
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15. APPErFOEt H Queueing System Program

HDOkL REPSENrAr13N INPUT

L GEN 1 1
L QI 1 . I
L . Q2 1 . 1.
L STAL . 1 1
L staz 1 1
W IOL GEN 0 ♦ .w GDI GEN 1w OLO1 . 01 0 *w 0102 01 0 *• .w 0103 01 . 0 ♦w 0104 . 01 0 *w 0105 01 1 ♦w 0106 01 1 ♦w 0107 . 01 0 *
M 0103 01 0 *
y 0109 01 2 ♦
M 0110 01 1 ♦
y . 0111 . 01 2 ♦ .w 0112 . 01 1 + .
H 0113 01 2 *
M Oil* 01 1 >
w 0115 01 2 ♦
M 0116 01 1 ♦ .
H 0117 01 2w 0113 • 01 1w 0119 01 2 *
M 0120 . QL 1 . ♦
W 0201 . 02 1 ♦
y 0202 02 1 . ♦
M . 0203 02 * 1
y ozos.. OR 1

0205 02 1 . *
w 020 5 02 1 *w SI 51 . STA1 . 5 >w S152 STA1 5
w S153 STA1 . 5 ♦
«■ S154 STAl 5 •>w S161 . STAL 6 +w SI'-.2 57A1 4 *
w S163 STAl 4 * .w S166 STAl 4 ♦w S131 STAl 3 *
w S132 STAl 3 ♦w S133 STAl 3 *w S136 STAl 3 ■>w S121 STAl 2 >w S122 . STAl . 2 ♦ .w S123 STAl 2 ♦w 5126 STAl 2 - ♦w Sill . STAl 1 ♦w SllZ STAl 1 >w S113 STAl . 1 *w S116 . STAl 1 . ♦w S101 . STAl 0 ♦
M S102 STAl 0 ♦
y . S103 STAl . 0 ♦
’d 5165 STAl 4 >
y S135 STAl 3 ►
w 5125 STAl 2 ♦
w 5166 STAl 4 *w 5136 STAl 3 ♦
w 5126 STAl 2 *w 5155 STAl 5
w 5153 STAl 5 ♦ .
y 5201 STA2 1 *
w S202 STA2 1 >
w 5203 STA2 1 >
X 101 101 GOl 1 0
X 102 GDI G01 -1 -1 -1
X 103 GDI 0116 -1 1 -1X 106 GO! 0118 -1 1 -1
X 10 5 GDI 0120 -1 1 -1
X 105 CU 0231 -1 1 -1
X 10 z 0201 0 202 1 1
X 10 3 0 203 02 3 6 1 1 -1
X 109 U2D5 02 35 -1 1
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X . LIO Q2OS 0206 -1 1 -1
X Lil 0206 0205 . 1 i
X LIZ S201 5231 -1 i
X L13 S201 5202 -1 i -1
X Ll^ S202 5201 1 -i
X LIS S202 5203 -1 -i -1
X LIS S202 0115 -1 -i -1
X L17 S2O2 0117 -1 -i -1
X LL8 S202 0119 -1 -i -1
X LL9 0101 0102 1 2 -1
X L2O 0102 0103 1 . 2 -1
X L21 0103 - 0101 . 1 2 . -1
X L22 .0101 . 0106 . -1 ,• 2 - -1
X L23 0102 0106 -1 2 . -1
X L24 0103 0106 . -1 2 -1
X L25 0106 0107 1 1 -1
X - L25 - - 0105 5155- -1 - .. j. . -1-
X L27 • 0105 0106 -1 1
X L28 0107 5161 -1 1 -1
X- - -L29 0107 ■ 0108 -l- . . 1 -----
X L3O - 0115 0109 1 1
X . L3L . 0116 0109 1 1
X - - L32 ■ - 0109 ■5131- -L - 1- -1
X L33 0109 QUO . -I 1
X •- L3* 0117 0111 1 I
X- L35 - 0118 • Olli- 1 • - 1
X L3& 0111 5121 -1 I -1
X L37 0111 0112 -1 1 *
X L33 0119 0113 1 1
X L39 0120 0113 1 1
X L4O 0113 Sill -1 1 -1
X LSI 0113 0116 -1 . I
X L5S2 S153 5151 1 -1
X L'rSZ S143 5161 1 -1
X L3S2 S133 S131 1 -1 .
X L2S2 SI 23 5121 1 -1
X L142 5113 Sill 1 -1
X . L1-.3 Sill 5113 -1 1 -1
X L2S3 5121 5123 -1 1 -1
X L3^3 5131 5133 -1 1 -1
X L'rLS 5191 5163 -1 1 -1
X L5*3 5151 5153 -1 1 -1
X L14S Sill 5112 -1 1 -1
X L2!><r 5121 5122 -1 1 -1
X L3^ 5131 5132 -1 1 -1
X L<r4S 5161 SI 32 -1 1 -1
X • L5 5151 5152 -1 1 -1
X L545 5153 5156 -1 -1 -1
X L 5 5163 5164 . -1 -1 -1
X L3*5 5133 5134 -1 -1 -1
X L2L5 5123 5124 -1 • -1 -1
X LL45 5113 5114 -1 -1 -1
X L54& 5153 0203 -1 -1 -1
X L4S& 5163 0203 -1 - -1 . -1
X L3S6 5133 0203 -1 -1 -1
X L245 5123 0203 -1 -1 -1
X L1S6 5113 0233 -1 -1 ■ -1
X L547 5151 Sill ■ -1 1 -1
X L5*8 5151 5121 -1 1 -1
X L549 5151 5131 -1 1 . -1
X L0-»2 5103 5101 1 1
X L0S3 5101 5102 1 1
X L044 5101 5126 -1 1
X LOSS 5102 5103 1 1
X LOSS 5102 5135 -1 . 1 .
X L0S7 5103 5146 -1 1 .
X ^7 5166 5145 -1 1
X L3S7 5136 . 5135 -1 . • 1
X L2S7 5126 S125 -1 1 .
X LSS8 5166 5155 -1 1 .
X L3SB 5136 5155 -1 1
X Lzsa 5126 S156 -1 1 .
X LSS9 5166 0105 -1 1 -1
X L3S9 5135 0135 -1 1 -1
X L299 5125 0135 -1 . 1 -1
X L5 > 3 5155 5155 1 1
X L55L 5155 5151 1 1
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I 101I S101 L0«
I 0101 L21
I Q2O5 LOO
I S201 L12
./ 
OHORP
OSYML
01NTR GEM
Q.wrA qi
OM.-iTR 92
OMMTR STAL 
OHNTR STA2 
OS ACTT . BOO

IHlTlAL MODEL REPRESEMrATlOM (PAGE 1)

-i; j ,1 /i >; ■ j U'o ,ja x ini <1 > n>A itxxu 11 in>

* # SJBSYSIcHS • Sf SfEM-STAf ES - * 11 A-lS t T10M5
*»*-»ii»**»se»e****»w>**a****e*****»***»*»>****w#»*»**e*»*»*<»ii»»ee*»*ew**-*e«»****»* •*♦••»*»•>*••>»

* LINE
* USER
♦ SY.H30L RH3 DELTA

♦
GAMMA *

UiER 
SY.^a.IL ETA MU ALPHA STATUS

» 
9

USER 
SY.13D'_ AA>PA

ETAlJ>:
3ETA TA'J PH

9 
9EFA LINE

* 1 * GEN 1 1 1 * 9 9
2 9 9 131 1 0 IM 9 9

♦ 3 9 9 9 L31 1 2 4 1 0 0 9
9 4 9 9 G01 2 1 4 IW 9 9
9 5 . 9 9 9 . L02 2 2 4 -1 -1 -I 9
* 6 9 9 » LOB . 3 13 45 -1 1 -1 9
9 7 9 9 9 L 3 4 4 2 3 43 -1 I -1 9
9 8 9 . ♦ 9 L35 . 5 22 - 41 -1 1 -1 9
9 9 9 » 9 LD5 5 23 64 -1 1 -I ♦

10 . 9 QI 2 . 1 1 * 9 ♦
11 A 9 2103 10 0 > X 9 9

* 12 9 9 QL07 9 0 + IM 9 >
9 13 9 9 9 L28 23 33 103 -1 1 -1 9
> 14 9 . 9 ♦ L2 9 -29 - 13 . - U . -1 1 D ♦
» 15 9 9 3104 6 0 •> IM » • 9
♦ 16 9 - 9 9 L25 - 25 9 12 1 1 -1 *

17 9 9 Q1O3 5 0 ► IM 9 9
9 • 13 9 9 9 L2L - 21- 3 23 1 2 -1 9
9 19 9 9 9 L24 24 6 15 -1 2 -1 9
* 23 9 9 3102 -4 3 > IM 9 9
» 21 . 9 9 ♦ L20 23 - 5 17 1 2 -1 9
» 22 . 9 • 9 9 L23 . 23-- 6 . 15 -1 - - 2 -1 9
* . 23 9 : 9 0101 . 3 0 + . IM 9 9
9 24 9 - . . 9 9 . L19 . - 19 - 20 - 1 . . 2 -I 9
* : 25 9 : 9 9 L22 22 .. & 15 -1 2 -1 ♦
9 2S 9 . 9 0119 ■ 21 2 ♦ IM . 9 . — . - 9
9 27 9 •• 9 » L3B . 33 15 32 1 1 D 9
9 23 . 9 - 9 •3117 19 2 ♦ . IM ♦ - . . - 9
♦ 29 9 9 9 L34 . 34 13 35 1 1 3 9
9 •• 30 • 9- • ... .. .9 Q115 17 2 - ♦ IM _9 . 9
* 31 . 9 9 9 L30- 33 11 39 1 1 3 9
9 32 9 - 9 Q113 15 2 > IM 9 ♦
9 33 9 9 9 L43 - 40 - G5 140 -1 1 -I 9
9 34 9 9 9 L41 4k 1& 47 -1 1 3 • 9
9 35 9 ♦ 0111 13 2 •> IM . 9 9

-9 • 35 9 ---- 9 • 9 L35 3& - -G1 ■ -131 -1 - 1 -I 9
37 9 9 9 -L37 37- 14 48 -1 1 3 9.

* 33 9 • .9 0109 11 . 2 ♦ .. IM 9 - 9
♦ 3 7 9 . 9 9 L32 - 32. 37 117 -1 1 -I 9
9 40 9 9 9 L33 33 12 . 49 -1 I 3 9
9 41 9 ♦ 0120 . 22 1 * IM 9 - 9
» 42 9 9 L39 39 15 32 1 1 3 9
9 43 9 9 Q113 20 1 1.1 ♦ 9
9 4 f » 9 L 3 5 ) 3 13 35 1 I 3 ♦

4 ■> 9 9 G1 15 13 1 > IW »
9 4 5 . - . * 9 -L3I - 31 - ll - 33 - 1 . -.1 3 ♦
9 47 9 * Qi 14 16 1 * X 9 9

id * > 0112 14 I ¥ X 9 9
> 4? 9 * OLIO 12 1 X 9 9
9 5) •» •> 0135 3 1 > X 9 9
# 51 9 CU5 7 1 #■ IJ 9 ♦
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INITIAL HOJEL REPRESENTATION (PACE 2)

• • SUBSYSTEMS ■» SYSTEM-STATES * . TRAMSITIO'lS »

* * USER USER * USER ETA (J): *» LI**E ♦SYMBOL RH3 oeir* ♦ s/.naai ETA MJ ALPHX STATUS ♦ SYMBOL <A??A ETA LIME BETA TAJ PHI 9

» 52 » ♦ * L26 2b 58 78 -1 ■ I -1 9♦ 55 * * e L27 27 8 53 -I 1 0 9• 5^ * Q2 3 1 1 * • 9♦ 55 * 0205 23 1 «■ IW 9♦ 55 * ♦ ♦ Lil 11 27 57 1 1 0 9♦ 57 ...... • 0205 2Z 1 ♦ . IH ♦ . . 9♦ 58 ♦ * L09 9 27 57 -1 1 0 9w 59 * . * LIO -- LQ-- 28 55 -1 1 -1 9» 60 ♦ ♦ 0204 26 1 > X ♦ 9» 61 ♦ . . .. 0203 25 1 ♦ IW ♦ .... . .. „ - « 9♦ 62 * ♦ » L03 8 25 S3 1 1 -1 -.9It • 63 • 9 . . - ... - . ♦ 02 02 24 1 ♦ X ♦ - . . - — 9> 6^ ♦ * 0201 23 1 ♦ IM * *
* 65 ♦ • » » LOT 7 - 24 -63- I 1 a 9♦ 66 ♦ STA1 . 4 1 1 * ♦ . 9* 67 * . . * S103 51 0 ♦ IW ♦ 9♦ 69 • » » L042 70 49 73 1 1 a 9* 69 ♦ . » * L047 75 - 55 -92 -1 1 D 9
♦ 70 * .. ♦ S102 50 0 * IW ♦ 9♦ 71 *• . . . . . - * L345 73 51 67 . 1 1 0 9

72 » ♦ ♦ L06S 74 56 136 -1 1 3 . 9* 73 *• ♦ S101 49 0 ♦ IW ♦ ... 9* 7^ ♦ ♦ * L043 71. 53 73 . I 1 0 9* 75 * * * L344 72 57 123 -1 1 o. *
» 76 * - » S156 59 5 > IW ♦

77 * * L550 85 53 73 1 1 0 »
78 ♦ * S155 53 5 IW ♦ ♦
79 #• * - - ♦ 1551 „3S — 29 6S 1 - 1 • ♦* 80 4t S154 32 5 . ♦ X *

* 81 ♦ * S153 31 5 * IH ♦ *
82 ♦ L542 - 42 29 86 1 -L 0 9

* 83 » L 4 5 57 32 83 -1 -1 ~1 9* 8<r * * L 546 62 25 61 -L -1 -1 9
35 » - » S152 30 5 X 9V 86 * S151 25 5 IW 9 9
87 * L543 51 3t St -L . 1 -1

* 83 * * Ld44 55 33 . 35 -1 1 -1. *
* 89 * . ... # L5 47 . 57 - . 43 143 - -1 . . 1 -1 9♦ 90 * ♦ L543 68 41 131 -1 1 -1 9
» 91 » 4t •> 154? 69 37 117 -1 1 -1 9

92 4t S146 55 4 > IW 9» 93 - * * L447 75 52 95 . -1 1 . 3 9♦ 94 ♦ * ♦ L443 79 59 75 -1 t 3 9• 95 » > L44? 32 7 51 -1 1 -1 9* 96 » . » S145 52 4 > X 9* 97 * - * S144 36 4 X . 9• 93 S143 35 4 IW * 9
99 . * * L442 . 43. 33 103 . 1 — I 3 9* 100 * » L445 58 35 97 -1 -1 -1* 101 ♦ . » L44S .. 53 . 25 -- SI . -1 -1 -1 ♦» 102 * * SI 42 34 4 ♦ X » ♦

* 103 ♦ » SL41 33 4 ♦ IW * *♦ 104 ♦ * - # L443 -53 35 93 -t 1 -1 •♦ 105 * • » L444 55 34 132 -1 1 -I ♦* 106 * ♦ S135 56 3 ♦ IW . ♦ 9♦ 107 • » ♦ - L347 77 53 113 - -1 1 0 *♦ 108 > ♦ L343 - .. 83 - 59 . 76 -1 1 3 ** 109 • . 9 * L349 83 7 51 -1 1 -1... 9 ■* 110 » M S135 - 53 3 ♦ X * 9♦ 111 9 SI 34 40 3 > X * 9
112 « S133 ■ 39 3 ♦ IW * - 9

* 113 ♦ » 9 L342 44 37 117 1 -1 3 9* 114 * * ♦ * L345 59 40 111 -1 -1 -1 9♦ 115 * » 9 L346 64 - 25 61 -1 -1 -1.- 9* 115 ♦ . • - - . - . .. -... . . » S132 ■ - 38 3 > X . 9 . -- 9♦ 117 * k S131 37 3 > IW 9 9
113 ♦ . - t 9 L343 -49 39 L12 -1 1 -1 9
1 19 » 9 L3 44 54 33 IIS -1 1 -1 9

