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INTRODUCTION

The program described in this report simulates a basic PDP-11/L45
computer, its assembler; and a batch operating system which allows a series
of assembly language programs to be read in as a group and then assenmbled
and executed one after another, without operator intervention.

The primary goal of the simulation package is to provide a facility
for running small student programs in conjunction with a course involving
PDP-11 programming. A second goal is to provide a facility for measuring
the performance of PDP-11 programs and analyzing their behaviour, possibly
in conjunction with the design of some PDP-11 systems programs. A third
goal 1s to allow the instructor in a course on PDP-11 programming to test
sequences of code before showing them to the class, to avoid unleashing
large numbers of faulty programs on the unwitting students. A fourth goal
is to ease the problem of debugging PDP-11 programs, since the simulator
provides many more diagnostics and debugging aids than the bare machine it-
self does. Since the simulation package is written in Algol 60, it can be
run on any computer with an Algol 60 compiler (in principle). Thus actual
PDP-11 programming experience can be acquired at an installation, that does

not in fact have a PDP-11 available.

The simulation package is a single Algol programjconsisting of three
logicel sections. First, the executive, which prepares the system for use
by reading in certain tables and initializing a number of global parameters.
Second there is the assembler, which reads an assembly language program and
from it produces an object program in absolute binary. Third there is the
simulator which interpretively executes an absolute binary program. When the
interpretation is finished, an analysis of the executed program is printed,
and control returns to the assembler to begin the next assembly.

The machine simulated is the basic PDP-11/45 as described in the Digital
Equipment Corporation publication "Processor Handbook'". The simulator in-
cludes all machine instructions in the standard CPU, (thus not those concer-
ned with the floating point processor or segmentation unit). The paper tape
reader, paper tape punch, and console teleprinter are also simulated, in-

cluding the T level hardware and software interrupt system. Automatic code



conversion is provided, so that the PDP program can read, punch and type

in ASCII code.

It is assumed that the reader of this report has read and intellectually
digested the contents of the PDP-11/45 Processor Handbook and the PAL~-11R

programming manual.



A BRIEF DESCRIPTION OF THE ASSEMBLY LANGUAGE

The input language is close to being a subset of the PAL-11 programming
language, warts and all, as supplied by DEC. This description covers only

the major features.

A program consists of a series of statements. Each statement is ter-
minated by a carriage return followed by a line feed. Statement elements
are identifiers, integers, and the special characters: % =# @ ( ) , ;

+ - . & ! . Spaces are not permitted within identifiers or integers and
both must be followed by a character other than a letter or digit (e.g.
space). Spaces may be inserted between statement elements. Identifiers are
strings of 1-6 lower case letters and digits, the first of which is a
letter. Integers are either octal (not followed by a point) or decimal
(followed by a point).

A statement consists of 4 fields, all of which are optional, but when
present must be in the order: label, operation, operands, comment. The
label field consists of 0 or more labels, a label being an identifier and s
colon.

The operation field is a single instruction or pseudo instruction
chosen from the PDP machine instructions and pseudo instructions.

The operand field consists of 0 or more operands. If more than one
operand is present, the operands must be separated by commas. Each machine
instruction requires a specific number of operands. Some pseudo instructions
accept a variable number of operands. All pseudo instructions begin with a
point.

Each operand has a mode corresponding tb one of the 8 hardware modes.

The assembler notation for each mode is shown below.

0 register r

1 register indirect @r or (r)
2 auto increment (r)+ or #e
3 auto increment indirect @(r)+ or @#e
L auto decrement -(r)

5, auto decrement indirect e-(r)

6 index e(r) or e

T index indirect ge(r) or @e



where e is an address expression and r a register expression.

An expression consists of a sequence of values separated by operators.
A value is an identifier,an integer, or the current location symbol
(point). The operators are plus, minus, logical and and logical or. A
register expression is an expression containing an identifier or integer
prefixed by a percent sign, or a variable equated to a register expression.

A statement of the form identifier, equals symbol, expression assigns
the value of the expression to the identifier.

Programs must end with the .end pseudo instruction, followed by the
starting address. ’

The following addresses are needed for input-output and are predefined.

pir -~ programmed interrupt request register
prs - paper tape reader status register
prb - paper tape reader buffer register
Pps - ©Dpaper tape punch status register
ppb - ©paper tape punch Tbuffer register
tps - console typewriter status register
tpb - console typewriter Dbuffer register

The assembly language differs from the PAL~11 language in the following
ways
1. Upper case letters, single quotes, double quotes, tabs, and form

feeds should only be used in text.
2. Labels may not contain periods or dollar signs.
3. Missing operands and operators are not allowed.
Lk, All assemblies are absolute.

5. The following pseudo instructions are the only ones allowed:
.title, .word, .byte,.ascii,.print,.core,.trace,.stoptr,.regd, . .end
6. If the instruction location counter is odd after assembling a

statement, it will be increased by 1 before the succeeding state-

ment is assembled.

A program of N statements requires about 3 + N/5 seconds to assemble.

&



A Context Free PAL Grammar

<program> :: = <statement> [ <statement> <program>

<statement> :: = <unlabeled statement> T <identifier> : <statement>
<unlabeled statement> :: = <tail> | <body> <tail>

<body> = <opcode> <opcode> <operand list> I <gssignment>
<tail> :: = ; <comment> <newline> | <newline>

<operand list> :: = <operand> { <operand> , <operand list>

<operand> :: = <direct> | @ <direct>

<assignment> :: = <identifier> = <expression>

<direct> :: = <expression> | <expression> <paren> l <paren>
<paren> + | ¥ <expression> | - <paren>
<paren> :: = (<expression>)
<expression> :: = <unsigned expression> | <grithop> <unsigned expression>
<ungigned expression> :: = <term> | <term> <op> <unsigned expression>
<term> :: = <val> | % <val> |.
<val> :: = <identifier> | <integer>
<arithop> :: = + | - -
<op> it =+ | - | & | !
<newline> is a carriage return + line feed or a new card
<comment> is any character sequence not including <newline>

<identifier> is 1-6 letters and digits starting with a letter
<integer> is 1-6 digits optionally followed by a point

<opcode> is a machine instruction or pseudo instruction



DEBUGGING FACILITIES

Several pseudo instructions have been included to aid program debugging.

They are assembled as EMT instructions so that they could be easily implemen-

ted on a real PDP-11., These pseudo instructions are:

1.

.trace

This causes the simulator to print out certain status information

after each instruction is executed. The information printed consists of
1. simulated time in milliseconds (decimal)
2. contents of registers r0O thru r7 (octal)
3. the 4 condition codes NZVC (0 = off, 1 = on)

4. the last instruction executed (octal)

.stoptr

This stops tracing as described above. Both .trace and .stoptr are
dynamic, that ié, tracing is begun when a .trace pseudo instruction is
executed during the simulation and stopped when a .stoptr pseudo
instruction is executed, independent of their position in the source
text. Thus .trace and .stoptr are more analagous to procedure calls
than begin end brackets in Algol. Both .trace and .stoptr occupy 1

machine word in the object program. The initial state is .stoptr.

.regd (register dump)
This prints the same information as .trace, but one time only, unlike
.trace which may cause many lines to be printed. This allows the user

to get the machine status only when desired, and not after every

instruction.

.print exprl, expr2, ... exprn

This prints out the machine words (in octal) whose addresses are exprl,
expr?2, ... exprn. The maximum number of arguments is 16. For example,
.print x, y, a, at2, ath will print out 5 machine Wordé, whose addresses
are X, ¥y, a, at2, and at+h, The expr's should always evaluate to even

numbers. If an expr is odd, the contents of expr-1 will be printed. The



assembled code occupies nt+2 words.

5. .core exprl, expr2
This will produce an octal core dump from exprtl to expr?2 inclusive. If

exprl or expr2 are not integral multiples of 32, a few extra words will

be printed to enhance readability. The pseudo instruction assembles in

3 machine words.



JOB SETUP

Paper tape -
Only ISO code tapes are allowed. The program is followed by any number
of data tapes, each containing a PAL program and its associated data. The data
begins with the character following the line feed which ends the .end state-
ment. Extra carriage returns or blank tape will be read by the PDP,
The format for each tape is:
1. 30 cm. of blank tape
2. 2 escape characters (ESC on the Olivetti's)
3. new line (i.e. carriage return, line feed)
L the program. The last statement must be .end followed by the starting

address. The statement is terminated by a new line. First line must

be .title
5. data, if any.

Cards -
-The characters @ & ! do not appear-on the IBM-EL card punches, so § A v

should be used in place of them in assembly programs. As data they have
their usual meaning.

The format for each program is ]
1. A card containing 12 - 11 = 1 - 2 punches in columns 1 and 2 (made

by superimposing the letters A and K) and .title in columns 3-8.
Column 9 must be blank.
2. Rest of program, ending with .end Statement

Data, if any. The data must begin in column 1 of the card follo-

wing .end



EXPLANATION OF QUTPUT

Agsembly Listing =

For each program processed, an assembly listing is produced. The listing

consists of 6 columns, labeled ERROR MESSAGES, ADDRESS, INST, IMMED 1,

IMMED 2, SOURCE STATEMENT. The first column conteins error messages. Only

the first error message produced by a statement is printed. A halt instruction
is assembled in place of the errant statement.

The ADDRESS column contains the ocﬁal machine eddress at which the object
code begins. This column is blank if no object code is provided. The INST
column contains the machine instruction(or in any cese the first word of
code) generated by the statement, in octel. The IMMED 1 and IMMED 2 columns
contain the first and second immediate operands (or in any case the second
and third words of generated code) in octal. The column labelled SOURCE
STATEMENT contains the original source text.

At the end of the assembly listing is a line containing the number of
assembly errors detected, in decimal, and the X8 time used for the assem-
bly in decimel seconds. ) |
Simulator -

Output from the simulator consists of .trace output, .print output and
core dumps, all of which have been described earlier.

Post Mortem Statistics =

After the job has finished executing, 4 groups of information are
printed for debugging and performence monitoring. All numbers are decimal
except the machine addresses in group 3.

Group 1 is an octal dump of all non-zero memory, 16 words per line,
with the address of the first word printed at the left.

Group 2 contains the following items

PDP TIME USED -~ How much real time the program would take on the PDP=11 in

milliseconds.

X8 TIME USED - How many milliseconds of X8 time the simulation phase

required.
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X8 TIME PER PDP SECOND - The number of seconds of X8 time required to simu-
late 1 second of PDP-11 time at this rate.

PDP WAIT TIME ~ How many milliseconds the PDP-11 spent waiting for

interrupts as a consequence of wait instructions.
NUMBER OF INTERRUPTS - The number of io interrupts processed.

INSTRUCTIONS EXECUTED - How many PDP-11 instructions were executed during

the simulation.

NUMBER OF CHARACTERS READ ~ How many characters were read from the paper
tape.

NUMBER OF LINES TYPED - How many carriage returns were typed by the program.

This does not include debug output (trace, dump etc.)

NUMBER OF CHARACTERS PUNCHED - How many characters were punched onto paper
tape.

AVERAGE TIME PER INSTRUCTION - How many nanoseconds the mean instructions
would reguire on the PDP-11 itself.

AVERAGE NUMBER OF PDP INSTRUCTIONS PER SECOND OF X8 TIME - The simulation

rate.

DIST OF ADDR MODES O - T - The number of operands that were mode 0, 1, 2,
3, 4, 5, 6, and T respectively. a

IMMEDIATE - number of operands of mode = 2, register = 7T
DIRECT - number of operands of mode = 3, register = T
PIC - number of operands of mode = 6, register = T

Group 3 contains a tabular histogram of the program counter. The
address space is divided into 128 equal sized regions. The printed table
contains 128 values, giving for each region the number of times an instruc-
tion was‘fetched from that region. The lower limits of each region are
printed in octal, since they are machine addresses. The number of instruc-
tions fetched from that region follows, in decimal. From this distribution
the user can find out where the program "spent most of its time". The

number of instructions fetched from below the lowest region and above the

&
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highest is printed above the table.

Group 4 contains the number of times each machine instruction was
executed e.g. the total number of mov. instructions, the total number of cmp
instructions etc. The first column gives the number of ADC, ASHC, BGE etec.
instructions executed. After the mmemonic is the total number of times the
instruction was executed, followed by that number as a percent of the total

number of instructions executed.

Following Group Ut is thetotal time, in decimal seconds, for the job,

including assembly time, execution time, and time to print the statistics.
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ERROR MESSAGES

The following list gives the meaning of messages put out by the

assembler. An asterisk after a message indicates detected on pass 1.

ADDRESS ERROR - No code may be generated at addresses above 32767T.

ADDRESS EXPECTED - An expression which evaluates to a machine address

is required, but something else is present.
ADDRESS FIELD EMPTY - An operand is required, but none is present.

ASSEMBLY TERMINATED BY TABLE OVERFILOW - The assembler's internal tables are

full. Assembiy cannot continue.

BAD CHAR IN EXPR - An expression contains a character other than a

legal statement element.

BR TO ODD ADDRESS - The expression in the address field evaluates to an
‘ odd number. Since all instructions begin at an even numbered

byte, this is incorrect.

BR TO REG ILLEGAL - A branch instructions may not branch to a register.

The given expression evaluates to a register expression.

CLOSE PAREN MISSING - An opening parenthesis has been read but the

corresponding closing parenthesis is missing.
.END WAS MISSING - A program must have .end as its last instruction.

ERROR IN RHS OF EXPR* - The right hand side of the definition contains either
an undefined symbol, an 8 or a 9 in an octal number, or a

syntax error.

ERR IN START ADDR - The expression following the .end instruction must
evaluate to a word address <32768.

FIELD 1 MUST BE REG ~ Assembler syntax requires that the first operand

be a register expression.

FIELD 2 MUST BE REG - Assembler syntax requires the second operand

be a register expression.
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FIRST CHAR OF LABEL* - The assembler expected either a label or an opcode,
which means that the first char must be either & letter or
a point.

FIRST FIELD WRONG - The first field must be an expression evaluating

to a machine address <65536.

JSR TO REG ILLEGAL - A jsr instruction must have a machine address, not

a register, as its second operand.

LHS ALREADY DEFINED* - The left hand side of this assigmnment is a

variable previously defined.
MISSING OPERAND - An operand is required and is absent.
MULTIPLY DEFINED Sym* - A label used here has been previously defined.

NN MUST BE 1-63 — The address field of a mark instruction must

evaluate to a positive integer <6hL.

NO CLOSING DELIMITER* - The first non-blank character after the .ascii
pseudo instruction is the opening delimiter. Everything
following it until the next appearance of the delimiter is
text. The delimiter did not occur again before the carriage

return.

UPCODE UNKNOWN* -~ The operation field contains something other than

a valid machine instruction or pseudo instruction.
OVERFLOW* - A number may not be larger than 65535.

PARITY ERROR - A character with incorrect parity has been read

from the source tape. It has been changed to a question mark.

REG NOT ALLOWED - A register has occurred in a position where only

a machine address is permitted.

REGISTER > T - A register expression must be in the range 0-T.
REGISTER? - An immediate operand may not be a register.
SECOND FIELD WRONG - The second operand field is not an expression

evaluating to a machine address <65536.
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SYNTAX ERROR IN EXPR - The assembler cannot recognize the structure of

TAG FOLLOWED BY ?

TOO FAR

TOO FEW FIELDS*
TOO MANY DIGITS*

TOO MANY FIELDS*

TOO MANY PERCENTS

TRUNCATION ERROR

UNDEFINED SYMBOL

8 OR.9 IN AN OCTAL

an operand.

- After a tag in the label or opcode field, a colon,

equal sign or space is expected.

~ The address of a branch instruction must not be

farther away than -128 or +127 words.
- One or more operands is missing.
- Numbers may not have more than 6 digits.

- An instruction has been supplied with more

operands than is allowed.

- A percent sign may not directly follow a percent
sign.

- A word expression is greater than 65535 or a byte
expression is greater than 255,

- A symbol is used without it ever being defined.

NUMBER* - Octal numbers consist of the digits 0-T only.
Decimal numbers may contain 8 and 9 but must be followed

by a point.
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The following list gives the meaning of messages issued by the simulator.

A1l errors stop the simulator.

ADDRESS OUT OF BOUNDS - In a mode 3, 5, or T operand, the specified
register contains an address larger than the amount of

memory available.

AUTODECREMENT REGISTER ODD - In a mode 5 operand, the specified register

contains an odd address, where an even address is required.

AUTOINCREMENT REGISTER ODD- In a mode 3 operand, the specified register

contains an odd address, where an even address is required.

ATTEMPT TO PRINT NONEXISTENT MEMORY LOCATION -~ One of the arguments of
.print is greater than 32767.

BRANCH OFFSET ERROR — The branch address is either below 256 or
above 327T67.

CONSOLE TYPEWRITER BUSY - An attempt has been made to type out a character

before the typewriter has finished the previous character.
CPU PRIORITY SET TO O - The CPU priority must be in the range 1-T.

DESTINATION ADDRESS ODD ~ The destination address must evaluate to an

even number.

DESTINATION ADDRESS OUT OF BOUNDS - The source address is larger than the

amount of memory available.

ESCAPE CHARACTER READ. NOT ALLOWED - The next character in the input stream
was an escape character (27 decimal). This is forbidden
since it is used to separate Jobs. A possible cause is an

attempt to read more data than is provided.

FLOATING POINT NOT SIMULATED -~ The optional floating point unit has not

been simulated.

ILLEGAL INSTRUCTION - The operation code is not a legal FPDP-11

operation code.

INDIRECT INDEXING REGISTER ODD - In a mode 7 operand, the specified register

contains an odd address, where an even one is required.

£



16

INSTRUCTION LIMIT EXCEEDED -~ More instructions have been executed than are
allowed by the simulator (analogous to time 1imit on the X8).

JSR TO REGISTER - The destination mode of a jsr instruction must

not be made 0, ie. jumps to registers are not permitted.

JUMP TO IO AREA - A jump has been made to an address larger than
32767. This is forbidden in the simulator since it is

inconceivable that this is not an error.

JUMP TO REGISTER - The destination mode of a Jjump instruction
must not be mode 0, ie. jumps to registers are not
permitted.

NO INTERRUPT PENDING - A wait instruction has been executed, but no
interrupt is pending. Consequently it would have waited
indefinitely.

NON EXISTENT I0 DEVICE - A memory location above 32767 which does not

refer to any input-output device has been referenced.

PC IN IO AREA ~ The program counter is larger than 32767, i.e.

the program "ran off" the end of memory.

PC ODD - The program counter must always be even, since

instructions are located on word boundaries.

PRINT MAY NOT HAVE MORE THAN 16 PARAMETERS - The .print pseudo-instruction
has occurred with more than 16 parameters. Since this
error is detected by the assembler, possibly memory has

been overwritten.

PUNCH BUSY . - An attempt has been made to punch a character

while the punch is still busy with the previous one.

READER STILL BUSY — An attempt has been made to start the paper
tape reader while it is still occupied with the previous
command . ‘

SOURCE ADDRESS ODD - The source address must evaluate to an even

number,
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SOURCE ADDRESS OUT OF BOUNDS - The source address is larger than the amount

of memory available.

STACK OVERFLOW ; - An interrupt occurred, but there was no room
left on the stack, i.e. register 6 was smaller than 256.

STACK POINTER ODD - An interrupt occurred, but register 6 con-
tained an odd number. Register 6 is expected to contain

a word address.

STACK POINTER TOO BIG - The stack pointer points to an address

beyond available memory.

STACK UNDERFLOW - Return from trap, interrupt, or subroutine
cannot proceed since stack is empty, ie. register 6

greater than 32767.

TELETYPE LINE OVERFLOW - More than 80 characters have been typed out

since the last carriage return.

TOO MANY INTERRUPTS - More than 16 interrrupts pending. This is a

simulator imposed, not a PDP limit.

TOO MANY LINES OF OUTPUT - More printed output has been generated than

the simulator allows.
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IMPLEMENTATION

The program consists of two major sections,the assembler and the simula-

tor. These will be discussed in turn.

Assembler -
The assembler makes two complete passes over the input. On pass 1, each
statement is read character by character, left to right without backtrack.

Three tables are constructed by pass 1 and given to pass 2.

1. The symbol table (SYMBOL TABLE, AUX)
2. The source text table (TEXT)
3. The program (LEX)

The symbol table records for each identifier
1. Whether it has been defined or not
2. It's value, if defined

3. Whether it is an address or a register.

The symbol table is implemented in two arrays. For each identifier the index
is computed according to
index = ((21h*(char 1 + char L4) + 27*(char 2 + char 5) + (char 3 +
char 6)) modulo 137) + 1
All identifiers with the same index are chained together in order of occur-
rence on a chain beginning at AUX[index]. The entries themselves are in
SYMBOL TABLE, each entry using 3 words. Space is claimed from SYMBOL TABLE

sequentially, so it contains no holes. The format of an AUX entry is

k7777 et ms

«—11 bits~—> «———16 bits —>
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The format of a SYMBOL TABLE entry is

«—6 bits—><«—7T bits —><—T bits —><—T bits-—>

Zj/ - .
///// Char 1 Char 2 Char 3 D: 0 = undefined
SYMBOL /éz ' = .
- 7 1 = defined
TABLE / Char k4 Char 5 Char 6 _
/655 « R: 0 = address
A : .
link D|R value 1 = register
link:pointer to next

<—9 bits 11 -16 bits —m> entry on chain
or zero for
last one
The source text is stored in TEXT character by character for printing

the listing. The format is

TEXT %/Char 1 | char 2 | char 3
]

<6 bits—>e—T—>e— T —><T bits—>

The LEX table provides the information from which pass 2 generates
object code. Each line of source text. including blank lines and comments
produces 1 block in LEX. The first word of the block -is the value of the
instruction location counter i.e. the address where the next word of gene-
rated code will be placed. The second word has 2 fields. The right field is
the value of the operation code. The left field is the instruction class.
Classes are distinguished by the fact that the required operand format is

usually different for each class.

0 instruction location type: 1 = identifier or integer
LEX counter
2 = special character
Ogizzzd opcode value val: if identifier or integer
index into SYMBOL TABLE
type val if special character, the
type val code

<«—11 bits —> «<—— 16 bits ——>
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The operand classes are

0-4 not used
5 .word list of word expressions
6 .byte list of byte expressions
T .ascii text
8 not used
9 end one address expression
10 binary two operands
11 unary one operand
12 noop zero operands
13 trap expression between 0 and 255
1L br offset between -128 and +127
15 rts one register
16 sob register, followed by expression <6l
17 mark expression between 0 and 63
18 mul operand followed by register
19 Jer register followed by operand
20 empty statement was a comment
21 pass 1 error pass 1 error detected
22 empty statement is treated as comment
23 .print list of up to 16 address expressions
2k .title text
25 .core two address expressions
26 Xor register followed by operand

Note that the leftmost 11 bits can only be 0 for the first word of a block.

Pass 2 uses this to determine the end of a (variable length) block.

The main pass 1 loop starts at NEW CARD, where variables are
reinitialized for each statement. At PASS 1 the program is looking for
labels. At GOPER all labels have been processed and the operands are being

examined. When a carriage return is seen, control passes to CARET.
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Pass 1 looks up opcodes and makes a partial examination of the operands
in order to determine how much space to reserve in the object program. Con-
sider the statement MOV X,Y. This will require 1 word if X and Y are re-
gisters, 2 words if only 1 is, and 3 words if neither is a register. A line
of source text may yield an inherently variable number of machine words, as
in .word.

Pass 2 reads the blocks in LEX and processes each one independently of
its predecessor and successor. For each block, the format of the operands is
known from the second word. The value of the opcode has already been found.
Hence the main task of pass 2 is the analysis of the operands and generation
of code. The loop that processes each statement begins at SETUP. The switch
TYPE dispatches to the proper section of code for the statement. Operands
are either address expressions, which yield a mode and register, e.g. #x,
(R3)+ , or simply an expression yielding a number. The procedure OPERAND
evaluates the former, and the procedure EXPR evaluates the latter. Code is
generated by calling EMIT which puts it away. If the right part of the
object program is in the buffer, CODE BUFFER, the generated word is put in
the buffer. Otherwise the right piece of program is brought in.

The procedure LISTING prints the listing and returns to SETUP to begin

the next statement.

Simulator- 7

The object program is loaded, either from the buffer or the drum as
needed. It is stored in the array M. Bytes 0 and 1 are in M[0J], bytes 2 and
3 are in M[1] etec. The cpu registers r0, r1, ... r2 are stored in M[-1],
M[-2] ... M[-8] respectively. The condition codes N, Z, V, C are stored in
the variables N, Z, V, C respectively, with 1 meaning on and 0 off.

The loop beginning at CYCLE picks up the instruction to be executed
and decodes it, scattering its bits among 5 variables; bits 15 - 12 in
OPCODE, 11 — 9 in SRC MODE, 8 - 6 in SRC REG, 5 - 3 in DST MODE, and 2 - O
in DST REG. The switch INSTRUCTION TYPE branches to the appropriate piece
of code to evaluate the given instruction.

The procedure EVAL BOTH OPERANDS is used to compute the source and
destination addresses (SRC ADDR, DST ADDR) and values (SRC OPERAND, DST
OPERANP) for which 1t needs the mode and register already decoded. All the
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two operand instructions begin with this procedure. The one operand instructions
use EVAL ONE OPERAND which computes the destination address and value only.

Thus by the time the real work of the instruction interpretation begins,
the source and destination addresses and operands are known. In many cases
there is not much to do, mov for example simply puts the known source
operand into the known destination address.

Pending interrupts are chained together in 3 parallel chains, INTERRUPT
TIME, INTERRUPT VECTOR, and NEXT ON CHAIN. The first contains the simulated
time When the interrupt should occur,in nanoseconds. The second the machine
address of the interrupt vector, i.e. where the new program counter and
program status word are to be fetched from. This is used to distinguish
between device types. The third links the entries together. NEXT INTERRUPT
TIME always contains the time of the earliest pending interrupt. In the
main loop, the clock is compared to this variable before every instruction.
If the clock is greater, the interrupt occurs. From the vector address the
device type is deduced and the appropriate i.o. operation (e.g. read, punch,
print) is performed. The simulator converts MC code to ASCII via the array Y,
and ASCII to MC code via the array U. -

The procedure STATISTICS prints all of the post mortem statistics.
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VAN 4

'BEGINY
TCOMMENTY TH
N

S PROGRAM SiMULATES A COMPLETE paTCH OPERATING SysTEM FOR THE PDP.11/4%5, INCLUDING ASSEMBLER, THE PROGRAM MAS TWC
MALIN SECT!O :

i
51 THE ASSEMBLER AND THE SIMULATOR,
THE ASSEMBLER =

THE ASSEMBLER 1S A TwO PASS ASSEMBLER, pASS1 IS DEVOTED TO BUILDING THE gYMBOL TABLE AND TRANSFORMING THE {(NPUT TEXT
INTO A FORM WMORE EFFICIENTLY PROCESSED IN PAgg 2, PASS 1 BUILDS 3 DATA STRUCTURES FOR PASS 2: THE SYMBOL TABLE (AUX ANC
SYMBOL TABLE), THE SOURCE TEXT TABLE TEXT, AND THE TRANSFORMED |NPUT LEX,

THE SYM3OL TABLE 1S A CHAINED HMASH TABLE, NAMES TO BE ENTERED ARE HASHED 3Y TAKING A WEIGHTED AVERAGE OF THE LETTERS MCDULO
2357, ALL NAMES HASHING TO K ARE LINKED TOGETHER N A CHAIN WHOSE HEAD 13 IN AuXIK], THE ENTRIES THEMSELVES ARE IN SYMBCL TaBLE,
EACH ENTRY COMTAINS THE NAME, WHETHER THE NAME HAS BEEN DEFINED OR NOT, AND IF SO ITS VALUE AND WHETHER (T 1§ A REGISTER,

THE TEXT TAgLE CONTAINS THE ORIGINAL SOURCE TEXT 3 CHARACTERS PER WORD UNMCDIFIED, IT Is USED TO PRINT THE LISTING,

THE TRANSFORMED INPUT TEXT 1S IN THE ARRAY LEX, ONE BLOCK PER INPUT LINE, INCLUD!NG BLANK LINES AND COMMENTS, EACH BLCOCK HAS
A MINIMUM LENGTH OF 2 WORDS, THE FIRST WORD 1S THE VALUE OF THE [(NSTRUCTION LOCATION COUNTER, !.E, WHERE THE GENERATED CBJUECT CCDE
1S 70 GG, THE SECOND WORD HAS TWO PARTS, THE [NSTRUCTION CLASS, IN ESSENCE THE FORMAT THE OPERAND FIELD MUST BE, AND ThE
VALUE OF THE ORCODE, 1T 15 NECESSARY TO LOOK THE OPCODE UP ON PASS 1 IN ORDER TO DETERMINE HOW MUCH SPACE TO ALLOCATE FCR ThE
GENLRATED CODE (SOME INSTRUCTIONS TAKE 1, SnHE 2, AND SCME 3 MACHINE WoRDS), SUCESSIVE WORDS IN THE BLOCK CONTAIN 1 ENTRY PER
STATLMENT ELEMENT, AN IDENTIFIER, AN INTEGER, AND A SPLCUIAL CHARACTER ARE ALL EXAMPLES OF ELEMENTS,

PASS 2 EVALUATES THE OPERAND .FIELD TO F.ND THE MODEL OF EACH OPERAND, IT THEN GENERATES THE COMPLETE INSTRUCTIGN ANC PRINTS
THE ASSEMBLY LISTING, TrHE GENERATED OBJECT CODE IS PUT |NTO THE BUFFER, APPROPRIATELY NAMED <CODE BUFFER, IT THE GENERATED CBUECT

CODY EXCEEDS THE BUFFER CAPACITY, THE BUFFER 1§ AUTOMATICALLY PAGED ONTO THE DRUM, - THE GENERATED PROGRAM IS THUS EITHER ON TRE DRUNV

OR ‘N THE BUFFER, DEPEND:!NG ON ITS LENGTH,
THE S MULATOR~- '

THE SIMULATOR LOADS THE OBJUECT PROGRAM I|NTO AN ARRAY M, M[(0) MOLDS BYTES 0 AND 1, M[1) HOLDS BYTES 2 anD 3, ETC, NM[K] FCR
~9 < K ¢ 0 hoiLl'S CPU REGISTER ~K+i.

