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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 ftex-
ibility of the Am2900 Family or have utiized other types of
microprocessing in their applications. Therefare, it is important
that the neads of these users be met at least partially by al-
lowing them to adapt to this new concept through the use of
familiar tools.

This document describes the emulation of an AmS080A
Eight-Bit MOS Microprocessor built around four Am2801A 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/AmMB228 chip set in such a way
as to better enable the user to make the transition to im-
plamenting the Am2900 Family in his system, particularly if
e has previously been Am8080A-oriented.

The design was not intended to minimize companent count or
cycle fimes, 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 AmM90B0A (see Table 1). Also, it can run with a
maximum clock frequency of about 5SMHz, which altogether is
about a 4:1 speed improvement over the standard 2MHz
Am9OBOA/AMB228 instruclion set (see Table 7).

Furthermore, the emulator has the same inputfoutput lines
and controls as does the AmO0BOA/AMB228 set, i.e.:

1. A 16-bit wide Address Bus

2. An B-bit wide DataBus _

3. MEMR, MEMW, I/OR, IfOW, HLDA, WAIT and INTA con-
trol outputs

4. HOLD, READY, INT, and BRESET contrel inputs.

A complete list of the parls 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 Am2901iA 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 sach of the working registers are the same as the
numbers used to identify these registers as source or destina-
tion registers in the Am90B0A instructions. Thus, by properiy
decoding these bits in the Am90B80A instructions and applying
them to the A or B addresses of the Am2901A’s, all of the
AMYCB0A 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
shorlens 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 segister address
whenever a single-byte (8-bit} operation is performed. For
example, if the Am3080A 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, LX|, elc.)
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 byle-
swapping, e.g. taking Register H from the HOP (No. 4) and
writing its contents into Register H of the LOP (Na. 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). Al 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 bils
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 laiches 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 inte the appro-
priate 12-bit microprogram memory address. The data oupuls
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 Am2908 control lines are controlled 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, G, P,
AC), three for the micro-status bits (F=0, F3, Cy44). three for
the INT, READY, and HOLD controls to the emulater, and one
always TRUE input which the sequencer uses to execute an
instruction unconditionally. The interrupt inputs are gated with
one bit from the Sequence PROM and connected to the
Am2909 OR inputs. This effectively allows the forcing of "1"'s
into all of the OR inputs of the Am2909’s when an interrupt is
raquested, while at the same time enabling the interrupt, fore-
ing “1™s into alt 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 Am8080A Emulation.

Op Code Clock Cycles
Number AmS080A Assembly Instruction D
D; Dg Ds Dy Dy Dp Dy g | O OY15 | AmS0B0A | proyjayone | Mmemonic netruction Description
DATA TRANSFER
¢ 1 d d d s 3 s 1 5 3 MOV, r Move register to register
0 1 1 1 0 s 5 3 1 7 5 MOVm, r Move register to memory
0 1 d d d 1 1 o0 1 7 5 MOVr, m Move memory 1o register
0 0 d d d 1 i 0 2 7 5 MV, T Move to register, immediate
oo 1 1 o 1 1 0 2 10 7 MVI, m Move to memory, immediete
oo 1 1 1 0o 1 0 3 13 4 LDA Load Acc, direct
o 0 0 0 1 0 1 0 1 7 5 LDAX B Load Acc, indirect vie B & C
o o0 0o 1 1 0 1 0 1 7 5 LDAX D Load Ace, indirect via D & E
o 0 1 0o 1t o0 1 0 3 18 12 LHLD Load H & L, direct
o 0 1 o 0 o 0 1 3 10 5 LXI H Load H & L, immediate
o 0 0 1t 0o 0 1 1 3 10 5 [BAN] Load D & E, immediate
0 0 0o 0 0O 0 0 1 3 10 5 X B Load B & C, immediate
0 0o 1 1 0 0 0 1 3 10 5 LXI SP Load steck pointer, immediate
o 0 1 0 0 0 1 ¢ 3 16 1 SHLD Store H & L, direct
o 0 1 1 0 0 1 0 3 13 ] STA Stora Ace, direct
o 0 0 0 0 0 1 0 1 7 5 STAX B Store Ace, indirect vie B & C
¢ 0 o 1 0 0 1 O 1 7 3 STAX D Store Ace, indirect via O & E
t 1 1 1 1 0 0 1 1 5 3 SPHL Transfer H & L to stack pointar
1 1 i 0 1 0 1 1 1 4 5 XCHG Exchenge D& Ewith H & L
1 1 1 0 0 o0 A1 1 1 18 11 XTHL Exchenge top of stack with H & L
1 1 0 1 1 0 1 t 2 10 6 IN Input to Acc
i1 0 v 0 0 1 A9 2 10 5 ouTt Output from Acc
CONTROL
o1 1 1 0 1 1 0 1 7 6 HLT Halt and enter wait stata
o 0o 1 1 0o 1 1 1 1 4 3 5TC Set carry flag
o 0o 1 1 1 i 1 1 1 4 4-3 CMC Complement carry flag
1 1 1 1 1t 0 1 1 1 4 3 Ei Enable interrupts
1 1 1 1 0o 0 1 1 1 4 3 )] Disable interrupts
0 0 0 0 0o O 0 o0 1 4 3 NOP No operation
BRANCHING
1 1 o 0 0 0 1 1 3 10 7 JMP Jump unconditionally
11 0 1 1 0 1 0 3 10 85 JC Jump on carry
1 1 o 1 o 0 1 0 3 10 8-5 JNC Jump on ne carry
1 1 0 0 1 0 1 0 3 10 8-5 JZ Jump on zero
1 i 0 0 0 0 1 0O 3 10 8-5 JNZ Jumnp on not zer
1 1 1 1 0 0 1 0 3 10 8-5 JP Jump on positive
1 1 1 1 1 0 1 0 3 10 8-5 JM Jump on minug
1 1 1 0 1 0 1 0 3 10 8-5 JPE Jump on parity even
1t 1 1 0 0 0 1 © 3 10 8-5 JFPO Jump on parity odd
T 10 0 1 1 0 1 3 17 11 CALL Call unconditionally
i 1 0 1 1 1 0 0 3 17-11 12-5 CcC Call on carry
i+ 0 1 0 1 0 0 3 17-11 12-5 . CNC Call on no carry
1 1 o 0 1 1 o 0 3 17-11 12-5 czZ Call on zero
1 1 0 0 0 1 ¢ 0 3 17-11 12-5 CNZ Call on not zero
1 1 1 1 0o 1 0 O 3 17-11 12-5 CP Call on positive
1 1 1 1 1 1 0 0 3 17-11 12-5 CM Call on minus
i1 1 0 1 1 0 0 3 17-11 12-5 CPE Call on perity aven
1 1 1 0o 0 1 0 ¢ 3 17-11 12-5 CPO Call on perity odd
1 1 o 0 1 0 0 1 1 10 8 RET Return unconditionally
1 i+ ¢ 1 1 0 ¢ 0 1 11-5 83 RC Raturn on carry
1 1 ¢ 1 0 0 0 0 1 11-5 93 RNC Return on no carry
1 1 0 0o 1 0 0 0 1 11-5 93 RZ Return on zero
i 1 ¢ 0 0 0 O 0O 1 115 9-3 RNZ Return on not zerg
11 1 1 0 0 0 O 1 1-5 83 RP Retum on positive
1 1 1 1 1 0 0 0 1 11-5 8-3 RAM Retun on minus
i1 1 0 1 0 0 0 1 11-5 9-3 RAPE Raturn on parity even
1 1 1 0 0 0 0 0 1 11-5 9:3 RPO Retum cn perity odd
1 1 1 0 1 0 0 1 1 5 3 PCHL Jump unconditionally,
indirgct via H & L
1T 1 v v v 1 1 1 1 1 9 RST Restart

*The number of clock cycles required to execute some instructions may vary, according to the conditions present et execution tima. For example,
a CMC (Complement Cerry} is implemanted in microcode, not in hardware. The cerry is uncenditionally reset while the previous status of this flag

is examinad. If it was already reset, a jump to the STC (Set Carry) routine is pertormed; otherwise, the next instruction is immedietely fetched.
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Tahle 1. Clock Cycle Requlrements for the AmS080A Emulation. {Cont.)

Op Code Clock Cycles
Nu;‘lber AmB080A Am9080A aasamblly Instruction Description
D; Dy Ds Dy Dy Dp D; Dy | OfEVes m Emulation | Mnemonie
ARITHMETIC
i1 0 0 0 0 s s s 1 4 3 ADDr Add ragister to Acc
1 0 0 0 1 s s s 1 4 4 ADCr Add with carry register to Acc
i1 o o 0 O 1 1 0 1 7 5 ADDm Add memory to Acc
i 0 0o 0 1 1 1 0 1 7 5 ADCm Add with carry memory to Acc
i 1 0 0 0 1 1 O 2 7 4 ADI Add to Acc, immediate
1t 1 0 0 1 1 1 0 2 7 5 ACI Add with cairy to Acc, immediate
o 0 0 0 1 0 0 1 1 10 4 paDB Double add BACtWHA&L
¢ o o 1 1 0 0 1 1 10 4 DAD D Double add DEEtoH&L
g o 1 0 1 0 0 1 1 10 4 DAD H Doubleadd H& LtoH& L
¢ 0 1 1 1 0 0 1 1 10 4. DAD SP Double add stack peinter to H & L
1 0 0 1 0 s s s 1 4 3 SUBr Subtract register from Acc
1 0 0 1 1 s s s 1 4 4 SBBr Subtract with borrow register
from Acc
1 0 0 1 0 0 1 7 5 SUBm Subtract mamory from Acc
1 ¢ 0o 1 1 1t 1 0O 1 7 5 SBBm - Subtract with berrow memory
’ from Acc
i+ 0o 1 0 1 1 @ 2 7 4 sUI Subtract from Acc, immediate
11 0o 1 1 1 1 0 2 7 6-5 SBI Subtract with borrow from
Acc, immadiate
¢ 0o 1 0o 0 1 1t 1 1 q 20-8 DAA Dacimal adjust Acc
STACK OPERATIONS
i+ 0o 0 0 1 0 1 1 " 6 PUSH B Push registers B & C on stack
i 1 0 1 0 1 0 A1 1 n 6 PUSH O Push registers O & E on stack
i 1 1 0 0 1 0 1 1 11 6 PUSH H Push registers H & L on stack
11 1 1 0 1 0 1 1 11 8 PUSH PSW Push Ace end flags on stack
1 1 0 0 0 0 0 1 1 10 8 POP B Pop registars B & C off stack
1 1 0 1 0 0 0 1 1 10 8 POPD Pop registers D & E off stack
i 1 1 0 0 0 0 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
LOGICAL
1 0 1 0 0 s s5 s 1 4 3 ANA 1 AND registar with Acc
i o1 0 0 1 1 O 1 7 5 ANA m AND memory with Acc
i 1+ 1 0 0 1 1 0 2 7 4 ANI AMND with Acc, immediate
1 0 t+ 0 1 s 8 s 1 4 3 XRAT Exclusive OR ragister with Acc
i 0 1+ 0 1 1 1 0Q 1 7 5 XAA m Exclusive OR memory with Acc
i1 1+ 0o 1 1 1 0 2 7 4 XAl Exclusive OR with Acc, immediate
+ 0 1 1 0 s s s 1 4 3 ORAT Inclusive OR ragister with Acc
i 0 1 1 0 1 1 0 1 7 5 ORA m Inclusive OR memory wilh Acc
11 1 1 0 1 1 0 2 7 5 ORI Inclusive OR with Acc, immediate
1 0 1 1 1 s s &8 1 4 3 CMPr Compare register with Act
1 0o 1 1 1+ 1 1 0O 1 7 5 CME m Compare memory with Acc
11 1 1 1+ 1 1 0 2 7 4 CPI Compare with Acc, immediete
o 01 0 1 1 1 i 1 4 3 CMA Complement Acc
¢ o0 0 0 0 1 1 1 1 4 5-4 ALC Rotate Acc lait
o 0 0 0 1 1 1 1 4 6-5 RRAC Rotate Acc right
¢ 0 0 1 0 1 1 1 1 4 5-4 RAL Rotate Acc left through carry
0 0 1 1 1 1 1 1 4 6-5 RAR Rotate Acc right through carry
INCREMENT/DECREMENT
0 0 d ¢ d t 0 0 1 5 3 INR ¢ Increment register
¢ 0 1 1 ¢ 1 0 0 1 10 6 INR m Increment memory
¢ 0o ¢ 0 0 0 1 1 1 5 4 INX B tncrement extended B & C
o 0 0 1 g 0 1 1 1 5 4 INX D Increment extended O & E
¢ 0 1 0 0 0 1 1 1 5 4 INX H Increment extended H & L
o 0 1 1 0 0 1 1 1 5 4 INX SP Increment stack pointer
¢ 0 d d d 1 0 1 1 5 3 DCR r Decrement register
o9 1 1 O 1 0 1 1 10 6 DCR m Decrement memory
¢ 0 0o 0o 1 0 1 1 1 5 4 DCX B Decrement extended B & C
oo 0o 1 1 0 t A 1 5 4 pex o Decrement extended D & E
o0 1 9 1 0 1 A1 1 5 4 DCX H Dacrement extended H & L
0o 0 1 1 1 0 1 1 1 5 -4 DCX 8P Decrement stack pointer
3
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Figure 1. Microprogram Control Unit.

AmBS080A Emulation Register Allocations.

Am2901A High Low
Register # Crder Pair Order Pair
0 B ¥
1 C B
2 D E
3 E D
4 H L
5 L H
6 not used A

7 A not used

8 not used not used

9 Slack Pointer Stack Pointer
i0 scratch pad scratch pad
1 scratch pad scratch pad
12 00000000 00111000
i3 00111000 00000000
14 naot useg not used
15 Program Counter Program Counter

The microprogram memary is organized as 56 bits wide and
352 words deep. Twelve of the fifty-six bits of the micropro-
gram word are used to supply the address of the next mi-
croinstruction if a jump is needed in the microcode. The eight
least significant bits of this fisld can also be applied (under
microprogram control) to the Data Bus, thus allowing the
Am2901A’s 1o obtain data from the microinstruction. Thres
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 aither the output of the Data Register
or, if a byle swap is to be performad, the eulput 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.

8/ ) i
< 7 DATA BUS BUS, - 6US;
7 ,*45
DATA REGISTER
)
N L
%— Y f
WSTAUCTION DATA MUX . DATA MUX
REGISTER PIPE-LINE
BTS 02 REGISTER
(SOURCE) “A" ADDRESS
INSTRUCTION A ADDRESS
Lais ER MUX PIPE-LINE
DTS 35 REGISTER
(DESTINATION) “B" ADDRESS
B ADDRESS
. MUX —]
— ADDRESS
4 1 LSB
‘] INVERSION
4 1)
4] LR
A D B * o &
2% Am20014 2% Am2S01A o] SHIFT
— HOP Lon Loalc
FLAG v
LOGIC
)=
3/ -
ADDAESS REGISTER | DATA REGISTER |
i6 P
< ADDRESS EUS Ag—Pas >
MPR-429

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 transier the address onto the Address Bus
or the data onto the Data Bus. In shifting operations, two mul-
tiplexars direct the data to the RAM and Q shift inputs of the
Am2901A’s, Shitting 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 F5 outputs from the Am2901A’s can be used directly. The
Parity Flag necessitates the addition of a parity generator (an
AmB82862), The AC Flag is the Cp44 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
AMZ080A is the complement of this. Therefare, if one of the
two subtract instructions of the Am2901A is executed, both
instructions must be decoded, while the C,4 output of the
Most Significant Am2901A Slice must be ¢complemented.

Furthermore, the flags in the Am3080A instructions are af-
fected in a different manner. This design of the AmS080A
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 aftected”) of the flags: one bit for CY
and one for all of the other flags. (Alsc see Advanced Micro
Devices' B080A/9080A MOS Microprocessor Handbook,
Chapter 3.)




