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Figure 7. ALU Block Diagram.
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MICROCYCLE

CPU CLOCK (1) /

CPU CLOCK (¢2)

20MHz CLK I_I L_I L___l L__l l_[ I _‘ I_l I_

. I

REQ (CPU)

ACK (BUS)

MREQ (CPU)

ADRS ACCP (MEM)

DATA REQ (CPV)

DATA SYNC (MEM)

MPR-689

Figure 8. Clocked Handshaked Protocol.

received a Data Sync response. If the bus or memory resources
of the system are temporarily being used by other processors, the
computer will stop the clock and wait.

Data Path

The Data Path logic incorporates 8-bit wide devices wherever
possible. The D Register drives directly onto the external data
bus. Both main memory and I/O data are received through the Z
Registers. Registers Z, Z, and Z; are actually latches im-
plemented with Am74S373’s. The Z Register enable latch signal,
LDZ is derived from the memory control logic and main memory
board logic both of which are clocked with the uncontrolled
20MHz clock (20MHzUNC). Using the uncontrolled clock allows
the memory operation to go to completion at memory speed even
when single stepping the microcode. This allows the system to
use dynamic RAM'’s in the main memory since stopping the
handshaking circuits during single step would prevent refresh
operations from taking place.

Data from the main memory passes through the Z Register to the
Z, and Z4 Registers. The Zy and Z; Registers are enabled trans-
parent at the beginning of the microcycle following the read main
memory microcycle. This allows memory data to flow through the
Z and Z, Registers (actually latches) to the ALU or flow through
the Z and Z; Registers to the Instruction Decoder (Mapping
ROM). The Z; and Z, Registets are locked down halfway through
the microcycle guaranteeing the computer solid data and making
it possible to send data from the D-Register out to the external
Data Bus during the second half of the same microcycle. This is
another example of how this design tightly dovetails data trans-
fers in order to gain very high execution rates.

Interrupt and Input/Output

The interrupt and 1/O section is shown in Sheet 7 of the logic
diagrams.

The basic interrupt handling is controlled by the Am2914. In this
design the Am2914 1s used to priornitize and enable interrupts,
provide the mask register, generate an Interrupt Request and
Interrupt Vector. Interrupt nesting is done in the machine software
interrupt handler. The external interrupt request signals (INTo-
INT;) are input into the Am2914 from the external Control Bus (C
Bus). When a peripheral controller requests computer servicing,
it activates its assigned interrupt line. If this interrupt level 1s
unmasked and interrupts are enabled, the Am2914 activates the
INTERRUPT REQ signal that goes to the Computer Control Unit
which causes the microprogram to vector to the microcode inter-
rupt service routine. This microcode routine pushes the PSW
onto the main memory stack, then reads the interrupt vector from
the Am2914 and uses this value to vector the computer to the
machine software routine that services the interrupt.

The Am9519 MOS Universal Interrupt Controller is incorporated
into the design and its Group Interrupt signal is connected to the
least significant INT, input of the Am2914. The Am9519 handles
an additional eight interrupt levels for low speed requesting de-
vices. This MOS LSI component offers the computer comprehen-
sive interrupt handling capabilities at low cost. One feature the
Am9519 offers is the capability of software generated interrupts.
The console function, single instruction stepping, is implemented
using a microcode routine that uses the software generated inter-
rupt capability.
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Figure 9. CPU Read Timing.
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Figure 10. CPU Write Timing.
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The 1/O protocol for the AMD 16-Bit Computer is similar to that
required to control Am8080/9080 peripheral circuits. As shown in
Figures 11 and 12, the computer outputs the address over the
system address bus, activates a control line (e.g., IORD) and
holds these outputs until receiving a response, IOACK, from the
peripheral controller. Execution of the 1/O operation I1s done al-
most entirely in microcode with the I/O Control Register, a single
Am2920, being the only additional hardware required. This 1s an
example of a design precept followed in this computer which is to
implement all features in microcode wherever possible. This re-
sults in a low cost computer, although sometimes slower, and a
design that is flexible and easilly modifiable to meet new
requirements.

The I/O section has two Am8251/9551 Programmable Communi-
cation Interface components giving the computer two senal /O
Ports, one of which is reserved for the console. The console can
be any standard RS-232 interface terminal

Instruction Execution

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

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

Form Instruction Address

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

At the beginning of the cycle, Bus Request 1s activated causing
the Bus Controller to respond with Bus Acknowledge. The ad-
dress is then output from the MAR out on the Address Bus 50ns
prior to the beginning of the next cycle.

Instruction Fetch

During this cycle, the main memory i1s fetching the contents of the
address previously generated. The computer is designed to work
with high-speed main memory capable of reading a memory
location in one microcycle so that the instruction will be sent back
to the computer at the beginning of the next cycle.

Decode Cycle

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

j——200ns —={

o [ 1 I I

L

REQ BUS (CPU)

LOAD MAR

LOAD D REG

ACK (BUS)

I0REQ (CPU)

ADDRESS OUT

VALID

I0RD (CPU)

10 DATA (DEVICE)

/A VALID V

TEST IOACK

10ACK (DEVICE)

IOACKFF (IN CPU)

STROBE

MPR-692

Figure 11. |/O Read Timing.
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by l

REQ BUS (CPU)

LOAD MAR

LOAD D REG

ACK (BUS)

10 REQ (CPU)

ADDRS OUT

VALID

IOWRT

DATA OuT

VALID

TEST FOR IOACK

I0ACK (DEVICE)

IOACKFF (IN CPU)

MPR-693

Figure 12. 1/O Write Timing.

Microinstruction
Operation

Microcycle Time

To

T (T2

T3

Form Instruction Address
Instruction Fetch

Decode

Displacement Fetch
Form Operand Address
Operand Fetch

Execute

A

A

Figure 13. RR Instruction Sequence.

Microinstruction

Microcycle Time

Operation

To

T

T2

T3

T4| Ts

Te

Form Instruction Address
Instruction Fetch

Decode

Displacement Fetch
Form Operand Address
Operand Fetch

Execute

B

Figure 14. RX Instruction Sequence.

Displacement Fetch Cycle

After every instruction fetch another read cycle takes place. The
second memory read will be another instruction fetch or an
operand displacement fetch. The computer does not know what
kind of a read out it 1s until the instruction decode is fimished. For
an RX instruction, after the memory read 1s completed, the com-
puter identifies it as a displacement.

Form Operand Address Cycle

The memory word Is sent from the main memory at the beginning
of this cycle and then passes through the Z and Z, Register and
goes to the ALU (Am2903's). The ALU adds the displacement
and the contents of the register specified by X field in the opcode
and forms an operand address which is then loaded into the MAR.
This has to be completed 50ns before the end of the cycle.

Operand Fetch Cycle

The memory read cycle is performed and the operand is sent to
the computer at the beginning of the next cycle.

Execute Cycles

As the name implies, these are the microcycles that perform the
task of the instruction but with the Am2903’s normally only one
execute cycle is required; however, some instructions (e.g., I/O
instructions) take as many as seven execute cycles.

Simultaneously with the last execute cycle the Instruction De-
coder I1s enabled.



Pipelined Operations

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

Pipelining is great for throughput, but it is a bear to microcode
especially the first ime through since during any one cycle up to
four instruction sequences have to be considered. It 1s not as bad
as 1t first appears. Note that an instruction decode cannot take
place until the last execute cycle of the current instruction. The
major pipelining takes place during the first three steps: form
memory address, instruction fetch, and decode. Execute and
operand fetch steps allow full overlapped operation only durnng
the last execute cycle. Instructions that require many execute
microcycles (e.g., I/O instructions) cause the computer perfor-
mance to drop down to nearly that of a non-pipelined machine.

Action

Pipeline Operation with Regard to Branching
and Interrupts

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

WORD 1 OP M X2

DISPLACEMENT

WORD 2

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

Figure 17 shows the sequence chart for a RX Branch on
Condition instruction. During the microcycle A, the target ad-
dress K for the branch is formed and loaded into the MAR
and also the instruction B is fetched for the no branch case.
By microcycle A,, it has been determined to take or not take
the branch. If the branch is not taken, the MAR s loaded with
address B+2, while if the branch is taken, an instruction fetch
1s performed for K and the MAR is loaded with K+2. Finally in
Aj the next instruction is decoded. By proper microcoding, the
conditional branch i1s executed in only three microsteps even
though the pipeline was “flushed out”.

A, B, C, D are RR instructions

Form Instruction Address A B C D

(o2}

Fetch Instruction A

Decode A B

Fetch Displacement

Form Operand
Address

Fetch Operand

Execute A

Figure 15. Register-to-Register Pipeline Operation.

Action A, B, C, D are RX instructions
Form Instruction Address A B (e}
Fetch Instruction A B C
Decode A B C
Fetch Displacement A B C
Form Operand Address A B C
Fetch Operand A B C
Execute A B C

Figure 16. Register-to-Indexed Storage Pipeline Operation.
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A = RX Branch Instruction
B = Next RX Instruction if branch is not taken

Action
K = next RX Instruction if branch is taken
. B+2
Form Instruction Address A B K
K+2
" B+2
Fetch Instruction A B K
K+2
B
Decode A etc.
K
. B
Fetch Displacement . A K
B
Form Operand Address K
B
Fetch Operand K
B
Execute Ay A, A3 K

Figure 17. Branch on Condition RX Pipeline Operation.

As with branching, an interrupt response alters the sequence
of execution and “flushes” the pipeline. As was discussed
previously in the Interrupt and Input/Output section, an inter-
rupt request blocks the decoding of the next machine instruc-
tion and causes the Computer Control Unit to vector to the
interrupt service routine. This microcode service routine
pushes the PSW consisting of flags and Program Counter
(PC) value onto the stack. The PC value is the current PC
value minus 4. It is necessary to back the PC up to two in-
struction words (4 bytes), because the fetch instruction and
form instruction address steps In the pipeline at the time of
the jump to the interrupt microcode sequence have to be re-
peated when returning to the main machine program.

MICROINSTRUCTION FORMAT

All operations of the AMD 16-Bit Computer are under control
of the microinstruction. Each microinstruction is 96 bits in
length. The microinstruction format is summarized in Figure
18. The microinstruction definition is summanzed in Figures
19a and 19b and is detailed in Table 2.

Figure 20 illustrates the AMDASM® Definition file for the 16-Bit
Computer. AMDASM® is a meta-assembler developed by AMD

for wniting microprogams. The definition file defines microword
length (WORD statement), formats (DEF statements) and con-
stants (EQU statements) for the use of the actual microprogram
(Figure 31).

The definition file is divided into 8 parts:

. Am2910 sequencer opcode definitions

. Am2903 ALU opcode definitions

. Am2901A PCU opcode definitions

. Am2904 shift mux and status control definitions
. Datapath control bits definitions

Memory control bits definitions

. Control strobe and control bits definitions

. Immediate operand field definition

PN AWN

Am2910 Sequencer

Bit 91 of the microword is the input of CCEN of the Am2910. When
bit 91 is a logical 1, the conditional operations are forced to
unconditional operations. Bits 19-16 are the input to the instruc-
tion inputs to the Am2910. Bits 11-0 are the jump address field for
instructions that need an address operand.

DATA MEMORY
ALU (13) r PATH (16) l PROGRAM CONTROL (11) l CONTROL (8) l
CONTROL CONTROL SEQUENCE NEXT MICRO
STROBES (6) BITS (8) STATUS (9) TEST (6) CONTROL (5) ADDRS/IMMEDIATE (16)

MPR-694

Figure 18. Summary of Microinstruction Word Fields.
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ROUTE TO B RTB & <
TRANSFER Z TO ZI (BP) Z- 2l 8 8
Am2910 CCEN <L
Am2903 IEU WORD/BYTE WORD 8
Am2903 EA_ 8
Am2903 OEY 3
Am2903 OEB 3
Am2903 Ig ot
Am2903 Iy & B
Am2903 ls 3 Lc
Am2903 Is &
Am2903 g IS
Am2903 s ®
AM2903 I 3
Am2903 I 3
AM2903 o =)
2
ENABLE TRANSFER REG ENTREG 3 %
LOAD TRANSFER REG. LDTREG > o
I-REG EN CTR. ENCTR o =}
-REG INC/DEC INC N 50 2
PCU TRANS CHIP DISABLE PCUCD 3 ~3v0 3 &
PCU TRANSFER REG. PCU - Y N S5 - =
LOAD MEMORY ADDR. REG LDMAR p, g 2
LOAD D-REG LDD S bs) =
LOAD ZI INTO | REG. Zl> | 3 o 2
ENABLE Z0 — DA ENZO & g m
ENABLE PSW PSW 3 o o
SHIFT CNT Am2910 ADDR. SHTCNTEN 3 o
BRANCH INSTR. EN BRIEN b g
o
4
_ 7]
Am2901 F — B/iQ PCUI, @
Am2901 PCUI3 b5
Am2901 PCUI, % 0
Am2901 PCUIy @ =9 g
Am2901 PCUIo a 22§
Am2901 PCUA, @ °5
Am2901 PCUA, a
Am2901 PCUAg g
Am2901 PCUB, aQ
Am2901 PCUB, <
Am2901 PCUB,
o=
BUS REQUEST REQB 3 w353
MEMORY REQUEST MREQ 2 =3 8
HOLD REQUEST HREQ A -
MEMORY WRITE/READ WRITE g
MEMORY WORD/BYTE MWORD &

Figure 19a. Micro Control Word Bit Definitions.
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x
x
EN IMMEDIATE — DA BUS IMMD & »o
ROM/IREGEN ROM/I 3| s3¢
I/O CONTROL REG. EN IOEN 5| 835
Am2914 INTERRUPTS DISABLE INTDIS & o=
Am2914 ENIg-ENly iINTRIEN 2
Am2904 SHIFT EN SHFTEN &
CNTLB, 5
CNTLBg 2
GENERAL CNTLBs F3 o
USE CNTLB, 8| 528
CONTROL CNTLB, @ =6 3
BITS CNTLB, Q =
CNTLB, 8
CNTLB, @
x
x
Am2904 OUT EN CONDITIONAL TEST OECT ®
Am2904 EN ZERO Ez 8
Am2904 EN CARRY EC 5 @
Am2904 EN SIGN ES = ez
Am2904 EN OVERFLOW EOVR 8 @
Am2904 EN MACHINE STATUS CEM S
Am2904 EN MICRO STATUS CEx §
Am2904 I;; CARRY OUT CNTL Ih2 N
Am2904 1;; CARRY OUT CNTL h 3
Am2904 TESTs 3
Am2904 TEST, N
AmM2904 TEST, 3 s
Am2904 & Am25LS251 TEST, N e
AM2904 & Am25L.5251 TEST, N
Am2904 & Am25L.S251 TEST, 3
AmM2910 Iy NAC3 3 o g
AM2910 I NAC, > 225
AmM2910 Iy NAC, N “R3
Am2910 I, NAC, > 2
M;s >
My4 ~
M3 @
M2 2
mn oy »
10 =
Mg o gz
Mg ™ SR
My ~ 2 § =
Mg I3 3 g
Ms o 3
My IN
M3 w
My n
M, -
MO o

SNOILINIZ3Q 118 GHOM TOHLNOD OHOIW

H3LNdWOD 118-91

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




Control
Control ~S¥oD8 | poM/IREGEN | 10 Control Register | Am2914 I-1; | Am2904 Shift Enable
Bits (35-42) Bit 47 Bit 46 Bit 44 Bit 43
CNTLB, B /07
CNTLBg B, /06
CNTLBs B, /105
CNTLB, By 1104 ho
CNTLB; Az /03 I3 lg
CNTLB, Ay 1102 I lg
CNTLB, Ay /101 l4 7
CNTLB, Ag /00 lo lg
Figure 19b. Detailed Description of Bits 34 through 47.
Table 2. Microinstruction Definition.
Definition

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

92 Z—2Z Loads the value in the Z register into the Z; Register at the beginning of the microcycle.

91 CCEN Enables the CC input of the Am2910.

ALU

90 WORD

89 EA

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

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

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

85 7 blocks WE to the upper two Am2903’s and turns off their Y outputs.

84 lg

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

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

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

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

80 Ip

79 I

78 lo

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

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

75 ENCTR Enable | Register Counter — enables the | Register Counter (l;.14) to count. This value I1s
used to address the general registers during stack instructions and by incrementing or
decrementing this value the microprogram can read or write successive registers.

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

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

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

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

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

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

68 ENZ, Enable Zy — DA — this bit LOW enables the Z, Register onto the ALU DA.
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Table 2. Microinstruction Definition. (Cont.)

Definition

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

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

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

PCU

64 PCUI,

63 PCUI3

62 PCUI,

61 PCUl4

60 PCUIy These bits control the PCU which 1s designed around four Am2901’s. The PCUI;, PCUI3,

59 PCUA; PCUI,, PCUI, and PCUI, bits connect directly to the Am2901 |-, I3, I, 11 and |y respectively.

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

57 PCUAq l4, Is, lg, Az and Bj are tied to ground. Ig Is tied to I;.

56 PCUB,

55 PCUB,

54 PCUB,

53 REQB Request Bus — this bit requests use of the system bus. This request is made the microcycle
preceding a Memory Request or use of the bus for an I/O transfer. If the request i1s not honored,
the processing of the next microinstruction i1s halted until the acknowledge is issued.

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

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

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

49 MWORD Memory Word/BYTE — the Memory Word/BYTE microbit specifies whether the memory
operation will be a word operation or a byte operation. If the operation specified is a byte
operation the least significant address bit determines which byte of the two byte pair in memory
1s affected. If the LSBit Is a zero, the most significant byte is read or written, and the LSBIt is a
one, the least significant byte is read or written.

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

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

8 4 4
oP R, Ry/Xp
ROM 42-39 I ROM 38-35
Jif [
MUX MUX
l Bo.3 1 A3 MPR-695

46 IOEN 1/0 Control Register Enable — this bit loads the I/O Control Register with microbits 42-35.

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

44 INTRIEN Am2914 ENIo-ENI3 — this bit is the instruction enable for the Am2914. The instruction inputs lg_3
are connected to microbits 35-38 respectively.

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

controls lg.19 are connected to microbits 35-39 respectively.




Table 2. Microinstruction Definition. (Cont.)

Definition

42 CNTLB,
41 CNTLBg
40 CNTLBs
39 CNTLB, This control field is used to provide several different functions as defined by the previously
38 CNTLB; described control strobes (microbits 47-43).
37 CNTLB,
36 CNTLB,
35 CNTLB,
34 OECT OUT EN CONDITIONAL TEST
33 EZ EN ZERO
32 EC EN CARRY
31 ES EN SIGN These bits are used to control the Am2904. Their functions
30 EOVR EN OVERFLOW are defined in Figure 21. OECT 1s used to enable the test
29 CEM EN MACRO STATUS output of the Am2904 to the CC input of the Am2910.
28 CE EN MICRO STATUS
27 lio CARRY OUT CONTROL
26 144 CARRY OUT CONTROL
25 TESTs
24 TEST, These bits determine which test is to be performed for the conditional branch and stack
23 TEST; functions. The various tests are listed in Figure 25. The testing is done both in the Am2904
22 TEST, and an 8 to 1 multiplexer.
21 TEST,
20 TEST,
19 NAC3 291013
18 NAC, 291012 These bits are connected to the 3o inputs of the Am2910 to control
17 NAC, 291011 the sequencing of the microprogram. Their definitions are listed in Figure 26.
16 NAC, 291010
15 M15
14 Mig
13 M3
12 M2
11 My4
10 Mio

g m: These bits provide the branch address for the Am2910 and the 16-bit immediate field.

5 Ms

4 M4

3 M3

1 M,

0 Mo

Am2903 ALU allows a not predefined instruction be accessible to the micro-

The first 16 equates assign mnemonics for the 18-15 of the
Am2903 which controls the destination of the ALU result. The
next 16 equates assign mnemonics for |4-11 of the Am2903
which control the operations of the ALU. The ALU definition
indicates the default is the Y bus forced to zero with no operation
on destination. The next group of definition selects the source
.operand, followed by the special function definitions of the
Am2903.

Am2901A PCU

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

programmer.

AM2904 Shift Linkage Multiplexer and Status Register

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

Datapath Control

The data control equates assign mnemonics to different datapath
control bits.
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AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1 T
DEFINITION FILE FOR 16 BIT COMPUTER i
i
H

H
i
H
i
i
H
H

CDC: EQU H#EG ;Tw0’S COMPLEMENT DIVISION CORRECTIUN
SPECIAL FUNCTION DEFINITION

AMDASM DRFINTION FILE FOR 1€-BIT COMPUTER
USING AM2901A, AM29B3, AM29¢4 & AM2S16 SPF14: DEF SX,8VH#, 79X

FILE CREATED BY STEVE CHENG 8/25/78
DEFINITION FOR AM29@1 PROGRAM CONTROL UNIT (PCU)

