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Register Number Register Assignment 

0 Program Counter 

1 Stack POinter 

2 Stack Lower Limit 

3 Stack Upper Limit 

4 +2 

5 + 4 

6 Not used - available 

7 Not used - available 

8-15 Not used (wired disable) 

Figure 6. PCU Register Assignments. 

connected to the A address Inputs on the Am2903 while 14-7 are 
connected to the B address Inputs. The ALU operations per­
formed are controlled by microcode bits M7s-s6 which are con­
nected to the Am2903 lo-s inputs. 

The Am2904 proVides the microcode and machine status reg­
Isters holding the carry, negative, zero and overflow status The 
machine status bits C, N, Z and OVR are defined as PSW bits 
16-23. Logic In the Am29041ncludes a condition code multiplexer 
to select the true or complement of any of the four status bits and 
combinations of status bits from either the machine or mlcro­
status registers or directly from the ALU. ThiS condition code 
multiplexer IS controlled by Instruction Register bits 14-7 which are 
gated to the Am2904 10-3 inputs dUring the execution of a condi­
tional branch. The output of the multiplexer, labeled TEST IS 
routed to the testtree for Input Into the Am2910. The Am2904 also 
proVides the shift linkages and shift linkage control and selection 
of the type of carry Signal to the ALU and lookahead carry Unit. 

The ALU IS deSigned to work With by1e operations as well as 16-bit 
operations. Byte operations operate only on the lower 8 bits of 
register data Without affecting the upper 8 bits of data. DUring byte 
operations the WORD Signal (Mgo) goes Inactive disabling the 
Write Enable and Output Y Enable for ALU bit slices 3 and 4. The 
word/by1e multiplexer circuit will select C, Nand OVR status bits 
from ALU bit slice 2 and at the same time ALU bit slice 2 has Its 
MSS Input pulled LOW to Indicate most Significant slice. The 
zero status bit being OR lied to all of the ALU bit slices cannot be 
multiplexed. Instead the Y bus Signals 8-15 are forced to zero by 
gating zeroes from the PCU resulting in the Z Signal line state 
being a function of ALU bit slices 1 and 2 only. 

The Computer Control Unit 

The Computer Control Unit controls the sequence of execution of 
the microinstructions. The Am2910 Microprogram Controller pro­
vides the sequencer for the microprogram (see logic diagrams 
Sheet 5). Branch addresses and counter values loaded into the 
Am2910 DO-ll inputs, originate from the Pipeline Register 
(MO-11 ), the interrupt vector decoder, and the machine Instruction 
decoder. The Instruction decoder, also called Mapping ROM, (a 
512 x 8 PROM) uses the Instruction Register IS-15 as address bits 
with the PROM outputs being the starting address of the micro­
code sequence that executes each machine Instruction. In thiS 
deSign the Am29775 Registered PROM's are used to provide 
both the microprogram memory (512 x 96 bits wide) and the 
Pipeline Register. The microcode bits M16-20 are output from 
Am29774 because these Signals require open collector outputs 
rather than the standard tn-state outputs to allow the Am2910 
Inputs 10-3 to be pulled to zero. 

The starting address generation for the Interrupt service routine 
and initialization routine IS accomplished with a minimum of extra 
logiC. Dunng the last microcode cycle of the previous machine 
Instruction, the MAPEN signal IS activated to enable the output of 
the Mapping ROM. However, if an interrupt request IS pending, 
the Mapping ROM IS disabled and the pull-up resistors force the 
eight least Significant microprogram branch address lines to all 
ones, vectonng the microprogram to the interrupt service 
routine. After a reset, the microprogram should be vectored to 
address zero, the starting address of the Initialization routine. 
ThiS IS accomplished by haVing the reset Signal force zeroes into 
the Am2910 10-3 inputs which causes the Am291 0 to output ad­
dress zero. 

Clock and Memory Control 

The architecture of thiS computer achieves its high throughput by 
being able to execute machine instructions in as little as one 
:TIlcrocycle. ThiS IS accomplished by overlapping (also called 
plpelinlng) the fetch and decode With the execute mlcrocycles. An 
essential part of thiS design IS the memory control section. The 
clock and memory control cirCUits shown In Sheet 6 of the logiC 
diagrams work together to prOVide a very effiCient mechanism for 
Integrating memory operations With the computer. The memory 
Interface timing IS a clocked handshaked protocol shown In Fig­
ure 8. Each memory transfer conSists of a Bus Request, Bus 
Acknowledge response, Memory Request, Address Accept re­
sponse, Data Request and a Data Sync response. At the 
maximum rate a memory Interface response can occur 50ns after 
the computer activates a control line. ThiS makes It pOSSible to 
read from main memory once every mlcrocycle (4 x 50ns = 
200ns); however should a particular memory board require a 
longer cycle, It can delay sending Data Sync to the computer to 
extend the cycle. 

The read and wnte timing are shown In more detail In Figures 9 
and 10. Note that If a memory read IS taking place dunng mlcrocy­
cle N, the Bus Request, Bus Acknowledge and the start of 
memory address are output from the computer in the prevIous 
N-1 cycle, and the data is sent to the computer during the first 
half of the follOWing N+1 cycle. Now consider the case of 
back-to-back main memory read cycles. In this case, in the ml­
crocycle that the computer sends the address to the memory 
board, the memory board IS sending data to the computer; but thiS 
is not the data associated With the address being received but the 
data associated With the address received during the prevIous 
mlcrocycle. 

A free running or uncontrolled 20MHz clock on the backplane IS 
connected to all of the deVices which effect memory transfers 
(CPU, bus controller, and memory modules). All of the signal 
handshaking that IS reqUired by the memory Interface protocol IS 
clocked With the same 20MHz clock to ensure no metastable 
conditions occur dunng memory transfer. Careful examination of 
thiS memory Interface operation Will reveal that not only does It 
solve the very senous metastable problem, but also that the clock 
synchrOnization and bus propagation delay occur during the 
memory read access time (or wnte time) and do not slow down 
the memory transfer rate. 

The CPU clock generation IS intimately related to the Memory 
Control LogiC The CPU clock signals Phase 1 (<1>1) and Phase 2 
(<1>2) are shown along With the memory interface Signals In Figure 
8. Phase 1 IS a square wave set high at the beginning of the 
mlcrocycle and has a penod of 200ns. Almost all operations of the 
computer are clocked With the leading edge of <1>1' The clock 
control logic will enable the next cycle only if a Bus Request has 
received a Bus Acknowledge and only If a Memory Request has 
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20MHzCLK 

CPU CLOCK (~,) ________________ --J 

CPUCLOCK(~" ____________ -1 ___ ..... 

REQ(CPU) 

ACK(BUS) 

MREQ(CPU) 

ADRS ACCP (MEM) 

DATA REQ (CPU) -------------------1 
DATA SYNC (MEM) 

MPR·889 

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 0 Register drives directly onto the external data 
bus. Both main memory and 1/0 data are received through the Z 
Registers. Registers Z, Zo and Z, are actually latches Im­
plemented with Am74S373's. The Z Register enable latch signal, 
LDZ is denved 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 dunng single step would prevent refresh 
operations from taking place. 

Data from the main memory passes through the Z Register to the 
Zo and Z, Registers. The Zo 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 Zo Registers (actually latches) to the ALU or flow through 
the Z and Z, Registers to the Instruction Decoder (Mapping 
ROM). The Z, and Zo Reglstets 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 1/0 section is shown In Sheet 7 of the logic 
diagrams. 

The basic Interrupt handling is controlled by the Am2914. In this 
design the Am2914 IS used to priOritize 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 7) are Input Into the Am2914 from the external Control Bus (C 
Bus). When a penpheral controller requests computer servicing, 
it activates Its assigned Interrupt line. If thiS interrupt level IS 
unmasked and interrupts are enabled, the Am2914 activates the 
INTERRUPT REO 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 slgmflcant INTo 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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The 1/0 protocol for the AMD 16-Blt 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., lORD) and 
holds these outputs until receiVing a response, 10ACK, from the 
peripheral controller. Execution of the 1/0 operation IS done al­
most entirely In microcode With the 1/0 Control Register, a Single 
Am2920, being the only additional hardware required. This IS an 
example of a design precept followed In thiS computer which IS to 
Implement all features In microcode wherever possible. ThiS re­
sults in a low cost computer, although sometimes slower, and a 
design that IS flexible and eaSily modifiable to meet new 
requirements. 

The 1/0 sectIOn has two Am8251/9551 Programmable Communi­
cation Interface components giving the computer two senal 1/0 
Ports, one of which IS reserved for the console. The console can 
be any standard RS-232 Interface terminal 

Instruction Execution 

To execute InstructIOns, the main steps performed by the com­
puter are: (1) form memory address, (2) Instruction fetch, (3) 
decode, (4) displacement fetch, (5) form operand address, (6) 
operand fetch, and (7) execute. Every Instruction type IS made up 
of microinstructions that execute these basIc steps, but most 
Instructions require three steps or less. Instruction sequences for 
Register to Register (RR) and Register to Indexed Storage (RX) 
Instructions are shown In Figures 13 and 14 to Illustrate how the 
computer operates. These figures show the RR InstructIOn re­
qUiring four mlcrocycles and the tYPical RX Instruction requlnng 

I---200n'---I 

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

Form Instruction Address 

Dunng thiS mlcrocycle the instruction address is formed by having 
the Program Control Unit (PCU) under control of the micropro­
gram Increment the Program Counter by two. ThiS address IS 
then loaded Into the MAR and back Into the PC. 

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

Instruction Fetch 

Dunng thiS cycle, the main memory IS fetching the contents of the 
address previously generated. The computer IS designed to work 
With high-speed main memory capable of reading a memory 
locatIOn In one microcycle so that the Instruction Will be sent back 
to the computer at the beginning of the next cycle. 

Decode Cycle 

The instructIOn fetched from main memory dunng the previous 
cycle is sent to the computer at the beginning of the cycle. The 
Instruction falls through the Z and Z1 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. 

- ~ ~ IL IL IL IL ~ ~ 
REO BUS (CPU) L 

LOAD MAR r 
LOAD 0 REG I 

ACK (BUS) L W 
IDREa (CPU) 

ADDRESS OUT ~ ~ VAL.lD ~ 

lORD (CPU) 

10 DATA (DEVICE) ~ ~ VALID ~ ~ 

TEST IOACK 

IQACK (DEVICE) II I 

IOACKFF (IN CPU) 

STROBE 

MPR-692 

Figure 11. 1/0 Read Timing. 
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~200ns-_1 

- n-n-IL n-n-IL IL ~ 
REO BUS (CPU) L 

LOAD MAR I 
LOAD 0 REG I 

ACK (BUS) LW 
ItO REQ (CPU) 

AODRS OUT ;;:;:; ~ VALID ~ 

IOWAT 

DATA OUT ~ ~ VALID ~ 

TEST FOR fOACK I 

IOACK (DEVICE) II 

IOACKFF (IN CPU) 

Figure 12. I/O Write Timing. 

Microinstruction Microcycle Time 

Operation To T1 T2 T3 

Form Instruction Address A 

Instruction Fetch A 

Decode A 

Displacement Fetch 

Form Operand Address 

Operand Fetch 

Execute A 

Figure 13. RR Instruction Sequence. 

Microinstruction Microcycle Time 

Operation To T1 T2 T3 T4 T5 Ts 

Form Instruction Address B 

Instruction Fetch B 

Decode B 

Displacement Fetch B 

Form Operand Address B 

Operand Fetch B 
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 
kmd of a read out it IS until the instruction decode IS finished. For 
an RX Instruction, after the memory read IS 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 Zo Register and 
goes to the AlU (Am2903's). The AlU adds the displacement 
and the contents of the register specified by X2 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 IS enabled. 



Pipellned Operations 

If the architecture of the computer executed each of the instruc­
tions and each mlcrostep 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 plpelimng techniques. In this approach, 
the instruction steps forthe following Instructions are done during 
the decode and execute steps of the current instruction. The 
pipelining operation for a Registerto Registerclass of instructions 
is shown in Figure 15. W~h 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 pipe lining 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. 

Pipe lining is great for throughput, but it is a bear to microcode 
especially the first time through since during anyone cycle up to 
four instruction sequences have to be considered. It IS not as bad 
as It first appears. Note that an Instruction decode cannot take 
place until the last execute cycle of the current instruction. The 
major pipellmng takes place dUring the first three steps: form 
memory address, instruction fetch, and decode. Execute and 
operand fetch steps allow full overlapped operation only dunng 
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-pipe lined machine. 

Action 

Form Instruction Address A B C D 

Fetch Instruction A B C 

Decode A B 

Fetch Displacement 

Form Operand 
Address 

Fetch Operand 

Execute A 

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 

WORD 2 DISPLACEMENT 

Where: M is a 4-blt field specifying the conditions for the 
jump. 
(X2) + displacement IS the branch address 

Figure 17 shows the sequence chart for a RX Branch on 
Condition instruction. DUring the microcycle A1 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 A2, it has been determined to take or not take 
the branch. If the branch IS not taken, the MAR IS loaded with 
address B+2, while If the branch is taken, an instruction fetch 
IS performed for K and the MAR is loaded with K+2. Finally In 

A3 the next Instruction is decoded. By proper microcodlng, the 
conditional branch IS executed in only three microsteps even 
though the pipeline was "flushed out". 

A, B, C, Dare RR instructions 

D 

C D 

B C D 

Figure 15. Register-ta-Reglster Pipeline Operation. 

Action A, B, C, Dare RX instructions 

Form Instruction Address A B C 

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 Storege Pipeline Operation. 
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A = RX Branch Instruction 

Action B = Next RX Instruction if branch IS not taken 
K = next RX Instruction if branch is taken 

B+2 
Form Instruction Address A B K 

K+2 

Fetch Instruction A B 
B+2 

K 
K+2 

Decode A 
B 

etc. 
K 

Fetch Displacement A 
B 

K 

Form Operand Address 
B 

K 

B 
Fetch Operand 

K 

B 
Execute A1 A2 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 InpuVOutput 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 mlcrolnstruct,lon. Each microinstruction is 96 bits in 
length. The microinstruction format is summarized in Figure 
18. The microinstruction definition is summarized 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 writing microprogams. The definition file defines microword 
length (WORD statement). formats (DEF statements) and con­
stants (EQU statements) for the use of t~e actual microprogram 
(Figure 31). 

The definition file is divided into 8 parts: 

1. Am2910 sequencer opcode definitions 
2. Am2903 ALU opcode definitions 
3. Am2901 A PCU opcode definitions 
4. Am2904 shift mux and status control definitions 
5. Datapath control bits definitions 
6. Memory control bits defimtlOns 
7. Control strobe and control bits definitions 
8. Immediate operand field definition 

Am2910 Sequencer 

Bit 91 olthe microword is the input of CCEN olthe Am291 O. 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 Am291 O. Bits 11-0 are the jump address field for 
instructions that need an address operand. 

PROGRAM CONTROL (11) 
MEMORY 

CONTROL (5) 

STATUS (9) 

Figure 18. Summary of Microinstruction Word Fields. 

NEXT MICRO 
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Figure 198_ Micro Control Word Bit Definitions. 
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Am291013 NAC3 <D CD 

Am2910 '2 NAC2 
~ 0.0 

'" ~zc 

Am291011 NAC1 
~ .e -I ! .... r-n 

Am291010 NACo 
~ CD a> 

'" 
M1S c.;; 
M14 ~ 

.j:> 

M13 ~ 

'" M12 ~ 

I\) 

M11 ~ 

~ 

M10 ~ )0 
0 o.z Mg <D ~= Ma '" ~RD-

M7 .... "'-3: -3 _ . 
M6 a> 3 ~ 
Ms 

CD 0 
01 0. 

M4 .j:> 

M3 '" M2 I\) 

M1 ~ 

Mo 0 

Figure 19a. Micro Control Word Bit Definitions (Cont.) 
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~ Control Strobes ROMIIREGEN VO Control Register Am2914 10-13 Am2904 Shift Enable 
Bits (35-42) Bit 47 Bit 46 Bit 44 Bit 43 

CNTLB7 B3 1/07 
CNTLB6 B2 1/06 
CNTLBs B1 1/05 
CNTLB4 Bo 1/04 110 
CNTLB3 A3 1/03 13 19 
CNTLB2 A2 1/02 12 Is 
CNTLB1 A1 1/01 11 17 
CNTLBo Ao 1/00 10 16 

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 --> Z1 Loads the value In the Z register into the Z1 Register at the beginning of the mlcrocycle. 

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 Is-o IS listed in 
87 OEB Figure 20. WORD when enabled (LOW) causes the Am2903's to operate on words (16-bits). 
86 Is When disabled (HIGH) the ALU operates on bytes (the least significant byte). This bit disabled 
85 17 blocks WE to the upper two Am2903's and turns off their Y outputs. 
84 16 
84 16 Zeroes should be forced to the upper 8 bits of the Y bus via the PCU to allow the zero status 
83 15 to operate correctly when the WORD bit is disabled. Also, when disabled the status (C, OVR, S) 
82 14 sent to the Am2904 is taken from the second Am2903 (numbering 0-3 least significant to 
81 13 most significant slice) Instead of the most significant Am2903. 
80 12 
79 11 
78 10 

77 ENTREG Enable Transfer Register - enables the Transfer Register onto the DA mput bus of the 
Am2901A's and Am2903's. 

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

75 ENCTR Enable I Register Counter - enables the I Register Counter (17-14) to count. ThiS value IS 
used to address the general registers dUring stack InstrucllOns and by Incrementing or 
decrementing thiS value the microprogram can read or write successive registers. 

74 INC I Register INC/DEC - the value In 17-14 can be either Incremented (If this bit is HIGH) or 
decremented. 

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

72 PCU ..... Y PCU Transceiver Control - when HIGH thiS bit allows the PCU Transceivers to pass data 
from PCU to the Y bus. [WORD high (mlcrobit 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 Z1 ..... I Load Z1 Into I Register - thiS bit loads data from Z1 Into the I Register. The I Register holds 
only the upper 16 bits of the Instruction. 

68 ENZo Enable Zo ..... DA - thiS bit LOW enables the Zo Register onto the ALU DA. 
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67 

66 

65 

PCU 

64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

PSW 

SHTCNTEN 

BRIEN 

PCUI7 

PCUI3 
PCUI2 

PCUI1 
PCUlo 
PCUA2 

PCUA1 

PCUAo 
PCUB2 

PCUB1 

PCUBo 

REQB 

MREQ 

HREQ 

WRITE 

MWORD 

ROM/I 

Table 2. Microinstruction Definition. (Cont.) 

Definition 

Enable PSW - thIs bit LOW enables the PSW onto the ALU DA. 

ShIft Count to Am2910 - this bIt LOW enables the least sIgnIficant four bIts of the InstructIOn 
(1 0.3) 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. 

Branch Instruction Enable - thIS bIt LOW enables 14-] of the InstructIon Register onto the 
Am2904 10.3 Input. The 10. 3 Inputs control the tests of the status register. 

These bits control the PCU whIch IS desIgned around four Am2901's. The PCUI7 , PCUI3, 
PCUI2, PCUI1 and PCUlo bits connect dIrectly to the Am2901 17 , 13, 12, 11 and 10 respectively. 
The PCUA2-PCUAo and PCUB2-PCUBo connect to the A and B Address inputs of the Am2901. 
14, 15, 18, A3 and B3 are tIed to ground. 16 IS tIed to 17 , 

Request Bus - thIS bit requests use of the system bus. This request IS made the mlcrocycle 
preceding a Memory Request or use of the bus for an I/O transfer. If the request IS not honored, 
the processIng of the next microinstructIon IS halted until the acknowledge IS issued. 

Memory Request - this bIt requests the memory to do a read or write operatIOn. 

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. 

Memory Write/READ - this bit IndIcates to the memory the MREQ IS for a write operation 
(If HIGH) and a read operation (If LOW). 

Memory Word/BYTE - the Memory Word/BYTE microblt specifies whether the memory 
operatIOn WIll be a word operation or a by1e operation. If the operation speCIfied is a by1e 
operation the least signifIcant address bit determines which by1e of the two by1e pair in memory 
IS affected. If the LSBlt IS a zero, the most significant by1e is read or written, and the LSBlt is a 
one, the least significant by1e is read or written. 

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. 

ROMII REG Enable - thIS bIt enables eIther the ROM bits 42-35 or the I register bits 10-7 onto 
the NB address Inputs of the ALU according to the follOWIng: 

8 4 4 

I op I R, I R2/X2 I 
ROM 42·39 I 1 ROM 38-35 

MUX MUX 

8 0_3 A O_3 MPR·695 

I/O Control Register Enable - this bit loads the I/O Control Register WIth microbits 42-35. 

Am2914 Interrupt Disable - this bIt disables the Am2914 Interrupt Controller from recognizing 
interrupt requests. 

Am2914 ENlo-ENI3 - this bit is the instructIon enable for the Am2914. The instruction Inputs 10-3 
are connected to microbits 35-38 respectively. 

Am2904 Shift Enable - this bit is connected to the shift enable of the Am2904. The shift 
controls 16•10 are connected to microbits 35-39 respectively. 



Table 2. Microinstruction Definition. (Cont.) 

