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Abstract. In arecent paper [Neto et al. 97] we showed that programming languages can be
translated on recurrent (analog, rational weighted) neural nets. The goal was not efficiency
but simplicity. Indeed we used a number-theoretic approach to machine programming,
where (integer) numbers were coded in a unary fashion, introducing a exponential slow
down in the computations, with respect to a two-symbol tape Turing machine.
Implementation of programming languages in neural nets turns to be not only theoretical
exciting, but has aso some practical implications in the recent efforts to merge symbolic
and subsymbolic computation. To be of some use, it should be carried in a context of
bounded resources. Herein, we show how to use resource boundedness to speed up
computations over neural nets, through suitable data type coding like in the usual
programming languages. We introduce data types and show how to code and keep them
inside the information flow of neural nets. Data types and control structures are part of a
suitable programming language called NETDEF. Each NETDEF program has a specific neural
net that computes it. These nets have a strong modular structure and a synchronisation
mechanism alowing sequential or parallel execution of subnets, despite the massive
parallel feature of neura nets. Each instruction denotes an independent neural net. There
are constructors for assignment, conditional and loop instructions. Besides the language
core, many other features are possible using the same method. There is also a NETDEF
compiler, available at www.di.fc.ul.pt/~jpn/netdef/netdef .htm.

1. I ntroduction

Analog recurrent neural nets can be formulated as dynamic systems. We adapt to
our case the definition given in [Sontag 90], that corresponds to the concept of
discrete, complete, time-invariant dynamic system. A dynamic system is a triple
D = (S, U, ¢) consisting of: (a) a non-empty set S called the state space of D, (b) a
non-empty set U called the control-value or input-value space of D, and (c) a total
map called the dynamic map, @ SxU - S. We will consider S and U as being finite
dimensional vector spaces over the reals, or restrictions to them.

Analog neural nets are considered particular cases of dynamic systems, where @is
of the form o-1, being 1t SxU-S an affine map, and 0. S-S a possibly
discontinuous function. Linearity of 1tis equivalent to the existence of linear maps
A: S-S and B: U- S such that @(x,u) = o(Ax+Bu). These systems are said to be
autonomous whenever B is the null matrix, otherwise they are said to be non-
autonomous or net systems with controls. If we assume that there exists one
variable with constant value 1, and specific matrices, we recover the model in the
form @(x,u) = o(Ax+Bu+c), where ¢ is known as the bias vector.

We will consider two cases for the function o:
(@) the McCulloch and Pitts neural net model,

M if x<O
=0 it x20
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(b) the saturated sigmoid model,

%O if x<O

ox)=x if 0sx<1 (@)

Hoif x>1

For notational purposes we write

X(t+1) = @ x(t), u() ) )

to denote a step of computation, or just

X"=q@(X,u)

With dynamical systemsin general we have computation without programmability,
i.e., the extra power these systems exhibit has to do with the decoupling between
programming and computation. Up to the power of Turing machines, computations
are describable by programs that correspond to the prescription by finite means of
some rational parameters of the system. Beyond Turing power we have
computations that are not describable by finite means: computation without a
program. In this paper we want to shed some light on the programmability of
neura nets.

1.1. Computability

The use of an analog neural net model in computability is due to Hava Siegelmann
and Eduardo Sontag. In [Siegelmann and Sontag 95] they used it to establish lower
bounds on the computational power of analog recurrent neural nets.

These systems satisfy the classical constraints of computation theory, namely, (a)
input is discrete (binary) and finite, (b) output is discrete (binary) and (c) the
system is itself finite (control is finite). Neurons may hold values within [0,1] with
unbounded precision. To work with such analog systems, binary input is encoded
into a rational number between 0 and 1, and the rational output is decoded into an
output binary sequence.

The input streams uy, for i=1..M, input bits into the system through time. Streams

are maps u:N - {0,1}, different from O only finitely many times (this is the
classical constraint of input finiteness). (Uk)k=1.m, IS the set of control symbols, to

adopt the flavour of Minsky's description of such systems, that the reader may find
in [Minsky 67]. In the absence of control the systems are said to be autonomous
and the dynamics is given by

N
X(t+1) =o( 3 gixi(t) +q)
i=1
We may then identify the set of computable functions by analog recurrent neural

nets, provided that the type of the weights is given. This research program has been
systematically pursued in [Siegelmann 99]:

* The first level of nets is NET[integer], where the type of the weights is integer.
These nets are historically related with the work of Warren McCulloch and
Walter Pitts. As the weights are integer numbers, each processor can only
computeo applied to a linear combination of zeros and ones. The activation



values are thus always zero or one. Thus in the case of integer nets the
activation function can be replaced by the Heaviside step function with no
decrease (or increase) of computational power. In this case the nets
'degenerate’ into a classical devices called finite automata. It was Kleene who
first proved that McCulloch and Pitts' nets are equivalent to finite automata,
and therefore they were able to recognize all regular languages (see [Minsky
67] for details).

 The second relevant class we consider in this paper is NET[rational], where
the type of the weights is rational. Rationals are indeed computable numbers in
finite time, and NET][rational] turn to be equivalent to Turing machines.
Twofold equivalent: rational nets compute the same functions as Turing
machines and, under appropriate coding of input, they are able to compute the
same functions in exactly the same time.

» The third relevant class is NET[real], not considered in this paper, where the
type of the weights is real. Reals are indeed in general non computable. But
theories of physics consider real variables. The advantage of making an analog
theory of computation is that non uniform classes of computation, namely the
classes that arise in complexity theory using Turing machines with advice, are
uniformly described in NET[real]. All sets over finite alphabets can be
represented as reals that encode the families of Boolean circuits that recognize
them. A further feature is that, if we allow only for computable reals, then we
can develop a model that is strictly as powerful as Turing machines, but with
the computations being speed up by exponential factors. The reason is that the
complexity of computable reals have no upper limit. In classical artificial
devices, these constants have to be calculated with the required precision,
slowing down the computations.

1.2.  Programmability of Analog Neural Nets

Within the class of NET[rational] we can develop the implementation of
programming languages, providing for each written command, a suitable analog
neural net. The implementation map will be provided in this paper for a (Turing
complete) subset of the Occam language.

A first concern is the size of the resulting nets. In fact the size of the nets will
increase with the complexity of programs. However, is always possible to
implement the Occam interpreter of Occam, determining a universal neural net for
the language interpretation.

We see two main contributions in this paper. In first place, we show how to
perform symbolic computations over neural nets. And in second place, the
high-level programming language is useful for high-level construction of particular
nets, used in the proof of several results in neurocomputing theory, as in
[Siegelmann 99], where a net descriptor is used to encode analog shift maps into
neural nets.



2. Neural Software

2.1. Neural Net Mode€

An analog recurrent neural net is a dynamic system X (t+1) = @(X (t), U (t)), with
initial state X (0) = Xo, where xj(t) denotes the activity (firing frequency) of neuron
i at time t within a population of N interconnected neurons, and u(t) the input bit
of input stream k at time t within a set of M input channels. The application map ¢
is taken as a composition of an affine map with a piecewise linear map of the
interval [0,1], known as the saturated sigmoid 0, as in (2). The dynamic system
becomes

N M
X(t+1) = a( > agxi(t) + > bku(t) +¢)
i=1 k=1

where g;j, bjk and ¢j are rational weights, assuring that a system can be simulated by
a Turing machine. Fig. 1 displays the graphical representation of the preceding
equation used throughout this paper (when g, b or a; takes value 1, they are not

displayed in the graph.).
8
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Fig. 1. Graphical notation for neurons, input channels and their interconnections.

Our problem will be to find a suitable neural network for each program written in
the chosen programming language.

2.2. TheNETDEF Language

We will adopt a fragment of Occam® for the programming language. Occam® was
designed to express parallel agorithms on a network of processing computers (for
more information, see [SGS-THoMsoM 95]). With this language a program can be
described as a collection of processes executing concurrently, and communicating
with each other through channels. Processes and channels are the main concepts of
the Occam® programming paradigm.

Occam® programs are built from processes. The simplest process is an action.
There are three types of action: assignment of an expression to a variable, input and
output. Input means to receive a value from a channel and assign it to a variable.
Output means to send the value held by a variable through a channel.

There are two primitive processes. skip and stop. The skip starts, performs no
action and terminates. The stop starts, performs no action and never terminates. To
construct more complex processes, there are several types of construction rules.
Herein, we present some of them: while, if, seq and par.

Theif isaconditional construct that combines a number of processes, guarded by a
boolean expression. The while is a loop construct, that repeats a process while an
associated boolean expression is true. The seq is a block construct, combining a
number of processes sequentially. The par is a block construct, combining a
number of processesin parallel.



A communication channel provides unbuffered, unidirectional point-to-point
communication of values between two concurrent processes. The format and type
of values are defined by a certain specified protocol.

Here follows the ssimplified grammar of NETDEF (Network Definition), in EBNF:

program::= “NETDEF” id “ 1S’ def-var process “.".
process ::= assignment | skip | stop | if-t-e | while-do | seq-block | par-block.

Our goal isto show that all NETDEF programs are compiled into neura nets. There
exists a dynamic system of the kind (3) that runs any NETDEF program on some
given input.

2.3. Information Coding and Operators

With the guidelines provided in [Siegelmann 96], the semina work on the
implementation of information coding in neural networks (see [Gruau et al. 95] for
a different approach), we introduce data types and show how to encode and keep
them inside the information flow of neural nets. NETDEF has the following type
definitions.

type ::= primitive-type | channel-type | composite-type.
primitive-type ::= “BOOLEAN” | “ INTEGER” | “ REAL”.
channel-type ::= ‘CHANNEL".

composite-type ::= ARRAY” “[“ number “]”“  OF” primitive-type.

2.3.1. Primitive Types

To be of some use, implementation of programming languages in neura nets
should be carried in a context of bounded resources. Herein we show how to use
resource boundedness to speed up computations over neura nets, through suitable
encoding of suitable datatypes like in the usual programming languages.

To take in consideration the lower and upper saturation limits of the activation
function o, every value x of a given basic type is encoded into some value of [0,1].
For each type T, there is an injective encoding map or:T - [0,1] mapping a value
xOT onto its specific code. The encoding map determines the operator neural
architecture. Basic typesinclude: boolean, integer and real.

If resources are bounded, then there exists alimit to the precision of every value (in
fact, even reals are bounded rationals). Suppose a maximum precision of P digits.
The minimum distance between any two values is 10°. Let us denote
107 by M.

For booleans, T isB ={0,1}, the encoding map is given by

, X=FALSE

_®
ag(x) = Hl , X=TRUE



. : M M
For integers, TisZ ={ -7,7},and

M + 2x
0200 ="5m
For redls, within [a,b],
X-a
Ofan)(X) =5

2.3.2. Channel and Composite Types

Each channel has two neurons, one to keep the processed value and another neuron
to keep a boolean flag (with value one if the channel is empty, or zero, otherwise).
To see more about channels see section 2.4.2.

It is aso possible to define array variables. Each one of the data elements is coded
by a specific neuron. This means that a composite type is a finite set of neurons.
The array has the following structure,

Fig. 2. An array basic structure.

2.3.4. Operators

With data types, many different operators are needed to process information. An
arbitrary set of operators (together with constants, variables and input data) forms
an expression that after evaluation returns a result of some type. Each expression
starts its execution when it receives signal IN (for details see section 2.4.1). After
evaluation, it returns the final result through output RES at the same time of signal
OUT.

M} Expr ——F OUT

\—} RES

Fig. 3. An expression subnet.
Non-labelled arcs default to weight 1.

» Boolean Operators. These are the typica McCulloch-Pitts boolean operators
(see [McCulloch and Pitts 43])

1 -1
v X ¥ X
y y
@ (b) (©

Fig. 4. Boolean Operators: (a) NOT X, (b) X AND Y, (C) X ORY.



* Integer Operators. There are arithmetical and relational operators for integers.

(d) C)
Fig. 5. Integer Operators: (a) -X, (b) X + v, (C) X- Y, (d) X<Y, (e X>Y.

» Real Operators. The encoding Oap IS @ scaling of the interval [a,b] into [0,1].
Binary sum, subtraction and multiplication by a constant are straightforward.

al(b- -al(b-a -a(c-1)/(b-a)
« ¢( a) y ¢( ) C ¢a( )/ (b-a)
; —Ppx+y }O—}x-y X—P(  FPpox
y y~L
@ (b) (©
X 1 X

y ys-

(d) e
Fig. 6. Real Operators: (8) X +Y, (b) X-Y, (c) cx, (d) x <Y, () Xx>Y.

2.4. Synchronization Mechanisms

Neura nets are models of massive parallelism. At each instant, all neurons are
updated, possibly with new values. This means that a network step with n neurons
is a parallel execution of n assignments. Since programs (even parallel programs)
have a sequence of well-defined steps, there must be a way to control it. This is
done by a synchronization mechanism based on hand-shaking.

2.4.1. Instruction Blocks

There are two different ways to combine processes, the sequential block and the
paralel block. Each process in a sequential block must wait until the previous
process ends its computation. In a parallel block each process starts at the same
time, independently of the others. But the parallel block (which isitself an process)
only ends when all processes terminate. This semantic demands synchronisation
mechanisms in order to control the intrinsic parallelism of neural nets.

To accomplish this, each NETDEF process has a specific and modular subnet
binding its execution and its synchronization part. Each subnet is activated when
the value 1 is received through a specia input validation line IN. The computation
of a subnet terminates when the validation output neuron ouT writes value 1.

Nt 1 Nl 1 [ NPl 1 P ouT
@




ouT

-(n-1)

(b)
Fig. 7. Block Processes. (a) SEQ|4, ..., In ENDSEQ,
(b) PAR I, ..., 1, ENDPAR. All subnets are denoted by squares.

2.4.2. Occam® Channels

NETDEF assumes the Occam® channel communication protocol, alowing
independent process synchronisation.

We introduce two new processes, SEND and RECEIVE.
send ::= “SEND” id “ INTO” id.
receive ::= “RECEIVE” id “ FROM” id.

SEND sends a vaue through a channel, blocking the process if the channel is full,
and RECEIVE receives a value through the channel, blocking if the channel is empty,
and waiting until something arrives. To minimise the blocking nature of channels,
see sections 2.7 and 2.8.

Fig. 8. Channel Instructions: (a) VAR C: CHANNEL, (b) SEND X INTO C (C) RECEIVE Y FROM C.

Each channel has a limited memory of one dlot. Using several channels in
sequence, it is possible to create larger buffers. For e.g.,

SEQ
RECEI VE X1 FROM C1; SEND X1 | NTO C- TEMP;
RECEI VE X2 FROM C- TEMP, SEND X2 | NTO C2;

ENDSEQ,

simulates a buffer with two elements.
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2.4.3. Shared Variables

Processes may communicate through global variables - variables defined on the
initial block. In principle, each neuron could see every other neuron in the net. The
subject of variable scopeisan a-priori restriction made by the compilation process.

Several methods in literature, like semaphores or monitors, are implemented as
primitive instructions. These methods are used to promote mutual exclusion
proprieties to a certain language, helping the programmer to solve typical
concurrent problems. In NETDEF there is also a mutual exclusion mechanism for
blocks, providing the same type of service.

2.5. Control NETDEF Structure

The control structure of a NETDEF program consists of one block process (SEQ or
PAR). This process denotes an independent neural net as seen before. The
implementation is then recursive, because each process might correspond to a set of
severa processes. The process subnets are built in a modular way, but they may
share information (via channels or shared variables).

Besides the IN and ouT synchronization mechanism explained in 2.4.1, there is a
gpecia reset input for each instruction module. This reset is connected to every
neuron of the subnet instruction with weight -1. So, if the signal one is sent through
this channel, all neuron activation terminates on the next instant. For simplification,
we do not show these connections. Once more, al subnets are denoted by squares
and non-labelled arcs default to weight 1.

