R RN N
b
T A
HerH
3
.Tr_ I i
THT% e
W‘.
S -
1
il
b
LEg
1% LI = e
e i el I i
< ULE

1
M.m!

L.
o
Ya

3

W]

9 4
LA

3

Za

.

/]

Build A Microcomputer

Chapter IX
Super Sixteen

Advanced
Micro Devices

&

901 Thompson Place

D.
Emm
ggs
=0
a 9

o
g

)

Sunnyvale

California 94086

-

SO ©
OBOF&
TN O
NP oL
N D v
oo
7Q_uv,A.O
TRUr
IO
T
=

b~

(800) 538-8450

o
J
o




Copyright © 1979 by Advanced Micro Devices, Inc.

Advanced Micro Devices cannot assume responsibility for. use of any circuitry described other than circuitry entirely

embodied in an Advanced Micro Devices’ product.

AM-PUBO073-9

q ’ INTRODUCTION

The AMD 16-Bit Computer design is an example of a high-speed
microprocessor system which takes full advantage of AMD’s
Am2900 Family of Bipolar microprocessor circuits {o provide an
economical, high performance, self contained 16-bit computer.
It was designed to demonstrate the principles of a micropro-
grammed system.

This design is intended to show some of the techniques used to
achieve high performance. This includes pipelining at the micro-
program level as well as pipelining at the macro or machine
instruction program level. A powerful instruction set is demon-
strated which allows the user to write efficient programs in a
minimum amount of time.

One of the unique features of the design is that in addition to using
the high performance Am2900 Bipolar microprocessor family, it
takes advantage of the MOS peripherals normally associated
with MOS microprocessors. These are used to perform the
slower functions, particularly in the I/O interface area.

SYSTEM ORGANIZATION

The 16-Bit Computer is designed to perform in a system environ-
ment as shown in Figure 1. The system consists of a central
processing unit (the 16-Bit Computer), memory units, O units
(peripheral controllers), and a bus controller. These units com-
municate over the system bus consisting of a 16-bit wide address
bus, 16-bit wide bi-directional data bus, and a control bus. The
control bus is a collection of signals that include the memory and
I/O interface controls and the interrupt request lines.

This organization allows systems to be configured with more than
one CPU and muttiple memory and /O units. The bus controlier
arbitrates requests for bus use from the CPU’s or /O units that
require DMA transfers.

This application note concentrates on the design of the CPU
portion of the system.

INSTRUCTIONS

An instruction is either one or two 16-bit words in length and must
be located in main memory on an integral word boundary. The left
most eight bits of the instruction is always the operation code,
followed by two, 4-bit register designation fields (Figure 2). The
16-bit (one word) instruction is always this format. The 32-bit (two
words) instruction has the first (left most) word exactly like the
16-bit instruction. The second word of the 32-bit instruction is
always full 16-bit value (d) which acts as a memory reference
address or an immediate value (Figure 3). This architecturally
simple instruction format becomes very powerful when im-
plemented on a microprogrammed machine.

The 8-bit opcode provides for 256 primary instructions, which is
usually more than enough for most general purpose computers.
The 4-bit register fields (Ry and R,) each designate one of the
sixteen, 16-bit registers {Rg-R15). Depending upon the operation,
each register can act as either an accumulator for arithmetic and
logic operations, or an index register in modulo address arithme-
tic. On operations where the result is placed in a register, the R4
field depicts the destination register and Ry, (or Ry +d) is, or points
to the source field in main memory. On operations where the
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Figure 1. System

Organization.

result is transferred from a register to memory, the R, field depicts
the source register and R, (or Rp+d) points to the destination
memory location. Memory to memory transfers will have R, as
the source pointer and R4 as the destination pointer. Even though
the Ry and R, fields are architecturally wired to the Am2903
register address inputs, variations of the source/destination as-
signment may be implemented via microcode.

MPR-685
The compiete defined standard instruction set is givenin Table 1.
Figure 2. 16-Bit Instruction (RR, RS, SS). This is a typical “machine level” instruction set. It allows manipu-
OPCODE Ry Ry 16-BIT VALUE (d)
31 24 20 16 o
MPR-686

1

Figure 3. 32-Bit Instruction (RX, RSI).




Table 1. 16-Bit Computer Instruction Summary Mnemonic Instruction Format. ‘ lation of bit, byte, word and muitibyte data; PUSH/POP single or The Program Control Unit
: multiplg registers t_o/from s@cks; mgintain-multiple stacks; deci- The Program Control Unit (PCU) under control of the micropro-
FIXED-POINT LOAD/STORE INSTRUCTIONS EXTENDED INSTRUCTIONS ig mal, binary and integer anthmetic; byte and word 1/0; and  gram is used to update the Program Gounter and load this value
: maintain supervisory control over hardware and software gen- into the Memory Address Register (MAR) for reading instruc-
LD LOAD RR, RS, SS, RX, RSI TR TRANSLATE RR flj " erated interrupts. tions/data from main memory. The PCU is also used to update the
ST STORE RS, RX TRT TRANSLATE AND TEST RR . 2 . - - )
' MVCL MOVE LONG RR < i Instruction Format stack pomter and compare this \_/alug to the stack limits during
FIXED-POINT ARITHMETIC INSTRUCTIONS CLOL COMPARE LONG AR _ ' ' st;ck operations. As can be seenin Figure 5, the Computer.BIock
ADD ADD RR. RS. SS. RX. RS EXEC EXECUTE RX Maqy of the |n§tructlons have multlplg formats. These formats Diagram, datg can be sent to the PCU from the ALU via the
ADC ADD WITH CARRY RR, RX, PV DA DECIMAL ADD RR. RX depnpt agdrgssmg modes and determme yvhere the source and Transfer Register. The PCU can aiso output data onto the PCU
SUB SUBTRACT RR, RS. SS. RX. RS DS DEGIMAL SUBTRACT RR' RX destmapon flelds are located. The defined instruction formats are bL{s to the Y-bus of the ALU via the bi-directional PCU transfer
SBC SUBTRACT WITH DI DECREMENT INDEXES  RR shown in Figure 4. , drivers.
CARRY RR, RX
AND AND RR, RS, SS, RX, RSI SHIFT/ROTATE INSTRUCTION ADDRESSING MODE
OR OR RR, RS, SS, RX, RSI SRL SHIFT RIGHT LOGICAL  RX, RSI op o a an REGISTER REGISTER
XOR XOR RR, RS, SS, RX, RSI SRA SHIFT RIGHT ! i
TSTI TEST IMMEDIATE RSI ARITHMETIC RX, RSI
CMP COMPARE RR, RS, SS, RX, RSI RR ROTATE RIGHT RX, RSI
CMPL  COMPARE LOGICAL RR, RS, SS, RX, RS! SLL SHIFT LEFT LOGICAL RX, RSI op a, % RS REGISTER STORAGE
MUL MULTIPLY RR, RX RL ROTATE LEFT RX, RSI
MULU  MULTIPLY UNSIGNED RR, RX SRDL  SHIFT RIGHT DOUBLE
DIV DIVIDE RR, RX LOGICAL RX, RS!
COMP  ONES COMPLEMENT RR, RS, SS, RX, RS! SRDA SHIFTTRIG:TT(CDOUBLE xRSl op X, Xz ss STORAGE TO STORAGE
ARITHM ,
BYTE INSTRUCTIONS SLDL  SHIFT LEFT DOUBLE
LDB LOAD BYTE RR, RX, RSI LOGICAL RX, RSI
IC INSERT CHARACTER RR, RX, RSI SLDA SHIFT LEFT DOUBLE oP R, X, RX REGISTER INDEXED STORAGE
STC STORE BYTE RR, RX, RSI! ARITHMETIC RX, RSI
XCHB  EXCHANGE RR, RX, RSI RRD ROTATE RIGHT DOUBLE RX, RSI
BS BYTE SWAP RR, RX RLD ROTATE LEFT DOUBLE  RX, RSI
CLB COMPARE LOGICAL op Ry X, RSI REGISTER STORAGE IMMEDIATE
BYTE RR, RS, RX, RS /O INSTRUCTIONS
ANDB  AND BYTE RR, RS, RX, RSI IN INPUT WORD RR, RX 16
ORB OR BYTE RR, RS, RX, RS! INB INPUT BYTE RR, RX 31 16| 15 °
XORB  XOR BYTE RR, RS, RX, RS! ouT OUTPUT WORD RR, RX 32
PR-687
SYSTEM INSTRUCTIONS OUTB  OUTPUT BYTE RR, RX MPR-68
LPSW  LOAD PROGRAM BRANCHES Figure 4. Instruction Formats.
STATUS WORD RX B UNCONDITIONAL
SPSW  STORE PROGRAM BRANCH RX . .
STATUS WORD RX BR UNCONDITIONAL The instructions set consists of nine instruction groups: The PCU is organized around four Am2901’'s. The use of
EPSW  EXCHANGE PROGRAM BRANCH REGISTER  RR ~ Fixed-point load/store Am2901's aliow the PCU to generate addresses with the flexibility
STATUS WORD RR BC BRANCH ON CONDITION ~ Fixed-point arithmetic of an ALU chip, to increment the Program Counter by two in one
svVC SUPERVISOR CALL RX TRUE RX .~ Byte microcycle, and to prqv:de the stac?( pointer registers for in main
SETP SET BIT PSW RI BAL BRANCH AND LINK RX _ Shift/rotate memory stack opergtloqs. The registers of these Am2901’s are
RSTP  RESET BIT PSW RI BALR  BRANCH AND LINK — Branch control defined as shown in Figure 6. Register 0 holds the program
TSTP  TEST BIT PSW RI REGISTER RR — o counter and Registers 4 and 5 hold constants for incrementing.
CMPP  COMPLEMENT BIT PSW Rl BXH  BRANCH ON INDEX HIGH RX ~ Stack Byte a@'“%“g reduires the ad‘gess to bfe i“ﬁfzme”ted by two
BXLE BRANCH ON INDEX LOW _ Extended every time 16 bits of instruction data are fetched.
STACK INSTRUCTIONS OR EQUAL RX — System
CALL  BRANCH AND STACK RR, RX - . o ) The Arithmetic and Logic Unit (ALU)
RTN RETURN AR A complete description of each instruction is given in Appendix A. The ALU shown in Fiaure 7 is oraanized around four Am2903’s
PUSH  PUSH RR . The Am2903 perforras all of tr?e functions performed by the
POP POP RR CENTRAL PROCESSING UNIT ARCHITECTURE Am2901A but also provides the computer with separate DA bus
ggggH PARTIAL PUSH RR Processor Organization and DB bus input ports as well as additional instructions to im-
LDSP Eé;fggﬁ-:g}f POINTER 2;‘ The organization of the computer is shown in Figure 5 (Computer f}izrr;‘indwgzp]g;“g: dar;dgs;':g’”fggryiigi’”g:;e?rg??ﬁgt;o
LDSLL  LOAD STACK LOWER Block Diagram). The computer is organized into several distinct Register and microcode immediates are brour};ﬁinto the Am2903o
LIMIT RX sections, the Program Control Unit (PCU), the Arithmetic and thrgu h the DA port while Program Status Bitg 16-23 enter via the
LDSUL LOAD STACK UPPER Logic Unit (ALU), and the Computer Gontrol Unit (CCU), the Data & gn The Ar212903’s oot ?n o receive data on the ¥ bus for
LIMIT RX Path, the Memory Control and Clock Control, and Input/Output | ad‘i)n int the RAM redi te?s The Am2903's zero decods logic
STSP  STORE STACK POINTER RX interface and Interrupt Section. The logic diagrams for the CPU c;)etectgs; ze?o 0: thoy ?)grtswhet.heror otthe Y port s recaivin gor
STSLL STORE STACK LOWER are located in Appendix F. Earlier chapters in the Build a Micro- sending data p P 9
LIMIT RX computer series have described the principle sections of a com- 9 :
STSUL STORE STACK UPPER puter and the Am2900 components used in these sections. This To implement the defined instruction set, the RAM register selec-
LIMIT RX chapter describes how these components are used to impiement tion controls are sent from the Instruction (l) Register to the
a very high-speed low cost computer. Am2803’s. |53 (used with instructions with the R, or X; field) are




Register Number Register Assignment
] Program Counter
1 Stack Pointer
2 Stack Lower Limit
3 Stack Upper Limit
4 +2
5 + 4
6 Not used — available
7 Not used — available
8-15 Not used (wired disable)

Figure 6. PCU Register Assignments.

connected to the A address inputs on the Am2903 while 1.7 are
connected to the B,address inputs. The ALU operations per-
formed are controlled by microcode bits M;g g which are con-
nected to the Am2903 lg_g inputs.

The Am2904 provides the microcode and machine status reg-
isters holding the carry, negative, zero and overfiow status. The
machine status bits C, N, Z and OVR are defined as PSW bits
16-23. Logic in the Am2904 includes a condition code multiplexer

to select the true or complement of any of the four status bits and.

combinations of status bits from either the machine or micro-
status registers or directly from the ALU. This condition code
multiplexer is controlled by Instruction Register bits [,.7 which are
gated to the Am2904 |;_5 inputs during the execution of a condi-
tional branch. The output of the multiplexer, labeled TEST is
routed to the test tree for input into the Am2910. The Am2904 also
provides the shift linkages and shift linkage control and selection
of the type of carry signal to the ALU and lookahead carry unit.

The ALU is designed to work with byte operations as well as 16-bit
operations. Byte operations operate only on the lower 8 bits of
register data without affecting the upper 8 bits of data. During byte
operations the WORD signal (Mgg) goes inactive disabling the
Write Enable and Output Y Enable for ALU bit slices 3 and 4. The
word/byte multiplexer circuit will select C, N and OVR status bits
from ALU bit slice 2 and at the same time ALU bit slice 2 has its
MSS input pulled LOW to indicate most significant slice. The
zero status bit being OR tied to all of the ALU bit slices cannot be
multiplexed. Instead the Y bus signals 8-15 are forced to zerc by
gating zeroes from the PCU resulting in the Z signal line state
being a function of ALU bit slices 1 and 2 only.

The Computer Control Unit

The Computer Control Unit controls the sequence of execution of
the microinstructions. The Am2910 Microprogram Controller pro-
vides the sequencer for the microprogram (see logic diagrams
Sheet 5). Branch addresses and counter values loaded into the
Am2910 Dg.1¢ inputs, originate from the Pipeline Register
(Mg.11), the interrupt vector decoder, and the machine instruction
decoder. The instruction decoder, also called Mapping ROM, (a
512 x 8 PROM) uses the Instruction Register lg_15 as address bits
with the PROM outputs being the starting address of the micro-
code sequence that executes each machine instruction. In this
design the Am29775 Registered PROM’s are used to provide
both the microprogram memory (512 x 96 bits wide) and the
Pipeline Register. The microcode bits Myg_2o are output from
Am29774 because these signais require open coliector outputs
rather than the standard tri-state outputs to allow the Am2910
inputs lg.3 to be pulled to zero.

The starting address generation for the interrupt service routine g i i

and initialization routine is accomplished with a minimum of extra
logic. During the last microcode cycle of the previous machine
instruction, the MAPEN signal is activated to enable the output of
the Mapping ROM. However, if an interrupt request is pending,
the Mapping ROM is disabled and the pull-up resistors force the
eight least significant microprogram branch address lines to all
ones, vectoring the microprogram to the interrupt service
routine. After a reset, the microprogram should be vectored to
address zero, the starting address of the initialization routine.
This is accomplished by having the reset signal force zeroes into
the Am2910 ly_3 inputs which causes the Am2910 to output ad-
dress zero.

Clock and Memory Control

The architecture of this computer achieves its high throughput by
being able to execute machine instructions in as little as one
microcycle. This is accomplished by overlapping (also calied
pipelining) the fetch and decode with the execute microcycles. An
essential part of this design is the memory control section. The
clock and memory control circuits shown in Sheet 6 of the logic
diagrams work together to provide a very efficient mechanism for
integrating memory operations with the computer. The memory
interface timing is a clocked handshaked protocol shown in Fig-
ure 8. Each memory transfer consists of a Bus Request, Bus
Acknowledge response, Memory Request, Address Accept re-
sponse, Data Request and a Data Sync response. At the
maximum rate a memory interface response can occur 50ns after
the computer activates a control line. This makes it possible to
read from main memory once every microcycle (4 x 50ns =
200ns); however should a particular memory board require a
longer cycle, it can delay sending Data Sync to the computer to
extend the cycle.

The read and write timing are shown in more detail in Figures 9
and 10. Note that if a memory read is taking place during microcy-
cle N, the Bus Request, Bus Acknowledge and the start of
memory address are output from the computer in the previous
N-1 cycle, and the data is sent to the computer during the first
half of the following N+1 cycle. Now consider the case of
back-to-back main memory read cycles. in this case, in the mi-
crocycle that the computer sends the address to the memory
board, the memory board is sending data to the computer; but this
is not the data associated with the address being received but the
data associated with the address received during the previous
microcycle.

A free running or uncontrolied 20MHz clock on the backplane is
connected to all of the devices which effect memory transfers
(CPU, bus controlier, and memory modules). All of the signal
handshaking that is required by the memory interface protocol is
clocked with the same 20MHz clock to ensure no metastable
conditions occur during memory transfer. Careful examination of
this memory interface operation will reveal that not only does it
solve the very serious metastable problem, but also that the clock
synchronization and bus propagation delay occur during the
memory read access time {(or write time) and do not siow down
the memory transfer rate.

The CPU clock generation is intimately related to the Memory
Control Logic. The CPU clock signals Phase 1 (¢4) and Phase 2
(¢») are shown along with the memory interface signals in Figure
8. Phase 1 is a square wave set high at the beginning of the
microcycle and has a period of 200ns. Aimost all operations of the
computer are clocked with the leading edge of ¢¢. The clock
controt logic will enable the next cycie only if a Bus Request has
received a Bus Acknowledge and only if a Memory Request has
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Figure 7. ALU Block Diagram.
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[ 1

DATA REQ (CPU)
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|
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VALID V
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Figure 9. CPU Read Timing

MPR-688
Figure 8. Clocked Handshaked Protocol.

received a Data Sync response. If the bus or memory resources Interrupt and Input/Output f
ofthe system are temporarily being used by other processors, the The interrupt and 1/O section is shown in Sheet 7 of the logic T
computer will stop the clock and wait. diagrams. {» §
Data Path . T

L L . The basic interrupt handiing is controlled by the Am2914. In this
The Data Path logic incorporates 8-bit wide devices wherever design the Am2914 is used to prioritize and enable interrupts, %
possible. Thg D Register drives directly onto.the external data provide the mask register, generate an Interrupt Request and I
bus. Both main memory and /O data are received through the Z Interrupt Vector. Interrupt nesting is done in the machine software %
Registers. Registers Z, Z, and Z, are actually latches im- interrupt handler. The external interrupt request signals (INTo- 5
plemented with Am74S373's. The Z Register enable laich signal, INT;) are input into the Am2914 from the external Control Bus (C {
LDZ is derived from the memory control logic and main memory Bus). When a peripheral controller requests computer servicing, I
board logic both of which are clocked with the uncontrolied it activates its assigned interrupt line. If this interrupt level is I__
20MHz clock (20MHZUNC). Using the uncontrolied clock allows unmasked and interrupts are enabled, the Am2914 activates the
the memory operat_lon togo tp complet:onAat memory speed even INTERRUPT REQ signal that goes to the Computer Control Unit
when smglg stepping The mlcrogode. This allqws the sy;tem to which causes the microprogram to vector to the microcode inter-
use dynamic RAM's in the main memory since stopping the rupt service routine. This microcode routine pushes the PSW
handshaking circuit§ durjng single step would prevent refresh onto the main memory stack, then reads the interrupt vector from
operations from taking place. the Am2914 and uses this value to vector the computer to the
Data from the main memory passes through the Z Register to the machine software routine that services the interrupt.
Zy and Z¢ Registers. The Zy and Z; Registers are enabled trans- s Iy & 5 & 5 5 5 a as s s s N5 ¢5
parent at the beginning of the microcycle following the read main The Am8518 MOS Universal Interrupt Controller is incorporated b 5 2 iz & 3 8 §g 53 g g S5 2§
memory microcycle. This allows memory data to flow through the into the design and its Group Interrupt signal is connected to the £ L & 2 : 2° g o 3 g g
Z and Z, Registers (actually latches) to the ALU or flow through least significant INT, input of the Am2914. The Am9519 handles P < vg 2 g i 2 o 5 w z z
the Z and Z; Registers to the Instruction Decoder (Mapping an additional eight interrupt levels for low speed requesting de- & 'é < 'g' E E 'é ’g
ROM). The Z, and Z, Registets are iocked down haifway through vices. This MOS LS| component offers the computer comprehen- e a
the microcycle guaranteeing the computer solid data and making sive interrupt handling capabilities at low cost. One feature the
it possible to send data from the D-Register out to the external Am9519 offers is the capability of software generated interrupts.
Data Bus during the second half of the same microcycle. This is The console function, single instruction stepping, is implemented
another example of how this design tightly dovetails data trans- using a microcode routine that uses the software generated inter-
fers in order to gain very high execution rates. rupt capability.
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Figure 10. CPU Write Timing.

The 1/O protocol for the AMD 16-Bit Computer is similar to that
required to control Am8080/9080 peripheral circuits. As shown in
Figures 11 and 12, the computer outputs the address over the
system address bus, activates a controt line (e.g., IORD) and
holds these outputs until receiving a response, I0ACK, from the
peripheral controller. Execution of the I/O operation is done al-
most entirely in microcode with the /O Control Register, a single
Am2920, being the only additional hardware required. This is an
example of a design precept followed in this computer which is to
implement ali features in microcode wherever possible. This re-
sults in a low cost computer, although sometimes slower, and a
design that is flexible and easily modifiable to meet new
requirements.

The I/O section has two Am8251/3551 Programmable Communi-
cation Interface components giving the computer two serial /O
Ports, one of which is reserved for the console. The console can
be any standard RS-232 interface terminal.

Instruction Execution

To execute instructions, the main steps performed by the com-
puter are: (1) form memory address, (2) instruction fetch, (3)
decode, (4) displacement fetch, (5) form operand address, (6)
operand fetch, and (7) execute. Every instruction type is made up
of microinstructions that execute these basic steps, but most
instructions require three steps or less. Instruction sequences for
Register to Register (RR) and Register to Indexed Storage (RX)
instructions are shown in Figures 13 and 14 to illustrate how the
computer operates. These figures show the RR instruction re-
quiring four microcycles and the typical RX instruction requiring

seven microcycles. However, as will be explained later, in actual
operation the effective time for an-RR instruction is one microcy-
cle and three for the RX.

Form Instruction Address

During this microcycle the instruction address is formed by having
the Program Control Unit (PCU) under control of the micropro-
gram increment the Program Counter by two. This address is
then loaded into the MAR and back into the PC.

