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ABSTRACT

Contextual classifiers are being developed as a method to exploit the
spatial/spectral context of a pixel to achieve accurate classification.
Classification algorithms such as the contextual classifier typically re-
quire large amounts of computation time. One way to reduce the execution
time of these tasks is through the use of parallelism. The applicability of
the CDC Flexible Processor system for implementing contextual classifiers is
examined. Extensive testing on @ CDC Flexible Processor simulator was done.
Results show a dramatic increase in throughput can be obtained using the CDC

Flexible Processor array.



1. INTRODUCTION

Since man has been able to fly, he has attempted to gain information
about the earth from above. Over the past decade, attempts to extract infor-
mation from multispectral image data have proved increasingly successful.
Traditional methods of pattern recognition applied to individual picture
elements have yielded accurate results; however, greater accuracy can be ob-
tained if contextual information is also employed. Accuracy has been in-
creased by up to 55.8% using contextual methods [101. Becausé the computa-
tional requirements of the contextual classifier are very large, convention-—
al computer systems are not able to handle the processing on a real time
basis [10]. One way to reduce the execution time of these tasks is through
the use of parallelism.

Various parallel processing systems that can be used for remote sensing
have been built or proposed. These include pipelined processors E11, mul-
timicrocomputer systems [8,91, and special purpose systems [4]1. The Control
Data Corporation (CDC) Flexible Processor system [1,2,3]1 is a commercially
available multiprocessor system which has been recommended for use in remote
sensing [5]. The Flexible Processor system includes up to 16 separate pro-
cessing units called Flexible Processors. In addition to the Flexible Pro-
cessors, a typical configuration might consist of: a CDC Cyber 170 series
computer, a system controller featuring a Cyber 18-20 computer, up to 64K
bytes of bulk memory per Flexible Processor, and a high speed data transmis-
sion structure called a ring [5]. 1In depth discussion of both hardware and

software aspects of the Flexible Processor system can be found in Chapter 2.



There is a simulator for the Flexible Processor array written in the ¢
programming Language [6]1, which runs on the UNIX operating system. The
simulator resides in 64K bytes of main memory, and 161280 bytes of secondary
storage during the simulation of 16 Flexible Processors. Further discussion
of the simulator is in Chapter 3 and Appendices 1, 2, and 3.

The main computation required by the contextual classifier resembles
the Gaussian maximum Likelihood classifier. Since the maximum Likelihood
classifier is considerably less complicated, the software development re-~
quired for the contextual classifier was based on the maximum Likelihood
classifier. The Logic behind the maximum Likelihood classifier, the use of
a multiprocessing system to execute a maximum Likelihood classifier, and a
timing analysis of the maximum Likelihood classifier can be found in Chapter
4,

Contextual classifiers are discussed in Chapter 5. A description of
the contextual classifier, a serial algorithm, a multiprocessor implementa~
tion classifier, and timing analyses are given. '

In Chapters 4, 5, and 6, timings of ;;;_ Gaussian maximum Likelihood
’classifier and the contextual classifier are presented. Both classifiers
currently run on the Flexible Processor simulator as discussed in Chapter 3.
Chapter 6 draws conclusions on the usefulness of the Flexible Processor ar-

ray for performing contextual classifications.



2. OVERVIEW OF THE FLEXIBLE PROCESSOR ARRAY

2.1 The Hardware

2.1.1 Introduction
Key elements of the Flexible Processor are discussed first. The focus
is on the Flexible Processor, which is the basic building block of the Flex-

ible Processor System. Further details are in [2,3].

2.1.2 The CDC Flexible Processor

The basic components of a Flexible Processor are shown in Figure 2.1.
Each Flexible Processor is microprogrammable, allowing parallelism at the
instruction level. An example of the way in which N Flexible Processors may
be configured dinto a system is shown in Figure 2.2. There can be up to 16
Flexible Processors linked together, providing much parallelism at the pro-
cessor Llevel. The clock cycle time of an Flexible Processor is 125 nsec
(nanoseconds). Since 16 Flexible Processors can be connected in a paratlel
and/or pipelined fashion, the effective throughput can be drastically in-
creased, resulting in a potential effective cycle time of Less than 10 nsec.

A central feature of the Flexible Processor is its dual 16-bit internal
bus structure, enabling the Flexible Processor to manipulate either 16~ or
32-bit operands. If 32-bit operands are used, the Flexible Processor can be
programmed to execute floating point routines (on its integer hardware)
based on the floating point representation of such systems as the IBM 370
and the PDP-11/70. If the needed data width is 16 bits, the Flexible Pro-
cessor can be programmed to perform different operations on each of the

16-bit words simultaneously.
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2.1.3 Register Files

In each Flexible Processor, there are two files of registers, one
called the temporary register file and the other the Llarge register file.
Both are divided into 16-bit addressable subunits. If the needed path width
is 16 bits, the two files can act Llike four files, thus creating more ad-
dressable space. A special feature of the temporary file s its two
separate read and two separate write address registers. This can save much
CRU time 1in many types of matrix operations. The large register file has
its own two read/write address registers. It is possible to do either a
read or write to either file and simultaneously increment (or decrement) the
address register. The temporary file is 16 words, 32 bits each, while the
targe file is 4096 words, 32 bits each. ALL of the register files consist

of 60-nsec random-access memory.

2.1.4 Registers and Arithmetic Units

Details of the architecture of an Flexible Processor are shown in Fig~
ure 2.3. There are three 32-bit general purpose registers called the E, F,
and G registers. ALl of these registers are connected to the arithmetic
togic unit (ALU), which can perform 32-bit additions in 125 nsec. The E and
G registers are readable directly through the ALU. The general purpose re-~
gisters can be shifted separately, or the E and F registers can be combined
into a 64-bit shift register for double-length shifts. The output of the
ALU is a 32-bit register, A, ‘that is addressable by byte (8 bits). This
makes a variety of byte manipulations possible. Separate from the ALU is a
hardware integer multiplier, which takes two bytes and multiplies them to
produce a 16-bit result in 250 nsec. The input registers are the P and @
registers, which are each 16 bits wide. The user can choose which two bytes

are to be multiplied. The Flexible Processor is equipped with four index
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registers and eight corresponding compare registers. The dndex registers
can be used for Llooping and can be incremented or decremented during any
statement not addressing those registers. The Flexible Processor also .con-
tains a hardware jump stack, so it is capable of handling standard types of

program calls such as subroutine jumps.

2.1.5 Micro-~memory and Input/Output

The micro—memory consists of 4K 48-bit words. It stores the micropro-
gram. Each Flexible Processor in a system can contain a different program.

Input/Output (I/0) for the Flexible Processor depends on the overall
system (i.e., the Flexible Processor array and its host machine). An Flexi-
ble Processor is capable of interrupting another Flexible Processor for 1/0.
I/0 among the Flexible Processors 1is done one of two ways. The first is a
very high speed communication link, arranged in a ring configuration [2,31.
It operates at four mega—-words (16-bits per word) per second. Each Flexible
Processor has a station on the ring, and each station on the ring 1is con-
nected to two other stations. When an Flexible Processor does a write to
the ring, it gives 16 bits of data and the address of the destination. If a
station receives data for another address, it shifts the data to the next
station. This is continued until the data reaches the correct station.
Special hardware has been added to remove data from the ring in the event of
a station failure. The data is loaded dinto the "input file.” This 16
32-bit/word register file can be used as a small buffer. Another form of
I/0 is through up to 16 64k-byte banks of shared 160-nsec memory. This is
not as Tfast as the previous method; however, for large data transfers, it
frees the ring for other communications, as well as providing a Suffer

between Flexible Processors.



2.1.6 Microprogramming of the Flexible Processor

The Flexible Processor is micr6~programmed in  "micro—-assembly
language,” allowing parallelism at the instruction level, as indicated in
the Flexible Processor coding form shown in Figure 2.4. For example, it is
possible to conditionally dincrement an index register, do a program jump,
multiply two 8-bit integers, and add the E and G registers, all. simultane-
ously. This type of operational overlap, in conjunction with the multipro-
cessing capability of the Flexible Processors, greatly increases the speed

of the Flexible Processor array.

2.1.7 A FLexib{e Processor Image Processing System

Figure 2.5 is provided as an example of one possible Flexible Processor
array configuration [5]1. The setup of this system has many desirable
features for picture processing. The parallel-pipelined architecture of the
Flexible Processors enables the system to do rapid matrix multiplications.
There are image displays attached, so it is possible to view the pictures.
The two 800~bpi tape drives, along with the 50M disk unit, contain enough
storage space for jobs that require large amounts of memory. In addition,
the system can handle up to eight terminals on its resident operating system
(called ICE). Batch jobs can also be run from its 300-card-per-minute

reader,

2.2 The Software

2.2.1 Introduction
The host for the Flexible Processor system is programmable in FORTRAN.
Flexible Processor programs written in assembly language can be called from
the FORTRAN library, enabling the calling programs to be written in FORTRAN

[5]. The average user, then, will not have any contact with the Flexible
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Processor assembly language, making-ﬁpe use of the system much easier. If
the neceséary Flexible Processor .routines exist, data analysis packages,
such as LARSYS, which are written in Fortran can, with very simple modifica-
tions, run on the Flexible Processor system. The rest of this section over~
views how to program an Flexible Processor at the micro—assembly Llanguage

level,

2.2.2 Registers
" The three general purpose registers (E, F, and G) are each divided in
halves because they are 32 bits wide and the busses are only 16. The most
significant bits of the registers are referred to as the "one" group and the
least significant bits are referred to as the "zero" group. For example, the
mést_significant bits of the E register are called E1, and the least signi-
ficant bits of the E register are called ED.

The ability to address registers in groups of 16 bits allows one to ad-
dress halves of two separate registers simultaneously. For example, if one
wished to write into the upper 16 bits of the F register and the Llower 16
bits .of the G register, the pair would be referred to as F1G0 in the com~
mand. Both will get the same data, but they will get it in one machine cy~
cle instead of two. This increases throughput when, for example, loading in~

itial conditions.

2.2.3 The Transfer Constant Instruction
These régisters can be loaded with a constant using the Transfer Con~
stant (TC) instruction. Figure 2.4 shows the coding form. Line three gives
the form of the TC dinstruction format. Omitting the AAAA and the comments,

the basic form of the instruction is:

TC $HHHH DSTO DST1



- 13 -

The $ tells the assembler that the four following digits are to be inter-
preted as hexadecimal. This command places the constant on both data Llines
to enable the loading of two registers simultaneously. The DST (destination)
is filled in by an appropriate register which can read off the corresponding
bus. Not all registers can provide data to (“source") or receive data from
("destine") both busses. For example, F1 can not read (destine) bus 0, the E
and G registers can only be sourced into the arithmetic logic unit, the
E1 and GO registers can read only from bus 1 [3]1. Some examples of correct

TC instructions are:

TC $FFA8 E0G1 F1GO,
TC $0100 EO GO
. TC $0101 E0  NOP .

The first command in the example transfers the hexadecimal constant FFA8 to
the sixteen-bit registers E0, F1, GO, and G1. The second command transfers
the hex constant 0100 to the EO and GO registers. In the third command, the
NOP indicates bus 1 1is not used. Note that while it is not possible to
source two different registers at the same time, it is possible to destine

two registers off the same bus.at the same time.

2.2.4 The Transfer Register Instruction
Another way in which the registers can be used as a source of informa-
tion is in the Transfer Register (TR) instruction. This is the fourth format

shown in Figure 2.4. The basic format of the instruction is:

TR SRCO DSTO SRC1 DST1

This dnstruction tells the computer to source the register in the SRCO field
to bus 0 and to use the register(s) in the DSTO field as the destination(s).

In the event that the other bus is not to be used, a NOP must be placed in
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both the SRC and DST fields corresponding to that bus.

2.2.5 Using the Temporary Files

A special feature of the temporary register files, discussed in 2.1.3,
is that it has separate read and write indices. The indices are TORA, TOWA,
TIRA, and TIWA, which stand respectively for Temporary file 0 Read. Address,
Temporary file 0 Write Address, Temporary file 1 Read .Address, and Temporary
file 1 Write Address. Each .is four bits in length. When using the temporary
files, one wusually idnitializes the index value and then uses special in-
structions to increment, decrement, or clear these registers while doing
other .operations. When storing information to a temporary file, the mnemon-—
ic used is TFxf, where x is +the file number and f is the function to
be performed. The following 1is a Ulist of the available functions:
increment the corresponding index
decrement the corresponding index

zero  the corresponding index
perform no operation on the index.

=20 o

The machine will wupdate the read or write address depending on the context
used, i.e., 1if a temporary file 1is used as a source, the read address will
be assumed, and if it is used as a destination, the write address will

be assumed. Some examples are as follows:

TC $0101 TFOU TF1D
TC $0101 TFON TF1C
TC $0101 TFOC TF1C

In the examples, the hex constant 0101 is stored in the temporary file while

the write pointer is incremented, decremented, unchanged, and cleared.
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2.2.6 Using the Large Files
The large files, discussed in Section 2.1.3 have only one pointer per
file, but are accessed in the same manner as the temporary file. To access a
file, the format is LFxf, where x is the file number and f is thé function
to be performed on the file. The functions performed are the C, D, and N as
defined in Section 2.2.5 and A which adds index register 0 to the
corresponding index and uses that location as the desired address. The in-

struction
TC $0101 LFOU LF1D

would store the hex constant 0101 in large files 0 and 1 while incrementing
the pointer for large file 0 and decrementing the pointer for large file 1.
The length of the large file pointers is 10 bits. Large file pointers are
called LOA and L1A. Both the large file and the temporary files pointers can

be accessed in the same manner as standard general purpose registers.

2.2.7 Programming the Arithmetic Logic Unit

In the TR instruction there is a field labeled ADD (see Figure 2.4).
This field controls the function of the ALU. Output from the ALU is avail-
able as the A (accumulator) register, which can be sourced in the same
manner as the F and G registers. In the event that the A register is not
sourced, the result is moved to the FO-F1 register pair. One feature of the
A register is different from the other general purpose registers in that it
is byte addressable. This ability makes it one of the most powerful regis-
ters on the machine. Figure 2.6 is a Listing of the ALU mnemonics and a
brief interpretation of their meanings. It is important to remember that it
is possible to micro-program this machine; thus there are many possibili-

tijes that are not in the mnemonic set. This is the extent of the assembler
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Mnemonic: Function: comments:

ADD A=E+G Twos complement add the. £ and G regs.
AND A=EG Logical AND the E and 6 registers.
£ A=E This is the method for sourcing the

E register, making it possible to get
data to either bus from the E register.

E+1 A=E+1 This makes it possible to increment,

E-1 A=E~-1 decrement, and double the E register

E+E A=E+E without ever having to load a con-
stant.

E-G A=E-G Twos complement subtract the E and: G

register pairs.

E=G A=E-G-1 The Flexible processor has a branch
if negative command. If the E regis—
ter is Lless than or equal to the G
register, this will branch.

EN: A='E Logically complement the E register
(E NOTD.

G ' A=G This makes it possible to use the G
register as a data source to both
busses.

GN A='G Logically complement the G register.

OR A=E+G Logically OR the € and 6 registers.

SB1 =E-G Ones Complement subtract the G
register from the E register.

SET A=E+'E Set A to all ones.

XOR A=E+G EXCLUSIVE OR E and G registers.

ZRO A=E'E Load A register with all zeros.

Fig. 2.6.

Complete Listing of the ALU Mnemonics.
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mnemonics for the ALU, but there are more commands. Figure 2.7 shows a
Listing of the entire command set. To be able to use this Llist, first type
either an A or a L (for arithmetic or logical) and then a C or a N (for car-
ry or no carry). The A(L) determines the basic function type. The C(N)
further determines the type of function by determining the type of carry.
With the above, it 1is possible to use Figure 2.7 to determine the exact
function number desired. The only other entity necessary dis the function
number (from 0 to F). Thus an ANF describes the arithmetic function in the
no carry portion of the table that is in the fifteenth row. ALL three of
the function descriptors are places in the column Labeled ADD (see Figure
2.4).

As shown in Figure 2.3, the A register is divided into four bytes num-
bered zero through three. 1f A0 is sourced, bytes 0 and 1 will be obtained.
Likewise, sourcing A1 will yield bytes 2 and 3. If bytes 1 and 2 are needed
together, adding an SW (which stands for SWap bytes) to the end of AD will
yield the desired result. If bytes 0 and 3 are needed, adding an SW to the
end of A1 will yield the desired result. Thus, AOSW is the correct way to
address bytes 1 and 2.

Another feature of the AD and A1 registers is that they can do a right
shift, preserving the signs of the registers. This is accomplished by conca-
tenating a RS (Right Shift) at the end of the desired register. It is pos-
sible to do a right shift in conjunction with a byte swap. The ALU has the
ability to shift a byte of zeros into either (or both) of the AD and A1 re-~
gisters. This 1is accomplished by shifting both accumulators right by one
byte, and loading the upper byte of the pair with zeros. The mnemonic for
this is a RZ (Right shift Zero fill) concatenated at the end of the byte

pair desired. Figure 2.8 is a list of the possible combinations of the ac-
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Arithmetic Operations

0 F
1 F
2 F
3 F
4 F
5 F
6 F
7 F
8 F
9 F
A F
B F
c F
D F
£ F

F F

'E

'"[E+G]
['e 6]
L'F F]
'[EG]
"6l
[E'G+'EG]
Ce'6l
L'E+G]
[*E'G+EG]
G

[EG1
CF+'Fl
CE+'G]
E+G

E

No Carry With Carry
F=E F = EH

F = LE+G] F = [E+G]+1
F = [E+'G] F = LE+'6I+1

F =-1(2's comp) F =10
F = E+[E'G] F = E+[E'6I+1

F = [E+GI+[E'G] F = [E+G+E'GIH

F = E~G-1 F = E-G

F = [E'G1~1 F = [E'6]

F = E+[EG] F = E+[EGI+
F = E+G F = E+G+1

F = CE+'GI+EG F = ['E"G+EGIH

F = [EGI-1 F = LEG]

F = E+E F = E+E+]

F = [E+GI+E F = [E+GI+E+]
F = [E+'6I4E F = [E+'GI4E+]
F = E-1 F=E

[J - contains only logical operations.

Fige 2a.7.

Complete ALU Instruction Set
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cumulators and the above operations [31. The bus numbers are omitted be-
cause they can be sourced to either bus. Shift is done before swap. BO, B1,

B2, and B3 indicate the four bytes of the A register.

2.2.8 The Index Registers

In the dijagram of the machine structure (Figure 2.3), there are four
index registers, four index compare registers, and four condition mask re-
gisters. None of the registers can be sourced for their contents alone. In-
dex vregister 0 and 1its corresponding compare register are 16 bits long,
while all the others are only eight bits long. The IDPX field, shown in Fig-
ure 2.4, is the field that controls the operation of the indices and their
compare regigters. An INx command, where x is one of the index registers,
uill‘ increment index register x. A DCx will decrement index register x
by one, while a CLx will clear index register x. CLA wi}l clear all regis-
ters. The Index compare registers (see Figure 2.4) are used to hold values

to be compared to the index registers.

2.2.9 Conditional Operations
The condition mask registers control the condition to be used. These
registers do not have a one-to-one correspondence to the index reéisters.
Figure 2.9 is a Llist of the functions used in the current software (a full
listing, appears 1in [31), The lengths of the registers are shown in Figure

2.3.

It is possible to test for the conditions in Mask Register 0 by placing
a TN in the CND (CoNDition) column. Figure 2.4 shows the Llocation of the CND
column in the coding form. To test for the logical "not" of the condition

stored in Mask Register 0, an FN is placed in the CND column. To test for
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Source Source Bus A Bus B
A field B field .
AD A1 B1 80 83 B2
AQ A1RS Illegal
AD A1RZ Itlegal
AD A1SH Illegal
AORS Al Illegal
AORS ATRS LS B1 Uus B3
AORS A1RZ z B1 Us B3
ADORS A1SW B2 B1 uUs B3
AORZ A1l Illegal
ADRZ A1RS LS B1 Z B3
AORZ A1RZ Z B1 z B3
AORZ A1SHW B2 B1 z B3
AOSHW A1 Illegal
AOSHW A1RS LS B1 BO B3
ADSHW A1RZ 4 81 80 B3
AOSW A1SH B2 B1 B0 B3

Condition Mask Reg O

Z -one byte of zeros

LS-sign of lower two
Us-sign of upper two

Fig. 2.8

bytes
bytes

ALU Source Mnemonics.

Condition Mask Reg 3

EQO negative
E1 negative
FO negative
F1 negative
GO negative
G1 negative

ALUQ negative
ALU1 negative

Index
Index
Index
Index
Index
Index
Index
Index

Fig. 2.9.

Compare
Compare
Compare
Compare
Compare
Compare
Compare
Compare

reg0
reg0
regtl
regl
reg?d
reg?2

[l SO T SO I N

Conditional Mask Functions Implemented
on Simulator.

index
index
index
index
index
index

“index

index

WHWNVNN2-=00
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the condition in Mask Register 3, an AD is placed in the CND column. Furth-
ermore, the AD must be placed at least two instructions after an increment
or decrement of the register in question. If the condition tested is true,
the current instruction is executed.

The ability to conditionally execute a statement enabLes a conditional

program jump. Recall that the basic form for a TC statement is:
TC $HHHH DSTO DST1

If DSTO is the MAR (Memory Address Register), then after execution of the
next statement, the Flexible Processor will do a conditional jump to the
value indicated by the hex constant, which can be a program Label.

The following is an example of a conditional jump to hex address 1234:

TC $0001 NOP CMR3
TC AD $1234 MAR NOP

The first statement will set the condition mask, while the second statement
will jump to memory tocation 1234 if IDX0 = ICRO. To do an unconditional

program jump, omit the AD. The following:
TC NEXT MAR NOP

will jump to the program Label NEXT. Since the MAR and instruction fetch of
the Flexible Processor are buffered, it is impossible to do an immediate
program jump. This adds Little complication to the programming, except that
the step to be executed before the jump is placed after the actual jump
statement. It is very important, when reading source code for the machine,

to remember that the order of execution is reversed.

The Flexible Processor contains two program status words. One c¢an be

user loaded and 1is called .PAST. The other contains the current program
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status word and is called NO?.

2.2.10 Subroutine Calls, Program Jumps, and the Stack

As shown in Figure 2.3, there is a 16=by-12-bit stack called the return
jump stack. This is a typical buffer which is used to hold return. addresses
as well as temporary data. As indicated in Figure 2.4, there is a field
labeled RJ. This controls the return jump stack. There are threer possi-
ble commands for the stack. SR (SubRoutine jump) will take the current
value of the MAR (which 1ds. pointing to the next statement), increment
it by one and store the result on the top of the stack. This will be the
return: address. JP  (JumP  return) takes the current top of stack and
places it in the MAR. DF (belete First dtem) will delete the top qé
the stack. The JP does not perform the delete function. Another feature
of the SR, JP, and DF 1is that they all trap out interrupts.

) The MAR is buffered, so all operations that seem to be performed on the
MAR are actu?LLy performed on the buffer. One program cycle is needed to
dump the buffer into the MAR. This makes the micro-assembly lLanguage some-
what confusing, as the Flexible Processor will execute the statement immedi-
ately following any modification to the MAR. For simplicity, the examples
use a NOPﬁfoLLouing a jump. In actual practice, however, this will be re-
placed by a statement that is more productive.

A typical subroutine jump Llooks Llike the following:

(Fields) type RJ  SHHHH  DSTO DST1

Label TC SR $1234 MAR  NOP
TC NOP NOP  NOP

The above routinie will store label+2 on the stack, execute the NOPs, and

jump to the hexadecimal Location 1234. A typical subroutine return Looks
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tike the following:

(Fields) TYPE RJ  SHHHH DSTO DST1
Tc JP NOP  NOP  NOP
TC DF NOP NOP  NOP

This will take the top of stack, place it in the MAR, and then delete the
top of stack. Since the CND field is valid on all types of instructions, it
js possible to do a conditional subroutine jump just by placing the condi-
tion in the conditional field. The result looks like:

(Fields) TYPE CND RJ  S$HHHH DSTO DST1
TC AD SR  $1234 MAR NOP

This will store the value of the return address, execute the next

statement, and continue execution at location 1234.

2.2.11 The Hardware Multiply

The only remaining functional unit to be discussed is the hardware mul-
tiply. As shown in Figure 2.3, the inputs are the P and Q registers, which
are each 16 bits in length. The result of the multiply is a 16 bit product,
which can be the result of the multiplication of any two bytes. This is the
onty case where the same byte can be sourced twice. The mnemonics for the
addressing is L for the Llower byte, and U for the upper byte. Thus, to
multiply the lower byte of the P register by the upper byte of the @ regis-—
ter, a PLQU would be placed in the MULT field. Caution must be taken
when a multiply is initiated. A multiply takes two machine
cycles before the result can be sourced. If an interrupt is received
before the result dis ready, the result will be Llost. To prevent
such loss, it 1is necessary to trap out all interrupts. This is accom-
plished as follows: whenever a multiply is done, an SR 1is placed in
the RJ column of the first statement of the multiply, and a DF is placed

in the RJ column of the second multiply statement. The net result is to
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push a return address onto the stack and then pop it off the stack. This
will trap out interrupts as needed. ‘Further caution must be taken in that
the RJ stack 1is only 16 units Llong, so overflow is possible.
If overflow occurs, no error will be flagged. The following is a routine

to square the lower byte of the Q@ register.

(Fields) type RJ MULT  $HHHH SRCO DSTO  SRC1 DST1

TC SR eLaL  $0057 MAR NOP
TR DF QLQL MULT FO MULT F1

This not only does a multiply, but it alsc does a program jump and traps -in—
terrupts all at the same time, showing how +this machine obtains
very high processing speeds. (Consider that each program step takes ..125
micro~seconds.) If more precision is desired, the foillowing algebraic 'rule

can be used:

(a+b)*(c+d)=act+ad+bet+bd.

This rule can be modified to the byte level, yielding the 32- bit result in

under three micro-seconds L[71.

2.2.12 Bus Registers
The two registers in Figure 2.3 labeled BRGD .and BRG] are the bus re-
gisters. Normally these are used for breakpointing. It is possible to use
these registers for general purpose registers (if no breakpointing is need-
ed). To write into these registers, BRG) and BRG1 are put into the respec-—
tive columns, while to read from these registers, BSRO .and BSR1 are put into

their respective columns.
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2.2.13 Shifting Data

The SH field of an instruction is shown in Figure 2.4. The OEINC,
OFINC, and OGINC fields determine what type of shift is to take place (left
or right, circular or not, padded with ones or zeroes or data from the pro-
gram status word). The P field determines the Precision of the shift. If
the P field is set to S, all of the registers are treated as separate regis-
ters; however, if the P field is set to D (Double precision), the E and the
F registers are tied together as one register for the shift. There are com-
mands that not only determine the data to be shifted, but they also control

the conditions under which the shifts are done [3].

2.2.14 Input/Output to the Flexible Processors
Input/Output (I/0) is one of the most complicated parts of the entire

Flexible Processor system. I/0 must occur in one of the following forms:

1. Flexible Processor to host
2. Flexibte Processor to Flexible Processor
3. Flexible Processor to MOS RAM (shared bulk memory).

For large amounts of data requiring Flexible Processor to Flexible Processor
communication, FP to MOS RAM is the most reasonable form of data transfer.
If the high-speed communication link, as described in 2.1.5, is used, there
is only a buffer for 16 words of information. This requires very closely
timed algorithms, as any error would result in the loss of data. Each Flex-
ible Processor is connected to four 16-bit channels, which are called Direct
Storage Access (DSA) channels. E£ach of the channels is connected to four
banks of 250 nsec MOS RAM. Each bank of MOS RAM is addressed by bank and
channel. Different banks on varjous channels may be shared. For example,
bank 1 on channel 3 may be the same as bank 2 on channel 1. The Flexible
Processor is capable of choosing a bank and address to which atl the chan-

nels are linked through four S registers (Storage location) and B (Bank) re-
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gisters. Since the RAM memory is much slower than the clock cycle, the read
is done in two stages. The, first stage sends the address to the MAR of the
specified bank. Upon completion of a read, the Flexible Processor will au-
tomatically increment the MAR of the specified bank by one. Within the next
four cycles, the data will appear in the ZIx register, where x is the channel
number (see Figure 2.3). The data will remain in the Ix register until the

next read is initiated. In the event of a "memory bank busy," or '"data not

ready," the Flexible Processor will automatically wait for two machine cy-~
cles, after which it will repeat the process. To do a write, the data is
sourced directly to the MBR (Memory Buffer Register) of the memory bank
corresponding to the bank register. (A write is a one stage process.) The
Flexible Processor 1is programmed to do I/0 through the I0 statement type.
Figure 2.4 shows the form of the statement. The IO statement is similar to
the ‘TR statement in that arithmetic calculations can be done simultaneously
Wwith I1/0. The following statements show how to initialize the S and B ;egis-
ters. (The S and B registers are linked together so that they can be load-

N

ed in one statement.)

I0 CND IDPX RJ MULT ADD SRCO SRC1 IO CHDO CH1 CH2 CH3

10 ZRO AD AT DS Ls 1S ©s TS
10 FO FO DS LB 1B LB LB
10 DF PLQL MULT MULT DS LSB LSB LSB LSB

The first statement loads all four S registers with 0000. The second
loads all four B registers with the contents of FO. The third loads all
four S and B registers with the output of the multiplier. The DS stands for
DSA I/0. The leading L in the channel column stands for Lload.

After dinitializing the S and B registers, the read needs to be ini-
tialized, which is done by placing an R in the channel field of the channel

to be read. Four cycles later, the data (or a wait) should appear in the
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IZx register. To do a write, a W is placed in the channel fields into
which the data 1is to be written. The data to be sourced is in the source

fields.

2.2.15 Interrupts

With 1/0, interrupts are often needed. The Flexible Processor has the
ability to handle up to 16 different interrupts [2,3]1. The Flexible Proces-
sor can interrupt itsetf, the host and other Flexible Processors. While
processing an interrupt routine, the Flexible Processor sets a flip-flop in-
dicating that an interrupt is being processed. This traps out all Lower
priority interrupts. The dnterrupt flip-flops are reset when the program
returns to processing the original routine, or until a zero is stored in the

interrupt register.

2.3 Conclusions
This has been an introduction to the parts of the Flexible Processor
and the parts of the instruction set that will be used in the Gaussian max-
imum Llikelihood classifier and contextual classification algorithms dis~-
cussed in Chapters 4 and 5. For further documentation, consult the CDC

Flexible Processor Textbook [31].



- 28 ~

3. THE FLEXIBLE PROCESSOR ARRAY SIMULATOR

3.1 Introduction

Each Flexible Processor has a complicated microprogrammable internal
architecture. This was overviewed in Chapter 2. As stated earlier, an ad-
vantage of this microprogrammable architecture is that it allows parallelism
at the instruction level. This makes user verification of the correctness of
Flexible Processor algorithms and accurate mathematical timing analyses of
¥hese algorithms very difficult. Thus, in order to debug,Averify, and time
Flexible Processor algorithms, a simulator and micro-assembly language as-
sembler for an array of Flexible Processors have been developed. The simula-
tor and assembler run under the UNIX operating system on a PDP-11 series
computer, which has been used successfully to program a maximum likelihood
classifier, as discussed in Chapter 4, and a contextual classifier, as dis~-
cussed in Chapter 5. The simulator displays the contents of the Flexible
Processor registers on a terminal screen, in a format demonstrated in Appen-
dix 1. This chapter describes the organization and operation of the simula-

tor.

3.2 Organization of the Simulator

The Flexible Processor system simulator is based on a single fP simula-
tor developed at Purdue L[7]. 1Its capabilities have been extensively expand-
ed.

The current version can simulate up to sixteen Flexible Processors, the
maximum number allowed 1in an actual system. Further, should any further

design changes take place in the actual system, the simulator can be modi~
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fied to simulate up to forty-eight Flexible Processors. The current maximum
program length dis 2000 Llines. The simulator occupies approximately 64K
bytes of main memory.

The simulator is divided into four programs, all written in ¢
L61, a Llanguage much Like PL/I or PASCAL. Each of the four programs per-
forms a different task. "Monh.c" is the system monitor, which interfaces
the simulator to the user. "EXECh.c" is the simulator, which simulates
all of the system instructions except the I/0 and the shift in-
structions. 'shioh.c" simulates the rest of the instruction set. The fi-
nal program in the set is "helph.c,” which contains a brief help file for
the wuser who 1is stranded in the monitor routine. In addition, helph.c
contains special routines that make the program consistent with all versions
of the UNIX operating system. This makes the program portable for use on any
system that supports UNIX and the € programming language. In addition, this
routine contains all the paging algorithims that are used, making the

routines localized, €asing possible debugging problems in the future.

3.3 Operaticn of the Simulator

The program structure for a single Flexible Processor simulation can be
represented by the control tree diagram in Figure 3.1. ALL register files
are considered indexed registers. The 16-Flexible Processor system is basi-
cally the same tree structure, but there is one more Level in the control
tree, as shown in Figure 3.2. The structure beneath the command Llevel is
the same as for the single Flexible Processor case. If the monitor re-
ceives a "#', it will move one node closer to the root of the control tree
on any of the branches.

In the Command Level, there are ten possible commands, which are shown

in Figure 3.3. If an s is chosen, the simulator will simulate the execution



-30 -

Command Level

/

Single Memory

Step | | Modification
Execution} | Level

Level

AN

Modify Modify
Single Indexed
Register Register

Fig. 3.1. Flexiblte Processor Simulator Control Tree Diagram.

Processor Level

Command Comniand Comﬁé;d cee Comhand Command

Level Level Level nes Level Level
For For For aen For For
FP #0 FP #1 FP #2 cew FP #14 FP #15

Fig. 3.2. System Flexible Processor Simulator Control Tree.
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of one program step and will move to the single step node. Figure 3.4
gives the command set for the single step node. If the m is typed, the
only valid arguments are a '#' or a register name. The monitor will print
the old value of the register and ask for a new one 1if the register named
is a single register. If the register selected is a register file, the
monitor will ask for the index. Upon receiving the index, the monitor
will print the old value and prompt the user for input. Valid commands are
shown 1in Figure 3.5. Invalid 1input will yield a "What?" asking for a
correct command.

These are all of the functjons supported by the simulator at this time.

Appendix 2 contains flowcharts outlining the operation of the simula-
tor. Appendix 3 contains a source listing of the simulator. As mentioned
previously, the maximum Likelihood classifier and a contextual classifier

have been implemented using the simulator. These are discussed in Chapters

4 and 5.

-4 Documentation

At the beginning of every major portion of program code, there are com-
ments describing the program flow and variables. This should facilitate
understanding of the routine and future simulator modifications, as it

translates the routine from a computer language into English.

3.5 Changes to Increase Speed

Normally, output to the terminal is done one character at a time. This
requires the program to generate an interrupt to the operating system for
each character to be displayed. The operating system then checks several
flags, adds special characters _where needed, awakens the device driver,

tells the device driver which terminal gets the output, and does the output.
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s Single step program.

m Go to memory Llevel.

L Load assembled object code.

t Print the contents of the
registers after the input
offset (used for debugging
simulator).

v Save the current register
values in a file called
status.

e XXX Execute XXX program steps.
stop Exit from monitor routine.
unix Execute system command.
Move up one node.
Print out all the registers.
Print out the help file,
current node.

ST A e—

Fig. 3.3. Simulator Commands.

Single step program.

Go to memory Llevel.
XXX  Execute XXX program steps.

Move up one node to command level.

Print out all the registers.
S Print out the help file, followed

by the name of the current node.

dtemp Display the contents of temporary files.
dlarge Display the contents of large files.
dmem Di§play the contents of micro—memory.

5T D 3 0

Fig. 3.4. Single Step Commands.

Changes the old values to XXX.

Increments the index without changing the old value.
Decrements the index without changing the old vatue.
Return to original level (either the command Level
or the single step level).

Fig. 3.5. Memory Edition Commands
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The output from a single execution step requires exactly one screen, which
is 3370 characters. Buffering is done so that the computer handles the in-
terrupt routine once per screen instead of once per character. The only
change in the interrupt routine is that instead of displaying one character,
the computer displays 3370. This reduces the load on the system by 3369 in-
terrupt routines per screen of output. Most of the time required for output
is not due to the physical transfer of data; rather, it is due to the other
areas of the interrupt routine. The net result is that the simulator output
is over 3300 times faster with buffering than without. While the different
command levels require different size buffers, the average increase in speed
due to buffering is 4500%.

The PDP-11 series computer uses 16 address bits; thus the maximum
amount of data address space is timited to 65,536 bytes. Each simulated
Flexible Processor memory and registers require approximately 60,000 bytes,
so a special paging routine was written to page the simulated Flexible Pro-
cessor memories and registers in and out of main memory as required. Output
to disk dis done in units of 65,536 bytes instead of units of 1 byte. This
makes the swapping routine to exchange a part of Flexible Processor memories
run in 1 second. Without buffering, this routine took 2.5 hours of straight
transfer time. Originally, this program required the total computing power
of a PDP-11/70. Now, this program can run on a PDP-11/45 in a time-shared
environment.

In a high level language, such as C, PL/I, FORTRAN, or PASCAL, one pro-
gram step corresponds to many machine steps. To minimize the number of
machine steps per-program step, frequently used variables were placed in the

registers of the machine. For example, the program step:

C=C+1
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requires the computer to load the variable C from memory. The machine then
loads € into a register, increments the register, and stores C back into its
original location. Frequently accessed variables are placed in a register,
so frequent memory fetches are less necessary. This often shortens the num-
ber of executed steps by three steps. When C is not used, C is stored and
accessed in the usual manner. Thus, the hardware of the computer was used

to obtain maximum throughput.

.6 Flexible Processor Micro-Assembler

—

The micro~assembler [7] takes the Flexible Processor micro-assembly
language and translates it into machine micro-code. A microprogram must end
with a # to signal the end of input to the micro—-assembler. After the
micro—assembler is invoked, it prompts the user for the input file. When it
is finished, it will move the assembled output to a file called "object"

"which can then be loaded into the simulator via the load command. A source

Listing for the assembler appears in Appendix 4.

3.7 Conclusions
The Flexible Processor micro-assembler and simulator are operational
and hgve been wused. Up to 16 Flexible Processors can be simulated. The
current versions do not include Flexible Processor~host, inter-Flexible Pro-

cessor (ring), and Flexible Processor-bulk memory communications.
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4. FLEXIBLE PROCESSOR SYSTEM IMPLEMENTATIONS OF

A MAXIMUM LIKELIHOOD CLASSIFICATION ALGORITHM

4.1 Introduction

To demonstrate the use of a Flexible Processor system on a task less
complex than the contextual classifier, consider the analysis of Landsat
data using a Gaussian maximum Llikelihood classifier. Landsat measurements
are taken from four spectral bands and are received by the Flexible Proces-
sor as a data vector. Based on decision theory akin to that developed in
the contextual classifier model, the vector is classified by determining the
probability that it belongs to each information class and assigning it to
the class for which this probability is maximum.

The way in which an Flexible Processor may be used 1in implementing a
Gaussian maximum Llikelihood classifier is demonstrated below. The tech-
nigues described are to be extended to the contextual classification algo-
rithm.

