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Abstract

This report describes my successful project to build a working reproduction of the 1964
prototype for the Block | Apollo Guidance Computer. The AGC is the flight computer for the
Apollo moon landings, and is the world’s first integrated circuit computer.

I built it in my basement. It took me 4 years.

If you like, you can build one too. It will take you less time, and yours will be better than

mine.

I documented my project in 9 separate .pdf files:

Part 1

Part 2

Part 3

Part 4

Part 5

Part 6

Part 7

Part 8

Part 9

Overview: Introduces the project.

CTL Module: Design and construction of the control module.

PROC Module: Design and construction of the processing (CPU) module.
MEM Module: Design and construction of the memory module.

10 Module: Design and construction of the display/keyboard (DSKY) module.
Assembler: A cross-assembler for AGC software development.
C++ Simulator: A low-level simulator that runs assembled AGC code.

Flight Software: My translation of portions of the COLOSSUS 249 flight
software.

Test & Checkout: A suite of test programs in AGC assembly language.



Overview

This document describes my AGC Block | C++ simulator. | developed it almost entirely from
detailed information in this document:

A. Hopkins, R. Alonso, and H. Blair-Smith, "Logical Description for the Apollo Guidance
Computer (AGC4)", R-393, MIT Instrumentation Laboratory, Cambridge, MA, Mar. 1963.

My simulator reproduces not only the AGC instruction set and user-accessible registers, but
all of the registers, all microinstructions, time-pulse generator states, read, write and
memory busses, and control pulses (logic signals) for all AGC subsystems.

The simulator is a tool | used to capture AGC design from the R-393 document. When | got
it working well enough to run my test and checkout software suite (described in part 9) and
flight software (described in part 8), | knew | understood the AGC well enough to build one.

The simulator header and source code files became requirements that guided my AGC logic
design (described in parts 2-5).

Running the simulator

The simulator is run by keyboard commands. The output is a scrolling, formatted text
display; the compiler obligingly provides a little DOS window for viewing the output. It looks
like this (most of

the numbers are .., IMULATOR 1.16 ——-mm—mmmmmmm e
in octal): TP: TP11 F17:0 F13:0 Fl0:2  SCL:165130
STA:0 STB:0 BRL1:0 BR2:0 SNI:0 CI:1  LOOPCTR:O
o RPCELL:00000 INH1:0 TINH:1 UpCELL:000 DnCELL:000 SQ:02 INDEX  NDXO
The top line is CP:ST1 WE

the revision Sz 0337 G:040300 P:100300 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU: 000000 WBU:000000 P2:1 (s) STEP: 0

number of the B:000300 CADR:000337  (n)INST:1 PALM: [*]

simulator. | X:000000  Y:003425 U:003426  (a)SA :0

went through 00 A:000000 15 BANK:07 36 TIME1:126367 53 OPT Y:000001

lots of versions. o1 0:003422 16 RELINT: 37 TIME3:137645 54 TRKR X:100000
02 7:003426 17 INHINT: 40 TIME4:037775 55 TRKR Y:100000
03  LP:000003 20 CYR:155757 41 UPLINK:100000 56 TRKR Z:100000

The second line g4 1N0:000034 21 SR:100011 42 OUTCRL:100000

shows the Time 05 IN1:000000 22 CYL:077765 43 OUTCR2:100000 CF:[ 1:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000

Pulse Generator 7 1yN3:000000 24 ZRUPT:003515 45 PIPA Y:100000 A:[ *] M:[00]

state (TP11) and 10 OUTO: 25 BRUPT:110307 46 PIPA Z:100000 V:[16] N:[36]

f th 11 OUT1:000201 26 ARUPT:103517 47 CDU X:100000 R1:[ +00000 ]
some of the 12 OUT2:000000 27 ORUPT:102040 50 CDU Y:100123  R2:[ +00001 ]
important scaler 13 oUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ +05423 ]

14 OUT4:000000 35 TIME2:100000 52 OPT X:100000

outputs.

The next line shows the current state of some small registers in the SEQ subsystem, which
is part of the AGC control module. STA and STB stage registers which select instruction
subsequences. BR1 and 2 are the branch registers. SNI is “select next instruction”, a 1-bit
register that does exactly that. Cl is the “carry-in” bit for the ALU. The loop counter is used
for iterating through arithmetic instructions.

The next line, starting with RPCELL, shows important registers associated with interrupts
and the priority counters. The tail-end of the line shows the current instruction (in the SQ
register), which is an INDEX instruction. The subsequence is NDXO.



The next line (CP) shows currently asserted control pulses (logic signals). ST1 and WE are
being asserted.

The left side of the next 4 lines shows the state of registers associated with memory (S, G,
P, P2, and CADR), the ALU (B, X, Y, U), and the read bus (RBU) and write bus (WBU).

The right side of those 4 lines shows control inputs for running, stepping, and clocking the
simulator.

The bottom part of the display shows AGC memory. The 2-digit numbers on the left show
memory addresses from 00-56. Each memory location has a name; it's shown to the right of
the address. Immediately to the right of that is the contents of that location.

Addresses 00-17 are mapped to AGC registers, and are not really part of the AGC eraseable
memory. Addresses 00-03 are the AGC central registers, followed by input and output
registers.

Addresses 16 and 17 are not storage locations, but a means for enabling and disabling
interrupts.

The eraseable memory starts at address 20. Addresses 20-23 are the editing registers.
Writing to these causes the data in the registers to be shifted or rotated.

Addresses 24-27 are used for saving the central registers (00-03) when an interrupt occurs.

Addresses 34-56 are priority counter locations. The AGC will increment or decrement these
based on + pr - logic signals to the priority counter cells.

The lower right of the simulator is the DSKY: the display/keyboard user interface for the
astronauts. The simulator is running the COLOSSUS 249 flight software load, and is
currently executing major mode 0 (P00), verb 16, noun 36, which is a monitor program to
continuously display the command module elapsed time clock. The clock, displayed in R1,
R2, and R3, shows 0 hours, 1 minute, and 54.23 seconds. It updates about once a second
but, of course, you can’t see that here.

Compiler

The simulator was compiled with Microsoft Visual C++ 6.0 Standard Edition.



Commands

Here’s the complete list of commands the simulator knows. The keyboard key you hit is:
{Q}. and the name of the command is: <QUIT>.
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Simulator commands

{q} <QUIT=>
{I} <LOAD=>

{m} <MENU>

Exits the simulator.

The command is a lower case “L”, not a “1". Load fixed
memory with object code produced by the assembler.
The object code files are in Motorola S-Record format
(compatible with EPROM programmers). The command
will ask for a filename.

Intended to be a useful menu of simulator command,
but I never got around to it.

Hardware reset commands

{p} <POWER UP RESET>

{h} <RESET>
Clock controls
{F1} <CLK=>

{F2} <MCLK=>

{F4} <FCLK>

Asserts the PURST control signal. This is a power-up
reset signal that is supposed to be automatically
generated when the AGC initially powers on.
Asserts the GENRST control signal.

Single-step the AGC clock. Only works when MCLK <F2>
has been selected.

Asserts the MCLK control signal. Disables the free-
running 1MHz clock. When MCLK is selected, you can
single-step the clock by by pressing <F1>.

Asserts the FCLK control signal. Causes the simulator
clock to free-run at 1MHz. This is the normal operational
mode.



Time pulse generator (TPG) controls

{r} <RUN>
{s} <STEP>
{n} <INST>

Debugger commands

{e} <EXAMINE>
{vy} <WATCH=>

{b} <BREAKPOINT>
{d} <DISPLAY>

{f} <DEBUG>

Scaler controls

{z} <F17>
{x} <F13>
{c} <TOGGLE SCALER>

Priority counter controls
{[} <-CNTR>

{13} <+CNTR>

Toggles between the “run” (1) and “step” (0) modes.
“Run” makes the AGC free-run (the normal mode).
“Step” single-steps the AGC, either by instruction or by
instruction subsequence.

Steps the AGC to the next instruction or instruction
sequence when <R> is toggled to the step mode.
Toggles whether the AGC steps by instruction (1) or
instruction subsequence (0). Each instruction contains
one or more subsequences. Each subsequence is 12
steps or timing pulses long.

Examines the contents of memory. The command asks
for a starting address and then displays the memory
data at that address and following locations.

Halts the AGC when any instruction changes a watched
memory location. The command asks for a memory
address (CADR) to watch.

Toggles a breakpoint on/off. When the breakpoint is on,
it halts the AGC when instruction execution hits that
address.

Displays or refreshes the standard AGC register display.
Displays the currently executing AGC source code. You
can single step with this display and watch the AGC
move through the source code. Very useful for
debugging. A “>" arrow shows the next instruction to be
executed in the listing.

Manually generates the <F17> scaler pulse. Useful for
testing when the scaler has been toggled to off <C>, or
when you’re single-stepping the AGC.

Manually generates the <F13> scaler pulse. Useful for
testing when the scaler has been toggled to off <C>, or
when you’re single-stepping the AGC.

Toggle the scaler on/off. When the scaler is off, the F13
and F17 signals are not automatically generated.

Manually assert a minus input to a prority counter cell.
The command will ask for the cell number.

Manually assert a plus input to a priority counter cell.
The command will ask for the cell number.



Interrupt controls
{i}  <INTERRUPT>

Other AGC controls
{a} <STANDBY ALLOWED>

{3} <CLEAR PARITY ALARM=>

DSKY controls
{/} <VERB>
{*} <NOUN>
{-} <MINUS>
{+} <PLUS>
{3} <CLEAR>
{} <ENTER>
{g} <KEY REL>

Generates an AGC interrupt. The command will ask you
for an interrupt number (1-5).

The standby allowed switch lets the AGC software put
the AGC in a standby mode.

Clears the parity alarm. The alarm is generated when an
error occurs (odd parity) in memory.

The VERB key on the DSKY display.

The NOUN key on the DSKY display.

The MINUS key on the DSKY display.

The PLUS key on the DSKY display.

The CLEAR key on the DSKY display.

The ENTER key on the DSKY display.

The KEY RELEASE key on the DSKY display.



Simulator demonstration

Here’s the simulator, demonstrating some COLOSSUS 249 flight software functions. This is
the same scenario | ran in Part 1 using my hardware AGC.

Initialization

At startup, the simulator loads the microinstructions from the EPROM tables. These are the
same tables | eventually used to program the hardware AGC EPROMs.

Reading EPROM: CPM1_8.hex
Reading EPROM: CPM9_16.hex
Reading EPROM: CPM17_24.hex
Reading EPROM: CPM25_32.hex
Reading EPROM: CPM33_40.hex
Reading EPROM: CPM41_48.hex
Reading EPROM: CPM49_56.hex

The simulator is now initialized
and ready for commands.

<LOAD=>

AGC4 SIMULATOR 1.16

The simulator asks, and | enter the name of object files containing the COLOSSUS flight

software.

<POWER UP RESET> <RUN>
<FCLK>

| tell the simulator to start
running, and enable the free-
running clock. The AGC starts
running in real-time with the 1MHz
clock. The DSKY shows major
mode 00 (P0OO).

TP: STBY E1.7:3 0 F13:0 F10:0 SCL:000000
STA: 0 STB:0 BR1:0 BR2:0 SNI:O0 €I:0 LOOPCTR: 0
RPCELL: 00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:00 TC TCOo
CP:GENRST
s: 0000 G:000000 P:000000 (r)RUN :0 (p)PURST:1 (F2,F4)FCLK:0
RBU: 000000 WBU:000000 P2:0 (s)STEP: 0
B:000000 CADR: 000000 (n) INST:1 PALM: [ ]
X:000000 Y:000000 U:000000 (a)sA :0
00 A:000000 15 BANK: 00 36 TIME1:000000 53 OPT Y:000000
01 Q0:000000 16 RELINT: 37 TIME3:000000 54 TRKR X:000000
02 Z:000000 17 INHINT: 40 TIME4:000000 55 TRKR Y:000000
03 LP:000000 20 CYR:000000 41 UPLINK:000000 56 TRKR Z:000000
04 1IN0:000000 21 SR:000000 42 OUTCR1:000000
05 1IN1:000000 22 CYL:000000 43 OUTCR2:000000 CF:[ 1:KR [ 1:PA
06 IN2:000000 23 SL:000000 44 PIPA X:000000
07 IN3:000000 24 ZRUPT:000000 45 PIPA Y:000000 A:[ 1 M:[ ]
10 OUTO: 25 BRUPT:000000 46 PIPA Z:000000 vil 1 N:[ ]
11 OUT1:000000 26 ARUPT:000000 47 CDU X:000000 RlsT 1
12 0OUT2:000000 27 QRUPT:000000 50 CDU Y:000000 R2z[ ]
13 0OUT3:000000 34 OVCTR:000000 51 CDU z:000000 B3zl 1
14 OUT4:000000 35 TIME2:000000 52 OPT X:000000
AGC4 SIMULATOR 1.16 =
TPt TE11 F17:0 F13:2 F10:0 SCL:174274
STA:0 STB:1 BR1:0 BR2:1 SNI:O0 CI:1 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS Ccs1l
CP:NISQ RG WB RSC
S: 3516 G:043514 P:103514 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:003514 wBU:003514 P2:1 (s)STEP: 0
B2 177777 CADR:003516 (n) INST:1 PALM: [*]
X:000000 Y1776 Oz 13FFTT (a)sA  :0
00 A:000000 15 BANK:11 36 TIME1:004372 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:112321 54 TRKR X:100000
02 2:003517 17 INHINT: 40 TIME4:137766 55 TRKR Y:100000
03 LP:000000 20 CYR:177764 41 UPLINK:100000 56 TRKR z:100000
04 1IN0:000000 21 SR:100012 42 OUTCR1:100000
05 IN1:000000 22 CYL:000000 43 OUTCR2:100000 CFs[ JsRR [ ]ePA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ 1 M:[00
10 OUTO: 25 BRUPT:103514 46 PIPA 7:100000 Vil 1 N:[ 1]
11 0OUT1:000200 26 ARUPT:103517 47 CDU X:100000 RlzT ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100000 R2% [ ]
13 0UT3:000000 34 OVCTR:000000 51 CDU z:100000 R3% [ ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000



Display elapsed time from
the CM clock

<VERB> <0> <6> <NOUN> <3>

<6> <ENTER=>

Test display lights
<VERB> <3> <5> <ENTER>
All DSKY lamps and display

segments illuminate for 5 sec;
after 5 sec, the DSKY lamps

extinguish.

Load component 1 for
dataset at octal address
50 with octal 123

<VERB> <2> <1> <NOUN> <0>

<1> <ENTER=>

Verb/noun display flashes: waiting
for address. Flashing is indicated
by the asterisk to the right of the

NOUN display.

AGC4 SIMULATOR 1.16

TP: TP3 F17:0 F13:0 F10:2 SCL:027604
STA:0 STB: 0 BR1:0 BR2:1 SNI:0 EI%0 LOOPCTR: 0
RPCELL: 00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS CCs0
CP:WG WGn
S: 0307 G:050307 P:;110307 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s) STEP:0
B:010307 CADR: 000307 (n) INST:1 PALM: [*
X:000000 Y:003515 U:003515 (a)sa :0
00 A:000000 15 BANK: 07 36 TIME1:011510 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:117437 54 TRKR X:100000
02 Z:003515 17 INHINT: 40 TIME4:137774 55 TRKR Y:100000
03 LP:000000 20 CYR3 X77767 41 UPLINK:100000 56 TRKR Z:100000
04 INO:000034 21 SR:100005 42 OUTCR1:100000
05 1IN1:000000 22 CYL:077765 43 OUTCR2:100000 CF:[ J:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003515 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:110307 46 PIPA Z:100000 V:[06] N:[36]
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 R1:[ +00000 ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100000 R2:[ +00000 ]
13 0UT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ +04442 ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000
AGC4 SIMULATOR 1.16 -- e
TPz TP3 Fli:2 F13:0 Fi0:2 SCL:303260
STA:0 STB: 0 BR1:0 BR2:1 SNI:0 G108 LOOPCTR: 0
RPCELL:00000 1INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS CCs0
CP:WG WGn
S: 0307 G:050307 P:110307 (r)RUN :1 (p) PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s) STEP: 0
B:010307 CADR:000307 (n) INST:1 PALM: [*]
X:000000 Y:083515 U:003515 (a)sa :0
00 A:000000 15 BANK: 06 36 TIME1:114036 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:137444 54 TRKR X:100000
02 Z2:003515 17 INHINT: 40 TIME4:037773 55 TRKR Y:100000
03 LP:000000 20 EYR:177767 41 UPLINK:100000 56 TRKR Z:100000
04 1IN0:000034 21 SR:100011 42 OUTCR1:100000
05 IN1:000000 22 G¥L: 077765 43 OUTCR2:100000 CF: [**] :KR [*]:PA
06 1IN2:000000 23 SL:000000 44 PIPA X:100000
07 1IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[* ] M:[88]
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 V:[88] N:[88] *
11 OUT1:000724 26 ARUPT:103517 47 CDU X:100000 R1:[ +88888 ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100000 R2:[ +88888 ]
13 0UT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ +88888 ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000
AGC4 SIMULATOR 1.16
TP: TP3 F17:2 F1332 F10:0 SCL:236014
STA:0 STB: 0 BR1:0 BR2:1 SNI:0 CIzl LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:00 TC TCO
CP:WG WGn
§: 3514 G:043514 P:103514 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s) STEP:0
B:003514 CADR:003514 (n) INST:1 PALM: [*]
X:000000 Y:003514 U:003515 (a)sSA :0
00 A:000000 15 BANK: 06 36 TIME1:117413 53 OPT Y:000001
01 Q: 003817 16 RELINT: 37 TIME3:113450 54 TRKR X:100000
02 Z:003517 17 INHINT: 40 TIME4:137771 55 TRKR Y:100000
03 LP:000000 20 CYR:177767 41 UPLINK:100000 56 TRKR Z:100000
04 1IN0:000034 21 SR:100000 42 OUTCR1:100000
05 IN1:000000 22 CYL:077765 43 OUTCR2:100000 CE:[ 1zKR [ ]:BA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 V:[21] N:[01] *
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 R1:[ +88888 ]
12 0OUT2:000000 27 QRUPT:102040 50 CDU Y:100000 R2:[ +88888 1]
13 0UT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3: [ ij
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000



<5> <0> <ENTER>

Verb/noun display flash continues:
waiting for data.

<l> <2> <3> <ENTER>

Octal word from R1 is loaded at
address 50.

Start a monitor program
to continuously display
elapsed time from the CM
clock

<VERB> <1> <6> <NOUN> <3>
<6> <ENTER=>

AGC4 SIMULATOR

TP: TP3 F17:0 F1320 F10:0 SCL:162570
STA:0 STB:0 BR1:0 BR2:1 SNI:0 CI:0 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS CCs0
CP:WG WGn
S: 0307 G:050307 P:110307 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s) STEP: 0
B:010307 CADR: 000307 (n) INST:1 PALM: [*]
X:000000 Y:003515 U:003515 (a)sa :0
00 A:000000 15 BANK: 06 36 TIME1:122365 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:116422 54 TRKR X:100000
02 7:003515 17 INHINT: 40 TIME4:137766 55 TRKR Y:100000
03 LP:000000 20 CYR= 1777861 41 UPLINK:100000 56 TRKR Z:100000
04 IN0:000034 21 SR:100002 42 OUTCR1:100000
05 IN1:000000 22 CYL:077727 43 OUTCR2:100000 CF:[ 1:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ 1 M:[00
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 V:[21] N:[01] *
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 B1z [
12 0OUT2:000000 27 QRUPT:102040 50 CDU Y:100000 R2:[ +88888
13 0UT3:000000 34 OVCTR:056046 51 CDU z:100000 R3:[ 50
14 0OUT4:000000 35 TIME2:100000 52 OPT X:100000
AGC4 SIMULATOR 1.16 S
TPy IP7 F1752 F13:0 F10:2 SCL:321004
STA: 0 STB:1 BR1:0 BR2:1 SNI:0 Glel LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS ccs1
CP:RG WB WP RSC
g: 3516 G:043514 P:100000 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:003514 WBU:003514 P2:1 (s) STEP:0
B:000000 CADR:003516 (n) INST:1 PALM: [*]
X:000000 Y:177776 Uz177777 (a)sa :0
00 A:177776 15 BANK: 05 36 TIME1:124044 B3 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:020101 54 TRKR X:100000
02 72:003517 17 INHINT: 40 TIME4:037770 55 TRKR Y:100000
03 LP:000000 20 CYR:177776 41 UPLINK:100000 56 TRKR 2Z:100000
04 1INO:000034 21 SR:100006 42 OUTCR1:100000
05 IN1:000000 22 CYL:077657 43 OUTCR2:100000 CF:[ ]:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 V:[21] N:[01]
11 0UT1:000200 26 ARUPT:103517 47 CDU X:100000 R1: [ 123 ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +88888 ]
13 OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3: [ 50 ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000
AGC4 SIMULATOR 1.16 --
TE: TEL) F17:0 F13:0 F10:2 SCL:165130
STA:0 STB: 0 BR1:0 BR2:0 SNI:O0 CI:1 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:1 UpCELL:000 DnCELL:000 5Q:02 INDEX NDXO0
CP:ST1 WE
§: 0337 G:040300 P:100300 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s)STEP:0
B:000300 CADR: 000337 (n) INST: 1 PALM: [*]
X:000000 Y:003425 U:003426 (a)sA :0
00 A:000000 15 BANK: 07 36 TIME1:126367 53 OPT Y:000001
01 Q:003422 16 RELINT: 37 TIME3:137645 54 TRKR X:100000
02 72:003426 17 INHINT: 40 TIME4:037775 55 TRKR Y:100000
03 LP:000003 20 CYR2155757 41 UPLINK:100000 56 TRKR 2z:100000
04 1IN0:000034 21 SR:100011 42 OUTCR1:100000
05 1IN1:000000 22 CYL:077765 43 OUTCR2:100000 CF:] 1:KR [ ]:sPA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003515 45 PIPA Y:100000 A:[ *] M:[00]
10 OUTO: 25 BRUPT:110307 46 PIPA Z:100000 V:[16] N:[36
11 0OUT1:000201 26 ARUPT:103517 47 CDU X:100000 R1:[ +00000 ]
12 OUT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00001
13 OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ +05423 ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000

1.16




Display component 1 of
dataset at octal address
50

<VERB=> <0> <1>

The key rel light flashes because
the CM clock monitor program has
been suspended. This is indicated

by an asterisk in the KR display
above the DSKY.

