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Each microconvuter has a dedicited T,,noj space ii' which 1-oqram tasks
aro Stored. In addition, there is a s)vstv"' tus to a (11)0 ibal wenry which isS
used primarily for commlunication among the micr'ocomputer. To minimize c'fltef-
tion for this system bus, selected areas of global mem~or- ire duplicated 3t
each microcomputer. This allows the microcomputers to obtain needed inforMfi-
tion by using a local bus rather than the global, system bus. All write OP-
erations to the shared firmory are global and the information is duplicated at
microcomputers having thil adiress. Re~id operations then become Primarily
local and can occur in paral li.

_"Control functions are distributed rnong the microcomputers; however, the
scheduling and execution of these tasks is governed at each microcomputer level
,y a local, real-time operating system. This local operating system is imple-
mented primarily in firmware to minimizt overhead. However, the control
structure is designed to be independent of implementation so that a variety of
microcomputers can be utilized together. Moreover, it is possible to add to
each local processor an additional subprocessor which implements the operating

TIet apW~

WCC TABFIF

S CnYCA5PC?@ 9?S a3 U.tME



NAVTRAEQUIPCEN 78-C-0157-1

TABLE OF CONTENTS

7

MULTIPLE MICROCOMPUTER SYSTEM CON4FIGURATIONI.. .. .. ..... ... 7
PREFERRED ALGORITHM CONCEPT. .. .. ... ..... ..... ......
CONCURRENT EXECUTION OF TASKS .. ................
RESTRICTIONS ON CONCURRENT TASKS................12

Shared Resources...... ... . . .... .. .. .. .. .. ... 1
Process Synchronization .. .. .... ..... ..... ... 13

Semaphores .. .. . ................................. *14
Conditional Critical Regions .. .. .... ..... ... 14

Scheduling Mechanisms. .. .. ..... ...... .... .. 14
Commiunications Between Tasks .. .. .. ..................... 14

IMPLEMENTATION OF THE NAVTRAEQUIPCEN PREFERRED ALGORITHM. .. .. .. 15
NOMENCLATURE .. .. .... ..... ........ .. .... ... 15

11. TASK PARTITIONING. .. .. ... ..... ...... ..... ... 18
INTRODUCTION. .. .. ..... ...... ..... ..... ... 18
PARTITIONING .............................................. *18

Acyclic Task Graph .. .. .. ..... ..... ..... ... 19
Flight Simul'ation. .. .. ..... ...... ..... ... 19
Nearly-Decamposable Syst,,ms .. .. .... ..... ...... 22
Parallelism in a Program Loop .. .. .. .. .. .. .. .. 25
Optimum Partitioning By mathematical Optimization. .. .. ... 25
Exhaustive Scheme for Partitioning. .. .. .... .... ... 26

PERFORMANCE ANALYSIS OF MULTIPLE MICROCOMPUTER SYSTEM. .. .. .. .. 28

III. CONTROL ALGORITHM IMPLEMENTATION. .. ... ..... ..... ... 32
FEATURES OF THE CONTROL ALGORITHM.............. ' ...... ... 32

Hardware, Software, and Firimware. .. .. .... ..... ... 32
The Virtual Machine Concept. .. ... ..... ..... ... 32
Shared Memory .. .. .... ..... ........... 34
Asynchronous Operation. .. .. .... ......... .34
Identical.Hardware Modules. .. .. .... ..... ...... 34
Hierarchical Organization .. .. .... ...... ...... 4

SYSTEM ARCHITECTURE. .. .. .... ..... ..... ..... .. 36
Bus Structure .. .. .... ...... ..... ..... .. 36
Shared Memory Bus Priority Arbitration .. .. .. ..... ... 36
The Distributed Cache Shared Memory .. ............ 46
The Application Task Manager .. .. .. ...........
The Microcomputer Modules .. .. .... ...... ....... 49

THE APPLICATIONS TASK MANAGER. .. .. .... ..... ..... .. 49
ATM Functions .. .. .... ...... ..... ..... .. 52
ATM Operation .. .. .... ...... ..... ..... .. 52

Basic Concepts...... ... . .. . .. .. .. .. .. .. .



NAVTRAEQUIPCEN 7S-C-0157-1

TABLE OF CONTENTS 'CONA'WED)

MMCS Interrupts . . . . . . . . . . . . . . . . . . . . 55
The Interrupt Handler and Vector Table ............ .56
Supervisor Call Handler ...... .................. 56
Initializat i c'iotine ...... .................. 56
The COMMUNICATION., iiLT, and WAIT States ............ 57
Scheduler ....... ......................... 57
ATM Time-Keepinq ruction . ............... 57
Application and System Protpam Tasks ............. .58
Tasks States ......... ................... 58
The ATM Scheduling Mechanism .... ............... 58

The Scheduler .......... .......................... 60
The Event Queue Handler .......... .............. 60
The System Program Queue ..... ................. 60
The Application Task Scheduler ..... .............. 60

ATM Data Structures ....... ...................... 62
The Task Control Block ...... .................. 62
The Jobs Queue ....... ...................... 65
The Event Queue ....... ...................... 65
The System-Program Queue ..... ................. 65
The Ready-Task Queue ...... ................... 68

ATM Imlementation Requirements ..... ................ 68
ATM Supervisor Calls ....... ...................... 70

THE CONTROL PROGRAM. .............................. 72
Extension of the Virtual Machine Concept ............... 72

The System State/Frame Period .... ............... 72
The Control Processor ...... ................... 74

Classification and Scheduling of System Events ............ 74
Classification of Events .... ................. .74
Scheduling of Events ...... ................... 76

Control Program Operation and Structure .... ........... 77
The Cycle Program ...... ..................... 77
The Distrbuted Control Program ................. 79
The Exceptional Event Handlers ..... .............. 79
Diagnostics ....... ........................ 79
System Initialization ...... ................... 79
Control Processor Tasks ...... .................. 79

IV. MICROCOMPUTER MODULE DESIGN AND ANALYSIS ..... .............. 81
ARCHITECTURE OF THE MICROCOMPUTER MODULE ..... .............. 82

Data Paths to the ALU ...... ................... .82
ALU Design ......... .......................... 87
Instruction Decoding Logic. 7...................7
Microprogram Sequencer and Control Stor ... ............ 88

PROCESSOR MODULE FIRMWARE ....... ...................... 90
Microprogram Structure. .. .. .. ..................... 90
Floating-Point Logic and Microcode .................. .. 98

ATM LOGIC AND MICROCODE ........ ...................... 103
MICROCODE-CONTROL-STORE MODULE DESIGN .................. .. 103
MEMORY MODULE DESIGN ........ ....................... 103



NAVTRAEQtIIPCEN 78-C-0157- 1

rABIE OF CONTENTS (CONTINUEDI

PERFORMANCE EVALUATION .. .. .. ..... ..... .. ..... 105

V. CONCLUSIONS .. .. .. ..... . .... . .... . .... ... 113
THE PREFERRED ALGORITHM..... .. .. .. .. .. .. .. ..... 13
CONTROL ALGORITHM INVESTIGATION. .. .. .. ...... ..... .113
THE MICROCOMIPUTER MODULES..... .... .... .. .. .. .. .. .. . .14
PARTITIONING THE APPLICATION PROBLEM .. .. .... . .... . ... 114

REFERENCES. .. ... ..... ..... . .... . .... ... 116

APPENDIX A - ATM COMMULNICATION STATE. .. ..... ........ S

APPENDIX B - SUPERVISOR CALLS. .. .. .. .... ..... ... 121

APPENDIX C - VAX-EMULATOR DEFIN TIOI4 FILE .. .. .. ..... ... 123

APPENDIX D - VAX-EMULATOR INSTRUCTION SET.. .. .. .... .... 141

APPENDIX E - PE RFORMIANCE ANA[ YSFV.... .. .............. 170

APPENDIX F - APPLICATION TASK MANAGER PASCAL VERSION .. .. .... 177

3



NAVTRAEQLUIPCFN 78- 1'-

LIST OF FIGURES

Figure Pg

1 Sinplified System Blcd Piagram ................ 9
2 Sequential Execution ot Tasks. ...................... 10
3 Concurrent Execution of Task Ti to T. ............. 10

4 An Arbitrary Nesting of Sequential 1 1 Concurrent Tasks. 11
5 n-calculations for a Frame Period w't- Four Cycles ........ 17
6 Representative Aircraft Type Trainer , imulation Functions. 20
7 Open-loop Data Flow Analysis for Flight Simulation System. 21
8 Flight Simulation System Subsystem Task Graph ............ 23
9 Acycllc Subsystem Task Graph ...... ................. 24
10 Virtual Machine State Diagram ..... ................. 33
11 Role of Virtual Machine in Transfer of Task Variables ..... .. 35
12 Hierarchical Organization of MMCS ..... ............... 37
13 MMCS Block Diagram .......... . ...................... 38
14 Signal Structure of the Bus Arbitration Lines ............. 39
15 Operation of Shared Memory Priority Scheme .. .......... ... 41
16 Flowchart of BAM Operation ..... ..................... 42
17 BAM State Diagram .............................. 43
18 Simplified Block Diagram of BAM Logic ................ ... 44
19 Flowchart for Operation of Processor Module Priority Logic 45
20 Illustration of Distributed Cache Allocation .. ......... ... 47
21 Role of ATM in MMCS ....... ...................... . .50
22 Processor Module and Bus Interface .... .............. .. 51
23 Simplified Flowchart of ATM Operation ................ ... 53
"4 Complete ATM Flowchart.....................54
25 Task State Diagram ...... .. ...................... 59
26 Flowchart of Scheduler Portion ..... .. ................ 61
27 Task Control Block ...... ...................... .. 63
28 Task Control Block State Flags ...... ................ 64
29 Event Queue Structure ..... ..................... ... 66
30 Structure of The Systems Program Queue .... ............ 67
31 Ready Task Queue Structure ...... .................. 69
32 SVC Opcode Byte ........ ........................ 71
33 Extension of the Virtual Machine Concept to the Control

Algorithm.. ... ........................... 73
34 Placement of Event Classes Within MMCS Structure ... ....... 75
35 Organization of the Cycle Program .... ............... 78
36 Hardware Block Diagram of a Processor Module ........... .. 83
37 Data Paths to the ALU ....... ..................... 84
38 Block Diagram of Arithmetic-Logic Unit .... ............ 85
39 Block Diagram of Instruction Decoding Logic ............. 86
40 Microprogram Sequencer and Control Store .... ........... 89
41 Functional Block Diagram of the Microprogram Structure .... 93
42 Flowchart for the Main Microprogram .... .............. .. 94



(0 NAVTRAEQUIPCEN 78-C-0157-1

LIST OF FIGURES (CONTINUED)

43 Flowchart for the Microsubroutine for the MOV Instruction . 95
44 Microsubroutine for the Register-direct Source Operand . . . 96
45 Microsubroutine for Register-direct-mode Destinations.. . .. 97
46 Mlcroword Format for Bits 111 - 72 ............. ..... 99
47 Mlcroword Format for Bits 71 - 32 ................... 100
48 Mlcroword Format for Bits 31- 0 ... ............... .. 101
49 Microcode Control Store PROM Module .... .............. 104
50 Microcomputer Module Block Diagram and Bus Interfaces ..... .106
51 Input and Output Signals for the Memory-Alignment Unit . . . 107
52 ASH Chart for Memory-Alignment Unit Controller .......... 108
53 Data Rearrangement During Both Read and Write Operations Using

the Memory-Alignment Unit. ....................... 109
54 Hardware Logic for RAM Write Enables. .. ............ .. 110
A-i Assignment of control bus memory space to the application

processors... ....... ....................... .. 120

S=



NAVTRAEQUIPCEN 78-C-0157- 1

LIST OF TABLES

Table Page
41 All Possible Partitions, B3 - 14 .. .. .. .. .. ... .... 27

2 Bus Request Assignments. .. .. ... .. ... .. ...... 48
3 VAX 11/780 Instructions Microcoded .. .. .. .. ... ..... 91
4 Instruction Times and Usage Factors .. .. . .. .. .. ... 112

E-1 Details of ATET Calculations .. .. .. .. ... .. ......172
E-2 Selected Addressing Modes Execution Staps .. .. . .. .... 176

6



NAVTRAEQUIPCEN 78-C-0157-1

SECTION I

INTRODUCTION

SCOPE

The purpose of this investigation was to derive a control algorithm for a
new concept in comv.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 (MCS). 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 microcomputer control algorithm are to:
a) Reduce programming and program maintenance costs of the software for

real-time trainers.
b) Offer increased standardization and modularity.
c) 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
components are N microcomputer modules, a shared memory, a bus arbitration
module, and a system communication and control bus. The microcomputer 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 0oth native code and microcode.
Two key features of the architecture are the existence of a control processor
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 III 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
alqorithm depends upon two major criteria:

7
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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 programmrs. Criterion (a) is discussed in Section Il; criterion (b)
is 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.
c synchronizing techniques for maintaining system precedence.

CONCURRENT EXECUTION OF TASKS

The notation

BEGIN Ti; T2; ...... ; Tn; END (1)

indicates that the tasks Ti, T2 ......, TN are executed sequentially in the
order given. The notation

BEGIN TO; COBEGIN Ti; T2: ...... ; Tn; COEND Tn+l; END (2)

indicates that tasks Ti throuqh Tn may be executed concurrently. (A task is
defined to be the smallest systpm entity capable of contendinq for system resources).
Precedence graphs of statements I 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.

COBEG IN

TBiXuIN
T2;
COBEGIN T3; T4; COEND
T5;

END
T6;

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 i ,roved performan:e while time-slicing in a single processor improves itsutiltIzation.
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Figure 2. Sequential Exectun of Tasks

Figure 3. Concurrent Execution of Task T I to TN

10
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Figure 4. 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) to insure that re~soiab e performance verification and program test-
ing techniques may be used. The first restriction is that a transfer of con-
trol from 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 programing 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 T1;.. .Tn; where each
TI has a predicate Pi and a result Ri such that if Pi is true before execution
of Tithen Ri will be true afterwards. Then the desired property is that the
concurrent task

COBEGIN TI;T2;. . Tn;COEND

be considered as a single operation S with predicate P and result R where

P a Pl and P2 and P3 .... and Pn
and R a R 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 sufficient
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 (if j). This does not preclude concurrent tasks from refer-
encing camon 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
to meet. 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
these conditions the tasks may not be functional during a given sampling inter-
va l.

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
canon 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 following 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 resource 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
only. This implies that all tasks operating on a conon 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. If 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) :: 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) _K 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 Mechani sms

Several of the functions previously defined are required to control the
scheduling of shared resources. The basic scheduling mechanism of the pre-
ferred control algorithm is the queue. The permitted operations on a queue,
q, are ENTER(t,q) and REM4OVE(t,q) which enter and remove an element t from q
according to the desired scheduling poticy. In addition the Boolean variable
EMPTY(q) denotes whether the queue q is empty or not.

Communications 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).

c) 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 multicomputer system:

Task * a self-contained portion of a computation which once initiated can
be carried out to its completion without the need for additional
Inputs.

Frame period, T - the physical sampling period. It is a function of the
significant highest natural frequency, wn, 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:

T 1 nZ (5)
n

where 20 = _ 30 i, i - positive integer.

The (30 1) constraint is due to consideration of any visual system
employing the standard TV raster frame rate.

Cycle period, c a 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_.T (6)
c

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 completed synchronously on a cycle period but are asyn-
chronous within the c. "le period.

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

Next state n-calculations a those memory n-calculations which must be
campleted to determine the next state.

Output n-calculations - those zero memory n-calculations which must be
completed 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 ai follows:

AP * applications processor
SM - shared memory
OP • output processor
IP input processor

16
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SECTION Ii

TASK PARTITIONING

INTRODUCTION

Parallel processing is more conple "han sequential processing because
of the need for communications. The anal s- of parallel algorithms hence
must include the effect of communications tween tasks. The number of data
transfers on the bus is a measure of the cornnunications inherent in the al-
gorithm because as this number increases the nec'issary communications increase.
In general, these communications should be mini'iizqd while at the same time
keeping the computation time as short as possible.' The scheduling and allo-
cation of tasks to processors in such a way that sone objective (e.g., minimum
execution time or minimum communication 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 yve 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 ata. 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 29-31, 1978, pp. 89-95.

3. Sune, C.F .' Specification for Multiple. Microcomputer Control Algorithm
Investigation. NTEC N-74-105, May 22, 1978.

4. Bernstein, A.J., "Analysis of Proorams 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 acycli task graph
it can be shown that the problem of parallelism becomes 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 proce-
sors required to process an acyclic task graph in the shortest possible time.

Flight Simulation

A typical aircraft 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. All 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-loop 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. Rammoorthy, C.V., and Gonzalez, M.J., "A Survey of Techniques for
Recognizing Parallel Processable Streams in Computer Programs", 1969 Fall Joint
Computer Conference, AFIPS Conf. Proc., Vol. 35, Montvale, NJ: AMPS Press,1969,"pp. '1-15.'

6. Ramwircorthy, 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.

19



,NAVTRAEQUIPCLN 78-C

I FLIGHT SIMULATION

I TACTICAL SIMULATION
I VISUAL SIMIULATIONj
I SYNTHESIZED TARGETIj SIMULATIONJ

Figure 6. Repre~entative Aircraft Type Trainer
Simulation Functions
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Figure 7. Open-loop Data Flow Analysis for Flight simulation Systemi
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b) Aerodynamics
c) Propu1,i on
d) Weight and balanc,
e) Landing gear
f) Automatic flight co,' d
g) Control loading.

The subsystem task graph for this flight sisulation system 'is shown in Figure 8.
Each node represents a subsystem of the fliqht simulation system and each
direLted arc represents data flow from the antecedent node to the consequent
node. It is noted that the subsystem task graph is highly coupled and has a
total of ten loops

a-b-a
a-c-a
a-e-a
a-f-a
a-c-d-a
a-c-d-e-a
a-f-b-a
a-f-c-a
a-f-c-d-a
a-f-c-d-e-a

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 soft 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
systemtand the connectance and strength of the interactions between these
tasks. If the complexity of a software system increases t3 an unmanageable
point, then it has in some 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. Baker, 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 o e 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 completed 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
loop distribution algorithm has been developed for a program task graph, but to
achieveghiqher speedup with this algorithm, a multiple-array processor is re-
qui red.

Optimum Partitioning By Mathematical Optimization

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

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

9. Kuck, D.J., "Parallel Processing of Ordinary Programs", Advances in
Comouters (M. Rubinoff and M.C. Yovits, ed.'s), Vol. 15, N.Y.: Academic Press,
1976, pp. 119-179.

10. Cylmer, S.J., and Price, P.E., "Partitioning Software for Advanced
Simulation Computer Systems", to be published, 1979.
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where an index to rank performance is designed , include ;uch effects as:

a) task execution time
b) task memory utilization
c) bus utilization time
d) balance of the load ,norg the processors.

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

a) real-time task resource requirement:
b) predicted performance simulation foedback.

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 distinguishable tasksljnto p indistinguishable processors with empty
processors allowed is given by

N P
Bp S(Nj) V N , p

j=l

where

S(N,j) ] 1
i=O

and is called the Stirling number of the second kind.

For example, the number of ways of distributing N - 4 distinguishable
tasks (T1 , T2, T3, T4 ) into p - 3 indistinguishable processors (PI, P2, P3)

is 84 . 14. All possible partitions for this example are shown in Table 1.

Next a computer program was developed for an aloorilthm given by Will 12

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

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

12. Wtlf, H.S., and Nijenhuis, A., Comnatgriln.Mthmtc, N.Y.;
Academic Press, 1975, pp. 110-117.
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TABLE 1. ALL POSSIBLE PARTITIONS, B34 14

P1  P 2  P 3

O 0 TIT 2 1 T 3 9T 4

O T1  T 2 %TV T 4

O T 2  ST3T4

O T 3  T11T 21T 4

O T 4  T1 9T 2 9T 3

O TT 2  T3

0 T11T 3  T2' 4

O TT 4  T2

T1  T 2  T 3 %T 4

T 2T TT 4
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with five processors (p 5) was chosen and the tlumber of tasks was varied

from 10 to 50 and B calculated. The results are:
p

Task No. of Partitions, B5

10 1.8 x lO4

2 0 1.51 1 01

30 1.55 x lO18

40 1.52 1025

50 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 qreater 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
be developed for its partitioning.

PERFORMANCE ANALYSIS OF MULTIPLE MICROCOMPUTER SYSTEM

As has been noted by Kober!3 how well the processing power of a multiple
computer system can be utilized (i.e., its ,fficiency) is a function of three
major factors:

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-
up factor, s, defined as:

TS

P

I . Kober, R., "A Fast Communication Processor for the SMS Multimicro-
processor System", Second SYOposium on Micro-Architecture, North Holland Publ.
Co., 1976, pp. I83-189.
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where TS the execution time needed for the sequential computation of
the application program.

Tp the execution time needed for the parallel computation of
the application program.

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 the individual
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 (O<kl). A lower (but not the least
lower) bound for k is 1/n-l. Note, k is a function of the system partitioning.

If kWl, there is no local shared memory and shared variables are commun-
icated only through a global shared memory. For k<l 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 computation, a, is given by

TA (O<a<l)

TM

where TM the maximum time allowed for computation. Given the above para-

'meters TA, k, TC, n, M, and , the speed-up factor for the multiple microcom-

Outer system with distributed control, 6d, can be determined.
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The execution time needed for sequential ,cyroutation ow '1 task5 is given
by

T% z M TA

The parallel computation .. for M tasks by a multiple microcomputer sys-
tem with distributed control is

TM
Tpd = M TC  + -Ila

Therefore, the speed-up factor 3d is given bv

TS I klower bound)

Pd _+ c

no TA

The speed-up factor for the multiple microcomputer system without distributed
control, Bj. , is given by

MT 
A3d = 1 +

TD + MT na A

where TD ' duration of control phase.

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

d I + T 0 '

d MTC + n TA

For the proposed single bus multiple microcomputer system and a specified
partition, the ratio of the average throughput with bus contentis 1 o the
average throughput without contentions, has also been determined

14. Fung. K.T.. And Torng. H.C., "On the Analysis of Memory Conflicts and
and Bus Contentions in a Multi-Microprocessor System", IEEE Trans. on Computers,
Vol. C-27. No.1, Jan., 1979, pp. 28-37.

15. Reyling, G., "Performance and Control of Multiple Microprocessor Systems",
Coanuter Design, March, 1974, pp. 81-86.
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The speed-up factor for the multiple microcomputer system with distributed

control and with local shared memory, 1, is given by

w O.k. d I + U~ -0. k

The speed up factor without local shared memory, Sw is given by

d 1

L+ T

Therefore the speed-up fact'r is imrroved :'y the amount through the use of
local shared memory and distributed control

1+kC
I + kC

where TCC no T-.
A
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SECTION II1

CONTROl A ,3ORITHM IMPLEMENTATION

FEATURES OF THE CONTROL ALGORITHM

The control algorithm for the MMCS mud, runction as both a real-time ex-

ecutve and as the control program for tine ,nicific tasks performed by the
MMCS. The role of the executive is to provi 'te the capability of running con-

current tasks, as described in the Introduction, ind to provide the services

required by the control program (the software' Qai" of the control algorithm).

Thus, the control program exists, not so mucti as a separate entity, but as a

-set of parameters for the executive. In this section, several of the more im-

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 firnivare 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. All communications within
the system are handled by a virtual machine implemented in the microcomputer
module firumare. The characteristics of the virtual machine are independent
of the actual hardware, allowing for substantial modifications in the micro-
comiuter 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 f6r an
indefinite time. The WAIT state is similar to HALT but is used to synchronize
multiple units. A conon 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 LibIR state i. usep, to run 11, of te ,: al a;m cJition :ro' ,

if an application program wishes to make use ' a restrictod system resoirex3
it does so by a supervisor c1'il (SVC) which causes the system to enter the
EXECUTIVE state as long as the resource is in use. The COMMUNICATIONS state
is used in the transmission of rocrarms, control information, and other oper-
ating parameters between te c:.'t-ol processor and the other system processors.
All messages sent to a procebs ,e COMMUNICATIONS state are interpreted
by the virtual machine. The control processor does not have to be involved
with any hardware details of the module ,'1h which it is communicating. Con-
munication with the external world by wa ) tite 1/0 bus is not handled by
t," virtual mazhine. This is done direcL'. bv an application program.

Shared Memory

The MMCS has a shared memory which i avail.ible 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 o, a shared memory lo-
cation.

Asynchronous Operati on

Whenever possible the partitioned applicaticon tasks operate asynchron-
ously with respect to the passing of variables to and from shared memory.
This frees the applications prrcaranTer from the burden of dealing with sched-
uling accesses to parameters in shared memory for these tasks. Each module
has, in local program memory, copies of all necessary shared memory variables.
All references by applications programs to these variables are to the copies
located in program memory. The virtual machine oeriodically 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 illustritted by Figure 11.

Identical Hardware Modules

All 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 Organization

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 Presents 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 Fioure 12.
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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
the bus. The position next to the BAM i #he tiohest priority for each of the
request-grant line pairs and is used by '1, control processor. Operation of
the arbitration scheme is as follows: A Iv,,cossor module which desires access
to the bus will assert one of the bus-request lines, the choice of request
line 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-
ing the next arbitration sequence to proceed early, giving better bus util-
ization.

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 clocktd 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 MSI 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 (I 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. All N-cycle
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requests are scheduled at a higher priority th,-i K-cycle requests, A special
priority request line is provided for exceptions. lhe hiaiwest priority is re-
served for the control processor. Sample assignments, for N = 8, are given
in Table 2.

The Distributed Cache Shai "etory

The ultimate limiting factor on the performance of the MMCS is shared
memory bus bandwidth. The computational slower of the system can be increased
by adding additional processor modules tat 'his has the effect of increasing
the burden placed on the shared memory ous Examination 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 for 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 processor (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 regular 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
local 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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T A t BUS REQUEST ASSIGNMENTS

BUS REQUEST PRIORITY ASSIGNMENT

BRO 0 Used by the control processor for

both read and write operations.

BRI I ATM Priority Write. Used by ATM

to write control information into

shared memory.

BR2 ATM Priority Read. Used by ATM

to obtain control information

from shared memory.

BR3 3 N-Cycle Write.

BR4 4 N-Cycle Read.

BR5 5 K-Cycle Write.

BR6 6 K-Cycle Read.

BR7 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 solution 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.

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

Introduction, a number of the desired attributes of the executive to be used

in the mulitple microcomputer system are detailed. These attributes, along

with the special requirements of a multiple-processor system have been used

in the design of the applications task manager (ATM). The ATM handles all

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.

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.

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;

a) Handle allocatio, iII shared resour'es.
b) Handle schedulin 1, t II tasks.
c) Implement the virtual ,,ine used for system comunication.
d) Provide a structure for isolatinq applications programs from hard-

ware details so that changes i-1 the hardware do not require the ap-
lications programs to be rewritt-n.

e) Provide the means by which the ,,-,. tm may be initialized after a

cold start.
f) Provide diagnostic tools for debugging programs.

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 outline. the system hardware rfluiremnents for an efficient
implementation of the ATM.

Basic Concepts. A simplified flowchart of the operation of the ATM is
shown in 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:

a) the supervisor call (SVC) handler,
b) the error handler,
c) the cold-startinitialization routine, and
d) the communications state of the virtual machine,

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 lowest 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 Fiqures 23 and 24, in parti:ular:
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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-
terrupt 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
interrupts, of which five are handled by the ATM. The six classes are defined
below:

CLASS I) SYSTEM LEVEL INTERRUPTS

These interrupts are used for events which affect the entire
system. They are patt 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 inLerrup', occur as the re sult ot an aittempt to violate
system policy. They cause an error handler to be started.

CLASS 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.



NAVTRAEQUI PCEL 7, ,I 1

They do not cause entry to ATM ii are mas!'od whenever ATM is
active. A given interrupt is as,,ociated with a specific task
and is unmasked only when that tv,,k is Ictive. Assignment of

these interrupts is done by a supervisor call to ATM.

