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I. The Am29203 Evaluation Boqrd Characteristics

® Stand-alone evaluation board for AMD bit-slice components
9 Requires only power supply and CRT terminal
] Architecture represents typical 16-bit computer

] Built in Monitor allows:
- Loading and displaying of writeable control store
- Loading and displaying of macro memory
- Loading and displaying of ALU registers
- Loading and disptaying of pipeline registers
- Loading and displaying of the macro IR
- loading and displaying the Am2904 status registers
- Setting breakpoints to control execution
- Starting execution at any microaddress
- Running built-in test routines

L] Demonstrates microprogramming of the Am2900 family:
- Am2910 sequencer
- Am29203 arithmetic/logic unit (ALU)
- Am2904 status and shift control unit
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I11. Architecture

) See Figure EB-1

] Actually two systems
= Two Am2910 sequencers
- Two control stores and pipeline registers
- One shared 16-bit Am29203-based ALU

o The Monitor controls the board operation
- Transparent to the user
- Allows interface to the controlling CRT
~ Executes the Monitor program (in microcode)
- Controls execution of the Primary System
- Allows examining and changing the Primary System state

® The Primary System is the system we will examine
- Standard 16-bit architecture
- Features Am29203, Am2910 and Am2904
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Figure EB-1. Evaluation Board Overview
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I111. The Primary System Architecture

] Sée Figure EB-2

s ccu
- Uses 8-bit opcode through mapping PROM
- Uses Am2910 sequencer
- Has 1K x 48 bits of writeable control store
- Has separate pipeline register
- Uses decoding on some pipeline fields
- Condition codes come from the Am?2904 test mux
- Am2910 CCEN is controllable from pipeline for forced pass

- Am29203

- Uses Am2904 for shift linkage and:carry-in MUX
- A & B addresses come from IR or pipeline

- Addresses 1K on board RAM via A-bus

- Data transfers to/from RAM via Y-bus

- Receives constants from pipeline via B~bus

] 1/0
- Second I/0 UART is connected to the Y-bus
-~ Uses memory-addressed 1/0
-~ Can drive a CRT, printer or simiiar devices

) Miscellaneous Features
- Many signals available at connectors for expansion
- Macro instruction set can be downloaded into WCS
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IV. The Primary System Microword

® 48-bits wide

® Bits 31-16 control the Am2904
- Bits 19-16 are three overlaid fields
- Bit 21 selects command field
- Command field decoded by PROM

° Bit 15 is breakpoint bit (set and cleared by Monitor)

0 Bits 13-4 make up the branch address field
- Can be turned off by PL on Am2910
- Bits 11-4 are three overlaid fields
-~ Lowest 8 bits of branch address
-~ ALU register addresses
-~ Constant value for ALU

Y3 39 32313429 &Y 19 iG151%13 4 3 4
awer | | | A ach g
I, -Z, of 2004 ﬁﬁamwkg 29/0
2 9 ? str
‘§§'§ M :E@E’, ‘Zfi o | Insh. L §§.‘; ) ¥ § XX Constant | Instr.
515 C""""“IT we| Ra | Ra

ey
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Am29203 Am2904 Monitor Am2910
ALU Status Sequencer
and
Shift
Control

Figure EB-3.
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V. The Primary System CCU Architecture

o See Figure EB-4

] 8-bits of machine level opcode

8 10-bits of control-store addressing

° Two Am2910 D-input sources controlled by Am2910 OE lines
- Routine starting address from mapping PROM
- Branch address from pipeline register

° A11 Am2910 instructions available

] Vector-map-enable not used on this board

9 Condition-code input comes from Am23904

® CCEN controlled from pipeline for forced pass

’ 1K x 48-bit Writeable Control Store (WCS)

0 Separate pipeline register has tri-state section

o A PROM is used to decode a command field of the
microinstruction ‘
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Primary System Sequencer

. Am2910 sequencer is used. See Figure EB-5.

s 10 of the 12 address lines are used

® RLD tied high (unused)

o CC driven from Am2904 (condition code MUX and test)

EN driven from pipeline through decoding PROM

®
o

® Next-address instructions come from pipeline
e OF controlied by Monitor

® PL controls tri-state section of pipeline

] P controls output of mapping PROM

® VECT not used

e CI (carry-in) tied high (normal operation)

L]
-

ULL not used
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Primary System Sequencer - Cont'd

[ A1l 16 Am2910 instructions are usable with some restrictions.
See Figure EB-6.

. CIV will conditionally jump to address 3FF
» CCEN must be used for forced pass

® No forced-fail condition is available
(i.e. you cannot do a PUSH without loading the counter)

e Counter field is only 10-bits wide (max count = 1023)
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V1. Primary System Pipeline Registers

®  Only the Branch Address/Count field is tri-stated:
- Tri-state enable comes from Am2910 PL

) Am2910 instruction field always enabled

e  CCEN comes from decoding PROM

s LDIR (load the instruction register) comes from decoding PROM

¢ We will discuss the microword details shortly
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VII. Primary System Mapping PROM

(see Figure EB-7)

A. Design Approach
] Maps opcodes to WCS addresses
. Based on a compromise 8-bit PROM approach
- Uses only one chip
- Maps to every words (even addresses) in WCS

9 8-bit opcode mapped to 10-bit microcode address -- achieved
by two constraints:

- A1l output addresses are even. The LSB of the address
is tied low.

- MSB of opcode is tied to MSB of output address so that
128 opcodes with MSB=@ map to any of 256 even addresses <512
& 128 opcodes with MSB=1 map to any of 256 even addresses >=512

ADVANCED MICRO DEYVICES &l
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B. Mapping PROM Layout

s Upper 512 words of WCS are loaded with example microcode

A1l op codes start with 1

Automatically loaded on reset

]

Manually loaded using LI

- Supports example macro instruction set

Op codes mapped to fit microroutines

0 Lower 512 words intended for user routines

A1l op codes start with @

A1l 512 locations available

Op codes mapped to evenly spaced addresses

Four microwords are available for each op code

Larger routines invalidate the next op code(s)

] The user can replace the PROM to provide other mappings

ADYANCED MICRO DEVICES &1
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VIII. Primary System Writeable Control Store (WCS)

) 1K x 48-bit RAM used for storing microcode
] Loaded under Monitor control

¢ Upper 512 words loaded with example microcode
- Loaded at board initialization
= (Can be overwritten by user routines

e In production environment, usually ROMs, PROMs, or
Registered PROMs are used
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1X. The Primary System ALU Architecture

& Four Am29203s connected in ripple-carry architecture.
See Figure EB-8.