♦ 120 * S125 57 2 + IW 9 9
121 * 9 L247 73 5* IP^ -L 1 0 ♦

» 122 •* L2 43 31 59 76 -1 1 3* 123 » ♦ L249 7 51 -1 1 -1 9
* 124 * •k S125 54 2 X $ 9
* 125 * tr St 24 44 2 X ■te

126 ». . .. .. . * S123 43 2- > - IW - ... _ 9* 127 . ♦ L24? 45 41 - 131 I -1 3 9•?» 123 * ■> * L'45 53 44 125 — t -1 -I 9
IX 129 a * 1 55 2 SI -1 -1 -1 >
> 13 J ♦ SI 22 - 42 2 * X a 9a ' ? : > 5121 41 2 #■ IW 4 *
* 1 12 > . . . • > - .. L 4 3 4 R • - . 43 . . 1 ? s _ —1 I -1 9> 1 >3 !_ el t -f Jv - K 1 J —. 1 -1
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134 » Silt - . 43 1 ♦ - X . . . . ♦

135 * S113 47 1 ♦ IW ♦ ♦
* 13S * » LI *2 46 . 45 143 1 -1 3 *
* 137 » ♦ Ht5 61 43 134 -1 -1

133 ♦ • . * tits S6. 25- 61 -L . -1 . -1 ♦

* 139 * . » S112 46 1. * . X *
♦ 140 * • * Sill 45 1 IW * * »

141 » ♦ L143 47 47 135 -1 I -1
♦ 142 # . .. » Utt 52 45 139 -1 1 -1 ♦
* 143 ♦ STA2 5 1 1 ♦ . * - ♦

* 144 S203 - 62 1 > X • - ♦

145 ♦ S202 61 1 IW ♦ - , ♦
* 148 * . • ♦ * Lit 14 - 60 . 151 1 -1 3 *
* 147 * * L15 15 62 144 -1 -1 -1
» 143 *. • * -US 15 - 17 30 -1 -I -1 ♦

149 * • LIT 17 19 28 -1 -1 -1 *

» 150 ♦ . * ♦ Lia - -13 - - 21 - 26 -1 -I -I *

* 151 * » S201 60 1 ♦ IH * *
» 152 * ♦ * 112 12 63 151 -I 1 0 ♦"
* 153 ♦ X L13 13 61 145 -1 1 -I ♦

SyH30L LISTS

RHO L-NAME RHO L-NAME ■

1 GEM 3 02
2 QI

ETA U-MAME ETA M-NA.4E

1 101 17 0115
2 G01 13 Olio
3 Q101 19 OUT
t C102 20 0113
5 210 3 21 0119
6 QL04 22 0120
7 9105 23 0201
8 Q10S 24 0202
9 Q107 25 ■ 0203

10 0103 26 0204
• 11 0109 27 0205

12 0110 28 0206
13 -■ 0111 29 S151
14 0112 30 S152
15 0113 31 S153 -
16 • 0114 32 - S154

XAPPA. X-.MAME KAPPA X-NAHE-

1 L01 . 23 L23
2 L02 24 L24
3 L03 25 L25
4 ■L04 ■ 26 L26
5 LOS 27 L27
6 LOS 28 • L28
7 L07 29 L29
8 L33 30 L30
9 L09 31 L31

10 LIO 3 7 L32
I L Lil 33 L33
12 L L 2 »•> L34
13 L13 3 L35
k 4 Lit 36 L36
15 L15 37 L37
16 LI 5 33 L33
IT L! / 39 L39
13 L13 40 LtO
11 L19 61 LSI
2 3 LOO <»"> L5t2
,21 L2t Lt '>>
t- •- L22 44 L3>2

RHO

4

L-NAHE

STA1

RHO .

5

L-HAME

STA2

ETA J-MA'IE ETA A-HAME

33 SI 41 48 Slit
31 S142 49 S131
35 Sit 3 50 5132
36 S144 51 S133
37 S131 52 S145
33 S132 53 S135
39 - S133- 54 S125
40 S134 55 5146
41 S121 ............. . . 55 . ■ 5136 .
42 S122 57 S126
43 S123 58 •- SI55
44 S124 59 S156
45 Sill 60 - S201 .
46 S112 61 S202
47 • SlI3-7 62 S233 .

KAPPA ■ X-NAME . ... KAPPA- X-NAHE,

45 L242 66 . tits
46 ■ LL42 • 67 L547
47 L143 S3 L543
48 L243 „ . . 69 L549
49 L343 70 • L042

• 50 L443 - - - - 71 L043
51 L5 3 72 L0L4
52 - LL44 73 - L045 -
53 L 2 ♦ 4 7 4 LOSS
54 - L344 ............. 7 5 • L347
55 L44 4 7-5 L447
55 . L5>V 77 L347
57 L5 45 73 L2S7
53 Lt 45 79 L34 3
5 ) L3 35 30 Ll'-d
60 L245 31 L2S3
61 LI 45 32 L449
62 L545 33 L34t
S3 L 5 3 6 3 * L: S9
6 T L 3 5 O D L 5 "> 3
65 L2SS ‘ 36 L J 3 1
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FOXT.RAN IV G LEVEL 23 BTP OATS = 72159 21/23/35

0001 SUOROUTINE 8TP(33a33,TTrTT,YrYYY,»)
0002 IMPLICIT IVr = GER»2lT>,LOG ICAL«11 81
0003 IMPLICIT INTEGERIQ)
000* INTEGER CT . . .
0005 COMMOM/TERM/CT
0005 COM.MOV/LA.MBOA/LDELn 100) ,LOTI 103)
0007 COMMON /3LK2/ 5><25>SH28,SH32,S^36,SN40
oooa CO.MMON/dLKl/

1 "333123,15), 02(10,3), 015110,2), 014110,2), 013110,2),
1 012(10,2), 011113,2), 32, 32T, 315, 3151, 314, 3L4T, 313, 313T,
1 312, 312T, 311, 311T, 3N, KIN, KOUT, NS, NPTR, 1NE3,
1 113, 112, 1.11,
1 S,110, S»15, SN17, S.M18, SW546, SN445, SH346, SN245, S3L45, ■
1 SW547, SN543, S-549,- SW13 .......................... - -

0009 LOGICAL S325,S42B,SN32,SM36,SW40
0010 LOGICAL • - .........................1 Q2AGE, GET2, LAST2, Q13AGE, Q12AGE, 011AGE, LAST!, PR1AGE, • -

■ 1 PR2AGE, PR3AGE, . .. . ; _
1 SW10, SX15, SR17, S418, SW546, SK446, SW355, Srf246, S4L45,~
1 SN547, S.548, S4549, Sdl3 - .............

0011 . INTEGER*2 XXXXX,YYYYY,Z2Z2Z,L
0012 ■■■ •• -■ COMMO N/CHI1/3 ( 3000) »T ( 10003, LI 1000) - —
0013 ■ ZZZZZ=YYYYY*180

• 001* zzzzz=zzzzz-iao . . ..
0015 • GO TO I

1 2302,2003,2004,2005,2005,2009,2010,2312,2013,2015- —-
- 1 ,2015,2017,2018,2022,2023,2024,2025,2027,2023,2029

1 ,2032,2333,2035,2037,2040,2041,2047,2343,2049,2350.................
1 ,2051,2052,2053,2054,2055,2055,2057,2053,2359,2050
1 ,2051,2062,2053,2064,2065,2365,2057,23  53,2060,2372 ................ -
1 ,2374,2075,2076,2077,2078,2079,2 033,2331,2032,2033
1 ,2334,4332,4314,4015,4016,4317,-,313,4042,4343,4344 - , -
1 ,4045,4045,4057,4053,4059,4060,4061,4052,4053,4064
1 ,4055,4056, 2, 3, 4, 5, 6, 8, 13, 13- - ,
1 , 15, 16, 17, 13, 19, 23, 21, 22, 23, 24
1 ,25, 25, 23, 32, 35, 40, 47, 43, 49, 50 ......................
1 ,51, 52, 53, 54, 55, 55, 57, 53, 59, 63.
1 , 51, 62, 63, 64, 65, 66, 57, 63, 69, 82
1 , 33, 84, 84, 84, 34, 84, 84, 84, .34, 34
1 ),ZZZZZ

0015 RETURN 1
C 8L02

0017 2002 88393= LQT11)-LE.123
0018 GO TO 99999

C 8L03
0019 2003 33333= I 3081 I HEW,6) .EQ. 1 ) . AMO. I J0"3( I NEN,3 >-EQ.33 - .
0020 GO TO 99999

C 8L04 - ............

0021 2034 83333- tJ03(I NEW,6).EQ.11.ANO.I 3031 I NEW,3)-cQ.Z)
0022 GO TO 99999

C 8L05
0023 2005 83338- (3031 I HEW,6).EQ.1)-ANO.IJ03ITHEN,3)-EQ.1).
0024 GO TO 99999

C 8L06
0025 • 2036 83338= J08(INEW,6I.EQ.2
0025 GO TO 99999

- C 8L09
0027 2039 33353- OZAGcIZ).
0028 GO TO 99999 ....

C BL10
0029 • 2010 83333- SW10 ‘.....................
0030 GO TO 99999

C 3LI2 ■ • ■
0031 2312 83333- GET2IZ) .
0032 • GO TO 99999 - - . . . .

C 3L13
00 33 2013 53333- SN13 - ............................
0034 G3 TO 99",99

C 3115
0035 2015 53336= LAST2IZ)
0035 G3 1.1 999 79.

C oLlS
0037 2016 88333= SU15
00 3 3 CO TO 99999

C .3LL7
OJ ",3 2917 83333= SJl7
0340 G) TO 99,99
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00^1
0042

0043
0044

0045
0045

0047
0048

0049
0050

0051
0052

0053
0054

0055
0056

0057
0058

0059
0060

0061
0062

0063 ■
0064

00 35
00 66

0067
0068

0069
0070

0071
0072

0073
0074

0075
0076

0077
0078

0079
0080

0081
0032

00 33
00 34

00 35
0036

0087
0038

00.39
C 3 90

00 91
■yr)!

0 3 93

C BL18 
2018 83383= SW18 

GO 70 99999
C 8122

2022 83338= 013AGEIZ)- 
GO 70 99999

C 9123
2023 83388= QIZAGEiZ) 

GO 70 99999
C 8124
2024 83333= QUAGE(Z) - 

GO 70 99999
C 8126
2025 83338= S'JZS 

GO TO 99999
C 8127

2027 83338= .N0r.SW26 
GO TO 99999

C 8123
2028 83383= SW28 

GO 70 99999
C 8129

2029 83838= -NOT-SUZB 
GO 10 99999

C 8132
2032 33383- SW32

GO TO 99999
C 8133

2033 83393= .N0T.SW32 
GO TO 99999

C 8136 
2035 88333= SW35 

GO TO 99999
C 8137

2037 83333= .N0T.SW36 
GO TO 99999

C 3140
2040 a-3383= SW40

G3 TO 99999
C 8141

2041 83333= -NOT.SU40
GO TO 99999

C 81543
2051 88333= Q15(I,1>-NE.3 

GO TO 99999
C 81443

2050 83333= 014(1,1)^.96.0 
GO TO 99999

C 81343 
2049 83333= Q13I1,1).ME.3. 

GO TO 99999
C 81243

2043 33333= 012(1,1).NE.O 
GO TO 99999

C 81143
2047 83333- 011I1,1).NE.O 

GO TO 99999
C 81544

2056 83333= Q15(1,1).EQ.O 
GO 73 99999

C 81444 
2055 83333= 014(1,1).EQ.0 

GO TO 99999
C 81344

2054 83333= Q1311,1).EQ. 0 
G3 T3 99999

C 81244
2053 83353- Q121 1,1).EQ.O 

G3 TO 99999
C 81144

2052 63333= 011(I,15.EQ.O 
GO TO 99)99

C 81447
2375 83333= 013.89.0

GJ <3 999)9
C 31443
2079 .-3333= JlJ.'lE.O 

G3 73 99999 
C 31449

2332 33333= J13.5E.0
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0094 G3 TO 99999 .
C BL347

0095 2077 83833= J12-E0-0
0396 CO TO 99999

C 81343
0097 2030 83333= J12.'1E.Q
0098 GO TO 99999

C 8L349
0099 2083 83333= J12.Me.O
0100 GO TO 99999

C BL247
0101 . 2078 33383= Jll.EO.O
0102 GO TO 99999

C BL243
0103 2081 83338= J11.ME.0
0104 . GO TO 99999

C 81.249
0105 2034 33888= J11.NE.0
0106 "GO TO 99999

C BL545
0107 ■ 2057 83333= LASTUJX5)
0103 GO TO 99999

C BL445
0109 2053 83338= LASFUJX41
0110 . GO TO 99999

C BL345
0111 2059 83338= LAST11JX3)
0112 GO TO 99999

C BL245
0113 2060 83333= LASTHJX2)
0114 GO TO 99999

C BL145
0115 2061 88333= LASTHJX1)
0116 GO TO 99999

C 8L546
0117 2052 88383= SW546
0113 GJ TO 99999

C BL445
0119 2053 33333= S9546
C120 GO TO 99999

C 3L346
0121 . 2064 83333= S9346
0122 GO TO 99999

C 8L245
0123 2065 63333= S9246
0124 GO TO 99999

C 8L146
0125 2066 33333= Syi46- .
0126 GO TO 99999

C 8L547
0127. 2067 33338= SW547
0128 GO 70 99999

•C BL543
0129 2068 33333= SW548
0130 GO 10-99999

- ■ C 8L549 ■
0131 2069 33833= S"M549
0132 GO TO 99999

C 8L044
0133 2072 83333= PRIAGEU) .
0134 GO TO 99999

C BL046
0135 2074 83383= PR2AGE(Z)
0136 GO TO 99999

C BU047
0137 ■- • •• 2075 83388= PR3AGE(Z)-
0138 GO TO 99999

• - C TL02 -
0139 4032 TTTTT= TI.IEit) .
0140 GO TO 99999

C TL14 " .
0141 4014 rrTTT= J2T ■ .
0142 GO TO 99999

C Tl. 15
0143 4315 rrrTT= jzt
0144 GO TO 99949-

C TL15
0145 4015 TrTTT= J2T
0145 C-J fti 99099

c Ti_rr
014/ 4017 7 7 7 17= J Of
0 L 'r 3 <, i 70 99)9?

- 7LL 3
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01^9 4018 TTrrr= J2r
0150 . GO TO 99999

C TL542
0151 . 4042 77777= J15T
0152 GO 70 99999

C TL442
0153 4043 77777= J14T
015* - . . • ■ GO TO 99999

C TL342
0155 4044 TTTTT= 3137
0155 GO 70 99999

•- C TL242
0157 . 4045 77777= J12T
0153 . GO 70 99999

C TL142
0159........ 4046 77777= 3117 . -.
0160 GO JO 99999

■ - C TL545 " -
0161 4057 TTT7T= 3157
0162 - GO 70 99999 ....................

C 7L445
0163 4058 77777= 3147
0164 GO TO 99999

C 7L345 - - ■
0165 4059 77777= 3137
0166 GO 70 99999

C 71245
0167 4060 T7T7T= 3127
0168 . GO TO 99999

C TL1‘45
0169 4061 T7TTT= 3117
0170 • - • GO TO 99999

C 71546
0171 - 4052 77777= 3157-
0172 GO TO 99999

C TL446
0173 - 4053 TTTTT= J14T
0174 GO TO 99999

C IL346
0175 4054 TT7TT= 3137
0176 GO TO 99999

C TL245
0177 4065 TT7TT= 3127
0173 GO TO 99999

C TL146
0179 4066 7TTTT= 3117
0180 . GO TO 99999

C L02 -■ ••
0131 2 CONTIN'JE
0182 CALL CAEATE
0183 GO TO 99999

C L03
0134 3 COM71.sue
0185 NS9 = 0
0186 CALL SENO231MSW» .
0137 GO 70 99999

C L04
0188 4 COM71.SUE
0139 NSW=O
0190 CALL SENO22(MS>7)
0191 GO TO 99999

C L05
0192 5 COMTIMUE-
0193 NSW=O
0194 CALL SE.N02HNSW)
0195 GO TO 99999

C L05-
0196 6 COMTIMUE
O’. 97 M303=<lN
0193 NT = JJ3i Lies,5)
0199 CALL 9JE2(NJ33,NT)
o:co GO 70 99999

C L0 3
0201 8 COiFIMJE
0202 GO 73 99999

C LIO
0 203 10 COMriMbE

CV.L El <02
0203 GO ra 91399

2k-0



c L13
0206 13 CONTINUE
0207 CALL TAKE2
0208 GO TO 99999

c L15
0209 - 15 C09TINUE■
0210 CALL REL<J2)
0211 J2 = 0
0212 jzr=o
0213 GO TO 99999

c L16
0214 - ■ 16 CO'ITIMUE ■ ■
0215 NSU=2
0216 CALL SEN023(NSW)
0217 GO TO 99999

c L17
0218 17 CONTINUE
0219 NS A=2
0220 . CALL SEND22<NSW1
0221 GO TO 99999

c L13 •
0222 13 CONTINUE
0223 NS9=-2
-0224 • CALL SENOZKNSU) •
0225 GO TO 99999

- .. ---- c L19 ......................................
0225 19 CONTINUE
0227 . — CALL H3ITE ■
0223 GO TO 99999

• c L20
0229 20 CONTINUE
0230 • CALL NRITc
0231 GO TO 99999

c L21
0232 21 CONTINUE
0233 CALL dRITE - - ■
0234 GO TO 99999

c L22 - .
0235 22 CGNTINUc
0235 ...... 1209=113
0237 10=3
0233 CALL FIXOKIQ, IROM) .
0239 GO TO 99999

c L23 •
0240 23 CONTINUE
0241 - -• • IR3W=i12 .................
0242 10=2
0243 ■ ■ - . CALL FIXQH IO.IROH) 2
0244. GO TO 99999 .