IN—}O—} ouT |N—}6
(b)

@

Fig. 9. Skip and Stop processes: (a) skIP, (b) STOP.

e

Fig. 10. Assignment Process: A := EXPR. All subnets are denoted by squares.

O

Fig. 11. Conditional Process: IF G THEN T ELSE E. All subnets are denoted by squares.
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The cASE process can be seen as the parallel block of IF processes. The COND
process is the sequential block of IF processes.

IN IN
IN@’GOUTZ P P [oor

RES K

=] ) out

Fig. 12. Loop Instruction: WHILE G DO P. All subnets are denoted by squares.

Other loop instructions (like REPEAT-UNTIL) are built in the same way.

2.6. Proceduresand Functions

Functions and Procedures are not duplicated. They have complex neural nets to
ensure that just one call is executed at each time, blocking other calls until the end
of execution. This make effective lock mechanisms on shared data (e.g., accessing
data through only one procedure).

Functions and procedures have parameters by value (copy the value of the
expression into the argument of the procedure/function) and a sort of parameter by
result (copy the value of the variable into the argument and when the
function/procedure ends, copy the value of the argument back to the initial
variable). For syntax details see examplein 3.2.

However, an important fault exists in NETDEF functions and procedures, there is no
recursion. This is a complex problem, since the number of neurons is fixed by
compilation. There is no easy way to simulate a stack mechanism of function calls
into neural nets.

2.7. Input/ Output

To handle input from the environment and output results, NETDEF uses the channel
primitives with two specia set of channels, INg (linked directly with input
channel ux) and ouTk. The number of in/out channels is defined before compilation.
This subject depends on the application context, so we do not define the
architecture of these interfaces. In principle, input channels must have a FIFO list
in order to keep the incoming data, and a structure to maintain the IN channelsin a
coherent state (i.e., update the channel flag of INk each time uk sends avalue).

Fig. 13. Input channel uy, connects with NETDEF channel INy.

With these, in/out operations are simple channel calls. An in/out example could be,

SEQ
RECEI VE & FROM I N1;
SEND a | NTO QUT2;

ENDSEQ,

receiving data into variable ‘a’ from the first input channel, and send it through the
second output channel.

12



To obtain asynchronous in/out, there is a boolean function ISEMPTY(channel)
returning true if the channel is empty, or false otherwise.

IN ]\‘ ISEMPTY(C)

ouT

Fig. 14. Asynchronous in/out.

E.g., to implement an asynchronous output,
I F I SEMPTY( C) THEN SEND X INTO C

28. Timers

In real applications, some processes may create deadlock situations. The NETDEF
communication primitives (SEND and RECEIVE) are blocking, i.e., they wait until
some premises are satisfied (the channel must be empty for seNnD and full for
RECEIVE). The problem lies if these premises never happen. And waiting
indefinitely for input can be a serious problem in real-time applications. To handle
this, NETDEF has several timer processes.

The first one is TRy. It guarantees termination, if the instruction does not end
before the expected time (given by an integer variable).

timed-instruction ::= “ TRY” “(“ variable ")” instruction.

ouT

Fig. 15. Timer Constructor: TRY(N) P. All subnets are denoted by squares.

neurons X has arcs with weight —M, and Y has arcs with weight —1, to neurons A,
B and C.

Two other types of timers exist: delay-timers and cyclic-timers. Delay timers delay
the execution of instructions during a given time.

delayed-ingruction ::= “DELAY” “(“ variable ")" instruction.

13



-3/2-4/m

P oot P out

Fig. 16. Timer Constructor: DELAY(N) P. All subnets are denoted by squares.

Cyclic-timers restart the execution of an instruction whenever a specific time
passed. They can be used to simulate interrupts.

cyclic-instruction ::= “ cycLE” “(* variable ”)” instruction.

-3/2-3/IM

M ouT P OUT

IN /M M
P

Fig. 17. Timer Constructor: CYCLE (N) P. All subnets are denoted by squares.

Severa timer constructs can be used sequentially. For e.g.,

CYCLE (10000) TRY(50) I1Fflag = 1 THEN SEND X INTO C

means that on each 10 000 cycles, it will check if an integer variable ‘flag’ has
value 1. If it is, send value X through channel C. If the variable cannot be sent in 50
cycles, abort execution.

2.9. Non Deter minism

The cHOOSE construct introduces non determinisSnNETDEF. ProcesS£HOOSE non
deterministically selects one of its instructions and executes it.

choose ::= “ CHOOSE” instruction “;” instruction { “;” instruction } “ ENDCHOOSE".

To do so, NETDEF has a special input GUESS that returns random binary values. If
we have N instructions, there is the need of K = [og, NUbits of information in order
to choose one of them. To do so, CHOOSE picks K (binary) values from GUESS, by,
by, ..., b; and use them to activate instruction numiaer bib,...b., (in binary
notation). Ifm > N, thenCHOOSE tries again.

14



l2 [ouT ouT

Fig. 18. Choosing between three instructions (i.e., CHOOSE needs two random bits).
All subnets are denoted by squares.

The weights between neurons b; and neurons 01 and 10 are not presented for clarity
reasons. But the main idea is to activate one specific neuron for each binary string
obtained.

2.10. Exceptions

In high-level languages, like Eiffel® [Interactive 89] or Ada® [USDD 83|,
exceptions are unexpected events occurring during the execution of a system and
disrupting the normal flow of execution (e.g., divison by zero or an operation
overflow). Some exceptions are raised by the system, others by the program itself.
The (hypothetical) neural net hardware is homogenous, there is no system
disruption other than neuron (in one of the operations or in the activation function
computation) or sinapse failure.

Despite the possibility of system failures, our concern herein will be only about
programmer raised exceptions. These exceptions adds some extra block control.
They appear as part of a SEQ or PAR block. First, an example,

met hl-failed : = FALSE
SEQ
IF methl-failed THEN method-1 -- witha "’ RAI SE excp-1’
ELSE method-2 ; -- witha'  RAISE excp-2’
j ob-acconpl i shed : = TRUE
EXCEPTI ON
VWHEN excp-1 Do
SEQ
nmet hl-fail ed: = TRUE
RETRY;
ENDSEQ,
VWHEN excp-2 DO
SEQ
j ob-acconpl i shed : = FALSE;
TERM NATE;
ENDSEQ,
ENDSEQ,

Suppose we have two methods to do the same work. In this sequential block, if the

first method fails, it raises an exception called ‘excp-1’ trapped by the handler part
of the block. It changes the value of the boolean variable and then execute the
block again, trying the second method. If this also fails, then the block terminates
with a no job accomplishment status.

15



Process RAISE E raises exception E. Each exception has an associated process (that
can be again a SEQ or PAR block), and some special block handlers. These block
handlers define what do to with the actual block:

RETRY - reset and execute the block again,
ABORT - reset and terminate the block,
PROPAGATE - reset the block and raise the same exception in the upper block.

Each instruction block with an exception part, has its net architecture changed.

IN
IN— B 57 ouT
RESET
ouT
To upper block
RETRY]| | ABORT
E PROPAGATE

GO—F

Fig. 19. The exception handler E of instruction block B.
Block I isthe instruction associated with exception E.
All subnets are denoted by squares.

Each exception has a specific neuron receiving the block process signal. With this
type of structure, RAISE is defined as,

PAR
E.=1;
STOP;

ENDPAR,

RAI SE E

There is a cascade effect for no handled exceptions. If a block raises an exception E
but has no handler for it, the compiler inserts by default the following handler,

VWHEN E DO PROPAGATE;

Any process sending this signal is not resumed (unless one of the upper blocks
retries its execution).

2.11. Space and Time Complexity

The proposed implementation map is able to trandate any given NETDEF program to
an analog recurrent (rational) neura net that performs the same computations. We
wonder what is the space complexity of the implementation, i.e.,, how many
neurons are needed to support a given NETDEF program? We take a close look at
each basic process, to evaluate its contribution to the size of the final net.

The assignment inserts 3 neurones plus those that are needed to compute the
expression. The skiP and STOP needs only one neuron. The IF-THEN-ELSE needs 4,
and the wHILE needs 5 neurons. The SEQ statement needs no neurons and the PAR of
N processes needs n+2 neurons. SEND heeds 5 neurons and RECEIVE needs 4. Timers
also have constant number of neurons. All other processes have the same behaviour
about the number of neurons.

Data types and operators need a constant or linear number of neurons to the size of
the used information. All expressions can be evaluated with a linear growth in that
number. Every process adds a constant or linear complexity to the final net. The
gpatial complexity of the emulation is linear on the size of the algorithm.

16



Concerning time complexity, each subnet executes its respective command with a
constant delay. NETDEF adds a linear time slow down to the complexity of the
corresponding program.

3.  Application

3.1. Replicated Workers

To illustrate the use of NETDEF, we present an example based on the Replicated
Worker paradigm. There are several parallel algorithms in which the computing
tasks are not known in advance, but are generated dynamically as the program runs.
In these algorithms, the computing tasks cannot be initialy divided among the
available processes. In order to achieve a balanced load, the tasks must be assigned
to processors in a dynamic manner as they are created during the agorithm
execution.

In the Replicated Worker standpoint, an abstract data structure, called Work Pool
(WP), is used. A WP is a collection of task descriptions, each one identifying a
specific task to be performed by any of the available workers. When a worker ends
a task, it gets a new task descriptor from the WP and performs the required
computation. During this process, the worker may produce new tasks, which are
added to the WP (for more details, see [Lester 93]).

The WP has two associated primitives, GETWORK and PUTWORK, through which the
workers may access the WP set of available tasks. A worker fetches one task using
operation GETWORK and may call PUTWORK several times during that task
processing. The worker will keep fetching tasks until it receives a specia
termination task.

There is an important issue, termination. When WP ends its processing? The
obvious answer is when there is no more work to do! This is a problem because it
isaglobal property, it depends on WP state and of all workers. It is not enough to
see if WP is empty, since there is the possibility of an active worker still add some
new tasks to be processed. The algorithm must terminate if and only if all workers
areidle and thereis no task in WP.

3.2. TheNETDEF program

There are three mgjor structures in NETDEF implementation of Replicated Workers,
the WP, the worker and the shared structure that will ensure termination.

3.2.1. TheWork Pool

The WP will be a queue with a limited number of tasks. The FIFO discipline is
good to achieve fairness in task assignation (it could be implemented with levels of
priority). This is the NETDEF code for the queue data structure and its associated
primitives, INIWP, PUTTASK and GETTASK,

consT endWork = 0;  -- special task termnation
VAR task : integer; -- task descriptor

wkPool : ARrRAY [100] oF integer;
firstTask, |astTask : integer;
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FUNCTION i ni WP 1S NI L
SEQ

firstTask := 1;

| ast Task := 1;
ENDSEQ,

FUNCTION put Task ( Task : integer ) ISNL
SEQ
IF nod(| ast Task+1, 100) = firstTask
THEN RAI SE WkPool Ful |

ELSE SEQ
| ast Task : = nod(| ast Task+1, 100);

wkPool [ | ast Task] := Task;

ENDSEQ,
EXCEPTI ON

WHEN WKk Pool Ful | DO RETRY;

ENDSEQ,
FUNCTION get Task ( VAR Task : integer ) ISNL
SEQ

IF | ast Task = firstTask
THEN RAI SE wkPool Enpty
ELSE SEQ
Task : = wkPool [ firstTask] ;
firstTask := nmod(firstTask+1l, 100);
ENDSEQ
EXCEPTI ON
WHEN WKPool Enpty DO RETRY;
ENDSEQ
Procedures GETTASK and PUTTASK use exception handlers when the queue is empty
or full respectively. It is expected that some other worker will solve the situation. If

that does not happen, the system will deadlock. Hence, a greater queue is needed.

3.2.2. Termination

To handle termination we will use a global shared integer variable workCount.
When it is positive it keeps how many tasks are at that moment in the WP. If it is
not positive, it says that there are no tasks in the WP and there are |workCount|
workersin an idle state. So, when the variable is equal to -(number of workers), the
WP must terminate. We use the following procedure to update this value:

FUNCTI ON updat eCount ( isGet : boolean) ISNL
IFisGet THEN wor kCount : = pred(wor kCount)
ELSE wor kCount : = succ(workCount);

Since workCount is only modified inside procedure UPDATECOUNT, it works like a
locked shared variable. This control will be done by the GETWORK procedure.
When trying to get awork, if it sees that the termination condition is true, it raises
an exception sending (number of workers-1) special termination tasks to the WP
and terminates itself.

FUNCTION putWork ( Task : integer ) ISNL
SEQ

updat eCount (  FALSE );

put Task( Task );
ENDSEQ,
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FUNCTION getWork ( vAR Task : integer ) ISNL
SEQ
VAR | : |NTEGER;

updat eCount ( TRUE ) ;

IF wor kCount = -nWrkers
THEN RAISE Ter mi nat eWP
ELSE get Task( Task );

EXCEPTI ON
WHEN Ter m nat eWP DO
SEQ
i = 1;
while i < nWrkers do
put Task( endwWbrk );
ABORT;
ENDSEQ,
ENDSEQ,

3.2.3. Theworker

The workers are instances of the same worker model. Of course, each problem
requires a specific worker model. Herein, we present its usual structure. The code
consists of a main loop that stars with a first getWork procedure call. During the
execution of that work, it may generate new tasks and subsequently call PUTWORK
severa times to add these new tasks to the WP. It may also have some access to
shared data. These accesses must be handled by techniques similar to the one used
in procedure updateCount.

SEQ -- code tenplate for worker
VAR Task : integer;

getwork( Task );
WHI LE Task <> endWork DO
SEQ
e - with sonme put Wrk calls
getwork( Task );
ENDSEQ,
ENDSEQ,

3.2.4. Main Program

The main program will be:

NETDEF WorkPool 1S
... — variables and procedures declaration

SEQ
VAR iniTask : integer;
PAR
workCount :=1;
iniWpP;
R construction of iniTask
ENDPAR;
putTask( iniTask );
PAR
... —worker code repeated as many times as needed
ENDPAR;
ENDSEQ,
ENDDEF.

4, Conclusions

We introduced the core of a hew language, NETDEF. NETDEF develops an easy way
to build neural nets performing arbitrarily complex computations. This method is

19



modular, where each process is mapped in an independent neural net. Modularity
brings great flexibility. For example, if a certain task is programmed and compiled,
the resulting net is a modul e that can be used el sewhere.

The Replicated Workers paradigm was used as an example of paralée
programming in NETDEF. It was shown how to make procedure calls to lock access
to shared variablesin atruly synchronous paralel architecture.