The priority of the iw "i-upts is highest for class I and lowest for
class 6. Within a given class t,, interrupts are prioritized if there is more
than one.

The Interrupt Handler and Vector Tah,. Tho interrupt handler and vec-
tor table handle class I through class 5-n-r'i,,rrupts and the overhead associ-
ated with entry into ATM. If possible, each nterrupt is assigned a vector in
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 is
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. If 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 leavinq the comunications state.

Initialization Routine. Application of reset or cold-start interrupt

causes the initialization program to be run. After the system is initialized
control is passed to the communications state. The ATM remains in this state

'i until it receives a command from the control processor (or, in the case of the

control processor, from the external world).
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The CO"4UNICATIONS, HALT, and WAIT States. These three states have pre-
viously been described as a part of the virtual machine. A processor module
enters the COMUNICATIONS 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 COMIMUNICATIONS 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
th 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 ,iodules 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 nds all time-dependent functions for the processor. The scheduler
is described in detail in a section to follow.

ATM 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
all 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 qeneral technique but may cause sliqhtly 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 tl-, ATM is 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 he 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. The 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) All 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 sciheduled 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 Figure 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 task wishes to run, the hichest-prior'tv task is
chosen. If two tasks have the same priority, 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. Notally. this would be done
by a higher priority task rather than the task involved. ATM provides a
supervisor call to modify tik :irierity but never changes a pricrity without
external direction because thL ,": -- v of a task is considered to be a
user-controlled policy and not a system function.

The Scheduler

A flowchart of the scheduler porti-,; , 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 prograr, scheduler.

The Event Queue Handler. The event queue 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 from 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 d well-defined
order.

The Application Task Scheduler. The applic.ation task scheduler compares
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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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 (TC)
b) Jobs Queue
c) Event Queue
d) System Program Queue
e) Ready Task Queue (RTQ)

The Task Control Block. All of the inici:ation which the system needs
about a task is contained in a group of parimeters called a task control
block (TCB). The TCB contains the followinq parameters: (illustrated in
Figure 27): 

I

ENTRY SIZE

a) ID Tag 1 byte
b) Priority 1 byte !
c) State Flags I 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 0 to 255 used to identify a particular task. The
priority is a number between 0 and 255 (0-highest, 255-lowest) used to deter-
mine scheduling precedence. The ID tag must be unique, but the same prior-
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 if
the task is interrupted. The RTQ pointer gives the location of the task in
the ready task queue.
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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 following section) of a given job.

It is organized by ID tag and contains the following items for each entry

a) ID tag
b) Priority
c) 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 is also given as an, absolute time referenced to the system time
bose. The event queue, shown in Fiqure 29, consists of a linked list of en-
try blocks, a stack containing pointors to all em'ty blocks, a pointer to
the current top of the queue (Oext event), and pointers delimiting the area
of memory containing the entries. Each entry in the queue contains the fol-
lowing parameters:

a) The event time
b) An opcode defining the nature of the event
c) 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 Sstem-Program Queue. Since the system-program queue is always
searched in a linear fashion it Is in the form of a simple array. Each en-
try of the array contains the following items:

a) ID 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 useJ by tne application tasN sched-
uler to se ect the highest priority ready task. 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 RTQ irr organized by priority rather than time.
b) The RTQ contains a poi! ',r to 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 ,, ly a single priority is used.
This decreases the overhead in searching !ie 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 'aster 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 Implementation Requirements

The minimum hardware requirements to implemrent the ATM are:

a) An ability to implement the three timekeepinq 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. If 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 iniimal hardwar. ,eq(luirements would be to im-
plement a number of functions directly in microckde. Because microcode working
registers do not have to be saved across instruct ion boundaries, ATM could be
used without having to save the status of the current user program. Most of
the interrupt service functions could also he 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 ATI.

-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 (all I'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 b7l
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
logical 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 privileqed 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:

a) Task management
b) Flag management
c) Interrupt control
d) Task control
e) Time management
f) Error handling
g) Resource allocation
h) I/O and message services
i) Event control
j) Memory management

Additional information on the types of SVC's supported is given in Appendix .
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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, an(' 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
indistinguishable from the fixed (or embedded) features at the application
level.

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.
This implies that design of the control program requires that the MMCS events
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 readiwrite cycle',
are the states of the physical machine (i.,., MMICS) on which 1,ne virtual ma-
chine is implemented. The number of cycles required for une 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 oi, 'n parameter must be moved, thus increasing
the availability of the shared a:-.,) bus.

Because the applications (and therefcu the virtual machine) are scheduled
synchronously, each frame period must have hne same number of cycles or the
cycli period must be variable. If the frarrr Period has a fixed number of
cycles then the number used must be the ma. 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 applicatioh events. Their relative positions in the ?fCS
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 control 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 I/O, 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
ca1l 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 semaphore v , 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 opv-zit;onal portion of the
control program (the synchronous and asynchronous eventt) is distributed among
the various microcomputer modules. This reduces the craffic on the common
buses and vastly incr. ases 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 procesor of the MMCS has a cycle program. The
cycle program is run as the hiqhest 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 is distributed amonq the apojlication ta' ks in the form of supervisor
calls, whose use for the asynchronous 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 tie scheduled ,synchronously 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 communicate 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 givinq it the
loest 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 by the control process;or are:
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a) Initialization
b) Dynamic assignment of tasks
c) System-level diagnostics
d) System-level error handling
e) Timebase management
f) Keeping all system records
g) Handling operator interaLtion.

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-
ling operator interaction with the MMCS.
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SECTION IV

MICROCOMPUTER MODULE DESIGN AND ANALYSIS

The microcomputer module(s) for the MMCS consists of a processor module

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 microprgrammable, have a word length

of 32 bits, and have components available from at least two sources. The

processor module meets the performance requirements qgj 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 implemented to
meet specific trainer system r;quirements.

The easiest and most econonical 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 from Intel, the 6701-series from Monolithic Memories,

the 400-series from Texas Instruments, and the 10800-series from Motorola. All

of these fami lies 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 some of the families have disadvantages relative to the rest. The

400-series from 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 fami lies. Also, because
its register file has only a single port, more instructions and longer execution
times are required for some tasks, making it a poor choice for computationally
intensive applications. This family has good I/O capabilities, however, and
is the best choice for data manipulation. The 6701 bit-slice processor from
MMI and the 2901 device from AMD are simil ar 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

..TF.-" -,-77 ) Architecture Handbook. Volume 1, Dliqital Equipment Corpora-

tion, Maynard, MA, 1977, pp. 5-3 throuqh 5-33.

8l1



NAVTRAEQUIPCEN 78-C-0157-1

and subroutine capabilities, of any controller available. The last family to
be considered, the MC 10800-series from 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 AMU 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 come 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 microproqram sequencer. The output of the control store is
latched in a microinstruction 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 o.data 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, which
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
slices.

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" inPut
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 fra the microword constant huffer 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
25LS2569 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 bytes. A look-ahead-carry network consistinq 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 decodlnq loqic.
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The VAX 11,780 has a set or :'4.1 instructon's-; 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 consitderation The MAP PROM has 16 output bits: 12 bits are

used for addressing the 4k(=-"' of crntrol store and the remaining bits are
used to specify one of the following possible data types:

a) byte
b) word (2 bytes)
c) longword (4 bytes)
d) qua6 word (8 bytes)
e) floating point/not floating point

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

The MODE PROM is used in the implementation 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.

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 RO and Rl is to be transferred to R2

and R3, the transfer proceeds as R27-R0 and R3 R. The register counter is 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 microprooram 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 multiplexer. 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.
Fran 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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Figure 40. Microprogram~ Sequencer and Control Store
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PROCESSOR MODULE IRMWANI

The processor module is designed to emulate a DEC VAX-ll/780 computer by
implementing a subset of the instructions and all of the addressing modes of a
VAX for the same data t',pes. The iistructions, listed in Table 3, inciude the
1S instructions required by Addendum G to Specification N74-I05 and also in-
dicated in NAVTRAEQUIPCEN IH-:6.'. The instructions are microcoded for -torage
in a 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 microcod is written using structured program-
mir'9 and modular design techniques.

Microprogram Structure

The microprogram structure is based on a hierarchical, top-down design
which consists of a short main program and many subroutines as shown 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 tho program counter is 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 rontrol of
FETCHES is done with an external hardware counter which keeps track of the
location of the current active opcode register. When all four bytes of the op-
code register have been used, the FETCH is permitted. This structire 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 macre-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, reaister 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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1141
RESET PICII-IFETCH

PC --- PC + I
ENABLE OPCR~

FETCH
PC --- PC +I
J1MAP

ENABLE 01CR, 141

(interrupt

handler)

Fig~ure V. Fl owchairt for the Kdim Mi croprogramn
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MOV_ MICROSUBROUTINE

JUMP MODE(SOURCE)
FETCH

FETCH NB8

JUMP T4ODE(DEST)
FETCH

Figure 43. Flow Chart for the Microsubroutine for the MOV- Instruction.
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I MHODE 5 (REGISTER DIRECT) MICROSUHROUTINE

SRC .-*-R

INC VAX-REGi-CNTR

Figure 44. Microsubroutine for the R.2gister-direct Source Operand.
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F ?MODE 5 (REGISTER DIRECT) MICROSU!3ROUTINE

DE ST

INC VAX-PLG-CNTR

Figure 45. Microsubroutilb for Register-dreCt-OdO Destinations
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(Figure 39) is incremented during the same microcycle. 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 S-byte transfer is not to be ex-
ecuted, control returns to tne macro-instruction subroutine.

Control of all internal pr ,etsor 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., create the binary microprogram to
be loaded into the control store. Appendix 0 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:

Syte 03 02 #1 io

31 16 14 76 0

mantissa aexo ant.

LSA MSB
sinn

Sinale-Precision Format

15 14 7 6 0 31 16 47 32 63 48

x* mapti ssa I

' S8 LSB

louble-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 12S to the exponent and storing
the 8-bit magnitude of the result.) An excess-128 exponent of zero is used to
indicate a true numerical value of zero.

98



NAVTRAEQUIPCEN 78-C-0157-1

UNDEFINED

1l06 - LOA~D EXPONENT COUJNTER

REGISTER LOAD

10oo

L-9 9 CONDITIONAL FETCH
98

MEMORY CONTROL

( 9:.
S91 IIPflATF -SIGN F/F JI
90 UPDATE SIGN F/F 00
89 INCREMENT VAX=REG-CNTR
88 DATA/Wb-M MODE

87 ADDRESS AND DATA BUS

84 fCONTROL

83 EXP. COUNTER DIRECTION
82 ENABLE EXP. COUNTER

181 SET INDEX MODE /F
80 1CLEAR I NDEX MODE F/F

1 79 MISC. CONTROL OF 56-71;
*781

SEQUENCER D INPUT SEL.;
~76V i 75

SEQUENCER INSTRUCTION

72

SFigure 46. Mlcroword Format for Bits 111 -72.
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* NEXT ADDRESS JR

CONSTANT FIELD

56I 55 2C1 REG. LOAD ENABLE
_4 SOURCE / DESTINATION

53 CC POLARITY

CONDITION CODE SELECT

47
SOURCE SELECT rOR

45 1oAVP"AT INPUT

374
DUAL-PORT WORKING

REGISTER "A" ADDRESS

Figure 47. Mcroword Format for Sits 71 -32.
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31

ALU FUNCTION

27 ALU DESTINATION

OR

SPECIAL FUNCTION

D1 UAL-PORT REGISTER

WRITE ENABLE

16
CARRY-IN SELECT

14 FLAG CHANGE CONTROLS

10

9

FLAG INPUT SOURCE

5

SHIFT MUX INPUT SELECT

0 UNDEFINED

Figure 48. Mlcroword Format for Bits 31 -0.
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Non-zero f toti MQ-POi nt nuirbers have a un LIu reprecentat i on when they
are nonralized accordinq to the re lationsiI 1. f 1 1, where f is the
fractional part or mantissa cf the number. This relationshio causes the most-
significant bit (MSS of f alwans to be a one, Hence this MSB does not have
to be stored, although it must .,e restored before any floating-point oper-
ations are performed. The resultant representations have a precision of one
part in 223 for single-precision numbers and one part in ,55 for double-
precision numbers. An accuracy of + l, ieast-significant bit (LSB) is main-
tained during all floating-point operations 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 conventions and requirements are met for single-
precision, floating-point addition by the foll,-ing algorithm:

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

b) Rotate operand v2 left one bit and ;tore in working reqister, test
for zero exponent

c) Subtract bytes ;l from working registers and store result in 8-bit
exponent counter (opsl - op2)

d) Rotate working reqister- one bit to th::' riklft while shifting a one
into the MSB of bytes "0

e) Compute: Result sign - (op*2 siqn)..E\,. counter MSB) * (opul sign)-
(Not exp. counter MSB)

f) (1) If exponent counter .GT. , :ero byte sl of working register #2
and shift working register #2 to right while decrementing exp. counter
until exp. counter
(2) If exp. counter .LE. 0. zero bvte -1 of working register al and
shift working register -l to right while decrementing exp. counter to
zero.

g) Move exponent of unsnifted working reoister into exp. counter and
zero byte al of that working register

h) Add working registers
i) Normalize:

(1) If carry from byte e0 1 , then no normalizing is needed
(2) If carry from byte 0 , 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 I1 of result.
k) Rotate result right one bit, while inserting sign 0 MSB of byte *1.

The above algorithm and similar ones for subtraction, multiplication, and
division have been designed, analyzed, and microcoded.
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ATM LOGIC AND MICROCODE

The Applications Task Manager (ATM) described in Section III 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 interr,;pts and all communications between processors
and between tasks. This microcode will he stored in a block at the top of the
control-store 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 cale and two 64-
pin connectors. The module, shown in Figure 4,, contains 2K x 112-bits of
high-speed bipolar PROM. This PROM. i,, -en tructed fror fourteen Intel 3636-1
chips, each containinq 16K ',its or(qanied 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 on
the 2910. The 112 output data lines do not reed buffering because they are
connected directl) :o 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 be com-
pletely debugged and tested in a development system before being committed to
permanent form in a PROM. After 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, requirinq 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 interface% to the memory-alignment unit and
a complete logic design for this unit; this confiquration handles nonaligned
memrory-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 50 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 Alignmnt Unit. The memory-address space of the
processor is divided into four parts atd one part i; assigned to each of the
four buses. The four most-siInificant bits (A31 to A-is) of the 32-hit address
sent out by the processor control tho icceis to tht-es 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.

PERFORMANCE EVALUATION

The exe'ciution t ime tt tht, mathine (MACRO) in', truiction ik deterti ned by
both the number of microinstruction. required per machine Instruction and the
microinstruction cycle time, now estimated at 200 nanoseconds. Instruction
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.

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 cast, and worst case execution times for the instruc-

1I 5
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Figure 50. Microcomp~uter Module Block Diagrtm
and Bus Interfaces
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Algorithmic State Machine Chart:

(DECODE
\ADDRESS

TA DATA OUT

ALIGN ? T

U5510ALIGNLO

Y
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DDR + 4 DATA OUT

FImplemen ta tiCon:

0110

ATI AO C p

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 larqest 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 literature".

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, 1g 77, pp. 5-3 through 5-33.
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INSTRUCTION TIMES AN USA6E FACTORS

Best Worst
Usage Ca e Case6

Instruction TLPe Factor I1O-sec.) (10"6 sec.)

LOAD .260 1.6 1.8

LOAD-Double Precision .001 2.2 2.8

STORE .18 1.6 1.8

STORE-Double Precision .001 2.2 2.6

ADO/SUBTRACT .028 1.6 11.2

ADD/SUBTRACT-Floating Point .067 5.8 37.6

MULTIPLY .001 8.0 17.6

MULTIPLY-Floating Point .068 11.0 37.8

DIVIDE .001 9.6 19.2

OIVIDE-Floating Point .007 12.4 76.0

LOGICAL .060 1.6 11.2

SHIFT-5 Places .009 4.4 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 .029 .2 7.6

INPUT-OUTPUT ,GG7 46.2 50.2
(Set-up + 10 words)

AVERAGE INSTRUCTION TIME
BEST CASE: 2.673XI0 - 6 sec./instruction

WORST CASE: 8.807XI0 "6 sec./instruction
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SECTION V

CONCLUSIONS

The detAiled investigation and analysis to derive a control algorithit
for a trainer computer system consisting of a series of N microcomputer's has
been completed. The investigation included the follving. as required by the
spec ificati on-

a) A study of the preferred algorithm
b) Investigation of optimal ckribtinations of hardware, firimware, and

software for implementation -if the c.-mtroi alcorithi concept.
c) Microcomputer characteristics inalysis
d) Microcomputer instructitv synthesis
e) Microcomputer performance anralvsis
f') Commwon memory req~uire~ments anahI~sis
g) Problem partitioning.
h) Algorithm implementation trade-of fs

THE PREFERRED ALGORTTPM

A literature search was conducted to deter-mine alternative methods to the
preferred algorithm, The resulting techniques were compared and the conclusion
was drawn that the preferred alqorithm was a 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 iwplewntation. The follco.ina orereq~uisites were
establi shed.

a) The problem must be partiti med into disjoint tasks.
b) Same mechanism mu~st exist at run time to insure that parameters are

passed in such a way as to insure that system precedence is maintained.

CONTROL. ALGORITHM INVESTIGATICIN

A paper implementation of the control algorithm, based on the Preferrtd
algorithm and using a combination, of hardware, firrware, and software, was de-
signed. During the initial portion o~f the desion several design gudelines
were agreed upon:

a) Distributed control should be used to the waxim~m W'~ent possible to
reduce system overhead.

b) All major interfaces betweeni major hardware block$ should be through
a virtual machine structure to reduce the awount of hardware depeondence.
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c) The major limitation on system performarce 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

where possib1k.

The major innovations of the 'esiqn were:

a) Use of the Application Task Manag,r (ATM) in each module to distrib-
ute much of the control function to the processor modules and to im-

plement the virtual machine interface.
b) Use of separate communication and control buses to enhance the con-

currency of the system and the bandwidth of the shared memory bus.

c) Use of the distributed cache shared memory to further enhance the
bandwidth of the shared memory.

THE MICROC0%IPUTER MODULES

The microcomputer module was designed for maximum performance while re-
taining maximum reliability. The Z900-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 desiQn flexibility. To this end, the
microprogram itself was written in independtent m)dules which were 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 horizontal microcode word and high-speed
TTL bit-slice components. The inherent power of the 2900-series components
minimizes the number of microcycles required. Also, thee 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 i 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

114



.NAVTRAEQUIPCEN 78-C-0157-1

c) 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 approaches, the speed-up factor developed in Section II 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 mini 4num impact on users or programmers.

115



NAV1RAI QUI'CI N ! -t OV',.-1

REFERENCES

1. Hansen, Per Brinch, Wet A ystem Pr'nciia s . Prentice-Hall,
1q73, pp 60-70.

2. Agerwala, T., and lint, R. . "Com inication in Parallel Computer Systems,"
Proc. 1978 Conf. InfojrAmln Science &nd., Johns Hopkins Univer-
sity, March 29-31, 1978, pp. 89-95.

3. Sumer, C. F., Soecification for Multijle Microcomuter Control Alogrithb
Lnxgig~tia, NTEC N-74-105, May 2. 1978.

4. Bernstein, A. J.. "Analysis of Programs for Parallel Processing," ILL
Trans, on Electronic Computers, Vol. EC-I5, No. 5, Oct 1966, pp. 757-763.

5. Ramamoorthy, C. V. and Gonzalez, M. J., "A Survey of Techniques for
Recognizing Parallel Processable Streams in Computer Programs," 1, _j2j11
Joint Computer Conference. AFIPS Conf. Proc., Vol. 35, Montvale, NJ:
AFIPS Press, 1969, pp. 1-15.

6. Ramamoorthy, C. V., Chandy, K. M., and Gonzalez. M. J.,"Ortical Schedu-
ling Strategies in a Multiprocessor System," iEEE Irans. on Comouters.
Vol. C-21, No. 2. Feb IQ72, pp. 137-146.

7. Baker, K.. "Improve Complex Software by Using Multiple Microprocessors,"
iernrocessor , Vol. 1, No. 3, Feb 1977, pp. 165-168.

8. Simon, H. A., The Science of the ArtificiajL, Cambridge, MA: MIT Press.
1969.

9. Kuck, D. J., "Parallel Processing of Ordinary Programs," A4MAnlcL_. n
Cgmputer (M. Rubinoff and M. C. Yovits, Ed's.), Vol. 15, NY: Academic
Press, 1976, pp. 119-179.

10. Cylmer, S. J. and Price, P. E., "Partitioning Software for Advanced
Simulation Computer Systems," to be published June 1979.

11. Liu, C. L.. Lnt[jr jg£iM tq 'j_ nA~rI at bI tR$, NY: McGraw-Hill1.
1968, pp. 38-40.

12. Wilf, H. S. and Nijenhuis, A., c~jn.o ri'aL_&.grj_.M, NY: Academic
Press. 1975, pp. 110-117.

13. Kober, R., "A Fast Conunication Processor for the SMS Multimicroproces-
sor System," *Srodn iV o MjcoLH-AvhIteturg (Sami. M., Wilmink.
J., and Zaks, R., Ed's.), North-Holland Publ. Co., 1976, pp. 183-189.

14. Fung, K. T., and Torng, H. C., "On the Analysis of Memory Conflicts and
Bus Contentions in a Multi-Microprocessor System," IEEE rans..g11
Camptj=, Vol. C-27, No. 1, Jan 1979, pp. 28-37.

116



NAVTRAEQUTPCEN 70-C-01 57-1

15. Reyling, George, Jr., "Performance and Control Of Multiple Microprocessor
Systems," Computer Design, March 1974, pp. 81-86.

16. VAX 11/780 Architecture Handbook, Volume 1, Digital Equipment Corpora-
tion, Maynard, MA, 1977, pp. 5-3 through 5-33.



NAVTRAEQUIPCEN 78-C-0157-1

APPENDIX A

ATM COMMUNICATION STATE

Shown in Figure A-i 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 (AO-Ai)

b) Data lines (D0-D)

c) Read/write line (R/9)

I d) Enable line (ZW)

e) Synchronization line (SYNC)

f) Slow-memory line (READY), optional

g) Interrupt lines (CBIRQ, CBNMI) -

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 (appli-
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 (exce~t 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 (all l'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
18 Enter HALT state

Enter WAIT state
33 Write into processor memory
4 Read processor memory

2.0 TASK-LEVEL OPERATIONS
1 Load task control blocks
2 Load system program
3) Load system program queue
4 Load application programs
5 Load Jobs queue
6 Read task control blocks
7 Read system program queue
8) Read jobs queue
9) Read ready task queue

10) Read currently active program

3.0 TEST/DEBUG OPERATIONS
1 Set breakpoints
2 Read breakpoints
3 Clear breakpoints
4 Enter single-step mode
5 Exit single.step mode
6 Pulse sinqle-step mode
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APPENDIX B

SUPERVISOR CALLS

1. TASK MANAGEMENTa) Get task priority

b) Get task time limit
c) Set task priority*
d) Set task time limit*

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

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

4. TASK CONTROL
a Initiate task* (if dormant)
b Initiate tast* (queue if active or suspended)
c Initiate task* at specific time
d Initiate task* after specific interval
e Terminate task*
f) Terminate task* at specific time
g) Terminate task* after specific interval
h Suspend task* (same as terminate)
I Restart task* (same as terminate)

All above commands may be conditional. The conditions are:

a) Flag state
b AND flags
c OR flags

J) Remove task**
k Insert task**
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5. TIME MANAGEMENT
a) Get time

(Set time can only be done by control processor)

6. ERROR HANDLING
a) Log error locally
1b Report error to control processor

Log error locally and terminate task
Report error to control processor and suspend task

7. RESOURCE ALLOCATION
a) Request resource
b) Release resource

8. I/O AND MESSAGE SERVICES
a) Send message (to task)
bi Read message (from task)

Send message (to device)
Read message (from device)
Send string** (to shared memory)

f) Read string** (from share memory)

9. EVENT CONTROL
a) Signal operation
b) Wait operation
c) Procede on event 4)

10. MEMORY MANAGEMENT
a) Assign task memory boundaries**

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

VAX-Emulator Definition File
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F aot I PRO~JECT MASM-DEFINITION VAX-EMULATOR DEFINITION PHASE. NE~V 5.5. 11,0Z/79

0010 TITLE VAA-EMULATOR DEFINI1TION PHASE. REV 5.5, It1,02,79

400OP T jO,aFTA.DTZ1.N.10.rq.LuPROJECT.AL:I

0050a
00.0 1 61DFINIZTION FILE OF ALU CONTROL UNIT 6
0070, ;SSSaaa~gaaaS~asaass
00o

* 0005
,)100 1 ALU CONTROL UNIT DEFINITION FILE INCLUDES THE DEFINITION
J110 I Or ALL CONCERNED 'ARtASLES. AND opeRAriONs.
0120) 6
0130 A 4 ALU i4X. ASRC oAADR PISlRC9 bADRv FUNT -DEST. WREN.Cy IN, SISNFFT, GISHFT
0140 a

Ot5O ALU FORMI 443VO0.6VN10.IVS0.6VN0..eVHoVovCsvNo,3VO1.9X,2V00,2VGoo.u

01-0a
-)0190 I ALU A-SOURCE VARIABLE3 (ASRC);

0:00 REO EOU 0n a 29705 t&PR AND 2903 RAM
0210 DIR EQU to ; DATA INPUT REGISTER
0210 AD* IOU 20 6ADDRESS PUFFR
0240 Ise Lau 30 1 INTE SHIFT BUFFER
0240 CONST Eau 4~ ki CONSTANT'ROM PIPELINE REGISTER

* 01130 OVVplE Eau 30 1DATA TY~3 REGISTER
0260 LITERAL LOU 60 1 DATA2ROMq LITERAL INPUT
=_~0 NOSRC tOU 70 3 NO EXTERNAL SOURCE
0,90

* 3a'O 1 0 ALU A-ADDRESS AND S-ADDRESS (AADR B AVR):
0310 )
0320 Ro taU 6HON0 ; 2903 INTERNAL RAM. USER REG-
0330 Rl LOU 60401 0 .903 INTERNAL RAM# USER RIO.
0340 R2 Eau 6mo0 1 2903 INTERNAL RAM9 USER RIO.
0350 R3 LOu 6140i a 2903 INTERNAL RAM- USER REO-
0360 *4 Eau 6004 $2903 INTERNAL RAM- USER REO.
0370 R5 tau 6445 1 2903 INTKRANL RAM* USER RED.
0330 R6 LOU 4"00 1 2903 INTERNAL RAM@ USER RIO-
0390 V? tOu 6"07 a 2903 INTIRAWL RAA. USER REG-
0400 AS LOU 6#4Oe 1 2903 INTERALf RAM- USER R90.
0410 Rv Eau 60OY0a 2903 INTZRAR. RAM. USER RIO.
04.10 RIO IOU &Ho^ 2903 INTERNAL RAM* USER REG-
0430 Rit Lau 6000 2903 INTERtNAL RAM 9 USER REG.
0440 *12 LOU *NO.05 2903 INTERNAL RAM* USER RIO.
0450 R13 LOu ANOl 1 2903 INTWRNAL RAM. USER RIB-
@460 *14 IOU 61N0C $ 2903 INTERNAL RAN. STACK POINTER
0470 SP tau R14
0460 RhS LOu *"or a 2903 INTERNAL RAN. PROGRAM COUNTER
@490 PC Eau RIS
0001
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PAGE 2 PROJECT MASM-OEgINITION VAX-EMULATOR DEFINITION PHASE# REV 3,5. 11/02/79