THE MAIN LOOP AT CYCLE PICKS UP 1 INSTRUCT!ON AT A TIME, EXAMINES THE OPCODE AND BRANCHES TO THE APPROPRIATE ROUTINE Via THE
SWITCH INSTRUCTCN TYPE, AFTER THE ROUTINE HAS DONE ITS THING, CONTRoL 1S RETURNED TO THE LAREL EXDONE,

WHEN A JUB 1S COMPLETEDL, EITHER BY HALTiNG OR AN ERROR EXtT, THE PROCEDURE STATISTICS 1S CALLED TO PRINT A POST MORTEM SUMMARY
OF NTERESTING GOCDIES. IT FINISHES UP BY PRINTING THE END OF JOB PAGE AND THEN CALLING THE ASSEMBLER TO START ON THE NEXT JCEB;

PINTZGERY Q,TEXT BUFFER §1ZE,MAXLEX,MAXTEXT,svyMBOL TABLE SIZE,pLOCK SizE, CURRENTBLOCK,OFFSET,MAXCORE, [0 ADOR, INST LIMIT,LINELINIT,

STARTING ADDRESS, LOWEST ADDRESS,HIGHEST ADDRESS, NJOBS; ' .

'REAL?Y BEGTIM] ’ ’ . : :

'INGEGER® YARKAYY CODE BUFFER[0:19991: ' s

PINTEGER ' 'ARRAY! SRC TIMiNG, DST TIMINGL, DSYT TIMING2, OST TIMING3, DST TIMING2A, DST TIMINGIALQ:7],U({01127),YL0:135),
OPTABLE(1:614]);

"BCOLEANY 'ARRAY' ALREADY USED[Q:R0]:

TCOMMENT! | LOAD TABLES WITH PREINITIALIZED VALUESS

READ;

'FOR' Q@ = 0 'STEPY 1 .'UNTILY 7 'DO' SRC TIM/NG [Q) =

TFORY @ ' 0 'STEP' 41 *UNTILY 7 DO DST TiminNGLl [Q) 5= READ;
PFO' Q@ 1= 0 'STEP' 4 YUNTiL' 7 'DO! DST TIMiNG2 [Q) = READ;
YFOr' @ t= 0 'STEP® 1 'YUNTIL' 7 'DOY BST TIMiNGS [Q) (= READ;
PFORY Q@ 3 0 'STEPY 1 'UNTILTY 7 '00Y DST TIMINGPA[Q] =z READ;
PO @ 1= 0 TSTEP' 4 'UNTILY 7 'DO' DST TIMiNG3IA[Q) = READ;
'FOA @ t® 0 'STEP' 1 YUNTIL'1357D0Y Y[Q] = READ;

€2
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56 TFOR® @ 3= 0 'STEP' 1 YUNTIL'127'DOr U(Q] in READ}

57 'FOR' @ 1= 1 'STEP' 1 'UNTIL'614'DO' OPTABLE(Q) ‘s READI}
PY:l TFORY QizRESYM 'wHILE' Q< 100 'DO'

oY

() MAXTEXT !s TEXT BUFFER S$i2E 32 4000;

61 MAXLEX 3= 1200C

62 SYM3OL TABLE SI1ZE = 3000;

68 BLOUK S12E (= 2000;

64 OFFSET 1= 200005

(-}-] 10 ADDR 2 327568:

86 MAXCORE 13 1o ADDR + 203

&7 NJOBS t=z 0

oo LINe LT otz L0003 INST LIMIT 12 200005

oy

/4

/L
72

79 BLGIN ASSEMBLY!

14 YBEGINT YCOMMENT' THiS PART 1S AN ASSEMBLER FOR THE PDP=11;

7% YREAL Y CHAR,FIRST, J1LC, | ,NEXLEX, tDN,HASH, THP, TMPL, TNP2, TMP 3, TMP4,
16 NEXT3,P0OS,PRIME,PRIMEOP,PREVINDEX,OPCODE,
/7 EXTRA WORDS,EMPTY,PAD,MAX EXTRAS,TUOB!G,TiM,
75 . COMMA CTR,NEXTEXT,LAST,REG,MODE, VALUE, INST,DATAL,DATAZ,DOT, . .
iy PC,Bi7T14,B1T7,81T16,81T17,817T19,B1722,SPACER, MARKER,B8IT18,J:K, '
849 OLDILG, TEM,CPTR,ESCAPE, TEXT PAGES ON DRUM, NEXT PAGE,
gt . COMMA SYMBOL ,SEM! SYMBOL,POINT SYMBOL,ER SYMBOL,SPACE SYMBOL,
gz COLON SYMBOL,HATCH SYMBOL,AT SYMBOL,OPEN SYMBOL,CLOSE SYMBOL,
(R) PLYUS SYMBOL,MINUS SYMBOL,AND SYMBOL,OR SYMBOL,PERCENT SYMBOL,
94 LF SYMBOL,NC SYMBGCL,CRSYMBOL,EQUALSYMSOL; COMMA,POINT,AT,OPEN,
39 CLOSE,PLUS,MINUS,AAND, 00K, PERCENT ,HATCH, ECTR
Bd VINTEGER' 'YARRAY'Y AUX{1:1371, TEXTI1:TEXT BUFFER S1ZE),SYMBOL 'TABLE{1:SYMBOL TABLE S!ZE),
87 ID[1:7),LEX{LSMAXLEX+2]);
& YBOOLEAN' ASSIGN,LIVE ONE,ODD,PASS TWO,MIDDLE,END WAS MISSING, INDIRECT,ATPAR,PERCENT SEEN,ASSIGN ERR}
WY '"SWITCH' TYPE:= CANT, CANT, CANT, CAMYT, WORD,
Yy BYTE, asCil, IVEN, END, B1NARY,
vl UNARY, NOOP, TRAP, BR, RTS,
9 $08, MARK, MUL, JSR,. EMTY,
93 PL1ERR, EMTY, PR:NT, TITLE, CORE,
94 XOR; ’
9o  'SWwiTCHv E$=g1,E2,E3,E4,E5,E6,E7,E8,E69,E10,E21,E12,E13,E143 '
96
9/ ) - -
96 'PROCEDURE® GETID} . et e
vy CCOMMENT' GETID BUILDS AN IDENTIFIER 1N 1D[), !T STOPS READING
Luy WHEN T SEES SOMETHING OTHER THAN A LETTER,DIGIT,O0R POINT} _ e
iyl 'BEGIN' 'FOR' 1:= YSTEPY 1 'UNTIL' o 'DO' ID{1]i= PAD;
Jue IDl1):= CHAR; : ) s e
1ue IDNiI= 23 . )
iue 'FOR' CHAR:= NEXTSYM 'WHILETCHAR = POINTSYMBOL + CHAR < 36 tDO? .
AL '"BEGIN' ID[IUN)is CHAR; 1ONiu- |DN+l} -
KRT-) YIFY ION > & 'THENT' [DNim 7
w07 TENDY;
Lub ) IpN:i= DN « 1; : -
LUy YEND' GETID; B CToTmrm T
ilu ’
11 ) . . e
12¢
119 *PROCEDURE" GETINT; .
1146 'COMMENT GETINT BUILDS AN INTEGER IN (D{];

A2 VBEGIN' 'FOR' 13z 2 'STEP' 1 'UNTIL' o 00 iD{1]ts PAD;

fe



116
L7
K]
1Y
i2u
2%
142
24
122
.26
el
ja8
129
t50
51
152
)
T84
135
£L36

187

L 38
s8Y
.8y
Ay
T4z
L5
144
145
£ 40
147
-]
149
A0
‘51
In2
hd
-1
51
in6
57
-1}
\99
560
'l
62
L6d
le
Leo
66
Y
168
169
L/0
.71
12
WA
/4
Al

1pf1li= CHAR)
IDN:i= 23
TFOR' CHAR:I= NEXTSYM *'WHILEY ¢HAR < 10 'DO!
"BEGIN' ID[IDN]}i= CHAR; I1DNim |DN+1;
TIFY IDN > 7 PTHEN' ERR(1)
YEND?;
IpNI= I1DN ~ 1;

VIFY CHAR=POINT SYMBOL *THENY 'BEGIN' CHAR!=NEXTSYMS IDNIai1DN+1; ID[IDN)I=POINTSYMBOL

TENDY GETINT

VINTEGER® 'PROCEDURE' LOOKUP(VAL);
YCOMMENT ' THE VvALUE OF THE FUNCTION 15 THE INDEX OF THE SYMBOL N

*BEGIN'

S LINK:

SYMBOL TABLE, IF THE SYMBOL 1S NOT iN THE TABLE, !T 's§
PUT THERE.
VAL CONTAINS THE. $RD WORD OF THE ENTRY!
TMP1i= BIT14 &« 1D(1] + BIT7 » 1DE2) + ID{31:
TMP2iz BIT14 @ ID[4) + BIT7 » iD(5) + iDI6];
TEM:z 1 + REMAINDER(TMP1 * TMP2,PRIME);
HASH:= AUX[TEMI]:
PREVINDEX:z 03}
VIFY HASH 'NE' 0 YTHEN!
YBEGIN' 1 |F' SYMBOLTABLE[3 # HASH = 2] = TMPL &
SYMSOLTABLE[3 # MASH = 11 = TMP2 *THEN®
YBEGIN' LOOKUP:!= HASH;
VALI= SYMBOLTABLE[3 # HASH]
YENDY 'ELSE?
YBEGIN' PREVINDEX:i= HASH;
HASH i= SYMBOL TABLE({3#HASHI'DIV'BIT18;
1GOTO' LINK
TEND
TEND' 'ELSE!
*BEGIN' 'COMMENT' NOT IN TABLE, SO PUT IT THERE;
SYMBOLTABLE(J # EMPTY = 2]:= TMPL;
SYMBULTABLELJ # EMPTY w 1)i= TMPY;
fIFY 1D{1) > 9
*THENY VALI= BIT17 tELSE! ’ .
TBEGIN' TMP4l= tIFY JUTIDN]=POINT SYMBOL 'THEN' 10 ('ELSp' 8
YIFTIDIIDN)=POINTSYMBOL ' THEN' IDNS=IDN=L; o
valis 03 X
YFORY fi= 1 'STEP' L YUNTILY DN 'DO? a ' T
TBEGINt YIF' pf{1) > 7 ~ TMP4 = 8 'THEN® ERR{10):
VALI= TMP4 & VAL + ID[1} ’
YEND?'; .
VIFY VAL > 69535 'THEN' ERR(13);
TENDT; ’ ‘ T
SYMBOLTABLE(3 # EMPTY):= VAL}
LOOKUPTE EMPTY;
EMPTY:= EMPTY + 1; ’ oo
YIF! J#EMPTY+1 > SYMBULTABLESIZE *THEN' FATAL}

. *IF' PREVINDEX = 0 'THEN' AUX{TEM]i= EMPTY = 1 ‘'ELSE'
SYMBOLTABLE(3 # PREVINDEX):= SYMBOLTABLE(S «
PREVINDEX] + BIT18 # (EMPTY « 1)

IENDI

VEND' LOOKUP};

*PROCEDURE' EAT LABEL;

YEND!

62



~ 76 YCOMMENT' CHECK TO SEE IF SYMBOL IN 1u[1) ... ID{6) !S DEFINED,

'77 IF NOT DEFINE 1T, IF SO, ERROR MESSAGE MULTIPLY DEFINED

18 SYMBOL

79 'BEGIN' TMP3It= LOOKUP(J)}

84 YCOMMENT® SYMBOL 1S UNDEFINED, DEFIRE IT; ]
iy YiF' AND(J,B81T17) # 0 'THEN'

82 SYMBOLTABLE(3 # TMR3)t=z ILC 'ELSE' ERR(4); .
5S TEND?Y EAT LABEL:

L84

[-H]

o

-2 TPROCEDURE ' END oF RUNS
ibe *BEGIN'Y 'COMMENT' THiS 1S CALLED ONLY WHEN ALL JOBS HWAVE BEEN FINISHED;

L8y NEW PAGE;
39y PRINTTEXT("END OF RUN.");

gl ABSF1XT(15,0,NJOBS)}

ry2 PRINTTEXT{"JOBS PROCESSED,")} R

19s : EXIT

twgq 'END* END OF RUN; _

~9o .

.90 L

.9/

.98 . YPROCEDURE'- FATAL; :

LYY *BEGIN' 'COMMENT' THIS |S§ CALLED ONLY WHEN SOME CRITICAL TABLE HAS OVERFLOWED, THE JOB CANNOT -CONTINUE;
2u0 NLCR; PRINTTEXT("ASSEMBLY TERMINATED BY TABLE OVERFLOW,

201 : THE FOLLOWING SYMBOLS WERE NOT PROCESSED,"); NLCR;

2u2 TFORY 1 :=RESYMBOL 'WHILE' I4«4096 'DO' PRSYM({1)3

2u$ NEWPAGE; 'FOR' [:!=1*STEP'L'UNTIL® S76'DO'PRSYM(66)3

2u4 NLCR3 NLCR; PRINTTEXT("END OF JoBY); )

2u% 1GOTO! BEGIN ASSEMBLY; i

206 TENDY FATAL: i )

2y/ -

243

269

210 *INTEGER' 'PROCEDURE' NEXTSYM;

211 *BEGIN' 'COMMENT'! READ THE NEXT CHAR, <CHMECK FOR PARITY ERRORS AND ATTEMPTS TO READ ESCAPE CHAR}
212 [ TMP !z RESYMBOL;

213 YiF TMP = «255 'THENT 1GOTO! L3

214 YIFY THP=z ESCAPE *YTHEN!

215 'BEG/N' VIFY MIDDLE 'THEN'® 'GOTO' END MISSING

216 'ELSE® 'GOTO' L

217 ) TENDY

218 TIFY TMP<( ~ TMP$-4096 'THEN' TMP:=63; o

219 TIFY TMP £ =4096 tTHEN?Y . .

220 "BEGIN' . . e L
221 ¢ YIFY TMP = CR SYMBOL 'THEN' vgoTO' L; N ‘
222 *1F' TMP = LF SYMBOL 'THEN' Tip t= CR SYMBOL; e i
223 YiFt TMP = NC SYMBOL 'THEN' TMp:= CR SYMBOL}

224 NEXTSYM:=z THMP;

223 NEXT3:= 256 # NEXTI + TMP; oo

226 POSis POS ¢ 1

227 . *1F . pOS = 3 YTHEN'

228 "BEGIN' TEXTINEXTEXT)i= NEXT3; v

229 . pOSiz 0 .

250 NEXTS:= 03

251 NEXTEXTSs NEXTEXT + 1;

282 t i F' NEXTEXT > TEXT BUFFER S1ZE 'THEN'

233 ‘BEGIN' TO DRUM(TEXT,TEXT PAGES ON DRUM # TEXT BUFFER SIZE)S

234 ‘ TEXT PAGES ON DRUM 3= TEXT PAGES ON DRUM + 1} -

235 YiFY TEXT PAGES ON DRUMMS'THEN'FATAL;

9¢
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236 NEXTEXT!=y; TEXT[L1)!=CR SYMBOL:

267 YEND' :

238 YEND!

239 YEND Y

24y YELSE' *iF' CHAR = CR SYMBOL '"THEN' 'GOTO' PASS2 'ELSE' NEXTSYM := CR SYMBOLS

241 TEND T . ) .

24%

243

244

245 '"PROCEDURE ' ERR(K)}

246 'WALUE' K3 'INTEGER'! Ki

247 *BEGIN' 'COMMENT' IF AN ERROR OCCURS DURING PASS i, CONTROL PASSES TO HERE, THE OPCODE 1S OVER WRITTEN WITH THE ERROR .CODE
240 AND THE PARAMETERS SET UP TO sxIP THE REST OF THE LINE}

24y YIFY LEX[FIRST+1) § 9#BITi6 *THEN!'

254 *BEGIN'

25z LEX(FIRST+1) 158 21#BIT16+K;

252 VIFY ASSIGN 'THEN'  'BEGIN' LeX[FIRST+1):=21#8(T16+12; ASSIGN ERR.3= 'TRUE' 'END';
293 NEXLEX t= FIRST + 23 o

2954 LEXINEXLEX)$=03

2»o 7 AgSiIGN:= tFALSE'} OPCODE!= 0: MAX EXTRAS!= 3; COMMA CTR:= 0;

2v0 1GOTO! EAT COMMENT;

29/ YEND Y

2o¢ _ TEND' ERR;

209 '

264

261 .

202 'PROCEDURE' OPLOOKUP;

208 *COMMENT! OPLNOKUP LUOKS UP THE OPCODE IN OPTABLE, EACH ENTRY N OPTABLE {S 2 WORDS, THE FIRST
264 CONTAINS 5 CHARACTERS OF THE OPCODE, THE SECOND HAS 3 FIELDS: BITS (=15 = VALUE,
265 B1TS 16=-21 = TYPE, BITS 2223 = MAX EXTRAS;'

266 *BEGIN' TMP:= 03

207 PFOR' Jiz 1 'STEP' 1 YUNTIL' % 'DO' TMPis 32 # TMP « ('|F' 1D{1]1=PAD YTHEN' 31 ‘tELSE!
268 VIFY (DI )I=POINTSYMBOL *THEN' 30 'ELSE'ipli]=9);

269 HASHI= TMP - PRIMEDOP @ (TMP 'piv' PRIMEOR) + 1;

2/u TMP4 iz HASH;

271 : LOCP: YIFY OPTABLE[2 # HASH - 1) = YMP 'THEN!'

272 *BEGIN' TMPLi= OPTABLE(2 # HASM);

273 OPCODE *= AND(TMPL,Biv22-1)3 o -

274 LEXIFIRST+1) = OPCOnDE:

275 OPCODE:= OPCODE 'DiV? BIT16}

2/¢0 tiF' OPCODE = 0 'THEN' OPCODE := 0;

277 ] MAXEXTRASI= TMPL 'ODiv' BIT22;

2/8 tEND' 'ELSE'

279 VIFY OPTABLE([2 # HASH = 1) = y 'THEN' ERR(6) 'ELSE! T ’

230 '*BEGIN' HASH:=z HASH + TMP4; ! .
281 ’ *IF' HASH > PRIMEQP 'THEN' HASH:s HASHuPRIMEOP; ) D )

282 16OTOY LOOP : s

28$ YEND ' v o - T -
254 VIFY EVENCILC) 'NE' 1 'THEN' ERR(9)

285 TEND' OPLOOKUP; : ’ T ToTTTr o T
2b06

287

280

249 TPROCEDURE"' oCTAL(N);

290 YBEGIN' 'COMMENTY PRiNT QUT N IN OCTAL AS A ¢y OCTIT NUMBER}

291 *1F' N<§5536 'THEN® PRSYMUAND(N,32766)3132768) 'ELSE' PRSYM(AND(N,32768)432768 + 10)3

292 PRSYM(AND(N 'DIV' 4096,7)) :

2938 PRSYM(AND(N 'DIV' 512,7))3

294, PRSYM{AND(N DIV 64,7))3

29> PRSYM(ANDI(N 'DIV! 8,733

Lz



296
2y7
298
299
Jye
Syl
302
3u3
3ué
Juo
3ue
M
3ub
Suy
316
$11
3id
313
$16
$1%
316
317
J.b
319
320
321
322
325
324
3¢o
326
327
328
329
339

351,

332
348
3354
38>
336
357
338
3359
Sau
541
342
348
344
842
340
$4¢
34y
3949
3950
$u1
3oe
323
394

T

PRSY
YEND' OCTALS

*PROCEDURE?

YVALUE' N}

TBEGINY 'COM
23-28 PR
4752 SE
WORDS AS
TIFY N ¥
"THEN®

MCAND(N, 7))

LISTING(N)3

INTEGER' N 3

MENTY» LI1STING FORMAT 1S COLOMNS 120 ERROR FIELD,
OGRAM COUNTER, 31-36 INSTRUCTION, 39-44 FIRST DATA,
COND DATA WORD, N IS THE NUMBER UF MACHINE

SEMBLED

HE' ¢

'BEGIN' SPACE(22):

OCTAL(ILC); SPACE(2);
OCTAL(INSTY; SPACE(2);
TIFY N > 1 'THEN' OCTAL(DATA 1) 'ELSEY SPACE(6); SPACE(2);
tEIFY M > 2 *THEN' OCTAL(DATA :2) *ELSE' SPACE(6); SPACE(2);

YEND Y
YCOMMENT? NOw PRINT, THE ASSOCIATED TEXT;
LOOPT VIF' POS= o *THEN! '

A
CHARS

BEGIN' NEXTEXT i= NEXTEXT + 13
'IFt NEXTEXT > TEXT BUFFER SIZE 'THEN'

"BEGIN' 'IF' NEXTPAGLSTEXT PAGES ON DRUM fTHEN''REGINTY PRINTTEXT("NONEXISTENT DRUM PAGE™)3 FATALS

FROM DRUM(TEXT,NEXT PAGE#TEXTBUFFER SIZ2E);
NEXT PAGE (= NEXT PAGE + 13 NEXTEXTi=zl

TEND !
NEXT3 := TEXTINEXTEXTIs poOS =z 33
END';
IF' pOS= J 'THEN' NEXT3 'DIV' Bivi6 'ELSE' 'If?' POS= 2 'THEN!
AND (NEXT3

POS:z POS=1;
YIFt CHAR 'NE' CRSYMBOL

'YTHENY °*BEGIN' PRSYM(CHAR)} 'GOTO' Loup 'END!
t 'BEGIN' NLGR; 'IF* OPCODE = 9 'THEN' 'GOTO' EXECUTE'ELSE''GOTO' SETUP 'ENDVY}
TEND' LISTING} ' ' ‘

'ELSE

"PRUCEDURE"

ERR2(STR);

*BEGIN' "COMHENT: PROCESS PASS2 ERRORS, NOTE THAT IT IS POSSIBLE
TC GET HERE ON PASS1, SINCE EXPR 18 CALLED TO EVALUATE

ASS I GNMENTS ;
' X

~ PASSTWO 'THEN' ERR(12)};

PRINTTEXT(STR)3 SPACE(2); . s . . '

OCTALCtILC); SPACE(2);

OCTAL(0); SPACE(18);

ECTR

i= ECTR + 13

LISTING(D)

*ENVY ERRZ;

'PROCEDURE
TVALUE' LOC,

EMIT(LOC,VAL) ) ’ o ®
VAL; '"INTEGER' LOG,VAL} '

'*BEGIN' 'COMMENT: THiS PROCEDURE STORES THE g¢MITTED BINARY OUTPUT,
THE ADDRESS OF THE OUTPUT WORD 1S LO¢, !'TS VALUE S VAL

VI
Q =
LN

LOC < 0 v LOC.> TOO BIG 'THEN'ERR2("ADDRESS ERROR "33
LOC 3(24BLOCK S1ZE);
Q § CURRENT BLUCK 'THEN'

DIV 256,253) 'ELSE' AND(NEXT3, 255);

YEND Y3

gec
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KPY *BEGIN' *COMMENT' TOSS TH!S BLOCK OUT AND READ IN A NEW ONE:

357 'IF' CURRENT BLOCK # =1 'THEN' TO DRUM(CODE BUFFER, OFFSET+BLOCK SIZE * CURRENT BLOCK)}
358 tIF' ALREADY USED(Q]

359 *THEN' FROM DRUM(CUDE BUFFER,OFFSET + BLOCK SI1Z2E # 0) _
36U YELSE' 'BEGIN' 'FOR' 1:=0 'YSTEP' 1 'yUNTIL' BLOCK SIZE = 1 'DO!' CODE BUFFER[!] = 03
Jo1 ALREADY USED[Q] := 'TRUE?; .

362 TEND';

364 CURRENT BLOCK tz Q

64 TEND';

369 CODE BUFFER[(LOC12)=CURRENT BLOCK # ©BLOGCK SI1zE) &= VAL;

366 YEND! EMIT}

367

368

3o

$70 *PROCEDURE' OPERAND (MODE,REG,VALUE)}

S/1 'COMMENTY SCAN AND EVALUATE AN OPERAND FigELD; i

3¢ YINTEGER' MODE,REG,VALUE; ’
378 YBEGIN' INDIRECT:='FALSE"';

374 *IF? LEX[MARKER])= AT 'THEN’ "BEGIN' (NDIRECTI= 'TRUE'; MARKER {2 MARKER 4 1; 'ENO';

349 VIFY LEX{MARKER]= HATCH ' o

376 YTHEN! . . } R

377 tBEGIN' *COMMENT' IMMEDIATE OR ABSOLUTE MODE, #E, AT # E

S/4 ) MARKER:= MARKER + 13 _

379 VALUE !z EXPR(MARKER); . ’

3y tIFY VALUE 'GE' BiIT16 'THEN' ERRZ2("REGISTER % "y}

381 . REG!= 73 . : )

38z MODE:= ' F' iND;RECT 'THEN' 3 'ELSE' 2

Sud TEMND

384 YELSE® 'IF' LEX[MARKER]=® MINUS ~ LEX|MARKER +1]3 OPEN

] CTHEN! i

$86 *BEGIN' 'COMMENT!' MODE «(R) , AT(R) ;

Sa/ MARKER:= MARKER + 2; -

3458 VALUE:2 EXPR(MARKER);

389 YIFY LEX[MARKER~1] $ CLNSE 'THEN' ERR2("CLOSE PAREN MISSING ");

390 VIFYVALUE>BIT1647v(VALUESKBI TL6AVALUE>?7) 'THEN' ERR2("REGISTER > 7 wy}
391 REGI= AND(VALUE, BITLl6=1,} ’ o .
39¢ MODE:= 'IF' INDIRECT *THEN' 5 'ELSE' 4;

393 MARKER = MARKER + 1; . T

3y 4 TEND! '

39> TELSE' '1FY LEX({MARKER]s OPEN

Jvo 'THEN?

397 'BEGIN' YCOMMENT! (R) , (R)+ , AT (R) , AT (R)+ 3

%98 ’ MARKER'S MARKER + 13

39y VALUE:= EXPR (MARKER);

4yy tIFY LEX[MARKER=1]$CLOSE 'THEN' ERRZ2("CLOSE PAREN MI3SING w)} .
441 tIFY LEX[MARKER] = PLUS ” T T ’ o
4y2 * THEN! : C s

403 YBEGIN' 'COMMENT' (R)+ , AT (R)+ ; . - oo

4u4 MARKER:= MARKER #+ 2 ;

405 tIFYVALUEDBITL16+7 v (VALUE<BIT16 ~» VALUE>7) 'THEN' ERR2{"REGISTER > 7 )3
4306 REGI= AND (VALUE,BIT16-1)}

4u7 . MODE:= '"IF' INDIRECT 'THEN' 3 'ELSE' 2;

44y ' VEND! . ..