■■ c 124
0245 24 CONTINUE
0246 - 1339=111 ■
0247 , IQ-1
0248 -• CALL FIXQKIQ.IROW) .
0249 GO TO 99999■

* - c 125 ....................................
0250 25 CONTINUE
02 51 GO TO 99999

c 126
0252 26 CONTINUE - ■
0253 S'925=.FA1SE.
0254 GO TO 99999

c 123
0255 23 CONTINUE
0256 S928-.FALSE.
0257 GO TO 97999

c 132
0253 32 CONTINUE
0259 S»32=.FALSE.
02 60 GO TO 99999

c L36
0261 36 CONTINUE
0262 S935-.FALSE.
0263 GO TO 9,999

c L40
0 2 64 40 CONTINUE
0265 sna’J=.false.
0 2 66 GO TO 99999

c L5 44
0257 55 CONTINUE
u "2 "13 S..’5 = .TRUE.
; :5) CO T'J '» >949

2^-1



€
0270 55 CONTINUE
0271 SH28=.TRUE.
02 72 GO TO 99999

C L3S4
0273 54 CONTINUE
0274 SH32=.TRUE.
0275 GO TO 99999

c L244
0276 53 CONTINUE
0277 5X36=. TRUE.'
02 73 GO TO 99999

c 1144
0279 52- CONTINUE
0280 SM40=.TRUE.
0281 . GO TO 99999- ■

c L543
0282 51 CONTINUE
0283 NP«5
0234 CALL TAKEINP).
0235 JX5=J15
0286 GO TO 99999

c L443 . . .
0237 50 CONTINUE
0238 - -
0239 CALL TAKEINP)
0290 8X4=314 • •
0291 GO TO 99999

c L343
0292 49 CONTINUE
0293 MP=3
0294 CALL TAKEIMP)
0295 JX3=J13
0296 GO TO 99999

c L243
0297 48 CONTINUE
0293 NP = 2
0299 CALL TAKEINP)
0300 JX2=J12
0301 GO TO 99999

c L143
0302 47 CONTINUE
0303 • ■ NP=1
0304 CALL TAKEINP)
0305 JX1=J11
0306 GO TO 99999

c L545
0307 57 CONTINUE
0303 NJ=J15
0309 CALL RELINJ)'
0310 J15 = 0
0311 J15T=0
0312 . ... GO TO 99999-

c L445
0313 53 CONTINUE
0314 NJ = J14 .
0315 - . ... CALL RELINJ) -
0316 J14-0
0317 •- ■ J14T=O • - - -
0318 GO TO .99999

- -. --C L34'5 ......
0319 59 CONTINUE
0320 MJ=J13
0321 . CALL RELINJ)
0322 J13 = 0
0323 JL3T=0
0324 . GO TO 99999

c L245
0325 60 CONTINUE
0326 NJ=J12
0327 CALL RELINJ)
0328 Jl2 = 0
0 3 29 J 121 = 3
0330 GJ TO 99999

c LL65
0331 61 C3iTINUE
03 32 NJ = J‘.l
0333 CALL RELINJ)
0 3 34 Jll = O
0335 Jl'.T’J
0336 GJ TO 99999

c L535
0337 6? Cu-irivjE
0333 N J • J 1 5

242



0339 DO 6546 1=1,20
0340 IFIJCBII,1).EQ.J15)NT=J3B<I,5)
0341 5545 COMllSJE
0342 GILL QJE2<NJ,NT>.
0343 J15 = O
0344 J15T=O ■ •
0345 GO TO 99999

•C L44S ■ - -
0346 63 CONTINUE
0347 • NJ=J14
0348 DO 6445 1=1,20
0349 IF(JOB<1,1).EQ.J14)NT=JOB!1,5)
0350 6446 CO.'lflHUE
0351 . CALL QUE2(NJ,ND
0352 J14=0
0353■ • J14T=0
0354 GO TO 99999

C L346 ■ • ..
0355 64 CONTINUE
0356 NJ=J13
0357 DO 6346 1=1,20
0353 IF<J03(I,1).EQ.J13)NT=J03<I,5)
0359 6346 CONTINUE
0360. CALL QUc2iN4,NT>-
0361 . .J13=0
0362 J13T=O
0363 GO TO 99999

C L246
0364 65 CONTINUE
0365 NJ=J12
0366 DO 6246 1=1,20
0367•• IF(JOB I I,1).EQ.J 12)NT = JOB 11,5)
0368 ■ 6246 CONTINUE
0369 CALL qUc2INJ,NT.)
0370 J12 = 0
0371 JL2T=0
0372 GO TO 99999

C L146
0373 65 CONTINUE
0374 NJ=Jll
0375 00 6146 1=1,20
0376 I FlJC3II,1).EQ.Jll)NT=ja3lI ,5)
0377 6146 CONTINUE
0373 CALL qUE2INJ,NT)
0379 JU = 0
0330 J11T=O
03 31 GO TO 99999

C L547
03 82 67 CONTINUE
0383 - • • 54547 = .FALSE................
0334 JXL=J11
0385 GO TO 99999 

C L548 •
0386 68 CONTINUE
0387 SW548=.FALSE. •
0388 JX2=J12 ,
0389 GO TO 99999 • - ■ 

C L549
0390 69 CONTINUE
0391 . 5'4549=. FALSE.
0392 ■ JX3=J13 ■ • -
0393 • GO TO 99999

C L249
0394 84 CONTINUE !
0395 - NP = 1
0396 ' CALL FIXQ5INP1.
0397 ......................... 54547=.TRUE.- • ■ •.
0398 GO TO 99999

- ■ ■ C L349....................................... f
0399 83 CONTINUE-

■0400 - ■ N? = 2 - 1
0401 CALL F IXQ51 ’IP) .
0 402 $4548 =.TRUE.
0403 .GO 10 99999

C L449
0 404 8 2 CO.NTiNUc
0405 N.-> = 3
0404 CALL rIX95('IP) •
04.37 ........................515494.TRUE.
C 4 C 1 9>999 REILRl
0403■ ■ - - E.'IJ ■ ■ -
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TAKE DATE 72153 21/33/23IV G LEVEL 23

0301 
0302 
0003 
oao*
0005 
0006

SU3R0JHNS TAXEtHPI 
I«PLi:iT MfESERIQ) . 
INTEGER CT 
CONNON/TERN/CT 
COHHON/LAMSDA/LOELTI103),LQT(133) 
CORNON/BLKl/

1 J33t23,L5), 02113,3), 015113,2), 019(10,2), 013113,2),
1 012110,2), 011113,2), J2, 321, J15, JL5T, J19, Jl',T, 313, J13T, 
1 312, J12T, 311, 311T, JN, KIN, KD'JT, '45, NPTR, INE.i,
1 113, 112, III,
1 SH10, SKIS, SH17, SK18, SH595, S0995, SK395, 50295, 53195,
1 50597, 5.4598, 5.4599, Ss413

0007 LOGICAL
1 02AGE, GET2, LAST2, 013AGE, 012AGE, 311AGE, LAST!, PRIAGE,
I PR2AGE, PR3AGE,1 5W10, SyflS, 5.417, Snl8, SW596, SK995, 5.0395, SKZ96, 54195,
1 5X597, 5X593, 54599, SW13

0003 
0009 
0010 
0011 
0012 
0013 
0019 
0015 
0315 
0017 
0013 
0019 
0020 
0021 

' 0022 
0023 
0025 
0325 
0325 
0027 
0323 
0029 
0330 
0031 
0032 
0033 
00 39 
0035 
0335 
0337 
0033

GO TO (1,2,3,9,5),NR
1 311=011(1,1) 

3117=01111,2) 
DO 10 1=2,13 
011(1-1,l)=011(I,l)

10 0111I-1,2)=Q1H1,2) 
RETURN .

2 312=012(1,1) 
3127=012(1,2) 
DO 20 1=2,10
012(I-l,l)=012(1,1) 

20 0121I-1,2)=Q12(1,2) 
RETURN

3 313 = 0131 1,1) 
3137=013(1,2) 
DO 30 1=2,10
01311-1,1)=O13(I,11 

30 013(1-1,2)=013Il,2) 
RETURN

9 U15=O19(1,1) 
JL91=019i1,2) 
DO 90 (=2,10 
019( (-1, 1)=0191 t,1) 

90 0161 1-1,21 = 0191 I,2) 
RETURN

5 315=01511,1) 
3t5T=Q15(1,2) 
DO 50 1=2,10 
015(1-1,l)=Q15(1,1) 

50 015(1-1,2)=Q15(I,2) 
RETURN

0339 ENO

3301
0002
0303
0309
0305
0306

SUBROUTINE TAKE2 
IMPLICIT INTEGER(O) 
INTEGER CT 
CO'NON/TERN/CT
C0 = H0N/LAN30A/LDELT( 100),LOT(133) 
C03M3N/8LX1/

1 333(20,15), 02(13,3), 015113,2), 319(10,2), 013(13,2),
1 012(10,2), 311(13,2), 32, J2T, 315, J15T, J19, J19T, JL3, 3137, 
1 312, J12T, Jll, JUT, JN, KIN, K3J7, 'IS, NPTR., INEX,
1 113, 112, Ill,
1 SKIO, SKIS, SK17, 5X13, SK595, SK995, SK39S, 5,4255, 54195, 
1 5x597, SK598, SK599, 5413

0007 LOGICAL
1 32AGE, GET2, LAST?, 0I3AGE, 312AGE, Oll'.GE, LAS71, PRIAGE,
1 PR2A5E, PR3AGE,
1 S'.il3, 5.416, 5^17, SKI 8, 5X595, 54965, 5.4395, 5X295, ST 195,
1 5x5-97, SK563, S4597, 5X13

0338 
3uD9 
.33 10 
0311 
0312 
03 1 3 
0 3 15 
0 315

J2=32(1,1) 
J2T=02(1,2) 
03 I 1=2,10 
G 2 ( I -1 , 1 ) = 3 2 I I , I) 
02(I-l,2)=G2(I,2) 
02(1-1.3)=J2I!,3)

1 C.UTUJE 
he r-.-ri 
f, J

2^



FORTRAN IV G LEVEL 29 . 011AGE DATE = 72163 21/38/23

0901 LOGICAL FUNCTION QUAGEIZI
00 02 . IMPLICIT INTEGERIO)
0003 INTEGER CT
0004 C0M.H3N/TER‘1/CT
0005 CCHH3N/LAH8UA/LDELr< 100),LOTI 100)
0006 C0MM3N/5LKI/

1 003120,15), 02110,3), 015(10,2) , 014110,2), 013(19,2),
1 012(10,2), 011(10,2). 02, 02T, 015, 315T, 314, 314T, 013, J13T,
I 012, 012T, Oil, OUT, ON, KIN,
1 113, 112, Ill,

K33T, NS, NPTR, INEX,

1 SRIO, SJ16, SR17, SW18, S0546,
1 50547, 5X543, 5X549, 5X13

5X446, 5X346, 5x245, 5X146,

• 00 07 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, 012AGE, 011AGE, USTI, PR14GE,
1 PR2AGE, PR3AGE,
1 S'XIO, SW15, 5X17, 5X18, SW546,
1 Sh547, 5X543, 5X549, 5X13

5X445, 5X346, 5X245, 5X145,

0003 DO 1 1=1,10
0009 IFIOUI I, U.cQ.OlGO TO 2
0010 N0=01l(1,1)
0011 00 3 0=1,20
0012 IFf333(3,1)-E0.N0)G3 TO 4
0013 3 CONTINUE
00 14 WRIT£(NPrR,301)
0015 301 FORMAT (• • , • ERROR IN QUAGS')
0016 Cr=LOT(1)
0017 RE TURN
0018 4 IF((LOT<I)-333(3,2)).GT.30)GO T3 5
0019 1 CONTINUE
0020 2 011AGc=.FALSE.
0021 - RETURN
0022 5 I 11 = 1
09 23 011AGE=.TRUE.
09 24 RETURN
0325 c.K<D

0001 
0902 
09 03 
0904 
0005 
0005

L3GICAL FUNCTION O12AG6(Z)
IMPLICIT I.NTEGERtQ)
INTEGER CT
COMNON/TERN/CT .
CQMM0N/LA.>139A/LDELT( 190) ,L9T( 109)
COMNON/aLKl/

■1 033(20,15), 02(19,3), 015(19,2), 014(19,2), 913(13,2),
1 012(10,2), 011(19,2), J2, J2T, J15, J15T, JL4, J14T, J13, J13T
1 J12, J12T, Oil, JUT, JN, KIN, K3UT, NS, NPTR, INEX,
1 113, 112, Ill,
1 5X10, 5X16, 5X17, SW18, 5X546, 5X445, SX346, 5X245, SX145,
1 5X547,- 5X543, 5X549, 5X13

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, Q12AGE, 911AGE, LAST!, PRLAGE,
1 PR2AGE, PR3AGE,
1 5X10, 5X15, 5X17, 5X13, 5X546, 5X446, 5X346, 5X245, 5X145,
1 5X547, 5X548, 5X549, 5X13

□ 903 
0909 
0910 
0011 
0312 
00 13 
0314 
0915 
0916 
0917 
0 913 
0 9 19 
0920 
9921 
0922 
0923 
99 24 
0925

DO 1 1=1,10
I F ( 012 < I , 1) . £0.0 ) GO TO 2
NJ=012(I,l)
DO 3 J=l,20
IF(J03<J , 1).EQ.NJIGO TO 4

3 CONTINUE
XR!TE(NRTR,391)

301 FORNATC' ','ERROR IN Q12AGE')
CT=LQT(1)
REFjRN

4 l.-t i L9T( I)-JO-31 J,2) )-GT.39)30 TO 5
1 Cuitinje
2 Q12AGE=.FALSE.

