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SECTION !

INTRODUCTION

SCOPE

The purpose of this investigation was to derive a control algorithm for a
new concept in comp.ter architecture developed at the Naval Training Equipment
Center (NAVTRAEQUIPCEN), Orlando, Florida. The proposed architecture is a
hierarchically structured, functionally distributed, multiple microcomputer
system and will be referred to as a multiple microcomputer system (MMCS). The
MMCS control algorithm is a multilevel structure implemented by an optimal com-
bination of hardware, firmware (microcode), and software. This report docu-
ments the results of the total investigation and the recommended design approach.

SYSTEM GOALS

The goals of the multiple microcamputer control algorithm are to:

a) Reduce programming and program maintenance costs of the software for
real-time trainers.

b} Offer increased standardization and modularity.

¢) Improve system throughput.

d) Provide a basis for future system improvement.

MULTIPLE MICROCOMPUTER SYSTEM CONFIGURATION

The MMCS configuration is shown in Figure 1. The major system hardware
camponents are N microcamputer modules, a shared memory, a bus arbitration
module, and a system communication and control bus. The microcamputer modules
(also referred to as processor modules) are implemented with a high-performance
microprocessor technology. The number of microcomputer modules required is a
function of the amount of computation required by a specific trainer system.

A portion of the MMCS architecture control algorithm is implemented by the
executive software for each processor module. This executive, designated the

- applications task manager (ATM), consists of poth native code and microcode.
Two key features of the architecture are the existence of a control processor y
which is capable of directing the activities of the remaining processors. and !
the distribution of processing tasks by function. The details of the MMCS con- ’
figuration are discussed in Sections [Il and IV of this report.

PREFERRED ALGORITHM CONCEPT

The technical approach suggested by NAVTRAEQUIPCEN has been evaluated and
found to be a desirable architectural concept. Implementation of the preferred
algorithm depends upon two majior criteria:
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a; Successful partitioning of the problem into disjoint tasks,
b) Developing a run-time structure which provides for the passing of
system parameters among processors while preserving precedence.

Both of these criteria must be met without any serious impact upon the appli-
cation programmers. Criterfon (a) is discussed in Section II; criterion (b)
fs the major topic of this report and the general concepts used to satisfy it
are presented in this section. This involves:

a) the basic conditions required for the concurrent execution of system
tasks,

b) a technique for handling shared resources, primarily shared data.

¢) synchronizing techniques for maintaining system precedence.

CONCURRENT EXECUTION OF TASKS

The notation

BEGIN T1; T2;...... ; Tn; END (1)
indicates that the tasks T1, T2,...... . TN are executed sequentially in the
order given. The notation

BEGIN TO; COBEGIN T1; T2:...... ; Tn; COEND Tnel; END (2)

indicates that tasks T1 through Tn may be executed concurrently. (A task {s

defined to be the smallest system entity capable of contending for system resources).
Precedence graphs of statements 1 and 2 are given in Figures 2 and 3, Con-

current and sequential statements may be arbitrarily nested, as given in

statement 3 below and shown in Figure 4.

COBEGIN
T
BEGIN
T2;

ggBEGIN T3, T4; COEND

END
16,
COEND (3)

Concurrent tasks may be executed by a multiple processor system or by time-
slicing on a single processor. In terms of the basic definition there is no
difference. In practical systems multiple processors offer the possibility

of improved performanie while time-slicing in a2 single processor improves {ts
utflization,

v

o ) — "I.II."“.-M-
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Figure 2. Sequential Execnt:un of Tasks

Figure 3. Concurrent Execution of Task T] to TN
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An Arbitrary Nesting of Sequential and Concurrent Tasks
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RESTRICTIONS ON CONCURRENT TASKS

Certain restrictions must be placed upon systems of concurrent tasks (or
programs) tn insure that reasonab.e performance verification and program test-
ing techniques may be used. The first restriction is that a transfer of con-
trol fram a concurrent task is prohibited. This restriction is required be-
cause:

a) A concurrent statement (COBEGIN...COEND) is terminated only when all
of its tasks are terminated.

b) A statement having one or more concurrent sections embedded may con-
tinue as a sequential process after one or more of the current sections
is terminated.

This restriction does not impose any problems in the use of systems of concur-
rent tasks. In fact the same restriction is typically imposed by the use of
good programming practices.

A second restriction concerns the independence of the tasks enclosed in a
concurrent statement. It is desirable for a system of concurrent tasks to be
testable as a unit. Consider a group of concurrent tasks Tl;...Tn; where each
Ti has a predicate Pi and a result Ri such that if Pi is true before execution
of Ti, then Ri will be true afterwards. Then the desired property is that the
concurrent task

COBEGIN T1;T2;...Tn;COEND
be considered as a single operation S with predicate P and result R where

P =Pl and P2 and P3 .... and Pn
and R = Rl and R2 and R3 .... and Rn.

A second desirable characteristic for a system of concurrent tasks is that
it be functional. A functional system is one where the output history of its
execution is a time-independent function of its input history. Functional be-
havior, together with the ability to apply a single predicate and result to a
system of concurrent tasks, is required for the application of rigorous tech-
niques of program verification and testing. It may be shown that a sufficlent
condition for these characteristics to hold is that the tasks be disjoint.

This means that a variable vi changed by task Ti cannot be referenced or changed

1. Hansen, Per Brinch, Operating System Principles, N.J., Prentice-Hall,
1973,pp 60-76.

12
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by another task Tj (i¥ j). This does not preclude concurrent tasks from refer-
encing common variables not changed by any of them.

However, in dealing with real-time trainer system programs (and, in fact,
most other real-time applications) the disjointness restriction is difficult
tomeet. In systems of this type it is vital to pass parameters between tasks.
In addition, trainer systems use a highly iterative system, the sampling rate
being a function of the natural frequency of the system being simulated. Under
tht;se conditions the tasks may not be functional during a given sampling inter-
val.

It will be necessary for the control algorithm to provide mechanisms by
which the restriction of disjointness may be bypassed without giving up the
characteristics of functional behavior or a combined predicate-result. There
are two separate problems; providing for shared resources, i.e., variables
camon to more than one task, and maintaining the long-term precedence of the
system. The term long-term precedence concerns the system behavior over
periods of time which are longer than the sampling period. These mechanisms
are discussed in the follawing sections.

Shared Resources

If more than one task is to share a resource (typically a variable) then
all but one task must be excluded from operating on the rescurce at any one
time. The technique for doing this is the critical region. The notation

REGION v do Ti

associates a task Ti with a variable v. Critical regions referring to the
same variable (or resource) exclude one another in time. In particular the
following conditions apply to critical regions:

a) Only one task may be within a critical region at a time.

b) When a task wishes to enter a critical region, it will be enabled to
do so in a finite length of time, i.e., the scheduling algorithm must
be fair.

c) A process may remain in a critical region for a finite length of time
aﬂy‘i This implies that all tasks operating on a comon variable must
terminate.

It should be noted that while critical regions exclude each other in time, they
imply nothing about the sequencing of tasks.

Process Synchronization
When a single task is partitioned into a group of concurrent tasks we need

a synchronizing technique to preserve the precedence of the system. Two
schemes for dcing this are the semaphore and the conditional critical region.

13
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Semaphores. The semaphore is a mechanism whereby a timing signal may be
sent from one process to another. I[f the variable v is a semaphore, then
the two permissible operations are SIGNAL{v) and WAIT(v). The semaphore v
is characterized by the integers:

S§V) 1= number of signals sent
R(v) := number of signals received
C(v) := number of nitial signals

wheie the initial assignment is given by v=c. The relationship of statement
0 < R(v) < S(v) + C(v) < R(v) + MAX

must always hold for the semaphore v. MAX is the maximum value v is allowed
to have. This relationship is the semaphore invariant. Since the semaphore
is a common variable for the senders and receivers, the signal and wait op-
erations exclude each other in time.

Conditional Critical Regions. The conditional critical region is a mech-
anism for synchronizing a task's entry into a critical region. It is denoted
AWAIT and used as follows:

REGION v DO
BEGIN AWAIT (CONDITION);...END

The condition must be a Boolean expression or have a Boolean result. The task
does not enter the critical region until the condition is true.

Scheduling Mechanisms

Several of the functions previously defined are required to control the
scheduling of shaged resources. The basic scheduling mechanism of the pre-
ferred control algorithm is the queue. The permitted operations on a queue,
g, are ENTER(t,q) and REMOVE(t,q) which enter and remove an element t from q
according to the desired scheduling poiicy. In addition the Boolean variable
EMPTY(q) denotes whether the queue q is empty or not.

Comunications Between Tasks

While the rates at which the tasks of a trainer system proceed are related
over the long term, they may be independent over the short term (i.e., times
on the order of the sampling period). This complicates the handling of inter-
task communication. When a sending task produces a message, the receiving task
may not be ready for it. Since delaying the sender would decrease throughput,
message buffers are used for intertask communications. A message buffer is

14
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designated B and has capacity MAX. The operations SEND(M,B) and RECEIVE(M.B)
place the message M on the buffer or remove it, respectively. These oper- °
ations, like SIGNAL and WAIT, must exclude each other in time and are critical
regions with respect to the buffer used.

IMPLEMENTATION OF THE NAVTRAEQUIPCEN PREFERRED ALGORITHM

The control algorithm is implemented as a mix of hardware, firmware, and
software. In particular:

a) The critical region concept is essential and basic. It will be imple-
mented in hardware such that it is an inherent characteristic of the
system,

b) The synchronizing tools are also essential but are much more complex.
They will be implemented in firmware (microcode).

¢) The scheduling policy may change from problem to problem. This will
be implemented in software and be accessible to the user.

Details of the implementation of these techniques are given in the remainder
of the report.

NOMENCLATURE

In the following, several terms are defined which are useful in describing

the timing of the proposed multicamputer system:

Task = a self-contained portion of a computation which once initiated can
?e carried out to its completion without the need for additional

nputs.

Frame period, T = the physical sampling period. It is a function of the
significant highest natural frequency, wyn, of the system being sim-
ulated. In the trainer simulation problem, twenty times the high-
est natural frequency is used. The frame period is equal to:

1
T > (5)

n
[
n : s
where 20 ——— > 30 i, 1 = positive integer.
The (30 i) constraint is due to consideration of any visual system
emp loying the standard TV raster frame rate.

Cycle period, ¢ = the time allowed to complete a write cycle plus a read
cycle on the common control bus. During each cycle a set of cal-
culations are completed by the multiple processors. The cycle
period is equal to

T
C = - (6)
Ne

where Nc = the number of cycles within a frame period.

15
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n-calculations = those calculations which must be completed once every
frame period.

k-calculations = those calculations which must be completed once every
k frame periods.

Synchronous n-calculations on a cycle period = those n-calculations which
are comp leted synchronously on a cycle period but are asyn-
chronous within the c.~le period.

Update state n-calculations - those .oro-memory n-calculations which must
be completed before the next states can be calculated.
These calculations can be done in either the individual
application processors or the input processor.

Next state n-calculations = those memory n-calculations which must be
camp leted to determine the next state,

Output n-calculations = those zero memory n-calculations which must be
camp leted to determine the outputs or some input variables
for the next frame. These calculations can be done in
either the individual application processors or the output
processor,

A typical n-calculation for a frame period with four cycles is shown in
Figure 5. The abbreviations used in Figure 5 are defined as follows:

AP = applications processor
SM - shared memory

0P = output processor

IP = input processor

16




MAVTRAEQUIPCEN 78-C-0157-1

¢

*$3|24) ANO4 YliM POLId4 awedq b 405 suofie(ndjedr-u ‘G aunbiy
L+N-L+N L+N-L+N LeNN u«z NI
d0 NI dv NI 31viS
1ndino 1ndino 31viS 3ivadn
u_.<._=3<rm_ uhﬁau.ilu_ uE.Su._S_ ucq._:oj
QoS |WSedl  dvehs Wsed  dveWs |Wsead dvews | wsedi)
4 n . | M ¥ M
4] T ) ~- 7
Sond

1 ‘00TY¥3d IWvYd

17




P

NAVTRAEQUIPLEN 7o -C-0 v =]

SECTION 11
TASK PARTITIONING

INTRODUCTION

Parallel processing is more comple *han sequential processing because
of the need for cammunications. The anal sis of parallel algorithms hence
must include the effect of cammunications  tween tasks. The number of data
transfers on the bus is a measure of the communications inherent in the al-
gorithm because as this number increases the necossary communications increase.
In general, these communications should be minimized while at the same time
keeping the caomputation time as short as possible.* The scheduling and allo-
cation of tasks to processors in such a wav that some objective (e.g., minimum
execution time or minimum cammunication time) is realized is an important area
of parallel processing and one fundamental to developing a control algorithm
for a functionally distributed system of the tyre examined in this contract.
As per Section 3.5 of Specification N-74-105," the data employed for problem
partitioning are typical of the simulation problem requirements of a modern
high-performance trainer. Appendices C and D of Specification N-74-105 pro-
vide the data used in this study.

PARTITIONING

Two tasks are parallel if and only if they produce the same result when per-
formed sequentially or in parallel for all possible sets of input data. In gen-
eral, the parallelism of two tasks can be shown to be undecidable.” The question
of whether or not two tasks can be performed in parallel is a function of not
only the algorithm but also of the way it has been programmed. It should be
noted that the partitioning of a trainer simulation problem is for a fixed and
known program.® Most of the partitioning algorithms have been developed for the
partitioning of a general unspecified program. In order to achieve the best
partition, use should be made of all knowledge about the program.

2. Agerwala, T. and Lint, B., "Communication in Parallel Computer Systems",
Proc. 1978 Conf. Information Science and Systems. Johns Hopkins University,
March 29-37, 1978, pp. 89-35.

3. Susmer, C.F., Specification for Multiple Microcomputer Control Algorithm
Investigqation, NTEC N-74-105, May 22, 1978.

4. Bernstein, A.J., "Analysis of Proarams for Parallel Processing", IEEE
Trans. on Electronic Computers, Vol. EC-15, No. 5, Oct. 1966, pp. 757-763.
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Acyclic Task Graph

A program task graph is a graph structural model of a program exhibiting
the flow relation or connection among the tasks in the program. Computational
processes can be modelled by directed graphs in which the nodes represent
single tasks at a specified structural level and the directed branches repre-
sent the permissible transition to the next task in sequence. A graph consis-
ting of a set of nodes is said to be strongly connected if and only if any
node in it is reachable from any other.

A program task graph which has maximal strongly connected subgraphs can
be reduced to an acyclic task graph by replacing each of the maximal strongly
connected subgraphs by a single node. By using the reduced acyclie task graph
it can be shown that the problem of parallelism becames decidable.

For programs which can be represented by acyclic task graphs, algorithms
have been designed to determine the minimum number of processors needed to
execute the program in the shortest time. Other algorithms that have been de-
veloped for the acyclic task graph are (1) a determination of the minimum time
to process a graph, given k processors; (2) a determination of whether or not
a graph can be processed in the minimum possible time with k processors; and
(3) a determination of lower and upper bounds on the minimum number of proces-
sors required to process an acyclic task graph in the shortest possible time.

Flight Simulation

A typicalaircraft type trainer simulation, as shown in Figure 6, may con-
sist of as many as four related major system simulations. The coupling between
these real-time functions is highly synchronized and very tight. A1l four major
functions depicted in Figure 6 are not present in all aircraft type trainers.

In Addendum D of Specification N-74-105 a flight simulation flow diagram is
specified. From an open-loor input-output viewpoint, it has two inputs and four
outputs, as shown in Figure 7. This particular flight simulation system has
seven identifiable subsystems:

a) Equations of motion

5. Ramamoorthy, C.V., and Gonzalez, M.J., "A Survey of Techniques for
Recognizing Parallel Processable Streams in Computer Programs", 1969 Fall Joint

Cg%guter Conference, AFIPS Conf. Proc., Vol. 35, Montvale, NJ: AFIPS Press,
'pp- =iJs

6. Ramamcorthy, C.V., Chandy, K.M., and Gonzalez, M.J., "Optimal Scheduling
Strategies in a Multiprocessor System", IEEE Trans. on Computers, Vol. C-21,
NO. 2| Feb-. 1972. pp. 137“146.
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FLIGHT SIMULATION

TACTICAL SIMULATION

VISUAL SIMULATICN

SYNTHESIZED TARGET
SIMULATION

Figure 6. Representative Aircraft Type Trainer
Simulation Functions
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b) Aerodynamics

c) Propulsion

d) Weight and balanc»

e) Landing gear

f) Automatic flight co' -1
g) Control loading.

The subsystem task graph for this flight st wulation system is shown in Figure 8.
Each node represents a subsystem of the flight simulation system and each
directed arc represents data flow from the antecedent node to the consequent

node. It is noted that the subsystem task yraph is highly coupled and has a
total of ten loops

fe I~ TR VI VR < VR - TR o VIR + VIR - 1)
]

Hh OO dOCT
[}

1
OO Taaw oo
]
T
]
o

a
~-c-d-a
d-e-a

o

If this subsystem task graph is converted : an acyclic subsystem task graph,
then only two nodes remain, Figure 9. This result indicates that no parallel-
ism exists at the subsystem structural level for this flight simulation system.

The flight simulation flow diagram has seventy-six distinct tasks at the
block diagram structural level. The block task graph has a very large connect-
ivity with many loops. Thus, the acyclic block task graph approach is not
applicable for partitioning for parallelism at the block diagram structural
level for this flight simulation system.

Nearly-Decomposable Systems

A sofi. :are product can be considered as a complex dynamic system that
evolves with time, where complexity is defined as the number of tasks in the
system,and the connectance and strength of the interactions between these
tasks. [f the complexity of a software system increases t2 an unmanageable
point, then it has in same sense reached a point of instability and the system
is incomprehensible. One of the major objectives is to reduce the complexity
of the total system software. This can be achieved with a multiple microcomputer

7. daker, K., "Improve Complex Software by Using Multiple Microproces-
sors", Microprocessors, Vol. 1, No. 3, Feb., 1977, pp. 165-168.
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Fiqure 9. Acyclic Subsystem Task Graph
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system because the various tasks (functions) can be distributed over several
processors.

A system is said to be "nearly decomposable" if subsystems can be identi-
fied where the interactions between subsystems are oge or more orders of mag-
nitude less than the interactions within subsystems.” If the original software
system is “"nearly decomposable”, then a multiple microcomputer system archi-
tecture results in a decrease in the overall software system complexity. Hence
a system with a faster execution time and less complex software can be realized.

Clustering is an approach which may result in a good partitioning of a
"nearly-decomposable" system at the program task level. An examination is in
progress of this pattern recognition technique but at present a suitable
feature space defined on the local properties of the individual tasks has not
been found. One heuristic approach which seems plausible is that those tasks
that make up a given physical subsystem or its simulation would have more
interaction at the task level than the interactions between the different phys-
ical subsystems. This, of course, assumes that a task still retains some
physical meaning and can be related to the physics of the simulation.

Parallelism in a Program Loop

Some work has been comp leted where parallel execution was carried down to
the level of individual operations in assignment statements of the source pro-
gram. This is necessary if one wants to execute programs in a faster way.
Also, approaches for introducing more parallelism into a program loop (with or
without conditional statements such as IF's and GOTO's) have been examined. A
Toop distribution algorithm has been developed for a program task graph, but to
ac?ie;eqhiqher speedup with this algorithm, a multiple-array processor is re-
quired. "

Optimum Partitioning By Mathematical Optimization

Another approach for partitioning a large software system over multiple
computer systems is that of mathematical programming. The integer-programing
partitioning approach is presently being researched by the U.S. Air Force ™.

9 8. Simon, H.A., The Science of the Artificial, Cambridge, MA: MIT Press,
1969. - _

9. Xuck, D.J., "Parallel Processing of Ordinary Programs”, Advances in
Computers (M. Rubinoff and M.C. Yovits, ed.'s), Vol. 15, N.Y.: Academic Press,
976. pp. 119"]79.

10. Cylmer, S.J., and Price, P.E., "Partitioning Software for Advanced
Simulation Computer Systems”, ta be published, 1979.
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wheére an index to rank pertformance is designed o include such effects as:

task execution time

task memory utilization

bus utilization time

balance of the load >mnong the processors.

a0 ow
e e e

The selection of the "best" partition is -ubject to two constraints:

a) real-time task resource requirements
b) predicted performance simulation feedback.

The results of this research will be available by late Fall, 1979.

Exhaustive Scheme for Partitioning

A study has been made to determine if an exhaustive scheme could be imple-
mented where all possible partitions are considered and the "best” partition
based on a performance index is selected. The number of ways BN, of distri-
buting N dist1ngulshab1e tasks 1nto p indistinguishable processors with empty
processors allowed is given by

N _P .
Bp = £ S(N,j) VN>p
J=1
where

SINERIERIL

-t ) Cde

. 1
S(N,j) =
JT 5.0

and is called the Stirling number of the second kind.

For examp1e the number of ways of distributing N = 4 distinguishable
tasks (T]. T2. 3 T ) into p = 3 indistinguishable processors (P1, P2, P3)
is 83 = 14, Al possible partitions for this example are shown in Table 1.

Next a computer program was developed for an alaorithm given by Ni1f12

to determine all Stirling numbers and to calculate Bg. As an example, a system

11, Liu, C.L., Introduction to Combinatorial Mathematics, N.Y. 3 McGraw-
Hi11, 1968, pp. 38-40.

12. Wilf, H.S., and Nijenhuis, A., Combinatorial Maghematics, N.Y.
Academic Press. 1978, pp. 110-117.
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TABLE 1. ALL POSSIBLE PARTITIONS, B85 = 14
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with five processors {p = 5) was chosen and the number of tasks was varied
from 10 to 50 and 82 calculated. The results are:

Task

10
20
30
40
50

be developed for its partitioning.

major factors:

up factor, 8, defined as:

8 = —T;~

No. of Partitions, B:
1.8 x 10°
1.59 x ]011
1.55 « 108

152 ¢ 1022

Computer Overflow Error

From this study it is concluded that an exhaustive scheme is not feasible for
partitioning when the number of tasks is much greater than 15 and the number
of processors is between 5 and 10. The flight simulation program with its
seventy-six tasks far exceeds these limits so some nonexhaustive scheme must

PERFORMANCE ANALYSIS OF MULTIPLE MICROCOMPUTER SYSTEM
As has been noted by Kober}R how well the processing power of a multiple
computer system can be utilized (i.e., its efficiency) is a function of three

a) The organization and architecture of the system.
b} The number and power of the individual processors.
c¢) The type of application program.

One measure of the efficiency of a multiple computer system is the speed-

13. Kober, R., "A Fast Communication Processor for the SMS Multimicro-
processor System", Second Symposium on Micro-Architecture.

North Holland Publ.

Co., 1976, pp. 183-189,
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where TS the execution time needed for the sequential computation of
the application program.

T

P the execution time needed for the parallel computation of

the application program.

1 - In this section, the speed-up factor and the quantities affecting it are
examined. .

For the multiple microcomputer system architecture presented in this re-
port, a cycle is the time allowed to complete a write (W), a read (R) on the
global shared-memory bus, plus a set of state calculations by tﬁe.iqdiv1dua1
processors. Because the total computation is performed by a repetitive se-
quence of cycles, the speed-up factor is based on only one cycle.

Consider a multiple microcomputer system which has n individual proces-
sors and a total computational load of M tasks. The average computation time
for one task is denoted by TA. The average time for data exchange on the

shared-memory bus per task with only global shared memory is denoted by Tc.
The average time for data exchange on the shared-memory bus per task with both
local and global shared memory, TC', is given by

Tc =k Tc

where k is the local shared memory factor (0<k<1). A Jower (but not the least
Tower) bound for k is 1/n-1. Note, k is a function of the system partitioning.

If k=1, there is no local shared memory and shared variables are commun-
icated only through a global shared memory. For k<1 the average time for data
exchange on the shared-memory bus is reduced by the presence of the local shared
memory.

The average processor utilization for cdhpdtation, a, is given by

T (0<a<?)

™™

a =

where TM

= the maximum time allowed for computation. Given the above para-
' - .

meters TA’ ks TC’ n, M, and qa, the speed-up factor for the multiple microcom-
buter system with distributed controil, 84s can be determined.
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The executicon time needed for sequential computation of 't tasks 1S given

by
TS = M TA
The parallel computation .»» for M tasks by a multiple microcomputer sys-
tem with distributed control is
= Ve M
Tpd M TC ¥ na )
Therefore, the speed-up factor 34 is given by
5 - TS 1 1 ower=bound)
g3 = = )
d ) T
pd I S

The speed-up factor tor the muitiple microcomputer system without distributed
control, BJ + 15 given by

"

3
4 — W
Tp * M+ 55 Ta

where TD = duration of control phase.

The speed-up factor is improved by the amount y, with the use of distributed
control T

y =@ *59— L+ - M
3d Mg * 5 Ta
For the proposed single bus multiple microcomputer system and a specified
partition, the ratio of the average throughput with bus contenti?gs]go the
average throughput without contentions, has alsc been determined "' °.

14  Fung, K.T.. and Torng, H.C., "On the Analysis of Memory (onflicts and

and Bus Contentions in a Multi-Microprocessor System", [EEE Trans. on Compyters.
vol. C-27, No.1l, Jan., 1979, pp. 28-37.

15 Reyling, G., "Performance and Control of Multiple Microprocessor Systems".
Computer Design, March, 1974, pp. 31-86.
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The speed-up factor for the multiple microcomputer system with distributed j

s

control and with local shared memory, 3%, is given by

.Qw z 1 O k
R <k ,
d 1+ Me - §
na | 9
A
g

w o, 1

84 T
A . .C
Na IA

Therefore the speed-up factor is improved by the amount © through the use of

local shared memory and distributed control

1+C
1+ kC

J =

where TC
C = na -+
A
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SECTION I1:
CONTRCl Al GORITHM IMPLEMENTATION

FEATURES OF THE CCNTRQOL ALGORIT:M

The control algorithm for the MMCS mu.. ‘gn;tion as both a real-time ex-
ecut.ve and as the control program tor tue Lpecific taskg performed by the
MMCS. The role of the executive is to provi ‘e the capability of running con-
current tasks, as described in the Introduction, and to provide the services
required by the control program {the software car® of the contrgl algorithm).
Thus, the control program exists, not so much 4as a'separate entity, but as a
~set of parameters for the executive. In this section, several of the more 1m-

portant features of the control algorithm are presented.
Hardware, Software, and Firmware

The control algorithm is implemented as a function of hardware, software,
and firmware {microcode). The criteria used for the partitioning of the con-
trol algorithm into hardware, software, and firmware are performance, ease and
economy of implementation, and the ability to enforce the necessary rules for
concurrent programs. The general design rule is to implement the fixed por-
tion of the system in hardware and to use software for the variable or
application-sensitive portion. Firmware is used in place of hardware when it
is not possible or cost-effective to use a pure hardware design. Also firmware
is used for those functions that have a high probability of changing as the
system evolves.

The Virtual Machine Concept

Each of the microcomputer modules communicates with the rest of the sys-
tem and the external world via well-defined buses. A1l communications within
the system are handled by a virtual machine implemented in the microcomputer
module firmware. The characteristics of the virtual machine are independent
of the actual hardware, allowing for substantial modifications in the micro-
computer hardware {thus precluding early obsolescence) without requiring
changes in the control algorithm. The virtual machine has five states--HALT,
WAIT, COMMUNICATIONS, EXECUTIVE, and USER--shown in the state diagram of Fig-
ure 10. The HALT state is used to take a processor module off-line for an
indefinite time. The WAIT state is similar to HALT but is used to synchronize
multiple units. A common control line can cause all waiting units to enter
the EXECUTIVE state simultaneously. Most of the major overhead activities,
such as scheduling of tasks, take place in the EXECUTIVE state. Some system
resources, such as the shared memory, are available only in the EXECUTIVE
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state. The USER state i~ usec to run all of toe actual application procrars.
{f an application program wishes to make use ' 1 restricied system resourcs
it does soO by a superviscr c2il (SVC) which causes the svsiem to enter the
EXECUTIVE state as long as the resource is in use. The COMMUNICATICONS state
is used in the transmission of programs, control information, and other oper-
ating parameters between the ¢ortvgl processor and the other system processors.
A1l messages sent to a processy . '.e COMMUNICATIONS state are interpreted
by the virtua) machine. The control processor Jdoes not have to be involved
with any hardware details of the module . **h which it is communicating. Com-
munication with the external world by wa 1 the 1/0 bus is not handled bv
tf.~ virtual machine. This is done direci'. by an application program.

Shared Memory

The MMCS has a shared memory which 1+ available to all microcomputer
modules. The shared memory, whicn is used to hold all system parameters and
common or qlobal variables serves as a vehicle for passing messages between
processors. The shared memory is implemented as a critical region in that
only one processor at a time may change the contents of a shared memory lo-
cation.

Asynchronous Cperation

Whenever possible the partitioned applicaticn tasks operate asynchron-
ously with respect to the passing of variables to and from shared memory.
This frees the applications prcarammer from the burden of dealing with sched-
uling accesses to parameters in shared memory for these tasks. Each module
has, in loca) program memory, copies of all necessary shared memory variables.
A1l references by applications programs to these variables are to the copies
located in program memorv. The virtual machine periodically updates the
copies at a rate that is determined during program linking. The virtual ma-
chine also provides for asynchronous or event-driven updating of these vari-
ables if desired. This is illustrated by Figure 11.

[dentical Hardware Modules

A1l of the microcomputer modules are identical in hardware and firmware.
The control processor has capabilities denied to the other processors, but
these capabilities are a function only of its position on the bus.

Hierarchical Qrganization

The control processor and the virtual machines of the other processors
form a hierarchical structure. For the system as a whole the control pro-
cessor oresents the same external functional appearance as the virtual ma-
chines of the other modules. This allows the system to be expanded to a new
layer if desired. This structure is illustrated in Fiqure 12.

34 . ; }
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SYSTEM ARCHITLCTURE

A DIock digaram of e svstem hardware i shown in Prawe 1300 The sys-
consists of a control procc o, 170 precessors, applicat ton processors, a
bus arbitration module (BAM)Y, and a shared memory, all connected by a common
communications and control bus. The camputations associated with a particular
system use are partitioned amang the ape cication processors.  The 10 pro-
cessors handle the actual intevtacing o wosystem Lo externdl deviges and
muy Jdo some post or preprocessing of the . 1. The control processor handles
the initial start-up of the system, the sy iem diagnostics, and the overall
control of the execution of the applcation program,  The hus arbitration
module handles access to the shared memory bu. according to a fixed priority
scheme which establishes the shared memory as a critical reqion.

s Structure

AT of the systom olepents are hinked by g common system bus--the system
coamunication and control bus,  This byy consints of two parts, 4 shared mem-
ory bus and a control bus.  The shared memory bus i< used by all processor
modules to reference shaved memory,  Because the shared memory is considered
to be a critical region, the shared memory bus can be used by only one pro-
Cossor at a qiven time.  The processor modules acquive the bus according to a
priority schome to be described later.  Data transfers on the shared memory
bus are synchronous once the buw s acquired.  This gives the highest possible
throughput but requires that the memory response be able to match the processor
cycle time. A wait line can be provided to allow the use of slower memory {f
desired,

The control bus is a single-master bus used by the control processor for
all system contral functions. While all processor modules are identical, only
one processor can be master of the control bus. This processor is designated
by placing ft in the slot closest to the bus arbitration module. One pin of
this connector is grounded, enabling the processor to function as a master of
the control bus. With this one exception, all bus locations are identical.
The control bus is an asynchronous bus and all communications are handled on
a request/yrant basis.

Shared Memory Bus Priority Arbitration

The signal structure of the shared memory bus arbitration Yines is shown
in Figure 14, There are four separate functions: the bus-request lines
{BR® - BR(N-1)), the bus-grant lines (BG@ - Buyt-1)Y, the grant-acknowledqe
line (GACK), and the bus-locked (1OCKY Tine.  The number of bus-request lines
and bus-grant lines corresponds to the number of priority levels used. Eight
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lines are used in the design example and this appears to be the optimum
choice. However, the number can be readily changed if required, The daisy-
chain connection of the bus-grant lines causes the priority of a given module
to be a function of position on the bus. By blocking the propagation of a
bus-grant signal, a module can deny a "down-stream” module access to the bus.

Access to the bus is handled by circuitry on the processor modules and by '

a bus arbitration module (BAM). The BAM 1., connected at one physical end of . i
the bus. The position next to the BAM i- the hiohest priority for each of the K
request-grant line pairs and is used by '! control processor. Operation of

the arbitration scheme is as follows: A processor module which desires access
to the bus will assert one of the bus-request lines, the choice of request
Tine being determined by the nature of the transfer. Selection of the request
line is handled by the virtual machine, not by an application task. If no
higher priority is asserted, and if no module located closer to the BAM on
the same line has requested the bus, then the BAM will assert the corresponding
grant line and the grant will not be blocked before arriving at the processor.
(The effects of processor position and choice of bus-request line on priority
are illustrated in Figure 15.) Upon receiving the bus request the processor
asserts GACK and has acquired the right to be the next user of the bus.
As soon as the present bus user (if any) clears LOCK, the processor asserts
LOCK and proceeds to use the bus as desired. When it has completed bus ac-
tivity, it first clears GACK, thus enabling the BAM to assert the present
highest bus-grant line, then clears LOCK, thus giving up the bus. If possible
the processor should clear GACK in anticipation of giving up the bus, allow-

3 Ing the next arbitration sequence to proceed early, giving better bus util-
zation.

A flowchart of the operation of the BAM is shown in Figure 16 . While the
bus arbitration sequence itself is asynchronous., the BAM operates as a syn-
chronous finite-state machine clocked by the processor clock. The state dia-
gram for the BAM is shown in Figure 17 . A block diagram of the BAM logic
circuitry for N = 8 (i.e., 8 bus grant/request pairs) is shown in Figure 18.
Most of the BAM logic is implemented with three MS! packages. The logic for
the next state signals (shown) and the output decode is SSI (three 3-input
NAND gates). Two D type flip-flops (1 package) are used to provide the state
variables. The total package count for the BAM (for N = 8) is seven 16-pin
packages.

A flowchart of operation of processor module portion of the bus arbitra-
tion logic is shown in Figure 19 . While this logic is also a finite-state
machine, it differs from the BAM in that it is implemented in software and
firmware as well as hardware.

The bus-request and bus-grant lines are assigned by function. In general,
the write requests have a higher priority than the read requests. A1l N-cycle

— -
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Figure 16. Flowchart of BAM Operation
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Figure 19. Flowchart for Operation of Processor
Module Priority Logic
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requests are scheduled at a higher priority than K-cycle requests. A special
priority request line is provided for exceptions. The highest priority is re-
served for the control processor. Sample assignments, for N = 8, are given

in Table 2.

The Distributed Cache Shar - ‘“‘emory

The ultimate limiting factor on the verformance of the MMCS is shared
memory bus bandwidth. The camputational power of the system can be increased
by adding additional processor modules .t -his has the effect of increasing
th= burden placed on the shared memory ous txamination of the activity on
the shared memory bus suggests that:

a) The number of memory reads must at least equal to the number of
writes since the shared memory is used tor holding and passing
parameters.

b) Many system variables will not be subject to frequent updates and
will be read many more times than they are written.

c) Some parameters, produced by a single preocessor (or obtained through
external 1/0), will be passed to several other processors.

The net effect is that the number of read cycles on the shared memory bus will
probably exceed the number of writes by a substantial amount, the exact
amount being a function of the application and the partitioning scheme. This
points to a technique which could substantially reduce the amount of traffic
on the shared memory bus, the distributed-cache shared memory (DCSM).