<NOUN> <0> <1> <ENTER>

Verb/noun display flashes: waiting
for address.

<5> <0> <ENTER>

Octal word from address 50 is
displayed in R1.

AGC4 SIMULATOR 1.16

TP: TP11  F17:2 F13:0 F10:2  SCL:247710
STA:0 STB:2 BR1:0 BR2:0 SNI:0 CI:1  LOOPCTR:O
RPCELL: 00000 INH1:0 INH:1 UpCELL:000 DnCELL:000 SQ:15 TS STD2
CP:NISQ
S: 2774  G:032050 P:032050  (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU: 000000 WBU:000000 P2:0 () STEP: 0
B:032050 CADR:002774  (n)INST:1 PALM: [*]
X:000000  Y:002774  U:002775  (a)SA :0
00  A:000111 15 BANK:06 36 TIME1:030020 53  OPT Y:000001
01  Q:002765 16 RELINT: 37 TIME3:037641 54 TRKR X:100000
02 7:002775 17 INHINT: 40 TIME4:137771 55 TRKR Y:100000
03 LP:000000 20  CYR:155757 41 UPLINK:100000 56 TRKR Z:100000
04 1IN0:000001 21 SR:100011 42 OUTCR1:100000
05 1IN1:000000 22 CYL:077765 43 OUTCR2:100000 CF:[ *]:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 1IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ *] M:[00
10 OUTO: 25 BRUPT:103514 46 PIPA %:100000 v:[01] N:[36
11 OUT1:000221 26 ARUPT:103517 47 CDU X:100000  R1:[ +00000
12 OUT2:000000 27 QRUPT:102040 50 CDU Y:100123  R2:[ +00001
13 QUT3:000000 34 OVCTR:056046 51 CDU 2:100000  R3:[ +05762
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000
Coup . uav
AGC4 SIMULATOR 1.16
TP: TP11  F17:0 F13:0 F10:2  SCL:125100
STA:0 STB:1 BR1:0 BR2:1 SNI:0 CI:1  LOOPCTR:0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS cesl
CP:NISQ RG WB RSC
S: 3516 G:043514 P:103514  (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:003514 WBU:003514 P2:1 (s) STEP:0
B:177777 CADR:003516  (n) INST:1 PALM: [*
X:000000 Y:177776  U:177777  (a)SA :0
00  A:000000 15 BANK:06 36 TIME1:131747 53  OPT Y:000001
01  Q:003517 16 RELINT: 37 TIME3:037731 54 TRKR X:100000
02 7:003517 17 INHINT: 40 TIME4:137772 55 TRKR Y:100000
03 LP:000000 20  CYR:155757 41 UPLINK:100000 56 TRKR Z:100000
04 INO:000034 21 SR:100000 42 OUTCRL:100000
05 IN1:000000 22  CYL:077765 43 OUTCR2:100000  CF:[ *]:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 1IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 v:[01] N:[01] *
11 OUT1:000220 26 ARUPT:103517 47 CDU X:100000  R1:[ +00000
12 OUT2:000000 27 QRUPT:102040 50 CDU Y:100123  R2:[ +00001
13 OUT3:000000 34 OVCTR:056046 51 CDU Z:100000  R3:[ ]
14 OUT4:000000 35 TIME2:100000 52 OPT X:100000
Lewp. LaL
AGC4 SIMULATOR 1.16
TP: TP7 F17:0 F13:2 F10:0  SCL:070374
STA:0 STB:2 BR1:0 BR2:0 SNI:0 CI:1  LOOPCTR:0
RPCELL:00000 INH1:0 INH:1 UpCELL:000 DnCELL:000 $Q:03 XCH STD2

CP:RG WB WP RSC
G:060337 P:100000
WBU:020337 P2:0

S:
RBU:
B:
4]

A:

Q:

Z:
LP:
INO:
IN1:
IN2:
IN3:
OUTO:
OUTY ¢
ouT2:
OUT3:
OUT4:

3425
020337
000000
000000

000000
003422
003426
000000
000034
000000
000000
000000

000221
000000
000000
000000

CADR:003425

Y:003425 U:003426

BANK: 06
RELINT:
INHINT:

CYR:177776
SR:100005
CYL:100246
SL:000000
ZRUPT: 003517
BRUPT:103514
ARUPT:103517
QRUPT:102040
OVCTR:056046
TIME2:100000

36
37
40
41
42
43
44
45
46
47
50
al.
52

(r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0

(s)STEP: 0
(n) INST:1
(a)sA :0

TIME1:033130
TIME3:037644
TIME4:137774
UPLINK:100000
OUTCR1:100000
OUTCR2:100000
PIPA X:100000
PIPA Y:100000
PIPA Z:100000
CDU X:100000
CDU Y:100123
CDU Z:100000
OPT X:100000

PALM: [*]

53
54
55
56

OPT Y:000001
TRKR X:100000
TRKR Y:100000
TRKR 2:100000

CF:[ *]:KR [ ]:PA

A:[ *] M:[00]
V:[01] N:[01]
RIzT 00123 ]
R2:[ +00001 ]
R3: [ 50 ]



Increment the address
<NOUN> <1> <5> <ENTER>

Octal word from address 51 is
displayed in R1, address in R3.

<ENTER>

Octal word from address 52 is
displayed in R1, address in R3.

Resume the CM clock
monitor program

<KEY REL>
Verb 16, noun 36 reappears, along

with the clock display. Notice that
the KR light (asterisk) goes out.

AGC4 SIMULATOR

1.16

TR TP1 F17:2 F13:2 F10:2 SCL:233304
STA:0 STB: 0 BR1:0 BR2:1 SNI:0 Cizl LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:00 TC TCO
CP:RG WB WP RSC
S: 3514 G:050307 P:103514 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:010307 WBU:010307 P2:1 (s) STEP: 0
B:003514 CADR:003514 (n) INST:1 PALM: [*]
X:000000 Y:003514 U:003515 (a)SA :0
00 A:000000 15 BANK:06 36 TIME1:100012 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:137771 54 TRKR X:100000
02 7Z:003517 17 INHINT: 40 TIME4:137766 55 TRKR Y:100000
03 LP:000000 20 CYR:077777 41 UPLINK:100000 56 TRKR Z:100000
04 IN0:000034 2% SR:100005 42 OUTCR1:100000
05 1IN1:000000 22 CYL:100000 43 OUTCR2:100000 CEsl *]sBKR [ J:BA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA 7z:100000 V:[01] N:[15]
11 0UT1:000220 26 ARUPT:103517 47 CDU X:100000 R1:[ 00000
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00001
13 0OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ 00051
14 OUT4:000000 35 TIME2:000001 52 OPT X:100000
Lo Lac
AGC4 SIMULATOR 1.16 =
TPy TP3 F17:0 F13:0 F10:2 SCL:025640
STA:0 STB:0 BR1:0 BR2:1 SNI:0 CI:0 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:C00 DnCELL: 000 SQ:01 CCs CCs0
CP:WG WGn
s: 0307 G:050307 P:110307 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:000000 WBU:000000 P2:1 (s) STEP: 0
B:010307 CADR:000307 (n) INST:1 PALM: [*]
X:000000 Y:003515 U:003515 (a)sA :0
00 A:000000 15 BANK: 06 36 TIME1:100707 53 OPT Y:000001
01 0:003517 16 RELINT: 37 TIME3:037762 54 TRKR X:100000
02 Z:003515 17 INHINT: 40 TIME4:037773 55 TRKR Y:100000
03 LP:000000 20 CYR: 077777 41 UPLINK:100000 56 TRKR Z:100000
04 1INO:000034 21 SR:100005 42 OUTCR1:100000
05 1IN1:000000 22 CYL:100000 43 OUTCR2:100000 CF:[ *]:KR [ ]1:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00
10 OUTO: 25 BRUPT:103514 46 PIPA 2z:100000 V:[01] N:[15]
11 OUT1:000220 26 ARUPT:103517 47 CDU X:100000 Rlsl 00000 1
12 OUT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00001
13 OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ 00052 ]
14 OUT4:000000 35 TIME2:000001 52 OPT X:100000
o cac
AGC4 SIMULATOR 1.16
TEE MPLL F17:2 Fl3:2 F10:0 SCL:356540
STA:0 STB:2 BR1:0 BR2:0 SNI:0 Cizl LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:17 MASK STD2
CP:NISQ
S: 7172 G:010000 P:010000 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU: 000000 WBU:000000 P2:0 (s)STEP:0
B:010000 CADR:013172 {n) INST:1 PALM: [*]
X:000000 Y:007172 U:007173 (a)sa :0
00 A:000001 15 BANK: 05 36 TIME1:102263 B3 OPT Y:000001
01 Q:000002 16 RELINT: 37 TIME3:137706 54 TRKR X:100000
02 7:007173 17 INHINT: 40 TIME4:137777 55 TRKR Y:100000
03 LP:140002 20 CYR:177767 41 UPLINK:100000 56 TRKR Z:100000
04 IN0:000031 21 SR:100001 42 OUTCR1:100000
05 1IN1:000000 22 CYL:077765 43 OUTCR2:100000 CF:[ 1:KR [ ]:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 1IN3:000000 24 ZRUPT:003564 45 PIPA Y:100000 A:[ *] M:[00]
10 OUTO: 25 BRUPT:120576 46 PIPA 7:100000 V:[16] N:[36
11 OUT1:000201 26 ARUPT:003561 47 CDU X:100000 R1:[ +00000 ]
12 0OUT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00002 )]
13 OUT3:000000 34 OVCTR:156042 51 CDU Z:100000 R3:[ +05466
14 0OUT4:000000 35 TIME2:000001 52 OPT X:100000



Terminate the CM clock
monitor program

<VERB> <3> <4> <ENTER>

Change major mode to
POO

<VERB> <3> <7> <ENTER>

Verb/noun display flashes:
waiting for major mode.

<0> <0> <ENTER=>

AGC4 SIMULATOR 1.16

Lo Lo

TP: TPLL F17%2 F13:0 Fl10:2 SCL:341604
STA: 0 STBi0 BR1:0 BR2:1 SNI: 0 CTsl LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:00
CP:NISQ
S: 3514 G:050307 P:110307 RUN :1 (p)PURST:0

RBU:000000 WBU:000000 P2:1

TC TCO

(F2,F4) FCLK: 0

B:010307 CADR:003514 .2 PALM: [*]
X:000000 Y:003514 U:003515 sa :0
00 A:000000 15 BANK: 06 36 TIME1:004655 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:011643 54 TRKR X:100000
02 Z:003515 17 INHINT: 40 TIME4:037775 55 TRKR Y:100000
03 LP:000000 20 CYR ;1556757 41 UPLINK:100000 56 TRKR Z:100000
04 IN0:000034 21 SR:100011 42 OUTCR1:100000
05 1IN1:000000 22 ©¥L: 077768 43 OUTCR2:100000 CF:[ ]:KR [ ]:PA
06 1IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA 7:100000 V:[34] N:[36]
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 R1:[ +00000 ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00002 ]
13 OUT3:000000 34 OVCTR:056046 51 CDU z:100000 R3:[ +05813 ]
14 OUT4:000000 35 TIME2:000001 52 OPT X:100000
AGC4 SIMULATOR 1.16
TP: TPZ Fi7:0 F13:0 F10:0 SCL:100220
STA: 0 STB:1 BR1:0 BR2:1 SNI:0 151 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS ccsl
CP:RG WB WP RSC
S: 3516 G:043514 P:100000 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:003514 WBU:003514 P2:1 (s)STEP: 0
B:000000 CADR: 003516 (n) INST:1 PALM: [*
X:000000 Y: 177776 U l71447 (a)sa :0
00 A:177776 15 BANK: 06 36 TIME1:006534 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:013522 54 TRKR X:100000
02 Zz:003517 17 INHINT: 40 TIME4:037770 55 TRKR Y:100000
03 LP:000000 20 CYR: 155757 41 UPLINK:100000 56 TRKR Z:100000
04 1IN0:000034 21 SR:000004 42 OUTCR1:100000
05 1IN1:000000 22, CYT: 077765 43 OUTCR2:100000 CF¢[ 1:ER [ J:BA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA Z:100000 VE[BR] M ] ¥
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 R1:[ +00000 ]
12 0OUT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2:[ +00002 ]
13 0OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3:[ +05813
14 0OUT4:000000 35 TIME2:000001 52 OPT X:100000
AGC4 SIMULATOR 1.16
Tes TPLL F1722 F13:2 F10:0 SCL:352620
STA: 0 STB:0 BR1:0 BR2:1 SNI:0 CI:0 LOOPCTR: 0
RPCELL:00000 INH1:0 INH:0 UpCELL:000 DnCELL:000 SQ:01 CCS CCso0
CP:RU ST1 WZ WE
S: 0307 G:040000 P:100000 (r)RUN :1 (p)PURST:0 (F2,F4)FCLK:0
RBU:003516 WBU:003516 P2:1 (s) STEP: 0
B:000000 CADR: 000307 (n) INST:1 PALM: [*
X:000001 ¥:003515 U:003516 (a)sa :0
00 A:177776 15 BANK:11 36 TIME1:010461 53 OPT Y:000001
01 Q:003517 16 RELINT: 37 TIME3:036721 54 TRKR X:100000
02 Zz:003515 17 INHINT: 40 TIME4:137765 55 TRKR Y:100000
03 LP:000000 20 CYR:177764 41 UPLINK:100000 56 TRKR Z:100000
04 IN0:000034 21 SR:100012 42 OUTCR1:100000
05 1IN1:000000 22 €Y¥L: 077765 43 OUTCR2:100000 CF:[ 1:KR [ 1:PA
06 IN2:000000 23 SL:000000 44 PIPA X:100000
07 1IN3:000000 24 ZRUPT:003517 45 PIPA Y:100000 A:[ ] M:[00]
10 OUTO: 25 BRUPT:103514 46 PIPA 7:100000 vil 1 N:[ 1]
11 OUT1:000200 26 ARUPT:103517 47 CDU X:100000 R1:[ ]
12 0UT2:000000 27 QRUPT:102040 50 CDU Y:100123 R2: [ 1
13 OUT3:000000 34 OVCTR:056046 51 CDU Z:100000 R3sl 1
14 OUT4:000000 35 TIME2:000001 52 OPT X:100000



The 20-or-so

subsystems in the AGC DSKSY INPOT
are represented by C++ SR Z s =
classes. There are some EEh Ivp
additional classes for — oOTPOT ey,
registers and other DISPLAY 3 ] Rees [ [— NGNS PDORESS Bus
things. 0sp 5 DU — ™ a
y 4
. Al AlG

I wanted a simulator mafﬁmz PRIORITY a1
architecture I could S i 4 ‘2 et
develop quickly that o CTR 3l w (e
would easily and directly 2l 3 3

) CLOCK. <cALE | ) I0mEeDPT] g o MEmOR |
map to a hardware logic > — e PRORITY | BOFFER.
design.'l went through CLK e T f— neF |
16 versions of the ¥ 16 .
simulator; they're TIME CENTRAL PARTY |

) PULSE REGS CEN
discussed at the top of GEN , | |
the AGCMain.cpp file TP(; qumg;gs L
which cc.)n'talns, e ik Eaea,
unsurprisingly, the SEl R LU
main(). cen cem ALU AGL BLOCK T
SUBSYSTEMS

If you want to run the //# &-17-0Z

simulator, you can
compile it from the
source code given here. To run it, you’ll also need the assembler (discussed in part 6), some
AGC software (parts 8 and 9), and the EPROM tables in Motorola S-Record format. The C++
code to generate these tables is given at the end of part 2.

Here it is, warts and all...



Main (AGCMain.cpp)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

AGC4 (Apoll o Guidance Conputer) BLOCK | Sinulator

*

EEE N S IR I TR I I R R R R SR R N I T IR N I N T N R R N R A A N

AUTHOR: John Pul t orak
DATE: 07/ 29/02
FI LE: AGCrrai n. cpp
VERSI ONS:
1.0 - initial version.
1.1 - fixed mnor bugs; passed automated test and checkout prograns:

tecol.asm teco2.asm and teco3.asmto test basic instructions,
extended instructions, and editing registers.

deconposed architecture into subsystens; fixed mnor bug i n DSKY
keyboard logic (not tested in current teco*.asmsuite).
I npl enent ed scal er pul ses F17, F13, F10. Tied scaler output to
i nvol untary counters and interrupts. |nplenmented counter overflow
logic and tied it to interrupts and other counters. Added sinple
set/cl ear breakpoint. Fixed a bug in bank addressing.

fixed bugs in the DSKY. Added 14-bit effective address (CADR) to the
simul ator display output. Inhibited interrupts when the operator
singl e-steps the ACC.

per formance enhancenents. Recoded the control pul se execution code
for better sinulator performance. Also changed the nain loop so it
pol I s the keyboard and systemclock | ess often for better perfornance.

reversed the addresses of TIMELl and TIME2 so TIME2 occurs first.
This is the way its done in Block Il so that a comon routine (READLO
can be used to read the double word for AGC tinme.

added indicators for 'CHECK FAIL' and 'KEY RELS . Mapped themto OUTL,
bits 5 and 7. Added a function to display the current location in
the source code list file using the current CADR

increased | ength of 'examine' function display. Any changes in DSKY now
force the simulator to update the display i medi ately. Added a 'watch’
function that | ooks for changes in a nmenory |location and halts the
ACGC. Added the 'UPTL', 'COWP', and "PROG ALM' |ights to the DSKY.

started reorgani zing the sinulator in preparation for HWI ogi c design.
El i mi nated slow (1Hz) clock capability. Renoved BUS REQUEST f eature.
El i m nated SWRST switch.

elimnated the inclusive 'OR of the output for all registers onto the
R/ ' Wbus. The real AGC OR ed all register output onto the bus; normally
only one register was enabled at a time, but for some functions several
wer e simultaneously enabled to take advantage of the 'OR function (i.e.:
for the MASK instruction). The updated logic will use tristate outputs
to the bus except for the few places where the 'OR function is actually
needed. Moved the parity bit out of the Gregister into a 1-bit G15
register. This was done for conveni ence because the parity bit in G
is set independently fromthe rest of the register.

noved the GL5 parity register from MBF to the PAR subsystem Merged SBFWG
and SBEWS pul ses into a single SBWG pul se. Del eted the CLG pul se for MF
(not needed). Separated the ALU read pul ses fromall others so they can
be executed last to inplenment the ALU inclusive OR functions. Inplenented
separate read and wite busses, |inked through the ALU. |nplenented test
parity (TP) signal in PAR added parity alarm (PALM FF to latch PARITY
ALARM i ndi cator in PAR

consol i dat ed address testing signals and noved themto ADR Myved nmenory
read/wite functions fromMBF to MEM Merged EMM and FMM subsystens into
MEM Fi xed a bad logic bug in witeMenory() that was causing the | oad of
the fixed menmory to overwite array boundari es and cl obber the CPMtable.
Added a nenory bus ( MEM DATA BUS, MEM PAR TY_BUS) .

reduced the nunber of involuntary counters (CTR) from20 to 8. Hininated
the SHI NC subsequence. Changed the (CTR) sequence and priority registers into
a single synchronization register clocked by WPCTR. Elimnated the fifth
interrupt (UPRUPT; INT). Elinmnated (OUT) the signal to read from output
register 0 (the DSKY register), since it was not used and did not provide
any useful function, anyway. Deleted register OUTO (OUT) which shadowed
the addressed DSKY register and did not provide any useful function.
El i mi nated the unused logic that sets the parity bit in OUT2 for downlink
tel emetry.

reorgani zed the CPMcontrol pulses into CPMA, CPM B, and CPM C groups.
Added the SDv1l, SMP1, and SRSMB control pulses to CPMA to indicate when
those subsequences are active; these signals are input to CPMC Mved the
I SD function into CPMA. Fixed a mnor bug causi ng subsequence RSMB to be
di spl ayed as RSM). Added GENRST to clear nost registers during STBY.
Moved CLISQto TPl to fix a problemin the hardware AGC. CLI SQ was cl earing



L R S I R N TR R N

*

SNI on QLK2 at TP12, but the TPG was advanci ng on CLK1 whi ch occurs after
CLK2, so the TPG state nachine was not seeing SNI and was not noving to
the correct state. In this software sinulation, everything advances on
the sane pulse, so it wasn't a problemto clear SNI on TP12. Added a
switch to enabl e/ disabl e the scal er
1.15 - Reenabled interrupts during stepping (by removing MON : RUN) signals from
CPM A and CPMC logic). Interrupts can be prevented by disabling the scaler
Fixed a problemwi th I NHINT1; it is supposed to prevent an interrupt
between instructions if there's an overflow. It was supposed to be cleared
on TP12 after SNI (after a newinstruction), but was being cleared on TP12
after every subsequence
1.16 - Changed CPM A to |oad and use EPROM tables for the control pulse matrix. The
EPROM t abl es are negative |ogic (O=asserted), but this sinulator expects
positive logic, so each word is bit-flipped when the EPROM t ables | oad
during sinmulator initialization
SOURCES:
Mostly based on information from"Logical Description for the Apollo Guidance
Conputer (AGC4)", Albert Hopkins, Ranmon Al onso, and Hugh Blair-Smth, R-393
M T Instrunmentation Laboratory, 1963.

