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INTRODUCTION

The Am2901A Four-Bit Bipolar Microprocessor Slice and its
associated support circuits have become the industry stan-
dard. However, even as this niche is already carved in the
microprocessor industry, consideration must also be made to
those users who either have not dealt with the speed and flex-
ibility of the Am2900 Family or have utilized other types of
microprocessing in their applications. Therefore, it is important
that the needs of these users be met at least partiaily by ai-
lowing them to adapt to this new concept through the use of
familiar tools.

This document describes the emulation of an Am9080A
Eight-Bit MOS Microprocessor built around four Am2901A Bit
Slices and three Am2909 Microprogram Sequencers. The
primary purposes of this design are:

1. To demonstrate the use of the Am2901A, Am2909, and
microprogramming in general, and

2. To emulate the Am3080A/Am8228 chip set in such a way
as to better enable the user to make the transition to im-
plementing the Am2900 Family in his system, particularly if
he has previously been Am3080A-oriented.

The design was not intended to minimize component count or
cycle times, but rather to demonstrate an emulation in the
most straightforward manner. However, even though speed
was not the first consideration in this design, the emulator
needs, on the average, about 40% fewer clock cycles than
does the Am9080A (see Table 1). Also, it can run with a
maximum clock frequency of about 5MHz, which altogether is
about a 4:1 speed improvement over the standard 2MHz
AmMY080A/AmB228 instruction set (see Table 7).

Furthermore, the emulator has the same input/output lines
and controls as does the Am9080A/AmB228 set, i.e.:

1. A 16-bit wide Address Bus

2. An 8-bit wide Data Bus

3. MEMR, MEMW, 1/OR, TOW, HLDA, WAIT and INTA con-
trol outputs

4. HOLD, READY, INT, and RESET control inputs.

A complete list of the parts used in this design can be found
at the end of the text.

GENERAL PHILOSOPHY
The Architecture

The heart of the emulator is a 16-bit wide ALU constructed
with four Am2901A Four-Bit Bipolar Microprocessor Slices.
Their internal registers are assigned as the Am9080A regis-
ters, including both the Program Counter and the Stack
Pointer. The four Am2901A’s are grouped in two pairs, a High
Order Pair and a Low Order Pair. This scheme provides an
easy access to the 16-bit register pairs (B-C, D-E, H-L) as
well as to the 16-bit registers (PC, SP). The internal register
allocations of the Am2901A’s are depicted in Table 2. Note
that for the High Order Pair (HOP), the Am2901A memory lo-
cations for each of the working registers are the same as the
numbers used to identify these registers as source or destina-
tion registers in the Am9080A instructions. Thus, by properly
decoding these bits in the Am9080A instructions and applying
them to the A or B addresses of the Am2901A’s, all of the
AmY080A register-to-register instructions (approximately 25%
of the total number of instructions) can be handled by only
one set of microinstructions. This, of course, simplifies and
shortens the microprogram.

Furthermore, addressing a register pair (B-C, D-E, H-L) is
made easy by selecting bits 4 and 5 of the Am9080A instruc-
tion and applying them to the A or B address of the
Am2901A’s. This is true provided the register in the Low
Order Pair (LOP) contains the same data as its corresponding
register in the HOP. It can be accomplished merely by invert-
ing the Least Significant Bit of the LOP register address
whenever a single-byte (8-bit) operation is performed. For
example, if the Am9080A instruction INR B (Increment Regis-
ter B) is to be performed, its destination bits (000) are applied
to the HOP B addresses, addressing Register 0. However,
001 is applied to the LOP B address, addressing Register 1,
which again is B.

Executing double register operations (INX, DCX, LXI, etc.)
does not require this Least Significant Bit (LSB) inversion, but
for these instructions, the adjacent pairs of registers should
always be updated. This can be accomplished by byte-
swapping, e.g. taking Register H from the HOP (No. 4) and
writing its contents into Register H of the LOP (No. 5), and at
the same time taking Register L from the LOP (No. 4) and
writing its contents into Register L of the HOP (No. 5). All of
this can be done in one microcycle, and as the amount of
such instructions is relatively small, the time consumption in-
volved is negligible.

This system of register allocation uses only 3 bits of the micro-
instruction, but shortens by an appreciable amount both the
microcode and the execution times. The registers adjacent to
those allocated to A, PC, and SP are used as “scratchpads”.
The constants in Registers 12 and 13 are loaded in the ini-
tialization phase following a restart and are used in the restart
instruction (RST) to properly mask the restart address bits
from the Data Bus.

The Microprogram Control Unit

Figure 1 is a block diagram of the Microprogram Control por-
tion of the emulator. This unit is a typical example of a com-
puter control unit that uses three Am2909 Microprogram
Sequencers. In an instruction fetch cycle, the Instruction Reg-
ister latches the instruction appearing on the Data Bus and re-
tains it during its execution. The output of this register is
applied to the Mapping PROM (256 words by 12 bits) address
inputs. This PROM maps the 8-bit instruction into the appro-
priate 12-bit microprogram memory address. The data ouputs
of this Mapping PROM are connected to the D inputs of the
Am2909's. Some Instruction Register bits also go to the ALU
for register selection.

The Am2909 control lines are controlied by a Sequence
PROM. Three of the Sequence PROM address inputs come
from the Pipeline Register and a fourth is supplied by a
sixteen-input Condition Code Multiplexer. Of its sixteen inputs,
twelve are used: five for the Am9080A flags (CY, Z, S, P,
AC), three for the micro-status bits (F=0, F3, Cp44), three for
the INT, READY, and HOLD controls to the emulator, and one
always TRUE input which the sequencer uses to execute an
instruction unconditionally. The interrupt inputs are gated with
one bit from the Sequence PROM and connected to the
Am2909 OR inputs. This effectively allows the forcing of “1™’s
into all of the OR inputs of the Am2909’s when an interrupt is
requested, while at the same time enabling the interrupt, forc-
ing “1"s into all of the microprogram address lines. At the
highest available microprogram address, there is a JUMP to
the interrupt handler.



Table 1. Clock Cycle Requirements for the Am9080A Emulation.

Op Code Clock Cycles
Number Am9080A Assembly Instruction Description
D7 Ds D5 D4 D3 Dz D1 Do o thes Am8080A Emulation* Mnemonic
DATA TRANSFER

0 1 d d d s s s 1 5 3 MOVr, r Move register to register

o 1 1 1 0 s s s 1 7 5 MOVm, r Move register to memory

6 1 d d d 1 1 0 1 7 5 MOVr, m Move memory to register

0 0 d d d 1t 1 0 2 7 5 MVI, 1 ' Move to register, immediate

0o 0 1 1 0 1 1 0 2 10 7 MVI, m Move to memory, immediate

o 0 1 1 1 0 1 0 3 13 4 LDA Load Acc, direct

0o 0 0 o 1 0o 1 o0 1 7 5 LDAX B Load Acc, indirect via B & C

o 0 o0 1 1t 0 1 0 1 7 5 LDAX D Load Acc, indirect via D & E

o o t o 1 0 1 O 3 16 12 LHLD Load H & L, direct

0O 0 1 o 0 o 0 1 3 10 S LXIH Load H & L, immediate

o o o 1 0 O 1 1 3 10 5 XiD Load D & E, immediate

0O 0 0 0o 0 0O 0 1 3 10 5 LxiBg Load B & C, immediate

o0 0 1 1 0 0 0 1 3 10 5 LXI SP Load stack pointer, immediate

0o 0o 1t 0o O 0 1 O 3 16 11 SHLD Store H & L, direct

o o t 1 0 O 1 O 3 13 9 STA Store Acc, direct

0 0 0 0o O O 1t O 1 7 5 STAX B Store Acc, indirect via B & C

0O 0 0 1t o 0 1 0 1 7 5 STAX D Store Acc, indirect via D & E

1 1 1 1 1 0 0 1 1 5 3 SPHL Transfer H & L to stack pointer

1 1 1 0 1 0 1 1 1 4 5 XCHG Exchange D & E with H & L

11 1 0 0 0 1 1 1 ! 18 11 XTHL Exchange top of stack with H & L

1 1 0o 1 1 o 1 1 2 ! 10 6 IN Input to Acc

1 1 0 1 0 0 1 1 2 10 5 ouT Output from Acc

CONTROL

0o 1 1 1 0 1 1 0 1 7 6 HLT Halt and enter wait state

o 0o 1 1 o0 1t 1 1 1 4 3 STC Set carry flag

o o 1 1 1 1 1 1 1 4 4-3 CMC Complement carry flag

1 1 1 1 1 0 1 1 1 4 3 El Enable interrupts

1 1 1 1 0 0 1 1 1 4 3 DI Disable interrupts

0o 0 0 0 O 0 0 O 1 4 3 NOP No operation

BRANCHING

1 1 o 0 o 0 1 1 3 10 7 JMP Jump unconditionally

1t 1 0 1t 1 0 1 O 3 10 8-5 JC Jump on carry

i 1 0 1 0 O 1 O 3 10 8-5 JNC Jump on no carry

1 1 o 0 1 o 1 0] 3 10 8-5 JZ Jump on zero

1t 1.0 0 0 O 1 o0 3 10 8-5 JNZ Jump on not zero

1 1 1 1 o o0 1 0 3 10 8-5 JP Jump on positive

1 1 1 1 1 0 1 0 3 10 8-5 O JM Jump on minus

1 1 i1 0 1 0 1 0 3 10 8-5 JPE Jump on parity even

1 1 i 0 0 0 1 O 3 10 8-5 | JPO Jump on parity odd

11 0 0 t t 0 1 3 17 11 I CALL Call unconditionally

1 1 0 1 1t t 0 O 3 17-11 12-5 . CC Call on carry

i 1. 0 1 0 t 0 O 3 17-11 12-5 - CNC Call on no carry

1 1 0o 0 1 1 0 0 3 17-11 12-5 074 Call on zero

1 1 0 0 0 1 0 O 3 17-11 12-5 CN2Z Call on not zero

11 1 1 0 1 0 0 3 17-11 12-5 bocp ' Call on positive

11 1 1 1 1 0 0 3 17-11 12-5 CcM Call on minus

t 1 1 0 1 1 0 0 3 17-11 | 12-5 + CPE | Call on parity even

11 1 0 0 1 0 O 3 17-11 ! 12-5 ' CPO ' Call on parity odd

t t+ 0 0 1 O O 1 1 10 \ 8 . RET Return unconditionally l

it 1 0 1+ 1 0 0 O 1 11-5 | 9-3 RC Return on carry i

1 1 0 1 0O 0 0 O0 1 11-5 : 9-3 RBRNC Return on no carry
i1 1 0 0 1 0 0 O 1 11-5 | 9-3 Rz Return on zero

11 0 0 0 0 0 O 1 11-5 ‘ 93 RNZ Return on not zero
11t 1 1 0 0 O O 1 11-5 ! 9-3 RP Return on positive

t 11 1 1 0 0 0 1 11-5 ] 93 RM Return on minus
‘11 1 0 1 0 0 O 1 115 ‘ 9-3 RPE Retum on parity even

1 1 i 0 0 0 O O 1 11-5 9-3 RPO Return on parity odd
‘T 1 1 0 1 0 0 1 1 5 ! 3 PCHL Jump unconditionally, !

‘ ‘ indirect via H & L i

1 1+ v v Vv 1 1 1 1 ‘ " i 9 RST Restart |

*The number of clock cycles required to execute some instructions may vary, according to the conditions present at execution time. For example,
a CMC (Complement Carry) is implemented in micracode, not in hardware. The carry is unconditionally reset while the previous status of this flag
is examined. If it was already reset, a jump to the STC (Set Carry) routine is performed; otherwise, the next instruction is immediately fetched.
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Table 1. Clock Cycle Requirements for the Am9080A Emulation. (Cont.)

Op Code Clock Cycles
Nu:ber Am9080A Am9080A Assembl_y Instruction Description
D7 DS D5 D4 D3 D2 D1 DO ot ytes m Emulation Mnemonic
ARITHMETIC
1t 0 0 0 0 s s s 1 4 3 ADDr Add register to Acc
1 0 0 0O 1 s s s 1 4 4 ADCr Add with carry register to Acc
1 0 0 0 0 1 1 0 1 7 5 ADDm Add memory to Acc
1 0 0 0 1 1 1 0 1 7 5 ADCm Add with carry memory to Acc
1 1 o 0 o0 1 1 4] 2 7 4 ADI Add to Acc, immediate
1 1 0 0 1 1 1 0 2 7 5 ACI Add with carry to Acc, immediate
0o 0 o 0 1 0 O 1 1 10 4 DAD B Double add B & CtoH &L
o 0o o 1 1t 0 0 1 1 10 4 DAD D Doubleadd D & EtoH &L
o o 1 0o 1t 0 0 1 1 10 4 DAD H Doubleadd H& LtoH &L
o o + t 1 0 0 1 1 10 4 DAD SP Double add stack pointerto H & L
t 0 0 1t 0 s s s 1 4 3 SuBr Subtract register from Acc
1t 0 0 1 1 s s s 1 4 4 SBBr Subtract with borrow register
from Acc
i 0 0o 1 0 1 1 0 1 7 5 SUBm Subtract memory from Acc
i 0 0 1 1 1 0 1 7 5 SBBm Subtract with borrow memory
from Acc
+t 1 0 1 0 1 1 O 2 7 4 Sul Subtract from Acc, immediate
1 1t 0 1 1+ 1 1 0 2 7 6-5 SBI Subtract with borrow from
Acc, immediate
o 0 1 0 o0 t t 1 1 4 20-8 DAA Decimal adjust Acc
STACK OPERATIONS
i 1+ 0 0 O 1 0 1 1 1 | 6 PUSH B Push registers B & C on stack
i1t 0 1 0 1 0 1 1 11 6 PUSH D Push registers D & E on stack
i 1 1 0 0 1t 0 1 1 11 6 PUSH H Push registers H & L on stack
it 1 1 1 0 t 0 1 1 11 8 PUSH PSW Push Acc and flags on stack
i1 1 0 0 0 O o0 1 1 10 8 POP B Pop registers B & C off stack
1 1.0 1 0 O O 1 1 10 8 POP D Pop registers D & E off stack
i 1 1 0 0 0 o0 1 1 10 8 POP H Pop registers H & L off stack
[ I B 1 0 0 0 1 1 10 ; 8 POP PSW Pop Acc and flags off stack
LOGICAL
1 o 1 0 0 s s s 1 4 3 ANA 1 AND register with Acc
i 0 1+ 0 0 1 1 0 1 7 5 ANA m AND memory with Acc
i 1 1 0 0 1 1 0 2 7 4 ANI AND with Acc, immediate
1 0 1+ 0 1 s s s 1 4 3 XRA r Exclusive OR register with Acc
't 0 t 0 1t 1 1t 0 1 7 5 XRA m Exclusive OR memory with Acc
t 1 1 0 1 1 1 0 2 7 4 XRI Exclusive OR with Acc, immediate
10 1t 1 0 s s s 1 4 3 ORAr Inclusive OR register with Acc |
1 0 1 1 0 1 1 0 1 7 5 ORA m Inclusive OR {nemory with Acc
i1t 1 1t 0o 1 1 0 2 7 5 ORI Inclusive OR with Acc, immediate |
10 1 1 1 s s s 1 4 3 CMP r Compare register with Acc
10 1 1 1 1 1 0 1 7 5 CMP. m Compare memory with Acc
11t 1 1 1 1t 1 0 2 7 4 CP} Compare with Acc, immediate
o 0o 1 0 1 1 1 1 1 4 3 CMA Complement Acc
o o 60 o0 o0 1 1 1 1 4 5-4 RLC Rotate Acc left
0O 0 0 o0 1 1 1 1 1 4 6-5 RRC Rotate Acc right
o o o 1t o t 1 1 1 4 5-4 RAL Rotate Acc left through carry
o o o t t 1 1 1 1 4 6-5 - RAR Rotate Acc right through carry
{ INCREMENT/DECREMENT .
0 0 d d d 1 0 0 1 5 3 INRr Increment register
o o 1 1 0 1 0 O 1 10 6 INR m Increment memory
o o 0 o0 o O 1t 1 1 5 4 INX B Increment extended B & C
o o 0 1 o o0 1 1 1 5 4 INX D Increment extended D & E
o o0 1t 0 0 o0 1 1 1 5 4 INX H Increment extended H & L
o o 1+ 1t o 0 1 1 1 5 4 INX SP Increment stack pointer
0 0 d d d4 1 0 1 1 5 3 DCRr Decrement register
¢ o 1 1 0 1 0 i 1 10 6 DCR m Decrement memory
0o o o o0 1 0 1 1 1 5 4 DCX B Decrement extended B & C
o o o 1 1 0 1 1 1 5 4 DCX D Decrement extended D & E
o o t 0 1 0 1 1 1 5 4 DCX H Decrement extended H & L
o o t 1t 1 0 t 1 1 5 4 DCX SP Decrement stack pointer
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Figure 1. Microprogram Control Unit.
Table 2. The microprogram memory is organized as 56 bits wide and

352 words deep. Twelve of the fifty-six bits of the micropro-
gram word are used to supply the address of the next mi-
croinstruction if a jump is needed in the microcode. The eight
least significant bits of this field can also be applied (under
microprogram control) to the Data Bus, thus allowing the
Am2901A’s to obtain data from the microinstruction. Three
bits of the microprogram word are needed for the Sequence
PROM and one bit is used to control the Condition Code Mul-
tiplexer polarity. The remaining forty bits are used in the ALU
and in the other parts of the emulator.

