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IMPROVING THE ALY
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THE BASIC STRUCTURE

[ The following page repeats the basic structure which is
the initial configuration for a simple computer system.

] A highly capable computer control unit has evolved using
the Am2910 as an example microinstruction sequencer.

o An arithmetic/logic unit (ALU) with more operational and
storage capabilities will now be developed leading to a
variety of commercial devices that can be selected for
implementation.
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ALU Development

[ The system thus far can support basic machine instructions:
add, subtract, OR, AND, exclusive OR, load accumulator, and
store.

. The particular way in which the A and B ports of the ALU are
connected to the ourside world dictate that a single-address
machine format be used for this architecture.

] Since only one address is supplied, the second operand
address (for two operand functions) is assumed to be the
accumulator.

° This addressing technique is also known as implied addressing
and is often used to save program space (instructions) at the
expense of instruction generality.

® Single Address Format

OPCODE OPERAND ADDRESS MACHINE INSTRUCTION
(4) (12) FORMAT
[ B O e
s | MAGNITUDE OF DATA DATA FORMAT
(1) | (15)
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DEFINITIONS

PC

MAIN
MEMORY

ACC

ALU

Program counter (register); maintains the memory
address of the next machine instruction to be
fetched.

Memory address register; contains the address of
the item (instruction or operand) which is to be
fetched from main memory.

Read/write storage (CORE; RAM); contains the
program under execution and the associated data;
or contains part of the program and part of the
data (that which is actively in use).

Accumulator register (accumulates ALU results).

Arithmetic/logic unit; operates on data according
to the instruction operation code.
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COMPUTER CONTROL UNIT OPERATION

Once the system is initialized and the uPC (microprogram counter)
has been given an initial or first microprogram statement address
the general cycles (phases) of "fetch instruction”, "fetch operand”
and "execute instruction" occur. The register transfer operations
in these cycles are further defined below.

] Fetch the machine instruction (macro level) at the memory
address defined by the PC register.

] Decode the opcode portion of the macro instruction (assuming
the simplistic machine instruction format shown previously).
The instruction decode determines if a data operand is needed.

] During the microinstruction decode (JMAP) step, increment the
PC register. Note that the amount of the increment (1, 2, ...)
depends on how many memory locations are taken up by the
completed instruction (1 here). (This may be done later.)

¢ Fetch the operand if required. Determine if any operations
are required before the operand is ready for use, such as
complementing (none in the current architecture).

] 1f none - determine if any other operand is needed
(none required in current architecture).

) I1f all operands are present, execute the instruction.
0 When the execution steps are completed (and the result left

in the accumulator), then increment PC, if not already done,
and fetch the next instruction.

ADVANCED MICRO DEVICES <1
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INITIALIZATION

FETCH MACHINE
INSTRUCTION

DECODE INSTRUCTION

NO AED

OPERAND?

EXECUTE
INSTRUCTION FETCH OPERAND

OPERATE
ON
OPERAND?

EXECUTE
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SIMPLE COMPUTER

The following page diagrams a simple general purpose computer
capable of executing the basic machine instructions previously
defined.

¢ The ALU output is connected to an F _BUS, which in turn may
be connected to provide input to the ACC, the PC or the MAR.

0 The MAR is the only register which may address the main
memovry.

o The PC register is incremented using the ALU.

0 When the MAR supplies an address to the external main memory,
the value in the addressed location could be an instruction,
data, or the location into which data is to be written. The
associated register transfer activity is controlled by the CCU.

) The TEST input to CCU comes from the D BUS (the ACC). The
test is for (). If any bit = 1, TEST =1 (OR operation).
Use for conditional jump.

e.g. Jump (CJP) if ACC =@

ADVANCED MICRO DEVICES ¢1
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MORE DETAILED FETCH CYCLE

(Defined in pseudo register transfer language)

FIRST:

0 The CCU controls the transfer of the <PC> (contents of
the PC) to the B port of the ALU.

0 The CCU causes the ALU to pass <PC> {no operation).

0 The ALU output is written into the MAR register.

THEN:

0 The MAR contents are enabled on the Address Bus.

0 The CCU instructs the memory to perform a READ.

] The CCU instructs the ALU to pass the macroinstruction.

0 The CCU instructs the instruction register to latch the upper

4 bits (opcode), with the lower 12 bits Tatched by the MAR
(operand address) in anticipation of fetching an operand.

FINALLY:

) The CCU transfers <PC> through the ALU and increments it by
1 before storing the incremented value.

ADVANCED MICRO DEVICES &1
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WHEN DATA IS TO BE FETCHED FROM MEMORY (Fetch Operand Phase):

® The CCU causes the MAR to output to the Address Bus.
» The CCU causes the memory to perform a READ.

? The DATA READ is gated to the A port of the ALU.

EXECUTE INSTRUCTION PHASE

® The CCU causes the data and, if appropriate, ACC data to be
manipulated according to the macro-level instruction opcode.

WHEN DATA IS TO BE WRITTEN TO MEMORY

° The CCU causes the MAR to output to the Address Bus.

® The CCU causes the ACC to output to the MDI port of the
memory.

® The CCU causes the memory to perform a write.

Note:

The PC contents must be transferred to the MAR before the
instruction can be fetched. The MAR is used to address the
memory for instruction fetches as well as operand fetches.

ADVANCED MICRO DEVICES {1
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LDA,ADDR

ADD,ADDR

SUB,ADDR

OR,ADDR

AND,ADDR

XOR,ADDR

INA

ouT

JMP ,ADDR

JMZ ,ADDR

STO,ADDR

ED2900A 2-130

THE NEW BASIC COMPUTER INSTRUCTION SET

Load accumulator with contents of address

Add accumulator and contents of address

Subtract accumulator from contents of address

OR accumulator with contents of address

AND accumulator with contents of address

Exclusive-0OR accumulator with contents of address

Input to accumulator

Output from accumulator

Jump to <Address>

Jump to <Address> if accumulator is @

Store contents of accumulator at address
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DESIGN PROBLEM: A VERY SIMPLE COMPUTER

HOMEWORK - CPU MICROPROGRAM

® Turn to your ED2900A Exercise and Laboratory Manual. The
basic hardware and macroinstruction set for the simple
computer design problems are presented.

® Your assignment:

Write the microprogram to support the entire
macroinstruction set (implement direct jump
first, indirect jump if you have time).

® Limit: 16 microinstructions

) Do not look at the solution until you have tried the problem:

Learning by doing!
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IMPROVING ALU PERFORMANCE
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ALU SPEED OF EXECUTION

Consider an ADD (assume <ACC>+<MEM> -> <ACC>):

ADD,MEMADDRZ PC -> MAR
FETCH INSTR
DECODE, INCR PC
FETCH DATA,ADD TO <ACC>

4 MICROCYCLES

This is only valid for sequential operations on the accumulator.
If the accumulator is needed to store other data, then the
intermediate results must be stored in memory and refetched
before each operation. In that case, the time needed becomes:

LDA,MEMADDRT 4 MICROCYCLES
ADD,MEMADDRZ 4 MICROCYCLES

STO,MEMADDRZ 4 MICROCYCLES

- —— o

TOTAL 12 MICROCYCLES

This 1s more realistic, since the ALU accumulator is often
needed for current storage and cannot be considered generally
available for storage of intermediate results. Additional
accumulators or general purpose ALU registers could thus
reduce the number of microcycles required per macro level
instruction execution.

ADVYANCED MICRO DEVICES <1
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GENERAL REGISTER ARCHITECTURE

To improve speed and flexibility, consider a different machine
instruction format:

OPCODE REGISTER REGISTER
ADDRESS 1 ADDRESS 2
(8) (4) (4)
SOURCE SOURCE AND
DESTINATION

Now an ADD could consist of these steps:

ADD R1, R2 PC -> MAR.
FETCH INSTR
DECODE, INCR PC
ADD R1 + R2 -> R2

TOTAL MICROCYCLES 4

This speed improvement for an "ADD" is valid ONLY
® If the data for the instruction is already in the register.

o If the result is to be used in a following instruction such
that it remains in the registers.

If “enough" ALU registers exist, these assumptions are valid
because of the tendency of data to cluster (locality of data,
Tocality of reference) within most computer programs. The number
of required ALU registers depends upon the specific application.
Bit-slice architecture using the Am2900 family permits devices
with a choice.
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FURTHER IMPROVEMENTS

How many registers? Let's begin with 16 general purpose
"scratchpad" registers.

- These registers are multiport registers. Two may be
accessed at a time in order to perform:

Ry + Rg -2 RB in one microcycle

The accumulator register is now any register which provides
a more general system architecture.

However, one must always specify two operand addresses per
machine instruction -- the advantage of implied addressing
no longer exists.

Note that the one word register address machine instruction
format is as compact as the one word single address instruction.
However, the address space directly addressable is lower; 21
versus 2 which 1s the current configuration.
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A, B ALU ADDRESSES

) The register addresses can be supplied from two sources:

- from the instruction register (macroprogramming)

- from the microword (microprogramming)

. This implies a multiplexer for selection of A, B addresses
and the microword field to control the selection.

° A and B addresses would be taken from the macroinstruction
register for most instructions.

() A and B addresses could also be supplied by the microword in
special cases (long word arithmetic; floating point operations;
etc.).
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MULTIPORT MEMORY TIMING

| 3
Cp A | 1 y
|
| | I
[ I I
‘A’ ' STABLE | ><Zzz§7
ADDRESS i : /1
| READ 'A’ ! |
| ADDRESS . |
[ Bl i T '
ADDRESS ZZZZZZZZK; STABLE XU
READ ‘B’ ' WRITE ‘B i |
I

ADDRESS ‘ ADDRESS

f
|
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>\7I
\
FOR:

CYCLE LONG ENOUGH FOR READ AND wR|TE

!
1

REG+ REG, + REG,
ADDRESSES MUST STAY STABLE
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MULTIPORT READ/WRITE TIMING

o Clock rising edge
Load pipeline register
Load instruction register (if Fetch done previously)

Load RAM register (if Write done previously)

° Time delay into clock high

A, B addresses stable

° Clock high

READ <A>, <B>

[ Clock falling edge

Latch the RAM outputs

) Clock Tow
Perform ALU function

Set-up time for RAM
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MACHINE INSTRUCTION SET

ONE WORD FORMAT

ADD R1, R2 Addition

SUB R1, R2 Subtraction

OR R1l, RZ Boolean OR

AND R1, R2 Boolean AND

XOR R1, R2 Boolean Exclusive OR

MOV R1, R2 MOVE <R1> TO <R2>

IN R2 Input <R2>
OUT R2 Output <R2>
JMP R2 JUMP TO <R2>

JMZ R1, R2 JUMP TO <R2> IF <R1> =0

TWO WORD FORMAT

LOR R1, MEMADDR

STO R1, MEMADDR

ADVYANCED MICRO DEVICES 1
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THE MACRO PROGRAM COUNTER

e There is no need nor real advantage to maintaining a separate
PC register.

o Use ane of the scratchpad registers (general purpose) as the
PC for increased flexibility (addressing).

(] Any one of the registers could be used (R15 is usually selected).

° Sophisticated addressing schemes are possible:

ADDRESS = <PC>

ADDRESS = <PC> + <BASE REGISTER>
ADDRESS = <PC> + <OFFSET REGISTER>
ADDRESS = <PC> + <(BASE> + <OFFSET>
ADDRESS = <Ri>

ADVANCED MICRO DEVICES 1
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THE “NEW" ARCHITECTURE

A separate PC register is no longer included.

The scratchpad registers are shown in a new position for
consistency with typical AMD data sheets.

Carry-in (Cyy) is available for arithmetic operations.

TESTS ( zero, overflow, negative, carry-out) are now made by
the ALU.

The MAR remains as a separate register. It will not be
considered as part of the "ALU architecture", and will not

be shown in subsequent drawings since it is an address buffer
for main memory.
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2-270

ED2900A 2-270

“SCRATCH PAD"
REGISTERS y
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A ADDRESS A 5 B ADDRESS
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/ h
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&
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ADDITIONAL IMPROVEMENTS
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ADDITIONAL ALU ARCHITECTURAL FEATURES

[ To allow for more flexibility in selecting ALU sources,
multiplexers are added to both ALU inputs.

) Three sources are available to the A-ALU Input (R-Port):
- data in (Dyy)
- the RAM (register) A-Port Output

- the value '@'

® Four sources are available to the B-ALU Input (S-Port):

the RAM (Register) A-Port Output

[}

the RAM (Register) B-Port Output

The value '@’

The Q-register (to be defined)

° In order to allow register values to be output quickly
without passing through the ALU, an output MUX is added to
allow selection of the RAM (Register) A-Port output or the
ALU output. An output enable control on the output MUX
allows these outputs to be connected to a tri-state bus.

° As indicated earlier, the MAR is no longer shown as part of
this architecture, although one would usually be connected
to the tri-state output YOUT'

° Control signals for the multiplexers are included with the
ALU function control as a set of instruction lines.
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ADDITIONAL EXPANSION:

o Add a shifter at the ALU output - RAM input

-  Allow up/down 1-bit shift

- With external support can perform
1-bit up/down rotate

- Can choose not to shift/rotate

® A separate shifter allows a shift and an arithmetic operation
(OP) to be performed in one microcycle, i.e. '

Ri = 2%(Ri .OP. Rj)

Ri

4*Ri = 2*(Ri + Ri)

etc,

° This capability also allows less complex firmware routines for
multiply, divide, and other functions.

ADVANCED MICRO DEVICES 1
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ALU COMPLETION

Multiplication of NxN bit numbers produces a 2N bit result.
Thus, add an extension register - the Q register - to store
the least significant part of the product. Note that the Q
register output is connected to the S port selection MUX.

Add a shifter for the Q register. With external connections
this allows double precision up/down shift/rotate as well as
supporting the multiply process.

Expand ALU status 1ines. Add carry propagate and generate
for high speed addition (e.g. carry-look-ahead operation
which requires additional external logic discussed in detail
later).

“A BIT-SLICE ALU HAS BEEN DEVELOPED"
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BIT-SLICE ALU

The Am2901 Sequencer
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ALU SOURCE

MICRO CODE OPERANDS

Mnemonic |1 | 1y | 1o | 3% | R s

aa Lt 0 A Q

AB L | L] H 1 A B

zQ L] H] L 2 0 Q

bd:} L H|H 3 o B

2A H|lL]|L 4 o A

DA H|l L] H 5 D A

DQ H{H|L 6 D Q

D2 H H H 7 D’ 0

SOURCE CONTROL
MICRO CODE
ALV 1 symsoL
Mnemonic | Is | 5| I3 g:::: Function

ADD (A 0 R Plus S R+S
SUBR Ll L]H 1 S Minus R S-R
SUBS LIH]|L 2 R Minus S R-S
OR LIH|H 3 RORS RV S
AND HlitL]tL 4 RANDS RAS
NOTRS HlLI|H 5 RANDS RAS
EXOR HIH]|L 8 REX-ORS R¥S
EXNOR HiH|H 7 REX-NORS| RyS

FUNCTION CONTROL

Consult the AMD Data Book for discussion of tables. Note the
effect of CIN in Am2901 function control.
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TOULINOD NOILVNILIS3O

MICRO CODE FUNCTION FUNCTION v SHIFTER SHIFTER
Mnemonic | 15 | b | g o2l | hitt | Load | Shitt | Load | OYTPUT | pam, | RAM; | Qg Q,
QREG L L L 0 X NONE NONE F-Q F X X X X
NOP L L H 1 X NONE X NONE F X X X X
RAMA |L | H | L 2 NONE | F~B X NONE A X X X X
RAMF L H H 3 - NONE F-+8B X NONE F X X X X
RAMQD |[H | L | L 4 | DOWN {F2-B | DOWN | Q2-+Q F- Fo IN3 Qo IN
RAMD |H | L | H]| s |DOWN |[F2=B | X NONE F Fo IN3 Qo X
RAMQU H H L 6 (8] 4 2F—+B upP 20~ Q F INg Fq INg Q,
RAMU H H H 7 uP 2F—+B X NONE F INg Fq X Q,

X = Don’t care. Electrically, the shift pinis 8 TTL input internally connected to a three-state output which is in the high-impedance state

B = Register Addressed by B inputs.

UP is toward MSB, DOWN is toward LSB.

08€-¢

V006203

08€-¢
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2901
SOURCE

2901
FUNCT

2901
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OUTPUT
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MUX

REG-A
ADDR

REG-B
ADDR
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MUX

OTHER

f

Am290 | PIPELINE REQUIREMENTS
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INTERCONNECTION OF SLICES

Am2901
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Am2902A

CARRY LOOKAHEAD DEVICE

To develop the implemented equations for the carry lookahead device,
a single bit addition is considered first, then a single ALU device
is considered next and finally, a combination of slices.

e A carry, C;,q1, from the i'th bit Jocation is either
- generated (G;) at the i'th position, i.e.,
G; = A; By (Boolean AND)

where Ai
By

i'th bit of augend
i'th bit of addend

H i

- or propagated (Pi) across the i'th bit position if Ci =1, i.e.,
Py C; where
P; = A; By + A; By (Boolean Exclusive OR)

Carry-out, C1+1, of the i'th bit position is then

Cigp = 65 + Py G4

ADVANCED MICRO DEVICES <1
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CARRY LOOKAHEAD

2-440

(CONT*D)

Internal to each 4 bit slice, the carry value is developed using

the 1‘th bit equations for i = 1,2,

3,4. Note that each bit can

calculate P; and Gy without the 1'th bit carry-in value. The

resulting carry equations for each

bit are

+ = Boolean OR

Co = C4p (carry-in)

€1 = 6o + Py Cypy

C, = Gy + Py Gy + Py Py Cypy

C3 =Gy + Py Gy + Py Py Gy + Py Py PyCyy

Cq = G3 + P3 Gy + P3 Py G + P3Py Py Gy+ P3Py Py PyCyy,

These carry bit equations are calculated and the "modulus two" sum

(Exclusive OR) or each augend bit,

addend bit and carry bit generates

the 4 bit sum. For example, consider the addition of two 4-bit binary
numbers (augend = 0111, addend = 1001):

1 1110
0111
1001
0000

where GO =1

carry (C;, = 0)
augend
addend

4-bit sum with C4 =1

Pp=0 €y =1
P1=1 C2=1
Pz—l C3=1
P3=1 C4=1

ADVANCED MICRO DEVICES &1
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CARRY LOOKAHEAD (CONT'D)

() Now, since 1t is desired to connect ALU slices together why not
consider the use of the carry generate and propogate equations
for a combination of slices. To accomplish this task the generated
and propagated values must be developed at the slice level. The
associated equations for the j'th slice are:

1]

Gj G3 + P3 GZ + P3 P2 Gl + P3 Pz Pl GO

Pj = P3 P2 Pl PO

® Thus, each slice can develop G; and Pj internally and provide
the values on the device pin cgnnections. Then each slice can
receive its carry-in, C;, as soon as the associated lower
significant slice produces Pj and Gj.

