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Chapter 1

INTRODUCTION

The use of mini-computers is constantly expanding in the business
world. One of the major difficulties encountered when a mini-computer
is chosen for an application is the language it uses. Should a company
or institution decide that one manufacturer produces a machine suitable
for one application and another manufacturer produces a machine suitable
for another application, the company must be aware that more than likely
the two machines will use different assemblers and will necessitate the
training of the company programming staff in two languages. Writing in
FORTRAN is a step in the direction of reducing training expense; however,
the various manufacturers have implemented specialized "subsets" of
FORTRAN which tend to make portability difficult, Additionally, the
present trend is to use COBOL for business applications In preference
to FORTRAN.

COBOL, however, suffers basically from the same "illness" which
affects FORTRAN despite the best efforts of the American National
Standards Institute. Each manufacture has seen fit to add features to
the basic subset as approved by the CODASYL committee generating in turn
a myriad of hybrids which cause undesirable delays in the conversion
effort when programs are transferred from one machine to another.

The U. S. Navy, being a large user of computers of various manu-
facture, long suffered from the ailments as described above until it
decided to restrict the language options to only those officially sanc-

tioned by ANSI. 1In their attempts to resolve the problem of portability,



the U. S. Navy conducted research and discovered that of the options
offered as standard by ANSI, the majority of programmers really only
utilized a relatively small portion. As a result of this study, the

U. S. Navy constructed a COBOL compiler specifically designed for a
mini~computer. While the special compiler is designed only for a specific
mini-computer at this time, programs written in '""MINI-COBOL" can be trans-
ferred with minor modifications to those statements considered machine
dependent by ANSI to "MAXI" computers with a COBOL compiler of an equal

or greater level. Appendix A contains a description of U. S. Navy MINI-
COBOL.

While the U. S. Navy accomplished an admirable task, they did not
make any attempt to design the MINI-COBOL compiler as a portable soft-
ware item, i. e., the compiler itself can run on the specific machine of
one manufacturer. The desire to use COBOL on other mini-computers gave
bifth to this project which will deal with the transfer of the U. S.

Navy MINI-COBCL compiler designed for the NOVA mini-computer to the
INTERDATA mini-computer. While the project may appear to be rather
specific in nature, the same principles may be used as they are presented
in this paper to transfer the MINI-COBOL compiler to any mini-computer
which uses a micro-coded instruction set, and this feat can be effected
with minor modification to the FORTRAN interpreter as designed by the
Navy. Furthermore, the design presented allows for the use of a virtual
system and for the use of other mini-computers as I/0 device drivers.
Also presented for discussion in this report is a description of the
MODEL 80 INTERDATA micro-processor which when used in conjunction with

the presentation of the micro-code instruction formats should give the



reader a basic framework of reference to understand the micro-code pre-
sented as emulated NOVA instructions. A description of each of the
various mnemonics used in the micro-code is given to facilitate the
viewing of the emulation code as presented. Formats of the NOVA instruc-
tions which will be emulated in this project are presented so that the
viewer may inspect them and gain a more comprehensive view of the emula-
tion technique. Specification of the Fetch and Decode modules found in
the emulator will be presented along with the micro-code generated for
each NOVA instruction is included in this report. A sample high-level
algorithm along with an explanation of the abbreviations is given including
a step-by-step trace table of two typical NOVA instructions with a con-
densed output listing in an INTERDATA-like assembly language and in the
micro-code generated. A discussion on modification of the Navy supplied
MINI-COBOL interpreter will be presented along with the specifications
of the MINI-COBOL language, the MINI-COBOL compiler system, and the

actual source code for all the modules used in the MINI-COBOL system.