Figure 2 is a block diagram showing the connections for the
register, address, and data inputs of the Am2901A’s. Data
appearing on the Data Bus is latched into the Data Register.
Supplying data to each pair of Am2901A’s is a Data Multi-
plexer which can select either the output of the Data Register
or, if a byte swap is to be performed, the output of the oppo-
site pair of Am2901A’s. The A and B address multiplexers
choose between the register addresses supplied by the micro-
instruction and those extracted from the Am9080A instruction.
Within the system. as was earlier described. LSB inversion
circuitry allows single-or double-byte addressing on the LOP.
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Figure 2. Data Processing Unit.

The outputs of the Am2901A’s are latched into one of two
pairs of registers that are under microprogram control. These
registers serve to transfer the address onto the Address Bus
or the data onto the Data Bus. In shifting operations, two mul-
tiplexers direct the data to the RAM and Q shift inputs of the
Am2901A’s. Shifting the CY bit into either end of the 8-bit
word is done by hardware. On the other hand, shifting.either
end of the word into the CY bit, or shifting bit 0 to bit 7, or
vice versa, is done by software. This method was used in
order to demonstrate microprogramming.

The Am9080A flags are generated and stored using special
circuitry. The Zero and Sign Flags pose no problem; the F=0
and F3 outputs from the Am2901A’s can be used directly. The
Parity Flag necessitates the addition of a parity generator (an
Am82S62). The AC Flag is the C,,44 output of the Least Sig-
nificant Am2901A Slice and can aimost be used directly.
Generating the CY (Carry) Flag, however, is a different mat-
ter. When performing a subtraction, the normal convention

dictates that if there is no borrow, the carry will be “1”, and if
there is a borrow, the carry will be “0”. The carry in the
Am9080A is the complement of this. Therefore, if one of the
two subtract instructions of the Am2901A is executed, both
instructions must be decoded, while the C, 4 output of the
Most Significant Am2901A Slice must be complemented.

Furthermore, the flags in the Am3080A instructions are af-
fected in a different manner. This design of the Am9080A
emulation covers the six possible types of instructions as dis-
played in Table 3, implemented either with hardware or with
software. The logical instructions are decoded by gates and a
“0” is forced into the CY and AC bits of the Flag Register.
Two bits in the microinstruction are used to control the up-
dating (“affected”/“not affected”) of the flags: one bit for CY
and one for all of the other flags. (Also see Advanced Micro
Devices’' 8080A/9080A MOS Microprocessor Handbook,
Chapter 3.)



Table 3. AmS080A Flags.

Types of Instructions CY AC Z.S,P
INR, DCR NA A A
DAD, CMC, STC, all Rotates A NA NA
ORA, ORI, XRA, XRI C C A
ANA, ANI C ND A

. . either A A A
Other instructions {
or NA NA NA

NA = Not Affected
ND = Not Defined

C = Cleared (Reset)
A = Affected

THE HARDWARE

Bus Interface and Interrupt Control

Figure 3 depicts in detail the sequencing portion of the
Am9080A emulation. The Data Bus, comprised of BUS
through BUS, is connected to the inputs of an Am25LS377
eight-bit Register (U1516). Data appearing on the Data Bus is
clocked into this register if its E input is LOW, which normally
happens during an instruction fetch cycle. The instruction thus
stored in this register is now available on the output of the
register during the entire execution time, both for the Mapping
PROM's (three Am29761: U11, U12, U13) and for the Regis-
ter Address Multiplexers (two Am25LS157: U65, U66 in Fig-
ure 4). The Mapping PROM’s supply addresses to the D in-
puts of the three Am2909 sequencers (U21, U22, U23),
whose R inputs are connected to the microprogram memory
output (bits n42-u53). Since the RE inputs of the sequencers
are always LOW, their internal registers serve as a part of the
Pipeline Register. They will contain the next microprogram
address if a jump is anticipated. The Sy, Sy, PUP, and FE
control inputs of the sequencers are driven by a Sequence
PROM, an Am29751 (U14), and their CPU inputs are driven
by the system clock. The least significant C,, input is tied to
HIGH, while the remaining C,, inputs are driven by the preced-
ing Cp+4. The ZERO inputs are normally pulled HIGH, but a
momentary push-button can force a LOW, thus steering the
microprogram to Location 0 for initialization. All of the OR in-
puts of the sequencers are tied together and to the output of
an AND gate (8/U73%*). If the interrupt is enabled (IN-
TE=HIGH), and there is an interrupt request (INT=HIGH),
and the Dg output of the Sequence PROM is also HIGH, then
the highest available location of the microprogram memory
will be addressed where a “Jump-to-Interrupt Handler” in-
struction is written. Using the Og output of the Sequence
PROM to gate interrupts provides a simple means to assure
that an interrupt can be executed only at macroinstruction
boundaries. This is achieved by setting this bit LOW in every
microinstruction except in the instruction fetch, where it is
HIGH. The Y outputs of the sequencers, always enabled,
supply the microcode memory address.

Microprogram Memory

The microprogram memory can be any memory array pro-
viding 56-bit wide words 352 words deep. Using seven
Am29773 512 x 8 PROM's for this arrangement will provide a
typical 45ns access time, although other configurations are
possible. Table 4 is a summary of the microcode bit alloca-
tion. Some of the microprogram memory data are stored in
the Pipeline Registers, made up of seven Am25LS374 eight-

* This notation is used in the text to indicate a certain pin of the device
being referenced. Hence, in this case, the text is talking about pin 8 of
U73.

Table 4. Microcode Bit Allocation Summary.

Bit No. N;i.t:f Description
0-2 3 ALU Source (lg-l» of the Am2901A’s)
35 3 ALU Function (I3-I5 of the Am2901A’s)
6-8 3 ALU Destination (lg-lg of the Am2901A’s)
9-12 4 ALU “B” Address
13-16 4 ALU “A” Address
i7 1 Singie/Doubie Byte
18 1 C,, for least significant Am2901A slice
19 1 Rotate and Swap Control (formatted)
20-21 2 Update/keep flags
22 1 “A” Address Switch
23-24 2 Am2901A Output Steering Control
25-26 2 Data Bus Enable Control
27-32 6 HLDA, MEMW, MEMR, /OW, JOR, INTA
AmY080A System Control Outputs
33 1 “B” Address Switch
34-37 4 Condition Code Select
38 1 Condition Code Polarity Control
39-41 3 Next Instruction Select
42-53 12 Numerical Field
54 1 Numerical Field to Data Bus Control
55 1 Instruction Register Clock Enable

bit Registers (U3132, U3241, U4142, U51, U8182, U7172,
U5161). The microinstructions are comprised of the outputs of
these devices, each output being designated “PL”. Five of
these registers have their outputs constantly enabled. This al-
lows the microinstruction to be delivered to the various parts
of the circuit. Bit PL27 serves a dual purpose in this part of
the circuit. Besides controlling the output of U7172, it is also
inverted to serve as the HLDA output control line. This latter
function allows the floating of all of the control outputs, except
HLDA, when a Hold is acknowledged.

The output of U8182 is connected to the Data Bus and is en-
abled by PL54 only when the 8 least significant bits of the
numerical field (bits u42 through 149 in the microinstruction)
are needed as data. PL55 is the Clock Enable for the Instruc-
tion Register (1/U1516). It also serves as the Clock Enable of
the Data Register U12324 (Figure 4) when it is inverted and
delayed by one microcycle. This is needed to enable the Data
Register to retain its contents while the instruction is fetched.
Thus, it provides the possibility of executing the last step of
an instruction while fetching the next one. The WAIT control
output, obtained on pin 6 of U7172, is generated by an AND
gate (6/U83), the mechanism of which will be explained later.

Two Am2922 Multiplexers (U8474, U8475 in Figure 3) are
used to select one of sixteen conditions to generate the condi-
tion code. Their internal control registers serve as part of the
Pipeline Register. Bit PL37 selects one of the two multi-
plexers, and bits u34, w35, and w36 select one-of-eight on
that multiplexer. Bit 438 is the polarity control of the output.
Thus, the output can either be HIGH for TRUE and LOW for
FALSE or vice versa. This output is the LSB of the Sequence
PROM address. Table 5 summarizes the condition inputs to
the Am2922 multiplexers.

An Am29751 PROM (U14) is used as a Sequence PROM.
This is a 32-word by 8-bit memory, but a 16-word by 5-bit
configuration is all that is needed in this application. Address
bit 0 is the condition code coming from the condition code



multiplexers, white address bits 1, 2, and 3 come from the
Pipeline Register. Data bit 0 serves as an interrupt_internal
enable and data bits 1, 2, 3, and 4 control the FE, PUP, S,
and S inputs of the Am2909 sequencers, respectively. Table
6 is the program for this PROM.

ALU and Working Registers

code itself contains data.) Two pairs of multiplexers (four
Am25LS157 — U53, U54, U55, U56) select between the data
of the Data Bus and the output of the opposite pair of
Am2901A’s, thus enabling byte-swapping. This selection is
controlled by the SWAP signal, generated by another
Am25LS157 (9/U64). PL17 is applied to the S input of this
multiplexer, which performs the following functions:

Figure 4 depicts the inputs to the four Am2901A four-bit PL17 1Y (C, of HOP) 2Y (ROTATE) 3Y (SWAP)
slices. An Am25LS377 Eight-Bit Register (U12324) stores the LOW (single-byte PL18 PL19 LOW
Data Bus information. It is clocked in on every microcycle, ex- operation)

cept the one after the instruction fetch cycle. This is very use- HIGH {double-byte Cn+4 Of LOP LOW PL19
ful for some instructions (e.g., Restart, where the instruction operation)

Table 5. Condition Code Truth Table.

Condition
Symbol PL37 C B A" Designation Description

TO 0 0 0 0 Zz Am9080A Zero flag

T1 0 ] 0 1 cY Am9080A Carry flag

T2 0 0 1 0 P AmY080A Parity flag

T3 0 0 1 1 S Am9080A Sign flag

T4 0 1 0 0 AC Am9080A Auxiliary Carry flag

T5 0 1 0 1 - not used

T6 0 1 1 0 - not used

T7 0 1 1 1 - not used

T8 1 0 0 0 INT AmS080A INT request (control input)

T9 1 0 o] 1 READY Am9080A READY request (control input)
T10 1 0 1 0 HOLD AmY080A HOLD request {control input)
T11 1 0 1 1 - not used
T12 1 1 0 0 F3 F3 of most significant Am2901A slice
T13 1 1 0 1 F=0 F=0 outputs of all Am2901A’s OR’ed together
T4 1 1 1 0 Cn+4 Cp,+4 from most significant Am2901A slice
T15 1 1 1 1 “r Constant HIGH (“unconditional”)

*C, B, and A are the internal equivalents of PL36, PL35, and PL34, respectively.
Table 6. Sequence PROM Program.
Og Oy O, O3 04

Ay Ay, A3 Ay FE PUP S1 SO Mnemonic Am2909 Function (Y=1)
0 0 0 O 0 1 X 0 0 C Microprogram Counter

0O 0 o0 1 0 1 X 0 1 R Register

0o 0 1 0 0 1 X 1 1 D “D” Inputs

o o 1 1 0 1 X 0 1 R Register

0O 1 0 O 0 1 X 0 0 C Microprogram Counter

o 1 0 1 0 0 1 0 1 SBR Register (and PUSH pPCounter)
o 1 1 0 0 1 X 0 1 R Register

o 1 1 A1 0 0 0 1 0 RTN STKO (and POP)

i 0 0 O 1 1 X 1 0 F STKO (without POP)

1 0 0 1 0 0 1 0 1 SBR Register (and PUSH pPCounter)
1 0 1t 0 0 0 0 0 0 POP uPCounter (and POP)

1 0 1 1 [¢] o] 0 0 1 PR Register (and POP)

1 1 0 0 0 1 X 0 1 R Register

1 1 0 1 ¢ ¢ 1 0 0 PUSH uPCounter (and PUSH uPCounter)
1 1 1 0 0 1 X 0 1 R Register

1 1 1 1 1 1 X 1 0 F STKO (without POP)

X = Don't Care C = Continue R = Register D = Direct F = File
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By this arrangement, a single Control Bit (PL19) can be used
for two different controls (SWAP, ROTATE), according to
whether a single-byte or a double-byte operation is performed.
The same device can also control the carry input (C,) of the
HOP Am2901A slices. In a double-byte operation, this C,
should be the carry-out (Cp,+4) of the LOP Am2901A slices.
However, in a single-byte operation, it should be determined
by a control bit of the microcode (PL18), which is identical to
the LOP C, input. This is a simple example of microcode
formatting, as defined in Advanced Micro Devices' Micro-
programming Handbook.

The four A register (source register) address lines of the
Am2901A’s are fed from an Am25LS157 Multiplexer (U66). it
can select as the source either bits PL13 through PL16 of the
microprogram or bits 0 through 2 of the Data Bus, latched in
U1516 (Figure 3). In the latter case, the Most Significant Bit is
always LOW. Thus, bit PL22 (“A” Switch) controls whether
the particular register is addressed by the microcode or the
macrocode. The same is true for the B register (or destination
register) address lines, this time using another Am25LS157
Multiplexer (U65) and bit PL33 (“B” Switch). Remember that
the least significant address bit of both the source and desti-
nation register addresses is inverted in a single-byte opera-
tion. This is accomplished by an Am25LS153 Multiplexer
(U63) and the “single/double” control bit PL17. However, in a
double-byte operation, the macroinstruction register pair ad-
dress is used, and occupies only two bits in the destination
field. In that case, the LSB of the B address is set to LOW
(13/UB3).

Two Am25LS257 Multiplexers (U76, U77) take care of the I/O
connections necessary to execute all Rotate instructions. Only
one of these two multiplexers is enabled at any time, accord-
ing to PL7, which is also |; of the Am2901A instruction. When
shifting, I;=HIGH will cause an up-shift (rotate left in
AmS9080A terminology) and I;=LOW a down-shift (rotate
right). The rotate control signal, generated by 7/U64, selects
the source of the shifted-in bit.

U77 participates in the rotate right instructions. The 1Y output
feeds RAM; of the HOP and the 2Y output feeds RAM; of the
LOP. The shifted-in bit will be either the shifted-out bit of the
corresponding pair of slices or the CY Flag. This is deter-
mined by whether an “around carry” (ROTATE=LOW) or a
“through carry” (ROTATE=HIGH), respectively, is required.
The 3Y output of U77 feeds Q3 of the HOP and the 4Y output
feeds Q3 of the LOP. When ROTATE=LOW, the shifted-out
Qo bit of each pair will be shifted in, but when
ROTATE=HIGH, the shifted-out Qg bit of the opposite pair
will be shifted in, thus performing a double-byte rotate. This
capability is one that is not contained in the Am9080A itself,
but is a very useful feature in the emulation.

U76 performs a similar function in a rotate left instruction. As
can be seen, the shifting-in of the Carry Flag in a “through
carry” rotate instruction is implemented in hardware. Every ro-
tate instruction requires that the Carry Flag be set according
to the shifted-out bit. Although this could also be accom-
plished by using hardware, a software method was chosen for
demonstrational purposes. The bottom of Figure 5 shows the
system outputs, the flag generation, and some control func-
tions.