PCU RBG!STRR DK!INI'HONS:
PROGRAM COUNTER
STACK POINTER
STACK POINTER LOWER LIMIT
STACK POINTER UPPER LIMIT

REVISION 2.9 12/€/78
WORD 96
DEFINITIONS FOR AM2618 SEQUENCER

i
H
i
i
;
;
H
;
DEF 4X,B#8,71X,H#0,16X 5 JUMP umo i CONSTANT #
DEF 4X,B#8,71X,H#1,4X ,12V% 5COND JSB i CONSTANT 2
DEF 4X,B#1,71X,H#1,4X,12VY ,UACONDITIONAL SSR PL i
DEF 4X,3#2,71X,H#2,15X SJUMP M, i EQUATES FOR PCU DEFINITIONS
DEF 4X,B#@,71X,H#3,4X,12V% $COND ump 1
DEF 4X,B#1,71X,H#3,4X,12V% ;UNCONBINML Jurp PL QEV: EQU B#d 3Q REG = ZERO, B-RAM = ONE DEFAULT
DEF 4X,B#0,71X,H#4,4X,12VY FPUSH/COND LD CNTR i
DEF 4X,3#1,71X,H#4,4X,12V% SPJSH AND ID CNTR ; EQUATE FOR PCU FUNCTIONS
DEF 4X,F¢@,71X,H#5,4X,12V% 5CCND JS» R/PL P
DEF 4X,B#0,71X,H#6,16X 3COND JUMP VECTOR SUB: EQU B#1 3SUB = ONE, ADD = ZFRO DEFAULT
DEF 4X,B#1,71X,H#6,16% SUNCONDTICNAL JUr’P VECTOR i
DEF 4X,3#0,71X,E#7,4X,12V% ;CONI JUMP R/PL i EQUATES FOR SOURCE CONTROL
DEF 4X,B#@,71X,HHS,4X,12V% SREPEAT LOCE, CNTR <> @ ;
DkF 4X,B#2,71X,HrG,4X,12V% JREPEAT PL, CNTR <> v EQU Qud
DEF 4X,B#¢,71X,H#A,16X 5COND RTN EQU Qw1
DEF 4X,B#1,71X,H#A,16X FUNCONDTIONAL RETURMN EQU Q#2
DEF 4X,B#8,71X,H#B,4X,12V% 5COND JUMP PL & POP EQU Qw3
DEF 4X,B#@,71X,H#C,4X,12VXE#FFF ;1D CNTR & CONT EQU Qw4
DEF 4X,B#0,71X,H4D, 16X STEST END LOOP EQU Q#5
DEF 4X,B#0,71X,H#E,16X 5CONTINUE EQU Qe
DEF 4X,B#0,71X,H#F,4Y,12V% STEREE-WAY PRAKCH EQU Q#7
DEFINITIONS FOR AM2903 ALU EQUATES FOR PCU A-RAM
TEL ALU DEFINTION IS OF TEE FOLLOWING FORMAT EQU Qwe
ALU DESTINATION CONTROL, FUNCTICN EQU Q#1
EQU Q2
EQUATES FOR ALU DESTINATION CONTROL EQU Qw2
EQU Qn4
EQU E#e SARITHMETIC SHIFT DOWN, RESULTS INTC RAM EQU Qw5
EQU H#1 5LOGICAL SHIFT DOWN, RESULTS INTO RAM EQU Qu6
BQU Hw2 FARITH. SHIFT DOWN, RESULTS INTO RAM AND Q EQU Qw7
IQU E#3 ;LOGICAL SHIFT DOWN, RESULTS INTO RAM ANL Q
IQU H#a JRESULTS INTO RAM, GENERATE FPARITY EQUATES FOR PCU B-RAM
EQU H#d 5LOGICAL SHIFT DOWN Q, GENERATE PARITY
QU b#6 FRESULTS INTO Q, ;3KNERATE PARITY EQU Q#0
EQU a7 FRESULTS INTO RAM AND G, GENERATE PARITY EQU Q#1
QU E#6 SARITH. SRIFT UP, RESULTS INTO KAM EQU Q#2
EQU h#9 3LOGICAL SHIFT UP, RESULTS INTO RAM EQU Q#3
IQU E#A JARITH. SHIFT UP, RESULTS INTO RAM AND @ EQU Qu4
EQU H#B FLOGICAL SHIFT UP, RESULTS INTO RAM AND 3 EQU Q#5
QU E#C SRESULTS TO Y BUS ONLY EQU Q€
IQU H#D $LOGICAL SHIFT UP Q EQU Q#?
IQU E#E 5 SIGN EXTEND
QU k¥ FRESULTS TO RAM, SIGN EXTEND PCU DEFINITION
;
H EQUATES FOR ALJ FUCNTIONS P DEF 31X,1VB#1,1VB#Q,3VQ#1,3VQ#,3VQ#, 54X
; i
’ JFI = 1 PCU.NEXT: DEF 31X,B#10¢81180088 ,54X iPC = PC + 2
5SUBTRACT R FROM S PCU.PUSH: DEF 31X,B#11001108801 ,54X 5SP = SP - 2
SUBTRACT S FROM R PCU.POP: DEF 31X,B#10801100001,54X 3SP = SP + 2
5ADD R AND § PCU.JUMP: DEF 31X,E#12111900300,54% iPC = D
iPASS S PCU.TR2: DEF 31X ,B#10101108060,54X iPC = TPEG + 2
52°S COMPLEMENT OF S PCU.NCP: DEF 31X, B#18011000008,54X ;PC TO OUTPUT
FPASS R PCU.SP: DEF 31X,B#10011801301,54X 5SP TO GUTPUT
;;;s COMPLEMENT OF R PCU.DEC4: LEF 31X,B411631101060,54X iPC = PC - 4
PFL = @ ;
SCOMPLEMENT R AND WITE § H DEFINTIONS FOR AM2904 RELATED CONTRCL BITS
JEXCLUSIVE NOR R ¥ITHE S i
XCLUSIVE OR R WITE S i AM29g4 BIT vu’lurnoms ARE AS FOLLOWS :
FAND R WITH s H BITS 95-44 = DON’'T CARES
FNOR R WITEH ; BIT 43 = SHIFT EMABLE
NAND:  EQU H¥E SNAND & wma s P BITS 42-35 = GENIRAL PURPOSE CONTROL BITS
OR: IQU E#F JOR R WITH S H BIT 34 = OUT EN CONDITIONAL TEST
H BIT 33 = ENABLE ZEKO
ALU DEFINTION ; BIT 32 = ENABLE CARRY
H BIT 31 = ENABLE SIGN
DEF 9X,4VENC,4VHHS,79X i BIT 30 = ENABLE OVERFLOV
H nn 29 snuu HACHINE STATUS
ALU OPERAND SOURCES ; IT 28 = ENABLE MICRO STATUS
; ms 27-26 = CARRY OUT CONROL
DEF 6X,B#8,1X,B#9,6X,BN9,78X R = RAM A, S = RAM B ; BITS 25-2@= CONDTIONAL BRANCH TEST
DEF 6X,B#2,1X,B#1,8X,B#8,78X 3R = RAM A, S = DB i
DEF 6X,B#@,10X,Br1,78X JR = RAM A, S = Q SHIFTEN: QU B#o SSHIFT ENARLEF
DEF sx B#1,1X,B#0,8X ,Bra,78X ;R = DA, S = RAM B OECT: EQU B#@ 50UT EN CONDITIONAL TEST
DEF 6X,B#1,1X,B#1,8X,B#8,78X 3R = DA, S = DB EZ: IQU B#0 SENABLE ZERO
DEF sx’nn 10%, 3#1,78x iR = DA, S =Q EC: EQU B#e FENABLE CARRY
ES: EQU B#G FENABLE SIGN
; WORD/BYTE CONTROL EQVR: EQU Bu@ SENAELE OVERFLOW
; CEM: EQU B#é SENABLE MACHINE STATJS
WORD:  DEF 5X,B#9,99X CEU: EQU B#0 FENABLE MICRO STATUS
H ;
; OUTPUT Y ENABLE AM294: DEF 52X,1VB#1,8X,1VE#1,1VB#1,1VB#1,1VB#1,1VB#1,1VB#1,1VB#1,28X
1 ;
OEY: DEF 7X,B#0,88X ; TEST BITS DEFINTION
i 3
i SPECIAL FUNCTIONS FOR AM29@3 TEST:  DEF 78X,6VQ¥,20X
i H
H T0 USE THE SPECIAL FUNCTIONS, THE DESTINATION H EQUATES FOR AM29#4 CARRY-OUT CONTROL
i CONTROL MUST NOT BE AQ OR DAQ ;
; COEQ®: EQU Bwod 5 CARRY-OUT = @
i SPECIAL FUNCTION EQUATES COEQl: EQU B#81 3 CARRY-OUT =
i COEQCI: EQU B#10 3 CARRY-OUT = CARRY~IN
USMUL: EQU Ev®@ FUNSIGNED MULTIPLY COEQST: EQU B#l1l CARRY-OUT = CARRT OF STATUS REGISTER
TCMUL: EQU Hw20 3TWO’S COMPLEMENT nur.’rnm i
EQU H#40 5 INCREMENT BY ONE OR H CARRY-OUT CONTROL DEFINITION
EQU H¥#50 3 SIGN=MAGNITUDE/TW0 " s conyumm i
EQU B#69 5TWC’S COMPLEMENT nm ns'r STEP CARRYCTL: DEF 68X,2VB#80,26X
: EQU H#89 5SINGLE LENGTE NORMALI i
DLN: EQU E#AG ;DOUBLE LENGTE nonmuzs AND 1ST DIVIDE OP. H REGISTER MUX SELECT
TCDIV: EQU B#CO 3TWO’S COMPLEMENT DIVIDE i

Figure 20. Definition File for 16-Bit Computer.



AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1
DEFINITION FILE FOR 16 BIT COMPUTER

RTB: DEF B#d,95X FROUTE R1 TO RAM B

H EQUATES FOR DATAPATH DEFINITION

1z EQU B#1
ENTREG: EQU B#@
LDTREG: EQU B#1
ENCTR: EQU B#0
INC: EQU B#l
PCUY:  EQU B#ol
YMAR:  EQU B#0@
PCUMAR: EQU B#11
LDMAR: EQU B#1
LDD: EQU B#1
ZI11: EQU B#1
ENZ®:  EQU B#o

32 REG TO ZI REG

SJENABLE TRANSFER RESISTER
7LOAD TRANSFER REGISTER

7 I-REG EN CTR

5I-REG INC/DEC*

5PCU TRANSCEIVER TO Y-BUS
FPCU TRANSCEIVER TO MAR BUS
5PCU TRANSCEIVER CEIP DISABLE
FLOAD MAR

3LOAD D REG

5LOAD ZI INTO I-REG
7ENABLE 22 TO DA

FENABLE PSw

FSHIFT CNT 2916 A

PSW: EQU B#@
SHTCNTEN:EQU B#@ DDR
FBRANCH INSTRUCTION ENABLE

BRIEN: EQU B#d

E DATAPATE DEFINITION

DATAPATE: DEF 3X,1VB#@,14X,1VB#1,1VB#0,1VB#1,17B#0,2VB#11,1VB#0,
/ 1VB#8,1VB4€,1VB4#1,1VE#1,1VEH1,1VBHL, 65X

E EQUATES FOR MEMORY CONTROL

REQB:  EQU Br1 BUS REQUEST

MREQ:  EQU B#l FMEMORY REQUEST

EQU B#l $MEMORY WORD/BYTE*

i DEFINTION FOR MEMORY CONTROL
AEH.CONT:BEF 42X,1VB#@,1VB#0,1VB#1,1VB#2 ,1VB#0, 49X

H

H EQUATES FOR CONTROL STROBES

i

ROM: EQU B#1
IOEN:  EQU B#@
INTLIS: EQU B#®
INTRIEN:EQU Bw#@

5ROM/IREGEN*

51/0 CONTROL REG. ENABLE
7 INTERRUPT DISABLE
FENABLE 18-I3 ON AM2914

i CONTROL STROBE DEFINTION

!'.:OI(TROL: DEF 48X,1VB#8,1VB#1,1VB#1,1VB#1,44X
; CONROL BITS DEFINITION

;NTLB: DEF 53X,8VB#,35X

i
H IMMEDIATE ROM DEFINITION

i
iMHD: DLF 47X,B#9,32X,16VE#  FENABLE IMMEDIATE OPERAND
i

END

TOTAL PEASE 1 ERRORS = @

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

Memory Control

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

Control Strobe and Control Bits

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

Immediate Operand

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

MICROCODE

Flowcharts

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

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

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

Figure 23 lllustrates the execution of an RX instruction. In this
figure the decode operation takes the microprogram to the mi-
crostep where the form address operation is done. Since the
decode of the instruction has been completed in the previous
step, the form address microinstructions are unique to each RX
instruction in spite of the fact the operation performed is identical.

START REQB LOADS PC INTO MAR
PC-= MAR REQUESTS BUS FOR INST N
LOADS PC+2 INTO MAR AND PC
START1 P M e REQUESTS BUS FOR INST N+1
+2-=MAR, READS INST N
LOADS PC+2 INTO MAR AND PC
REQB, MREQ REQUESTS BUS FOR INST N+2
PC+2 = MAR, PC READS INST N+1
START2 -2y, 21 LOADS Z; REG WITH INST N
DECODE LOADS | REG WITH INST N;
DECODES INST N.
v EXECUTE
INTERRUPT
ROUTINE
N
EXECUTE
INSTN INSTRUCTION

MPR-696

Figure 21. Microprogram Start Up Flow Chart.

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

Figure 24 illustrates the executionof an RSl instruction. Atthe first
microstep, the Immediate operand is already in the Z, register. So
the instruction is executed in the first step. The microprogram is
then jumped to START2 to refill the pipeline.
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FROM INST N—1

REQUESTS BUS FOR INST N+3

REQB, MREQ
INST N Pora-MaR PO PUTS PC12 INTO PC AND MAR
EXECUTE LOADS Z; AND | WITH INST N+1
Frathat
TO Y
INTERRUPT
HANDLER
N
INST N+1
RR INSTRUCTIONS IMPLEMENTED
OPCODE R1, R2
LR Load Register R1 = (R2)
AR Add Register R1 = (R1) + (R2), Set CC
SR Subtract Register R1 = (R1) — (R2), Set CC
NR AND Register R1 = (R1) AND (R2), Set CC
ORR OR Register R1 = (R1) OR (R2), Set CC
CLR Compare Logical Register Set CC with (R1) — (R2)
XORR Exclusive OR Register R1 = (R1) XOR (R2), Set CC
MPR-697
Figure 22. RR Instruction Flow Chart.
FROM
INST N—-1
REQB, MREQ FORMS OPERAND ADDRESS BY ADDING Z;+X;
Z5+X, —~MAR REQUESTS BUS FOR OPERAND
JSB FETCHOP READS INST N+1
REQB, MREQ LOADS PC+2 INTO PC, MAR
INST N FETCHOP PC+ZZ:MZA:R. PC :Egggsgpseggz;OR INST N+2
RTN LOADS INST N+1 INTO Z,
LOADS PC+2 INTO PC, MAR
el e | AU Aok
DECODE LOADS Z; WITH N+1
see | et
T0 %
INTERRUPT
HANDLER
N
TO
INST N+1
RX INSTRUCTIONS IMPLEMENTED
OPCODE R1, X2 (DISP)
LD R1, X2 (D) R1 =(X2) + D
ST R1, X2 (D) (X2) + D = (R1)
ADD R1, X2 (D) R1 = (R1) + [(X2) + D], Set CC
SuB R1, X2 (D) R1 = (R1) - [(X2) + D], Set CC
N R1, X2 (D) R1 — (R1) AND [(X2) + D], Set CC
o R1, X2 (D) R1 = (R1) OR [(X2) + D], Set CC
CMP R1, X2 (D) Set CC FOR (R1) — [(X2) + D] .
-698

Figure 23. RX Type Instruction.



INSTN—-1 J
OADS PC+2 INTO MAR, PC
REQB, MREQ REQUESTS BUS FOR INGT N+2
INST N PC+2~=MAR, PC READS INST N-+1
JS;E;U;E EXECUTES INST N WITH IMMEDIATE OPERAND IN Z,
ART2 JUMPS TO START2
LOAD PC+2 INTO MAR, PC
REQB, MREQ REQUESTS BUS FOR INST N+3
PC+2—=MAR, PC READS INST N+2
START2 Z-=2,2,—1 LOADS INST N+1 INTO Z,
DECODE LOADS IREG
DECODES FOR INST N+1
T0 v
INTERRUPT
HANDLER
N
TO
INST N+1
IMMEDIATE INSTRUCTIONS IMPLEMENTED
OP CODE R1, DATA
LI Load Immediate R1 = DATA
NI AND Immediate R1 = (R1) AND DATA, Set CC
Ol OR Immediate R1 = (R1) OR DATA, Set CC
Xi Exclusive or Immediate R1 = (R1) XOR DATA, Set CC
Al Add Immediate R1 = (R1) + DATA, Set CC
Si Subtract Immediate R1 = (R1) — DATA, Set CC
Ci Compare Immediate Set CC with (R1) — DATA MPR-699
Figure 24. Immediate Instructions.
Figure 25 illustrates the execution of an unconditional branch
instruction. At the first microstep the displacement is already in
the Z, register. The branch address 1s formed by adding the INSTN-1 J
contents of the Z, register to the contents of the index register X;.
The MAR is loaded with the branch address and a bus request is REQB LOADS MAR AND TREG WITH
1ssued for the contents of the branch address. The branch ad- 25+Xp —=MAR BRANCH ADDRESS
Zy+X, ~—TREG REQUESTS BUS FOR INST AT BA

dress Is also loaded into the transfer register for subsequent
loading of PC. In the next step, the contents of the transfer
register+2 1s loaded into the PC and MAR. A bus request Is
1ssued to BA+2. The content of BAis read. The microprogram is
then transferred to START2 to fill up the pipeline.

Figure 26 illustrates the Conditional Branch instruction. In step 1,
unlike the Unconditional Branch instruction, the contents of the
memory (instruction N+ 1) 1s read, in case the test condition fails
and the macro program falls through. The condition test i1s en-
abled in this step. Ifthe test passes, the microprogram transfers to
Unconditional Branch routine. If the test fails, the microprogram
proceeds to fill the pipeline and continue.

Figure 27 illustrates the branch and link instruction. The flowchart
1s similar to Unconditional Branch except an extra step (STEP 2)
1s Inserted. This step saves PC in Ry.

Figure 28 illustrates a shift or rotate instruction. In STEP 1 the
opcode of the next instruction i1s loaded into Z, registers and the
shift count of the shift instruction is loaded into the loop counter of
Am2910. STEP 2 executes the shift instruction N+ 1 times, where
N 1s the shift count in the instruction. It should be noted that since
Am2910 detects — 1 as the stop condition, the shift count loaded
should be one less than the desired count. Step 3 is the same as
the RNI (request next instruction). Itis duplicated because the fail
condition of RPCT in Am2910 can only fall through.

REQUESTS BUS FOR INST BA+1

REQB, MREQ
BX, TREG+2 -= MAR READS INST BA
TREG+2 o PC LOADS MAR AND PC WITH
ADDRESS OF INST BA+1
REQB, MREQ REQUESTS BUS FOR INST BA+2
START2 PC+2-=MAR, PC READS INST BA+1
22,2, LOADS INST BA INTO Z; AND | REG
DECODE DECODES INST BA

BA = BRANCH ADDRESS

TO
INTERRUPT
HANDLER

BX X1, (D)

BRANCH  PC = (X;)+D

MPR-700

Figure 25. Unconditional Branch.
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INST N—1 ‘
Seas, MRed. REQUESTS BUS FOR BRANCH ADDR
ZorXe T MAR READS INST N+1
ot Xg =T LOADS MAR AND TREG WITH BRANCH ADDR

BRANCH

TRUE

CONDITION?

START2

REQB, MREQ
TREG+2 —= MAR, PC

REQB, MREQ
PC+2 —=MAR, PC
Z2-=2,, 2,1
DECODE

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

REQUESTS BUS FOR BA+2
READS INST AT BA+1

LOADS PC, MAR WITH PC+2
LOADS Z,, IREG WITH INST AT BA
DECODES FOR INST AT BA

BC CC, X, (D)

REQB REQUESTS BUS FOR INST N+2
PC+2 —=PC, MAR LOADS PC AND MAR WITH PC+2
z=-2, LOADS Z; WITH INST N+1
REQB, MREQ REQUESTS BUS FOR INST N+3
PC+2 = MAR, PC READS INST N+2
RNI Z——1 LOADS PC, MAR WITH PC+2
DECODE LOADS Z; WITH INST N+1
DECODES FOR INST N+1
TO TO
INTERRUPT INTERRUPT
HANDLER HANDLER
T0 N
INST N+1

TO INST AT BRANCH ADDR

MPR-701

Figure 26. Conditional Branch.

Figure 29 illustrates the input instruction. In STEP 1, the I/O Port
Address is formed by adding Z, and X,. Bus request is issued for
the I/O Port. The desired width of the I/O read pulse is loaded into
the Am2910 Loop Counter. The width of the I/O read pulse is
(N+2) X cycle time where N is the number loaded. The I/O read
signal is turned on. In STEP 2, the bus is held for the I/O address
and the loop counter is decremented until it becomes —1. In
STEP 3, I/O read pulse is turned off but I/O address is held for
possible address hold time requirement of the I/O device. On the
trailing edge of the I/O read pulse, the content of the I/O Port is
strobed into the Z,, register. In STEP 4, the content of Z, register
is loaded into R4, thus completing the I/O read. Bus request is
issued for the next instruction and microprogram jumps to
START1 to refill the pipeline.

Figure 30 illustrates the output instruction. In STEP 1, bus request
is ussued for the I/O Port Address. In STEP 1, the content of R, is
transferred to the D register for outputting to the data bus. The I/O
write pulse i1s set and the width of the write pulse is loaded into the
Am2910 Loop Counter as in the input instruction. In STEP 3, the
1/O address 1s held until loop counter becomes —1.In STEP 4, the
content of the D register is strobed into the I/O Port by turning off
the I/O Write Pulse. The microprogram jumps to START to refill
the pipeline.

The Figures 21-30 illustrate the major Instruction types im-
plemented. These are by no means the only possible instructions
for the 16-bit computer described. Some other instructions such
as stack instructions are shown in the microcode but not in the
figures and should be easily understood with the above examples
as a guide.

Figure 31 illustrates the implementation of some typical instruc-
tions. Instruction O is the restart instruction. It jumps to INIT
which is located in location H# 180 because the mapping PROM
maps only into the first 256 locations. So it is desirable to pre-
serve these locations for Macro instructions. The initialization
routine does the following:

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

. Set Ry in ALU to O (Inst H#180)

. Set Ry In PCU (PC) to 0 (Inst H#181)

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

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

. Turn off I/O reset signal (Inst H#185)

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

ONOOO A WN =

The microinstruction that executes macroinstructions are
grouped as follows:

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



INST N—1
INSTN-1 l
REQE. HREQ REQUESTS BUS FOR INPUT PORT
Zo+Xz = MAR LOADS MAR AND TREG WITH B, HOLDS THE BUS
Zy+X, —=TREG BRANCH ADDRESS Zg+X, ~=—MAR LOADS MAR WITH /O ADDRESS
I0CNT = CTR LOADS I/0 COUNT INTO
SET IOR LOOP COUNTER
l ‘ TURNS ON I/0 READ
PC =R, SAVES PC IN R, HOLDS BUS
REGB REQUESTS BUS FOR INST N+1 N HREQ DEC, LOOP COUNTER
CTR-1-=CTR UNTILCTR = —1
REQB, MREQ REQUESTS BUS FOR INST N+2
TREG+2—=PC READS INST N+1
TREG+2 -=MAR LOADS TREG+2 INTO PC, MAR 7
AEQUESTS BUS FOR INST HREQ HOLDS BUS
EQUESTS BUS FOR INST N+3 TURNS OFF /O READ
PCras MAR PG READS INST N+2 RESET IOR READS I/0 PORT CONTENT
START2 2o 2 7 LOADS PC+2 INTO PC, MAR
DECODE LOADS INST N+1 INTO Z; AND IREG
DECODES FOR INST N+1 ‘
REQB REQUESTS BUS FOR INST N+1
TO 2R, LOADS I/ PORT CONTENT INTO R1
INTERRUPT JMP START1 RE-FILLS PIPELINE FROM “START1"
HANDLER T0
INST N-+1 T0 1
START1
BAL Ry, X, (D) Ry = (PC), PC = (X)+D
MPR-702 MPR-704
Figure 27. Branch and Link. Figure 29. Input Instruction.
FROM
INST N1 LOADS MAR WITH
REQB, HREQ OUTPUT PORT NUMBER
Xp+Zo—=MAR REQUESTS BUS FOR OUTPUT
2wz, LOADS INST N+1 INTO Z HOLDS THE BUS
LOADS SHIFT COUNT OF INST N
N-—==SHIFT CNT INTO LOOP COUNTER l
J TURNS ON 1/0 WRITE
si’l‘i”é::gc’ HOLDS THE BUS
JOCNT-= CTR LOADS DREQ WITH R1
INST N EXECUTE SHIFT EXECUTE 1 CYCLE OF SHIFT LOADS 1/0 CNT INTO LOOP COUNTER
OR ROTATE OR ROTATE DECREMENT
CNT—1-=CNT LOOP COUNTER T
N IF LOOP COUNTER = -1, HOLDS THE BUS FOR /0 ADDRESS
GO TO NEXT INST HREQ DEC LOOP COUNTER
OTHERWISE, REPEAT CURRENT INST CTR-1-=CTR UNTIL CTR = —1
Y
N
REQB, MREQ REQUESTS BUS FOR INST N+3
PC+2—=MAR, PC READS INST N+2
2,1 LOADS Z; WITH INST N+1
DECODE DECODES INST N+1 Y
WRITES THE CONTENT OF DREQ
INTO OUTPUT PORT
RESET IOW, HREQ HO!?DSl'jI‘HE auso
IL?I’ERRUPT JMP START JUMPS TO “START”
enRUP TO REFILL PIPELINE
10 ‘
INST N+1 TO START

MPR-703

MPR-705

Figure 28. Shift and Rotate Instructions.

Figure 30. Output Instruction.

341



342

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

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

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

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

4. The content of the adjusted PC is written to the DREG (Inst
H#1F2).

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

6.

The vector jump directs to 1 of 8 locations labelled INTy-INT-.
For INT4-INT5, the first instruction disables interrupt in the
Am2914 and forces new PC value into PC. INT, requires an
extra instruction to clear the Am9519. The interrupt vector in
the Am9519 is to be determined by the macro interrupt
handler.

. This next instruction is the same as the START instruction.