] Y-bus is the primary data transfer bus

e A-bus is used for addressing memory and 1/0
= No explicit MAR is used

° B-bus is a data input from the pipeline
L) A, B addresses can come from the IR or pipeline
] Am2904 provides all ALU support

- Carry=-in MUX

-~ RAM and Q shifter MUXs

- Micro and Macro status registers

- Condition-code MUX and test selection

] Y-bus allows Am2904 contents to be saved in memory

Pipeline or IR ~-=->| A B }<~--- Pipeline or IR
Addr Addr
Addresses to (-==~-- 1A B |{~=--- Data from Pipeline
Macromemory
& 1/0 4 Am29203's
Y
Macromemory
& 1/0 Data
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X. The Primary System Memory and 1/0

e A11 addressing via the A-bus
9 1/0 addressed just like memory
° Memory enable and read/write control from decoding PROM

@ Address space divided
- 1K x 16-bit RAM
- 4K x 16-bit PROM for microcode examples
{downloaded to WCS on Monitor command)
- Two 1/0 addresses for second UART
- 32K for offboard memory

] A1l data transfers via the Y-bus
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XI. Microinstruction Field Overlays

) Two areas of overlay occur on the Evaluation Board

] Bits 13-4 actually have four overlaid fields!
= Micro Branch Address for Am2910
- Counter value (10-bits only) for Am2910
- Ra and Rb register addresses for Am29203
~ Constant value for the Am29203 via the B-bus
- For example, CJP cannot be done if Ra, Rb are specified

0 These fields require bit steering:
- Branch Address selected by Am2910 instruction
- Counter selected by Am2910 instruction
- Ra, Rb selected by bits 47-45
- Constant is selected by CON from the decoder

] Bits 19-16 have two overlaid fields
- Am2904 Shift Control
- Encoded-command field
® Status-Enable field selected by bit 22
) Shift-Control field selected by bit 20
9 Encoded-Command field selected by bit 21

] This overlaying imposes some limitations on parallel operations

ADVYANCED MICRO DEVICES <1
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X11. Microinstruction Field Encoding

. Encoding is heavily used on the Command field, bits 18-16

° Microword is effectively reduced by 3 bits:
~ Only seven control bits from the decoder are used
- Four bits are needed to generate these seven
- Steering bit (21) would be needed anyway
- Adding 3 bits to the pipeline would have added
two more ICs: memory plus pipeline register

s The seven resources controlled are:

- DOEY4 = Am2904 Status Output Enable

- [DIR = Load Macroinstruction Register

- WR = Memory write/read

- MEN = Mehory enable

- TON = Enable constant field to Am29203

- (CEN = Forced pass to the Am2910

-~ OEC Am2904 condition-code-test mux enable

o Combinations of these seven are decoded to create fourteen
meaningful commands
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More Microinstruction Field Encoding

? Bits 47-46 control Rb and Rc for three-address instructions

® These bits select the Am29203 Rb-address from the IR or from
the pipeline

] These bits are encoded to provide four possible conditions
- @@ => Rb comes from the pipeline (2-address)

- @1 => Rb comes from IR first half cycle,
Rb comes from pipeline second half cycle

- 1@ => Rb comes from pipeline first half cycle,-
Rb comes from IR second half cycle

- 11 => Rb comes from the IR (2-address)
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Table EB-1. Decoding-PROM Map

SOLWMCCO
pEDREOCE
aYI*NNEC
r4R **NT Hex
Addr e * * * ok .DEF Value Explanation
00 19111111 OtYygs BF Enable 2904 Y-output
@1 11911111 LDIR DF Load Instruction Register (IR)
@2 11911811 CONAB DB Register Address thru ALU to IR
@3 111106111 RDMEM F7 Read Memory
@4 111988111 WRTMEM E7 Write to memory
@5 11111811 CONBUS FB Enable constant to B-bus
36 119019111 IFTCH D7 Instruction fetch
@87 1111111 SPARE - 7F Enable spare command line
@8 11111181 SCCEN FD CCEN input to Am2910
@9 11111108 ALUTST FC Enable 2904 CT to 2910 CC input
gA 11111111 READ FF Read enable
@B 11181111 WRITE EF Write enable
@c 18188111 SAVESTAT A7 Write 2904 status to memory
g0 11198811 SAVECON E3 Write constant to memory
gt 11111111 FF Not used
@F 11111111 FF Not used
19 11111111 FF Not enabled
11 11111111 FF Not enabled
1E 11111111 FF Not enabled
1F 11111111 FF Not enabled
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ED2900A

B. - Laboratory 1 - Introduction to Evaluation Board Monitor

¢ Make certain power is connected to the board.
e Make certain that the CRT is connected.

o Turn on the power. Allow the CRT to warm up.
o Press the reset button on the board.

o You should see the prompt ">" followed by a short summary of the
available commands

e If this message doesn't appear, get help.
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Monitor Command Summary

e The Evaluation Board Monitor prompt is a ">".
e Commands are terminated by a carriage return <CR>.
8 A1l displays are in hexdecimal (Base 16).

@ Four types of error control/recovery are available:

]

The ESC key aborts any command.

The backspace key can be used to correct input.

Keep typing. Only the last 4 hex digits are used.

8

I1legal commands are ignored and "beeped”.
e The major commands (entered after the >) are:

>L - load

>0 - display

>G ~ go - execute microcode
>T - test - run test routines
>l - zeros all registers.

o Except for "T", these commands need further input.

o Evaluation Board resources are identified by:

Instruction set (macro)
Address of current pipeline galue
Address of Next pipeline value

R - Registers

M - Main memory (not control store)
C - Control store

P - Pipeline

B - Breakpoint

I

A

N

!
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Using the Display Register Command

o Type DR on the terminal. The current register values are
displayed in the following format:

>DR REG:
g 1 2 3«4 5 6 .... D E F

0000 PG G000 0000 VP0D 0090 GO0 00g0 9008 G000
Q IR MS  US(VCNZ)

0oge  (oud g /)
The first row disptays the ALU register numbers.
The second row disp1ays-the ALU register contents.