The DCSM increases the effective bandwidth of the shared memory bus
by two mechanisms:

a) It provides for a “"broadcast” write operation whereby information
can be written into several processors simultaneously.

b) Parameters which are not updated on a reguiar basis may be stored
"locally" at the processors where they are used.

The basic concept of the DCSM is that portions of the shared memory are
duplicated at some, or all, of the processor modules. This is illustrated in
Figure 20 which shows two separate segments of shared memory duplicated in
certain processor modules. It is necessary that the DCSM operate in such a
way that shared memory retains a single unique address space. This is accom-
plished by requiring that all writes to shared memory be global, updating all
tocal cache memories at once.

The DCSM adds a new arbitration problem to the system, the situation
where both a local read and a global write occur for the same block of mem-
ory simultaneously. One solution is to have a busy flag for each local cache
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BUS REQUEST ASSIGNMENTS

ASS IGNMENT

Used by the control processor for
both read and write operations.

ATM Priority Write. Used by ATM
to write control information into
shared memory.

ATM Priority Read. Used by ATM
to obtain control information
from shared memory.

N-Cycle Write.

N-Cycle Read.

K-Cycle Write.

K-Cycle Read.

Distributed Cache Read. Used to
obtain bus to read cache memory.
More than one processor may be

granted this request at one time.
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' and give the global activity the highest priority. This has the disadvantage
of requiring additional hardware and adding overhead to each shared memory
cycle. A second solution is to dedicate one bus request line to the DCSM and
allow all local reads to be handled in parallel. This sclution has the dis-
advantage of a longer latency time, but adds minimal hardware and no overhead.
! The nature of the type of variables stored in the cache reduces the disadvan-
: tage of the higher latency time.

X The Application Task Manager

A computer operating in a multi-tasking environment requires some form ‘

of real-time executive to handle allocation of system resources. In the V
Introduction, a number of the desired attributes of the executive to be used
] in the mulitple microcomputer system are detailed. These attributes, along

v with the special requirements of a multiple-processor system have been used
H in the design of the applications task manager (ATM). The ATM handles all
p real-time resource allocations and all real-time intertask communications for
each of the processors. In addition, the virtual machine which handles all
communications between processors is implemented by the ATM. This
communications-oriented portion of the ATM is the major difference between it
and a single-processor executive. The role of ATM in the system is shown in
Figure 21. The main control program runs under the ATM of the control pro-
cessor and directs the ATM's of the various applications processors. These
ATM's, in turn, control the application programs executing in their respective

: processors. External control of the entire system is handled through the ATM
: of the control processor. The ATM is described in more detail in a later
 § section of the report.
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The Microcomputer Modules

A microcomputer module of the MMCS and all of its major interfaces are

shown in Figure 22. On the system side, the module interfaces to the shared
memory bus and the control bus through interface logic. The interface to the
shared memory bus also includes the arbitration logic. The control bus inter-
face is less complicated since the control bus needs no arbitration logic.
The status and control register in each processor contains the control infor-
mation for that module. The control processor treats these registers as a se-
quence of addresses on the control bus. Some of the bits are modified by the
control processor and are used to control the activities of each processor

module. Other bits are read by the control processor to obtain the status of
the processor modules.

mimses e -
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THE APPLICATIONS TASK MANAGER :

The ATM controls the execution of all application programs. It is an in-
tegral part of each processor module and of the MMCS architecture. The ATM is
implemented in both microcode and native code (which may be compiler generated).

¢
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ATM Functions
The main functions of the ATM are to:

Handle allocativm ot all shared resources.

Handle scheduling t 01l tasks.

Implement the virtual wa..ine used for system communication.

Provide a structure for isolating applications programs from hard-

ware details so that changes i the hardware do not require the ap-

lications programs to be rewriti-n.

e) Provide the means by which the <.'tem may be initialized after a
cold start.

f) Provide diagnostic tools for debuyging programs.

Qan oo
s et o e

ATM Operation

The discussion of ATM operation given here is sufficiently general so as
to be independent of differences in system hardware. The actual implementa-
tion must take into account the capabilities of the actual hardware. A sub-
sequent section outlines the system hardware requirements for an efficient
implementation of the ATM.

Basic Concepts. A simplified flowchart of the operation of the ATM is
shown 1n Figure 23. Entry into the ATM is always by an interrupt or trap (or
software interrupt). Upon entry to ATM the initial activities are to deter-
mine the type of interrupt and to set the ATM flags and queue pointers appro-
priately. Normally control is passed directly to the scheduler which assigns
a starting time to the desired task. However, under some conditions an ex-
ceptional task may be activiated. Exceptional tasks include:

the supervisor call (SVC) handler,

the error handler,

the cold-start.initialization routine, and

the communications state of the virtual machine,

at o
et e e St

When the exceptional task is complete, control is passed to the scheduler as
in a normal interrupt. Exit from the ATM is always to the scheduled appli-
cation task. In the event that no applications task is currently ready to
run, a diagnostic task can be scheduled. No specific provision is made for
implementing a background task since the same effect is achieved by scheduling
a task at the Towest priority with unlimited time. The diagnostic task, if
present, would be handled in this manner. In the event that no task is ready

to run, the ATM will schedule a null job. A complete flowchart of the oper-
ation of the ATM is given in Figure 24.

Several of the key features of the ATM may be observed from the flowcharts
of Figures 23 and 24, in particular:

e e
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INTERRUPTS

INTERRUPT
HANDLER
YES EXCEPTIONAL
EVENTS
| HANDLERS
NO
SCHEDULER

EXIT 7O
USER STATE

Figure 23. Simplified Flowchart of ATM Operation
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a) While ATM is activated by interrupts, these interrupts do not cause
direct execution of any tasks. Instead they set certain ATM flags
and which allow passage of control to the scheduler. Thus, the sched-
uler always selects the task to be executed, regardless of the in-
terruypt type.

b) Exit from ATM is always to the task selected by the scheduler.

MMCS Interrupts. The processor modules of the MMCS have six classes of
in%errupts. of which five are handled by the ATM. The six classes are defined
below:

CLASS 1) SYSTEM LEVEL INTERRUPTS

These interrupts are used for events which affect the entire
system, They are part of the system bus structure and cannot
be masked by the processors. They may originate from the con-
trol processor or from the external world. Examples of the
use of system interrupts are the power-fail routine and the
system "freeze" function.

CLASS 2) COMMUNICATIONS REQUEST INTERRUPTS

These interrupts cause the processor module to go to the commun-
ications state and acknowledge the request. The interrupting
device may then initiate the desired exchange,

CLASS 3) [ERROR TRAPS

These inwerrupt-. occur as the result ot an attempt to violate
system policy. They cause an errvor handler to be started.

€LASS 4) ATM TIMER INTERRUPTS

These interrupts are the result of an ATM timer and are used
by the ATM for scheduling purposes. They are the normal cause
of entry to ATM.

CLASS 5) ATM ASSIGNABLE INTERRUPTS

These interrupts cause a specific task to be flagged to run and can
be assigned by ATM,

CLASS 6) APPLICATIONS INTERRUPTS

These interrupts are controlled by the applications programs.
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They do not cause entry to ATM and are mas!cd whenever ATM is
active. A given interrupt is associated with a specific task
and is unmasked only when that tawk is active. Assignment of
these interrupts is done by a supervisor call to ATM.

The priority of the in+vupts is highest tor class 1 and lowest for
class 6. Within a given class L. interrupts are prioritized if there 1s more
than one.

The [nterrupt Handler and Vector Tabic. The interrupt handler and vec-
tor tabTe handle class | through class 5 in:»rrupts and the overhead associ-
ated with entry into ATM. If possible, each .nterrupt is assigned a vector 1in
the vector table for the fastest possible response. The class 1, class 2, and
class 3 interrupts, which cause specific exceptional tasks to be activated, are
always serviced immediately. The class 4 interrupts, whose primary purpose 1S
to activate the scheduler, do not cause specific tasks to run but can affect
flags in the scheduler. The class 5 interrupts flag specific tasks to be run
and activate the scheduler.

The chief overhead task is to handle the possibility of the ATM being
irterrupted. Most interrupts are disabled while the ATM is active but some
class 1, class 2, and class 3 interrupts are never masked. [f the ATM is in-
terrupted, a flag is set so that the previous activity is completed before
exiting to an application program.

Supervisor Call Handler. The virtual machine implemented by the ATM pro-
vides a group of services to the application tasks. These services are in the
form of new instructions at the task level. The mechanism by which they are in-
voked is the supervisor call (SVC). A task issues a SVC by use of a software
interrupt (or trap) instruction followed by the code for the desired supervisor
call. The ATM vectors this request to the supervisor call handler where it is
decoded and executed. At completion of the SVC, the ATM is exited through the
scheduler.

The Error Handler. The error handler identifies the error code and pre-
pares a message to be passed to the communications state. Other information,
such as the machine state or the identity of the active task, is supplied where
appropriate. This information is passed to the control processor. The task may
or may not be restarted, depending upon the severity of the error. Control is
always passed to the scheduler after leaving the communications state.

Initialization Routine. Application of reset or cold-start interrupt
causes the initialization program to be run. After the system is initialized
control {s passed to the communications state. The ATM remains in this state
until it receives a command from the control processor (or, in the case of the
control processor, fram the external world).
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The COMMUNICATIONS, HALT, and WAIT States. These three states have pre-
viously been described as a part of the virtual machine. A processor module
enters the COMMUNICATIONS state upon receiving a class 2 interrupt. Typically
two class 2 interrupts are provided, one maskable and one non-maskable. The
maskable interrupt is used for routine requests and does not cause the processor
to suspend a critical task. When the processor enters the COMMUNICATIONS state
it asserts the output handshake line to indicate that it is ready. If the con-
trol processor initiated the request, it will then send the first word of the
message and assert the input handshake line which clears the output handshake
line. When the processor reads the word it again asserts the output handshake
line, clearing the input line in the process. This sequence continues until
entire message has been sent. If the processor is the initiator, it waits until
the input line is asserted and then outputs a word to the control bus. Again,
the process continues until the entire message has been transmitted.

The messages exchanged by processor .aodules in the COMMUNICATIONS state
have the format opcode, operands, terminator and are interpreted by the virtual
machine. The COMMUNICATIONS state operations ar: given in APPENDIX A.

The HALT and WAIT states are normally entered as a result of a command
sent as a part of a message. However, the status and control register of each
processor module also contains a hardware halt bit,

Scheduler. The scheduler handles all tasks other than exceptional tasks.
It also handles all time-dependent functions for the processor. The scheduler
is described in detail in a section to follow.

AT Time-Keeping Functions. During normal operation the ATM maintains
three time-dependent activities. These are the cycle-clock counter, the task
timer, and the event-alarm timer. The cycle clock is the external timing signal
fed to each module for synchronization. The cycle clock sets the rate at which
shared memory read/write cycles may occur. Because a given processor module may
not have to access shared memory every cycle, a counter is used to provide an
interrupt at the desired intervals. After each interrupt, the cycle counter is
first loaded with the number of cycles before the next interrupt and then en-
abled. It is driven by the cycle clock which is available on the system bus.

The event timer and the task timer are both driven by the system clock,
which is also available on the system bus. The system clock is the reference for
a1l time dependent activities. The period of the system clock sets the lower
limit for the time resolution in the MMCS. The event timer is used to generate
an interrupt at the time of the next scheduled event. This interrupt also sets
a flag which informs ATM that the event queue--a queue of all scheduled events--
should be checked. Each time the event queue is checked, the present event is
removed and the corresponding task activated. The event timer is then loaded
with the time available until the next scheduled event. If desired, the functions
of the cycle-clock counter may be implemented by use of the event timer. This
is a more general technique but may cause slightly more overhead.
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The task timer is used to control the amount of time consumed by an active
task. When a task is started its associated time limit (if any) is loaded into
the task timer. The task timer counts down as long as the system is in the user
mode (it is inhibited while ti~» ATM js active). If a task is swapped out (pre-
empted) before its time is up, the time remaining is saved and restored when
the task is restarted. The task timer may be an actual timer or it may be im-
plemented as an event on the event timer.

Application and System Program Tasks "M supports two types of tasks,
application tasks and system tasks. 1he application tasks, as the name suggest,
support the application assigned to the processor module. System tasks (or,
equivalently, system programs) are provided as a means of implementing executive
functions that are matched to a particular application. System programs have
the following characteristics:

a) System programs run to completion. They are not preempted except by
their own time limits,

b) A1l system programs that wish to run do so when ATM is entered.

c) System programs have access to all processor resources.

d) The highest priority system program (the one that runs first in view
of point ) can be flagged to run by the cycle clock counter interrupt.

e) A system program can be caused to run by a class 5 (assignable) in-
terrupt.

System programs are allowed in order to make the ATM as extensible as possible.
However, these are to be used as application-dependent parts of ATM, not as
higher-priority application programs.

Tasks States. The possible task states are ACTIVE (RUNNING), READY, SUS-
PENDED, (BLOCKED) AND TERMINATED (DORMANT). An active task is the one which a
processor is presently executing; a given processor module can have only one
ready task. A terminated task is one which either has never been scheduled to
run or has run to completion. A processor module can have more than one termin-
ated task. A suspended task is one which has previously been running and has
terminated itself when a specific event occurred. For example, a task may issue
a supervisor call to pause for a time interval or to pause until specific con-
ditions have been satisfied. When the conditions for restarting the task are
satisfied, the task is placed in the ready-state and executed as soon as it be-
comes the highest priority task. A processor module may have more than one
suspended task. A task state diagram is shown in Fiagure 25.

The ATM Scheduling Mechanism. ATM uses a single-level dynamic priority
assignment and preemptive scheduling with resumption. This implies that it is
possible to interrupt the execution of a task to run a higher-priority task.
The interrupted task can be continued later when the higher-priority task ter-
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minates. When more than one tash wishes to run., the highest-priority task is
chosen. If two tasks have the same pricrity, they are executed in the order
of their requests. The priority of a task can be changed after the task is
created and loaded into the processor module. Normally, this would be dene
by a higher priority task rather than the task involved. ATM provides a
supervisor call to modify tisk oricrity but never changes a pricrity without
external direction because thu i ~ity of a task is considered to be a
user-controlled policy and not a system function.

The Scheduler

A flowchart of the scheduler portict .t the ATM is given in Figure 26.
The three main components of the scheduler are the event queue handler, the
system program queue, and the application program scheduler.

The Event Queue Handler. The event gueue is the mechanism used to handle
all events scheduled to occur either at some specific time or after an elapsed

time. The entries in the event queue consist of a time and a pointer to a task.

All times are absolute, the relative times having been added to the present
time at entry. The entries are sorted by value with the “top" of the queue
containing the first time. When the event timer interrupt occurs, the event
queue handler is flagged to run by the interrupt handler. When the scheduler
is entered, the task pointed to by the entry at the top of the queue is acti-
vated and this entry is removed fram the queue. This does not mean that the
task begins execution at this time, but only that it is able to compete for
processor time. It executes immediately only if it is the highest priority
ready task.

The System Program Queue. If any system program is flagged to run, the
system program queue is searched and all ready programs are run. Since all
system programs run, the use of priority does not have much meaning. However,

there is a precedence in that the system programs are run in a well-defined
order.

The Application Task Scheduler. The application task scheduler compaves
the priority of the currently active application task with the highest pri-
ority task which is presently ready to run. The higher priority task is sched-
uled to run and control is passed to that task. If no task is presently ready
to run then control remains with ATM in a "wait for interrupt” mode. since
the interrupt would be the only mode by which a task could be scheduled under
these circumstances. This is the null job mentioned earlier.
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INPUT TO SCHEDULER

EVENT QUEUE
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SYSTEMS
PROGRAM
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SYSTEMS
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APPLICATIONS
TASK
SCHEDULER

EXIT SCHEDULER TO
CURRENTLY ACTIVE APPLICATIONS TASK

Figure 26. Flowchart of Scheduler Portion of ATM
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ATM Data Structures
There are five major data structures in thc ATM, as follows:

a) Task Control Blocks (TCR)
b} Jobs Queue

c) Event Queue

d) System Program Queue

e) Ready Task Queue (RTQ)

The Task Control Block. All of the intc'mation which the system needs
about a task 15 contained in a group of parameters called a task control
block (TCB). The TCB contains the following parameters: (illustrated in
Figure 27):

ENTRY SIZE
a) ID Tag 1 byte
b) Priority 1 byte
c¢) State Flags 1 byte
d) Time Limit Variable
e) Time Limit Storage Variable
f) Starting Address Variable
g) Ending Address Variable
h) Stack Pointer Variable
i) Stack Pointer Storage Variable
j) RTQ Pointer Variable

The ID tag is a number from O to 255 used to identify a particular task. The
priority is a number between 0 and 255 (Q-highest, 255-lowest) used to qeter-
mine scheduling precedence. The ID tag must be unique, but the same prier-
ity may be assigned to more than one job. Jobs of equal priority are
serviced in the same order that they are entered. The state flags denote the
state of the task at any given time. In addition some of the state flags are
used to provide inputs to the scheduler. The state flag assignments are
shown in Figure 28. The time limit is the maximum amount of time the task

is allowed to run each time it is scheduled. This value may be changed by a
supervisor call. A value of zero is interpreted as unlimited time. A sec-

ond location is provided to store the elapsed time if the task is interrupted.

The starting and ending addresses indicate the limits of the memory occupied
by the task. The stack pointer is the initial value of the stack when the
task is started. The second location is used to store the stack pointer 1f
the task is interrupted. The RTQ pointer gives the location of the task in
the ready task gueue.
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The Jobs Queue. The jobs queue is used to find the TCB or RTQ entry
(the ready task queue is described in a follcwing section) of a given job.
It is organized by ID tag and contains the following items for each entry

a) ID tag

b) Priovity

¢) RTQ pointer
d) TCB pointer

The jobs queue is relatively static so changes are made by physically adding
or deleting entries. The ATM is designed such that the jobs queue could be
changed to a linked structure later if necessary.

The Event Queue. Entries in the event queue are keyed to the event
time, which 1s also given as an absolute time referenced to the system time
base. The event queue, shown in Figure 29, consists of a linked list of en-
try blocks, a stack containing pointers to all emoty blocks, a pointer to
the current top of the queue (next event), and pointers delimiting the area
of memory containing the entries. Cach entry in the Gueue contains the fol-
lowing parameters:

a) The event time

b) An opcode defining the nature of the event
¢) Operands as necessary

d) A forward pointer

e) A backward pointer.

The linked-list structure is used to reduce the time necessary to search,
sort and modify the queue. However, as entries are added and deleted the
queue becomes sparse due to the embedded empty blocks. Eventually the queue
must be compacted ("garbage collection") to recover these blocks. In the
MMCS these high overhead periods may interfere with the running of time-
critical tasks and must be avoided. To remedy this problem a stack con-
taining pointers to all empty blocks is utilized. When an entry is added

to the queue, it is placed in the location pointed to by the top of the
stack and the stack is popped. When an entry is removed from the queue,

a pointer to this location is pushed onto the stack. This increases the
overhead for each operation but elimates the need for the high overhead com-
paction periods.

The System-Program Queue. Since the system-program queue is always
searched in a Tinear fashion it is in the form of a simple array. Each en-
try of the array contains the following items:

a) D tag
b) Service request flag
c¢) Pointer to task control block

The system-program queue structure is shown in Figure 30.
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The Ready Task Queue. The RTQ is used by tne application tass sched-
uler To select the highest priority ready tash. The structure of the RTQ
(shown in Figure 31) is the same as the event queue except for the following
differences:

a) Entries in the RTC are organized by priority rather than time.

b) The RTQ contains a poin . or te a specific TCB rather than an
opcode and operands. This is less general than the event queue
but has less overhead.

Beciuse MMCS tasks are relatively static orly a single priority is used.
This decreases the overhead in searching !!ic queue but increases the dif-
ficulty of making additions and deletions to the queue. As with the system-
program queue, provision for modifications has been made by maintaining

a separate queue for each priority managed by a master priority pointer
queue.

Each task has a service request flag which may be located in the TCB
or the RTQ. The choice is a function of the processor on which the ATM is
implemented. In Figure 31 it is assumed that the service request flag is
in the TCB.

ATM Implementaticon Requirements
The minimum hardware requirements to implement the ATM are:

a) An ability to implement the three timekeeping functions (cycle
counter, task timer, and event timer).

b) An ability to handle the required number of interrupts: the
actual number is dependent upon the complexity of the system
but 24 is typical.

c) A software interrupt to handle the supervisor calls and error
traps.

d) An ability to protect the system memory while in the user state.

The three timekeeping functions could be handled by a single hardware timer
using an "alarm" mode of operation, but this would result in a large amount
of overhead. A significant reduction in overhead can be obtained by util-
izing vectored interrupts to eliminate the need for polling. The software
interrupt (or software trap) is required to allow the use of a consistent
means of entry to ATM and to ease problems of memory protection. The soft-
ware interrupt also gives a controllable entry into the system area for
user programs. [f these features are not required then the software in-
terrupt is not required. The fourth requirement, an ability to protect sys-
tem memory, can be implemented externally if necessary.
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A major enhancement to the minimal hardware requirements would be to im-
plement a number of functions directly in microcude. Because microcode working
registers do not have to be saved across instruction boundaries, ATM could be
used without having to save the status of the current user program. Most of
the interrupt service functions could also be implemented in microcode. An al-
ternative would be to use a processor which has multiple sets of working regis-
ters and flags and assign one 'set to ATM.

‘ATM Supervisor Calls

The SVC requires the use of a "software interrupt" instruction to gain en-
try to the SVC handler portion of the ATM. The SVC itself follows the software
interrupt instruction and consists of an opcode byte followed by operand bytes
as required. The format of the opcode byte is shown in Figure 32. The two
most significant bits, b7 and b6, are used for special functions leaving six
bits for the actual opcode. This allows up to 64 different codes. However,
the opcode 63 (al! 1's) is reserved as escape, allowing for unlimited expan-
sion. Use of the escape value indicates that the following byte is to be used
as the opcode.

The most significant bit, b7, is defined to be the external bit. If b7=]
then the SVC refers to a task in a processor other than the one where the SVC
itself is located. Where the external bit is set the opcode is followed by a
Togical unit number giving the address of the processor containing the task
or parameter referred to by the SVC. Use of the external SVC requires cooper-
ation between the processors involved and communication through shared memory .
This would be set up at the time the tasks were loaded.

Bit b6 is used to denote a privileged SVC which has access to resources
normally denied application tasks. This would normally indicate a SVC issued
by a systems program.

The ATM has SVC's for the following function:

Task management

Flag management
Interrupt control

Task control

Time management

Error handling

Resource allocation

I1/0 and message services
Event control

Memory management

s = T WO OQO TN
et et Nt N e e e i e et

Additional information on the types of SVC's supported is given in Appendix S .
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Figure 32. SVC Opcode Byte
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THE CONTROL PROGRAM ’

At the beginning of Section III it is stated that the control algorithm
must perform the functions of both a real-time executive and a system control
program. The real-time aspects of the control algorithm are embedded.in the
MMCS hardware, firmware, and software. These features are essential to the
management of concurrent tas s of any type. The second function of the control
algorithm, that of the system control program is application dependent. The
control program must, therefore, vary from one application to another. The
structure of the control algorithm is such that these variable features are
;nd1§tinguishab1e from the fixed (or embedded) features at the application

evel. :

The requirements for the control algorithm, as listed in Addendum E and
paragraph 3.1 of the MMCC Algorithm Investigation specification, are as follows:

a) Schedule the various microcomputers

b) Establish the proper sequence of task executions

c) Coordinate data transfers between common memory and the various
microcomputers

d) Coordinate the input/output functions.

The common characteristic of all of these requirements is the scheduling of

events at specific times. The main job of the control program then, is to in-

sure that these events occur as required. Examination of the four requirements )
reveals that the activities to be scheduled occur at all levels of the MMCS. i
This implies that design of the control program requires that the MMCS events e
be classified as to both type and scheduling mechanism. In addition, since

the variable features of the control algorithm implemented by the control pro-

gram must be indistinguishable from the embedded features, the control program

must be integrated with the virtual machine previously described. Finally,

the operation and structure of the control program must be detailed. Each of

these items is discussed in this section,

Extension of the Virtual Machine Concept

The virtual machine concept was used in defining relationships between the
microcomputer modules in order to remove as many hardware dependent details as
possible. The same concept may be extended to cover the relationship of the
MMCS and the application. This extension of the virtual machine is implemented
by the control program. This is illustrated in Figure 33,

The System State/Frame Period. The frame period defined in Section I
(also referred to as a system state in the MMCS specifications) is determined
by the characteristics of the system simulated on the MMCS. This frame period
is a basic state of the virtual machine and is implemented by the application
programs. To implement a system state or frame period, the MMCS uses a number
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of read/write cycles to the shared memory. The shared memory read/write cycles
are the states of the physical machine {i.c., MMCS) on which e virtual ma-
chine is implemented. The number of cycles required for uvne frame is a
function of the partitioning of the tasks and of the effectiveness of the con-
trol program. Efficient passing of parameters to and from shared memory can
reduce the number of times a ©i- °n parameter must be moved, thus increasing
the availability of the shared ii.. ny bus.

Because the applications (and therefor» the virtual machine) are scheduled
synchronously, each frame period must have .he same number of cycles or the
cycl2 period must be variable. If the frame period has a fixed number of
cycles then the number used must be the man mum required for any frame. This
is not the most efficient use of the bus since it increases the number of ar-
bitration cycles. However, since the cycle is the basic state, it is very
important in scheduling the passing of system parameters and this activity
would be complicated by a variable length cycle. The solution is to set some
upper limit on the number of cycles per frame period and to let the cycle
length be multiples of the period thus formed. All cycles are then initiated
on well-defined boundaries, but a given processor only initiates cycles as re-
quired and lengthens cycles in fixed increments.

The Control Processor. The four requirements from the MMCS specifications
given earlier are listed as control processor tasks. The control processor may
actually initiate these activities itself or it may delegate the activity to
one of the application or 1/0 processors. In either case, the task is sched-
uled by the control processor, even though it may be performed locally. The
control processor then exists as both a physical and a virtual machine. The
physical machine implements the virtual machine by distributing the scheduling
activities to other processor modules. This distribution of the control activ-
ity decreases the traffic on the shared memory bus and makes the MMCS more re-
sponsive; an even greater advantage is that the application programs are less
dependent on specific MMCS characteristics.

Classification and Scheduling of System Events

The events scheduled by the control processor are classified as global,
distributed, and application events. Their relative positions in the MMCS
structure are shown in Figure 34. The types of events are the same for all
classes although certain types may be more likely to appear in one particular
classification. Events may be scheduled on a synchronous, asynchronous, or
exceptional basis. Events in any classification may be scheduled on any basis,
although the distribution is not the same for all classifications.

Classification of Events. Global events are handled by the portion of
the control program that resides in the control processor. Some typical global
events are: down-loading information or programs to processor modules. execut-
ing system level dynamics, and handling errors at the system level. The events
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handled by the control processor are primarily exceptional events because
routine activities are distributed among the other processor modules.

Distributed events are handled by processor modules at the system (ATM)
level. Typical distributed events include the passing of parameters to and
from shared memory and the initiating or terminating of tasks. This is the
level where the bulk of the contic) program resides. Most of the tasks of
the virtual control processor are handled at this level.

Application events are those which ma, be initiated by an application
task or a device under the control of that task. Application events allow
functions, such as /0, to be handled outside of the control program. These
events may make a disciplined use of system resources by use of supervisor
calls,

Scheduling of Events. Synchronous scheduling of events takes less sys-
tem overhead than asynchronous or exceptional scheduling. It is used for all
events which occur on a periodic predictable basis. Multiple, related syn-
chronous events must be sequenced so that precedence is preserved.

Asynchronous scheduling is used for tightly coupled or nonperiodic events.
When the producer (sender) of a parameter is asynchronous but the consumer
(receiver) is synchronous, very little extra overhead is involved. For more
tightly coupled situations where control or handshaking information must be
passed, asynchronous scheduling can require substantial overhead. The appli-
cation tasks are not allowed to directly modify each other so the communication
between tasks is by the supervisor calls provided for this purpose. There are
two types of supervisor calls which are useful in the asynchronous scheduling
of events. One involves the use of discretes, which are flags that are modi-
fied or tested by the application tasks through the use of supervisor calls.
A given discrete is assigned to a single task and only this task can modify
(set or clear) the discrete. However, all tasks may test the discrete by using
a supervisor call to return the value of the discrete or by using a supervisor

cal to suspend or terminate a task based on a specified value for the discrete.

The second type of supervisor call used in asynchronous scheduling is a
semaphore. There are two possible operations on a semaphorev , SIGNAL (v) AND

WAIT (v), as defined in Section I. The variable v represents a memory location"

or locations. It is incremented by one when a task executes a SIGNAL super-
visor and decremented by one (unless it is already zero) when a task executes

a WAIT supervisor call. If it is already zero the task executing the WAIT will
be suspended until the semaphore is incremented by a SIGNAL operation. This

is done by placing an opcode and operands on the event queue, causing the sem-
aphore to be checked after a specified time interval. If the semaphore is

zero the process is repeated; otherwise the task is flagged as ready and runs
when it has the highest priority. The intervals at which the system checks the
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semaphore are selectable. The semaphore is not owned by any one task and is
the basic building block for more complicated operations. It also is a higher
overhead activity than the discrete.

Both the discrete and semaphore supervisor calls can be used with tasks
in separate processors, in which case they are maintained in shared memory.
Operations on discretes or semaphores in shared memory request the bus by use
of the priority request lines so their latency time is low. They do, however,
add to system overhead as well as increase traffic on the shared memory bus.

Exceptional scheduling is used for events which are outside of normal
operation. An example of exceptional scheduling is the use of error traps or
system alarms.

Control Program Operation and Structure

The control program is the software portion of the control algorithm. It
represents the application-dependent (and user-accessible) portion of the con-
trol algorithm. To the greatest extent possible the opcratlional portion of the
control program (the synchronous and asynchronous events) is distributed among
the various microcomputer modules. This reduces the craffic on the common
buses and vastly increoases the parallelism of the system. An implication of
this is that the virtual control processor is more powerful than the physical
control processor. The control program in each processor has three major parts:

a) The cycle program
b) The distributed control program (supervisor calls)
c) The exceptional event handlers

The Cycle Program. Each processor of the MMCS has a cycle program. The
cycle program is run as the highest priority system program and is the heart of
the control program. The structure of the cycle program is shown in Figure 35.
The cycle program is initiated by an interrupt from the cycle counter. For
each cycle there is a pointer to a queue of activities for that cycle, and the
chief activity is to handle all the synchronous, distributed events that are
to occur. This involves flagging the required application tasks to run and
setting up the passing of parameters to and from shared memory. The queue for
a cycle contains pointers to the task control blocks of the application tasks,
making it simple to flag them to run. Each task has a time limit but the tasks
usually terminate themselves with a supervisor call after they have produced the
required result. Within a given cycle the precedence of the tasks is handled
by priority. In some instances a chain of asynchronous tasks is initiated by
the cycle program.

The passing of parameters is done by providing pointers to the proper
lists to a system program that handles this activity. Bus requests are made
by the cycle program and the bus grants are connected to assignable interrupts
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which cause the parameter program to run. Each time a bus grant is received
the program is initiated and the ATM is entered. The parameter program uses
the pointers supplied by the cycle program to make the actual transfer to or
from shared memory.

The cycle program may also perform other tasks. The last task performed
is one that loads the cycle counter with the number of cycles until the next
interrupt. The design of the cycle program is such that speed is optimized at
the expense of memory. It is also structured so that run-time changes are
possible.

The Distributed Control Program. A significant portion of the control
program 1s distributed among the application tasks in the form of supervisor
calls, whose use for the asynchroncus scheduling of events and for the termin-
ation of most synchronous tasks has been discussed previously. In addition,
some tasks may handle their own scheduling by suspending themselves for an in-
terval of time. This allows a task to he scheduled asynchronously with very
little system overhead. These supervisor calls constitute a substantial part
of the control program.

The Exceptional Event Handlers. The ATM contains handlers for exceptional
events such as errors. If required, these handlers may initiate a user task
or comunicate with the control processor.

Diagnostics. Each microcomputer module, including the control processor,
has a diagnostic program which checks the system status to the greatest extent
possible. This routine is made to run as a background task by giving it the
Towest possible priority, but unlimited time.

System Initialization

To initialize the multiple microcomputer system a system manager uses the
console connected to the control processor and an initialization program which
runs on the control processor as a system program. The bulk storage device,
typically a disk, is handled by the control processor and holds the programs
for all processors, including the control processor. The control processor has
a small disk-boot program in ROM which is used to load its programs from the
disk. These programs are then used to load object code and operating parameters
into the other modules. The control bus is used to down-load the code, leaving
the shared memory bus free for other activities. As each processor is loaded
it is placed in the WAIT state. When all processors have been loaded the op-
erator then starts the system when desired. The initialization program includes
cold-start diagnostic routines also.

Control Processor Tasks

The major tasks handled hy the control processor are:

¢
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a) Initialization

b) DOynamic assignment of tasks
¢) System-level diagnostics

d) System-level error handling
e) Timebase management

f) Keeping all system records

g) Handling operator interaction.

The major requirements of the control algorithm are included in tasks (a) and
(b). Due to the distributed nature of the control algorithm, most of the run-
time decisions take place in the application processors. Because the control
bus is used for initialization, it is possible for it to change the assignment
of an application processor module during execution. This could be used to re-
configure the system or to keep a processor failure from interrupting a run.

Although each processor has its own diagnostic and error handling routines,
these activities are handled at the system level by the control processor. The
routines for this are application programs on the control processor. These
programs are expected to be continually updated as a given application matures
and to occupy a large portion of the resources of the control processor.

To reduce system overhead the main timebase is handled by the control
processor. Once each frame it places in shared memory the present system time
and the frame number. If possible, these values are assigned to the distri-
buted cache to reduce the bus load. The system time is derived from the system
clock available to every processor. This allows incremental times within the
frame to be handled locally.

The other major control processor functions are record keeping and hand-
1ing operator interaction with the MMCS.
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SECTION IV

MICROCOMPUTER MODULE DESIGN AND AMALYSIS

The microcamputer module(s) for the MMCS consists of a processor modu le
and a memory module with their associated buses. These modules are designed
in accordance with the capability requirements of paragraph 3.3 of NTEC
Specification N74-105. Specifically, the modules are fundamentally identical,
interface to static hardware buses, are microprogrammable, have a word length
of 32 bits, and have campanents available from at Jeast two sources. The
processor module meets the performance requirements qg paragraphs 3.3 and 3.4
by emulating the instruction set of a DEC VAX-11/780." Because the modules are
microprogrammable, other native instruction repertoires may be imp lemented to
meet specific trainer system requirements.

The easiest and most econamical way to achieve this emulation is by the
use of bit-slice processor parts. These parts allow design flexibility in both
hardware and instruction sets, while maintaining high performance. At present
there are six families of bit-slice microprogrammable processor sets. These
are the 2900-series from Advanced Micro Devices, the Macrologic-series from
Fairchild, the 3000-series froam Intel, the 6701-series fram Monolithic Memories,
the 400-series from Texas Instruments, and the 10800-series fram Motorola. All
of these famiYies are manufactured using Schottky-TTL technology, except for
the 10800-series which utilizes ECL.