PORTABI LI TY:
Conpiled with Mcrosoft Visual C++ 6.0 standard edition. Should be fairly
portable, except for some Mcrosoft-specific I/Oand tinmer calls in this file.

NOTE: set tabs to 4 spaces to keep colums formatted correctly

R R R R R R R R R R R R E]

*/
#

ncl ude <coni o. h>

#i ncl ude <iostream h>
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude <coni o. h>

#i ncl ude <stdio. h>

#i ncl ude <tine. h>

#i ncl ude <ctype. h>

#i ncl ude "reg. h"
#i ncl ude "TPG h"
#i ncl ude "MON. h"
#i ncl ude "SCL. h"
#i ncl ude " SEQ h"
#i ncl ude "INP. h"
#i ncl ude "QJT. h"
#i ncl ude "BUS. h"
#i ncl ude "DSP. h"
#i ncl ude "ADR. h"
#i ncl ude "PAR h"
#i ncl ude "MBF. h"
#i ncl ude "MEM h"
#i ncl ude "CTR h"
#i ncl ude "INT. h"
#i ncl ude "KBD. h"
#i ncl ude "CRG h"
#i ncl ude "ALU. h"
#i ncl ude "CPM h"
#i ncl ude "1SD. h"
#i ncl ude "CQLK. h"

extern bool dskyChanged;

/1--

/1 CONTROL LOG C

voi d genAGCSt at es()

{
/1

/1 1) Decode the current instruction subsequence (glbl_subseq).
SEQ : gl bl _subseq = CPM:instructionSubsequenceDecoder ()

/1 2) Build a list of control pulses for this state.
CPM : control Pul seMatrix();



/1 3) Execute the control pulses for this state. In the real AGC, these occur
/1 simultaneously. Since we can't achieve that here, we break it down into the
/1 follow ng steps:

/'l Most operations involve data transfers--usually reading data from

/! a register onto a bus and then witing that data into another register. To
/1 approxinate this, we first iterate through all registers to perform

/1l the 'read' operation--this transfers data fromregister to bus.

/1 Then we again iterate through the registers to do 'wite' operations,

/1 which nove data fromthe bus back into the register.

BUS: : gl bl _READ BUS = 0; /'l clear bus; necessary because words are | ogical
// OR ed onto the bus.
MEM : MEM DATA BUS 0; /1 clear data lines: nenory bits 15-1

MEM : MEM _PARI TY_BUS 0; [/l parity line: menory bit 16
/1 Now start executing the pul ses:

/1 First, read register outputs onto the bus or anywhere el se.

int i;
for(i=0; i<MAXPULSES && SEQ : gl bl _cp[i] != NO PULSE; i ++)
{
CLK: : doexecR(SEQ : gl bl _cp[i]);
}

/'l Next, execute ALU read pul ses. See comments in ALU .C file
ALU: : gl bl _BUS = O;
for(i=0; i<MAXPULSES & SEQ : gl bl _cp[i] != NO_PULSE; i ++)

CLK: : doexecR_ALU(SEQ : gl bl _cp[i]);

}
BUS: : gl bl _WRI TE BUS = BUS: : gl bl _READ BUS; // in case nothing is logically OR ed bel ow,

for(i=0; i<MAXPULSES &% SEQ : gl bl _cp[i] != NO PULSE; i ++)
{
CLK: : doexecR_ALU OR(SEQ : gl bl _cp[i]);
}
/1 Now, wite the bus and any other signals into the register inputs.
for(i=0; i<MAXPULSES & SEQ : gl bl _cp[i] != NO_PULSE; i++)
{
CLK: : doexecW SEQ : gl bl _cp[i]);
}

/1 Al ways execute these pul ses.
SCL: : doexecWP_SCL();
SCL: : doexecWP_F17();
SCL: : doexecWP_F13();
SCL: : doexecWP_F10();
TPG: : doexecWP_TP{E ) ;

[ = = e e e e e e
/1 SIMULATION LOG C

/1 contains prefix for source filename; i.e.: the portion
/1 of the filenanme before .obj or .Ist
char filename[80];

char* get Command(char* pronpt)
{
static char s[80];
char* sp =s;
cout << pronpt; cout.flush();

char key;
whil e((key = _getch()) != 13)
{

if(isprint(key))
{

cout << key; cout.flush();
*sp = key; sp++;



else if(key == 8 && sp != s)
{

cout << key << " " << key; cout.flush();
sp--;
}
*sp = '\0';
return s;

}

bool breakpoi nt Enab = fal se;
unsi gned breakpoint = 0;
voi d t oggl eBr eakpoi nt ()

i f(!breakpoi nt Enab)
{

char b[80];

strcpy(b, get Conmand("Set breakpoint: -- enter 14-bit CADR (octal):

cout << endl;

breakpoint = strtol (b,0,8);
br eakpoi nt Enab = true;

cout << "Clearing breakpoint." << endl;
br eakpoi nt Enab = fal se;

bool watchEnab = fal se;
unsi gned wat chAddr = 0;
unsi gned ol dWat chVval ue = 0;
voi d toggl eWat ch()

{

i f (!wat chEnab)

char b[80];

strcpy(b, get Command("Set watch: -- enter 14-bit CADR (octal):

cout << endl;

wat chAddr = strtol (b, 0, 8);
wat chEnab = true;
ol dWat chVal ue = MEM : readMenor y(wat chAddr) ;

char buf[100];
sprintf(buf, "%60: 960", watchAddr, ol dWatchVal ue);
cout << buf << endl;

cout << "Clearing watch." << endl;
wat chEnab = fal se;

char cntrname[ 80] ;

strcpy(cntrnane, get Conmand("I|ncrenent counter: -- enter pcell (0-19):

cout << endl;

= atoi (cntrnane);

CTR: : pcUp[pc] = 1;

el se
{
}
}
void incrCntr()
{
i nt
}

voi d decrCntr ()
{

char cntrname[ 80] ;

strcpy(cntrnane, get Conmand("Decrenent counter: -- enter pcell (0-19):

cout << endl;

i nt

= atoi (cntrnane);

CTR: : pcDn[pc] = 1;

"))

"))

"))

"))



void interrupt()

char iname[80];
strcpy(i name, getConmand("Interrupt: -- enter priority (1-5): "));
cout << endl;

int i = atoi(inane) - 1;
INT: :rupt[i] = 1;

#i f def NOTDEF
/1 Load AGC nenmory fromthe specified file object file
voi d | oadMenory()

{
strcpy(fil ename, get Coonmand("Load Menory -- enter filename: "));
cout << endl;
/1 Add the .obj extension.
char fname[80];
strcpy(fnane, filenane);
strcat(fnane, ".obj");
FILE* fp = fopen(fname, "r");
if(!'fp)
{ .
perror(“fopen failed:");
cout << "*** FRROR Can't load nermory for file: " << fname << endl;
return;
unsi gned addr;
unsi gned dat a;
whil e(fscanf(fp, "% %", &addr, &data) != EOF)
{
MEM : wri teMenory(addr, data);
}
fclose(fp);
cout << "Menory | oaded." << endl;
}
#endi f

static int |loadBuf [Oxffff+1]; // tenpory buffer for assenbling H L nenory data

voi d | oadEPROM char* fil eName, bool hi ghBytes)

{
cout << "Reading EPROM " << fileName << endl;

/1 Open the EPROM file.

FILE* ifp = fopen(fileNane, "r");

if(lifp)

{ . .
perror(“fopen failed for source file");
exit(-1);

}

const int addressBytes = 3; // 24-bit address range
const int sunCheckBytes = 1;

char buf[4096]; // buffer holds a single S-Record
whi | e(fgets(buf, 4096,ifp))
{

/1 process a record

if(buf[0] !'="'S")

{
cout << "Error reading start of EPROMrecord for: " << fileNanme << endl;
exit(-1);

}

char tnp[256];

strncpy(tmp, &buf[2], 2); tnp[2] = "\0";
int total ByteCount = strtol (tnp, 0, 16);
int mySunCheck = total ByteCount & Oxff;



strncpy(tnp, &buf[4], 6); tnp[addressBytes*2] = '\0';

int address = strtol (tnp, 0, 16);

mySuntCheck = (mySunCheck + ((address & Oxff0000) >> 16)) % 256;
mySuntCheck = (mySunCheck + ((address & 0x00ff00) >> 8)) % 256;
mySuntCheck = (mySunCheck + ((address & 0x0000ff) )) % 256;
//cout << hex << totalByteCount << ", " << address << dec << endl;

int dataBytes = total ByteCount - addressBytes - sunCheckByt es;

int i = (addressBytes+2)*2; // index to 1lst databyt
for(int j=0; j<dataBytes; j++)

/1l get a data byte

strncpy(tmp, &buf[i], 2); tnp[2] = "\0";
int data = strtol (tmp, 0, 16);

//cout << hex << data << dec << endl;
mySuntCheck = (mySunCheck + data) % 256;

i f (hi ghBytes)
{

| oadBuf [ addr ess] = | oadBuf [ addr ess]
}él se
{ | oadBuf [ addr ess] = | oadBuf [ addr ess]
addr ess++;

i+=2; // bunp to next databyte char

}
strncpy(tnmp, &buf[i], 2); tnp[2] = "\0";
int sumCheck = strtol (tnp, 0, 16);

i f(sunCheck != ((~mySunCheck) & Oxff))

e char.

| ((data << 8) & 0xff00);

| (data & Oxff);

cout << "sunCheck failed; file: " << fil eNane
<< ", address: " << hex << address
<< ", suntCheck: " << suntheck << ", nySuntCheck:
<< dec << endl;

exit(-1);

}
fclose(ifp);
cout << "Menory | oaded." << endl;

/1 Load AGC nenmory fromthe specified EPROMfil es

voi d | oadMenory()

{

strcpy(fil enane, get Command("Load Menory -- enter filenane:
cout << endl;

char fname[80];

/1 Add the _H. hex extension.
strcpy(fnane, filenane);
strcat (fnane, "_H. hex");

| oadEPROM f nane, true);
/1 Add the _L.hex extension.
strcpy(fnane, filenane);

strcat(fnanme, "_L.hex");

| oadEPROM f nane, fal se);

")),

INEE AR E RS EE R EREEEREEEESEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

// EPROMis now in |oadBuf; nove it to AGC nenory.
/1 AGC fixed nenory only uses NUMFBANK banks.

for(int address=1024; address < 1024* ( NUMFBANK+1); address++)

{

<< nySuntheck

/1 Don't |oad address region 0-1023; that region is allocated



/1 to eraseabl e menory.
//cout << "l oadi ng CADR=" << hex << address << endl;
MEM : wri t eMenory(address, | oadBuf[address]);

INEE AR E R AR R EREEEREEEESEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/!l Wite the entire contents of fixed and
/'l eraseable nenory to the specified file.

/1 Does not wite the registers
voi d saveMenory(char* fil enane)

FILE* fp = fopen(filename, "w');

if(!'fp)
{
perror ("*** ERROR
exit(-1);
char buf[100];
for(unsi gned addr=020; addr<=031777;
{

sprintf(buf, "%60 %060\n",
f put s(buf, fp);

}
fclose(fp);

/!l Returns true if time (s) elapsed since last time it returned true;

}
voi d exam neMenory()
{
char theAddress[20];
strcpy(theAddress, getComrand(" Exam
cout << endl;
unsi gned address = strtol (theAddress,
char buf[100];
for(unsi gned i=address; i<address+23;
sprintf(buf, "9%960: 960",
cout << buf << endl;
}
}
/! search for "Tine Managenent"
bool checkH apsedTi ne(time_t s)
{
if(!s) return true;
static clock_t start = clock();
clock_t finish = clock();
doubl e duration = (double)(finish -
if(duration >=s)
start = finish;
return true;
return fal se;
}

/1 Blocks until
voi d del ay(tine_t s)

if(!s) return;

clock_t start = clock();
clock_t finish = 0;
doubl e duration = O;

do
{

finish = clock();

}
whi |l e((duration = (double)(finish -

addr,

fopen failed:");

addr ++)

MEM : r eadMenor y(addr));

ne Menory --

0, 8);

i ++)

i, MEM:readMermory(i));

start) / CLOCKS_PER SEC,

time (s) has el apsed.

start) / CLOCKS_PER SEC) < s);

enter address (octal): "));

does not

bl ock



}
voi d updat eAGCDI spl ay()

{
static bool displayTinmeout = fal se;
static int clockCounter = O;
i f (checkEl apsedTi me(2)) displayTinmeout = true;
i f (MON: : FCLK)
{
i f(MON: : RUN
{
/1 update every 2 seconds at the start of a new instruction
i f(displayTi nmeout || dskyChanged)
{
cl ockCount er ++;
if(
(TPG :register_SGread() == TP12 &&
SEQ :register_SNl.read() == 1) ||
(TPG :register_SG read() == STBY) ||
cl ockCounter > 500 ||
dskyChanged)
{
MON: : di spl ayAGC() ;
di spl ayTi meout = fal se;
cl ockCounter = O0;
dskyChanged = fal se;
}
}
}
el se
{ . .
static bool displayOnce = fal se;
if(TPG :register_SGread() == WAIT)
i f(displayOnce == fal se)
{
MON: : di spl ayAGC() ;
di spl ayOnce = true;
cl ockCounter = O;
}
}
el se
{ .
di spl ayOnce = fal se;
}
}
}
el se
MON: : di spl ayAGC(); // When the clock is manual or slow, always update.
}
voi d showMenu()
{
cout << "AGA EMULATOR MENU:. " << endl;
cout << " 'r' = RUN: toggle RUNHALT switch upward to the RUN position." << endl;
}
const int startCol = 0; /1 columms are nunbered 0-n
const int colLen = 5; /'l nunber of chars in colum

const int maxLi nes
const int noffset

23; /1 # of total lines to display
10; /1l # of lines prior to, and including, selected line

const int maxLineLen = 79;
voi d showSour ceCode()

/1 Add the .I|st extension.
char fname[80];
strcpy(fnane, filenane);
strcat(fnane, ".lst");

/1 Open the file containing the source code listing.
FILE* fp = fopen(fname, "r");
if(!'fp)



voi d mai n(int argc,

{

perror("fopen failed:");
cout << "*** ERROR Can't
return;

cout << endl;

| oad source list file:

<< fnane << endl;

/1 Get the address of the source code line to display.
/1l The address we want is the current effective address is the

/1 S and bank registers.
char CADR[ col Len+1];
sprint f ( CADR,

int op =0; // offset index
long foffset[noffset];
for(int i=0; i<noffset;

bool foundit = fal se;
int lineCount = O;

char s[256];

char val String[ 20];
char out[256];

whil e(!feof(fp))

if(!foundit)
{

"9950", ADR :getEffectiveAddress());

i++) foffset[i]=0;

foffset[op] = ftell (fp);
op = (op + 1) % noffset;

/! Read a line of the source code list file.

if(fgets(s, 256, fp))
{

/Il Get the address (CADR) fromthe line.

strncpy(val String,

s+start Col, col Len);

val String[col Len]="\0";

/1 '"foundit'

if(foundit)

if(strcnp(val String, CADR) == 0)
cout << ">",

el se

cout << "

/1l truncate line so it fits in 80 col
strncpy(out, s,
out [ maxLi neLen]

maxLi neLen) ;
='"\0";

cout << out;

CADR) == 0)

is true after we have found the desired line.

di spl ay

/! Reposition the file pointer back several
/1l we can see the code that preceeds the desired

/1 line, too.

foundit = true;

foffset[op], 0);

I'i neCount ++;
if(lineCount >= nmaxLines)
br eak;
el se
{ . .
if(strcnp(val String,
{
fseek(fp,
}
}

}
%cl ose(fp);

char* argv[])

lines so



CPM
CPM
CPM
CPM
CPM
CPM
CPM

bool

genAGCSt at es() ;
MON: : di spl ayAGC() ;

:readEPROM " CPML_8. hex", CPM : EPROML_8);
:readEPROM " CPMD_16. hex", CPM : EPROVD_16);
:readEPROM " CPML7_24. hex", CPM : EPROML7_24);
: readEPROM " CPMR5_32. hex", CPM : EPROMR5_32);
: readEPROM " CPM33_40. hex", CPM : EPROVB3_40);
: readEPROM " CPMA1_48. hex", CPM : EPROMA1_48);
: readEPROM " CPMA9_56. hex", CPM : EPROVA9_56) ;
singl eCl ock = false;

whi | e( 1)
{

/1 NOTE: assunes that the display is always pointing to the start of
/! a new line at the top of this Ioop!

/1 Cdock the AGC, but between clocks, poll the keyboard

/1 for front-panel input by the user. This uses a Mcrosoft function;
/'l substitute some other non-blocking function to access the keyboard
/1 if you're porting this to a different platform

cout << ">"; cout.flush(); // display pronpt

while( ! _kbhit() )
{

i f(MON:: FCLK || singl ed ock)
{
/1 This is a performance enhancenent. |If the AGC i s running,
/1 don't check the keyboard or sinulator display every
/1 simulation cycle, because that slows the sinulator
/1 down too nuch.
int genStateCntr = 100;
do {
CLK: : cl KAGC() ;
singl eCl ock = fal se;

genAGCSt at es() ;
genStateCntr--;

/1 Needs nore work. It doesn't always stop at the
/1 right location and sonetinmes stops at the
// instruction afterwards, too.
i f (breakpoint Enab &&
br eakpoi nt == ADR: : getEf fectiveAddress())
{

}

MON: : RUN = O;

/1 Halt right after instr that changes a watched
/1l menory location.
i f (wat chEnab)

{
unsi gned newMat chVal ue = MEM : r eadMenor y(wat chAddr) ;
i f (newat chval ue ! = ol dwat chVal ue)
{
MON: : RUN = O;
}
ol dWat chVal ue = newwat chVal ue;
}

} while (MN::FCLK & MON:: RUN && genStateCntr > 0);
updat eAGCDi spl ay();
/1 for convenience, clear the single step switch on TPl; in the
/1 hardware AGC, this happens when the switch is rel eased
i f(MON:: STEP && TPG :register_SGread() == TP1) MON:: STEP = O;
}
char key = _getch();

/'l Keyboard controls for front-panel:
swi tch(key)



/1 AGC control s
/1 simulator controls

case 'q': cout << "QUIT..." << endl; exit(0);
case 'm: showiMenu(); break;

case 'd':
genAGCSt at es() ;

MON: : di spl ayAGC() ;

break; // update display

case '|I': loadMenory(); break;
case 'e': exam neMenory(); break;
case 'f':

showSour ceCode() ;

br eak;
case ']':

incrCntr();

/1 genAGCSt at es() ;
/1 di spl ayAQC( EVERY_CYCLE) ;
br eak;

case '[':
decrCntr();

/1 genAGCSt at es() ;

/1 di spl ayAQC( EVERY_CYCLE) ;
br eak;

case 'i':
interrupt();

/1 genAGCSt at es() ;

/1 di spl ayAQC( EVERY_CYCLE) ;
br eak;

case 'z':
/1SCL::F17 = (SCL:: F17 + 1) % 2;
genAGCSt at es() ;

MON: : di spl ayAGC() ;

br eak;

case 'Xx':
/1SCL::F13 = (SCL::F13 + 1) % 2;
genAGCSt at es() ;

MON: : di spl ayAGC() ;

br eak;

case 'c':
MON: : SCL_ENAB = (MON: : SCL_ENAB + 1) % 2;
genAGCSt at es() ;

MON: : di spl ayAGC() ;

br eak;

case 'r':
MON: : RUN = (MON: : RUN + 1) % 2;
genAGCSt at es() ;

if(!MON:: FOLK) MON: : di spl ayAG() ;
br eak;

case 's':
MON: : STEP = (MON: : STEP + 1) % 2;
genAGCSt at es() ;

if(!MON:: FOLK) MON: : displ ayAG() ;
br eak;

case 'a':

MON: : SA = (MON::SA + 1) % 2;
genAGCSt at es() ;

MON: : di spl ayAGC() ;

br eak;

case 'n':
MON: : I NST = (MON:: INST + 1) % 2;
genAGCSt at es() ;



MON: : di spl ayAGC() ;
br eak;

case 'p':

MON: : PURST = (MON: : PURST + 1) % 2;
genAGCSt at es() ;

MON: : di spl ayAGC() ;

br eak;
case 'b':

t oggl eBr eakpoi nt () ;

br eak;
case 'y':

t oggl eVat ch();

br eak;
case '

/1 Cear ALARM i ndicators

PAR: : CLR_PALM) ; /1l Asynchronously clear PARITY FA L

MON: : di spl ayAGC() ;

br eak;

/1 DSKY:
case '0': KBD::keypress(KEYIN_0); break;
case '1': KBD:: keypress(KEYIN_1); break;
case '2': KBD::keypress(KEYIN_2); break;
case '3': KBD:: keypress(KEYI N _3); break;
case '4': KBD::keypress(KEYI N _4); break;
case '5': KBD:: keypress(KEYI N 5); break;
case '6': KBD::keypress(KEYI N_6); break;
case '7': KBD:: keypress(KEYIN_7); break;
case '8': KBD::keypress(KEYI N _8); break;
case '9': KBD:: keypress(KEYI N 9); break;
case '+': KBD:: keypress(KEYI N_PLUS); break;
case '-': KBD:: keypress(KEYI N M NJS); break;

case '.' KBD: : keypr ess(KEYI N_CLEAR); break;

case '/': KBD: : keypress(KEYlI N_VERB); break;

case '*': KBD:: keypress(KEYI N_NOW); break;

case 'g': KBD:: keypress(KEYlI N_KEY_RELEASE); break;
case 'h': KBD:: keypress(KEYl N_.ERROR RESET); break;
case 'j': KBD:: keypress(KEYlI N _ENTER); break;

case '\0': // nust be a function key
key = _getch();
swi tch(key)

case 0x3b: // F1: single clock pul se (when system clock off)
singl eC ock = true; break;
case 0x3c: // F2: manual clock (FCLK=0)
MON: : FCLK = 0; genAGCStates(); MON: :displayAGC(); break;
case Ox3e: // F4: fast clock (FCLK=1)
MON: : FCLK = 1; genAGCStates(); MON: :displayAGC(); break;
default: cout << "function key: " << key << "="
<< hex << (int) key << dec << endl;
}

br eak;

//default: cout << "??" << endl;
default: cout << key << "=" << hex << (int) key << dec << endl;



ADR (ADR.h)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

* ADR - MEMORY ADDRESS subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: ADR. h

VERSI ONS:

DESCRI PTI ON:

Menory address for the Block 1 Apoll o Guidance Conputer prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranpn Al onso, and Hugh
Blair-Smith, R393, MT Instrunmentation Laboratory, 1963.