Tabls 3. Am90B0A Flaga.

Types of Instructlons cY AC Z,8F
INR, DCR NA A A
DAD, CMC, STC, all Rotates A NA NA
ORA, ORI, XRA, XA| c C A
ANA, ANI o ND A

either A A A
Other i i {
er instructions o NA NA NA

G = Cleared (Reset)
A = Affscted

NA = Not Affected
ND = Not Defined

THE HARDWARE
Bus Interface and Interrupt Contro!

Figure 3 depicts in detail the sequencing portion of the
Am90B0A emuiation. The Data Bus, comprised of BUS,
through BUS,, is connected to the inputs of an Am25LS377
eight-bit Register (U1516). Data appearing on the Data Bus is
clocked into this register if its E input is LOW, which normally
happens during an instruction fetch cycle. The instruction thus
stored in this register is now available on the output of the
register during the entire execution time, both for the Mapping
PROM's (three Am29761: U11, U12, U13) and for the Regis-
ter Address Multiplexers (two Am25LS157: UB5, UB6 in Fig-
ure 4). The Mapping PROM's supply addresses to the D in-
puts of the three Am2909 sequencers (U21, U2z, U23),
whose R inputs are connected to_the microprogram memory
output (bits u42-.53). 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 micioprogram
address if & jump is anticipaled. 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 Cn+4. The ZERO inputs are normally pulled HIGH, but a
momentary push-button can force a LOW, thus steering the
microprogram to Location 0 for initialization. All of the OR in-
puts of the sequencers are tied together and to the output of
an AND gate (8/U73*). If the interrupt is enabled (IN-
TE=HIGH), and there is an interrupt request (INT=HIGH),
and the Dy 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 O, output of the Sequence
PROM 1o 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 outpuls. 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 alioca-
tion. Some of the microprogram memaory data are stored in
the Pipeline Registers, made up of seven Am25LS374 sight-

* This notatien is used in the text to indicate certain pin of the davice
being referenced. Hencs, in this cass, the fext is talking about pin B of
ura.

Table 4. Microcode Bit Allocation Summary.

multiplexers, while address bits 1, 2, and 3 come from the
Pipeline Register. Data bil O serves as an interiupt_internal
enable and data bits 1, 2, 3, and 4 control the FE, PUP, S,,
and Sy 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
Am25L5157 — US3, US4, US5, US6) 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
Am25L5157 (9/U64). PL17 is applied to the S input of this
multiplexer, which performs the following functions:

Bit No. N;'I'i:' Description
0-2 3 ALU Source (lg-lg of the AM2801A's)
3-5 3 ALU Function {13-15 of the Am2601A's}
6-8 3 ALV Destination (lg-Ig of the Am2901A's)
9-12 4 ALU “B" Address
13-16 4 ALU “A” Address
17 1 Single/Double Byte
18 1 Cp, for least significant Am2901A slice
18 1 Rotate and Swap Control (formatted)
20-21 2 Update/keep flags
22 1 "A" Address Switch
23-24 2 Am2801 A Quitput Steering Control
25-26 2 Date Bus Enable Control
27-32 6 HLDA, MEMW, MEMR, T/OW, [fOR, INTA
Am90BOA System Controt Qutputs
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 MNumerical Field
54 1 Numarical Field to Deta Bus Conirol
55 1 Instruction Register Clock Enable

bit Registers (U3132, U3241, U4142, Us1, UB182, u7172,
U5161). The microinsiructions are comprised of the outputs of
these devices, each output being designated "PL". Five of
these registers have their outputs constantly enabled. This al-
lows the microinstruction to be delivered to the various parts
of the circuit, Bit PL27 serves a dual purpose in this part of
the circuit. Besides controlling the output of U7172, it is also
inverted to serve as the HLDA output control line. This latter
function allows the fleating of all of the control oulputs, except
HLDA, when a Held is acknowledged.

The output of UB182 is connected to the Data Bus and is en-
abled by PL54 only when the 8 least significant bits of the
numerical field (bils x42 through 149 in the microinstruction)
are needed as data. PL55 is the Clock Enable for the Instruc-
tion Register (1/U15186). It also serves as the Clack 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 & of U7172, is generated by an AND
gate (6/U83), the mechanism of which will be explained later.

Two Am2922 Multiplexers (UB474, UB475 in Figure 3) are
used to select cne 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 mulli-
plexers, and bits 134, w35, and u36 select ane-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 Am2822 multiplexers,

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

Figure 4 depicts the inputs to the four Am2901A four-bit PLI7 1Y (Cn of HOP) 2Y (ROTATE) 3Y (SWAF)
slices. An Am25LS377 Eight-Bit Register (U12324) stores the LOW (single-byte PL18 PL1g Low
Data Bus information. It is clocked in on every microcycle, ex- operation)
cepl the one after the instruction fetch cycle. This is very use- HIGH (double-byte Cnt+q of LOP LOow PL19
ful for some instructions {e.g., Restart, where the instruction oparation) _
Table 5. Condition Code Truth Table.
Condition
Symbol PL37 C B A" Designatlon Description
TO 0 0 0 0 F4 AMS0B0A Zero flag
T1 4] 0 0 1 cY AmOO8B0A, Carry flag
T2 0 0 1 0 P AmBOB0A Parity flag
T3 0 0 i i s AmMI0B0A Sign flag
T4 0 1 b} 0 AC Am3080A Auxiliary Carry flag
75 0 1 0 1 - not used
T6 0 1 t 0 - not used
7 o 1 1 1 - not used
T0 1 0 0 0 INT AmMZO80A, INT request {contro! input)
T9 1 o] 0 1 READY Am9080A AEADY raquest (control input)
T10 1 1] 1 0 HOLD AMZ0A0A HOLD request {control input)
T 1 0 1 1 - not used
Ti2 1 1 0 0 F3 F5 of most significant Am2901A slice
T13 1 1 0 1 F=0 F=0 outpuls of all Am2901A's OR'ed together
Ti4 1 1 1 0 Cn+d Ch+4 from most significant Am2801A slice
Tis 1 1 1 1 1" Constant HIGH (“unconditional).
C, B, and A are the internat equivalents of PL36, PL35, and PL34, respactivaly.
Table 6. Sequence PROM Program.
Qy 04 0, 03 04
Ay Ay Ay Ay FE PUP S1 S0 | Mnemonic Am2909 Function (¥=1)
0o 0 0 0 0 1 X o o c Microprogram Counter
0o 0 0o i 4] 1 X o) 1 A Register
0 0 1 © 0 1 X 1 1 D “D" Inputs
o 0o 1 0 1 X 0 1 R Register
0o 1 0 0 o) 1 X o) 0 c Microprogram Countar
0 1 o 1 ] ] 1 o 1 SBR Register (and PUSH uPCounter)
o 1 1 0 o 1 X o} 1 A Register
o1 1 1 1] 1] 0 1 o] RTN STKO {and POP)
1 0 0 © 1 1 X 1 0 F STKO (without POP)
1 0 0 1 0 o} 1 i) 1 SBR Register (and PUSH uPCounter)
i 0 1 0 o] 0 0 0 o) POP pPCounter (and POP)
1 0 1 1 0 [} 0 [} 1 PR Register (and POP)
1 1 0 0 0 1 X o} 1 R Register
1 1 0 1 0 0 1 0 0 PUSH pPCounter (and PUSH uPCounter)
1 1 1 0 0 1 X 0 1 A Ragister
11 1 1 1 1 X 1 1] F STKO (without POP)
¥ = Don't Care  C = Continue R = Register D = Diract F = Fila
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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 afso control the carry input (C,) of the
HOP Am2801A 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 microcede (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 latier case, the Most Significant Bit is
always LOW. Thus, bit PL22 {"A" Switch} controls whether
the particular reqister is addressed by the microcode or the
macrocode. The same is true for the B register (or destination
rogister} 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 occuples only two bits in the destination
field. In that case, the LSB of the B address is set to LOW
(13/U63).

Two Am25L5257 Multiplexers (U76, U77) take care of the l/O
conneclions necessery to execute all Rotate instructions. Only
one of these two multiplexers is enabled at any time, accord-
ing to PL7, which is also |7 of the Am2901A instruction. When
shifting, l;=HIGH will cause an up-shift (rotate left in
AmS0B80A terminology) and |;=LOW a down-shift (rotate
right). The rotate control signal, generated by 7/U84, 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 wili 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 requirad.
The 3Y output of U77 feeds Qy of the HOP and the 4Y output
feeds Qg of the LOP. When ROTATE=LOW, the shifted-out
Qp bit of each pair will be shifted in, but when
ROTATE=HIGH, the shitted-out Qy 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 AmS080A 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 scftware 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 parallsl by
bits PLO through PL8 of the microprogram word. The Y out-
puts of the low order microprocesscr pair are routed to two

Am2920 registers, U9394 {the Data register from the LOP, re-
ferred to in the microcode as “DL"), whose oulputs are tied to
the Data Bus, and U9596 (the Address register from the LOP,
referred to as “AL"), whose outpuls 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 Am2820 registers, U10304 (the Data register from the
HOP, calted “DH" in the microcode) and U10506 (the Ad-
dress register from the HOP, called “AH"). They are also
connected to an Am82862 (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 acknowladged. The Data Bus
has three sources: US394, 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 1Y0 output of this
decoder is not connected, none of the register outpuls 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 registars by
controlling the Register Enable’s: the two data registers
(U9394, U10304) are controlied by the OCL 1 lins, the two
address registers (U9596, U10506) by the OCL 2 line, and
the INTE register (U111} by the OCL 3 line.

Status Bits

In order to shorten the execution time by interleaving several
different operations, it is necessary to delay the updating of
the address registers when the READY input is LOW. This is
required until the I/O or main memecry 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 QCL 2 line LOW,
thus allowing the address registers to latch their input. How-
ever, if at the same time READY is LOW there is an /O or
memory referance operation (PL28 or PL28 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 Am90B0A is
a single-bit, software-controlled flag. An Am2920 (U111) is
used to store its state. The flag is generated by using
soflware to manipulate the MSB's of the HOP Am2901A
slices, using the most significant F5 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 (8/U73, Fig. 3), as described
above.

The five Am30B0A flags are stored in two AM2918 registers;
U102 stores the CY Flag and U101 the others. The Y Qulputs
of these registers are connacted {o 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 inpuls of this multiplexer come from
an additional Am25L5157 (U115). Usually, U115 will pass
whatever data is appearing on the Q outputs of U101 to the B
inputs of US1. Bit PL20, when HIGH, will pass this data back
to U101, thus staring the previous contents of U101, This is
the case when the flags are not atfected. The 1A input of U91

{the Z flag) comes from the F=0 outputs of the Am2801A
slices, all of which are tied together and pulled up to Vec by a
1KQ resistor. The 2A input of U1 (the P flag) comes from the
AmB2S62 Parity Generator (U97). The 3A input of U91 {the S
flag) comes from the Fa output of U34. The 4A input of U91
{the AC flag) comes from the C, 44 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, I, and |5 instruction
bits of the Am2301A slices, respectively. The logic operations
are decoded from these bits to cause 1/U113 to go LOW.
This resels, using two AND gates, both the CY flag coming
from the Cpi4 output of U34 (which is applied to the 1C0
input of an Am25L5153 Multiplexer — U92) and the AC flag
(as mentioned before). The two subtract operations are also
decoded and they control the A control input of U82, 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 Am25L5157 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 |45 =

101) is used for thig 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 Iy 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 Am251.8374 register {(121) is used to latch both the in-
coming INT, READY, and HOLD control signals and the
Ch+4, F=0, and Fy micro-flags, and then to apply them lo the
condition code multiplexers.

Timing Conslderations

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 parls
{(Vee = 5V, Ty = 25°C). Two additional columns are
shown: maximum and typical values if “S” {ype pars 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).

Tabte 7. Speed Path Calculations.

Am25LS "s"
Designation Device Type Path Typ. Max. Typ. Max. Remarks
Control Path

usise1, th21 Am25L5374 CP—>Y 22 a7 1.5 17 Note 1
uez 741504 In— Out 10 15 not needed
ug475 Am2ge2 OE +Y 10 17 10 17
u14 Am20751 A+0O a2 50 a2 [ s0
u21 Am2009 59581 2 Cptd 50 50 50 50
uz22 Am2909 Cn—=* Cnis 18 16 18 18
Microprogram Memary Am20773 A-+D 35 50 35 50
Pipeline Register Am25L$374 Set-up 20 20 5 5

Total 197 257 161.5 207

Data Path

Pipsline Register Am25L8374 CP-»Y 22 ar 11.5 17
VI Am25LS157 S+Y 15 23 12 18 Note 2
[V]:74 74L504 In =+ Out 10 15 3 5
ue3 Am25L8153 C—>Y 10 18 not needed
u43 AM2B01A AB>Chiy 75 75 75 75
U4d4 Am2e01A Cn—~Cnta 20 20 20 20
us4 Am25LS157 A=Y ] 12 4.5 65
33 Am2601A Cn—+Cnis 20 20 20 20
u34 Am2601A Cn—+F=0 50 50 50 50
[81:4] Am25L5157 A+Y B8 12 45 6.5
uio1 Am2018 Sel-up 5 5 5 5

Total 242 285 205.5 223

Notes: 1. This path was calculated using an Am748175 to drive the OF's of UB474 and UB475 from its Q and Q outpuls simultanaously.
2. This path was calculated using an Am745151 te multiplex the LSB of the A, B addresses.




THE MICROCODE

The 56-bit wide microprogram was wiitten and processed
using AMDASM™/TS. AMDASM™ is very versatile 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 Phass, alt mi-
croprogram bits must be explicitly accounted for.

Consequently, a scheme that is midway between the two ex-
tremes was adopled. 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 nof 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 seli-
explanatory. Note that for the Control Bus bits, an ali-
definitions policy was adopted, thus assuring that no mutually
exclusive bits can be active. At the end of the file there are
some “wide-field” definitions. These join together, with vari-
ables, some commonly-used definitions, allowing shorter as-
sembly statements.

A print-out of the assembly statements and the object code in
an interleaved format is given in Appendix Il. One can follow
the varfous 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. It
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 004,
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 Q05: This is the Instruction Fetch. Two
steps are necessary. One is fo latch the incoming instruction
into the Instruction Register U12324 (Figure 4). This supplies
the address for the Mapping PROM. The other step is to
apply the data in the Mapping PROM to the address lines of
the microprogram memory and latch this data in the Pipeline
Register.

Locatione 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 {o dem-
onstrate microcode subroutining,
* The thres computer print-ouls that are in Appendicas | threugh |l are aiso
available via limeshasing from Computer Sclences Corporation. At the be-

ginning of each Appendix is given Ihe file name for that respective print-
out.
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In every memory or /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 weit,
keeping the Address Bus stable, until the READY line goes
HIGH. This is easy to implement. For example, at Localion
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-fisld”" definifions
cause the microcode to subroutine to MMRSB (Location 00D}
or MMWSB (Location 0OE). Here, the updated internal PC is
repeatediy fetched from its registers until READY goss 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-
reinstruction is a memory read or write, there will be no sub-
routine cail for READY=LOW. Instead, a jump will be per-
formed to MMRF (Location 010) or MMWF (Location 0OF),
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 (Localions 012 and 013).

The HOLD line is checked in every microinstruction where a
DMA cannot disturb the normal opseration 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-
{rol lines, with the exception of the HLDA contro! 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 naces-
sary to execute all of the Am90BOA 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 torm capability of AMDASM™. After the microprogram
was assembled, the entry addresses for the macroinstructions
were exiracted 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
AmS080A instruction code values was easily generated. First
of all, a simple definition file was written (Figure 6). It stated
only that the Mapping PROM word width was twelve, equal to
the maximum address width of the Microprogram Memory.
Then, an AM9080A instruction list, in which the instructions
were listed in the ascending order of the values of their op-
code (starting with NOP and ending with RST 7) was used to
create an Assembly File, using free-format statements. For
each stalement, the corresponding microprogram entry ad-
dress was entered. Wherever an undefined Am9080A instruc-
tion was encountered, a8 DON'T CARE (12X) word was writ-
tgn.**

**Appendix Il contains a print-out of the Mapping PROM assembly state-
ments. However, the “hales™ in the instruction set can still be of service
in that the user may here insert his cwn instruslions, e.g., to effect the
micraprogramming of multiplication and division.