RETURN
5 112=1

012 1GE = .TP.UE.
RETURN
END

21+5



FORTRAN IV G LEVEL 23 Q2A3E DATE = 72153 21/33/23

0001 LOGICAL FUNCTION Q2AGEIZ)
0002 IMPLICIT INTEGER(0)
0003 INTEGER CT
030* COMMON/TERM/CT
0005 COMM0N/LAM30A/LDELTI100),LQT1103)
0006 C0MH0N/8LK1/

1 303(23,15), 02(13,3), 015(10,2), 31*110,2), 013(13,2),
I 012(10,2), 011(13,2), 32, 32T, 315. 315T, 31*, J1*T, 313, J13T,
1 312, 312T, 311, JUT, 3N, KIN, K3JT, NS, NPTR, INS4,
1 113, 112, Ill,
1 5410, SU15, 5417, 5'418 , 545*5, 54**5, 543*6, 542*5, 541*6,
1 545*7, 545*8, 545*9, 5413

0007 LOGICAL
1 02AGE, GETZ, LAST2, Q13AGE, Q12AGE, OILAGE, LAST!, PRLAGE,
1 PR2AGE, P.R3AGE,
1 5410, 5016, 5'417, 5418, 545*6, 54**6, 543*6, 542*6, 541*6,
1 545*7, 545*8, 545*9, SW13

0008 DO 1 1=1,10
0009 IFIQ2(I,1).EQ.OIGO TO 5
0010 IF ( Q2( I,3).E0.DG0 TO 1
0011 N3=02(I,l)
03 12 DO 2 3=1,20
0013 IF(J38(3,U.EQ.>13)33 TO 3
001* 2 CONTINUE
0015 3 XFl(LOT!l)-333<3,2>).GT.30IGO TO *
0015 1 CONTINUE
0017 5 02AGE=.TRUE.
00 13 5410=.FALSE.
0019 RETURN
0320 * 02AGE=.FALSE.
0321 ' S'410 = .TRUE.
03 2 2 RETURN
0023 END

03 31 
0302 
0003 
ODD* 
0305 
0306

0007

0008 
0009 
0310 
0311 
0312 
0313 
031* 
0315 
0316 
0017 
03 13 0j19 
0J20 
03 21 
03 22 
0 3 23 
032* 
0325

LJOrClL FUNCTION O13A3E(Z) 
IMPLICIT riTEGERIQ) 
INTEGER CT 
COMMON/TERM/CT 
COM.MOM/LAN30A/LOELTt 100),LQTI 103) 
C04M0N/9LKI/ 

1 393120,15), 02(10,3), 015110,2), 01*113,2), 013113,2),
1 312(10,2), 011(10,2), 32, J2T, 315, J15T, 315, 315T, 313, J13T, 
1 312,. 312T, 311, 3111, 3.N, KIN, KOUT, NS, NPTR, INE4, 
1 113, 112, Ill,
1 SJ10, SW16, S417, SN13, 545*6, 54**6, 543*6, 542*6, 541*6,
1 545*7, 545*3, 545*9, 5413

LOGICAL 
1 D2AGE,-GET2, LAST2, Q13AGE, Q12ASE, 011AGE, LAST1, ?R1AGE, 
1 PR2AGE, PR3AGE, 
1 5'410, 5'416, 5417, 5418, 545*6, 54**6, 543*6, 542*5, 541*5,
I 545*7, 545*8, 545*9, 5413 

DO 1 1=1,10 
IF(Q13(I,1).E0.01G3 T3 2 
>13 = 013(1,1) 
DO 3 3=1,20 
IFI333(3,1).EQ.N3)G3 TO * 

3 CONTINUE 
WRITE(NPTR,301> 

301 FORMAT!1 ERROR IN 013AGE1) 
CT=LOT(I) 
RETURN 

* IF! (LOTI 11-303(3,2))-GT.30)30 TO 5
1 CONTnuE
2 313>U2 = .FALSE. 

RET J.l1)
5 I 13=( 

913A',E = .TRJE. 
RETURN 
ENO
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F3< r^A'J IV G LEVEL 20 PR2AGE DATE = 72153 21/33/23

0301 
0302 
0303 
0004 
0005 
0305

0007 

0003 
0009 
03 L0 
0311 
0312 
0313 
0014 
00 15 
0016 
0317 
0013 
03 19 
0020 
0021 
0322

LOGICAL Fw'ICriO'i P32AGEIZ)
IMPLICIT l'iTECER(Q) 
INTEGER CT 
COMMON/TEPR/Or 
CCNMON/LA^SCA/LOELTI 100),LQT(133) • 
C0,J.H3'l/aLKl/

1 303120,15), 02113,3), 015110,2), 314(10,2), 313(13,2),
1 012(10,2), 011(13,2), J2, J2T, J15, J15T, J14, J14T, J13, JI3T,
1 J12, J12T, JU, JUT, J.N, KIN, K3UT, NS, NPTR, INEJ, 
1 113, 112, III,1 S'JIO, S»16, Srfl7, 5X13, S.N546, SW445, S4345, 5^245, S4145,
1 Sn'547, S4543, Srf549, SW13

LOGICAL
1 02AGE, GET2, LAST2, 013AGE, Q12AGE, OUAGE, LAST1, PHASE,
1 PR2AGE, PR3AGE,
1 SW10, $316, S317, S'wlS, $>4545, 5^445, 5^345, 54245, S4145,
1 SW547, $4543, 54549, 5'413

IF(J12.EQ.3)G0 TO 1 
00 2 1=1,20 
IF( J33 < 1,1). EQ. J12) GO TO 3

2 CONTINUE
'4RITE(NPTR,301)

301 FORMAT!’ ’, 'ERROR IN PR2AGE’) 
Cr=LQT(1) 
RETURN

3 IF! (L3T(U-J33(I,2)) .GT.331G0 T3 4
I PR2AGE=.FALSE. 

RETURN
4 IF ( ( JI 5 . EC. 3 ) . AND . (J 14.EQ.0) . AND . (J 1 3 . EQ-0) ) GO T3 1 

PR2AGE=.TRJE.
RETURN 
ENO

0301
0302 .
0303
0304
03 05
0305

LOGICAL FUNCTION PR3AGE(Z)
IMPLICIT INTEGER(Q)
INTEGER CT
COIMON/TERM/CT
CO4N3N/LAM.33A/LDELT( 100 ) , L3T ( 103 )
CO1M3NV3LK1/

1 J03(23,15>, 02(10,3), 015(10,2), 314110,2), 013(13,2),
1 312(10,2), CLU13,2), J2, J2T, J15, J15T, J14, J14T, JL3, J13T
1 J12, J12T, JU, JUT, J.N, KIN, K3UT, .NS, NPTR, INE4,
1 113, 112, III,
1 5413, S'415, 5417, 5'418, 54546, $4446, 54346, $4246, 54145,
1 54547,. $.543, $4549, $413

0007 LOGICAL
1 02AGE, GET2, LAST2, 013AGE, 312AGE, QUAGS, LAST1, PR1AG=,
1 PR2AGE, PR3AGE,
1 $410, 5415, 5417, $413, $4546, $4445, $4345, $4245, $4145,
1 $4547, 5.543, 54549, 5'413

0003 
0309 
0310 
0311 
03 12 
0313 
00 14 
0015 
03 16 
03 17 
JG 13 
0 J 19 
3023 
?921
0J22

IF(J13.E3.01G0 TO I 
03 2 1=1,23 
IF(J33(I,1).E3.J13)GO TO 3

2 CONTINUE
4RI TEt.NPTRUOl)

301 FORMAT!’ ERROR IN PR3AGE’)
CT.LQTI 1) 
RETURN

3 IF! (LqTtl)-J33iI,2>) .GT.30)G0 T3 4 
1 PUAGE = . FALSE.

.’.ETU’.N
4 IF((J15.E3.3).AND. I J14.E0.O) )03 TO 1 

PR3AGE=.TRUE.
PETURN 
END

2^'7



FQ^TSAN IV G LEVEL 20 LAST2 DATE =. 72L53 21/33/23

0901
0302
0303
0005
0905
0005

LOGICAL FUNCTION LAST2IZ)
IMPLICIT IfiTEGERIQ)
IMIEGER CT
COMMON/TERH/CT
COMMON/LA-MdDA/LDELT ( LOO > , L3 T I 103)
CCM.MO'l/SLKl/

I 333(20,15), 02(13,3), 015(10,2), 014(13,2), 013113,2),
1 312(10,2), 011(10,2), 32, J2T, 315, 3I5T, 314, 314T, 313, 3137
1 312, 312(, 311, OUT, 3N, KIN, K33T, NS, NPTR, 1'15^, 
1113,112,111,
1 SR10, S316, S317, SW18, 53546, SN445, SW346, S3245, S3145,
1 SW547, SR548, $3549, S313

0007 LOGICAL
1 02AGE, GET2, LAST2, 013AGE, Q12AGE, 3L1A3E, LAST1, PR1A3E,
1 PR2AGE, PR3AGE,
1 SW10, SW16, SW17, SW18, SR546, SR445, $3346, 53245, 54145,
1 53547, SW548, 54549, 5313

0008 
0009 
0010 
0011 
0012 
0013 
0014 
0315 
0016 
00 17 
0318 
00 19 
0320 
0321 
0022 
0323 
3324 
0325 
0026

5316=.FALSE.
5417=.FALSE.
SWL8=.FALSE.
00 1 1=1,20
IF(3081 1,1).EQ.32IG3 TO 2

1 CONTINUE
WRtTE{NPTR,301)

301 FORMAT!' ERROR AT LAST2')
CT=LQT(1)
RETURN

2 IF< 3031 1,6) .EQ.DGO TO 3 
LAST2=.FALSE.

. IF(333( 1,3).EQ.3)S4L6=.TRUE. 
IF(308 I I,3).EQ.2)$417=.TRUE. 
IF I 333(1 ,3).EQ.1)5418 = .TRUE. 
RETURN

3 LAST2=.TRUE.
RETURN
E.NO

0001 
0002 " 
0303 
0304 
0005 
0006

LOGICAL FUNCTION PRIAGEiZ)
IMPLICIT INTEGER(O)
INTEGER CT
C2MM3N/TER1/CT
C0MM-3N/LAM30A/LDELT( 1001,131(100)
C3MM0M/3LK1/

1 303(23,151, 02(13,3), 015(10,2), 014110,2), 013113,2),
1 012113,2), 011(13,2), J2, J2T, J15, JL5T, J14, J14T, J13, J13T
1 J12, J12T, Jll, JILT, J.N, KIN, K3UT, NS, NPTR, INE4,
1 113, 112. Ill,
1 $413, SW16, $417, SU18, $4546, 54446, 54346, 54246, 54146,
1 $4547,. S4548, $4549, $413

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, Q12A3E, OllAGc, LAST!, PRIAGE,
1 PR2A3E, PR3AGE,
I $410, $415, 5417, 5418, $4546, 54446, 54346, 54245, S4145,
1 $4547, $4543, S4549, $413

0308 
0309 
0310 
0011 
0312 
0313 
03 14- 
03 15 
0316 
0'317
03 13 
09 19 
0323

0322

IF(Jll.EQ.OIGO TO 1
03 2 1=1,23
IFl JG31 I ,1) .EO.JIDGO TO 3 . — .

2 CONTINUE
4’ITEINPTR,331)

331 FORMAT!' ERROR IN PRLAGE'l
CT=LQT(1)
RETURN

3 IF!(Lqr(l)-J0B(I,2)).GT.3O)GO T3 4
1 PRIAGE=.FALSE.

RzTJxN
4 i = !(JI 5.EQ.0).AND.(J I 4.£0.3).AND.!J I 3.EQ.3)-AND.1 J 12.E3.0 ) ) S3 T3

PR1AQ£=.TRJE.
RETURN

‘ E.N3



FORTRAN IV G LEVsL 20 ri'ME DATE = 72163 21/33/23

0301 FU'lCriON TIME(Z)
0302 IMPLICIT INTEGERIQl
0303 INTEGER CT
030^ CO4M3'i/rER,l/CT
0005 C0RM35/LAM3DA/L3ELT<100),LQT1100)
0306 C0.MM0N/0LX1/

1 303(20,15), 02(13,3), 015(13,2), 019(10,2), 013(13,2),
1 312(13,2), 011(13,2), 32, J2T, 315, 315T, 314, J14T, 313, 313T,
1 312, 312T, 311, 311T, 3N, KIN, K33T, SS, NPTR, INEH,
1 113, 112, Ill,
1 S-113, 5316, SR17, $318, SR546, SR446, $4346, $4245, $4146,1 $4547, $4548, $4549, $413

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, 012AGE, QUAGS, LAST1, PHAGE,
1 PR2AGE, PR3AGE,
1 SH13, $416, $417, $418, $4546, $4446, $4346, $4245, $4146,
I SW547, $4548, $4549, $413

0008 INTEGER»2 TIME
0309 NSEE0=NS
0310 CALL ATI.MEIS.O, 3.0, 3.0, 15, VAL, NSEED >
0311 NS=NSEEO
0012 IVAL=VAL
0013 TIr(E=IVAL
0319 RETURN
0015 END

0001 S'J3R'JJTIME FIXQ2
0-302 IMPLICIT INTEGERfO)
0303 INTEGER.CT
0004 cgim-on/term/ct
0305 COM-I'JN/lAHOOA/LOElK 100) ,L0T(133)
0005 C01N0N/8LKI/

1 033(23,151, 02(13,3), 0(5(10,2), 014(10,2),* 313113,2),
1 012(10,2), 011(10,2), 02, J2T, 015, 0L5T, 014, JL4T, 013, J13T,
1 012, 012T, Oil, OUT, UN, KIN, K3JT, NS, -iPTR, INE4,
1 113, 112, Ill,
1 $-412, $-416, $417, $413, $4545, $4445, $4345, $4245, $4146,
1 $4547, $.4548, $.4549, $.413

0007 LOGICAL
1 Q2A3E, GET2, LAST2, Q13AGE, QI2A3E, OILAGE, LAST1, PHASE,
1 PR2AGE, PR3AGE,
1 $410, SW16, $417, $418, $4545, $4446, $4345, $4245, $4146,
1 $4547, $4548, $4549, $413

0008 IT=1
0009 00 I 1=1,10-
0010 IF(02 I I,1)•EQ.0)RETURN
0311 IF(Q2(I,3).E0.1)GO TO 2
0312 HU=02(1,1)
0013 00 3 0=1,20
00*4 IF(003<0,l).EQ.NU)G3 TO 4
0315 3 CONTINUE
0016 WRITE(N2TR,301)
0017 301 FORMAT!’ ERROR IN FIXQ21)
0318 CT=LOT( 1)
3 319 RETURN
0320 4 IF( IL3T< 11-303(0,2) ) .GT.3DG3 TO 5
0321 GO TO 1
0022 5 IF( I .EQ.DGO TO 6
0323 IF!I.EQ. IT IGO TO 5
0324 02! t T,3)=l
0325 7 N$AVE1=Q2(1,1)
0325 N$AVE2=92(I,2)
0027 02!I,1)=Q2(1-1,1)
0323 02t!,2)=Q2(I-l,2)
0)20 02 11-1, I > ='i$A’/-l
03 33 02! I-l,2>=';$Av-2
0)31 IF(( I-l)-EQ. 11)RETURN
0332 1=1-1
0)33 GO 13 7
0)34 2 t T -■ I T H
0335 1 CC-jTIN'Jc
0J36 5 32(1,3)=!
033 I RETURN
j.) 3 3 E'.'U

2^9



IV G LEVEL 23 GET2 DATE 72153 21/33/23

0301 
0302 
03 03 
030* 
0305 
0005

LOGICAL FUNCTIOV CEr2IZ)
IMPLICIT 1NTEGERI0)
INTEGER CT
COMMO'VTERM/CT
COMM3'I/LA.M33A/LOELT< 100) .LOTI 1031
C0MM3N/3LKI/

I 303(23,15), 02(13,3), 015(10,2), Ol*(lO,2), 313(13,2),
1 212(10,2), 011(13,2), J2, J2T, JIS, J15T, JI*, J1*T, J13, J13T
1 J12, J12T, JU, JUT, JN, KIM, K3UT, NS, MPTR, INE4,
1 113, 112, Ill,
1 SrilO, SW16, S417, SW18, SW546, 5***5, S4346, 5*2*5, 5*1*5,
1 5*547, 5*5*8, 5*5*9, 5*13

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, Q12AGE, Q11AGE, LAST1, PHAGE,
1 PR2AGE, PR3AGE,
1 SU10, SW1S, SW17, 5*13, 5*5*6, 5***5, 5*345, 5*2*6, 541*6,
1 5*5*7, 5*5*8, 5*549, 5'413

0003 
0009 
00 10 
0011 
0012 
0313 
001* 
0015

IF(Q2tl,l).EQ.OIGO TO 1 
GET2=.FALSE. 
S'*13’.TRUE.
RETURN

1 GET2’.TRUE.
S'*13=.FALSE. 
RETURN 
EM 3

0001 
0302 
0303 
0 304
0305 
0005

SUBROUTINE FIXOll13,IR34)
■ ruPLICir I.'ITEGERIQ)