4uy tELSE

a1y 1BEGINT 'COMMENTY (R) , AT (R) 3

411 MODE:= *IF!' INDIRECT *THEN' 7 'ELSE' 1; . ’

412 YIFYVALUE>B{T16+7v (VALUE<RI TL6AVALUE>7) 'THEN' ERR2(YREGISTER > 7 T omyy
413 REG:= AND(VALUE, BIT16=1);

414 VALUE:= 0)

41> MARKER := MARKER + 1;

62



452
498
454
435
456
457
424
459
460
461
462
463
464
4695
466
467
468

469

4/u
473
472
4/3
474
4/5

- 8
‘END*
1ENDY
YELSE' 'BEGIN' 'COMMENT' E(R), CE(R), E, R}
VALUE = EXPR(MARKER);
VIFYLEXIMARKER=1) = OPEN
YTHEN!
*BEGIN'
TMP3I= EXPR(MARKER);

VIFY LEX[MARKER=1]) % CLOSE 'THEN' ERR2("CLOSE PAREN MISSING ")}

MARKER ¢= MARKER + 1;
MODE:= tiF' INDIRECT 'THEN' 7 'ELSE' 63

VIFTTMPOBITL6#7v(TMP<BITLEATMP7) ' THENYERR2 (YREGISTER > 7 "3
REG:S AND(TMP,BITL6-1);
VIFY VALUE 'GE' BIT16'THEN' ERR2("TRUNCAT!ON ERROR "y
TEND! -
'ELSE' *|F' vALUE 'GE' BITL6
tTHEN' -
'BEGIN'
" MODE iz *IFY INDIRECT *THEN' 3 'ELSE' 0; .
REG t= =(BIT16=VALUE)} :
t1F' REG > 7 'THEN' ERR2("REGISTER > 7, LR .
!ENDI
"ELSE® 'BEGIN' MODE &= 'IF' INDIRECT 'THEN' 7 'ELSE' 6}
REG:= '

'ENDI
_TEND? 4
1ENO' OPERAND:

YINTEGER' 'PROCEDURE' EXPR(MARKER)}
'INTEGER' MARKER; . ’
*BEWIN' TCOMMENT+ EVALUATE AN EXPR STOP WHEN COMMA, RIGHT
PAREN, OR NEXT SOURCE TEXT LINE SCANNED;
" INTEGER® VALUE,CHAR,TMP;
TMP$= VALUE:=z 03
Y1FY MARKER > LAST *THEN' ERR2("MISSING UPERAND ")
CHAR:= LEX[MARKER]:
PIFY CHARZ PLUS v CHAR= MINUS 'THEN' 'GOYvo' TERM;
'"{F!' CHARSPERCENT v CHAR=zPOINT 'THEN' 'GUTO' SYM;
*IF' CHAR=COMMA v CHARSOPEN v CHAR=CLOSE + CHAR<BITL6 'THEN'
TIFY CHARZ131135 *THEN' ERRZ2("PARITY ERRUR - "3

YIFY CHAR < BIT17 'THEN' 'GOTO' SYM 'ELSE? ERR2("BAV CHAR N EXPR AR

YCOMMENT' JDENTIFIER, PERCENT OR DOT EXPECTED HERE;
TERM: WNARKER := MARKER + 1;
. 8YMI CHARI= LEX[MARKER]S
YIFY CHAR=13113%5 'THEN' ERR2("PARITY ERRUR LF F I
YIFY MARKER > LAST 'THEN' ERR2("MISSING OPERAND ");
'IF! CHAR= PERCENT 'THEN' 'BEGINY TMP:= u3|T16;

ERR2("M1SSING OPERAND

B

Y1F' CHAR<BITL6 v (CHAR>BIT17? ~ CHARPOINT ) 'THEN' ERR2("SYNTAX ERRQR IN EXPR");
TMP2:= ' IF!' CHAR=POINT 'THEN' I1LC 'ELSE' aND(SYMBOL TABLE([3 # (CHAR<BIT16)), BIT18~1);

TIFY AHD(TMP), BiT17) 'NE' 0 'THEN' ERR2(WUNDEFINED SYMBOL

YIFY TMP22 BiT16 'THEN' 'BEGIN' TMPI= Biy163 TMP2:= TMP2+«B|T16

TEM:= LEX(HARKER-;];
OP: '"IF' TEM= PLUS 'THEN' VALUE:!=z VALUE % TMp2

YELSE! YIF' TEM= MINUS 'THEN' VALUE®= VALUE «('IF' TMP2=0 'THEN' 0

YELSE' " F' TEM= AAND 'THEN' VALUE:= AND(VALUE,TMPZ)
TELSE' '|F' TEM= OOR *TmEN' VALUE!= OR(ValLUE, TMP2)
JTELSEY tF' TEM=PERCENT 'THEN'! 'BEGIN' TEMISLEX(MARKER=2);

"IFYTEM=PERCENT Y THEN'ERR2("TOO MANY PERCENT

")
YEND'}

TELSE? 65536 = TMPD)

")

MARKER:= MARKER # 1; CHAR:® LEX[MARKER) 'END';

WYIELSE 'GOTO' OP3
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476 TEND?

477 "ELSE' 'BEGIN' TEMi=z PLUS} 'GOTO!' OP *gEND'S
478 PIFY VALUE=0 *THEN' VALUE =03

449 *IFY VALUE 2 BiT16 '"THEN' VALUE 1= AND(VALUE,32767)3

480 MARKER:I= MARKER + 1

481 CHAR 3= LEX{MARKER];

482 '1F' CHAR$COMMA ~ CHAR$OPEN ~ CHARZCLOSE & CHARZ BIT16 'THEN' YGOTO' TERM;
483 ' EXPRI= VALUE + Tmp}

484 MARKEK:= MARKER + 1

‘445 TENDY EXPR; .

456

48/

LYY

q¢9

4y(

4y2
494

Ay 0

4y / TCOMMENT?Y IN|TIALIZE THE ASSEMBLER}
49 BEGTIM = TIME,

4yy LOWEST ADDRESS = 10
S¢0 TOOBIG:=10ADDR; ECTR
Sul CURRENT BLOCK = =13 :
592 TEXT PAGES ON DRYM tz= NEXT PAGE 1= 03

Su3 END WAS MISS|NG := 'FALSE!

B4 STARTING ADDRESS = 2563 '

Su> PRIMEQP = 3073

5u6 CHAR:=F IRST:ziLC:= 1 I=NEXLEX I3 IDNISHASHISTMP taTMPL I8 TMP2I=TMP I = TMP4 S aNEXTI 1 sPREVINDEX ! =OPCODE : REXTRAWORDS 180}
507  EMPTYI=MAXEXTRAS:=COMMA CTRIaNEXTEXTi=LASTSz=0; '

5u8 BIT7:= 1283 BIT14:= 16384; BIT16:= 65536:B1T17:3131072; BIT18:2262144} BiT19:=524288; BIT22::4194304;

5u9 ASS1GNI=LIVE ONE = ODD := 'FALSE'}

(03 HIGHEST ADDRESS := N} o Y
0; MIDDLE := 'FALSE";

510 ESCAPE iz ~27;

511 L€t 2563 NEXLEX =z 13 POS = (; NEXT3 :=20; PRIME := 137; T
512 EMPTY 1= 13

513 YFOR! 1:= 4 +STEP' 1 *UNTIL' PRIME 'DO' AUX[.):= 0}

Si4 TFORY 432 1 +STEP' 4 *UNTIL® SYMBOL TABLE $12E 'DO'SYMBOL TABLE({!}:=0;

515 YFOR' 13= 4 *STEp' 1 'UNTIL' MAXLEX 'DO' LEX(1)t= 0: o )

516 NEXTEXT:=13 PAD = 127; CPTRI=1}

5.7 PASSTWO:i= 'FALSE; ” oo
518 CR SYMBUL:= 1343 LF SYMBOL:= 135; NC SYMBOL:= 119; COMMA SYMBOL:= 87;

519 SEM! SYMBOL !z 91% POINT SYMBOLI= 88; SPACE SYMBOL!=z 03; COLON sYMBOL:® 903
520 HATCH SYMBOL:= 125 AT SYMBOL:!= 128} OPEN SYMBOL!=z 98; CLOSE syMBOL!=99;-:
521 . PLUS SYMBOL:= 64; MINUS SYMBOL!= 65; AND symuoL:s 1233 OR SYMBolLis 129; ~— ~~ ~—— w0~

82¢ PERCENT SYMBoL:= 132; €Qual SYMBOL = 70; : s

523 COMMAA I =CONNASYMBOL+BIT17; PUINT:=POINTSYMBOL+BITL7; HATCHI=HATCHSYMBOL+BITL73 ATI=ATSYMBOL+BITL7}
524 OPEN!ZOPENSYMNBOL+BIT17; CLOSEISCLOSESYMBOL+BiT17; PLUS:=PLUSSYMBOL+BITL7; MINUSSSMINUSSYMBOL+8ITLY;
525 AAND izANDSYMBOL+BITL7; COR:IsORSYMBOL+BITL17; PERCENTI=PERCENTSYMBOL+BIT47$ oo ‘ ’
Sz¢ TFOR' Qi=y *'STEPr 1 *UNTIL' 20 'DO' ALREADY USED(Q] t= 'FALSE!;

57

FEE) ' COMMEN
52¢% DN $=

' PRE LOAD THE SYMBOLS PRS, PRB, PPS, PPB, TPS, TPB, PR}
3 ipl4) iz 1p{5) = 1D[6] i= PAD3

T
3
550 1olLY 1= 25; 10(2) := 2753 10{3) = 28;
551 SYMdOL TABLE[3#LOOKUP(U)] = I0ADDR;
sz 10{$) = 11; SYMBOL TABLE[I#LOOKUP(J)) a3 10 ADDR + 2;
553 1002) ¢= 25; iD{3] := 28; . SYMBOL TABLE[S#LUOKUP(J)] :% |0 ADDR + 4;
534 | ID[S) t= 11; SYMBOL TABLEI3#LOOKUP{J)] = 1y ADDR + 6;
535 10fLY 1= 293

ID{3) = 28; SYMBOL TABLE([3#LOOKUP(J)}] := 10 ADDR + 8;

L€
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536 1008) = 11; SYmBOL TABLE[3#LOOKUP(J)] i= 10 ADDR + 10}
537 1004) 8= 257 10{2):=218; 1D[311327; SYMBOL TABLE(S!LOOKUP(J)].nlOADDR¢1p;

5358

v8Y *COMMENTY SKIP FORWARD UNTIL A ,TITLE LINE s SEEN}

5490 VFOR' | t=® 4 'STEPY 4 'UNTIL' & DO

541 YTEEGIN' ID[!] := RESYMBOL;

542 YEFY ID{1) = ~ 4096 'THEN' END OF RUN

543 TEND'

544 DN i= 6;

545  SEEK: '|F' 1D{1)=POINT SYMBOL A ID[21229 a D[31518 A 1D[4)=2290 & ID{51221 ~ 1D{6]=14
546 1THEN' YBEGIN' CHAR = RESYMBOL]

547 . *FOR?' CHAR := NEXTSYM 'WHILE' CHAR ¢ CR SYMBOL 'DO' }

549 LEXT1) = I1LC;

54y LEX[2) &= 24#BIT10;

550 NEXLEX $= 33

551 TEND?

552 *ELSE' 'BEGIN' 'FORY 'Its1 'STEP® 3 'UNTIL' 5 'DO* 1D[I} = 1D[1+1});

554 iDl6) = RESYMBOL; :
554 o . *IFY 1DL6) = =4090 'THEN' END OF RUN 'ELSE' 'GOTO' SEEK
5535 ] TEND';

556 '

5o/

EEY] )
559 .

Sol

561 TCOMMENT' MAIN LOOP OF PASS) BEGINS HERE; ’ .
262 YCOMMENT' EVERY L INE OF SOURCE TEXT, INLCUDING BLANK LINES, CAUSES ANENTRY OF AT LEAST 2 WORDS TO BE MADRE ~

563 IN LEX, THIE FIRST CONTAINS THE ILC, THE SECOND THE OPCODE;

564  NEWCARD! FIRST:i= NEXLEXS

565 LEXIFIRST:=1LC; LEX{FIRST+1]:=20%B17163

506 OLDILC iz TLC:

567 OPCODE:=2); MAXEXTRAS:=3;

568 LIVE ONE:= ASS5IGN:is ATRAR it ASSIGN ERR t= PERCENT SEEN:='FALSE";

569 NEXLEX t= FIRST + 25 *I1F' NEXLEX > MAXLEX 'THEN' FATAL;

57v COMMA CTR:= 03

571 EXTRA WORDS:= 03

D72 PASS1: CHARI=z NEXTSYM:

273 'iF' CHAR = SPACE SYMBOL '"THEN' 'GOTO' PASS1} ) ’

574 fiFY CHAR = CR SyMBOL 'THEN' 'GOTU' CwRETS

575 tIFY CHAR = SEMI SYMBOL 'THEN' 'GOTO' EAT COMMENT; .

576 'IFY CHAR 'NE* POINT SYMBOL ~ (CHAR < 108 v CHAR > 35) '"THEN' ERR(1)3 -
57/ 'COMMENT' MUST BE LABEL OR OPCODE;

578 GET 1D; o -
579 'COMMENT ' CHAR NOW CONTAINS FIRST GHARACTER AFTER 1D3

58U . .

581 SKIP: *1F' CHAR = SPACE SYMBOL 'THEN' 'BEGIN' CHARIz NEXTSYM; 'GOTO' SKip vENDVY - -
bde tCCHMENT ! COLON MEANS THE IDENTIFIER.WAS A LABEL}. , e e e et e
583 *IF' CHAR = COLON SYMBOL ) )

584 *THENY 'BEGIN' EAT LABEL} 'GOTO' pASSL 'END' - e
545 YELSEY t1Ft CHAR = EQUAL SYMBOL 'YHEN!

b86 *BEGIN' ASSIGN:= 'TRUE'S

Su/ CHAR = NEXTSYM

588 : t1F* 1Dr1) = POINT SYMBOL »~ I1UN = 1

589 YTHEN' LEX{FIRST+1):=B1T16#22 h B .
590 YELSE? 'BEGIN' LEX[FIRST#1) 1=z BITL6#22 ¢ LOOKUP(TMP);

5yl VIFY AND(TMP,B1T17) = D 'THEN' ERR(5); ~

592 TEND' 3

593 tEND Y

594 *ELSE+ OPLOOKUP:

595 - *1F' OPCODE = 24 '"THEN' 'GOTO' EAY COMMENT;

cE



596
S5y/
598
599
&1
b1:1
éu
6U3
éu4
6ub
6ud
645/
6uB
ouYy
6LU
611
612
61$
614
612

61/
6148
&Ly
6240
621
622
6235
624
623
6206
627
[-F2-]
629
63¢
651
652
653
654
659
6356
637
[-81-)
639
(230
641
64¢
643
644
645
640
647
64b
649
690
651
652
603
654
655
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"COMMENT' PROCESS THE OPERANDS;

GOPLR: viF? CHAR = SPACE SYMBOL ‘*THEN' 'gEGIN' CHAR!=NEXTSYMS 'GOTO!' ‘GOPER 'END';

t1FY CHAR

CR SYMBOL 'THEN' 'GOTO* CARET:;

tCOMMENT® CHECK TO SEE IF THIS 1S THE ,ASCII PSEUDO OP, if SO THE DATA CHARACTERS MUST BE PACKED ;

*IF' oPCODE = 7 fTHEN!
*BEGIN' TEM = CHAR;

*FOR' CHAR!=NEXTSYM 'WwHILE' CHAR ¥ CR SYMBOL 'DO?
YBEGIN' TMP4 t= Y[CHAR];

ViFY CHAR = TEM
'THEN' "BEGIN'

YEND!
"ELSE* 'BEGIN!

TEND'S
YEND'
ERR(b)
1END Y

EXTRAWORDS =(EXTRAWORDS+1)'piv?t 2;
NEXLEX t= FIRST # 2 + EXTRA WORDS}
'GOTO' EAT COMMENT;

TMP1i= FIiRST + 2 + EXTRA WORDS *'Div*2:

LEX[TMP1] =7 IFYEVEN(EXTRAWORDS) &1 N
TTHEN'123#BITL6+TMPATELSE'LEX{TMPL1 ) +256%TMP4};

EXTRA WORDS = EXTRA WORDS + 1; i

N

YiF!' CHAR = SEM! SYMBOL 'THEN' 'GOTO' EAT COMMENT;

*1FY CHAR < 10
' THEN?

'ELSE?

1ELSE?

YBEGIN' GET INT}
LEXINEXLEX)}:= BIT1i6 + LOOKUP(TMP);
NEXLEX:S NEXLEX * 13
"iFY NEXLEX > MAXLEX 'THEN' FATAL:
LIVE ONE := *TRUE";

1END?

*1F' CHAR < 36 'THEN!
'BEGIN' GETIDS
LEXINEXLEX) 2 BIT16 + LOOKUP(TMP); T
YU FT AND(TMP,BIT16)= 0 'THEN!
L«VE ONEt=z 1TRUE'; .
MEXLEX$T NEXLEX *+ 1;
ViFY NEXLEX > MAXLEX 'THEN' FATALS
TEND! .

*BEGINY TCOMMENT' IT IS ONE OF THE SPECIAL CHARACTERS}
ViR YCHAR=4 33 THENY CHARI=AT SYMBOL'ELSEY ' IF'CHARZ80* THEN 'CHARI =ANDSYMBOL
'ELSEY 1IF' CHARz79 'THEN'! CHAR!=OR SYMBOL; .
*1F' CHAR=PERCENT SYMBOL 'THEN' PERCENT SEEN t= 'TRUE'S
LEXINEXLEX)$= BIT17 + CHAR;
YIF' CHAR = GOMMA SyMBOL 'THEN!
YBEGIN' 'iF' PERCENT SEEN 'THEN' LIVE ONE i= 'FALSE'S;
: YIFY LIVE ONE 'THEN'EXTRA WORDS =z EXTRA WORDS + 13
LIVE ONEl= tFALSE'}
COMMA CTR:= COMMA CTR + 1 $
PERCENT SEEN = 'FALSE'}
VIFYLEXINEXLEX=1]1=CLOSE ~ ATPAR 'THEN' EXTRA WORDS i® EXTRA WORDS + 13
ATPAK = 'FALSE'S
TEND '} . '
ViF' CHAR=CLOSE SYMBOL 'THEN' LIVE ONE := 'FALSE®;
NEXLEX:= NEXLEX + 1;
' F' CHAR=z PUINT SYMBOL 'THEN' LIVE ONE sz 'TRUE'}
*VF' CHARzZOPEN SYMBOL ~ LIVE ONE 'THEN' EXTRA WORDS 3= EXTRA WORDS + 1}

‘

€e
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656 : YiF! CHAR = OPEN SYMBOL ALEXINEXLEX«2]=AT 'THEN' ATPAR $2 'TRUE';
657 ViF't NEXLEX » MAXLEX 'THEN' FATALS J
690 CHARS= NEXTSYM;

6oy TEND';

66U *GOTO' GORER} .

661 EAT COMMENT: *IF' CHAR % CR SYMBOL'THEN' 'BEGIN® CHARIZNEXTSYM; TGOTO'EAT COMMENT tEND'S

€62 ‘

668

654

t62 CARET: tift ASS|GN

666 PTHEN®

66/ *BEGIN' MARKER !z FIRST + 23

668 LEX[NEXLEX) 3= O3

ooy LAST !z NEXLEX = 1}

6/U TMP t= EXPR(MARKER)S

671 TMPL =2 AND(LEX(FIRST+1),B1T16=1);

6/2 'IFY TMPL = 0 YTHEN' 1LC 3= TMP 'ELSE' SYMBOL TABLE([3IaTMPL] iz TMP;

675 YIFY TMP1z0 A TMP 2BIT16 sTHEN' ERR{12)}

6/4 NEXLEX !z FIRST + 2 ;7 LEXINEXLEX]:s0;

675 . YEND! ,

6/0 tELSE!

6/7 s TIF' MAXEXTRAS $ 3 'THEN?

6/a . . YBEGIN' 'IF' PERCENT GEEN 'THEN! LIVE ONE ta 'FALSE'}

679 ) t1Ft LIVEONE +THEN' EXTRAWORDSISEXTRAWORDS+13

680 : PIFPLEXINEXLEX=1)8CLOSE 4 ATPAR 'THEN' EXTRA WORDS !s EXTRA WORDS +1}
6u1 . . TMP:=tiF' COMMA CTR>Q'THEN'COMMACTR+L 'ELSE' ' {F'NEXLEXSFIRST+2 " THENYQ'ELSE 1}
652 » TIFY THP > MAXEXTRAS'THEN' ERR(7)} '
T3] YIFY TMP < MAXEXTRAS ¢THEN' ERR(14);

684 ) t1F'OPCODEF24 1 THENT ILC 1tz 1LC + 2 .+ 2#EXTRAWORDS}

685 VIFrOPCODE=Q Y THEN' 'GOTO' PASS2}

646 TEND

68/ TELSE' .

6ub YBEGIN' 'I1F" OPCODE = 5 'THEN' ILL = ILC + 2 # (COMMA CTR*1)

689 YELSEY 'IF' OPCODE = 6 'THEN' ILC = (LC + COMMACTR4]

690 YELSE' 'IF' QPCODE = 7 'THEN' ILC = ILC + EXTRAWORDS

691 YELSE? 'IF' OPCODE = { 'THEN' I1LC iz OLDILC2

692 'ELSE' '1F' OPCODE =23 'THEN' 1LC =z ILC + 2#(COMMA CTR + 3)

693 'ELSE' 'IF' OPCODE = 8 ~ EVENCILCY) 'NE' 1 *THEN' fLetm 1LGC » 1

694 YENDY; ' B

(-3 VIFY 28(1LC'DIV'2) & TLC 'THEN' JLC ;= 1LC & 13

60 *IFY ASSIGN ERR 'THEN' ILC 3= (LG = 2; -

697 MIDDLE t= 'TRUE';

698 *IF* OPCODE>11 ~ OPCODE<1B 'THEN' ILC 3 OLDILC + 2;

699 *TFY 1LC < LOWEST ADDRESS 'THEN' LOWEST ADDRESS := {L(: :

UL YIFY HLC > MIGHEST ADDRESS *THEN' HIGHEST ADDRESS != (LG} R i .
701, 'GOTO! NEWCARDS : ]

IUZ . ‘ - ‘ . o —_——t e e v ——— 1

708 .

7u4  END MISSING: END WAS MISSING iz 'TRUE'} LEX{FIRST+l) 1z 98BIT16;: 'GOTo' PASS2;

70% : :

706

207 . PRI

708 : ) ..

709 . . - . e e . .

7190 :

711 - o e . . = ) -
712 : :

718

714

715 : o

"E
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716 YCOMMENT' IN|TIALIZE SECOND PASS OF THE ASSEMBLER;

717 PASS2:

718 ’ YIFt POS=1 'THEN!' TEXTINEXTEXT):=8I1T16#NEXTI+257CRSYMBOL

719 tELSE' '1F! POS=2 'THEN' TEXT{NEXTEXT) != 258#NEXT3 + CRSYMBOL

720 TELSE' TEXTINEXTEXT)] s (BITL16+2%6+1) # CR SyMmsolLs

721 NEXTEXT?= POS:z LAST!= 03 PASSTWO:= 'TRUE';

722 PRINTTEXT(" ERROR MESSAGES ADDRESS INST IMMEDL  IMMED2 SOURCE STATEMENT"): NLCR} NLCR3
723 ’ '"COMMENT SEF IF THE DRUM YAS USED FOR SYORING TEXT, IF s0, WRITETHE LAST BUFFER LOAD OuT, AND BRING IN THE FIRST}
744 'IFY TEXT PAGES ON DRUM § 0 *'THEN?

7¢2 T"BEGIN' TO DRUM(TEXT,TEXT BUFFER SIZE#TEXT PAGES ON DRUM);

726 FROM DRUM(TEXT,0)}

727 TEXT PAGES ON DRUM 1= TEXT PAGES ON DRUM +

728 YEND';

729 'FORY [3:= D'STEP+* 1 tyUNTIL' BLOCK SIZE = 4 'DO' CODE BUFFER[1}:320} .
73u 'COMMENT: SEE IF DRUM WiLL BE NEEDED FOR OBJECT CODE, IF s0, ZERO THE NEEDED PAGESS
781 "IFY MIGHEST ADDRESS 2BLOCK STZE 'THEN!

732 'BEGIN' *FOR' 13z ¢ 'STEP' 1 'UNTIL' B8 'DC' TO DRUM(CODE BUFFER, |%BLOCK SIZE+OFFSET)}
738 TEND ' ' .

7354

745 *COMMENT' MA!N LOOP OF PASS TwO3}

758 : .

787 SETUP: FIRST:= LAST + 13

738 LAST!= F|RST + 2;

739 TFORY tiz.| *WHILEY' LEX[LAST] 'DtV' BiT1o6 'NE' 0 'DO' LAST:= LAST « 13 ,

740 LAST!® LAST =1 .

741 1LCs= LEX[FIRST];

742 MARKER:= FIRST + 2;

743 OPCODE = LEXIFIRST + 1] 'Div' BIT16;

744 "1F' OPCODE = 0 *THEN' OPGCODE 1= 03

745 INST = «{BIT16%JPCODE = LEX[FIRS5T+1});

746 *GOTO' TYPE[OPCODE]; /

747

746

74y

79u

751 CANT? PRINTTEXT(#CANT GET HERE, THIS MESSAGE WILL NEVER BE PRINTED")S
702 LISTING(D); . .

753 .
794  WORD: TIMiz |LC;

755 INSTiz EXPR(MARKER);

756 EMIT(TIN, INST)}

757 Y1FY LEX{MARKER=1]1 < BiT16 *THEN' LISTING(1)}

758 TiMis Tip o+ 23 ’

759 DATALli= EXPR(MARKER);

7ol EMIT(TIM,DATAL)S

761 YIFY LEX[MARKER=1)< 81T16 'THEN' LISTING(2)% - N o .
762 TiMiz TIM + 25

763 DATA2:i2 EXPR(MARKER); ’ ) e

764 EMIT{TIM,DATAZ)} .

765  WOOP:! ¢ F' LEX{MARKER-1) < BiIT16 'THEN' LISTING(3)} N ’ a T
766 TiMtz Tim + 23 '

767 TMP1:s EXPR(MARKER);

70t EMIT{TIN, TMp1d:

76Y 'GOTO' WOOP;

770 T

772 o

772  BYTE: 'FOR! 1tz 1 'STEP' 1 'UNTIL' 6 *0DO* ipitits 03

778 IDN = 03

714 'FOR' (Dn t= IDN 4+ 1 'WHILE' MARKER g LAST « IDN g 6. 'DO!