WORL 12
END

.TITLE SO0S0EMULATOR MAPPING PROM DEFINITIONS

Figure 6. Mapping PROM Definltion File.

Since all register reference instructions use the same micro-
code, the AMDASM™ DUF statement was used to shorten
the file. After the assembly is run, the output (Appendix i}
lists the Am90BOA 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 pianicular design used in this application note is by no
means a unique method to emulate the AmS0BOA/AmB228
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 aiter the
number of devices used and to reduce the number of cycles
necessary to execute the instructions. Afso, additional perfor-
mance improvemnent can be achieved by adding architectural
enhancements, such as overlap fetch of the next machine in-
struction.

PARTS LIST
Devico Description Gty.
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 B PROM with Three-State Outpuis A1
Am29761 256 x 4 PROM with Three-State Outputs 3
Am29773 512 x B PROM with Three-State Outputs 7
Am25L5139 Dual One-of-Four Decoder/Demultiplexer 1
Am25L5153 Dual Four-Input Multiplexer 2
Am25L3157 Quad Two-Input Mulliplexer, Non-Inverting 10
Am25L8257 Quad Two-Input Multiplexer with Three-State Qutputs, Non-Inverting 2
Am25LS374 Qctal D-Register with Three-State Outputs 8
Am25L8377 Octal D-Register with Common Enable 2
AmB2562 Schottky Mine-Input Parity Checker/Generator 1
74508 Quad Two-Input AND Gate 2
74L502 Quad Two-Input NOR Gate 1
740504 Hex Inverter 2
74LS21 Dual Four-Input AND Gate 1
Total 59
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APPENDIX III

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

oooo
oooil

anogz
aoos
noog
aoos
onns
ooy
onos
anos
a0oA
nooQe
oo
naon
A00E
QaoF
oo1o
oo11

oo1z
o013
o014
no1s
nnile
nalv
nn1s
oo19
aniA
aalke
ao1c
o010
nMa1E
aa1F
ango
nnsl
noze
aazs
aoz4
aoas
002e
oozv
nozs
noss
n02A
Qou2E
anzc
nozh
NaZE
n0zF
ooz0
0oz1
noze
noz3
onz4
0n3s
onze
er
Lozs
nozs
003A[
anzE
onzC
002D
N0zZE

MICROWORD IN HEX
02&
nzez
OnF
n&lh
OAE
OAA
01E
05A
ano
071
apc
M&F
ORE
OAA
()
pa) 1]
aoo
OES
onF
oF1

01B

A-29

NOF:

L¥XIR:
ZTRXE
INxE:
INREB:
DCRE:
MVIE:
RLC:

DADER:
LDAXE
DCxEB:
INRC:
ICRC:
MYIC:
RRC:

LAIDs
ETHAD
IMxD:
IMRD:
ICRD:
MY 10
FAL ¥

DARODS
LDARRD
DCxD:
IMRE:
DCRE:
MYIE:
RAR:

L®IH:
FHLD:
IMXH:
IMRH:
DCRHS
MY TH:
DAA:

DADH:
LLHLD*
DCHH:
IMRL:
ICRL:
MWIL s
CMA:

LXIZP
ETA:

IMHEP
IMRM:
DCRM:
My IMe
=TC:

DADEF:

I.DRA:

DCHEP
IMRA:
DCRA:
MY IR:

S0URCE COLE
036
w022
#0IF
#0R0
#0AE
#DAA
H&01R
#05H
12%
Hi#071
«0DC
#0RF
#0RE
#0AR
S01E
#0350
12X
#0ES
#0DF
#0F 1
#0RE
s 0AA
H:01E
#03F
12X
Ha#: 073
H#: 15/
Hi0F&
H#NAR
1 OFA
+01E
#0510
125
#0E9D
#003
#+0F3
#0RE
H#0AA
«l1E
i1 3F
12%
#0774
#0CS
#0FR
H# OAER
Hit0AR
#01R
#0CAH
12X
#0ED
#02D
#0FS
#OAS
#0RZ
#01E
Ha02C
12%
H# 075
#0025
H:#=0FA
Hit OARE
Hi:0ARA
H#N1E

FC
0azF
a040
0041
no4z
0043
nog44
nn4s
ande
ond 7
o4z
nag4s
no4R
004E
004c
004D
NI4E
004F
00=0
o051
nasz
ansz
oS4
0033
00sa
nnsy?
anse
ans9
00sA
005E
oosc
003D
NasSE
00sF
oa 0
00&1
agez
00&e3
0054
oN&s
n0&s
no&ev
anes
18"
0N&Er
A0SR
N0ALC
00&D
NUEE
NQ&aF
aozEn
a0yl
an/z
sz
any4
ouvs
nova
novevy
aors
aova
0a?A
007Ee
OO7Fes

MICROWORD IN HEX
02D
014
014
014
o014
a14
014
olg
014
14
014
014
014
014
014
nis
014
014
o014
n14
014
014
014
o1s
014
014
014
014
014
014
ui4

A-30

[y |

MOVE.R:
MOVE.K:
MOVE.E:
MOVE.R:
MOVEB.R?
MOVE.R:
MOVE.M:
MOVE.A2
MOVC,R:
MOVC.R®
MOYC.R:
MOVC.R:
MOVC.R:
MOVC.R:
MOYC. M2
MOVX.R:
MOVH.R:
MOYH.R:
MOYR.R:
MOV, R:
MOVX.R:
MOVH.R2
MOVD. M:
MOYY .2
MOVY.R:
MOVY.R:
Movy.R:
MOVY.R:
MOYY . R
MOYY.R2
MOVE.M:
MOVZ.R:
MOV Z.R:
MOVZ.R:
MOVYZ.R:
MOYZ.R:
MOYE Rt
MOVZ.R:
MOVH. M2
MOV, k2
MmOV, R:
MOYL . R:
MOYL . R 2
MOYW . R:
MOV, R &
MOYW, R:
MOVL. Me
MOVL.H:
MOvVM. Rz
MOVM. R:
MOVYM. K2
MOYM. R
MOYM, R
MOYM. R
HET:

MOVM.A®
MOVA.R:
MOvVA.R:
MOVH.R:
MOVYA.R:
MOVA.R:

*0URCE CODE
09D
#014
H#014
H#014
#0014
H#:014
014
#0118
#014
#0014
#0014
#0144
=014
H#014
H#:014
Hi:013
H#014
=014
=014
#0149
#014
anlg
H#014
H#1g
H#014
#0014
014
=014
014
H#014
H:#014
H:01s
#0144
#0014
#0014
#0014
a014
#0114
014
H#01g
H#014
#014
014
014
#0014
#014
#0114
w013
H#014
H#013
$015
H#013
#0135
#0135
#0135
#0382
H#015
#0014
#0114
=014
2014
=014



P
oo7Dn
00¥E
e
oosa
nozl
nnzz
an0s3s
nn0s4
noss
nossa
Qoav
nnas
ooz
a0zA
008k
gosc
0020
nosE
0a2F
0020
oozt
oose
oAz
nnag
nn9s
QO2e
0%y
ooz
onss
003aR
003k
nuac
aasl
a0se
003F
aaARD
oAt
noRz
aamR3
00R4
OOARS
00R&
o0OAv7
O0As
qaA9
aaAA
00RE
aoAC
G0Rb
NORE
auAF
00BN
noEt
O0RZ
O0R:
noe4
N0ES
O0B&
Q0BT
UOEs
AoRs
OakA

MICROWORD IN HEX
014
nis
D14
034
034
034
34
nz4
034
035
024
0zR
C2A
0zA
0zA
02A
03R
]
02R
0AC
ORC
OAC
ORC
ORC
oRc
oRD
nRC
nEe
Nz
oBZ
ngz
ng2
ne2
OE4
0k
09F
09F
a9F
0oF
0eF
asF
QE3
nsF
0Rn0
oAN
oAQ
OAR0
A0
0RO
oRC
aRa
OA1
0R1
0A1
0A1
0A1
OR1
OBF
0AR1
0ve
0re
OFe

A-3

MOVA. RS
MOYA.M:
MOYA.A:
ADDR S
ADDR:
ADDR:
RDDR:
RADIIR:
ADLR:
ADIM:
RDDA:
RDCR:
RDCR:
RDCR:
RDCR:
ADCR:
RIOCR:
ADCHM:
RINCA:
ZURR:
ZUIBR?
ZUBR:
SURR:
SUEBR:
SUBR:
SUEM:
ZLIERA:
SEEBR:
SRER:
SEBER:
ZRER:
SRER!
=RBER:
SBEM:
ZRBER:
ANAR:
ANAR:
AMAR :
AMNAR:
HHAR:
HHAR:
AMAM:
ANAAR:
¥RAR:
XRAR:
“RAR:
“RAR:
“RAR:
*RAR:
“RAM:
“RAA:
OrRAR:
ORAR:
ORAFR:
OrRAR:
OrRAR:
ORAR:
OrRAM:
FRAA:
CMPR:
CMPR:
CMFR:

S0URCE COLE

H#:014
H=01g
H=014
Hi# 034
034
034
H#034
H#034
H#: 034
#0035
#0234
#03A
#0037
#03R
H#= D3R
H#03A
¢03A
H# 0320
H::03AR
st OAC
H#0AC
H#0ARC
H#0RC
H# DAL
Hi:0AC
H3i:ORD
#0AC
H#0EZ
H#0DR2
#0RZ
#0BS
H#:0B2
#+0E2
Hs0E4
H#:OBZ
H:: 039F
H: 09F
#09F
#09F
H#=03F
H# 03F
H# 0B
H4#03F
H:: 0RO
H#0A0
H#0AR0
H=0A0
H#0RN
H#0A0
H#+QRC
H:: 0RO
«0A1
#0A1
Hi:0R1
#0A1
H#0R1
H=0R1
H#= 0BF
H#0R1
H# 076
H#07 A
#0076

PC
O0BER
O0EC
QOEBD
O0RE
00BF
DocC0
nnci
aQce
noc3
nnc4
nocs
noca
Locy
0ocs
nacs
O0CAH
aocCEe
oocc
noco
00CE
QAacF
nano
anhnt
aonng
aopnz
onn4g
anns
00ne
ooD?
nans
oans
00nA
aoDe
aooC
nopn
QaIE
aQnF
O0EQ
noe1
NQE2
LOES
O0E4
O0ES
A0EE
QaQeE?
nogs
a0ES
O0ER
00ER
GOEC
NOED
00EE
O0EF
00FQ
anF1
narFz
aaFz
0aF4
aaFs
00F&
aOaFy
0oFg

MICROWORD IH HEX
076
0ve
0ve
oFs
0vé
1om
g
1a7
n4z
10R
&4
rici=]
055
114
aso
10E
oan
111
047
03F
(55
11E
UFB
115
(25) 3

A-32

CHMPR:
CHMPR:
CMPR:
CMPM:
CMFPRA:
RHZ:
FPOFPEB:
M2
Iy
CHZ:
PLSHE:
ADI:
RETO:
RZ:
RET:
Jz:

C2e
cALL:®
RACI:
RET1:
RN
POPLi:
AMCE
ouT, :
CHC:
PUSHD:
ST
RETE:
RC:

JCE
IN.:
CC:

sRIs
RETZ:
rRPO:
POPH:
JrP0O:
MTHL:
CcPO:
PlUSHH:
AMI :
RET4:
RPE:
PCHL:
JPE:
XCHG:
CPE:

XRI:
RETS:
RFP:
POPFEL:
JF:

DI:

CPs
PLISHFPSW
OrRI:
RETE:
RMz

FF

S0URCE CODE
H#07 A
H#076
H#07&

#0072
H: 075
H«10D
Hua07C
Hi1 07
H:042
Ha: 1 0/
Hi:0E4
H:: 032

#0535
Hit114

#050
H:10E
12%
H#111
Hi:047
H# 02F
H# 055
H#1 1B
H#0F B
Hi:115
H:#02B
H#11&

#0164
Ha:0EBD
Hs: 039
Hs:#122
12x

#11C
H& 037
Hi#1 1F

S 12

#0DE7F
Hi: 055
#1229
Hs#=101
Hx123
Ha 022
H:t 26
H#= 0584
H#0C2
#0355
#4130
Hi#03I B
Hi#12A
Hs 159
H#12h
12%
#0Cc4
Hi: 055
#137
#1350
H131
H#090
134
Hs: &g
H:0CE
#0335
i1 3E



FC
ooFo
0aFA
O0FE
OoFcC
0oFD
O0FE
00FF

MICROWAORD IN HEX
091
122
ngrF
13k
aoo
ory
055

A-33

SPHL:
AM:
EIl:z

CPI:
RET?:
END

FF
FF
FF
FF
FF
FF
FF

SOURCE cDIE
091
w138
H#08F
#13E
12X

¢+O7Y
#0555




TITLE 3080 EMULATOR DEFINITIONE <REY C» 10-2Z0-7éD
WORD 56

r

$ALU RELATED FIELDS::

'

ALU: DEF SINGLE-DOUBLEs R ADDRs B RDDR, DEST

i

AL DEF 38¥» 1¥B40s 4VH#As 4VH#A, 3Vl BX

i DEFALLTS ARE:
% 1SINGLEs REGSs REGS,NOLORD

4 H

‘ {VARIAELES TO FE USED IN THE REOVE FIELDS:

1

iFIRET VARIAELET®

IOUBLE:®: ERL B2l
1
APPENDIX | : i SECOND AND THIRD VARIABLES:
. o . . A EQU H#7
Microcode Definition File : o ol had
CSC File Name: AMDEF ' I EQU He2
E: ERU H#3
H: EGL H=4
L: ERQU H#5
sP: EQU H:a
Pr: EQU H#=F

i
iFOURTH VARIABLE:
FTOG: EGILI 20
" HOLORD? EG &l
FTOR.H: EQU (g
FTOBR.F: EQL £
IROT.FR:  EQU Q4
IROT.F: EQU QE5
UROT.FR: ERU Qs
UROT.F: EGL (7

1
PALU FUNCTION FIELD DEFINITIONS
PLLUSE: DEF 50X, &30y 32X
SUNIM:  DEF S0Ky Gls 323X
MIMUE: DEF 50X» (2 3K

Or: DEF S0¥s 43 3X
HNI): DEF Sxs Qitdy 323X
NAMD: DEF Sy R4S, 33X
mOR: DEF SOXs R#éEs IR

NxOR: BEF S0y B37s 33X
H

PALLY SOURCE FIELD DEFIMITIOMS:

S1FH DEF S3X» B30
RE*® DEF 53X, [l
b R TEF 52Xy Q2
oy - H OEF 53¥s Q43
ZA: DEF S53Xs KLs:d
DA: TIEF S3Xs 5
nes DEF S53Xs LA
| (] LIEF S3xs L7

SALU RELATED COWTROL FIELDS
;
SALUC DEF AR RADDRESSs FLARS UPDATE~KEEP» ZWAF(ROT)>s CH

au '

A-2




RLUC: DEF 24X, 2VE#11s 1YBu0s 1VBu1, 18X

SDEFAULTS RRE: KEEP»KEEF:NOZWAFsHIGH

L]

SYARIABLEE TD BE USED

UPDTCY: EAU B0l

LUPDTFL: EGU B#1A

UFPDTALL: EGU B0

SWAF ¢ EU Bl

CHL: EQU E«#0

L]

*N O T E: WHEN SINGLE IS DEFINED IN ALU“S FIRST VARIABLE
’ “EWAPY WILL CAUSE ROTATION WITH CY SHIFTED IN3
AND HOZEWAP WILL CRUSE WRAP-ARDOUND ROTATION?

