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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 al-
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 Am9080A/AmM8228 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 Am9080A-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
Am9080A/Am8228 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
AmSO080A 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, Cp,44), 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 {o 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 Am3080A Emulation.

Op Code Clock Cycles
Number AmS9080A Assembly Instruction Description
D7 Ds Ds D4 D3 Dz D1 DO of Bwes Am8080A Emulation* Mnemonic
DATA TRANSFER

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

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

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

0O 0 d d d 1 1 0 2 7 5 MVI, r Move to register, immediate

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

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

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

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

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

0o 0 1t 0 0O o0 0 1 3 10 5 LXI H Load H & L, immediate

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

0o 0 0 0 0 Oo o0 1 3 10 5 XiB Load B & C, immediate

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

o o t 0 o0 0 1t O 3 16 11 SHLD Store H & L, direct

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

0O 0 o O o O0o 1 O 1 7 5 STAX B Store Acc, indirect via B & C

o 0 0 1 o o0 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

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

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

i 1 0 1 0 0 1 A1 2 10 5 OouUT Output from Acc

CONTROL

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

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

0o 0 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 0o 0o o o0 1 1 3 10 | 7 JMP Jump unconditionally

+t 1 0 1 1 0 1 0 3 10 ‘ 8-5 Jc Jump on carry

1t 1.0 1t 0 0 1 O 3 10 8-5 JNC Jump on no carry

t 1.0 0 1 0 1 O 3 10 8-5 JZ Jump on zero

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

1 1 1 1 0 0 1 O 3 10 8-5 JP Jump on positive

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

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

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

1 1 0 O 1 1 0 1 3 17 1 CALL Call unconditionally

i 1 0 1 1 1 0 O 3 17-11 3 12-5 CcC Call on carry

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

11 0 0 1 1 0 O 3 17-11 i 125 cz Call on zero

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

i 1 1 1 0 1 0 0 3 17-11 12-5 CcP Call on positive

1t 1 1 1 1 1 0 0 3 17-11 i 12-5 CM Call on minus

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

1 1.1 0 0 1 0 O 3 17-11 12-5 CPO Call on parity odd

t 1+ 0 0 1t 0 0 1 1 10 | 8 RET Return unconditionally i

1 1 0 1 1 0 0 O 1 11-5 9-3 RC Return on carry !

it 1.0 1t 0 0 O O 1 11-5 9-3 RNC Return on no carry ‘
i1t 1 0 0o 1 0 0 O 1 11-5 ‘ 9-3 Rz Return on zero !

i 1+ 0 0 0 O 0 O 1 11-5 9-3 RNZ Return on not zero ‘
‘' 11 1+ 0 0 0 O 1 11-5 : 9-3 RP Return on positive i

101 1 1 1 0 0 O 1 11-5 ; 9-3 RM Return on minus |

1 1.1 0 1 0 0 O 1 15 ! 93 RPE Return on parity even ;

1 1 1 0 0 O 0 O 1 11-5 9-3 RPO Return on parity odd

t 1+ 1 0 1t O 0 1 1 5 ! 3 PCHL Jump unconditionally, !

indirect viaH & L i

‘11 V. V. V 1 1 1 1 1 ! 9 RST Restart i

*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 microcode, 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
gfumeer AmOS0BOA | Am9080A I,:ssembl_y Instruction Description
D, Dg Dg Dy D3 Dy Dy Dy ytes | Emulation | Mnemonic
ARITHMETIC
1t 0 0 0 O s s s 1 4 3 ADDr Add register to Acc
i 0 0 0 1 s s s 1 4 4 ADCr Add with carry register to Acc
1i 0 0o 0 O 1 1 O 1 7 5 ADDm Add memory to Acc
1 0 0o o 1 t 1 0 1 7 5 ADCm Add with carry memory to Acc
1 1 0O 0 O 1 1 0 2 7 4 ADI Add to Acc, immediate
i 1+ 0 0 1 1t 1 0 2 7 5 ACI Add with carry to Acc, immediate
o 0 o o 1t o O 1 1 10 4 DAD B Double addB& CtoH & L
o 0 o 1 1t 0 0 1 1 10 4 DAD D Double add D & Eto H& L
o o 1 o t 0 0 1 1 10 4 DAD H Double add H & LtoH & L
o o t+ 1t 1 0 0 1 1 10 4 © DAD SP Double add stack pointerto H & L
/1t 0 0 1 0 s s s 1 4 3 | suBr Subtract register from Acc
't 0 0 1 1 s s s 1 4 4 | SBBr Subtract with borrow register
‘ from Acc
1 0 0 1 0 1 1 0 1 7 5 | SUBm Subtract memory from Acc
1 0 0 1 1 1 0 1 7 5 SBBm Subtract with borrow memory
from Acc
1 1 0 1 1 1 0 2 7 4 Sul Subtract from Acc, immediate
1 1 0 1 1 1 1 0 2 7 6-5 SBI Subtract with borrow from
Acc, immediate
o o 1 0 o0 1 1 1 1 4 20-8 DAA Decimal adjust Acc
STACK OPERATIONS
i1 + 0o 0 O t 0 1 1 11 | 6 PUSH B Push registers B & C on stack
1+ 0o 1 0 1 0 1 1 11 6 PUSH D Push registers D & E on stack
i 1+ 1 0 0 1 0 1 1 11 6 PUSH H Push registers H & L on stack
1 1 1 1 0 t o0 1 1 11 8 PUSH PSW Push Acc and flags on stack
i1 0 0 0 0 0 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 O 1 1 10 8 POP H Pop registers H & L off stack
1 1+ 1 1 0 0 0 1 1 10 | 8 POP PSW Pop Acc and flags off stack 1
LOGICAL
1 0 1t 0 0O s s s 1 4 3 ANA r AND register with Acc
1.0 1 0 0 1 1 0 1 7 5 ANA m AND memory with Acc
‘1 1 1 0 0 1 1 O 2 7 4 ANI AND with Acc, immediate
1 0 1+ 0 1t s s s 1 4 3 XRA r Exclusive OR register with Acc
‘1 0 1 0 1 1 1 0 1 7 5 XRA m Exclusive OR memory with Acc
11 1t 0 1 1 10 2 7 4 XRI Exclusive OR with Acc, immediate |
i1 0 1 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 memory with Acc
it 1 1 0 1 1 0 2 7 5 ORI Inclusive OR with Acc, immediate |
i o 1 1 1 s s s 1 4 3 CMP r Compare register with Acc
+ 0 1t 1 1 1 1 0 1 7 5 CMP. m Compare memory with Acc ‘
1 1 1 1 1 1 1 0 2 7 4 CPi Compare with Acc, immediate
0o 0 1 o 1 1 1 1 1 4 3 CMA Complement Acc
o o o0 o O 1 t 1 1 4 5-4 RLC Rotate Acc left
o 0 o0 0 1 1 1 1 1 4 6-5 RRC Rotate Acc right
o o o 1 o 1t 1 1 1 4 5-4 RAL Rotate Acc left through carry
o o o 1+ 1 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 INRT increment register
o o 1 1+ 0 1 0 O 1 10 6 INR m Increment memory
o o 0 o o0 O 1 1 1 5 4 INX B Increment extended B & C
o o o0 1 0 O 1 1 1 5 4 INX D Increment extended D & E
f0 0 1 0 0 0 1 1 1 5 4 INX H Increment extended H & L
o o 1t 1 0 O0 1 1 1 5 4 INX SP Increment stack pointer
0 0 d d d 1 0 1 1 5 3 DCRr Decrement register
o o 1t 1 0 1 0 1 1 10 6 DCR m Decrement memory
o 0o o o 1 0 1t 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 0o t 0 1 0 1 1 1 5 4 DCX H Decrement extended H & L
c o t 1 1 0 1t 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

Am9080A Emulation Register Allocations.

Am2901A High Low
Register # Order Pair Order Pair
0 B C
1 C B
2 D E
3 E D
4 H L
5 L H
f 6 not used A
7 A not used
8 not used not used
| 9 Stack Pointer Stack Pointer
| 10 scratch pad scratch pad
i 11 scratch pad scratch pad
3 12 00000000 00111000
; 13 00111000 00000000
‘ 14 not used not used

Frogram Counier

~rogram Counter

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,,;4 output of the Least Sig-
nificant Am2901A Slice and can almost 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 Am9080A 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 MQOS Microprocessor Handbook,
Chapter 3.)



Table 3. Am9080A Flags.

Types of Instructions CcY AC ZS,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 {
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: Ui, UiZ, Ui3) 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 S,, S,, 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 O 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 Oy 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)
3-5 3 ALU Function (I3-15 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
17 1 Single/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, 1/OW, 1/OR, INTA
AmO080A 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-
fows 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 42 through u49 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, u35, and u36 select one-of-eight on
that multiplexer. Bit 138 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 muttiplexers.

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 ail 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, U5s4, 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 (Cy of HOP) 2Y (ROTATE) 3Y (SWAP)
slices. An Am25L.8377 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 Cp 14 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 4 AmS080A Zero flag
T1 0 (o] 0 1 cYy AmSY080A Carry flag
T2 0 0 1 0 P Am9080A 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 Am9080A INT request (control input)
T9 1 0 0 1 READY AmS080A READY request (control input)
T10 1 0 1 0] HOLD AmZ080A HOLD request {control input)
T11 1 0 1 1 - not used
T2 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
T14 1 1 1 0 Chn+4 Cp,+4 from most significant Am2901A slice
T15 1 1 1 1 1 Constant HIGH (“‘unconditional”)
*C. B, and A are the internal equivalents of PL36, PL35, and PL34, respectively.
Table 6. Sequence PROM Program.
]
Ay Ay A3 Ay FE PUP S1 S0 Mnemonic Am2909 Function (Y=1)
0 0 0 O 0 1 X 0 0 Cc Microprogram Counter
0 o o0 t 0 1 X 0 1 R Register
0o o0 1 0 0 1 X 1 1 D "D Inputs
o o0 1 1 0 1 X 0 1 R | Register
0 1 0 O 0 1 X 0 0 C Microprogram Counter
o 1 0 1 0 0 1 0 1 SBR Register (and PUSH rPCounter)
o 1 1 0 0 1 X (o] 1 R Register
o 1 1 1 0 0 0 1 0 RTN STKO (and POP)
1 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 uPCounter)
1 0 1 0 0 0 0 0 0 POP uPCounter (and POP)
i 0 1 1 1] (0] 0 0 1 PR Register (and POP)
i 1 0 0 0] 1 X 0 1 R Register
1 1 0 1 4] ] 1 0 0 PUSH uPCounter (and PUSH pPCounter)
1 1 1 0 0 1 X 0 1 R Register
11 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/U63).

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
Am9080A 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 Q5 of the HOP and the 4Y output
feeds Q; 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 Qq 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 Am3080A 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 out-
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 also
connected to an Am82S62 (U97), which generates the even
Parity Flag.

The Output Enable’s of both address registers (U10506 and
U9596) 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 1Y0Q 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 1/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 1/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 Outputs
of these registers are connected to the Data Bus and are con-
trolled 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 Vgc by a
1K( 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 F5 output of U34. The 4A input of U91
(the AC flag) comes from the Cy,+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 5 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 lyss =

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 la45 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 U8475 (Figure 3 and Table 5).