Each of the bit-slice processor families can be used to emulate a VAX-
11/780, but same of the families have disadvantages relative to the rest. The
a00-series fram Texas Instruments is not second-sourced, rendering it unaccept-
able for a design which must have a long service lifetime. The Fairchild
Macrologic-series provides the lowest performance of the six families and is
best suited for controller and processor applications requiring limited capa-
bilities. The Intel 3000-series has only a 2-bit wide slice, so twice as many
processor elements are needed compared to the other families. Also, because
its register file has only a single port, more instructions and longer exacution
times are required for some tasks, making it a poor choice for computationally
intensive applications. This family has good 1/0 capabilities, however, and
is the best choice for data manipulation. The 6701 bit-slice processor from
MMI and the 2901 device from AMO are similar in capabilities and features and
are well-suited to high-performance processor designs. However, AMD has re-
cently offered a refined version, the AMD 2903, with additional arithmetic and
logic instructions including multiply and divide. This device has the most
features of any bit-slice processor and is hence the best for computationally
intensive applications. In addition, the AMD 2910 microprogram controller has
the greatest degree of integration and the most features, in terms of branch
""" Y&.7 VAY VYJ78D Architecture Hanbook, Volume 1, Digital Equipment Corpora-
tion, Maynard, MA, 1977, pp. 5-3 through 5-33.
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and subroutine capabilities, of any controller available. The last family to
be considered, the MC 10800-series fram Motorola, has the highest throughput
due to its ECL construction, but requires voltage-level conversions to be com-
patible with logic support devices which are mostly TTL. The device provides
no multiply or divide capability and has no internal working registers. Based
on these considerations, the AMD 2900-series has been chosen for the implemen-
tation of the microcomputer processor module. The 2900-series is a well-

supported and well-documented family of devices that offers the following ad-
vantages:

a) It has the widest variety of functions available as individual chips
which reduces design complexity.

b) It is directly compatible with TTL components, requiring no logic-
level conversions as do ECL components.

c) The 2900-series components have the largest degree of integration, so
that a design based on these would have the fewest parts.

ARCHITECTURE OF THE MICROCOMPUTER MODULE

The microcomputer (without memory), shown in Figure 36, implements a por-
tion of the VAX instruction set and all of its addressing modes. The design
centers around three separate buses. The address bus accesses both local
and shared memory. Data is transmitted via a separate data bus, again
with provision for a path to either local or shared memory. The control sig-

nals received or sent by the processor are handled by a separate control
bus.

The major paths of data flow in the processor are through a set of input
registers and buffers. The information present can came from either the
address bus or the data bus. The information is then passed to 16 working
registers. The VAX general purpose registers are internal to the 2903's.

From any of these registers, the data is sent to the arithmetic logic unit
(ALU) where data manipulation is performed. The output of the ALU is available
to either the address bus (via an address register) or the data bus (via a data

register). The ALU output can also be directed to a program counter and a
status register.

Instructions are fetched from the data bus 4 bytes at a time and held in
4 opcode registers. One byte, denoting the macro-instruction, is decoded as a
starting address in the control store. Addressing the control store is the
function of the microprogram sequencer. The output of the control store is
latched in a micrninstruction register to provide microcontrol signals.

Data Paths to the ALU

A more detailed description of the processor modules is now presented, be-
ginning with a discussion oWdata paths to the ALU, as shown in Figure 37.

>
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Data present on the 32-bit data bus can be latched into a data register, whjch
is organized as four one-byte registers. The register output is available in

any combination of bytes to the "A" data input of the 2903 microprocessor
stices.

The information oresent in the 32-bit address register is available to the
"A" input of the 2903 via the address bus and 4 one-byte address buffers.

The output of the 4 opcode registers is also buffered for routing to the "A" ingut
port.

The processor working register consists of a group of 16-word two-port
RAM's. One output port is available to the "A" input of the 2903; the other
to the "B" input. The data input of the working register group is connected
to the output of the ALU section so that processed data may be returned to the
registers for further use. Finally, data may be sent to the “A" input of the

ALU fram the microword constant buffar to allow the data present in the micro-
word to be transferred to the Alu.

ALU Design

The arithmetic-logic unit of the processor is based on the 2903 bipolar
microprocessor slice (see Figure 38 . This device contains 16 internal regis-
ters. There are three data paths within the 2903: "A" and "B" inputs which

! are fed directly to the internal ALU section of the device and a "Y' input
which is connected to the input port of the internal registers. The internal

ALU output is available to the internal registers on the same path as the "Y"
input.

The ALU output is available to 5 different register sets: an address
register and a program counter, both connected to the address bus; a data
register and processor status register, both connected to the data bus; and
finally, the 16 working registers. The program counter is made external to
the ALU chips to provide increased processor speed; it consists of eight
25052569 four-bit up/down counters with three-state outputs.

For the 32-bit configuration chosen, the ALU consists of eight 4-bit
slices grouped as four bvtes. A look-ahead-carry network consisting of 3
2902A high-speed look-ahead carry generators is also present. Shift multi-

plexers are present at the most and least significant bytes of the ALU for
arithmetic and logical computatons.

Instruction Decoding Logic

Instructions are fetched from memory 4 bytes at a time and latched into a
group of opcode registers. Because the VAX instructions are of variable length,

instructions are decoded one byte at a time. Figure 39 contains a block diagram
of the instruction decoding loqic.
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The VAX 11,780 has a set of 244 1nstructions; therefore one byte is re-
quired to encode a given instruction type. The MAP PROM has 256 addresses and
maps the opcode byte into a starting address in the control store for the in-
struction under consideration" The MAP PROM has 16 output bits: 12 bits are
used for addressing the dk(=.' ) of control store and the remaining bits are
used to specify one of the following possible data types:

{ a) byte

| b) word (2 bytes)

¢) Tongword (4 bytes)

d) quac word (8 bytes)

e) floating point/not floating point

The data type information is held in a data-type latch.

The MODE PROM is used in the implementa:ion of the addressing modes of the
VAX instruction set. In the design discussed here, each addressing mode is
executed as a subroutine in the control store and a separate routine is pro-
vided for the source or destination operand specifier of each mode in most cases.
However, four of the 16 general register addressing modes and one of the 8 pro-
gram counter addressing modes are valid for source operands only. This re-
striction limits the total number of valid addressing modes to 43. The MODE
PROM has 64 addressable locations, some of which will be used to implement ad-
dressing mode faults. The output of the MODE PROM is 12 bits wide to provide
4K addressing capability. u s

A separate counter is used to hold the address of the VAX register used for
register operations. This counter is incremented for quad word operation be-
cause two sequential registers are required for the storage of quad data words.
For example, if a quad word contained in R@ and R1 is to be transferred to 82
and R3, the transfer proceeds as R2«R@ and R3-R1. The register counter 1s in-
cremented after the first transfer to point to the second of the two registers
for the second transfer.

Microprogram Sequencer and Control Store

Input address information to the microproaram sequencer, a 2910 Micropro-

gram Controller is available from three sources; starting addresses from the
MAP and MODE PROM'S and next address information contained in the microinstruc-
tion register. Condition code information is provided to the sequencer via a
32-1 muitiplexer. There are 4K microwords in the control store, each of which
is 112 bits wide. The output of the control store is latched in a register. :
Fram this register the individual control bits are available to the ALU, regis-
ters, buffers, and other control points. The address of the next microinstruc-
tion is held in the microword, which is available to the ALU via a 16-bit cons-
tant buffer. This sequencer is detailed in Figure 40.
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PROCESSOR MODULL FIRMWARL

The processor module is designed to emulate 3 DEC VAX-11/780 computer by
implementing a subset of the instructions and all of the addressing modes of a
VAX for the same data types. The instructions, listed in Table 3, inciude the
18 instructions required by Addendum B to Specification N74-105 and also in-
dicated in NAVTRAEQUIPCEN IH-26.. The instructions are microcoded for :torage
in @ PROM control store. In addition, single and double-precision floating-
point instructions and the real-time task -anager {ATM) are microcoded for inclu-
sion in the control store. All microcode is written using structured program-
mirg and modular design techniques.

Microprogram Structure

The microprogram structure is based on a hierarchical, top-down design
wnich consists of a short main program and many subroutines as shewn in Fig-
ure 41. An example of the main program is shown in Figure 42. All instruc-
tions within the same block in this figure are executed concurrently. After
initialization, the main program executes a FETCH which places the first four
bytes of opcode into the opcode registers and the program counter 1S incremen-
ted by one. (The program counter then points to the next byte.) The output
of the first opcode register is enabled using combinational logic based on the
two least significant bits of the program counter. This output information
is latched in the address register of the MAP prom.

The next group of instructions attempts a FETCH. However, the control of
FETCHES 1is done with an external hardware counter which keeps track of the
Tocation of the current active opcode register. When all four bytes of the op-
code register have been used, the FETCH is permitted. This structure is
necessary because the main program with its nested subroutines cannot easily
keep a record of the current, active opcode register. With the attempted FETCH,
the program counter is incremented and the output of the next opcode register
is enabled. Concurrent with these operations, a subroutine jump to the micro-
program address specified by the MAP PROM is executed. (The MAP PROM decodes
its one byte of input information into a starting address for the macro-
instruction type specified by that byte.)

The micro-subroutine for a particular macro-instruction consists primarily
of a source operand subroutine and destination operand subroutine. An example
micro-subroutine for a macro-instruction is shown in Figure 43. Following the
source and destination subroutines, a FETCH is attempted, the program counter
incremented, the next opcode register output enabled. and a jump to the MAP
address executed. The VAX addressing mode 05, register direct, is shown in
Figures 44 and 45 for source and destination operands. The source subroutine
moves the contents of the VAX register to an internal source register, RSRC,
within the ALU array. A FETCH is attempted and the VAX register counter
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INIT ;
RESET PC i
[ 5
f FETCH
1 PC --= PC + 1
1 ENABLE OPCR
¥ FETCH
' PC == PC + 1
JNAP
ENABLE OPCR |

l

(interrupt
; handler)
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Figure 4. Flowchart for the Maain Nicroprogram
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MOV_  MICROSUBROUTINE

START

JUMP MODE ( SOURCE )
FETCH

DST w— SRC
DOR =e— SRC
FETCHNBS

JUMP  MODE ( D@

DST2 =— SRC2

JUMP MODE (DEST)
FETCH

95

Figure 43. Flow Chart for the Microsubroutine for the MOV_ Instruction.
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MODE 5 (REGISTER DIRECT) MICROSUBROUTINE

SOURCE

SRC @— R
INC VAX-REG-CNTR

8 BYTE
TRANSFER
?

RETURN

SRE2 W R

RETURN

Figure 44. Microsubroutine for the Ragister-direct Source Operand.
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|
]
{
i
!‘

10DE 5 (REGISTER DIRECT) MICROSUBROUTINE

Rn B NST
FETCNR
INC VAN-RLu-CNTR

2 L A PN AP O Y 0 3,9 Fd L PG IR A I £ .

3 8VTE
TRANSFER
?

R, @= DSTZ
JMAP

Figure 45. Microsubroutine for Register-di rect-mode Destinations
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(Figure 39) is incremented during the same micrucycle. The counter is incre-
mented to point to the next VAX register so that in the event of an 8-byte

(two register) transfer the register counter is already pointing to the correct
register, This saves a microcycle. If an 8-byte transfer is not to be ex-
ecuted, control returns to the macro-instruction subroutine.

Control of all internal pr .cesor functions is governed by a 112-bit micro-
instruction word, whose format is shown in Figures 46, 47, and 48, This micro-
instruction word is also described by the microprogram assembler definition
table contained in Appendix C. This de -ition table is used by the micropro-
gram assembler during its assembly phase t.a create the binary microprogram to
be loaded into the control store. Appendix D shows the assembly phase output
for the instruction subset and all addressing microsubroutines.

Floating-Point Logic and Microcode

The VAX-11/780 instruction set includes both single-precision (32 bits)
and double-precision (64 bits) floating-point operations. These operations
are addition, subtraction, multiplication, division, data movement, data con-
version, and data testing. The floating-point operands for these instructions
have the following formats:

ayte #3 €2 4 30
3 16 14 76 0
lower + upper
mantissa 4 %0 | nant.
i i
LSB\ MS8
sian

Sinale-Precision Format

1514 76 923 16 47 32 63 48
T . T ;

! exp : ma l'l tifssa !
[ ] ]

S8 - LS8
Touble-Precision Format

The exponents, which must be in the range from -127 to +127, are stored in
excess-128 code. (This is obtained by adding 128 to the exponent and storing
the 8-bit magnitude of the result.) An excess-128 exponent of zero is used to
fndicate a true numerical value of zero.
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m

* UNDEFINED

106 LOAD_EXPONENT COUNTER
105

i

|

K

i l

| REGISTER LOAD ]
|

‘ ' .

| |

1

39 ___CONDITIONAL FETCH

* MEMORY CONTROL

o
<

OO
€D

; N
! 9 ;
f 91 " UPDATE SIGN F/F #1 :
! 90 | UPDATE SIGN F/F #0 ~

89 . INCREMENT VAX-REG-CNTR.
88 DATA/ADDRESS MODE

- et e et i e 2 e

N e 4

87 " ADDRESS AND DATA BUS
~ CONTROL
g4 !
| 83 EXP. COUNTER DIRECTION
> —TNABCF EXP —COUNTER—

L )
81 | SET INDEX MOOE ¥/F |

Figure 46.

80 | CLEAR INDEX MODE F/F
79+ MISC. CONTROL OF 56-71
78 o !

SEQUENCER D INPUT SEL. |

B e ey Sl e

76
75 )
© SEQUENCER INSTRUCTION
72
Microword Format for Bits 111 - 72,
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56

NEXT ADDRESS OR

CONSTANT FIELD

S

359

| 2910 REG. LOAD ENABLE

24

1 SOURCE / DESTINATION

53

CC POLARITY

52

CONDITION CODE SELECT

45

SOURCE SELECT rOR
JO03 “AT O INPUT

44

39

DUAL -PORT WORKING
REGISTER "A" ADDRESS

38

"6" SOURCE FUR 2903

37

| 32

DUAL-PORT WORKING
REGISTER "R™ ADDRISS

Figure 47. Microword Format for Bits 71 - 32.
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| ALU FUNCTION

ALU DESTINATION
OR
SPECIAL FUNCTION

———
ra
r

=1 DUAL-PORT REGISTER 3
WRITE ENABLE ;
\?
‘}6 o I
| CARRY-IN SELECT :
14 ;
* FLAG CHANGE CONTROLS ]
10 :
3 ]
. |
FLAG INPUT SOURCE 5 ;
é
_ ~
4 |
|
, SHIFT MUX INPUT SELECT |
1
0  UNDEFINED

Figure 48. Microword Format for Bits 31 - 0.
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Non-zero flaating-point numbers have 3 unijue representaticon when they
are normalized according to the relationsnip 1.2+ f + 1, where f is the
fractional part or mantissa of the number. This relationship causes the most-
significant bit (MSB) of f alwavs to de a one. Hence this MSB does not have
to be stored, although it must oe restored before any floating-point oper-
ations ars performed. The resultant representations have a precision of one
part in 2¢3 for single-precision numbers and one part in 255 for double-
precision numbers. An accuracy of *+ 1. ieast-significant bit (LSB) is main-
tained during all floating-point operaticns by using two extra guard tits on
the right of the mantissa and an overflow bit on the left of the mantissa.

The above floating-point cconventions and requirements are met for single-
precision, floating-point addition by the folliwing algorithm:

a) Rotate operand =1 left one bit and store in working re- ster; test
for zero exponent

b) Rotate operand =2 left ocne bit and store in working register: test
for zero exponent

c) Subtract bytes #1 from working registers and store result in 3-bit

. exponent counter {ops) - opsl)

d) Rotate working registers one bit to the right while shifting a one
into the MSB of bytes 20

e) Compute: Result sign = (op#2 sian'-Exp. counter MSB) *+ (op#l sign)-:
(Not exp.counter MSB)

f) (1) If exponent counter .GT. 3, zero byte #1 of working register #C
and shift working register 22 to right while decrementing exp. counter
until exp. counter = @

(2) If exp. counter .LE. d, zero byte =1 of worling register #1 and
shift working register =1 to right while decrementing exp. counter to
zero.

g) Move exponent of unshifted working register into exp. counter and
zero byte 51 of that working register

h) Add working registers

i) Normalize:

(1) If carry from byte =0 = 1, then no normalizing is needed

(2) If carry from byte s0 = @, rotate result left until shifted
output from byte #0 = 1, decrement exponent counter for each shift
and test for zero exponent (underflow).

J) Replace exponent from exp. counter in byte #1 of result.

k) Rotate result right one bit, while inserting sign & MSB of byte #1.

The above algorithm and similar ones for subtraction, multiplication, and
division have been desiagned., analyzed, and microcoded.
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AT LOGIC AND MICROCOOE

The Applications Task Manager (ATM) described in Section 11l will be mi-
crocoded to minimize the amount of overhead it requires to operate. It will
require a minimum of additional logic on the processor module--only logic for
controlling the processor status register(s) and the processor buses. The ATM
microcode will handle all interriupts and all communications between processors
and between tasks. This microcode w11l be stored in a block at the top of the
control-stcre memory space.

MICROCODE - CONTROL -STORE MODULE DESIGN

The control store for the microcode is designed as a separate module to
be connected to the processor module by means of a 124-line cable and two 64-
pin connectors. The module, shown in figure 49, contains 2K x 112-bits of
high-speed bipolar PROM. This PROM iy ~on tructed from fourteen Intel 3636-1
chips, each containing 16K “its orcanized as 2K x 8-bits. The access time for
each chip is 65 nanoscconds. The 12 input address lines (from the 2910
Sequencer on the processor module) are fully buffered to minimize the load cn
the 2910. The 112 output data lines do not reed buffering because they are

connected directly to the pipeline register located on the processor module
for a fan-out of one.

The use of a separate control-store module has two advantages. First, it
results in a simpler processor module and one which can be tested independently
from its control store. Second, the control-store module is designed to be
plug-compatible with the writable-control-store cards used in microprogramming
development systems. This allows microcode and processor hardware to te com-
pletely debugged and tested in a Jdevelopment system before being committed to
permanent form in a PROM. Atter the 3636-1 PROMS are programmed with corrected
microcode, the control-store module can be substituted for the writable control
store and the system made operational.

MEMORY MODULE DESIGN

The memory modules for both local memory and shared memory are constructed
using static random-access, 4-kilobit memory chips, organized as 4K x 1-bit.
Each memory module contains 4096 32-bit words, requiring 32 memory chips per
module. Because the processor has a microcycle time of 200-250 nanoseconds, the
memory module must have a cycle time less than 150 nanoseconds, including the
delays for decoding and memory management. The requirements are satisfied by
Intel 2147 4K x 1 static RAMS. (Static RAMS are chosen over dynamic RAMS be-
cause of the savings in hardware and time resulting from the elimination of re-
fresh circuitry and refresh microcycles.) Addresses are fully decoded on each
memory module and all bus lines are buffered to prevent bus loading--each
module presents at most one TTL load to each bus line.
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A memory-alignment unit is required between the processor module and the
memory modules because the VAX instructions being emulated allow memory ac-
cesses on any byte boundary, while the memory is organized as 32-bit words.
Figures 50 through 54 show the bus interfaces to the memory-alignment unit and
a camplete logic design for this unit: this configuration handles nonaligned
memory-read and memory-write operations. Two microcycles are required for a
nonaligned read or write operation, compared to one microcycle for a memory }
operation involving aligned data. To avoid this execution time penalty,
programmers must carefully construct their algorithms to minimize the number
of nonaligned-data operations.

Figure S0 shows the interfaces between the processor module and the four
major buses of the multiple-microcomputer system. All connections to these
buses are through the Memory Alignment Unit. The memory-address space of the 5
processor is divided into four parts and one part is assigned to each of the '
four buses. The four most-siqnificant bits (A4, to Apg) of the 32-bit address
sent out by the processor control the access to these buses.

The input and output signals for the Memory Alignment Unit are shown in
Figure 51. Because nonaligned read and write operations require two micro-
cycles, the Memory Alignment Unit must be a sequential machine with two states.
A state diagram for this machine is shown in Figure 52 along with the logic
circuit needed to implement a controller for the states. Also shown is the
circuit for generating the signal that indicates if the address is aligned or
not. These circuits control the rearrangement of the data during read and
write operations, as shown in Figure 53. Figure 54 contains the circuitry for

generating the write enables to each to each of the four bytes in a memory
word.

[
[t P4 A B e aar o 1

PERFORMANCE EVALUATTON

The execution time ot the machine (MACROY struction is determtned by
both the number of micrainstructions required per machine instruction and the
microinstruction cycle time, now estimated at 200 nanoseconds. Instrucfion
times are minimized by short microprograms and fast microcycle times. The
microcycle times are determined by data path analysis in the ALU and its
support circuitry.

R o e e W s N 1o B S
=

The instructions of Addendum B of NTEC Document N75-105 have been micro- !
coded and their execution times are listed in Table 4. The instruction ex- !
ecution time for a given instruction depends on a number of factors which are ;
§ described below so it is not possible to give a specific execution time for
each. Rather a best-case and worst-case time is provided.

The computation of the average instruction time is based on the specified
usage factors and the best case and worst case execution times for the instruc-
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COMMUNTCATIONS \ CONTROL SUS

s Ak AR

SHARED MEMORY BUS

o o

JUAL-PORT SHARED
MEMORY “0DUE

(DISTRISUTED CACHE)

LOCAL /0 3US

= :
C

<7
T

LOCAL MEMORY “vODULE

,_._..IT LOCAL MEMORY BUS
—-..-{_-_—"1
]

=3 WAy 8US

4° ’
MEMRY AL TNMERT
UNTT (Mad)

PROCESSOR 8US

—

PROCESSOR MOOULE

Figure 50. Microcomputer Module Block Diagrem
and Bus Interfaces
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Algorithinic State Machine Chart:

DATA QUT

ALIGN LOW
BYTE

Q=1
DECODE rLIGN HT BYTES

ADDR + 4 DATA OUT

Imp lementation:

| et 00 Q — ()
01 EMK D
ues 10— ALIGN q
1N
CLX
5y S '

| : !

AT AO CD

Figure 52. ASM Chart for Memory-Alignment Unit Controller
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tion set. As noted in Table 4, the best case average instruction execution
time is 2.673 x 10~6 sec. (374,111 instruction/sec.) and the worst case
average time is 8.807 x 10-6 sec. (113,546 instruction/sec.)

The details for the computation of individual instruction times are given
in Appendix E. As noted there, the major reason for the variability on in-
struction times is the use of different address modes. The execution time for
most instructions cannot be determined until the addressing mode used to obtain
each operand is specified. The register direct modes require the least amount
of time whereas indexed, indirect addressing modes require the most. For ex-
ample, a longword source operand can be obtained in 0.2 x 10-6 sec. using regis-
ter direct mode; on the other hand, the use of indexed longword byte-displacement
deferred addressing requires 3.0 x 10-6 sec. if memory references are aligned
and 3.4 x 10-6 sec. if not aligned. In Table 4, the best case execution time
of an operand instruction is based on register direct addressing for each op-
erand required for that instruction: the worst case is based on the use of the

addressing mode which requires the largest amount of time to obtain each needed
operand.

The microcode to emulate all the VAX 11/780 addressing modes is listed
in Appendix D, from which the execution time of each mode may be obtained if
desired. The definitions and functions of these addressing modes is available
in Digital Equipment Corporation literaturel.

There are other factors which influence the execution time of certain in-
structions. In the case of instructions involving conditional branches, the
execution time depends on whether or not an offset is added to the program
counter. In addition, the execution times of all floating point instructions
are data dependent. For example, in a floating-point addition the exponents of
the two operands must be equalized by shifting the mantissa of one of the
operands. The number of shifts depends on the data supplied. Normalization of
the results of floating-point operations is another data dependent operation.
The best case and worst case execution times for floating-point instructions
are based on the variabilities of both data and addressing mode dependencies.

1. VAX 11/780 Architecture Handbook, Volume 1, Digital Equipment Corpor-
ation, Maynard, Massachussets, , PP. 5-3 through 5-33.

1
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TMLE
INSTRUCTION TIMES ANC USAGE FACTORS N
Best Worst

_ Usage Cage Case.
Instruction Type Factor (10-5sec.) (107" sec.}
LOAD .26Q 1.6 1.8
LOAD-Double Precision .oal 2.2 ‘ 2.8
STORE 188 1.6 1.8
STORE-Double Precision .Qut 2.2 2.6
ADD/SUBTRACT .028 1.6 1.2
ADD/SUBTRACT-Floating Point .067 5.8 37.6
MULTIPLY .001 8.0 17.6
MULTIPLY-Floating Point .068 1.0 37.8
DIVIDE .001 9.6 19.2
OIVIDE-Floating Paint .007 12.4 76.0
LOGICAL .060 1.6 1.2 <
SH{FT-5 Places 009 4.2 10.8
COMPARE .051 1.4 7.8
BRANCH .218 0.4 1.0
INDEX .004 3.4 16.6
REG-TO-REG Transfer .000 1.0 1.0
MISC .028 1.2 7.6
INPUT-QUTPUT .Qa7 46.2 50.2

(Set-up + 10 words)

BEST CASE:
WORST CASE:

AVERAGE INSTRUCTION TIME
2.673X10°6 sec./instruction

8.807x10-6 sec./instruction

-
—
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SECTION V
CONCLUSTONS

The detailed investigation and amalysis to derive a control alqorithe
for a trainer camputer system consisting of a series of N microcomputers has
been completed. The investigation included the folluwing, as required by the
specification:

a) A study of the preferred algorithm

b) Investigation of optimal combhinations Of hardware, firmware, and
software for implementation of the contrei alcorithm concert,

¢) Microcomputer characteristics analysis

d) Microcomputer instruction swvnthesis

e) Microcamputer performance analysis

f) Common memory requirements analysis

g) Problem partitioning.

h) Algorithm implementation trade-offs

THE PREFERRED ALGORITHM

A literature search was conducted to determine alternative methods to the
preferred algorithm. The resulting techniques were campared and the conclusion
was drawn that the preferred alqorithm was & viable approach that appeared to
be better suited to present technology than other techniques examined.

The preferred algorithm was then examined to determine what criteria were
necessary for successful implementation. The following rerequisites were
established.

a) The problem must de partitioned into disjoint tasks.
b) Some mechanism must exist at run time to insure that parameters are
passed fn such a way as to insure that system precedence s maintained.

CONTROL ALGORITHM INVESTIGATI(N

A paper implementation of the control algorithm, dased on the preferved
algoritim and using a camdination of hardware, firmware, and software, was de-
signed. During the initial portion of the desian several design quidelines
were agreed upon:

a) Distriduted control should be used to the maximum extent possible to
reduce system overhead.

d) All major interfaces between major hardware dlocks should be through
a virtual machine structure to reduce the amount of hardware dependence.

LR}
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¢) The major limitation on system performance is the shared memory bus
since the processing power can always te increased by adding more
processor modules. Therefore the design should minimize bus traffic
wlhere possible.

The major innovations of the 'esign were:

a) Use of the Application Task Manager (ATM) in each module to distrib-
ute much of the control function to the processor modules and to im-
plement the virtual machine interface.
L b) Use of separate communication and control buses to enhance the con-
; currency of the system and the bandwidth of the shared memory bus.
! ¢) Use of the distributed cache shared memory to further enhance the
bandwidth of the shared memory.

THE MICROCOMPUTER MODULES

The microcomputer module was designed for maximum performance while re-
taining maximum reliability. The 2900-series of bit-slice components were
chosen for this design because their large-scale integration resulted in a
minimum of components and their extensive instruction set yielded high perform-
ance. By choosing a microprogrammable design the combinational logic for con-
trol was reduced while still allowing design flexibility. To this end, the
microprogram itself was written in independent modules which wece then easily
tested, modified, and corrected as necessary. Subroutines were used for the
addressing modes thus allowing each instruction to use any addressing mode.
This resulted in a very powerful instruction set.

The performance is a function of the microcycle instruction time and the
number of microcycles per machine instruction. The microcycle time has been
minimized by the use of a nonencoded horizonta! microcode word and high-speed
TTL bit-slice components. The inherent power of the 2900-series components
minimizes the number of microcycles required. Also, the microcode has been
optimized by instruction overlapping wherever possible. The resultant micro-
computer has an average instruction execution time of 2.67 microseconds (best
case) for a representative mix of instructions.

PARTITIONING THE APPLICATION PROBLEM

The key to the capabilities of the multiple microcomputer system resides
in the partitioning of a simulation prcblem into a set of independent modules
that can be executed in parallel. Four partitioning approaches to achieve
parallelism have been examined, as follows:

a) acyclic task graphs
b) parallelism at the level of individual operations in assignment
statements
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¢) nearly-decomposable systems
d) mathematical optimization

Of these four partitioning approaches, mathematical optimization and the con-
cept of nearly-decomposable systems appear to have the most promise for the
trainer simulation problem. After the problem is partitioned using one of
these approathes, the speed-up factor developed in Section Il yields a measure
of the efficiency of the multiple microcomputer system.

SUMMARY

The multiple microcomputer system has been designed with a functionally
distributed, hierarchical structure that allows sophisticated real-time train-
ers to be simulated efficiently and easily. The system utilizes distributed
processing, distributed control, distributed input/output functions, and a
distributed cache memory to implement a trainer that can be configured, mod-
ified, and maintained with minifum impact on users or programmers.
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APPENDIX A

ATM COMMUNICATION STATE

Shown in Figure A-1 is the memory assignment of the control bus address
space. Each of the N processors is assigned a block of M spaces on the con-
trol bus. These M spaces are used for a data port and a status and control
register. The actual number of address spaces, M, is implementation depen-
dent. The control bus is a synchronous bus having the following signals:

a) Address lines (AG-Ai)

b) Data lines (DG-DJ)

¢) Read/write line (R/R)

d) Enable line (TBEN)

e) Synchronization line (SYNC)

f) Slow-memory line (READY), optional

g) Interrupt lines (CBIRQ, CBNMI) 'J

The control processor communicates with a given application processor by use

of the appropriate address. The actual communication of messages on the bus

is asynchronous. The handshake signals required for communication on the bus
are accessed through the status and control register of the chosen application
processor. The signals are CPSYN (control processor sync) and APSYN (applt-
cation processor sync). The control processor communications with an appli-
cation processor by writing a word into the data port, then asserting the

CPSYN signal. The application processor acknowledges receiving the data by
asserting the APSYN signal at which time the control processor clears CPSYN,
followed by the application processor clearing APSYN and the transaction is com-
plete. The same technique may be used when the application processor sends in-
formation to the control processor (exceot that the roles of APSYN and CYSYN
are reversed), or the control processor may interrogate the application proces-
sor. The status and control register also contains an end-of -transmission bit
(EOT) which is bidirectional and is used to indicate that the message is com-
plete.

Only the control processor may be the master of the control bus. Individ-
ual application processors may send data to their data port, not to the actual
bus. This prevents an application processor from blocking the bus. In addition
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it allows the control processor to have more than one transaction in progress
at one time.

The first byte of any message passed on the control bus is always an op-
code. The opcode may be followed by as many operands as are required. In some
instances a string of operands may be followed by a terminator byte. One value
of the opcode (al)l 1's) is reserved as an escape for future expansion.

The COMMUNICATION state opcodes are divided into three major groups:
processor-level activities, task-level activities, and test/debug activities.
A listing of COMMUNICATION state operations is given below.

1.0 PROCESSOR-LEVEL OPERATIONS

1; Enter HALY state

2) Enter WAIT state

3% Write into processor memory
4) Read processor memory

2.0 TASK-LEVEL OPERATIONS
; Load task control blocks
Load system program
Load system program queue
Load application programs
Load jobs queue
Read task control blocks
Read system program queue
8) Read jobs queue
9) Read ready task queue
10) Read currently active program

N B o PN

3.0 TEST/DEBUG OPERATIONS

Set breakpoints

Read breakpoints
Clear breakpoints
Enter single-step mode
Exit single-step mode
Pulse sinqle-step mode

YU B WP
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APPENDIX B

SUPERVISOR CALLS

1. TASK MANAGEMENT
a) Get task priority
bg Get task time limit
c) Set task priority*
d) Set task time limit+

2. FLAG MANAGEMENT
a) Get flags
b) Set flags
c) Assign flags*
d) Deassign flags*

3. INTERRUPT CONTROL
a) Assign interrupts+*+
b) Mask interrupts**

4, TASK CONTROL

Initiate task* éif dormant)

Initiate tast* (queue if active or suspended)
Initiate task* at specific time

Initiate task* after specific interval
Terminate task*

f) Terminate task* at specific time

9) Terminate task* after specific interval

h) Suspend task* §same as terminate

1) Restart task*

[ - -

same as terminate

All above commands may be conditional. The conditions are:
b) AND flags
c) OR flags

J) Remove task*+
k) Insert task*w

a§ Flag state
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10.

SVC's marked with a single asterisk (*) require that the asserting task be of
higher priority than the target task where they are different.
with a double asterisk (**) may only be used by system programs.

NAVTRAEQUIPCEN 78-C-0157-1

TIME MANAGEMENT
a) Get time
(Set time can only be done by control processor)

ERROR HANDLING

a) Log error locally

b) Report error to control processor

c§ Log error locally and terminate task

d) Report error to control processor and suspend task

RESOURCE ALLOCATION
a) Request resource
b) Release resource

1/0 AND MESSAGE SERVICES

Send message (to task)

Read message (from task)

Send message (to device)

Read message (from device)

Send string** (to shared memory)
f) Read string** (from share memory)

EVENT CONTROL

a) Signal operation
b) Wait operation
¢) Procede on event

MEMORY MANAGEMENT
a) Assign task memory boundaries**

oaQanoT e
~—

SVC's marked
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VAX-Emulator Definition File
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FROJECT RASM-DEFINITION VAX-EMULATOR DEFINLITION PMASE: KEV 3.3, 11,02/79

- TITLE VAX-EMULATOR DEFINITION PHASEs REV 3.3, 11/02/79

3128 112
OFT UaDF TR DT sNel20, e LaFROJECT ALY .

tl!l!lll!lltitliltll!llll‘lltllllllllll ;.
® DEFINITION FILE OF ALU CONTROL UNIT .
CERRASRAVER LUK AR AKARRYKARBREAUREE AR R R '3

L]
3 ALY CONTROL UNIT DEFINITION FILE INCLUDES THE DEFINITION
) OF aLL CONCERNED VARTIARLESs AND OFERATIGNS.

]

& ALY adX+ASRC/AADR+BSRC+ BADRIFUNT s DEST +WREN+CYINvSISHFFT . QISKFT

0139 3

ALY FORM 544 +3VQ0+4VHLI0+ TVRO » AUNO » AVRO » aVQR4D » SURO » VAL + 9 2VA0, VA0 # 1 X

LB Wy, ey T

)
2180 3 & MU A=SOURCE VARIABLES (ASRC): i
2129 4 . ,
0200 RED EQu  on
DIR €U 14
ADR €au N0
58 gqu 3a
CONST &u LIv]
[ 2 dd 3 gQu 3e
LITERAL €0U 40
NOSRC EQu 70

29705 DFR AND 2903 RANM
DATA INPUT REGISTER

ADDRESS BUFFER

BYTE SNIFT BUFFER :
CONSTANTIRON PIFELINE REGISTER .