At the beginning of the cycle, Bus Request is activated causing
the Bus Controller to respond with Bus Acknowledge. The ad-
dress is then output from the MAR out on the Address Bus 50ns
prior to the beginning of the next cycle.

Instruction Fetch

During this cycle, the main memory is fetching the contents of the
address previously generated. The computer is designed to work
with high-speed main memory capable of reading a memory
location in one microcycle so that the instruction will be sent back
to the computer at the beginning of the next cycle.

Decode Cycle

The instruction fetched from main memory during the previous
cycle is sent to the computer at the beginning of the cycle. The
instruction falls through the Z and Z, Registers (actually trans-
parent latches) and is routed to the Instruction Decoder (Mapping
PROM). The Instruction Decoder transiates the 8-bit operation
code of the instruction into an 8-bit address used as the starting
address for the microprogram that will execute this instruction.

f——200ns —=|

by

REQ BUS (CPU}

LOAD MAR

LOAD D REG

r"l—lrﬁ

ACK (BUS)

IOREQ (CPU)

ADDRESS OUT

VALID

1ORD (CPU}

10 DATA (DEVICE)

% VALID W

TEST ICACK

IOACK (DEVICE)

10ACKFF (IN CPU)

STROBE

MPR-692

Figure 11. 1/O Read Timing.




Pipeline Operation with Regard to Branching

@Pipelined Operations

b 20005 ——-1

y

L

REQ BUS (CPU)

LOAD MAR

L]

LOAD D REG

ACK (BUS}

10 REG (CPU)

ADDRS OUT

VALID

IOWRT

DATA OUT

VALID

TEST FOR IQACK

10ACK {DEVICE)

I0ACKFF (IN CPU)

Ll [

i - o If the architecture of the computer executed each of the instruc-

tions and each microstep sequentially, this computer would be
just another computer relying on a high-speed clock to gain high
throughput. However, the 16-Bit Computer becomes an excep-
tional machine by using pipelining techniques. In this approach,
the instruction steps for the following instructions are done during
the decode and execute steps of the current instruction. The
pipelining operation for a Register to Register class of instructions
is shown in Figure 15. With the pipeline full, note that when
instruction A is being executed, instruction B is being decoded,
instruction C is being fetched from Main Memory and the MAR is
being loaded with the address for instruction D. in the following
cycle, RR instruction B is executed and RR instructions C, D and
E proceed through the pipeline. The pipelining technique resuits
in an RR instruction effectively being executed in one microcycle.
As illustrated in Figure 16, a new RX instruction can be executed
every three microcycles.

Pipelining is great for throughput, but it is a bear to microcode
especially the first time through since during any one cycle up to
four instruction sequences have to be considered. It is not as bad
as it first appears. Note that an instruction decode cannot take
place until the last execute cycle of the current instruction. The
major pipelining takes place during the first three steps: form
memory address, instruction fetch, and decode. Execute and
operand fetch steps allow full overiapped operation only during
the last execute cycle. Instructions that require many execute
microcycles {(e.g., /O instructions) cause the computer perfor-
mance to drop down to nearly that of a non-pipelined machine.

and Interrupts

Pipeline operations greatly reduce instruction execution time if
machine instructions are executed in sequential order; how-
ever, if a branch is taken this advantage is lost because the
steps set up in preparation for a decode cycle become use-
less. The pipeline is said to be “flushed out” when a branch is
taken. The RX Branch on Condition instruction has the form:

WORD 1 op M Xo

WORD 2 DISPLACEMENT

Where: M is a 4-bit field specifying the conditions for the
jump.
(X,) + displacement is the branch address

Figure 17 shows the sequence chart for a RX Branch on
Condition instruction. During the microcycle A4 the target ad-
dress K for the branch is formed and loaded into the MAR
and also the instruction B is fetched for the no branch case.
By microcycle A,, it has been determined to take or not take
the branch. If the branch is not taken, the MAR is loaded with
address B+2, while if the branch is taken, an instruction fetch
is performed for K and the MAR is loaded with K+2. Finally in
Az the next instruction is decoded. By proper microcoding, the
conditional branch is executed in only three microsteps even
though the pipeline was “flushed out”.

Action A, B, C, D are RR instructions
MPR 683 Form Instruction Address A B c D .
Figure 12. 1/O Write Timing. Fetch Instruction A B D ;
Decode A B C D
. Fetch Displacement
. - Microcycle Time Displacement Fetch Cycle
Microinstruction ) ) Form Operand
: After every instruction fetch another read cycle takes place. The P
Operation Ty (T2 | T3 : ) . Address
- second memory read will be another instruction fetch or an
Form Instruction Address operand displacement fetch. The computer does not know what Fetch Operand
Instruction Fetch A kind of a read out it is until the instruction decode is finished. For E t A B c D
Decode A an RX instruction, after the memory read is completed, the com- xecute
. puter identifies it as a displacement.
Displacement Fetch
Form Operand Address Form Operand Address Cycle
Operand Fetch The memory word is sent from the main memory at the beginning Figure 15. Register-to-Register Pipeline Operation.
Execute A of this cycle and then passes through the Z and Z, Register and
& 13. BR ion S goes to the ALU (Am2903's). The ALU adds the displacement
rigure 13. nstruction Sequence. and the contents of the register specified by X, field in the opcode Action A B.C D are RX instructions
and forms an operand address which is then loaded into the MAR. L
This has to be completed 50ns before the end of the cycle. Form Instruction Address A B (o}
Microinstruction Microcycle Time Operand Fetch Cyclo Fetch Instruction A B c
Operation To|T1| T2 T4 T5| T Decode A B c
- The memory read cycle is performed and the operand is sent to -
Form Instruction Address B the computer at the beginning of the next cycle. Fetch Displacement A B C
Instruction Fetch B Form Operand Address A B c
Dfecode B Execute Cycles Fetch Operand A B c
Displacement Fetch As the name implies, these are the microcycles that perform the
) . ) ; Execute A B C
Form Operand Address B task of the instruction but with the Am2903’s normaily only one
Operand Fetch B gxecutg cycle is required; however, some instructions (e.g., 1/O
instructions) take as many as seven execute cycles.
Execute B . . .
Simuitaneously with the last execute cycle the Instruction De- . i L .
Figure 14. RX instruction Sequence. coder is enabied. Figure 16. Register-to-Indexed Storage Pipeline Operation.
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s o
A = RX Branch Instruction /A -
Action B = Next RX Instruction if branch is not taken ; ROUTETO B . RTB o
K = next RX Instruction if branch is taken E
=0 TRANSFER Z TO ZI BP) Z -2zl 5 8
Form Instruction Address A B K Kio B Am2910 : CCEN bt
+ )
B B+2 | Am2903 IEU WORD/BYTE WORD g
i Fetch Instruction A B K Am2903 EA 3
i K+2 Am2903 OEY 3
B Am2903 OEB ¥
8 Decode A K etc. Am2903 lg 3
i v Am2903 I ® a2
i ) B AmM2903 g ® Ec
1;: | Fetch.Displacement A K . AM2903 Is %
lit B Am2903 I 3
i Form Operand Address 4 Am2903 I3 2
il K Am2903 Iy 2
‘il‘ B Am2903 Iy 3
. Fetch Operand K Am2903 lo 3
‘1%‘ : = 4
bii Execute : A A, A,
HZ 1 2 3 K s
i ENABLE TRANSFER REG. ENTREG N g
it LOAD TRANSFER REG. LDTREG S o
I-REG EN CTR ENCTR o g
Figure 17. Branch on Condition RX Pipeline Operation. I-REG INC/DEC INC 3 = =
PCU TRANS CHIP DISABLE PCUCD 3 ~7vow 8 i
PCU TRANSFER REG. PCU > Y N o -‘3—::_ % - 3
) . . . " R R ) ) LOAD MEMORY ADDR. REG. LDMAR N £ o
As with branching, an interrupt response alters the sequence for writing microprogams. The definition file defines microword LOAD D-REG LDD ~ © Q
. “ M N R : [=) 3 =
of execution and “flushes” the pipeline. As was discussed length (WORD statement), formats (DEF statements) and con- LOAD ZI INTO | REG. 7l = | o o ]
previously in the Interrupt and Input/Output section, an inter- stants (EQU statements) for the use. of the actual microprogram ENABLE Z0 — DA ENZO > @ S
rupt request blocks the decoding of the next machine instruc- (Figure 31). ENABLE PSW PSw > ; g
tion and causes the Computer Control Unit to vector to the SHIFT CNT Am2910 ADDR. SHTCNTEN § m
interrupt service routine. This microcode service routine The definition file is divided into 8 parts: BRANCH INSTR. EN BRIEN 2 =
pushes the PSW consisting of flags and Program Counter AmM2910 de definiti 3
(PC) value onto the stack. The PC value is the current PC 1. Am 1 secSJencer opcof.e” efinitions o
value minus 4. It is necessary to back the PC up to two in- g Amggg? /:“F-’ Cgpcodzdedxr;{t»%ps _ (%
struction words (4 bytes), because the fetch instruction and 4' Ango 4 shift opco de et"" xonst | definiti Am2901 F — B/Q PCUI, 3
form instruction address steps in the pipeline at the time of 5' Dmt ths ! tm"!”é,tan d sft'a‘&ls control detinitions Am2901 PCUI3 >
the jump to the interrupt microcode sequence have to be re- . Ma apa cor; nljb'tl S P ?ITUODS Am2901 _ PCUI, &
peated when returning to the main machine program. - Memory control bits detint 'o.n s . Am2901 PCUl4 > o3
7. Control strobe and control bits definitions AM2901 PCUI P = =
MICROINSTRUCTION FORMAT 8. Immediate operand field definition AmM2901 PoU Xz © = g g
All operations of the AMD 16-Bit Computer are under control Am2901 PCUA, o
of the microinstruction. Each microinstruction is 96 bits in Am2910 Sequencer Am2901 PCUA, § )
i length. The microinstruction format is summarized in Figure . . . . Am2901 PCUB, o
! 18. The microinstruction definition is summarized in Figures a’: %11°ifsth: Egi?;:'(:rd:z;h2&2%%3;;%?:2&23\::29::':C\g/:ig Am2901 PCUB; %
i 1 1 i iled in Table 2. o N A . .
9a and 19b and is detailed in Table 2 unconditional operations. Bits 19-16 are the input to the instruc-. Am2901 PCUB,
Figure 20 itlustrates the AMDASM® Definition file for the 16-Bit tion inputs to the Am2910. Bits 11-0 are the jump address field for
Computer. AMDASM® is a meta-assembler developed by AMD instructions that need an address operand.
O=
BUS REQUEST REQB &3 =53
MEMORY REQUEST MREQ 2 —58
OATA - pr— HOLD REQUEST HREQ a =2
ALU (13 PATH (16) PROGRAM CONTROL (11) CONTROL (5) MEMORY WRITE/READ WRITE b
i MEMORY WORD/BYTE MWORD &
H CONTROL CONTROL SEQUENCE NEXT MICRO
K STROBES (6) BITS (8) STATUS (9) TEST {6) CONTROL (5) ADDRS/IMMEDIATE (16)
|
il |
‘I MPR-694
i
i | Figure 18. Summary of Microinstruction Word Fields. Figure 19a. Micro Control Word Bit Definitions.
i
}‘ i 12 13
i
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x
x
EN IMMEDIATE — DA BUS iMMD & ®o
ROM/IREGEN ROMII 3] 588
I/O CONTROL REG. EN iOEN 5| %83
Am2914 INTERRUPTS DISABLE INTDIS & ¢ =
Am2914 ENIy-ENIy INTRIEN S
Am2904 SHIFT EN SHFTEN &
CNTLB, A
CNTLB, &
GENERAL CNTLBs 8 o
USE CNTLB, Q =2 e
CONTROL CNTLB, L ~ & g
BITS CNTLB, ® =
CNTLB, Q
CNTLB, @
>
>
Am2904 OUT EN CONDITIONAL TEST OECT g
Am2904 EN ZERO EZ @
Am2904 EN CARRY EC © 2
Am2904 EN SIGN ES =z Lz
Am2904 EN OVERFLOW EOVR S @
Am2904 EN MACHINE STATUS CEM ©
Am2904 EN MICRO STATUS CEu @
Am2904 |;, CARRY OUT CNTL Iz N
Am2904 1, CARRY OUT CNTL Iy 3
AmM2904 TESTs 5
Am2904 TEST, S
AmM2904 TEST, @ G §
Am2904 & Am25LS251 TEST, N a
Am2904 & Am25L5251 TEST, 2
Am2904 & Am25L5251 TEST, 3
~ o
Am2910 1, NAC, o 02
Am2910 I, NAC, ® = 3 s
AmM2910 I NAC, 3 723
Am2910 Iy NAC, > ]
Mis o
Mg B IS
M3 »
My ~
MH = »
10 o
Mgy © é,‘x z
Mg o =¥
My ~ 23%
Mg [ (30 3
Mg o Q
My ~
M3 w
M, N
M, -
Mg (=3

SNOILINIA3A 119 GHOM TOHLNOD OHOIN

H431NdWOD LIg-91

Figure 19a. Micro Control Word Bit Definitions (Cont.)
14

Control .
Strobes . .
Control ROM/AREGEN | VO Control Register | Am2914 l,-l; | Am2904 Shift Enable
Bits (35-42) Bit 47 Bit 46 Bit 44 Bit 43
CNTLB, B, 1107
CNTLBg B, /086
CNTLB; B, /105
CNTLB4 By 1104 l1o
CNTLB; Az /03 I3 Ig
CNTLB, A, /02 I Ig
CNTLB; Ay 1/O1 t4 Iz
CNTLB, Ag 1100 Ip lg
Figure 19b. Detailed Description of Bits 34 through 47.
Table 2. Microinstruction Definition.
Definition

95 RTB Routes second register field to B-RAM of Am2903.

92 Z— 24 Loads the vaiue in the Z register into the Z; Register at the beginning of the microcycle.

91 CCEN Enables the CC input of the Am2910.

ALU

30 WORD

89 EA

88 OEY These bits control the four Am2903’s. The function of EA, OEY, OEB, and lg ¢ is listed in

87 OEB Figure 20. WORD when enabled (LOW) causes the Am2903's to operate on words (16-bits).

86 lg When disabled (HIGH) the ALU operates on bytes (the least significant byte). This bit disabled

85 I blocks WE to the upper two Am2903’s and turns off their Y outputs.

84 ls ’

84 lg Zeroes should be forced to the upper 8 bits of the Y bus via the PCU to allow the zero status

83 Is to operate correctly when the WORD bit is disabled. Also, when disabled the status (C, OVR, S)

82 N sent to the Am2904 is taken from the second Am2903 (numbering 0-3 least significant to

81 I3 most significant slice) instead of the most significant Am2903.

80 I,

78 I4

78 lg

77 ENTREG Enable Transfer Register — enables the Transfer Register onto the DA input bus of the
Am2901A’s and Am2903’s.

76 LDTREG Load Transfer Register — loads the Transfer Register from the Y bus.

75 ENCTR Enable | Register Counter — enables the | Register Counter (I5.14) to count. This value is
used to address the general registers during stack instructions and by incrementing or
decrementing this value the microprogram can read or write successive registers.

74 INC | Register INC/DEC — the value in ;.14 can be either incremented (if this bit is HIGH) or
decremented.

73 PCUCD PCU Transceiver Disable — when HIGH this bit disables the PCU Transceivers from receiving
or transmitting data.

72 PCU->Y PCU Transceiver Control — when HIGH this bit allows the PCU Transceivers to pass data
from PCU to the Y bus. [WORD high (microbit 90) disables the least significant 8 bits of
these transceivers.] When LOW data passes from the Y bus to the MAR.

LDMAR Load Memory Address Register (MAR) — this bit loads the Memory Address Register.

LDD Load D Register — this bit loads the D Register with data from the Y bus.

Zy — | Load Z, into | Register — this bit loads data from Z, into the | Register. The | Register holds
only the upper 16 bits of the instruction.

ENZ, Enable Z; — DA — this bit LOW enables the Z, Register onto the ALU DA.

15




Table 2. Microinstruction Definition. (Cont.)

Definition

67 PSW Enable PSW — this bit LOW enables the PSW onto the ALU DA.

66 SHTCNTEN Shift Count to Am2910 — this bit LOW enables the least significant four bits of the instruction
{lp.3) onto the D input to the Am2910 sequencer. This allows the value to be entered into the
Am2910 internal counter to be used during shift instructions.

65 BRIEN Branch Instruction Enable — this bit LOW enables [4.7 of the Instruction Register onto the
Am2904 lg_3 input. The ly_3 inputs control the tests: of the status register.

PCU

64 PCUIl;

63 PCUI3

62 PCUI,

61 PCUl4

60 PCUlg These bits control the PCU which is designed around four Am2901’s. The PCUl;, PCUI3,

59 PCUAp PCUI,, PCUl; and PCUI, bits connect directly to the Am2901 17, I3, I, ly and g respectively.

58 PCUA, The PCUA,-PCUA, and PCUB,-PCUB, connect to the A and B Address inputs of the Am2901.

57 PCUAy l4, Is, lg, Ag and By are tied to ground. lg is tied to I;.

56 PCUB,

55 PCUB;

54 PCUB,

53 REQB Request Bus — this bit requests use of the system bus. This request is made the microcycle
preceding a Memory Request or use of the bus for an I/O transter. If the request is not honored,
the processing of the next microinstruction is halted until the acknowledge is issued.

52 MREQ Memory Request — this bit requests the memory to do a read or write operation.

51 HREQ Hold Request — this bit LOW blocks the bus controller from releasing the system bus to
another device. Normally a Bus Request is cleared as soon as the Bus Acknowledge is issued.
HREQ holds Bus Request and prevents any other device from using the bus.

50 WRITE Memory Write/READ — this bit indicates to the memory the MREQ is for a write operation
(if HIGH) and a read operation (if LOW).

49 MWORD Memory Word/BYTE — the Memory Word/BYTE microbit specifies whether the memory
operation will be a word operation or a byte operation. If the operation specified is a byte
operation the least significant address bit determines which byte of the two byte pair in memory
is affected. If the LSBit is a zero, the most significant byte is read or written, and the LSBitis a
one, the least significant byte is read or written.

48 IMMD EN immediate DA Bus — this bit LOW enables the 16-bit immediate vaiue (least significant
16 bits of the microinstruction) to the ALU DA bus.

47 ROM/I ROM/I REG Enable — this bit enables either the ROM bits 42-35 or the | register bits ly.7 onto
the A/B address inputs of the ALU according to the following:

8 4 4
op Ry Ro/X,p
ROM 42-39 l li J ROM 38-35
MUX MUX
l Bo.g l Ag.3 MPR-895

46 IOEN IO Control Register Enable — this bit loads the /O Control Register with microbits 42-35.

45 INTDIS Am2914 Interrupt Disable — this bit disables the Am2814 Interrupt Controlier from recognizing
interrupt requests.

44 INTRIEN Am2914 ENIo-ENl; — this bit is the instruction enable for the Am2914. The instruction inputs lg.3
are connected to microbits 35-38 respectively.

43 SHFTEN Am2904 Shift Enable — this bit is connected to the shift enable of the Am2904. The shift

controls lg.1 are connected to microbits 35-39 respectively.

Table 2. Microinstruction Definition. (Cont.)

Definition
42 CNTLB,
41 CNTLBg
40 CNTLBs
39 CNTLB, This control field is used to provide several different functions as defined by the previously
38 CNTLB; described control strobes (microbits 47-43).
37 CNTLB,
36 CNTLB4
35 CNTLBg
34 OECT OUT EN CONDITIONAL TEST
33 EZ EN ZERO
32 EC EN CARRY
31 ES EN SIGN These bits are used to control the Am2904. Their functions
30 EOVR EN OVERFLOW are defined in Figure 21. OECT is used to enable the test
29 CEM EN MACRO STATUS output of the Am2904 to the CC input of the Am2910.
28 CE EN MICRO STATUS
27 l12 CARRY OUT CONTROL
26 141 CARRY OUT CONTROL
25 TESTs
24 TEST, These bits determine which test is to be performed for the conditional branch and stack
23 TEST; functions. The various tests are listed in Figure 25. The testing is done both in the Am2904
22 TEST, and an 8 to 1 multiplexer.
21 TEST, :
20 TESTy
19 NAC3 291013
18 NAC, 291012 These bits are connected to the I5_o inputs of the Am2910 to controt
17 NAC, 291011 the sequencing of the microprogram. Their definitions are listed in Figure 26.
16 NACy 291010
15 Mys
14 My,
13 Mys
12 My2
11 My
10 Mo
9 Mg
3 33 These bits provide the branch address for the Am2910 and the 16-bit immediate field.
6 Mg
5 Ms
4 My
3 M3
2 M,
1 M4
o] Mo
Am2903 ALU allows a not predefined instfuction be accessible to the micro-

The first 16 equates assign mnemonics for the [8-15 of the
Am2903 which controls the destination of the ALU result. The
next 16 equates assign mnemonics for 4-11 of the Am2903
which contro! the operations of the ALU. The ALU definition
indicates the default is the Y bus forced to zero with no operation
on destination. The next group of definition selects the source
operand, foliowed by the special function definitions of the
Am2903.

Am2901A PCU

The PCU definitions include a group of often used PC instructions
such as PCU. NEXT, PCU. JUMP etc. The PCU definition itself

programmer.

AM2904 Shift Linkage Multipiexer and Status Register

The group of equates control the updating of the status register
and the TEST definition controls the shift linkage muitiplexer. The
carry control controls the carry into the least significant Am2903
slice.