° Therefore, Carry-out of the j'th slice (which is Carry-in to the
[J + 1]st slice) can be calculated from P and G of the lesser
slices plus Cip+ Using an external carry-look-ahead device, then
the Carry-out of each slice can be generated faster than that
using a ripple carry connection.

ADVANCED MICRO DEVICES 1
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CARRY LOOKAHEAD (CONT'D)

° Considering a 16-bit ALU, the external Carry-in equations for
the three most significant slices using the equations similar
to those internal to the slice are given by:

C3 = Gy + PyGy + PoP1Gy + PyP1PoCq
€y = Gy + P1Gy + P1PyCy

€1 = Gg *+ Py

Co = C4 (carry-in)

where Pj and Gj are generated by j'th ALU slice (j=0,1,2,3)
and Cj is the Carry-in for each ALU slice generated by the
Am2902A. For example, with G, = Pg =P; =Py =0
and GO = Gl = 1:

0 ---0 -~-1 --~1 ---0 carry from Am2902

0011 0111 0111 0111 augend
0001 0101 1010 1001 addend

0100 1101 0010 0000 sum

° The Am2902A look-ahead carry generator performs these calculations
for four slices (see figures). More Am2902As can be ganged for
longer word size; a hierarchy of carry lookahead operations.

() The result is that the Carry-in time to any siice is equal to the
time (tpg) to generate Pj and Gj for all slices in parallel plus
the delay (tgp) through the Am2902 (see the AMD Data Book). The
total add time is this value plus the Am2901 add time (t, q4).

ADVANCED MICRO DEVICES 1



2-470

16-bit ALU, Lookahead Carry

ED2900A

2-470

MsSB Diaas Dg.1y D47 Do.y Lsa
4 4 4 4
"
1 1 71 v: A, B ADDRESS; Cp
! { l L {
Qi ———e1 0, Q Qy Qq Qy Qq Q, Qg |=—— Qg
RAMy —w——e| RAM, RAM, RAM,; RAM, RAM, RAM, RAM, AAM |~———e= RAM,
Am2901 Am2901 Am2901 Am2901 CARRY-IN
Coyr =———] Cnuy n [ -1 Cn+a n - =1 Cn+da n 1~ —1Cnss n
vy —=———1 OVR —1 OVR -—1 OVR —1} ovh
N ——1|F, —J Fy —F —1 F,
Vee
P GF=0 P G F= P GF=0 P GF=0
- T T T T T T T T
3 34 14 ‘
$ J) 4 \{ A4 Y
Py Gy Cniz P, G, Chty Py Gy Chix Py Go
Am2902 Cp |=—
P jO—rv
lo—vo
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ED2900A 2-480
T e R R e
32-bit ALU

<58 : msa
>
e Am2901 N
CARRY-IN € _ Cn  _ Ch _ G ) =% Co  _ € _ Cn Cntd}—= caRRY-OUT
G P G P G b G b G_ P G P G P
Cn Am2902A i 7 Cn Am2902A

Go Py Coux
c

n

Am2902A
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ED2900A 2-490

CONNECTING THE SHIFTERS

For rotates
- connect RAM@ - RAMn

- connect Q@ - Qn

For shifts
- connect ‘@' or 'l' to be shifted in as required
- could shift into MSB or LSB

- needed for both Q and RAM

For double-length arithmetic shift
- connect RAM@ to Qn

- connect output Fn to RAMn for down shift (sign)

To connect the various Am2901 pins use SSI logic or use
the Am2904, Status and Shift Control Logic.
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L2 SIDIAIA OWIW QIDINVAAY

DATA BUS (18 BITS)

U

$

INSTRUCTION Y isams
REGISTER er Co [ sus mrerrace K
— amzo1TA
'3 0,
L | Ao 20 1
w 0y |— 1e s
iz 010, =
4 S—
]
UAPPING  6f (e I . | o L L .\; . ‘l
PHOM U A N\ \/ \/"
o % o % o o ° o 6 ° o
naM; R, RaM,  Ras, RAMy  Ras, RAM,  Ram,
X OTHER STATUS —dc €n G e 3 cn NG amzecn
| B o [ U I g e
— Co-e 1 Caee ~—Cnee —3Cnee
Bo-n uar amze2 o boos — —{ovn o —fowm L2 —fova o-s
Am2910 & hapidiing Fs, Al — — —r Al —Je AN
-3 & ux o A LY N o kL] N I ML o smo BN
¢
CROPROGRAM A
MENORY
|
b REGISTER vev P
| %— e
l_ OPERAND as, s ‘ J J ) y.
SELECT 7
onen
L 'e--/ ’ .. v, J J/

¢

i

U U

MEMORY ADDRESS REGISTER

MEMORY ADDRESS REGISTER  Am2920

U

U

s Z

ADORESS 8US (18 BITS)

Typical Application of Am2904 with Am2901.

005-2

V006203

006-¢



2-510 ED2900A 2-510

RECOMMENDED MICROPROGRAMMED SYSTEM ARCHITECTURE

(] This is the architecture that has been developed

. Single pipeline register allows two parallel operations:

- fetch next microinstruction (sequencer operations)

- execute current microinstruction (ALU operations)
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2-520 ED2900A 2-520
e

Recommended Architecture

MAP

=1 MUX -1 CC

Am2910 —g——— CLOCK

A+1

MICROPROGRAM

MEMORY
’ I(A+1)
PIPELINE
REGISTER
1(A)
g Am2901A
ALU
S (A)
\
STATUS
= REGISTER
S(A-1)
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IMPROVING SPEED

Am2901C
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2-540 ED2900A 2-540

2901

100ys T

2901C

o
=

i ] i
1975 1976 1977 1978 1979 l 1980 l 1981

Worst Case 16 to 16-bit Registers
Add Time with Am2901C
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SAMPLE MICROCODE - AM2901

) Various ALU processes are described on the following pages
in terms of Am2901 micro-operations:

- Increment a register and output original value

- Byte swap

ADVANCED MICRO DEVICES {1
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ED2900A 2-560

Am2901

INCREMENT A REGISTER

AND

OUTPUT ITS ORIGINAL VALUE

This operation is required in the macroinstruction fetch
cycle for the PC (macro program counter).

Assume the register is loaded with macroinstruction address
in main memory.

Assume that Reg 15 is the PC.

ADVANCED MICRO DEVICES <t
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Anm2901 SOLUTION

® Address A and Address B are both set to 15 from pipeline

) I510 (source) is set to 3 to select
source operands @ and B (ZB)

L) Igq3 (function) is set to @ (ADD)

0 Ig7e (destination) is set to 2 to select
F->Band A -> Y (RAMA)

® Cip s set to 1 (ONE)

ADVANCED MICRO DEVICES &1



2-580 ED2900A 2-580

MSB LsB )
l,
RAM, RAMq {
SKIFT Q3 Gy
D ——— Q SHIFT |t v
4
’V
B 4
4
1, 1
A ADDRESS =TT B ADDRESS
St SCRATCH PA el
A 1IAL DT ﬂg A
; Q REGISTER
A B
B 4 ’{w 4
\o'
D \n/
> n 0 A al s
| /e
l INPUT NPUT
s > ! MUX MUX -—s
) 4 [
T T 876 | 1543 | 1210 | C1y
L ‘ 2 [ 0] 3 |1
Cour @ / s®) / RAMA , apdb |z8” VoNE
SIGN ==
Fo._yg : ALY Cin
G -
P - <:: lo.g INSTRUCTION TO CHIP
E
4
o
4
‘)/ Il
mi !
S : QUTPUT
5E : MUX

INCREMENT A REG!STER AND OUTPUT
ITS ORIGINAL VALUE.

i
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Am2901

BYTE SWAP:

to exchange two halves of a 16 bit word

CHANGE :
B C Foo1
15 87 0
INTO:
F 1 | B C
15 87 0

® Assume again register 15.
(Number chosen for no particular reason.)

ADVANCED MICRO DEVICES £\



2-600 ED2900A 2-600
CONNECTIONS:
RAMlS - RAMO
L ALU l
r— B
Cout =2 Cin
SHIFTING SEQUENCE:
REG 15
START 1011 1100 1111 0001
2A 0111 1001 1110 0011 ADD SHIFT REGISTER TO ITSELF
SHIFT 1111 0011 1100- 0110 SHIFT LEFT (ROTATE)
2A 1110 o111 1000 1101 } ROTATES 2 BITS IN
SHIFT 1100 1111 0001 1011 OMNE MICROCYCLE
d2A 1001 1110 0011 o111
SHIFT 0011 1100 0110 1111
2A 0‘11‘ 1000 1100 1110
SHIFT 1111 0001 1011 1100

ADVANCED MICRO DEVICES 1
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Am2901 SOLUTION

] Address A and address B are both set to 15 (F)

° 1210 is set to 1 to select source
operands A and B (AB)

° Igqy is set to O (ADD)

e 1876 is set to 7 to select 2F -> B
RAM shift up (toward MSB) (RAMU)

® Cin s set to Cout

0 Repeat 4 times (2 bit - rotate per cycle)

Ig76

I5g3 | I210 l Cin

7 0 1

Cout

RAMU ADD AB

ADVANCED MICRO DEVICES {1
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HARDWARE BYTE SWAP IMPLEMENTATION

® Trade-off added logic hardware for less micromemory (ROM)
and faster execution time.

] Output register to be manipulated.

[ Use Am25L5240/244 tri-state buffers with permuted outputs
to input ports.
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2-630 ED2900A 2-630
AM2901 A\M2901 AM2901 Am2901
i — — —Pp Y. D
Dy Y /47" Y N ] Jf' IN /
| 0
BYTE SWAS ‘_ BUFFER g BUFFER

K

g

4

L4

4

Z

BYTE SWAP HARDWARE WITH THE Am2901

SOURCE l FUNC ' DEST

ADD
OR

Dz , RAMA

"OR" is faster than "ADD"
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2-640

ED2900A

2-640

MsB l Ls8 .
ya
{ L4
RAM, HAM .__nmo
TH"’T Qy Qg
D e—— Q sH]E" s
" 4
y
8 . ) 4
: 15" 7 |
A ADDRESS ®xX4 ] ADORE‘ss
F > SCRATCH PAD X F
4 DUAL PORT AAM Q REGISTER
A 8
<1
"»’
\Y4
- ]
b T,
>_ﬁ'_‘ o A A al
— Q
13 {
INPUT INPUT
§ >—1 MUX MUX (s
[4 [ 4
1
RYA)- s (8)
Cout
SIGN
OVR ALU e CiN
F=0
G
P < r_"':' lo.s INSTRUCTION TO CHIP
F
4
d’
4
‘/
\
§ >—= OUTPUT
MUX
O >-——.-
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CLASS EXERCISE - Am2901

° Turn to the Am2901 exercises in the ED2900A Exercise
and Laboratory Manual and work numbers 1 through 14.

@ A coding sheet {is provided.

Use mnemonics!
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1 S 0 S
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INTRODUCING THE SUPER SLICE™

Am2903/ Am29203
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IMPROVEMENTS BEYOND THE Am2901

. Add ability to expand the multiport “scratchpad"
register memory (unlimited expansion).

- Simplify multiplication

- Simplify division

° Add normalization for floating point numbers for use
in arithmetic operations.

1. XXXX E + XX

Mantissa Exponent

) Add fault tolerance/fault detection features:
parity of ALU output.

° Add two's complement sign extend for byte manipulation.

® Add three address instruction for faster operation.

ie:  C=A+B
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2-690 ED2900A 2-690

R

COMPARI SONS
The Am2903/29203 The Am2901
48 pins 40 pins
Higher throughput Faster clock speed
Q register can shift Q register shifted only when
on its own RAM also shifted
Arithmetic & logical shifts Logical shifts only
Expandable RAM RAM not designed for expansion
Two- or three-address Two-address operation only
operations (not designed for three)
DA0_3 input DAO_3 input
DAg-3 output (29203) -
UA0_3 input/output -
Y0_3 input/output Y0_3 output only
Arithmetic operation plus Requires two microcycles
shift and output (shift before RAM load)
Parity bit generation -
Special functions -
Internal logic support (requires external assist logic)
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ED2900A 2-700

l—”

Am2903/29203 DISTINCTIVE CHARACTERISTICS

Three port RAM - same as Am2901

16 ALU functions

Am2901 functions are a proper subset

9 (Am2903) or 16 (Am29203) special functions

Expandable registers

Microprogrammable

9 bits of instruction

4 enables
2 position selects:
Least Significant Slice - LSS
Most Significant Slice - MSS
Four status flags

similiar to 2901
Q register

capable of independent operation

Two shifts
arithmetic
logical

Uses shared pins - some lines multifunctional

ADVANCED MICRO DEVICES &1



2-710

ED2900A

Am2903 / Am29203

2-710

DATA IN
Ao-3 4 a B 4, Bo-3
o 7 ADDRESS ADDRESS 7 —3
RAM WRITE jo——
ENABLE c» WE
A B - .:......_.,
al DATA OUT DATA OUT i jo——r———
|
e V V, L _____ -
/1 4 A4 Am29203 ONLY
CP——=t E LATCH LATCH E fee—CP
Am29203 _|
ONLY "\
-y /}/A 4 ——
; {_—'T—‘ O:B
, H O— —3
. ]
4
I t
DAg..3 (NOTE 1) 4 e —3
Z DBy_3
7 1 ‘__*
—
13
[ S Mux MUX St ip
4/ L,
Aa A
Gm
< A Fo-a N/ -3 c
PIOVR \ i
<< *\ ALU 3
<3 Fo—3 /
Cres s10
V
As 3
510, Qio,
£ e :
SHIFTER SHIFTER
010, /Va Aa
—_— Q
Oty cp ——
REGISTER
L
1EN 4L 4l
= - A /
lo—lg g
Dﬁ;_ °
= K
INSTRUCTION | ® Zzero | Yo-3
DECODE INOTE 2)
o .
WRITE/ cp
MSS d —_— )
ES — —_ =
2z
-y Am29203
" Tony GND
S

S i)
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Am2903/29203 DIFFERENCES

] DA0_3 bidirectional on Am29203

° External TEN internally connected to write enable on
Am29203 for use with ALU RAM write operation

] Zero detect on ALU shifter output on Am29203
on output of buffer on Am2903

) GEy connected to Z pin on Am29203

Am29203

® Faster than Am2903, but not AmZ2903A

® Can handle byte operations better

® Has 16 special functions
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Am2903/29203 Microinstruction format (ALU only)

DEST FCT SOURCE
AN

A I 0 OE OE

L]
w

-
=

i

[ |
s

|

Ien Ig

° Under normal operation

Destination is controlled by Ig - Ig

Function is controlled by Ig- 14

e Under special function operation (when I, - Iy are all low)

Destination and function are controlled by Ig - Ig
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Am?2903
DATA IN
-
- 7 ADDRESS ADDRESS 7 <3
RAM WRITE CO—————O
NABLE
€ O———cp ME
A B
af, DATA OUT DATA OUT
4
A4 A
CF = E LATCH LATCH € fe———0CP
Aa /VA
Otpg
370 =
4
Z
DAg_.3 4 7 Q
- Va DBy_3
Ea
= S MUX MUX S | ig
4
4
v |, /
A4 A4
GIN ———
- S Ro.-3 \ /" soy c
PIOVR \ n
- \ ALU <3
= Fo-3
Cnsa 10,
V
A4 3
S10,4 } ‘ Qio,
—~Q - ALU Q
- SHIFTER SHIFTER ES
V L,
0104 A4 A4
~3
e
— a
(O;W § 7 REGISTER

CP e
1 Lz

Yo-3
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Am29203
DATA IN _
Ao-3 4 A B « , PBo-3
> 7 ADDRESS ADDRESS T
RAM WRITE C o
ENABLE WE
R v cp WE
, DATA OUT DATA OUT O—S N
/Vl /V4
cP—u]E LATCH LATCH E j=——cP
/VG 4 —
} OEg
(o <3
4
Z ZE
DAg_3 4 4
3 DBg_3
) 7 _} ‘
A
= S MuUXx MUX S f—— g
4/v
//‘ /V‘
Gm
<) \ Ro_a w 50_3
PIOVR \ Cn
<) \ ALU <3
< \J-=_/
Cpea 3 510,
A4 £33
S104 ] ‘ Qio,
- ALU (o)
E3 SHIFTER [ [ | sHIFTER &3
V b/
0104 Aa Aa
3
Sw]
Oty s REGIS
5y TER
- I L
4 4
¥
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ED2900A 2-760

Am2903 Operand Sources

En  A-REGISTER Eg B-REGISTER

L INTERNAL L INTERNAL

H  EXTERNAL H  EXTERNAL
g S-SOURCE

L RAM/B-PORT

HoQ

ALU OPERAND SOURCES

Ea | lo | OEg | ALU Operand R | ALU Operand S

L L L RAM Output A RAM Output B
L L H RAM Output A DBg.3

L H X RAM Output A Q Register

H | L L DAg.3 RAM Output B
H | L H DAg.3 DBy.3

H H X DAg.3 Q Reqgister

L = LOW H = HIGH X = Don't Care

Note: A1l 8 input codes are valid, but only 6 combinations
are possible. (Note Don't Cares)
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ED2900A