INTEGER CT
COMNO.'i/TERM/lT
C CM MON/L A MiJO A/L Oc L T ( ICO) ,LQT(133)
COMMU/BLKl/

1 JJ3(2C,15), 02(13,3), 015(10,2), 314113,2), 313(13,2),
1 012(1.3,2), 011(13,2), J2, J2T, J15, J15T, J14, JUT, J13, J13T
1 J12, J12T, JU, JUT, JN, KIN, XOUT, NS, NPTR, iNEJ,
1 113, 112, Ill,
1 5'410, 5'416, 5417, 5413, 5'45*6, 5'4*45, 54345, S4245, 541*5,
1 54547, 545*8, S4549, 5*13

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, 012AGE, OUAGE, LAST!, PRlAGc,
I PR2AGE, PR3AGE,
1 5410, 5'415, 5'417, 5413, S'4546, 54446, 5*345, 5*245, S4146,
1 5'4547, 5*5*3, 5.1549, 5'413

0303 
0009 
0D10 
0011 
0012 
0013 
001* 
0015 
0016 
0017 
0318 
0019 
0020 
0021 
0022 
0023 
0024 
0325 
0)25 
0.2/ 
0)23 
CJ29 
03 3 3 
03 JI 
0032 
03 J3 
0 I 3* 
0'3 '5 
03 35 
23 ;/

DO 4 1=1,10
IF(0l*(I,n.EQ.OIGO TO 5 

* CONTINUE
WR(TE(NPTR,301)

301 FORMAT!’ •,•01* FULL1) 
CT=LQT(1) 
RETURN

5 IP = I
K=IR04+l
Gf3 TO < 1,2,3) , IQ

1 Q14< IP , i )=Ql 11 I 3(1'4,1 ) 
0141 IP,2)=011lIRON,2)

■'00 10 I=K,13
Q1Kl-l,l)=QlltI,l)

10 QtH i-l,2) = 3U( 1,2) 
RETURN

2 0141 I? , 11=Q12( IR0'4, 1 > 
0141 I?,2)=012( IRO'4,2) 
DI 2 3 tU,13

1211 -1, i j = -j: 2 (t, i)
23 312(l-l ,2)=012:I,2) 

RETURN
3 'M-'-ti > , I) =01 3(1 RC'J,! )

Cl >i 1 -•», P > ^0 i 3 1 IR3a,2) 
03 3.) 1=5.10
QI 3( I - 1 , I) =3131 I , 1)
r: 1 3 < I - 1,2 ) = 0 I 3 ( I , 1)

33 C'. . 1 I,'E
Pe TURN
2 .1
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0301 
0002 
0003 
0001 
0005 
0006

0007

0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0916 
0017 
0013 
0019 
00 20 
0021 
0922 
0023 
0924 
0025 
00 25 
00 27 
0323 
0029 
03 30 
00 31 
0032

21/3-3/233ATEFORTRAN IV G LEVEL SEN021

SUBROJTINE SEN32HNSX)
IMPLIOIT INTEGERIQI.
INTEGER CT
CONNON/TERN/OT
CUuM9'.7LAM39A/L0ELT! 1 ?3 I , LQ T1 19 3 )
CONNON/BLKl/

1 339120,15), 02(10,3), 015(10,2), 014(10,2), 913(13,2),
1 012(10,2), 011(13,2), J2, J2T, 315, JL5T, 314, J14T, 313, 313T,
1 312, J12T, 311, OUT, ON, .<IN, OJT, NS, SPTR, INE^,
1 113, (12, Ill,
I SXLO, SN16, S017, SR13, SJ546, 5^445, S0345, 5^245, 53145,
1 SH547, SH548, SH549, SW13

LOGICAL
1 Q2AGE, GET2, LAST2, 013AGE, Q12AGE, 011AGE, LA5F1, PHASE,
1 PR2AGE, PR3AGE,
1 SW10, SW16, 5317, SW13, S3546, $>(446, 5-345, 53245, Sai46,
1 SW547, 5:4548, SH549, SK13

DO 1 1=1,10
IF{0 L1(I,1).EQ.O)GO TO 2

1 CONTINUE
WRITE(NPTR,301)

301 FORMATC S’Oll FULL*)
CT=LOT(1)
RcTJRN

2 I F ( NS.-4 , £0.0 ) JO TO 5
DO 3 N=l,20
IF(J03(N,1).E0.32)GO TO 4

3 CONTINUE
WR[TE(NPTR,302)

302" FOR.HAT(• •.•FAULT IN SEND21')
CT=LQT(1)
RETURN

4 3TIM5=30d(N,4)
011(1,11=32
CU( I,2)=JTINE
32 = 0
J2T = 0
RETURN

5 311(1,1)=323(INSH,1)
Q1UI,2)=3331INEW,4)
RETURN
ENO
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0301 
0002 
0001 
0004 
0005 
0005

0007

0009 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0013 
0019 
0020 
0021 
0022 
0023 
0 0 24 
0025 
00 25

0323 
0029

21/33/23LAST1FORTRAN 1/ G LEVEL 20 OITE = 72159

LOGICAL FUNCTION LASTUJX)
IMPLICIT INTEGERIQ). 
INTEGER CT 
COMMON/TERM/CT 
CONMON/LAM3DA/LDELTI 100).LOT 1100) 
COMMON/SLXl/

1 003(20,15), 02(10,3), 015(13,2), 014(10,2), 013(13,2),
1 312(10,2), 311(10,2), J2. J2T, 315, J15T, 314, J14T, 313, 313T,
1 312, 312T, 311, 311T, 3N, XIN, XOUT, VS, VPTR, IVEW, 
1 113, 112, HI,
1 SW10, S.V16, S317, SR18, 3*546, 33446, 34346, 54245, 54145,
1 SW547, 34549, 54549, 3413

LOGICAL
1 02AGE, GETZ, LAST2, 013AGE, Q12ASE, OHAGE, LAST1, PRIAGE,
1 PR2AGE, PR3AGE,
1 SW10, 3415, SW17, 5'419, 5'4546, 34445, S4346, 54245, 34145,
1 34547, 34549, 54549, 3413
34545=.FALSE. 
34446=.FALSE. 
54346=.FALSE. 
5'4246 = . FALSE. 
34146=.FALSE. 
00 I 1=1,20 
IF!303(I,l).E9.3X)GO TO 2

1 CONTINUE 
4RITE(NPTR,301) 3X

301 FORMAT!’ ERROR IN LAST1 3X=’,G14.7) 
RETURN

2 IFt303(1,5) .EO.IJGO TO 3 
' LAST1=.TRUE.

RETURN
3 LASTl=.FALSE.

54545=.TRUE.
5'4446=. TRUE.
S4346=.TRUE.
5424o=.TRUE.
34145=.TRUE. 
RETURN 
EMO
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FDtTHAN

0301.
0002 
0003 
030* 
0005
0006

0007

0003 
0009 
0010 
0311
0012
0013 
0014 
0015 
0016
0017
0018 
0019 
0320 
00 21
0322 
0323 
0324 
0325
0326 
0927 
3323
0029 
00 30 
0331
0032

17 G LEVEL 20 QUE2 3UE » 72153 21/33/23

SU3R0UTIME 0JE21NJ33,NT) 
IMPLICIT I'ITEGER(O). 
INTEGER CT 
CORMO-l/TELM/CT 
C0MM'3S/LA'-!:33A/LDELT( 103) ,LOT I 103) 
C08M31/3LK1/ 

1 003(20,15), 02(13,3), 015(13,2), 014(13,2), 313(13,2),
I 012(10,2), 311(13,2), 32, J2T, 315, 315T, 314, 314T, 313, J13T, 
1 312, 3121, 311, 3111, 3N, KIN, K3JT, NS, NPTR, INER, 
1 113, 112, Ill,
1 SK10, Sh16, S317, SW18, SRS'.S, S3445, S33',5, S4245, S4145,
1 S>i547, S3548, SR549, SW13

LOGICAL 
1 02AGE, GET2, LAST2, Q13AGE, Q12AGE, 011AGE, LASTI, PHAGE, 
1 PR2AGE, PR3AGE, 
1 SH10, S’.316, SR17, SW13, SR545, SR446, S4346, SR24S, SRL46,
I Srl547, 54548, 54549, 5413 

IF(N303.EQ.3)RETURN 
DO 1 1=1,10 
IF( Q2H , 1) .EQ.01G0 TO 2

1 CONTINUE
WRITE(NPTR,301) 

301 FORMAT!’ 02 FULL’) 
CT=LQT(1) 
RETURN

2 Q2(I,1)=N333 
02<I,2)=NT
IF(I.EQ-1)RETURN 

, IB=I
3 IT=I,3~1

IF((32(13,2)-LT.021 IT,2)).AN0.(Q2(IT,3)-E9.3))G3 TO 4 
RETURN

4 HSAVE=.72( IT, I) 
02t IT, 11 = 22!13,1) 
02!Irt,L)=NSAVE 
,N5AVE = J2( I T,2) 
02! IT, 2)=Q2( 13,2) 
02(13,2)=N31VE 
!r(IT.EQ.1)RETURN 
18=13-1
GO TO 3 
END
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FO^TA^a IV G LEVEL 23 FIXQ5 □ ME 72153 21/33/23

00 01 
0002 
0303 
030* 
3305 
0305 
0007 
0303

SUOROjriNE FIXQ5(N?I 
IMPLICIT INTEGERIO) 
INTEGER CT 
PirEGEJ.»2 KJ.^REHAV 
COM53V/TERH/OT 
C0MM3V/LA83 3A/L3ELTI100)iLQT1103) 
COMMON ZCH13/ KJI1330)rXREMANI1300) 
COMMOS/OLKl/ 

1 308123,15), 02(10,3), 015110,2), 31*110,2), 013(13,2),
1 012(13,2), 011(13,2), 32, 32T, 315, J15T, 319, JI9T, 313, 313T, 
I 312, 3I2F, 311, 3117, JN, KIN, KJOT, VS, VPT.R, INE3, 
1 113, 112, Ill,
1 SH10, SWIG, SR17, SW18, 5^5*5, S3995, 5'3396, S4295, S419S,
1 SW597, SW598, S'3599, S^13

0009 LOGICAL
1 02AGE, GET2, LAST2, 013AGE, Q12AGE, 311AGE, LAST1, PHAGE,
1 PR2AGE, PR3AGE,
1 .SHIO, SW15, Sdl7, SW18, S3596, SR996, 5^396, 532*5, 541*6,
1 SW5*7, 545*8, S45*9, 5'413

0010 
0011 
0312 
0313 
031* 
0315 
0315 
0017 
0313 
0319 
03 20 
0321 
0022 
0323 
0329 
0325 
0325 
0327 
0328 
0329 
0330 
0331 
0332 
0033 
033* 
03 35 
0036

DO 10 1=1,10 
IF(Q15(l,l).EQ.3) GO TO 11

10 CONTINUE
12 '4RITE(N?TR,301)

301 FORMAri’ '.‘GIS FULL1) 
CT=LQT(1) 
RETURN

11 GO TO fl,2,3),NP
1 0151 I,l)=31l

01511,2) = 311T - <REHAM(95)
- IF(315(I,2).LE.1 ) QI 5(I,2 ) =2 

3L1T=O 
311 = 0 
RETURN

2 0151 I,1)=J12
015(1,2) = U12T - <RE.MAN<*5) 
IF(Ol5(I,2)-LE-L1015(1,2)=2 
3127=3
312=0 
RETURN

3 Q15(I,1)=313
IF(Q 151 1,2).LE.1)0151 I,21 = 2 
015(1,2) = 313T - LREMANl**) 
3131=0 
313 = 0 
RETURN
E.NO
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0001 
0002 
0003 
000* 
0005 
0006

0007

0003 
0009 
0010 
0011 
0012 
0013 
001* 
0015 
0015 
0017 
0018 

"0019
0020 
0021 
0022 

' 0323
0024 
0025 
0025 
0027 
00 23 
0329 
0030 
0031 
00 3 2

21/33/23SENO22 72153FQ3TRSN IV G LEVEL 20

SUOROUTINE SE'IO22l'iSrf) 
IMPLICIT INTEGERtQ) 
IHfEGER CT 
CO'lMO'i/ TERH/C r 
COMMON/LA330A/LDELTIlOOIiLOTtlOO) 
COMMON/aLKL/

1 333123,15), 02113,3), 015(10,2), 314(13,2), 013(13,2),
1 012(10,2), 011(13,2), J2, J2T, J15, J15T, 014, J14T, 013, 3137,
1 012, 012T, Oil, JUT, ON, KIN, KO'OT, 'IS, N2T.3, INcO, 
1 113, 112, Ill,
1 S.310, SW1S, SW17, SH18, 5^546, 5>i*45, $4345, $4245, $4145,
1 $4547, $45*3, $4549, $413

LOGICAL
1 Q2AGE, GET2, LAST2, Q13AGE, 012AGE, OllAGE, LAS71, PR1AGE, 
1 PR2A3E, PR3AGE,
1 SWIO, $416, $417, $418, $4545, $4446, $4345, $4245, $4145, 
1 S'4547, $45*8, $4549, $413
00 1 1=1,10 
IF(912(l,l).EQ.O)GO TO 2

1 CONTINUE 
MRITE(NPTR,301)

301 FORMAT!’ 012 FULL’)
CT = LQr( 1) 
RETURN

2 IF(NS'4.EQ.0)30 TO 5 
03 3 '1 = 1,20
IF(U33(N,I).EQ.02)03 TO 4

3 CONTINUE
MRITE(NPTR,302) 

332 FORMATC >,’FAULT IN SEND22')
CT=LQT(1) 
RETURN

4 jriM==3C3IM,4) 
0l2i1,11=02 
012( I ,2)=orME 
02 = 0
U2T = 0 
RETURN

5 Q12 ( I , 1 )=U09( INE'4,1) 
0121 I ,2)=0i33i INEW,4) 
RETURN
ENO
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0001 
0102 
0003 
030* 
0005 
0006

0007

00 08 
0009 
0010 
0011 
0012 
0013 
001* 
0015 
0016 
0017 
0018 
0019 
0020 
0321 
0022 
0323 
032* 
0025 
0326 
0027 
0323 
0329 
0330 
0031 
0332

SEN023 OlTE 21/33/2372153F03T8AN IV G LEVEL 20

SU3RDUTINE S E'IDZ 3 I M$H I 
IMPLIEir IMTEGERIO) 
INTEGER CT 

. COU.M IN/TERI/CT 
COHMO'J/LA'IdOA/LDELTI 100) .LOTI 133) 
COMMO'-t/RLKt/

1 303123,15), 02113,3), 015(10,2), 015(13,2), 013(13,2), " •
1 012(10,2), 011(13,2), J2, J2T, J15, J15T, J1L, J1',T, JL3, J13T, 
I' JI2, JI2T, Jll, JUT, O'), KI*i, K3Ur, 'IS, NPTR, 1NE9,
1 113, 112, III,
1 SW10, SU16, SR17, SR18, Srf546, 5^555, SR3',5, 572*5, S01*5,
1 505*7, 5.45*3, S75*9, SH13

LOGICAL
1 02AGE, GET2, LAST2, 013A3E, Q12AGE, OllAGE, LASTI, PR1AGE, 
1 PR2AGE, PR3AGE,
1 SW13, SH16, Snl7, SM18, S75A6, S2AA5, SR355, S42*5, SJ1*6,
1 535*7, SR5*8, S45*9, SW13

DO I 1=1,10
IF!0131 I,I).EQ.OIGO TO 2

1 CONTINUE '
WRtTEriPTR.SOl)

301 FORMAT!’ ’,’013 FULL’) 
CT-LQT11)
RETURN

2 IF(VSR.EQ.3)GO TO 5 
DO 3 N=l,20
IFlJO3(M,1).EQ.J21G3 TO *

3 CO'ITI'IUS
WRITE1N?TR,302)

302 FORMAT 11 ’,’FAULT IN SEMD23’)
■ CT = LOT(1) 

RETURN
* J7I'le = J')3t'l,*> 

013!(,1)=J2 
01311,2)=JTIME 
J2 = 0 
J2T = 0 
RETURN

5 013(1,1)=J33((MEW,1) 
0131 I,2)=J(3.3< I,NEW,*) 
RETURN 
ENO
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0001 
0002 
0003
000* 
0005 
0305

0007

oooa 
0009 
0010 
0011 
0312 
0013 
0014 
0015 
O316> 
00 17 
oota 
0019 
0020 
0021 
0322 
0023 
0324 
0325 
0325 
0 3 27 
0323 
0029 
0030 
0031 
0332 
0333 
0334 
0335