Definition 

42 CNTLB7 
41 CNTLB6 
40 CNTLBs 
39 CNTLB4 This control field is used to provide several different functions as defined by the previously 
38 CNTLB3 described control strobes (mlcroblts 47-43). 
37 CNTLB2 
36 CNTLB1 
35 CNTLBo 

34 OECT OUT EN COND1TIONAL TEST 
33 EZ EN ZERO 
32 EC EN CARRY 
31 ES EN SIGN These bits are used to control the Am2904. Their functions 
30 EOVR EN OVERFLOW are defined in Figure 21. OECT IS used to enable the test 
29 CEM EN MACRO STATUS output of the Am2904 to the CC Input of the Am2910. 
28 CE EN MICRO STATUS 
27 112 CARRY OUT CONTROL 
26 111 CARRY OUT CONTROL 

25 TESTs 
24 TEST4 Th~se bits determine which test is to be performed for the conditional branch and stack 
23 TEST3 functions. The various tests are listed in Figure 25. The testing IS done both in the Am2904 
22 TEST2 and an 8 to 1 multiplexer. 
21 TEST1 
20 TESTo 

19 NAC3 291013 
18 NAC2 291012 These bits are connected to the 13-0 inputs of the Am2910 to control 
17 NAC1 291011 the sequencing of the microprogram. Their definitions are listed In Figure 26. 
16 NACo 291010 

15 M1S 
14 M14 
13 M13 
12 M12 
11 M11 
10 M10 
9 Mg 
8 Me 

These bits provide the branch address for the Am2910 and the 16-bit immediate field. 7 M7 
6 M6 
5 Ms 
4 M4 
3 M3 
2 M2 
1 M1 
0 Mo 

Am2903 ALU 

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 14-11 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 

allows a not predefined Instruction be accessible to the micro­
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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AMDQS/29 AMDASM MICRO ASSEMBLER, V1.1 
Dl:FINITION FILE FOR 16 lilT COMPUTER 

JZ: 
CJS: 
JSB: 
JMAP: 
CJP: 
JMP: 
PUSH: 
PHLe: 
JSRP: 
CJV: 
JMPV: 
JRP: 
RFCT: 
RPCT: 
CRT~ : 
RTN: 
CJPF: 
LDGT: 
LOOP: 
CONT: 
TWB: 

ADR: 
LDR: 
ADR'l: 
LDRQ: 
RPT: 
LDQP: 
QPT: 
RQFT: 
AUR: 
LUR: 
AURQ: 
LURQ: 
nus: 
LlJQ: 
SINEX: 
REG: 

; 

HIGH: 
SUllR: 
SUBS: 
ADD: 
PASS: 
COMPLS: 
PASSR: 
COMPLR; 
LOW: 
NOTRS: 
EINOR: 
nOR: 
AND: 
NOR: 
NAND: 
011.: 

ALU: 

AB: 
ADB: 
AQ: 
DAB: 
DAD!: 
DAQ: 
; 

WORD: 

OEl: 

AMDASM DUINTION FILE FOR 1f-BIT COMPUTER 
USING Ai12901A, AM2S03, AM2ge4 6. AM2910 
FILE CRUTED BY STEVE CHENG- 8/25/78 

REVISION 2.0 

WORD 96 

12/€/?e 

Dn'INITIONS FOR AM2910 SEQUENCER 

DEF 4X,B#0.71X,Hlt0,16X 
DEF 4X,B#0,71X,H#1.4X ,12V% 
DEr 4X,E#l,711,H#1,4X,12vt 
DEF 4X,B#il,71X,H#2,lSX 
DEF 4X,B#0.7lX.H#3,4X.12V~ 
DEF 4X,B#l,71X,H#3,4X,12V% 
DEl' 4X,B#0,71X,H#4,4X,12V'; 
DEF 4X,:i!#l,71X,Hlf4,4l;,12V:!; 
DEr 4X,H'e:.71X,H#5,4X,12V't 
DEF 4X,BII0,71X,H#6,16X 
DEF 4X,B#l,71X,H#6,16X 
DEr 4X • .B#0,71X,cl17,4X,12V% 
DE}' 4X,.2#0, ?1X,Hltf',4X, 12V% 
Di.F 4X,B#';;',7lX,HIt9,4X.l.2V~ 
DEF 4X.B#~,71X,H#A,16X 
DEF 4X,B#l,71X,H#A,16x 
DEF 4X,:B#0,71X,H#B,4X,l.2V":; 
DEF 4X,BN0,71X,HNC,4X,l.2V%HNFFF 
DE,' 4X,Bllid,71.X,HltD,16X 
Di.F 4X,BH0,7l.X,HkE,16X 
DEl 4X,:BN0,71X,BR1',4J,l.2Yt 

DEFINITION::' FOR. AM2903 -\LU 

i JUr'P ZERO 
iCON)) JSB PL 
i ilfo,CONDITICNAL ';SJI PL 
i JUMP MAP 
i COND ,TUM? PL 
iUNCONDIT01\AL JU~P PL 
i PUSH/COND I,D CNTR 
; pUSH '\"lD ID C~TR 
;co'r JS-" RIPL 
;CONE JUMP VECTOR 
;U"lCCNDTI("II:AL JU,'1P VF.CTC'!l 
j CONI JUMF 11/PL 
,REPEAT LOOF, CNT~ () e 
iREHAT PL, C~TR <> " 
;COtiD RTN 
iUNCOtiDTIC%l.L HTt:Rt. 
; COND JUMP PL S. POP 
ilD Ct.TJi (. CaNT 
iTEST END !'OOP 
;CO~'Tp.;UE 

iTEItbE-Vi,l.Y PRHC}! 

TEl AlU DUINTIOt. IS OF THE FOLLOYING JOR!",AT 
!LU nSrINATION CONTROL, }'lINCTICN 

E~UA'l'ES FOR ALU DESTINATION CONTn(ll 

EQU Elt0 
EQU H#l 
EQU R#2 
rCou 11#3 
EI.!U Hlt4 
EQU HIFb 
EQU bilE 
EQU B#7 
EQU E#6 
IQU hIF9 
EQU BU 
E~U H#Il 
EQU h#C 
EQU HIID 
EQU HU 
EQU b#}' 

;ARITRMETIC SHIFT DO';N, RESULTS I~TC UN 
; LOGICAL SHIFT DO\'N, In.selTS BTO ~A~ 
; .\RITE. SHIFT DOWti, RESULTS INTO RAM AND Q 
;LOGICAL SHIFT DOWN, RESULTS aTC filM HL Q 
,RESULTS INTO RAM, GENERATE HRITY 
iLOGICAL SHIFT DOIliN ~. GENERAn PlRITY 
jRESULTS INTO Q, j';U.ERAU PAlIIn 
iRESULTS INTO RAM AND ~, GEt>ERATJ<.; PAtiIT) 
; ARI TH. sa IFT UP. RI!.SULTS 1 NTO R 0\101 
iLOGICH SHIFT UP, Rlsun"> INTO RAM 
;ARITH. SHIF'l' UP, RESULTS INTO RAM .It~'P ~ 
;LOGIC!L SHIF1' UP, FEStJLTS INTO RAM ANIt ~ 
JRESUITS TO Y BUS ONLY 
:LOGICAL SHUT UP Q 
; SIGN EXTEND 
iRESULTS TO RAl", SIGtI nnNL 

EQUAT£S FOR ALJ FUCNTIONS 

EQU HU 
EQU BU 
EQU B#2 
IQU H#3 
EQU H#~ 
EQU HII5 
EQU H#6 
EQU HII7 
EQU Hlte 
EQU HII9 
EQU H#A 
EQU HltoS 
EQU HIIC 
EQU HlfD 
EQU HNE 
E~U H#F 

ALU DEFINTION 

iF! = 1 
iSU1IT1I.ACT :It FROM S 
; SU:IlTRACT S fROM R 
iADD RAND S 
JPASS S 
; 2 "s CO~,PLEMENT Of S 
;PASS R 
;2"S COMPLEMENT OF R 
iFI = i 
i COMPLEMnT R AND WITH S 
iElCLUSIVE NOR R 'IIITH S 
JEXCLUSIVE OR R 'rITE S 
iAND R WITH S 
iNOR R WITH S 
iNAND Ii. WITH S 
iOR R WITH S 