0510 $RC Eau *"tO I DPR WORKINO RIO., FOR SOURCE OPERAND IN JSMD.
0520 SRCI EOU 6H11 DPR WORKING RED.
0530 SRC3 OU 6412 i DPR WORKINO REQ.
0540 SRC4 Eau oN13 1 DPR WORKING REG.
0550 DIT LOU .&N14 I DPR WORKING REG.. FOR DESTINATION OPERAND IN JDD.
0560 OST2 EaU .H11 6 DPR WORKING REG.
0570 EA EU 6N1 a DPR WORKING REG.. EFFECTIVE ADDRESS
050 LENGTH EOu 6117 1 DPP WORKING RED.
0590 INDEX EOU H11 I OPP WORKING REG. FOR INDEX ADDRESSING
0600 INDEX2 Ou 4419 1 OPR WORKING REG.
0410 tNOEX3 COU 6IA I DPR WORKING REG.
0620 INDEX4 LOU HIS $ OPR WORKING REO.
01:30 WitR EOU 6mIC ; OPR WORKING RED.
0*40 EIGHT OU 4HID I CONSTANT RED. FOR VALUE S
0650 FOUR EOU 6HIE I CONSTANT REQ. FOR VALUE 4
0660 TWO LOU 6mIF 0 CONSTANT REG. FOR VALUE 2
0670 1
0680 APODI EQU :6H20 ; REG. ADDRESS SPECIFIED BY VAX COUNTER
0670

0700 ;
0710 a S ALU 3-SOURCE SELECT VARIABLES SPSRC) I
0o720 ;
0;30 0 LOU 13 4 FROM 0 REGISTER
0740

0750 f
0740 1 S DEFINITION Of THE FUNCTION FIELD (FUNC):
0770
0730
0790 SUISR EOu 014 S-R-I-CN
0800 sup LOU 02M R-S-I-CIN
Oslo ADD EOU 03 I R4S+CIN
0620 A D COU 04H SCIN
0030 ADDSN EOU 05H 0 (-S)CI1N
040 ADR LOU 064 1 R CIN
030 ADORN COU 07H4 (-R'+CzN
040 , ZRO OU 039 & 0. NO OPERATION
0070 ANDRN EOU 09 I (R/) AND S
0100 aXO LOU 0 9 R EXCLUSIViL.NOR S
0190 EXOR LOU 0314 R EXCLUSIVE OR S
0900 AND LOU OCN I R AND S
O0 NOR IOU 004 A R NOR S
0920 NAND LOU OEH IR NANO S
0934 aft EOU OF% Iit ofR S
0940

@95Oa
090 1 1 DEFINITION OF THE DE3TINArIONZELa (DEST)I
0970 0
op0
99 FAD LOU 00 YM ARITH r/12, HITRIOHT
1000 FLA tOU 070 1 Yr.eOO F/2,
1,010 rANo au 100 1 YAMITH ;/2, 0..O 0/2
1020 P1J.5 CU 170 0 YLO8 F/2, GLOG 0/2

12S



NAVTRAEQUIPCEN 78-C-0157-1

PAGE 3 PRO.ECT MASA-DEFINITION VAX-EMULArOR DEFINITION PHASE, REV 5.5 11/02/7

1030 PAR SOU 200 1 Y-rp SOOMPAR
1040 PqoD EU 270 ; Yef. $I00-PAR, 0-LOG(O/2). (U/)0H
1050 PFO £2U 300 1 Yar, SI00-PAR, D-P. iW/)*a
1040 PLO EaU 370 ; Yeft SIOO-PAR. O-Fv (W/I&L
1070 FAU LOU 400 I YmARITH 2F. LEFTSHIFT I PIT
1080 FLU EOU 470 I YLO0 2F
1090 FAUG EaU 500 ; YARITN 2F, 0-LOG 20
1100 FLUG Lau 370 $ YaLOG . 0 LOG 20
1110 P EOU 600 ; Y-F, (Z/)N
1120 QU EOU 670 8 YmF 0-LOG 20v (U/)-M
1130 1
1140 XTI. LOU 71O EXTEND BYTE TO LONGWORD
1150 EXTU EaU 730 I EXTEND UORD TO LONOWORD
1160 IXTSW EOU 730 £ EXTEND BYTE TO MORD
1170 ;
&Igo

1.90 4

1200 & $ DEFINITION OF DUAL PORT REGISTERS WRITE ENAILE (WREN):
-121') *

122) NUR EOU *1oo 3 NO WRITE
1230 to EaU SHOI ; ONLY BYTE 0 WRITED
1240 1 LOU 0SH02 ; ONLY BYTE I WRITED
1250 WRD EOu 5N03 0 WORD WRITTED.
1260 n EOU 5H04 ; ONLY BYTE 2 WRITED
1270 53 LOU SHOE I ONLY BYTE 3 WRITED
1280 UWO LOU SHOC I UPPER WORD URITTED.
1290 3321 LOU SOC i ThE I"PrR ThREE SITES URITED
.300 LunD LOU Eu OF I LONG WORD URITTED
1010 INS tOU $410 I WRITE ENABLE SPECIFIED BY INSTRUCTION
1320 A
1330

1340 1
1350 1 6 DEFINITION OF CARRY INPUT TO ALUO (CYIN)t
1360 1
1370 CZERO EU 00 1 0 INPUTED AS CARRY
1380 CONE EaU 10 1 1 IMPUTED AS CARRY
1390 CY aU 2Q I PROM CARRY FLAG
1400 CYN ieOU 30 FROM INVERTED CARRY FLAG (BORROW)
1410 ZIN EGU 40 1 FROM ZERO FLAG14201

1.430

14401
146D I- $ WTRWLlUs ON SIF? NUX-UM..EC (SMMti I. GISUT) 1
1460 1
1470 SMPTO EOU 00 1 SELECT 0 AS INPUT
1480 SNFTI EOU 10 I SELECT I AS INPUT. EXCEPT 3103
1490 SIGN Lou 10 i SELECT SIGN PW TO 11031
1300 110 OU 20 s SELECT 310 At INPUT
1310 0o LOU 30 1 SELECT 01G A$ INPUT

5330 SAIPO EaU 20 1 SELECT SIGN PP 00 AS INPUT
1330 swIr 1 OU 30 0 SELECT SIGN FP 62 AS INPUT
1540 0
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P;*Qc 4 PROJECT mAS"-DEVINITION VAX-ENqULArOR D FINITION PHASEP REV $.So 11/0/9

13'O I * FLOATINO POINT SIGN FLIP-FLOP CONTROL
1:80 14 FLOATING POINT AR:THMfETC THERE NEEDS SPECIAL SION FLIP-FLOPS.

1600 PSIG FOR"' 2OX0X2V3lOlOX
talo

1.30

1440 1 0 DEFINITION OP FLOATING POINT SIGN fLIP-FLOP VARIAbLES:

ti3o SIONO EaU sOl I SIGN FF 0O
1.70 ShONk EOU 281O I SIGN FF 61
1080 a

1690 EJECT
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PAGE 5 PROJECT lASM-DEFrNION VAX-EMULArop rEFiNtriom PHASEP REv -S li,0/79

1710 1 a DEFINITION FILE OF CONTROL SEQUENCER

1?40 1
1750 & T141S FILE DEFINES THE C01NTROL SEQUENCES OF MICROPROGRAMMING
17401
177%)
1,10 1
1'90 $a UOCONDITIONAL JUMP
1300 ;JUMPsLOCATION
1310 1
1320 JUMP FORM 3X3143lV~lO1,3,511.8
1830

1840
iaB0 a CONDITIONAL JUMP:
%S40 ; CJpa9,LOCATION.CC
1370 8
las0 CJmp FORM 33X,381OO.4H3.16yNT.13O*1X.6V3,48X

t'0oo I
Uao JUMP TO SUBROUTINE

19ZO aJS9.LOCATION
1030
1040 AS FORM 3X.31100.4H1,lt.130.BOIX,151,5BO1111,48X

j07) 1 * CONDITIONAL JUMP TO SUBROUTINE
1990 1 CJS8,LOCATION-CC

:0oo Cism FORM 33X.351oO,4N11l&YHTI80LX4JS.4SX

2020 0

2030 ; JUMP TO MAP ( OR INTERRUPT HANDLER ROUTINES
2040 ; JftAP
2050 JwA FORM 33X.33001,417,16X.150,1X,120,5301100,48X
2060

2070 8
:Q10 I CU0I0ITIOAL.JWMP TO MAP

2100 f
2110 CJMAP FORM' 33X.310@1p4N3.16Xu1P0..tXe6U3,4*X
21.20

:130 1
2140 1 * .jqP TO SOURCE MODE ROUTINES
21so a im
214 0
"170 is"D FORM 33X935010,44N1.14X,130.131.1D33O1Ill40X
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FA.3E b FROjECT MASg-DEFINUTION VAX-EMULATOR DEFINITION PHASE* REY 5.5t 11/02/79

_00 ; CONDITIONAL JUMP TO SOURCE MODE ROUTINES
1;10 6 CjS'io.cC
::,o
:30 CJSND FORM 33XP3D010.4N1.16X,18O,131,6V~P4SX
2240

2250#
2:60 1 * JUMP TO DESTINATION MOCE ROUTINES
'i70 I JOMO

1:'o JDMD FORM 33X*39010.443., l 30,D180* 191,5B011III.@4X

.1320 1S CONDITIONAL JUMP TO DESTINATION MODE ROUTINES
:330 4CJDMOPCC

2330 CJvMv FORM 33X.39O1O.4S43.16X,19OISO.8V3.a8X

2:20 ; a RETUR~N FROM SUBRCUTINES
:390 4 RET
..W0
2410 RE, CORM 33X'39OO0.4S4.-.1X,1S0,1X.I81,SDO1111.4SX
2420

2430
240 1 * CONDITIONAL RETURN FROM SUBROUTINES
24MO ;CRET.CC
24.0 1
2470 CRET PCRM 33X,33000.4mA.1*X.130.IXPaVS,4eX

2490 4
2500 ; 0 CONTINUE rO PROCEED TISE NEXT mICROINSTRUCTION

2510 1 CONY
2520 CONT FORM 36X.4HNE,'X

2540
'550 1 1 PIPELINE C0NSTMNT GENERATION
2560 1 PIPECCNSTANT(HCX)
25170
2500 PIPE FORM 40XPI*VNT.S6X
1590

2600o 8
2610 1& 0 REPEAT PIPULINI REU.ZSIKR
120
2630 Rtp9f. FOR" 33X .38100v4N9. 16W4T. 11 SSX
2640

2650
26"0 * CONDITIONAL JUMP PIPELINE P OP
2670 0 CJPPPLOCATZON*CC
260
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F ' F'PV.ECT MASMi-DEFINITIO4 VAX-EMULATOR DEFINITION PHASE, REV 5.3' 11/02/79

2690 CJpp WORM 33X,300491VT,IO1)c.6V348X

2710
2720 ;4 PUSH I CONDITIONAL LOAD COUNTER
2731) ' PUSH.NUMPER.CC
2740 1
1.7O PUSH FORM 33X.33100.4N4.I1yHT,lSO.1A,6V3,4GX

2730 4 REPEAT LOOP

:300 REPLOP FORM 33Xp3D000.4N9.18Xtl1D155X

2920
2330 1a LOAD COUNTER 4 CONTINUE
2840 4LOCT.NUMBER
2550
In60 LOCT FORM 33X,39j00.4HCvI4VHTtl~l,55X

2990 1
:990 8 REPEAT PIPELINE# IF COUNTER NEG 0
2900
2910 RPCT PORN 33Xp33100.4H9vl6X,181,55X

2940 &* TEST THE END OF THE LOOP
2950 S LOOP-CC
29F60 ;
:970 LOOP FORM 33X3390O0.4HD.l6XP,.X.6VD,4eX

2990 EJECT
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PAGE S PROJECT MASM-DEFINITION VAX-EMULATOR DEFINITION PHASE, REV 5.5," 11/02,'79

3000 ;
3010 1
3020 1 s DIFINITIONS OF rHE CONDITION CODE VARIsbLES S
3030 1
3040

305O ;
3060 ; CONDITION CODE DEFINES THE TEST CONDITIONS FOR SEQUENCING.
3070 I
3080

.,.90 EOL EOU 69100000 4 Z EOU 10 ZERO
3100 NEG EOU 83000000 0 Z EOU O NOT ZERO
3110 8
3120 LSS EQU 6 100001 ; N LOU 1; NEGATIVE
3130 EO EOU 68000001 ; N EQU Of NOT NEGATIVE.
3140 ;
315(1 VS EU 63100010 J V EOU 1; OVERFLOW.
3140 UC EOU 6100010 1 v EOU 0; NOT OVERFLOW.
3170
3190 C3 EOU .8100011 C EOU 11 CARRY.
3190 LSSU EOU CS ; LESS THAN UNSIGNED.
3200
!22b3 CC EOU 8000011 ; C EOU 0 NO CARRY.
3220 GEOU EOU CC I GREATER THAN OR EOU UNSIGNED.
3230
3240 LEO EOU 63100100 I N OR Z EQU 1; -< 0
3250 OTR EOU 63000100 N AND Z EOU Of > 0
3260 1
3270 LEOU EQU 63100101 C OR Z EOU 1
3:O GTRU EU 68000101 8 C AND Z EQU 0.

3300 PYTI EOU 63100110 1 INSTRUCTION TYPE OF BYTE.
3310 Nil LOU 63000110 * NOT ONE BYTE.
3320
3330 3YT2 EOU 68100111 8 INSTRUCTION TYPE OF WORD.
3340 N92 EOU 000111 NOT WORD.
3350 ;
3360 SYT4 EOU 63101000 1 INSTRUCTION TYPE OF LONOWORD.
3370 I4 EOU 68001000 1 NOT LONGWORD.
3330 8
3390 9YT8 EOU 63101001 a INSTRUCTION TYPE OF EIGHT BYTES.
3400 HIs EOU 63001001 A NOT EIGHT BYTES.
3410
3420 FLOAT EaU- 6101010 1 DATA TYPE OF FLOATING.
3430 NFLOAT EU 63001010 1 NOT FLOATING.
3440 a
3490 ALIGN EU 63101011 1 ADOREUSALZoNCD.
3440 MALIGN EU 68001011 1 ADDRtESS NOT A4LIGNED.
3470 1
3460 INT EOU 61101100 a INTERRUPT PENDING.
3490 MOTT EOU 63001100 1 NO INTERRUPT.
35001
3510 LAO EOu 63101101 a EFFECTIVE ADDRESS ONLY.
3520 NAG EOU 63001101 ; NOT EFFECTIVE ADDRESS.
3530
3540 DITO EOU 63101110 4 ALU DITO COU 1.
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PAOC 9 PROJECT MASl-DEF!NITON VAX-EMULATOR DEFINITION HAZ3E. REV 5.5' 11/02/79

JisO NIXTO EOU 63001110 1 ALU BITO EOU 0.

35?0 TRUE E09 .0101111 LOOIC 1.
330 ALSE EOU ;OO111 LOGIC 0-

3600 NORCO Eau 69110000 1MANTISSA OR CXPONCNT EOU 0.
3610 NMOREO Eau 62010000 1 ANTISSA AMD EXPfONENT NO~t EOU 0.
3620 1

3630 .UO EOU &1b1000I ALU OUTPUT [OU 0.
3640 NALUO EOU 69o0O000 I ALU OUTPUT NCO 0.
3650 1
366) 51015 LOU 68110010 1 $1013 OUTPUT EOU 1.3
o7O NSO1S Eau *3010010 P SIM OUTPUT COU 0.

3690 INVXMOD EOU 69110011 1 INDEX ADORESITNO ODE.
3700 NINDXOD EaU 69010011 i NOT INDEX ADDRESSING MODE-
3110
3170 DIT31 EU 61110100 1 ALU DI31 LOU 1.
3730 NsIT3t EaU 66010100 1 ALU BT31 EOU 0.
3740 8
37:0 CONIN EOU 69110101 CC FOR CONTINUrNG.
37410 NCCNTIN EOU aF0101o1 I NOT CONTINUtNO.
3710 EJECT
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9AE PP0,..CT MASM-CgFXNITION VA-EMULATOR DEFINITION PMASEP REV 5.3p 11/02/79

335. NSITO tau 68001O 1 ALU BITO CCU 0.

T570 TRUE Ecli siloll LOGUIIC I-
;380 FALSE IOU *600o1u1a LOGIC 0.
3590,1
34Q0 N~ORCO Eau 4211i00O0 1 M~ANTISSA OR IYPONENT IOU 0.
3*10 HNR9I Eau. 63010000 1 MANTISSA MOD EXPONENT MN CCU 0.
36.10$
36.30 ALUO tau e6i 1000. 0 M.U OUTPUT CCU 0.
3640 "A.uQ EaU *SO0O00Y. 1 ALU OUJTPUT MUO 0.
36so 1
3640) 31013 EOu 4#110010 1 11015 OUTPUT taU 1.
3.70 N*I151 IOU asoIoo1G * 1015 OUTPUT IOU 0.

3610 INDxMOD tou *911001 1 INDEX ADDREItNo MOME
3700 NlmDAMOD tau 46600011 0 NOT INDEX ADDRESSING MODE.

3720 31131 Eau &0110100 1 ALU 9IT31 COU 1.
3730 NBIr31 COU 68010100 1 ALiJ 6IT31 IOU 0.

3'% CONTIN Sau 69110).QI CC FOR CONTINUING.
O.C0.4TI EaU 390100*1 k NOT CONTINUI40.
3?0 EJECT
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PANE 11 *ROJECI fASK-DE~tNITION VAX-EMULATOR DEFINITION Pi4ASEP REV 5.3o 11/02/79

4270 BYTE Eau 49000t I TRANSFER ONLY ONE BYTE (BYTE 00).
4Z s WORD Eau 414C011 1 TRANSFER ONLY ONE WORD.
4:90 LWORD Eau 4941111 TRANSFER LONG WORD.
4300 SYnEl EVU 430010 WRITE ONLY BYTE 01.
4310 IYTE2 LOU 400100 0 WRITE ONLY BYTE 02.
4=20 SYTE3 tow 46too- I WRITE jONLY BYTE 03.
4330 EJECT
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FAC3k 1 PROJECT MAhM-(EFIN1TION VAX-EMULrOR DEFINITION PMASE, REV 5.5p 11/02/79

43-10 #
4350 ;aa*alulssslsawlsumawslalssusasssa
4140 1 0 DEFINITION FILE OF F.AGS CONTROL i

4 0 1111111111111411111111181

4390 S
4400 1 THIS FILE DEFINES THE OPERATIONS OF ALU FLAGS WHICH INCLUDS
4410 1 V.NZ AND C ALSO THE SOURCES OF THE FLAGS' CHANGE.
44:0 5
4430

4440 I

4430 0 4 FLAGS CONTROL
4460 1 FLAGSFLAGS-CHANGEDFLAGS-SOURCES
144-0 1
4480 PLAUS FORM 99X.4V10000-2.:VOO.2V80O. 1V0.5
4490

4500
4510 1 $ rEFINITION OF FLALIi VARIAMLE:
415: l a

4iO NONE EOU 410000 1 NO FLAGS CHANGED.
4540 Z EOU 4D0001 i SET Z.I, ZERO
4530 4 EOU 490010 SET NI. NEGATIVE.
4500 NZ EaU 40011 SET N, Z-I
4570 V EaU 490100 1 SET Ve OVERFLOW.
4560 VZ EaU 400101 8 SET V. Zlt.
4590 VN LOU 4&0110 1 SET Vs NoI.
4000 '.ONZ EOU 400111 SET V.N-Zal.
4610 C EaU 41000 SET Cat, CARRY.
4420 CZ EQU 431001 SET CZ.I
4630 CN EOU 401010 SET CNal.
4440 CNZ EaU 431011 6 SET CpNZmI.
4450 CV EOU 431100 a SET C.Ve1.
4040 CVZ EOU 431101 $ SET C.,uZI.
4.70 CVN EOU 431110 a SET CVpNwI.
44dO CUNz EaU 431111 5 SET ALL FLAGS.
4690 ALL EaU CVNZ JET ALL FLAGS.
4700

4710
4720 0 0 DEFINITION OF FLAGS SOURCES (V,N,Z,)
4730 a
4740 Af IOU 2500 1 ALU FLAGS.
47130 DIRL LOU 2301 ; DIRECTLY LOAD FROM AU.
47,60 z!R EOU 2810 1 CLEAR FLAGS.
471C SO ELOLL M1 Ia LOAD CARRY ROWr AL..U CARRY.
4780

400 a • DEFINITION OF FLAGS SOURCES (NZ)
4010 1
4420 NZAP EaU 1o NZ LOADED FROM ALU FLAGS.
4030 NZDIRL EOU II i NZ DIRECTLY LOADED.
4031
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PAGE 14 PROJECT MASM-DEFINITION VAX-EMULATOR DEFINITION PHASE# REV'S.5, 11/O/70

4S50 I SIw*i**0*s*4S**t3*

49"0 I a DEFINITION FILE OF BUS CONTROL 0
4660 ; sssawaauissaasmso a .aai*S
4690

4900 &
4910 I BUS CONTROL FILE DEFINES THE DATA rRANSFER BETWEEN
4920 I BUSES AND REGISTERS.
4030 1
4940

4950 BPSL FORM 24X. 250o86X I DATA-BUS .- PSL.
490 BODOR FORM 24X,2101,86X i DATA-BUS <- DATA OUTPUT RED.
4970 BPC FORM 26XP210,84X I ADDRESS BUS - PC.
4980 PADR FORM 26X*201,84X ' ADDRESS BUS ADDRESS REG.
4990 EJECT
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FACE 15 PRO.ECT MASM-DEFIN!TZUN VAX-EMULATOR DEFINITION PHASE. REV 5.5. i;Or"

4991 4
3C... 1 0 DEFINIION FILE jF AE51STERi.COUNTERS CONTRUL I

5044) 9 REGISTER LOAD FORMAT
5050 I
10*O LEC FORM 5X.aVPl.106X LOAD EXPONENT COUNTER.
to) LPC FORM A.1IV91.iO5X LOAD PC.
5000 LADRD FORM 'X.IVmI.104X LOAD ADDRESS REGISTER.
SOO LDOR FORM 8X.tVbt. 03X LOAD DATA OUTPUT RED.
5100 LPSL FORM 9X.lV~l,102X a LOAD PSL.
5110 LDtR FORM Iox.lvp9,1Ix LOAD DATA-INPUT-RE0 FROM DATA4US
5120 LOPCR FORM k1I1XVBI,loox LOAD OPCODE REG FROM DATADUS.
5130

5140 a
'i1o 1 9 INCREMENT VAX COUNTER

31.0 a VAA COUNTER WILL POINT THE 2903 REOISTER ADDRESS SPECIFIED
5170 a by E ADDRESSING MODE.
51.80

5140 :CVp FORM 2X.LBI.09.
500

53210 1
5 22 0 EXPONENT COUNTER CONTROL
530 a
5240 £XPCU FORM 2SX.200.82X I UPCOUNT EXP-COUNTER. '
5250 EXPCD FORM 29X.2b10.82X a DOWNCOUNT EXP-COUNTER.

5270
52a0 a 0 INDEX MODE FLIP FLOP CONTROL
5290 1

530) a INDEX MODE FLIPFLOP WILL INDICATE THE INDEX MODE.5310 a

5320 SIMPF FORM 30X.2110,aoX a SE INDEX MODE FLIP FLOP.
5330 CNFF FORM 30X.201,8OX a CLEAR INDEX MODE FLIP FLOP.
5340

5350 a
5360 1 • CONTINUE FLIP FLOP CONTROL

5360 1a OENERAL FLIP FLOP NAMED CONTINUE WILL WORK FOR
3390 a COND TION TEST.
5400a

5410 SCONT FORM 3X.2901,10x a 3ET CONTINUE FLIP FLOP.
3420 CCONT FORM 3X,22t0,LOX a CLEAR CONTINUE FLIP FLOP.
2430 EJECT
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PAGE 16 PROJECT MASh-DEFINITION VAX-EMULAtOR DEFINITION PHASE. REV S.So 11/02/79

5440 1
$450 1 0 OEFINITION FILE OF SPECIAL ALU FUNCTIONS S

3490 0 * SPLUPASRC OtDR, SRC.SAD SPFUNCDEST,- RNN,CYINt SISWT, QiHVT
$300 1

510 SPALU FORM 64Xe3VO0.6VNIO.123o0,| O ,4N0.AWOGONv0O,3VO19XE2QVO.2VO. IX
5520

$530
34) 1 6 DEFINITION OF SPECIAL FUNCTION FIELD (SPFUNC)

3550 8

5540 MUI.TUN EaU 000 1 UNSIGNED MULTIPLICATION.
5570 MULT2C EaU 100 J 2'S COMPLEMENT MULTIPLICATION.
5530 INCR gOU 200 I INCREMENT BY I OR 2.
5590 CONY EOU 270 * SIGN MAGNITUDE I 2'S COMP. CONVERSION.
5600 M2CLC EOU 300 4 2'S COMPL. MULT. LAST CYCLE.
5.10 NORM EOU 400 9 SINGLE LENGTH NORMALIZATION.
5.20 "U&MAL iGU 500 ; DOUBLE LENGTH NORMALIZATION.
3.30 DIV2C EOU 600 1 2'S CONPL. DIVISION.
5640 D2CC OU 700 1 2'S COMPL. DIVISION CORRECTION.

olo 13CT
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.4). NAVTRAEQUIPCEN 78-C-.0157-1

IAE 2 ADDRESS NASM VAX EMUL.ATOR ADDRESSING MOVE.ASSEMBL' PHNASE REV6.0 12/02/79

0140

*0150 1 THE ACTUAL OPERANDS W*ILL BE LOCATED BY ADDRESSING SUBROUTINES
0160 8 WHICH CONSIST SOURCE AND DESTINATION ROUTINES. THE SOURCE ft0.JINES
0170 1 MOVE THE CONTENT OF SOURCE OPERAND IN INSTRUCTION FORMAT TO AN

*0130 1 INTERNAL SOURCE REGISTER, SRC. INTERNAL TO THE ALU RAM ARRAY.
0190 1 THE DESTINATION ROUTINES MOVE THE CONTENT Of' DESTINATION kEG1STTR
0200) - D ST. OF ALU RAMS ARP.AY TO THE LOCATION SPECIFIED BY THE IN-
0210 I STRUCTION FORMAT.
0220

0230- -- - - - -
0240 GENERAL PURPOSE REGISTER ADDRESSING

0260
0270
0230 0 MODE 0-3 (LITERAL MODE)
0290
0300 I SOURC" SUBROUT INE
0310 0000 OOZIPO2O430002ACS10O4E0OOO MTJ03S ALU.LITERAL .. SRC.ADDR,EXTRL.LhIRD.CZERO FLAGS FETCH CJNP,FLIT.FLOA
0320*" 000 D 00"0"OOO2F'OI1SCIEOOOO ALU .... SRC2,ZEROFLRDCZERO FLAGS RET -

0330 0002 000000000C00000006039DE001O FLIT ALU.REG.SNC, .SRC,ALD.-FLULhIRD.CZERO.SIO FLAGS CONT
0340 0003 0000000009000000001039DEOOIO ALUREGSAC-.SRCADD.FLU.LMRT.CZERO.SIO FIAGS CONT
@350 @004 0

0
00000004000099010CIEOOOO ALU.CONST. ...SRC,DR.FLRDj.CZ[RO FLAGG PIFE,4000H CRET.NS

0360 0005 OOOOOOoO"oOOO2fvoollCIctoooo ALU, .... .SRC2,EROF.LFR.CZERO FLAGS RET

0300
0390 MODE 4 (INDEXED MODE)
0400
0410 9 SOURCE SUBROUTINE
0420 00"00 O00O0030010330g000CO04000 ME14S ALU FLAGS CJMP.ADRFAULT.INDXMOD
0430 0007 0019PO0221000 0 "1 01*CIEOOOO ALU-REG. AmODE - ,INDEX. ADDR.F. LWRD.CZERO FLAGS SIMFF CjSpql,.BYTI CFCT
0440 0001 O019F020210000670CI93CIE0000 ALU. RES. I OX. .INDEX. AOD.F. LWA.CZERO FLAGS CJSMD.PBT CFETCH
0450 0009 OOI'F0202IO"O6GOCI83CixEOoO ALU, REG. INDEX., INDEX.ADI.F. LWRD. CZERO FLAGS CJSMD.IIYT4 CFETCN
044 00O 0011PO2021OO6FCXU03CICOOOO ALU.REG.IMDEX,.INEX,AD.F.LDRD.CZERO FLAGS .15MD FETCH
04,0
0400 I DESTINATION SUBROUTINE
049 000 0