2-770

Am2903 / Am29203 ALY Functions

Arithmetic
S+R+Cy
S-R+Cy-1
R-S+Cy~1

S+ Cy*

0

+

()
=

|

Logic

R AND S
ROR S

R NAND S
R NOR S

R EXOR S
R EXNOR S

AND S

HIGH' S*

LOW' S*

For Am29203, IO must be high, hence source must be
RAMAQ or DAQ.
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2-780 £ED2900A 2-780
S s P S S A

Am2903 ALU Functions

lg |13 | 12 | |1 | Hex Code ALU Functions
clul ol L 0 lp=1L Special Functions
lo = H F; = HIGH

LfL|L|H 1 F = S Minus R Minus 1 Plus C,,
Li{L|H|L 2 F = R Minus S Minus 1 Plus C,
LIL|IH]|H 3 F = R Plus S Plus Cp,
LIH[L][L 4 F = S Plus Cp,
L{R|L]H 5 F =S Plus C,,
LIH[H]|L 6 F = RPlus C,
L{H|H|H 7 F =R Plus C,
HlL|L]|L 8 F, = LOW
H{L|L|H 9 Fi = R; AND S;
HL|[H]L A F; = R; EXCLUSIVE NOR S;
H|L|H]|H B Fi = R; EXCLUSIVE OR S;
HIH|L]|L C Fi = R; AND S;
H{H|L|H D F; = R{ NOR S;
HIH|H]|L E Fi = R; NAND S;
HIH|H]|H F Fi = R{OR S;

L= LOW H=HIGH i=0w03
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e~

Am29203 ALU Functions

s I3 | | 4 | o ALU Functions
L L L L L Special Functions
Ll L|iL|vL|H F; = HIGH
L L L H X F = S Minus R Minus 1 Plus C,
L L H L X F = R Minus S Minus 1 Plus C,
L L H H X F = R Plus S Plus C,
L|H{L|L]|X F =S Plus C,
LI{H|L]|H|X F =S Plus Cp,
L H H L L Reserved Special Functions
L{H|H|L|H F = RPlus Cp
L H H H L Reserved Special Functions
L|H]|H|H]|H F = RPlus C,
H L L L L Reserved Special Functions
H L | L L | H F; = LOW
H|L|L|H]|X F; = R AND S;
H{L|H]|L]|X F; = R; EXCLUSIVE NOR S;
H{L|H]|H]|X F; = R; EXCLUSIVE OR S;
H{H|L|L]|X F; = R; AND S;
H{H|L/|H]|X F; = R; NOR S;
H|{H|H|L]|X F; = R; NAND S;
H|{H|H]|H]|X Fi = R; OR S;

L = LOW H = HIGH i=0to3

X = LOW or HIGH
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ED2900A 2-800

ALU DESTINATION CONTROL

Destination is controlled by I8-17-16-15

Includes choice of down-, up-, or no-shift

Allows chofce of logical or arithmetic shift (RAM only)

Controls whether data is written to RAM registers

ADVANCED MICRO DEVICES &1
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2-810

ED2900A

2-810

HOIH = H HO BAISNoX3 = A
eouepadw)| ybiq = Z-1H MO1 =1 EoisA 04 ALy ACI ALY = Aled
ZH | 2 PIOH 1 ZH O3y '4 %3 ‘3 3 €4 £4 ] Ar4 4 H H H H
ZH | ZH PIOH 1 indu | %ois{%is | Cors Sois Sois | Cois %ais %is €4 Za "ta 0a-O01s 3 1 H H H
nduy e D~-DZ 607 H Z-H 03) ‘3 2] 2| £4 €3 £y £4 A3 a H 1 H H
zH | Zm PIoK H ZH 9] ) & 33 | &85 £y & A=4l 2 |1 1 W H
nduy o) 0~-0z a1 9 ndup | Oois| O = 2 2y €4 oy A=42 B0y q H H 1 H
wou | €o | D-DZ B0 1 ndu; | %ois| 3 '3 ‘4 23 &y £3 %4 A2 umy v 1 H 1 H
ZH | ZH PIoH 1 wou | Coisy 94 '3 b3 2 %4 3 £ A3z 607 6 H_ 1 1 H
ZH | ZH p1oH 1 wdu | Oois{ O4 4 b3 43 4 €4 %3 A+ 42 Yy ] 11 1 H
ZH | ZH O« 1 Aueg 03] ‘3 23 3 €4 €4 nduj induj A3 L H H H 1
ZH | 2K [y H Aueg 031 4 Z 23 3 €3 ndu induy Aed 9 1 H H
Op | wnay D+-2D 601 H Aed 041 3 ] L] €3 €y indut induy Aed S H 1 H 1
2H | Z4H PioH 1 Awed Oaf 44 = 24 4 4 indu nduy A3 v 117 KO
0p | ndy o~2D 601 1 04 byl %4 €34 £y fois tois induy inauy As-2'4 607 3 H O H 1 1
O0p | ndu D2 607 1 0y FE ! £y tois fois €y induj induy A=2'4 uy 4 A
ZH | zZm PHoH 1 0y 4] 4 £ £y fois fois indu) ndu| Ae-2i4 607 | H Y 11
ZH | ZH prow 1 0y (Y e | fors £oIS €&y ndu wnaul A2 Wy 0 IR
%! oo | uonouny oum | Oois | O | ta|seons | sous |seons | sous |seous | eous uonouny woy | 5 9 4 §
YIS Yo | Bis 1soW | sauio | Bis isow | 1eyi0 | 'Bis 1SON YIS NIV XoH
vBeo A €x €ois

MO = N3I ‘HOIH = € HO 21 HO 1 HO 0] HO4 TOHINOD NOLLYNILS3A NIV
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ED2900A

2-820

LOGICAL VERSUS ARITHMETIC SHIFT:

Am2903 Arithmetic Shift Path

L l

MOST SIGNIFICANT SLICE

|

|| l

LEAST SIGNIFICANT OR
INTERMEDIATE SLICE

Am2903 Logical Shift Path

I l

ALL SLICE POSITIONS

'
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Am2903/29203 SPECIAL FUNCTIONS

Am2903 and Am29203:

° Parity

® Sign extension

° Sign magnitude/two's complement conversion
° Unsigned multiply

® Two's complement multiply

] Increment by 1 or 2

° Single length normalize

° Double Tength normalize

® Two's complement divide

Am29203 only:

® BCD/binary conversion
[ Decrement by 1 or 2
° BCD divide by 2

] BCD add and subtract
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2-840

ED2900A

Am29203 Special Functions

2-840

SI0
3 QReg &
(Hex) (Hex) Special ALU Shifter | MostSig | Other Shitter
lglzlgls lg Ialalylo Function ALU Function Function Slice Slices | SIOg Function | QIO; | QIOg | WRITE
! ! F=8+ChifZ=1 LogF/2 = Y .
0 L 0 Unsigned Multiply F=R+S8%Cqitz=H (Note 1) 4 Input Fo LogQ/2— Q | Input Qg L
BCD to Binary
te 4 LogFl2— Y Input Input F Log Q/2 - [
1 L 4 Conversion (Note 4) og F/ pul pul 0 og Q/ Q nput Qo L
Multiprecision 4 LogF/2 Y nput Input £ Hold z L
! H 0 BCD to Binary (Note 4) og F P p o o Qo :
Two's Complemant F=85+CytZ=1L LogFi2 - Y LogQ/2— Q
2 L 0 Multiply F=R+S+CpilZ=H (Note 2) z Input Fo tnput | Qo t
Decrement by . - i
3 L 0 One o Two F=8-2+C, F-a Y z z Parity Hold z z L
Increment by _ e - .
4 L 0 Ore or Two F=$+1+Cp F—Y Input Input Parity Hold z z L
: SigrvMagnitude F=85+CphitZ=L F Y .
5 L 0 Two's Complement F=8+ChifZ=H (Note 3) Input nput Parity Hold z z t
Two's Complement F=8+ChitZ=1 LogFi2 —~ Y -
6 L 0 Multiply, Last Gycle | F=§-R-1+CpilZ=H {Note 2) z fput | Fo | LogQ@2—Q | Input | Qo t
BCD Divide .
4 FoaY z z P Hoid z z L
7 L 0 by Two (Note 4) arity
Single Length _y N -
8 L 0 Normalize F=8+Cp F Y F3 Fa z Llog20->Q Q3 | Input L
Binary to BCD ' F o E -
9 L 0 Conversion {Mote 5) Log 2F Y 3 Fa Input Log2Q—~Q | Qg | Input L
Multiprecision N
] H 0 Binary to BCD (Mote 5) Log 2F —» Y Fa F3 Input Hold Z | nput L
Double Length
A L ] Normalize and First F=54+C, Log2F — Y Ry ¥ F3 F3 Input Log2Q--+Q Q3 Input L
Divide Op
B L 0 BCD Add F-R§+CnBCD Foo Y 0 0 z Hold z z L
(Note 6) B
Two's Complemant F=85+R+ChitZ-1L . o N
c L 0 Divide FoS-R-1%Cyiz~H Log 2F —» ¥ Ry v F Fa Input | tog2@—Q [ Q3 | Input L
D L 0 BCD Subtract F=R-S-14CpBCO Foo Y 0 0 z Hold z | z L
‘ {Note 6)
Two's Complement L a Ly
E L 0 Divide Correction F: o R+ Cpitz - L ) F oY Fa Fa 2z log2Q-+Q | Qg | input L
F=8-R-14Chitz-H
and Remainder
F L 0 BCD Subtract F=8-A-14+C,BCO Fooy 0 0 z Hold z | z L
(Mote 8)
Notes: 1. At the most significant slice only, the G, ; 4 signal is internally gated to the Y3 output.
2. At the most significant slice only, F3 ¥ OVR is internally gated to the Y3 output.
3. At the most significant slice only, S3 ¥ F3 is generated at the Y3 output.
4. On each slice, F = S if magnitude of ¢ 3 is less than B and F = S minus 3 if magnitude of Sg -3 is 8 or greater.
5. On each slice, F = S if magnitude of Sg .3 is less than 5 and F = S plus 3 if magnitude of Sp..3 is 5 or greater. Addition is module 16.
6. Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format.
7. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions.
L. = LOW Hi-Z = High Impedance
H = HIGH = Exclusive OR
X = Don't Care Parity = SIO3 ¥ F3g v Fo ¥ Fy ¥ Fo

ADVANCED MICRO DEVICES (1
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.

Am2903 TWO ADDRESS OPERATION

SOURCES:

® Registers selected by A-address and B-address

DESTINATION:

. Register selected by B-address

4

r-————-—————;u CYCLE ——————-—-——*1
——_} o

CLOCK
|

3 TN

|
A'B
ADDRESS STAfLE

ADVANCED MICRO DEVICES 1
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Am2903 THREE ADDRESS OPERATION

SOURCES:

. Register selected by A-address and B-address

DESTINATION:

e Register selected by C-address through use of RAM
B-address MUX which is controlled by the clock

Am2903 Three Address Control

I M B  (SOURCE)
u
(SOURCE) A .____%___q-A RAM Bl X
C (DEST)
A B
;LL
) Y
SWITCHED AT 50%
AL OF CLOCK PERIOD

ADVANCED MICRO DEVICES 1
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Am2903 Three-Address Operation

yZ CYCLE

.

CLOCK ‘—J

INST

ENABLE
25%

———-——-—-*

A &B
ADDRESS }

J | |
c
ADDRESS
I I ! I

§

ADVANCED MICRO DEVICES 1
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INTERCONNECTING THE SLICES

Am2903/Am29203

ADVANCED MICRO DEVICES o\



L? SIDIAA OUIIW AIINVAQY

MSS LSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
A 4 /l /{/4 *4 /‘/4 /t,‘ *‘ *4
DA DB DA DB DA [ ] DA [»]:}
QI015 —aeen] Q104 aio, Q0 Qio, alo, aio, Qio, Q10 |e——e QI0g
51045 —e—e{ 5103 5104 5104 $10, 5104 $10, 5104 510 e 510
%»:JF;RY ~—1Cnis Cy Cova C, Coea C, Conea Cp f— fNARRY
+5 +5
NEGATIVE =N am2903 Am2903 Am2903 Am2903
OVERFLOW ——— ovA W/mss W/MSS ﬂ W/MSS WIMSS
ZERO 2z s z iss z s —12 iss _:I_
Yy WE y WE Yy WE Yy WE L
AAA +5

NOTE ISOLATING RESISTORS

16-Bit CPU with Ripple Carry.

006-2

V006203

006-2



L2 SIJIAIA OUDIW AIDNVAQY

4 ADDRESS BUS B
o ! 1
74 ADDRESS BUS A
7 * *- —
11 INSTRUCTION BUS;
7 ENABLES
DA DB DA DB DA DB DA DB
i 1 I i
A A ' A A
B Am2903 B Am2903 B Am2903 B Am2903
D —— Q3 00 03 QO 03 QO 03 00
B 83 Sg . 53 SO sa SO 53 SO Sanmmme
~——3Chig +5 +5 +5 —_—
N WIMSS — W/MSS —Mﬁ-—T— W/MSS -M—T— W/MSS
—~——ovr iss — TP Ss ! GF ss : GP LSS
b4 Ch o z Ch = b4 __Cn ey b4 Chfe— —
I Y WE ] Y WE [ ] Y WE r_ Y WE
4 2) 4 2) 4 4
— - .
cn+; E;'—,; cn+y a;P—1 cr‘l+)( G—0":,—0 lcn
Am2902A Cn
Vee
MSB

16-BIT CPU WITH LOOKAHEAD CARRY

NOTE ISOLATING RESISTORS

016-¢

V006203

016-¢



L2 SIDIAIA OWIW AIDINVAAY

Cn.a =

NEGATIVE —ew—]

OVERFLOW ~o—d

1Y

2y

3y

1ERQ

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
/t'c 4'4 '4 %'4 4’4 4’; 4"4 ,g’c
oA D8 DA DB bA DB oA 08
0i0,, =—={ 010, alo, 010, 010, Q0 10, 00, QIO j=———= IO,
$i0,5 =] 5i0, R ———— LT $i0, 510, 510, 50, 510 {-em——— 5T,
- - - - CARRY
Chou Cn Cn Cn-a < Cn W
N Am29203 & Am29203 +5 g Am29203 +5 & Am29203
OVR  W.MSS P W.RS3 P W:M5S P WSS
=l 5] — i —
— 2 s~ L z ss — z s — z LSj_
TEN Y WE OF €N v WE OE fEN Y WE OE iEN Y WEOE | =
: ) I i
18 q4 /‘/ 4 - ‘} 4 = '%4
24 —
‘5257 oF,
28
3A
38
S
—AAA—— +5
cn»za‘zi’_‘é cn-v ﬁ! B! Cn».aoio
Am2002 Cn
—
BYTE/WORD

Connections for Word/Byte Operations (Am29203 Only).

026-¢

V006203

026-2
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EXAMPLE

Am2903/29203 MICROCODE

® Increment a register and output original value

° Byte swap

ADVANCED MICRO DEVICES <1
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Am2903

INCREMENT A REGISTER
AND

OUTPUT ITS ORIGINAL VALUE

° This operation can be used in the macroinstruction fetch
cycle for the PC (macro program counter).

e Assume the register is loaded with the macroinstruction
address in main memory.

° Assume that Reg 15 is the PC.

ADVANCED MICRO DEVICES O
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Am2903 Solution

) Address A and Address B are both set 10 15

o Ep Iy OEg (Source) are set to 9p@ (RAMAB)
to select as source operands RAM output A,B

° I4391 (Function) is set to 6 (increment) (INCRR)
° Ciny s set to 1

e OEg = @ places the original value of Ry5 at DBy /g

° Ig765 (Destination is set to F and OEy to Low

to select F-->Y and to write the new value F
into the RAM. (RAM or RAMEXT)

Ig765 lazp1 EplgOEg Cpy OEy

F 6 /) H L

RAM  INCRR  RAMAB

ADVANCED MICRO DEVICES 1
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-l
A4 1 4 Am29203 ONLY
p —=1E LATEH LATCH] € }—cP
Am29203 _| |
ONLY
AN 2 1 555
-1—%' 8
| \/c 2
i
] 4 yd g 2
DAQ_3INOTEN B S ‘o’ i
- ,4 l ‘ r*_ DB0—:!
Ea
o s Mux MUX S fe—— g
al
A 4' A/4
Gm
o N\, Ag_3 ‘\/ So-3 c
P/OVR .
<> ALU / -
< \\ \Fo-3 /
S10
Cnea 0
L/
A4 3
S103 o " aiog
L -
SHIFTER I SHIFTER
/
Qi0, 14 14
od Q
Oy € >—1 reaisten
[ l_
e 4| 4y
iy . 1 9
19—
o-'s o
e : 0
ss
(s + INSTRUCTION | © zero | Yo-3
DECODE (NOTE 2)
E3—1—o .
WRITE/ ce
MSS L] —-— e
gg | S, VCC
z
— —— Am29203
L~ ony no
-_—
e e |

Notes: 1. DAy is input only on Am2903, but is 1/O port on Am29203.
2. On Am29203, zero logic is connected to Y, after the OEy buffer.