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

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

AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1
MICROPROGRAM FOR 16 BIT COMPUTER

MICROPROGRAM FOR AMD 16-BIT COMPUTER
WRITTEN BY STEVE CHENG 9/78
REVISION 1.1 12/15/78

RESET SEQUENCE STARTS HERE

BT

edep SET: ALU & WORD & CONTROL ,IOEN,INTDIS, & CNTLB H#7F & DATAPATH &
/ MEM.CONT REQB,,HREQ,,MVORD & AM29#4 & PCU.NOP & JMP INIT
H
H REQUEST BUS FOR INSTRUCTION N
i
2981 START: ALU YBDS PASS & AB & WORD & OEY & CARRYCTL & CONTROL &

209999 LDMAR,,,,,, & MEM.CONT REQB,,,,MVORD &
AH2°BA & PCU.NOP & CONT

REQUEST BUS FOR INSTRUCTION N+1. READ INSTRUCTION N

TART1: ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM29#4 & PCU.NEXT & CONT

REQUEST BUS FOR INSTRUCTION N+2. READ INTRUCTION N+1.
LOAD 21 REGISTER WITH INSTRUCTION N.
DECODE FOR INSTRUCTION N

TARTE AIU\YBUS PASS & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH 221,,,,,,LDMAR,,2I1,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM29@4 & PCU.NEXT & JMAP

REQUEST NEXT INSTRUCTION
ALU YBUS,PASS & DAB & CARRYCTL & OEY & WORD & CONTROL &

DATAPATH ,.,.,,].DNAR,.ZIX,,,. & MEM.CONT REQB,MREQ,,,MWORD &
AM29@4 & PCU.NEXT & JMA

2082

0043

eoss

NN NN g NN g NN

RR TYPE INSTRUCTIONS

LOAD REGISTER 18 RR CC: NONE
IR R1,R2 R1 = (R2)
2005 LR: ALU REG,PASSR & AB & CARRYCTL & OEY & WORD &
DATAPATE 221,,,,,,LDMAR, ,Z11,,,, & MEM.CONT REQB,MREQ,,,MVORD &
AM2984 & CONTROL'E Pcu.NEXT & Jfar
ADD REGISTERS 1 RR CC: CSVZ
AR R1,R2 R1 = (R1) + (R2)

0096

=

ALU REG,ADD & AB & CARRYCTL & OEY & WORD &
DATAPATE 221,,,,,,LDMAR, 410300 & MENCCONT REQD,MREQ,  ,MVORD &
AM294 ,,E2,BC,E8 E0VR, CEM, &' CONTROL & PCU.NEXT'& Ji

SUBTRACT REGISTERS 1B RR CC: CSVZ
SR R1,R2 R1 = (R1) - (R2)

ALU REG,SUBR & AB & CARRYCTL COEQL & OEY & WORD &
DATAPATH Z21,,,,,,LDMAR,,2I1,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2094 ..EZ.!{C,BS.EOVR.C!‘.H. & CONTROL & PCU.NEXT & JMAP

AND REGISTERS 14 RR CC: CSvZ
NR R1,R2 R1 = (R1) AND (R2)

ALU REG,AND & AB & CARRYCTL 6 OEY & WORD &
DATAPATH 221,,,,,,LDMAR, ZII,.,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 ,,EZ,EC,ES,EOVR, CE"I & CONTROL & PCU.NEXT & JMAP

OR KEGISTERS 16 RR cC: CSVZ
OR R1,R2 R1 = (R1) OR (R2)

2007

=

2008

=

0009

=
=

ALU REG,OR & AB & CARRYCTL & OEY & WORD &
DATAPATH 211,,,,,,LDMAR,,2I1,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 ,,EZ,EC,ES,EOVR,CEM, & CONTROL & PCU.NEXT & JMAP

COMPAR!I LOGICAL REGISTERS RR cC: csvz
CC = RESULT OF (Ri) = (R2)
CONTENTS OF R1 AND R2 ARE NOT AFFECTED

200

=
=

ALU YBUS,SUBR & AB & CARRYCTL COEQ1 & OEY & WORD &
DATAPATH 221,,,,,,LDMA 11, & MEM,.CONT REQB, HREQ"'"'ORD &
AM29¢4 ,,EZ,EC,ES,EOVR, CEH & CONTRUL & PCU.NEXT & JMAP

NN D2 e e s NN O e v we N Z 0 e e SN U e e e we SN B e e e e, £ 0 s e e e e e e

instructions, etc.
EXCLUSIVE OR REGIQ‘IERS RR CC: Csvz
XOR R1,R2 = (R1) XOR (RZ)

2023

seec

2001

@00E

200F

ee1e

0011

oe12

0013

2014

20815

8816

2817

o818

2019

o
=
I

ALU REG,EXOR & AB & CARRYCTL & OEY & WORD &
DATAPATH Z21,,,,,,LDMAR,, Iln,. & MEM.CONT REQB, “HEQ”-MVOHV &
AM2604 ,,EZ,EC,ES,EOVR, CDH & CONTROL & PCU.NEXT & JI

RX TYPE INSTRUCTIONS

LOAD RX CC: NONE
1D R1,X2(D) Rl = [(x2) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,,,YMAR,LDMAR,,,ENZ0,,, & MEM.CONT REQH,MREQ,,,MVORD &
AM2504 & PCU.NOP & JSB FETCHOP

ALU REG,PASSR & DAB & CARRYCTL & OEY §& WORD & CONTROL &
DATAPATH ,,,,,,LDMAR, ,211,ENZ0,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 & PCULNFXT & JHAP

NN et e ve ey mrme e SO 3 v v e
2]

STORE 5i RX CC: NONE
ST R1,X2(D) (x2) + D = (R1)

3

ALU YBUS,ADD & DAB & CARRYCTL & OET & WORD & CONTROL & RTB &
DATAPATH ,,,,,YMAR,LDMAR,, ,ENZ@,,, & MEM.CONT REQB,MREQ,,,MVORD &
AM2G@4 & PCU.NOP & CONT

ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH 2Z1,4,,4,,1DD,,,,, & MEM.CONT REQB,,,,MWORD &
AM2¢24 & PCU.NOP & CONT

ALU YBUS,PASS & AB & CARRYCTL & OFY & WORD & CONTROL &
DATAEATH ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,MREQ,,WRITE,WORD &
AM2904 & PCULNEXT & JHB'RNI

NN G2 e e

PN

ADD 54 RX CC: CSVZ
ADD R1,X2(D) K1 = (R1) + [(x2) + D]

ALY YEUS,ADD & DAB & GARRICTL ¢ ORY & WORD & CONTROL & RTB &
DATAPATH ,,,,,TMAR ,LDMAR,,,ENZO,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2024 & PCUNOP & JSB FETCFOP

ALU REG,ADD & DAB & CARRYCTL & OEY & ¥ORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,2II,EN20,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 ,,KZ,EC,ES,EOVR,CEM, & PCU.NEXT & JMAP

SUBTRACT 5B RX cC: Csvz
SUB R1,X2(D) R1 = (F1) - [(x2) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,,,,,YMAR,LDMAR,, ,ENZO,,, & MEM.CONT REQB,MREQ,,,MVORD &
AM2904 & PCU.NOP & JSB FETCHOP

PR
~Np ~
]
=

NN D et N
1
]
b

ALU REG,SUBR & DAD & CARRYGTL COEQL & OFT & WORD & CONTROL &
DATAPATE ,,,,,,LDMAR,,Z11,ENZ8,,, & MEM.CONT REQE,MREQ,,,MVORD &
AM29@4 ,,EZ,EC,ES,EOVR,CEM, & PCU.NEXT § JMAP

AND 54 RX cC: CSVZ
N R1,X2(D) R1 = (R1) AND [(X2) + D)

ALU TBUS,ADD & DAR & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,.,TMAR,LDMAR,,,ENZ8,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM29#4 & PCU.NOP & JSB FETCHOP

ALU KEG,AND & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,4,,sLDMAR,,211,EN28,,, & MEM.CONT REQB, MRIQ..,M'ORD &
AM2984 ,,32,EC,ES,EOVR,CEM, & PCU.NEXT & JMAP

NN T s e

OR 56 RX cC: CSVZ
0 R1,x2(D) R1 = (R1) OR [(X2) + D]

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,,,YMAR,LDMAR,,,ENZO,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 & PCU.NOP & JSB FETCHOP

NN O e e N

ALY REG,OR & DAB & CARRYC‘H. & OEY & WORD & CONTROL
DATAPATH s9091oLDMAR, ,211,ENZS,,, & MEM. OONT REQB hHEQ.v-HVORD &
AM29@4 , ,EZ,EC,ES, EOVK cm & PCU.NEXT & JMA!

COMPARE CC: Csvz
CMP R1,X2(D) CC = RESULT OF (Rl) - [(
THE CONTENTS OF R1 AND (12) + D ARE NOT AFFECTED

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,,.,YMAR,LDMAR,,,ENZ®,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2964 & PCU.NOP & JSB FETCHOP

N D e e
=
o

Figure 31. Microprogram for 16-Bit Computer.
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AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1
MICROPROGRAM FOR 16 BIT COMPUTER

H
oe1A

€813

os1C

281D

PO1E

0817

002¢

2821

2922

2822

€024

2@825

282€

°027

es28

2829

ETCHCP:,

N TR RN

= e} 2 a2 -

B R R b O L

>

]
Iy

NN N e NN N N e

g g g e
3 g
£ £

ALU YBUS SUBR & DAB & CARRYCTL COEQl & OEY & WORD & CONTROL &
ATH 40000 AR, ,Z11 20,4 MEM.CONT REQB,MREQ,,,MWORD &
AHZQDA ,.BZ.EC BS, lO'R CEﬂ. & PCU. NSKT & JMaP

SUBROUTINE TO FETCH OPERAND FROM MEMORY

ALU YEUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATE 2Z1,,,,,,LDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2924 & PCU.NEXT & RIN

IMMEDIATE INSTRUCTIONS

LOAD IMMEDIATE 41 RSI CC: NONE
LI B1,DI 1=1DI
ALU REG,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL
‘ﬂl +1919 s LDMAR,, ,EN2S,,, & MEM.CONT REQB, MRRQ.,.HVOM} &
AH2904 & PCU.NEXT & JMP START2
RSI

AND lHHENATE CC: Csvz
k1,

NI

ALU REG,AND & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,,,,,LDMAR,,,ENZ®,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 ,,EZ,EC,ES,EOVR,CEM, & 8"PCULNEXT & JMP START2

R1 = R1 AND DI

OR IMMEDIATE RSI cC: Ccsvz

OI R1,DI R1 = R1 OR DI

ALU REG,OR & DAI & CARRYCTL & OEY & WORD & CONTROL &

DATAPATH ,,,,, »+EN28,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2904 ,,EZ, IIC ES, BOVR CEM, & PCU.NEXT & JMP START2

EXC'LHSIVE OR IHHEDIATE RSI
XI R1 = R1 XOR DI

ALU REG,EXOR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,,,,, LDMAR,,,ENZS,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 ,,EZ,EC,BES,EOVR,CEM, & PCU.NEXT & JMP START2

RSI CC: Csvz

CC: Csvz

ADD IMMEDIATE SA
I R1,DI =Rl + DI

ALII REG,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL &
AR,,,ENZ0,,, & MEM.CONT REQB,MREQ,,,MWORD &
+ES,EOVR,CEM, &"BCUNEXT & JMP START

hztos V2,

SUBTRACT IHHBDIATE 9B RSI

SI R

CC: Csvz
=Rl - DI

ALU REG,SUBK & DAB & CARRYCTL COEQ1 & OEY & WORD & CONTROL &
DATAPA' B veesey AR, ,,EN20,,, § MEM.CONT REQB,MREQ,,,MWORD &
AM2994 ,,EZ,EC,ES, IOV]\ Cll‘l, & PCU.NEXT & JMP STARTZ

CONPARI IMMEDIATE RSI cC: CSvZ
CI R1,DI CC = RESULT OF Ri DI
THE CONTENT OF R1 IS NOT AFFECTED

ALU !B\!S,SU!R & DAB & CARRYCTL COEQ1 & OEY & WORD & CONTROL &
»4EN20,,, & MEM.CONT KEQB,MREQ,,,MWORD &

130090

AHZQB! »+BZ,EC,ES, EOVR C!H &"PCU.NEXT & JMP START2
e
BRANCE INSTRUCTIONS
BRANCE UNCONDITIONAL 74 RX CC: NONE
B x2(D) PC = (X2) + D

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATE ,ENTREG,,,,,LDMAI
MEM.CONT REQB HREQ,.,HVORD & AHZQGA & PCU.TR2 & JMP START2

ALU YBUS,PASS & AB & WORD & OEY & CONTROL
DATAPATE , ENTREG MEM ccut REQB,MREQ, , ,MWORD &
AM2904 § PCU.TR2

seavey

» LDMA'
'8’ e START2

BRANCE ON CONDITION 47 RX CC: NONE
BC C,X2(D) IF ¢C = 1, PC = (X2) + D
ELSE PC = (PC) + 2

ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,LDTREG,,,YMAR,LDMAR,,,ENZ&,,,BRIEN & TEST 57 &
MEM.CONT REQB,MREQ,,,MWCRD &

AM2984 ,0ECT,,,,,, & PCU.NOP S CJP BX1

BRANCHE NOT AEEDED

ALU YBUS,PASS & AB & WORD & OEY & CONTROL &
DATAPATE 221,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD &
AM2984 & PCU.NEXT & JMP NI

BRANCE AND LINK 45 RX CC: NONE
BAL R1,X2(D) Rl = PC + 2, PC = [(Xx2) + D]
ALU YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL & RTB &
DATAPATH ,,LDTREG,,,YMAK,LDMAR,, ,ENZ@,,, & MEM.CONT ,,,,MWORD §

AM2924 & PCU.NOP & CONT

ALU REG,PASS & DAB & CARRYCTL & WORD & CONTROL &
ATAPATH ,,,,,PCUY, nnn EM.CONT REQB,,,,MWORD &

AHZSD{ & PCU.NOP & JMP B.

RR cc:

BRANCE AND LINK HEGISTER NONE

85
BALR R1,R2 (pc), PC = (R2)

ALU YBUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,LDTREG,,,YMAR,LDMAR,,,ENZ@,,, & MEM.CONT ,,,,MVORD &
AM2984 & PCU.NOP & JMP BAL1

202A

2828

202C

202D

#02E

902F

0938

2031

oe32

2032

2034

8935

#0836

2837

2838

8639

2834

2033

203C

263D

083E

883F

2040

NN Ua s e me o mrmemrme SN e e
g =

NN

NN
4
13

EAN

..\\m.......\\
4

-~

NN D e e N
=
=
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NN e e NN
~z ~
3]

AN

NN e e
1
=

N~

PO
~~z ~~
a

N~

[T
~B ~~
o

BRANCE REGISTER ALWAYS o8 RR CC: NONE

BRA R1 PC = (R1)

ALU YBUS,PASS & DAB & CARRYCTL & OEY & WORD & CONTROL &
DATAPATH ,,LDTREG,,,YMAR,LDMAR,,,,, & MEM.CONT REQB,,,,MWORD &
AM2924 & PCU.NOP & JMP BX1

SHIFT INSTRUCTIONS

SEIFT LEFT ARITHMETIC 8B csv
SLA R1,CNT R1 = SHIFT (R1) AMITBME’HC LIF‘l CNT PLACES

ALU YBUS,PASS & AB & WORD & OEY § CARRYCTL & CONTROL &
DATAPATH 211,, .,,,,.,,SHTCNTEN & MEM.CONT ,,,,MWORD &
AM2984 & PCU. P«OP & LDCT

ALU AUR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB B#F® &
DATA! PATH & MEM.CONT ,,,,MVORD &
AM29p4 SHIFTEN,,EZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT $

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CCNTROL &
DATAPATH ,,,,,,LDMAR,,211,,,, § MEM.CONT REQB,MREQ,,,MVWORD &
AM2984 & PCU.NEXT & JMAP

SHIFT LEFT LOGICAL CC: CSVZ
SLL R1,CNT R1 = SHIPT (R1) LB!‘T I.OGlCAl CNT PLACES

ALU YBUS,PASS & AB & WCRD & OEY & CARRYCTL & CONTROL &
DATAPATH ZZI,,y4999999sSHTCNTEN, & MEM.CONT ,,,,MWORD &
AM2984 & PCU.NOP & LDCT

ALU LUR,PASS & AB & WORD & OBY & CARRYCTL & CONTROL & CNTLB H#F® S
DATAPATH & MEM.CONT ,,,,MWORD
AM29p4 SHIFTEN,,EZ,EC,ES,EOVR, CFM & PCU.NOP & RPCT %

ALU YBUS,PASS & AB & WORD & OEY & CARRICTL & CONTROL &
DATAPATH ,,,.,,, LDMAR,,2II,,,, § MEM.CONT REQB,MREQ,,,MWORD &
AM2924 & PCU.NEXT & JMAP

SHIFT RIGHT ARITHMETIC
SRA R1,CNT R1 = SHIFT (R1) HIGBT AR!‘!!HE’HC CM‘ PLlCES

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH ZZ1,40,0009, 92 SETCNTEN, & MEM.CONT ,,,,MWORD &
AM2904 & PCU.NOP & LDCT

ALU ADR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB R#ES S
DA’ TAPATH & MEM.CONT
AM2994 SHIFTEN,,BZ,E!

IWORD
+ES,EOVR, CEH & PCU.NOP & RPCT %

ALU YBUS,PASS & AR & WORD & OEY & CARRICTL & CONTROL &
DATAPATH ,,,,,,LDMAR,,2I1,,,, & MEM.CONT REQB,MREQ,,,MWORD &
AM2984 & PCU.NEXT & JMAP

SHEIFT RIGHT LOGICAL CC: CSVZ
SRL R1,CNT R1 = SEIFT (R1) RIGBT LOGICAL CNT PLACES

ALU YBUS,PASS & AB & WORD & OEY & CARKYCTL & CONTROL &
DATAPATH 221, .vu-n.,.Sﬂ'RCNTlN & MEM.CONT ,,,,MWORD &
AM2984 & PCU.NOP & LDCT

ALU LDR,PASS & AB & WORD & 0“ & CARRYCTL & CONTROL & CNTLB H#E® &
DATAPATH & MEM.CONT ,,,,MWORD &
AM2904 SHIFTEN,,EZ,EC,ES,EOVR,CEM, §& PCU.NOP & RPCT %

ALU YBUS PASS & AB & WORD & OEY & CARRICTL & CONTROL
LDMAR, ,2 » & MEM.CONT REQB, HRBQ.nHVO!D &

re

AHZSI! & PCU.

Frar

CC: CSVZ
ROTA‘I‘I (ll) RIGHT CNT PLACES

ROTATE RIGHT
RR R1,CNT R1 =
ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATE ZZI,,,,099499+SHICNTEN, & MEM.CONT ,,,,MWORD &
AM2984 & PCU.NOP & LDCT

ALU LDR,PASS & AB & WORD & OEY & CARRYCTL & CONTROL & CNTLB H#FA &
DATAP.ITH & MEM.CONT ,,,,MWORD &
AM290< SEIFTEN,,EZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT %

ALU YBUS,PASS & AB & WORD & OEY & CARRICTL & CONTROL &
DATAPATE ,,.,,.LBHAR,.ZII,,., & MEM.CONT REQB,MREQ,,,MWORD &
AMZQE& & PCU.NEXT & J

ROTATE LEFT AL RSI CC: CSVZ
RL R1,CNT R1 = ROTATE (R1) LEFT CNT PLACES
ALU YBUS PASS & AB & UORD & OEY & CARHYCTL & COKTROL 6
DATAPATHE 2Z1,,,,, SHTCNTEN, & MEM.C

AM2904 & PCU.NOP

ALU LUR,PASS & AB & WORD & OEY & CARRICTL & CONTRCL & CNTLB H#FA &
DLTAPATH & MEM.CONT ,,,,MWORD &
AM2904 SHIFTEN, ,EZ,EC,ES,EOVR,CEM, & PCU.NOP & RPCT §

ALY IBUS PASS & AB & WOKD & OEY & CARRYCTL & CONTROL &

DATA ,,..,.LDHAI,.ZU.... & MEM.CONT REQB,MREQ,,,MWORD &
AH29.4 & PCU.NEXT & JMAP

A9 RSI

ROTATE RIGHT THROUGH CARRY cC: CsVz
RRC R1,CNT

ALU YBUS,PASS & AB & VORD & OEY 5 CARRYCTL & CONTROL &
DATAPATH 2Z1,,,,4449,59SETCNTEN, & MEM.CONT ,,,,MWORD &
AM2984 & PCU.NOP § IDCT

ALU LDR,PASS & AB & WORD & 0“ & CARRYCTL & CONTROL & CNTLB H#EQ &
DATAPATE & MEM.CONT ,,,,MWORD
AM2604 SHIFTEN,,EZ,EC,ES,EOVR, CBH & PCU.NOP & RPCT %

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
ATAPATH ,,,,,,LDMAR,,2II,,,, & MEM.CONT REQB,MREQ,,,MWORD &
Aﬂ2904 & PCU.NEXT & JMAP