0
0000004300103300000C004000 MD4D ALU FLAGS CJMP.A&.RFAULT.INDXMOD

0500 OOOC *OIW@O22.300002&1OISACIE000O ALU.RCG.AMODE. .INDEX -ADDA .F.LWdRD.CZERO FLAGS SIMFF CJDMD.IEYTI CFET
0510 0000 OOIDF02023000027OCI93CIEO0000 ALU. REG. INDEX., INDEX.ADEI.F.LhIAD.CZERO FLAGS CJDMD,PYT2 CrETCN
0520 00"001OOZO202300002SOCII3C1EOOOO ALL.REG. INDEX,.-INDEX. ADD.F.-LWRD,CZERO FLAGS CJDMO.9YT4 CFETCN
0530 GOOF 0O1I020230,0002FOCI*3CIE0000 ALU,RtO. INDEX. INDEX.AOD.F.LIIRD.CZERO FLAGS JDRD FETCH
0540 0010 000OO000OO0OOO0o0ooO040d0o ADRPA&JLT ALU FLAGS CONT I ADDRESSING "ODE KRRORt.NOT SpaECIFIE*

030

OST0O MODE 3 REGISTER DIRECT MODE 1

090 SOURCE SUBROUT INE
0600 0012 0

0 0
002000AOOOOO@IOIOACIEVOO0 MDZS ALU. REG. AqOVE . . SRC. ADA.F. LWRO. CZERO INCUR FLAGS CRETNIIf
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AGE 3 ADOkESS ".AS" VA EMULATCR. ADDPRESSING NOVE.AISEMPLY PHASE REV6.0 I02'9

030 0022 00000000*00002710116CIE000 ALLJ.KAEL.OVE. .SRC2.A ,-k,F.LNRL.-CZEt0 FLAGS RET
0620
0:30
0 40 1 DEST74ATION SUBROUJTINE
350 0013 00000200430015090A206C200000 MD5I- ALLJ.RLG'ESl. AflOfE.A1Df,,F. INS.EOFASICf CJMp.ND5D.h.S
.*0 M014 OO0000000EOOOOOOOAAO&CIEOOOO ALU.RFG. 3ST2. ,4NOOE.ADRFt,i.Nb&D.CZEft FLAGS CONT
0670 0015 10000000A00003309000C004000 MOSDA ALU FLAGS CCONT CRET.CONTIM
0400 0016 0011F00100000C30000C004000 ALU FLA6S FETCH JMA

0710 M POVE 6 REGISTER DEFERREDj MODE

0O 0 SOURCE SU&RQUTINE
,1740 0017 0100000041002c3310166C1E0000 MI16S ALU.REO.AMOtE. ,EA.ADOR.PhJRI.CZERO FLAGS LAC* CJSb.1NISUP.INDKIOt

010MDOSR ALLJ.REG.FOUF..EA.ADCI.F.NWIRCZERO FLAGS REAP.ITVPZ LAD&

,'e0 0018 012101043001bom8316:C0000)30 CJMP;MI.6SMA;N4L!GN
* 30 009 002100 00403000092910 CIE0000 ALU, IR..,. CADR.F.LWRl.CZER0 FLAGS REAII.ITYPE CRET.NPS

07110 001A OOOOOOOOOAO0OO2F2UII6CIE000O ALU.DIR ... ,SRC2,AL,t1R.P.LhIRD,CZERO FLAGS RET
C?90 00110 0022001O0000000008000C004000 49-6SNA ALU FLAGS REAra.!TYPE CONT
0600 001C 000000000400000929106CIE0000 ALU.OIR.. * SRC.ADD.F.L RI1.C:EkO FLAGS CRET.N08
3810 0010 012100100EO00000OE963CO00000 ALU.REG.EZGHT. .EA.A0t'.F.NRCERO FLALS READ. TYFE LAI.R CONT
0020 *Olt 002100100E0O000000000C004000 AkU READ.ZTYPE COST
0930 Golf 000000000A,00002F29116ClE0000 AL.U.DIR.. .SRC2.AG0A.F,LWRt.CZERO FLAGS REI
040

0860 8 DESTINATION SU14ROUTINE
0070 0020 01000000410021E33101&&C1E0000 MD6LY ALU.REO,ANO0DE..EA.41IDR.F.LWRD.CZERO FLAGS LADE CJS14.ZNXSUIWDXMO4
0860 "Dank ALU.REG.EA-. FOUR.AI4ZA.F.N&I.C:ERO FLAGS WkITE,ITYPE LADR

3890 0021 010300304300240081iE3C000000 CJMP.eMfbaLNA.NALIGN
3040 0022 0000000430024090A"U&C000000 ALU.REO.DST2...A AN.F.NWdA.CZERO FLAGS LDO CJMP-flD6Db.NSS
0.10 0023 OOOIV*OOOEOOoOOqoocoO4oo0 ALU FLAGS R:TE.LWaORI CONT

0920 0024 100000000&00003508000c004oc0 mDS ALU FLAGS CCCNT CRET.CONTIN
0930 0025 0011F0201'OOOOCO8OOOCO04000 ALU FLAGS JMAP FETCH
0940 002* OO00 SOOE0ooooooosoooCO04aOOO mLYInmA ALU FLAGS WRtTE.ITY~f C3HT

0'50 00:7 00600000430024090AG06L00000 ALU.REG,DSTZ .... ADDR.F-N~h.CZERO FLAGS LDOR CJNM2181S.NS
09.0 0026 QI03FOS0O(0000c003103CO000 ALU.REG,EA. .EIGNT.ADC..F.NNRczrRO FLAGS IRITE.LWORD LAIDE COWY
09,0O 0029 0003F0504300242FOO000CO040010 A4.U FLAGS WkITE.LWORI, JUMP.MD&LIP
0900

0990
1000 a MODE 7 *AUTODECREMENT MODE1

1020 1 SOURCE SUBROUTINE 1
1030 002A 000000004300172FAC201CIE4000 RD7S ALUDTYPE. .. ̂"DE.SU3SR.F.LWRD.COftE FLAGS JUf9P-Ml0S

1010
10"0 0022 000000094300"222IC1E4000 PID7D ALU,DTYPE .. .anODE,SI183,FLbIRO.CONE FLAGS JUNP,10DAD
100

1090
1100 1 MODE 9 AUTOINCREMCNT MODE
kil0
1120 SOURCE 54USROUTINE
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04GE A AD1DRESS ISM VAX EMULATOR ADDRESING MOTIE.ASSEMDLY PHASE EVO.0 12,02/79

* 1130 002C 010000004100ZE310166CIE0000 MOs ALU.REG.MOE,,CA.ADDR.FLIRD.CZERO FLAGS LAD* CJSNINXSUS.INDXML
1:40 0020 000OOOOO410O1lSFAA2O3CIIOOOO ALU.DTYPE, ... A"DE,ADD.F.LhdRD.C2ERO FLA6S JUAP.NV6SK
1150 002C Q00O0O1OA00000CI43C1CO0oO INXSUjB ALU.REG,ZNDEX.,EA.AOD.F.LWRG,CZERO FLAGS LAMR CIHFIF RIET
1160
1170 I DESTINATION SUBROUTINE
1190 002F 01000000410029331016*CiEOOOD OOD05 ALU,REG,AMOGE, .EA.ADDR.F.LhRDA.CE.RO FLAGS LADR CJgU.KNXSU8.INO#9O
1190 0030 000000004300212FAS203CIE0000 ALU.DTYPE,... AMqDE,AOD.F.L.RDCZERO FLAGS JUNP.MO&OK
1:00

I MODE 9 (AUTOINCREMENT DEFERRED MODE)

124.) I SOURCE SUBROUTINE
1.z3 0031 010000000600000010006C000000 MD9S ALU.ItEG,ARODE... .ADOA.F.NIIR.CZERG FLAGS LAOR CONY

ALLJ,REG,FOUR. .AMGDEADD.F.LWRO.CZERO FLAGS READ.LMOAD
1:7') 0032 0121FO104300350OsF:0CIEoc0o LADR CJI4P,MD9SMA.NALIGN
t290 0033 O10000004300181328166C1E0.)O ALUDIR. ..EA.AbON.F.LWRD.C:ERO FLAGS LAPR CJMPMV&SX.NINOXMOD
1:9-) '034 010G0O001430019:2FOC133C:E000,0 ALu.REG. NlEX. .EA. DD,.LJRD.CZERU LA0S LAOR CIMVF JUMIP.M06SK
tJL'0 ~)33 0021F'J100E00000009000C304003 MP9S#NA ALU PLAGS READ.LAORG :ONT
!"I') 0036 01000043001813:81aaCIE0O00 ALU.DIR..EA.ADDR,F.LWRIA,C:ER0 FLAGS LAOR CJMP#MD6SA.NINDXMGD
1320 0037 010000014300132FOC16SCIE0000 ALU. REG, INDEX- .EA.D00. F. LhR.CZERO FLAGS LADIR CXMIFF ..UmP.fq&Sk
t330
134' DESTINATION SUBROUTINE-
13%0 0038 0100000O0E00000010008COO0000 ID90 ALU.REG.AEIODE,. .*OR.F.NUR.C:ERO FLAGS LAOR CONT
I 360 ALU.REG,FOUR,.A400E,ADD.FLiRD,CZIRO FLAGS LAD*
1370 3039 0100000043003C050F203CIE0000 / CJMP.MD9ONA.NALIDN
1350 003A 01000000430021132gt66CLEoooo ALUDrR. .. .EA.AODR.F.LWRO.CZERO FLAGS LAOR CJMP.MD6DK.m!NOWMID
1390 0039 010000014300212FC163CIE0000 ALU.MEG.INDEX..EA.ADD.F,LWRDCZERO FLAGS LADR CIMFF JUfiP,MD60Dk
1400 003C 0021FOLOOCE00000.3IOOOCOOAOoo MogoNA 4LU READLUORD CONT
1410 0030 010O000004300211326186CIE0000 ALU.DtR ....EA.ADDR.F.LRO.C:ERO FLAGS LADR CJ"M106KNINDXMOD
1420 0031E 010000014300Z1DF0C163CIE0000 ALU.REG. INDEX,.EA.ADD.F.LWRDCZERO FLAGS LADA CINFF JUMP.MD&DK
k 430

1440
4130 MOVE A (BY'TE D3SPLACEMENT)

'0 * SOURCE SUBROUTINE
34010 003F 000000000100000008169CIEOQOO "OAS ALU. .... EA,ZERO,F.LWRD,CZERO FLAGS CONT
1490 0040 001lF0200E0000S16FE!Ea000 ALU.BSI ... EA.0R.EXTBLL1RDCZERO FETC4 CONY
1500 0041 010000004300101310163cC0000 AL&J.AEG.AMODE,.EA.ADD.F.LIRD.CZERO FLAGS LADA CJMqPMD65K.NINDXMGI,
1540 0042 010000014300192FoClaiClEoooo ALURIEG,INDEX..EA.ADDF.L1RD'CZERO FLAGS LAOR CINIFW JU"qP-MOASK

1530 I DESTINATION SUBROUTINE
1540 10O43 0000f0000II00000008 1 68C EOOOO 110* ALU ... .A.ZKRO.FLIRC.CZffRO FLAGS CUNT
1130 004& 0011FO20010000006816F15IQ00oo ALUSSI9... .A.OR.C~flLLIRO.CZffO FLAGS FETCH CONY
1360 0045 010000004300211310163CII0000 ALU.RIO.AIIODI..EA.ADO.F.LMNOD.CZIRO FLAGG LAUR CJIIR,1136K.0ZNDIMJ
1970 004. 010000014300212F0C143CJIO0 LOOOIK..AAD..ND.11 FLAGS LAW CZNFV "AIP.N060K

1590

.603 .. MODE 0 (BYTE DISPLACENINT DEFERRED)
1610
1620 I SOURCE SUBROUTINE
1630 0047 00000000090000000g161CIE0000 MOBS ALU..... EA.ZKRQ.V.LWPDCZERO FLAGS CONY
2640 0043 0011F00(000006816FV310000 ALU.BMB .. ,A.OR.EXTlL,LhdAD,CEfRO FLAGS FETC14 CONY
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PAUE 5 .40L1ESS MASM VAX EMUL.~rOR A1'(~f53NLj MO ..ASSEm1LY PHASE REV6.0 '7

1>~50 0049 01000000060000O010%63CIE0000 ALU,FtO.AlOtE. .EA,AVO.F .iuAO.CZIRO FLAGS LADR CONT
16.0 ALU -RKO, FOUR- EAAC00. F, LhRDCZERO FLAGS LAIP RCAD.LUORD
1670 004A 0121F0O43004O00F163CIE0000 C.JIP,IDSSDANALIGN
1.50 0043 0100000043002213:S.164 000oo ALU.OIR-C.A,AG~ft.F.LhiRO.CZfRO FLAGS LAIN CJrnP.N4IwNZNDXNOI
1690 004C 010O0014300142FOC1.3CIE0000 ALU.ftEG, INCIEX.,.EA0O.FLWiADCZIR0 FLAGS LAD* CI1MFF .UNP.N065A
1700 0040 O021F0100EO0O0o0600ooC0oo0o NOSSNA ALU FLAGS READ.LhiURD CONT
1710 0041 4)1o00000430019132g1.4citoooo U.1.,AO'RFLOCZO FLAGS LAD" CJNP-flI&SK.NINIRNoP
17:0 004F .10000014300182F0C143C110000 ALUftO. INDEX. eAADF.LWAIvCZKR0 FLAGS LAO* CIMFF .JUMPOM06SK
1730
1740
17,4 1 DESTimArto" SUPROUTINE
1760 0050 000000000900t00008168cil0000 MOD ALU .... .EAZRO.F.LURO.CZERO FLAGS CONY
1770 0051 0011FO200E000O004a14FE5K~ooo ALU.B53 ...CA#,.EXTLLjRDCZlfU FLAGS FETCH CONY
17s0 0052 010000oEo0000o~ot&3Ccoooo AUROAOI A.OFLRCEOFLA439 LAPP CONT
1790 ALU.AEO.FOUR..(A.ADD.F.LWRD.CZgR0 FLAGS -.ADM READ.LWRD
1000 00S3 0121FO0O4300360I0FI63CIE0000 , C.JM ,DDNA.NALIGN
1810 0054 000O00043002II3Z9I&4CIE0Oo0 ALu.OIR ... IA.AODft.F.LWRD.VlZRO FLAGS LAI* CJMP.14I40KPMNDX"qO
IV20 0055 01000001430021:FIC143C1E0000 .LU,.OINOX. .EA.AOD.F.LWAc'.CZERO FLAGS LAIR CIMFF JUI4P.MD*Dk
1d3o0OZ 0054 1Fol00c00000008000C004)00 MOADNA ALU FLAUlS READ.LWOkO CO2NT
104,) 00!5- -)000000430021 IJ20I&C503oo ALU,DtR ... lAA0DRF.LWAII,C1R0EK FLAGS LAIIA CJMP.NI4OK#NINIXNOD
1950 003 0I00000143O02j2F0CI*3JC000 LCGIX.CO.,Lo.ZR FLAs3S LADR CINFf jUNPNSD
18*0

L370
1330 M ODE C (WORD DISPLACEMENT)
1890
1900 1 %11Rcc SUSAGUYTIN(
1910 0059 000000000E0000008160C1I0000 flDCS ALU ... ,CA.ZIROfFLJIDOCZ1RO FLAGS CONt
1020 OOSA QOllF0200aoO0000edI.FCo:oOOO ALU.353...AOFt.F.80-CZKRO FLAGS FZ~rH4 CONY
1930 003 001 1F020060000006816FEc0000 ALU93839*.CA.Oa.IEYW.S321.CZERO FLAGS FETCH CONY
1940 005c 010000043001413101*3IEOOOO ALU.AEOANODE,..EAADD.0f.LUOCZERtO FLAGS LAIR CN.ISl~,
1950 0050 010000014300182r0CIa3C1E000 ALU,AEO. INDEX- oEA.AOD.F,LWAD.CZCRO FLAGS LANR CINFF JUNP#N4&f

11110 A
1930 1 DESTI14ATION SUPROUTIME
1990 0051 0OOOOOOOOOOOOSI4CREOOO SIOCD ALUP. .. fZRtF.LWAO.CERO FLAGS CONt
200J0 0F 0011F0200C0000006814FC020000 ALU.SSD. ..EA,0lF.I0CZfftO FLAGS FETCH COmr
2010 0040 0011F0200f0000004514FEVC0000 ALU-999 .. .EA#U9,CXTWS0321-CZ1RU FLAGS FETCH CONY
:020 006&410IOOOOO1dIO2I11AI6CIEOOOO ALU.REO.AMq0DCP,AOI.0F,LhIAD.CZERO FLAGS LAIN CJPRI4DKN1NDXP
.030 0062 010000014300212F0C163CLE0000 ALU.RSO.ZINDEX-,IA. ADD OF, LWAD CZERO FLAGS LAAM CIFF JUR-M06IA
2040

2090
2060 MODE 0 (WORD DZIPLACEPYINT DCFER*IDS

.060 SOURCE SUIROUTINI
2090 0043 00000o00o90000oooooShc!gooo $002 ALU ... CA9:lP,FLRD.IZRO FLAGS CON4Y
2100 0064 001 1F0200900000060160FCO0000 4Lu.Sb, .A.OR.F.SO.CZKRO FLAGS FETCH COmr
2110 0045 0011F0200E10000004S14FE0Co000 ALU.353p. .AooR.(XTWdu 321.CZRtO FLAGS FETCH CON?
:120 006& 3100000100000010163C190000 ALU.AEO.AflOIE. .A.AOI.FLIAO.CECRO FLAGS LAI* CONY
2130 ALU.RE.FOUR,.A.ADGrF.LMRI.CKRO FLAGS RCAD.LWOOD LAIP
2140 0047 012IFOt0430AbOrI&CffOOO0 Ci..mPsmIOa."ALLIGN
2130 0045 010 00000'3001O132816*C1E000 A.U.OIR .... ODA. FLMRD. CZCG FLAGS LAIR CJPN8.NKO
2140 0049 010000014300102F0C163ClC0000 AIU#RCG#INDEX, , EAADDOf -LUPO -CZKRO FLAG$ LAPP duFF JUIORD699
2170 0044 0@tlFPOIGOOE00oo00oooSO0o4000 ulISA ALU FLAG$ RCAILWORD CONY
2100 0048 @1000000430O1sI3251.4ClOOo AL& 01ft... fAvAOR.F#LIIRI.C!9PO FLAGS LAD*CN.N4l~NNE0
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spau3 A ADZ'RCSI mAq.l VAX KMtjLATOR ADOpmRYST-o4~L jLIE.ASSFMPLY vFNAQk RKV6.1 IZ'~*

Z-10 00O60 000001000*&C100MO ALU .N. I.Y.Af..UR.~ F LAdS COW ClF Jj~.D

224 0069 001t) 'OOOOA O.3.OI*C2O.4o lwO AU .~ FLOIAGIWC CON
s 0~4 aaar 001 .09000061 P 0 ALU.05I3...EA.O*.VN3W.C3:1O VLAOI FLAGS F9cNYO

00)A i O'' 004 D0 3AUI3..AOtf~I~.tO FLAOS Ph11IR COY

ALU~t~nOtR,.A.AP.FLUN.C:ROFLAGG ftEAD.IIOS LAOS
:-'NO 0011 %)l.lFO%0q3J00,40QF1a3CIO1 O 0i4.NONANAW
219v NO'.' 4&~~i~~CI. ALU-tDIR...AGIF~fPC! SPLAIIS LAN~ CJM0 ,NO#Dt,.NNOWM0D

* ~ 'o, ~I1S~1
l~hSiC%3 AJO.1I1EY,~AAOO..LWO.~ZROFLAGS LAMS CINVV JUWP.N460

'I1,) 00'4 00: C1 F44) MUDONA ALAI ;LAI'f,14 'EAO.k Wilf CONT
k107 .*)000004 3"20.V1 AA9I&C I Oi)'O ALU. 0 *... [A. l111,F -LW*ft7ZfR0 FLAGS LAO* CJNP.ND4OK.0f1hOXNOO

1331, a0la F)3 ~ ~ .)AA.'~ N4\*... .. wLCY1 LAI3! LAOlS CIMPF JUl.P.N9D

'3404

'16 M0O6I ( LONO WO291
1 

DISIFLACgMENT'

:39'1 Itm OU IF

:3*0) 30'' "D 0~S.~Ck~.)NES ALU .... A..[K-LWRV.CESKO FLA435 CONT

40 0079! 04)11FO.OO 000klgI aF i~l A L U -1kI ... .EA.CN,1 .LWKVt-C9R0 rLAkOU FETCH CUNT
1410 001 0019 %ACOOkoo FLJS.E.ftFS.ZR LAGS rHCONY

* 4:40 00'A 0011)O(0 IVOC' ALLI.S...EA.8S l.l,4MIO0FLAGS 7(!CH CONY
'jO30 *9J 3020200600000ulI afCOmok"N FL.I..A0S~S.ZN AGS FETCH CONY

14.40130.c 00.~0O0il00 1L.S..A0. 1S.14 'LAGS FETCH CONT
'450 00'0*I.003O1113100 ALU.O. AMODI - -A AD- -LK0-ZERO FLAOS LAO* CJNflDA3&9k- IOKN 0

:461) 007'c F1 4 SFcACE00AURE~NEE.LFL.~t LA132 LAIHR C1FVP JUMP.NO&IR

:4.44I 091YINATION WUIRIIUTINK
-)0 )O'F klkkt000k)0)OaAI6CE00 04[ At~l 0 ... ,.A.ZKRO.F. WRD.C.ESO FLAGS CONY

:3 k k 04100 00119 F,.0051000000461ta9C020000t ALU.3S3 ... &A*OMS.9,0CZE[RQ FLAGS FETCH CONY
'52 1O3001 001I)C30AVO o ALU.SSI ... CA.OR.fSi.CZfRI FLAGS FETCH CONY
"330 0004 Jot O0i:O0~3 ALOg.MSS... 1A..is.P-s-C:I[RO FLAGS P1TCH CONY
1540 061 00I :0r10-3060 000 00 .LU.01... AA.0,F 13-.MiES FLAGS FETCH CON,
Mo 000)4 400004 WO., 1 1311 SIACI11000 Aiu.AIO.-AO1)f .#^A111. -L fk-CZ~1 FLAGS LAVR P Oi.ISNI
:100 Joel 0100ti~ 4300 -FY1'%0000 ALu.N&0. IN~k%...AI.vLSc:R FLAGS LAD* CIW jUN#.N460

9 MODC F %LONQ WORD IISPLACEINY00 D1ERI01

16!o 0.6 00 0ooo06IOCO@OG 0CING0O "OF$ ALU .... EA.UERO.LWftD.CZ6Rt FLAGS COWY
26J@30 m i 4O1P2OOOO*OOoAa16rCoOoO0 FLUSE.O,'OCR LAGS qryck cCN
1640 00"e .01lFO~OO.O@OC04g1apCO4O0O4 FL.S..AORPICEGSAGS 947r" CONY
:61o "s 0 1r 6 .0o OIOOEOOOAAOO.1 oruss c 00A1% 410~C~R FLAIIS rVY"C CONY
24a4 M 04 0119000600060004816FCIOOOO AL.u..S... 1A.0R.FS3.C:ERO FLAGG FETCH CONY
:a'o 0.100oocooIGO0o010163clao"O FL.i.ND.(.DDPLdI.ZR LAGS LAMS COONY

AL:600U.S.AF9R6C!f FLOGS LAIM R!AO.LWIRV
:6"O O04C oIPfOIO4JOoOPOp'6jC1R00 CMOMPWASL v

1700040 01000000430010132066C110000 ALU.DtR ... AAO0R-F,LWSD.CZSR0 FLAGS LADS CJMP.M§&4SA.NINSE"O
,l0.6 00000001430023.'roc14S0I53000 F&.E.NEm.AAO..M~.ZS LAG% CliPS JtIPM460

'7'20 ow. 002 tro@00GGE04000000CGQ.Ooo NOPSNA ALU FL1*05 49AOC.WORD CONT
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PAGE 7 ADDRESS MASM VAX EMULATOR ADDRESSING IMODE,ASSEMPLY PHASE RE'J6.0 t2,02/79

:730 0090 0100040'16L328166CIE0000 ALUt1R ... CAA0R.V,LWRD,CZER0 FLAGS LAIIR CJMP.MD&SK.NlNVXMn0
:740 0091 0000000043001B2FC.JCEoooo) AL.U.REG,lINDEX. .EA.ADO.F.&.MRDCZERO FLAGS JUNP.ND&SX
2730
2740

.17 DESTINA;ION SUBROUTINE
:2730 0092 OOOOOOOOOEOOOOOOOG168CIEOOOO IIDFO ALU.... .CA.ZEROPF.LMAD.CZERO FLAGS CONY
2790 009:3 00lIFQ200E040000451M'CoZoooo ALU,BSsU.. EA.0R.F.30-C~Et FLAGS FETCH COOT
2U0C~ 0094 001IF0200E0000006816FC040ooo ALU.ISB ... EA.OR.F.31.CZERG FLAGS FETCH COOT
2010 0095 0O11F02O09E0000a1FC0G~o0o ALU.BS&S..fEA.Oft.F.92rCZ9RO FLAGS FETC14 CONT
.020 0094 0011F020OC000000AI&FC10oooG ALU.3Sl-t .A.OA.F.13vCZERO FLAGS FETCH CONT
:930 0097 010000000E0OOOOOIOI4JC1EOOOO ALU.REO.AMODE. .A.ADO.F.LWAD.CZERO FLAGS LADR CONY

..S50 09 110000S3F6C00 / ALU.REGFOURt-..EA.AGFLUAO.CZERO FLAGS LADE RtAD.LIIO*O
2950009 ol"lroo4309800PI6CIE00CJP.MOFONA.NALZGN

260 0099 010000004300211326166ClE0000 ALUgOIR ... EA.AODA.F.LWADCZCR0 FLAGS LADW CjNP.N4DktN1NDXN0D
2670 0094 000000014300212FOC163CIE0000 ALU,REO.1NDEX..EA.ADO.F.LWRD.CZER0 FLAGS C114FF jump.MD4DK
2660 009t OO21FOlOOE00000008000C004000 MDFONA ALU FLAGS RZAD*LWORD CONY
2690 009C 0100000'30O211320166C1E0000 ALU.OIR .. A0DR.FpLWAOCZlRO FLAGS LADE CJNPMDD0N.IM0XMOD
2900 0090 0000004300 %ZF0C143CtE'3CO0 ALUAEG.-INDEX ,,EAvAD.F .LWR.CZIERO FLAOSPALL LADE JUNP.ND6O%

2920
2930 IPROGRAM COUNTER ADDRESSINGO

2940

2960
2#70 1 NODE 8 IMMEDIATE MODE
2960#
2990 0 SOURCE SUBROUTINE
3000 0091 000000OA100I0AG33CGOLOCIE0000 PCMDSS ALUNOSRC, .SRtC.EROF,LWADCZERO FL.AGS CAB. IMMX. I"ONNOD
3010 009F 0011F0200A000O26660fCO0000 ALU.SSS.. -SAC ORF. 60.CZERO FLAGS FETCH CRET.3YTI
3020 00A0 001IF0200A0000276810FC040000 ALU.lSS-* SC.0R,F.51.CZERG FLAGS FETCH CWT.S'rT2
3030 0041 001 1F020060000006030fCOG0000 ALUSS.. SRC.QR,F.12.CZCRO FLAGS FETCH CONY
3040 0042 001 IFO200AO0OO2SAOIOFCIOOOoo ALU*SS... SAC.OE.FS3.CZlRO FLAGS FETCH CRET.WY4
3030 0043 O00000000EOOOOOOECS10SCIEOOOO ALUoNOSRC ....SRC2,ZlftO.F,LbIED,CElRO FLAGS CONT
1040 044 0011F0200CE000000611FC020000 ALU.53 ...SftC2,OR*F.B0eCZKEO FLAGS FETCH CON?
3070 OOAS 001IF0200E0000006811FC040000 ALUPSIB .. .14C2,OR.F.I1 .CZERO FLAGS FETCH CON?
3060 0046 001 1F0200E0000006811FCOSOOOO ALUPBSO .. .C2.OR.F .S2@CZERO FLAGS FETCH CONT
3090 00A? 301 IF0200EOOOOO411FC1OOOOO ALU,3S& .. .5C2.OR.F. 33.CllRO FLAG8 FETCH CON?
1100 0046 000O000O0OAOOOO2FOeOOOCOO4000 INNE ALU FLAGS CIMFF ACT
3110