Datapath Control

The data control equates assign mnemonics to different datapath
control bits.
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AMDOS/2Q AMDASHM MICRO ASSEMBLER, V1.1
DEFINITION FILE FOR 16 BIT COMPUTER
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ERT-RREs S
=

AMDASM DEFINTION FILE FOR 1€-BIT COMPUTER
USING AM2O81K, AM2983, AM29g4 & AM2G1Q
FILE CREATED BY STEVE CHENG 8/25/78

REVISION 2.9

12/€/78

WORD 96

DEFINITIONS FOR AM2918 SEQUENCER

DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF

4X,3#8,71X,H#9,16X 7JUMP ZERO

4X,340,71X ,H#1,4X,12VY FCOND JSB PL
4X,B51,71X,H#1,4X,12VY ;UNCONDITIONAL JSR PL
4X,B8%#9,71X,8#2,15X 5 JUMP MAP

5COND JUMP FL
FUNCONDITONAL JUMP PL
JPUSE/COND LD CNTR
sPUSH AND ID CNTR

FCOND JS3 R/PL

;CONL JUMP VECTOR
SUNCONDTICNAL JUMP VECTOR
FCONL JUMP R/PL

FREPEAT LOCF, CNTR <> 2
SREPLAT PL, CNTR <D @
3COND RTN

4X,B#8,71X,H482,4X,12VY
4X,B#1,71X,8#3,4X,12V%
4X,BH#O, 71X, BH4,4X,12VY
4X,3#1,71X,H#4,4X,12VY
4X,E¥C, 71X, H#5,4X,12VY
4X,B#8,71X,H#6,16X
4X,B#1,71X, H#6,16%
4X,3#0,71X,E#7,4X,12V%
4X,BHO, 71X, HEE,4X,12VY
4X,B#9,71X,HrG,4X,12VY
4X,B#6,71X,H#A, 16X
4X,B#1,71X,H#A,16X FUNCONDTIONAL RETURA
4X,B#8,71X,H#B,4X,12V% 5COND JUMP PL & POP
4X,B¥@,71X,H#C,4X,12VYE#FFF ;1D CNTR & CONT
4X,B#$,71X,H#D, 16X ;TEST END LOOP
4X,B#0,71X, H#E,16X FCONTINUE
4X7B#Q,71X,H4F 47 ,12VY 3 TEREE-WAY BRANCE

DEFINITIONS FOR AM2903 ALU

TRE
ALU

ALU DEFINTION IS OF THE FOLLOWING FORMAT
DESTINATION CONTROL, FUNCTION

BQUATES FOR ALU DESTINATION CONTROL

Hid FARITHMETIC SHIFT DOWN, RESULTS INTC RamM
Ba#l sLOGICAL SHIFT DOWN, RESULTS INTO RAM

H42 SARITE. SHIFT DOWN, RESULTS INTO RAM AND Q
E#3 5LOGICAL SBIFT DOWN, RESULTS INTC RAM ANL Q
R#4 sRESULTS INTO RAM, GENERATE PARITY

H#d 3LOGICAL SHIFT DOWN 3, GENERATE PARITY

b€ FRESULTS INTO Q, ;3FNERATE PAKITY

H&? FRESULTS INTO RAM AND ¢, GENERATE PARITY
LH#8 FARITH. SEIFT YP, RESULTS INTO KAM

H&9 3LOGICAL SHIFT UP, RESULTS INTO RAM

B#A SARITE. SHIFT UP, RESULTS INTO RAM AND @
B#B $LOGICAL SHIFT UP, RESULTS INTO RAM AND Q
HE#C FRESULTS T0 Y BUS ONLY

H#D sLOGICAL SRIFT UP Q

BH#E $SIGN FXTEND

B F $RESULTS TO RAM, SIGN EXTEND

EQUATES FOR ALJ FUCNTIONS

DEF
DEF
DEF
DEF
DEF
DEF

H#O JFI =1

Bl FSUBTRACT R FROM §

E#2 §SUBTRACT S FROM R

HAS 7ADD R AND S

E#4 FPASS S

E#5 32°S COMPLEMENT OF §
E#6 FPASS R

H#7 $2°S COMPLEMENT OF R
H#E 3F1 = 4

H#S FCOMPLEMENT R AND WITE S
E#d FEXCLUSIVE NOR R VITH §
E#2 FEXCLUSIVE OR R WITE S
B4C FAND R WITH S

E#D 5NOR R WITE §

E#E JNAND R WITH S

H#F JOR R WITH §

DEFINTION

9X ,4¥H#C,4VH#S, 79X

OPERAND SOURCES

6X,P#8,1X,B48,6X,B40 78X
6X,B#8,1X,B#1,8X, B¥8,78X
6%,3#8,10X,B41,78X
6X,B#1,1X,B#0,8X ,B#8,78X
6X,B#1,1X,B#1,87 ,B#E,76X
6X,B#1,101,B41,76%

0t 0 50 50 Ko

WORD/BITL CONTROL

DET

5X,B#3,50X

OUTPUT Y ENABLE

DEF

7X,B¥E,88X

SPECIAL FUNCTIONS FOR AM29@3

TO USE THE SPECIAL PUNCTIONS, THE DESTINATION
CONTROL MUST NOT BE AQ OR DAQ

SPECIAL FUNCTION EQUATES

EQU
EQU
EQU
QU
EQu
EQU
QU
EQU

H#og SUNSIGNED MULTIPLY

H#28 5TWO’S COMPLEMENT MULTIPLY

Br4d 5 INCREMENT BY ONE OR T¥0

H#58 5 SIGN-MAGNITUDE/T¥W0"S COMPLEMENT

B#68 ; TWC’S COMPLEMENT MULT. LAST STEP

Hu89 FSINGLE LENGTE NORMALIZE

BrAg iDOUBLE LENGTE NORMALIZE AND 1ST DIVIDE OP.
j: 20 ] FTY¥0’S COMPLEMENT DIVIDE

EQU Q#@
BQU Q#1
EQU Q#2
EQU Qw3
EQU Qi
EQU Q#5
BQU Q#6
EQU Q#7
; EQUATES FOR PCU A-RAM
;
& EQU Qre
A EQU Q#1
A EQU Qw2
A EQU QT
A EQU Qs
A EQE Q#5
A EQU Qr6
A EQU Q#7
i
; EQUATES FOR PCU B-RAM
;
BBt EQU Que
B1: EQU Q1
32: QU Q#2
33: EQU Q#3
B4: EQU Q#4
B5: EQU Q#5
361 EQU Q#E
¥ EQU Q#7
i
; PCU DEFINITION
H
PCU:  DEF 31X,1VB#1,1VB#2,3VQ#1,3VQ#,3V0#,54X
i
PCU.NEXT: DEF 31X,B010481180088,54X iPC = PC + 2
PCU.PUSE: DEF 31X,B#11001100881,54 5P - 2
PCU.POP DEF 31X,BA18#81186281,541 SP + 2
PCU.JUMP: DEF 31X,E#121112002300,54X D
PCU.TR2: DEF 31X,B#16181126880,54X A
PCU . NGP DEP 31X,B#12611888¢46,54X JPC TO OUTPUT
PCU.SP: DEF 31X,B#18911801881,54X 35P 70 GUTPUT
PCU.DEC4: TEF 31X,EN11031101060,54% JPC = PC - 4
i
H DEFINTIONS FOR AM29@4 RELATED CONTROL BITS
3
; AM2994 BIT DEFINITIONS ARE AS FOLLOWS:
P BITS 95-44 = DON'T CARES
; BIT 43 = SEIFT ENABLE
; BITS 42-35 = GENERAL PURFOSE CONTROL BITS
; BIT 34 = EN CONDITIOMAL TEST
i BIT 33 = ENABLE ZERO
i BIT 32 = ENABLE CARRY
; BIT 31 = ENABLE SIGN
I BIT 38 = ENABLE OVERFLOW
; BIT 29 = ENABLE MACRINE STATUS
i BIT 28 = ENABLE MICRO STATUS
; BITS 27-26 = CARRY OUT CONROL
; BITS 25-26= CONDTIONAL BRANCH TEST
;
SEIFTEN: ¥QU Beo FSHIFT ENABLE
OBCT: EQU B#d FOBT EN CONDITIONAL TEST
EZ: EQU B#o JENABLE 2ERO
EC: EQU Bse JENABLE CARRY
ES: EQU B#g ;ENABLE SIGH
EOQVR: QU Bue JENAELE OVERFLOW
CEM EQU B#¢ FENABLE MACEINE STATUS
CEU: QU Beo FENABLE MICRO STATUS
P
AM20€4: DEF 52X,1VB#1,8X,1VE#1,1VB#1,1VB#1,1VB#1,1VB#1,1VB#1,1VBe1,28%
i
i TEST BITS DEFINTION
;
TEST:  DEF 78X,6VQ¥,20X
i
; EQUATES FOR AM2UB4 CARRY-OUT CONTROL
i
COEQ8: EQU Brod jCARRY-OUT = @
COEQl: EQU Beel CARRY-OUT = 1
COEQCI: EQU B#1g CARRY-OUT = CARRY-IN
COEQST: EQU B#ll CARRY-OUT = CARRY OF STATUS REGISTER
;
i CARRY-OUT CONTROL DEFINITION
i
CARRICTL: DEF 68X,2V3#88,26X

i
H

EQU H4ES FTWO'S COMPLEMENT DIVISION CORRECTION

SPECIAL FUNCTION DEFINITION
DEF¥ $X,8VH#, 79X

DEFINITION FOR AM2981 PROGRAM CONTROL UNIT (PCU)

PCU REGISTER DEFINITIONS:

R§ = PC PROGRAM COUNTER

Rl = SP STACK POINTER

R2 = SPLL STACK POINTER LOWER LIMIT
R3 = SPUL STACK POINTER UPPER LIMIT
Re =2 CONSTANT 8

R5 = 4 CONSTANT 2

EQUATES FOR PCU DEFINITIONS
EQU Bu#d #Q REG = ZERO, B-RAM = ONE DEFAULT
EQUATE FOR PCU FUNCTIONS

EQU B#1 iSUB = ONE, ADD = ZFKO DEFAULT

EQUATES FOR SOURCE CONTROL

REGISTER MUX SELECT

AMDOS/28 AMDASHM MICRO ASSEMBLER, ¥1.1
DEFINITION FILE FOR 16 BIT COMPUTER

RTB: DEF B#9,95X FROUTE Rt TO RAM B
H

H EQUATES FOR DATAFATH DEFINITION

+2 REG TO ZI REG

FENABLE TRANSFER REGISTER
yLOAD TRANSFER REGISTER

5 [-REG EN CTR

3 1-REG INC/DEC*®

7PCU TRANSCEIVER TO Y-BUS
FPCU TRANSCEIVER TO MAR BUS
3PCU_TRANSCEIVER CEIP DISABLE
3LOAD MAR

310AD D REG

FLOAD Z1 INTO I-REG

7 ENABLE 2¢ TO DA

FENABLE PSW¥

FSEIFT CNT 291¢ ADDR
$BRANCHE INSTRUCTION ENABLE

z1: EQU Bl
ENTREG: EQU B#@
LDTREG: EQU B#1
ENCTR: EQU B#&
INC: EQU B#1
PCUY:  EQU B#01
YMAR: EQU B#od
PCUMAR: EQU B#il
LDMAR: EQU B#i
LDD: EQU B#i
ZI1: EQU 3#1
ENZ8: EQU B#¢
' EQU B#®
SHTCNTEN:EQU B#@
BRIEN: EQU B#2
DATAPATE DEFINITION

5ATAPATB: DEF 3X,1VB#0,14X,1VB#1,1VB#6,1VB#1,1VB423,2VB411,1VB#5,
/ iVB#8,1VB#2,1VB#1,1VE#1,1VEH1,1VB#1,65%

g EQUATES FOR MEMORY CONTROL

ﬁEQB: EQU B#1 7BUS REQUEST

Figure 20. Definition File for 16-Bit Computer.

18

$MEMORY REQUEST
3EOLD REQUEST
§MEMORY WRITE
FMEMORY ¥ORD/BYTE*

MREQ: EQU B#1
HREQ: EQU B#6
WRITB: EQU B#1
MYQRD: EQU B#1

i

; DEFINTION FOR MEMORY CONTROL
6SH.CONT:DE? 42X,1VB#¢,1VB#0,1VBRL,1VB#3 ,1VB#D, 40X
: BQUATES FOR CONTROL STROBES

FROM/IHEGEN®

51/0 CONTROL REG. ENABLE

3 INTERRUPT DISABLE
$ENABLE I6-13 ON AM291¢

i

ROM: EQU B#1
IOEN: EQU B#8
INTLIS: EQU B#D
INTRIEN:EQU B#8

E CONTRCL STROBE DEFINTION

éONTROL: DEF 48X,1VB#¢,1VB#1,1VB#1,1VB#1,44)

{ CONRCL BITS DEFINITION

éHTLB: DEF 53X,8VE#,35X

g IMMELIATE ROM DEFINITION

iHMD: DLF 47X,B#0,32X,16VE# FENABLE IMMEDIATE OPERAND
’ END

TOTAL PEASE 1 ERRORS = @

Figure 20. Definition File for 16-Bit Computer (Cont.).

Memory Control

The memory control equates assign mnemonics to different
memory control bits.

Control Strobe and Control Bits

The control strobe equates assign mnemonics to the control bit
strobe signals. The control bit definition defines a hexadecimal bit
pattern for the 8 control bits.

Immediate Operand

When the Am2910 sequencer is executing an instruction which
does not require an address operand, bits 15-0 in the microword
can be used as a 16-bit constant to load ALU, PCU etc. This is
accomplished by putting the constant in bits 15-0 and force bit 48
to logic 0.

MICROCODE

Flowcharts

The flowcharts of the major instruction types are shown in the
following figures.

Figure 21 illustrates the basic microprogram flowchart and dem-
onstrates how the pipelining is done in microcode. This figure
illustrates the sequencing of the computer starting with no in-
structions in the pipeline. By the fourth microinstruction, the
pipeline is full and the CPU can execute for example a mac-
roinstruction every microcycle.

Figure 22 illustrates the execution of an RR instruction. During an
RRinstruction, PC+6 is loaded into the MAR and a bus requestis
issured for the content of PC+6. The contents of PC+4 are read
into the Z register. The Z; and | Registers are loaded with the
contents of PC+2. The instruction at PC is executed. The input to
the mapping PROM is loaded with the contents of PC+2. Thus in
a stream of RR instructions, four instructions are in progress
concurrently.

Figure 23 illustrates the execution of an RX instruction. [n this
figure the decode operation takes the microprogram to the mi-
crostep where the form address operation is done. Since the
decode of the instruction has been completed in the previous
step, the form address microinstructions are unique to each RX
instruction in spite of the fact the operation performed is identical.
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START REQB LOADS PC INTO MAR.
PC—= MAR REQUESTS BUS FOR INST N.
LOADS PC+2 INTO MAR AND PC
START1 oo MREQ REQUESTS BUS FOR INST N+1
+2—=MAR, PC READS INST N.
LOADS PC+2 INTO MAR AND PC
REQB. MREQ REQUESTS BUS FOR INST N+2
PC+2 = MAR, PC READS INST N+1
START2 Zom 2y, Zy— | LOADS 2, REG WITH INST N
DEGODE LOADS 1 REG WITH INST N;
DECODES INST N.
Y EXECUTE
INTERRUPT
ROUTINE
N
EXECUTE
INST N INSTRUCTION
MPR-696

Figure 21. Microprogram Start Up Flow Chart.

From the form address step, the microprogram jumps to
FETCHOP where the operand is fetched. This step returns to
where the instruction is actually executed.

Figure 24 illustrates the execution of an RSl instruction. At the first
microstep, the immediate operand is already in the Zg register. So
the instruction is executed in the first step. The microprogram is
then jumped to START2 to refill the pipeline.




INSTN-1
FROM INST N—1 .
REQUESTS BUS FOR INST N+3
pCizwMaR pc | FEADSWNSTN:2 . , 08, weea REQUESTS 8US FOR ST N2
INSTN 2=z 2 LOADS Z; AND | WITH INST N+1 INSTN Execore ¢ READS INST N+ 1
EXECUTE EXEGUTES INST N EXECUTE EXECUTES INST N WITH IMMEDIATE OPERAND IN 2,
DECODE DECODES INST N+1 P STARTZ JUMPS TO START2
TO Y
INTERRUPT
HANDLER
LCAD PC+2 INTO MAR, PC
REQB, MREQ REQUESTS BUS FOR INST N+3
PC+2—=MAR, PC READS INST N+2
T0 START2 72,21 LOADS INST N+1 INTO 2,
INST N+t DECODE LOADS IREG
DECODES FOR INST N+1
RR INSTRUCTIONS IMPLEMENTED [NTERRU?; v
OPCODE R1, R2 HANDLER
LR Load Register R1 = (R2) :
AR Add Register R1 = (R1) + (R2), Set CC T0
SR Subtract Register R1 = (R1) — (R2), Set CC INST N+1
paR gr;DRzgngr N §2}§ gﬁ%‘;‘i’éﬁf e IMMEDIATE INSTRUCTIONS IMPLEMENTED
CLR Compare Logical Register Set CC with (R1) — (R2) OP CODE R1, DATA
XORR Exclusive OR Register R1 = (R1) XOR (R2), Set CC LI Load Immediate R1 = DATA
MPR-687 NI AND Immediate R1 = (R1) AND DATA, Set CC
. . Ol OR Immediate R1 = (R1) OR DATA, Set CC
Figure 22. RR Instruction Flow Chart. Xl Exclusive or immediate R1 = (R1) XOR DATA, Set CC
Al Add Immediate R1 = (R1) + DATA, Set CC
Si Subtract Immediate R1 = (R1) — DATA, Set CC
erom Cl Compare Immediate Set CC with (R1) — DATA MPR-698
INSTN-1
Figure 24. Immediate Instructions.
REQB, MREQ FORMS OPERAND ADDRESS BY ADDING Zy+X;
Zy+X, = MAR REQUESTS BUS FOR OPERAND
JSB FETCHOP READS INST N+1
Figure 25 illustrates the execution of an unconditional branch
instruction. At the first microstep the displacement is already in
the Z, register. The branch address is formed by adding the INST N—1l
REQB, MREQ LOADS PC+2 INTO PC, MAR contents of the Z; register to the contents of the index register X.
INST N FETCHOP PC+2Z-_—_ MZ‘:R- PC gzggé?g;gﬂi SOR INST N+2 The MAR is loaded with the branch address and a bus request is REQE LOADS MAR AND TREG WITH
RTN LOADS INST N+1 INTO 2, issued for the contents of the branch address. The branch ad- 25+ X, —=MAR BRANCH ADDRESS
dress is also loaded into the transfer register for subsequent Zo*X, = TREG REQUESTS BUS FOR INST AT BA
loading of PC. In the next step, the contents of the transfer
U—— LOADS PC+2 INTO PC, MAR register+2 is loaded into the PC and MAR. A bus request is
PC+2 —=MAR, PC T Do FORINST N+3 issued to BA+2. The content of BA is read. The microprogram is
B one LOADS Z, WITH N+1 then transferred to START2 to fill up the pipeline.
EXEcuTE EXECUTES NSTN | Figure 26 illustrates the Conditional Branch instruction. In step 1, ax BB, MREQ READS NSTBA ! BAt
unlike the Unconditional Branch instruction, the contents of the ! TREG+2 —=PC jroved AN PC WiH
mrsnaul? Y memory (instruction N+ 1) is read, in case the test condition fails
HANDLER and the macro program falls through. The condition test is en-
abledin this step. Ifthe test passes, the microprogram transfers to
0 N Unconditional Branch routine. If the test fails, the microprogram
INST N+1 proceeds to fill the pipeline and continue. REQB, MREQ REQUESTS BUS FOR INST BA+2
START2 PC+2—+MAR, PC READS INST BA+1
Figure 27 illustrates the branch and link instruction. The flowchart G ;géggé’;ﬁﬁg;’;m Z; AND | REG
RX INSTRUCTIONS IMPLEMENTED is similar to Unconditional Branch except an extra step (STEP 2)
OPCODE R1, X2 (DISP) is inserted. This step saves PC in Ry.
LD R1, X2 (D) R1=(X2)+D Figure 28 iliustrates a shift or rotate instruction. In STEP 1 the BA = BRANCH ADDRESS
ST R1, X2 (D) (X2) + D = (Rt1) opcode of the next instruction is loaded into Z, registers and the ,T,f’TERRUFT
ADD R1, X2 (D) R1 = (R1) + [(X2) + D], Set CC shift count of the shift instruction is loaded into the loop counter of HANDLER
SuB R1, X2 (D) Rt = (R1) — [(X2) + D1, Set CC Am2910. STEP 2 executes the shiftinstruction N+ 1 times, where
N R1, X2 (D) R1 ~ (R1) AND [(X2) + D}, Set CC N is the shift count in the instruction. It should be noted that since BXX;, (D) BRANGH PC = (X)+D
(o] R1, X2 (D) Rt = (R1) OR [(X2) + D], Set CC Am2910 detects — 1 as the stop condition, the shift count loaded
CMP R1, X2 (D) Set CC FOR (Rt1) — [(X2) + D] should be one less than the desired count. Step 3 is the same as MPR-700
MPR-698 the RNI (request next instruction). it is duplicated because the fail
Figure 23. RX Type Instruction. condition of RPCT in Am2910 can only fall through. Figure 25. Unconditional Branch.
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TRUE

BRANCH

INST N—1 ‘
ZRESB, MF:‘ESR REQUESTS BUS FOR BRANCH ADDR
Zo* 2= a READS INST N+1
0*"5;};} EG LOADS MAR AND TREG WITH BRANCH ADDR

CONDITION?

PC+2 = PC, MAR
=2, LOADS Z; WITH INST N+1

BC CC. Xy (D)

REQB REQUESTS BUS FOR INST N+2
LOADS PC AND MAR WITH PC+2

REQUESTS BUS FOR INST N+3

a8 MR READS INST N+2 pc a8, MREa READS INST AT BA+1
RNI T MAR, LOADS PC, MAR WITH PC+2 Srz T uAR LOADS PC, MAR WITH PC+2
g LOADS Z; WITH INST N+1 —EnZe LOADS Z;, IREG WITH INST AT BA
DECODE DECODES FOR INST N+1 DECODES FOR INST AT BA
TC v TO Y
INTERRUPT INTERRUPT
HANDLER HANDLER
TO N N
INST N+1

START2

REQUESTS BUS FOR BA+1
READS INST AT BA
LOADS PC, MAR WITH TREG+2

REQB, MREQ
TREG+2 —=MAR, PC

REQUESTS BUS FOR BA+2

TO INST AT BRANCH ADDR

MPR-701

Figure 26. Conditional Branch.

Figure 29 illustrates the input instruction. In STEP 1, the /O Port
Address is formed by adding Zg and X,. Bus request is issued for
the I/O Port. The desired width of the I/O read pulse is loaded into
the Am2910 Loop Counter. The width of the /O read pulse is
(N+2) X cycle time where N is the number loaded. The /O read
signal is turned on. In STEP 2, the bus is held for the /O address
and the loop counter is decremented until it becomes —1. In
STEP 3, I/O read pulse is turned off but 1/O address is held for
possible address hold time requirement of the [/0 device. On the
trailing edge of the /O read pulse, the content of the I/O Port is
strobed into the Z, register. In STEP 4, the content of Z, register
is loaded into Ry, thus compieting the I/O read. Bus request is
issued for the next instruction and microprogram jumps to
START1 to refill the pipeline.

Figure 30 illustrates the output instruction. In STEP 1, bus request
is ussued for the /O Port Address. In STEP 1, the content of Ry is
transferred to the D register for outputting to the data bus. The /O
write pulse is set and the width of the write pulse is loaded into the
Am2910 Loop Counter as in the input instruction. in STEP 3, the
I/O address is held untitloop counter becomes — 1. in STEP 4, the
content of the D register is strobed into the I/O Port by turning off
the 1/O Write Pulse. The microprogram jumps to START to refill
the pipeline.