Instruction Decode

The nine | inputs of each Am2901A slice are fed in parallel by
bits PLO through PL8 of the microprogram word. The Y owi-
puts of the low order microprocessor pair are routed to two

Am2920 registers, U9394 (the Data register from the LOP, re-
ferred to in the microcode as “DL"), whose outputs are tied to
the Data Bus, and U9596 (the Address register from the LOP,
referred to as “AL”), whose outputs are tied to the eight least
significant bits of the Address Bus. Similarly, the Y outputs of
the high order microprocessor pair are routed to two addi-
tional Am2920 registers, U10304 (the Data register from the
HOP, called “DH” in the microcode) and U10506 (the Ad-
dress register from the HOP, calied “AH”). They are aiso
connected to an Am82S62 (U97), which generates the even
Parity Flag.

The Output Enable’s of both address registers (U10506 and
Ug9596) are controlled by PL27, which is actually the inverted
HLDA. Thus, the Address Bus is placed in the high-
impedance state when a hold is acknowledged. The Data Bus
has three sources: U9394, U10304, and the Flag registers
U101 and U102. One-half of an Am25LS139 Decoder/
Demultiplexer (U131), using PL25 and PL26 of the micro-
instructions as control inputs, assures that no more than one
output is enabled at any time. Since the 1YO output of this
decoder is not connected, none of the register outputs are
enabled when both PL25 and PL26 are LOW, and the Data
Bus is free for other communication purposes (e.g., main
memory read). The other half of the same decoder (U131) di-
rects the Am2901A output to one of three sets of registers by
controlling the Register Enable’s: the two data registers
(U9394, U10304) are controlled by the OCL 1 line, the two
address registers (U9596, U10506) by the OCL 2 line, and
the INTE register (U111) by the OCL 3 line.

Status Bits

In order to shorten the execution time by interleaving several
different operations, it is necessary to delay the updating of
the address registers when the READY input is LOW. This is
required until the I/O or main memory completes its read or
write cycle (and sets READY to HIGH). If the 2Y2 output of
U131 is selected (LOW) by PL23 and PL24, and READY (T9)
is HIGH, then 13/U113 will go HIGH and the OCL 2 line LOW,
thus allowing the address registers to latch their input. How-
ever, if at the same time READY is LOW there is an /O or
memory reference operation (PL28 or PL29 or PL30 or PL31
is LOW), then 6/U73 will be LOW. This will bring both 10/
U113 and OCL 2 HIGH, thus blocking the data coming in to
the address registers.

The INTE (Interrupt Enable) control output of the Am9080A is
a single-bit, software-controlled flag. An Am2920 (U111) is
used to store its state. The flag is generated by using
software to manipulate the MSB’s of the HOP Am2901A
slices, using the most significant F; output. PL23 and PL24,
through U131 and the OCL 3 control line, determine whether
or not to update this status. The INTE output is also used in
the interrupt recognition circuit (9/U73, Fig. 3), as described
above.

The five Am9080A flags are stored in two Am2918 registers;
U102 stores the CY Flag and U101 the others. The Y QOutputs
of these registers are connected to the Data Bus and are con-
trolied by DB3, which is generated by U131. This enables
PUSH PSW, where the contents of the A register are written
into the stack. The input of U101 is fed from an Am25LS157
Multiplexer (U91). The B inputs of this muitiplexer come from
an additional Am25LS157 (U115). Usually, U115 will pass
whatever data is appearing on the Q outputs of U101 to the B
inputs of U91. Bit PL20, when HIGH, will pass this data back
to U101, thus storing the previous contents of U101, This is
the case when the flags are not affected. The 1A input of U91



(the Z flag) comes from the F=0 outputs of the Am2901A
slices, all of which are tied together and pulled up to Ve by a
1K1 resistor. The 2A input of U91 (the P flag) comes from the
Am82S62 Parity Generator (U97). The 3A input of U91 (the S
flag) comes from the F3 output of U34. The 4A input of U91
(the AC flag) comes from the C,,;4 output of U33, through an
AND gate. Thus, when PL20 is LOW, the new flags will be
latched in U101. This is the case when the flags are affected.

As mentioned earlier, the case for the CY flag is somewhat
different. PL3, PL4, and PL5 are the I3, 14, and | instruction
bits of the Am2901A slices, respectively. The logic operations
are decoded from these bits to cause 1/U113 to go LOW.
This resets, using two AND gates, both the CY flag coming
from the C, .4 output of U34 (which is applied to the 1CO
input of an Am25L.S153 Multiplexer — U92) and the AC flag
(as mentioned before). The two subtract operations are also
decoded and they control the A control input of U92, selecting
the complement of the carry as the CY flag, through the 1C1
input. If PL21 is HIGH, the previous carry is directed back to
U102 through U125.

Both U125 and U115 (two Am25LS157 multiplexers) effect
the POP PSW instruction. Here, the flags are read from the
main memory and are stored in the flag registers U101 and
U102. The NAND function of the Am2901A’s (when l3s5 =

101) is used for this purpose and this purpose only. This func-
tion is decoded and applied to the S input of both multiplexers
(1/U115 and 1/U125), thus moving the flags latched in the
data register U12324 (Figure 3) to their proper registers
(U101, U102). This is an example of microprogram formatting,
since the Iq45 bits are used for two different purposes.

The Q outputs of the Flag Registers are also applied to the
appropriate inputs of the condition code multiplexers U8474
and UB475 (Figure 3 and Table 5).

An Am25L.8374 register (U121) is used to latch both the in-
coming INT, READY, and HOLD control signals and the
Cn+4, F=0, and F5 micro-flags, and then to apply them to the
condition code multiplexers.

Timing Considerations

Two worst case speed paths are calculated in Table 7: The
Control Path and the Data Path. In each case, the maximum
and typical values are shown using Am25LS commercial parts
(Vcc = 5V, Tp = 25°C). Two additional columns are
shown: maximum and typical values if “S” type parts are
used, when applicable. The calculation point is from the
LOW-to-HIGH transition of the clock pulse until the next
LOW-to-HIGH transition of the clock (in ns).

Table 7. Speed Path Calculations.

Am25LS “g”
Designation Device Type Path Typ. Max. Typ- Max. Remarks
Control Path

us161, U121 Am25LS374 CP—=>Y 22 37 115 l 17 Note 1
ue2 741504 In > Out 10 15 not needed
uB475 Am2922 OE ~»Y 10 17 10 17
ut4 Am29751 A—~>O 32 50 32 50
U2t Am2909 S0S1 > Ch+4 50 50 50 50
ua2 Am2909 Ch=>Cnisa 18 18 18 18
Microprogram Memory Am29773 A->D 35 50 35 50
Pipeline Register Am25L5374 Set-up 20 20 5 5

Total 197 257 161.5 207

Data Path

Pipeline Register Am25L.8374 CP—>Y 22 37 115 17
u6e5, Uee Am25L.S157 S—>Y 15 23 12 18 Note 2
ue2 74LS04 In = Out 10 15 3 5
ues3 Am25LS153 C->Y 10 16 not needed
U43 Am2901A A,B=>Cphig 75 75 75 75
U44 Am2901A Can>Cnyis 20 20 20 20
ue4 Am25LS157 A->Y 8 12 4.5 6.5
us3 Am2901A Ch=>Chysg 20 20 20 20
(<) Am2901A Ch—>F=0 50 50 50 50
Ug1 Am25LS157 A=Y 8 12 45 6.5
U101 Am2918 Set-up 5 5 5

Total 242 285 205.5 223

Notes: 1. This path was calculated using an Am74S175 to drive the OFE's of U8474 and U8475 from its Q and a-outpuls simultaneously.
2. This path was calculated using an Am745151 to multiplex the LSB of the A, B addresses.




THE MICROCODE

The 56-bit wide microprogram was written and processed
using AMDASM™/TS. AMDASM™ is very versatiie and differ-
ent approaches are possible. One way would be such that
only variables are substituted in the Assembly Phase. The
disadvantage of this scheme is that the variables must be en-
tered in a predefined order. If there are a great number of var-
iables (as would be expected in a 56-bit wide word), the
counting of the commas, which are the variable delimiters, is
a tedious task. This can lead to a wider margin for human er-
ror. The other extreme is to use only definitions and no vari-
ables. The disadvantage of this choice is that there can be no
default values. Since a large percentage of the number of mi-
croinstruction bits have control functions, the bits cannot be
left at an arbitrary value. Thus, in the Assembly Phase, ail mi-
croprogram bits must be explicitly accounted for.

Consequently, a scheme that is midway between the two ex-
tremes was adopted. Several fields are defined in the Defini-
tion Phase, each having a small number of variables, i.e.,
anywhere from two to four. These fields group the functional
bits together, and each control bit has its default value such
that when it is not defined in the Assembly Phase, the default
value will be selected so as not to bring about an undesired
function which can harm the program, the contents of the re-
gisters, or the hardware.

Appendix | is the print-out of the microprogram Definition
File* The listing, containing many comments, is self-
explanatory. Note that for the Control Bus bits, an all-
definitions policy was adopted, thus assuring that no mutually
exclusive bits can be active. At the end of the file there are
some “wide-field” definitions. These join together, with vari-

ables, some commonly-used definitions, allowing shorter as-

sembly statements.

A print-out of the assembly statements and the object code in
an interleaved format is given in Appendix Il. One can follow
the various microinstructions either by studying the definitions
and using the mnemonics, or by using the Bit Definition Table
(Table 4) and the bit pattern of the object code. Some of the
features of the microprogram will be described here.

Locations 000 to 003: This is the Initialization Phase. [t
zeroes the PC, disables the interrupt, and loads constants into
Registers 12 and 13. Executing microinstruction 3 causes the
microprogram counter to be pushed onto the Am2909
sequencers’ stacks. The top of the stack then contains 0044,
which is the Instruction Fetch routine location. Coming back to
this routine is accomplished by referring to this stack (and
without the use of the POP).

Locations 004 to 005: This is the Instruction Fetch. Two
steps are necessary. One is fo latch the incoming instruction
into the Instruction Register U12324 (Figure 4). This supplies
the address for the Mapping PROM. The other step is to
apply the data in the Mapping PROM to the address lines of
the microprogram memory and latch this data in the Pipeline
Register.

Locations 00A to 013: These subroutines and handiers deal
with the WAIT and HOLD states. Although it is easy to im-
plement the WAIT state and HOLD state simulation by simply
stopping the clock until READY goes HIGH or HOLD goes
LOW, a software-oriented method was adopted here to dem-
onstrate microcode subroutining.

* The three computer print-outs that are in Appendices | through i are also

available via timesharing from Computer Sciences Corporation. At the be-
ginning of each Appendix is given the file name for that respective print-
out.
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In every memory or l/O reference microinstruction, the status
of the READY line is tested. If it is HIGH, the microprogram
will continue. However, if it is LOW, the program must wait,
keeping the Address Bus stable, until the READY line goes
HIGH. This is easy to implement. For example, at Location
004, the microprogram will repeat itself (NUM, $) until it
senses a HIGH at the READY line (IF CR, ... by default).
Since the PC should point to the next address, the majority of
the memory read or write microinstructions increment the PC,
and at the same microinstruction. Repeating the same instruc-
tion several times would cause the PC to continue endlessly.
To prevent this, the MMR and MMW “wide-field” definitions
cause the microcode to subroutine to MMRSB (Location 00D)
or MMWSB (Location 00E). Here, the updated internal PC is
repeatedly fetched from its registers until READY goes HIGH.
This enables the Address Register to clock in the new PC and
return from the subroutine. If the last step in executing a mac-
roinstruction is a memory read or write, there will be no sub-
routine call for READY=LOW. Instead, a jump will be per-
formed to MMRF (Location 010) or MMWF (Location OOF),
which ends with a file reference (as opposed to a return-
from-subroutine). This will direct the microprogram to the In-
struction Fetch routine (Location 004). Three more micro-
instructions handle the cases where the Stack Pointer controls
the System Address Bus (Locations 012 and 013).

The HOLD line is checked in every microinstruction where a
DMA cannot disturb the normal operation of the program (and
where, of course, the condition code multiplexers are not oc-
cupied by other tests). This treatment differs from that for the
WAIT state in one respect. All of the data, address, and con-
trol lines, with the exception of the HLDA control output, are
put in the high impedance state. Location A serves as the
subroutine and Location B ends with a file reference, but Lo-
cation 00C can be accessed only by Location 005.

Locations 014 through 15F contain the microprogram neces-
sary to execute all of the AmS080A instructions. They can
easily be recognized since mnemonics similar to theirs were
used at the starting addresses. At the highest location of the
microprogram memory (in this case, 3FF), a jump is written.
This directs the program to the interrupt handler (Location
084), which is a part of the HLT instruction.

The software for the Mapping PROM was written using the
free form capability of AMDASM™. After the microprogram
was assembled, the entry addresses for the macroinstructions
were extracted by printing out the cross-reference table. Since
AMDASM™ provides consecutive addresses when assembling
(which are identified by the “PC” values), the printout of the
Am9080A instruction code values was easily generated. First
of all, a simple definition file was written (Figure 6). It stated
only that the Mapping PROM word width was twelve, equal to
the maximum address width of the Microprogram Memory.
Then, an Am9080A instruction list, in which the instructions
were listed in the ascending order of the values of their op-
code (starting with NOP and ending with RST 7) was used to
create an Assembly File, using free-format statements. For
each statement, the corresponding microprogram entry ad-
dress was entered. Wherever an undefined Am9080A instruc-
tion was encountered, a DON'T CARE (12X) word was writ-
ten.x*

**Appendix Il contains a print-out of the Mapping PROM assembly state-
ments. However. the “holes” in the instruction set can sti!l be of service
in that the user may here insert his owr instructions, e.g.. to effect the
microprogramming of muitiplication and division.
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020EMULATOR MAPPING PROM DEFINITIONE

Figure 6. Mapping PROM Definition File.

Since all register reference instructions use the same micro-
code, the AMDASM™ DUP statement was used to shorten
the file. After the assembly is run, the output (Appendix Ill)
lists the Am9080A instruction code as address and the appro-
priate microprogram entry point as data. This data can be
further processed by AMPROM™ to punch a paper tape to
program the Am29761 PROM's.

SUMMARY

The particular design used in this application note is by no
means a unique method to emulate the Am9080A/Am8228
chip set. It is intended to serve as an example of such an
emulation and, in doing so, to bring about some reduction in
execution times. Variations are possible, both to alter the
number of devices used and to reduce the number of cycles
necessary to execute the instructions. Also, additional perfor-
mance improvement can be achieved by adding architectural
enhancements, such as overlap fetch of the next machine in-
struction.