DEF 91 ,4VBltC ,",VHNS. 791 

ALV OPEHAND SOURCES 

DEl 6I.Elte,lI,BU,6I,Bltll,78X 
DiF 6X,:B#iI,U:,Blll,8X,:B#e,78X 
DEF 6I,lI#0.UilX,B#l,78'; 
DEP 6X,lIltl,lX,B#e,8x,B~0,7ex 

~~~ ~~~:i :i~i ~;~i~;8~#0, 78X 

WORD/llYn CONTROL 

DEi' 5X,BU,9iX 

OUTPUT Y ENULE 

DEI' 7I,lIU,88X 

,R = RAM A, S = RAM ] 
jR '" RAM A, S = DB 
;R :. RAM A, S "" Q 
; R = DA, S = RAM II 
iR = DA, S '" DB 
iR '" DA, S = Q 

SPEC JAL FUNCTIONS FOR AM.29i3 

TO USE THE SPECIAL FUf,CTIONS, THE DESfINA'IION 
CONTROL MUST NOT :BE AQ OR DAQ 

SPECIAL FUNCTION EQUATES 

USMUL: EQU Hltl" UNS IGNED MULTIPLY 
TCMUL: EQU R#.20 
INCTWO: EQU R#40 
SMTC: EQU RII'511 
TCMLS: EQU Hlt6/iJ 
SLN: FJ;!U HII8i 
DU: EQU HII'U 
TeDIV: EQU Bll'CIl 

T'IO"S COMPLEMENT MULTIPLY 
INCREMENT :BY ONE OR T'IIO 
SIGN-MAGNITUDE/TWO'S COMPlFM1NT 
TWO'S CO~PLEMENT MULT. LAST STEP 
SINGLE J.ENGTH NORMALIZE 
DOUllLE LENGTH NORMALIZE AND 1ST DHIDE OP. 
TWO"S COMPLEME~T DIVIDE 

Tcnc: EQU HNti ; TWO'S COMPLEMEf'iT DlV IS tON CORIIECTIuti 

SPECIAL FUt-CTION DEfINITION 

SPFl4: DEF 9I,BVHIt,79X 

PCUAQ 
PCUAlI 
PCUZQ 
PCUZ!! 
PCUZ! 
PCUD"&: 
PCUDQ 
PCUDZ 

Ail: 
Ai : 
!.2 : 
A3: 
14: 
A!:l: 
1.6: 
17; 

; 
b": 
111: 
112: 
b3: 
B4: 
E5: 
116: 
:87: 

; 
PCU: 

DEFINITION FOR AM.29il PROGRAM CONTROL UNIT (PCU) 

PCU REGISTiR DEFINITIONS: 
RI == PC PROGRAM COUNTER 
Rl = SP STACK POINTER 
R.2 :. SPLt STACK POINTER LOYER LIMIT 
R3 = SPUL STACK POINTER UPPER LIMIT 
R4 = 2 CONSTANT il 
R5 = 4 CONSTANT .2 

EQUATES FOR PCU DtFINITIONS 

EQU 11#0 iQ REG::: ZERO, B-RAM ::: ONE DEU.ULT 

EQUATE FOR peu lUNCT IONS 

EQU Bltl iSUlI '" Of'JE, ADD::: zno DEFAULT 

EQUATES FOR SOURCE CONTROL 

EQU Q#Ii! 
iQU Q#l 
EQU QIt.2 
EQU Q#3 
EQU Q#4. 
EQU Q#5 
EQU Qlt6 
EQU QII7 

EQUATES FOR FCU A-RAM 

EQU Q#il 
EQU Q#l 
EQU :;j1l2 
EQU QII'3 
EQU Q#4 
EQU Q#5 
EQU Q#6 
EQU Q#7 

EQUATES FOR PCU b-RAM 

EQU Q#I 
EQU Qlfl 
EQU Q#2 
EQU Q#3 
EQU QN4 
EQU Q#5 
EQI1 Q#€ 
EQU Q#7 

PCU DEFINITION 

DEl 31l.l un, 1 VB#0, 3VQU ,3VQIt ,3VQ#, 54X 

PCU.NEXT: DEl 31l,lIUililll.U.iJ,54X 
DEi" 311 ,l!#1100110.3'0l,tJH 
DEF 31X,lI#UfI011!!1eI1l01,54X 
DE!' 31X,:E#1~l1U01J';H'0.54""( 
DEF 3lX.B#1I1il101101l10.54:X 
DEI' 31X,B#lUllS.011i1I,54X 
DEF 31I,lI#101i11100100l,!:lH 
rEF 31X,Ulll:iIl10HlIiH'I,54X 

PC '" PC l' 2 
SP = SP - .2 
SP ::: SP l' .2 
PC '" D 

PCU.PUSH: 
PCU .POP: 
PCU .JUMP: 
PCU.TR.2: 
PCU .NOP: 
PCU.SP: 
peu .DEC4: 

PC = 'IPE'3- t 2 
PC TO OUTPUT 
SP TO CUTPUT 
PC'"PC-4 

f)HIFTEN: 
OECT: 
EZ: 
EC: 
ES: 
EOVR: 
CEM: 
CEU: 

DEFINTIONS FOR AM.2904 RELUED CO"lTROL BITS 

A~29Q14 :BIT DEFINITIO~S ARE AS FOLLOWS: 
BITS 95-44 '" DON O'T CARES 
BIT 43 '" SHlF'!' ENAllLE 
BITS 4.2-35 = GENERAL PURPOSE CONTROl. BITS 
BIT 34 '" OUT EN CONDITIONAL TEST 
BIT 33 '" ENAllLE ZERO 
BIT 32 '" '!;NABLE CARRY 
BIT 31 '" ENABLE SIGN 
BIT 3" '" ENABLE OVERFLOW 
BIT 29 '" ENABLE MACRINE STATUS 
BIT 28 '" ENABLE MICRO STATLlS 
BITS .27-26 = CARRY OUT COHO L 
!ITS .25-.2i'" CONDTIONAL BUNCH TES1' 

iQU B#£1 
EQU 1\#13 
EQU ]1#0 
EQU B#e 
EQU ]1#0 
E~U B#0 
EQU B#0 
EQU !#0 

jSHIFT Ef'iAllL~' 
lOUT EN COt.DITIONAl nST 
iENABLE z:ERO 
iENAllLE CARRY 
; ENABLE SIGN 
jEhULE OVERFLOW 
;ENABLE MACHINE S'fATJS 
iE~ABLE MICRO STATUS 

fM.29.4: DEF 5.21,1 V]I# 1 ,ax ,1 VE# l,lVlll#l ,lVEU, 1 VlI#l. 1 VB#l ,1 Vll#l ,1V:B#l,28X 

TEST ElTS DEFINTION 

TEST: DEF 70X,6V~#,.2IiJX 

COEQI: 
COEQl: 
COEQCI: 
IOEQST: 

EQUATiS fOR AM.2ge4 CARRY-OUT CONTROL 

EQlI B#0:o 
EQU B#01 
EQU :8#10 
EQIJ Mll 

j CARRY -OUT = " 
; CARRY-OUT'" 1 
i CARRY-OUT", CARRY-IN 
iCARRY-OUT "" CARRT OF STATUS REGISTER 

CARRY-OUT CONTROL DEFINITION 

CARRYCTL: DEY 68I,2VBN0Q1.26X 

REG I STiR MUl SELECT 

Figure 20. Definition File for 16-Bit Computer. 



.lI1DOS/29 AMDASH MICRO ASSEH!LE1I:. iLl 
DiFINITION lILE FOR 16 BIT COHPU'l'1R 

DEl' iMiI,95X j ROUTE Ht TO RAM II 

EQUATES FOR DATAPA.'l'H DEFINITION 

izx: EQU .,1 
EliTREG ~ .EQU I.e 
LDTltiG; :t:QU :BIt 
INCTR: EQU II'" 
UC: EQU 11#1 
peun EQU B'81 
IH1R: EQU Blt811 
PCUHA1/.: EQU 11#11 
LDMD.: EQU BU 
LDO: EQU ."1 
ZII: EQU 11#1 
ENZ': EQU :awe 
PS'I : EQU ),"1 
SBTCNTiN :EQU BII, 
BlIIN: EQU UI 

iZ REG TO ZI REG 
U:NULE TRAhSFER RE~ISTER 
jL01D TRANSFER ltEGISTEIt 
j I-RIG EN cn 
jI-REG INC/DEC. 
; PCU TRANSCEIVD TO Y-BUS 
;PCU TRANSCEIVER TO MiR BUS 
JPCU TBAHSCEIVER CEIP DISABLE 
;L01D HAll: 
iL01D DREG 
;tOlD ZI INTO I -REG 
j nULE ZI '1'0 DA 
illNULE PS~ 
iSBIF'!' CNT 2910 ADDR 
j!lRANCH INSTRUC'l'IOh ENABLE 

DATAP.1TH DEFINITION 

DATAPUB: 
I 
; 

DEl 31.1 tn" .14.X ,1VIIII1, 1 VB~fJ ,lVJIIl,111l#Iil,2VU11,l VB''''. 
IVBIf:',lVl1I1',1Vhl ,lVBII!, 1 VEl1.1Hll1.55I 

EQUA'l'ES Fall HEMOK! CONTROL 

~QII: EQU]#1 iBUS REQUEST 

HRlQ: EQU B"1 
BBEQ: EQU B#. 
VIJ'rI: EQU Bill 
HYOID: IQU:8#1 

;HEl'iOIT BEQUEST 
;BOLD REQUES'1' 
;MEMO&:Y WRIU 
jMIMORY WORD/lIT'lE'" 

DEFINTION FOR I1Et'lORY CONTROL 

MEM .CON'l :DEf 4:21 ~1 nile, 1 VU'. 1VB,,1 ,1 VB"~.l V:Bt#e,491 
; 
; EQUATES rOR CONTROL STRons 

ROf'!: EQtJ IM1 iROH/litEGEft* 
lOIN: EQU i#8 ; I/O CONTROL REG. ENABLE 
INTIlIS: EQU Bit' i INTERRUPT DIS1lILE 
IN'l'RIIN:EQU BII' ;ENULI It-13 ON 1M2914 
; 
; CONTROL UROIIE DEJINTION 

~OtlTlOL: DEl 48X,1VBII",lVB#ltlVBnt1n"1,~u 
; 
~ CONROl BITS DUlNl'1'ION 

CHUBI 
; 
I 

iHHD: , 
IHMEDU'fE ROM DEFINITION 

DU 4:7I,nil.321,16YR' ;E~ABLE IMMEDIATE OPERAND 

, .. 
faTAL PB.ASE 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 mlcroword 
can be used as a 16-bit eonstant to load ALU. PCU etc. ThiS is 
accomplished by putting the constant in bits 15-0 and force bit 48 
to logic O. 

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
structioos 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 request is 
issured for the content of PC+6. The contents of PC+4 are read 
into the Z register. The Z1 and I Registers are loaded with the 
contents of PC+2. The instruction at PC is executed. The inpulto 
the mapping PROM is loaded with the contents of PC+2. Thus in 
a stream of RR instructions. four instructions are in progress 
concurrently. 

Figure 23 Illustrates the execution of an RX instruction. 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 

START1 

START2 

INSTN 

REQB 
PC_MAR 

REQB, MREQ 
PC+2_MAR. PC 

REQB, MREQ 
PC+2_MAR. PC 
z-Z,.Z,--I 

DECODE 

EXECUTE 
INSTRUCTION 

LOADS PC INTO MAR 
REQUESTS BUS FOR INST N 

LOADS PC+2 INTO MAR AND PC 
REQUESTS BUS FOR INST N+1 
READS INSTN 

LOADS PC+2 INTO MAR AND PC 
REQUESTS BUS FOR INST N+2 
READS INST N+1 
LOADS Z, REG WITH INs1 N 
LOADS I REG WITH INST N; 
DECODES INST N. 

y EXECUTE 
INTERRUPT 

ROUTINE 

MPR_ 

Figure 21. Microprogram Start Up Flow Chart. 

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

Figure 24 illustrates the execution of an RSI instruction. Althe first 
microstep. the Immediate operand is already in the Zo 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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INST N 

FROM INST N-1 

REQB, MAEQ 
PC+2_MAR, PC 
Z-Z"Z,--I 

EXECUTE 
DECODE 

REQUESTS BUS FOR INST N+3 
READS INST N+2 
PUTS PC+2 INTO PC AND MAR 
LOADS Z1 AND I WITH INST N+1 
EXECUTES INST N 
DECODES INST N + 1 

TO 
INTERRUPT 

HANDLER 

OPCODE 
LR 
AR 
SR 
NR 
ORR 
CLR 
XORR 

RR INSTRUCTIONS IMPLEMENTED 

R1, R2 
Load Register 
Add Register 
Subtract Register 
AND Register 
OR Register 
Compare Logical Register 
Exclusive OR Register 

R1 = (R2) 
R1 = (R1) + (R2), Set CC 
R1 = (R1) ~ (R2), Set CC 
R1 = (R1) AND (R2), Set CC 
R1 = (R1) OR (R2), Set CC 
Set CC with (R1) ~ (R2) 
R1 = (R1) XOR (R2), Set CC 

Figure 22_ RR Instruction Flow Chart 

FROM 
INSTN-l 

INST N 

TO 
INTERRUPT ----< 

HANDLER 

OPCODE 
LD 
ST 
ADD 
SUB 
N 
o 
CMP 

REQS, MREQ 
Zo+X 2-MAR 
JSB FETCHOP 

FOAMS OPERAND ADDRESS BV ADDING ZO+X2 
REQUESTS BUS FOR OPERAND 
READS INST N+1 

FETCHOP 

REQB, MReQ 
PC+2_MAR, PC 

z-z, 

LOADS PC+2 INTO PC, MAR 
REQUESTS 8US FDA INST N+2 
READS OPERAND 

REQS, MREQ 
PC+2 -MAR, PC 

Z,--I 
DeCODe 
EXECUTE 

RTN 

LOADS PC+2 INTO PC, MAR 
REQUESTS BUS FOR INST N+3 
READS INST N+2 
LOADS Z, WITH N+1 
DECODES INSl N + 1 
EXECUTES INST N 

LOADS INST N+ 1 INTO Z, 

RX INSTRUCTIONS IMPLEMENTED 

R1, X2 (DISP) 
R1, X2 (D) 
R1, X2 (D) 
R1, X2 (D) 
R1, X2 (D) 
R1, X2 (D) 
R1, X2 (D) 
R1, X2 (D) 

R1 = (X2) + D 
(X2) + D = (R1) 
R1 = (R1) + [(X2) + Dj, Set CC 
R1 = (R1) ~ [(X2) + Dj, Set CC 
R1 ~ (R1) AND [(X2) + Dj, Set CC 
R1 = (R1) OR [(X2) + Dj, Set CC 
Set CC FOR (R1) ~ [(X2) + Dj 

Figure 23_ RX Type Instruction. 
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INSTN 

START2 

TO 

INST N-1 

REQB. MREQ 
PC+2_MAR, PC 

EXECUTE 
JMP START2 

REQB. MREQ 
PC+2_MAR, PC 
2-2,,2, -1 

DECODE 

INTERRUPT ---< 
HANDLER 

LOADS PC+2 INTO MAR, PC 
REQUESTS BUS FOR INST N+2 
READS INST N+1 
EXECUTES INST N WITH IMMEDIATE OPERAND IN Zo 

JUMPS TO ST ART2 

LOAD PC+2 INTO MAR, PC 
REQUESTS BUS FOR INST N+3 
READS INST N+2 
LOADS INST N+1 INTO 2, 
LOADS IREG 
DeCODES FOR INST N+1 

IMMEDIATE INSTRUCTIONS IMPLEMENTED 

OP CODE 
LI 
NI 
01 
XI 
AI 
51 
CI 

R1, DATA 
Load Immediate 
AND Immediate 
OR Immediate 
Exclusive or Immediate 
Add Immediate 
Subtract Immediate 
Compare Immediate 

R1 = DATA 
R1 = (R1) AND DATA, Set CC 
R1 = (R1) OR DATA, Set CC 
R1 = (R1) XOR DATA, Set CC 
R1 = (R1) + DATA, Set CC 
R1 = (R1) - DATA, Set CC 
Set CC with (R1) - DATA 

MPR-899 

Figure 24_ Immediate Instructions. 

Figure 25 Illustrates the execution of an unconditional branch 
Instructlon_ At the first mlcrostep the displacement is already In 
the Zo register. The branch address IS formed by adding the 
contents of the ZD register to the contents of the index register Xl' 
The MAR IS loaded with the branch address and a bus request IS 
Issued for the contents of the branch address. The branch ad­
dress IS also loaded into the transfer register for subsequent 
loading of PC. In the next step, the contents of the transfer 
reglster+2 IS loaded Into the PC and MAR. A bus request IS 
Issued 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 (Instrucllon N+1) IS read, In case the test condition fails 
and the macro program falls through. The condition test IS en­
abled In thiS step_ lithe test passes, the microprogram transfers to 
Uncondilional Branch routine. If the test falls, the microprogram 
proceeds to fill the pipeline and continue. 

Figure 27 Illustrates the branch and link instruction. The flowchart 
IS similar to Uncondilional Branch except an extra step (STEP 2) 
IS Inserted. This step saves PC In Rl . 

Figure 28 Illustrates a shift or rotate Instruction. In STEP 1 the 
opcode of the next instructIOn IS loaded Into Zl registers and the 
shift count of the shift Instruction is loaded Into the loop counter of 
Am291 O. STEP 2 executes the shift Instruction N+ 1 times, where 
N IS 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). It IS duplicated because the fail 
conditIOn of RPCT In Am2910 can only fall through. 

ox, 

START2 

y 

TO 
INTERRUPT 
HANDLER 

INST N-1 

ReQS 
Zo+X2 -MAR 
Zo+X2 -TREG 

REQO, MREQ 
TREG+2 -MAR 
TREG+2-PC 

REQB, MREQ 
PC+2--MAR, PC 
z-Z"Z,--I 

DECODE 

LOADS MAR AND TREG WITH 
BRANCH ADDRESS 
REQUESTS BUS FOR INST AT SA 

REQUESTS BUS FOR INST BA+1 
READS INST SA 
LOADS MAR AND PC WITH 
ADDRESS OF INST BA+1 

REQUESTS BUS FOR INST BA+2 
READS INST BA+1 
LOADS INST SA INTO Z, AND I REG 
DECODES INST SA 

BA = BRANCH ADDRESS 

ax x,. (D) BRANCH PC = (X,)+o 

MPR-700 

Figure 25_ Uncoriditional Branch. 
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INSTN-1 

REGS, MREQ 
ZO+X2-MAR 
ZO+X2-TREG 

REQUESTS BUS FOR BRANCH ADDR 
READS INST N+ 1 

BRIEN 
LOADS MAR AND TREG WITH BRANCH ADDR 

TRUE 

START2 

REoe 
PC+2 -PC, MAR 

z-z, 

REQUESTS BUS FOR INST N+2 
LOADS PC AND MAR WITH PC+2 
LOADS z, WITH INST N+1 

REQS, MREQ 
TREG+2_MAR, PC 

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

RNI 

TO 

REGS, MREQ 
PC+2-MAR, PC 

Z,--I 
DECODE 

REQUESTS BUS FOR INST N+3 
READS INST N+2 
LOADS PC, MAR WITH PC + 2 
LOADS Z, WITH INST N+1 
DECODES FOR INST N+1 

TO 

REGS, MREQ 
PC+2_MAR, PC 
Z-Z"Z2-1 

DECODE 

REQUESTS BUS FOR BA+2 
READS INST AT BA+1 
LOADS PC. MAR WITH PC+2 
LOADS Z" IREG WITH INST AT SA 
DECODES FOR INST AT BA 

INTERRUPT ----< y 
INTERRUPT -----'< 

HANDLER HANDLER 

Be ce, Xl (D) TO INST AT BRANCH ADDR 

MPR-70' 

Figure 26. Conditional Branch. 

Figure 29 Illustrates the input instruction. In STEP 1, the I/O Port 
Address is formed by adding Zo and X2 . 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 Zo register. In STEP 4, the content of Zo register 
is loaded into R" thus completing the I/O read. Bus request is 
issued for the next instruction and microprogram Jumps to 
STARTI 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 IS set and the width of the write pulse is loaded into the 
Am2910 Loop Counter as in the input instruction. In STEP 3, the 
I/O address IS held until loop counter becomes -1.ln 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 0 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: 

1. Turn on I/O reset signal and jump (Inst H#O) 
2. Set Ro in ALU to 0 (Inst H#180) 
3. Set Ro In PCU (PC) to 0 (Inst H#181) 
4. Set R, In PCU (SP) to H#4000 (Inst H#182) 
5. Set R4 in PCU to 2 (Ins! H#183) 
6. Set Rs in PCU to 4 (Inst H#184) 
7. Turn off I/O reset Signal (Inst H#185) 
8. Initialize console USART (Inst H#186-H#190) 

The micrOinstruction that executes macroinstructions are 
grouped as follows: 

Type Figure Microinst # 
(Hex) 

RR Instructions 22 005-00B 
RX Instructions 23 OOC-OIB 
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 048-059 
Interrupt Instructions 05A-061 



START2 

Y 

TO 
INTERRUPT 
HANDLER 

INST N 

N 

TO 
INTERRUPT 
HANDLER 

INST N-1 

ZO+X2-MAR 
Zo+X2-TREG 

PC-R1 
REGB 

REQB, MREQ 
TREG+2-PC 

TREG+2 __ MAR 

REQB, MREQ 
PC+2 - MAR, PC 
Z-Zl. Z1-1 

DECODE 

BAL R" X,(D) 

Figure 27. 

FROM 
INST N-1 

Z-- Zl 
N-SHIFTeNT 

EXECUTE SHIFT 
OR ROTATE 

CNT-1 __ CNT 

REQB, MREQ 
PC+2 --MAR. PC 

Z,--I 
DECODE 

LOADS MAR AND TREG WITH 
BRANCH ADDRESS 

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

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

REQUESTS BUS FOR INST N+3 
READS INST N+2 
LOADS PC+2 INTO PC, MAR 
LOADS INST N+l INTO 2, AND IREG 
DECODES FOR INST N+ 1 

R, = (PC), PC = (X,)+D 

MPR-702 

Branch and Link. 

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

EXECUTE 1 CYCLE OF SHIFT 
OR ROTATE DECREMENT 
LOOP COUNTER 

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

REQUESTS BUS FOR INST N+3 
READS INST N+2 
LOADS Z, WITH INST N+1 
DECODES INST N+1 

MPR-103 

Figure 28. Shift and Rotate Instructions. 

N 

N 

INST N_1 

REQB, HREQ 
Zo+X2-MAR 
IceNT-CTR 

SET lOR 

HREQ 
CTR-1--CTR 

HREQ 
RESET lOR 

REQB 
Zo-R1 

JMP STARn 

TO 
START1 

Figure 29. 

REQB, HREQ 
X2+Zo--MAR 

SET lOW, HREQ 
R,-DREG 

IOCNT--CTR 

HREQ 
CTR-1--CTR 

RESET lOW, HREO 
JMPSTART 

TO START 

REQUESTS BUS FOR INPUT PORT 
HOLDS THE BUS 
LOADS MAR WITH UO ADDRESS 
LOADS I/O COUNT INTO 
LOOP COUNTER 
TURNS ON 1/0 READ 

HOLDS BUS 
DEC, LOOP COUNTER 
UNTIL CTR = -1 

HOLDS BUS 
TURNS OFF I/O READ 
READS I/O PORT CONTENT 

REQUESTS BUS FOR INST N+ 1 
LOADS 110 PORT CONTENT INTO Rl 
RE-RLLS PlPEUNE FROM "START1" 

MPR-704 

Input Instruction. 

LOADS MAR WITH 
OUTPUT PORT NUMBER 
REQUESTS BUS FOR OUTPUT 
HOLDS THE BUS 

TURNS ON I/O WRITE 
HOLDS THE BUS 
LOADS DREQ WITH R1 
LOADS 110 CNT INTO LOOP COUNTER 

HOLDS THE BUS FOR I/O ADDRESS 
DEC LOOP COUNTER 
UNTILCTR =-1 

WRITES THE CONTENT OF DREQ 
INTO OUTPUT PORT 
HOLDS THE BUS 
JUMPS TO "START' 
TO REFILL PIPELINE 

MPR-105 

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

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

2. The content of PSW is written onto the stack in memory. PC = 

PC-4 to flush out the pipeline (Inst H#1 FO). 
3. SP = SP-2 (Inst H#1F1). 
4. The content of the adjusted PC is written to the DREG (Inst 

H#1F2). 
5. The content of the PC is written onto the stack in memory and 

the vector in the Am2914 is output to the interrupt vector 
PROM. A vector jump IS made following this instruction de­
pending on the interrupt number (Inst H#1 F3). 

111D05/29 AMDASM MICRO ASSIM:BLER. H.I 
MICROPROGft!t1 lOR 16 BIT COMPUTER 

, 
~ 
, , 
, 

.8111 RESET: 

i 
, 

0il'liJ1 START: 
/ 
/ 

******** •• ****** •••••••••••••••••• ** 
MICROPROGRAM rOR AMD 16-BIT COMPUTER 

WRITTEN BY STEVE CHENG 9/78 
REVISION 1.1 12/15/78 

RESET SEQUENCE STARTS RERE 

ALU & WORD Ii. CONTROL ,IOEN,INTDIS, Ii. CNTLB H#'i'!' Ii. DUlPATH Ii. 
MEM.CON'!' REQll"HREQ"M'IIORD 5. AM29fl4 & PCU.NOP Ii. JMP IUT 

REQUEST BUS JOR INSTRUCTION N 

!LU nus,PASS Ii. !!! 6. WORD & aEY & CARRTeTt Ii. CONTROL & 
DATA PATH , ••••• LDMAR •••• ,. Ii. HEM.caNT REQlI •••• MWORD Ii. 
1M2904 &. PCU.NOP &. CaNT 

REQUEST BUS FOR INSTRUCTION N+L RUD INSTRUCTION N 

''''il2 START1: 1LU nus.PASS &. t..! &. WORn &. OEI &. CARRICTL &. CONTROL 6. 
I DA'l'APATH •••••• LDMAR •••••• &. HEM.CONT REQB.MRiQ ••• MWORD &. 
I A1129.4 &. PCU.NIXT &. CaNT 

REQUEST BUS FOR INSTRUCTION N+2. READ INTR!JCTIOH N+L 
LOAD Zl REGISTER WITH INSTRUCTION N. 
DECODE FOR INSTRUCTION N 

11181:3 STUTZ: ALlJ",\TBUS,PASS 6. DAlI 6. CARRICTL 6. OEI &. lORD &. CONTROL &. 
/ DATA'PATH ZZI •••••• LDMAR •• ZII ••• , &. I1EM.CONT REQB.MREQ ••• I1WORD &. 
{ 111291f4 &. FCU.HEIT 6. JM!P 

, 
/illIJ'4 RNI: 

/ 
/ 

, 
0005 LR: 

/ 
I , 
, 

01!HiJ6 AR: 
I 
/ 

00.7 SR: 
I 
I , , 

~Hi'08 NR: 
I 
( 
, , 

0009 ORR: 

~ 

000A ~LR: 
/ 
/ , 

REQUEST NEXT INSTRUCTION 

ALU nUS,PASS &. DAB &. CARRYCTL &. OEY &. WORD &. CONTROL &. 
DATAPA'l'B •••••• LDMAR •• ZII., •• &. MEM.CON!' REQB.MREQ ••• M'IIORD &. 
1M291114 &. PCU.NEXT &. JI1AP 

RR TIPE INSTRUCTIONS 

LOAD REGISTER 18 RR CC: NONE 
LR Rl.R2 Rl = (R2) 

ALV REG .PASSR &. AB &. CARRIcn &. OEY /" WORD &. 
DATAPATH ZZI, •• , •• LDMAR •• ZII" •• &. HEM.CONT REQB.MRIQ ••• I1'110RD &. 
1H2904 &. CONTROL &. PCU. NEXT &. JMAP 

ADD REGISTERS 1A RR CC: csvz 
AR RI,RZ Hl '" (Rl) + (R2) 

ALU REG.ADD Ii. U &. CARRYCTL &. OEI 6. WORD &. 
DATAP1TH ZZI., •••• LDMAR •• ZlI., •• &. MEM.CONr aEQlI.MREQ, •• MWORD &. 
.11'12904 ,.EZ,EC.ES.EOVR.CEH. &. CONTROL &. PCU.NEXT &. JMAP 

SUBTRACT REGISTERS 1:8 HR CC: CSVZ 
SR Rl,R2 RI = (Rl) - (RZ) 

ALU REG. SUlIR &. AB &. CARRICTL COEQI &. OEY /::. WORD &. 
DATAPATH ZZI, •••• ,LDMAR. •• ZII •••• &. MEM.CONT REQB,MREQ ••• MWORD &. 
AM2984 .,EZ,EC.ES.EOVR,CEM. &. CONTROL &. PCU .NUT &. JMAP 

AND REGISTERS 14 RR CC: CSVZ 
tlR RI.RZ RI'"' (Rl) AND (a2) 

ALU REG .AND /::. AB &. CARRICTL &. OEY &. WORD &. 
DATAPATH ZZI" .... LDHAR .. ZII .... &. MEM.CONT RE~B.MREQ ... MWORD Ii. 
11'12904 •• EZ,EC,ES.EOVR.CEM. & CONTROL &. PCU.NUT &. JMAP 

OR REGISTERS 16 RR CC: CSVZ 
OR Rl.RZ RI'" (RI) OR (R2) 

!tu REG.OR & All & CARRYCTL & OEY &. liaRD & 
DArAPATH ZZI •••••• LDMAR.,ZII •• ,. & MEM.CONT REQB.MREQ ••• MWOHD & 
AH2904 •• EZ,EC.ES.EOVR.CEM. & CONTROL /::. PCU.NEXT &. JHAP 

COMPARE LOGICAL REGISTERS 15 RR CC: CSVZ 
eLR Rl.HZ CC = RESULT OF (Rl) - (R2) 

CONTENTS OF Rl AND HZ AU NOT UFECTED 

ALU nus .SUBR Ii. All &. CARRICTL COEQI &. OEY &. WORD &. 
DATAPATB ZZI ...... LDMAR .. ZII" .. &. MEM.CONT REQB.MREQ ... MWORD &. 
AM2ge4 "EZ.EC.ES.EOYR.CEM. &. CONTROL &. PCU.NEXT &. JMAP 

6. The vector jump directs to 1 of Blocations labelled INT o-INT 7. 

For INT1-INT7, the first instruction disables interrupt in the 
Am2914 and forces new PC value into PC. INTo requires an 
extra instruction to clear the Am9519. The interrupt vector in 
the Am9519 is to be determined by the macro interrupt 
handler. 

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

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

, 
011l!ll1l XORR: 

I 
I 

I1Ili!iC iD: 

000r 

I 
I , 

; 
000E 5T: 

0001 

I 
I , 

0011 ADDX: 
/ 
I , 

~"H2 

0313 ~UBX: 

0014 

I 
/ 

0015 ~: 

"'16 

I 

i 
I 
I , 

01il1? 0: 

; , 
0118 

, 
e019 eMP: 

I 
I 

EXCLUSIVE OR REGISTERS 1? 
1011 Rl t R2 H1 =- (Hl) XOR (H2) 

RR 

lLU RlG.EXOR &. .\E &. CARRIcn &. OET & WORD &. 

CC: CSVZ 

DATAPATH ZZI,., ••• LDI1AR,.ZII •••• &. MEM.CONT REQlI.MREQ, •• MWOHD 6. 
AI12904 •• EZ. EC, 8S .EOVR .CEM, &. CONTROL &. PCU .NEXT &. JMAP 

RX 'rIPE INSTRUCTIONS 

LOAD 58 RX CC: NONE 