Chapter 2

THE DESIGN OF AN INTERDATA IMPLEMENTATION
OF MINI-COBOL

Introduction

Two alternatives were seriously considered in designing an implementa-
tion of MINI-COBOL on the INTERDATA; the first alternative would have been
to code the routines for the COBOL verbs in INTERDATA micrc-instruction
code; the other alternative was to write a micro-instruction emulation
of the NOVA instructions. Should I have chosen the first alternative,
every module in the MINI-COBOL compiler would have to be micro-coded.
This approach would not utilize the work already accomplished by the
U. 8. Navy resulting in a genuine duplication of effort on my part.
Furthermore, the net result of such an effort on my part would not have,
in any way, facilitated the inter-connection and compatibility of the NOVA
and INTERDATA mini-computers. The only advantage that presented itself
with the first alternative was speed of execution due to the fact that the
actual function of any given module would be taken into consideration
when being coded. Micro-code of the function would be much faster than
duplication of the NOVA architecture as would be the case with the second
alternative.

The second alternative, emulation of NOVA instructions on the INTER-
DATA, would provide the following advantages:

1) MINI-COBOL could be utilized on the INTERDATA;

2) the NOVA instruction set could be utilized on the INTERDATA

mini-computer;



3) because the second alternative was "general"” in its approach
and because micro-code was flexible, it would allow for future expansion
into the virtual machine design that is currently being worked upon by
others in our department.l’2

There were some disadvantages to the second alternative, however,
mainly that the INTERDATA, having a more powerful instruction set, could
execute the same function in its own instruction set much faster than an
emlated NOVA instruction set. However, I felt that the advantages of
flexibility and possible growth far outweighed the disadvantage of speed

in this case.

Implementation Overview -~ High Level

Trying to effect the second alternative, turned out to be an
interesting task. Since theAfirst two phases of the MINI-COBOL com-
piler are written in COBOL, it would be difficult to efficiently modify
them. However, the interpreter phase seemed to lend itself naturally
to modification so as to effect the second alternative.- (see Appendix
A - Interpreter). Basically, the scheme is as follows:

1) the user creates his COBOL source file;

2) he then invokes the COBOL compiler with the "START" instruction;

3) phase I and phase IA would create the tuples required for execu-
tion (see Appendix A - Phase I, Phase IA);

4) the user would then begin execution of his program by invoking
the MINI-COBOL run time routines by using the "COBOL" "R" instructions;

5) the "COBOL" "R" instructions invoke the FORTRAN interpreter

(see Appendix A - Interpreter);



6) after the interpreter allocates memory to the literals and
values declared in the user program, it begins to read the execution
tuples. It then examines the operation code and branches to a dispatch
table (see Appendix A - figure A.4, step 5) which then gives the address
of an entry p&int into a second dispatch table (see step 6) which contains
the list of NOVA sub-routines in the order required to effect the COBOL
verb. It is precisely at this point that the following modification
would be inserted:

a) A "call" to the Fetch routine would be inserted, passing as
parameters the list of NOVA sub-routines needed to effect the COBOL verb;

b) the Fetch routine would then read the instructions as written
in NOVA assembler, one at a time, for each module listed, invoking for
each instruction read, a Deceder which will translate the NOVA instruc-
tion into the Instruction Register format (see Appendix D - Instruction
Register). The Decoder will then branch to the appropriate Micro-code
routine for this instruction based upon the OP-CODE found in the
Instruction Register.

c) the micro-coded routines will execute the specific function
and return to the Decoder.

d) the Decoder will continue to construct the Instruction
Register and branch to the appropriate micro sub-routine until it
has completed all of the options requested by the original NOVA
instruction. Upon completion, the Decoder will then return to the
Fetch routine. |

e) the Fetch routine will continue to read NOVA instructions
until end-of-file condition is reached. It will then return to the

interpreter.



f) the interpreter will then read the next execution tuple, thus
cloging the emulation loop.

To the user, the entire process is transparent. He is aware of
only the fact that he has created a COBOL file and has invoked the
execution of that file, thus anyone familiar with COBOL per se will be

able to use the system with little or no training.

Summary

Thus far, I have presented the various conditions which influenced
the emulator design and T have presented a high-level overview of the
emulator design in light of those considerations. Succeeding chapters
shall present in detail the specific design of the Fetch and Decoder

modules.