ROTATE LEFT TERCUGH CARRY RSI CC: CSVZ
RLC R1,CNT ROTATE (R1) CNT TIHE LEFT THEROUGH CARRY

ALU YBUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL &
DATAPATH ZZI,445144944,SETCNTEN, & MEM.CONT ,,,,MWORD &

Figure 31. Microprogram for 16-Bit Computer (Cont.)
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AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1 3 RETURN FROM SUBROUTINE c3 CC: NONE
MICROPROGRAM FOR 16 BIT COMPUTER i RET PC = (SP)
i SP =SP +2
/ AM2504 & PCU.NOP & LDCT ;
i 0056 RETURN: ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
0041 ALU LUR,PASS & AB & WORD §& OEY & CARRYCTL & CONTROL & CNTLB R#F9 & / DATAPATH 4440, LDMAR,,,,,s & MEM.CONT REQB,,,,MVORD &
/ DATAPATH & MEM.CONT ,,, MWORD & 7 AM2984 & PCU.SP & CONT
/ AM2904 SRIFTEN,,EZ,EC,ES,EOVR,CEM, & PCU.NOP §& RPCT % P
i 0857 ALU YBUS,PASS & B & CARRYCTL & OKY & WORD & CONTROL &
0042 ALU YRUS,PASS & AB & WORD & OEY & CARRYCTL & CONTROL §& / DATAPAT',,,,,,IDMAR,,,,,, & MEM.CONT REQB,MREQ,,,MWORD &
/ DATAPATH ,(,,,,LDMAR,,211,,,, & MEM.CONT REQB, nnsq,,,nvonp s 7 AM2984 & PCU.SP & CONT
/ AM2984 & PCU.NEXT & JMAP i
2658 ALU YBUS,PASSR & DAB & CARRYCTL & OEY S WORD & CONTROL &
; / DATAPATH , ,LDTREG,, ,YMAR LDMAR, , ,ENZO,,, &
i M M MWORD & 2 P POP CON'
; 1/0 INSTRUGEIONS { EM.CONT REQB,MREQ,, MWORD & AN2S84 & PCU.POP & CONT
i 0859 ALU YBUS PASS § AB & CARRYCTL § OET & WORD & CONTEOL §
P / n;un‘m LENTRI fm"&' '3'1"'§i"n'sf MEM.CONT ,,,,MWORD &
i
; INPUT AB RX CC: NONE / AMZ904 & PCU.JUP & JriP STA
H IN R1,X2(D) R1 = PORT (X2) + D i
1 H
0043 IN: ALU YBUS,ADD & DAB & CARRTCTL §& OEY & WORD & COMTROL & RTS & H INTERRUPT INSTRUCTIONS
/ DATAPATH ,,,,,TMAR,LDMAR,,, ENZ®,,, & MEM.CONT REQE,,HREQ, ,MVORD & i
/ AMZ904 & PCU-NOP &'LDCT H¥DO1 i
H H
0044 ALU & WORD & OEY & CONTROL +I0EK & CNTLB E#FD & . i LOAD mmun MASK CC: NONE
/ DATAPATH & MEM.CONT , ,HREQ, ,MWORD & i 10AD IOWER BYTE or DI xn'ro MASK REGISTER
/ AM2964 & PCU.NOP & RPCT § i
P o851 LIH: LU TBUS,PASSR 6 DAB & CARRTCIL & OET & WORD &
0045 ALU & WORD & OBY & CONTROL ,I0BN,, & CNTLD B#FF & / CONTROL ., ,INTRIEK & CNTLS BWPE §
/ DATAPATE & MEM.CONT ,,BREQ,,MWORD & / DATAPATH ,,,,,,L! L ENZ8,,, & MEM.CONT REQB,MREQ,,,MVORD &
7 AM2984 & PCU.NOP & CONT / ANEbos & BEULRERD & Shb SEARD:
i ;
0046 - ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL & CONTROL & 3 ENAELE INTERRUPT c8 4 CC: NONE
/ DATAPATH ,,,,,,LDMAR,,,ENZS,,, & MEM.CONT REQB,,,,MWORD & i I ENABLE INTERRUPT SYSTEM
/ AM2984 & PCU.NOP & JMP START1 ;
; £053 EI: ALD TBUS,PASS & D & CARRICTL & OFY & VORD &
; OUTPUT A2 RX CC: NONE / ONTROL ,,,INTRIEN & CNTLB B
P OUT R1,X2(D)  PORT (X2) + D = (R1) / nnnnn zzx......r.wm,.zn..., & MEM.CONT REQB,MREQ,,,MWORD &
; / AM2924 & PCU.NEXIT & JMAP
2047 CUT: nu YBUS,ADD & DAB & CARRYCTL & OEY & WORD & CONTROL S RTB & i
/ APATE,,,, ,TMAR LDMAR, , ,ENZO,,, & MEM.CONT REQB,,EREQ,,MWORD & 3 msnm INTERRUPT cTL CC:NONE
/ AH29I4 & PCU.NOP & CONT H DISABLE INTBRRUPT SYS‘I‘EH
H ;
0048 AL TBUS,PASS & AB 6 CARRICTL & OET & WORD & 205¢ DI: ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD &
/ CONTROL ) IOEN, , s CNTLB H4TD / CONTROL ,,,INTRIEN & CNTLB H#FD &
/ DATAPATH ,,,, Dyyyre & m:n CONT ,,HREQ, ,MVORD & / DATAPATR 221,,,,,,LDMAR,,211,,,, & MEM.CONT REQB,MREQ,,,MVORD &
/ AM2904 & BOULNOP R 1361 nwesL / AM2904 & PCU.NEXT & JMAP
i ;
0049 ALU & WORD & CONTROL & OEY & H nmmn TROM INTERRUPY cB i34 cc: (sp+2)
/ DATAPATE § MEH.CONT ,.HREQ, ,HVORD & i = (sp) ,PSW = (SP+2)
/ AM2984 & PCU.NOP & RECT % H s 4, INTERRUPS ENABLED
H i
0044 ALY & WORD & CONTROL ,IOEN,, & CNTLD HFF & OET & 005D RTI:  ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
/ DATAPATH & MEM.CONT ..am,.nwo D & / DATAPATH ,,,,,,LDMAR, 1y, & MEM.CONT REQB,,,,MWORD &
/ AM2904 & PCU.NOP & JMP START 7 AM2904 & PCU.SP & CONT
H
H 005SE ALU YBUS,PASSR & DAB & CARRYCTL & OEY & WORD & CONTROL &
3 / DATAPATH' , ,LDTREG,,,,,,,EN28,,, & MEM.CONT REQB,MREQ,,,MVORD &
i STACK OPERATIONS / AM2984 & PCU.POP & CONT
; H
H @05F ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL &
H / DATAPATH ,ENTREG,,yyy sy 00ss & MEM.CONT ,,,,MVORD &
H PUSH REGISTERS ce RR €C: NONE 7 AM2904 & PCU.JUMP & CONT
3 PUSH R1,RN (sP = 2) = R1 i
i (SP - 4) = R2 0060 ALU YBUS,PASS & AB & CARRYCTL & OET & WORD &
i (SP - 2%N) = RN / CONTROL ,,, INTRIEN & CNTLB R#F9 &
i SP = SP - 2%\ / DATAPATR ,,,,,, LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD &
H / AM2904 & PCU.SP & CONT
9643 PUSH:  ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & i
/ DATAPATH ZZ1,,,y0s0prp0s & MEM.CONT REQB,MREQ,,,MWORD & 2061 ALU TBUS,PASSR & DAB & CARRYCTL & OET & WOR
/ AM2904 & PCU.NOP & CONT / CONTROL ,,  INTRIEN & CNTL HAPF § TEST Qued ¢
P 7 DATAPATH y44yp0,418 § MDY, CONT REQB,MREQ, ,,HWORD 6
o04C ALU YBUS,PASS & AP & CARRYCTL & OEY & WORD & CONTROL & 7 AM2984 ,,EZ)EC) ws.:ovn kM, & PCU.POP & JMP STAR
/ DATAPATR 1,0, o LDMAR DD, 1, ,, & WEM.CONT REQB,MREQ,,,MWORD &
/ AM26@4 & PCU.PUSH & CO
i s
oos> ALY YBUS, “siu&rn:& CARRYCTL & OBT & WORD | g'courao 5 H
B,y ENCTR,INC, s, 4,4,y & MEM.CONT REQB,MREQ,,WRITE,MWORD & ; N T
/ TEST Q70 & AM20B4 & PCU.NOP'& CJP PUSE+1 H INITIALIZATION RODTINES
i H
004 ALU YBUS,PASS & AB & CARRTCTL & OEY & WORD & CONTROL & ;
/ DATAPATF ,,,,,,LDMAR, »s» & MEM.CONT REQB,MREQ,,,MWORD & 2188 ORG H#18¢
/ AM2904 & PCUINGP & JMB NI ;
i X 0180 INIT: ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL &
i POP REGISTERS L RR CC: NONE / DATAPATH & MEM.CONT ,,RKEQ,,MVORD & CONTROL ROM,,, & CNTLB 00 &
i POP R2,R1 R2 = (SP) / IMMD H#8000 & CONT
H RL = (SP + 2) ;
1 RN = (SP + 23N) 1 INITIALIZE REGISTERS IN AM2981A
; SP = SP + 2*N i RO = @, R1 = 400K, R4 = 2, AND RS = 4
; [
©84F POP:  ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & 0181 ALU & WORD & CONTROL ..,mrnsu s cnnn HWFO &
/ DATAPATH Z21,4,,,100,50s & MEM.CONT REQB,MREQ,,,MWORD § / DATAPATH & MEM.CONT ,,EREQ, ,MWO
/ Ak2s04 & PCULROR'S" oM / AM2904 & PCU ,,PCUDZ,A8,B8 & mn» nmm & CONT
; i
2856 ALU REG,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & 0182 ALU & WORD & CONTROL ,..mnum & CNTLB HAF8 &
/ DATAPATH ,,,,,,LDMAR,,,ENZ0,,, & MEM.CONT REQB,,,,MWORD & / DATAPATH & MEM.CONT ,,HREQ,,MWORD &
/ AM2984 & PCU.SP & CONT / AN2984 & PCU ,,PCUDZ,AL,B1 & YSND fwaesa & conr
; ;

0051 ALU YBUS,PASS & AR & CARRYCTL & OEY & WORD & CONTROL § 2183 ALU & WORD §& PCU ,,PCUDZ,A4,B4 & CARRYCTL & DATAPATH &
MEM.CONT , ,HREQ, ,WORD & TMMD R#POO2 & CONT

/ DATAPATF PgUENCTRy,yyra0s & MEM.CONT REQB,MEEQ, , MVORD & /

/ TEST Q78 & AM29@4 & PCU.POP & CJP POP+1 f

i 0184 ALU & WORD & PCU ,,PCUDZ,A5,B5 & cammrcry s DATAPATE &
0052 .u.u YBUS,PASS & AB & cumc'u & OEY & WORD & CONTROL & / MEM.CONT , ,BRFQ, ,MWOED & IMMD R#0094 &

/ H 0 RaLDMAR o, o & MEM.CONT REQB,MREQ,,,MVORD & ;

/ ‘"29'4 & PCU.NOP & JMP RNI 0185 ALU & WORD & CONTROL ,IOEN,, & CNTLB E#FF & DATAPATH &

i / MEM.CONT , ,HREQ, ,MVORD & AM2904 & PCU.NOP & CONT

1 SUBROUTINE CALL c2 RX CC: NONE i

; CALL X1(D) SPP- sg)- 2“,” ; INITIALIZE CONSOLE AM9551

; = i

i PC = [(x1) + 1] 0186 ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL &

i / DATAPATH & WEW.CONT & CONTROL ROM,,, & CNTLB 10 &
0853 CALL:  ALU YBUS,ADD & DAB & cAmcu s on & WORD & CONTROL & RTB & / IMMD EWFFFB &

/ DATAPATE ,,LDTREG, ,,,LDMAR, ,,E s 3

/ MEM.CONT REQB,MREQ,,,MVORD & mzsu & PCU.PUSH & CONT e187 ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL &

i / DATAPATH & MEM,CONT & CONTROL ROM,,, & CNTIB 22 &
0854 uu YBUS,PASS & AB & CARRYCTL & WORD & CONTROL & / IMMD E#GOCE & CONT

/ DATABATE 40 PCUT (LD, 1, s & MEM.CONT REQB MREQ, , JMNORD & ;

7 At2984 & BEUINOP & "Col 0186 ALU & WORD & CONTROL & DATAPATH & MEM.CONT & JSB IOW

; d
2055 ALU YBUS,PASS & AB & CARRYCTL & OEY & WORD & CONTROL & 0189 ALU REG,PASSR & DAB & WORD & OEY & CARRYCTL &

/ DATAPATE , ENTREG, , ,, , LDM / DATAPATH & MEM.CONT & COKTROL ROM,,, & CNTLB 2¢ &

/ MEM.CONT REQB,MREQ, WRITE,MVORD & AM2084 & PCU.JUMP & JMP STARTL / IMMD E#B835 & CONT

i 3

Figure 31. Microprogram for 16-Bit Computer (Cont.)
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8184 ALU & WORD & CONTROL & DATAPATHE & MEM.CONT & JSB IOW

2108 ALU & VORD & CONTROL ,IOEN,, & CN‘HI H#FF &
DATAPATE ,,,,,,LDMAR MEM.CONT REQB,,,,MVORD &
AM2984 & PCU.NOP & JMP STA!

rre00s &
RT1

/
/
: i
5 H INTERRUPT 4, PC = 28E
018 ALU & PCU.NOP & DATAPATH & MEM.CONT & JMP START H
©1D9 INT4:  ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB E#FD &
; / DATAPATH & MEM.CONT ,,,,MWORD &
; / AM2084 & PCU ,,PCUDZ,A8,38 & IMMD E¥8028 & CONT
H 0 WRITE SUBROUTINE i
H THE mm/mss OF I/0 PORT IS IN R1 8104 ALU & WORD & connoL LJI0EN,, & CNTLB E#FPF &
3 THE DATA TO BE WRITTEN IS IN R2 / DATAPATE 444,00, LDMAR,,,,,s & MEM.CONT REQB,,,,MVORD &
i / AM2984 & PCU. uor s .m? STARTL
] H INTERRUPT 5, PC = 24K
©18C 10¥:  ALU YBUS,PASS & AB & cumcn. & OEY & WORD & ;
/ CONTROL ROM,,, & CNTL3 1 @1DB INTS: ALU & WORD & CONTROL ,.nmns Iuﬂllxn & CNTLB H#FD &
/ DATAPATH ,,,,,TMAR, LD‘IAI.,.... & MEM.CONT REQB,,RREQ,,MVORD & / DATAPATH & MEM.CONT ,,, MV
/ AM29@4 & PCU.NOP & CONT / AM2984 & PCU ,,BCUDZ A8 .58 s mnn H#8€24 & CONT
§ !
018D ALU YBUS,PASS & AB LY cunc'n. & OEY & WORD & 610 ALU & WORD & CONTROL ,IOEN,, & cum HAFF &
/ CONTROL ROM,,, & CNTLB 28 & / DATAPATE 4,44,,L0MAR, ;0400 & MEM.CONT REQE,,,,MVORD &
/ DATAPAT ,......Lnn.,.., S MEM.CONT REQB,,HREQ,,MVORD & / AM2964 & PCU.NOP & JMP START1
/ AM2994 & PCU.NOP & CONT ;
H i INTERRUPT 6, PC = 288
0183 ALU & WORD & CONTROL ,IOEN,, & CNTLB H#FB & DATAPATE & H
/ MEM.CONT REQB,,HREQ, ,MWORD & AM2904 & PCU.NOP & LDCT H#91 £1DD INT6: ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB HWFD &
H / DATAPATE & MEM.CONT ,,,,MWORD &
o187 ALU o WORD & CONTROL & DATAPATE & / AM2904 & PCU ,,PCUDZ,A8,B8 & IMMD EN@028 & CONT
/ MEM.CONT , ,HREQ,,MWORD & AM2904 & PCU.NOP & RPCT § H
{ @1DE ALU & WORD & counox L, I0EN,, & CNTLB E#FF &
8196 ALU & WORD & CONTROL ,IOEN,, & CNTLB H#FF & DATAPATH & / DATAPATH ,,,4,,, R.‘.... & MEM.CONT REQB,,,,MWORD &
/ MEM.CONT REQB,,HREQ,,MWORD & AMZ924 & PCU.NOP & RTN / Ahzoa & BED. RGP ¢ JHP STARTL
i
i H INTERRUPT 7, PC = 2CE
i H
i VECTOR JUMP ENTRY POINTS O1DF INT?: ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB H#FD &
H / DATAPATH & MEM.CONT ,,,,MWORD &
i / AM2984 & PCU ,,PCUDZ,A8,B0 & IMMD E¥@02C & CONT
i H
8] ORG H#1D® 01E6 ALU & WORD §& CONTROL ,IOEN,, § CNTLB E4FF &
; / DATAPATE ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MVORD &
i INTERRUPT @, PC = 10 / AM2994 & PCU.NOP & JMP START1
;
€1D9 INTS: ALU & WORD & CONTROL xosu INTDIS, & CNTLB H#F7 & ;
/ DATAPATH & MEM.CONT ,,,,MWORD & H
/ AM2994 & PCU ,,PCUDZ,A8,B8 §& IMMD E#PO10 & CONT H INTERRUPT EANDLER
H H
0101 ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CATLD B4TD & ;
/ DATAPATE & MEM.CONT & AM2994 & PCU.NOP & }
H o170 ORG E#1FS
81D2 ALU & WORD & CONTROL JIOBN,, & CNTLD HWPF & 3
/ DATAPATE ,,.,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MVORD & #178 INTR:  ALU & WORD & CONTROL &
/ AM2964 & PCU.NOP §& JMP STARTL / DATAPATE & MEM.CONT REQB,MREQ,,WRITE,MWORD &
; / AM29#4 & PCU.DEC4 & CONT
i INTERRUPT 1, PC = 148 i
; o171 ALU & WORD & CONTROL &
©1D3 INT1: ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB H¥FD & / DATAPATE ,,,,,,LDMAR,,,,,, & MEM.CONT ,,,,MWORD &
/ DATAPATE & MEM.CONT ,,,,MWORD & / AM2964 & PCU.PUSE & CONT
/ AM2994 & PCU ,,PCUDZ,AB,B¢ & IMMD E#8#14 & CONT ;
; 8172 ALU & WORD & CONTROL &
8104 ALU & WORD & CONTROL ,IOEN,, & CNTLB EWFF & / DATAPATE ,,,,,PCUY,,LDD,,,,, & MEM.CONT REQB,,,,MJORD &
/ DATAPATE ,,,,,,LDMAR,,,,,, & MEM.CONT REQB,,,,MWORD & / AM2984 & PCU.NOP & CONT
/ AM2994 & PCU.NOP & JMP START1 i
i 2173 ALU & WORD & CONTROL ,,,INTRIEN & CNTLB HAF5 &
i INTERRUPT 2, PC = 18H / DATAPATE & MEM.CONT REQB,MREQ,,¥RITE,MWORD &
H / AM2994 & PCU.NOP & JMPV
21D5 INT2:  ALU & WORD & CONTROL ,,INTDIS,INTRIEN & CNTLB HWFD & ;
/ TATAPATE & MEM.CONT ,,,,MWORT & i
/ AM2994 & PCU ,,PCUDZ,A8,B0 & IMMD H#8018 & CONT H
i ] INTERRUPT ENTRY POIN:
€1D6 ALU & vokn s couno‘l. JI0EN,, & CNTLB BWFF & H FoInT
/ DATAPATE ,,,.,,LDMAR,,,,,, & MEM.CONT REQB,,,,MVORD & ;
/ NZ00aE BEULRoF e 45’ sinty H
i P1FF ORG H#1FF
i INTERRUPT 3, PC = 1CH s
i 01FF ALU & WORD & CONTROL &
01D7 INT3: ALU & WORD & connox o+ INTDIS, INTRIEN § CNTLB E#FD & / DATAPATE ,,,,,,LDMAR,LDD,,,PSW,, & MEM.CONT REQB,MREQ,,,MWORD &
/ DATAPATH & MEM. WORD 7 AM2684 & PCU.PUSE & JMP INTR
/ AM2984 & PCU ..Pcvnz 76,32 & IMMD E#®E1C & CONT ;
; END
Figure 31. Microprogram for 16-Bit Computer (Cont.)
MICROCODE TRANSLATION ENGINEERING MODEL AND MACROCODE

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

There is another instance where the ability to shift bit assignment
1s important to the engineer. As a given product evolves, bits may
be added or deleted from the original microword format. When
this occurs, a mapping function is desired to minimize hardware
changes.

The program in SYSTEM/29® that performs such a mapping
function is called AMSCRM. The AMSCRM maps the output of
AMDASM (logical bit pattern) into the bit pattern that is consistent
with the 16-bit computer hardware. A table of the logical to physi-
cal mapping 1s shown in Table 3.

With the proper tools — designing, microprogramming, prototyp-
ing, and checking out a new computer design is not overly dif-
ficult. The major tools used for the high-speed 16-bit design
described in this application note was System 29", System 29 is
a software driven hardware prototyping system which allows
microprogramming, hardware design/checkout, and macropro-
gramming (programming in the language of the target machine)
to occur simultaneously. At the point where the design is reason-
ably rigid, and the hardware 1s mostly fabricated, System 29
allows the engineer to create “instant” microprograms to check
out the new computers’ internal data paths. Microprogram
software support features of System 29 also allow the engineer to
single cycle, single instruction step, instruction trace, and trap on
pre-specified events coming true. Simultaneously with this initial
internal check-out, the microcode for some very simple machine
instruction should be written (i.e., load register, add register, or
register, etc.). The next step is to check out the main memory
paths with load and store instructions. At this point, a-reasonable
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Table 3.

BIT ASSIGNMENT FOR 16-BIT COMPUTER

BIT POSITION MNEMONIC * DESCRIPTION

LoG PHY

95 95 RTB * REG. FIELD 2 TO B PORT OF AM2983
94 SPARE

3 SPARE

92 54 221 LOAD 2 REG. INTO 2I REG.

91 94 CCEN * AM2918 CONDITON CODE ENABLE

64

62-60
59-57
56-54

42-35

25-23
22-20

19-16

15-9

AM29€3 ALU CONTROL BITS

93 WORD * WORD MODE = @, BYTE MODE = 1
92 EA * ENABEL A LATCE ON AM2903
91 OEY * ENABLE Y OUTPUT ON AM2983
98 OEB * ENABLE B LATCE ON AM29@3
89-81 18-10 INSTRUCTION LINES FOR AM2983

DATAPATH BITS

88 ENTREG * ENABLE TRANSFER REG

79 LDTREG LOAD TRANSFER REG.

78 ENCTR * I-REG ENABLE COUNTER

77 INC I-REG INC=1/DEC=0

76 PCUCD PCU TRANSFER CHIP DISABLE
75 PCUY PCU TRANSFER TO Y-BUS

74 LDMAR LOAD MEMORY ADDRESS REGISTER
73 LDD LOAD D-REGISTER

72 211 LOAD ZI INTO I REGISTER

71 ENZO he ENABLE Z@ REGISTER TO DA BUS
70 PSW * ENABLE PSW REGISTER TO DA BUS
69 SHTCNEN  * SHIFT COUNT AM291@ ADDRESS
€8 BRIEN * BRANCH INSTRUCTION ENABLE

AM2981A PROGRAM CONTROL UNIT

67 PCUI? F TO B-RAM = 1 (DEFAULT), F TO Q-REG = 0
66 PCUI3 ADD = 1 (DEFAULT), SUB = @

65-63  PCUI2-@ PCU SOURCE CONTROL

62-60  PCUA2-@ PCU A-RAM SELECT

59-57  PCUB2-@ PCU B~RAM SELECT

MEMORY CONTROL

52 REQB BUS REQUEST

51 MREQ MEMORY REQUEST

50 HREQ * HOLD REQUEST

45 WRITE MEMORY READ = @ (DEFAULT), MEMORY WRITE = 1

48 MWORD MEMORY BYTE OP = @ (DEFAULT), MEMORY WORD OP = 1

CONTROL BIT STROBES

56 IMMD * ENABLE IMMEDIATE FIELD TO DA BUS

47 ROM I-REG ENABLE = @ (DEFAULT), ROM ENABLE = 1
46 IOEN * 1/0 CONTROL REGISTER ENABLE

45 INTDIS * AM2914 INTERRUPTS DISABLE

44 INTRIEN * AM2914 INSTRUCTION ENABLE

43 SHFTEN * AM2994 SHIFT ENABLE

GENERAL PURPOSE CONTROL BITS
42-35  CNTLB7-9 BITS TO BE STROBED BY CONTROL STROBES
AM2904 STATUS REGISTER CONTROL BITS

34 OECT * OUTPUT ENABLE OF CONDTIONAL TEST
33 b4 * ENABLE ZERO FLAG UPDATE
32 EC * ENABLE CARRY FLAG UPDATE
31 E * ENABLE SIGN FLAG UPDATE
30 EOVR * ENABLE OVERFLOW FLAG UPDATE
29 CEM * ENABLE MACHINE STATUS REGISTER
28 CEU * ENABLE MICROPROGARM STATUS REGISTER
27 112 AM2994 112 CARRY OUT CONTROL
26 111 AM2904 CARRY OUT CONTROL
TEST BITS
25-23  TEST5-3 AM2984 TEST BITS
22-280  TEST2-9 AM2904 & AM25L5251 TEST BITS

AM2918 SEQUENCE CONTROL

19-16  NAC3-€ AM2910 NEXT ADDRESS CONTROL
NEXT MICRO ADDRESS OR IMMEDIATE FIELD

15-8 M15-8 SHARED FIELD FOR NEXT ADDRESS OR IMMD
END




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

The standard System 29 configuration provides automatically for
microcode and hardware development. In order to efficiently
develop and implement the target machine’s software, a target
machine assembler and a mechanism for ioading the machine’s
main memory must be provided. System 29 uses an Am9080A
microprocessor, dual floppy disks, and a full function disk
operating system to support microprogrammed hardware and
firmware development. The Am9080A microprocessor can ad-
dress 64k bytes of memory. The disk operating system uses only
the first 32k bytes and the remaining 32k is used to memory map
(page) functions from the hardware development side. Through
this mechanism, the designer has the ability to directly load and
manipulate microprograms, monitor hardware functions, etc.
There are extra enable lines from the page register which allow
the System 29 user to map other functions into the support
processor’s upper 32k of memory.

The main memory of this 16-bit high-speed computer design was
mapped into the support processors upper 32k via one of the
unused page register enable lines. Besides the normal 16-bit
interface, a simple 8-bit interface was added to the main memory
thus making it a simple two port memory. When the 16-bit com-
puter is halted (via a System 29 command) location 0 of 16-bit
main memory would be addressed as location 8000 hex of Sys-
tem 29 support processor memory. Location 1 would be 8001, 2
would be 8002, etc. This affected a mechanical link between the
16-bit prototype design and System 29.