The third and fourth rows show the contents of

Q - The Am29203 Q-register

IR - The Macro Instruction Register e
MS - The Am2904 Macro Status Register (4-bits)
US - The Am2904 Micro Status Register (4-bits).

The sequence, "VCNZ", reminds you of the bit-sequence of the status
bits in the MS and US registers:

overflow, carry, sign, zero
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Using the Display Main Memory Command
e Type DM on the terminal.

You are prompted for a starting address

>DM ADDR:
e Enter up to 4 hex digits followed by a carriage return.

® The starting address and the contents of the next eight
sequential locations are displayed.

# Typing any key displays the next 8 locations.
e Typing the ESC key terminates this mode.

o Display the 24 locations starting with address 200.

Using the Display Control Store Command

¢ Operation is the same as for main memory.

[ ]

The display format is slightly different.
o Type DC on the terminal. A
® You are prompted for a starting address
>DC ADDR:
e Enter up to 4 hex digits followed by a carriage return.
8 The address and one 48-bit WCS word are dfsp]ayed.
@ Typing the ESC key terminates this mode.

o Display five locations starting with address 100.

ADVANCED MICRO DEYICES <1
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Using the Bisplay Pipeline Command
e Type DP on the terminal.
e The 48-bit pipeline is displayed.

¢ This is the actual contents of the pipeline register during the
current microcycle (that is about to be executed).

Using the Display Address Command
e Type DA on the terminal.

® The address of the instruction in the pipeline is displayed.

Using the Display Next Address Command
@ Type DN on the terminal.

e The address of the next instruction to be put into the
pipeline is displayed.

Using the Display Breakpoints Command
@ Type DB on the terminal.

e The addresses of all microinstructions with the breakpoint
set are displayed.
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Using the Load Register Command

o Type LR on the terminal.
¢ VYou are prompted for a register identifier:
>LR REG:

@ Enter the register number and you are prompted for data,
i.e. to alter the contents of register R3:

>LR REG: 3 DATA:
o Enter up to 44hex digits terminated by a <CR>.
>LR REG: 3 DATA: 3A6<CR>.
® Another register is prompted for. Use ESC to quit.
e Now load “"@@@@" into the ALU registers.
o Load "FFFFF" into the Q register.
e Load "ABCD" into the IR (register I).
o Load "E" into the macro status register (register S).
o Load "F" into the macro status register (register U).

& Next verify your actions by using "DR" to display.
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Using the Load Main Memory Command

9 Type LM on the terminal.
@ You are prompted for an address:
>LM ADDR:

8 Enter the address, terminated by a <CR>
and you are prompted for data:

>LM ADDR: @37<CR>
DATA:

e Enter up to 4 hex digits terminated by a <CR>,
>LM ADDR: @37<CR>
DATA: FFFFLER>
DATA:

@ Data for the next sequential location is prompted for.
Use ESC to quit.

e Now load the numbers @ through F into the sixteen memory
locations beginning at 2¢d.

e Use DM to verify your actions.
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Using the Load Control Store Command

e Type LC on the terminal.
e You are prompted for an address:
>L.C ADDR:

e Enter the address, terminated by a <CR>
and you are prompted for data:

>LC ADDR: {@37<CR>
DATA:

e Enter up to 12 hex digits in groups of 4, separated by <SPACE>
or by <CR> {which is not echoed):

>LC ADDR: @37<CR>
DATA: FFFFCCR> 1234<CR> ABCDCCR>
DATA:

or

>LC ADDR: @37<CR>

DATA: FFFF 1234 ABCD<CR>
DATA:

@ Data for the next sequential location requested.
Use ESC to quit.

s Now load the following locations in WCS:

Address Word (HEX)

199 AAAA BBBB CCCC
101 DDDD EEEE FFFF
192 1234 5678 9ABC

o Use DC to verify your actions.
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Using the Load Pipeline Command

o Type LP on the terminal.
& You are prompted for data:
>LP DATA:

e Enter up to 12 hex digits in groups of 4, separated by <SPACE>
or by <CR> (which is not echoed):

>LP DATA: FFFFCCR> 1234<CR> ABCD<CR>
, :

or

>LP DATA: FFFF 1234 ABCD<CR>
>

¢ Now load the following word into the pipeline register:
AAARA BBBB CCCC

@ Use DP to verify your actions.

Using the Load Instructions Command

o Type LI on the terminal.

e The example microcode for a macro instruction set is loaded
from PROM into WCS from @080 to 0200.

e Now verify the load using DC.

ADYANCED MICRO DEVICES &1
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C. - Exercise 1 - Am2910 Sequencer

1. Using the Evaluation Board Am2910 mnemonic commands
determine the HEX instructions using the standard
evaluation board microinstruction format sheet.
Generate the code for the Am2910 fields only.

2. Write a partial microroutine for

a. For a DO - WHILE type loop; i.e., check condition
and if true repeat n CONT instructions:

|l

n CONT inst

” condition

b. For a DO - UNTIL type loop; i.e., perform n CONT
instructions and repeat if condition is false:

n CONT inst

condition

ADVANCED MICRO DEVICES &1
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Exercise 1 (cont'd)

3. Write a partial microroutine for an IF - THEN - ELSE
Structure; i.e., if a condition is true, then execute
n CONT instructions. If the condition is false then
execute m CONT instructions:

condition

n CONT inst m CONT inst

ADVANCED MICRO DEVICES o1
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D. - Laboratory 2 - Microprogramming the Sequencer

® The purpose of this laboratory is to acquaint the student
with the Am2910 microaddress sequencing capabilities. The
laboratory consists of exercises that emphasize the use of
the standard structured microprogram control flow operations.

) This lab uses only the sequencer portion of the Am29203
Evaluation Board.

o You are given values to enter in those fields that cannot be
treated as don't cares.

8 The objective here is to provide hands on experience
programming the Am2910 sequencer.

[ Not all sixteen Am2910 instructions are exercised.

[ If time permits, try additional programs that exercise Am2910
commands of interest.

) Use Appendix A for selecting proper mnemonics .

ADYANCED MICRO DEVYICES &t
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Sequencer Microword Fields

) Only the sequencer fields are programmed

= Bits 3-0 = Am2910 instruction field
- Bits 13-4 = Branch address & counter field
-~ Bits 23-20 = Command enable field and status latch controls

Use "C" to allow conditional tests

Use "E" for forced pass via CCEN

] The Am2903 macro status register is used to provide true and
false test conditions.