LD RI,X2(D) RI = [(X2) + DJ 

ALU nus. !DD &. DA] &. CARRYCTL &. on &. WORD &. CONTROL &. RTB &. 
DATAPATH , •••• YMAR.LDMAR •• ,ENUl •• , I). MEM.CONT REQIl.MREQ ••• MWORD &. 
AM2911l4 &. PCU. NOP 6. JSB FETCHOP 

ALU REG. PASSR & DAB &. CARRYCTL &. OEY & WORD &. CONTROl 6. 
Dl'rAPATH .. " .. LDMAR"ZII.ENZIIl ... & MEM.CONT REQB.MREQ."MWORD Ii. 
AM2904 &. }>CU.NFXT &. JMAP 

STORE 
ST Rl.XZ(D) " (X2) + D '" (Rl) 

RX CC: NOt-.E 

lLU YEUS.ADD & DAB 6. CARRYCTL & OEY Ii. WORD & CONTROL &. RTB &. 
DATAPATH ••••• YMAR.LDMAR ••• ENZ0 ••• &. MEM.CONT REQB.MREQ, •• MWORD &. 
AMZ9Z4 & PCU.NOF & CONT 

ALD nus. PASS & AI! &. CAPRYCTL & OEY /" 'liaRD &. CONTROL &. 
DATAPATH ZZI ..... "LDD ..... &. MEM.CON'T REQIl .... MWORD &. 
AM2S'IH & PCU. Nap &. CaNT 

ALU YBUS.PASS &. AB & CARRYCn & OEY &. WORD &. CONTROL &. 
DATUATH •• , ••• LDMAR, ••• ,. &. MEM.CONT R~QI!.MREQ •• WRITE.'1WORD &. 
1.M2904 6. PCU.NEXT 6. JMP RNI 

ADD 51. RX CC: CSVZ 
ADD Rl.X2(D) lil = (Rl) + [(X2) + D) 

ALU nUS.ADD &. DAB &. CARRYCTL Ii. OEY &. ~ORD 6. CONTROL &. RTll &. 
DATAPATH ..... IMAR,LDMAR",ENZ0 ... (. !'EM.CONT REQb.MREQ ... MWORD &. 
AM291114 & PClJ.t-.OP &. JSB FETCFOP 

ALL! REG.ADD & DAll &. C.'RRYCTL &. OEY & 'liaRD & CONTROL &. 
DArAPATH •• , ••• LDMo\Ji •• ZII.ENZ0 •• , &. MEM.CONT REQI!.MREQ ••• M'IIORD &. 
AM2904 •• £Z.EC,ES,tOVR.CEM. &. FCU.NEXT &. JMAP 

SUBTRACT 5B RX CC: CSYZ 
SUB Rl.X2(D) Rl = (BI) - [(X2) + D] 

A1U YBUS.ADD (. DAR & CARRYCn &. OEI 1-. WORD Ii. CO/l.TROL &. RTB & 
DATAPATR •• , •• YMAR.LDMAR ••• ENZ0 •• , & ME:-1.CONT REQB.MREQ ••• MWORD &. 
AI':2904 5. PCU.I'lOP &. JSB FETCHOP 

nu REG .SUBR &. DAB 6. CARRYCTL COEQl &. DEl & WORD &. CONTROL &. 
DArAPA.TR •••••• LDMAR •• ZII.ENZ0 ••• &. MEM.CONT R1Ql!.MREQ ••• MWORD &. 
AM2904 •• EZ,EC.ES,EOVR,CEM, 6. PCU.NEXT 5. JHAP 

AND 54 RX CC: CSVZ 
N Rl,XZ(D) Rl = (Rl) AND [(X2) + DJ 

ALU nus ,ADD 6. DAP & CARRYCTL & DEI &. WORD (. CONTROL &. RTE &. 

DI,TAPATH ••••• IHAR.LDHAR ... ENZI ••• &. MEM.CONT REQB.MRIQ ••• I1'110RD &. 
AI1291'" 6. PCU. Nap & JSlI FETCHOP 

ALU REG.AND &. DAB &. CARRlCTL &. OEY &. WORD & CONTROL & 
DATA PATH , ••• "LDMAR •• ZIl.ENZ0." &. MEM.CONT REQB.MRIQ.,.MYORD &. 
AM29'4 •• EZ.EC,ES.EOYR,CEM. 6. PCU.NEXT &. JMAP 

OR 56 RX CC: csvz 
o Rl.XZ(D) RI '" (Rl) OR ((X2) + DJ 

lLU nUS,ADD &. DAB 6. CARRICTL & OEY 6. YaRD &. CONTROL &. RU &. 
DArAPATH ., ••• YMAR,lDMAR.,.ENZ0 ••• 6. MEH.CONT REQB.HREQ ••• M'IIORD &. 
AM2984 &. PCU.NOP &. JSB J'ETCHOP 

At;,) REG,OR & DAB & CARRlCTt 6. OEY &. WORD &. CONTROL 6. 
DATAPATF! .. , ... LDMAR .. ZII.ENZ .... &. MU'I.CONT REQ'B.MREQ ... MVORD 6. 
Atl29(it~ ,.EZ,EC.ES.EOVR.Cl.'M. &. PCU.NEXT & JMJ.P 

COHPARE 55 RX CC: csvz 
CMF Rl,X2(D) CC = RESULT or (RI) - [(XZ) + DJ 

THE CONTEt-lTS OF Rl AND (X2) + D ARE NOT AFFECTED 

lLU Y'BUS.UD 6. DAB & CARRrCTt Ii. OEY & WORn &. CONTROL & aT! &. 
DATAPATH ., ••• YMAR.LDHAR ••• ENZ0,., &. MEM.CONT REQB.MREQ ••• MWORD & 
AH2904 6. FCU .t.OP &. JSB FETCHOP 

Figure 31. Microprogram for 16-Bit Computer. 



AMDos/29 AHDASH MICRO ASSEMBLER, iLL 
MICROPROGRAM FOR 16 BIT COMPUTER 

eea !tU nUS,SUB! &. DAB 6. CARRICTt COEQl &. OEY 6. WORD oS. CONTROL &. 
DATAPA'I'H ••• ,.,1DMAR •• '':}I,ENZIil ••• So HEM.CONT R!QB,MRIQ ••• MWORD 6. 
111291114, .,EZ,EC,iS,EOVR,CEH, &. peU.NElT &. JMAP 

###IIIUI#IUI#IO,IIII*IIIIIIIOI##II#I",I1I1*####I#IIIIII#1# 

SUBROUTINE TO J'ETCH OPERAND FROM MEMORY 

######II####II####II###II###IUiliN#IIIIlIlI#tllI### 

etlB incHcP:ALU nUS,PASSR &. DAlI &. CARRICTt &. OEl &. WORD Ii. CONTROL &. 
I DATAPA!! ZZI ••••• ,LDMAR •••••• 6. HEM.CONT REQ:8,HRiQ •• ,MwoaD 6-
I 11'12904 6. peu . NEXT 6. RTN 

, , , 
011C tl: 

/ 

i 
, 

i.1D NI: 
I 
/ 

i , 
telE 01: 

I 
/ , 

1811' iI; 
/ 

i 

0020 AI: 
I 
I 

, , 
0121 SI: 

/ 
I 

; 
i 

0122 el: 
/ 
/ 

, 
0.23I1X: 

I 

! 
""24 ::aX1: 

; 
, 

"825 ic: 
/ 

; 

0i12€ 

, 
0027 BAL: 

/ 
/ , 

"'28 lIAtI: 
/ 

i 

0020 BALR: 

; , 

IMMEDIATE INS1'RUCTIONS 

LOAD IMMEDIAtE ASI CC: NONE 
Ll Rl,DI Ht '" DI 

!LU REG,PASSR &. DAB &. CARRlett &. eE! I;. WORD &. CONtROL &. 
DATAPATH •••••• LDMAR ••• INZ' ••• &. M~M.CONT REQll.MREQ. ••• /1WORD &. 
AH29U &. FCU.NElT &. JMF STUT2 

AND IMI1EDI ATE 94 RSI CC: CSH 
NI U,DI Rt ... Rt AND DI 

ALu REG.A.ND &. DAll &. CARRYCTL &. on &. WORD &. CONTROL &. 
DATAP1TH .", •• tDMAR ••• ENZ', •• &. ~EM.CONt REQB.MIiEQ, •• MWORD & 
AM2904. .. EZ.EC.ES.EOVR,CEM. &. PCD.NEXT &. JI1P ST.1RT2 

OR IMMEDIATE 96 asl CC: Csvz 
01 Rl,DI Rl '" Rl OR DI 

uti RE~.OR &. DAB 6. CURYCTL &. OEY S. WORD 6. CONTROL &. 
DATAPATH ", •• ,LDMAR, •• ENZII ••• &. HiH.CONT REQB,HREQ ••• MWORD &. 
AM291i'14 •• EZ,EC,ES,EOVR.CEM. I) PCU.NiIT 6. JMP STUT2 

EXCLUSIVE OR IMMEDIATE 97 RSI CC: CS'lZ 
II Rl,DI Rl " Rl lOR DI 

!LU REG.EXOR 6. DAlI &. CARRYCTL &. OEY &. WORD &. CONTROL &. 
D1TAPATH """ LDMAR ••• ENZI', •• & MEM.CONT REQII.HREQ ••• MWORD &. 
11'12914. •• EZ.EC.ES.EOVR.CEM. &. PCU.NElT &. JMP SURT2 

ADD IMMEDIATE 91 RSI CC: CSVZ 
AI Rl.DI il '" Rl + DI 

ALU REG,ADD &. DAB &. CARRYCTt &. OEY 6. wORD &. CONTROL &. 
DAT1PATH ., •• ,, LDMAR ••• INZ",., &. ME~.CONT RJQlI.MREQ, •• M'IIORD &. 
1112904. ,.EZ.EC.IS."EOVR.CEM. &. PCU.NEXT &. JMP STUT2 

SUBTiACT IMMEDIATE 911 ASI CC: CSVZ 
SI Rl.DI Rl =' RI - DI 

ALU REG.SUBE. &. DAB &. CARRYCTL COEQ.l &. OEY &. WORD &. CONTROL &. 
DATAP1TH •••••• LIlMAR ••• EN Z0 ••• &. HIM .CONT REQB.MREQ ••• MVORD &. 
.11'12904 •• EZ.1C.ES.EOVR.CEI1, &. peU.NEXT &. JI1P STUT2 

COMPARE IMMEDIATE 95 RSI CC: CSVZ 
CI RI,DI CC = RESULT OF Rl - DI 

THE CO~TENT or Rl IS NOT AFFECTED 

!LU nus. SUER &. DAB &. CARRYCTL COEQl &. OEY & WORD &. CONTROL &. 
D1TAPATB ••• ", LDMAR,.,ENZ0 ••• &. MEM.CONT REQlI.MREQ ••• MWORD So 
AH29"4 •• EZ,EC.ES.EOVR.CEH. &. PCU.NEXT &. JHP START2 

BRANCH I t;STRUCTIONS 

BRANCH UNCONDITIONAl 74. 'I CC: NONE 
II 12(D) PC '" (X2) + D 

lLU nUS.ADD &. DAJI &. CARRYCTt &. OEI &. WORD &. CONTROL 5. iTl! &. 
D!'l'APATB .ENTREG. , ••• LDMAR. ,, •• , &. 
MiM.CO~T REQll.MREQ ... MWORD &. AMZge4 &. PCU.TR2 6. JMP STUTZ 

'LU YIIUS .PASS &. !:B &. 'IIORD &. OEY /;. CONTROL 6. 
DATAPATH ,ENTREG ••••• LDMAR •• "" &. MEM.CONT RI.QB.MREQ.,.MWORD &. 
AI12904 &. PCU.TR2 &. JMP START2 

llRANCH ON CONDITION 4.7 Rl CC: NONE 
BC C.X2(D) IF cc = 1. PC " (X2) + D 

ELSE PC '" (PC) + 2 

!LU YBUS.ADD &. DAB &. CARRYCTL &. OEY &. WORD &. CONTROL &. RTl! &. 
DATAPUB •• LDTREG.,.YMAR.LDMAR ••• 1';NZ0 •• , BRIEN &. TEST 57 &. 
MEM.CONT REQl!,MREQ".MWCRD &. 
AH2f.e4 ,OECT ••• ' •• &. PCU.NOP So CJP BXl 

lIRANCa NOT ~EEDED 

.!LU nus.PASS £. All &. WORD &. OEY &. CONTROL &. 
I)ATAPATFI ZZI,.".,LDMAR " .", &. HEM.COIIT REQll •• ,.MWORD &. 
AM29iJ4 6. PCU. hEXT &. JMP RN I 

BRANCH AND LINK ~5 HI CC: NONE 
BAL Rl.X2(D) Rl '" PC + 2, PC'" {(X2) + DJ 

ALU nUS.ADD & D!lI &. CARRICTL &. OEY &. WORD &. CONTROL &. RTB &. 
DATAPATH •• LDTREG,.,YMAR.LDMAR ••• ENZIII". &. MEM.CONT •••• HWORD 5. 
AM29046. peU.hOP &. CONT 

ALU REG. PASS &. DAl! &. CARRICTL &. WORD &. CONTROL &. 
DATAPATH .. ' .. PCUY II ..... &. MEM.CONT REQlI .... MlIORD &. 
AI12G04 &. peU.NOP &. JMP BI1 

BRANCH AND LINK REGISTER /15 RR CC: NO~E 
BALR Rl.R2 Rl = (PC)' PC " (R2) 

ALU YBlJS.PASSR & DAB &. CARRYCTt & OEY &. WORD &. CONTROL &. 
DATAPATH "LDTREG ... YMAR,LDMAR",EtlZ0 ... &. MEM.CONT .... MVORD 6. 
AM2S1B4 &. FCU.NOP &. JMP BALl 

012.1 ER: 
I 
/ 

! 
etZll SLA: 

/ 

! 
I!lIZC 

002D 

; 
012E 511: 

/ 

! 
00Z1 

, 
00:31 SRA: 

/ 
/ , 

01'13:! 

1035 

1136 

~ 
0037 RRt: 

"038 

1039 

I 
/ , 

, 
003.1 RLL: 

/ 
/ 

003D RRC: 
/ 
/ , 

0e3E 

0031 

0"40 RLC: 
/ 

BRANCH REGISTER ALWAYS .8 " CC: NONE 
lIRA Rl PC " (Rl) 

!LU YBUS.PASS &. DAB &. CARRlCTt &. OEl &. WORD &. CONTROL &. 
D1TAP1TH ,.LDTREG ••• YMAR.LDM1R ••••• & MEM.CONT REQlI •••• MWORD &. 
A/129"4. &. PCU.NOP &. JMP Bll 

SHIFT INSTRUCTIONS 

SHIFT LEFT ARITHMETIC 8B RSI ec: csvz 
SLA Rl.CNT Rl '" SHIFT (RI) ARITHMETIC LEFT CNT PLACES 

ALU nus.PASS &. All &. WORD &. OEY &. CURYCTL &. CONTROL &. 
DATAPATH ZZI., •• ,., •••• SHTCN1'itl. &. MEM.CONT , ••• MWORD &. 
1M29114 6. PCU. Nap 6. LDCT 

lLU AUR.PASS &. AB &. WORD 6. OEY &. CARRYCTL &. CONTROL I;. CNUB H#Fr1 &. 
DAlAPATIl 6. MEM.CONT ••• ,MWORD &. 
AM29"4. SHIFTEN"EZ,EC.ES.EOYR.CtM. &. PCU.hOP &. RPCT $ 

!LU nUS,PASS &. AB &. WORD &. OEY &. CURYCTt &. CONTROL &. 
DATAPATH •••••• LDMAR •• ZU., •• & MEM.COftT REQl!,MREQ ••• HWORD &. 
AMZ964 &. PCU. NEH &. JMAP 

SHIfT LEFT LOGICAL 89 RSI CC: CSVZ 
SLL Rl.CNT Rl " SHIFT (Rl) LEFT LOGICAL CNT PLACES 

UU nus.PA.SS &. All &. WCRD &. OF.! &. CARRYCn &. CONTROL &. 
DAT1PATH ZZI. ,." , •• " .SHTCNTEII. &. HEM .CONT ., •• HYORD &. 
AM29Ql4. &. FCU.NOP &. LDCT 

ALU LUR,PASS &. AB &. WORD &. on &. CARRICTL &. CONTROL &. CNTLB H#FIl S. 
DATAPATH oS. HEM.CONT .' I ,MWORD & 
AM2914 SHIfTEN"EZ.EC.ES,EOYR.CRM. &. PCU.NOP &. RPeT $ 

nu nUS,PASS 6. All &. WORD &. OEI & CARRYCTL &. CONTROL &. 
DATAPATH •••••• LDHAR.,ZII., •• &. MEM.CONT REQll , I1REQ ••• MWORD &. 
1M29.34. &. PCU.NEXT &. JMAF 

SHIFT RIGS"1' ARI1Rt-'ETIC 81 RSI CC: CSVZ 
SRA Rl.CNT Rl '" SHIFT (Rl) RIGHT ARITHMETIC e~T FLACES 

ALU YBUS.FASS &. AB &. WORD &. OEY &. CARRYCTL &. CONTROL S. 
DATAPATH ZZI ••• ". " I I.SRTCNTEII. &. MEM .COru •• , ,MWORD &. 
.11129&14 oS. peu .NOP &. LDCT 

!LU AIlR,PASS &. All &. WORD &. OEI &. CARRyeTt &. CONTROL oS. CNTLll H#U &. 
DATAPATR &. MEH.CONT •• ,.MWORD & 
AM2904 SHIFTEN. ,EZ,EC.ES.EOYR,CEM, &. PCU.NOF s. RFCT $ 

ALU nus .PASS I> 1] 6. WORD &. OEY &. eARRYCTL &. CONTROL &. 
D1TAP1TH ...... LDMAR .. ZII .... & MEM.CONT REQlI.MREQ."M'IIORD &. 
A.M29"4 &. peU. NEXT &. JMAP 

SHIFT RIGHT LOGICAL 88 RSI CC: CSVZ 
SRL Rl.CNT R1 " SElFT (Rl) RIGHT LOGICAL CNT PLACES 

ALU nus.PASS &. AB 6. WORD & OEY &. CARRYCTt & CONTROL &. 
IlATAFATH ZZI •••••••• , •• SHTCNTE~. &. MEM.CO"!T •••• MWORD &. 
1112984 &. PCU .NOP &. LDCT 

ALU LDR,PASS &. All &. WORD &. OEY &. CARRYCTL &. CONTROL &. CNTLB H#E. &. 
DATAPATH &. HEH.CONT .... HWORD &. 
AH29i14 SHIFTEN •• EZ.EC.ES,EOYR.CEM. &. PCU.NOP &. BPCT $ 

ALU nus .PASS &. 1B 6. VORD &. OEY &. CARRICTt &. CONTROL &. 
DATAPATH ...... LDMAR .. ZII .... &. MEH.CONT REQB.MREQ ... MWORD &. 
AM29/14 &. PCU. NEXT &. JMAP 

RO'U.'I'I RIGHT A8 RSI CC: CSVZ 
RR Rl.Cr.T Rl " ROTATE (Rl) RIGHT GNT PLACES 

ALU HUS,PASS &. U! &. WORD &. OEY 6. CARRYCTt oS. CONTROL 6. 
DATAPATH ZZI ••••••• ",.SHTCNTEN. &. MEM.CONT •• ,.MWORD &. 
AM2914 &. PCU.NOP &. LDCT 

ALU LDR,PASS &. AI! &. WORD &. OEI &. CARRYCTL &. CONTROL &. CNTLll HNIA &. 
DATAPATH &. MEM.CONT ... ,MWORD &. 
AM2904 SRIFTEN .. EZ.EC,ES.EOYR.CEM. &. PCU.NOP &. RPCT $ 

ALU nUS.PASS &. All &. WORD £. OEl &. CARRICTL &. CONTROL &. 
DATAPATH ., •••• LDMAR •• ZII •••• &. HEM.CONT REQlI.MREQ ••• HWORD &. 
AH2904 &. PCU.NEXT &. JM1.P 

ROTATE LEl'T 
RL Hl.CNT 

A! RSI CC: CSVZ 
HI '" ROTUE (Rl) LEIT CNT PLACES 

ALD nus.PASS &. AB &. WORD &. OEY & CARRYCTt &. CONTROL &. 
DATAPATB ZZI ••••• , ••••• SRTCNTEN , &. Mltt.CONT ., •• MVORD &. 
lH2994 &. PCU. NOP &. LDCT 

ALD LUR,PASS &. AI! €. WORD &. OEY &. CARRYCTL &. CONTRCL &. CNTLB HItH &. 
DATAUTH 6. MEM.CONT •••• MWORD &. 
AH29214 SHIFT}:N •• EZ,EC.ES,EOVH.CEM, &. PCU.NOP &. RPCT $ 

AlU UUS.PASS 6. All &. WORD &. OEY & CARRICTL 6. CONTROL &. 
DA1APATR ".".LDMAR •• ZII •••• &. MEM.CONT REQB.MREQ ••• MWORD & 
AM2914 &. PCU .NEXT &. JMAP 

ROTATE RIGHT THROUGH CARRY 
RRC RI.CNT 

A9 RSI CC: CSVZ 

.!LU nUS.PASS &. AB &. ilORD &. OEY & CARRYCTt &. CONTROL 5. 
DATAPA'l'H ZZI""., •• ,.,SHTCNTEN. &. MEM.CONT ••• ,MWORD &. 
.1112914 &. PCU.NOP So lDCT 

!LU LDR.PASS &. All &. WORD &. on &. CARRYCTL 6. CONTROL &. CNTLII 8#E9 &. 
DATAPATH &. MEM.CONT • II ,I1WORD 6. 
A.M2904 SHIFTEN •• EZ,EC.ES.EOVR.CEM, &. PCU.NOP & RPCT $ 

ALU HUS.PASS &. A:b &. WORD &. OEI &. CURYCTL &. CONTROL 5. 
DATAPATH .. , ",LDHAR .. ZIl .... &. MEM.CONT REQB.I1REQ" .MWORD &. 
AM29,. &. PCU .tiEXT &. JMAP 

ROTAn LEFT TEROUGH CARRY U RSI CC: CSYZ 
RLe: R1~CNT ROTATE (Rl) CNT TItlE LEFT THROUGH CARRY 

ALU YBUS.PASS &. All &. WORD &. OEY &. CARRYCTL &. CONTROL 5. 
DATAPATH ZZI ••• , •• "" .SHTCNTEN. &. MEM.CONT ., •• I1WORD &. 

Figure 31. Microprogram for 16-Bit Computer (Cont.) 
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'&'I'ID05/29 AtlDASM MICRO ASs:EHBLlJI, Vl.1 
MICROPROGRAM rOR 16 BI'1' COMPUTER 

IM2984 &. peU.NOP 6. LDCT 

0141 !LO LUR, PASS So Ai &. WORD S. OIY &. CARRYCTt &. CON'lROL &. CN'fLII 8#1'9 &. 

0042 

; 
; 
; 
; 
; 
; 
; 
; 

.uz ~N; 

.IU 

11.6 

~ 
; 

I 
I 
; 
; 
; 

""7 ~Ui': 

"4.8 

111149 

.'u 

I 
I 
; 

I 
I 
I 
; 

; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
! 

18U PUSH: 

12!140 

flUD 

0141 

~ 
; 

I 
I 
; 
; 
; 
; 
; 
; 
; 

114.F POP; 
I 

11.5, 

8151 

.... 

I 
; 

; 
; 

1'5:3 CALL: 

81S4. 

"55 

I 
I 
; 

I 
I 
; 

D!T1PA1'H &. MEM.CONT ... ,MWORD &. 
AM291. sBlruN,.EZ.EC.!S.EOJR.CE .... &. peU.hOP &. RPCT $ 

!LV nU5,P!5S &. .lJI & WORD &. on &. CJ.RRYCTL &. CONTROL oS. 
DA'1'APAT'R •••••• LDMAB •• ZIl •••• &. I'IEI'I.CONT R1QB,MREQ:,.,HWORD &. 
AM29lf &. peU.NEXT &. JI1AP 

I/o INSTRUCTIONS 

INPU'l' AI RI CC: NONE 
IN 11.12(D) 11 .. POR'! (121 + D 

nu !BUS,IDD &. DIB &. CIIITcn &. all &. VOID &. CONTROL &. BTl & 
DAT.lPI'lB ••••• TMJ.R.LDMAR ••• DlZ •••• &. MIM.CONt IEQII •• BRIQ.IMWORD &. 
1M2ge4 &. peu. NOP &. LDcr UNlll 

lI.U &. VOID &. OIT &. CONTROL .IOEN &. CN'lLB InD &. 
DIUPUB &. HEM.eONT , .BB.BQ I .11111'0RD &. 
,"29.4 &. peU.NOP &. IPCT $ 

UU &. VORD &. CIT &. CONTROL • IOEN. I &. CNUB lIn &. 
DATAPUI &, KlI1.CONT •• BJ.!QI.MWORD &. 
11'129'4 &. peu .NOP &. CONT 

!LU RlG,PASSR 6. DAB &. WOIiD &. OIT &. C1R1.TCTL &. CONTROL &. 
Dlf1PATB ., •••• LDMARI •• INZ.,.. &. HEM.CONT IEQB .... HWORD &. 
,1129'4 &. PCU. NaP &. JI1P SUlTl 

OU'!PUT A2 II CC: HONE 
OU" 11.12(D) POIf (12) + 0 '" (11) 

ltu nUSIADD &. DAB &. CARRTCTL &. OIT &, WORD &. COIITIOL 50 au &. 
Dl'llP1T! ,," •• Tt1J.R.LDtI.ll ••• ENZ' ••• &. HIM.CON! REQB .. BRIQ •• I"IWORD &. 
1112914- &. PCO.NOP &. CON'l' 

lLU nUS.PASS &. .&B &. ClRlTCTL &. OET 6. VORD &. 
CON'l'ROt .IOIN .. &. CNUI Ifill &. 
DATAP'fH " .... ,LDD ..... &. I1EH.CON't' 1.II:t:Q •• I'1VORD & 
1112914. &. PCU. Nap 6. LDC'!' 1#111111 

ltU &. WOlD & CClN'l'ROL & OIT &. 
OAUPATB ,5, MItt.CONT IllllIlQI.MWOltD &. 
1112911. &. PCU ./fOP &. iPC,. $ 

lLU &. WOlD &. COntlOL .IOBN" &. CNTtl INFl &. OEY &. 
DUlPATB &. HIM.CONT .,IIIQ .. I1WOID &. 
1M2914 &. PCU.NOP &. JMP STliT 

sucr OPUATIONS 

PUSB REGISTERS 
PUSI il.ltN (SP-2)-11 

(SP-4.)-12 
(SP - 2"'N) ;;. RN 
SP '" SP - 2"'N 

c. CC: NONE 

lLU nus .PASS &. AB &. CARRTC'lL &. OIT &. WORD &. CON'l'ROL & 
DA'r.lPAi'1 nI ..... , ••• I •• &. Mlff.CON" RIQB,MRIQ ••• MWOID &. 
.tH29f14 &. PCD.NOP &. CON" 

,1.0 YBUS.PASS " All &. ClBRYCrt &. OEl &. VORD &. caNUOL &. 
DAi'APA'!'1 ...... LDMU.LDD .... , &. I1IH.CON'l R.J:QIIIHREQ .. ,MWORD" 
11'129'" &. PCO.PUSI &. COM' 

!ttl YBUS.PASS &. AI &. CARIYCn &. OIT &. WORD Ii. CONTROL & 
OlU,P,TI ••• ENC!R.INC •••••••• &. HEM.CONT RlQI.HRIQI.VII'l'I,I1VORD &. 
'lES'!' Q#78 & AH2P84 &. PCU.NOP &. CJP POSI+l 

ALU TIIUS .PASS &. All &. CARBYCTt &. OIT &. WOItD &. CONTIot &. 
DATAPA"P •• I •• ,LDI1'R., •••• &. HIM.CON" RIQB,HilQ.,.HVORD &. 
lH2914 &. PCU. NOP &. JMP R~I 

POP REGISTERS 
POP R2.Rl :~: ~~~)+ 2) 

R.H -- (SP + 2*N) 
SP=SP+2*H 

C1 II CC: NONE 

ALU TBUS.PlSS &. AI &. CARRTCTL &. OE! &. WOlD &. CONTROL &. 
DA'l'PA'lB ZU I •• I ••• I .... &. I'IEM.CON'!' REQB,HRiQ •• ,MWORD S. 
AI1291114 &. PCU.HOP Ii. CON! 

ALU REG. PASS &. AB &. C.llIRTCTL &. OE! &. VORD &. CONUOt &. 
D1!1PUH "," •• LDI1'R ... !NZI ... &. HEH.CONf IIQBI ••• HWORD &. 
AM2914, &. PCU .SP &. CaNT 

'LU TBUS.PISS &. 111 &. CARRYCn &. on &. WORD &. COHi'ROL s. 
D',....PA,.P , •• ENcrIt •• f ...... &. HEM.CON" IEQlI.MRJ:Q ... HVORD &. 
TlST Q#?' &. AH29'4 &. PCU .POP &. CJP POP+1 

iLU TBUS.PASS &. AB &. CUIITcn " on &. WORD &. COIl'l'ROL &. 
D'TAP1TH •• , ,.ILDMAR •••••• 6. HEH.CON" REQB.MREQ ••• 1'1111'010 &. 
AM2914 &. PCU.NOP &. JMP RNI 

SUBROU'l'INE CALL C2 IX CCI hONE 
CALL Xl(D) SP • SP - 2 

(SP - 2) .. (PC) 
PC ., [(11) + D) 

uu nUS,ADD &. DAB &. CARRTCTL &. OIT &. VORD &. CONTIOL &. RU &. 
DUIPA"! •• LD'1'RIG., •• LDMiRf,.INZ .... &. 
HIH.CONT RlQI.I1REQII.I1VOID &. ,"29114 &. PCll.PUSI &. CaNT 

UU nus.PASS &. .l! 6. CARRTCTL &. VOID &. CONTIOL &. 
DATAPATI I. tflPCUT IILDD ..... &. HEM.COtor RIQJ,MRiQ ••• HWORD &. 
AM2914 &. PCU.NOP &. CaNT 

UU nUSIPASS &. II &. CARRTC'lL &. OET &. WORD &. CON'l'ROL &. 
DiU-PAi'B .INTREG ..... LDHARI" •• I &. 
MIM.CONT REQB.l'lREQ .. VRITE.MWORD &. '1'12914 &. PCU.JUHP &. II'IP STAlIl'1 

; 
; 
; 
; 

inURN nOM SUBROUi'INE 
BI! PC .. (SP) 

SP=SP+2 

CCt NONI 

11'.56 RETURN: .lLO nUS,PASS 6. U &. CARRIott &. OII &. \lORD" CONTROL 6. 
~ f~i~:!,r~ PCU:s:pL~~~';f.'" & HIM.CON'l' REQB., .. MVORD & 

; 
1157 !LO YBUS ,PASS &. 11 &. CURleTt &. OEY &. WORD &. CONTROL &. 

.... 

.159 

; 
; 
; 
; 
; 
; 
; 
; 
; 

1151 LII1: 
I 
I 
I 
; 
; 
; 

115J iI: 
I 
I 
I 
; 

i 
I.5C DII 

~ 
I 
; 
; 

: 
115D ~TI: 

'.5E 

""SF 

916" 

0.61 

'18, 

I 
I 
; 

~ 
; 

, 
'18. INal 

IUS1 

8182 

0183 

0184 

'185 

1186 

11B"I 

U8S 

1189 

~ 
; 
; 
; 
; 

I 

• ; 

I 
I 
; 

D1'UP1'fH •••••• I.DIU.R •••••• &. MEM.CONT IBQB.HJl.EQ.I.t1VORD &. 
11129'" &. PCU. SP &. CONT 

!LU nus, PlSSli. &. DAJ &. CARRTC'l'L &. OET 50 VORD &. CONfROL &. 
D1'l1P.l'l'B •• LD'tRIG ••• YI1.lR.I.DI111 ••• ENze ••• &. 
I1EI1.CON'l' UQJ .MR!Q ••• /'tWORD &. AI1291" & FeU .POP &. CON" 

lLU !BUS.PASS &. .llI &. CURre"L &. OBT &. WORD &. CO~TROL ,5, 
DA'l'lPATH .BN"REG ••••••••••• &. I1EI1.eou' ., •• I1WORD &. 
11'129'4 &. PCU.JUt1P &. JMP STun 

INTEJliUPl' INS'rRUC'1'IONS 

L01D INURRUP'I' H1Sl eA RI CC: NONI 
LII1 DI LOAD LOWER BYrE or DI INTO I'IASI IEGISTEI 

nu YlIUS,PASS! &. DAJ &. CARRlCTL &. OET &. WORD &. 
CONTHOL ••• IN'lRIEh &. CNrtJJ DUE &. 
DU'APATB , •• , .. LDI1!B. "hlZ'". &. I1EH .CONT REQB ,HREQ, "HVORD &. 
1112914: &. PCD.NIX" &. JI1P SUlf2 

ENAIlLI INTERRUPt C8 en 
II EN1:BLI INURRUP'!' SYSTEH 

nu nus, PASS &. All &. CARRTC'l'L &. OEl &. VORD &. 
COI'l'IOL ••• INTllIN &. CNUB HNF' &. 

CC: NONE 

DA'lAPA'l'H ZZI ...... LDHlB .. ZII .... &. HEH.CONT REQB.MREQ ... MWORD &. 
.1H2984 &. PCU.NII'1' &. JI'IAP 

DISPULE rNURRUPT C9 cn CC:NONI 
DI DISABLE INTERRUP'1' STSTEH 

nu nus.PASS & All &. ClBRTC'l'L &. OET &. WORD &. 
CON'1'ROL ,. IINflliN &. CNTLB BIlD &. 
D'UPU! ZZI.I •••• LDHJR •• ZII. I • I &. MIM.CON'l REQ!.MIEQ ••• HWORD &. 
AI12904 &. PCU.NIIT &. JM.tP 

RETORN FROM INURRUP'l CB CTL CC: (SP+2) 
Ri'I PC • (SP) .PSW .. (SP+2) 

SP .. SP + 4. IN'l'IRRUP'l' ENABLED 

UU TlIUS.PASS &. 1lI &. C'RRTCTt &. OET &. WORD &. CON'1'IOt &. 
DAf.1PATH .1 •• "L0I1AR •••••• &. HII'I.CON'1' REQBI1 •• I'!WOBD &. 
1112904. &. PCU.SP &. CaNT 

ALU nus.p,SS! &. DAlI &. CARRYCi'L &. OET " VOID &. CONtROL &. 
DU'lP1,.X I,LDfREG",," •• !Nze ••• &. HEH.CONi' REQB.I'IRIQ, •• HVORD &. 
'1'129114, &. PCU.POP &. CONT 

ALU nus.PASS &. !B 6. CARRlC'lL &. OEY &. VOID &. CONTROL & 
DAi'AP',.U .Eh'lREG •••• , •••••• &. I1EM.CONT ","f'1VOID" 
.6.H2904 &. PCO.JUI1P &. CON! 

ALU TliUS,P!SS &. AB &. CURTCTL &. OIT &. VORD " 
CONTROl ••• IN1'RUiN Ii. CNi'LB H#19 &. 
DA,.APA'l''fI •••••• LDI1,II,",.I. &. HIM.CON" RIQ! •••• I1WORD &. 
11'12914: &. peu.sp &. CONi' 

ALU TIOS.PASSR &. DAB &. CARRTCTL &. all &. WORD &. 
CONi'ROL I •• IN'lRIEN &. CNfLI I.n " nST Q#l1II &. 

~~i~:!t! IEz:ic:iS:=~;~:ciH! ~~i:~?~~p RfQ~M~R=~.i.HHVORD &. 

IHITULIZUION RODtINlS 

ORG BUse 

UU RIGIPlSSR. Ii. DAB &. WORD &. on &. eARRTCTL &. 
DA'UPA'l'H &. MlH.CON! ,"lkEQ •• HIfORD &. CON'l'ROL ROH ••• " CNHI II &. 
IMI1D l,a,,11 &. CaNT 

INI'l'IALIZE REGISTERS IN AM29'11 
II '" iii. Rl • UCl91, it • 21 AND R5 • 4 

UU &. WORD" CONTROL ••• I.tiIb &. CNUB HIli &. 
»iTUUH &. I1Jf'1.CONT .,BRlQ,.MWORD &. 
1M29.4 &. PCU .. PCUDZ.AI.1II " II1HD nil', & CaNT 

nu &. WORD &. CONTROL ".INTRIDI &. eNTLB Hn8 &. 
DUAP''!'B " HIM.CON'!' •• IREQ, .HWORD &. 
1112914 &. PCU •• PCUDZ.U.B1 &. IMMD 814'" &. CaNT 

ltO &. WORD &. PCU .. PCUDZ.J.4.B4 &. CARHTCTL &. DUAPlTB &. 
HEM.CONT • ,HRBQII"WORD 5. IMMD B"81112 &. CONT 

ALU & WORD &. PCU •• PCUDZ.A5,:85 " C.llI:RICTL &. DAUPUI " 
MIH.CON'l' .. BRJ'Q .. MVOID & IMI1D 111"4 &. CON'1' 