In order to efficiently write a reasonably complex piece of
software (such as a simple monitor), an assembler for the target
instruction set is needed. Since this 16-bit computer design is not
exactly ke any other 16-bit computer, ready to run software tools
are not available. A macro assembler is available as an optional
enhancement to the System 29 software base. Even though this
macro assembler is for programming in Am9080A assembly lan-
guage, there is a user installable patch which will disable all of the
AmY080A operation codes (Figure 32). With this patch installed,
the user may now write a macro library defining the target
machine’s instruction set. It Is not necessary to code the entire
instruction set, as the first level of programming for the new
machine (simple monitor, etc.) will be using only the phase 1
instruction set. A complete macro library of the AMD high-
speed 16-bit computer phase 1 instruction set is contained in
Appendix B.

Now that the tools are In place, it is relatively simple to code and
implement a simple monitor for the target machine. Appendix C
contains the complete simple monitor listing for the AMD high-
speed 16-bit computer. Only the phase 1 instruction set was used
which does not include byte instruction, call and return instruc-
tions, stack instructions, any special instructions, etc. This simple
monitor understands three commands: Display (D), Store (S),
and Jump (J). Typing D followed by an address value will display
256 bytes of main memory beginning on the address given
(rounded back to the nearest eight word boundary). Typing an S
followed by an address, followed by data, will store the data
consecutively, on a nibble basis beginning at the given address.
Typing in J followed by an address will cause the processor to
begin execution at the main memory location given by the ad-
dress. Commands, addresses, and data must be separated by at
least one delimiter (space, comma, or period).

The change file shown below can be integrated into MAC to produce a new program, which we will call
MAC29. The MAC29 program will not recognize 8080 mnemonics, but will recognize all the MAC pseudo
operators and arithmetic functions.
;
; MACRO ASSEMBLER "MAC" CHANGES TO DISABLE 8088 OPCODES.
’
’
g019 = RT EQU 25 ;89806 REGISTER NAME
golA = PT EQU 26 ;s PSEUDO OPCODE TYPE
2561 = TAREA EQU 2561H ;FREE AREA IN TOKEN MODULE
’
2444 ORG 24448 ;OVERLAY INX H MOV B,M RET
2444 C36125 JMp TAREA
2561 ORG TAREA
; TYPE IS IN THE ACCUMULATOR
2561 FE19 CPI RT ;BELOW RT IF ARITH OP
2563 DA6925 Jc TYPEOK
2566 FEl1A CPI PT ; PSEUDO OP?
2568 CO RNZ sRETURN WITH NON-ZERO FLAG
; OTHERWISE, PSEUDO OP OR ARITH OP
2569 23 TYPEOK: INX H
256A 46 MOV B,M
2568 BF CMP A ;SET ZERO FLAG
256C C9 RET
’
256D END

Figure 32. Macro Assembler Disable Opcode Patch.
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After writing the monitor, and putting it onto floppy disks via the
System 29 editor, it must be assembled using the modified macro
assember (described earlier). The result of the assembly is a hex
file which is suitable for loading into the 16-bit computer’s main
memory. This hex file is now loaded into support processor mem-
ory beginning at location 8000 hex. As discussed previously, this
is mapped at location zero in the 16-bit computer's main memory.
Assuming the microcode is loaded and a terminal is connected to
the 16-bit computer, the monitor in 16-bit main memory may now
be executed. The complete System 29 session from editing and
assembling the monitor to loading and executing it is given in
Appendix D.

SUMMARY

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

build computers using the current state-of-the-art architecture
with LS| building blocks.

As technology improves, Advanced Micro Devices has been able
to redesign these building blocks to offer increased performance.
Thus, the Am2901 has evolved through an Am2901A, then an
Am2901B and now an Am2901C is in the planning. In addition, the
Am2903 offers additional architectural advantages and soon an
Am29103 will provide additional speed and performance fea-
tures. Similarly, the microprogram sequencer area began with the
Am2909 and Am2911; then was followed by the larger Am2910.
Soon, the Am2909A and Am2911A will provide higher speed in
the microprogram sequencer area and will be followed by an
Am2910A.

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



APPENDIX A
Complete Description of Instructions

LOAD SUBTRACT
RR, RS, SS RR, RS, SS
oP R, | Ry oP R, | R,
RX, RSI RX, RSI
oP Ry | X d oP Ry | X d

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

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

STORE SUBTRACT WITH CARRY
RR, RS, SS
oP R, R, oP R4 Rz
RX, RSI RX
oP Ry Xo d oP Ry Ro d

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

The second operand (16 bits) with carry i1s subtracted from the
first operand and replaces the first operand.

ADD AND
RR, RS, SS RR, RS, SS
OoP Ry R opP Ry R2
RX, RSI RX, RSI
oP R, Xo d op R, Xz d

The first operand 1s added to the second operand and replaces
the first operand.

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

ADD WITH CARRY OR
RR RR, RS, SS
oP Ry | Ry oP R | Ry
RX RX, RSI
opP Ry | X d opP Ry | X d

The first operand (16 bits) with carry 1s added to the second
operand and replaces the first operand.

The OR of the first operand and the second operand replaces the
first operand.
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XOR MULTIPLY UNSIGNED »
RR, RS, SS RR
OP R-' Rz opP Rl RZ
RX, RSI RX
oP R4 Xo d oP R4 Xz d

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

TEST IMMEDIATE
RX, RSI

op R, | % d

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

COMPARE
AR, RS, SS
opP Ry | R,
RX, RS
oP Ry | X d

The first operand 1s algebraically compared with the second
operand. The result 1s indicated by the condition code.

COMPARE LOGICAL
RR, RS, SS

oP R4 Ry

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

MULTIPLY
RR
opP Ri | R,
RX
opP Ry | X% d

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

The first operand (R; + 1) is multiplied by the second operand
and the 32-bit product is contained in Ry and (Ry + 1). Ry must be
even.

LOAD BYTE
RR
oP Ry | R,
RX, RXI
oP Ry | x, - d

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

INSERT CHARACTER

RR, RS
op Ry | R

RX, RS
opP Ry | X d

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

STORE CHARACTER
STORE BYTE
RR, RS
op Ry | R,
RX, RSI
op Ry | X d

The least significant byte of the first operand is stored in the
location specified by the second operand. The other byte of the
second location 1s unchanged.
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EXCHANGE BYTE OR BYTE
RR, RS RR, RS
oP R, R, OoP R4 R,
RX RX, RSI
op Ry | %, d opP Ry | % d

The bytes specified by the first and second operands are ex-
changed. When the operand specifies a register (i.e. Rq, Rp) only
the low order byte I1s exchanged.

The OR of the low order bytes specified by the first and second
operands replace the first operand low order byte. The high order
byte of Ry i1s set to zero.

BYTE SWAP XOR BYTE
RR, RS RR, RX
oP Ry | R, oP R, | R
RX RX, RSI
oP Ry | R d oP Ri | X d

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

COMPARE LOGICAL BYTE

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

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

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

The AND of the low order bytes specified by the first second
operands replace the first operand low order byte. The high order
byte of Ry 1s set to zeros

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

LOAD PROGRAM STATUS WORD
RX

Ro d

A 32-bit new PSW 1s loaded from the memory location specified
by the second operand as the current PSW.

EXCHANGE PROGRAM STATUS
RR

Ry | R

PSW (0:15) — (R4)
R2 -» PSW (0:15)

STORE PROGRAM STATUS WORD
RX

oP Ry d

The 32-bit PSW is stored at the location specified by the second
operand.
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SUPERVISOR CALL P/PUSH
RX RR
oP Ry | X d oP Ry | R
OLD PSW — [(Xp) + d] R; THRU R, - STACK
[(Xz) + d] + 4> NEW PSW
P/POP
RR
SET, CLR, COMPLEMENT, TEST BIT PSW opP Ry | R

oP N

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

CALL
RX

oP R, R, d

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

RETURN

opP X X

POP STACK
STACK = PSW (16:31)

PUSH

op x | x
;08}2{15} ~ STACK
POP

op x | x
STACK~ zos_‘l':“"s

STACK - R, THRU R,

LOAD STACK POINTER
LOAD STACK LIMIT LOWER
LOAD STACK LIMIT UPPER

RX
oP R, d
STORE STACK POINTER
STORE STACK LIMIT LOWER
STORE STACK LIMIT UPPER
RX

op R, d

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

TRANSLATE
RR
oP R, | R,
Ry
LENGTH
ADDRESS
R
ADDRESS

The addresses specified by Ry + 1 and R, define two tables, R4
+ 1 address is the top location of a table to be translated, R,
address the first location of the translation table. The value (one
byte) pointed to be the Ry + 1 address i1s indexed by (added to)
the address value of R; to find the translation code. This transla-
tion code replaces the value pointed to by the Ry + 1 address.
After one byte is translated, the length is decremented and the
address of Ry + 1 incremented and the instruction repeated, until
the length equals zero. This instruction is interruptable. If this
instruction 1s interrupted, the PC 1s left pointing to this instruction
so that this instruction can be resumed after the interrupt service
is complete.



TRANSLATE AND TEST

RR
oP R | R,
Ry
LENGTH
ADDRESS
R,
ADDRESS

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

MOVE LONG
RR
op R, | R,
Ry
LENGTH
ADDRESS
Rz
ADDRESS

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

COMPARE LONG

RR
oP R4 Ry
Ry
LENGTH
ADDRESS
Ry
ADDRESS

Compares the first operand against the second operand. The
length 1s decremented and the address incremented after each
compare. When length = zero of the bytes compared are not
equal, the instruction is halted.
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EXECUTE
RX

op Ry | X d

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

DECIMAL ADD
op Ry | R,
op R | % d

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

DECIMAL SUBTRACT
R, | R,
Ry | X% d

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

DECREMENT INDEXES

RR
opP R4 Rz
Ri -1 >R,
R2 -1 ->R;

One is subtracted from R; and the result placed back into Ry. One
1s subtracted from R, and the result placed back into R,. Ry and
R, may specify the same register with will effectively subtract two
from that register.

SHIFT RIGHT ARITHMETIC

SHIFT RIGHT DOUBLE ARITHMETIC
RX, RSI

op R, | R d

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



354

ROTATE RIGHT
ROTATE RIGHT DOUBLE

RX, RSI

oP Ri | R d

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

SHIFT LEFT ARITHMETIC
SHIFT LEFT DOUBLE ARITHMETIC

RX, RSI

opP R | Ry d

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

ROTATE LEFT
RX, RSI

OoP R4 N d

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

SHIFT RIGHT LOGICAL
SHIFT RIGHT DOUBLE LOGICAL
RX, RSI

opP R4 Ry d

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

SHIFT LEFT LOGICAL
SHIFT LEFT DOUBLE LOGICAL

RX, RSI

oP R, | R, d

The contents of Ry for single shifts and Ry, Ry + 1 for double
shifts are shifted left the number of positions specified by the
second operand. High order bits shifted out are shifted through
the carry bit. Zeros are shifted in. R, for double shifts must be
even.

INPUT WORD
RR
op Ry | Ry
RX
op Ry | X d

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

INPUT BYTE
RR
op Ri | Re
RX
oP Ry | X d

One byte of data i1s read into the low order 8 bits of the first
operand from the device which is addressed by the contents of
the second operand.

OUTPUT WORD
RR
op R | Ry
RX
oP Ry | X, d

The 16 bits of R, Is sent to the device which 1s addressed by the
contents of the second operand.

OUTPUT BYTE

RR
oP Ry | Ry

RX
oP Ry | X, d

The low order 8 bits of Ry Is sent to the device which is addressed
by the contents of the second operand.



BRANCH BRANCH AND LINK
RS BALR RS
oP Ra oP R | X
RX  BAL RX
oP Rz d opP R | X d

Unconditionally branch to the location specified by the second
operand. The first operand i1s not used.

BRANCH ON CONDITION

The address of the next sequential instruction 1s saved in Ry, and
an unconditional branch to the jump address is taken.

BRANCH ON INDEX

RS BXH HIGH RX

opP CC | Ry oP R | X d
RX BXLE LOW OR EQUAL RX

oP cc | Ry d oP Ry | Xo d

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

Condition codes are:

Carry =B (Sign=0)

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

Not Zero =4 1’'s Comp> =9
2's Comp> =0 1’s Comp< =8
2's Comp< =3 1’'s Comp> =C
2's Comp> =2 1’s Comp< =D
2's Comp< =1 Overflow =7
Plus =E Not Overflow =6

R, is Incremented by the value In Ry + 1, and logically compared
to the index limit held in Ry+2.

INDEX HIGH

(Rq) + (Ry + 1) = (Ry)

(Ry) 1 (R +2)

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

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

(Rq) + Ry + 1) > (Ry)

(Ry) (R +2)

(Ry) < (Ry + 2) THEN d + (Xp) > PSW (16:31)

IF (Ry) > (Ry + 2) THEN PSW (16:31) + 2 - PSW (16:31)
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APPENDIX B
; DB _15H,R1*1@H+R2
1 ENDM
H MACRO DEFINITIONS FOR MICRO/29 ;
i H XR EXCLUSIVE OR REGISTERS 17
’ ’
1 XR MACRO R1,R2
; DEFINITIONS FOR CPU REGISTERS DB 17H,R1*1@H+R2
; ENDM
RO SET ©
R1 SET 1
R2 SET 2 ;
R3 SET 3 i
R4 SET 4 ; RX TYPE INSTRUCTIONS
R5 SET 5 ;
R6 SET 6 H
R7 SET 7 ;
R8 SET 8 i LD LOAD MEMORY 58
R9 SET 9 3] MACRO R1,X2,DI
R10 SET 10 DB _58E,R1*10H+X2,(DI) SER 8,(DI) AND OFFH
R11 SET 11 ENDM
R12 SET 12 i
R13 SET 13 H ST STORE IN MEMORY 50
R14 SET 14 §
R15 SET 15 ST MACRO R1,X2,DI
X0 SET 0 DB_50H,R1*10H+X2,(DI) SER 8,(DI) AND GFFE
X1 SET 1 ENDM
X2 SET 2 3
X3 SET 3 ; ADD ADD FROM MEMORY 54
X4 SET 4 i
x5 SET 5 ADD MACRO R1,X2,DI
X6 SET 6 DB _5AH,R1*19H+X2,(DI) SHR 8,(DI) AND @FFH
X7 SET 7 ENDM
18 SET 8 1
X9 SET 9 5 SUB SUBTRACT FROM MEMORY 5B
X10 SET 10 1
X11 SET 11 SUB MACRO R1,X2,DI
x12 SET 12 DB S5BH,R1*10H+X2,(DI) SHR 8,(DI) AND @FFH
X13 SET 13 ENDM
X14 SET 14 H
X15 SET 15 ; N AND WITH MEMORY 54
’ ’
3 PRESET CONDITION CODES N MACRO R1,X2,D
i DB 548, n*iondz (DI) SHR 8,(DI) AND OFFH
cY? SET @BH i CARRY ENDM
NC? SET OAH 3NO_CARRY H
2? SET @5H 3 ZERO ; 0 OR WITH MEMORY 56
NZ? SET @48 NOT 2ERO 1
cT? SET @OH 72°S COMP GREATER THAN 0 MACRO R1,X2,DI
LT? SET @3H 52°S COMP. LESS THAN DB 56H,R1*1@H+X2,(DI) SHR 8,(DI) AND @FFH
GE? SET @28 72°S COMP. GREATER THAN OR EQUAL TO ENDM
LE? SET O1H 32°S COMP. LESS THAN OR EQUAL T0 H
PL? SET OEH iPLUS, SIGN = @ H cMp COMPARE WITH MEMORY 55
MI? SET @FH FMINUS, SIGN = 1 5
BI? SET @9H 51°S COMP. HIGHER cMP MACRO R1,X2,DI
1s? SET 08H 51°S COMP. LOWER OR SAME DB_55H,R1*18H+X2,(DI) SHR 8,(DI) AND @FFH
HS? SET OCH 71°S COMP. HIGHTER OR SAME ENDM
10? SET @DE ;1'5 conp. LOVER
ov? SET O7H 5 OVERF. ;
NV? SET 068 iNOT ovnnnov i
1 i
H H IMMEDIATE INSTRUCTIONS
’ 1
; RR TYPE INSTRUCTIONS H
1 H
H 3 Ll LOAD IMMEDIATE 41
’ ’
H IR LOAD REGISTER 18 LI MACRO R1,I2
; DB 41H,Ri*10H,(I2) SER 8,(I2) AND OFFE
LR MACRO R1,R2 ENDM
DB 18H,R1¥1pH+R2 3
ENDM ; NI AND IMMEDIATE 94
i ;
; AR ADD REGISTER 1A NI MACRO R1,I2
1 DB 94H,R1*10H, (12) SER 8,(12) AND OFFE
AR MACRO R1,R2 ENDM
ma un Ri*10B+R2 ;
; )¢ OR IMMEDIATE 96
’ ’
H SR SUBTRACT REGISTER 1B oI MACRO R1,I2
i DB_96H,R1*10H,(12) SER 8,(I2) AND OFFH
SR MACRO R1,R2 ENDM
DB 1BH,R1¥1PH+R2 ;
NDM H XI EXCLUSIVE OR IMMEDIATE 97
’ - ’
H NR AND REGISTERS 14 X1 MACRO R1,I2
i DB 97H,R1%10H,(I2) SHR 8,(I2) AND OFFH
NR MACRO R1,R2 ENDM
ma 145 RI*10H+R2 3
H Al ADD IMMEDIATE oA
’ ’
; ORR OR REGISTERS 16 Al MACRO R1,I2
i DB QAH,RI‘MH (I2) SHR 8,(I2) AND @FFH
ORR MACRO R1,R2 ENDM
DB 16H,R1%10H+R2 3
ENDM i s1 SUBTRACT IMMEDIATE 9B
i
CLR COMPARE LOGICAL REGISTERS 15 SI MACRO R1

O —emr e

DB QBH Rl‘lﬂ!l (12) SHR 8,(I2) AND OFFH
LR MACRO R1,R2 ENDI
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cI COMPARE IMMEDIATE 95 ; SRL SHEIFT RIGHT LOGICAL 88
;
MACRO R1,I2 SRL MACRO R1,CT
DB ssa Ri*10H,(12) SHR 8,(12) AND BFFE DB 88H,R1*10E+(CT-1)
END ENDM
;
; SLL SEIFT LEFT LOGICAL 89
BRANCH AND CONITIONAL BRANCH INSTRUCTIONS SLL MACRO R1,CT
DB agn.n:*mm(c'r-x)
ENDM
H
BX UNCONDITIONAL BRANCE 74 i SRA SEIFT RIGHT ARITEMETIC 8A
;
MACRO X1,DI SRA MACRO R1,CT
DB 748, win (DI) SHR 8,(DI) AND @FFE DB sn m*wm(cr -1)
ENDM END
i
BC CONDTIONAL BRANCH 47 H RRL ROTATE RIGET A8
H
MACRO CC,X2,D RRL MACRO
DB 47EH, cc*mmxz (D1) SHR 8,(DI) AND @FFH DB usn ai*wm(c'r -1)
ENDM ENDM
;
BAL BRANCH AND LINK 45 ; RLL ROTATE LEFT AL
H
MACRO R1,X2 RLL MACRO R1,CT
DB 45H, nvmmxz (DI) SER 8,(DI) AND @FFH DB GAAH,RI1*10E+(CT-1)
ENDM ENDM
;
;
BALR  BRANCH AND LINK REGISTER 05 i
H 1/0 INSTRUCTIONS
MACRO R1,R2 i
DB 05H,R1*10H+R2 ;
ENDM H
i N INPUT A2
BR BRANCE REGISTER UNCONDITONAL [ ;
N MACRO R1,X2,D
MACRO R1 DB BACH, m*msoxz (DI) SHR 8,(DI) AND OFFH
DB 04H,R1*10H . ENDM
M
END ; our QUTPUT A2
1
ouT MACRO R1,X2,D
SHIFT AND ROTATE INSTRUCTIONS DB OA2H, m*mnuz (DI) SER 8,(DI) AND @FFEH
DM
H
SLA SHEIFT LEFT ARITHMETIC 8B
MACRO R

DB 8BH, Rl*lOH*(CT 1)
ENDM
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0000+1709

0092+45E00028
©006+45E00016
©000A+45E00040
PODE+45E0008C
0012+74020006

©016+50E@03EA
©001A+4120003F
201E+45E003D8
0022+58E003EA
0026+04E0

0028+58E003EC
©902C+4120040D
8830+45E00308
2034+8827

0036+45E003D6
003A+58EBB3EC
@O3E+04ED

0040+50E003EE
0044+4130040F
0048+41400080
004C+45E00398
2050+8917

8052+1851

0054+16FF

0056+47500082
805A+45E00358
205E+941000FF
0062+1651

0064+16FF

0066+47500082
P06A+50530000
086E+5A300002
8072498400002
0076+4750007E
0874+7400004C
P87E+41500D00
0082+50530¢00
0086+58B003EE
008A+04E0

008C+58E0B3FO
0090+4140040F
0094 +58540000
8098+55500488

899C+475000C2
00A8+55508408A
P0A4+475001B0
20A8+55508040C
PBAC+475002F2
20BO+45E00028
20B4+4120003F
2@BB+45E003D8
P@BC+5S8EGO3FO

$*MACRO

DATA:
STATUS:
CRLF:

;

i
BEGIN:

MONLP:

iROHPTZ

DOCRLF:

GETIP:

IPLP:

DOEOF2:
DOEOF:

ECAKBR:

BY:

MACLIB
BQU
EQU
EQU
ORG

IR

BAL

BAL
BAL
BX

ST
L1
LI
BAL

L1
ST
1D
BR

ST
L1
1
cHP
BC

20C0+8450
SIMPLE MONITOR FOR THE AMD BIGH-SPEED 16-BIT COMPUTER

00C2+41400410
JIM BRICK

00C6+45E00304
MICRO29 00CA+9460FFFO
OFFFAH  jUSART DATA PORT ADDRESS 00CE+41C00010
OFFFBE ;USART CONTROL PORT ADDRESS
OAODE  ;LINE-FEED, CARRIAGE RETURN 00D2+50660404
e 08D6+45£00110
RO,RO CLEAR RO 00DA+41200020
R14,R8,DOCRLF FNEV LINE ON CONSOLE @@DE+45E003D8
R14,R0,PROMPT  ;1/P PROMPT 00E2+45E003D8
R14,R0,GETIP  ;GET USERS I/P 90E6+45500126
R14,Re,SCANER 3DECODE & EXECUTE COMMAND @OEA+41200020
RO, MONLP SREPEAT LOOP FOREVER 00EE+45E003D8

00F2+45E0015C
R14,R@,GPROMPT ;SAVE RET

3 . 00F6+45E00028

B2, PROMPT CEARACTER °>

00FA+58600404
R14,R0,CRTOUT  §PROMPT TO CAT

00FE+9A600010
R14,R0,GPROMPT ;RESTORE RET

9182+93C 80001
R14 ;