In Section 4.2, methods for implementing the maximum Ulikelihood clas~-
sifier on an Flexible Processor array are presented. The ways in which the
contextual classifier can be implemented on an Flexible Processor array are

presented in Chapter 5.
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4.2 Implementation of the Maximum Likelihood

Classifier on an Flexible Processor Array

4.2.1 Introduction

Two methods for implementing the maximum Llikelihood classifier on an
Flexible Processor array are discussed. The first assigns to each Flexible
Processor a different set of classes, and each Flexible Processor processes
all pixels for dts assigned classes. The second method assigns to each
Flexible: Processor a different subimage, and each Flexible Processor
processes the pixels 1in 1its subimage for all classes. The basic matrix
operations are the same for both methods.

The ability to do a fast matrix multiply is at the heart of efficiently
implementing the maximum Likelihood classifier. The form for the matrix

multiplication portion of the discriminant function calculation is:

1

- t - Rd
x-upEIH =,

where X is the data vector, Ui is the mean vector for the jth class, and ci

is the covariance matrix L[101 for the ith class.

4,2.2 Subset of Classes for Each Processor Method

Consider the use of the Flexible Processor array to perform these clas-
sifications using the first method. Assume there are m distinct classes and
the computer contains p Flexible Processors. Each Flexible Processor is as-
signed to process m/p classes. The large file in each Flexible Processor is
initialized with the inverse of the covariance matrix and mean vector for
each class it was assigned. The current data vector is stored in each Flex-
ible Processor in the temporary file. When a new data vector is loaded into

an Flexible Processor, it overwrites the previous one. For simplicity, but
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without the loss of generality, in the following assume that m = p. If m is
greater than p, then in each Flexible Processor instead of applying just one
inverse covariance matrix to the data set several would be applied. This
witl, of course, increase the execution time by a factor of approximately
m/p. .
In standard arithmetic, one would first multiply the (X-Ui)t' and the
c; , creating a new vector. This vector would then be multiplied by (X-Ui)
resulting in a scalar. In our implementation, the order has been somewhat
altered. (X-U,i)t is multiplied by a column of C;1 , accumulating in a vari-
able catled "sum." After this is done for a column j of C;1, “sum" is multi-
plied by (X“Ui)j (the jth element of (X~Ui)), accumulating the result in a
variable called "hold" and re-=initializing "sum" to 0 [11. The following is
a pidgeon ALGOL description of the process:
HOLD =0;
FOR J=1 TO N DO
BEGIN:
SUM=0;
FOR I=1 TO N DO
BEGIN:
SUM=SUM+X[II*CLI,d1;
END
HOLD=HOLD+SUM*X[J1];
END
where N is the dimension of covariance matrix, XLIJ] is the Ith element of
the input vector, and CLI,J] is the element in the Ith row and Jth column of
covariance matrix. At the end of the routine, the value contained in the
"hold" variable is the desired scalar. This algorithm requires fewer stores
and fetches than the standard algorithm, so it shortens the run time of the
process. AllL pointers are kept in the index register, further simplifying

the process. Temporary file locations are used for sum and hold, so the

three general purpose registers can be kept free for the floating point
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operations.

One way to perform this algorithm is to have the host send (Ci)-1 and
Ui to Flexible Processor i. The host then sends the current data vector to
Flexible Processor 0, then 1, etc. When the processor receives the data
vector, it calculates "hold.” After the host gives all Flexible Processors
the data for pixel (3,j), it waits until Flexible Processor 0 has calculated
the wvalue for its "hold." The host then retrieves the value of "hold,"
loads Flexible Processor 0 with the data vector for the next pixel, and adds
a precomputed constant to calculate the discriminant function. The host ex-
ecutes this process for all Flexible Processors.. After the Llast Flexible
Processor has transmitted the result, the host does a compare and stores the
class index corresponding to the maximum of the discriminant values computed
for this pixel. Thus, the compares and adds are done by the host while the
Flexibte Processors are computing the "hold"s for the next pixel, minimizing
delay.

This maximum likelihood classifier implementation has. been programmed
on a simulator for a Flexible Processor array at the Laboratory for Applica-
tions of Remote Sensing.. The simulator displays the contents of the main. re-
gisters and provides a variety of tools for debugging Flexible Processor mi-
crocode, as is discussed in Chapter 3.

Altowing 40 Flexible Processor machine cycles for each floating point
addition and 9 Flexible Processor machine cycles for each floating point
multiply, the number of machine cycles is as follows, where j = number of

pixels and, n = number of measurements (size of data vector}:

setup and clear registers: 9
Load mean: 2n
Load covariance matrix: énz

load and normalize data vector: 42jn+j
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inner loop of algorithm: Séjn2

outer loop of algorithm: 61in
. 2 . 2 .

56jnT + 103jn + 4n” + 2n + j + 9

Floating point numbers had an eight-bit exponent and 16~bit. mantissa.
This assumes that m, the number of classes, equals p, the number.of proces-
sors., If m is greater than p, the runtime may be approximated by multiply-
ing by m/pl.

Preliminary tests indicate that a single Flexible Processor will‘ per-
form a maximum likelihood classification faster than a PDP~11/70 with float-
ing point hardware. Exact comparisons of the Flexible Processor array per-
formance with other systems are difficult without detailed information about
factors such as pre=- and/or post-processing of the data not included in the
computation time, data precision used, memory load time, etc. However, to
give a general idea of the effectiveness of this approach, consider a clas-
sification of 256-by-256 pixels of Landsat data (n=4) using 16 classes and a
complete array of 16 Flexible Processors (and a host machine). The total
processing time is approximately 10.4 sec. ESL states that their array pro-
cessor gives up to an increase of 25 times over the IBM 370/158. On the

classification of four channels into eight classes, their time is 6.3 sec.

4,2.3 Subset of Pixels for Each Processor Method
An alternative method to perform the pointwise maximum Likelihood clas-
sification of pixels using a Flexible Processor array is based upon having
each Flexible Processor perform the maximum likelihood classifier for a dif-
ferent section of the dimage. Recall, the contextual classifier performs
computations similar to those used by the maximum likelihood classifier, but

is complicated by the involvement of '"neighboring"” pixels.
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Consider performing a maximum Likelihood classification on an A-by-B
image with N Flexible Processors. One way to approach the problem is to
divide the image into N subimages and have each Flexible Processor perform
the maximum likelihood classification for all pixels in its subimage. This
is shown in Figure 4.1. If all subimages have the same number of pixels,
then the Flexible Processors will be fully utilized and the classification
of the entire image will take approximately 1/N as much time as it would
take a single Flexible Processor to perform the entire classification.
Thus, maximum improvement, i.e., a factor of N, is obtained.

Consider the case in which each subimage does not contain the same num=-
ber of pixels, which will occur when (A*B)/N is not an integer. This will
lead to underutilization of the Flexible Processors, but this underutiliza-
tion will be negligible as will now be shown.

One way to approach this situation is as follows. To each of N-1 Flexi~

ble Processors, assign a subimage of size

"(A*B)',
N ’

where Fx1, the ceiling of x, is the smallest integer greater than or equal

to x. To the remaining Flexible Processor, assign a subimage of size
(A*B)-(l-(—A;——B).l * (N=1))
For example, if A=117, B=196, and N=16, then

!—?‘—?'-%2—3— = [1433.25 1 = 1434

pixels are in each subimage associated with 15 Flexible Processors. The

remaining pixels, of which there are
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A
e e ﬂ\
0
il; b B
N-1 )
Fig. 4.1.

An A-by-B Image Divided

Among N Flexible Processors.
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22,932-(15%1434)=1422

are associated with one Flexible Processor. This sixteenth Flexible Proces-
sor will have fewer pixels to classify and thus will finish before the other
Flexible Processors (assuming that, on the average, the time for the float-
ing point calculations is approximately the same for all pixels, which im-
plies some underutilization of the Flexible Processor since it must sit idle
waiting for the others to finish). Ideally, a factor of N=16 performance im-
provement over a single Flexible Processor is desired, which, in this case,
would require all 16 Flexible Processors to each classify 1434 pixels. To
compute the utilization of the Flexible Processor array, divide ‘the number
of pixels actually classified by the maximum number that could be classified
in the same amount of time if all 16 Flexible Processors were fully util-

ized. Thus, the utilization is:

22,932

TIev1azgy - 77tk

Therefore, a factor of 99+% of N improvement is obtained.
In general, using the above assignment of pixels to subimages, the

utilization of the system is

A*B
T(A % BY/NTT* N

The maximum value of the denominator is A*B+N-1 and occurs when A*B = k*N+1,

where k is an. arbitrary integer. Therefore,

min((A * BY/(T(A*B)/NT*N)) = (A*B)/A*xB+N-1).

Based on typical sizes of remotely sensed images and assuming that the max-

imum size of a Flexible Processor array is 16,
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A*x B> 10 %N,
and
(A *BY/(A B + N-1) > 99%.

Thus, in general, the worst case performance is 99+% of the ideal factor of
improvement over a single Flexible Processor.

In Appendix 5, the maximum Likelihood classifier programs for this
Flexible Processor implementation are described. Included are the routines
for floating points arithmetic, using a 14-bit exponent and a 16-bit mantis-
sa. The current algorithm, which runs on the simulator described in Chapter
3, uses 3526 125-nsec steps to process one pixel (four floating-point com-
ponent data vector) and two classes, including choosing the maximum value.
Performing a two class maximum likelihood classifier on 400 pixels of actual
Landsat data (as wused 1in the tests described in [121), a single Flexible
Processor averaged 410 microseconds per pixel (including the time to move
the image data from the bulk memory to the processor). Thus, if 16 Flexible
processors were used, each with its own bulk memory, an effective processing

rate of 4 * 104 pixels per second can be obtained.

4.3 Conclusions
Two methods of calculating a Gaussian maximum Likelihood classifier
have been discussed. The timings for both algorithms have been discussed.
The first method presented requires the host to do much data collection,
while the second does not. It was shown that the second method provides
high utilization of the Flexible Processors. The actual micro—assembly

Llanguage program for the second method is presented in Appendix 5.
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In the next Chapter, the way in which a parallel processing system such

as the Flexible Processor array can be used to perform contextual classifi-

cation is examined.
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5. FLEXIBLE PROCESSOR IMPLEMENTATION OF

A CONTEXTUAL CLASSIFICATION ALGORITHM

5.1 Introduction

This chapter explores the actual implementation of a contextual clas~
sifier. Section 5.2 briefly describes the contextual classifier approach.
Section 5.3 gives serial algorithms for performing it. Section 5.4 presents
a Flexible Processor program to implement the contextual classification at-
gorithm with a simple size three neighborhood and an image size such that
the number of rows is a multiple of the number of Flexible Processors in the
system. The use of the Flexible Processor system to dimplement a general

contextual classifier jis explored in Section 5.5.

5.2 The Contextual Classifier

The image data to be classified are assumed to be a two~-dimensional I-
by-J array of multivariate pixels. Associated with the pixel at "row i" and
"column j" 1is the multivariate measurement n- vector xij e R" and the true
class of the pixel eij e Q = {w1,...,wc}. The measurements have class-
conditional densities f(Xlwk), k=1,2,...,¢, and are assumed to be class~
conditionally dndependent. The objective is to classify the pixels in the
array.

In order to incorporate contextual information into the classification
process, when each pixel is to be classified, p-1 of its neighbors are also
examined. This neighborhood, including the pixel to be classified, will be

referred to as the p-array. Intuitively, to classify each pixel, the con-
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textual classifier computes the probability of the given observed pixel be-
ing in c¢lass k by also considering the measurement vectors (values) b~
served for the neighbor pixels in the p-array. Specifically, for each
pixel, for each class in £ , a discriminant function g is calculated by sum-
ming the weighted probabilities of the p-1 neighbor pixels occurring in atll
possible classification states. This is described below mathematically for
pixel (i,j) being in class e The description is followed by an example to

clarify the notation used. Further details may be found in C£10,11,131.

p
- p
gk'(-)-(-ij)_ Y [L[llf(leeg)]G (-e-'ij)
9..599,6..=w
—ij i3 'k

where

ngzdj is the measurement vector from the 2th pixel in the p-array (for pix~

et (i,iN
egqgﬁj is the class of the gth pixel in the p-array (for pixel (i,j))

f(Xglez) js the class conditional density of X, given that the 2th pixel is

from class 92

GpQQ%j)sz(91,ez,...,ep) is the a priori probability of observing the p-~

array 91,02,...,6p.

Within the p-~array, the pixel locations may be numbered 4in any convenient
but fixed order. The joint probability distribution 6° is referred to as
the context distribution.

To clarify the computation of the discriminant function, consider the

following example. Let the context array (neighborhood) be the p=3 (two
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nearest neighbors) choice shown in Figure 5.1 with the pixels numbered
such that the pixel (i,j) to be classified is associated with X1 and 91, and
pixel (i,j=1) is associated with X2 and 05, and pixel (i,j+1) is associated
with X3 and 63. Assume there are two possible classes: @={a,b}. Then the

discriminant function for class b is explicitly

3
= 3
9 (X550= ‘?“ [}:11f(xgle£)]6 (05

=f (X, [D)F (X, [a) f (X5]2)G (b, a,a)
(X, [)F (X5 @) F (X5 | DG (b, a,b)
+F0X DI T (X, [0) F (X5]2)6(b,b,a)

+f(x1!b)f(leb)f(x3]b)6(b,b,b)
Note that 63(945)=G(e1,92,e3) is the relative frequency of occurrence in the
scene of the specific neighborhood configuration (81’62,63). After comput-
ing the discriminant functions 9, and 9y for pixel (i,j), pixel (i,3j) is as~

signed to the class which has the largest discriminant function value.

5.3 Serial Implementation of a Contextual Classifier

Algorithm 1, shown in Figure 5.2, is one way to implement the contextu-
al classifier. The particular classifier considered here is a horizontally
iinear‘p-array of size three. This is shown in Figure 5.1.

First consider the main loop. Let the original image to be classified
be an I-by-J array called A. Columns 0 and J-1, the two side edges of the
image, are not classified since these pixels will not have both Left and

right neighbors. The variable "value" will contain the maximum "g"
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Fig. 5.1. Horizontally Linear Neighborhoods.

Main Loop Discriminant Function Calculation
for 1 = 0 to I-1 do /* row */ function g(2,3,k)
begin sum = 0
= - - *
for 3 = 1 to J-2 do /* column / for r =1 to C do /* all possible
*
begain /* for each paxel */ classes */
value = -1 /* max "g" */ begin
class = =1 /* class wath I:lait y for q = 1 to € do /* all possible
g classes */
for k = 1 to C do /* for each class */
— -—_ - begin
begin
2egin sum = compf (1,3-1,r)*compf (1,3 ,k)

current = g(x,3,k)

*compf (1,]+1 *G +
if current > value Pf(1,2+1,q) *G(r,k,q) +sum

end
then wvalue = current —
class = k end

end return (sum)
print Paixel (i,3) 1s classified as
"class"
Class—Conditional Density Calculation

end
end function compf{a,b,k) /* for pixel (a,b),
I class k */

x = A(a,b) /* x is pixel measurement
vector */

e:q:u:~=«--[1og|l:k {4+ (x-m.k)T }:;l (x-»mk)]‘ .5

return (eexpo)

Fig. 5.2. Pidgeon Algol Implementation of the Contextual Classifier --
With Redundant Calculations.
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(discriminant function) value calculated for pixel (i,j). This variable may
be updated as the "g" for each class is calculated. The variable "class" is
the class associated with "value.” In the main loop, "g(i,j, k)" is a call
to a function to calculate the discriminant function for pixel (i,j) and
class k. This function is called I*#(J-2)*%C times, once for each class and
for each pixel being classified.

Consider the calculation of g(i,j,k). The class of pixel (i,j) is held
constant at k, while all other possible class assignments are considers for
pixels (i,j-1) and (i,j+1). For each assignment of classes for the pixels
neighboring pixet «(i,j), of which there are €*C, the product of the class-
conditional densities ("compf") is weighted by "G(r,k,q),” the a priori pro-
bability of observing the 3-array (mp,wk,wq). The "G" array is predeter-
mined and prestored. For each calt "g(i,j, k),"” the value of "sum" for that _
1,j, and k 1is calculated. "Sum" s then returned as the value of
"g(i,j,k)." In this straightforward version of the g(i,j k) routine, the
function to compute a class-conditional density ("compf") is called C*xC
times each time "g" is called.

Now consider éhe "compf* routine. This calculates the <class-
conditional density for pixel (a,b) and class k using the following equa-

tion:

To-1
-[Log|2k|+ (X*mk) Ek (x-mk)J/Z
fix{k)=e

where the measurement vector for each pixel is of size four, Ek1 is the din-
verse covariance matrix for class k (four~by-four matrix), my is the méan
vector for class k (size four vector), “T" dindicates the transpose, and

"Log" 4s the natural Logarithm. For each class, the algorithm uses

log[zkl, 2;1, and m, as precomputed constants. For each c¢all "compf
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(a,b,k)," the value of "é%*P°" for that a,b and k is calcéulated. "e®XPOr jg
then returned as the value of "compf (a,b,k)."

Algorithm 1 executes the "compf'" subroutine (I*(J-Z)*c3) times. Since
for each pixel there are € "f"s (class-conditional densities), this approach
is inefficient by a factor of Cz. Algorithm 2 rectifies this problem by
saving certain "f" values rather than recalculating them.

Algorithm 2, shown in Figure 5.3, implements the contextual ¢lassifier
without the redundant executions of "compf" that occur in Algorithm 1. Let
X, Y, and Z correspond to the pixels (i, j~1), (i, j), and (i, j+1), respeé-~
tively, where (i, j) is the pixel to be classified. Each of X, Y, and Z is
a vector of size C. Element t of X will contain the class-conditional den-
sity (Mcompf") for the current (i, j=1) pixel for class t. Y and Z aré de-
fined similarly. By using these three vectors to save the class-conditional
densities, each density (for a given pixel and class) is calculated only
once, instead of C2 times.

The main loop of Algorithm 2 1is modified to calculate the class-
conditional densities for the first three columns each timé a hew row is
considered (i.e., each time "i" is intremented). Each time a new pixel in a
given row is to be classified (i.e., just before "j" is ihRcremented), these
values are updated. In particular, X gets the Y values, Y gets the Z
values, and new values are calculated to update Z.

The new diseriminant function calculation, g', does nhot call the
subroutine ''compf." It gets the values it needs from the X, Y, and Z ar-
rays. For each call "g'(k),"” the value of "sum" for that k 1§ ¢aléulated.
"Sum" is then returned as the value of "g'(k)."

The same "compf' routine is used for both Algorithms 1 and 2. Algo-

3

rithm 1 calls this routine I*(J-2)*(~ times, while Algorithm 2 calls it only



Main Loo
for 2 = 0 to I-1 do /* row */
begin
for k= 1 to Cdo
begin /* compute f£'s for 1st 3

columns */
X(k} ‘"= compf (1,0,k)

Y{k) = compf (i,1l,k)
Z{k) = compf {(2,2,k)

end

for 3 = 1 to J-2 do /* column */
begin /* for each pixel */
value = -1  /* max “g" */
class = -1 /* class with max "g" */
for k = 1 to € do

begin
current = g' (k)

1f current > value
.

then value = current
class = k

end

prant Pixel (1,)) 1s classified as
"cYass"

if 3 < J-2
then /* update X,Y,2Z arrays */

for k = 1 to C do

began
X(k) = Y(k)
Y{k) = z(k}
Z(kx) = compf (1,3+2,k)
end
end
end

Discraminant Function Calculation

function g'{k)
sum = 0

for r = 1 to C'do /* all possible
classes */

begin
for g = ) to C do /* all possible
clasges */

begin
sum = X(r) * ¥Y{(k) * z(q)
*G{r.k,q) + sum

end
end

return (sum)

Fig. 5.3. Pidgeon Algol Implementation of the Contextual Classifier —-

Without Redundant Calculations.
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Ix#(J~2)*C times.

There are other techniques that can be empltoyed to make Algorithm 2
even more efficient that have not been included }n order to avoid obscuring
the basic program flow. For example, whenever G(r,k,q) is zero, no multi-
plications are performed.

The serial complexity of Algorithm 2 can be calculated in terms of as-
signment statements, multiplications, additions, and "compf" calculations.
To initialize X, Y, and Z for new rows, I*C*3 assignments and calls to
"compf" occur. For each pixel, at most C+1 assignments to "value" and
"class" occur, and € calls to "g'(k)" occur. 1In addition, for each row, the
X, Y, and Z vectors are updated J~3 times, each update using 3*C assignments
and C calls to "compf." Each execution of "g'(k)"_ uses 3*C2 multiplica=~
tions, c2 additions, and C2+1 assignments. Thus, the total complexity for

Algorithm 2 is:

10 (C347c42)- @5 +140+4) assignments;
3C3I(J-2) multiplications;
C3I(J-2) additions; and

IxJ*C "compf'" calculations.

The growth is proportional to I*J*C3 assignments, multiplications, and addi-
tions, and IxJ*C "compf" calculations.

In this section, a contextual classifier based on a horizontally linear
neighborhood of size three has been analyzed. Algorithms for contextual
classifiers using other size and shape neighborhoods would be analogous to
the algorithms which were presented.

Atgorithms 1 and 2 are written for conventional uniprocessor systems.

Section 5.4 will examine how to implement Algorithm 2 on a CDC FlLexible Pro-
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cessor system.

3.4 Flexible Processor System Implementation of a Simple

Contextual Classifier

Consider the implementation of a contextual classifier on an array of N
Flexible Processors. Assume the neighborhood 1is horizontally linear as
shown in Figure 5.1. Divide the A-by-B image into subimages of B/N rows A
pixels Llong, as shown in Figure 4.1. Assign each subimage to a different
Flexible Processor. The entire neighborhood of each pixel 4is included 1in
its subimage. Each Flexible Processor cang}herefore execute the uniproces~
sor algorithm presented in Section 4.1 on its own subimage. No interaction
between Flexible Processors is needed, i.e., each Flexible Processor can
process its subimage independently.

The LARS Flexible Processor micro-assembler and simulator are being
used to gather statistics on the execution time for the size three horizon-
tally linear neighborhood contextual classifier. Due to the fact that each
Flexible Processor is microprogrammable, determining program correctness and
analyzing execution times is done through the use of the micro-assembler and
simulator. The current implementation of the contextual classifier uses 780
microprogram instructions. Execution times per pixel vary because all float-
ing point operations are done in the software. The classification time asso-
ciated with the first pixel on a line is different than the classification
of the rest of the pixels on the same line. This difference is accounted for
by the three-pixel window. Data must be calculated for each of the pixels in
the window for the first pixel on the Lline, while for the rest, data must be
calculated for only one pixel. The format of the data words of the pixel
measurement vectors, covariance matrices, etc., consists of a 14~bit two's

complement exponent and a 17-bit sign-magnitude mantissa. The covariance
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matrices, logarithms of the determinants of the covariance matrices, a
priori probabilities (Gp), and the X, Y, and Z vectors are all stored in the
Large file. In this way, each Flexible Processor has all the information it
needs for performing the classificatijon on its subimage. The subimage data
itself would be stored in a bulk memory. A multiple Flexible Processor con-
figuration which associates one bulk memory with each Flexible Processor
would be best for this application. For testing the Flexible Processor con-
textual classifier program, the classification of two rows of eight pixel
measurement vectors (stored in the Llarge file) wusing four classes was
evaluated. The data was actual %gndsat data, as was used in [12]1. Evalua-
tion of the serial Algorithm 2 from section 5.3 showed that a PDP-11/70 re-
quired .073 seconds per pixel, while a single Flexible Processor required
.075 seconds per pixel. While, at first, it seems that the PDP-11/70 actu-
ally ran faster, lack of exponent range in the 11/70 floating point hardware
yielded the incorect results due to rounding error. To overcome this error,
by normalizing the data, it would require an extra .030 seconds per .pixel,
thus the Flexible Processor 1is over 25% faster. The floating point is im-
plemented in software in the Flexible Processor and uses a 14-bit exponent
to overcome this problem. These tests are by no means exhaustive. The simu-
lator must run for many hours just to obtain a result for one pixel. Further
testing is in progress.

Using .1 seconds per pixel as a rough approximation of the PDP process-
ing time, and .08 seconds per pixel as a rough approximation of a single
Flexible Processor processing time, a 16 Flexible Processor configuration,
where each. processor had i?s own bulk memory, would perform contextual clas-
sifications at a rate of 200 pixels per second as opposed to 10 pixels per

second for a single PPP-11/70. As mentioned in section 5.3, additional pro-
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gramming techniques that would increase this processing rate can be incor-
porated (this 1is currently in progress). Furthermore, as more experience in
programming Flexible Processors js obtained, additional improvements in ex-

ecution time can be expected.

2-5 Contextual Classification on a Flexible Processor System

Consider the implementation of a contextual classifier on an array of
Flexible Processors as discussed in Section 5.4. Again, assume the neigh-
borhood is horizontally Llinear, as shown in Figure 5.1 and the image is di-
vided 1into subimages of B/N rows A pixels long, as shown in Figure 4.1. If
B = kN, where k is a integer, there is 100% utilization of the Flexible Pro-
cessors, Furthermore, there is no overhead for inter-Flexible Processor data
transfers, since the entire neighborhood of each pixel is included in its
subimage. Therefore, a factor of N improvement is attained.

If (A*B)/N is an integer, but B = kN + x, O<x<N, then Flexible Proces-
sors can be underutilized in order to keep neighborhoods within subimages,
or Flexible Processors can be fully utilized, dividing neighborhoods between
Flexible Processors, necessitating inter-Flexible Processor data transfers.
This 1is shown for a simple example in Figure 5.4, where N=2, A=3, and B=4.
In Figure 5.4(a) no inter~Flexible Processor transfers are needed, but Flex-
ible Processor number 1 is not fully utilized. In Figure 5.4(b) both Flexi-
ble Processors are fully utilized, but due the horizontally linear neighbor-
hood, at least pixel 11 will have to be sent to Flexible Processor number 1
and at least pixel 12 will have to be sent to Flexible Processor number 0.

If (AxB)/N is not a 1integer, some inter-Flexible Processor data
transfers will be necessary. The number of transfers will be a function of
the way in which the pixels are assigned to Flexible Processors, as 1in the

previous paragraph. To determine the computationally fastest approach when-
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ever B = kN + x, 0<x<N, requires knowledge of the actual image size, the ac~-
tual number of Flexible Processors used, the exact time required to execute
inter-Flexible Processor transfers, and the Length of the neighborhood.
There are two other cases of linear neighborhoods. There are vertical-
ly Linear and djagonally Llinear, as shown in Figures 5.5 and 5.6. The verti~
cally Linear case is just a 90° rotation of the horizontally Llinear case.
The diagnonally linear case can be simplified to a 45° rotation of the hor-
izontally Linear case for B = kN by the proper assignment of pixels to Flex-
ible Processors. Consider an A by B image, A < B and B=Nk. Label the di-
agonals from 0 to A+B~2, as shown in Figure 5.7 for A=4 and B=6. The pixels

can then be grouped into B sets of A pixels as follows:

1. for each i, 0 < 1 < A-1, the pixels in diagonals i and i+B form a group
of size A,

i. for each j, A-1 < j < B-1, the pixels in diagonal j form a group of size
Using these rules, each Flexible Processor is assigned k groups. Thus, the
problem has been reduced to the equivalent of the horizontally linear case,
which has already been discussed. The case for B = kN + x, 0<x<N, 1is even
more complex than the analogous situation in the horizontally Llinear case
and requires a detailed tradeoff analysis based on the actual image size,
the actual number of Flexible Processors used, the exact time required to
execute inter-Flexible Processor data transfers, and the Llength of the
neighborhood.

Now consider nonlinear neighborhoods, that is neighborhoods which do
not Tfit dnto one of the linear classes. For example, all of the neighbor-

hoods in Figure 5.8 are nonlinear. Figure 5.8(a) and 1its rotations

represent the simplest nonlinear neighborhood. It is included in all other
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nonlinear neighborhoods. Thus, that neighborhood is called the nonlinear
kernel neighborhood.

It can be shown that there is no way to partition an A-by-B image 1into
N (not necessarily equal) sections such that a contextual classifier using a
nonlinear neighborhood can be implemented without dnvolving intgr-FtexibLe
Processor data transfers. This will be demonstrated for the nonlinear ker-
nel and will thus be true for all nonlinear neighborhoods. There are three
cases to consider. If there is a horizontal border between two subimages
stored in different Flexible Processors, then pixels 1 and 2 in 5.8(3) will
be in different Flexible Processors. If there is a vertical border, pixels
2 and 3 will be in different Fiexible Processors. If there 1is a diagonal
border, pixels 1 and 2 will be in different Flexible Processors. The way in
which to assign Flexible Processors in order to minimize computation time
will depend upon the particular image size, number of Flexible Processors,
time required for inter-Flexible Processor communications and the shape and
size of the neighborhood. These factors will also determine the effective-
ness of the use of the Flexible Processor array for performing context clas-
sifications based on a given neighborhood.

The discussion of performing classifications with the Flexible Proces-
sor system demonstrates one way in which a multiple~processor system can be
used to hasten the processing of image data. Future work dinvolves program-
ming the contextual classifier on the Flexible Processor simulator using
different size and shape neighborhoods and determining the most efficient
assignment of pixels to Flexible Processors for each case examined. The im-
plementation of the classifier will provide hard data to verify the effec~

tiveness of the parallel processing approach.
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5.6 Conclusions

Algorithms for performing contextual classifications using a size three
horizontally Llinear neighborhood was presented. Algorithm 1 was a straight-
forward approach. Algorithm 2 was a more efficient approach that avoided
redundant calculations. The serial computational complexity of Algorithm 2
was shown to have a growth proportional to I*J*C3' assignments, multiplica-
tions, and additions, and I*J*C "compf" calculations. The way in which N
Flexible Processors could perform the classifications N times faster than a
single Flexible Processor was explained.

In summary, contextual classifiers have been shown to be powerful re-
mote sensing tools in other papers. Their main disadvantage is their compu-
tational complexity. This Chapter has demonstrated how parallel processing

can be used to overcome this disadvantage.



6. CONCLUSIONS

The goal of the research in this project has been to implement a con-
textual classifier on a simulator of an array of CDC Flexible Processors.
To achieve this end, the simpler Gaussian maximum Likelihood classifier was
first dimplemented. The maximum Likelihood classifier program provided a
vehicle for gaining experience in coding for a Flexible Processor and debug-
ging the simulator. Computations performed by the maximum likelihood clas-
sifier are identical to many of the computations required for the contextual
classifier, but the overall algorithm is considerably simpler. Thus imple-
menting the m?ximum Likelihood classifier provided a useful means for begin-
ning to Llearn how to program a Flexible Processor system and for debugging
the simulator.

The next major step was to implement the‘contextual classifier on the
Flexible Processor simulator. As the program currently runs, it is approxi-
mately 25% faster on a single Flexible Processor system than it s on a
PDP-11/70. After extensive testing, using 300 pixels from actual Landsat da-
ta, the following is a list of average timings for the Flexible Processor
floating point algorithms used in the contextual classifier programf{using a

14-bit exponent and 16-bit mantissa):

add: 9 microseconds
subtract: 9 microseconds
multiply: 2 microseconds
divide: 3 microseconds

compare: 4 microseconds
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A Flexible Processor, operating on actual Landsat data, can perform a con—
textual classification using a size three horizontally Linear neighborhood
and four classes at a rate of approximately 75 milliseconds per pixel.
Thus, a 16 Flexible Processor system would process approximately 215 pixels
per second. When more experience programming the Flexible Processor has
been gained, these times can most likely be improved.

It §s important to realize that 60 to 90% of the processing time for
the contextual classifier is spent in software implementations of floating
point algorithms. Thus, the addition of floating point hardware (with the
needed precision) would greatly increase the processing speed of the clas-—
sifications.

Recall that a Flexible Processor 1is programmed in micro—-assembly
Ltanguage, allowing pasallelism at the instruction level. For example, it is
possible to increment an index register conditionally, do a program jump,
multiply two 8-bit integers, and add two 32-bit integers -- all simultane~
ously. This type of operational overlap, in conjunction with the multipro-
cessing capability of the Flexible Processors, greatly increases the speed
of the Flexible Processor array.

The following list summarizes the important architectural features of

an Flexible Processor:

User microprogrammable.

bual 16-bit internal bus system.

Able to operate with either 16— or 32-bit words.
125 nsec clock cycle.

125 nsec time to add two 32-bit integers.

250 nsec time to multiply two 8-bit integers.

Register file (with 60 nsec access time) of over 8,000 16-bit words.
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In order to debug, verify, and time Flexible Processor algorithms, a
simutator for an array of up‘to 16 Flexible Processors has been developed.
This simulator runs under the UNIX operating system on a PDP-11/70 series
computer. An assembler for the micro-assembly Llanguage has also been
developed. iy

The experience gained through the use of the simulator has made evident

the following advantages and disadvantages of the system.

Advantages:
Multiple processors (up to 16).
User microprogrammable —-- parallelism at the instruction Llevel.
Connection ring for inter-Flexible Processor communications.
Shared bulk memory units.

Separate arithmetic logic unit and hardware multiply.

Disadvantages:

No floating-point hardware.

Micro—assembly language ~- difficult to program.

Program memory limited to 4k micro-instructions.

Based on the investigations to date, the advantages of this system ap-~
pear to outweigh the disadvantages. However, alternative approaches, such
as multimicroprocessor systems, should also be considered to determine the
most cost-effective approach for implementing the contextual classifier and
other computationally demanding image processing operations for remote sens-
ing.

Through the use of parallel, pipelined, and/or special purpose computer
systems such as the CDC Flexible Processor system, the types of computations

required for the contextual classifier and other computationally demanding
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processes can be implemented efficiently. This will not only reduce the
time required to do contextual classification, but will also altow the in-

vestigation of techniques which may otherwise be considered infeasible.
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APPENDIX 1

FLEXIBLE PROCESSOR SYSTEM SIMULATOR DISPLAYS

A. 8imulator Output Display

B. Simulator Display of Temporary File

C. Simulator Display of Large File
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APPENDIX 2

SIMULATOR FLOWCHARTS

Setting Up Simulation
Input FP# and Operation to be Performed

Read and Modify Register or Program Memory
Content

Execute Single Execution Step

Subroutine "Exec" for Executing Single In~
structions. Subroutine "Skip" for Executing
Sequence of Instructions.
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for 1/0 to
terminal and
disk

r
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2nd flags
to zero
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on disk
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scratchpad
open?

Yes

simulator. Do

status?”
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you wish to load

Load status?

