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Abstract

This report addresses the design and fabrication of a micro-

programmabl e, general purpose minicomputer specificall;’ ~~nfigured
— 

~~~~~~ L 1 )  r .i1c ry ~). _ )

for use in an educational environment~! In order to have utility

as an instructional aid in the areas of computer control and micro—

programming , it was determined that such a machine must have the

following attributes: educationally oriented human interface,

educationally oriented design , and user—microprogrammability. These

high level attributes were then used as a basis for deriving

functional and detail requirements. The Am2900 Bipolar Microprocessor

Family was used as the basis for realizing the design which satisfied

the defined requirements .

The project resulted in hardware which was used by students in

digital engineering classes and laboratory to investigate micro—

programming and its application to emulation. This report includes

representative microcode necessary to emulate sample PDP—11/O3

instructions as a demonstration of MIME capabilities.
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I. Introduction

One of the most powerful and flexible techniques to emerge

from the continuing evolution in digital technology has been

microprogrammed computer control . The Air Force interest in this

technique results from its widespread commercial adoption and its

potential for simplifying problem solutions and giving equipment

inherent flexibility to meet changing requirements. Thus,

microprogramming has become an important facet in understanding

and utilizing current digital technology . 
-

This investigation was largely motivated by experiences gained

during digital engineering class and laboratory work having

computer control and microprogramming techni ques as a major top ic.

The title for this thesis and the hardware which resulted from

it was chosen both because it was an approximate mnemonic for

Microprogrammable Minicomputer Emulator and because the meaning of

the word mime (i.e. to act a part or to mimic) was appropriate to

the capabilities of the envisioned machine . For a comprehensive

discussion of microprogramming the reader is referred to the many

texts (e.g. Ref 1) on the subject as well as current literature

(e.g. Ref 2). However , th e prese ntati on of a few key co ncept s is

necessary to provide a basis for understanding the purpose of the

project and The approach taken by the authors .

— 
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Microprogramming

• In order for a computer to accomplish data processing, a series

of sequential and combinatorial events must be controlled in a

specified manner. This controlling function may be accompli shed by

either of two principle broad techniques: use of random logic or

microprogramming.

Random logic control is implemented by providing a uni que group

of logic circuitry which accepts each instruction , the status bits ,

and the clock pulses as inputs and outputs the various latch and bus

gate settings as well as control pulses to the active elements. Thus,

the machine instruction set implemented by the computer and the

functions it performs are fixed by hardware. The lowest level of

control afforded to the user is the machine language operations

(i.e. add , sh i f t , move, etc.).

Microprogramming may be defined as a technique for designing and

implementing computer control as a sequence of control signals stored

in a special memory as opposed to having them generated by hardware.

Each group of bits is called a microword and the bits of these words

represent signal states necessary to accomplish the information

transfers which make up the machine instruction operations. This

technique allows the user to exercise control to the level of indi-

vidual register transfers which are the fundamental computer

operations. 
.

Not only does microprogramming implement control at the register

transfer level , it also contrasts with random logic in that the control

may be changed without hardware modification . Thus an inherent

_ _  - _-~~~~~~~~~~~~~~~ _ 
—~~~~~~~~~~~~ - - - - - _ _



flexihility exists to meet changing requirements without hardware

redesign.

Microprogranuning techniques may be viewed as covering a spectrum

with non—encoded and 
•
hi ghly encoded techniques at opposite ends.

Strict application of the non—encoded technique requires the micro—

word to contain a bit that corresponds to each function which is to

• be controlled . Thus, the word tends to be lengthy but rather simple.

Conversely, various microword bits may be grouped together into fields

associated with specific functions. One or more levels of decoding

may then be required in order to derive the actual control signals

from the functional fields in the microword . In actual practice it

is often expedient to use a combination of both techniques.

Problem Defini t ion

The objective of this investigation is the design and fabrication

of laboratory equipment specifically configured for use in graduate

level investigations in the areas of computer control and microprogram —

ming. Units currently available for laboratory experiments consist

of commercial off—the—shelf minicomputers and microprocessor equipment .

However, no unit totally combines user microprograinmability with a

design philosophy meant to facilitate user understanding.

Background

The authors encountered the above problem in the Minicomputer/

Microprocessor Laboratory coursö, Eli 6.87. This course has the

objective of providing the student with an understanding of the input/

output information transfers and interfaces required in minicomputer

and microprocessor operations. In addition ; it is desired that the

3



student acquire the ability to design and utilize I/O transfers.

Because of a desire to learn about microprogramming and also to work

with state—of—the—art technology at the integrated circuit level , the

authors chose the Advanced Micro Devices 2900 Learning and Evaluation

Kit (Ref 3) as the object of their laboratory project.

The Am2900 integrated circuit family consists of bipolar Large

Scale Integration (LSI) devices designed for use in microprogrammed

systems (Ref 4:2). The devices are cascadable in four—bit increments,

thus allowing the word length and addressing capability to be

tailored to the intended application . The reader is referred to the

Am2900 Bipolar Microprocessor Family Data Book (Ref 4) for complete

information.

In order to utilize the kit in realizing the EE 6.87 objectives,

it was decided to interface one kit to act as the control unit for

I/O occurring in the second kit. Although the authors were successful

in causing one kit to operate under the microprogrammed control of the

other, the ultimate goal of exploring I/O transfers was not achieved .

Literature provided with the kit stated that it was primarily

intended to familiarize the user with the characteristics and perfor-

mance of the Am2900 Family and microprogramming (Ref 3:1). However,

because of the di fficulties ~ncountered in interfacing the two kits ,

the authors concluded the kits were not suited for investigating micro—

programmed computer control. These difficulties were in the general

categories of signal inaccessibility (for both monitoring and inter-

facing) , limited disp lays, tedious programming , and limited memory.

Even though the ulti mate goal was not realized , the authors gained

valuable insight in to microprogrammi ng and how its u t i l i ty  mi ght best be

~~~ ~~~~~~~~~~~~j _ ~~~~~~~__
• •_ _ _ _ _ _ _ _ _ _ _
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demonstrated. These ideas resulted in the proposal of this thesis

topic.

Goal

The goal of this investigation is to provide the AFIT Digital

Engineering Laboratory with a small microprogrammable digital computer

having a generalized architecture and a configuration tailored speci-

fically for educational purposes. This unit will be suited for use

in laboratory instruction and student design projects in the areas of

computer control and microprogramming . In addition to the hardware ,

a User ’s Manual and sample microprograms will be provided .

Plan of Attack

The effort consisted of several major phases:

Literature search

Minicomputer survey

Requirements definition

Design

Fabrication

Integration and checkout

Documentation

The first objective of the literature search was to determine whether

any previous work was relevant to the problem . The second objective

was to clarify the concepts of microprogramming and emulation .

The second stcp of the effort was to obtain information about

typical minicomputer architectures. The PDP—11 , Nova , and HP21MX were

chosen for detailed analysis as they were three of’ the most frequently

5
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used machines in the military research and development environment

and were representative of commercially available architectures. These

three units along with a suggested design presented in Advanced Micro

Devices (AND) literature (Ref 5) served as the basis for deriving a

generalized architecture for MIME . •

The purpose of the requirements definition was to translate the

overall goal into the technical requirements which when satisfied

would provide a solution to the stated problem . A top—down approach

in which each level of requirements was factored into successively

lower levels was applied until there was sufficient detail to allow

hardware design.

At various points during the design , trial circuits were bread—

boarded and analyzed to verify that they in fact fulfilled the

requirements. When the design was found to be deficient , the design

was iterated and then reverified . Redesi gn also occurred as the

result of discovering invalid assumptions about module interfaces.

After first generating an overall functional design, the individual

module desi gn was begun . The order of the detail desi gn was predicated

upon the philosophy of providing a means of hardware checkout as soon

as possible and retaining the greatest flexibility as long as possible.

Thi s resulted in the desi gn 5f the control panel being accomp lished

first , the processor and memory modules next , and the control unit last.

Because of time constraints , fabrication and design were overlapped.

As detail design on each module was completed , fabrication on that

module was begun. Because of the degree of flexibility incorporated

into the functional design, no serious problems arose from. this

approach.

6



Integration and checkout were accomplished on an incremental

basis. Each module was audited for physical conformance to the doc-

umentation prior to entering module test. The module test essentially

verified the proper signal flow through the module. In order to

minimize isolation problems , integration was accomplished on an

incremental basis. As each module was added to the mainframe , the

appropriate functions were verified. Detailed module test procedures

may be found in Appendix A , MIME User’s Manual.

Documentation was also accomp lished incremental ly throughout the

entire project. The documentation was required to reflect the con-

figuration of both the design and fabrication at all times and to

facilitate the understanding and use of MIME.

Organization of Thesis

Chapter 1 has introduced the problem and goal and has provided

the background information necessary for understanding and evaluating

the investigation . Chapter II and III  contain the MIME functional

and detail requirements respectively.  These requirements served as

the project specification during MIME design. Paragraphs in these chap-

ters are numbered to facilitate correlation of the detail requirements

with the functional requirements. Appendix A , MIME User’s Manual ,

includes operating procedures , schematics, and a parts list which pro-

vide details of the hardware implementation . Chapter IV illustrates

the application of mic.roprogramming to an emulation problem . Chapter

V presents the project results , conclusions , and recommendations..

Appendix B presents the details of the configuration management proce-

dures used during the project and provides sample documentation .

7



Because of their volume , the wiring tables were not included in this

document , but they are available at the School of Engineering , AFIT/ENG ,

Electrical Engineering Laboratory , Wright—Patterson AFB , OH 45433.
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II. Functional Requirements

2.0 Introduction. The contents of the Problem Definition and Goal

sections were formalized to succinctly state the top level MIME require—

• ment as an educationally oriented , -user—microprogrammable small genera l

purpose di gital computer. This statement included three dist inct

facets. In order to insure that the final product would be appropriate

for an educational environment, it was necessary that its intended

application be given primary consideration throughout the design phase.

Secondly, providing the user with the capability to microprogram MIME

entailed specific design requirements in the computer control section.

Lastly, it was necessary to generalize the architecture in order to

design MIME to have a general purpose capability . Thus, three

categories of subordinate requirements were identified. They are

educationally oriented design requirements , user—microprograxnrnabili ty

requirements , and generalized architecture requirements. Each of

these was then factored into component requirements at the next lower

level and the process repeated until  the funct i onal requirements had

been identified . The purpose of this chapter is to present the develop-

ment of the functional requirements that  must be fu l f i l l ed  by MIME in

order to accomplish the project goal. The hierarchy of functional

requirements is shown in Fi gure 1.

The Problem Definition phase specifically addressed the need for

laboratory equipm ent specificall y configured for usc in investigating

computer control and microprogramming . Thus, it is intended that MIME

9

-~~~.



fl_
~~~~~~~~~

Figure 1. Functional t~equirements Hierarchy
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should have the capability to familiarize the user with basic prin-

ciples of computer control and to demonstrate the applications and

flexibility of microprogrammed control . Subsequently, MIME must allow

the user to test his understanding by executing his own microprograms.

This reflects the authors ’ opinion that in order for MIME to have

util i ty in thi s area, it must contribute both to the user ’s under-

standing of theory and to his application of practical techniques.

Although MIME was conceived as a solution to a specific problem ,

it was also desired that it have potential for additional applications .

The required data transfers are one facet to be considered in deter-

mining whether or not a computer is suitable for a particular applica-

tion. These in turn dictate what data paths must be available in the

computer hardware. Thus, the fact that it was desirable for MIME to

be general purpose required that the architecture allow the implementa-

tion of an many types of transfers as possible.

In order to l imit  the scop e of investigation , it was necessary to

define the generalized architecture to be that which wouid allow imple—

mentation of a specified set of operations. As indicated in the Plan

of Attack in Chapter I, the capabilities of three small commercial

digital computers and an example from AND literature constituted that

specified set.

2.1. Educationally Oriented Des~2n. Regardless of whether MIME is

emp loyed as a demonstration tool or as a test—bed for microprograxns, the

user must be able to provide stimuli to MIME and observe the response.

The structure of MIME must allow the user to visualize the interaction

of the hardware • and firmware , and the hardware itself must be as simp le

as possible .

11 . 
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An educationally oriented design also includes maintainability

considerations such as fault isolation and component replacement.

Thus , the requirements for an educationally oriented design were

divided into the categories of an educationally oriented human

interface, functionally confi gured hardware , and maintainability

considerations .

2.1.1. Educationally Oriented Human Interface. The interface

between the user and MIME must allow straightforward and convenient

interaction between them . It must be straightforward in order

that the user is not frustrated by the effort required to use MIME .

• Convenience is necessary so time required for data entry or

retrieval is minimized .

Because of the importance of the human interface , it was

designated as a major MIME function and its design was undertaken

first. This approach was also advantageous in that the requirements

relative to other MINE modules would be available before they were

designed.

2.1.1.1. Operational Flexibility. The operational flexibility

requirement addresses the need for MIME to allow the user to accom-

plish his purpose with minimal laboratory setup or initialization .

Thus , time available for realizing learning objectives is maximized .

2.1.1.1.1. Execution Modes. Depending on his objectives, a user

may employ MIME in one of several ways. For example , he may des~.re

to run an applicati ons program , investigate a specific control

sequence, or test a microinstruction . Thus, execution modes to

support these objectives arc required .

12
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2.1.1.1.2.  Data Entry .  In order to enhance operational flexibility , it

is required that MIME provide a front panel data entry capability. The

user shall have the capability to select the level and type of informa-

tion to be entered .

2.1.1.1.3. Debugging Aid. Because MIME will be used in an experimental

environment , features that will facilitate software and firmware debug

are desirable. Therefore , MIME shall provide means to monitor software

and firmware program flow.

2.1.1.2. Information Availability . It is required that information

concerning MIME control signals , sequential operation , and data proces-

sing be readily available to the user. In addition , because user—

microprograinmability allows MIME to be controlled at the register

transfer level , commensurate signal availability is required . This

information is necessary in order to present a comprehensive picture of

MIME operation and allow the data flow to be monitored . It is required

that this information be cicarly identified to avoid confusion .

2.1.1.2.1. Sequential Operation. In order for the user to understand

the sequential nature of computer operation , information identifying

the machine state at any arbitrary time is required . This illustrates

the logical flow of the processing.

2 . 1. 1 . 2 . 2 .  Control Signals. Control Signal availability is required

to demonstrate the mechanisms by which data transfers are initiated and

controlled . The user must be able to determine whether failure of an

attempted operation was due to improper control signals or system

malfunction.

13
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2.1.1.2.3. Data. It is required that all data locations be

accessible to the user at any time during MIME operation. This

information is required to allow the. user to observe intermediate

computation and processing results.

2.1.2. Functionally Configured Hardware. The requirement for fume—

tionally configured hardware expresses the authors’ philosophy that ,

from an educational viewpoint, a computer system is most easily

understood when functions can be uniquely associated with discrete

hardware . This requirement allows advantage to be taken of the

fact that most students are introduced to digital processing and

• computer hardware by means of a functional block diagram . These dia-

grams typically contain five functional units: Arithmetic , Control ,

Memory, Input, and Output (Refs 6:27, 7:3). This approach facilitates

visualization of the data processing and transfers in terms of hard-

ware.

2.1.2.1. Functional Modularity. It is required that the hardware be

segregated according to the major function which it supports in order

to facilitate the association of the hardware with the function being

performed. The required modules shall be determined from the func-

tional grouping of the detail requirements specified in Chapter III.

2.1.2.2. Illustrative Configuration. Hardware implementation of

MIME functional requ irements shall facilitate the visualization and

understand ing of the function being performed . Consistent with educa—

tional purposes , MIME configuration shall be representative of

commercial architectures and functional implementations in order to

illustrate current hardware design approaches.

14
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2.1.3. Simplified Design and Maintainabilit y. It is required that the

MIME design be the least complex which can perform all the specified

functions. It is the authors’ opinion that unnecessary sophistication

would only obscure the fundamental principles which MIME is intended

to demonstrate . Therefore , only those functions which directly result

from specified requirements shall be included .

The ease with which hardware malfunctions can be isolated and

corrected is closely associated with design complexity . Ease of main-

tenance is important because it has a direct impact upon the avail-

ability of MIME for use as an educational tool. Therefore , in

addition to the requirement for a simplified design, MIME shall be

structured to enhance the isolation of failures to the functional

module. Signal visibility and accessibility shall also be provided to

facilitate fault isolati on to the component level. • Specific trouble-

shooting procedures are included in the MIME User ’s Manual , Appendix A.

2.2. Microprogrammability. Microprogrammability requires that control

of MIME be accomplished using mieroprogramming rather than random log ic

to decode and execute machine instructions. Motivation for inclusion

of this requirement was discussed in Chapter I.

2.2.1. Resident Control. It is required that MIME include provision

for nonvolatile microprogram storage . Thus, MiME can be used to

demonstrate computei operati on under microprogrammed contro l wi th out

the necessity of loading a microprogram each time .

2.2.2. User—Microprogrammahility . Provision for the user to apply

microprogramming techni que s to computer control must be included in

15
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MIME. Therefore, it is required that MIME contain alterable micro-

program storage accessible to the user.

2.3. Generalized Architecture. The initial step in defining the

requirements for a generalized architecture was the determination of

the functional requirements necessary to achieve equivalency to the

capabilities of the PDP—11/03, Nova, HP21MX and AND computers

(Refs 8, 9, 10, 5). This analysis yielded four separate sets of

characteristics and capabilities which were obtained with the aid of

the following checklist (Ref 11) :

Memory

Registers -

Data

Instruc ti on s

Special Features

Program Status
I/O
Interrupts
Masking
Protection
rim ers
States
Microprograinmabi lity

These separate sets were then combined to form a single set describing

the required MIME capabilities and characteristics. Within thi s set

the following broad categories of requirements which are discussed

below were identified: instructions, data format , memory , registers,

and input/output. Each of these categories was analyzed to yield the

factors that impacted MIME architecture.

16

- -~~~~~~-~~~~~~~~~~~ —- •-
~~~~

- - -- --~~~~-~~~~~~~~~-



—
~~

- - — -
~
-- — —- - --- — - - -

~~~~~~~
,- ---—---- -

2.3.1. Instructions. In order for MIME to have an instruction capa-

bility equivalent to the target machines , it must .execute the

following classes of instructions:

Program Cont rol -

Double Precision/Word/By te
Arithmetic , Logic and Shift

Word/Byte Data Transfers

2.3.1.1. Program Control. MIME is required to execute both conditional

and unconditional versions of the following classes of program control

instructions: Branch, Jump , Jump to Subroutine , Trap , and Skip. Con-

sequently, it is necessary that MIME have the capability to test all

signals which are used conditionally by the target machine.

2.3.1.2. Arithmetic/Logic/Shifting. The arithmetic and logic

instructions required for equivalency to the target machines are listed

in Table I. The required shift and rotate capabilities are shown in

Figure 2 and Figure 3 respectively.

Table I

Arithmetic/Logic Capabilities

Arithmetic Logic

Add AND
Subtract OR .

Compare EX—OR
2’s Complement Complement

Increment
Decrement

2.3.1.3. Data Transfers. In order to accomplish the previously dis—

cussed instructions , several types of information t;rartsfers are

17



~ -~~- 
-
~~~~~- - - —~~--~ -

- -  - ---

• 

- 

• 

TQUALftypR&~fl~~~~~

p P P

Sa,
-1-’

“-I
.0

- ~1 __t :.

• 

. 

p

~~~~j~j  
~: ~ ~

LI LI O’-i~ ‘4 

18

L - -~~~~~~ •_ _ _ _  •



C— - - -‘

I 

-
.

[
Lac • -

• ~H~J 
_ _ _ _ _ _ _ _ _ _

r~~~~~~~~~~~~~

-

~~~~~

--

~~~~~~~~~~~~~~~~~~~~~

• 
-
~I~ 

~~~~~~~

IE 1—-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

—
~

---.1i_ir
~ —_______ • 

-

~1
.