3120
3130 1 MODE 9 (ABSOLUTE MODE
31401
3150 1 SOURCE SUBROUTINE
3160 0049 000000,00090000,00EGI&SC160000 *CnS9S ALU.NOSACu , ,AZSROFLURDCZERO FLAOS CON?
3170 0044 0011P020090000004816fC020000 ALU0SM ... EA.OR.F.I0.CZtRO FLAGS FETCH CONYT
3150 0043 0011F02006000000416FC040000 ALU,*9*#..CA*OR*,S%31ClfR0 FLAGS FlETCH COOT
3190 00*0 0011F020,0E0000006814FC060000 ALU#065...EA.Oft#F#92,CZKrtO FILAGS FETCH COW?
3200 0040 001F*20430GAFrI36S66CIO000 ALU,&*lv,..AvORvF.3.CZEEO0 FLAGS FETCH CJNPPEVSR.NZNDXNoD
3210 0049 OOOOOOOEOOOOO6JIE000000.R0CNDI16A.DDC1th0.ZKO FLAGS-ALL C1NF COOT
=2O O0W 0100000063001S2F03000C000000 P098K ftUppED.EA...aDoE.F.MNUR.CZtRO FLAGS LAD* JUMP.NSASK
3230

32140
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pAow a AD0I*t2 MASH VAX EMULATYOR ADOMf6NG MOVi.ASSIILY P.4Aff OfV6. 1:'0:;'

32m) 0000 000000000900000099146C160400 PCl'OOD 4 U,-NI169C. .. 1PZ[0.F.LW"D.CZIR0 FLAOS COOT
3270 0001 0O02O0C9000000464C02000O ALU.010 ... 94-04.F.60.CZXf0 MIA0S FITCH CONV
3200 0062 oti&F0200(1000000*IIAFC064000 A.UpsSl. .q9A~..llCZIP0 FLAGG FITCH CON?
3290 0063 0011V0a200E000004614FCo00000 ALu,91S... CA-OP-r.0:,C:RO rLAGS fC?~k CON?
3300 4064 0011F020430061341.rCt00000 Au.S,.AUFa.3CII LAdS rTCh CJPVPCV6,N.#iSN0NO
3310 0065 00000001090000@00C163CIE3COO ALU,.IOCXl..rA.ApD.F.LWuO.CZIRO FLASS.ALL CN#9 COolf
3320 4006 010000004300212r06006C000000 0c.OA ALU,060.1A ...AOA#Ni~~t FLAGS LAD* VWU0P0.M6

3340
333-3 MOor A i STI-ftLATt'V( MODE

33.10
3370 a SUC UfOY
3300 07 00000000"0000005416C16000 PcMDAs *LU.MOSRC ... ,fA.ZR.FLU*NC.CPd FLAGS CONT
3.300 a0*0 0*l1F020C0(OO00.dI4l6CI000 AI.U.16 .. N. FL. O O AGS FITCH CONY
3400 0069 00000000430018130-963CIE0000 AI.OP.(A.D'LLN.~f04AOS C~JMP-MO4Sk&.MOX6I00
34tO 00P4 010000O%4300162FOC163C1E3C0 At . K6.0- INDF%. .IA.ADD.f .LWRO.-CZI0 FLA436.4LL C1MF LAN* JUMPMD#
34:0
34303
144%) OGDSTtNAttON SUUAOUTIME
3450 40093 000000000600000060160CII.300 ocnoAoo ALUN0SRC ... CA.R. .LWOD-.C£KRO FLAGS CO"?
34.0 0G06 F2000000aIVn AU. PP- - -1a-0u-WIL .LWAPo.IR0 FLAGS rrYct CON?
4'0 )~ei000040104C 00 Lu-.O.I.,.(A.AOO.V.LWAO.CiW0* FLAGS LOOP CJMP.M0401.K"NMO
4'0 110:6 0 000043002l_'0C.JC&3C00AU40INI.I.aD.)OCf0 FLA4GS.ALL C1MfW LAWS JUMP.06P

3330 a SOURCC OUS*OU11I6(
334 00CW 000000000000099140C1(06o0 P(M061s AL U - (0SftC..*. ZIPO.FLWPO.CIO FLAGS CONY
£550 O0(0 00%IVG^.*00*G004S16PtI~0000 Aa.5. E.R(YLL*~~IOFLAGS r6TCH CONY
13.0 aOCI 0t0000000(0006000743C19SCoo AaLU*C.P.C .A.A.f -LUPO -CURO rLAOS.AI.L LAWS CONY
3370 ALU.A(O.V, OUR -4 40.A0,. F. LtD'C21R rLAOS,ALI. LAOS RtAO.UORD
3360 o0c 012lF01043004b030'143C163C00 CJPN0sso. Mft I t
3590 0OC3 010000004300413266.C110006 4UOf..(.OF.~M FLAOS LACIK CM.DI.10f
30 .0C4 010000004300112F0C1C13C 00o FL..NI.(.ODVLN.Zf0 AGS-AL, LAOR JUNW.MO4Sf

3640 00C15 00*0*O*"*0*00001614Cjg0000 pCMDog ALU.NOSRC...IA.ZgfC.r.LMRO.CZKW FLAGS CONY
3450 OOC& 001tro:00400000046ftst000O ALU050 ... CAO.-EXTO, LWRO.CZI*C FLAGS FITCH CONY
1640 0oc7 0lO000000t0000000?43C113CooAUMC..(.AOFLA.ZR FLAGV#ALL LACK CONT

347, A$u.AO.FUN.EA.AS.VLUR.C60 F.LA 8.OL LALA 4140O.LUOf
3.60 00(6 *111P@1@*4300S406Ft&SCl13C00 ,-o CP.MO6O**.0tleoN
SA4C 00C @1000000430021132916*C1600 AL U -0 1... 9A.AOOS.V.LWPVC2t*0 FLAGS LAlPC4 ,M4N.WNU0
V'00 001C* 010000014300212F0C163CL13C00AUAGZO..S.GMFL.ZG FLO"Ae~L. LAM. CZP" AIMP5001'
3710

3730 4 ROOW c ( "QO-SLA~TIV
374*
37"0 1 v~RC Sou"WiN(
3700 303 60000000000oft664C11000 PewsC AUMSC (~KOFL*.~S FLAGS CONY
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PAGE 9 ADDRESS PlASM VAX EMULATOR ADDRESSING MOMEASSEMBLY PHASE REV6.O 12/02/79

3770 O0CC O0llF0OOEOOOOOO*8I6FC00000O ALUoBSDv, *EA,ORpF.SO.CZjRO FLAGS FETCH CONT
3780 OoCD OOI1FoO0(000006816FcDC0000 ALU.6S9 .... EA.OftfEXTW. 13Z1 CZERG FLAGS FETCH C014T
3790 00CE 010000004300181307963C1E3C00 ALU.REG.PC. .EA,ADDvF-LbSRD.CZERO FLAOS.AL. LAGA .CJDPtMD48K.NINDKML'
3800 OOCF 01@000014300102F0CIA3C113C00 ALUPREGe INDEX, 4A. ADD p 9 LWRD. CZERO FLAGS.ALL LAIR CIMPY JUMP .M06S

3030 D(STINA1IOH SUBROUTINE
3840 0000 OO0000000EOOOOOOCU148CICOO0O PCMDCD ALUPNOSRC ...EA,ZERO#,LWRD.CZERO FLAGS COO?
3650 0001 001 1FO20090000004816fC02.0000 ALU.SSbp *.EA.0R#,90,OCZERO FLAGS FETCH CONY
3860 0002 OOSIF02OOE0000006616FEDC0000 ALuvBS8..EAvORtEXTu-m321.CZ9RO FLAGS FETCH COOT
3870 0003 010000004300211307963CI93C00 ALU.RED.PC.,EA.ADDvFvLI4RDrCZERO FLAGSoALL LADA CJMPo.DMO6D NNOKMt
3680 0004 010000014300212F0CXIU~tC00 ALU vRtGvINDEX,. EA. ADD# FLRD. CZERO FLAGS.AU. LAOR ClMFF JUMPt"Do1
3690

3900
3910 8 PROGRAM COUNTER ADDRESSING WORD-RELAIZYE DEFERRED NoDe (MODE Ds
39=0
3930 0 SOURCE SUBROUTINE
3940 0005 0O4O000O000O0ESloSCIE00O0 PCMDlDS ALU,NOSRC ...EAZERO.F.LWRD.CZERG FLAGS CONY
3950 0006 001I1F020060000006016FC020000 ALU.BSD... EA.GRcF.90,CERG FLAGS FETCH CONYT
3940) 0007 OOLIF0ZOOEOOOOOO&A16fEDCOOOO ALU.9S,voEAoORsEXTW.3321,CZERO FLAGS FETCH CONT
3970 0008 0100000O0E00000007963CIE3C00 ALU.RfG,PCp.EA.0DOvF,LWRD.CZER0 FLAOS,ALL LADR COOT
SuED ALU,RED,FOURe .EAeAOO.FLkiRDeCZERO FLAGSA4.L REA~sLWORD L^A
3990 0009 0121F0l0*300&AOSOFX6JCIE3CO0 CJMP, MDSNA.N-ALI ON
4000 000A 01000000430016132964CE0000 ALU.OIRP,,(A.ADDR.F.LWdRD,CZK-RO FLAGS LAMR CJNPvM068X.NIlNDXHOO
4010 000. 010000004300t@1FC163C1(C00 ALUvREO P NDEX .A.ADlfPF*LWRNDCZERG FLAGSvAU. LAOR AJIMP.41061K
4020
4030
4040 0 DESTINATION SUBROUTINE
4050 000c OOOOOOOOOEOOOOOOES268C110OOO PCM000 ALU*NOSRC ...EAZERG,F.LWRDCZERO FLAGS CONY
4040 0000 0011F020010000006816FC020000 AtU9BS,.EA.OR,F.S0.CZERO FLAGS FETCH CONY
4070 OODE 001IF020010000006016FEDCO0OO AI.U.DSBP * EA.OR,EXTU,8321 PCZERO FLAGS FETCH CONY
4060 OOF 010000000E0O000007963C1E3C00 ALUREGPC,,EAva00.fLWiRO.CZERO FLAGSAL. LAD* CON?
4090 ALUREGFOUR.,EA.ADDFqLhIRDCZIRO FLAGS-ALL REAOLWdORD LADA
4300 00(0 0121F010430074030F163Clg3C00 CJM~PMDOlNAPNALION
4110 00(1 00000000430021131-8166CLEO000 ALUP0IR#P- EA@ADRP,LURD.C' Ro FLAGS CJMtP,0ohCNI0D
4120 00(2 0100000034300212F0C163ClE3C00 ALUREGINDEXP.(AADD,V.LhJRO,CZERO FLAGSeALL LAOR JUMP.MD&DK
4130

4134 MODE9 E ( LOOWRD- RELATIVE MODE

4170 1 SORCE SUBROUTINE
41"0 00(3 000000000(OQOOOOSOIAS0CIEOOOO PCMDES AALU.NOSRC. . EA~lCRG.F.LWQDR.CUjRO FLAGS CO14?
4140 00(4 OOIIFO2100EOOOOO6IAFC020000 ALUoSI. .. (A.O&.F.S0.CZERO FLAGS FETCH CONY
42100 00(3 00t 1F02001000000661&ICO40000 ALUvbSS.. .CA.ORpF.SI .CZERO FLAGS FETCH CONY
4210 06a 0011V020040000006016FC00000 ALU@9S8..v1A.oRf.F.S2vCZtR0 FLAGS FETCH CONY
422.0 @0(7 Got 00200400Q0004816pCi00000 A~plIbe.EAvOR9F.UJeCZ9RO FLAGS FETCH CONT
42"0 00(6 @1000000430018130796=913C00 ALUvAIGePCe .(A.AIJ.LIAO.CZERlO FLAGS PAL LAW CJRPY OM oNl"DX"C
4240 009V 010000004300112"POC143C1g3C00 ALU.4EG.1NMX.*(A.A00.F.LidADCZRO FLAGSPALL LAWO JUMR.N106"1
4230
4260
4270 S 099TIMATION SUSROUTIH(
4290 00(14 0000000009000000co64cit0000 pcNSog ALU.NOURC,,,CAZROFLIDCZKERO FLAGS CONY
42" 00( 0010102@06000000AG1jFC020000 ALUeWS. *.(9A.oR,V. D0eCZERO FLAGS FETCH CONT
4200 006c 0011FO2006@00006416pC0a0000 ALUp§SUIpe.AuORpFplpCZER0 FLAGS FETCH CONY
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PACE 10 ACDRES MASM VAX EMULAroR ADDRESSING MODE.ASSIMBLY PHASE RCV&.0 12/02/9

4310 009D 0011F0200EOO00OA1*FCOGOOOO ALU.9sSIo ..EA.OR.F,S2.CZERO FLAGS FETCH-CONY
4320 Ott01 0011PFO200C00000agl&FCIOOOOO ALU.lSl-,.A,OR,F-S3.CZ9RO FLAGS FETCH CONT
4330 04)fr O1O00O04300211307963C&C3COO ALU.REG.PC. .CA.AOO.V.LURD.CZERO FLAOS.ALL LAVACM.NA9.NN)M
4340 OO 0100G04@0421FC3C1l&C00 ALU.RCG. INDEX.-CA -AD. F. L600.C2100 FLAOSsAJ. LAbfSJu4W.MSA0R
4350

4300
4370 MCDE F (LOMOWdORD ACLATIVE DEFERRED
4390
4190 1 SOURCE SUIROUTINt
4400 001 O00000000600000068168C11O0O0 PCMDFS ALU.NOSRC,*.EA.ZERC.F.LeRDCZERO FLAGS CONY
4410 00P2 OOIIF0200E0000006f16FC020000 ALU,3SS-.EA.Oft,F-.oCZfRo FLAGS FETCH CONT
4420 )OF3 0611F020O00000O&SW18C040000 ALUDSO... EA.0R,F.S1.CZ6RO FLAGS FETCH CONT
4430 00F4 OOI1FO20090OOOOO,816FC0boooo ALU,SS9-.EA.OR.F.B2.CZERO FLAGS FETCH CONT
4440) OOPS 0OIIFO200EOOOOOO6816fCIooOOO ALU.58g .. CAUR.F,&3.CZ9RO FLAGS FETCH CONY
4450 0OF4 01O0000O0EOIJQO007963czeacoo ALU.RfGPC.,CA.ALJD-.LWRD.CZERO FLAU6,ALL LAOR CUNY
4460 ALU, REG O.FUR, E.O, ,AUC. FLAGS.ALL LAD% RIAD.LIIQD
4470 0OF' 01:1F0)1O43OO0I0Fo1.3cIE3Co0 CJMP.IIDFSNAPMALIOH
4 As) )OF4 *)1000O4010Ig1JIE0000 ALU.DIR .... EA.AODRF,LW.RD.CZERO FLAGS LAD* CJMPMOS.NIMOXM0DO
44Q0 UVIX 1100Q10043001.2F0C1..Cl[C~o ALU.-REG. IHVEX. .A.ADD.F. LWAD. CZER0 FLAIJS.ALL LAD* JUMP.MDASR

43.0 DESTINATION SURROUTIME
45-30 00FA .)OOOOOOOOEOO0000EIL.ICIGoQoo ALU.NOSRC.vEAZEROF.-LjRD,CZCRO FLAOS CONY
4540 OWo 0011FO3000000000*S169C020000 ALU.S13, .. .EA.O.F.90,CZERO FLAGS FETCH
30 OOFC 0011FO200CO0000OAS81.FC040040 ALU.4SSU..,. fAORF.S1.CUROQ FLAGS 'ETCM CONT
60 001F0 OOIIF02006000000416FCOSOOOO ALUSSI .. ,A.OR.F.R2.CZffRO FLAGS FETCH CUNT

4570 looE O01190200000006616Fc1ooo0o ALU.ISI...EA,OR,F.S3.CZERO FLAGS FETCH coNY
4!:80 o0FF 010OOOO.)0OOOOoOGO~Y6CtC3CoO ALuRtO.PC, .CA.AOD-F.LI4RG.CZERtO FLAUS.AL. LADR CONT
4390 ALU.REG.FOUR..EA.AOG.V.LWRD.CZERO FLAGS.AU. LAD* MIAD.LMWD
4.00 0100 Q1IF1FO43O0l&GvOFl6JCtC3CGO C.JMP.MDFONA.NtALION
4610 0101 010000004300212F291&*CCgOOO0 ALU.D1R ... EAAD.,uR FLAGS LADR JUPN"hDII
4.20 0902 010000004300.1132u16*CICL0000 ALU.DIR ... CA.ADft.F,LIRD.C:ERtO FLAGS LADAt CJMP.MOAGDK.NIPISNNOD
4:30 0103 01000OOO4300212FOC163C193COO ALU.REG.INDEX..EA.AGG.F,LWRD.C:ERO FLAGS.ALL LAOR JUMP.NkDA%

fl 40 E.ECT
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P-AGE 1PIxvD mAsm vat (NULAaoA micotopaosontA iNTEGER imsTRucrzomU RavaJ.o
is* INVALIDI

0010 TITLE VAX CeNJLATOR MICROPROGRAM: tNTEGER INSTRUCTIONS Q9V&.0

0020 OPT T.DVrTA.OTlvL.PIXtD.ALII,N12@
0030 ORO 0000H4
0040

0010 1 INTEGER INSTRUCTION SET CONSISTS GEEAL ARITMWEIC. LGZ
00460 D RANING AND SOME SPCCAL. EDITING INSTRUCTIONS.
0070 EJECT

152



NAVTRAEQtJIPEN 78-C-0157-1

PAGE 2 IXED MASH VJAX EMULATOR .mCR0PR00RAM: INaTIEE INSTRUCTIONS KE*.

0090 a s MIESORUTINIS OF INTEGER INSTRUCTIONS

0130 1 MOVIE
0140 I FORMATt MOV SRC.AX.2S1&IX
0150 1
01ao 0000 4011F0:010000.FOG000C00*000 NOV 'LU FLAGS JUNO FETCH
0170 0001 0099F020230000000146C111C00 ALU.RIG.SmC,. .ST.ADOR,F.UdRD.CZERO FLAOS.IJNZ LPOR C.IMfq.NS CFVTC,

VISO 000: 009IF0202300002F06954CICOO ALU. 1CO. IRC2.. DST 2,ADDR. F -L690 CCRO FLAGS.UN3 LOO JONG FETCH
010

0~200*
021.) 1 P40VE ZI(RO..SITEMTI

0-2 FORMAT: IlOaZ iRC.Rx, LJST.I*V

v ..40 0003 4011F0202100006FE8141C150000 M(JYPL ALU,NOSRC .. OST-ZfR0.F.LWRD.CZfR0 FLAGS jU~qO FETCH
02130 0004 0011 020:300002F0614FC021COO ALUREOSAC. .osr.op.F.30.C2IRO FLAGS.VNZ JDMO FETCH

OZ70 0005 0011F0202100004FIE8146C11000oo m0jvzuL *LU.N0SRC ...OSTZKft0.F.LWfttC2-IER FLAGS JSIMG FETCH
0200 000& 00I1F02O:3oO02Fog14FCo~lCoO 44U.AIGSRC. .DST,0I1.F-bID.CZ9RO FLAGSVNZ ANDO FETCH

0300
0310 1 MOVI NEGATED
0120 1 FORMAT: OPCODE SRC.RX.DST.UX
0330
0340 0007 001r020210000FE&%4GC11OOO IMaIL 41U,NOSRC ...OST.ZCRG,F.LI4RO.C:ERO FLAGS JSMD FETCH
4330 0003 oO0lFO202300002FOa:.lCxE7CoO ALURIO.SRC. .DST.SUSKFLWdOf.COMOC FLAG3..4.L JOAD FETCH
0340

0390 FORMAT: opcoDE snc.*x,osr.dK
4400
0410 0009 001iF02O2%o*004FO00C004O0 MCOAqL ALU FLAGS JSMD IMC
0420 0004 0011FO023*10002F0114?C1ICOO AL.RIO.SRC..OSt.AODRN.F.LWiRDCZIRO FLAGS-VNZ JOMO FETCH
0430

@444
045a S RUSH LONGUVORD
444 P OWMTA: OPCO06 SRC.RL
3470
0440 "G0o 0000000021*0006FON000C004000 PUSHI. A.U FLAGS igloo
04" w 0CC OsOOOOOO(OOOOOOFOIICICO000 ALU.RIO. FOUR.. SP SUJISR. f -LhIRS.CRQ FLAGG LAIIIII CON?
83300 0003 OOOgOOO0o0obooC003COO ALUAIU.S1C ... ADOR ,F .NISR CZIRO FLAGI * LL, WRI TI *LUGon Color
*1 O Go 000 001IF020170,0000CO040CO0040,00 ALU FLAGS FETCH .JMAP
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NAVTRAEQtJIPCEN 78-C-0157-1

Pool S FIED MAO" VAX EP'ULATOR MCROP*OGRM INTEGER INST~uCrKD#4S Rgv6.,

0540 1McRIENENV
4130 8 OWMAT! OPCOE suN.'"x
03s60
05,0 GO0F 0000002100006F0*000C00A000 IHC AI.U FLAGG JSNS
4300 0010 0091FO.'03oo010Cy .03COO AL.E.R.O1AO.,N.O. LAGG.VNZ LOOR .j04q FETCH

00'

06 10 5 OCRESEPNr
".10 1 FORMAT: OPCODE DIF.IiX
0630 4011 0000000210000&F06140C1E0000 DEC ALU.ftO..-DSV.ZlRO.F.LWPD.CZ9RO FLAGS AnDO
0660 0012 0091F0202300002P06142C1E3C00 A~~t0UC.S.13FLiDCEOFLAGS.ALL LOOR JDnf FETCH

0660
I CLEAN ST~

.80 1 FORKAT: OPC06 STW
06901
0700 001.3 00449F0:30Ooors f1 4SC20 tcoo CL4 ALu.405C ..-DT,.ZERO.,.RNS#C29*0 FLAGS-VNZ LOW0 CJDeqO.NSO CPE1
0710 0014 OO91F02023000O2rE*13#CZ01COO AI.u.N#GS*C,..ST2.ZERO.F.INS.,CZKRO FLAGSSVdZ LODe JDnO FETCH

0730
07*00 COMPARE

073 1 ORNAT, opeOnit SRC1.Rx.snc^.ftX

0l'0 0015 04)1F00100004F01000c006000 CMP. ALU WLAOI.NONC AMSD FETCH
0~v0 00)6 ooiiro~o~ioooo6F0Ii4.cuIo000 ALU.REO,S#tC..OST.DDN.,F.LWiRD.CZERO FLAGS JSMO FMHV
0790 0017 ool1F0201700000C0614zC1E3Co ALU.AEO.SRC. .DSTSU3.F.LhIR0.CC~t FLAGS.ALL ~~A FETCH
000

0010

0030 4 FOPNAT, oFVODE SRC.*%.DST.%iy

0054 V01S 0011F0202100006FOO000CO04000 CVrlhI ALU FLAGS JS14D FETCH
060 0019 0Q11F0@2300002FOGt*.64JC~O ALu,REG.sRtC.osr.AODRERTSU.IiMO.CZERO FLAGS.ALL JONO FETCH
0070
OM60010l 0011PO202100~00.F OO 4000ooo CWTOL. ALU FLAGG ANDO FETCH
0094 MR1 0011F02023000G2V0S)..tK3C00AUfE.R.DT.ORET.O.~t FLA116.ALL JONG FETCH
0900

at%,)
0970 TRST
0030 a FORM?.; GPM"D SoC.x
0940
0910 OOlE 0011 F0202100006F06000CO04000 11? AALU FLAGS is" FIC=H
@960 "1S 0011P01u700000C0.0.c:.03C~O MOg~a.*.O~tF N.Z FLAGA.L .IMqP FETWH
4970

09110
0996 sIty TEST
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NAVTRAEQUJIPCEN 78-C-0157-1

lPAGE 4 FIXED HAS" VAX EMULATOR MICROPROGRAM: INTEGER INSTRUCTIONS REV6.o

1000 FORMAT: OPCODE MASK.RX. SRC.RX
1010
1 020 0011 0011F0202100006POS000C004000 91T ALU FLAGS JSMO FETCH
1030 001F 0011F0202100006F01146C200000 ALU.REO.SRC..DST.ADDR.FIHS,CZERO FLAGS JOND FETCH
1040 0020 0011F0201700000C0614CC001C00 A(UREG,SRtC..0STA4DF.N4IRCZIERO FtA.ASut ~ga FECH
1030

1070 SIT! SET
1060 1 FORMAT: OPCOOS MASK.AX.OST.MX (2 OPERANDS)
1090 1 OPCOD9 MASK.RX.SRC.RX.DST.UX (3 OPCRANOS)
11004

1 110 021 001IF0202I00004F06000C*04000 3192 ALLI FLAGS JSMO FETCH
1120 0022 0000000210000&F06146C200000 ALUREO.SRC. .OST.A0DR.F.INS.CZERO FLAGS J*MIO
1130 0022 009tFO20230002F00,4FC2040COO ALU.R[GSRC..VST.OR.F.INS.CZERO FLAGS.NZ L"O .jDNS FETCH
1 140
115O0@024 O011F0202I00006O000CG0a000 3193 AtM FLAGS JSnD FETCH
1140 0023 001FO202100006F06146C200OOO ALuREG.SRC. .oST.Aoons,z,SC:E*o FLAGS jIMa FETCH
1170 0026 009IF0202300002FO914FC200CO0 ALU.REG,SRC, .tST.OR.F.IHS-CZIERO FLAGS.NZ LDOR JJWD FETCH

1200 8 SIT CLEAR
1210 1 FORMAT: ORCODE MASK.RX. D5T.MX (2 OptRARSI)
1220 0 OPCODE MAIK.RX. SRC.RX. DST.MX (3 OPERANDS%
1230
1240 0027 0011F0202100006F06000CO04000 3!C2 ALU FLAGS .JSMi FETCH
1250 0026 000000002100006P06147C200000 4L1,REGI.SRC. .ST.ADORM.F. INS.CZIERO FLAGS jSMD
12"0 0029 0091F020.300002F1PO14CC200C00 ALLJ.REO.SRC,.DST.AE4DF.XNBCZERO FLAGS.MZ i.DO JAM FETCH
1270
1230 002A, o01IF02loooo064gooCoo4000 BIC3 AI.U FLAGS jUNG FETCH
12"0 0023 0OlI1F202Io0O&0FI47C2*000O ALU.REO.SRC. .OST-AOORHt,F.INSCZR FLAGS JSHO PETC14
1200 002C 009IF0202300002FOO14CC200CO0 ALU.REO.SRtC,.IIST.ANQ.F,IMS.CZ9R0 FLAS,NZ LDOR JOND FETCH
1310

1320
1330 1 EXCLUIVE OR
1340 1 FORMAT: OPCODE MASNKft1. OST.MX (.1 OPERANDS)
1250 ORCODIE MASK.RXp SRC.RX# OST.Sdx (3 OPEMaNS)
1240 I0
1370 0029 0011F0202100004FC J06C*4o00 X0R2 A..U FLAGS jamc FETCH
1330 0029 000000002100006$061S44C200000 ALU,4ESSRC,. DST.-ADDR.F. IHS.CZKRO FLAGS AUND
1390 002F 0011F0202300002F*814DC200COO ALU.RE6.SRC..OST.C0R,F. INSCZURO FLAGS.NZ JDND FETCH
1400
1410 0030 oo11F020210000FOOOOCOO4000 'IONS ASAJ FLAGS jSmD FETCH
t420 0031 o011F0202100006F0544C200000 aLU.RE0.SRC, .DST.ADORF. IH.CZItO FLAGS JSMD MIC"
1430 0032 001 1F0202300002F011 43200C00 Mu .RIO. SRC. * S?.EXOR .F *INU,CERO FLAGS.N: JDM FETC
1440

1410
1440 1 ARITMETIC SHIFT
1470 1 FORMATS OPCODE CNT.RU. SOC.RLP 0ST.w.
14" 0
1490 0033 000000000900000000170C110000 ASH MLUP.. LEUTH ZRO.F.LsiRO.CZER FLAUS CDII?
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NAVTRAEQIJIPCEN 78-C-0157-1

f~aG $1'AID ftA2AVA I fIEt-LATOR ATCROPROOAAAS INTEGER INSTRUCTIONS ftIV6.a

'430 Q0S0IF1OO.O0OO4O JS.LJFA SMD FETCH
2040 0034 400a1F*20'10000.F01144C000 A^*oOSCoDT.DfF15.ZR FLAGS JSNb FETCH
I.050 0057 0091Fo02,300002V04142C:03coo ALU.CGI.mAC,.DST,SUJg.F,!NS.CZftO FLAS.L. LDM O M ji" FT

2070 009003 FOT02100006F0SOQOC004OoO ISOW ALU FLAGS ANDO FETCH
100 0099 000*OOOO2xGOo*F0gi.*ClE0ooo ALU,RE0.SRC..0S1.*CDR..-LWRD.CZISRO FLAGS A811
2090 Q05* 009 1F020.2000021FOSxclco I&..RO.CCo IujuvEaaiOyp FLAG.AL. L"C JMS FICH

2120 * INTEGER MULTIPLICATION
2130 F O*NATI OPICODE N.RL, PR* t.A ( TWO OPERANDS)3
2140 OPCOVI MU".RL, NUMRL. PROD.iL 4 THREE OPERANDS
2150 MI1 001IFO2O21O00AfrOGU000400o IULL2 AL4 FLAGS .jSMD FETCH
2160 0GSC 00000000210000.004404C200000 AuRDSCG DR..I.CEOFLAGS JIND
:170 00511 0OOOGOOOACOOIDGGO~tooCOOOOO A*90 1... DST:EfRO.F.lNS.CZCRO FLAGS UZCY.OOZD"
2100 3059 000000 4*)004O0g1402200Oo4 SPALu.RE0,%RC. DST -rJL TZC.IMS.CZERO..- 10 FLAGS OtPCT
I#*.)$3F 0000 @,1)0000* 00l4211 J00 P Aosc4~TM4ci~.1..~ FL*CS.CVW COMY
:230 00*0 OOIIF0Z030000:F091.AC2ooaoo ALU.R9G. ...DSI.ADDS.F. IMS.CIRO0 FLAGU.Z jDhqD FETCH
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NAVTRAEQUIPCEN 78-C-0157-1

PACK S FIXED AASM VAX EMULATOR MICROF'WGRAMq: INTEGER INSTRUCTIONS RIV6..)