[ TRETeY

A AND B ADDRESS SWITCH:
BASW: IEF Z2Xs 1¥E#0s 10Xy 1V¥E#0s 22X
H ERU Bl

10 CUNTROLS:

-

10C: DEF DATA IN LATCH: DATA-BUSs 2901 DUTPUT LATCH
[

DEF 1VB#1, 28X, 2VB#O00s 2VB20O0 23X

ARTAELE FO THE FIRST FIELD+
' EQU B0

W E i ER CAE pf EE M de

ARIAELES FOR THE SECOND FIELD:
: ERU B0l

il H EQU B#10

FLAGS: EQU B:x11

?

SYARIABLES FOR THE THIRD FIELD:
TO. Lz EGU B0l

TO.A: EQU B#10

TO. INTE: EQL B#11

=

s
FCONTROL-BUS FIELD DEFINITIONS

*

NOC: DEF 23Xs Bat111110s 27X
MEMII = DEF &3x» B#111100, 27X
MEMR : DEF 23Xs B#111010, 27X
I0uws: OEF 22Xs B#110110r 27X
I0OR: DEF 23X, B#1011106s 27X
INTRH: DEF 23¥» B#011110+ EFX
HLDA: DEF &3¥s B#111111s 27X

s

$TEST STELECT» POLARITY AND HEXT INSTRUCTION FIELDS:
3

sIF DEF MEXT IN:STR.s POL. TEST

IF: DEF 14Xs 3VE#0s 1¥B#1ls 4YHEF, 34%

L
FNEXT INSTRUCTIDM VARIAELES:
5

¥ CFALSE. TRUEY

C.R: EQU @0
I.R: EQU Gl
C.SBR: EQU B2
R.RTH: EGU @43
F.%BR: EQL @4
FOF.PR: EQU @5

A3

R, PLUZH: EG) Qa6
R.F: EQ Q7

]

FC=CONTINUES R=REGISTER: D=DIRECT CMAF>;
FSBR=SUBROUTINE REGISTERS RTN=RETURN FROM SUBROUTINES
iF=FILE REFEREMNCES PUSH=FLUZH AND CONTINUE

FPOF=FOF AND CONTINUES PR=POP AND BRANCH REGISTER

s

INY: EGi) BD
L

STEST MARIABLES:

2 ELIU H#A
cy: EG Hix)
P EQU Hiug
o . EGH) H:3
AC: EQU H:d
INT: ERU Hag
RERLY: EQL H#9
HOLD: EQU H#=H
F2z EQU H3#C
FOe EGL Ha:D
CM.9: EQLl H

L

§THE MNIJMERICAL FIELL IS 1te BIT WIDE. THE 8 LS BITS CAMN BE
fUSED FOR DIRECT DATA BY LETTING THE FIRST VARIABLE TO "DEUE-

$# NUM DEF DB: NUMBER IN HEXH.

HUMe DEF 1Xs 1VEB#1» 12VXH&000r 42X

H

iVYARIAEBLE TO EE USELD:

DBUS: EQU B0

H

sWIDE FIELD DEFINITIONS:

MM DEF 1X» E#1ls 1Z2D%u13%, QuZs Buls H#3 1X» @472y Z7FX
MMz DEF 1Xs B#ls 12D0314%y Q52 By H3#9s 11Xy Q74 27X
HLIiz DEF 1Xs ERils 12D410%y Q32 BRls HEAs 1Xs- D#76s 27X
INCPC: DEF EB#ly 21Xs ER#0x &Xs BH&O01Q011011s H4FFs Q3304
FMME = DEF Butlls 12V%s H#0976s H&0CS5S51s 6X

FrMl 2 DEF EB#l1ls 12V%y H#0979s H#OCSS1» &X

MALU:  LEF 22Xs E#0s 10 E:0s HiDs Bi0a HEAAs Q31 BX
ENL .
END

oy

A4




APPENDIX II

Microcode Source Code and Object Code Output
In Interleaved Format CSC File Name: AM80O

Note: A listing of the Source Code (Assembly File} only may be obtained using CSC File
Name AMASSY.

EMULARTOR RIZEMBLY C(MARRCH 1977>
07~ 0677

P

aooo
aooo
oooo
onnl
oanl
aoog
oonz
oonz
oons
aoog
o004

gons
aons

onon

aoan
onoon
aaon

000K
o00R

a0oEk
g

aanc
aonc

000D
ao0D
DODE
M
000E
Qa0F
0H0DF

aoin

Z0URCE RND-OR OBJECT CODE. ® = DON“T CRRE
SINITIRLIZARTIONS

REZET: ALL DOUELEs PC»PCFTOE.F & AND & ZA & ALUC & BASW &
T0OCs s TO, INTE & IFs INVs & MHUM DBUE»H#32SZ % NOC
10000000111 00000 001111011111 0001 1011011111111110 11100100

FALUs s HeD.FTOE.F & OR % DZ & ALUC % BRSW & I10C %
~MOC % IFsINY 2 HUM
1100000000000000 001111011111 0000 0011010101011010 11011111

ALUs s HEC>FTOE.F & AMD & ZA % ALUC % BASW % IOC &
<NOC & IFsINY & MUM
1100000000000000 0011110111110000 0011010101011 600 11100100
ALUs s »FTOE.F & AND & ZR & ALUC & BARIW & I0OC.»TO.A %
<NOC & IF R.PUZH & NUM
1100000000000011 0111110111110001 0011010101010100 11100160
FETCH: ALL DOUELEsPC>PC,FTOB.F & OR % ZA & RALUC & BAIW &
SI0C INs»TO.A & MEMR % IF »IMVsRERDY & MNUMs 3
0100000000010040 AR10010111010001 0011011111111110 11011100

INCPC & IF D.R» sHOLD &% MUMs»HLDD % NOC
110000000011 0000 1110100111110001 4011011111111110 11000100

¥
FHOLD RND MEMORY REFERENCE SUBROUTIMEE RND HANDLERS:
OrG 110

HLDER: MALL % IOC & HLDA & IF R.RTHs INYs HOLD % MUMs ¥
1100000000101001 1610100111111000 0011010101010100 01XAXKKAR

HLIF: NALL & I0OC % HLDAR % IF R.Fs INVSHOLD 2 HUM» ¥
1100000000101111 10101001111114000 0011010101010100 01XAARER

HLDD: MALL & IOC % HLDAR % IF D.RsyHOLD & MHUM: ¥
1100000000110000 1110100111111000 0011010101010100 01XHAKAR

MMREES ALU DOUBLEsPC:PC,FTOE.F & OR &% ZR % IOCssTO.R &

SALUC % MEMR & IF R.RTMx sREADY & MHUM » § 2 ERIW
110go000006110101 1110014011101 0001 0011011111111116 11011100
MHMLWEE: ALL DOUELEPCsPC.FTOE.F % ORF & ZA & RALUC &

#I0Cs DHs TO.R & NUM » % % IF R.RTH::READY & ERZW & ME
1100000000111001 1110010111100101 0011011111311110 11011100
MMbIF = RLU DOUBLEsPC:PC:FTOE.F % DR % ZA % ALUC & EASW &

SMEMW % IF R,.FssREADY & IODCs DH>TO.A 2 NUM. %

1100060000111111 1110G610111100101 0011011111111110 110112400

MMRF 2 ALU DOUELEsPCsPCsFTOR.F & OR &% ZA & ALUC 2 BARZW & MEMR %

A6




FC

oota
no11
o0tt
no1z
noie
0013
an1z
onoon
ooon
oo0no
a4
nolg

o015

o01s

nolé
ools

a1z
no1z
0a1g

note
nops
o013
on1A
ao1A

OL1E
J01E

onic
oo1c

oo1D
0o1m

QGate

ZOURCE AND~-ODR OBJECT CODE. X = DON‘T CARE
<I0Cs»TO.A & IF R.F »sREADY & HUM » §
1100000001000011 1110010111010001 0011011111114410 t101tta00

MMRSF: ALU DOUELEsSPsSPsFTOB.F & DR & ZA & IOCs»TO.A % BASH &
<ALUC % MEMR & IF R.RTM»sREADY % HUMs %
1100000004000101 1110010411010001 0011011100010000 11011100

MMWSPH: ALY DOUBLEsSP»ZPYFTOB.F & OR 2 2ZA & ALUC & BASW &
<I0CsDHy TO.A & MEMW % IF R.RTM»s READY 2% NUM, %
1100000001001 001 1110010111100101 0011011100010000 11011100

MMWSFL: ALL DOUBLE»SPsSPsFTOB.F & OR % 2R % ALUC % BASW &
<I0C+DL>TO.A & MEMW & IF R.RTH»:READY & NUMs &
1100000001008101 11100101111460011 0011014106010000 11011100
H
iMACROCODES:
;
MOVRR: ALUss s FTOB.F & ALUC & BASW SWsSW & DR & ZA & IOC %
<IF R.F»s INVsHOLD % MUMs HLLF % NOC
1100000000101121 101010411111 0000 0121010101G10100 11011100

MOVMR S ALY DOUBLE » H & ALUC & OR % ZA % BRSW & IOCs»TO.A & HLD

1100000000101001 011010021111 0001 O011011010010100 01011100

~ ALU & OR % ZA & BASW,» SW % ALUC % IOC,»TO.D & HLD
1100000000101001 0110100111110600 111101G6G1601010100 01011100

ALU LOUBLE.PCsPCsFTOE.F % ALUC & OR & ZA % EBASH %
<MEMW & -IF R.F»sREADY & MUM. % & IDOC» LHs» TO.R
1100000001011111 1110010111100101 0011011118221 11 0 11011100

MOVRM: ALY DOUELEs H & ALUC & OF % 278 & BASW & IOC,sTD.A & HLD

1100000000101001 011010011111 A001 0011011010010100 01011100

ALU DOUBLEsPCsPCsFTOE.F % OR % ZA & ALUC & BASW & MMR &
<I0Cs s TO.A
1100000000120101 0020010111 010001 0011011111111110 11011100

ALU, »»FTOE.F % OR & D2 % BAXW 3W & ALUC % IOC &
<NOC & IF R.F» INY»s HOLD & MNUMs HLDF
1100000060101111 1010401111110000 00110101010101040 11611111

MYIR: INCPC & MMR
1100000000110101 06100101110106010 00110111144¢81810 11000160

ALJ»»»FTOB.F & OR % DZ &% ALUC &% RASW 3W % I0OC
< % MNOC % IF R.Fs INYs HOLD 2 HUM» HLDF
1100000000301111 1010101111110000 0011010001010100 11011111

NALU
Hnrmm RN KRR KRR ONRENKEKRE K011010101010100 01 XXk

MVIM: HALU % MME % I0OC

A-7

PC S0DURCE AND-DR DBRJECT CODE. X o=
00tE tto00000001t0101 001001G1110000040

001F ALY:» > FTOR.F 2% BAZW &% OR
001F 1100000000101001 011010011112 0400G0

onzon RLU LOUBLEsH & OR % ZA %
onzo 11000000001 01001 011010041111 0001

DON-T CRRE
001101010101 0100 OlXxxRKA

&% DZ2 & ALUC & IOC ».70.D & HLD
101101010801 0100 11011111

ALUC & BA%W & IOC»»TO.A % HLD
natiatioio0in1 a0 010111040

oozt ALY DOUBLE,PC+PCsFTOE.F & PLUS & ZA & ALUC & BRZW &
~MEMW 2 IF R.FssREADY % MNUM. MMWF % I0C,DH»TO.R

. 00z1 fi0o0000o00o0fit11t 1110010111100104

oozz LxIB: INCPC % MMR

po22 1100000000110101 Q01001011101 0001.

0023 ALUs » CxFTOR.F & OR & D2
o023 110000000a6101001 01101400111110000

nnz4 INCPC & MMR
o024 1i100000000110101 G0160014011101400G01

o0f1o0i11t1111110 11000100
oor1011tit11t110 11000100
& ALUC % BAsSW & HLD & I0OC
aoltotoiolanoato 11011111

ooi11011111111110 11000104

aozs ALLss BsFTOB.Fs» & OR &% DZ2 & ALUC & BAEW & NOC &
<IF R.FsINYsHOLL 2 MUMsHLDF & IOC

0025 t1o00000000101111 1010100111110000

0o2&  LDA: INCPC & MMR
0o2e 1100000000110101 00140010111010001

aaey ALU I'OUELEss3FTOR.F & OR
0027 t100000006101001 011010011111 0000

onzs INCRC % MMR
0025 110000000011 01010 001001011100 0001

anaa ARLUs » s FTOE.F 2 OR % DZ &
0029 1100000000101001 01101001111104000

nozne ALL DOUELEss & OR & 2A %
o02A 1t00000000101061 0110100111110001

a0nzE ALU DOUEBLE~PC,PCsFTOR.F
<IOCssTOLA & MMR
002k 11460000000110101 0G10010111010001

goiioioioranoonn 11011111

o0110111111111180 11000100
& D2 & ALUC % BASW & HLD & IOC
ocaiio0ii1ioioloton 11011111
oo1t011111111110 11000100

ALUC % BASW % HLD % I0C
ooiiai1o010i010100 11011111

ALLUC & BAZW & IOCys»TO.A % HLD
00110111010101680 01011100

2 0OR % 2A & ALUC % BA:W %
o011011t11141110 11011100

onz2c ALUsA+A.FTOER.F & OF & LIZ & ALLUC & BASK & IOC %
<NHOCZ & IF R.FeINYsHOLD & HLMs HLIDF

apz2c 11o0000000010t111 1010100211110000

oo2p  =TH: INCPC & MMR
oozD 1100000000110t 01 0010010111 0200G01

ao1to010011101110 1146011111

0011011111111110 11000100

002E ALY DOUEBLEss»«FTOB.F & OR 2 DZ 2 ALUC & BAZW & IOC & HLD
O02E 1:100000000101001 011010011111 00400 003101110101 0140 11011111
002F IMCPC & MMR
Q02F 110000000011 0101 001001011101 0001 O0116011111111110 11000100
0030 ALUs » s FTOB.F & OF & D2 % ALUC 2 BASW % IOC & HLLD
0030 1100000000161 001 Q11010011111 0000 001t010101 010100 11011111
o031 ALU DOUBLE,»+«FTOE.F & OF & ZA % ALUC % BATW & IOCs»TO.A %
~HLD
A-B