_ _  ~
i1

_ _ _

•‘°“—41J [CE. 
-

~~~~~~~~~~~~~~~~~

• Figure 3. Required Rotate Capabilities

- 

19



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - -

required. MIME must have the capability to control information

transfers between itself and peripheral devices. In addition , MIME

must be capable of internal register—to—reg ister and register—to—

memory transfers.

2.3.2. Data Format. A 16 bit word length and fixed point , sign plus

2’s complement representation of negative numbers were common charac-

teristics of the target machines . Because fixed point and 2’s comple-

ment are a function of the instruction set capabilities , the only

constraint upon MIME architecture was the 16 bit word length. Because

a 16 bit word length was representative of the commercially available

architectures and also provided sufficient precision for the intended

applicati on , MIME was required to have a 16 bit word length.

2.3.3. - Memory .. As a resul t of having a 16 bit word length , the

addressing capability of the target machines was 64K words. In

addition, they also included the ability to address individual eight

bit bytes. MIME was requi red to include capability for a 64K X 16 bit

word addressable memeory . Pseudo byte addressability results from

the byte operation capability of the processor .

2.3.4. Registers. The target machines contained both general and

special purpose registers . Special purpose registers consisted of

those dedicated for use as ¶a Program Counter (P C ) ,  Memory Address

Register (MAR ), Memory Buffer Register (MBR), and Instruction Register

( I R ) ,  accumulators , indexing registers , and stack pointer.  Also

included in the target machines were a maximum of six general purpose

registers. It was required that registers sufficient to fulfill the

same functions be included in MiME .

20 
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2 .3.5.  Input/Output. Requi rements under paragraph 2.1.1. specified

that comprehensive data entry and disp lay capability be incl uded in

the hum an interface in order to provide flexibility and convenience to

the operator. However, paragraph 2.1.1. did not specify the capability

desirable for loading complete programs into MIME using an assembly

or higher order language. In order to provide the capability of inter-

facing with external devices, it is required that MIME be capable of

performing DMA and vectored priority interrupt I/O information

transfers.

Summmary

This chapter has presented the functional requirements determined

to be requisite for meeting the project goal. These functional

requirements will be used as the basis for the development of detail

requirements presented in the next chapter.

• 21
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III. Detail Functional Requirements

3. Introduction. The purpose of this chapter is to provide the

detail requirements which were derived to satisfy the functional

• requirements identifi ed in Chapter II. This chapter is organized

by functional categories in consonance with the functional modular-

ity requirement of Chapter II. Table II illustrates the relationship

between the functional and detail requirements.

3.1. Bussing . The target machines included both sing le and multiple

bus structures. Because the required information transfers could

be implemented in either structure , the architectural generalization

imposed no constraints. However , it was the authors ’ opinion that

separate busses would facilitate visualization of the information

transfers. Thus , it was required that MIME include a Data Bus

(DB), Address Bus (AB), Microaddress Bus (MAB), and Microdata Bus

(MDB).

3.2. Front Panel. The requirement for a human interface shall be

met by the MIME Front Panel (FP) module. It shall have the followi ng

characteristics and capabilities.

3.2.1. Debugging Aid. The FP shall provide a stand—alone capability

without dependence on other MIME modules. It was desired that the

FP a]ways be available to the user without the necessity of having

resident software or firmware .

22
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Table II

• • Chapter III Chapter IIDetail Requirements
Paragraph Paragraph

AB , DB, MAB , MDI3 3.1. 2.1., 2.1.3., 2.3.

Handwjred FP 3.2.1. 2.1.1.1.3., 2.1.2.1.,
2.1.3.

Power Control 3.2.2.

Operating Modes 3.2.2. 2.1.1.1.1.

Hexadecimal Micro Data Entry 3.2.3. 2.1.1.1.2., 2.1.2.3.

Hex/Octal Macro Data Entry 3.2.3. 2., 2.3.2.

Register Load Capability 3.2.3. 2.1.1.1., 2.1.1.1.2.

l~1emory Location Load Capabil— 3.2 3. 2.1.1.1., 2.1.1.1.2.
1 ty
Registe r Disp lay Capability 3.2.4. 2.1.1.1.3., 2.1.1.2.2.

2.1.1.2.3., 2.1.1.2.,
2.1.3.

Memory Loc’~tion Disp lay 3.2.4. 2.1.1.1.3., 2.1.1.2.2.,
Capability 2.1.1.2.3., 2.1.1.2.,

2 . 1 . 3 .

PP Display Registers 3.2.4. 2.1.1.2., 2.1.3.

State Indicators 3.2.4. 2.1.1.2.1.

Condition Code Indicators 3.2.4., 2.1.1.1.3., 2.1.1.2.,
- 3.3. 2.1.3.

Test Points 3.2.4. 2.1.1.1.3., 2.1.1.2.,
2.1.3.

Macro Breakpoint Registers 3.2.4. 2.1.1.1.3.

Word/Byte/Double Precision ‘ 3.3. 2.3.1., 2.3.2., 2.3.3.
ALU
General Purpose Registcrs 3.3. 2.1., 2.1.3., 2.3.1., -

2.3.4.

Auxiliary Shifting Register 3.3. 2.3.1.

Data Transfers 3.3. 2.1., 2.3.1.

23
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Table II (Continued )

• Chapter III Chapter IIDetail Requirement
Paragraph Paragraph

Microword Mask/Constant 3.3. 2.3.1.

Memory Capacity 3.4. 2.3.2., 2.3.3.

MAR , MBR 3.4. 2.3.3., 2.1.2.1., 2.1.2.2.

PC, IR - 3.5. 2.1.2.1., 2.1.2.2., 2.3.4.

Decoding and Sequencing 3.5. 2.1., 2.1.2.1., 2.3.1.

Clock Generation 3.5. 2.3.

Mapping 3.5. 2.1., 2.1.1.2., 2.3.

Microinstruction Capabil— 3.5. 2.3.1.
iti es•
Microinstruction Pipelining 3.5. 2.1.2.2.

Nicrobreakpoint Register 3.5. 2.1.1.1.3.

User Writable CS 3.6. 2.2.2.

Read Only CS 3.6. 2.2.1.

Vectored Priority Interrupt 3.7. 2.3.1., 2.3.5.

WCR , BAR , DFF 3.7. 2.1.2.2., 2.3.1., 2.3.5.

MIME Portability 3.8. 2.1.

Chassis 3.8. 2.1., 2.1.3.
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Table III

MIME Operating Modes

Mode Use

RUN 
- 

Continuous automatic
program execution -

•

Auto Step Execute macroinstructions
at an observable rate

Single Step Execute one macroinstruc—
tion on each manual
actuation

Auto Microstep Execute microinstruetions
at an observable rate

Single Microstep Execute one microinstruc-
tion on each manual
actuation

Pause Interrupts clock wi thout
changing state of MIME

Reset Reinit:ialize MIME for
program start

Halt Halts program execution
in the fetch state

Because the F? could be independently veri fied to be operational ,

it could be used in the checkout of other MIME modules and trouble-

shooting would be simp lifi ed.

3.2.2. Control. The FP shall provide means to contrel the

app licatio n of power to MIME . It shall also allow selection of the

operating modes given in Table III. These modes were required to

provide the operational flexibility specified in 2.1.1.1.1.

25
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Tab le IV

Di splays

Macro Level Micro Level

All Registers Micro Address

ALU Output CS

DB PL Register

AB Microbreakpoint Register

Memory Keyboard Entry

Keyboard Entry

3.2.3. Data Entry. Micro level data shall be entered in hexadec-

imal format in order to minimize the number of characters required

for a microword . The user shall have the option of entering macro

level data in either hexadecimal or octal format. An octal format

is required for consistency with the target machines , but the hexa-

decimal format is required for future flexibility .

So that the operator is given as much flexibility as possible ,

the capability to load any register or memory location from the

front panel is required .

3.2.4. D isp lays. In order to support the functiona l requirements

of Chapter II , the FP shall  provide the operator with the capability

to selectively dis play the items listed in Table IV. This compre—

hcnsive disp l ay capab i l i ty  is required in order to provide visibil ity

for all facets of interna l MIME operations and facilitate malfunction

identification . However, it is also desirable to l imi t the complex i ty

26
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of the FP design and lim it th e quant i ty of informati on to that which

can be easily assimilated by the operator. Thus, it is required that

the FP includ e only one disp lay register each for the macro and

micro level.

The F? shall provide indicators which identify to the operator

the source of the current display or the destination of the keyboard

entry. This is necessary in order to avoid confusior between

various parameters.

For display purposes , two of the general purpose registers shall

be designated as breakpoint registers. This provision is a debugging

aid which allows the operator to halt MIME when the contents of the

PC and breakpoint register match . Although any of the general

purpose registers could be used , two shall be designated for this

purpose as a convenience to the operator. Indicators to advise the

operator of the machine state and arithmetic condition codes are

also required in order to provide the user with information concerning

the processing status.

- In order to enhance debugging capability as well as routine

monitoring of MIME operations, it is required that any control

signals not displayable on the front panel be accessible via test

points for logic analyzer or oscilloscope display. These signals

shall include clock , synchronization , and interrupt request signals.

3.3. Arithmetic Logic Unit (ALU ). The processing requirements

identified in Chapter II shall be fulfilled by the Ari thmetic Logic

Unit (ALU). This module shall contain a processor capable of

performing 16 bi t  word , 8 b i t  byte , and double precision operations

in accordance wi th paragraph 2.3.1. requirements.

27
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The target machine processors includ e such special purpose

reg ist ers as accumulato rs , index registers , and stack pointers , and

as many as six general purpose registers. However, because each

target machine has a different set of these special purpose

registers, greater f lexibil i ty is obtained by using general purpose

• registers. General purpose registers are also required for the

microprograinmer’s use without disturbing the contents of registers

currently in use of the macro level . Therefore, the ALU shall

include 16 general purpose reg isters and 1 auxiliary shifting

register.

It shall be possible to transfer data between the DB and general

purpose registers and to obtain operands from the DB or registers.

Results of operations shall be stored in the ALU registers or output

directly to the DB . This allows the greatest possible flexibility

for the user. The ALU shall also be capable of gating 16 bits of

the pipeline onto the DB for use as a macro level constant or mask.

The ALU shall make available flags that indicate the results of

arithmetic operations. These flags may be used by the Computer

Control Unit as the basis for conditional branches . The ALU shall

accept control signals which determine the type of operation , operand

source(s), and result destination .

3.4. Memory. The Memory module shall provide for main program storage.

It shall have a maximum capacity of 64K x 16 bit words. The module

shall includ e a Memory Address Register (MAR ) to lat ch the addr ess of

the memory location being referenced and allow either synchronous or

asynchronous operati on. The module shall, also includ e a Memory Buffer

28



Register (MBR) to isolate the memory and DB from each other. The

MBR serves to protect the memory and also faeil~tates the illustra-

tion of information flow during a memory reference. The MAR and

MBR shall be implemented as discrete hardware registers to facili-

tate illustration of transfers and to allow hardwired signal

acces sibilit y. In order to simplif y the module circuit ry, the

memory shall be static type random access storage.

3.5. Computer Control Unit. The Computer Control Unit (Ccli) module

shall exercise overall control over MIME operations and shall

provide signals to control all information transfers. The CCIJ

shall contain the Program Counter (PC) and Instruction Register (IR).

The PC is required to hold the address of the currently executing

instruction and the IR to contain that instruction . The PC and IR

shall be able to act as ei ther a source or destination for data

relative to the DB. These registers shall be imp lemented as discrete

hardware registers to facilitate illustration of their function and

to allow hardwired signal accessibility,.~

The CCU shall provide decoding of macroinstructions , micro-

instruction sequencing, and control signal decoding. It shall also

generate master clock pulses.

In order to provide flexibility , the CCI) shall be able to map

macroinstruction operation codes into microroutine starting addresses.

Microinstruction sequencing capabilities of conditional branching,

conditional looping, and four—level conditional nested subroutining

are required to illustrate representative microprogramming techniques.

To illustrate the pipclining technique of overlapp ing the fetch and

29
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execution cycles, the CCU shall include first—level pip elini ng of

microinstructions (Ref 12).

As a debugging aid to the microprogrammer, the CCU shall

include a micro breakpoint register and provision for halting MIME

when the microaddress matches the register contents.

3.6. Cont rol Store. The Cont rol Store (CS) module shall provide

microprogram storage. It shall include both user—writable and

read—only memory to allow user microprogrammability and resident

control respectively . An input/output buffer shall interface the

microdata bus with the CS.

3.7. Input/Output. The Input/Output (I/O) module shall handle all

data transfers between MIME and external devices. It shall include

an I~iput/Output Buffer (lOB ) register which shall be used as the

data interface with external devIces .

The I/O module shall provide eight levels of vectored priority

interrupt. Because MIME is intended for use in the educational

environment, the authors do not foresee any occasion which will

require more than ei ght levels of interrupt priority . In addition ,

the technique for handling more than eight levels remains essentially

the same. Thus , the authors feel that eight levels provide

sufficient capability and adequately demonstrate interrupt driven I/O.

Therefore, MIME shall include provision for handling up to eight

levels of vectored priority interrupts.

The I/O module shall notif y the CCU of pending interrupts and

identify the hi ghest pr iori ty device requiring service by providing

an interrupt vector. The module shall pr ovid e th e capability for

30 
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interrupt nesting and selective interrupt marking. It shall be

possible to display and load the registers containing the mask and

status ini unnation. This provides the user access to the fundamental

components of I/O processing.

The I/O module shall include a Word Count Register (WCR), Base

Address Register (BAR), and Direction Flip Flop (DFF) for use in

accomplishing DMA (I/o ) transfers.

3.8. Chassis. MIME shall be self—contained , rec~uiring only connec-

tion to 110 vac, 50—60 Hz for operation. It shall be housed in a

portable cabinet configured to allow access to all internal components

for troubleshooting and replacement. These requirements provide the

flexibility needed for use in the educational environment . Cooling

shall be provided by a chassis mounted fan.

Summary

Thi s chapter has presented MIME detail requirements by functional

category which were derived from the functional requirenents of

Chapter II. - The derivation may be traced using Table II and Figure 1.

Hardware was then selected to implement the detail requirements as

discussed in the next chapter.
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IV. Hardware Realization

Introduction -

Chapters II and III have presented the functional and detail

requirements respectively which MIME was designed to fulfill. The

detail requirements presented in Table II of Chapter III were then used

as the basis for hardware design. This chapter presents an overview of

the hardware rea1ization and discusses the significant imp lementation

choices. The reader is referred to Appendix A for a comp lete

description of the hardware . Figure 4 illustrates the comp leted MIME

hardware.

Architecture

Fi gure 5 contains a functional block diagram illustrating the MIME

architecture which resulted from the functional group ing of the detail

requirements described in Chapter III and summarized in Table II. MIME

is a bus oriented , functionally modularized di gital computer having the

general characteristics summarized in Table V. The implementation of

each module will be discussed briefly.

Front Panel. The FP was designed to meet the requirements specified

in paragraph 3.2. Because of the quantity of parts required , it was

phy sically imp l emented on two circuit cards. The displays and controls

which form the cabinet front panel along with some logic circuitry

were mounted on a circuit card designated FP1. The remaining components

were mounted on a circuit card designated FP2. The reader is referred to

Appendix A for a comp lete descri pt ion of front panel operation .
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Figure 4. MIME Hardware

Table V

MTh~ Characteristics

16 bit data word
16 general purpose registers (16 bits )
10 special purpose registers (16 bits)

machine instruction capabilities
program control
double/precision/word/byte arithmetic ,

logic, and shif t
word/byte data transfers

64K words main memory capacity
synchronous memory references
8 levels vectored priority interrupt

64 bit microword
4K microwords Control Store capacity

1.43 MHz clock

110 vac, 50—60 Hz, 2 amps
21 amp @ 5 V
1.6 amp @ —5 v
2.4 amp @ 12 v
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Arithmetic Log ic Unit. The ALU circuit card contains all the cir-

cuitry necessary to meet the specifications of paragraph 3.3. The ALU

is built around four Am2901 microprocessor chips (Ref 4:5—16) and

includes various multiplexers and registers . It incorporates lookahead

carry using the Am2902 (Ref 4:17—18).

Computer Control U n i t .  The CCU was designed to meet the specifi-

cations of paragraph 3.5. This module was also imp lemented on two

circuit cards which were designated CCU1 and CCU2. The heart of the CCI)

capability results from the use of the Axn29803 , Am29811, Am2909, and

Am2911 (Ref 12:2—2 to 2—21). These components provide the decoding ,

decision making , and sequencing capabilities required for the CCI).

Control Store. The CS moduJe~ provides the microp rogram storage

specifi ed in paragraph 3.6. and is contained on one circuit card

designated csl. It also includes the circuitry necessary for micro—

address decoding . It consists of both RAM and EPSON storage fo~’ the

reasons discussed in the detail requirements. In anticipation of CS

expansion (See Recommendations , Chapter VI), this card was designated

CS1 , and an appropriate card rack position was left vacant for a second

CS card .

Memory . The MEM module provides the main program storage for MIME

and consists of RAM elements as specifi ed in paragraph 3.4. It is

designated MEM1 in anticipation of expansion and contains the circuitry

necessary to decode addresses and imp lement the MAR and MBR.

Input/Output. The I/O module contains the BAR and WCR and provides

eight levels of vectored priority interrupt as specified in paragraph 3.7.

for use in accomplishing I/O transfers. The Am2914 (Ref 4:66—73) provides

the interrupt capability.
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Parts Selection

There were a number of times during the design phase when more than

one specific hardware implementation appeared capable of satisfying the

specified requirements. When this occurred , it was necessary to

determine the most desirable alternative . This section summarizes those

choices deemed significant and the criteria applied in the decision

process.

Am2900 Fami l y. It would have been possible to consider micro-

processor families other than the Ain2900 series. However , the choice

of the Am2900 integrated circuit family as the basic building blocks

of MIME was the result of the following considerations: As indicated

in Chapter I, the authors were familiar with it from a previous project.

More si gnificantly, the Am2900 family represented commercially avai l-

able state—of—the—art technology , provided the most powerful capabilities

available in microprogrammable microprocessors , and illustrated the use

of bit—slice technology.

Control Store Memory Selection. In keep ing with the requirement

for flexibilit y specified in paragraph 3.6., the CS included both read!

write and read—only storage. This approach allowed for both user exper-

imentation and a nonvolatile resident control function .

Static type random access memory was chosen for the read/write

portion of CS in order to minimize support circuitry required for dynamic

RAM (Ref 13:3—19). Even though a read—only capability was required , it

was s t i l l  des irabl e to hav e th e capab i l i ty to alter the resident control

or to implement additional instruction sets. Thus an electrically pro-

grammable , ultraviolet erasable , Programmable Head—Only Memory was chosen

as the read—onl y po r t ion  of CS. It was a lso desired that  the EPRO M be
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compatible wi th a Read—Only Memory (ROM) to allow substitution of RON

as an optional means of decreasing CS access time.

- It was determined from commercial data that a representative instruc-

tion set required approximately 1K of CS for microprogrammed implementa-

tion (Ref 10:1—1). Thus, MIME was initially provided with 1024 words of

EPROM storage in CS.

Because it was the authors ’ opinion that. the writable CS would be

used primarily for experiments and debugg ing , it .was decided to provide

only 256 words initially. Additionally,  because CS is manually loaded

from the front panel keyboard in hexadecimal format as specified in

paragraph 3.2., it was felt that no more than 256 words would be utilized .

Selection of the actual memory chips involved tradeoffs amor.g access

time , bit density , pin configuration , and cost. It was necessary that

the access time be sufficient to meet the overall timing goals discussed

under Clock Considerations. Bit density and pin configuration were

significant factors in minimizing the required circuit card area and

it was desired to obtain the lowest feasible cost per bit.

Component Mounting and Interconn ection. Wire wrap circuit

boards with built—in IC sockets were used for all cards except FP1. These

were mounted in a card rack and interconnected using edge and cable

connectors . Augat 8136—UHG5 cards were chosen for the following reasons:

1. Convenient IC replacement.

2. Built—in VCC and ground planes.

3. Large capacity edge c nnectors.

4. Rugged construction .

5. Available mounting rack. -

6. Av a i l a b l e  extender card .
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These characteristics were deemed des i rable  because of the one—of—a—

kind nature of MIME and its intended laboratory use.

Clock Considerations. Information transfers between MIME modules

are synchronously controlled using a single phase symmetrical clock.

The decision to utilize synchronous transfers was considered carefully

by the authors . Asynchronous transfers would have allowed MIME to

operate at the fastest speed possible by basing the clock frequency on

the fastest module and skipping clock cycles to accomodate the slower

modules. A disadvantage of asynchronous operation was that it required

additional log ic to control the clock.

Synchronous operations base the clock frequency on the slowest

operation which resu1ts in a simpler but slower machine. Table VI lists

approximate speeds of the MIME modules which impacted this decision . The

CCIJ/CS entries are the sum of CCI) next microaddress computation time and

CS access time . Thus , each CCU/CS entry is the total time required to

compute the address of and fetch the next microword . This time is the

minimum clock cycle utilizable with the particular CS imp l ementation .

Based on this information , the fastest possible operation mode is

achieved with a ROM CS imp lementation and asynchronous memory references.

The slowest mode is achieved using synchronous operation with EPROM CS

implementation . Approximate microinstruction execution rates are 3.33

MHz and 1.43 MHz respectively. The EPROM CS implementation was chosen

and the substitution of ROM left as a potential enhancement. The re-

quired clock was therefore determined to be 1.43 ± 0.05 MHz. Provision

for asynchronous control was included in the CCU to provide flexibi]ity .

This approach provided the simp licity desired for an educational envi-

ronment and also the potential for future jucreases in operating speed .
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Table VI

Module Cycle Time 
-

(Approximate )

Modules Cycle Times

ALU 
. 

300 ns

MEM 400

CCU/CS(EPROM) 675

CCU/CS(RAM ) 475

CCIJ/CS(RON ) 300

Power Considerations

Power requirements were determined for each circuit card individuall y

by summing the typ ical power requirements for each IC. All IC’s required

a VCC of pIus 5 volts except the EFRON ’s which also required minus 5 and

plus 12 volts. The voltage and current requirements are given in

Table VII.

Power was distributed to each circuit card in the card rack (see

Chassis section which follows) via the edge connectors and wire—wrap

wire . No information concerning the current carrying capacity of 30

gauge wire—wrap was available so the authors experimentall y determined

that a single wire 12—18 inches in length could carry .5 amp over an

extended time period without discernablc heat build—up . The number of

power connections to each card was then determined using .5 amp as the

wire capacity and the requirements listed in Table VII .
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Table VII

Power Requirements

Voltage (v )  Current (amp)

FP2 5 2.0
CS1 5 1.5
CS1 —5 1.62
CS1 12 2.34
CCU1 5 1.9
CCU2 5 1.9
ALU 5 1.55
MEM1 5 - 6.0
I/O 5 2.05
FP1 5 4.3

Tab le V I I I

MIME Cost Summary

FP1 $ 668.00
FP2 243.00
ALU 295.00
MEM1 207.00
CS1 380.00
CCU1 250.00
CCU2 243.00
I/O 217.00
W ire 75.00
Extender Cord 58.00

Fabricat ion
Electrical 3,200.00
Chassis 680 .00

Chassis
Card Rack 48.00
Edge Connectors 75.00
Ribbon Cable 10.00
Connectors 35.00
Fa n 15.00
Mi scellaneous 25.00

Tota l $ 6,724.00
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Chassis

Figure 6 is a representation of the chassis configuration which was

designed to satisfy the requirements of paragraph 3.8. The circuit card

positions in the card rack are illustrated in Figure 7. All circuit

cards arc rack mounted except for FP1 which is directly attached to the

hinged cabinet front panel. The optimum angle for the front panel is

such that it is perpendicular to the user ’s l ine of sight (Ref 14:42).

The actual front panel slope was determined experimentally based on

anticipated bench top operation and the viewing angle for an individual

of medium height.

The area at the rear of the chassis is reserved for installation of

power supplies which are not yet available. The cabinet was vented and

provision made for a chassis mounted fan in order to assure adequate

cooling .

Cost

Table VIII contain s a breakdown of the estimated costs for MIME .

The estimate for each circuit card includes the cost of the card and the

components mounted on it. The estimated total costs for wire and fabri-

cation are also included in Table VIII. Fabrication is divided into two

categories: electrical and cabinet.

Summary

This chapter has presented a brief description of t~~ MIME hardware

that resulted from the design and fabrication effort. In addition , the

areas of significant desi gn decisions have been described . Appendix A

contains the comp lete descri ption of the hardware and operating proce—

dures.
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V. Emulation Examp le

Introduction

One significant application for microprogramming is emulation ,

which may be defined in a number of ways. It may be defined as the

use of microprogramming to reproduce some of the hardware functions

of the target machine not present on the host machine (Ref 15:265).

Alternatively,  emulation may be defined as the ability of one machine

to execute the machine language instructions of another machine

(Ref 16:15), or the combined hardware/software interpretation of the

machine instructions of one machine by another (Ref 6:475).

Emulation is of interest in the militar y environment because of

its potential for achieving software compatibility among different

machines and miti gating the effects of rapid hardware obsolescence

(Ref 17:29). The significance of emulation relative to the educational

purposes of this project is the demonstration of the concepts of micro—

programming applied to emulation. Although execution timing equiva-

lency would also be required for a val id emulation in a realtime

environment , it is not ncce~sary for demonstration of the concept.

Thus, the net effect of emulation would be the capability of running

the target machine language programs on another machine with identical

processing results. Therefore , for the purposes of this project,

emulation has been defined as the ability of MIME to execute the

machine instructions of another machine in a way such that the pro—

ceasing results are equivalent. The remaining sections of this chapter
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discuss the relationship between emulation and microprogramming , a

general approach t.o emulation , and a specific emulation example.

Microprogramming and Emulation

A specific sequence of operations are necessary in order to execute

each machine language instruction of a program . First , the instruction

must be fetched from the memory . Then the op code portion of the

instruction must be decoded to determine the desired operation.

Fi nally ,  the contro l signals necessary to accomplish the required

transfers must be generated . The first two steps , fetch and decode ,

are essentially identical for all instructions of a given machine . The

f inal  step , control si gnal generation , is unique for each particular

instruction. In a microprogrammed machine such as M IME , fetch and

decode are controlled by a microprogram executive wh ich branches to the

particular micromodule (series of microinstructions) required to control

the transfers of each machine level instruction . Thus , each machine

instruction is imp lemented as a micromoduic at the register transfer

level.

In order to emulate a particular instruction set , the same three

steps are necessary : fetch , decode , and execution . Emulation is

possible only if the emulator hardware i s capable of fetching and

decoding the instruction controlling transfers within its architecture

to arrive at results equivalent to those of the target machine. Thus,

the first requisite for emulation is the availability of a versatile

arch i t ec tu re , one which is in  fact capable of the necessary decoding

and processing.

Given this , one must devise a method of controlling the required

register transfers in a flexible manner. As discussed in Chapter I, a
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microprogrammable machine such as MIME has an inherent flexibility at

the register transfer level. This gives the microprogrammcr complete

control of every information transfer possible within the emulator

hardware and makes it possible to emulate equivalent register transfers

of the target machine . Thus , the utility of microprogramming applied

to emulation is readily demonstrated .

General Approach to Emulation

Assuming that the emulator hardware is capable of emulating the

target machine , the first step is to specify th e hi gh level microprogram

flow necessary for instruction fetch , decode , arid execution . The

example shown in Figure 8 includes interrupt I/o handling as specified

in paragraph 3.7.

The next step is to express the fetch , decode , and interrupt

handling routines in Register Transfer Language (MTL). An example of

this is included in the PDP—l1/03 example at the end of this chapter.

Next , each machine instruction must be described in RTL. The

authors found the following three step process useful:

1. Read instruction description in target machine handbook.

2. Represent target machine transfers in RTL .

3. Represent emulator transfers in RTL.

The most d i f f i cult step is the transition from target machine RTL

to emulator RTL. There is, not necessarily a one—to—one correspondence

between the transfers. The end result of the proce~sing must be the

same , but the intermediate steps may be different. This process mus t

be repeated for each instruction of the target machine .

As the Inst step , the RTL for the emulator is converted to appro-

priate microcode. This, of course , may be done incrementally as each

instruction is specified in  RTL.
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Emulation Examp le

In order to dcmonstra~e the flexibilit y of microprogramming and its

application to emulation , this section presents the emulation of several

sample instructions using the MIME architecture . As discussed in the

introduction to this chap ter , emulation is considered to be the capabil-

ity of MIME to execute the instructions of another machine with the

same processing results. -
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Table IX

Sample PDP—11/03 Instructions

Instruction Mnemor~ic Instruction Op Code

Single Operand COM(B) /O51DD

Double Operand Mov (B) 
Move Source to /lssDDDestination -

Signed Condi— EGE 
Branch if 002000

tional Branch — 0

Program Control RTS 
Return from - 

0002ORSubroutine

Trap TRAP Trap 
—

/ .~ i/o

As a result of the development approach discussed in Chapter I,

the authors were familiar with the instruction sets of four minicompu-

ters. Of these , the PDP—11/03 instruction set was considered to be

the most flexible and powerful. Therefore, sample instructions for

emulation were drawn from it (Ref 8:3.1—5.15). The particular instruc-

tions chosen are listed in Table IX. These were chosen in order to

illustrate a vari ety of microprogramming techni ques.

The authors used the approach discussed in the previous section

to emulate the selected instructions . Th’rcfare , the discussion of

this example consists of two parts: High Level Microprogram Flow and

Individual Instruction Modules.

Level Microprogram Flow . The flowchart of Figure 9 shows the

microprogram structure used to emulate the PDP—11/03. Each named
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block represents a microcode module. Modules above the division line

control interrupt handling , fetching, and decoding for all machine

instructions. Modules below the line are unique to a particular

machine instruction.

Emulation of a particular machine instruction begins wi th the

Instruction Fetch module (IFTCH ) which fetches the next instruction

from memory if no interrupts are pending . As shown in Figure 10,

IFTCH shifts the PC right one place before loading it into the MAR .

This is necessary in order to map the PD1’—11/O3 memory address space

into the MIME address space. The corresponding memory word is then

fetched from memory to the MBR and subsequently loaded into the IR.

The PC is then incremented by two so that it points to the next

sequential instruction .

The DECODE module illustrated in Figure 11 controls the decoding

of the instruction op code to arrive at the corresponding micromodule

starting address. This is accomplished in part by using a PROM to

map the op code portion of the IR into starting addresses of other

micromodules. If the op code is octal 0002, IR bits 5, 4, and 3 are

tested. If 1R5 ,4,3, equals octal 0, a branch to the RTS instruction

module is accomp lished . Otherwise a branch is made to one of 16

condition code set/clear modules by testing IR bits 3, 2, 1, and 0.

If the op code is octal 0000, IR bits 5, 4, and 3 are again tested .

In this instance , if IR5 ,4,3 equals 0, IR bits 2, 1, and 0 are tested

to control a branch tO one of 8 instruction modules. An invalid

instruction has been specifi ed if Ill 5,4,3 equals 0. If the op code is

other than 0000 or 0002, the mapping PROM output is the starting

address of a particular im-~truction module.
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The Interrupt Handler (INTIINDL) module stacks the current PC arid

CCR in memory and loads a new PC and CCR from pre—assigned memory loca—

- 
tions. The PC then contains the address of the first instruction of the

machine language interrupt service routine . Referring to Figure 12,

this is accomplished by first calling the micro subroutine PUSH. PUSH -
.

decrements R6 (used as the stack pointer) by two, loads the new contents

of R6 into the MAR , stores the PC. in the memory location addressed by

the MAR , and retur:s. The PC is then stored in the memory addressed by

R6. The CCR is similarly pushed onto the stack. The interrupting de-

vice is identified by an interrupt vector (1V2 ,1,0). This vector is

used to branch to the particular module necessary to load the MAR with

the address of the new PC. The new CCR is in the next sequential loca-

tion. The PC now points to the machine language interrupt service

routine . To execute this instruction , a branch baàk to IFTCH of

Figure 10 is accomp lished . After testing for higher priority interrupts ,

this instruction is executed using the emulation structure discussed in

the preceeding paragraphs.

Individual Instruction Modules. The following paragraphs discuss

the micro level modules used to implement the register transfers required

for each emulated PDP—11/03 instruction of this example.

COM(B) replaces the w6rd (byte) contents of the destination address

wi th its logical complement. Using the decoding algorithm discussed in

the previous section , COM and COMB are decoded to separate starting

addresses. Thus , they will be discussed as separate modules. As shown

in Figure 13, COM begins by calling the DSTDCD micro subroutine to

• compute and load the MAR with the effective address of the operand

(memory reference mode). The reader is r~fcrred to the PDP—il/03

Processor Handbook for a comprehensive discussion of instruction formats

- 
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and addressing modes (Ref 8:3.1—3.19). If the operand is located in

memory , micro subroutine OPFTCH is called to fetch-the operand and load

it into the ALU Data Buffer Register (DBH). The operand is then comple-

mented and loaded into the MBR . Condition codes specified by COM are

generated and stored in the CCR at this time . The MBR is then stored

in the initial memory location . This comp letes execution of memory

reference COM so the COM module branches back to the IFTCH . Register

reference COM as shown in Figure 13 is similar to the memory reference ,

but it omits the memory read and write cycles. COMB is also shown in

Figure 14. It differs from COM in that only the specified byte is

complemented. Register reference implies lower byte , whereas the least

significant MAR bit must be tested to find the app licable memory

reference byte.

MOV(B) transfers the source operand to the destination location .

As shown in Fi gure 15, MOV calls SRCDCD to find the source operand .

OPFTCH is called if memory reference , resulting in the operand being

loaded into the ALU DBR. IIegister reference operands are also loaded

into the DBR. The operand is then placed in the Q register and appro-

priate condition codes generated . DSTDC!) is called to determine the

destination location , and the operand is stored accordingly. Finally ,

MOV branches back to IFTCII. As shown in Figure 16 , MOVB differs in

several respects. First, memory reference sources and destinations re-

quire testing to determine the pertinent byte. Second , the source byte

must be aligned wi th the destination byte using SWABQ if they are not

both upper or lower . In addition , only a sing le byte of memory is

written into for memory reference destinations . Finally, MOVB requires

sign extension through the upper byte for register destinations.
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BGE is a conditional branch if greater than or equal to zero which

adds two times the offset (sign extended ) to the PC if condition codes N

and V are both set or clear. The BGE m odule , shown in Figure 17, begins

by testing condition codes N and V. If they are not both set or clear ,

the module branches back to IFTCH . Otherwise , the JR is multi plied by 2

and loaded into the lower byte of ALU general purpose register 13 (R13)

while the PC is loaded into the DUll. Based on IR bit 7, the lower byte

of R13 is sign extended through the upper byte. R13 is then added to

the DBR which contains the PC and the result loaded back into the PC.

Micro branching back to IFTCH allows the macro branch to occur when the

new PC is used to fetch the next instruction , assuming no interrupt .

RTS, return from subroutine , loads the contents of the specified

register into the PC, and pops the memory stack into the register. Re—

ferring to Figure 18, the RTS module first loads II into the PC and then

calls micro subroutine POP to retrieve the top element of the stack .

This is then loaded in the register and a branch to IFTCH initiated .

TRAP stacks the current CCII and PC and loads a new CCII and PC from

memory locations octal 000036 and 000034 respectively. As shown in

Figure 19 this is accomplished by twice loading the MB!! arid calling

PUSH and then loading the PC and CCR with the required constants. As

will be discussed further in Appendix A , these constants arc stored as

part of the microword .

Summary 
-

This chapter has presented a definition of emulation , discussed

mlcroprogramm i ng as app lied to emulation , anti shown an emul ation example

using PDL’—11/03 instructions and the MIME architecture . Appendix A contains

details of time examp le emulation , includ i ng representative microcode.
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VI. Results, Recommendations and Conclusions

R esults

The purpose of this section is to summarize the significant project

results. However, these results were a product of the development

approach chosen by the authors. Therefore , before discussing the results ,

factors that significantly impacted the development will be presented .

Results of the hardware realization and emulation example will then be

presented .

Development Factors. The literature search which was conducted as

the first step yielded no evidence of previous work on a user—

microprogrammable general purpose minicomputer specifically designed

for educational purposes. It was found that several commercial products

were available for use in microprocessor familiarization and micropro—

gramming instruction (Ref 3:18). However, none included the scope of

capability envisioned in the problem statement of the thesis. Therefore ,

the authors at-tempted to combine the best features of commercial

equipment while adding features specifically designed to solve the

stated problem .

A second factor of great importance to the development was the

schedule estimates. When the schedule was devised , the specified goals

were deliberately limited to provide schedule slack for unforeseen

difficulties. This provision proved invaluable as a result of the

underestimation of the log istics effort required in support of the primary

project tasks. The principal , components of the logistics effort consisted

6J - 
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of selecting and ordering parts and arranging for cabinet fabrication.

A probable parts list was compiled early in the requirements definition

phase and regularly updated . This allowed difficulties to be identifi ed

in time to minimize their impact. The schedule slack originally

included allowed time for parts delays and coordination with shop

facilities on cabinet fabrication without ultimate impact on the project

objectives.

The documentation generated throughout the effort ‘was a third

hi ghly significant factor in the accomp lishment of the design and fabri-

cation. Three types of documentation were used to maintain configuration

control: wiring tables , schematic drawings , and parts list.

The wiring tables presented a complete description of the configura-.

tion in terms of component pin numbers. The schematics provided a

diagrammatical representation of the electrical connections . A complete

parts list was maintained as a key to the designated component numbers.

The sheer volume of the wiring tables would have made their genera-

tion nearly impossible and their accuracy uncertain had it not been for

the automated procedures described in Appendix B. The ready availability

of this data facilitated correetion~ and modifications and minimized the

problems encountered during integration and checkout. The FP module ,

which consists of two circuit cards , was a specific example. One card

was designed and constructed before the configuration management

procedures were fully imp lemented , but the desi gn and fabrication of the

other was fully ~omm LL- ul~~d. During chccknut of the FP ~?iring prnh l em~

were encountered only in the first card . - 
-

Hardware. Chapters II and III presented the requirements and

Chapter IV provided significant details concerning the hardware