0106+4740€0D2
R14,R8,0DOCRLE ;SAVE RET 2104+58E003F0
R2,CRLP CR/LE CODES 010E+04E0
R14,R0,CRTOUT  ;0/P LF

0110+30E003F2
R2,8 GET CR CODE 110308

0114+A867
14,R0,CRTOUT  ;0/P CR

0116+4550035
R14,R0,0D0CRLF ;RESTORE RET E

0114+8867
R14 H

211C+45E0035E
R14,R0,GCETIP  3SAVE RET 0120+58E003F2
R3,BUFFER A(I/P BUFFER) 012440420
R4, 00E0H MAX I/P COUNT 0126450800374
R14,R2,GETCER  ;GET NEXT I/P CHARACTER 0124+58700404
R1,8 POSITION I/P CEAR TO HI BYTE 012E+41000008
BS,R1 iSAVE HI BITE 0132+58670000
R15,R15 TEST RET CODE 2136+A867
27,R8,DOROF 10 EOF I¥ RC = ZERO 0138+45E0035E
R14,R0,GETCER  ;NEXT CEARACTER 213C+8867
R1,00FFB SSAVE ONLY I/P CEARACTER IN LC P13E+45E0835E
RS,R1 $COMBINE TWO BYTES FOR ONE WORD 0142+41200020
R15,R15 STEST RET CODE 2146+45£003D8
27,8 ,DOEOF 70 EOF IF RC = ZERO 2144+94700002
R5,R3,0 iDATA TO 1/P BUFFER 814E+9BD60001
R3,0002 $70 NEXT BUFER SLOT 2152+47480132
R4 ,0002 scounr-2 0156+58E003F4
27,R0,D0E0F2  ;STOP IF MAX 1/P 0154+04E8
R8, IPLP CONTINUE GETTING I/P
RS,0D00E SEOF APTER MAX LINE 015C+50E003F6
RS,R3,0 $DATA/EOF TO BUFFER 0160+36700404
R14,R0,GGETIP  RESTORE RET 0164+41D00085
R1e : 2168+58670060

016C+2867
R14,R0,GSCANER ;SAVE RET P16E+1826
R4, BUFFER SA(I/P BUFFPER) 8178+45508196
RS, Be,0 SGET COMMAND (PIXED FORMAT) 2174445200308
RS,RO,DMPCMD  ; D POR DUMP? 2176+8867
27,R8,DUMP 60 IF TRUE 8174+1626
R5,R@,STRCMD 5 S FOR STORE? 017C+45500196
2?,R9,STORE iGO STORE IF TRUE 0180+45E003D8
RS,R0,JMBCMD  ; J FPOR JUMP? 0184+9A700002
27,88, JUNP 560 JUMP IF TRUE 2186+9BD00201
R14,R8,DOCRLF  ;NEW LINE ON CRT 218C+47400165
R2,7?° ;7 ©190+58E03FE
R14,R0,CRTOUT  ;UNKNOWN COMMAND 619440410
B14,R0,GSCANER ;RESTORE RET

0196+942000FF
R14 ; -

DMPLP:

TYPAD:

DMPOUT:

DMPLPP:

i
TYPLIT:

TYPLLP:

i
DOCIT:

ST

ST

BAL
SRL
BAL
Lp
BR

LD
LI

RRL
BAL
SRL

LI
BAL
Al
sI
BC
1D
BR

i
LI

RRL
LR
BAL
BAL
SRL
LR

BAL
Al
SI
BC
LD
BR

NI

Re, BUFOP1
R14,R8,CVADDR
R6,0FFFOR
R12,16
R6,R0,DPAD
R14,R8, TYPAD
R2,” ° ;SPACE
R14,R0,CRTOUT
R14,R8,CRTOUT
R14,R@,DMPOUT
R2,” ° iSPACE
R14,R8,CRTOUT
R14,R0,TYPLIT
R14,R8,DOCRLF
R6,R8, DMPAD
R6,16

R12,1
NZ?7,RO,DMPLP
R14,R0,CSCANER
R14

R14 ,RG,GTYPAD
R6,8
R14,R0,BINOUT
R6,8
R14,RE,BINOUT
R14,R3,GTTPAD
R14

R14 ,R@,@DMPOUT
R7,R@,DMPAD
R13,8

R6,R7,0

R6,8
R14,R8,BINOUT
6,8
R14,RO,BINOUT
R2,” ° jSPACE
R14,R0,CRTOUT
R7,0002
R13,0001

NZ? ,R@,DMPLPP
R14,R0,0DMPOUT
R14

R14,R0,0TYPLIT
R7,RQ,DMPAD
R13,8

R6,R7,8

R6,8

R2,R6
R14,R0,D0CIT
R14,R0,CRTOUT
R6,8

R2,R6
R14,Re,DOCIT
R14,R8,CRTOUT
R7,0002

R13,1
N2?,R0,TYPLLP
R14,R8,GTYPLIT
R14

R2,@0FFR
R2,” 7

7A(ADDRESS PORTION OF BUFFER)
FASCII ADDRESS TO BINARY IN RE
FBEGIN ON EVEN WORD BOUNDRY
70/P LINE COUNT

FSAVE CURRENT O/P ADDRESS
FTYPE CURRENT CONTENTS OF R6

iTO CRT
72 SPACES
5PUT OUT ONE LINE OF DUMP DATA

iT0 CRT

30/P LITERAL DATA

FNEW LINE ON CRT

i CURRENT DUMPOUT ADDRESS
FADDRESS NEXT LINE
SLINE COUNT -1

$LOOP THRU O/P DATA
$RESTORE RET

i

$SAVE RET

3H1 ADDRESS BYTE
30/P

3LO ADDRESS BYTE
i0/P

FRSTORE RET

H

$SAVE RET

3GET O/P DATA ADDRESS
30/P WORD COUNT

FGET NEXT WORD

5Bl BYTE FIRST

i0/P

310 BYTE

i0/P

iTO CRT

$BUMP I/P DATA ADDRESS
3WORD COUNT -1

3LOOP THRU LINE
FRESTORE RET

$SAVE RET

3GET O/P DATA ADDRESS

3WORD COUNT

$NEXT O/P WORD

SHI BYTE FIRST

3T0 O/P REG

FCHECK FOR PRINTABLE CEARACTER
iTO CRT

3GET LO BYTE

iTO O/P REG

$CHECK FOR PRINTABLE CHARACTER
5T0 CRT

5TO NEXT WORD

FWCRD COUNT -1

$LOCP THRU O/P LINE

FRESTORE RET

FGET LOW BYTE
FBELOW BLANK?



©19A+95200020
@19E+473081AA
@1A2+9520807F
@1A6+473E0000
21AA+4120002E
@1AE+04E0

01B0+41400410
©@1B4+45E00304
01B6+58400406
©1BC+17DD

@1BE+45E001E6
01C2+58E003F0
01C6+9550002D
B1CA+475E0000
@1CE+45EQ01FA
01D2+58EQ003F0
91D6+9550000D
@1DA+475E0000
@1DE+9A400002
01E2+7420013E

Q1E6+50E003FA
O1EA+58540000
P1EE+8857

21F0+45E00219
21F4+58E003FA

@1FE+04ED

@1FA+50EQ03FA
©@1FE+58540000
0202+945C00FF
2206+45E00210
92@A+58E003FA
Q2QE+04EQ

€212+50E083FC
8214+45E2023C
9218+58EG03FC
©21C+475E0000
0220+45E00254
0224+47300232
0228+45808290
022C+58EQ03FC
GZSéODtiﬂ

0232+4150000D
0236+58E003FC
P23A+04E0

923C+95500020
0248+47580000
0244+9550002E
0248+475E0000
024C+9550002C
8250+475E0000
0254+9550000D
0258+0410

225A+945000FF
0255495500030
0262+473E0000
0266+9558003A
026A+47300268
026E+55500041
0272+47380000
0276+95500047
0274+47300284
027E+9550FFFF
028240450

SETPER:

STLP:

UPSTOR:

i
LOSTOR:

STDATA:

SETND:

élDEl:

H
ASCHEX:

VALPE:

BC
cL
BC
LI
BR

BAL
LD

XR

BAL

LD
cI
BC
BAL
LD

BC
Al
BX

ST

ST
1D
NI
BAL
L
BR

ST
BAL
LD
BC
BAL
BC
BAL
LD
BR
LI
LD
BR

cI
BC
cI
BC

NI

BC
c1
BR
sl

L17,R0,SETPER
R2,007FE
112,R14,0
R2,"."

R14

R4, BUFOPL

R14 R0, CVADDR
R4,R0,DATAD
R13,R13
R14,R6,UPSTOR
R14,RE,GSCANER
R5,000DH
27,R14,0

R14 ,R0,LOSTOR
R14,R0,@SCANER
RS, 000D
22,R14,8
Re,0002
Re,STLP

R14,Re,GUPSTOR
RS,R4,0

RS5,8
R14,R0,STDATA
R14,RG,GUPSTOR
R14

R14,R0,GUPSTOR
R5,R4,0
R5,00FFH
R14,R0,STDATA
R14,R0,GUPSTOR

Ria

R14,RQ,CGSTDATA
R14,R0,CKDEL
R14,R2,@STDATA
22,R14,0
R14,RO,ASCHEX
L77,R0, SETND
R14,RO,NIBBLE
R14,R8,CSTDATA
R14

RS, 060DR
R14,R0,CSTDATA
R14

BS,”
27,R14,0
RS,".7
27,R14,0
RS,”,”
27,R14,0
RS, 000DH
R14

RS ,00FFH
R5,0°
177,R14,0
RS, :”
LT?2,R8, VNUM
RS, A’
117,R14,0
RS,00478
LT?,R0,VALPE
RS, @FFFFR
R14
RS,0007H

3SET PERIOD IF TRUE

3BELOW DEL?

FRET IF TRUE (CHAR PRINTARLE)
FSET PERIOD AS CEARACTER TO PRI

H

FA(ADDRESS FIEID)

FASCIT ADDRESS TO BINARY (IN R6
FGET CURRENT I/P DATA ADDRESS
FCLEAR NIBBLE COUNT REG
SUPPER BITE FIRST

3GET RET

FEND? (CR = END)

SRET IF TRUE

3LOWER BYTE

FGET RET

FEND?

FRET IF TRUE

3TO NEXT WORD

5CONTINUE STORING DATA

FSAVE RET

FGET NEXT DATA
SGET HI BYTE
i30 STORE BYTE
FRESTORE RET

3SAVE RET

FGET DATA
FKEEP LOW BYTE
iG0 STORE BYTE
JRESTORE RET

iSAVE RET

3CHECK FOR DELIMITEP

iGET RET

FRET IF RC = @

FASCII BYTE TO HEX NIBBLE
i.NZ. RC = END
iSTORE THIS NIBBLE
FRESTORE RET

i

3 FAKE EOF

SRESTORE RET

iSPACE?

SRET IF TRUE
FPERIOD?

$RET IF TRUE

i COMMA?

FRET IF TRUE
FCARRIAGE RET?
FLET CALLER DECIDE

3LOW BYTE ONLY
SLOWER THAN “2° ?
SRET IF TRUE

i0-9 7

iNUMERICAL IF TRUE
JLOVER THAN “A” ?
FRET IF TRUE

FHEX ALPHA?

SHEX ALPEA IF TRUE
FSET

i

.LT. CC

3ASCII ADJUST

£284+9B500007
0288+9450000F
228C+1555
028F+04E0

029¢+58760000
2204+16DD
0296+474002AC
029A+9AD000C1
029E+895B
02A0+94700FFF
D2A4+1675
02A6+50760000
02AA+D4EQ

©2AC+95D00001
02B0+474002C6
02B4+SADO00O1
02B8+68957
@2BA+947@FQFF
02BE+1675
02C0+50760000
B2C4+04EQ

22C€+55D00002

B2CA+474002E0
02CE+9ADR0001
22D2+8953
22D4+9470FFOF
82D8+1675
02DA+50760000
©@2DE+04E0

©@2E@+17DD
@2E2+9470FFFO
0@2E6+1675
02E8+50760000
@2EC+9A600002
02F0+P4E0Q

02F2+41400410
02F6+45E00304
02FA+18F6

B2FC+45EF0000
0300+74000000

0304 +50E00402
0308+1766
0304+58540000
030E+8857
0310+45E00254
0314+47400350
0318+1665
031A+58540000
@31E+45E0025A
0322+47400350
2326+8963
0326+1665
0324+9A400002
@32E+58540000
0332+8857
0334+45E00254
0338+47400354
933C+8963
Q@33E+1665
0340+58540000
0344+45E00254
2346+47400350

234C+8963

VNUM:

NIBBLE:

NXNIB1:

NXNIB2:

i
NXNIB3:

JUMP:

3
CVADDR:

NI

BR

LD

BC
Al
SLL
NI
ORR
ST
BR

cI

cI
BC
Al
SLL
NI

ST
BR

IR
NI

ST
Al
BR

LI
BAL
LR
BAL
BX

ST

R5,000F8
R5,RS
R14

R7,R6,0
R13,R13

N2? ,RO,NXNIBL
R13,0001
5,12

R7 ,@FFFH
R7,RS

R7,R6,0

R14

R13,0001

NZ? RO NXNIB2
R13,0001

RS,8
R?,@F2FFH
R7,R5
R7,R6,0

14

R13,0002
X27,R0,NINIB3
R13,0001

R5,4
R7,0FFOFR
R7,RS

R7,R6,0

R14

R13,R13
7, 0FFFOE
R7,R5
R7,R6,0
16,0002
R4

R4, BUFOP1
R14,R8,CVADDR
R15,R6
R14,R15,0

RO, BEGIN

R14,R0,GCVADDR
R6,R6

RS,R4,0

R5,8

R14,R0, ASCHEX
NZ?,R@,CVHOUT
R6,R5

RS,R4,0

R14 ,RO,ASCHEX
NZ? ,RO,CVEOUT
R6,4

R6,RS

R4, 0002

RS ,R4,0

5,8
R14,R0,ASCHEX -
NZ?,R0,CYHOT1
R6,4

R6,RS

RS,R4,0
R14,R2,ASCBEX
NZ?,R8,CVEOUT
R6,4

R6,RS

5LOW NIBBLE ONLY
FRC = ZERO

i

FGET OLD DATA

iR13 = ZERO ?

STEST FOR ONE IF NOT TRUE
FBUMP NIBBLE COUNTER

FPOSITION TEIS NIBBLE

5PREPARE OLD DATA FOR NEW NIEEL
5 INSERT NEw NIBBLE

3DATA BACK TO MEMORY

H

FNEXT NIBBLE?

iTO NEXT IF NOT THIS

$BUMP NIBBLE COUNTER

FPOSITION THIS NIBBLE

FPREPARE OLD DATA FOR NEW NIBBL
FINSERT NEW NIBBLE

3DATA BACK TO MEMORY

FNEXT NIBBLE?

3TO NEXT IF NOT THIS

3 BUMP NIBBLE COUNT

FPOSITION THIS NIBBLE

$PREPARE OLD DATA FOR NEW NIBBL
FINSERT NEW NIBBLE

5DATA BACK TO MEMORY

H

$LAST NIBBLE (LSN)

$PREPARE OLD DATA FOR NEW NIBBL
INSERT NEV NIBBLE

SDATA BACK TO MEMORY

3BUMP MEM POINTER

FA(ADDRESS)

FASCIT ADDRESS TO BINARY ADDRES
FADDRESS T0 R15

JJUMP. ..

3BACK TO MONITOR IF CALLEE RETU

FSAVE RET

CLEAR R6

3GET TWO ADDRESS BYTES

UPPER BYTE FIRST

FASCII BITE TO HEX NIBBLE
$STOP IF NOT HEX DATA

SFIRST ADDRESS NIBBLE T0 R6
FGET ADDRESS BYTES AGAIN

FASCIT BYTE TO HEX NIBBLE
STOP IF NOT HEX DATA
$POSITION ADDRESS FOR NEXT NIBB
SINSERT NEXT ADDRESS NIBBLE
SBUMP MEMORY PTR TO NEXT WORD
NEXT ASCII ADDRESS DATA

iHIGH BYTE FIRST

ASCII BYTE TO HEX NIBBLE
$STOP IF NOT HEX DATA
SPOSITION ADDRESS FOR NEXT NIBB
INSERT NEXT NIBBLE

GET ADDRESS DATA AGAIN

ASCIT BYTE 70 HEX NIBBLE
5STOP IF NOT HEX DATA

POSITION ADDRESS FOR NEXT NIBB
FINSERT NEXT NIBBLE

359



360

034E+1665
0350+9A400002
0354+50400406
0358+58E00402
235C+04E0

032E+50EQO3FE
0362+1826
0364+8823
0366+9420000F
036A+45E00386
@36E+45E003D8
0372+1826
0374+9420000F
0378+45E0036€
¥37C+45E003D8
09380+58E003FE
0384+04E0

038€+95200004
038A+47F00392
03BE+9A200007
0392+9A200030
0396+04E0

V398+50E00400
@39C+AP1OFFFB
0340+94100002
D3A4+4750039C
D2AE+AD1QFFFA
©3AC+9410007F
23B0+1821

@3B2+45E003D6
03BE+1812

03B8+58E00400

@3BC+41FQFFFF

CVHOUT:
CVHOT1:

5
BINOUT:

i
HEXEX:

CON:

i
GETCHR:
RDCHR:

Al

cI

Al
Al
BR

R4, 0002
R4,RO,DATAD
R14,R@,GCVADDR
R14

R14,Re,GBINOUT
R2,R6

R2,4

R2,000FH
R14,R0,HEXEX
R14,R@,CRTOUT
R2,R6

R2,000FE
R14,R0,HEXEX
R14,Rg,CRTOUT
R14,R@,0BINOUT
R14

R2,000AK
M1?,R@,CON
R2,0007H
R2,00308
R14

R14,R0,GGETCER
R1,R@,STATUS
R1,0002
22,R8,RDCHR
R1,R8,DATA
R1,007FR

R2,R1

R14 ,RO,CRTOUT
R1,R2
R14,R8,CGETCHR
R15,-1
R2,000AH

iTO NEXT MEMORY WORD
JSAVE AS DATA ADDRESS
JRESTORE RET

i

iSAVE RET

70/P BYTE TO R2

JUPPEK NIBBLE FIRST

FKEEP ONLY GOOD DATA

FBINARY NIBBLE TO ASCII BYTE
FNIBBLE (BYTE) OUT TO CRT
70/P DATA TO R2

FKEEP ONLY LOW NIBBLE
FBINARY NIBBLE TO ASCII BYTE
FAND OUT TO CRT

iRESTORE RET

H

jA-F ?

iBR IF NOT TRUE
iADJUST FOR A-F
iMAKE ASCII

H

JSAVE RET

3STRIP PARITY

31/P READY?

$LOOP UNTIL CHARACTER READY
FREAD DATA

FKEEP ONLY DATA BYTE
iDATA TO R2

FECHO I/P

iDATA BACK TO R1

iGET RET

iSET R15 .NZ.

iLF CODE IN CASE OF CR

03C2+41200004
03C4+9510000D
@3C6+474E0000
03CC+45E003D8
@3D@+17FF

23D2+58E00400
@3D6+04EQ

@3D8+AQ10FFFB
03DC+54100001
@3E0+475003D8
@3E4+A220FFFA
O3E8+C4EQ

0408 4420
040A 5320
040C 4420

@25A ASCHEX
CKDEL
@254 CVHOT1
0408 DMPCMD
0228 DOCRLF
@ GETIP
@1FA LOSTOR
@2E@ NXNIB3

@3EC GLOCRLF
©@3FC @STDATA

cl
BC
BAL

LD
BR

éRTOUT : IN
NI
BC
our

@CVADDR DS

P
DMPAD: DS
DATAD: DS

DB
JMPCMD: DB
H

i
BUFFER: DS
BUFOP1: DS

END
2000 BEGIN
CON

0400 GGETCHR
@3F8 GSTORE

R1,000DE

N27,R14,0

R14,R2,CRTOUT

R15,R15

R14,R0,GSETCER

R14

R1,R0

+STATUS

R1,0001

27,R0,

R2,R0
R14

N RN NN NN NN D

)

)

035E

940D C.

O3EE
#3F2

CRTOUT

JDATA

BINOUT
RLF
DATA

DMPLPP
DOEOF2

QTYPAD

iDATA = CR ?
JRET IF NO

FRESTORE RETURN

3GET STATUS BYTE
FXMITTER EMPTY?
SWAIT FOR XMITTER TO EMPTY
30/P DATA TO CRT

BUFFER
CRTOUT

@PROMPT
@TYPLIT

iSET kC = ZERO FOR CR

DO LF IF PREVOIUS wAS CR

BUFOP1
CVADDR

@SCANER
@GUPSTOR



APPENDIX D

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

A>ed b: amd16bit.asm

*e

A>b:

B>mac29 amd16bit $ab hb pb sb

ASM29 VER. 10
0490

03BH USE FACTOR
END OF ASSEMBLY
B>a:

A>ddt29 he

A>set pa 3d

A>ddt

DDT VERS 1.4
#ib:amd16bit.hex
#r8000

NEXT PC END

840E 0100 577F
#tC

A>lbpm m29 wes cl ul dc 1
LOADING: M29.0BJ

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

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

{any program additions, changes, and/or deletions go here}
{extt the editor and save the new AMD16BIT.ASM on the B disk}
{switch to the B disk as default}

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

{switch back to the A disk}

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

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

{reference the simple monitor's HEX file on the B disk}
{read AMD16BIT.HEX into 9080 memory beginning at location 8000 HEX (upper 32k)}

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

TITLE: MICROPROGRAM FOR 16-BIT COMPUTER

VERIFYING: M29.0BJ

TITLE: MICROPROGRAM FOR 16-BIT COMPUTER

VERIFY COMPLETE
A>ddt291r0jr

At this point, the AMD 16-bit high speed computer is running
phase 1 instruction set in microcode and the simple monitor in

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

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

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

Memory Board

The 16-Bit Computer Main Memory board was organized with 8k
by 16-bit RAM section and a 2k by 16-bit ROM section. The RAM
section occupies address 0-8k while the ROMs are assigned
addresses 8k through 10k. The memory word consists of two
bytes. The least significant address line specified whether high or
low byte but 1s not used in the word mode. The address value from
the computer is captured in a register at the beginning of the
cycle; however, the most significant address lines are routed
straight from the bus to the clock decode logic to make an early
decision as to whether the memory board has been selected.

In the word mode, the read and write transfers are straight for-
ward. For the byte read mode, data is output on bus bits BDg.7
while BDg_45 are forced to zero. During byte write mode bus bits
BDy.7 are duplicated internally on lines Dg.7 and lines Dg_15. The
signals WRHIGH or WRLOW select which byte in the RAM
memory 1s effected.

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

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

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

Additional logic was appended to allow the memory to be ac-
cessed by the System 29 microprogramming development sys-
tem. The Map Page (MAPP) of System 29 was used to specify the
memory. The logic interfaces the control signals required by
System 29 and the 16-Bit Computer Memory board. With this
logic, the System 29 user can readily read or write into the
memory.