] Bits 23-22 must be "1" to prevent changing the Am2904 status
registers inadvertently.

0 Bit 15 (breakpoint) must be loaded with "1".

0 A1l other fields are don't cares, set to "1%,

9 It is suggested that the Standard Evaluation Board
Microinstruction Format be used for clarity

ADVANCED MICRO DEVICES <1
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Standard Evaluation Board Microinstruction Format

Bits Device Field Value Explanation
47-45 REGSRC XXXXX Q#X ;
44 IEN XXXXX B#X H
43 Oty XXXXX B#X :
42-40 Am29203 SOURCE XXXXX Q#X :
39-36 DEST XXXXX H#X :
35-32 FUNCT XXXXX H#X :
31-30 CARRY XXXXX B#XX
29-24 TEST MZ ~ Q#2H#4 ;Test Macro Zero
23 Am2904 CEu NOMICRO B#1 ;0on't latch micro status
22 CEM NOMACRO B#1 ;Don't latch macro status
21-20 CMDSHFT B#  ;Command or No Command
19-16 CMD/SHIFT  ALUTST H#9 ;Test Am2904 CT
15 BKPT NOBREAK B#1 ;don't set breakpoint
14 SPARE X ;not used
13-12 ADDRESS B#  ;Branch Address MSBs
11-4 ADDRESS H# __ ;Branch Address LSBs
3-0 Am2910 -- INSTR H# 3
Resulting Microword: FFFF E4 9 (X=1)
s

use Hex € for test

use HEX E for pass

BR ADDR/COUNTER

Am2910 instruction

ADVANCED MICRO DEVICES &1
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Specific Laboratory 2 Exercises

1. Starting at micromemory address @, execute 4 continue
instructions.

2. Add a fifth instruction to the above microprogram to
branch back to address @ unconditionally.

3. Starting at micromemory address 18, execute a microprogram
which loops on one microinstruction 5 times

a) wusing RPCT
b} wusing RFCT

Don't forget to set the counter before you begin.

4, . Generate a 3-instruction loop using the LOOP instruction.

ADVYANCED MICRO DEVICES &1
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For each exercise follow the following procedure:

] Load the control store with the microcode

) Load the "S" register with "@" for Pass, "1" for Fail

] In response to the ">" prompt, type G {for Go)

¢ You are prompted for an address:
>G ADDR:

@ Enter the starting address of your routine and <CR>
>G ADDR: @0@0<CR>

® You are prompted for single stepping:

>G ABDR: B@@@<CR>
STEP?

) Enter Y for yes

>G ADDR: @@@@<CR>
STEP?Y

ADVANCED MICRO DEVICES <1
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9 The monitor enters Trace mode. The first microinstruction is
fetched into the pipeline to be executed. The address,
pipeline, and registers are displayed. Any key causes the
next microstep to occur. The ESC key terminates the process.

® Single step through the routine, watching the address and
pipeline register contents.

0 For  conditional statements, exercise both options by
changing the contents of the "S" register using LR.

ADVANCED MICRO DEVICES &1
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E. - Exercise 2 - Am29203 ALY
1. Write and excute a microroutine incrementing the
register F by 1.

2. Write and execute a microroutine for clearing all
ALU RAM registers.

3. Write a microroutine for unsigned multiply using the
the special functions.

4, Write a microroutine for signed two's complement
multiply using the special functions.

ADVANCED MICRO DEVICES {1
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F. - Laboratory 3 -~ Microprogramming the ALU Basic Functions

) The purpose of this laboratory is to provide an understanding
of the Am29203 ALU and associated operations through the
use of microprogramming. The laboratory consists of 6
exercises starting with a set of simple operations and ending
with special Am29203 operations.

1. Using individually selected initial values entered via
the monitor: write, run, and debug each register transfer
language statement for the specified microcode. Define
each operation with comments.

Initially, load the general purpose, IR, S, U and Q registers
with values and check these values by means of a DR command.

ADVANCED MICRO DEVICES {1
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2. Microcode

Microprogram Operand Address
Address ALU Operation - Source Comments
n R2<~=-R3-R2 PL
n+l R4<~--R4-R5-1 PL
n+2 R5<~=R5+1 PL
n+3 R5<==R5+Q PL
n+4 IRy_g¢-~671¢
n+5 R8<=~R6+R7 Re from PL

RA . RB from IR
n+6 R7<--R6+R8 Re from IR

RA s RB from PL

n+7 R7<--0 PL
n+8 R87_g<--AhA1g
n+9 R8<~-D13Eq¢
n+A RB<--RA+RB with IEN
high
n+8 RB<-~RA+RB with IEN | PL
low and OEy high
n+C . RC,Q<~-Ry+Rg PL
n+D RD<--Q PL
n+E Q<~--RE PL

ADVANCED MICRO DEVICES &1



500 ED2900A Evaluation Board Exercises/Laboratories 500

HWorksheet for Exercise 2

Microprogram
Address Microcode

n+l 3 F F F

n+2

n+3

n+d 1 F 1 2

n+5

n+6

n+7

n+8

n+9

n+A

n+B

n+C

n+D

n+g -

ADVANCED MICRO DEVICES <1
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Exercise 3

Clear R3. Loop 5 times, incrementing R9 each time thfough
the Toop. HWrite one version using RPCT, and a second version using
RFCT.

Exercise 4

Using the monitor LR command, load a general purpose register with
the value 5. Then write the microcode, using the LOOP instruction
to decrement the general purpose register by 1 until the register
is zero. You will be required to use the special function for
decrement.

Exercise 5

Enter the sample microcode for single-iength normalize, unsigned
multiply and binary-to-BCD and BCD-to-binary conversions. Load
the appropriate registers with the values using the monitor LR
command.

ADVANCED MICRO DEVICES <1
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Worksheet for Exercise 3

n+l

n+2

n+3

n+l

n+e

n+3

Worksheet for Exercise 4

n+l

nt2

ADVANCED MICRO DEVICES &1
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Exercise 5

Eval board microcode for a simple single length normalize.
This code differs from the code in the ED2900A lecture in that
the normalization takes two microwords per necessary shift.

Addr Flowstep Code Comment

100 1 E266 3FFF FFFE <Ra> =-> @

101 2 FO8p 6@22 FFFE SLN, Ien high

182 3 FFFF E5D9 D@83 Jump to 108 on zero
143 4 £248 2BDY D@63 Jump to 106 on done
104 5(a) EQ8Q 6@22 FFFE SLN

185 5(b) FFFF E6D9 D@43 Repeat if not done
106 - FFFF FFFF FFF? Return?