TE
PC Z0URCE AND-OR OFJECT CODE. ¥ = DOM°T CARE PC SOURCE AND-OR OBJECT CODE. ¥ = DON-T CARE
0031 1100000000101001 0§101G0111110001 0011011104010t 00 11011100
003z ALU:A>R:FTOB.F % ORF % ZR &% ALUC % BASW & I0OC»»TO.D & HLD 0041 ALUsFsAsFTOE.F &% FLUS & DA % ALUC UPTTALL % EBASW %
<10C % NOC % IF R.F» INWsHOLD % MUM»HLDF
041 1100000000101111 1010100111110000 0000010011101110 11000101
onE2 1100000000101001 0110100111110000 1011010011101110 11011100
and42  JMP: INCPC % MMR
0032z ALU DOUBLEsPCPC,FTOR.F & DR % ZA & ALUC & BASW % aNg42 11000000001101a1 0010013111010001 00110111111131110 11000100
<I0CsDHs TO.A & MEMY % IF R.F::RERDY % NUM, MMUF
0023 1100000000111111 1110010111100101 0011011111111110 11011100 ' 0043 ALL DOUBLEss»FTOB.F % OR & DZ &% ALUC % BASW %
. <102 % HLD
no34 ADDR: ALUs»AsFTOB.F & PLUE & AE % BASWsSW % ALUC UPDTALL»s»CHL 0043 11460000000101001 0110100111110000 0011011104 nio100 11011111
0044 © IMCPC & MME .
%-I0C & NOC % IF R.F»IMYsHOLD & NUMsHLDF Oo0dd 1100000000110101 001001011104 0001 0011011111111110 11600100
0034 1100000000101111 1010106111116000 0100000101001110 11000001
0045 ALU: »FTOR.F % OR & DZ & ALUC & BASW % I0C &% HLD
0035 RADDM: ALLI DOUBLEsH % OR & ZA & ALUC &% BASW 2% I0OCs:TO.A % HLD 0045 1100000000101061 0110106111110000 G011010101010100 11011111
0035 1100000000101001 0D1101001111160001 N0110116G10010100 01611100
(IETS ALL DOUELE:>PCsFTOB.A &% OR % ZA & ALUC & BASW &% I0C»»TO.R %
006  ADDMI1: ALU DOUBLEsFC»PCsFTOB.F &0R % ZA % ALUC % BAZW &
AI0C »+TO.A % MMR
0036 1100000000110101 0010016011101 0001 00i1011111111110 11011100 # NOC % IF R.FsINYsHDLD & MUMsHLDF
046 1100000000161111 1010100111110001 0011011101011110 10011100
noa? ALUsAsAsFTOB,F & PLUS % DA % ALUC UFDTALL»sCML &
<BASY % I0C & MOC % IF R.FsINY,HOLD &% NUM» HLDF nn47  CALL: INCPC & MMR
0037 1100000000161111 161010011111 0000 000A0G0011101110 11000101 047 1100000000110101 GO10010111010001 0011011111111110 11000100
0032 ADI: [NCPLC & MMR B 004 ALU DOUBLEs»sFTOE.F % OR & DZ % ALUC % BASW % JOC %
032 1100000000110101 DO1001G1110106G01 0011011111111110 11000100 ' #HLD
0043 1100000000101001 G110100112110000 A011011101010100 11011111
00z ALUsAsAsFTOR.F & FLUS & DA & ALUC UPDTALL»sCHL &
<BASW % IOC % MOC % IF R.FsINVsHOLD % MUM» HLDF 0049 INCPC % MMR
0039 11000000001 01111 10101001 11116000 0a0Go0o0i110111d 11000101 ' 0049 1100000000110101 0G10010111010001 Q0110111111 11110 11000100
003A RDCR: NALL & I0C % NOC & IFs INWsCY & NUMs ADDR Q04 ALUs s »FTOB.F % OR & D2 % ALUC % BASW % I0OC % HLD
003A 1100000011010000 0000010111110000 0011010101 010100 01 XKEEKK 004f 1100000000101001 0110100111110000 0011010101010100 11011111
N03R ALUs »AsFTOB.F & PLUZ & AR 2 BASWs3W % ALUC UPDTALL % 004 E ALU DOUBLE:SPsSPsFTOE.F & SUNIM & ZR % ALUC sCHL %
2100 % NOC % IF R.F»INYsHOLD #% MUMsHLDF #BASH % I0OCssTO.A & HLD
002 1100000000101111 1010100111110000 010001010100601110 11000001 i 004EF 11000006G60101001 0110106111140001 0011001100610000 110011060
0D03C  ADCM:  ALU TOUELEsH & OR % ZA % ALUC & BASW & IOCssTO.A % 004C ALU DOUBLESPC % OR % ZR % ALUC & BASW & IOC»«TO.D & HLD
<MOC & IFsINVaCY & MNUMs RDDMI 004C 1100000000101001 0110100111110000 1011011111110100 01011100

003C 1100000011G11000 000001011111 0001 0011011010020100 01011100
004D ALY DOUBLEs SP»SP«FTOER.F % SUNMIM & ZA & ALUCs s CHL %
~I0CsDHs TO.A % BASW & MEMW % IF C.SEBR» INVyREADY %

002D RLU DOUELE »FCsPCyFTOE.F & DR & 2A &% ALUC & BRSW &
#NUMs  MMLISPH
#10Cs»TO.R & MMR | : 0111100101 0011081100010000 11001100
003D 1100060000110101 0010010111010001 0011011111111110 11011100 004D 1100000001001001 0010010111
DO3E ALUsA,AsFTOB.F & PLUS % DA & ALUC UPDTALL & BASH % | 004E ALU DOUBLE.,PE.FTOB.F & OR & 28 & ALUL & BAZH &

~10Cs0OL. TO.A % MEMW & IF R.Fs»RERDY % NUM,» ¥

C o2 . . NI
A10C & NOC & IF R.FsINY,HOLD & HUM,HLDFP Q04E 1100000100111011 1110010111100011 0011011101011110 11011100

003E 1100000000101111 1010100121110000 0000010011201110 11000101

Q03F ACI:  MALY % IOC & NOC % IFsINVsCY % NUMsADI 5 aa4r NALL
003F 1100000011100060 000001011111 0000 nu11n1uin1n1o1nu 01 XXKNHN D04F KRXKXRXEIHKXRKRY XRRXRR IEKR KR REK K 011010101010100 01XARXAR

oS0 RET: ALU DOUELEsSPsSP»FTOB.R % PLUE & ZR % BRSW & ALUC %
#I0C»»TO,A & NOC & IF C.EBR & MNLUM,MMRSP

ao40 IACPC & MM 0050 1100000001000101 0111110111110001 00110111040020000 10004100

0040 1100000000110101 001001011101 0001 G011011111111110 110080100

A-9 A-10



FC

oSl
nost
0032
oS

no33
onss

ons4
0054
005
0osE

0036

anse
0057
onsy
aose
0058

nosSa

0033
00=A
003R

00SkE
nosB

aosc
Losc
00SD
003D

a0sE
21

005E

GasF

S0URCE AND-OR ORJECT CODE. ®X = DON‘T CARE
RLU DOUELEsPCsPCsFTOB.F % OR & DZ &% BRASW & ALUC %
<I0C &% HLD

1100000000101001 011010011111 00450 0011011141111110 11011111

ALU DOUBLE»=PsSP»FTOB.A % PLUE % ZA & BASW & ALUC &
#10C»»TD.H & MEMR % IF C.3BR.INV:RERDY & HNUM>MMRIP
1100000001000101 001001011201 0001 0011011100010000 10000100

ALUSPCPCH»FTOB.F & OR & DZ2 & RLUC & BASW & IOC 2 HLD
liodgooaooioiool 0110100111110000 0011010111111110 11011111

ALL DOUEBLESsPCsPCs, % OR & ZR & ARLUC & PASW % IOC»TO.A %
<NOC % IF R.FsINYsHOLD & MUM» HLDF
1ipoaoogoaioii1l 1010100111210001 0011011111111110 01011100

RET: ALU DOUBLEsH#C»sFTOB.F % AND % DR 2 ALUC % BASW &%
<10C & HLD
1100000000101001 011010011141 0000 A011011110021010G0 11100101

RET1: RLU DOUJBLE.PC & OR % 2R % ALLUC % BASW % IOC.sTO.D & HLD

1100000000101001 0110100111110000 1011011111110100 01011100

ALU DOUBLEs EP»ZP,FTOB.F & SUNIM % 2R & ALUCs sCHL %
<BASW & IOC»»TO.A &% HOC & IF C.EBRE & NHUMs MMWSPH
110000001001 001 01111101131110001 001100110001 Q000 11001100

ALY DOUELEs EFP»EP>FTOB.F & EUNIM & 2R & ALUCe.sCHL %
<~BASW % IOC»sTO.A &% HLD

1iooodaodoioionl 0110100111110001 G011001100010000 11001100
ALY DOUELE, »PCsFTOE.F &% ZA & OR & ALUC & BASW & MEMW &
~I0CDLsTO.A % IF R.FssREARDY & NUM» &

1100000101100111 11100101111 00011 Q011011101011110 11011140

RLEL: ALUxRsAsUROT.F & OR & ZA & EBR3W & IOC &
ZALUC UPDTCY & HLD

11000000001 01001 011010011111 0000 0001010011101111 11011100

RLCL: NALYU & I0OC & NOC & IF R.FsINYsF3 & MUMsSTC
1100001001110011 1011000111110000 A011010101010100 01xXRKKKK

ALY & OR & ALUC UPDTCY & BR:W & I0OC &
~NOZ & IF R.F»IMVsHOLD % HUM>HLDF
1160000000101111 1010100111110000 0001010101010100 01011XxXK
RRC: ALU»A2 A+ DROT.F & OR % ZA % BASW & I0OC & RLUC UPDTLCY %
<HLD
1100000000101001 0110100111110000 00010100111G1111 01011100

ALL-A & OR & ZR % BASW & IOC & ALUC & NOC & IF & NUMsRL

1100000101104100 01111106111110600 0011010011110100 01011104
RAL: AL AR+ UROT.F & OR & ZA & BASW & IOC & ALUC UPDTCYs SWARP

A-11

FC
ansF

o050
onen

agel
0ol

oos2
ooz
00&3
ansz

ons4

a0s<
00ss
QoeS
a0ss

anss
aQs?
a0e?

a0es
a0eg

00e3
0069

0NsR
00sR

00&E

0oeB

0necC

o4&t

005D

agsh

s0URCE AND-OR OB.JECT COLE. ®X = DON'T CARE
<NOC & IF & MUMsRLCI1
1100000101100 00 01111101111140000 00011100411 01111 11011100

RAR: ALUsAsA+DROT.F & OR % ZA &% BASW & IOC % ALUC % HLD
1100000000101001 011010011221100400 0021010011101111 01011100

RLU:AsARSUROT.F & OR & 2R % BASW & IOC % ALUC & HLD
1100000000101001 0110100111110000 0011010011101111 11011100

ALU»AsADROT.F &% OR & ZA & BASW & IOC & ALUC UPDTCY.
<SWRP & MOZ & IF R.FsINYF32 & NUMsSTC
liooooioniiio0ll 10131000111110000 0001110011101211 a1011100

ALU & OR & ALUC UPDTCY 4 BARSW & JIOC & NOC %
<IF R.Fs INYyHOLD & HMUM»HLDF
11000000001 01111 1010100111110000 0001010101010100 01011X¥K

FUSHRP: HRLU DOUJBLE & OR & ZB & ALUC % I0OC.»TO.D % BASW SW & HLD

1100000000101001 0110101111110000 1011011101010100 01011011

ALU DOUBLEs>P«EPs FTOB.F % EUMNIM & ZA & ALUC»sCHL %
<I0C: »TO.A & BRZW & HLD
11000000001 01001 011010011311 0001 4011001100010000 11001100

ALY DOUBLE»EP» EPFTOE.F & EUNIM & 2R & ALUC, »CHL %
<BAEL & IOC.LH»TO.A & MEMW & IF C.3BRs INV:RERDY %
<HUM» MMUSPH

11o0000001001001 QO10010111100101 40110001 00010000 11001100

RLU DOUEBLEsFCyFC»FTOR.F & DR & ZA & RLUC & BASW &
<~I0OCsDLsTO.R % MEMW & IF R.Fss»RERDY % HNHUMs %
1100000110011111 1110010111100011 6011011111111180 11011100

PUSHPEW: ALUsA & DR & ZR & ALUC % IOC:»TO.D % BARSW % HLD
t1o00000000101001 011010011121 0000 101101001111 0100 AG1011100

RLU DOUELEs SP»3P»FTOB.F % EUNIM & ZA & ALUCs sCHL %
<BAZW & IOC,>TO.A % NOC & IF C.SBR % NUM»MMWSPH
1100000001001001 011111011111 0001 00110011 00010000 11001140

NALYU 2 IOCsFLAGE &% MEMW % IFs INVY:RERDY & NUMs$
1100000110101000 00100101111 00110 A011 010101010100 01xXHERKS

ALU DOUBLEsSPySP:FTOB.F & SUNMIM & ZA & ALUC»»CHL & ERZW
&-10C & HLD
1iodpoooooiajonl 011010011111 0000 0011046G1100010000 11041100
ALL DOUBLEsFPCsPC,FTOB.F % OR &% ZA & ALUC % BASW & IOCssT
O.A &-MOC & IF R.F»INYsHOLD % HUMsHLDF
1100000000101111 1010100111110001 0011011111111110 11011100

ALY DIOUBLEs»Bs FTOB.F & PLUS % ZB % ALUC & BARSW & IOC & H
LD

INxB:

1100000000101001 0110100111110000 0011611101000000 11000011

A-12



PC

00sE

SOURCE AND-OR OBJECT COLE. ® = DOMN“T CARE

ALU DOUBLEsBsC»FTOB.A & OR & DZ % ALUC:SWAF & BRASW &

<I0C & NOC & IF R.FsINYsHOLD & HNUMsHLDF

006E 1100000000101111 1010100111110000 0011111000000010 10011111

o0sF
nosF
oowa
agy o
o7

0071
aor2
aovrz

one:3

] Lt
nav4

o074

novs

anys
nave
007%

aoyy
o7y

007a
anra

07
aoya

0avA

a0vR
Q07vE

ICKE:

ALU DOUBLE»»B>,FTOB.F & SUNIM & ZB & ALUC, sCHL %
<BASHW % IOC & HLD

1100000000101001 0110100111110000 0011001101000000 11001011

ALU LOUBLE>BsC»>FTOR.A & DR % DZ 2 ALUCSWAP & IOC 2
<MNOC & IF R.F» INYsHOLD % HNUM,HLDF

1100000000101111 101010X111210000 0X11111000000010 10011111

DAD. B

ARLU DOUBLEsEsHsFTOB.F & PLUS & AB % ALUC UPDTCYssCHL & I

OC & . BAIZW & HLD
HiouOonooo1olonl 0116010011311 0000 000t 001006001600 11000001

IRD1:

ALU DDUBLEsHsL»FTOB.A & OF & DZ & ALUC, SWAF & BASW &

<10C & NOC % IF R.F» INVsHOLD % NUMsHLDF

troo000000101t11 101010011111 0000 0011111010001020 10011111

DAD. D:

ALU DOUBLEsTDsH-FTOE.F & FLUS &% AR & ALUC UPDTCYs»CHL & I

OC &~BAZW & MOC & IF & NUM;DARD1
1100000111001000 011111011118 0000 0001001001048 000 11000001

IRD.H:

ALU DOUBLE>HsH>FTOB.F & PLLS % AE & ALUC UFDTCYssCHL % I

O % -BASW % NOC % IF & NUUM,DAD1
1100000111001060 011111011 1110000 0001601010001 00¢0 1000001

DAD. EP:

InC %

ALU DOUBLEsSPsH:FTOR.F & FLUS % RAE & ALUC UPDTCYssCHL %

~BASW & MOC & IF 2 MUMsDRD1

1100000111001 G00 0111110111410000 0001061100001000 11000001

CHMFR:

AL sA» & BASW»ZW & AR & SUNIM & ALUC UPDTALL 2% IOC &

<NOC 2 IF R.FsINVsHOLD & NUMsHLDF

raooonnonioiiil 1010100111110000 0100010101001110 01001001

LRI

INCFPC % MMR

1100000000110101 001G010111610001 0011011111141110 11000100

ALUsA & EASW 2 DA 2 SUNIM & ALUC UPDTALL % IDC &
~MOC & IF R.FsINVsHOLD % NUM»HLDF

11an000000t101111 1016010011111 0000 0000010011110100 01001101

CMFM:

ALL DOUBLEsH & OR & ZA % IOCssTO.A % BASW & ALUC % HLD

11a0000000101001 0110100111110001 0011011010010100 01011100

ALU DOUBLEsPC & OR & ZA % IOCs»TO.A & BASW & ALUC % MMR

raooononniiolol 001001031110t 06001 0011011111110160 21011100

ALLIsA & BASW & DR % SUNIM & ALUC UPDTALL & IOC .3
A-13

PC

oove
norec
aovrc
oo?D

007D

0O7vE
00vE

iliry o
oavF

o0zaa
aozo

0031
o0zl

anse
nnse

0033
0os3

00=4
0034

00335
a0s3

0036
angs

0027
0087

oo2g
Lnozs

anza
0022
0nsA
003A

00sE
QOSE

nosc
nosc

SOURCE AND-OR OBJECT CODE. ¥ = DON‘T CARE

~HOC & IF R.%sIHV,HDLD % NUMsHLDF
1100000000101111 1010100111110000 0000010011110100

ALU DOUBLEsSPs3SPsFTOB.A & OR & ZA & ALU
. «I0C»»TO.A & HOC & IF C.SBR»sHOLD &% HNUM
ltao00000Gato1o0tr 011010011111 0001 0O011011100010000