An Am25LS374 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
(Vec = 5V, Ta = 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 “8”
Designation Device Type Path Typ. Max. Typ. Max. Remarks
Control Path

Us161, Ui21 Am25LS374 CP—>Y 22 1 37 1.5 17 Note 1
ue2 74LS04 In = Out 10 15 not needed
us47s AM2922 OE Y 10 17 10 17
u14 Am29751 A—>0O 32 50 32 50
u21 Am2909 SpS1 > Ch+4 50 50 50 50
V7.] Am2909 Cn> Chis 18 18 18 18
Microprogram Memory Am29773 A->D 35 50 35 50
Pipeline Register Am25LS374 Set-up 20 20 5 5

Total 197 257 161.5 207

Data Path

Pipeline Register Am25L.8374 CP—>Y 22 37 115 17
uUes, Ue6 Am25L.S157 S—>Y 15 23 12 18 Note 2
ue2 741504 In = Out 10 15 3 5
ue3 Am25LS153 C->Y 10 16 not needed
uU43 Am2901A A, B->Cphyqg 75 75 75 75
U44 Am2901A Cn>Cnis 20 20 20 20
ue4 Am25LS5157 A=Y 8 12 45 6.5
u33 Am2901A Ch—~>Chtsa 20 20 20 20
U34 Am2901A Ch—>F=0 50 50 50 50
Ug1 Am25LS157 A=Y 8 12 4.5 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 UB474 and UB475 from its Q and Eoutputs 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 fungtions, the bits cannot be
left at an arbitrary value. Thus, in the Assembly Phase, all 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, atlowing 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 to 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 handlers 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 il 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 O0E). Here, the updated internal PC is
repeatedly fetched from its registers untii 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 Am9080A 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
AmZ080A 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 io
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.**

**Appendix Il contains a print-out of the Mapping PROM assembly state-
ments. However. the “holes” in the instruction set can still be of service
in that the user may here insert his owr instructions, e.g.. to effect the
microprogramming of multiplication and division.
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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 Outputs 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
Am25LS139 Dual One-of-Four Decoder/Demultiplexer 1
Am25LS153 Dual Four-Input Multiplexer 2
Am25LS157 Quad Two-input Multiplexer, Non-Inverting 10
Am25L.S257 Quad Two-Input Multiplexer with Three-State Outputs, Non-Inverting 2
Am25LS374 Octal D-Register with Three-State Outputs 8
Am25L8377 Octal D-Register with Common Enable 2
Am82562 Schottky Nine-Input Parity Checker/Generator 1
74508 Quad Two-input AND Gate 2
74L.S02 Quad Two-input NOR Gate 1
7418504 Hex Inverter 2
741821 Dual Four-Input AND Gate 1

Total 59

-4
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APPENDIX |

Microcode Definition File
CSC File Name: AMDEF

A-1



TITLE 2020 EMULATOR DEFIMITIONE
WORD 5e
i

RLL RELATED FIELDS:

LU: DEF ZINGLE<DOUEBLE. H RDDRS

I

DEF Z2Xe 1WE:0s 4¥H::R

s DEFALULTS ARE:
sEIMSLEs REGSs REGSs NOLORAD

‘an -as -au cay ae au T) cas cae as
= L
-

iFIRST VARIAELE:
DDHELE= Ecid Bl

SECOND AMD THIRD VARIAERLES:
EQL H%Y
EGH) H::n
EQU H:x1
EQL Haz
EGH] Hz
EC H3
ERL HuS
EQL H#:
EGL H:F

e ax =3 m3 we e we )

T IM T
Do ]

sFOURTH YARIAEBLE:
FTac: E@ll f:En
HOLORD: EQU =1
FTOE.HR: EQU Qg
FTOE.F: ECIL Qa3
LDROT.FQ:  EQU Q3
IFROT.F: EGl Q5
LROT.F@:  EG) Qs
URDT.F: EQl Qa7
SALY FUNCTION FIELD DEFINITIONE
FLUS: DEF SOxs Q0y 22X

TUMIM:  DEF S0Xs :
MINUZ:  DEF S0X»

CREY O

E ADLR-

dVHEH,

OoF: DEF S0%.

FHDe: DEF 50X

MAND: DEF SiXs

=0OR: DEF S10¥»

M=0OFs DEF S0xs

SALL =0OURCE FIELD DEFIMITIONS:
A DEF S3X¥s R0

HE: DEF S3Xe 031

nH DEF S53Xs 2

ZE: DEF 53X 83

ZH: DEF S3Xs N34

TH: DEF S532xs Q%

Ds DEF S3¥s Ru&

nZs DEF S53Xs Q7

SALL RELATED CONWTROL FIELDE
SALUC DEF AE ARDDRE==s FLARE IFDRTE-KEEP»

10-20-7&2

DEET

EANINEED T

YARIARELE: TO BE UZED IN THE HEROVE FIELILE:

ZhIAP CROTY »

CH



ALLIC: DEF =4x, cVEB#11s 1VE:0s 1VB#1s 18X
:DEFRULTS ARE: KEEPKEEP» NOSWAPsHIGH

SWARIABLE: TO BE U=ED
LPDTCY: EGL B0l
UPDTFL: EQU B:10
LFDTALL: EGU B:00

ZWARP: EGl E=1
oML EG B2

sN O T E: WHEN EZINGLE IS DEFINED IN ALUYE FIRET WARIAELE

; “SWAP- WILL CAUSE ROTATION WITH C¥ SHIFTED INS
; AND NOSWAP WILL CAUSE WRAP—AROUND ROTATIOM?

iR AND B ADDRESS SWITCH:

EAEW: DEF 22Xs 1YB0s 10Ms 1¥WEs0s 22X

Wis E@ll Esl

I-0 CUNTROLE:

I0C: DEF DATA IM LATCHs DATA-BUZ, 2901 OUTPUT LATCH

oc: DEF 1WEB#1s Z28Xs ZWR:00s ZYB:0Ds 23X
iYARIAELE FO THE FIRST FIELDe
M: EG Es:D

RIRELE: FOR THE ZECOND FIELD:
EQL E:D1
EQl B#IU
EQU B::11

I il an an peq can wu pq ceu can s can cae cae i

IFZ

- T}
-
I| s us I|
il
i)

:WYARIABLES FOR THE THIRD FIELD:

TO.D: EQU B0l
TO.A: EG EB210
TO.INTE: E@l Ex11

SCONTROL-BUZ= FIELD DEFINITIONE

HOC 2 DEF 23¥s E:111110. 275
MEMbI DEF 23¥» E#111100s 27X
MEMR: DEF &3xs B2111010. 27X
I0u: DEF 23X, B2110110s 27X
I10R: DEF 23xs EB#101110s 275
IMTR: DEF 23xs B#011110. 27X

23%s B#111111, 27X

HLIDA: DEF
i TEST ZELECT» POLARITY AND NEXT INSTRUCTION FIELDS:

:IF DEF MNEXT INSTR.» POLs TEST
IF: DEF 14xs 2WER0s 1VEH1s dVH:F» 24X

MEXT INSTRUCTIOMN “YARIAEBLES:

ALSE. TRUE»
‘s E@ld @0
2 e EQ Qs
.aBR: EQL G
F.RTH: EGLL G323
F.=BF: EGL Cieg

FOF.FR: EQL On%

A-3



F.FUZH: EGH) 23S

F.F: ECILL Qa7

§E=CDHTINUE5 FE=REGIZTERS D=DIRECT (MAP>s

s ZER=ZUERROUTIME REGIZTERS RTH=RETURMN FROM SUEROUTINES

SF=FILE REFEREMCES PUSH=FLIZH AND CONTINUE
sFOP=POP AND CONTINUES FPR=POP AND ERANCH REGIZTER

IH': EQl B
sTEET YARIAEBLES:

] ECiJ H:xn
i EQL 1
F: EG) H:g
e EG Hiez
HC: EQU H:g4
INT: ECIL H#=
FERDY : EQL H#9
HOLI: ECiL H#A
F=s: EQL =
Fuoe EG H:::D
CH.49: EQ Hz:

iTHE NUMERICAL FIELD IS 12 BIT WIDE. THE 2 LS BITS CAN EE
sUZED FOR DIRECT DATA BY LETTING THE FIRST YARIAELE TO -“DBU:C

i MUM DEF DEs NUMEBER IN HEXHA.

MHLIM 2 DEF 1¥s 1WE1ls 12VxH=000s 942X

sWHRIRELE TO EE USED:

DEUZE: EQU Bl

H

sWIDE FIELD DEFINITIONS:

MME s DEF 1x» Birly 1203133y Qu2s Buls Hu9s 11Xy Qu72y &7X
PPl = DIEF 1%s Bl 12D0n14%s RQu2s B#ls H#Ss 1Xs 0874 27
HLD: DEF 1%s Bils 12D210%s 0Ou2y Bi#ls HuAy 1Xy Qu76s 27X
IHCPC: DEF Eitls Z1¥s EBalls &Xe E20010011011s H#FFQ#3204
FMMR: DIEF B#lle 12VX%s H#0976s H#0OCS5S51s &x

FMMhLiz DEF EBa#lls 12V Ha097%. H&#OCSS1. 64

MALII:  TEF 22Xs EBiils 10xs Bils H:Ls B#ls H&AR. D8ls 55X
EMID
EMND



APPENDIX i

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 AEZEMEBLY <MARCH 13772

070677
PC  SOURCE AND-OR OBJECT CODE. ¥ = DOM'T CARE

onoo SINITIALIZRTION:

ooon RESET: AL DOUBLE: PC.PC.FTOE.F % RAND & FRA & ALUC & ERIW 2
SIOC »TOLINTE % IFsINWS & NUM DEUSsHs38 & NOC
ooon 10000000111 00000 0011110111110001 1011011111111110 11100100
0001 ALUs »H2:D«FTOE.F 2 OF & DZ2 & ALUC & BRZW & I0OC &
SHOC % IFs INY 2 NUM
OO0l 1100000000000000 0011110111110000 0011010101011010 11011111
nooz ALUs s H=C«FTOB.F % AND % ZA & ALUC & BRSW & I0C &
<MOC & IFsINY & NUM
0002 1100000000000000 001111011111 0000 0011010101011000 11100140
ooz ALUs »» FTOE.F & AND 2% ZR & ALUC % EA:W & I0OC.TO.A %

<MNOC & IF R.PUSH % HLUM
Q003 1100000000000011 0111110111110001 0011010101010100 11100100

a4 FETCH: AL DOUELE.PC,PC.FTOR.F % OR 2 ZH & ALUC & BASWM &
<100 IM»»TO.A & MEME 2 IF s INMSRERDY & NUMs ¥
anod 010000000001 0000 0010010111010001 0011011111111110 110111040

05 INCPC & IF D.Rs sHOLD % MUMyHLDD & RNOC
S 1100000000110000 111010021111 0001 00110111131111310 11000100

goog s

o000 FHOLD AND MEMORY REFERENCE ZUBROUTINES ANMD HANDLERS:
oooo s

ooono  OrRG 10

nonoR HLDEER: MALL & IOC 2 HLDA & IF R.RTN» INYs HOLD % HUMs 3

O00A 1100000000101001 1010100111111000 0011010101010100 O1XNKNK
OOOE  HLDF: MALL % IOC & HLDA & IF R.Fs INYsHOLD & MUM, %
OOOE 1100000000101111 10101002111111000 001101010101 0100 01XKHMK:
000C  HLDD: MALL & IOC % HLDA % IF D.RssHOLD & HUMs &
QO0C 1100000000110000 1110100111111000 001101010101 0100 01 XK
0000 MMRSE: ALU DOUBLEsPCsPCsFTOE.F & OF & ZA & IOCs»TO.A &
SALUC & MEMR & IF R.RTNs sRERDY & NUM s % & EASW
QUOD 1100000000110101 1110010111010001 0011011111111110 11011100
OO0E  MMWSE: ALL DOUELEsPCsPCsFTOE.F & OF & 2R & ALUC %
<10Cs DHs TO.A 2 MUM » § & IF R.ETM:sREADY % EASW %
Ml
OO0E 1100000000111001 1110010111100101 00110111111111160 11011100

OO0F  MMUE: ALL DOUEBLE.PC.FC.FTOBR.F & OF % ZR & ALUC & BARZWN %
SMEMW % IF F.FssRERDY % IOC. DH»TO.A & NUMs %

QOOF 1100000000111111 1110010111100101 0011011111111110 11011100
QG10 MMRF: ALY DOUBLE.FC:PC.FTOE.F % OR & 28 & ALUC 2 EASW & MEMR %
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PC

ULIBRT]

o011

onlt

IR =

aalz

00173

oo1s

ooon

ooon

IHIE

no14

nn1s

e

anie
oo1e

oy

o1y

no1s

no1s

N1

nnis

noiR

nolR

001E
OolE

no1c
aoic

aoin
aniD

O0iE

EOURCE

MMREP:

MMbIZPH:

MMLEEPL @

s MACROC

MOVRER:

MOYME:

AND-OR DOBJECT CODE.

s
lxl

= DON‘T CHRRE

SI0C»»TO.A & IF R.F »+RERDY & NUM » %
1100000001000011 1110010111 010001 0011011111111110

ALU DOUEBLEs SPsZPs»FTOR.F % OR 2% ZA % I0OCss
SHLUZ & MEMR % IF R.RTHs»RERDY % NUMs %
1100000001000101 1110010111010001 001101110001 0000

ALL DOUBLEs =P» ZP«FTOB.F

2 0OR % SR & ALUC &

<IOCsDH»TO.H % MEMW % IF R.ETH:sREARDY % NU
1100000001001001 1110010111100101 0011011100010000

ALU DOUEBLEs ZPs»EP>FTORB.F

% OR % ZA % ALUC 2%

11011100

TO.A % BASW %

11011100
ERZW 2
Ms %

11011100

BREW 2

SI0OC.DLsTO.A & MEMW 2 IF R.ETHss»REARDY % NUM. %
1100000001001101 1110010111100011 00110111 00010000

ODE=:

ALLU» s »FTOE.F % AL
<IF R.Fs IMVsHOLID

ALY DOUELE » H &

UC &

BAZW ZhisZh & OF & 2

% NUM. HLDF 2 NOC
1100000000101111 1010101111110000 0111010101010100

ALLC

& 0OR % ZH & BREW 2

1100000000101001 0110100111110001 0011013101001 0100

MOYRM:

HALL & OR % £H & B

HEl»

W& ALUC & I0C.»TO

011010011111 0000 1111010103010100

ALU DOURBLEsPCsPCsFTOR.F % ALUC & OR & ZA %
SMEMW & IF R.F:»RERDY % MNUM., % 2 IOCs DH»
1100000001 011111 11100201111 00101 00110111111111140

AL DOUELEs H 2 H

LuC &

11011100

"= Yy v . e}
oo LU 3

110111400

INDC.»TO.H

01011100

I & HLD
n1o11100

BASW %
TO.R
11011100

OF % SR & BRZW 2 IOC..TO.H

1100000000103 001 011010031111 0001 0011011010010100

AL DOUEBLEsFPCsPCsFTOR.F & O

MV IR

11o00oogoni1olnt

SI0C»«TOLHA

HLUs» s FTOER.F & DR

& D2

SHOC &% IF R.Fs IMHYs HO
11oro0ooooiotill 1010101111201 0000 0011030101 010100 11011111

INMCPC & MME

ALUs s »FTOER.F & OF
< & NOC & IF R.F»

& DZ

INY»

010111040

R & ZR % ALUC % BRZEW % MMRE %

ooloo10111010001 00110111111111140

% BREW EW &% ALUC %
LD # MLMs HLIDF

ooio0ioi1ioio00l 001101111131121110

% ALLUC & BAZH W %
HOLD & MJdMs HLDF

IIUDBDDDDﬁIUIIII 101010111111 0000 001101061014010100

MALL

AR REBARRRARAT KR BARRRAR DAREARAARY X011010101010100

MY IM:

NALL % MMR % I0OC

A-7

11011100

IoC %

11000100

I0c

11011111

1D Bttt

L8

2

HLD

HLD



gozc

onzon
oozDn

0nz2E
0azE

0ok
0neF

nozn
gnzn

Z0URCE AND-OR OBJECT CODE. » = DON'T CARRE
110000000011 0101 0010010111010000 0011010101010100 01XXEXMX

ALUs »» FTOB.F & BRASW 2 OR % DZ % ALUC % IOC «.7O.D % HLD
1100000000101001 011010011111 0000 101101010101 0100 11011111

AL DOUEBLEsH 2% 0OF & SR & ALUC % BASW % IOCs.TO.A % HLD

1100000000101 001 01101002120110001 201101101001 0300 01011100

ALU DOUBLEsPC,FPCoFTOB.F & FLUE % ZA & ALUC & BAZW 2
SMEMNW % IF R.FssREADY % NUM» MMWF 2 I0OC.DH.TO.H
1100000000111111 1110010111100101 0011011113111110 11000100

LxIE: INCPC % MME
1100000000110101 0010010111 010001 O0011011111111110 11000100

ALUs »C«FTOE.F % OR & DZ % ALUC % BASW & HLD 2 IO0OC
11000000001 01001 01101001111100G00 00131010101 000010 11011111

INCPC &% MMRE
1100000000110101 0010010111010001 00116011111111110 11000100

ALUs»B:FTOE.F+ % 0OR % D2 & ALUC % BASW & NOC %
<IF R.F»INVsHOLD & NUM.HLDF % I0OC
1100000000101111 101010011111 0000 0011010101000000 11011111

LDR: INCPC & MMR
110000000011 0101 00XGOLI0111000001 00110111112111110 11000100

AL DOUELE.s3FTOR.F % OF & D2 % ARLUC % BRZW & HLD % I10C
1100000000101001 011010011111 0000 001101110103 0100 11011111

INCRC 2 MMR

S 1100000000110101 001001011101 0001 0011011111111110 11000100

ALUs s » FTOE.F & OF % DZ & RLUC % ERSW % HLD % I0C
11o0000000101001 011010011111 0000 0110101010101 00 11011111

ALU DOUELEss % OR % 2R % ALUC % EBRAZW % IOC.»TO.A & HLI
1100000000101001 011010011111 0001 0011011101010100 01011100

ALL DOURLEsPCHPC>FTOB.F & OR & ZA & ALUC % BASW &
~I0Cs»TO.A & MMRE
110000000011 0101 00100G101311010001 0011011111111110 110111400

ALU+AsAFTOR.F & OF & DZ & ALUC & BAZW % I0C &
<HOC & IF R.F» INVsHOLD % NUMs HLDF
1100000000101111 101010011111 0000 0011010011101110 11011111

=TR: INCPC % MME
1100000000110101 0010010211010001 0011011113331 110 11000140

RLL LOUELEs»»FTOE.F 2 OF 2 D & RHLUC % BASW & IOC % HLD
11000000001 01001 011010011111 0000 o011011101 010100 11011111

INCFPC % MME
110000000021 0101 001001011101 0001 0011011111111110 110001G0

ALUs» » FTOR.F & OF & DZ & ALUC % ERZW & IO0OC 2 HLD
11000000001 01001 0110100111110000 0011010103030 00 11011111

AL DOUELE.s«FTOE.F & OR & ZA & ALUC & BATW & I0OC, »TO.A &
<HLI



FC
a0zl

anzh
003D
00ZE
00ZE
002F
nozF

nan
0040

ZOURCE AMD-OFR OEBJECT CODE. “ = DOM“T CHRE

1100000000101 001 0I11010011111000]

ooiioiiioloraloo

ALUsAsAsFTOE.F & OF % ZA % ALUC % BARZW & I

1100000000101001 011010012311 0000 10110100121 011210

ALL DOUEBLEsPCPCaFTOR.F

L 0OR & ZA % ALUC &

SI0C«DH-TO.A 2 MEMW & IF RE.FssREADY & HUMs

11oco00000111111 11100101111 00101

RODM: ALLI» s A FTOE.F % PLLU= &

LoI0C & MOC % IF R.Fs INY

ADDIM: ALU DOUEBLEsH 2 OF & ZA

ADIM1 2 ALL DOUEBLEsPCsPCs
SI0C s»TO.A % MMRE
11na000000110101 001001011101 0001

ALUsAsA-FTOR.F % FPLUE 2
<~BASH % IOC & MOC % IF

RDI: INCPC % MME
1100000000110101 0010010111010001

ALUsAsA:FTOE.F & PLUZ 2
~BASW & I0OC & MNOC & IF
1100000000101111 1010100111110000

ADCR: HALLL & I0C % NOC 2 IF»I
110000001101 0000 0000010111110000

ALs s AsFTOEB.F % PLUZ 2
<I0C % MOC % IF R.FsINY

ADCM:  ALL DOUBLESH & OF & ZR %
SHOC % IFs INVSCY % NUMsRDD

> 1100000011011 000 0000010111110001

ALLY DOUELE »PCsPCsFTOB.F &
<I0CssTO.A % MME
1100000000110101 0010010111010001

ALUsHsH:FTOB.F % FLUZ % DH

0011011111111110

ARE % ER=WZW & ALLC

+HOLD & MUM=HLIF

% ALUC & BASW % IOC.»TO.A %

ooiintioioniloran
FTOE.F #0R % ZH %

ooii10i1111111111¢0

11011100

OC,»TO.L

11011100
EAEL 2

MMLiF
11011100

nio1i1an0

5 HLD

LPDTHLL s s CHL

HLD

ARLLIC & EBAZW %

11011100

DA % ALUC UPDTHLL»»CHL &
F.Fs INYsHOLD 2 NUM. HLIF

0011011111111110

DA & ALUC UPDTALL

11000101

11000100

ssCHL &

F.Fs INVsHOLD 2 MUM»HLDF

ooooooon11101110

MY CY % NUM» RDDR
o011010101010100

AE % EBASWs =W 2 ALU
+»HOLD & HUM» HLDF
niloooioinloollln

ALUC & BARZW & I0C»

M1
0011011010010100

Or & 2R & HLUC

>

oo110111111111190

% ALUC UPDTHLL 2

~10C % NOC 2 IF R.F»INVsHOLD # NUM2HLDF

i1o0000000101111 1010100111110000

ACI:  MALL & IOC & HNOC & IFsINYs
1100000011100000 0000010111110000

INCFC % MMR

A-9

oonoao1o0111011140

CY & NUMsADI
on11010101010100

oori1o01t1i1i1111a

110001Mm

01 XARE RN
C UPDTALL
11000001
+TO.H &

nini11an

BRZW 2
11011100
BAZW 2

11000101

01 XK HE XA

11000100

&



P LTOURCE AMD<OF OBJECT CODE. # = DOM‘T CRRE

o041 ALLIsAsAsFTOER.F & PLUS & DA & ALUC URPDTALL & EBAZW &
S10C & NOC & IF R.FsINYHOLD % NLUMsHLDF
0041 1100000000101111 101010011111 0000 0000100111 01110 11000101

Di4c dMPe INCPC & MME
o4 1100000000110101 001001011101 0001 O011011111131110 11000100

0043 AL DOUELE.ssFTOE.F & OR % DZ % ALUC & BARZW &
S10C % HLD
0043 1100000000101001 011010014111 0000 001101110101 0200 11011111

no44 INCPC % MME
o044 t100000o00o01i0iol o0io0iolii010001 001101114111 1110 13000100

IEE B ALs » s FTOE.F & OF % DZ & ALUC & BAZW & IOC & HLD
0045 1100000000101 001 011010011111 0000 00110101 04010100 11011111

node AL DOUEBLEssPCsFTOB.A & OR 2 ZA % ALUC % BAEW % IDCs.TO.H 2

< MOC % IF R.FINVSHOLD & NUMsHLDF
no4s 1100000000101111 10101001113110001 0011011101011110 10011100

o4y CHLL: IMCPC % MME
0047 1100000000110101 0010010111010001 0011011111111110 11000100

nogs AL DOUEBLEs«FTORB.F % OF % D2 % ALUC % BASW % IO0OC %
<HLD

0042 11000000001 01001 011010011111 0000 0011011101 010100 11011111

nogs IMCFC &% MME

004 110000000011 0101 Oo010010111010001 0011011111 111110 11000100

o04R ALU»»»FTOB.F % OR % DZ & ALUC & BRIW & I0C & HLD
0048 110000G000101001 0110100111110000 001310101 01010100 11011111

O04Ek ALL DOUEBLEs SP+3PsFTOB.F & ZUNIM % ZR & ALUC, »CNL 2
<BAEW % IOC»sTO.A % HLD
004 1100000000101001 011010011111 0001 o011 001100010000 11001100

oogc ALL DOUJELESPC % OR 2 ZA % ALUC & EAR%W & IOC.sTO.D & HLD
004c 1100000000101 001 0110100111110000 1011011113111 0100 01011100
004D ALL DOUEBLEs=P»SPsFTOB.F 2 ZUMNIM % ZR & ALUC, sCNL %
<I0OCsDHs TO.A % BASW % MEMW % IF C.ZBRs INYsRERDY %
<HUMs  MMUEPH
D040 1100000001001001 0010010111100101 0011001100010000 11001100

n04E ALL DOUBLEs»PC»FTOE.F % OF 2 ZA % ALUC % BRTZW %
<~I0C»DL»TO.A % MEMW & IF R.FssREADY & MUMs ¥
OO4E 1100000100113 011 11100101111 00011 0011011101 011110 11011100

o04F MALL
OO4F  HpXHRXMEHNMNEEXNNN MEEKEY O NR KK EKN H011010101010100 01XRxXRX
nosa RET: ALL DOUBLEsZP«SP.FTOER.A % PLUZ 2 ZR & BASHW 2 ALUC 2