~~~.~0:~R~.;Rig~:~S~RDlfJ::M29:4. C~,.~~u~:~~ ~ g~:~PUH 5. 

INITIALIZE CONSOLE AI19551 

ALU REG.PASSR &. DAB &. WORD &. OIT &. CARRICTL &. 
DATAPATI &. HEM.CONT &. CONTROL ROI1 ... &. CNUB 1fl &. 
IHMD Burn &. CON'I' 

ALU REG,PASSR &. DAB &. WORD &. OlT &. CARRTcn &. 
DUAP.l'l'B &. HEH.CON" &. CON'lROL ROI1 ... &. CN'l'lB 21 &. 
IMMD I""CI " CaNT 

ALO &. WORD &. CONTROL&. DA'l'UA'l'B &. "IH .CONT &. JSI lOW 

ALO REG.PASSI &. DAB & VORD &. OEY &. CIRRYC'1'L " 
DUAPUH &. HEM. CaNT " CO~'l'ROL ROI1.,. &. CNUI 21 " 
IHI1D 111111135 6. CaNT 

Figure 31. Microprogram for 16-8it Computer (Cont.) 



111D05/29 AMDASM MIellO ASSltllILtR. fl.1 
MICROPROGRAM FOR 16 BIT COHPUTER 

e18A ALU 6. WORD 6. CONTROL 6. DlUPATB & HEM.CONT 6. JSB lOW 

elBE 11U Ii. fCU,NOP 6. DATAPUH 6. MiiH.CONT &. JMP START 

elSC 10'1: 

USD 

1l18E 

fllBl 

fI19f 

.1D. 

I 
I 
; 

'lD. iNT': 

fnnl 

81D2 

I 
I 

UD3 INTl: 

.lD4 

I 
I 

"ID!} it.T2: 

nDe 

I 
I 

I 
I 

iHD? iNT3: 
I 
I 

"'''''l1li''''11#111#1#111##1111111111,,,,,1l1li''111111111 

rio WRITE SUnODT!N! 
THE ADDRESS 01 I/O PORT IS IN R1 
TBI DATA TO III VRITTIN IS IN HZ 

ALU YBOS,P!5S &. All 6. CARRTeTL &. OET & WORD 6. 
CONTROL ROM ••• Go CNUB 1t 6. 
DATAPA'l'H ••••• YMIR.LDMAR •••••• 6. MEtI.CONT lEQII.,HREQ •• !1VORD & 
11129114 6. PCU .NOP &. CONT 

l1U nUS,PASS 6. u 6. CARRTCTL &. OET &. WORD & 
CONTROL ROM" I 6. CNTLB 2fl 6-
DATlPll'FI , •••••• LDD ••••• 5. I1EM.CONT REQB.,BREQ.,MWORD Ii. 
11129846. PCU.NOP 6. CONT 

!tU Ii. WORD & CONTROL ,IOEN,. 6. CNTLB BltF! 6. DATAPATB 6. 
HEM.CONT RtQB.,RREQ •• MWORD &. 11'12904 &. PCU.NOP &. LDCT 811111111 

ALU eo iORD &. CONTROL 6. DATAPUH &. 
MEM.CONT •• HRE~ •• t1WORD &. 1M2904 &. PCU.NOP &. RPCT $ 

ALV &. WORD &. CONTROL .IOEN •• &. CNTLB Hllll &. DATAPAT! &. 
MiM.CONT REQ:e •• HREQ •• MWOBD &. 11'1.2904 &. PCU.NOP &. BTN 

VECTO! JUHP ENTRY POI NTS 

ORG BUD. 

IN"rERlIOn e. PC '" liB 

ALV &. WOiD &. CONTROL .IOEN.INTDlS. &. CNTLB BU? &. 
D11'1PITH &. HiM.CONT .... MVORD &. 
AI'129 • .t &. PCU •• PCUDZ.A'.Be &. IMMD H#"'Ul &. CONT 

ALU &. WORD &. CONTROL "INTDIS,INTRIEN &. CNTLB HUD &. 
DAUPATH &. MEM.CONT &. 1M2984 &. PCU.hOP &. CONT 

1Lu &. WORD &. CONTROL • lOiN •• &. CNUB BIIFF &. 
DATAP!TB •••••• LDMAR ••• ,., &. MEM.CONT REQB •• "I1VORD &. 
AM29114 & PCU.NOP &. JMP STARn 

INTERRUPT I. PC = HB 

!LU &. WORD &. CONTROL "INTDrS,INTRlEN &. CNTL! HIIFD &. 
DUAPATH &. MEM.CCNT ., •• MVORD &. 
AI'12914 &. PCU .. PC!JDZ.Ae,!' &. IMMD HnlH &. CaNT 

!LV &. iORD &. CONTROL .10EN,. &. CNTLB HII'll &. 
DA'1'1P1T8 ., •• ,.LDMAR •••••• &. MEM.CONT REQB •••• MVORD &. 
A1129"4 &. PCU. NOP &. JMP SURTi 

INTERRUPT 2. PC .. 18B 

ALU &. WORD &. CONTROL •• INTDIS.INTRIEN &. CNTLIl liUD &. 
LAUP1TR &. MEM.CONT •••• MVORD &. 
1M291H &. PCU ,.PCUDZ.AI.Ill!J &. IMMD HNe018 I). CaNT 

ALU & WORD &. CONTROt .IOEN •• &. CNT1B BIIll &. 
DATAPAT!!. ., •• ,.LDMAR •••••• I). HEM.CONT RIQlI •••• MWORD &. 
A~2904 &. PCU. Nap &. JMP STARTl 

INTERRuPT 3. PC ., lea 

AlU &. WORD &. COt<!TROL •• INTDIS.INTRIEN 5. eNTLIl BOD &. 
DATiPATH I:. MEM,CONT , ••• MWORD &. 
AM2ge4 &. PCU ,.PCUDZ.AII.IlI I). IMMD Huele &. CaNT 

tlD8 
I 
( , 

BID9 It<!T.{: 

91DA 

I 
I 

, 
11011 INT5: 

nDC 

I 
I 

11DD iNTS: 
I 
; 

'IDE 

UDF iNT7: 

"'lEe 

0111 

I 
I 

'11' INTR: 

1111 

0112 

1iH!'3 

01n 

01FF 

I 
I , 

ALU &. WORD &. CONTROL • IOEN., &. eNTLB HII11 oS. 
DA'APATH ••• ' •• LDMAR •••• t. I). MEP1.CONT llEQI! •••• HWORD &. 
.11'12914 &. peU.NOP oS. JMP STARTl 

INTERRUPT 4. pc '" 21B 

!LV &. 'ORD 6. CONTROL .. lNTDIS. INTRlEN &. eNTtIl HII!'D 6. 
D1t!P!TB &. MiM.CONT •••• MWORD &. 
A1'129'4 &. peu "PCUDZ.AI,!IJ I). IMMD allee21 So CONT 

ALU So 'liaRD oS. CONTROL .IOIN .. &. CNTLI! Hd, &. 

D1TAPATH •••••• LDMAR, ••••• I). MEM.CONT REQl, ••• MWORD Ii. 
11'12914 I). PCU. Nap I). JMP SUiTl 

INTERRUPT 5, PC = 248 

AtU &. WORD &. CONTROL .. INTDIS.INTRIIN &. CNTLI! HIIlD &. 
D1t!PATH &. MEM.CONT ' •• ,HWORD &. 
AM2914 oS. PCU "PCUDZ.AI.1II & 111MD H#1t24 & CaNT 

ALU &. WORD &. CONTROL .IOIN •• &. CNTtll KIIFl &. 
DATAPATIJ , ••••• tDMAR •••••• & MYM.CONT REQB •• ,.I'1VORD &. 
AI'12914 &. PCt!. Nap 5. JMP STiR'll 

INTERRUPT 6. PC "" 28H 

!LU &. WORD 6. CONTROt •• 1NTDIS. INTRIEN &. CNTL! Rno &. 
DATAFATB &. M};M.CONT •••• MWORD &. 
11'12904 &. peu •• PCVDZ. AI. Be I). 1MMD HII1I28 5. CONT 

ALU 6. WORD I). CONTROt .10lt<!,. &. CNTLJI Hlln & 
DATAP!TB •••••• LDMAR. , •••• & HEM.CONT REQlI •••• MWORD &. 
AM2984 I). PCU. Nap &. JMP STARTI 

IPriTERRUPT 7, PC = 2CB 

!tU &. WORD &. CONTROL "INTOIS.INTRIEN &. CN'ILlI Iiln'D &. 
OATAPiTB & MEM.CONT ••• tl"WORD &. 
1M2914 & PCU "pcunZ.A.B.B" & IMMD RNel2C &. CONT 

ALu & WORD &. CONTROL .IOlN .. & CNTLB BUF &. 
D1TAPATB •••••• LOM!R" •••• &. MEM.CONT REQ! •••• MVORD &. 
11'12904 & PCU.NOP &. J!1P STARTl 

INTERRUPT HiNOtE! 

ORG B#lFf 

AtU &. WORD &. CONTROL &. 
DATAPATB &. MEl'!. CaNT REQIl.MREQ .. WRITE .HWORD &. 
AI12914 &. PCU.DiC4 &. CONT 

ALU I). WORD &. CONTROL &. 
DATAP11'a •••••• LOMAR •••••• & MEM.CONT •••• MWORD 6-
lM2914 &. PCU.PUSH &. CONT 

!LU &. WORD &. CONTROL 6-
DATAP1TH ••••• PCUT •• LDD ••••• /; t1Et1.CONT REQIl •••• MWORD & 
1M29f4 & PCU.NOP &. CONT 

ALU & \lORD &. CONTROt ... INTRIEN &. CNTL! HII'15 &. 
OA'lAPATH & MEM.CONT REqll.MREQ .. WRlTE.MWORD 6-
AM29.4 &. PCU .NOP & JMPY 

************************************ 
INTERRUPT ENTRY POI NT 

ORG HUFF 

!LU 6. WORD & CONTROL &. 
DATAPATH •••• ,.tDMAR.1DD ••• PSW •• &. MEM.CONT RE~:B.MREQ ••• !1WORD &. 
11'12914 &. PCU.PUSH &. JMP INTR 

END 

Figure 31. Microprogram for 16-8it Computer (Cont.) 

MICROCODE TRANSLATION 

It is often convenient for the microprogrammer to assign ml­
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 
IS important to the engineer. As a given product evolves, bits may 
be added or deleted from the original microword format. When 
this occurs, a mapping function is desired to minimize hardware 
changes. 

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

ENGINEERING MODEL AND MACROCODE 

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(1). System 29 is 
a software driven hardware prototyping system which allows 
microprogramming, hardware deSign/checkout, and macropro­
grammmg (programming in the language of the target machine) 
to occur Simultaneously. At the pOint where the design is reason­
ably rigid, and the hardware IS mostly fabricated, System 29 
allows the engineer to create "instant" microprograms to check 
out the new computers' internal data paths. Microprogram 
software support features of System 29 also allow the engineer to 
Single cycle, single Instruction step, instruction trace, and trap on 
pre-specified events coming true. Simultaneously with this initial 
internal check-out, the microcode for some very simple machine 
instruction should be written (i.e., load register, add register, or 
register, etc.). The next step is to check oot-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 * DiSCIlPTION 
LOG PHI 

95 95 RTB * REG. FIELD 2 TO B PORT OF AM29.3 
94 SPARE 
&3 SPARE 

92 54 ZZI LOAD Z REG. INTO ZI REG. 
91 94 CCEN AM29U CONDITO~ CODE ENABLE 

AM29.3 ALU CONTROL BITS 

9' 93 WORD • WORD MODE = 0. EYTE MODE = 
89 92 U * ENlBEL A LATCH ON AM2903 
88 91 OEl ENABLE I OUTPUT ON AM2903 
87 9' on IN!!LE B LATCH ON AM2903 
86-78 89-81 18-10 INSTRUCTION LINES FOR AM2983 

DATAPATH BITS 

77 8' ENTIIG * ENABLE TUNSlIR REG 
76 79 LDTREG LOAD TRANSFER REG. 
75 78 ENCTR I-lEG EN!!LE COUNTER 
74 77 INC I-REG INC=1/DEC=0 
73 76 PCUCD PCU TRANSFER CHIP DISABLE 
72 75 PCUI PCU TRANSFER TO Y-BUS 
71 74 LDMAR LOAD MEMORI ADDRESS REGISTER 
7. 73 LDD LOAD D-REGISTER 
69 72 ZII LOAD ZI INTO I nGISTER 
68 71 ENZ' * ENABLE Z' REGISTER TO DA BUS 
67 7' PSW * ENABLE PSW REGISTER TO DA BUS 
66 69 SHTCNEN • SHIFT COUNT AM2910 ADDRESS 
65 68 BRIEN BRANCH INSTRUCTION ENABLE 

AM29'1! PROGRAM CONTROL UNIT 

64 67 PCUI? F TO B-RAM = 1 (DEFAULT). F TO Q-REG = 0 
63 66 PCUI3 ADD = 1 (DEFAULT). SUB = 8 
62-60 65-63 PCUI2-8 PCU SOURCE CONTROL 
59-57 62-60 PCUA2-1 PCU A-RAM SELECT 
56-54 59-57 PCUB2-e PCU B-RAM SELECT 

MEMORY CONTROL 

53 52 REQB BUS REQUEST 
52 51 MREQ MEMORY REQUEST 
51 50 HREQ HOLD REQUEST 
50 49 WRITE MEMon READ = 0 (DEFAULT). MEMORY WRITE = 1 
49 48 MWORD MEMORI BITE OP = 0 (DEFAULT). MEMORY WORD OP = 1 

CONTROL BIT STROBES 

48 56 IMMD • ENABLE IMMEDIATE FIELD TO DA BUS 
47 47 ROM I-REG ENABLE = • (DEFAULT). ROM ENABLE 
46 46 lOEN * I/O CONTROL REGISTER ENABLE 
45 45 INTDIS * AM2914 INTERRUPTS DISABLE 
44 44 INTRLEN AM2914 INSTRUCTION ENABLE 
43 43 SHFUN AM2984 SHIFT ENABLE 

GENERAL PURPOSE CONTROL BITS 

42-35 42-35 CNTLB7-8 BITS TO BE STROBED BY CONTROL STROBES 

AM2904 STATUS REGISTER CONTROL BITS 

34 34 OlCT • OUTPUT ENABLE OF CONDTIONAL TEST 
33 33 EZ * ENABLE ZERO FLAG UPDATI 
32 32 EC * ENABLE CARRY FLAG UPDATE 
31 31 ES • ENULE SIGN FLAG UPDATE 
30 3. EOV! * ENABLE OVERFLOW FLAG UPDATE 
29 29 CEM * ENABLE MACHINE STATUS REGISTER 
28 28 CEU * ENABLE MICROPROGARM STATUS REGISTER 
27 27 112 AM2984 112 CARRY OUT CONTROL 
26 26 111 AM2904 CARRT OUT CONTROL 

TEST BITS 

25-23 25-23 TEST5-3 AM29t4 TEST BITS 
22-2' 22-20 TEST2-/I AM2904 & AM25L S251 TEST BITS 

AM291' SEQUENCE CONTROL 

19-16 19-16 NAC3-B AM2910 NEIT ADDRESS CONTROL 

NEXT MICRO ADDRESS OR IMMEDIATi FIELD 

15-0 15-' M15-' SHARED FIELD FOR NEXT ADDRESS OR IMMD 

END 



instruction sub-set should be microprogrammed (a phase 1 in­
struction set) that will allow a slrTiple monitor to be wntten 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 loading 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 ha~ed (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 like any other 16-bit computer, ready to run software tools 
are not available. A macro assembler is available as an optional 
enhancement to the System 29 software base. Even though this 
macro assembler is for programming in Am90BOA assembly lan­
guage, there is a user installable patch which Will disable all olthe 
Am90BOA 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 AMO hlgh­
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 retum instruc­
tions, stack Instructions, any special instructions, etc. ThiS Simple 
monitor understands three commands: Display (0), 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 penod). 

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. 

IH1l9 
"ilIA 
2561 

2444 
2444 C36125 

2561 

2561 FE19 
2563 OA6925 
2566 FEIA 
2568 CIl 

2569 23 
256A 46 
25613 BF 
256C C9 

256D 

R'£ 
PT 
TAREA 

MACRO ASSEMBLER "MAC" CHANGES TO DISABLE 8080 OPCODES. 

EQU 
EQU 
EQU 

ORG 

25 
26 
2561H 

2444H 
JMP TAREA 

ORG TAREA 

;8080 REGISTER NAME 
;PSEUDO OPCODE TYPE 
;FREE AREA IN TOKEN MODULE 

;OVERLAY INX H MOV 8,M RET 

TYPE IS IN THE ACCUMULATOR 
CPI RT ;BELON RT IF ARITH OP 
JC TYPEOK 
CPI PT ;PSEUDO OP? 
RNZ ;RETURN WITH NON-ZERO FLAG 
OTIlERvlISE, PSEUDO OP OR ARITH OP 

TYPEOK: INX H 
~IOV B,M 
CMP A ;SET ZERO FLAG 
RET 

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 olthe 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 LSI 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 
Am2901 B and now an Am2901 C 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 Am291 O. 
Soon, the Am2909A and Am2911 A will provide higher speed in 
the microprogram sequencer area and will be followed by an 
Am2910A. 

Thus, the future for Bipolar LSI 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 LSI circuits utilizing proven technology designed 
to operate over the full military operating range as well as the 
commercial operating range. As always, these products continue 
to meet the performance requirements of MIL-STD-883. 