760 a RANCH WITH *YTI-DISPLACIMNT:790 conC O@OOOO00IOO0000Sx01toooo In3 ALU .... LIN6YH.ZKRO.F.L65.CnERO FLAGS CONY
5100 0070 OOOE000000 .ei000007rcgoooo ftSJ.313... .LEN0TH.0t,XT3L,LWRD.CZIRO FLAGS CONY
2810 OO'9 02

000
0200I0o00o048173CO03COO ALU.A03. .. LENGTH.AOO.F.NWAt.CZERO FLAGS.ALL LPC IPC CONY

'c2c conF 001FO20000OO00OOSOOCOO4OOO ALtS FLAGS FORCEF CONY
2 60 O 4llFO2ol700000coaooocoo4ooo A&SJ FLAGS FETCH -SnAP

6050 1 BRANCH WITH SORO-DISPLACENENT
2340 0061 O0lLF0o0EO00ooaoS:7CIEGOO B*S 44... .ENOTH.ZERO.F.LhiAO.CZERO FLAGS FITCH CONY
270 0062 001lFU200OQ0ooooooa7FCo~o~ ALU.1S3 .. ENOTN.OR.F.30.CZIRO FLAGS FETCH

'00 0063 OOOOOOOOOEooooooaa1'rocoooo ALU.9S3. * LENGTH.OR.E'TW.321CZERO FLAGS CONY
.9960 0004 OOOOOZ0O0oO0oo4SI73CIEICOO ALU.A05 .. LENGTN,AOV.F.LSRD.CZERO FLAGS.ALL LPC IMC CONY
2900 0063 0OlSF0OCoE00O00ooOoocoosooo 44.5 FLAGJS FORCEr CONY
2910 0054 OOllFflOt700000COSOoCOO400 ALU FLAGS rETCH jMAP
:20
5970 JU~mp

'940 0037 O01oOOOEOCOOO081oSI'c±EsNooo AP ALU......LENGTH,:ERO,F.LWAOD.CERO FLAGS FETCH CONY
950 0036O0F0 o~oos~~ooo ALU.SSD ... LENGTI4.ORF.)0.CZERO FLAGS FETCH CONY

-29) 09 O0%uF0ZO0ooooirpr-atoooa AL.5,89 .. LEMGNT.oR,,. .CZERO FLAGS FITCH CONY
29'O 00SA 0OI1FOZO)EO)0OO6e3l7FCaBOOOO ALU.8S3,...LENGTH.OR.$%a2CZERO FLAGS FETCH CONY
2930 0063 OOIIFOCOOE-000000681FCxooooo 4LU.9S9- * LENGTH.OR.F.33.CZERO FLAGS FITCH CONY

'9PO 09 0~c2000O:OoEoooooo8l74coocaoo 44.5... .LEHOTH,AODS.F.NWR.CZERO LAGS CrPC BPt CONY
moo0 0060 001

3
F0200E000O)0005000)c004000y ALAS FLAGS rORCEF CONT

30406E OO1IlFo2o70,0000cobooocoa.ooo ALtS FLAGS FETCH jMAP

30 3 0

3040 1 BRANCH I JUMP TO SU3ROJIME
3050 1 FORMAT: OPCODI 0IRL.RX tINANCH)
3060 8 OPCOOI 08T.AS kjunP)
3070a
3060 0 BRAMN TO SU3ROUYINE WITH DYYE..DZSPtACININY
3090 30SF OOOOOOoOEooooooogl7u1CzEoooo I53S ALU .... .LENOTH.ZERO.F.LWRD,C:IRtO FLAGS CONY
3100 0090 OOI1F0200IOOOOoO0SITFESIOOOO ALu.flh.. LEM0YH.ORt,EXTIL.LWRD.C-.ROt FLAGS FETCH CONY
3110 0091 OOOOO0OIOOOOO AS41AACIEO0oc ALU.A03 .. EA.ADOR.V.LWRO.CZERO FLAGS CONY
zi:0 0092 OIOOOOOOOEOOOOOOOFOIICIEOOOO ALU.REO.FOUR. .SP.SU3SR.F,LIIRD.CZENO FLAGS LADR COOT
3130 3q93 0003F0oooooooocoooo AL.J,REO.EA... .AOOR.$%N.CZERO FLAGS SRITI.LSORD CONY
3140 0094 OOOOO2COOQo0oo9SJCIEC)o ALLJ.AEGLENOTH. .EA.ADD.F.LWRO.CCERO FLAGS.ALL LPC 3PC CONY
31S0 0095 013V020000000000C044oo ALtS FLAGS FORCEF CONY
3140 0094 0OIIrO2O1700000CoS6O00,4000 ALtS FLAGS FETCH -SNAP
3170

310 BRANCH rO SUSROUTNf WITH MORO..DISPACININY3190 0097 OOOO00OCoooo0o00f1SuC1Ec0oo ss ALU. ... LlMOT.3'Ro.FLRO.CZRO FLAGS COOT
2200 0096 OOIIF'.O20O00004IIFCO200 AU35..LHTH0.F3,Cot FLAGS FITCH CONY
32i@ 0099 OoliFOO30loooooo-S lngotoooo ALU.353 ... LNGT.O,X1I.5321.CZlKRO FLAGS FITCH CONY
22-0 0094 OOO0000000000046144C15I0000 ALU,A03 ... I9A.ADVb.F.LSND.CHRO FLAGS CONY
=230 0093 0l000O00toooovousKICgooc ALU. RES. f". . 0 OPUS*.F.cLafl. CZIRO FCASS LAfif CONY

3240 009C 000300I00o0003006COOoooo ALU.AhI.EA#. *AO.F.NtiA.CSO FLAGS b*IYK.CSGRDO COOY3210 0090 GOOOO0
2

00IOOWOOO00943Cig .Coo ALt.RI0.,LEHOTH..IA.AO0.F,LiRO.CURO FLAGU.ACL LPC 391C CMN324 0099 00150 o:001Io00000000000COO4000 A^tS FLAGS FORCE? CONY
32"b 0097 Goll0o2ol70oootOgoooCOOaooo A.t FLAGS FITCH -SNAP

39 JUM TO SUDUOUTINE
3300 00.0 GOOO00ooooEo000*7Clsoooo .553 ALt.... .LfNGTH.ZKRO.F.LWAG.CZKRO FLAGS CONY320 00*3 00 a11F020060006 0 fll17 0 0 a@@fl ALUuSSS2,LNYRp9CZ0 RLAGS FU'It CONY
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NAVTRALQUIPCEN 78-C-0157-1

PAGE 10 FIXED' MASM VAX EIIULATQR MICRPROAMf.P: INTEGKR INSTRUCTIONS RCV&.0

3930 00C7 dollrO20010000006aI*FCO:0000 ALU,RSl-. .A.OR.F-&0.CZtM0 FLAGS FETCH CONY
* ~3660 ooce 001 IF0o1oo(0004owr0ooo u.SE.RYo.~A~2 FLAGS FE9TCH CONr

38,0 00Ct 0200002009ooooo0a4163coooooo ALU.ASv..,EA.AD0#F.MW.CZE*O FLAGS LPC BWV CONY
3:110 OCCA O:015V000900000006000C004000 ALU FLAGS FORCIF CONY
339 OOCS 001 IF0201 700000COAIJ06COOIcoo ALU.R9G.OS? .. .ADDR.f NWR.CZEftO FLAGS.VNZ FETCH JNAP
1900 O0CC 000000004300C.*010:000C004000 ACSXA :LU FLAGS CJaP.AS .61
3910 0C cc 1 O1F0200E0000000 000C004000 ALL FLAGS FETC CONt
3920 0:C1 I01F0:00 00000008000C004000 ALU FLAGS FETCH CONY
3930 OOCF 0OIlFO2OI7OOOOOC0A0.C0ICa0 ALU.R&Q,OST ...ADD*t.F.MUM. C.fft0 FLAos.vNZl FETCH joAP

3940

3950
3960 0 ADD am NE BR4 SANCH
1970 1 FrnmAr., OPCOPE L IMI .RL, INDEX. NL #DISPL.Mf
3960

*3990 0000 0:11F0202100006FOO000C0040003 AORLS ALL) FLAGS FETCH JSMD
4000 0001 0 000000210000AF09I76CIEoooo ALU,REO.SRtC. .LDiOY.AODR.V.LURO.CUERO FLAGS JSMO
4010 0002 060000 ))0E,)000000S148CIE0GkJ ALU.REO.SRC-. .ST.AOHF.LhIAD,CZERG FLAGS SCONY CUNT:140:0 0003 OOIIF0202300002FOB144CIE4000 ALU.RCO..,0S.ADS.F.LbiNOCONE FLAGS FEtCH Jco~q
4030 0004 000000000E00000005941C001Coo ALU.RE0.LINGTH. .DSt.SuSSR.'.NNR.CERO FLAOSPYNZ CONY
4040 ODDS 000000004.10004OIEI1A8CIEOOOO ALU-NOSRC,..&:A.Zt*O.,FLIR.CZKRG FLAGS CJdP.AO6LSAvG&G
4050 0006 00000O0E0000*IaFfEoo000 ALU.BSN ...EA.dN.EXT9L.LhiR0.CZ&RO FLAGS LPC WP CONY
4060 0007 0013F020090000000000C004000 ALU FLAGS FI3RCEF CUNT
4070 0000 00tr301'OOOOCAOOCOICtO ALU.REO.0ST .. .AODR.F.mwR,CZWR0 FLAGS-VNZ FETCH JWA

*4060 0009 0011V0200E00000008000C004000 AIJILSA ALU FLAGS FETCH CUNT
4090 GODA 00IlF001'OOOO0OCOAo0&Ca0lC00 ALU.RC0.DST ....AODR.F.NMA.CZERO FLAGSoVNZ FETCH JPAP
4100
4110 0003 O011F0202100006F00000C004000 AOSLO ALU FLAGS FETCH JSMO
4120 QODC 000000002100006F061'ACIE00OO ALU.REO.SRC. .LE[NHADDRF.LWRDCZERO FLAGS JIND
4030 0O0000000009000OOOO0O0i146CIEOOOO ALU,AEO.SRC. .DST.ADOR.F.LaRflCZERO FLAGS SWON? CONY
4140 0001 0011F0202300002FOG144CIE4000 ALU.REG, ..0tST.ADOS.f.LIIAD.C0"l FLAGS FETCH JONI)
41S0 000F 000000000E0000000A172COOICOO ALU.REO.OST. .LE44THSUS.F.NtIR.CZEO FLAGS.YNZ CON?
4160 0010 00000000430014049168*CIE0000 ALLJ.MOSRC, ... CAZEltO.,LWRD.CZfRO FLAGS CJMP,&OSLGA.OTRt
4170 0011 020000200E000000*S1.bFKEo0oo ALUISI ... EA.OR.EXTSL.LhIROCZERQ FLAGS LPC *PC CONY
4160 0062 0015F000100000006000C004000 ALU FLAGS FORCE! CUNT
4190 0013 a001F020I700000C0A00*COICOo ALU.RKQPOST ....ADOW.F.NNAtCZCRO FLAGS.VNZ FETCH J~A
4200 0014 OOIIF0200F000000OU000CO'OAOOO AOBLL)A ALL) FLAOS FETCH CONY
4210 0015 001 1F0201 '00000C0AO06C001C00 ALU.RCO.OST.... ADOR.FMbM,CZERO FLA0S.VNZ FETCH J~A

4230
4240 1 SUSRA'Cl ON# AND 10ANCH
4250 p oRNAVI OPCLIDE INDEX.14L.0I2#L.60
420
4270 0016 00000002100000F01000C004000 S064 ALU FLAGS SCON? JSNO
4280 0017 000000000900000004146CIE0000 ALUREG.SNtC,.DST.AOO*eF.LWDCZERO FLAGG CONY
4290 0090 0011P0202300002F&11ICSCOO ALU.NOSC..OST.SUSFLNED.CONS FLAGSvPN FtTcH JUno
4300 0019 000000G*300%U21 111aC1 10000 ALU.9W -.O3 C A. ZERO ,F ,LUNG CZIR~o FLAGIS CJMP. IOSSAOLS§
4310 OGIA 02000020010000066C59000 AUSS,(.f.EYLLIDCR FLAS LPC W COWY
4320 0013 0013F0200600000004000C004000 ALU FLAG$ FORCIF CONY
4330 009C 0011F0201700000C0S000C004000 ALU FLAGS FETCH jI4Ar
4340 0010 0011?o000000000oOOCOO.4000 SOPOEA ALM FLAGS FETCH CONT
4330 05 O011F020170000COSOOOCOO4000 ALl) FLA6S FETCH .NPA
43460
4370 061F 06000000100006f0S000C004000 5030? ALU FLAGS SCOMY JSM9
4360 00F0 000000000100000004146CLE0000 ALU. MG. SAC. o DST. A0DD*, .LWADOCZIRO0 FLAGS CONYT
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tIAVTRAEQIJIPCEN 78-C-0157-1

!'A0i I FLO')?NI N AmVXELLATDR !'SEMOLV FtLE.FLOAtING POINT

*20:0 TrLE VAX EMULAtUR ASSEMEILy FZLS.FLOAINO POINT
oo~soOPT r*OFTA.DT? 1.L-FLOAtIN4O.AL: L.NeL20
0030Ono 0004

(w, 0 1 FLOATING POINT! INITIALI:A1ZON

0070 0000 144000090000 091O')S2C 14000 IN?! ALU ....SRC3,ZER0,F-tWRD FLA4;S CONT
o0*00oo1 000000000600c,00005136C19aoOO LU .... GtC4.:ERaFv.b6 FLAGS COr.

ALLu REG -SAC, SRC ,A&Ok,,.LJ. LWD, CERO. SFTO FLAOS PSIGN.SZONO
)1%)0 .)%WQ 2004000 JOOE0i000o *I ') a9 DE 00 CONT

Alto ALU;RE6G.DST. -DST, ADDR, FLU -L&Jft. CZtO. SNVY FLAGS FS!GN.SIGNI
J&20) .001 00O000EO000 0iAk4&4DO£OO0 CONY
01.10 0004 00000000E00O00000S1.:hCdo000 ALU..REO.SRC. .SfC3.*roR-r.Sl .CZERO FLAGOS CONT
1140 0005 OOOI)0O030 oioo *1a3ACO00dI ALU.REG.DST, .SACJ,AOIR.F.01 .CZEPK FLAGS CONT
ots115 0006 00000000090nooooostooC0ld4000 ALLU.... SRC.,Cft0d'.3t FLACGS CONT
.)160 0007 0000OOQ0i)000uco6l4COd4000 ALU ....L1ST,Z6R0,':.1 FLAGOS CONT
il*0 0006 0000 0t00 '.004g10VCLE-d000 ALU.CONST ... .SKRC.0F-L'JI4 FLAGS PIPE.010ON CON!
J' j,~ ) 000 00000 OOOEOLOOGOdt4rc1e4ooo ALU.CONST ... 0ST.*R.FLWAD FLAGS ploe.0olQN rONT
0101) 30OA 00OO4OOVOOE(00000I31?9C000 ALU,R.IO.SRC. .SRC.A .-FLU.,WR8.CZCRO PL.A48 CONT
':1,0 000 00000.0%ovO02FO143E0Oo0 ALUA1CO, DS!.T.ADD. FLU, LhRO. CERO FLAGS ACT

I FLorITNG POINT EXPONENT COUALIZAI ION

0240 )OOC 040000004J00h.30091 3C0,COO COUALE ALW.*EO. 9RC3. - SRC4. SUP.F.-NhoA-CONE FLAGS,&LLL LEC CJM9.A0S2FA.NOAf.
4-M)'. 0000 Q0000000430015210800)COO0b0o ALL :*LACS CJMqP.ADO2FD.LSS

'000GC ')00O00O00000OOAz4.itE000 ALU PEG. DST.. DST .AODR.FLu. RO.DC2&RO*SHFYO FLAGS CONY
ADFC ALU.REG. ..OSTADDaS. FLO -LIRD. CZERO. SNTO FLAGS fXPCD

02S(1000OF 0000000843000FI106144LO0000o / CjfqP.AOcZFc.NNOREi)
121 0010 0OOO OEOOOOOSI4:DE~w0%o ADYI2F4 ALU.REO. *.SAC3.AL DS.FLD.LWRO.CZERO.SHFTO FLAGS CON!
J300 0011 i00000000600000006104tOE0010 4002f ALU.REGO.. SRC,AObS.FLO,LWft0.CZER0,SSFF0 FLAGS COOT
'231.) OC12 000000000(0000000S144%DC0016 ALuREG...DST.AOOS,FLDLWhRD.CZEROS5FFt FLAGS CON!
030O 0013 0OOOOOC0f0o0oo1olOF0oo0 SPALU.REO. .SfCPCONV.LWRD. !N FLAGS CON
0130O 0014 0)00OOO0AOO0O-FOg1405DFO%00 SPALU.Y.&O,.OST.CONV.L..RO.1N FLAGS ' ET
0340 OG&S 000000000C0000000MI049V110000 ADD2FP ALU.REO ... .SAC AOES,o;L,LWAC0.CZEROSNFTO FLAGS CON!
M30 A002FD ALU.RE .,..SRC,ALfls.FLO.LUWAO.CZEROSN~fTO FLAG3S 9XPCU

0346%) 016 0000*00a3(i0I10a0totOoO . CJMP.ADD2OF.NMtORE0
0370 001' ')0000000430011.F0492610[0OOO ALL.REG. SRC4, . SRC3, ADR *FL.L14RD. CZERO. SMF'0 FLAGS JUMP.AD02FE

.)!011FLOATING POINT NORPALZ:ATION
J400
0410 0010 09F0230000310S0G0CO04000 NORMAL ALL FLAGS CJVDDALUO CFETCH
Q4:^0 0019 QOI91rO2O23OOOJIoml~o41E4CO0 SPALU. RKS.. DST. INCR. LIR. CONE FLAjS.NZ CJDMD.ALUO CFECCH
0430 QGIA 000oOO00C0*i20O0001OSDFOooO SPALU-ftCO. DST.COHv.LWRD.LIN FLAGS CONY
0440 0013 00O000kC0k)*O000a14401 [0000 ALU.REO, .. .OST.AOOS.FAU.LWRO.CZfRO.14FT0 FLAGS CON!
.245O001Oc 00064400.()0 DO ooSIA @1- 04,00 ALU-Rft .. .ST.ADrS,FAU.Whk..CURO.INFT0 FLAGS CONY
'2.84' 0010 000CD0000000u14a10;00 4U.RCa... OST.AOO '.FU.i..MFD.CZERQ,SHFI0 FLAGS CONT
04,f) 001 00000000090.)0000010144110000 ALU.REO, .. DOST-ADDS. PAU. LWftO.CZEROSNfYrO FLAGS CON!
42090 *911F 0000004300203209i44otg0ooo ALU-099 ... DST -,OF AU LUAD - MR0S S1!O F'LAC CJJPA)O?.VTJ-S*01
0400 0020 000000042002-42h14adgoooo AI6U-EOP. ,DIADPS.FAU.LbiRDCZIERGSVrO FLAGS CJP.A021.61013
4500 0421 40000000C00600011112ICIE4440 ADO2Ft ALUCONST,..3RC3,SU3SR.F.LWaD.CONE FLAGS.Z PIP9.00004 CONY
0510 0022 200000004300302006000C0,CaO A10 FLACS.ALL CJN1P.UNDfR.1OL
-)J2 0 0023 000000004300"2i3206atg0100 ALIJ,RKO. C11T *tftOS.FA4JPLWdD. CZERO. SNPYO FLAGS CJMP#ASVl.SZOlS
0630 0024 0000000009000000001401f0000 411021r0 ALUo*10 ... DST -4006FAD -LWiRO.CUPRO.S#T FLAGS CON!
0600 00:3 G0000000o(oo0oooglA61coooo00 AU#EU...DlT,t%0*S.FAD.LWRD.CZ1P0.SNP!0 FLAGS CONY
050 0026 000000000C0000000924401gO000 ALU-ftt0. . ,ST.ACO,FAO.LWIRO.CZURO.SNFT0 FLAGS CON!
0340 002? 00000000500006144016200 AU.NtO ... D8T.A0DSFAD.LWi*D.CZfWO.SNHFTO FLAGS CONY
01, 0029 000000000000000003440190000 AL.C..S.OSFO.I6OCR.N! LAGS CON?
0560 00"9 000W0000000000s 1 4401to00 ALU.R(O ... DTADD.FA.L,R0.CZKMOiNFT0 FLAGS CONT
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AL. NAVTRAEQUIPCEN 78-C-01 57-1

PAGE 3 FLOATING IAS1M VAX EMULATOR~ ASSEMBLY FILE-FLOATING POINT

1170 ALU.AEGP..SRC.ADDS.FLD.LUADCZENOUSFFO rLAGS.ALL
1110 0055 0019F02023000030061O41MCt1 CJDG.NOftfO CFETCH
L 90 0054 000000000C00000400100SUFOOCO SPALU.REO..SRC,CONV'L.MAD.ZIN FLAGS CUNT
t200 0057 00000170000O000014O5DF0000 SPALU,ft(O, DST.CONI.LhiRGZXN FLAGS CONY
1:10 0050 000OOO0O0E000fl000A15aC2Oo000 ALU.AEO.GSY. ,1ST2.ACDft.F *INSCZLNG FLAGS CONY
1220 0019 0000000090000000466C200000 DIV2FG ALU,REO.SRC, .ZNDEN.AOOR.F. INS.CCERO FLAGS CONY
1230 005A 00000000430069220803tiFOO0O SPALU.ftfO. .LNDEX.COMV.LWftO.ZIN FLAGS C.JP.OZV2FA.VG
1240 ')05S 0000000043005F22O61305OFO0000 SPALU.RfG. .pST2.CONVLW&V.ZIN FLAGS C.JIPDIV2FC.YS
1.1!0 OO5C 00000000090000000AV5490C0000 ALU.ftCG.01Y2. .0ST2.ADN.FLU.LWAOCZEft0 FLAGS CONY
1:60 005D0 Go0ooeooCOooooo0Clsg9ogoooo ALU.REO. INDEX.. INDEX . DDA.FLU.LWR0.CZERO FLAGS CONT

1-70DY2FW ALU.AEO.INDEX.OST2SUISRFLIWftpCONE FLAGS-ALL
1280 0059 0000000043006C210C151C157C00 / C.,NP.DIV2FC.LSS
1290 003F OOOOOOOOOCOOOOO0094086204000 DIVZFE ALU.R9O..0..ZER0.PF1,l NS FLAGS CONY
1300 0040 0000000006001S0066143CIE0000 ALU.CONST.. DST,400.F.LWADR.CCPRO FLAGS PIPC.OOISN CUNT
1010 0061 000000004400192F01000CO04000 ALU FLAGS PuSm,0013N.rRUE
tl:0 4042 000000000900006008140CIF3CoO DXV2FS SPALU.RED,SRC.DST 'DIV2CLWRD.ZIN FLAOSPALL REPLOP
1330 003 000000000900000008140E1FOOOO SPALu.AEG.SRC.DsT.O2CC.LWPD-Z:N FLAGS CONY
1340 00.4 OO00000O0E00000008544CiE0000 ALU.REG. .O.OST.AOOS.F.LWAi.CZERtO FLAGS CONY
1350 0045 000000000C00000009921C1E4000 ALu.ftgG.5RC4. .5fC3'SUSSR.F.L13ft.CONE FLAGS CONY
13.0 0044 100000000900000U1:3CIE000o ALU.CO4SY. .. ~AOFL*OCR FLAGS Z PIPE,0060% CONY
1370 07 000000004300322209000CO05000 ALU FLAGS,IJ CJMP.QVERVS
1380 00&S 000000004300262701000C004000 ALU FLAGS JUMPNORMAL
1390 00.9 OOOOOOOOOE0000006lo100 0o 01VI.F* AlLU-0.. SRC.ADDS.FAOLIINO.CZERO.SFT0 FLAGS COOT
1400 006A 000000000600900099121CIE4400 ALU.CONST, * SRC3.SUDSR.F.LIIRONE FLAGStZ PIP6*.GON CONY
1410 00.1 000000004300592f01000C00.ooo ALU FLAGS .UMP-OIV2FG
1429 004C 000000006000000081449DE0000 DIV2FC ALU.Rt0 .. DSY.ADOS.FLU.LWRI3.CZEPO.SNFTO FLAGS CONY
1430 0040 OOOOOOOC000005133CIE0400 ALUj,CONST ... .SC4.ADD.F.LWRCERC~ FLAGS.Z PIPEPOOSON CONY
t440 00"1 00000000010000000C152C114000 ALUPREO. INOEX,.OST2eSUS.F.L14A0.CONEI FLAGS CONY
1450 006F 000000004300362f05154glEOoO ALU.RZGP ,.05T2..AOOS,FLULWRO.CKftO.SNFTO FLAGS JUMP.Dfy2FU
1460 0070 000000000Ct000000813SC1E4000 ABORT ALU .... DST2.ZtROS.-LWRD FLAOS CONT
1470 0071 00000000010000000014@C154000 ALU .... DST.ZERO.FoLWRD FLAGS CONT
1480 0072 0000000009S00000S514fCI14000 ALU.CONST... .OST,Oft.F.LWRO FLAGS PIPE.IOOON CONY
1490 0073 001IF01.02300002F06000CO04000 ALU FLAGS JIWO FEYCi