775 . 'BEGIN' ID[IDN] t= EXPR(MARKER);

43



776
777
778
779
780
781
782
7838
784
74>
786
787
768
78y
790
791
79¢
798
794
795
796
797
798
79%
80v
8ul
- 11¥4
Bud
804
BuY
8y
8u7
8un
8uy
81u
811
812
813
814
-58-]
816
81/
818
819
820
821
822
823
824
825
820
827
828
829
830
831
832
883
834
Bs>
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*1F* 1D[ION)>BITL6' THEN' ERR2("REGISTER NOT ALLOWED"™)}
YIFY ID[IDN}»255 YTHENTERR2("TRUNCATION ERROR "y
TEND '

ION 3 IDN = 13

VIFY IDN = 0 YTHEN' ERR2(YADORESS FIELD EMPTY ")

INSTi= 286 # 1D{2) + D{11;

DATALI= 256 » 1D{4]) + 1DI[3])

DATA2:=256 & ID[6) + 1D({S}3

TAFY IDN 'GEr 1 'THEN' EMIT(ILC, INST)

YIFY IDN YGET 3 C*THEN' EMIT(ILC + 2, DATA1):

TIF' IDN 'GE' 5 'THEN' EMIT (ILC + 4, DATA2)S

{33 1LC + 43
TFOR' 131zt+2 'WHILE' MARKER g LAST 'DoO!
TBEGIN? TMP1i=TMP2i2 0

TMP1 := EXPR(MARKER);

"IF' MARKER § LAST 'THEN' TMPZ2i=EXPR{MARKER)}
EMIT(1,2566TMP2+TMPL)

YEND '} . :
LISTING(*tF* IDN>4*THEN'J 'ELSE' |I1DN+1 312)3

ASCII: 1DNI= LAST = FIRST=13
INST:® LEX[FIRST + 2] = 23 « BIT16;
DATAL= LEX[FIRST + 3] « 23 «# BIT16;
DATA2:= LEXIFIRST + 4] = 23 » BIT163 -
"IFY IDN 'GE' 1 YTHEN' EMIT(ILC,INST);
TiFt IDN 'GE* 2 *THEN' EMIT(ILE + 2, DATAl):
TIFY IDN.'GE* 3 *THEN' EMIT(ILC + 4, DATA2)}
TIFY 1ON CLE® 3 *THEN® LISTING (IDN);
YFOR' 1t= FIRST « 5 YSTEP' 1 'UNTIL' LASY 'DO?
EMIT(ILC + 1 = FiRST, LEX[!] = 23 # BIT10)}
LISTING(3)

IVEN: LISTING(O);

END? YIF? END WAS MISSING '"THEN®
YBEGIN' PRINTTEXT(" END WAS MISSING ")3 OCTAL(256);
SPACE(36); PRINTTEXT(Y,END 400%): NLCR;
ECTR 12 ECTR ¢ 1}
'6OTO' EXECUTE;
'END';

VALUE :=EXPR(MARKER); 'IF' VALUE 2TOOBIG'THEN' 'BEGIN' VALUE:=256; ERR2("ERR IN START ADDR

SPACE(22)5 OCTAL(VALUE); SPACE(26);
STARTING ADDRESS := VALUE:;
LISTING(Q);

BINARY: OPERAND(MODE,REG,VALUE)}
1ONs= 15
INSTIE INST + 512 # MODE + 64 & REG; )
YIFY (MODE > 5) v (MODE=z 2 a REG= 7) v (MODE®=3 ~ REGs7) 'THEN?
*BEGIN' (DNiIz 1DN + 13

DATAL3= 1IF' MODE > 5 ~ REGz 7 'THENM' VALUE=ILC=1DNeIDN 'ELSE' ~  VALUE}
TIF' DATAL €.0 *'THEN' DATA1:265536+DATAL *ELSEY *IF' DATAL=Q "THEN' DATAL = 03
YEND?; ,

OPERAND(MODE,REG), VALUE)
INSTS= INST + 8 & MODE + REGS
YIFY (MOCE > 5) v (MODEz 2 ~» REGz 7) v (MODE= 3 A~ REGE 7) »THEN!
f *BEGIN' (DNiz 10N + 13 .

‘wy YEND'}

9t



836
8/
838
849
840
841
8ag
849
844
B45
846
847
b4y
84y
804
Bnl
82
893
824
855
556
Bo7
858
-}-3
8oL
861
174
863
Bo4d
8ev
-]
867/
868
809
87y
8/1
8/2
8/3
874
8/v
876
877
878
8/%
880
81
[-2-¥4
883
884
Bd>
-1.1)
8u7
8uo
889
89y
By
8y¢
893
894
89>
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DATA2!z tIF' MODE > 5 A~ REGz 7 'THEN' VALUE=ILC=IDN=|DN ‘ELSE?

YIFY DATA2 < § 'THENY DATA2:=65536+DaTA2 'ELSE' 'IF' DATAR=0 'THEN!

PIFY IDNz 2 'THEN' DATAL:= DATA2
YEND
EMIT(ILC, INST)
YIFY IDN > 1 'THENY EMIT(ILE + 2, DATA 1)
YIF' IDN > 2 'YTHEN' EMIT(ILC + 4, DATA2);
LISTING(DN);

UNARY! OPERAND(MODE,REG,VALUE);
1ONs= 13
INST:= |NST + 8 # MODE + REG;
YIFY (MODE > 5) v (MODE= 2 ~ REG= 7) v (MODE= 3 A REG® 7) tTHEN!
VBEGIN' [DNIz IDN + 13
DATAL%= *tIF' MODE > 5 ~ REGz 7 'THEN' VALUE = 1LC=IDN=IDN

YEND Y

EMIT(ILC, INST)

YIFY OIDN > 1 'THENY EMIT(ILC + 2, DATAL)Y;
LISTING(1DN); ’

NOOP: EMIT(ILE, INST);
LISTING(1);

TRAP! TMPI= EXPR(MARKER);
t1Fr TMP 'GEr B1T46 '"THEN' ERR2("REG NOT ALLOWED "33
VIFY TMP 2 256 'THEN' ERR2("TRUNCATION ERROR ")s !
INSTI® INST &+ TMP;
EMIT(ILC,INST)
LISTING(1);

BR: TMP:= EXPR(MARKER); )
TIFY TMPy BITL6 'THEN' ERRZ2("BR TO REG ILLEGAL "y
YIFY EVEN(TMP) 'NEY 1 'THEN' ERR2("BR To 0DO ADDRESS ")
TMP1:& (TMPw{LC=2) D)Vt 2; ’
YIFY TMPL > 127 v TMP1 < =128 'THEN' ERRZ("TOO FAR "}
INST:E {NST +('IF* TMP1l (1GE!' 0 *THEN' TMpi YELSE! 286 + TMPL)}
EMIT(ILC, INST); .
LISTING(1)3

RTS: TMPi= EXPR(MARKER):
VIFY TMP > B1T16 'THEN' TMPi=z TMP=BIT16;" Coe
YiIFY TMP > 7 'THEN' ERR2("REGISTER > 7 B o
INSTI® INST + THMP;
EMIT{ILC, INST);
LISTING(1);

MUL?  OPERAND(MODE,REG,VALUE) S
YiFr LEX[MARKER) & OPEN 'THEN' ERR2("FIELD 2 MUST BE REG ") i
TMPL = EXPR{MARKER);
YiIFY TMPY < glT16 *THEN' ERR2("FIELD 2 MUST BE REG ")}
MULLS TWPl iz TMpi = BIT163-
YIFe TMPL > 7 'THEN' ERR2("REGISTER > 7 ")
INST:!= 11'ST 4+ 64 # TMPL « B # MODE + REG;

VALUE}

'YELSE'
TIFY DATAL < 0 *THEN' DATAL:=65536+DaTALl 'ELSE' tIF' DATALs0 'THEN!

DATA2

1= 03

VALUE}S
DATAL

= 03

Le
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By EMIT(ILC, INST);

897 YIFY MODE > § v (MODE=z 2 A~ REG2 7) v (MOUE= 3 ~ REG= 7) .

By TTHEN' 'gEGIN' DATALl= '"IF' MODE > 5 ~ REG® 7 'THMEN' VALUE-!LC=4 TELSEt VALUE}
899 EMIT(ILC+2,DATAL)

U0 YIFY DATAL <€ 0 'THEN' DATA1:=65B36+DATAL '*ELSE' 'IF' DATAL320 "THEN'! DATAL := 03
9ul LISTING(2)

oy ) TEND?

9y TELSE' LISTING(1);

Yué

9y )

LA MARK: TMPi= EXPR(MARKER);

917 YIFY THMP > 63 'THEN' ERR2("NN MUST BE 1-03 ")

918 ) INSTS2 INST + TP}

949 EMIT(ILC,INST);

910 LISTING(1)}

911

9ie : . J T
913 $08: K = EXPR(MARKER):

914 YIFY K & BITi6 *THEN! ERR2(YFIELD 1 MusT BE REG ");

91> YIFt K > BIT16 + 7 'THEN' ERR2("REGISTER > 7 ")

916 TMPL = EXPR(MARKER); R . . e
9.7 TMP2:2 =(TMP1=1LC=2) DIV’ 2}

916 *IFY TMP2 < g .v TMP2 > 63 'THEN' ERR2("Tuo FAR o “) -

919 INST $= |NST + 64 # (K=BITL6) + TMP2; ’

Qe EMITCILC, INST);

921 LISTING(1);

92¢

923

924 *COMMENT' JSR PC, SUBR:
925 JSR: OPERAND{(MODE,REG,K);

926 YIFY K 2 BIT16 'THEN' K i3 K=BIT16;

927 'IF* MODE $ 0 v K>»7 'THEN' ERRZ2("F{ELD 1 MUST BE REG ")} B

928 OPERAND (MODE ,REG, VALUE) }

929 PIF' MODE = 0 'THEN' ERR2("JSR TO REG ILLEGAL ");

9Su IDN $= 1; ) N .

951 '1FY (MODE>5) v (MODE=2aREG=7) v (MODE=JAREG=7) fTHEN'

93¢ *BEGIN' IDN = IDN + 1 »

933 DATAL t= 'iF' MODE > 5 ~ REGa7 'THEN' VALUE=!LC«4 'ELSE'VALUE;

954 "IFY DATA1<O 'THEN' DATALI=655364«DATAL 'ELSE' 1(F' DATAL =3 (0 "TWHEN' DATALl 1203
935 1END Y ; :

956 INST iz |NST + H4#K + B#MODE « REGI o
957 EMITCILG, INST);

948 YIF' IDN > 1 'THEN' EMIT(ILC+2,DATAL): = -

939 LISTING(IDN);

940 S o e i e,

941 . )

942 TITLE: e R e N _
948  EMTY: SPACE(54); LISTING(O); .

944 . ; = e

94 ’

946 PLERR: *GOTO' E[|NST);

947  E1: ERF2( “FIRST CHAR OF LABEL ") )

948  ERQ: ERR2( "TAG FOLLOWED BY ? "y - )
949 £5: ERR2( "UNDEFINED SYM ON RHS"); B

950 E4: ERR2( “MULTIPLY DEFINED SYM"):

991 [4-H] ERR2( "Lhg ALREADY DEFINED ")

952 £6: ERR2( "OPCODE UNKNOWN “yy

908 £/ ERR2( "TOo MANY FIELDS ")

954  E¥: ERR2( "NO CLOSING DELIMITER");

950 [ ] ERR2( "1L¢ oODD ")

gc



956
957
42
I09
96U
961
962
969
964
965
966
967
968
969
9su
9/1
9s2
97§
974
972
Y76
977
9/8
Q7Y
Quu
[2-3%
982
L)
9u4d
96>
986
9y7
L2 L]
989
990
FARY
892
994
Yya
99>
9y6
997
S9y
99y
1000
1001
10ue
1043
10494
1065
1006
1007
i0ud
1009
1010
1011
1012
1013
1014
1015
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€10: ERR2( "8 OR 9 IN OCTAL NUM ");

E11: ERR2( "T00 MANY DiGITS "y .

12 PRINTTEXT("ERROR (N RHS OF EXPR"); SPACE(3I4)} ECTR iz ECTR + 1} LISTING(0)3
E13: ERR2( "OVERFLOW ")

£14: ERR2( “T0o FEW F1ELDS ")

PRINT: DATAL iz 1
DATAZ = EXPR(MARKER);
YIFY DATA2 2 BIT16 *THEN' ERR2("REG NOT ALLOWED wy;
EMIT(ILC, INST)
EMIT(ILC44,DATAR);

POOP:*1F' LEX[MARKER=1] < BIT16 'THEN' 'BEGIN' EMIT(ILC+2,DATAL); LISTING(3) 'END';
DATAL = DATAL + 1%
K iz EXPR(MARKER);
YIFY KaBIT16 'THMEN' ERRZ("REG NOT ALLOWED ")
EMITCILC+20DATAL+2,K) S
'GOTO' POOPS

CORE: OPERAND(MODE,REG,DATAL)} ' ,
*1F' MODE %6 v REG¥7 '"ThEN' ERR2("ADDRESS EXPECTED vy

OPERAND(1MODE,REG,DATAZ);
'IF' MODE $6 v REG$7 'ThEN' ERR2("ADDRESS EXPECTED "3 '
YIFY DATAL > TOCBIG 'THEN' ERRZ("FIRST F/ELD WRONG )3

VIFY DATA2 > TOOBIG ."THEN' ERR2("SECOND b I1ELD WRONG ")}
EMIT(ILC, INST);

EMITC(ILC+2,DATAL)
EMIT(ILC+4,DATA2)
LISTING(3); !

N
H
.
’

XOR: *1F' LEX{MARKER] = OPEN 'THEN' ERRZ2(“FIELD 41 MUST BE REG ");
TMP1 = EXPR(MARKER); . .
YIFY TMPY < BIT16 'THEN' ERR2("FIELD 1 MUST BE REG ");
OPERAND (MODE ,REG, VALUE )}
YGOTO' MULLS

EXECUTE: k . T

NLCR; NLCR3 ABSFIXT(4,0,ECTR); PRINTTEXT("ERRORS IN ABOVE ASSEMBLY "
ABSFIXT(8,0,TIME-BEGTIM); PRINTTEXT("SECONDS ASSEMBLY TIME ")

TENDY; :

TBEGINY 'COMMENT® THIS PART S AN INTERPRETER FOR THE POUP~11 HARDWARE}

YREAL ! BINWIDTH, B1T16, BYTE, ¢, CPU PRIORITY, DST, DST ADDR, DST INDEX, DST MODE,

b1, 111, INCR, INST TIME, INSTRUCT(ON, TYPED, J, K, L, LINECOUNT, LOWBIN,

NUM INTERRUPT SLOTS, OLD PC, OPCODL, ORIG SRC REG VAL, ORIG DST REG vAL, PC, PIR,
PPS, PSW, QUEUE NUMBER, SRC, SRC ALDR, SRC INDEX. SRC MODE, SRC OPERAND, SRC REG,
TPB, TRACEGROUP, v, VEC, WHOLE OST, 2, ZERO, PPB, TPS, INST, THMP3, INST COUNT,
NMODE( , NMODE1, NMODE2, NMODE3, NMODE4, NMNDES, NMOLEG , NMODET, N1MMED, NDIR, NPIC, NINTER, NADC, NADCB, NADD, NASL, NASLE,NASH,NASHC,
NASR, NASRB, NBCC, NBCS, NBEQ, NBGL, NBGT, NBHi, NBiC, NBICB,N3ls, N31S§, NBIT, NBiTe, NBLT, NBLE, NBLOS, NBMI,NENE,NBPL,NEPT,

NBR, NBVC, NBVS, NCLR, NCLRB, NCMP, NCMPB, NCOM, NCOMB, NCC, NDEC, NDECB,

ND1V, NEMT,

NMOV, NMOVB, NMUL, NNEG, NNEGB, NRLST, NROL, NROLB, NROR, NROR8, NRT|, NRTS, NRTT,

NTRAP, NTST, NTSTB, NWAIT, NXOR, NWMARK,Q1,Q2;

s,

DST OPERAND,

MAXPOS,
P IRWORD,
SPACER,

NSBC,

NHALT,

DST REG,
MAXWORD,
POINTER,
STACKLIMIT,

PRI

N, NEWLINE SYMBOL,
INDEX, PRE,

PR
T,

T*P,

TF¥PL,

TYLIN, CHAR RD,CHARPUN,

NSBCB,

" IREAL' BEGIN TIME, CLOCK, END TIME, LONG WAI1T, NEXT INTERRUPT TIME} 1PLE, E, MuLl} MuL2, MUL3, f!Mx. X3

NINC,

NsO8,

NINCE,

NSPL,

N1OT,

NSUB,

NJUNP,

NSWAB,

DONEBIT, ENABLE,FREELISTHERL,

s

PRS»

TVP2»

NJSR,

NEXT,

6¢
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1016
1047
2018
1019
1020
1021
1022
1028
1024
1025
1026
162/
1028
1029
1030
1091
1082
1058
1054
1038
1036
1087
1036
100y
1040
1041
1042
1043
1044
104%
1046
1047
1048
1049
1050
1051
1052
1003
1004
1005
1056
1057
10549
10vYy
1060
1061
10062
1063
1004
106>
1066
106/
10606
100%
1070
10/1
1072
1073
1074
1075
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*BO0LEANT DUPPER, POS DST, POS SRC, SUPPER, VYRACE FLAG,LASTCHARWAS119;
*INTEGER' 'ARRAY'M{=8iMAXCOREL2],
INTERRUPT VECTOR{1:16]), NEXT ON CHaIN[1:16), SPY[=1:128), TRINDEX({1:63), TRLIST{1:258},» FIRST SLOTI1:7})3
YREAL' 'ARRAY' INTERRUPT TIME(D116);
'INTEGER' PRS2, PRB2, PPS2, PPB2, TPS2, TPB2, PIR2} :
'SWITCH' INSTRUCTION TYPE i= OP (S 0, MOV, cup, BIT, BIC, BIS, ADD, OP 1S 7, Op 1S 8, MOVB, CMPB, BITB, BICBs BISB, SUB,FPT;
'SWITCH!' OP 0 SPLIT := MIXED, BRi, BR2, BR3, USR, ONE OPIESL, ONE OP(ES2, ILLEGAL} :
TSWITCHY MYXEDSPLIT := NOAD, JMP, MIXEDL, Swas, BR, BR, BR, BR}
ISWITCH' NOADSPL:T $= WALT, WAIT, RTI, BPT, ,nT, RESET, RTT;
'SWITCH' MIXEDLSPLIT := RTS, 1LLEGAL, ILLEGAL, SPL, CLRCC, CLRCC, SETCC, SETCC;
'SWITCH' ONE OPIESY SPLIT = CLR, COM, INC, pEC, NEG, ADC, SBC, TST}
'SWITCH' ONE OPI1ESZ2 SPLIT iz ROR, ROL, ASR, aSlL, MARK, ILLEGAL, !'LLEGAL, SXT;
'SWITCH! OP 7 SPLIT := MUL, DIV, ASH, ASHGC, EXOR, I(LLEGAL, 'LLEGAL, $SOB;
TSWITCH' 0P 8 SPLIT := B8R4, BRS, BR§, BR7, EMTTRAP, ONE OPIES3, ONE OPIES4, ILLEGAL}
'SWITCH' ONE OPIES3 SPLIT := CLRB, COMB, INCy, DECB, NEGB, ADCB, SBCB, TSTBS
'*SWITCH' ONE OP1ES4 SPLIT iz RORB, ROLB, ASRg, ASLB, ILLEGAL, I1LLEGAL, ILLEGAL, ILLEGAL}

.

'PROCEDURE' EVAL BOTH OPERANDS;
*COMMENTY BOTH OPERANDS ‘ARE EVALUATED, THE SOURCE ADDRESS, SOURCEOPERAND, DESTINAT!ION ADDRESS AND DESTINATION OPERAND ARE
STORED 'N SRC ADDR, SRC OPERAND, DST ADDR, :AND DST OPERAND-RESPECTIVELY, SUPPER (DUPPER) IS TRUE |FF THE SOURCE (DESTINATION)
OPERAND IS AN ODD NUMBERED BYTE;
'BEGINY SRC INDEX 1= ~SRC REG = 13 .

ORI1G6 SRC REG VAL := M{SRC INDEX]);

DST INDEX := -DST REG = 1} , Y

ORIG DST REG VAL := M(DST INDEX}; .

SRC ADDR := OPERAND ADDRESS(SRC INDEX,SRC MODE,ORIG SRC REGVAL)}

"IFY DST INDEX = =8 'THEN' ORIG DST REG VAL := M[~8);

DST ADDR = OPERAND ADDRESS(DST INDEX,DST MODE,ORIG DST REGVAL);

t*IF* SRC ADDR > MAXCORE *THEN' ERROR("SHURCE ADDRESS ouUT OF BOUNDS");

*IF? DST ADDR > MAXCORE *THEN' ERROR("DESTINATION ADDRESS OUT OF BOUNDs*")}

SUPPER iz *!F' SRC ADDR > 0 » EVEN(SRC ADOR) % 1 'THEN*® 'TRUE' 'ELSE' 'FALSE"';

DUPPER =z '1F' DST ADDR > U ~ EVEN(DST ADDR) % 1 'THEN® 'TRUE' 'ELSE' 'FALSE'S

'IF' OPCODE < 8 ~ SRC ADDR > 0 ~ SUPPER 'THEN' ERROR("SOURCE ADDRESS OpD");

*IF' OPCODE < 8 ~ DST ADDR > 0 ~ DUPKER '"THEN' ERROR("DESTINATION ADDRESS 00D")}

SRC := '{F' SRC ADDR < 0 'THEN' SRC ADDR 'ELSE' SRC ADDR 3 2; : '

DST := '(F' DST ADDR < § 'THEN' DST ADDR 'ELSE' DST ADDR § 23

WHOLE DST t= M{DSTI3 . )

SRC OPERAND := 'iF' OPCODE < B 'THEN' M[SRC) 'EWLSE' '|F' SUPPER'THEN' M{SRC] i 256 'ELSE' AND(M{SRC},255);
DST OPERAND := 'iF' OPCODE < 8 'THEMY M{DST) 'ELSE' *{f' DUPPER'THEN' N{DST} 3 256 'ELSE' AND(MIDST],255);
YEND' EVAL BOTH OPERANDS; ’

'PROCEDURE' EVAL ONE OPERAND; : . :
'COMMENT' SAME As EVAL BOTH OPERANDS BUT FOR DESTINATION ONLY;
'BEGINY' DST INDEX := -DST REG = 1} '

OR1G DST REG VAL ¢= MIDST INDEX);

DST ADDR $= OPERAND ADDRESS(DST INDEX, DST MODE, ORIG DST REG VAL};

*IFY DST ADDR > MAXCORE 'THEN® ERROR(WDESTINATION ADDRESS OUT OF BOUNDSY)}

DUPPER i= 'IF?' DST ADDR > U ~ EVEN(DST ADDR) ¢ 1 'THEN' 'TRUE' '1ELSE' +FALSE"}

tIFY OPCODE < 8 ~ DST ADDR > 0 ~ DUBPER 'THEN' ERROR{"DESTINAT|ON ADDRESS ODD")}

DST 1= '1F' DST ADOR < 0 'THEN' DST apDR SELSE' DST ADDR 3 2;

WrOLE DST t= M(DST];

DST OPEPAND := 'iF' OPCODE < 8 °*THEN' M{DST] 'ELSE' 'IF' DUPPER'THEN' M{DST] 3 256 'ELSE' AND(MIDST),255)3
TENDY EVAL ONE OPERAND; : ’

of



1076
1077
1078
1079
108y
10e31
oz
1089
10484
108>
1080
ive/
hRiZ-1-)
10ny
iuvyy
1091
1l
1094
10y«
109
luve
iy
1098
10vYy
1.ue
1.4
1 v
169
1.ué
i1'u»
1 to
10/
i 08
i-u9
1110
11
1.12
119
1:14
141>
1116
1.1/
118
119
12V
1:21
122
1.29
1 24
1125
11206
127
128
129
118U
31
Y
M)
.54
2

e
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"INTEGER' 'PROCEDURE' OPERAND ADDRESS{INDEX, MODE, ORIG):

YCOMMENT® TH|S COMPUTES THE OPERAND ADDRESS, IT KNOWS ALL ABOUT THE E{GHT HARDWARE ADDRESSING MODES THE MODE NEEDED

PARAMETER MODE, M{INDEX) GIVES THE REGISTER, ORIG CONTAINS THE CONTENTS OF THAT REGISTER AS OF THE TIME WHEN
INSTRUCT ION EXECUT!ION BEGAN, THUS UNMODIFIED BY SIDE EFFECTS OF THEOTHER OPERAND EVALUATION,}
*VALUE' INDEX, MOPE, ORIG;
'INIEGER' INDEX, MODE, ORIG; )
YBEGIN' 'SWITCH' ADDR MODE (= MODE(U, MODE1l, MODEZ2, MODES, MODE4, MODES, MODE6, MODE7;
INCR $= tIF' QPCODE > 7 a INDEX > =7 1THEN' 1 'ELSE' 2;
'60TO' ADDR MODE{MODE+Ll;
YCOMMENTY OPERAND I8 IN A REGISTERS
MODED: OPERAND ADDRESS := INDEX;
NMODED := NMODEN + 1;
'GOTO E;
*COMMENTY OPERAND IS POINTED TO BY A REGISTER;
MODELT OPERAND ADDRESS t= CRIGS
NMODEYL = NMODEZL + 13
1GOTO! E;
YCOMMENTY AUTO (NCREMENT MODE;
MODE2: OPERAND ADDRESS (= ORIG]
TMPI= MIINDEX] + INCR;
AP THMP = Bi1T16 'ThHEN' TMP 1=z 0;
TIFTY TMP > MAXWORD 'THEN' TMP =
MiNDEX] 31z TMP;

TMP « B1T16;

NFODEZ iz NMODE2 + 1; !
VIFY INDEX ® -8 'YTHEN' NIMMED t= NIMMED + 13
160To" E;

PCOMNENT T INDIRECT AUTO INCREMENT MODE;
MODE3: 'IF' ORIG > MAXCORE *THEN' ERROR("ADLRESS OUT OF BOUNDS");
YIFY EVEN(ORIG) % 1 '"THEN' ERROR("AUTOINCREMENT REGISTER 0ODD"):
OPERAND ADDRESS 1= M[ORIG & 213 f
TMP 1= M{INDEX) + 23
YIFY THP = BIT16 'THEN' TMP = 03
YIFY TMP > MAXWORD 'THEN' TMP :=
MIINDEX]) t= TmMP;
NMODES 1= NMODEJ + 1;
tIFY INDEX = =§ "THEN' NDIR t= NDIR « 13}
'60TO" E;
YCOMMENT Y AUTO DECREMENT MODE;
MODE4: PCINTER := 'IF' ORIG = INCR 'THEN' 9 'ELSE" ORIG = INCR}
'IF' POINTER < 0 *ThEN' POINTER ia PUINTER + BITL6}
OPERAND ADDRESS iz POINTER}
TP 1= M{INDEX)} )
TEP = *)F' TMP = INCR 'THEN' 0 'ELSE' TMP = [NGR;
YIFY THMP < 0 YTHEN' TMP & TMP + BIT163 .
MUINGEX] = TRP; s
NMODE4 t= NMODE4 + 1; o
'60To' E; . .
YCOMMENT Y INDIRECT AUTO DECREMENT MOLE; T
MODES: POINTER := ORIG = 2; °
VIFY POINTER < 8 *THEN' POINTER := PUINTER + BIT16} T momem e
PIFY POINTER > MAXCORE 'THEN' ERROR(“ADDRESS OUT OF BOUNDS");
YIFY EVEN(POINTER) # 1 'THEN' ERROR({"AUTODECREMENT REGISTER ODD")j
OFERAND ADDRESS i= tM{POINTER & 2}
TP = MEINDEX);
TP 3 '|F' TMP = INCR *THEN' ( 'ELSE' TMP «~ INCR;
YIFY THP < 0 'THEN' THMP iz TMP + BITi14;
M[P'NDEX]) (= TMP}
NMODES t= NMODES + 13
"6OTO' E;
YCOMRENTY INDEX MODE:

TMP = BIT16:

1S

IN "THE

LY



136
197
1-09
1 89
1.40
1 41
1142
1.43
144
1.4>
1 46
1 47
1 48
1-49
1 %y
101
1 52
1.93
1.54
1.95
1.5%6
127
109
1.9
1:00L

1764
1 038
1.64
1.65
166
1.67
1.68
1. 69
1.70
1171
1:72
174
174
172
1.76
147
178
179
1.80
1181
1.82°
1188
1384
1:8>
1:86
18/
1188
1.89
1.90
1191
1192
1198
1:94

1195 -

MODES:

MODE7:

E:

20

PC = M(=8]}

TMP 1= M(PCi2]3

PC 1= PC + 23

*IFY PC > 10 ADDR 'THEN' ERROR("PC IN 10 AREA");

Ml=-8] = PC

POINTER := TMP + M{INDEX}}

ViFY POINTER > MAXWORD 'THEN' POINTER t2 POINTER « BiT16:
OPERAND ADDRESS & POINTER] .

NMODES® = NMODEG + 1;

TIFY INDEX = «B *'THEN' NPIC != NFIC & 1!

1GOTO' €3 :

'COMHENT INDIRECT INDEX MODE;

PC iz M[=-8);

TP = MIPCL21:

PC iz PC + 2;

YIFY PC > 10 ADDR 'THEN' ERROR("PC IN 10 AREA")}

M(~8] = PC; .