PARTS LIST
Device Description Qty.
Am2901A Four-Bit Bipolar Microprocessor Slice 4
Am2909 Microprogram Sequencer 3
Am2918 Four-Bit Register with Standard and Three-State Outputs 2
Am2920 Eight-Bit Register with Three-State Qutputs and Clear and Enable 5
Am2922 Eight-Input Multiplexer with Control Storage 2
Am29751 32 x 8 PROM with Three-State Outputs 1
Am29761 256 x 4 PROM with Three-State Outputs 3
Am29773 512 x 8 PROM with Three-State Outputs 7
Am25L.S139 Dual One-of-Four Decoder/Demultiplexer 1
Am25L.S153 Dual Four-input Multiplexer 2
Am25L.S157 Quad Two-Input Multiplexer, Non-Inverting 10
Am25L.5257 Quad Two-Input Multiplexer with Three-State Outputs, Non-Inverting 2
Am25LS374 Octal D-Register with Three-State Outputs 8
Am25LS377 Octal D-Register with Common Enable 2
Am82562 Schottky Nine-Input Parity Checker/Generator 1
74508 Quad Two-input AND Gate 2
74L802 Quad Two-Input NOR Gate 1
74LS04 Hex Inverter 2
741821 Dual Four-Input AND Gate 1
Total 59




APPENDIX |

Microcode Definition File
CSC File Name: AMDEF
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TITLE 2020 EMULATOR DEFINITIONS <REVY C» 10-20-762
WOrRD 56
T

sAHLL FELATED FIELD::

ALU: DEF ZINSLE-DOUELEs A RIDDR, B RIODRs. DEET
DEF 22X 1ME:0s 4¥H#R» 4VH2As 3VER1. 82

[ I e
M

FRULTEZ RHEE:
M5LEs REGS:REGSs NOLORD

RIRELE= TO BE UZED IN THE ARROVE FIELDE:

I

‘an cas -aun can ae an Ty can cae an
-
—

SFIRST VARIAELE:
IIDLIELE : E Bl

i SECOND AMD THIRD VARIABLES:

He: EQL) H:aY
E: EQ) H:n
s EGL) Ha:xl
n: EQL H#2
E: EQL H#32
H: ECH H:g
L: El) H:S
o = EQL H:R
P E) HaF
sFDURTH WARIAELE:
FTaR: Eixbll 20
HOLORD: EQU a1
FTOE.H: EQL Qg
FTOE.F: EGl Q3
IROT.FE:  EQl Qg
IROT.F: Ecl) QS
HROT.FG:  EQ 28s
UROT.F: EQU Qa7

;ALL FUNCTION FIELD DEFINITIONS
FLLES DEF S0Xs Q30 32X

SUMIM:  DEF S0¥s R#ls 33X
MINUZ: DEF S0Xs (Q32s 33X

OF: DEF S0xMs R3s 3%

AMHD: DEF S0xs DRids 32X

NAND: DEF S0Xs RaSe 32X

=0F: DEF S0Xs [HeEe 33X

MsDOR s DEF S0xs [37Fe 32X

SALL =0URCE FIELD DEFIMITIONE:
R DEF S3xs Q30

RE: DEF = (HECS |

e DEF = Qg

ZB: LEF 5 (EH]

ZhR: DEF S (EH

DA: DEF = (R

JieH DEF 5. (RS

nz: LDEF = (E

SALL RFELATED COWMTROL FIELD:
SALLC DEF AE RDDRE:Ss FLAGE UFDATE-KEEP» ZWAP CROT? s CH



ALLIC: DEF Z4x, ZVER:#11ls 1VE#0, 1VEB#1s 138X
:DEFRULTS ARE: KEEPKEEP»NOSWAF:HIGH

SWARIARLES TO BE UZED
UPDTCY: EGL B0l
PDTFL: EQL B:x10
UPDTALL: E@U B:00
ZWAP: EQL Ei:dl

oML e EG) B2

sN O T E: WHEN ZIMGLE IS DEFINED IN ALUE FIRET YARIAERLE
“EWAP OMILL CAUSE EOTATION WITH CY EZHIFTED INs
AND NHOSWAP WILL CARUSE WRAP-AROUND ROTATIOM?

A AND B RDDREES E=WITCH:
R DEF °ﬁw, 1IVBa0s 10Xy 1VEB#0s 22X
(1H EGll Esx

I-0 CUMTROLE:

f:‘ VAR A ey AN 'SR ey 'SV ‘3N ‘A8 "33 ‘A 'as ) rd ‘a8 ‘av 'S ‘as ‘as ‘as

I10C: DEF DATA IM LATCHs DATAR-BUZ, 2301 OUTPUT LATCH
ac: DEF 1V¥Ex#1s 28xs 2WR:R0D, ZVB:00Os 23X
iYARIARLE FO THE FIRST FIELDe
M: EG Es:D
sYARIAEBLES FOR THE =ECOND FIELD:
L: EGU Es0l

IiH: EGl Bx10

FLAGE: EQU E:x11

sWARIABLE: FOR THE THIRD FIELD:

TO.D: EQU B:01
TO.A: EQ EB:10

TO. INTE: E@U Bix11

iCONTROL-EBUS FIELD DEFINITIONS
NOC: DEF

23X 111110 27X
MEMbI 2 DEF 23X E#111100s 2VX
MEMR DEF o3¥» 111010, 27%
I0u: DEF 23X, EBa110110. 27X
I10R: DEF 23¥s B#101110s 27X
INTH: DEF 23xs B2011110s 27X
HLDA: DEF 232%s B111111, 27X

s TEST ZELECT» POLARITY AND NEXT INSTRUCTION FIELDS:

iIF DEF MEXT INSTR.s POLs TEST
IF: DEF 14¥s Y080 1VES1s 4YHSF s 345

iMEXT INSTRUCTION YARIABLES:

"FHL&E TRUED

C.R: EGL a0
bn.R: EQL s
C.3BR: EQL B2
F.FRTH: EG 253
F.=PF: EQ) g

FOF.FR: EQL Qs

A-3



F.PUZH: EQld s

F.F: EQll Q7

§C=CDHTIHUE§ FE=REGIZTERSs D=DIRECT cMAF>s

s ZER=ZUBROUTINE FREGIZTERS RTH=FETURM FROM SUEROUTINES

SF=FILE REFERENCE: PUSH=FPUZH AND CONTINLUE
sFOP=POP AND CONTINUES FPR=POP AND ERANCH REGISTER

I EQ R0
%

sTEET WYARIAEBLES:

o EGU H:D
(' Edid Hi=il
Fs EGL HiZ
o EGLl H:3
=T EGL Hs3:

INT: EGill H:&
FRERDY: EGL Ha:9
HOL D ECILI Hi#H
Fa: EQid Hz3:C
Fiez EGl) H:D
CH.4: ECH] Hz

:THE NUMERICAL FIELD IS 12 BIT WIDE. THE & LS BITS CAN BE
SUZED FOR DIRECT DATA BY LETTING THE FIRET YARIAEBLE TO -DBUEC

i MUM DEF DEs MUMEER IN HEXA.
MM DEF 1¥s 1WE#1s 12YZH&O00s 42X

RELE TO EE USED:
EGL B0

I
e al

v | cas
)
’—
(2]

LT

SWIDE FIELD DEFINITIONS:

MMF 2 DEF 1xs Estls 120%13%s Q2s Bals HE9s 13 Q#72s 27X
PP DEF 1kx» E1» 120%14%s @2y B#ls H#9s 1Xs 374y 27X
HLD: DEF 1kxs Bals 12D%10%s G2y Bi#ls H#A» 1K 376y 27X
IMCPC: DEF E:#l» Z21Xs E#l0s &Xs EB#0010011011s H3#FFsQ:204
FMME: DEF Eslls 12¥Xs H:0976, HR0CSS1. AX

FrMb 2 DEF Ells 12VXs H#097%s H#OCSS1s. AX

MALL:  DEF g2xy Bl 10xs B3ls H:Ds Bals H#AAs G#ls 66X
EML

EMD

<



APPENDIX 1l

Microcode Source Code and Object Code Output
In Interleaved Format CSC File Name: AM800

Note: A listing of the Source Code (Assembly File) only may be obtained using CSC File
Name AMASSY.
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EMULATOR ASSEMBLY
07 D677

CMARCH 13772

P =0URCE AND~<OR OBJECT CODE. # = DOM“T CRREE
ooon SINITIALIZRTION:

ALY DOUBLE: PC.PC.FTOE.F & AND & ZR & ALUC & ERIW %
<I0C» s TOL INTE % IFsINYs & MUM DEUSsH#32 & NOC
ooon 10000000111 00000 0011110111110001 1011011111111110 11100100

goor  REZET:

nool ALUs »H2D«FTOE.F & OF % DZ2 & ALUC & BASW & I0OC &
SHOC % IFs INY 2 NUM

oool 1100000000000000 001111011111 0000 0011010101 041010 11011111

nonz ALUs s H:#CoFTOB.F % AND & FA & ALUC & BAZW & I0C &
SMOC % IFsINV & NUM

o002 1100000000000000 001111011111 0000 0011010401011 000 11100100

ooz AL » s FTOE.F 2 RAND % ZR & ALUC & BAR=W & I0OC»sTO.A %
<MNOC % IF R.PUEH & HUM

0003 1100000000000011 011111011111 0001 o011010101020100 11100100

o4 FETCH: ALL DOURLE.PCsPC,FTOR.F & OF % ZH & ALUC & EBAZN &
<I0C IMs»TO.A % MEMRE 2 IF » INVSREADY 2 NUMs §

angd 0100000000010000 0010010111010001 00110111113111110 11011100

nons INCPC & IF D.Fs sHOLD % MUMyHLDD & NOC

ooons 1100000000110000 111010011111 0001 001101111112113110 11000100

gooo s

0000 SHOLD AND MEMORY REFERENCE SUBROUTINES AND HANDLERS:
ooon s
goon Ors 10
000OR HLDSE:  MALU & IOC % HLDA % IF R.RTMs INYs HOLD % NUMs ¥
OOOA 1100000000101001 1010100111111000 0011010101010100 01XNXMMER
OO0E  HLDF: MALU % I0OC & HLDA & IF R.Fs INYsHOLD & NUM» %
OO0E 1100000000101111 1010100111111000 00121010101010100 01X
OO0C  HLDD: MALU % IOC % HLDA % IF DLRssHOLD & HUMs %
OO0 110000000011 0000 1110100121111 000 001101010101 0100 01 X=<xHEs
0000 MMRSE: ALU DOUBLEsPCsPCsFTOE.F & OF & ZA & I0DCs»TO.A &
SALUC & MEMR & IF R.ETNs sRERDY & NUM » § % EASW
QuoD 1100000000110101 1110010111010001 0011011111111110 11011100
OO0E  MMWEES ALL DOUBLEsPCsPCs»FTOE.F & OF & ZA % ALUC &
<I0Cs DHs TO.A & MUM » % & IF R.RTM:sREADY & EASW %
Ml
AOOE 1100000000111001 1110010111100101 0011011111111110 11011100
ONOF  MMWF:  ALL DOUBLEsPCsPCHFTOR.F & OF & ZA & ALUC & BASW &
SMEMW % IF R.Fss»RERDY & IOCs DH»>TO.A % NUMs %
QOOF 1100000000111111 1110010111100101 0011011111111110 11011100
Q010 MMREF: ALY DOUBLE:PC:PCsFTORLF % OR & 28 & ALUC % EATW & MEMR

ME



PC

no1o

no11

ool

ool

noaiz

o1z

11

0

ooon

oo

oonn

aple
0ol1e

nn1y

on1y

anis

no1s
ants
on1s
no1A
no1R

OQ1E
Oo1E

aolc
noic

anin
an1Dp

O001E

=0URCE AND-OR DBJECT CODE. *» = DON‘T CHREE
SI0C»«TO.A & IF RB.F »»RERDY & NUM » %
1100000001000011 1110010111010001 00110112111131110 11011100

MMREZP: ALU DOUEBLEs P+ ZPFTOR.F % OR % ZA % IOC.»TO.A % BASW 2%
SHLUZ & MEMR 2 IF R.RTHssRERDY % HNLMs %
1100000001000101 1110010111 010001 001101131000120000 11011100

MMzPH: ALU DOUBLEs SP»ZPFTOB.F % OR % ZA & ALUC % BASW %
<I0CsDHTO.R % MEMW & IF R.ETN:sREARDY % NUM. %
1100000001001001 1110010111100101 0011011100010000 11011100

MMWEPL: ALY DOUBLEs ZPsEP-FTOR.F % OR % ZR % ALUC 2 BAZW 2
~I0OCsDLsTO.A & MEMW & IF R.ETN»sREARDY & NLUM. %
1100000001001101 121100101111 030011 001101110001 0000 11011100

MOVER: ALU» s » FTOEB.F & ALUC & BAZW ZhsZW & OF & ZA & I0C %
SIF ROFs IMVsHOLD % NUMs HLDF % NOC
11000000001011311 1010101131111 0000 0111010101010100 110111600

MOVME: ALY DOUELE » H & RALUC & OR 2% ZA & EBAZW 2 IOC.sTO.A % HLD

1100000000101001 011010011111 0001 001101101001 0100 01011100

ALU & OF 2 £R & BRZW. =W & ALUC & I0OC.sTO.D & HLD
1100000000101001 011010011121 0000 1111010101010200 01012100

ALL DOURLESPCsPCsFTOR.F & ALUC & OR % SR % BAZW %
<MEMW % IF R.F.sRERDY % NUM. % 2 I0OCs DHs TO.A
1100000001011111 11100201111 00101 001101123112331140 11011100

MOYEM: ALL DOUBLEs H % ALUC & OR & ZH & EBAXW & IOC..TO.A % HLD

1100000000101 001 0110100611111 0001 001101301 0010100 01011100
ALY DOUEBLEsFPCsFPC-FTOER.F % OR % ZH RLUC % BREW % MME %
SI0C»«TOLA
110000000011 0101 001001011101 0001 ool10111111131110 11011100

e

AL » s FTOR.F & OR % DZ & BHEW ZW & ALUC & I0OC %
<HOZ % IF R.Fs INYs HOLD % MUMs HLIF
1100000000101111 101010111121 0000 0011010101 010100 11011111

MY IR INCPC & MME
11000000011 0101 0010010111 010001 00110111111111160 11000100

ALLUs s FTOE.F & OF & D02 % ALUC 2 BAZW =W & I0C
< % NOC & IF R.Fs INYs HOLD 2 HUMs HLDF
1100000000101111 101010111111 0000 0011010102010 00 11011111

MALL
HEARARARRRXRRANRY, B QexmeddnE J011 0101010100100 01 XM

MY IM: NALLU & MMR & IOC
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PC Z0OURCE AMD-OR OBJECT CODE. » = DONT CRRE
001E 1100000000110101 001001011101 0000 0011010101010100 01XXXXREX

Oo1F ALU» »» FTOB.F & BARASW 2 0OR 2% D2 & ALUC % IOC «»70.D % HLD
001F 1100000000101001 0110100111110000 1011010102020100 11011111

aozn ALY DOUEBLEsH 2% 0OF & ZA 2 ALUC & BAXW % IOC,»TO.R % HLD
o020 11o000o0000191001 011010011111 0001 001101101 0010100 01011100

oozl ALU DOUBLESPCFPCSFTOE.F & FLUE & ZH % ALUC % BAZW %

<MEMW % IF R.Fss»RERDY 2 HNUM: MMWF %2 I0OC.DH.TO.H
1100000000111111 1110010111100101 0011011111111110 11000100

o
—

L=IE: INCPC % MME
1100000000110101 0010010111 010001 0011011111111310 11000100

fmec
[ ]

i Mo
o Mo

ALUs »C+FTOEB.F % OR & DZ % ALUC & BAEW % HLD 2 IO0OC
11000000001 01001 01101001111100G00 0011010101 000010 11011111

Do} El

[ V)
L

=

4 INCPC % MMR
4 1100000000110101 0010010111010001 0011011111111110 11000100

i fu

o I )
e v}

ALUs»B:FTOR.F+ % 0OR & DZ & ALUC & BRSW & NOC %
SIF R.F» INVsHOLD % MUMsHLDF % I0OC
1100000000101111 101010011121 0000 0011010101000000 11011111

=
=
o
i

=
r
on

ao2e  LDA: INCPC & MMR
g02e 1100000000110101 0010010111 0100001 00110111131111110 11000100

anzv AL DOUELE.s3FTOR.F & 0OF & DS & ALUC & BAZW & HLD % I0OC
02y 1100000000101001 011010011111 0000 001101110101 01 00 11011111

noz3 INCFC & MMR
o028 1100000001101 01 0010010121101 0001 0011011111111110 11000100

aoea ALUs s »FTOR.F & OR & D2 & ALUC % BR:W & HLD % IOC
2% 1100000000101001 011010011111 0000 0011010101 010100 11011111

00o2A ALY DOUELEs»s % OR % ZA & ALUC & ERAEW 2% I0OC.»TO.A & HLD
GozZR 1100000000101001 0110100111110001 001101110101 0100 01011100

onz2e ALY DOUBLESFPCH>PC>FTOB.F & OR & ZR & ALUC % BASW &
<I0Cs»TO.H % MMR
0OZR 1100000000110101 0O010010111010001 00110211111113110 11011100