EEE I I I . T IR

NOTES:

*
khkkkhkhkhkkhkhhkhhkhkhkhkhkhhhhhhhhkhkhkhkhhdhhhhhhkhkhkhhhhhhhhhkhkhkhhhdhhhhhkhkhkhhhhhhhkhkhkhkhkkk,k,,x*x%x
*/

#i f ndef ADR H

#defi ne ADR H

enum speci al Regi ster { // octal addresses of special registers
Il Flip-Flop registers

A_ADDR =00,
Q_ADDR =01,
Z_ADDR =02,
LP_ADDR =03,
| NO_ADDR =04,
| N1_ADDR =05,
I N2_ADDR =06,
| N3_ADDR =07,
OUTO_ADDR =010,
OUT1_ADDR =011,
OUT2_ADDR =012,
OUT3_ADDR =013,
OUT4_ADDR =014,
BANK_ADDR =015,
/1 No bits in these registers
RELI NT_ADDR =016,
| NHI NT_ADDR =017,
/1 In eraseabl e nenory
CYR_ADDR =020,
SR_ADDR =021,
CYL_ADDR =022,
SL_ADDR =023,
ZRUPT_ADDR =024,
BRUPT_ADDR =025,
ARUPT_ADDR =026,
QRUPT_ADDR =027,

class regS : public reg

E)ublic:
regS() : reg(12, "9%40") { }
b

class regB\NK : public reg

éublic:
regBNK() : reg(4, "9%20") { }
b

class ADR



public

friend
friend

friend
friend

static void execWP_W5();

cl ass MON,
cl ass MEM

class CLK
cl ass CPM

static void execRP_RBK();
static void execWP_WBK();

static bool
static bool
static bool
static bool
static bool
static bool

private:

}s
#endi f

GTR_17(); /
GIR 27(); /
EQU 16(); /
EQU_17(); /
EQU 25(); /
GTR_1777(); /

for
for
for
for
for
for

MBF, CPM
PAR
CPM
CPM
SEQ
CPM

static unsigned getEffecti veAddress();

static
static

static

static

regS register_S
regBNK regi st er_BNK

/] address register

/'l bank register

unsi gned bankDecoder () ;

unsigned conv_WVBK[];



ADR (ADR.cpp)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

* ADR - MEMORY ADDRESS subsystem

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE ADR. cpp

*

NOTES: see header file.

*
khkkkhkhkhkhkhhkhhkhkhkhkhkhhhhhhhkhkhkhkhhhhhdhhhkhkhkhkhhhhhhhhkhkhkhhhhhhhkhkhkhkhkhhhdhhhkhhrkhkhkhk,k,kk*x%x
*/

#i ncl ude "reg. h"

#i ncl ude " ADR. h"

#i ncl ude " SEQ h"

#i ncl ude "BUS. h"

regS ADR: :register_S; // address register
regBNK ADR: : regi st er _BNK; /'l bank register

/'l transfer bits 14-11 fromthe bus into the 4-bit bank register

unsi gned ADR :conv_WBK] =
{ BX, BX, BX, BX, BX, BX, BX, BX, BX, BX, BX, BX, Bl4, B13, Bl12, B1l1 };

voi d ADR: : execWP_W5()

{
register_S.wite(BUS::gl bl _WRI TE BUS);
}
voi d ADR: : execRP_RBK()
{
BUS: : gl bl _READ BUS = regi ster_BNK read() << 10;
}
voi d ADR: : exec\WP_WBK( )
{
regi ster _BNK. writeShift(BUS::glbl_WRI TE_BUS, ADR: :conv_WBK);
}
bool ADR: : GTR _27()
{
return (register_S.read() > 027);
}
bool ADR: : GIR_17()
{
/'l check: address is not a central register
return (register_S.read() > 017);
}
bool ADR: : EQU 25()
{
return (register_S.read() == 025);
}
bool ADR: : EQU 17()
{
/'l check: instruction is INH NT (I NDEX 017)
return (register_S.read() == 017);
}
bool ADR: : EQU 16()
{
/1 check: instruction is RELINT (I NDEX 016))
return (register_S.read() == 016);
}
bool ADR:: GIR_1777()
{

/1 check: address is fixed nenory



return (register_S.read() > 01777);

}
unsi gned ADR: : bankDecoder ()
{
/1 Menory is organized into 13 banks of 1K words each. The banks are nunbered
/1 0-12. Bank 0 is erasable menory; banks 1-12 are fixed (rope) nmenory. The 10
/1 lower bits in the Sregister address nenory inside a bank. The 2 upper bits
/Il in the Sregister select the bank. If the 2 upper bits are both 1, the 4-bit
/1 bank register is used to select the bank.
/1 12 11 Bank
/Il 0 0 0 erasabl e menory
/10 1 1 fixed-fixed 1 nmenory
/1 0 2 fixed-fixed 2 menory
11 1 3-12 fixed-swi tchable nmenory (bank register selects bank)
unsi gned bank = ADR: :register_S.readField(12, 11);
i f(bank == 3)
{
/1 fixed-sw tchable
if(register_ BNK. read() <= 03) // defaults to 6000 - 7777
return 03;
el se
return register_BNK read(); // 10000 - 31777
el se
return bank; /| erasable or fixed-fixed
}

unsi gned ADR : get Ef f ecti veAddr ess()

/!l Return the 14-bit address selected by lower 10 bits of the S register (1K)
/1 and the bank decoder (which selects the 1K bank)
unsi gned | owAddress = ADR :register_S.readFiel d(10,1);

i f (ADR: : bankDecoder () == 0)
return | owAddress;

unsi gned hi ghAddress = ADR:: bankDecoder () << 10;
return hi ghAddress | |owAddress;



ALU (ALU.h)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

* ALU - ARITHVETIC UNI T subsystem

EEE I I I . T IR

*

SOURCES
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranpn Al onso, and Hugh
Blair-Smith, R393, MT Instrunmentation Laboratory, 1963.

NOTES:

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: ALU. h

VERSI ONS

DESCRI PTI ON:

Arithnetic Unit for the Block 1 Apollo Guidance Conputer prototype (AGH).

khkkkhkhkhkkhkhhkhhkhkhkhkhkhhhhhhhhkhkhkhkhhdhhhhhhkhkhkhhhhhhhhhkhkhkhhhdhhhhhkhkhkhhhhhhhkhkhkhkhkkk,k,,x*x%x

*/

#i fndef ALU H
#define ALUH

#i ncl ude "reg. h"

class regB : pub

t
public

class regCl

{
public
b

icreg

regB() reg(16, "960") { }
public reg
regCl () reg(1, "9wlo") { }

class regX : pub

t
public

regX()

class regY : pub

t
public

reg¥()

class regU : pub

t
public

1

regy()
virtual u

class ALU

t
public

static un

icreg

reg(16, "960") { }

icreg

reg(16, "960") { }

icreg

reg(16, "960") { }
nsi gned read();

signed gl bl _BUS; // mixes the RC and RU together for MASK

In the hardware AGC all read pul ses are enabl ed sinultaneously
by CLK1. This sinmulator has to do the pulses one-at-a-tinme, so
they are executed in the follow ng sequence to mmc the hardware

1) all read pul ses invol ving subsystens other than ALU are executed
These read pul ses output to the gl bl _READ BUS. Only 0 or 1

of these pul ses should be active at any time (never 2 or nore),

2) next, the read pul ses for the ALU are executed. The ALU is treated
differently because it is the only subsystemwhere several

read



}s
#endi f

stati
stati
stati

stati
stati
stati
stati
stati
stati
stati
stati

stati
stati

stati
stati

stati
stati

stati
stati
stati
stati
stati

C

O0O00O0O0O0OO0

C

Cc
Cc

/1
/1
/1
/1
/1
/1
/1
/1 3) finally,

pul ses can be active sinultaneously. In the original AGC, these

pul ses "inclusive OR their output to the glbl_READ BUS, so the
simul ator has be inplenented to execute all read pul ses other than
the ALU reads first, so the ALU w Il have the bus data it needs

in order to do the inclusive OR

In the recreated AGC hardware design, the ALU is al so the subsystem
that links the gl bl _READ BUS to the gl bl _WRITE_BUS.

The recreated ALU hardware desi gn checks whether anything is being
witten to the gl bl _READ BUS by the other subsystens. If not, it
out puts zeroes to the gl bl _READ BUS for input to the inclusive OR
operation.

It then transfers data on the gl bl _READ BUS to the gl bl _WRI TE_BUS
using an inclusive ORwith data generated by other ALU read pul ses.
The AGC sequencer uses this operation to set certain data |ines.

all wite pulses are executed.

voi d execRP_ALU RB();

voi d execRP_ALU RC()

voi d execRP_ALU RU() ;

voi d execRP_ALU OR RB14();
voi d execRP_ALU OR R1();

voi d execRP_ALU

OR_RLC() ;

voi d execRP_ALU OR R2();
voi d execRP_ALU OR R22();
voi d execRP_ALU OR R24();
voi d execRP_ALU OR R2000();
voi d execRP_ALU OR RSB();

voi d execWP_GENRST() ;
voi d execWP_WB() ;

voi d execWP_ClI ();
voi d execWP_WY() ;

voi d execWP_WK() ;
voi d execWP_Wrx() ;

regB register_B;

/'l next instruction

regd register_Cl; // ALUcarry-in flip flop

regX register_X
regY register_Y;
regU register_U

/1 ALU X register
/1 ALU Y register
/1 ALU sum



ALU (ALU.cpp)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

* ALU - ARITHVETIC UNI T subsystem

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE ALU. cpp

*

NOTES: see header file.

*
IR R R E R E SRR EEEEEEEE SRS EEEEEEEEEEEEEEEEEREREEEEEEEEEEERESEREEEEREEEEEEEEEEESEESEEEE]
*/

#i ncl ude "ALU. h"

#i ncl ude "SEQ h"

#i ncl ude "BUS. h"

regB ALU: :register_B; // next instruction

regCl ALU::register_Cl; // ALU carry-in flip flop
regX ALU: :register_X; // ALU X register

regY ALU: :register_Y; // ALU Y register

regU ALU: :register_U; // ALU sum

unsi gned ALU: : gl bl _BUS = 0;

[ ] R KKk ok ok kok ok ok ok ok ok ok ok R R KR R R K kK k ok ok ok kR ok ok ok ok R R R R R AR Rk k ok ok ok ok ok Rk ok ok kR k%

voi d ALU: : execRP_ALU RB()

BUS: : gl bl _READ BUS = register_B.read();

/1 Performs an inclusive OR or register U and register G

/1 in the MASK instruction, the RC and RU control pul ses

/1 are activated sinmultaneously. This causes both to be

/1 gated onto the AGC bus which perforns the |ogical OR
voi d ALU: : execRP_ALU RC()

{
ALU: : gl bl _BUS | = register_B.outmask() & (~register_B.read());
BUS: : gl bl _READ BUS = ALU: : gl bl _BUS;

/1 Performs an inclusive OR or register U and register G

/1 in the MASK instruction, the RC and RU control pul ses

/'l are activated sinmultaneously. This causes both to be

/1 gated onto the AGC bus which perforns the |ogical OR
voi d ALU: : execRP_ALU RJ()

ALU: : gl bl _BUS | = register_U. read();

BUS: : gl bl _READ BUS = ALU: : gl bl _BUS;
}

[ ] FEFRER KKK K Kk ok k ok ok ok ok kR KRR KKK KKk ok ok ok ok ok ok ok ok ok kR AR KRR KKk ok ok ok ok ok ok ok ok ok ok kR k%

//************************************************************

/1 This is the interface between the read and wite busses
voi d ALU: : execRP_ALU CR _RB14()
BUS: : gl bl _WRI TE_BUS | = 0020000 | BUS:: gl bl _READ BUS;

voi d ALU: : execRP_ALU (R R1()
{



BUS: : gl bl _WRI TE_BUS | = 0000001

BUS: : gl bl _READ BUS;

voi d ALU: : execRP_ALU CR_R1(C()

{

BUS: : gl bl _WRI TE_BUS | = 0177776 | BUS:: gl bl _READ BUS;
}
voi d ALU: : execRP_ALU (R _R2()
{

BUS: : gl bl _WRI TE_BUS | = 0000002 | BUS:: gl bl _READ BUS;
}
voi d ALU: : execRP_ALU_CR_RSB()
{

BUS: : gl bl _WRI TE_BUS | = 0100000 | BUS:: gl bl _READ BUS;
}
voi d ALU: : execRP_ALU CR_R22()
{

BUS: : gl bl _WRI TE_BUS | = 0000022 | BUS:: gl bl _READ BUS;
}
voi d ALU: : execRP_ALU_CR_R24()
{

BUS: : gl bl _WRI TE_BUS | = 0000024 | BUS:: gl bl _READ BUS;
}

voi d ALU: : execRP_ALU CR_R2000()
BUS: : gl bl _WRI TE_BUS | = 0002000 | BUS:: gl bl _READ BUS; // TC GOPROG i nstruction

//************************************************************

voi d ALU: : execWP_GENRST()
{
}

voi d ALU: : execWP_CI ()
{

register Cl.witeField(1,1,1);

voi d ALU: : execWP_WX()
{

}

register_X wite(BUS::gl bl _WR TE_BUS);

voi d ALU: : execWP_WB()
{

}

register_B.wite(BUS::glbl_WRI TE BUS);

voi d ALU: : execWP_Wrx()

{
register_Y.wite(BUS::gl bl _WR TE_BUS);
}
voi d ALU: : execWP_WY()
{

if(!SEQ :isAsserted(Cl)) register_Cl.witeField(1,1,0);
register_Xwite(0);
register_Y.wite(BUS::gl bl _WRI TE BUS);



unsi gned regU: :read()

{
unsigned carry =
(outmask()+1l) & (ALU::register_Xread() + ALU :register_Y.read()); // end-around
carry
if(carry || ALU :register_Cl.read())
carry = 1;
el se
carry = 0;

return outmask() & (ALU: :register_X.read() + ALU: :register_Y.read() + carry);



BUS (BUS.h)

/****************************************************************************

*

R

BUS - READ/ WRI TE BUS subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: BUS. h

VERSI ONS:

DESCRI PTI ON:

RWBus for the B ock 1 Apollo Guidance Conmputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R R R R R R R R R R R R R R R R

*/

#i f ndef BUS_H
#defi ne BUS_H

BUS LI NE DESI GNATI ONS

Specify the assignment of bus lines to the inputs of a register (for a 'wite'
operation into a register). Each 'conv_' array specifies the inputs into a
single register. The index into the array corresponds to the bit positionin

the register, where the first parameter (index=0) is bit 16 of the register (nsb)
and the last paraneter (index=15) is register bit 1 (Isb). The val ue of

the paraneter identifies the bus line assigned to that register bit. 'BX

means 'don't care'; i.e.: leave that register bit alone.

enum { D0=17, // force bit to zero

b

SGVE15, /1 sign bit in menory

SG=16, // sign (S2; one's conplinment)

US=15, // uncorrected sign (Sl; overflow), except in register G
B14=14, B13=13, B12=12, B11=11, B10=10, B9=9, B8=8,

B7=7, B6=6, B5=5, B4=4, B3=3, B2=2, Bl-=1,

BX=0 /'l ignore

enum ovfState { NO OVF, POS_OVF, NEG OVF };

class BUS

t
public:

static unsigned gl bl _READ BUS; // read/wite bus for xfer between central regs
static unsigned gl bl _WRI TE_BUS; // read/wite bus for xfer between central regs

friend class |NT;
friend class CTR;

private:

1

static ovf State testOverfl ow(unsigned bus);

#endi f



BUS (BUS.cpp)

/****************************************************************************

*  BUS - READ/ WRI TE BUS subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE BUS. cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "BUS. h

unsi gned BUS: : gl bl _READ BUS = 0;
unsi gned BUS: : gl bl _WRITE_BUS = 0;

ovf State BUS::testOverfl owunsigned bus)

i f((bus & 0100000) && !(bus & 0040000))
return NEG OVF; // negative overfl ow
else if(!(bus & 0100000) && (bus & 0040000))
return PCS_OVF; // positive overflow
el se
return NO_OVF;



CLK (CLK.h)

/****************************************************************************

*  CLK - CLOCK subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: CLK. h

VERSI ONS:

DESCRI PTI ON:

Clock for the Block 1 Apollo CGuidance Conputer prototype (AGZ4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i fndef CLK H

#define CLK H

#i ncl ude "reg. h"

/1 define pointer-to-function type
typedef void (*EXECTYPE)();

class CLK

{

public:
static void doexecR(int pulse);
static void doexecR _ALU(int pul se);
static void doexecR ALU OR(int pul se);
static void doexecWint pulse);

static void cl kAGC();

static reg* registerList[];
b
#endi f



CLK (CLK.cpp)

/****************************************************************************

*  CLK - CLOCK subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE CLK. cpp

*

NOTES: see header file.

*
R R R R R R R R R R R R ]

*/

#i ncl ude " QLK. h"

#i ncl ude "INP. h"

#i ncl ude " QJT. h"

#i ncl ude "MBF. h"

#i ncl ude " ADR. h"

#i ncl ude " SEQ h"

#i ncl ude "ALU. h"

#i ncl ude "GRG h"

#i ncl ude "CIR. h"

#i ncl ude "INT. h"

#i ncl ude "PAR h"

#i ncl ude "TPG h"

#i ncl ude " SCL. h"

#i ncl ude "MEM h"
/1 A container for all registers. This is kept so we can iterate through
/1 all registers to execute the control pul ses. For simlation purposes
/1 only; this has no counterpart in the hardware AGC.

reg* CLK::registerList[] =// registers are in no particul ar sequence

{
&I NP::register _INO, & NP::register_INL, & NP::register_IN2, & NP::register_IN3,
&OUT: :regi ster _OUT1, &OUT::register_QUT2,
&OUT: : regi ster _QUT3, &OUT::register_OUT4,
&VWBF: :register _G &PAR :register_Gl5 &ADR :register_S, &ADR :register_BNK,
&SEQ :register_SQ &ALU: :register_B,

&CRG :register_Q &CRG :register_Z, &CRG :register_LP, & RG :register_A &ALU :register_X,
&ALU: :register_Y, &ALU :register_U,

&SEQ :regi ster _STA, &SEQ :register STB, &SEQ :register_SN,

&SEQ :register _LOOPCTR &ALU: :register_Cl, &EQ :register_BRl, &SEQ :register_BR2,

&CTR: : regi ster _UpCELL, &CTR: :register_DnCELL,

&I NT: :register _RPCELL, & NT::register_I NH NT1, &I NT::register_| NHI NT,

&PAR: :regi ster _P, &PAR :register_P2, &PAR :register_PALM

&TPG :register_SG

&SCL: : regi ster _SCL,

&SCL: :register_F17, &SCL::register_F13, &SCL::register_F10,

0// zero is end-of-list flag

voi d CLK: : cl KAGC()

{
/1 Now that all the inputs are set up, clock the registers so the outputs
/1 can change state in accordance with the inputs.
for(int i=0; registerList[i]; i++)
registerList[i]->clk();
}
}
voi d execR_NOPULSE() {1}
voi d execR _RAO() { CRG :execRP_RAO(); }
voi d execR RAL() { CRG :execRP_RAL(); }
voi d execR RA2() { CRG :execRP_RA2(); }
voi d execR _RA3() { CRG :execRP_RA3(); }
voi d execR RA4() { INP::execRP_RAA(); }
voi d execR _RA5() { INP::execRP_RA5(); }
voi d execR RA6() { INP::execRP_RA6(); }



voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

voi d
voi d
voi d

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

execR_RA7()
execR_RA11()
execR_RA12()
execR_RA13()
execR_RA14()
execR_RA()
execR_RBK()
execR_R{)
execR_RLP()
execR_RQ)
execR_RRPA()
execR_RSCT()
execR _RZ()
execR_SBWY)
execR V()

execR_ALU RB()
execR_ALU RC()
execR_ALU RU()

execR_ALU OR_RSB()
execR_ALU OR R1()
execR_ALU OR_R1(()
execR_ALU OR R2()
execR_ALU OR_R22()
execR_ALU OR _R24()

execR_ALU OR_R2000()

execR_ALU OR_RB14(

EXECTYPE execR[] =

{

execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_RA, /1
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_RG, /1
execR_RLP, /1
execR_NOPULSE, //
execR_RQ /1
execR_RRPA, /1
execR_NOPULSE, //
execR_RSCT, /1
execR_NOPULSE, //
execR_RZ, /1
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //
execR_NOPULSE, //

{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{

) {
NO_PULSE,
a, /1l
cLG, [/
CLCTR //
CTR, [/
cP, /1
KRPT, 1/
NSQ  //
RA, /1
RB, /1
RB14, //
RC, /1
RG, /1
RLP,  //
RP2, I/
RQ /1
RRPA, //
RSB, //
RSCT, //
RU, /1
RZ, /1
RL, /1
RIC,  //
R2, /1
rR2, I/
R4, I/
ST1, 1/
sT2, /1
™2, [/
TOV, /1
TP, /1
TRSM  //
TSGN, [/
TSGN2, //
WA, /1
VALP, [/
VB, /1
W, //
we,  //
wove,  //
wovi,  //
WOVR,  //
WP, /1