POINTER := TMP + M[INDEX);

YHFY POINTER > MAXWORD *THEN' POINTER := POINTER =~ BIT16;
'*iF* POINTER > MAXCORE 'THEN' ERROR(“ADNPRESS OUT OF BOUNDS"):

YiIFY EVEN(POINTER) % 1 'THEN' ERROR("INDIRECT iNDEX!ING REGISTER ODD"):

OPERAND ADDRESS iz M[POINTER [ 2}
NMODE7 $z NMODE7 + 13

YENDY OPERAND ADDRESS;

"PRUCEDURE' STARTIO}

'COMMENT ' WHEN A REFERENCE 1S MADE TO MEMORY IN THE t0 AREA, TH!S PROCEDURE IS CALLED TO FIGURE OUT WHICH 10 DEVICE IS AFFECTED,

AND TQ START THE 10 PROCESS, USUALLY THIS MEANS SETTING UP AN [INTERRUPT,;

TBEGIN®

READER?

'SWITCH' 10 NIT t= READER, READERS, PUNCH, PUNCHB, TTY, TTYB, SOFTWRS

TMP 1= (DST ADDR = 10 ADDR + 2)32:
YIFY TMP > 7 'THEN' ERROR("NON EXISTENT 10 DEVICE");
YGOTO! 1OINITLTMP); i
THMP ;2 M{PRS21:;
YIFY EVEN(TMP) 4 1 'THEN!
*BEGINT ¢1Ft THMP > 2047 'THEN® ERROR("READER STILL BUSY");
ENABLE ¢35 'IF' EVEN(TMP204) $ 1 'THEN' 64'ELSE'D;
M{PRS2] i3 2048 + ENABLE;
MIPRBL2] = 03
PREPARE |NTERRUPT(5,56,CLOCK+3I 333 333.0);
TEND Y
'GOTo' £

REAVERB:MIPRS2) := AND(M[PRS21,65407);

PUNGH?
PUNCHB:

TTY!
Tivat

60T €
'60To" E;

TMP 3= M[PPS2];
YIFY EVEN(TMP:125)=1 ' THEN' ERROR("PUNCH BUSY") 'ELSE' M{PPS2)
THP? = MIPPB2);

M{TPB2] := TMP2 =~ 128 # (TMP2 ; 128);

PREPARE INTERRUPT(4,60,20 U000 000.0);

'GOY0* E; ¢

t6OT0* E

THAP 3= M{TPS2];

YIFY EVEN(TMR 3 128)=1 'THEN' ERROR(“CONSOLE TYPEWRITER BUSY")
TMP2:= M{TPB2):

M{TPB2Y := TMP2 - 128 # (TMP2 1128);

PREPARE INTERRUPT(4,52,CLOCK+33 353 533.0)3

16O0TQ' E:

12 VIFY TMP = 192 'YTHEN' 64 YELSE' 03

'ELSE' M{TPS2) tm 'IFY TMP=192 YTHEN' 64 'ELSE! 0

ch



1196 SOFTWR: PIRWORD 1= M[PIR2) § 512;

1197 PRI := ')F' PIRWORD > 32 '"THEN' 7

1.98 YELSE! tIF' PIRWORD > 16 '"THEW' 6

1.9 YELSEY *I1Fr PIRWORD > B8 'THEN' &

12ut YELSEY 'IF+ PIRWORD > ¢ 'THEN' 4

1201 TELSEY YIFY PIRWORD > 2 *'THEZN?' 3

1242 TELSE* vYIFr PIRWORD > 1 'THEH' 2

12u3 'ELSEY viFY PIRWORD > 0 *THEN' 1 'ELSE' 03

i204 *EFY PRI 4 0 YTHEN!

1245 YBEGIN' MIPIR2) 12 512 # PIRWORD « 34#PRi;

L2u06 PREPARE INTERRUPT(PRI,16u,CLOCK);

12u7 YENDY;

1248 EI'END' START 103

12u9 .

121v

1211

1212 '"PROCEDURE" PREPARE INTERRUPT(PRIORITY, VECTUR, TIME); )

1218 TCOMMENT' TH|S ROUTINE SETS UP THE INTERRUPT REQUEST ON THE CHAINj}

1214 tVALUE' PRIOR'TY, VECTOR, TIME]

12i% 'INTEGER!' PRIORITY, VECTOR}

1216 TREALT TINME; '

1217 Y*BEGIN' TINTEGER' USELESS; : ’

1218 tiFY FREE LIST HEAD s 0 'THEN' ERROR("TOO MANY INTERRUPTS®)}

121y © TMP 3= FREE LIST HEADS . )
1229 FREE LIST HEAD = NEXT ON CHAIN[TMP);

1221 INTERRUPT TIME[TMP] = TIME; :

1222 : INTERRUPT VECTOR{TMP) = VECTOR:

12238 TMPYL = FIRST SLOTIPRIORITY]);

1224 VIFY TMPY=0 v TIME < INTERRUPT TIME[TMPY]

1225 YTHEN' 'BEGIN' FIRST SLOT(PRIORIVY} tx TMP; s

1226 NEXT ON CHAIN[TMP:= TMP1j

1227 : YEND! .

1228 YELSE' 'BEGIN' L 'IF' TIME < INTERRUPT TIME[TMP]

1229 - 'THEN' *BEGIN' NEXT ON CHAIN[TMP) i3 TMP1j

1230 MEXT ON CHAIN[TMP2)i=TMp

12461 'END? o e ‘
1282 . YELSE!

12358 YBEGIN' TMP2:= TMPL; T
1254 : TMPL:=NEXT ON CHAIN[TMP1):

125 . VIFY TMPL %0 'THEN' 'GOTO' ;

1250 NEXT ON CHAIN[TMP2]:i=TMP}

1287 NEXT ON CHAIN[TMP) := 03

1258 : TEND!

123y TENDT ) . R
124y SET NEXT INTERRUPT TIME} . .
1241 YEND' PREPARE INTERRUPT; ’ : o e
1242 ° . .

1543 . . e e e
1244 .

1245 TPROCEDURE' SET NEXT INTERRUPT TIME; h ’ ‘ I T ’
1246 YBEGINY '*COMNENT® THIS 1S CALLED WHENEVER CPU PRIORITY 1S CHANGED, !T EXAMINES THE LIST OF PENDING INTERRUPTS AND FINDS THE NEXT ONE}
1247 NEXT INTERRUPT TIME ¢3 LONG WAIT; ) : .

1248 "FOR+ | 1= CPU PRIORITY + 1 'STEP' 1 PUNTIL' 7 DO jj
1249 *BEGIN' iz FIRST SLOT(1}; : ' ) i :

12»0 IR J 4 0 *THEN?

1251 '"BEGINY 'IF' INTERRUPT TIME[J] § CLOCK « INTERRUPT TIME[J] < NEXT INTERRUPT TIME

1252 "THEN' *BEGIN' NEXT INTERRUPT TIME iz INTERRUPT TIME{J)s

1253 ’ QUEUE NUMBER 3= i3

1254 ’ YEND !

12%% - TEND '



22 ' , ..

12ve TEND'

125/ TEND' SET NEXT INTERRUPT TIMES
1298

1259

260

1261 'PROCEDURE' CAUSE INTERRUPT;

1262 'COMMENT' THE ACTUAL 10 IS DONE HERE, THIS 1S CALLED AT THE TIME THE (NTERRUPT OCCURS, FIRST THE 10 |S PERFORMED, THEN THE
1263 STMULATED INTERRUPT OCCURS AS DESCRIBED IN THE PROCESSOR HANDBOOK,}

1264 TBEGIN' PRI INDEX != FIRST SLOT{QUEUE NUMBER];

1265 VEC 3= INTERRUPT VECTOR[PR! INDEX) 3 23

1260 YIFY VEC = 26

1267 *THEN' 'BEGIN' 'COMMENT' TELETYPL PRINTER;

1268 TMP iz AND(M[TPB2,,127)}

1269 LINE COUNT t=z VIF+ TMP = NEW LINE SYMBOL 'THEN' 0 'gLSE' LINE COUNT 4+ 13
1270 t1Ft LINECOUNT > B1 'THEN' ERROR(“TELETYPE LINE OVERFLOW")}

1271 ) YIFY TMP=aNEW LINE sYMBOL *THEN' 'BEGIN' TYLIN Iz TYLIN « 13 TYPED :s TYPED ¢ 1 VYEND'}
12/2 VIFY TYLIN > LINELIM!T 'THEN' ERROR("TOQO MANY LINES OF OUTPUTY)}

1273 PRSYM(UITMP)); :

1274 . TIFY TMP295 v TMP=124 'THEN' PRSYM(93);

127% M{TPS2) = M(TPS2} + DONE BIT;

1276 . ENABLE = M{TPS2) ; 64;

1277 ) TEND? . ‘

1278 YELSEY 'IF' VEC = 28 .

1279 : PTHEN' '8EGIN®' TCOMMENT' PAPER TwPE READER; v

1260 1 F' LAST CHAR WAS 119

i2e1 YTHEN' 'BEGIN' TMP iz 1855 .

1282 ' ) LAST CHAR WAS 119 := *FalLSE"

1283 YENDY

124 YELSE' TMP = RESYMBOL; .

1285 "iF' TMP=2-27 *THEN' ERROR("ESCAPE CHARACTER READ, NOT ALLOWED *);
1256 1iF' THMP=119 'THEN' LASTCHARWASL49 ¢z *TRUE';

1287 MIPRB2]It=tIF' TMP513%5 'THENTL 'ELSEr *IF' 1/TMP < O 'THEN' «TMP 'ELSE' Y[TMP)}
1298 MIPRS2] := M[PRS?2, ~ 1920;

1289 - ENADLE s M[PRS2) 3 64;

1290 . CHAR RD i= CHAR RD + 1;

1291 YEND? :

1292 tELSE' 'IFY VEC = 30 : ’
1293 . *THEN' 'BEGIN' 'COMMENT' PAPER TaPE PUNCH; o SRR

1294 PUHEP (AND (MIPRB2),255)) -

1295 mM[PPS2Y t= MIPPS2, + DOMNE BIT;

1296 ENABLE !z M{PPS2) ; 64;

1297 CHAR PUN := CHAR PUN + 1;

1298 . TEND ~ e

1299 YELSE' YiF' VEC = 80

1300 STHEN' ENABLE fz 1 .o ——

1301 YELSE' ERROR("|MPOSSIBLE INTERRUPT. SIMULATOR ERRORY)} .
13ue © t1FY EVEN(ENABLE) % 1 'THEN® . . e

1303 1BEGIN' SWITCH PSW;

1354 GLOCK = CLOCK + 519y.0:

1305 NINTER $= NINTER + 1; e e

13us TENDY 3

1307 FIRST SLOT{QUEUE NUMBER]:= NEXT ON CHAIN[PRI INDEX)J ) i

1308 NEXT ON CHAIN[PRT INDEX] :a FREE LIS% HMEAD}

1309 FREE L!ST HEAD := PR| INDEX; :

131y SET NEXT INTERRUPT TIME;

1311 'ENO' CAUSE |NTERRUPT; h i

131

1313

1314

1512 ' 'PROCEDURE' sSWITCh Psw:

i



1316
1317
1818
1319
132u
1321
1322
1323
1324
132>
1320
1327
1328
1329
1350
16381
1332
1353
1334
1342
13306
1357
1538
13459
134y
1341
1342
1343
1344
1345
1346
1347
1348
1349
1354
1ol
1322
1359
1354
135%
1356
135/
13%0
1309
1360
1301

1302 -

1363
1304
1365
1306
1367
1368
1309
1379
1371
1372
1373
1374
1875

- . .23

YCOMMENT ! PUSKH THE PSWw AND PC ON THE STACK, aND FETCH THE -NEW ONE FROM THE INTERRUPT LOGCATION. {N MEMORY;
'BEGIN'. . SP iz M{.733} y ' ' '
*IFY EVEN(SP) ¢ 1 'THEN' ERROR("STACK POINTER 000"}y
tIFY SP » 10 ADDR 'THEN' ERROR ("STACK POINTER TOO BIGH);
tIFY SP ¢ STACKLIMIT + 4 'THEN' ERROR("STACK OVERFLOW"); .
TMP 3= (SP 12) = 1}
MLTMP] 3= 32#CPU PRIDRITY + 16#T 4 8BuN + 4%Z + ZaV + c;
MITMP=1] iz M[-8}: . . L .
M[=7) 3= SP=4; ' : . . : !
M{=8] 1= M{VEC); ' h
PSW 3= M[VEC+1);

C iz PSW = 2#(PSWi2); PSW = PSW 19
V iz PSW = 2#(PSW12); PSW 1= PSy 123
Z iz PS5W - 2#{(PSwi2); PSW = PSW 312;
N iz PSW « 2u(PSWiZ2); PSW = PSW 219
T = PSW =~ 2s{PSw32);

CPU PRIURITY := PSW 22}
TEND' SWITCH PSw;

'PRUCEDURE' STAT)STICS;

" 'COMMENT' THE POsST MORTEM STATISTICS ARE PRINTED HERE: ‘

'BEGIN' ENDTIME := TiME; SPACER i 2; NLCR; NLCRj *
BEGIN TiME t= 1000 # BEGIN TIME: END TIME = ENDTIME « .1000;

TCOMMENT® GROUP 1! THE CURE DUMP; : ‘ ' !

li= 10 ADDR ;25 0@ 3= 13 ' .

TFOR' . % 1wl SyHILE® M{1] = 0 'DO' Qi=s I}

CORE DUmP(0,24Q); '

4

YCOMMENT ' GROUP 2! TIMES OF EXECUTION; )
NADC+NADCB+VAUD*NASL*NASLB+NASH~NASHC#NASR+NASRB+NBCC*NBCS*NBEQ+NBGE+NBGT*NBHI*NB|C+NBICB$NBIS‘NBISB+NBIT§NElTB+NBLT¢NBLE+
MNBM I +NBNE+NBPL+NBPT+NBR4NBVC+NBYSHNCLR4NCLRBANCMPB4NCOMBANCC+NDECHNDECB4ND [ V4NEMT4NHALT4NINCONINCB+N I OTeNIMRaNJSRLNVARKSNNCY 4
NMUL +NNEG+NNEGB+NREST+NROL+NROLB+NROR+NRORB4NRT 1 #NRTS¢NRTT4+NSBCHNSBCB+NSOB+NSPLANSUB+NSWABHNSXTNTRAPANTSTENTSTB4NKA I THNXCR*.
NBLOS+NMOVB+NCMP +NCOM; .

CARRIAGE(S)} PRINTTEXT("SIMULATION STATISTICS#); NLCR; NLCR3

PRINTTEXT("PDP TIME USED = "); ABSFIXT(8,3,CLOCK/10G0000)+ PRINTTEXT(" MiLLISECONDS "); SPACE(10):
PRENTTEXT("X8 TIME VUSED = ") ABSF, XT(B,3,ENDTIME=BEGINTIME); PRINTTEXT(" MILLISEC,")i SPACK(10)4
PRINTTEXT("XB TIME PER PDP BECOND = 4y ABSFIXT(B,)0,(FNDTIME<BEG INTIME)#L 000 Q00/CLOCK)} NLCR?}
PRINTTEXT("POP WAIT TIME ® #); ABSF IXT(8,3, 1DLE/L1000000); PRINTTEXT{" MiLLISECONDS")} SPACE(10)s
PRINTTEXT("NUMBER OF INTERRUPTS = ") ° ABSFIXT{8,0,NINTER)} SPACE(10)}

ABSF1XT(6,0,%x); PRINTTEXT(" INSTRUCTIONS EXECUTED"); SPACE(410); NLCR}

PRINTTEXT("NUMBER OF CHARACTERS READ.= "); ABSFIXT(6,0,CHAR RD);

SPACE(10)3 PRINTTEXT("NUMBER OF LINFES TYPED = "); ABSFIXT(4,0,TYPED); SPACE(10); )
PRINTTEXT("NUMBER OF CHARACTERS PUNCHED = ");ABSFIXT(6,0,CHAR PUN);. NLCR] .

PRINTTEXT("AVERAGE PODP TIME PER INSTRUCTION = "}; Aasler(e.o.(cLocK-uoLs)/x)t PRINTTEXT{" NANOSECONDS"); " NLCRj
PRINTTEXT("AVERAGE NUMBER OF PDP INSTRUCTIONS PER SECOND OF X8 TIME = w); ABSFIXT(6,0, 1000*X/(ENDTOME =BEGINTIME) )} NLCR}
PRINTTEXT("D1ST OF ADDR MODES 0=7 "); .
ABSF IXT(6,0,NMODED )3 ABSFIXT(6,0,NMOLEL)S ABSFIXT(a,G,NMODEZ); ABSFIXT(6,0, NMODEE)} ABSFIXT(6,0, Nmoosa).
ABSFIXT(6,0,NMODES); ABSFIXT(6,0,NMODES) S ABSFIXT(6,0,NMODE?); SPACE(S)}

PRINTTEXT(" IMMEDIATE="); ABSFIXT(0,0,NIMMED); PRINTTEXT(" DIRECT=");ABSFIXT(6,0,NDIR); PRINTTEXT(" PIC=zM)}

ABSFIXT(6,0,NPIC); = NLCRS NLCR$ =
¢ U1
TCOMMENT' GROUP 3: PROGRAM COUNTER DISTRIBUT,ON;
PRINTTEXT("PROGRAM CQUNTER DISTRIBUT ON, ADDRESS (OCTAL) FREQUENCY OF USE (DECIMAL)")} .
NLCR; ’ . N
PRINTTEXT("BELOW ")5 OCTAL(LOWBIN); ABSFIXT(6,0,SPY(~ ~11)3 SPACE(10)3 .

PRINTTEXT("ABOVE "); OCTAL(LOWBIN+128%RINWIDTH); ABSF{XT(6,0,5PY[128]1); SPACER t= 1}
*FOR* 13z 0 *STEP' 1 'UNTIL' 127 'Do:



1376
1377
1378
1379
138v
1361
13s2
1388
1384
138>
1386
138/
1386
15489
1394
1391
139¢
1393
1394
1395
139¢
1397
1398
1399
1400
14v1
1442
1403
1414
1405
1406
1407
1498
1449
1410
1411
1412
1413
1414
1413
1416
1417
1418
1419
1420
1421
142¢
1423
1424
14235
© 1426
1427
1428
142y
1430
1451
143¢
1438
1434
1485

v .. 24 .

TBEGIN' *1F! REMAINDER(!,8)=0 'THEN' NLCR} .
OCTAL(LOWBINS I#BINWIDTH) ABSFIXT(6,0
TEND'; ’ '
CARRIAGE (3)3 .
PIFY X=0 'THEN' Xisi;
X t= X/1900.0;
TCOMMENT' GROUP 4! INSTRUCTION FREQUENCIESS

PRINTTEXT("ADC
PRINTTEXT("ADCB
PRINTTEXT("ASL
PRINTTEXT("ASH
PRINTTEXT("AGR
PRINTTEXT("BCC
PRINTTEXT("BEQ
PRINTTEXT("AGT
PRINTTEXT("B;C
PRINTTEXT("B S
PRINTTEXT(WB T
PRINTTEXT("BLT
PRINTTEXT("BLOS
PRINTTEXT("BNE
PRINTTEXT("BpT
PRINTTEXT("%"BVC
PRINTTEXT("CLR
PRINTTEXT{®CMP
PRINTTEXT(NCOM
PRINTTEXT{"CC
PRINTTEXT("DECB
PRINTTEXT("EMT
PRINTTEXT("iNC
PRINTTEXT("IGT
PRINTTEXT("JSR
PRINTTEXT("MOV
PRINTTEXT("MUL
PRINTTEXT("NEGS
PRINTTEXT("ROL
PRINTTEXT("ROR
PRINTTEXT("RTI
PRINTTEXT("RYT
PRINTTEXT("SBCB
PRINTTEXT("SPL
PRINTTEXT("SWAB
PRINTTEXT("TRAP
PRINTTEXT("TsTB
PRINTTEXT{"XOR
NLCK 3
NLCR; NLCR;
NEWPAGE; 'FOR' |
'FURY | §=1'STEP

‘FOR!' 1=
NUOBS =
*GOTO
TEND?

n)3AASFIXT(5,0,NADC );ABSFINT (4,1, NADC /X)IFIVE;
v);ABSPIXT(5,0,NADCB) ;ABSF1XT(4,1,NADCB/X) sF1ves

»SPYLHID S

"):ABSFIXT(B.U.NASL
W)3ABSFIXT(5,0,NASH
n);ABSFIXT(5,0,NASR
") ;ABSFIXT(H,0,NBCC
") ;ABSFIXT(5,0,NBEQ
") 3ABSFIXT(5,0,N86GT
")3ABSFIXT(5,0,NB1C
#);ABSFIXT(5,0,N818
") 3ABSFIXT(5,0,NBIT
n)3ABSFIXT(S, 0, NBLT

)3ABSFIXT(4,1,NASL
YIABSFIXV (4,1, NASH
)3ABSFIXT(4,1,NASR
)i ABSFIXT(4,1,NBCC
);ABSFIXT(4,1,NBEQ
Y3 ABSFIXT(4,1,NBGT
Y3 ABSFIXT(4,1,NB1C
YIABSFIXT(4,1,NB1S
Y3ABSFIXT(4,1,NB1T
Y3ABSFIXT(4,1,NBLT

IX)IFIVES
/X)I3NLCR?
/X)IFIVES
/X)IFIVES:
/XY INLCRS
/X)IFIVES
IXV3FIVES
/X)Y3NLCR}
/XVIFIVES
/X)3FIVES

) 3ABSFIXT(5,0,NBLOS) ;ABSFIXT(4,1,NBLOS/X) I NLCR

) ;ABSFIXT(S, 0, NBNE
w)3ABSFIXT(5,0,NBPT
W) 3ABSFIXT(5,0,)NBVC
W) ;ABSFIXT(5,0,NCLR
wY;ABSFIXT(H, 0, NCMP
) 3ABSFIXT(5,0,NCOM
w)3ABSFIXT(S,0,NCC

YiABSFIXV (4,1, NBNE

Y;ABSFIXT(4,1,NBPT

/X)3FIVE;
/X)3FIVE;

YPABSFIXT (4,1, NBVC/X)iNLCRS

Y3ABSFIXT (4,1, NCLR
Y3ABSFIXT(4,1,NCMP
Y3ABSFiXT(4,1,NCOM
)3ABSFIXY(4,1,NCC

/X)3FIVES
/XIFIVES

/7XV3NLCRS

/X)sFIVE;

») 3 ABSFIXT(5,0,NDECB) ;ABSFIXT(4,1,NDECB/X);FivEs

") tABSFIXT(5,0,NEMT
W) 3ABSFIXT(E,0,NINC
WYSABSFIXT(S5,0,NIOT
") 3ABSFIXT(%,0,NJSR
") ABSFIXT(5,0,NMOV
") 3ABSFIXT(S,0,NMUL

Y3ABSFIXT (4,1, NEMT
YIABSFIXV (4,1, NINC
YiABSFIXT(4,1,NIOT
YIABSFIXT(4,1,NJSR
)JABSFIXY(4,1,NMOV
)iABSFIXT(4,1,NMUL

/XY iNLCR S
/X)IFIVES
/X)IFIVES
/X)INLCRS
7X)3FiVES
/X)3FIVE;

PRINTTEXT(" TOTAL TIME FOR THIS JgB = ");

Y1YUNTIL 58100

*STEPY 1

NJOBS + 13

BEGIN ASSEMBLY;
STATISTICS;

") ;ABSFIXT(S,0,NNEGB);ABSFIXT(4,1,NNEGB/X) INLCR}
©);ABSFIXT(5,0,NROL Y;ABSFIXi(4,1,NROL /X)IFIVE}
w)3ABSFIXT(H,0,NROR Y;ABSFIXT(4,1,NROR /X)IFIVE;
1) 3ABSFIXT(S, 0, NRTIT I JABSFIXT(4,1,NRTI /X)INLCRS
W) ;ABSFIXT(S,0,NRTT ) ABSFIXYT(4,1:NRTT /X)IFIVE)
") JABSFIXT(8,0,NSBCB);ABSFIXT(4,1,NSBCB/X)IFIVES
") 3ABSFIXT(5,0,NSPL ) ABSFIXT(4,1,NSPL /X)3NLCR}
wY;ABSFIXT(5,0,NSWAB) ;ABSFIXT(4,1,NSWAB/X)$FIVES

") 3ABSFIXT(S, 0, NTRAP) ; ABSF IXy(4,1,NTRAP/X);FIVE}

") ;ABSFIXT(5,0,NTSTB);ABSFIXT(4,1,NTSTB/X) ;NLCR;
") jABSFIXT(5,0,NXOR );ABSFIXT(4,1,NXOR /X}3FIVE;

$FL'STEP'1'UNTIL'144'DO'PREYM(658);
YBEGINT PRSYM(46)7
YiF' 1=29
PRSYM(166)3

*THENY "BEGINY

YEND';

TUNTIL' 144 'DO' PRSYM(60); NLCR;

CABSFIXT(5,0, TIME-BEGTIM);

SPACE(66) 3

SPACE(3)}

PRINTTEXT("ADD

PRINTTEXT("ASLE
PRINTTEXT{"ASHC
PRINTTEXT("ASRB
PRINTTEXT("BCS
PRINTTEXT("BGE
PRINTTEXT("BH|
PRINTTEXT("BI1CB
PRINTTEXT("BISB
PRINTTEXT("BITB
PRINTTEXT("BLE
PRINTTEXT("BMI
PRINTTEXT("BPL
PRINTTEXT("BR
PRINTTEXT("BVS
PRINTTEXT("CLRE
PRINTTEXT("CMPB
PRINTTEXT("COMB
PRINTTEXT("DEC
PRINTTEXT("DlY
PRINTTEXT("HALT
PRINTTEXT(" INCB
PRINTTEXT("UMP
PRINTTEXT("MARK

"PRINTTEXT("MOVSB

PRINTTEXT("NEG

o

") JABSFIXT(5,0, NADD );ABSFIXT(4,1,NADD /X)3FIVES
WyPABSF XTS5, 0, NASLB) ;ABSFIXT(4,1,NASLE/X)FIVES
“)IABSFIXT(5,0,NASHC) ;ABSFIXT (4,1, NASHC/X)IFIVES
)3 ABSFIXT(5,0,NASRB);ABSFIXT(4,1,NASRE/X)SFIVES
") }ABSFIXT(5,0,NBCS );ABSFIXT(4,1,NBECS /X)IFIVE}
")JABSFIXT(5,0,NBGE )JABSFIXT(4,1,NBCE /X)IFIVES
") }ABSFIXT(S,0,NBH| )Y;ABSFIXT(4,1,NBF1 /X)3FIVES
"y 3ABSFIXT(S5,0,NBICB)IABSFIXT(4,1,NBICE/XIFIVE}
"Y;ABSFIXT(S,0,NBISB)Y;ABSFIXT(4,1,NBISE/X)IFIVES
") 3ABSFIXT(5,0,NBITB) ;ABSFIXT(4,1,NBITB/X)SFIVES
"y ;ABSFIXT(S,0,NBLE );ABSFIXT(4,1,NBLE /X)IFIVES
WYPABSFIXT(S,0,NBMI );ABSFIXT(4,1,NBMI /X)IFIVES
")3ABSFIXT(5,0,NBPL )JABSFIXT(4,1,NEPL /X)IFIVESD
"y 3ABSFIXT(5,0,NBR ) ABSFIXT(4,1,NBR /X)3FIVE}
H)JABSFIXT(5,0,NBVS )IABSFIXT(4,1,NBVS /X)FIVESD
"y3ABSFIXT(5,0,NCLRB)IABSFIXT(4,1,NCLRE/X)FIVES
H)IABSFIXT(5,0,NCMPB)ABSFIXT(4,1,NCNPE/X)IFIVES
By 3ABSFIXT(S,0,NCOMB);ABSFIXT(4,1,NCCME/X)IFIVES
")} ABSFIXT(S,0,NDEC );ABSFIXT(4,1,NDEC /X)}FIVES
“)JABSFIXT(5,0,NDIY );ABSFIXT(4,1,NDIv /X)IFIVES
") JABSFIXT(5,0,NHALT)Y;ABSFIXT(4, 1, NHALT/X)3FIVES
") IABSFIXT(S5,0,NINCBY;ABSFIXT(4,1,NINCE/X)$FIVES
W)IABSFIXT(5,0,NJMP )YIABSFIXT(4,1,NJNP /X)3IFIVES
#)y3ABSF IXT(5,0,NMARK) 3 ABSFIXT(4,1,NVARK/X)FIVES
")IABSFIXT(S5,0,NMOVB) ;ABSFIXT(4,1,NMCVE/X)IFIVES
WyIABSFIXT(5,0,NNEG ) JABSFIXT(4,1,NNEG /X)IFIVES

PRINTTEXT("RESET")JABSFIXT(5,0,NREST);ABSFIXT(4,1,NREST/X)iFIVES

PRINTTEXT("ROLB
PRINTTEXT("RORB
PRINTTEXT("RTS
PRINTTEXT("SBC
PRINTTEXT("SOB
PRINTTEXT("SUB
PRINTTEXT("SXT
PRINTTEXT("TST
PRINTTEXT("WAIT

"y3ABSFIXT(5,0,NROLBY;ABSFIXT(4,1,NRCLEB/X)}FIVES
"YFABSFIXT(5,0,NRORBYJABSFIXT(4,1,NRORE /X)3FivE;

PRINTTEXT("END OF JoB");

Wy3ABSFIXT(S,0,NRTS
H)JABSFIXT(S,0,NSBC
"y3ABSFIXT(5,0,NSOB
") JABSFIXT(S,0,NSUB
WYPABSFIXT(5,0,NSXT
")IABSFIXT(5,0,NTST

YsABSFIXT(4,1,NRTS

JIABSFIXT(4,1,NSBC

)3 ABSFIXT(4,1,N508
Y3ABSFIXT(4,1,NSUB
YABSFIXT(4,1,NSXT
Y3ABSFIXT(4,1,NTST

IXViFIVES
IXYIFIVES
IX)IFIVES
IXYIFIVES
IX)IEIVES
IXY3FIVES

”)}ABSFIXT(S,U,NWAIT)FABSFIXT(4,1,NWAIT?X))FIVEB

PRINTTEXT("SECONDS, ")}

SPACE(66)

TENDY *ELSEYSPACE(142);



1496
1437
1408
1459
1440
1441
1442
1448
1444
1440
LG40
1447
14498
1449
1404
1433
1452
1453
1454
1455
1456
14%7/
1408
1499
1400
1461
1462
403
1464
1403
1466
1407
1468
1409
14/6
1471
1472
1479
1474
Aa73
14/0
1477
14/8
14/9
1489
1481
148¢
1463
1464
1485
1486
1487
1488
1449
149y
1493
1492
1498
14v4
1495

TPROCEDURE® FIVE; SPACE(4); ‘ :

*PROCEDURE' ERROR{STR) ' ) _ ‘) _
'COMMENT' ALL SIMULATION ERRORS ARE FUNNELLED THRU HERE; e '

'BEGINY

MLCR; NLCR} PRINTTEXT("EXECUTION CANNOT CONTINUE DuE TO ") PR|NTTEXT(STR),I

TYLIN 3=z <1 000 000; VUSER DUMP;. STATISTICS; ‘ Lo ,

'ENO' ERROR;

'PROCEDURE! OCTAL(N);
YCOMMENT' PRINT N IN OCTAL}
FVALUE!' N3

YINTEGER' N3

TBEGIN' TIF' N<65536 *THEN' PnévmﬁAND(N.32763)132768) YELSE' PRSYM(AND(N,32768)132768 + 10);

‘PRSYIN(AND(N,28672) 4 4096))
PRSYM(AND(N,3584) 1 512)3;
PRSYM(AND(N,448) 2 64);
PRSYM(AND(N,56) 4 8);
PRSYMCANDIN,7) )3
SPACE(SPACER);

TENDY S

'"PROCEDURE ' USER DUMP;

TCOMMENT® PRINT OUT THE PROCESSOR STATUS: REGISTERS, FLIP FLOPS, INST;

'BEGIN' NLCR; SpACER 1= 23

PRINTTEXT("T/ME (MS) ")} ABSFIXT( 9,0,CLOCK/1 Ou0 000); SPACE(4); PRINTTEXT{"REGISTERS ")}
OCTAL(M{1])5 SPACE(2):

VFORY | 1= =1 'STEP' i tUNTIL?