0336 
0037

0338 
0039 
03 40 
0341 
03 42 
0043 
0344 
0345

IV G LEVEL 23 CREATE DATE = 72153 21/33/23

SUiflOjTLVE CREATE
IMPLICIT INTEGERIO) 
INTEGER CT 
CO-LHOV/TERM/CT
COMMOV/LA-130A/L0ELn 103) , LOT 1133) 
C0MH3V/BLK1/

1 339123,15), 02113,3), 015110,2), 014(13,2), 013(13,2),
1 012110,2), 011(13,2), 32, J2T, JL5, J15T, 314, H4T, 313, 313T, 
1 312, 312T, 311, 3UT, JN, KIM, K3UT, MS, MPIR, 15 = 4, 
1 113, 112, Ill,
1 S410, S416, 5417, 5418, 54546, 54445, 54345, 54245, 54145,
1 54547, 54543, 54549, 5413

LOGICAL
1 32AGE, GET2, LAST2, Q13AGE, Q12AGE, Q11A3E, LAST!, PHASE, 
1 PR2AGE, P13AGE,
1 SWlO, 5415, 5417, 5413, 54546, 54446, 54346., 54245, 54146,
1 SW547, 54543, 54549, 5413
00 1 1=1,23
IF(303(1,1).EQ.0)G0 TO 2

1 CONTINUE
4RITe(NPrR,301)

301 FORMAT!' 333 ARRAY FULL') 
CT=LOT(1) 
RETURM

2 KLM = :<INH 
333(I,1)=XIM 
303 I I,2>=L0T111 
NSEEO^VS
CALL ATIMEtl.Ol, 3-99, 0.0, 20, VAL, MSEED) 
303(1,3)=VAL

‘ CALL ATIMEl 9.3, 2.0, 0.0, 11, VAL.NSEED) 
IFlVAL.LE.l.)VAL=2. 
3031(,4)=VAL 
CALL ATIMci 9.3, 3.0, 0.0, 11, VAL,MSEE3) 
IF(VAL.LE.l)VAL=2.
303((,5)-VAL 
CALL ATIMEO.O, 10.3, 0.0, 20, VAL,.‘(SEED) 
;iS = MSEED
333'I,6)=1
IF£VAL.GE.5.)303(I,6)=2
INE4=I
MRITE(MPT.R,7001)XIM

7031 FORMA! t • 1' ,' I'lVEMTO.RY AFTER CREATION OF 303 NO',13) 
4RITEt MPTR,7033)

7003 FORMAT!'O’,' 303 NO ARRIVE TIME PRIORITY',
1 ’ SIA 1 TIME SIA 2 TIME =t.RST 5TA '7

LOOK=23
6003 IF(30a(LDOK,l).NE.O)GO TO 6002

LOOK = LOO:<-1 
GO TO 5003- 

6002 DO 6.301 1=1,LOOK
HR ITE(NPTR,7002) 1303(1,31,3 = 1,6)

7002 FORMAT(6I12)
6001 CONTINUE

RETURN 
EMO

257



FlBTSAN IV G LEVEL 20 REL 04TE = 72153 21733/23

0001 SU3ROJTINE RELI'iJI
0002 IMPLICIT IHrEGER(Q)
0003 INTEGER CT
000* COMMOM/TERM/CT
0005 COMMON/LAMSOA/LOELH100) .LOTI 133)
0003 C0MH3N/BLKI/ -

1 008120,15), 02(13,3), 015(10,2), 014(10,2), 013(13,2),
1 012(10,2), 011(10,2), J2, J2T, J15, JL5T, 314, 3147, 313, 3137,
1 312, 312T. 311, 3117, J.N, KM, <307, NS, NFTR, MER,
1 113, 112, Ill,
1 SH10, SH16, SR17, SW13, SH545, SR445, SW3',5, SR245, 5314S,
1 SW547, SR543, SJ549, SW13

0007 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, 0L2AGE, 01LAGE, LAS71, PR1AGE,
1 PR2AGE, PR3AGE,
1 SW10, SKIS, SH17, SH18, SH548, SR446, SR345, S3245, SRL46,
1 SW547, SN548, S3549, S313

0003 DO 1 1=1,20
0009 IF(J03(I,I).EQ.MJ)GO TO 2
0010 1 CONTINUE
0011 MRITE(-NPTR,301)
0012 301 FORMAT!' ','ERROR IN REL')
0013 CT=L0r(l)
0014 RETURN
0015 2 CONTINUE
0015 IFtM3.EQ.0)RE TURN
0017 DO 3 3=1,15
0018 3031 I,3)=0
0019 3 CONTINUE
0020 K0jr = <3J7i-l
0021 . HRI TEMPTRjTOOll.NU
0022 7001 FORMAT!'O',* INVENTORY AFTER RELEASE Or 303 NO',13)
0023 L0GK=20
0024 6003 IF(303(LOOR,1).ME.0)GO TO 6332
0325 LD3X = L0a.<-l
00 25 GO TO 5093
0327 5002 DO 6001 1=1,LOOK
0323 WRl TE ( ,2TR, 7 302) I 303(1, 3), 3 = 1,5)
0329 7302 FORMAT(5 I 12)
0330 6001 CONTINUE
0031 IF((KOJT.EO.RINI.ANO.ILQTl1).GT.153)):r = LQr( L)
0032 RETURN
0033 EMO

2 >3



0301 
0OO2 
0003 
0004 
0005 
0006

0007

0008 
0009 
0010 
0011 
0012 
0013

0014 
0015 
0016

0017 
0013

0017 
0320 
0021

0022 
00 23 
0024 
0025 
0025 
0027

FOl(RAN IV 72153 21/33/28G LEVEL 20

SU3R0jriNE RRI7E 
IMPLICIT riTEGERIQ) 
INTEGER cr 
C0HH3N/rER8/:r 
COMNON/LAMBOA/LOELTI130).LQrilOO) 
CONNDN/BLKl/ 

1 333120,15), 02(13,3), 015(10,2), 014(10,2), 013(13,2),
1 912(13,2), 011110,2), 02, J2r, 015, 0157, 014, 3147, 013, 3137, 
1 012, 3127, Oil, 3117, ON, KIN, K.337, NS, NP7R, INER, 
1 113, 112, Ill,
1 5W10, SRIS, SR17, SW13, SR5',5, SW445, SR3',5, SR245, SJ145,
1 SR547, SR548, 50549, 5R13

LOGICAL
1 32AGE, GET2, LAST2, QI3ASE, 012AGE, OUAGE, LASTI, PUAGE, 
I PR2AGE, PR3AGE,
1 SW10, SU16, SX17, SW18, SW545, 54445, 54346, 54245, 54145,
1 5’4547, 54548, 54549, S413

WRITEINPTR,73011 LOTI I)
7031

7032

7333

FORMAT!’0’, ’SITUATION AT T =’,I4//>
WRITE(NPTR,7002)
FORMAT!’ ’,12X,’STA 2’,48X,’5TA 1’)
WRITE(NPTR,7333)
FORMAT!’ ',32X,'PRIORITY 5 PRIORITY 4 PRIORITY 3’,

1 ■ PRIORITY 2 PRORIfY 1 ’)
HRITE(NPTR,7004) 

7334 FORNATC *, 3X,’OO3 NO TIMS’,3X,5(’ 303 N3 TT’E’) )
HRITEIMPTR,7335)02,027,015,0157,014,0147,313,3137,312,0127,011, 

i our
7005 FDRHAU’O',’ SER V1N5 • , I 4,17, 8X,5(13,17) //)

. W.R I TEINPTR, 7335) 02U, 1), 02 (1,2), 02U ,3),0 15( 1,11,015(1,2) ,
1 3 14 (1,1),0141 I, 2),313 (1,1) ,313(1,2), 012(1,1),312 (I,2),
1 011(1,11,011(1,21

7035 FORMAT!’ Q'JEUEO ' , I 4,1 7 , 17 , I X, 5173,17) )
03 5001 1=2,13
WRITE! NPTR, 7037 ) 32( I , I) ,92( 1 ,2) ,Q2U , 3) , 015(1, 1) , 315U,2) ,

1 314(I,1),316! I ,2) ,313(1 ,1),213(1,2),
1 0 12 U, I),012(1.2),011(1,1),011(1,2)

7307 F3RMAT(’ ',3X, 14,17,17,IX, 5(18,17)) 
6001 CONTINJE

■dRI TE( NOU, 7333) :<IN,KDU7
7333 FORMAT!'O’,3X,’JOBS IN =',I3,’ J33S OUT =’,I3)

RE TURN
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FORTRAN IV G LEVEL 20 BLK DATA DATE - 72L63 21733723

0001 BLOCK DATA
0002 IMPLICIT INTECERiq) ’
0003 COMMON 78LK27 SW26, SM28, SW32, SrI36, SW40
000* COMMON/3LK171 003120,15), 02(10,3), 015(10,2), 014110,2), 013(10,2),

1 012(10,2), 011(10,2), 32, J2T, J15, J15T, 314, 314T, 313, 3131, 
1 312, 312T, Dll, OUT, 3N, KIN, XOUT, NS, NPTR, IHEM, 
1 113, (12, Ill,
1 . SnlO, SH16, SAIT, SWia, SW545, SA446, SW346, SDZ45, S3145, 
1 SW547, SA548, SA549, SM13

0005 LOGICAL
1 02AGE, GET2, LAST2, Q13AGE, 012AGE, OllAGE, LAST!, PR1AGE, 
1 PR2AGE, PR3AGE, 
1 5W10, SH16, SW17, SW18, SU546, SW446, 5'3346, SW24S, S4146, 
1 SH547, SD543, SD549, S14I3

0006 LOGICAL S'.<26 ,S>(2a,SD32, SU36,SW40
0007 DATA SW267. TRUE./,SW237. TRUE-/,SN32Z. TRUE./,S'335/-TRUE.7, ■

1 SW40/.TRUE.7. 
0008 DATA1 308/300*07,

1 02 730 *0/, 
1 015/20 *0/,
1 014/20 »0/, 
1 013/20 »97, 
1 . 012/20 *0/, 
1 011/20 *0/, 
1 32, 321, 315, 315T, 314, 314T, 013, J13T, 312, 3127, 311, JUT 
1 / 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 /,
1" JN, KIN, KOUT, NS, NPTR, INe'.i, 113, 112, Ill 
1 / 0, 0, 0, 1220703125, 6, 0, 0, 0, 0 / .

0009 DATA
1 SW10 /.FALSE./, 
1 SW16 /.FALSE./, 
1 SUIT /.FALSE./, 
I S'.UO /.FALSE./, . .
1 SU54S/.FALSE./,
1 SU446/.FALSE./,
1 S.4346/.FALSE./,
1 SW245/.FALSE./,
1 SW146/.FALSE./, 
1 S>( 547/. FALSE./,. 
1. SW548/.FALSE./., 
1 SW549/.FALSE./, 
1 SR13 /.FALSE./ 

0010 EMO
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IMVENTORy AFTER GREAT IOS OF JOS NO 1
JOS NO ARRIVE TINE PRIORITY STA L TINE STA 2 TIMS FIRST STA 
1^ 2 9 6 2

SITUATION AT T = 4

STA 2 STA iPRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1
JO3 NO TIME JOB NO TIME JOB NJ. TINE JD3 NJ TIME JO3 NJ TINE JJS NJ TIME

SERVING 0 0 0 0 0 0 0 a 0 3 0 0

QUEUED 0 0 0 . 0 0 0 0 0 0 •3 0 3 0
0 0 0 0 0 0 0 0 0 3 a 0 0
0 0 0 . 0 0 0 0 0 0 0 0 0 0
0 0 0 . 0 0 0 0 3 3 0 0 0 0
0 0 0 . 0 0 0 0 0 0 3 3 0 0
0 0 0 0 0 0 0 0 0 0 3 0 0
0 0 0 . 0 0 0 0 0 3 0 0 0 0

■ 0 ■ • 0 0 . 0 C 0 0 0 0 . a - . a . 3 . 3
0 0 0 0 0 0 0 0 0 3 0 0 0
0 0 0 0 0 0 0 a 0 3 . a 0 0

JOSS IN = 1 JOSS OUT = 0
SITUATION AT T = 6

STA 2 PRIORITY 5 PRIORITY 4 STA 1 
PRIORITY 3 PR-JRITY 2 PRIJR1TY 1

JOS NO TINE JOB ND TIME JOS NJ TIME JDS MJ TINE JO3 NJ TINE J33 NJ TIN

SERVING 0 0 0 0 0 0 3 3 2 3 0 3

QUEUED 1 6 0 . 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 3 0 0 0 0 3 0 0 0
0 0 0 0 0 0 0 0 0 3 - 0 3 0
0 0 0 0 0 0 . 0 0 0 0 0 3 0
0 0 0 0 0 . 0 . 0 0 . 0 3 . 9 0 0
3 0 0 0 0 3 0 0 0 0 0 3 0
0 0 0 0 0 O' 0 0 0 0 3 3 - 0
0 0 0 3 3 0 0 0 0 0 0 5 3
3 0 3 . 3 3 0 0 3 0 3 3 3 0

JOSS IN => . 1 JOSS OUT =* 3
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INVENTORY AFTER CREATION OF JOB M3 •>
JOB NO ARRIVE

4
8

16
2Q

20

TIME PRIORITY
2
1-
3
1 •-

STA 1 TINE
9
8
7
8 -

STA 2
6

11
1212

FINE FIRST S
2
2
1
2

TA

-

1
2
3
*

SITUATION AT T =

STA 2 STA 1
PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1

JOB NO FINE JOB NJ TINE JOB NJ TINE JOB NJ TIME • J03 NJ . TIME JOB NJ TIME
SERVING 2 11 0 0 0 0 0 0 1 9 0 0 .

QUEUED 0 0 0 0 0 0 0 3 7 0 0 . . 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 ■ 0 0 0 0 0 0
0 0 O' 0 0 0 0 3 0 3 3 0 0- . . 0 • 0 0 0- 0 0 0 0-0 0 0- ...  0.. 0.
0 0 0 0 0 0 0 3 a 0 0 0 0 •
0 0 0 0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 D 3 0 0 0 0 0
0 0 0 0 0 0 0 3 0 3 3 0 3
0 0 0 0 0 0 0 3 0 0- 3 0 3

JOBS IN = 4 JOBS our = 0
SITUATION AT T = 22 -

STA 2 STA1 .. .
PUJRITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1

JOB NO TINE JOB N3 IINE JOB ND TINE JOB NJ TINE JD3 M3 TIME JOB M3 TINE
SERVING 2 11 0 0 0 0 3 7 1 . 9 0 0

QUEUED • 4 12 0 0 0 0 0 3 3 0 ... 3 . 0 0
0 0 0 0 0 0 0 0 a 0 0 0 0
0 •3 0 0 • 0 ■ 0 3 3 0- 0 ■ - 0 ■ 0 . 0.
0 0 0 0 0 0 3 3 0 0 ■ 0 0 0
0 0 0 0. 0 0 0 0 0 0. 0 ._ .... Q 0
0 0 0 0 0 0 3 3 0 0 0 0 0
0 0 0 0 0 0 - 0 3 0. . . 0- - 0 . .. 0 . 0
0 0 0 0 . 0 0 0 0 0 3 0 0 0

- 0 0 0 0 . 0 0 ■- 3 0 . a 0. . 0 0 - 0
0 0 0 0 0 0 0 3 0 0 ■ 0 . . 0 0

JOBS IN ” 4 JOBS OUT = 0
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INVENTORY AFTER CREATION OF J03 NO Z
J03 NO 

1 
2

SITUATION AT T -

ARRIVE TINE PRIORITY
2
1

STA 1
9 
8

TIME STA 2 TIME FIRST STA

a

4
a

6
11

2
2

STA 2 STA 1
PRIORITY 5 PRIORITY * PRIORITY 3 PRIORITY 2 PRIORITY 1

J03 N3 TINE 303 NO TIME 333 N3 TIME 303 NO TIME 303 NO TINE 333 NO TINE
SERVING 1 6 0- 0 0 0 0 0 0 0 0 0

QUEUED 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 • 0 0 0 . O 0 . -. 0 - . 0 - . 0 •
0 0 0 0 0 0 0 0 0 OOO 0

. . 0 0 0 0,. 0 - - • 0 0 0 . 0 - 0 - 0...... 0 0 -
0 0 0 0 0 0 0 0 0 0 - 3 • 0 0
0 0 0 ■ ■ . . 0-- ■■ 0 0 0 0 0 0....  0 ...  0 0 -
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 • - - 0 - . 0 0 0 0 0- 0. - • ■ 0 - - 0 . .. 0 .
0 0 0 0 0 0 0 0 0 0 0.0 0
0 • - 0 0 a -. 0 -- . 0 0 3 0 . 0 . - . 0 - .. . . 0 . -0.