~~~ _—.~~~~~~
-______ 
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implementation . Complete wiring tables , schematics , and parts list

are included in Appendix A. Also included is the detailed test

procedure which was devised to verify that MIME had met the require-

ments and was fully operational . The two basic test approaches used

are described below .

The FP module was checked using test instruments to verify correct

circuit operation . This consisted of either comparing a signal level

or a waveform present at a particular point to that prescribed by the

test procedures. The test order was designed so that each succeeding

test was built on those previously successful. An unsuccessful test

suspended the procedure until the fault was corrected.

After the FP was certified operational it was used to conduct the

test procedures specified for the remaining MIME modules. These

consisted of using the front panel capability to load or disp lay

various quantities and comparing the result to that specified by th e

test procedures. When a discrepancy occurred , the procedure was

suspended and the fault isolated using the troubleshooting techniques

and functional descri ptions contained in the MIME User ’s Manual ,

Appendix A.

The successful completion of the test procedures demonstrated that

the hardware was operational and that it met the specified requirements.

These tests were conducted as the final step of the hardware checkout

and the results recorded in a test log.

Emulation. One faèet of the thesis goal specifi ed in Chapter I was

to provide the microcode necessary to demonstrate a representative

sample of MIME ’s capabilities. The application of the emula t ion  approach

described in Chapter V required microcode to be generated in two areas:

- 
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for the implementation of the emulation structure discussed in Chapter

-V and for implementation of specific sample macroinstructions. For

reasons discussed in Chapter V , PDP—1l/03 instructions were used as

test macroinstructions. 
-

Test procedures consisted of entering the microcode into the CS

and then attempting to execute the emulated instructions. After the

execution of each macroinstruction the contents of the appropriate

registers and memory locations were compared against the correct values

specified by the procedure . The test results were recorded in the test

log and the successfu l completion of the test demonstrated that this

facet of the goal had been accomplished.

Recommendations

The recommendations which resulted from this project fall into two

categories: enhancements and applications. MIME has the potential for

expansion and increased cpability with only relatively minor additions

or modifi cations, and the authors recommend several. MIME was speci-

fically created as an educational tool so the authors have recommended

several applications where they feel MIME mi ght best be utilized.

Enhancements. The enhancements recommended for MIME are in the

following categories: Control Store, Memory , Arithmetic and Logic Unit ,

I/O , and Emulation .

Although only 1K of CU EPROM was initially provided , MIME had the

capacity for a total of 4K words of CS. It is recomimended that the CS

be expanded to full capacity in order to allow more comp lex or multiple

emulations to be resident in MIME . Multiple resident emulations would

also require multip le mapp ing PROMS or physical substitution for each

different emulation.
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Substitution of Read—Only—Memory (ROM ) for EPROM would increase

microinstruction execution speed by a factor of two when operated in the

asynchronous mode with a faster clock. It is recommended that the

feasibility of doing so be investigated thoroughly before implementation .

The increased speed could improve emulation performance or merely

provide a greater potential for waiting .

MIME memory may also be expanded from the initially provided 1K to

a maximum a. 64K. Although a need for the total capacity is unlikely,

it is recommended that ruemory be expanded to a minimum of 8K. This is

the minimum that would be required to provide the capability of using

operating system software written for the emulated machine (Ref 19:

Sect. 2,1—1).

At the time parts were being selected for MIME , Advanced Micro

Devices had just released data on a new microprocessor , the Am2903

(Ref 20). This chip represented a substantial increase in capability

over the Am2901. For example , it includes hardware multi ply and divide

and provision for an expandable register file. However, its anticipated

availability fell too late in the project schedule to allow it to be

used . It is recommended that the feasibility of’ replacing the Am2901’s

in MIME with Am2903 ’s be investigated .

Although an RS 232 interface has been provided (Ref 21), MIME has

the capacity to handle additiona l peripherals. It is recommended that

an interface for a mass storage unit such as a cassette be provided .

This would expand MIME processing capability as well as provide a second

example of an I/O interface.

As addressed earlier , only representative PDP—11/03 instructions

were emulated and verified . In order to prowidc MIME with a complete
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resident assembly language instruction set, it is recommended the

emulation be comp leted and stored in the CS EPROM .