DATA TYPE REGISTER .
DATAZROM LITERAL INPUT ;
NO EXTERNAL SOURCE :

- e e oW W e oW

[} . :
0390 1 8 ALU A-ADDRESS AND B-ADDRESS (AADR 8 BRALR): %

QJ10Q &
0320 RO EQU  4KHOO + 2903 INTERNAL RAM. USER REG. ¥
0330 R} QU  sHOL } 2903 INTERNAL RAM. USER REG. ;
0340 R2 EQU  4NO2 ? 2903 INTERNAL RAn, USER REG.
0330 R3 €OV 4NO3 ) 2903 INTERNAL RAm, USER REG.
0360 R4 EQU  &NOA4 } 2903 INTERNAL RAMs USER RED.
0370 RS EQU  &HCS 1 2903 INTERANL RAM, USER RED.
0380 Ré OU  eNOe $ 2903 INTERNAL RAM, USER RED.
0390 &7 [ { VU 3 1 2903 INTERANL RAN, USER REG.
0400 RO QU 4HO® ! 2903 INTERMAL RAn., USER REG.
0410 R? [ { [THEFY 1.1 1 2903 INTERANL RAm: USER RED.
20 R10 EOU  aNOA i 2903 INTERNAL RAM:s USER REG.
0430 Rit QU  4NOD i 2903 INTERNAL RAN, USER REG.
0440 R3ID €U aMOU 3 2903 INTERNaL RAM.» USER -REQ.
0430 R13 TQU  eNOD 1 2903 INTERNaAL RAN, USER REKO.
0460 R14 COU  eMoOE 3 2903 INTERNAL RARM:, STACK POINTER
0470 S L {- VI PV
0400 R13 SOV eMOF } 2903 INTERNAL RAMs, PROORAM COUNTER
0490 PC oy ms

0800
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< PROJECT MASH=DEFINITION VAX-EMULATOR DEFINITION PHASE: REV S.S5¢ 11/02/79

PAGE

0310 SRC [ {[V) oML O 3} DPR WORKING REG.» FOR SOQURCK OPERAND IN JSND.
0320 SRCQ EQU " eaMtt i DPR WORKING REG.

0830 SKC3I EQU aH12 i DPR WORNING REG.

0340 SRCH EQu oN13 i DPR WORNING REG.

0SS0 DS§T EQU . 6NH14 3 DPR MORKING REG.r FOR DESTINATION OPERAND IN JDND.
0S¢0 DST2 EQU oM1S + DPR WORNING REG.

0370 &n EQu (LYY & DFR WORKING REG.+ EFFECTIVE ADDRESS
0380 LENGTH gou oM1? ) DPR NORKING RED.

0590 INDEX EQU aN1® 4 DPR WORKING REG.» FOR INDEX ADDRESSING
0400 INDEXQ EQu oH19  OPR WORKING REG.

0410 INDEXI EQu SM1A 3 DPR WORKING REG.

0420 INDEXA EQu 6H1B ¢ DPR WORKING REC.

0630 wR1 [ {e]V] oNiC 3 DPR WORKING REO.

0a40 KIOGNT EQU oM1D ¢ CONSTANT REG. FOR VALUE @
0630 FOUR EQU 4NLE + CONSTANT REG. FOR VALUE o
0840 THO €Qu 4HAF i CONSTANY REG. FOR VALUE 2
0670

3480 AmMODE EQU  * oH2D $ REG. ADDRESS SPECIFIED BY vaX COUNTER
0670

0700 3

0710 & % ALU M-SOURCE SELECT VARIABLES (BRSRG) @ .

0720

0o"30 @ EQu 19 4 FROM Q REGISTER

0740

Q0730

0750 ¢ ¢ DEFINITION OF THE FUNCTION FIELD (FUNGC):

orr0

9730

0790 SUPSR [ {1V] 3V} } $=R-1-CIN

0800 sup eV o2M + R~8=1~CIN

0810 ADb €Qu OIN $ ReSHCIN

0820 ADDS gau 2] + S¢CIN

0830 ADDSN [ {-[V} oSk bt (=8)+CIN

0840 ADDR EQu OeN 1 ReCIN

08S0 ADDRN €Qu o™ 1} (=RY+CIN

0840 IERO (X 1V) O9N # 0+ NO OPERATION

0870 ANDRN [ {.V} o’ 3 (R/) AND 8

08€0 LxNOR [ {- 1] OAM $ R EXCLUSIVE.NOR S

08%0 EXOR [ {1} oM ) R EXCLUSIVE OR S

0900 AND EQU OoCNH t R AND S

0®10 NOR EQU oMM it R NOR 8

0920 NAND sQu OEM ? R NAND S

0930 O [ X1V} ofw . - " ROR S

0940

0930

09640 ) ¢ DEFINITION OF TME DESTINATIONDIELD (DEST):

0970 .

0990

0990 Fad [ (- T] 000 } YSARITHN F/2, SHIFTRIONT
1000 FLD [ {1 o7a )} YoLOG F/2.

1010 rFadO 1+ V] 100 I YeARITH F/2, Q=L00 Q/2
1020 rLpe tov 170 ) Yo 08 £/ Qe 00 Q2
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.

FAQE 3 PRUJECT MASH-DEFINITION VAX-EMULATOR DEFINITION PMASEs» REV 5.S5¢ 11/02/70

1030 Par EQU 200 i YuF, S100=PAR
1040 PQD EQU a7a 3 YsF. SIOO=PAR, QulCG(Q/)+ (W/)aM
10%0 FFQ g3y 304 5 YoF, SIQO0sPAR., QaF» (W/)aM
1060 FLQ EQU  3I7Q 3 Yuf, SIQ0sPAR, Q=f» (W/)al
1070 Fay EQU  40Q i YmARITH JF, LEFTSHIFT § MIT
1080 FLU EQU  47Q } Y= 00 2F
1090 FauaQ EQU 3500 3 YsARITH 2F, Qel0G 2Q
1100 FLULQ eau 32aQ + Y=LOG 2Fr Q=L0G 20
1110 F EQU  ¢0Q 3 oYeF, (W/)aN
1120 Qu EQU 670 i YaF, Qa_0G 20¢ (W/)uN
: 1130 4
; 1140 EXTBL EQU  ™Ma ¢ EXTEND BYTE TO LONGWORD
' 1190 EXTU gy M . ¢ EXTEND WORD TO LONGWORD
1140 EXTBW EQUu ’s0 + EXTEND BYTE TO WORD
1170 )
1190
1:90
1200 ¢ s DEFINITION OF DUAL PORT REGISTERS WRITE ENABLE (WREN):
PR 93 T
-~ 1229 NUR EQU  SMOO . 3 NO MRITE
1230 hO EOU  SHOL 3 ONLY BYTE O WRITED
1240 B2 EQU SHO2 ¥ ONLY BYTE 1| WRITED
12%0 WRD EQU  3MO3 } WORD WRITTED.
1240 B2 EQU  SHOe 3 ONLY BYTE 2 WRITED
1270 83 EQU  SMo8 i ONLY BYTE 3 WRITED
12680 UWRD €QU  SHOC 3 UPPER WORD WRITTED.
1290 B3I1 gV SNoE i TWE UPPER TWREE HYTES WRITED
1300 LURD EQu INOF ¥ LONG WORD WRITTED
1310 INS [ {:]1} SN1O i WRITE ENABLE SPECIFIED BY INSTRUCTION - -
1320 3 -
1330
1340
1330 7 ¢ DEFINITION OF CARRY INPUT TO ALUO (CYIN):
13640 3
1370 CZERQ EQu 00 i O INPUTED AS CARRY
1380 CONE gau 10 $# 1 INPUTED AS CARRY
1390 Cv [ {1} 20 } FROM CARRY FLAG
1400 CYN Eou 3 ? FROM INVERTED CARRY FLAG (BORROW)
1410 2IN [ V] 4Q 3 FROM ZERQ FLAG
1420 4
1430
144 ¢
HC: & ¢ DEFINLTION GF SNIFT MUX-SRLECT (SISMAT" L. QLONFT)!
1440

1320 ssFro £6y
1330 s8rrFy {1}
1840

SELECT SION FF 60 AS INeyT
SELECT SION FF 802 AS INPUT

1470 SHFTO L oQ i SELECT O A8 INPUT
1400 NFT: U 10 } SELECT 1 AS INPUT, EXCEPT S103
1490 S10N Eu 10 1 SELECT SIGN PF TO SIO32
1300 810 Qu 20 ? SELECT $I0 a8 1neut
13910 Q10 L1 VI ? SELECT QIO A8 INPUT
20 ’
3Q 4
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4+ PROJECT RASN=DEFINITION VAX-EMULATOR DEFINITION FHASEs» REV 3.%Z.

1330

i1%e0
IS0 ¥ & FLOATING FOINT SIGN FLIF-FLOP CONTROL

1280 IN FLOATING ®OINT ARITHMETIC THMERE NEEDS SPECIAL SION FLIP-FLOPS.

1890

1400 FSIGN FORN 20X +2VBOL 90X

telV

tal0

1239

1340 + & DEFINITION OF FLOATINU POINT SIGN FLIP-FLOP VaRIAM.ES:
te%0

19920 SIONO &Qu ho? + SIGN FF 90
1670 SIGN1 QU Mo i+ SIGN FF 1
1080

1490 €JECT
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FaGE 8 FPROJECT MASMH-DEFINITION VAX-EMULATOR JEFINITION FHASEs REV 5.9¢
$700 3} SUBEXXRSESBURSNENZRLSEPLIBEREIJEXNRRRENENR

1710 3 & DEFINITION FILE OF CONTROL SEQUENCER »

1720 ) RERARRNRRNERRLERECRRER I ARBRARAERAXTREREX

1720

1740 )

1730 3 TWIS FILE DEFINES THE CONTROL SEQUENCES OF NICROPROGRAMMING
1740 )

177N

1790 3

1790 3 & UNCONDITIONAL JunP

1800 ) JURPILOCATION

1810 4

1320 Jume FORM 33X +3IBL00+ NI+ 14UHT»1B0-,1X,1D1,5801111,46X
1830

1840 4

13%0 3 & CONDITIONAL JUMP:

1969 3 CJINPHLOCATION.CC

1370

1830 CJmMf FORM 33X+ JB100+4KIT» LAVHMT S L1BOY1X»6VRy 48X

1390

LYoo ¢

1219 & ® JUNP TO SUBMROUTINE @

1920 ¥ JSDILOCATION

1930

1;;3 JSR FORM 33X ¢3B100¢aMLrs1aVNT1BO+1X»151,SBOL111,48X
1

17a0 3

1773 # & CONDITIDNAL JumMP TO SUBROUTINE :

1980 ) CJSB.LOCATION.CC

19990

:goo CJSR FORM 33X+e3B100rs4H1 /s 1aVHT +1BQ+1Xe4VB 48X

<010

20230 3

2030 ¢ X JUMP TO MAP ( OR INTERRUFT HANDLER ROUTINES ):

2040 3 JnaP

3:32 JNaP FORM 3I3X+»3D001»4H7+16Xs1BQr1Xv1B0+SBO1100, 48X
- .

2070

2080 ¥ CONDITIONAL. JUNP TO MaP @

2090 3 CUNP.CC

2100 4 : -

21310 Cumaf FORMN 33X+ IV0O1»4NT 16X 180+ X0 6VAY 48X

220

2130 )

2140 1 8 JAUWP TO SOURCE nQDE ROUTINES

2130 1 JsMD

2140 )

il:: JERD FORM 3I3X+s3BOL10+AMH1»16X»10021832P1/,3D011112 048X
“
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FacE

<190
<200
2210
2320
~230
2240

2350
2260
2270
2280
2290
2300

2310
2330
2330
23490
23359
2360

~e
-

2320
2390
2490
PERT]
2420

2430
2340
2430
2400
2870
2480

2490
23500
2310
s
2339

2340
2339
2540
2370
2380
2590

2690
2610
2820
2030
2640

2430
2860
2470
2480

NAVTRAEQUIPCEN 78-C-0157-1

& FRQUECT MASH-BEF INITION Vax-ENMULATOR DEFINITION PHASE»

[}

3 & CONDITIONAL JUMP TO SOURCE MODE ROUTINES
4 CUSMD.CC

é

CJShD FORM  33X,3B010+4H1+16X»1B0s1B1&VRy 48X

) .
¥ % JUNP TO DESTINATION MODE ROUTINES @
3 JDND

$
Jond FORM  33X+»3B010+aH3,18X»100¢1B0+1B1,35R01111,48X

'
I & CONDITIONAL JUMFP TO DESTINATION MODE ROUTINES
iCJDNDCC

3

cJomp FORM 33X+ 3IBO1O+4NI+14Xs 18O+ 1BO+&VE. 38X

B
i & RETURN FROM SUBRCUTIMNES @

i RET '

3
RET FORM 33X+ 3R000+ 4N« 16Xs1B0»1X+1B1+,5BO111148X

$

3 8 CONDITIONAL RETURN FROM SURROUTINES
SCRET»CC

s

CRET FCRM  33IXs3R000c4HA+ 10X+ 1BOs1XraVBr 48X

]

} & CONTINUE TQ FROCEED THE NEXT SMICROINSTRUCTION @
i CONT

CONT FORNM JoXsaHE» 72X

¢ PIPELINE CONSTANT GENERATION :
PIFECONSTANT (MEX)

IPE FORM 40Xs 1aVUNT 34X

+ » REPEAT PIPELINE REGIST :

3

REPPL FORM 33X, 30100+4H9+ 14VMT, 101 ,38X

CONDITIONAL JUNP PIPELING & POP @

]
[ ]

! CIPPHLOCATIONSCC .
J
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FAGE T FPOJECT MASH-DEFINITION VAX-EMULATOR DEFINITION FHASE» REV S.5+ 11/02/79

2490 CUFP TORM 33X+ 30100, 4HBs 16VHT » 1RO+ 1X + 6VB s 48X

2210

2720 i & FUSH L CONDITIONAL LOALO COUNTER
, 2730 1 PUSH'NUMRER,CC
! 2740

2730 FPUSH FORM 33X+ 3B100:4MAs18VMT, LBO» 1XraUB»48X

am— 3

2730 ¢ & REPEAT LOOP :
s

2800 REPLOP FORM  33X»3B000s 4NB+ 14X 1B15»SSX

LOAD COUNTER i CONTINUE @
JCT.NUMBER

r =

bET FORM  I3IX»3B100+4HCr LSVHT 1B+ SSX

& REFENT PIPELINE, IF COUNTER NEQ O ¢

PCT FORM  IIX»IR100.4HP» 16X 181+ 55X

3940 ¢ & TEST THE END OF TNE L20OP :
2930 3 LOOF.CC
}

2960
1970 LoOP FORM  33X,3BO000+3MD+16X»1B1 s 1X+4VB s 48X
2900
2090 €JECT
130




NAVTRAEQUIPCEN 78-C-0157-1

FAGE 8 FROJECT MASM-DEF INITION VAX~EMULATOR DEFINITION PHASE: REV S.S+ 11/02/79

3000
3 JO10 I SEESARRERRARLANSTTPRANARTRATARERXEARAEALIARELIAS
E 3020 ¥ & DEFINITIONS OF THE CONDITION COUE YARIWELES 2
b JO30 ) EXAXARTXRBEREASRRABARLARERLAXNARKKERBARXR KB XKLL

3040 g
1 +3
3020
3060 3 CONDITION CODE DEFINES THE TEST CONDITIONS FOR SEQUENCING.
3070 .
3080 it
3290 EGL EQU  4B100000 sz EQU 1) ZERO i
, 3100 nEG EQU  4B000000 » Z EQU O) NOT ZERQ i
3110 73
3120 LSS EQU  4B100001 i N EGU 13 NEGATIVE 4
3130 GEQ EQU 48000001 } N EQU 0) NOT NEGATIVE.
3140 14
3130 vs EQU 60100010 iV EQU 1 QUERFLOW. &
3180 VC £QU  6H00L010 i v EDU 0 NOT OVERFLOW. d
3170 4 s
3180 C3 EGU  6B100011 i C EQU L CARRY. -
3190 LS5U EQU S i LESS THAN UNSIGNED. ;
3200 f
1230 ¢C EQU 68000011 3 C EQU 04 NO CARRY. i
3220 GEQU EQu  cC 3 GREATER TNAN OR EQU UNSIGNED. f
3330
3240 LEQ EGU  4B100100 ' NOR Z EQU 1} =< 0
3250 GTR EQU  6B000100 i N AND Z €QuU 03 > O j
3260 f
3270 LEGU EQU  $B100101 31 COR ZEQU 1 ‘
3280 GTRU EQU  4B0O00101 i C AND Z EQU O.
3290 !
3300 BYTYL EQU  6B100110 } INSTRUCTIDN TYPE OF RYTE.
3310 NB1 EQU  sB000110 ) NOT ONE BYTE. !
3320
3330 BYT2 EQU  &R100111 + INSTRUCTION TYPE OF WORD. !
3340 NB2 EOU 82000113 } NOT WORD. ;
3350 j
3340 BYTa EOU 48101000 + INSTRUCTION TYPE OF LONGWORD. !
3370 NBa €U 48001000 } NOT LONGWORD. {
3380 :
3390 pvTe EQU  4P10100L 3 INSTRUCTION TYPE OF EIGNT BYTES. §
3400 MO EDU  6B00100} 3 NOT EIGMT BYTES. :
3410 y
3420 FLOAT EQU - 6P101010 ! DATA TYPE OF FLOATING. i
3430 NFLOAT EOU 48001010 } NOT FLOATING. §
3440
3430 ALIGN  EQuU 48101011 t ADOWESS ALIGNED.
3460 NALIGN EQU  sBOOIOLL ¢ ADDRESS NOT ALIGMED.
3470 :
3480 INT EQU  6R101100 3 INTERRUPT PENDING. :
3490 NOTINT E0U 48001100 } NO INTERRUPT. i
3300 %
3310 £A0 €0U 48101101 i EFFECTIVE ADDRESS ONLY.
3320 NEAQ EQU 49001301 } NOT EFFECTIVE ADDRESS. !
3330 ;
3340 BITO €QU  4B101110 i ALU BITO gQU 1. ;
¥
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FAOE

3350
31840
3570
33480
3590
3400
J&10
3620
3630
3440
3630
3640
3a70
Joi30
3a90
I700
37¢tQ
3720
3730
3740
37e

J7l’°
3770

e e e B Lot — =

? FROJECT
NBITO EQU
4
TRUE g0y
FALSE EQu
i
MOREO gEQu
NMOREO EQU
i
AU EQUL
NALUO EQU
'
$1013 EQu
NSI01S £Qu
]

INDXMOD  EQU
NINDXNOD EDU
i

BITIL €qu
NBIT3!t EQu
’

CONT N EQU
NCCWTIN EQU

EJECT

NAVTRAEQUIPCEN 78-C-0157-1

MASN~DEFINITION VAX-EMULATOR DEFINITION FHASEs REV 5.5+ 11/02/79

48001510 I ALU BITO EOU O.
sE101111 ) } LOGIC 1.

ali001111 } LOGIC O.

48110000 } MANTISSA OR EXPONENT EOU O.
68010000 } MANTISSA AND EXPONENT NOT EQU 0.
aB110001 } ALU GUTPUT EQU O.

oR010001 ) ALU DUTPUT NEQ O.

68110010 ! 31018 OUTPUT EGU 1.

4R010010 } SI01% QUTPUT EGU O.

4R110011 I INDEX ADDRESING MODE.

8010011 i+ NOT INDEX ADDRESSING MODE.
68110100 3 ALU BIT3L EQU 1.

68010100 I aLU BIT31 EQU 0.

58110101 i CC FOR CONTINUING.

SBO10101 ) NOT GCONTINUING.

132
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3330, NBITO
3540 ¢
] 2870 TRUE
d 3380 FaLSE
; 3590°
3 . 3900 MOREO
Jalo NROKEO
3420
3439 aLUO
1440 NaLUO
| 3630
§ 3660 SI1013
{ Ja20 N3101S
Jé80
3490 INDXNQD
3700 NINDXMQD
3 710, 4
t 3720 pITY
! 3730 NBLTIL
3740
37%0 CONTIN
Pod NCCHTIN

3770

FROLECT

({17}

(4D
XQu

EQu
fQu.

gav
tav

EQu
({-1V]

Sou
 $V)

EQu
gaQu

EGu
£
EUECTY

NAVTRAEQUIPCEN 78-C-0157-1

MAIN-LEFINITION VAX=EMULATOR DEFINITION PMaSE, REV S.3.

63001110 i+ ALU BITO EQU 0.

(Y 2 IR B RY 1 LUBIC 1.

eBO0111L) i L0o1C 0.

38110000 } MANTISSA OR IYPONENT EOU V.
08010000 ) MANTISSA AnD EXPONENT NO¥ COQU
oB110001 ) ALU QUTPUT EQU 0.

48010001 ) ALU QUTPUT NEO O.

410010 )} SI01S CUTPUT EQU 1.
4010010 } 91018 QUTPUT EQU V.
ebito0t } INDEX ADODRESING ~QDE.
48010011 ? NOT INDEX ADDRESSING mODE.
48110100 3} ALU 3IT31 EQU L.

43010100 } ALU BITIL EQU O.

43110101 + CC FOR CONTINUING.

3010 L NOY CONTINUING.
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PAGE 13

4270 AYTE

4280 WORD

4290 LWORD
4300 BMYTEL
4310 BYTE2
4320 BYTES
4330

PROJECTY

EQU
EQu
EQU
EOU
EQU
Loy
EJECT

NAVTRAEQUIPCEN 78-C-0157-1

AASN-DEFINITION

480001
4BCO1 L
aR1111
4Rh0010
480100
4R1000

)
'
i
’
)
)

VAX=EMULATOR DEFINITION FHASEs REV 5.3, 11/02/79‘

TRANSFER ONLY ONE BYTE (BYTE #0).
TRANSFER ONLY ONE WORD.

TRANSFER LONG WORD.

WRITE ONLY BYTE o1.

WRITE ONLY BYTE o2.

WRITE ONLY BYTE o3.
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L NAVTRAEQUIPCEN 78-C-0157-1

FAGE 12 FROJECT  MASM-CEFINITION VAX~EMULATOR DEFINITION PHASE, REV 3.5, 11.02/7%

AJa0
43350 i SRVEBELUREARRRCAIRALALSARATRRX AR ERR
4790 4 ¢ DEFINITION FILE OF FLAGS CONTROL
AITY v RREERRZCTATARAXECAN AR KENARECRAREER RS :
<389 + 3
" q
3 4
4390 ¢ {
4400 ¢ THIS FILE DEFINES THE OPERATIONS OF ALU FLAGS WMICH INCLUDS 13
4410 3 VsNsZ AND C ALSO THE SOURCES OF TNE FLAGS' CNANGE.
1420
4430
+ *
3440 3 '
4450 ¢+ 8 FLAGS CONTROL g
4480 ¥ FLAGS»FLAGS~CHANGED»FLAGS~SOURCES =
4370 2 &
4480 FLAUS FORM 98X+ AVHOQO00» 2VRO0» JVRQO0» 1V« 5K .
4490 %
A%00 4 5
A%10 1 ¢ CEFINITION OF FLALY VARIABLES ! :
g2 3
4230 WONE EQu 4EOVVO i NO FLAGS CHANGED.
4340 O EQu 4ARO0Q1 ¢ SET Z=ts ZERO
4330 N €0oU 4R0010 + SET Nwi, NEGATIVE.
48a0 NI EQu 4800131 + SET Ny I=
4570 V [X2]1] 480100 t SET Vel, OVERFLOW.
48689 Vi equ 4hO101 4 SET V. Zst.
4390 UN €au 430110 } SET Vs Nmi,
4000 ‘UNZ EQu 4Bo1t1 3 SET VeNelwl,
401V C EQU 481000 4 SET C=1+ CARRY.
4420 C2 ({+]V} 481001 ¢ SET Colmt,
4430 CN EQU 4R1010 } SET Conmy,
4440 CNZ EQU dR10112 4 SET CoNeZIm),
4630 Cv EQu 481100 } SET Covey.,
d060 CV2 EQu 41101 } SET Co.Velml,
4070 CUN &QuU 4R1110 i SET CoViNmi,
4480 CUNZ EQU 4aB1i1lt) 3 SET ALL FLAGS.
4690 ALl EQu CUNZ 3 SET ALL FLAGS.
4700
4710
4720 » ¢ DEFINITION OF FLAGS SOURCES (ViNsZ»)
4730
4740 AF [ 1]V} 200 ) ALU FLAGS. -
4730 DIRL Equ 2801 ? DIRECTLY LOAD FROM ALU.
4780 TER EQU MO + CLEAR FLAGS.
4770 BOR EQu. P PR Y ) LOAD CARRY FRON ALU CARRY.
4790
4790
4800 ) ¢ DEFINITION OF FLAGS SOURCES (N2)
40810 ¢
4020 NIAF £Qu 190 3 NI LOADED FROM ALU FLAOS.
o:go NIDIRL EQu It 4 NZ DIRKCTLY LOADED.
4031

135
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NAVTRAEQUIPCEN 78-C-0157-1

FAGE t4 FROJECT MASM=DEFINITION VAX-EMULATOR DEFINITION PHASE» REV 'S5.%5» 11/02/7°

48%0
4B60 ERERNARTEREAERARAR LB RRR R CERNERERERR
1870 & DEFINITION FILE OF BUS CONTROL ¢
4880 CERARARNGNKARREAEA RN KA EA LIRS SRR RK
4890

4900

4910 BUS CONTROL FILE DEFINES THE DATA TRANSFER BETWEEN
4920 BUSES AND REQISTERS.

4930

4940

4930 SAXe2R10+86X DATA-BUS (- PSL.

49690 24X» 2P0 848X paTa-BUS <~ DATA OUTPUT REB.
49720 26X+ 2R10» 84X ADDRESS BUS «<- PC.

4980 26X» 2RO 34X ADDRESS BUS - ADDRESS REG.
4990




FAGE

© a9y
SCuL
MARRY]
2020

3030
2040
5030
%0al
3070
5080
3090
3100
S1310
120
5130

S130
180
31512
S1av
S170
s180
5190
S200

S210
3220
3230
5240
3380
52480

8270
3280
32e0
5300
30
3320
3330
3340

3330
3380
3370
3380

NAVTRAEQUIPCEN 78-C-0157-1

1S FROJECT MASM-DEFINITIUON VAX-EMULATOR DEFINITION FNASE. REV 5.S3» 11.,02/79

bbbttt bii b LR RATS SR IL TSRS IS PLNLLSELEINTY
$ & DEFINITION FILE OF REGISTERY. COUNTERS CONTRUL &
§OREEREEA R NS AR AR LI VLN AR B RN AR REAARAARBEIRT R AR

} % REGISTER LOAD FORMAT
[

LKC FORM  3X.1VBl+10aX } LOAD EXPONENT COUNTER.

LFC FORM  ox/,1VB1.+105X i L0AD PC.

LADRD FORM 72X, LVRLs JOAX ! LOAD ADDRESS REGISYRR.

LDOR FORM X+ 1Vl 103X $ LOAD DATA QUTFUT REO.

LFSL FORM  PXo LVB1L, 102X b LDaD PSL.

LDIR FORM  tOXsiVR11Q1Y ! LOAD DATA-INPUT-REQ FROM DATARUS
é

LOPCR FORM  11X.1VB1,100X LOAD OPCODE REG FROM DATARUS.
® INCREMENT VAX COUNTER !

Vax COUNTER WILL FOINT THE 2903 REGISTER ADDRESS SPECIFIED
BY TNE ADPRESSING MNOLE.

PRI SRV

NCUR FORRM 22X« 1B1,839%

J

+ & CXPONMENT COUNTER CONTROL @

)

EXFCU FORM 28X, 2RO0 +82X 3 UPCOUNT EXP-COUNTER.
EXPCD FORM 28X, 2910.,82X + DOWNCOUNT EXP-COUNTER.

[
i 8 INDEX MQDPE FLIP FLOP CDNTROL ¢

)

] INDEX NODE FLIPFLOP WILL IND{CATE THE INDEX MODE.

i

SINFF FORM  JOX 210+ 80x } SE INDEX MODE FLIP FLOP.
CINFF FORM 30X 2B0O1,80X ! CLEAR INDEX MODE FLIP FLOP,

& CONTINUE FLIP FLOP CONTROL @

i
}
'
4 A OENERAL FLIP FLOP NAMED COMTINUE WILL WORK FOR
L] COMDITION TEST.

[

SCONTY FORM 3%, 2901+107X I 3ET CONTINUK FLIP FLOP.

CCONT FORM  IX.2B10¢107% ¢ CLEAR CONTINUE FLIP FLOP.
[ ¥ {3




{.

~a0E

$440
. $430
$340
420

3490
3490
$300
$3t0
3320

3330
3340
3350
2340
3870
3380
SS90
3600
Se10
So20
3030
3640
SolV

NAVTRAEQUIPCEN 78-C-0157-1

16 FROJECT MASH-DEFINITION VAX-EMULATOR DEFINITION PMASE. REV S.S5s 11/02/79

3 SEATRRIRVRARELRELATARSRESRSRREARRI KRR SRRR LR
# & DEFINITION FILE OF SPECIAL ALU FUNCTIONS &
P OGRNAXEMURKARASIABREARE AT TARERZARBERR CABA RS RN

' 3

3 & SPALUASRC,AADRPSRC, PADR: SPFUNC» DEST WREN,CYIN, SISNFT,QISHFT

)

SFALY FORM 44X+ 3VA0,6VN10+ 180+ 6VHO » 4NHO0 » gVRS0 » SUHO » IVAT ¢ 9X ¢ 2VQ0 s VA0 s 1 X

[
I ¢ DEFINITION OF SPECIAL FUNCTION FIELD (SPFUNC) !
}

MULTUN  3e1] 00Q
AULT2C  EQU 10Q

1 UNSIGNED MULTIPLICATION.
1 2'S COMPLENENT nULTIPLICATION.
INCR EQU 204G i INCREMENT BY 1 OR 2.
Cony EQu 27 i SIGN MAGNITUDE 3 2°S COMP. CONVERSION.
n2CLC EQu 3Joq $ 29 COMPL., MULT. LAST CYCLE.
NORM £Qu 040 i SINGLE LENGTH NORMALIZATION.
NORRAL EGu 50aQ ? DOQUBLE LENGTH NORMALIZATION.
alfvac EQU o0Q $ 2°S COMPL. DIVISION.
p2Cc Equ 70Q i 2°S COMPL. DIVISION CORRECTION.
EJeCT

139
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NAVTRAEQUIPCEN 78-C-0157-1

“

: FAGE 17 FROJECT  MASR-UEFINITION VAX-EMULATOR DEFINITION PMASE» REV 5.5s 11/02/79 '
: Sead £ND

{ TOTAL ERKURS

i

I
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L .

T
< NAVTRALQUIPCEN 78-C-0157-1
E
5 +A0E 2 ADDRESS  MASH  VAX EMULATOR ADDRESSING MODEASSEMBLY FHASE REVA.O 12/02/7%
]
? 0110 ) CSSEASARSEERASREERSSSRARNAREEIREARRECLAERECEEIERERERS
0120 ) % ADDRESSING MODE SUPROUTINES: SOURCE § DESTINATION ®
R 0130 i SEXSLBRESECALEEER AR s [ 3119
i o140
i .
¥ 0130 [] THE ACTUAL OPERANDS WILL BE LOCATED BY ADDRESSING SUBROUTINES
i 0140 [ WHMICH CONSIST SOURCE AND DESTINATION ROUTINES. THE SOURCE ROU'INES
. 0170 [} MOVE THE CONTENT OF SOURCE OPERAND IN INSTRUCTION FORMATY TG an
: 0180 ‘ INTERNAL SOQURCE REGISTER: SRCs INTERNAL TO THE ALU RAW ARRAY.
: 0190 [} THE DESTINATION ROQUTINES MOVE THME CONTENT OF DESTINATION KEGISTER
0200 ) v DSTs OF ALU Ram ARRAY TO THE LOCATION SPECIFIED BY THE IN-
! 210 ] STRUCTION FORMAT.
i 0220
0230 '
0240 i ! GENERAL PURPOSE REGISTER ANDRESSING @
J 9350 '
. 0260
0270 }
0290 ' MODE 0-3 (LITERAL MODE)
0290 )
0300 ] SOURCE SUBROUTINE

0310 0000 0011F0204300022AC8106E3E£0000
0320 0001 00DOD0OQCOA00002FO8118C1E0000
0330 0002 000000000E000000081039DEOOL O
3 0340 0003 000000000K000000081 03IPDEOQL 0
0330 0004 000000000A4000098910FCIEOC00
0340 0003 000000000400002F08118C1E£0000

o037

0390
03%0
0400
0410
0420 0004 000000004300103300000C004000
0430 0007 0019PFO222100008610184L1E0000
0440 0000 0019F020210000670Ci83CIE0000
0430 0009 0019F020210000480C183C1E0000
0440 000A 00131F0202100004FO0CIBICIEC000
0470
A 0480

] 0490 0008 000000004300103308000C004000
Q0300 000C 0019F0222300002610186C1E0000
0510 000D 0019F020230000270C183CLIE0000
0520 000K 0019F020230000280C183C1E0000
0Z30 000F 0011F0202300002F0C183CIE0000
0340 0010 08 4000
0330

03¢0
0370
0900

03%0
0600 0011 000002000A00000910106L 1EL000

nboO3s
FLIT

Dhas

’
nh4d

ADRFAUL T

ALUsLITERAL» ¢ ¢ SRCeADDR+EXTBLLWRDC2ERQ FLAGS FETCH COMP+FLITVFLDA
ALUs » ¢ + SRC2 ¢ ZERC+F . LWRD»CZERD FLAGS RET -

ALUSREG+SRCr» +SRC+ADDFLULLWRDYCZERDSI0 FLAGS CONT
ALU+-REGsSRC+ +SRC+ADDFLUYLWRD+CZERD,SID FI AGS CONT
ALUSCONSTs+¢SRCrOR+F +LWRDL,CZERO FLAGS FIFE,4000H CRET.NRE
ALU»s ¢+ «SRC+ TERD.F . LWRLCZERO FLAGS RET

MODE 4 (INDEXED mODE>

SOURCE SUBPRQUTINE

ALU FLAGS CJURP.ADRFAULT. INDXMOD
ALUSREG+AMOLIEs « INUEX +ADDK o F + LWRDVCZERD FLAGS SIMFF CUSMD.RYYY CFET
ALUIREG» INDEX s » INDEX ¢ ADD e F + LURD»CZERD FLAGS CJSMDBYTY CFETCH
ALU+REG INDEX « s INDEX +ADDI e F ¢« LWRD+ CIERC FLAGS CJSMD+RYT4 CFETCH
ALUREG: INDEX » » INDEX+ADDF s LWRDN 2 CZERO FLAGS JSMD FETCMN

DESTINATION SURROUTINE

ALU FLAGS CJMP.ALRF UL T+ INDXNOD
ALUIREG+AMODE + » INDEX - ADDR+F s LWRD ¢ CZERQ FLAGS SIMFF CJDMD.RYTY CFET
ALU+REG+ INDEX ¢ » INDEX 1 ADD +F o LWRD+ CZERQ FLAGS CJDMDeNYTY CFET(M
ALL»REG+ INDEX e » INDEX ¢+ ADD+F - LWRD»CZERD FLAGS CJDNDIBYT4 CFETCM
ALUIREG, INDEX+ + INDEX +ADD+F+ LNRD: CZERQ FLAGS JDMD FETCH

ALU FLAGS CONT | ADDRESSING MODE ERROR:NOT SPAECIFIED

RODE S « REQISTER DIRECT nQDE )

SOURCE SUPROUTINE
ALU+REG+AMODE « « SRC+#DDK +F + LWRDCZERD INCVR FLAGS CRET.NDS




10¢0
1100
1110
1120

0012

0011}
0014
0018
0014

d01>

0018
0019
0014
001k
001C
o011l
.11
001F

Qo20

0021
0022
00}
002le
002s
00le
0027
0030
00239

0024

0029

NAVTRAEQUIPCEN 78-C-0157-1

ADONESS NASH  VAX EMULATCOR

000000000800002F10116C31E0000

0000020043001 30904206C200000
000000000EQV00000AA06L1E0000
100000000A00003308000C 004000
0011F0201700000C08000L004000

0100000041002E3310164C1E0000

01210010430C1ROBOF 1820000000
002100100400000928106C1E0000
000000000A0000F 281 16L1EOCOO
0021001 00E00000008000C004000
000000000400000928104C1E0000
012100100€0000000E®63C200000
002100100£00000008000C 004000
000000000400002F 291 16L1E0000

0100000041002€3310164C1£0000

01030030430024000R1E3C000000
008000004300240904804C 000000
Q00IFO3I00E 00000008000 004000

1 00 3 004000
0011F0201700000C08000C004000
000300300E£00000! 004000

008000004 3002409048040 000000
0103F0300£0000L00B1DICO00000
0003F0304300242F00000C004000

0000000043001 7FAG201C1E4000

000000004300202F AB201C1K4000

ADDRESSING mMODE . ASSEMRLY PHASE REVe .0 12702779

- -

i
o] -3
MDoSK

MDoSNA

nbsd
nDabhr

MDeDR

nDADINA

AL+ RED + AMODE + + SRC2/ADDRF + LKL CIERD FLAGBS RET

DESTINATION SUBROUTINE

ALUIREG DS T+ « AMODE ¢ ADDK o F ¢« INS+CIERD FLAGS INCVK CUMFMISDG.NBE
ALU+REG+ 8T+ 1 ARODE +ADDR S F +LWRD» CZERD FLAGS CONT

ALU FLAGS CCONT CRET.CONTIN

ALY FLAGS FETCH JNAP

MODE o .« REGISTER DEFERREU #GDE

SQURCE SUBROUTINE

ALYREG+ANODE + 1 EA+ADDR+F ¢ LWRD»CZERD FLAGS LADR CJUSR: INXSUBR. INDXNOD
ALUREGIFOUR+ sEAADDF «NWRCZERG FLAGS READSITYFL LADRK

CUME s MDIOSNA Y NaL IGN

ALU+DIRs s+ SRC,ADDR¢F + LWRLCZERD FLAGS READ.ITYRFE CRET.NRE
ALU»DIR 1+, SRC2+ANDRFHLWRD,CIERD FLAGS RET

ALU FLAGS READ, ITYPE CONTY

ALUIDIRe» ¢ SRCoADDRF o LWRN,CIERD FLAGS CRET.NRE
ALUYREG'EIGHT + ¢EA?ADTI+F «NWRs CZERD FLALS READITYFE LADR CONT
ALU READ.ITYPE CONT

ALUCBIRs+ +SRC2.ADDRF . LBRTI-C2ERD FLABS RET _

DESTINATION SURRQUTINE

ALU+REQvAMODE « +EA+ ALIDR ¢ F o LWRD»CZERD FLAGS LADR CJSke INXSUR. INDXNOD
ALU'REG+EAs s FOURADUF +NWRCIZERD FLAGS WRITE,ITYPE LADR

CJIMP s MDaliNA - NAL IGN .