0nzc ALUsAsA:FTOE.F & OF & DZ & ALUC &% BASW % IOC &
SHOC & IF R.F» INVSHOLD % NUMs HLDF
goec 1100000000301111 101010011111 0000 00110100111 01110 11011111

ooz ETRA: INCPC & MME
002D 1100000000120101 0010010111 020001 0011011111111110 11000100

onzE ALU DOUBLEs»»FTOR.F & OFR & DZ & ALUC % BAEW & IOC 2 HLD
O02E 1100000000101001 011010011111 0000 001101110301 0100 11011111

nozF IMCFC & MMR

oogF 110000000012 0201 010010233 010001 011011113211 310 11000100

0030 ALUs»sFTOE.F & OF & DZ % ALUC & EASW & IOC % HLD

0030 11000000001 01001 0110100111110000 0011010401010t 00 11011111

anzt ALL DOUELEss +FTOE.F & OF % ZA & ALUC & BASW & IOC.»TO.A &
~HLD

A-B



FLC
oozl

nozz

o
Mo

ooz

0025

nass

noze

[ =
oo
2] bt

oo3c
00zc
0020
003D
00zE
00ZE
002F

0o0zF

nnan
a4

ZOURCE AMD-OFR OBJECT CODE. wo=
11ooooo0ooiotonl oi101001111100401

ALUsAsAsFTOEB.F & OR % ZA

11000000001 01001 011010011111 0000

ALL DOUBLEsPC.PC.FTOR.F %
SI0CsDH-TO.A % MEMW 2. IF
1100000000111111 1110010111100101

RODF: ALUs sA:FTOE.F % PLUZ & A

L-I0C &% MOC % IF E.Fs INY»

ADDM: ALU DOUELEsH 2 OR & ZR &
1100000000101 001 0110100111110001

DOM"T CHRE
001101110101 0100

2. ALUC 2 BAREM & I

10110100111 01110

Or & ZA % ALLC %

F.Fss READY & NUMs
ooi1011111111110

11011100

OC»»TO.I 2 HLD

11011100

ERZN %
MMLIF
11011100

B & EBAZWs =W % ALUC UPDTALL»s s CHL

HOLD & MUM»HLDF

ALUC 2 BASW % IOC.sTO.A & HLD

ooii10iio0to010100

nioi1100

ADDM1: ALU DOUBLEsPC.PCsFTOR.F 20R % ZA & ALUC & BAZW %

<I0C s« TO.H & MMR
110000000011 0101 O0lo0010111010001

ALUsAsASFTOB.F % PLUZ %
<BASW & I0OC &% MOC % IF R

RDI: INCPC & MME
1100000000110101 0010010111010001

ALUsAsHFTOB.F & PLUZ 2
1100000000101211 1010100111110000

HIOCR: HALL % I0C % NOC % IFsIN
1100000011010000 0000010111110000

ALUs »AsFTOE.F % PLUE: & A
SI0C % NOC # IF R.FeINYS

onti0ii111111111¢0

11011100

DA % ALUC UPOTALLs»CHL 2
«Fs INYsHOLD & NUMs HLDF

0011011111111110

11000100

DR & ALUC UPDTALLs»CHL &
<BASW % IOC % NOC & IF R.FsINYsHOLD & NLMsHLDF

ooooooonil1niiln

e Y % MUM» ADDR
onlio10io1010100

11000101

01 xxEmxn

B % EBASWsEW & ALUC UPDTALL %

HOLD % MNUMs HLDF

> 1100000000101111 1010100111110000 0100010101001110 11000001

ADCM:  ALL DOUELE.H & OR & A % ALUC & BA:W & IOC,sTO.A &

SHOC % IFs INVSCY % NUMsRDDM
11000000110112000 0000031011111 0001

AL DOUELE »PCsPCsFTOB.F %
<I0Cs s TO.A & MMR
1100000000110101 0010010131010001

ALUsAsA-FTOB.F % FLUZ 2 DA
SI0C % NOC % IF R.Fs INVsHOL
1100000000101111 1010100111110000

MALL & IOC % HOC % IFsINVsC

Cl:
1100000011100000 0000010111110000

INCPC & MME

A-9

1
o011011010010100

OFR & 2R % ALUC 2
o0110111111111190
% ALUC UPDTALL &
I % NUMsHLDF

gooooioniiioiiiao

Y & NUMsHADI
a011010101010100

oo1101i1111111110

o1011100

BARZW %
11011100
BAZW 2

11000101

01 XM XX

11000100



P TOURCE AND-OF OBJECT CODE. w = DON“T CARE

o041 ALLIsAsAsFTOER.F & PLUZ & DA % ALUC UPDTRLL & EBAZW &
SI0C & NOC & IF R.Fs IMNV.HOLD % HNUMsHLDF
o041 1100000000101111 101010011141 0000 0xa0010011101110 11000101

a4z imp: INCPC & MMRE
ongE tioo00o0o00iiolol o010010111010001 0011011111111110 11000100
nng3 AL DOUELEsssFTOE.F & OF % DZ & RLUC % EBRZW &

~I0C % HLD

0043 1100000000101001 011010011111 0000 0011011101010100 11011111

nos4 IMCPC % MME
0044 1100000000110101 0010010111 010001 0011011111111110 11000100

o045 ALUs » s FTOE.F & OF % D2 % ALUC & BAEW & IOC & HLD
004S 1100000000101001 011010011111 0000 ooilolotoliolo0n 11011111

node AL DOUELEssPCsFTOB.A & OF % ZR & ALUC % BASW % IOC.sTO.A &

- NOZ % IF R.FsINV>HOLD & NUMsHLDF
nog4e 1100000000101111 1010100111110001 0011011101011110 10011100

o4y CHLL: IMCPC % MME
0047 1100000000110101 0010010111 010001 0011011111111110 11000100

nogs AL DOUEBLEs«sFTOE.F 2 OR % D2 & ALUC & BRSW & I0C %
<HLT
o042 1100000000101001 011010011111 0000 0011011101010100 11011111

ang43 IMCRC & MME
oo43 1100000000110101 001001011101 0001 00110231111111110 11000100

004R ALUs » s FTOB.F % OR % DZ % ALUC & EBASW & IOC & HLD
no4R 1100000000101001 011010011111 0000 0011010101 010100 11011111

004k ALY DOUBLEs SP+EPsFTOR.F % ZUNIM % ZA 2 ALUC, s CNL 2
<BRAEW % IOC»»TO.R & HLD
004 1100000000101001 011010031113 0001 0011 001100010000 11001100

nogc AL DOUBLE.PC % OF & ZA & ALUC & ERSW & IOC.»TO.D % HLD
oo4c 1100000000101 001 0110100121111 0000 101101111111 0100 01011100

004D AL DOUELE»ZP:SP»FTOB.F 2 ZUMIM & ZA & ALUC, sCHL %
SI0CsDHsTO.A % BASH & MEMW % IF C.ZBRs INVsFERDY %
SHUM  MMIEPH

004D 1100000001001001 0010010111100101 0011001100010000 11001100

OG4E AL DOUEBLEs »PC»FTOE.F & OF % ZA & ALUC % BRZW &
SI0OCDL>TO.A % MEMM % IF R.F»sRERDY % MNUM. %
O04E 1100000100111011 1110010111100011 0011011101011110 11011100

O0gF NALU
D0OGF  HMMRNMENMREERNMN MMM NN KE KK X011 010101010100 01XxXxER

noso RET: AL DOUEBLEsSP«EP.FTOR.A & PLUS 2 ZA & BRIW & ALUC 2
<I0Cs»TO.AR % NOC & IF C.EZBR & NUM:MMREP
NOS0 1100000001000101 011111011111 0001 0011011100010000 10000100



FC F0URCE AND-OR DEJECT CODE. - DONT CHEE

ool ALU DOUBLESPCsPC>FTOR.F & OR % DZ % BRSW % ALUC &
SI0C % HLD
0051 1100000000101001 0110100111110000 0011011111111110 11011111

ooss ALY DOUBLEs=F+ZFFTOE.A &% PLUE & ZA % BRZW & ALUC %
SI0CssTO.A & MEMR 2 IF C.ZERs INYsREADY & HNUM»MMRZP
o05g 1100000001000201 001003 0121010001 0011011100020000 10000100

1053 ALLUSPCSPCsFTOB.F & OR & D2 & ALUC & EASW % IOC % HLD
guS3 1100000000101001 0110100112110000 00110101112111110 11011111

nosd ALY DOUEBLESFCsPCy 2 OR &% ZR & ALUC 2% BRSW & IOCs«TO.H %
SHOC % IF R.FsINVsHOLD 2 NUM: HLDF
o054 1100000000101111 1010100111110001 00110111111113110 01011100

oSS REST: ALL DOUELEsH#=C»sFTOEBE.F & AND % DA & ALUC 2 EASW %
SI0C & HLD
0ass 1100000000101 001 011010021131 0000 001101111001 0100 11100101

HI5E R=T1: ALU DOUEBLESPC & OR & 2R & ALUC & PBASW & IOCS.TO.D 2 HLD

005e 1100000000101001 0110100111320000 1011011111110100 01011100

nnsy AL DOUERLEs ZP« EP»FTOER.F % ZUNIM % ZH & ALUC,sCNL %
SBREZW & IOC.»TO.A % NOC &% IF C.5BR 2 NUMs MMUEPH
0S¢ 1100000001001001 0111110111110001 G011001100010000 11001100

ooss ALU DOUEBLEs =PsEPsFTOR.F & SUNIM & ZA % ALUC. s CHL %
_ <BRAZW & IOC.»TO.H & HLD
0052 1100000000101 001 0110100111130001 001100110001 0000 110601100

32 ALU DOUELEs. ~PC.FTOE.F % ZA % OR & ALUC % BAZW 2 MEMW 2%

SIOCsDLsTO.H % IF R.FssRERDY &% NUMs %
o053 1100000101100111 111001011311 00011 0011011102011110 11011100

00SA RLC: ALUsAsA:UROT.F % OF % ZA % BAZW & I0OC 2
SRLUC UPDTCY & HLD
00SA 1100000000101001 0110100111110000 0001010011101111 11011100

ansE  RLC1: MALL % I0C & NOC & IF R.F»INVsF32 & NUMSZTC
O0SE 1100001001110011 1011000111120000 0011010101010100 01XXXXXX

0nsc ALU 2 OR % ALUC UPDTCY & PBREIW & IOC %
<MOC & IF R.FsIMVY>HOLD 2% MNUMsHLDF
003C 1100000000101111 101010011311 0000 000101010101 0100 01011X4X

00SD  RRC: ALUsAsAsDROT.F % OR % ZA % EBASW & IOC & ALUC UPDTCY &
“HLD

00SD 1100000000101001 0110100111110000 0001010011101111 01011100

DOSE ALLSA % OR & ZA % BASW % IOC % ALUC & NOC % IF & MUMsRL

1

OSE 1100000101101100 011111011111 0000 001101001121 0100 01011100

BOSF RAL: AL R UROT.F 2 OR &% 2R & BRSW & TOC & ALUC UPDTOYs SWAP
2



P Z0URCE AND-OR OBJECT CODE. % = DON-T CHRRE
SMNOC 2 IF & MHUMSRLCI '
O03F 1100000101101100 011111011111 0000 00011100111 01111 11011100

onsn RAR: ALUs A»A=DROT.F & OR % ZA % BASW % IOC % ALUC & HLD
o0en 1100000000101001 0110100112231 0000 0011010011101111 01011100

onel RLUsAsA-UROT.F & OR & A 2 BASW & I0OC % ALUC % HLD
N0&1 1100000000101001 0110100111110000 0011010011101111 11011100

ooz ALUsASADROT.F &% OFR % ZA % BASW & I0OC % ALUC UPDTCY»
<EZWAP & NOC & IF R.FsINVSF32 & MUMsSTC
O0sE 1100001001110011 1011000111110000 000111001110G1111 01011100

NI AL & OR &% ALUC UPDTCY &% BASW & IOC % NOC %
SIF R.F» INYHOLD 2% NUM»HLDF
0063 1100000000101111 101010011111 0000 Q00101010101 0100 01011XXA

noe4  PUSHRP: ALU DOUBLE & OR & ZB % ALUC & IOC,»TO.D % BASW =W % HLD

00sd4 1100000000101001 0110101112121 0000 1011011101 010100 01011011

noes ALY DOUELEs ZP» EPFTOER.F % EZUNIM % ZA & ALUC sCHL %
S~I0C»=TO.H % BAZW 2 HLD

O0eS 1100000000101001 0110100111110001 0011001100010000 11001100

anes ALY DOUEBLEsSPsSPsFTOB.F 2 ZUNIM & ZA & ALUC» sCHL %
<BASW & IOCsDHsTO.H & MEMH & IF C.3BRsINV.RERDY 2
<NUMs MMWEPH
0oee 1100000001001001 00100101311100101 00110011000310000 11001100
noey ALLY DOUEBLE.PCsPCsFTOE.F & OR & ZA % ALUC & BAZW %
S~IOCDL>TO.H & MEMW % IF E.F.:sRERDY & NHLUM. ¥
0067 1100000110011111 11100101131 00011 0011011111111110 11011100

58  PUZHPEW: ALLLA & OR % ZR % ALUC 2 IOCssTO.D % PASW % HLD
62 1100000000101001 01101001112110000 1011016011110100 01011100
anss AL DOUBLEs =P»=Ps>FTOE.F % EZUMIM % ZA & ALUCssCHL %
<BAEW & IOCssTO.A & NHOC % IF C.3ZBR & NUM: MMWZPH

009 1100000001001001 0111110111110001 00110011 00010000 11001100

ooeR HALLU 2. TOCsFLAGE & MEMM % IFs INV:RERDY % MUMs$
00eR 1100000110101000 0010010111100110 0011010101010100 01XXHEXMA

O0&E ALL DOUELEsZP+ZPsFTOE.F % EZUNIM & ER & HALUCs»CHL % EBRASW

LoI0C % HLD

OO0k 11000000001 01001 011010011121 0000 0011002100010000 11001100

noac ALU DOUBLESPCsPC>FTOR.F 2 OR 2 ZA & ALUC & BASW & I0OCs T
O.A % NOC & IF R.Fs INYsHOLD % MUMsHLDF

00sC 1100000000101111 101010011111 0001 0011011111111110 11011100

noel INXE: ALY DOUELEs »EBSFTOR.F 2 PLUE & EB & ALUC & BAIW 2 10C & H

LD
0D 1100000000101001 0110100111110000 0011013201000000 11000011

A-12



PC =Z0URCE AND-OR OBJECT CODE. ¥ = DOM-T CHRE

OneE ALL DOUBLEsEBsC>FTOE.R % OR % DZ % HALUC,SWRP 2 BAZW 2
<~I0C % NOC % IF R.FsINY:HOLD % NUMsHLDF
00sE 1100000000101111 101010011111 0G00 0011111000000010 10011111

nosF  DCxE: ALU DOUBLE,sEBsFTOB.F % SUNIM % ZB & RALUCss»CNL %
<BAZH & I0C & HLD
DOaF 1100000000101001 011010011113 0000 0011001101000000 11001011

aonvo AL DOUBLEsByCsFTOB.H & DR & DZ &% ALUC,SWHP & IOC &%
<HOC % IF R.Fs INVsHOLD & MUMsHLDF
o070 1100000000101111 10101011113 0000 OxXi1111000000010 10011111
0071 DRD. B: ALY DOUBLEsB+sH-FTOR.F &% PLUS & RAB & RALUC UPDTCYss>CHL & I

OC % ~<BA=W % HLD
o071 1100000000101001 01101G0111110000 0001001000001000 11000001

72 DAD1: ALU DOUBLEsHsLsFTOB.A % OR % DZ % ALLUC,SWRFP 2 BAZW 2
<I0C % MOC % IF R.F» INVsHOLD % MNUMsHLDF

0oOFE 1100000000101111 1010100111114000 0011111020001010 10011111

0oy DARD.D: AL DOUBLEsDsHsFTOER.F & PLUS % AR & RLUC UPDTCYssCHL & I

Oc &<BASW % HOC & IF % MNUMsDRDI1
DOF2 1100000111001000 0111110111110000 0001001001001000 11000001

nov4 DRD.H: AL DOUELEsHsHsFTOR.F & PLUS % AE 8 ALUC UPDTCY»sCNHL 2 I
Oc % ~BAZW 2% NOC & IF & MNUMsDADI1

ouFd 1100000111001000 0111110111011 0000 0002001010002000 11000001

novsS  DAD.=P: ALLU DOUBLE:SPyHsFTOR.F &% PLUS % HE & ALUC UPDTCY, s CHL &
I0C % ~BASW % NOC % IF 2 NUMsDRDI1

0075 1100000111001000 0111110111110000 00010011 00001000 11000001

0ovs CMPR: ALy sAs % EBASWsSW & AB &% IUNIM 2 ALLC UPDTALL % IOC %

SMOC #& IF R.Fs IMVSHOLD % MNLUMsHLDF

O0F& 1100000000101111 1010100111110000 0100010101001110 01001001

aney  CPIs INCPC & MME
0077 1100000000110103 001001011101 0001 0011011111111110 11000100

nova ALUsA % EBAZW #% DA % SUNIM & ALUC UPDTALL
<~HOC % IF R.Fs INVyHOLD % MNUMsHLDF
D073 1100000000101111 101010011111 0000 000001001111 0100 Glo0110]

o

ac %

aovs CMPM: ALL DOUELEsH & OR % ZA % I0OCsTO.A % EBASW & ALUC % HLD
0079 1100000000101001 0110100111110001 0011011010010100 01011100
oovA ALL DOUEBLESPC % OR & 2R & IOC»sTO.A % ERASW & ALUC & MME