No

Print

“cannot
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END

memory
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Open
status File opened
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Ltoad file
into buffer
and move to

70’

No

Fill wath zeroes

Print "loading" -

scratchpad
Print Print
n
status not “can't open :
]
loaded status file®
= L < :

o)

A. Setting Up Simulation.




7/

A-6
. |
Print
"processor number"
FP# = input
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Page-flag memory in |- Page-flag
0 scratchpad 0
J
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For FP#
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from scratchpad

scratchpad to
status file

{save new status)

Execute
UNIX
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Delete
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and exit

Help
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==
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C. Read and Modify Register or Program Memory Content.
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D. Execute Single Execution Step.
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E. Subroutine EXEC for Executing Single Instruction;. Subroutine SKIP
for Executing Sequence of Instructions.
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APPENDIX 3

SIMULATOR LISTING

1%

*

* X X X XXXX X XX X X
* X XX X X X X X X X X
* X XX X X X X X XXXXXX
* X X XX X X X X X X
* X X XX X X X X X XX X X
* X X X XXXX XXXXXX XX XX X X
*

Set up FILE pointers for use with new Llibrary */

FILE *statptr, *inptr, *otptr;
FILE *b0ptr, *biptr,*b2ptr, *b3ptr, xbufptr;

/* Global int: carry in; double add parameters; opcode; condition
* flag; number of processors in use; %/

int car,par0,pari,par2,par3,op,conflg,lim;
/* b0-b3 eight bit ALU output chunks ( As defined in textbook )

*  upper sign .extended (ALU); Lower sign extended (ALU);
*  source values; destination values; error flag; multiply fl..ag */

int b0,b1,b2,b3,us,ts,s1,s0,d1,d0,erflg,merflg;
int ffff {0177777};

/%

* Command at * level table for use in lookup routine

*/

char *comtabll {

”s'l,l‘m"’tl t"'

lltll'llv"'"b"," ! ","‘?t:(})p","#","p“,"h",“he Lpll,llell’ll rll’
- M

/* Subcommand Llookup table */
char *verbtabll {
:ls::’ “d:emgu, 'ldmem“’ "dl.al‘g", 'lm"’ "bﬂ’ "p"' llh"' llhelp“’ Ne'l, l‘#l
v, - H

/* Character variables for outputing decoded instruction */
char *f01,$205],*f3,%f4 ,*f5,f6[51,*f7a ,*f7,*xf7h,
*f8a,*f8,*f8b,*f%,*f9,%xf9b,*f10,%xf11,%f12,%§13,
*f14,thisf103;

/* bias- register index  input- Hex input form inhex routine */

int bias,input;
/%



*/

I%x/

Ix%x/

[%%x/

Tables for bus decoding for use in table Llookup

char

*srctabfl {
"nop"’
"alsw",
"alrs”,
"aOrz",
"aO"’

Py Sw",
“alrs",

a1 r'Z",

"a1 ll’

"qr‘sp",
"arsp",
a0,
"2; n'

z L}
osz3u:

"bsr0",
"bsr1",
!l.foll,
llf1 !l,
*ifOn",
"if0u”,
"*if0d",
"if0c",
"if1n",
"iffu",
"if1d",
"ific",
"imr0",
"imr1",
"intr",
"{0ad",
"L fOn",
"LfOu",
"L f0d",
"Lf0a", %

P
"l1ad", 0,4,
"Lf1n", B <o
"Lf1u", 6@%?3?
"Lf1d", 4
"Lf1a", XoNd
l’marll'
“"mcr0”,
"mult”,
"tf0n",
"tf0u”,
"t70d",
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"thc",
“t0ra",
“t0wa",
"tfin",
utf»lun,
“tf‘ld",
“tfic",
"+ ra",
"t‘lwa",
-1 3;
Bus 0 integers
int sr0intfd {
g0 /% 0 x/,
0100 /% 40 %/,
02100 /% 440 %/,
04100 /% 840 */,
06100 /% c4l =/,
0200 /* 80 %/,
02200 /* 480 */,
04200 /% 880 */,
06200 /* ¢80 */,
0600 /% 180 */,
02600 /% 580 %/,
0500 /% 140 %/,
02500 /* 540 */,
04500 /% 940 %/,
06500 /% d&0 =/,
01700 /* 3c0 %/,
03700 /* 7cO %/,
0300 /* ¢c0 %/,
02300 /* 4cO %/,
01000 /% 200 =/,
03000 /% 600 =/,
05000 /% a00 */,
07000 /% e00 %/,
01100 /% 240 =/,
03100 /* 640 */,
05100 /* a4l */,
07100 /* e40 x/,
01600 /* 380 %/,
03600 /* 780 */,
07600 /% £80 =/,
0 /% ffff %/,
01400 /* 300 =/,
03400 /* 700 x/,
05400 /% b00 %/,
07400 /* f00 */,
06700 /% dcO */,
01500 /* 340 */,

03500 /% 760 */,



/%
*

/%

*/

A-~-13
05500 /% b40 %/,
07500 /% 40 x/,
0700 /% 1c0 =/,
05700 /* bcd %/,
0400 /% 100 %/,
01200 /% 280 =/,
03200 /% 680 %/,
05200 /% a80 x/,
07200 /% e80 x/,
02700 /% 5¢0 %/,
04700 /* 9¢0 %/,
01300 /% 2¢0 =/,
03300 /% 6¢0 */,
05300 /1% acl %/,
07300 /% ecO %/,
02400 /* 500 =/,
04400 /* 900 =/,
0500 /% 140 *x/,
02500 /* 540 %/,
04500 /% 940 =/,
06500, /% 40 */

For some registers, they are loaded by looking up there
index (ie reglindex]) in this table ( See srsw default )

srcintl] {
0,1,2,3,4,5,6,7,8,9,
10,20,21,22,23,24,25,32,33,19,
20,21,22,23,24,25,26 ,45 46,44,
49 ,31,32,33,34 ,50,36,37,38,39,
51,57,8329,43 ,44 ,45 ,46,82,83,49,50,
51,52,100,101,102,103,104,105 ,-13;

Bus one 1integers

int sr1intll {
00 /x Q0 %/,
01 I 1 %/,
021 /I* 11 %/,
041 /% 21 %/,
061 /% 31 %/,
02 I* 2 %/,
022 I* 12 %/,
042 /I*x 22 %/,
062 /1% 32 %/,
06 I* &6 %/,
026 /* 16 %/,
05 I* 5 %/,
025 /% 15 %/,
045 /% 25 %/,
065 /% 35 %/,
017 I* § %/,

037 /% 1§ %/,

-1 3;

*/



/%
*/

03
023
010
030
050
070
011
031
051
071
016
036
076
067
014
034
054
074
0
015
035
055
075
0
057
04
012
032
052
g7z
027
047
013.
033
053
a73.
024
044
05
025
Q45
065

/%
/%
/%
7%
/%
/%
V&S
/*
/%
/%
/%
/*
/%
FES
I
/%

/*

I*
/%
I*
%
I*
/%
lx
/%
I&3
1%
/%
/%
J*
/*
/*
I*
/%
/%
/%
Ix
/*
/%
/*
/%
/x

3. x/,
13 %/,
8 %/,
18 */,
38 */,
9 x/,
19 +/,.
29 %/,
39 %/,
e */,
le #/,
3e %/,
37 */,
¢ */,
1¢c */,
2c */,
3¢ */,
ffiff =/,
d %/,
1d %/,
2d */,
3d */,
ffff =/,
2f «/,
4 x/,
a %/,
1a */,.
2a */,
3a %/,
10 %/,
27 %/,
b */,
b %/,
2b, %/,
3b %/,
14 */,
24 %/,
5 %/,
15 %/,
25 %/,
35 %/ ,-%

Destination codes bus O

char

*d0tabCl €
llnop'l'
llbrgg“l’
“eO"'
"e0f0",
tleog1 "’,
"ef0g",.
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llfull’
llfog1 'l'
"91 lt’
"imr0",
*“Smr1",
"intr",
"LfOn",
"LfOu",
"L f0d",
"Lf0a",
*L0ad"”,
ltmarll,
"marc",
"mmi0",
"mmi1l”,
"mmi2",
!lp!!'
llpeoil’
llpeog"’
llpe.fOII'
llpefg"’
llpfoll’
Ulpfogll'
"991 u’
"thn",
"tfou"'
"thd",
ntfucn'
ntorau,
lltnwa'l’
"tOba",
"'ian",
-1 };
VL
* Referance table for bus 0 destinations
*/
int db0int[] {
g,24,30,3,4,5,32,7,35,45,
46,46 ,12,13,14,15,49,51,52,54,
55,56 ,64,23,24,25,26,27 ,28,29,
30,31,32,33,82,83,36,47 ,-1 X;
[*%/
int d0intll {
00 /% 0 %/,
0400 /* 100 %/,
04200 /* 880 %/,
024200 /% 2880 %/,
014200 /* 1880 =/,
034200 /* 3880 %/,
020200 /% 2080 */,
030200 /* 3080 %/,
010200 /% 1080 %/,



/%
*/

023200
027200
037200
03000

07000

013000
017000
027000
035600
03400

021600
025600
031600
01000

05000

015000
025000
035000
021000
031000
011000
02400

06400

012400
016400
026400
032400
036400
026000

A-16

/* 2680
/* 2e80
/% 3e80

*/,
*/,
*/,

/% 600 %/,
/* 00 %/,

/% 1600
/* 1e00
/* 2e00
/* 3b80

*/,
*/,
*x/,
*/,

/% 700 */,

/% 2380
/% 2b80
/* 3380

*/,
*/,
*/’

/% 200 %/,
/% a00 %/,

/* 1a00
/* 2a00
/% 3a00
/* 2200
/* 3200
/% 1200

*/,
*/,
*/,
x/,
*/,
*/,

/* 500 %/,
/% do0 %/,

/*x 1500
/= 1d00
/* 2d00
/* 3500
/* 3d00
/* 2c¢00

*/,
*/,
*/’
*/'
*/,

*/,'

Bus one destination codes

char

*d1tabl] {

"nop",
"ar‘sp",
"brg1 n’

MemrQ¥,

"eme1",
Yemr2',
"emr3",
"e1 "’

"etf1",
l'ef1 gll'
"e1 90",
”f‘! ll'

llf1 goll'
"90"'

"jerQ",
“jert™,
"jer2",
*jcr3",
"idx0",

£)



/%
*/

[%%/

A-17

"idx1",
"idx2",
"idx3",
"if1a",
"Lfin",
"Lf1u",
"Lf1d",
"Lf1a",
"L1ad",
"mcrQ"”,
"mert”,
*mcr2",
“mcr3”,
"mmo"'
"mm1 ll'
"mm01",
llmmZI"
"mmQ2",
"mm12",
nmman'
llql"
"qef1 ll’
”qefg"'
"qe1 "’
llqe1g"’
llq.f1 ",
l'qf1g",
llqgoll’
"tfin",
"tf1u”,
"tf1d",
"£f1c",
*t+1ra",
"t1wa",
“t1ba",
-1 };
Bus 1 register code table

int db1int[]
0,1,25,26,27,28,29,31,8,9,
10,33,12,34,40,41,42,43,36,37,
38,39,48,23,24,25,26,50,57,58,
59,60,32,33,34,35,36,37,38,65,
40,41,42,43 44,45 46,47 48,49,

50,100,101,53,-1 ¥;
int d1intCd] {
00 /% 0 %/,
D166 /% 76 %/,
02 /% 2 %/,
015 /% d %/,

035 /% 1d */,

{




[¥x/
Ix%/

055
075
021
0121
0161
061
0101
0141
041
0117
0137
0157
0177
017
037
057
077
0130
014
03
054
074
0134
0116
0136
0156
0176
027
047
067
0107
0127
0147
0167
04
0124
0164
024
064
0104
0144
044
012
032
052
072
0132
0152
0172

int

/%

2d

/% 3d

/%
/*
/%
/%
1%
/%
/%
/%
/%
/%
I*
1%
/%
/%
/%
1%
1%
%
/*
/*
/*
1%
/*
/%
/%
1%
/%
1%
/%
/%
/%
/%
%
/%
/%
I/*x
/%
I*
1%
/%
/%
7%
FES
/%
/*
VE
1%

1
51
7
3
41
61
21
&f
5¢
6f
7f

f %/,

1f
2f
3f
58

*/,
*/,
*/,
*/,

c */,

1c
2¢
3c
5¢
be
Se
be
7e
17
27
37
47
57
67
77

*/,
*/,
%/,
*/,
*/,
*/,
*/,
*/,
x/,
*/,
*/,
*/,
*/,
*/,
%/,

4 x/,;

54
74
14
34
44
64

24

%/,
*/,
x/,
*/,
*/,
*/,
*/,

a*/,

1a
2a
3a
S5a
ba
Ta

*/,
*/,
*/,
*/,
x/,
*/,

-1

ainout {0);

&3



[xkf

[x%/

Ix%/

[*x/

/%%

1%x/

int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int

A-19

qresin {4};
aresin {8};
aresout {12};
ginout {16X;

aqgzin
brg0

brg1
cmr(
cmrl
cmr2
cmr3
el

el

{20};
{24%;

{25};
{26};
{27};
{28%;
{293;
{30};
{31);

{323;
{333;
{343;
{352};
{36%;
{373;
{38%;

{393;
{403};
{413;
{42};
{43};
{441);
{45};

{46%;
{47%;
{48%;
{49%;
{50%};
{513;
{52%;

{53%;
{54};
{55%;
{56%;
{573;
{58%;
{59};

{607;
{613;
€633;
{64%;
{653;

:34



int tf0 {66%;

int tfO0ar  {82};
[ %%/

int tf0aw  {831;

int tf1 {84%;

int tftar  {1002};

int tflaw  {1013;

int spare  {102};

int LfO {1063};
/* the size of the large files has been changed to
/* system more closely. 4096 locations allocated

int L1 {42023}; /* was
1%*x/
int mir {8298%; /* was
int mbr {83017; /* was
int resO {8304); /* was
int rest {8305%; /* was
int bus0 {8306%; /* was
int bus1 {8307%}; /* wvas
int stack  {8308%}; /* was
%%/
int ovl {8324%; /% was
int ovh {8325%; /* uas
int shcon  {8326}; /* was
int mulflg {8327}; /* was
int mult {83287}; /* was
int mem {83293}; /* vas
int stptr  {115253; /* Was
/%x%/
int cych {11526%; /* was
int cyclk {11527%; /* was
int cycsh  {11528%}; /* vas
int s {11532%}; /* was
int b {115361}; /* wWas
int cyesl  {11540}; /* wvas
/*%x/
char *pregtabl] {
“ainout", "gresin”, "aresin", “aresout", "ginout', "aqzin"”, "brg0"
"brg1"”, "cmr0", “cmr1”, "cmr2", "cmr3", “e0", "et",
"folt’ llf1ll’ uggn, "91"’ ll.indxoll’ "indx1ll' ll.indxztl’
"indx3", "icr0", "icr1", "“icr2", "icr3”, "inte", "imr0",
"imr‘l", "'ifDa", "if1a", "Lan", "tf‘la", nmarn’ "marc",
lln°wn’ nmmion' "mm‘i'l'“, tlmmizn' "mCPO", “mCl"1", nmcr.zu'
"mcr3", "oupu", "past", "p", "q", "tf0", "tfOar",
*tf0aw", "tf1", "tflar", "tflaw", "spare"”, "Lf0", "Lf1",
um:”.n' “mbr"l "PESO", “res‘l", "bUSU", "bus1", "StaCk",
"O\IL", "OVh", "sh‘con“, "mulﬂg", "mu!.t", nmemn' "stptr“,
ucychn' "CYCL", "CYCSh", "S", "b", "C)’CSL", n#n’
-1 X;
[xx]
int regintll <{

0, 4, 8, 12, 16, 20, 24,

o l

4k to simulate the real

1131 with 1k */

2156
2159
2162
2163
2164
2165
2166

2182
2183
2184
2185
2186
2187
4983

4984
4985
4986
4990
4994
4998

*/

*/
*/
*x/
*/
*/
*/

*/
x/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/



[%%/

25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38,

39, 40, 41, 42, 43, 44, 45,

46, 47, 48, 49, 50, 51, 52,

53, 54, 55, 56, 57, 58, 59,

60, 61, 63, 64, 65, 66, 82,

83, 84, 100, 101, 102, 106, 4202,

8298, 8301, 8304, 8305, 8306, 8307, 8308,

8324, 8325, 8326, 8327, 8328, 8329, 11525,

11526, 11527, 11528, 11532, 11536, 11540, ~1 3;

struct regs <{int dum120001; ¥ r[13];

int printflag;
/* See incl06.h ( Initialized version of this ) for comments */

[*x/

FILE *statptr, *inptr, *otptr;
FILE *b0ptr,*b1ptr,*b2ptr,*b3ptr, *bufptr;
int car,parl,pari,par2,par3,op,conflg,lim;
int b0,b1,b2,b3,us,ts,s1,s0,d1,d0,erflg,merflg;
int ffff ;
char *comtabll ;
char *verbtabll ;

int bias,input;

char  *f01,f2[51,%f3,%f4,*5,f6(51,%f7a,*f7,*f7b,
*f8a,*f8,%f8b,*f%a ,*f9,*f9b,%f10,%xf11,*F12,%f13,

*f14,this[10];

char *srctabll ;
int srQintld ;
int srcintll;
int srt1intll

char  *dOtab[] :
int db0int(];

int d0intll ;
char *d1tabld ;
int regintl];
char *regtabl];
int db1int(3J;
int dlintl] ;
char *regtabll ;
int regintll
int ainout;

int gresin;

int aresin;

int aresout;
int ginout;

int aqzin;

int brg0;

int brg1i;



7xx/

/*;J

[xx/

%/

[xx/

[ %%/

int
int
int
int

int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int
int

int
int
int
int
int
int

.

int

int
int
int
int
int
int
int

int
int
int
int
int

cmrQ;

cmird;

cmir2;
cmr3;
el;
el;

10;
£1,
a0;
gl;
indx0;
indx1;
indx2;

indx3;
icr0;
icrl;
icrg;
icr3;
intr;
imr0;

imrl;
if0a;
if1a;
Lf0a;
Lfla;
mar;

marc;

now;
mmiQ;
mmi1;
mmi2;
mer0;
merl;
mer2;

mcr3;
oupu;
past;
ps

oH
tf0;
tf0ar;

tf0aw;
tf1;

tflar;
tflaw;
spafe;

A-22
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int Lf0;

int Lf1;
/*xx/

int mir;

int mbr;

int resQ;

int resi;

int bus(;

int bus1;

int stack;
[%x%/

int ovl;

int ovh;

int shecon;

int mulflg;

int mult;

int mem;

int stptr;
[*%/ .

int cych;

int cycl;

int cycsh;

int s;

int b;

int cycsi;

struct regs {int dum[120001; ¥ rl13;

int printflag;
/%
*
* X X XXXX X X X X XXXX
* XX XX X X XX X X X X X
* XXX X X X XX X X X X
* X X X X X XX XXXXXXX X
* X X X X X XX X X XX X X
* X X XXXX X X X X XX XXXX
*
* SIMULATOR  SYSTEM MONITOR MOD 12 FOR VERSION 7 redone by BWS 03/01/80.
% CRASHPROOFED on 01/21/80 by BWS. UNNECESSARY FUNCTION CALLS REPLACED WITH
* GOTOs. THIS ALSO WILL SPEED EXECUTION AND SHORTEN PROGRAM ‘LENGTH.

kkkhkkkkhkkhkhkkhkkhkhkkkhkihkhkkkkhkkkhkkhkhkrkkhkrkrhhkhkkhkhkkkkhkkkhkkixkhkhhkirkikikk

This must be compiled as 'cc monh.c exech._ shioh._ helph._ -1§ -0 '
where exec and shio can be .0 or .c
The follwing includes include the standard I/0 Llibrary,
and two global files. YinclOh.h' contains general global variables
while *incl1h.h' contains global variables pertaining to
the processor register variables. ‘incllh.h' and ‘inci3h.h'
are generated by 'glob.c' with regin as input. Therefore
to change processor variables, the variable is added or changed
in 'regin' and new include files are generated by 'glob'.
To change general global variables they must be physically changed
in both *inclOh.h' and *incl3h.h'

% % % % ¥ ¥ % A O O A ¥

< -2



*
kkkkkikkhkkhkkkkhkkhkkhkhkhhkkikkhhkkkhkhkkkhkhhkhkkkkkhkhkkkhhkkkkkkhkkkhkkkkkhkhkhkhkkkkkk/

#include <stdio.h>
#include "inclOh.h"

#include "inclih.h”
[ Rk dkkiokkhgkkkkikdkrkkihkkkkrrkihkkhikrkihhhihikkkhhhkhkkhkkhkkrihikikrik |

/* name and stornam are the computer systems name for the swap area  */
/* that will hold the memory for paging. This will enable the machine*/
/* to run with up to 62 FPs. Procnum is the processor number currently*/
/* in memory. Pagec is page modified flag (=0 if changed). This will */
/* increase the system responce time if one just wiches to take a peek*/
/* at what one of the otherprocessors is doing. */
/* the tmpfd and statfd are the file descriptors for the temporary filx/
/* and the status file. This is done in order that the old 10 package*/
/* may be used, and thus, the throughput of thesystem increased. The */
/* fd, is not currently being used in this version, because of the */
/* flag variable. If the program being loaded into an FP is the same */
/* as a program loaded into another fp, the output file is not closed */
/* , as the close command takes over 12 seconds!!!!!!! The change in */
/* 10 packages took one evening of time, but the result is that the */

/* new verion of monb6.c runs almost as fast as the single fp version. */
/**********************************************************************/

char namel15]1,stornamf22];
int procnum,pagec,tmpfd,statfd,objfd,flag;

/**********************************************************************/
/* This 1is to buffer the output. This will give an increase of 17:1 inx/
/* The throughput of the system. The fflush will cause the buffer to */

/* dump. */
/**********************************************************************/

extern _sobuf[l;

main() <{
int 1
char *mktemp();

" setbuf(stdout, _sobuf);
/**********************************************************************/
/* flag is set to one only at the beginning of the program. The flag */
/* is set so that the program will not close the first program is Lloadesx/

/* for further proof, see lode{reg,flag) later on. */
/**********************************************************************/

flag=1;
procnum=1;
1im=15; /*the address of processor max*/

[RxFkkikkkhhkkkkkikkkkihkkhkhikikkikhikhkihhhikkikhkhkihikhkikidkikikkiikkikkki/
/* this section of code creates the name of the temporary file in /tmpx/

URIGINAL PAGE 15
OF PCGOR QUATITY
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/* /tmp was chosen because it was so much faster than standard disk. */
[ Hkddddkkddkdekok ke ke dkdk ke ek ddkkkkdkkkkkhhhkkikhkikkkkkkikkikkkkkikikikkkhkikk [

stornamf0l1="0";
strcat(stornam,"/tmp/sbXXXXXX");
mktemp{(stornam);
printf{"temporary file used: %s0,stornam);
if ((tmpfd=creat(stornam,0600))==-1){ printf(*"cannot creat memory,try latel
exit(0);
X
close{tmpfd);

[Hedkcdkekdkkkdkdedkkdkkkhkkkkxkkkihkkkkkikkhkkkkkkkkkkkkkhkikhhkhkkkkhikirkikidkk/
/* the original create opened the temporary file for read only. It wasx/
/* closed. The following will re-open the temporary file for both */

/* read and write. this is why the new i/o library was not chosen. */
/**********************************************************************/

if ((tmpfd=open (stornam,2))==-1) {printf("unable to work with tmp fL");
exit(1);
3

/* Prompt for Status load */

printf("cyber Ikon simulator, hex mace 0);
printf("Do you want to load status? 'J;
ff Lush (stdout); /* dump print buffer */
switch(getchar()) <
case 'y':

Load (&rE01);

break;
default :

printf("Status not loadedd);

break;
3
pagec=0;
go();

/* The function 'go' is the first level of command
* it will call.itself and reprompt for the processor in
* case of an error. It is also called by ‘'pros' on receipt

* of a '#' to transfer control to this higher Llevel */
go() {

printf("32 Processor number?

fflush(stdout);

inhex();

/**********************************************************************/
/* if the processor chosen is different than the current processor and*/



/* the some part of the current page in memory has been modified, savex/

/* the current’ version of the page. Else, trash it!

*/

/******f&**************************************************************/

if Cinput!=procnum && pagec!=0) memset(&rL0OJ,procnum);
pagec=0;

procnum=input;

if Cinput<=Lim&Rinput>=0) { memload (&r[01,procnum);

pros (&rl01);
}
else goQ);
>
pros(reg)
int xreg;
int i,3;

char comL3],stringl40];
/* Print prompt and scan for command */

tolp:  printf("==>> *);
fflush(stdout);
scanf ("%s",com);

[ kkkkkkkkkkkhkkhhkkhkhhkkhhkhkkhkihkhhkhkkhkhhkhkhhhhhkkikkkkkkdkkkkkhk]

/% The following routine desides the action to be taken */

/* after typing a command in the first instruction level. */
[Rkxhkkhkkkkihkkkkhkkkidkhhkkkkihkhkhhkkhhkkkkxkhiikkirrhhkikhrkhkrriirk ]

switch(lookup(com,comtab)) <{

/****************************************************************/

1% type in an s, for single step. */
[ dekkddeddddokdok kokdedohkdedek o ddodokdodokdkddedekddkdedeokdededkddodo ok kK dok kT kkddk ]

case 0O:
page_used();
step(reg);
break;

/****************************************************************l

/% type in an m for modify memory */
[ hxFxkgkkkkkihkihkkkihihihkihkikikkkkiihhikkkirkikhrihhhikrrrrkikikx [
case 1: .
modify(reg);
page_used();
break;

[kkkkdkickkkkkhkkkhkhkdkkkhhkhhhkkhkkkkkkkkkkkkkkhkkkhkkkkkdkkhkhkkkkkhkkk [

1% type in a L for load a program. */
/****************************************************************/



A-27
case 2:
lode(reg,flag);
page _used();
break;

[ hkkkkkkkkkhkkkkrkihkikikikkihhkkhkkkhhhkkhkikikhkhkhkrkhkkikkkkhkikkhkkkkkikk/

/* type in a t for print the current values of the registers */

/* this is used primarily for monitor debugging. */
[ Fdckdededdedokdedkdek otk dodkdodk ook ded ko dedkdekk dodk gk ek kk k ko ko ko dodd ok d ek ke /

case 3:
pritst(reg);
break;

[Ekkkkkkhkkkkkhkkkkhkkkkkhkhkhkkkidkkkikhkkhkhkikkihkkhkhkhhkdhkihhkhkihkhikhkkhkxk [

/* Save all registers on file 'status’ */
[ Rk ddek ook dedok dekokk ek dekdokdkdok dok ok dokdokkokkkkdkkkkkdkkkkkkkkkkkkxxk [

case 4:

statfd=creat("status",0600);

oldseek(statfd,0,0);

if (pagec==1) memset(&rL0],procnum);

for (i=0;i<=Lim;i++)

{ - «memload (&rL0l,1);
write(statfd,reg,24000);

>

memload (&rL0],procnum);

close(statfd);

break;

[ Rk dedd gk ek kddkkdokkkkkkkhrkkkhkkhkkhkkkkkkxkxhkXxkhikhhkkkkhkrkxiirk [
/% type in a b X for a breakpoint after X steps of execution */

/% type in a e X for the program to Execute X steps. */
/****************************************************************/

case 5:

case 12:
skip(reg);
page used();
break;

/****************************************************************/

/* type in an ! to enter a system command. */
/****************************************************************/

case 6: '
for (i=0; (stringLil=getchar()) !='0;i++);
stringLi+1]='0";

system(string);

printf("10);

break;

A
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[hkkkkkkkkkkhkhkhkkkkkkhhkkkhhkhkhkkkkhkhkkkkkkkkhhkhhkhhkhkhkkhkkhkhkkkkkkk]/

q* type 1in stop to discontinue processing. */
/**********************************x***t***k*********************/

case 7:
unlink(stornam);
exit();

[ RkEkkdkdkkikhkhkhkihkkkkhkkkkhkkkkkhkhkhkhkkkhkhkhkkkhkikkkhkhkhhkhkkkhhkkhkdkkkkdkkikk/

1% type in .a # to go to the next level up. */
[ gk ddodkkdkkk ko deddok dekoh ok kdkdkkkkkkkkkdkkdkkkkkkkkikkdkkkkkkkkkkkkk /

case 8:

go();

breaks;
/****************************************************************/
/% recreate the register display on ‘the ‘screen wWithout */
/* executing any of the program steps. This is wused to */
/* re-make the display .after modifying the registers. */

[rdkkkkkkhkhkhkkikhkhhkkihkkkkkikkikhkhhkkhhhkhkkkikikkhkhhkidhhkkhiikkikkkk [

case 9:
prireg(reg);
break;

[Rkkxkddikdkddkdkikkkkkkiohkikxidhkkkikkihkihkhkrikhkkkrkikhkkxhriik [
/% execute help command. this 1is used to aid the user in %/

/* problems that should arise (if he gets stuck.? */
[ Fedededede dededed gk de e de e ded e g oo e e dede dodode ek ok dok kkkek ke de ke k ke ke ke ke kk ko ke ok dk dedok /

case 10:
case 11:
helpcom() ;
break;

/******&*********************************************************/
/* This will run a trace on the program, printing the register */
/* values everytime it encounters a subroutine jump, or a return*/

/* from a subroutine. */
[ hkdkkdkkkkkkihkkkkkikkhkikkkikikkihkkkkrhkrrihkiihkkkikhkkiikikikkkk ]

case 13:
printflag=1;
skip(reg);
page_used();
break;

[hkkkidkkkhkkkhhkkkkhkkkkkkkkkikkkkkkkikkkkhhkhhkhkkhkkkkkkkkkhkkkkkkkdk ]

I1* invalid character entered, go to next upper level. */
[REkxhkxkhkdhhkhkkkhhihhikkkhikikkkhhiihkkhikikikkkkihhhkkikihkkkikk



default:
printf("?2?70);
break;

¥

/****************************************************************/

/% After the statement has been executed, this part of the */

/* program will call itself. */
/****************************************************************/

goto LoOp;
X

/****************************************************************/

/* This will execute the number of program steps corresponding */

/* to the input value, or until it encounters an error. */
/****************************************************************/

skip(reg) -
int *xreg; {
int i;
inhex();

/****************************************************************/

/* enter the number of steps to be executed. */
[Rxxkkkkkkkhkhhkikikkihkkkidkkikhkkikkkxkkxkkihkikhkihkkikkkkkkkxkkkik ]

for (j=0; j<input;j++) { ,
exec(reg);
if(erflg!=0) break;
if (printflag==18& ((f4[01=='s") || (f4L01=="j"')))
prireg(reg);
b

/******************;*********************************************/

/* after the execution, print the registers. */
[xkkdkkkkkiokkkkkkkkkkkkkkkkh kA RK KRR Kh IRk hkhkkhkxkkkkrxhhkrkxkix [

printflag=0;
if(erflg==0) prireg(regl;

/****************************************************************/

/* Single step and print registers. */
[ etk dede ok dede ke ek ek ek ok kxR kkRokokkokokkkkkkkkk kdkkdkkkkkkkkkkkkikk [

step(reg)
int *reg; {
lolp: erflg=0;
exec(reg);

if(erflg==0) ..
prireg(reg);
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JRhkkkkhkkkkikhkkkkhhkhkkhkdkhkkkhkikhkkhkkkkkkkkhkkkkkhkkkkhkkkkkkkkkhkkkikk [

/* jump back to the monitor routine. */
/****************************************************************/

if(quest(reg) == 13) goto Llolip;
}

[xkkkhkhkhkhkkkkkkkhkkkhkkhkkkhkkkkkkkhkkhkkkhkkkkkhkdkhkkrkkhkhkhkhkhkkkkhkkkkkk]

/*Single step subcommand level,issues prompt and decodes commandx/
[ kkkkkkkkkkkkihkhkkhkhkhhkkhkhkhkkhhkhkhihkhkhkkkhkkkhhkkkkkhkhkkkhkkkkhhkkkk]

quest(reg)
int xreg; {
int get;
char verb[101;
lo2p: printf("step> ');
fflush{stdout);
scanf("%4s" ,verb);

[hkkkkkkkhkkhkkkkkkkkkkhhkhkhhkkhkhkkhkhkikhkhkkkhkkkkhkkikkkhkhkhkhkkkkkkkkkkkkk]

/% Lookup the action to be taken. */
[Rkixkkixxrkdkkikkikikikkikkkhkkkhkhkihkkkikkhkkhhkirkhkhkkhihkihk/

get=Llookup(verb,verbtab);
switch(get) {

[ kkRkkkkhkkhkihhrhkkhkhkkkhkhrhhhrddrrhihhrirhdhhhkhhhkhihhkhkhihhkrhhhhhhikx/

/% single step-~type 1in an s */
[Rkkgkdkhkkkkkhxhkkikkkihkikkkkkikhhkikkikikhikkkkkkkiikhikikikkikik ]

case 0O:
page_used();
return{i3);
break;

[Rkkkkkhkkkkkikkhkkkkkkhkikkhkhhkkhhhikihkkhkkhkikihhikkkxkkkikkdikhkkkkkkk ]

/* dtemp will display the temporary registers. */
[xxkkxdhkkihkhihhkdkdkiikkhkikkikkhhhkkkkhkikhkkkhkhkikkkikirkkkkxix ]

case 1:
distemp(reg);
page_used () ;
goto LloZp;
break;

/****************************************************************/

/% dmem will display the memory registers. */
/******************************************************#*********/

case 2:
dismem(reg);
page used();



goto lo2p;
break;

"

[Rkkkkkhkkhkkkhkkkkkhhkkkhkxkhkkhkkhkkkkkkkkkkkkhhkkkkkhhhkhkkkkkkkkhkkikkkk ]

/% dislarg will display the lLarge file. */
[k dddkdkkkdkhiddodkdod ki ddkdkdk ok kik ik kK doddokdddkdkdodkkkkkkxkkiirik

case 3:
dislarg(req);
goto loZ2p;
break;

[Rxkkkkkkkkkkkrkkkkrkikhkkkkkkhkkhktrhkkkkhkkkhrrkhkrhhhkirhkkrikhkhkhhihkiihk/

/% m will modify the registers */
[Hxkdeddokdokkkdekdkkdokk ko kkddkdokkkkkikdedkkkddkdokkikkikkdkkkikikkikihk/

case 4:

modify(reg);

page_used();

goto loZp;

break; .

[hhkdkkkkhhkkkkhkhhkkkhhkhkihkhkkhkkikkhkhhkkkkkkkkhkkkdhhkkkkhrkkkhhkixhkikhik [/

/* execute x steps (b) (e) */
[hkkkkxk ik dkkhkiokkhkkhirkihkkiihkhikkkrkihhkkirhikirkkkirkkhiik ]

case 9:

case 5:
skip(reg);
page_used();
goto LloZ2p;
break;

Jhkkkkkkhkkhkkhkkkkkkkkrhhhhhikhkkkkhkkkhkkkhkhkkkdhhkhkkkkkhkkkhkkhkhkkkkkx/

/* h,help execute help file. */
/****************************************************************/

case 7:
case 8:
helpstepQ;
goto loZ2p;
break;

/****************************************************************/
/* p = print the registers as they now stand. This will fail =*/

/* before the first step of execution. */
/****************************************************************/

case 6:
prireg(reg);
goto loZp;
break;

¢



Q7

[Rkkkkkhkkkkhhkkhkhkhkkikhkhkkkkhkkhkhkhkhkkhkkkkkkrikhkhkkkkhkhkkhkkkkhkkkkkkkkk [

/*  This will transfer control to the COMMAND level. */
/****************************************************************/

case 10:
break;

[hkkdkdkkkdkkk ko dkkhhkhkkkkkkhikrhhkikkhkhkdhidikkhikkkkhhkiikikkkhikkik ]
/* This will run a trace on the compiled program. It will */
/* print the registers when it encounters an sr or a jp, effectx/

/* dvely enabling one to breakpoint their program. */
[hkdkkkkhrkhkkikkhkkkikkkkkkkikkkihkkkkkkhkrhkhkkhkihrhkhkkkdhkhkkrhrikxk ]

case 11:
erflg=0;
printflag=1;
skip(reg);
page_used();
goto lo2p;

[hkkkkkhhkkkkkhkkkkhkhkkkhkhkkhkkkkihkhkkhhkkhkthkkkkkhkkhkkhkhkkhkhkhkkhkkkkkk]

/* befault takes monitor to command Level */
/****************************************************************/

default:
printf("Invalid CommandQ);
goto loZ2p;

break;

}
>
/****************************************************************/
/* Modify subcommand level, prompts with 'Register?' and */
/*  responds to any register which is in the file 'regin® */

/****************************************************************/

modify(reg)
int *reg; {
char reginl143;
int add;
printf("Modify Register? ");
fflush(stdout);

scanf ("%s",regin);
if((bias=lookup(regin,regtab))==-1) <{
printf("Invalid Register ");
modify(req);
3

/****************************************************************/
/* If it is a valid input register, its index is put in ‘*bias' */
/* and action is taken depending on the register specifically on*/



/* whether or not it is dimensioned */
[RkFkkkkkihdkhkdkkkhkkkkkhkkkkhkkkkkkkkkhkkkkkkhkkhkkhkkkkkkkhkrkkrk [

switch(bias) {
/* Registers with an index of 3 */

case 0: case 1: case 2: case 3: case 4: case 5: case 53:
case 72: case 73: case fT4: case 75:

add=indreg(reg,3);

enter(add,reg,3);

break;

/* Registers with an index of 1 (i.e two elements 0 and 1) */

case 43:
add=indreg(reg,1);
enter(add,reg,1);
break;

/* Registers with an index of 15 =/

case 47: case 50: case 62:
add=indreg(reg,15);
enter(add,reg,15);
break;
/* Registers with an index of 4095 ( ie the large files ) =*/

case 54: case 55:
add=indreg(reg,4095);
enter(add, reg,4095);
break;

/* Micro memory */

case 68:
memed(reg);
break;
/* Registers with an index of 2 */

case 57: case 56:
add=indreg(reg,2);
enter(add,reg,2);
break;

/* # - go to command level */

case 76:
return;
/* Registers which are not dimensioned */

default:
printf(" %s = %x ",regtablbiasl,reglregintfbiasll);

(22
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A-34
printf(" =");
inhex ();
reglregintibiasll=input;
break;
X
/* This routine calls itself if no exit (ie not a #) */
modify(req);
Y
/* Indreg and enter are sort of a sub-sub~command level where you can
* modify ‘
* indexed registers; there is no need to return to the register prompt
* level to modify other in order addresses */
indreg(reg, i)
int *reg; {
int inadd,biad;
Ix%x/

printf("Index? ");

fflush(stdout);

if(scanf("%x",&inadd)==0) return;

if((inadd<® ]| Ginadd>i)) <
printf(" Index must be less than %x0,1);
inadd=indreg(reg,i);
}

return(inadd);

>

/* Enter allows you to enter data, increment or decrement the
*  dindexed register. If the maximum index is exceeded, the monitor
* returns to the 'Register?' level. */

enter(add, reg,Limit)

int *reg; {
int biad;
char verb[1];

for(; (add<limit+1)&&(add>-1);add++) {
biad=regintlbiasl+add;
printf(" Zs[ %x 1 = %x ",regtablbiasl,add,reglbiadl);
fflush(stdout);
scanf("%s" ,verb);

/* Verb contains the action to be taken =*/
switch(verbl01D) {

/* Increment without changing the contents #*/
case ‘+':

case 'i':
break;



/* Decrement the same way */

case '-':
case '"':
case 'd':
add=add-2;
break;

/* Change the register to the number input */

case 'c':

inhex Q;
regibiadl=input;
break;

/* Got back to 'Reg.' level */

default:

printf("no action taken();
return;

break;

X

>

/* Input a hex number, if it is not hex; flag it and prompt for hex */

inhex() {

fflush(stdout);
if(scanf("%x" ,&input)==0) {

printf("Hex Please ");
fflush(stdout);
scanf ("Zs",this); /* Dummy scan */
inhex);
X

}

/* General lookup routine returns the index in a table 'chartab'
* of a character string 'item'. If there is no match, =1 is returned */

Lookup(item,chartab)
char *item;
char *%chartab; {
int i,j,r,k;

for(i=0;chartablil!i=-1;i++) {
for(j=0; (r=chartablil[j1) == item[j1 & r != '0';j++);
if(r == iteml3jl)
return(i);
}
return(-1);
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/* Print routine prints all the processor registers

* a screen full anyway _*/
prireg(req)

int *reg; {

int jyad,i;

printf (""CYCLES: ");

printf("MAR: MIRO: MIR1: MIRZ:
pnt(reglcychl); pnt(reglcycld);printf(" ");
pnt (regEmarl-2);
for(j=0;j<3;j++) pnt(reglmir+jd);
if (stremp(f6,"") 1= O

{
printf(" %s %sk%s%s %s%sis",f6,f7a,f7,f7b,f8a,18,f8b);
printf(" %s%s¥s %s %4s %4s %4s 4s0,f%a,f9,f9b,f10,f11,112,13,114);
printf("0DX0: IDX1: IDX2: IDX3: ICRO: ICR1: ICR2: ICR3
¥
printf (" Et: E0:0);
for (i=indx0; i<icrQ; i++) pnt(reglil);
printf(" ");
for(i=icr0;i<intr;i++) pnt(reglil);
printf(" "); pnt(regle1l); pnt(reglell);
printf("OCMRO: CMR1: CMR2: CMR3:
printf G1: G0:0);
for (i=emr0;i<=cemr3;i++) pntlreglil);
printf (" ");
for (i=mcr0;i<=mcr3;i++) pntlreglil);
printf(" "); pnt(reglg1)); pnt(reglhg0l);
printf("0BRG1: BRGO: IMRO: IMR1: INTR: MARC:");
printf(” F1: FO:0);
pnt{reglbrg13); pnt(reglbrgll);
printf (" ");
for (i=imr0; i<=imr1;i++) pntlreglil);
printf(” "); .
pnt(reglintrd); printf(" "); pnt(reglmarcl);
printf("
printf("ONOW: PAST: MMTO: MMT1: MMT2: ouPO: ouP1:");
printf (" P: Q:0);

pnt (regCnowl); printf(” ");
pnt(reglpastl);printf(" ");
for(i=mmi0; i<=mmi2;i++) pnt(reglil);

printf(" ");

pnt(regloupul); pnt{regloupu+11);

printf("

printf("0IF0A: IF1A: LFOA: LF1A:");
printf(" TFOAR: TFOAW: TF1AR: TF1AW: MULT:0);

for(i=if0a;i<=Lfla;i++) {

pnt(reglid); printf(” ');
for (i=tf0ar;i<=tf0aw; i++) {
pnt{reglil); printf(* ");
for{i=tflar;i<=tflaw;i++) {
pnt(reglid); printf(* ");

o W



pnt (regCmultl);
printf ("OAINOUT:
printf('0);
for(i=0; i<=3;i++) {
for(j=0;j<=5;j++) <{
ad=j*4+i;
pnt (regladl);
printf(" ");
by
putchar(*0);
X
X

/* Called by prireg, prints out a hex number i with leading zeros

pnt(i) {
1f(i<0208&i>=0) putchar('0");
if(i<0400&&i>=0) putchar('0");

- 1f(i<0100008&i>=0) putchar('0");
printf("4x ",i);

Bg

7% Store the processor registers on 'status' in the format:
* index reglindex] reglindex+9] */

/* Load the processor registers from the file 'status' in the

x same format as specified by the store command */
load(reg)
int *reg; {
int i,j,k,ad,dumm;

printf("Loading);

Jp 2-

*/

if((statfd=open("status",0))===1) { printf("Null statusO);

return; ¥
oldseek (tmpfd,0,0);
for (i=0;i<=15;1++)
{ if (read(statfd,reg,24000)<24000)

{ printf("incompatable status0);
printf("data loaded as far as fp %x",i);

fflush(stdout);
break; -
¥
write(tmpfd,reg,24000);
3
close(statfd);

X

/* Print the registers according to there index (found in regin)
% ten registers are output including and after the one asked for

pritst(reg,i)

*/



¥

/*

int *reg; {

int i k;
printf("Starting reg bias? ");
fflush(stdout);
scanf("%d" ,&j);
print10(j, reqgl;