J03S IN = 2
SITUATION AT T = 10

303S OUT - 0

STA 
PRIOR; 

303 NO

0

1<Y 3 
TIME

0

pRiDRirr
J33 NQ T

D

2 
I ME
3

PRIORITY 1:.PRIORI 
333 NO

0

TY 5 
TINE

0

PRIORI TYSTA
303 NO

SERVING 1

Z

TINE
5

JOB M3

0
TI.mc

0
J03 N3

0
TINS

0

QUEUED 2 11 0 0 0 0 0 0 3 0 0 0 0
• 0 ■ 0 0 0 0 0 0 a. 0 0 0 - . . 0 0
0 0 0 0 0 0 0 0 a 0 0 0 0
0 0 ■ 0 - . . 0. 0 - 0 0 0 . 3 a.... 0 . 0 - ■ 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 ■ 0 0 ... 0 0 0 d 0 . 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0. 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 . 0
0 0 0 0 0 0 0 0 0 0 0 Q 0-

303S IN = 2 3035 our = 0 e
SITUATION Al T - 12

STA
303 NO

2 STA 1 
PRIORITY 3 

303 N3 TINE
PRIORITY 2 PRIORITY 1

TINE
PRIORITY 5 PRIORITY «f

303 NO TI HE 303 NO TINE 333 NO TIME 303 N3 TINE
SERVING 1 6 0 0 0 0 0 0 . D 0 0 0

QJEUEO 2 11 . 0 0 0 0 0 0 0 0 3 0 0
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INVENraRY AFTER CREATIOY OF JOB '40 5
J03 NO ARRIVE TIME PRIORITY STA 1 TIME STA 2 TIMS FIRST STA

1 4 2 9 6 2
2 a 1 8 11 2
3 •16 3 7 . . 12 - L - • e •— • •
6 20 1 a 12 z

• 5 ■ .25 2 7 . 4
SITUATION AT T = 26

STA 2 PRIORITY 5 PRIORITY 4 STA 1 
PRIORITY 3 PRIORITY 2 PRIORITY 1 

JOB NJ. TIMEjoa mo TIME joa no TIME JOB NO TIME J03 N3- TIMS JOdNO TIME.
SERVING * 12 0 0 0 o • 3 7 1 9 0 0.. - - • .. .. .. . - - .. . , .
QUEUED 0 0 0 0 0 0 0 0 0 . 5 7 2 . a

0 • 0 0 0 0 . 0 0 3 0 0 ' 0 0 0
0 0 . 0 o. 0 0 • 0 a 0 . . 0-- .. . 0 0 0
0 0 0 0 0 0 0 3 0 0 . 0 0 0 .... a 0 - 0- . .. 0 0 ■■ 0 ■ ■ 0 0 a ..... . a. - - 0 . -. .. 0 .0
0 0 0 0 0 0 0 0 0 0 .. 0 0 0----  . g - .._ ..(>.. • 0- •. .. .. 0 .. .... - 0 - .... o . 0 . 3. . .. . a ... 0- — . , 3 - --- -  0 ... Q
0 0 0 0 0 0 0 0 0 0 - 0 0 0 •

• - - - - • • 0 -- - - 0 ■ o • -- - - 0 . 0 . . 0 - - - 0- 0 - .. 0 0. - □ - ....  0 . . . • 0 ■
0 0 0 0 0 0 0 0 0 0 0 0 0

J03S IN = 5 uoas our =* o
SITUATION Al T = 23

STA 2 -  STA 1 - . - . . . . . .......PRIORITY 5 PRIORITY PRIORITY 3 PRIORITY ? PRIORITY 1
joa no TIME. ■ ■ JOO NO TIME JOB- NO ■ TINE JOB NO TINS ■ JOB-NO ■ TINE JOB M3 - TIME

SERVING 4 12 0 0 0 0 0 0 1 9 0 0

QUEUED 3 - • 12 0 0 0 . 0 ■ 0 - 0 - 0 .. . .5.- . - 7 . . . . 2 .- .8-0 0 0 0 0 0 0 0 0 0 0 - 0 00 0 0 - 0 .. 0 - 0 . o. 0 . .. . 0 . . 0 - - ■ ■ 0 - .. .0 . . . 0
0 0 0 0 0 0 0 0 0 . a - - 0 0 00 0 0 .. 0 0 0 0 0 - . 0- . a___.. 0 - . . _0 0
0 0 0 0- 0 0 0 0 0 0 0 . 0 . 0

.......... 0 ■ 0 - 0 • 0 - 0 . . -0 . - 0 0- " 0 0- -. - 0 .. - - .. 0 - -0
0 0 0 0 0 0 0 0 0 0 - .- 0 0 . 00 - .. 0 0 . . ■ . 0 0 0 0 0 - 0- -0 . . . . . 0 - . - -. 0 - . 0
0 0 0 0 0 0 0 0 0 0 0 0 0

JOSS IN = 5 JOBS OUT = 0. r



INVENTORY AFTER CREATION OF J08 NO &
joa no ARRIVE TINE PRIORITY STA 1 TIME STA 2 TIME FIRST STA

1. <» 2 9 6 2
2-. 8 1 8 11 2
3 16 3 7 12 1
4 20 1 8 12 2 - . - - . . -
5 25 2 7 4 1 •
6 . 30 1 7 7 2

SITUATION AT T =■ 30

STA 2 STA 1 -
PRIORITY 5 PRIORITY .4 PRIORITY 3 PRIORITY 2 PRIORITY 1

J03 NO TINE JOB NO TINE JOB NO TIME JOB NO TIME JOB N3 . TIME JOB VO TIME
SERVING 4 . 12 0 0 0 0 0 • 0 1 9 0 0

QUEUED • - - 3 • ■ 12 o 0 0 0 - - 0 3 0- 5- - — 7 . . ..2 3 .
. 0 0 0 0 0 . 0 0 0 0 0 0 0 - 0
0 0 0 0 0 0 0 0 3 0 0 - 0 0
0 0 0 0 0 0 0 0 0 a 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 . 0 0 0 0 0 0 0 - 0 0 0
0 0 . 0 0 0 0 0 0 0- 0 - 0 - 0 0
0 0 0 0 0 0 0 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 o . 0 0 . 0 -
0 . 0 0 0 0 0 0 0 0 0 3 0 0

JO3S IN = 6 JOBS our = o
SITUATION AT T = 32

STA 2 STA 1
PRIORITY 5 PRIORITY 4 PRIORI> y 3 PRIORITY 2 PRIORITY 1

JC3 NO TINE- -- JOB NO TIME J03 NO. TIME . JOB NO TIME J03 NO TINE JOB 93 ri
SERVING 4 12 . 0 0 0 0 0 0 1 9 0 0 .

• QUEUED -■ S 7 0 - 0 0 0 0 0 0 .5 . 7- 2 8 .
3 12 0 0 0 0 0 3 0 0 3 0 0
0 0 0 • 0 0 - 0 0 3 • 0 0 . .. - -0 — - 0 - - 0 -
0 0 0 0 0 0 0 0 3 0 3 o • - 0

• -■ 0 • - 0 o- 0 0 . 0 0 0 0 0. 3 - ...... 0 0 .
0 0 0 0 0 0 0 0 0 a 0 a . 0
o •• ■ 0 0 0 0 ■ 0 0 0 .. 0 . o.. 0 .0.. - 0 .
0 0 0 0- 0 0 0 3 0 0 0 o - 0

■■ 0 0 0 0 0 . 0 0 •3 0 0 - 0 - 0 - 0
0 0 0 0 0 0 0 0 0 0 0 - 0 0

JOSS IN = 6 J03S our = o
INVENTORY AFTER RELEASE OF J03 NO 1

0 . 0 0 0 0 0 -
2 3 1 8 11 2 -
3 - 16 3 7 12 1 - . .. . - .
4 . 20 1 8 12 2
5- 25 2 7 4 1 - -
6 30 1 7 7 2
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INVE.Nroar AFFEa GREAT IO't OF JOB NO 7
JOB NO ARRIVE TINE PRIORITY STA 1 TIME STA 2 TIME FIRST ST*

7 34 1 11 12 2
2 8 1 • 8 11 . 2
3 16 3 7 . 12 1 ■ ..
4 - 20 1 6 12 2
5 25 2 7 4 1 -
6 30 1 7 7 2 *

SITUATION AT T => 34

STA 2 STA 1PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 -PRIORITY 1
JOB NO TINE J03 NO TIME JOB NO TIME JOB NO TIME J 03 .'JO TIME J33 NO TIME

SERVING 4. 12 0 0 0 0 0' 0 0 0 . 0 0

QUEUED 6 7 0 0 0 0 0 0 . 0 5 7 2 8
3 12 0 0 - 0 • 0 0 0 0 . O . 0 - - . 0 . . .0

' 0 0 0 0 0 0 0 0 0 . a . 0. 0 0
0 0 0 0 0 0 0 3 0 0 ... 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 - 00 0 0 0 6 o 0 0 ■ 0 0 .. 3 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

■ -........0 • - 0 - - ■0 . . 0— 0 - . 0 . - .. 0 -• 0-- 0 . o.. . .. . Q . .. - . 0 . . . 0
0 ■ 0 0 0 0 0 0 0 0 0 . - 0 0 0
0 0 0 0 0 0 0 0 0 0 - 0 0 0 .

J23S IN = 7 * JOBS GUT = 1. -
SITUATION AT T = 36

STA 2 STA 1
..... PRIORITY 5 ■ ■ PRIORITY 4 PRICRITY-3. . PRIORITY. 2--  PRIORITY,!."

J03 NO. TIME JOB NO TIME ■ JOB NO TIME JOB NO TIME JOB NO TIME - JOB VO TIME
. _ . ..■- — . . - - .. .. —. .. -. - ■ - .. ... .. ..
SERVING 6 12 0 0 0 0 0 0 5 7 0 Q
- — .... . . ----- . — . ... - . .. —. . .. . ...... _  . .
QUEUED 6 7 0 0 0 0 0 0 . 0 0 0 2 a_ . 3 - . 12- . 0 - 0 . 0 ■ 0 0 0 ... 0 . 0 ...... 0 _ ._ 0 . . 0

7 12 0 0 0 0 0 0 - 0 0 - - 0 ■ a . 0
......... 0 - - 0 - 0 •• -0 - 0 .. 0 • . 0 ■ a - a . . 0- . - . 0 - - - 0 '. 0D 0 0 0 ■ 0 0 - 0 0 - 0 o . 0 - 0 0
-..... - 0 • • 0 ■ - 0 _ - 0 - 0 ■ 0 - . 0 D - . □. . a - . 0 ... 0 ..-0.

0 • 0 0 0 0 0 0 0 0 o 0 0 0. .. 0 . ■ ■ • 0 - 0 - .. . o. 0 ■ 0 .. 0 - 0 0- . o... - 0 -- - .. 0 . 0
0 .. 0 0 0 0 0 • 0 0 . a 0- -- 0 0 0 ■.. . . 0 - - o .. o- - ..... 0 . 0 0 - 0 0... - 0 o. -. - - 0 - - ... . 0 .. .. 0

JOBS TN = - 7 JOBS OUT:* I



INVENTORY AFTER CaEATIO.H OF JOB HO 8
JOB M3 ARRIVE TIME PRIORITY STA 1 TIME STA 2 TIME FIRST STA

7 34 1 11 • 12 2
2 8. 1 8 11 2
3 16 3; 7 12 1 . .. . — ... . .
«i. 20 1 8 12 2 ►
5 25 2 7 - 1 - - —
6 30 1 7 T 2 .8 . .. 37 3 9 9 - 1 ...... -. .......

SITUATION AT T ••- 38 - - .
STA 2 STA 1. -_ - _

priorirr 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1
JOS NO TINE J03 .NO TINE- J03 NO TIME JOB NO TIME J33 ND -TIME - 033 N3 TIME

SERVING 0 0 0 0 0* 0 . 0 _ 0 5 7 0 0

QUEUED • 8 7 0 0-- 0 a> • 0 8 9 fL_ 0 - 2 8
3 12 0 0 0 ■ G> 0 D 0 . 0 0 4 3
7 12 0 0 0. - c1- 0 a D - 0 .. 0 0 . ■ D
0 0 0 0 0 01 0 0 . 0 0 - . . 0 . 0 0

• 0 0 0 0- 0 a> 0 0 3 0 - 0 0 . .. 0
0 0 0 0 0 01 0 0 0. 0 0 0 Q
0 0 0 0 0 c1 0 0 0 0 0 0 0
0 0 0 0 0 aI 0 0 0 0 0 0 D
0 0 0 0 0 01 0 0 0 0 0 0 . 0
0 0 0 0 0 0► 0 0 0 0 0 0 0

JOBS IN = 3 JCdS OUT = 1 ..
SITUATION AT T = »,0

STA 2 STA 1 . .
PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1

JOB-NO
SERVING 6

TINE.
7

J03 NO
0

TINE
0

JOS NO
0

TIME
3

JOB NJ
0 0

JOB -HO
5

. TIME 
7

JJ3 N3
0

TINS
0

■■ QUEUED •3 ■ 12 ■■ • 0 ■ - 0 0 0- 0 8 9 0 - 0 . .. . 2 8
7 12 0 0 0 0 0 0 0 0 0 - 4 8
0 ' 0 0 0 0 0 0 • 3 a 0 . 3 0 - 0
0 0 0 0 0 0 0 a 0 0 0 0 0

- 0 . 0 0 0 0 0 0 □ 0 0 - - 3 .. 0 • 0
0 • 0 0 0 0 0 0 3 a 0 a 0 0
0 0 0 0 ■ 0 0 - 0 0 a . 0.. 0 0. .. . 0
0 0 0 0 0 0 0 a a 0 0 0 - 0
0 0 0 - 0.. . 0 0 . 0 3 0 a . 3 0 . 0
0 0 . 0 0 0 0 0 0 0 0 0 0 .. 0

J03S IN = 8 JOBS our = 1

267



SERVING 6 7 . 0 0 0 0 0 0 0 0 0 0

QUEUED 5 •» 0 0 0 . 0 0 3 9 0 . 0 - 2 83 12 0 0 0 Q 0 0 0 0 0 4 8
7. . 12 0 0 0 - 0 0 0 0 3 0 0 . 00 0 0 0 0 0 0 0 0 0 0 0 Q0 0 - 0 0 O' 0 0 0 0 0- - - 0 o . o ..
0 0 0 0 0 0 0 0 . 0 0 . 3 - 0 0

■ 0 0 0 0 0 0 0 0 0 . . a.. .. o 0 .. 0
0 0 0 0 0 0 0 0 D 0 0 0 0
0 ■ 0 0 0 0 0 0 0 0 0 0 . 0 0
0 0 0 0 0 0 0 0 0 a . o 0 0

JOBS IN = a J03S- OUT =• 1
SITUATION AT T = 4* .

STA 2
PRIORITY 5 PRIORITY 4

STA 1 
PRIORITY 3 PRIORITY 2 PRIORITY 1

JOB NO TIME JC3 .S3 TIME JOB NO TINE J03 NJ TIME. JOB NO -TIME JOB NJ TIME
SERVING 6 7 0 0 0 0 & 9 0 0 0 0

CUEUEO 5 • 4 0 0 0 2 8 0 0 0 . 0 4 - 8
3 12 0 0 0 0 • 0 0 0 0 0 0 0...... . . . . 7 -12 . 0-- -■ -0 - 0 ■ . .-0-. -- 0- - - 3 - 0 0-.... -0 . ... .... 3...  0 -0 ■ 0 0 0 0 0 0 0 0 0 0 3 0

- - -.....  0 -.... 0 - - • - 0- - 0 - - 0— - 0.. o. . . . . 3 .. 0 - - D - - 0 - - . a . . o -
• 0 0 0 0 0 0 0 3 0 0 0 0 00 0 0 0 0 0 0 3 . 0 a o 0 00 - 0 0 0 0 0 0 3 0 0 0 0 0--- . . 0- -- 0- • 0 - ■ 0- 0 ■ - 0 - 0 ■ ■ 0 0 • a......o . - 0. . . 0 -
0 0 0 0 0 0 0 o a 9 0 0 . 0 .