<I0OCs»TOLA &% NOC 2 IF C.EBR & NUMsMMREIP
0050 1100000001000101 011111011231 0001 0011011100010000 10000100



P F0URCE AND-OR OEBJECT CODE. “ DON-T CHEE

0asi AL DOUBLESPCsPCsFTORBLF 2 OF % D2 % BRSW & ALUC 2
<I0C % HLI
oo31 11000000001 01001 0110100113131 0000 001102111111 1110 11011111

onsg ALL DOUBLE«=F«ZP«FTOE.A & FPLUZ 3 ZA & BASW & ALUC %
SI0OCs»TO.A &% MEMR 2 IF C.ZBRs INV+READY % NUM:MMREZP
QoS 1100000001 000101 Co100101311 010001 001101110001 0000 10000100
anss ALUSPCsPCsFTOB.F & OR & DS & ALUC & EBASW % I0OC % HLD
onsz 1100000000101 001 o1i0i00111130000 OO0i1010111111110 11011111

o0 ALY DOUBLESFCsPCy 2 OF % ZH & ALUC 8 EASW & IOC.sTO.H 2
SHOC % IF R.FsINV<HOLD % NUM: HLIDF
0054 1100000000101111 1010100111110001 00110111131111110 01011100

onss  RsT: ALY DOUELEsH==C»sFTOE.F & AND % DR &% ALUC 2 EARZW %
SI0C &% HLD
0OSS 11000000001 01001 011010011111 0000 001101111001 0100 11100101

]

S

005e RET1: AL DOURLE-PC 2 OR & IOCs»TO.D % HLD

I~

H % ALUC & BASW

005 1100000000101001 011010031111 0000 1011011111110100 01011100

oonsvy AL DOUELEs 5P« ZPsFTOEB.F % SUNIM % JH & ALUC.»CNL %
<BRAEW & IOC~+TO.A % NOC &% IF C.ZBR 2 HNUMs MMLEPH

0S¥ 1100000001001 001 0111110111110001 0011001100010000 11001140

003s ALY DOUELEs ZPsEPsFTOR.F & EUNIM & ZR & ALUC. s CHL %
<BAEZW & IOC.TO.H % HLD

00sz 1100000000101001 011010011111 0001 00110011 00010000 131001100

Qs ALU DOUELE. «PC.FTOR.F % A & OR & ALLUC % EARSH 2 MEMW 2

SIOCsDLsTO.A % IF R.Fs»sFRERDY & NLUMs %
ooss 1100000101100111 111001011311 00011 0011011101 011110 11011100

05R  RLC: ALUsA«HAsUROT.F % OF % A & BRZW & I0OC &
<ALUC UPDTCY % HLD
0OSA 11000000001 01001 011010011111 00060 0001010011101111 11011100

aoSR  RLC1: MALL % I0OC & MNOC & IF R.FsINVFZ 2 NUMsETC
O0SE 1100001001110011 10110001112110000 0011010101010100 J1XKKXXH

] ALU 2 OR % ALUC UPDTCY & BASW & I0OC %
<HOC % IF R.FsIMVsHOLD % NUM:HLDF
0O05C 1100000000101111 1010100111110000 0001010101010200 0101 1Xx

a0sDh RRC: ALUsAsAsDROT.F & OR & ZR % BAIW & I0OC % ALUC UPDTCY 2
<HLD

0050 1100000000101001 011010011111 0000 0001010011101111 01011100

H0ISE ALUsA & OR % ZA % BAZW % I0C % ALUC &% NDOC % IF & MUMsRL

21

NOSE 1100000101101100 011131011211 0000 0011010011121 0100 010111200

BOSF RAL: RLUsHs R URET.F & OR % 2R & BREW & THC & RLUC UPDTCY s SWAP

%

A-11



FC

00sF

oosn
poasn
onsl
noal

=
=
[n43
Ny

o
T
ra

=
Pea]
[» 4
[

1053

=

ones

noedg

ones

-
=
g
on

=
—
[e 4}
J

anse

noey

-J

.

D IS
oo 0o

[u 0N 4

]
T
Y]

0e

TS ]
NS ]

nosk

7
=2

=
T

L}
=
g
(]

noeD

o0sD

=0URCE AND-OR OBJECT CODE. &
SNOC 2 IF & MHUMSRLCI

1100000101101100 011111011111 0000

RAR: ALUsAsADROT.F % OR % 2
1100000000101001 011010011111 0000

ALU»AsALUROT.F & OR & &
1100000000101001 0110100111110000
ALUsAsADROT.F % OR & £
<EZWAP % MNOC &% IF R.FsIN
1100001001110011 101100011111 0000

ALL & OR & ALUC UPDTCY
<IF R.F» INY«HOLD 2 HNUM»
1100000000101111 101010011111 0000
Or &% ZB %

PUZHRP: ALU DOUBLE %

........ 0110101111110000
ALL DOUELEs =P =P« FTOR.F
SI0Cs«TO.A % BAZN 2 HLD

1100000000101001 0110100111110001

ALY DOUELEs ZPs ZPsFTOE.F

<~BREW & IOC»DHsTO.H & M

SMNUM» MMWEPH
1100000001001001 0010010131100101

ALL DOUELE.PCsPCsFTOE.F
SIOCDL=TO.H & MEMW 2 IF
11o0000110011111 11100101111a0011

PUZHPEW: ALLUsA
1100000000101001

Or % ZH % RLUC
0D110100111110000

2

ALL DOURBLEs =P» =PsFTOE.F
<BRZW % IOC.sTO.A % HOC
1100000001001001 011111011111 0001

NARLL 2 I0CsFLAGE & MEME
1100000110101000 001001011131 00110

AL DOUELEs=Ps»=P»FTOE.F

L0100 %

HLD
o110100111110000

ALL DOUELEsPCsFPC,FTOB.F
O0.A & -MOC % IF R.F» INYsHOLD
1100000000101111 1010100111110001

IN<E: AL DOUELEs «E+FTOR.F 2

LD
1100000000101001 011010011111 0000

A-12

DON-T CHRE
L]
ooo1110011101111 116011100

A & BRZW % IOC 2 ALUC &% HLD
o011010011101111 01011100

A 2% BREZW & I0OC % ALLC % HLD
0011010011101111 11011100

A 2 BRIW & I0OC 2
VMaF32 % NUMSETC
noo111o0011101111

ALUC UPDTCY »

01011100

% BAZW & IOC % NOC &
HLILF

00101010101 0100 010115
& I0OCs»TO.D % HLTi

ALULC EBRZEW ZW %

101101210101 0100 01013011

g OZUNIM % ZH &% ALUCs sCHL %

oo11001100010000 11001100
% ZUNIM % ZA & ALUCs sCHL %
EMbW & IF C.SBEsINVRERDY 2

00110013100010000 11001100

L 0OR % ZR & ALUC 2 BARZW %
FE.Fs»s REARDY £ HNLIM»
0011011111111110 11011100

L]

2 IOCs»TO.D % PAZW HLT
101101001211 0100 01011100

&

L EUMNIM 2 2R & ALUC ML
% IF C.ZBR % HNUMsMMWZPH
0011001100010000 11001100

L

& IFs INV:READY % MUMs3
O011010101010300 01XxKxNS

& SUMIM % ZR & ALUCs»CHL & BAEW

OOI100110003 0000 11001100

% 0OR 2 ZR & ALUC 2 BASW & IOCsT

2 MUMs HLDF
o011011111111110 11011100

FLUZ & ZB & ALLC & BRENW 2 I0C &

o011011101000000 110000112



P Z0OURCE AND-OR OBJECT CODE. W = DON-T CHRE

o0eE ALY DOUBLEsEBsC>FTOER.A % OR % DZ2 % HALUC:SWAP & BASW %
~10C % NOC % IF R.FsINYsHOLD % NUMsHLLDF
00sE 1100000000101111 101010012112 0G00 0011111 000000010 10011111

ooeF  DOxE: ALU DOUBLE»sEBsFTOB.F % SUNIM % ZB & HLUCssCNL 2
<BATHW & I0C & HLD
O0sF 1100000000101001 011010011111 0000 0011001101000000 11001011

aoyso ALU DOUEBLEsBsCsFTOB.A & OR & DZ & ALUC, EWAP & IOC &%
<HOC % IF R.Fs INVsHOLD % MUMs HLDF
o070 1100000000101111 101010Xx111210000 0X111311000000010 10011111

0071 DRD.EB: ALL DOUBLEsE+HsFTOE.F & PLUS & REB & ALUC UPDTCYssCNL 2 I

Oc % ~<BA=W &% HLD
ooFt 1100000000101001 0110100111110000 0O001001000001000 110000461

no¢e2 DRD1: ALL DOUBLEsHsLsFTOE.A % OF 2% DZ % ALUCs SWAP % BRIZW 2
<I0C % NOC 2 IF R.Fs INVSHOLD & MUMsHLDF
0072 1100000000101111 10101001111210000 0011111010002010 10011111

0072 DAD.D: AL DOUBLEsDsHsFTOR.F % PLUS 2 AR % RALUC UPDTCYssCNL & I
Oc %<BASW % HOC & IF % HNUM.DRD1

D073 1100000111001000 0111110111110000 0G001001001001000 11000001

nov4  DHD.H: AL DOUBLEsHsHsFTOR.F & PLUS % AB 8 ALUC UPDTCYssCNL % I
Oc & ~BAZW % NOC & IF % NUMsDAD1

0074 1100000111001000 011111011 1110000 0001001 010001000 11000001

novs  DAD.ZP:  ALL DOUBLE:SPsHsFTOR.F &% PLUS % HE & ALUC UPDTCY»sCHL &

IOC % ~BASW % NOC 2 IF 2 MNUM.DARDI1
007S 1100000111601 000 011111011111 0000 00010611 00001000 11000001
007E  CMPR: ALWs sAs & BASWsZW % AER & SUNIM % ALUC UPDTALL % IOC &
~MOC & IF R.FsIMNYsHOLD % NUMsHLDF
00FE 1100000000101111 1010100111110000 0100010101 001110 01001001

aovy CRI: INCPC & MMR

0077 1100000000110101 0010010111010001 0011011111111110 11000100

nnys ALUsA & BARASW # DA % SUNIM % ALUC UPDTALL & IOC &
~MOC & IF R.Fs INVsHOLD % NUMsHLDF

0072 1100000000101111 101010011111 0000 0000010031110100 0100110

ooys  CMPM: ALLU DOJELEsH & OR % 2R % I0OC.sTO.R % BASW & ALUC & HLD
0073 1100000000101001 0110100111110001 0011011010010100 01011100

OovH AL DOUEBLESPC % OR & ZA % IOC,»>TO.A & BASW & ALUC & MME

DOFA 1100000000110101 0010010112 a10001 001101111111 0100 01011100

Qove RLiJs A & BHSW 2 DA % ZUNIM & ALUC UPDTALL & IOC %
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ZOURCE AND~-OR OBJECT CODE. % = DON"T CHRRE

SHOC & IF R.Fs INVSHOLD 3% NUMsHLDF
1100000000101111 1010100111110000 0000010011110200 01001101

POF.E: ALY DOUBLEsSP»SP.FTOE.A & OR % ZRA & ALUC & BAZW %
<I0CssTO.A & NOC & IF C.SBRssHOLD % NUMsHLDSE
1100000000101001 0110100111110001 0011011100010000 10011100