Mo0 FLOATING POINT LNtTIALIZATION(COUbL[ PRECISION)

15330 40764 00000000010000000012SC154000 INtTD ALU .... SRtC3ZERO.F.LWRO FLAGS CONY
1540 0075 09000000010OOOOOOS534CIE0GOG ALU.REG,.Q,05T2,AGOS.F.LWAO.CZERO FL'AGS CONY
1550 0076 0000000004100000004138CIE4000 ALU,..5RSC4.ZtftOFPLWRO FLAGS CONY
1960 0077 000040000C000000091146200000 ALU.A~o. *.6RC2,AOOS.PFO. INS.CZERO FLAGOS CONY
1570 ALUFRIO.. ,SAC.AOOS.FLUQLI3AD.C3ERO.SNFTO.SIO FLAGS
1SU0 0073 000004000CO000000g1D4olot004 / FSIONSIGHO CONY
1300 0' 00000009000000000514CI50000 AL.EQ..RCOO. LhA3CA CONT
1400 007*A 000000000900000006134620G0000 ALU-0.. . .52.A0*S.PFO. lNS.CZCAtO FLAGS COlor
1010 ALUPft(G.,.OSY.AGDoSFLUG.LhdRG,CZEROSNVY0.SIG FLAGS
142.0 0071 @060600460000000101440090004 / PIN.SIGS CONY
14630 007C 00000000000000S12~4CO0000 AI.Uoft9.S*C. .SRC.AAGA.F.I1.CZKR FLAGS CONT
3644 0070 000000000(00000000136C040000 ALU.AIGvDh~v.%ftC4*AGDR.F.BIpCZWWO FLAGS CONY
1430 0071 o00000000g@0000006101c0.o00o ALU...SftC#ZE~0FvS1 FLAGS CONY
1440 007T 0000000009000000041 44C044000 AI.U ... ST, ZERO*. I FLAGS CONY
1470 0060 000000006@10000941lOFC194000 ALUoCO#4ST.o.SRCvOR.FLD FLAGS PtPE.0100N CUNT
1060 001 00000000090100000914FC19*o00 ALU#CONIY.*.04Y,0R.FLWRD FLAGS PIPIOIOOM CONY
1490 0082 0000000010006000041449090004 ALU@flCO,..Dgr,ADSIFLU0.L.URD.CZEftO.SNP0.SIG FLAGS CONY
1100 0063 000000060000000614404 ALU.AEG. .OIYADSSFLUG.LMAD.C1tR0,SNYOSIO FLAGS CONY
IA 170@064 0600000Q6W 00006554C11*00 L.E.GSYAD.FLibCR FLAGS CONY
1720 041 @0000000600000001146200000 ALu.*6O ... .Sc29ADvS.PFO, ImS.CzKRO FLAGS CONY
1730 0064 oooo690600000@lOS0I0oQ* ALU.*96 ... SRC.AGOS,FLUOLWRSC2ERO.SNFY0.SIO FLAGS CONY
1740 0067 000000090000001048090004 ALU.FAE0... SAC.ADGS.FLUG.L&4AO.CZEftOSNFTO.SIO FLAGS CONY
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NAVTRAEQtUIPCEN 78-C-01 57-1

23:0 04 40060000COo00 o:44421COO04 ALLJ.REG. .. S4DsoS.;APQ.LWaDCZERO.SaFTO. 10 FLAGS COOT

PamE 5 FLOATING ftASMq VAX CRULAOft ASSIMPLY FILE-FLOATING OFINeT

2330 0035 000900000C00040004421sto04 ALU.RI,.. DST-ADS.FADQLWiAO.CZEUO. SNTO.S1O FLA"S CONY
2340 0034 00000@000CO@000000SCIE0" ALU.*EO. .0.05Y2.AODS.F.Lu*O.C:ftO FLAGS COOT
230 0037 OOIIF@2023O0002f091.PCIIOO0* ALU.REO.SftC3. DST -0tFL0D.CZK*0 FLAGS AND4 FITCH
23*0 0000 00006000000600004t2=C19000 AOO2frO ALU.COMST ... S*C3.40C.V.L~ftOCZKRO FLAGG P:Pto00w CONY
2370 0469 -360000004300221600C04006 ALU FLAG" CJM0 .OVffR.LSS
230 003* 000000004300AY0@00C004000 ALU FLAGG JUNW.AOO2FO
23901
2400 5 FL~OATING POINT AVDzIaOM (DOUBLE PRECISION)
2410
2420 0033 001 1F0202100004F00000C04000 AOD2FT ALU FLAGS AND0 PITCH
2430 003C O1LFO2O21OOnO*F0G31C2C0OQ ~ ALu.ftIO.SAC..SfC2.ADDR.F.ZNS.CZgRO FLAGS JSMO FETCH
2440 0030 00000000210000413C200000 AUfO.T.o2*oRvIScE FLAGS .1340
2430 Q031 000000004100742FOO000CO04000 ALU FLAGS .JW3INITO
2440 00OF 00000000410049,F00000CD04000 ALU FLAGS Job.EOUAID
247t) ALU.RE.5RC2..05T2.AOO.F.L*UCCRO FLAGS. ALL# AF -ZfR.NZAF
2480 OCO 00000000O040OS49S3CIC3CSO /CONY
2400 OOCI OOOOOUEOCOOO0)143CIESCIO ALU.REO.SftC, ,rST.AOD.F .Luf.CY FLAGS. ALL,.ZER.ZE*.NZAF CONY
:50a~ OOC2 0OOOOO043O09F:FoeOOOc0o4OQO ALU FLAGS .UMP.*ORtMLD

15:0 a IOTNPITSUOSTRACTION DOUBLE PRECISION)

2340 OOC3 0011F0202100006P0SOOCa0o00o SU92FtI ALU FLAGS ANDV FETCH
2550 OOC4 OOL1F021000004p06C200000 ALU.REG.SRtC. .1RC2.ADDR.F.INS.CZKERO FLAGS AND FETCH
2140 O0CS 00000000210000A136C200000 AtU.@0.DS.DSY.,ADDR.F.INS.C1R00 rL OS AMND

:s~ oc. 00000 40?2F03000CO04000 ALU FLA"GS.3INTO
25s0 OQC7 00000000410099'r06000C004000 ALU FLAG$ .1SB.IGJAI
:Soo OQG 00000@09000Oa0o9S=Cagpso ALU.4EO. SXC2. . OST2 -SUB -9 .LWRI COME FLA.3S.AL.,*OfPZIR,NZ^F CONY
2.00 O0C9 300000000E00U00003142C11F110 A&.u.RtQSftC, D. SUB. F.I.D.CYN FLAGS -ALL, ZER -ZER.NZAf CONY
2At0 OOCA 400000420OOF:FOS00)COo4O~o 'LU FLAGS JUMP'PNORMLD
26.0
2630 6 FLOATING POINT AULT IPL ICAT 10ONt OUSLE PRCISION'
2140&
'650 OOCD O011F02O2IO0004F05000COO4000 muL:FD ALU FLAGS .1540 FITCH

* 2&40 O0CC O011f022:O*0OOilaC'Ooooo ALt§EGSC..SNC.oAOOR.F.INS.CZERO FLAGS .1540 FETCH
2670 OOI0000COO2I00060*AI36C20OOOO ALU.REO.OST..05T2,ADR.F.INSPC:EAO FLAGS .1640
:460 GOCC 0OOOO0u04100742705000C004000 ALU FLAGS .SB.INITO
3400 OOCr 000000000CO0000006154*200000 ALU,0..,. T2.ADDSPFO.2N5.CZ[KO FLAGS CONT
VOO ALU,490 ...OST.AODSFLO.LhRD.CZERO.SSFFI.SIO FLAOS.ALL
2710 i0000 00199020130000300014430E2CIC t C..DND.NORIO CFETCH
2720 0001 000000000600000004134C1110000 MUL2FO ALUPRES..G.oSBT2.ADOS.F-LW~tD.C~tR0 FLAGS CONT
2f0 002 OOOOOOOOOO000@01SI14620000 AL.EU9. * .SC2.AGDS.PFO. [NSCERO FLAGS CONY
2740 ALU.499. . SIMo00, FLOG. LWD. CZEt0.SSFFO. $10 FLAGS.ALL
2750 0003 0014W02023400030001043M1C14 i C.1OaO.mOREO CfCTCH
2.740 0004 OOO000000EOOOOOOOsSI4CIIOO0o ALU.I1O. .o~SmC2,ADS.FLWAo.CZERO FLAGS CON?
.770 000% O0OOOOOOOEOOOOOOSlIOsOOO SPALU.ftO, ,URC2,COMV.LaRD.ZIN FLAGSCV CONI
1760 004 00000000CO00000105O34:44000 ALU#RCG#..GRCPAOOSM.LWftO.CY FLAGS COOY
200 0"07 OOO00000OOO00I1osDVofo SP4LUPRCG~p05T2.CONVLiRO.ZXH FLAGS.CY CONY
'41000 00" 000000000600G000411.3C44000 ALuR6G..,DST.ADOSNPLua*D.CY FLAGG CONY
2810 009 000000OEOOOOO041194ClCGOO ALU PACO#DST,. 9 INDE.AO00*99 .LdD CZftRO FLAGG CONY
2320 000 000000000900000004904CIE0000 ALU.RMM DSY2. * -INDEX2. ADD* -FLkAD. CIR O FLAGS CONY
:1330 "Do3 000000006000000@014CIE4000 ALU ....1N61X3#ZKROPFLiND FLAGS COOT
2340 Oemc 0000000009000000012CIC4000 ALUP ... IMD9X4.ZKROf.LIRD FLAGS COOT
"10 03 0"000004403"^ 000ooCOO4900 A&.U FLAGS PUGH90O3SH. TRUE
=360 04% o000604360110h0013C11o04 ALU.ftEO.,.05Y2.AODS.F,LaRDCEROt FLAGS CJMP,-SNFYH.N3ITO0
WO7 OWP 0@000090O 0001093C IC@OO" ALUvNE0.SNC2e . NDEX4.ADG.F .LMAO.CEFRO FLAGS.CY CONY
221300OES 00000000000000tAIC96OO ALU.REO.DSY..1ND1X3.ADD.F-aLaRD.CY FLAGS CONY

* 2M9 0131 600000006000000001846200000 SFT04 ALUREO...INDEX4.AODS.PFO.ZHS.CZERO FLAGS CONY
2900 @062 0000000E0000000411A42190004 ALU.REG...INDEX3.O00S. FAG. LftDCZERO, &WYO. 810 FLAGS CONY
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0"t, 4.N '''''''z , . I'.' -lOS f

2J3(9 IlkS CF 0' "1 4''' Z 145 ZE1 ... i.,JtCF4.SI 1 FLAGS CON?
044 1'( '7R .S~ I , 440 E FL 6AL

1.', CON

0 ' 43 '9) F' -ii

00." 1"b . ' .. E AGS CONY

.I IRF I' I0S Zt S.CN -

tpcEf '"LACS( CON!

'4 2,FQo ''000"", .. . ~ ''4R~C' FLAGS CON?

'"''"".''. , k I ' '''sb ,,C:C0 I'LAGS CON?

00. Z 1''t' II .a. CONc

4.;N (H"'.z :k' 65 ' SI

t20!,1 "'"000',< .. ~ 11 j :F*('rR F4s CON?

1 '' 10 .4 00'"'OO ' , ; k'Ct Q K ., ER ,FT,),.l CON' U

13C. 0 t9 )3 "9'"" 0, 1r .>8 1, - C' RPERO.FLA".S FLAS CN

WV 49' 00. 2 -. 00 -LIN

.1' 20 '10 , 0,',,: .'Q'''' 0 , ~ $ 14. 4 AL L" LIN '

31':109 1F 4 04' 00,L-0006 2''' Rr, '.('f ''2.,.4 ' . (ZE RO FLAGS CON?
I'44**' 'l'''.2. ,'' V.. I I' , ;F wkVi',Zf2P "FAGS CONY

A.14. 0 1.C0 '10010k,( '""1 Ci>'0 ' ' " (9"''' . j_ AG , . SO CO 'ONF L T

14.30 ALF2,'ALI .
4  

O.S *" -Z1R -F.iwA 0,,*Y TH 46SAGSALL

34403 ,OF 1'O10 0o''' I' ~4 ' : '

349I) 31V O0(-0O.0P'f ''."' II'YI24 ('.' czvt 's. rt4, I -no" "<'' :sq.(:s FLAS aN

144 ", 1 I k .. F 0 0' '.Lo "' 4'4I 4 4W .' ,' '. .. . "4 4" F.~.'~ 1c7fl cN L. AI 10 LA S N

3460 It1 .I( ILL,-0."' '. . '0 '..'.< " . . ''4 141'." .. ''C ERG Ftir :JF oNl'



NAVTRAEQUJIPCEN 78-C-0157-

Po" 7 FLOATING~ iASl VAqIEM %TO~R ASIMI-L f FILE .FLOAY1N6 FZN!

41140 4*0 193;00igto A.uft. .SmC:,.oos9v*u.ROC:ftO rLRCAL PLOP
:M10 0114 00001000094i o FLOMS. COOT

33:0 0114b 00000000@0*0f 1 46.c 110O A4.U.ftE.FOUN. .DSY.AOO.-FLAOCZIRO FLAGS CONY
1330 011 0000(0000Oo921CL9gj30 ALu.agmOginc.. SNC3.gUSAV.LWSD.CON( FLA" CON?
334a 0110 I000040"@c0oo006123C wo000 ALU.CONSY..13OC3.AOO.F.LUAD.CZCRO FLAGS I PIPC.GAMN COOT
3136011 oubo0000o30032.2:o004OOGO ALU FLAGS*iV CjW#.044ft.VS
33.0 011lA 000O4,430099:P0OSO000@ *4UA FLAGS .IUNP .NONIfLD
33:10 allp oOo O0o 0o001,.000 D I VZ is uAO.3R~AZ.e0KSC~ FL0GS COX?
1330 011C oo000000g00o00 tg.021[aOO F~,g..ROS~o.w0CR.NY.Z LAGS COOT
15,00 Otto 000f00COot04121C194400 aLU.CON5Y.,.-SAC3.SUDgR.P.LWIC0W P.Aas.z PtPI.ooeaft CONY
U-)O ) t 00600004300) 03l,)51CttOO0O w.ftUNU.oosRC.aoo...iD-Cz[Ro FLA"S JwqP.Olytreq
36LO 4kif 400000000000000000154620000 V1V2FY 4LU-490 ... VS~pAD2.PfOIMSt.CtWO FLAGS CONY
34.'0 0120 .000000000S)14mkD(0004 F4u~OOYAD.~GM3Cgt,.Y. LA" CONY
3430 0121 000,000069O000OOOOS3aCIEOOOO ALU*.-O. UsT2.ADOS.v.LURo-C:IsO FLAGS C3M?
340 012 0000000000s.048133CiC0*00 ALU.CONSY ... SAC*.AD.P.LWRD#C'.SO PLAOSPZ PPCOGION CONY
3.50 £LU*ftCO. N3X2. * NDIX3.SUI.F,LWNRDCOW(
3*00 01:3 4000000000C go C I I 7w0 / FLASS.44.L.S0A1ft.ZOF cONY
36*0 01:4 0^0)*Ooow* 00000c I p CIEFCOO A1Uft3 N(( Z 4S3FLA.Y LAM~ALL CON?
logo Q1:3 *sOOi 14010AUmS NCSAD.PI N.~t FLAGS CONY
3.#00 1.26 440000000C00000001948060004 ALU.ftgO.. * .NDX.AOOS.FLUGLWbi*,CRO.SNFY@.so PxAGS CONY
1700 .12 0000000043010*:FO$544CIZOO Au0.GIOX3AOSFLO.0R FLAGS JUMPYSZV2VS

37%)JV.2F'- au*tR2.S2juS.~.iOCN
37-0 0129 00000000(9000000003OSCI(,Soo 9 LAS4...S .Ztft.?Af CONY
3134) 01.9 04V-000"gO06Os0*4t1EFiCOO MALI-#Sft- DST -SUOSP -9 LbiD 0CYN FL.AOSPAL. CONY
V-40 012A 000000000900,400001044200000 ALURfts... EIGHT 4009~.1wo. twe.CZKUO FIAGG CON?
Ma .1.b I)0,i "C4G0000s)O149110004 AU*O.FUAD.LGLSCtOSY.I FLAGS CON?

3;.o OU1C 40 )l1004301 12.FOGat4C1E0000 ALU.fKG, .4.cIGNY.A400DSof .&hRD.C.,w~tt CLADS A)"np.DIV21ru
3-11 END

roYAL gftRORS 0
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The i tstructr- c"C I I, l'et,+ a> re 1,isted in
Table, E- 1 Of t" f ~ ao o' theo -,-rresP(._ndinQ
VAX-1I1/7SC mac i:c i1 -~r-, i-: O.,es Adu es ,:0 . i ife
ination is given in 'oz I'- vti~: atle gives the numnber
of microcycle st!c, L COLi reo rKr a ix rl- n. To ohtain execution times,
mul tiply by the wi 7ocx 0i tlv otc 'ot, N, )C~

The fall ow-i o ion- slioul 1, i be

1. For most ins tvuct ions ,f ".t-s ci u.;wrs t case execui on time
i s based on aodrcs 1n 1 .okic' I

2. All floIt-3i Y; ot"~t n at 9C".deft Mid best and wors t
case C.\CCjtl oi t ;:esh art, aas, '), ai, i, 1N is address i ng modes

fo prano

3. The t'rinch&'.d ri-o \ rs 7~ k,!,\cC i io 1r, -i, depe nds on whe the r
the~~~~~ IetCn'ifitw~ a:*~' due to the addition of

an offset to he' Pr'C-il cor or,nor, 3 'x c occurs.

4. The execution tim~es for source w( oe:i a noeranos are differ-
ent tociuse th-e detnto~mcde il~ti"s ~1low ' or the possibil1-
ty of a cond',tional .%ttjri ,1 ',,,e mnaw' 11,p>3fl. This capabil1-

ity is required :or int ~~>n i wh'.cl t'le destination mode sub-
rauti no is niot th 'I XO~ l'~~~ iT s "i the 3dd-
Ccompa'--anc,-br

S. Aod re sS ; n q mod , , onC' 0'e ' U 11t'~ o 0f 0ot hert factorrs
no -ld in 110 n S170..''~ C' a i :emorv acces

Is i uedon a I woren ci i' the use of "n Cxed addres -
sirlq.

6. The wcirst# c-ase t? ? ,ii-o *;' for non-aligned,
indpxedi. Io rc w c rc c -v ''c' o ror ~hii roeju i res 7 ri c roc vcIEP
f-ar a a oyvte ior an.- 'o ls4ra~bt destinati on. -This
c350 is i nc trd lie i be1 or the operand speci fier.
t is assumed that. th', 'odt is uspd ,o spccif.\ each operand of that
i ns truc t ion.

7. For ;cvm u ou c loroni or w urc.e operands
(Si and S:\, ' anc mo '' t_' re von (,ci a o operind in-
struction. 7hi'z i-' bocaw ( ',i i-t"oproOn'ir ,btainc "tie timo
source orprands b ' soui c* 1ince iuhrout1nes ind stores the result based
on a call to a des tin iti1on mode sut-rcuftine.
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NAVTRAEQUIPCEN 78-C-0157-1

8. In Table E-1, "I" refers to the number of microcycles for the ex-
cutlon 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.

1
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Table E-11. Detail:- of ArET Cl( alc'<: ')I

~t CaeWorst Case

Load

MOVL ' Rn), Rm2

4

2. 3

Load-Double L3

MOVQ (Rn), Rrn 5 4 7

LJ4 4

Store

MIOVL Rn, (Rm)

D1

9

Store-Double 1 3 3

MOVQ Rn, (Rm) S 22

IT W

Add/Subtract :

ADDL2 Rn, Rn (best case) 3i1 2 17

ADOL2 Indexed (worst case) S2 1 17

DJ 19
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NAVTRAEQUIPCEN 78-C-0157- 1

Add/Subtract-Floating 1 24 135

ADDF2 Rn, Rin (best) Si 1 17

ADDF2 Indexed (worst) S2 1 17

D 3 19

Multiply

MULL2 Rn, Rm (best) 1 35 35

MULL2 Indexed (worst) SI 1 17

S2 1 17

D 3 19
40 88

Multiply-Floating 1 50 136

MULF2 Rn, Rni (best) Si 1 17

KULF2 Indexed (worst) S2 1 17

D 3 19

Divide 1 43 43

DIVL2 Rn, Rm (best) Si 1 17

DIVL2 Indexed (worst) 52 1 17

D 3 19

4-w
Divide-Floating 1 57 327

DIVF2 Rn, Rm (best) 51 1 17

DIVF2 Indexed (worst) D 3 19
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NAVTRAEQUIPCrN N~ k-015- 1

Logical 3

XORL2 Rn, Rm Si 1 17

XORL2 Indexed S2 1 17

0 3 19

Shift - 5 places 1 16 16

ASHL #5, Rn, Rn (best) Si

ASHL 35, Indexed (worst) S2 1 17

D 3 19

Compare

CMPL Rn, Rm (best) 1 3 3

CMPL Indexed Si1 11

0 3 19

B ranch I*

BEQ

Index 1 11 13

ACBL Rj. Rk. Rl, Rm S1 17

ACBL Indexed S2 1 17

D 3 19

S3 1 17

T7 8
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NAVTRAEQUIPCEN 78-C-0157-1

Register to Register I I

t40VL Rn, Rni S I

D03 3

Mi scellaneas 1 2 3

CVTBL Rn, Rm (best) S 1 17

CVTBL Indexed (worst) D31

Input/Output* 1 231 251

Set up and 10 transfers

*Based on following program

MOVL 0 addressl, RI ; device address

MOVI 0 address2, R2 ; memory address

MOVB # 10, R3 ; load counter

LOOP: MOVI (R2) +,(R1) ; transfer

DEC R3 ;decrement counter

BGTR LOOP ;loop until finished

I a instruction microcycles

S, Si, S2, S3 - Source operand microcycles

D x destination operand microcycles
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TA\BL E ~ iL. \'E~ SS I N~ LIT Iu iON S 'I IS

e: No a I oned Not aligned

Mode -1 t~ t,~ ev 8 by te

Rn 5 Source I21 2

5 Destinatioll 3 4

(Rn), 6 source 4 7

u) Oestination 68

(Rn)+8 Source 48

8 Destination9

MiN VT'

Il j~e AI i kned Not Aligned Not Aligned
4. tw"I Yte 8 byte

r Source 172

F Des ti na t i on .V119 22

Immediate for By to, 3for Word, 5 for Lonqword



APPENDIX F

Application Task Manager
PASCAL Version'
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N\VI RA[QU I PC N " I 7- 1

O(00/I , 2 I I I 1 "

F'OGRM ATM

1 .t ,L I I I , ,; i l 4kl I t iM .
I8 I "dll ! M IIT H l I ,,'', I i l f'I.

I L I 1 I iUl , 1 111 0 I I S FL' . IO C ,f, LA 11
I' \ N I iAN111 ; I 1 1i I lil' I fV I I A M I I[ TIII

L'b|A .ItJ. k! H.I i I I ' I NON tIW I II A I 0 111 16 .Z 0 V

M.J A X I'\MII" INii lH I I IN iVIN iii tlHIC

I Y II

I I C ;

I tj t "; I , ) ( ,
Ii Oi I l0l 1

II ( A A ;

ty . r[ " L IFi tR; ,,* iI!1. ;I ttI'tIIj~ +',liliLtA F.. M'FMORY l) .+

PO INl f Il :n ;, 1) I I iIN:; IWlI.T Jiiiii Dl CIONTAIN ohM ir-T *)
NFXI : i; * i'(;t I II ilf TYFF *

N L~ i:

CU ikE lu0il *o Jl i i ovll r rci W VlI OI A rRhOI;RAM
'Hl t : IN I F I:

'Li il l l U I I i| I.;'

1i1i IN 1 I 1 1 . pi t I I .I I ,!;I\ r krr : I rf * A
_ I(l| U It F it I t dl I , 1 ,IkI Ni 1 10^!;K I S STO R ,D 1IlFRF*It

II, t All It VAk I At F ,,TRIITLIRF'. )

IEN Gli. I I Nl i N ' k II1' I A !Y Ii *! 1 G 11til INLY FOR *)
I ofli'l** JkIi il M] ¢l:lR A I 11), 1 I , if; If

k W VI A 11,
RI AllY f;l0111I t N
I Nil;

l ',N "2)



NAVTRAEQUIPCEN 78-C-01 57-1

EVENTG=RECORD
TIMEo ( TillS ISl THE EVENT QIIErUF STRUC-
OPEODEI T* IRE. THE LWoJ)Em rrLi S THE *
ID :INTEGFR; ( It'kFATI(IN TO BE PFRr'ORMED. THE S)

NEXT :Dpl t~iTHE IS GIVEN IN ABSOlUTF TIME *

RETURN=RFc OR!)

HIGHBYTEv*A( I TFd~NA V OF V
LnUFIYTE :INTEGER; (*IIEMORY.

END*'

FF=RECORD
ESOSY ( ENTIRE STATE OiN STACK(
rImy (* AST YNTURR11PT MASK\ s#***,,e*e*)

HE,(*HAl~f CARRY 4 CONDITION * *
uN. ( IRO INTFRIET MASK\ # COririi FOR # I
NEGAT' ( NFGATIVr I i'.O
ZEROt (I 2R(3*tI,,It
OVERV (*ovFRriow
CB:BOUIEAN;(* CAR~RY BORROW

STACL(=RECORD
CC : FF;(
REGA, ( INFORMATION ON T~lE SYSTEMS

(*ou 91 ACN AFTER AN INTERRUPT. *
Dr :INTEGER; (* rRS; THINrS PlUSHFI IS THE PC
x : G (I FIRST THINS PUJLLED IS THE CC I
Y :o,
USTI:
PC H i;

H3YSO-IRECORD

ACTIv[ : BOOLEAN;L ( ;Y!;ll JOB i n flI flllro
IT) : INTESERd ( I [S JOB I
TCBP : EL ( I FRAME ROUTINE 5
NEXT ( Al PROTECTION 5

END; 5 TIMER (JOR) 5
(5 4 ADD AJOB 5

(5 PUIRGE A JOBU
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NAVTRAEL LI PC LN 7S,-C-( , 7 1

TJOD1EG-RiCORDT 1)IB ,R (I:Ot (t~k$;iII. € 1Ri lI!$$if 1 1 111O1
TI I ((1 J1l t:iL 6If SI IIrTI rI. I;r i -II 111 . ,1

I il t N 1,,

icl i' : t

I Nil

F; 001'7II, if STRIIHTUR1' C(iNTAINS E)
I ! : t'; ; kR F I , 10" R II1Y FROM $)

H I I;W I ( 1 nW I l I * I ' O F'I NTS TO rHF A)
fK 0*I Nl I ;i k* NI 1 I 1 tI,;iR R F It, IA SK. f- 11 Pf INT ! )

FNIl * Ii) III N1 XlI I OWI R iI l i TA';I.