ALUIRED+DST2 s+ +ADUK « F o+ NWK CZERD FLAGS LDORK CUMF.MD6DR-NINE
ALU FLAGS WRITE LMORI CONT

ALU FLAGS CCONT CRET,CONTIN

ALU FLAGS JnaP FETCH

ALU FLAGS WRITE+ITYPE CONT

ALU+REG+DSTTs s o ADDRF o NWR ¢ CTERD FLAGS LDOR CUMP«MDoLk/NRE
ALUSREGYER +EIGNT + QDT F o NWR+CIERD FLAGS WRITELWORD LADN CONY
ALy FLAGS WRITE:LWORD JUAF .MDODR

MODE 7 (AUTODECREMENT MQDE)
SOURCE SUBROUTINE
ALUDTYPE s + + AMODE » SURSR + F o LWRD + CONE FLAGS JUMP . RDAS

DESTINATION SUBROUTINE
ALU»DTYPE > + s ANODE » SUBSR +F + LURD» CONE  FLAGS JUMP . ND4D

MODE ® « AUTOINCREMENT MODE )

SOURCE SUDROUTINE

.

. l




el L TSR

.-

4r

. caGE

1130
1140
. 1150
1160
1129
1180
1190
1200

1710
1229
1210
1249
1239
1240
1279
1280
1299
t3cv
1310
1329
1330
1340
1320
1369
L1370
1380
1390
1400
14190
1420
1430

L1440
1450
L4a0
1470
1420
L1490
1500
1310
13-4

1330
1540
1350
1340
1370
1380

1390
1802
1610
1420
1430
1440

NAVTRAEQUIPCEN 78-C-0157-1

4 ADDRES3 TASH VAKX EMULATOR

002C 0100000041002E33101484C1E0000
002D 000000004300182FAA03CIEN000
002€ Q1000001040Q002FICLa3CLEQOQO

002F 01000000410028331016eC1E0000
9030 000000004300212FAB203C1EQ000

0031 010000000830000010006£000000

0032 0121F0104300350B0F203C1E0000
9033 010000004300181328184C1E0000
2034 010V00014300182F0C1a3CLEDO0D
335 001FI10VEQ0Q00008000C 0400
0036 01000UV4300181328183C1ED000
0037 010000014300192F0C163CL1EQ0000

0038 010000000£00000010006C000000

3039 0100000043003C0BOF203CIEI000
003A 010000004300211328164C1€0000
V03P 010000014300212FQC143C1EQ000
Q03C 0021F0100£00000008000C004000
9030 010004004300221328L66C1E£0000
003E 010000014300212FO0C153CIEQ000

Q03F 000000000£00000008168C1E0000
Q040 J011FO0200E0000006816FEIED0QV
3041 010000004300181310143C1ED000
0042 010000014300192F0C283CIED0000

043 0UVON0QOVECOCOV008168CLEOONO
0044 0011F0200£0000006814FESK0000
0043 010000004300211310143C180000
Y046 010000014300212F0C143C1K0000

9047 000000000€00000008148C1E£0000
0048 0011F0200£0000006814FE3L0000

ADORESSING mOBE»ASSEMBLY PHASE ~EVe.0 12,02/79

nup8S

INXSUB

[
MDBD

b I

D9S

MDISNA

4090

nDPONA

.- o

nDAS

npaD

4
i
b
'

nops

ALU+REG +AMODE » s EA+ADDR +F +LWRD<CZERD FLAGS LADR CJSB. INXSUB. INDaNLC
ALU+DYYFE s » » ARQODE rADD+F +LWRD CIERO FLAGS JUNP.MDASK
ALUYREGr INDEX s ¢ EA¢ADD F +LWRD,CIERD FLAGS LADR CINFF RET

DESTINATION SUBRQUTINE
ALU/REG»AMODE » « £A»ADDK »F ¢ LWRDCTERD FLAGS LADR CUSD» INXSUB» INDXNC
ALU+DTYPE s » 1 AMODE »ADD ¢ F - LURD«CZERO FLAGS JUMN . NDODK

MODE @ (AUTQINCREMENT DEFERRED mODE)

SOURCE SUBRQUTINE

ALUsREG»AMODE s+ yADDR»F + NUR +CIERGC FLAGS LADR CONT
ALU'REG+FOUR "+ » AMODE ¢ ADD «F + LWRD +CIERQ FLAGS READ.LWORD

LADR CJMP+NDIOSNA¢NAL LGN

ALUsDIR, ¢+ EA-ADDOKF.LURD.CIERD FLAGS LADR CJMP,MDASKNINDXMOD
ALUREGY INDEX s +EA+ADD+F . LJRD+CZERD FLAGS LADR CINFF JUMP,H045A
ALU FLAGS READ,LWORD CONT

ALUYDIR+ + +EAVADOURF ¢ LWRLICIERD FLAGS LADR CJMP.ADESK, NINDXROD
ALUYREGs INDEX » +EArADD ¢ F + LURDsCZERC FLAGS LADR CINFF _UMP . D6SK

DESTINATION SUBROUTINE

ALU+REGeAMODE » + r ADDR + F s NWR + CZERG FLAGS LADR CONT
ALUREG-FOUR» s AMODE »ADD+F - LWRD,CZERO FLAGS LADR

CJMP + MDPONA e NAL [GN

ALU»DIR, + +EA+ADDRF+ LWRDCZERQ FLAGS LADR CJn®,nDADX » NINDXNOD
ALU+REGs INDEX+»EA+ADD,FrLWRD,CIERD FLAGS LADR CINFF JUmP, aDeDN
aLU READ(LWORD CONT

ALUDIR+ + +EA+ADDRF + LWRDCZERD FLAGS LADR CUNP . MDADK » NINDXNOD
ALU'REGs INDEX » s EAvADDF + LWRD+CZERD FLAGS LADR CIMFF JUNP . nNDADK

MODE A (BYTE DISPLACENMENT)

SOURCE SUBRCUT INE

ALU» s+ »EA,JERD,F-LNRD,CZERD FLAGS CONT

ALUBSBr r +EAOREXTBL 1 LWRD+CZERQ FETCH CONT
ALU/REG+AMODE » «EA¢ADD +F +LNRD+CZERD FLAGS LADR CJMP+MDASK «NINDXNOT
ALUSREG» INDEX» +EAsADD» F+LWRD:CZERO FLAGS LADR CINFF JUNP . MDASK

DESTINATION SUBROUTINE

ALUs o s EAs JERO-F.LWRNSICZERDG FLAGS CUNT

ALU»B8D ¢+« »EA+OREXTIL +LWAD,CIERO FLAQS FETCH CONT
ALUREQ»AMODE s +EA+ADDF . WROCZERC FLAGE LADR CUnP . MDADK s NINDXRU!
ALUSREG e INDEX + cEA+ADD +F + LWRD+CIERD FLAGS LADR CINFF JUAP.NDADR

HODE B (DYTE DISPLACEMENT DEFERRED)

SOURCE SUBROUTINE
ALU ¢« vEAs ZERD/F+LNRD,CZERO FLAGS CONT
ALU+BSBs + 1 EA*OREXTBL »LWAD,CIERD FLAGS FETCM CONT

145
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.

PAYE b}

1630 004
1800

1670 004a
La80 0043
1490 004C
1700 004D
1710 00«g
1720 004F
1730

1740

1730

1760 0030
1770 0034
1780 0032
1790

1800 0033
1810 J0Sa
L8420 003S
ty3v 00%s
1040 0037
1050 V038
19e0

1870
1080
1890
1900
1910 003@
1920 00%a
1930 0038
1940 00SC
19350 003D
1740
L1970
1980
1990 003K
2000 003F
2010 0940
2020 006l
<030 0062
2040

20%0
2069
070
2080
2090 00A3
2100 0064
2110 0043
2120 Q040
130
2140 0042
2130 0048
3140 0049
1170 00w
21600 0048

NAVTRAEQUIPCEN 78-C-0157-1

A0DDRESS AASM  VAX EMULATOR 2UDKRESSING MODE «ASSERBLY FHASE REVSE.0 12,0079

Q13000000€00000010183C1EV000

0121F01043004D0BOF 143C1EQ000 /
010000004300311328144C1E0000
01000001 4300132F0C103CLEO0V00
0021F0100E00000008000C004N00 MDBENA
910000004300181320144C1E0000Q
910000014300182F0C143C1K0000

)
000000000E£00000008148C1K0000 MDD
0011FQ200E0000004814FESEVO00
010000000€00000010143C1E0000

0121F01043003460R0F 143C1E0000 /
010000004300211328186C1K0000
Q1009001430021 2FNC133C1E0000
VC21F0100£00000008000C004000 HORDNA
11000000430021 13201 4aCLE0000
010000014300212F0C1a3C1E0000

]
i
!

1
000000000£00000008143C1E0000 NDCS
0011F0200€000000e810FCOT0000
0011F0200E00000040814FENCO000
010000004300181310143C1£0000
010000014300182F0C163C1£0000

L]

’
000000000E00000008168C1E0000 MDCDH
0011F0200£00000006818FC0O20000
Q0 11FO200E0000004R16FEDCOO0O
01000000430027113101483C1£0000
01000001 4300212F0C143C1K£0000

’

'

)

[
000000000£000000081 38C :£0C00 HODS
001170200€0000004814FC020000

0011F02008000000481 4FEPCO000
910000000€00000010103C1£0000

0123F010430044000F143C120000
010000004300181328144C1£0000
010000014300102F0C143C1£0000
0021F0100£0 o C004000 NDORMA
030000004300181328164C3£0000

ALU+REGs AMOLE » +EA+ADDF ,LWRDsCZERD FLAGS LADR CONT
ALUSREGrFOUR: EAADDF . LWRDCZERO FLAGS LAMR READ(LWORD

CJHP s MOBENA » NAL LGN .
ALU+DIR? + +EAvADDRF+LWRDCZEROQ FLAGS LADR CJMP+MDEDK,NINDXNOD
ALU+REG» INDEX+ rEArvADO+F»LWRD/CZERD FLAGS LADR CINFF JUMP.ADASK
ALY FLAGS READ-LWURD CONT

AMUIDIR + s EA+ADDRFLURO.CIERO FLACS LADR CJUNP . HDAIK : NINDXNOD
ALU»REG: INDEX» rEA+ADD+F o LURD/CZERO FLAGS LADR CINFF JUNP +NDASA

DESTINATION SUBRQUTINE

ALUeor s EA»ZEROF +LWRD-CZERQ FLAGS CONT

ALUs RSB ¢ s EA/ORVEXTRLLWRD CZERU FLAOS FETCH CONT
ALUREG«AMODE ¢+ <€A ADDF LURDCTERD FLAOR LADR CONT
ALUREC+FOUR »EA¢ADD+F o LWRDCZERC FLAGS _ADR READsLWRD

CJUMP « HDBDNA » NAL TGN

ALUYDIRe v v EA+ADDRF (LWRD,LIERQ FLAGS LADR CJMP,NDADK,»NINDXNCD
ALUYREQ» INDEX . EAADDF WA CIERD FLAGS LADR CINFF JUNP MDADN
ALU FLAUS READ LWORD CONT

ALUYDIRs o+ EArAPDR »F +LWR (1, CTERD FLAGS LADR CJUMP.HDODK ¢ NINDXNOD
ALUsREDS INDEX s «EA»ADD»F+LURDHICIERC FLAOS LADR CINFF JUMP+NDADA

MODE C (WORD DISPLACKMENT)

SOURCE SUBRAUTINE

ALU» » v o EA+» ZEROF o LWRD/CIERD FLAGS CONT
ALU»BSDr s s EA/ORF. RU,CIERD FLAGS FETOM CONT
ALU»BSB) + o EA/OREXTW BIJL,CIERD FLAGS FETCN CONT

ALUREGsAMODEr +EA+ ADD o £ « LURDCZERQ FLAGS LADR CJUNP+ MDABK I NINDXN

ALUREG: INDEX s +EA+ADD 1 FsLWRDCIERO FLAGS LADR CIMFFE JUNPsHDOBA

DESTINATION SUPROUTINE

ALUr» v o EAs ZEROF « LWRD.CIERD FLAGS CONT
MUIRSRe o 1 EA/UR,FPO+CIERC FLAGS FETCH CONT

ALY B8R, v EAPUR EXTWeBI21,CZERO FLAOS FETCH CONT
ALU+REG»AMODE» +EAsADD £ /LWRD,CZERO FLAGS LADR CJUMP.MDADK,NINDXPF
ALUYREOQ ¢ INDEX+ +EAeADD K, LWRD+CZERQ FLAGS LARR CINFF JUMP MDD

HODE D (WORD DISPLACEMENT DEFERNED)

SOURCK SUBROUT INE

ALUs ¢+ ¢ sEA» IEROF L LURDSCTERO FLADS CONT
ALUsBBB» » 1 EACQRF . BOCZERD FLAGS FEITCH CONT
ALUSDSDr» + KA/ OREXTWIR3I1,CZERO FLAGE FETCH CONT
ALU/»AEC+ANODE» + EA+ADD F o LWRDC2ERD FLAGS LADR CONT

ALUCRED s FOUR ¢ o EA+ADD+F + LWRDCZERD FLAGS READ LUWORD LADR

CunP . MODBNA, NAL [N .
ALUsDIR: o s EA¢ADDRF +LWRDCZERTO FLAGE LAOR CUrP.nDASKNINDXNOD
ALUSREKG» INOEX » rEA+ADD +F o LWAD,CIERD FLAGS LADR CINEF JUNPRDASK
ALY FLAOS READ,LWORD CONT

ALL QIRe s eEAsADDRE+LWAD,CIERO FLAGS LADR CUNP, ADABK »NTNORNOD

wr
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L TU Y

219
2200
20
a2

PR
2249

e
-a

1280
2%
110
22%0
Q2300
A R\
a3
233
A ET\

233
2la0
230
2380
23y
a0
AU
N
410
NN
2499
pET Y
240
T )
Jeen
JEd0
I
<320
<330
2340
2330
Mev

3t

1390
9%
2400
Ja19
ad0
2830
2040
Ja0
2000
2620
2080
2090
2700
710
720

o

vosLC

J0e 0
Q0e&
J0aF
v To

Vo1
AL N
IR
o0t e
00?3
oV s

vor’
008
AO R4 4
0O A
RL R
JorC
000
(L 2 o

DL ALY
VOB
oM
0092
008l
QN A
e

§

NAVTRAEQUIPCEN 78-C-0107-1

ARDRESSE MASH  VAX EMULATOR

V1000001 43001 EIFVUC 1630 1E0000

BOLOLRLT DY LD BT FRY I Sei 010
V01 1F0200£0000004814FCO0000
VO LIFOT00EVVV00048 1 &F ERCOCVO
Y10009000E 0000001018 IC1ED00V

ADORFESTNG MOLEASSEMRLY FPHASE REUV4a.0 12 0277

nopd

VE1FOL0AJ0V T 4QB0F LAICIEOVVY .

01000C00430021 13281440 1E0000
VIOUYVO L A3V 2FOC LA IC1E00VO
RVAT S TR SRRV AB TV E IV
1000000430021 1178184C1EO0NW
PEITNVARTRE S NVAS B Z\TWE IR TaE § SNV

SIVRIAD VT DO IR VTV VNIV RS- ToR § SV LV ATV ]
LOART VAT RVIVIVVIVIVEY: BIRY W E Su\ I\
QOLLFO00E V00000 AR L 4F LQ 20000
VOL1FO00E00000aB 1 MF L0400
VUL LFO00E000Q0VVAAL AFCOBVOCY
VO LIFOIO0EUV0000881 6F 11100000
DHN00V00A IV0BLI10183CLEOVVY
VIM0000 T 4300182F OC1AICLEVOVD

ROIAGT TV SaDAALLERRY: o § €TV T
V0L 1FIJ00K 000000481 4F COVONY
U1 1000300 0V0AR1 AF VA0 LY
VOL1FIJ00E V00000 aB 1 AF LOB0OVY
COLIFOJ00EMOV00A L Ak C1OVVOY
RETUMMVARIERIVVAR R ETR W R A Y SUVATU
DEALVNDON R B TG SRR SO TRR § ALV

000000000€ 000000001 48C1E0000
00117 020080000004814FT020000
001170200¢.0000004814F COA0000
Y0117 0200£ 0000004081 AF COROOVY
00117 J3200£0000004814F 100000
V10000000 0000001014 3C1E0000

01217 010430000000/ 4 IC1E OO
010000004300181328144C1K0000
90000001 430021 2F0C 1 43C 180000
0011F 01 00K 00003 O0BOVOC OV 40V

HMDOONA

b IR .

0ES

NOEL

Beowww

oFs

NOF BNA

ALUREG INDEN s EAvADDF o LWRD+CIERD FLAUS LADKR CINFF JUNP.RD6SR

DESTINATION SUBROUYINE

A Urer e KA IERDF LWRD.CIERD FLAQS CONY

ALU+ B8R+ «EALORF + RO CTERD FLAGS FETCN CONY

ALU»NSBy s «EAOREXTW, BITL,C2ERO FLAGS FETCH CONT
ALUIREDsAMODE + «EAADD F o LWAD . CTERD FLAOS LADR CONY

ALUREQ FOURs +EAADD  F . LWRD C2ERQO FLAGS READ.LHORD LADR

CuMP  HDDODNA ¢ NAL TGN

ALUOTR » oA ADDK T . LURD . CIERD FLANS LADR C NP, nDeDN + NINDXROD
ALUSRES » INDEX . EAYANDF . (WRO-CZERD FLAGS LADR CINFF JUNP . NDODR
ALL FLAGS READ.LWUORD CUNT

ALUIDRIR: c v EAsADDR F +LWRD . CZERD FLAGS LADR CUNP . NDADK + NINDXMOD
ALUREGS INDEN .+ £ 4+ ADDWF o LWKD - CZERD FLAGS LADR CINFF JUNP.MDoDR

NODE € (LONO WORD DISPLACEMENTY

SOURCE SUBROUT INE

ALUr e e 1 EA 2ERVF LWRD . CIERO FLAGS CONY
ALU»RSRo e s EALORF A LWRLDUZERD FLAQS FETCH CUNY
ALURSA. c cEACORF ROLUTERD FLAGS FETCH CONY
ALLU RSP v s EAIORF AL, TERD FLAGS FETCN CONT
ALUSRSBs o s EASORE » R CIERY FLAGBS FETCN CONT
ALURSDe r s EALORIF s RILCIERY “LAUS FETCH CONT

ALURED ARODE S +EA+ADD.F L LUAD S TERD FLAGS LADR CUne «ADABK  NINDXMOD

ALUREGe INDER » + KA+ ADD +F + LWRD+ CZERD FLAUS LADR CINEF JUNS . HDABK

VENTINATION SUBRQOUTINK

ALUr e o EAIEROFLWRD I CIERO FLAGS CONT
ALUBSD+ ¢ 1 KACORF + DO, C2ERO FLAGS FETCN CONT
ALUs RSB e KACORF +B1.CIERQ FLAGS FEYCN CONTY
ALURSR.» s EAYURLF - B2, C2ERD FLANS FETOM CONT
AU BER o s EASORF . B3, CZERG FLAQY FETCM CONY

ALUSARD« AMODE o 8A-ADD. ¢ L WADCIERD FLAGYS LAUR NP ADADR W NINOXROD

ALUCRED s INDEN » sEA« ADDF (L WRD U ZERD FLAGS LADR CINEF LunP.nDedR

NODK F (LON® BORD DISPLACENENT DEFERRED)

MODE F SOURCE

ALU» e 2 o EAs ZEROLF LURD.CZERD FLAOS CONT

ALU- 88D+ o KA ORIV F 1 RO, CIERO FLABS TETCN CONT

ALU» 88D+ + €A+ ORF - B1 . LIERD FLAGS FETUN CONTY

et EACORF BT CIERO FLAGS FETTN CONT

AMUsBBBe v s EALORIF BRI CIERD FLAGR FETCN CONT

ALU s REC s ARODE » + EAADDF . LWRD . CTERO FLAGE LADR CONTY
ALL+REGIFOUR Y - KA ADD L .t NROC2ERD FLAGS LADR RTAD. LUWORD
CINP . HOF ENAS NAL [ON

ALUS 0TR s+ e KA+ ADOR# . LWRD,CZERD FLAGS LADR CUN® . NDASR . NINDXNOD
ALURED INDEYX . s EA-ADDF . LNRDCIERD FLAGS CINFE JUNS . nDADR
ALY FLAGS READLWURD CONT
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PagE

2730
av40
2730
2760
2770
2780
27%0
80¢
2810
<820
830
2840
2830
2060
2870
2890
2890
2900
2910

2920
2930
2940
2930
940
2970
280
2990
3000
3010
3020
3030
3040
1030
1040
3070
31080
Jovo
3100
J110

3130
3130
3140
3130
3140
3170
3180
3100
3200
Jaio
3220
3230

?

0090
0091

0092
0093
00%s
0093
00%¢
009?

0099
0099
009a
00re
Q09C
000

00%€
QOvF
Q0A0
00a1
00A2
QOA3
9dA4
Q0AS
00aé
00A7
QoA

00ne
00AN
00as
00AC
00AD

NAVTRAEQUIPCEN 78-C-0157-1

ADDRESS MASN  vAX EMULATOR

010000004300181328166C1EV000
000000004300182F0C1e3C1EVOVO

000000000E00000008168C1E0000
Q011FQ20QEQ0000QQ681 6FCO0000
0011F0200€0000004816FC040000
001 1F020080000006814FC080000
001 1F0200€0000004914FCL 00000
010000000€00000010163C1E0000

0121F01043009BOROF143C1£0000
01000000430021132081486C1E0000
0000000143001 2FQC163C1£0000
0021F0100£00000008000C004000
01000000/ 300211328146C1£0000
9100000Q04300212FQC163CLEICOO

000000004100A833IEB108C1E0000
0011F020040000246810FC020000
0011F020040000276810FC040000
0011F0200€0000006810FC080000
0011F0200400002060810FC100000
000000000£000000E8110C1E0000
001 1F0200€000000481 1FC020000
0011F0200£000000481 1FC040000
0011F0200E0000004811FC0B0000
J011F0200€0000004811FC100000
00000001 0A00002F08000C 004000

0000000008000000£813 48C1E£0000
0011F0200€000000408146FC020000
0011F0200£0000004814FC040000
001 1F0200£000000401 4FCOB0000
0011F0204300AF 131461 4FC100000
00000001 080000000C143C1EIC00
910000004300183F00006£000000

ADORESSING MODEASSEMRLY PMASE REV4E.0 12/02/79

MDFO

nDFONA

(111§

Innx

cHDYS

[4544 L

ALU*DIR ¢ +EA+ADDOR s 7 LMRD»CIERC FLAGS LAUR CINP,MDOSN o NINDXRQD
ALUsREG s INDEX e «EArADND o F ¢+ LWRD s CZERD FLAGS JUNP» MDOSK

DESTINATION SUBROUTINE

ALUr v » rEA¢ ZERDF+LWRD,CZERQ FLAGS CONT
ALU»BSBe v +EA'ORIF+BOCTERD FLAGS FETCH CONT
ALUsBSBe+»EALOR,F . B1,CTERD FLAGS FETCH CONT

ALUs RSB+ » +EA+OR.F,D2,CZERD FLAGS FETCN CONT

ALUI RSB e 1 EAYORF+D3,CZERD FLAGS FETCH CONT

ALU+REG +AMODE » ¢ EA» ADD+F.LWRD,CZERO FLAGS LADR CONT
ALUIREG+FOUR + +EA»ADD+F L LUADCIER0 FLAGS LADR READ,LWORD

CJNP . HDFDNA, NAL IGN

ALU¢DIR e+ +EACADDRF+LWRTD,C2ERC FLAGS LADR CJnP+HDADR »NINDXNOD
ALUYREG » IMDEX » rEA+ADDF LWRO.CZERQ FLAGS CINFF JUNP,nD4DK :
ALU FLAGS READ.LWORD CONT

ALU+BIR» + 1 EA+ADDRF» LWRDCZERD FLAGS LADR CNP ,MD4DK,»NINOXNGD
ALUSREG e INDEX ¢ +EA+ADD»F s LWRD,C2ERO FLAGS»LL LADR JUMP»ND4DA

i PROGRAM COUNTER ADDRESSING |

MODE 8 ¢ IMMEDIATE MODE )

SOURCE SUSBRQUTINE
ALUINOSRC» « + SRC JERQ+F / LWAD.CIERD FLAGS CJUBB+ IMNX» INDXNOD
ALU»BSBy» + + SRC,OQR+F+ MO+ C2ERT FLAGS FETCH CRET,BYTL
ALUsBSBs ¢+« SRC.QR,F«BLICZERG FLAGS FETCH CRETHBYT2
ALUsBSBs e+ SRCIOR,F B2 CTERD FLAQS FETOH CONT
ALUSBSEB+++SRCOR,F+B3+C2ERO FLAGS FETCN CREY.BYTA
AMLUINOSRC ¢ + SRC2, ZERD»F+LWRD»CIERD FLAGS CONT
ALU+DSB. ¢ s SRCI,ORFBOCZERO FLAGS FETCN CONT
+*SRC2,0RF+BD1,C2ERO FLAGS FETCHM CONT
ALU/BED:s » + SRCIVORVF+82+CZERD FLAGS FETCH CONT
ALU/DSBy ¢ +SRCD,OR-F+ B3, CIERO FLAQS FETCH CONT

ALU FLAGS CIMFF RET

MODE 9 ¢ ABSOLUTE MODE )

SOURCE SUBROUTINE
OLUoNOQRClvv‘hvl‘kﬂv‘vLH‘ﬂvCleD FLAGS
v +EA?OR+F+BOCIERD FLAGS FETCN
ot-Ch-OR'Fv.l'CI(ln FLAGS FETCH
AUsDEBr » vEA'ORSF+B82)CZERD FLAGS FETCH CONT
ALU+BSD s+ cEArOR £y D3+ CZERD FLAGS FETCN CINP - PCYSK NINDXNOD
ALUsREG+ INDEX s s EAsADD»F + LWRDCZERD FLAOSALL CINFF CONT
ALUIRED s ER e+ s ADDR F - NUR,CZERO FLAGS LADR JUNP,NDOSK

CONT
CONY
CONT
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ragE

3230
I
3270
380
I%v0
3300
1310
3320
1330

3340
3330
3380
3370
1380
3390
3a00
et
3420
3430
1440
3430
3460

LAY

ary
1490

1300
p 31
3320
1330
3340
33830
1S«
3s7o
iseo
33v0
le00
3410
Ja29
3430
lea0
JaS0
3480
Ja20
o080
Jea%0
Jro00
3710

370
31730
32e0
7%
3740

0M0
008t
0082
oon3
V084
oons
00be

on?
Jobe
0V
QOMA

JOR
VONC
JORDN
YORE

0O
9oCo
J0CL

00C2
00C3
J0Ce

00Cs
90Ce
0oC?

ooCe

00Cy
vOCA

90Cs

NAVTRAEQUIPCEN 78-C-0157-1

ADORESS MASH  VAX ERULATOR

000000000€000000K8148C1£I000
0011F0200£0000006814FCO20000
001 1F 0200800000081 4FCO40000
0011F0200€0000006814FCOEVO00
V011F 0204300001 34814FC 100000
00000001 0£0000000C143C183C00
01 000000430021 2F00004L000000

V300000V AL 00000VE#1 48C1EV000
V011F0200£0000006814£K380000
00000000430018130"943C1€0000
01000001 4300182F0C183CIE3COO

090000000K000000K P 48C1EVOVO
901 1F 2008000000481 4FEREC N0
V1000000430021 130 "*63C1E000¢
91000001 430021 2F0C1 & JC1£3CH0

000000000K000000CN 1 48C 1€0000
0011F 0200800000040 1 $F LT 0000
01 0000000€ 0000000794301 K3C 00

ACDRESSING NODE,ASSENBLY SHASE REVA.J 12/02.°°¢

[}
PCROYD

PCODR

R-—--

MDAS

PCHDAD

R----

0121F010430040080F 143C1E3CO0 .