ALY DOUEBLEsSPsEP»FTOR.F & PLUS & ZA % ALUC & ERAIW %
» 10Cs»TO.AR & MEMR 2% IF C.ZERs INYsREADY 2% NUMsMMREIP
1100000001000101 001001011101 0001 0011011100010000 11000100

ALUs s C»FTOE.F & OR & DZ & ALUC & IOC & BAZW 2 HLD
1100000000101001 0110100111110000 0011010101000010 11011111

AL DOUEBLE»SP+SP«FTOB.F % PLUS% ZR & ALUC 2 BAZW &
<I0C,sTO.A & MEMR & IF C.3EBRsIMVsRERDY & NUMs MMRZP
1100000001000101 0010010111 010001 Q0110111 00010000 11000100

ALUs «E+FTOR.F % OR 2 DZ & ALUC & IOC & BASW 2 HLD
11000000001 01001 0110100111110000 00110101 01000000 11011111

ALU DOUELE.PC & OR % ZA % ALUC % IOC»sTO.R % BARIW &
SMNOC & IF R.FsINY:HOLD % HNUMsHLDF
1100000000101111 1010100111110001 0011011111110100 01011100

HLT: MALL & I0C’ & HLD
1100000000101001 0110100111110000 0011010101010100 01XXXXXE

MALU 2 I0C 2 NOC 2 IF »INWs INT & NUMsHLT
1100001000001000 0010000111110000 0011010101010100 O01XXXRKXX

INTHNDL: HNALU % I0OC & INTA % IFsINV 2 NUM

1100000000000000 0011110011110000 0011010101010100 01XXXKEAX
MALL & I0C % INMTA % IF & NUMSsRZIT1

1100000101011000 0111110011110000 0011010201010100 01xxxExsy

NOFP: MALU & I0OC & IF R.FsINVsHOLD % NUMSHLDF % NOC
1100000000101111 1010100111110000 0011010101010100 01XHXSHA

IM.: INCPC & MMR
1100000000110101 0010010111010001 0011011111113110 11000100

ALYU 2 OR % DZ & ALUC 2 I0C.sTO.A & EAZW & HLD
1100000000101001 0110100111110001 0011010101010100 01011111
AL DOUBLE.PC % OR % ZA & EBASW & ALUC & IOC,STO.A %
<10F % IFsINVsREARDY & MNUMs¥
t1o0001000100100 0O010010101110001 0011011111310100 01011100

AL +A>FTOE.F & OR & DZ 2 ALUC & I0C % EBARZW 2 NOC &
<IF R.Fs INY.HOLD % NUMsHLDF
1100000000101111 101010011114 0000 0011010101001110 11011111

OuT. = FALU.A % OR % ZA & IOCs»TO.D % BRAZW & ALUC & HLD
1100000000101001 011010011111 0000 1011010011110100 01011100

INCPC & MMR
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P =O0UrRCE AND~OR OBJECT CODE. # = DON'T CRARE

ansD AL % OR % D2 % ALUC & IOC,»TO.A % BAXW % HLD
002D 11000000001 01001 011010011111 0001 0011010101010100 01011111

o0sE ALL DOUELESPC 2 OR % ZA % BRIW & ALUC &% IOC.DH-TO.A %
<I0W % IF R.FesREADY & HUM2 %
OGRE 1100001000111 011 111001014 0110101 0061161111111 0100 0i01ii00

o0sF EIS ALUsH:C & MNXOR % £R % I0OC,.TO.INTE & BAZW & ALUC %
<HOC & IF R.Fs»INY.HOLD % HNUMsHLDF
nosF

1100000000101111 101010041111 0001 1011010110010100 01111100

w=

oos0 DI ALU & AND 2 ZA % IOC»,.TO.INTE % BAZW & ALUC NOC &
<IF R.Fs INV»HOLD % HNLIMs HLDF

0020 1100000000101111 1010100111110001 1021010101010100 01100100

0091 EZPHL: ALU DOUELEsHsZPsFTOR.F 2 OF & ZA & ALUC % BASW &% IOC 2

<MOC 8 IF R.FsINV2HOLD % NUMsHLDF
o031 1100000000101111 1010100111110000 0G11011010010000 11011100

052 HTHL: ALY DOUBLEsH % OF & ZA & ALUC & BASW % IOC,sTO.D % HLD
oos2 1100000000101001 011010011111 0000 1011011010010100 01011100

009z ALY DOUBLE-:=P & OF % ZA % ALUC % BAZW % IDOC,.TO.A % HLD

0092 1100000000101001 0110100111110601 0011011100010100 01011100

=L ) HARLU &% I0OC & MEMR 2 IFsINVsREADY % NUM» %
0094 1100001001010000 0010010111010000 0011010101 010100 01XXXXKY

0095 ALLU sLsFTOEB.F 2 OR & DZ 2% ALUC & IOC % BASW % HLD
0095 1100000000101001 011010011111 0000 0011010101001 010 11011111

0096 HLL DOUBLE»:=P:SPsFTOB.F & PLUZ 2 ZA & RALULC & BAZW %
<I0OC,DLsTO.AH & MEML 2 IF C.ZER»INVsREADY 2 NLMsMMWUIPL
00%s 1100000001001101 0010010111100011 G011010100010000 11000100

NALU % IOC % MEMR 3 IFs INV,RERDY & MHUMs %
1100001001011100 0010010211010000 0011010101010100 01XXXKHY

0092 ALUs sHsFTOE.F % OF % DZ % ALUC % IOC % BASW & HLD
0093 11000000001061001 011010011111 0000 0011010101001000 11011111

0033 ALY DOURLE.FPC & OR % ZA & ALUC % BASW 2 IOC.DH.TO.A %
<“MEMW % IF»INVREARDY & HLUM: %
0099 1100001001100200 0010010111100101 0011011111110100 01011100

0rsA AL DOUELEsSPs=SP>FTOR.F % ZR % ZUNIM & ALUCs sCHL %
<BREM & I0OC % NOC % IF R.FsINVsHOLD % NUM»HLDF
009R 1100000000101111 10101001111100600 0011001100010000 11001100

ogsk  PCHL: ALY DOUEBLEsHsFPC>FTOE.F & OR & ZH & ALUC % IOC,sTO.A %
<BARZW % NOC & IF R.Fs INYsHOLD 2% NUMs HLDF
003k 1100000000101111 101010011111 0001 G0110110100112110 11011100

LT UPDTCYssONL % BREW & I0C

X

po9c ETCE ALU s HBC % ZUNIM % 2R &
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=OURCE AMD-OF OEBJECT COLDE.
& oIF ROFSINV-HOLD & N

& HOC

w» o= DON-T CHREE

UM HLDF

llﬂﬂaﬂﬂﬂﬂﬂlﬂllll 101010011111 0000 0001000110010 00 o1a01100

CHMC:

AHAR :

“RERR:

OrRAk:

DCRM:

1100000000101001

11000010100011400

1100000000101001

INRM:

11000000002 01001

ALL % AMD % ZR &% ALUC UPDTCY & ERSW % IO0OC 2 NOC %
<IF RaFas % MUM. E

1100001001110011 11000102131 300G00 0001010101010100 01100100

AL & RAND % 2R %

TC

RLUC UPDTCYssONL & BREW & IDC %

SMHOC % IF R.FsINYSHOLD 2 MUM.HLDF
1100000000101111 1010100112110000 000100010101 0100 01100100

ALUs sH«FTOE.F

SI0C % HOC &

& AND % AR % ALUC UPDTALL & BASW =W
IF R.Fs INYsHOLD 2:HUMs HLDF
110000000601011211 1010100112110000 0100010101001110 11100001

ALU» «A~FTOE.F 2% x0OF
IF R.F+»INYsHOLD 2% HMUMsHLDF
1100000000101111 101010011111 0000 0100010101001 10 11110001

SI0C % NOC 2

ALUs »AFTOE.F % 0OFR %
SI0C & MNOC 2 IF R.FsIMNY.HOLD % NUMsHLDF
11000000001 01111 10110012213 0000 Q100010101 002110 11011001

AL DOUEBLEsH & OR &

NALL & I0OC =

% AE &% ALUC UPDTALL 2 EBRZW. =W

AB % ALUC UPLDTALL % BRAZW »ZW

ZA R RLUC 2 IOCssTO.A % EBASW %
0110100111110001 0011011010010100 01011100

MEMF & IFs INYsRERDY % HLUM»%

0010010111 010000 0011010101010100 01XEXXXE

AL % D % MINUE & ALUC UPDTFL»ssCHL 2 ERSW %
HLI

SIOCs»TO.D %

AL DOUELEsPC

ALY DOUJEBLEsH & OR

HALU % I0C &%

HLU & DZ & PLUE %

S

0110100111110000 1010000101010100 01010111

Or % ZA & ALUC & BASW & IOC.DH.TO.H
<MEMM % IF FE.FssRERDY % HUMs ¥
11o0001010010111 11100101111 00101 001101111111 0100 01011100

. ZA & ALUC & IOCs»TO.A % EBAZW %
0110100111110001 0011481101 0010100 01011100

MEMR % IF»INVsREADY & MNUMs$%
1100001010011100 001001011101 0000 0011010101 010100 01XxXRRR

ALUC UFPDTFL % BARSW &% IOCs»TO.D %

1100000000101001 011010011111 0000 10100101 01020100 01000111

DCRE:

ALY DOUELE.FC % OR % ZA % ALUC 2% BRASW % IOC,DH.TO.H
~<MEMW & IF R.FssREADY % HMHUMs¥
1100001010100111 1110010111100101 00110111111210200 010111400

ALUs s s FTOE.F & ZB %

<BAEW Eb % I0

% IF R

SUNIM % ALUC UPDTFLssCNL %

Fs INYSsHOLD & NUMsHLDF 2 NOC

1100000000101111 101010111111 0000 0010000101010100 11001011

INRE:

ZIUBR:

ALUs » s FTOB.F

N

ZB & PLUZ % ALUC UPDTFL & BH:IW ZW 2

<HOC % IF R.FsINV»HOLD #% NUMsHLDF
1108000000101111 10101011111 20000 0010010100101 00 11000011

ALUs sHs FTOR.F

2

AB %
A-16
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FC ZOURCE AND-OR OBJECT CODE. W = DON"T CHEE

<IOC % MOC & IF R.F»INYsHOLD & HNUMsHLDF
ooRC 11000000001 01111 1010100111220000 01000101 01001110 11001001

ooRD ZUEM: ALU DOUEBLESH & OR & ZR & ALUC % BAEW % IOC,TO.A & HLD
OO0RD 1100000000101001 011010011111 0601 00110131010010100 01011100

O0RE ALL DOUBLESPC & OR & 28 & BAZW RLUC 2 IOC.-TO.H & MMRE

g

O0RE 1100000000110101 00100101131 010001 0011011111111 00 01011100

DORF ALLIsAsAsFTOE.F & DR % SUNIM & ALUC UPDTALL %
SBREW & I0OC % HOC & IF R.FsINWSHOLD 2% MUMsHLDF
O0RF 1100000000101111 101010011212 0000 0OO00010011101110 11001101

aooeo ELI: INCFC % MME
QUEG 1100000000110101 001001011101G001 0011011111111110 11000100

noEl . ALLUsAsAsFTOE.F & DA % SUNIM &% ALUC UPDTRLL %
BRAZW & I0OC % NOC % IF R.FsINV.HOLD % NUMsHLDF
00kl 1i1000o0no0iollll 1010100311111 0000 GO0OO0100112101110 11001101

noez EZRER: NALL & I0C & NOC % IFs INVsCY % NUMsSUEK
QOB2 1100001010110000 0000010111110000 0011010101010100 D1XXXEXX

onE:2 ALUs + A+FTOR.F % AR 2% ZUNIM % BASWsEW % ALUC UPDTALLsCH

L &-I0C & NOC & IF R.F»INVsHOLD % NUMsHLDF
NOEBZ 1100000000101111 1010100111110000 0100000101001110 11001001

J0B4 ZEBEEM: ALU DOUBLE»H & OR % ZAR & IOC.»TO.A % BASW & ALUC &%
<NOC & IF »INVsCY 2 NUMsZUEM+1
0OE4 1100001010111000 0000010111310001 0011011010010100 01011100