P
0

AE8EEs

ADR:
MBF:

43

| NT:
CTR:

8

NVEM

ALU:
ALU:
ALU:

ALU:
ALU:
ALU:
ALU:
ALU:
ALU:
ALU:
ALU:

Carr
Cl ea
Cl ea
Loop
Cene
Knoc

Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
St ag
St ag
Test
Test
Test
Test
Test
Test
Wit
Wit
Wit
Wit
Wit
Wit
Wit
Wit
Wit

:execRP_RA7();
:execRP_RA11();
:execRP_RA12();
:execRP_RA13();
:execRP_RA14();
s execRP_RA();
:execRP_RBK() ;
:execRP_RE);
:execRP_RLP();
:execRP_RQ);
:execRP_RRPA() ;
: execRP_RSCT() ;
:execRP_RZ();
:execRP_SBWY) ;
:execRP_VE();

s execRP_ALU_RB()
:execRP_ALU RC();
rexecRP_ALU RU();

Y e e e e e e e e e e e

:execRP_ALU_OR RSB();
:execRP_ALU OR RL();
:execRP_ALU_OR RILC();
cexecRP_ALU OR R2();
:execRP_ALU_OR R22();
:execRP_ALU OR R24();
s execRP_ALU_OR R2000();
:execRP_ALU _OR RB14();

y in
r G
r loop counter**
count er
rate Parity
k down Rupt

A

B

bit 14
C

G

LP
parity 2

Q
RUPT address
sign bit

selected counter address

sum

z

1

1 conplinented
2

22

24

el

e 2

for mnus zero
for overflow

parity

for resune
sign

sign 2

e A

e Aand LP
e B

e G (do not
e LP

e overfl ow counter

reset)

e overflow RUPT i nhi bit

e overflow
e P

priority
New i nstruction to the SQ register

AR: : execRP_WE() ;

B e ke ek i et el e e e



execR_NOPULSE, // WPX, /!l Wite P (do not reset)
execR_NOPULSE, // WP2, Il Wite P2

execR_NOPULSE, // W0, Il Wite Q

execR_NOPULSE, // W5, Il Wite S

execR_NOPULSE, // WX, Il Wite X

execR_NOPULSE, // WY, Il Wite Y

execR_NOPULSE, // WYX, /!l Wite Y (do not reset)
execR_NOPULSE, // Wz, Il Wite Z

execR_NOPULSE, // RSC, /!l Read special and central
execR_NOPULSE, // W5C, /!l Wite special and central
execR_NOPULSE, // WG, Il Wite G

execR_NOPULSE, // SDV1, /'l Subsequence DV1 is active
execR_NOPULSE, // SMP1, /'l Subsequence MPl is active
execR_NOPULSE, // SRSMB, // Subsequence RSMB is active
execR_RAO, /1 RAO, /!l Read register at address 0 (A)
execR_RA1, /1 RA1, /! Read register at address 1 (Q
execR_RA2, /1 RA2, /!l Read register at address 2 (2)
execR_RA3, /1 RA3, /!l Read register at address 3 (LP)
execR_RA4, /1 RA4, /!l Read register at address 4
execR_RA5, /1 RA5, /! Read register at address 5
execR_RA6, /1 RA6, /! Read register at address 6
execR_RA7, /1 RA7, /!l Read register at address 7
execR_NOPULSE, // RA10, /!l Read register at address 10 (octal)
execR_RA11, /1 RA11, /! Read register at address 11 (octal)
execR_RA12, /1 RA12, /!l Read register at address 12 (octal)
execR_RA13, /1 RA13, /! Read register at address 13 (octal)
execR_RA14, /1 RA14, /!l Read register at address 14 (octal)
execR_RBK, /1 RBK, /1 Read BNK

execR_NOPULSE, // WAO, /Il Wite register at address 0 (A
execR_NOPULSE, // WAL, /Il Wite register at address 1 (Q
execR_NOPULSE, // WA2, /Il Wite register at address 2 (2
execR_NOPULSE, // WA3, /!l Wite register at address 3 (LP)
execR_NOPULSE, // WA10, /!l Wite register at address 10 (octal)
execR_NOPULSE, // WA11, /! Wite register at address 11 (octal)
execR_NOPULSE, // WA12, /!l Wite register at address 12 (octal)
execR_NOPULSE, // WA13, /!l Wite register at address 13 (octal)
execR_NOPULSE, // WA14, /!l Wite register at address 14 (octal)
execR_NOPULSE, // WBK, /Il Wite BNK

execR_NOPULSE, // Wen, /!l Wite G (normal gates)**
execR_NOPULSE, // W20, /1 Wite into CYR

execR_NOPULSE, // W1, /Il Wite into SR

execR_NOPULSE, // w2, / Wite into CYL

execR_NOPULSE, // w23 // Wite into SL

execR_NOPULSE, // GENRST, // General Reset**

execR_NOPULSE, // CLINH, // Clear | NH NT**

execR_NOPULSE, // CLINHL,// Q ear | NH NT1**

execR_NOPULSE, // CLSTA, // Clear state counter A (STA)**
execR_NOPULSE, // CLSTB, // Clear state counter B (STB)**
execR_NOPULSE, // CLISQ // Clear SN **

execR_NOPULSE, // CLRP, /1 C ear RPCELL**

execR_NOPULSE, // I NH, /1 Set | NHI NT**

execR_NOPULSE, // RPT, /'l Read RUPT opcode **

execR_SBWG /1 SBWG, /Il Wite Gfromnenory

execR_NOPULSE, // SETSTB,// Set the ST1 bit of STB

execR_VE, /1 WE, /Il Wite E-MEM from G

execR_NOPULSE, // WPCTR, // Wite PCIR (latch priority counter sequence)**
execR_NOPULSE, // W5Q /Il Wite SQ

execR_NOPULSE, // WSTB, /!l Wite stage counter B (STB)**
execR_NOPULSE, // R2000, // Read 2000 **

Y. /1 99

voi d CLK:: doexecR(int pulse) { execR pulse](); }

EXECTYPE execR _ALU[]

execR_NOPULSE, // NO_PULSE,
execR_NOPULSE, // ca, /1l Carry in
execR_NOPULSE, // CLG /Il Clear G



execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_ALU_RB,

execR_NOPULSE
execR_ALU_RC,

execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_ALU _RY,

execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE

execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE

execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE

execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE
execR_NOPULSE,
execR_NOPULSE

CLCTR
CTR

KRPT,
NI SQ

RB,
RB14,

RLP
RP2,
RQ
RRPA,
RSB
RSCT,
RU,

RL.
RIC,

R22
R24,
ST1,
ST2,
T™MZ,
TOV,
TP,
TRSM
TSGN,
TSGN2

s5azs

553

3

SRR

53 AEZEF5E3

g
<
B

SMP1,
SRSMB,

RA10
RA11
RA12,
RA13
RA14,
RBK
WAO
WAL,

WA3,
WA10

C ear
Loop

| oop counter**

count er

Generate Parity

Knock down Rupt

priority

New i nstruction to the SQ register

Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
St age
St age
Test
Test
Test
Test
Test
Test
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite
Wite

Read
Wite
Wite

A

B

bit 14
C

G

LP
parity 2

Q
RUPT address

sign bit

selected counter address

sum
z
1

1 conplinented

2

22

24
1
2

for mnus zero
for overfl ow

parity
for resume
sign
sign 2
A
A and LP
B
G (do not reset)
LP
over fl ow count er
over fl ow RUPT i nhi bi t
over f | ow
P
P (do not reset)
P2
Q
S
X
Y
Y (do not reset)
VA
speci al and centra

speci al
G

and centra

Subsequence DV1
Subsequence MP1
Subsequence RSMB

Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Read
Wite
Wite
Wite
Wite
Wite

regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
regi ster
BNK

regi ster
regi ster
regi ster
regi ster
regi ster

at
at
at
at
at
at
at
at
at
at
at
at
at

at
at
at
at
at

s active
s active
is active

address 0
address 1
address 2
address 3
address 4
address 5
address 6
address 7
address 1
address 1
address 1
address 1
address 1

addr ess
addr ess
addr ess
addr ess
addr ess

)

(2)
(LP)

(octal)
(octal)
(octal)
(octal)
(octal)



execR_NOPULSE, // WA11, /!l Wite register at address 11 (octal)
execR_NOPULSE, // WA12, /!l Wite register at address 12 (octal)
execR_NOPULSE, // WA13, /! Wite register at address 13 (octal)
execR_NOPULSE, // WA14, /| Wite register at address 14 (octal)
execR_NOPULSE, // WBK, /Il Wite BN\K

execR_NOPULSE, // WG, /Il Wite G (normal gates)**
execR_NOPULSE, // W20, /1 Wite into CYR

execR_NOPULSE, // W1, /Il Wite into SR

execR_NOPULSE, // w2, /l Wite into CYL

execR_NOPULSE, // w23 // Wite into SL

execR_NOPULSE, // GENRST, // General Reset**

execR_NOPULSE, // CLINH, // Clear | NH NT**

execR_NOPULSE, // CLINHL,// Q ear | NH NT1**

execR_NOPULSE, // CLSTA, // Clear state counter A (STA)**
execR_NOPULSE, // CLSTB, | Clear state counter B (STB)**
execR_NOPULSE, // CLI SQ /| Clear SN **

execR_NOPULSE, // CLRP, /1 C ear RPCELL**

execR_NOPULSE, // I NH, /1 Set | NHI NT**

execR_NOPULSE, // RPT, /| Read RUPT opcode **

execR_NOPULSE, // SBWG, /1 Wite Gfromnenory

execR_NOPULSE, // SETSTB,// Set the ST1 bit of STB
execR_NOPULSE, // WE, /Il Wite E-MEM from G

execR_NOPULSE, // WPCTR, // Wite PCIR (latch priority counter sequence)**
execR_NOPULSE, // W5Q /Il Wite SQ

execR_NOPULSE, // WSTB, /Il Wite stage counter B (STB)**
execR_NOPULSE, // R2000, // Read 2000 **

b
voi d CLK::doexecR_ALU(i nt pul se) { execR_ALU pulse](); }

EXECTYPE execR ALU OR[] =
{

execR_NOPULSE, 11 NO_PULSE,

execR_NOPULSE, /1 ca, /1l Carry in
execR_NOPULSE, /1 CLG /Il Clear G
execR_NOPULSE, /1 CLCTR, // Clear |oop counter**
execR_NOPULSE, /1 CTR, /1 Loop counter
execR_NOPULSE, /1 GP, /1l CGenerate Parity
execR_NOPULSE, /1 KRPT, /1 Knock down Rupt priority
execR_NOPULSE, /1 NI SQ, /1 New instruction to the SQ register
execR_NOPULSE, /1 RA, /!l Read A

execR_NOPULSE, / RB, /! Read B
execR_ALU_CR_RB14, /1 RB14, /! Read bit 14
execR_NOPULSE, / RC, /! Read C

execR_NOPULSE, /1 RG, /!l Read G

execR_NOPULSE, /1 RLP, /! Read LP
execR_NOPULSE, /1 RP2, /! Read parity 2
execR_NOPULSE, /1 RQ /!l Read Q

execR_NOPULSE, /1 RRPA, /!l Read RUPT address
execR_ALU CR_RSB, /1 RSB, /'l Read sign bit
execR_NOPULSE, /1 RSCT, /! Read selected counter address
execR_NOPULSE, /1 RU, /1l Read sum
execR_NOPULSE, /1 Rz, /!l Read Z

execR_ALU CR R1, /1 R1, /!l Read 1

execR_ALU (R RI1C, /1 R1C, /1l Read 1 conplinented
execR_ALU (R _R2, /1 R2, /'l Read 2

execR_ALU (R R22, /1 R22, /!l Read 22

execR_ALU (R _R24, /1 R24, /!l Read 24
execR_NOPULSE, /1 ST1, /1 Stage 1
execR_NOPULSE, /1 ST2, /1 Stage 2
execR_NOPULSE, /1 T™Z, /'l Test for mnus zero
execR_NOPULSE, /1 TOV, /1 Test for overflow
execR_NOPULSE, /1 TP, /] Test parity
execR_NOPULSE, /1 TRSM /1 Test for resune
execR_NOPULSE, /1 TSGN, /] Test sign
execR_NOPULSE, /1 TSG\2, // Test sign 2
execR_NOPULSE, /1 WA, Il Wite A
execR_NOPULSE, /1 WALP, /! Wite A and LP
execR_NOPULSE, /1 B, /Il Wite B
execR_NOPULSE, /1 WGK, /!l Wite G (do not reset)
execR_NOPULSE, /1 WP, /Il Wite LP



execR_NOPULSE, /1 WOVC, /1
execR_NOPULSE, /1 WoVI /1
execR_NOPULSE, /1 WOVR, /1
execR_NOPULSE, /1 WP, /1
execR_NOPULSE, /1 WPX, /1
execR_NOPULSE, /1 WP2, /1
execR_NOPULSE, /1 \"a} /1
execR_NOPULSE, /1 W5, /1
execR_NOPULSE, /1 WX, /1
execR_NOPULSE, /1 WY, /1
execR_NOPULSE, /1 WYX, /1
execR_NOPULSE, /1 Wz, /1
execR_NOPULSE, /1 RSC, /1
execR_NOPULSE, /1 W5C, /1
execR_NOPULSE, /1 WG,

execR_NOPULSE, 11 sbvi, [/
execR_NOPULSE, /1 SMP1, /1
execR_NOPULSE, I SRSMB, //
execR_NOPULSE, /1 RAO, /1
execR_NOPULSE, /1 RA1, /1
execR_NOPULSE, /1 RA2, /1
execR_NOPULSE, /1 RA3, /1
execR_NOPULSE, /1 RA4, /1
execR_NOPULSE, /1 RA5, /1
execR_NOPULSE, /1 RA6, /1
execR_NOPULSE, /1 RA7, /1
execR_NOPULSE, /1 RA10, /1
execR_NOPULSE, /1 RA11, /1
execR_NOPULSE, /1 RA12, /1
execR_NOPULSE, /1 RA13, /1
execR_NOPULSE, /1 RA14, /1
execR_NOPULSE, /1 RBK, /1
execR_NOPULSE, /1 WAO, /1
execR_NOPULSE, /1 WAL, /1
execR_NOPULSE, /1 WA2, /1
execR_NOPULSE, /1 WA3, /1
execR_NOPULSE, /1 WA10, /1
execR_NOPULSE, /1 WA11, /1
execR_NOPULSE, /1 WA12, /1
execR_NOPULSE, /1 WA13, /1
execR_NOPULSE, /1 WA14, /1
execR_NOPULSE, /1 WBK, /1
execR_NOPULSE, /1 WG, /1
execR_NOPULSE, /1 W20, /1
execR_NOPULSE, /1 W1, /1
execR_NOPULSE, /1 w2, /1
execR_NOPULSE, /1 w3 /1
execR_NOPULSE, / GENRST, / /
execR_NOPULSE, / CLINH, [/
execR_NOPULSE, / CLI NHL, //
execR_NOPULSE, / CLSTA, [/
execR_NOPULSE, / CLSTB, //
execR_NOPULSE, / CLIsQ [//
execR_NOPULSE, / CLRP, /1
execR_NOPULSE, / I NH, /1
execR_NOPULSE, / RPT, /1
execR_NOPULSE, / SBWG, /1
execR_NOPULSE, / SETSTB, / /
execR_NOPULSE, / WE, /1
execR_NOPULSE, / WPCTR, //
execR_NOPULSE, / W5Q /1
execR_NOPULSE, WSTB, /1
execR_ALU CR _R2000, / R2000, //

Wite overfl ow counter
Wite overflow RUPT inhibit
Wite overflow

Wite P

Wite P (do not reset)
Wite P2

Wite Q

Wite S

Wite X

Wite Y

Wite Y (do not reset)
Wite Z

Read special and central
Wite special and central
/Il Wite G

Subsequence DV1 is active
Subsequence MPl is active
Subsequence RSMB is active

Read regi ster at address (A
Read regi ster at address (Q
Read regi ster at address (2)
Read regi ster at address (LP)

Read regi ster at address

Read regi ster at address

Read regi ster at address

Read regi ster at address 10 (octal)
Read regi ster at address 11 (octal)
Read regi ster at address 12 (octal)
Read regi ster at address 13 (octal)
Read regi ster at address 14 (octal)
Read BNK

0
1
2
3
Read regi ster at address 4
5
6
7

Wite register at address 0 (A
Wite register at address 1 (Q
Wite register at address 2 (2
Wite register at address 3 (LP)

Wite register at address 10 (octal
Wite register at address 11 (octal
Wite register at address 12 (octal
Wite register at address 13 (octal
Wite register at address 14 (octal
Wite BNK

Wite G (normal gates)**

Wite into CYR

Wite into SR

Wite into CYL

Wite into SL

General Reset**

Cl ear | NHI NT**

A ear | NHI NT1**

Cl ear state counter A (STA)**
Cl ear state counter B (STB)**
Cl ear SN **

Cl ear RPCELL**

Set | NHI NT**

Read RUPT opcode **

Wite Gfromnenory

Set the ST1 bit of STB

Wite E-MEM from G

Wite PCIR (latch priority counter
Wite SQ

Wite stage counter B (STB)**
Read 2000 **

voi d CLK: : doexecR _ALU OR(int pulse) { execR ALU OR[ pulse](); }

)
)
)
)
)

sequence) **



voi d execW NOPULSE()
voi d execWCl ()

voi d execWCLE)
voi d execW . CLI NH()
voi d execW CLI NH1()
voi d execWCLI SQ)
voi d execWCLCTR()
voi d execWCLRP()
voi d execW CLSTA()
voi d execW CLSTB()
voi d execWCTR()

}

ALU: : execWP_CI () ;
PAR: : execWP_CLE) ;

I NT: : execWP_CLI NH() ;
I NT: : execWP_CLI NH1();
SEQ : execWP_CLI SQ) ;
SEQ : execWP_CLCTR() ;
I NT: : execWP_CLRP() ;
SEQ : execWP_CLSTA() ;
SEQ : execWP_CLSTB();
SEQ : execWP_CTR() ;

e T e L Tt L Tana Y P PV P e
e "t oy g A o o A e o

voi d execW GENRST() SEQ : execWP_GENRST() ;

MBF: : execWP_GENRST() ;
CRG : execWP_GENRST() ;
PAR: : execWP_GENRST() ;
ALU: : execWP_GENRST() ;
CTR: : execWP_GENRST() ;
I NT: : execWP_GENRST( ) ;

OUT: : execWP_GENRST() ;

voi d execW GP()
voi d execW.I NH()
voi d execWKRPT()
voi d execWN SQ)
voi d execWRPT()
voi d execWRP2()
voi d execW SBWH )
voi d execW SETSTB()
voi d execWST1()
voi d execWST2()
voi d execW TMZ()
voi d execWTOV()
voi d execWTP()
voi d execWTRSM)
voi d execW.TSG\()
voi d execW TSGN2()
voi d execWWAO()
voi d execWWAL()
voi d execWWA2()
voi d execWWA3()
voi d execWWA10()
voi d execWWA11()
voi d execWWA12()
voi d execWWA13()
voi d execWWA14()
voi d execWWA()
voi d execWWALP()
voi d execWWB()
voi d execWWBK()
voi d execWWE()
voi d execWWen()
voi d execWW5x()
voi d execWW.P()
voi d execWWOVC()
voi d execWWOVI ()
voi d execWWOVR()
voi d execWWP()
voi d execWWPx()
voi d execWWP2()
voi d execWWPCTR()
voi d execWWY()
voi d execWW5()
voi d execWWsQ)
voi d execWWSTB()
voi d execWWK()
voi d execWW()
voi d execWWrx()
voi d execWWZ()
voi d execWW2O0()
voi d execWWe1()
voi d execWWe2()
voi d execWWe3()

}
PAR: : execWP_GP() ; }

I NT: : execWP_I NH() ; }

I NT: : execWP_KRPT() ; }

SEQ : execWP_NI SQ() ; }

I NT: : execWP_RPT() ; }

PAR: : execWP_RP2() ;