App lications. The authors feel that MIME will have greatest

app lications as the subject of student projects in support of the AFIT

di gital engineering/computer science curriculum . It is recommended that

MIME and the system documentation be used in conjunction with lecture

and structured ]aboratory instruction . MIME was designed for educational

purposes, but the system documentation was written assuming that users

will have a basic understanding of the principles of computer operation

and architecture . Also , the system documentation does not include

learning goals or experimental procedures. However , once they have been

defined , the documentation does provide the user with all the information

necessary for emp loying MI ME to achieve his objectives. Therefore , in

order for the user to obtain the greatest benefit, it is important that

theoretical background and laboratory guidance be provided . It is

anticipated that MIME w i l l  prove most useful in the following areas:

support of course objectives in EE 6.87 (Ref 22:60) both directly and

indirectly. It is an example of a general purpose minicomputer construc-

ted using current LSI technology , and it can be used to demonstrate

techniques of computer control and microprogramming applied to I/O

processing . The analysis required to generate microcode for handling

pt oi~ - :m--- nird , interrup t , and DMA type I/O transfers will contribute to

u~c r ~ r- l and i ng and exp loration of various I/O techniques.

NIW I  •r he uiccd 1.i ‘ ner i l  purpose instruction in microprogramming

• ~ ,nv facrt~ of enmput ‘-r t i nt  m l .  An analysis of the micro—

. i v r ~ u,~~rIl ’i , p i - r : m t  i n  should yield an

$ i$ a I ri ;’~ I • , 
- . , i i  ~

- i SI pmla I , and timing .



This discussion is also applicable to investigation of emulation with

the addition of a specified instruction set as a target.

Conclusion -

The scope of this project included activities that on a small scale

closely paralleled the Air Force development cycle (e.g. requirements

definition , conceptual phase, design/cost tradeoffs , development ,

fabrication , test and integration , and turnover and transition). Be-

cause such a varied range of activities , encompassing both theory and

practical application , was required , the benefit derived was much

greater than anticipated.

MIME has been used as the subject of projects in support of two

courses , EE 6.87 and EE 6.88 (Ref 22:60). The EU 6.87 project consisted

of the design of hardware and microprograms necessary to imp lement an

RS232 interface (Ref 21). This project allowed students to apply micro—

programming as a means of controlling I/O transfers . The EE 6.88

project utilized MIME to familiarize students with the concepts and

applications of microprogramming . This project consisted of having

students emulate various minicomputers and microprocessors using the

MIME arch itécture .

The degree to which MIME possesses a generalized architecture and is

educationally configured is a subjective evaluation ultimately left to

the reader. However , that MIME has utility for graduate level inves—

tigations in the areas of computer control and microprogramming was

demonstrated by the projects discussed above. As a result , the

authors have concluded that the objective of the investigation as

stat-cd in Chapter 1 has been accomplished .
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Appendix A

MI M E User ’s Manual

Preface

MIME (‘licroprogranmable ‘-lini c omp u t e r Emulator) is an education-

a l l y or ien t ed , user microprogrammable , ~ en & - r a 1  put-pose mini compute:- .

I t  was des i gned and c o n s t r u c t e d  as a m a s t e r ’ s t h e s i s  project  at th e

A i r  Force In s t i t u t e  of lechnoloc tv -p er i f i c a l l v  for  use in l a b o r a t o i - y

i n s t r u c t i o n  and s tuden t  d c s i t t n p r -~~ ect s in  the areas of c o m p u te r

c o n t r o l  , m i c r opr o gi -ammi  ne , and taul a t i  on ( R e f  1)

T h i s  man ual  has sc~ t- r a  I p t u - p w e - - : de scr i b e  \ I IM E char-ac- f c i i  s i Cs

p rov ide  t h e  in f o r - m a t i o n  n e e t -~- a t -v  f o r  f i t - c t  i V C  ut i i i  z a t i  oil of ’  ‘ii

and fac i i i  t a te  fl,fl U t  f l a i~ce and modi  l i  c-a in - . Sect i i i  I , Svs ( em P u s —

en p t i n i n t  rod ie -s the  a i- cf it cc t ire and sv: t em hardware , h- u” - ! i  V(

t he p o s s r h l e -  i n f o r - m i t  i n  t i - a n .  u - I - S , and c o n c l u de s  ici f i ~ d c t a i  lcd

desc r i pt  on of c c l  f’u n c t  i r -nal m o d u l e .  Sect  i ~ns I T  and I l l  rrovi de

o p er u t  i n p  p rocedure s and m i c t - pr - e i - a m n  t ~-t - l n ~~~u t -~ r -~~p ec t  vel y .

Sec t i on  IV concludes  w i t h  r n a i r i t -n a n u e  r i I i - ~~u f  m n .  -\ t t m p l i - tc  l i s t  of ’

t e rms  and ahh rc-v i a t i  Oi lS  is  i n c l uded on p at t i -  77 . The a u t h o r s  b e l i e v e

tha t  ~i I M E  w i l l  p r o v i d e  v a l u a b l e  hands—on experience t h a t  w il i  g r e a t l y

contribute to the student ’s under st and i ng of computer  con t r o l and

microprogramm i 11g .
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I. System Description

Introduction

• This section presents information necessary for understanding

MIME operation , and it provides the basis for the operating , micro—

programming , and maintenance sections which follow . The Architecture

and Har~3ware subsection addresses MIME structure in terms of the

functional modules and their organization ; Information Transfers

summarizes the data flow that is possible utili~ ing the MIME

architecture; and Module Descriptions presents details of module

implementation and operation.

Architecture and Hardware

Figure Al contains a functional block diagram which illustrates

the MIME architecture. MIME is a bus oriented , functionally modular-

ized digital computer having the general characteristics listed in

Table Al. The functional modules are implemented on circuit cards

having the designations listed in Table All. The MIME hardware is

shown in Figure A2. Except for Front Panel 1 (FP1) which is affixed

to the cabinet front panel , all circuit cards are rack mounted as

shown in Figure A3 and Figure A4. Terms and acronyms used in the

manual are summarized in tile list of terms on page 77.

MIME makes use of a 16 bit data word , Data Bus (DB), and Address

Bus (AB) for register and memory transfers. The front panel module

provides the operator with the capability to control MIME’s operating

mode as well as load and d isplay macro (machine) level and micro

level register and memory contents. The ALU performs tF~e arit~metic/

logic operations and contains the general .purpose registers, the Data
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Table Al

MIME Characteristics

16 bit data word

17 general purpose registers (Q, RO through R15)

Dedicated registers

Program Counter (PC)

Instruction Register .(IR)

Memory Address Register (MAR)

Memory Buffer Register (MBR)

Data Buffer Register (DBR)

Condition Code Register (CCR)

Base Address Register (BAR)

Word Count Register (WCR)

Status Register (SB )

Mask Register (MB )

64K words main memory capacity

Eight levels of vectored priority interrupt

1.43 MHz clock

Synchronous memory reference operations

4K microword maximum Control Store capacity

64 bit microword

12 bit microaddress bus (MAB )

64 bit pipeline register (PL)

8 bit micro condition code register (MCCR)

Operating modes
• automatic

single step

auto single step

micro step

auto micro’ step

Power requirements

iiov ,: 50—60Hz, 2A

2 1A @ 5V

1.6V @ —5V

2 . 4 @ 1 2V
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• Figure A2. MIME Hardware

Table All

• Circui t Card Ident i f iers

Iden t i f i e r  Ci rcu i t  Card

A Contro ’ Store 2 (CS2 ) *

B Front Panel 2 (F P 2 )

C Contro l Store 1 (CS 1)

D Computer Contro l Uni t  1 (CCU 1)

E Computer Control Uni t  1 (CC U 2)

F Ar i t hme t i c  Logic Uni t  (AU!)

G Memory 1 (M EM 1)

ii Input/Out p ut. (I / O )

P Front Panel 1 (FP 1)

* Reserved for future expansion
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Buffer Register (DBR), Condition Code Register (CCR), and Microinstruc-

tion Code Register (MCCR). -

The memory module (MEM1) provides a random access memory for main

program storage. It also contains the Memory Address Register (MAR)

and Memory Buffer Register (MBR) which provide buffers to the buses.

MIME operation is controlled by the Computer Control Unit (CCcJ ) which

• contains the Instruction Register- (IR), Program Counter (PC) and Pipe-

line Register (PL). The CCU decodes the instruction which came from

the location specified by the PC and is contained in the IR. Execution

is then accomplished by the control signals generated by the contents

of the PL. The PL contains a microword which was fetched from the

Control Store (CS) module. The Input/Output (I/o ) module provides the

means necessary for MIME to interface peripherals. It contains the

hardware necessary to provide the vectored priority interrupt capabi l ity

and the Word Count Register (WCR ) and Base Address Reg ister (B AR ) used

in DMA transfers.

Information Transfers

Information transfers within MIME may be divided into two classes:

micro level and macro level. Micro level transfers are defined as

those between CS and CCU and macro level as those between any of the 16

bit registers of MIME (e.g. IR, MBR , RO , etc.).

Micro Level Transfers. Micro level transfers are essentially

successive fetches of microwords from CS to the PL via the microdata

Bus (MDB). Using the first level pi pelining technique (Ref 2), a

single microword is fetched from CS concurrently with the execution of

the previous microword . Referring to Figure A5 , the current microword

is clocked into the PL at point A , the clock low—to—high transition ,
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Period 2

- clock cycle

Figure A5. Micro Level Transfers

and is executed during the clock cycle from A to B. Concurrently, the

address of the next microword is calculated during period 1 and applied

to the MDB . The addressed microword is fetched from CS during period 2

and clocked into the PL at point B. Thus, one microinstruction is

executed and another fetched during each clock cycle.

Macro Level Transfers. Macro level transfers are accomplished

using three 16 bit buses: DB, AB , and MB. As shown in Figure Al , the

DB is the transfer path between registers in the CCU , ALIJ, MEM , and

I/O modules. The MB and AB are used for transfers to and from memory.

Control of macro transfers is accomplished using control signals derived

from the PL. As shown in Figure A6 , these control signals are available

shortly after the beginning of any particular clock cycle until the

end of the cycle. This allows ALU functions to be computed and routed

to the destination register during a single clock cycle.
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A , control signals 
. data clocked

~ generated B, into register

- clock cycle

Figure A6. Macro Level Transfers

Module Descriptions

Front Panel Module. Figure A7 dep icts a block diagram of the

Front Panel desi gned for MIME , while  Figure A8 presents the Front Panel

as it appears to the user. Appendix 1 of this manual contains

detailed schematics of the two front panel cards, FP1 and FP2.

FP1 contains all of the front panel switches, displays, and logic

shown in the block diagram, except the Display Multiplexer (MUX) logic ,

which is contained in FP2. Consequently FP1 is attached directly to

the hinged chassis front panel, while FP2 is mounted in the card rack.

As shown in Figures A7 and A8 the Front Panel logic is grouped

in the same manner as the FP1 switches and displays. Separate logic

submodules are used for each of the primary front panel functions:

Control , Macro Display , Data Entry, and Micro Display. The Display

Muic log ic is provided to allow selection of any MIME bus for display.

Front panel operation will be discussed from the viewpoint of the

specific occurrances resulting from each front panel switch activation.
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Figure A7. Front Panel Block Diagram
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Fi gure A8. MIME Front Panel

CONTROL. Turning the ON—OFF swi tch ON app l i e s  power to the

bui l t  in powe r supp l i e s  (when i n s t a l l e d ) .  Turning the switch off

removes power.

Momentari ly depress •in~ RUN causes the CCU to synchronously place

MIME in the RUN mo de on the next hi gh— to — low mas te r  clock transi t ion.

S i m i l a r ly ,  HALT causes the CCV to synchronously p lace MIME in  the

HALT mode when MIME enters the i n s t r u c t i on  fe tch  rou t ine .

Momentary PAUSE synchronously ha l ts  MIME on the next hi gh—to—low

master clock t rans i t ion, aM resets the clock mode to fas t .  Momentary

RESET genera t e s  the  master clear pu l se  RESET* . RE SE ’f* is also gener-

ated dur ing  power—up and accomplishes the f o ll o w i n g :

1. p laces MIME in HALT mode

2. loads i n i t ia l  microaddr css
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3. clears PC , MEM~-’F , MAR , WCR , BAR , CCR , DBR -

4. selects PC and A for macro and micro disp lay respectively

• If MIME is halted , a momentary STEP causes only a single machine

instruction to be fetched and executed before MIME is returned to the

HALT state. Similarly,  a momentary AUTO STEP causes successive

machine instructions to be fetched and executed once each 1.5 seconds.

MIME will then halt under program control or when HALT, PAUSE , or

RESET is momentari ly activated. -

Initial actuation at MSTEP changes the clock mode to manual.

Subsequent MSTEP’s can the-n be used to single—step through microroutines.

AUTO MSTEP provides a 0.7 Hz clock. MSTEP and AUTO MSTEP should not

be activated while MIME is running in the fast clock mode.

MACRO DISPLAY. The Macro Display Select switch designated in

Figure A8 by < > selects the particular macro level register to be

loaded or displayed by the front panel. The selected register is

indicated by the illuminated LED above the macro display. Loading!

di splay ing the MBR loads/displays the memory location addressed by the

MAR . Loading the ALU loads the ALU DBR , while disp laying the XLV

displays the XLV output. Since Q, Ri , and BPi are located wi thin the

ALU , the XLV DBR must first be loaded to load these registers. Q, Ri

and BPi may be displayed directly. For operator convenience , R14 and

R15 are designated BP1 and BP2 on the front panel. Identification of

the selected register is encoded into ~ four bit Destination Code (DC )

which is routed to the CCV and ALU . A fifth bit is used to differen-

tiate between the sixteen Am2901. general purpose registers and the

discrete dedicated registers (e.g. Ill, PC, etc.).
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BP1 and BP2 enable the macro level breakpoint registers. When

enabled , MIME is halted by the CCV whenever the PC matches the contents

of BP1 or BP2. This is accomplished under firmware control by comparing

the PC with the contents of the enabled breakpoint register(s) and

halting MIME if they are equal.

DISP gates the contents of the selected register onto the DB/AB

and then into the macro display register. DISP NEXT accomplishes the

same function and also increments the MAR if MBR is the selected

register. This allows convenient display of sequential memory lo~~ ons.

Both DISP and DISP NEXT are operational only in the HALT mode. The

• selected register is automatically displayed after each STEP, AUTO

STEP , MSTEP, or AUTO MSTEP cycle.

DATA ENTRY. Macro and micro level pro gram s are loaded from the

front panel using the hexadecimal (hex) KEYBOARD . Successive hex

di gits are shifted into the least si gn i f ican t  (r i ghtmost )  macro or

micro display as specified by the MACRO/MICRO switch . Each character

of the selected display shifts one position to the left as new data

is entered; the leftmost character is last.

Contents of the selected display are loaded into the specified

macro/micro level register by momentarily depressing LOAD . LOAD NEXT

does the same, as well as incrementing the MAR (macro) or A (micro).

MICRO DISPLAY. The Micro Display switch selects the micro level

register to be l oaded or displayed by the front panel. The micro—

address register (A) and m icro breakpoint register (EP) are 12 bits

long and require only three hex displays ; the remaining displays are

blanked out. Control Store (CS) and Pipeline (PL) arc m34 bits 19mg,

requiring the entire micro display. HP cont~’o1s the micro breakpoint
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feature, which halts MIME when the microaddress matches the contents

of the micro breakpoint register. DISP displays the contents of the

selected micro level register, whereas DISP NEXT also increments the

microaddress if CS is displayed. The selected micro level register

is automat ically displayed after each MSTEP or AUTO MSTEP cycle.

Each of the FLD ENA switches selectively enables one quarter

of the micro display, allowing any quarter(s) of the disp lay (a nd CS )

to be independently changed. Enabling any particular field (four hex

characters) of the display disables each NORM field. The entire dis—

• play is enabled by placing all four switches in either the NORM or

FLDEN po sitions.. -

ALU . Figure A9 depicts the ALU configuration and a schematic

of a schematic of the ALU module is included in Appendix 1. As shown

in Figure A9, the 16 bit ALU is based on two identical 8 bit byte

processors with shift ing linkages , condition code selection , and

other ancillary functions provided by associated mult iplexers ,

registers, and buffers. This confi guration allow s autonomous upper

and lower -byte arithmetic , logic , or shifting operations as well as

full word operations when the two byte processors are simultaneously

enabled. Each byte processor consists of two Azn290 1 four—bit  bi polar

microprocessor slices having -c ombined resources of a 16 word by 8 bit

two—port RAM , an 8 bit  Q reg ister , an 8 b i t  ALU element , and associated

shif t ing , decoding , and mul t ip lexing circuitry. The Am290 1 is fu l ly

described in Reference 3.

The ALU Data Buffer  Reg ister (DBR)  accept s data from the 16 bi t

DB on the l ow—to—hi gh t ransi t ion of CP 1 when ALULD* is low., and j t  is

then immediatel y ava i l ab le  at  the D inputs  o.f a l l  Am2 901’ s. A and B

addresses for the two—port RAM arc avai lable  from the AM UX and BMUX 1
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and are latched by ALAT and BLAT respectively. As specified by CSSC*, —

the AMUX selects the A address from either the PL .or DB, and it is

latched into ALAT by EA on the low—to—high transition of CP1 when

either ALTLD* or ABLTLD* is low. BMUX1 and BMUX2 (see CCV module

description) select the B address from the PL, DB, or front panel

Disp lay Code *DC) as specified by CSSC* and STOP. The B address is

latched into BLAT during the RUN mode when either BLTLD* or ABLTLD*

is low. BLAT is transparent.

Nine microinstruction bits  are required to control processor

operations. These bits enter the ALU module through the Instruction

Multi p lexer ( IMUX ) to provide front panel load and display capabilities

while in the STOP mode. Both byte processors receive the same control

bits and hence perform the same function . Autonomous byte operations

are possible because only the processor whose clock is enabled will

store the resultant data in its internal RAM or Q reg ister. Data

• generated by the nonenabled processor is lost .

Byte processor construction allows a one bi t  ri ght or lef t  sh i f t

of computational results during each clock cycle before storage in

the internal RAM or Q registers. Ri and Qi connections serve as

tn —state bidirectional ports for the most and least significant bits

of each byte. Shift linkages to these ports are provided by an array

of tn —state multi plexers. During right shifts , the Mos t SignifIcant

RAM Mux (MSRM) selects the scurce of RAM hit 15 while the Most

Significant Q Mux (MSQM ) selects the source of Q bit 15. During left

shifts, the sources of RAM bit 0 and Q bit are selected by LSRM and

LSQM respectively. The Center Mux (CENMUX ) is used to select the

source of HAM hi t 8 duri ng left shifts and RA M bit 7 during right shifts.
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Q bits 7 and 8 are directly connected . Microinstruction bits used to

control shift li nkage multiplexers are discussed i~n the microprograxnming

section. Note that MRSEL* and MQSEL* are generated by CCV to prevent

inadvertant enabling of MSRM and MSQM during left shifts and likewise

for right shifts. -

Data is output to the DB from the Am29O1 Y outputs via the YBFR

when ALUSC* is low , and it is clocked into the destination register

by the next CP1 low—to—high transition.

The Carry—In Mux (CINM ) selects an appropriate value to be the

look—ahead carry inputs for the upper byte during word operations and

ripp le carry inputs during byte operations. The overflow (V), zero

(Z ) ,  negative (N), and carry ( C )  condition codes may be selected from

the results of arithmetic operations, or they may be set or cleared

using the VMUX , ZNUX , NMUX , or CMUX mult i p lexers. A less than B (ALB),

B less than A (BLA), and the LSB of the ALIJ output (YO ) are also

• available as condition codes. Condition codes may be stored in either

the macro ( CCR ) or micro ( M CC R ) level condition code reg ister when PL35

is low or high respectively.

Multiplexers TCM and MTC M select the particular condition code

to be output as a test condition. To facilitate interrupt handling ,

the CCR is gated onto the DB by TCRB when CCRSC* is low. MSKB is

provided for gating PL63—56 on to the DB when CSSC* is low as a means

of transferring masks and constants stored in the microword to other

MIME modules. - 
-

MEMORY. As shown in Figure AlO , the MEM1 module contains lx words

of RAM , the MAR , the MER , and the byte w r i t c  log ic. Information.

transfers necessary for read and wr i te  cycles in the run mode w i l l  be

exp lained . Stop mode operation will also be discussed .
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Data which is to be written into memory must first be loaded into

the MBR from the DB using si gnal MBRLD* . Ne xt , the effective memory

address must be loaded into the MAR using MARLD* . A memory write cycle

is then init iated using MARSC* , LJB * and/or LB* , and MEMWR *. MARSC *

gates the MAR contents onto the address bus , al lowing it to be decoded

to enable the appropriate 256x8 RAM bl ock( s) as indexed by the byte

enable signals IJB* and LB* . MEMWR* gates MBR data onto the MB and

into the addressed word of the enabled RAM b l o c k ( s) .