Print the ten regs and if 'g' is input print ten more %/

print10(j,reg )

int *reg; {
int k;
char resi5];

for (k=] ;k<=j+9;k++)
printf("%d  %x0,k,regfkl);
printf(”?");
fflush(stdout);
scanf("4s",res);
1f(resC01!="g')return;

i=j+10;

print10(j, reg);
X
/* Memory editor, prompts for address then from that computes
* effective address and calls 'edit' */
memed (reg)

int *reg; {

int efad;

printf("Address? ");

inhex ();

efad=regintlbiasl+(3*input);

edit(reg,efad);
3

/* Edit memory in much the same way as the indexed registers

edit(reg,efad)

1%

int *reg; {

char verb[53;
printf("mem< Zx >= %x " ,input ,reglefad++]);
printf("Zx ", reglefad++]1);
printf("%x",reglefad++1);
fflush(stdout);
scanf ("%s" ,verb);

Switch on input command */

switch(verbl03) <{

*/

/23



/* Increment, don't change the value */

case 'i':
case '+':
break;

/* Decrement the same way */

case '"':
case '-':
efad=efad-6;
break;

/* Change all three locations, keeps expecting input in hex

case 'c':
efad=efad-3;
inhexQ;
reglefad++i=1nput;
inhex();
reglefad++l=input;
inhex();
regCefad++I=1nput;
break;

/* Change memory address */

case 'a':
inhex O;
efad=regintlbiasl+B*input);
break;
/%]
default:
return;
)

/* Re-compute effective address, check for end of memory */

input=(efad-regintlbiasi)/3;
if(Cinput<0) | | (input>2255)) return;
edit(reg,efad);

3

/* Display temporary files in readable format */

distemp(reg)
int *reg; <
int i;

printf("0000");

for(i=0;i<16;i++) {
printf("templZx] = ",1);
pnt (regftf1+il); pnt(regltfl+il);

*/

AP
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putchar('0);
3
b

/* Display memory in readable format, keeps asking for more as Long
* as a valid starting address 1is input */

dismem(reg)
int *reg;
int add;
int i,i,k;
printf(”Starting? ");
fflush(stdout);
if(scanf("%x",&1)==0> {fflush(stdout),scanf("%s",this); return;
add=i%*3;

for (k=0;k<23;k++) <
printf (Mmem<Zx> =
for(j=0;j<3;j++) {

L1
2133

pnt (regEmem+addl);
add++;
3
putchar('d);
i++;
if(i>255) break;
b
dismem(reg);
X
/* Display the large files, keep displaying a page at a time until
* an invalid address is 1input */
dislarg{reg)
int *reg; {
int 1,35k
printf("Starting? ");
fflush(stdout);

if(scanf ("%x",&1)==0) {fflush(stdout);scanf("%s",this); return;
for (k=0;k<23;k++) {
printf("LfLZxl = ",9);
for(j=0;ji<4;j++) {
pnt(regllf0+il); pnt(regClfi+il); printf(" *);
i+t
if(1>4095) break;
¥
putchar('0);
1f(i>4095) break;
}
dislarg(reg);
3
[RFxdkkkkdkiokhkkkkkxrhkidhkhhkrkkkhkkihhihkkhiiokkkkkkiihhkkiikkkkhhikiiik/

/*'jhis routine will load a pas1 formatted object file into memory */



/* Since the close command takes so long, this checks to see if the */
/* previously loaded file is different from the requested file. If it %/

/* is, the previously loaded file is closed and the new file is */
/* opened. If it is the same, no files are closed or opened, saving 12%/
/* seconds of system time. In any event, this program must be *x/
/* optimized. */

/*******'k**********'k***********************************************i***/

Llode(reg,flag)
int *reg,flag; {
char filel20];
FILE *srcptr;
int x1,x2,x3,add, efad;
char oldfill20]1;

/* Input file name to be loaded */

fflush(stdout);

strepy (oldfil  file);

scanf ("%s",file);
JHkdKkxkkxkxdkxkkkhkkikihkkkikkkikkrihkkkrkikkhkhhrkkkhkkkkhkkrkrrrxkikk/
/* the first time throught, it would be rather difficult to close the */
/* previously opened file, as one does not exit. If flag = 1, it is */

/* the first time through the file. */
Jdkkddkkddkx gk xRkkkkkkkikkkkkkkkkxkkkkrExkhrrhkhhrkhhkiikkikkhkrxkkrxdk [

if(stremploldfil, filed!=0)
{ if (flag!=1) {fclose(srcptr);2}
flag=0;
if((srcptr=fopen(file,”r"))=='0") {
printf("Cannot open source fileld);
return;
>

by
/* Ignore data until '#' encountered */

while(getc(srcptr)!="#")
while(getc(srcptr)!='0);

/* Kick new line first then input formatted data until read error */

while(getc(srcptr)!='0);

while(fscanf(srcptr,"%x
efad=mem+ (add*3);
reglefadl=x1;

efad++; Op

reglefadl=x2; O ]GOV

efad++; 1;'90045 2
reglefadl=x3; R QQ{Z;@fS
fad++; %

30 Ty

/%¢&
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b

/************t************************************************l
/* this routine, if called, will store the page in secondary */
’ p Y

/* store, this is the page out routine. */
/***************ﬁ*********************************************/

memset (reg,procnum)

int *reg,procnum;
Jhkkikkhikikkkkkikkhkhkkhkkhhkkhkhhkhkhhkkhihhihkhkikikhkhkhkihkkhkikkhkikkirkk /
/* this routine will get the correct starting address for thex/

/* beginning of the page. */
/*************************************************************/

{ Lseek(tmpfd, (24000L * (long) procnum),’);

Jhxkkkkkkkhkkkkkkkhhhkhkkhkkkkhkkhhkkkhkhkkkkkhkhkkhkkkkkkkkkkkkkkhkikk /[

/* this routine does the write into secodary type storage. */
[H ko xhkkdhhkkkhkkkhkkkhkkkkkkkkkhkkkkkhkrihxdkkiikhkiihkkk/

/* furite becomes write(tmpfd,reg,24000); (fdes, bufptr,sizofbuf) */
/* write returns -1 on error, or # of bytes written. =*/

if (write(tmpfd,req,24000) <= 0) printf(“cannot write!0);
¥

[Ekkikhkdkkkkikkkikhhhkkkhkrkkihkikhhhkkihkihkhkkkkkkkhkkkkkrkxkixk/
/* This 1is the routine that Loads the "page" into memory. Ifx/
/* the page does not exits, the routine will automatically */

/* zero the memory Locations needed. */
/************k************************************************/

memload (reg,procnum)

register *reg,prochum;
{ register 1i;

Lseek(tmpfd, (24000 *procnum) ,0);
/* the new read is done as follows: read(tmpfd,reg,10000) ~1 for error

0 for EOF encountered, else # of bytes read.
if(read (tmpfd,reg,24000)<=0)
for (i=0; 1<12000; i++)
*reg++=0;

3

/*************************************************************/
/* this is just a way of demonstrating that a page in memoryx/
/* has been modified. This will speed upthe rate of data %/

/* tansfer on the machine. */
[ Fkkkkdkdkhkkkkikkkikhikkikiokkiokkkkhkhkiihkkkkhhkihhidihkikikkkrik ]

page_used ()

{ pagec=1;

X
/t**********************************t*************************/



/* this function (called nargs) is just to satisfy a fluke in*/
/* the UNIX operating system. Because this program is run  */
/* with separate Instruction and Data space, and UNIX is not */
/* quite equipped to handle such things on system calls, thisk/
/* was added to the code to prevent a dump every time that a */

/* system call is executed. */
JHkkdkkkkickkikkkkhkkkkikkkkkkkikkkkkkkkkkkkkkkkkkkkrxkkkrkrkkkkk/

nargs()

{ return(0);

>

/%

*

* XXXXXX X X XXXXXX  XXXX X X XXXX
* X X X X X X X X X X
* XXXXX XX XXXXX X X X X
* X XX X X XXXXXX X

* X X X X X X X X XX X X
* XXXXXX X X XXXXXX  XXXX X X XX XXXX
*

kkkkkkkkkkkkhhhkkkrkkkkdikhhkkkhkhkkkkkkkhkhkkkkhkhkkkkkkkkkhhkkkkhhkikk

FIRST PART OF FP EXECUTION ROUTINES

CAUTION: CODE SHOULD BE ADDED TO SHIOH.C TO AVOID OVERFLOW ERRORS
OF THE FORM 'format error exec.o' THIS IS 11/70 FOR
' You can't compile a file that big '

* ¥ X O % X ¥ F

khkkkkkkkhkikkkhkkkkikkkkhkkkhkhhkhkbkkhhhkkhkkkkkhhkhkkhhkhhkkhkkhhkhkkhkkhkkkdk

The include files here are explained in monh.c, the ones
used here are of necessity non-initialized

This is compiled as 'cc monh._ exech.c shioh._ helph._-0'
or as ‘cc runh._ exech.c shioh._ helph._ -0'

¥ ¥ % H ¥ %

kkkkkkkhkkhrkkkk kR IrhTkhkkhkhkkkkdhhhkkhhhhhhhhdihkkkhkhkrkikkkxikkhkkkkk [

#include <stdio.h>
#include "inclt2h.h"
#include "incl3h.h"

/* 'exec'! does some overhead work, zeros the output variables and
* updates the cycle count then calls the actual execution routines

* some of which are in the file */
exec(reg)
int *reg; {
int i

if(reglcyctI==ffff) {reglcycll=0; reglcychl++; }
else reglcycll+t;
conflg=0;

/0¥
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f01 —it ll;
" for(i=0;i<=5;i++)  f2Li1=0;
f3=" ll;
f4=l' tl;
f5=" ll;
for (i=0; i<=5;i++) f6L11=0;
f?:ll ll;
. fs___." Il;
f9=" Ol;
f?a="";
f?b:"l';
fsa-_:"ll;
f8b=llll;
f9a=llll;
f9b=ll";
$10=" u;
.f1 1 :” ";
f1 2:" Il;
- f13:“ ll;
f1 4:" “;
/* This simulates the buffered read.*/
for (i=0; i<=2; i++) reglmir+il=reglmbr+iJ;
fetch(reg);
regCmar]++;
conlod(reg);
excond(reg);
exalu(reg);
exmult(reg);

/* The preceeding are executed uhetHer or not the condition is met
* the rest of the instruction is executed conditionally */

if(conflg!=0) return;

exindx (reg);

exrjlreg);

exmain{reg);
>
/* Execute the ALU portion; check the arit/log bit and call
* exarit or exlog based on that test */

_exalulreg)
int *reg; {

op=(regkmir+13>>12)8&017;
if((regLlmirl&040000) 1=0) exlog(reg);
else exarit(reg);

}

/* Arithmetic execution  */

exarit(reg)



/%
/%

/%

/%

/%

/%

/%

int *reg;
f6[01="a
car=0;

if(regmird>0) { car=1; f6L11='c'; }

else
Arithmetic */

A-45

{

e
I 4

f6C11="n";

switch(op) <

F=E  */

F=(E+G) */

F=E+ G */

F=ZERO MINUS ONE */

F=E PLUS E G */

F= (E+G) PLUS E G */

case 0O:

f6021="'0";

par0=0;par1=0;
par2=regle0]; par3=reglell;
dadd(reg);.

break;

case 1:

f6L21="1";

par0=0; pari1=0;
par2=regle0]|reglg0l;
par3=regle1l|reglgil;
dadd(reg);

break; ’

case 2:

f6L2]1="2";

par0=0; pari1=0;
par2=regle0]| ( reglg0ll);
par3=regle1l1|( regLgl1l);
dadd(reg);

break;

case 3:

f6[21="3";

par0=0; par1=0;
par2=ffff; par3=ffff;
dadd(reg);

break;

case 4:

f6[21="4";

parD=regle0]; parl=reglell;
par2=regle01&( regbfg0l);
par3=regle13&( reglfgll);
dadd(reg);

break;

case 5:

f6L21="5";
parO=regfe03&( reglgll);
parl=regle1]&( regfgll);
par2=regfe0]]| regfg0l;
par3=regle1l|reglgl];

/20
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dadd(regl;
break;

/* F= E MINUS G MINUS ONE %/

/%

/%

/%

/%

/%

[

case 6:

fol[21="'6"';

parO=regle0]; pari=regleil;
par2= reglg0]+1;

if(par2==0) par3= reglgll+1;

else

E G MINUS ONE %/

E PLUS EG */

E PLUS G =*/

(E+ G) PLUS EG */

EG MINUS ONE */

par3= regfgll;
dadd(reg);
parO=reglres0]; pari=reglres1];
par2=ffff; par3=ffff;
car=0;
dadd(reg);
break;

case 7:

f6021= '7';

par0=f{ff; pari=ffff;
par2=regLe01&( reglgll);
par3=regle1]&( reglgil);
dadd(reg);

break;

case &:

f6Lf21= '8¢;

par0=regle0]; pari=regle1];
par2=regle0l&regigl]l;
par3=regleil&reglgll;
dadd(reg);

break;

case 9:

f6L21='9"';

parO=regle0l; paril=reglell;
par2=reglg0]; par3=reglgil;
dadd(reg);

break;

case 10:

f6r21="'a’;
par2=regle0l&regia0];
par3=regle13&reglgl];
parO=regle01|( regCg0l);
parl=regle13|( regfgid);
dadd(reg);

break;

case 11:

f6[21="b";
par2=regle0J&reglgll;
par3=regle1l&reglgll;



parQ=ffff; parl=ffff;
dadd(reg);
break;

/* F= E PLUS Ex %/
case 12:
f6021="c*;
parO=regle0l]; parl=reglel];
par3=regle11<<1;
if(regleD1<0) par3++;
par2=regle01<<1;
dadd(req);
break;

Iz

-
1

(E+G) PLUS E */
case 13:
f6L21="d";
parO=regle0]; pari=reglel];
par2=regle0]|reglg0l;
par3=reglell|reglgl];
dadd(reg);
break;

(E+ G) PLUS E */

/* F
case 14:
f6[21="e’;
parO=regle0l; pari=reglell;
par2=regle0l|( regfg0l);
par3=regle1l|( regfgld);
dadd(reg);
break;

/%

1]
it

E MINUS ONE x/
case 15:
f6L21="f";
parO=regle0]; pari=reglell;
par2=ffff; par3=ffff;
dadd(reg);
break;

>

/* Double register add routine simulates a 32 bit integer add
* parameters are global par0-3 and set by ‘exarit' */

dadd(reg)
int *reg; {
int icar;
long one,two,three;
icar=reglovl]=reglovhl=0;

/* 'icar' is the interim carry generated by the three if's to follow */
if ((par2<0)&&{(par0<0)) icar=ffff;

if ((par0<0)&&(par2>0)8&&(reglres0I>=(pard))) icar=ffff;
if ((par2<0)&&(par0>0)&&(reglres01>=(par2))) icar=ffff;

//Q,_-



/* Set processor overflow by the conditions described in the manual */

b
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one=two=three=0L;

one=((long) par1<<16) + ((long) par0D & Ox0000ffffL)y;
two=((long) par3<<16) + ((long) par2 & Ox0000FffflL);
three=one+twot+(long) car;

reglres1l. = (int) (three >> 16);

reglres0l = (int) (three & 0Ox0000ffffL);
if((par0>0)&& (par2>0)&&(reglres01<0)) reglovli=f{ff;
if((par0<0)&&(par2<0)&&(reglrestl>0)) reglovll=ffff;
if((par1>0)8&8& (par3>0)&(reglrest1<0)) reglovhl=ff{f;
if((par1<0)&&(par3<0)&&(reglres11>0)) reglovhl=ffff;

/* Execute logical operations */

exlog(reg)

int *peg; {
f6L031="1";
switch(op) {

/* F= E */

/* F

/*

1*

/%

/*

]

case 0O:
f6L11="'0";
regbres0]= regle0];
reglres1i= reglel];
break;
(E+G) =*/
case 1:
f6L11="1";
regfres0l= (regfe03|regfg0l);
regfresil= ¢regle1]|reglg0d);
break; !

EG */

case 2:

f6011="2";

reglres0l= (regLe01)&reglg0l;
reglres1l= (regfe11)&regigti;
break;

0 %/

case 3:
f6111='3";
regLlres03=0;
reglres13=0;
break;
(EG) */
case 4:
f6{11=14";
reglres0l= (regle0J&reglfgld);
regCrestl= (regle1l&reglgil);
break;

G */

case 3:
f6011="'5";

7>



/%

/%

/%

/%

/%

/%

/%

1%

/%

-
]

-
H

-
n

-
It

-
[}

-
1

-
]

-
"

E XOR G */

E G %/

E+G */

(E EOR G)

G */

EG x/

ONE */

E+ G */

(E+G) */

reglres0]= reglg0];
regiresil= reglgll;
break;

case 6:

f6L11="'6";

reglres01= regle0]"regig0l;
reglres1]= reglell reglgll;
break;

case 7:

f6L11="7";

reglres0l1= regle0]&( reglg0l);
reglres1l= regle11&( reglgil);
break;

case 8:

f6L11="8";

regCres0J= ( reglLe01)|regfg03;
reglres1d= ( reglel1l)|reglgll;
break;

*/

case 9:

f6011="9"';

regbres0]= (regfe01"reglg0l);
reglrestl= (regle1l”reglgil);
break;

case 10:

f6l11="a";
reglres0]= regfg0l;
reglresil= reglgil;
break;

case 11:

f6L11="'b"';

reglres0]= regleDl&reglg0];
reglres1ld= regle1l&reglgll;
break;

case 12:
f6l11="'c"';
reglres0]=1;
reglres11=0;
break;

case 13:

f6L131="d*;

regCres0J= reglLe03|( reglg0d);
reglres1]= regle1l1|( reglg1l);
break;
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case 14:

f6{11="e';

regCres0l= (regleQl|regfg0l);
regCres13= (regCe1l|regCg0l);

break;
/* F= E %/
case 15:
f6[11=*1*;
reglres0l]= regfell;
reglres13= reglell;
break;
¥
X
/* Execute conditional field */
excond(reg)
int *reg; <
op=(regimir+21>>11)807;
conflg=0;

sWwitch(op) <

/* Uncond. ALU now cond to shift */
case 0:
f2L01="u"'; f2013='n*;
regLsheconl=reglnow];
break;

/* True data now */
case 1:
f2001="t"'; f2[13='n';
regLshconl=reginowl;
if(reglemr01!=0 &&((reglnowl&reglcmr01)==0)) conflg=ffff;

/% was =%/ maskt(req);
break;

/* False data now */
case 2:

f2C01="f'; f2L13='n';
reglshconl= reglnowl;
if(reglemr01!=0 && ((reglshconl&reglcmr01)==0)) conflg=ffff;
maskf(regl;
break;
/* Address */
case 3:
f2[01='a’; f2l131='d*;
reglshconl= reglnowl;
if((reglemr33801) !1=0)
if(regLicr0]==reglindx0}) {conflg=ffff; break;}
if(CregEcmpr31&02) 1=0)
if(reglicr0]!=reglindx01) {conflg=ffff; break;J
if({reglcemr31204) 1=0)
if(reglicr1l==reglindx11) {conflg=ffff; break;}
if({regLemr318010) =0
if(regLicr1]!=reglindx11) {conflg=ffff; break;>



/* Uncond. ALU

if((reglemr318020) !=0)
if(reglicr2l==reglLindx2])
if ((reglemr3]1&040) '=0)
if(reglicr2li=reglindx2])
if((reglcmr3380100) 1=0)
if(regLicr3]==reglindx31)
if((reglemr3180200) i=0)
if(regLicr31!=reglindx31)
if(Creglemr3]&0400) 1=0)
if(reglmcr0]!=reglindx0])
if(C(reglemr31801000) 1=0)
if(regimcrili=reglindx11)
1f((regLcmr31&02000) !=0)
if(reglmcr2l==regCindx21)
if((regLemr3]&04000) !=0)
if(regfmcr3l1!=regfindx31)
if ((reglemr312010000) 1=0)

{conflg=ffff;
{conflg=ffff;
{conflg=ffff;
{conflg=ffff;
{conflg=ffff;
{conflg=ffff;
{conflg=ffff;
{conflg=ffff;

break; ¥
break;Y
break;2}
break;}
break;}
break;J}
break;Y
break;}

if(reglmard!=regimarcl) {conflg=ffff; break;}

. break;
past cond to shift %/
case 4:
f2001="u';f2013="p';
reglshconl=reglpast];
break;

/* True data past */

case 5:
f2003="t*;f201]="p"';
regbshconl=reglpast];

if(reglcmr01!=0 & ((reglshconl&reglcmr0d)==0))

maskt(reg);
break;

/* False data past */

/* Input Output

X

case 6:
f2L01='f"';f201]="p";
regCshconl= reglpast];

conflg=ffff;

if(reglemr01!=0 && ((reglshconl&reglcmr01)==0)) conflg=ffff;

maskf(reg);

break;

*/

case 7:

f2001="i'; f2l1l='o';
regCshconl= reglpastl;

printf( "1/0 conditions not simulatedD);

erflg=ffff;
break;

/* The following two routines are called by ‘excon’ to test for
* conditions called for in ‘cmri?

maskt (reg)

*/

776



int

*reqd;

if(reglemr1]==0) return;
if((reglemr11801) 1=0)
erflg=ffff;

{

X

{ printf(”Sense not simutatedd);

if((reglemr13&02) 1=0) { printf("Sense not simulated0);

b

erflg=ffff;

3

if((reglemr11804) 1=0)

if(regCicr01<=regLindx01}

if((reglcmr138010) 1=0)

if(reglicr01>=regLindx01)

if((reglemr118020) '=0)

if(reglicr0J!=reglindx01)

if((reglemr13R040) 1=0)

if(reglicr13<=regLindx13)
if((regLemr11&0100) 1=0)
if(reglicr11>=regfindx11)
if((reglemr1320200) 1=0)
if(regficr1li=reglindx11)
conflg=0;

conflg=ffff;
conflg=ffff;
conflg=ffff;
conflg=ffff;
conflg=ffff;

conflg=ffff;

return;
return;
return;
return;
return;

return;

X
X
b
iy
by
b

/* The following is the same as 'maskf' except that all conditions
* must be false for *conflg® to be set inhibiting execution

maskf(reg)
int

*red;

if(regbemr11==0) return;
conflg=ffff;

{

if(Creglemr13801) !=0) { printf("Sense not simulated0);

erflg=ff{f;

X

>

if((reglemr11&02) !=0) { printf("Sense not simulated0);

b4

/* Conlod checks the conditions of the bus and sets the now register

erflg=ffff;

by

if((reglcmr13804) 1=0)

if(reglicr0I<=reglindx03)

if(Creglemr138010) 1=0)

if(reglicr0I>=reglindx01)

Jf((reglemr11R020) =0)

if(reglicrll!=reglindx0D)

1f((reglemr118040) 1=0)

if(reglicr1i<=reglindx11)
if((reglemr130100) 1=0)
if(reglicril>=reglindx11)
if((reglemr1180200) 1=0)
if(reglicr1l!=reglindx13)

{ conflg=0; return;

{

conflg=0; return;
conflg=0; return;
conflg=0; return;
conflg=0; return;

conflag=0; return;

L s

* based on its state (and the state of various registers)
* note that the conditions reflect the beginning of execution

conlod(reg)
int

*reg;

{

*/

*/

/7
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reglnowl=0;

if(regle03<0) reginowl=reglnowl|01;

if(regle13<0) reglnowl=reglnowl|02;

if(reg[f03<0) regCnowl=reglnowl|04;

if{regff131<0) regCnowl=regCnowl|010;

if(reglfg03<0) regfnowl=reglnowl|020;

if(regCg131<0) regCnowl=reglnowl]|040;

if(reglres01<0) regfnowl=regCnowl|0100;

if(reglres11<0) reglnowl=reginowl|0200;

if(regCres0J==ffff) reglnowl=reglLnowl|0400;
if((reglres0)==ffff )8&( reglresil==ffff)) regLnowl=reglinowl|01000;

if(reglovll!=0) regCnowl=reglnowl|02000;

if(reglovhl!=0) regCnowl=reginowl]|04000;

f221="n*;

if((regCmir+21802000) !=0) { f2[21='s'; reglpastl=reglnowl;

X

/% Execute the multiply. "mulflg® contains the value of the

* previous multiply and 'merflg' is set if the current

* multiply is not the same as the last. Results are not placed

% dn "mult' until the second consecutive call of the same type */

exmult(reg)
int *reg; {
op=(reglmir+21)8&017;
merfig=0;
switch(op) {
[%%/
case O:
f5=“p Lpt";
if(reglmutflgi!=0) {reglmulflgl=0; merflg=ffff; break; ¥
reglmultl= (regCpl&0377) * (reglpl&0377);
break;
l%%/
case 1: case 4:
,f5=up LpU";
if(regCmulflgl!=1) {reglmulflgl=1; merflo=ffff; break; )
reglmultl= ((regLpl>>8)80377) * (reglpl&0377);
break;
/*%/
case 2: case 8:
f5=l|p qun;
ifCregEmulflgl!=2) {reglmulflgl=2; merflg=ffff; break; }
regimultl= (reglql&0377) * (reglpl&0377);
break;
%%/
case 3: case 12:
1:5=up '.QU";
if(reglmulflgd!=3) {regCmulflgl=3; merflg=ffff; break; }
regCmultl= (reglpli&0377) * ((regCql>>8)&0377);
break;
%%/
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case 5:
fsznpupu n;
if(reglmulfigl!=5) <{reglmulftgl=5; merflg=Fffff; break; 3
regimuttl= ((regfpl>>8)8&0377) * ((reglpl>>8)8&0377);
break;
/xx/
case 6: case 9:
f5=npuqtn;
if(regCmutflglt=6) {regEmulflgl=6; merflg=ffff; break; 2
regEmultl= ((reglpl>>B)&0377) * (reglql&0377);
break;
/%% /
case 7: case 13:
fszupuquu;
if(reglmulfigl!=7) {Lregimulflgl=7; merflg=ffff; break; ¥
regfmultl= (Creg[pl>>8)&0377) * ((reglql>>8)R0377);
break;
[/
case 10:
f5="q LQL“;
if(reglmulfigd!=10) {reglmulflgld=10; merflg=Fffff; break; >
regimultl= (reglql&0377) * (regfql&0377);
break;
%%/
case 11: case 14:
f5="q LQU";
if(reglmulflgl!=11) {regimulfligl=11; merflg=ffff; break; )
regbmultl= ((reglkql>>8)&0377) * (reglql&0377);
break;
/*x/
case 15:
fszuququu; )
if(reglmulflgl!=15) {regEmulflgl=15; merflg=ffff; break; I
regCmultl= ((reglql>>8)R80377) * ((reglgl>>8)80377);
break;

By
/* Return jump */

exrj(reg)
int *reg; {
op=(reglmir+21>>4)&03;
switch(op) <{
case 0O:
f4=0lnptl;
break;
%%/
case 1:
f‘}:"j pn;
reglmarJ=reglstack+reglstptrll;
break;



[%%/

[%%/

/%

¥
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case 2:

f4="sr";
reglstptrl=(reglstptrl+1)&017;
reglstack+reglstptrll=reglmarl;
break;

case 3:

f‘:lld f";
regCmarl=reglstack+reglstptrll;
reglstptrl=(reglstptrl-138017;
break;

/* Index execution */

exindx (reg)

/%]

[x%/

[x%/

[xx/

[%%/

[x%x/

int

*reg; {
op=(reglmir+21>>6)8&017;
switch(op) {

case O:

f3=un°pu;

break;

case 1:
f3="in0";
reglindx0J++;
break;

case 2:
£3="9in1"";
reglindx1]++;
break;

case 3:
f3="1n2";
regLindx21++;
break;

case 4:
3="in3";
reglindx3]++;
break;

case 5:
f3="dc0";
regLindx0]~--;
break;

case 6:
£3=""dc1";

*/

s20



[%x/

/%]

/%]

[%%/

1%/

[*%/

[x%/

[x%/

[x%/

printf("End ffs not

regLindx13--;
break;

case 7:
f3="dc2";
regCindx23--;
break;

case 8:
f3=""dc3";
reglindx3]1--;
break;

case 9:
f3="cl0";
regLindx01=0;
break;

case 10:
f3="cl1";
reglindx11=0;
break;

case 11:
f3="cl2";
regLindx21=0;
break;

case 12:
f3="cl3";
regLindx31=0;
break;

case 13:
T3="cel";

erflg=ffff;
break;

case 14:
f3="cel”;

erflg=ffff;
break;

case 15:
f3="cla";
regCindx01=0;
regfindx23=0;
regLindx13=0;
regLindx31=0;
break;

printf("End ffs not simultated®

r

simulatedd);

2/
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/* Get the next instruction from memory, put it in mbr */

fetch(reg)
int *reg; {
int efad, i;
efad=(reglmarl*3)+nen;
for(i=0;i<=2; i++) { reglmbr+il=reglefad+il;
)
3

/* Execute the main part of the instruction */

exmain(reg)
int *reg; {

op=(regimir+21>>14)803;
switch(op) {
case O:
fO1="tr";
extran(reg);-
break;

/*%/
case 1:
£01 ="tC";
extrac(reg);
break;

/* Shift and io are in the file 'shio.c' */

case 2:

f01="sh";

exshift(reg);

break; #)
1%/ O@QJG%

case 3: &

f01="140";

exio(regs; @Q&zg;?

break;
X
/* Tranfer data from register to register */

extran{(reg)
int *reg; {

/* Get source and destination code from instruction =*/

sO0=(reglmir+11)&0007700;
s1=(reglmir+11)&0000077;



723

d0=(reglmirl)&0037600;
d1=(reglmir1)&0000177;

/* Use input codes to get an index returned from a list of valid
* codes (uses a lookup routine) */

s0=finint(s0,srlint);
s1=finint(sl,srlint);
d0=finint (d0,d0int);
di=finint(d1,d%int);

/% Set the fields for output ( also a table ) =*/

f7 = srctabls0];
f9 = srctabls1];
8 = d0tabld0l;

10 = ditabL[d1];

/* After source, s0 and s1 contain values of the sourced registers */

source(reg);

/* The store routine stores the values in the designated registers */

stord0(reg);
stordi(reg);
3
source(reg)

int *reg; {
/* Set ALU eight bit chunks and sign extensions for later referance */

b0=reglres0180377;
b1=(reglres0I>>8)&0377;
b2=reglres13]80377;
b3=(reglres13>>8)8&0377;
Ls=(reglres01>>16)8&0377;
us=(reglres11>>16)8&0377;

/* Switch here really only to take care of odd ALU sources =*/

switch(s®) {
/%[

/* Default calls another switch */

default:
sO=srsuw(s0,reqg);
s1=srsw(s1,reg);
break;

/* alsw %/
case 1:



/%

/%

/%

/%

/%

/%

/%

[*

alsw

alsw

alsw

alsw

alrs

alrs

alrs

alrs

if((s1==2) | (s1==3) | (s1==4)) {
printf("Adder source error();

erflg=ffff;
b

if((s1<=8)&(s1>=5))

switch(s1)

~ alsw */

- airs

al x/

else
break;
*/
case 2:

case 5:
s0=(b2<<8) |b1;
s1=(b0<<8) |b3;
break;

*/

case 6:
s0=(1Ls<<8) |b1;
s1=(b0<<8) |b3;
break;

alrz */

case 7:
s0=b1;
s1=(b0<<8) | b3;
break;

case 8:

printf("Illegal ALU source 0);

erflg=ffff;
break;
3}

{ s0=(b0<<8)|b1;

{

Pif((s1==1) | (s1==3) | (s1==4)) {

printf("Adder source error0);

erflg=ffff;
3

if((s1<=8)&(s1>=5))

switch(s1)

- alsw */

- alrs

case 5:
s0=(b2<<8)|b1;
s1=(us<<8) |b3;
break;

*/

case 6:
s0=(1s<<8) |b1;
s1=(us<<8) |b3;
break;

~ alrz %/

case 7:
s0=b1;
s1=(us<<8) |b3;
break;

{

s1=srsw(s1,reg);

Iy



/*

/*

/*

/%

/%

/%

%

/%

alrs — a1 %/

case 8:
printf("Illegal ALU source 0);
erflg=ffff;
break;
¥
break;

alrz */

case 3:
if((s1==2) | (s1==1){(s1==4)) {
printf("Adder source error();
erflg=ffff;
X
if((s1<=8)&(s1>=5))
switch(s1) {
alsw */
case 3:
s0=(b2<<8) |b1;
s1=b3;
break;
aQrz - alrs */
case 6:
s0=(Ls<<8) |b1;
s1=b3;
break;
alrz */
case 7:
s0=b1;
s1=b3;
break;

alrz

alrz

alrz - al */
case 8:

printf("Illegal ALU source 0);

{

erflg=ffff;
break;
¥
else { s0=b1; si=srsulsi,reg);
break;
al =*/
case 4:
if((s1==2) | (s1==3) | (s1==1)) {
printf("Adder source error();
erflg=f{ff;
X
if((s1<=8)&(s1>=5))
switch(s1) {
al - a1 %/
case 8:
sO=regLres0l;
s1=reglres1];
break;

%%/

)<



/%

IE3

/*

/%

/*

1%

/%

defautt:
printf("Adder source error0);
erflg=ffff;

break;
3} .
else { sO=reglres0]; s1=srsw(si,reg);
break;
alsw %/
case 5:
if((s1==8) | (s1==6) | (s1==7)) {
printf("Adder source error();
erflg=ffff;
3
1f((s1<=4)8&(s1>=1))
switch(s1)
alsw - alsw */
case 1:
s1=(b2<<8) |b1;
s0=(b0<<8) | b3;
break;
alsw - allrs */
case 2:

alsw

alsw -~ a0 =/

else

break;
alrs */

case 6:

if{(s1==

s1=(b2<<8) |b1;
s0=(us<<8) | b3;
break;

allrz */

case 3:

s1= (b2<<8)|b1;
s0= b3;

break;

case 4:

printf("Illegal ALU source 0);
erflg=ffff;

break;

4

{ s0=(b2<<8)|b3; si=srsuw(si,reg);

5) | (s1=7) | (s1==8)) {
printf("Adder source error();
erflg=ffff;

>

if((s1<=4)&(s1>=1))

atrs = alsw */

alrs - alrs

sWwitch(s1) {

case 1:
s1=(1s<<8)|b1;
s0=(b0<<8) | b3;
break;

*/

X

rig



/%

/%

/%

VLS

/%

IES

/%

/%

case 2:
s1=(1s<<8) |b1;
s0=(us<<8)|b3;
break;
alrs - alrz */
case 3:
s0=(Ls<<8)|b1;
s1=h3;
break;
alrs - a0 %/
case 4:
printf("Illegal ALU source O);
erflg=ffff;
break;
¥
‘break;
alrz */
. case T:
if((s1==5){(s1==6) [ (s1==8)) {
printf("Adder source errorQ®;
erflg=ffff;
¥ .
I ((s1<=4)&(s1>=1))
switch(st) {
alrz - alsw */ .
case 1:
s0=(b0<<8) | b3;
s1=b1;
break;
alrz -~ alrs %/
case 2:
s1=b1;
s0=(us<<8) | b3;
break; '
alrz — alrz */
case 3%
st=b1;
s0=b3;
break;
alrz - a0 */
case 4:
printf("Illegal ALU source O);
erflg=ffff;
break;
}
else { s0=b3; s1=srsw(si,reg); 2}
break;
al =*/
case 8:
if((s1==5) | (s1==6) | (s1==7)) {
printf("Adder source error0);
erflg=ffff;

27
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}
if((s1<=4)&(s1>=1))
switch(sT) {
/* a1l - a0 */
case 4:
s0=reglrestl];
s1=reglres0l;
break;
Ix%/
defautt: ,
printf("Adder source error0);
erflg=fff{f;
break;
X
else { sO=reglres1]; s1=srsw(si,reg);
break;
X

reglbus0l=s0;
regfbus1]=s1; _
J

/* Given that their are no special ALU considerations this
* 1is where sources are determined. ss is the return
* parameter but represent the global sO or si */

srswiss,reg)
int *reg; {
int ret,flg,xx0,xx1,xx2,xx3;
switch(ss) {
/* nop */
case 0O:
break;
/* alsw */
case 1:
ss=(b0<<8) |b1;
break;
/* alrs %/
case 2:
ss=(1s<<8) |b1;
break;
/% alrz */
case 3:
ss=b1;
break;
/% al */
case 4:
ss=reglres0];
break;
/* alsw */
case 5:
ss=(b2<<8) | (b3);



.t

%

I&3

[*

/%

/%

break;

alrs %/
case 6:
ss5=(us<<8) | b3;
break;

alrz %/
case 73
ss=b3;
break;

al */
case 8:
ss=regires(];
break;

qrsp */
case 9:
printf("A/Q not simulatedD);
erflg=ffff;
break;

arsp */
case 10:
printf("A/Q not simulated0);
erflg=ffff;
break;

ifox */

/29

case 19: case 20: case 21: case 22: case 23: case 24: case 25: case 26:

1*

/%

I£3

/%

/%

printf(" Input file not implementedD);
erflg=ffff;
break;
LfOn %/
case 31:
ss=regLLfO+reglf0al];
break;
LfQu =/
case 32:
ss=regbLf0+regiLf0all;
regLLf0a1=(reglLf0a1+1)807777; /* was 01777 */
break;
Lf0d */
case 33:
ss=regLLf0+regLL¥0a]];
regCLf0al=(reglLf0al-~1)&07777;
break;
Lf0a =/
case 34:
ss=regLLfO+regl1f02a13;
regCLfO0al=(reglL0al+reglindx01)R07777;
break;
Lfin =/
case 36:
ss=regCifi+reglLf1all;
break;
Lflu %/



/%

/%

/%

/%

/%

/%

/%

/%

/%

/%

Lf1d

Lf1a

mult

iftmerflg!=0) { printf("Multiply source error0);

tf0n

tf0u

tf0d

tflc

tfin

tf1u

tf1d

case 37:
ss=regLlf1+reglLflall;
regELf1al=(reglLf1a1+1)&07777;
break;

*/

case 38:
ss=regllf1+regllf1all;
regClflal=(reglLf1a1-1)8R07777;
break; -

*/

case 39:
ss=reglLf1+regllf1al];
reglLlflal=(regClf1al+reglindx01)&07777;
break;

*/

case 42:

ss=regimult];

break;

*/

case 43:
ss=regltfO+regltf0arll;

break;

*/

case 44:
ss=regltf0+regltfOarll;
regltflari=(regltf0arl+1)8&017;
break;

*/

case 45:
ss=regltf0+regltf0arll;
regltf0arl=(regltf0arl-1)8&017;
break;

*/

case 46:
ss=regltf0+regltf0arl];
regltf0arl=0;

break;

*/

case 49:
ss=regltfl+regltfliarll;

break;

*/

case 50:
ss=regltfl+regitfiarll;
regltflarl=(regltfiarl+1)8017;

break;

*/

case 51:

ss=regltfl+regltfiarll; 00@10

regltflarl=(regltflarl-1)8017; jhfblzgtﬁ

break; C%zg 424
b,

AL 0 L8

erflg=ffff; ¥

JS6
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/% tfic */
case 52:
ss=regLtfl+regltftarll;
regitflarl=0;
break;
/% 2 %/
/%= If the z register is sourced, processor may simulate a four
* cycle wait state */

case 11: case 12: case 13: case 14:

xx0=ss-11;

xx1=0;

xx2=reglcycld + reglcycsi+xx01;

if(C regleycsl+xx01<0)&&(reglcycll<B)) xx1=ffff;
if((regleyclI<0)8&(xx2>reglcycld)) xx1=ffff;
if(( reglecycsl+xx01<0)&&(xx2> reglcycsti+xx01)) xx1=ffff;
xx3=reglcychl+ reglcycsh+xx03;