MBF: : execWP_SBWE ) ; PAR: : execWP_SBWH); }
SEQ : execWP_SETSTB();
SEQ : execWP_ST1();
SEQ : execWP_ST2();
SEQ : execWP_TMZ() ;
SEQ : execWP_TOV() ;
PAR: : execWP_TP() ;
SEQ : execWP_TRSM)) ;
SEQ : execWP_TSGN() ;
SEQ : execWP_TSGAN2() ;
CRG : execWP_WAO() ;
CRG : execWP_WAL();
CRG : execWP_WA2() ;
CRG : execWP_WA3();
QUT: : execWP_WAL10() ;
OUT: : execWP_WAL11();
QUT: : execWP_WAL12();
OUT: : execWP_WA13();
QUT: : execWP_WA14();
CRG : execWP_WA() ;
CRG : execWP_WALP();
ALU: : execWP_W\B() ;
ADR: : execWP_WBK() ;
MEM : execWP_VE( ) ;
MBF: : execWP_\WGn() ;
MBF: : execWP_WGx(); PAR :execWP_WGx(); }
s execWP_WLP()
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CTR: : execWP_WOVC() ;
I NT: : execWP_WOVI () ;
CTR: : execWP_WOVR()
PAR: : execWP_WP() ;
PAR: : execWP_WPx() ;
PAR: : execWP_WP2( ) ;
CTR: : execWP_WPCTR() ;
CRG : execWP_WQY) ;
ADR: : execWP_W5( ) ;
SEQ : execWP_WBQ() ;
SEQ : execWP_WETB() ;
ALU: : execWP_WK() ;
ALU: : execWP_WY() ;
ALU: : execWP_Wrx() ;
CRG : execWP_WZ();
MBF: : execWP_\W20() ;
MBF: : execWP_\W21();
MBF: : execWP_\W22();
MBF: : execWP_\W23() ;
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EXECTYPE execW] =
{

execW NOPULSE, // NO_PULSE,

execWw<Cl, /1 a, /1 Carry in

execW CLG /1 CLG /Il Clear G

execW CLCTR /1 CLCTR, // Clear |oop counter**

execW CTR, /1 CTR, /1 Loop counter

execW GP, /1 GP, /Il Generate Parity

execW KRPT, /1 KRPT, /1 Knock down Rupt priority
execW N SQ 11 NI SQ /1 New instruction to the SQ register
execW NOPULSE, // RA, /!l Read A

execW NOPULSE, // RB, /!l Read B

execW NOPULSE, // RB14, /! Read bit 14

execW NOPULSE, // RC, /!l Read C

execW NOPULSE, // RG, /! Read G

execW NOPULSE, // RLP, /!l Read LP

execW RP2, /1 RP2, /! Read parity 2

execW NOPULSE, // RQ /1 Read Q

execW NOPULSE, // RRPA, /!l Read RUPT address

execW NOPULSE, // RSB, /'l Read sign bit

execW NOPULSE, // RSCT, /! Read selected counter address
execW NOPULSE, // RU, /'l Read sum

execW NOPULSE, // RZ, /!l Read Z

execW NOPULSE, // R1, /1l Read 1

execW NOPULSE, // R1C, /1l Read 1 conplinented

execW NOPULSE, // R2, /!l Read 2

execW NOPULSE, // R22, /!l Read 22

execW NOPULSE, // R24, /!l Read 24

execW ST1, /1 ST1, /1 Stage 1

execW ST2, /1 ST2, /1 Stage 2

execW TMZ, /1 T™Z, /1l Test for mnus zero

execW TOV, /1 TOV, /1 Test for overflow

execW TP, /1 TP, /] Test parity

execW TRSM /1 TRSM /1 Test for resune

execW TSGN, /1 TSGN, /1 Test sign

execW TSG\2, /1 TSG\2, // Test sign 2

execW WA, /1 WA, Il Wite A

execW WALP, /1 WALP, /Il Wite A and LP

execW WB, /1 B, /Il Wite B

execW WGx, /1 WGK, /!l Wite G (do not reset)

execW WP, /1 WLP, /Il Wite LP

execW WOVC, /1 WOVC, /1l Wite overflow counter

execW WOVI , /1 WovI , /1 Wite overflow RUPT inhibit
execW WOVR, /1 WOVR, /1 Wite overflow

execW WP, /1 WP, /Il Wite P

execW WPx, /1 WPX, /!l Wite P (do not reset)

execW WP2, /1 WP2, /Il Wite P2

execW WQ 11 WQ Il Wite Q

execW W5, /1 W5, /Il Wite S

execW WX, /1 WX, Il Wite X

execW W, /1 WY, Il Wite Y

execW Wrx, /1 WYX, // Wite Y (do not reset)

execW WZ, /1 WZ, Il Wite Z

execW NOPULSE, // RSC, /!l Read special and central
execW NOPULSE, // WSC, /'l Wite special and central
execW NOPULSE, // WG, Il Wite G

execR_NOPULSE, // SDv1, /'l Subsequence DV1 is active
execR_NOPULSE, // SMP1, /'l Subsequence MP1l is active
execR_NOPULSE, // SRSMB, // Subsequence RSMB is active
execW NOPULSE, // RAO, /! Read register at address 0 (A)
execW NOPULSE, // RA1, /!l Read register at address 1 (Q
execW NOPULSE, // RA2, /!l Read register at address 2 (2)
execW NOPULSE, // RA3, /! Read register at address 3 (LP)
execW NOPULSE, // RA4, /! Read register at address 4
execW NOPULSE, // RA5, /! Read register at address 5
execW NOPULSE, // RA6, /!l Read register at address 6
execW NOPULSE, // RA7, /! Read register at address 7
execW NOPULSE, // RA10, /! Read register at address 10 (octal)
execW NOPULSE, // RA11, /!l Read register at address 11 (octal)
execW NOPULSE, // RA12, /! Read register at address 12 (octal)
execW NOPULSE, // RA13, /!l Read register at address 13 (octal)
execW NOPULSE, // RA14, /! Read register at address 14 (octal)
execW NOPULSE, // RBK, /1 Read BNK



addr ess
addr ess
addr ess
addr ess
addr ess
addr ess
addr ess
addr ess
addr ess

gates) **

WN RO
NOo2Z

(
(
(
(

—

P)

10 (octal)
11 (octal)
12 (octal)
13 (octal)
14 (octal)

state counter A (STA)**
state counter B (STB)**

V\PbTR, /1 Wite PCIR (latch priority counter sequence)**

execW WAO, /1 WAO, /1 Wite register
execW WAL, /1 WAL, /Il Wite register
execW WA2, /1 WA2, /1l Wite register
execW WA3, /1 WA3, /1l Wite register
execW WA10, /1 WA10, /Il Wite register
execW WAL11, /1 WA11, /1l Wite register
execW WA12, /1 WA12, /1 Wite register
execW WA13, /1 WA13, /Il Wite register
execW WA14, /1 WA14, /1 Wite register
execW VBK, /1 WBK, /Il Wite BNK

execW WGn, /1 WG, / Wite G (normal
execW W20, /1 W20, /'l Wite into CYR
execW W21, /1 w1, /Il Wite into SR
execW W2, /1 W2, / Wite into CYL
execW W23, /1 w23 /!l Wite into SL
execW GENRST, // GENRST, // General Reset**
execW CLI NH /1 CLINH, // Cear |NH NT**
execW CLI NHL, // CLINHL, // dear | NH NT1**
execW CLSTA /1 CLSTA, // dear

execW CLSTB, /1 CLSTB, // dear

execW CLI SQ /1 CLISQ // Cear SN **

execW CLRP, /1 CLRP, /1 O ear RPCELL**
execW. I NH, /1 I NH, /1 Set | NHI NT**

execW RPT, /1 RPT, /!l Read RUPT opcode **
execW SBWG, /1 SBWG, /'l Wite Gfrom nenory
execW SETSTB, [/ SETSTB,// Set the ST1 bit of STB
execW VE, /1 VE /Il Wite E-MEM from G
execW WPCTR /1

execW WsQ /1 WEBQ, /1 Wite SQ

execW WSTB, /1 WSTB, /!l Wite stage counter B (STB)**
execW NOPULSE, // R2000, // Read 2000 **

Y. /1 99

voi d CLK: : doexecW i nt pulse) { execWpulse]();

}



CPM (CPM.h)

/****************************************************************************

*  CPM - QONTROL PULSE MATRI X subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: CPM h

VERSI ONS:

DESCRI PTI ON:

Control Pulse Matrix for the Block 1 Apollo Guidance Conputer prototype (AG).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

ER R R R I R I R R I R R R R R R R R R R R R R R R R R R R R R R R R R R R I R R R R R I
*/
#i f ndef CP

M H
#define CPM H

#i ncl ude "TPG h"
#i ncl ude " SEQ h"

class CPM
t
public:

static subseq instructi onSubsequenceDecoder (
int counter_subseq, int SQfield, int STB field);

static char* subseqString[];
static void control Pul seMatri x();

static void readEPROM char* fileNane, int* epron);

static int EPROML_8 [Ox3fff+1];
static int EPROVB_16 [Ox3fff+1];
static int EPROML7_24[Ox3fff+1];
static int EPROVR5_32[Ox3fff+1];
static int EPROVB3_40[Ox3fff+1];
static int EPROWA1_48[0x3fff+1];
static int EPROWA9 56[Ox3fff+1];
private:

/Il Clear the list of currently asserted control pul ses.
static void clearControl Pul ses();

/1 Assert the set of control pulses by adding themto the list of currently
/'l active control signals.

static void assert(cpType* pul se);

/1 Assert a control pulse by adding it to the list of currently asserted

/1 control pul ses.

static void assert(cpType pul se);

static void get _CPM A(int CPM A address);

static void get Control Pul ses_EPROM i nt address);

static void checkEPROMint inval, int |owit);
b

#endi f



CPM (CPM.cpp)

/****************************************************************************

*  CPM - QONTROL PULSE MATRI X subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE CPM cpp

*

*

NOTES: see header file.

*
R R R R R R R R R R R R ]

*/
#i ncl ude "CPM h
#i nclude "SEQ h
#i ncl ude "MON. h
#i ncl ude "CTR h
#include "INT. h
#i ncl ude "ADR h
#i ncl ude <stdlib. h>

char* CPM :subseqString[] =
{

"TCO",
" CCSo"
" Cccs1
" NDX0"
" NDX1"
" RSMB"
" XCHO"

1

subseq CPM:instructionSubsequenceDecoder (
int counter_subseq, int SQfield, int STB field)
{

/1 Conbinati onal |ogic decodes instruction and the stage count
/1 to get the instruction subsequence.
static subseq decode[16][4] = {

{ TCO, RUPT1, STD2, RUPT3 }, // 00
{ CCs0, ccsi, NO_SEQ NO SEQ }, // 01
{ NDXO, NDX1, NO_SEQ RSMB  }, // 02
{ XCHO, NO_SEQ STD2, NO SEQ }, // 03
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 04
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 05
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 06
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 07
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 10
{ MPO, MPL, NO_SEQ MP3 y, 011
{ DVO, DVI1, STD2, NO SEQ }, // 12
{ Ssuo, NO_SEQ STD2, NO SEQ }, // 13
{ Cs0, NO_SEQ STD2, NO SEQ }, // 14
{ TS0, NO_SEQ STD2, NO SEQ }, // 15
{ ADO, NO_SEQ STD2, NO SEQ }, // 16



{ MASKO, NO_SEQ STD2, NO SEQ } // 17
}i
i f(counter_subseq == PI NCSEL)
return Pl NQ,;
el se if(counter_subseq == M NCSEL)
return M NQ,;
el se
return decode[ SQ field][STB field];
}
voi d CPM : cl ear Cont r ol Pul ses()
for(unsigned i=0; i<MAXPULSES; i ++)
SEQ : gl bl _cp[i] = NO_PULSE;
}
void CPM : assert (cpType* pul se)
{
int j=0;
for(unsigned i=0; i<MAXPULSES && j <MAX_ | PULSES && pulse[j] != NO_PULSE; i ++)
if(SEQ :glbl_cp[i] == NO_PULSE)
SEQ : gl bl _cp[i] = pulse[j];
j ++;
}
}
}
void CPM : assert(cpType pul se)
{
for(unsigned i=0; i<MAXPULSES; i ++)
if(SEQ :glbl_cp[i] == NO_PULSE)
SEQ : gl bl _cp[i] = pul se;
br eak;
}
}
}
int CPM:EPROML_ 8 [];
int CPM:EPROW_16 [];
int CPM:EPROML7 24[];
int CPM : EPROW5_32[];
int CPM : EPROMB3_40[];
int CPM:EPROVAL 48[];
int CPM : EPROMA9 56[];
int* eprom

voi d CPM : readEPROM char* fil eNare,
{

cout << "Readi ng EPROM

[
{
}

const
const

char

<< fileName << endl;

/1 Open the EPROM file.

FILE* ifp = fopen(fil eNaneg,
(vifp)

perror("fopen failed
exit(-1);

int addressBytes = 3;
int sunCheckBytes = 1;

buf [ 4096] ;

whi | e(fgets(buf, 4096,ifp))
{

/1 process a record
if(buf[0] !="'8")
{

cout <<
exit(-1);

"Error

T

for source file");

/'l 24-bit address range

readi ng start of EPROMrecord for:

<< fileNane << endl;



}
char tnp[256];

strncpy(tnmp, &buf[2], 2); tnp[2] = '\0";
int total ByteCount = strtol (tnp, 0, 16);
int mySunCheck = total ByteCount & Oxff;

strncpy(tnp, &buf[4], 6); tnp[addressBytes*2] = '\0';
int address = strtol (tnp, 0, 16);

mySuntCheck = (mySunCheck + ((address & Oxff0000) >> 16)) % 256;
mySuntCheck = (mySunCheck + ((address & 0x00ff00) >> 8)) % 256;
mySuntCheck = (mySunCheck + ((address & 0x0000ff) )) % 256;
//cout << hex << totalByteCount << ", " << address << dec << endl;

int dataBytes = total ByteCount - addressBytes - suntCheckByt es;
int i = (addressBytes+2)*2; // index to 1lst databyte char.
for(int j=0; j<dataBytes; j++)

/1 get a data byte

strncpy(tmp, &buf[i], 2); tnp[2] = "\0";
int data = strtol (tnmp, 0, 16);

//cout << hex << data << dec << endl;
mySuntCheck = (mySunCheck + data) % 256;

/1 The H WAGC needs negative logic in the EPROVS (0O=asserted)

/1 but this simulator needs positive logic, so we bit flip the word.
|/ eproni address] = data;

epronf address] = ((~data) & Oxff);

addr ess++;

i+=2; // bunp to next databyte char

}
strncpy(tnmp, &buf[i], 2); tnp[2] = "\0";
int sumCheck = strtol (tnp, 0, 16);

i f (sunCheck != ((~mySunCheck) & Oxff))

{
cout << "sunCheck failed; file: " << fileNane << ", address: " << hex <<
address
<< ", suntheck: " << suntCheck << ", nySuntCheck: " << nySunCheck <<
dec << endl;
exit(-1);
}
} :
fclose(ifp);
}
voi d CPM : checkEPROMint inval, int |owbit)
{
for(int mask=0x1; inval && mask !=0x100; mask=mask<<1)
if(inval & nask)
assert((cpType) |lowbit);
| owbi t ++;
}
}

/1 performthe CPM A EPROM function using the EPROM files
voi d CPM : get Control Pul ses_EPROMi nt address)

{
checkEPROM EPROML_8 [address], 1);
checkEPROM EPROWD_16 [address], 9);
checkEPROM EPROML7_24[ addr ess], 17);
checkEPROM EPROMR5_32[ addr ess], 25);
check EPROM EPROMB3_40[ addr ess], 33);
checkEPROM EPROMM1_48[ addr ess], 41);
check EPROM EPROVM9_56[ addr ess], 49);

}

void CPM : get _CPM A(int address)



/1l Use the EPROM tables to get the CPM A control pul ses docunent ed
/1 in R-393.
get Contr ol Pul ses_EPROM addr ess) ;

/1 Now add sone additional control pulses inplied, but not docunented
/1 in R-393.

if(SEQ :regi ster _LOOPCTR read() == 6)

{

assert (ST2); /Il STA <- 2
assert(CLCTR); // CIR <- 0

//*****************************************************************

/1 Now that the EPROMtables are used for CPMA, this function is only
/1 used to display the instruction subsequence in MON.

SEQ : gl bl _subseq = CPM:instructionSubsequenceDecoder (
CTR: : get Subseq(), SEQ:register_SQread(), SEQ:register_STB.read());

IR EEEEE R R EREEEEEEEELEEEEEEEREREEEEEEEEEEE LR EEEEE

/! These were in CPMC where the rest of the control signal assertions
/Il related to their use still are, but were noved here because VB and RB
/1 are part of the R-393 sequence tables. Check CPM C to see how these
/] assertions fit in (the forner use is conmented out there).
switch(TPG :register_SG read())
{

case PWRON:
assert(WB); // TC GOPROG copied to B (see CPMC for rel ated assertions)
br eak;
case TP12:
if(SEQ :register_ SN .read() == 1)
if('INT: I RY))
{
/1 Normal instruction
assert (RB); /1 SQ <- B (see CPMC for rel ated assertions)
}
}
br eak;
defaul t: ;
}

voi d CPM : control Pul seMatri x()
{

/1 Conbination | ogic decodes time pul se, subsequence, branch register, and
"sel ect next instruction" latch to get control pulses associated with
/'l those states.

/1l Get rid of any old control pulses.
cl ear Control Pul ses();

//*******************************************************************************
/1 SUBSYSTEM A

int SB2_field
int SB1_field

0;
0;

swi t ch(CTR: : get Subseq())

{

case Pl NCSEL:
SB2 field
SB1 field
br eak;

case M NCSEL:
SB2 field
SB1 field
br eak;

defaul t:

non
2 e

I
=



SB2 field = 0;
SB1_field = 0;
}i

int CPM_A address = 0;

CPM_A address =
(SB2_field << 13) |
(SBl field << 12) |
(SEQ :register_SQread() <<
(SEQ :register_STB.read() <<
(TPG :register_SGread() <<
(SEQ :register_BRl.read() <<
SEQ : register_BR2.read();

= N O 00
~—a T

/1 Construct address into CPMA control pul se ROM
/1 Address bits (bit 1 is LSB)

/1 regi ster BR2

I 2: regi ster BRL

/Il 3-6: register SG (4)

I 7,8: register STB (2)

/1l 9-12: register SQ (4)

/Il 13: STB 01 (from CTR selects PINC, MNC, or none)
/1 14: STB 02 (from CTR: selects PINC, MNC, or none)

get _CPM A(CPM_A_addr ess);

//*******************************************************************************

] KRR K Kk ok ok ok ok ok ok ok kK Kk kK Kk ok ok ok ok o ok ok ok kK K R KR Rk ok ok ok ok ok ks ok kR Rk k kR ok ok ok ok ko kR Rk Rk

/1 SUBSYSTEM B

/1 NOTE: WG RSC, WSC are generated by SUBSYSTEM A. Those 3 signals are only used
/1 by SUBSYSTEM B; not anywhere el se.

// CO\ISI ER ND\/I NG TOADR **********************8
if(SEQ :isAsserted(W5))
{

switch(ADR: :register_S read())

case 020: assert (W20); break;
case 021: assert (W21); break;
case 022: assert (W22); break;
case 023: assert (W23); break;

default:.if(ADR::GTR_17()) assert(Wen); // not a central register

i}f(SEQ :isAsserted(RSQ)
{

switch(ADR: :register_S read())

case 00: assert (RAO); break;
case 01: assert (RA1l); break;
case 02: assert (RA2); break;
case 03: assert (RA3); break;
case 04: assert (RA4); break;
case 05: assert (RA5); break;
case 06: assert (RA6); break;
case 07: assert (RA7); break;
case 010: assert (RAL10); break;
case 011: assert (RAL1l); break;
case 012: assert (RAL12); break;
case 013: assert (RA13); break;
case 014: assert (RA14); break;
case 015: assert (RBK); break;
default: break; // 016, 017

}

}
i f(SEQ :isAsserted(WsQO)
switch(ADR: :register_S read())

{
case 00: assert (WAO); break;



menory

case 01: assert (WAL);
case 02: assert (WA2);
case 03: assert (WA3);
case 010: assert (WA10) ;
case 011: assert (WA11) ;
case 012: assert (WA12) ;
case 013: assert (WA13);
case 014: assert (WA14) ;
case 015: assert (VBK);
default: break; // 016, 017

br eak;
br eak;
br eak;

br eak;

//*******************************************************************************

] KRR K Kk ok ok ok ok ok ok ok ok kK K Kk Kk ok ok ok ok o ok ok ok Kk K R Rk Kk ok ok ok ok ok ok kR Rk k ko ok ok ok kR ko kR Rk Rk K

/1 SUBSYSTEM C

switch(TPG :register_SG read())

therefore TPG was not seeing the

a central register
fixed menmory
a | oop counter subseq

/1 not eraseable

a | oop counter subseq

{
case STBY:
assert (GENRST) ;
/1 inhibit all alarmns
/1 init "SQ conplex
/Il clear branch registers
/1l stage registers are not cleared; should they be?
/1 zeroes are already gated onto bus when no read pul ses are asserted.
/1 to zero synchronous-cl ocked registers, assert wite pul ses here.
Il Level -triggered registers are zeroed by CGENRST anded with CLK2.
br eak;
case PWRON:
assert (R2000) ;
/lassert(WB); // TC GOPROG copied to B (inplenented in CPM A)
br eak;
case TP1:
/1 Moved this from TP12 to TPl because CLI SQ was getting cleared in the
/1 hardware AGC before TPG was clocked;
/1 SNI indication.
assert(CLISQ; // SNl <- O
case TP5:
/1 EMEM must be available in Gregister by TP6
if( ADR: : GTR_17() && /1 not
' ADR: : GTR_1777() && /1 not
I SEQ : i sAssert ed( SDV1) && /'l not
I SEQ : i sAsserted(SMP1))
{
assert (SBWG ;
}
if( ADR:EQJ 17() ) assert (INH); /1 1INHI NT (I NDEX 017)
if( ADR :EQJ 16() ) assert (CLINH; /1 RELINT (I NDEX 016)
br eak;
case TP6:
/1 FMEM must be available in G register by TP7
if( ADR: : GTR_1777() &&
I SEQ : i sAssert ed( SDV1) && /1 not
I SEQ : i sAsserted(SMP1))
{
assert (SBWG ;
}
br eak;
case TP11:

/! Gregister witten to nenory begi nning at TP11l; Menory updates are in

/1 G by TP10 for all

nor mal

and extracode instructions,

but the PINC, M NC,



/1 and SHI NC sequences wite to Gin TP10 because they need to update the
/] parity bit.

if( ADR: : GTR_17() && /1 not a central register
' ADR: : GTR_1777() && /1 not fixed nenory
I SEQ : i sAssert ed(SDV1) && /1l not a loop counter subseq
I SEQ : i sAsserted( SMP1))
{
assert (VE) ;

/1 Additional interrupts are inhibited during servicing of an interrupt;
/1 Renopve the inhibition when RESUME i s executed (I NDEX 025)

if(SEQ :isAsserted(SRSM3)) assert(CLRP);

br eak;

case TP12:
/1 DI SABLE | NPUT CHANGE TO PRI ORITY COUNTER (reenable after TP1)
/'l Check the priority counters; service any waiting i nputs on the next
/1l menory cycle.
assert (WPCTR) ;
if(SEQ :register _SNl.read() == 1) // if SNl is set, get next instruction
{

if(INT::I1RQ)) // if interrupt requested (see CPMA for simlar assertion)
{

/1 Interrupt: SQ <- 0 (the default RWbus state)

assert (RPT); /'l latch interrupt vector
assert (SETSTB) ; /l STB <- 1
}
el se
{ . .
/1 Normal instruction
|l assert (RB); /1 SQ <- B (inplenented in CPMA)
assert (CLSTB); /l STB <- 0

}
assert (WsQ);
assert (CLSTA); /Il STA<- 0

/1l Renove inhibition of interrupts (if they were) AFTER the next
instruction

assert (CLINHL); // INHNT1 <- O

el se i f(CTR : get Subseq() == NOPSEL) // if previous sequence was not a counter
/1 get next sequence for sanme instruction.
assert (WSTB) ; /1l STB <- STA
assert (CLSTA); /Il STA<- 0

}

//assert (CLI SQ ; /1 SNI <- 0 (noved to TP1)

br eak;

defaul t: ;

] KRR K Kk ok ok ok ok ok ok ok ok kK Kk Kk Kk ok ok ok ok ok ok ok kK K R R R Rk ok ok ok ok ok ok kR R kR ok ok ok ok ok ko kR Rk Rk



CRG (CRG.h)

/****************************************************************************

*  CRG - ADDRESSABLE CENTRAL REQ STER subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: CRG. h

VERSI ONS:

DESCRI PTI ON:

Addr essabl e Central Registers for the Block 1 Apoll o Gui dance Computer
prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranmpbn Al onso, and Hugh
Blair-Smith, R 393, MT Instrunmentation Laboratory, 1963.