A memory read cycle is preceeded by loading the MAR as in a

write cycle. The read cycle is then initiated using MARSC* , IJB * and/or

LB* , and MEMRD *. Address decoding is accomp lished as in a write cycle ,

and MEMRD* is used to load the contents of the addressed work into

MBR from the MB.

Memory data. is loaded from the front panel in the stop mode by

selecting MBR and depressing LOAD or LOAD NEXT. This gates an address

onto the AB , clocks data into the MBR , and gates MBR onto the MB and

into the addressed location . LOAD NEXT increments the MAR when released.

A memory location is similarly disp layed from the front panel.

Depressing DIS? or DISP NEXT gates an address onto AB , clocks memory

data from MB into MBR and gates MBR onto the DB for FP display. Both

- UB* and LB* are held low while stopped allowing onl y ful l  word front

memory manipulations.

COMPUTER CONTROL UNIT. The CCV block diagram of . Fi gure All depicts

the CCV which is based ipon Am2911/AM29O9 microsequencers (Ref 2) and

has associated logic used for initiating address generation and test

condition selection. Also included arc the in , Pc, PL, and M icro

Breakpoint Register as well as control signal decoders and master
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clock generation/distribution logic. CCU operation will be explained

by exam ining typical transfers occurring chronologically during the

fetch and decode of a single machine instruction .

Initiall y, the PC will be either incremented by INCPC or loaded

from the DB by PCLD*. This provides the address of the next machine -
•

instruction. Control signal PCSC* will then be used to gate this

address onto the DB for transfer to the memory . A memory read cycle

yields the next instruction which is loaded from the DB into the IR

on the next low—to—h igh clock transition when IRLD* is low. As controlled

by DCDSEL*, OCMUX selects the op code portion of the IR and applies it

to the address lines of the Mapping PROM (MPROM). MPROM contains a

unique microroutine starting address for each particular op code thus

all owi ng flexible CS organization . Si controls MPMTJX which allows the

user to bypass MPROM and use the op code directly as th e mi croroutine

starting address.

The MPMUX tn —state outputs are one of three starting address

sources. The other two sources are PL bits 47—36 and DB bits 11—0.

The PL bits arc used during micro—branching operations and the DB bits

are used to load a starting address from the front panel.

Regardless of the source , the starting address is loaded into the

Am2911/Am2909 microsequencer D/R inputs , routed to the Y output, and

then gated onto the MAB . The corresponding microword is fetched from

CS and loaded into the PL on the next low—to—high clock transition.

These PL bits are used as control signals throughout MIME . Three of

• the four—bit PL fields are decoded to provide 16 control signals each.

To provide front panel load and display capabilities , the BUS SR~ and

BUS DST fields arc routed through mu ltip1cxQr~; SMX and DM S respectively

and then decoded .
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Addresses of subsequent microwords to be fetched from CS are

generated by the microsequencers as controlled by •PL bits 3—0. The

Am291 1/Ain2909 architecture al lows micro l evel straight line programming

as well as conditional branching , looping , and subroutining . Which of

these that occurs is controlled by 1 of 16 test conditions selected by

the TCMUX and POLMUX. The selected test condition and PL bits 3—0 are

inputs to the AM29811 which in turn controls the microsequencers , MPROM

starting address source, and Micro Loop Counter (MLC).

When loaded with a value N, the MLC allows N÷i executions of a

micro level loop. Reference 2 contains a detailed discussion of the

Am29811 as well as the Am29803 discussed below (Ref 2:1—9 to 1—15 ,

2—li to 2—21).

The Am29803 provides a method of simultaneously testing up to four

condition codes selected by ERMUX and then branching to the microaddress

spec ified by the test result. This is accomplished using the branch

table technique discussed in section III of this manual.

Also included in the CCV is clock generation and distribution

logic. This logic generates the master clock CP1 and two ALU clocks,

CP2 and CP3. The latter two are controlled by PL or front panel control

signals that specify the desired ALU operation .

Several features have been provided specifically for checkout and

troubleshooting purposes. As previously discussed , Si allows the user

to bypass the MPROM during checkout of new microroutines or during module

tests. Switch S4 inhibits front panel loading of starting addresses in

order to allow the complete Am29811/29803 capabilities to be used for

troubleshooting . Switches S2 and S3 allow the lowest address of. the

selected 1K block of CS to be used as the starting address when MIME

is initialized or manuall y reset.
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coNTRoL STORE. F igure A 12 depicts the CS1 module which contains

1K microword s of EPROM and 256 microword s of RAM . As in the memory

module , CS read and write cycles will be discussed.

In the run mode, one CS read operation is accomplished each clock

cycle. The address generated by the CCU is decoded to enable one block

of RAM or EPROM . The addressed word of the enabled block is routed

through the Control Store Buffer (CSB ) onto the MDB to be clocked into

the PL. 
-

CS is not presently writable in the run mode. Control line CSW

may be used to write to CS under program control providing appropriate

hardware buffers are added between data source and MDB.

Data may be written to the CS RAM in the stop mode by selecting

CS and using LOAD or LOAD NEXT. Signal MDBOFF is low with CS selected.

Depressing LOAD (NEXT) causes MDBOFF to go high, allowing CS portions

selected by front panel FLDEN switches (Wi*low) to be written into.

MDBOFF inhibits nonselected. CS portions (Wi*high)  by disabling

corresponding CSB portions.

CS data is displayed from the front panel by depressing DISP or

DISP NEXT. This latches the CS output into the micro disp]ay. Selecting

PL, A , or MBP on the front panel causes MDBOFF to go high , di sabl ing

the CSB and isolating CS1 from the MDII.

I/O. The I/O module of Figure A13 contains the Am2914 Vectored

Priority Interrupt Controller, the BAR , the WCR , I/O IC MUX , and

Direction flip—flop (DFF).

The Am2914 (Ref 4) is used to control eight l evels of vectored

priority interrupt I/O operations. Interrupt requests are accepted on

ei ght lines , and signal IRQ* is pulled low if’ the hi ghest priority

non—masked request is greater than or equal to STR contents. The sixteen
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AM2914 instructions are summarized in the microprogramming section of

this manual. Both the SR and MR may be loaded under program control

with these instructions, or from the front panel. The instruction logic

interfaces the AM2914 to the front panel and prevents inadvertent

contention on the DB.

The BAR is loaded with the initial memory address while the WCR

is loaded with the two’s complement of the number of words to be

transferred. The BAR is gated onto the AB for each DMA cycle , and then

both the BAR and WCR are incremented . The DMATERM flag is used to

indicate comp letion of the desire number of transfers. The DMAOVR

fl ag is set if the memory address overflows.

The I/O TC MUX selects 1 of 8 i/O related condition codes for

testing by the CCV. One of these codes is DMARD , the DFF output. DFF

is loaded with the transfer direction during DMA initialization and is

tested to determine d i rec t ion  of each subsequent DMA transfer.

CHASSIS DETAILS.  The chassis  was desi gned to provide maximum

access to MIME components. The front  panel is hinged (restricted to

1300 t ravel)  to al low access to FP 1 wiring . Removal of the plexiglass

facep late al lows access to al l  FP1 components. The remaining c i r cu i t

card s are rack mounted and access to components 2nd wi r ing  may be

obtained by card removal. An extender card has been provided to allow

access to one card under  operating condi t ions .  Access to the backp lane

has been provided by a removable panel on the bottom of the MIME

cabinet. -

For user convenience , a Miscellaneous Signal Panel (MSP) has been

provided which contains a HEX/OCTAL select switch (macro disp lay),

power connections and test points. The HEX / OCTAL switch determines

whether data disp layed on the macro level i s in hexadec i mal or octal
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format. The power connections wer provided as a means of’ powering

MIME with laboratory power supplies until internal supplies are installed.

The power connections may then be used as a power source for external

experimental setups. The test points which  are discussed under trouble-

shooting were provided to allow easy access to dynamic signals of interest.
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II. Operation

This section presents procedures used to load and execute macro and

micro level programs. It is assumed that the user is familiar wi th the

System Description section of this manual. Capitalized words refer to

FP1 switches and indicators.

Macropro&raxn Loading

Machine language program s are loaded into MEM from FP1 in the

following manner:

1. Select Hex/Octal format (on MSP)

2. Select MAR (macro level register Gelect)

3. LOAD MAR with initial  memory address (select macro level and
enter value via KYBED and LOAD )

4. Select MBR (macro level reg ister select)

• 5. LOAD (NEXT ) memory location with data

Microprogram Loading -

CS contains both read—only and read/write memory for microinstruction

storage . Read—only CS can be changed by removing and reprogramming the

CS EPROM . Read/write CS can be loaded from FP1 using the following

procedure:

1. Select A (micro level register select)

2. Load initial microaddress (select micro level and enter value
via KYBRD and LOAD ) -

3. Select CS (mic’i~’o level register select)

4. LOAD (NEXT) CS location with data

Program Rxccution

The following procedure is used to execute MIME programs:
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1. Place CCU switches 1, 2, and 3 in desired positions (select Cs
block , see CCV Module Description)

2. RESET MIME to initialize microaddrcss

3. LOAD PC with address of first machine instruction (macro level
register select enter value via KYBRD and LOAD)

4. Select macro level register for auto display (STEP, AUTO STEP,
MSTEP , or AUTO MSTEP modes)

5. Select micro leve l register for auto disp lay (MSTEP and AUTO
STEP modes)

6. Beg in program execution in desired mode by use of one of the
foll owing:

a. RUN

b. STEP

c. AUTO STEP

d. MSTEP , RUN , MSTE P

c. AUTO MSTE P, R~~

7. Program execution may be halted under program control or by
activating one of the following:

a. HALT

b. PAUSE

- 
c. RESET
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III. Microprogramming

- This section presents information which enables the reader to

implement machine instructions as microinstruction modules. The micro—

word fields (related groups of bits) are defined first, and because

many of these fields control multiple functions (i.e. they arc formatted

or serve more than one funct ion) ,  representative microword formats are

then presented. As an example , these concepts are then app lied to the

emulation of several PDP— 11/03 instructions.

MICRO%~ORD FIELDS

A total of 150 signals are used to control MIME . A 150 bit micro—

word would have been extremely flexible but prohibitively expensive

when realized in hardware . Therefore , the techniques of encoding and

formatting were used to reduce the mieroword length to a more reasonable

64 bits. As shown in Fi gure A14 , fields 2 , 3 , and 4 are encoded four bit

fields which each provide 16 control signals through use of 1 o 16 de-

coders. The majority of the other fields are formatted , such that they

each control two or more functions as specified by a set of steering bits.

Each f ie ld is discussed in detail below , and summarized in Tables AIII to AX.

MICRO/tD DRESS SEQUENCER. This field controls microaddress sequencing

using the Am2981l next address control unit in conjunction with Am2909/ 11

microinstruction sequencers (Ref 2 :1 .9—2.2 1) .  One of the sixteen Mi29811

instructions shown in Table ‘Alil must be specified in each microinstruction .

BUS DESTINATION. This field is decoded to control gating of DB

information into 1 of 10 registers. As shown in Table AIV, it also -

controls MEM read and write cycles (in conjunction with UB* and LB* fields

and MARS bus source).
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Table AIlI

Microaddress Sequencer Field

________ ______ 
MICHOADDRESS SEQUENCER 

______ -_____ ______ _____

N .  MICRO 

- 

INSTRUCTION ADDR FILE CNTR

JZ 0 Jump to address zero X D HOLD — PL -

CJS 1 Conditional jump—to -- L MPC HOLD HOLD PL
subroutine ; PL address H D PUSH h OLD PL

JMAP 2 Jump to Mapping PROM X D HOLD HOLD PROM
Output

CJP 3 Conditional jump to L MPC HOLD HOLD PL
PL H D HOLD HOLD PL

PUSH 4 Push file; condition— L MPC PUSH HOLD PL
ally load counter H MPC PUSH LOAD PL

JSRP 5 Jump—to—subroutine ; L R PUSH HOLD PL
address conditionally H D PUSH HOLD P1

- R 0 r PL

CJV 6 Conditional jump to L MPC HOLD HOLD N.A.
ini t ia l  micro address H D HOLD HOLD N . A .
(CCU S2 and S3) -

JRP 7 Jump to address; con— L R HOLD HOLD PL
ditionally R or FL H D HOLD HOLD FL

RFCT 8 Repeat loop if L F HOLD DEC PL
counter ~ 0. (Must H MPC POP HOLD PL
test CT*)

RPCT 9 Repeat PL if counter L 0 HOLD DEC PL

~ 0. (Must test CT*) H MPC HOLD HOLD PL

CRTN A Conditional return— L MPC HOLD HOLD PL
from—subroutine H F POP HOLD PL

CJPP B Conditional jump to L MPC HOLD HOLD PL
PL and POP File H D POP HOLD PL

LDCT C Load counter and IC MPC HOLD LOAD FL
continue -

LOOP D Repeat loop if condi— L F h OLD HOLD FL
tion ?~ 1 H MPC POP h OLD PL

CONT E Continue to next addr. X MPC h OLD h OLD PL

JP F Jump to PJ• address X D h OLD hI OLD PL

( 1) No tes: EN A gates sp c c iC icd  data to D/H 2911/09 inputs .  D may be
selected as next address source on same clock cycle. H is loaded on
clock + and m~iy he selected on next clock cycle. MPC contains current
address +1. F = file out pu t .  PL = microbr anch fi~~1d.
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BUS SOURCE. The bus source field , also shown in Table MV , gates

data onto the DB from 1 of 9 regi sters, and onto the AB from 1 of 2

reg isters. Both the bus source and destination fields must be specified

for each microinstruction. In addition , memory read/write cycles require

bus source MARS or BARS to gate addresses onto the AB. Bus source lOBS 
-

must be selected during speci f ic  Axn29 14 instruct ions discussed in the

interrupt control f i e ld  section .

COMMAND. The command field generates 1 of 16 miscellaneous control

signals as summarized in Table MV. This field must be specified for

each microinstruction.

ALU A and B Address. These two field serve as a source of the ALU

two—port RAM A and B addresses. A and B addresses must be loaded into

the ALU ALAT and BLAT respectively using command mnemonic ALD , BLD , or

ABLD. These latches , as discussed in the ALU module descri ption , may

also be loaded from the DB.

INPUT/OUTPUT. This field uses the instructions shown in Table AV

to control the Am2914 Vectored Priority Interrupt Controller (Ref 4).

This field must be used in conjunction with command ICU. In addition,

bus source ICUS must also be used with IMC , RSR , and RMR to avoid

multiple DB sources.

A1.U SOURCE, FUNrTION, DESTINATION. As shown in Table AVI , these

three fields control the ALU Am2901’s. ALU source selects 1 of B

operand pairs ; function selects 1 of 8 operations; and destination

control s shifting and destination of processing results.

UB* and LB*. These two 1 bit fields control upper and lower byte

ALU and MEM storage respectivel y. As shown in Table AVI, ALU storage

is enabl ed by selecting the appropriate ALU -destination field with UB*

and/or LR* low. MEM write is accomp lished with MEMW , MARS , and UB*
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Table AV

Input/Output Field

INTERRUPT CONTROL UNIT

MNEM CODE INSTRUCTION

MCL 0 Master clear: clear all interrupts , MR
and SR ; Enable interrupt requests

CAl 1 Clear all interrupts

DBC 2 Clear interrupts from DB data

IMC 3 Clear interrupts from MR (uses DB)

CLV 4 Clear interrupt associated with last vector
read

RDV 5 Read vector (IV2—O); load SR +1 into SR

RSR • 6 Gate SR onto DB

RMR 7 Gate MR onto DB.

SMR 8 Set MR (inhibits all interrupts)

LSR 9 Load SR from DB

BCM A Bit clear MR from DB

BSM B Bit set MR from DB

CMR C Clear MR (enables all interrupts)

DIR D Disable interrupt request

LMR E Load MR from DB

EIR F 
- 

Enable interrupt request -
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and/or LB* low. AI.U storage may be disabled during MEM write with ALU

destination OF. tJB* and LB* must be specified for each microinstruction.

CC*. CC* determines whether the condition codes generated as the

result of arithmetic operations are latched by the CCR (CC* low) and the

MCCR (CC* high) as shown in Table AVI .

MICRO LOOP COUNTER LOAD. As shown in Figure A14, the Micro Loop

Counter Load field is a formatted field. The contents of this field is

loaded into the MLC when the Microaddress Sequencer field contains PUSH

or LDCT. M— 1 is l oaded to accomplish N loops.

- 
MICROBRANCH ADDRESS. As shown in Figure A14, the Microbranch

Address field is also formatted . The contents of this field conditionally

specifies the address of the next microinstruction when the Microaddress

Sequencer field contains CJ}3 , CJP , JSRP , JRP , RPCT , CJPP , or JP.

CENM~JX, EMUX , QMUX. These fields are used with the ALU destination

field to select appropriate shifting linkages as shown in Table AVII.

I/O TC, ALU TC, (‘CU TC, POL. As shown in Table AVIII, these fields

select condition codes for testing by the CCU. I/o TC selects 1 of 8

condition codes generated in the I/O module , while ALU TC selects 1 of

16 generated in the ALtJ . Eight of the ALU condition codes are stored in

the CCR and eight in the MC CR . CCU IC selects 1 of 16 condition codes,

including those preselected by the I/O TC and ALU TC. POL specifies

pos i t ive  or nega t ive  test logic.

CARRY , ZERO, OV,~~ N EC . These fields select sources for ALU

condition codes CARRY , ZERO , OVR , and NEG. As shown in Table AIX ,

UB* is used with OVH and NEC to automaticall y select the correct byte

when NRM is specifi ed .
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CIN. CIN specifies the ALU carry in during word , upper byte, and

lower byte operations. CIN is shown in Table AIX- and must be specified

for word or byte arithmetic opera1~ions.

Branch Control and Branch MUX . These two fields shown in Table AX

are used to control the Am29802 16—Way Branch Control Unit

(Ref 2:1.13—2.15). The branch control field specifies simultaneous

testing of up to four condition codes selected from one of ei ght sets

of four by the branch MUX . The Am298O3 output is OR’ed with the four

least significant next microaddress bits , resulting in a branch to 1

of 16 sequential locations in CS. Each of the 16 locations of this

“branch table” could contain an additional branch instruction ,

resulting in 16—way branching capability .

Constant. This 16 bit field is gated onto the DB when the bus

source f i ej d  conta ins  CSS , where i t  is ava i lab le  for use as a constant ,

ALU RAM A/B address , or interrupt MASK .

Microword Formatting

Twenty four different microword formats are possible using various

combinations of the functionally grouped fields. The authors have found

that the four general purpose formats shown in Fi gure AlS are sufficient

for most applications.

Arithmetic. The Arithmetic Format makes full use of the data

processing capabilities of ~1TME . Complete arithmetic , log ic , shifting .

and condition code gencriltion capabilities arc available w i t h  this

format. However , only unconditiona l microaddrcss sequencer commands

may be used (Jz, JMAP , CONT , and JP).
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Table AX

- 16 Way Branch Fields 
- -

BRANCH MUX - 
BRANCH CONTROL

MNE M CODE TEST CONDS. MNEM . CODE TEST

IRO 0 1R3 ,2,1,O OFF 0 No test

1R3 I 1R6,5,4,3 1 1 TO

1R6 2 1119,8,7,6 2 2 Ti

1119 3 11112,11 ,10,9 3 3 Ti,TO

11112 4 11115,14,13 ,12 4 4 T2

IV 5 1V2,1,O 5 5 T2 ,TO

CC 6 Z ,N,C,V 6 6 T2 ,Ti

— 7 SPARE 7 7 T2 ,Ti ,TO

8 8 T3

- 9 9 T3,TO

A A T3,T1

B B T3,T1,TO

C C T3,T2

D D T3,T2 ,T0

E E T3,T2,Ti

F F T3 ,T2 ,Tl ,TO
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Microsequencer. This format provides powerful microaddress

sequencing features throug h use of the entire microaddress sequencer

instruction set combined with 16—way branching capabilities. The

test condition fields are used with the conditional sequencer instruc—

tions for micro level branching , loop ing , and subroutining . In

addition , the Axn29811 test input is forced high when 16—way branching

is enabled , allowing instructions such as jump to 1 of 16 subroutines

to be executed .

I/O. The I/O format is used during interrupt processing . The

complete sequencer instruction set is utilizable with this format.

Constant. This field is used for transfer of the 16 bi t  Constant

to be DBR , MKR , STR , or A and B address latches. The Ain29811 test

input is forced hi gh at the same time , providing unconditional versions

of the sequencer instructions.

Samp le Microprograms

In order to demonstrate the flexibility of microprogramming and

its app l icat ion to emula t ion , this section presents the emulation of

the PDP—1 1/03 ins t ruct ions shown in Table AXI using the MIME architec-

ture. Emulation is defined to be the capability of MIME to execute the

instructions of another machine with the same processing results.

The authors used the approach discussed in Chapter V of the MIME

thesis (Ref 1) to emulate the selected instructions. The discussion of

this example consists of two parts: High I.evel Microprogram Flow and

Individual Instruction Modules.