If{xx11=0) xx3++;

if((xx3=0)8& (xx2<5)&& (xx2>=1)) {

xx1=0;

xx2=reglcycsll+4;

if((4<0)8& (reglcycstI<D)) xx1=ffff;
if((reglcycstI<D)&&(xx2>reglcycsll)) xx1=ffff;
1FCC4<0)8R (xx2>4)) xx1=ffff;

xx3=reglcycshl+(;

Pf(xxTi=0) xx3++;

reglcycll=xx2;

reglcychl=xx3;

b

ss=reglsrcintissll;

break;

/* The default case lLook up the register index and sources the
* 1indicated register by bias */

default:
ss=reglsrcintlssl];
break;
iy
return(ss);

¥

/* Store the sO source into the d0 destination =*/

stord0{reg)
int *reg; {
switch(dd) {
%%/
case 0:
break;
/% e0f0 =/

case 32



/%

/%

1%

/*

/%

/%

/%

/*

143

/%

/%

1%

regle0]=regl{0]=50;
break;

ellgl */
case 4:
regle0J=reglgl1l=s0;
break;

efOg */
case 5:
regle0l=regbf0l=reglg13=s0;
break;

fOgt */
case 7:
regLf01=reglg1l=s0;
break;

LfOn =/
case 123
regLLf0+reglf0all=s0;
break;

LfOu */
case 13:
regLLf0+regl1f0all=s0;
regCLfO0al=(reglLf0al+1)807777;
break;

Lf0d */
case 14:
regLLfO+regL\f0al1=s0;
regLlf0al=(regbL f0al~-1)8&07777;
break;

Lf0a */
case 15:
reqLLfO+regllf0all=s0;
reglLf0al=(reglLf0al+reglindx01)R07777;
break;

p */
case 22:
regCmulflgl=ffff;
reglpl=s0;
break;

peld */
case 23:
reglpl=regle0]=s0;
break;

pelg */
case 24:
reglpl=regle0l=reglg1]=s0;
break;

pefd */
case 25:
reglpl=regle0l=reglf0]=s0;
break;

pefg */
case 26:

/32



/%

I

[*

V£

/%

/%

[*

I*

/%

>

[*

A-68

regipl=regle0l=regLf0J=reglg11=s0;
break;

pf0 %/
case 27:
reglpl=reglf0]=s0;
break;

pfl0g */
case 28:
reglpl=regqlf0l=reglg1i=sl;
break;

pgl */
case 29:
regbpl=reglg13=s0;
break;

tfOn =/
case 30:
regttf0+regttf0awll s0;
break;

tf0u %/
case 31:
regltf0+regitf0awll=s0;
regltflawl=(regltflawl+1)&017;
break;

tf0d =/
case 32:
regltfO+reglt f0awll=s0;
regEthaw]“(regthOan 1)8&017;
break;

tf0c */
case 33:
regLtfO+regftf0arll= sD-
regltflarl=0;
break;

tOba */
case 36:
regltflarl=regltflawl=s0;
break;

The default looks up the register bias again
default:
regldb0intLd0]11=s0;

break;
X

This puts the s1 souce into the d1 destination

stord1(reg)

int *req; {
int efad;
efad=regLlmarl*3;

*/

*/

33



[*%/

1%

/1%

/%

/%

/*

/*

/%

/*

/%

/%

/%

arsp

elf1l

eflg

elg0

f1g0

Lfin

Lflu

Lf1d

tfla

switch(d?) {

case 0:

break;

*/

case 1:

printf("A/Q not simulated]);
erflg=ffff;

break;

*/

case 8:
regle1]=regbLf1l=s1;
break;

*/

case 9:
regle1l=reglf1]=reglg0l=s1;
break;

*/

case 10:
regfe1l=regle0l=s1;
break;

*/

case 12:
regCf13=reglgli=s1;
break;

*/

case 23:
regCLfl+regllf1all=s1;
break;

*/

case 24:
regCLfi1+reglLf1all=s1;

regllflal=(reglLf1a1+1)&07777;

break;

*/

case 25:
regClf1+reglif1all=s1;

reglLf1al=(regllf12a1-1)807777;

break;

*/

case 26:
regCLf1+regllflall=s1;

regllflal=(reglLflal+reglindx01)&07777;

break;

mm0 */

case 32:
regCmemtefadl=regimmi0];
break;

mmt */

case 33:
reglmemtefad+1]i=reglmmill;
break;

/2K



/%

. %

[

Jx

o

[*

I*

/%

1%

Iz

1%

Ik

A-70

mm01 */
case 34:
regEmem+efad]=reg£mmi0];
reg[mem+efad+1J=reg[mmi1];
break;

mm2 */
case 35:
reg[mem+efad+23=reg[mm12];
break;

nm02 */
case 36:
regtmem+efadl=reg£mmi03;
regEmem+efad+2]=regtmmi2];
break;

mm12 */
case 37:
reg[mem+efad+1J=reg£mmi1];
regEmem+efad+2]=reg£mmi2];
break;

mma */
case 38:
regEmem+efad]=regtmmi03;
reg[mem+efad+1]=reg[mmi1l;
reg[mem+efad+2]=regEmmi23;
break; )

case 39:
regimutfigl=ffff;
reglql=s1;
break;

gefl */
case 40:
reg[q3=regte13$regtf13=s1;
break;

aefg */
case 41:
regEq3=reg£e1J=reg£f13zregtg03=s1;
break;

qel */
case 42:
reglql=reglell=s1;
break;

qelg */
case 432
reg[q]zreg£e13=reg[g03=s1;
break;

qfi */
case 44:
regfql=regi{f1l=s1;
break;

qgftg */
case 45:

EN



regCqi=reglf1]=reglgll=s1;
break;

/* qg0 %/

/* tfin

/* tflu

/* tf1d

/% tflc

/* t0ba

case 46:
regbql=reglgll=s1;
break;

*/

case 47:
regftf1+regltflawli=s1;
break;

*/

case 48:
regltfl+regltflawll=s1;
regCtflawl=(regltflawl+1)8017;
break;

*/

case 49:
regCtfitregitflawll=s1;
regltfiawl=(regltf1awl-1)8017;
break;

*/

case 50:
regltf1+regltflarll=s1;
regltflarl=0;

break;

*/

case 53:

< regltflarl=regltflawl=s1;

[Hx/

b

break;

default:
regldb1int[d111=s1;
break;

}

/* Extrac determine the place to store regimir+i] */

extrac(reg)

¥

/* This routine returns the index of an input integer 'it'

int *reg; {
s0=s1=reglmir+11;
d0=(regimirl)&0037600;
d1=(regimirl)&0000177;
d0=finint (d0,d0int);
d1=finint(d1,d1int);
f7 = d0tabLd0];

8 = d1tabld13;
stord0d(reg);
stord1(reg);

/34
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%* in the indicated table. Used for sourtes and destinations x/

finint(it,table)
int tablel]; {
int iz
for(i=0;tablelil!=it;i++) . )
{ if(i>100) {printf("Source destination error0);
. erflg=ffff; return; 2
if(tableCiJ==-1){printf("Source destination error0);
erflg=ffff;

return;
b
3
return(i);
¥
/%
* .
* XXXX X X X XXXX X X . XXXX
* X X X X X X X X X X
* XXXX  XXXXXX X X X XXXXXX X
* X X X X X X X X X .
* X X X X X X . X X X XX X X
* XXXX X X X XXXX X X XX XXXX
*

**********************************;****%%***i**********4;*4*2;
*

% SHIFT AND I/0 EXECUTION ROUTINES

x
dhkRkdhkkhdokdkkdkkidddkikdd ik ikhkddkdokkxriokihkikididiikkkihrik
*

* The includes and compilations proceedures are the same as

*  @Xec.C

*/

#include <stdio.h>

#include "incl2h.h"

#include "incl3h.h"

[*%/

/% Shift execution routine =/

exshift(reg)
int *reg; {
/% Determine if its a double or s%ng[e shift, formulate opcodes
* and call shift routines accordingly %/
if ((regCmir+13802000) != O) {
£10="d";
dbshftred);
op= regimirl&0377;
shft(reg,a0,a1,9);

b

)57



/* Single shift =/

else {
f10=usl);
op=(reglmir+11>>2)80377;
shft(reg,e0,e1,7);
op=((regimirl>>8>8077) | ((reglmir+11803)<<6);
shft(reg,f0,11,8);
op=regimirl&0377;
shft(reg,q0,91,9);
X

X

/* This routine execute the double shift and calls 'shcl' to execute
* the clear opcodes =*/ :

dbshft(reg)
int *reg; {
int opt,inbit;
op=((reglmirl>>8)8077) ] ((reglmir+11803)<<6);
opt=(reglmir+13>>2)80377;
if(op!=op1) { printf("Double shift errord); erflg=ffff;
return;

/* Determine the input bit 'inbit' */

switch((op>>3)807) {

case 0:
f7=18="zin";
inbit=0;
break;

[*x/
case 1:
f7=t8="o01in";
inbit=1;
break;

[%x/
case 2:
f7=18="cir";
if (((op>>6)R03)==1) 1inbit=regLf01&01;
else inbit=(regle11>>15)8&01;
break;

%%/
case 3:
f7=f8="sagn";
if((inbit=(op>>6)&01)==1) inbit=(regle13>>15)&01;
break;

[#**/
case 4:
f7=18="a15";
inbit=(regishcon1>>6)8&01;
break;

/3&



1%/

/%%x/

Ixx/

[*%x/

A-74

case D:

f7=f8="n15";

inbit= (reglshconl>>6)8&01;
break;

case 6:

f7=f8="a31";
inbit=(regLshconl>>738&01;
break;

case 7:

f7=f8="n31";

inbit= (reglshconl>>7)801;
break;

default:

f7=f8="What?";

break; . _
3

/% Shift right left or not at all */

switch((op>>6)803) {

[%x/

/* Right shift

case -0:

fra=f8a="n";

break;

*/

case 13

fra=f8a="r";
regCLf01=(077777&¢regEf01>>1) )| ((regLf11R01)<<15);
reglf11= (D?????&(reg[f13>>1))|((regte03&01)<<15),
regle(]= (07??7?&(reg£e03>>1))[((reg[e1]&01)<<15)'
regle13=(077777&(regle11>>1))] (inbit<<15);

break;

/* Left shift #/

/%]

/* Call general

case 2:

f7a=f8a="1";
regle11=(regle11<<1) | ((regLe01>>15)801);
regle01=(regle01<<1) [ ((reghf11>>15)801);
regbLf131=(reglf11<<1) | ((regL£01>>15)801);
regLf01=C(reglf031<<T) |inbit;

break;

case 3:

printf("Illegal shiftQ);
erflg=ffff;

break;

by

'*shel! routines */

3%



shcl(eD,e1,reg,&f7b);
shel(f0,f1,reg,&f8b);

/% General single shift routine op contains 'the opcode
* of the register to be shifted, a0 and al contain
* the indexs of the register and k keys where- the

* output f-field is coded */
shft(reg,al, a1,k
int *reg; {
int inbit;

char *ff,xfg,*fh;
/* Determine input bit */

switch({op>>3)R07) {
%%/ )
case 0:
ff="zin";
inbit=0;
break;
%%/ .
case 1:
ff="o0in";
inbit=13
break;
%%/
case 23
ff="cir";
sw1tch((op>>6)&03) {
case 1:
inbit=reglLa0l1&01;
break;
case 2:
inbit= (reg[a1]>>15)&01
break;
¥
break;
[1%%/
case 3:
f.f:nsgnu;
inbit=(op>>6)&{regla11>>15)801;
break;
%%/
case 4:
'ff="a1_5";
inbit=(reglshcon]>>6)801;
break;
/%% /
case 5: -
ff="n15";

/ %o
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inbit= (reglshconl>>6)R01;
break; )
1%/
case 6:
.ﬁf:"asol Il;
inbit=(reglshconl>>7)801;
break;:
%%/
case 7:
ff="n31";
inbit= (reglshconl>>7)8&01;
break;
/*%/
default:
ff="Wwhat?";
break;
¥

/* Determine shift direction x/

switch((op>>6)803) "L
case Q:
fg="n";
break;

/* Right */

case 1:
fg="r";
reglLall=(reglall1>>1)8077777;

if(Cregfa11201) !=0) - regLa0l=((regLa01)&077777) |0100000;

reglald=(077777&(regla11>>1))| (inbit<<15);

break;

/* Left x/
case 2: -
fg"-j" L";
reglall=regla1l<<1;
if(reglall1<0) reglal1l++;
reglall=(regla0l<<1)+inbit;
break;

[*x/
default: .
printf("Bad shift fieldd);
erflg=ffff;
break; :
3}

/* Clear the indicated registers */
shcl(a0,al,reg,&fh);
/* Determine where the output strings are to be located

switch(k) {

*/ -

2l
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Ixx/
case 7:
f7=1f;
fla=fg;
f7b=th;
break;

%%/
case 8:
f8=Ff;
f8a=fg;
f8b=Fh;
break;

/*%/
case 9:
fo=1f;
f9a=fg;
f9bh=th;
break;
3

¥

/* Clear the indicated register bytes */

shcl(al,al,reg,ff)
int *reg;
int *ff; {
switch(op&07) {
case O:
*ff="n";
break;
/* Clear byte 0 */
case 1:
*ff="0"; )
reglall=regla03R0177400;
break;
/*/Claer byte 1 */
case 2:
*ff=" u;
regLa0l=regla0l’0377;
break;
/* Clear byte 2 */
case 3:
*ff="2";
regLa1l=regla1]&D177400;
break;
/* Clear byte 3 */
case 4:
*ff=ll3 ";
regla1l=regla1380377;
break;
/* Clear bytes 0 and 1 */
case 5:
*ff=ll L";



regla01=0;
break;

/* Clear bytes 2 and 3 */
case 6:
*ff=llu";
regla11=0;

: break;

/% Clear all */

’ case 7:

*f f:"a“;

regCa0J=reglfal11=0;

break;

}

>

/* Execute the DSA portion of the 1/0; other I/0 is not simulated

exio(req)-
int_ *reg; {

/* Decode the source fields */

sO0=regfmir+11807700;

st=regimir+118077;

s0=finint (s0,sr0int);

s1=finint(s1,srlint};

f7=srctabls0];

f8=srctabls1];

source(req);

op=(reglmirl>>12)803;

switch(op) {
/xx/

case O:

printf("External interrupts not simulated0);

erflg=ffff; '

break;
%%/

case 1:

printf("FP to FP transfers not simulated0);

erflg=ffff;

break;
k37, .
case 2: case 3:
f9=""ds";
dsaio(reg,0,&f11);
dsaio(reg,1,8&f12);
dsaio(reg,2,&f13);
dsaio(reg,3,&f14);
break;
¥

JE3

*/
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/* General dsaio routine. 'j' is the channel,ff is the output field */

dsaio(reg,j, ff)
int *reg;
int *ff; {
op=(reglmirl>>(j*3))R07;
- . switch(op) {
%%/
case 02
*ff="nop";
break;
/* LOAD B */
case 1:
*ff="l.b";
reglb+jl=reglbus11017;
break;
/* LOAD S %/
case 2:
_*ff="LS";
regls+jl=reglbus0];
break;
/% LOAD S LOAD B */
case 3:
*ff="1Lsb"; .
regCb+jl=reglbus11&017;
regls+jl=reglbus0];
break;
/* READ */
case 4:
reglhcycsh+jl=reglcychl; reglcycslli=reglcycll;
*ff="ru";
dsare(reg,j);
regls+jl++;
break;
_/* WRITE */
case 5:°
*.f.fznuun;
dsawr(reg,j);
regls+jl++;
break;
/* LOAD S READ */
case 6:
reglcycsh+jl=reglcychl; reglcycsll=reglcycl];
*.f.f._-“ul“;
regls+jl=reglbus0];
dsare(reg,j);
regls+jl++;
break;
/* LOAD S WRITE */
case 7:
*ff="wl!;
regls+jI=reglbus0];



dsawr(reg,j);
regls+jl++;
break;

¥

/* DSA read reads from the disk randomly, flags overflow
* Memory banks are files 'bank0',bank1' etc.

*  Four memory banks are simutated, the read reads on all four channels

* additional banks can be easily added as required x/

dsare(reg,j)
int *reg; |
int i
sw1tch(reg[b+3]) {
[5xx]
case Q:

/* Flag cycle start for simulating wait state */
reglcycsi+jl=reglcycll; regbcycsh+jl=regleychl;
/* 1f file non-existant flag error */

if ((bOptr=fopen ("bank0","r*))==10"). {
pr1ntf("Bank %d read-errorQ,reglh+j1);
erflg= ffff, return; ¥

/% Scan memory input into z~reg until memad ‘reg[s+3]‘ is matched
* If the end of thé bank is reached, an error is flaged */

for (i=0; i<=regls+jl; i++) if((fscanf(bOptr,"%x",&reglagzin+j1))==~1)
printf("Bank %d read overflow at %x hex0,regCb+j3,regCs+j1);
erng-ffff, return; >
Fclose(bOptr);
break;

/* Exactly the same as case 0 except uses ‘banki® */

case 1:

regfeycsl+jI=regleycld; regCeycstitjli=regleychl;

if((b1ptr=fopen("bank1", r"))==10") {

printf("Bank %d. read errorQ,reglb+jl);
erflg=ffff; return; }
for(i=0; i<=regls+j1; i++) if{(fscanf(biptr,"%x" , &reglagzin+id))==-1)

printf("Bank %d read overflow at %x hex0,reglb+j3,regls+jl);
erflg=ffff; return; B2

fclose(biptr);

break;

A Rx]
case 2% .
reglcycst+jd=reglcycld;  regCcycsh+ji=reglcychls

{

L AYS



if((b2ptr=fopen("bank2","r"))=='0") {
printf("Bank %d read error0,reglb+j1);
erftg—ffff, return;

Y

for(i=0;i<=regls+jl1;i++) 1f((fscanf(b2ptr,"%x",&reg[aqz1n+3]))'“-1)
printf("Bank %d read overflow at %x hex0,reglb+j], regls+jl);

erflg=ffff; return;
fclose(b2ptr); )
break;
/%xx/
case 3:
reglecycsl+jl=reglcycld; regLcycsh+jl=reglcychl;
1f ((b3ptr=fopen("bank3","r"))=='0") {
printf("Bank %d read error0,reglb+jl);
erflg=ffff; return;

X

>

for(i=0; i<=regls+jl;i++) if((fscanf(b3ptr,"%x", &regtaq21n+33))==-1)
printf("Bank Zd read overflow at %x hex0, reglb+jl, regls+jl);

erflg =ffff; return;
fclose(b3ptr);
break;
Ix%/ )
default:
printf("Bank %d not simulated();
erflg=ffff;-
break;
by
B4

/* The DSA write simulates a random access memory on the disk
* Their are no errors, if the file doesn't éxist it is created

dsawr(reg,j?
int *reg; |
int i,dum; -
reglaqzintjl=reglbusii;
switch(reglb+j1) {
[x%k/ :
case 0O:

/* See if file exists, if not create it and append zeros until
* thé proper address is reached, then append the value in the
* 'agzin' register */

if ((bOptr=fopen("bank0","r"))=="'0") {

bOptr=fopen ("bank0","w");

if(regls+jl==0) {
fprintf("%x0,reglag2intjl);
return;
3

fprint{(bOptr,"00);

wrtpst0O(reg,j,1);

return;

b

b g

*/

/56
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/* 1f the file exists, determine whether the value can be
* appended to the end of the file or whether it has to replace
* an existing value - */

for(1—0,1<~reg[s+3] i+t) {
if((fscanf(blptr,"” %x ",&dum))==-1) {

/* The write address is past the end of the file so append "%/

wrtpstO(Qreg,j,i); return; )
X

/* At this point it has been determined that the value must be inserted
* in an existing file. The file is uritten on to a dummy file

% called ..buff and when the address is reached the 'aqz1n value

* 1§ written .on the disk. Then thé rest of the file is written out */

fclose (bOptr);
" bOptr=fopen(“"bank0”,'r");
bufptr=fopen("..buff","w");
for (i=0; i<regls+j1;i++) {
fscanf(bOptr,"%x" ,&dun);
forintf(bufptr,"%x0,dum);
3

/% Scan for entry to be throuwn out */

fscanf(bOp;r,”%x",&dum);'

forintf(bufptr,”"%x0,reglagzin+jl);

while((fscanf(bOptr,"%x" ,&dum) =~-1))
fprintf(bufptr,"%x0,dum);

fclose(bufptr);

fclose(bOptr);

/* Restore bank0 =*/

system("mv ..buff bank0");
break;

/*-Bank 1 write */

case 1:
if((b1ptr=fopen("bank1”,"r"))=='0"*) {
biptr=fopen("bank1","w");

iflregls+jl==0) {
fprintf ("%Zx0, reglagzintjll;
return;
)

fprintf(blptr,"00);

wrtpsti(req,j,1);

return;

>
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for(i=0; i<=regls+jl1; i++) {
if ((fscanf(btptr,” %4x ",&dum))==-1) {
wrtpst1(reg,j,i); return; i
} .
fclose(biptr);

blptr=fopen("bank1",'"r');

bufptr=fopen("..buff","w");

for(i=0; i<regls+jl;i++) {
fscanf(biptr,"%x",&dum);
fprintf (bufptr,"%x0,dum);
}

fscanf(biptr,"4x" ,&dum);

fprintf(bufptr,"%x0,reglagzintjl);

while((fscanf(blptr,"%x",&dum) !=-1))
fprintf(bufptr,”%x0,dum);

fclose(bufptr);

feclose(biptr);

system("mv ..buff bank1");

break;

/1%x/

default:

printf(" Bank %d not 51mulatedD reglb+jl);

break;

¥

}

/* This routine writes on the disk in 'bank0" when .it is indicated
* that an append is sufficient */

wrtpstO(reg,j, k)
int *reg; {
int i
fclose(bOptr);
bOptr=fopen("bank0","a");
for (i=k; i<regls+j1;i++) fprint{(bOptr,"00);
fprintf(b0ptr,"%x0,reglagzintjl);

fclose(bOptr);
3
/* This routine writes on the disk in *bank1' when it is indicated
* that an append is sufficient */
wrtpsti(reg,j, k)

int *reg; {

int i;
fclose(blptr);

b1ptr=fopen(bank1","a");
for (i=k; i<regls+jl1;i++) fpr1ntf(b1ptr,"00)'
fprintf(biptr,"4x0,reglagzintil);
fclose(blptr);

X

# include<stdio.h>

POOR QUALITY

s &5
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oldseek(fildes, offset, ptrname).
int fildes,offset , ptrname;
< Sl

J¥s

/************************************************************************/

L4 .

/*if ptrname is 0, the pointer is set to offset.
/*1f ptrname is 1, the painter is set to’ its current Location
7* plus offset. : T ' ‘
/*if ptrname is 2, the pointer is set to the size of the file
/* plus offset. ' ’

/*if ptrname is 3, 4 or 5, the meaning is as above for 0, 1 and 2
7% except that the offset is muLt1pL1ed by 512

/x

/*1f ptrname is 0 or 3, offset is unsigned, otherwise it is s1gned

*/
*/
*/
*]
*/
*/
*/
*/
*/

/************************************************************************/

Lseek(f1Ldes (Lorig) (offset) ptrname)'

b

R e s L L)
/¥ This will create the help files to aid a used w1th the exec*/

/* ution of the progframs. */
/****************************************************************/
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APPENDIX &

FLEXIBLE PROCESSOR MICRO-ASSEMBLER LISTING

*
XXXXX XX XXXX X XXXX
X X X X X XX X X
X X X X XXX X X.
XXXXX  XXXXXX X X X
X X X X X X XX X %
X X X XXXX  XXXXX XX XXXX

¥ % ok % % % ¥ A

Kk dkkkkhkkk ik kkdkkhkkkkdk ik ik ki ik kkkkikkkkkkihkkkkhikkkdkhkirhkik

MICROCODE ASSEMBLER 1:01 9/10/79

CAUTION: 1IF THIS SEEMS NOT TO WORK, CHANCES ARE ITS YOUR INPUT
. FILE. ANSWER THE FOLLOWING QUESTIONS YES BEFORE
ATTEMPTING TO 'DEBUG' THE ASSEMBLER.
1. Is there a # at the end of the source listing?
2. Do all the instructions have the proper number
of fields 2
3. Are their no control characters hidden in the file?

If this doesn®t cure the problem check the tables to make sure
you have proper input formats, I could have sworn
many times that the assembler was bonkers when it was
my source. This assembler should not have bugs

% ok % % % O % % X % N ok O o F *

*******************************************************************
* ‘ . .

* This program is compiled as ‘'cc past.c =LS'

* The first line includes the new I/0 package

* And the FILE declarations reserve space for the 1/0 disk files */
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#include <stdio.h>
FILE *objptr,*srcptr;

/* Storage for labels and their values the symbol table #*/

struct {
char idL61;
int add;
Y symL1003;

/* Globals, Line number; table index; error flag; output words;
ALU op; carry log/arit; memory address =*/

int tnum,tabin,erf,out0,outl,0ut2,alu,car, madd;

/* Field inputs */ X
char namel7],addl43,sr0C53,sr1051,d0051,d105],
sourcel603;

[hkkkkkhkkhkkhkkhkkhkkhkkkhkkkhkkhkhkhkhkhkhhkhikhkhkhkkhkhkhkhkkhkhkkkhkhkdhkkkhkkkkkkkik

. *
The following tables are the heart of the assembler *
a mnemonic 1is read in to one of the field inputs and *
this is "Looked up"” in one of the following tables *
If a match is found, the index of the table at the matching *
word is returned. In many cases this is the opcode *
" associated with the mnemonic looked up. If it is not, *
that index is used as an index to another array of integer *
constants whose values are the proper opcodes *
If the input mnemenic is not found, a -1 is returned and *
an error is flaged. *
*

/

X N N X N N ¥ N ¥ X ¥ ¥

kkkkkkkkkkkkkkkkkhkkikkhkkkhkhkkhkkhXhhkkhkrhhhkhhhhkhhkikhkhxrhirrhhkhkhhkkkkik

/*

* Type field lookup table
*/
char *typetabl[l {

'Ior.g"’
llequ",
"sh'l,
ll..iol"
“tC",
lltrll’
~1 };

/*

* Condition code Lookup table

*/

char *contab[] {
"un "
"unnz
¥ d



/%

*

*/

"unsll'

"tn"'

"tnn",
“tns Il’

".fn"'

”" fnn"’
"fns",

lladll'

lladnll'
llads"'

"upll ,

llupn",
“ups ” ’

lltpll,

”" tpn ll’
"tps "’

"fp"'

] fpn",
"fpS n’

"iol"

".ion"’
”.iosll’

-1

A-87

};

/* Lookups for opcodes in condition fieldx/

Index

char

int conintll]

lookup table
*jdxtabll {

nnopn’
"inO",
"in1",
u.inzu'
"in3",
"dCO",
ndc1n'
"dCZ",
"dc3",
'lc LOI.’
"Cl.']",
"CtZ",
‘"Cl3“,
"CEO",
"ce1",
“f;l.a",

-1

Return jump table

x;

{0,0,1,2,2,3,4,4,5,6,6,7,
8,8,9,10,10,11,12,12,13,

14,14,15 3;

/52



*/

/%

*/

/*
*/

char xrjtabll {
llnp"’

Multiply table

char *multabll {

ALU table

char *addtabl] {
"t
e,
", rn
Y 4
!ladd",
" "
sub
ue_g_u'
“fffll’
.!set":
"ZFO"
lle+e"'
lle+1",
V 4
11} 1"
e-1
lland",
"Or.. -,
"ezgt’t
tlocell'
"en" ’
V4
(13 (1]
oc
llgn'gt ’
"Sb1ﬁ
’ I 4
"XOT‘",

L83
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/

*

/%
*/

A-89
-1 };
Opcode lookups */
int addintl] {037,032,051,06,06,043,043,023,,

054,0,057,033,036,046,020,020,
-025,025,046,026- );
ALU tables for non-special lookups */

char *cartabll {
"acll'!! Lcll’llanll’" Lnll’
-1 };
char *funtabll {
"0","1 ll’" 2"'"3"’"4"'"5"’"6"’"7"’"8"’"9"’"a",
llbll'llc"’lld"’ l'e'l,llf",

‘ -1 X;
shift decode table -

char *shoptabll {
"nzin",
“noin",
Mncir",
"nsgn"’
"nals",
"nn15",
"na31",
"nn31",
*rzin',
“roin",
"reir®,
"I"Sgn"',
"ra15",
"rn15",
"ra3tl”,
"rn31",
"Lzin",
“loin",
"Ledir”,
“Lsgn", 8RIGH\IAL
"Lal5", F p
"Ln15", OOF QUALpy
*la31",
"ln31",
-1 };

/* Shift clear field decode =*/

char *shetabll {
"0", "nl!' "0"’ "1'!, "2"’ "3", “l‘"’ "u"' I!all’-
-1 };
int shc¢intfld €0,0,1,2,3,4,5,6,7 };

/SE



1%

*7
char

int
[%%/
char

int

1%
* Source c¢odes
*/
char

* Input Output tables

*ijoptabld {

llx.i ll'

,lfp."

l!dsil’

[} ] aql"

lldp",

-13}; .
iopintll { 0,1,2,2,3,3 J;

*iotabld {
1 "
W’
"e k@":
”" "
B -ig
"C((1 u’

’

iointl] . £0,1,1,1;2,2,2,3,3,4,4;5;5,
. 6,6,7,7,
0,1,2,3,4,4,5,5,6,6,7,7 %;

*srctabl] {
"noﬁll ,
nao-swn'



aidd

Ix%x/

Ix%x/

"alrs”,
"aUrz",
"aoil’

31 SH",
31 I‘S",
Yalrz",
lla1 lt’

"qrsp",
"arsp“,
"aiD",
lla.i 1 ll’
"aiZ“,

"ai3"' -

"bsrQ",
"bsri",
"fo'l,

[1] .f.1 "" <
"if0n",
"ifOu",
"if0d",
"if0c",
"if1n",
"if1u™,
"if1d",
"if1c",
MimrQ',
"imr1",
"intr",
"L0ad",
*LfOn",
"L fOu",
"Lf0d",
"Lf0a",

111 Lo] ad"'
"Lfin",
"Lf1u",
"L f1d",
" Lfﬁ all'
"mar",

“mcr0”,
"mult",
"+fOn",
"£f0u",
"tf0d",
*t+£0c’,
"t0ra",
"t0wa",
tf1in",
"tf1u”,

s<
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A=97
"tf1d",
"tf1c¢", .
"t1ra",
"ttwa",
"ZO",
"21 N,
uz~2u"
"23“’
-1 %
Bus 0 integers
int sr0intfl {
00 . - 4% 0 %/,
0100 1% 80 */,
02100 [* G40 x/,
04100 /% 840 */,
06100 /* c40 */,
. 02000 /* 80 */,
02200 /* 480 */,
04200 /% 830 %/,
06200 /% c8Q =/,
0600 _/* 180 */,
02600. /% 580 */,
0500 /% 140 */,
02500 /* 540 %/,
04500 1% 940 %/,
06500 /1* d40 %/,
01700 /% 3c0 */,
03700 /* 7c0 %/,
0300 /* ¢0 */,
02300 /% 4e0 */,
01000 /% 200 %/,
03000 /% 600 %/,
05000 /% al0 =*/,
07000 /% ¢00 */,
01100 /% 240- %/,
03100 /% 640 */,-
‘05100 1% ak0 %/,
07100 /% e4Q %/,
‘01600 /% 380 */,.
03600 /* 780 */,
- -07600- /% £80, %/,
0177077 I* £fff %/,
01400 4% 300 %/, -
03400 /% 700 */,
‘05400- /* 00 %/,
07400 /* £00 %/,
06700 1% dc0. %/,
01500 /% 360 %/,
03500 1% 740 =/,

05500 /% b40 */,



/%
*/

07500
0700

5700
0400

01200
03200
05200
07200
02700
04700
01300
03300
05300
07300
02400
04400
0500

02500
04500
06500

Bus one integers

0o
01
021
041
061
02

037

023
010
030
050
070
011
031
051
071
016

int

1%
/%
/%
/*
/%
[*
/%
I*
[*
/%
/%
1%
/%
/%
/%
/*
/%
I
/%
1%

40
1c0
bcD
100
280

680

a80
e80
5¢0
9¢0
2¢c0
6¢c0
acO
ecD
500
900
140
540
940
d40

*/,
*/,
*x/,
*/,
*/,
*/,
*/,
*/,
*x/,
*/,
*/,
*/,
*/,
*/,
*/,

%/,
*/,
*/,
*/

srlintll €
/* 0 %/,
1 %/,
11 %/,
21 %/,
31 %/,
2 %/,
12 */,
22 =/,
32 =/,
6 x/,
16 =/,
5 %/,
15 %/,
25 */,
35 %/,
f %/,
1f =/,
3 %/,
13 %/,
8 %/,
18 %/,
28 */,
38 */,
9 x/,
19 %/,
29 %/,
39 %/,
e *x/,

/*
/%
[*
J*
I& 3
/%
1%
/%
I
/%
/%
/%
/%
/%
/%
/%
/%
/%
1%
/*
/*
/%
/%
FES
/%
/%
[*



1%
*/

036
076
067
014
034

- 054

074
0vrere7
015
035
055
075
O1rreey
057
04
012
032
052
Q72
027
047
013
033
053
073
024
D44
05
025
045
065

A-94

/* 1e */, .
/% 3e %/, -
/* 37 %/,
/* ¢ */,
/* 1c */,
I/* 2¢ %/,
/* 3¢ */,
/% ffif =/,
/* d */,
I* 1d-*/,
/* 2d %/,
/* 3d %/,
/* ffff =/,
/* 2f %/,
/* & %/,
/* a *x/,
/* la %/,
/* 2a-*/,
/* 3a %/,
1% 17 */,
I* 27 %/,
I* b */,
/* 1b %/,
/* 2b %/,
/* 3b %/,
/* 14 %/,
/* 24 %/,
/* 5 %/,
/* 15 %/,
/% 25 %/,
/% 35 %/

bestination codes bus 0

char

*d0tabll €
“nop'l’
"b rgD"’
l'eol"
"eQf0",
1] eog1 !l’
*ef0g",
1" .ﬁoll ’

" .fog1 ll,
"/g1‘ll’
"imrQ",
"imr1",
"*intr",
“LfOn™,
"L£0ou",
"Lf0d",
"Lf0a",
"L0ad",

/5t



0o
0400
04200
024200
014200
034200
020200

030200

010200
023200
027200
037200
03000

07000

013000

017000.

027000
035600
03400

021600
025600
031600
01000

‘05000

015000
025000
035000
021000
031000

int

"ma r ",

“marc",
"mmi 0",
"mmi1 u’
o 2u'

"p! .
"peolb'

'
’

1] peog" '_
"pefO",
11] pefg"’
[1] pf Oll'

"p.f Dg“ ,
"pg1 "’

"t£0n",
“+fou",

"tf0c",
"t0ra",
ntowan'
"tUba",
llifoail'

-1

X

d0intll {

/%
/*
/%
V&S
/*
/%
./*
/*
I*x
/%
/%
/%
/*

/%

/%

s

/%
/%
/%
L
/%
/*
/%
/%
/*
/%
/%

/*

/%

0 %/,
100 =/,
-880 «/,
2880 */,
1880 */,
3880 =/,
2080 =/,
3080 */,
1080 =/,
2680 */,
2e80 =/,
3e80 %/,
600 */,
e00 */,
1600 =/,
1e00 */,
2e00 =/,
3b80 */,
700 %/,
2380 */,
2b80 */,
3380 %/,
200 */,
a0 =/,
1200 */,
2a00 */,
3a00 */,
2200 =/,
3200 =/,

SE »
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*/

011000
02400

06400

012400
016400
026400
032400
036400
026000

A:Qﬁ

/* 1200 =/,
/% 500 %/,
/% 400 */,
/% 1500 =/,
/% 1400 =/,
/% 2d00 */,
/% 3500 %/,
/% 3d00, */,
/* 2c00 */

Bus one destipation codes

char

*d1tabll {
"nop"’
llarspli’
"brg1",
ncmfgu;
Yemrd”,
"cmr2'™,
"emr3",
ll_edi 'l’
ll:e1 .f1 l!,
"eflg",
"e:l gOll’,
"f1 ll’
llf1‘gon,
“90",

st icpoll’
"{cr1¥,
"icr2",
"icr3",
"idx0",
"idx1",
"idXZ_",
"idxs"'
*if1a",
"Lfin",
”lf1u",
(1] JL f1 dll ,
® L1 al!’
Plﬂad",
"mcro'l’
“meri”,
“mcr2Y,
"mc“sll’
"mmq",
ﬂmm1n’ ‘
nmmojn'

A
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it} ll"
llqef1 ll’
"qe‘fg"’
"qe“l-",
uqe1 ‘gn'
lqu1 ll,
"qf1gll,
”qg'ol"
"+f1n",
"tf1u”,
lltf1 d"'
"tf1c”
"t1ra",
"t1wa",
"t ba",
-1 };
int_ dlintf] {°
1]4] /* 0 %/,
0166 1% 76 %/,
02 /1= 2 %/,
015 /% d */,
035 J* 1d */,
055 /% 2d */,
075 /* 3d */,
021 . /* 11 %/,
0121 /* 51 %/,
0161 1% 71 %/,
061 /% 31 */,
0101 /* &% */,
0141 /* 61 %/,
041. /[* 21 %/,
0117 /% 4 %/,
0137 /* 5f %/,
0157 . /% 6f %/,
077 I* 7f %/,
017 /I f %/,
037 /% 1f %/,
057 /* 2f %/,
077 /% 3f %/,
0130 . /* 58 %/,
014 /* ¢ */,
‘034 /* 1¢ %/,
054 © % 2¢ *x/,
074 /% 3¢ %/,
0134 /* 5¢c %/,
0116 l% be %/,
0136 /*x Se %/,
0156 /% be */,
0176 /* Te %/,
027 - /% 17 %/,
047 A* 27 %/,

067 /% 37 %/,
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0107 /% &7 =/,
027 /% 57 %/,
0147 /* 67 %/,
0167 1% 77 %/,
04 I* & %/,
0124 /* 54 %/,
0164 I* 74 %/,
024 /% 14 x/,
064 /1% 34 %/,
0104 /% 44 %/,
0144 I* 64 */,
044 I* 24 %/,
012 I* a x/,
032 /I* 1a */,
052 /% 2a */,
072 /% 3a %/,
0132 /x 5a %/,
0152 /* ba */,
0172 /% Ta */ ¥;

Ixx/

main() {

[Hx/

int adpar,i,hexnum;

char it[81; '

/* Prompt for source and set input buffer pointer

/%

printf("Source? ");

scanf("%s",source);

if ((srcptr=fopen(source,”r")¥y=='0") <{
printf("Cannot open source fileQ);
return; 2 .