-8 tpot

PRINTTEXT("NZVC "); ABSFIXT(1,0,N);
PRINTTEXT("INST " )3 OCTAL(INSTRUCT ON)} .
TYLIN = TYLIN 4 15 vIFt TYLINSLINE LIMIT '"THEN' ERROR("TOO MUCH PRINTED OUTPUT")!

TEND' USER DUMP;

'"PRUCEDURE! CORE DUMP(N1,N2)}

"COMMENT' PRINT A CORE DUMP OF LOCATIONS Ni

TVALUE' N1,N2; '"INTEGER' NI1,N2i
*BEGIN' NLCRj; .NLCR; SPACER iz 13

PRINTTEXT(*CORE DUMP. ")}; 'NLCR}

THRU N2j

ABSFIXT(1,0,2); ABSFIXT(1,0,v); ABSFIXT(1,0,C); SPACE(2)3

N2 oo’

'FOR' K 2 32a(N1332) 'STEP' 32 'TuNTIL!
YBEGIN' OCTAL(K); SPACE(2);
tIF'Y K30 A K+31 € MAXCORE 'THEN! . .
TBES N . o e e L .
tFOR' {:z K 'PSTEP' 2 TUNTIL' K+7 'DO' OCTAL(M[122))) SPACE(2)3
*FOR' 13z K+B 'STEP' 2 'UNTIL' K+15'00' OCTAL(M[1521): SPACE(2): ™~
*FOR® 132 Ke16'STEPY 2 'UNTIL' K+23'DOY OCTAL(MITL2))5 SPACE(2)}
CFORY itz Ke24TSTERY 2 TUNTIL?' K+3J1'DO' OCTAL(M[142]1)iINLCR;
TYLIN 1= TYLIN + 13 'IFY TYLINSLINE LiMIT 'THEN' ERROR("TOO MUCH PRINTED QUTPUTY)} .
YEND !
TEND?

TEND' CORE DyuMP:

L



1496
14w/
14y
1499
ideu
15u1
1502
15038
1504
15ub
1516
15u/
15u8
1569
151
1511
1512
1218
1514
1513
1516
152/
1518
1519

1520

1325
Lode
19¢¢
1524
1525
1526
152/
1528
1529
130
1591
1532
12538
15354
154%
1896
1597
1588
15389y
1544
1541
1542
1543
1544
1545
1546
1547
1540
158y
15%49
1551
1552
1553
1954
15%5

YCOMMENT' IN|TIALIZATIONS o S

ouT!S0; L .

NEW PAGE; o ..

BITL6 iz 655363 MAXPOS = 327673 MAXWORD '= 65535; DONEBIT 33 128; NEW LINE SYMBOL :=3 13; CPU PRIORITY iz 13
Ni=ZizvisClaTi=0; FREE LIST HEAD % 1; LINE COUNT = 03 - NUM INTERRUPTSLOTS . 1= 161 PRS t® 10 ADDR})

PRB := PRS + 2; . : ) :

PPS = PRB + 2 PPB iz PPS « 23 TPS iz pPB + 23 TPB 12 TPS + 2; PIR iz TPB + 23 ° ZERO is (;

INST COUNT !z 04 TYPED $=z TYLIN 3 CHAR RD := CHAR PUN := 03

STACK L'MIT 32 2563 IOLE =0}

CLOCK 3= 0.0; LONG WAIT 3= NEXT INTERRUPT TIME =z 1,0w100;

LAST CHAR WAS 119 i= 'FaLSE';

SPACER iz 1;

NMOUEQ : sHMODEL i =NMODE2 : sNMODEZ I =NMODE4 : =NMODLS ¢ =NMODEG : sNMODE7 t=NIMMED i =ND IR =NINTERSENP 1G5 =03

NADC :=NADCB: =NADD ! =NASLI=NASLB:=NASH:SNASHC:=NASR:ISNASRB:I=NBCCI=NBCS ! SNBEQI=NBGE =0

NBEQ:=NBGE t=NBGT 1 ENBHI t=NBICIaNBICB:=NBISI=NgiSB=NBITI=NBITB; =NBLT!= 0}

NBLE :=NBLOS:zNBM ! sNBNE:=NBPLI=NBPT=NBRI=NBYC:1aNBVS:=NCLRIZNCLRBISNCMP 1 aNCMPB; sNCOM: =NCOMB I =NCC I aNCEC I aNDECB I sND IV SNEMT E=NKRALTES0;
NINCBI=NIOT=NJMPp I =NJSRE=NMARK : aNMOV I =NMOVB 1 aNMUL $2NNEG ! =NNEGB SNREST t =NROL : ENROL B =NROR: SNRORRBI=NRT | I BNRTS I ENRTT ! aNSBCIeNSBCR =0
NSUDB:=NSWABIzNSXTI=NTRAP ! =NTSTIaNTSTBI=NWAIT; =NXOR=NINCIENSPL 1 aNS0BI=); LT

TFORY 1= *STEP! 1.'UNTIL' NUM INTERRUPT SLOTS 'DO' NEXT ON CHAIN(1li= 1413 .

NEXT ON CHAIN{NUM iINTERRUPT SLOTS] = 0: ¥

TFORY 3= 1 ¢STEp' 1 sUNTILY 7 *tDO* FIRST SLOT[!] = O} :

YFORY fi=z=1 *STEp' 1 'tUNTILY 128 'DO* SPY[1y 120 '

PRS2:=PRSL2; PPS2:=RPSLi2; TPS2:=TPSi2} PRAZ2:I=PRBLZ; PPB2i=PPBL2; TPB2:=TPBL2}

TCOMMENT' SEE IF THE OBJECT PROGRAM 1S IN THE DRUM BUFFER, OR ON THEDRUM 1TSELP. "THE DRUM WiLL ONLY 8E USED !F NEEDEDS
YFOR' y3=  Q'STEP' 1 *UNTIL' MAXCORE : 2 ‘o' MII) 3= 0} :
YIFY HIGHEST ADDRESS 2BLOCK §IZE :

YTHEN' +BEGIN' FROM DRUM(M,OFFSET=8)}

' 'FOR' 13z 0 'STEP' 1 'UNT,L' BLOCK S1Z2E = 1 'DO' M{BLOCK S!ZE®#CURRENT BLOCK +!] 3= CODE BUFFER[I) *
VEMDY

*ELSEY 1BEGIN' *FOR' iz 0 'STEP' 1 'UNTIL' HIGHEST ADDRESS 'OO'M[i} 1= CODE BUFFER(!]} YEND'}
'FORY |13 =81STEP! 4 TUNTILY =311DOY M{i] 312 y3 '
TRACE FLAGI='FALSE'; MITPS12)1=M{PPSL2] 21283 .
M{=8)t=STARTING ADDRESS; LOWBIN:=256#(LOWEST ADDRESS1256); BINWIDTHI= ((256#( (HIGHEST ADDRESS+255) 2256)) = LOWBIN)L1128;

BEGIN TIME 2 TIME;
'GOTO' CYCLE;

N e e - i

YCOMMENT® THiS Is THE MAIN SIMULATION LOOP, EVERY SIMULATED INSTRUCTION 1S PIGKED Up HERE AND DECODED THE OPCODE MODES AND
REGISTERS ARE STORED SEPARATELY, THE SWITCH INSTRUCTIOMN TYPE DISPATCHES TO THE PIECE OF CODE THAT SIMULATES THE OPCODE}
CYCLE: ‘IFY CLOCK 2 NEXT INTERRUPT TIME. 'THEN' CAUSE iINTERRUPT; ’

OLDPC =z M[{-81: ‘ .

'"IFr OLDPC » 10 ADDR 'THEN' ERROR(wpC IN 10 AREA™); ) ST ) .

*IF EVEN(OLDPC) # 1 'THEN' ERRUR(WPC 0ODD™)}

INSTRUCTION t= M{OLDPC 1 2]} ’ K o J
m[~B81 1= OLDPC + 2} . .
OPCODE 3= INSTRUCTION 3 40965 - .

THMP iz |NSTRUCTION « 4096 # OPCODE;
SRC MODg 1= TMP & 512;° TMP = THp -~ 512 « SRC MODE;

8%



E

1556
155/
1598
15959
1860
1561
1562
1963
1564
1505
1566
1567/
15064
126y
1570
1570
1272
io/748
1574
1575
1576
1577
1%/8
157
1584
1561
iv82
1583
1584
1585
19486
1587
15ub6
1589
15906
1591
1592
10938
1594
159>
1596
1597
1598
159y
16uu
1611
i6ue
1603
1604
16u5
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615

ta -7 T

64 # SRC REG;

SRC REG = TMP 5 64; TMP $& TMP =
. PST MODE := TMP 3 83 g
PST REG (= TM

iz T
INST TIME =
DST ADDR :=
I t= (OLDPC = LOWBIN) & BINWIDTH;}

VIFY 1% YTHEN' 1i= =1 'YELSE' '4F' 3> 927 'THEN' | = 1283
SPY[I1] 3= Sey{t] + 13

P

] .

P - B & DST MOOES )
0; ‘

'IF' OPCODE < 0 v GPGODE > 15 !'THEN» ERROR("SIMULATOR ERROR

'GOTO' |NSTRUCTION TYPE[OPCODE+Li])}
CLOCK iz CLOCK + INST TIME;
YIF1 TRACE FLAG 'THEN' USER DUMP;

*1F+ DST ADDR 2 10 ADDR 'THEN' STARTIO:
INST COUNT fz INST COUNT + 13 'IF* INST COUNT > INST LI1MIT
'GOTO' CYCLE; i

'COMMENT? END OF MAIN SIMULATION LOOP;

EXDONE

OP 18 01 'GOTO' oP 0 SPLITISRC MODE +1)3

"THEN®

OPCODE RANGE");

MIXED: 'GOTO' MIXED SPLIT[SRC REG + 11];

NOAD: ~ 'IF» |NSTRUCTION > & 'THEN® *GOTO' ,_LLEGAL *ELSE' 'GOTO' NOAD SPLIT{DST REGa1}}
MixXEDL! 'GOTO' MIXEDL SPLIT(DST MODE+1}: ) ‘

BR1? YIFr SRC REG < 4 'THEN' 'GOTO' BNE (ELSE' 'GOTO' BEQ;

BR2: ViF+ SRC REG < 4 'THEN' 'GOTO' BGE 'ELSE! 'GOTUL!' BLT;

BRI 'IF» SRC REG < 4 'THEN' "GOTO' BGT 'ELSE' 'GOTO* BLE;

ONEOPIESL1:'GOTO! ONE OPIESL SPLIT[{SRC REG+1l];
ONEOPES2:'GOTO' ONE 'OPIES2 SPLIT[SRC REG+1);
OF 1S 7% 'GOTO! oP 7 SPLITISRC MODE+1];
OP 1S 8: 'GOTO! oP 8 SPLIT{SRC MODE+17);

BR4: '1Fr SR¢ REG < 4 'THEN' 'GOTO' BPL VELSE' 'GOTO' BMi;

BRS¢ YIFY SRC REG <« 4 'THEN' 'GOTO' BHI +gLSE' 'GOTO' BLOS;

BR6 ¢ 1'Fv SRC REG < 4 'THEN?' '6GOTO' BVC tgLSE' 'GOTO' BVS3

BR7: '1Fy SRC REG <« 4 'THEN' 'GOTO' BHIS'ELSE' 'GOTO' BLO;
)

EMTTRAP: 'iF+ SRC REG < 4 ‘THEN'! 'GOTO' EMT 'ELSE' 'GOTU' TRAP;
ONEOPI1ES3:'60TO" ONE OPIES 3 SPLIT[SRC REG+%;: '
ONEUP |ES4:'GOTO" ONE OPIES 4 SPLITISRC RLG+1i;

FPT: ERROR("FLOATING POINT NOT SIMULATEDY):

tCOMMENT! HERE ARE THE PIECES OF CODE THAT §iMULATE THE INDIVIDUAL
CODE LABELLED BY THE ASSEMBLER MNEUMONIC;
MOV EVAL BOTR OPERANDS; .
MiDST) 1= SRC QPERAND; .
Ni= *iF*' SRC OPERAND > MAX POS 'THEN' 1 'ELSE'. U3
t= vIF' SRC OPERAND = 0 'THEN' 1 'ELSE' 03

viz 03
nmov:: NMoV + 13 -
INST Timgiz 850 + SRC TIMINGISRC MODE] + o

('IF' SRC MODE = 0 'THEN' DSY TIMING2A[DST MODE]
*ELSE!' DST TIMING2[DST MODE));

YiF' DST MODE = 0 ~ DST = =8 'THEN' iNST TIME!= INST TIME + 2905 -

'GOTO' EXDONES .
EVAL BOTH OPERANDS;
N t= *IFv SRC OPERAND > 127 ‘'THENY 4 1ELSE' 0}
TMPi=z 'IFY DST < ¢ 'THEN' 255#N 'ELStY 'iF' DUPPER 'THEN!
AND(M{DST],255) 'ELSE' M[DST; 3 256;
MIDST]Ii= *iF' DUPPER 'THEN' 256%#SRC OPERAND + TMP
'ELSE' 256#TMP « SRC OPERAND;
Ziz ¢IFY SRC OPERAND = 0 'THEN' 1 'ELSE' O3

MOVE:

INSTRUCTIONS, EACH OPCODE 1§ SIMULATED BY

ERROR (" |NSTRUCTION L1MIT EXCEEDED ")3

THE PIECE OF

61



1616
1617
1610
1619
1620
1621
1622
1623
11624
1625
1626
1627
1628
1629
1634
1641
1652
1633
1694
1635

16506

1687
1500

1689
1640

1641
1642
1643
1644
1645
1646
1647
1648
1649
16»0
1651
1652
1653
Jeév4
16%%
1656
1657
16>0
165y
166U
1661
1662
16693
16064
16035
16606
1667
1668
1669
1670
1671
1672
1673
1674
1679

INC?

INCX:
TSTX:

SWAX?

CLR:

NEG!

DEC:

com:

TST:

INCB:

INCHX

TSTBX!

~VIFY OST MODE % 0 'THEN' INST TIME:= -480;

viz 03 ’ .

.HMOVBiz NMOVB + 135 . ’ g

160TO' MOVX: . ’ ) '

EVAL ONE OPERAND;

NINC:®2 NINC + 13

TMPtz 'IF' DST OPERAND = MAXWORD 'THEN' O 'ELSE' DST OPERAND + 1;

Viz vIF' DST OPERAND = MAXPOS 'THEN' 3 'ELSE' 0} : ‘

MIDST)i= TMP;

Ni= tIFY TMP > MAXPOS 'THEN' 1 'ELSE' 03 .

2i= oIFY TMP = 0 'THEN' 1 YELSE' U} .

INST TIMg:= INST TIME + ('IF' DST MODE = O 'TMEN' 850 'ELSE' 1620) +
DST TIMINGIA[DST MODE}; o

tIFY DST MODE = 0 ~ DST = =8 'THEN' |NST TIME:= [INST TIME + 290;

.te0To" EXDONE;

EVAL ONE OPERAND;
NCLR3= NCLR + 13
THPi= Viz Ciz 03

TGOTO' INCX3

+
EVAL OME OPERAND; NNEG!=z NNEG + 13 :
TMP:=z *IF' DST ORERAND = 0 *THEN' { *gLSE' 65536 =~ DST OPERAND;
tz VIFY TMP = 0 'THEN' 0 YELSE' 13 ' ’
iz ¢IFY TMP = 32768 *THEN' 1 'ELSE' 03
INST TiMge= t|F' DST MODE = 0 fTHEN' 440 'ELSE' 210;
1GOTO! INCX: * .

EVAL OME OPERAND;
NDEC:= NDEC + 13

THP:z 'IF' DST CPERAND = 0 'THEN' MAXWORD !

tELSEY 'IF' DST OPERAND = 1 +THEN' ZERO 'ELSE' DST OPERAND = 13

Viz t1F* DST QPERAND = 32768 'THEN' 1 'ELSE' 0;
'6OTO' INCX}

EVAL ONE OPERAND; .
NCOMi= NCOM + 13

THPt= YIF' DST CPERAND = MAXWORD 'THEN' 0 'ELSE' MAXWORD = DST OPERAND;

vis 03
Ciz 13
YGOTO! INCXS

EVAL ONE OPERAND;
NTST:a2 NTST + 13
viz Cis p3

TMPi= DST OPERAND;

tGOTO' TsTX?

EVAL ONE QPERAND;
NINCBEI= NINCB + 13 ’
BYTE;= ')F' OST OPERAND = 255 'THEN' ( 'ELSE' DST OPERAND + 1;

P2 vIF' DST OPERAND = 127 'THEN' 1. vgLSE!' 0
THP:= 'iF' DUPPER 'THEN' AND(WHOLE 0$T,255) 'SLSE' WHOLE DST 1256}
MIDST)i= YIF' DUPPER "THEN'! 256 # BYTE « TMP 'ELSE' 256 # TMP + BYTE;
Niz t1F' BYTE > 127 'THEN' 1 'ELSE' y; o
2iz CiF' BYTE = (0 *THEN' 1 'ELSE' 03
INST TlMgi= . (*iF' DST MODE = 0 '"THEN' 850 ‘'ELSE' 1620)+INST TIME

DST TIMING3A{DST MODE};

YIF' DST MODE = 0 ~ DST = «B 'THEN' |NST TIME!=z INST TIME +290;

0s



1676
1677
1678
L1679
1680
1661
1682
1683
i6by4
i68%
1obb
1687
1640
1649
16v0
16v1
1692
1693
1694
1695
1596
16v7
16ub
16v9
17u%
1761
17u2
i703
17u4
1745
17u6
17v/
1708
17uY
1710
1711
1712
17138
1714
171
171¢
1717
1710
1719
1724
17231
1722
17¢3
1724
1725
1726
1727
1728
1729
178U
1781
1732
1789
1754
178>

"IF' DUPPER ~ DST MODE # 0 ~ DST % wy
16070’ EX DONE;

DECB:  EVAL ONE OPERAND; .
NDECBI= NDECB » 1;

BYTE:= 'iF' DST QPERAND = 0 'THEN' 2585 'ELsE'
0 'ELSEY DST OPERAND = 13

YTHEN?
‘ELSE' U

vIF' DST QPERAND = 1
BYTE = 127 'THEN' ]
INCBX;

viz VIF!

TGOTO!
CLRB: EVAL ONE OPERAND;
BYTE:= Ci=z Vvi= 0;
"6OTO' INCBX;

NCLR8:=

NCLRB + 13

NEGD! EVAL ONE OPERAND;
" NLEGDi= NNEGB + 13

BYTE:® '|F' DST OPERAND =
t1F' BYTE = 128 'THEN' 1
tIFY BYTE =
*GOTO' IINCBX;

YELSEY ¢

¢
Nz

-
HE

come s EVAL ONE OPERAND;
NCOMBi= NCOMB + 13
BYTE:= 'F' DST OPERAND = 255
e Q3
Ciz 13
*60TO!

tTHEN?Y

INCBX S
TSTB: EVAL ONE OPERAND;
NTSTBi= NTSTB + 13
Vis ¢tz (3 . .
BYTE:= DsT OPERAND;
tiF* DST MODE
tGOTO! INCBX;
Bis: EVAL BOTH OPERANDS: .
NBiS:= NB!S + 13
THMP !z OR(SRC OPERAND,DST OPERAND):
=2 03 *
MiPST) s TMP;
Niz 1 [F' TMP > MAXPUS
zi= tiF' TMP = 0 'THEN' 41 'ELSE' U3
INST TIMES= INST TIME + ('1F?
SRC TIMINGISRC MODE] +

BIsSx:

Cmpxs 'THEN' 1 'ELSE!

H

0 'THEN' Q0 'ELSE' 1; INST TIME:= 'IF' pST MODE =

o

DST MOULE

29 ;

YTHEN' INST TIME:= INST TIME *.1501

U *THEN' 0 'ELSE' 256 - DST OPERAND; .

‘

YELSE' 255 - DST OPERAND; '

$ 0 'THEN' INST TIME:= -4B0;

03 : .

= 0 'THEN' B850 vELSE' 1820) +

('IF* SRC MODE = 0 'THEN' DS+ TIMINGIAILST MODE]

'ELSE!
VIFY DST MODE =
'GOTO' Ex DONE;

0 ~ DST =

EVAL BOTH OPERANDSS

NBIC:= NBIC + 13

TVPi=z 'IF' SRC OPERAND = MAXWORD
TMP L= AND(TMP,DST OPERAND)YS

Vis 0; ‘
'¢oTo!

Bic:

B1SX;

EVAL BOTH OPERANDS;

NBIT:= NBIT + 13

TMPi= AND(SRC OPERAND,DST OFPERAND);
viz 0; '

BIT?S

DST TIMING3[DST MODE]})$
=8 YTHEN' |NST TiME:= INST TIME « 290;m

*THEN' 0 'ELSE' MAXWORD = SRC OPERAND; =~ '~

0 *'THEN' 449 'ELS;' 2103

LS



173506
17387
1789
173y
1740
1741
1742
1743
1744
1742
1740
1747
1748
174y
17%0
1751
1722
1758
1794
172>
1756
177
1758
17oY
170¢
1761
1762
1763
1704
176%
1766
1707
1706%
1709
177u
1771
1772
1773
1774
1779
1776
1777
1778
779
1780
1741
1742
1788
1784
1765
1786
1787
1766
1749
1790
1791
1792
17948
1794
1799

cmp

sus:

ADD:

EXOR:

Bisy:

Bis8x;

30

VIF' DST MODE % ( 'THEN' INST TIMEls =480
'6OTOY CmPX; .

EVAL BOTH OPERANDS;
POS SRC!z SRC OPERAND § MAXPOS;
POS USTi=z DST OPERAND g MAXPOS;
MCMP = NCMP + 13
DST OPERAND!= *IF' DST CPERAND = U *WHEN' 0 'ELSE' 65536 = DST ORERAND;
TFPiz SRC OPERAND + DST OPERANDS
Ci= 03
YIFY THP > MAXWORD ! THEN?'
TBEGIN' Ct= 13 TMPI= TMP « B,T16 "END'}

VIF' DST MODE % 0 'THEN' INST TIME!= -480;

iz 'IF' (POS SRC 5-POS DST) ~ (POS DST § {TMP SMAXPOS)) 'THEN' { tELSg' 03
1GOTO' CMPX}

EVAL BOTH OPERANDSS
SRC OPERAND := M[SRC);
DST OPERAND := M[DST};
PUS SRC ;= SRC OPERAND g MAXPOS;
POS DST := DST OPERAND § MAXPOS;
NSUB:= NSUB + 1}
SRC OPERAND i= 'IF' SRC OPERAND =U 'YHEN'Q'ELSE'65536 <~ SRC OpPERAND:
=03 .
TMP := SRC OPERAND + DST OPERAND; .
VIFY THMP > MAXWORD 'THEN® ’
*BEGINT Ci=1;
TMP = ¢|Ft TMP=BIT16 *THEN' 0 "ELSE! TMP=BIT16
: YEND Y} ) N ‘ :
V iz 'IF+ (POS SRC g =POS DST) ~ (POS SRC Z(TMPSMAXPOS)) 'THEN' i 'ELSE' 03
'GOTO" BiSX;

EVAL BOTH OPERANDS;
PCS SRCiz SRC OPERAND § MAXPOS;
PCS DSTi= DST OPLRAND § MAXPOS;

" NADDI= NADD + 1}

¢iz0;
TMP:x SRC OPERAND + DST OPERANDS
VIFY THP > MAXWORD 'THEN®
tBEGIN' €13 13 :
TMPiz tIF* TMP = BiTig '"THEN' O YELSE' TMP « BITi6
1END? 3 . .

vie *1F' (POS SRC & POS DST) a (POS DST ==(TMP SMAXPOSY) 'THENT 1 ‘ELSE! 03

'GOTOY BISX; , . _ )

EVAL ONE OPERAND: ) )
NXOR:= NXOR + 1; ’ v T e
TMPiz AND(XOR(DST OPERAND,M{«SRC REG -11),MAXWORD)}
SRC MODE:z 0; . i . .
'GOTO' BISX}: :
EVAL BOUTH OPERANDS;
NBiSB:= NBISB + 13
BYTE:= OR(SRC OPERAND,DST OPERAND);
vi= 05
YIF! DUPPER 'YTHEN!?
'*BEGIN' TMPLl:i=z (WHOLE DST 3 256) # 2563
TMP =z WHOLE DST = TMe1l
VEFY TMP & 0 'THEN' TmP:@s 0}

YEND!
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17906
179/
1798
1799
1Buv
18us
lbu2
1898
1804
1845
18u06
18497
1660
18499
1810
1811
1812
1813
1bia
L8132
1836
1617
1818
1b19
18ed
1kl
wb2d
P
1844
1829
1820
1827
1828
i8¢y
Lbsu
1881
18ue
1889
1894
L1895
18506
1837/
1848
1859
1840
1841
1842
1843
1844
1849
ibso
1847
1848
1849
1850
1851
1852
1850
1854
1895

CMPUX?:

Movx:

DONE?