POP.RB:

oloanriod

C % BASW %
» HLDSE
1a011100

ALU DOUBLEsSP»3SPsFTOBLF & PLUS & ZA & ALUC & ERZW &

< I0Cs»TO.A & MEMR & IF C.3SBRy INYsRERDY
tia0000001000101 Oo01001a111010001 0011011100010G400

. ALUx»C»FTOR.F & OR & D2 & ALUC 2 I0C &
1100000000101001 0t10100111110000 N0O110101461000010

% NUMs MMRSF
11000100

BASW % HLD
11011111

ALY DOUBLE,EP+3P»FTOB.F % FLUZ% ZA & ALUC & BASW %
<IOCssTO.A & MEMR % IF C.SERsINVsREADY % MNUMsMMRSP

ti0aQooooiao0iol o0tooioltioloogt 001101110001 0000

ALUs »B»FTOB.F & OR & D0Z & RLLUC & IOC 2
1100000000101001 011610011111 0000 0011010101000000

ALU DOUBLE»FC & OR & ZA % ALUC & IOC»sT
<MOC % IF R.F»INY,HOLD % NUMsHLDF
1100000000101111 101010011111 0001 OOt10111111i0t00

HLT: NALU % IOC?#% HLD
1100000000101 001 0110100411111 0000 o0fii0lolaotorcioo

NALL & TI0C & NOC % IF »IMVsINT & MHUMsHL
1100001000001000 002000011111 0000 0011010101010100

IMTHHDL: HMALU & IOC & INTAR & IF:INY & HNUM
1100000000000000 0011110011110000 aoli0i0t0lointon

MALD & TI0C % INTA & IF & NUM.RSTI
1100000101011000 0111311001111 0000 Q01102010101 0100

NOF: NALY & I0C & IF R.F»>INVsHOLD & MNUMsHLDIF
11o0000000101111 101010011111 0000 00iioi0ioloiatan

IM.3 INCFC % MMR
110000000011 0101 0010010111 010001 0O011011111111110

ALD & OR % DZ & ALUC & IOC.»TO.A & BASW
1ia00000a0101001 0110t00111110001 00110101010101680

ALU DOUBLE-FPC & OR &% ZA % EASW & ALUC %
<10F % IFsINVsREADY & NUM:%
1100010001001 00 0010010101110001 001101111111 0100

ALLU:»A:FTOE.F & DR & DZ & ALUC % IOC 2
<IF R.F»INV>HOLD &% NUMsHLDF
11o00000000101111 101010011111 0600 0011010101 G01110

ouT. : ALLU:R &% OR & ZA & I0Cs.TO.D & EBAREMW % AL
11000000001 01001 011016011111 0000 101101001111 0100

INCPC % MMR
liooooaooollolol oo10010111010001 H0110111111111140
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11000100

BASW & HLD
11011111

0./ & BASW &%
nloiliiaon

01 XRRERA
T

01 REER R
MRttt

01 XX xR
& HNOC

01 XXREHA
11000104

% HLD
nio11111

IOC>sTOD.R %
oiao11100
ERSW & NOC &
11011111
UC & HLD
n1a0i1iion

11000100



P

oogn
IR

a0nsE

anse

)|
noss

ansz

003

0493

0S4
o034

0aas
00935

noss
an9s

anav
nooy

aoss
agsg

aoos
] =]
005A
L03A
QOSE
U3
aoac

OURCE AMD-OR OEBJECT CODE. ¥ = DON‘T CARE

ALU % DOF % D2 % ALUC & IDC»»TO.A & BASW &% HLD
11000000001 04001 0410100311 110001 00110101 01010100 Ot01t111

ALY DOUELE.PC % OR % ZA & BAZW & ALUC % IOC>DH»TOD.A %

<I00 & IF R.FssREADY % MNUM:%
1100001000111081 1110010110110101 0011011141210100 01011100

EIl: ALUs H#C & NXDR & Z2A % IOC»sTO.INTE % EBASW & ALUC 2
<NOC & IF R.FyIMVsyHOLD % MNUMsHLDF

1100000000101111 1010100111130001 101104011001G100 011111440

nI: ALL & ANMD & ZA & IOC.»TO.INTE % BASW & ALUC & NOC &
<IF R.Fs INVsHOLD & NUM>HLDF

11000000G00101111 1010100121110004 1011040801 0101480 0ii00100

SPHL: ALLU DOUBLEsHsSFP»FTOB.F % OR % Z2A % ALUC & EBASW & IODC &
<NOC & IF R.Fs INY»HOLD % HUM»HLDF

1100000000101111 101010011111 0000 001101101001 0000 11011100

HTHL: ALU DOUELEsH % DR & ZA % ALUC & BASW & IOC,»TO.D & HLD

1106000000101 001 0110100111110000 1011011014601G100 0laitioon
ALU DOUBLEsSP & OR % ZA & ALUC % EBASW & I0OC,»TO.A % HLD

1100000600101001 0110100111220001 a011621100010100 01011100

MALU & IDC & MEMR % IFsINY>READY % HUMs$
1100001001010000 0010010111 010000 00210101 01010100 01XXXKKK

ALUssL.FTOE.F & OR % DZ % ALUC & I0OC & EASW & HLD
1100000000101001 G110100111110060 0011010101601010 11011111

ALLU DOUELEs SP»SP»FTOB.F % PLUS % ZA & ALLUC 2% EASW &
~IDCsDLs TO.A & MEMW % IF C.SBRsINVSREADY % MNUMsMMUSPL
1400000010011 61 00100101111G0011 00110111 00010000 11000100

NALL & I0C & MEMR % IFs»INVsREADY % HUMs§
11000010014811100 0010010138 010000 0011010101010100 01 XXXXXX

ALUs sHsFTOB.F & OR % D2 & ALUC & IOC % EBASW & HLD
1100000000101 001 011010011111 0000 GO11010L01001000 110141111

ALU DOUBLEsPC % OR & ZA & ALLUC & BASW & IOC,DH:TO.A %
<MEML & IFsINVsREADY & HUM:$
11000030011 0010G 0010010111100801 0011011111110t 00 Gtoll100

ALU DOUBLE»SPsSP»FTOE.F & 2R & IUNIM & ALUC,»CHL %
<BASW & IOC % MNOC & IF R.Fs INVsHOLD % NUMsHLDF
110000G000101111 101010012128 0000 00110011 06020000 11001100

FCHL: ALU DOUBLE.HsPC»FTOB.F 8 OR % ZA & ALUC & IOCs»TO.R %
<BRZW & NOC 2% IF R.F»INVsHOLD & NUMsHLDF
tloooooooot o111t 16100001111148001 O0t1011046011110 11011100

ETC: ALL s H&C & SUNIM & ZA & ALUC UPDTCYs»sCHL & BASW 2% IOC

A-15

FC ZOURCE AND-OR DBJECT CODE. ¥ = DON“T CRRE
% NOC. & ~IF R.FsINY.HOLD & MUM.HLDF
aac 1100000000101111 1010100131 0000 Gaoiaocitoniolal otoaglion

ALY & AMD % ZA & ALUC UPDTCY % EBASW & IOC % NOC %
<IF R.FsaC¥ & HUMs ETC

03D 110000100110 0011 1100010111110000 CO01080101010100 01100100

nosn  CMC:

003E ALU % AMD & 2R & ALUC UPDTCY.sCHL % BASW & IOC %
NOC & IF R.F:INV,HOLD & NUMsHLDF
QUSE 1100000000101111 101010011111 0000 000100010104 0100 01100100

ALU> sAsFTOE.F & ANL & AE % ALUC UPDTALL % BASW «SU &
- <I0C & HOC & IF R.F>INV,HOLD &MUMsHLDF
009F 1100000000104t 11 101010011111 0000" 0100010101001110 11100001

Q09F  ANAR:

RLY>sA-FTOB.F & xOR % AE & ALUC UPDTALL % BATSWsEW %
<10C & NOC & IF R.FsIMVsHOLD & MUM»HLDF
00AD 1t100000006G0101111 1010100111 110000 0100010104 001110 11110008

O0A0  XRAR:

ALU: »rA>FTOE.F % OR & AR & ALUC UPDTALL % BASHW »SW %
<10C & MNOC % IF R.FsINVsHOLD % NUM:HLDF
00At 1100000000101111 101010011111 0000 0100010101001110 11011001

00AR1 ORAR:

(oRZ  DCRM: ALY DOUBLESH & OR % ZA % ALUC & TO0OC,.TO.A % BAEW % HLD
oAz 1t00o00ao0iolaocl oltQloolititanol ootioiioiGotQlon ciotl1o0

00R32 NALL 2 I0C & MEMR % IFs INV,READY % NUMs+$
00R2 1100001010001 400 0010010411 020000 o110t 0001610100 01 XXKKKK

00R4 ALU 2 DZ & MINUS 2 ALUC UFDTFLssCHL 2 BASW 2
SI0C, s TOLD % HLD
00R4 tloo0oooooioiaot 0lioto01111t0000 10100001010t 0100 010160111

G0RS ALU DOUBLE,PC % OR % ZA & ALUC % BASW % IOC:DHsTO.A &
<MEMW & IF R.FssREADY & MUM»§
00AS 1100001010010111 1110000111100101 00110111111160100 01011100

00Rpe  IMRM: ALU DOUELEsH & OR &% ZA % ALUC & IOC»»TO.A & BAZW % HLD
00Re 11000000001 014a01 01101001111100081 001101101001 0100 01011100

00R7? NALU & IOC % MEMR 2% IF»INVsREADY & HNHUMs%
00A7 1100001G10011100 0010010111010040 0011010101010100 D1XHXKRK

DhHS AL % D2 & PLUS & ALUC UPOTFL % BASW & IOC»»TO.D &% HLD
aoAs 110000004G0101001 011010011111 0000 101001610101 0100 0100C11E

QRS ALU DOUBLEsPC & OR & ZA & ALUC & EARSW & I0OC»DH»TO.R &
<MEMW & IF R.FssRERDY & NUM>$
O0R% 1100001016100181 111001011121 00101 001104111111 0100 41011100

ALUs» s FTOB.F % ZB & EUMIM & ALUC UPDTFLssCHL 2
<BASW =W & I0OC % IF R.FsINY>HOLD & HUMsHLDF #% NOC
00AA 1100000000101111 1010101111114000 001000010101 0100 11001011

C0AR  DCRE:

00RE IMRR: ALU»»» FTORB.F & ZB 2 PLUS & ALUC UPDTFL & BARIW XW 2 IOC &

<MNOC & IF R.Fs INY»HOLD 8% HNUMs HLLF
QOGRE 1t 000QoGooi01t11 1G10101111214000 0010010101014G100 ti000011

00AC  SUBR: ALUs »AsFTOR.F & AF & SUMIM & ALUC UPDTALL 2% BASW s SW %

A-16



PC *0URCE AND-OR OBJECT CODE. # = DION“T CRRE

<I0C & NOC & IF R.Fs INVsHOLD & MNUMsHLDF
UOAC 1100000000101111 1010100011110000 0100010101601110 116001001

O0ARD  SUEBM: ALU DOUBLE-H & OR & ZA % ALUC & BASW & IOC,»TO.A & HLD
00AD 1100000000141 001 01101001121110004 0011011010010100 01011100

QORE ALU DOUBLE-PC % OR & ZA &% BASW % ALUC % IOC»»TO.A % MMR

HORE 1100000000110101 0010010211010001 0011011111110400 01011100

00AF ALU>AsAsFTDOB.F & DA & SUNIM & ALUC UPDTALL %
<~BAZW & IOC & NOC & IF R.F:INY>HOLD & NUMsHLIF
ODOAF 1100000000101111 1010100111110000 0000010011101110 11001101

naBo EUIs INCPC % MMR
OOBO 1100000000110001 0010010111010001 0011011112111110 11000100

(111 3 ALU+A+A» FTOB.F % DA & SUNIM & ALLC UPDTALL &
<BASW & IOC & NOC &% IF R.F» INVsHOLD % MUMsHLDF
QUE1 1100000000101111 1010100111110000 0000010011101110 11001101

0Bz SRER: NALL & IOC & MNOC % IFsINYsCY % MNUMsSUBR
OUB2 1100001010110000 0000010111110000 0011010101 010100 D1XxXXXXN

OORz2 ALUs »A+FTOB.F % AB & ZUNIM & BASWsSW % ALUC UPDTALLssCN
L&-I0C & MOC % IF R.FsINVsHOLD % NUM:HLIDF

00E3 1100000000101111 1010200111110000 0106000141001110 11001001

ALU DOUELE-H & OR & ZP % IDC.»TO.A % BASW % ALUC &

<NOC % IF »INVsCY % NUMsSUBM+1
O0B4 1100001010111000 0000010111110001 0011011010010100 01011600

00B4 EREM:

naes ALY DOUBLEs PC &% OR % ZA % IOC»»TO.A % EASW & ALUC & MM
R

OOB3 11000000001101010 001004011101 00014 0011011111120100 01011100

00E& ALUsAsAsFTOB.F & DA & SUNIM % ALUC UPDTALL»sCNL &
<BAZW % IOC & NOC & IF R.FsINW,HOLD % NUMsHLDF

Q0Be 1100000000101111 1010100111110000 0a00000G21101110 11001101

00E7 SBI: NALLF & IOC & NOC 8 IFsINWSCY % NUM:SUI
00B7 1100001011000000 2000010111210000 001101010101 0100 01 XXXMK

00RSE NALL & I0OC & NOC % IF % MUMsZEI1
O0BS 1100010101110100 0111110111110000 0011010101010100 01XXKKKR

DOES  AMNAM: ALY DOUELEsH & OR & ZA % IOCss»TO.A &% ALUC & BASW % HLD

O0BS 1100000000101001 01101001111160001 0011011010010100 1011100
00BFA ALY DOUBLE.PC % OR & ZA % IOC,»TO.A & ALUC % BASW % MMR

00BA 1100000000110101 001001011140106001 002101111121101600 41011100

O0EER ALUsA:AsFTOB.F & AND % DR % ALUC UPDTALL % BASW %
<I0C & NOC & IF R.FsINVsHOLD & NUMsHLDF

A-17

P
00EBE

0oBC

00BC

00RD

QUBI
O0EBE
O0RE

O0EF

ONEF
ooco

0oco

aoncz
noca

o0c:3

oac:s

nocd
0oc4

04acs

oocs

ooce
noce

aoc?y
once
nacs

oacs
aacs

=0URCE AML~-DOR OEJECT CODE. # = DON‘T CARE
1100000000101111 1010100111110000 0000010011101110 11100101

*RAM: ALU DOUBLEsH & OR & ZA % IOCs»TO.A % ALUC & EBASW % HLI

1100000000161001 01101001121110001 0011011010010100 01011100

ALL DOUBLE,PC & OR & 2A & IOC,»TO.A & ALUC % EBASW & MMR

1100000000110101 0010040111010001 0611041111110100 01011100
ALU»AsAsFTOB.F & XOR & DA & ALUC UPDTALL & BASW &
<I0C % NOC &% IF R.FsINV.HOLT & MNUMsHLIF