197 -

108 - Handle the zero case

This code does a two's complement multiply of the contents
‘of Ra by Q, with the result in Rb. Both of the registers
are selected by the contents of the IR.

199 FFFF FFFF CPEC =~ LDCT with 14
191 E@2@ 3FE3 DPIS - Multiply step
192 E@6@ BFE3 FFFE - Multiply last step

Binary to BCD conversion, the binary number in the Q register is
converted to a BCD number in Rb, where Rb is selected by the IR.

190 £E248 3FFF CPF4 -~ Push, Ld cnt, clear Rb
191 E@9@ 3FE4 FFF8 -~ Bin/BCD and loop on file

BCD to Binary conversion, BCD in Rb to binary in Q.

109 E034 3FE6 CPEC - Ld cnt, first downshift to Q
191 E@1@ 3FE6 D@19 - Convert, loop on pipeline

ADVANCED MICRO DEVICES &t
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6. Implement and exercise the unsigned multiply operation with
special functions. Use registers R@ and R1 for the augend
and addend repectively, and registers R3 and R4 for storing

the result.

ADVANCED MICRO DEVICES &1
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APPENDIX A

EVALUATION BOARD FIELD DEFINITIONS
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EVa/«ﬁL'lo" B"“"‘{ =~
MICkOLJOHJ F:ormo.—f

47 32 3 @ I§ Y 4
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l I -Z, of 2904 W Ssare I Lé) 2o 29/0
SEMNHINGY 'ZJ:: o | st i‘ﬁ % I §r Rlax| Consint |Instr
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[ N x| Ra ' R
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(Am29203) (Am2904)  (Am29:0)

ALy
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Co,_nfra / Misc. Cof;:,o /
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Bits Device Field Value Field HEX Explanation

47-45 REGSRC Q#_ H

44 AMZ29203 IEN B#_ H

43 OEY B# - H

42-40 SOURCE Q#_ H

39-36 DEST H# ;

35-32 FUNCT H#_ H

31-30 AM2904 CARRY B# H

29-24 STAT/TST QF__ ;

23 CEu B#_ :

22 CEM B#_ :

21-20 CMDSHFT B# ; : -
19-16 CMD- HE_ H

15 BKPT NOBREAK B#1 ;don't set breakpoint
14 SPARE X ;don't care

13-12 CONSTANT B#__ ;MSB for br address
11-8 REG.SEL Ra . ‘H#_ ;Ra=

7-4 Rb _ H# ;Rb=

3-9 - AM2910 INSTR H#_ ;

Resulting Microword: (X=_)

ADVANCED MICRO DEVICES &1
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B/Ts /5“‘"¢ Se7ucncer Cou‘)Lro/ (AM.Z?/O)

2910
g - 22N Am

Ts & AconESS Y/ cov “_)ST“
[T s

ol A . RA RB .

I3 /2.1 480 T & 7 6 £ 4

N

“Dont Cave Aw 2410

\/ | Forr ConasThOT \-\e.y ms‘\—Naﬂiow
] Awn & QA P Q g
“Obvt‘\' Cave

for 5\»\1\;—31}?

git15=1
4+ vun H\+‘\°°‘r
s\ncx\t ‘3TG"
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0 JUMP ZERO L2}

1 COND 58 PL {CS)

'y STASK
LA

82 [od

3 o

»® -3

» -]

3 EOND JUMP PL (CP)

4 PUSH/EOND LD ENTR (PUSHI

§ COND JSB8 R/PL LSAP)

STACE
+ Lg% )]

AECISTER/

&

o

[ COUNTER
(33 n

] T I

SEEPrLR=2E

b sTACR
» "
© " 0
2 RECISTER/ 5
I sTacx
o ; ' » 2 f COUNTER 2
f n =
L]
o = =
6 COND SJMP VECTOR (EAV) 7 COND JUMP R/PL LIRP} : A } :
v (<] B 8
®w ©w - L
L 1]
2 Y]
=) =y X a3
1) r n o ®
" n
§ REPEAT LOOP, CNTR « G [RFCT) 9 REPEAT PL, CNTR » 0 [RPCT) 10 COND RETURN (CRTN)
sTACK
U
wn EDUNTER
AECISTERS -] iR}
n COUNTER " -
2
2 2 @ " »
. bl d g »"
[y © =
“ 3
. 58 "
191 COND JUMP PL & POP (CPP) 12 LD CNTR & CONTINUE (LECT) o ”
"
sracx
» Lanal ”
1]
= C’}—j Ed 0 l couNTER
0@ n " 13 TEST END LOOP (LOOM
“ (& n ” be u -
» E " ” o
™ r a
14 CONTINUE {CONT) 1S THRAEEWAY BRANCH (Twa) sracx

600
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B/75 3116 /W/.:c;a Con?‘,:o/(/lm‘l704)

A o
A g&g_lhwané
3/ 2 29 23 22 21 20 (7 6
kiFt
(‘.twr,-“n Test s e : ‘4 /
o CoOnTro
control | conTre/ :
ll} E 3 1‘ Commend
Yiy é;" Field

\

"7;.:7"' Se/ec-f“
4-TesT For zaro
6 = Tes? Lor overfilow
A ‘Tz,sf' Cn- C"') ~ou7"
E ~Test bor thq'/-,'vg_

\/

"Co»«mmd PRrom (HeX)

2= GaTe constanT 7o
TR From PL Vin ALY

Y _
¢ - D :7“ Ca <
1:{ E :: F ° ’ & = Grate consTanT +
}:’ ‘3 Qi B- bus fPOM Pl—
=g FDI L]3 g - Test ALy sTatus
<T=1 (s |6 | 7 \/ F - Dou'f Care
Don? E|F "status ¢ Conmmcl Control " (4EX)
Tare .
1 = Enalble command aud load "7"-'\‘1"05

3- IJI’*LIQ COMMQAJ ANJ quJ s-f'q‘f'.)s
D - EnqL‘Q coumun AuJ dm\\T }OAJ sT-Tos

F = Dou\-" Cq"‘f.
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47 - 32131 - 30|29 24 {23 |22 |21 -0