DOFA 110000000011 0101 001001013101 0001 001101111111 0100 01011100

0vE AL A 2 EBRASH 2 DA % SUNIM & ALUC UPDTALL & IOC %
A-13



P

lire

aarDd

onvE
0ovE

0ovF
QovF

oosn
B

nos1
0031

ooz2
ans2

a3
0023

ZOURCE AND~-OR OBJECT CODE. # = DON‘T CHRE

SHOC & IF R.Fs INVsHOLD % NUMsHLIF
1100000000101111 101010011111 0000 0000010011110100 01001101
POFP.E: ALU DOUBLEsSP»SP-FTOR.A & OR &% ZA & ALUC & BRAZW %
<I0CssTO.A % NOC % IF C.ZBRssHOLD 2 NUMsHLISE
1100000000101001 0110100111110001 0011011100010000 10011100

ALU DOUELEsEPsSP+FTOR.F % PLUE % ZA & ALUC & ERAIW %
# 10Cy+TO.A % MEMR & IF C.ZEBRs INVsREADY 2% NUMsMMRIP
1100000001000101 0010010111010001 0011011100010000 11000100

ALU» s CyFTORB.F & OR & DZ % ALUC & IOC & BRAZW & HLD
1100000000101001 0110100111110000 0011010101000010 11011111

ALU DOUELE»>SP+SP«FTOB.F % PLUS%: ZA & ALUC 2 BAZW &
<I0C, s TO.A % MEMR % IF C.SBRsIMV:RERDY % HNUMsMMREIP

1100000001 000101 0010010111 010001 40110111 00010000 11000100
ALUs + E+FTOE.F &% OR % DZ2 % ALUC 2 IOC & BASW % HLD
1100000000101001 0110100111210000 GO011010101000000 11011111

ALY DOUELE.FC & OR % ZA % ALUC & IOC.»TO.R % BARZW %
<NOC & IF R.F+INYsHOLD % NUMsHLDF
1100000000101111 1010100111110001 0011011111110100 01011100

HLT: MALU & I0C’ % HLD
1100000000101001 0110100111110000 0011010101010100 01XKEXKR

NALL 2 I0OC 2 HOC & IF »INWsINT & MNUMSHLT
1100001000001000 0010000111210000 0011010101010100 01XXXXXS

INTHNDL: NALU & I0OC % INTA % IFsINY % NUM

1100000000000000 0011110011110000 0011010101010100 01XXKEXE
MALL & IDC 2 INMTA % IF & NUM.RETI1

1100000101011000 011111001121 0000 0011010101010100 01xXxEXY

NOF: MALU % I0C 2 IF R.FsINV.HOLD % NUMSHLDF % NOC

. 1100000000101111 1010100111110000 0011010101010100 01XAKSES

IM.: INCPC & MME
110000000011 0101 0010010111 010001 00110111111 33410 11000160

ALY 2 OR % DZ & ALUC 2 IDC.»TO.A & EBAZW & HLD

1100000000101001 0110100111110001 001101010101 0100 01011111

ALU DOUBLESPC % OR % ZA 2 BASW & ALUC & IOC,sTO.A &
~I0R % IFsINVsREARDY & HNUMs%
1100001000100100 0010010101210001 00110112111210100 01011100

ALUs »AsFTOE.F % OF & D2 % ALUC & I0OC & BASW 2 NOC &
<IF R.Fs INYsHOLDL & NUMsHLDF
1100000000101111 101010011124 0000 0011010101001110 11011111

ouT. : ALUA & OR & Z2A % IOCs»TO.D % BAZW & ALUC & HLD
1100000000101001 0110100111110000 101101001111 0100 01011100

IMCPC & MMR
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P

HHE
nosD

0osE

o030

0091

009z

0o9g
=E

0035
0095

0094

O0sE

=T

=OURCE AND-OR OBJECT CODE. # = DON'T CARE

ALL % OR & D2 & ALUC & IDOC,»TO.A % EBAZW & HLD
1100000000101 001 011010011111 0001 0011010101010100 01011111

ALL DOUELE.PC 2 OF % ZA &% BARIW & ALUC % IOC.DH.TO.A %

<I0W % IF R.FesRERDY & HUM» ¥
1100001600111 011 111001011011 0101 061101111411 0100 01011100

EI: RLUsH2C & MADR 2 SR & I0OC,.TO.INTE % BARSW & ALUC &
<HOC & IF R.F»INY.HOLD & NUMsHLDF
1100000000101111 101010041211 0001 101101011001 0100 01111100

nI: ALU & AND 2 ZA & IOC,TO.INTE % BARSW & ALUC & NOC %
<IF R.Fs INVsHOLD % NUM»HLDF
1100000000101111 101010011111 0001 1021010101010100 011001400

o]
e

EPHL: ALU DOUELEsHsZPsFTOR.F % OR & ZA % ALUC & BASW % IO

<MOC 8 IF R.Fs INVyHOLD 2 HNHUMsHLIF
1100000000101111 1010100111110000 001101101G010000 11011100

ATHL: ALU DOUEBLEsH & OR % ZA & ALUC % EASW & IOC,»TO.D % HLD

1100000000101001 011010011112 0000 1011011010010100 01011100

ALU DOUBLEs:P & 0OF &% ZA % ALUC #% BASW & IOC,sTO.A % HLD

11000000001 01001 011010011111 0001 0011011100010100 01011100

MALU % I0OC & MEMR % IFsINVsREADY & NUMs %
1100001001010000 0010010121 010000 0011010101 010100 01XXKKXKE

ALUssL+FTOB.F % OR % DZ % ALUC & IOC % BASW % HLD
1100000000101001 0110100111110000 0011010101001010 11011111

ALU DOUELEs=P+EPsFTOR.F & PLUZ 2 ZA & ALUC & BASW %

<I0C>DLsTO.A & MEMW 2 IF C.ZEBERsINVsRERDY 2 NLUMsMMHUZPL
1100000001001101 00100101111 00011 00110111 00010000 11000100

NALU % IOC % MEMR % IFsINVsRERDY & MUM>%
1100001001011100 0010010111010000 0011010101010100 01XXMKHKX

ALUs sHsFTOE.F & OR % DZ & ALUC % IOC % BASW % HLD
11000000001061001 011010011111 0000 001101010200106G0 11011111

ALY DOURLEsPC & OR % ZA % ALUC & BASW 2 IOCsTH»TO.A %
<MEMW % IFsINV-READY % NLM:$
1100001001100200 0010010111100101 0011011111110100 01011100

ALY DOUBLE.EPsEPsFTOER.F % ZA % ZUNIM 2 ALUCs s CNL %

<BREM & I0OC % NOC % IF R.FsIMNYsHOLD % MUMsHLDF
1100000000101111 101010011111 0000 0011001100010000 11001100

PCHL: ALY DOUBLEsHsPC-FTOE.F & OR &% ZA & ALUC & IOC,»TO.A %
<BAZW & NOC & IF R.FsINVY.HOLD 2 MUMsHLIF

1100000000101211 101010011111 00010 0011011010011110 11011100

ETC: ALY s H&C 2 ZUNIM 2 ZR % ALUC UPDTCYssCNL % BRSW % I0C
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P

noac

OO
003k
o03F
O09F

00RO

noR=
D0aRA
N0ARA

QORE

00RB

=0URCE AMD-OFR OEBJECT COLDE. ko

& HOC

&oIF ROFINY.HOLD 2 N

= DON-T CHREE
UM HLIF

11000000001 01211 10101001111 10000 000100011001 0200 01001100

cMc:

HNAR:

“RAR:

OrRAR:

DCRM:

1100000000101001

INRM:

1100000000101001

1100001010011100

ALL % AMD % £ & ALUC UPDTCY 2 BASHK 2 I0C % NOC %
SIF RaFas% & NUMs =
110000100111 0011 110001011111 0000 000101010101 0100 01100100

TC

ALY & AND & 28 & ALUC UPDTCYssCNL & BREW & IDC &
SNOC % IF R.Fs INVSHOLD % NUMsHLIDF
liooo00000101111 1010100111110000 000100010101 0100 01100100

AL sH«FTOE.F

<10C % NOC %

ALUs «A~FTOE.F

SI0C % MHOC %

& AND 2 AR 2 ALUC UPDTALL % EBASW » =W &
IF R.F» INY.HOLD #HUMs HLDF
11000000060101111 1010100112 110000 0100010101001110 11100001

2 ®OR % AE & ALUC UPDTALL % BRSW. =W
IF E.F»INYsHOLD % MUMsHLDF

HLUs sHsFTOE.F % 0OR &
S10C & NOC 2 IF R.FsIMNY.HOLD 2 HNUMsHLDF
11000000001 01111 101100121131 0000 0100010101 001110 11011001

AL DOUBLEsH % OR & £A 2 ALUC & IOCs»TO.A & BRASW % HLD
011010011111 0001 0011011010010100 01011100

NALU 2 I0OC & MEMRE &

AB & ALUC UPLOTHLL &% BREW =W

] IF» INYSRERDY % HLM»%
1100001010001 00 0010010112020000 0011010101010100 01XXXEXA

ALL % DE & MINUE & ALUC UPDTFLssCHL % BHZW &
HLD

SIOCs»TOL.D 3%

ALL DOUEBLEsPC

%

0110100111110000 1010000101010100 01010111

OR % £A & ALUC & BRSW & IOC~DHsTO.A
SMEMI % IF R.FssRERDY 2 MHUMs¥
110000101 0010111 11100101111 00101 0011011111110100 010111040

ALY DOUELEsH % OR & ZA % ALUC & IOCs»TO.A % EBASW %

HALL & I0C &

ALY & DZ % PLUZ &

0110100111110001 0011011010010100 01011100

MEMR % IFsINVsREARDY & HNUM:%

0010010111010000 0011010101010100 01XXXEHR

ALUC UFPDTFL % BASW & I0OC»TO.D %

1100000000101001 0110100111110000 10100101 01010100 01000111

DCRE:

AL DDUELEsPC % OR % ZA & ALUC % BRZW % IOC.DH»TO.AH
<~MEMW & IF R.FssREADY % NUMs ¥
1100001010100111 11100101111 00101 0011011111110100 01011100

RLUs » »FTORB.F &% ZB %

SBREZW ZW % I0

% IF R

ZUMNIM % ALUC UPDTFL»ssCHL %

LFsINYsHOLD & HUMsHLDF 2 NOC

1100000000101111 1010101111110000 0010000101010100 110010611

INRR:

ZIUBR:

FALUs s s FTOE. F

B

ZB

% PLUZ 2 ALUC UPDTFL & BR:W =W %

<HOC &% IF R.FsINY HOLD % NUMsHLDF
1108000000101111 101010111111 0000 0010010101010100 11000011

AL s A FTOR.F

2

RB &
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%

HLTD

HLD

%
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= TOURCE ANLD-0Or OBJECT CODE. s = DON'T CREE
SI0OC & HOC & IF R.F« INYsHOLD & HNJUMsHLDF
ooAC 11000000001 01111 101010021212 10000 01000102 01001110 11001001
ooRLD ZUEM: ALU DOUEBLE.H & OR & ZA & ALUC % BASW % IOCssTO.A % HLD
ooRD 11000000001 01001 011010011111 0001 001101101 0010100 01011100
OORE ALY DOUBLE.PC & OF & ZA & BASHW & BLUC 2 IDOC,»TOD.H % MMRE
OO0RE 1100000000110101 001001011101 00010 0011011123111 0100 01011100
ODOoRF ALUsA«ASsFTOE.F 2 DR % ZUNIM & ALUC UPDTALL %
SBASW 2 I0C 2 HOC 2 IF R.F«INYSHOLD & HUMSHLDF
OORF 1100000001011l 101010011111 0000 00000100111 01110 11001101
QouED  =uUI: INCPC % MMR
QUED 1100000000110101 001001011101 0001 o011011111111110 11000100
QoEl . ALU+HA«AFTOE.F % DA &% SUNIM & ALUC UPDTRLL %
SBASW & I0OC % NOC &% IF R.FsINVY.HOLD & NUMsHLIF
goFB1 11000000001 01111 1010100111211 G000 Q0000100111 01110 11001101
NoEs ZRER: NALL & I0C & NOC % IFsINVSsCY % HUMs SUBR
OOE2 1100001010110000 000001 0111110000 0011010101 010100 01XXXEXX
oE2 HLLIs sAsFTOE.F & AR 2 =UNMIM % BASWsSW % ALUC UPDTHLLssCN
L %-I0C % NOC % IF R.FsINVsHOLD % NUMsHLDF
QOE2 1100000000101111 101010011111 0000 Q1000001 01001120 11001001
ookE4 ZEREM: ALU DOURLE»H &% OR % ZA & I0OC.»TO.AR 2 BASW & RLUC %
SNOC 2 IF 2 INYSCY & NUMs SUEM+1
OOB4 1100001010111000 000001011111 0001 001101101 0010100 01011100
DOES AL DOUEBLE, PC 2 OR % ZR % I0OCs»TO.A % BASWKW 3 RLUC % MM
R
QORS 11o0000000013101010 OO010010111010001 0011011111110100 01011100
O0OE& ALU:HsAsFTOE.F % DR % SUNIM & ALUC LUPDTALLs»CNL %
SBASWH & I0C & NOC & IF R.F« INVSHOLD % MNUMsHLDF
OORS 1100000000101111 101010011111 0000 00000000111 011810 11001101
ooep?d  =RBI: NALLD % I0OC 2% NOC 2 IFsINVSCY 2 NUMe U]
QOE7 1100001011000000 000001011111 0000 0011010101 010100 D1XEAxRR
OoE= NRLU & I0OC & MNOC 2 IF % MNUM.=ERI1
NQOR2 1100010101110100 0111110111 110000 001101010101 0100 01XKXXKE
OOBS  RNAM: ALL DOUELEsH & OR % ZA % I0OCs»TO.A % ARLUC & BASW % HLD
OOBS 11000000001 01001 0110100111110001 00110311 010010100 01011100
OOBA AL DOUELESPC % OR % 2R % IDCssTO.A % ALUC % BARASW % MMR
OORA 110000000011 0101 0010010111 010001 0011011112111 0100 01011100
OORE ALLIsH:Hs FTOR.F % AND % DR % RALUC UFDTRLL 2 BARSW 2%