The use of finite neural networks as deterministic machines to implement arbitrary
complex algorithmsis now possible by the automation of compilers like NETDEF. If
someday, neural net hardware would be as easy to build as Von Neumann
hardware, then the NETDEF approach will provide a way to insert algorithms into
the massive parallel architecture of artificial neural nets. To test our program, able
to compile and ssimulate the dynamics of neural nets described in this paper, go to
www.di.fc.ul.pt/~jpn/netdef/netdef .htm.
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Appendix A —NETDEF Code for WorkPool sample

NETDEF net Nane(0,0) IS --NORESET

CONST
endWwrk = 0; -- special task termnation
VAR
task : integer; -- task descriptor
wkPool : array [10] of integer;
firstTask, |astTask, sizePool, i, j : integer
wor kCount, nWorkers : integer

b : bool ean;

FUNCTION nod( x : integer; y : integer ) IS INTEGER
SEQ

VWH LE x>=y DO x := Xx-Y;

RETURN x;
ENDSEQ,

-- initialize WrkPool structure

FUNCTION i ni WP IS NI L

SEQ
firstTask := 1;
| ast Task := 1;
si zePool = 10;
endWork : = 255;
ENDSEQ

-- insert a Task into the WrkPoo

FUNCTI ON put Task ( Task : integer ) IS NL
SEQ
i := lastTask+1;
j = nmod(i, sizePool);
IFj = firstTask
THEN RAI SE wkPool Ful
ELSE SEQ
| ast Task : = nmod(i, sizePool);
wkPool [ | ast Task] := Task;
ENDSEQ
EXCEPTI ON
VWHEN wkPool Ful | DO RETRY;
ENDSEQ

-- get a Task fromthe WrkPoo

FUNCTI ON get Task ( var Task : integer ) IS NL
SEQ
VAR i : integer;

| F last Task = firstTask
THEN RAI SE wkPool Enpt y
ELSE SEQ
Task : = wkPool [ firstTask] ;
i = firstTask+1,;

firstTask := nmod(i, sizePool);
ENDSEQ,
EXCEPTI ON
VWHEN wkPool Enpty DO RETRY;
ENDSEQ,

-- procedure to handle term nation

FUNCTI ON updat eCount ( isGet : boolean ) IS NIL
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| F i sGet THEN wor kCount
ELSE wor kCount

pred(wor kCount)
succ(wor kCount) ;

-- insert Work to be done

FUNCTI ON putWork ( Task : integer ) IS NL
SEQ

b := fal se;

updat eCount ( b );

put Task( Task );
ENDSEQ

-- get undone Work

FUNCTI ON getWork ( var Task : integer ) IS NL
SEQ
VAR i : integer;;

b := true;
updat eCount ( b );
| F wor kCount = - nWbrkers
THEN RAI SE Ter m nat eWP
ELSE get Task( Task );
EXCEPTI ON
VWHEN Ter m nat eWP DO
SEQ
i = 1;
VH LE i < nWorkers DO
put Task( endWbrk );
ABCRT;
ENDSEQ,
ENDSEQ,

SEQ -- Min Block
VAR i ni Task, Taskl : integer;

PAR
wor kCount : = 1;
nWorkers : = 1;
i ni WP();
ENDPAR;
put Task( ini Task );
PAR -- workers..
SEQ -- workerl

get Wor k( Taskl );
WHI LE Taskl <> endWork DO
SEQ
-- with sonme put Wrk calls
get Wor k( Taskl );
ENDSEQ,

ENDSEQ, -- endWrkerl
ENDPAR;

ENDSEQ
ENDDEF.
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Appendix B — Neural net structure of the previous code (679 neurons and
1438 synapses)

MOl n(i +1) = sigma( )

MoQut (i +1) = sigma( + 1,0 * SEQLOQut (i) )

CONI : endWork(i +1) = sigma( - 1,0 * VI8Qut(i) + 1,0 * ATRSExpR(i) + 0,5 )

VARl MhO: task(i+1) = sigma( + 1,0 * VARI MO:task(i) )

VARl MhO: wkPool I n(i +1) = sigma( + 1,0 * ATROAWIi) + 1,0 * W17Qut(i) )

VARl MhO: wkPool Qut (i +1) = sigma( + 1,0 * VAR M0: wkPool d3In(i) + 1,0 *
VARI Mh0: wkPool d7In(i) )

VARI MhO: wkPool Resl (i +1) = sigma( + 1,0 * VAR M0: wkPool [1]6(i) + 1,0 *

VARI Mh0: wkPool [2] 6(i) + 1,0 * VARI Mh0: wkPool [3]6(i) + 1,0 *
VARI Mh0: wkPool [4] 6(i) + 1,0 * VAR MhO: wkPool [5]6(i) + 1,0 *
VARI Mh0: wkPool [6]6(i) + 1,0 * VAR MhO: wkPool [7]6(i) + 1,0 *
VARI Mh0: wkPool [8]6(i) + 1,0 * VARI M0: wkPool [9]6(i) + 1,0 *

VARI MhO: wkPool [ 10] 6(i) )
VARl MhO: wkPool Val (i +1) = sigma( + 1,0 * ATR9dVal (i) )
VARI Mh0: wkPool dV(i +1) = sigma( + 1,0 * VAR MO: wkPool In(i) + 1,0 *
VARI Mn0: wkPool Val (i) - 1,0)
VARl MhO: wkPool ddV(i +1) = sigma( + 1,0 * VARI Mh0: wkPool dV(i) )
VARl MhO: wkPool d3V(i +1) = sigma( + 1,0 * VARI Mh0: wkPool ddV(i) )
VARl MhO: wkPool Id(i+1) = sigma( + 1,0 * ATRAdId(i) )
VARl Mh0: wkPool dl d(i +1) = sigma( + 1,0 VARl Mn0: wkPool In(i) + 1,0 *
VARl MhO: wkPool Id(i) - 1,0
VARl Mh0: wkPool dI n(i +1) = sigma( + 1,0
VARI MhO: wkPool Id(i) - 1,0
VARI Mh0: wkPool ddI n(i +1) sigma( + 1,0 * VAR MO: wkPool dI n(i
VARI Mh0: wkPool d3I n(i +1) sigma( + 1,0 * VARI M0: wkPool ddI n(
VARI MhO: wkPool d4l n(i +1) sigma( + 1,0 * VAR M0: wkPool | n(i)
VARI M0: wkPool Val O(i) 0)
VARI Mh0: wkPool d51 n(i +1) sigm( + 1,0 * VARI M0: wkPool d4l n(i) )
VARI MhO: wkPool d6él n(i +1) sigma( + 1,0 * VARI M0: wkPool d5I n(i) )
+ 1,0
+ 1,0

)
* VARI Mh0: wkPool I n(i) + 2E13 *
)
) )
i))
+ 2E13 *

1

VARI Mh0: wkPool d7I n(i +1) si gma( * VAR M0: wkPool d6l n(i) )

VARI Mh0: wkPool Val O(i +1) si gma( ,0 * WI17Resl (i) )

VARl MhO: wkPool dvQ(i +1) = sigma( + 1,0 * VAR MO: wkPool In(i) + 1,0 *
VARl MhO: wkPool Val Q(i) - 1,0)

VARl MhO: wkPool [ 1] (i +1) = sigma( + 1,0 * VARI MO: wkPool [1] (i) - 1,0 *
VARI Mh0: wkPool [ 1] 2(i) + 1,0 * VARI Mh0: wkPool [1]3(i) + 1,0 *
VARI MhO: wkPool [ 2] 2(i) )

VARI MhO: wkPool [1] 1(i +1) = sigma( + 1,0 * VAR M0: wkPool did(i) - 0,5 )
VARI M0: wkPool [ 1] 2(i +1) = sigma( + 2E13 * VARI M0: wkPool [1] 1(i) )
VARI MhO: wkPool [ 1] 3(i +1) = sigma( + 1,0 * VAR M0: wkPool d3V(i) + 1,0 *
VARI Mh0: wkPool [ 1] 2(i) - 1,0 * VARI Mh0: wkPool [2]2(i) - 1,0 )
VARI MhO: wkPool [ 1] 4(i +1) = sigma( + 1,0 * VARI MhO: wkPool dVvQ(i) - 0,50000000000001 )
VARI M0: wkPool [ 1] 5(i +1) = sigma( + 2E13 * VARI M0: wkPool [ 1] 4(i) )
VARI Mn0: wkPool [ 1] 6(i +1) = sigma( + 1,0 * VARI Mn0:wkPool [1] (i) + 1,0 *
VARI Mh0: wkPool [1]5(i) - 1,0 * VARI M0: wkPool [2]5(i) - 1,0)

VARl MhO: wkPool [ 2] (i +1) = sigma( + 1,0 * VAR MO: wkPool [2](i) - 1,0 *
VARI Mn0: wkPool [2] 2(i) + 1,0 * VARI Mn0:wkPool [2]3(i) + 1,0 *
VARI MhO: wkPool [ 3] 2(i) )

VARl MhO: wkPool [ 2] 1(i +1) = sigma( + 1,0 * VARI MhO: wkPool dl d(i) - 0,5000000000001 )
VARl MhO: wkPool [ 2] 2(i +1) = sigma( + 2E13 * VARI MhO: wkPool [ 2] 1(i) )
VARI MhO: wkPool [ 2] 3(i +1) = sigma( + 1,0 * VAR M0: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [2]2(i) - 1,0 * VAR MhO: wkPool [3]2(i) - 1,0 )
VARl MO: wkPool [ 2] 4(i +1) = sigma( + 1,0 * VARI MO0: wkPool dVQ(i) - 0,50000000000011 )
VARI M0: wkPool [ 2] 5(i +1) = sigma( + 2E13 * VAR M0: wkPool [ 2] 4(i) )
VARI MhO: wkPool [2] 6(i +1) = sigma( + 1,0 * VAR Mi0: wkPool [2] (i) + 1,0 *

VARI Mh0: wkPool [2] 5(i) - 1,0 * VAR MhO: wkPool [3]5(i) - 1,0 )

VARI Mn0: wkPool [ 3] (i +1) = sigma( + 1,0 * VAR MO: wkPool [3] (i) - 1,0 *
VAR Mh0: wkPool [3] 2(i) + 1,0 * VAR Mi0: wkPool [3]3(i) + 1,0 *
VARI MhO: wkPool [ 4] 2(i ) )

VARI MhO: wkPool [ 3] 1(i +1) = sigma( + 1,0 * VAR Mi0: wkPool di d(i) - 0, 5000000000002 )
VAR Mn0: wkPool [ 3] 2(i +1) = sigma( + 2E13 * VAR MhO: wkPool [ 3] 1(i) )
VARI MhO: wkPool [ 3] 3(i +1) = sigma( + 1,0 * VAR M0: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [3] 2(i) - 1,0 * VAR MhO: wkPool [4]2(i) - 1,0 )
VARI MhO: wkPool [ 3]4(i +1) = sigma( + 1,0 * VAR MO: wkPool dVQ(i) - 0, 50000000000021 )
VAR Mn0: wkPool [ 3] 5(i +1) = sigma( + 2E13 * VAR MhO: wkPool [ 3] 4(i) )
VARI M0: wkPool [ 3] 6(i +1) = sigma( + 1,0 * VAR M0: wkPool [3] (i) + 1,0 *

VARI Mh0: wkPool [3]5(i) - 1,0 * VAR MO: wkPool [4]5(i) - 1,0 )

VARl Mh0: wkPool [4] (i +1) = sigma( + 1,0 * VARI MO: wkPool [4] (i) - 1,0 *
VARl MhO: wkPool [4] 2(i) + 1,0 * VAR M0: wkPool [4]3(i) + 1,0 *
VARI Mh0: wkPool [ 5] 2(i) )

VARl Mh0: wkPool [4] 1(i +1) = sigma( + 1,0 * VARI Mh0: wkPool dl d(i) -

VARI Mh0: wkPool [ 4] 2(i +1) sigma( + 2E13 * VAR Mh0: wkPool [ 4] 1(i)

0, 5000000000003 )
)
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VARI M0:

VARl MhO:

VAR MhO

VARl MhO:

VARI M0:

VARl MhO

VARl MhO:

VARI M0:
VARl MhO:

VARl MhO

VARI Mh0

VARI M0:
VARI M0:

VARl MhO

VAR MhO

VARl MhO:
VARl MhO:

VARl MhO:

VAR MhO:
VAR MhO:
VARl MhO:

VARI MO0:
VARI M0:
VARl MhO:

VARI M0:

VARl MhO:

VARI M0:
VARI MO0:

VAR MhO

VARI M0:

VARl M0

VARl MhO:

VARl M0

VARI MO0:

VARl MhO

VARI M0:

VARl MhO

VAR MhO

VARl MhO:
VARl MhO:
VARl MhO:
VARl MhO:
VARl MhO:

VARI MO0:

s wkPool [ 4] 5(i +1)
VARI MnO0:

:wkPool [9]1(i +1) = sigma( + 1,0 * VARI Mh0: wkPool dl d(i)
VARl MhO:
VARl MhO:

- wkPool [ 9] 5(i +1)
VAR! MnO:

- wkPool [ 10] 1(i +1)
VARI MhO:
- wkPool [ 10] 3(i +1)

wkPool [4] 3(i +1) = sigma( + 1,0 * VARI MO: wkPool d3V(i) + 1,0 *
VARI Mh0: wkPool [4]2(i) - 1,0 * VARI M0: wkPool [5]2(i) - 1,0 )
wkPool [ 4] 4(i +1) sigma( + 1,0 * VAR MO0: wkPool dVQ(i) - 0,50000000000031 )
sigma( + 2E13 * VARl Mn0: wkPool [4]4(i) )
wkPool [ 4] 6(i +1) sigma( + 1,0 * VAR M0: wkPool [4] (i) + 1,0
VARI MhO: wkPool [4]5(i) - 1,0 * VARI MhO: wkPool [5]5(i) - 1,
wkPool [5] (i +1) = sigma( + 1,0 * VAR MhO: wkPool [5](i) - 1,0 *
VARI Mh0: wkPool [5]2(i) + 1,0 * VARI Mh0: wkPool [5]3(i) + 1,0 *
VARI MhO: wkPool [ 6] 2(i) )

0)

wkPool [5] 1(i +1) = sigma( + 1,0 * VAR M0: wkPool di d(i) - 0, 5000000000004 )
:wkPool [ 5] 2(i +1) = signa( + 2E13 * VAR Mh0: wkPool [ 5] 1(i) )
wkPool [ 5] 3(i +1) = sigma( + 1,0 * VAR MO: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [5]2(i) - 1,0 * VAR MhO: wkPool [6]2(i) - 1,0 )
wkPool [5] 4(i+1) = sigma( + 1,0 * VAR MO: wkPool dVQ(i) - 0, 50000000000041 )
wkPool [ 5] 5(i +1) = sigma( + 2E13 * VAR M0: wkPool [ 5] 4(i) )
:wkPool [5] 6(i +1) = sigma( + 1,0 * VARI M0: wkPool [5] (i) + 1,0 *

VARI Mh0: wkPool [5]5(i) - 1,0 * VAR MhO: wkPool [6]5(i) - 1,0 )

:wkPool [6] (i +1) = sigma( + 1,0 * VARI Mh0: wkPool [6] (i) - 1,0 *

VAR Mh0: wkPool [ 6] 2(i) + 1,0 * VAR Mi0: wkPool [6]3(i) + 1,0 *
VARI Mh0: wkPool [ 7] 2(i) )

wkPool [ 6] 1(i +1) = sigma( + 1,0 * VAR MO0: wkPool di d(i) - 0, 5000000000005 )
wkPool [ 6] 2(i +1) = sigma( + 2E13 * VAR MO: wkPool [ 6] 1(i) )
:wkPool [ 6] 3(i +1) = sigma( + 1,0 * VAR M0: wkPool d3V(i) + 1,0 *

VARI MhO: wkPool [6]2(i) - 1,0 * VAR Mh0:wkPool [7]2(i) - 1,0)
:wWkPool [ 6] 4(i+1) = sigma( + 1,0 * VARI Mh0: wkPool dvQ(i) - 0,50000000000051 )
wkPool [ 6] 5(i +1) = sigma( + 2E13 * VAR MhO: wkPool [ 6] 4(i) )
wkPool [ 6] 6(i +1) = sigma( + 1,0 * VARI MhO: wkPool [6] (i) + 1,0 *

VARI MhO: wkPool [6]5(i) - 1,0 * VAR MhO: wkPool [7]5(i) - 1,0 )

wkPool [ 7] (i +1) = sigma( + 1,0 * VAR MO: wkPool [7](i) - 1,0 *
VARl MhO: wkPool [ 7]2(i) + 1,0 * VARI M0: wkPool [7]3(i) + 1,0 *
VARI MhO: wkPool [ 8] 2(i) )

wkPool [ 7] 1(i +1) = sigma( + 1,0 * VARI M0: wkPool dl d(i) - 0,5000000000006 )
wkPool [ 7] 2(i +1) = sigma( + 2E13 * VARI MhO: wkPool [ 7] 1(i) )
wkPool [ 7] 3(i +1) = sigma( + 1,0 * VAR MhO: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [ 7] 2(i) - 1,0 * VARI Mh0: wkPool [8]2(i) - 1,0 )
wkPool [ 7] 4(i +1) = sigma( + 1,0 * VARI M0: wkPool dVQ(i) - 0,50000000000061 )
wkPool [ 7] 5(i +1) = sigma( + 2E13 * VARI MhO: wkPool [ 7]4(i) )
wkPool [ 7] 6(i +1) = sigma( + 1,0 * VAR MO: wkPool [7](i) + 1,0 *