R

NOTES:

*
khkkkhkhkhkhkhkhhkhkhkhkhkhhhhhhhhhkhkhkhhhhhhhhhkhkhkhhhhhhhkhhkhkhkhhhhhhhhkhkhkhkhhhhhhhkhhkhkhkhkk,k,hx*xx

*/
#i f ndef CRG H
#define CRG H

#i ncl ude "reg. h"

class regQ: public reg

public:
regQ() : reg(16, "%60") { }

class regZ : public reg
{
public:
regZ() : reg(16, "%60") { }
class regLP : public reg
{
public:
regLP() : reg(16, "%®60") { }
b
class regA: public reg

éublic:
regA() : reg(16, "9%60") { }

cl ass CRG

t

public:
static void execWP_GENRST();
static void execRP_RQ);
static void execRP_RAL();
static void execWP_WY) ;
static void execWP_WAL();
static void execRP_RZ();
static void execRP_RA2();
static void execWP_WZ();
static void execWP_WA2();
static void execRP_RLP();
static void execRP_RA3();
static void execRP_RA();
static void execRP_RAO();
static void execWP_WA();
static void execWP_WAO() ;
static void execWP_WALP();



H
#endi f

stati
stati

stati
stati
stati
stati

stati
stati
stati

voi d execWP_WLP();
voi d execWP_WA3() ;

regQregister_Q // return address
regZ register_z, // program counter
regLP register_LP; // |ower accumul ator
regA register_A, // accunul ator

unsigned conv_WALP_LP[];
unsigned conv_WALP_A[];
unsigned conv_W.P[];



CRG (CRG.cpp)

IR EEE AR EEE R R EREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE]

* CRG - ADDRESSABLE CENTRAL REQ STER subsystem

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE CRG. cpp

*

NOTES: see header file.

*
IR R R E R E SRR EEEEEEEE SRS EEEEEEEEEEEEEEEEEREREEEEEEEEEEERESEREEEEREEEEEEEEEEESEESEEEE]
*/

#i ncl ude "CRG h"

#i ncl ude "SEQ h"

#i ncl ude "BUS. h"

regQ CRG :register_Q // return address

regZ CRG :register_Z; // programcounter
regLP CRG :register_LP;, // |ower accunul ator
regA CRG :register_A; // accumnul at or

/1 BUS LI NE ASSI GNVENTS

/1 Specify the assignment of bus lines to the inputs of a register (for a 'wite'

/1 operation into a register). Each 'conv_' array specifies the inputs into a

/'l single register. The index into the array corresponds to the bit position in

/Il the register, where the first paraneter (index=0) is bit 16 of the register (nsbh)
/1 and the | ast paraneter (index=15) is register bit 1 (Isb). The val ue of

/1 the parameter identifies the bus |ine assigned to that register bit. 'BX

/1l means 'don't care'; i.e.: leave that register bit alone.

unsi gned CRG :conv_WALP_LP[] =
{ BX, BX, Bl, BX, BX, BX BX, BX, BX, BX, BX, BX, BX, BX, BX, BX};

unsi gned CRG :conv_WALP_A[] =
{ SG SG Us, B14, B13, Bl12, Bl11, Bl10, B9, B8, B7, B6, B5, B4, B3, B2 };

unsigned CRG :conv_WPF] =
{ B1, B1, DO, Bl14, B13, B12, Bl11, B10, B9, B8, B7, B6, B5 B4, B3, B2 };

voi d CRG : execWP_GENRST()

{
register_ Qwite(0);
register_Z wite(0);
register _LP.write(0);
register _Awite(0);
}

voi d CRG : execRP_RQ)

BUS: : gl bl _READ BUS = register_Q read();
}
voi d CRG : execRP_RA1L()

BUS: : gl bl _READ BUS = register_Q read();

voi d CRG : exec\WP_WY)

{
register_Qwite(BUS::gl bl _WRI TE_BUS);
}
voi d CRG : exec\WP_WAL()
{

register_Qwite(BUS::gl bl _WRI TE BUS);



voi d CRG : execRP_RZ()

BUS: : gl bl _READ BUS = register_Z. read();

}
voi d CRG : execRP_RA2()
{
BUS: : gl bl _READ BUS = register_Z. read();
}

voi d CRG : execWP_\WZ()

{
register_Z wite(BUS::gl bl _WRI TE_BUS);
}
voi d CRG : exec\WP_WA2()
{
register_Z wite(BUS::gl bl _WRI TE BUS);
}
voi d CRG : execRP_RLP()
{
BUS: : gl bl _READ BUS = register_LP.read();
}
voi d CRG : execRP_RA3()
{
BUS: : gl bl _READ BUS = register_LP.read();
}

voi d CRG : execWP_WALP()

register _LP.writeShift(BUS::glbl_WRI TE_BUS, CRG :conv_WALP_LP);
register _A witeShift(BUS::glbl_WRI TE BUS, CRG :conv_WALP_A);

}
voi d CRG : execWP_W.P()

{

register _LP.writeShift(BUS::glbl_WR TE BUS, CRG :conv_WP);
}
voi d CRG : execWP_WA3()
{

register _LP.writeShift(BUS::glbl_WR TE_BUS, CRG :conv_WP);
}

voi d CRG : execRP_RA()

{

BUS: : gl bl _READ BUS = register_A read();
}
voi d CRG : execRP_RAO()
{

BUS: : gl bl _READ BUS = register_A read();
}

voi d CRG : execWP_WA()

{
register A wite(BUS::glbl_WRI TE BUS);
}
voi d CRG : execWP_WAO()
{

register _A wite(BUS::gl bl _WRI TE_BUS);






CTR (CTR.h)

/****************************************************************************

* CTR - INVOLUNTARY PRI ORI TY COQUNTER subsystem

AUTHOR: John Pul t or ak
DATE: 10/ 25/ 02

FI LE: CTR. h

VERSI ONS:

DESCRI PTI ON:

Involuntary Counters for the Block 1 Apollo CGuidance Conputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i fndef CTR_H

#define CTR H

#i ncl ude "reg. h"

enum ctrNunber { // indexes for priority cells

OVCTR =0,
TIME2 =1, /1 Block Il puts TIME2 first
TIMEL =2,
TIMES =3,
TIVE4 =4,

b

enum ctrAddr { // octal addresses of counters
/1 Note: In Block 1, TIMELl preceeds TIME2. In Block II,
/Il this is reversed: TIME2 preceeds TIMELl. This reversal
/! was done so that the npbst significant tine word occurs
/1 at the lower address in the 2 word AGC clock. Therefore,
/1 a common AGC software routine can be used to read the

/1 tinme.
OVCTR_ADDR =0034,
TI ME2_ADDR =0035, // Block Il puts TIME2 first
TI ME1_ADDR =0036,
TI ME3_ADDR =0037,
Tl ME4_ADDR =0040,
SPARE1_ADDR =0041,
SPARE2_ADDR =0042,
SPARE3_ADDR =0043
b
enum pCntr Type {
NOPSEL =0, /1 NO COUNTER
PI NCSEL =1, /1 PINC
M NCSEL =2 /1 M NC
b
class regUpCELL : public reg
public:
/1 Bit synchronize the counter inputs.
regUpCELL() : reg(8, "9%30") { }
b

class regDnCELL : public reg

t
public:



/1 Bit synchronize the counter inputs.
regbnCELL() : reg(8, "9%30") { }

class CTR

t

public:
stati
stati
stati
stati
stati

stati

stati
stati

stati
stati

private:
stati
b

#endi f

C
Cc

C

voi d execWP_GENRST() ;
voi d execWP_WPCTR() ;
voi d execRP_RSCT();
voi d execWP_WOVR() ;
voi d exec\WP_WOVC() ;

unsi gned get Subseq();

unsigned pcUp[];
unsigned pcDn[];

| atches the selected priority counter cell (0-7)

regWCELL register_UpCELL; //
/'l latches the selected priority counter cell (0-7)

regbnCELL regi ster_DnCELL;

voi d reset Al | pc();



CTR (CTR.cpp)

/****************************************************************************

* CTR - INVOLUNTARY PRI ORI TY COQUNTER subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 10/ 25/ 02

*  FILE CTR. cpp

*

*

NOTES: see header file.

*

R R R R R R R R R R R R ]

*/
#i ncl ude "CTR h"
#i ncl ude "INT. h"
#i ncl ude "BUS. h"
#i ncl ude " SEQ h"

regUpCELL CTR :register_UpCELL; // latches the selected priority counter cell (0-7 (decimal))
regbDnCELL CTR :register_DnCELL; // latches the selected priority counter cell (0-7 (decimal))

unsi gned CTR : pcUp[ 8] ;
unsi gned CTR : pcDn[ 8] ;

/1 PRI ORI TY COUNTERS

[ ] R R R Kk ok ok ok ok ok ok ok kK K Kk K K Kk ok ok ok ok ok ok kK K Rk Rk Rk ok ok ok ko kK

/1 The interrupt priorities are stored in RPCELL as 1-5, but

/! the priority counter priorities are stored as 0-7; this

/1 inconsistency should be fixed, probably. Al so, the nethod

/1 of address determination for the priority counters needs work

void CTR :reset Al | pc()

for(int i=0; i<8; i++) { pcUp[i]=0; pcDn[i]=0; }

/1 priority encoder; outputs O-7; O=highest priority (O/CTR), 1=TIME2, 2=TIMEL, etc
static bool newPriority = true; // a sinmulator performance optim zation; not in the hardware AGC
unsigned getPriority()

{

/1 simulator optimzation; don't reconpute priority if the priority inputs haven't
changed
static unsigned priority = 7; // default (lowest priority)
if(!'newPriority) return priority;

priority =7; // default (lowest priority)
for(int i=0; i<8; i++)

if(CTR :regi ster _UpCELL. readFi el d(i+1,i+1) |
CTR: : regi ster _DnCELL. readFi el d(i +1,i +1))
{
priority =1i;
br eak;
}
}
newPriority = fal se;
return priority;

unsi gned CTR: : get Subseq()

{
unsigned pc = getPriority();

unsi gned upCel |
unsi gned dnCel |

CTR: : regi ster _WCELL. readFi el d(pc+1, pc+1);
CTR:: regi ster _DnCELL. readFi el d(pc+1, pc+1);



if(upCell == 1 && dnCell == 0)
return Pl NCSEL;

else if(upCell == 0 && dnCell == 1)
return M NCSEL;

el se
return NOPSEL;

voi d CTR: : execWP_GENRST()

regi ster _UpCELL. write(0);
regi ster_DnCELL. write(0);

reset Al l pc();

voi d CTR: : execWP_WPCTR()

{ /'l transfer cell data into up and down synch registers
for(int i=0; i<8; i++)
{ register _UpCELL. writeField(i+1,i+1, pcUp[i]);
register_DnCELL. writeField(i+1,i+1,pcDn[i]);
) ilewPri ority=true; // a sinulator performance optim zation;

/1 Sel ected counter address is requested at TP1.
/1 Counter address is |latched at TP12

voi d CTR: : execRP_RSCT()

BUS: : gl bl _READ BUS = 034 + getPriority();

}
voi d CTR: : execWP_WOVR()
{
unsigned pc = getPriority();
if(register_UpCELL.readFiel d(pc+1, pc+l))
{
) pcUp[ pc] =O0;
if(register_DnCELL.readFiel d(pc+1, pc+1))
{
pcDn[ pc] =0;
}
/1 generate various actions in response to counter overflows:
switch(BUS::testOverflow BUS:: gl bl _WRI TE_BUS))
{
case POS _Ow: // positive overflow
switch(getPriority()) // get the counter
case TIMELl: CTR :pcUp[TIME2] =1; break; // overflow fromTIMEL i ncrenents
Tl ME2
case TIME3: |INT::rupt[T3RUPT] =1; break; // overflow from TIME3 triggers
T3RUPT
case TIME4: | NT::rupt[DSRUPT] =1; break; // overflow from TIME4 triggers
DSRUPT
}
br eak;
case NEG OV break; // no actions for negative counter overflow
}
}

voi d CTR: : execWP_WOVC()
{

not

in hardware AGC



switch(BUS::testOverflow BUS:: gl bl _WRI TE_BUS))

case POS OW: CTR :pcW[ OVCTR] =1; break; // incr OVCTR (034)
case NEG OW: CTR :pcDn[ OVCTR] =1; break; // decr OVCTR (034)

regi ster_PCELL: Overflow fromthe sel ected counter appears
on the bus when WOVR or WOVC is asserted;

it could be used to trigger an interrupt

or routed to increnment another counter



DSP (DSP.h)

/****************************************************************************

* DSP - DSKY DI SPLAY subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: DSP. h

VERSI ONS:

DESCRI PTI ON:

DSKY Di splay for the Block 1 Apollo CGui dance Conputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i f ndef DSP_H

#define DSP_H

cl ass DSP

{
public:
/1 DSKY di spl ay

/1 major node display
static char MD1;
static char MD2;

/'l verb display
static char VD1;
static char VD2;

/1 noun displ ay
static char ND1;
static char ND2;

/Il RL
static char RLS;
static char R1D1;
static char R1DZ;
static char R1D3;
static char R1LD4;
static char R1D5;

Il R2
static char R2S;
static char R2D1;
static char R2D2;
static char R2D3;
static char R2D4;
static char R2D5;

/Il R3
static char R3S;
static char R3D1;
static char R3D2;
static char R3D3;
static char R3D4;
static char R3D5;

/1l These flags control the sign; if both bits are 0 or 1, there is no sign.

/1l Otherwi se, the signis set by the selected bit.
static unsigned R1SP;
static unsigned R1SM
static unsigned R2SP;
static unsigned R2SM
static unsigned R3SP;
static unsigned R3SM



/1 verb/noun flash
static unsigned flash;

static void clearQutO();
static char signConv(unsigned p, unsigned m;
static char out Conv(unsi gned in);

static voi d decodeRel ayWr d(unsi gned in);

}s
#endi f



DSP (DSP.cpp)

/****************************************************************************

DSKY DI SPLAY subsystem

*

EE R S

*

DSP -

AUTHOR:

DATE
FI LE

John Pul t or ak
9/ 22/ 01
DSP. cpp

NOTES: see header file.

R R R R R R R R R R R R ]

*/

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

bool

char
char

char
char

char
char

char
char
char
char
char
char

char
char
char
char
char
char

char
char
char
char
char
char

unsi
unsi
unsi
unsi
unsi
unsi

" DSP.
<stri

h
ng. h>

<iostream h>

<stdi

0. h>

dskyChanged = false; // true when DSKY di spl ay changes

/1
DSP!
DSP.

/1
DSP!
DSP.

/1
DSP!
DSP.

/1

DSP:
DSP:
DSP:
DSP:
DSP:
DSP:

/1

DSP:
DSP:
DSP:
DSP:
DSP:
DSP:

/1

DSP:
DSP:
DSP:
DSP:
DSP:
DSP:

1

I
gnhed
gned
ghed
gned
gnhed
gned

ey

or node display

. MD1=0
. MD2=0;

ver

b di spl ay

1 VD1=0
1 VD2=0;

nou

n di spl ay

: ND1=0
: ND2=0

R1

R2

R3

The

Oh
DSP: :
DSP: :
DSP: :
DSP: :
DSP: :
DSP

R1S=0;
R1D1=0;
R1LD2=0;
R1D3=0
R1LD4=0;
R1D5=0

R2S=0;
R2D1=0;
R2D2=0
R2D3=0
R2D4=0
R2D5=0

R3S=0;
R3D1=0;
R3D2=0;
R3D3=0;
R3D4=0;
R3D5=0

se flags control the sign; if both bits are 0 or 1

erwise, the signis set by the selected bit.
R1SP=0
R1SM=0
R2SP=0
R2SM=0
R3SP=0

. R3SM=0

/1 flag controls 1 Hz flash of verb and noun displ ay
unsigned DSP::flash = 0; // O=flash off, 1=flash on

voi d DSP: : cl ear Qut 0()
{

MD1
VD1

MD2
VD2

Y /1 maj or nmode display
/1 verb display

there is no sign



ND1 = ND2 ="' '; /1 noun displ ay
R1S = R1ID1 = R1D2 = R1D3 = R1D4 = R1D5 = /1 R1
R2S = R2D1 = R2D2 = R2D3 = R2D4 = R2D5 = ; Il R2
R3S = R3D1 = R3D2 = R3D3 = R34 = R3D5 = /Il R3
R1SP = R1SM = 0;
R2SP = R2SM = 0;
R3SP = R3SM = 0;
}
char DSP: : si gnConv(unsi gned p, unsigned m
{
if(p & 'm
return '+';
else if(mé&& !p)
return '-'
el se
return '
}
char DSP: : out Conv(unsigned in)
{
switch(in)
case 000: return ' ',
case 025: return '0";
case 003: return '1';
case 031: return '2';
case 033: return '3";
case 017: return '4';
case 036: return '5";
case 034: return '6';
case 023: return '7';
case 035: return '8';
case 037: return '9';
}
return ' '; // error
}
voi d DSP: : decodeRel ayWr d(unsi gned in)
{
unsi gned char Sel ect (in & 074000) >> 11; /'l get bits 15-12

(in & 02000) >> 10; // get bit 11
(in & 01740) >> 5; // get bits 10-6
in & 037;

unsi gned bill
unsi gned bH gh
unsi gned bLow

[ KRR KKk ok ok kok ok ok ok ok ok ok ok R R KR K Kk ok ok ok ok kK

#i f def NOTDEF
char buf[80];
sprintf(buf, "bitsl5-12: %20, Bitll: % lo, bitsl0-6: %20, bits5-1: %920",
char Sel ect, bll, bHigh, bLow);
cout << buf << endl;
#endi f
dskyChanged = true;

[ KRR KKk ok ok kok ok ok ok ok ok ok ok R K KR K Kk ok ok ok ok kK

swi tch(charSel ect)

{

case 013: MD1 = out Conv(bHi gh); MD2 = out Conv(bLow); break;

case 012: VD1 = out Conv(bHi gh); VD2 = outConv(bLow); flash = bll; break;
case 011: ND1 = out Conv(bHi gh); ND2 = out Conv(bLow); break;

case 010: R1D1 = out Gonv(bLow);

/1 UPACT not i npl emented

case 007: R1SP = bll; R1S = signConv(R1lSP, R1SM;
R1D2 = out Gonv(bHi gh);
R1D3 = out Gonv(bLow); break;

case 006: R1SM = bll; R1S = signConv(R1lSP, R1SM;
R1D4 = out Gonv(bHi gh);
R1D5 = out Gonv(bLow); break;

case 005: R2SP = bll; R2S = signConv(R2SP, R2SM ;
R2D1 = out Gonv(bHi gh);
R2D2 = out Gonv(bLow); break;

br eak;



case

case

case

case

004:

003:

002:

001:

R2SM
R2D3
R2D4

R2D5
R3D1

R3SP
R3D2
R3D3

R3SM
R3D4
R3D5

b1l; R2S = signConv(R2SP,
out Conv( bHi gh) ;
out Conv(bLow); break;

out Conv( bHi gh);
out Conv(bLow); break;

b11l; R3S = signConv(R3SP,
out Conv( bHi gh);
out Conv(bLow); break;

b11l; R3S = signConv(R3SP,
out Conv( bHi gh);
out Conv(bLow); break;

R2SM ;

R3SM ;

R3SM ;



INP (INP.h)

/****************************************************************************

*

R

INP - INPUT REG STER subsyst em

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: I NP. h

VERSI ONS.