'Objpt I“=f0pen ("Obj ect"’"”n);

erf=madd=tabin=0;
tnum=1;

* Read and assemble symbol table on first pass

*/

% % ok N~

while((namelDl=getc(srcptr)) !='0") {
Lnum++;

* Action is based on first character in line
# says end of file, go to pass two
* says comment
space or tab says instruction, no Label
anything else is a Llabel */

switch{namel01) {

/* End of file, call pass two */

case'#':
newline();
if(erf==0) <{

J63
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pas2();
fprintf(objptr,"#0); X
return;
break;
/* Comment, k1ck line pointer only =*/
‘case'*':
newline();
break;
/* If its an origin input address, else kick address */
case' ': case’
if(fscanf(srcptr,"org Zx",&hexnum) !=0)
madd=hexnum;

else madd++;
newline();
break;
/* Dpefault to build the label from the first characters ( until
* space or tab is encountered) */
default:.

for(i=1;i<6;i++) {
namelil=getc{srcptr);
if(namelil==' '"||namelil=="
break;
¥
namelil='0";
if(fscanf(srcptr,"equ /x",&hexnum)'-O)
. . adpar=hexnum;
else ’ adpar=madd++;

[ kkkkkkkkkdkdkikhk _adpar--; : **%kTEST k****/
adtab(adpar);
newline();
break;
}

)
}
newltine(} {
wh1le(getc(srcptr)' '0;
}

/* Add global character "name'" to symbol table with value adpar */

adtab (adpar)
int *adpar; {
int i;
cktab();

for (i=0; (symLtabinl.idlil=namelil) !='0";4++);
symLtabinl.add=adpar;
tabint+;

X

. <. ORI
/* Check to see if name is in table */ GINAT
OF Pogp QPAGD I

UALiTy
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cktab() €
int i,37
for(i=0; i<=tabin;i++) {
for (i=0; nameEJJ"'O"J++)
if(namelj]!=sym[i3.idLi)
goto nomatch;
printf("bouble Definition %Zs Line %d0,name,lnum);
erf=1;
nomatch: ;

X
¥
/************************************************************ﬁ*******k*

*

* PASS Two titifpiiriicititiiaiaiiniiiipirnrnniiinniinninnsnnintd
*
*******************************ﬁ************f****************??*******/
pas2Q{ .

int i;

char £1051;

tnum=1; madd=0;

/* Rewind source, output symbol table to file "object"” =/

rewind(srcptr);
printf(*" Pass one complete:0 0";
fprintf(objptr,” - Symbol Table0");
for (i=0; i<=tabin;i++)
fprintf(objptr,"is #x0,symCi].4d,symLil.add);

fprintf(objptr,"##0);
while((namel0J=getc(srcptr))!='0") {

/* Key on first symbol, same action as in pass one */

sWwitch(namel01) {
/% # says done */
case ‘#':
return;
. break;
/* Comment =*/
case 'x':
break;
default:
switch(namel(1) {
/* Instruction, not labeled */
case ' ': case'
break;
/% Label says lookup in symbol table #*/
-default:
for(i=1;1<6;i++) { .
namelil=getc(srcptr);
if(namelil==" *'||namelil=="
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break;
X
nameLil="'0";
break;

/* Decode first field. org-> read next field into madd

equ=> ignore
vatid field-> assemble it #*/

fscanf(srcptr,"%s",f1);
-switch(Lookup(f1,typetab)) {

/% ORG */

/* EQU *7 -

/% SH */

I*x 1/0 %/

/% TC */

/% TR */

[%%/

newliﬁe();
lnum++;

case 0:

‘fscanf(srcptr,"%x" ,&madd);

break;

case 1:
break;

case 2: .
fprintf(objptr,"%4x ", madd);
shiftQ;

madd++;

break;

case 3 -
fprintf(objptr,"%x " ,madd);

- inout();

madd++;

‘Break;

case 4: .. ) )
forintf(objptr,"%x " madd);
trancon(};

madd++;

break;

case 3:
fprintf(objptr,"%x " ,madd);
transfer(); -

‘madd++;

break;

default:

printf("Invalid TYPE field Line %d0,lnum);

break; .

X
break;

Jé¢
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3
}
/* General table lookup routine
*
* This routine returns the index of the item in the
* specified table */
Llookup(item,chartab)

char *item;

char **chartab; {

int :l’jfrlk;

for (i=0; chartablilli==1;i++) {
for (j=0; (r=chartablilLj]) == item[j] & r i= '0';j++);
if(r == itemCid)
return(i);
by
return(-1);
s

/* Decode shift jnstﬂuction */

shift() {

char esh[5]1,fshC53,gshl5],prel5];
int Lobf,hi2f;

dec2();

out2=out2]0100000;

fscanf(srcptr,"%sks%s%s%s" ,add,esh, fsh,gsh,pre)

hi2f=shdec (fsh);

Llo6f=hi2f8&077;

hi2f=hi12f>>6;

addec )
[ *%] :
Jex out1=(alu<<12) | (predec (pre)<<10)| (shdec (esh)<<2) |hi2f;
%k
out0=(car<<14) | (Lo6<<8) | shdec (gsh);
fprintf (objptr ,"%x %X %x0,0utl,outl,0ut2);
i

/* Decode the input output instruction =*/

inout() {
char iopL51,ch3L51,ch2E51,ch1051,ch0L5];

dec2Q);

out2=out2}0140000;

fscanf(sreptr,"%s%s%s" ,add,sr0,sr1);

addec();

dec1();

fscanf(srcptr,"4sds%sis%s",i0p,ch0,chl,ch2, ch3);
outD-(1opdec(1op)<<12)I(car<<14)[(1odec(ch3)<<9)l(1odec(ch2)<<6)

| Giodec(ch1)<<3) | iodec(chD);
fprintf(objptr,"%x %x %4x0,0ut0, out1,0ut?2);
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g
/* Decode the transfer constant instruction '#/

trancon() {
char Lablel103;
dec2(); .
out 2=out 2} 040000;
fscanf(srcptr,'"%s",table);

/* Determine if -constant -is hex or a label )
* $ means hex number but the $ itself must be delimeted
* by spaces tabs or returns */

switch(lablef01) {
case 'x':
out1=0;
break;
case '$'-
1f(fscanf(srcptr,"7x" Zout1)==0
printf("Invalid HEX CONSTANT Line %d0,lnum);

break;
default:
out1=0;
findx(lable);
if Cout 1==0)-
printf("Invalid HEX LABLE ‘Line %d0,lnum);
break;
¥
,fscanffsrcptr,"°sés" d0,d1);
-car=0;-
dec0Q); o .
fprintf(objptr,"4x %X %x0,0ut0,out1,0ut2);

¥
/* Decode the transfer instruction */

transfer() {

dec2Q); :

fscanf(srcptr,"%sés/sAs?s",add sr0,d0,sr1, dan;

addecO);

dec1();

dec0Q); -

fprintf(objptr,"%x %X %x0,0utl,outl,out2);
X

/* Decode the ALU; carry log/arit returned if car; funcion number in
* global variable atu */

addec () {
char carcd[2];
int ret;
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car=atu=0;
if((addl0l=="%"')&&(add{11=="0"))  return;

/* see if item add[] is in the addtab, it will be
* only if it is a special mnemonic ( Table 5-1 ) */

if((ret=lookup(add, addtab)) = -1) {
car=addintlretl>>4;
alu=addintLCret]&017;
return;
b

/* Not a special mné. so decode in two parts, car-Log/ar{t
* and the funtion numbef */

carcdC0l=addl01;

carcdf1]=addl13];

carcd[21='0"%; .

if((car=Lookup(carcd,cartab))==-1) {
printf("Invalid ALU field Line %d0,lnum);
return(-1);
} 0

carcdC0l=addC2];

carcdC13="0";

if((alu=Llookup(carcd,funtab))!=-1)
return;

printf("Invalid ALU field Line %d0,Llnum);

¥ .

/* General shift decode function )
*  Takes shop, the input character mnemonic and

* Returns the proper numerical opcode */
shdec (shop)

char *shop; {

int ret, retl;

char cif2];
if((shoplOl=="*")&&(shopL11=='0")) return(0);
¢if0l=shopl4d;
cif11="0';
shopl41="'0";
if((ret=Llookup(shop,shoptab)) != -1)
if((retT=lookup(ci, shctab)) i= -1)
return((ret<<3) | (shcintlret11));
else ’
printf(“Invalid SHIFT field Line %d0,tnum);
else ’
printf(“Invalid SHIFT field Line %d0,lnum);
3

/* Decode the shift precision field
x/

/67
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predec(pre)
char *pre ; {
if((prel0l=="%")8&(prel11=="0")) return();
if(prel0l=="s'8&prel11=="0")
return(0);
if(prel0J=="d'&prelil=="0")
return(1);
printf("Invalid SHIFT field Line %d0,lnum);
¥

/* Build word two for all dinstructions %/

dec2() {
char conl41,idx[43,rj[3]1,multl5];
fscanf(srcptr,"%s¥%s4s%s" ,con,idx,rj, mult);
out2-(condec(con)<<10)l(1dxdec(1dx)<<6)I(rjdec(r3)<<4)ImuLtdec(mult);
}

/* Decode _condition field */.

condec (con)
char *con; {
int ret;
if(Cconb0l==*%")&&(conl11=="0")) return(Q);
if((ret=lookup(con, contab)) = -1)
return(conintiretl);
else
printf("Invalid CND field Line %d0,lnum);
)

[* Decode index field =*/

idxdec (idx)
char *idx; {
int ret;
if((idx[03=="%")8R(idx[11=='0")) return(D);
if((ret=Llookup(idx,idxtab)) != -1)
return(ret); ’
else
3 printf("Invalid IbX field Line %Zd0,lnum);

/* Decode return jump field =*/

ridec(rj)

char *rj; {

int ret;
1F((rj03=="%*")8R(rj{13=="0")) return(0);
if((ret=Llookup(rj,rjtab)) != -1)

return(ret);
else

printf("Invalid RJ field Line %d0,lnum);’

J7d
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3}
/* Decode multiply field */
multdec(mult)
char *mult; {

int ret;
if((multL0)=="*")R& (multL11=="0")) return(0);
if({ret=lookup(mult multab)) != -1)
return(ret);
else
printf("Invalid MULT field Line %d0,lnum);
3

/* Decode input output operation field #*/

iopdec(iop)
char *iop; {
int ret;
if((iopL0l=="**)&&(iop[11=='0")) return(0);
if((ret=lookup(iop,ioptabl)) = -1)
return(iopintLlretl);

else -
printf("Invalid I0P field Line %d0,lnum);
X
/* Decode general I/0 field */
iodec(io0)
char *jop {
int ret;

ifC(30L03=="%")8&R(i0[11=="0")) return(Q);
if((ret=lookup(io,iotabl)) i= =1)
return(iointiretl);

else
printf("Invalid 10 field Line %d0,inum);

¥
/* Build word 1 for sh and tr =%/

dec1() {
out 1=(alu<<i2) | (srOdec ) {sridec();
by

/* Decode source codes */

srO0dec () {

. int ret;
1f((srOf03=="%*)&&(srO011=="'0")) return(]);
if((ret=lookup(srQ,srctab)) = -1)

if(srQintLret]!=~1)
return(srlintlretd);
else
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pr1ntf("1nval1d SOURCE (Bus 0) f1eld Line %d0,lnum);
else
printf("Invalid SOURCE (Bus 0) f1eld Line %d0,lnum);

}
sridec() {
) int ret;
if(CsrfL01=="%*")8R(sr1[11=="0")) return(D);
if ((ret=Llookup(sri,srctab)) != -1)
if(srlintlretl.!=-1)
return(sriintlretl);
else
printf(*Invalid SOURCE (Bus' 1) field .Line %d0, Lnum)°
else
printf("Invalid SOURCE (Bus 1) field Line %d0,lnum);
b .

/* Find a label in the symbol table, return its value *7/

f1ndx(labte)
char  *lable; {
int i,35.
for (i=0; i<=tabin;i++) {
for (j=0; Lable[jl1!="0"';j++)
if(lableLjl!=symLil.id[j]1) -
/* As soon as there 1s 'no match, try next entry */
goto nomatch;
out1=symLil.add;
nomatch: ;
X
}

/* Build word 0O for tr and tc¢ instructions - */-

dec0Q) { )
out0=(car<<14)|d0dec () |didec O;

X

/* Decode destinations */

dldec O {
int ret;
if((dOL01=="%"')8&(dOL1]=="0")) return(d);
if (Cret=Lookup(d0,d0tab)) = -1)
return{(d0intCret]);
else

printf("Invalid DESTINATION (Bus 0) field Line %d0,lnum);
printf("It got to here. the value for d0 is %c 0,d0L01);

by

didec () {
int ret;

7 720
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1f((d1[O]=='*’)&&(d1[1]=='0 )) return(ﬂ)'
1f((ret =lookup(dl, d1tab)) = =1)"
o return(d11nt[ret])-

else
printf("Invalid DESTINATION (Bus 1) field Line %d0,lnym);
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APPENDIX 5
IMPLEMENTATION OF THE MAXIMUM LIKELTIHOOD CLASSIFIER
ON A FLEXIBLE PROCESSOR
Initialization of the FPs by the Host Computer

Interrupt Routine for Flexible Processor

-Overview of Maximum Likelihood Classifier Flexible Processor Algorithm

Flowchart- of Floating Point Addition Routine

Flowchart of Floating Poinf Multiplication Routine

" Flowchart of Floating Point Compare Routine

Actual Flexible Processor Program for Maximum Likelihood Classification



A=1:0

A. INITIALIZATION OF THE FPs BY THE HOST :GCOMPUTER

1, Initialdze :memory to .zeroes.’

2. Send FP sdize, ip, 'sigma, %, and:il.

3. ‘alculate dettsdgma?

4. Calculate ﬁnv:‘(:*sigmaa)

;5. ‘Ca1Ehlate Inldet(sigma))

6. iCcalculate Anfplw))

7. ‘Send ‘iFP ’:Ivn:(ep(w;);), - An(detsigma)) * 5

8. -Send FP dnv{sigma)
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B. INTERRUPT ROUTINE .FOR FLEXIBLE PROCESSOR

Interrupt routine

!

save all
registers

increment new
value pointer

store value from
tin given location

Junsave
pointer? registers
Yes
. d
return:

Jchoose max
value and
print it

¥

END
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C.1. Load Data Into FP.-

1) Zero all registers. This includes all in-
dex registers, index compare registers, large file
address registers, maintenence compare registers
and temporary flle address (both read and write)
registers. - .

2) Read the first number and store it in re-
gister F.

3) Copy the number stored in the F register
into the index compare registers number 0 and 1.
(This number is the dimension of sigma.)

4) Load all conditions. (This means that the
index compare registers are going to test for
equality to m.) Index registér three 'will check
for equality to zero.

5) Test and increment Index register three.
If 4t is not equal to zero read a number, load it
into the F register.

6) Move the F_register to temporary file zero
while incrementing the wrilte counter.

I9) If index register 0 doeé not equal- n; " go
to.step 5. .

. 8) .. Zero all index registers while moving n to
the P register of the multiply while trapping in-
terrupts. {(This can be done using the "sr" com-
mand.) .

9) With interruﬂts trapped, move multiply

output to condition.register 2. (This ‘means that
the condition registers are now set to check for
index registers .0 and 1 equal to n, index regis~
ter 2 equal to n squared and index register 3
equal to zero.)

10) Test and inctement index register 2. If it
is n squared, exit.

11) Read a numbeér, store it in large file
zero, while simultaneously incrementing its ad-
dress buffer. .

12) Jump ‘to step 1lO.

/77
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C.2. Storage Format

The Storage format used in the processing scheme
is as ) .

— —

normalixed
vector for
class one

normalized
vector for
class two

Temporary files Large Files

n Sigmall,1] First Covariance
Hold Sigma[2,1] Matrix.
data X[1,1] : .
X[1,2] Sigmaln,1]
X[1,3] Sigmafl,2]
X11,4] :
data Y[1,1] Sigma[2,n)
Y{1,2] ¢ -
¥{1,31 - Sigma(n,n]
Y[1,4] :
Sigmaln,n]
Sigma[l,1] Second Covariance

Sigma[2,1] Matrix

Sigmaln,1]
Sigmall,2]

.

Sigmalf2,1]
Sigma[2,n]

Sigma{n,n]

mean vector for U[1l,1]

class one Uf1,21]

Ul1,3]

'U[.I)A]

mean vector for V[1,1]

class two vi1,2]

vi1,3]

oovi1,4]
Tn{p(w).)-In(det(sigma))*.5 K[1]
K[2]

/78
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C.3. First Matrix Multiplication

1) Initialize all registers. Move 1 to the
read address of temporary file zero. Zero all oth-
er index registers, large file addresses, tem-~
porary file addresses.,

2) Move temporary file 0 to the E register
(while incrementing the read address pointer.)

3) Move large file O to the G register (while
incrementing the address pointer.)

4) Call floating point multiply routine.

5) Store result in temporary file 1, while

increasing the write pointer.

6) If index 0 is n, jump to the subroutine
called sum.

7) If index 1 is n, jump -to the next multiply

routine.

8) Increment index reg O.

9) Go to step 1.

10) Increment index 1 by 1.

11) Zero F ragister. (This is used as the ac-
cunulater for the floating point add.)

12) Zero index register O.

13) Zero temporary file 1 read address.

14) Test and increment index 0. If it = n, go

to step 16.

15) Call floating point add subroutine., (40
cycles.) (this routine has been modified to Incre=
ment tlie temporary file 1 read pointer as it goes
along, so this is not necgssary.)

16) Go to step 1l4.
17) Temporary file 0 pointer = 1.
18) Store f in large file 1 (while 4increment-

ing the pointer.) (F contains the result of the n
floating point adds.)

19) Return to calling routine

/77
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C.4. Second Matrix Multiplication

1) Zero all pointers to large files and tem—
porary file 1 address.

2) Write a 0 to temporary file address 0.

3) Transfer témporary file zero memory loca-
tion 0 to index register 3.

4) Test and decrement register 3., Tf zero go
to wrap up. .

5) ‘Whilé incrementing -the .podnter. to ‘tem-
porary file 0, move the contert® to tHe B regis=
ter. . . .

6) While incrementing the pointer “to~ latgé
file 1, move the contents to the ‘G register.

7) Call the fléating point :muitipiication
routine.

85 Caii the floating point add routime.

9) Send the result to temporary file 1.

10) Go to step 4.

ORIGINAL PAGE Ic
OF POOR QUALITY

S5
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D. FLOATING POINT ADDITION ROUTINE
F=E+G

floating pt.
addn. routine

strip signs

and save
for

later use

/one

of the
numbers
= 07

return other
number

reverse
the
numbers

align
binary
points

result = G-E
normalize
result

return

result = E-Q
normalize
result

return

result = E+G
normalize
result

Sng (result) =
old Sgn(E)
return




floating point
multiply routine

Y

multiply mantissas
add exponents
FO = product
F1 = sum _
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E. FLOATING POINT MULTIPLICATION ROUTINE

F=E+@G

F1 =0

normalize FO,F1
" return

return

R
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compare routine
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F. FLOATING POINY COMPARE ROUTINE

F=0
Ctore o £t
sto_re G Jue of
no
es
yes ¢ éxponent
of G < Q
no o no .yes yes
yes| F=0 F=1
= E = stored ng exponen ‘!
samgtg?eg value of @ of G< Q
return return
yes yes
exponent no | strip signs strib signs <
of £< 0 off E and G off E and G
Fol yes no
E = stored | =
value of & £ =00
return
no yes
A
es
E - G<0 J N
f vrio
F=0
E = stared <
value of £
return
E = max {E,8)
F=1ifE=6

=0ifEFG

/03
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Actual Flexible Processor Program for Maximum Likelihood Classification
org 001a
* Average time: 612 cycles per pixel (down 10%)
* min time: 21e cycles per pixel (down 30%)
* ;

kkkkkkkkkkkkhkkkkkkhkkhkhkhkkhkkkkkkkhihkkkkkhkrkkkkkhkkhkkhkhkkkkkhkikhk

*****BAYES MAXIMUM LIKELIHOOD CLASSIFIER VER. 021580 2:50%***

*****For Two PIXELS..I.I....I.-..-.-...\...IID".....Q.I....****
Kk kkkkkhkhkkhhkkhkkkkrhkrkkhkrhkikhdkkhkkkhkhhkkkkikkkkhkkhkkikkhrkk

tc *x  kx  x % . fptr mar nop
tc * *x x X $ 0000 * * -
*********ﬁ****************************************************
*  first interrupt routine. This routine handles the inter- *
%*  rupt to load the covariance matrices, the mean vectors #*

* and the data vector. *
hkkkhkkhkREkEkAEITTAEEEEEARKREAAARXAFAAELXXKREAEEEAAXkTAkAXxhkkhhhikhhkkhkhkhkhkhkkk
org 001e
tc ¥ * Kk % vinr ’ mar nop
te* * * % - $ 0000 * *

kkkkkkrkEkkkkkkkkhrrrhrrrARIRAIkhkhExddFhkkdkkhhhkkhkhkkkiihhkk
* this routine will handle the interrupt when the host just *

* needs to enter.the data vector. *
Fkdkkkkhkkkhrkkkkihkikkrkhkhkihkkkkkikhkikhkkkkiikkkkiihhkkkxhhhkixik
org 00fe :
© otk x k k $ 0000 * %
Jodkededoded e ddedek dodk deddokok ke ke ek k ke ke ke k kk ok Kk ke de ek kdk dk ok dk kkk ok ke kkkdkok ok
* there values are to be loaded into compare register 3. *
* These will test the respective registers for inequality to *
* their compare registers. : *
Kkkdkkkkhkkkdhkikhhhhhkkikkkihkkkrkhkkkkrxhhrkkkrihkirrkkkikxrkkrrk
tc * cla * * $ 000a t0wa tiwa
tc x  x % % $ 0001 tfOn tfin

FTkkkkr ki kdkkkikikihkkkkhkihkihkikikiikkkkkkkkkikhikihkkkxkkihkhkik
* this will clear all of the.index registers and zero the *

* ‘temporary file write addresses. *
kkkhkkkkkikkkhkkkkkhkkkkkkkhkhkkkkhkhkrkkkkhkkkkhkkhkkkkkkhkkkhkkkkkhkhkkkkk
tc *x x % * ‘ $ 0000 nop cmr0

B T L Tl Lt e e S e P e e e Y
* This will clear the temporary file O read address and the *

* condition. register to prevent spurious results. *
XA AAKAAEEAARRIETXA I AR AR AR EAAAAAXAKRA IRk AT hATxEAhhkixhhbkikhdhkhthik
“te x x x % . $- 0000 nop cmr2

AhhkEAAETEEEAEEREXEAAK kXA XA AEAA kKR AAkAERA kR Edhkhhkkhhkhkrhkhkdhkhkhkhkkkk
* this will zero the other condition register and the temp *
* file read address. The dimension of the incoming data is *
* assumed to be 4X4. If thematic mapper data is to be used *
* the matrix will be five by five. *
khkkkkkkkhkkkkkkhkhhkkkhkkhkkhdkhhkkkkkhhkkkhhkhhixkkhkkkhkkkikhkkkkkkhkkkkk

tc ¥ * * % $ 0004 f0 icr3

Tad
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khkhkkkhkkkkkrhkkkkhkkhkkhhkkXikkkhkkkkhkkikhkhkkhkkhkhkkhhhkhkkkkhhkkkhkkkkhhkkk

* This will store N in the index compare registers, *

Ak khk AR I IIKRIFRAKRIIAAT AR KK hhkhhhhhrhhhdhkdhhkkrkdtkrhrxkhkrrk
tr x *  x  * * nop -nop FO icrd
tc-* *  x *x $ 0010 nop jer2

dkkkkkkkkkhkkhkkkkkkkxkhkkhkkkkkkikkkhkhkkhkhkkkkhkkkkkkkkkkkhkkkhkhkkkkkkk

* this is just setting up the counter variables for the loop.*
dhkkkkkkkkkkkkkikkkkkkkkkkhkkkkkkkhkhkkkkkikhkhkhkhkkhkkkkkkkhkkkkhkkkkkkk

wait tc * * % % wait mar nop
tc*x * x % $ 0000 brg0 brg1
tr * % % pupu * mult el * *

dedkk ki k gk gk kdk kK rxihddhidkkkiikhkkkhkdihkkihkikkkkrikkkkkrkrxkxhk
* the host will start execution at 100 and wait here for the *

* host to interrupt the FP, at which point the FP will do a *

* program jump to $0007, where there will be a jump to the *

* correct routine. ) *
*******************************************************%******

* This is the wait routine, which waits for an interrupt. =*
kkkkkkkhkxikkrkhkhhkrhkikhkihrkhkikkkihikihkikikkkrkikkrkkkirkhr

*

*kkkkkkkkhkkkkkkhkkkkhkdhhkikBeg in  Routinexkkkkkikkkkhkhhrhkhkkhkkhkkhkhkhkkhkkk

fpme tr * % x % e al el al g
Kk ek ik k ik ik ik ko kkkkkkhkikkihkkdkkikhkhikdkdddhkikikkikhikiik
* load multiplicand *
AKEAKKKKKRKKEKRKKEKEKEKIKKAKRKIEKXKEAKRKKKKREKXRKEKEKXKRKKRKIXRKRRAR kKK RhkkkikX
tr * k% % g a0 p al g0
heddkdkdkdoddodok ek ddokhkkdkkkkkk ki k ko ko kkh ik krdkkikkdrrhrkhix
* Load multiplier *
Sedededokdokdekodddok Kk de ke kg ko kk ok Kok dek ok kdedekok xRk dok Rk ok ok kkk ko k khkkh Rk
te ¥ %  Kx * $ 0004 * cmrQ
Sekkkkkkdkdkkkkhihkkkkkikhkkkkkkhhihkdkkhrhhhihdhkkiktrihhik ki
* this condition will check to see of fO < 0. *
Jekk ke dddedodk ok doddedd dek ek deok ke ek deok kok g ddek kg kkdek ko dok ke dok ok kk ok kdk k
tc * % *x * $ 0002 * cmr3
ke ek dkhokkkkk gk dxkkdeok g dkk ik kg dodok ddk ok gk ko dkdekdkk kdok &k
* is index0 = compare register 02 *
kkrkkkFhkkkRkkkkhxdkkrkkdhkhxkkkkhkkkhhhkikdhkihkkikhiihdkkkhkik
tr * ¢cl0 * puqu add al * a0 1
tr * % Xx puqu * mult {0 £1 el
tr * % % % * * * f0 icr0

kkkkkkkkkkkkkkkikkkkkkkkhkkkkkhhkhkhkkhkkkkkkkkhkkhkhkkkkkkikkkkikkik

*If the value returned is zero, zero both registers, return*
kkkkkkkkkikkkkkkkkkhikkkikkkihkdhkkihhkkkikkkkhkkkkkikkhkkkkdkikkikhk

tc ad * jp * $ 0000 f0 £1
tc ad * df * $ 0000 * *

ek ek ek ek ok ok ok ok Aok e g e ek ke e e e e de ek ke ok de ek A e

* If f0 is justified, return. The product is normalized. *

kkkkkhkkkkihkrhhkhhkhkkhikkkhikkkhkkkkhkhkkkkkhkkkkhkhkkhkkkkkkkhkkhkikikk
tc * * % % $ 0000 * cmrd
tc thn *  Jp * $ 80ff al *
tr tnn ¥ df * and a0 * a1l 1

khkkkkkkkhkkhkkdkhkkikikikik gk ddkk ki ki ik kik ki kA ik ki d ok ik dk gk i gk

¢~
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* Save the exponent in g1, clear E1 for a counter *
kkkhkkkkkkhkhkkkkkkikhkhkhkkkhhkkkkkkkhkkkkhkhkkhkhkkhkkhkhkkhkikkhkkikhkkhihkikihkkk
tr *  x % % 2ro 1 gl a0 el
tr *  ¢cl0 * =% zro a0 el * *

Jokdedekkk ko dodok gk dedok dek gk ok kkkkk ook ke J ok k ke gk Rk kek dededef kkkk ded ok kkkok
* By here, product cannot be zero.The normalization process *
* will take less than four repeats of this loop. If it ever *
* takes more, there is something branching directly to this *

* process. *
**2***********************************************************
arm tr fon in0 *  * e+ a0 el al *
sh fan * * % * nzin Llzin nzin s
kkkkkkkkhkkhkkkkhkkkkdxhkkkhkhkkkkikkkkrhkhkthidhkhhkkdkrdhhkhkhkkkhhhihhkhkkikk
* By now, the result must be normalized!!lil *
kkkkkkkkkkkkkkkkkkhkhkkkkkkkkkkhkhkhkkihhkhkkkithkhkkhkkhkkkkhkikkhkkhkkdhkikkk
tr % % X % g a0 * al f1
tr * % % % e al g1 al gl
tr % * * % * 0 el f1 el
sh* * * x * tcir Leir Llzin s
tr *  * % % e-g a0 el al el

KkhkkkkkkkkkkkhkhkkkkkhkhkrRhkihhkhkiihkhkhkhkhkhkihhkkhihihkhhkhkkhkkidhkhkkhkkhhkikikk
*This will take the normalized result, shift it left, adjust *

*the expontent, so that it agrees with the mantissa. . *

kX kkkkkkikhhkkkrdhkhkhhihhkikkhkhkhkkrkikhkhkkihkrkidhkhkhkhkhkhhihkdhkhhkkkdkkik
tc* * * #* $ 01ff gl *
tc*x % k% $ ffff * g0
tr * * jp * acb a0 * al 11

dokkdk ke g ok ok e o e e e ok ek e ek e e e g ok ek e o e ek ok ek e e &
* this will "mask off" any carries into the unused portion of*

7L

* the exponent. *
ok dekkddododedododododk dododedododeodkdokdodedodedododedodokedodeddeded deded e ded g dok e kedede ke dek ke ke dedekoke
sh * % df % * nzin rcir nzin s
*
kkkkkkkhkkkkkkkkkrkkhkrhkkkkikkikEnd of Rout inexkxkikikikihkikikhkkkhkhkhkhkhkhhhhkhkithkkhkkkihi
*
*hkkkkkkkkkkkkkkkkxk*Begin Routineixkxikikikikkkikkdkhihkkkkkkkkhk
* This routine does the initial setup of the variables *

khkkkkhkhkkkkkkhkhkkkhkkhkkhkhkkikkhhkhkkhhkhkhhkirtdrhhkhkhkhrhhtrrtdithihkdhhis
*

fplr tc *  cl2 * =* $ 0000 L0ad t1ad
Kkkdkkkkkkkkkhkkhhkkkhhkkidhhhkihikrhhrhiokikikkhkdkhhdkkikikikkihhkr

*this clears all the index registers and the large file write*

* pointers. *
Kkkdkkkkkddhkkkkk kg dhhdhhiokkikioddokkdk ik dkkkkdd gk dkkkddokkkkdok K
tc * * % * $ 0100 nop icr2
tc * * *x * $ 0010 nop cmr3
FhkFkkkkdhkkdkkkkhdkdkkikkkikdkiikhkkdkkkikkikhikidikrkrkrihkkkidir
*  the 0010 tests for index2 <> its compare. *
*This will load the compare register to check for index *
*regiter equal to 1its stored value. *

kkkkkkkikhkkkkkkkkkhkhhhkhkkkhkhkkkkkkhkkhkhkiixkhkithkhhkkkhkhkkkhkkhkikhkrikkkikhkk
*This loads the temporary file with the q&%?l location of thex
IGD\T AL p
OF Pogy, < PAGR
OR orrs2 18
ULy

gy
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*mean VECtOP. *
**************************************************************
tc * % . % % $ 0000 f0 *
io * %  x * * " f0 * ds Lsb * *x % x

**************************************************************
*This loads the bank and address location of the covariance *

/57

*matrix . *
kkkkkkkhkkkkkkkhkhkkkkkkkhkkkhkhkkhkhhkkkhkkkhhkkkhkhkkkhkkhkkkkkkhkkkkkhkhkkik
*
.* -
Fhkkkkkkkkkkhkkkkkrkkikdkihhkkkkr*xEnd RoUt inekkxikkkkkhkkkkkkkkhkhhkkhkkhkhkkhkhkkkhkkx
*
*
********************************Begin ROUL Tne*ikkkiikkdkhkkhkrhkikkhkhrhkhkrkkkikk
* This routine loads the covariance matrix. *
**************************************************************
imr o *  in2 * % * * * ds r

thx  x k% * z0 f0 zT 1
**************************************************************
* this loads the mantissa into the f1 register. *
*  and Lloads thé exponent into the f0 régister. *
**************************************************************

t¢ ad * X * imr mar . nop

tr x % Kk * ) f0 LfOu  f1 Lftu,
dkkkhkkkkkkkikhihkkhhkkkkkdhk*k¥End - Roufinerkkkikikikkkikkikkikkkkhkihikirk
. . :
* -
****************************Begin Routine********************#
*  This is the routiné that loads thé meadn véctors. T
* THis routine loads all 16 mean vectors at once. | *
********1*****************************************************
mar te x  cl2 * x $ 0010 nop . icr3
imhr tr % in2 *  * *. .20 £0 z1 f1

*************************************************t************_

* This doés the i/o call and loads -the number into the fO-f1*

* register pair *
* This does the i/o call for the next number ) Tk
**************************************************************

sh* * % = * * n31 * - 3§

**************************************************************
* this shifts the meah vector to the teft, and negates. the *
* sign bit. ’ *
**************************************************************

sh* *x * * * * rcir * s
**************************************************************
* *
*This negates the sign of the mean vectdr and shifts it ih to*
.*the sign position. This is done because the: vettor mantissax
*is in 'S&M form. This way, an addition to the vector will *
*actually perform the operation of subtracting the vector *

*from the addend. *
**************************************************************
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*

io * * *x * * * ds r * % *
khkkkkkkkkkkhkkhkhkkkkkkkkkhkhkkkkhkkikhhkkhkkhkdkhkihhkkkkkhkkikhkkkkikhkkikk
*This does the i/o0 call for the next number (if there is onel)*
JokFkkkdkFk ik ik hhEh ki hkhihikhkkhkkkkihkkkkkhhhkikikikkhiiikkkkiik

tc ad * * % imnr mar nop

tr *  * % % * 0 LfOu f1 Lflu
khkkirkkhkhkhkhkkhkhkkhixkkkkkkkhkrrkikikihkhkikkhkkkkkkkdkhhkkkkkhkhkkkkhkkhkkkk

xLoad the next element in the vector, and store the new value*
edededdedededd ke de ok kg de ok deddedeok R ek ke ok Rk de e de e e dok Rokeok ook ek kekek gk ek e

*Load precomputed constant for each class (8 cycles, not in code)
*kkkhkkhkhkkhhkhkkkikkkkhkhkkkkikk*x*xEnd Rout inexkdkkkxkkkkrkkihkidiihkikikhkihhrik
*

*

kkkkkkkkkkkkkkkkhkkkkrxhkkkkikikxBegin Routinekxdikkkiikikkikikkkikkhikkhkikkkx

*This routine loads the normalized the data vector. It can *

*be called to execute by itself. *
Fedekkdokkkd ik ik kk ik k ik hikkkkkkkkhikkiikkkihkikihkkikkkkrkihkik

*

tc * *  x % $ 0004 * icr3
vinr t¢c * * % X $ 0040 nop cemr3
kkkhkkkkkkkhkkhkkhkhkkhkkkhkkkhkikkkhkRhkkikkkkkkhkkkhkrkkkhkkhkhkkkkkkkkkx

*  the 0040 tests for index 3 <> its compare (4 elements of *

* the data vector.) *
Kk kkkkdrkdhihkkhkhkkhkkkikkhkikkrrkiikkrhhkihkkhiikhkihrhkiirkihk

tcx % *x * $ 000a tOwa tlwa

tc * cl3 * * $ 0151 0 nop

io* * *x X * f0 * ds Lsb * % *
kkkkhkhhkhkkkkkikkkkhkhkhkkhkkhkhkhkhihhkikhhihkhikhkhkkixikkkkkdhkhkikkhkikkdk i
* This initializes the Llocation of the read pointer. - *
* and this initializes the first read. *
kkhkkkrhkhkkkkhkkhkkrthkhkkhkkrhkkdhhkhkhkhkihkhdrhhkkkhkkxhkhkkkkkkkkkixdxihkidx

io * * * % %* * * ds r * * *

khkkkkhkhkkkkkkkhkhkrkkkkkhkkkkkkhkkkhkkihkhkhkkkhkkkkkkkikkhkhkhkkkkkkkk

*This sets the large file hold registers to a minimum value. *
khkhkkkikkkhkikFhkAkkhkkkkkkkkhkkkkkkkkkkkhkkhhkkkkkhkhkkkkkkhkkdikhkkkkk

tcx *  * % $ 014F L0ad L1ad
tc * *x % x $ 807f * f1
tc *  *  * * $ ffff f0 *
tr *  * X% % * f0 LfOu f1 Lf1u
tr *x  * % * * f0 LfOu f1 Lflu
loip tr *  in3 * =* * 20 tfOu 21 tflu
FkkhkkkkhkxkrxTxxxhrkrihhhkkhhkirkrxkihkiirkionkikikhikiidkikhi
* this loads the mantissa and exponent into the temp file *

khkkkkkkkkhkhkkiktikkkkkhkhkkkhkkkkhkkkkkkkkkkkkhkkkkkkhkhkikikkkkkkkkikk

* The following does the I/0 call.
10 * * * * * * * ds r * % *

This is executed before the jump and it will load the needed data into
the 20-21 register pair before it is neeeded, eliminating a two cycle
not ready wait.

* % % X *
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tc ad * * * Loip mar nop
te * *  * * $ 0000 brg0 brg1
te *x * % % $ 0006 tO0wa tiwa
tc* *x % % $ 0000 tfOn tfin

the 0 in Llocation 6 of the temporary files is a cycle counter.
it keeps track of the class currently being worked upon.

After normalizing the data vector, store it, repeat until all
the elements are finished, then repeat the cycle until all four elements
are finished being processed.

tc *x *x. * % $ 000a t0ra tira
tc * cl3 % * $ 0002 t0wa t1wa
tc * % *x * $ 0151 10ad L1ad
tr *  in3 * % * tfOu brgd tfiu brgl
tc * % sr % fpar mar *
tr* * % % * tfOu 0 tflu 1
te ¥ * *x % $ 0040 ok cmr3
tcad * * % loip mar *

tr * * * * * 0 tfO0u 1 tfiu
tc * cl3 x * $ 000a t0ra t1ra

This stores the data normalized data vector in locations 2-5 of the
temporary file. The second vector will appear in locations 6-9 of
the temporary file.

This will fall through to the matrix processing routine.

This is the beginning of the matrix multiply routine.

tc * cla * * $ 0000 brg0 brat
tc* *x x x $ 0006 t0ra tlra
tr % * % % * tfOn p * *

te ¥ *  * % $ 0010 * q

tc * * % plgl $ 0000 * nop
tr *  x x plqgl * mult L0ad mult 11ad
tc * * * *x $ 0001 tOba - t1ba
te *x * % % $ 0001 tf0u tflu
tc * * % % $ 0002 tOba t1ba
tr * dinl * % * tfOu e0 tflu et

* This loads the multiplicand into the e0-el register pair.

*

*

tc * * sr % fpmr mar nop

* This does the program jump to the floating point multiply routine.