VARI MhO: wkPool [ 7]15(i) - 1,0 * VARI M0: wkPool [8]5(i) - 1,0)

wkPool [ 8] (i +1) = sigma( + 1,0 * VAR MO: wkPool [8](i) - 1,0 *
VARI Mh0: wkPool [ 8] 2(i) + 1,0 * VARI Mh0: wkPool [8]3(i) + 1,0 *
VARI MhO: wkPool [ 9] 2(i) )

wkPool [ 8] 1(i +1) = sigma( + 1,0 * VARI MhO: wkPool dl d(i) - 0, 5000000000007 )
wkPool [ 8] 2(i +1) = sigma( + 2E13 * VARI MhO: wkPool [ 8] 1(i) )
wkPool [ 8] 3(i +1) = sigma( + 1,0 * VARI MhO: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [8]2(i) - 1,0 * VARI Mh0: wkPool [9]2(i) - 1,0 )
:wkPool [8]4(i+1) = signma( + 1,0 * VAR M0: wkPool dVQ(i) - 0,50000000000071 )
wkPool [ 8] 5(i +1) = sigma( + 2E13 * VARI Mh0: wkPool [ 8]4(i) )
:wkPool [8] 6(i +1) = sigma( + 1,0 * VARI MhO: wkPool [8] (i) + 1,0 *

VARI Mh0: wkPool [8]5(i) - 1,0 * VARI M0: wkPool [9]5(i) - 1,0 )

wkPool [9] (i +1) = sigma( + 1,0 * VAR MhO: wkPool [9](i) - 1,0 *
VARI Mh0: wkPool [9]2(i) + 1,0 * VARI M0: wkPool [9]3(i) + 1,0 *
VARI Mh0: wkPool [ 10] 2(i) )

- 0,5000000000008 )
wkPool [ 9] 2(i +1) sigma( + 2E13 * VARI MO: wkPool [9] 1(i) )

wkPool [ 9] 3(i +1) sigm( + 1,0 * VAR MO: wkPool d3V(i) + 1,0 *

VARI Mh0: wkPool [9]2(i) - 1,0 * VAR MhO: wkPool [10]2(i) - 1,0 )

wkPool [9] 4(i +1) = sigma( + 1,0 * VAR MO: wkPool dVQ(i) - 0, 50000000000081 )

sigma( + 2E13 * VARI M0: wkPool [9]4(i) )

sigma( + 1,0 * VAR M0:wkPool [9] (i) + 1

wkPool [ 9] 6(i +1)
VARl MhO: wkPool [ 9] 5(i) - 1,0 * VARI M0: wkPool [10]5(i) - 1
wkPool [ 10] (i +1) = sigma( + 1,0 * VARI M0: wkPool [10] (i) - 1,0
VARl MhO: wkPool [ 10] 2(i) + 1,0 * VARI M10: wkPool [ 10] 3(i) )
sigma( + 1,0 * VARI MO0: wkPool dl d(i) - 0, 5000000000009 )
sigma( + 2E13 * VARI MhO: wkPool [10] 1(i) )
sigm( + 1,0 * VAR MO: wkPool d3V(i) + 1,0 *
VARI Mh0: wkPool [10] 2(i) - 1,0 )
wkPool [ 10] 4(i +1) sigma( + 1,0 * VARI Mn0: wkPool dVQ(i) - 0,50000000000091 )
wkPool [ 10] 5(i +1) sigma( + 2E13 * VARI MhO: wkPool [ 10]4(i) )
wkPool [ 10] 6(i +1) sigma( + 1,0 * VAR M0: wkPool [10](i) + 1,0 *
VARI Mh0: wkPool [ 10]5(i) - 1,0 )
j(i+1l) = sigma( + 1,0 * VARIMO:j(i) - 1,0 * CALL1Qut(i) + 1,0 *
ATR7TEXpR(i) )
i(i+1) = sigma( + 1,0 * VARIMO:i(i) - 1,0 * SUMLQut(i) + 1,0 * ATRGEXpR(i)
)

0
,0)

wkPool [ 10] 2(i +1)

si zePool (i +1) = sigma( + 1,0 * VAR MO:sizePool (i) - 1,0 * VI7Qut(i) + 1,0
* ATRAEXpR(i) )
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VARI MhO: | ast Task(i+1) = sigma( + 1,0 * VAR MO:lastTask(i) - 1,0 * VieQut(i) + 1,0
* ATR3EXpR(i) - 1,0 * CALL2Qut(i) + 1,0 * ATRBEXpR(i)

VARl MhO: firstTask(i+1) = sigma( + 1,0 * VARIMO:firstTask(i) - 1,0 * VI5Qut(i) +
1,0 * ATR2ExpR(i) - 1,0 * CALL3Qut(i) + 1,0 * ATRI2ExpR(i) )

VARl MhO: nWorkers(i+1) = sigma( + 1,0 * VAR MhO: nWorkers(i) - 1,0 * VI32Qut(i) + 1,0
* ATRI9EXpR(i) )

VARI MhO: wor kCount (i +1) = sigma( + 1,0 * VARI MO:workCount(i) - 1,0 * PRE1Qut(i) +
1,0 * ATRI3ExpR(i) - 1,0 * SUCIQut(i) + 1,0 * ATRI4ExpR(i) - 1,0 *
VI310ut (i) + 1,0 * ATRISEXpR(i) )

VARBMO: b(i+1) = sigma( + 1,0 * VARBMIO: b(i) + 1,0 * ATRISEXpR(i) - 1,0 *
VB25Qut (i) + 1,0 * ATRLI6EXpR(i) )

FI :nodln(i+1) = sigma( + 1,0 * CALL1Bgn(i) + 1,0 * CALL2Bgn(i) + 1,0 * CALL3Bgn(i)

)
Fl:modQut (i +1) = sigma( + 1,0 * Fl:nmodddQut (i) )
FI : nodResl (i +1) sigma( + 1,0 * Fl:nodddRes(i) )
FI : noddQut (i +1) sigma( + 1,0 * SEQLQut (i) )
Fl : modddQut (i +1) = sigma( + 1,0 * Fl:moddQut (i) )
Fl : moddRes(i +1) = sigma( + 1,0 * SEQLResl (i) )
Fl : rodddRes(i +1) = sigma( + 1,0 * Fl: noddRes(i) )
VARI LFI : mod: x(i +1) = sigma( - 1,0 * Fl:nodddQut(i) + 1,0 * VARILFl:nod:x(i) + 1,0 *
FI:modArgl(i) - 1,0 * SUB1Qut(i) + 1,0 * ATRIEXpR(i) )
FI: modArgl(i+1) = sigma( + 1,0 * CALL1dM 1(i) + 1,0 * CALL2dVI 1(i) + 1,0 *
CALL3dVI 1(i) )
VARI LFI : nod: y(i +1) = sigma( - 1,0 * Fl:nodddQut(i) + 1,0 * VARILFI:nod:y(i) + 1,0 *
Fl : modArg2(i) )
FI: modArg2(i+1) = sigma( + 1,0 * CALL1dM 2(i) + 1,0 * CALL2dVI2(i) + 1,0 *
CALL3dVI 2(i) )
FI :nodO(i +1) = signa( + 1,0 * MiOIn(i) + 1,0 * Fl:nod3d(i) )
Fl : modOd(i +1) = sigma( + 1,0 * Fl:nodO(i) )
SEQLIn(i+1) = sigma( + 1,0 * Fl:modIn(i) )
SEQLQut (i +1) = sigma( + 1,0 * SEQLdAbr (i) )
SEQLReset (i +1) = sigma( + 1,0 * SEQLAbort (i) )
SEQLAbort (i +1) = sigma( + 1,0 * RET1In(i) )
SEQLRes! (i +1) = sigma( + 1,0 * RET1ddRs(i) )
SEQLdAbr (i +1) = sigma( + 1,0 * SEQLAbort (i) )
WHL1In(i+1) = sigma( + 1,0 * SEQLIn(i) - 1,0 * SEQLReset(i) + 1,0 * ATRLQut(i) )
VWHL1EXpR(i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * CGE1Qut(i) + 1,0 * CElResl (i) -
1,0

WHL1Qut (i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * GElQut(i) - 1,0 * GElResl (i) )

W1LIn(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * CElIn(i) )

WiQut (i +1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * WilIn(i) )

W1Res! (i +1) = sigma( + 1,0 * VARILFI:nod: x(i) - 1,0 * SEQLReset(i) + 1,0 *
Wiin(i) - 1,0)

W2In(i+1l) = sigma( - 1,0 * SEQLReset(i) + 1,0 * CElIn(i) )

W2Qut (i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * W2In(i) )

W2Res! (i +1) = sigma( + 1,0 * VARILFI:nod:y(i) - 1,0 * SEQLReset(i) + 1,0 *
W2In(i) - 1,0)

GElln(i+1l) = sigma( - 1,0 * SEQLReset (i) + 1,0 * WHL1In(i) )

GElQut (i +1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * GE1d3W (i) )

CGElResl (i +1) = sigma( - 1,0 * SEQLReset(i) - 1,0 * GE1ddRs(i) + 1,0 * GE1d3W (i) )

CGEldRs(i+1) = sigma( - 1,0 * CGE1dLf(i) + 1,0 * GELldRg(i) )

CGElddRs(i +1) = sigma( + 2E13 * GE1dRs(i) )

GE1lddW (i +1) = sigma( + 1,0 * GE1dW (i) )

GE1d3W (i +1) = sigma( + 1,0 * GE1ddW (i) )

GElwait (i +1) = sigma( - 1,0 * SEQLReset(i) - 1,0 * GElwait(i) + 1,0 * CGEIWLf(i) +
1,0 * GElwRg(i) - 1,0)

GE1dW (i+1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * GElwait(i) )

GE1vLf(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * WIResl (i) - 1,0 * GElwait (i) +
1,0 * GELvLf(i) )

GEIwWLf (i +1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * WiQut(i) - 1,0 * GElwait(i) +
1,0 * GEIWLf (i) )

GE1dLf (i+1) = sigma( - 1,0 * SEQIReset (i) + 1,0 * GElwait(i) + 1,0 * GELVLf(i) -
1,0)

GE1vRg(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * W2Resl (i) - 1,0 * GElwait(i) +
1,0 * GE1vRg(i) )

GEIwRg(i+1) = sigma( - 1,0 * SEQIReset (i) + 1,0 * W2Qut(i) - 1,0 * GElwait(i) +
1,0 * GEIwRg(i) )

GE1dRg(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * GElwait(i) + 1,0 * GEL1vRg(i) -
1,0)

Wa3In(i+l) = sigma( - 1,0 * SEQLReset (i) + 1,0 * SUBLlIn(i) )

W3Qut (i +1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * W3In(i) )

W3Res| (i +1) = sigma( + 1,0 * VAR LFl:nod:x(i) - 1,0 * SEQLReset (i) + 1,0 *
Wa3In(i) - 1,0)

WAIn(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * SUBLlIn(i) )

Wi4Qut (i +1) = sigma( - 1,0 * SEQLReset (i) + 1,0 * WA4In(i) )

WA4Resl (i +1) = sigma( + 1,0 * VARILFl:nod:y(i) - 1,0 * SEQLReset(i) + 1,0 *
WAIn(i) - 1,0)
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SUBLI n(i +1)
SUB1Qut (i +1)

SUB1Resl (i +1)

SUBLwai t (i +1)

SUBLAW (i +1)
SUB1vLf (i +1)

SUBLWL (i +1)
SUBLALS (i +1)
SUBLVRg(i +1)
SUBLWRg(i +1)
SUBLdRg(i +1)

ATRLI n(i +1)

= sigma( -

1,0 * SEQLReset(i) + 1,0 * ATRLIn(i) )

=sigma( - 1,0 * SEQLReset (i) + 1,0 * SUBLdW (i) )

1

1n o

* SUBL1dRg(i) - 0,5 )

sigma( - 1,0 * SEQLReset (i) -
+ 1,0 * SUBIWRg(i) - 1,0 )

sigma( - 1,0 * SEQLReset (i) +
sigma( - 1,0 * SEQLReset (i) +
1,0 * SUBLVLf(i) )

1,0 *
1,0 *

= sigma( - 1,0 * SEQIReset(i) + 1,0 * W30Qut(i) - 1,0 * SUBlwait(i) +
1,0 * SUBIWLf (i) )

= sigma( - 1,0 * SEQIReset(i) + 1,0 * SUBIwait(i) + 1,0 * SUBLVLf(i) -

= sigma( - 1,0 * SEQIReset(i) + 1,0 * WA4Resl (i) - 1,0 * SUBlwait(i) +
1,0 * SUBLVRg(i) )

= sigma( - 1,0 * SEQIReset(i) + 1,0 * WA4Qut(i) - 1,0 * SUBlwait(i) +

1,0 * SUBIwWRg(i) )
=sigma( - 1,0 * SEQLReset (i) + 1,0 *

= sigma( -

1,0 * SUBIwait(i) + 1,0 * SUBLIwWLf (i)

SUBLwai t (i) )
W3Res! (i) - 1,0 * SUBlwait(i) +

SUBlwai t (i) + 1,0 * SUBLVRg(i)

1,0 * SEQLReset(i) + 1,0 * WHL1EXpR(i) )

ATRLEXpR(i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * SUBLOut(i) + 1,0 * SUBLResl (i)

sigma( - 1,0 * SEQLReset(i) + 1,0 * SUBLdW (i) + 1,0 * SUBLALf(i) -

ATRIQut (i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * SUBlQut(i) )

RET1lIn(i+1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * WHL1Qut(i) )

RET1dRs(i +1) = sigma( + 1,0 * VARILFl:nod: x(i) - 1,0 * SEQLReset(i) + 1,0 *
RET1In(i) - 1,0)

RET1ddRs(i +1) = sigma( - 1,0 * SEQLReset(i) + 1,0 * RET1dRs(i) )

F_:iniwWPln(i+l) = signa( + 1,0 * CALL9Bgn(i) )

F_:iniWPQut (i +1) = signa( + 1,0 * F_:iniWpddQut (i) )

F_:iniWpdQut (i +1) = sigma( + 1,0 * SEQQut (i) )

F_:iniWddQut (i +1) = sigma( + 1,0 * F_:ini WdQut (i) )

F_:iniWPO(i+1) = sigma( + 1,0 * MOIn(i) + 1,0 * F_:iniWP1ld(i) )

F_:iniWPOd(i+1) = sigma( + 1,0 * F_:iniWPO(i) )

SEQ@In(i+1) = sigma( + 1,0 * F_:iniWPIn(i) )

SEQQut (i +1) = sigma( + 1,0 * ATR5QuUt (i) )

VISIn(i+1) = sigma( + 1,0 * ATR2In(i) )

VI5Qut (i +1) = sigma( + 1,0 * MI5In(i) )

VI5Resl (i +1) = sigma( + 1,0 * VI5In(i) - 0,4999999999999 )

ATR2In(i+1) = sigma( + 1,0 * SEQIn(i) )

ATR2EXpR(i +1) = signma( + 1,0 * VI5Qut(i) + 1,0 * VI5Resl (i) - 1,0)

ATR2Qut (i +1) = sigma( + 1,0 * VI5Qut(i) )