CARRY |CARRYIN|CEu*|C EM*

CARRY (bits 31-30) CEM* ( blt 22)
o = CIZERO ? - MACROEN

@1 - CIONE 1 - NOMACRO
10 - CICX —
11 - CIISTOIl — )
Eu* (bit 23):
® - MICROEN

1- Nomqgglj

TCARRYIN (bits 29-24):
15-10
OCTAL  MNEMONIC - CARRY=-IN
4] uc ‘ Micro carry
19 ucx Micro NOT-carry
40  MC Macro carry
70 MCc* Macro NOT-carry

Carry-in Mux Control Fields & Fnemonics

ADVYANCED MICRO DEVICES &1
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Carry-In Control Multiplexer Codss

112 I11 I5 {3 12 I ¢co
? 0) X X X X ?

@ 1 X X X X 1

1 )] X X X X Cx
1 1 @ ? X X uC
1 1 /)] X 1 X uC
1 1 ) X X 1 uC
1 1 ) 1 0 ?_ uC*
1 1 1 )] X X MC
1 1 1 X 1 X MC
1 1 1 X X 1 MC
1 1 1 1 1) ? MC*

ADYANCED MICRO DEVICES &
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1A U

TABLE 1. MICRO STATUS REGISTER
INSTRUCTION CODES.

Bit Operations

543210 uSR Comments
Octal Operation .
10 0 = uz2 RESET ZERO BIT
1" 1 = u3 SET 2ERQ 8IT
12 0 = ue RESET CARRY BIT
13 1 = ug SET CARRY 8IT
" 0 = un RESET SIGN BIT
18 1 = uy SET SIGN BIT
18 0 =* ugva RESET OVERFLOW BIT
7 1 = pova SET OVERFLOW BIT
Register Operations
lsaazr SR Commaents
Octal Qperation
00 My =* uy LOAD MSR TO xSR
o1 i = uy SET uSH
02 My = ux REGISTER SWAP
o] 0 =* uy RESET uSR
Losd Operations
lsaazta #SA :
Qctal Cperation Comments
08§. 07 Iz = K2 :
e =~ ug LOAD WITH
In = un OVERFLOW RETAIN
loya + MovR —» uOVAR
30. 31 i = u2
50.51 | Tc = we LOAD WITH
70. 7 I = un CARRAY INVERT
lova = uova
04, 05 g = uz
20-27 lg =* ue LOAD DIRECTLY
32.47 In = B FROM
52.67 lova == mova 2. lc. In. lova
72-77

Nots: The above tables assuma CE u is LOW.

TABLE 2. MACHINE STATUS REGISTER -
’ INSTRUCTION CODES.
Register Operatlons

Is3210 MSR Comments
Octal Operation
LOAD Y3. Ye. Yn. YOVR
00 Vi = My 10 MSR
o1 1= My SET MSR
02 px = My REGISTER SWAP
o 0 = My RESET MSR
s Wy = My INVERT MSR
- Load Operations
343210 MSR . Commsnts
Octsl QOuoeration
o4 iz = Mz LOAD FOR SHIFT
Mova = Mg THROUGH OVERF|.OW
e = My OPERATION
Mg =+ Mova
10, 1 lz - Mz
30.31 | Tg = Mg LOAD WITH
£0. 51 In = My CARRY INVERT
70. 71 'ovn L d Movu
06.07 | iz = Mz
J 1217 | g = Mg LOAD DIRECTLY
20-27 Iy = My FROM 17, Ig
3237 lovr =+ Mova In. lova
40-47 B
£2-67
7277 .

Noles: 1. The apove tabies assume CEu, E2. Ec. En. Epva 378

LOW.

2. A shift-through-carry instruction loads M¢ irrespecuve of

Is-ig.

TABLE 3. Y OUTPUT INSTRUCTION CODES.

OEy, Ig le Y Output Comment
1 X x 2 Quiput OH
High Imoedance
o o) X MR ) See Nois t
o 1 M; = Y,
o) 1 1 hy ==Y

Notes: 1. For the condiuons: .

le. 14, by, 19, by, Ig are LOW, Y i$ an input.
Oty s “"Don’t Care” for tins condition,
2 X3 "Don’l Care” conaition.

ADVYANCED MICRO DEVICES &1

N



650 ED2900A Evaluation Board Exercises/Laboratories 650

[STATUS (bits 29-24):]

15-10 CEu*=Q CEM*=0 Action if
OCTAL  MICRO MACRO BOTH OEY*=0
o0 MSRTOUSR YTOMSR ~ YMSRUSR  UTOY
91 SETUSR  SETMSR  SETREGS  (90)
02 MSRTOUSR USRTOMSR SWAPREGS (@9)
03 RESETUSR RESETMSR RESETREGS (00)
04 (20)  SWAPMCMO ? (90)
25 (20) INVERTMSR 7. (20)
6  IRETOVRL  (20) ? (20)
(07) (26) (96) ? (02)
10 RESETUZ (30) ? (00)
11 SETUZ (30) ? (20)
12 RESETUC (20) ? (00)
13 SETUC (20) 7 (99)
14 RESETUN (20) ? (00)
15 SETUN (20) ? (00)
16 RESETUO (20) ? (00)
17 SETUO (20) ? (20)
20 ITOUSR  ITOMSR  ITOREGS  (20)
21-27 (20) . (20) (20) (22)
30 INITHUC* IWITHMC* IWITHC*  (C0)
31 (30) (30) (30)  (90)
32-37 (20) (20) (20) (o0)
40-47 (20) (20) (20)  MTOY
50-51 (30) (30) (30)  (40)
52-57 (20) (20) (20)  (40)
60-67 (20) (20) (20)  ITOY
70-71 (30) (30) (30) (60)
72-77 (20) (20) (20)  (60)

ADYANCED MICRO DEVICES &1



660

ED2900A Evaluation Board Exercises/Laboratories

TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES.