[- RN -1

BITH:

cMpB:

BR:
BRX

BEQ:

NOBR:
BNE !
BMI 3

8rL
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VELSE® THP:= WHOLE DST i 256;

MIOST]i= 'IF+ DUPPER 'THEN' 256 » BYVE + TMP 'ELSE' 256 & TMP 4+ BYTE:
N tz 'IFs+ BYTE > 127 'THEN' 1 'ELSE! Q3

Zi= vIFY BYTE = U 'THEN' 1 YELSE® ¢y

INST TIMES= (*1F' DST MCDE = 0 'THEN® 850 'ELSE' 1620) +

SRC TIMINGISRC MODE) + N
('1F* SRC MGDE = 0 '"THEN' DST TIMINGIA[DST MODE)
YELSE' DS7 TIMING3(DST MODE]);
YIFY DST MODE = 0 ~ DST = =8 'THEN' INST TIME!= INST TiME + 2903
YIFY - DUPPER 'THEN' 'GOTO' EXDONE;
YIFY DST = =8 v (SRC MODE = 0 ~ DST MODE = 0) tTHEN' *GOTO' EXDONE;
'60To' ExXDONE; .

EVAL BOTH OPERANDS;

NBICB:= NBICB + 1

TMPtz YIF' SRC OPERAND = 255 'THENY ( 'ELSE' 255 = SRC OFERAND;
BYTE:= AND(TMP,DST OPERAND); ’

vVis G

tGOTO' B(SBX;

EVAL BOTH OPERANDS;
NEITBI= NBITB + 1;

c BYTE:= AND(SRC OPERAND,DST OPERAND);

2 03
YIFY DST MODE % O 'THEN' INST TIME!=2 ~480;
'GOTOY CMPBX; .

EVAL BOTH OPERANDS;

NCMPBI= NCMPB » 13

PGS SRCi= SRC OPERAND £ 127; )

PCS pST!z DST OPERAND 8§ 1273 !

DST OPERAND:= *iF' DST OPERAND = y YTHEN' 0 *ELSE' 256 = DST OPERAND;
BYTE:= DsT OPERAND + SRC OPERAND;
= 0

YIFY BYTE > 255 tTHEN' R
tBEGIN' Ci= 1; BYTE!= BYTE -~ 256 'END'S
YIFY DST MODE % U 'THEN' INST TiMEt=2 -480;
viz '1F' (POS SRC 5-POS DST) ~ (POS DST = (BYTE <127)) '"THEN' 4 rELSE' 0}
160TO!' CMPBX;

NEBR!z NBR + 13

TMPIz INGTRUCTION = 256 # (INSTRUCTION 3 256);

PCi= M{=R] * ('1F TMP > 127 'THEN' 2 # (TMP = 256) 'ELLSE' TMP + TMP);
M{=8):i= pC; ) .

*IF' PC ¢ 256 v PC » {0 ADDR '"THEN! EZRROR("BRANCH OFFSET ERROR")
INST TiMES= 1140;

160TO' EXDONE;

NBEQ:= NBEQ + 1}

1iFY 2 = 4 "THEN' 'GOTO! BRX; ) ' 5 -
INST TiMgi= 8503 . .

'GOTo' EXDONE; ' N

NBNE:= NgNE + 1} )
YIFY Z o= 0 'THEN®' 'GOTO!' BRX''ELSE' 1G0TO' NOBR}

NBMI = NaMi o+ 13
YIFY N = 1 TTHEN' 1GOTOY BRX 'ELSE' 1G0TO' NOBR;

NBPL:= NBPL + 13
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1856
187/
1éo8
1859
180y
1&o01
1802
1863
1804
iboed
1b¢d
186/
1&oy
165y
1816
16/
1872
1B/3
1E/4
1872
i87%
1877
18/¢
18y
1880
1641
l8se
18434
1804
1869
idge
1867
1888
1809
189y
18v1

18yd"

1899
1874
1890
1b8vy6
isy/
1898
1899
1940
ivul
19u2
19us
19u4
193
i9uve6
19v7
19uY
iva9
1910
iY1il
1iv12
19138
1914
1915
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YIFY N B 0 'THEN' 'GOTO' BRX YELSE' rGOTO' NOBR;

BCSIBLOINBCS:= NgCs + 13

VEFY € = 1 YTHEN' 'GOTO! BRX 'ELSE' rGOTO! NOBR;

BCC:BMISINBCCS= NBCC + 15

BVS!
BvC:
BLT?
BGE
BLE?
BGT?
BHI:’
BLOSS

CLRCC!

SPLS

HALT?

YIFY C 2 0 'THEN' 'GOTO' BRX 'ELSE' 'GOTO' NOBR;

NBVS:= NBVSs + 13
YiFY V = § YTHEN' 'GOTO' BRX 'ELSE' (1GOTO' NOHRj

NEBVC:= NgVvCl + 13
YiIFY v o= 0 'THEN' 'GOTO' BRX YELSE' 1GOTO' NOBR}

NELY:= NglLT + 1; )
VIFY N#V = 1 'THEN' 'GOTO' BRX 'ELSE' 'GOTO' NOBR;

NBGE$= NBGE + 1; :
T1FY N+V $ 1 *THEN' 'GOTO' BRX 'ELSEY 'GOTO' NOBRS}

NBLE:= NBLE + 13

VUFY (N+y = 1) v (2 3 1) 'THEN' 'GOTOt BRX TELSE' '6GOTD' NOBR;

HBGT:= NaGT + 43
TIFY (N+v $1) A (2 = Q)'THEN' 'GOTO' pRX 'ELSEY 'GOTO' NOBRS

NBHI = NgH1 + 4; : ‘
YIFY (€ 2 0) a {2 = §) 'THEN' 'GOTO' BRX 'ELSE' 'GOTO' NOBR}

NBLOS!= NBLOS + 13 !
YIFY C 2 1 v Z = 1 YTHEN' 'GOTO' BRX 'ELSE' 'GOTO' NOBR}

YIF' EVENUINSTRUCTION) % 4 '"THEN' Ciz 03
YIFY EVENCINSTRUCTION 4 2) § 1 'THEN' Vviz O3
*IFY EVEN(INSTRUCTION 4 4) 4 1 'THEN' Z2t= 0} .
*IFY EVEN{INSTRUCTION L B) % 1 "THEN' Ntz 03
INST Timg:= 11403

NCCt= NCC #+ 1%

16OTO' ExDONE;

VIFY EVENCINSTRUCTION) % 4 YTHEN' C:i= 1%
TIFY EVENCINSTRUCTION & 2) % 1 '"THENT Vis 4;
*IFY EVENCINSTRUCTION & 4) ¢ 1 '"THEN' Zt=2 1;
tIF* EVEN(INSTRUCTICN & 8) % 1 'THEN! Ni= 1

INST TimMES=s 1140; ‘ *
MCC:= HNCC + 13
*GOTo' ExDONE;

MSPL:= NSPL + 1}

CPU PRIORITY:= INSTRUCTION - 152;

YIFrCPU PRIORITY = 0 'THEN! ERROR(PCPYU PRIOR{TY SET To 0")}
SET NEXT INTERRUPT TIME} '
INST Timge= 1140;

*GOTO' EXDONE;

NLCR;

NFALT t= NHALT + 13

TYLIN = =1 3500 ¢00;

PRINTTEXTU"HALT INSTRUCTION EXECUTED AT LOCATION ")}
OCTALIN{-81=2)3 .

1S,
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1916 STATISTICSS
1y1/ ) .
191% WAITS VIFY NEXT INTERRUPT TIME B LONG WAIT 'THEN' ERROR("NO |NTERRUPT PENDING")}
1919 . IDLE:E IDLE + NEXT INTERRUPT TIME « CLOCK]

*192¢ CLOCK:= NEXT INTERRUPT TIME;
1v21 NWAIT:= NWAIT & 1; o .
1922 SET NEXT INTERRUPT TIME;
1923 'GOTO' EXDONES
1Y92¢
1922 RESET: FREE LIST HEAD:!= 13
19¢o NREST s NREST + 13
1927 TFORY 13z 1 'STEP' 1 'UNTIL' NUM INTERRUPT SLOTS 'DO' NEXT ON CHAIN[1]:= 1+31}
19286 NEXT ON CHAIN[NUM INTERRUPT SLOTS}iz 03
1929 NEXT INTERRUPT TIME := LONG WAIT;
1938 fFORY 1tz 1 TSTEP' 1 'UNTIL' 7 'DO' FIRST SLOT[)1}3= O;
19 M{TPS i 2)i= MIPRS § 2)i= M[PPS § 2):i= 0}
1902 METPB X 21i= MIPRB 4 21i= M[PPB L 2)i= 0;
1903 CLOCK:=s ¢cLOCK + 20 600 000.03
1954 {DLE = IDLE + 20 000 000;
1999 'GOTO* EXDONE;
1956
1907  SXT: EVAL ONE OPERAND;
19506 M{DST)Yi= *1F* N = 0 'THEN' ZERO 'ELSE' MAXWORD;
1Y $9 Zis 1IFY N = 0 YTHEN' 1 YELSE' 03 '
L1y4y MSXT:= NGXT + 13 . ‘
iv4l YGOTO' SWAXS
1942 .
1943 RTS: NRTS:= NRTS + 1}
1944 : SPiz M{«71; . .
1945 *iFY EVEN(SP) % 1 'THEN' ERROR("STACK POINTER 00D");
1940 YIFY SP 4 2 >+410 ADDR 'THEN' ERROR("STACK UNDERFLOW");
1947 - M[-Bli= M[=DST REG = 113
1948 : Mi=DET REG =~ 1Yi=z M[SP 2 213}
1949 . M{w718= P + 23
195u INST TIME:S 2040;
1951 ‘1GOTO' EXDONE;
1922
1923 RT!: MRT1:= NRTI + 13
904 RTX: SPiz M[=717:
L9900 YIFY EVEN(SP) % 1 'THEN' ERROR("STACK POINTER QUD")j
1956 TIFY SP + 4 > 10 ADUR 'THEN' ERROR{“STACK UNDERFLOWM);
1957 ' ThPiz SP i 2; :
190 Nl=B1:i= mITHP];
195y PSWiz MITMP « 1];
1960 Ml=71%= sP + 4; ‘.
1901 Ci= PSW - 2 = (PSW 4 2)3 PSWi= PSW 1 2; T
1962 Viz pSW - 2 # (PSw & 2)3 PSwizs PSw 3 23
19638 Zi= PSW - 2 & (PSw L 2): PSwi=z PSw 3 23 . -
i%04 Ni= PSW - 2 & (PSw L 2)3 PSwiz PSw 3 23
196> Tiz PSW - 2 # (PSw & 2)3 - T
1966 CPU PRIORITY:= Psy 3 2 :
ive/ PRST TIiME:= 30403 : : . . e
1968 'GOTO' EXDONE; : :
196%
1974 RTT:  NRTTiz NRTT + 1;
1971 1GOTO' RTX; ) ]
1972 . .
1979 ILLEGAL: ERROR("™{LLEGAL iNSTRUCTION");
1974

1979 TRAP § NTRAP:= NTRAP + 1;

19
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1976 VEC:= 143

1vr7 SuITCH Ps¥; s .
1978 ILST TINME:= 4890;

1979 i tGOTO' EXDONE;
» 1980

19081 EMTS TMP := INSTRUCTIUN = 256 ® (INSTRUCT,ON1256)} .

1942 VIFt THP > 250 tTHEN?

19489 '*BEGINY 'SWITCH' SYSBUG != REGD, CORED, STOPTR, TRAC, PR}

19g4 'GOTO! SVSBUG[TMP=250];

198 REGD: USER DuMe; *GOTOY CYCLE;

1986 CORED: CORE DUMP(M[(OLDPC+2)121,M[(OLDPC+4)32])); M{«8] 1=0LDPC + 6; 'GOTO' CYCLE}
1907 STOPTR: TRACE FLAG 3= 'FALSE'; 'GOTO' EXDONE}

198 TRACS TRACE FLAG $2 'TRUE'; '60Vo' CYCLES

1989 PR NLCR; PRINTTEXT("PRINT AY LOC "); SPACER:=6;

199y TYLTIN 12 TYLIN % 15 'IFY FyYLIN>LINE LIMIT *THEN' ERROR("TOO MUGH PRINTED OUTPUTH);
191 OCTAL{OLDPC); SPACER:I=}i;

19y2 TMP = M{(OLDPC+2)32)i *iF' TMP>16'THEN'ERROR("PRINT MAY NOT HAVE > 16 PARAMETERS")}
1993 *FORY 1:=1 'STEP' 41 'UNTIL® TMP 'DO!?

1994 YBEGIN' TMPL = M{(OLLPC+2+281) 221}

199> tIFY THPL>MANCORE 'THEN' ERROR(*ATTEMPT TO PRINT NONEX!STENT MEMORY LOCATIONw);
1996 OCTAL(MITMPL221)}

199/ TEND Y

1998 . M{=B] iz OLDPC + 2#TMP+4,

199y ) 'GOTO' CYCLES . ,

204y TEND? } .

2Lyl © VEC:z 12;

20y NEMT = NEMT + 15

2003 ' SWITCH Psw;

20u4 INST TIME:= 4890;

20U 'GOTO' EXDONE; ,

e0ub : .

¢0u/ BPT: . NEPTi= NBPT + 13

20us VECi= 63

U0y : SWITCH PSW;

2040 INST TIMEL= 4890;

20.1 " '60TO' EXDONE: )

2012

2010 10T NIOT:= N{OT + 13

2014 v€Ciz 8}

2049 SW!ITCH Fsy;

2ULoe INST TIMES= 4890;

2017 ‘ '60To"' EXDONE; : .

dlie )

2U1Y  SwWAB:  EVAL ONE OPERAND} , i

202y NSWAB!= NSWAB + 13 : -

221 BYTE:z DST OPERAND § 2563 ) "‘ -7

2022 TFPiz DST OPERAND = 256 @ BYTE; :

2023 YIFEY TMP = O YTHEN' TMP i3 03 s oo e

2024 M(DST}i= 256 = TMP + BYTE} .
U2 . Niz vIFY UST GPERAND > MAXPOS 'THEN' { 'ELSE' 03 B -

2u26 Ziz VIF' BYTE =  'THEN' 1 *ELSE' Q3

2027 Viz ¢iz 03 :

2020 1GOTO! SWAX; :

2029 .. ’ oo

206 ADC: ' EVAL ONE OPERAND; : i

2091 NADC:2 NADC «+ 13

2052 THP:= DST OPERAND + C} .

2033 ) tz tIF' DST QPERAND MAXPOS ~ C = 3 *THEN' 3 'ELSE* 03

2034 Pz vIFY DST OPERAND = MAXWORD A C = 1 'THEN' 4 'ELSE' 0}
2085 VIFY TMP = Bi;T16 'THEN' TMP:=z 0 : .

94
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2056 'GOTOY INCX3
2037
20350 ADCS: EVAL ONE OPERAND;

2089 NADC:= NADC + 13 )

2040 BYTE:= DST OPERAND + C}

2041 viz 1IF' (DST OPERAND ® 127) ~ C 3 1 *THEN' 1 -'ELSE' 0; . o
2042 Ci=z *1F* (DST OPERAND = 255) ~ € = 4 *THEN' 1 'ELSE' 03

204 *IFY BYTE = 256 'THEN' 8YTE:!=z (3

2044 160TO! INCBX;

2U4>

2046 sBC! NSBC:= NSBC + 1%

20/ EVAL ONE OPERAND;

20438 TMP:=z DST OPERAND = C;

2049 s viFY TMP = 32768 'THEN' 1 'YELSE' 0}

2G>0 Ciz 1IF' TMP = 0 ~ C =5 1 'THEN' 0 'ELSE" 13

20071 YIFY TMP = 0 'THEN' TMPi=z 03

200¢ PIFY TMP = «1 'THENY TMPi2 MAXWORD;

2058 1GOTO' INCXS

2uns

2uoo sBCa: EVAL ONE OPERAND;

2006 NSBCpt=s NSBCB + 13

2027 BYTE:= DST OPERAND = Cj

2U>e © Vs tIFY BYTE = 128 'THENS 1 YEWLSE' (3

2u09 . Ci= tif' BYTE = 0 a € 2 1 'THEN' D 'ELSE' 13 .
2060 *iFY BYTE = 9 'THEN' BYTElz 03 .

2061 VIFY BYTE = «1 'THENY BYTE:= 255; :

2002 . '6GOTO' INCBX;

2003

20b4 ASRB? EVAL ONE OPERAND; .

2005 NASRBI= NASRB + 13 .

2066 BYTE:= DgT OPERAND 3 2 ¢ {'"!F' DST OPERAND > 127 'THEN' 128 'ELSE' 0);
2667 ASRIX ¢ = t4FY EVEN(DST OPERAND) = 1 'THEM' 0 'ELSE' 13

2068 Ni= vIF*' BYTE > 127 *'THEN’ 1 'ELSE' {3

2069 Viz vIFY NeC = 1 YTHEN' 1 'ELSE' 03

2070 . '1F' DUPPER T*THEN' INST TIME:s 1503

2071 *GOTO' INCBX;

20/e

2073  ASLB:  EVAL ONE OPERAND; : - -
2074 NASLBI= NASLB + 1;

20/5 BYTE3s DT OPERAND ¢ DST OPERAND: : o
2076 ASLBXt 'iFY BYTE > 25% 'THEN' BYTE!= 'IF' BAYTE = 256 '"THEN' 0 'ELSE' BYTE « 2563
20/7 Ciz rIFY DST OPERAND > 127 *THEN' 1 1gLSE® 03

20s8 iz VLFY BYTE > 327 'THEN!' 1 'ELSE' o3

2079 2 +IFY N+C = 1 *THEN' 1 YELSE' 03

2080 'GOTO' INCBX; ' . .
2081 . . . ST R
20uve ASR EVAL ONE OPERAND;

2083 NASR:= NASR + 1; e o T
2084 TMPiz DST OPERAND 1 2 + (fIF' DST OPERAND > MAXPOS 'THEN' 32768 'ELSE' D)3
2085 ASRX? tz 1 FY TMP > MAXPOS 'THEN' 1 'ELSE' 0 . . o
2086 Ci= vIF' EVEN(DST OPERAND) = 1 'THEN: 0 'ELSE' %;

2087 t= YIFY N+C = 1 *THEN' 1 'ELSE' 03

2088 16OTO' INCX} . .

2089 ‘ ]

2090 ASL: EVAL ONE OPERAND;

2091 NASL = NASL + 1;

2092 TRP:z DST OPERAND + DST OPERAND; : )

2093 ASLX: Ci= 03

2094 YIFY THP > MaXWORD *'THEN?

209p YBEGIN' Ci= 13

LS



2096
2097
2098
2099
2 ug
<. ul
drud
208
2°u4
2145
2.U6
2 u7
2 ub
2iu9
AN
2111
212
2118
2. .4
2.4
2716
2.17
2.18
2.19
2.20
221
2 22
224
2.24
2129
2:26
2.27
2 28
229
250
2 S1
2132
2388
234
]
2186
2137
2138
2139
2.40
2:41
2142
2.49
2:44
245
e 46
247
2 48
2:49
2150
2101
2:92
2:23
2194
2'5Y

ROL

ROR

ROLB?

ROR4d:

$083

MARK ¢

MUL ¢
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TMPIs YIF' TMP = BiTi6 'THEN' 0 'YELSE' TMP = B T16
tEND ' .
Niz 1IF" TMP > MAXPCS P'THEN' 1 'ELSE! 03
viz 1I1F? N+C = 1 "THEN' 1 YELSE' U3
YGOTO' INCX;

EVAL ONE OPERAND;

NROL:= NROL + 1}

TMPi= DST OPERAND + DST OPERAND + 3
1GOTO! ASLX;}

EVAL ONE OPERAND;

NROR:= NROR + 13

TNPI= DST OPERAND & 23

VIFT € = 1 YTHEN' TPz TMP + 32768;
'GOTO' ASRX}

EVAL ONE OPERAND;

NROLB!= NROLB + 1; )

BYTE:® DsT OPERAND « DST OPERAND + (C;
'GOTO' ASLBX; '

EVAL ONE QPERAND;

NRORB:= NRORB + 1;

BYTE:= DsT OPERAND § 23

ViFY € = -1 ‘THEN' BYTEd= BYTE ¢ 128; .
160TO' ASRBX; : :

NS0B:= NsOB =+ 13

TMPI= M[-.SRC REG « 11} ' ,

TMPIz 'IF' TMP = 1 'THEN' O 'ELSE' *+F' TMP = 0 *THEN' MAXWORD 'ELSE' TMP = 1}
YIFY THP § 0° 'THEN'! M[=B)i=s M{=8] = 16 # DST MODE = 2& DST REG;
M[=SRC REG = 1] i= TMP}

INST TiME:= *1F' TMP % 0 2THEN' 1140 ELSE' 129Y;

1GOTO" EXDONE;

NMARK = NMARK + 1; .

SPi= M[=7] + 16 & DST MODE + 2 # DST REG + 2;

M{=8)3= M[=61);

YIFY SP > 10 ADDR =~ 2 'THEN' ERROR("STAGK UNDERFLOW");

Miw61i= m{SP 1 21;

Mia?)te gP + 23

INST TiME:= 1990;

160TO*' EXDONE;

EVAL ONE OPERAND; .

NMUL #S= NMUL + 13 ' :

SRC OPERANDIz M{~SRC REG = 1)}

SUPPER:=z DUPPERS= 'TRUE?;

"LFY SRC OPERAND > MAXPOS 'THEN'
*BEGIN' SUPPERI= JFALSE'; SRC OPERAND:!s® 65536 - SRC OPERAND 'EnNDY}

tIFY DST OPERAND >MAXPOS 'THEN! . . S
'BEGIN' DUPPERI= 'FALSE'; DST OPERAND:!=z 65536 ~ DST OPERAND 'END'}

MULLt= SRC OPERAND; ’ '

MuL2:= DST OPERAND;

MUL3:2 MuLl & MUL2;

itz TIFY SUPPER 3 DURPER TTHEN' 0 tgrLsE' 1

Ziz IFY MULZ = 0 'THEN' 3 'ELSE' 0;

viz 03 ‘

Cizs vIFY (MULZ > 32768) v ((Nz0) A MULI = 32768) 'THEN' { YELSE' 0;
TMPL:s MuL3 i 655363

THMP2:2 MUL3 -~ 65536 » THMPL} ’ ’

“
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2156
2.97
2.8
2:99
260
2.61
2.62
2.69
2.64
2769
2:66
2 6/
2:68
2.69
2,70
2 /1
2.72
/8
2174
2i/o
276
2317
2.748
2. /9
240
2:8%
2'u2
2'ds
2184
2 85
2.86
2.87
288
2189
2190
2191
21y2
2193
2194
219%
2196
2197
2.98
2199
2200
2201
22u2
2203
22u4
2245
2206
2207

2208

2209
2210
2211
2212
2213
2214
2215

Divi

ASH}
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TIPS N = 3 YTHENY
tBEGINt TMPli=z MAXWORD = -TMPi}
TMP2is 65536 - TMP23
VEFY THP2 2 B1T16 *THEN!
tBEGINY TMP2i=z TMP2 « BIT163
© TMPLiz TMPL + 13 o '
CIFY TMPL=BIT46 'THEN' TMPL1=Q;
YENDTYS
'END';
tIFY TMPY = 0 'THEN' TMPiiz 0}
YIFt THMPQ = 0 'THEN' TMP2:!= 0}
'IFY EVEN(SRC REG) = 1 'THEN'
tBEGIN' M([=S5RC REG = 21!= TMP2;
M{=SRC REG =1):= TMP3
tEND?
'ELSE' M[<SRC REG = 1])i= TMP2; .
INST TIMg:= 3840 + ('1F¢ DST MODE = { "THEN'! DST TIMING3A{DST MODE]
YELSE' DST TIMING3I(DST MODE)):
*GOTO!' EXDONE;

EVAL ONE OPERANDS
Q1 = M[-SRC REG=1])} Q2 i®s M[~SRC REG =21]}

"MDIVI= NDIV 4+ 313 B
- VIF' DST OPERAND a 0 T'THEN? .

TBEGIN' Cim vix 1§ INST TIME:= 14403 *GOTO' EXDONE 'END']
Kig vIF! EVEN(SRC REG) = 1 'THEN' «SRC REG =2 'ELSE' ~SRC REG « 1}
T™MP2 3z MIK); . .
TMPL:e M{-SRC REG = 1)}
111s= 03
YIFY TMP1 > MAXPOS 'THEN®
rBEGIN' TMP2i=z 65536 - TMP2;
TMP1ia MAXWORD = TMPy;
VIFY TMP2 ® BIT16 'THEN' .
1BEGIN' TMP2:z O} ’ ) -
TMPL:e TMPL +°13 :
TENDY;
Iise 13
1END?;
MULLsE TMPL:
MUL2ts TMP23
MUL3:= 65536.0 & MULL + MUL2; )
Jig tiF' DST OPERAND > MAXPOS 'THEN' £5536 = 0ST OPERAND 'ELSE+DST OPERAND;’
vie tIF? TMPL > J 'THEN' 1 "ELSE' 03 :

cis 03 . . ) PR o -

= *|1F' DST OPERAND > MAXPOS 'THEN' 3 ‘ELSE" 0} ) R

TMPtz MULS & J3 'IFY TMP & 0 'THEN' TMPis 03
i3
1182 MULZ = TMP @ J3

v

F' Il = O 'THENY 11:8 0} o T o
TIFY TMP > MAXWORD 'THEN' TMP:= AND{TMP,MAXWORD)}
TIFS 111 ¢ s 4 'THEN' TMPiz tIFY THP 2 0 'THEN' 0. YELSE' 65536 o TMP;~ =~~~
P 11 o=

1 YTHEN' jiiz 'IF* 11 = 0 *"THEN' 0 'ELSE? 65536 = 11}
M{=SRC REG = 1):s TMP} .

'YIF? K = ~SRC REG = 2 'THEN' M{Kjt= yj

Ni= *1FY TMP > MAXPOS 'THEN' 1 'ELSE' 03

Zta tiF' TMP = 0 'THEN' 1 'ELSE' 03

INST TIMES:= YIF' | ¢ LI = 1 'THEN' 8640 'ELSE' 7740;

YiFry=1 *THEN' 'BEGIN' M[=5RC REG=1];=201} M{=SRC REG-21:=@2'END"'}
r*GOTO' EXDONE;

EVAL ONE OPERAND;
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2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2251
2232
22353
22384
2885
2290
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2200
2291
2202
2293
2254
2255
2256
22>/
2208
2259
2260
2261
22062
2263
2264
226>
2266
2207
2208
220y
22/0
22/1
ga2rs2
2273
2274
2275

ASHC:

38
TMP!z M[«SRC REG = 1)}
NASH:I= NASH + 13
viz 03 )
TMP2:s 'iF' TMP » MAXPOS TTHEN' 32768 YELSEY 03
TMP11= OgT OPERAND « 64 » (DST OPERAND { 64) 3 -
YIFY THMPY > 31 'THEN?' TMPY 3z TMPL - 643
tIFY TMPL < 0 'THEN!
YBEGIN' "FOR' 3= 4 1STEP' 1 'UNTIL' =TMPL 'DO?
TBEGINT Ci2 'IF' EVEN(TMP) % 1 'THEN' 1 'ELSE' 03
TMP3= TMP L 2 .+ TMP2
TEND?
TEND?
fELSE"
*FOR® I3z 1 'STEP' 1 'UNTIL' TMPL 'pQ!
'1BEGIN' TMP2:s TMP + TMP;
c:= 03
ViFY TMP2 > MAXWORD ¢THEN!'
YBEGINY TMP2:= TMP2 = BIT16;
YIFY TMP2 = 0 *THEN' TMP2i® 0}
Ci= 4 .
TEND '
VIFY (TMP2 > MAXPOS & TMP & MAXPOS)
v (TMP2 g MAXPOS a TMP > MAXPOS) 'THEN' Vie 13
TMPis TMP2 : '
'_END'; . .
M{=SRC REG = 17tz TMP; !
NiE *1F' TMP > MAXPOS 'THEN? 1 'ELSE' 0
Zi= IF' TMP = 0 'THEN' 4 'ELSE' 03 :
INST TIME:= 1440 + 150 # ABS(TMP1) + DST.TIMING3AL{DST MODE]S
YIFY DST OPERAND = 0 'THEN® INST Time:=z INST TIME =- 159}
160TO" EXDONE; [

EVAL ONE OPERAND;
NASHC!= NASHMC + 13
I13= *1Fr TMPL > MAXPOS 'THEN' 32768 'ELSE' 03

cediz DST QPERAND ~ 64 % (DST OPERAND 5 64) ;

PEFY J > 31 'THENY J T U = 643
TMPL:= M[=SRC REG = 113
Ki= (IF' EVEN(SRC REG) = 1 'THEN' ~SRC REG = 2 'ELSE' ~SRC REG = 1;
THP2i3 MK} '
vie 0
tEFY J < 0 'YTHEN!
*BEGIN' 'FOR' 1i= 1 'STEP* 1 YUNTIL' =y DO
*BEGIN' Ciz 'IF' EVEN(TMPZ2) % 1 '"THENt 1 'ELSE' 0}
TMPRi= TMP2 ;.23

vEFY EVEN(TMPL) % 1 tTHEN' TMP2:i:z TMP2 . 32768;

TMPLis TMPYL L 2 # |
TEND?®
YEND
*ELSE"
*FORY 112 1 'STEP' 1 'UNTIL' ¥ 'DO!
tBEGIN' TMPI:i= TMP1 + TMP1;
C:= 0; ‘ :
t1F! TMP3 > MAXWORD *THEN' .
1BEGIN' TMP3:=z TMPJ « BITL6) cCi=i}
YIFY TMP3 = 0 tTHEN' TMP3i= 03}
TENDY; .

tIFY (TMPL > MAXPOS a TMPJ g MAXPOS) v (THPL < MAXPOS ~ TMPJ -> MAXPOS)

TMPLi= YIF! TMP2 > MAXPUS 'THEN' TMP3 o+ 1 'ELSE'" TMP3}

TMP2:= TMP2 « TMPZ2;

PTHENY V 12 13
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2216
2217
22/8
2279
2280
2284
27282
2383
2244
2285
22806
28/
25u8
22nY
2290
2291
2292
2293
2294
2799
2Zve
22v7
ey

2299

¢34
23n1
23u2
23u3
23u4
23U
Z3ub
23u7
23ub
2349
2310
2311
2312
Z3L3

JMP 3

JSR:

YEND?
TEND!