ADVANCED MICRO DEVICES &1
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ED2900A 2-970

Am2903

BYTE SWAP

To exchange two halves of a 16-bit word

Change: B C F 1
15 87 0

Into: F 1 B C
15 87 0

Assume again Register 15.
(Number chosen for no particular reason)

ADYANCED MICRO DEVICES {1
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l———

L]

ED2900A 2-980

Am2903

Address A and Address B are both set to 15

fAlgﬁfB set to @ for A and B ports as operands

Cin = Cour

14321 is set to 3 (Add)

Ig765 is set to 9 for 2F-->Y (Shift) and write to RAM

WE Low

‘O—EY Low

Repeat for total of four times, same as for Am2901

SOURCE ~ FUNC  DEST (4,

- —— - - W - - - o Y - - - - " " —— - -

RAMAB ADD RAMUPL C $1045 to S0y

out

ADVANCED MICRO DEVICES 1
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ED2900A 2-990

BYTE SWAP - HARDWARE ASSIST

o There are several ways to handle a one-microcycle, hardware
assist byte swap with the Am2903/Am29203.
Basically,
® Bring the data (already in a register) out RAMB to DB
° Pass it through buffers (inverting or noninverting)
° Bring it back in either DA or Y
° The interconnections permute the data
° DA passes data through the ALU
- medium speed version
- use Am2958/59 (invert/true)
- octal buffer/driver/receiver
- tri-state output
® Y passes data directly to the RAM registers

- high speed version

- use Am25LS244

ADVANCED MICRO DEVICES &1



2-1000 ED2900A 2-1000
L ———
SHAP
Mmss Lss
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
Am2903/29203 Am2003/29203 Am2903/29203 Am2903/29203
DAg.3 DBg_3 DAg_3 DBg_3 DAg_3 DBp.3 DAg_3 DBg_3
4 Aafa A4 4 Aafs
BYTE = -
SWAP E Am2958/2959 £ Am2958/2959
Aa Aa yd Aa
L4
7
y 4
V4
Vi 4
7
4

ADVANCED MICRO DEVICES <1



L2 SIDIAIA OWIW AIINVAQY

—

BYTE
SWAP

MSS
DEVICE 4

Am2903/29203

DEVICE 3

Am2903/29203

DEVICE 2

Am2903/29203

LSS
DEVICE 1

Am2903/29203

Yo-3 DBp_j3 Yo-3 DBp_3 Yo-3 DBp_3 Yo-3 DBg_j
“
4 AaAa 'y A4 s
E Am251.5244 E Am25LS244
As Aa //4 s
L4
7
L4
Vd
L4
7/
4
V4

0101-¢

V006203

0101-¢



2-1020 ED2900A 2-1020
"""..__?.:Tm-l
| ) DATA IN
F g 2 4. A iy P23 r
7 ODRESS  \|/ ADDR 4 <
RAM €WiuTe | Oo— ]
ENABLE ( Oe——cp WE
A ] rt-———
4// DATA OouT \q\{m\ out 1]o
1
77 Y P P
A4 } “a M:ZSZOJ ONLY
gPp——=—1 E LATCH LAICH E f=——CP
Am?‘.?"fllﬁ: 1l
0
L VR 2 IC 5
™ - Ofs
[)
' o <3
! Pa—
DAg 3 NOTEY o 7
- 74 PPo-3
l/'E_ j‘ ’
A
Do s \nux MUX S 19
‘4l
\‘”4 A ‘
GMN
- AN 3 So-3
F/OVR \ v -
<) ALY )
< AN F /
h 0-3
" . 10,
. @
‘Eg 1= - 10,
SHIFTER [ SHIFTER KB
& i
OF, & — .
[}Y jh] cr REGISTER
Low I
L
[
] b kb
- — 7 d
lo-ls o
OoO—5——] i
S %
O——1—{ insthuction | ® zero | Yo-3
DECODE T
. (NOTE 2)
E3— °
WRITE/
WSS * 5
N T
3 — y
’ cc
= oFr f @ —m— o0
—— Am29203
sl’_‘ "‘I oNLY GNGD
.__.._-—-———Q( U= |
\.——.

ADVANCED MICRO DEVICES i1
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Byte Swap requires an enable for the tri-state buffer drivers

The code is:

addr 2910 COND BRCH SRCE FUNC DEST RA RB Cin Oty Ten E

INST  MUX CNTR ADDR ADDR
n CONT # 4 OARMMB INCRR RAM  #  Rb LOW EN EN EN
OR
n CONT # # RAMAB # RAM # Rb # DIS EN EN

ADVANCED MICRO DEVICES 1
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THE SPECIAL FUNCTIONS
OF

THE Am2903/Am29203

ADVANCED MICRO DEVICES ¢l
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An2903/Am29203 SPECIAL FUNCTIONS AND FEATURES

[ Parity

® Sign extension

° Sign magnitude <--> two's complement conversion

° Increment by 1 or 2

° Unsigned multiply

® Two's complement multiply

o Two's compiement divide

° Single length normalize

° Double length normalize

ADVANCED MICRO DEVICES {1



LY SIDNAIA OUIIW AIDINVAQY

SPECIAL FUNCTIONS: Ig = |y = I = I = I = LOW, iEN = LOW

S104
, —_— Q Reg &
Hex | Available Special ALU Shifter | Most Sig.| Other Shifter .
g 7 1 g Code On Function ALU Function Function Slice Slices SIO0 Function 0l03 QIOO WRITE
Am2903 F=S+Ci 2=t Log. Fi2~Y
L Lt tho Am2g2q3 | Unsi9ned Multply F=R+S1C,H2Z=H {Note 1) Hi-Z Input Fo tog @2+0 | mpu | g L
L L L H 1 Am239203
Am2903 Two’'s Complernent F=S5+¢Ch2=L Log. Fi2—Y
L L H 2 AM29203 Muttiply r=n+s?c,, t2=H (Note 2) Hi-Z Input Fg log Q/2+Q | Inpua Qg L
L L H H 3 AmM23203
LML L 4 Am2903
Am29203 1 increment by - F i i P Hoid H H-Z
One or Two F=S+1+Cy ~Y nput nput acity 2 i L
A ¢
N N st
SigrvMagnitude- F=S+C, il Z=L F-oY . "
Two's Complement F=3+ C: tZ=H (N-;u 3) Input tnput Party Hoid Hi-Z Hi-Z L
Am2903 Two's Complamant F=S+C, i Z=L tog Fi2—y X
L HH LIS Am29203 | Mutply. Last Cyce | F=S-R-1+Cpit2=H {Hote 2) Hi-Z Input Fo log G20 | Wpu | Qp L
L H H H 7 Am29203
Am2903 Single Length i
H L L L 8 AM29203 Normalize F=5+C, F-y Fy Fy Hi-Z Log 2Q-+Q Q, nput L
H L L H 9 Am29203
Am2903 Double Longth
H L H L A Normaiize and F=S+C, Log 2F Y Ay YF, Fy Input Log. 200 O nput L
Am29203 Fust Divide Op.
H L H H 8 Am29203
Am2903 Two's Complament F=S+R+C, if Z=L
- I )
H H L L o AM29203 Divide FaS-R-14C, #Z=H Log 2F-sY Ry¥Y Fy Fy gt Log. 20-Q Q; npest L
H H L H D Am29203
~Two's Complement .
Am2903 . F=S+R+Cpil 7=L .
H H H L E AM29203 ::-a: Cortecton F=S-R-14C,#Z=H F—Y Fy Fy Hi-Z Log. 20—+Q (o} Input L
H H H H F Am29263
NOTES: 1. Al the most significant slice only, the C,, 4 signal is internally gated to the Y5 output. L =LOW Hi-Z = High Impedance
2. Atthe most significant slice only, F3 ¥ OVR is internally gated to the Y3 output. H = HIGH V = Exclusive OR
3. At the most significant slice only, S3¥% F3 is generated at the Y5 output. X = Don't Care Parity = SIO; VF3 ¥VF; ¥Fy ¥ Fy

0401-¢

V006203

0£01-¢
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PARITY

» Parity is computed and available at SIOQ

when the destination field 18-5 is either {4, 5, 6, 7}
° This corresponds to:

4 RAM F->Y, F->RAM, No Q activity

5 QD F->Y, /2 -> Q, no write to RAM

6 LOADQ F ->Y, F ->Q, no write to RAM

7 RAMQ F->Y, F->Q, Y ->RAM

® The computed equation is:

SIOG = Fg ¥ Fl v F2 ¥ F3 ¥ F4 ¥ ... ¥ Fn ¥ SIOn

ADVANCED MICRO DEVICES 1
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SIGN EXTEND

° By varying the destination control field into different ALU
slices, specifically by varying I5, sign extension can be
done across any number of devices in one microcycle.

. This corresponds to:

I8-16 15 HEX MNEMONIC  DEVICE ACTIONS

111 // E SGNEXT S108 -> Y, Y -> RAM, SIO@ -> SI03

111 1 F RAMEXT F->Y, Y ->RAM, F3 -> SI0O3

® Thus by controlling I5 separately to each slice when
18-16 = 111:

1

If 15 = 1, slice behaves "normally"

it

If 15 = @, whatever is input on SIO@ will appear on all Yi and SI03

ADVANCED MICRO DEVICES 1



17 SADIAIA OWIW AIINVAAY

DEVICE 1

Am2903/29203 sion
8104 §10, [=— SI¢!
IS- I.

Isa

615
DEVICE 4 DEVICE 3 DEVICE 2

SIGN Am2903/29203 Am2903/29203 Am2903/29203
ouT 510, $10, S10, $104 $104 510,

Is—g 1g-tg Ig-lg

Isp Isc 'sg
HIGH D=

15p p————

cHIP | 'sC D
SIGN

EXTEND |l15g >—

ON3LX3 NOIS

0011-2

V006203

0011-¢
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MSS LSS
2903/ 2903/ 2903/ 2903/
29203 : 29203 29203 29203
I5 15 15 15
A A | A
16—18=111
15 MS Byte = @
®
15 LS Byte = 1
®

® Add a second 15-bit position to the microword
(] Change .DEF file to a 5-bit destination field
® Example:

2910 A L U
INST  SRCE FUNCT DEST RA RB Cin OEY IEN

- " s T - S e e . o S S S T~ W . i A = - S A A A o B i N b o S " o T oy P A -

CONT RAMAQ  INCRRR SIGNEXT Ra # LOW EN EN

Where in the .DEF file

SIGNEXT  EQU  B#11101

For all other destination codes, the last two bits are
identical.

ADVANCED MICRO DEVICES 1
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ED2900A 2-1120

BINARY NUMBER REPRESENTATION

There are three ways to represent binary numbers in a
computer. They are:

- sign plus magnitude
- sign plus two's complement

- sign plius one's complement

The sign plus magnitude is the general way in which humans
represent numbers in any base. The sign or sign bit is treated
as a separate piece of information and must be manipulated with

a different algorithm similar to the human operations for a

base ten arithmetic operation (addition, subtraction, multipliica-
tion and division).

Using sign plus two's complement or sign plus one's complement,

the same binary arithmetic operations can be applied to the sign
bit that are used for the other bits in the number. Thus, increas-
ing operational speed and minimizing specialized hardware.

Sign plus magnitude and sign plus two's complement representations
are briefly introduced for use in ALU bit-slice manipulations.

ADVANCED MICRO DEVICES 1
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NUMBER REPRESENTATIONS (CONT'D)

. Sign bit coding for all representations is:
- sign bit is @ if number is positive
-~ sign bit is 1 if number is negative
) Sign plus magnitude representation
- The value to the right of the sign bit is the

absolute magnitude value of the number

Examples using an eight-bit register:

+670 = 00000110,
~61p = 10000110,
#1379 = 00001101,

-11y4 = 10001011,

® The range of sign plus magnitude represented numbers is

- largest positive number - 011...111

- largest negative number -~ 111...111

- zero (double representation) - 0000...000

1000...000

ADVYANCED MICRO DEVICES &1
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]

ED2900A 2-1140

NUMBER REPRESENTATION (CONT'D)

Sign plus two's complement representation

For positive numbers, this representation is identical to
that for sign plus magnitude, i.e.

+740 = 00000111,

For negative numbers, the bits following the sign bit are
the two's complement of the magnitude of the number. The
two's compliement of a number is found by reversing {toggle)
the 1's and @'s of the magnitude (one's complement) and
adding 1 in the LSB location. For example, using an eight-
bit register:

~610°
magnitude 610 = 00001102
one's complement = 1111001,
two's complement = 11110102'

-670 = 11111010,

The range of (sign plus) two's complement represented
numbers 1is:

- largest positive number - 0111...111

- largest negative number - 1000...000

- zero (single) - 0000...000

A1l AMD ALU's currently use sign plus two's complement
notation as their primary representation.

ADVANCED MICRO DEVICES O
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SIGN MAGNITUDE TO/FROM TWO'S COMPLEMENT CONVERSION

. Word to be converted placed on S-Port of ALU
~ RAM B

-~ DB input

° Carry-in = 71 by connecting Z pin to carry-in

0 Z is sign bit - indicates positive or negative number

° Overflow if number is largest negative number

<B> + Cin if Z

&
-
i
ii
-

<B> + Cin if 7 :

@
-1
1l
11}
i

®  YgMSS = (S3 ¥ F3)MSS

ADVANCED MICRO DEVICES 1
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L e

EXAMPLES
1 B = 10001010 sign magnitude for -10
Z =1 therefore
B = 01110101 except F3 ¥ S3 - Y3 of MSS
11110101 gv1->1
+Cn = 1 add 1 since 2 = 1
11110116
check:
-128 + 64 + 32 +16+0+4+2+0=10
2. 11110110 two's complement for -10
Z = 1 therefore
B = 00001001 except for Y3 of MSS
10001001
+C,, = 1 add 1
10001010 Voila!

ADVANCED MICRO DEVICES <1
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ED2900A 2-1170

EXAMPLE MICROCODE

2910 SOURCE FUNCT DEST RA RB Cin
CONT RAMAB SPECL  SGNTWO # R@ VA
TWO'S COMPLEMENT
Fe[B) +CaitZ=0
F={B] +CpitZ=1 F-v.8 HOLD O
Y3 MSS = (S5 F3) MSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
| 0104 Qi0, Qi0, Qi0, Q104 010, Qio, 010y e
] Cpea
'B)* 10004 ¢+ 0 ~e——{ OVR Am2903/29203 Am2903/29203 Am2903/29203 C,
Am2903/29203
— 510, . 810, 5105 $10p 510, 2 $10q 5103 5 S104 ——:—
§3 mss %

ADVANCED MICRO DEVICES &1
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ED2900A 2-1180

INCREMENT BY 1 OR 2

Although it is possible to increment by 1 without going to
a special function, it is not possible to increment by 2.

In a byte-addressable memory both byte addressing and word
addressing capability may be desirable.

byte addressing: <R@> <—- <R + 1

word addressing: <PC> <== <PC> + 2

The special function "INCRMNT" provides this capability.

4 INCRMNT F=S+1-Cin

2910 SOURCE FUNCT DEST RA RB Cin

——— " o " o . 4 o P - Y G - — - - - T — - - o

CONT RAMAB SPECL  INCRMNT # R1 one

ADVANCED MICRO DEVICES {1
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INCR 1 or 2

F=[B]+1+Cn,  F-Y,B HOLD Q
Qi0, a0, alo, alog
~——21C .4
~— owvr Am2903/29203
Am2903/29203
emmmnad N}
——1si0; $104 5104 §10,

Qlog Qlog
Am?2903/29203
$103 $10q

Qiog aiog

Am2903/29203 Cn

sio $I0g
P2

et 1/0

ALU

DESTINATION

B+1+Cy

LOAD RAM

061l1-¢

V006203

0611-¢
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MULTIPLICATION

ADVANCED MICRO DEVICES &1
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MULTIPLICATION
B XA UNSIGNED BINARY
77 1001101
X 11 *0001011
847 10011019 IN FIRST POSITION
1001101
ooooooo‘k"‘-‘ IN SECOND POSITION
1001101
0000000 IN FOURTH POSITION
0000000
0000000
0001101001111 512
T TIT] 256
WEIGHT ———p &Y 5921 64
8
L
2
1
847

ADVANCED MICRO DEVICES <1
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RULES (MANUAL OPERATION):

° For each 1 in multiplier B, add the multiplicand A shifted
to align its LSB with the 1 of B.

) For each @ in multiplier B, add zeros, also aligned.

° The result of an N x N multiply is 2N bits long.

ADVANCED MICRO DEVICES &1
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MULTIPLICATION

TWO'S COMPLEMENT - "METHOD OF FLORES"

Case #1

BXA B positive A positive

° The same algorithm as unsigned multiply

ADVANCED MICRO DEVICES &1
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TWO'S COMPLEMENT - METHOD OF FLORES (Cont'd)

Case #2

BXA B positive A negative

S
1.10011

*0.01011

1.1111110011
1.1111100110
0.0000000000
1.1110011000

0.0000000000

1.1101110001

ignore Cout

) Rules
- expand A to 2N in length:
A =1.1111110011
- proceed as for unsigned multiply

- use sign bit of A as MSB for first partial product

ADVANCED MICRO DEVICES <1
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(MULTIPLICATION (CONT'D)

o]
1>
|

B NEGATIVE A POSITIVE

0.01101
1.10101
0.0000001101
0.0000000000
0.0000110100
0.0000000000

0.0011010000

0.0100010001

correction 1.10011

o ——— o oy -

1.1101110001 result

® Rules:

- Multiply directly as for unsigned.

- Form correction at end by adding two's complement of
A to the result.

ADVANCED MICRO DEVICES 1
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MULTIPLICATION (CONT'D)

[[as]
3¢
>

B NEGATIVE A NEGATIVE

1.10011

1.10101

—— v o o o

1.1111110011
0.0000000000
1.1111001100
0.0000000000
1.1100110000

- o v o o > ———

correction 0.01101

- - L 2o e e o e o o

0.0010001111 result

® Rules:

- Expand A to 2N in length.

- Proceed as for B negative and A positive.

ADVANCED MICRO DEVICES <1
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EXAMINATION OF THE FOUR CASES SHOWS THE COMMON PATTERN FOR THE

MULTIPLY ALGORITHM:

[ Expand A, left bits depend upon sign bit of A.

® Multiply by adding A or @ to running sum (partial
product) depending upon LSB in B.

0 "Correct" result using two's complement of A
depending upon sign bit of B.

Therefore:

. The bits of B must be accessible.

® A method of conditional insert for left-most bits is needed.

e A source for conditional operand (A or @) is needed.