APPENDIX A 
Complete Description of Instructions 

LOAD 

RR, RS,SS 

OP R1 

RX, RSI 

OP R1 d I 
The second operand IS loaded Into the general register specified 
by R1 . 

STORE 
RR, RS,SS 

OP R1 

RX, RSI 

OP R1 d I 
The first operand specified by R1 is stored at the location 
specified by the second operand. 

ADD 
RR, RS, SS 

OP R1 

RX, RSI 

OP R1 d I 
The first operand IS added to the second operand and replaces 
the first operand. 

ADD WITH CARRY 

RR 

OP R1 I~ 
RX 

OP R1 X2 d I 
The first operand (16 bits) with carry IS added to the second 
operand and replaces the first operand. 

SUBTRACT 

RR, RS,SS 

OP R1 R2 

RX, RSI 

I OP R1 X2 d 

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

SUBTRACT WITH CARRY 
RR 

OP R1 R2 

RX 

I OP R1 R2 d 

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

AND 

RR, RS,SS 

OP R1 R2 

RX, RSI 

I OP R1 X2 d 

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

OR 

RR, RS, SS 

OP R1 R2 

RX, RSI 

I OP R1 X2 d 

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

RR, RS,SS 

OP 

RX, RSI 

OP d I 
The logical difference of the first operand and the second operand 
replaces the first operand. 

TEST IMMEDIATE 

MULTIPLY UNSIGNED 

RR 

OP R1 R2 

RX 

I OP R1 X2 d 

The first operand (R1 + 1) is multiplied by the second operand 
and the 32-bit product is contained in R1 and (R1 + 1). R1 must be 
even. 

RX, RSI

1 
LOAD BYTE 

OP I R1 I X2 d _ .....--____ .....--_"'T""_R_R., 

The first operand and the second operand are logically ANDed. I OP 
The contents of R1 and X2 are unchanged. '-------'---"'------' 

COMPARE 
RR, RS,SS 

OP 

RX, RSI 

OP d 

The first operand IS algebraically compared with the second 
operand. The result IS Indicated by the condition code. 

COMPARE LOGICAL 

RR, RS,SS 

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

MULTIPLY 

RR 

OP 

RX 

RX, RXI 

OP d 

The 8-bit byte stored In the low order byte of the second operand 
location is stored in the low order byte of R1. The high order byte 
of the R1 is set to zero. 

INSERT CHARACTER 

RR,RS 

OP 

RX, RSI 

OP d 

The byte at the second operand location is loaded into the low 
order byte of R1 without changing the contents of the high order 
byte of R1. 

STORE CHARACTER 
STORE BYTE 

OP 

RR, RS 

I R~RSI 

'-__ O_P __ -'-_R_1-L_X_2-L _____ d ____ ----' I OP R1 X2 d I 
The first operand (R1 + 1) is multiplied by the second operand '-------'---"'------'----------.... 
and the 32-blt product IS contained In R1 and R1 + 1 registers. R1 
must be an even address The sign of the proouct is determined 
by the rules of algebra. 

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



EXCHANGE BYTE 

RR, RS 

OP 

RX 

OP d I 
The bytes specified by the first and second operands are ex­
changed. When the operand specifies a register (i.e. R

" 
R2) only 

the low order byte IS exchanged. 

BYTE SWAP 

RR, RS 

OP 

RX 

OP d I 
The two bytes of the second operand are swapped and loaded 
mto the register specified by the first operand. 

COMPARE LOGICAL BYTE 

RR, RS 

OP 

OP 

RX, RSI 

d 

The low order byte of the first and second operands are com­
pared. The result IS Indicated In the condition code. 

AND BYTE 

RR, RS 

OP 

RX, RSI 

OR BYTE 

RR, RS 

OP R, R2 

RX, RSI 

I OP R, X2 d 

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 R, IS set to zero. 

XOR BYTE 

RR, RX 

OP R, R2 

RX, RSI 

I OP R, X2 d 

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

LOAD PROGRAM STATUS WORD 

RX 

d 

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

EXCHANGE PROGRAM STATUS 

RR 

PSW (0:15) .... (R, ) 
R2 .... PSW (0:15) 

STORE PROGRAM STATUS WORD 

L-__ O_P ____ L-R_'~ __ X_2~ ________ d ______ ~1 I OP I ~ I 
The AND of the low order bytes specified by the first second L-_______ "'-_--' __________ .... 

RX 

d 

operands replace the first operand low order byte. The high order 
byte of R, IS set to zeros 

The 32-blt PSW IS stored at the location specified by the second 
operand. 
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SUPERVISOR CALL P/PUSH 

RX RR 

L-__ O __ P __ ~I __ R_,_IL-X_2~ _________ d ________ ~1 ~1 ____ O_P __ ~ __ R_'~_R_2~1 
OLD PSW ...... f (X2) + d) 
f(X2) + d) + 4 ...... NEW PSW 

SET, CLR, COMPLEMENT, TEST BIT PSW 

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 d 

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

RETURN 

OP x 

POP STACK 
STACK ...... PSW (16:31) 

PUSH 

OP X 

PSW } ..... STACK 
Ro-R,5 

POP 

OP X 

STACK ..... {PSW 
Ro-R'5 

x 

X 

X 

R, THRU R2 ...... STACK 

P/POP 
RR 

OP 

STACK ...... R, THRU R2 

LOAD STACK POINTER 
LOAD STACK LIMIT LOWER 
LOAD STACK LIMIT UPPER 

OP 

STORE STACK POINTER 
STORE STACK LIMIT LOWER 
STORE STACK LIMIT UPPER 

OP 

RX 

d 

RX 

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, I R2 I 
R, 

LENGTH 

ADDRESS 

ADDRESS 

The addresses specified by R, + 1 and R2 define two tables, R, 
+ 1 address is the top location of a table to be translated, R2 
address the first location of the translation table. The value (one 
by1e) pOinted to be the R, + 1 address IS Indexed by (added to) 
the address value of R2 to find the translation code. ThiS transla­
tion code replaces the value pOinted to by the R, + 1 address. 
After one by1e is translated, the length is decremented and the 
address of R, + 1 Incremented and the instruction repeated, until 
the length equals zero. ThiS Instruction IS Interruptable. If thiS 
instruction IS Interrupted, the PC IS left pOinting to thiS Instruction 
so that thiS Instruction can be resumed after the Interrupt service 
is complete. 



TRANSLATE AND TEST 
RR 

OP 

LENGTH 

ADDRESS 

ADDRESS 

This Instruction proceeds like translate except that the bytes of 
the first operand (defined by R1) are not changed In storage. 
When the bytes of the translate table (R2) 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 

LENGTH 

ADDRESS 

ADDRESS 

Moves bytes defined by R1 to R2. Both adresses incremented 
after each transfer. This Instruction is Interruptable. 

COMPARE LONG 
RR 

OP R1 I R2 I 
R1 

LENGTH 

ADDRESS 

ADDRESS 

Compares the first operand against the second operand. The 
length IS decremented and the address Incremented after each 
compare. When length = zero of the bytes compared are not 
equal, the instruction is haHed. 

EXECUTE 
RX 

OP d 

The upper 16 bits of the instruction at the second operand is 
'OR'ed with R1 and executed. 

DECIMAL ADD 

OP 

OP d 

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

DECIMAL SUBTRACT 

d 

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

DECREMENT INDEXES 

OP 

R1 - 1 -+ R1 
R2 - 1 -+ R2 

RR 

One is subtracted from R1 and the result placed back into R1. One 
IS subtracted from R2 and the result placed back Into R2. R1 and 
R2 may specify the same register with wilieftectively subtract two 
from that register. 

SHIFT RIGHT ARITHMETIC 
SHIFT RIGHT DOUBLE ARITHMETIC 

RX, RSI 

OP d 

The contents of R1 for single shifts and R1, R1 + 1 for double 
shifts are shifted the number of places specified by the second 
operand. The sign bit is unchanged. Bits shifted in are set equal to 
the sign bit. Bits shifted out are shifted through the carry bit. 
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ROTATE RIGHT 
ROTATE RIGHT DOUBLE 

RX, RSI 

d 

The contents of R1 for single shifts and R1, R1 + 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 

OP d 

The contents of R1 for single shifts and R1 + 1 for double shifts 
are shifted left the number of places specified by the second 
operand. The high order bit (sign bit) olthe register a register pair 
is unaffected by the shift. Low order bits are filled with zeros. If a 
bit unlike the sign bit is shifted out of the position adjacent to the 
sign bit, the overflow flag is set. 

ROTATE LEFT 

RX, RSI 

OP N d 

The contents of R1 for single shifts and R1, R1 + 1 for double 
shifts are rotated left, the number of places specified by the 
second operand. 

SHIFT RIGHT LOGICAL 
SHIFT RIGHT DOUBLE LOGICAL 

INPUT WORD 

RR 

OP R1 

RX 

OP 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 

RX 

OP d 

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

OUTPUT WORD 

RR 

OP 

RX, RSI RX 

~ ___ O_P __ ~I __ R_1-LI_R_2~1 _________ d ________ ~1 ~1 ____ O_P __ ~ __ R_1~_X_2~ _________ d ________ ~ 
The contents of R1 for single shifts and R1 + 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 

The 16 bits of R1 IS sent to the device which IS addressed by the 
contents of the second operand. 

OUTPUT BYTE 

RR 

RX,RSI I 
~ ___ O_P ____ ~R_1~~R_2~ _________ d ________ ~1 ~.--------~--~~~ 

SHIFT LEFT DOUBLE LOGICAL 
OP 

The contents of R1 for single shifts and R1, R1 + 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. R1 for double shifts must be 
even. 

RX 

OP d 

The low order 8 bits of R1 IS sent to the deVice which is addressed 
by the contents of the second operand. 



BRANCH 

RS 

OP 

BRANCH AND LINK 

BALR 

OP R1 

RS 

~ ______ -r __ ~ __ ~~ ______________ R-,X FBA~L~ ____ -r __ ~ __ -, ________________ R-,X 

L-___ O_P ____ ~ __ ~_R_2~ _________ d ________ ~1 I OP 

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

BRANCH ON CONDITION 

RS 

OP CC 

RX 

OP CC d I 
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 (Slgn=O) 
No Carry =A Minus =F 
Zero =5 (Slgn=1) 
Not Zero =4 1's Comp> =9 
2'sComp> =0 1's Comp< =8 
2'sComp< =3 1's Comp> =C 
2's Comp> =2 1's Comp< =0 
2's Comp< = 1 Overflow =7 
Plus =E Not Overflow =6 

R1 d 

The address of the next sequential instruction IS saved in R1, and 
an unconditional branch to the jump address is taken. 

BRANCH ON INDEX 

BXH HIGH RX 

OP I R1 I X2 d 

BXLE LOW OR EQUAL RX 

I OP I R1 I X2 I d 

R1 is Incremented by the value In R1 + 1, and logically compared 
to the Index limit held In R1 +2. 

INDEX HIGH 

(R1) + (R1 + 1) ~ (R1) 
(R1) :(R1 + 2) 
IF (R1) > (R1 + 2) THEN d + (X2) ~ PSW (16:31) 

IF (R1) "" (R1 + 2) THEN PSW (16:31) + 2 ~ PSW (16:31) 

INDEX LOW OR EQUAL 

(R1) + (R1 + 1) ~ (R1) 
(R1): (R1 + 2) 
(R1) "" (R1 + 2) THEN d + (X2) .... PSW (16:31) 

IF (R1) > (R1 + 2) THEN PSW (16:31) + 2 -+ PSW (16:31) 
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· ; 

· ; 
R0 
R1 
12 
R3 
14 
15 
R6 
R7 
R8 
1I9 
R10 
Rll 
R12 
R13 
1!14 
R15 
XII 
Xl 
12 
13 
14 
15 
16 
17 
IS 
19 
n8 
Xll 
112 
113 
114 
115 

· ; 
cn 
NC? 
Z? 
NZ? 
GT? 
LT? 
GE? 
LE? 
P17 
MI? 
BI7 
LS? 
BS? 
La? 
OV? 
NY? 

· · LR 

, 
; 
; 
All 

, 
; 
; 
SR 

· , 
· NR 

; 

~ 
ORR 

; 
; 
; 
CLR 

APPENDIX B 

••••••••••••••••••• *.**** •• ** ••• 
MACRO DEFINITIONS rOR MICRO/29 

•••••••••••••••••••••••••••••••• 
DEFINITIONS lOR CPU RliiGISTERS 

SIT I 
SilT 1 
SliiT 2 
SIT 3 
SET" 
SliiT 5 
SET 6 
SliiT 7 
SIT 8 
SET 9 
SliiT 10 
SliiT 11 
SET 12 
SIT 13 
SliiT a 
SET 15 
SIT • 
SET 1 
SIT 2 
SET 3 
SET 4 
SIT 5 
SIT 6 
SET 7 
SET 8 
SET 9 
SET 18 
SET 11 
SIT 12 
SET 13 
SIT 14. 
SIT 15 

PRESET CONDITION CaDIS 

CAUT 
NO COlT 
ZERO 
NOT ZIIO 
2'S COMP GaIATlI TUN 
2'S CaMP. LISS THAN 

SET IBB 
SIT 8AB 
SIT 151 
SET 84ft 
SET 8IB 
SIT e31 
SET 121 
SIT .11 
SITUI 
Sit en 
SIT 891 
SET 88B 
SET eCI 
SIT 0DI 
SET 87B 
SET e6B 

2 's CaMP. GlI1TIR THAN all EQUAL TO 
2'S CaMP. LESS THAN all EQUAL TO 
PLUS, SIGN. 8 
MINUS, SIGN· 1 
l'S CaMP. BIGIIlI 
1 's CaMP. LOVER all 51ME 
l'S CaMP. lIGHTER OR SAME 
l'S CaMP. LOVER 
OVERFLOW 
NOT OURlLOV 

==========-=== .. == •• ===_ ••••• = .. =. 
RR TTPI INSTIIUCTIONS 

.. c.,.= .... =========.:= .... == ••••••• = ... 

La LOAD REGISTEI 18 

MACIIO R1,12 
DB 18B,R1*181+12 
ENDM 

AI! ADD IIEGI STEll 11 

MACRO R1,R2 
DB lAI,R1*11B+R2 
ENDH 

SR SUBTRACT REGISTER 1B 

"ACRO Rl,R2 
DB 111,11*101+12 
ENDM 

NR AND REGISTERS 14 

MACIIO R1,R2 
DB HoB,1I1*18B+1I2 
ENDM 

ORR OR REGISTERS 16 

"ACRO I1,R2 
DB 16B,R1*10B+R2 
ENDM 

eLR COMPARE LOGICAL RIGISTEIIS 15 

MACRO 11,12 

· ; 
IR 

; 
; 
ST 

; 
; 
ADD 

, 
~UB 

; 

I> 

; , 
LI 

· , 
NI 

· · 01 

· · II 

; , 
; 
11 

DB 15I,U*18I+i2 
ENDM 

EICLUSlYlii OR RIGISTERS 

MACIO Rl,R2 
DB 17B,Rl*1'B+R2 
INDM 

II T!PI INSTRUCTIONS 

17 

LD LOAD MliiMORT 58 
MACRO I!1,X2,DI 
DB 58I,R1*18B+I2,(D!) SBR 8,(DI) AND Illi 
INDM 

ST STORE IN MEMOIlT 58 

MACIIO Rl, 12, DI 
DB 5eB,U*leB+I2,(DI) Sill 8,(D!) AND errl 
ENDM 

ADD ADD FlIOM MEMOIlY 5A 

MACRO R1,I2,DI 
DB 518,U*18&+12, (D!) SIR 8, (D!) AND erlB 
ENDM 

SUB SUBTRACT nOM MEMORY 5B 

MACIIO Rl,I2,DI 
DB 5BI,I!1*11B+I2,(D!) SBR 8,(DI) AND errl 
ENDM 

AND VITI MEMORT 

MACRO R1,I2,DI 
DB 54I,R1*1011+12,(»I) SIR 8,(DI) AND 0F1B 
liiNDM 

all WITI MEMOIT 56 

MACRO R1,I2,DI 
DB 56B,U*18H+12,(DI) SRR 8,(DI) AND ern 
INDM 

CMP COMPARE VITI MEMORT 55 

MACRO Rl.I2, DI 
DB 55I,R1.18H+12, (D!) SO 8,(DI) AND errl 
ENDM 

IMMEDIATE INSTRUCTIONS 

LI LOAD IMMEDIATE 

MACRO R1,I2 
DB 41B,R1*18I,(2) SRi 8,(12) 1ND IPPJI 
ENDM 

NI AND IMMEDIATE 

MACRO R1,I2 
DB 94B,11*1011,(2) SRi 8,(2) AND errl 
ENDM 

01 OR IMMEDIATE 

MACRO U,I2 
DB 961,11*181, (12) SHR 8,(2) AND errl 
ENDM 

XI UCLUSIVE OR IMMEDIATlii 

MACIO 11,12 
DB 97I,R1*18B,(12) Sill 8,(12) AND errl 
ENDH 

11 ADD IMMEDIATI 

MACRO 11,12 
DB 918,U*18I,(l2) Sill 8.(2) lNDlln 
INDM 

SI SUBTRACT IMMIDIlTlii 

MACIIO 11,12 
DB 9BB,11*10&,(12) SII 8,(2) AND eln 
ENDM 

9~ 

96 

97 

9A 

9B 



, , , 
Bl 

; , 
BC 

, 
; , 
BAL 

CI COHPAU IHHEDI1TB 

MACRO Rl.I2 
DB 95H.Rl*11B.(I2) SHR 8.(2) AND enH 
ENDH 

95 

BRANCH AND CONITIONAL BRANCH INSTRUCTIONS 

IX UNCONDITIONAL BRANCH 

MACRO 11 ,DI 
DB 7U.I1*18B.(D!) SBR 8,(D!) AND I1n 
ENDH 

BC CONDTION.lL BRANCH 

HACRO CC ,12 .DI 

74 

47 

DB 47B.CC*leH+12,(DI) SHR 8,(DI) AND ens 
ENDM 

BAL BRANCII AND LlNI 45 

HACRO Rl,I2,DI 
DB 45H.Rl*1811+12. (D!) SIIR 8,(DI) AND ern 
ENDM 

BALR BRANCH AND LINI REGISTER 

HACRO Rl.R2 
DB 05H ,Rl.10H +R2 
ENDH 

BR BRANCH RIG I STIR UNCONDITONAL 

.5 

h HACRO Rl 
DB 14H,Rl*1IH 
ENDH 

SHIlT AND ROU!! INSfIlUCTIONS 

sa SHIlT LIFT ARITHMETIC 

SLA MACRO Rl. CT 
DB 8BH.Rl.1IH+(CT-l) 
ENDM 

8B 

5L1 

; 
RRL 

iN 

OUT 

SRL SHIlT RIGHT LOGICAL 

MACRO Rl.CT 
DB 88H.R l*18H + (CT-1) 
ENDM 

SLL SHIlT LIlT LOG ICAL 

MACRO Rl, CT 
DB 89H,Rl*1IH+(CT-l) 
ENDM 

SRA SHIlT RIGHT ARITHMETIC 

MACRO i1 ,CT 
DB 8AR,Rl*1IH+(CT-1) 
ENDM 

RRL ROTATE RIGHT 

MACRO Rl,CT 
DB eA8H,Rl*1111+(CT-l) 
END" 

RLL ROTATE LEFT 

MACRO Rl,CT 
DB IUH.Rl*llB+(CT-l) 
ENDM 

I/O INSTRUCTIONS 

IN INPUT 

MACRO 11,I2,DI 
DB 01IB,Rl*leB+I2, (DI) SHR 8. (D!) 
END" 

OUT OUTPUT 

MACRO Rl ,12 .DI 
DB 012H,Rl.1IH+I2, (DIl SHR 8. (DIl 
ENDM 

357 

88 

89 

8A 

A8 

AND IllH 

A2 

AND enll 
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FlY! ~ 
FJ'.I!B = 
0A0D .. 

010" 

0'''''''171111 

01111f2+45EIII(lUl28 

0'06+45U0816 

e8Iifj+4SJ;B18(1 

001iJl+45E"'0BC 

1111112+7401"06 

0016+50Jle3EA 

""u,+4120e03E 

"'1!"'45!,,13»8 

0'22+581".31.& 

"'2s+eu. 

""28+5'1I83IC 

812C+412"""D 

eI31!1+45J".3DS 

'"34+8827 

0e36+4!1U.3D6 

1131+581,,3IC 

"e3!+liIne 

011140+501013EE 

1844+41;S"84fiIE 

"""8+414011'e8 

014C+,,51111398 

""50+8917 

""52+1851 

""S4+16J'l 

1856+4-75111182 

01115.6. ... 4511.398 

005E+9411"Fl 

"'62+1651 

0864+16rr 

•• 66.4.73111.882 

1161+51531"'" 

.'61+&13111".2 

.1'12+91"'''''2 

.076+4.75.1871: 

817 1+7"'''''4C 

.e7l+415""D0' 

0082+5853 •• ,. 

""86+581"311 

."el+IU' 

".eC+SIIIII3r1 

0198+414.18611 

"894+5854111" 

8,98+555""""8 

.,9C+4.75.IIIIC2 

81'8+55518U& 

eeu·,,756lBl 

81"'8+55588'IC 

81111C+47511"212 

8116+4511."28 

11III"+412eee3F 

0118+4:51113D8 

IIBC+58J:ltil3" 

APPENDIXC 

~*M&CRO 

~ SIr-PlE ,..ON!TOR rOi TBE 1MD U:lS-SPEED lB-BIT COMPUTER 

BT: JIM BRICK 

HlCLIB HICI029 

DATAl IQU 
STUUS: EQU 
~RLJ': EQU 

ORG 

BEGIN: IR 

BlL 

MONLP: BAt 

BlL 

BlL 

BI 

~ROMPT: ST 

L[ 

, 

IAL 

LD .. 
DOCRLJ': ST 

L! 

BlL 

SIL 

Bll 

LD 

BR 

GETIP: S'l' 

L[ 

L[ 

IPLP: BlL 

SLL 

LR 

ORR 

BC 

BlL 

N! 

ORR 

ORR 

BC 

ST 

" 
51 

BC 

Bl 

DOIO'2: LI 

D0101: S! 

, 
LD 

Il 

SClND: S! 

L! 

LD 

CMP 

BC 

CMP 

Be 

CMP 

DC 

IAL 

L[ 

BAL 

LD 

BR 

erJ'P1! 
IrlDB 
eAlDB 

;USAR! D1T&. POR! 1DDRESS 
;US&.IT CONTROL PORT 1DDBESS 
;LINI-1IID, CARRIlGE RETUBN 

RI,U JCLJ&.I R0 

BU,Re,DOClLl iNIW LINE ON CONSOLE 

BU"RI,PROHPT HIP PROHPT 

Ba,Re,GlTIP IGJ1' USERS lip 

Rlt,U,SClNER ;DICODI & EIICUn COMMAND 

Re,MQNLP i RlPE1T LOOP PORlnI!. 

11.1" ,Re ,@PROMPT i SUE I!.1'1' 

; PROHPT CBlR1CTlR ')' 

Ra,III,CITOUT jnOHPT TO CiT 

BU·,RI,@PROHPT i BIStORE RI! 