The Figures 21-30 illustrate the major instruction types im-
plemented. These are by no means the only possible instructions
for the 16-bit computer described. Some other instructions such
as stack instructions are shown in the microcode but not in the
figures and should be easily understood with the above examples
as a guide.
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Figure 31 illustrates the implementation of some typical instruc-
tions. Instruction O is the restart instruction. It jumps to INIT
which is located in location H# 180 because the mapping PROM
maps only into the first 256 locations. So it is desirable to pre-
serve these locations for Macro instructions. The initialization
routine does the following:

. Turn on 1/O reset signal and jump (Inst H#0)

. Set Rg in ALU to 0 (inst H#180)

. Set Ry in PCU (PC) to O (Inst H#181)

. Set Ry in PCU (SP) to H#4000 (Inst H#182)
. Set R, in PCU to 2 (Inst H#183)

. Set Rg in PCU to 4 (Inst H#184)

. Turn off YO reset signal (Inst H#185)

. Initialize console USART (Inst H#186-H#190)

ONOO AR WN =

The microinstruction that executes macroinstructions are
grouped as follows:

Type Figure Microinst #
(Hex)
RR Instructions 22 005-00B
RX Instructions 23 00C-01B
RSl instructions 24 01C-022
Branch Instructions 25-27 023-02A
Shift instructions 28 02B-042
Input Instruction 29 043-046
Output Instruction 30 047-04A
Stack Instructions - 04B-059
Interrupt Instructions - 05A-061

INSTN—1 l

Zo+Xg ——MAR
Zp+X, ~=TREG

|

PC —= R,
REGB

3

REQB, MREQ
TREG+2—=PC
TREG+2 = MAR

1

t

REQB, MREQ
PC+2— MAR, PC
22,21~
DECODE

START2

T0
INTERRUPT

HANDLER To

INST N+1
BAL Ry, X, (D)

LOADS MAR AND TREG WITH
BRANCH ADDRESS

SAVES PC IN R,
REQUESTS BUS FOR INST N+1

REQUESTS BUS FOR INST N+2
READS INST N+1
LOADS TREG+2 INTO PC, MAR

REQUESTS BUS FOR INST N+3
READS INST N+2

LOADS PC+2 INTO PC, MAR

LOADS INST N+1 INTO Z; AND IREG
DECODES FOR INST N+1

Ry = (PC), PC = (Xp)+D
MPR-702

INST N—1 ‘
X REQUESTS BUS FOR INPUT PORT
REQB, HREQ HOLDS THE BUS
Zy+Xg —»=-MAR LOADS MAR WITH /O ADDRESS
IOCNT -~CTR LOADS I/0 COUNT INTO
SET IOR LOOP COUNTER
T TURNS ON KO READ
N HOLDS BUS
crr R R DEC, LOOP COUNTER
UNTIL CTR = —1

Y
HOLDS BUS
R5221E'?0R TURNS OFF O READ
READS /O PORT CONTENT
REQB REQUESTS BUS FOR INST N+1
Z,—=R, LOADS /0 PORT CONTENT INTO R1
JMP START1 RE-FILLS PIPELINE FROM “START1"
TO
START1

MPR-704

Figure 27. Branch and Link.

Figure 29. Input Instruction.

FROM
INSTN—1 ‘
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1
N—= SHIFT CNT

l

INST N EXECUTE SHIFT
OR ROTATE
CNT—1-=CNT

| Y

i

REQB, MREQ
PC+2 —=MAR, PC

TO
INTERRUPT
HANDLER
T0
INST N+1

LOADS INST N+1 INTO Z
LOADS SHIFT COUNT OF INST N
INTO LOOP COUNTER

EXECUTE 1 CYCLE OF SHIFT
OR ROTATE DECREMENT
LOOP COUNTER

IF LOOP COUNTER = —1,
GO TO NEXT INST
OTHERWISE, REPEAT CURRENT INST

REQUESTS BUS FOR INST N+3
READS INST N+2

LOADS Z; WITH INST N+1
DECODES INST N+1

MPR-703

LOADS MAR WITH

OUTPUT PORT NUMBER
REQUESTS BUS FOR OUTPUT
HOLDS THE BUS

REQB, HREQ
Xp+2Zo—e=MAR

l

SET IOW, HREQ

TURNS ON i/O WRITE
HOLDS THE BUS

R;— DREG
1OGNT = CTR LOADS DREQ WITH R1
LOADS /O CNT INTO LOOP COUNTER
T
HREQ HOLDS THE BUS FOR I/O ADDRESS

DEC LOOP COUNTER

CTR—1—-CTR UNTIL CTR = —1

N
Y

WRITES THE CONTENT OF DREQ
)i

RESET I0W, HREQ INTO OUTPUT PORT

"JMP START HOLDS THE BUS
JUMPS TO “START”
TO REFILL PIPELINE
TO START ‘

MPR-795

Figure 28. Shift and Rotate Instructions.

Figure 30. Output Instruction.
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Upon an interrupt, the 16-Bit Computer finishes its current in-
struction and jumps to microinstruction H#1FF. The interrupt
handler works as follows:

1. Current PSW is stored in DREG and SP = SP-2 (Inst
H#1FF).

2. The content of PSW is written onto the stack in memory. PC =
PC—4 to flush out the pipeiine (Inst H#1F0).

3. SP = SP~2 (Inst H#1F1).

4. The content of the adjusted PC is written to the DREG (Inst

H#1F2).

5. The content of the PC is written onto the stack in memory and
the vector in the Am2914 is output to the interrupt vector
PROM. A vector jump is made following this instruction de-
pending on the interrupt number (Inst H#1F3).

6. The vector jump directs to 1 of 8 locations labelled INTy-INT;.
For INT4-INT7, the first instruction disables interrupt in the
Am2814 and forces new PC value into PC. INT, requires an
extra instruction to clear the Am9519. The interrupt vector in
the Am9519 is to be determined by the macro interrupt
handler.

This next instruction is the same as the START instruction.
The previous instruction cannot jump to START directly be-
cause the immediate operand uses the jump address field.
The macroprogram resumes at the new PC value.

~

The instructions implemented cover only a small portion of all
possible instructions. Only 137 or 512 microinstructions are used.
The rest of the instruction space could be used to vastly enhance
the instruction set such as byte operations, storage to storage
instructions, etc.

AMDOS/28 AMDASH MICRO ASSEMBLER, V1.1
MICROPROGRAM FOR 16 BIT COMPUTER

MICROPROGRAM FOR AMD 16-B1T COHPUTEB
¥RITTEN BY STEVE CHENG 9/78
REVISION 1.1 12/15/78

RESET SEQUENCE STARTS EERE

NG NN G e N e s e e

€996 RESET: ALU & WORD & CONTROL ,IOEN,INTDIS, & CNTLB H#7F & DATAPATE &
MEM.CONT REQB,,HREQ,,MWORD & AM2984 & PCU.NOP & JMP INIT
REQUEST BUS FOR INSTRUCTION N
9981 START: ALU TBUS,PASS & AB & WORD & OET & CARRYCTL & CONTROL &
DATAPATH ,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,M#ORD &
442004 § PCO.NOP & CONT
REQUEST 3US FOR INSTRUCTION N+1. READ INSTRUCTION N
0082 START1: ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATE ,,,,,LDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
/ AM2084 & PCU.NEXT & CONT
;
; REQUEST BUS POR INSTRUCTION N+2. READ INTRUCTION N+3i.
H LOAD 71 REGISTER WITH INSTRUCTION K.
; DECCDE FOR INSTRUCTION K
3
0963 STARTZ: ALU YBUS,PASS & DAB & CARRICTL & OEY & WORD & CONTROL &
/ DATAPATE 221,,,,,,.LDMAR,,211,,,, & MEM.CONT REQE,MREQ,,,MVORD &
/ AM2984 & PCU.NEXT & JMAP
i
H REQUEST NEXT INSTRUCTION
H
0084 RNI:  ALU YBUS,PASS & DAB & CARRYCTL & OEY & WORD & CONTROL &
/ DATAPATE ,,,,,,LDMAR,,ZII,,,, & MEM.CON? REQB,MREQ,,,M¥ORD &
/ AM2984 & PCU.NEXT & JMAP
i
i
H RR TYPE INSTRUCTIONS
;
;
; LOAD REGISTER 18 RR €C: NONE
; LR R1,R2 R = {(R2)
i
8805 LR: ALU REG,PASSR & 4B & cun!m & OET & WORD &
/ DATAPATE 221,,,,,,1DMAR,,211,,,, & MEM.CONT REQB,MAEQ,,,MWORD &
/ AM294 & CONTROL & pcu NEXT & JMAP
P
H ADD REGISTERS 18 RR cC: CSVZ
H AR R1,R2 = (R1) + (R2)
H
0065 AR: ALU REG,ADD & XB & CARRYCTL & OEY & WORD &
/ DATAPATH 221,,,,,,LDMAR,,211,,,, & MEM.CONT REQB, na}:q..,nvonn s
/ AM2994 ,,EZ,EC,ES,EOVR, csn & CONTROL & PCU.NEXT & Ji
i
i sun'nucr n):cxs-rzys BR CC: CSVZ
i SR R1,R = {(R1) - (RZ)
;
2067 SR: 4LU REG,SUBR & AB & CARRYCTL COEQI & OEY & WOR
/ DATAPATH 221,,,,,,LDMAR,,211,,,, & MEM.CONT mn nm...nvonn s
/ AM294 ,,Z,50,ES,BOVR,CEM, & CONTROL & PCU.NEXT & i
H AND REGISTERS 14 RR c6: CSVZ
; NR R1,R2 R1 = (R1) AND {R2)
2068 fR: ALU REG,AND & AB & CARRTCTL & OEY & WORD &
/ DATAPATE 22I,,,,,,LDM n.,zn,,., & MEM.CONT REQB,MREQ,,,M¥ORD &
/ AM2G84 ,,EZ,EC,ES,EOVR,CEM, & CONTROL & PCU.NEXT & JMAP
3
H OR REGISTERS 16 RR ¢C: CSVZ
; OR RI1,R2 R = (R1) OR (R2)
©085 ORR:  ALU REG,OR & AB & cmucu & OEY & WORD &
/ DATAPATH 221,,,,,,LDMAR, , zu,,,, & MEM.CONT REQB, nREQ..,nHonn IS
/ AM2904 ,,2Z,EC,ES ,EOVR,CEM, & CONTROL & PCU.NEXT & J
; COMPARE LOGICAL smxmns €C: CcsvZ
H CLR R1 = RESULT OF (m) - (& 2)
i conrxm‘s OF R1 AND R2 ARE NOT AFFECTED
;
$0@a CLR:  ALU YBUS,SUBR & A3 & CARRYCTEL COEQ1 & OEY & WORD &
/ DATAPATH 221,,,,,,LDMAR,,Z1I,,,, & MEM.CONT REQB,MREQ,,,MWORD &
7 AM2084 ,,EZ,5C,BSEOVR,CEM, & CONTROL & PCU.NEXT's JHAD
;

EXCLUSIVE OR RBGFTER RR
XOR Ri,R2 (K1) XOR (RZ)

ALY REG,EXOR & AB & CARRYCTL & OEY & WORD &
DATAPATB 221, ,.4,,LDMAR, ZII, sy & MEM,CONT REQB, NREQ,.,MUOKD &
AM2664 ,,EZ,EC,ES,EOVR, CEH & CONTROL & PCU.NEXT &

CC: CSVZ

2603

i e e e

RX TYPE INSTRUCTIONS

104D RX CC: NONE
1D R1,X2(D} = [{x2) + 1]

ALU YBUS,ADD & DAB & CARRYCTL & OEY §& WORD & CONTROL & RTB &
DATAPATE ,,,,,YMAR,LDMAR,,,ENZB,,, & MEM.CONT HEQE,MREQ,,,MVORD &
AMZS@4 & PCU.NOP & JSB FEPCHOP

226C

NN B e e e wre s v
o

260T ALY REG,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,211,EN28,,, & MEM.CONT REQB,MREQ,,,MWORD &

AM2984 & F¥CU. NEXT & JMAP

~~

STORE 56 BX CC: NONE
ST R1,X2(D) (x2) + D = (R1)

200F

I

ALU YBUS,ADD & DAB £ CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,,,,,YMAR,LDMAR,,,ENZ@,,, & MEM.GONT REQB,MREQ,,,M¥ORD &
AM2904 & PCU.NOP & CONT

NN @ e e e

[ ALU YBUS,PASS & AR & CARRYCTL & OBY & WORD & CONTROL &
DATAPATH 2Z1,,,,,,,LDD,,,,, & MEM.CONT REQB,,,,MVORD &

AM2E94 & PCU.NOP & CONT

.~

ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAFATH ,,,,,,L 153055 & MEM.CONT REQB,MREQ,,¥RITE,MWORD &
AM2994 & PCU.NEXT & JMP RNI

°210

ADD 54 RX cc: oSV
ADD R1,X2(D) (R1) + {(x2) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,,,TMAR,LDMAR,,,ENZ9,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2994 & PCU.NOP & JSB FETCHOP

ki =

8911

U e s e s
&
©
54

ALU REG,ADD & DAB & CARRYCTL & OEY & ¥ORD & CONTROL &
DATAPATR ,,,,,,LDMAR,,21I,EN28,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2924 ,,£Z,EC,ES,EOVR,CEM, & PCU.NEXT & JMAP

2e12

SUBTRACT 5B RX CC: CsvZ

SUB R1,X2(D) Rl = (R1) - [{X2) + p]

ALU YBUS,ADD & DAR & CARRYCTL & OEY & WORD & CONTROL & RTB &
TH ,,,4,YMAR,LDMAR,, ,ENZB,,, & ME"! CONT REQB,MREQ,,,MWORD &
& PCU.NCP & JSB FETCHOP

0613

k=l
=l
e

DATAPA
AM2904

N7 TN

ALU REG,SUBR & DAB & CARRYCTL COEQ1 & OEY & WORD & CONTROL &
DAI‘AYATH srrs s  LDMAR,,Z211,EN20,,, & MEH CONT REQE, MREQ,,,HVOHD &
AM2994 ,,EZ,EC,ES,EOVR,CEM, & PCU.NEXT 5 JMAP

2014

AND 54 R CC: CSVZ
¥ R1,X2(D) Rt = (R1) AND [(Xx2) + D]

2815 ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,,,,,TMAR,LDMAR,, ,EN2#,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 & PCU.NOP & JSB FETCEOP

ALU KEG,AND & DAB & CARRYCTL & OBY & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,211,BNZ8,,, & MEM.CONT REQB,MREQ,,,M¥ORD &
AM20o#4 ,,E2,8C,ES,EOVR,CEM, & PCU.NEXT & JMAP

N T e e S

a#16

OR 56 RX €G: OSVZ
0 R1,x2(p) = (R1) OR [{X2) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,,,YMAR,LDMAR,,,EN28,,, & MEM.CONT REQB, MREQ...FVORD &
AMZO84 & PCU.NOP & JSB FETCHOP

eR17

N e wen

ALY REG,OR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,,,.,LDMAR,,211,ENZ8,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2684 ,,EZ,EC,ES,EOVR,CEM, & PCU.NEXT & JMAP

o818

O

CC: CSVZ

COMPARE 55 RX

oMP R1,X2(D) CC = RESULT OF (R1) - [{X2) + DI
THE CONTENTS OF R1 AND (X2) + D ARE NOT AFFECTED
ALU TBUS,ADD & DAB & CARRTCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,,,YMAR,LDMAR,,,ENZ®,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2084 & PCU.NOP & JSB FETCHOP

8219

D e
=
o

' Figure 31. Microprogram for 16-Bit Computer.
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H
#2814 ALU YBUS,SUBR & DAB & CARRYCTL COEQL & OEY & WORD & CONTROL &
/ APATH ,,,,,,LDMAR,,21I,EN20,,, & MEM.CONT REQB,MREQ,,,MYORD &
/ AH2994 ++EZ,EC,E5,EOVR,CEM, & PCULNEXT & JMAP
H
H
H
H SUBROUTINE TO FTETCE CPERAND FROM MEMORY
3
i
H
€618 TETCECP:ALU YEUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
/ DATAPATE 211,,,,,,LDMAR,,.,,, & MEM.CONT REQB,MREQ,,,MWORD &
/ AM2934 & PCU.NEXT & RN

281C

261D

201E

sa1y

2821

o822

e823:

2824

e85

e2e

2027

#8928

2828

IMMEDIATE INSTRUCTIONS

LOAD IMMEDIATE 41 RSI CG: NONE

LI B1,BI R1 = PI

ALU REG,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATY ,,,,,,LDMAR,,,ENZS,,, & MEM.CONT REQB,MREQ,, MWORD &
AM2984 & PCU.NEXT & JMP STARTZ

RSI

AND IMMEDIATE cC: CsvZ
KL,DI

Rl = R1 AND DI

ALY REG,AND & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPLTH 514+ LDMAR,, ENZS,,, & MEM.CONT REQB, MREQ,,,HVOHD &
AMZS84 ,,EZ,EC,ES, EOVR CEM, 6 PCU.NEXT & JMP STAR

OR IMMEDIATE RSI C¢C: C8YZ

01 R1,D1 Rl
ALU REG,OR & DAB & CARRYCTL & OEY & VORD & CONTROL &
DATAPATH s1419,LDMAR,, ,EN2Z6,,, § MEM.CONT REQSB, HREQ,,.HHOXD &
AM2924 ,,E2,EC,ES,EOVR,CEM, & PCU.NEXT & JMP START2

CC: CsvZ

= R1 OR DI

EXCLUSIVE OR !MHEDIATE RSI
DI

II ®1, R1 IOR DI

ALU REG,EXOR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATE ,,,,,, LDMAR,,,BNZ#,,, § MEM.CONT REQB,MREQ,,,MWORD &
AM2984 ,,EZ,EC,ES,EOVR,CEM, & PCU.NEXT & JHP START2

CC: ¢svz

NN B S AN e e e SN e s e SN e e v e s e e

ADD IMMEDIATE S
Al R1,DI Rl = Rl + DI

RSI

ALU REG,ADD & DiB & CARRYCTL & OEY & WORD & CONTROL &

-

DLTAPATH s999s0 LDMAR,, EN28,,, & MEM.CONT REQB, MREQ,.,MVORD &
AM2924 ,,EZ,EC,ES, EOVR CEH & PCU.NEXT & JMP STAR

SUBTRACT IMMED!ATE 9B RSI cC: CSvZ

S1 R1,BI = f1 - DI

ALU REG,SUBR & DAB & CARRYCTL COEQl & OEY & WORD & CONTROL &
DAT. APATH vevsse LDMAR,, EN2O,,, § MEM.CONT REQB,MREQ,,,MV¥ORD &
AM2994 ,,EZ,EC,ES,EOVR,CEM, & PCU NEXT & JuP STAR 2
COHPARE IMMEDIATE RSI ©C: CSVZ
€I R1,D CC = RESULT OF Rl - I

THEE CONTENT OF R1 1S NOT AFFECTED

ALV YBUS,SUBR & DAB &
DATAPATH ,,,,,94
AM2994 ,,E2,EC,ES, EOVR CEH

CARRYCTL COEQL & OEY & WORD & CONTROL &
»+EN28,,, & MEM.CONT REQB,MREQ,,,MWORD &
& PCU.NEXT & JMP STARTZ

NN DR e e e N U3 e 9 e B e et v

BRANCE INSTRUCTIONS

xxuca GNCONDITI ONAL 74 RX CC: NONE
X2(D) = {x2) + D

ALU YBUS,ADD & DAB §& GARRYCTL & osr & WORD & CONTROL § RTB &

DATAPATH , ENTREG,,,,,LDMAR,,

MEM.CONT REQB ,MREQ ., MWORD & Anzeu & PCU.TR2 & JMP START2

>

ALU YBUS,PASS & A & WORD & OEY & CONTROL &
DATAPATE ,ENTREC,,,,,LDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2084 & PCU.TR2 & JMP STARTR2

>
o

BRANCH ON CONDITION 47 RX GC: NONE
3¢ ¢,x2(p) IF ¢C = 1, PC = {X2)} + D
ELSE PC = (PC) + 2

ALU YBUS,ADD & DAB & CARRTCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,,LDTREG,,,YHAR,LDMAR,, ,ENZ8,,,BRIEN & TEST 57 &
MEM.CONT REQB,MREQ,,,MWORD &

AM25€4 ,0ECT,,,,,, & PCU.NOP & CJP BX1

a

BRANCE NOT NEEDED

e AR S s s s e S b n B 5 s e v v b e e e

ALU YBUS,PASS & AB & WORD & OEY & CONTROL &
DATAPATE 721,,,,,,LDMAR,,,,,, & MEM.COKT REQE,,,,MWORD &
AM2984 & PCU.NEXT & JMP RNI

BRANCH AND LINK 5 BX GC: NONE
BAL Ri,X2(D) R1 {(x2) + 0]
41U YBUS,ADD & DAP & CARRICTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,LDTREG,,,TMAR,LDMAR,,,ENZ#,,, & MEM.CONT ,,, ,MWORD §
AMZ984 & PCU.NOP & CONT

4
=PC + 2, PC =

ALU REG,PASS & DAB & CARRYCTL & WORD & CONTROL &
DATAPATH ,,,,,PCUY,,,,,,, & MEM.CONT REQB,,, ,MWORD &
AM2S84 & PCU.NOP & JMP BX1

BRANCE AND LINK REGISTEH 5 RR NONE
BALR Ri,R2 = {PC), PC = (R2)

ALY ¥BUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATE , ,LDTREG,,,YMAR, LDHAR...ENZB,.. & MEM.CONT ,,,,MWORD &
AMZ984 & PCU.NOP & JMP BA.