JOBS IN =- 8
SITUATION AT T 46

JOBS our = i

STA 2 STA 1 .
PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1JOB NO TIME J03 NO TIME JOB NJ TIME . JOB NJ TIME JOB NO- TIME ... JOB NJ TIME

SERVING 0 0 0 0 2 8 8 9 0 0 0 0

■ QUEUED 5 4 ■ ■■ 0 0 0 0 0 0 ■. 0 0 .. 0 - - 4 . 8:
3 12 0 0- 0 0 0 3 0 0 . - 0 S 7
7 12 0 ■ 0 0 0 0 0 0 0 - 0 0 0.
0 0 0 0 - 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 . 0 0 0 D 0 0
0 0 0 0 0 0 0 3 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 3 00 0 0 0 0 0 0 0 0 0 0 0 0 .0 ■ 0

J03S IN = 8
0

J03S
0- 0

our = i
0 0 0 0 a.. .. a . o . o ■
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INVENTORY AFTER CREATION CF JO3 NO 9
JO3 NO ARRIVE TINE PRIORITY STR 1 TIME STA 2 TIME FIRST STA

7 3'» 1 11 12 2
2 8 1 8 11 2
3 16 3 7 12 1
*» 20 1 8 12 2
5 25 2 7 4 1
6 30 1 7 7 2
8 37 3 9 9 1
9 49 1 9 12 1

SITUATION AT T = 50

STA 2 PRIORITY 5 PRIORITY 4
STA 1 

PRIORITY 3 PRIORITY 2 . PRIORITY 1
JOB NO TIME J03 NO TIME J03 NO TIME J03 NO TIME JOS ND TIME JD3 13 TIME

SERVING 5 4 0 0 2 8 a 9 0 0 D 0

QUEUED 3 12 1 0 0 0 0 0 0 0 0 4 8
7 12 0 0 0 0 0 3 0 0 0 6 7
0 - 0 0 0 0 0 0 0 3 0 0 9 9
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 O 0
0 0 c 0 0 0 0 0 0 0 3 0 0
0 0 0 . 0 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 0 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

J03S IN = 9 jaas our = i
INVENTORY AFTER RELEASE Or JQ3 NO 5

7 34 1 11 12 2
■ 2 8 1 3 11 2
3 • 16 3 7 3 1
4. 20 1 8 12 2
0 . 0 0 . 0 0 0

.. t>- ■ 30 1 7 7 . • 2 - - .. . . .
8 37 3 9 9 1

.9 49 1 9 12 - 1 . .. . —
SITUATION AT T .=» 52

■■ ■■ - ■ STA 2 STA 1PRIORITY 5 1’RIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1
J03 NO TIME J 03 NO TIME J03 NO TIME J03 ND TIME . J33- NO- -TINE JD3- ND TIME

SERVING 3 12 0 0 2 8 8 9 0 3 O 0

■■ QUEUEO - 7 ■ 12 0 - ...0- ■ 0 0 0 3 0 . 0 - 0 - ... 4 - 8 .
0 0 0 0 0 0 0 3 3- 0 0 6 7

. . . 0 ■ ■ 0 0 0- 0 0 0 3 _ 0. 0- . .. 3 . . . 9 - 9
0 0 0 0 0 0 0 0 0 0 0 ' 0 0
0 ■ 0 0 0 0 0 0 0 0 0 0 0 . . 0
0 0 0 0 0 3 0 0 0 0 0 0 0
0 - - 0 - 0 0 . 0 . - 0 0 3 0 . 0 3 . . 0 . . . - 0
0 0 0 0 0 0 0 3 0 0 0 0 0
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INVeHTORY AFTER GREAT IOS OF JO3 MO 10
JOS MO ARRIVE TIME PRIORITY STA 1 TIME STA 2 TINE FIRST STA7 34 1 11 12 2

2 8 1 a 11 2 . . . ..
3 • 16 3 7 12 1* 20 1 8 12 210 . 53 1 9 10 16 30 1 7 7 28 37 3 9 9 19 49 1 9 12 1

INVENTORY AFTER RELEASE OF JOS NO 2 *
7 . 34 1 11 12 2- 0 0 0 0 0 0 . . - .....
3 16 3 7 12 120 1 3 12 210 53 1 9 10 16 30 1- 7 7 28 37 3 9 9 1- . . 9 . .. - — 49 • 1 r 9. • 12 1 - . ... . - -

SITUATION AT T «■ 54

iTA 2 .. STA 1PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1JOS NO - TINE JOS NO TIME J03 ND TIME JOS NO TINE JD3 M3- TIME — JOS NO . TIH6
SERVING 3 12 0 0 0 0 8 9 0 0 0 0

QUEUED 7 12 0 0. 0 0 0 0 0 0- 0 . 4 80 0 0 0 0 0 0 0 0 0 0 & 70 0 0 0 0 0 0 3 0 3 0 9 90 0 0 0 D 0 0 3 3 3 0 13 9.......... 0- ■ 0 0- ■■ - .. -0 0-. - 0.. ...0 . a a. 0 . - . 0 ......a0 0 0 0 0 0 0 0 0 0 . . 0 . . 0 . 00 0 0 0 0 0 0 3 0 0- - a 0 .. - 0-0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 3 0 0 0 . D 00 0 0 0 0 0 0 0 0 0 0 0 0
J03S IN = 10 J03S OUT = 3

SITUATION AT T .=> 56

STA- 2 • -.............................................. ■ • - - STA 1 ..... ......................................... ..
PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1

JOB NO TIME JOd NO TIME J33 NO TIME JOS NO TIME J 03 ND time JOB M3 TIME
SERVING. 3 12 0 0 0 0 8 9 0 0 0 0

QUEUED 7 12 0 0 0 4 8 ■ 0 0 0 .. 0 . 6 70 0 0 0 0 0 0 D 0 0 0 9 9■ 0 — — 0 o- 0 0- 0 . 0 - 3 a. . a.. .. 3 . . 10 - 90 0 0 0 0 0 0 3 0 0 o' 0 - O0 0 0 0 0 0 0 0 0 0 0 0 O0 0 0 0 0 0 0 0 0 0 - 0 0 00 0 ■ 0 0 0 0 0 0 0 0 . 0. 0 00 0 0 0 0 0 0 3 0 0 0 0 0
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INVEMTGRY AFTER CHEAT ION OF JD3 NO 11
JO3 ND ARRIVE TINE PRIORITY STA 1 TINE STA 2 TINE FIRST STA

7 3 4 1 11 12 2
11 62 1 3 • 6 1
3 16 3 7 12 1
4 20 I . a 12 2
10 53 1 9 10 1

- 6 ■30 1 - 7 7 2
a 37 3 9 9 1
9- 49 1 ■ 9 12 1

SITUATION AT T = 62

. STA 2 • STA 1  - - ■PRIORITY.5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1
J03 NO

SERVING 3
TINE
12

JOB NO
0

TINE
0

J03 NO
4

TIME
a

J33 NO
8

TINE
9

J33 ND TIME job :
00 0

• QUEUED - 7 ■ 12 0 0 0 0 0 0 0 . 0 - ... 0. 5
0 0 0 0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 0 0 ■ 0 10
0 0 0 0 0 0 0 0 0 0 - 0 0
0 0 0 0 0 0 0 3 0 0 0 0
0 0 . 0 0 0 ■ 0 0 0 0 0 0 0

. . . „ 0 - ■ - 0 0- ■ -0- 0 - ■ - 0- -■ 0 0 ■ - - 0 . 0. -• . 0 - --- 0
0 0 ■ 0 0 0 0 0 0 0 0 - - a . 0

• ■ 0 • 0 ' 0 0 • 0 0 0 0 0 0.. . . 0 - 0
0 0 0 0 0 0 0 0 0 0 0. 0

JOSS IN = .11 JOBS 0‘JT = 3
INVENTORY AFTER RELE>5E OF JOS ND 3 -

7 3 1 1.1 12 2
11 62 1 3 5 1
0 0 0 0 0 0 .
4 20 I 8 12 2

- - - 10 --  53 — -................. 1 ■ 9 10 - . .1 - ... . . ...
6 30 1 7 7 2
3 37 3 9 9 1
9 49 1 9 12 1 .

SITUATION AT T =

STA
J03 NO

SERVING 0

2
TINE -

0
........

PRIORITY 5 PRIORITY 4
STA 1 

PRIORITY 3 PRIORITY 2 .. PRIORITY 1
J03 NO

0
TINE

0
JOB NO

4
TINE

3
JOB NO

B
TIME

9
JOB NO

0
.TINE. 

a
JOB NO

0
TIN 

0

QUEUED 7 12 0 0 0 0 0 0 0 0 . a 6 - 7
.. . 0 ■■ - 0 - - 0 0. 0 .. . 0 ■■ 0 ■ . .. 0 . a . 0 . . Q.. .... 9 . 9

0 • 0 0 0 0 0 a 3 3 0 0 13 9
0 - ■ 0 0 0 0 0 . ■ 0 0 0 - 0 . . a . - - 11 . _ .3
0 0 0 0 0 0 0 0 0 . a 0 0 .. C. . 0 .... - 0 ■ • 0- 0 0 0 a 0 0- •a -. ... Q 3 - . a
0 0 0 0 0 0 3 0 0 0 - a 0 c
0 - - 0 0- 0 ■ ■ - 0 - ■ ■ 0- 3 3 3 - a 0 0 a- - - *■ ~ — — - -
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INyENrORV AFTER CREATIO'i OF JO3 NO 1Z
JO3 , 

7 
11 
12 
0 

10 
6 . 
8 
9

<0 ARRIVE TINE
3*
62
78
0

53
30 
37
49

PRIORITY
1 
1
10 .
1
1
3
1

-SIA 1 TIME STA 2 TINE FIRST STA
11 12 23
6 I
0
9 1
7
9
9 1

6 1
2 10 0
0 1
7 29 1
2 1 . . . .

SITUATION AT T - 78
• • * ..... . . .. ... . .

STA
- • ■ J03 -NO -

2
TINE

PRIORITY 5 
003 N3 TIME

PRIORITY 4 
003 N3 TINE

STA 1 
PRIORITY 3 

033 NO TINE
PRIORITY 2 

033 NO TINE
PRIORITY 1 

003 N3 TIME
SERVING 0 0 8 6 6 7 0 0 0 0 0- 0

- -QUEUEO 0 -0 • - . » .- . . .. 0 . ■ 0 . 0 . - 0 0 . 3. 0 ---3 . 9 . .. 9 -
0... ... _... . . 0 0

- 0-- - ■
0 
fr

0
..... 0- -

0
0 -

0 0.. 0 . .0 0 0
■ 0....  0 0

3—.
- 0
-- 0 .

13
- - 11

9
- 3 -0

- . 0
0
0 -

0 .
- 0

0 0 - 0 
0

0 0
0 . 0 0 a

0- 0.
0
0- - 0

- 0
7

. . . 0 . 11
00. . . . --  0 . .... 0

0 ■-
0 0 -

0 
0. 0 0 0 0

0 0 0 3
0 . a

0
0 -

0
0

D. 0 0.. 0 .
0 0 0 D 0 0 0 0 0 ■ 0 0 0 0_.. .. 0 0 0 0 - 0 0 0- 0 0 3 .. ... 0 . 0 0-0 0 0 0 0 • 0 0 0 a 0 0 0 0

J03S
SITUATION AT

IN
T

= 12
■ 83

0035 OUT = 5

SERVING

STA
0 03 NO
;. 0

2 SF4 1 
PRIORITY 3 PRIORITY

0.3 3 S3 T
0

2I IS -
0

PRIORITY 1TINE ■
0

PRIORITY 5 PRIORITY 4033 S3
8

TINE
6

J03 NO
6

TINE
7

0 33 :;3 ..

0
II He

0
.0 33 RJ

0
. TINE

0

- QUSUEO - 0 0 0 0 0 7 11 0 0 0 • 0 - 9 90 ■ 0 0 0 0 0 0 0 D 0 0 10 9.. . 0 • 0 0 0 0 0 0 a 0. .. 0 . - a - 11 3. .0 0 0 0 0 0 0 0 0 0 0 12 6 .- 0 0 0 0 0 . . 0 0 0 0 a - . .. 3 .. - . 0 ■ 00 0 0 0 0 0 0 0 0 3. . 0 0 - 00 0 0 0 0 0 0 0 0 0 ... .. a . 0 . 0...0 0 0 • 0 0 0 0 0 0 0 0 - 0 0 .0 0 0 . 0 . 0 0 0 0 . 0 0 0 .. . . a 00 0 0 0 0 0 0 ■ 0 3 3 a 0 0
003S IN = 12 003S our = 5

- . •
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003 NO TINE
PRIORITY 5 
J03 NO.. TIME PRIORITY S JOB NO TIME

PRIORITY 3 
JOB NJ TIME

PRIJRITY 2 
J03 NO TIME

PRIORITY 1" 
J03 NJ TINE

SERVING 19 11 0 0 18 7 0 0 0 0 0 0

QUEUED 3 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 3 0 0 0 3 00 0 0 0 0 0 0 0 3 0 0 0 0
0 0 0 0 0 0 0 0 3 0 : o 0 Q0 0 0 0 0 0 0 0 D 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0

J03S IN = 19 J03S OUT = 17
SITUATION AT T » 198 •

STA 2 . STA 1PRIORITY 5 PRIORITY A- PRIORITY 3 PRI3RITY 2 " PRIORITY 1
JOB NO TIME JOB NO TIME JOB NO TIME JOB NJ TIME J33 N3 TIME JOB NJ TIME

SERVING 19 11 0 0 18 7 0 0 0 0 0 0

J03S IM = 19 J03S OUT = 17

QUEUED 0 3 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 . 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 D a 0 00 0 * 0 0 0 0 0 0 0 0 a 0 00 0 0 0 0 0 0 0 D 0 0 0 00 0 0 0 0 0 0 0 - 0 3 o, 0 00 3 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 3 0

INVENTORY AFTER RELEASE OF JO3 NO 13
0 0 0 0 0 00 0 0 0 0 00 0 0 0 0 □
0 0 0 0 0 00 0 0 0 0 0
0 0 0 0 . 0 00 0 0 0 0 D
0 0 0 0 0 0
0 0 . 0 0 0 00 0 0 0 0 019 121 2 12 11 1
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200

SirUATIO.'i AT T = 202

SITUATION AT T

STA 2 PRIORITY 5 PRIORITY 4
STA 1 

PRIORITY 3 PRIORITY 2 PRIORITY 1
J03 MO

SERVING 19
TIME
11

JOB NO
0

TINE
0

JOB NJ
0

TIME
0

J J3 NO
0

TIME
0

JOB NO
0

TIME
0

JJ3 NJ
0

TIMc
0

QUEUED 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 □ 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0- 0 0 0 0 0 0 0 0 0• 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 □ 0 0 0 0 00 0 0 . 0 0 0 a 0 0 0 0 0 0

joas in = 19 JOBS OUT = 13

STA 2 STA 1 .
PRIORITY 5 PRIORITY 4 PRIORITY 3 PRIORITY 2 PRIORITY 1J03 NO TIME J 03 NO TIME JOB ND TIME J03 ND TIME JOB ND TINS JOB NJ TINE

SERVING 19 11 0 0 0 0 0 0 0 0 . 0 0

J035 IN =.19 JOBS GUT =18
IMVEMTOSY AFTER RELEASE OF JG3 NO 19

0 0 0 0 O . 0 .

quc-JEO 0 0 . 0 0 . 0 0 0 0 0 0 0 0 a0 0 0 0 0 0 0 0 - D □ 0 0 o0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 . 0 0 0 D 0 00 0 0 0 0 0 0 0 D 0 0 c 00 . 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 . 0 0 0 0 0 □ 0 0 00 0 0 0 0 0 0 0 0 0 □ 0 a0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 . 0 0 0 0 . 0 0 . 0 . 0 0
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