11< 

Ilt ,It ,lOOCILl ; SUE REf 

i CllLl CODES 

Rtt,RII,cuour ;O/P Ll 

R2,8 iGn CR CODE 

Ilt,I0,CRTOU! ;O/P CR 

1I.1t ,10 ,IDOCRLl iRlSTOII RET 

11< 

R14,R0,6IG!!IP iSAVE RET 

R3, BUFFER i A (liP BUllIR) 

H,tilIJ8IJH HUI 1/P COUNT 

114- ,RIJ ,GETCRR iGIr 1lEl'l' IIp CBARlC!1! 

11,8 ;POSItION IIp ca .... TO HI BtU 

R5,ll ;SAn 81 BTU 

115,115 iflST 11'1' CODE 

Z7,R0,DOlor itO JOl IF ac • ZIRO 

itt,RI,GI'1'C81 iHEX'!' CDRlC'l'ER 

U,I.,l! is''1 ONLY lIP CHA1l1C'J'1R IN LO 

R5,I1 ;COHBINI 'l'WO nus FOR ONI WORD 

115,R15 iTEST RI! CODE 

Z7,RI,DOIOP iTO lor If RC • ZERO 

15,13,1 iDiTA '1'0 I1P BunlR 

B:5 ,8112 ;to NUT BurER SLOT 

B4, ,111112 ; COUNT-2 

Z7,llI,DOIOr2 iSTOP If "'I liP 

BI,IPLP iCONTINUI GET'I'I"G IIp 

15,0DII! ;Ior UtlB M&I LIN! 

R5,1:5,1 ;DAU/lOr '1'0 BurllR 

B14,BI,DQEtIP ;!ESTOII IE! 

.t< 

R1t ,RI,fJlSClNIR i SUI BIT 

Rt,BUPlJl ;1(I/P BUllEl) 

115,14-,1 ;GET COrtl .... D (lIIID rOIHAT) 

R5,BI,DHPCI1D ; D rOR DUHP7 

Z7 ,II ,DUMP ;00 II TRUE 

R5,BI,S'l'RCHD ; S lOR STOn? 

Z7,Be,stoll ;00 STOll IF 'l'BUI 

15,BI,Jf1PCI1D ; J rOR JUMP7 

Z7 ,BI,JUMP iGO JUHP IJ' TIUE 

114,HI,DOCILF iNEW LlNI ON cn 
R2, '7' I 7 

114.R',CIT0U'l' ;UNINOWN COHI11ND 

R1t.R',6ISClKER 

R1. 

;RES'J'OBJ RJ'l' 

0.C2+411111410 

IIIC6+45111304 

00C1+9t60Jl10 

IIICE+41CI'"11 

10D2+5168'404 

8ID6+45111110 

"ID1+412811020 

00D1+t5E8':5DB 

08E2+t5N13D8 

e0l6+45111125 

001:&+41208828 

011li+451883DS 

00r2+4511015C 

eIP6+45i01028 

00U+5S608404 

,,111+9A6.0111 

0112+9BCI"lll 

e1lll6+47t010D2 

010.&+5SE01i13F0 

1101:+0418 

0118+;;8I003f2 

0114+1867 

"116+45110:551 

0111+8867 

011C+45110351 

11211+58118312 

iJ124+0t18 

0126+51118314 

012A+58718",,, 

8121+41D81118 

1132+58670180 

0136+.1867 

8138+t518'35E 

013C+8867 

8131+t51"351 

11t2+4120812' 

114e+451813D8 

01tA+9171111102 

1141+9ID80081 

"152+47188132 

.156+S8ElltilU" 

015A+8I10 

015C+50U0316 

0168+56710114 

1164+41DI,,86 

0168+58671080 

016C+A867 

016E+1826 

0178+t51"'196 

817t+4:51013D8 

1176+8867 

017A+1826 

017C+45E81196 

0180+451103D8 

0184:+9A7881102 

0188+91D01011 

018C+"7UI166 

0190+58i013lE 

1194-+11411 

1196+94-2""0n 

, 
DUMP: LI 

BAL 

N! 

LI 

DI'IPLP: ST 

, 

BAL 

L[ 

Bll 

BlL 

BlL 

L[ 

BlL 

BAL 

BAL 

LD 

A! 

S! 

Be 

LD 

BR 

'J'YPlD: ST 

RRL 

BAL 

SRL 

IAL 

it,BUrOPl I&(ADDRESS PORTION OF BUlllR) 

Rl4,RI,CYlDDR iASCII ADDRESS TO BINARY IN R6 

le,llnn ;BEGIN ON EVIN WORD 10UNDRY 

1I.12,lfi 

R6,R0,D:1P&.D 

lI.1t .RI, TYPAD 

RZ," iSP1CE 

114,BIJ,CRTOUT 

; otp LI NI COUNT 

i SiTE CURRENt Olp ADDRESS 

;'rtPE CURIENT CONTEN'I'S or R6 

iTO CRT 

JlU,II.I,CR'1'OU'1' ;2 SPACES 

lI.1t,RII,DHPOU'1' iPUT OUT Ohl LINE or DUMP Dlr&. 

Jl2," iSPACE 

R14,II,CHTODT iTO CRT 

ilt,RII,TIPLIT ;O/P LITERAL D.1TA 

11.14 ,JlI,DOCRLF ;NEV LINE ON CRT 

16,R',DMPAD i CURRENT DI1I",POUT ADDliESS 

R6,16 aDDRESS NUT Ll1'o1 

lI.12,l ;LINI COUNT -1 

NZ? ,RI,DI'IPLP iLOOP THiU olP DiU 

R14,RI,@SCANJR iRl:STORI liT 

R1< 

Rl4 ,II ,@TlPAD ; SUI BE'J' 

R6,8 ;Bl ADDRISS BYTE 

B14,II.I,BINOU'1' iolp 

itO ADDRISS BY!! 

114,111 ,BINOU'I' ;o/p 

LO Rtt.II.IlI,@'l'JPlD ;1I.S'l0.iE RET 

IR 

DI1POUTI Sf 

LD 

L[ 

DMPLPP: LD 

.RL 

BAL 

SRL 

IAL 

, 

L[ 

ilL 

AI 

S! 

Be 

LD 

BR 

TTPLI'1': ST 

LD 

L[ 

'I'1'PLLP: LD 

HRL 

LR 

BlL 

BlL 

SRL 

LI 

BAL 

BAL 

U 

S! 

BC 

LD 

BI 

DOC IT: NI 

C! 

R1. 

Rl4,R0,6IOMPOUT is.lY1 RET 

R7,RI,DMP.lD rGET OIP DAU ADDRESS 

Rl3,8 iOIP WORD COUNT 

11.6,1'1,0 ;GlT NEI'!' WORD 

R6,8 iiI BTTI lIlS'!' 

Rl" .R8 ,BINOUT iolp 

REI,S itO ITTE 

R14"lI.lI,BINOUT iO/P 

12," ;SPlCI 

Rl'!1.,II.CII.'I'OUT no Cif 

R7,1!II1/f2 ;BUMP lIP DiU 1DDKlSS 

lI.1~,l/fll iVOID COlfN! -1 

NZ7,R',D"PLPP ;LOOP TBIU LINE 

11'!1.,I'.fJlDMPOU'1' ntlSTon BIT 

Il< 

R14,.iI,@TYPLI'l' i SAVE lEt 

R7,RI,DHPAD ;GET DIp DATA lDOiESS 

11.13,8 iWORD COUNT 

R6 ,R'1 ,I ;HlIT Olp WORD 

R6,8 iHI UTI FIRST 

H2,R6 itO olp RIG 

RH,R8,DOCl'l ;CHlC' roll. PRINTABLE CBlRACTlR 

R14,RI,CRTOUT ;'1'0 CRT 

R6,8 ;GET LO BITE 

R2,R6 iTO Olp REG 

R14,RI,Doca ;CBEC&: lOR PRINTABLE CRAIUCfIR 

Rl" ,RI,cnOUT i TO CRT 

R7,0i02 iTO HIl'l' "'ORD 

Rl~,l iWORD COUNT -1 

NZ?,R0,TTPLLP iLOOP TiRU OIP LINE 

lI.14-,R0,@TJPLl'1' illstOn RET 

R1' 

R2.lIIli1rlB 

12,' , 

iGET LOW BTTE 

iBELOW BLANK? 



019A+95200020 

019[+4730IHAA 

01A2+9520007F 

01A6+473E0000 

01AA+4120002E 

01AE+04E!IJ 

01B0+41400410 

01B4+4~E00304 

01B6+58400406 

01BC+17DD 

01:BE+45E001E6 

01C2+58E003F0 

01C6+955000eD 

01CA+475E000i11 

01CE+45E00IFA 

01D2+58E003Fel 

01D6+9550000D 

01DA+475E0000 

01D£+9A400002 

"lE2+740001EE 

01E6+50E0031A 

01EA+58540000 

"lEE+8857 

0110+45E00210 

0IF4+58E003FA 

01F8+04E0 

0IFA+50E003FA 

01FE+58540001!l 

0202+945000FF 

0206+45E0"21" 

021!lA+56E003FA 

"20E+04E0 

0210+50E003FC 

0214+45Eil023C 

0218+58E003FC 

021C+4751000" 

0220+45E0025! 

0224+47300232 

0228+45E00290 

022C+58E0031C 

0230+041:O 

0232+4150000D 

0236+58E003FC 

023A+04E0 

023C""95500020 

0240+475E0000 

0244+9550002E 

0248+475E0000 

024C+955121002C 

0250+475E0000 

0254+9550000D 

0258+04E0 

025A+945000FF 

025E+95500030 

0262+473E"000 

0266+9550003A 

026,1,+47300268 

"26E+95500041 

0272+473E001210 

0276+95500047 

027 A+47300284 

027E+955'11FiFF 

0282+04E0 

" 
C[ 

" 
SETPER: LI .. 
~TORE: LI 

S'l'LP: 

BAL 

lD 

LR 

'BAL 

lD 

CJ 

RC 

BtL 

lD 

CJ 

Be 

AI 

BX 

UPS TOR: ST 

lD 

SRl 

BAt 

lD 

BR 

LOSTOR: ST 

lD 

NI 

BtL 

lD 

BR 

STDATA: ST 

BAt 

lD 

Be 

BAl 

Be 

BAl 

lD 

BR 

SUND: LI 

lD .. 
CKDEL: CI 

Be 

CI 

Be 

CI 

Be 

CI .. 
ASCHEX: NI 

CI 

Be 

CI 

Be 

CI 

Be 

CI 

Be 

CJ 

BR 

VALPH: SI 

L"?,R0,SETPER iSET PERIOD IF TRUE 

RZ,0e7FH 

LT? ,H14,e 

H2,'. ' 

"4 
H4, BUFOPI 

;BELOW DEL? 

JRET IF TRUE (CHAR PRINTAELE) 

j SET PERIOD AS CHARACTER TO PRI 

jA(ADDRESS FIElD) 

R14,U,CVADDR aSCII ADDRESS TO BINARY (IN R6 

R4,H'll ,DATAD ;GET CURRENT IIp DATA ADDRE5S 

R13,R13 ,CLEAR NIBBLE COUNT REG 

R14,R'll,UPSTOR ,UPPER BYTE FIRST 

RI4,R0,@SCANER iGET RET 

R5,0ihmH ,END? (CR = END) 

Z? ,R14,0 iRET IF TRUE 

R14 ,R'll ,LOSTOR iLOWER BTTE 

R14,R0,@SCANER jGET RET 

R5,0'll0DH ,END? 

Z?,R14,'ll iRET IF TRUE 

R4,'ll0'll2 iTO tiEIT WORD 

R0,STLP ,CONTINUE STORING DATA 

R14,Re,@UPSTOR iSAVE RET 

R5,R4,'ll iGET NEIT DATA 

R5,e ,GET HI UTE 

R14 ,Re ,STDAT! j;;O STOHE BYTE 

R14 ,Re ,@UPSTOR ; RESTORE RET 

R14 

R14,R0,@UPS1'OR iSAVE RET 

R5,R4,e 

R5,e0FFH 

JGE'l DATA 

; KEEP LOW BYTE 

Ra,R0,HDATA JGO STORE BYTE 

R14 ,R0 ,@UPSTOR i RESTORE RET 

R14 

R14,R'll,@STDATA JSAVE RET 

RH,R0,CKDU ,CHECK FOR DELIMITEP 

R14,RI1I,@STDATA ,GET RET 

Z?,R14,e JRET IF RC '" 0 

R14,Ra,ASCHEX ;ASCII BYTE TO HEX NIBBLE 

U?,R0,SE'1'ND j.NZ. HC = END 

R14,Re,NIBBLE ,STORE THIS NaBLE 

R14,Re,@STDATA JRESTORE RET 

R14 

R5,000DH ;FAKE EOF 

R14 ,R0 ,@STDATA ,HESTORE RiT 

RJ4 

R5, • 

Z?,IU4,0 

R5,'. ' 

Z?,R14,0 

R5,', , 

Z?,R14.0 

R5, 'll00DH 

R14 

RS ,e0Fi'H 

RS, '0" 

LT?,R14,0 

R5,': ' 

LT?,R0,VNUH 

RS,'A' 

LT?,R14,0 

R5.e047R 

iSPACE? 

iRET IF TRUE 

iPERIOD? 

iRET IF TRUE 

; COMMA? 

iRET IF TRUE 

; CARRIAGE RET? 

JLET CALLER DECIDE 

JLOW EYTE O~LY 

;LOWER THAN '0' ? 

JRET IF TRUE 

;e-9 ? 

;NUHERICAL IF TRUE 

i LOWER THAN • A' ? 

iRET IF TRUE 

j HEX ALPHA? 

LT?,R0,VALPH iHEX ALPHA IF TRUE 

R5,0FFFFH 

R14 

R5,00e7H 

,SET .LT. CC 

iASCI I ADJUST 

2284+9B5000e7 

'll288+9450'll0'llF 

028C+1555 

028E+04E0 

029Q;""o8760e0e 

0294+16DD 

'll296+474002AC 

029A+9AD'll0001 

029E+895B 

02Ae+947'llOFF 

02A4+1675 

02A6+50760eee 

02AA+e4E0 

02ACt95D00e01 

e2B0t474e02C6 

02B4+9AD0e0'lll 

'll2B8+8957 

02BA+9470F0n 

'll2l!E+1675 

'll2ce+50760e00 

02C4+04E0 

02CA+474e02F0 

02CE+9AD0e001 

02D2+8953 

02D4+9470J'Fel' 

02D8+1675 

e2DA+507600£1£1 

02DE+e4E!1l 

02E0+17DD 

02E2+947"'F1F0 

'll2E6H675 

02£8+50760e0e 

021C+9A6e0002 

021'0+04E0 

1112F2+414011141e 

e216+45te0304 

021'A+18FS 

02FC+45EF0ee0 

0300+740000'00' 

e304+5eEe1lJ402 

03e8+1766 

e31U+58540000 

e3eE+8857 

031e+45E0'll25A 

0314+4740'0350 

0318+1665 

031 A+5854e000 

031E+45E0"'25A 

0322+47400350 

0'326+8963 

'll328+1665 

032A+9A401lJ002 

"32E+5854eee'll 

0332+8857 

0334+45E0e25A 

0338+47400354 

033C+8963 

033E+1665 

0340+58540000 

0344+45E0025A 

0'346+47400350 

034C+8963 

VNUM: NI 

C1R 

BR 

~IBBLE: LD 

ORR 

Be 

AI 

S11 

HI 

ORR 

ST 

BR 

NXNIB1: CI 

Be 

AI 

S11 

HI 

ORR 

ST 

BR 

~XNIB2: CI 

, 

Be 

AI 

Sll 

NI 

ORR 

ST 

BR 

NXNIB3: IR 

HI 

ORR 

ST 

AI 

BR 

BAt 

lR 

BAt 

BI 

CVADDR: ST 

Xi 

lD 

SRL 

BAt 

Be 

ORR 

lD 

BAL 

Be 

S11 

ORR 

AI 

lD 

SRl 

BAl 

S11 

DRR 

lD 

BAl 

Be 

S11 

ORR 

R5,0e0FH 

R5,R5 

RJ4 

R7 ,R6 ,0 

R13,R13 

,LOW NIBBLE ONLY 

JRC = ZERO 

JGET OLD DATA 

iR13 = ZERO? 

NZ?,R'll,I'IXNIBl JTEST FOR ONE IF NOT TRUE 

R13,e001 

R5,12 

R7,0FFFH 

R7,R5 

R7,R6,0 

RJ4 

R13,00'lll 

;BUMP NIBBLE COUNTER 

;POSITION THIS NIBBLE 

; PREPARE OLD DATA lOR NEW r.IBEL 

; I NSERT NE~ NIBBLE 

iDATA BACK TO MEMORY 

iNEXT NIBBLE? 

NZ?,R'll,NX~IB2 ;TO NEIT IF NOT THIS 

R13,aa01 j BUMP NIBBLE COUNTER 

R5,8 JPOSITION THIS NIBBLE 

R7,0F0FFH ;PREPARE OLD DATA FOR NEW NlB.BL 

R7,R5 ;INSERT NEW NIBBLE 

R7,R6,0 iDATA BACK TO MEMORY 

14 

R13.e002 iNEXT NIBBLE? 

NZ'I,R0,NINIB3 iTO NEXT IF NOT THIS 

R13,e001 ;BUMP NIBBLE COUNT 

R5,4 

R7,0FF0FH 

R7,R5 

R7,R6,0 

R14 

R13,R13 

R7, eF1'FI2IH 

R? ,R5 

R7,RS,e 

R6,0002 

RI4 

;POSITION THIS NlnLE 

;PREPARE OLD DATA FOR NEW NIBBL 

;INSERT NEW NIBBLE 

;DAT! BACK TO MEMORY 

;1&ST NIBBLE (LSN) 

;PREPARE OLD DATA FOR NEW NIIIBL 

;INSERT NEW NUBLE 

iDATA BACK TO MEHORY 

iBUMP MEM POINTER 

R4,BUFOPI ; A (ADDRESS) 

R14,R0,CVADDR iASCII ADDRESS TO BINARY ADDRES 

;ADDRESS TO R15 

R14,R15,il , JUMP ••• 

R0,BEGIN ; BACK TO MON IT OR IF CALLEE RETU 

R14,R0.@CVADDR JSAVE RET 

R6,R6 

R5,R4,e 

,CLEAR R6 

;GET TWO ADDRESS BYTES 

R5,8 tUPPER BYTE FIRST 

R14,Re,ASCHEX ;ASCII BYTE TO HEX NIBBLE 

NZ? ,Re ,CVHOUT ; STOP IF NOT HEX DATA 

R6,R5 

R5,R4,0 

iFIRST ADDRESS NIBBLE TO R6 

iGET ADDRESS BYTES AGAIN 

R14,Re,ASCHEX JASCII BYTE TO HEX NIBBLE 

NZ? ,R0.CVHOUT ,STOP IF NOT HEX DATA 

R6,4 ,POSITION ADDRESS FOR NEXT NIBB 

R6,R5 ;INSERT NEIT ADDRESS NIBBLE 

R4,0002 iBUMP MEMORY PTR TO NEXT WORD 

R5,R4,0 iNEIT ASCII ADDRESS DATA 

R5,8 ,HIGH BYTE FIRST 

R14,Re,ASCHEX - iASCII BYTE 10 HEX NIBBLE 

NZ?,R0,CVHOTl ;STOP IF NOT HEX DATA 

RS,4 

R6,R5 

R5,R4,0 

iPOSITION ADDRESS FOR NEXT NIBIl 

ilNSERT ",EXT tiIBBLE 

JGET ADDRESS DATA AGAIN 

R14,R0,ASCHEX ;ASCII BYTE TO HEX NUBLE 

Nl?R0,CVHOUT ;STOP IF f.lOT SEX DATA 

R6,4 

R6,R5 

JPOSITION ADDRESS FOR NEXT NIBB 

;INSERT NEXT HUELE 

359 



360 

1i134E+1665 03CIll+41le,U'1U. 
CVBOU'l': AI U.0""2 t TO NEXT MEMORY WORD CI K1,HeDB jDlT! = eft '1 

e350+9A4"""02 IJ3C4+95U!l0""D 
CVHOTlI 5'1' i4.RfiI,DATAD iSiV! AS DA'l'A ADDRESS BC N11,114,0 an Ir NO 

0354+5e40&416 1Il3C6+47U0ele 
; DO L1 IF fREYOI US "'S eR LD R14.Re ,@CVADDR IUSTOR! Ri'l' BlL Uoi.R0,CR'l'OUT 

121358+58J:BiJ41i12 03CC+45ue3D8 
BR R14 IR HlS,JU5 151:T JiC = ZERO FOR eft 

IZ'35C+04i8 IJ3DIJ+17J'F ; LD H14,HIJ,@\loETCIiR ;RESTORE RITURN 
BINOU'!': 5T 1I1ol,Rf,@BINOUT :SAVI Ri'r 03D2+~aJ""4e0 03:JE+50EIII03l1 

;O/P BYTE TO H2 BR R14 LR Hl.B6 1/13D6+0UI 
8362+1826 

~R'l'OU'f: IN SRl H2,4 ;UPPlIl !dULE FIRST Rl.R0,STUU5 JGET STATUS BYTE 
0364+8823 03D6+.llllllllFn 

HI R2.eeBlH IUIP OhLT GOOD DATA 

" Rl.iN01 ;IHIT'l'J:R EMPTY? 
0366+9420""'U' 03DC+9418ellll 

BAL R14,R0,HEIEX iBINARY NIBBLE TO ASCII BYTE BC h,lIe,CRtOUT iW!IT FOR XMITTER TO EMP'l'Y 
036A+(51"0386 

:NUIILI (BYTE) OUT TO CRT 
03E0+475003D8 

.. L R14.R0.CRTOUT our R.2.R0,DAT! ;O/P DnA TO CRT 
0361+451111113D8 0314+A.2.20111A 

LR R.2,R6 io/P DATA TO R.2 .. .,. 
037.2+1826 83E8+IHEiI 

NI R2,00BFH inEP O"LY LOV NIBBLE ; 
0374+9428008J' 

;BINARY NIBBLI: TO ASCII iTTE ! .. L R14,R0.HEIJI 
@PROMPT DS 0378+45Ei1038f 83U. 