CCe

NN e W S N B e S S s e e SN
I 1=
15 o
2] =

2821

2823

[ ¥34

#9820

@a2E

202F

2839

2831

o832

o3z

2834

8835

$836

2937

2838

8838

2834

2833

#83C

283D

083E

[L293

2249

NN S NN v me S S, TN D whe n . we oA Uheheh e e SN we S g e e s U e

[

PN

PR

A e s

NN e
I3

NN 3 e e e e e e e
I

ol

SN NN

E

15
133

BRANCH REGISTER ALWATYS "8 RR CC: NONE
BRA R1 PC =

= {r1}
ALU YBUS,PASS & DAB & CARRYCTL & OEY & WORD & CONTROL &

DATAPATH ,,LDTREG,,.,TMAR,LDMAR,,,,, & MEM.CONT REQB,,,,MWORD &
AM2924 & PCU.NOP & JMP BX1

SHIPT INSTRUCTIONS

SHIFT LEFT ARITEHETIC 838
SLA R1,CNT Ri = SEIFT {R1) ARITEHE‘HC I.EF‘I CNT PLACES

ALU TBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH 211, ..,,,,,...SHTCNTD‘ & MEM.CONT ,,,,M¥ORD &
AM2984 & PCU.NOP & LDCT

ALU AUR,PASS & AB & WORD & OEY & CARRYICTL & CONTROL & CNTLB B#F# &
DATAPATH & MEM.CONT ,,, ,M#ORD &
AM2964 SHIFTEN,,EZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT %

ALU YBUS,PASS & AB § WORD & OEY & CARRICTL §& CONTROL &
DATAPATR ,,,,,,LDMAR,,21L,,,, & MEM,CONT REQB,MREQ,,,MVORD &
442084 & PCU.NEXT & JMAP

SHIFT LEFT LOGICAL CC: CSV
SLL R1,CNT R1 = SHIFT (R1) LEFT LOGICAL CNT PLACES

ALU YBUS,PASS & AB & WCRD & OFY & CARRYCTL & CONTROL &
DATAPATE ZZI,,,,0s4479,SHTCNTEN, & MEM.CONT ,,,,MWORD &
AM2964 & PCU.NOP & LDCT

ALU LUR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB H#FS &
DATAPATH & MEM.CONT ,,, ,MWORD &
AM2904 SEIFTEN,,EZ,EC,ES,ECVR,CEM, & PCU.NOP & RPCT $

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH ,,,,,,LDMAR,,Z11,,,, & MEM,CONT REQB,MREQ,,,MWORD &
AM2004 & PCULNEXT & JMaP

SEIFT RIGHT ARITHMETIC CC: CSV
SRA R1,0NT R1 = SEIFT (R1) RIGHT ARITHMETIC CNT PLACES

ALG YBUS,PASS & AB & WORD & OEY & CARRICTL & CONTROL $
DATAPATH ZZY,,4,4040942SHTCNTEN, & MEM.CONT ,,,,MWORD &
AM20€4 & PCU.NOP & IDCT

ALU ADR,PASS & AB & WORD & OEY & CARRICTL & CONTROL & CNTLE R#E# &
DATAPATH & MEM.CONT ,,, ,MWORD &
AM2084 SHIFTEW,,BZ,EC,ES,EOVR, CEH. & PCU.NOP & RPCT 4

ALY YBUS,PASS & AR & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH ,.,,,)LDMAR,,2I1,,,, & MEM.CONT REQ®,MREQ,,,MWORD &
AM2904 & PCU.NEXT & JMAP

SHIFT RIGRT LOGICAL €C: CSVZ
SRL R1,CNT R1 = SEIFT (R} RZGBT LOGICAL CNT PLACES

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATE ZZ1,,,,94444+,SETCNTEN, & MEM.CONT ,,,,MWORD &
AM2964 & PCU.NOP & 1LDCT

ALU LDR,PASS & AR & WORD & OEY & CARRYCTL & CONTROL & CNTLB H#E# &
DATAPLTH & MEM.CONT ,,,,MWORD &
AM2984 SEIFTEN,,BZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT ¢

ALU YBUS,PASS & AB & WORD & OEY & CARBYICTL & CONTROL &
DATAPATR ,,,,,,LDMAR,,211,,,, & MEM.CONT REQB, HREQ.,.HHORD &
AM2004 & PCU.NEXT & JMAP

ROTATE RIGERT A8 RS1 CL: CSVZ

R R1,CNT R = ROTATE (R1) RIGET CNT PLACES

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH Z2I,,,,,09454,+SHTCNTEN, & MEM.CONT ,,,,MWORD &
AM29#4 & PCU.NOP & LDCT

ALU LDR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB H#FA &
DATAPATH & MEM.CONT ,,,,MWORD &
AM2904 SEIFTEN,,EZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT $

ALU YBUS,PASS & AB & ¥ORD & OFY & CARRICTL & CONTROL &
DATAPATH .,,,,,LDHAR,,ZH,.,, & MEM.CONT REQB,MREQ,,,MWORD &
442984 & PCU.NEXT & JMAP

ROTATE LEFT
RL R1,CNT R1 = HOTA‘!’E (Rl) LE!T CNT P!,ACES

ALU YBUS, PASS & AB & WORD & OEY & CARRYCTL & CONTROL &

DATAPATE 2ZI,,4,,444454+SETCNTEN, & MEM.CONT ,,,,M¥ORD &

AM2084 & PCU NOP & LDCT

ALY LUR,PASS & AB & WORD & OEY & CARRYCTL & CONTRCL & CNTLB H#FA &
DATLPATH & MEM,CONT ,,,,M¥ORD &

AM2984 SHIFTEN, ,EZ,EC,ES,BOVR,CEM, & PCU.NOP & RPCT $

ALY TRUS,PASS & AB & WORD & OXEY & CARRYCTL & CONTROL &

DATAPATH ,,,,,,LDMAR,,211,,,, & MEM.CONT REQB, HREQ.”H'ORD &
AM2084 & FCU.NEXT & JMAP

ROTATE RIGET TEROUSE CARRY A9 RSI CC: CS¥2Z
RRC R1

ALU TBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATE 2ZI,,,,.,,4,,,SETCNTEN, & MEM.CONT ,,,,MWORD &
AM29@4¢ & PCULNOP & IDCT

ALU LDR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB E#E9 &
DATAPATE & MEM.CONT ,,, ,M¥ORD &
4M2604 SEIFTEN,,EZ,BC,ES,EOVE,CEM, & PCU.NOP & RPCT ¢

ALU YBUS PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATA. H ,.yy,,0DMAR,,211,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AN29l4 & PCU.NEXT & JMAP

ROTATE LEFT TERCUGH CARRY A3 RSI €C: {SvZ
RLC R1,ONT ROTATE (R1) CNT TIME LEFT TEROUGE CARRY
ALU YBUS,PASS & AB & WORD & OEY §& CARRYCTL & CONTROL &

DATAPATE ZZI,4y,5054+4,SHTCNTEN, & MEM.CONT ,,,,MWORD &

Figure 31. Microprogram for 16-Bit Computer (Cont.)
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8042

8842

#0244

845

2046
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8848

2949
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2858

2651
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#6852
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2855
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H
i
;
AM2904 & PCU.NOP & LDCT ;
2856 R
ALU LUR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB H#F9 & /
DATAPATH & MEM.CONT ,,,,M¥ORD /
AM2984 SHIFTEN,,EZ,EC,ES,EOVR, Cfﬂ & PCU.NOP & RPCT & i
0957
ALU YBUS,PASS & AB & WORD & OET & CARRICTL & CONTROL & /
DATAPATH ,,,,,,LDMAR,,2I%,,,, & MEM.CONT REQB,MREQ,,,MWORD & /
AM2984 & PCU.NEXT & JMAP
2858
" /
1/0 INSTRUCTIONS H
2859
J
INPUT 18 34 CC: NOKE
IN R1,X2(D) R1 = PORT {X2) + D ;
i
ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB & H
DATAPATH ,,,,,TMAR,1DMAR,,,EN28,,, & MEM.CONT REQB,,EREQ,,MWORD & ;
AM2904 & PCU.NOP & LDCT E#8Q1 i
H
ALU & WORD & OEY & CONTROL ,IOEN & CNTLB E#¥D & H
DATAPATE & MEM.CONT , ,EREQ, ,MWORD & i
AM2984 & PCU.NOP & RECT § ;
9854 LIM
ALU & WORD & OEY & CONTROL .IOEN.. s CNTLB H#FF & /
DATAPATE & MEM.CONT ,,EREQ, ,MWORD & /
AM2984 & PCU.NOP & CONT /
;
ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL & CONTROL & ;
DATAPATE ,,,,,,LDMAR,, ,ENZS,,, § MEM.CONT REQB,,,,M¥ORD & H
AM29@4 & PCU.NOP & JMP STARTI
#853 E1:
OUTPUT & 12 RX CC: NONE 7/
oUT R1,X2(D) PORT (X2} + D = (R1) ;
ALU YBUS,ADD & DAB & CARRICTL & OBY & WORD & CONTROL & RTB & i
DATAPATE ,,,,,YMAR,LDMAR,,,ERZ0,,, & MEM.CONT REQB,,HREQ,,MWORD & H
AM2984 & PCU.NOP & CONT i
;
ALU YBUS,PASS & AB & CARRYCTL & OET & WORD & 205 DI:
CONTROL ,10RN,, s CNTL /
DATAPATE ,,,,, ars & nzn CONT ,,HREQ, ,M¥ORD & /
AM2904 & PELNOP & 151 mneeL /
3
ALU & WORD & CONTROL & OEY &
DATAPATH & MEM,CONT , ,HREQ, ,MWORD & ;
AMZ964 & PCU.NOP & RPCT §
i
ALU & WORD & CONTROL ,IOEM,, & CNTLB HAFF & OEY & 8850 RTT
DATAPATE & MEM.CONT ,,HREQ,,MWORD & 7
AM2984 & PCU.NOP & JMP START /
H

2858
/
STACK OPERATIONS /
i
¢057
/
PUSE REGISTERS RR €61 NONE /
PUSE R1,RN (s? - 2) i
SP - &) = Bj 2069
(SP - 2%N) /
P = 5P - 2% /
/
ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & i
DATAPATH 2ZI,,,4,915r41, & MEM.CONT REQB,MREQ,,,MWORD & 2051
AM2984 & PCU.NOP & CONT ;
ALU YBUS,PASS & AR & CARRYCTL & OET & WORD & CONTROL & /
DATAPATE ,,,,,,LDMAR,LDD,,,,, & MEM.CONT REQB,MREQ,, ,MWORD &
AM2504 & PCU.PUSH & CONT
ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & :
APATH ,,  ENCTR,INC,,,,s,,, & MEM.CONT REQ3,MREQ,,VRITE,MWORD & 3
TEST Qu7e’ & AMZ0BE & BCU.NOP' s CJP PUSH«1 H
ALU YBUS,PASS & AR & CARRYCTL & OEY & WORD & CONTROL & H
DATAPATE ,,,,,,LDMAR o188

vsesss & MEM.CONT REQE,MREQ,,,MWORD &
AM29@< & PCU.NOP & JMP RNI
POP REGISTERS [ RR CC: NONE
POP R2,R1 B2 = (SP)

{SP + 2)

(SP + 2%N)

SP + 2%N

Sp =

[N

ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATE ZZ1,,,,,5,914s4 & MEM.CONT REQB,MREQ,,,MWORD &
AM2924 & PCU.NOP & CONT

e18t

e

ALU KEG,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & 2182
DATAPATH ,,,,,,LDMAR,,,EN20,,, & MEM.COND REQB,,,,MWORD &

AM2924 & PCU.SP & CONT

.~

ALU TBUS,PASS & AR & CARRYCTL & OEY & WORD & CONTROL &
DATAPATE ,,,ENCTR sy MEM.CONT REQB,MREQ,,,MWORD &
TEST Q#78 & AH2904 & PCU POP & CJP POP+1

2183

e

eige
ALY YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,4,,, & MBEM.CONT REQB,MREQ,,,MWORD &
AM2584 & PCU.NOP & JMP RKI

.

9185
SUBROUTINE CALL c2 RX CC: NONE

CALL X1(D) SP = SP - 2

(sp - 2) = (PC)

PC = {{X1) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,,LDTREG,,,,LDMAR,,,EN2D,,, &
MEM.CONT REQB,MREQ,,,MWORD & AM29%4 & PCU.PUSE & CONT

v

2186

——

8187

ALY TBUS,PASS & AR & CARRYCTL & WORD & CONTROL &
DATAPATH ,,,,,PCUY,,LDD,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 & PCU.NOP & CONT

LR

2188

H
ALD YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & 2189
DATAPATH ,ENTREG,,,,,LDMAR,, &
MEM.CONT REQB MREQ,,¥RITE, HHORD & AM2984 & PCU.JUMP & JMP START1

RN

ETURN:

i
#18¢ INIT:

RETURN FROM SUBROUTINE [43 ©C: NONE
RET PC = (sP)
SP=SP +2

ALU TBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATY ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,M¥ORD &
AM2994 & PCU.SP & CONT ~

ALU yxus PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAP, 11105 IDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2954 & PCU.SP & CONT

ALD YBUS,PASSR & DPAB & CARRYCTL & OEY § WORD &' CONTROL &
DATAPATE ,,LDTREG,,,TMAR,LDMAR,, ,ENZB &
MEM.CONT REQB,MREQ,,,MWORD & AM20P4 & PCU POP & CONT

ALU YBUS,PASS & AB & CARRYCTL & OZY & WORD & CONTROL &
DATAPATE ,ENTREG .4 ,,,ys155, & MEM.CONT ,,,,M¥ORD &
AM2984 & PCU JUHP & JMP START1

INTERRUPT INSTRUCTIONS

LOAD INTERHUPT MASEK CC: NONE
LOAD LOWER BYTE OF DI INTO MASK REGISTER

ALU YBUS,PASSR & DAB & CARRYCTL & ORY & ¥ORD &

CONTROL +»+INTRIEN & CNTLB H#FE &

DAT. H ,,,,,,LDMAR,,,ENZS,,, & MEM.CONT REQB,HREQ,,,MWORD &
AH2904 & PCULNEXT & JMP START2

ENABLE INTERRUPT 8 CTL CC: NONE
El ENABLE INTERRUPT SYSTEM

ALU YBUS,PASS & AB & CARRYCTL & OEY & YORD &

CONTROL ,.,INTRIEN & CNTLB ER#F;

DATAPATE ZZI..,...LDHAR..ZXI.,., & MEM.CONT REQB,MREQ,,,MWORD &
AM2924 & PCU.NBXT & JMAP

DISPABLE INTERRUPT CTL CC:NONE
DISABLE INTEYRUPT SYSTEM

ALU YBUS,PASS & Ak & CARRYCTL & OEY & WORD &
CONTROL ,,,INTRIEN & CNTLB BWFD &

DATAPATH 211,,,,,,LDMAR,,211,,,, & MEM.CONT REQB,MREQ,,,MV¥ORD &
AM2904 & PCU.NEXT & JMAP

RETURN TROM INTERRUPT cB cTL cc: {sp+2)
RTI PC = (SP) ,PSW = (5P+2)
SP = SP + 4, INTERRUPT ENABLED
ALU YBUS,PASS & &B & CARRICTL & OEY & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,M#ORD &
AM2oB4 & PEOLSP & CONT

ALU YBYUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,LDTREG,,,,,,,8N28,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 & PCU.POP & CONT

ALU TBUS,PASS & AB & CARRYCTL & OEY §& WORD & CONTROL &
DATAPATH ,ENTREG,,y404904s, & MEM.CONT ,,,,M¥ORD &
AM2964 & PCU.JUME 'S CONT

ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD &
CONTROL ,,,INTRIEN & CNTLB A#FQ &

DATAPATR ,,,4,, LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD &
AM2984 & PCU.SP & CONT

ALU TBUS,PASSR & DAB & CARRYCTL & QEY & WORD &

CONTROL ,,.INTRIEN & CNTLB B#FF & TEST Q##€ &

DATAPATH ,,,y4055:8 +, & MEM.CONT REQB,MRZQ,,,MWORD &
AM2994 ,,EZ,2C,ES, EOVR CEM, & PCU.POP & JHP START

INITIALIZATION ROUTINES

ORG H#18P

ALD REG,PASSR & DAB & WORD & OEY & CARRYCTL &
DATAPATE & MEM.CONT ,,BKEQ,,MWORD & CONTROL ROM,,, & CNTLB B8 &
IMMD H#880% & CONT

INITIALIZE REGISTERS IN AM29614
R® = 2, R1 = 40¢PH, R4 = 2, AND R5 =

ALY & ¥ORD & CONTROL ,,,INTRIEN & CNTLB B#¥9 &
DATAPATH & MEM.CONT , ,EREQ,,MWORD &
AM2984 & PCU ,,PCUDZ,A,B8 & IMMD H#€888 & CONT

ALU & WORD & CONTROL ,,,INTRIEN & CNTLB H#F8 &
DATAPATE & MEM.CONT , ,EREQ, ,MW(
AM2984 & PCU ,,PCUDZ,AL,B1 & IHHD A#4089 & CONT

ALU & WORD & PCU ,,PCUDZ,A4,B4 §& CARRYCTL & DATAPATE &
MEM.CONT , ,HREQ,,M¥ORD & IMMD B##802 & CONT

ALY & WORD & PCU ,,PCUDZ,A5,B5 & CARRYCTL & DATAPATE &
MEM.CONT , ,BRFQ, ,MWORD & IMMD R#8@84 & CONT

ALU & WORD & CONTROL ,IOQEN,, & CNTLB E#FF & DATAPATH &
MEM.CONT , ,HREQ, ,MWORD & AM2904 & PCU.NOP & CONT

INITIALIZE CONSOLE AM9551

ALU REG,PASSR & DAB & WORD & OET & CARRYCTL &
DATAPATE & MEM.CONT & CONTROL ROM,,, & CNTLB 18 &
IMMD E#FFFB & CONT

ALU REG,PASSR & DAB & WORD & OEY & CARRYICTL &
DATAPAH? & MEM.CONT & CONTROL ROM,,, & CNTIB 20 &
IMMD B#OSCE & CONT

ALY & WORD & CONTROL & DATAPATE & MEM.CONT & JSB IQW
ALG REG,PASSR & DAB & WORD & OEY & CARRYCTL &

DATAPATE & MEM.CONT & COKTROL ROM,,, & CNTLB 2@ &
IMMD E#8835 & CONT

Figure 31. Microprogram for 16-Bit Computer (Cont.)
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AMDOS/2G AMDASM MICRO ASSEMBLER, Vi.1
MICROPROGRAM FOR 16 BIT COMPUTER

8184 ALU & WORD & CONTROL & DATAPATE & MEM.CONT & JSB IO¥W
; .
o188 ALU & PCU.NOP & DATAPATHE & MEM.CONT & JMP START
;
;
; 1/0 VRITE SUBROUTINE
H THE ADDRESS OF 1/0 PORT IS IN R1
H THE DATA TO BE WRITTEN IS IN R2
;
H
i
e18C Iov:  ALU YSUSPASS & 4B & CARRICTL & OFT & WORD &
/ CORTROL ROM,,, & CNTL
/ DATAPATH , ,,,,TMAR, L»wa.,..,, & MEM.CONT REQB,,RREQ,,MWORD &
/ 442084 & PCU.NOP & CONT
i
818D ALU TRUS,PASS & AB & CARHYCTL & OET & WORD &
/ CONTROL ROM,,, & CNTLE 28
7 DATAPATH ,,,4,,,L0D,,,., & Supn. cont REQB, ,HREQ, ,M¥ORD &
/ AM2904 & PCU.NOP & CONT
i
#18% ALU & WORD & CONTROL ,IOEN,, & CNTLB H#FB & DATAPATE &
/ MEM.CONT REQB,,RREQ,,MWORD & AM2984 & PCU.NOP & LDCT R#42@L
H
818F ALU & WORD & CONTROL & DATAPATE &
/ MEM.CONT , ,HREQ,,MWORD & AM2984 & PCU.NOP & RECT &
;
8196 ALU & WORD & CONTROL ,IOEN,, & CNTLB H#PP & DATAPATH &
/ MEM.CONT REQB,,HREQ, ,MWORD & AMZ924 & PCU.NOP & RTN
3
H
; VECTOR JUMP ENTRT POINTS
;
3
H
s108 ORG E#1DS
;
; INTERRUPT #, PC = 14
3
81D8 INT#: ALU & WORD §& CONTROL JIOEN, INTDIS, & CNILE BHT7 &
/ DATAPATE & MEM.CONT ,,,,MWORD
i AM2994 & PCU ,,PCUDZ,AB,B6 & IMMD #0818 & CONT
P
2101 ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB HAFD &
/ DATAPATE & MEM.CONT & AM2984 & PCU.NOP & CONT
;
2102 ALG & VORD & CONTROL ,IOEN,, & CNTLB HAFF &
/ DATAPATE ,,.,,,LDMAR,,,,,, & MEM.CONT REGS,,,,MWORD &
/ £M2084 & PCU.NOP & JHMP STARTL
;
; INTERRUPT 1, PC = 148
H
81D3 INT1: ALU & VORD & CONTROL +INTDIS, INTRIBN & CNTL2 HTD &
/ DATAPATE & MEM.CONT ,,,,MWO
/ AM2984 & PCU ,,PCUDZ,A8,B8 1o E##914 & CONT
i
€104 ALU & WORD & CDLTROL JIOBN,, & CNTLB E#FT &
/ DATAPATE ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD &
/ AM2984 & PCU.NOP & an STARTL
;
; INTERRUPT 2, PC = 18F
H
8105 INT2:  ALU & WORD & CONTROL .,INTDIS INTRIEN & CNTLE B4FD &
/ DATAPATH & MEM.CONT ,,, ,MWO
/ 4M2964 & PCY ,,POUDZ,A8,BS & IMMD H#8018 & CONT
;
2106 ALU & WORD & CONTROL ,I0EN,, & CHTLB BAFF &
/ DATAPATE ,,,,,,LDMAR, ,,,,, & MEM.CONT REQB,,,,AWORD &
; AM2904 & PCU.NOP & JmP’ STARTL
H
; INTERRUPT 3, PC = 1CE
;
8107 INT3:  &LU & WORD §& CONTROL ,,INTDIS, xnrnxzn S CNTLB B#FD &
/ DATAPATH & MEM.CONT ,,,,MWORD
7 AM2504 & BOU s .bCUDZ, A6 50 & INMD HAS61C & CONT

81D8 ALU & WORD & CONTROL ,IOEN,, & CNTLD R#FP &
DATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,M¥ORD &
AM29B4 & PCU.NOP & JMP START1

INTERRUPT 4, PC = 28H

8109 ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB H#FD &
DATAPATH & MEM.CONT ,,,,MWORD &
AM2084 & PCU ,,PCUDZ,AS,B8 & IMMD H#8829 & CONT

N e e

21DA ALU & ¥ORD & CONTROL ,IOEN,, & CNTLB H#FF &

DATAPATE ,,,,,,LDMAR,,,,,, & MEM.CONT REQ3,,,,MVORD &
AM2984 & PCU.NOP & JMP STAR
INTERRUPT S, PC = 24H

@1DB

z
3
5

ALU & WORD & CONTROL ..lNTDIS INTRIEN & CNTLB E#FD &
DATAPATH & MEM.CONT ,,,,M
AM2984 & PCU ,,PCUDZ,AS, E' & !HHD HEOE24 & CONT

ALU & WORD & CONTROL ,IOEN,, & CNTLB E#FF &
LDATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD &
AM2984 & PCU.NOP & JMP STARTI

[

#1DC

INTERRUPT 6, PC = 28F
#1DD ALU & WORD § CONTROL ,,INTDIS,INTRIEN & CNTLR B#FD &
DATAPATE & MEM.CONT ,,,,MWORD &

4M2924 & PCU ,,PCUDZ,A3,38 & IMMD HWG228 & CONTD

N e e
z
5
3

#1DE ALU & WORD & CONTROL »108N,, & CNTLB EAFF &

DATAPATH ,,,.,4 23900 & MEM.CONT REQB,,,,MWORD &

DMA]
AM2984 & PCU.NOP & JMP STARTL

INTERRUPT 7, PC = 20K

21DF ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLR H#FD &
DATAPATE & MEM.CONT ,,,,MWORD &
AM2SE4 & PCU ,,PCUDZ,AS,B8 & IMMD E#982C & CONT

N e
=
B
3

B1E9 ALL & WORD & CONTROL ,IOEN,, & CNTLB E#FF &
DATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,M¥ORD &

AM2984 & PCU.NOP & JMP START1

~~

INTERRUPT HANDLER

2178 ORG HHLFS

#1786 ALG & WORD & CONTROL &
DATAPATH & MEM.CONT R)IQB MREQ, ,¥RITE,M¥ORD &
AM2904 & PCU.DEC4 & CONT

. e
z
]
o

21F1 ALE & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT ,,,,M¥ORD &

AM2084 & PCU.PUSE & CONT

RN

81F2 ALU & WORD & CONTROL &
DATAPATE ,,,,,PCUY,,LDD,,,,, & MEM.CONT REQB,,,,MVORD &

AM2904 & PCU.NOP & CONT

BN

B1F3 ALU & WORD & CONTROL ,,,INTRIEN & CNTLB H#F5 &
DATAPATE & MEM.CONT REQB,MREQ,,¥RITE,M¥ORD &

AM29@4 & PCU.NOP & JMPY

INTERRUPT ENTRY POINT

[

21FF ORG H#1FF

B1FF ALY & WORD & CONTROL &
DATAPATE ,,,,,,LDMAR,LDD,,,PS
AM26P4 & PCU.PUSE & JMP INTR

¥,, & MEM.CONT REQB,MREQ,,,MWORD &

i~

END

Figure 31. Microprogram for

MICROCODE TRANSLATION

It is often convenient for the microprogrammer to assign mi-
croword fields such that they occupy positions that differ from
those in the actual hardware implementation. This is often the
case when the microprogrammer, for convenience, aliocates bits
according to the functions to be performed and then needs to
translate the object code produced by AMDASM® to be consis-
tent with the hardware microprogram memory design.