111 I 0N;I' I.U KIlII III ! h AlI l0 i, II)
1 !N1 iI lit l" I NI AV AN f NIh'Y II

I I i,ll Hll iti 1 I t, $ * $ l *t l *gg * $ l l~* l g

I iN ,I I t ,

T M!, M I N I I R

0II R: GS MI I I ~ ~
I I IM NI

!;,;t "; l.' i ) i

S I A~JIW R S I I N 1 . I I M I 0

fONRE I ,k 0 VM - I Ui MV 1, 001
T~AiA AR I . .11) OF E411 Nil 1AN;IfM

VAVA k,; I 1 0 0, 1 F ; ' -I I M I 111

V fJ RI NI H'l AI I'l''l I: Ii M ll Il

I. II k I I I i IC I I li" ;

ISIAGIPIPOSiNI Kl .t ISAI 1; l 11 11; 1A

F NR EGI LV, t!' I ' , lt 1'l- .H I110 kA

I'IIRF, LAI; AkN N1'1 r I I 1, 1 01', B0 1 I AN I

SHVAR ARRAY C I . tVMAX] I11 OF 06;



..,VTRALQUI, CEN 78.-C-0157-1

SUBROUTINES FOR THE MAIN ROUITINE

RETURN FROM INTERRUPT

PROCEDURE RTHl
BEGIN
END;

16 OSENTRY - ENTER OPERATING SYSTEM MODE

PROCEDURE OSFNIRYI
BEGIN

IF FLAGOS THEN
OSINTER : TRUE

ELS~E
BEGIN
FLAGOStTRUE;
USERSP: -Sr
SP?-ATMSPO

END;
00/1.2 AAEC (1ST FEB 78)

ENDO

(S 2. OSEXIT - LEAVE OPERATING SYSTI'M

PROCFDIiRE OSEXITT
BE GIN

IF OSINTER AND NOT~spo.RrA-fiSP@.REboA) THIEN
FRTI

ELSE
BEGIN

OS INTER: -FALSEI
FL AGOS : F ALSE I
ATMSP:=S P 5
sP *USE RSP 5
CONTREO:-TRJE; *CONTROLr RES FnR PROTFCTION

END
40. ENDS



r ,"-Vgj.,Ll:lPCEN 78-C-0O57-

( L I P)

F'R(({,+ 0 (1 R A1411 I

R[ l'l AI

UNlit 
END;

($ 4. COMMONICA i1ON ROUT INE , 5)
T HE INITI'Al I ON R011 T INE I r IN i DEo. $)

PROCfCWIJRE IN! r;
PEGIN

RUSF I V: -FAL !;F
END;

PROCEDURIE COMM;
BEGIN

If RFSEIF I1IN

( 5 5. INI I i<tIF I Ft koM CON KIN L t E W ki) I INE 5)

PROCE [tORE IN TRN i
END;

00/1.2 AAFf: %IST FFIU ' )

(5 6S. SVC SUtFRVISOR. Alt lIWUTINF 5)

* 'IARI A IA'.1 I11ll INU (., AVASI\ )
( 1 1. sF I fkit k1iN I Al IN IiI. 1i IlAIL T I LAG If, NOT SET. 5)
(s -. SF T !'i. 1 L AG, S0 lit- ',111[ Pill FR I S E XECUTEn. 5)
(5 3. T 14F L;ER!; ZURO I FLAG 1S SI I FRIFI If TASK IS SFT TO 5)
(S RUN, FAL S It TilE TASK WJAS HAL TED AND CAN onT BE RUN. 5)
(S 4. THE USFRS' ZERO I LAO IS ;ET FALSE IF THE TASK ID IS 5)
(S NOT FOLIND 5)

PmIrrrPIR qTA"



NAVTRAEQUIPCEN 78-C-0157-1

VAR
Ii: INTEGER;
FLAGI ? OOLEAN;

BEG IN
ID:-usrRSPP.PC@.NEXT@.BYrE;
IISERSPP.PC:d-USERSPI@.PCI?.NEXT(J.NEXT;
ILAGI:mFALSE;
TEhP.10: z START,10;

IF TFMPJQ0a I ll- I T1117.0
DE (UN

FLAG1:-TRl11
IF :TEflP~t1@.TCBlP.H.tJA I MIEN

BEGIN
rFMPJ04tTtCRl 14R11N: --TRUE

IIV3k RS!iPI . VC .1 "I ' IM 1011
F ND

Eltsr USERSF'L.CC.ZER0:"l4A1LSF;
ENDL

El SE

TEMPJO =TEM1FJQV .NEX r;
IF TEMPJOG.NEXT=NTL 11ILN

BEGIN
FLAGI :-TrRl;
USERSP@.CC.ZER:.JA1MSE;

END;
END;

UNTIL FLAGI;
END$

(8HOLD A TASK RUUTINE (HA1ASK)
(81. SET THlE HOLD FLAG IN THIE lCB 10R A TASK*. 8
(82. IF THE TASK ID IS VALIE'. Til: qC11 FLA6 IS S17T AND THE 8

(8 USERS ZERO FLAG IS SET. 8
(8 3. IF THE TASK ID IS NOT VA1111p THlE USERS ZERO FLAG IS 8

( FALSE.*8

00/1.2 AAEC (IST FED 78)

PROCEDURF HATASKI
VAR

ID INTEGER$
FLAG) DOOL.EAN#

BEGIN
IDZ-USERSP@.PCG.NEXT@. BYTE;
USERSPS.PCuUtSERSPI .PC@.NEXT@.NIFXT;
FLAG)1 uFALSE1
TFMPJQ: aSTART.J0$

REPEAT
tr TtMPJOS.ID-1A THFN

NEGIN

18G3



NAVTRAEQUIPCEN 78-C-0157-1

FLAGI : -TRIE;
TFMF'. W L I CI IO H~ 0 1* UO ~ iit
5;r.I: IRUE
IIFBPP , Cr. :'t ERn:- TI~Ll

END
EF L 1"

[F G I N
Iftml, III: I .l},1-Pl . I[ \ 1;
IF TE M , i ,T it IhIIH'

FIEG I1N
Ft AS i I T /?II t
lI!'FR:!' P . 'C . It i~l : l A f ; [

F Nit
I Nit;

IIN 17l 1 1 1,il ;G

U Ni'

(8 READ A Ft Al ROWIII M (tt Nd *tI'l G )
(8 1. I 1 .; kJ4lll INI' (d1':; M I itl I t L I l fiE F LAG Is $)

SA T I tl* W L KS t F'O fI ) I - ' ; ',;I I TRIl I - IIF A" IF iF)
(8 NOT ..f.1 THE tLl"BFr ,'FRl I i 1!; SET F tlt.; .)
( 2. THE USER P.12. IS TNI'fJ AIMt NT! 11 1) THI VJFXT INSTRIIT ION. )

PROCEDJRI tRFAIIF I G
VAR

UP' IN
I D : : Wit R I , P . NI X T t . b;Y I I
IIS P .F', ( W;-i!, t¢ ' .!'II.1 .N I \ I.'.NI N I
IF U14 F (I It , I [ N

F SE I't@ I , .IIll Ik l

I I ~ .f.FR* ' Z FR 0 -F I) I S
END;

(I SET A Ft )kpU SFil AF l) A)
( I. THIS RIUTINI- !-5; T N OF I(-h I I, .1;'; 10 1 LIF.
(* ?, IF A F1A( G R IA i IIIAN i I ;,IIN I lit 1151.1 ; ?LP I LA )
(8 IS SET rFP FALSE., F)

PROCE 11kFl I' ,[ I FL AG
VAR

00/1.2 AAFFI" (I1 1 I i' 71

ItI: INif I R;
FILGIN

in: Ilif ER!,F'r p lr.NFXTP . I Yif
USERSPP . PC ' -11S1 RIf'P . r.PE'. NF', I I., NEXT

IF ID=g T4EUN

1 ,4



.1AJT-ViCWIPCEN 78*.C 0157-1

BEGIN
USERFLAGC ID3 : =TRIIE;
USERSP@.CC.zrRO:=TRIE;

END
ELSE

USERSPI * CC. ZFRO LFALSF;
END;

(8 RESET A FLAG (RESFLAG) 8)
'.8 1. THIS ROUTINE RESET OR SFI1 04 01' EISI11 FLAGS TO FALSE. 8)

(8 2. IF A FLAG GREATER THAN ) 1!; i;[VFN ilNE Us!w3 ZERO FLAG 8)

(8 IS SET TO FALSE, 8)

PROCEDL!RF RESFLAG;
VAR

ID:TNItGFR;
11IN

ILI: +Il ERS1 N.PCP.NI;\|I . VY I I ;

LI1ERSr'W. PC: - S Rt'-P. 'U;(0 . NIX I t-* i4E X I
Ir IDEI-o THEN
BEGIN

USERFI A F II I 'I, -rAt c3F' t
USERSP@.CC.ZERO : :TRIIE:;

,"NID

ELSE USERSP@ .Cc.7rRO.:; Al SE3
END$

(8 READ A LOCATION (REAPLOC) 8)
(8 1. READ ANY LOCATION IN MEMORY AND PLACE CONTENTS IN THE
(8 USERS REG. A. 8)
(81 2. USERS ZERO FLAG IS SET 10 TRIF. 8)

PROCEIIIR READI l;
BEGIN

LISERSP@.REGA: =tSERP@.P('@.NFXTP.POINTER(.BYTri;
IISERSP@.XC. 7 ROt =TR I IF;
USERSP@.PC:IIS:.R<,SP@. PC@.NEXItJ.NXTLJ.NEXT;

ENDO

(8 START A TASK ON CONDITION (SIASKC) 8)
(8 1. THIS ROUTINE' CHECKS ONE or FIGHT FL.AGS FOR A TRUE 8)
(8 CONDITION BEFORE STARTING Tll TASK. IF THE FlAG IS TRUE 8)
(8 THE JOB IS FL AGED TO RUN AND T14F US:RS ZERO FLAG IS SET 8)
(8 TRUE. ID THE- FLAG IS rAISI Tilt tTATF OF THE TASK IS *)
( NOT CHANGELI AND THE I,;rkS 711lA3 FlAr IS SET rAlISE. 8)

1 lib



N AV.T RA LQU I PC EN 7 3r fl 10 .
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IF lit - l 1 F

IF UVf-FL AG3I 11It.1 THFE U
BtF I; I N

[ Nit

Ei t IN

[ND;D
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lit: ~if,11 Ft-Ti '* ''

BE it; 1 N

Ul G I N
1151 WJPFC'IIfRIJAFP .NfXT

ENil
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END
E L.SE

BE GIN
IJSERSPP. CC.*ZERO:=FAL.!'E
USERSPO~.PC =USERSFE' .FC(L *NEXT(3. * NEXT;

END
ENDI

00/1.2 AAEC (15T FEB 7B)

(*START A TASK AT A CERTAIN TIME (F)TASKT)
(81. THIS ROUTINE PLACES AN OPCIFF ON TIIE EVENT GUEUE, THAT 8
(8 WILL START A TASK~ AT A CERIAIN TIME. MEMBERS IN THE 8
(8 QUEUE ARE PLACED) IN CHRONOLOGICAL ORDERY THEREFORE WHEN 8
(8 THE EVENT TIMER CAUSES AN INTERRPT, THE FIRST ENTRY WILL *'
(8 ALWAYS BE SERVICEDI.

(82. ADDRESSES (IF EMPTY SPACES IN THE QUEUE ARE KEPT IN AN 8
(8 ARRAY TO MINIMIZE SEARCHING FOR FREE SPACE. 8

(83. THE MAXIMUM SIZE OF THE QUJEUF IS SFT BY EVMAX. 8

PROCEDURE STASKT)
VAR

TT, ID: INTECER;
FLAGI :BOOLEAN;

BEGIN
ID: =USERSP?.PC@~.NEXTP. BYTE;
TT :=USERSPI@.FC! .NEXT@. NEXTI? *BYTEI
IJSERSP@ .PC =U.SFRSPR *PC@.*NEXTP *NEXTI@ *NEXT;

IF TT:! ABSTIME THEN
BEGIN

IF EVEMPTY THEN
14EGIN

FIRSTEQ:.=FREE[CLJR1;
FIRSTEOL@.NFX'T:=Nlt1;
CUIR: =rtIR -I;t
EVEMPTY :=FALSE;
FIRSTEO!. ID:= ID;
FIRSTEQ@.TIME :=Trf;
FIRSTEOG.OPCODF:=O;
TIMFRE :=TT -ABSTIMF;

ENDF
ELSE

BE GIN
FLAGl:0=FAI SE;
TEMPEQ: -F IRSTEQ;
TEMPEQG : =NIL;
REPEAT

IF TEMPEIW.TIME.T1 THEN
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FIE GIN
Ft A(31 * =TRIU ;
IF TEMPE02 N I t T11FN

BEGIN
FREE(cup l .NFXT ' r'IRf;T[FO;
FIRSTEO:*..4 i-Eutipi
TEMFEP42: :4 IRSTE0 -
TIMERE:=TT' APSTIME;

ELRF
PEGIN

RE(7r('IJF I. 1*NEXT: =TEMPElI *NEXT;
TEMPEOP.IJLTXl :=FREErC1IRJ;

ENDi;
CUR:=CIJR -1;
TEMFEQ2? * I i=T :ri;
TEMFE0Q.TTME*:.TrT;

00/1.2 AAEC (1ST FEB 78)

TF:MPE02@?* oPC~rF:=o;
ENDE

ELSE
BEGIN

I F TEMPEQ(P.Ncxr*--NIl- THEN
BEGIN

TFTmrrc4(. ar XT: rREFrFUI.R;
FRErUURIP NEXT: -NIL.;
Ct.R =CJR -1 ;
TEMPEOI.NFXT@. ID:-ID;
TEMPEG?. NEXTf# *TIME?=TT;
TEMFEl?* N.X T?. OPCODE :=0;
FLA6i ?=TRuJE;

END
ELSE

BEGIN
TEMPEO2'#-TFMPEQ;
TEMF'EQ :=TFMPEOG .NEXT;

END;
ENID

IINrIl rL AOL
* rF!,P .:c * 7F!R[ : Trliji

END
ELSE

LJSERSP&.C, *ZERO: =EAi8F;
END;

(*START A TASK AFTER AN INTERVAL (STASKIN) 8
(*1. THIS ROUTINE TAKES AN INTERVAL. OF TIME AND CONVERTS IT 8

TO ABSOLUTE TIME? THEN CALLS STASKT WHICH THEN PLACES 8
(8 THE EVENT nN THE QUEUE.,8
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PROCEDURE STASKINI
VAR rl!INTFGERI
BEGIN

TTtaISFRSP'(.PC@.NEXTUi.N*XTI.IFI
TTtaTT + ABSTIME)
UISERSPG.PC@.NEXTI~.NEXT@.BYTE :*TTI
STASKIS

FNDI

(8HALT A TASK FOREVER (NALTASK) S)
(4 It TIS FlUTtt4? SETS THE HALT FLAC FOR TASEt. T141S HALTS THE 8

(8 TASK FOREVFR OR UNTIL THE CnINmRoL PROICESSOR RESTARTS IT. 8
(*2. 1HF LOCAL AIM CA14 NIH RFSfAkI IT. 8

PICFPURE HAI TAfS
* VAR

ID : IN7[7(lFR;
Ft. AGI : FtflO FAN;

ip: uusrRsi'(.PCI.NFXT.FI F;
LISERSPP.PC:: LS1RSP PCPq.NUYI (.NFXT;

400/1.2 AAEC (IST FEB 78)

* FLAGI:-FALSE;
TEMPJG: 'STARTJG $
REPEAT

IF TEMPJO9.IDzIDt THEN
BEGIN

FL AGI *uTRIIFO
TrmpjoGQ. T.'PP*HAI T:~ TktrIIP
sCH: 'TRtlr I

FND

It FGIN
TPINPJQ: -TEMPJOQ *NEXT)
ir TEIIPJG-NIL THEN

BEGIN
FL.AO3 I tTRUEI
USERs~fICC.7ER0: .:FALl3sr;

END$
ENDS

UINTIL. FLAGlI
END$

(8READ THE PRIORITY Or A TASK (RIAI'Il)
to 1 THIS ROI.TINE RFADS THEF PRIEWITY (iF A TASK AND RETURNS IT 8
(8 10 THE USER IN REGISTrR A. 8
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IRncrl'lRr REAPRHII
VAN

FIAoi: iPOolANI
iir S I N

lilt AJLRX'? 'IP*N.I PYIF
tI~N";I' n: iisrF.-ipf'o.r~ NEXT0' NFT

I'lH AT

f t : 1 1 izir I
* ii: * 71.4 pIRO I jat

JIMg RSPIP . I' 6,iA : r 1 1MV-0.1~1 CTP'P9*RH KO
r Nin

141 f IN
TUMP,10 : FMP'.Il~l( . NI:'X I f
TIP TEMT.ri- NIL. iIN

FLAG t: TlaiE;

F NI) q
luNTI[ Ft A6,1

* A'!;TL;N A URI1 I tY TO A IA!T% ;K uo

1111. Is! [%iII I N1 WI~ 11,1 ANUF Iit I NI IlkI tY OF A' TASKN TO ANY
I'k IORI Il Yi M WFFN (I ANDi 11 A PRIORHITY IIIIF!T UXSIST

(SlNU Wi I I F III 11 A Ij 1 11.
(5 *'. WTIL 1141 I NiFI. D AMIt (l' AIL OT111Rl~ TASTH~IIAT IIAV[ 5

s .inr RTO (t A TASKI RFMAMN, 1141- SAMFv Till' I A it WI. L
(5 STI it Iovirtl Ii TimE HrAt, o1 ITS; PRI11RITY. 5

VAR
TPt~kt :INTl PIRC
I I Al'; I POOI 1,AN.

ti III N

I'RI: -USdIURiu".P11144 N0* N I.Nt, XC 11 lIYr $
tIJ!;RSPO. PC tIJSE7R tI. PCi? NIX ti. HF XtP *NEXt
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REPEAT
IF TEMP.100.1D-ID THEN

BEGIN
TEMPPG2:TEMPJ0@.PRTOOFS ( TAKE THE ENTRY*)
TFMPPQ*=TEMPPOI.FDPo( OUT OF THE S)

*TFMPPQ2Q.Dt(PG.FDP:.=THirrPO:'9.FIPI ( PRIG QU1FUE AMD*)
TEMPPoQ. FPR oBKP: lrrfMP0U. (KPe ( UPDATE OTHER 5
TfMP.JQ@.PRID:-PRI; (8STRUCTURES 8
TFMPP02I@.PRIO*=PRIi W*I1TH THE NEWd5
TEKPPnQTE4P;.PR!(1ViPRI; 4*PRIORITY. 10)
IF PRI=O THEN ---------- ------ )

BEG IN (*PUT THE ENTRY 5
TEmPnxlp.RtP:=NIl ; (8AT THE START 5
TEMPPO'P.FD)Pt=!,Tt)RrN', ( OF' THE PRIG 5
STARTFIOP.F PP!TFMVIl; 4*OUFUF. 5
STARTPQi:=Tf.MPPfW (**5****55S

END
ELSE

REGIN
F[.A(31:=FAL!f-o;
IF PRI.:.-TEMPPQll.PRdT0 THEN

TEMPPQ: -ENDPn;
REPEAT

IF TFOUIPOP(WIltILPRI THEN
PE.IiIN

FL A6d RI I Ri;
TEMPPQ2II , rP: TrmpPs
Tr MFPO2E@.Vrr: =TFMPF'Oe .FDp;
TEMF PPUG FbP *4EMPPO21
IF TEtiPPQ2R.FDP-NIL THEN

ENDPQI2=TFMPP02
EL SE

TEMPPQ2@.rrnP@,B El-TEMF'PQ21
END

EL SE
TEMPPO: =TUMPP0V. ItKPv'

UNT It Fl AGI
"ND

END
00!142 AALC (1ST FED) 7e)

ELSE
BEGIN

TEf*P,10 uT~FF 11. NrXTl
IF TEMP.JG&;NIl. THEN

BEGIN 2TRE
Fl. AG 1=TU
USFRSPI?.CC. ZERO: 2FAll.SES

END#2
END

UNTIL FLAB11c ENDO
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(1 SEr &WR I I FtAll FOR A S14ARFI, VAI. !;rTWRIT) S)

PROCE DIRF StI 1WN I I;
BlE G I N

(8 STAIIIS Of A TASK (STATUS) )

PROCFDIIRF ;rAlt',S;
PrGIN

( T TIME (If DAY (10P) S)

PROCEPTLIRF TOP;
ii ro I N

I'N 1i;

PRO(;ElIIRF SVC;
VAR

II : INTEGrR;
FI. AOI IOOLEAN$

BEGIN
C'ASE U!;FRSPP.PL'..BYTE OF

0 : SATASK ; (S START A TASK 8)
I : 14AlA I (8 111 Is A IAtSK *1

k FAtli I G; (8 HIAtt Ft AIlS 8)
3 ! 1 III AI; ( ! 1 1, i AI ' 1)
4 ki HI I iI AG; RFSI I II AlGS )
,, IWFAIQ lil' ( R R ATi A I OliAFI(iN TN M1IMORY
6 : !;IASKI: ; (8 START A IASK CONIlTII iNAI Y )
7 : HTASKC ; (8 HOill A TASK CONDITIONALY )
A : STASKI ; (8 START A TASK AT A CERTAIN TIME 8)
9 : STASKIN; (8 START A TASK AFTER AN INTERVAI 3)

10 : HAI TASKi (8 STO1P A TASK FOREVER 8)
It : REALIF'RI; 48 READ 1141 PRIORITY OF A TASK 1)

00/12 AAEC (tIS FrR 7a)

12 : ASSPRIOi (41 ASSIN A PRIORITY TO A TASK 8)
13 I SETURITI (* SET WRITE FLAG FOR A SHARED VAR I)
14 : STATUS 1 (41 STATUS (IF A TASK 8)
1" Till, 1 (8 TIhI f AY DA

I N~I I( l192
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END$

(~*8~M AIN PROGRAM $*5*8)

($888 *88*8)

(8 INTERRUPT HANDLER AND VECTOR TABLE 8)

BEGIN
INTERI-1O#
CASE INTER OF
10 1 AHALT;
11 : BEGIN$

RESETF: -TRIF I
COMMS

ENDS
20 : COmm 1
30 t BEGIN

OSENTRYI (8 5)
FLAG*aFALSES (8 THIS SYSTEM PROGRAM 8)
TEMPSYO:=STARTSYGQ (8 HANDLES THE PROTECTION 3)
REPEAT (8 FRRORS CAUSED BY USERS 8)

IF TEMPSYQ@oID-2 THEN (8 PROGRAMS TRYING TO 8)
BEGIN (8 ADDRESS SYSTEM MEMORY. 8)

TEMPSYOQ.RUN:-TRUE; (8 $)

SYSF:aTRUJES *888***88*88***
FtiAG 1TRUEf

END
ELSE TEMPSYO$=TEMPSYO@.NEXI;

UNTIL FLAG$
END;

40 1 BEGIN
OSENTRY1 (8 THIS STARTS THE CYCLE(FRAME)*)
STARTSYOQ°RUN:-TRUE; ( ! SYSTEM PROGRAM9 WH1CH IS 8)

ENDO (8 At WAYS THE FIRST IN THE QUEUE*)

41 1 BEGIN ($ 8)
OSENTRYS ($ fTART TIHE EVENT HANDLER 8)
EVENTF!-TRUEP (8 8)

ENDSO8**8***8*8*)8818*
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OStN1RY (***8*88888*8888
00/1.2 AAFC (IST 5-FP 713)

TEMPSYt1? !I1ARlY0;(58
rLAo: FALSt; (S THIS SYS1FM .JOB STOPS A 8
REFPFAT I* USER 10IF TEIT RUNS OUT 8

IF TEMPSY0t'.Illu- THEN (SOF TIME* 8

YF A: -TRlIII

ENI1
ULSE TEMPSYO:.-TfMPsY0P.Nt' XT;

UNTIL RIAN
END$

50 : BEGIN
0 'SCN TRY 1
INTERR#

FND;
60 : BEGIN

OSEN TRY 8
Svc'

END;
END;8

(* rvrNl ROIITINF. W*

IF EVFNtf THUN

EVFNTE : FAt s;;
CUR:sClIR4 1;
FREE 1rUR 1:4IRfTFQ;
TEMP~FO: -FIIUTEQ;
IF FIRSTFflP.NrXT=NIt T14FN

EVE8IPTY tTRIIE
ELSE

FIRSTFO2'4IRSIUO0P.NtXT,'
TIMI:R:-TItwrn0.TTtIE AID%1 TM.
CASE TLmrro@.nrcnDE OF

0 :BEG3IN

FL AG?-EAL!;r4 (* !;IART A InP~*)
REPEAT (8 PFERA1fN 8

IF TFMPEQ.nri-rmr.tp.tD T14FN (8)

FL AG? aTRUE 8
IF I tt*:Prlnrw * riltP@ HALI 7THEN

PI GN
TE HP lOP TCIII1. * RuN: -T RIIE
Trmp~inp. Triwo1. H 1 I:FAI !',F
SCH: -TRIIE I

ENDI
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END

ELSE TEMPJ0:mTEMPrlfP.NFXT;
UNTIL FLAG=TRJE$

ENDO
00/112 AAEC (1ST FEB 7R1)

END;
END; ( END CASE*. MORE CAN PiE ADDED

EXECUTE SYSTEM JOBtS IF ANY AR t RrAPY

IF SYSF TH4EN
BEGIN

SYSF!: FALSE;
TrMPSYG: -STARTSYGI
RE PEAT

IF TrtiPsyo@.RIN THEN
BEGIN

TEMPSYOPtTCPP@a,ACT JVE!=TPUE;
WITH TEMiPSYQ9.TCBP@ [ill

BEGIN
S TACK(A@.,X:=ORGS TI'*X;
STACKAR.*Y: -OROSTP.Y*

STACIAW. PC: =nRlU;T@P. 
END;

ATMjSP: LSP;
SP:-TEMPSYOQ. TCDPI',STACKA;
RTIO
TENPSY9@.TCBP9.STACKA:1rP;
SPt-ATMSP;
TEIPSYG.TCBP@.ACIIVI':-FALSE;

END;
TEMPsYQ: =TEMPSYOU, NEXT;

UNTIL TEIIPSYQ=NIl;~
END;

TASK SCHEDULER ROUTINE S
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IF SCH THFN
BEGIN

CSCH: zrM sr;
IF ACTAWD. *T171P~AN I T14UN j'!AVtD= PI
EL SE

Ifel hH.. 11I111i'.1fl T1 (1k nrT.I(ThT'rrlf' 0.14AI T THEN
P It' ICN

JSAVED iRIF
FNfl

I I 8F J.SAVFA: F* At !',
I Nil;
IV JISAVf P THEN
It MPFU : --rIIRraI

00/1.2.~ ~ f AAU I fFFt'

TE MFPP(: START PO;
FLAG : FA SE;
REPE FATI

I F TEb1FOt .TCI P .KON T HkN F IAS -TRIIE
Ut SEE TI:MPPO :-TE IIOl .1 Ii I'

tIN1 It- F I AS
I F Txppr MPO TCIWO I t* A I AI .~t I V 1 TIFN

I f :,i%,)VFrt IHFN ****t**)
VU;~ T I SAVF INTrRR *1

ACT If014 1 PPO . I N I t K I *'RIIF (s .inp

At' I mi(E *r Tflpo . I~ TAtKA : ItsERsr;

It' TUmpflITrpRE.INTtZ Tt4rN

IF T1Mt'rQV. r11 R. 141T1 IMF 0 TIIFN
TI MF k~i: "9999N

*-T M1hi P*11CU I I j1 * I

11 11 141,0.' 11 11 I t * i Al ;t
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ArCTJOB.tDtmTcmrpopTCDP#. Ir'&
AC .JOB, TC9P:4,rrhrFne TCPP$
IF TEMPPQ@,TCRPP.ITrTfi a THtN

TIMERJ"#=99999
ELSE
TltiERInTFMPPO@. TI'YnP.TOTTIiF;
TEMPF'OU *TCRPU.ACT IVE: =TRUE#
WI1TH TE#POU@.TCPPP DO

bEGIN
STACXA@.*PC =nRflST@.PC
STACKAO tjr~r: - ORGSFP s .osP;

END;
USERSP:-TF$PP0P. TfhPP.STACKAl

END;
END;

END.

L COMPILATION CONCLUDED

D.ETECTED~ IN PASCAL PROGRAM
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