ADVANCED MICRO DEVICES {1
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Am2901 MULTIPLY ALGORITHM

® Clear RB

° Load multiplicand into Ry

() Load multiplier into Q

° LSB shifted out of Q

Qour setects Rg <-- Rg + @
or RKB (== RB + RA
F3 ¥ OVR
o Shift RB,Q down —— l -————T B S

] LSB of RB input to MSB of Q

® F3 ¥ OVR into MSB of RB

to generate the proper conditional insert for the left-most bits

ADVANCED MICRO DEVICES &1
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An2901 MULTIPLY ALGORITHM (CONT'D)

0 LAST Q,,t 15 sign of multiplier

Qout selects RB {== RB

or RB {-=- RB - RA

° Shift RB down

) The result is in RB and Q

ADVANCED MICRO DEVICES &\
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ED2900A

Am2901

Multiply Functional Diagram

RAM REGISTER A

MULTIPLICAND

RAM REGISTER B

2-1310

REGISTER Q

PARTIAL PRODUCT

MULTIPLIER

LOGIC
S
ADD/PASS
ALU CONTROL
LOGIC
F

ADVANCED MICRO DEVICES <1
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L2 SIDIAIA OWIW AIINVAAY

0 D D D
Ts s Ta s
Q3 Qg Q3 Qg Q Q Q Qo l
’D~ RAM, RAM, RAM; RAM, RAM, RAM RAM, RAM,q
Cout
Chsa Cn Ch+a Ca Chra Ch Chea Ca —
Vee Am2501 Am2301 Am2901 Am2901 Low
Fy —F —]F —1F
47000 OVA —Jlova —ovn ——ova
F=0 F=0 F=0 F=0
z
| 1 I I
- L L~ - 60
Ts 4E Ta Te
L=a
Voo MuXx
SEL. I
L L M 1
Ta ? 4 Ta To |V _-—
RAMy = F3¥% Cnys ¥Cnesg Y Y Y Y
= Fy¥ OVAR / s
Q I ADD 1,1
0 1 2°0 MULTIPLY ALGORITHM 8 h
SELECTS 1,; ADDS £ <
0 1 |B+0 |01 DELAY TO SYSTEM 4
1 0 |B+a o1

SPECIFIC INTERCONNECTIONS FOR

16 BIT MULTIPLY - RIPPLE CARRY

V006203

02¢€1-¢
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Am2903/Am29203 MULTIPLY ALGORITHM

® The Am2903/Am29203 improves this operation by providing
internally what had to be added externally to the Am2901.

UNSIGNED MULTIPLY:

o Initially Ry=0 (B ADR, and Ry)

® Multiplicand in Ry (A ADR, any Ra)

° Multiplier in R, (any R;y)

° Transfer Ry -==—- > Q

° Execute unsigned multiply 16 times (counter = 15)

® 17 microcycles as shown (assuming all registers except
Q initialized and result left in Rg and Q)

ADVANCED MICRO DEVICES {1
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Fe=([B] +CpifZ=0
Fa[B] +[A] +CpqifZ=1

Am29203/2903

UNSIGNED MULTIPLY (16x16)

Log. F/2+Y,B o/2+Q

DEVICE 4 DEVICE 3 DEVICE 2
Qi0, alo, Q03 aio, a0y a0,
=] Cn+a
e} 0VHAm2903/29203 Am2903/29203 Am2903/29203
et N
X (Note) ——=| 510, $10q slog . sio sio . siog

DEVICE 1

10, Q10g
Am2903/29203 C,,

Si0g 2 §10q

Qs

Note: For unsigned multiply, Cp + 4 MSS is internally shifted into position Y3 MSS; 2's complement muitiply N¥ OVR

is internally shifted into position Y3 MSS.

ALU

Qo LSS internally routed to Z lines

DESTINATION

Szin MSS

PASS
A+3B

F/2 - RAM; Q72 = @

INTERNAL
OPERATION

CN+4

ovel-¢

V006203

ovel-¢
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MULTIPLY
START
Multiplicand in R4 START
Multiplier in R?_
]
15 —CTR
N
|
UNSIGNED
MULTIPLY

DECREMENT CTR

COUNT = 0?

END
Product (MS) in By
Product (LS) in Q
Multiplicand in R4
Multiplier in Ry

ADYANCED MICRO DEVICES {1
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Am2903/Am29203
UNSIGNED MULTIPLY

. The flow chart for unsigned multiply is given on the facing
page. The code (using Am2910 and Am2903/Am29203) would be:

addr 2910 COND BRCH SRCE FUNC DEST RA  RB  Cin OEy Ten ROTATE
INST MUX CNTR A L U ADDR ADDR CONNECTIONS

- S - " . o s o S ¢ e L > S - T - " - G W Y S S - ——— " - —

n LOCT # 15 RAMAB INCRR LOADQ Ri # LOW # EN #
N+l RPCT # n+l LOW SPECL MULT Ra Rb LOW EN EN SIO@ TO QIO3

This equates to:

n Load Q register with multipier
Load 2910 counter with 15

(One less than actual count)

n+l Perform special function 15 times

Result is in Rb and Q

ADVANCED MICRO DEVICES &1
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“

Am2903/29203 THO'S COMPLEMENT MULTIPLY ALGORITHM:

The flowchart for a 16-bit two's complement multiply is on the
following page.

® The multiplier must be loaded into the Q register.

- The flowchart shows register R2 -> Q
- The code shows any register Ri

- Your code would match your application!
® The multiplicand must be in another register.

- The flowchart shows register R1

- The code shows any register Ra

° The result ends up in a RAM register (MSH) and the Q register
(LSH).

- The flowchart shows register RO

- The code shows any register Rb

ADVANCED MICRO DEVICES 1
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START
0in R

ED2900A

TWO'S COMPLEMENT MULTIPLY

Multiplier in Rz

2-1380

14 —CTR

|

MULTIPLY
DECREMENT CTR

2's COMPLEMENT

END

COUNT = 0?

2's COMPLEMENT
MULTIPLY
LAST CYCLE

Product (MS) in Rg
Product (LS) in Q
Multiplicand in R4
Multiplier in Ry

ADVYANCED MICRO DEVICES <1
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TWO'S COMPLEMENT MULTIPLY (CONT'D)

® The interconnection for two's complement multiply is the
same as for unsigned multiply, except for the last step
(the "correction" step).

® For unsigned multiply Cn+4 is internally shifted into
Y3 of the MSS.

® For two's complement multiply N ¥ OVR is internally
shifted into Y3 of the MSS.

e The code is:

addr 2910 COND BRCH SRCE FUNC DEST RA RB Cin OEy Ten ROTATE
INST MUX CNTR A L Uy ADDR ADDR CONNECTIONS

S > At > o O A il G T T T W ol U B T Py S S e e Vo B S 0 " - S v [ S o T . - ke - S - -

n LDCT # 14 RAMAB INCRR LOADQ Ri # LOW # EN #
ntl RPCT # n+l LOW SPECL TWOMULT Ra Rb LOW EN EN SIOO TO QIO3
ntl CONT # # LOW  SPECL TWOLAST Ra Rb Z EN EN "

ADVANCED MICRO DEVICES &1
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TWO'S COMPLEMENT MULTIPLY (Cont'd)

® Algorithm

FUNCTION Cy Z ALY DESTINATION S5 1n MSS
L PASS

MULTIPLY L DOWN SHIFTS INTERNAL
H A+B OPERATION

L PASS F/2 => RAM; 2/2 -> Q SIGN + OVR
LAST STEP Z

ADVANCED MICRO DEVICES <1
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Am2903 CLASS EXERCISE

(] Multiply Rl by R2

(') Put result in R3 and R4

° Use two's complement multiply with Am2903

ADVANCED MICRO DEVICES
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S

SOLUTION

2910 CND BRCH A L u RA  RB
ADDR INST MUX CNTR SRCE FUNCT DEST ADDR ADDR CIN OEY TEN ROT

1 CONT # # RAMAB LOW  RAM # R3 LOW EN EN #
2 LDCT # 14 - RAMAQ INCRR LOADQ R2 # LOW # EN #

3 RPCT # 3 LOW SPECL TWOMULT R1 R3 LOW EN EN SIOIO-
QIo3

4 CONT # # LOW SPECL TWOLAST R1 R3 Z EN EN SI0O-
QIO03

5 CONT # # RAMAQ INCRS  RAM # R4 LOWEN EN #

ADVANCED MICRO DEVICES &1
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SINGLE LENGTH NORMALIZE

ADVANCED MICRO DEVICES
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SINGLE LENGTH/DOUBLE LENGTH NORMALIZE

° Normalization is a technique for referencing a floating
point number to a fixed radix (binary) point.

. Used in fixed to floating point conversion.

[ Double length normalize requires an extra microcycle per
loop or an external counter to shift exponent count.

L) Example:
0.0031 x 10° = 0.3100 x 103 (base 10)
0.0011 x 27 = 0.1100 x 25 (base 2)

® For binary numbers, the normalization technique consists of
shifting the mantissa left until the two bits immediately
adjacent to the binary point are of opposite polarity.

ADVANCED MICRO DEVICES &1
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NORMALIZE ALGORITHM

L) Shift left (zero fi11) until Q, (MSB) # Qp-q-

o Increment exponent register for each shift. This approach
counts shifts. This value must be subtracted from the actual
exponent value for the proper representation.

ADVANCED MICRO DEVICES 1
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Q REGISTER

Q REGISTER

RADIX

15!14 13 12111 10 9 817 6 b5 2 1 0
0 0101011 1 1 1 1 010 011 1
MSS LSS

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1

a) Unnormalized Positive Number.

RADIX

15914 13 1211 10 9 8|7 6 5 2 1 0
ol111l1l1l1lo]of1}lo]o olo]o
MSS LSS

b) Normalized Positive Number.

09v1-2

V006203

09v1-¢
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QREGISTER| 1|1 |1]1]ofjojojofjo]1|1|jO}j1|1}{0O}1

15V14131211109876543210

MSS LSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1

a) Unnormalized Negative Single Length Number.

15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

QREGISTER1000001101101000

b) Normalized Negative Single Length Number.

0Lv1-2

V006203

0Lv1-2
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L -

Am2903 SINGLE LENGTH NORMALIZE (SLN)

Set up:
® Define exponent register.

® Put unnormalized number into Q.

Operation:

® When SLN is executed
- Q is shifted left one bit
- Zero is loaded into Qg
= Ch4g = Q3 ¥ Qy (MSS)
- OVR =0Q, ¥Q (MSS)
Z=1 if Q=@ (cannot normalize)

<B> + Cy -> <B> (use for exponent)

ADVANCED MICRO DEVICES {1
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Qg Mss ~——1 QI0,

035‘02 MSS ]
02VQ1 MSS ]

Q3Mss =——— N

——i

Cn+s

OVR

si0,

F=[B] +Cp, F-Y.8 20-+Q
Qigg Qi0, Qio,
Am2903/29203
Am2903/29203
Si0g 10, S10,
4

Bo+8yees,

Qio, aro,
Am2903/29203

SIO. SIO,
3 z 0

Qio, aio,
Am2903/29203 Cp

Sio SI0,
3 z 0

+5

06v1-¢

V006203

06v1-2
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SINGLE LENGTH NORMALIZE

START )

NUMBER TO NORMALIZE-Q

i

EXEC S.L. NORMALIZE
INST EN = H

CLR EXPONENT REG

‘\\\\\\\ HO

GENERAL CASE

|
Y

EXEC S.L, NORMALIZE

EXP<EXP + 1

EXEC S.L. NORMALIZE
EXP+EXP + 1

Ms = MACRO SIGN BIT STATUS REGISTER

0072 0yMg
EXPEXP-1

END

0061-¢

V006203

00491-¢
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ALGORITHM EXPLANATION

1. Number must be in Q for Am2903/29203.

2. Cannot normalize a zero. With IEN = high, execute SLN
and store condition codes on this step only.

3. If result of 2 is zero, abort.

4, If already normalized, quit. Test result of step 2.
Don't latch codes while clearing exponent register.

5. Again test result of Step 2 to see if one shift will
normalize the number. Simultaneously shift with SLN.
If TEST = TRUE, we are done.

6. Continue to test and shift until done. Because we execute
the shift and test simultaneously, we in fact execute one
more shift than we require.

7. Correction step. Downshift and restore sign bit from
condition code register. Decrement exponent. This
requires two microcycles.

ADVANCED MICRO DEVICES
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SINGLE LENGTH NORMALIZE TIMING FLOW

Chsq 92
OVR 0,80,

STATUS:
STZ
STcn+4
STOVR

G

LOAD/CONT
N>Q

ALU/2910

o +H O O O

0

@

SLN/CONT
DIS

o O

-~ O

€

NOP/CJP ON
Z

0*

CLEAR/CJP ON
RAM /Cn_*_4

§ _

o O O B O O
o

0
0*

&

SLN/CJP ON
EN / OVR

Z ON CURRENT
cn+4 Q not

OVR NEW ONE

0*

0261-¢

V006203

0241-2
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P40
2,0
g0
ol
Z0
G0
Oy 0
STATUS: |

0
0*
10

TIMING FLOW (COVT )

S I

SHIFT occuUrs |° 0 L
ON CLOCK |0 1 0
PULSE
/ 1 0 0
0 0 0
\z 0
X
0 X
0 0 0
0 0 0
M 0 1
o* \] * X c:)
SLNI cJP ON LN/CJP ON Q/2 »Q
EN IOVR OVR Sign —»Q,

(There during
SLN execute)

/STOP

NORMALIZED BUT
SYSTEM DOESN'T
KNOW IT YET

THIS SAYS STOP BUT
OVERSHIFT ALREADY IN
PROCESS

BRANCH TO 'BACK UP'
TO GET RESULT

© O M O

DECR EXP

0€61-¢

V006203
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SINGLE LENGTH NORMALIZE MICROCODE

2910 CND BRCH A L u STORE
INST MUX CNTR SRCE FUNCT DEST RA RB Cin OEY TEN ROT STATUS COMMENT

1 CONT # # RAMAQ INCRR LOADQ Ra # LOW OFF EN # NO LOAD Q
2 CONT # # RAMAB SPECL SLN # # LOW OFF OFF # YES DO SLN
3 CJP ZERO ABORT # # # # # # OFF OFF # NO ZERO ?
4 CJP CARY DONE RAMAQ LOW RAM # Rb LOW EN EN # NO CLR REG/DONE?
5 CJP OVR DONE RAMAB SPECL SLN # Rb ONE EN EN 0-Q0 YES DO SLN
6 CJP OVR 6 RAMAB SPECL SLN # Rb ONE EN EN 0-Q0 YES DO SLN

7 CONT # # # # QD # # LOW OFF EN SIGN- NO DOWN SHIFT
T0-Q3

8 CONT # # RAMAB SPECL DECRMNT # Rb ONE EN EN # NO DECR
EXPONENT
USING
SPECIAL
FUNCTION

ADVANCED MICRO DEVICES {1
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Am2903 DOUBLE LENGTH NORMALIZE (DLN)

Set-up:

) MSH in RAM for B data out

[ LSH in Q

® Define exponent register

ADVANCED MICRO DEVICES 1
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?ﬂﬁi‘
1| NUMBER TO NORMALIZE-Q

G

EXEC S.L. NORMALIZE
INST EN = H

NO

RESET E;N s Low

4 CLR EXPONENT REG

‘\\\\\\\ 0

EXEC S.L, NORMALIZE
EXP-CXP + 1

EXCC S.L. NORMALIZE
EXP<EXP + 1

Q,00,=1

MS = MACRO SIGN BIT STATUS REGISTER

SN

02 0N
EXPEXP-1

Enp

0961-¢

V006203

0941-¢
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(F3¥Fp) MSS s

F=[B] +Cn, Log. 2F+Y,B 20-Q
Q, MSs

Q10,4 QI0, Ql04 0100 Qio, Q10 QlO3 QIOD ——]
Ch+a

fF2V Fy) MSS ~a——ud OVR Am2903/29203 Am2903/29203 Am2903/29203 Cp, j-e=——— 0

3 Am2903/29203
;3 MSS —ad N
5104 510 5104 $10, 5104 $10, 510, $10p [=—
4 +

Fo.?,..?n. -do. 61.06"

04G91~¢

V006203

0£61~¢




DOUBLE LENGTH NORMALIZE - GENERAL CASE

|
CSED ;

* gXEB DBL NORMALIZE
LSH NUMBER TO HORMALIZE*Q 0~

Y NO |
EXFCUTE, DEL NORMALIZE F,oF,=1
ST EN = H

Vo REG. CHANGE Y
SETS v ™ S7TATYUS YES

(exT'. TO© 2703) 8 INCR EXP REG

Doy ’7 ClocK

ol —— STMTUS

RESET Lgp=40%

CLR EXPONENT REG A | V.