There is another instance where the ability to shift bit assignment
is important to the engineer. As a given product evolves, bits may
be added or deleted from the original microword format. When
this occurs, a mapping function is desired to minimize hardware
changes.

The program in SYSTEM/29® that performs such a mapping
function is called AMSCRM. The AMSCRM maps the output of
AMDASM (logical bit pattern) into the bit pattern that is consistent
with the 16-bit computer hardware. A table of the logical to physi-
cal mapping is shown in Table 3.
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16-Bit Computer (Cont.)

ENGINEERING MODEL AND MACROCODE

With the proper tools — designing, microprogramming, prototyp-
ing, and checking out a new computer design is not overly dif-
ficuit. The major tools used for the high-speed 16-bit design
described in this application note was System 29", System 29is
a software driven hardware prototyping system which allows
microprogramming, hardware design/checkout, and macropro-
gramming (programming in the language of the target machine)
to occur simultaneously. At the point where the design is reason-
ably rigid, and the hardware is mostly fabricated, System 29
allows the engineer to create “instant” microprograms to check
out the new computers’ internal data paths. Microprogram
software support features of System 29 also allow the engineer to
single cycle, single instruction step, instruction trace, and trap on
pre-specified events coming true. Simultaneously with this initial
internal check-out, the microcode for some very simple machine
instruction should be written (i.e., load register, add register, or
register, etc.). The next step is to check out the main memory
paths with load and store instructions. At this point, a-reasonable




Table 3.

BIT ASSIGNMENT FOR 16-BIT COMPUTER

instruction sub-set should be microprogrammed (a phase 1 in-
struction set) that will allow a simple monitor to be written in the
target machines’s language. This monitor should run on the
target machine and provide commands for: memory display,
memory store and jump to memory location. The phase 1 instruc-
tion set and simple monitor now provides the basic foundation for

In order to efficiently write a reasonably complex piece of
software (such as a simple monitor), an assembler for the target
instruction set is needed. Since this 16-bit computer design is not
exactly like any other 16-bit computer, ready to run software tools
are not available. A macro assembler is available as an optional
enhancement to the System 29 software base. Even though this

macro assembler is for programming in Am9080A assembiy lan-
guage, there is a user installable patch which will disable all of the
Am8080A operation codes (Figure 32). With this patch instalied,
the user may now write a macro library defining the target

fég POSITION  MNEMONIC * DESCRIPTION ‘ completing the full computer design.
PHY ) . . .
The standard System 28 configuration provides automaticaily for

95 95 RTB * REG. FIELD 2 T0 B PORT OF AM2983 microcode and hardware development. In order to efficiently

94 SPARE develop and impiement the target machine’s software, a target o N X )

¢3 SPARE machine assembler and a mechanism for loading the machine’s machine’s instruction set. It is not necessary to code the entire
92 5¢ 221 LOAD Z REG. INTO 2I REG. main memory must be provided. System 29 uses an Am3080A instruction set, as the first level of programming for the new
91 94 CCEN * AM2918 CONDITON CODE ENABLE machine (simple monitor, etc.) will be using only the phase 1

microprocessor, dual floppy disks, and a full function disk
AMZ983 ALU CONTROL BITS operating system to support microprogrammed hardware and
firmware development. The Am9080A microprocessor can ad-

instruction set. A complete macro library of the AMD high-

8 - WORD speed 16-bit computer phase 1 instriction set is contained in

® ¥ORD MODE = 8, BYTE MODE = 1 Appendix B
8 = B x SNAEL & LATCE ON AV2003 k dress 64k bytes of memory. The disk operating system uses only ppendix 5.
gz v 2; o ?glw M E:ﬂ;g B LATCE ON Anggﬂsz the first 32k bytes and the remaining 32k is used to memory map
- - - 1 ¢ : ; _
STRUCTION LINES FOR AMZOG3 {page) functions from the hardware development side. Through Now that the tools are in piace, it is relatively simple to code and
DATAPATE BITS this mechanism, the designer has the ability to directly ioad and implement a simple monitor for the target machine. Appendix C
Rowoomm o mamm
EG. ) ; :
75 78 ENGTR * 1-XEG ENABLE COUNTER the System 29 user to map other functionsginto the support spged16-b|tcon.1puter. Only tbe phasghnstruchon setwgs used
Zg ;g ;ggcn I-REgRINC;I/DEC;ﬁ , K of PP which does not include byte instruction, call and return instruc-
72 75 PCUY §2{,’ TR:{};Q;‘ §§ 5-3{,?”“ processor's upper 32k of memory. tions, stack instructions, any special instructions, etc. This simple
71 74 LDMAR LOAD MEMORY ADDRESS REGISTER The main memory of this 16-bit high-speed computer design was monitor understands three commands: Display (D), Store (S),
76 73 LDD LOAD D~REGISTER pay
69 72 211 LOAD ZI INTO I REGISTER mapped into the support processors upper 32k via one of the and Jump (J). Typing D followed by an address value will display
gg ',;‘1, ggg“ M g::gg ggwlggéfgggﬂTgngAngs unused page register enable lines. Besides the normal 16-bit 256 bytes of main memory beginning on the address given
66 69 SETCNEN * SHIFT COUNT AM2918 ADDRESS interface, a simple 8-bit interface was added to the main memory (rounded back to the nearest eight word boundary). Typing an S
65 68 BRIEN * BRANCE INSTRUCTION ENABIE thus making it a simple two port memory. When the 16-bit com- followed by an address, followed by data, will store the data
AM2981A PROGRAM CONTROL UNIT ! puter is halted (via a System 29 command) location 0 of 16-bit consecutively, on a nibble basis beginning at the given address.
64 67 PeuI? F 70 B-RAM = 1 (DEFAULT), T TO Q-REG = 0 main memory would be addressed as Iocgtion 8000 hex of Sys- Typing ind fqllowed by an address will cause tf.le processor to
63 66 PCUI3 ADD = 1 (DEFAULT), SUB = @ ! tem 29 support processor memory. Location 1 would be 8001, 2 begin execution at the main memory location given by the ad-
gg:‘g‘; 22:22 ;gg{;zg ;2{,’ iﬁg‘;gssgg;}g‘;“ would be 8002, etc. This affected a mechanical link between the dress. Commands, addresses, and data must be separated by at
56-5¢ 59-57 PCUB2-2 PCU B-RAM SELECT 16-bit prototype design and System 29. least one delimiter (space, comma, or period).
MEMORY CONTROL
22 gf ﬁg%g . ﬁgﬁog"ggggm The change file shown below can be integrated into MAC to produce a new program, which we will call
51 50 HREQ HOLD REQUEST i i i ; i
a Fo e MEMORT READ = & (DEFAULT), MEMORY WRITE = 1 MAC29. The MACZQ program will not recognize 8080 mnemonics, but will recognize all the MAC pseudo
49 48 MWORD MEMORY BYTE OP = & {DEFAULT), MEMORY WORD OP = 1 operators and arithmetic functions.
CONTROL BIT STROBES .
’
48 56 IMMD * ENABLE IMMEDIATE FIELD TO DA BUS . “ “
47 47 ROM I-REG ENABLE = @ (DEFAULT), ROM ENABLE = 1 : MACRO ASSEMBLER “MAC" CHANGES TO DISABLE 8088 OPCODES.
46 46 IOEN * 1/0 CONTROL REGISTER ENABLE H
45 45 INTDIS  * AM2914 INTERRUPTS DISABLE .
44 44 INTRIEN * AM2914 INSTRUCTION ENABLE ’
43 43 SHEFTEN * AM29@4 SHIFT ENABLE g019 = RT EQU 25 ;8086 REGISTER NAME
GENERAL PURPOSE CONTROL BITS gola = PT EQU 26 s PSEUDO OPCODE TYPE
2561 = TAREA EQU 2561H ;FREE AREA IN TOKEN MODULE
42-35 42-35 CNTLB7-@ BITS TO BE STROBED BY CONTROL STROBES .
’
AM2904 STATUS REGISTER CONTROL BITS 2444 ORG 24444 ;OVERLAY INX H MOV B,M RET
3¢ 3¢ 0ECT * OUTPUT ENABLE OF CONDTIONAL TEST 2444 C36125 Jup TAREA
@ s n TNDr famr Fiic vpbase g
I R N 2061 YSE IS IN TH
N F ; TYPE IS IN THE ACCUMULATOR
29 29 CEM * ENABLE MACHINE STATUS REGISTER ' !
2B om0 T noomeamomg e 3263 pago 61 vemox [SRMON BT IF ARITH 07
26 26 111 AM2924 CARRY OUT CONTROL : ;ggg 215\:519\25 ggr 'g’EI{‘PEOK PSEUDO P2
? ?
TEST BITS
2568 C8 RNZ ;RETURN WITH NON~ZERO FLAG
25~23 25-23  TESTS-3 AM2984 TEST BITS : H OTHERWISE, PSEUDO OP OR ARITH OP
22-20 22-20 TEST2-9 AM2984 & AM2ELS251 TEST BITS 2569 23 TYPEOK : INX H
AM291# SEQUENCE CONTROL . 2567 46 MOV B,M
19-16 19-16  NAC3-g AM291@ NEXT ADDRESS CONTROL 256B BP CMP A sSET ZERO FLAG
NEIT MICRO ADDRESS OR IMMEDIATE FIELD 256C €9 . RET
15-6  15-8  M15-8 SHARED FIELD FOR NEXT ADDRESS OR IMMD 256D ! END
END
Figure 32. Macro Assembler Disable Opcode Patch.
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After writing the monitor, and putting it onto floppy disks via the
System 29 editor, it must be assembled using the modified macro
assember (described earlier). The result of the assembly is a hex
file which is suitable for loading into the 16-bit computer's main
memory. This hex file is now loaded into support processor mem-
ory beginning at location 8000 hex. As discussed previously, this
is mapped at location zero in the 16-bit computer's main memory.
Assuming the microcode is loaded and a terminal is connected to
the 16-bit computer, the monitor in 16-bit main memory may now
be executed. The complete System 29 session from editing and
assembiling the monitor to loading and executing it is given in
Appendix D.

SUMMARY

As can be seen throughout these application notes, designing a
high performance Bipolar microprocessor system is a straight-
forward task. The Am2900 Family is ideally suited to provide
building blocks for the various elements of the computer. These
include the Computer Control Unit, the Central Processing Unit,
the Program Control Unit, the Interrupt Structure and the various
bus controls. Together, these elements allow the designer to
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build computers using the current state-of-the-art architecture
with LSt building blocks.

As technology improves, Advanced Micro Devices has been able
to redesign these building blocks to offer increased performance.
Thus, the Am2301 has evolved through an Am2901A, then an
Am2901B and now an Am2901C is in the planning. In addition, the
Am2903 offers additional architectural advantages and soon an
Am29103 will provide additional speed and performance fea-
tures. Similarly, the microprogram sequencer area began with the
Am2909 and Am2911; then was followed by the larger Am2910.
Soon, the Am2909A and Am2911A will provide higher speed in
the microprogram sequencer area and will be followed by an
Am2910A.

Thus, the future for Bipolar LSI buiiding blocks includes not only
more advanced product designs offering higher levels of integra-
tion and new functions for new architectures, but also offers
higher performance versions of the already existing products.
Advanced Micro Devices is committed to providing high perfor-
mance Bipolar LSI circuits utilizing proven technology designed
to operate over the full military operating range as well as the
commercial operating range. As always, these products continue
to meet the performance requirements of MIL-STD-883.

§

APPENDIX A
Complete Description of Instructions

SUBTRACT
RR, RS, SS RR, RS, SS
oP R | Ry oP Ry | Ry
RX, RSI RX, RSI
oP Ry | x d oP Ri | % d

The second operand is loaded into the general register specified
by R4.

The second operand is subtracted from the first operand and
replaces the first operand.

STORE SUBTRACT WITH CARRY
RR, RS, SS
OP Ry R» oP Ry Rz
RX, RSI RX
OoP R1 X2 d OoP R1 Rz d

The first operand specified by R, is stored at the location
specified by the second operand. :

The second operand (16 bits) with carry is subtracted from the
first operand and replaces the first operand.

ADD AND
RR, RS, SS RR, RS, SS
OoP R4 R, oP Ry R
RX, RSI RX, RS!
opP Ry Xo d oP Ry Xz d

The first operand is added to the second operand and replaces
the first operand.

The AND of the first operand and the second operand replaces
the first operand.

ADD WITH CARRY OR
RR RR, RS, SS
oP Ry R, opP R4 Rz
RX RX, RSI
opP Ry Xz d OP Ry Xz d

The first operand (16 bits) with carry is added to the second
operand and replaces the first operand.

The OR of the first operand and the second operand replaces the
first operand.




XOR

MULTIPLY UNSIGNED

RR, RS, SS RR
oP Ry | R op R | Ry

AX, RS RX
opP Ry | X d oP R | X, d

The logical difference of the firstoperand and the second operand
replaces the first operand.

TEST IMMEDIATE
RX, RSt

oP R,

Xz d

The first operand and the second operand are logically ANDed.
The contents of Ry and X, are unchanged.

COMPARE
RR, RS, SS
OoP R, R,
RX, RSi
oP R4 Xz

The first operand is algebraically compared with the second
operand. The result is indicated by the condition code.

COMPARE LOGICAL
RR, RS, SS

OP

R

R,

The first operand is compared logically to the second operand.
The result is indicated by the condition code.

MULTIPLY
AR
oP R | R,
RX
oP Ry | X, a

The first operand (Ry + 1) is multiplied by the second operand
and the 32-bit product is contained in Ry and R4 + 1 registers. R4
must be an even address. The sign of the product is determined
by the rules of aigebra.
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The first operand (R; + 1) is muitiplied by the second operand
and the 32-bit product is contained in Ry and (R + 1). Ry must be
even.

LOAD BYTE

EXCHANGE BYTE . OR BYTE :
RR, RS RR, RS
oP R, R, OoP R4 Rz
RX RX, RS!
oP R4 X, d oP Ry Xo d

The bytes specified by the first and second operands are ex-
changed. When the operand specifies a register (i.e. Ry, Ry) only
the low order byte is exchanged.

The OR of the iow order bytes specified by the first and second
operands replace the first operand low order byte. The high order
byte of Ry is set to zero.

. BYTE SWAP XOR BYTE
RR, RS RR, RX
op R+ R2 OoP R, R, oP Ry R
RX, RXI RX RX, RS
oP R | X d oP Ry | R d op Ry | X d

The 8-bit byte stored in the low order byte of the second operand
location is stored in the low order byte of Ry. The high order byte
of the Ry is set to zero.

INSERT CHARACTER

The two bytes of the second operand are swapped and loaded
into the register specified by the first operand.

COMPARE LOGICAL BYTE

AR, RS RR, RS

oP Ry | R, op A | R
RX RS RX, RSI

oP R, | X d op A | x,

The byte at the second operand location is loaded into the low
order byte of Ry without changing the contents of the high order

byte of Ry.

STORE CHARACTER

STORE BYTE
RR, RS
oP Ry | Ry
RX, RSI
oP Ry | % d

The low order byte of the first and second operands are com-
pared. The result is indicated in the condition code.

AND BYTE
RR, RS
op R | Ry
RX, RSI
op Ry | X

The least significant byte of the first operand is stored in the
location specified by the second operand. The other byte of the
second location is unchanged.

The AND of the low order bytes specified by the first second
operands replace the first operand low order byte. The high order
byte of Ry is set to zeros.
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The XOR of the low order bytes specified by the first and second
operands replace the first operand low order byte. The high order
byte of R, is set to zero.

LOAD PROGRAM STATUS WORD
RX

R, d

A 32-bit new PSW is loaded from the memory location specified
by the second operand as the current PSW.

EXCHANGE PROGRAM STATUS
RR

Ry Rz

PSW (0:15) - (Ry)
R2 - PSW (0:15)

STORE PROGRAM STATUS WORD
RX

opP

Rz

The 32-bit PSW is stored at the location specified by the second
operand.




SUPERVISOR CALL P/PUSH
RX RR
oP R4 Xz d OoP Ry R,
"OLD PSW — [(Xp) + d] R; THRU R, = STACK
[(Xz) + d] + 4> NEW PSW
P/POP
RR
SET, CLR, COMPLEMENT, TEST BIT PSW oP Ry R,

oP N

The condition flags in the current PSW are set, cleared, com-
plemented, or tested. N defines the bit(s) to be affected or tested.

2

CALL
RX

op R, | R d

Jump to the memory location specified by the second operand
and push PSW (16:31) onto stack.

RETURN

opP X X

POP STACK
STACK — PSW (16:31)

PUSH
OP X X
PSW
— STACK
RO'R15}
POP
oP X X
STACK— | PSW
0-Ris
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STACK - R{ THRU R,

LOAD STACK POINTER
LOAD STACK LIMIT LOWER
LOAD STACK LIMIT UPPER

RX
opP Ry d
STORE STACK POINTER
STORE STACK LIMIT LOWER
STORE STACK LIMIT UPPER
RX

opP Ry d

The stack point, stack limit iower or upper is read from or written
into the address defined by the second operand.

TRANSLATE
RR
OP R, Ry
Ry
LENGTH
ADDRESS
Rz
ADDRESS

The addresses specified by Ry + 1 and R, define two tables, R4
+ 1 address is the top location of a table to be translated, R,
address the first location of the translation table. The vaiue (one
byte) pointed to be the Ry + 1 address is indexed by (added to)
the address value of Ry, to find the translation code. This transla-
tion code replaces the value pointed to by the Ry + 1 address.
After one byte is translated, the length is decremented and the
address of Ry + 1incremented and the instruction repeated, until
the length equals zero. This instruction is interruptable. If this
instruction is interrupted, the PC is left pointing to this instruction
so that this instruction can be resumed after the interrupt service
is complete.

TRANSLATE AND TEST

oP Ry Ry
Ry
LENGTH
ADDRESS
R,
ACDRESS

This instruction proceeds like translate except that the bytes of
the first operand (defined by R,) are not changed in storage.
When the bytes of the translate table (R,) the instruction pro-
ceeds to the next byte of the first operand. If the byte of the
translate table is not zero, the instruction is halted with the ad-
dress pointed to last in the translate table held in register 1.

MOVE LONG
RR
oP Ry | R
R4
LENGTH
ADDRESS
R
ADDRESS

Moves bytes defined by Rq to R,. Both adresses incremented
after each transfer. This instruction is interruptable.

COMPARE LONG

RR
oP Ry Rz
Ry
LENGTH
ADDRESS
Rz
ADDRESS

Compares the first operand against the second operand. The
length is decremented and the address incremented after each
compare. When length = zero of the bytes compared are not
equal, the instruction is haited.
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EXECUTE
RX

oP Ry | X d

The upper 16 bits of the instruction at the second operand is
'OR’ed with Ry and executed.

DECIMAL ADD
oP Ry | Ry
oP Ry | X d

Nibbles in operand 1 and operand 2 are added. The resuit is
placed in operand one.

DECIMAL SUBTRACT

Ry Ra

Ry | X d

Nibbles in operand 2 are subtracted from nibbles in operand 1
and the result is placed in operand 1.

DECREMENT INDEXES

RR
opP R4 Ro
R1 -1 = Ry
Ro—1 = R,

One is subtracted from R, and the result placed back into Ry. One
is subtracted from R, and the resuit placed back into R,. Ry and
R, may specify the same register with will effectively subtract two
from that register.

SHIFT RIGHT ARITHMETIC

SHIFT RIGHT DOUBLE ARITHMETIC
BX, RS

oP R, | Re d

The contents of Ry for single shifts and Ry, Ry + 1 for double
shifts are shifted the number of places specified by the second
operand. The sign bitis unchanged. Bits shifted in are set equalto
the sign bit. Bits shifted out are shifted through the carry bit.




ROTATE RIGHT
ROTATE RIGHT DOUBLE
RX, RSt

op Ry | R d

The contents of Ry for single shifts and Ry, Ry + 1 for double
shifts are rotated right the number of places specified by the
second operand.

SHIFT LEFT ARITHMETIC
SHIFT LEFT DOUBLE ARITHMETIC

RX, RSl

OP

Ry

Rz

The contents of Ry for single shifts and R, + 1 for double shifts
are shifted left the number of places specified by the second
operand. The high order bit (sign bit) of the register a register pair
is unaffected by the shift. Low order bits are filled with zeros. if a
bit unlike the sign bit is shifted out of the position adjacent to the
sign bit, the overflow flag is set.

ROTATE LEFT
RX, RSI

oP

R;

N

The contents of R, for single shifts and Ry, Ry + 1 for doubie
shifts are rotated left, the number of places specified by the
second operand.

SHIFT RIGHT LOGICAL
SHIFT RIGHT DOUBLE LOGICAL
RX, RSI

oP R, | Ry d

The contents of Ry for single shifts and R; + 1 for double shifts
are shifted right the number of places specified by the second
operand. High order bits shifted in are zeros, low order bits shifted
out are shifted through the carry bit.