010000004300181320146C180000
010000004300182F0C143C1EICOV

0000000008 000000K N8 1 48C 1 £0000
001 tFO200€0000004816FESEO000
0100000008 0000000 7% 3C 1L 3C 0

0121F0190430080000F 143CI1EICOV

01000000430021 1320144180000
91000001 430022 2F0C16ICLKICIV

000000000€ 000000891 68T 1E0000

]
PCHDID

8---

DESTINATION SUBRQUY INE

M INOBRC « s oA+ JEROF +LWRD.C2ERO
BB+ s s EACORSF + BV CIERO FLAGE

ALUIBBBy ¢ ¢ EAIORF DL . CIERO FLAGS

ALU- 08D s s EA-OR. K, 02, CIERD FLAGE FETCH CONT

ALU 8D ¢ 1EACURIE ¢ BIsCIERD FLAUS FETCH CUNP . PCPDR » NENDRNOD

ALUIREG. INDEX s +FAADDF - LWRD.CIERD FLAGS AL CINFP CONT

AMUIREOEAs + s ADDR . & NUR U JERO FLAGE LADR UNP, NDADNK

FLACS CONY
FETCH CONY
PETCH CONT

NODE A « BYTE-RELATVIVE MODE )

SOURCE SUBROUT INE

ALUINOBRC » ¢ +EA+ ZERCFoLMRNCIERO #FLAQS CONT

AU BB v s EALORLEXTBL s L WRDCIERY FLABS FETCH CONT
ALUSREG+PCr s KA ADD F o LWRD . C2ERD FLAUSE CuP . RDASA » NINDXNGD
ALUYREG INDEX: cEAADD £ LWRDICIERD FLAGE ML CINEF LADR JUNP . NDA

DESTINATION SUBDRUUTING

MU NOBRC s » 1 EA+ 2ERO £ LWAD.CIERT FLAGS CONT

ALURER, o s EAORVEXTRL - LUKD.CIERD FLAGE FETCN CONY

ALUSREG+PC, +EA+ADDF . LWRDCZERD FLAGE LADR CONP . MDADK - NTNDRXNOD
ALUSRES INDEX - s € ADD £ LWRD.CIERG FLAGE ALL CINT LADR AP+ M40

NODE § « BYTE-ARELATIVE DEFERRED °

SOURCE SUBROUTING

AMUINOSRC s + s EA 2ERCF +LUREB.CIENQ FLAGS CONY

AU ISR v v EALORIEXTBL +LWRD,CIERD FLAGS FETON CONT

ALUIREGPCs cEALADD+F L LWRDCIERD FLAGS cALL LADR CONT

M UIRESHFOUR S «EAADD F . LWRD C2ERO TLAGE+ALL LADR READ.LNORD
CINP MDBENA . NAL T 1IN

ALUIDIR, v KA+ ADDK . F oL WAD . CZERQ FLAGS LADK CUNP . NDAIN +NINDYROD
MU REG: [NDEX ¢ s €A ADDF  LWRDCIERD FLAGSALL LADR JUNPNDASK

DESTINATION SUBROUTING

AMUINOBRC ¢+ e EA 2ERD £ L WRD.CIERO FLAGS CONT

ALUBED s tEA+ORVEXTOL » LWRDCIERD FLAGS FETCN CONT

ALUSREG AT s EAADDIF L LWRDCIERD FLAGE ALL LADR CONT
MUIREGFOUR: 1 EAADDF . LWRD,CIERU FLAGE aLL LADR AKADLUORD

CINP . RDDOMA « MAL 1 ON

ALUSDIR: o 1 EACADDR . F L LURD,CIERD FLAGS LADT CUNP, RDAIN s NINGRNGD
ALLL REDs INBEX ¢ + SR ADE F - LMBD+CIERD FLABSALL LARR. CINPT LURP . ADSL:

MODE C' ¢ NORD-RELATIVE

SOURCE SUNROUTING
ALUINOBRC s+ e KA+ SEROF o LWRD+CIERG FLAGS CONT
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9

gocC
[1.[]
QUCE
0OCF

0000
0001
00D2
0003
Q00e

000S
00ps
00D?
0008

0009
oQba
oope

3 Q0C
0000
00DE
000F

00€0
00€1
00€2

ADDRESS

NAVTRAEQUIPCEN 78-C-0157-1

MASM  VAX EMULATOR

0011F0200E0000000814FC020000
0011F0200£0000005814FEDCO000
010000004300181307943C1E3L00
010000014300182F0C143C1E3C00

000000000EV0Q000EBL148C1E0000
001 1F0200€0000004814FCO20000
001 1F0200E0000004816FEDCO000
010000004300211307963C1K3C00
010000014300212F0C143CIETICOO

000000000E000N00E8164C1ED000
0011F0200€0000006816FCO20000
0011F0200€0000006816FEDCO000
010000000E00000007963CLEIC00

0121F01043004A0B0F143C1EICO0Q
010000004300181328164C1E0000
010000004300182F0C143CIEICO0

900000000€000000EB148C1E0000
0011F0200€00000046914FC020000
0011F0200£000000481 6FEDCO00O
010000000800000007943CIEICO0

0121F010430074090F163C1E3C00
000000004300211328144C1E0000
010000004300213F0C163C1E3C00

000000000€000000€81468C1E0000
003 1F0200£0000004818FC020000
003 1F0200800000048147C040000
0011F020080000004814FC000000
001 1F0200K000000081 4FC100000
010000004300181307943C1E£3C00
010000004300182F0C143C1E3L00

9160C1£0000

001 1702008000000481 47C020000

0011702008

6016700

ADORESSING MODE,ASSEMBLY FHRASE REV4.0 12/02/79

'
PCHRCD

Yo -

ChaRDS

’
)
PCHDDD

AR

(14 3

’
PCRDED

ALU,»BSBr + +EA+OR(F+BO»CZERD FLAGS FETCH CONT

ALU»BSDe v +EA.OR/EXTW.BITLICZERG FLAGS FETCH CONT
ALU+REGsPCrvEA»ADD,F,LWRDsCZERG FLAGS+ALL LADR .CJMP»ND6SK » NINDXNG
ALUIREGs INDEX s »EA+ADD ) F rLWRD . CZERD FLAGS+ALL LADR CINFF JUMP.ND4S

DESTINATION SUBROCUTINE

ALUINOSRC s ¢ ¢EA» ZEROF 1 LWKD»CZERO FLAGS CONT
ALU+»BSD» v +EACOR¢F+BOPCZERD FLAGS FETCH CONT

ALUIBSB. + s EA+ORVEXTW,B3I28 CZERD FLAGS FETCHM CONT

ALUsREDPCr +EA+ADD(F,LWRDrCZERD FLAGS+ALL LADR CJMP ¢ MDDK oNINDXNL
ALUsREG s INDEX » » EA»ADD »F ¢ LWRD+ CZERD FLAGS-ALL LADR CINFF JUNP,NDol

PROORAM COUNTER ADDRESSING WORD-RELATIVE DEFERRED MODE (MODE D)

SOURCE SUBROUTINE

ALUINOSRC» ¢ o EA s ZEROF» LWRD+C2ZERO FLAGS CONT
ALU+BSBs ¢ tEAIQR(F ¢+ BOCTERD FLAGS FETCH CONT

ALUIBSBr 1 1 EA+OR/EXTW,B321,CZERD FLAGS FETCH CONT
ALUIREG/PCr+EA+ADD+F ,LWRD,CZERO FLAGSraALL LADR CONT
ALUIREG¢FOUR s »EA¢ADD+F +LWRD+CZERQ FLAGSsALL READILWORD LADR
CJMP + HDDSNA » NAL I ON

ALYsDIR, » s EAsADDRF s LURD ,CZERO FLAGS LADR CJUNP, HD4SK s NINDXNOD
ALUIREG » INDEX ¢ » €A+ ADD + F + LWRD» CZERQD FLAGSeALL LADR JUNMP:HD4EK

DESTINATION SUBROUTINE 1
ALUYNOSRC s » 1EAs» ZERD,F + LWRD»CZERD FLAGS CONT -
ALU¢BSBe v vEA+OR,F+PO+CZERO FLAGS FETCH CONT

ALU»BSB»» »EAYOR,EXTW, B3ID1,CZERD FLAGS FETCN CONT
ALUIREGIPCrrEAvaDD+F+LWRD+CZERO FLAGS»ALL LADR CONT
ALUIREG»FOUR+ s EA+ADD ¢ F ¢ LURD¢CZERQ FLAGS+ALL READCLWUORD LADR

CJMP » HDDONA» NAL IGN

ALUYDIR: rsEA¢ADDRF»LWRDCIERD FLAGS CUNP»HD6DK» NINDXNOD

ALUSREG» INDEX s » EA+ADD +F + LURD s CZERD FLAGSsALL LADR JUNP.ADSDK

MODE £ ¢ LONGUWORD- RELATIVE MODE )

SOURCE SUBROUTINE

ALUINOSRC + « ¢ €A ZERO +F » LURD»CTERO FLAGS CONY
AMUsBSNr v 1 EAIORF-BO.CIERO FLAGB FETCHW CONT

AMUBBBs» +EACOR,F+B) ,CZERC FLAQGS FETCM CONT

MU BSBr v v EASOR,F» 32, CZERD FLAGS FETCH CONT
AMUIDBB 7+ EAORF DI, CZERO FLAGS FETCN CONT
ALUSRED»PCr +EAaDD ¢ F o LURDCZERO FLAGS »ALL LADR CJNP+ADSBK «NINDXNC
ALUSREG s INDEX » + €A+ ADD £ o LWAD, CZERD FLAGS ALL LADR JUNR .« ND6SK

DESTINATION SUBROUTINE

ALUINOSRC? » 0 €A9 ZERDF - LURDsCZERO FLAGS CONT
ALU+BSD,+ +EA+OR,F+30,CIERD FLAQS FETCH CONT
ALUSBSD+ ¢ s EASOR,F+ D1 ,CIERD FLAGS FETCH CONT
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NAVTRAEQUIPCEN 78-C-0157-1

Pagt 10 ADDRCSS NASR  VAX EMULATOR ADDRESSING MODE.ASSEMBLY PHASE REVS.O 12,/02/7% :

13
4310 00€D D011F0V0K002000481eFCO00000 ALUsBSD.+» +EAPORF B2/ CZERC FLAGS FETCM:-CONY
4320 00€E V011F0200£0000006814FC100000

ALUsBSEB s » +EAPORF .83 1CZERO FLAGS FETCN CONT H
4330 OUKF 010000004300211307943C1£3C00 ALUREGPCs cEALADDF 1 LWRDCIERC FLAGS ALL LADR CINPMDADR o NINDXM 4
4340 00F0 010000004300212F0C143C183C00

ALUsREGe INDEX s +EA+ADD F 1 LURDC2ERO FLAGS ALL LALRS JUNP » NDADK
43250 v
i

43e0 [

370 ' NODE F ( LONGWORD RELATIVE DEFERRED

4380 ) ¢

431%Q 1] SOURCE SUBROUTINE p

4400 00F1 000000000K000000ES81408C1K0000 PCMDFS ALU'NOSRC s+ rEA JERQF/LURD»CIERG FLAQS CONT

4410 O00F2Y 0011F0J00€00000048146FC020000 ALU+DEBr ¢ »EA-OR.F 90, CZERO FLAGS FETCN CONT 3
. 4420 V0F3 0011F0200800000046816FC040000 ALUsBSBs » »EACORIF+B1,CZERD FLAGS FETCH CONT Y
b 4430 00F+¢ 0011FO0200€0000004814FCO80000 ALU+BSBs o+ EA*ORF+B2,CIERD FLAGS FETCH CONT ?
i . 4440 00F3 0011F0200K0000000816FC100000 ALUBSB o sEAYURIF4B3I,C2ERO FLAGS FETCH CONT .
g 4350 00Fa V10000V00EOUV00007943CL1EIC00 ALUYREGIPCs +EAvADD+F+LWRD+CZERD FLAGS »ALL LADR CONT i
. 4440 ALUREQFQUR +EA+ADDLFLWRDVWCIERC FLAGS»ALL LADR AKAD »LNORD

4470 O00F™ O0121FN1043008FO0ROF13CIE3ICO0 ~ CJUNP + MDFSNA» NAL ION

1489
14490
4500

MOF3 I10000004300181378158C1E0000
VOH® 110000004300102F0C1e2C1E3C00

ALUSDIR, ¢+ s EAvADDRF o LWRDCIERQ FLAGS LADR CUnP.NDOBK »NINDXNOD
ALUYREGe INDEX ¢+ ¢EA ¢ ADD 7 s LWRD CIERD FLAUSTALL LADR JUMNP» NDOSK

%10 i
; 3.0 ' DESTINATION SUBRQUTINE
: 4830 J0FA V0U00Q00IEQ000000E8148C1E0000 ALUNOSRC» ¢ 1 EA» ZEROF . LwRDCIERO FLAQS CONT
; 43540 QOFE 0011FQ3000000000814FCO20000 ALU+BSD » o EA'OR+F+ DO CZERO FLAGS FETCN
b 30 00FC 0011F0200£9000004814FC040000

ALU+BSD.» o EA'ORF D1 ,CZERD FLAODS FETCH CONT

CJECT

B e e

. 160 OCFD 0011FO006£00000046814FC000000 ALU/DSB .+ »EA/ORF+ B2, CIERQ FLAGS FETCN CONT
3 43570 0OFL 0011F0200€0000004818FC100000 ALUBSBe s EA/OR,F B3, C2ERD FLAGS FETCN CONT

. 4580 JOFF 010000000£00000007963C1E£3C00 ALUPREGPCy rEA- QDD F - LURDCIERD FLAGS 1 aLL LADR CONT

2 4390 ALUREG«FOURs +EA+ADD# ¢ LURDCIERD FLAGS ALL LADR READ,LWORD

d 4800 0100 0121F0104300980B0F143C1E3C00 / CUNP .+ MDFDNA » NALIGN i
d 4610 2101 010000004300212F281406C1£0000 ALUIBIRs ¢ +EA+ADDRF - LUADCTERQ FLAGS LADR JUMNP - NDODK 1
L, 4030 UIUT V10000004300211320184C1£0000 ALU+DIR s+ - EAsADDR¢F + LWRD+CIERO FLAGS LADR CJINP+#D4DK»NINDXNOD !
R 4030 V103 010000004300212F0C183C1£3C00 ALUIREG s INDEX+ vEA+ADD+FoLWRD/CIERD FLAGSALL LADR JUMP»ADBeDR :
B 4440

o a—
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NAVTRAEQUIPCEN 78-C-0157-1

ki s A i g Y

NASM VAKX ENMULATOR MICROPROGRAM! INTEGER INSTRUCTIONS REV4.OQ

wes INVALID

TITLE VAX EMULATOR NICROPROGRAn: INTEGER INSTRUCTIONS REV4.O
orT TaDFTADT 1 LoFIXED. AL Ne120
ORG QQO0M

INTEGER INSTRUCTION SKT CONSISTS OENERAL ARITHWETIC, LOBIC
BRANCHING AND SONE SPECIAL EDITING INSTRUCTIONS.
SJECY
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S

NAVTRAEQUIPCEN 78-C-0157-1

2 FIXED MASM  vax EMULATOR AICROPROCRAM: INTECER INSTRUCTIONS REVS.O

;
\
] .lll‘l‘llI'lll‘lll‘lllllllll‘l‘il‘llll.‘.l 1§
’ 8 MICROROUTINES OF INTEGER INSTRUCTIONS % ;
) SEARERYESALSASNRLSARABRERLLLABLRSEUREERERE i
£
’ (3
' nove {
1] FORMAT! MOV SRC.RXDST.MX ‘
)
Q000 4011F0202100006F 08000C004000 MOV ALU FLAGS JSND FETCH £
0001 00®9F02023000009081 44C1E£1C00 ALU+REG*SRC s - DST+ADDR » £+ LWRD s CZERO FLAGS,UNZ LNOR CJDMD w88 CFETC:
9002 0091FO202300003F08934C1E1CO0 ALU-REGSRCD ¢ «DST2, ADDR+F o LWRD+CIERD FLAGSUNZ LDOR JOMD FETCH

MOVE JEROQO.KXTENTED
FORMAT: MOVZ SRC.Rxy UST.WY

9003 VO11FI01Q00006FEBL48CLIEQOVO NMUVIML ALUYNOSRC+ ¢ o DST o JEROF + LWRDCZERO FLAGS JSND FETTH
0004 0011F0202300002F0814FCOJ1C00 ALUIREG»SRCs«DSTOR+F+B0+.C2EROD FLAGSUNZ JDRD FETCM

0003 0011F020210000¢F K81 48CLEQVQ0 MOV ZML ALUYNOSRC s+ + DS T+ ZERO.F «LURDCIERD FLAGS JSND FETCH
0006 V011FO202300002F0R14FCOSLILO0 ALUIREGSRC» + DSTHOR,F 1 WRD.CIERO FLAGSUNZ JOMD FETCH

MOVE MEGATED
FORNAT: OPCODE SRC.RX,DST.wX

T o~

0007 3011FJ203100006FE3148C1R0000 NNEGL ALUNOSRC 0+ s 08T+ ZEROF+ LWRDCIERD FLAOS JSND FETCH
0008 0011F0203300002F08141CL1EVCOO ALUREG+SRC+ s DST o BUBSK»F s LWRD »CONE FLAGS»ALL JDND FETCN

1
’ HOVE COMPLEMENTED
’ FORMAT: OPCODE SRC.RX/DST.uX
1}
900¢ 001iF02021000046F08000C004000 MCOM. ALU FLAGS JSHD FEECN
0004 V011F0202300002F00147C1K1C00 AMLUREGSRC, + 08T ADDRNF - LWRDCIKRO FLAGS VN2 JOND FETCN
]
] PUSN LONGUWORD
' FORMAT: OPCODE SRC.RL
+
0008 00 21000047 080 004000 PUSNL ALU FLAGS JSND
000C 93 0000000£0000000F 0K 1C1E0000 ALUREG+ FOUR S + SPySUDSR+ F5 LWRDCIKRO FLAGS LADR CONT

0000 000IF0300800000008004L003C00 ALU/REGSRC o « ADDR £ + WA+ CZERC FLAGS ALL WRITE/,LWORD CONT
000€ 001:FJ201700000C08000C 04000 MU FLAGS FETCN Jnar
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o010

0112
9012

0013
014

0013
[ 2]
0017

18
0oL

001A
018

o01LC
001D

NAVTRAEQUIPCEN 78-C-0157-1

FIXED RABN VAKX EMULATOR

0000000021 00006F 08000C 004000
00917 002300002F 081 46CJ03C00

0000000021 00004F 081 48C 21E0000
00P1FO202300002F08142C1EICO0

QUPPFO202I00V009EB149C201C 00
Q0091F0202300002FES138C01CO0

0011F 0201 00004F ABA0ICO0AN0
9011F3202100006F 08144C180000
0011F0201 >00000C0€142C1E3C00

001 1F0J02100006F 00000C004000
J011F0202300002F 001 44F 463000

001 1F 02021 00006F 08000004000
Q011F0202300002F 081 44K3K3C00

901 1F 02021000047 080000004000
0011F0201 7000000 08006£203C00

MICROPROGRAM: INTEOER INSTRUCTIONS REVe.D

New e O - PR -

O weoeow

hg 1]

[X'24 |8

37"

INCRENENT
FORNAT: OPCODE SUM.NX

MU FLAGS JSND
AMUIREQ.SRC 1 DST  ADDRF o+ INS.CONE FLAGBUNZ LDOR JDAD FETCN

DECREMENT

FORNAT: OPCODE DIF.AX

ALUIREDs ¢+ + DS T+ 2ZEROSF 1 LWRD . C2ERO FLAGS JSND

ALUIRECSRC» »DSTSUBFLWRDICZERD FLAGS ALL LDOR JDND FETCN

CLEAR ]
FORMAT: OPCODE DST.uX

ALUsNOSRC/ » +DST» ZEROF+ INS+CZERO FLAGS:UNZ LDOR CUDNDeNDO CFET

ALUSNOBRC » + DST2 ZEROF+ INS+CIERD FLAGS«UNZ LDOR JDND FETCM

COnPare
FORMAT: OPCODE SRC1.RXSRCD.RX

AU FLAGE/NONE JSHD FETCN
ALU*REG»SRC» ¢ DST - ADDRFo LUWRDCIERD FLAGS JSMD FETCM
ALUIREGSRC DT+ SUDFILURDCIZERO FLABS ALL JMAP FETCN

CONVERT
FORMAT: OPCODE SRC.AX.DST.uY

ALU FLAGS JSMD FETCM

ALUPREGs SRC» »OST s ADDR s EXTRWNORD» CIERO FLAGS ALL JDND FETCN
ALU FLAGE JSAD FETCM !

AU REDs SRC o DET s ADDR EXTHL 1 LWAD»CZERO FLAGS ALL JDND FETCN

€87
FORBAT: OPCODE SRC.RX

ALU FLAGS JEND FETON
MU REGeSRC+ ¢ s ADDR ¥ + INBCTERD FLABE ALL JiwP FETON

LY TRSY
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R R

z NAVTRAEQUIPCEN 78-C-0157-1
;
i
E
PacE 4 FIXED MASM  VAX ENULATOR MICROPROGRAM! INTEGER INSTRUCTIONS REVS.O }
1000 i FORMAT: OPCODE MASK.RX+ SRC.RX
1010 V
- 1020 001K 0011F0202100006F08000C004000 BIT ALU FLAOS JSMD FETCH g
1030 00LF 0011F0202100004F08146£200000 ALUIREGSRC» »DST+ADDR.F» INS+CZERQ FLAGS JEND FETCH . !
1040 0020 0011F0201700000C0814CCO01C00 ALUIREGsSRC, » DET . AND+ F» MR » CZERD FLAOS,UNZ JAP FETCH
1050 .
1060 [
1070 : BT SET i
10€0 ' FORMAT: OPCODE MASK.RX,08T.MX (2 OPERANDS) i
i 1090 ’ OPCODE MASK.RX/,SRC.RX,DET.¥X (3 OPERANDS) ]
: 1100 ! -
1110 0021 0011F0202100004F 08000C004000 BI92 ALY FLAGS JSND FETCM !
1120 0022 000000002100004F 081 44200000 ALU+REQ+SRC+ «DST.ADDR.F, INS.CZERO FLAGS JSMD }
1130 0023 0091F0202300002F00: 4FC200C00 ALUCREQ»SRC++DST+ORsF . INS,CZERO FLAGS/NZ LDOR JPMD FETCH ;
1140
1150 0024 0011F0202100004F09000C004000 BIS3 M.U FLAGS JSMD FETCH y
! . 1160 0023 0011F0302100006F08144£209000 ALUsREG»SRC+ + DST+ADDR+F» INS,CIERD FLAGS JSMD FETCH
i 1170 0024 00PIFOI02300002F081 4FC200C00 ALUSREG +SRC, +DSTOR+F - INS+C2ZERO FLAGS/NZ LDOR JDND FETCM
1 1180
}
s
F 1190 3
' 1200 [ BIT CLEAR L
g 1210 ' FORMAT: OPCODE MASK.RX, DST.NX (2 IPERANDS) i
' 1220 [ OPCODR MASK . RXs SRC.RX:, DS8T.NX (3 OPERANDS® i
g 1230 ]
1240 0027 0011F0202100006F 080005004000 BIC2 ALU FLAGS JSMD FETCM i
1250 0028 0000000021 00006F 08147C200000 M LsREB,SRC s +DST - ADDRNF o+ INS+CZERD FLAGS JSND :
: 1260 0029 0091F0202300002F0@14CC200C00 ALUREG s SRC o s DBT s AND ¢ F ¢ INS+CZERO FLAGSNT LDIR JDMD FETCH i
; 1220 |
3 1200 002a 0011F0202100006F08000C004000 BIC3 ALY FLAGS JSND FETCN %
: 1290 0028 0011F0202100004F 081 47C 200000 ALLPREGISRC . + DS T ADORNF + INS,C2ERQ FLAGS JSHD FETCH 3
; 1300 002C 0091F0202300002F0814CC200C00 ALU+REQSRC, < DST . AND+F» INS.CZERO FLABSINZ LOOR JDMD FETCN }
1310 !
1320 )
1330 ] ExCLUSIVE OR
. 1340 ’ FORMAT! OPCODE MASK.RXe DST.HX (2 OPERANDS)
. 1330 ’ OPCODE MASK.RX» SRC.RX, DST.WX (3 OPERANDS)
1340 N [ ;
1370 002D 0011F0202100006FC JO0CO04000 YOR2 ALU FLAGS JSHD FETCH ‘
1380 002€ 000000002100006F 081 446C200000 ALUIREB s SRC » + DST-ADDRF . INS+CZERO FLAGS JSMD
1390 002F 0011F0202300002F08148C00C00 ALUIREG+SRT+ »DST»EXORF, INSsCZERC FLAGS)NZ JDND FETCN
1400
1410 0030 0011F0202100006F08000C004000 XOR3 ALU FLAGS JSMD FETCH
1420 0031 00131F0202100006F 081 44C200000 MUIREG+SRC, +DET - ADDR.F» INS.CZERQ FLAGS JSND FETCH
1430 0032 0011F0202300002F 081 48C200C00 ALUsRED . SRC, - DSTEXOR.F, INS, CIERD FLAGS,NZ JONG FETCM ‘
1440
1430 ) i
1460 1 ARITMRETIC SWIFY .
1470 ) FORMAT: OPCODE CNT.RB. SRC.AL, DST.NL
1400 ’
1490 0033 0¢ 178C1£0000 ASM ALU¢ v 0 s LENGTH . ZEROF o LWAD+CZERO FLABS CONY
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NAVTRAEQUIPCEN 78-C-0157-1

(227 ¢ nASR  Vax ENULATOR

001:F03I3100006F 08000C004000
901 LFO20100004F 081 44L 200000
0091F0202300002F 001 42C203C00

001 1702021000047 08000004000
900000002100006F 081 464C1£0000
00P1F0202300002F 081 42C1EFCO0Q

001 1F0202100004F 08000C 004000
0009000021 000047 00404£200000
930000004C001 090081 48C 200000
90090000048300090081 402200004
2000)00N0L 0000000812 40421 180
Q011F0OT02J00002F 081 44C 200400

AICROPROBAANE INTEGER INSTRUCTIONS REVS.O

S$UB) ALL FLAGS JSND FETCNH
ALUREQ,SRC, + DRT-ADDR ¥+ INS+C2ZERO FLAGS JSND FETCN H
ALUSREQ«BRC, s DST 1 SUB+F» INSICZERD FLAGS+ALL LDOR JOMD FETCN ]

ShuC ALU FLAGS JSND FETCH
ALUIREG+SRC++» DET +ADDR ¥+ LWRDCIERD FLAGS JSND
MUIREGSRC, +DST s 5UBF ¢ LURDCYN FLADS ALL LDOR JDND FETCW

Py A

1

i INTEGER MULTIPLICATION {3

4 FORNAT! OPCODE RmUL.RL, PROD.ML ¢ TWO OPERANDS)

4 IPCODE MUL.AL» MUL.RL: PROB.ML ¢ TMREL OPERANDS N

ULkl ALU FLAGS JSND FETCH .
MUIREQ:SRC Qe s ADDR.F - INS,CIERQ FLAGS JSAD !
AU RED+ » e DET+ JEROF+ INS,CIERO FLAGS LLOCT00LDN M
SPALUSREDERCDET ML TIC INSCIERD, » S10 FLAGS RPCT i
SPALUREDJRC - DST-MOLLCHINS»JING o830 FLAGSCUN CONT 3
ALU+REQe + + DST ADDSF+ INS.CIRRO FLAGE,Z JDND FETCH
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“a JERA FLAGS

TanzsdwaAR

NS €

L ee

&PC CONT

FOR ARaNCHING

JUNFPLNENT L EQL
FETN

CFETCH
SURP L CONG

CLaus
TLAGS €EI0N

SWHPLONENTHEQL CFETCH
JUNP - COND
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FIXED MASN VAL EMULATOR

.

000000000K000000081 78C1£0000
000000000£000000681 ?>FESE0000
020000200£000000481 73C203C00
9013F0200£00000008000C004000
J0131F0201700000C08000C004000

001 1FO0200€000000082: 7BCLER00D
0011FVI000Q0000008817FCI20000
Q0000000Q0EN00000581 PFEDCO000
020000200E000000481 73IC1E3C00
001 SFOJ00EQ0V00008000C004000
Q011FA201700000C08000C004000Q

Q01 1F0200E000000081 "8C1EN000
0011FO200E0000004831 “FLO20000
Q01IFJI00E000000681TFCI40000
001 1FQJ00EV01000e81 "FLI800VO
V011FO00EIV0000881 "FC 100000
020000200EQCOC00UBE 74CIICV00
0013F0200€000:30008000C 004000
001 1FO301 700000C0B000C004000

900000000€00000008178C1E£0000
0011F0200£000000681 TFESE0000
000000000£00000048184C1EQ000
010000000€0000000FOE1CLEDICO
Q003FISI0E0V00000800aCI0IV00
020000200E00000008963C1EICIO
001 3F0200£00000008000C 004000
0011F0201700000C08000C004000

000000000£000000081 7aC1£0000
0011F0200£0000006d1 7FC020000
0011F0200£000000481 7FEDNCO000
000000000£000000481 64C 150000
910000000€0000000F € 1 C1£0000
0003F0S &

020000200£00000008943C1E3C00
2013F0200£00000008000C 004000
Q011F0201700000C08000C 004000

178C1K0000
0011F02 OO 8179

MICROFROGRAM! INTEGER INSTRUCTIONS REV6.Q

BRu

P

1.1

[
aShuy

480

BRANCH WITM BYTE-DISPLACEMINY

ALUr s s LENGTH, ZERQF +LWRD,CZERC FLAGH CONT

ALU»RSB» » »LENGTH,OR»EXTHL rLNRD»C2ERD FLAGS CONY

ALU+ADE s + + LENGTH,ADD+F s NUR/,CZERO FLAGS.ALL LPC BPC CONT
ALU FLAGS FORCEF CONT

AU FLAGS FETCH JnAP

BRANCH WITH WORD-DISPLACEMENT

ALUr o s s LENGTH, ZERQ,F « LWRD,CIEROD FLAQS FETCN CONT
ALU+BSD++ + LENGTH.OR+F+ DO, C2ERD FLAGS FETCN

ALUBSB + r LENGTHIORIEXTW.B321.CIERD FLAGS CONT

ALUrADB ¢ e LENGTH, ADD+F . LWRD,CIERD FLAGSALL LPC BPC CONT
ALU FLAGS FORCEF CONTY

ALU FLAGS FETCH JuMaAP

JuRP

SLU» + s o LENGTH ZERDF - LWRDCIERD FLAGS FETCN CONT
ALU+BSD e+ s LENGTH.ORF+ DO, CZERD FLAGS FETCH CONT
ALUrBSBe « t LENGTHIQRF«R1.CIERD FLAGS FETCH CONT
ALU+BSBr» f LENGTN.OR F+82,CJERD FLAGS FETCM CONT
ALU+BSBr - LENGTH.OR/F+BI/CZERQ FLAGS FETCM CONT
ALUer e s s LENOTH»ARDS F - 4uR,CZERD FLAGS LPC BFC CONT
ALU FLAGS FORCEF CONT

ALU FLAGS FETCH LunaP

BRANCN § JUMF TO SUBROUTINE
FORMAT! OPCODE DSPL.RX (BRANCH)
OPCODE DST.A8 . umP)

BRANCH TQ SUBROUTINE NITW BYTE.DISPLACEMENT

ALUs v e fLENGTH ZERO»# + LWRD,C2ERO FLAGS CONT

ALU»BSBr » +LENGTHIOR/EXTEL LWRDCTERQ FLAGS FETCN CONT
ALU+ADBe+ s EA+ADDRF+LWRD»CZERDC FLAGS CONT

ALUREQ«FOUR: +SP«SURSR.F,LWRD,CIEKD FLAGS LADR CONT
ALUIREG, €A+« rADDRF o NURCZERQ FLAGS WwRITE,LMORD CONT
ALUREGILENGTHY +EAsADDF . LURD-CIERD FLAGS ALL LPC BPC CONT
ALY FLAGS FORCEF CONT

ALU FLAGS FETCH JmaP

BRANCH TO SUBROUTINE WITH WORD.DISPLACEMENT

ALUro s s LENGTH, JEROF+LWRD,CZERO FLAGS CONT

ALUr BB« s LENGTH.ORF . BO,CIERO FLAGS FETCN CONT

ALUBSB -, s LENGTH OR/EXTUW. 8321 .CZERO FLAGS FETCM CONY
ALUrADBs ¢ +EA+ADDR: F+LURD,CZERD FLAGS CONMT
ALUsREGFOURY + SP, SUBSR, F.LWRD» CZERG FLASS LADR CONT
ALUIREGEAr v rADDR F+ NURCTERO FLAGS WURTITE(LWORD CONT

ALY RED S LENGTHY » EA+ADD £+ LURDCTERO FLAGBsALL LPC BPC CONY
MU FLAOS FORCEF CONT

ALU FLAGS FETCN UmAP

JUNP TO SUBROUTIMNE
MUsr e o LENGTHS ZERO K+ LWRD,CIERO FLAGS CONT
AU BEB: ¢ 1 LENOTNIOR 7+ 89, CIERC FLAGE PETCN CONT

oy
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VAX ERULATQR
. Y B

004 1FI200K000000481aFC020000
001 1FQ200€000000481 4FEDEOV00
020000200£000000481 63C 000000
J015F0200€00000008000C 004000
0011F0201700000C0A004L001L00
000000004 300C80108000C004000
001 1F0200€00000008000C 004000
001 1F0200£00000008000C 004000
0011F0201700000C0A004C001CO0

001 1F0202100004F08000CO04000
0000000021 00004F 081 P4C1EOOVD
0800000)0EIV0VVV0BL 48C1EQVOL
001 tFOZ02300002F0@ 44C1E 4000
0000000000000 000B941C001LC 00
000000043000901E0188C1E00V0
V20000200€000000AB1 8FEIEC00Q
Q013FO00E€0CD0V008000C 004000
QA LLFO201 700000COA00SCO0ICNO
001 1F 000K 0000000800V OCIC 4000
0011F0201700000C0A004COVLICO0

YO11F0202100004F08000C004000
000000002100004F 001 74L1E0000
0800000008000000081 44C1E0000
0011F0202300002F00144C1K4000
000000000E0000000A1L *2C001C00
000000004300E 404E0138C1E0000
0I0000200E0000004813FKZEIOVO
0013F0200€£00000008000CO04000
Q011FO0201700000C0A004L00LCO0
Q01 1FO0200K00000008000CINA000
0011F0201 PO0V00COAV04CO0LLOO

080000002100004F 0R000C004000
000000009K000000081 46C1£0000
0011F0202300002FEN141C1KSCO0
300000004300 D21K81a8C150000
030000200£000000481 6FESE0000
0013F0200€00000009000C 004000
0011F0201700000C08000C 004000
001 1F0200£00000008000C004000
0011F0201700000C00000C 004000

080000002100004F 08000C 004000
000000000E000000001 44C1£0000

HICROPROORAM: INTEGER INSTRUCTIONS REVe.V

ACBXA

AUBL SN

A0BLAQ

AQBLAIA

3090KA

SOPOYT

161

ALUIBSBe s s EAIORF DO CIERD FLAOS FETCH CONT
BrrrEAIORIEXTU.LURDCIERG FLAGS FETCN CONT
+0:KA+ADDFNUR,CZERD FLAGS LPC BPC CONT

ALU FLAGS FORCEF CONT

AL UIREGsDST+» sADDRF . NWR>CZERD FLAGE.UNZ FETCN JNAP
ALU FLAQS CumP.ACBXB.0ED

ALU FLAQS FETCH CONTY

ALU FLAQS FEYCM CONT

ALUREGsDST v +ADDRF «NUR,CIERO FLAOBUNT FETCN JnaP

ADD ONK AND BRANCN
FORMAT: QPCODE LIMIT.RGC INDEX, ML, DISPL.BD

ALY FLAQS FETCH USNMD
ALUIRED/SRC, « LENOTH.ADDR . F+LWRDC2ERD FLAGS JEND
ALUeREQ+SRC «OST :ADOR+F o LWRD,CZERQ FLAGS SCONT CONT
ALUCREGs» o DETADDSF.LURD,CONE FLAGS FETCH JDND
ALUREGLENGTNy ¢ DET : SUBBR ¥ +NWR «C2ERC FLAGS/UNT CONT

ALU*NOSRC s+ + KA+ ZERD . F - LWRD+CZERO FLAGS CUnPADBLSA.3E0

ALU+BSBe o rEAURSEXTEL - LURD,C2ERO FLAGS LPC BPC CONT
ALU FLAGS FORCEF CONT
ALUREGDST+ .+ s ADDR . F ¢ NUR+CZERO FLAGS+UNZ FETCN JiAP
ALU FLAGS FETCN CONT
ALUREGDET» » sADDRF « NWR ¢ CZERD FLAGSUNZ FETCN JUnaAP

ALU FLAGS FETCH JsmD

ALUsRED» SRC o + LENOTN2ADDR ¢ F o LNRDCIERO FLAGS JSND
ALUPRED+SRC, »DST+ADDRS %> LWRD,CZERD FLADS SCONT CONT
ALUIREG s » + DSTADDSF+LWRD,CONE FLAGS FETCHN JORD
ALUSRED DS+ +LENOTHySUBIF o NUR : CIERQ FLAGS+UNT CONT

ALUSNOSRC ¢ » s EA» ZEROF r LURD+CZERO FLAGS CJMP+A0BLOA.OTR

ALY DS ¢ »EALOR+EXTBL »LWRDCIERD FLAGS LPC BPC CONY
ALU FLAGS FORCEF CONTY
ALUSREG1DST s+ e ADDR,F o NWR ¢+ C2ERD FLAGS UNT FETCH JNAP
ALU FLAGS FETCH CONT
ALUREGDST+ e ADDR+F + NUR 1 CIERO FLAGS »UNT FETCH JNaP

SUBTRACT ONE AND BRANCH
FORMAT! OPCODE INDEX.NL,DISPL. B0

ALU FLAGS 3CONT JSnD
ALU+REO»SRC, + DET - ADDRF . LWAD,CZERO FLAGS CONT

ALUSNOBRC + + + DS T SUBBR+ K + LWRD.CONE FLABS+VNT FETCH JDND
ALU ¢ NOBRC s « s EA» ZERQ+ # 1 LWRD : CZERO FLAGS CJNPsB0BOEA.LSS

AU BEBr + s €A ORVEXTIL ' LWADCIERC FLAGS LPC BPC cont
ALU FLAGS FORCEF CONT

ALY FLAGS FETCN Junap

ALY FLAGR FETCN CONT

ALY FLADS FETCH Jnap

MY FLAOS SCONT JBND
AMUsREGBRC+ s DBT cADDR+F - LWRDCIERO FLAGS CONT
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LHPULOINRD Ve
rowh LU JFERY FLAG S LPC RPC CONT

St
Ml CPEND HLAGS CONT
PTG U WRDLCIE RO FLAGS LPC BPC CONT

R e U M MLy

LwRU CUNE P LA UNS P ETen 0MD

CIME L SORG YAV EQ
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S
TusWiIt U TERA U ads CONT

SR D UORL Lt CAINTY

TOUOTLRY L AGS (e BPC CONT
CIUREO LGN FORCEF CONT
VAGS L TON TUONT

wh e

PG CWRDCCONE FLAGS CONT

MRS CTERY FLAGK L PC BRC CONT
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NAVTRAEQUIPCEN 78-C-0157-1

FLINT I 2ASK vax 9L ATOR

IHO000O0NNEOVO0NN0AL 28C1E4000
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Q00U 4000E0VV0VUVE 1 VATREQO0Q
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0Q0000000€000000081 245040000
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QOCV00VI0LQ00LLCVB 1 48C 044000
J00900000€N 1 CUOVRBLIFCLE~V00
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J000VAVOOECHN0000Y L OIVDEVVVO
FVNOLQ0VCAGI00IF VAL A IPDEDO0V

040000004 30011230091 32C0N?C00
VO00VL00430V132108000C004000
I00030V00E0000V00A1 40 ?DEVOQ0

0000000043000 17081 441 DECVVO
QUI000000E€000000081 2+ DEJwOV
¥00000000£0000000810410€0010
V00000000§000000081441DE0019
200000000€J0000008100SDF D000
V3000000040000 2F081 403DF0J00
J00000000E00V00VVE L 04PNEVOO0
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Q00000000L 000000V 1 405DF 0000
00¥9000CEVN 0000081 4481£0000
000000N00E0NN00008) 448130000
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0000000043002432001 448180000
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YSEMBLY FILESFLOATING FOINT