/F3®F2=1 (e la+an ryems

F <« Fra,

NO

N

INCR EXP REG

1

£YEC DBL NORMALIZE
0,=0

17 SADIAIA OWIW AIDINVAAY

N0
YES

F2$Fl=

08s1-¢

V006203
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Am29203

SPECIAL FUNCTIONS

ADVANCED MICRO DEVICES <1
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Am29203 SPECIAL FUNCTIONS

The Am29203 will include all of the special fu
Am2903 plus:

¢ Decrement by 1 or 2

e Single cycle BCD add

e Single cycle BCD subtracts

R-S

S-R

e BCD --> binary conversion

e Binary --> BCD conversion

e BCD divide by two adjust (performed after a

2-1600

nctions on the

downshift)

ADYANCED MICRO DEVICES {1
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ED2900A

Am29203

SPECIAL FUNCTIONS (Note 7)

2-1610

SIO.
3 QReg &
(Hex) (Hex) Special ALU Shifter | MostSig | Other ) Shifter
lglz7lgls Iy Ialatslp Function ALU Function Function Slice Slices | SIQg Function | QIO; [ QI0g | WRITE
. ! F=S+ChZ=L LogF/2 —» Y -
0 L 0 Unsigned Multiply FeR+S+CyllZ=H (Note 1) 4 Input Fo LogQ/2-+Q | input Qg L
BCD to Binary L .Y 1 F -
1 L 0 Conversion {Note 4) og F/2 Input nput 0 N LogQ/i2 - Q Input Qg L
Multiprecision 4 Log Fl2— Y Input input F
1 H 0 BCD to Binary {Note 4) og - npuf npuf 0 Hold z Qg L
Two's Complement F=S+ChitZ=L LogF/2 — Y LogQ2—Q
2 L 0 Muttiply F~R+S§+CqifZ=H (Note 2) z Input Fo Input | Qo t
Decrement by -8 - .
3 L 0 Ore of Two F=8-2+Cy Fa Y z z Parity Hold z z L
Increment by - -
4 L 0 One of Two S+1+Cp FoY Input input Parity Hold r4 z L
SigrvMagnitude FeS+ChitZ=L F +Y
5 t 0 Two's Complement | F =8+ CqitZ=H (Note 3) tnput nput | - Parity Hold z |z t
Two's Complement F=8S+ChifZ=1L LogF/i2 - Y o
6 L ° Multiply, Last Cycle | F=S8~R-1+CpitZ=H (Note 2) z nput | Fo | LogQi2-+Q | Input | Qo t
BCD Divide )
4 F- P H
7 L 0 by Two (Note 4) Y z z arity old b4 z L
Single Length ~ N B
8 L 0 Normalize F~S+Cp FoaY Fa Fg z Log20+Q | Q3 [ tnput L
Binary to BCD - —
9 L 0 Conversion (Note 5) Log2F — Y Fay F3 Input Log2Q— Q Q3 Input L
Multiprecision
F -
9 H 0 Binary to BCD (Note 5) Log 2 Y Fq F3 Input Hold ¥4 Input L
Double Length
A L 0 Normalize and First F=8+Cp, Log2F — Y Ra v F3 Fa Input Log2Q - Q Q3 Input L
Divide Op
B L 0 BCD Add F=R+8+CqBCO Foyvy 0 0 z Hold z z L
(Note 6)
Two's Complement F=8+R+ChitZ=1L Eo - .
C L 0 Divide F=S-R-1+CpilZ=H Log 2 Y Ry ¥ F Fa input Log2Q -+ Q Q3 Input t
0 L 0. | BCDSubtract F-R §-1+CphBCO Foa Y 0 0 z Hold z z L
P (Note 6) » o e - - -
Two's Complement _ Co
E L 0 Divide Correction F - S+R+Cyifz iy L F—-Y Fa3 F3 z Log2Q - Q Qz | Input L
! F=8-R-1+CpifZ=H
. and Remainder .
. [ S
F L 0 BCD Subtract F-S R-1+CyBCD Fos Y 0 0 z Hold z b4 L
(Note 6)
Notes: 1. Atthe most significant slice only, the C, ;. 4 signal is internally gated to the Y3 output.
2. At the most significant slice only, F3 ¥ OVR is internally gated to the Y3 output.
3. Atthe most significant slice only, Sg v F3 is generated at the Y3 output.
4. On each slice, F = S if magnitude of Sg .. 3 is less than 8 and F = S minus 3 if magnitude of Sq-. 3 is 8 or greater.
5. On each slice, F = S if magnitude of Sg_ 3 is less than 5 and F = S plus 3 if magnitude of Sg .3 is 5 or greater. Addition is module 16.
6. Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format.
7. The Q Register cannot be used explicitly as an operand for any Speciat Functions. It is defined implicitly within the functions.
L = LOW Hi-Z = High Impedance
H = HIGH = Exclusive OR
X = Don't Care Parity = SIO3 ¥ F3 ¥ Fo ¥ Fy ¥ Fg

ADVANCED MICRO DEVICES 1
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DECREMENT by 1 or 2

) It is not possible to decrement by 1 or 2 without going to a
special function except by storing "1" or "2" in a register.

® In a byte-addressable memory both byte addressing and word
addressing capability is desirable. For addess decrement
(e.g. stack operations).

® Byte addressing: R@> <—= <R@> -1

® Word addressing: {SP> {~-- <SP> - 2

s The special function "DECRMNT" provides this capability.

0 4 DECRMNT F=S58-24%+Cin
2910 SOURCE FUNCT DEST RA RB Cin
CONT RAMAB SPECL DECRMNT # R2 ONE

ADVANCED MICRO DEVICES o1
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BINARY/BCD CONVERSION

® BCO number is always in a specified RAM register
° Binary number is always in the Q-register
° SIO¢ is connected to QIO
@ SIOQ is connected to QIO0,
® For binary to BCD:
- Binary number must not exceed BCD value
- Binary number is loaded into Q and Ra is cleared

- BIN-to-BCD is executed N times for an N-bit number

2910 CND BRCH A L U
INST MUX CNTR SRCE FUNCT  DEST RA RB Cin ROT COMMENT

- 000 B T - - 1~ = = — . 4 o Tary R A S o P N T " S M > s S W v o Y

1 LDCT # 15 RAMAQ INCRR LOADQ RA # LOW # PUT BINARY IN Q
2 CONT # # RAMAQ LOW RAM # Rb LOW # CLEAR RAM Rb

3 RPCT # 3 RAMAB SPECL BIN.BCD # Rb LOW Q3-SO PERFORM CONVERSION

ADVANCED MICRO DEVICES 1
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BINARY/BCD CONVERSION (cont)

) For BCD to binary:
- BCD number is loaded into Ra, Q is cleared
- Ra and Q are downshifted one bit (a precorrection step)

- BCD-to-BIN 1s executed N-1 times for an N-bit number

2910 CND BRCH A L V]
INST MUX CNTR SRCE FUNCT DEST RA RB Cin ROT COMMENT

- — T = T " Y T R W S T G T S S S S G S O S e T > e W S o e AP e Qa6

1 CONT # # RAMAQ LOW  LOADQ # # LOW # CLEAR Q
2 LDCT # 14 RAMAQ INCRR RAMQDL Ra # LOW #  INITIAL DOWNSHIFT

3RPCT # 3 RAMAB SPECL BCD.BIN # Ra LOW S0-Q3 PERFORM CONVERSION

ADYANCED MICRO DEVICES {1
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BINARY TO BCD

START

ED2900A 2-1650
I

REGISTERS
LOADED

BIN - BCD

YES

( FINISH

-
S

~ DO N TIMES

Microcode Flow Chart of BCD Conversion

BCD TO BINARY
REGISTERS
START LOADED

F/2+F Q/2-+Q.

44

BCD + BIN

DO N-1 TIMES

YES

FINISH
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BCD CONVERSIONS

RAM REGISTER

BCD NUMBER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BINARY NUMBER
15 1413 12211 10 9 8 7 6 5 4 3 2 10
Q REGISTER

0991-2

V006203

0991-¢
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BINARY TO BCD

CONVERSION

B IO e R N i B OO R D
CN+4 SO “ 83 30 ' 53 SO 3 0
OVR 7 7 ; ;
- Ao Vee
RAM = ZERO
ALU DESTINATION
BIN
70 2F — RAM; 20 — @
BCD

0£91-2

V006203

0/91-2



12 SIDIAIA OWIW GIINVAQY

BCD TO BINARY

jSs LSS
S
0 |— S5 S S5 Sy—e153 S5
% % U 010 o
z Z Z Z
Q = ZERO %
cc
ALY DESTINATION
BCD
T0 F/2 - RAM; 072 > Q
BIN
CONVERS 10K

0891-¢

V006203

0891-¢
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ED2900A

2-1690

SIGNIFICANT SPEED IMPROVEMENT ON Am2903

ADDRESS TO 6,P
CN 70 Z

ADDRESS T0O Z

ADD CYCLE TIME

LOGIC CYCLE TIME

Am2903
(MIL MAX)

84
65

126

181

152

Am2903A
(PROJECTED MIL
MAX) %FASTER
57 32%
40 38%
75 41%
129 29%
100 34%

ADVANCED MICRO DEVICES &1
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ADVANCED MICRO DEVICES 01
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EXPANDED MEMORY
FOR

ALU REGISTER EXPANSION

ADVANCED MICRO DEVICES 1
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EXPANDED MEMORY

® The Am2901, Am2903 and Am29203 each contains only 16
scratchpad registers plus the Q register.

® Some applications require more than 17 registers.

° The Am2903 and the Am29203 register set can easily be expanded.

- Use the Am29705 RAM with the Am2903

- Use the Am29707 RAM with the Am29203

ADVANCED MICRO DEVICES &1



2-1730 ED2900A 2-1730

Am29705

ADVANCED MICRO DEVICES ot
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Am29705

16-WORD BY 4-BIT, 2-PORT RAM

® Distinctive characteristics

Two output ports with latches (Buffers)

Separate data input port

t

Non-inverting data

Independent three-state outputs

Configurable in either “transparent” or "edge triggered"
mode.

Designed for Am2903 register expansion

ADVANCED MICRO DEVICES 1
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Am29705%
DATA IN
A ‘ 16 x4 B
ADDRESS — | RAM ADDRESS
A OUT WE B OUT
|
WET—\
WE 2 —d_/ v
LATCH LATCH
LE
~——0E-B
YB

ADVANCED MICRO DEVICES {1
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Am2903 - Data Bus Cascading

<r DATA_BUS >

IN LE jstro—
AM29705 WElw— ¢
—a-—JA-OUT B-0UT
y
IN L_E-'.
AmM29705 WE |
p—-—1 0 -0OUT B-OUT }—»—9
AmM2903 cP =
=p-IN - B-IN [
ouT
CLOCK

ADVANCED MICRO DEVICES &1
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e

Am2903 - RAM Address Cascading

OEB | -
A AM29705 5
»{ OEA 27104
E —
DECODER
(B-PORT
SOURCE)
204 %
OEB | 177—
DECODER ~{ A -
(A-PORT 29705 B ) Po 7 Bs
SELECT) ol =
OEA WE
)
-y
,4; 271004
po - AS{ - DECODER
y A (B-PORT
1 An2903 B | WRITE ENABLE)
Ea WE
WRITE £

TWO ADDRESS OPERATION

ADVANCED MICRO DEVICES 1
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ED2900A 2-1780

Am2903 SCRATCHPAD EXPANSION

Am2970% functionally identical to Am2903 registers

Am29715A PROM stores constants, masks

Five data busses shown

Three-address architecture shown

ADVANCED MICRO DEVICES &1
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Expanded Memory
T0 DA TO/FROM Y TO/FROM DB
Vd \-"k—-—\ T WE FOR
BUS ¢ BUS 2 sus3 cr BuUS 4 BUS S EXT DEST
! | TO EXTERNAL
- PROM ]
L,
PROM
—] Ay
Ag=4A3
Op-04
Cy cs
JL Am29751A
1
1
A RAM v
O OEA R OFB O
YA A Y8
e G]ﬁ
B
o
RAM s
Ojoea R Oes [
va A ve
e M @g__'
a 2903 =
] 5 oeB jO~
oa Am290] o8
cr we fO—
—Of 1En wRiTE JO-
llloooo O;RVJ' WRITE-> Lctoi 6 b o
AN ST orcaoen LA
cpﬁ' ¢
T T el |1 ] T LT T
R- - —-' E - - - - -
UEA CS EA A LOW ON A,B B C OEB IEN WE

ADDRESS STABLE
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e

Am29705A 16-WORD BY 4-BIT TWO PORT RAM

Am29705 Am29705A
Commercial maximum:
access time 53 30
LE to YA/YB 32 20
A-latch reset 35 20
address set up
before latch closes 45 15

ADVANCED MICRO DEVICES 01
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Am29707

ADVANCED MICRO DEVICES 1
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ED2900A

2-1820

Am29707

-- 28 Pin

A B
A b _—-—.*B
3 ADORESS . 16 WORD BY 4 BIT ’ ADDFESS 3
A,  DECODER . ' DECODER | By
. TWO PORT RAM .
A : . e B
° L}
. B
Ay g
A - PORT WE B - PORT
WE, L__c
WE, q ,
WE/ BLE L i
[ LE IE
ALE ‘L:>° A - DATA B - DATA
L 4-BIT 4-BIT
OER I of  LATCH LATCH oE k- ﬁ/,<} OE-B
YAy YA, YA, YA, Y8, YB, YB) 1B,

ADVANCED MICRO DEVICES <1
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ED2900A

2-1830

Dy

Y

Am29203 - Am29707

Dg

WE FOR
BUS 1 BUS 2 BUS3 ¢ BUS 4 BUS § EXT DEST
—0
PROM
— Ay
Ag-A3
Og-03
Am29751A
1
[
A pam ®
€A 0e8 o
YA YB
LE wE ( S
Am29707
[
a B
RAM
OEA o€s -
va ve
LE wE
Am29707
Am29203
A [}
—QO0E, [o11:R &
DA oe
cP wE O
F—-O 1EN WRITE O
oty J;
Q O] QO Q Q Q
QUAD 10F 4 1OF 4
OECODER s 2 DECODER DECODER
3
I I [ A~ Ag l ] ] I I —i I |
s TG R CP EN OFy SOURCE DESY 8, Bg, (A g
83 - By €3~ G
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CLASS EXERCISE

) Turn to the Am2903/Am29203 exercises in the ED2900A

Exercise and Laboratory Manual and do numbers 1 through
24.

Evaluation Board Experiments

] Do Am29203 laboratory exercises in Manual.

ADVANCED MICRO DEVICES &1
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e

Selecting the #1 Am2900
Microprocessor Slice

Do you need:
Greater than 16-bit word
length OR special or

predefined instruction set
OR high speed instruction
time (<1 usec)? ‘

Use an Am2900
Microprocessor

Advanced arithmetic capability
OR arithmetic and logical

shifting OR two data input
ports OR parity generation
R larger register tile?

Do you need:
BCD Arithmetic OR
exceptional byte handling
capability OR exceptional
1/0 architecture?

Use the Am29203,
the premier
Microprocessor Slice.

Use the Am2303 G

ADVANCED MICRO DEVICES &1
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ED2900A

2-1860

IM

TIMING COMPARISON
(GUARANTEED COMMERCIAL)

ADDRESS TO: 29018 2901C 2903 2903A/29203
Y 60 40 99 68
GP 50 37 81 52
F= 70 40 123 72
D TO:
Y 38 30 87 59
Cn+4 40 30 60 49
F= 48 38 111 65
I TO:
Y 51 35 71 64
F=@ 60 38 95 72

ADVANCED MICRO DEVICES <1
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SIMPLE COMPUTER SOLUTION

ADVANCED MICRO DEVICES o\
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INTRODUCTION TO INTERRUPTS

ADVANCED MICRO DEVICES &1
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INTERRUPTS

. An interrupt is a request for service by some device or
process, external to the CPU.

° An interrupt usually occurs asynchronously with respect to
the processor fetch-execute clock cycle (even though it may
be checked on a synchronous basis).

® An interrupt reguest is often identified by a one-bit signal,
similar to the ALU status lines. We will be primarily concerned
with this type of interrupt.

"o An interrupt may also be caused by particular processor
instructions (such as invalid opcodes, privileged instructions,
or system service calls) which decode to special microroutines
that behave l1ike interrupt routines.

® For interrupt support two specific AMD products are available:

- Am2913 Priority Interrupt Expander

- Am2914 Vectored Priority Interrupt Controller

® Only the Am2913 will be considered in this course.

ADVANCED MICRO DEVICES {1
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L

TYPES OF INTERRUPTS

. Intraprocessors

- within the processor

- asynchronous

zero divide

ALU overflow

invalid memory access
invalid instruction
privileged instruction

other status testing

[ ) Intrasystem

- within the system (outside the processor)

I/0 request CRT printer tape disk
memory parity error

DMA request

peripheral faijlure

power failure

ADVANCED MICRO DEVICES 1
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INTERRUPT TYPES (CONT'D)

° Executive (traps)

task request
hardware allocation
interprogram communication

supervisory program call

® Interprocessor - between two processors

data transfer

status transfer

ADVANCED MICRO DEVICES O
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“

INTERRUPT LEVELS

® In any computer or controller there are three levels at
which interrupts may be handled:

- Software level (also machine level or macro level)

visible and handled at the machine language level

- Firmware level (also microprogram level)

handled by microcode routines

~ Hardware level

handled by special purpose hardware

0 The same general interrupt-handling algorithm (process) is
used at all three levels.

Acknowledge inﬁerrupt

- Save current "state" of system

Service interrupt

Reinstate “"state" of system prior to interrupt

ADVANCED MICRO DEVICES <1
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° Software Level

Interrupts handled at a fixed place in the machine level
instruction cycle.

- Interrupts are usually handled during the main memory
fetch portion of the cycle (minimize storage of "“state").

- On detection of an interrupt a machine level interrupt
routine is activated and executed.

- On completion of the interrupt routine the original
machine program continues.

- Where nested interrupts are allowed, an interrupt routine
itself may be interrupted.
e Advantages
- Can be altered as needed via programming. Does not require
space in the microprogram memory.
e Disadvantages
- Slow

- Does require space in the program memory

ADVANCED MICRO DEVICES <1
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. Firmware Level

- Interrupts are handled at fixed places in the microprogram,
generally at the end of a microroutine or at a quiescent
point in the microroutine if it is very long.

- On detection of an interrupt, a microroutine is activated
with no alteration of the macroinstruction register.

- Nested interrupts may or may not be allowed depending upon
the microroutine.

- Where interrupts are handled and whether or not they are
allowed to be nested is under the control of the microprogrammer,

@ Advantages

- Faster than software routine

- Does not interrupt or alter machine program flow

® Disadvantages

- Requires space in the microprogram memory

ADVANCED MICRO DEVICES <1
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¢ Hardware Level

- Hardware-level interrupts are necessary when the response
must be in "fast" relative to the other implementation
Tevels.

- The system can be forced to immediately handle the unit
causing the interrupt request immediately.

® Advantages

- Speed - a key feature of this approach

[ Disadvantages

- More complex hardware

- More complex firmware

ADVANCED MICRO DEVICES <1
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INTERRUPT ARCHITECTURES

® There are many ways in which the interrupt request lines
from peripheral devices may be connected to the CPU. In
order to present the basic concepts of interrupts and to
examine the Am2913 and Am2914, only three basic forms need
to be considered.

1. A request line from each device is connected to the CPU.

2. A request line from each device is connected to the CPU,
and all lines are "ORed" together to form an "any device"

signal to indicate that one or more of the devices requires
service.