VI6In(i+1l) = sigm( + 1,0 * ATR3In(i) )

Vi6Qut (i+1) = sigma( + 1,0 * MI6In(i) )

VI 6Resl (i +1) = sigma( + 1,0 * VI6In(i) - 0,4999999999999 )

ATR3In(i +1) = sigma( + 1,0 * ATRCQut (i) )

ATR3EXpR(i +1) = signa( + 1,0 * VI6Qut(i) + 1,0 * VI6Resl (i) - 1,0)

ATR3Qut (i +1) = sigma( + 1,0 * VI6Qut(i) )

VI7In(i+1) = sigma( + 1,0 * ATRAIn(i) )

VI7Qut (i +1) = sigma( + 1,0 * VI7In(i) )

VI 7Resl (i+1) = sigma( + 1,0 * VI7In(i) - 0,499999999999 )

ATR4I n(i+1) = sigma( + 1,0 * ATR3Qut (i) )

ATRAEXpR(i +1) = sigma( + 1,0 * VI7Qut(i) + 1,0 * VI7Resl (i) - 1,0)

ATR4Qut (i +1) = sigma( + 1,0 * VI7Qut (i) )

VI8In(i+l) = sigma( + 1,0 * ATRGINn(i) )

vigQut (i+1) = sigma( + 1,0 * M8In(i) )

VI8Resl (i+1) = sigma( + 1,0 * VI8In(i) - 0,4999999999745 )

ATRSINn(i+1) = sigma( + 1,0 * ATRAQut (i) )

ATRSExpR(i +1) = sigma( + 1,0 * VI8Qut(i) + 1,0 * VI8Resl (i) - 1,0)

ATR5QuUt (i +1) = sigma( + 1,0 * VI8Qut(i) )

F_: put Taskl n(i +1) =
CALL10Bgn(i) )
F_: put TaskCQut (i +1)
F_: put TaskdQut (i +1) =
F_: put TaskddQut (i +1) =

VARI LF_: put Task: Task(i +1) = sigma( -

sigma( + 1,0 * CALLSBgn(i) + 1,0 * CALL8Bgn(i) + 1,0 *

= sigma( + 1,0 * F_:put TaskddQut (i) )

sigm( + 1,0 * SEQ@BQut(i) )

sigm( + 1,0 * F_:put TaskdQut (i) )

1,0 * F_:putTaskddQut(i) + 1,0 *

VARI LF_: put Task: Task(i) + 1,0 * F_:put TaskArgl(i) )

F_: put TaskArgl(i +1)

CALL10dM 1(i) )
F_: put TaskO(i +1)
F_: put TaskOd(i +1) =
SE@I n(i +1) =

SEQQut (i +1) = sigma( + 1,0 * TF1out(i) )

= sigm( + 1,0 * CALL5dVI1(i) + 1,0 * CALL8dVI1(i) + 1,0 *

=sigma( + 1,0 * MOIn(i) + 1,0 * F_: put Task3d(i) )
sigm( + 1,0 * F_:putTaskO(i) )
sigm( + 1,0 * F_:putTasklin(i) + 1,0 * SEQdRet (i) )

SEBReset (i +1)
SE@Ret ry(i +1)
SEQdRet (i +1) =
Wl n(i+1) =

WOQut (i +1)

sigma( + 1,0 * SEQRetry(i) )
sigma( + 1,0 * RTRY1lIn(i) )
sigma( + 1,0 * SEQ@Retry(i) )

sigma( -
= sigma( -
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1,0 * SEQBReset(i) + 1,0 * SUMLIn(i) )
1,0 * SEQBReset(i) + 1,0 * WalIn(i) )



VWWI9Res! (i +1) = sigma( + 1,0 * VAR MO: |l astTask(i) - 1,0 * SEQ3Reset(i) + 1,0 *
Woln(i) - 1,0)
1,0 *

VI 10l n(i +1) = sigma( - SEBReset (i) + 1,0 * SUMLIn(i) )

VI 10Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VI10In(i) )
VI 10Resl (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * VI10In(i) - 0,4999999999999 )
SUMLI n(i+1) = sigma( - 1,0 * SE@BReset (i) + 1,0 * ATR6In(i) )

SuMLQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMLAW (i) )

SUMLResl (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMLALf(i) + 1,0 * SUMLdRg(i) -
0,5)

SUMLwai t (i +1) = sigma( - 1,0 * SEQBReset (i) - 1,0 * SUMlwait (i) + 1,0 * SUMLwWLf (i)
+ 1,0 * SUMIwRg(i) - 1,0)

SUMLAW (i +1) = sigma( - 1,0 * SE@BReset(i) + 1,0 * SUMlwait (i) )

SUMLVLS (i +1) = sigma( - 1,0 * SEQ@BReset (i) + 1,0 * WOResl (i) - 1,0 * SUMlwait (i) +
1,0 * SUMLVLS (i) )

SUMIWLS (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * WOQut(i) - 1,0 * SUMwait (i) +
1,0 * SUMIWLS (i) )

SuMLdLf (i +1) = sigma( - 1,0 * SEQ@BReset(i) + 1,0 * SUMlwait (i) + 1,0 * SUMLVLf (i) -
1,0)

SUMLVRg(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VI10Resl (i) - 1,0 * SUMlwait (i)
+ 1,0 * SUMLVRg(i) )

SUMIWRg(i +1) = sigma( - 1,0 * SEQ@BReset(i) + 1,0 * VI10Qut(i) - 1,0 * SUMlwait(i) +
1,0 * SUMIwWRg(i) )

SUMLdRg(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMlwait(i) + 1,0 * SUMLVRg(i) -
1,0

ATR6In(i+1) = sigma( + 1,0 * SEQ8In(i) - 1,0 * SEQ8Reset(i) )
ATRBEXpR(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMLQut(i) + 1,0 * SUMLResl (i)
1,0

ATR6CQut (i +1) sigm( - 1,0 * SE@BReset(i) + 1,0 * SuMLQut (i) )

CALL1In(i+1) = sigma( + 1,0 * CALLLIn(i) - 1,0 * CALLIEnd(i) + 1,0 * ATR7In(i) )

CALL1CQut (i +1) = sigma( + 1,0 * Fl:modQut (i) + 1,0 * CALLIWOrk(i) - 1,0 )

CALL1Resl (i+1) = sigma( + 1,0 * Fl:nodResl (i) + 1,0 * CALLIWrk(i) - 1,0)

CALL1Bgn(i+1) = sigma( + 1,0 * Fl:npd0d(i) + 1,0 * CALL1In(i) - 1,0 )

CALL1End(i+1) = sigma( + 1,0 * Fl:nodQut (i) - 1,0 * CALL1End(i) + 1,0 *
CALLIWOrk(i) - 1,0)

CALLIWOrk(i+1) = sigma( + 1,0 * CALL1Bgn(i) - 1,0 * CALL1End(i) + 1,0 *
CALLIVOrk(i) )

FI:mod1(i+1) = sigma( + 1,0 * Fl:nod0d(i) + 1,0 * CALL1End(i) )

FI : nod1d(i+1) = sigma( - 1,0 * CALL1Bgn(i) + 1,0 * Fl:nodl(i) )

CALL1dVI 2(i +1) = sigma( + 1,0 * VARI MO: si zePool (i) + 1,0 * CALL1Bgn(i) - 1,0 )

CALL1dMVI 1(i+1) = sigma( + 1,0 * VARIMO:i (i) + 1,0 * CALL1Bgn(i) - 1,0 )

ATR7In(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * ATR6Qut (i) )

ATR7EXpR(i +1) = signa( - 1,0 * SEQ3Reset(i) + 1,0 * CALL1CQut(i) + 1,0 *
CALL1Resl (i) - 1,0)

ATR7CQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * CALL1Qut(i) )

W11l n(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * EQ1lIn(i) )

Wi1lQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * WI11lIn(i) )

W11Resl (i +1) = sigma( + 1,0 * VARIMO:j(i) - 1,0 * SEQReset(i) + 1,0 * W11lIn(i)

- 1,0)

W12In(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * EQLLIn(i) )

W12Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * W12In(i) )

W12Res! (i +1) = sigma( + 1,0 * VARIMO: firstTask(i) - 1,0 * SEQReset(i) + 1,0 *
Wi2in(i) - 1,0)

EQ.1In(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * IFlin(i) )

EQLlQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * EQL1d3W (i) )

EQL1Res!| (i +1) = signma( - 1,0 * SEQBReset(i) - 1,0 * EQL1ddRs(i) + 1,0 * EQL1d3W (i)
)

EQL1dRs1(i+1) = sigma( + 1,0 * EQLAdLf(i) - 1,0 * EQL1dRg(i) )

EQL1dRs2(i+1) = sigma( - 1,0 * EQLAdLf(i) + 1,0 * EQL1dRg(i) )

EQL1ddRs(i +1) = sigma( + 1E13 * EQL1dRs1(i) + 1E13 * EQL1dRs2(i) )

EQL1ddW (i +1) = sigma( + 1,0 * EQLIAW (i) )

EQL1d3W (i +1) = sigma( + 1,0 * EQLIddW (i) )

EQLiwait (i +1) = sigma( - 1,0 * SEQReset(i) - 1,0 * EQLlwait(i) + 1,0 * EQLIWLf(i)

+ 1,0 * EQLIWRg(i) - 1,0)

EQL1dW (i +1) = sigma( - 1,0 * SEQBReset (i) + 1

EQL1vLf (i +1) = sigma( - 1,0 * SEQBReset (i) + 1
+ 1,0 * EQLIVLf(i) )

EQLIWLf (i +1) = signa( - 1,0 * SEQBReset(i) + 1,0 * WI11lQut(i) - 1,0 * EQLlwait(i) +
1,0 * EQLIWLS (i) )

EQL1dLf (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * EQLlwait(i) + 1,0 * EQ.1vLf(i) -

,0* EQ.iwai t (i) )
0 * WI11Resl (i) - 1,0 * EQLlwait (i)

EQL1vVRg(i+1) = sigma( - 1,0 * SE@Reset(i) + 1,0 * WI12Resl (i) - 1,0 * EQ.iwait (i)
+ 1,0 * EQLIVRg(i) )

EQLIWRg(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * Wi2Qut(i) - 1,0 * EQ.lwait (i) +
1,0 * EQLIWRg(i) )

EQL1dRg(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * EQLlwait(i) + 1,0 * EQL1VRg(i) -

1,0)

=s

RSE1l n(i +1) igma( + 1,0 * | F1Then(i) )
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VARESEQ3: wkPool Ful | (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * RSElIn(i) )
SEQ4In(i+1l) = sigma( - 1,0 * SEQBReset (i) + 1,0 * SEQ4dRet (i) + 1,0 * |F1lEl se(i) )
SEQ4Qut (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * SEQ4dAbr(i) + 1,0 * ATROQut (i) )
SEQ4Reset (i +1) = sigma( + 1,0 * SEQBReset (i) + 1,0 * SEQBReset (i) + 1,0 *
SEQ4Retry(i) + 1,0 * SEQ4Abort (i) )
SEQ4Retry(i+1) = sigma( - 1,0 * SEQ@Reset (i) )
SEQ4Abort (i +1) = sigma( - 1,0 * SE@Reset (i) )
SEQ4Res! (i +1) sigma( - 1,0 * SEQBReset (i
SEQAdRet (i +1) sigm( + 1,0 * SEQ4Retry(

i
)
i
SEQAdADr (i +1) sigma( + 1,0 * SEQ4Abort (i)
i

CALL2In(i+1) = sigma( + 1,0 * CALL2In(i)

CALL2Qut (i +1) = sigma( + 1,0 * Fl:nodQut (i) 1,0 * CALL2Work(i) - 1,0)

CALL2Resl! (i +1) = sigma( + 1,0 * Fl:nodResl (i) + 1,0 * CALL2Work(i) - 1,0)

CALL2Bgn(i +1) = sigma( + 1,0 * Fl:nmpd1ld(i) + 1,0 * CALL2In(i) - 1,0)

CALL2ENnd(i +1) = sigma( + 1,0 * Fl:nodQut(i) - 1,0 * CALL2End(i) + 1,0 *
CALL2WoOr k(i) - 1,0)

CALL2WOor k(i +1) = sigma( + 1,0 * CALL2Bgn(i) - 1,0 * CALL2End(i) + 1,0 *
CALL2WOr k(i) )

Fl:mod2(i+1) = sigma( + 1,0 * Fl:nodld(i) + 1,0 * CALL2End(i) )

Fl :mod2d(i +1) = sigma( - 1,0 * CALL2Bgn(i) + 1,0 * Fl:nmod2(i) )

CALL2dWI 2(i +1) sigm( + 1,0 * VARI MO: sizePool (i) + 1,0 * CALL2Bgn(i) - 1,0)

CALL2dVI 1(i +1) sigma( + 1,0 * VARIMO:i (i) + 1,0 * CALL2Bgn(i) - 1,0)

ATR8In(i+1) = sigma( + 1,0 * SEQ4In(i) - 1,0 * SEQ4Reset (i) )

ATRBEXpR(i +1) = sigma( - 1,0 * SEQ4Reset (i) + 1,0 * CALL2Qut(i) + 1,0 *
CALL2Resl (i) - 1,0)

ATR8Qut (i +1) = sigma( - 1,0 * SEQ4Reset(i) + 1,0 * CALL2Qut (i) )

W13l n(i+1) = sigma( - 1,0 * SEQ4Reset (i) + 1,0 * ATROIn(i) )

W13Qut (i +1) = sigma( - 1,0 * SEQ4Reset(i) + 1,0 * W13In(i) )

WI13Resl (i +1) = sigma( + 1,0 * VAR MO:lastTask(i) - 1,0 * SEQ4Reset (i) + 1,0 *
W213In(i) - 1,0)

W14l n(i+1) = sigma( - 1,0 * SEQ4Reset (i) + 1,0 * ATROInNn(i) )

i)
,0

)
;
1,0 * CALL2End(i) + 1,0 * ATR8In(i) )
+
)

(i
Wi14Qut (i +1) = sigma( - 1,0 * SEQ4Reset(i) + 1,0 * W14l n(
W14Res! (i +1) = signma( + 1,0 * VAR LF_: put Task: Task(i) - 1
Wi14in(i) - 1,0)
ATROIn(i +1) = sigma( - 1,0 * SEQ4Reset (i) + 1,0 * ATR8Qut (i) )
ATROQut (i +1) = sigma( + 1,0 * VAR MO:wkPool Qut(i) - 1,0 * SEQ4Reset(i) + 1,0 *
ATROWOIrk(i) - 1,0)
ATROWOrk(i+1) = signma( + 1,0 * ATRAIn(i) - 1,0 * ATROCQut(i) + 1,0 * ATROWOrk(i) )
ATROWAi t (i +1) = sigma( - 1,0 * SEQ4Reset(i) - 1,0 * ATROVAit(i) + 1,0 * ATROQut E(i)
1,0 * ATROQutI(i) - 1,0)
ATROAW(i +1) sigm( - 1,0 * SEQ4Reset (i) + 1,0 * ATROWAIt (i) )
ATROVal (i +1) = sigma( - 1,0 * SEQ4Reset (i) + 1,0 * WI14Resl (i) - 1,0 * ATROVAi t (i)

)
* SEQ4Reset (i) + 1,0 *

n +

+ 1,0 * ATR9Val (i) )

ATROI d(i+1) = sigma( - 1,0 * SEQ4Reset(i) + 1,0 * W13Resl (i) - 1,0 * ATROWAit(i) +
1,0 * ATROId(i) )

ATROOUt E(i +1) = sigma( + 1,0 * W140ut(i) - 1,0 * ATROWAIt(i) + 1,0 * ATROQutE(i) )

ATROOUt | (i +1) = sigma( + 1,0 * W130ut(i) - 1,0 * ATROWAIt(i) + 1,0 * ATROQutI (i) )