ADDIFC

/4
ADDIFQ
ADDIFE

ADDIFR
ADD2FD
7/

i
i

[
NORMAL

ABOIFT

Apo2ro

~

TITLE VAX EMULATUR ASSEMBLY FILE.FLUATING POINT
OPT TaDFTA.DT:1,LeFLOATING.AL L IN8L20
ORG OOM

FLOATING POINT INITIALIZATION

ALU» + 1 1 SRCI ZEROF . LWRD FLAGS CONT

ALU ¢+ 3 ¢ GRCA+ 2ERO.FLWRD FLAGS CONT
ALU/REG+SRC+ 1 SRC+ALDR FLUPLWRD/CIERD,SHFTO FLAGS
CONT

ALUSREG.DST, . DST+ADORFLU-LWKDC2ERD+SNFTO FLAGS FSIGN.SIONL
CONT

ALUYREGISRC,»SRCIADDR,F A1 .CTERD FLAGS CONT
ALUMREGDST»+SRCI+ARDR(F e k3 »C2ERD FLAGS CONT

ALUY s ¢+ o SRC»JEROF«BL TLAGS CONT

AU s s s DSTPZEROFF . B1 FLAGS CONT

ALUSCONST s «SRCHIOR,FoLWRD FLAGS PIFE.J100M CONT

ALY CONST,» o DSTAORFLWRD FLAGE PIPE,OL100M FONT
ALUPRET+SRC o s SRCHAUDFLUWLWRDC2ERD FLAGBS CONT

ALY REG DSTe s DE8T ADD+FLU,LWADICTERO FLAGS RET

FEION.SIONO

FLOATING POINY EXPONENT EQUALIZATION

ALUREGeSRCI» »SRCA+SURFoNWR,CONE FLAGSeALL LEC CUNPIADDIF A NORE
ALU FLAGS CJmP.ADDIFN,.LSS
ALUREG+DST++»DSTADDR«FLUSLURDICZERO» SHFTO FLAGS CONT

ALU+REG»» s 08T ADDSFLDLWRDCIERDSHFTO FLABS KXPCD
CJInP+ADO2FC» NMORED

ALUSRED»» + SRCI+AUDS -FLOLWRDCZERO» SHFTO FLAGS CONT

ALU/REGr » + SRCrADDS o FLD «LURDCZERQ» SSFFO FLAGS CONT

ALUYREGs» +DBT+ADDS,,FLDILWRDC2ERDSSFFL FLAGS CONT
SPALUIREG, « SRC+CONVLWRDJIN FLAGS CONT
SPALU+REGr »DST+CONU. LWRD JIN FLAGS RET
ALUIREG s » + SRC+ADUS» FLULWRDCIERO SNFTO
ALUREGr » +SRCrADNSFLD LMRDL, CTERQ SHFTO
CJUMP+AQDIFDNMORED
ALUREGsSRCAs s SRCIZALDRIFLDLLWRDICIERDSHFTO FLAGS JUNP.ADDIFE

FLAGS CONT
FLAGS EXPLY

FLOATING FOINY NORMALIZATION

ALU FLAGS CJDMD.ALUO CFETCH
SPALUREG: +D8T ¢ INCR.LWRD.CONE FLAGS'NZ CUDNDsALUO CFETCH
SPALUREG: +DST+CONVLWRDZIN FLAOS CONT
ALUIREDG» + +DETADDS s FAULWAD. CZEROENFTO
ALUTREGs ¢ + DST e ADDS +FAU LR D CIERD SNFTO
ALUIREG + e DT+ ADDGFAUSLUARDCIERD ) SHFTO
ALUSRED) s+ DBTrADDS FAULUERD,CZERDO»SHFTO FLAGS CONT

ALUIREG +» BET+AROS »FAULLURD . CIEROSHFTY PLAGS CUP,aBDIFJH$1012
ALUsREG, + v DT+ ADDS « FAULHRD»CZERO» 9P TO FLAGS CJMe,A0DF0.81013
MU CONST + ¢ ¢ SRCI S SUPSR+F o LUAD.CONE FLAGE:2 PIPE, Q000N CONT

ALU FLAOE ALL CUMP UNDER, EGL

ALURED Y+ s DOT ¢ ADOS + F AU /LD, CZERO SHFTO FLAGS CJMP.aDD2FL.81018
ALUSREG + s DBT e ADDE+ FAD LWRDCIERD SNFTO FLAGS CONT

AMUIRET s+ 2 DET +ADDS» FADLURD +CZERC SNETO FLAGS CONT

AMLUsREG, » v OST +ADDSFADLWRDCIERQ«SHFTO FLAGE CONT

ALUsRED. + c DET - ADDS FAD ., LWARDCZERC: SHFTO FLAGS CONT

ALU/REGe + e DET+ADDSFADLWRDICIERDISHFTO FLAGS CONY

ALU/REG: o« DST+ADDSFAD LWRO.CIERD/SNFTO FLAGS CONT

FLAGS CONTY
FLAGS CONnT
FLAOS CONT
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FLOATING MASM vaXx EMULATOR

Q01 9F020230000300810410E3C10
900000000£0000000810050F 0000
000000000€000000081 403DF 0000
000000000E20000004134L200000
000000000£20000008186C 200000
30000000430069220018030UF0000
Q0000000 43003F 22081 305DF 0000
000000000£0Q00V000APS49DEC000
00000C000E0000000C 1 849D£0000

0000000043006C210C21YICLIE?CO0

000000000E000000094084204000
000Q00000£001 800981 43CLEV000
0000000044001 82F 08000004000
000020000800008003140C1F3IC00
000000000TV00000081 40E1F D000
030000 000E0000V0VBS44C1E0000
900000000EV0000009921C1E 4000
100600000E 008000801 23C1E0000
000000004300322208000C 005000
000000004300282F08000C004000
000000000£0000000810401E0000
000000000£00800088121C1E400
000000004300SP2FOR0Q0C 104000
000010000£000000081 449DE0000
VOI000CVOEOV80008813ICLEV400
000000000£0000000C1SICI1EA000
0000000043003E2F0813490DE0000
000000000E000000081S8C1E4000
0000000008900000081 48C1E4000
000000000E800000881 4FC1£4000
V011FN202300002FQ8000C004000

300000000£000000081 28C1£4000
000000000£00000008334C1£0000

€00000000138C1£4000
200000000€0000000811 44200000

000004000€0000000810480E0004
000000000€0000000831 4CLE0Q00
000000000E000000091346200000

OOOOOOOOQCOOOOOOOIIA‘.O(OOOA

000000000£000 24£040000
000K 0 lJ‘COOOOOO
000000000‘00000000lOlCOQOOOO
81 48C044000

000000000(0!00000.1OFCIKGOOO
000000000€01 0000881 4FC1K4000
£000000001 4400( 0004

0000K 0 91448080004
& €00000008334C1E0000
000€000 811462 0

0000000008 000000081 04PDL0004
000000000€0000000010480£0004

ASSEMBLY FILEFLOATING POINT

ALUIREGs « +SRCADDS FLD LWAD»CIERO,SSFFO FLAOS ALL
4 CJURDMOREO CFETCM
SPALURED, +IRC,CONVLWRD->ZIN FLADS CONY
SPALUREDs s DBT . CONVLWRD+ZIN FLAGS CONY
ALU'RED D8+ s USTOsAUIURIF+ INSCZERD FLAGS CONT
nrvlra ALUYRED»SRC o + INDEXQUDR ¥+ INSCZERD FLAOS CONT
SPALUIREG s » INDEX ,CONVLWUKD ZIN FLAGS CJUNP,DIVIFA.VE
SPALUREG, +DST2,CONV LWADIZIN FLAGS CJMP+DIVIFE,VS
ALUCREG+DSTI+ s DSTIQUDRFLUVLWRDCTERD FLAGS CONT
ALUREG» INDEX s« INDEX «ADORFLUYLWRD,CIERO FLAGS CONT
DIVIFY ALU'REQ INDEX . »DSTZ,SUBSR/F» LWRD»CONE FLAGSsALL
CunPDIVIFC.LSS
DIVIFE ALURED,» ¢+ + ZERD-PFO, INS FLAGS CONT
ALUCONST .+ +DST ADDFILWRD.CTERD FLAGS PIPE,00L8N CONT
ALY FLAGS PUSH,0018Ms TRUE
DIVIFY SPALUIRED+SRCDST.DIVIC,LWRDS 2IN FLAGSeALL REPLOP
SPALUYREG»SRCDST»D2CToLWRDsZIN FLAGS CONT
M UsREG» »QeDST.ADDS+F LWALCZERD FLAGS CONT
ALUYREGSRCA» »SRCI>SUBSR«F+LWARD-CONE FLAOGS CONT
ALUCCONET ¢+ s SRCISADDF1LURDLCIERD FLAGS 1 PIFEJ080W CONT
ALY FLAGS»V CUNP.OVER»VS
ALU FLABS JUNP.NORMAL
QIVIFa M UREG»» + SRCrADDS ¢ FADLWRDCIERQ SHFTO FLAGS CONT
ALUsCONST, ¢ s SRCI» SUBSR,F+LWRD»CONE FLAGS+Z PIPE.0080K CONT
ALU FLAGS JunP.DIVIFG
DIV2FC ALU-REGs»+DST+ADDS ¢ FLU»LWRD,CZERO-SHFTO FLAGS CONT
ALUYCONST 9 +SRC4+ADD» FoLWRD¢CIERO FLAGS+Z PIPE,00@0M CONT
ALUIREG INDEX» +DST1SUBDF-LWRD,CONE FLAGS CONT
ALUYREG, » o DST+ADDS» FLUILWRD,CTERD»SHFTO FLAGS JUNPDIVIFY
ARORT ALU»+ 92 DST2, JERDSF+LMWRD FLAGS CONT
ALUs ++ e DST+ ZEROF/LWRD FLAOS CONT
ALU+CONST»++DST,ORF.LWRD FLAGS ’lPEo.OOON CONT
ALY FLAGS JDRD FETCH

FLOATING POINT INITIALIZATION(DOUBLE PRECISION

NITD ALUr v+ ¢+ SRCI+ ZEROFrLWRD FLAGS CONT

ALU-REGr+0,08T2,ADDS-F LWURD.CZERD FLNGS CONT

ALUr ¢ 9o+ SRCA»ZERO+F»LWAD FLAGS CONT

ALU+REG, » +SRCD,ADDS+PFO, INS,CZERO FLAGS CONT

ALU+REG e+ »SRC.ADDSFLUQ)LWRD,CIERCSHETOST0 FLAGS
/ FSIONSIONO CONT

ALUSREGs + Qv SRCI+ADDS FoLWRDCIERDC TLAGS COMY

ALU'REG+ +DSTI+ADDSPFO. INSCZERO FLAQS CONT

M U'REGs ¢+ s DST+ADDS  FLUQ'LWRD ' CIEROSNFTI»SI0 FLASS
/ FSION-SIONS COMY
ALU'REGISRC+ +BRCI +ADDRF + BL s CZERC FLAGY CONT
ALUCREDsDST» «SRCA+ADDRF «B1,CZERD FLAOS CONT
ALUr e+ o SRC/IERC,F+P1 FLAGS CONTY
AMUrs»+08T,ZERO,F:« P91 FLAOS CONT
ALUCONST .+ »SRCIOR+F+LWRD FLAOS PIPE.C100N CONT
ALUICONBT» »sBEBT,ORFyLMRD FLAGS PIPT, 01008 CONT
AMLUIREDs « » DBT+ADDS ¢ FLUG L WRD+CZERD» SNFTO. 810 FLAGS CONT
ALU+REGs +» « DST»ADDS »FLUQ LURD+CIERD, SNETO.SI0 FLAGE CONT
ALU/REG+QreDBT2,ADDE 7 +LWRD.CIERD FLAOS CONT
ALUsREG, + + SRCD1ADDSPFQ, INS.C2ERD FLAGS CONT
ALUsREG» ¢ s SRC+ADDS » FLUD» LWADCTERO SHFTOSI0 FLAGS CONT
ALU+REG e+ +SRCrADDS+FLUG Y LWAD,CIERO+SHFTO.810 FLAGS CONY
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900000000£000000081 442160004

FLOATING mASA  vAaX CAULATOR
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ALUIREGs » s DST,ADDS +FADQLWRD»CZERDSHFT0.SI0 FLAGS CONT

FILE FLOATING POINT

MUsREC» s D87+ ADDS +FADQLWADIC2ERQ,SHFTO, 810 FLAGS CONT
AMUREG s QeDST,ADDSF+LWURD.CICRO FLAGS CONT
ALUIREGSRCI+ s DETORLFLURDICIERD FLAGS JDND FETCH
ALUsCONST ¢ ¢+ SRCI+ALDF+LWRDCZERO FLAGS PIPC,0000W CONT
ALU FLAGS CunP.QUER.L S8

ALY FLAGS JUN . ADDIFQ

FLOATING POINT ADDITION (DOUBLE PRECISION)

ALU FLAGS JUSND FETCN

ALU-REGSRC» + SRCIADDRF« ING/C2ERQ FLAGS JSND FETCM
ALUREGIDST.DST O+ ADDR.F. INS,CIERO FLAGS JSNHD

ALY FLAGS JBD.INITD

ALY FLAGY JSD.S0UAED

ALUREGSRC .+ DST . ADDFoLWRU:CIERD FLAGS ALL +AF » ZER+NZAF

AMU'REGSRC+ ' DST.ADD +F +LWRDCY FLAGS+ALLI»ZER»ZER.NIAF CONT
AU FLAGS JUnP.NORMLD

FLOATING POINT SUPSTRACTION DOUBLE PRECISION)

ALU FLAGS JUSND FETCMN

ALUsREGSRC: +SRC+ADDRF ¢ INS+CZERO FLACS JSND FETCH
ALUREG,DET )+ DSTI)ADDRF+ INS,CIERQ FLOS JSND

aLU FLAGS JSB.INITD

MU FLAGS JSB.EQUARD

ALU+REC-SRC +DST2 SUDF+ LWRDCONE FLAGS +ALL > 8OR» ZERNZAF CONT
ALUIREQsSAC» 1 DET+ SUBF o LMRDCYN FLAGS eaLL» ZERs JER/NZAF CONT
MU FLAGS JUMP.NORM.D

FLOATING POINT MULTIPLICATIONCDOUSLE PRECISION

MU FLAGS JUSND FETCH
AMU'REGSRC .+ SRC2+ADDR-F+ INS,CIERC FLAGS JSND FETCNH
ALUREC+DET,»0ST2,ADDR.F+ INSCZERDO FLAGS JSND

ALY FLAGS JSB.INITD

ALU+REG s » s DST2.ADDSPFOY INS.C2ERD FLAGS CONT

ALUsREG + 1 DBT o ADDS FLDA-LWRDICIERQ-SSFF1.SI0 FLAGS »ALL
CJDOND»MOREO CFETCN

AMUIREDs +Qe 0BT ADDS X+ LURDCIERD FLAQS CONT

ALU+REB, + s SRC,ADDS  PFQ, [NS,CZERO FLAGS CONT

ALU'REGs » + SRC+ADDS » FLDQ+LWRD+CTIERD - SSFFO. 810 FLADSALL
CJDND.mOREO CFETCH

ALU'RED» +Qe SRCY»ADDS »F o LMRD . CZERD FLAOS CONT
SPALUREQ, +SRCI,CONVLWRD ZIN FLAGS Y CONT
AMUIREG+ + « SRCr+ADDENLURDCY FLAGS CONTY

SPALU I RED s DRT2,CONVILURD ZIN FLAQSCY CONT
ALU/REGe o s DET o ADDSNLWRDCY FLAGS CONT
AMURED+DBT, + INDEX +ADDR+# . LURD+C2ZERD FLAOS CONY
ALUIREG»DETY 0 » INDEXI +ADDR . F o LUARDCZERD FLAGS CONT

ALU» » o » INDEXI o ZERCF - LWRD FLAGS CONT
M.Usveo INDEXAs 2ERO-E+LURD FLAGS CONT

ALU FLAOGS PUBH.00308N. TRUE
ALUIREG+» o DBT2+ADDS +F+LURD»CIERD FLAGS CUNP» SHFTNINDITO
ALUSREQ e SRCD ¢ ¢ INDEXS-ADD»F + LWAD . CZERO FLAGS CY CONT
ALU'REGsDET. + INDEXI+ADDF +LWRDCY FLAGS CONT

ALUPREGs s » INDEXA+ADDSPFQY INS/CIERD FLAQS CONT

ALU»REG s » « INDEX I ADDS - FADQ» LWRD + CZERD,» SHFTO. 810 FLAGS CONT
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CLOATING AASN VAT EmMyL ATUR

10000000uEF INGA0OR L NBOEN004
Q0UVUI000NVIO0E0UAS L 4C 1E3CV0
000000000K 0000000E ¥34C 1£0000
0000UI0E000000IF | 44 1£0000
000000000£00000009921C1£4000
100000000£ 008000881 23C1£9000
300000004 300322208000€ 302000
0000000043009 2F38000C 004000
000IV00VOE0VUA000d L & 44200000
000000000€ 3000000810421 €300
000000000€ 00F0V0RIL 1 C2E4400
000000004 3008 B2F )31 4L LE0000
200000000£0000000W1 346200000
20000000VE 2000008 | 44RDEDOV4
000000030€ 0000000833 4C: EI000
200000000£3080008081 33C1£0400

Q0QP00000EI0MOIPVCPACLIETF IO
VOVINCGOONE TOIOVQVOCIAICLIEFCIVD
QUONVIYVOEOILC W08 L A4S 200000
900000900€ 000000081 94 RDEVO04
0000000043010 2FI8384C 180000

000000000£00000008°31C1E7F 80
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ERRORS ]

ASSENKL ¢ FILEFLOATING FOINT

DIVIFN

QIVIFV
’

AUIRED s+ ¢ SRCoADDS+FLUA I LURD+CIERO» SHETISTO FLAGSE COnT
QeBRCD1ADOS+F o LWRDCIERD FLAGS L REPLOP

MURED,CIONT,. s DSTI, ADDRF,LUARD,CZERT FLAGS CONT

MUIREG, FOUR. +DST - ADDR F e LURD CIERO FLAGS CONT

ALUsREG s SRCA+ + SRCI+ SURSR»F . LUARDCONE FLAGS CONT

ALUICONBT s o SRC3+ADDF « LURDCIERO FLAGS I PIPEI0000N CONT

LU FLAGS+V LUt QUER. VS

MU FLAGS JUNP.NORMNLD

AMUIRED, + + SRC+ADDS +PFQ . INSICIERO FLAGS CONT

ALUIREG . » « SRC 1 ADDS + FADA  LWRD + CIERQ SNFTO 310 FLAGS CONY

AMUICONET+ 0+ SRCI» SUDSRF « LURD » CONE FLASS, T PIFPE, 0000 CONT

MUIREGs +QeSRCI+ADDSF+LUADCIERO FLAGE JLAP+DIVEFN

RLUREGs s s DET2,ADDS » PFO, INS,CIERC FLAGS CONTY

ALUIREG . + +DST»ADDS + FLUG + LWRD » CIERC» SHETO+ 810 FLAGS CONT

ALUSREQ. »OeDST, ADDS »F e LWRDCIERO FLAGS CONT

ALUICONST o0 s SRCE+ADD £ LWADCIERO FLAGS, 2 PIPE,0080N CONT

ALUSREG . INDEXD . « INDEXS» SUR# . LWRD . CONE .

FLAGS 1l L+ POR 2ER+NZAF CONT

ALUSREG s INDEX s » INDEXD s SUDsF < LSRTCYN FLAGS ALL CONT

AMLURES. o + INDEX3 » ADDS « PFQs INSsCIERO FLAGS CONT

ALUIREG. » s INDEX +ADOS o FLUQ» LWRD + CIERD» SHFTOS $10 FLAOGE CONT

ALUSREG, o Qs INDEXIADDS+F o LNRD,CZERD FLAGS JUNP,DIVIFS

MUREQ, 200 08TV QUSSR F + LURD CONE

FLAGS sl » BOR s IER-NZAF CONT

AUsRED,SARC, »DET-SUPSRFrLURD»CYN FLAGS ALL CONT

ALUIREG e e +EICMT cADDS «PFO+ INS.CTERQ FLAGS CONT

ALUIREG . » +FOUR » ADDS ¢ FLUA ¢ LWRD + CZERD s SNFTO. §10 FLAGS CONT

ALUSRED» +QeEIGHT - ADDS +F +LWRDCIERD CLAGS JinePDIVIFY

ND
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MATTRAL G e Lo
APDENDIY E
The irstryctt, o Ascengor 3T AT cument NTSLL05 are histed in
Table E-1 of tiis x“~ov¢:\ P Wi aicenty notation forothe corvesponding
VAX-11/78C machine tsceact v do -t iog meges . Addressing mwode infor-
mation is given in Tapio b-0 0 - Lo moaes. fach table gives the nunber
‘ of microcycle stops rogquired ror a aiven cooperion. To ohta1n executicn times,
; © o omultiply by the microcycie trme af T U Tsec

The following items shoula be noted

1. For most tastructions, the nes? Cldg 0 worst case exacution time
is based on addres:ing wode Jiffaronces

2. A1l fleating-pein® operations ore fatd Jderondent and test and worst
case executlon Limes are pasod oo this av wel! as addressing modes
for operands.

3. The branch ard irdos spsuoten oaneculian time depends on whether
the test condifien 3f crp o £1720 "his i due to the addition of
an offset to the Droc-as counter whon 3 Urawh occurs.

4. The execution times for source and Jestinations aperangs are differ-

ent because t“ destiration mede subr
ity of a conditional roturn to ma

i

on a call

oy

Mo

ity is required for instructions in which to

to a Jdestination mode sutrout

ciitines 31low for the posswb11-
i eraprogram.  This capabil-
e destination mode sub-

reutine is ot the ond of shpe sain o ajcreprograr as in the add-
COMPAYTe-aNa- branct it o on

5. Addressing mode oxecn{on frves ceeees on oy onymber of other factors
Inciading tne s1ze o che opecaro, anoiner aro ot g omemory access
s atigned on a lorg word boundary and on the use of indexed addres-
sing.

6. The worst case o0 addrraamg »ade Swecution time a8 for nen-atigned,
indexed, Tonc woerd «iis, T coment g0 orrad whics requires 17 microcycles
for a 1 pyte sourcn and micraoveles for a3 byte destination. This
case is doncted by Uiadex on Table Z-1 Yor the operand specifier,

It is assumed that thi< mode is useg to specity each operand of that
instruction.

7. For same instructiops, owcontion Limes dopena on twe source operands
(S1 and S0 ang one estinati e aperatd, sven Toroa two operand in-
struction. Thic 1 hecau-co the nain paoreopraaram obtains the two
source cperands by source mede subroutines and stores the result based

ine.
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8. In Table E-1, "I" refers to the number of microcycles for the ex-
cution of the main microprogram, "S" refers to the number of micro-
cycles for the source mode subroutine and "D" for the number in
the destination mode subroutine.
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Table E-1. Details of ALET Calcula“ion

{Humbers reprecant microcyclies)

Load
MOVL ‘Rn), Rm

Load-Double
MOVQ {Rn), Rm

Store

MOVL Rn, (Rm)

Store-Double

MOVQ Rn, (Rm)

Add/Subtract
ADDL2 Rn, Rn {best case)
ADDL2 Indexed (worst case)
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Add/Subtract-Floating
ADDF2 Rn, Rm (best)
ADDF2 Indexed (worst)

Multiply
MULL2 Rn, Rm (best)
MULL2 Indexed (worst)

Multiply-Floating
MULF2 Rn, Rm (best)
MULF2 Indexed (worst)

Divide
DIVL2 Rn, Rm (best)
DIVL2 Indexed (worst)

Oivide-Floating
DIVF2 Rn, Rm (best)
DIVF2 Indexed (worst)

NAVTRAEQUIPCEN 78-C-0157-1
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NAVTRAEQUIPCEN 78 01671

Logical [ 3 3
XORL2 Rn, Rm S11 17
XORL2 Indexed S21 17
D3 19 .
@
Shift - 5 places [ 16 16 '
ASHL #5, Rn, Rn (best) s1 @ 2 1
ASHL 35, Indexed (worst) 2 1 17 :
'3 + f
Ccmpare
CMPL Rn, Rm (best) I3 3 .
CMPL Indexed S 1 17 |
D3 19 )
7 N :
Branch 2 5 *
BEQ
: Index [ 11 13
; ACBL R}, Rk, Rl, Rm s1 ! 17
: ACBL Indexed s 1 17
n 3 19
53 1 17 :
o
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Register to Register I 1 1
MOVL Rn, Rm S 1 1
D 3 3

NS -3

Miscellaneas 1 2 3

CVTBL Rn, Rm (best) S 1 17

CVTBL Indexed (worst) D 3 19
T

Input/Output* [ 231 251

Set up and 10 transfers

*Based on following program

!

MOVL # addressl, Ri ; device address

MOVL # address2, R2 ; memory address

MOVB # 10, R3 + load counter

LOOP: MOVL (R2) +,(R1) ; transfer

DEC R3 ; decrement counter

BGTR LOOP + loop until finished

1 = instruction microcycles
S, S1, S2, S3 = Source operand microcycles

D = destination operand microcycles
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TABLE -2

Mode P

Rn 5 Source

5 Destination
(Rn) 6 source

b Pestination

(Rn)+8 Source
8 Destination

AMigped

F Source

F Destination

Immediate S for Byte,

—

 Word,

WDRESSING M

GING PN

Sirgned

St

INDE N

Alygned

Bohy e

Soovram o vounter

1’6

LAEcUTION STEPS

Nor g 1ianed

coud bvte

Not aligned
8 byte

EeY

O o~

Not Aligned
byte

17

5 for Lonygword

Not Aligned

8 byte ' b
<!
21
22
3
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0071, I Y S D B R B O ER
FROGRAM ATM

CREDS AN AR AR ANRRR MK AR RN RARRRAK Y p b iR n b KR AR KRRk R KRR %)

CRRREARER AR TR KR AR R R KK R b S d bR SRR AR R A RKRR AR KR KA RKERAKRK)
CRKRRXK

AXEAX)
€Ok XOK XK Sa b e vuetai, WRETTEY ok P Hasosr hTeh »REAKD
CRXR KK PEOUEGOUR . L oahns Eant sl b 5o DT iavt . SOne ARK%K)
CXNORKRK OF THIE  FEATURE S OF PHE L0y 1S PROGRAND KXKX&)
XXX MAY NI HANUE T TR Thet THE  GAM AG THF ALKk
X0k 0Kk FIHAL VIRSTON WKRIVECN O THE a&680% . BY §.6, XEA¥X)
CXRRRX KkKKX)

CHERRRR KRR KRR R R AR KRR & by L b n hARAARR R ARRAKKK AR KRR KK NKEX)
CRAMRHOR TR R RRER R 33 bR R R R R R R KRR A KRR AR KRR KKA)

CONGLT
LUMAN S0 VR MAXIMUM PRGN IN FUERNT Qurur , ¥)
SUMARN - S0 Ok MAVTAUN S gl SHARED USRTARLED *)
IYFV
A TR
- ook,
R CoRTERTUS
; E@1iCE,
| RN RS I Y N
: BoRKE TUIM S
; H=EAN
; AN CRE O CA PR R R AR R AR AR R LR AR AR K K AR KON KR KR )
; BYIE 0 INTEUERS N LIl kit SrntLATED MEMORY %)
i POINTERIHS kLN TRNG THAT WO D CONTATIN DRJIECT %)
: NEX1 ¢ Hs choUeht O SME TYRC, x)
ENU MR R R R AR AR EOK KR KR ROK RO KRRk KRR kX))
RR-PCUC
i CC RECOKRD CxoJnk I THE urt T conr gnk A PROGRAMN X
t JOr 8 INTEGUR
. VI
3 Dowe VERTGS
E 1t RECUKRD kAR R R R R R AR BN KRR AR AR KRR AR KEX)
¥ T 0 INTEGE Ry e FHT s i AUTECEL TAGK GTRUCTURT . A X)
i VORE 3 s CE PO e T CHRKENTD TAGSK TS STORED HEREX)
: b CRERERAC R b s AR AR AR MR KRN REK)
GO-RFECORD B a0 A2 I I T ITTIIIII I ILIIIIY
T [ 3 HALE DD UARTARLE STRUCTURE ., X)
LENGTH PINTE LIy t PHE READY FTAG TS USEFD ONLY FOR X)
L OCADDR ., v WRTTTING, x)
CMADDER M CRXNE R 3 0K R OR R KOIOK Y KOO OKOKR R KRR RK kN )
RWEL NG
kKbt aly TEOOLE AN
FNDy

i

2

o P T T o 1 B,

Pt g




b ims

Per s YOI -m L.

3; NAVTRAEQUIPCEN 78-C-0157-1
P EVENTQ=RECORD CRRXIRRARRXRKKEARKREXRKAREEARRERABES)
o TIME, (k  THIS IS THE TVENT QUEUF STRUC- %)
. OPCODE, (X TURF, THE OFCODE TFLIS THE %)
1§y ! INTEGFR: (% OFFRATION TO RE FERFORMED. THE %)
NEXT ¢ DD (X 1TME TS GIVEN IN ARSOLUTE TIME %)
ENDS CRRRRRRKRRRARRRRE KRR KRR RERXERRRRRRER)

RETURN=RECORD

CRAKKRXERAARXREEEERERAKEEERERKXRRRS)

HIGHRYTE ., (X ANQTUER REFREGUNIATIVE OF L
LOWRYTE ¢ INTEGERS? (% MUMORY. Xx)
END: CRLRRERERRRREKRRXKAKRKERKRKAKKREEXKREK)
. FF=RECORD CRRRRRXE KRR KRR RRRRN AR KRR RA KRR RKEER)
ESOS, (X ENTIRE STATE ON STACK x)
: FIMy (% FAST INTERRUPT MAGK (222122222227 S
: HC» (X HALF CARRY ¢ CONDITION ¢ x)
E 1IM» (x IRQ INTERRUPT MAGK & CODES FOR & x)
: NEGAT (%X NFGATIVE & HABO9 ¢ %
ZERD, (x ZERD 1980888808880 )
OVER Y (x OVERFLOW Xx)
. CRIBOOL EANS (x CARRY BORROW x)
g ENDJ CRRXKKEARREX KK KRR KRR ERNKKAKERRRKKERRRR KKK )
: STACK=RECORD 2332233322332 33 3230030233023 333 B
CC ¢ FFs (% x)
REGA, (¥ INFORMATION ON THE SYSTEMS x)
REGR, (X STACK AFTER AN INTERRUFPT. x)
D ¢ INTEGERS (x  FIRSYT THING PUSHFD IS THE PC x)
X ! G (¥ FIRGY THINGR FULLED IS THE CC x)
Y ! G % x)
usek ¢ Fi CRRRRXER RN KA KERRRKKEKRRRRER)

FC & Hi

ENDS

15YSQ~-RELOKD (RRKRRRRRERERRKRRRRR KRR R KRR AR EKERN)
RUN>» (x )
ACTIVE?! ROOLEANG (X LYSHEM JORS QUEUE ., 1)
m ! INTEGERG (X n JOB %)
TCRP ¢ E3 (X 1 FRAME ROUTINE 3
NEXT ¢ Al (% 2 FROTECTION %)
END (x X TIMER (JOR) K)
. (% 4 ADD A JOB L 3]
(% ] PIIRGE A JOR %)
(% n

(EREXKARRERREAREERRRARBEERQCARBRRERARR)

e




e

N T8-C-01h7 ]

CRURXNRRFRRORRRMER R KRR KKK ERRRRR AR ENE)
(3 JUk patul STRUCTURE . USED FOK X)
(% FaASE ool P Tty ob 1h, X)
CHRRRERRR IR KRR EN AR RN RN )

FRARARAKERNARRN RN R AR KRN RR KRR KK
PRtnT g QUFUE STRUCTURE . CONTAINS x)
Al by URDER RY FRIORITY FROM X)
HltkE Sl 1o LOWEST. BNE FOINTS TO THE x)
NE N Hiviitk  PRTIO. TASK, FDF FOINTS X)
VO THE NEXT LOWBER FRID TAanh, X)

CRERRRME A R0 RRANRRRNARRRAKAR RN ARARKR KA KRRE)

NAVTRAEQULPCL
TJORQ Rt CORD
TN,
i 3 INTEBE NS
Frlour ¢
1ORP HE
NEXT [ T
tNDYS
FTERTUQ-RE UKD ChRa
Tike ¢ Fs X
LN [ (.3
b [ (W 3
PRIDIINTEGE R o
FNDS [\ §
TITCRAREUCORD
T,
PRI OoIRTE LY

BN HOE U HiaL T

INTERy AT TUL
ayad s RO E AN
T T IME

TIMEREM o INTEGER
RET-SUTINE

t NDADDR 0 REg
ORGS F
RTACKA [
b . U
END
VAR
INX

QUE cGh s UGE RGP w YT RRE
STARTEOQENDIOQ L MEER
CURT Q. LEMEE D

STARY et NYLHEY TE ME
STARTEYQ«ENDUEYRe T MY
FLAGSEVENTE » SV W SUH
FIRSTEQeTEMPEOQTE MR
FREL

CUHReABSTIME o INTE
TIMER O T IMLEKE

ALT.IOR

FLAGOS OSINTE R 18aAVE D
USERFLAG

SHVAR

CRERNR R ARR RN KRR KRN ERRKEK)
% TASK CUNTROL B OCK. AL J0KRS x)
: c% HAUE AN EFNTRY, X)
(CRRREXRNRRRREKRNEER R KRR RKRRANKZINKRX)

.

v

. *e co 3o
L, - -
3 Tl

N

HOOL ! ndiey

e

AR Do Evhax ] o s
TNTEGE Koy

(Tl b

DLt

ROt AN

HOOLE AN

ARKRAY 1,81 0F RIODLEANS
ARRAY (L. .5UMAXY OF GG

ce @8 s ve e s

ve oo oo
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WAVTRALQUI, CEN 78-C-0157-1

(RERRRRABERBERAERNREERARERARXRRRKEEX AL U AEBAREEXARRR AR KRR R K KRR NS )
:: SUBROUTINES FOR THé MAIN ROUTINE :;
::!littttt!t!tll!llt!!t**!tttttt*ll****tt*ltt!ttt‘lllttittltttt‘::
:: RETURN FROM INTERRUPT :;
823232 P22 203t P Rd s di et e s s s bR a et ddtiststeitititiity

PROCEDURE RTI#
BEGIN
END3

(ERBEXABEEXERRXERERNEERRAREKARER KRR KRR KRR KRR KB RKEREAE)
(% Xx)
(% 1. OSENTRY - ENTER OPERATING SYSTEM MODE X)
CREARERERERERERRERREEEAXERRR MR AR TRRK AR KRR R KRR AR RN )

PROCEDURE OSFNIRYS \

BEGIN *
IF FLAGOS THEN

OSINTER:=TRUE \\

ELSE
BEGIN
FLAGOSS=TRUE$
USERSP!=SF3
SF!=ATMSF$
END3
00/1.2 AAEC (1ST FER 78)

END?