660

'ﬂzo 33 '2 '1 'o |5=|4=q |5=0,l4=1 |5=1.l‘=0 ‘5=l¢=1
o 0 0 0 0| (wn®uova)*+rz (un @ sova) + x2 My @ Mgyg) + Mz (IN® lgyr) = iz
1 0 0 0 1| (unOuova)*Az (unOrovr)* 22 (Mn® Movg) * Mz (IN® lova) * Tz
2 0 0 1 0] an®nuova uN® rovA My @ Mova In® lova
3 0 0 1t 1§ uCreovr ANCrOvA MyO Mova Wlova
4 0 1 0 0 ! k2 K2 My Iz
8 0 1 0 1 15 Fz ETZ Tz
6 8 1 1 0 uovn KOVR Mava lova
7 0 1 1 1] Eova Rova Movn Tovr
8 1 0 [} 0 KBe g He + B2 Me + My Té-#lz
S |1 8 0 1| gEeem Ece Rz MMz ic-Tz
A 1 0 1 0| pe se ' Mce le
B 1 0 1 1 Be feeed mc "&E
c 1 1 0 0 Be +uz Bc + 2 HC+MZ Té#-lz
D 3 1 0 1 BC*RZ Ke* Rz Mc'mz e °-i-2
E T 1 1 0] In® My N My In
F 1 1 1 1 IN® My N HN R

Notes: 1. @ Reprasents EXCLUSIVE-OR

© Represans EXCLUSIVE-NOR or coincidencs.
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JTEST (bits 29-24) -}

I5-14 13-10
OCTAL  HEX

MNEMONIC

IC

uc*
MC*
IC*
UN -
MN

IN

UN*
MN*
IN*

TN MMM MO I NNNOOOOOU O
[ o
o

Macro
I-bus
Micro
Macro
I-bus
Micro
Macro
I-bus
Micro
Macro
I-bus
Micro
Macro
I-bus
Micro
Macro
I-bus

-13. Test Control Fields & Mnenonics

Zero
Not-Zero
Not-Zero
Not-Zero
Overflow
Overflow
Overflow
Not-Overflow
Not-Overflow
Not-Overflow
Carry

Carry

Carry
Not-Carry
Not-Carry
Not-Carry
Negative
Negative
Negative
Not-Negative
Not-Negative
Not-Negative

ADVANCED MICRO DEVICES O
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19 /6
’ CommanrD /

Decoding PROM Map.

Addr SOLWMCCO Hex Explanation
: pEDREOCE .DEF. Value
aYI*NNEC
r4dR **NT
e** * *
) 191111110EY04 BF Enable 2994 Y-output.
01 11911111LDIR DF - Load Instruction Register (IR).
02 11011911CONAB DB Register Address thru ALU to IR.
@3 11119111RDMEM F7 Read Memory.
04 11100111WRTMEM E7 Write to memory.
@5 11111011 CONBUS FB Enable constant to B-bus.
06 119019111 IFTCH D7 Instruction fetch.
@7 1111111SPARE T7F Enable spare command line.
28 11111101SCCEN FD CCEN input to Am2910.
29 11111100 ALUTST FC Enable 2904 CT to 2910 CC input.
QA 11111111READ FF Read enabie.
2B 111¢1111WRITE EF Write enable.
oc 10190111 SAVESTAT A7 Write 2904 status to memory.
@D 111900011 SAVECON E3 Write constant to memory.
QE 11111111 FF Not used.
@F 11111111 FF Not used.
10 11111111 FF Not enabled.
11 11111111 FF Not enabled.
1E 11111111 FF Not enabled.
1F 11111111 FF . Not enabled.

ADVANCED MICRO DEVICES {1
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TABLE 7. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODRES,

19 /¢
| swET]

Am2904

ho W g B lg| Mg RAM Q ' Si0, l S0, [QIQ, | 010, ,‘;:;d.:;

MSS LSB MS8 LS8

6 0 0 0 0| Ogv——F.— b4 0 b4 0

6 0 0 0 1| [ -T== T b4 1 b4 1

o o6 0 1 o0 —_— e z 0 b4 My SI0,
o o ¢ v 1| Q.- z 1 2 S10,

o 0o 1 o o I ——1 2 Me 2 SIO,

o 0o 1 o0 V| Ouem—et—=—=*r b4 My z SiQ,

0o 0 t 1 o O-T—m—r—- z 0 z SI0,

o6 0o 1 1 1 0 e——=1 — 2 0 r4 S1Q, QiIg,
o 1 o 0o o o= = z| s0 | z | a0 S0,
0o 1 0 o0 1| O— b=+ | 2z Me b4 010, SIC,
o 1 o 1 o] O = (= b4 SI0, z Q10

6 + o 1 O«erie—1—~ A e b4 510,

e 1 1 o0 of O———T=" | 2 Me z 510, Qio,
o 1 1 0 1| == | 2 Q10, 2z 'S10, QI0,
o 1+ 1 1 ol O ) ‘:_E—-T’- Z |lh®loyn!| 2 10,

o 1+ v v 1 O == 2z Q10, 2 SIC,

o MS8 LSB MS3 LS8 -

1 0 0 0 0| D=+ -==| 0 b4 0 4 SKn
1t 0 0 0 V| O—=0 =] 1 2 1 2 SI0,
1 0 0 1 0| [ === o0 z 0 b4

10 0 1 1| O == 1 b4 1 z

t 6 1 0 o O—= ——. | CI0, z 0 2 SIO,
1 e 1 0 1 === | Q0. b4 1 2 SI0,
1 0 1 1 0 O ——=———"T=—"1—+| 0, 4 ] 2

1t 0 1 1 1 O ————| oo, 2 1 2

1 i 0 0. 0 I‘E—____a = SI0, Z Q04 Z SI0,
1t 1 0 o 1| O——=H L= Me 2 QI0, p4 $10,
t 1 0 1 ol Ol=l =1 |se.|] 2z |oo,| 2
o0 o1 0| O =3 = m z | o z

1 1 1 o0 o O———=——T=H |oo0. b4 Me 2 Si0,
IR T DY B :—:E—E: 010, z SIQ, 2z SI0,
11 1 ¢ o] O == oi0, 2 Mg b4 .

t v 1y 1 | O W=7 | o, 4 10, z

Nows: 1. Z = Fegh smOsGancs (outAns Off) siale.

2, Outtass enacsed and Me 108080 onry if SE 11 LOW.