1100000000101111 101020011111 0000 000A010011101110 11110101

OrAM: ALU TOUELEsH & OR % ZA % IOC,»TO.A &% ALUC % BASW & HLI

1100000000101001 0110100111110001 0011011000010100 010111040
ALU DOUELE.PC & OR & ZA & IOC:sTO.A % ALUC & BASW & MMR

11G0000000110101 0010010111010001 0011011111110100 01011100
ALUsAsFA>FTOB.F & DR % DA & ALUC UPDTALL & BASW &
<I0C & MOC % IF R.FsIMNVsHOLD & HUM»HLDF

1Noopaoo00101121 1010100111210000 Q0000100111011140 11011101

ANT 2 INCPC % MMR
1100000000110101 0010010111010001 0011014111111110 11000100

ALUsAsAsFTOB.F & AND & DR & ALUC UPDTALL % BASW & IOC &
<~NHOC & IF R.FsINY»HOLD & MNUMsHLIDF
11600000001 01111 101010011111 0000 0ONGO10041101110 11100101

®RI:t INCPC % MMR
1100000000210101 0010010111010001 00110111111121110 110001600

ALUsH:A:FTOB.F % XOR % DA % ALUC UPDTALL 2 ERSW 2 I0OC %
SHNOC & IF R.F» INV.HOLL % MUM:sHLIDF
1100000000101111 1010100111110000 000GO10011101110 11110101

ORI: INCPC % MMRE
1100000000110101 010010111 010001 0011011113111110 11000100

ALU:A:AFTOER.F & OR & DA & ALUC UPDTALL 2 EBRASW & IOC %
<NOC % IF R.F»INVsHOLD & HUMsHLIF

1100000000101111 1010100111110000 00000100111 011140 11011101

CMA: ALU-AsAsFTOB.F & MxOR & ZA % IOC & ALUC & ERASW &
<NOC & IF R.Fs INW.HOLD % HNUF:HLDF

1100000000101111 1010100111110000 0011010011101110 11111140

LHLD: IMNCPC % MMR



PC  SOURCE AND-OR OBJECT CODE. ¥ = DON‘T CARE ] . .
GOCS 1100000000110101 0010010111010001 0011011111111110 11006140 PC SOURCE AND-DR DBJECT CODE. X = DON‘T CARE

f ’ - =~ .
0OCA ALUDOUBLEs s »FTOB.F % DR & DZ & ALUC & BASW & IOC & HLD nooA P DRLE s s PTOBF & PLUS & 2R & ALUC & BASW &
00DAR 1100000000101001 0110100111110001 0011012101010100 110001 00
OOCA 1100000000141001 0110100111110000 0011011101010100 11011111 00DE ALU DOUBLE +PC % OR & 2ZA & ALUC % IOCsDHs TO.R & BASW &
_ MEMW % IF R.F»ssREADY & MNUMs $
O0CE INCPC & MMR ; OADR 1100001101101111 1110010111100101 0011011111110100 01011100

00CE 1100000000110101 00100101110146001 0011011111111110 11000800
i 0oDbC  LDAx.B: AL DOUBLESE % BASW & ZA & OR & IOC.»TO.AR & ALUC & HLD

Gocc ALUs » »FTOB.F & DR & DZ & ALUC & BASW % IOC & HLD ! 0ODC 110000GG00101061 0110100111110001 0011011 000610100 01011100
00CC 110000000016G1001 0110100111110000 0011010101010100 11011111 000D ALU DOUBLESsPC & OR & 7R & IOCssTO.A % ALUC & BASW &
: ZMEMR % IFsINVsREADY & NiJM» %
QocD j;gsﬂﬂgBhfi-!FTﬂB-F % OR & ZA & ALUC & I0C,»TO.A & 00DD 1100001101110100 GO10010111010001 00110t1111110100 010111400
00ZD 1100000000101001 0110100111110001 0011011101010400 11011100 00DE ALUs sA>FTOB.F 2 OR % DZ % ALUC % BASW % I0OC %
) . : <NOC & IF R.F»INVsHOLD % MUMsHLDF
00cE MALU & IDC & MEMR & IFsINV»READY & NUM, % 0ODE 110000000010111% 1010100113110000 0011010101003110 11011111

0OCE 1100001100111000 0010010611102 0000 0011010101010100 01XXXNxK .
00DF  ETAx: ALU DOUBLE & BASW 3W & ZB & OR & IOCs»TO.A % ALUC % HLD
LOCF ALUysL+FTOB.F % DR % DZ2 & IOC % BASW & ALUC & HLD
O0CF 1100000000101001 0110100111110000 0011010101001010 11611111
00DF 1100000000101001 0110101111110001 00110111016G10100 01611011

00D0 AL DOUELEs»»FTOB.F & PLUS & ALUC & BASW % IOCssTO.A % H
agED ALUsA & OR & ZA & IOC,sTO.D & BASW & ALUC & HLD
b w 2R 00E0 1100000000101001 011 R 0C111110000 1011010011110100 0t011100
00D0 1100000000101061 A110100111110001 0011011101010100 £10001 40 00E1 ALU DOUELEsPC &% DR & ZA % IOCsDHsTO.A % EASW 2 ALUC &
) ‘ ZMEM) & IF R.FsINVsHOLD & MiUMs HLIF
a0D1 ALU DOUBLESPC 2 OR & ZA & IOC»»TD.A % BASW % ALUC & GOE1 1100000000101111 10101060111100101 0011011111110100 01011100
~MEMR & IFs INVaRERDY & HNUM s $
0OD1 1100001101000190 0010010111010001 0011011111110100 01011100 N0EE  WXCHG: ALU DOUBLEsDs»FTOB.F & OR % ZA & ALUC % BASW & IOC % HL
! I .
00D2 ALUssHs FTOB.F & OR & DZ % IOC % BASW & ALUC % ;
) “NOC & IF R.FrINV:HOLD % MUMsHLDF | O0E2 1100000000101001 0110100111110000 00110110010101006 11011100
00D2 1100000000101111 1010100111110000 0011010101001000 11011111 :
ONE3 ALU DOUBLE»HsD:FTOB.F % OR & 2ZA & ALUC & PASW % IOC % HL

agp3  SHLD: INCPC % MMR : 1]
00Dz 1100000000110101 0010010111010001 0011011111111110 11000100 E
00EZ tlo0000oo0ioionl 0110100111110000 001104101 0000100 11011100
onn4 ALL DOUELEsssFTOBR.F % OR & DZ2 % ALUC & BASW & IOC & HLD
N0E4 ALU DOUBLE>»H:FTOE.F % OR % ZA % ALUC & EBASW & IDC &
‘ SNOC & IF R.F»INVsHOLD % NUM:HLDF

0004 1100000000101001 0110100111110000 0011011101010100 11011111 O0E4 1100000000101111 t010100t11110000 A011011101001000 11081100

00DsS INCPC % MMR O0ES LXID: INCPC % MMR
Qo003 1100000000110101 D01001G111010001 QO011011111111110 11000800 NOES 1100000000110101 oGlo010111010061 oo1i1011111111110 11000100
DDe AL » s FTOB.F & OR % DZ & ALUC & BASW & IOC % HLD ONEA AL EsFTOB.F % OR % DZ & ALUC & BASW % HLD 2 IOC
00De 1100000000101001 0110100111110000 00110101014610100 1101111) i DOEA 1100080000101001 G110100111110000 0011010101000140 11011111
aony HL@ DOURLEs s s FTOR.F & OF & ZA & ALUC & I0C,>TO.A & ! OQOET INCPC % MMR

#BASW % HLD Q0E7 1100000G00110101 G0100101110100040 0011011111111110 ti000100
00D? 1100000000101 001 0110100111110001 0011031101 016G100 11011100

] QUES AL sDO:FTOR.F> & OR & DZ & ALUC % BASW & NOC &
nanz ) ALL DOUBLEsH 2 OR & ZA & IOCs»7T0.D % BASW % ALUC % HLD ZIF R.Fs INVYsHOLD % MUMsHLDF & I00C
UoDs 1100000000101001 0110100111110000 1011011016010100 01011100 O0ES 1100000000101111 1010100111110000 0011010101000100 11011111
1oDS MALU % IDCSDL &% MEMW % IFs [NVsREADY & MUMs % ; O00E? LxIH: INCFC # MMR
00D 11000011012001460 G01001 0111100010 001101 0101010100 01 X¥exNey i O0ES 1100000000110101 001001011101 0001 0011011111 111110 11000100
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PC

D0ER
0o0ER

OOEE
DOEER

QNEC
OnELC

Q0ED
QOED

OnEE

(0EE

O0EF
00EF

00F 0
NoF0

JoF1

00F1
narFe
uoFg

aoF3z

aoF3
0oF4
a0oF4
QOFS

00OFS
0nFé&
0nFs

anFs

0aF?

QOFsg

20URCE AND-Or OBJECT COLE. A = DON‘T CARE

ALUs sL>»FTOR.F % OR & DZ2 & ALUC % BASW % HLD &% I0C
1100000000101001 01101001111146000 0011010101001010 11011111

IMCPC 2 MMR
1100000000110101 0010010111 010001 0011011111111110 11600100

ALUs sH:FTOB.Fx & OR & DZ2 & ALUC % BASW & NOC &
<IF R.FsINMVsHOLD & NUMsHLDF % IOC
1100600000101111 101010011121 0000 4011 010101001000 11011111

LXIZPF? INCPC % MHMR
1100000000110101 0016010111 0100601 0013011111111110 1160401400

ALL DDUEBLE»»EP>FTOB.F 2 OR % DZ % ALUC & BASH & HLD % IO
c

1100000G00101001 0110100111110000 Q01101110101 00A0 11011111

IHNCPC % MMR
1100000000110101 0010010111010001 0011011111111110 11400100

ALU» s SP+FTOB.Fs & OR % DZ & ALUC & BASW % NOC &
<IF R.FsINYsHOLD % NUMyHLDF & IOC
1100000000101111 1010610011111 0600 001101010101 0000 11011111
INXD: ALY DOUBLEs s D+FTOB.F & PLUS & ZB &% ALUC & RASK % IOC % H
LD

1100000000101001 0110100111110000 0011011161 0004460 11000011

ALL DOUELE»DsE>FTOE.A % OR & DZ & ALUC,SWAP & EBASHW &
<10C % MOC & IF R.F»IMY+HOLD % MNUMsHLIF
1100000000101111 101010011111 0000 0011111001000110 10011111
INXH: ALU DOUBLEs sHsFTOB.F & PLUS & 2B & ALUC & BASW % IOC & H
LD

1100000000101001 0110106111110000 0011011101001000 11066011

ALU DOUBLEsHsL>FTOBR.A & OR & D2 & ALUC, SWAP % BASW &
~10C & NOC 2 IF R.F»INVsHOLD % MNUMsHLLDF
1100000G6G00101111 1010100111110000 0011111010001010 10011111

INXzP: ALU DIOUBLEs » ZSPsFTOR.F 2 PLUS & ZE & ALUC & BASW & I0C &

SMOC & IF R.F«INYsHOLD % HUM»HLDF
1100000000102111 10101060111120000 Q0110111 01010000 11000011
LI I H ALU DOUBLEs»DyFTOR.F & SUNIM % ZB % ALUCs sCHL %
~BASW & IOC % HLD
1100000000101001 01101001111310000 G0110011010001008 11001011

ALU DOUBLEsDSE>FTOB.A & OR % DZ & ALUC,SWAP % I0C %
<NOC % IF R.FsINV>HOLD & NUM:HLDF
1100000000101111 101010X111410000 0xX11111001000110 10011111

DCxH: ALY DOUBLEs+HyFTOB.F & SUMIM % ZF % ALUCs »CHL &

ZBASW & IOC & HLD
A-21

P

QoF2
0oF3a
0oF=
00FH
0aFA

‘0O0FEB

LOFE

OoFc

0oFcC

aaFD
OoOFD

00FE
QOFE

LOFF
QoFF

o100
01ao
o1n1l
o101
o01oz
0102

0103
0103

0104
0104

a1 05
0105

010e
u10a

aiov
o107

o108

S0URCE AMD-OR OBJECT CODE.. A = DON‘T CHRE

1100000000101001 G110100111110400 00110021 01001000 110014011

AL DOUBLEsHs«LsFTOE.A % OR % DZ 2 ALUCsEWAP & IOC %
SHOC & IF RJFs IMYsHOLD & MUMs HLIF
110004G0000101111 1010104111110000 0x11111010601010 10011111

ALU DOUELEssSPsFTOB.F & SUMIM % ZF &% ALUC: »CHL &
<BAZW & IOC % NOC & IF R.FsINVsHOLD % MNUMsHLDF
11000a0o001n1111 10101001111 30000 401100110101 00000 11001011

DCKEP:

FOP.I: ALL DOUBLEsSP«3P+FTOB.R % OR #% 28 % ALUC % BAZW %
. <I0C»»TO.A % HOC % IF C.EBR»sHOLD % HNUUM»HLDSE
1100000000101001 0110100111110001 001£0131100010000 10011100

ALY DOUBLEsSPsSPsFTOB.F & PLUE & 2R & ALUC % BARASW %
S I0C>»TO.A & MEMRE & IF C.SBRs INVsREADY &% HNUMsMMRSF

1100000001000101 G010010G111010001 001101310001 0000 11000100

ALLU»E»FTOB.F & OR & D2 & ALUC & IOC % BASW &% HLD
1100000000101 001 0110100114111 0000 d0i1010101000110 11011111

ALU DOUBLEs=P»=PsFTOE.F & PLUS% ZA % HALLC % EASW &
<10C.>TO.A & MEMR & IF C.SBR:INY+REARDY % MNLMsMMREP
Hoanogon10o0101 0010010111 010001 0011011100601000G 110001 00

ALUs s DsFTOE.F & OR & DZ & ALUC % IOC &% BASW & HLD
1100000000101 001 A116100111120000 0011010101000100 11011111

AL DOUBLE.PC % OR % 2A % ALUC & IOC,»TO.A % BASW %
<NOC & IF R.F»INVYsHOLD & NUM»HLIF
1100000000101111 101010011111 0001 0011011111110160 41011100

ALY DOUELEs ZP»XP>FTOB.A & OR & ZA & ALUC & BASW %
<I0Cs>TO.A & NOC & IF C.EBR»sHOLD % MNUM:HLDSE
1100000000101001 0131010011111 0001 Q0110111 0010000 10011100

FOP. H:

ALU DOUEBLE»s 2P» SP>FTOB.F & PLUT % ZA & ALUC & BASW %
< I0Cs»THO,A % MEMR & IF C.ZER: INY>READY & NUMsMMRSP
1100000001000101 00100101114610001 0011011100020000 11060100

ALUs:Ls FTOE.F % OR & D2 % ALUC % IOC & EBASW % HLD
114000000G101001 01101601113110000 0011010101001 010 11011111

AL DOUBLE»ZF»EFFTOEB.F & PLUIE ZA % ALUC & BASW &%
<I0OCy»TO.A & MEMR & IF C.3ERsINYsRERDY & HUMsMMRSP
1106000001000101 Go010010111010601 00310131 00010004 11000100

ALUs »H: FTOE.F & OR % D2 & ALUC & IOC & EBAZW % HLD
11000600001 01001 012010011121100040 0011010101001 000 11011111

ALU DOUBLESPC % OR & ZA & ALUC % IOCssTO.A &% BASW %
“HNOC & IF R.Fs INY»HOLD % HUMsHLDOF
11000000001011212 1010610011111 0001 0011011112110100 01011100