Emulation Structure. The flowchart of Figure  A 16 shows the micro—

program structure used to emulate the selected inst  ru ct ions .  Each named

block represents a microcode module .  Modules above the d iv i s i on  l ine
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Table AXI

Sample PDP—11/03 Instructions

Instruction Type Mnemonic Instruction Op Code

Single Operand C0M (B) Comp lement /O51DD
Destination

Double Operand MOV(B) Move source /1SSDD
to Destina—
tion

Signed Condi— BGE Branch if - 002000
tional Branch ~ 0

- Program Control RTS Return from 00020R
subroutine

Trap TRAP Trap 104400 —

104777
- 

/~~
. J/°

control interrupt handling , fetching , and decoding for all machine

instructions . Modules below the line are unique to a particular machine

instruction .

After initialization , emulation of a particular machine instruction

beg ins with the Instruction Fetch module (IFTCII ) which fetches the next

instruC-tion from memory if no interrupts arc pending. As shown in

Figure A17 , IFTCH shifts the PC right one place before loading it into

the MAR . This is necessary in order to map the PDP—11/O3 memory

address space into the MIME address space. The corresponding memory

word is then fetched from memory to the MBR and subsequently loaded into

the IR. The PC is then incremented by two so that it points to the

next sequential instruction .

The I)ECODE module illustrated in Figure A18 controls the decoding

of the instruction op code to arrive at the corresponding micromodule
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starting address. This is accomplished in part by using a PROM to map

the op code portion of the IR into starting addresses of other micro—

modules. If the op code is octal 0002, IR bits 5, 4, and 3 are tested .

If 1R5 ,4,3 equals octal 0, a branch to the RTS instruction module is

accomplished . Otherwise a branch is made to one of 16 condition code

set/clear modules by testing IR bits 3, 2, 1, and 0. If the op code

is octal 0000, IR bi ts  5 , 4, and 3 are again tested . In this instance ,

if 1R5 ,4,3 equals 0, lB bits 2, 1, and 0 are tested to control a branch

to one of 8 instruction modules. An invalid instruction has been

specified if IR 5,4,3 equals 0. if the op code is other than 0000

or 0002, the mapping PROM output is the starting address of a particular

instruction module.

The Interrupt Handler (INTHNDL) module stacks the current PC and

CCR in memory and loads a new PC and CCR from pre—assigned memory

locations. The PC then contains the address of the first instruction

of the machine language interrupt service routine . Referring to

Figure A19, this is accomp lished by fi rs t ca l l i ng  the micro subroutine

PUSH. As shown if Figure A20, PUSH decrements R6 (used as the stack

pointer)  by two , loads the new content~. of R6 in to  the MAR , and returns.

The PC is then stored in the memory location addressed by R6. The CCR

is similarly pushed onto the stack. The interrupti ng device is

identified by vector 1V2 ,1 ,O. This vector is used to branch to the

part icular  module necessary to load the MAR wi th  the address of the new

PC . The new CCR is in the next sequential location . The PC now points

to the machine language interrupt service routine. To execute this

instruction , a branch back to IFTCII of Fi gure A17 is accomplished . After
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Fi gure A20 . PUSH Flowchart

testing for higher priority interrupts , this instruction is executed

using the emulati on structure discussed in the prc-ce--ed i ng paragraphs.

Individual Instruction Modules. The following paragraphs discuss

the micro level modules used to imp lem en t th e reg i ster transfers re-

quired for each emulated PDP—11/03 instruction of this example.

COM(B) replaces the word (byte) contents of the destination

address with its logical comp lement . Usi ng the decoding algorithm dis-

cussed in the previous section , COM and COMB are decoded to separate

start ing addresses. Thus , they wi l l  be discussed as separate modules.

As shown in Fi gure A21 , COM begins by calling the DSTDCD micro sub-

routine of Figure A22 to compute and load the MAR with the effective

address of the operand (membry reference mode). Figure A23 depicts the

DPCDCD module used in conjunction with DSTDCD. The reader is referred

to the PDP—11/03 Processor Handbook for  a comprehensive discussion of

ins t ruc t ion  formats  and addressing modes (Ref  5 :3 .1—3.19) .  If the

operand is located in memory , micro subroutine OPET CI ! shown in

Figure A24 is called to fetch the operand and load it into the ALU Data
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Figure A24 . OPFTCH Flowchart

Buffer Register (DBR). The operand is then complemented and loaded into

the MBR . Condition codes specified by COM are generated and stored in

the CCR at th is  time . The MBR is then stored in the in t ia l  memory loca-

tion. This completes execution of memory reference COM so the COM

module branches back to IFT CH . Register reference COM as shown in

Fi gure A2l is similar to the memory reference , but it omits the memory

read and write cycles. CCMB is shown in Fi gure A25. It differs from

COM in that only the specified byte is comp lemented. Register reference

imp lies lower byte , whereas the least significant MAR bit must be tested

to find the app licable memory reference byte.

MOV(B) transfers the source operand word (byte) to the destination

location . As shown in Figure A26 , MOV calls SRCDCD shown in Figure A27

to find the source operand . OPFTCII is called if memory reference,

resulting in the operand being l oaded into the ALU DBR. Reg ister

reference operands are a]so loaded into the DI3R. The operand is then

placed in the Q register and appropriate condition codes generated .

DSTDCD is called to determine the destination location , and the operand

is stored accord i ngly. Finally ,  MOV branches back to IFICII. As shown

133

-- -
~ --—-•-- • _•_ _ A_~~~~~~~~~~ _ _ _ •n~~~~~~~~~r:- ~t -p-~~~~~~~~~~t~~~~.• as~~~-~~~~~~~~~~~~~~~~~~- - — -—



Star

F CAI~J11DSTDCD

NO TEM YES
REF

CALL
OPFTCH

If
DBR Q 1

hich 
lower

N byte?

_ -_ _  
_ _ _ _  _ _ _ _

R* + R
L Q* -.- Q Q* +

specify CC’s - specify CC’s specify CC’s

_ _

_I
‘I

Q MBR

specify CC’s

I MH R •+ MF’T(MAR )]

bra n~ T]
IFTCII I

Figure A25 . COMB Flowchart

134 

~~~~~~~~~- -



Start

• II CALL

SRCDCD

NO 

- 

YES

fl~~~A~~] -

- OPFTCH j J

[ R ÷ Q

j_specify_CC’ s DBR Q

specify CC’ s

f
CALL

DSTDCD

NO YES

Q R~~~~ I Q NB I~J
specify CC’ s I I

•

~~~ an~~~ - I
IFTC U I bra~ch ~

1FTC}JJ

Figure A26. MOV Flowchart

135

________ _ _ _ _ _ _ _ _ _ _  _ _ _ _



r _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

start
SRCDCD

lB 7
8,7,6

6—0 -

MASK BLAT branch
SPCDCD

IR

\ 11,10,9

direct addressing indirecL addressing

Oj 2 1  
_ _ _ _  

6 1  ‘ I  
_ _ _ _ _  _ _ _ _  _ _ _ _ _

branch branch branch branch branch branch brancl-4 ~~~~~~
BEG AINC ADEC - IND REGDF AINDF ADCDF INDDF

SPCDCD

/ lB \
\~ ii , io ,/

~~~

2 4~ 6~~ 1~ 

- 

3~ 5~ 7~

brancI~ brancF~ branch branch bran c~ Jh ranci~ Ibranch i brand
PC R E G I IMD ADCPC IND RGDPC j L~~NDF I [~~~ DP~ INDDF

Fi gure A27 . SHCDCD/SPCDCD Flowchart-

136

I, 

- - - - .



in Figure A28, MOVB differs in several respects. First, memory

reference sources and destinations require testing to determine the

pertinent byte. Second , the source byte must be ali gned wi th the

destination byte using SWAB Q (Fi gure A29) if they are not both upper

or lower. In addition , only a single byte of memory is written into -
-

for memory reference destinations. Finally,  MOVB requires sign

extension through the upper byte for register destinations.

BGE is a condit ional  branch if greater than or equal to zero

which adds two times the offset (sign extended ) to the PC if condition

codes N and V are both set or clear. The BGE module shown in

Fi gure A30 beg ins by testing condition codes N and V .  If they are not

both set or clear , the module branches back to IFTCH. Otherwise , the

111 is multip lied by 2 and loaded into the lower byte of ALU general

purpose register 13, R13 w h i l e  the PC is loaded into the DBR . Based

on 1R07, the lower byte of R13 is sign extended through the upper byte

R13 is then added to the DBR which contains the PC and the result loaded

back into the PC. Micro branching back to IFTCH allows the macro branch

to occur -when the new PC is used to fetch the next instruction , assuming

no interrupt.

RTS , return from subroutine , loads the contents of the specified

register into the PC and pops the memory st~~~k into the register.

Referring to Fi gure A31 , the RTS module first loads 11 into the PC and

then cal ls  micro subroutine POP in Fi gure A32 to retrcive the top clement

of the stack. This is then loaded into the register and a branch to

IFTCII initiated .

TRAP stacks th e current CCR and PC and loads a new CCR and PC from

memory locations octal 000036 and 000034 respectively. As shown in
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Fi gure A29. SW-ABQ Flowchart

Figure A33, this i s accomp l i shed by twice loading the MBR and calling

PUSH and then loading the PC and CCR with the required constants. As

wil l  be discussed fur ther  in Appendix A , these constants are stored

as part of the microword . Table AXII contains sample microcode

generated to imp lement the emulated PDP— .ll/03 instructions discussed

above.

Summary

The MIME microword was defined in the initial part of this section.

Sample microword formats were then presented using various combinations

of formatted fields. These two concepts were theh illustrated by using

microprogramming to emulate several PDI’—ll/O3 instructions in the MIME

architecture . -
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VI. Maintenance

Introduction

This section has been included in the User’s Manual for two reasons:

first to review MIME troubleshooting features, and second to present pro— 
•

cedures used in the in i t i a l  integrat ion and checkout of MIME .

Troubleshooting

Two features of MIME are pa r t i eul3 r ly useful  for troubleshooting:

the hardwired front panel and the testpoi- 4 array. This section dis-

cusses the application of each of these features. 
-

The front panel provides the capability to load and display the

contents of registers within MIME and to single step through both macro

and micro level programs. Once the user has ascertained that a problem

is not caused by front panel malfunction , it may be used for further

troubleshooting . Front panel capabilities allow the user to monitor

information transfers occurring during program execution which aids

isolation of malfunctions to particular circuit cards. Troubleshooting

may then be continued at the card level using the test point array

discussed below.

The testpoint array shown in Table AXIII is useful for monitoring

critical si gnals  wi th in  MIME , and in some instances tying these signals

- hi gh or low for test purposes. The Module Test section contains

examples of the use of this technique . If the malfunct ion cannot be

isolated further using the testpoint array , more traditional scope and

probe or fi rmware diagnostic techniques may have to be used.

1
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Table AXIII

Testpoint Array

Testpoir.t Function

TP1 +5 volts

TP2 - GND

TP3 —5 volts

TP4 +12 volts

TP5 GND

TP6 —12 volts

TP7 STOP~ 
-

TP8 WAITRQ*

TP9 FETCH

TP1O MB3 (SYNCH)

- TP11 CP1

TP12 CP2

TP13 
- CP3

Module Tests

In order to l im i t  in i t ia l  troubleshooting efforts to manageable

proportions , MIME was powered—up and checked out incremental ly. The

front panel was brought up f i r s t  so that it could b’~ used in checking

out the remaining modules. The CCU module  was checked out next ,

providing microinstruction sequencing and decoding . 
- 
The CS module was

then integrated to provide microprogram storage for use with the CCU .

The ALU was subsequently checked out by sing le stepping through micro—

programs stored in CS. Finall y,  the I/O module was checked out..
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The following sections outline the operational checks performed by

the authors to verify correct operation of each particular MIME module.

Exhaustive checks of Memory , Control Store, and ALU were not practicable

during ini t ial  integrat ion because of the time required to do so manually.

The authors recognized that diagnostic routines would have been helpful , 
-

-

so their generation was included as a recommendation in the MIME thesis.

Module tests are described using two types of tables. The first

type as shown in Table AXIV lists required test equipment and describes

set up of MIME cards, cables , and switches. The second type lists the

actual test steps. As shown in Table AXV , the function column contains

the function being tested , while the ACTION column lists user actions.

Front panel switch activations are indicated by capitialized switch

names. The OBSERVATION column includes front panel lights and display s,

as well as some switching waveforms. The symbol X is used to specify

“don ’t care”. The symbols H and L refer to high (l og ic 1) and low

(logic 0) TTL levels respectively (Ref 7:3—8). The lower case symbols

u and I refer to upper and lower byte of the subscripted register.

Timing diagram tolerances are ± 5Ons unless noted otherwise.

- 

- 

- 
_
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Front Panel . This series of tests checks cards FP1 and FP2 for

proper operation. Table AXIV dep icts equi pment and setup requirements.

Table AXV presents test procedures. 
-

Table AXIV

FP Test Equipment
and MIME Setup

Equipment :

1. Storage Oscilloscope (Tektronix 464 or equivalent)

2. IC test lip (AP Products TC—16 or equivalent)

Setup :

1. Remove all cards except FP2 (card B)

2. Check that cables 2 and 4 are connected

3. Select OCTAL macro display format

4. Remove red plexi glass front panel cover

5. Tie Signal STOP* ( TP7) to GNT)

6. Select NORM micro field displays
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Table AXV

- 
- FP Test Procedures

FUNCTION ACTION 
- 

OBSERVATION

Control — Turn power on — Following indicators will light:
Log ic — all MACRO data disp lays
Test — 3 least significant MICRO data dis-

plays
— PC indicator
— A indicator
— HLT indicator 

____________— RUN — GOREQ (ulo—l3) J
— STOP* — VCC — N/A

- — HAL T — HALTREQ (U3— 7 ) goes high

— STOP* — GND — HALTREQ (U3—7 ) goes low— RE SET — PC and A indicators light
— RESET-k (u 13—6 ) 

~~~~~~~~~~~~~~~

— PAUSE — STOPRE Q ( u l O — 5 )  J
* — STE P — SSREQ (u ll— 13) J

— AUTO STE P — ‘~1Hz SSREQ (Ull—1 3) pulse until
- RE SE T depressed

— MSTEP -- M STEPSEL (U 3—4 ) goes hi gh unt i l
RESET

- — MSTE P (U2—6 ) momentaril y hi gh

— AUTO MSTEP — AUTOSEL (U3—13) goes hi gh until
RESET

Macro — Macro > — Macro select indicator moves one
Display position each time switch is re—
Logic leased . Two switch activations are
Test required between Q and nØ.

— BP1 on — BP1- (PC305) — H

— BP2 on - — BP2 (PC306) — 11

— M A C R O  D I S P  — Macro disp lay : 177777.
— DISP (U14—11 ) — H momentarily

( oxcep t when DB , AB , or H0—11P2
selected)
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Tabl e AXV (Continued)

FUNCTION ACTION OBSERVATION

— MACRO DISP NEXT 
-

— sam e as above , p lus if MBR is
selected :

INCMAR 1* ~~ 600ns
(u94—1 )

(u94 5)

Data — MACRO — N/A
Ent~y -
Logic — KEYBOARD — corresponding octal di gits enter
Test MACRO display (most significant dis-

play 1 or 0 only)

— HEX — 2 most significant MACRO disp lays
- blanked

— KEYBOARD — corresponding hex di gits enter MACRO
display

— MICRO — N/A

— KEYBOARD — corresponding hex digits enter MICROdisplay

— FLDEN(S) — N/A

— KEYBOARD — Hex digits enter enabled MICROdisp lays

— LOAD — MLDD * (U9 6— 6 )~~~~~~~~~s1~~ O~~~~~~~~~
trigger on
U92—5

— MPP1* (U96 — 8 )

— LOAD NEXT — same as abdvc , p lus if CS is selected
INCMA (U66—1 ) — II momentarily

= MACRO : ~ (U 9 6—3 )~~~~~~~~~~~~~~~ o~~~~J~~
trigger on
U92—5

— PP1 (U9—12) 900ns

~ 1
1’17

-- :- ~~- -s — 
- ——. —— -
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Table AXV (Continued)

FUNCTION ACTION OBSERVATION

— LOAD NEXT — sam e as above, plus if MBR is selec—

- 
ted : -

INCMAR1* ( u94—l ) ~~ 600ns ~~

PP3 (U94—5)

Micro — MICRO > — Micro select indicator moves oneDisplay position each time switch depressed .
Logic 13 most significant MICRO displays
Test blanked when in A or BP.

— BP on — MBP (PC5o 1) — H
- 

— DISP 
- 

— Micro display: FFFF,FFFF ,FFFF ,FFFF

— DISP NEXT — sam e as above, plus if CS is selec-
ted :

- 

— INCMA (U6 6—1 ) — H momentarily
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CCU. This series of tests checks cards CCU1 and CCU2 for proper

operation. Equipment and set requirements are presented in Table AXVI ,

test procedures in Table AXVII. Mpemonics such as JZ in the FUNCTION

colum n of Table AXXVIII refer to the particular microaddress sequencer

instruction being tested. These sam e mnemonics are used in the

OBSERVATION field beside their associated microinstructions. T = H or L

refers to the test condition value associated with conditional sequencer

instructions. Quantities in parenthesis such as (ABB-.-PC) refer to

internal sequencer transfers as explained in Reference 2.

Table AXVI

- 

C~U Test Equipment and Setup

Equipment:

1. Multimeter (Triplett 630—NS or equivalent)

2. Logic Cli p (HP 10528A or equivalent)

3. Extender card

Setup

1. Remove all cards except FP1 , FP2(B), CCU1(D),
and CCU2(E)

2. Place CCU1 on extender

3. Check that cables 2, 3, 4, and 5 are connected

4. Select NORM micro f ield disp lay s

5. CCU:S1—OFF , S2—OFF , S3—OFF , S4—OFF
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Table AXVII

- CCU Tests

FUNCTION ACTION OBSERVATION

PL Test — Turn on Power (+5) — HLT on, PC on, A on
— MSTEP — N/A (change clock mode to

manual )
— DISP PL — Micro display:

FFFF ,FFFF ,FFFF ,FFF7 1 6

— LOAD PL — Micro display : test data
(u ser specified )— change micro — Micro display: Xdisplay

— DISP PL — Micro display: test data

PC Test — DISP PC — Macro display: 0000 1 6

— LOAD PC — Macro display : test data
— change macro — Macro disp lay: X
display

— DI SP PC — Macro display: test data
— LOAD PL — Micro display :

xxxx ,xxxx ,xxxx ,OFFX
—

. RUN , MSTEP , NSTE P — RUN on— DIS? PC — Macro display : test data +1
IR Test — LOAD IR - — Macro display: test data— Change Macro — Macro display: X

display— DISP IR — Macro display : test data
Initial — DISP A — Micro disp lay: COO
Starting - — S2 — ON , RESET — N/A
Addr — D I S P  A — Micro di splay: 400
Test —S3 — ON , RESET — N/A— DISP A — Micro display: 000

Decode — S4 — ON • — N/ATest — LOAD IR — Macro display: AA55
( wi thout  — LOAD PL — Micro disp lay :
mapping - XXXX ,XXXX ,XXXX,AFF2
PROM) — TP5 (WA ITR Q* ) SOn

— DISP A — Micro disp lay : 255 III 9—0)
— LOAD PL — Micro display :

xxxX ,xxxx ,xxxx ,Oxx2 -

— D I S P  A — Micro disp lay : 2A9(1R15—6)
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Table AXVII (Cont inued )

FUNCTION ACT iON ORsI-:RVATION

Sequencer — LOAD PL — Micro disp lay:
Tests - XXXX ,XXXX ,XXXX,FFFO (Jz )
JZ — DISP A — Micro disp lay: 000

CJS, — RESET — N/A
CHTN — LOAD PL — Micro display :

OFXX ,AAAX ,XXXX ,FFF1 (CJs,T=H)
— DISP A — Micro display : AAA
— RESET (AAB -~PC)  — N/A 

-— LOAD PL — Micro disp lay:
IFXX ,BBBX ,XXXX ,FFF1 (CJs,T=L)

— DISP A — Micro d i sp lay : AAB (AAA+l)
- — LOAD PL — Micro disp lay :

IFXX ,X XXX ,XXXX ,FFFA (CRTN ,T=L )
— DISP A — Micro disp lay:AAB
— LOAD PL — Micro disp lay:

OFXX ,XXXX ,XXXX ,FFFA (CRTN ,T=H)— DISP A — Micro disp lay : 001

JMAP — LOAD IR — Macro disp lay: AA55
- — LOAD PL — Micro disp lay:

XXXX ,XXXX ,XXXX ,FFF2 (JMAP)— DISP A — Micro display : 2A9 (1R15—6 )
CJP — LOAD PL — Micro disp lay :