Chapter 3

THE DETAILED DESIGN

Introduction

In order that the viewer gain a more complete understanding of the
emulator, I will present a short section on the NOVA instruction formats.
Throughout the rest of this report, the sixteen bits which contain any
one of the various formats of the NOVA instruction shall be referred to
as NI (0:15), wherein NI represents the abbreviation for NOVA Instruction
and (0:15) represents the abbreviation for bits zero through fifteen
inclusive. The Nova instructions should be considered as the input into
the Fetch module which will be the second section in this chapter.

In the presentation of the Fetch module, I will use a2 high-level
algorithmic language which will give the detajiled function the module should
accomplish upon invocation via the call statement from the FORTRAN inter-
preter (see Appendix A - Interpreter).

Since the next operation in the normal flow of the proposed emulation
in the Decoder module, I will present the rules of precedence to be used
in the module when constructing the Instruction Register (IR). I will
also present the algorithm to be used to emulate the subset of NOVA
instructions and functions I have chosen. The algorithms will be written
in an INTERDATA-like assembler language for the viewer's benefit as micro-
code is hardware directed and rather difficult to follow. (see Appendix

E - Assembler Op-Codes, Micro-coded Emulation).

NOVA Instruction Formats

The NOVA instruction set is basically divided into three categories



with reference to format. I shall not-present any discussion with regard
to I/0 instructions as they are treated as a special case as described
later in this report. The formats of the classes of instructions which

this emulator will receive as input are presented below.3

CODE

MOVE DATA INSTRUCTIONS

0 4 5 6 7 8 15
OP-CODE I X D

MODIFY MEMORY/JUMP INSTRUCTIONS

0 1 2 3 4 5 7 _8 9 10 11 12 13 15

OP-
1 S D CODE SH C N SK

ARITHMETIC AND LOGIC INSTRUCTIONS

Figure 3.1

Selected NOVA Instruction Formats

An explanation of the abbreviations used in the above figure of
selected NOVA formats is given below.

OP-CODE - this is a three bit field which specifies the function
reéuested. An exception to this rule is in the Memory/Jump instruction
which has a total of five bits. Bits three through four of the Memory/
Jump instruction further delineate the specific function desired.

A - this represents one of four general purpose accumulators available
for use by the application.

I - this field represents the address type, whether direct or indirect.
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X - this field specifies an index register, if any.

D - these eight bits represent the displacement.

1 - this is a constant indicating that the instruction is an
Arithmetic and Logic instruction.

S - this is an accumulator source address.

D - in the Arithmetic and Logic instruction, this represents the
accumulator destination address.

SH - this two bit field represents one of three possible shift
functions.

C - this two bit field represents one of three possible operations
that may be performed with respect to the Carry bit.

N - this is the No;Load funetion bit. If it is equal to '1'B, then
the loading of the Carry bit and accumulator is inhibited.

SK - this field represenﬁs one of eight possible functions with respect
to skipping the next sequential instructionm.

Because of the rather limited mmemonics of the NOVA imnstruction set,
it is quite easy to jump to the conclusion that the assembler is under-
powered or limited. However, further study of the capabilities of the
instruction set will reveal the fact that up to six separate operations
may occur in any given Arithmetic and Logic instruction making the emula-

tion of this phenomenon, at best, a complicated process.

The Fetch Module

With the input to the Fetch module described above, the function of
the Fetch module can be presented. As was previously mentioned in
preceeding chapters, the MINI-COBOL compiler utilizes a FORTRAN inter-

preter to read the execution tuples. The interpreter reads a tuple,
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and then branches to an address which contains a list of addresses of
NOVA assembler sub-routines in the order required to effect the operation
reqﬁested by the COBOL verb. (see Appendix A for a complete discussion
of this process).

At the point in the normal flow of operation described above
wherein the FORTRAN interpreter branches to an address containing a
list of addresses of NOVA sub-routines, I propose the following changes;

1) the branch to a list of address be replaced with a "call"
statement to the Fetch module;

2) the list of addresses be passed as an input parameter to
the Fetch module.