ATROdVal (i +1) = sigma( - 1,0 * SEQ4Reset(i) + 1,0 * ATROMait(i) + 1,0 * ATROVal (i)
S 1,0)

ATRIdI d(i +1) :,sigma( - 1,0 * SE4Reset (i) + 1,0 * ATROVAIt(i) + 1,0 * ATRIOIA(i) -
1,0

IFlin(i+1) = sigma( - 1,0 * SE@Reset(i) + 1,0 * ATR7Out (i) )
| FIExpO(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * EQLICut(i) )
| FIExpR(i +1) = sigma( - 1,0 * SEQReset (i) + 1,0 * EQL1Resl (i) )

)
|FiQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SEQ4Qut (i) )
| FAThen(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * | F1ExpQ(i) + 1,0 * | F1EXpR(i)
1,0)

| FIEl se(i+1) = sigma( - 1,0 * SEQBReset (i) + 2,0 * |F1IExpQ(i) - 1,0 * IF1EXpR(i) -
1,0

RTRY1In(i+1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * VARESEQ: wkPool Ful | (i) )

F_:getTaskln(i+1l) = sigma( + 1,0 * CALL7Bgn(i) )

F_:getTaskQut (i +1) = sigma( + 1,0 * F_:get TaskddQut (i) )

F _:get TaskdQut (i +1) = sigma( + 1,0 * SEQQut(i) )

F_: get TaskddQut (i +1) = sigma( + 1,0 * F_:get TaskdQut (i) )

VARI VF_: get Task: Task(i+1) = sigma( - 1,0 * F_:getTaskddQut(i) + 1,0 *
VARI VF_: get Task: Task(i) + 1,0 * F_:getTaskArgl(i) - 1,0 * VA18Qut (i)
1,0 * ATRLIOEXpR(i) )

F_:get TaskArgl(i+1) = signa( + 1,0 * CALL7dMVI 1(i) )

F_:getTaskRet 1(i +1) = sigma( + 1,0 * VAR VF_: get Task: Task(i) )

F_:getTaskO(i+1) = sigma( + 1,0 * MiOIn(i) + 1,0 * F_:getTaskld(i) )

F _:getTaskOd(i+1) = sigma( + 1,0 * F_:getTaskO(i) )

SE®®In(i+1) = sigma( + 1,0 * F_:getTasklin(i) + 1,0 * SEQdRet (i) )

SEQpQut (i +1) = sigma( + 1,0 * I F2Qut (i) )

SEBReset (i +1) sigma( + 1,0 * SEQBRetry(i) )

SEQBRet ry(i +1) sigma( + 1,0 * RTRY2In(i) )

SEQbdRet (i +1) = sigma( + 1,0 * SEQBRetry(i) )

+
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VARI SEQE: i (i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VARISEQ:i (i) - 1,0 *
SUMRQUt (i) + 1,0 * ATRLIEXpR(i) )

W15In(i+1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * EQL2In(i) )

WisQut (i +1) = signma( - 1,0 * SEQGReset (i) + 1,0 * WI15In(i) )

WI15Res! (i +1) = sigma( + 1,0 * VAR MO: | ast Task(i) - 1,0 * SEQBReset(i) + 1,0 *
W15In(i) - 1,0)

W16l n(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * EQL2In(i) )

wieQut (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * WIi6In(i) )

W16Resl (i +1) = sigma( + 1,0 * VARIMO: firstTask(i) - 1,0 * SEQBReset (i) + 1,0 *
Wi16ln(i) - 1,0)

EQL2I n(i+1) = signma( - 1,0 * SEQBReset (i) + 1,0 * IF2In(i) )

EQL2Qut (i +1) = sigma( - 1,0 * SEQReset (i) + 1,0 * EQL2d3W (i) )

EQL2Res| (i +1) = sigma( - 1,0 * SEQBReset (i) - 1,0 * EQL2ddRs(i) + 1,0 * EQL2d3W (i)

)
EQL2dRs1(i +1)

= sigma( + 1,0 * EQ2dLf(i) - 1,0 * EQL2dRy(i) )
EQL2dRs2(i+1) = sigma( - 1,0 * EQ2dLf(i) + 1,0 * EQL2dRg(i) )
EQL2ddRs(i +1) = sigma( + 1E13 * EQL2dRs1(i) + 1E13 * EQL2dRs2(i) )
EQL2ddW (i +1) = sigma( + 1,0 * EQL2dW (i) )
EQL2d3W (i +1) = sigma( + 1,0 * EQL2ddW (i) )
EQ2wai t (i +1) = sigma( - 1,0 * SEQEReset (i) - 1,0 * EQ2wait(i) + 1,0 * EQL2wLf (i)

+ 1,0 * EQL2wRg(i) - 1,0)

EQL2dW (i +1) = sigma( - 1,0 * SEQGReset (i) + 1,0 * EQL2wait (i) )

EQL2vLf (i +1) = sigma( - 1,0 * SEQReset (i) + 1,0 * WIbResl (i) - 1,0 * EQL2wai t (i)
+ 1,0 * EQL2vLf (i) )

EQL2wLf (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * Wi5Qut(i) - 1,0 * EQ2wait (i) +
1,0 * EQL2wLf (i) )

EQL2dLf (i +1) = signa( - 1,0 * SEQBReset (i) + 1,0 * EQL2wait(i) + 1,0 * EQ.2vLf(i) -
1,0

EQL2vRg(i +1) = signa( - 1,0 * SEQBReset (i) + 1,0 * WI16Resl (i) - 1,0 * EQL2wai t (i)
+ 1,0 * EQL2vRg(i) )

EQL2wRg(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * WI16Qut(i) - 1,0 * EQL2wait (i) +
1,0 * EQL2wRg(i) )

EQL2dRg(i +1) = signa( - 1,0 * SEQBReset (i) + 1,0 * EQL2wait(i) + 1,0 * EQL2vRg(i) -
1,0

RSE2I n(i+1) = sigma( + 1,0 * I F2Then(i) )

VARESEQG: wkPool Enpty(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * RSE2In(i) )

SEQ6In(i+1) = signma( - 1,0 * SEQBReset (i) + 1,0 * SEQ6dRet (i) + 1,0 * I F2El se(i) )

SEQ6Qut (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * SEQedAbr(i) + 1,0 * ATRL2Qut (i)
)

SEQGReset (i +1) = sigma( + 1,0 * SEQBReset (i) + 1,0 * SEQGReset(i) + 1,0 *
SEQBRetry(i) + 1,0 * SEQGAbort (i) )

SEQRetry(i+1) = sigma( - 1,0 * SEQBReset (i) )
SEQ6Abort (i +1) = sigma( - 1,0 * SEQBReset (i) )
SEQBRes! (i +1) sigm( - 1,0 * SEQBReset (i)
SEQ6dRet (i +1) sigma( + 1,0 * SEQGRetry(i)

i)

+

)

SEQ6dAbr (i +1) sigma( + 1,0 * SEQAbort ( )

W17l n(i+1) = sigma( - 1,0 * SEQGReset (i) 1,0 * VA18In(i) )

W17Qut (i +1) = sigma( - 1,0 * SEQGReset (i) + 1,0 * WI17In(i) )

W17Resl (i +1) = sigma( + 1,0 * VARIMO: firstTask(i) - 1,0 * SEQ6Reset(i) + 1,0 *
W17In(i) - 1,0)

VA18In(i+1) = sigma( - 1,0 * SEQGReset(i) + 1,0 * ATR1OIn(i) )

VAl18Qut (i +1) = signma( + 1,0 * VAR MO:wkPool Qut(i) - 1,0 * SEQ6Reset(i) + 1,0 *
VA18WOrk(i) - 1,0 )

VAl8Resl (i +1) = sigma( + 1,0 * VAR M0: wkPool Resl (i) - 1,0 * SEQGReset (i) + 1,0 *
VA18Work(i) - 1,0 )

VA18Work(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VA18In(i) - 1,0 * VAL8Qut(i) +
1,0 * VAL8WOrk(i) )

ATR10In(i+1) = sigma( + 1,0 * SEQ6In(i) - 1,0 * SEQGReset (i) )

ATRIOEXpR(i +1) = sigma( - 1,0 * SEQGReset (i) + 1,0 * VA18Qut(i) + 1,0 * VAl8Resl (i)

ATR10CQut (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * VA18Qut(i) )

W19l n(i+1) = sigma( - 1,0 * SEQReset (i) + 1,0 * SUMRInN(i) )

W19Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * W19In(i) )

WI19Resl (i +1) = sigma( + 1,0 * VARIMO: firstTask(i) - 1,0 * SEQBReset (i) + 1,0 *

wW19In(i) - 1,0)

VI 20In(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMIn(i) )

VI 20Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VI20In(i) )

VI 20Res! (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VI20In(i) - 0,4999999999999 )
SuMln(i+1) = sigma( - 1,0 * SEQGReset (i) + 1,0 * ATRL1In(i) )

SuMeQut (i +1) = sigma( - 1,0 * SEQ6Reset (i) + 1,0 * SUMRAW (i) )

SUMRRes| (i +1) = sigma( - 1,0 * SEQ6Reset(i) + 1,0 * SUMRdLf (i) + 1,0 * SUM2ARg(i) -
0,5)

SUM2wai t (i +1) = sigma( - 1,0 * SEQGReset (i) - 1,0 * SUMwait(i) + 1,0 * SUMRWLS (i)
+ 1,0 * SUMBWRg(i) - 1,0)

SUMRAW (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMwait (i) )

SUMRVLS (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * WI19Resl (i) - 1,0 * SUM2wai t (i)

+ 1,0 * SUMRVLE(i) )
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SUMWLS (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * WI19Qut(i) - 1,0 * SUMwait(i) +
1,0 * SuMewLf (i) )

SuwedLf (i +1) = sigma( - 1,0 * SEQGReset(i) + 1,0 * SUMwait(i) + 1,0 * SUMRVLf(i) -
1,0)

SUMVRg(i +1) = sigma( - 1,0 * SEQGReset(i) + 1,0 * VI20Resl (i) - 1,0 * SUM2wai t (i)
+ 1,0 * SUMRVRg(i) )

SUMWRg(i +1) = sigma( - 1,0 * SEQ6Reset(i) + 1,0 * VI20Qut(i) - 1,0 * SUMwait(i) +
1,0 * SUMRWRg(i) )

SUMRARg(i +1) = sigma( - 1,0 * SEQ6Reset (i) + 1,0 * SUMRwait (i) + 1,0 * SUMRVRg(i) -

ATR11I n(i +1) =

ATR1I1EXpR(i +1)

1

* ATRLOQut (i) )

sigma( - 1,0 * SEQBReset (i) + 1, ) _
= ) + 1,0 * SUMQut(i) + 1,0 * SUM2Resl (i)

0
sigma( - 1,0 * SEQGReset (i 1,
ATR11Cut (i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SUMRQut (i) )

CALL3In(i+1) = sigma( + 1,0 * CALL3INn(i) - 1,0 * CALL3End(i) + 1,0 * ATR12In(i) )

CALL3Qut (i +1) = sigma( + 1,0 * Fl:nodQut(i) + 1,0 * CALL3Work(i) - 1,0)

CALL3Resl (i +1) = sigma( + 1,0 * Fl:nodResl (i) + 1,0 * CALL3Wrk(i) - 1,0)

CALL3Bgn(i+1) = sigma( + 1,0 * Fl:nod2d(i) + 1,0 * CALL3In(i) - 1,0)

CALL3ENnd(i+1) = sigma( + 1,0 * Fl:nodQut(i) - 1,0 * CALL3End(i) + 1,0 *
CALL3WOrk(i) - 1,0)

CALL3Wrk(i+1) = sigma( + 1,0 * CALL3Bgn(i) - 1,0 * CALL3End(i) + 1,0 *
CALL3WOrk(i) )

FI:mod3(i +1) = sigma( + 1,0 * Fl:nod2d(i) + 1,0 * CALL3End(i) )

FI : nod3d(i +1) = signa( - 1,0 * CALL3Bgn(i) + 1,0 * Fl:nod3(i) )

CALL3dVI 2(i +1) = sigma( + 1,0 * VARI M0: sizePool (i) + 1,0 * CALL3Bgn(i) - 1,0 )

CALL3dMVI 1(i +1) = sigma( + 1,0 * VARISEQG:i (i) + 1,0 * CALL3Bgn(i) - 1,0)

ATR12I n(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * ATRL1CQut(i) )

ATR1I2ExpR(i +1) = sigma( - 1,0 * SEQSReset(i) + 1,0 * CALL3Qut(i) + 1,0 *
CALL3Resl (i) - 1,0)

ATR12CQut (i +1) = sigma( - 1,0 * SEQGReset(i) + 1,0 * CALL3CQut(i) )

IF2In(i+1) = sigma( + 1,0 * SEQIN(i) - 1,0 * SEQBReset (i) )

| F2ExpQ(i +1) sigma( - 1,0 * SEQBReset (i) + 1,0 * EQL2Qut (i) )

| F2ExpR(i +1) sigma( - 1,0 * SEQBReset (i) + 1,0 * EQL2Resl (i) )

| F2Qut (i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * SEQQut(i) )

| F2Then(i +1) = sigma( - 1,0 * SEQReset (i) + 1,0 * | F2ExpQ(i) + 1,0 * | FR2ExpR(i) -

| F2El se(i+1) = sigma( - 1,0 * SEQBReset(i) + 2,0 * I F2ExpQ(i) - 1,0 * | F2ExpR(i) -
1,0)

RTRY2I n(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * VARESEQ5: wkPool Enpty(i) )

F_:updateCount I n(i+1) = signa( + 1,0 * CALL4Bgn(i) + 1,0 * CALL6Bgn(i) )

F_:updateCountQut (i +1) = sigma( + 1,0 * F_:updateCountddQut (i) )

F_: updat eCountdQut (i +1) = sigma( + 1,0 * IF3Qut (i) )

F_: updat eCount ddQut (i +1) = sigma( + 1,0 * F_:updat eCountdQut (i) )

VARBLF_: updat eCount : i sGe(i +1) = sigma( - 1,0 * F_:updateCountddQut(i) + 1,0 *
VARBLF_: updat eCount:isGe(i) + 1,0 * F_:updateCountArgl(i) )

F_:updat eCount Argl(i+1) = sigma( + 1,0 * CALL4AdVI 1(i) + 1,0 * CALL6dVI 1(i) )

F_:updat eCountO(i +1) = signma( + 1,0 * MiOIn(i) + 1,0 * F_:updateCount2d(i) )

F_:updateCount0d(i +1) = sigma( + 1,0 * F_:updateCountO(i) )

W21l n(i+1) = sigma( + 1,0 * 1 F3In(i) )

W21Qut (i +1) = sigma( + 1,0 * W21lIn(i) )

W21Resl (i +1) = sigma( + 1,0 * VARBLF_:updateCount:isGe(i) + 1,0 * W21lIn(i) - 1,0

W22l n(i+1) = sigma( + 1,0 * PRELINn(i) )
W22Qut (i +1) = sigma( + 1,0 * W22In(i) )
W22Res| (i +1) = sigma( + 1,0 * VAR MO:workCount (i) + 1,0 * W22In(i) - 1,0)
PRE1In(i+1) = sigma( + 1,0 * ATRL3In(i) )

PRE1OUt (i +1) = sigma( + 1,0 * W220ut (i) )

PRELRes| (i +1) = sigma( + 1,0 * W22Res| (i) - 1E-13 )

ATRI3In(i+1) = sigma( + 1,0 * [F3Then(i) )

ATRI3EXpR(i +1) = sigma( + 1,0 * PRE1Qut (i) + 1,0 * PREIResl (i) - 1,0)
ATR130ut (i +1) = sigma( + 1,0 * PRELQut(i) )

W23l n(i+1) = sigma( + 1,0 * SUCLIn(i) )