3. Loaong of Mg trom {yo. 4 Ovenoes comrol rom .o, CEu. ¢
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Bires #7-32  TA.Am29202-AlUY control

(FOUP Hex D,'?,")ls)

¥ Q < E ]Z“; l&; QR Le-s 27;27727.203
¥7 oo ¥S5 b VJV 7 \:2
\/ AU-l tand LT ﬁ‘nd.‘oﬂ
Sehc!‘ souress m o ™
for Ra Re, R on .
addresses’ 'FOY' Srggml n‘nchm‘,
03 ‘P'Peh.ﬂ‘ ! -D.;‘H‘, ALu M.*A I¢ =7
: Y ouw
R~ M s
Yramed Y outputs
0 - RIQ’:M “Ou‘f}w’r Ena“c

I'n-s'}‘ruc‘)"mn EnaL/&

ADYANCED MICRO DEVICES &1
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Y-BUS
16
{s 4 % 4
Opcode . Ra __ . R ___
Ok LD LD 0E
LDIR* P 4 4 r
from
Decoder ’ 4
PROM H B3-Bg
to Am25203
3’3‘744’ A3-2p
: '\
GND et 3 |
L e\
Clock 1 4:1 .
+5 0 ‘
Pipeline
47 46 45 11 4
RIRIR
clala Ra | Rb RC* | RB* | RA* B A
) 0100 PL PL
: 0 0 1 PL IR
ALy {4 o | 1 f o tRepL | PL
0 1 1 IR/PL IR
| 1 0 0 PL/IR PL
1 0 1 I PL/IR IR
1 1 0 IR PL
1 1 1 IR IR |

Am28203 Register Address Selection

ADVANCED MICRO DEYICES O



ED2900A Evaluation Board Exercises/Laboratories

720

720
-

47 45 +4 43
REG.SEL TEN OFY

(Ra) CRy) - CRe) OEY®3 @& ENABLE

vAavs 2 @ PL +PL-»PL NOo@®3 ) D ISABLE
Am 29203 QUTPUT LENABLE

MAUVB 2 ] IR+PL—>PL
VAMB3 2 PL+IR—>PL
MAMBY 3 IAR+IR =>PL
vAvB3 4 PL+ PL=» IR EN®3 @& ENABLE
MAUVB3 5 IR+PLDIR ocFFSS | pisABLE
vams 6 PL+TR =» IR A 29203 INSTR E~MABLE
MAMB2 T IR+ IR =IR
AmAT208 REGISTER DELEST

M- macro IR
U= MICROINSTAVETION ( PIREL INE)

A - REGISTER A ADDRESS

B - REGISTER B APDRESS

2 . Two ADPDRESS opPzRATiow (Reat R.B-)Rb)

Z - THREE ADDRESS oPkAATIoN (Ru.-f/?b-'Rc)

ADVANCED MICRO DEYICES 1
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—

Am29203 Source Codes & Mnemonics

42. 40

Mnemonic | Ea*,10,0ED* |
RAMAB ?
RAMADB 1
RAMAQ 2++
RAMAQ 34+
DARAMB 4
DADS 5
DAQ b+
DAQ 7++ .

++ 10 HIGH

ADVYANCED MICRO DEYICES <1
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z9 -36€
pEsST|

DEF File for Am29203 ALU Destinations

RAMDA:  EQU H#D ;F to RAM, Arith F/2->Y,
RAMDL:  EQU H#l ;F to RAM, Log F/2->Y, ‘
RAMQDA: EQU  H#2 ;F to RAM, Arith F/2->Y, Q/2->Q
RAMQDL: EQU H#3 ;F to RAM, Log F/2->Y

F‘

SIGNEXT: EQU H#E ;F to RAM, SIO@->Y
RAMEXT: EQU H#F ;F to RAM, F->Y

RAM: EQU H#4  ;F to RAM, F->Y ,

QD: EQU H#5 : s F=>Y y Q/2->Q
LOADQ: EQU H#6 : s F=>Y s F=>Q
RAMQ: EQU H#7 ;F to RAM, F->Y » F=>Q
RAMUPA: EQU H#8 ;F to RAM, Arith 2F->Y ,
RAMUPL: EQU H#9 ;F to RAM, Log 2F->Y ,
RAMQUPA: EQU H#A ;F to RAM, Arith 2F->Y , 2Q->Q
RAMQUPL: EQU H#B ;F to RAM, Log 2F->Y , 2Q->Q
YBUS: EQU H#C : s F=>Y ,

QuP: EQU H#D : y F=>Y s 2Q->Q

ADVANCED MICRO DEYICES &1
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SUBR:
SUBS:
ADD:
INCRS:
INCRSNON:

NOTRS:
EXNOR:
EXOR:
AND:
NOR:
NAND:
OR:

DEF File for Am292@3 ALU Basic

EQU
EQu
EQU
EQU
EqQu

EQU
EQU
EQU
EQU
EQU
EQuU
EQU

s *** The following

HIGH:
INCRR:
INCRNON
LOW:

EQU
EQU
EQu
EQU

35 — 32

j FualT l

H#l
H#2

H#3

H#4
H#5

H#9
H#A
H#B
H#C
H#D
H#E
H#F

require

H#0
H#6
H#7
H#8

we we wo

4 we

sFi
JFi
3Fi
JFi
!
JFi

T M MM

sFi

+
+
+

nViwnxxowm

-Ri
Ri
Ri
Ri
Ri
Ri
Ri

that RAMAQ or

JFi

F
F
F

sFi

HIGH

R +

Functions

R -1+ Cin
S -1+ Cin
S + Cin

Cin

Cin

AND Si
EXNOR Si
EXOR Si
AND Si
NOR Si
NAND Si
OR Si

DAQ be the source:

Cin

.R + Cin

LOW

ADVANCED MICRO DEVICES &
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39 — 36
pEST |

Mnemonics for Am292@3 Special Functions

18-15
HEX Mnemonic Function
@ MULT Unsigned multiply
1 BCD.BIN **BCD to binary conversion
C1* MULTIBCD **Multiprecision BCD to binary
2 TWOMULT Two's complement multiply
3 DECRMNT **Decrement by 1 or 2
4 INCRMNT Increment by 1 or 2
5 SGN.THO Sign Magnitude - 2's complement
6 THOLAST Two's complement multiply last step
7 BCODIV2 **BCD divide by two
8 SLN - Single length normalize
9 BIN.BCD **Binary to BCD conversion
9* MULTIBIN **Multiprecision binary to BCD
A DLN Double length normalize
A DIVFIRST Two's complement divide - first step
B BCDADD **BCD add
C DIVIDE Two's complement divide-middle step
D BCOSUBS **BCD subtract R-5-1+Cin
E DIVLAST Two's complement divide - last step
F BCDSUBR **BCD subtract S-R-1+Cin

* Requires [4=1

** Not available on Am2903

ADYANCED MICRO DEYVICES 1
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