SHIFT LEFT LOGICAL
SHIFT LEFT DOUBLE LOGICAL

RX, RSI

or R | R, d

The contents of Ry for single shifts and R,, Ry + 1 for double
shifts are shifted left the number of positions specified by the
second operand. High order bits shifted out are shifted through
the carry bit. Zeros are shifted in. Ry for double shifts must be
even.
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INPUT WORD
RR
op R | Re
RX
oP R | X d

One 16-bit word of data is read into the first operand from the
device which is addressed by the contents of the second
operand.

INPUT BYTE
RR
opP Ry | R
RX
opP Ry | X d

One byte of data is read into the low order 8 bits of the first
operand from the device which is addressed by the contents of
the second operand.

OUTPUT WORD
RR
oP Ry | Ry
RX
oP Ry | X d

The 186 bits of Ry is sent to the device which is addressed by the
contents of the second operand.

OUTPUT BYTE

RR
oP R | R,
RX
or Ry | X d

The low order 8 bits of R is sent to the device which is addressed

by the contents of the second operand.

BRANCH BRANCH AND LINK
RS BALR RS
oP Ry oP Ry X2
RX BAL RX
oP Ro d oP Ry Xz d

Unconditionally branch to the location specified by the second
operand. The first operand is not used.

BRANCH ON CONDITION

The address of the next sequential instruction is saved in Ry, and
an unconditional branch to the jump address is taken.

BRANCH ON INDEX

RS BXH HIGH RX

opP CC | R oP R, Xa d
RX BXLE LOW OR EQUAL RX

opP CC | R d oP Rq Xo d

Branch to the location specified by the second operand if the
condition code specified in the first operand postion is equal to the
current PSW status bits.

Condition codes are:

Carry =B (Sign=0)

No Carry =A Minus =F
Zero =5 (Sign=1)

Not Zero =4 1's Comp> =g
2's Comp> =0 1’s Comp< =8
2's Comp< =3 1's Comp> =C
2's Comp> =2 1’s Comp< =D
2's Comp< =1 Overflow =7
Plus E Not Overflow =6
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Ry is incremented by the value in R; + 1, and logically compared \

to the index limit held in Ry+2.

INDEX HIGH

(R} + Ry + 1) = (Ry)

(Ry) :(Ry + 2)
IF (Ry) > (Ry + 2) THEN d + (X;) - PSW (16:31)

IF (Ry) < (Ry + 2) THEN PSW (16:31) + 2 - PSW (16:31)
INDEX LOW OR EQUAL

(BRy) + (Ry + 1) -» (Ry)

(Ry) : (Ry + 2)

(Ry) = (Ry + 2) THEN d + (X,) » PSW (16:31)

IF (Ry) > (Ry + 2) THEN PSW (16:31) + 2 - PSW (16:31)




APPENDIX B ; . H :
; 3¢ COMPARE IMMEDIATE 95 H SRL SEIFT RIGHT LOGICAL 88
: 5

; DB 15E,R1*1@H+R2 cI MACRO R1,12 SRL MACRO R1,CT
H ENDM DB 95H,R1*1¢H,(12) SHR 8,{12) AND OFFH DB 88H,R1*18H+{CT~1)
; MACRO DEFINITIONS FOR MICRO/29 ; . ENDM ENDH
; H IR EXCLUSIVE OR REGISTERS 17 i ;
; A ; H SLL SEIFT LEFT LOGICAL 8g
i IR MACRO R1,R2 i i
; DEFINITIONS FOR CPU REGISTERS DB 17H,R1*18E+R2 5 BRANCH AND CONITIONAL BRANCH INSTRUCTIONS SLL MACRO R1,CT
; ENDM i DB 89E,R1*10H+(CT-1)
Re SET ¢ ; i ENDM
R1 SET 1 3 i
R2 SET 2 ; i 3x UNCONDITIONAL BRANCE 74 H SRA SEIFT RIGHT ARITHEMETIC 8A
B3 SET 3 H i 1
R4 SET 4 H RX TYPE INSTRUCTIONS BX MACRO X1,DI SRA MACRO R1,CT
RS SET 5 H DB 74E,X1*18H,(DI) SHR 8,(DI) AND @FFH DB 8AH,R1*18H+(CT-1)
R6 SET 6 i ENDM ENDM
R7 SET 7 ; H H
B8 SET 8 ; LD LOAD MEMORY 58 H BC CONDTIONAL BRANCH 47 3 RRL ROTATE RIGHT A8
RY SET 9 3D MACRO R1,12,D1 i 3
R10 SET 12 DB 58H,R1*18H+X2,(DI) SER 8,(DI) AND @FFE BC MACRC CC,X2,D1 RRL MACRO R1,CT
R11 SET 11 ENDM DB 47H,CC*19H+X2,(DI) SER 8,(DI) AND @FFE DB @ASH,R1*1PE+{(T-1)
R12 SET 12 ; ENDM ENDM
R13 SET 13 H ST STORE IN MEMORY 50 ; ;
R14 SET 14 5 H BAL BRANCHE AND LINK 45 i RLL ROTATE LEFT AA
R15 SET 15 ST MACRO B1,X2,DI 3 ;
X0 SET @ DB 50H,R1*1@H+X2,(DI) SHR 8,(DI) AND @FFE BAL MACRO R1,X2,DI BLL MACRO R1,CT
X1 SET 1 ENDM DB 45H,R1*10H+X2,{DI) SHR 8,{DPI) AND OFFE DB @AAE,R1*10H+(CT-1)
X2 SET 2 H ENDM ENDM
I3 SET 3 H ADD ADD FROM MEMORY 54 H H
I SET ¢ i H 3
15 SET 5 ADD MACRO R1,X2,DI H BALR BRANCH AND LINK REGISTER 85 5
X6 SET 6 DB 5AH,R1*19H+X2,(DI) SHR 8,(DI) AND @FFH 5 3 1/0 INSTRUCTIONS
x7 SET 7 ENDM BALR MACRO R1,R2 i
18 SET 8 i DB #5H,R1*10H+R2 3
19 SET 9 H SUB SUBTRACT FROM MEMORY 5B ENDM H
X180 SET 19 H H H IN INPUT A8
x11 SET 11 SUB MACRO R1,X2,D1 ; 3R BRANCE REGISTER UNCONDITONAL 84 ;
X1z SET 12 DB 5BH,R1*16H+X2,(DI) SER 8,(DI) AND BFFE 5 IN MACRO R1,X2,DI
113 SET 13 ENDM BR MACRO R1 DB $AGH,R1*19H+X2,(DI) SHR 8,(DI) AND @FFE
X14 SET 1& H DB 44H,R1*12K ENDM
X15 SET 15 ; N AND YITE MEMORY 54 ENDM H
H i ' H 7 ouT OQUTPUT A2
; PRESET CONDITION CODES N MACRO R1,X2,DI H ;
[ DB 54H,R1%¥18B+X2,(DI) SHR 8,(DI) AND @FFE 5 ouT MACRO R1,X2,DI
cY? SET @BH ; CARRY ENDM H SHIFT AND ROTATE INSTRUCTIONS DB 2A2H,R1*1¢8+12,(DI) SHR 8,{DI) AND @FFH
NC? SET #AE $NO CARRY H ; ENDM
z? SET @5H $ ZERO 5 0 OR WITH MEMORY 56 H H
NZ? SET 84H $NOT ZERO 1 i
GT? SET #@E 72°S COMP GREATER THAN 0 MACRO R1,X2,DI ; SLA SHIFT LEFT ARITHMETIC 83
LT? SET 838 $2°S COMP. LESS THAN DB 56B,R1*1@H+X2,(DI) SHR 8,(DI) AND @FFE 5
GE? SET @2E 52°S COMP. GREATER THAN OR EQUAL TO ENDM SL& MACRC R1,CT |
LE? SET 81K 52°S COMP. LESS THAN OR EQUAL TO H DB 8BH,R1¥18H+{CT-1)
PL? SET @EH $PLUS, SIGN = @ ; CMP COMPARE WITH MEMORY 55 ENDM
MI? SET ¢FE FMINUS, SIGN = 1 3
BI? SET #9H 51°S COMP. HIGHER cMP MACRO R1,X2,DI
15?7 SET @8H $1°S COMP. LOWER OR SAME DB S5H,R1%*16H+X2,(DI) SHR 8,(DI) AND @FFE
HS? SET 2CH 51°S COMP. HIGETER OR SAME ENDM |
10? SET @DE 51°S COMP. LOVER
ov? SET @7H ; OVERFLOW ;
NV? SET @6H $NOT OVERFLOW ;
i i
H [ H IMMEDIATE INSTRUCTIONS
; ;
5 RR TYPE INSTRUCTIONS H
1 s
; H 11 LOAD IMMEDIATE 41
1 ]
H LR LOAD REGISTER 18 LI MACRO R1,I2
; DB 41B,R1*19H,(I2) SER 8,(I2) AND @FFE
LR MACRO R1,R2 ENDHM

DB 18H,R1¥18E+R2 ;

ENDM 5 NI AND IMMEDIATE 94
1 bl
; AR ADD REGISTER 1A NI MACRO R1,I2
H DB 94H,R1*19H,(12) SER 8,(12) AND @FFH
AR MACRO R1,R2 ENDM

DB 1AH,R1%1pH+R2 H

ENDM ; 01 OR IMMEDIATE 96
H H
H SR SUBTRACT REGISTER 1B o) MACRO R1,12
; DB 96H,R1%*10H,{I2) SHR 8,(I2) AND OFFE
SR MACRO R1,R2 ENDM

DB 1BE,R1*1@H+R2 5

ENDM H iI EXCLUSIVE OR IMMEDIATE 97
H H
; NR AND REGISTERS 14 XI MACRC R1,I12
i DB 97H,R1*19H,(I2) SHR 8,(12) AND OFFE
NR MACRO R1,R2 ENDM

DB 14E,Ri*19H+R2 ;

ENDM H Al ADD IMMEDIATE 94
¥ ¥
H ORR OR REGISTERS 16 Al MACRO R1,12
3 DB GAH,R1*1¢E,(12) SHER 8,(I2) AND BFFH
ORR MACRO R1,R2 ENDM

DB 16H,R1*1@H+R2 ;

ENDM ; sI SUBTRACT IMMEDIATE SB
s ’
; CLR COMPARE LOGICAL REGISTERS 15 SI MACRO R1,I2
i DB _9BE,R1*19H,(I2) SHR 8,(12) AND @FFH
CLR MACRC R1,R2 ENDM
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8104+95200020
$#mACEO 019E+4730014A B¢ 172,R0,SETPER  §SET PERIOD IF TRUE 0284498500007
i SIFPLE FONITOR FOR THE AMD §ISH-SPEED 16-BIT COMPUTE 20C0+0430 . 0142+8520007F et R2,007FE $BELOW DEL? onssesssopoer 25, 000FR $LO¥ NIBBLE ONLY
= R P
i BC
i BY: DUMP: 2146+47 17?,R14,0 ; CLR .
i JIM BRICK ooczearamsare o M R4, BUFOP1 ;4{ADDRESS PORTION OF BUFFER) STORERD  rpens 1t FRET IF TRUS (CUAR PRINTASLE) eR8ct1sS0 T PRO = ZERO
i B4 21AR+412 : R2,7.° ; BR Rig ;
MACLIS HICROZS 0006445580384 L RL4.80,CYADDR  JASCIT ADDRESS TO BIKARY IN 76 20025 sn : $SET PERIOD AS CHARACTER T0 PRI D2BE+04ED . f
i 14 B i
FPFA - 20 NI ?6,8FFFOR ; O1AE+04EQ ; 14 ;
401 s s susies sats sors sooasss CA+9468FFFO . $BEGIN ON EVEN WORD BOUNDRY ; ozogrsersages e BD R7,26,8 $GET OLD DATA
BABD = b ;USART CONTROL R12,16 . ¢ STORE: LI
?RLL EQU @A8DE | LINE-FEED, gnggﬁg;gg%g: SBCE+41C00010 e st 50/P LINE COUNT 1B0+41400410 R4, BUFOPL SA(ADDRESS FIELD) 2294+16DD ORR R13,R13 sR13 = ZERO 7
0000 : R6,R6,DMPAD 5 5 BAL
ORG ° 2@D2+506284084 (R 3SAVE CURRENT 91B4+45 R14 ,RG,CVAD: s BC NZ? N B
; @8D6: BAL R14,R8,TYPAD o/p KoDRESS e 1D DR FASCIT ADDRESS TO BINARY (IN RE 0296+474002A¢ JRG,NXNIB1  FTEST FOR ONE IF NOT TRUE
BEGIN: +45E98 R0, H = .
0000+1708 Ine IR R@,RO {CLEAR RO 118 o STYPE CURRENT CONTENTS OF R6 3185458460406 R4,RE,DATAD ;GET CURRENT I/P DATA ADDRESS 0294+0AD00GE1 A R13,0001 $BUMP NIBBLE COUNTER
20DA+4120 R2,” 7 iSPAGE 1R ‘
2002+45£00028 BaL R14,R6,DOCRLF  ;NEW LINE ON CONSOLE o0ze BAL . 21BC+17DD 13,813 CLEAR WIBBLE COUNT REG §295+8958 Sth ®5,12 JPOSITION THIS NIBBLE
000644550001 MONLP: BAL R14 ,R@,PROMPT  31/P PROMP' @ODE+45E083D8 R14,R®,CRTOUT  ;TO CRT B1BE+45E001E6 STLP:  BAL R14,R@,UPSTOR  JUPPER BITE F 52A0+94738FFF NI R?,0FFFR  PREPARE
6 il i MPT ’ ; IRST ’ ; OLD DATA FOR .
BAL Ri4,R . NEW NIEBL
20E2+4 \R8,CRIOU
¢00A+45500040 BAL  R14,RO,GETIP  jGET USERS I/P oagsne BAL TE R 0102+58E003F0 b R14,RO,OSCANER 5GET RET 0244+1675 ORR - R7.ES $INSERT NEW NIBBLE
P0E6+4. Ri4,Re,DMPOV B
000E+4556005C BAL  R14,R0,SCANER  ;DECODE & EXECUTE COMMAND sreoree 1 o T JPUT OUT ONE LINE OF DUMP DATA 6106+9556000D et RS, 00008 {END? (CR = END) 0246+50760060 st R7,R6,0 iDATA BACK TO MEMORY
PBEA+4 2,7 © 3SPACE
5012474660006 BX Rg, MONLP FREPBAT LOOP FOREVER 1200020 BAL 21CA+475£0000 s¢ 22,R14,9 SRET IF TRUE 0244+24E0 BR R14 ;
b BBEE+45800308 R14,Ro,GRTOUT 3§20 CRT 1CE+458001FA BAL  R14,R2,10STOR  ;LOVER BYTE ixnz
OMPT: ST R14 s ' ’ B1: CI R13 .,
0016+50E003EA ,R8,GPROMPT 5 SAVE RET GUF2+45E0015C BAL R14,R0,TYPLIT  50/P LITERAL DATA 91D2+58ESB3FD LD R14,RO,GSCANER GET RET PEACS5DARODI o INEKT NiBBLEY
LI R2,7>" ; BAL 02 BC NZ?,RO,NIN ;
£014+4120003E . PROMPT CHARACTER >’ 0BF6+ 45800028 R14,R0,DOCRLF  NEW LINE ON CRT 81D6+9550000D <1 £S5, G00DE SEND? BoraTa0saco NANIBE IO NERT IF NOT THIS
AL R1 N L A1 R1 .
5015+458003D8 . 4,79,CRT0U7  FPROMPT TO CRT 0074+58600484 P B6,B0,DMPAD 3CURKENT DUNPOUT ADDRESS 1D4+47580000 B 27,R14,0 RET IF TRUE ORBE+SADOGOL 30001 }BUMP NIBBLE COUNTER
0022+58E003EA o R14,R8,GPROMPT jRESTORE RET @OFE+9A680010 A RE,16 §ADDRESS NEXT LINE 51DF+0A400202 AL R4,0002 - 028846957 SLL RS,8 POSITIGN THIS NIBBLE
23 R1s s ; s iTO NERT WORD N1 R7,BFGFFH .
0926 R12 . B2BA+94’ +OF2FFH H
+g4Ee ) i #102+93C 00081 12,1 SLINE COUNT -1 ¢152+74000138 BX RO,STLP $CONTINUE STORING DAT e ORR FREPARS LD DATA JOR NBY MIZBL
D . B¢ N R ; A 02BE+1675 7, R5 : .
sozsssonopape DR ST R14,R0,GD0CRLY ;SAVE RET 0106+474000D2 22,88,DMPLP  ;LOOP THRU O/P DATA 0 ipsTOR: 8T Ma.E < w FINSERT NEW NIBBLE
1E6+ : 5, QU; s L6, s
0820+41200A8D i R2,CRLF CR/LP CODES 0104+585003F0 L R14,R0,0SCANER FRESTORE RET SeRsEstL L "RO/CUPSTOR JSAVE RET 9206150760000 68 DATA BACK TO MEMORY
i
00 BAL  Ri4,R9,CRTOUT 0108+2450 BR R14 ; 0124 +58540000 P 15.R4,0 JGET NEXT DATA 0204+6450 B 1 ;
32+45E283D8 . 30/P LF n SRL H
; 21EE+8857 R5,8 $GET RI B ¥
S N ITE NINIB2: CI
083448827 L R2,8 iGET CR CODE ovigssoneeszz | O R14,Re,CTYPAD  ;SAVE RET B1F0+45E00210 BAL R14,R0,STDATA ;GO STO pEeoreshoosoz %02 PNERT NIBELED
BAL R14,R . M 1A RE BYTE 3¢ 82?7 .
o \R0, RR ke,
036+45E883D6 o 8,CRTOBT  30/P CR 8114+A867 L R6,8 5EI ADDRESS BYTE B1F4+58E0@3FA Lp R14,R®,@UPSTOR ;RESTORE RET 02CA+474002E8 9 NXNIB3  TO NEXT IF NOT THIS
;¢ .
9934 +58EBOBEC 14,2 ,@DOCRL? ;RESTORE RET 6116+4556835F BAL R14,R0,BINOUT  0/P B1F8+G4EQ BR R1¢ . 82CE+0ADOBER1 Al R13,8061 ;BUMP NIBBLE GOUNT
BR R14 s . ’
0038+0420 . ; 114+2867 SRL - Re.8 SLO ADDRESS BYTE fosron: st 202+8953 SIL RS, iPOSITION THIS NIBBLE
i : ; ¢ 5 R14,R .
reries st 2110+45506355 BAL  R14,R8,BINOUT  0/P i 017A+5EEGOITA . 2,QUPSTOR  iSAVE RET 02D4+9470FF 0¥ M R7,QFFOFR SPREPARE OLD DATA POR NEW NIBBL
3 : R14, s RS, B
0042+50E083EE RO ,@GETIP  ;SAVE RET 9120+58E803F2 o R14,R8,8TYPAD  iRSTORE 91FE+58540000 Re.0 SGET DATA $2D8+1675 ORR R7,R5 FINSERT
L1 RET NI NEW NIBBLE
0044+4 1300405 3, BUFFER A1/ BEEER) 12400450 e R4 ; 0202+945€00FF RS, 02FFH $KEEP LOW BYTE 02DA+50760000 sz R7.R6,0 DATA BACK TO MEMORY
0045+41400080 b R4, 000K iMAX 1/P COUNT } pouT 0206+45300210 BAL  R14,R9,STDATA  iGO STORS BYTE 02DE+04ED 3R Ris ;
171P: ST R14,R0,0DM ; ; i
604C+45E90398 BAL R14,80,GETCER  jGET NEXT 1/P CEARACTER 0126+50E803F4 . DMPOUT  }SAVE RET 020A+58E683F4 2 R14,R@,GUPSTOR ;RESTORE RET NINIB3: IR
L 912, R7,R8,DMPAD ; B2EG+17. * R13,R13 s
20508917 SiL RL.8 ;POSITION 1/P CHAR 70 EI BYTE 4ro87opess LI R . FONT O/ DATA ADDRESS 920E104E0 B s ; ” NI U FLAST NIBBLE (LSH)
2852+1851 LR RS, k1 iSAVE EI BYTE 912241056008 138 $0/P WORD COUNT éTDATr ST R 02EZ+9470RTED ! o8 FPREPARE OLD DATA FOR NEW NIBBL
DMPLPP: LD RS £210+5QE8@3FC : 14,R2,@STDATA § ORR 7, R
ORR R . 0132+5867 +R7,8 o . $SAVE REP 02EE+1675 R SIN
0654+16FF 15,815 ITEST RET CODE 670200 o T NEXT WORD 0214+452262 BAL R14,R6,CKDEL st FINSERT NEV NIBBLE
0056+47500082 Be 27,R0,0E0F 10 EOF I¥ RC = ZERO 2136+4867 6,8 3EI BYTE FIRST 3¢ ' FCRECK FOR DELIMITER 0236+50760000 R7.R6,0 DATA BACK TO MEMORY
h BAL R14,R R 0218+5 Lp R14,RE,GSTDATA § Al 26,8002 :
B e, 81060 T @28 ;
0054445800398 AL R14,R0,GETCER  ;NEXT CEARACTER 0138+45500358 RO.BINOUT - i0/% ¥ 3¢ B Re 0+9a600002 ' BUMP MEM POINTER
B5E+941000FF LS R1,80FFH $SAVE ONLT 1/1 £13¢+8867 SRL R6,8 10 BYTE 621C+47550000 17,R14,8 SRET IF RC = @ 82F0+04E0 BR R14 ;
. ; Y 1/P CH ;
o62+1651 ORR  R5,M1  CONBINE T ARACTER T 10 B13E+45E02358 BAL  R14,R0,BINOUT  0/P 0220+45800254 BAL  R14,R0,ASCREX  FASCII BYTE 70 REX NIBBLE o252 Jumer 11 Ré, BUFOP
’ : ¥0 BYTES FOR ONE .. BC 441409418 . 1 FA{ADDR
0064 +16FF ORR R15,R15 STEST RET CODE Yo 014241200020 H Rz, $SPACE 0224447300232 177,R¢,SETND  §.NZ. RC = END s2F6es BAL R14,RE,CVA i e
B +45E80304 ,RO,CVADDR  ;ASCLI
s056+47500052 e 22 .50.00507 30 5or 17 10 o146+45E883D8 BAL R14,88,CRTOUT ;70 CRT 0228+45508290 L R14,RO,NIBBLE  §STORE THIS NIBBLE vora i s 26 i ADDRESS 70 BINARY ADDRES
= 22RO 1p +18F6 ' ADDRESS T0 R
. AL R7,0002 ; i 0220+58EBB3F R14,R0,@STDATA ;REST! 15
2064+50530000 ST RS,R3,0 iDATA TO 1/b BUFFER 814A+94700002 o ;BUMP 1/P DATA ADDRESS . C a i ; ORE RET B2FC+4SEFBDO BAL R14,R15,8 5 JUMP
006E+5A300002 A RS, 0002 $TO NEIT BUFIR SLOT o143:92000001 e 0081 FOED COUNT -1 e SETND: LI : 0300474000000 B RO, BECIN 13ACK
BC . [ : RS, 998D! ; ' i TO MONITOR
2972+9B460002 st ke, 0002 i couNT-2 0152447408132 NZ?,R@,DMPLPP  ;LOOP TERU LINE : 232441500000 o 8 PALE EOF R IF CALLIE RETU
LD . ! R14,R2,8: . CVADDR: ST
2076+4750087E ¢ 27,%8,00B0F2  ;STOP IF MAL I/P o156+ 9800314 F14,R0,CDRFODT IRESTORE 3T prsersenagse 3R STOATA FRESTORE R gsparsbRonace Ti%/RO.COVADIR. ISAVE RET
B3R R ; 0234+0450 Ris 5 xR 6,86 :
0871+7408004¢ B &8, IPLP $CONTINUE GETTING 1/P F184:04%0 ; * ! ® } ' paeeriTes FOLEAR R
DOEOF2: ; LXDEL: L. 2304+58 L> RS,R4,0 :
207E+41500D00 L R5,0D00E EOF AFTER MAX LINE 215C+505803F6 TIPLIT: ST R14,R9,0TTPLIT ;SAVE RED ezacesssapsze T O s, $SPACE? 540000 SaL FGET THO ADDRESS BITES
DOBOF: ST RS R 3C YIYE+88B5? RS5,8 SUPPE
0082+50530008 JR3,0 $DATA/EOF TO BUFFER 0160456700484 D R7,R0,DMPAD JGET O/P DATA ADDKESS 8240+475E0008 27,R14,0 $RET IF TRUE 03 BAL R14.R0LAS R SYTE FIRST
6086+5858635% tp R14,80,8CETIP  RESTORE RE % 52444955 ot RS, ; 16+45380254 +R8,ASCHEX  SASCII BITE 70 HEX HIBBLE
T 0164441000006 R13.8 $WORD COUNT 0092E # PERIOD? - 3¢ N7 B
0084+64E8 3R R14 ; TIPLLP: LD 6.7 2248+47550000 B¢ 22,R14,8 SRET IF 14147400350 »RE,CYEOUT  3STOR IF HOT HEX DATA
; 0168+58670800 7,0 SNEXT O/P WORD o 3 TRUE 0318+1665 ORR RE,R5 $FIRST ADDR
R SCANER: RRL . 824C+955080 ®S,",” ; ' ESS NIBBLE T0
sescesanossrs Ao ST R14,R0,GSCANER ;SAVE RET 016€+4887 168 FEI BYTE FIRST sosze B¢ 2 foonms 6314+58540000 D R5,R4,0 1GET ADDRESS B b
8250 7,R14,0 s ’ ' YTES AGAIN
0090+41400481 L1 R4, BUFFER $4(1/P BUFFER) p1eEm1826 = N 710 o/P REG Serinonsese I3 PRI EROE 2318 BAL R14,R8,45C
BAL ) 825449550000 RS, 900DE ica +45EB0254 +RO,ASCHEX  §ASCIT BYTE T0 HEX
2094 +58540000 B RS, 24,6 GET COMMAND (FPIXED FORMAT) 0170+45E00196 R14,R6,D0CIT  ;CHECK FOR PRINTABLE CHARACTER 225 ’ BR R14 ORmIAE FaTT 2322447400350 B NZ? RO, CYEOUT 5570 e
BA. 8+ H b H P 1T
2098+55500488 cnp R5,R8,DMPCHD i D FOR DUMP? €174+45E003D8 o R14,R0,CRTOUT  ;T0 CRT 0450 . iLET CALLER DECIDE 032648 SLL 6.4 ) KOT EEX DATA
22648963 . 1POSITION ADDR
B¢ 2 . 2176 +88 SRL 6,8 ; ASCEEX: 5SS FOR NEXT RIBB
289C+475000C2 27,0, DUMP $60 IF TRUE 5+8867 - . GET LO BYTE | 225449450005 F ¥ RS 00FFH LOW BYTE ONLY 032641665 ORR  R6,RS SINSERT NEXT AD
cMP 81714+1826 R2,R6 110 0/ o1 BS, 67 R DRESS NIBBLE
2080+55550404 RS,RO,STRCMD 'S FOR STORE? . - H P REG 025E+95500038 e SLOWER TEAN “8° ? 6324+0A400002 A R¢,0002 ;BUMP MEMORY PTR TO NE
B 22 ) ©17C+45E60196 ,R8,DOCIT  CHECK FOR PRIN 0262+ BC LT?,R14 s XT WORD
2044+4750015¢ +B8,STORE i60 STORE IF TRUE 2180 BAL R14,R@,CRTO TABLE CEAKACTER 47320000 .2 $RET IF TRUE G325+58540000 b R5,Re.0 SNEXT ASCTI ADDRESS DATA
M +45E063 JRe,CRTOUT  §TO ) oI e
0246+5558048C cHP R5,30,0PCMD  d  POR JUNP? D8 u - CRT 8266+95560834 RS, ": 10-9 7 033248857 SRL B5,8 SEIGH BYTE FIRST
BC 2184+94700002 10802 iTO NEXT ¥ 3C LT? .
20AC+475002F2 27,R8 , JUMP 160 JUMP IF TRUE o con i EXT WORD 2264+47328268 WRE,¥NUM $NUMERICAL IF TRUE 0334+45E00254 BAL R14,R2,ASCEEX ASCII BYTE TO HEX NIB
AL X 0188+93D0000 . WORD COUNT - o o1 RS, A7 R BLE
0030+45£00028 R14,R8,DOCRLF  ;NEW LINE ON CRT 1 . e i N -1 26 E+95506041 5, A JLOWER THAN “A” ? 6338+4740035¢ BC ¥27,R@,CVROTL  §STOP IF NOT HEX DATA
o 18 RO, TYPLLP  §
20B4+4120003F L1 r2,°? s 2 447480168 o P ;LOOP TERU O/P LINE 0272+47380000 BC LT?,R14,8 +RET IF TRUE 233C+8963 SLL R6,4 POSITION ADDRE
B 2190+5 R14,R0,GTYPLIT [34 A ’ SS FOR NEXT NIBB
P, AL R14,R,CRTOUT  ;UNENOWN COMMAND SE0D3TE . }u $RESTORE RET 0276495500047 R5,00478 JHEX ALPHA? 2335+1665 ORR R6, RS JINSERT NEXT &
1D 8194+84E0 4 H IBBLE
28 R14,RD, 6! s BC LT? .
BC+58E803F0 N BO,@SCANER  RESTORE RET ; 0274+47300284 T2,R0,VALPE  JEEX ALPEA IF TRUE 0340+58540068 2 RS,R4,0 {CET ADDRESS DATA ASAIN
2 R14 N DOCIT: N o1 .
; 3106+042000FF 1 R2,B0FFR {GET LOW BYTE 027E+9550FFFF RS,OTFFFR SSET .LT. ¢C 0344+45E00254 BAL R14,R0,ASCHEX  ;ASCII BITE 70 BEX NIBBLE
<1 o . BR R14 .
Rz, {BELOW BLANK? 0262+0430 iais i 0346+47400350 BC NZ?,R0,CVHOUT  $STOP IF NOT HEX DATA
4 H: si RS, 00070 SLL
0 . sasCT1 R6,4 R
H 11 ADJUST 234C+8363 - ;POSITION ADDRESS FOR NEXT NIBB
R6, RS SINSERT NEXT NIBBLE
,,,,, 41
]
A