'ENDY

M{~SRC RgG =~ 1):a TMPL}

M{K):=
23z 1IF
Niz tIF

'6OoTO!

T™MP2:
v oTMPY
' TMPY

EXDONE;

39
VIFY TMP2 > MAXWORD *THEN'
'BEGIN' TMP2:e TMP2 = B1T16}

fIFY TMP2 = (G *THEN' TMP2is 03
YEND .

z § ~ TMP2 = (0 'THEN' 3 'ELSE' 03

> MAXPOS 'THEN' 1 'ELSE! D}

INST TIME:= 1440 + 150 « ABS(J) + DST TIMINGIA[DST MODE]:;
YIF' DST OPERAND = 0 'THEN' INST TiMEtz INST TIME = 1503

EVAL ONE OPERAND;

t1Fr DS
1IFY DS

T MODE
T MODE

= 0 'THEN?
= 2 'THEN®

M[{=-B1:= DST ADDR;
*1FY DST ADDR > +0 ADDR
INST TiMg := 1140 + DST TIMINGLIDST MODE);

NJMP = NUMP + 13

1GOTO' EXDONE;
.EVAL ONE OPERAND;
. NUSR = NJSR + 13

CIFY DST MODE = 0 'THEN!
YIF' DST MODE = 2 'THEN!
sPiz M[-7)3 .

VIFY EVEN(SP) £ 1 'THEN!
TIFY SP ¢ STACK LIMIT + 2 '"THEN' ERROUR("STACK OVERF&OV");

SPi= SP
Mispy 2
Mlw7ji=
Ml=SRC

- 23

ERROR("JUMP TO REGISTER™);
DST ADPR:!= DST ADDR + 2;

fTHEN' ERROR("JUMP TO 10 AREA™);

ERROR("JSR 7o REGISTER")}
DST ADDRi= DST ADDR + 2;

ERROR("STACK POINTER 00D"};

] i= M[~SRC REG = 1);

sP;
REG-1]

iz Ml-813

M[{=8]3= DST ADDR;
INST TiMgi= 2290 + DST TIMINGL(DST MODE];

T Y60TO!

ExDONE;
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ERROR MESSAGES

ADDRESS

Cop400
000406
Gon4Lo

guo412
00n416
000420

Qopaz2
000426
000432

Cepa34

000436
000444
000452
000450

- B0p466-

000472

N0na76
oens02 .

N0n504
000506
eonb512
06n516
dup520

00pv24
L0n530
100534
000536
000542
t0p546
000550
000554
0op560
06n562
G0n566
0en570

G0n574

INST  IMMED1 IMMEDZ

012767
000001
000207

010067
100001
000207

016700
042700
600002

000002

042767
612767
0612767
012767
012706

004767
gaon27
001001
ooo0so
004767
020127
001042
004767

004767
020027
001773
004767

‘020127

001412
004767
020127
001405
620027
001406
0060167

004767

000101

077374

077354
000200

000200
gge422
000200
000434
0017%0

177702
000056

000172
000001
177666

177650
000040

000142
oppool

0goi62:

000001

006045

000030
177612

077372

177426
177416
177406
177376

40

SOURCE STAT
WILLTAM WARTH
RO=10
Ri=11
R2=12
R3=%3
R4z14
R5=15
spsyé
pcet?

RESYM: MOV
WAIT
RTS
PRSYMI MoV
WAIT
RTS
RIO? MoV
81c
RT1
P10  RTI
START: Mov
Mov
MoV
MoV
mov'

EMENT

06, ALGOL

#65,,PRS
pc

RO, TPB
Pc

PRB, RO
#128.,R0

#128.,58.
#R10,56,
#128.,54.
#p10,52,
#10090,,SP

TOENTIFIER PROBLEM

YREAD ROUTINE
JWAIT UNTIL THE CHAR HAS BEEN READ
JRETURN

iPRINT ROYTINE
FWAIT UNTIL THE CHARACTER HAS BEEN PRINTED
SRETURN

JCLEAR PARITY 84T
JRETURN FROM {NTERRUPT

JRETURN FROM PRINTER INTERRUPT

JSET UP THE READER [NTERRUPT VECTOR

;II
PSET UP THE PRINTER INTERRUPT VECTOR
H ! .

3SET UP THE STACK POINTER

3THIS PROGRAM READS A SERIES OF (DENTI{FIERS AND INDICATES WHieH
SONES ARE NOT VALID ALGOL IDENTIFIERS BY TYPING A QUESTION MARK
JAFTER THE DEFECTIVE ONES. '

MAING JSR
CMP
BNE
HALT

-MORE JSR

CMpP
.BNE
JSR

GET? JSR
CHMP
BEQ
JSR
CMP
BEQ
JSR
CMP
BEQ
cmp
BEQ
JMP

oK: JSR

PC,RESYM
RO, #46,
MORE

PC,LETTER
R1,#1,
ERROR
PC,PRSYM

PC,RESYM
RO, #32,
GET
PC,LETTER
R1,#1,
0K
PC,DIGIT
R1,#1,
oK

RO, #1373,
1s1p
ERROR

PC,PRSYM *

JREAD A CHAR INTO RO
i1 1T A PERIOD?

$1F 1T 1S NOT A PERJOD, CONTINUE

3THIS SHOULD BE OBVIOUS

iTHE SUBROUTINE LETTER TELLS IF IT IS A LETTER

3IF 1T IS A LETTER, IT SETS Risl :
JR130 MEANS T WAS NOT A LETTER,THUS NOT AN IDENTIFIER
PPRINT 1T

JGET THE WNEXT CHARACTER
3 1S 1T A SPACE

3 IF SO, 1GNORE (T

1S 1T A LETTER? '
$CHECK RESULT

$1F IT IS A LETTER, GOTO OK

FIT +s NOT A LETTER, 1S 1T A DIGIT?
$CHECK "RESULT OF THE CALL TO DIGIT
SIF IT ts A DiGIT, ALL 1S FiINE

3 1S THE CHAR A CARRIAGE RETURN?

*$IF SO) THIS IS AN ALGOL IDENTIFIER

31T I's NOT LETTER,DIGIT OR CARRAIGE RET, THUS ERROR

$PRINT THE CHAR

29



41 S

COpéu0 000167 177720 . JMP GET 3CONTINUE READING
000604 004767 177602 181D JSR PC,PRSYM ;TYRE OF THE CARRIAGE RETURN
000610 1004767 177564 JSR PC,RESYM READ THE NEXT CHAR WHICH 1S ALWAYS LINE FEED
6un614 004767 177572 JSR PC,PRSYM JTYPE OUT THE LINE FEED
000620 00U167 177646 T JMP MAIN FCHECK THg NEXT IDENTIFIER
000624 004767 177562 ERROR JSR PC,PRSYM jTYPE THE CHARACTER
U0n630 004767 177544 B U8R PC,RESYM JGET THE NEXT ONE
0Upné34 020027 000040 CMP RO, #32,
000640 001773 BEQ ERROR+4
00a642 020027 000015 CMP RO, %13, 1S 1T A CARRIAGE RETURN?
0rp6d46 001366 BNE ERROR $1F NOT, GET ANOTHER, !,E, SKIP UNTIL CARRAIGE RETURN
0ne50 01270 000077 MOV #63,,R0 763 1S QUESTION MARK
00n654 ypa76y 177532 JSR PC;,PRSYM 3TYPE THE QUESTION MARK
00p660 n12700 000015 wOV #13,,R0 JPUT A CARRIAGE RETURN IN RO
000664 004767 177522 JSR PC,pRSYM $TYPE THE CARRIAGE RETURN
000670 004767 177504 JSR PC,RESYM 3QEAD THE LINE FEED
009674 004767 177512 JSR PC,PRSYM JTYPE THE LINE FEED
009700 0QU167 177566 ’ UMP MAIN $START ON NEXT LINE
tte704 012701 000CO4 LETTER: WOV #1,,R1 FTENTATIVELY RESULT IS TRUE
uen716 920027 000140 CMP RO, #96, . FCOMPARE TO A
bup714 003002 ' B6T L1 71T SHOULD BRANCH HERE
00p716 012701 000000 , MoV #0,,R1 iSET RESULT TO FALSE
0un722 020027 000172 Tl © CMP RO, 4122, JCOMPARE 10 2
600726 Q03402 8LE L2 3 SHOULD BRANCH HERE T0O
00n730 012701 000000 MoV #0,,R1 }SET RESULT TO FALSE
000734 00u207 o2t RTS PC SRETURN

. ! .
600736° 012701 000001 DIGIT: MmOV #1,,R1 FTENTATIVE RESULT 18 TRUE
Geg742 029027 000060 CMP RO, #48, JCOMPARE TO 0
8un746 Q02002 BGE D1 i SHOULD BRANCH
000750 012701 000000 mov #0,,R1 PSET RESULT TO FALSE
00n754 020027 000072 D13 . CMP RO, #58, JCOMPARE TO 9
00760 002402 BLT D2 } SHOULD BRANCH
0to762 012701 000000 MOV #0,,R1 3SET RESULT TO FALSE
00p766 000207 02: RTS PC iRETURN
uop4a3s +END START

0 ERRORS IN ABOVE ASSEMBLY 23 SECONUS ASSEMBLY TIME
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Q3iNno3x3

SNOILINULSNI

S0vTT

a GNOD3S dgd ¥3d 3Wid 8X

000000
000000
00UU00
006000
000900
000000
000000
000000
000u00
000000
000000
090400
000000
000000
000000
000000
000U0D
T0¢210
FATIYA
00000
FATIAY
L9Ly00
£20020
L91210
000000
000000
000000
000u0u
00UU00
000000
00000U
000000

00n000
000000
001000
007000
000000
305000
001000
605000
007000
000000
000000
000000
005000
000000
004000
000000
000000
402000
L9.%00
Lzulzo
L9,%00
££:700
204447
200000
0ga000
009000
0ocoo0
600000
00000
00000
006000
884000

000000
000000
000000
0U0C00
000000
000000
0000ue
000000
600000
000600
00000U
000000
000000
000000
000000
000000
000000
000006
v0GLLY
boSLLT
080000
040000
L9Lp00

200000

6ooGo0
000000
000000
000000,
000000
000000
00200u
0600000

00ud0D
00u0g00
00uUDy
000000
vuu000
oouluo
00u00Q
oouooo
00ub00
00u009Q
00uluo
006000
goutos
000000
duuooo
00u000
g¢ooog
T0L2%0
194500
L94P00
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L20020
0sL%00
002000
0ovdoo
000000
00u000
0guouY
000000
00u000
22¢000
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000000
000000
000U00
000000
000000
000000
000000
000800
000000
000000
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200000
000000
000000
0n0U00
000000
L02000
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000000
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000000
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000000
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00U000
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00L000
00U000
ooLe0o
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00UDLO
00u000
0006000
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NUMBER UF CHARACTERS READ = 1067 NUMBER OF LINES TYPED = 13
AVERAGE PDP TIME PER INSTRUCTION = 2606 NANOSECONDS

_AVERAGE NUMBER OF PDP INSTRUCTIONS PER SECOND OF XB 7 IME = 134

"DIST OF ADDR MODES 0-7 3871 0 3730 0 0 0 3703

. PROGRAM COUNTER DISTRIBUTION, ADDKESS (OCTAL) FREQUENCY OF USE (DECIMAL)
BELOW 00040 [d ABOVE 001000 1]
000440 167 ocp402 9 000404 0 0n0406 1067 000410
000sci .45 onp4a2 1067 000424 0 00426 1067 600430
0on4sy 0 dnpa42 9 000444 1 000446 3} 000450

- Gog4vy 1 000462 0 300464 0 0n0466 1 000470
00056y 0 g0p502 14 000504 1 000506 13 poob10
00C=20 11 000522 0 000524 577 0n0sS26 0 000530

T ET ] 0 gng542 87 000544 (i} 0N0546 87 000550
000060 15 eepd62 11 000564 a 000566 11 000570

L 00CsCyY 76 geeéne 9 000604 7 0noe60s 0 000610
0GnEEY 7 snp622 b} 000624 26 ones2e 0 000630

- 0p0e4y 463 nppd42 26 000644 - 0 0nosé4s 26 000650
000606y 6 enps62 0 000664 6 0no666 0 000670
0u0/09 6 06702 ] ceo704 1040 - 0n0706 0 0007419
000720 0 0cp722 100 000724 U onp726 100 000730
00G74u 0 060742 15 000744 [} 000746 15 000750
000760 15 . g0g762 . n° 000764 0 000766 15 000770
ApDC o 0 aADCB 0 .0 ADD 0 .0 ASL
ASHC 0 0 ASR < 0 .0 ° ASRa 0 .0 BGC

< BGE 15 .1 BGT 100 .9 BM I 0 .0 BIC
B1Sa 0 .0 BIT 0 .0 B1TH - 0 .0 BLT
B8M1 0 .0 BNE 53 .5 BRL 0 0 BPT
8vS 0 .0 " CcLR . ¢ .0 CLRB 0 .0 cmMP

. CukiB 0 .0 (49 0 N DEC ] ] DECB
HALT b3 .0 INC 0 i} INCH 0 20 1oT
MARK 0 .0 MOV 2439 21,4 MOVA 0 0 MUL
RESET 0 .0 ROL 0 .0 ROLB 0 .0 ROR
RTS 1327 11.6 RTT o .0 SBC 0 W0 5:14:
suB 0 0 SWAB 0 .0 SXT 0 .0 TRAP
WALT 1212 10.6 XOR 1] U

TOTAL TIME FOR This JOB = 121 SECONDS.

0

1067

OOO0OO00O

IMMEDTATE=

000412
000432
000452
000472
000512
000532
000552
8600572
000612
000632
000652
000672
000712
000732
000752
000772

ASLB
BCS
81¢CB
BLE

CMPB
piv:
JMP
NEG
RORSB
s0B
TST

145
1067

- e
COOoOO0OOLOOOO0OOW A

0
3730 DIRECT=
000414 0
000434 0
000454 0
000474 0
000514 0
000534 577
000554 15
000574 76
000614 7
000634 463
000654 -]
000674 &
000714 100
000734 100
000754 15
000774 0
0 W0 ASH
] .0 BEQ
0 .0 - Bls
100 .9 BLoS
0 .0 R:174
0 .0 com
0 ,0 EMT
93 8 JSR
)] ,0 NEGE
[i] ,0 RTY
0 .0 SPL
0 .0 7578

NUMBER OF CHARACTERS PUNCHED =

0

000416
000436
000456
000476
000516
000536
000556
000576
00061¢€
00063¢
00065¢
000676
000716
000736
000756
000776

Pics 3708

145.

14
13

[y
OO UVMNVNOOoOOOoOO
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ERROR MESSAGES ADDRESS

000400
0Up406
000410

Gbo412
00nd416
00n420

00né422
ttnd26
ton432

000434

000436
00p444
100452
uco460

C 00466

000472
000476

ayps02.

600504
¢ . 060510
600514
600516
C0n522
000526
000530
000534
000540

009544
00n4a36

U ERRORS N ABOVE ASSEMBLY

INST

012767
00u001
040207

01067
00001
000207

016700
042700
ngunez

opeooe

012767
012767
012767
012767
012706

004767
020027
001420
162700
020027
001002
012700
020027
001002
062700
004767
000167

S oo0n00

IMMEDL

000101
077374

077354
6Go200

000200
000422
oco200
000454
001750

177702
000015

000001

000340

000172
000037

000001
177652
177726

I1MMED?2

077872

177426
177416
1774C6
1773876

45

SOURCE STATEMENT

YOUR NAME,

RN=Y0
Ri=11
R2=Y2
R3=Y3
RAz=Y4
RE=YS
sP=¥6
rPCzy7

RESYM}

PRSYM:

R10:

P1O?

START!

.

MOV #65,,PRS
WAIT
RYS PC

MOV RO,TPB
WAILT

RTS PC

MOV PRB,R(
BiIC #128.,R0
RT1

RT1

MoV #128.,58,
MOV #R10,56.
MOV, #128,,54.
MOV #P10,52,
MOV #1000.,SP

ROTATION CIPHER PROBLEM

JREAD ROUTINE

IWAIT UNTIL TME CHARACTER HAS BEEN READ
JRETURN

JPRINT ROUTINE

JWAIT UNT|L THE CHARACTER HMAS BEEN PRINTED
IRETURN

JREADER INTERRUPT SERVICE ROUTINE
JCLEAR PARITY BIT
PRETURN FROM INTERRUPT

JRETURN FROM PRINTER INTERRUPT

}SET UP THE READER INTERRUPT VECTOR
;Il )

$SET UP TWE PRINTER INTERRUPT VECTOR
;H M

3SET UP THE STACK POINTER

;THIS PROGRAM BREAKS CODES, JUST LIKE JAMES BOND, IN PARTICULAR 1T
$SPECIALIZES IN ROTATION CIPHERS,

Loop?

. 0K

oK2:

DONE?

JSR PC,RESYM
CMP RO, #13,
BEQ DONE

SUB #1,,R0
CMP RO, #96,
BNE OK

MOV #122.,R0

CMP RO, #31,
BNE OK2

ADD #1,,R0
JSR PC,pRSYM
JMP LOOP

HALT
+END START

14 SECONDS ASSEMBLY TIME

$JREAD A CHARACTER INTO Rg -

518 THE CHAR A CARRIAGE RETURN?

31F 1T 1S 60 'TO DONE

ISUBTRACT 1 FROM RO, TH1S MAKES B INTO A, ETC,
$1F RO=96, [T WAS ORIGINALLY THE LETTER A
JIF 1T WASN'T AN A, ALL IS FINE

31T WAS AN A, PUT Z IN RO

$WAS THE CHAR A SPACE?

JIF 1T 'S NOT A SPACE, Go TO 0K2

JIT WAS A SPACE, FIX T

PPRINT THE CHARACTER

$160 GET THE NEXT CMAR

"INO COMMENT

L9
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000549
0005690
000450
000020
000640
00006¢uy
000 7GY
000/2y
000740
060760

ApC
ASHC
BGE
B153
Bm1
8vs
comg
HALT
MARK
RESET
RTS
suB 80
WAIT

QoOoOProooooaco

OOV oLLOOOO

000542
000562
00p602
gnp622
009642
00p662
gop702
000722
nop742
onp762

10.1
. 5.0
10.1

TOTAL TIME FOR THIS JOB

COOOUODODOD

ADCB
ASR
86T
BiT
BNE
ckLR
cC
INC
MoV
ROL
RTT
SWAB
XOR

-
-

nN
-
COQOOONOOOOLOoOOO

000544
000564
000604
000624
000644
000664
000704
000724
000744
000764

= 39 SECONDS,

CoQogor

cooco

ADD
ASRB
BH1
BITH
BPL
CLRY
DEC
INCH
Mova
rROLB
s8c
SXT

47

000546
6n0566
0n0606
000626
0N0646
000666
000706
000726
onp746
000766

(=N — N ¥ o= i~ = =R

E-

v e s m s s e moe e e ™

OO0 O0OO0O0O0O0OOO

OO0 O00Q

000550
000570
000610
000630
000650
000670
000710
000730
000750
0006770

ASL
:149
BIC
BLT

T BPT

(<51
DECB
10T
MUL
ROR
$8C8
TRAP

OO0 OOHrOOFOO

OO OO0 OOD

o
w

000552
000572
000612
000632
000652
000672
000712
000732
000752
000772

ASLE
BCS
BI1CB
BLE
BR
cMPB
plv
JMe
NEG
RORB
s0B
TST

OO O0O0O0O00O0CQ

. ™
OO0 OODAODOOO

000554
000574
000614
000634
000654
000674
000714
000734
000754
000774

DO O0OO0OCOO0OO0OO

ASH
BEG
818
BLOS
BVC
com
EMT
JSR
NEGB
RTI
SPL
TS18

000556

000576
000616
000636
000656
000676
000716
000736
000756
000776

o

(=
o
OO0 ORRPOODOCOORO

. ®

OO0 Q0ODOOO

69
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THE PROGRAM LOADS 4 TABLES‘AT THE START OF EACH RUN,

1. TIMING TABLE
2. MC TO ASCl|

3., AsCil

CODE CONVERSI1ON
TO MC CODE CONVERSION

4, ASSEMBLER OPCODE TABLE (DEFINING

i 844
] 801
15¢ 851
150 763
g 941
(] 84y
48 49
03 104
L9 120
076 u77
048 u4b
23 uo0
000 v0U
800 Uy
064 033
22 122
2e 122
093 129
ouo 001
28 U3/
052 U5
0/8 u1Y
025 u26
0
0
0
0
0
: 0
2396109
. 0
2369121
0
20025343
]
0
21615615
’ 1
[\
U

50
105
121
078
042
goo
040
000
200

122
122
121
002
038
054
011
027

906
514
78

491

840
300
850
760
940
840

51
106
122
070
047
000
041
oo
000

122
122
125
003
039
055
012
028

oo oo

0352

9
6112
0
6623
0
0
8208
0

0
0

1830 990
1050 300
1840 990.
1660 940
1830 990
1650 990
52 53
107 108
000 065
08g 081
0op 094
600 000
091 093
00g 000
037 036

]

122 122
122 122
133 132
004 005
049 041
05¢ 057
013 014
029 030

J

2838527

2215935

0

2395231

0

0

0

0

0

0

21614687

14852095

0

0

9950207

.00

+WORD, ETC)

MOV, CMP,
1980 1600 2590
1200 1000 1990
2080 1900 2890
1800 1660 2560
2080 1750 274U
1800 4510 2420

54 55 56 57
109 110 111 112
066 067 068 069
082 083 084 08%
061 000 060 000
§00 044 046 092
000 000 000 0GO
p09 013 03% 034
013 010
122 122 122 118
122 122 122 122
123 120 U988 099
006 807 008 009
042 043 044 049
058 059 060 061
015 016 017 018
031 032 033 034

0 0
5145856 0
5146368 ]

.0 20614143

9093120 14332927
0 0

0 0

0 27197438

0 0

0 3566591

0 14851167
4950976 0
4918016 31509609
0 1184767

0 TG
786436 ]
) 0

97 98
113 114
u70 071
ugé 087
u62 000
u58 059
000 000
V63 038
135 122
122 122
usé 064
U900 092
u4é6 047
u62 100
uL9 020
435 080

0
(4]
0
$104312
9596928
: 0
0
5112064
0

786596

4950784

0
13041664
9068544
0

0

0

THEY ARE!

99 100
115 116
072 073
088 089
126 000
000 032
000 000
000 035
122 134
122 122
087 065
072 070
048 049
089 101
g21 022
127 079
. 0
32100848
2533375

0
2506367
0

0
19539967
0

0

0

0

0

0

0

]
3562495

101
117
074
090
096
000
000
095

122
122
088
074
050
069
023
076

102
148
075
000
125
000
too
124

122

i22 .

Gs67
122
051
126
024
lz22

0

821507
5144832

0
5145344

0

0
786434

78659

Q
[1}
0
0
i
0
0
0
4

2L



"
0

0 4361321
0 0

4362239 4917952 2634751

0 0 136830731

0 0 2332671

0 (o 0

0 0. 0

2506751 5146368 o

0 0 9

31043822 524288 i

0 0 2369535

0 0 0

0 0 32052452

0 0 19992575

19578271 4951104 3651583

19584415 4951040 0

So02047 5112320 0

0 0 2412543

1955020/ 5177472 0

: 0 0 0

0 0 0

2:962911 5081344 i

0 0 32000302

0 0 0

3554303 786600 )}

0 0 0

1689383 9597952 32226884

0 0 32122508

32131107 821502 20102143

0 0 20090879

0 0 0

0 0 20417535

0 6 1679487

0 0 0

0 0 19057844

0 ) 0
343089 786593

0 0 4512767

0 0 20460543

o 0 0

0 0 0

0 .0 2412639

¢ - i} 0

- 256767¥Y9 10123264 0

9 o 0

0 9 8434335

0 0 o

0 0 0

) (] 0

0 0 . 0

] 0 355839¢

0 0 0

0 0 1684479

0 0 1690623

o 0 11127807

0 0 3589119

(i 0 0

v 0 . - 0

‘20110895 786610 0

2511871 5143088 0

[ I

49504720
0

5144576
5311744
5112832

o

(== =)

'5145068
0

821499 |

4916144
4917824
0
0
9064448
o

0
0

0

14125311
0
0

0
12916592
1572864
786616
786609

0
9465440
9598464
0

786437

0
: 0
9597440
5177496
0

0

9089024
0

0

. 0

- 7686432
V

0

0

0
4917760
0

4918464 .

4916400
9635840
9052160
]
0
0
0

-0
+ 3588191

OCCOOO

20730879
0
20114431
.0

9

0.

19991647
3650655
5690367

: 0
- 2411615

15188691
0
2413567
¢

0
31635615
0

g

¢
9900031
31549061
118374
G

10929151
3557471
0
1683553
1689695

0
' 0
2496511
: U

0
143146559

oo CcCcoOcC

oCcCcocoocoocco

OO O0

4918720
g

786632
9

0

0
4950912
4950592
5081088

_ 0
9097216

QOO0 O0O0O

786592
0
9056256
0

. 0
4784428
0

0

0
4917888
12976128
4918080

COOUOOoOODOOOO QD

4915264
4950528
1]

4951232
4951168
0
9084928
0

: ]
5113600
0

0

9048064 -

| 2348031

OO0 0O0OO

20677727

CODOoODOO

19879199
19685343

OO0 OOO0OOCO0QOO

9899103
2822143
2199551

OO0 OO

24159903
5706751

0
S 19v51231

0
1182815
2279423

‘31971525
0

0
3248127
0
0
0
2642943
0

0
14145631
' 0

QOO0 0OD

5113344
4915392

DO OO0

4918335
4948272

OOoOD0DOO0O0OO0O0OOOO0O

4950656
5145600

5146112

(=R =N— =R~ =]

786433

4784128
0
786438

0
4950848
5142576

10062076
’ 0

0
786607
0
0

0
786435
g

0
9080832
-0

€l