*

*

tr X Kk %k * Lflu g1 LfO0u g0
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This step is done before the jump is actually executed. This will Lload the
multiplier into the g0-g1 register pair. (F=EXG floating point mult)

te * % Sr % fpar mar nop
This step will do a jump.to the floating point addition routine.This rout-
ine calculates the sum of the contents of the F register and the BRG regis-
ter pair. The result of the add is then stored in the F register.

tc ¥ *  x * $ 0004 nop icri

tc * % * % $ 0004 nop cmr3
the 0004 tests for index? <> its compare

This is executed before the jump. It will just load the condition register
with the next condition to be tested.

tcad * * =x mlty mar nop
tr *x % k% * f0 brgd f1 brg1

On index register 1 not equal to its compare, jump to beginning of multiply

routine.

tc * % % % $ 0001 tOba t1ba
tr ¥ % *x * * tfin el nop  nop

get address of jth item in the data vector.

tr *x % % % acO al tf0d a0 tf1d
tr *  *  * % acO al tOra a0 tira
tr * % *x % acl al * a0 tira

the above was a change to insure that the program works, this is kept.
this will update the address for the next round, store it, and point to the
item in question.

tr % in2 * * * tf0c e0 = tfic e
this will load the multiplier for the second multiply into the e0-e1 reg-

ister pair. Simultaneously, this will zero the temp file pointers. They
will now point to the location of the accumulator.

tr * * % % * bsr0 g1 bsr1 g0
tc ¥ * sr % fpmr mar nop
tr * % x % g a0 al al g0

this is just a subroutine jump to the floating point multiply routine.
F=EXG

tc * % sr % fpar mar nop

tr *  x k% * tfOn brg0 tfin brg1
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F=F+BRG. This calculates the subtotal of the matrix multiply.

tr
tc

ro.

tc
tc

*
*

*
*

* *
* *

* *
* *

[ R% 3

*
*

*

$ 0002

$ 0004
$ 0010

f0

the 0010 tests for index2 # its compare.

tc
tc
tr
tc
tc

te
tr
tc
tr

tr
tc

tc
ir
tc
tr
tr
tr
tr
tr
tc
tc
tc
£r
tc
ir
tr
tr
te

tc

d

% % F ok

* K %

here, if

*
*

% this will

*
ad
ad

ad

*.

* ok X b Ok O HOF RN N,

cll =*
* *
* *
* *
* *

Add precomputed
This is the compare rout1ne.

* %
* *
* sn
* %
G > E,
ctD *
* *

*
*

pugl *
*

*

mlty
$ 0000

$ 0000
$ 014f

tfOn
t0ba

nop
nop

mar
brg0
*

t0ba
LOad,

constants (150 cycles, not in code)

*
*

*

$ 0000

femp

$ 0002

tfin

Lf0n

*

t0ba
gl
mar
el

*
%

f1

mult

tfOn

Lf1n

(f0=£1=0). return tf1061 as the class (to

f1

increment tfOnL6], the pointer to this array.

* %
* *
cll *
* *
* %
* %
*  *
*  *
x %
*x %
* *
* *
* %
*  *
* %
*x ok
* %
* %

*
* *
*

* e+l
* e
* *
* *
* e+l
*

*

*

% *
plagl
plgl *
* add
* add
*

*

$ 0006

chck

$ 0010
$ 0001
$ 0004

$ 0151

$ 0000
$ 0000

tfOn

a0
al
tf0n
tfOn
a0l

mult
a0
al

t0ba
el ’
mar

tf0n
Lf0u
Lf0u
el

tf0n

*

*

P

*

*

el
L0ad
*
t0Oba
tf0u

)

*
at -
tfin

*
*

t¥0n

tf0n
al -

tfin
t1ba

The above two steps load the sub total into the temporary file location
It them resets the read and wrlte pointers of the temporary file to
Locat1on two.

icre
cmr3

This w1LL do a test for index 0 not equal. to it§ compare register.

nop

brg1
mcr3
t1ba
t1ad

tiba
g0
*

§1
Ltocation 150)

icr(
cmr3

e l4



finl
otpt

*
X
*

kdkkkkkkkkkkkkkkkkkhkkkkkrkkkkEnd

*
*
*

Fkkkkkkkkkkkihikkkkkikkkkbegin rout jnewkikkiikickiidiokikidkikikikiokkikikkikkk

tc
tc
tc
tc

io
io
io
tr
tc

* *
adn *
* ¢l0
* %
% ok
* %
*  *
* %
* *
% %

* % % A N ¥ % ¥ 4 %

0 % ¥ % * ¥ X ¥
* % % N %
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$ 0001
loip

$ 0000
$ 0150

wWait

Lf0d

Lf0d
mult

tf0u
mar
el
10ad
Lf0d

Lf0d

brgl
mar

ds
ds
ds

T ds

tf1u

*

el

L1ad

W * % %
W * * %
W * % %
W % * *
*

nop

Rout jnekikikkkikkhkkkikkhkkhkkhkhkkhkk

kkkkkkikkkhkkkkkkkkkikxkkkkkxxBegin Rout inekikakikkkkxikkikxkhkrkkkriik

*
*

fpar

* ¥

* % *

This is the floating point addition routine. 9/4/79.

tr * * * % *
sh uns clD * =* *
sh * * * * *

This will strip the sign of the mantissa and save it for future use.

tr
tc
tc
tr
tr
tr

*

tnn
tnn
tnn

tnn
*

* % ¥ 3 % %

-

~h 0

* *
*

*

* *
* *
* zro

$ 0000
$ 0010

bsr1
Lzin
rzin

*

*
*

a0

gl
nzin
nzin

* % % N H K

1
lzin
rzin

bsr0

*
*

al

this will compare the brg to zero, if it is, return.

tr

* *

*

* zZro

a0

el

atl

3:45:00.

el
s
5

icr0
cmr(

cmr
*

*
cmri

g0

This will zero the registers to prevent spurious results,

tr

* *

*

* e-g

al

nop

al

icr(

if |e[<]g], the program will reverse the numbers and continue.
since addition is commutative, this should not affect the results.

tr
tc
tr
te
tr
tec
tc

gmt-at»*x-x-*
=
% % % % ¥ * #

* k% Ok H b %

xor
and

e=~g

% % % % ¥ % %

$ 0080
$ 8000

$ 0010
nsh

al
al

al

el
*
*
el
*
*
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If the exponent on one of the two numbers is less than zero

and the other is not, subtraction to yield the number of shifts
will not yield the correct answer, and thus special handling
must be added to compensate for this problem. The way that this
routine handles the problem is it exclusive ors the two numbers
together and then strips off everythxng but the sign bit. This
is then subtracted from a constant (for speed) The constant is
8000, thus if there is a 1 in the sign position, the result will
not be negative, indicating that the correctipn‘mu§t take place.

¥ ¥ ¥ % 0k % % ¥ ¥ ok %

tc thnn * % % $ 0020 * cmp0
tr * % % x e~g al 91 * *

This will test for E-G~>G negative. This is to insure that lbrgl >=
1£1, simplifying the algorithm greatly.

* N N ¥

tc thn * * * swap : mar nop

* %

This involkes the swap routine that will force the above to be true.

tr x  x & * zro * * a0 cmrQ

te * % x % $ 0010 * cmrt
*
* the zeroes that are loaded into condition mask register 0 tell
* the machine not to check for any of the conditions represented.
the 0010 Lloaded into cmr1 tell the machine to check for the compare
* register greater than index register one. In this case, this will
* determine whether the two numbers are equal or equal and opposite in
*
*

*

magnitude and sign.

tr *  *  x % zro al al al el
tc thn * % % equi man nop
*
* If they are, the program will jump to a special routine.
*
* .
* By this point in the program, |e{>{g].
*
£r * k  *x % * - bsrQ e0 f0 a0
tc * * % % $ 0010 * idx0
tc ¥ * % % $ 0020 * cmrl
tc thn *  * % rtnf . mar nop
* .
* 1f the number of shifts required > 16, return the value in the
* F register.
* .
ke *  k  x % zro al gl a0 cmri
tc *  clD * $ 0001 * cmr3
*x

this loads the data to be processed and it programs the CPU to check
* for reg0#indx0. This is represented by a one in the first position. Thi

*
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* check is involked by the AD command.
*
shft sh *# in0 * * * ’ rzin nzin nzin s
tc ad * * % shft mar nop
*
* Index register contains the amount by which G>E, (the number of .orders
* of magnitude. This routine shifts E to the right until the two orders of
* magnitude are equal.
*
tc x * % % $ 0000 gl *
te * * * % $ 0020 * . cmr0
tc fpn % * % gpos mar nop
*
* if g1 >= 0, its sign is taken to be positive, and the numbers are
* handeled in a corresponding manner. )
*
*
* By this point, g must be negative.
*
tc ¥ * %k % $ 0002 * cmr0
tc tpn * * % ssgn mar nop
*
* If E is negative, and 6 is negative, the signs are the same and the
* two numbers are just added and one of the signs is preserved.
*
tc * *  x % * * * *
*
* At this point, |G|>|E], the resultant sign will be that of G.
* Without regard to sign, the result will be the old sign of G
* pltus |g-el.
*
dsgn tr * * % % en a0 el * *
tr ¥  *  x % e+ aD el * *
tr %  *  * *x add f1 el a0 g0
*
* This calculates g-e.
*
tc ¥ * % * $ 0010 * cmrQ
* kY
* if the result is >= zero, there 1is not a one in tthe first bit position,
* so the number is not normalized, and must be shifted until there appears
* a "' in the first bit position.
*
norm tr fan * % % e-1 a0 e * *
tc fon *  * % norm mar nop
sh fnn * * =x * nzin nzin Llzin s
*
* This routine normlizes the data
*
tr * % *x % g a0 f0 * *
tex % % % $ 80ff * g0
tr *  Xx X X% and * * a0 1
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tc * % * % $ 0002 * cmr0
sh * % % * * nzin Llzin nzin s
sh tpn * % * * nzin roin nzin s
sh fpn * % =* * nzin rzin nzin s
tc *  *  jp * $ 0000 * *
tc *  * df * $ 0000 * *

this routine sets the sign to the sorrect sign and returns to the calling
routine. .

tc tpn *  x % dsgn mar nop .
tr % * *x * * * * * *

Before the jump to GPOS, the condition register was set to check for
e<Q7 If it is, the signs are opposite and the data 1S treated
correspondingly.

By default, both 6 and E have the same sign, so the resulfs are jusf
added.

tr * * * X * * * 0 gq
tr % % % add al gt a0 g0
sh *x * *x % * nzin nzin rcir s

tc * x  * % $ 0010 nop cmr0

this checks for a éarry out of he MSB, indicating normalization is
necessary.

tr tnn %  * % g f1 el * *
tr tnn % % * e+1 al el * *
tr thn * % % a0 f0 * *
tc tnn * jp * $ 80ff * g
tr tnn ¥ df * and * * a0 11

If it is, then the number is normalized and the subroutine returns.

sh * % ip * % nzin nzin C(cir s
tr *  x  df * g a0 £0 * *

. i,
This routine exchanges the two registers involved so that [G|>|E]

tr % k% % * f1 g1 f0 g0
tr x  x X % * bsrd fO bsrt f1
te *  x  *x * fpar mar nop
tr * % % % g a0 brgd at bra1l

This calls the original routine.

This is the action taken when the routines have the same magnitude.



equl

epos

N
2}
e
e

[%2)
=

% ok ok % F X ¥ I X % X%

*

* % * *

glz

* ¥

758

A-131
te *  * % * $ 0000 nop cmrl
tc *  *x  x % $ 0002 nop cmrD
tc fpn * * % epos mar nop
tc *x * k% $ 0020 nop cmrQ
tc tp * * % ssgn mar nop
te fp * * * swap mar nop
tc ¥ * % % $ 0000 nop nop
tc fp * % % ssgn mar nop
tc * x  * % $ 0100 nop cmr0
tr * * * % e=g nop nop nop- nop
tc tn * *  * zapp mar nop
tc * % x * $ 0020 nop cmrD
tr * % % % e-g al gl al nop
tc tn % % % dsgn mar nop
tc ¥ * x % $ 0000 gl cmrQ
tc *  * *x *x dsgn mar nop
tr *  x  *x % * nop nop bsrt i
tc * * * % $ 0000 * *
tr *  x  jp % zro a0 f0 al f1
tc * % df % $ 0000 nop cmr0
this routine handles numbers that have different exponential signs.
tc * ¢l %*= * $ 0010 nop cmr{
bug in assembler. null Lline will not be assembled. By this point
in the program, the exponent on one of the two numbers must
be less than zero. This part of the routine will force the negative
part to be stored in brg register. Since a swap can take place,
all the original flags must be reset in the event of ashift.
tr *  x  x % g alsw =* aOrz g0
tc tnn *x % % gtz mar nop
The g/brg register contains the negative exponent, no swap needed.
tr fnn * % * f1 gl f0 g0
tr ¥ x  x % * bsr0 0 bsr1 {1
tr *  x % % g a0 brgld al brg1l
tr % % % * bsr1 g1 f1 el
sh uns * % * * lzin nzin Llzin s
sh * % % * * ‘rzin nzin rzin s
This swaps the two humbers and resets all the flags needed by the
rest of thé routine.
tc *  *x  x % $ 0000 e0 g0
tr *  x  Xx % e-g alsw * alsw g0
tr *  * % % g alrz nop alrs icrD
Calculate the number of shifts needed, if it is < 0, it is
actually > 80 (16), so return the value in the F register.
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*
tc thn * % % rtnf mar nop
tr ¥ % % g alsw €0 alrz nop
tc * * % 0k $ 0010 * g0
tr ¥ % % % e—g al nop al g0
tc frn * % % renf mar nop
*
* If the number of shifts required is > 16, return the data in the
* F register.
*
tc *x  * %k * $ 0000 * cmr0
tc * %  x % $ 0000 e et
tr % % % * bsr0 e0 0 g0
te *  * % % shft mar nop
tc ¥ *  *x % $ 0001 * -cmr3
*

* prepair to shift the data and return to shifting routine,

rtnf tr * * jp * * * * * *
tr * % df * * * * * *

*

* Return the contents of the F register.

*

KREAKKXKKKKKKKERRKIKRKRAREKXh*AXKRkkhkkKkkkkkkkkkkkkkkkkkkkkikhkkhhkkkik
* this is just for a break point and it is to be removed whenx

* the program is actually inserted into the code. *
kkkkkkkkhkxkkkkikkkkkhkkkhkhkkkkkkkkkkkkkkkkhkkkkkhkkkhkkkkkkhkkkkkk
femp tc * * % * $ 0000 t0Oba t1ba

B L L L T L S LT L L L L L e ey
* This accepts the data in the E register and G register as =
* Inputs. Initially, the program stores the original data in *
* temporary file. the E register goes in location ‘0 and the *
* G register goes in location 1. The following will also *
* strip off the sign bit *
kkkkkkkkhkkkkkkhkkkkkhkhkkkkkkhkkhkhkkhkkhkkhkikkkkkhkkkkhkkihkhkhkhkhk
tr ¥ x  x % e a0 tf0u at tfiu
tr*x  *x  x % g a0 tfOu al tflu
kkkkkhkkkhkkkkkkkkkhkrhkkkhkkhkhhkhkihkkkhhhhrhrkrikddkrirrkrhkik

* This routine strips off the sign bit. The correct sign bit #*

* is saved in the PAST register. *

TRAIIkEAIxkkkkikkkkkhkkkhkkkkkkkkkkkkkkhkkkkkkkkkkkkikkkikhkkkikikkdk
sh uns * % * * Lzin nzin Llzin s
sh* %= % * * rzin nzin rzin s
tr % % % % e alsw &0 alsw el
tr * % x % g alsw g1 alsw g0

kkkkkkkkkkkhkkkkkkhkkhkhkkkkhkhkkkhkkkkkkkhkkkkkkkkhkkkkkkhkkkhhkkkkkk

* The 0002 in cmr0 will check for E1 negative. This is done *
* in the past sense. If E1<0, then jump to the routine that *

* will handle that case. *
*kkkkkkhkkkkhkkkkkkkkkkkhkkkkhkkhkkkhkhkkhkhkkkkkkkikkkkirhkkikhkikkikx
tc * * k% $ 0002 nop cmr0

tc*x * % % $ 0000 nop cmri
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tc tpn * * % emng mar *
kkkkhkkhkkkkkkXKhkkhkhkhkkhkrhkhkhkEkAhkkhkkdkrkkkkhkkkhkhkhkhkhkhkhkhkkkkkkkkhhkihkkhkk
* by this point, the E register must not be negative (>=0) *
* the 0020 in the cmrQ will test for g<0. If g<0, e is the *

* greater of the two numbers. If not, they are both >= 0. *
*hkkkkkkkkkkkhkhkhkhkhkhkhkhkhkkkkkkkkkkhkkhithkkdhkhkhhkthkhhkhhhkdhkitrihhkhkhkkiki
tc *x  *x k% $ 0020 * cmrQ
tc tpn *  * % egrt mar *

khkkkkkkkkkkkkikhkkkkkkhkhhkhkihkhkhkkhkhkkkkkhkkkhkhkhhkhhkhkkhkkkihkikkkikk

* This will determine if there is a difference in exp sgn. *
dkhkkhkxkhkkkARhkAREAAkkRAkAhkrhkkkkhkhkhkrhkhkhhkkhhkhkkkkhkhkhkrthhkhkkhkhkikkikhx

tc tpn *  x % $ 0000 * cmri

tc thn * * % axng mar *
kkkkkkkkkkkhkhkkikhhhkihkkhkkkhkkhhkhhkhkkkkkhkkkkhkikhkkikhkhkhkkxhkiktikk

* This will do a jump if the sign of G is 1, or. G negative *

* in the exponent portion. *
khkkkkkkkkkhkhkkhkkhhkiihirhhhkhkkdkhhhhhhhkhkiihikdkkdhdkkhhhiidiiik
tc *x *  x % $ 0002 * cmr(
tc tnn * * % aagrt mar *

Rk k Ak kkkhkEXAARXAA IR R hhhkhhkddhhhkhkkxxkdihhciohikrhhirkddhird
* By here, the exponent of g is positive. If the exponent of *

* E is negative, both mantissas being positive, e<g *
*kkkkkkkkkkkkkhkhdhkhhkhkkhkkkkhkhhikhkhkkhhkkkrikhkkkikhhkhkkkkkkikkikkik
tr fan *  *x % e-g a0 el al el
tc tnn * * % agrt mar *
tc frn *  * % $ 0000 0 1
tc x % jp * $ 0000 t0ba t1ba
tr * % df * * tfOn e0 tfin el

khkkkkkkkkkkkhkhhkkkkhkkkkhkhhkkkkhkhkxtkhhhkdhhkhkkkikrhhhkhkkkkkkkkk

* Since both exponents and mantissas are nonnegative, this *
* routine calculates e-g, exponents in the HOBP and mantissas*

* in the LOBPs. If the result is < 0, g>e, else return E. *
dhkkkkkkkkdikkhkhkhkhkkkkhhkhkhkkikhkhkkhhkhhkhhhkkihkhhkhkikkihkhkxkikhkhihkkikkx

gart tc * *x k% $ 0001 t0ba t1iba
tc x *  jp * $ 0001 f0 1
tr % df % * tf0n €0 tfin el

L e s T S R T R R R e T T R s P P P L T LT 2 T

* if f1>=0, e>g, return tf[1] *

khkkkkkkkkkkkkhhhkhkhkkkhkkhhhkkikhkhtrhrhhhhhkkhkkkkithkkrhkhkhkikikhkhkhkiikd

egrt tc ¥ * * & $ 0000 f0 f1
tc ¥ *  jp * $ 00c0 tOba t1ba
tr x  *  df * * tfOn 0 tfin el

kkkkkkkkkkkkkkrkkkhkhkkkkhkkkkhkkhkhkhhkhkhhkkkikkkihkkkkikkikhkkkhkkhhk
* This is the section of the program that is called if E is =*

* negative. (mantissa) *

FkkkkkkkdA*xhdkkk kg krkdkihkkhrhkihiihkkhkiikkihrihxikrkihkrrkkirk

emng tc * *x % X $ 0020 * cmrQ
tc fpn * * % agrt mar nop

dkkkkkkkhhkkhkhhhkhkkhhkkkhkkhkkkikhkkhkhkhkikdhhhkhkhkhkhkhkkikkkkkkkrkhdkii

* This section does the compare if both the operands are < 0 %

* This will determine if there is a difference in exp sgn. *
khhkkkkkkkkhhhkhkkhkkkhkhkkhkhkkihkhkkhkkhkkkkkkkhkhkhkkkkkhkkkhkhkhkdkkkkixkikik

24



A-134
ncmp tc * * % % $ 0000 * *
tc tnn * * * gbng mar *

hhkkhkhkkkkkhkhkkhkhkkkkkkkhkkhkkhkhkhkhkkhkhkkkkkkhkhkkkkkkkkhkhhkhkkkkhhkkkkhikk
* This will do a jump if the sign of G is 1, or G negative %

% in the exponent portion. *
**************************************************************
tc * * *x % $ 0002 . * cmr0
tc fnn * % % nnpp mar *

Kkdok kK kdkkkkkhkh Tk krihdxkkkkhkikdkkkkkrikrhkrkhihhkhkrkkikikkkhx
* By here, the exponent of g is positive. If the exponent of *

* E is negative, both mantissas being negative, e>g *
dedededodedok ke ke dodod ke ke dod ok ek dododod ek kg ke dodk g e ko e e dook ok e ook
tc tnn *  * % $ 0000 0 1
tc * * jp * $ 0000 t0Oba t1ba
tr % % df * * tfOn e0 tfin e1
kkkkkkkkikkkhhkrkhkkkihkkhkkkkkkkihkkhhhhkhrixhhrkkkkrkrkkrkhkx
* The above will return e *
*khkkhkkkkkkkkhkhkkikkkhkkkkkkkhkhkkkhkkkkkkkkhkkkhkhkkkhkkkkkkhkkhkhhkikkk
gbng tc tnn * % % ebng mar *

FhhkkEkx Kk xkhkkkkkikihhhhikkhkhkhhhhkhhkhkhiiokkididikhikikirx
* Both G's exponent and sign are negative. If true, the same *

* holds true for E. If this is false, return g. *
KEKEEKEKRKKAEKEKKEAXKKKEKRKRERRKRKKRKKRKREKXEKARKKRKKKKKRKKKKRkAXARKkkkkkkkhk
tc ¥ x % % $ 0001 t0Oba t1ha
te * % jp * $ 0001 10 f1
tr *  x df * * tf0n eD tfin e1
KEKKRKREARKRERAKARFIRXKRKRIKR KRR AR KRR KRAKRRXRRARRRKRKRAKKAKRKRARARKEARkAkR,kKX)k%k
ebng tr * * * * e-g a0 eD al el
tc fnon * % % ggrt mar *
tc x ko x % $ 0000 0 1
tc *  *  jp * $ 0000 t0ba t1ba
tr *  *  df * * tfOn 0 tfln el

kkkkkkkkkkkkkhkhkkkhhkhkhikkkkkkkkkkkkkkkkkkkkkrkkkkkkhhkikkhkhkhikk
* Both the mantissa and the exponent of both E and G are *

* less than zero. calculate e-g. if result positive, g>e *
kkkdddodde kK ddokddkhkdedkkdodddkkhhkdkddkkkhkdkikidkkihkhkiikkkkiokkkk
gxng tc fnn * * % egrt mar nop
tc ¥ % * % $ 0000 * *
test tr * * % *x e~-g a0 el al el
tc fnn *  * x egri mar nop
tc thn *  * % ggrt mar nop
te * *  x * $ 0000 * *

kkkkhkkkkkhkdkhkkhkhhhkkkikkdhkkkhkhhkkkkkkkkhkkkkhhkkhkkhkkhkkkkikkkkkkhkik

* at this (preceeding line) both E and 6 are positive. The *
* sign of the exponent of g is negative. If the sign of the =

* exponent of E is positive, e>g, hence return E. *

Khkkkkkkkkkkhkkkkdhkhkhkhkkkhkhkkkkkkhkkkkkhkkkkhkhkhkkkkkhhkrhkhkkkhkkk

nnpp tr *  * % % e~g a0 el al el
tc tnn *  * % egrt mar nop
tc fan * * % ggrt mar nop
tc x *  * % $ 0000 * *

/%
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APPENDIX 6
CONTEXTUAL CLASSIFIER PROGRAM LISTING

org 0100
te . * & % $ 0000 L0ad L1ad

*

* THREE PIXEL LINEAR NEIGHBORHOOD -~ 04 classes!

* CONTEXTUAL CLASSIFIER MOD VI

* 4/5/1980

*

*

X .
tc x % *x % $ 0010 nop icrD
tc x *  x % $ 0002 nop cmr3

lold tc * * x = $ 0000 tf0u tflu
tc adn in0 * * Lold mar . nop
tr adn * % * * ifOu fOu iflu Lfiu

*

* Load |Covariance Matrix|

*
tc * .clD * =% $ 0030 nop icrd
tc x  *x  *x % $ 3000 gl t1ba
tc *x *  * % $ 0000 t0ba g0

loam tr * in0 * =* * ifOu 0 ifiu el
tc adn * * * Loam mar nop
tr % % % % xor al Lf0u al Lf1lu

*

* Load mean vectors

* .
tc ¥ cl0 * =x $ 0120 nop icr0

Loac tc adn * * % Loac mar nop
tr adn in0 * * * ifOu (fOu iflu Lfiu
tr *  *x % % zZro a0 Lf0u a1 Lf1u
tr*  x ok %k 2ro a0 LfOu a1 Lf1u

*

* Load covariance matrix.

*
tc x  cllO * =* $ 0032 nop icr0

load tc adn * * % load mar nop
tr adn in0 * =* * ifOu LfOu flu Lflu
tc * clD* =« $ 0152 t0ad L1ad
tc * *- % * $ 0533 nop icrQ

loag tc adn * * =% Lloag mar nop
tr adn * % *x * ifOu LfO0u iflu Lflu

*

* the above routine will toad the data vector & the a-priori configuration

* al probabiltities. ~

* The configuration of the large file is as follows:

* Base 10 Base 16

* ~ln |Covariance matrices] 000-016 000-00f

* Mean Vectors ( X -1 ) 017-064 010-03f /* 12 classes */

* covariance matrices 065-255 040-0ff /% 12 classes */

* data vectors 256-287 100-121 /% 8 pixels %/

* Not currently used 289-337 122-151

* GCr,j,ql 338-1668 152-684 /* 11 classes */

URIGTAY, PAGE IS
“F POOR QUATITY



e % % OF % ok Ok Ok Ok ok Ok K % ok ok *
)
-

Ho% Ok X % % ¥ X % %

Not currently used

alr]
bLj3
clql

.Not used

class
i3
El‘,j,q]
tc
tc
tc
tc
tc
te
tec
tr

¥ ok % H % * % %
* N ok * ¢ ¥ %

* ok D % % ¥ ¥ %

Lf1,0018261=0
where 0<=j<=3
k+2. comf also assumed that L0ad and il1ad are 1827.

comf also assumes that in tf0L07] the location of the destination

is stored.

Lf0,101827]=-2;call comf to calculate aljl
comf calculates the 3

for i=0 to I-1 do:

tc
tc
tc
tc
tc
ir

* % Ok F F ¥
* % ok % ok *

call comf to

tc
tc
tc
tc
tc
tr

* Ok % o O F
* % A ok * %

A-136

$ 0722
$ 0000
$ 0723
$ 000f
$ 061
comf

$ fffe

$ Q723
$ 000
$ 0701
comf

$ ffff

1668-1776 684—6f1
1777-1792 6£1-700
1793-1808 701-710
1809-1824 711-720

1825
1826
1827
1828
1829
1830
1831
1832
1833
1834

721
722
723
724
725
726
727
728
729
723

L0ad
Lf0u
LOad
t0ba
tf0n
mar

LfOn

l1ad
Lflu
L1ad
t1ba
tf1In
nop

Lfin

nop nop mult mcr3

L0ad
£0ba
tf0n
mar
Lf0n
nop nop

calculate bLjl, where 0 <= j <= 4,

$ 0723
$ 000f
$ 0711
comf

$ 0000

L0ad
tOba
tf0n
mar
LfOn
nop nop

call comf to calculate c[jl, where O<= j <= 4,

te *

*

*

$ 0723

L0ad

mult

mult

classes for pixel

L1ad
t1ba
tfin
nop

tfin
mer3

{1ad
t1ba
tfin
nop

tfin
mcr3

Lt1ad

A0/



X OH X % *

Lp1

* % X

ek % O %

i Lp1

* Xk 3 ¥

£ * % % ¥

Lp1

*
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tc *x % % % $ 0003
tc *  x k% $ 0001

Lf0,10182731=3,11f0,1018281=1.
for k=1 to J-2 do:

tc ¥ *  x x $ 0727
tc * k% % % $ 8001
tc * % % % $ 8000
tr % * * % e
tr *  * x % e

Lf0,1018311 = -1; Lf0,1018321 = ~1;

value=class=~1

tc x *x % % $ 0723
tc * * K ok $ 0000

Lf0,1018271=0;
j=0 (for j=0 to c¢-1 do:)

T B $ 0725
tc *  *  * % $ 0004
tc x  x  kx % $ 0000

a0
a0

LfOu
LfOu

10ad
nop

Lf0u
Lf0u

L 0ad
{ fOu

L0ad
o)
Lf0u

Lf0,1018291=0; p=3 (always = number of classes C)

for r=0 to c-1 do:

tc ¥ * * % $ 0723
trx x % % *

tc *x * % plql $ 072a
tr % * * plgl *

tc * % x x $ 0152
tr ¥ % * % add

nop
mult

a0

L0ad
nop
10ad
el
nop
LfOn

Lf0,1018341=(1£1,0018271 X C ) + base address of

this will provide the address for g[0,j,01;

tc * *  * % $ Q726
tc ¥  x k% $ 0000
tg * 2 K* k% $ 0000
sum=0; L{1018301=0;

for q=0 to c¢-1 do:

tc * * * % $ 0725
tc * *x % * $ 061
tr % % x % add

e = 1777 + Lf1018291; (Dad,l1ad = e; (alrl)

tr * % % * *

a0

tOad
LfOu
brg0

L0ad
nop
LOad

LfOn O

G

a1t
al

Lf0n
nop

al

al

Lf1n

Lf1u
Lflu

L1ad
el
nop
Lfiu
Lflu

L1ad
Lf1u

Ll1ad
nop

L1y

L1ad

L1ad
nop

Lfin

Ltad
Lf1u
brg1l

L1ad
l1ad

1

o282/
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0,1 = L0, L1
tg * 0k *x % $ 0701
tc* * k% $ 0723
tr *x % * % * LfOn
tr * % % X add al

e = 1793 + L¥1018271; toad,l1ad = e; (BLID)

tr« +* % % * LfOn
tc * * sr % fpmr
tfr % * * % * £1

fZeXg =~ f = alrd X bLjl;

tc ¥ * x * $ 0711

tc*x % x % $ 0726

tr* % % % * Lf0n
te ¥ *  x % add al
trx % x % * LfOn

nop
L0ad
el

LOad

el
mar
g1

nop
L0ad
el
L0ad
el

caléulate location of cifql. (=1809+Lf101830D

tc * % sp * fpmr
tr * * * * * ; 1

fZeXg == f = alrl X bLjl X cfq];

tce x £  x % $ 072a

tr % * K x * . LfOn
L0ad,t1ad = Lf1(1834T (gLr,j,q)

trx % % % * LfOm
tec * L I fpmp

tr * * % k * 1

f=eXg —— f = abrl X b[3] X cCgd X glr,i,qd

fc ¥ * SPf % fpar
tr % * * % * nop

f=f + sum

trx % x * * 0
sum = ¥

te ¥ *x  x * $ 072a

tr % % X% % * LfOn

tr * * * % a+1 al

mar
a1

L0ad

LDad

el
mar

gt

nar
nop

brg0

t0ad

LfOn

nop
a0

Lf1n

nop

Lfin

f0

Lf1Tn

e

0

nop

Lf1n
a0

{1ad
nop
t1ad

ol
Liad
nop
(1ad
el

nop

L1ad
lad

el
nop

nop
nop

brgT

tiad
el
Ef1n

A3
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update pointer into glr,j,ql to next g

tc * * * K $ 0726
tr * * * * *

tr * * *  k e+1

tc * * * % $ 0004
tc * | % * % $ 0002
tc adn * % * aqlpl
tr *x * * % e+

g=q+1 (1f0,1018301 = Lf0,1CL1830] + 1;

“if g 1= 4 goto qlpt
te ¥ % % % $ 072a
ir * * * % *
tc *  * & % $ 006
tr *x  x % % add

e=Lf0,101834]
e=e+133
L10,1L1834]3=¢

LfOn
nop

a0

Lf0n
a0

t0ad
el
nop
nop
nop
mar
Lf0n

L0ad
el
nop
LfOn

nop
al

al

nop

a0

the program has just gone through all possible values
in the combination glr,j,ql, it must now update to the next
value of r, as j is held constant. 12 if necessary because
gisa & X & X 4 matrix. The program is pointing to the

Llast element of a given r, and j.

tc*x * k% $ 0726
tc * * * % $ 0000

11018301 = 0 (g = 0)

tr ¥ % % % *

tr * * * % e+1

tc * * k% $ 0004
tc * * x * $ 0002
tc adn * % % rip1
tr % * * K e+

Lf1L18291 = 11018291 + 1  (r=r+1)
store updated value of r.
if r = 4 (base 10) goto rlpl

tc * * *  * $ 0727
tr x k% % *

tp % * * % *

tc *  * % X% femp
tr % * *  x *

g=Lf1,0C18311; e=brg1,0

Lf0n
al

a0

L fOn
bsrD

f1

L0ad
Lf0d

el

nop
nop
nop

- mar

LfOn

LOad
f0
el
mar

gl

nop

a0

LfIn
bsr1

f0

l1ad
nop

1dx0
icr(
cmr3
nop

Lfin

L1ad
nop

Lf1In

of q

l1ad
Lf1d

nop
idx0
icrQ
cmr3
nop

Lfin

L1ad
1
el
nop

20Y
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* f;g; floating point compare e and g.

*

*
tr ¥ % X % * nop nop 1 idx0
tc* % x % $ 0000 nop icrD
tc * * x % $ 0002 nop cmr3
tr ad * *x x * bsr0 LfOu bsri Lfiu
tc ad * * % 3 Q723 LOad (1ad
trad * x % * LfOn <0 Lfin el
tc ad * * * $ 0728 {0ad L1ad
tr ad * % % e . a0 LfOu a1l Lfiu

*

* f will be set to zero or one, depending on whether g

* or e-is greater. If g.is greater, the new value is less

* than the old value. If e is greater, its value and class

* . are the new one for the pixel under consideration.

*

*  in program code: compare e,g;

* if (fi=.0

* { f0,101831] = brg0,1;

* Lf0,1018321 = Lf0,1E18271];

* X

*
te * % x % $ 0729 ‘L0ad 1ad
tc* * *x % $ ‘0000 ’ L£0n 1fin

* . .

* L1£1,0018331=0; (3i=0)

*
tc* % % % $ 06f1- 10ad 17ad
td I I * LfOn e0 Hop  nop.

* .

* e0 = Lf1017771(al0D)

*
tc *  * % % $ 0701 © LOad tlad
tr *  *  x % * LfOn gl Lf1n @0
tr * %  x % ) al al al g0

*

* gl = Lf1E17933(bL01)

*
te *  clD x = $ 0001 nop e1g0
tc x  x % % $ 0002 nop cmr3
te * % k% $ 0016 ) nop icr0

*

* This will be used to augment the original two values, so that

* the program can shift bLjjl -> aljjl the 16 represents the 24

* pixels allowed (max)

*

Lijp ar *  in0 * g a0 t0ad a0 t1ad
tr ¥ % kX * LfOn 0 Lfin 1
L S A e al t0ad &0 nop
tr*x ko x % e a0 nop al {1ad
tr * % % % add al nop -al g0
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tr *  x kX add
tc adn x * * " Lijp
tr % * * % *

*

* since there are 24 data

* them, whether they are there or not.

* of the address pointer.

*
te * x * % $ 000f
tc *  *  * % $ 0711
tc ¥ * spr % comf
tc * *  * % $ 0724

*

*

* Calculate new cLjjl's

*

*
tc * *x  * * $ 0724
tr* % % % *
tr % * F R e+1
tr % * *  k e
tc *x *x *x % $ 0001
tc adn * * % ilp1
tr % * * ok e
tr ¥ % % pupl *

* Break point.

*

* Update the value of i, where i1 is the

*

org 200

fexp tc * * * x $ 0001
tc ¥ % sr % fpmr
tc *x *  * % $ bBaa

*

* Assume E=exp(E);

* E=Exlog(e) (log to the base 2)

*
tc * * sp * floo
tr * % kx % *

*

* ent = floor(g)

*
tc * * L $ 0007
tr * %  * x *

*

* save ent in temp filel71

*
tr * *x % *
tc *  *  x % $ 8000
tc ¥ * sr % fpar
tr *  x  x % xor

a0 nop ail
mar
f0 LfOn 11

vectors maximum, this will
the two add's are

t0ba
tf0n
mar

LOad

t0ad
el
el
nop
nop
mar
Lf0n
nop

LfOn
al
a1l

Lfin
a0
a0

al
mult

a0
nop

number of rows.

g1
mar
nop

mar

{0 brg0

t0ba

f0 tf0u  f1

nop nop 1

al
mar
nop

al at

et
nop
tfin

move all of
the update.

t1ba
tfin
nop

t1ad

nop
nop

nop
brg1

t1ba
tflu

el
nop
nop



*

*

*

*
*

*
*
*

*
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fract = £ - ent
k¢ *  *  sr * fpar
te * * x % $ 8000
fract=fract-0.5
tr * % % % *
Store fract in temporary file 8
tr * * * % *
tc ¥ % spr % fpmr
tr * * x ok *
xsq=fractxfract
tpr % * * % *
Store xsq in temporary filke 9
tr * * * % *
tc* * *x * $ 0006
tc *x % gpr % fpmr
tc * *  x X $ 275
tempt=p2%xxsq
tc *  *  x % $ 000t
tc * % sr % fpar
tc * *  * % $ ec9d
templ=templ + p1
tr * * x % *
tc * *  x % $ 0009
tc ¥ % gr % fomr
templ = templ * xsq
tr * %  * % *
tc * *x k% $ 0015
tc *  *  sr % fpar
te*x * * % $ fdfs
templ = templ + p0
tr * * * % *
tc ¥ *  sp % fpmr
tr % * E *
tr % * * ok *

mar
brg0

f0 1$0u

0 el
mar
11 g1

f0 1f£0d

0 €0
gl
‘mar
nop

‘nop
mar
brg0

t0ra
mar

tfid a1
nop
mar
brgQ

f0 el
mar

tflu -gl

f0 tf0u

f1

1

f0

1

f1

£1

tf0d

1

tf0u
£1

nop

:bng‘l

tfiu

el

nop

tf1d

nop

nop
90

‘brg1
‘nop

nop

el

_tlra
nop

g0
'brgl

nop
nop

ef
nop

.g0
4f1u

27



* templ = templ * fract

A-143 -

* gtore in location 8 of the temporary file.