JANZ: MALD % I0OC % NOC % IF »INVsZ2 & NUMs JMP
1100000106001 000 0000000111110000 0011010101010100 01XXAXXA

INCPC % HLD
A-22



FC
(10

o109
aroe

010A
0t oA

010E
010p

o10c
n1ac

010D
014D

0t 0E
0t 0E

010F
01 0F

niin
arin

niit
ottt

olia
a1z

011z
0113

n1is
nit4

0115
0115

01ie
o0is

o117
n1tv

011g
o1z

0119
119

011R
n1inp

011k
011E

aiic

=0URCE RAMD-OR OBJECT CODE. X = DOM'T CARE
11000000602 02001 0140100211110001 00110111111111140 11000100

INCFC & IF R.FsINYsHOLD & HMUMyHLDF % NOC
1160000000101111 101010012121 00601 0011011114411210 11000100

CHZ: MALU & IOC 2 MNOC & IF »INYsZ & MNJMsCALL
11600001 60012100 0000000121110000 0011010101010100 01XXXXRX

INCPC % HLD
11000000001 01001 02201001112200010 0011012441111110 12000140

IMNCPC & NOC % IF R.FsIMV+HOLD % MiJM;HLIDF
1100000G00101111 1010100111110001 00110111111113110 11060100

RHZ: NALL 2 JOC & MNOC % IF R.Fss2 & NUMSRET
11006000104000011 t200000111110000 0011010101 010100 O1KXKKKX

J2s MALU % IOC & MNOC & IF s 2 &% NUMyJIMP
11000001 00002000 0100000111 110000 201101010101 01060 O1XXRHRS

IMCPL & HLD
11060000001 01001 012010011111 0001 0012101811111 81110 1t000100

INCPC 2 NOC & IF R.F»INVsHOLD % MUMsHLDF
1100000000101111 10001G0111110001 a0t1011ti1114110 11000100

ce: NALL % I0C % MOC & IF » »2 % MUMsCHALL
1160000100011100 0100000111110000 A0410101 01010100 01 XxXxXxx

INCPC & HLD
11a0000000101001 0£20100121110061 0O0110131111112160 11000100

INCPC & NOC % IF R.F+«INVsHOLD 2 NiJMsHLDF
ttoonoonootoiitl 1000100111120601 0012011111111410 11000200

RZ: NALUY 2 IOC & NOC & IF R.FsINWYsZ & NUMsRET
10oooniniaoanil 1300000111 110000 001161 0100010100 QpRXRXK

JHC 2 MALU & IOC % NOC & IF » INYsCY & MUMs JdMP
1100000100001 000 000001011211G000 0011010101 010100 O1XAXKKR

INCFC &HLD
1100000600101001 0110100111120601 0011011114211116 11000100

INCPC % NOC % IF R.FsINVsHOLD & NUMsHLDF
Hnooonnnoioii1l 1010100111110601 G011011111111110 11000100

CHC: MALL & IOC % MNOC % IF »INWsCY % NUMsCALL
11000400100011100 000002011111G000 00110101 01010100 01XRHXXK

INCPC & HLI
1100000000104061 311010011211 0001 0011011111 211110 110001460

INCPC % NOC % IF R.F »INVsHOLD & NUMs.HLDF
1100000000101111 101010011144 0002 0011011111111110 11000100

RNC: NALL % IOC % NOC & IF R.FseCY & MNUMSRET
1100000101000011 1100010011130G00 0011010401 010100 01 XKKKK

JC: NALLY & IOC & MHOC % IF s»CY % NUMs JMP

A-23

FC S0URCE ANMD-OR OBJECT CODE. X = DON'T CRRE
N11C 1100000100001 000 01006G010211220000 011010101 010100 GlXXMKE

11D INCPC % HLD
011D 1100000000t 0100 01101001111 80001 0021011111111110 11000100

011lE INCPC % NOZ % IF R.F»INYsHOLD % NUM:HLIDF
011E 1100G0O000101111 101040611133 0001 0011011111111110 110001400

O11F 0t MALY &% IO0C & MOC & IF »»CY % NUMsCAHLL
011F 1100000100011100 010001011211 00060 0011010101 010100 O1XXERAR

01zo INCPC % HLD
0120 11000000001 0400l N1i0Q00111110001 00110111131 111110 11000100

oiet INCPC & MOC & IF R.Fs IMVSHOLL % MUMsHLIF
0121 1100000000201211 101010014114 0000 0011011111112110 11000100

alzg  RC: NALL 2% TIOC % MOC % IF R.F»INYsCY & NUM:sRET
0122 11000002010006011 1000010112110000 A0110G10101010100 01XXXRKN

01z3  Jpe0O: MALU & IOC 2 NOCZ & IF "2 INVsP & MUMs JMP
0123 11000001G0001000 0000100111110000 Q01101010101 0100 OfXXXKKK

niz4 INCPC 2 HLD
0124 110000000010100% 011010011111 0001 00110111111111210 11000100

nigs INCPC & MOL 8 IF R.Fs INVSHOLD % NUM»HLDF
D125 11000000001G11141 1010100111210001 A011011111111110 11000t 0D

niz2e CPD: MALL % IOC % NOC & IF «INYsP & MUM»CALL
0186 1100000100011100 00G0100111110000 Q0110101016101 00 O1XXHKKR

aiey INCPC % HLD :
0127 1100000000101001 011010011111 0002 001101111111 1110 11000100

o1za INCPC & NOC &% IF R.FsINYsHOLD#% NLMsHLDF
0128 1100000000101111 1010100111110001 0011011111111110 141060100

0129 RPO: NALU & I0C & NOC % IF R.F»sP & NUM:RET
0183 1100000101 0006011 1100100111110000 0011020101010100 01 XEKKKN

012A  JPE: MALU & I0OC & NHOC & IF s:P % NUMs. MP
D12A 11000001 00001000 0100100111110000 0011010101010100 01 XXXXKY

012k INCPC & HLD
012k 1100000000101001 011010011111 0001 0011611111141110 11000100

ozt INCPC & MNOC &IF R.FsINVsHOLD & MUMsHLDF
olec 1100000000101111 10101006121110001 A011011118114110 11a00tan

012l  CPE: NALL & IOC & NOC % IF »sP & NUMsCALL
012D 1100000100011100 Q10016001111 0000 0011020101 0201 00 01 XXXy

01zE INCPC & HLD
012E 1100000000101 0%61 01140100111120001 001101111118 8110 t1000f0n

nieF INCFC 2 NOC & IF RE.FsINY.HOLD % NUMyHLDF
ateF 11o000o000f01141 101010011111 0001 0011011111111110 114a00100

01320 RPE: MALU & I0OC & NOC & IF R.FsINYsP % MUMsRPET
A-24



P
n1zo

0131
0131

nti3z
012z

n133
01323

0134
0134

0135
0135

0136
0135

0137
0137

01zs
n1z2

n1z9
0139

013A
01:zA

013R
013R

n12c
0120

0130
0130

013E
012E

013F
013F

0140
a14n0

n141
0141

nr42
014z

0143

01432

Z0URCE ANMD-0OFR DRJECT CODE. A = ION"T CARE

11a0000101000011 100010011131 0000 0011010101010100 01XXHxXS

JP: MALL & I0C & MNOC & IF »INVs% & NUMs.JMP
oM onanlo0n 0o00110111110000 0011010101010100 01XAKKKR

INCPC % HLD
1100000000101401 211010011111 0001 0011011111111110 11000100

INCPC % NOC & IF R.F»sINYsHOLL #% NUMsHLIF
11o0000000101111 101010011111 0001 0011011111111110 11000100

Ccp: NALL & IOC & NOC 2 IF R.F»s:3 % NUMsCALL
11000001006011111 1100110111110000 0011010101010100 01 XXXXXK

INCF % HLI
110000000601 01001 0110100111110401 001101131111113a 11000100

INCPC & NOC & IF R.FsINY»HOLD & NMUMsHLIF
1100000000101111 1010100111110001 0011011111111110 11000100

RP: NALU & IOC #% NOC & IF »INWsE & HUMSRET
1100000101000000 006011011311 0000 A011010101010100 D1RKKAME

AM: NALL & I0C & NOC % IF »»5 & NUMy IMP
1100000100001000 010011011111 0000 AGi1cinloloiolan Olxxxxas

IMCPC % HLI
1100000000101001 014010011111 0001 0011011111111110 11000100

INCPC & MOC % IF R.F»IHVsHOLD & NUMsHLDF
liooooogooioilil 1010100111116001 00110111111113110 11000100

CH: NALU 2 IOC & NOC & IF »»% & MNUMsCALL
1100000100011100 0100110113110000 001101010101 0100 01xxExxKxs

INCPC % HLI
Lianoooooololool 0110100113111 0001 00110111113111310 11000100

INCPC & NDC % IF R.FsIMYsHOLD % MHUMs HLDF
lioooaooon1niill 101010011131 0001 0011011112111131110 11000100

REM: NALU & IDC % NOC & IF R.FsINVsE 2 HUMSsRET
l1aoouolnlonanil 1000110111110400 001101014810101480 D1XEKKER

DARA: NARLU 2% IBC % HLD
11000000001 01001 011010011111 0000 00110101 01010100 D1XEXKXE

NALL & TOC & IFsINY & MUM DEUS, 006 & NDC
1000000000011 000 0011110131 330000 0011020 01010101 00 01XKKKKR

ALUs»sFTOER.F & OR % DZ % ALUC % BASW & I0C &
~HOCZ & IFs«AC % NUM:DAAL
110001000011 000 010100011111 00068 Q0110101010101 00 11011111

NALL & I0C % IFsINY & NUM DEUE, 00F & NOC
1000000000113100 0011110111110000 Q0110101 01010100 01XEKERK

AL A« FTD? & AMD % DA & ALUC % BARSW & IOC &
<NOC & IFsIMY % HUM DERUZs 00A
1000000000101000 001111G111110000 0011016011110100 00100101

A-25

PC

0144
0144

0145
0145

(l4n
014é&

0147
0147

0145
0143

0149
0143

01 4R
014H

014k
014E

014
n14c

014D
n14m

014E
014E

014F
014F
a13a
0150

a151

0151
015z

015

0153
nis3

0154

ZOURCE AMI-OR OBJECT CODE. W o= DON“T CHRE

ALL & D@ % EUMIM & ALUC % BASW % IOC & HLD
1100000000101001 0110100141110000 Q0110101010101 00 01001110

MALLE & IOC & NOC % IFsINV:CN.4 % NUM.Z+2
1100010106G011100 001110011111 0000 0O11010101010100 01XHxxxs

IRAL: HLU» »A»FTOB.F & PLUS & AR % ALUC UPDTALLssCHL %
<10C & BR:ZW & NOC & IF C.SBRssCY & MUM:DAR4
1100010101111101 010001011111 0000 0000000101004110 110060001

NALL % I0C &% IFsINY % MUM DBUS, 060 &% NOC
100000011 0000000 2011110111110040 0011010101010100 01XKEKKEK

ALU»» s FTOE.F % DR & DZ % ALUC % BA=W &% IOC %
<MOC & IF»»CY¥ & HNUM>IAA3
1100010100131100 010001011211 0000 0011010201 010100 11011111

NARLLU % IOC & IFsINV & MUM DEUS:0FO0 & NOC
100000111 1000000 0011110111110000 0011010101 010100 01 XxXxxHs

AL As s FTOG & AND & I & ALUC & BAIW & IOC %
<NOC & IFsINV & HNLM DIEUS. 0RO
100000101 0000000 0011110111110000 201101001111 0100 00100101

ALU & Iy & SUNIM & ALUC & ERSW & IOC & HLI
11o0000po0igiool 011010011111 0000 goi10101010ti0i00 01001110

MALU # IDC #% NOC % IFsINVsCN.4 & NUMs $+2
1100010100111000 0011100111110000 0011010101010100 01XXEHHA

IRAZ! HLL» »As FTOB.F & PLUS & RAE & ALUC UFDTALL s»CHL %
~BAEW & IOC & HLD ‘
1150000000101001 0110100111110000 Q000000101 00111@ 11000001

HALLU & IOC & NOC & IF R.F»IMV»HOLD & NUMsHLIF
11000ana0o1niill 10101000111 30000 00311010101 010100 01xxXxKs

DAAR3: AL sAsFTOEB.F % PLUS & AE & ALUC UPDTFLssCHL - &
<BRAZW % IDC & HOC & IF R.FsINYsHOLD % HUM,HLDF
1100000000101111 10101001211 20000 0100001 03001110 11000001
POFP.PSW: ALL DOUVBLEs SP»EIFsFTOE.A & DR % ZR & ALUC 2 BASW &
O0.A & ~NOC % IF C.SERs»HOLD % NUM.HLLISE
1100000000101001 0110100111110001 001101110003 0000 10031100
ALL TOUBLEs ZF» SF«FTOB.F % PLUZ % ZA & RALUC & BASW
% ~IDCs»»TO.A & IF C.EBRs INVREADY % HNUMyMMREP
1100000001000801 0010010111010001 001101110001 0000G 110001 00

ALY & NAHD & ALUC & IOC % EASHW & HLD
1100000000101601 0110100111130000 0011010101010100 011 01X

ALY TIOUELE»EPsSP+FTOE.F % PLUS & ZA & ALUC 3 BAZN
<I0C»>»TO.A & MEMR & IF C.ZBERs INYsRERDY & HNUM,MMRIP
1100000001000101 0010010111 010001 Q01101110001 0000 t1000100
ALUs s As FTOB.F & OR & D2 & ALUC & BA:=W &% IOC & HLD
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FC ZOURCE AND-DR DOBJECT CDIE. # = DON-T CAHRE
0154 1100000000101001 011010011111 0000 0011010101001110 11611111

0155 ARLU DDUBLE(PC & DR % ZA % ALUC & IDC.»TO.A & BASW &% NOC &

<IF R.FsINVsHOLD % NUMsHLDF
01355 1100000000101111 1010100111110001 0011011111110100 01011100

0156 LDAX.D: ALLU DOUELEsD % EBASW & ZA % OR % IOCs«TO.A & ALUC & HLD
0156 1100000000161001 011010011111 0401 001101100101 0100 01011100

aisy ALU DOUBLEsPC % DR % ZA & IOCs»TO.A & ALUC & EASW %
<MEMR % IFsINYsRERDY & NUM: %
0157 1100010101011100 00100101110106001 G011011111110100 41011100

n1sa ALUs s A:-FTOB.F & OR & L2 & ALUC % BASW & IDC &
<MNOC & IF R.FsINVsHOLD % NUM»HLDF
0152 11000000001 01111 1010100111110000 0011010101001110 11011111

015339  HCHG: ALU DOUBLEsDsL,FTOE.R &% OR % DZ & ALUCsSWAP & BASW % IOC
% HLD
0153 1100000000101001 0110100112110000° 0011121001001 010 10011111
015k © ALY DOUELEsH:L>FTOR.A & OR % ZA % ALUC % BASW % IDC % HL
D

015A 1100000000101001 0110100111110000 0011011010000100 10011100
D R=) ALU DOUELEsL»>HsFTOR.A & OF & DZ2 % ALUC:3WAF & EBASW & IOC

& HLD
013F 1100000000101001 0110100111110000 0011111010101000 10011111

015C ALU DOUBLEsDsE»FTORB.R % ALUCsZWAFP % BAsW & IOC &
ZHOC % IF R.FsINVsHOLD % HUM»HLLF % OR & D2
015C 1100000000101111 1010100111110000 0011111401000110 10011111

0150 ERBIL: INCPC % MMR
0150 1100000000110101 0010010111 010001 00110111111 11110 11000104

015E ALUsA:+A:FTOB.F % DA & SUMIM & ALUC UPHTALLssCHL & IOC %
<BASW & NOC & IF R.FsINVsHOLD % MUMsHLDF

015E 1100000000101111 101010012111 0000 0GOOCQOO011101110 1146081601

015F DAR4: ALUsH#C & ZUNIM % 2R & ALUC UPDTCYs»CHL % BASW %
I0C &% NOC % IF R.RTH % NUM

O1SF 1100000000000001 1111110111110000 000100011 0010100 01001100

aa00 OrRG Hu=3FF

03FF INTRPT: NALU % IOC #% NOC & IF & MUMs INTHMDL
03FF 1100001000010000 6G111110111110000 0011010101 010100 O1XKKKKR

o400  END
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MICRO

DEVICES, INC.
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TWX: 910-339-9280
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TOLL FREE
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