.. L R14,RIII.CRTOUT aND OUT '1'0 CRT 031:C @DOCRLF DS 
037C+45E0e3D8 03EE @GITIP DS 

LD Ra,R0,@lIINOUT : RES'l'ORE RlT 031111 @SCANER DS 
0380+58E003J'E O312 @'1'lPAD DS 

ER R14 03J'.i @DMPOUT DS 
0384+0·U0 0316 @'1'TPLIT DS 

HEIEl: 
O318 @S'I'ORE DS 

CI R2,I0UR i.1-F ? 03J'! @UP5TOIl DS 
0386+952""00.l 031C @STD.1TA D5 

BC MI?H0,CON ;III! 11 NOT TRUE O311 @lIIhOUT DS 
038A+4'1F"039.2 

; 1DJUST FOR 1-1' 
... , @GE'lCHR D5 

AI R2,0807H 0482 @CVADDR OS 
"381:+9120""87 ; 

CON: AI R2.0030H iH.11tE ASCII f'4IiI4 DMPAD: DS 
039.2+9121"8311 111486 DATU: 'S 

BR ". 
DHPCMD: DB "396+O41:0 0408 4420 'D ' 

; "401 :;320 STHCHD: DB 's' 
!lITCHH: ST H14,Ril,@GETCBR iSAYE RET 

111398+5111J:80400 
84fe 4!28 JMPCHD: DII 'J' 

RDCHR: IN Rl ,R0 ,STATUS ;STHIP PARITY 
039C+.1iU0Flll "040E BUllER: DS 2 

NI Rl,0002 ;l/p READY? 0410 BUFOPl: DS 12. 
03AII+941002102 ; 

BC Z?,R0,RDCHR aoop UNTIL CHARACTER READY 
03A4+4750039C 

IN Rl,RIil,DlTA iRUD DATA 0.9" END 
03.16+.1'l.0F111 

NI Rl,f"?lR j nEP ONLY DATA BY'lJ 125A ASCHEI 
"""" BEGIN 

0351 BINOUT 040E BUFFER 0410 BurOPl 
03AC+S.10,,07F ~23C CIDIL "392 CON 0A0D CRLF 111300 CR'l'OU'l' "3.4: CUDOR 

LR R2,Rl ,DATA TO R2 "~54: CVBO'l'1 0350 CVROU'l' Flil DATA "4:1J6 Dun 04" DtlP1D 
03B0+1821 8408 DHPCMD 0"D2 Df1PLP 8132 DMPLPP 0126 DMPOU'l' 0196 DOCIT 

BAL R14,R2I,CHTOUT ilcao liP ""28 DOCRL1 1082 DOIOl 1071 DOE012 01C2 DUHP "398 GETCRR 
03B2+451003D8 

""." GUlP 0386 HEliX 004C IPLP 0'UC JMPCMD 021'2 JUMP 
LR Hl,R2 j DAT! BACK: TO Rl IllA LOS'1'Oi ,/111106 MO"LP "290 NIBBLI 212AC HXNIBl 02C6 NINIJI.2 

03Be+1612 021:/11 NINI)3 "816 PROMPT 039C RDCBR 0/IIBC SCUtR 0232 SITND 
LD Rl4,i",@GETCHR ;Gi'l'RET 01U SE'l'PJR FFn S'l'ATUS 9210 S'l'UT! lIn SrLF "IBe STORE 

03118+58109421" icl41U S'l'RCMD liJue TIPAD 015C UPLIT 21168 TTPLLP 8U6 UPS'l'OI 
LI 1115,-1 ;SIT us .~Z. 0.28. VALPB "2B8 VNUM 03lE /1IBINOUT 0402 @CV!DDR 031'4 @DHPOU'l' 

03BC+41Pe1FFJ' 03EC @DOCRLF It""" @GITCIiR 031E @GE'l'IP "3JA "'PROMPT 13Ft @SCANER 
LI i2.001UH ,Ll CODE IN C.1SE or CR It3J'C @S'l'D.tTA "3F8 @S'rORE "31'2 @'1'TPAD 0316 GrIPLI'1' "3J'1 lIUPSfOR 



APPENDIX D 

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

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. 

A>ed b: amd16blt.asm 

'e 

A>b: 

B>mac29 amd16bit $ab hb pb sb 

ASM29 VER. 1 0 

0490 

03BH USE FACTOR 

END OF ASSEMBLY 

B>a: 

A>ddt29 h e 

A>set pa 3d 

A>ddt 

DDT VERS 1.4 

#ib:amd16bit.hex 

#r8000 

NEXT'PC END 

840E 0100 577F 

#tc 
A>lbpm m29 wcs cI ul dc 1 

LOADING: M29.0BJ 

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

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

{exit the editor and save the new AMD16BIT.ASM on the B disk} 

{switch to the B disk as default} 

{use the modified macro assembler (MAC29) to assemble AMD16BIT.ASM and put the 
HEX, PRINT and SYMBOL flies 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-blt computer main memory as 9080 upper 32k} 

{load 9080 DDT} 

{reference the Simple monllor'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>ddt29 Ir 0 j r {run DDT29, set the instruction address register to zero (IR 0), Jam the address on to the 
microprogram address bus (J), and run the 16-bit computer's clock (R)} 

At this pOint, the AMD 16-blt high speed computer is running 
phase 1 instruction set in microcode and the Simple mOnitor In 
target machine language in 16-bit main memory. A CRT terminal 

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

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

In the word mode, the read and write transfers are straight for­
ward. For the byte read mode, data is output on bus bits BOo.7 

while B08.15 are forced to zero. DUring byte write mode bus bits 
BOo.7 are duplicated internally on lines 0 0-7 and lines 0 8. 15, The 
signals WRHIGH or WRLOW select which byte In the RAM 
memory IS effected. 

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

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 mlcrocycle. 

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. 
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Figure E1. Memory Read Timing. 
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Figure E2. Memory Write Timing. 
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r-------~----~'"., • 

H f Q ~ e~fO:-----------...~;;-I ." ~ 
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16·Bit Computer ALU. 



367 

I---I---\---!--"-----I 

I "'::'"~~~"-I·",,,'"I :::,~ I I 
( 

, 

ALU 

r 



368 

APPENDIX F 

<~~----------~----~----~--~ 
DA'5 DA,~ DAl] OA" 

"I "I "I' "I 
1-------""'-110 

I-I-========j:::~ I, I, 

1-----""'-11, 
~I., 
~I~ 

rr7 IS 1-------+-, " 
~18 

1-___ ---"'-1 A, 

9 14 15 

.,.- ...... 
CA,i OA,O DA9 DAs 

"I "I "I "I 

"16 
Am2901 A 

PCU 

I-____ ~_'.'-I A, 

, A, 

1--___ ---"'-1 A, 

£A' 
-=-17 

1--------',,' :~ 

Qo~ 
RAMO~ 
CN~ 

19 9 2 

~BJ 
':....!!. Q 3 

~ RAM3 

~G 
~P 

~ CP OE 

I .. 

"" Am2902 

pcu BUS 

I 

16·Bit Computer PCU Memory Address Register. 

OA7 OA6 CAs DA4 

221 231 241 251 

"17 
Am2901A 

YJ Y2 

I I I 39 
38 

~ ~ ~ 

V, 

" 

~ 

Oo .!!... 
RAMo !­

eN ~ 

V, 
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~ , 

" 1 

12 

13 

14 

c, >~ 

) 



2 
3 
4 

7 
8 

10 
11 

12 

13 

14 

I 

I 
I 

:j3 DA, :jl 2:jO 
231 

12 
D, D, D, D, 

I, 
13 

I, 
1. 

I, 
26 

I, 

~14 
rE I, 

I ~ I, 
7 

I, 

r-! I, 

~ • A, , 
A, 

2 
A, 

f U18 A, 
Am2901A 

-17 
B, 

18 

19 
B, 

B, 

,f B, 

~ Q, 

~ RAM3 

~G 
~P 

If 4~ I I I ,:' ,:' "Y' ,:' 

::-r-
~ 

~ ~ ~ 

~ ~ 

( , . 
J G, P, 

13 

( ~ 

QO~ 
RAMO ~ 

eN r!!----
(M63) 

~ 
,-'/ , 

ADDR BUS . ... ] ~ ~ ~ 
] ] f ] ] ] ] ] 

f fn ~ b g * ;, e ~ g: ~ ~ 

~ ~ ~ 
~ 

~ ~ I i ~ ~ > > 

~ i ~ ~ g g C C C C 

~ ~ ~ C C ~ g ~ ~ 

~ ; W N " 
~ . _ 0 

MAR 
19 16 15 12 9 6 5 2 19 16 15 12 9 6 5 2 

Y7 Y6 Ys Y4 Y3 Y2 Yl Yo 
G~ 

Y7 Ys Ys Y4 Y3 Y2 Yl Yo 

U20 U22 
Am14S373 

OE..!..--.-
Am74S373 

07 0 6 Os D4 D3 02 D1 DO 07 D6 0 5 D4 0 3 02 01 DO 

18 17 14 13 8 7 . , 18 11 14 13 8 7 4 , 

PCU 15 

PCU14 

PCU1J 

PCU12 

PCU 11 

PCUlO 

PCUg 

PCUs 

PCU7 

PCU6 

pcus 
PCU4 

PCU J 

PCU2 

PCU, 

PCU, 
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~ G MAR 

OE r2---- MAROE 

PCUCD (M73) P3-27 

4 U:;' 3 PCU---V (M72) P3-26 

S;: HL A B 
9 BYTE 

CD T/R 
ZERO FILL 

8 12 Y" 

7 
A, B, 

13 Y" 
A, B, 

6 14 Y13 

5 
II;; B, 

15 Y" . A, U21 B, 
16 Y" A4 Am8304B 8 4 
17 Y" , 

A, B, 
Y, 2 

A, B, 
18 , 

A, B, 
19 Y, 

m 
~ 
m 
> 

PCU 
TRANSFER A--e WORD ONLY 

6 U~5 
74508 

~WORDMODE 
s~ 9 HI 6 _ 4 FROM SH2 

8 
CD T/R 12 Y, 

7 
A, B, 

13 Y, 
A, B, 

14 Y, 6 
A, B, 

5 
B, 

15 Y, . A, U23 
16 Y, 

~Am8304BB4 

" Y, , 
2 

A, B, 
18 Y, 

A, B, 
Y, 1 

A, B, 
19 
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'N'{ CO~ 
,NO 

Uil ,M76) 11 

P331 OETAEG 1MT7) 1 _ 

O' 

.. .. 
Q Q , , 

~-----II. II. Go II. lI. II. II. Go 

....... "' ...... '" 

~~~~~~~i 
19 16 15 12 9 6 5 2 

I ,I' A,"745314 U2S 

v Y, Y V, V, I 11 Icp Y y~ Y, V, Y, VI Y, Yo I 
o D. D., D. 0\ 0 0 0,. II----~ IOE 0 0 6 0., D. OJ D> 0, 00 

18 !1 14 13 8 1 • 3 18 17 14 13 a 1 4 3 

TRANSFER .,. 
o 0, 0.,0, D, D, 0 00 11--__ -',,'lLcp 0, 0 6 O~ D. 0) 0; 0, 00 

I ,I: Am14S314 

O' 
Y Vb Y,. V, Y, y, y, Yo I I V, "6 y~ V. YJ Y. Y, Yo 

'-:,':'1. -:-:,,+',':'1, ':",,:T-::,. r.,:r.',i-,;i-...J 19 16 15 12 9 6 5 2 

OA 8US 

13 ..... 12 

RTe (MQS) 
7:;04 U96 

DATA BUS 

~;;~~:f~:¥ 
a:.;:.;: a: a: a:.;: Ii: 
~ :! ::! !:! = ~ 01 co 

~i~~~~~~ ~~i~iii~ 
18 17 1413 8 1 4 3 1811 14 U 8 7 4 3 

O. 06 D~ 0.0) O2 0, 00 l'I----'A'11IG 0, OSA:1:~~3 ::7°. 00 I 
OE I DE 

V, '(6 Ys "4 VJ "2 V, Yo -::' VI "6 \Is "4 YJ "1 V, Yo 

19 16 15 12 9 6 S 2 19 16 IS 12 9 6 5 2 

... '" '" .. '" '" _ 0 j;J iI;j N N N N N NL. ____ --+17 

'------_+18 
'-:-_____ +1. 

TO DECODER 
SN' ~ '-: ______ -+2. 

FROM SH6 ---,r-L--,+-,r-.+-,t---------21 

ENCTR ,,'M.,:":-' _.-:-'oIJ E~~AD 0 C B A 

P3·29 l!~..:J CARRY 15 
-'----'-~,-l ENT "m745169 U32 OUTPUT 

I CP UID QD Qc QS QA 

'"0<"" 1M", ' I 

,'B 1 le" IB, IBo; 

TO Am2903 
SN' 

16-Bit Computer Data Path. 



TYPICAL INSTR~ FORMATS 

ADD 
RR (At) + (R2)_(Rl) 

I .. 0. J.' .1:2.1 
M FIELD GENERATES Am2904 TEST 10-3 SIGNALS 

TYPfCALLY 
A1 FlELO--Am2903 _ B INPUTS 
A2 FlELO-Am2903 _ A INPUTS 

17>-------------------, 
18>-------------, 
19>----------, I :---------., I 

SH' 

,....:1I=::o,L:.17~ .. ~'~~:::3D!-!:=:!D,..:7:!-D,.:,· D~:=:!D"'" ...., 
11 CP 

Am74S374 U33 

~3~ 25 (M38) CNTL 83 1'4-38 
(N37) CNTL 82 P4-38 
(M3fI) CNTL B, No37 

26 (M35) CNTL So 
27 
28 
29 
30 

131063 1411 52 

4838 28 18 4A 3A 2A lA 
5 

Am74S257 U35 
15 OE 

4Y 3Y 2Y tV 

12 9 4 

,1A3 1A2 IA, I~ 

TOA!29D3 
SH2 

2A, 

BRANCH IN5Th ENABl£ 19 
2G 

CMOS) ,.,.19 
2Y, 

.1:> 

m 

13 

", 2A, 2A, 

Am74S244 U14 

2Y, 2Y, 

"' § 

7 

~ 
~ 

i 

Am"" 
SH2 

2Y, 

~ 
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C B A B 
4 Am258251 
3 ~ U.t8 
, D, 

, D, 

15 03 

14 0 4 

,," ,," ., 

""'" ... ..... 
3 
4 
5 
6 

lJ~===~: 
'------+10 12 E~~11 13 

14 
(1II19)P4-20 

~'·=I.~"~~~"---+~~---------------------------' 
MAC, (11117) 1'4-11 

MAC:! (1111&) P+17 
~, 

.... " ;:::;;;-="'::"---''''1'' 
P3-4$ CCEN 11IB11 13 CC"!A 

11 CP 

{ ~15 NDTUSED ~16 
....!.....-.;..17 

~~~~~~~~§18 19 
20 21 

~~~~~EB!E22 23 
24 
25 
26 

16-Bit Computer Microprogram Memory. 
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28 
29 
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5 
6 
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8 
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11 
12 
13 
14 

15 
16 
17 

~H~n~~ 

.I~I~I~I~IIIJ .J:l'8 :7 ~6 "'5 ... -3 "'2 1 DECODER 
(MAPPINQ PROM) 

H (I FED C B Ii -" 

Am14S412 U51 15 , 
512 X 8 PROM 51 

.!IHHHlI 
'4131211 .. , 8 (3-5) 

~ 
>--

~ ~ 5 I 

)" 252321 1917 4 2 40383834 

\.. On 0'0 D9Ds D7 De DsD4 0 3 D2 0, Do 

"'" ~:~: """''' 
) Y>1V,o Vg Va V1 v! Ys v. V3 V2 Y, Yo '""- co 

~" "" "" .. , 139373533 

"-} 
"I ... .... .... ... " 

1"9-12 TOWCS 

~ 
...... 
... " 

>-- ..... 
A8 A7 As As .. A, A2 A, -'1IPQ.2O,P9-22P9-24 .r-

18 
19 
20 
21 
22 
23 
24 
25 
26 . , " , 1212019 6543 , ,1,,1,,1,,1 

AeA7AoA5~A3A2A,Ao AeA7A6A5~A3A2A,Ao 

27 " " 28 ., "" " "" 29 .. A""''' 0; """"" 

"lilil~'lilililil~ "lil;I~'lililil~'I§ 
!IIIII~I II§I~I;I 
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IfrIT£RRUPT ,. .. , 'EO 

~~-
.-

." .. , .. .. 
"' .. . , .. 
'" 
"' ., .. 

123456 , . , 
0,0,0,0,0,0,0,0, I ...... 

'"""'" 15 CS ... m~'9 (3-5) ~~R 

~ 
3 74810 

Ao '" "'2 A3 A. r---"',!... . . '" 
" "1 "I "~ .", ~ 1J78.1 

Am74lS374 

" I '- " ',f--
" o,f--

" ',f--
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SYS elK elT 

~ 
'r.=1U5.,~9,'~0 ________________________________________________________________________________ ~>1 

SYS elK D----------''-C\:::I .. 
PH9 9,10 r.:::\ B ,. 2 

cose 

ADDR ACCP 
Pl-30 

REO B 

P3·3 

P1.1S 

,C. 
(BUS) 

P2·22 

SYNC 
Pl·33 

MR 

WA 

D 
P1-13 

(M53) 

~ 

f 
~ 

8P 
EQ(MS2) .,., 

BP 
ITE(M50} 
P4-SO 

I 0 ~ 
508 

" 
, 3 

02 ~u~ 
4 

11 

S04~ '7U96 
10 

, 
~ LiSM 

ADDR ACCP ~ 
~U52 

8 
5 4 

5, e:JU52 

~ 11 

12 U52 

~ 
6 

4 5VR 

PR 
' .......... 4 3 Q~ r.: , 7_ , U54 

,-- CK 8112 

~ '3~'1 
SYNC , 

ii~ r- US9 • 
SOD CUi 

'--;;c" RESET 
7 , 

3 MARDE , USO 
lOSH 3 

8 508 
'VA MREQ FF OVA r, 4 10 

Pii 
US1A 

Pii 8240 1 -
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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 un it (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 diag ram, 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 sh ift 

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 output instruction 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, 48-49 



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, 39-42 
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 
cascadi ng, 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, 25~ 
example designs, 252, 254-256 
function table, 253 
general description, 249 
Instructions,251-253 

Am29705 16-word by 4-bit two-port RAM, 105 -1 06 
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, 39-42 
instruction set, 16 
instruction set difference from Am291 0 i nstruc­

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

Am74S138,306 
Am74S158 Two-Input Multiplexer, 42 
Am74S175,42 
Am74S181 four-bit arithmetic logic unit/ function 

generator, 96, 97 

Am74S240, 306 
Am74S373,306 
Am74S374 registers, 290, 291,301,305 
Am9080A type microprocessor, 10,239 

CRT controller and, 62 
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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: 

Am290tA,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, Am2901 B, 
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: 
Am2901 A, 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, 156-158 

microcode, 164-165 
Bipolar microprogram controller, 17 
Bit operations, Am2904, 132 
Bitslicetiming,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 unit architecture, 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 
Co m puter arch itecture, 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 
D input, 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, 336-337 
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 
I/O 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 pipelining, 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 

FORMATIING, 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 
DMAlrefresh 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 
interruptstructure, 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, Am2901 B, 298,300,301 
INPUT BYTE instruction description, 354 
Input instruction flow chart, 340, 341 
Inp ut!output (see I/O) 
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-i mmediate instruction, 194-

195 
Instructions, 3 

Am2940,243 
Am2942,251-253 
defined registerclassof,265 
executed sequentially, 198 
executing, 4-5 



Instructions (Cont.): 
general register class of, 265 
Super Sixteen, 319-321 
(See a/so Microinstructions) 

Interface circuit for CRT controller, 62, 63 
Intermediate slice (IS), 102 
Internal high speed registers, CPU with, 3, 4 
Interprocessor interrupts, 207 
Interrupt, 206-235 

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 1/0,239 
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 timi ng, 234, 235 
Interrupt service routine, 208 
Interrupt service routine microprogram, call, 220, 

223 
Inte rrupt service routine nesting, 211 
Interrupt structure, 208-209 

general purpose, 210-211 
HEX-29,275 

Interrupts: 
machine versus microprogram level, 207 
microprogram, 43 
priority schemes in, 209-210 
types of, 207 

Intraprocessor interrupts, 207 
Intrasystem interrupts, 207 
Invalid access block, 274 
Invalid instruction trap, 275 
I/O (input/output), 239 

devices, 3, 6 

I/O (input/output) (Cont.): 
DMA,240 
Super Sixteen, 324, 376-377 

write timi ng, 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 

393 

JU MP-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: 
Am2901 A, 109 
Am2903,111 
Am2904, 139, 141 

Logic operation speed computations: 
Am2901 A, 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 

Mach i ne interrupts versus microprog ra m level i nter­
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 a/so Instructions) 
Macro library, 347, 356-357 
Mag nitude only arithmetic operation with shift down 

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: 
di rect (see Direct memory access) 
random (see Random Access Memory) 

Memory Address Register (MAR), 3-6 
Memory addressing scheme: 

with PC inALU,193 
with PC outsideALU, 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 1/0,239 
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 
register immediate 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-reference instruction, 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 
Mi crocomputer: 

HEX-29 (see HEX-29 CPU) 
16-bit (see Super Sixteen) 

Microinstruction control, Am2901A, 101 
Microinstruction cycle, 35-37 
Microinstruction fields, 13 
Microinstruction format, S.uper Sixteen, 330-337 
Microinstruction set, Am2914, 212-213 
Microinstructions, 13 

execution of, 13 
(See a/so 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 
M i crop rog ram cou nte r reg i ster, 15 
Microprogram execution, timing diagram of, 37 
Microprogram instructions, machine level instruc-

tionsversus, 9-10 
Microprogram interrupt, 43 
Microprogram jumping, 13 
Microprogram level interrupt: 

example of, 229-235 
versus machi ne i nterru pts, 207 

Microprogram memory, 8,13 
Microprogram sequencer, 260-261 
Microprogram start-up flow chart, 337 
Microprogram state machi ne 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, subroutining in, 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 
MicrowordADD, 123, 124 
Microword ADD DIRECT, 123-125 
MicrowordADDIMMEDIATE, 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 

OP CODE (operation code), 7, 9 
Operands, 3 

for operations, 7 
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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, Am2901 B, 298, 299 
OUTPUT BYTE instruction description, 354 
Output flags, 99 
Output instruction flow chart, 340, 341 
OUTPUT WORD instruction description, 354 
Overflow, 95 
Ove rflow 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 

Am2901Aas, 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 I/O, 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 

Q input, 101 
Q register, 99 

Am2903,103-104 

R input 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 
Reg ister with short-immediate instruction, 194-195 
Reg ister 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 
Reg ister-to-memory-reference instruction, 193-194 
Reg ister-to-reg ister (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 =I ZERO instruction, 21 
figure, 20 

REPEAT PIPELINE REGISTER, COUNTER =I 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 
RR instructions [see Register-to-register (RR) in-

structions] 
RX instructions [see Register to indexed memory 

(RX) instructions] 

S (sum output), 93 
S input field, 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 (IS), 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 
interrupt and I/O, 324,376-377 
I/O write timing, 328 
macro library, 347, 356-357 
memory board, 362, 378-381, 384 
memory read timing, 363 
memory write timing, 364 
mi crocode, 337 -345 
microcode translation, 345, 346 
microinstruction format, 330-337 
microprogram, 340, 342-345 
monitor listing, 347,358-360 
pipelined operations, 329-330 

Super Sixteen (Cont.): 
RR instruction 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 d rive 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 
CCU, 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 
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Timi ng considerations, CRT controller, 50, 57 -61 
Timing diagram of microprogram execution, 37 
Transfer complete circuitry: 

Am2940, 242 
Am2942,251 

TRANSLATE AND TEST instruction description, 
353 

TRANSLATE instruction description, 352 
Trap, 275 
Truth table, full adder, 93 
Two-port RAM, 102 
Two's complement arithmetic operation with shift 

d own 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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Unconditi onal branch flow chart, 339 
UNCONDITIONAL JUMP, 14-15 
Unconditional operation, 4 
Un normalized 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 output instruction codes, Am2904, 135 
Y outputs, 101 

th ree-state, 18 

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