OFXX ,AAAX ,XXXX ,FFF3 (CJP ,T=H)
— DISP A — Micro disp lay : AAA
— RESET (AAB-~PC) — N / A— LOAD PL — Micro disp lay :

1FXX ,BBI3X ,X)(XX,FFF3 (CJP,T=L)
- 

— DISP A — Micro display : AAJ3 ( AAA÷ 1)

PUSh — LOAD PL — Micro disp lay:
RFCT OFXX ,001X ,XXXX ,FFF4 (PUsH ,T=u )— DISP A — Micro display:  AAB

— RESET ( AAC-~~~) -— N/A
— LOAD PL — Micro disp l~iy:

- 
16XX ,XXXX ,XXXX ,FFE 8 (count~O)— DISP A — Micro disp lay : AAC (file)

— RESET (AAD+PC ) — N/A
— LOAD PL — Micro disp lay : RFCT16XX ,XXXX ,xX)CX ,FF’FB 

~eo.unt~O~
— DISP A — Micro disp lay : A/U) (/tAC-~-1)

151

L. - -- 
— 

~~~~~~~~~~~~~~~~~~~



- -
-
~~

--- - - -—- - - - - — --
~~~~~~~--~~

-- ---— --- -- -—-

Table AXVII (Continued ) -

FUNCTION ACTION OBSERVATION

JP ,JRP — LOAD PL — Micro disp lay :
- XXXX ,555X ,XXXX ,FFFF (JP)— DISP A — Micro display: 555

— RE SFT (555+R) — N/A
— LOAD PL - — Micro disp lay:

1FXX ,AAAX ,XXXX ,FFF7 (JRP ,T=L)
— DISP A — Micro display: 555
— LOAD PL — Micro disp lay:

OFXX ,AAAX ,XXX X ,FFF7 (JRP ,T=H)
— DISP A — Micro display: MA

CONT , — LOAD PL — Micro display :
JSRP XX XX ,666X,X XXX ,FFFF (JP)— RESET (667-.PC ) — N /A

— LOAD PL — Micro disp lay :
xxxx ,777X ,xxxx , FFFE(CONT)

— DISP A — Micro disp lay : 667
— RESET — N/A

(668-’~PC ,777-*R)— LOAD PL — Micro disp lay :
1FXX ,BBBX ,XXXX ,FFF5 (JSRP ,T=L

— DI SP A — Micro disp lay : 777
- — RESET (PUSH 668) — N/A— LOAD PL — Micro disp lay :

OFXX ,XXXX ,XX XX ,FFFA (CRTN ,T=H— DISP A — Micro disp lay : 668
JSRP — LOAD PL — Micro disp lay :

XXXX ,777X ,XXXX ,FFFE (CONT)
— RE SE T (778+P C ) — N/ A— LOAD PL — Micro disp lay :

OFXX ,CCCX ,XXXX ,FFF5 (JSRP,T=H
— DISP A — Micro display : CCC
— RESET (PUSH 778) — N/A
— LOAD PL — Micro disp lay:

- OFXX ,X XXX ,XXXX ,FFFA (CRTN ,T=H— DISP A — Micro disp lay : 778
LDCT , — LOAD PL — Micro disp lay :
RPCT XXXX ,002X ,XX XX ,FFFC (LDCT )— DISh’ A — Micro disp lay : 778

— RESET (oo2-~CT) — N/A
— LOAD PL — Micr o disp lay : RPCT16XX ,A/tAX ,XXXX ,FFF9 

~count~ &
— DISP A — Micro disp lay: AM— RESE T — N/A

(DEC CT ,AAB-*PC )— LOAD PL — Micro disp lay’:
1 6XX , AMX ,XXXX , FFF9 (

~~~~t~o
)

— DTSP A — Micro disp lay: A/tA

j 52
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Table MVII (Continued)

FUNCTION ACTION OBSERVATION

LDCT , — RESET — N/A
RPCT (DEC CT, AAB-*PC)
(cont) — LOAD PL 

- 
— Micro display : RPCT16XX ,AAAX ,XXXX ,FFF9 

~count=O~— DISP A — Micro display: AAI3 (AAA -4-l )

LOAD A — S 4 — O F F  — N/A
— LOAD A — Micro display : 006
— DISP A - Micro display: 006

CJPP , — RESET (oo7÷PC) — N/A
LOOP — S4 — ON — N/A - -

— LOAD PL — Micro disp lay :
XXXX ,XXXX ,XXXX ,FFF4 (PUSH)

— RESET (PUSH 007) — N/A

— LOAD P1. — Micro display :
XXXX ,FOCX ,XXXX ,FFFF (Jp)

— RESET (FOD4PC)
— LOAD PL — Micro disp lay :

XXXX ,XXXX ,XXXX ,FFF4 (PUSH )
— RESE T ( P U S H  FOD , — N / A

FOF -’PC )

— LOAD P1, — Micro display:
OFXX ,777X ,XXXX ,FFFB ~ JPP ,T=11)

— D I S P  A — Micro disp lay : FOE

— LOAD P1. — Micro display:
1FXX ,777X ,XXXX ,FFFB (CJPP ,T=L)— DTSP A — Micro display : 777

— RESET (POP FOD) — N/A

— LOAD PL — Micro display :
1FXX ,XXXX ,XXXX ,FFFD (LOOP , T=hI)

— DISP A , — Micro disp lay : 007
— RESET (oo8÷PC ) - — N/A
— LOAD PL — Micro displ.ay:

- OFXX ,XXXX ,XXXX ,FFFD (LooP ,T=L)
— DISP A — Micro disp lay: 008

Microbr eak — S4 — OFF — N/A
— LOAD 13P (micro) — Micro display: ABC

:3 
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Table AXVII (Continued)

FUNCTION ACTION OBSERVATI ON

Mierobreak — DISP BP — Micro display: ABC
(c ont) - 

— MB3 (TP1Ø) — L
— LOAD A — Micro display: ABC

— ‘MB3 — H

Clock — RESET — N/A
Logic — MSTEP — N/A

— RUN — N/A

— MSTEP — RUN on— CP1 ( TP11) — H momentarily— PAUSE (hold) — N/A
— MSTE P , release — HLT on

PAUSE
— MSTE P — N/A
— RUN , MSTE P — RUN on— WAITRQ* (TP8) — — N/AGND

— MSTE P — CP1 — H momentarily
— MSTE P — CP 1 — L

— TP5 — REMOVE — N/AGNU
— MSTE P — CP1 — L— NSTEP — CP1 — H momentarily

SS Logic — R E S E T  — N/A
(including — FETCH (TP 9 )  — — N/A
front GND 

_____ _____

panel) — AUTO MSTEP — CP1 J _____I L~ 
1.5Hz

— RE SET — N/A
— RUN — CP1 J1J1~ 7ØØns cycle (±35ns)

— RUN on
— FETCH — — N/A

remove GND
— HALT — CP1 — L ; HLT on
— FETCH — OND — N/A— AUTO STE P — CP1 —

- J1J1 ~‘7O0ns cyclo
(±35ns)

— RUN on— FETCH — — CP1 — L ; HLT on
remove GND— FETCH — GND — CP1 — J1J1~~ ~700ns cycle(~~35ns)

— RUN on
— FETCH — remove GND — lILT on
— RESET — N/A
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Table MVII (continued)

FUNCTION ACTION OBSERVATION

l6 Way —S4 — ON — N/A
Branch — LOAD IR - — Macro display: FFFO 1 6

— LOAD PL — Micro display:
.ØFXX ,AAØX ,XXXX ,5FFF (JPL)

— DISP A — Micro display: A/tO

— LOAD IR — Macro display: FFFA

— DISP A — Micro display: A/tA

— LOAD PL — Micro disp lay :
ØAXX ,AAOX ,XXXX,5FFF (JPL)

— DISP A — Micro disp lay: AA2

— LOAD PL — Micro display:
OAXX ,AAOX ,XXXX,FFFF (JPL)

— DISP.A — Micro display: A/tO
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CS1. Those tests verify proper operation of the RAM portion of

CS1. EPROM operation may be verified using similar procedures.

Table MVIII li sts equipment requirements and MIME setup procedures.

Test procedures are presented in Table MIX. Quantities in parentheses

beside CS contents are the address of that microword .

- Table MVIII

CS1 Test Equipment
and MIME Setup

- Equipment :

1. Storage oscilloscope (Tektronix 464 or equivalent)

2. Logic cli p (AP Products TC—16 or equivalent)

Setup :

1. Remove ALU , I/O , and MEM1 cards

2. Place CS1 card on extender

3. check that cables 1, 2, 3, 4, 5, and 7 are connected

4. Select NORN micro field displays

5. CCU2 : Si — OFF , S2 — ON , S3 — ON , S4 — OFF

6. Select MICRO data entry
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Table MIX

CS1 Tests

FUNCTION ACTION OBSERVATION

Front — Turn on Power (+5v) — JILT on, PC on, A on
Panel LOAD -

and DISP — LOAD A - 
— Micro disp lay:
ØxX (test addr., 0 to 25310 )

— LOAD NEXT CS — Micro display:
- AAAA ,5555 ,AAAA ,55555 ( OXX )

— LOAD NEXT CS — Micro disp lay: -

5555 ,AAAA ,5555 ,AAAA ( OXX -i-1 )

— DISP A — Micro display : 0XX-~-2

— LOAD A — Micro display: ØXx
— DISP NEXT CS — Micro display:

- 
AAAA ,5555 ,AAAA , 5555 ( Ox-X )

— DISP CS — Micro disp lay:
5555,AAAA ,5555 ,AAAA (Øxx÷i)

— DISP A — Micro display: OXX+1

— LOAD A — Micro disp lay : 4YY (test addr) -

— LOAD CS — Micro display :i i i i ,oooo ,ii ii ,oooo (4YY)

— DISP CS — Micro display:
FFFF ,FFFF ,FFFF ,FFFF (4YY)

Front — LOAD A — Micro display: OXX
Panel
FLDEN — FLDEN (least sig.) — N/A

— LOAD CS — Micro disp lay: N/A
(t rigger MLD * — CU38—05, U14)

— E 4*( C U 3 7_ 1 2 , R16)

±5Ons)

— E3*(CU36_6 ,P13)

~~~~~~~~~~~~~~~~~~~~~~~
— E 2*( C1J 3 6_ .8 ,N 12 )

~~J~OOn.~
— E1*(CU36_12 ,N16)
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Table MIX (Continued)

FUNCTION ACTION OJ 3 SKR VAT ION

-Front — FLDEN (2nd — N/A
Panel least sig.)
FLDEN — LOAD CS — Micro display : N/A
(cont) 

— E4* ~~~~~~~~~~~~~~~~~~~~~ 
-

-

— E3* ~~~~~~J~~~~~~~~j±5Ons)

— E2* ________________
- _ E1* 

_ _ _ _ _ _ _ _ _ _ _

— FLDEN(3rd
least sig.) — N/A -— LOAD CS — Micro display: N/ A

- — E4* ~~~~~~~~~~~~~~~~~~~~~
— E3* ________________

- _ E2* 
_ _ _ _ _ _ _ _ _ _ _

— E1* 
________________

— FLDEN (most sig.) — N/ A

— LOAD CS — Micro display: N/A
_ E4* -

—

— E2* 
________________

— El* 
________________

EPROM — NORM (all fields) — N/AProtect,
asynch. — LOAD A — Micro display: 4XX
logic (an address in EPROM)

— LOAD CS — Micro display: N/A(tr igger MLD* — CU38—05,U14)

— E2*

- — E1* ~ 9OOnsj~~ö

— LOAD A — Micro display: ØXX
(an address in RAM )

- 

— WAITRQ*(TP9) ~~2~~n~j(÷5Ons , )

— LOAD A — Micro  disp lay: ‘lXX

— WAITII Q* 
4 Q ~sf ~~5Ons , )
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ALU. This series of tests checks ALU operation. Equipment require-

ments and setup procedures are presented in Table AXX, and test procedures

in Table AXXI. 
-

Table AXX

ALU Test Equipment -

and MIME Setup

Equipment :

— Extender card

Setup :

1. Remove I/O and MEM1 cards

- 2. - Place ALU card on extender

3. Check that all cables are connected

4. Select NORM micro field display

5. CCU2: Si — OFF , S2 — ON , S3 — ON , S4 — OFF
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Table AXXI

ALU Tests -

F U N C T I O N  A C T I O N  - OBSERVATION

Front — Turn on Power (+5v) — JiLT on , PC on , A on
Panel 

-

Interface — LOAD ALU — Macro display: test data A

— LOAD Q — N/A -

— Change macro — Macro display: —

display— DISP Q — Macro display: test data A
— LOAD ALU — Macro display: test data B
— LOAD R9 — N/A 

-

— Change macro — Macro display: —

display -— DISP R9 — Macro display: test data B
— DISP CCR — Macro display: XX0016

— LOAD CCR — Macro display: test dr~ta C— Change macro — N/Adisp lay— DISP CCR — Macro display: test data C
MSKB — LOAD PL — Micro disp lay:
Test AA55 ,XXXX ,XXXX ,FDFF

— DISP DB — Macro display : AA55
— RESET — N/A

— DISP DB — Macro display: FFFF
Arithmetic — RESET — N/A
Tests — LOAD ALU — Macro disp lay : Oøss
micro— — LOAD R5 — Macro display : 0055
program -

— LOAD ALU — Macro disp lay: /tAøø
— LOAD R lO  — Macro disp lay : AAO0
— LOAD A — Micro display: 011

(initial rnicroaddrcss)
(QOF ,ADD,AB) — LOAD NEXT CS — Micro disp lay:

E7E6 ,XXXØ,Ø15A ,8F6E (011)

(BOF ,S—R ,AQ) — LOAD NEXT CS — Micro display:
116F1,XXX3 ,1Ø52 ,BF6E (012)

— RESET — N/A -

— T OAD A — Micro display : 011
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Table AXX I (Continued)

FUNCTION ACTION OB SERVATION 
—

Arithmetic — Select DB display — DU on
Tests
Micro— — MSTEP , RUN , MSTEP — Micro display: 011 ; RUN on
Program — Macro disp lay :
(cont) FFFF , N= 0 ,Zr c4 ,C= O, OVR=O

— MSTEP — Micro display: 012
— Macro display :

- AA55 ,N=l ,Z=1,C=Ø,OVR=Ø

— MSTEP — Micro display : 013
— Macro display :
AAOO , N=O ,Z~O ,C=1 ,OVR=1

- — RESET — liLT on— DISP R2 — Macro display: AAOØ
— DISP R5 — Macro display : 0055

- — DISP Q — Macz~o display : AA55

Logic — LOAD ALU — Macro display : AAAATest — LOAJ) R7 — Macro disp lay : AMA
Micro— — LOAD ALU — Macro display : 55 55
Program

— LOAD A — Micro disp lay : ØAO

(QOF ,AND ,DA) — LOAD NEXT CS — Micro display :
XXXX ,XXXc~,457X ,8FFE (ØÂØ )

(QOF ,OR ,DA) — LOAD NEXT CS — Micro display :
XOX ,XXXc6,357X ,SFFE (ØAI )

— RESET — N/A— LOAD A — Micro display : OAO
— Select ALU — ALU on

display

— MSTEP, RUN , MSTEP — Micro disp lay : OttO ; RUN on
— Macro display: FFFF

— MSTEP — Micro disp lay : OA1
— Macro display : 0000

— MSTEP — Micro display : 0A2
— Macro display : FFFF

— RESI-;T — JILT on
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Table AXX I (Continued)

FUNCTION ACTION OBSERVATION

Shift/ — LOAD ALU - — Macro disp lay: 781B
Byte — LOAD Ri - — Macro display: 781B
tests — LOAD ALU — Macro display: 5555— LOAD Q — Macro display: AMA— LOAD CCR — Macro display: XXX8

— LOAD A — Micro display: ØBC
rotate word 

— LOAD NEXT CS — Micro display:R and 
~ XXXX ,223C,370F,8FFE (OBC)right , carry -