The effect of these proposed changes is that the Fetch will be
allowed to read the first binary NOVA instruction of the routine as
referenced by the parameter and it may then pass control to the Decoder,

such that:

(PARM., PARM ...PARMn)——-(ADR ADR ...ADRn)

1’ 2
PARM,...PARM
2 n

2
CALL “FETCH" USING PARM, ,
RETURN TO READ-NEXT-TUPLE

FETCH: EQUATE (INPUT, PARM,, PARM PARM )

1’ grees
READ (INPUT) AT END RETURN
(NI_BUFFER)+—-NI (0:15)
CALL "DECODE" USING NI_BUFFER
BRANCH TO FETCH

Figure 3.2

Fetch Algorithm
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The same techniques as presented above can be applied to facilitate
the virtual machine, in that, prior to using an instruction which uti-
lizés an address in main memory, a "call" can be made to the paging
routines which can resolve the address passed as a parameter and return
a real address as an argument so the instruction can be processed.2

1/0 instructions can be expedited in a manner similar to the afore-
mentioned, i. e., upon recognition of an I/O instruction, the Decoder
(in this case) will construct an SVC passing as an argument the buffers
involved. The computer (of the SVC) can pass the contents of these

buffers as a message to the computer acting as the I/0 device handler.2

The Decoder Module

As can be inferred from the preceeding section, the Decoder which
is the very heart of the proposed emulator, is the next topic of dis-
cussion in this report. Since the Decoder is the largest and most com—
plex module of the emulator, I will present it as a series of discussions
based upon the rules of precedence it must use. All algorithms presented
in this section will be written in an INTERDATA-like assembler language
for purposes of clarity. 1In the actual emulator, the algorithm will be

micro-coded instructions.

Rules of precedence.

When the Decoder is invoked by the Fetch module, it will receive an
iﬁput parameter, an entire NOVA instruction in binary format, to be
decoded. The Decoder, in turn, must examine the given instruction
according to the following rules of precedence:

1) Scan the instruction for the presence of indirection. If

indirection is present, then call the paging routine which will resolve
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the address involved into an effective address. Since one or more levels
of indirection may be involved, this particular sub-function may be invoked
several times until the indirect bit (NI (5)) is found to be 'Q'B.

2} Scan for the desired mnemonic and branch to the routine based on
the specific mnemonic requested. All routines use temporary work areas
identified in the corresponding code and R12 (the shifter).

3) Scan for the Carry function and based upon the particulars of
the mnemonic involved from step two above, load the Carry bit into a work
area identified as R15, as requested by the Carry function which is speci-
fied in R10 which represents NI (10:11).

4) Scan for the Shift function. If it is present, the Decoder
will branch to the proper routine based on the specific function requested.

5) Scan for the Load function (NI 5)). If it is equal to '0'B,
then branch to the routine which will load R12 to the Accumulator as
specified by Ni (3:4). 8Should the No-Load function be requested, the
Accumulators as specified by NI (1:2) and NI (3:4) will be unaffected and
will retain their original contents.

6) Scan for the SKIP function and branch to the routine which

shall effect the function requested by NI (13:15).

Emulation routines.

Using the rules of precedence as I have just presented and the register
assignments presented below, the following section will present an INTERDATA-
like assembler language algorithm for each NOVA instruction function that
will be used in this emulator (see Appendix E - Assembler Op Codes and Micro
coded emulation). As I have previously mentioned, I have chosen assembler
for purposes of clarity but, in the actual emulator, micro-coded instruc-

tions will be generated.
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RO - R3 - used as Accumulator Source (NI (1:2)) and Accumulator
Destination (NI (3:4)).

R4 - R5 - not used.

R6 - used as "Branch to" address.

R7 - used as '"'return" address.

R8 - used to hold number of shift positions and a general work
register.

R9 - used as a general work register.

R10 - contains the Carry function (NI (10:11)).
ﬁll - used as a general work register.

R12 - used as the NQVA Shifter.

R13 - used as a general work register.

R14

used as a general work register.

R15 - used as the Carry Bit of the Shifter.