*
tr * % %
tc * * %
tc *x  * sr
te * Kk  *
*
* temp2 = xsq + q2
*
tr % %k
tc * * sr
tr *  *  *
*

* femp?2 = tempd *

tc *x 2+ %

tc * * sr
tc * * *

* temp2 = temp?l +

tr ¥ % %

tc * *x sr
tr * % %

*  temp2 = temp2 *

tc * * *

tc ¥ * sr
e * % x

* temp2 = temp2 +

* store temp2 in temporary location 9

tr * % %
*
*
tc * *  sr
tr* k%
*

*  F=templ+temp2

trx % %
tc* % *
tc * * sr
tc.* % %

*  F=Fxsqrt(2)

tr * x %
tr % %X %

* ¥ % %

Xsq

*
*
*

q0

*

*
*

* ¥ % *

*

*

$ 000b
fpar
$ daa¥

fomr

$ 0013
fpar

$ a005

fpmr

$ 0017
fpar
$ b730

fpar

$ 0001
fpmr
$ b505

tf0n

f0

tfin

f0
tf1d

f0

tf0u

f0

tf0d
0

f0 tfin
nop
mar
brgl

el 1
mar
g1 tf0n

nop
mar
brg0

el 1
mar )
gl tf0d

nop
mar
brg0

tfOn 1

(temp2 is already in

mar
brgl “tflu
el f1
gl

mar

nop

brg0 tf1d
tfOn f1

f1
brgi
nop
nop

el
nop
g0

brgi
nop
nop

el
nop
a0

brg1
nop
nop

tfin

nop
brg1

nop
nop

brg1
tf1in

e E



tr x  * k%

*

*  BRG=temp?2

*

*  F=temp]

*
tc * * * %
tc * * sr %
tr * * * %

*

*  F=temp2-tempi

A-144

save f in temporary location 9

$ 8000

fpar
xor

fdiv
*

* F=BRG/F=(temp2+templ) /(temp2-templ)

tec * * sSr *
tr * * * %
*
*
tc * * * %
tr * * * *
*
* get ent
*
tc * * * %
tr *  clO * *
tc * * * %
tc * * * %
l00p tc ad * x =%
sh ad in0 * =*
*

* get integer value
*

*

tr * %
tr * *
tr * *

* ¥ X

P
f

Q tete

*

of

* add to current power

*

fdiv tc
tr
tc
tc
tc
tr
tr
tr
tc
sh *
tr %
tr *
tc *

*

*

(sl
(]
*

¥ % X ¥ % o

Loop

sh
tr

—h

=3

3
R % H N ok d X o X F ¥ A ¥ X O
% % % % ok ¥ X 3k ¥ b * X * E
ok % ¥ Ok % A o X X % N F H F

$ 0007
*
$ 3fff
and
$ 0001
$ 0000
L00p
x
ent.
x
add
*
of two. Routine is
$ 0000
*
$ 8000
$ 0004
$ 00071
e=g
*
add
toop
*
e
2ro
$ 4000
x

e~g

tfOu 0
gl
mar

a0 nop
mar

tfOn brgl
t0ba
tfIn g1
nop
al el
nop
elg1
mar
nzinn nzinn
nop nop
a0 nop
f0 el
now over.
. nop
bsr0 e0
gl

*

*
a0 f0
f0 el
al nop

mar
nzinn nzinn

al 0

£1 gl
e0

leir nzinn
a0 el

tftu

al

tfIn

tfOn -~

al

Lzinn

1
al
mult

a0
]
al

rzinn
bsr1
a0

Lkeir
atl

267

el

nop
nop
f1-

nop
brg1

t1ba

a0

el
icr0
cmr3
nop
nop

el

mcr3

e?

nop
cmr(:
cmr3
icrD
jerD
el
nop
3

el
g0
nop
3

el



sh *
tc *
tr *
tr tnn
tr tnn
sh *
tr *
floo tr *
sh uns
tc *
tc *
tc tpn
sh *
tc tnn
tc tnn
tec *
tr *
tr fnn
tr fnn
sh *
sh %
tr *
L01p tc ad
sh ad
tr *
L02p tc
sh fnn
tr *
tc *
next tc
tc tnn
tc *
tr %
tr fnn
tr fon
sh *
sh *
tr %
sh *
sh *
tc *
tr *
Ls1p tc ad
sh ad
tr *
tr ad
Ls2p tc fnn
sh fnn
tr *
tc *
fpmr tr *

oo

¥ ok ok kO ek b % o K Ok kN F o %k ok X ¥ A O R ¥ F F ¥ * OF
ek N % N N ok % DLl o ¥ QL ¥ O F X *

*
|

— 3
o R §

% ok ok d kO = ok Sk ¥ ¥ ¥ ¥ % % ok % F F
FOOL i kO b ¥ N N % % o N F N Qi

*

Qe Qe F ¥ %
“hT ~hT

*
—h T -0

Ot
~h T

[
o
X% % ok ok ok % ok ¥ % Ok b % % X % F o % ¥ % Ok 3 b ok % % O Ok ¥ 2 % X % ¥ o % ¥ % ¥ ok % ¥ X F F* A * ¥

* % Q.
pury

-~ T

~h T

and
e+l
and

z2ro -

*» ¥ A X

© *

|
©Q

% % o X % ¥ H

*

e
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3 bfff

$ 0001
$ 0001
next

$ 0000

$ 0000
$ 0034

L01p

L02p

$ 0000
$ 8001
$ 8000
$ 0034

$ 0000

tsip

ls2p

$ 0000

Lzinn

a0
bsr0
nop
nzinn
nzinn
bsr0

Lzinn
atl

{zinn

al
bsr0
nop
nzinn
nzinn
bsr0
nzinn
nzinn

nop
Lzinn
al
al

Lzinn
al

al

el

el
mar
nzinn
f0

el

el

nzinn

a0
al
a0
nzinn
al
al
nzinn

nzinn

a0
bsr1
nop
nzinn

nzinn
bsr1i

nzinn
a0

nzinn
bsr1

bsr1
nop
nzinn
nzinn
bsri
nzinn
nzinn

f1
nzinn
a0
nop

nzinn
bsr1

al.

/D

s
g0
el
el
£1

s

f1
el

s
cmr0
cmr3

el
icr0
nop
[
nop
nop
nop
s
f1
el
o}

kkkkkkkkkhkkkkhkkkkkkhkhkhhkhkkhkkkkhkkhkkkkkkkkkkkhkkhkhhkikdkhhkikkkkkk
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* {oad multiplicand *
kkkkkkkhkkkkkkkkhkkhkkhkkkkkkhkkkkkhkhkkikkhkkkhkkkkkkkkkkkkkkkikkixkxkkx
trx %k % g a0 p al g0
KEKEKEKXKKKKKKKKKRKERK KKK EIRKIARKIXARKARXKRAkIRkkXhkhkkkkkkxkhkkhkkkkkkkkk
* load multiplier *
Jekkkkhhrkkxrxkrhx ik krhhdkddokdkkhkdkddddkik kg ik i hrdkkkhrhhii ki
te * %k * -$ 0004 * cmr0
****************************k**************t**********ﬁ*******
* this condition will check to see if f0 < 0. *
JkFkhdkhd sk khkkkkkkhrhrhhkiokdonkkhokkiddokkkokk ki gk ik ik kkhkdiokk
te ¥ x  *x % $ ao02 % cmr3
dkkkkkkkkkkkhkkkkhkhkkkkkhkikhkhkArkhkkhkhkkikhkkkhkkhkkhkkikhkkkiikkkhbikrbhkhkhikkk
* is index0 = compare register 0? *
AEEKKEXKEEXKAEAIKEKEKREKXRAKXKKRAARKRRAAKRAR KAk IAkEZhkhkkkhkkhkhkhkhkkkkxhixkikk
tr ¥ ¢l * puqu add al * a0 1
tr * % % puqu zro mult O a0 el
te * * K ok $ 0000 g1 g0
tr x  * k% * nop nop O gl
tr *  * % puql g . alsw g1 alsw g0
tr * % % pugl * mult e0 nop  nop
tr *x % % plgqu add al gl a0 g0
trx % % plqu * mult e0 * *
tr x X x % add al al a0 g0
tr * % x % g alrz 0 alsw nop
tr % * * % * * * 1 el
tr ¥ * % % * * * f0 icrD

KEKKKKKKKKIXKRKKKIKKKKKRKRKATRARKRRRRAkR)KRKAkRhkhkhkkkkhkkkkikkkkhkhkkkkkk

*If the value returned is zero, zero both registers, return¥*
Fekkkh kg dhdkkk ik kkdhkdkhdhddkk ok idiokiikkkikkkkkihkxhkkdkhhkiddkikk

tc ad * jp * $ 0000 f0 1
tc ad_* df * $ 0000 * *
Fkkkkddhkkkdokxkkkkkhikkkkhkdikrhkhdkkkihkkkxhhkkkkihkrkkihrkkkihk
% If fO is justified, return. The product is normalized. *
Kk khhkkkkdkkhkihkhkikrhkiikkkikkkiikhkkkkhikkkhkkrhhkkhkihkhkkk
tc* *x * % $ 0000 * emrl
tc tnn *  jp % $ bfff gl. *
tr thn ¥ df * and al * al f1
*kkkkkhkkkkkkhkkkkkhkikhkikkkkhkhkkihhhikkhhkihikkkrkkikrhkhkkhkkikkk
* Save the exponent in g1, clear E1 for a counter *
KEKAKRKRKKKKKKAKXRKhkRKRkKkKk*khkkkhkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkk
tr *#  *  x x zZro f1 g1 a0 el
tr* ¢l * * zro . a0 el * *

ek g 3 vk ke vk ik v ok ek e e e T sk e dhe e e e vk v e she 3 ok ke e ke vk e ke e ok sk ke sk e e e ok ke ke e ke e e ke ke ke e ke ok e ok ke ke
* By here, product cannot be zero.The normalization process *
* will take less than four repeats of this loop. If it ever *
* takes more, there is something branching directly to this *

* process. *
*kkkkkkkkkkkkkkkhkkkkkkkkkkhkihkhkhkhhkhkkhkkkkhkkkikkkrkdkhkkkkhkk
nrm  tr fon in0 * % e+l a0 e0 al *

sh fan * % % * nzin Llzin nzin s

***************************************t**********************
* By now, the result must be normalized!!!!! *
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kkhkkhkkhkhhkkkkkkhhhkhkhkhkhkhkkkkkkkkkrkkkkhhkkkkkrkkkhkhkkkrkkhkkkhrk

tr % * % * g a0 % at f1
tr *  k k% e a0 g1 al g0
tr % 0k kx % * f0 el f1 el
sh * * % % * Leir Lleir Lzin s
tr x %k % e-g a0 el al el

TRAIKRETAIEERRERKIRER AR IR KA *AAAI*hhd Ak khkrhhhkkkkrrhkrkr kA hhx kA
*This will take the normalized result, shift it left, adjust #*

*the expontent, so that it agrees with the mantissa. . *

***********************************************************ﬁ**
tc* *x  x % $ 7Fff gl *
tc* * % % $ fTff * g0
tr % jp * ach al * al £1

KAEAEKKKKIAKEAKRKEEKREAAKRIEKXAKRKEAZAXARAA ARk R ARk AR EAXAE ARk Ak kAhkhkkxhhkkhik
* this will "mask off" any carries into the unused portion of*

* the exponent. *
Ik kkhdkkkxhdkdkddhkdkiokkokhkkiokkkiokdkiokdkkkE ik ok dkkkikkkkikk ik
sh * *x df * * nzin rcir nzin s
FkdckdkkkkkkkxkIxkxxkkkdkkxA*Bagin Routine FPARFk*kkkichikkkkkikkxkkkkk
*
* This is the floating point addition routine. 3/1/80
fpar tr * * % * * bsri g1 f1 el
sh uns cl0 * = * lzin nzin Lzin s
sh*x * % * * rzin nzin rzin s
*
* This will strip the sign of the mantissa and save it for future use.
* .
tr x *  x % * * * bsr0 dcr0
tc thn *  * % $ 0000 * cmr(
tc thn *  * % $ 0010 * cmri
tr thn * jp * zro a0 el al el
tr tnn *  df * zro al g1 al g0
tr *  *  *x % Zro al * al cmrd
*

* this will compare the brg to zero, if it is, return.

tr*  *  K* *x zro a0 el al g0
*
* This will zero the registers to prevent spurious results.
*
tr ¥ % x % e—-g al nop af icrD
*
* if |e]<|gl, the program will reverse the numbers and continue.
* since addition is commutative, this should not affect the results.
* .
tr* % % * xor al el a0 nop
te *x & x % $ 2000 * g0
trx  * % % and al * a0 g0
tc ¥ * % * $ 8000 el *
tr * * % % e-g al * a0 gl
tc * *x % * $ 0010 * cmr0
tc fnrn *  * % nsh mar *

2 Ja
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If the exponent on one of the two numbers is less than zero

and the other is not, subtraction to yield the number of shifts
will not yield the correct answer, and thus special handling
must be added to compensate for this problem. The way that this
routine handles the problem is it exclusive ors the two numbers
together and then strips off everything but the sign bit. This
is then subtracted from a constant (for speed).The constant is
8000, thus if there is a 1 in the sign position, the result will
not be negative, indicating that the correction must take place.

tc thn x % % $ 0020 * cmrQ
tr % % % e-g al g1 * *

This will test for E~6->6 negative. This is to insure that |brg] >=
1f1, .simplifying the algorithm greatly.

tc tnn *# % % swap mar nop
This involkes the swap routine that will force the above to be true.

tr *  ®  x X zro LN al cmr0
tc * % *x % $ 0010 * cmrl

the zerges that are loaded into condition mask register O tell

the machine not to check for any of the conditions represented.

the 0010 Loaded 1into cmrl1 tell the machine to check for the compare
register greater than index register one. 1In this case, this will
determine whether the two numbers are equal or equal and opposite in
magnitude and sign.

Tx x % % zro al gl al el
tc thn ¥ % * equt mar nop

If they are, the program will jump to a special routine.

By this point in the program, lel>|g}.

trx  x  x X * bsr0 e0 f0 gl
tc * * % % $ Q010 * idx0
tc x % x % $ 0020 ok cnrt
tc thnn*  * x rtnf mar nop

If the number of shifts required > 16, return the value in the
F regdister.

tr ¥ *x  x * zro .oal gl a0 carl
tc * ¢l *x =* $ 0001 * cmr3

this loads the data to be processed and it programs the CPU to check
for reg0#indx0. This 1is represented by a one in the first position. This
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* check is involked by the AD command.
*
shft sh * in0 » * * rzin nzin nzin s
tc ad * * *x shft mar nop
*
* Index register contains the amount by which G>E, (the number of orders
* of magnitude. This routine shifts E to the right until the two orders of
* magnitude are equal.
*
tc *x *  x % $ 0000 gl *
te x  * % X% $ 0020 * , cmrQ
tc fpn * * X gpos mar nop
*
* if g1 >= 0, its sign is taken to be positive, and the numbers are
* handeled in a corresponding manner.
*
*
* By this point, g must be negative.
*
tc * * * % $ 0002 * cmrQ
tc tpn * * % ssgn mar nop
*
* If E is negative, and G is negative, the signs are the same and the
* two numbers are just added and one of the signs is preserved.
*
) tc * % *x * * * * *
*
* At this point, |6|>|E[, the resultant sign will be that of G.
* Without regard to sign, the result will be the old sign of G
* plus ]g-el.
*
dsgn tr * * % X en a0 el * *
tr x % * % e+l a0 el * *
£ ol R S add 1 el a0 g0
* -
* This calculates g-e.
*
te ¥ * % % $ 0010 * cmrQ
*
* If the result is >= zero, there is not a one in tthe first bit position,
* so the number is not normalized, and must be shifted until there appears
* a '1" in the first bit position.
*
norm tr fAn * % % e~-1 a0 el * *
tc fon ¥  * % norm mar nop
sh fnn * % * * nzin nzin Lzin s
*
* This routine normlizes the data
*
tr *  x  x g al 0 * *
tc ¥ * Kk % $ 3fff * g0
tr * % % % and * * al f1
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tc * * K % $ 0002 * cmrQ
sh*x * x * * nzin Llzin nzin s
sh tpn ¥ * * * nzin roin nzin s
sh fpn * % * * nzin rzin nzin s
tc x * jp * $ 0000 elg1l e1gl
tc x % df * $ 0000 * *

this routine sets the sign to the sorrect sign and returns to the calling
routine.

tc tpn * % % dsgn mar nop
tr * * * % * * * * %*

Before the jump to GP0OS, the condition register was set to check for
e<0, If it 1is, the signs are opposite and the data 1is treated
correspondingly.

By default, both G and E have the same sign, so the results are just
added.

tr % %k % * * * f0 g0
tfF % % % % add al gt a0 g0
sh* * * % * nzin nzin rcir s
te ¥ *  *x * $ 0010 nop cmr(

this checks for a carry out of he MSB, indicating normalization is
necessary.

tr tnn * % % g 1 el * *
tr thn-%x- * % e+l a0 el * *
trethn * % % a0 10 * *
te thn *  jp * $ bfff * g0
tr thn *  df * and * . % al - f1

If it is, then the number is normalized and the subroutine returns.

sh* * jp * * nzin nzin Lleir s
tr % df * g a0 0 * *

This routine exchanges the two registers involved so that |G|>|E]

tr *  x kK % 1 g1 0 g0
tr *  x  x % * bsr0 {0 bsr1 1
te * x ok X fpar mar nop
tr * % % * g al brgld a1 brg1i

This calls the original routine.

This s the action taken when the routines have the same magnitude.
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equl tc ¥ * % x $ 0000 nop cmr
tc * * Xk % $ 0002 nop cmrQ
tc fpn *  * * epos mar -nop
tc ¥ x  * % $ 0020 nop cmr

*

* is e1 >= 0 <(originally ie) was f => 0?)

* N
tc tp *» * % ssgn ' . mar nop
tc * *  * % $ 0000 nop + nop

*

* if f1 < 0 then the two have similar signs, and should be added.

* By this point, the brg is negative for sure, and the f1 register

* is positive. Reverse the two and continue processing.

*
tr *  k  x  % * 1 el bsr1 a0
tr *  x  x % e a0 gt nop nop
tr * % x % g al nop a0 el
tr *  *  * % * bsr0 e0 0 gl
trx x k% e al f0 al f1
tr *  x  x % g a0 brgd a1 ‘brg1
tr ¥ % kX% g a0 el al el
tr % *  x % * f1 a1 f0 g0
sh uns * % % * Lzinn Lzinn tzinn s
sh* * % % * rzinn rzinn rzinn s
tc *x * K % LtbLi mar nop
tr ¥ % *x % zro al at al el

*

* the two numbers are reversed the the program can continue processing

* (ie. e contains the negative number.)

* . .

epos tc fp * —*—% ssagn mar nop

tbil tc * * *x % $ 0100 nop cmr0
tr ¥ *x  * % e=g nop nop nop  hop
tc tn * % % zapp mar nop

* .

* by here E and g have different signs. If they have the same

* mantissa, the result should be zero. This is what the above

* {ines of code determine.

*
te ¥ * % % $ 0020 nop cmrQ
tr % % % e~-g al g1l a0 nop
tc tn % %+ % b1 . mar nop
tc fn * % % Lbl1 mar nop
tr % x  x % * nop nop bsri 1

*

* if the mantissa of g is greater than the mantissa of e, force the

* resultant sign and exponent to be that of g. Else force it to be

* e.

*

bl1 tr * * % % e-g al gl nop  nop
tr * % % % g al el nop  nop
tr tnn ¥  * % en a0 el nop nop

CRaGTNAL PAGE IS
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e+i

e

$ 0010
e-1
nnrm

*

normlizes the data

ok o ok X ¥ % * %

$ 3fff
and
$ 0002
*
*
*
$ 0000
$ 0000

a0
£1

a0

nzin

a0

nzin
nzin
nzin

el
el

el
mar
nzin

f0

*

*

*
Lzin
rzin
roin
elgt
*

nop
al

lzin

a0

nzin
nzin
nzin

R/ 7

nop
gl
cmr0

nop

x
ald
11
emr(
s
S
s
e1g0
* .

this routine sets the sign to the correct sign and returns to the calling
routine. It is seperate because somewhere a sign convention changed.

tr *
tc %

tc *

bug in assembler.

*
*

ip

*

df *

cld « =*

zro
$ 0000

$ 0010

nutl Line will not be assembled.

a0

0
nop

nop

al

£1
cor0

‘this routine handles numbers that have different exponential signs.

emr0

By this point

in the program, the exponent on one of the two numbers must

be less ‘than zero. This part of the routine will force the negative
part to be stored in brg register. Since a swap can take place,

all the original flags must be reset in the event 'of ashift.

tr *
tc tnn

*
*

*
*

*
*

g .
alz

alsw

*
mar

alrz g0

nop

The g/brg register contains the négative exponent, no swap needed.

tr f
tr *
tr *
ir *
sh u
sh *

This swaps 'the two numbers and resets
rest of the routine.

tc *
tr *

* % ok ok A *

*
*

* % ok * oF ot

*

*x

¥ ok ¥ ¥ % F

*
*

* % ¥ G % ¥

$ 0000
e-g

f1,
bsrQ
al
bsr1
Lzin
rzin

‘91

0

brg0

gl

nzin
nzin

f0
bsr1
al
11
Lzin
rzin

a0
£1
brg1
el

S

s

all the flags needed by the

alsw

el

*

alsw g0
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tr * % & * g atrz nop alrs dcr0

Calculate the number of shifts needed, if it is < 0, it is
actually > 80 (16), so return the value in the F register.

tc tnn * & * rtnf . mar nop
tr* % x & g alsw e0 alrz nop
tc ¥ % % % $ 0010 * g0
tr * % % % e-g aft nop a0 g0
te frn * * % rtnf mar nop

If the number of shifts required is > 16, return the data in the
F register.

te x * * * $ 0000 * cmrD
tc * * k% $ 0000 * el
tr ¥ * % % * bsr0 €0 10 g0
tc* * % % shft mar nop
L I $ 0001 * cmr3

" te
prepair to shift the data and return to shifting routine,

tr * % jp * 2ro a0 elgl a1 e1g0
tr * % df % * * * * *

Return the contents of the F register.

tc * % *x % $ 0000 brg0 brag1

te *x  *  x % $ 0006 tOwa t1wa

te *x ¥ % % $ 0000 tf0On © tfln

the 0 in location 6 of the temporary files is a cycle counter.

it keeps track of the class currently being worked upon.

After normalizing the data vector, store it, repeat until all

the elements are finished, then repeat the cycle until all four elements
are finished bging processed.

te * * x % $ 000a t0ba t1ba
tr *  * % % * LfOn 0 Lfin nop
te x  *x  x % $ 0102 nop a0

the data vectors are stored in location 100 of the large file

tr % % K % add al l0ad a0 ttad
trx  *  * % * LfOu tfOu flu tflu
tr * * % * * {fOu tf0u Lflu tfiu
tr *  * % % * LfOu tf0u Uftu tflu
tr* % % % * LfOu tf0u Lflu tflu
te ¥ * % % $ 0003 nop icr3
tc * * k% $ 000a t0ba t1ba
tc * ¢cl3 * *

$ 0002 tOwa t1wa

ORIGINAL paqp
GE
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tc * *x % % $ 0010 L0ad L1ad
lolp tr * in3 * * * tfOu brgd tfiu brgl

tc x *  sr % fpar - mar *
trp x. * x * * tf0u 10 Lflu 1

te x  *x k% $ 0040 * cmr3
tcad * * * loip mar *

tr % % % * f0 tfOu 1 tflu

Ttc x cl3 ¥ % $ 000a t0ra tlra

This stores the data norma}ized data vector in locations 2-5 of the
temporary file. Location 6 is used for a counter. The results will
be stored in the value pointed to by location 7 of the temporary file.

This will fall through to the matrix processing routine.

This is the beginning of the matrix multiply routine.

g‘*********’l’*
-
o

% % %

tc * cla * * $ 0000 brg0 brgl
tcx % % % $ 0006 tOra tira
tr % * % * tf0n p * - *
tc* % *x % $ 0010 * a
tc *  * % piqgl $ 0040 * g0
* was $ 0000 to * nop!
tp *x % % plgl * mult 0 nop nop
tc * %  * % $ 0040 nop a0
this was here.
tr* % * % add a0 l0ad a0  \lad
te x  k k% $ 0001 t0ba tiba
tc * * k% $ 0001 tfOu tfiu
*
* For indirectly addressing the current row of the normalized
* data vector
*
tc ¥ *x  x % $ 0002 t0ba t1ba
*
x*
*
mtty tr * inl1 * =* * tfOu €0 tflu el
* .

* This loads the multiplicand into the e0-el register pair.

* te % * sSr % fpmr mar nop ‘
: This does the program jump to the floating point multiply routine. |
¥ tr x  x  * % * Lfiu gt Lf0u g0
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This step is done before the jump is actually executed. This will load the
multiplier into the g0-g1 register pair. (FSEXG floating point mult)

tc *x % sr * fpar mar nop

This step will do a jump to the floating point addition routine.This rout-
ine calcutates the sum of the contents of the F register and ‘the BRG regis-
ter pair. The result of the add is then stored in the F register.

te *  *  x $ 0004 nop ierl

tc * * % X% $ 0004 nop - woocmr3

the 0004 tests for index? <> its compare E

This is executed before the jump. It will just load the condition. register
with the next condition to be tested.

tcad * *x * mlty mar nop

trx * * % & f0  brgd f1  brgl

On index register 1 not equal to its compare, jump to beginning of multiply
routine. -

te * * % * $ 0001 t0ba t1ba

tr % x % - * +tf1n e0 nop:  .nop

get address of jth item in the data vector,

“tr % % % % acO al  tfod a0  tfld

tr * % % % acO a0 tOra a0 t1ra

tr *x % % * acD al * a0 tlra

the above was a change to insure that the program works, this is kept.
this will update the address for the next round, store it, and point to the
item in question.

tr *  9n2 * % * tf0c e0 tflc e1

this will load the multiplier for the second multiply into the e0-ei reg-
ister pair. Simultaneously, this will zero the temp file pointers. They
will now point to the location of the accumulator.

tr * % % % * ) bsrld g1 bsr1 g0

tc * % sr * fpmr mar nop

tr % % % g a0 gl al g0

this is just a subroutine jump to the floating point multiply routine.

=EXG
tc * %*  sr % fpar ) mar nop
tr *x % % % * tfOn brgd tfin brg1

F=F+BRG. This calculates the subtotal of the matrix multiply.
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$ 0002

$ D004
$ 0010

f0

the 0010 tests for indexZ2 # 7its compare.

tc ad cl1 x *

-tc * * *x %

tr % * * pugl *
t¢c * * x *

fc * * * %

fc =% * * %k

tr % * * % *
tr % * * %k xpr

mlty
$ 0000

$ 0000
$ 8000
$ 0000

quadratic = quadratic * -

tc x * k%
trx x x X *

Location of log(|sigmal)

tc * * sSr %
tr *  x X ® *
tr * % % pugl *

calculate log(det(sigma))+quadratic

tr

* * * * Zro
tc * * * %
tr * * * % Zro
sh * * * % *
sh * * *x ok *
tr * * * % e-qg
sh % * * % *
sh * * x ok *
tr * % * plgu ¥
tec % * x *
tc fon * % *

$ 0006

fpar

$ 0001

$ 0002
pos

tfin
a0’

tf0n

LfOn

a0

0
leirn

teirn

a0
rcir
rcir
nop

tf0On
topa

nop
nop

mar
bral
e

t0ba
al
hop
e0
brg0 -

t0ba
L0ad

1

mult

rfin

al

tf0n

Lf1n
muLt

1

al
tcirn
Leirn
a1l
rcir
rcir
mult

tfin
t1ba

icr?
cmr3

nop
brg1
meer3
tiba
nop

a0

el

.brgﬂ

t1ba

Uad_

nop

mcr3

nop

mer3
cmrQ
nop

For some reasons, exp only works for positive exponents. This
addition should change the data so that it is positive. It will
then take the result and invert it by dividing by one.

sh tnn * * % *

Lzin nzin nzin

S

23/

The above two steps load the sub total into the temporary file location
It them resets the read and write pointers of the temporary file t

location two.

This will do a test for index 0 not equal to its compare register.
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*

* By here the number is negative. This strips off the sign.

*
tc ¥ * sr % fexp mar nop
sh* * *x % * rzin nzin nzin s

*

* call the exponentiation routine.

*
tc * * % % $ 8000 brgQ nop
tc * *  * * $ 0001 nop brgl

*

* This is 1.0 in the computers notation.

* .
tc * % sr *% fdiv mar nop
tr *x  x  * % e al f0 al 1
tr *x  * % plqu * nop nop mult mcr3

*

* This fdiv routine will calculate 1/f, which is the same result

* as the exp should give using the correct exponent.

*
tc * *  *x % meet mar nop
tr x %k k% * f0 el 1 el

*

* Skip the next few statements.

*

pos tc * % sr * fexp mar nop
tr ¥ * * x * * * * nop

*

® by here, the routine is "OK'" for positive numbers. No special processing

* needed here. When done, just fall through

*

meet tr ¥ % % % * nop nop % *

* ’ .

* OKOKOKOKOKOKOKOKOKOKOKOKOKOKOKOKOKOKOKOK to the first time through!!ill!!

*

* this calcutates exp{.5Clog(det(inv(sigmal)))-quadratic¢ll}

%
tr ¥ ¥ % plqu * nop nop mult mer3
tc * % x * $ 000f tOba t1ba
tr ¥ *x  kx * * tfOn €0 nop  nop
tr *  x  x % e+l a0 tfOn a0 tfin
tr * % x % e a0 L0ad a0 L1ad
tr * k% * * bsr@ LfOn bsr1 Lfin

*

* store new value in the location given in tfOnLfl

*

*

* this will increment tfOnL[61, the pointer to this array.

*
tc * * x * $ 0006 t0ba t1ba
tr*x * % * * tfOn &0 * *
tr x x & % e+ a0 tf0c al idx0

ORIGINAL PAGE IS
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tr % x % % * tfOn LfOn tfin LUfin
tck * % % $ 0004 * icrD
tc % *x % * $ 0001 * ) cmr3
tc * * x * $ 0004 p *
tr % % % & e al % a0 d
tc ¥ %x % Blgl $ 0151 * g0
tr *x % % plgl mult €0 tfOn  idxD
tr * % % % add a0 {0ad a1 *
ir * x* % % add ) a1l * a0 (1ad
te* *  x % $ 0000 t0ba t1ba
tex x % x $ 0000 tT0u tflu
tc % % % % $ 0001 tf0u tflu
tc * %k % % $ 000a tQba t1ba
RN $ 0002 tlra tira
tc adn *  *x % Lolp ‘ mar *
te ¥ cla® * $ 0000 - el e
finl tc * % x ¥ $ 0150 10ad 11ad
tr ¥ % jp pupu * mult brgD =* *
tc * % df % $ 0G0 nop nop
*
*
*
femp tc *  * x % $ 0000 t0ba t1ba

Fkd ko dok KK hdkkkddk ko ddokdkdokkkkhkdkdkkdkkkidkikikkikkikkkk ik ikkkk
* This accepts the data in the E register and G register as *
* Inputs. Initially, the program stores the original data &n *
* temporary file. the E register goes in location 0 and the =*

* G régister goes in location 1. The following will also *
* strip off thé sign bit *
Jede sk ek kK e e A de ke do ke ek e gk dokd ok ke ke dok kg de ke doke dek gk ek de s dok ke ke kK
Ar * 7% X % e a0 tf0u a1 tf1u
tr x  *  x x g al tf0u a1 tftu

Fede o ko R R de e de ek KodeFe ke Fedo FededeFede e dede dede e do Fededode dok e e e dedede de e dede e dedede e de ek e ek ke ke
* This routine strips off the sign bit. The correct sidn bit *

* is saved in the PAST register. *
Fkkkkkhkhkhkhkhkrhkhdhkhkiohkhhkhhkkkirrhhhhkhkhkrkkdhkhkhkhhhrkihhihkhkihik
shuns *  *x = * Lzin nzin Llzin s
sh+* * % =% * rzin nzin rzin s
tr * % % % e alsw e0 alsw el
tr * % % % g aOsw g1 alsw g0

*hkkkkkkkkkhhkhkkhkhkhkkhkkkhkkhkhkkikkhkhkhkkkkkkhkkkhkkkikhktkkkhkhkkikkkkikhkikk
* The 0002 in cmrD will check for Et1 negative. This is done %
* in the past sénse. If E1<0, then jump to the routine that *

* will handle that case. *
kkkkkkhkhkkhkkkkkkkhkhkikkhkkkkkkhkkhkkkkkkkhkhkkkhkkkkhkkkhkkihkhkkhhkikikhkk
te * * *x % $ 0002 . nop cmr0
te ¥ % - * % $ 0000 nop cmrt
tc tpn * % % emng mar . *

kkkkKkkkhkKhkkkiRkkkkhRkickkikkhkkkkhikhkkkhkkkhkikkhikkhkkhkikdkkkhkikiikiik
* by this péint, the E register must not be negative (>=0) *
* the 0020 in the cmr0 will test for g<0. If g<0, e is the «*
= greater of the two numbers. If not, they are both >= Q. *

H23
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kkkhkKhkkkhkhkkkkkhkhkkihhkkkikkkkhkihkkhkhkkkkkhkkikkikhhkkhhkikkiikkhkhkkikk

tc * *  x % $ 0020 * cmrQ

tc tpn * * % egrt mar *
kkkkhkhkkRkkhkkhkArkhkhkkikhkhkhkkhkkkkhkhkikkkhkkikhkikhkkkkhkkkkikkhkikkhkkkk
% This will determine if there is a difference in exp san. *
KERKEAKKEAAKRERAATRERAEKE AR RAEkREhkAkhkkikhkkikkhkkhhkkkikkkikhkikhkkkkkkkikik

tc tpn * * * $ 0000 * cmr

tc tnn * % % gxng mar *
Kk kot kdkdkikkkkkkkkkkkkkkkihdkhkikhkkkdhrhhhkkhkkkhkihkihkkhkkkiik

* This will do a jump if the sign of G is 1, or G negat1ve *

* in the exponent portion. *
Jkkkkk Rk rrEAh ki ki rhdihkkdkkkiikkkdrhrrrrrrdhrkkxkrhikirkkhk
tc ¥ * x * $ 0002 * cmrQ
tc thn * * % ggrt mar *

FhkhkkkhkkhkhkthkhkAhkrrRrRkARARkXkEkxXkAKRA X kA kERkEThhhkdhhkirkhhhkkhkhkhhkhkkd
*x By here, the exponent of g is positive. If the exponent of *

* E is negative, both mantissas being positive, e<g *
**************************************************************
tr fon * % % | e-g a0 el ai el
tc thn *» * % ggrt mar *
te fan * % % $ 0000 0 1
tc* * jp % $ 0000 t0ba t1ba
tr x % df % * tfOn e0 tfin el

Kkdkdkdkkkikkkkihhkihkikkkhikkkikkkkiikkhkkxhkikkkkrhkkikhkhhkkikkidkrkk

* Since both exponents and mantissas are nonnegative, this *
* routine calculates e—g, exponents in the HOBP and mantissas*

% in the LOBPs. If the result is < 0, g>e, else return E. *
FkkhkkIkk Ak kkdkkhdkiiiokkikkikkkkihhkkkiihkikikkikiikkkiidikhkrkk

ggrt tc * * % % $ 0001 t0ba t1ba
tc* * jp * $ 0001 . f0 f1
tr x % df % * tfOn e0 tfIn e

kkikkkkkhkhkhkikhkhAhkkThkrkkhkhkrkhkkkkhkidrirhkkkkkikhihihkkkddhkhkkkikkhkkkikkd

* if f1>=0, e>g, return tfL1l *

**************************************************************

egrt tc * * % * $- 0000 f0 1
tc * * jp * $ 0000 t0ba t1ba
tr % % df * * tfOn e0 tfin el

Fedckdedkddokkddkk iRk kkkkkkkkkkkkkikkkkkr ki xkkkikx ki dohdkikkkkkkkkk
* This is the section of the program that is calléd if E is =

* negative. (mantissa) *

**************************************************************

emng tc * * k% $ Q020 * cmr0
tc fpn * % % gort mar nop

kkkhhkhkkkiikkihkkhikhkhkkkkhhkikkhhhkikihkhkhkhkkikdkkikikhkikidikiihki

* This section does the compare if both the operands are < 0 *
* This will determine if there is a difference in exp sgn. *
kkkkkkhkhkhkkrkhkkhkikkkkkkikhkkkkikkkhkhkhhkhkhkrkkhkikkrhkkhhkkikkkhkikhkikkikikk
nemp tc ¥  *  x % $ 0000 * *

tc thn * % % gbng mar *
**************************************************************
* This will do a jump if the sign of G is 1, or G negative *
* in the exponent portion. *

239y
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Kk dkddkk ik gk dkokkkddkkkiokkkkk ik kkrkkkkdkkkkdkkkhikkiikdkkkk
tcx *x % % 3$ 0002 * cnr0

tec fnn * * % nnpp mar *
*******************g******************************************

* By here, the exponent of g is positive. If the exponent of *

* E is negative, both mantissas being negative, e>g *
*kkkhkhkhkkkkkkkkhkkkkkkkkkkAkkkkkkkrkhkhkkhkhkkhkhkhkhkkkkkikkkhkhkkikkkkkkk
tc thn * % % $ 0000 f0 1
tc x * jp* $ 0000 tQba tlba
tr . x  df * * tfOn e0 tfin e1
kkkkkkkkkkhkhkkkkkhkikkkkkkkkhkkkkkkkhkkhkkhkkhkkkkkhkkkkkkkkkhkkkkhkhkkkikk
* The above will return e *
dedededo g de e e do ke ke o e e de e e dedede e ek g ok e de ke e ke ek ke e de o e ek de de e e Kok ke de e de e e e ek de ek
gbng t¢c thn * * * ebng mar *

Rekdickikkdkkkkkkkkkkhkikkkkkkikkhkkkhhhkhikhiikkkhhkikhkkixihkikkkihk
* Both G's exponent and sign are negative. If true, the same *

* holds true for E. If this is false, return g. *
kkkkkkkkkkkkkhkkhkkkhkkkhhkhkkkikkkkkkkkkkkkkkhkkkkkkhhkikkkkikkhkkik
e x * *x % $ 0001 _ t0ba t1ba
tc * % jp * ) $ 0001 f0 f1
tr * % df * * tfOn e0 tfin el
AkhkkkkkkhkkkkkrhkkkhkkkhhkihkkkhkkhkkhkkikkhkkkkkhkkkkkkhkihkkhkkkihkrRkhhkk
ebng tr * * % * e~g a0 el al el
tc fnn * % % -agrt mar *
tc * X % % $ 0000 f0 1
te * %  jp x $ 0000 t0ba tilba
tr * % df =* * tfOn e0 tfin el

kkkkkkkkkkhkhkkhkkkhkkhkkkkhkhkkkkikkikkhhkkihkikihkhkkkhhkkikkikikkkikk
% Both the mantissa and the exponent of both E and -G are *

* less than zero. calculate e-g. if result positive, g>e *
Kkkkkxdkdkkkdokkikdokkkikhk ik kidkikiikdkkikrikiokdikrkxihikiikkkikkk
gxng tc fan * % % egrt mar nop
tc * kx  x % $ 0000 * *
test tr *  * %k % e-g a0 el al el
tc fnn * * % egrt mar nop
tc thn * %= * gart mar nop

*

tc *  k  * $ 0000 * *
kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkhkkhkrhhkkkhkhkhkkkkkkkhkikkkkkkkki
* at this (preceeding Line) both € and G are positive. The *
* sign of the exponent of g is negative. If the sign of the =*

* exponent of E is positive, e>g, hence return E. *

dkdkkdkkrikikkikkhkkkkiikiihikkkkkkhihhhrkhkkhhiikkikkikkkkikki

nnpp tr * % * % e-g al el al el
tc tnn * % * egrt mar nop
te fan x % % gart mar nop
tc ¥ Xx k& $ 0000 * *
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