W23Qut (i +1) = sigma( + 1,0 * W23In(i) )

W23Res| (i +1) = sigma( + 1,0 * VAR MO:workCount (i) + 1,0 * W23In(i) - 1,0)

SUCLIn(i+1) = sigma( + 1,0 * ATRL4In(i) )

SUC1Qut (i +1) = sigma( + 1,0 * W23Qut(i) )

SUCl1Res! (i +1) = sigma( + 1,0 * W23Qut(i) + 1,0 * W23Resl (i) - 0,9999999999999 )

ATR14In(i +1) = sigma( + 1,0 * I F3E se(i) )

ATRI4EXpR(i +1) = sigma( + 1,0 * SUCIQut(i) + 1,0 * SUClResl (i) - 1,0)

ATR14Qut (i +1) = sigma( + 1,0 * SUCIQut (i) )

IF3In(i+1) = signa( + 1,0 * F_:updateCountIn(i) )

| F3ExpQ(i +1) = sigma( + 1,0 * W21lQut (i) )

| F3EXpR(i +1) sigma( + 1,0 * W21Resl (i) )

| F3Qut (i +1) = sigma( + 1,0 * ATRL3CQut (i) +

| F3Then(i+1) = signa( + 1,0 * | F3ExpQ(i) +
t

,0 * ATRL4Qut (i) )

,0 * IF3ExpR(i) - 1,0)
0 * IF3ExpR(i) - 1,0)
k

| F3El se(i+1) = sigma( + 2,0 * | F3ExpQ(i) ,
rkddQut (i) )

1
1
1
F_:putWorkQut (i+1) = signa( + 1,0 * F_:putW
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F_: put WrkdQut (i +1) = signma( + 1,0 * SEQrQut (i) )

F_: put WrkddQut (i +1) = sigma( + 1,0 * F_: put WrkdQut (i) )

VARI LF_: put Wr k: Task(i +1) = sigma( - 1,0 * F_:putWrkddQut(i) + 1,0 *
VARI LF_: put Wor k: Task(i) )

F_:putWrkO(i+1) = sigma( + 1,0 * MOIn(i) )

F_:put Wrkod(i+1) = signma( + 1,0 * F_:putWrkO(i) )

SEQrQut (i +1) = sigma( + 1,0 * CALL5Qut (i) )

VB24Resl (i +1) = sigma( - 1,0 )

ATRI5EXpR(i +1) = sigma( + 1,0 * VB24Resl (i) - 1,0)

CALL4In(i+1) = sigma( + 1,0 * CALL4In(i) - 1,0 * CALL4End(i) )

CALL4CQut (i +1) = sigma( + 1,0 * F_:updateCountQut(i) + 1,0 * CALLAWOrk(i) - 1,0)

CALL4Res!| (i +1) = sigma( + 1,0 * CALL4AWOrk(i) - 1,0)

CALL4Bgn(i+1) = sigma( + 1,0 * F_:updateCountOd(i) + 1,0 * CALL4In(i) -

CALL4ENnd(i+1) = sigma( + 1,0 * F_:updateCountQut(i) - 1,0 * CALL4End(i)
CALL4WOrk(i) - 1,0)

CALLAWOrk(i+1) = sigma( + 1,0 * CALL4Bgn(i) - 1,0 * CALL4End(i) + 1,0 *
CALLAVOrk(i) )

F_:updateCount1(i +1) = sigma( + 1,0 * F_:updateCountOd(i) + 1,0 * CALL4End(i) )

F_: updat eCount 1d(i +1) = signa( - 1,0 * CALL4Bgn(i) + 1,0 * F_:updateCount1(i) )

CALL4dVI 1(i +1) = sigma( + 1,0 * VARBMiO: b(i) + 1,0 * CALL4Bgn(i) - 1,0 )

CALL5In(i+1) = sigma( + 1,0 * CALL4Qut(i) + 1,0 * CALL5In(i) - 1,0 * CALL5End(i) )

CALL5Qut (i +1) = sigma( + 1,0 * F_:putTaskQut(i) + 1,0 * CALLSWork(i) - 1,0)

CALL5Res! (i +1) = sigma( + 1,0 * CALL5WOrk(i) - 1,0)

CALL5Bgn(i +1) = sigma( + 1,0 * F_:putTaskOd(i) + 1,0 * CALL5In(i) -

CALL5ENnd(i +1) = sigma( + 1,0 * F_:putTaskQut(i) - 1,0 * CALLS5End(i)
CALL5WOrk(i) - 1,0)

CALL5WOr k(i +1) = sigma( + 1,0 * CALL5Bgn(i) - 1,0 * CALL5End(i) + 1,0 *
CALL5WOrk(i) )

F_:putTask1(i+1) = sigma( + 1,0 * F_:putTaskOd(i) + 1,0 * CALL5End(i) )

F_: put Task1ld(i +1) = sigma( - 1,0 * CALL5Bgn(i) + 1,0 * F_:putTaskl(i) )

CALL5dVI 1(i +1) = sigma( + 1,0 * VARILF_: putWrk: Task(i) + 1,0 * CALL5Bgn(i) - 1,0)

F_:getWorkin(i+1l) = signma( + 1,0 * CALL11Bgn(i) + 1,0 * CALL12Bgn(i) )

F :getWorkQut(i+1) = sigma( + 1,0 * F_:getWrkddQut (i) )

F_:getWorkdQut (i +1) = sigma( + 1,0 * SEQQut (i) )

F_:get WrkddQut (i +1) = sigma( + 1,0 * F_:getWrkdQut (i) )

VARI VF_: get Wr k: Task(i +1) = signma( - 1,0 * F_:getWrkddQut (i) + 1,
VARI VF_: get Work: Task(i) + 1,0 * F_:getWorkArgl(i) + 1

1,0)
+1,0 *

1,0)
+ 1,0 *

oo

*

,0 * CALL7dRet 1(i)
)

F_:getWrkArgl(i+1l) = sigm( + 1,0 * CALL11dVI1(i) + 1,0 * CALL12dMVI 1(i) )

F_:getWrkRet 1(i+1) = signa( + 1,0 * VAR VF_: get Wrk: Task(i) )

F_:getWrkO(i+1) = signa( + 1,0 * MOIn(i) + 1,0 * F_:getWrk2d(i) )

F_:getWorkOod(i+1) = sigma( + 1,0 * F_:getWrkO(i) )

SE@In(i+1) = sigma( + 1,0 * F_:getWorkln(i) )

SEQBQut (i +1) = sigma( + 1,0 * I F4Qut (i) )

SE@Reset (i +1) = sigma( + 1,0 * SEQOQut (i) )

VARI SEQB:i (i +1) = sigma( - 1,0 * SEBReset(i) + 1,0 * VARISEQ:i(i) - 1,0 *
VI28Qut (i) + 1,0 * ATRL7ExpR(i) )

VB25I n(i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * ATR16In(i) )

VB25Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VB25In(i) )

VB25Res! (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VB25In(i) )

ATR16I n(i +1) = sigma( + 1,0 * SEQIn(i) - 1,0 * SEQBReset (i) )

ATRI6EXpR(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * VB25Qut(i) + 1,0 * VB25Resl (i)

)

ATR16Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * VB25Qut (i) )

CALL6In(i+1) = sigma( + 1,0 * ATRI6Qut (i) + 1,0 * CALL6INn(i) - 1,0 * CALLGEnd(i) )

CALL6CQut (i +1) = sigma( + 1,0 * F_:updateCountQut(i) + 1,0 * CALL6WOrk(i) - 1,0)

CALL6Res! (i +1) = sigma( + 1,0 * CALL6WOrk(i) - 1,0)

CALL6Bgn(i +1) = sigma( + 1,0 * F_:updateCountld(i) + 1,0 * CALL6In(i) - 1,0)

CALL6ENd(i+1) = sigma( + 1,0 * F_:updateCountQut(i) - 1,0 * CALL6End(i) + 1,0 *
CALL6WOrk(i) - 1,0)

CALL6WOr k(i +1) = sigma( + 1,0 * CALL6Bgn(i) - 1,0 * CALL6End(i) + 1,0 *
CALL6WOr k(i) )

F :updateCount2(i+1) = sigma( + 1,0 * F_:updateCountld(i) + 1,0 * CALL6End(i) )

F _:updateCount2d(i+1) = sigma( - 1,0 * CALL6Bgn(i) + 1,0 * F_:updateCount2(i) )

CALL6dVI 1(i +1) = sigma( + 1,0 * VARBMhO:b(i) + 1,0 * CALL6Bgn(i) - 1,0 )

W26l n(i+1) = sigma( - 1,0 * SE@BReset (i) + 1,0 * EQ3In(i) )

W26Qut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * W26In(i) )

W26Res! (i +1) = sigma( + 1,0 * VAR Mi0O: workCount (i) - 1,0 * SEQBReset(i) + 1,0 *
W26In(i) - 1,0)

W27 n(i+1) = sigma( - 1,0 * SE@BReset (i) + 1,0 * NEGLIn(i) )

W27Qut (i +1) = sigma( - 1,0 * SE@Reset(i) + 1,0 * W27In(i) )

W27Resl (i +1) = sigma( + 1,0 * VAR MiO: nWorkers(i) - 1,0 * SEQBReset(i) + 1,0 *
W27In(i) - 1,0)

NEGLI n(i +1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * EQ3In(i) )

NEGLQut (i +1) = sigma( - 1,0 * SEQ@Reset (i) + 1,0 * W27Qut (i) )

NEGLRes! (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * W27Qut(i) - 1,0 * W27Resl (i)
)
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EQL3In(i +1) = sigma( - 1,0 * SEReset(i) + 1,0 * IF4In(i) )
EQL3CQut (i +1) = sigma( - 1,0 * SE@BReset (i) + 1,0 * EQ.3d3W (i) )
EQL3Resl (i +1) = sigma( - 1,0 * SEQBReset (i) - 1,0 * EQL3ddRs(i) + 1,0 * EQL3d3W (i)

EQL3dRs1(i+1) = sigma( + 1,0 * EQL3dLf(i) - 1,0 * EQL3dRg(i) )
EQL3dRs2(i+1) = sigma( - 1,0 * EQ3dLf(i) + 1,0 * EQL3dRg(i) )
EQL3ddRs(i +1) = sigma( + 1E13 * EQL3dRs1(i) + 1E13 * EQL3dRs2(i) )
EQL3ddW (i +1) = sigma( + 1,0 * EQL3dW (i) )

EQL3d3W (i +1) = sigma( + 1,0 * EQL3ddW (i) )

EQL3wai t (i +1) = sigma( - 1,0 * SEQBReset(i) - 1,0 * EQ3wait(i) + 1,0 * EQL3WLT(i)
+1,0 * EQL3wRg(i) - 1,0 )

EQL3dW (i +1) = sigma( - 1,0 * SEQ@Reset(i) + 1,0 * EQ3wait(i) )

EQL3vLf(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * W26Resl (i) - 1,0 * EQ.3wait (i)
+1,0 * EQL3VLF(i) )

EQL3wLf (i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * W260ut(i) - 1,0 * EQ3wait(i) +
1,0 * EQL3wWLF(i) )

EQL3dLf (i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * EQ3wait(i) + 1,0 * EQ3vLf(i) -
1,0)

EQL3VRy(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * NEGLResl (i) - 1,0 * EQ3wait (i)
+ 1,0 * EQL3vRg(i) )

EQL3wRg(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * NEGLOut(i) - 1,0 * EQ3wait(i) +
1,0 * EQL3wRg(i) )

EQL3dRy(i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * EQ3wait(i) + 1,0 * EQ3VRy(i) -
1,0)

RSE3In(i+1) = sigma( + 1,0 * | F4Then(i) )
VARESE(B: Ter mi nateWP(i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * RSE3In(i) )
CALL7In(i+1) = sigma( + 1,0 * CALL7In(i) - 1,0 * CALL7End(i) + 1,0 * |F4El se(i) )
CALL7Qut (i +1) = sigma( + 1,0 * F_:getTaskQut(i) + 1,0 * CALL7Work(i) - 1,0)
CALL7Resl (i +1) = sigma( + 1,0 * CALL7Work(i) - 1,0)
CALL7Bgn(i+1) = sigma( + 1,0 * F_:getTaskOd(i) + 1,0 * CALL7In(i) - 1
CALL7ENnd(i +1) = sigma( + 1,0 * F_:getTaskQut(i) - 1,0 * CALL7End(i) +
CALL7WOrk(i) - 1,0)
CALL7Work(i+1) = sigma( + 1,0 * CALL7Bgn(i) - 1,0 * CALL7End(i) + 1,0 *
CALL7WOr k(i) )
F_:getTaskl(i+1l) = sigma( + 1,0 * F_:getTaskOd(i) + 1,0 * CALL7End(i) )
F_:get Taskld(i+1) = signa( - 1,0 * CALL7Bgn(i) + 1,0 * F_:getTaskl(i) )
CALL7dMVI 1(i +1) = sigma( + 1,0 * VAR VF_:getWrk: Task(i) + 1,0 * CALL7Bgn(i) - 1,0)
CALL7dRet 1(i +1) = sigma( + 1,0 * F_:getTaskRet1(i) - 1,0 )
IF4ln(i+1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * CALL6Qut(i) )
| FAEXpQ(i +1) = signma( - 1,0 * SE@BReset(i) + 1,0 * EQL3Qut (i) )
| FAEXpR(i +1) sigma( - 1,0 * SEQBReset(i) + 1,0 * EQL3Resl (i) )
| F4Qut (i +1) = sigma( - 1,0 * SE@BReset (i) + 1,0 * CALL7Qut (i) )
| F4Then(i+1) = sigma( - 1,0 * SEQ@BReset (i) + 1,0 * | F4ExpQ(i) + 1,0 * | FAEXpR(i) -

0)
1,0 *

1

| FAEl se(i+1) = sigma( - 1,0 * SEQBReset(i) + 2,0 * |FAExpQ(i) - 1,0 * | FAEXpR(i) -
1,0

SEQ@In(i+1) = sigma( - 1,0 * SEQBReset (i) + 1,0 * VARESEQB: TerminateWP(i) + 1,0 *
SEQAdRet (i) )

SEQOQut (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * SEQOdAbr(i) + 1,0 * WHL20ut (i) )

SEReset (i +1) = sigma( + 1,0 * SEBReset (i) + 1,0 * SEQ@Retry(i) + 1,0 *
SEQAbort (i) )

SEQRetry(i+1) = sigma( - 1,0 * SE@BReset (i) )

SEQAbort (i +1) = sigma( - 1,0 * SEQBReset(i) + 1,0 * ABRT1lIn(i) )

SEQRes! (i +1) sigm( - 1,0 * SEQBReset (i) )

SEQ@dRet (i +1) sigma( + 1,0 * SEQQRetry(i) )

SEQIdAbr (i +1) sigma( + 1,0 * SEQAbort (i) )

VI28In(i+1) = sigma( - 1,0 * SEQ@Reset(i) + 1,0 * ATRL7In(i) )

VI 28Qut (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * VI28In(i) )

VI 28Resl (i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * VI28In(i) - 0,4999999999999 )

ATR17In(i+1) = sigma( + 1,0 * SEQIn(i) - 1,0 * SEQReset (i) )

ATRI7EXpR(i +1) = sigma( - 1,0 * SEQ@Reset(i) + 1,0 * VI28Qut(i) + 1,0 * VI 28Resl (i)

ATRL7QUE (i +1)
VWHL2I n(i +1) =
VHL2EXpR(i +1)

1

sigma( - 1,0 * SE@Reset (i) + 1,0 * VI28Qut(i) )
igma( - 1,0 * SEQReset(i) + 1,0 * ATRL7Qut (i) + 1,0 * CALL8Qut(i) )
sigma( - 1,0 * SEQReset (i) + 1,0 * LT1Qut(i) + 1,0 * LTiResl (i) -