OOES AL DOUEBLEs PC & OR % ZA & IOCy»TO.A % EBASW & ALUC % MM
R

OOBS 1100000000110101 0010010111010001 0011011111110100 01011100

00E& AL AsA>FTOB.F % DA & SUNIM & ALUC UPDTALL,sCHL %
SBASW % I0OC % NOC & IF R.FsINVsHOLD & HUMsHLDF

OORS 1100000000101111 1010100111110000 0000000013101210 11001101

OOB7F  =BI: NALL % IO0C 2 NOC & IFsINVSCY % NUMeZUI
OOB7 1100001011000000 0000010111110000 0011010101010100 D1XAAXRA

onEes= NARLL & IOC % NOC % IF % MUMsZEIL
OO0B2 1100010101110100 0111110111110000 0011010101010100 01XKXXKX

]
e

OOES  HNAM: ALY DOUBLE.H & OR % 2R & I0C,sTO.R & ALUC BASW % HLD

QOB 1100000000101001 0110100111110001 0011011010010100 01011100
OOBH ALU DOUBLE.PC 2 OR 2 2A & IOC,sTO.R % ALUC % EBREW & MMR
OoOEA 1100000000110101 O010010111010001 0011011113111 0100 01011100

OOBE ALLIsAs AsFTOR.F % AND % DR % ALUC UFDTALL 2 BASW %
<100 &% NOC & IF R.FsINVYsHOLD & NUMsHLDF
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ZOURCE AND-OR OERJECT CODE. ® = DON‘T CARE

1100000000101131 101010011131 0000 00000100112 01110 11100101

“RAM: AL DOUELEsH % OR & ZR % IOC,»TO.A 2% ALLUC & BASW 2 HLD

1100000000101001 011010041111 0001 0011011010010100 01011100

ALL DOUBLE.PC & OR & ZA & IOC,sTO.A & ALUC & BAZW & MMR

110000000021 0101 0010010110101 0001 001101111111 0100 01011140

RLUsHsAsFTOE.F & xOR & DA &% ALUC UPDTALL 2 BHEW &
SI0C & MOC % IF R.F«INVSHOLD 2 NUMsHLDF
1100000000101211 1010100111110000 00000100111 01110 11110101

ORAM: ALY DOUELE.H & OR &% SR % I0OC.»TO.AH % ALUC & BASW 2 HLD

11o0ooonool o100t 0110100111311 0001 0011011010010100 01011100

AL DOUBLESPC % OR 2 SA % I0OC»»TO.A % ALLC & BAZW & MMR

11oo00ooooiiolol oolo010td101 0001 o011013131113 30100 01011100

ALUsAsAsFTOB.F % OR % DA % ALUC UPDTHLL 2% EAZW %
<I0C % NOC % IF R.FsIMYSHOLD % MUMsHLDF
1100000000101111 1010100111110000 00000100111 01210 11011101

AMNI: IMCPC % MMR
1100000000231 0101 Q01001011101 0001 0011011111111110 11000100

ALUsH»HsFTOE.F % AMD 2 DA % ALUC UFPDTHLL & BAZW & IOC &

<HOC 2 IF R.Fs IMY.HOLD % MUM.HLIDF
1100000000101111 1010100111110000 0000010011101210 111400101

“RIs INCPC & MME
iino0on0oniiniol ooiooiot1ioionol 00110111111 11110 11000100

ALUsAsASsFTOE.F % XOR & DA & ALUC UFPDTALL 2 BAZW & IOC 2

<HOC & IF R.Fs INV«HOLD & NUMsHLDF
1100000000101111 101010011121 0000 0000010011101110 11110101

OrI: INCPC & MMR
110000000011 0101 aoio010111010001 0011011111111116 11000100

ALU+A«RAFTOE.F & OFR & DA & ALUC UPDTALL & ERIW &% I0C &
<~HOC & IF R.Fs INYyHOLD % HNUMsHLDF

CMA: ALUsF»ASFTOE.F & MN:&OR % ZR &% IOC & ALUC & BRSW %
~HOC % IF RJ.Fs INWsHOLD % MLUMsHLDF
LHLD: INCFC % MME
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FPC E0URCE AND-DOR DEJECT CODE. ® = DON‘T CHRE
ooce 1100000000110101 0010010111010001 0011011111111110 11000100

aucA ALU DOUBLEs»»FTOB.F % OR & DZ2 % ALUC & EBASW % IOC & HLD

OOCH 1100000000101001 0110140011111 0000 0011011101010100 11011111

OoCcEk INCPC & MMRE

QOCE 1100000000110101 0010010111010001 0011011111111110 11000100
gocec ALU»»+FTOR.F % OF % DZ2 & ALUC 2% EBRASW % IOC & HLD
0oCC 1100000000101001 0110100111110000 0011010101010100 11011111
ooco ALU DOUELEs»+FTOE.F % OR & ZA % RLUC & I0OC,»TO.H %

~BAZW % HLD
QocD 1100000000101 001 0110100111110001 0011011101010100 110111400

noOcCE MHALL % I0OC & MEMR 2 IFs INV.REARDY % MNUM, %
COCE 1100001100111000 001001011101 0000 00110101 01010100 01XXHKKRXX

oocF ALUs»L+FTOE.F & OR % LZ % IOC % BARSW % ALUC 2 HLD
0aCF rio0o00000101001 01101001111100006 0011010101001010 11011111

aonn HLU DOUELEs »«FTOEB.F & PLUS & ALUC % BRSH & IOCs»TO.R % H
LD~ & ZA

0oDo 11000000001 01001 0110100111110001 0011011101010100 11000100

onni ALL DOUBLE.FC & OR 2% ZA % IOC.»TO.R & EBASW % ALUC

<MEME % IFs»INVsREADY % NUM « %
0001 1100001101000100 0010010111 010001 00110111111101060 01011100

kol

aone AL »HsFTOR.F % OF % DZ & IOC % BASW & ALUC %
<NOC & IF R.FsINV.HOLD % MUMsHLDF
oob 11o0000000101111 10101001111140000 0011010101001000 11011111

oubz  IHLD: INCPC & MMR
gonz 11o00ac00011010l o010010111010001 0011011111111110 11000100
nnng ALL DOUEBLEs»»FTOER.F & OF & DZ % ALUC & BASW % I0OC % HLD

oong 11000000001 01001 011010011111 0000 00110111 01010100 11011111

aons INCPC & MMR
0ons 110000000011 0102 0010010111 010001 0011011111111110 11000100

anne RLLs»»FTOE.F % OR % DIZ &% ALUC & BASW % IOC % HLD
oole 11000000001 01001 0110100111110000 0011010101010100 11011111

nonv ALL DOUEBLEs»sFTOB.F % OF % Z2A % ALUC % I0OC,»TO.RA %
<ERZEW % HLD .
0oDy 110000000G0101001 01101001111106001 0011011101010100 11011100

onos ALL DOUELEsH & OF % ZA % I0OC»TO.D % BASW % ALUC & HLD
0ons 1100000000101 001 011010011111 0000 1011011010010100 010111400

nons HALL &% I0C.DL & MEMW 2 IFs INVsREARDY & NUMs %
GODS 1100003 101100100 00100101 11100010 001101010101 0100 01xxxxxx
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FC =0UrRCE AND-OR OBJECT CODE. A = DON‘T CHRE

00DA AL DOUELEsssFTOR.F % PLUE &% SR % ALUC & BASW %
<I0OCs»TO.A % HLD
ooDR 1100000000101001 01101001122 30001 00110121101010100 11000100

OonR AL DOUBLE sPC % OR % 2R % ALUC % IOCsDH».TO.A % BAZW %
SMEMBE 3 IF R.FssREADY & NLUMs ¥
O0DE 1100001101101111 11100101111 00101 0011011111210100 01011100

ooDz  LDAX.B: ALL DOUBLE.B &% BASW % 2R % OR & IOC,»TO.A % ALUC 2 HLD
0GDC 11000000001 01001 0110100111110001 001101100002 0100 010111400

oonDn ALY DOUEBLESPC &% OR & ZA % IOC,=TO.A % ALLUC 2 BAIW 2
“MEMR & IFsINMVYsREADY 2 NUM. §

00DD 1100001101110100 0010010123 010001 00110111111 20100 01011104

a0nE ALUs »ALFTOR.F % OR & DZ2 % ALUC % BASW % I0OC %
<NOC & IF R.FsINVsHOLD % HLMsHLDF

OODE 1100000000101111 101010011111 0000 a011010101001110 11011111

00oF ZTHX: ALL DOUBLE 2 BASW =W % SR & DR & I0OCssTO.A % ALUC % HLD

00DF 1100000000101001 0110101112111 0001 00110112101010100 01011011

ooEQ ALUsR & OF % 2R & IOCssTO.D & BASW 2 ALUC & HLD

COEG 1100000000101001 01101 00111110000 1011010011110100 01011100

noEl ALU DOUEBLESPC & OF % ZA % IOCSDHsTO.A % BARZW % ALUC 2
“MEMB 2 IF R.F2INVsHOLD % HNUM» HLDF

o0oE1l 11o000ponciollrl tototoolttio0tor oottt ol a0 01011l o0

O0E2  WXCHi: ALY DOUELE-D»FTOB.F % OF % ZA & ALUC % BASW 2 IOC & HL
o

O0EZ 1100000000101001 011010011121 0000 001101100101 0100 11011100

OoE= ALY DOUBLEsH:LsFTOR.F % OF % ZA & ALUC & EBEAEW & IOC & HL
I

OOEZ 11000000001 01001 0110100133 110000 003101101 0000100 11011100

ong4 ALL DOUBLEssHsFTOER.F % OF % ZR & ALUC & EASW & I0OC %

SHOC & IF R.Fs» INYSHOLD % MNHUMsHLIDF
OOE4 1100000000101111 101010011111 0000 aolioiiioioniaon 1101iion

OOES  LxID: INCPC & MME

ODES 1100000000110101 0010010131 610001 0011011111111110 110001480
noEs AL sE-FTOE.F & OR & DZ % ALUC % BAXW & HLD & IO0OC
ODES 1100000000101001 01103001313 10000 0011010101000110 11011111

noEY INCPC & MME

O0EY 1100000000110101 001001011101 0001 0011011111111110 11000100

nogs HLUs « O FTOB.Fs % OFR & D2 2 ALUC 2 EBAZW & NOC %
<IF R.Fs INYsHOLD % MUMsHLDF % IO0OC

QODER 11000000001 01111 1010300121110000 0011010101 000100 11011111

OnE?  L#EIH: INCPC % MME
OOES 1100000000110101 001001011101 0001 00110112111024110 11000100
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FC

D0EA
D0EA

I0EER
O0EE

O0EC
QuEC

OoED
O0ED

O0EE

IEE

UoEF
O0EF

noFa
aoF 0

a0F1

OoF1
noFe
noFg

JOF3

DoF3

OoF4

00F4

OOFS

0oF
ooFe
tiFe

noFy

OoFy

noFs

Z0OURCE AND-OR OBJECT CODE.