Table 3.1

Emulation Register Assignments

1. EFmulation of the JSR

Upon encounter of the JSR operation code (NI (0:4)), the NOVA will
load the address of the next sequential instruction following the JSR
instruction into Accumulator three. It will then branch to the effective

address of the sub-routine as indicated by bits NI (6:15).

1 LH R6, (NI 6:15) LOAD "BRANCH TO" ADDR.

2 BALR R3,R6 BRANCH AND LINK REG.

Figure 3.3

Emulated JSR
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NI (6:15) is the effective address of the routine to which the branch
will occur. The Decoder must resolve the address as specified by bits
6:15 prior to loading Register 6. Register 3, emulating NOVA Accumulator
3, will have its previous contents destroyed by this instruction as it

will contain the "return" address.

2. Emulation of the JMP

The NOVA will load the next sequential instructions' address into the
Program Counter and branch unconditionally to the address specified by NI

{(6:15), when the JMP operation code is encountered in NI (0:4).

1l BAL R7, (NI 6:15) BRANCH TO EFFECTIVE ADR.
Figure 3.4
Emulated JMP

The address of the next sequential instruction is loaded into

Register 7. The Decoder must resolve the effective address as specified

by NI (6:15).

3. Emulation of the DSZ

The NOVA will subtract 1 from the contents of the location as speci-
fied by NI (6:15) and will place the result back into the location as
specified by NI (6:15). If the result is equal to zero, then the next

instruction in sequence will be skipped.

1 11 R12, (NI 6:15) GET AREA REFERENCED
2 SIS R12,X'01’ SUBTRACT ONE FROM AREA

3 BZ *+3 IF ZERO THEN SKIP NSI
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4 STH R12,(NI 6:15) PUT BACK RESULTS
5 B *+3 BRANCH OUT OF ROUTINE
"6  STH R12,(NI 6:15) - PUT BACK RESULTS
7 B FETCH BRANCH TO FETCH ROUTINE
Figure 3.5

Emulated DSZ

4, Emulation of the ISZ

The NOVA will add 1 to the contents of the location as specified by
NI (6:15) and will place the results back into the location as specified
by NI (6:15). If the results of the add is equal to zero, then the next

instruction in sequence will be skipped.

1 LH R12, (NI 6:15) GET AREA REFERENCED

2 AlS R12,X'01"' ADD ONE TO AREA

3 BZ *+3 EQUALS ZERO, SO SKIP

4 STH R12,(NI 6:15) PUT BACK RESULTS

5 B *+3 VBRANCH OUT OF ROUTINE

6 STH R12,(NI 6:15) PUT BACK RESULTS

7 B FETCH BRANCH TO FETCH ROUTINE
Figure 3.6

Emulated ISZ

The Decoder must resolve NI (6:15) into an effective address. Once
this has been accomplished, 1 will be added to the area referenced and

the results compared to zero. If the result is zero, the contents are
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restored to the area referenced and the next sequential instruction is

fetched. Otherwise, the results are restored and the flow continues.

5. Emulation of the LDA
The NOVA will load the area of memory as referenced by NI (6:15)

into the Accumulator specified by NI (3:4).
1 1H (NI 3:4), (NI 6:15) LOAD REG. FROM MEM.

Figure 3.7

Emulated LDA

The Decoder must translate NI (3:4) into a hexadecimal digit 0 - 3,
then it must resclve the address of the area of main memory as represented
by NI (6:15). The contents of the area referenced will then be loaded

into the Register specified by NI (3:4).

6. FEmulation of the STA

The NOVA will load the contents of the Accumulator as referenced

by NI (3:4) into the area of main memory as specified by NI (6:15).

1 STH (NI 3:4), (NI 6:15) STORE ACUM.

Figure 3.8

Emulated STA

The Decoder must translate NI (3:4) into a hexadecimal digit 0 - 3.
Then the Decoder must resolve the address as specified by NI (6:15).
The contents of the Register specified will be loaded into the area

referenced.
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7. Emulation of the ADD

The NOVA will add the contents of the Accumulator as specified by
NI (1:2) to the contents of fhe Accumulator as specified by NI (3:4)
and will place the'result in the Shifter. 1If the sum is equal to or
greater than 2E16, then the value specified by NI (10:11) will be com-
plemented as the Carry bit; otherwise, the value as specified by NI

(10:11) will be used as the Carry bit.