<100 % NOC IF R.F» INVsHOLD % NUMsHLDF

s
L
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Fr
O0RE

O0RC

OoRC

GOED

OOET
O0EE
OQEE

00EF

DoOEF

gocn

oQcao
onct
nooci

nocg

nocg

nocs

aocs

noces
0OcE

aOcCT
oocy
oocs
a0ncs

o3

=0URCE AND-OR OBJECT
1100000000101111 1010100111110000

1100000000101001 01i10100111110001

ALU DOUBLE.FPC &

RLIJsHs Hs FTOE. F % DH %

ALU DOUELE~H

grio1o0111110001

HLL DOUEBLE.FPC % 0OR

RLUsHs s FTOEB.F

ALU:A«HsFTOE.F

% IF R.F»IMNVsHOLD
11000000001 01111 101010011111 0000

1igooonoooiioiol o0ilo010111010001

ALUsAsH+FTOE.F

11000060000110101

nON“T CHRE
gooooionriiniiig

gotiolioionialoon

& IOCs»TO.FA & ALULC

110000000011 0101 0010010223 010001 001101111111 0100

001101101 0010100

1100000000110101 001001011101 0001 00110111112146100

: . DR % ALUC UPDTHLL
IF R.FsINYsHOLD % MUM»HLDF
1100000000101111 101010011111 0000 00000100111 01110

0011011111111110

% DA % ALUC UFDTHLL

& MUMe HLDF

gooooioniiioiiio

oo0l116111111111146

2. #0R % DA & ALUC UFDTHLL

%2 IF R.Fs INV.HOLD % NUMsHLDF

5 MUMs HLDF

ALUsA»AsFTOE.F 2 NxOR % ZR & I0OC % ALUC
IF R.Fs INVSHOLD 2

MNUMs HLTF

11100101

AL DOUELEsH % OR & ZA % IOC,»TO.A % ALLUC 2 BASW 2 HLD

01011100

bR

BAZW % MMR

01011100

ALLUC UPDTRLL 2 BR:W &
% IF R.F«INVsHOLD 2 MNUMsHLIF
11000000001 01111 1010100111110000 00000100111 01110 11110101

% I0C~»TO.H % ALUC & ERZW % HLD

01011100

: ZA & IOC,TO.AR & ALUC & BRZW 2 MMR

01011100
% BAEW %

11011101

11000100

& BREZW & IOC %

11100101

11000100

% BRIW & IOC %

11110101

onioo10111010001 00110111131111110 110001400

ALUsAsASFTOE.F &% OR % DA & ALUC UPDTALL & BAZW & I0C &
% IF R.FsINVsHOLD

2 BREW %

11111140



PC EOURCE AND-OR OEJECT CODE. % = DON-T CHRE
noc® 1100000000110101 0010010111 010001 0O011011113111110 11000100

G ALU DOUBLEs»»FTOB.F % OR & DZ % ALUC & EBERSW % IOC & HLD

aOoCH 1100000000101 001 0110100111110000 G011011101010100 11011111

OacE INCPC & MMR
QOCR 110000000011 0101 001001011101 0001 0011011111111110 11000100

gocC ALUs»+FTORB.F % OR % DZ & ALUC % EBASW % IOC & HLD
00CC 1100000000101001 0110100111110000 0011010101010100 11011111
ooco ALY DOUELEss»FTOE.F &% OR & ZA & ARLUC % IOC.sTO.A %

~BRZW % HLD
QoCD 11000000001 01001 0110100111110001 001101110101 0100 11011100

00CE MALL % I0C & MEMR & IFs INVsREADY 2% HUM. ¥
OODCE 1100001100111000 0010010111 010000 0011010101010100 01XXXXNK

OacF ALUssL-FTOE.F 2 OR &% DZ % I0OC % BARSW % ALUC 2 HLD
G0CF 1100000000101001 0110100111110006 0011010101001010 11011111

aonon ALU DOUELEs»+FTOB.F & PLUS 2 ALUC % BASH & IOCs»TO.A % M

LD~ & ZA
0onn 1100000000101001 0110100111210001 0011011101010100 11000100

onp1 ALY DOUBLE.PC & OR 2 ZA & IOC.»TO.R & BASW % ALUC 2
<MEMR & IFsINYsREADY & NUM + %
00Dl 1100001101000100 0010010111 010001 0011011111110100 01011100

oong RLU. »H:FTOR.F % OR % DZ & IOC % BASW & ALUC %
<NOC & IF R.FsINVsHOLD % MHUMsHLDF
oone 11a0000000101111 10101040111110000 00110101601001000 11011111

ooz ZHLD: INCPC & MMR
ooDz 11000000001 10101 0010010111 010001 0011011111111116 11000100

nong ALLU DOUELEs»s»FTOER.F % OR % D2 & ALUC & EASW & I0OC % HLD

noog 11000000001 01001 0110100111110000 0011011101010100 11011111

oons INCFC & MMR
0ops 110000000011 0101 0010010111 010001 0011011111111110 11000100

annes AL »»FTOE.F & OR & DZ % ALUC % BASW % I0OC 2 HLD
ool 11a00000003101001 0116100111110000 00110101010140100 11011111

oony ALL DOUELEs »sFTOB.F & OF % ZA % ALUC % IOC,.TO.RA %
<BAEM % HLD ‘
00Dy 1100000000101001 0110100111110001 0011011101010100 11011100

onos AL DOUELEsH & OF % £A % IOCssTO.D % BASW % ALUC % HLD
aons 1100000000101 001 011010021111 0000 1011011010010100 01011100

noos HARLL % I0C«DL & MEMW & IFsINV2RERDY & NUM,

GUDS 11000011011 00100 0010010111 3100010 0011010101 010160 01

A_10



Fz =0UrRCE AND-OrR OBJECT CODE. #“ = DON-'T CHRE

00DA ALY DOUELEsssFTOR.F & PLUZ % &R &% ALUC &% BASW %
<I0OCs»TO.A % HLD
ooDR 11000000001 01001 01101001122 30001 001101110101 0100 11000100

0onER AL DOUBLE sPC % OR % ZA & ALUC & IOCsDHsTO.A % BRZW 2
“MEMb 2 IF R.FssREADY % NUMs %
00DE 1100001101101111 11100101111 00101 00110111112110100 01011100

oonZ  LDARx.B: ALY DOUBLE.B & BAZW & ZA % OR % IOC,.TO.A % ALUC % HLD

00DC 1100000000101001 0110100111110001 00131011000010100 01011100

aonDn ALY DOUBLESsPC & OF & ZA % IOC,=TO.A % ALUC & BASW 2
<MEMRE & IFs INVSREADY 2 NUMs %

000D 1100001101110100 001001011101 0001 001101111311 0400 010111040

00nE ALUs sA:FTOR.F &% OFR & DZ & ALLIC % BASW % I0OC %
<NOC & IF RE.FsINY.HOLD % HUMsHLDF
O0DE 1100000000101111 1010100111110000 0011010101001110 11011111

O0oF EZTHX: AL DOUEBLE % BARSW ZW & ZB & OR & I0CssTO.A & ALUC % HLD

o0O0DF 1100000000101001 01101011211110001 0011011101010100 01011011

ooED ALUsA % OF % ZR & IOC.sTO.D & BR=W & ALUC & HLD

COED 1100000000101001 011100111120000 1011010011110100 01011100

noEl ALY DOUERLEsPC & OR % ZA % IOCsDHsTO.A % BRAZM % ALUC 2
“MEMBW 2 IF R.FINVSHOLD % HNUMs HLDF

00E1 11000000001011011 10101001211 001 01 0011011111110100 01011100

O0EZ WXCHG: ALY DOUELEsDsFTOB.F % OR % ZR & ALUC 2 BAZW 2 I0OC % HL
I

OOEZ 1100000000301001 1101001201 210000 0011011001 010100 11011100

QoE:= ALU DOUBLEsHsDsFTOEB.F % OR % ZA % ALUC & BARZW % IOC & HL
I

OOEZ 11000000001 01001 0110100112311 0000 001101101 0000100 11011100

10E4 ALL DOUBLE.»HsFTOE.F % OR % ZA & ALUC & EAZW & I0OC %

SHOC & IF R.Fs INVSHOLD % MUMsHLDF
ooE4 1100000000101111 1010100111131 0000 0011011101002000 11011100

OOES  LEID: INCPC & MMR
OODES 1100000000110101 a0i0010111010001 0011011111111110 11000100

OOES ALU» »EsFTOE.F & OR & DZ % ALUC % BRAEW & HLD & I0OC
O0Ee 1100000000101001 01101001113 30000 0011010101000110 11011111

OOEV INCFC % MMR
ODE7Y 1100000000110101 001001013101 0001 0011011111111110 110060100

noEs HLL» s FTORB.Fs % OFR & DZ % ALUC & EBAZW & NOC 2
<IF R.Fs INVSHOLD % MUMsHLDF 2% I0OC
OOES 1100000000101111 101010012111 0000 0011010101 000100 11011111

OOES  LsIH: INCPC % MMR
OOES 1100000000110101 001001011101 000% 0011011143112110 11000160
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FLC

O0ERA
O0EA

OOEER
OOEE

ORELC
O0EC

ooED
OnED

D0EE

OOEE

anEF
anEF

noFa
aoFn

a0rF1

goF1
noFz
noFeg

O0F3=

J0F =

0oF4

00F 4

OoFS

00FS

OoFe

aoFe

oorFy

OoOFv

noFs

SOURCE AND-OR OBJECT CODE. ¥ = DON'T CARE
ALUss L FTOE.F % OR & DZ % ALUC % BASW %

1100000000101001 0110100111110000 0011010101001010
IMCFC & MMR

110000000011 01 01 ooiootoliiaionol oolinti111111110

AL s Hs FTOE.Fs & OR & DZ & ALUC & EASW 2
<IF R.Fs INYsHOLD % MUMsHLDF 2 I0C
1100000000101111 10101001111 10000 001310101014a02000

LuIzP: INCPC & MMRE
1100000000110101 0010010111 010001 O0110112111111110

AL DOUELEs » ZP+FTOB.F % OF # D2 % ALUC %
[

1100000000101001 0110100112112 0000 0011011101010000

IMCPC % MMRE
110000000011 0101 0010010111 010001 0o011011111111110

ALUs » SPsFTOER.Fs % OR % D2 % ALUC 2% EBASH
<IF FR.Fs« INYsHOLD % HNUMsHLDF 2% IDC

HLD & I0C
11011111

11000100
HOC %

11011111

itoa01an

BREW & HLD % IO

11011111

11000100

& NOC %

11000000G00101111 1010100111120000 0011010101010000 11011111

INXD: ALLY DOUELEs sDsFTOEB.F % PLUS & ZB & ALUC 2 BASW & IOC & H
LD

1100000000101 001 0411010011111 0000 0011011101000100 11000011
HiLil DOUELE.DsE-FTOER.A & OR & DZ % ALLUC.ZWAP % BASW &
<I0C % MNOC % IF RE.Fs INVsHOLD % NUMsHLDF

1100000000101111 101010011111 0000 00111110601000110 10011111

IMN<H: ALU DOUELE. »HsFTOB.F & PLUZ % ZB % ALUC % BASW % I0OC & H
LD

1100000000101001 0110100111120000 0011011102001 0600 11000011
AL DOUELEsH«LsFTOB.A % Or & DZ 2 ALUC, ZWAFP 2 BASW &
<I0C % NOC % IF R.FsINVSHOLD % NUMsHLIF

noooonoooiol11l 1010100111110000 0011121101 0001010 1011111

INXEPs ALU DOURLE»»=P>FTOEB.F % PLUS % ZB % ALUC % BARSW % I0C %

<~NOC % IF R.Fs IMVSHOLD % MUMs HLDF
11000000001 01111 1010100111220000 00110111 01010000

JUBES ALU DOUELEssD>FTOE.F % SUNIM & ZE & ALUC
<BREW % I0C % HLD
11000000001 061001 0110100111 210000 0011001101 000100

ALU DOUELEsD.EsFTOR.A % OR % DZ % RALUC, =
<NOC & IF R.Fs INV-HOLD % NUMsHLDF

1100000000101111 101010¥111110000 O0X11111001000110

DCxH: ALL DOUBLEs sHsFTOB.F % ZUNIM % ZR & ALLUC
“BAZH & I0C & HLD

A-21
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FC

O0Fs

ooF3

ooF3

O0FR

OnFA

DOFE

O0FE

ooFc

QoFc

0aFD
ooFD

O0FE

0iFE

noFF
noFF

o100
o100

0101

1h Qi

—

L
M

X

010

oLz
ninz

0104

0104

0105
0105

PRI
01 oe
a1u7

o7

0103

=Z0URCE ANMD-OF OEBJIECT COLDE. = = DOM'T CHRE

11000000001 01001 01101001113 10000 0011001101001 000 11001011

ALL DOUEBLEsHsLsFTOE.A % 0OF % DZ % ALUC.EWAP & I0OC &
SNOC 2 IF R.FsINY»HOLD % MUMs HLDF
11000000001011311 101010X111130000 0<11111010001010 10011111

DoEEP: ALY DOUBLEssZF:FTORB.F & ZUNIM & ZB & ALUCssCNHL &
SBRELW % I0C & MOC & IF R.F.IMVSHOLD 3 HNUMSHLIDF
11000000001 01111 101010011 i11a000 oof1o01i0iaionod 11001011

FOFP. D= ALY DOUEBLEs=Ps=F«FTOE.A & OF % ZA & ALUC % BAZW %
SI0CssTOLH & NOC 2 IF C.EER.»HOLD 2 NUM. HLDEER
1100000000101 001 01101001111310001 00110111 00010000 10011100

ALY DOUELEs =P =P-FTOR.F 2 PLUZ & 2R & RLLUC % BASW %
< I0Cs»TO.A & MEMR 2 IF C.EZERs INVSRERDY % NUMs MMREP
1000001 oo0n101 001001011101 0001 00110311 00010000 11000100

ALUs »E-FTOE.F & OF & DI 2
11o00o0oaninlanl 01101001311 10000 00

HLLUC % I0OC % PASW % HLD
igioioioontin 11 1

1

ALY DOUEBLE=EP»EP-FTOE.F 2 PLUER ZA & ALULC % BAIW 2

SIOCs»TOLH & MEMR & IF C.EZEBRs INYRERDY 2 MUMsMMEEP
1100000001 000101 001001011103 0001 0011013130001 0000 11000100

ALLs »DFTOR.F & OR & DZ & ALUC % IOC & BAZW & HLD
1100000000101001 01101001113 10000 0011010101 000100 11011111

ALU DOURLESPC % OF & A & ALUC % IOC»»TO.R % EASH &
SHOC & IF R.Fs INYsHOLD 2% MHUMsHLDF

1100000000101121 101010012131 0001 00110112112110100 01011100

FOF.H: ALU DOUEBLE,ZP»ZP«FTOE.A & OR % ZR % ALUC &% BARZW %
SIOCs»TO.A & HOC % IF C.EBRssHOLD % MUMsHLDEE

11000009000101001 011010011132 0001 001101130001 0000 10011100

AL DOUELEs =P ZP«FTOE.F & PLUE % ZR % ALUC % BARIW &%
< I0OCssTO.A & MEMR & IF C.ZER:IMYsEEARDY % HNLM.MMRSP
1100000001000101 001001013101 0001 001101110001 0000 11000100

ARLUs »LsFTOR.F & OR & DE 2 ALUC & IOC & BASW 2 HLD
1100000000201 001 01101001113 20000 0011010101 001010 11011111

AL DOUEBLEsEZP»=ZP-FTOB.F 2 PLUZS% ZH % ALUC & BRASW &

<I0C»»TO.RA % MEMR % IF C.ZERs INVyRERDY % NUMsMMRELZP
1100000001000101 0010010212102 0001 001101210001 0000 11000100

RLUs sHsFTOB.F & DOR % DZ & ALUC & I0C % BAZW &% HLD
110000G0000101001 0110100111120000 0011010101001000 11011111

ALY DOUEBLE.PC &% OR % ZA % ALUC & I0OCssTO.H % EASW %
SNOC & IF R.Fs INVHOLD & MNUMsHLDF

11o0000000101111 101010013111 0001 00110111111210100 01011100
AMEs NALL & I0C % NOC % IF »INYsZ & MUMs JMF

1100000100001 000 4000000111112 0000 0011010101010100 01XXXXXX

INCPC % HLD
A-22



P

nins
o103
Nk
010/
010/

1 0B
U1 0FE

1 0c
a10c

010D
010D

010E
01 0E

010F
01 0F

0110
a11a

ni11v
n11v

1113
n11g

0113
0113

011A
011A

011k
011FE

niir
-

LI I

=0URCE AND-OR OBRJECT CODE. » o= DONYT CRARE
1100060000101 001 011010011111 0001 d011011111111110 11000140

IMCFC & IF R.FsINY»HOLD % NUMsHLDF % NOC
11oo0u0ooniol1ll 101010011111 0001 0011011111131110 110001 00

CHZ: MALLL & I0C & MHOC % IF »INVsZ & NUMsCALL
1100000100011 100 0000000111110000 001101010101 0100 01XMXKHX

INCPC 2 HLD
11000000001 01001 011010011111 0001 o011011111121110 11000100

INCPC & NOC 2 IF R.FyIMVSsHOLD % MUMsHLDF
1100000000101111 1010100111110001 00110211111111110 11000100

ENZ: HALU & I0OC # NOC R IF R.FssZ & NUMSRET
1100000101000011 1100000111110000 0011010101010100 01 XXXXXX

A2k HALU 2 JOC % NOC & IF » »Z2 % MUMs.JMP
1100000100001 000 0100000111 110000 0011010101010100 01XXNXXEN

INCPC & HLD
Tloo0oooo0oiolonl o111 00111110001 0011011211111 210 11000100

INCPC & NOC & IF R.FsINVsHOLD % NUMsHLDF
11o0000000101111 101010011111 0001 0011011111111110 11000100

cZs NALU & I0C & MNOC & IF » 2 % NUM.CALL
1100000100011100 0100000111110000 0011010101 010100 01XXEER

INCPC & HLD
tiooooaonniotonl of1o1o0111110001 0011011111113110 110001040
INCPC & NOC & IF R.FsINVsHOLD & NUMsHLDF
11o0000000101111 101010011111 0001 0011011111111110 11000100