ALLs sL»

IMCPC %
1100000000110101

HLLIs s Hs
“IF R.Fa
110o0o0aooiniil
LEIEP: INCPC

110000000011 0101

ALU DOUELE, s ZP«FTOER.F % OF & DZ 2 ALUC % EASW & HLD %
[N
11000000001 01001 0110100111110000 3011011101010000 11011111
IMCPC & MME
1100000000110101 0010010111 010001 00110121111111130 110001400
ALUs » ZFPsFTOE.Fs & OR % DZ & ALUC 2 BASH 2 NOC &
<IF R.FsINYsHOLD % NUMsHLDF % IO0OC

1100000000101111 1010100111120000 0011010101010000 11011111

INXD: ALLY DOUELEs s D FTORB.F & PLUS & ZB % ALUC % EBASW % I0OC %
LD
1100000000101001 0110100111131 0000 0011011101000100 11000011
AL DOUELE.DsE>FTOE.RA & OR & DZ % ALLUC, ZWAP % BASW &
<I0C % MNOC % IF R.FsINYsHOLD % NLUMsHLIF

1100000000101111 101010011213 0000 0011111 0601000110 10011111

INZH: ALU DOUEBLEs »HsFTOEB.F & PLUZ 2 ZB % ALUC 2 BASW 2z I0OC &
LD
11000000001 01001 011010011111 0000 0031011101001 000 11000011
AL DOUELEsHsL»FTOB.A % OF % DZ % ALUC, SWAP % BASW %
<I0C % NOC % IF R.FsINY.HOLD #% NUMsHLIF

1100000000101111 1010100122301 0000 0011111010001 010 10011111

INXEPs ALU DOURBLE» » ZP>FTOE.F % PLUT 2 ZB & ALUC 2 BASW % I0C
<NOC & IF R.Fs INVsHOLD % HUMsHLDF

11000000001 01111

JUMA ALL Dou
<BREW %
11gocooooololony

AL Dou
SNOC 2
1100000001111

DEXH:

FBRSH &

ALLL DOUJERLEs sH:FTOR.F %

b DON-T CRREE
FTOE.F % 0OF & DZ & RLUC % BAZW %
0110100111 110000 0011010101 001010

MMEF
ooioo1ori10io0o0)l O00110111111111140

FTOE.Fs & OF & DZ & ALUC & BASW %
INYs HOLD % MUM.HLDF 2 I0C
11010011111 0000 goii10ioiolant a0
% MMR

oplo01G6111010001 O011011111111110

1010100111110000 001101110101 0000

ELEs »IIs FTOE.F %
I0C % HLD
0110100114111 0000 00110010t a001a0

SUNIM 2 ZB & RALLUC

ELE+I+sE»FTOE.A % OFR & DZ &
IF R.Fs« INYsHOLD % NLUMsHLDF

10101011111 0000 oxii111a01000110

ZUNIM % £B % ALUC

Lit T
P S L

% HLD

A-21

HLD % I0C
11011111
11000100
HOC %

11011111

11000100

11000011
s CNL 2

11001011

RLUC SWAP & 10C

10011111

s s CHL

%

&

10



FC =0URCE AMD-OF OB JIECT CODE. w = DOMT CHRE

OOFs 11000000001 01001 nidotontiiid0000 odio0ii0i001000 11001011

ooF3 ALL DOUELEsHsLsFTOEB.A % OF % D % ALUC. ZWARP % I0C 2
SHNOC 2 IF R.FsINYSHOLD % MUMsHLDF
OODF3 11000000001011311 1061010112131 0000 011111030001 010 10011111

UOFR DOEEP: ALY DOUBLEs s EP:FTORLF % ZUNIM & 2B 2 ALUCssOTNHL &
SEAEM 2 I0C &% MOC % IF R.Fs INY.HOLD % NUMSHLIDF
OOFA 1100000000101111 10101002111 10000 00110031 01010000 11001011

OOFE  POP.D: ALL DOUEBLEsEPsZFsFTOE.A & OF % ZA % ALUC & BRZMW &
~I0C.sTO.H % NOC 2% IF C.EZEBERssHOLD 2 NUMsHLDEE
OOFE 1100000000101 001 011010031111 0001 001103110001 0000 10011100

ooFc AL DOUEBLESEZPs ZPsFTOEB.F % FLUZ & ZR % RLUC & BAREW %
< I0OCssTO.A % MEMR % IF C.ZERs INVREARDY 2% NLMsMMREP
QOFC 1100000001 000101 001001011101 0001 00110111 00010000 11000100
QoFID AL «EsFTOE.F % OF &% DZ 2% ALUC % I0OC 2 BASW 2 HLD
oOFD 11000000001 olo0otl 0110100111 110000 001301 0101000110 110131111
OOFE ALL DOUEBLEsZP«+EP+FTORB.F 2 PLURE ZH & ALUC % BRASW 2
SIOCssTO.A % MEMR 2 IF C.ZERs INYRERDY % NUMsMMRESP
OOFE 1100000001000101 001001013 10310001 00310211 00010000 11000100
noFF AL »DsFTOEB.F &% OR & D2 & ALUC % I0OC 2 EBA=W % HLD
OOFF 1100000000101 001 011010013131 0000 0011010102000 00 11011111
o100 ALU DOUEBLE.PC 2 ORF & ZA & ALUC % IOC.»TOD.A % BRASW 2
SMOC % IF R.F« INYSsHOLD % HUMsHLDF
G1o0 11000000001 02111 101010011111 0001 0011011212111 0100 01011100
o101 FOF.H: ALU DOUBLEsZP«3ZPsFTOR.A & OR 3 2R % ALUC & BRZW %
SI0OCs»TO.A & HOC % IF C.ZBR<«HOLD % MNHUMsHLDZE
0101 11000000001 01001 011010011131 0001 oo11011100010000 10011100
o1oz ALLY DOUJEBLE«=P«SPsFTOR.F &% PLUZ % S0 &% ALUC 2 EBRAZW %
" IOC»TO.A & MEMR 2 IF C.ZERsIMYSsREADY 2 NUMsMMRSP
0102 11000000031 000101 0010010331101 0001 o01i0tii0001 0000 11000100
ooz ALl »LsFTOE.F & OF % DS % ALUC & IOC 2 EBASW % HLD
10z 11000000001 01001 011010031203 10000 0011010101001 010 11011111
o104 AL DOUBLE«ZP«ZPFTOR.F 2 PLUZ% ZR & RALUC & BASW %

SI0C«TO.RA % MEMR % IF C.ZBREs INVyRERDY 2% NUMs MMREZP
n10d 1100000001 000101 001001021301 0001 001101110001 0000 110001400

0105 AL sH-FTOB.F 2 OR % DZ % ALUC % IOC % BRSW & HLD

0105 1100000000101001 01101001113110000 00210101 010G01000 11011111

010 ALY DOUEBLE.PC % OF ®% ZR & ALUC % I0OCssTO.A % BATW %
SNOC % IF R.Fs IMVS>HOLD 2 NUMsHLDF

0100 1100000000101111 104010012111 0001 a011041111110100 01011100

a1ov JAMZ: NALL & I0C % NOC % IF s INYsZ & NUMs IMP

0107 11000001 00001000 0000000111110000 0011010101010100 01XXXXXX

0103 INCPC & HLD
A-22



=

1 0=
o103
nioa
01 oA
agioR
010k
01 0E
0l oc
a1 0c
n1on
iabd
a1 0E
010E

010F
01 0F

o110
a1in

0111l
n111

a11e
011e

011z
11z

0114
nil4

0115
n115s
0116
a11n

n11v
011y

011s
011

()

1
1

(i

ul1i=
0119

011RA
011A

011E
O11FE

a11c

=0UrCE AND-OFR DBJECT CODE. » = DON'T CRRE
1100000000101 001 0110100111110001 O0G11011111111110 110001400

IMCFC 2 IF RE.F«INYsHOLD % NUMsHLDF % NOC
1100000000101111 10101001121 10001 0011011111121110 11000100

CHZ: MALLL & I0C & MOC % IF »IMWsZ % NUMsCALL
1100000100011100 000000011121 0000 001101010101 0100 01XMXKMS

INCPC & HLD
1loo0onoooiolanl 011010011111 0001 0011011111111110 11000100

INCPC & NOC & IF R.FsINVsHOLD % HNUM.HLLDF
1io0000000101111 1010100111110001 0011011111111110 11000100

ENZ: HALU & I0OC % NOC &% IF R.FssZ & NUMSRET
1100000101 000011 1100000111110000 001101010101 0100 01XXXMM

Jdg HALU 2 JIOC 2% NOC % IF s o2 & MUMs.JIMF
1100000100001 000 0100000111110000 0011010101010100 01XXEXRE

INCPC & HLD
1100000000101001 011010011121 0001 0011011211111110 11000100

INCFC & NOC % IF R.FsINV+HOLD % NUMsHLDF
1100000000101111 101010011111 0001 0011011111111110 116001040

I NALL & JOC & MNOC # IF » & & NUM~CALL
1100000100011100 01000001311110000 0011010101 010100 01XXXEXX

INCPC & HLD
11opa0agoonroiont a11oio00114110001 0031011811111110 11000100
INCPC % NOC % IF R.F»INVsHOLD & NUMsHLDF
1100000000101111 101010021111 0001 00110111311111110 11000100

S NALL & I0OC & NOC % IF R.FsINVsZ & NUM«RET
1100000101000011 1000000111 110000 00110101 01010100 O1XXXEXNMX

INC: HALL & I0OC & NOC % IF » INVSCY 2% NUMs JmMP
1100000100001000 g000010111110000 0011010103010100 01XXXXXR

IMNCPC %HLD
11000000002 01001 011010011111 0001 0011011111111110 11000100

IMCPC % NOC & IF R.FsINVsHOLD % NUMsHLDF
lltoa0oooooiolill 101010011111 0001 001410G111111111140 114600100

CHNC: MALL % I0C & NOC 2 IF «INVSCY % NUM.CALL
1100000100011100 a000010111110000 001101 0101010100 01 XXXEXKS

INCFC & HLD
11o0000000101001 011010011111 0001 O011011111111120 11000100

INCPC &% NOC & IF R.F s INVsHOLD & MNLUMsHLDF
11o0000000101111 101010011111 0001 O01101111311131110 110001040

FENC:2 NALL & I0C & NOC & IF R.FssCY & NUMSRET
1100000101000011 1100010111110000 001101010101 0100 01XXXEXS

e B e 1O 8

- Dy e A Lde W60

NOC % IF ssCY % NMUMsJIMP

now



FLC ZOURCE AND-OR OBJECT COLE. W o= DOM"T CARE
011C 1100000100001000 010001011 1110000 001101010103 0100 01 xsxs ke

n11n INCPC % HLD
0110 1100000000101001 0110100111110001 0021011111111110 11000100

011E INCPC 2 MOC % IF R.Fs INYsHOLD 2% MUMs HLDF
011E 1100000000101111 101010011111 0001 o011011111111110 11000100

011F  CC: MALL & I0C & MOC 2 IF »sC% & MUMsCALL
011F 1100000100011100 01000101131110000 0011010101010 00 015350

n1zo IMCPC % HLD
0120 1100000000101001 011010011111 0001 00110111111122110 11000100

121 INCPC & NOC % IF R.FsINVsHOLD % HUMsHLDF
0121 1100000000101111 101010011111 0001 on11011111111110 11400100

nlzz  RC: MALL & I0C % NOC &% IF R.FsINYsCY % MUMsRET
0122 1100000101000011 1000010111110000 001101010101 0100 01%5ENKNY

niz3 JrPO: NALL & I0OC % HOC 2 IF "2 INY:P 2 NUM: _MP
0123 1100000100001000 0000100111 110000 001101010101 0100 01 5ENxxEY

nicz4 IMCFC 2 HLD
0124 1100000000101001 0110100111110001 0011011121311110 11000100

0125 INCPC % NOC & IF R.FsINV:HOLD & NUMsHLIF
0125 1100000000101111 1010100111110001 0011011111111110 11000100

n1ze  CPO: HALLN & I0C % MOC & IF s« INYsP % NUMsCALL
126 1100000100011100 0000100111 110000 001101010101 0100 01 KK

nizv IMCPC & HLD
0127 1100000000101001 011010011111 0001 0011011111111110 11000100

ni1zs INCPC % NOC #& IF R.FsINYsHOLD% NUM>HLDF
€8 1100000000101111 1010100111110001 0011011111111110 11000100

S  RPO: MALU & I0C 2 NOC 2 IF R.FssF % MHUMSRET
2% 1100000101000011 110010021111 0000 001101010101 0100 01 KMKMMK

A JPE: MALL 2 I0C % NOC % IF »sP 2 MUMs JMP
A 1100000100001000 0100100111 310000 00110101010101 00 0] Xk
E

] IMCPC & HLD
E 1100000000101001 0110100111110001 0011011111113210 11000100

n1zc INCPC & NOC %IF R.Fs INYsHOLD % MNUMsHLDF
0120 11000000G00101111 1010100111 140001 0011011111111110 11000100

n12n  CPE: MALL % I0C & NOC 2 IF ssP 2 MUMsCALL
012D 1100000100011100 01001001113110000 001101010101 01 00 01 XKk xs