SnowunkE
-~ o

WHL2Qut (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * LT1Qut(i) - 1,0 * LT1Resl (i) )

wW29In(i+1) = sigma( - 1,0 * SEQReset (i) + 1,0 * LT1lIn(i) )

W29Qut (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * W29In(i) )

WW29Res| (i+1) = signma( + 1,0 * VARISE®B:i(i) - 1,0 * SEQReset(i) + 1,0 * W29In(i)

- 1,0)

W30In(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * LTlIn(i) )

W30Qut (i +1) = signma( - 1,0 * SEReset(i) + 1,0 * W30In(i) )

W30Res! (i +1) = sigma( + 1,0 * VAR MiO: nWorkers(i) - 1,0 * SEQReset(i) + 1,0 *
W30In(i) - 1,0)

LT1In(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * WHL2In(i) )

LT1Qut (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * LT1ddW (i) )

33



LTiResl (i +1) = sigma( - 1,0 * SEQReset (i) + 2E13 * LT1dRs(i) )
LT1dRs(i +1) = sigma( - 1,0 * LT1dLf(i) + 1,0 * LT1dRg(i) - 1E-14 )
LT1ddW (i +1) sigma( + 1,0 * LTIdW (i) )

LT1wai t (i +1) sigma( - 1,0 * SEQReset(i) - 1,0 * LTlwait(i) + 1,0 * LTIwLf(i) +
1,0 * LTIwWRg(i) - 1,0 )

LT1dW (i +1) = signa( - 1,0 * SEQReset(i) + 1,0 * LTlwait(i) )

LT1vLf (i +1) = sigma( - 1,0 * SEQPReset(i) + 1,0 * W29Resl (i) - 1,0 * LTlwait(i) +
1,0 * LT1vLf(i) )

LTIwWLf (i +1) = sigma( - 1,0 * SEQReset(i) + 1,0 * W29Qut(i) - 1,0 * LTlwait(i) +
1,0 * LTIwLf (i) )

LTAdLf (i +1) = sigma( - 1,0 * SEQReset (i) + 1,0 * LTiwait(i) + 1,0 * LT1vLf(i)
1,0)

LT1vRg(i +1) = sigma( - 1,0 * SEQOReset(i) + 1,0 * W30Resl (i) - 1,0 * LTlwait(i) +
1,0 * LT1VRg(i) )

LTIwRg(i+1) = sigma( - 1,0 * SEReset(i) + 1,0 * W30Qut(i) - 1,0 * LTlwait(i) +
1,0 * LTIwRg(i)

LT1dRg(i+1) = sigma( - 1,0 * SEQOReset(i) + 1,0 * LTiwait(i) + 1,0 * LTIVRg(i) -
1,0)

CALL8IN(i) - 1,0 * CALL8End(i) )

CALL8IN(i+1) = sigma( + 1,0 * WHL2EXpR(i) + 1,0 *
(i) + 1,0 * CALL8Wrk(i) - 1,0 )

CALL8Qut (i +1) = sigma( + 1,0 * F_:put TaskQut

i

CALL8Resl (i +1) = sigma( + 1,0 * CALL8WOrk(i) - 1,0 )

CALL8Bgn(i+1) = sigma( + 1,0 * F_:putTaskld(i) + 1,0 * CALL8InNn(i) - ,0 )

CALL8ENd(i+1) = sigma( + 1,0 * F_:putTaskQut(i) - 1,0 * CALL8End(i) + 1,0 *
CALL8WOrk(i) - 1,0)

CALL8WOrk(i+1) = sigma( + 1,0 * CALL8Bgn(i) - 1,0 * CALL8End(i) + 1,0 *
CALL8WOrk(i) )

F_:putTask2(i+1) = sigma( + 1,0 * F_:putTaskld(i) + 1,0 * CALL8End(i) )

F_: put Task2d(i +1) = signa( - 1,0 * CALL8Bgn(i) + 1,0 * F_:putTask2(i) )

CALL8dMVI 1(i +1) = sigma( + 1,0 * CONI:endWrk(i) + 1,0 * CALL8Bgn(i) - 1,0 )

ABRT1In(i+1) = sigma( - 1,0 * SEQReset(i) + 1,0 * WHL2Qut (i) )

SEQLOI n(i +1) sigma( + 1,0 * M0In(i) )

SEQLOQut (i +1) = sigma( + 1,0 * PAR2Qut (i) )

VARI SEQL0: Task1(i+1) = sigma( + 1,0 * VARI SEQLO: Task1(i) + 1,0 * CALL11dRet1(i) +
1,0 * CALL12dRet1(i) )

VARI SEQLO: i ni Task(i +1) = sigma( + 1,0 * VARI SEQLO: i ni Task(i) )

PARLIn(i+1) = sigma( + 1,0 * SEQIOIn(i) )

PARLCQut (i +1) = sigma( + 1,0 * PARIWAIt (i) )

PARIVAi t (i +1) = sigma( - 1,0 * PARIVAit(i) + 1,0 * PARIWPri(i) + 1,0 * PARLWPr2(i)
+ 1,0 * PARIWPr3(i) - 2,0)

VI31in(i+1) = sigma( + 1,0 * ATR18In(i) )

VI 31Qut (i +1) = sigma( + 1,0 * VI31in(i) )

VI 31Resl (i +1) = sigma( + 1,0 * VI31lIn(i) - 0,4999999999999 )

ATR18In(i +1) = sigma( + 1,0 * PARLIn(i) )

ATRI8EXpR(i +1) = sigma( + 1,0 * VI31Qut(i) + 1,0 * VI31Resl (i) - 1,0)

ATR18Cut (i +1) = sigma( + 1,0 * VI31Qut(i) )

PARIWPr 1(i +1) = sigma( - 1,0 * PARIVait(i) + 1,0 * ATRI8Qut(i) + 1,0 * PARIWPr1(i)

)
VI32In(i+1) = sigma( + 1,0 * ATRI9In(i) )
VI32Qut (i +1) = sigma( + 1,0 * VI32in(i) )
VI 32Resl (i +1) = sigma( + 1,0 * VI32In(i) - 0, 4999999999999 )
ATRIOIn(i+1) = sigma( + 1,0 * PARLIn(i) )
ATRI9EXpR(i +1) = sigma( + 1,0 * VI32Qut(i) + 1,0 * VI32Resl (i) - 1,0)
ATRLOOUt (i +1) = sigma( + 1,0 * VI320ut (i) )
PARLWPr 2(i +1) = sigma( - 1,0 * PARIM&it(i) + 1,0 * ATRIOOut(i) + 1,0 * PARLWPr2(i)

)

CALL9In(i+1) = sigma( + 1,0 * PARLIn(i) + 1,0 * CALL9In(i) - 1,0 * CALL9ENnd(i) )

CALL9CQut (i +1) = sigma( + 1,0 * F :iniWPQut(i) + 1,0 * CALLOWOrk(i) - 1,0)

CALL9Res! (i +1) = sigma( + 1,0 * CALLOWOrk(i) - 1,0 )

CALL9Bgn(i+1) = sigma( + 1,0 * F_:iniWP0d(i) + 1,0 * CALLOIn(i) - 1,0

CALL9ENnd(i+1) = sigma( + 1,0 * F_:iniWPQut(i) - 1,0 * CALL9End(i) + 1
CALLOWVOrk(i) - 1,0)

CALLOWOr k(i +1) = sigma( + 1,0 * CALL9Bgn(i) - 1,0 * CALL9End(i) + 1,0 *
CALLOWOrk(i) )

F_:iniWwPl(i+1) = sigma( + 1,0 * F_:iniWPOd(i) + 1,0 * CALL9End(i) )

F_:iniW1d(i+1) = sigma( - 1,0 * CALL9Bgn(i) + 1,0 * F_:iniW1(i) )

PARIWPr 3(i +1) = sigma( - 1,0 * PARIWAIt(i) + 1,0 * CALLOQut(i) + 1,0 * PARLWPr3(i)
)

)
0

CALL10In(i+1) = sigma( + 1,0 * PARIOut(i) + 1,0 * CALL10In(i) - 1,0 * CALL10End(i)

CALL10CQut (i +1) = sigma( + 1,0 * F_:putTaskQut(i) + 1,0 * CALL1OWOrk(i) - 1,0 )

CALL10Res! (i +1) = sigma( + 1,0 * CALL1OWOrk(i) - 1,0 )

CALL10Bgn(i+1) = sigma( + 1,0 * F_:putTask2d(i) + 1,0 * CALL1OIn(i) - 1,0)

CALL10ENnd(i +1) = sigma( + 1,0 * F_:putTaskQut(i) - 1,0 * CALL10OEnd(i) + 1,0 *
CALL1OWOrk(i) - 1,0)

CALL10WOrk(i+1) = sigma( + 1,0 * CALL1O0Bgn(i) - 1,0 * CALL1OEnd(i) + 1,0 *
CALL1OWOr k(i) )

F :putTask3(i+1) = sigma( + 1,0 * F_:putTask2d(i) + 1,0 * CALL1OEnd(i) )
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F_: put Task3d(i+1) = signa( - 1,0 * CALL1OBgn(i) + 1,0 * F_:putTask3(i) )
CALL10dVI 1(i +1) = sigma( + 1,0 * VARI SEQLO:ini Task(i) + 1,0 * CALL10Bgn(i) - 1,0 )

PAR2I n(i +1)
PAR2Qut (i +1)

PAR2VI t (i +1)

SEQLLI n(i +1)

SEQL1Qut (i +1)
PAR2WPr 1(i +1)

)
CALL11l n(i +1)

)
CALL11CQut (i +1)
CALL11Res! (i +1)
CALL11Bgn(i +1)
CALL11ENnd(i +1) = sigma( + 1,

CALL11V@r k(i +1)
CALL1IWOrk(i) )

F :getWork1(i+1) = sigma( + 1,0 * F_:getWrkOd(i) + 1
F_:getWorkid(i+1) = sigma( - 1,0 * CALL11Bgn(i) + 1,0
CALL11dMI 1(i+1) = sigma( + 1,0 * VAR SEQLO: Task1(i) + *
CALL11dRet 1(i+1) = sigma( + 1,0 * F_:getWrkRet1(i) - 1,0)
sigma( + 1,0 * CALL11Qut(i) + 1,0 * SEQL2Qut (i

(i

i

WHL3I n(i +1)

VWHL3EXpR(i +1) = sigma( + 1,0 * NEQLQut(i) + 1,0 * NEQLResl
sigma( + 1,0 * NEQLQut (i) - 1,0 * NEQLResl (i
sigma( + 1,0 * NEQLIn(i) )

VHL3Qut (i +1)
W33l n(i +1)
W33Qut (i +1)

W33Res| (i +1)

W34l n(i +1)
W340ut (i +1)

W34Res| (i +1)

NEQLI n(i +1)
NEQLOQut (i +1)

NEQLResl (i +1)
NEQLdRs1(i +1
NEQLdRs2( i +1
NEQLAdW (i +1
NEQLwai t (i +1

NEQLAW (i +1)
NEQLVLSf (i +1)
NEQLWLf (i +1)
NEQLALf (i +1)
NEQLVRg( i +1)
NEQLWRg( i +1)
NEQLdRg( i +1)
SEQL2] n(i +1)

SEQL20ut (i +1)
CALL12I n(i +1)

)
CALL120ut (i +1)
CALL12Resl (i +1)
CALL12Bgn(i +1)
CALL12End(i +1)

CALL12dM 1(i +1)

S

sigma( + 1,0 * CALL10Qut (i) )

sigma( + 1,0 * PARRVAIt(i) )

sigma( - 1,0 * PARRWAIt(i) + 1,0 * PARRWPr1(i) )

sigma( + 1,0 * PAR2In(i) )

sigma( + 1,0 * WHL3Qut (i) )

sigma( - 1,0 * PARRWAIt(i) + 1,0 * SEQL1Qut(i) + 1,0 * PARWPr1(i)

sigma( + 1,0 * SEQLLIn(i) + 1,0 * CALL11In(i) - 1,0 * CALL11End(i)

=sigm( + 1,0 * F_:getWorkQut(i) + 1,0 * CALL11WOrk(i) - 1,0 )

=sigma( + 1,0 * CALL11IWOrk(i) - 1,0)

=sigma( + 1,0 * F_:getWrkOod(i) + 1, 0 * CALL11lIn(i) - 1,0)

= * F_:getWrkQut(i) - 1,0 * CALL11End(i) + 1,0 *
CALL1IWOr k(i) ,0)

= sigma( + 1,0 * CALL11Bgn(i) - 1,0 * CALL11End(i) + 1,0 *

0 * CALL11End(i) )
* F_.getWork1(i) )
1,0 * CALL11Bgn(i)
1,0

- 1,0)

[
[
) )

sigma( + 1,0 * W33In(i) )
sigma( + 1,0 * VAR SEQLO: Task1(i) + 1,0 * W33In(i) - 1,0)

sigma( + 1,0 * NEQLIn(i) )

sigm( + 1,0 * W34In(i) )
sigm( + 1,0 * CONl: endWork(i) + 1,0 * W34In(i) - 1,0)

sigma( + 1,0 * WHL3In(i) )

sigm( + 1,0 * NEQLAAW (i)

si gma(
si gma(
si gma(
si gma(
si gma(

si gma(
si gma(
si gma(
si gma(
si gma(
si gma(
si gma(
si gma(

sigma( + 1,0 * CALL12Qut
sigma( + 1,0 * SEQL2In(i

1E13 * NEQLdRs1(i

+ 4+ + ++ + 4+ +
PRRRRPRPE

)

) + 1E13 * NEQLdRs2(i) )
NEQLALf (i) - 1,0 * NEQLdRg(i) )

+ 1,0

)

NEQLALf (i) * NEQLARg(i) )

NEQLAW (i )

NEQIwai t (i) + 1,0 * NEQIWLf(i) + 1,0 * NEQIwWRg(i) -
NEQIwai t (i) )

W33Resl (i) - 1,0 * NEQlwait(i) + 1,0 * NEQLVLf(i) )

i
i
W33Qut (i) - 1,0 * NEQlwai t (i) + 0 * NEQLwLf (i) )
NEQlwai t (i) + 1,0 * NEQLvLf(i) - 1,
W34Resl (i) - 1,0 * NEQlwait (i) + 1,0 * NEQLVRg(i) )
W34Qut (i) - 1,0 * NEQIwait(i) + 1,0 * NEQIwRg(i) )
NEQlwai t (i) + 1,0 * NEQLvVRg(i) - 1,0)
VWHL3EXpR(i) )

(i) )

) + 1,0 * CALL12In(i) - 1,0 * CALL12End(i)

=sigma( + 1,0 * F_:getWorkQut(i) + 1,0 * CALL12Work(i) - 1,0 )
=sigma( + 1,0 * CALL12Work(i) - 1,0 )

= sigma( + 1,
= sigma( + 1,

CALL12Wor k(i)
CALL12WOr k(i +1)

*
*
,0)

F :getWrkid(i) + 1,0 * CALL12In(i) - 1,0
+1

)
F_:getWrkQut(i) - 1,0 * CALL12End(i) L0 *

= sigma( + 1,0 * CALL12Bgn(i) - 1,0 * CALL12End(i) + 1,0 *

CALL12Wrk(i) )

F :getWrk2(i+1l) = sigma( + 1,0 * F_:getWrkld(i) + 1,0 * CALL12End(i) )
F_:getWrk2d(i+1) = sigma( - 1,0 * CALL12Bgn(i) + 1,0 * F_:getWrk2(i) )

= sigma( + 1,0 * VAR SEQLO0: Task1(i) + 1,0 * CALL12Bgn(i) - 1,0 )
CALL12dRet 1(i+1) = sigma( + 1,0 * F_:getWrkRet1(i) - 1,0 )
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