RZ: NALL & I0C &% NOC % IF R.FsIMVsZ % NUMSRET
1100000101000011 1000000111110000 00110101 01010100 0O1XXEXK

AN HALL % I0C & NOC 2 IF s INVsSCY % NUMs JMP

1100000100001 000 0000010111 110000 0011010101010100 01 XXXXXKS
IMCPC &HLD

11000000001 01001 01101001112 10001 00110111113111310 11000100

INCPC % HOC % IF R.F=INVsHOLD % MNUMsHLDF
11000000001 01111 101010011121 0001 0011011111111110 11000100

CHNC: MALLU % I0OC & NOC % IF »INVsCY % NUMsCALL
1100000100011100 0000010131310000 00110101010101 00 01XXXEXKE

INCFC & HLD
11000000001 01001 011010011121 0001 O011011111111110 11000140

INCPC & NOC & IF R.F »IMYsHOLD % MNUM>HLDF
11opoooooniolill 101010011311 0001 0O011011111111110 11000100

RNz NALU & IOC & NOC % IF R.FssCY & MUMMsRET
1100000101000011 1100010111110000 001101010101 0100 D1XENRKY
Ji MALL & I0C % NOC % IF ssCY & NUMsJMP



P
n11c

n11n
a11D

N11E
011E

011F
011F

niz1
n1cz1

oiz2
nizez

0123
0123

niz4
aiz4

n1zc
niec

n1z2n
012D

01cE
01cE

n1zF
012F

0130

1100000000101001

11a0000000101111

1100000000101001

11000000001011121

1100000000101 001

11060000000101111

=0URCE AMD-OR OBJECT CODE. W o= DOM"T CRRE
1100000100001 000

Q10001011330 10000 0011030101 030100 01 s

% HLD
11010011111 0001 00110111111111310 1100014a0

% MOC & IF R.F»INYsHOLD % MLUMsHLDF

1100000000101111 1010100111110001 a011011121111110 11000100

Iac HOZ & IF »aC% & MUMsCARLL

1100000100011100 n1nnﬁ1n11111nnnn 00110101 01010100 014N,

% HLD
0110100111110001 00110111111311110 11000100

% NOC & IF R.FsINVsHOLD % HUMsHLDF

1100000000101111 1010100111110001 00110311111411110 11000100

I0C & NOC % IF R.FsINWSCY & MHUMsRET

1100000101000011 100001011111 0000 001101010101 01 00 018K

NALLU & TI0C & HOC % IF '» INY:P & NUMs JMP
1100000100001000 00001001111210000 00110101 01010100 01XXxXMxY

IMCRPC 2 HLD
11aa000000i 01001

0110100111110001 0011011111111110 11000100

INCPC 2 NOC % IF RE.Fs INV.HOLD & NUMsHLDF
1100000000101111 1010100112210001 0011011111111110 11000100

MHALL % I0C 2 NOC & IF s INVsP % MUMsCALL
1100000100011200 000010031111 0000 00110101010101 00 01 XHMKEY

& HLD

0110100111110001 0011011111111210 11000100

- % NOC & IF R.F» INYSsHOLD: MNUMsyHLIDF

1010100111110001 0011011111113110 11000100

I0C 2 MOC % IF R.FssF 2% MUMSRET
1100100111 110000 0011030101 010100 D1 XHXMNR

. I0C & NOC % IF »sP % HUMs. IMP
1100000100001 000

010010011114 0000 001101 0101010100 01 XMy

% HLD
0110100111110001 001101131111112310 11000100

- & NOC &IF R.Fs INYsHOLD 2 NUMsHLIF

1010100111 110001 0011011111111110 11000100

I0C &% NOC % IF ssP 2 MUMsCALL
0100100111110000 0011010101010100 01 XK=

% HLD
011010011111 0001 0011011111111110 110001400

% ONOC & IF R.FsINYsHOLD 2 HNUMsHLIDF
1010100111110001 G011011111133110 11000100

I0C & NOC % IF R.FsINYsP % NUMRET
A-24



FC ZOURCE AND-OR OBJECT CODE. # = DON'T CHREE

0130 1100000101000011 1000100111120000 O011010101010100 01 XK
o1z1 JaFe MALW 2 I0C & NOC 2 IF » INWe3E & HUM, JMP

0131 11000001 00001000 00001101111 10000 001101010101 0100 01X
01z IMCFC & HLD

0132 1100000000101 00a1 011010011111 0001 0011011111111110 11000100
0133 IMCPC % MOC & IF R.FsINVSHOLD % MUM»HLDF

0132 1to0o0000001i04i111 101010011111 06001 0011011113111110 11000100
0124 CP: MALL 2 I0C % NOC % IF R.FssZ % NUMsCALL

01324 1100000100011111 1100110111110000 0011010101010100 01xRXKHS
01325 IMCFC & HLD

0125 1100000000101 001 0110100112110001 0011011111111110 11000100

0126 IMCFC & NOC 2 IF R.FsINVsHOLD % HMUMsHLDF

0136 1100000000101111 1ololool1iii0001 0011011111111310 11000100
n1z7  EP: HALL 2 I0C % NOC 2 IF s INVsZ & NUMSRET

0127 11000001 01000000 000011011111 0000 001101010201 0100 01%xMxxxs
013z IMe MALL 2 I0C & MNOC % IF »»3% % MHUMs . MP

01328 1100000100001 000 0100210111 120000 0021010101010100 DIXNEXXK
n1=9 INCPC % HLD

0139 1100000000101001 0110100111 110001 0011011111111310 1100100
n13A INCPC % NOC % IF R.F»INYsHOLD % MHUMsHLDF

D13 1000000001011l 1oiotaoltitdo00l ool1011111111110 11000100
NiZE  CHM: MALL & I0C % NOC % IF »»% % HUMSCALL

013 1100000100011100 0100110111110000 0011010101 010100 01xxxxxs
013c INCFC % HLD

0120 1100000000101001 011010011114 0001 0011011111111110 11200100
nizD IMCPC &% NOC % IF R.F«INVsHOLD % NUM:HLDF

G120 11000000001 01111 101010011111 0001 0011011113211310 11000100
012E EM: MNALL % I0OC & NOC % IF R.F»INY.3 & MUM.RET

O13E 11000001 01000011 100011011 1110000 00110101 01010100 01xXEXMs

n12F  DRA: MALL & I0OC % HLD
013F 1100000000101001 0110100111110000 001101010101 0100 01XxKHxXA
1140 MALL % IOC & IFsINY % NUM DRUZ. 008 & HOC
0140 1000000000011000 0011110111110000 0011010101010100 01XKKxRRR
0141 ALs s « FTOE.F % OF % DZ & ALUC % EBRIW & IDC &

SHOC & IFs«RC % MUMsDAR1
0141 11000i0i00011000 010100011111 0000 0110101010t 0100 11011111

ni14s HALL & I0C % IFsINY % HOM DEUZ. 00OF % MNOC
0142 100000000011 1100 0011110111 310000 001101010101 0100 01X

ni4:z AL FAs«FTOR 2 AMD & DR 2 ALUC & BRSW & I0C %
SHOC 2 IF2IMY & MNUM DEUEs 00R
GigT iooooooonnioionn ootitdotddii 0000 oot aniiii0ion on1onion

A-DR



FC

ild4
0144

0145
0145

0146
0145
014y
0147
0142
n14s

0149
0ig4s

ai4A
014A

014k
014FE

n14c
n14c

1140
014D

014E
014E

n14F
014F
01sn
0150

0131

Z0URCE AMD-OR OBJECT COLE. “ o= DOMT CHRE

AL & D & SUMIM & ALUC % BASW % IOC % HLD
11000000001 01001 1101000131 10000 ool1010i010i0100 01001110

MALL & I0C & MOC % IFsINVSCH.4 2 MHUM»3+2
1100010100011100 001110011111 0000 001101010201 01 00 01 KKK

DAAL: RLUs» A« FTOE.F % PLUZ % AE % ALUC UPDTALLs+sCNL 2
SI0C % BREW & NOC & IF C.EBRssOY & MUMSDRA4
1100010101111101 0100010111120000 0000000101001110 11000001

HALU % IDC & IFsIMY & NUM DBRUZ. 0A0 2 MNOC
1000000110000000 00111101111 10000 001101010101 0100 01XXHMxKX

ALUs »»FTOE.F & OR & D2 & ALUC % BAR:W 2 I0OC %
SHOC & IFs»sCY % MUMsDAARZ
1100010100111 1a0 010001011213 0000 Q0110101010101 00 11011111

HALLE % I0C & IFsINY % MNUM DEUS. OF0 2 NOC
1000001111 000000 00111101113 80000 0011010101 010100 01XKMERX

ALLsAs » FTOR & HAND & DA & ALUC & BRSW % IOC %
<MOC & IFsINY & MUM DEUEs 0RO
10Ga00101 0000000 00111101121 10000 001101001111 0100 00100101

ALLY & D&Y o& SUMIM 2 ALUC &% BASW & IOC 2 HLD
1100600000101001 0110100111120000 0O0110103102010100 01001110

HALL % TOC & MOC % IF:INVYSCN.4 % NUM»$+2
1100010 00111000 003113001 1011 000 00110101 0101 01 00 0] XEMEXX

DARZ: HALLs s A2 FTOE.F % PLUS % AE % ALUC UPDTALL s<CHL %
<BRAZMW & IOC % HLD
11000000003 01001 011010012132 0000 00000001 01001110 11000001

HALL % I0C & MNOC & IF R.F»INVsHOLD & MUMsHLDF
11000000001 01111 101010011111 0000 0011010101010100 01XEXMHEE

DAA3: AL »AsFTOR.F & PLLE & AE & RALUC UPDTFLesCNL &
SBRZW 2 IOC & NOC % IF R.F«INYsHOLD 2% MUMsHLDF
11000000001 01111 10102001111 103000 0010000101 001110 11000001

0.A & -NOC & IF C.EZBRssHOLD % NUMsHLDZER

FOF.PEW: ALL DOUBLE.=PsSPsFTOER.A & OF & ZA & ALUC % EAZW %
1100000000101 001 UllDlDDlllllDﬂDi O011011100010000 10011100

ALY DOJELEs =P»SF»FTOR.F & PLUS % ZA & ALUC % BRI

L oIOCs«TO.R % IF C.ZERs INVREADY & NUM, MMREP
1100000001000101 001001011101 0001 o0l1ot11o00010000 11000100

ARLU & MAND & ALUC 2 I0OC & EBASW % HLD

11000000001 01001 0110100113 210000 0011010101 010100 011 01X

ALY DOUBRLESSP«SP.FTOR.F 2 PLUS 2 ZFR 2% ALUC 2 BREW
ST0OC»»TO.A % MEMR % IF C.ZERsINVY+RERDY & NLUM»MMRSP
Troooooooloodiol oolo0i0oiiiot o000l ootioti100010000 11000100

ALUs s AsFTOB.F % OF & DZ & ALUC & BASW % I0OC & HLD

A-26
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FC ZOURCE AND~-OR OBJECT CODE. A = DONT CREE
0154 1100000000101 001 011010011121 0000 60110101 01001110 11011111

0155 ALLU DOUELE.PC % OR % ZA & ALUC & IOC.+TO.A % EBASW & MNOC %

<IF F.Fe« INV.HOLD % HUMsHLIF

G155 1100000000101411 101910011341 0001 0011011233319200 91011

1N
1 H

D156 LDRX.D: ALU DOUEBLESD % BAZW & ZA & OF % IOCsTO.A & HALUC & HLD
0156 1100000000101001 Glioiooii1ide00l 001101100101 0100 01011100
0157y ALY DOUELESPC % OR & ZA % IOC»»TO.H & RLUC & BAZW %

<MEMR % IFsIMNVsRERDY % NLUM: ¥
0157 11000101 01011100 0010010111 010001 00110113113110100 01011100

n15s AL s As FTOE.F % OR & DZ2 & ALUC % BR=W 2 I0C 2
<NOC % IF R.FsINYsHOLD % HNUMsHLDF
0152 1100000000101111 101010011121 0000 0011010101001110 11011111

0159  HCHi: AL DOUBLE.D»L«FTOE.A % OR % DZ2 & ALUCsZWAP & EBARSW & I0C
% HLLD
0159 1100000000101 001 011010011111 0000 0011331001001 010 10011111
015A ALLD DOUBLEsH-D«FTOE.A & OF % ZAR & ALUC & BASW & I0C % HL
I

N1SA 1100000000101001 0110100113111 0000 0011011010000100 10011100
a15B AL DOUBLEsLs»HsFTOE.R & OR & DZ & ALUC.=WAF & BASW & I0C

% HLD
01SE 1100000000101001 011010011111 0000 00111110101 01000 10011111

a150C ALL DOUBLEDsE-FTOR.A % ALUCSWAP & BAR:ZW & I0OC &
<MOC & IF F.FsIMNYsHOLD % NUMSHLDF & OR & DZ
015C 1100000000101111 101010011111 0000 00111311 001000110 10011111

015h  EERIl: INCPC % MMR
015D 110000000011 0101 0010010111 010001 0011011111111110 11000100

01SE ALUsH« R« FTOB.F 2 DA & ZUNIM % ALUC URFDTALLs»CHL % I0C %
<BAZW % HOC & IF R.F:INV:HOLD % NUMsHLIF

D1SE 1100000000101111 1010100111110000 0000000011101110 11001101

N15F DAAR4: RLUsH=C & ZUNIM &2 ZA 2 ALUC LUPDTCY s sCMHL 2 BARZW &
SI0C & NOC % IF R.RTH & HMUM

OISF 1i1000000ao000001 1113111013111 0000 a0o1oo0110010100 01001100

ooodg ORG H#3FF

D3FF  INTRPT: NALU % I0OC & NOC % IF & NUMs INTHHDL
QIFF 110000100002 0000 0111110131120000 001101 0101010100 01xxEHxA

o400  EMD



APPENDIX 1lI

Mapping PROM AMDASM Output
CSC File Name: AMMAPO

Note: A listing of the Mapping PROM Source Code (Assembly File) only may be obtained
using CSC File Name AMMAPA.
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NOP:

L#IE:
ETH=E:
IM=E:
IHREB:
ICRE:
MY IB:
RLCE

DRDE:
LOARxE:
fUe cH
INRC:
LICRC:
MYIC:E
RRLC:

L#ID:
ETR=D:
IM=Dz:
INRID:
DCRD:
MYIDis
FAL:

IADn:
LOAXD:
hCkhe:
INRE:
DCRE:
MY IE:
FRAR:

LxIH:
ZHLD:
IN#®H:
INFEH:
DCRH:
MWIH:
DAA:

LiADH:
LHLD:
nCi=H:
INRL:
ICEL:
MVIL:
CMA:

L=IZP:
=TH:

IN¥ZEF:
IMREM:
DCEM:
MW IM:
ZTC:

DADZP:
LIA:
DosEP:
IMHFRA:
JUNEH

MY TR

ZOURCE CODE
=028
H:0z2
#00F
B 11281
#0R”E
2 0RA
#01R
Hi: 058
124
071
#0hC
H:sF
#+0HE
H0RA
#+01E
#0050
12X
#OES
#0DF
=0F1
#0RE
#0HA
2018
H3: 1SF
12X
H:0732
#15R
#0FB
#0HE
= 0OHRH
#n1E
=050
12X
#0ES
anns
H:0F 2
#0OHEB
$0OHA
$01E
#13F
12x
#0074
#OC9
H::0F 2
#0RE
$0HA
#01E
Hanoa
124
#0ED
H=02h
#OFS
$OARS
Hi:0HS
H:01lE
Ha: 3T
12
S g
H025
20FH
L0HE
H0AA
Hi:0lE
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