(RERRRERRARERELRREERERRRRERRAKR AR KRR R RERERR KRR ERRREXRAREEAR)
(% x)
(¥ 2, OSEXIT - LEAVE OFPERATING SYSTEM %)
(ERABKERRREABAREXRRBRRKERR: KRR ARKEXE KR KRR RRXEARL KR KX EARXKRARRRRRAK )

FROCEDUIRE OSEXITH
REGIN
IF OSINTER AND NOT(SFR.RFGA=GSF@.REGA) THEN
RT1
ELSE
BEGIN
OSINTER!=FALSE$
FLAGOS !=FALSE
ATMSP!=SP}
GF {=USERSF}
CONTREG!=TRUES (&% CONTROL REG FNR PROTECTION x)
RYIS
END




CNGLL ETPCEN 78-C-0157 1

(RBBEE R R AR NN AN R A O R FR RN TR AR KRR IR RN KK KRRk )

ox x)
(x J. HAL Xx)

CRRMB AR RER IOKOK K RO R KRR R TOKR R LKA R R F KRN KR KRR RN RKKEK )

FROCEFDURE AHAL Ty

RELG W
REPEAL
UNTTIL 1 ¢
END
F 3233333232230 30022ttt R i an s seltsstststssitiseetiesssy
X x)
X 4, COMMUNICATLON ROUTINES . %)
(@ THE INITIZATION ROUTINE 15 INCLUDED, Xx)

N0 KR OK 30K R 30KOR 0K KKK KKK X KR 0K MO R KO ORIk ROk XXX RK)

FROCEDURE INTT,
BEGIN
RUSEFTF I=Fal bE s
END;

FROCEDURE COMM:
REGIN
IF RESETF THEN
INTT
ENDS

(LR PR R PR R R P PR P R PP R R R AP PRSP0 33 0232232230333 3283 )

(x Xx)
(§ ] 5S¢ INTERKUEY FROM CONTROLLER ROULINE Xx)
CRAROR KR OROR K 30K KK 30K OKOK KK KOK 0K KOKR0OK R KM OK KKK R R R KK IO OO R R Rk KRk X )
FROCEDURE INTERKG *
REGIN
END;
00/1.2 AAET CIST FER 78

(BRSPS R0 R SRR S P PP 2830222333333 33238333 )

(@ x)
(% &. SVC SUFFRVISOR. Attt ROUTINE X)
ORI M KKK 0K RO KKK K KOKCKOKOE YRR OK XK O R RN R KRR R KRR KRR KKK )
(x x)
CRRRXARE RN RR T RR KRR KRR T KRR KRR MR RN KKK)
(X DTART A TAGKR ROUTINE  (SATASKD x)
(x 1. SE1 THi RUN  BLAG IN 1ol T8 HALT FLAG IS NOT SET, Xx)
(k2. SET SeH FtaGey S0 THE  LCHLBUWER 1S EXECUTEN, x)
(% 3., THE USERSG LERO FLAG T4 SET TRUE U+ TASK IS SFT T0 Xx)
(§ RUNs FalSE Iy THE TASKN WAS HAL TED AND CAN NOT BE RUN. %)
(%2 4., THE UKRERS" ZERD [LAG 19 SET FALSE IF THE TAGK ID IS %)
(% NOT FOUND X)

(ERARRERRARRRRRERR KRR ER RN KRR F RN ERR KRR ERREKARREER AR KA R RRR)

PROCFNNURF SATAnRK S




NAVTRAEQUIPCEN 78-C-0157-1

VAR
ID:INTEGERS
FLAG1 ¢ ROOLEAN;
BEGIN
ID:=USFRSFR.PC@.NEXT@,BRYTE
USERSF@.PCI=USERGPO.FCR.NEXTO . NEXTS
. FLAG1:=FALSE}
TENF.IQ: = STARTIQSG
REPEAT
I+ TEMPJGO. TR THLN ‘
REGIN 1
FLAGL:=TRUL ; ,
IF STEMP.IQ@.TCRFO.HAI T VHEN 4
REGIN :
TEMPJWE. TCRIW  RUNS - TRUE 5
SCHS-TRUES A
USERSFR.CC, JI RO TROL
END
ELSF USERSF@.CC.ZERO:-FALSES :
END i
£l SE
BEGIN
TEMPJIO S =TEMPJR@  NEXT
~ IF TEMPJO@.NEXT=NIL THEN
i REGIN
‘ FLAG1:=TRUF
: USERSF@.CC.ZERD:-FAL SE+
“ END3

i END;
UNTIL FLAG1;
END}

\

E (EXRXRXVXREBERARABEERERAREREBEERRAEAARXRXERERR XX EXBRA KR ARRR XX RERR)

g (&8 HOLD A TASK ROUTINE (HATASN) X)

] (&8 1., SET THE HOLD FLAG IN THE 1CR I 0OR A TALGKN. x)
(¥ 2. IF THE TASK ID IS VALID, THE SCH FLAG IS SET AND THE x)
(s USERS ZERO FLAG IS SET. Xx)
(& 3. IF THE TASK ID IS NOT vatIbe THE USERS ZERC FLAG IS x)
(2 FALSE. %)
(RARREKRXLAXXREEERERRERAARRR RN ERRRR R RRBEE A AR R A RN AR A KA R R KRR KR )

{ 00/1.2 AAEC (1ST FER 78)

. PROCEDURE HATASKS
& VAR
X IDIINTEGERS .
] . FLAG1 ! PODLEANS
: BEGIN
ID!=USERSFR.FC@ . NEXT@.RYTE
USERSF@.PCI=USERSF@.PCO.NEXT@ . NEXT}
FLAG1!=FALSE}
TENFJQ:=START QS
{ REPEAY
) IF TEMNPJQR.ID«IN THEN
DECGIN

183
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FLAGL:=TRUE
TEMFPIQ@.T1CRE# HOE D - tRUE +
SCH! TRUE ¢
HAEROGSPR.CULZEROL - TRUE
END
ElGE
BEGIN
TEMP 0D 1 e Qe e XYy
TF TEMEU b e X T =00t e
REGIN
FrLaGges TRy @
DSFROBFER.CT.Z2ER0 T AL SF
END
ENUS
UNTTIL T ALBLS
END S

CXORK ORI OK KK A KK 0K KKK KA 00KCKOK 008 00K 0 KKK 0K 0K KR8 KRR 0ROk kR Kk )
(% READ A FLAG ROUTINE (REALETT G) X}
(x 1, THIS KRAOUTINE KREALS GNP OF L Tons FLAGS, I THE FLAG IS %*)
(% SET THE UStKRS  JERO BL A o5 BB TRUS » I0 THE FEAG TG Xx)
x NOT OLET THE USERS JERU Tian 18 SET Falst. Xx)
(X 2. THE USER P.C. 1S INCREAMENTEQ TO THE NEXT INSTRUCTION. x)
C0XR 80K 0K 0K 0K KK ¥OK 80K KKK KK K0K K% KRR K08 30000K0K0K KKK OK KK 0K KKK K 30K R ROk Xk ok kR )

FROCEDURE READFL G
VAR
IDIINTEGERS
BREGIN
TR AUGERSPO . PCRNEXTE,BY T
DSERSFU PO USERSEC POV ONE N NEN TS
IF USERFLAGOITND THEN
USERSEF@.UU LTy TR
FLoe
UEFROPA.COLIEROL =F AL S

END;

CXORKKOK KKK K KOK R EOK K KKKk K % ROK KKK Rk % kKR A KRR AR R Rk kKK)
(¥ SET A Flau (SETFLAG x)
(X 1. THIS ROUTING SETS ONE OF Y0 P oAy Ta YRUFE. %)
r D IF A FLAG GREATER THAN & TS GIUVEN THE USERS ZERO 1 LAG x)
(x IS SET 10 FALSE., Xx)
CRRAAEARR KRR K IR KRR KRR R RNR AR AR RN R RK KKK KRR KRR 0K )

PROCEUUKFE SETFLAGS
VAR
00/1.2 AN 18T ek T

IBINTE GERS

REGIN
ID::USERSPR.FCR.NEXTR.BYTE
USERSPR.PCL=USTRGP@, TR NFM T NEXT S
IF ID<=8 THEN
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BREGIN
USERFLAGLIDI:=TRUES
USERSPR.CC.ZFRO!=TRUE# .

END
ELSE
USERSF@.CC.2ERDI=FALSES
END}

(RRRRERARTRR R RN R B AR KRR RN BR KA RN RR AR RN R R KRR RKE RN R RRRD)
(% RESET A FLAG (RESFLAG) x)
(% 1, THIS ROUTINE RESET OR SIT ONE OF EIGH1 FLAGS TO FALSE. X)
(% 2, IF A FLAG GRFATER THAN 8 1% GIVEN THE USERS ZERD FLAG x)
(x IS SET TO FALSE. x)

(RERARR BN AN KRR RN KRR R RN R KRR RL R LKA RN REERARRERERRERARERRR KR ER)

FROCEDURE RESFLAGS
VAR
INSINIEGER
REGIN
IR -USERSPOLFER@ONEXTR UYL S
USERSFQFPCI=USERGSPEBPUE@VNE XTU L HEXT S
[F 10<=8 THEN
REGIN
UGERFL AGT I Y =FAl GF $
USERSF@.CC.ZERO?: = TRUF 5

TND
ELSE USERSPR.LCC.ZERO!=F Al SE:

END}
CERRRRERARRERERERRELER R RT R RRER R KT AR RAE RN KK RN R KRR AR KRR )
(¥ REAR A LOCATION (REAMLOO) x)
(¥ 1, READ ANY LOCATION IN MEMORY AND PLACE CONTENTS IN THE x)
% USERS REG. A. x)
(x 2, USERS ZERO FLAG IS SET 10 TR'IF. Xx)

(RRERRABRN SRR AR E RN R KRR RN KRR ERK AR AR R KRR R AR )

FROCEDURE REAM OC
REGIN
USERSF@.REGAI=USERSFR.FPCR . NEXTR . FOINTERA,.BYTE G
USERSF@.CC.7FRO:=TRUE 3
USERSPR.FC!=USERGPR.PCAONEXTU . NEXTO.NEXTS
ENDS

(REXRABRRRER AR RRRRERERAR R R RN AR RN KRR RE R AR AKX AR RR KRN )

(% START A TASK ON CONDITION (S1ASK() X)
(2 1. THIS ROUTINE CHECKS ONE OF FIGHT FLAGS FOR A TRUF )
(% CONDRITION REFORE STARTING THE TASK. IF THF FI1AG IS TRUE )
(% THE JOB IS FLAGED TOD RUN AND THF USERS ZERO FLAG IS SET x)
(2 TRUE. ID THE FLAG IS FAILSEs THt STATF OF THE TASK IS ®)
(2 NOT CHANGED AND THE ULFRS ZFR0 FLAG IS SET FALSE. X)

(SE2RBRNRERERABRERRRRCRAREBESRREN R ERAKRERRARRARRERAXKBRERERRRER)

L3}

o

e

YO e AR e TR P S VRS, s, -l 3

NS 47"t YRt 17 LS 3 P 0T
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00/1.2 AAEC (18T Tk 28

FROCEDURE SinanCy
VAR
THelINYEGEKS
Bt GIN
THL-USERSE G i 3 UNEXRTE, L DS
IF I -8 Tht
BEGIN
IfF USTRFLAGL TN THEN
HELIN
BOFROSFU PO -USERSTR L UT  NEXT@ . NEXT S
SATAGK Y
END
ELSE
REGIN .
HGERSER UL 2FROT VAL SE
N RSFP L CL=HOPERSER PR CNEXT@.NEXT S
END
ENTt
Ftut
HELN
HOE R FRLUC.STRUOS<FAY AE S
UGERGSER PO USERSTOLLFEW  NUXTEWNEXT
NI
END3

C3KK0KOK X KR 3K 3Ok KKK R KO IOR KOKOK A K OKOKOKOK K OKKOKOKOK R 0K 0K KK R KK KO KKK R JOKKOK KR KKK XXX )
(¥ HOLD A TASK ON CONDITION (HTAGKO) x)
k1, THIS ROUTINE CHECKRS  ONE 0 FIGHT T aGs FDOR A TRUE x)
(% CONDITTON BEFORD HOLDING THE TasK. 1F THEY F1HAG 15 TRUE ¥)
(% THE J0OR TS PLAGED T HOT D AND THE USERYS JHRO FLAG 16 SET x)
(% ) TRUE, It b Lrar 1y FALSEY 1UE STATE OF THIE TASK TS HOT Xx)
(% CHANGE DL AND THE ST RS TERO FEAG TS SET VAl G, x)
232 RN R e e R RS AT P TP SRS SN ST RRP PP PRS 2220303233320 % B

FEQCE DURE HTAYKES
VAR
TR INTLOE (o
REGIN
TOLCURERGEFO TRV NERTPLRYTF
IF Il THEN
HEGIN
17 USEFREEAGT TN THEN
KEGIN
HSERSFE.FCI=NSEROCEFD . BCRLNEXT S
HATASK »
END
ELSY
RFGIN
USERSEPR.(CL,ZERDL Fal uis
USERSPR . PO NSERGPO LU NEXT S
END
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END
ELSE

REGIN
USERSPR.CC.ZERD:!=FALSE
USERSFR.FC!=USERSFR.FC@,NEXT@.NEXT3$

END

END3
00/1.2 AAEC (18T FEB 78)

G 0K 0K K KKK K K 3 KKK K K A KK KKK KRR R KRR KRR KKK KKK EK )

(¥ START A TASK AT A CERTAIN TIME (STASKT) Xx)
(2 1., YHIS ROUTINE PLACES AN OFCODNE ON THE EVENT QUEUE, THAT Xx)
(% WILL START A TASK AT A CERTAIN TIME. MEMBERS 1IN THE Xx)
(X QUEUE ARE FPLACED IN CHRONOLOGICAL ORDERy THEREFORE WHEN %)
(x THE EVENT TIMER CAUSES AN INTERRFT, THE FIRST ENTRY MWILL x}
(% ALWAYS RE SERVICELD, ) x)
(x 2, ADDRESSES OF EMFTY SFACES IN THE QUEUE ARE KEFT IN AN X)
(x ARRAY TO MINIMIZE SEARCHING FOR FREE SFPACE. Xx)
(¥ 3. THE MAXIMUM SIZE OF THE QUEUE IS SFT RY EVMAX, Xx)

000000000 00000 20 K S 2K K K KKK KK KK KKK OK KKK KK KRR OR KKK KKk Kk K )

FROCEDURE STASKT#
VAR
TT»IDIINTEGERS
FLAG1{ROOLEANG
REGIN
ID{=USERSFR.FC@.NEXTR.RYTE
TT{=USERSPR.FCA.NEXTR.NEXTR.BRYTE%
USERSF@.FC:=lSERSFA.PCONEXTR.NEXTR.NEXTH
IF TT:-ABSTIME THEN
BEGIN
IF EVEMFTY THEN
KEGIN
FIRSTEQ:=FREELCUR]?
FIRSTEQ@.NFXTI=NTIL #
CUR:=CUR~-13
EVEMFTY ! =FALSE}
FIRSTEQ@.ID!=ID}
FIRSTEQ@.TIME!=TT$
FIRSTEQ@.OFPCODE =037
TIMERE (=TT ~ARSTIME }
END
ELSE
BEGIN
FLAG1!=FAl SE
TEMPEQ:!=FIRSTEQG}
TEMFEQ2:2:=NIL
REFEAT
IF TEMPEQR.TIMELTT THEN
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-

‘ REGIN

FLAGLII=TRUL §
- : IF TEMPEQ2 = NIl THEN '
) : REGIN
: FREECCURTI@ . NFXT =P IRGTEQS
FIRSTLEN: =F RECLCURTS$
TEMFEQ2:=FIRSTEQS
TIMERE =TT ARSTIMES
END
ELSF
REGIN
FREELCURTIQ .NEXT¢=TEMPEQR.NEXT3 :
TEMFEQR?@ NEXT =FREELCUR]
END S
CUR:=CUR~-13
TEMFEQZ@.ID=TDN3
TEMPEQR2@. TIME: -TT3

00/1.2 AAEC (1ST FEB 78)
TEMFEQ2@.0PCONF =03
END
ELSE
REGIN
IF TEMFEQ®.NEXT=NIL THEN
BEGIN
TEMPEQE . NF XT ! =FREFTCUKR3
FREECCURIR . NEXT S =NIL §
CUR$=CUR -1
TEMFEQ@ . NFXTR,ID:=1IN} o
TEMPEQ@ . NEXT@ . TIMES=TT} b
TEMFEQ@,.NEXT@.OPCODE =03
FLAG1¢=TRUES$
END
ELSE
REGIN
TEMPEQ2 S =TEMFEQS
TEMPEQR!=TEMFEQ®@ NEXT$
END3
END

UNTTL FLAGLS
: DOERGPR.CCVZERO D TR S
| END

: END
! ELSE
3 USERSF@.CC.ZERD S =FALSE } .
% END$
: COOOOROOKIORRKOKOOOIOOOKKOOO0O0O00O0K X OORKR KKK RK KRR KKK KKK AR )
: (X START A TASK AFTER AN INTERVAL (STASKIN) %)
- (% -1, THIS ROUTINE TAKES AN INTERVAIL OF TIME AND CONVERTS IV %) :
: (% TO ARSOLUTE TTIMEs THEN CALLS STASKT WHICH THEN PLACES %)
: (% THE EVENT ON THE QUEUE. *)

CHORE AR AR AOK AR AOK KK KKK KKK AR IO R K K% KKK KRR KRR KKK KR KRR KRR RRKK)
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FROCEDURE STASKING
VAR T1:INTFGER)

REGIN
TTI=USERSFP.FCO.NEXTR NFXTR.BYTFE S}
TT¢aTT + ABRSTIMES
USERSF@.FCO . NEXTR.NEXTR.BYTE:=TT$
STASKTS

END}

/

(ttl!ltttllt!l*llt‘ttllIt*ttlil*l!****lttl*lltt!tttttllllllllt!‘i)

(3 HALT A TASK FOREVER (HALTASK) %)

(8 1. THIS FOUTINE SETS THE HALT FLAC FOR TAGK. THIS HALYS THF ©) :
(R TASK FOREVFR OR UNTIL THE CONTROL FPROCESSOR RESTARTS IT. %) ¥
(% 2, THF LOCAL ATM AN NOT RESTAKI 1T, %) f

CRXTRRRER KRR KRR KRR R KRR E KRR R R EER AR EKER)

FROCEDURE HAL TALKK
. VAR
Inn CINTEGERS
FLAGLIROOLEFANS
REGIN
ID: =USFRSFOFCR.NEXT@.RYTLE S 1
USERSFR.FCI=USERSFR.FCRNEXTO.NEXTS '
AAEC (IS8T FER 78)

00/1.2

FLAG1 ! =FALSES
TEMPJQI=STARTJQS
REFPEAT
IF TEMPJQ@,.ID=ID THEN

BEGIN
FLAGL1!=TRUF $
TEMPJQ@ . TCRFA@.HAL TS - TRUE S
SCHI=TRUE
UREROF@.CC L ZFROL =TRUN §

FND

ELSE

BEGIN
TENPJRL=TEMPJRO . NEXT
IF TEMPJQ=NIL THEN

REGIN
FLAG1t=TRUES
USERSF@.CC.7ERD: <FALSE S
END}
ENDY
UNTIL FLAGLS

ENDY

(EXRRRBRRERRRARRRRRERERERKARBERARRKRKKRARRERAERRRKERAERXRERERRRRR)
(% KEAD THE PRIORITY OF A TASK (REAWPRD) x)
(% 1, THIS ROUTINE READS THE PRIORITY OF A TASK AND RETURNS IT ®)

% 10 THE USER IN REGISTER A, X)
. CRARRBRNERRRRRRRRRERERRRRRERERERRE XA ERXRRIAASERRERRRERREBRR KRR EES)
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PROCEDURE READPRT

VAR
; 1IN ¢ INTEGFR: |
: FLAGL! BOOLEAN} .

REGIN

1IN -USLRSF@.FCR.NEXTO, RYTE S
HGERSPOPC I =USFRUFR . PEE  NEXTO  NFXTS
FLAGL=FALSE S
j TENPIQ: -5 TARY A
i REPEAT
‘ IF TEMPIQ@.ID = TD THEN
REGTIN
FLAGL - TRUr S
USERGP@.CCL2EROS TRUES
UWSERSF@.REGAL = TENPA00 . TCRPBPRIDS
FND
tLsE
KEGIN
TEMP Q= TEMPJQ®R . NEXT $
IF TEMPJIQ = NIL THEN
REGIN
FLAGL ! =TRUE$
HGFRSPR.CC.TFRO: <FAL SF 3

ENDS
END
UNTIL FLAGLS
ENDI
CRRNRRERRRRN RN R RN RN R AR KRR RN RN RN RARAR RN RERERRNRN) \
(2 ABKTIGN A FRIDRITY YO A TASK ¢ASHLERLO) L 8] W
00/1,2 ANLL LS FEr )
(% 1. THIS ROUTING WILL CHANGE THE PRIURITY OF A TASK YO ANY %)
'8 PRIDRITY RETWEEN O AND 204, 11 A FRTIURITY DOFSNT FXSIST  ®)
(% ONE WILL RE CKEATED, x)
(X 2. TASAS WILL BL ENTFRLD AHEAL 0 ALL OTHER TASK THAT HAUE %)
% THE GAME PRTIORTTY, x)
(X A, AT THE PRIO OF A TASK RFMAINS THE SAMFs THE  TASK  WTLL  ®;
(% STHL BE MOVEDR TR THE HFAR 0 1T PRINRTTY, X)

(REREERIERRR AR RO KRR RN KRR KRR RN R KRR RRRRRR)

PROCEDURE ASKPRTOS
VAR
IN'PRT ¢ INTFGERY
HL AR P RO UANS
REGIN

TR -URERGPOPCR NI XTI, 1Y LS
PRIZ-USERSPR.PCONEXTRNEXTU . RYTF S *
USERSFRFCL=USIREFR . PCONEXTONFXTRINFXTH
FLABL  =FALSES

TEMPIQI=START QS

L I R e T I i, L
_ . W i

ety




NAVTRAEQUIPCEN 78-C-0157-1

- J
REPEAT 3
1IF TEMPUGA@.ID=ID THEN ‘
BEGIN (KARERREEBARERAKER)
TEMPPQ2:=TEMPJAR . FRTOQK (X TAKE THE ENTRYX)
TEMPPOL=TEMFFQ@.FDP} (k OUT OF THE 2)
* TEMPPQ2@ . BKFO . FOP = TEIIFFA@.FIPS (X PRID QUEUE ANDEX)
TEMFPA2@.FOFR RKP (= TFMIFQZ@.BEKPS (X UPDATE OTHER %)
TEMPJQAR . PRID! =PRI (x STRUCTURES %) i
: TEMFPA2@.PRIO! =PRI} (X WITH THE NEW %) '
TEMNPFA2@ . TCRPA.PRIOS:FRI G (% PRIORITY. %)
I¥ PRI=O0 THEN (B mmmre mm e e m %) !
REGIN (x PUT THE ENTRY %)
TEMPPO2@ RKP=NTI + (x AT THE START %)
TEMPPAZOFOP I =GTARTROG (x OF THE PRIOD %)
STARTPR@ . RKP ¢ =TFMF I 115 (X QUEUF, %)
STARTRAI=TEMPPQAY S (CRRERREAKRKRERRARE)
END
ELSE
REGIN .
FLAG1$=FALSE
IF PRITEMPPR@.FPRIO THEN
TEMPFPQR ! =ENDFQ$
REFEAT
IF TEMPPO@.FRTO<PRT THEN
REGIN
x FlLAGL S =TRUL
TEMPPQ2@,BNP L= TEMPPQS
TEMNPPA20 . FIF{=TEMPPORFIP}
TEMPPAR.FUF ! =TEMPPA2}
IF TEMPFQ2P.FDFP=NIL THEN
ENDPQ=TEMPFQR2
ELSE
TEMPPQ2R.FNFPO.BKFI=TENFPOD
END
ELSE
TEMPPOL=TEMFPQR . IKFP §
UNTIL FLAGLS
END
END
00712 AALC (1ST FER 76)
ELSE
REGIN

TEMP.IRI=TEMP.IQ@ . NFXT
IF TEMPJQ=NIL THEN
. REGIN
FLAG1!=TRUE}
USERSF@.CC.ZERD: =FALSES
END}
END
UNTIL FLAG1)

U ' END)

’




NAVIRAFOQUIPCIN 700016/

CRRRERRERRRRBERRE N SR RN RERER R AU R R RS AR R R B LKA RRANAAXDESESERRERRED)

(% SET WRIIE FLAG FOR A SHARFD VAR (SUTWURTT) 2) "
CERERERRARER KA RN KRR E R R KRR RN R ERE R R KRR KRR A KK ) “}
FROCEDURE SEIWRTTS !
REGIN i
END &

CHRRRBARN R R R R R R KUK KKK KRR R RN ERAR R ENRRRR L)
(% STATUS OF & TASK (STATUS) ¥)
(RERMERRERR KRR RN RN KRR R EA KRR R KRR KRR RERK)

FROCEDURFE &TATUSS
KEGIN
ENDY

CRRERAARRARRREERRE R R R KRR R AR KA KRR ERR KRR AKRE KRR
(x  TIME OF hay <1am Xx)
(RRRRRRRRRERRBRERRERR KRR EOK KRR KRR RN KRR KRR RN R K )

FROCENURE 100
REGIN
ENI

FROCEDURE SV

VAR .
I ¢ INTEGERS$ .r
FLAGL ¢ ROOLEANS

REGIN .

CASE ULFRSPR.PCO@.BRYTE OF
(EREERAREIARKAAEEERRAA KRR RN KRR RR AN )

0 ¢ HYATASK & (xR START A TASK x)
1 ¢ HATAHGK 3 (¥ HOL D A TASK x)
Dy READTLI G (% RFAN FlL AGS Xx)
J ¢ Lt an (% Ot FLAGYS x)
4 I RESHLAGS (% RFSE{ 1) ARSY x)
oy RFARL O (% RTAD A LOCATION IN Mi MORY %)
& ¢ HTASKL & (X STAKYT A TASK CONDITIONALY %)
? Y HTASKC (%8 HOLT A TASKN CONDITIONALY x)
8 ¢ STASKT 3 (% STARYT A TASK AT A CERTAIN TINMF ¥)
? ! STASKING (% START A TAGK AFTER AN INTERVAL X)
10 ¢ HAL TASKN (X STOF A TASK FOREVER %)
11 ! READFRT S (% READ YHE PRIORIYY OF A TASK %)
00/1.2 AAET (tSY FFR 76
12 ¢ ASSFR1O¢ (% ASSIGN A PRIORITY TO A TASK R)
13 ¢ SETMRITY (X SET WRITF FLAG FOR A SHAREDN VAR %) .
t4 ¢ STATUS (3 STATUS OF A TASK %)
tH ¢ Ton ¢ (g TIME OF DAY %)
tND3 (R E3 3222002 0XE22222222231232223222303322 0]
192 !
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(e t1 1223233032323 2333 3333333338803 3832032332323 0333¢3 8823333340
(RRXRRAARXZRARRKERRERBERRERKEKERERRRRRXRA KRR R AR AR R KKK R R AR EXRREERRK)

(BE%%X SERRX)
(aRREx MAIN PROGRAM 2528%)
(xeeRx 8REX)
(sgR2X SERkX)

(EERRARRABRERARERARREREEREAR R AR AR AR RAREXERRAREAXRERAERARRAARARR)
(BABREXRRERXERRERRRRREARRXRER KB R XX I AR KRR X RARERXRERERRR KSR ARER KRR )

(REBRRERARREKRINEKERRREAREXRRARRRKEA KRR RRA XX AEDERAKRRRERERKRERERR)

(% t 3
(x INTERRUFT HANDLER AND VECTOR TABLE %)
(% x)
(ERERREEARRERARREEARRER R KRR KRR ERAKER AR REE AR SR RER L L)
BEGIN

INTER!=10%

CASE INTER OF
10 3 AHALTS

11 3 BEGINIG
RESETF ! =TRUE$
COMMY
ENDS
20 ¢ COMM
30 ! BEGIN (8233232232033 RE st iietititisty
OSENTRY (% %)
FLAG!=FALSE} (x THIS SYSTEM FROGRAM ¥)
TENPRYQ!=STARTSYRS (X HANDLES THE PROTECTYION X)
REPEAT (% FRRORS CAUSED BY USERS X)
IF TEMPSYQ@.ID=2 THEN (X FPROGRAMS TRYING TO t 3
BEGIN (X ADDRESS SYSTEM MEMORY. %)
TEMPSYQ@.RUN!=TRUE} (X% L &)
SYSF{=TRUES (RAKRRRERRREKERREXKRRARKERRRAARN)
FLAG!=TRUEY
END

ELSE TEMPSYOQ!=TEMPSYQ@.NEXT$
UNTIL FLAGS

END}

40 ! BEGIN (RERKREXXEXNKEEKERREXXRREBRARRERRR)
OSENTRY? (2 THIS STARTS THE CYCLE(FRAMEIX)
STARTSYQR@.RUN{=TRUE (¥ HYSTEM FROGRAMsy WHICH IS %)

END) (% ALWAYS THE FIRST IN THE QUEUER)
(RRRAREXREXRAEBRNEARRKRERRRKRRRRK)

41 ! PEGIN (2 x)
OSENTRY) (2 GOTART THE EVENT MHANDLER %)
EVENTF :=TRUE} (% %)

END} (XERXRRRERXXRERBARRRELRLRRARLLRER)
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KEGIN

OSENTRY
AAEC (IST FER 7))

TEMPSYQ!: STARTISYQG

FLAG:<FALSE
REFFAT

IF YEMPSYQE.ID=3 THEN

REGIN

TENPSYQE RUNL - TRUE S

SYGF=TRUL ¢
FlLAG! sTRUF }
END

ELSE TEMPSYQ:<TEMPSYQR.NEXTH

UNTIL FLAGH

ENDS
REGIN

OSENTRYS
INTERR S

END;
REGIN

OSENTRY S
sSve ;

END;

(CRERRRURRAREERENERKARRERRRARAN)

(¢
1§ )
(x
%
(X

THIS SYSTEM
USER JOR IF
OF TINME.

%)
JOR STOFS A )
IT RUNS QUT x)
3)
%)

(CRERRXEEERRERRARERIRERERRRRXRR)

(RERREXER KRR RERRK R R KRR KRR KA R KA KRR R RRAN)

(xR
(xx
(2%

EVENT ROUTINE.,

0n)
xx)
')

(RERATNER RN KRR R RN KRR R KKK KRR KRR KRR R KA KR RN R )

R e e e e et e i S e

CASE

IF EVENTF THEN

HEGIN
EVENTF ! =FAl €
CUR=CURYL,
FREFICUR): =P IRSTENG
TEMFEQ! <FIRSTEQ}
IF FIRSTEQ®.NEXT=NTL

EVEMFTY ! - TRUE

FLSE
FIRSTFQ! =F IRGTEQP NEXTS
TIMURE!«TEMPEQR . TINE - ARG T TMT ¢
TEMPEQR.OFCONE OF

0 ¢ BEGIN

TEMPIQL«START ARG
FILAG=FALSK

REFEAY

IF TEMPEQU.IN-TEMP.IQ@. TR THFN

REGIN

FLAG!=TRUF ¢

IF JTEMPUQG.TORFB.HALT THEN

REGIN
TEMPIQR . TCUFP . RIUNS = TRUE $
TEMF QP . TEEPRJHOL D =FAlL ©F 4
SCHI=TRUES

END:

(RRRRRNBRKRRREE)
(8 %)
(% START A ORR)
(% OFFRATTION )
8 ] %)
2333333333333 %3

—v
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END
ELSE TEMFPJQI=TEMP.IQR NFXTs
UNTIL FLAG=TRUES} *

ENDS
00/1,2 AAEC (1ST FER 78)
END; '

END} (& END CASE. MORE CAN KE ADDFD %)
(RREERRRARRERERRERRRAFRERERERERRARRERR R R RRRKRR KRR KR KRR AR R ERE)
(% )
3 EXECUTF SYSTEM JORS IF ANY ARE REARY %)
x )

(RERRERRERBRERERERERERREREERBRRREER R KR KRR ERRR R R AR KR EKARRRRKRAKN)

IF SYSF THEN
BREGIN
SYSF ! =FALSE
TEMPSYQ!=STARTSYQ
REFEAT
IF TEMFSYQ@.RUN THEN
REGIN
TEMFSYQP . TCBFPO,ACTIVE=TRUE
WITH TEMFSYQ@.TCRFE@ DO
BEGIN
STACKAR . X2 =DRGSTO. X3
STACKAR. Y =-ORGSTR,.YS
STACKAR . UGF L -ORGSTIPLUSPS
STACKAB.PCI=NRGSTR.PLS
END;
ATHMSF=SF}
SFi{=TEMFSYQRR.TCRFR,.STACKA?
RYI
TEMFSYQ@.TCBPR.STACKAI=GF )
SP=ATNSF;
TEMFSYQ@.TCBPR.ACTIVI :=FALSES
ENDS
TEMNFPSYQI=TEMPSYQ@.NEXT
UNTIL TEMPSYQ=NIL?}

END}
(RERXRRRERRRERERARRERAEKRRERERZERERXRAIERKAKAEREREB LK REBRARK LB A RKK)
(% 3)
% TASK SCHEDULER ROUTINE %)
(% )

(ERRARARRRRBTARARRRERXRERRARNESERERAR AR AR REXRRBEARERELRRREBERERRRLS)
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IF SCH THEN
REGIN
SCH: =FAl SF
IF AUTUDR.TCRPaNTL THEN J9AVEDRI=TRUE

EL SE
REGIN
b AT WECTCREAHNEND Ok ACTOOR,TCRPAJHAL T THEN
HEGLIN
ACTIOR, TCREW AT M 0 ALY
ACTIOOR, TCRFP  KIMN 1 :FALGF G
JSAVED t- TRUE ¢
END
L SE O JSAVEDRD - FALSGE S
NI
LtV JSAavEDl THEN
TEMPFPQL -TUHRPR
ttsf
(LI I QA AAEC (18T FER )
TEMFPOQI=STARTFQ
FLAG!=FALSE .

REFEAT
IF TEMPFOE.TCRPORUN THEN FLAG!=TRUE
FLSE TEMFPA:-TEMPFPQO . b s
UNTIL FLAGS
TE TEMRFPAR . TCREE TR - ACTIOR, TN THEN
KEGIN
CURFUS TEMPFQs
TE SUSAVED THEN 3333333333333 3 9
REGIN (% SAVF INTERR ®)
ACTIOR.TCRPA, INTER! = TRUF ¢ ¥ J0R Xx)
AQUTUCR.TICRPOTIMIREMI TINVRGG (XEXXXXKRBXXRRERRR)
AUTIOR. TCRPE.QTACNAI=USERSD ¢
ENDG
1 TEMPRPAR.TCRPPLINTHR THEN
REGTN
ACTIOR. TR =TEMFPQP ., TCRFE. T
ACTIOR. TCRP = TEMIPU@, TCRF
IF TEMPFRB.ICREB.TOTTIIME - O THEN
TIMFR.IL2999¢9
(SN ¥
TIMERII=TENPFROQ  TOHPE TTMUREMS
HHERGE L -TEMEPUR T OLT R STACKNAG
TEMPPAO L TCRPR,ACIIVE S TRUF S
TEMEPAW, TCREE, TR Y FALSE
I N
t1 e
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BEGIN
ACTJOR, IDL=2TENFRQP. TCRPE.ING
ACTIQB.TCRP! = TENFPFA@.TCRPS
IF TENFFOQ.TCRFE.TOTIINE = O THEN
TINERII=99999
ELSE
TINCRII=TENFPFQR . TCRPR.TOTYINF S
TEMFFQR . TCBPR.ALTIVE I =TRUES
HITH TEMPPQ@.TCRF@ RO
BEGIN
STACKAR.PC!=ORGSTO.FC3
STACKAR UCFP!I-ORGSTO USSP
END}
USERSFI=TEMFFAQP.TCRFP.STACKAD
END
ENDS
ENDS
END,

L COMPILATION CONCLUDED x

DETECTED IN FASCAL FROGRAM 2

197
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