1 LHR R12,(NI 1:2) GET ACCUM. SOURCE

2 LHR R13, (NI 3:4) GET ACCUM. DESTINATION

3 AHR RI12,RI3 ADD THE ACCUMULATORS

4 CLHI R12,X'FF’ GREATER OR EQUAL 2E167?

5 BNC *+3 YES

6 LH R10, (NI 10:11) KO, GET CARRY FUNCTION
7 B *+3 BRANCH OUT OF ROUTINE

8 LH R10, (NT 10:11) GET CARRY FUNCTION

9 XHR R10,X'03’ COMPLEMENT CARRY FUNCTION

Figure 3.9

Emulated ADD

The contents of NI (1:2) and NI (3:4) must be translated into
hexadecimal digits 0 - 3. The Decoder will then load the contents of
these registers into R12 and R13, respectively. The registers are then
added into R12 and the result checked to determine if it is equal or
greater than 2El16. If it 1s, then the Carry function (NI (10:11)) is
complemented into R10; otherwise, the Carry function is loaded into

R10 unaltered.
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8. Emulation of the SUB

The NOVA subtracts by adding the twos complemené of the number from
NI fl:Z) to the number from NI (3:4) and will place the result in the
Shifter. If the number in the Accumulator specified by NI (3:4) is
greater or equal to the number in the Accumulator specified NI (1:2),
then the complement of the value specified by Carry function (NI (10:11))
will be supplied; otherwise, the value of the Carry function as given will

be supplied to the Carry bit.

1 LHR R12, (NI 1:2) GET ACS INTO R12

2 XHI R12,X'FF' COMPLEMENT IT

3  AHI R12,X'01' ADD ONE TO MAKE 2'S COMP.
4 LHR R14, (NI 3:4) GET ACD INTO R14

5 CHR RI14,R12 ACD G.E. ACS?

6 BC *+4 NO, GO LOAD CARRY

7 LE  R10, (NI 10:11) YES, GET CARRY FUNCTION
8 XHI R10,X'03’ COMPLEMENT IT

9 B *42 GO ADD

10 LH  R10,(NI 10:11) GET CARRY FUNCTION

11  AHR R12;R14 ADD ACS TO ACD

Figure 3.10

Emulated SUB

NI (1:2) will be translated by the Decoder into hexadecimal digit
0 - 3. The contents of the register specified will be loaded into
Register 12 where it will be formed into the twos complement. Register

12 is then added to the contents of R14 which holds the number specified
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by NI (3:4). If Rl4 is greater or equal to R12, the Carry function is

complemented; otherwise it is loaded as specified by NI (10:11) into R10.

9. Emulation of the AND

The NOVA will logically "and" the contents of the Accumulator speci-

fied by NI (1:2) with the contents of the Accumulator specified by NI

(3:4).
1 LHR R12, (NI 3:4) GET ACD INTO R12
2 LHR R13, (NI 1:2) GET ACS INTO R13
3 NHR R12,R13 . AND INTO R12
& LHR R10, (NI ;O:ll) PUT CARRY FUNCTION IN R10

Figure 3.11

Emulated AND

The Deccder must translate NI (1:2) and NI (3:4) into hexadecimal
digits 0 - 3. The contents of the Accumulators as specified by NI (1:2)
and NI (3:4) are loaded into R13 and R12 respectively. The contents

are "ANDed" into R12 and the Carry function is loaded into R10.

10. Emulation of the COM

The NOVA will logically complement the contents of the Accumulator
as specified by NI (1:2) into the Shifter and place the value as speci-

fied by the Carry function into the Carry bit.

1 LHR R12, (NI 1:2) LOAD ACS INTO R12

2 xHI R12,X'FF' LOGICALLY COMPLEMENT R12

3 1H R10, (NI 10:11) LOAD CARRY TO R10
Figure 3.12

Emulated COM












































































































































































































































































































































































































































































































































































































































































































































































