rotate word 
— LOAD NEXT CS — Micro disp lay:

~~~~~~~~ 
XXXX ,443E ,37ØE ,8FFE (ØBD)

rotate lower — LOAD NEXT CS — Micro display :
byte right XXXX ,XXØD ,B301,8FFE (ØBE)

rotate upper — LOAD NEXT CS — Micro disp lay:
byte left XXXX ,XXØF ,3BØØ, FFFE ( Ø B F )

— R E S E T  — N/A
— L~ AD A — Micro display: (ØBC)
— select ALU display — ALU on

— MSTEP, RUN, MSTEP — Micro display: OBC ; RUN on
— Macro display: FFFF— MSTEP — Micro disp lay: OBD- 
— Macro display: 5555

— MSTEP — Micro display: OBE
— Macro display: AAAA

— MSTEP — Micro disp lay: OBF
— Mac ro display : 781B— MSTEP — Micro disp lay: OCØ
— Macro display: 78ØD

— RESET — JILT on

— DISP Ri — Macro display: FOOD
— DISP R14 — Macro display : 5555

— DISP R15 — Macro disp}ay : AAAA

— DISP Q — Macro display : 5555
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MEM 1. These tests verify proper operation of the MEM 1 card.

Equipment requirements and MIME set up procedures are presented in

Table MXII. Table AXXIII contains the test procedures.

Table MXII

MEM 1 Test Equipment
and MIME Setup

Equipment :

— Extender card

Setup :

1. Remove I/O card

2. Place NEll card on extender 
-

3. Check that all cables are connected

4. Select NORM micro field display

5. CCU: Si — OFF , S2 — ON , S3 — ON , S4 — OFF
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Table AXXIII

MEM1 Tests

FUNCTION ACTiON OBSERVATION

Front — Turn on Power (+5v) — liLT on, PC on , A on
Panel 

-

LOAD and — LOAD MAR — Macro display : 00A5
DISP

— LOAD MBR — Macro display : 44BB (ØØA5)

— DISP MAR — Macro display 00A5

— DISP MBR — Macro display: 44BB (00A5)
— LOAD MAR — Macro display: 0123
— LOAD N E X T  MBR — Macro display : FEED (0123)

— LOAD NEXT MBR — Macro display: BAB E (0 124)

— DISP MAR — Macro display: 0125
— LOAD MAR — Macro display: 0123
— DISP NEXT IBE — Macro display: FEED (0123)

- — DISP NEXT NBR — Macro display: BABE (0124)

Program — LOAD MAR — Macro display: 025A
Control

— LOAD MBR — Macro display: 0000

— LOAD ALU — Macro display: 0OCD

— LOAD RØ — Macro display: OØCD
— LOAD ALU — Macro display: A1300

— LOAD Ri — Macro display: ABOO

— LOAD A — Micro display : 077

(RØ-~-MBR) — LOAD NEXT CS — Micro display:
XXXX ,XXX1,33X0,762E (077)

(MJIII.P14EML
) — LOAD NEXT CS — Micro display:

XX XX ,XXX 1, 8ØXX ,F 15E (078)

(l~1÷MnR) — LOAD NEXT CS — Micro - disp lay :
XXXX ,XXXi,33X1 ,762E (079)
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Table MXIII (Continued )

FUNCTION 
- 

ACT I ON OB SERVAT iON

(MBR- ~MEM
1 

) — LOAD NEXT CS - — Micro display:I 
- XXXX ,XXXl ,c4BXx ,F15E (Ø7A)

— RESET — N/A
— LOAD A — Micro display : 077
— SELECT DB display — DB oii
— MSTEP , RUN , MSTEP — Micro display : 077 ; RUN on

— Macro display : FFFF
— MSTEP — Micro display: 078

-- Macro display : ØØCD
— MSTEP — Micro disp lay : 079

— Macro display: FFFF
— MSTEP — Micro display: 07A

— Macro display: ABOO— MSTE P — Micro display: 07B
— Macro display: FFFF

— RESET — liLT on— DISP MBR — Macro display: ABCD
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I/o . This series of tests check~ I/O card operation. Table MXIV

contains equipment requirements and MIME setup procedures. Table AXXV

contains test procedures. -

- Table MXIV

I/o Test Equipment
and MIME Setup

Equipment:

— Extender card -

- Setup:

1. All cards in place

2. Place I/O card on extender

3. Check that all cables are connected

4. Select NORM micro field display

5. CCU: Si — OFF , S2 — ON , S3 — ON , S4 — OFF
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Table AXXV

- I/O Tests

FUNCTION ACTION O1ISI-:RVATION

Front — Turn on Power (i-5v ) — liLT on, PC on , A on
Panel
Integration — LOAD MR — Macro display: XXAA

— LOAD SR — Macro display: XXX 5

— DISP MR — Macro display: FFAA

— DISP SR — Macro display: FFF5
— LOAD WCR — Macro display: 57AB

— LOAD BAR — Macro display: BA75
— DISP WCR — Macro display: 57/tB

— DISP BAR — Macro display: BA57

Program — LOAD WCR — Macro display: FFFE
Control -

Operation — LOAD BAR — Macro disp lay : FFFD

— LOAD ALU — Macro display: XX0B

— LOAD Q — Macro disp lay : XX08
(For use as Mask )

— LOAD ALU — Macro disp lay: XXX 2
(For use as Status)

— LOAD A — Micro display: 055

MCL — LOAD NEXT CS — Micro disp lay:
XXXX ,XXX9,XXO~(,CFFE (055)

LMR — LOAD NEXT CS — Micro display:
XXXX,XXX9.32EX ,CFFE (056 )

LSR — LOAD NEXT CS — Micro disp lay:
- XXXX ,XXX9,379X,C6FE (057)

continue — LOAD NEXT CS — Micro display:
XXXX ,XXX9,XXXX ,FFFE (058)
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Table AXXV (Continued )

FUNCTI ON ACTI ON OBSERVATIoN

RDV — LOAD NEXT CS - — Micro display :
57XX ,06Ø 9 ,XX5X ,CFFF ( 059)

— RESET — N/A
— LOAD A - 

— Micro display: 064
RSR — LOAD NEXT CS — Micro display :

XXXX ,XXX 9 ,XX6X ,C9FE (064)

RMR — LOAD NEXT CS — Micro display:
XXXX,XXX9,XX7X,C9FE (065)

— RESET — N/A— LOAD A — Micro display: 055— Select DB display — DB on
— MSTEP, RUN , MSTEP — Micro display : 055 ; RUN on

- 
— Macro disp lay: FFFF

MCL — MS TEP  — Micro display: 056
— Macro display : FFFF

LMR — MSTEP — Micro disp lay: 057
- 

— Macro display: XXO8
LSR — MSTEP — Micrc dis p lay : 058

— Macro display: XXX 2
(m t. ~eq. — Momentarily — N/A
P4) GND P4

- (J1u31 —26 ,J136 )
— MSTE P — Micro display: 059

— Macro display: FFFF ; INT on
RDV — MSTEP — Micro display : 064

— Macro display: FFFF
RSR — MSTEP — Micro display: 065

— Macro display: FFF5
liMB — MSTEP — Micro display: 066

— Macro display: FF08
— R ES E T  — JILT on

Bus — LOAD A — Micro display: 064
C o n t e n t i o n  — FLDEN (L.S.) — N/A
Logic

RSR — LOAD NEXT CS — Micro display:
(w/contention) XXXX~XXXX ,XXXX ,CFFE

RMR — LOAD NEXT CS — Micro disp lay:
(w/eontcntion) XXXX,XXXX ,XXXX ,CFFE

— RESET — N/A
— L O A D  A — Micro di splay: 064
— NO RM ( al l )  — N/A
— Select DEl d i sp lay

— METEr, BUN , M STE P  — Micro disp lay : 064 ; RUN on
— Macro displiv : FFFF

- 
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Table AXXV (Continued )

— 
FUNCTION 

- 

ACTION OBSERVATION

RSR — MSTEP — Micro display: 065
— Macro display: FFFF

RMR — MSTE P — Micro disp lay : 066
— Macro display: FFFF

— RESET — HLT on

— DISP SR — Macro display: FFFS— DISP MR - — Macro display: FF08
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Appendix 1

Schematics

Thi s appendix contains a schematic that describes the electrical

configuration of each circuit card. In order to simplify the drawings,

the following conventions were used :

1. Even though the logic gates used were on IC’s, individual

logic symbols were used for functional clarity.

2. Where two or more IC’s of the same type are adjacent , pin

numbers for the connections are given for only one, and the

others may be assumed to follow the same pattern. -

3. A connection between intersecting lines is designated by a dot.

4. A fillet connecting two lines indicates a connection to a bus.

Where an IC has several adjacent connections to a bus, only the

first and last connections are named .

5. Connections to edge or cable connectors are designated by the

symbol -Z< .

The user will find it helpful to use the schematics in conjunction

with the wiring tables which are available from the laboratory staff.

A sketch of the component layout is included for FP1, but the wiring

tables contain the information for all other circuit cards.
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Appendix 2

Parts List

This appendix provides a complete l is t  of parts used in MIME. Table
AXXX I I I , I/O Parts List , contains only those parts necessary to imp lement
the basic I/O capabil i ty discussed in the User ’s Manual . The complete I/O
des ign and parts list are contained in Ref .  6 .
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Table AXXVI

FP 1 Parts List

Component Part Part
Desi gnation Name Number

KOl hexadecimal keyboard Digitran KL036
DO1—22 hexadcmical display HP 5082—7340

UO1 precision timer 72555
UO2 hex inverter 7414N
U03 quad S—fl latch 74179N
U04 8—bit bistable latch 74100N
U05 quad 2—input OR 7432N
U06 quad 2—input AND 74S108N
U07 precision timer 72555
U08 dual 4—input NOR 7425N
U09 quad 2—1 mux (inverted 74LS158N

- output )
UlO—li dual monostable multivibrator 54123
U12 quad 2—input AND 7408
U13 hex inverter 7414N
U14 quad 2—input OR 7432
U15 quad 2—input NAND 7400N

U16—17 4—16 decoder 74154N
U18 4—bit shift register 74LS193N
U19 dual J—K flip—flop 74S112N
U20 dual 4—input AND 74H21

U21—22 quad 2—input OR 7432N
U23 quad 2—input AND 7408
U24 triple 3—input AND (o .C . 54S15J

output)
U25—26 8—3 encoder 74148N
U27 quad 2—input NAND 74132N

U56—59 quad 2—1 mux 74157N
U6O quad 2—input OR 74LS32N

U61—62 quad 2—input NOR 74O2N
U63 quad 2—input OR 74LS32N
U64 4—bit shift register 741 94N
U65 dual 4—input N AND 741121N
U66 - quad 2—input NOR - 5402A
U90 8—bit bistable latch 74100N
U91 hex inverter 7414N

U92—95 dual monostable multivibrator 74123J
U96 quad 2—input OR 74LS32N
1J97 quad 2—input AND 74LS08N
U98 hex invcrtcr 5414N
U99 dual J—K flip—flop 74S112N
SO1—2 DPST switch C&K 7201J2—V4—1
S03—5 - DPDT center off mom . switch C&K 7205J2—V4--1
S06—7 DPST switch CCK 7201J2—V4—1
S08—9 DPDT center off mom . switch C&K 7201J2—V4—1
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Table AXXVI (Continued)

Component Part Part
Designation Name Number

Sb DPST switch C~K 7201J2—V4—1Sli momentary DPD T center off C&K 7205J2—V4— 1
S12 DPST switch - C&K 7201J2—V4—1
S13—14 momentary DPDT center off CCK 72O5J2—V4—1
S15—18 DPST switch C&K 7201J2—V4—1
LO1—43 LED
Cl cable connector 3—M 3492—3005
C2 cable connector - 3—M 3496—3005
C3 cable connector 3-44 3492—3005
C4 cable connector 3—M 3496—3005
C5 cable connector 3—M 3493—3005
C6 cable connector 3—M 3492—3005

printed circuit board - Vector
24 pin IC socket
16 pin IC socket
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Table AXXVII

FP2 Parts List

Component Part Part
Designation Name Number

U01—8 dual 4—1 mux 54LS253DM
U09—1O octal 3—state buffer 74LS244N
till quad 2—input NAND 74SO4N

U12—15 quad 2—1 mux 74157N
U16—23 shift register 54164J
U24—31 octal 3—state buffer 74LS244N
U32—5O quad 2—1 mux 74157N
B circuit card Augat 8136 WR61
C2 cable connector 3—M 3496—3005
C4 cable connector 3—M 3496—3005

Table AXXVIII

• MEM1 Parts List

Component Part Part
Designation Name Number

UO 1—2 4— 16 decoder 74154N
tIp 3 quad 2— 1 mux 74S257N
U94 quad 2—input NAND 74S08
U05 2— input OR - 74LS32N
U06 hex inverter 74S04N
U07 quad 2—1 mux 74S257N

U08— 1l octal 3—state reg ister 74LS374N
U12—13 octal 3—state buffer 74LS244N
U 14—1 7 quad binary counter • 74LS161AN
U18—33 256x4 RAN 2112A—2

G circuit card Augat 8136 WR61
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Table AXXIX

ALU Parts List

Component Part Part
Designation Name Number

U0 1—4 4—bit microprocessor slice Am29O 1DC
U0 5 8—1 3—state mux 74LS251N
UO6 lookahead carry Ai 29O2PC

U07—l l 8— 1 3—state mux 74LS251N
U12 4—bit bistable latches 7475N

U 13— 16 quad 2—1 mux - 74 157N
U17—18 octal 3—state buffer  74LS244N
U19—2O octal 3—state register 74LS273N

U2 1 1—16 mux 74150N
U22—24 8— 1 mux 74 15 1AN
U25—26 octal 3—state buffer  - 74LS244N
U27—28 octal 3—state reg ister 74LS273N
U29 octal 3—state buffer 74LS244N
U30—31 8—1 3—state mux 74LS25 1N
U32—33 quad 2—input OR 7432N
U34 quad 2—input NAND 74LS08N
U35 hex inverter 7414N

U36—37 octal 3—state buffer  74LS244N
U38 quad 2—1 mux 74 157N
U39 hex inverter 7414N
U40 4 bit bistable latches 74175N
U4 1 quad 2— 1 mux 74 157N

F circuit card Augat 8136WR61
C6 cab le connector 3—M 3492—3005
C8 cab le connector 3—N 3493—3005
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Tab le AXXX .

CCU1 Parts L i s t

Component Part Part
Designation Name Number

UOi—~-I quad D register (3—state) Arn2918PC
U05—7 quad 2—1 mux 74157N
008—9 1K x 8 EPflOM TMS 2708JL
010—12 quad- 2—i 3—state mux 74S257N
013—15 octal 3—state buffer 74LS244N
016—23 quad D register (3—state) Am2918PC
024 dual monostable multivibrator 7’1123N
025 quad 2—input ANI) (0.C. output) 7409N
U 26 quad 2 — i n p u t  OR 74LS32N
027 quad 2—1 mux 74 157N
U28 dual m o n o s t a b l e  r n u l t i v i b r a t o r  54 123N

029—3 1 up/down binary counter 74LS169N
032—35 8—1 inux 74151N
036 16—way Branch Control Unit Am29803DC

U37—38 8—1 mux (3—state) 74251N
039 quad 2—1 mux (inverted output) 74LS158N
040 Next Address Control Unit Am29811
L~4l quad 2—1 mux 74157N
1142 Microprogram Sequencer Ar 29O9DC

043—44 Microprogram Sequencer  Am29 11PC
U4 5 quad 2— i n p u ~ OR 74 L S32N
D c i r cu i t  card Augat 8136 !~61
C3 cable connector 3—M 3492—3005
C7 cable connector  3—M 3493—3005
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Table AXXX I

CCU2 Parts List

Component - Part Part
Designation Name Number

UO1—2 octal 3—state buffer 74LS244N
U03—6 synchronous 4—bit counter 74LS161AN
U07—17 quad D(3—state output )  register Am2918PC
Ul8—2O 4—bit comparator 74LSS5N
U21—26 3—8 decoder 

- 
74S138N

• U27—28 quad 2—1 mux 74S257N
U29 - quad 2—input NAND buffer  7437N
U30 quad 2—input NAND 7400N
U31 triple 3—input NAND 7410
U32 quad 2—input 7432N
U33 quad 2—input 7408
U34 dual 4—1 mux 74153J
U35 dual voltage controlled 74LS124N

oscillator
U36—37 dual J—K flip—flop 74S112N
U38—39 quad 2—input OR - 7432

U40 hex inverter 74S04N
U41 quad 2—1 mux 74S257N
U42 hex inverter - 7404

E circuit card Augat 8136WR61
C5 cable connector 3—N 3493—3005
C8 cable connector 3—N 3493—3005

Table AXXXI1

CS1 Parts List

Component Part Part
Designation 

- 
Name Number

U01—16 256X4 RAN 2112A— 2
U17—24 1KX8 EPROM TMS 2708JL
U25—32 bus transceiver 74LS245N

U33 2—4 line decoder 74S139N
U34 quad 2—1 mux ( inverted output) 74158N
U35 dual monostable niultivibrator 74123J
U36—37 triple 3—input NAND 741111
U38 dual 4—input NAND 7420N
U39 quad 2—input 0.C. NOR 7433N ,
C - circuit card Augat 8136WR61
Cl cable connector - 3—M 3492—3005
C7 cab]e connector 3—M 3493—3005
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Table AXXXIII

I/O Parts List

Component - Part Part
Designation Name Number

010 hex inverter - 7414
U11—12 quad 2—input OR 7432
U18—25 synchronous 4—bit counter 74161
026—29 octal 3—state buffer 74LS244N

U30 8—1 mux 74151
031 Priority Interrupt Encoder - Ain2914PC
U32 quad 2—1 mux 74157N
U33 quad 2—1 mux (inverted output) 74158N
U34 quad 2—input OR 7414N
035 triple 3—input AND 741111
U36 quad 2—input AND 7408
037 quad 2—input OR 7432N
H circuit card Augat 8136WR61

- 
Table AXXXIV

Chassis and Miscellaneous Parts

Part Name - Part Number

circuit card edge connector Augat 14005—1P1
- card rack Augat 8170—R63
extender card Augat 8136—13861
BNC connectors
binding posts
barrier stri p
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Appe ndix B

Confi gura t ion  Management

In t roduc t ion

In order to manage the development of N IME and provide a definitive

description at the end of the project , it was necessary to establish

speci f ic  confi g u r a t i o n  procedures.  Confi gu rat ion  management is de f ined

by MIL STD 483 as a d i s c i p l i n e  app ly ing t e c h n i c a l  and a d m i n i s t r a t i v e

direct ion and su rve i l l ance  to document  product characteristics , contro l

changes , and update documentation. This appendix specifies the various

procedures used during this project and pr ovides  exp lana t ion  of the

notation and conventi ons used in the system documentation . Configurat i on

management pr ocedur es wer e app l ied to the project in two phases :

informal and formal control.

During the requirements definition phase of the project , informal

procedures and documentati on were sufficient to maintain control. This

documentation consisted of requirements lists and functional block

diagrams. The informal procedures consisted of merely dating each

document as it was completed so that the documents with the most recent 
-

date reflected the current system definition .

Because the configuration became much more detailed during the

design and fabrication phases , formal procedures and detailed documen-

tation were required . Two types of documentation were used to provide

a comp lete description of the system electrical configuration: wiring

tables and schematics. Secause of their importance , the formal

•documentation and procedures will be discussed in detail. /
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Wiring Tables

The physical  confi guration of MIME consisted of various types of

components mounted on circuit cards. Thus , it was required to document

the connections on each card as well as the connections between cards.

A portion of the ALU wiring which was generated using the computer

programs discussed later is shown in Figure B i as an examp le.

Each component was given a unique identifier that designated

component type , component number , and the circuit card on which it was

located . In addi t ion , each possible location of a component p in on

a circuit card corresponded to a card column and row coordinate. The

loca tion of the component pins thus specif ies  the component locat ion

and provides a descri ption of the physical layout. Each circuit

card connector was also given a unique identifier that designated the

connector type and the circuit card on which it was located . These

component and connector designations used in conjunction wi th the pin

numbers a l lowed a l l  conn ec t ions to be comp letely described .

Asso c ia t ed with each pin of both connectors and components is

a unique alphanumeric name. In so far as poss ib le , t h is name is

descriptive of the signal type and function that is present on that

pin. As asterisk was used to indicate a negated signal.

The specific gu ide l ines  used in assigning designators are given

below :

1. Each circuit card shall be given a unique on character

identifier. Table RI lists the card designators and their

meaning .

2. Each component sha l l  be given a one character ident i f ie r  which

de signates the component type. Table 811 lists the component

des ignators and the i r  meaning .
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Table RI

Circuit  Card Iden t i f i e r s

Ident i f ie rs  Circui t  Board

A Control Store 2 (CS2)

B Front Panel 2 ( FP2 )

C Control Store 1 (Csi)

D Computer Control Unit 1 (CCU1)

E Computer Control Uni t 2 (CCU2)

F Arithmetic Logic Unit  (ALU )

G Memory 1 (MEM1 )

H Input/Output (I/o )

P Front Panel 1 (FP1)

Table BlI

Component Iden t i f i e r s

Ident i f iers  Component Type

C capacitor

D hexadecimal display

K hexadecimal keyboard

L LED

R resistor

S Switch

U integrated ci rcuit
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3. Within a circuit card , components of each type shall be

consecutively numbered beginning with one.

4. Each card connector shall be designated either E or C to

denote edge or cable type respectively.

5. The coord inate system provided on the wire wrap circuit

cards shall be used to specify a unique location for each

component pin.

The various designators and their format are summarized in Table BIll.

A sample of how the designators appear in a wiring table was shown

in Figure Bi.

The primary type of wiring table used during the project was an

iritra circuit card table that comp letely described the component—to—

component and component—to—connector wiring on a given card . One

table of this type was generated for each card , and Figure Ri contains

a portion of the ALU table as an examp le. This table is presented in

order of component and pin numbers ; each entry identifies the i tems

that are connected , the locat ion of the wire , and th e associa t ed signa l

name. Special purpose formats of the wiring table are discussed under

Computer Program Aids.

Schematics

Circuit card schematics were used to provide a diagrammatical rep-

resentation of the circuit card wiring . A complete set of MIME

schematics are included in Appendix A , MIME User ’s Manual. Due to

space limitations on the drawings, only the signal names of primary

importance are included . In order to simplify the drawings several

conventions were used :
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Table Bill

Designator Formats

Designator 
Character Position

Type Examp le
1 2 3 4 5

c i rcui t  card
card desi gna tor B

d 
card

coordinate ~~~O~~~ rn11

) 
( number ) 

W43

component location type component number 

— 

BUO 1

edge card
connector loca t ion  E p in number BE1O6

cable card connector -

connector location number 
pin number BC207
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1. Even though th e l og ic gates used were on IC’s, individual

log ic symbols were used for functional clarity .

2. Where two or more IC’s of the same type are adjacent, pin

numbers for the connections are given for only one , and the

others may be assumed to follow the same pattern .

3. A connection between intersecting lines is desi gnated by a

dot.

4. A fillet connecting two lines indicate~ a conn ect i on ~o a

bus. Where an IC has several adjacent cunnec~ i Io- to a bus ,

only the first and last connections arc named , and i n t e r v e n i n g

ones are assumed to he consecutive .

5. Connections to edge or cable connectors are desi gnated by the

symbol.

Computer Program Aids

Automated aids for the generation and update of the wir ing  tables

were a significant factor in providing accurate and versatile documen-

tation. The first step of the documentation process was to manually

generate a description of the wiring on each card in the format shown

in FigureBi. This data was then keypunched and stored on permanent

disk files (Ref 23:6—1). From this point , all fur ther  mani pula t ion of’

the files could be accomplished interactively. This allowed convenient

access to the files for making changes and automatically generating

updated tables.

Because of the volume of each wir ing tabl e, the likelihood of

error was great, and it was desired to have some means of assuring

their consistency. It was also desired to be able to present the

tables in special purpose formats. In order to achieve these goals
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several computer programs were written and these are discussed below .

Comp lete details of these programs may be found in a report by the

authors (Ref 24).

Consistency Check. Because the wiring connections were described

for each pin of every component , each wire actually appeared in the

wiring table twice. Therefore , the authors devised a computer program

to verify that the two entries describing a sing le wire were consistent.

Inconsistent entries or those for which no mate was found here identified

on a computer printout. This information was used to correct the

wiring table until internal consistency had been achieved .

Alphabetized Sort . The initial format of the wiring tables was

indexed by component and pin numbers. However , frequently the need

arose to determine the circuit card location of a specific signal. To

facilitate signal tracing during troubleshooting , a computer program

to sort the table in order to alphabetized signal name was used .

Figure B2 shows an examp le of this data .

Connector Sort. A computer program was devised to extract and

order all connector entries from each table. The separate connector

lists were then concatenated to form a master connector pin list. A

sample of the data is shown in Figure B3. Presentation of the data in

this format was used when only signals between circuit cards were of

interest.

Backplane Generator. In order to facilitate wiring the backplane

(w iring between edge connectors), a computer program was devised to

extract the edge connector entries from the master connector pin list

and match all th ose having the same name to form an entry. An example

of this data is shown in Figure B4.
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Management Procedures

In order to control documentation changes , it was necessary to

specify the following procedures:

1. Upon comp letion , each document was given an effectivity date.

2. Changes to a document were accomplished by noting the changes

in red and entering the date of the change. The effectivity

date was also changed to that of the modification.

3. Upon accumulation of sufficient red—line changes to cause

confusion , a revised versi~ n of the document was geiierated.

~. Each circuit card was physically dated with the date of the

document(s) describing its current configuration .

Summary

This appendix has described the procedures used by the authors to

achieve and maintain configuration control during the project. While

the procedures could have been more formal and rigorous , they were

adequate to describe the configuration , control changes , and update

documentation in a systematic manner.
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