READ CYCLE

200ns

20MHz CLK I | I | I | I I

REQ/BUS (CPU) I

ACK (BUS) | I | I L _______J
MREQ (CPU) |
ADDRESS (CPU) A VALID V
ADDRESS STROBE
READ, WORD VALID V
STROBE }
ADDRS ACCP (MEM) I l

DATA REQ (CPU)

DATA SYNC (MEM)

DATA (READ)

LDZ (ON CPU BD)

MPR-706

Figure E1. Memory Read Timing.
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(EXTENDED CYCLE)
250ns

REQ BUS (CPU)
ACK (BUS)

MREQ (CPU)
ADDRESS (CPU)
ADDRESS STROBE
WRITE, WORD
STROBE

ADDRS ACCP (MEM)
DATA REQ (CPU)

WRITE DATA (CPU)

DATA SYNC (MEM)

WRITE (AT RAM CHIP)

L |

—

A VALID V

VALID V

|

VALID

MPR-707

Figure E2. Memory Write Timing.
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ADDRESS BUS

DATA BUS

-

3 F

I —— 2 REG
l (LATCH)
PCU SHEET 3 ’- DATA PATH |
SHEET 4
16 16
MAR 20 REG 21 REG
(LATCH) D REG (LATCH) (LATCH)
MEMORY |
A A | SHEET 5
[
1 3, VECTOR
16 /
IMMD
J e fe— ™ 1REG
— | VECTOR
l_ | 16 'ALU SHEET 2 DECODER LA
[
DA BUS /
T 8 8
A B
DB BUS /
12
TRANSFER 16 /},
Am2901A X 4 REGISTER a 4 psw [ 1
A oA DB STATUS
PSW
Am2903 X 4 REG SEG Am2904
cc Am2910 12
B —] v
L.._ _ TEST TREE
> |
Y BUS |
MICROPROGRAM MEMORY
l Am29774/5 X 12
r__ —_ 1 —
cLocK l 10, INTERFACE, C BUS PIPELINE REGISTER
SHEET #6 SHEET #7
< DATA BUS {
cLock
} L
o 10
CONTROL l—m
MEMORY VECTOR SYNC REG
" CONTROL REGISTER
Amgs51 Amg551 Am9519 Am2914
L
C BUS l ]/ l\_ cBus /
cBus 1 3
1O INPUT 110 OUTPUT
7 CONTROL CONTROLS

CONSOLE IF

PERIPHERAL IF

EXTERNAL INT REQS

Block Diagram 16-Bit Computer.
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DA;s DAy, DAy3 DA, DA;; DA;g DAy DAg DA; DAg DA; DA,
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P3-18 F—=—BG (Me4) [ 7], [ 7 [ 1~
i I 3 5
6 6 3
N LA 214,
P3-11 2901 Aq (MS7)~ 4 a =
P3-12 2901 n‘7 (M58) N AN AN s
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16-Bit Computer PCU Memory Address Register.
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APPENDIX F

DATA BUS
HEEEEEEE HEEEEEEE HEEEEEEE HEBEHEEEE
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_ YL Y Y, v Y T Yo Vs Y - D¢ Ds D, 0 D,
o6 g Y YeYs eV v o 5 05 Dy Oz O, Do | 70 050,0,0, 0,0
cp G
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3
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e 3o °
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- ool ole TO DECODER
sls H HHEBE H -~
LI 21
FROM SH 6
DA BUS ] 'l ol s| 4] 3
M75) ;| toas B A
ENCTR ENP
10 CARRY | 15
" ZOENT Am7asies U2 ogreuT [ | REG
cp
ud Qp Q¢ Qg A
i 1 1[12[13[14
INCIDEC _(M74) '
P3-28
2
Pa-40 CNTL B4 (M39) > 23
Pa-41 CNTL Bs (M40) 32
Pa-az CNTL B¢ (Md1)
Pa-43 CNTL B; (Mma2)
ROM IREGEN (M47) P48
26
27
28
29
30
slela 2 13110] 6] 3| 1a) 1] 5} 2, _[ nmvsw2450:579]!2u]-slu 1_
4B 38 28 18 4A JA 2A 1A N As As Ag A; Ag Ay A, A; By B, B, B; By B, B B
12202
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16-Bit Computer Data Path.
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TYPICAL INSTRUCTION FORMATS

0D
AR (R1) + (R2)—(R1)

M FIELD GENERATES Am2904 TEST 10-3 SIGNALS

TYPICALLY
R1 FIELD—=Am2903 — B INPUTS

R2 FIELD—=Am2903 — A INPUTS

CONDO BWN =

1!]|7l|4 13| 8)7| 4|3 20 REG 18{17|14|13| 8] 7| 4| 3

Lozo 1 D; Dg D5 Dy D3 D, Dy Dp “ D; Dg D5 D; D3 D, D; Dy
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4B 3B 2B 1B 4A 3A 2A 1A 24, 283 2A; 2A,
L s
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I
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APPENDIX F
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16-Bit Computer Microprogram Memory.
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APPENDIX F
SYS CLK CLT
P2.57 1
8 .10
svs cLk > f—l—‘“ﬂ I 1
P1-79 9.10 m 8 2
=
cosc sos _
P13 o 3
______ 02 -
ADDR ACCP [ >——y
P1-30 A
REQ B (M53) "
3.3
s0a\J uss
10
P1-15
ACK
(BUS) ¢
P2-22 ———————————q N 74864
ADDR ACCP T@o__\_o
8
A us2) 5
5.6
SYNC "
p1-33 o 12 _Jus2
13
1
6
6
4 | S5VR
PR
5
y af—
us4
CcK s112
12413 11 _ls
use K a -
00 R
15] RESET
2 —
3 MAROE
1
ol TOSH3 8
sos SVR MREQ FF SVR WRT FF
'l 10
B — Us1A| =
R s240]1 1
M REQ (M52) 13 “ s |
2Q 18 MREG 1 16 RD/WRT
P32 Hr{ueo) ’ o2 $°—E> ' o2 i
L
P1-34 40 P1-20
S08 i P sl un o
Z snz st2
ADDR ACCP 2 6 12 _
L K ap— K af—
SYNC
CLR CLR
15| m| 9
B8P I
WRITE (M50) a
Pa-50 '_5h 6
8p So8 0
M WORD (M49) 0
Pa-49 _Sm, :
"
S0 SVR DREQFF VA
10 4
L wsn 1
PR S240 PR 1
1 9 | 11p 9 3 s s 14 WD/BYTE
3 a e ) <
¥ 240 '
0sc-out 12=N\3 20MHz UNC 13 uss 19 TA REQ P1-29 B on oy P127
> K 5112 K sz
1o 2 WORD FF
12 |7 K ————
K Q
CLR CLR
4]  mEseT 15]
> 12
- 10
us3-6 DL 11 0D R
LDD (M70) uza.n 1
—_— S00 N
Pa-24
u7a
10 — ot LE1
8 LDI CLOCK
z21——1m69) | o o U3z 12
S00 K
P3-23
! 3 LoT
(M76)  LDT REGy 2 m o "
S00 (TOSH4)
CLR

16-Bit Computer Memory and Clock Control.
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20 MHz
2
3
5VR
10
4 S PR
6 1" 9 REQ FF
us7 J Q
Ls11 usq
13
cK s112
ENO ___
1 3 12 REQ FF REQ (BUS)
_—— v K P1-18
SVR SVR HREQ (M51) 200 . +5VR
BP P31 CLR
4| 10 10
4 RESET
PR PR SWITCH PR
3 5 M 1 9 ) 12 RESET
5 J Q J Q o o g
us3 us3 ui03
1 s112 13| s = 20MHz CLK UNC 11 s74
oK oK oK SYSTEM RESET
by Ty P1-14
2 6 12 7| = s
— « L K d 226 ‘Dc >
] 5 6
CLR CLR S04
15 14 13
6 5VR 5VR +5VR
7
8 MREQ FF +5VR
SVR iORD_1 U26-11
10 l sn7 LDz 10
PR TOSH4 o
DREQ FF 1 1
J o o
s112 s112
13 13
—> ck cK
DREQ FF 12 X ADDRS 12 T 7 1
LDZ FF ACCPT 2 T2 ENG MaR
CLR CLR LD MAR (M71) 13 S11 TOSH3
14] RESET 4] P3-25
9
20MHz UNC
10
1 20MHz P340 SVR
SVR Z —= ZI (M92)
END 4 I BP
TOSHa i
u24-1 PR
4
ENO1 3 5 6 3 5 wazl
u73 E)ses Joura Q TOSH4
1 s112 5 1 s112
cK D> cx
2 __|tozoFF 2
K K
I L I
= SR = CLR
15 15
- 5
=
'
DREQ FF __
! iORD LDZ0
ADDR ACCP SH7 TOSH4
1 P2-17
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_—§1
2
>3
222z 4
& 4 & 8
- 28 8 8 5
Z| o o @9 [}
3 535 3% 3 6
g3 2 2 2 3
HERRE. ” | 7
2 2 % %2 ] 8
§88¢§ 3 &
&£ & 38 ¢ G o
o |o |9 |]o |9 |9 |9 |©o
Z| |2 I > =[5 |5 |5 [z |>
ERE SEEEFEPFPFF
| | I~ o o & w N - o
ERE SVR
@ |3
i3 "
¥-BUS 3 |3lesv
33] 32 31| 28 | N
I3 Wl —1°  uss 9
¥s| ¥ ARE Mo o|s I 20MHz E] R 4l s| o] 7| 8 9] 10 11
™, as|3 | UNC DB; DBg DBs DB, DB, DB, DB; DB,
M, GRs |15
AER
My Aof7 I |?
M, eofs VR
M R|9
Mg SOVR|14
(P227) | (P2-27) 17| Nt
™, 4
S |
s (220) | (p220) 26|iATK
h us2
s, Am2914 1le es
VEC 0 Vo l 25|IREQ 7 Amos19
2
TOSHS yee i 24)ireas
VEC2 vz 23} IREQ S
"'v cLock ' 22|IREQ 4
21| IREQ 3 col—1s
LATCH BYPASS ' 20{IREQ 2
GEN 19| ReEQ 1
GAR +5v I 18]iRe@ 0 v
+5V
P, P Ps P, Py P, Py P I ¢S C/D WAT RD RiP PAUSE
20 22154 2% 39 a7[ 35 10K I [ 27 2 3] a2 15
S S < S <
K 33 3 3 11 I +5V IREQ 1
3| ﬂ EJ E 5| f’l ﬁ IREQ 2
< s 1"
ADDR 1
+5V "P1-58
| 12
13
| ADDR 0 14
" P1-57 REQ 3
_IREQ3 o 45
IREQ4 _ 4o
I R ki
»l»
H T s 8
@ @ | \
C BUS (1 C BUS |
T » ¥ % % % =% I \
s 2 2 2 T 11 5 < -
58 8453 8 ¢k ° 3| 3
| & % 8
nlo +5V
bl ]
clc
gw
213 R R, R,
'8 7
E'E ° +5V
b4 1 19] 16] 15] 12| 9 6 5 2|
I Yo Ys Yo Y2 Y2 Y Yo
uee 1
' Am2920 CLR
D; Dg Ds Dy D3 D; Dy Do
8] 17] 14| 13] 8] 7] 4] 3
1O CONTROL
REGISTER

16-Bit Computer I/O, Bus Interface, Interrupt.

2v-vd (9vW) N3 O/

0 0 0 0 0o o o
zzzzgzz
22282¢22¢2
5535333
m® ©® © © O ©O W
T T 2T T ETZZ
R -
P P ®» ®» ® TV VD
I B EEEEE
& 8 2 8 8 8 9

9¢-vd (SEW) °8 1UNO




377

DATA BUS [}
FRERERERER ERERE
EREREN EN R N F 103
12| 13| 14 15| 6] 17| 18] 19 74508

1
2
3
4
5
6
7 Ve =5V
8 PIN 14
o |o o |9 |9 |9 |9 |9 o |o |9 |© o |o o |o
R ER N ER ER ERERE RN ERERERERE
FRERENERERERE
SEREFERFEIFIE I I I I P O O N 3]0 AL P52 ymevo
Slo o s fe | |- |o [ N P PO PO [ (O 1S
6|8,
o sla PS22 Louo
ue7
Am1489  c|io
P177 —
Amg600 BAUD
ops
8| 7| e 5| 2
DB; DBg DB; DB, DB; DI
us4
20]cLk Amgss1
20a AR P51 cnora
4le
! Bl PSS curxo
|5B; uss
. Am1488
¢, cls PS4 \nrs
+5V e 10
CS_CiD_WRT RD_RESET 8] 7] 6| sf 2| 1] 28] 27
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AC performance, worst case, 106
AC propagation delay paths, longest, 33
Access time of memory, read, 5
Accumulator configuration, ALU, 96-99
Accumulators, 3
Add, BCD, 157, 159
microcode, 166-167
ADD DIRECT microword, 123-125
ADD IMMEDIATE microword, 123, 124
ADD instruction:
description of, 349
_ stepsfor, 98
ADD microword, 123, 124
ADD RR1 microword, 123, 125
ADD WITH CARRY instruction description, 349
Adder:
carry lookahead, four-bit, 94-95
full (see Full adder)
Address, effective, 7
Address-based microinstruction cycle, 35
Address compare mode:
Am2940, 242
Am2942, 251
Address counter:
Am2940, 241
Am2942, 250
Address-data-based microinstruction cycle, 35, 37
Address-instruction-based microinstruction cycle,
35,36
Address-instruction-data-based microinstruction
cycle, 35-37
Address line control, 240
Address maintenance, 240
Address multiplexer, 15
Address output buffers, Am2940, 242
Address register:
Am2940, 242
Am2942, 250

INDEX

Addressing,7
direct, 7,265
immediate, 7, 265
indexed, 264, 281
relative, 4-5
stack, 265
Addressing modes, HEX-29, 264 -265
ALU (see Arithmetic & Logic Unit)
Am25LS168 decade counter, 47
Am25L52521, 306
Am25LS377 eight-bit registers, 39
Am26S02, 306
Am27829 512 x 8 fuse-link PROM, 288 -290
Am2900 family, 7, 61
Am2900 Learning and Evaluation Kit, 260
Am2900 system, Am2914 in, 215-220, 229-231
Am2901A arithmetic logic unit/function generator,
93, 98-101
Am2903 compared with, 106, 113
architecture, 99-101
arithmetic operation speed computations,
108
logic operation with shift speed computations,
109
logic operation speed computations, 108
magnitude only arithmetic operation with shift
down speed computations, 110
microinstruction control, 101
as program control unit, 203, 204
propagation delays, combinational, 126
set-up and hold times, 126
switching characteristics of, 125, 126
timing analysis summary, 144
two’s complement arithmetic operation with
shift down speed computations, 109
Am2901B ALU/register sets, 290-298
input bus, 298, 300, 301
outputbus, 298,299
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-Am2902carry lookahead generator, 214-215
logic diagram, 216
Am2902A carry lookahead generator, 93 -96, 201
Am2903 four-bit expandable bipolar microproces-
sor slice, 101
ALU destination control, 180
Am2901A compared with, 106, 113
architecture, 101-104
ALU, 102
ALU destination control summary, 104
ALU functions, 103, 180
ALU shifter, 102-103
instruction decoder, 104
output buffers, 104
Q Register, 103-104
special functions, 103, 180
two-port RAM, 102
arithmetic operation with 16-bit speed computa-
tions, 111
block diagram, 102
data bus cascading, 106
example, 220, 221
general description, 101
-logic operation with shift speed computations,
111
logic operation speed computations, 110
maghnitude only arithmetic operation with shift
down speed computations, 112
microprogram control bits, 115, 122
microroutines with, 146-159
microword ADD, 123,124
microword ADD DIRECT, 123-125
microword ADD IMMEDIATE, 123, 124
microword ADD RR1, 123, 125
microword FETCH, 122-124
microword INIT, 122, 123
mnemonics, 180
programming, 104
propagation delays, combinational, 127
RAM address cascading, 106
registers, expanding the number of, 105-106
sample microroutines, 122-125
set-up and hold times, 127
16-bit design, 113-125
switching characteristics of, 125, 127
timing analysis summary, 144
two’s complement arithmetic operation with shift
down and 16-bit speed computations, 112
Am2904 status and shift control unit, 131
AMDASM Phase 1 and Phase 2 listings of micro-
programs, 168-179
arithmetic operation and 16-bit speed computa-
tions, 141
arithmetic operation speed computations, 138
arithmetic operation two’'s complement with shift
down and 16-bit speed computations, 142
assumed set-up time, 135

Am2904 status and shift control unit(Cont.):

BCD add, 157, 159, 166-167

BCD hardware additions, 154-155

BCD to binary conversion, 155-156, 164-165

Binary to BCD conversion, 156—158, 164—165

bit operations, 132

block diagram, 131

carry-in control multiplexer instruction codes, 134

carry-in multiplexer, 132

condition code multiplexer, 132

condition code output instruction codes, 134

CPU hardware diagram, 182-187

criteria for comparing two numbers following “A
minus B’ operations, 134

double-length normalize command, 146-149,
162-163

load operations, 132

logic operation with shift speed computations,
139, 141

logic operation speed computations, 138, 140

machine register condition code output, 181

machine status register, 131

machine status register instruction codes, 132,
181

magnitude only arithmetic operation with shift
down speed computations, 140, 142

microprogram structure, 144-145

microregister condition code output, 181

microstatus register, 131

microstatus register instruction codes, 132, 181

mnemonics, 181

non-restoring binary roots, 153-154, 162-163

normalization microroutine, 146-147

pipelined microprogram bits, 144-146

preliminary switching characteristics, 135

register operations, 132

sample microroutines, 146 -159

shift linkage multiplexer instruction codes, 133

shift linkage multiplexers, 131-132

16-bit, 135, 144

standard device Schottky speeds, 135

status registers, 131

timing analysis, 135

two’s complement arithmetic operation with shift
down speed computations, 139

two’s complement division, 150-153, 160-161

two’s complement multiplication, 150, 160-161

unsigned multiply, 147,149, 160-161

Y outputinstruction codes, 135

Am2909 microprogram control sequencer, 33, 38

computer control unit using, 42-45

Am2910 microprogram sequencer, 9, 17, 229, 231,

232,330
architecture, 17-18
block diagram, 231
calculations on, 24-27
complete CCU using, 43,4849



Am2910 microprogram sequencer (Cont.):
computer control unit architecture using, 22-38
initializing, 38
instruction set, 19-22

table, 18

Am2911 microprogram sequencer, 15-17, 220, 222
in computer control unit, 3942
propagation delay calculations for, 24, 28 -31

Am2914 Vectored Priority Interrupt controller,

211-235
in Am2900 system, 215-220, 229-231
block diagram, 212-214
cascading, 214-215
logic symbol, 212
microinstruction set, 212-213
programming, 212-213
registers,213-214
time delay using, 220, 224 -229

Am2918 four-bit register, 10, 42,47

Am2922 eight-input multiplexer, 24-32, 47

Am2930 program control unit, 201-204
block diagram, 201
parallel look-ahead expansion scheme for, 202
ripple expansion scheme for, 202

Am2940 DMA address generator, 241-249
architecture, 241-247
control modes, 242-243
example design, 247 -249
general description, 241
instructions, 243
timing, 243-247

Am2942 Programmable Timer/Counter, DMA Ad-

dress Generator, 249-256
architecture, 249-251
block diagram, 250
control modes, 251
example designs, 252, 254 -256
function table, 253
general description, 249
instructions, 251-253

Am29705 16-word by 4-bit two-port RAM, 105-106
block diagram, 105

Am29761 265-word 4-bit PROM, 39

Am29803A 16-way branch control unit, 43
computer control unit using, 42-45
function table, 46

Am29811A next address control unit, 15-17

_ in computer control unit, 3942
instruction set, 16
instruction set difference from Am2910 instruc-

tion set, 22
propagation delay calculations for, 24, 28 -31

Am74S5138, 306

Am74S158 Two-Input Multiplexer, 42

Am74S175,42

Am74S181 four-bit arithmetic logic unit/ function

generator, 96, 97
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Am74S240, 306
Am74S373, 306
Am748S374 registers, 290, 291, 301, 305
Am9080A type microprocessor, 10,239
CRT controller and, 62
AMD 16-Bit Computer design (see Super Sixteen)
AMD System/29 (see System/29)
AMDASM, 10
definition file, 330, 336-337
and assembly file, 79-87
Phase 1 and Phase 2 listings of Am2904 micropro-
grams, 168 -179
AND BYTE instruction description, 351
AND instruction description, 349
Applications, microprogram state machine,
33-34
Architecture:
Am2901A,99-101
Am2903 (see Am2903, architecture)
Am2940, 241-247
Am2942, 249-251
computer,2-10
microcomputer, block diagram of, 10
microprogrammed, 10
possible state machines, 34-37
figure, 35-37
subroutine stack, 200
Super Sixteen CPU, 321-330
logic diagrams, 365-384
Arithmetic & Logic Unit (ALU), 3-6, 93
Am2903, 102
destination control, Am2903, 180
destination control summary, Am2903, 104
functions, Am2903, 180
multi-register, 98
shifter, 102-103
Super Sixteen, 321-323, 366-367
Arithmetic & Logic Unit/accumulator configuration,
96-99
Arithmetic & Logic Unit/register sets, Am2901B,
290-298
Arithmetic & Logic Unit/three register machine, op-
eration of, 98-99
Arithmetic operation with 16-bit speed computa-
tions:
Am2903, 111
Am2904, 141
Arithmetic operation speed computations:
Am2901A, 108
Am2904, 138

Arithmetic operation two’s complement with shift

down and 16-bit speed computations, Am2904,
142
Arithmetic operations, 3
HEX-29, 266-267
Arithmetic Processor Unit, 6
Asynchronous events, 207
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BCD add, 157,159
microcode, 166-167
BCD conversion, binary to, 156-158
microcode, 164-165
BCD hardware additions, Am2904, 154-155
BCD to binary conversion, 155-156
microcode, 164-165
Binary conversion, BCD to, 155-156
microcode, 164-165
Binary roots, non-restoring, 153-154
microcode, 162-163
Binary to BCD conversion, Am2904, 156158
microcode, 164-165
Bipolar microprogram controller, 17
Bit operations, Am2904, 132
Bit slice timing, 106-113
Block diagram:
Am2903, 102
Am2904, 131
Am2910, 231
Am2914,212-214
Am2930, 201
Am2942, 250
Am29705, 105
DMA peripheral controller, 248
HEX-29, 278, 280, 282-285
microcomputer architecture, 10
Branch and link flow chart, 339, 341
BRANCH AND LINK instruction description, 355
Branch and stack instruction, 200
Branch code, HEX-29 microprogram sequencer, 288
BRANCH instruction, 14
BRANCH instruction description, 355
BRANCH ON CONDITION instruction description,
355
BRANCH ON INDEX instruction description, 355
BRANCH operation, 4
Branches, conditional, 261-262
Bulk Memory, 6
BYTE SWAP instruction description, 351
Bytes, 8-bit, 191

Call executive instruction, 275

CALL instruction description, 352

Call interrupt service routine microprogram, 220,
223

Carry flag, 263

Carry generate, 94

Carry-in, 94

Carry-in control multiplexer instruction codes, 134

Carry-in multiplexer, Am2904, 132

Carry lookahead adder, four-bit, 94-95

Carry lookahead generator, Am2902A, 93-96, 201

Carry method usages, ripple, 95

Carry output flag, 99

Carry propagate, 94
Cascading the Am2914,214-215
CCU (see Computer Control Unit)
Central processing unitarchitecture, Super Sixteen,
321-330
logic diagrams, 365-384
Central Processor Unit (CPU), 3-7
hardware diagram, Am2904, 182-187
HEX-29 (see HEX-29 CPU)
with internal high speed registers, 3, 4
read timing, Super Sixteen, 325
Centralized DAM, 240
Channels, 275-276
Clock, system:
Am2940, 242
Am2942, 251
8-phase, 8
HEX-29, 278, 281, 286
Clock control, Super Sixteen, 322, 324, 374-375
Clock pulse (CP), 262
numbered, 66
COMPARE instruction description, 350
COMPARE LOGICAL BYTE instruction description,
351
COMPARE LOGICAL instruction description, 350
COMPARE LONG instruction description, 353
Computer, stored-program, 3-7
Computer architecture, 2-10
(See also Architecture)
Computer basics, 3-5
Computer control flow diagram, 34
Computer control function flow diagram, 9
Computer Control Unit (CCU), 5-10
architecture, 15-17
using Am2909 and Am29803A, 42-45
using Am2910, 22-38, 43, 48-49
using Am2911 and Am29811A, 39
using Super Sixteen, 322
set-up for high-speed micro-level interrupt han-
dling, 232
timing, 23-33
Computer data path, three register, 97
Computer design, AMD 16-bit (see Super Sixteen)
Condition code input, 202
Condition code multiplexer, 15
Am2904, 132
Condition code output instruction codes, Am2904,
134
Condition code register, HEX-29, 263-264
Condition select multiplexer, 261
Conditional branch flow chart, 339, 340
Conditional branches, 261-262
CONDITIONAL JUMP PIPELINE instruction, 19,
21-22
figure, 20
CONDITIONAL JUMP REGISTER/COUNTER or
PIPELINE instruction, 21