3. A request line from each device is connected to an inter-
rupt priority encoder. From the priority encoder a single
interrupt request line (indicating that one or more devices
need service) and an identifying code, called a vector
(indicating the highest priority device requesting service),
are connected to the CPU,

ADVANCED MICRO DEVICES O
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s

INTERRUPT REQUESTS

cPU
e AV
1/
INT REQ
CPU
INT REQ
PRIORITY ANY
ENCODER VECTOR CPU

INTERRUPT ARCHITECTURES

ADVANCED MICRO DEVICES &1
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INTERRUPT HANDLING STEPS (Algorithm)

Recognize interrupt
- Determine that an interrupt is pending
- Halt the currently running process

- Determine which device or process needs service

Save status
- Save the state of the system

- Usually includes registers that wil be used (overwritten)
by the service routine software

Service the interrupt

- Perform the service needed by the requesting device

Restore and return
- Restore the system state saved earlier

- Continue the running process from where it was
interrupted

ADVANCED MICRO DEVICES &1
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GENERAL INTERRUPT HANDLING TECHNIQUES

Periodically (usually just prior to instruction fetch) the
microprogram tests for interrupts by one of the following
techniques.

Polled interrupts

t

Check each device interrupt line to see if it needs
service.

The order in which devices are checked determines the
devices' priorities.

If available, check the ORed "any device" input first,
poll only if it 1s active.

Wastes time and micromemory.

Vectored interrupts
- Check the "any device" signal first.

- If any request is pending, read the coded vector
to determine which device is waiting.

- Faster, but requires priority encoder.

ADVANCED MICRO DEYVICES i1



2-2010 ED2900A 2-2010

IMPLEMENTATION OF INTERRUPT CONTROL

ADVANCED MICRO DEVICES o1
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SENSING THE REQUEST

® Two types of interrupts need to be considered

- Level signals

- Pulse signals

® Level signals (buffered/hold):

- Device request

- Status register output

° Pulse signals:

- CRT retrace

ADVANCED MICRO DEVICES &1
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ED2900A 2-2030

PULSE LATCHES AND SYNCHRONIZATION

Signals are synchronized with the system clock by using
them to set a clocked D flip-flop.

Pulse signals might be gone before the next clock pulse.
Thus pulse latching circuits must be used to hold the pulse.

The circuit on the next page shows a pulse latch with a
latch bypass for use with level signals.

The following page illustrates the fact that such a circuit
is required for each interrupt signal. Note that a different
pulse catching circuit is used.

ADVANCED MICRO DEVICES ¢
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'LATCH
:C_ o { LATCH BYPASS

\
Cp

REGISTER
INTERRUPT

INTERRUPT :
REQUEST _—D——é o I Q |—= REQUEST

(ACTIVE LOW) 7 TO SYSTEM
FROM SOMEWHERE

LATCH BYPASS = 0, PULSE CATCHER MODE
= 1, LEVEL FOLLOWER MODE
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Multiple (4) Interrupt Storage
—~ cLock
cP
D
INTERRUPT =
REGUEST 0 »—— CPCLR a - INTERRUPT 0
? 3 ", CLR"
~ N INTERRUPT 0
cP
D
INTERRUPT -
REQUEST 1 CcP a INTERRUPT 1
CLR CLR
Q ? , CLR
N INTERRUPT 1
CP
D
INTERRUPT
REQUEST 2 cp Q INTERRUPT 2
CLR CLR
t ? , CLR
- N INTERRUPT 2
cp
D
INTERRUPT =
REGUEST 3 cP o) —————— INTERRUPT 3

CLR

CLR

o~ CLR

| ®

"N INTERRUPT 3
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O

POLLED INTERRUPT IMPLEMENTATION

() Interrupt lines feed the condition code multiplexer.

° The microroutine selects each interrupt 1ine via the test
setect field of the microword.

® This approach is slow, since only one interrupt can be
tested per microword.

° The following microsubroutine, called at some regular point
in the machine cycle, illustrates this approach.

Next Test Branch
Address Address Select Address CCEN Other
INTER: CJs INT1 Routinel Enable

€Js INT2 Routine2 Enable

CJds INT3 Routine3 Enable

CJs INT4 Routine4d Enable

CRTN ## ## Disable

ADVANCED MICRO DEVICES 1
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\ LATCH BYPASS

rd

INT. REC. 0
e —————————— D
INT. REQ. 1
S —————— o
INT. REQ. 2
e ———— D
INT. REQ. 3
——tpt D)

EN

LATCH

CLR

Ce

Ce
D
D

REGISTER

D
D

CLR

!
- -
4

MUX

Sy, So

INSTRUCTION REGISTER

ccu

MEMORY
MAP

WHICH

SEQUENCER
BLOCK

Ce

PROM MEMORY

PIPELINE
REGISTER

Ce

[ p—

———

SYSTEM
CONTROL

0L0¢-2

V006203

0£02-¢
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ED2900A

2-2080

POLLED INTERRUPT WITH "ANY" REQUEST LINE IMPLEMENTATION

° Interrupt lines feed the condition code multiplexer.

® The microroutine can select any interrupt line via the test
select field of the microword.

. An additional MUX is used to select the "any" signal or the
individually selected signal.
handled both in this case.)

(An 8-input MUX could have

° The following microsubroutine, called at some regular point
jn the machine cycle, illustrates this approach.

® Speed is improved only when no interrupts are pending.

Next Test Any
Address Address Select Select
INTER:  CJS ## Any
(continue with normal cycle)
INTERT  CJdS INT1 Al
CJs INT2 All
CJs INT3 All
Cds INT4 A1l
CRTN ## ##

Branch
Address

Interl

Routinel

Routine?

Routine3

Routined
##

CCEN Other

Enable

Enable
Enable
Enable
Enable
Disable
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 LATCH BYPASS

7

EN
INT. REQ. 0
INT. REQ. 1
D ——ta s 1° )
INT. REQ. 2 LATCH
——————] D
INT. REQ. 3
——=] ()

CLR

Ce
Ce
D Q
) Q
' REGISTER
D a
D Qe
CLR

MUX

Sy, SO

INSTRUCTION REGISTER
ceu
ANY MEMORY
MAP
it
MUX SEQUENCER Ce
wHicH | S BLoCK

PROM MEMORY

PIPELINE
REGISTER

L

Cp
SYSTEM
CONTROL

0602-¢

V006203

06022
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VECTORED INTERRUPT IMPLEMENTATION

Add a priority encoder to identify which interrupt caused
the request.

The highest priority interrupt is encoded in binary.
For example:
The Am2913 providesv

- Active low input for 8 device request lines

- Three-bit encoded output identifying highest
priority request received

- "Any" request line output

ADVANCED MICRO DEVICES (1
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ACTIVE ( vy,
LowW

f———= A: ; WHICH

= ANY

—
—O
—
—_—O
Y3 __# Am2913
—q
—
—q
5
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5 A

Am2913 Logic Diagram

G,

Gy

Gg

Gy

Inputs Outputs

El Top Ty T, T3 T4 Ts Ts T2 | A0 AT Az EO
H X X X X X x X X|L L L H
L H HHHHHHHIL L L L a
L X X X X X X X L|H H H H Gl G2 G3 G4 G5 | Ap Ay A,
L X X X X X X L H|L H H H W n L L L | Ensblea
L X X X X X L H H|H L H H L ox x x x|z z z
L X X X X L H H H|L L H H x L x x xlz z =z
L X X X L H H H H|H H L H x x H X xlz z z
L X X L H H H H H|L H H x x x H x|z z 2z
L X L H H H H H H|H L v H x x x x wlz 2z 2z
L L H H H H H H H]L L L H

H = HIGH Voltage Level Z = HIGH Impedance

L = LOW Voltage Level
X =Don't Care
ForGq1=H,G2=H,G3=L,G4=L,Gg=1L
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POSITIONING THE PRIORITY ENCODER

ED2900A

2-2130

PULSE ':L%RUF:EUST PRIORITY
CATCHER REGISTER ENCODER
: ENCODED
e} ya
D Q /E D Q ,ﬁ 74 INTERRUPT
VECTOR
INTERRUPT
Requests 775 Op> CP D> ce
CLOCK
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VECTOR MAPPING PROM

On the detection of the "any" signal, branch to the
microroutine designated by the vector.

The same problem exists as existed with opcode decoding --
fewer bits in the vector than in the microword address.

- Could use the Tower micromemory addresses
(99@-111) for an interrupt jump table.

- Could use the vector as high order bits and
scatter the interrupt routines throughout
micromemory.

However, a vector mapping PROM is used with the opcode
mapping PROM.

Now on the detection of the "any" signal the microroutine
can branch to any address in micromemory via the vector map.
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INTERRUPTS

>—-—-—-—7/‘-——o LATCHES Q

CLR

ED2900A

O—/—={D REGISTERS Q

4

CLR

PRIORITY
ENCODER

INDEX
/

ARBITRATION
BLOCK

2-2150

INSTRUCTION REGISTER

MEMORY
MAP
o€
VECTOR ADDRESS
MAP TO
MICROROUTINE 12 | 12
42
TC c
. SEQUENCER P
OE i BLOCK
Q
ANY
PROGRAM
MEMORY
L
¢
PIPELINE Ce
—O€  geaisTER
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USING PRIORITY INTERRUPTS

. Several design alternatives are available at this point.

® The tri-state output enable signal for the vector
mapping PROM can come from efther of two places.

1. From the OE-VECT output on the Am2910 (or from
an Am29811 augmented by a decoder.)

2. From a bit in the microword. (May be faster,
but requires a wider microword.)

® The instruction for testing can be either CJS or CJVv.

1. CJS (Conditional Jump Subroutine) could perform
the actual jump to the particular routine only
if the vector map enable comes from the pipeline
and also disabled the Ot-pipeline from the Am2910.

2. CJV (Conditional Jump Vector) could perform the
actual jump to the particular routine for either
source of the vector map enable signal.
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OCCURRENCE OF
INTERRUPT REQUEST 1
PRIOR TO TEST

TEST FOR
OCCURRENCE OF
INTERRUPT REQUEST

AT SPECIFIC POINT

ED2900A

2-2170

Cv
MAIN
PROGRAM
( 50 ¢
51 ¢
52 ¢
<0 __»1 502 ADDRESS IS INTERRUPT
L 53 ¢ a”‘cﬁ - SOURCE DEPENDENT
oY _~
— ¢ 503
54é/
IF NO REQUEST — & 504
CONTINUE
55
% ® 505
)
56 ¢ &%, 705N
D S g
7’0 4_4, % ® 506
57 ¢ 04/,“04,,,\
78 ~

ADVANCED MICRO DEVICES <1



2-2180 £D2900A 2-2180
. _________________________________________________________________|]
VECTORED INTERRUPT IMPLEMENTATION
] Interrupt 1ines connected to priority encoder.

° The "any" output of the priority encoder connected to one
input of the normal condition code MUX.

° Let the Am2910 provide the vector map enable signal.

® The following microsubroutines, called at some regular point
in the machine cycle, illustrate this approach.

1. In the first routine, CJS is used to test for "any" and
jump to a common handling routine first.

2. In the second routine, CJV is used to directly jump to
the particular routine (which must save state).

EXAMPLE #1

Next Test Branch
Address Address Select Address Other

INTER: CJS ANY  PL

n+l R4<--R4-R5-1 PL
n+2 R5<~-R5+1 PL
n+3 R5<--R5+Q State
CJav PASS ##
RETURN: CONT Restore
CONT State
CRTN PASS ##
EXAMPLE #2

Next Test Branch
Address Address Select Address Other

INTER: CJv ANY #
RETURN: (continue with normal cycle)
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i

INSTRUCTION REG

MAP
OE
PROM |

T .

VECTOR
MAP QOF
PROM [
INT fﬁ ’
REQ | | ANY
] INT —]PRIORITY} o0~
— - — I
: -
MICROPROGRAM
MEMORY
OF
PIPELINE REG
.— CLOCK

CONTROL
SIGNALS

SAMPLE SYSTEM FOR FIRMWARE LEVEL INTERRUPT HANDLING
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The Am2914

A COMPLETE INTERRUPT CONTROLLER
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REQUIREMENTS FOR INTERRUPT HANDLING

° Local storage save (save state)

® Clear interrupt

Clear one - last one read
Clear some - related to program, device
Clear all - warmstart

) Dynamic masking of interrupts

Block selected interrupts

° Nesting interrupts

A higher priority interrupt can be acknowledged when a
lower priority interrupt routine is executing.

® Status fence

To keep lower priority interrupt from interrupting a
higher priority routine

ADVANCED MICRO DEVICES o1
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The Am2914

The Am2914 vectored priority interrupt controller performs the
previous functions.

® Up to 8 interrupt inputs

° A1l 8 may be pulse or level inputs

© Produces a 3-bit vector output to address a vector map

() Contains a 3-bit fence register (status register)

® Contains an 8-bit mask register

() Both mask and status can be read from or written to

© Expandable

® Microprogrammable

) Four instruction lines plus enable
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2-2240

LATCH [, —
BYPASS ] I
. \ VECTOR
" lo- O < cn.ﬁn;esm‘;:te
L INTR | 8 INTR CLEAR LIP-FL
'N“;‘:gg O Latcnes [ 7]  nea CONTROL 3
. ] |
38T 3817
VECTOR HOLD
R REGISTER
~
[ 8INPUT 3
" £33 ] sr ~ PRIORITY e > =V >
M - BUS 4 MASK REGISTER ENCODER I v T
a7 va>s
COMPARATOR - wTA aequest  [o————{
AN
p GROUP ENABLE
LOGIC D
'“g:;‘:&" INCREMENTER ?
INSTRUCTION (— |
enaaLe E 3_sT
INTERRUPT
A 4 MICAQ - DISABLE STATUS
INSTAUCTION [ >—%——1 INSTRUCTION > ovenrLow o—{
-
INPUTS DECODE ' GE FLIP-FLOP
GROUP
Si 38T ENABLE LOWEST GROUP
cp STATUS STATUS | eNaBLED  [O————-—-{">
cLock L— ;h> 8u REGISTER FLIPFLOP
GROUP ADVANCE
RECEIVE
PIN SYMBOLS
i OPEN COLLECTOR
[O—— meutrein QUTPUT

—{ ourrurein

Q BIOIRECTIONAL
170

THREE-STATE
QuUTPUT

vi
VECTOR
ouTPUT

INTERAUPT
REQUEST

PARALLEL
DISABLE

RIPPLE
OISABLE
GROUP
ADVANCE
SEND

STATUS
OVERFLOW

GS
GROUP
SIGNAL
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INTERCONNECTING Am2914s and Am2913s

o Multiple Am2914s can be interconnected to provide 16-, 32-,
or 64-level architectures.

[ Additional bits (A3, A4, ...) of vector address beyond Ag@,
Al, and A2 must be provided using the ripple disable or the
parallel disable signals to indicate the active Am2914.

® Group control pins must connected appropriately to enable
only highest priority device.

® See AMD Data Book for detailed information on interconnecting
Am2914s for multi-level systems.

® The E2900B course develops the Am2914 in detail.
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3 ol T

b b &

Gy Gq Gs

Ay

Ao

ED2900A

Am2913

s, ——¢
S3
STATUS | g,
OUTPUT )
1
Sy
+5.0V

AEY o

8 Yo IO
Am25L5138

A Y, O

Yo o

o grouP GROUP
SIGNAL ADVANCE
o arouP SEND

ENABLE
Am2914
S;
S1 GROUP
s ADVANCE
0 RECEIVE
INTR24-31 I
GROUP GROUP
O 51GNAL ADVANCE
o Group SEND
ENABLE
S5 Am2914
Sy GROUP
Sg ADVANCE
RECEIVE
GROUP GROUP
—O) SIGNAL ADVANCE
o croup SEND
ENABLE
Am2914
Sz
S GROUP
So ADVANCE
RECEIVE
o GROUP GROUP
SIGNAL ADVANCE
GROUP SEND
A enasLe
Am2914
Sz
S1 GROUP
S¢ ADVANCE
RECEIVE

iNTRO-7
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Am2%00 FAMILY

SUPPORT CHIPS
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Am2900 SUPPORT CHIPS

0 Am27526/27 registered PROMS

° Am2904 status and shift control

® Am2925 clock generator
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REGISTERED PROMS

Am27526/27
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2-2300 ED2900A 2-2300

Am27S27 -- Am29774/Am29775

IIIIIIIIIIIIIIIIIII

CCCCC

T0S
nnnnnnnn S POINTER
TC¢ ‘
—  COUNTER
) STACK
2 2
ER = 0

—- = 1 POLARI Y p——e{ LOGIC

EEEEEEEEEEE

T
il

o A
// //////////%///#MA’M///////////I// ==

OOOOOOOOOOO

RERRER

OOOOOO

TE——=¢  SIGNALS
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REGISTERED PROMS
® 512 X 8
° 9 address lines, 8 data lines
] Two enable controls
° Am27526 - open collector output

0 Am27S27 - tri-state output
° Am27S35/Am27S35A/Am27S37/Am27S37A 1K x 8

® Am27S45/Am27S45A/Am27547 /Am27S47A 2K x 8

ADVANCED MICRO DEVICES 1
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9 BIT ADDRESS

¥
/ WORST CASE!
 ADDRESS
>12 X 8 - |55xs SETUP
OUTRUT Am 27526/27 _
ENABLES 25, E¢ SETUP
- 35 Ns OUTPUT

CHIP SELECT-E
QUTPUT  §

ENABLE CLK U 8 BIT DATA "
E ENABLE-Q

ADDRESS AND E LOW - FETCH

EDGE TRIGGER REGISTER cLk-Q

CLK AND E  LOW - DATA OUTPUT

REGISTERED PROM
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2K x 8
Mo A 08 87 H
L | e
A B :
Am 2505139 )
YO Y1 Y2 Y3 dE Am27527
T - Q=
s
P A A 8
- AM27827 [ —.
L : :
Es
P 8
L lr w"g AM27827 @ =2
\® ES
1 8
| - = M27s27 | ,
E, LOW - SELECT I
E LOW - oUTPUT ENABLE 5P NS 35N
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Optional Am27S27 Exercises

(See ED2900A Exercise and Laboratory Manual)
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STATUS AND SHIFT CONTROL UNIT

Am2904

OVERVIEW
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Am2904 STATUS AND SHIFT CONTROL

[ The Am2904 was designed to repiace much of the SSI/MSI which
is used around the Am2901 or Am2903/29203.