01c2E IMCPC & HLD
0M2E 1100000000101001 01101001111010001 0011011111111110 11000100

n1zF IMCFC 2 NOC & IF R.F«INYSHOLD % NUMsHLDF
0D12F 1100000000101111 1010100121120001 G011011111212110 11000100

01:

[ra)

0 EPE: MALY 2 I0C % NOC % IF R.FsINVsP % NUMSRET
A-24



P
a1=n0

01=1
N1zt

0130
1 2c

013D
aizn

n12E
n13E

n13F
013F

0140
0140

0141
n141

o14e
nidg
0143

- -~
14

TOURCE AND-OF OBRJECT CODE. no=

1100000101 o00611

JdFs HALL %

IMCPC
11o0000000101111

CF: MHALL 2
itloooo0i0oni11il

IMNCPLC

INCPC
f1ooooooanioiont

IMNCPLC

MALL &
INCPC 2

IHCFLC
11000000001 01111
FM: MALL 2%
110000010t ononil
TARA: MHALU 2

MALL &

RLIIs » s FTOE.F %

SHOD %
11000ioto0o011000

MALL &

AL A» s FTOR 2

<HNOC %

4 1
FR IR RNRERRRRRRDS

niodong

HLD

I0OC &

DON“T CHRE

1000100111120000 0011010101 010100 01 XXNMNKE

I0C & NOC 2 IF s INW=3 & MUMs IMP
oOON110111110000 001101010101 0100 01MHEEEN
& HLD
nliolo0i1iiio0o0l 00110111113811110 11000100
% MOC & IF R.Fs INVSHOLD % MHUMsHLIF
1oioio0t11110001 0011011111111110 11000100

I0C &% NOC % IF R.FssZ & NUMsCALL
1100110111110000 Q0110101 01010100 01XXXAXY

% HLD

011010011111 0001 11000160

oniini11111111110

IF F.FsINVsHOLD 2% MHUMsHLDF
ooiiniii111111410 11000100

& NOC 2
1n010i00111110001

I10C % NOC % IF »INWsZ & NUMSRET
00001101111 10000 0011010101010100 01XAXEAX
I0C & NOC % IF »»3 & NUMs.IMP
O100110111210000 0011010101010100 01XXXKAX

% HLD

orio0too11i1i0001l 0011011111111110 11000100
MLIMs HLDF

11000100

IF R.F»INYHOLD %
onii1o11111111110

% NOC 2

IF a3 % MUMSCALL
GO11010101010100 D1XxERA

10C % NOC &

011010011111 0001 0011011111111110 11000100
IF R.Fs INVsHOLD % MNUM:HLDF

oo011011111111310

%LoNOC &
11000100
NOC & & MUMSRET

oc & IF R.FsINV»%

HLD

I0C % IF»INY & MNUM DEUE. 006 & HOC

OrF % DZ & ALUC & EBAREW & I0C %
IFs»AC % MUMs DRAL

olo1o00i11110000 0110101010101 00 11011111

MM DEUZ. O0F % MOC
OO110101 01010100 Ol XxXExEs

I0C % IFsINY &

AMD 2 BR=W & I0C %
IF=INY %

0011110111110000

IR 2 ALUC &
MM DEUSs O0A
0011010011110100 00100101

A-2R



P

144
nig44

0145
0145

0146
0145
0147
0147
0143
014

014=
D14

ai4dA
014A

014Fk
014FE

ni4c
114c

0140
014D

014E
014E

n14F
014F
n1sn
nisn

0151

0131

n1se

n1se
n1532
015z

0154

SOURCE AND-OR OEJECT COLDE. % = DOM"T CARE

ALY & D & SUMIM & ALUC & BASW & IOC % HLD
1100000000101 001 G311 01001 13310000 ooti01oi0doioion o1ooi11n0

MALL 2 I0C & MOC & IFsINVsCH.4 2 HUM, E+2
1100010100011100 0011100111110000 0011010101 010100 01 %MK

DAAL: RLUs» A« FTOE.F & PLUZ % AE % ALUC UPDTALLs+sCNL 2
<T0C % BREW & NOC 2 IF C.OEBRssCY 2 MUMSDARA4
11000101 01111101 0100010111110000 0000000101001110 11000001

MALU 2 IDC % IFsIMY & MUM DBRUZ. 0A0 % MHOC

AL »»FTOE.F & OR & D2 % ALUC % BRSW 2 I0C %
SHOC & IF»sCY % MHUMsDARZ
1100010100111100 01000101133 20000 aoiioioioioliotion 11011111

HALL & I0C & IF«INY & MUM DEUSs OF0 2 NOC
1000001111 000000 0011110111310000 0011010101 010100 01 XxMxRE

ALUs A »FTOR & AND & DA & ALUC & BRZW & IOC &
SHOCZ & IF«IMNY % NUM DEUSs 0AD
1000001 010000000 001111011111 0000 001101001111 01020 O0100101

ALY & DRt & =UMIM & ALUC & BASW % IOC & HLD
1100000000101001 011010011311 0000 0011010101 010100 01001110

HALL % I0OC % MNOC & IF-INYsCN.4 & NUM»$+2
1100010100011 000 00110001 110100003 001101010101 01 00 01 XEXXNX

DAAZ: ALUs »ASFTOE.F & PLUZ 2% AE % ALUC UPDTALL »sCHL %
<BRZW % IOC % HLD
11000000001 01001 0110100121110000 0000000301 001110 131000001

HALY 2. I0C & MOC & IF R.Fs IMV>HOLD % MUMsHLDF
1100000000101111 1010100111110000 00110101 01010100 01XEXMHR

DAAZ: AL »ASFTOR.F & PLUE 8 HE & ALUC UPDTFL»»CNL 2
BRI 2 I0C & NOC & IF R.F«INVYSHOLD % MUMsHLDF
11000000001 01111 1010100131 130000 00100001 01001110 110004001

FOP.FPEW: AL DOUEBLE.%P«3P«FTOE.A % OF 2% ZA & ALUC & BASW %
O.A % -HOCZ % IF C.ZBRs«HOLD % NUMsHLDZER
11000000001 01001 011010011111 0001 O0ti01i1100010000 1a0i1100

ALLE DOJEBLEs ZPs SFsFTOB.F & PLUS % ZA & ALUC % EASW

L ~I0Cs«TO.A & IF C.EERsINVREADY 2 MUMsMMREP
1100000001000 01 001001013101 0001 ant10t11 00010000 11000100
ALL & MAND &% ALUC & IOC 3 EBASW & HLD
11000000001 01001 011010021121 0000 0013010101010100 01101 XXX
ALY DOUBLEs SP« SPFTOR.F & PLLUISE % FR & RALUC 2 BR=W
SI0OC»»TO.A % MEMR % IF C.ZEBRs INV+RERDY & NUMsMMRSP
1100000001 000101 0010010111 010001 00t101310001 0000 11000100

AL s HsFTOB.F % OF & DZ & ALUC & BRZW & IOC & HLD

A-26
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FC ZOURCE AND-OR OBJECT CODE. # = DON‘T CREE
0154 1100000000101001 011010012121 0000 0011010101001110 11011111

0155 ALL DOUELE.PC & OR % ZA & ALUC & IOC.+TO.A % EBASW & NOC %
<IF F.Fe«IMVsHOLD % HNUMsHLDF
0155 1100000000101411 1019010011311 0001 0011011133110300 01011100

AZW % ZA & OFR % I0OC,»TO.A &% ALUC & HLD

0156 LDAX.D: RLU DOUBLESD % E
110100111110001 001101100101 0100 01011100

p1se 11000000001 01001 O11¢

0157 ALL DOUEBLESPC & OR % ZA % I0OC.»TO.H & ALUC 2 EBAZW %
~MEMR 2 IF«sINV+RERDY % NUMs %

0IS7 110001 0101011100 goto01oiii01000) 001101131111 0200 010111040

013s AL s AsFTOE.F % DR & D2 & ALUC % BR:=W # IOC 2
<NOC % IF R.FINYsHOLD % HUM»HLDF
0152 11000000001011211 1010100111110000 0011010101001110 11011111

0159  HCHG: ALY DOJBLEsDsL«FTOE.A % OR & DZ & ALUC~ZWAP & BASW & I0C
% HLD
0159 1100000000101001 011010011111 0000 0011111001001 010 10011111
015H ALY DOUEBLEsH»DsFTOE.A & OF % ZA &% ALUC & BAR3W & I0C % HL
D
N1SA 1100000000101001 0110100111110000 0011011010000100 10011100
015k AL DOUBLEsLs»HsFTOE.A % OF & D2 & ALUC.=WAF & EAREW & I0OC
% HLD
015SE 1100000000101001 011010011112 0000 0011111010102000 10011111
a15C ALL DOUBLEsISE»FTOR.A & ALUCsEWAP & BAR:=W & I0C 2
<MOC & IF RE.FsINVsHOLD & NUMSHLDF % OR & D<Z
015C 1100000000101111 101010011113 0000 0011111001000110 10011111
0130 TEIL: INCPC % MMRE
015D 1100000000110101 0010010111 010001 0011011111111110 11600100
015E ALUsAsAsFTOB.F 2 DA & ZUNIM & ALUC URDTALL.»CHL % I0C %

<BREZW & HOC & IF R.F:INV.HOLD % NUMsHLIF
D15E 1100000000101111 1010100111110000 0000000011101110 11001101

N1SF DAR4: ALUs H#C & ZUMIM & FA 4 ALUC UPDTCYssCHL 2 BARZW &
SI0C & NOC % IF F.ETH & HUM

OD1SF 1100000000000001 11111103130 10000 Qo01000110010100 014001100

ooog ORG H#3FF

O3IFF  INTRPT: NALL & I0C & MNOC % IF & NUMs INTHNDL
OD2FF 110000100001 0000 01111101311 20000 001101010101 0100 01y

o400  EMD



APPENDIX 1l

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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PC MICROWORD IN HEX ZOURCE CODE
noan  0Es HOF: FF H:025
goolr nze LAIER: FF H:0z2
nooz  0ODF ZTR=R: FF Hs:0IDF
nonz  neh IMN<E: FF H=:0&D
oood ORE INEB: FF H::0R”E
ooos  0RA ICRE: FF H:0RR
oooge e MYIER: FF H:01ER
aoay 0SSR mLCs FF H:05H
onos oo FF 12=%
aoos 0yl DRDE: FF H#:071
ao0A noc LIIR=E: FF #00C
Qoo 0sF nCxE: FF H:05F
gooc 0RE INREC: FF H«0R/E
oooDb  0RA nCcRC: FF H:0RA
noOE  01E MYICS FF H=:01E
aooF  ash RRC: FF H:0SD
ool1o aQo FF 12%
gnil  NES LAID: FF H:0OES
o012z obF ZTRSD: FF H:0IDF
agoiz  OF1 IM<D: FF H:0F1
ncig4  0ORE INRD: FF Hi:ORE
0o1s NARR DCRED: FF H:#:0ARA
o0ie  0O1lE MY ITi: FF H:01E
onilvy 0sF FAL: FF H:05F
goils 0o FF 12X
gnis 073 LRDn: FF H:=073
aninR 158 LIAxIe: FF H:15&
O01lE  0OF& nC<ns FF H:0F%
ooic  ORE INRE: FF H::0RE
goinn ORA DLCRE: FF H=0RA
OilE 0OiE MYIE: FF H#=:0O1E
oniF  as0 FAR: FF H=0s0
aozn o ano FF 12=x
ons1 nES LxIH: FF H:0E9
anze anz ZHLD: FF #0003
oF2 IM#H: FF H::0F2
0RE INRH: FF H#:0ORE
AR DCRH: FF H:0AR
o1lEe MYIH: FF HaOlE
13F DAA: FF Ha:132F
aoo FF 12%
ovg LIADH: FF H:074

1 = LHLD: FF H:aCg
onsE  OF& LC=H: FF H:OF2
no2c  OREB IMNRL: FF H::0RE
nozn 0AA nCEL: FF H:0RA
onzZE  O1E MYIL: FF H#01E
auzF  acs CMA: FF H=0C32
ooz0 000 FF 12
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