CONDITIONAL JUMP REGISTER/COUNTER or
PIPELINE instruction (Cont.):
figure, 20
Conditional jump speed computations, 24, 25, 28, 29
CONDITIONAL JUMP-TO-SUBROUTINE instruc-
tion, 19, 21
figure, 20
CONDITIONAL JUMP VECTOR instruction, 21
figure, 20
Conditional jumping, 13-15
Conditional operation, 4
Conditional push speed computations, 32
CONTINUE instruction, 22
figure, 20
CONTINUE (CONT) statement, 13
Control modes, Am2940, 242-243
Control register:
Am2940, 241
Am2942, 250
Control store, 260
Counter register, microprogram, 15
CP (clock pulse), 66, 262
CPU (see Central Processor Unit)
CRT controller:
AMDASM definition and assembly files, 79-87
complete wiring diagram for, 50, 52-53
design of, 47, 50-61
display formats accommodated on, 78-87
logic diagram, 47, 51
of interface circuit for, 62, 63
microprogram for, 50, 54-56
principle of operation, 47, 50
software emulation, 66—67
of System 29 universal card, 88
timing considerations, 50, 57-61
wiring diagrams, 62, 64—65
Cycle steal method, 240

D bus, 97
Dinput, 101
Data-Based microinstruction cycle, 35, 36
Data bus cascading, Am2903, 106
Data formats, 191
Data movement, HEX-29 mnemonics, 267
Data movement capabilities, 7
Data multiplexer:
Am2940, 242
Am2942, 251
Data path, 92-187
Super Sixteen, 324, 370-371
three register computer, 97
Data routing, 261-262
Data transfer control, 240
Dead page, 274
DECIMAL ADD instruction description, 353
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DECIMAL SUBTRACT instruction description, 353
DECREMENT INDEXES instruction description,
353
Defined register class of instructions, 265
Definition file, AMDASM, 330, 336337
Delay, time, using Am2914, 220, 224-229
Delay path, longest signal, 23—-24
Delays, 6
Depth, memory, 5
Depth-over-width (d/w) ratio of memory, 10
Design, microprogrammed, 12-61
Direct addressing, 7, 265
Direct memory access (DMA), 6, 238-256
centralized, 240
control, HEX-29, 301, 305
distributed, 240
implementation, 240
1/0 system, 240
peripheral controller block diagram, 248
repetitive, 240
Direct memory access (DMA) Address Generator,
Am2940, 241-249
Direct memory access (DMA) Controller, 240
Disk drive management, System 29 operating sys-
tem, 361
Distributed DMA, 240
Dividend in divide operations, 151.
Division, two’s complement, 150-153
microcode, 160-161
Divisor in divide operations, 151
DMA (see Direct memory access)
Double-length normalize command, 146-149
microcode, 162-163
Double words, 32-bit, 191
d/w (depth-over-width) ratio of memory, 10

Effective address, 7

Emulation, software, of CRT controller, 67-77

Enable control, extended, 42

Enable stack signal (FILE ENABLE), 15

Engineering model Super Sixteen, 346-348

EXCHANGE BYTE instruction description, 351

EXCHANGE PROGRAM STATUS instruction de-
scription, 351

EXECUTE instruction description, 353

Execution of microinstructions, 13

Executive interrupts, 207

Exponent, signed, 191

Extended enable control, 42

F bus, 97
FETCH, overlapping or plpellnlng 14-15-
FETCH instruction, 4
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FETCH microword, 122-124
Fetch routine, 220, 223, 231
Fields, microinstruction, 13
FILE ENABLE (enable stack signal), 15
Fixed point numbers, 191
Floating point numbers, 191
Flow diagram:
computer control, 34
computer control function, 9
read control, 249
FORMATTING, 13
Fraction, signed, 191
Full adder:
basic, understanding, 93-99
four-bit ripple-carry, 93
truth table, 93
Full adder cells, cascaded, 93
Full stack, 19
Function logic, 262

General purpose (GP) computer, 8
General register class of instructions, 265
Generate, carry, 94

GP (general purpose) computer, 8

HAL (HEX-29 Assembly Language), 264
Half sign flag, 263
HEX-29 Assembly Language (HAL), 264
HEX-29 CPU, 258-315
addressing modes, 264-265
arithmetic operations, 266-267
block diagram, 278, 280, 282-285
carry-in control, 290
condition code control, 290, 298
condition code register, 263-264
DMA control, 301, 305
DMA/refresh control, 275-276
features, 259-260
general specifications, 263-275
instruction matrix, 273-274
instruction set, 265-274
internal CPU registers, 263
interrupt control, 301-304
interrupt structure, 275
macro instructions, 268-272
microcode, 307-315
microprogram control, 281, 287-288
microprogram sequence branch code, 288
microword memory, 288-290
operating system for timesharing (HOST), 275
shift and rotate linkage, 290
system bus, 276-277
system clock, 278, 281, 286
system design goals, 259

HEX-29 CPU (Cont.):
system timing, 277-281
HEX-64KBS static memory card, 306

ICU (interrupt control units), 215, 219, 220
Immediate addressing, 7, 265
Immediate instruction flow chart, 337, 339
Indexed addressing, 264, 281 ‘
Indirect addressing, 7
INIT microword, 122, 123
Initializing the Am2910, 38
Input, vector, 42-43
Input bus, Am2901B, 298, 300, 301
INPUT BYTE instruction description, 354
Input instruction flow chart, 340, 341
Input/output (see 1/0)
INPUT WORD instruction description, 354
INSERT CHARACTER instruction description, 350
Instruction-Based microinstruction cycle, 35
Instruction control speed computations, 27, 30
Instruction-data-based microinstruction cycle, 35,
36
Instruction Decoder, 9
Am2903, 104
Am2940, 242
Am2942, 251
Instruction descriptions, Super Sixteen, 349-355
Instruction Enable pin, 202
Instruction formats, 191
HEX-29, 264
Super Sixteen, 321
Instruction matrix, HEX-29, 273-274
Instruction register, 7
Instruction set, 7
Am29811A, 16
HEX-29, 265-274
Instruction types, 191-197
memory immediate instruction, 197
memory to memory indexed instruction, 196
memory to memory instruction, 194
register immediate instruction, 196
register to indexed memory instruction, 195
register to memory immediate instruction, 195-
196
register-to-memory-reference instruction, 193-
194
register-to-register (RR) instructions, 191-193
register with short-immediate instruction, 194
195
Instructions, 3
Am2940, 243
Am2942, 251-253
defined register class of, 265
executed sequentially, 198
executing, 4-5



Instructions (Cont.):
general register class of, 265
Super Sixteen, 319-321
(See also Microinstructions)
Interface circuit for CRT controller, 62, 63
Intermediate slice (IS), 102
Internal high speed registers, CPU with, 3, 4
Interprocessor interrupts, 207
Interrupt, 206235
Super Sixteen, 324, 376-377
Interrupt acknowledge, 208
Interrupt control, HEX-29, 301-304
Interrupt control units (ICU), 215, 219, 220
Interrupt Controller, 6
Interrupt driven I/O, 239
Interrupt example, microprogram level, 229-235
Interrupt handling:
computer control unit set-up for high-speed
micro-level, 232
sequence of events for, 207-208
Interrupt masking, 207-208
Interrupt microprogram, return, 220, 223, 231
Interrupt nesting, 210
Interrupt priority encoder, 210-211
Interrupt recognition, 207
Interrupt registers, HEX-29, 264
Interrupt request:
instruction flow during, 220, 223
multiple, 209
daisy chain acknowledge, 209
single: daisy chain acknowledge, 208
multiple poll, 208
Interrupt request clearing, 210
Interrupt request handling, multiple, 210
Interrupt request masking, dynamic, 210
Interrupt request prioritization, 210
Interrupt request priority threshold, 211
Interrupt Return instruction, 208
Interrupt sequence timing, 234, 235
Interrupt service routine, 208
Interrupt service routine microprogram, call, 220,
223
Interrupt service routine nesting, 211
Interrupt structure, 208-209
general purpose, 210-211
HEX-29, 275
Interrupts:
machine versus microprogram level, 207
microprogram, 43
priority schemesin, 209-210
types of, 207
Intraprocessor interrupts, 207
Intrasystem interrupts, 207
Invalid access block, 274
Invalid instruction trap, 275
1/0 (input/output), 239
devices, 3,6
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1/O (input/output) (Cont.):
DMA, 240
Super Sixteen, 324, 376-377
write timing, 328
IS (intermediate slice), 102

JMP (JUMP) instruction, 13
JUMP, UNCONDITIONAL, 14-15
JUMP and ZERO (JZ) instruction, 19
figure, 20
JUMP (JMP) instruction, 13
JUMP MAP instruction, 19
figure, 20
Jump map speed computations, 26, 29, 30
JUMP operation, 4
JUMP-TO-ONE-OF-TWO-BRANCH-ADDRESSES in-
struction, 17
JUMP-TO-ONE-OF-TWO-SUBROUTINES instruc-
tion, 15,17
JUMP-TO-SUBROUTINE instruction, 15, 200
Jumping:
conditional, 13-15
microprogram, 13
JZ (JUMP and ZERO) instruction, 19, 20

Last-in first-out (LIFO) stacking arrangement, 199
Latch bypass, 220
Latency times, 6
Least significant slice (LSS), 102
LIFO (last-in first-out) stacking arrangement, 199
LOAD BYTE instruction description, 350
LOAD COUNTER AND CONTINUE instruction, 22
figure, 20
LOAD instruction description, 349
Load operations, Am2904, 132
LOAD PROGRAM STATUS WORD instruction de-
scription, 351
Load select control function, 14
LOAD STACK instructions, description of, 352
Logic diagram:
Am2902, 216
Super Sixteen CPU, 365-384
Logic operation with shift speed computations:
Am2901A, 109
Am2903, 111
Am2904, 139, 141
Logic operation speed computations:
Am2901A, 108
Am2903, 110
Am2904, 138, 140
Logic symbol, Am2914, 212
Logical address, 273-274
Logical data, 191
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Logical operations, 3

HEX-29 mnemonics, 267
Lookahead adder, four-bit carry, 94-95
LSS (least significant slice), 102

Machineinterrupts versus microprogram level inter-
rupts, 207
Machine level instructions, microprogram instruc-
tions versus, 9-10
Machine register condition code output, Am2904,
181
Machine status register, Am2904, 131
Machine status register instruction codes, Am2904,
132,181
Machines, microprogrammed, 260-262
versus non-microprogrammed, 8 -9
Macro assembler disable opcode patch, 347
Macro instructions, HEX-29, 268-272
(See also Instructions)
Macro library, 347, 356 -357
Magnitude only arithmetic operation with shiftdown
speed computations:
Am2903, 110, 112
Am2904, 140, 142
Mapping PROM, 15, 17
MAR (Memory Address Register), 3—6
Mask bus, 220
MDR (Memory Data Register), 3-6
Memory:
Bulk, 6
depth-over-width ratio of, 10
microprogram, 8, 13
program to write into, 88 -89
random access (see Random Access Memory)
read access time of, 5
Memory access:
direct (see Direct memory access)
random (see Random Access Memory)
Memory Address Register (MAR), 3-6
Memory addressing scheme:
withPCinALU, 193
with PC outside ALU, 197
Memory board, Super Sixteen, 362,378 -381, 384
Memory control, Super Sixteen, 322, 324, 374 -375
Memory Data Register (MDR), 3-6
Memory depth, 5
Memory immediate instruction, 197
Memory management, HEX-29, 273-274
Memory management registers, HEX-29, 264
Memory mapped I/O, 239
Memory mapping program address, 273 -274
Memory read timing, Super Sixteen, 363
Memory to memory indexed instruction, 196
Memory to memory instruction, 194
Memory width, 5

Memory write timing, Super Sixteen, 364
Microcode:
branch and stack instruction, 200
memory immediate instruction, 197
memory to memory indexed instruction, 196
memory to memory instruction, 194
registerimmediate instruction, 196
register short-immediate instruction, 195
register to indexed memory instruction, 195
register to memory immediate instruction, 195
register to memory immediate instruction im-
proved, 198 .
register-to-memory-referenceinstruction, 194
register-to-register instruction, 193
register-to-register instruction with overlap of
execute and PC control, 198
return-from-subroutine instruction, 200
Super Sixteen, 337-345
Microcode translation, Super Sixteen, 345, 346
Microcomputer:
HEX-29 (see HEX-29 CPU)
16-bit (see Super Sixteen)
Microinstruction control, Am2901A, 101
Microinstruction cycle, 35-37
Microinstruction fields, 13
Microinstruction format, Super Sixteen, 330-337
Microinstruction set, Am2914,212-213
Microinstructions, 13
execution of, 13
(See also Instructions)
Micromachine, 7,8-10
Microprogram:
Am2904 AMDASM Phase 1 and Phase 2 listing of,
168-179
AMDASM definition and assembly files, 79-87
CRT controller, 50, 54-56
Super Sixteen, 340, 342-345
Microprogram control, 260-261
HEX-29, 281, 287 -288
Microprogram control bits, Am2903, 115, 122
Microprogram controller, bipolar, 17
Microprogram counter (mPC), 18
Microprogram counter register, 15
Microprogram execution, timing diagram of, 37
Microprogram instructions, machine level instruc-
tions versus, 9-10
Microprogram interrupt, 43
Microprogram jumping, 13
Microprogram level interrupt:
example of, 229-235
versus machine interrupts, 207
Microprogram memory, 8, 13
Microprogram sequencer, 260-261
Microprogram start-up flow chart, 337
Microprogram state machine applications, 33-34
Microprogram structure, Am2904, 144 -145
Microprogrammed architecture, 10



Microprogrammed design, 12-61
key features of, 13
Microprogrammed machines, 260-262
Microprogramming, 259
Microprogramming control, subroutiningin, 15
Microregister condition code output, Am2904, 181
Microroutines, sample:
Am2903, 122-125
Am2904, 146-159
Microstatus register, Am2904, 131
Microstatus register instruction codes, Am2904,
132, 181
Microword ADD, 123, 124
Microword ADD DIRECT, 123-125
Microword ADD IMMEDIATE, 123, 124
Microword ADD RR1, 123, 125
Microword FETCH, 122-124
Microword INIT, 122, 123
Microword memory, HEX-29, 288 -290
Microword register, 14
Mode control, 240
Monitor listing, Super Sixteen, 347,358 -360
Most significant slice (MSS), 102
MOVE LONG instruction description, 353
mPC (microprogram counter), 18
MSS (most significant slice), 102
Multiplexer (MUX):
address, 15
condition code, 15
data, 242, 251
three-input, 99
Multiplication, two’s complement, 150
microcode, 160-161
MULTIPLY instruction description, 350
Multiply unsigned instruction, 147, 149
microcode, 160-161
MULTIPLY UNSIGNED instruction description, 350
Multiprocessor, interrupts in, 207
MUX (see Multiplexer)

N output, 102
Negative numbers, 191
Negative single-length number, normalized and un-
normalized, 147
Nested subroutine example, 199
Nesting:
of interrupt service routines, 211
of interrupts, 210
Non-polling versus polling systems, 207
Non-restoring binary roots, 153-154
microcode, 162-163
Normalization microroutine, 146-147
Normalized negative single-length number, 147
Normalized positive number, 146
Numerical value of zero, 191
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OP CODE (operation code), 7,9
Operands, 3
for operations, 7
Operating system, System 29, disk drive manage-
ment, 361
Operation code (OP CODE), 7,9
Operations, operands for, 7
OR BYTE instruction description, 351
OR instruction description, 349
Output buffers, Am2903, 104
Output bus, Am2901B, 298, 299
OUTPUT BYTE instruction description, 354
Output flags, 99
Output instruction flow chart, 340, 341
OUTPUT WORD instruction description, 354
Overflow, 95
Overflow detect output flag, 99
Overflow detection signal (OVR), 93, 101, 102
Overlap of execute and PC control, 198
Overlapping:
FETCH, 14-15
Super Sixteen, 322
OVR (overflow detection signal), 93, 101, 102

Parallel cascade mode, 214-217
Parallel look-ahead expansion scheme for Am2930,
202
PCU (see Program Control Unit)
Phase 1 and phase 2 periods, 277-278
Physical page zero, 273
Pin functions, 17
Pipeline registers, 14-15, 260-261, 290, 291
Pipelined microprogram bits, Am2904, 144-146
Pipelined operations, Super Sixteen, 329-330
Pipelining:
FETCH, 14-15
Super Sixteen, 322
Polling, 6
versus non-polling systems, 207
POP instruction description, 352
POP operation, 18
Positive numbers, 191
normalized and unnormalized, 146
P/POP instruction description, 352
P/PUSH instruction description, 352
Priority schemes in interrupt, 209-210
Program, 3
to write into character memory, 88—-89
Program control, HEX-29 mnemonics, 267
Program Control Unit (PCU), 4-6, 190-204
Am2901A as, 203, 204
counter-type, 4
Super Sixteen, 321, 368-369
Program control unit performance, improving,
197-203
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Program steps, 4
Programmed 1/0O, 239
Programming, 7
Am2914,212-213
PROM, 8
mapping, 15,17
Propagate, carry, 94
Propagation delay calculations:
on Am2910 microprogram sequencer, 24-27
for Am2911 and Am29811A design, 24, 28-31
Propagation delays, combinational:
Am2901A, 126
Am2903, 127
PUP (push/pop control), 15
PUSH/CONDITIONAL LOAD COUNTER instruction,
19-21
figure, 20
PUSH instruction description, 352
PUSH operation, 18
Push/pop control (PUP), 15

Qinput, 101
Q register, 99
Am2903, 103-104

Rinput field, 99
Random Access Memory (RAM), 8, 99
address cascading, Am2903, 106
shift network, 99
two-port, 102
write enable (RAM EN), 99
Read access time of memory, 5
Read control flow chart, 249
Register immediate instruction, 196
Register operations, Am2904, 132
Register with short-immediate instruction, 194-195
Register to indexed memory (RX) instructions, 195
addressing, 7
flow chart of, 337, 338
sequence of, Super Sixteen 328
Register to memory immediate instruction, 195-196
Register-to-memory-reference instruction, 193-194
Register-to-register (RR) instructions, 191-193
addressing, 7
flow chart of, 337, 338
sequence of, Super Sixteen, 328
Registers:
Am2914,213-214
pipeline, 14-15,260-261, 290, 291
Working, 3
Relative addressing, 4-5
Reliability, system, 277
Remainder, true value of, 151

REPEAT LOOP, COUNTER % ZERO instruction, 21
figure, 20
REPEAT PIPELINE REGISTER, COUNTER # ZERO,
21
figure, 20
Repetitive DMA, 240
RESET instruction, 18, 19
figure, 20
Restore after interrupt service routine, 208
Return-from-interrupt sequence timing, 234, 235
Return-from-subroutine command, 198
RETURN-FROM-SUBROUTINE instruction, 15, 21
figure, 20
Return-from-subroutine instruction microcode, 200
RETURN instruction description, 352
Return interrupt microprogram, 220, 223, 231
Return register, 198
Ripple carry method usages, 95
Ripple cascade mode, 214-217
Ripple expansion scheme for Am2930, 202
Ripple propagation time, 93
ROTATE LEFT instruction description, 354
ROTATE RIGHT instructions, description of, 354
Rotating structure interrupt scheme, 209-210
RRinstructions [see Register-to-register (RR) in-
structions]
RX instructions [see Register to indexed memory
(RX) instructions]

S (sum output), 93
Sinputfield, 99
S/29 (see System/29)
Save status, 207
Schottky speeds, standard device, 107
Am2904, 135 ,
SET, CLR, COMPLEMENT, TEST BIT PSW instruc-
tion description, 352
Set-up and hold times:
Am2901A,126
Am2903, 127
Shift and rotate instruction flow chart, 339,
341
Shift-down operations, 115
SHIFT LEFT instructions, description of, 354
Shift linkage multiplexer instruction codes,
Am2904, 133
Shift linkage multiplexers, Am2904, 131-132
Shift network, RAM, 99
SHIFT RIGHT instructions, description of, 353
Shift-up operations, 115
Shifter, 3,4
Sign bit output flag, 99
Signal delay path, longest, 23 -24
Single-length normalize command, 146-148
microcode, 162-163



Slice:
intermediate (1S), 102
least significant (LSS), 102
most significant (MSS), 102
Software, 7
Software emulation of CRT controller, 66-77
SP (stack pointer),4,15,18
SSI/MSI, 135, 143
Stack, full, 19
Stack addressing, 265
Stack and link, 198
Stack pointer (SP), 4,15
.built-in, 18
Standard device Schottky speeds, 107
Am2904, 135
Static structure interrupt scheme, 209
Status bus, 220
Status registers, Am2904, 131
STORE BYTE instruction description, 350
STORE CHARACTER instruction description, 350
STORE instruction description, 349
STORE PROGRAM STATUS WORD instruction de-
scription, 351
STORE STACK instructions, description of, 352
Stored-program computer, 3-7
Subroutine example, nested, 199
Subroutine stack architecture, 200
Subroutining, 198-202
in microprogramming control, 15
SUBTRACT instruction description, 349
SUBTRACT WITH CARRY instruction description,
349
Sum output (S), 93
Super Sixteen, 318-384
ALU, 321-323, 366-367
central processing unit architecture, 321-330
logic diagrams, 365-384
central processing unit read timing, 325
clock and memory control, 322, 324, 374-375
computer control unit, 322
data path, 324, 370-371
engineering model, 346-348
instruction descriptions, 349-355
instruction format, 321
instructions, 319-321
interruptand /0, 324, 376 -377
1/0 write timing, 328
macro library, 347, 356 -357
memory board, 362, 378-381, 384
memory read timing, 363
memory write timing, 364
microcode, 337 -345
microcode translation, 345, 346
microinstruction format, 330-337
microprogram, 340, 342-345
monitor listing, 347, 358-360
pipelined operations, 329-330
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Super Sixteen (Cont.):
RRinstruction sequence, 328
RX instruction sequence, 328
S/29 WCS interface, 382-384
system organization, 319
SUPERVISOR CALL instruction description,
352
Switching characteristics:
Am2901A, 125, 126
Am2903, 125, 127
preliminary Am2904, 135
Sync control logic, 232, 233
System reliability, 277
System/29, 10, 345, 347 -348
operating system disk drive management, 361
universal card, 88
WCS interface, Super Sixteen, 382-384

TEST END-OF-LOOP instruction, 22
figure, 20
TEST IMMEDIATE instruction description, 350
THREE-WAY BRANCH instruction, 22
figure, 20
Time delay using Am2914, 220, 224 -229
Timing:
Am2940, 243-247
bit slice, 106-113
CCuU, 22-33
HEX-29 system, 277 -281
interrupt sequence, 234, 235
return-from-interrupt sequence, 234. 235
Timing analysis, Am2904, 135
Timing analysis summary, 144
Timing considerations, CRT controller, 50, 57 -61
Timing diagram of microprogram execution, 37
Transfer complete circuitry:
Am2940, 242
Am2942, 251
TRANSLATEAND TEST instructiondescription,
353
TRANSLATE instruction description, 352
Trap, 275
Truth table, full adder, 93
Two-port RAM, 102
Two’s complement arithmetic operation with shift
down and 16-bit speed computations, Am2903,
112
Two’s complement arithmetic operation with shift
down speed computations:
Am2901A, 109
Am2904, 139
Two’s complement division, 150-153
microcode, 160-161
Two’s complement multiplication, 150
microcode, 160-161
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Unconditional branch flow chart, 339
UNCONDITIONAL JUMP, 14-15
Unconditional operation, 4
Unnormalized negative single-length number, 147
Unnormalized positive number, 146
Unsigned multiply, 147, 149

microcode, 160-161

Vector bus, 220
Vector generator, 232, 233
Vector input, 42-43

Width, memory, 5
Word count compare mode:
Am2940, 242
Am2942, 251
Word count equals zero mode, Am2942, 251
Word count maintenance, 240
Word count register:
Am2940,242
Am2942, 251
Word counter:
Am2940,242
Am2942, 251

Word counter carry out mode:
Am2940, 243
Am2942, 251
Word lengths, 191
Words, 5
16-bit, 191
Working Registers, 3
Write-protect bit (WP), 273

XOR BYTE instruction description, 351
XOR instruction description, 350

Y outputinstruction codes, Am2904, 135
Y outputs, 101
three-state, 18

Zero, numerical value of, 191
Zero detect output flag, 99
ZERO instruction, 43
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