6 The Am2904 provides the following support on one chip:

- Micro and macro status registers (carry, zero, sign,
overflow) with ability to read and load registers.

- Shift linkage for the RAM and Q registers with
32 shift/rotate functions.

~ Carry-in select for the ALU with 7 possible sources.

- Conditional test multiplexer to drive CC on Am2910
with 16 possible tests from 3 sources.
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1z, Ins Ic lovr
0
MUX MUX
<+ —<acr
4 Y
4
D cP D CP o—52 —<]
o= |
o <
00— E
— MICRO MACHINE N
CEx STATUS STATUS O <
> REGISTER REGISTER O~ &
VR
<3
33
CEm
MC MZ KN MOVR Mc Mz My Moyg <
MUX
Dvsz_, INSTR L
DECODE
lo-s )
bl
AN LOGIC
I OEN"
lovr TO s
IC Is MCMS MC
S10,, SI0p B
-_Q 1
c
INSTR <J &
DEC!
suﬁ:fr,s POLARITY
Qlo, MUX Qiog e
-3 MUX
Me —~f a4 >C
Q —e—ma—get POL
Z s GEct 1 .
§E le-l1o 1
cT "y 2
*INTERNAL
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SI0Qg |-
SIOy |- = 510, SIOQ |
Q|00 -
QIO |- =1 QlO; QIO ==
Am2903
Ic = Cn+a ARRAY
Am2904 | N
IOVR ~g OVR
'Z —t - Z Cn —
Cyx |
Co
Cr
TEST
INPUT
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<*

DATA BUS (18 BITS)

U

U

Y
16 BITS
INSTRUCTION
ey cr o H BUS INTERFACE -
& AmBITA
1z si0, H
L : . | 1 '
c S0, H
ova a0, H 16 BITS
Iy a0, H
) L
|
MAPPING
oe - V {/
DA DA DA DA
- a0, ' Qioy Qio; Qg Q@0; Qi @o; a0
s10; s s10;  s10g s10;  sg s10, S0y
. OTHER STATUS Cn -.ﬂ r_.o 'S € — —9° e 3
Am2903 ? amzsa3 ? am2s03 P amago3 Cn
cna‘ _Cnl‘ -—CHQI : ‘_'Cn 4
- By 11 "f Am2922 OVR laa—\ lna“'ﬂ 'oaﬁ o a
Am2910 cc CODE b N AN A —\ AN B
lo-3 PL Mux z [:] —z B z B z B
i v M) ¥ _w Y B Y B
MICROPROGRAM
MEMORY ¢
4 I
PIPELINE +8V
o REGISTER % Am2902
Cn 1
L OPERAND 48 2 J .
SELECT 7 z J
OTHER
J o s, ®
7 < J J

MEMORY ADDRESS REGISTER  Am2920

z

g
MEMORY ADDRESS REGISTER Am2920

v

ADDRESS BUS (16 BITS}

Typical Application of Am2904 with Am2903

06£2-2

V006203
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MICROPROGRAM CONTROL OF Am2904

® Controlled by thirteen 1n$truct1on lines, shift enable,
six status enable pins, and two output enable pins
(22 bits total).

® To save pins, some pins perform multiple functions.

° Status register functions use 15-I0 plus six enable pins.

(] Condition code select uses 15-10 plus one enable pin.

® Status output select uses 15-14 plus one enable pin.

. Carry-in uses I12-I11 and I5-I1.

0 Shift 1inkage uses 110-16 and one enable.

® Depending on the state of the various enable pins, I5-I0 can
cause up to four different functions to occur simultaneously.

] Programming is not for the faint-hearted. More detail provided
in the ED2900B couse.
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“

Am2904

TABLE 7. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODES.

ho lo g b lg| Mg  RAM Q silo, | sio, |aio, | aio, ﬁ.‘.’:".ﬁg
MSB LSB MSB LSB

0 0 0 0 0 ef—F .—=F z 0 z 0

0 0 0 0 1 0O =1 =¥ z 1 z 1

o 0o o 1 o ==t | 2 0 z My SIO,
0 0 o0 1 1 O =1 z 1 z S0,

o 0o 1 o0 o —[T=1}—-—F z Mc z S0,

0 0 1 0 1 Ou~{—}—[=1} z My z SI0,

0o 0 1 1 0| O.-T—=——1T=} z 0 z SI0,

o 0 1 1 1| OQeT=}—=H | z 0 z SI0, aio,
0 1 0 o0 0 D-EEJ E z SI0, z Qio, 810,
o 1 0 o 1| O——H L= 2z Mec z QIo, SI0,
o 1 o 1 ol O =4 = z SI0, z Qio,

0o 1 o 1 1 O.--1—{=3 z Ic z SIO,

[V 1 0 0 [j-——E}——EJ z Mc z SI0, Qlo,
0 1t 1 o0 1 - z Qio, z 'SI0, Qlo,
o 1+ 1+ 1 o O '-TE!——E}- Z {In®lovr| 2 S0,

o 1 1 1 1 O m z Qio, z Sio,

¢ MSB LSB MSB LSB

1 0 0 0 0 o [=J-o| © z 0 z sio,,
+ 0 0 0 1 o1 =3 | 1 z 1 z sIo,,
10 0 1 0| [0 -[=Fe~=7F-] o z 0 z

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

1 0 1 0 0| O—{—F—T=F|ao0,| z 0 z SI0,
10 1 o 1| O—=—{=7%]ao, z 1 z sIo,,
1t 0 1 1 o0 0O -=—"1=3-| a0, z 0 pA

1 0o 1 1 1 0O -L—3—_=13"] a0, z 1 b4

1 1 0 0 O DJTET-' @ S0, z QIo, 2 SIo,,
1 1 0 0 1 0= L= Mc z Qio, z SIo,,
1 1 0o 1 of O @ E’ SIOp, 2z Qlo, z

11 0 1 1 E’ L= | M z 0 z

11 1 0o o O—T——r=H QIO, z Mc z sio,
11 1 0 1 D—E{E—_E}—] QIo, z S0, z SIo,
11 1 o1 o O T —H Qlo, Z Mc z

1T 1 11 | @ QIO, z SI0, z

Notes: 1. Z = High impedance (outputs off) state. 3. Loading of M¢ from l4q_g overrides control from Is_g, CEp, Ec.
2. Outputs enabled and M loaded only if SE is LOW.
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-—_

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

'3}!;:.)(0 |3 |2 |1 'g |5='4=0 |5=0, |4-"—' 1 '5= 1,|4=0 |5=|4= 1
0 0 0 0 O | («uN®rovr)*+uz (un @ novR) + 12 (Mny @ MovR) + Mz (IN® lova) + Iz
1 0 0 0 1 | (unCuovr)*Az (unOnrovn) * 2 (MO Mov) « Mz (IN® lovR) * T2
2 0 0 1 0| un®uovn uN D uovA Mn @ Move IN® lova
3 0 0 t 1| uOuovr 1NOROVR Mn© Movr IN® lovr
4 0 1 0 0 “z ®z Mz Iz
5 o 1 0 1] Iz Tz Mz Tz
6 0 1 v 0| sovm HOVR Mova lova
7 0 1t 1 1| Zova Zovm Movr Tova
8 1 0 0 0| uc+uz HC + K7 Mc - Mz g =122
9 1 0 0 1| Ac*iz Ece Az Mg« My Ig*lz (2)

A 1 0 1 0 “e "o Mc le
8 1 0 1 1| Ee e Me Te
c 1 1 ¢ 0 Ic +nuz o + uz Mc + Mz T + Iz
o 11 0 1| ucemz nee Bz Mc - Mz lc*iz
E 1 1 1 0 IN® My UN My In
F 1 1 1 1| WOMy an My TN

Notes: 1. @ Represents EXCLUSIVE-OR

u means
M means
€ means
Z means
N means
OVR means

2. Correct code as stated.

(® Reprasents EXCLUSIVE-NOR or coincidencs.

micro status register
macro status register
carry bit

zero bit

sign bit

overflow bit
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CLOCK GENERATOR

Am2925
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Am2925 CLOCK GENERATOR & MICROCYCLE LENGTH CONTROLLER

° Single chip clock generator and driver

° Crystal controlled to maximum of 31 MHz

® Fundamental onscillator output available

e Four different clock output waveforms available on separate
pins

[ One of eight different cycle lengths may be selected by
micro program control

) Clock halt, single-step, and wait controls

ADVANCED MICRO DEVICES £
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X4 X2
OSCILLATOR
[>——= FIRST/LAST WAIT ACK ———{>
[C>———={HALT, NO.
[>———={HALT, N.C.
[>——=] SINGLE STEP, N.O. Fo ——1 >
[>———=SINGLE STEP, N.C.
[C>—+ WAIT REQ
[>———]READY Cb—-T>
e L ¢, —>
CLOCKS 1
>— Cx c —>
| c —>
[>—u
S L, | CYCLE
172 [ LENGTH
[>—L
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MICROPROGRAM CONTROL OF Am2925

° Cycle length controlled by three instruction lines.

° Other inputs would normally be provided from hardware
connections instead of the microword since they concern
stopping the clock and wait states.

(] For three-address instructions (Am2903/29203) using output
€3 as the clock and C2 for IEN, an additional field or
steering bit would be needed to provide the third register
address.

) The cycle-length control bits (L3, L2, L1) are latched
internal to the Am2925 at the end of the microcycle. Thus
no pipeline register is needed for this field.

] The cycle length value is specified in the same microword as
the instruction with which it is associated. That is, the
cycle length as specified stretches the current microcycle.
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Am2925 Clock Waveforms

PATTERN PATTERN
VEFORMS
INPUT WAVEFORMS INPUT WAV
CODE CODE
TIMING
Lyla y TIMING L Lg Ly
Cy ’- Cy f_
-
Ca C2
Fy Fr C.
L Cs LHH 3
Ca . Cq4 -1 -
1 2 3 1 2 3 4 5 6 7
Fo I I Fo I I U
C,y r Cy [_.
C2 | C2
Fs Fa
LLH Cs ‘ LHL C3
- - i
1]2]3]|a 112 |3]lajs|se|7]8s
Fo jups Fo e
Cy ’_ G r-
L
Ca . C2
Fs C3 Fo Cy -
HLH HHL
Ca _l Ca -|
1]2({3)ja]|s tl2|3|lafs|s]|7 |89
Fo I I I Fo I |
[
' {_ Cr l-
C2 C2
Fg Fio
HHH ¢ | HLL C3
Ca _‘ Ca -l
112]3]a]|s5ls 1{2|3|la|s|s|7]|8 9]t
Fo | | | Fo l |
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X 2 T
Am 2925
CYCLE LENGTH
Laboby
CRYSTAL 101 1 011 010 110 100
FREQ " F* 1\ /f 000 001
ns
16.6 MHZ 60 180 240 300 360 20 480 540 600
20 " 50 150 200 250 300 350 oo Lso 500
25 v 4o 120 160 200 240 280 320 360 400
EE 324 97 129 161 194 226 258 290 322
30 " 33.3] 100 133.3 166.7 1 200 | 233.3 | 266.7 300 | 333.3

ns
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Am29116

A High-Performance 16-bit Bipolar Microprocessor
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ED2900A

2-2500

I—_

FIESERVED D%l—-
cr [o>—-

IEN D—:——'-

vee o—F—-

oND (g7

Am29116 Block Diagram

INSTR.
DECODE

RN

o

D—‘S}

OE;

<] o€,
16
I I + £ o5
e pitarcw <] oL
32-WORD X
16-BIT RAM
ADDRESS
16-BIT
LATCH
MuX
ZERO BARREL
DETECT SHIFTER
R u ——']
MUX  f— 1
j-— QC
3
+ C.N. OVR AU
PRIORITY
ENCODER

|
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L e EEE—

Am29116, 16-bit ALU

Outstanding Features

[ 16-bit data path

16-bit ALU

'

Full carry look-ahead

Can operate in 16-bit word mode

!

Can operate in 8-bit byte mode

[ 32x16-bit RAM scratchpad on-board
- Single port
- With external multiplexer added may select different

source and destination address for same instruction
(requires timing adjust)

° 16-bit ACC

° 16-bit data latch

o 16-bit barrel shifter

- Byte or word mode

- Rotates 1 to 15 bits up in one cycle
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X A
Am29116 - Features (Cont'd)

° 8-bit status register

® Condition code generator/multiplexer

- 12 different test conditions

[ Immediate instruction capability
- First microcycle - instruction latched
- Second microcycle ~ immediate data available

- Both the instruction and the immediate data are fetched
via the 16 instruction lines.

° Cyclic Redundancy Check generation
- Any CRC polynomial of 16-bits or less

- 80% of CRC applications use 16-bit polynomials

[ Powerful instruction set (see Data Book)

) Not expandable
- Fixed data width of 16-bits

- Fixed set of 32 16-bit registers

ADVANCED MICRO DEVICES 1
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“

Am29116 MICROWORD FORMAT

° If it is assumed that the Am2910 is used as the sequencer
for the Am29116, then the microword might lTook as follows:

2910|COND|BRCH ADDR{29116 INSTRUCTION/ TEN GEY DLE|SRE OEy|TEST)...
INST{MUX |/COUNTER | IMMEDIATE DATA INST

(4) [(3) | (12) (16) (DO D) (1) ](4)

® The conditional multiplexer may very well be replaced by an
Am2904.

° The test instruction field is optional (only used when a
test is to be performed during another instruction's
execution).

. The Am29116 instruction field can be overlayed by the
immediate data for the Am29116. (The instruction is
latched on-board by the Am29116.)
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I_M

PERIPHERAL CONTROLLER,
MINIMUM PARTS CONFIGURATION

2920 2950 | oo DATA
OCTAL REGISTER 8-BIT 1/O PORT BUS (D1)
2940
DMA ADDRESS |=—= ggcsw(xzs)s
GENERATOR
D = 2950 CONTROL
cT
ce 8-BIT VO PORT BUS (C1)
2910 16
| SEQUENCER 1 20116 Y =t
Y 2950 | CONTROL
— 'EN 8-BIT /O PORT BUS (C2)
MICROPROGRAM SERIAL/ DATA
MEMORY PARALLEL BUS (D2)
CONVERTER
PIPELINE REGISTER
‘ | 16 25152569
-l UP/DOWN
N COUNTER
OE AND CE A
CONTROLS o RAM
PERIPHERAL CONTROLLER,

MAXIMUM PERFORMANCE CONFIGURATION

Ozchsz 2950 | o DATA
REGISTER 8-BIT VO PORT BUS (D1)
2940
L l DMA ADDRESS j~— gggﬁ‘s)s
4 cT GENERATOR
MuX 1
- D 4 7
Mux cC r——-r‘— 1 2950 oo CONTROL
—— 2910 8-BIT VO PORT BUS (C1)
SEQUENGER —1 5 16
1 MUX o211 20116 Y |~
Y [
R 2950 CONTROL
8-BIT VO PORT | BUS (C2)
4
MICROPROGRAM “17
SERIAL
MEMORY PARALLEL DATA

BUS (D2)
PIPELINE REGISTER CONVERTER

| L 2582569
FLAGS UP/DOWN
COUNTER
2904
N A\ | status
CONTROL s
i D
] TEST RAM
OE AND CE CONTROLS ]
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AMD FAMILIES

(see associated Data Books)

e Analog and communications products

] Bipolar microprocessor logic and interface devices

® Bipolar/MOS memories data book

) MOS microprocessors and peripherals

@ Programmable Array Logic
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THE FUTURE

In Bipolar Microprogrammable Microprocessor Logic

e ALU's

32 bit

[ Sequencers

16 bit

° Support Devices

VLSI
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AMD SUPPORT TOOLS
FOR

Am2900 SYSTEM DEVELOPMENT
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AMD SUPPORT

° META Assemblers

® AMD Customer Education courses

® Am29203 Evaluation Board
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META ASSEMBLERS

MICROTEC:
° Meta Assembler
® Macro facility on Macro Meta Assembler
° PROM formatting
° Organization

- Definition program

- Assembler program

- PROM formatter program

) Assembler

- Two pass
- Conditional assembly

. Written in ANSI FORTRAN

FORTRAN 1V

16 bits minimum

Disk or magnetic tape required
20K macro memory minimum

AMD: (for SYS29 users)
° M29 Meta Retargetable Microcode Assembler
) Extensive microprogramming tools

® Organization

M29DEF, Microinstruction Definition
M29ASM, Microprogram Assembler
M29LINK, Relocating Linker

M29LIB, Microcode Library Manager
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CUSTOMER EDUCATION COURSES

® ED2900A ‘“Introduction to Designing with the Am2900 Family".
A three-day seminar on the design of microprogrammed systems
using AMD's 2900 series devices, including outlines of newer,
related parts, such as the Am29112 and Am29300. The Am29203
evaluation board is used for laboratory exercises.

° ED2900B, Advanced Design with the Am2900 Family
A four-day seminar that completes ED2900A's training on the
2900 family. A variety of detailed laboratory work with the
Am29203 board provides the student with a thorough background
in microcoded system design and debugging. ED2S00A is a pre-
requisite.

. ED29116, Designing with the Am29116, 16-bit Microprocessor
A two-day seminar on the design of microprogrammed systems
using AMD's 16-bit, Am29116 bipolar microprocessor. Various
types of design examples are discussed. Completion of ED2900A
is suggested.

] ED29500, Designing Digital Signal/Array Processors with the
Am29500 Family
A three-day seminar on the theory and design of hardware and
software for microprogrammed digital signal processors using
the Am29500 family. Digital filtering, array and FFT processing
are discussed. The relationships among various commercially
available device families are described. Completion of ED2900A
is suggested.
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(] 16-bit computer using Am29203, Am2910, Am2904, Am2925

. Extensive monitor to allow

- Loading microcode

- Examining microcode

- Executing microcode

- Set breakpoints

- Single-stepping microcode

- Load and examine ALU registers
- Load and examine the pipeline

- Load and examine macro memory
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