234E+1665
835¢+94400002
2354+50400486
9358+58E20402
@35C+04E0

@3OE+50ERBIFE
2362+1826
2364+8823
B366+5420000F
Q36A+45E00386
@36E+45E003D8
8372+1826
9374+9420000F
2378+45E0038€
©¥37C+45E003D8
8380+58E03FE
2384+04E2

B38E£+95200004
0384+47F08392
B3IBE+OAR00007
0392+94200039

2396+04E0

8398+50E02400
239C+ADLQFFFB
B342+94100002
D3R4+4750039C
GIAE+ABLRFFFA
P3AC+9410087F
33B8+1821

23BR+45EBE3DE
933€+1812

23B8+58E09400

P3BC+LIFOFFFF

CVHQUT:
CVBEOT1:

BINOUT:

Al
ST
LD
BR

ST

NI
BAL
BAL
Lo
ER

cI

Al

b a1

ST

LR
LD
LI
L1

R4, 0002
R4,RE,DATAD
R14,R8,@CVADDR
R14

R14,R¢,EBINOUT
R2,R6
R2,4
R2,800FH
R14,R%,BEXEX
R14,Re,CRTOUT
R2,R6
R2,000F8
R14,R8,EEXEX
R14,R8,CRTOUT
R14,R9,EBINOUT
R14

R2,000AK
M17,RS,C0N
R2,0087E
R2,00308

Ri4

R14,R8,RGETCER
R1,RO,STATUS
R1,0082

2?,R8 ,RDCER
R1,R0,DATA
R1,887FR

R2,R1
R14,RE,CRTOUT
R1,R2

R14 ,RG,GGETCHR
R15,-1

R2,000AH

;TO NEXT MEMCRY WORD
iSAVE AS DATA ADDRESS
FRESTORE RET

3SAVE RET

i0/P BYTE T0 R2

sUPPEK NIBBLE FIRST

sEEEP ONLY GOOD DATA

FBINARY NIBBLE TO ASCII BYTE
SNIBBLE {BYTE) OUT TO CRT
i0/P DATA TO R2

FEEEP OKLY LOW NIBBLE
3BINARY NIBBLE TO ASCII BYTE
FAND OUT TO €RT

iRESTORE RET

H

3A-F 7

iBR IF NOT TRUE
FADJUST FOR A-F
PMAKE ASCII

3

FSAVE RET

iSTRIP PARITY

3I/P READY?

$LOOP UNTIL CHARACTER READY
SREAD DATA

FKEEP ONLY DATA BYTE
3DATA TO R2

$ECEO 1/P

iDATA BACK TO R
5GET RET

#SET R15 .NZ.

iLF CODE IN CASE OF CR

23C2+41200004
2304+5516000D
£306+47450200
23CC+45E003DE
83DG+17FF

93D2+58E00400
83D6+04E2

@3D8+AR1@FFFB
23DC+94100081
@3E2+475863D8
D3E4+A22QFFFA

B3E8+B4ED

408 4420
24Qr 5328
2408C 4420

@254 ASCHEX
223C CKDEL

93EC GLOCRLF
O3FC @STDATA
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EHTOUT:

i

éPROMPT

Q@GETCER
GCVADDR

DMPAD:
DATAD:

DMPCMD:
STRCMD:
JMPCMD:

BUFFER:
BUFOP1:
3
H
H

cl
BC

XR

ip
BR

N

s
DS
DS
DS
bs
bs
DS
DS
DS
s

s
s

Ds
s

DB
b

s
ps

END

©8ee BEGIN
@332 CON

0358 CVEQUT

2@D2 DMPLP

©¥480 GGETCHR
B3F8 GSTORE

R1,00¢DE

NZ7,R14,0

R14,R%,CRTODT

R15,R15

R14,R6,G3ETCER

R14

R1,RG,

STATUS

R1,2001

i2,Re,
R2,R8,

Ri4

(SRS SERFNRNENE SY RYSERRSENF RN

oo

128

B3SE
843D
FFFA
8132
@97
284C
2290
B839¢C
8218
215C
@3FE
@3EE
B3F2

CRTOUT
DATA

BINQUT
CRLF
DATA
DMPLPP
DOEOF2
IPLP
NIBBLE
RDCHR
STDATA
TYPLIT
@BINOUT
@GETIP
BTYPAD

3DATA = CR ?

FRET IF NC

DO LF IF PREVOIUS WAS CR
3SET RC = ZERO FOR CR
SRESTORE RETURN

SGET STATUS BYTE

FXMITTER EMPTY?

SWAIT FOR KMITTER TO EMPTY
i0/P DATA TO CRT

H

@49E BUFFER 2410 BUFOP1
2308 CRTOUT 8394 CVADDR
0496 DATAD 9404 DMPAD
8126 DMPOYT 2196 DOCIT
88C2 DUMP 0398 GETCHR
648C JMPCMD 8272 JUMP
@2AC NXNIBL 9206 NXNIB2
888C SCANER 0232 SETND
@1BE STLP @188 STORE
9168 TYPLLP 21E6 UPSTOR

9482 GCVADDR @3F4 GDMPOUT
B3EA GPROMPT 23FQ GSCANER
23F6 @TYPLIT @3FA QUPSTOR

APPENDIX D

The System 29 operating system manages two floppy disk drives,
A and B. The system will prompt with a A> or B> depending upon
which disk the operator selects as the default. Generally, most
system programs (editors, debuggers, compilers, etc.) are onthe

A>ed b: amd16bit.asm

*e

A>b:

B>mac29 amd16bit $ab hb pb sb

ASM29 VER. 1.0
0490

03BH USE FACTOR
END OF ASSEMBLY
B>a:

A>ddt29 h e

A>set pa 3d

A>ddt

DDT VERS 1.4
#ib:amd16bit.hex
#r8000

NEXT PC END
840E 0100 577F
#tc

A>lbpm m29 wcs cl ul de 1
LOADING: M29.0BJ

A disk and most user generated programs (source programs,
user libraries, special assemblers, etc.) are on the B disk. In the
following session, lower case letters are what the user typed-in,
upper case letters are what System 29 responded, and com-
ments {added as a tutorial) are in curly brackets.

{call the editor to edit AMD16BIT.ASM from the B disk}

{any program additions, changes, and/or deletions go here}

{exit the editor and save the new AMD16BIT.ASM on the B disk}
{switch to the B disk as defauit}

{use the modified macroc assembler (MAC29) to assemble AMD16BIT.ASM and put the
HEX, PRINT and SYMBOL files back on to the B disk} )

{switch back to the A disk}

{run DDT29, Halt the 16-bit computer’s clock and Exit DDT29}

{set the page register bit to enable the 16-bit computer main memory as 9080 upper 32k}
{load 9080 DDT}

{reference the simple monitor's HEX file on the B disk}

{read AMD16BIT.HEX into 9080 memory beginning at location 8000 HEX (upper 32k)}

{exit DDT via control-C}
{Ioad the 16-bit computer’'s microcode (phase-1 instruction set)}

TITLE: MICROPROGRAM FOR 16-BIT COMPUTER

VERIFYING: M29.0BJ

TITLE: MICROPROGRAM FOR 16-BIT COMPUTER

VERIFY COMPLETE
A>ddt28ir0jr

At this point, the AMD 186-bit high speed computer is running
phase 1 instruction set in microcode and the simple monitor in

{run DDT29, set the instruction address register to zero (IR 0), jam the address on to the
microprogram address bus (J), and run the 16-bit computet’s clock (R)}

set to 9600 baud and connected to console USART can now
exercise the simple monitor.

target machine language in 16-bit main memory. A CRT terminal
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APPENDIX E

Memory Board

The 16-Bit Computer Main Memory board was organized with 8k
by 16-bit RAM section and a 2k by 16-bit ROM section. The RAM
section occupies address 0-8k while the ROMs are assigned
addresses 8k through 10k. The memory word consists of two
bytes. The least significant address line specified whether high or
low byte but is not used in the word mode. The address value from
the computer is captured in a register at the beginning of the
cycle; however, the most significant address lines are routed
straight from the bus to the clock decode logic to make an early
decision as to whether the memory board has been selected.

In the word mode, the read and write transfers are straight for-
ward. For the byte read mode, data is output on bus bits BD_;
while BDg_45 are forced to zero. During byte write mode bus bits
BDyg.7 are duplicated internally on lines Dy_; and lines Dg.45. The
signals WRHIGH or WRLOW select which byte in the RAM
memory is effected.

The control logic generates the bus control line sequencing re-
quired by the 16-Bit Computer. The memory read and write timing
is shown in Figures E1 and E2. The bus controller function is
simulated for the purposes of the prototype. Bus Request is
clocked into a flip-flop and Bus Acknowledge is returned to the
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computer. The Memory Request signal from the computer ini- :

tiates a memory cycle. Fifty nanoseconds later the memory board
responds with Address Accept. The computer then follows this
with Data Request. The memory board responds with Data Sync
and 50 nanoseconds later the data read out of the memory is
clocked into the output registers and output on the data bus.
Looking at the memory read timing diagram, itis seen that a read
cycle is initiated with Memory Request but the data is not sent
back to the computer until the beginning of the next microcycle.

The write cycle is extended one oscillator cycle. This is necessary
with the Am9124 RAMs because the data are not sent to the
memory board until Data Request goes active (see Figure E2),
which is 100 nanoseconds into the write cycle. With the clocked
handshaked memory protocol of the 16-Bit Computer, this is
easily done by delaying Data Sync one oscillator cycle. Since
normally a computer performs many more read than writes, this
impacts throughput only slightly.

Additional logic was appended to allow the memory to be ac-
cessed by the System 29 microprogramming development sys-
tem. The Map Page (MAPP) of System 29 was used to specify the
memory. The logic interfaces the control signals required by
System 28 and the 16-Bit Computer Memory board. With this
logic, the System 29 user can readily read or write into the
memory.
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Figure E1. Memory Read Timing.
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ADDRESS BUS |
] DATA BUS
70 r v N
- J Z REG
I (LATCH)
PCU SHEET 3 DATA PATH J
SHEET 4
16 16 ;
MAR 20 REG 21 REG
(LATCH) D REG (LATCH) (LATCH)
MEMORY
AN I SHEET §
Z N\ u ~
R 3 ; VECTOR
16
16 /
IMMD
) s e I REG
——mn—— VECTOR
f 16 ALU SHEET 2 l DECODER DECODER
M
l \7 v MUX .M
DA BUS /
: T s s
A

=

Py DB BUS / —_—
12
TRANSFER 16 /!/
REGISTER 4
Am2301A X 4 4 psw [
A DA DB STATUS
M PSW

\ Am2903 X 4 REG SEG Am2904
i ] . cc  Am2s1o

Y

TEST TREE

PCU TRAN Y BUS {
/I A MICROPROGRAM MEMORY

Am29774/5 X 12
- |

cLock l /0, INTERFACE, C BUS PIPELINE REGISTER
SHEET #6 SHEET #7
e s e s e e e e s | I
DATA BUS {
CLOCK
i
Vo o
" MEMORY VECTOR SYNC REG gggéﬁg; "
CONTROL 3 ;
Amo551 Amess1 Am9519 Amagia

<JL C 8US J /N / N\ ¢ BUS /

C BUS 1 3
: O INPUT 11O QUTPUT
7 CONTROL CONTROLS
CONSOLE (F PERIPHERAL IF EXTERNAL INT REQS
L ] CPU
Sheet 1
Block Diagram 16-Bit Computer. MPR-708
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DA;5 DA;q DAj;z DAy, DAy DAg DAy DAg PCU DA; DAs DAs DA, DA; DA, DA, DAy 21zl 2l =121zl bt =4 e D 9 (e g
221 2:1 24 25[ 22] 23] 24' 251 zz| 23] z4| zsl 22[ 23[ 24I 25[
Pae 20t e v2 | B; D, D, D al Dy D, D, D Dy D; Dy  Dp u, Dy D D D
=1y 0 °
Pa15 doo1 1, (Me1) 13 . E1p 1],
—1 1 1
P3-16 2801 I, (M62) 14 14 14
—— 2 Ip
Pa17 2901 1; (M63) 26 2 26
3 By, I3 I3
L1 P 28 l 2,
27 27 27
— 11 — 1 — 1
511 5q, 5],
— ] '8
P3-18 F—B/3 (M64 7 7
oy [ N ] N N
5 5 5
Ll Lels - MAR
a1 2501 Aq (MST)” 4, L P o 19)16[15]12] o] s} 5| 2 19]16]15]12| 9] 8| 5] 2
P3-12 2901 A, (M58) 3 3 3
1 (M58) A A A Vi Yo Y5 Ve Y3 Ya Y1 Yo | Y7 Ys Ys Ve Ya Y2 V1Yo 41 en @
P13 2001 A, (M59) 2] 2 2 & pb—A Gf—— mar
1% d 1% uzo uz2
As u1s g ute u1z As v1s Am74S373 s Am745373 1y
Am2901A Am2901A Am2901A Am2301A o [} R
P38 2901 By (Ms4 =17 [ kil kS D7 Dg Ds D4 D3 Dy Dy Do 07 Dg Ds D4 D3 Dz D Do Z N\
0 0
> 201 By wem s ) ], I 18]17[1a]13] 8] 7] 4] 3 18] 7[1a]13] 8] 7] 4] 3 PCUCD (W73 Pa27
4 4 5
200t B, (M56) 19 13 19
B2 B2 82 P PCU——Y (M72} P3-26
20| 21 2],
3 '3
21 21 21 21 A—=B
~ 16 S 18 o s o o 18 o [ s 8l @ SR
Q5 RAM, |— —a, RAMG F— RAM, |2 5la, RAM, oo TR ] ZEROFILL v
&1 Ram on |2 8] ram on 2 on 2 2 Ram en B Vs 2 n By [~ =
3 igad 3 (M63) PCU, 4 7 A s, 13 Yi4
32 32| 32| " %
G G S PCU;3 6 g B 13
sls Bl < PCU;, 5 15 Yo
As y2r Bs
PCU4 4 16 Yi1
15 15 15 15 A, AMBIABE,
cp cp cp cP PCU;o 34 i it Y1
oF Y3 Y2 Vi Yo 3 Y3 Y2 Vi Yo =3 Y5 Y2 Vi Yo oF Y3 Yy Vi Yo 700, 2] e Vo
B
46 39| 38 a7 36 a0 39| 38| 37] 38 40 BB EIE 40 28] 38| 37| 36 32 Mo Y,
PCUs s
A By @
s 2
el Zl et o C HEEE I B Y A ol o = 2 >
2 2 2 2 2 2 =3 3 2 2 p=3 =3 =1 2 2 =
IO LOL O VIO LOl o Ol ol Oo1 0 olololo PCU
atatats atatsye —— ay2fete atataya TRANSFER | A—=B WORD ONLY
L l uss Tasos
PCY; 8
PCUg 7
"1 pcug 3
PCU, s
As uz2s Bg
s|14] 15 1| 1] 2 12| 3] a cU; 4 AsAmSG(MBB 16 Y5
——L — — N 3
Cniz G2 Pp Cnyy G Py Cnix Go Po PCU, 3] 4 8. |17 Yo
3 '3
1 Yy
u1s 3 = 2 a 5, - 7
Am2902 1 19 o
m: PCU, N .
Sheet 3

16-Bit Computer PCU Memory Address Register. MPR-710




APPENDIX F

TYPICAL INSTRUCTION FORMATS

DATA BUS
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