DESCRI PTI ON:

I nput Registers for the Block 1 Apollo CGui dance Conputer prototype (AGHA).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963

NOTES

R R R R R R R R R R R R R R R R

*/

#i fndef INP_H
#define I NP_H

#i ncl ude "reg. h"

class regln0 : public reg

{
public
reglnO() : reg(16, "%60") { }
b
class reglnl : public reg
{
public
reglnl() : reg(16, "%60") { }
b
class regln2 : public reg
{
public
regln2() : reg(16, "%60") { }
b
class regln3 : public reg
{
public
regln3() : reg(1l6, "%60") { }
b
class INP
t
public
static void execRP_RA4();
static void execRP_RA5();
static void execRP_RA6();
static void execRP_RA7();
static reglnO register_INO; // input register O
static reglnl register_INLl; // input register 1
static regln2 register_IN2; // input register 2
static regln3 register_IN3; // input register 3
b

#endi f



INP (INP.cpp)

/****************************************************************************

* |NP - INPUT REGQ STER subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

* FILE: I NP. cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "INP. h"

#i ncl ude " SEQ h"

#i ncl ude "KBD. h"

#i ncl ude "MON. h"

#i ncl ude "BUS. h"

regln0 I NP::register
reglnl INP::register
regln2 INP::register
regln3 INP::register

NO; // input register
N1; // input register
N2; // input register
N3; // input register

WN O

voi d | NP: : execRP_RA4()

{
/1 Sanple the state of the inputs at the nonent the
/'l read pulse is asserted. In the HWinplenentation,
/! register O is a buffer, not a latch.
register _IND.witeField(5,1, KBD::khd);
register IND.witeField(6,6,0); // actually should be keypressed strobe
register _IND.witeField(14, 14, MON : SA);
register _IND.clk();
BUS: : gl bl _READ BUS = regi ster_INO.read();
}

voi d | NP: : execRP_RA5()

BUS: : gl bl _READ BUS = regi ster_I Nl read();

voi d | NP: : execRP_RA6()

BUS: : gl bl _READ BUS = regi ster_IN2.read();

voi d | NP:: execRP_RA7()

BUS: : gl bl _READ BUS = regi ster_IN3.read();



INT (INT.h)

/****************************************************************************

* |NT - PRIORITY | NTERRUPT subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: I NT. h

VERSI ONS:

DESCRI PTI ON:

Priority Interrupts for the Block 1 Apollo Cui dance Conputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i fndef INT_H

#define INT_H

#i ncl ude "reg. h"

enum r upt Addr ess {
/1 Addresses for service routines of vectored interrupts

T3RUPT_ADDR =02004, /1 option 1. overflow of TIME 3

ERRUPT_ADDR =02010, /1 option 2: error signal

DSRUPT_ADDR =02014, /1 option 3: telenetry end pulse or TIME 4 overflow
KEYRUPT_ADDR  =02020, /1 option 4: activity from MARK, keyboard, or tape reader

1

enum r upt Nunmber {
/1 Option nunber (selects rupt priority cell)
/1 NOTE: the priority cells (rupt[]) are indexed 0-4, but stored in the
/'l RPCELL register as 1-5; (0 in RPCELL neans no interrupt)

T3RUPT =0, /1 option 1: overflow of TIME 3

ERRUPT =1, /1 option 2: error signal

DSRUPT =2, /1 option 3: telenetry end pul se or TIME 4 overfl ow
KEYRUPT =3, /1 option 4. activity from MARK, keyboard, or tape reader

b
class regRPCELL : public reg

{
public:
regRPCELL() : reg(5, "9%20") { }

/} al so inhibits additional interrupts while an interrupt is being processed

class regl NHINT1 : public reg

{
public:
regl NHINT1() : reg(1, "9%1l0") { }
b
class regl NHINT : public reg
{
public:
regl NHINT() : reg(1, "9%1lo0") { }
b
class I NT
{
public:

friend class CLK;
friend class MON,

static void execRP_RRPA();



private:

}s
#endi f

stati
stati
stati
stati
stati
stati
stati
stati

stati

stati

stati
stati

stati
stati
stati

O0OO0O0O000OO0

Cc

Cc
C

C

C

voi d execWP_CGENRST() ;
voi d execWP_RPT() ;
voi d execWP_KRPT() ;
voi d execWP_CLRP();
voi d exec\WP_WWOM () ;
voi d execWP_CLINHL();
voi d execWP_I NH ) ;
voi d execWP_CLINH() ;

bool IRQ); // returns true if an interrupt is requested

unsigned rupt[];

voi d reset All Rupt ();
unsigned getPriorityRupt();

regRPCELL register_ RPCELL;
regl NHI NT1 register_| NH NT1;
regl NHI NT regi ster_| NH NT;

11
11

|l atches the selected priority interrupt vector (1-5)
/1 inhibits interrupts for 1 instruction (on WOVI)

inhibits interrupts on | NH NT,

reenabl es on RELINT



INT (INT.cpp)

/****************************************************************************

* |NT - PRIORITY | NTERRUPT subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE I NT. cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i nclude "INT. h"

#i ncl ude " SEQ h"

#i ncl ude "BUS. h"

regRPCELL INT::register RPCELL; // latches the selected priority interrupt vector (1-5)
regl NHINT1 I NT::register _INHINTL; // inhibits interrupts for 1 instruction (on WOVI)
regl NHINT INT::register INHINT; // inhibits interrupts on I NH NT, reenabl es on RELINT

/1 NOTE: the priority cells (rupt[]) are indexed 0-4, but stored in the
/1l RPCELL register as 1-5; (0 in RPCELL nmeans no interrupt)
unsigned | NT::rupt[5];

bool INT::IRQY)

if( I NT: :getPriorityRupt() /1 if interrupt
request ed
&& I NT: :regi ster RPCELL.read() == /1 and interrupt not currently being
servi ced
&% INT::register INH NTl.read() == 0 // and interrupt not inhibited for 1
instruction

{

&% INT::register INHINT.read() == 0) // and interrupts enabl ed ( RELI NT)
return true;

return fal se;

}
void INT::reset Al |l Rupt ()

for(int i=0; i<5; i++) { rupt[i]=0; }

}
/1 interrupt vector; outputs 1-5 (decinmal) == vector; 0 == no interrupt
unsigned | NT::getPriorityRupt()
{
for(int i=0; i<5; i++) { if(rupt[i]) returni+1; }
return O;
}

voi d | NT: : execRP_RRPA()

BUS: : gl bl _READ BUS = 02000 + (regi ster RPCELL.read() << 2);

/'l latches the selected priority interrupt vector (1-5)
/1 also inhibits additional interrupts while an interrupt is being processed

voi d | NT: : execWP_GENRST()

{
regi ster _RPCELL. wite(0);
register _INHINT. write(l);
reset All Rupt ();

}

voi d | NT: : execWP_RPT()
{



register RPCELL. write(INT::getPriorityRupt());

}
voi d | NT: : execWP_KRPT()
{
INT::rupt[regi ster _RPCELL.read()-1] = O;
}
voi d | NT: : execWP_CLRP()
{
regi ster _RPCELL. write(0);
}

/1 INHINTLl: inhibits interrupts for 1 instruction (on WWI)

voi d | NT: : execWP_WOVI ()

{
i f(BUS::testOverfl ow(BUS:: gl bl _WR TE_BUS) != NO OVF)
register INHINTL. wite(l);
}
voi d | NT:: execWP_CLI NHL()
{
register INHINTL. wite(0);
}

/1 INHINT: inhibits interrupts on I NH NT, reenables on RELINT

voi d | NT:: execWP_I NH()

{
register _INHINT. wite(l1);
}
voi d | NT:: execWP_CLI NH()
{

register _INHINT. write(0);



ISD (ISD.h)

/****************************************************************************

* | SD - INSTRUCTI ON SUBSEQUENCE DECODER subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: 1SD. h

VERSI ONS:

DESCRI PTI ON:

I nstruction Subsequence Decoder for the Block 1 Apollo Cui dance Conputer
prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranmpbn Al onso, and Hugh
Blair-Smith, R 393, MT Instrunmentation Laboratory, 1963.

R

NOTES:

*
khkkkhkhkhkhkhkhhkhkhkhkhkhhhhhhhhhkhkhkhhhhhhhhhkhkhkhhhhhhhkhhkhkhkhhhhhhhhkhkhkhkhhhhhhhkhhkhkhkhkk,k,hx*xx
*/

#i fndef 1SD H

#define | SD H

#i ncl ude "SEQ h"
#i ncl ude "CTR h"

/1 1 NSTRUCTI ON SUBSEQUENCE DECODER

#i f def NOTDEF
class | SD

t
public:
static subseq instructi onSubsequenceDecoder () ;

static char* |SD::subseqString[];
}
#endi f

#endi f



ISD (ISD.cpp)

/****************************************************************************

* | SD - INSTRUCTI ON SUBSEQUENCE DECODER subsystem

*

*  AUTHOR: John Pul t or ak

*  DATE: 9/ 22/ 01

*  FILE | SD. cpp

*

* NOTES: see header file.

*

ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "1SD. h"

#i f def NOTDEF
char* |1SD::subseqString[] =
{

"TCO",
" CCSo"
" Cccs1
" NDX0"
" NDX1"
" RSMB"
" XCHO"

1

subseq | SD::instructi onSubsequenceDecoder ()
{
/1 Conbi nati onal |ogic decodes instruction and the stage count
/1 to get the instruction subsequence.
static subseq decode[16][4] = {

{ TCO, RUPT1, STD2, RUPT3 }, // 00
{ CCs0, CCsl, NO_SEQ, NO SEQ }, // 01
{ NDXO, NDX1, NO_SEQ RSMB  }, // 02
{ XCHO, NO_SEQ, STD2, NO SEQ }, // 03
{ NO_SEQ, NO_SEQ, NO_SEQ, NO SEQ }, // 04
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 05
{ NO_SEQ, NO_SEQ, NO_SEQ, NO SEQ }, // 06
{ NO_SEQ NO_SEQ NO_SEQ NO SEQ }, // 07
{ NO_SEQ, NO_SEQ, NO_SEQ, NO SEQ }, // 10
{ MPO, MP1, NO_SEQ, MP3 Y, /111
{ DVO, DV1, STD2, NO SEQ }, // 12
{ Suo, NO_SEQ, STD2, NO SEQ }, // 13
{ Cs0, NO_SEQ, STD2, NO SEQ }, // 14
{ TS0, NO_SEQ STD2, NO SEQ }, // 15
{ ADO, NO_SEQ, STD2, NO SEQ }, // 16
{ MASKO, NO_SEQ STD2, NO SEQ } [/ 17
b

swit ch(CTR: : get Subseq())

{
case PINCSEL: return PINQO;



case M NCSEL: return M NQ;
default: return decode[ SEQ :register_SQread()][SEQ :register_STB.read()];

}

#endi f



KBD (KBD.h)

/****************************************************************************

* KBD - DSKY KEYBOARD subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: KBD. h

VERSI ONS:

DESCRI PTI ON:

DSKY Keyboard for the Block 1 Apoll o Qiidance Conputer prototype (AGA4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i f ndef KBD_H

#define KBD_H

enum keyl nType {
/1 DSKY keyboard input codes: Taken from E-1574, Appendix 1
/'l These codes enter the conputer through bits 1-5 of INO.
/1 The MSBis in bit 5 LSBin bit 1. Key entry generates KEYRUPT.

KEYI N_NONE =0, /'l no key depressed**
KEYI N_O =020,
KEYI N_1 =001,
KEYI N_2 =002,
KEYI N_3 =003,
KEYI N_4 =004,
KEYI N_5 =005,
KEYI N_6 =006,
KEYI N_7 =007,
KEYI N_8 =010,
KEYI N_9 =011,
KEYI N_VERB =021,
KEYI N_ERROR _RESET =022,
KEYI N_KEY_RELEASE =031,
KEYI N_PLUS =032,
KEYI N_M NUS =033,
KEYI N_ENTER =034,
KEYI N_CLEAR =036,
KEYI N_NOUN =037,

b

cl ass KBD

t

public:
static keylnType kbd; // latches the last key entry fromthe DSKY
static void keypress(keyl nType c);

b

#endi f



KBD (KBD.cpp)

/****************************************************************************

* KBD - DSKY KEYBOARD subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

* FILE: KBD. cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "KBD. h"

#i ncl ude "INT. h"

/1 DSKY keyboard
keyl nType KBD: : kbd=KEYl N_NONE; /1 latches the last key entry fromthe DSKY

voi d KBD: : keypress(keyl nType c)

{

/1 latch the keycode

kbd = c;
/1 generate KEYRUPT interrupt

I NT: : rupt [ KEYRUPT] = 1;



MBF (MBF.h)

/****************************************************************************

*  MBF - MEMORY BUFFER REGQ STER subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: MBF. h

VERSI ONS:

DESCRI PTI ON:

Menory Buffer Register for the Block 1 Apoll o Guidance Conputer prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i f ndef MBF_H

#define MBF_H

#i ncl ude "reg. h"

class regG: public reg

{
public:
/1 all menory bits except bit 15 (parity)
/1 bit 15 is not used, so ignore it.
regd) : reg(16, "%60") { }

cl ass MBF

t
public:
static void execWP_GENRST() ;

static void execRP_RE);
static void execRP_VE();

static void execWP_WGn() ;
static void execWP_WGx();
static void execWP_W20();
static void execWP_W21();
static void execWP_W22();
static void execWP_W23();
static void execWP_SBWX) ;

/1 Bit 15 (parity) is kept in a separate register in PAR
/! because it is independently | oaded.
static regGregister_G /1l menory buffer register (except for bit 15)

static unsigned conv_RJ];
static unsigned conv_VW&[];
static unsigned conv_VRO0[];
static unsigned conv_VR1[];
static unsigned conv_VR22[];
static unsigned conv_V23[];
static unsigned conv_SBWH ];
static unsigned conv_VE[];

H
#endi f



MBF (MBF.cpp)

/****************************************************************************

*  MBF - MEMORY BUFFER REGQ STER subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE MBF. cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "MBF. h"

#i ncl ude " SEQ h"

#i ncl ude "ADR. h"

#i ncl ude "BUS. h"

#i ncl ude "PAR h"

#i ncl ude "MEM h"

/1 The actual bit 15 of register_Gis not used.
regG MBF: :register_G /1 menory buffer register (except bit 15: parity)

unsi gned MBF::conv_RJ] =
{ SG, SG B14, B13, B12, B11, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl };

unsi gned MBF::conv_SBWJ] =
{ SGM BX, Bi14, B13, Bl12, B11, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl };

unsi gned MBF::conv_VE[] =
{ BX, SG Bi4, B13, B12, Bl11, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl };
unsi gned MBF::conv_W2Q[] =
{ B1, BX, SG Bl4, B13, Bl12, B11, B10, B9, B8, B7, B6, B5, B4, B3, B2 };
unsi gned MBF::conv_W1[] =
{ SG, BX, SG Bi14, B13, B12, B11, B10, B9, B8, B7, B6, B5, B4, B3, B2 };
unsi gned MBF::conv_W2[] =
{ B14, BX, B13, B12, B11, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl, SG};

unsi gned MBF::conv_We3[] =
{ SG, BX, B13, Bl12, Bl1, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl, SG};

voi d MBF: : execWP_GENRST()
{

}

register Gwite(0);

voi d MBF: : execRP_RE)
i f(ADR : GTR 17())
{

BUS: : gl bl _READ BUS = register_G shiftData(0, register_Gread(), MF::conv_RG;

voi d MBF: : execRP_WE()
{
/!l Wite Ginto nmenory; shift the sign to bit 15; parity is witten fromthe
/1 PAR subsystem
MEM : MEM DATA BUS = (register G shiftData(0, MBF::register_ G read(), MBF::conv_VE));



voi d

voi d

MBF: : execWP_WGn()

register_Gwite(BUS::gl bl _WRI TE BUS);

MBF: : execWP_WGx( )
/1 This is only used in PINC, MNC, and SHI NC. Does not clear G
/'l register; wites (CRs) into GfromRWBus and wites into parity
/1 from 1-15 generator. The sequence calls LG in a previous TP to
/!l reset Gto zero, so the OR operation can be safely elimnated
/1 frommy inplenmentati on of the design.

register_Gwite(BUS::gl bl _WRI TE BUS);
MBF: : execWP_W20()

register_GwiteShift(BUS:: gl bl _WRI TE_BUS, MBF::conv_W20);

MBF: : execWP_W21()

register_GwiteShift(BUS::glbl _WRI TE_BUS, MF::conv_W1);

MBF: : execWP_\W22()

register_GwiteShift(BUS:: gl bl _WRI TE_BUS, MBF::conv_W2);
MBF: : execWP_\W23()

register_GwiteShift(BUS::glbl _WRI TE_BUS, MF::conv_W3);

MBF: : execWP_SBWX()

register_GwiteShift(MEM : MEM DATA BUS, MBF. :conv_SBWG;



MEM (MEM.h)

/****************************************************************************

* MEM - ERASEABLE/ FI XED MEMORY subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 26/ 02

FI LE: MEM h

VERSI ONS:

DESCRI PTI ON:

Eraseabl e & Fixed Menory for the Block 1 Apollo Qi dance Conputer
prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranmpbn Al onso, and Hugh
Blair-Smith, R 393, MT Instrunmentation Laboratory, 1963.

R

NOTES:

*
khkkkhkhkhkhkhkhhkhkhkhkhkhhhhhhhhhkhkhkhhhhhhhhhkhkhkhhhhhhhkhhkhkhkhhhhhhhhkhkhkhkhhhhhhhkhhkhkhkhkk,k,hx*xx
*/

#i f ndef MEM H

#defi ne MEM H

#i ncl ude "reg. h"

#defi ne NUMFBANK 12 // nunber of 1024 word fixed nenory banks

class regEMEM : public reg

{
public:

regeMEM) : reg(16, "9%60")

regEMEMR operator= (const unsigned& r) { wite(r); return *this; }
b

class regFMEM : public reg
{
public:

regFVEM) : reg(1l6, "960") { }
regFMEMR operator= (const unsigned& r) { wite(r); return *this; }

b
cl ass MEM
t
public:
static void execWP_WVE();
static void execRP_SBWY ) ;
static regEMEM regi ster _EMEM ]; // erasabl e nmenory
static regFMEM regi ster _FMEM]; // fixed menory
static unsigned MEM DATA BUS; // data lines: nmenory bits 15-1
static unsigned MEM PARI TY_BUS; // parity line: menory bit 16
static unsigned readMenory();
static void witeMenory(unsigned data);
/1 The followi ng functions are used in the sinulator,
/1 but are inplemented in the AGC design.
static unsigned readMenory(unsi gned address);
static void witeMenory(unsigned address, unsigned data);
b

#endi f



MEM (MEM.cpp)

/****************************************************************************

* MEM - ERASEABLE/ FI XED MEMORY subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 26/ 02

*  FILE MEM cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "MEM h"

#i ncl ude "ADR. h"

#include "stdlib.h"

regEMEM MEM : r egi st er _EMEM 1024] ; /'l erasabl e nenory

regFVMEM MEM : r egi st er _FMEM 1024* (NUMFBANK+1)] ; /1 fixed nmenmory (|l owest 1024 words ignored)
unsi gned MEM : MEM DATA BUS = O; /! data lines: nmenory bits 15-1

unsi gned MEM : MEM PARITY_BUS = 0; I/l parity line: menory bit 16

voi d MEM : execWP_\E()

{
/!l Wite into menory; parity bit in bit 16
writeMenory( (MEM_PARITY_BUS << 15) | MEM DATA BUS );
}
voi d MEM : execRP_SBWX )
{
MEM DATA BUS = readMenory() & 0077777; // everything except parity
MEM PARI TY_BUS = (readMenory() & 0100000) >> 15; // parity bit only
}

unsi gned MEM : readMenory()

/'l Return nenory val ue addressed by lower 10 bits of the S register (1K) and the
/'l bank decoder (which selects the 1K bank)
unsi gned | owAddress = ADR :register_S. readFiel d(10,1);

i f (ADR: : bankDecoder () == 0)
return MEM:register_EMEM | owAddress] . read();

unsi gned hi ghAddress = ADR:: bankDecoder () << 10;
return MEM :register_FMEM hi ghAddress | | owAddress].read();

}
void MEM : witeMenory(unsi gned data)

/!l Wite into erasable nmenory addressed by lower 10 bits of the S register (1K)
/1 and the bank decoder (which selects the 1K bank)

unsi gned | owAddress = ADR :register_S.readFiel d(10,1);

i f (ADR: : bankDecoder () == 0)

MEM : regi ster _EMEM | owAddress] . wite(data);
MEM : r egi ster _EMEM | owAddress].clk(); // not a synchronous FF, so execute
i rTTTEdI at el y khkkkhkkkhkkkkkhkkk*k

}
}
unsi gned MEM : readMenory(unsi gned address)
{

/1 Address is 14 bits. This function is used by the sinulator for exam ning
/1 menory; it is not part of the AGC design.

unsi gned | owAddr ess = address & 01777,

unsi gned bank = (address & 036000) >> 10;

i f(bank == 0)
return MEM :register_EMEM | owAddress] . read();



unsi gned hi ghAddress = bank << 10;
return MEM :regi ster_FMEM hi ghAddress | | owAddress].read();
}

void MEM : witeMenory(unsigned address, unsigned data)

/1l Address is 14 bits. This function is used by the sinulator for depositing into
/1l menory; it is not part of the AGC design. This function is also used to
I/l initialize fixed menory.

[ KRR R Kk k ok kok ok ok ok ok ok kR R R KR R R Rk ok k ok ok ok kR ok ok ok R R R R R R R Rk ok ok ok ok ok ok Rk ok ok kR k%

/1 This function could also wite the parity into nenory
//************************************************************
unsi gned | owAddr ess = address & 01777,

unsi gned bank = (address & 036000) >> 10;

i f(bank == 0)
i f(lowAddress > 1024)
{

cout << "Error: Eraseabl e address=" << | owAddress << endl;
exit(0);

}

MEM : regi ster _EMEM | owAddress] . wite(data);

MEM : regi ster _EMEM | owAddress].clk(); // execute inmediately

el se
{ . .
unsi gned hi ghAddress = bank << 10;
i f((highAddress | | owAddress) >= 1024*( NUMFBANK+1))
{
cout << "Error: Fixed address=" << (highAddress | |owAddress) << endl;
exit(0);
}
MEM : r egi ster _FMEM hi ghAddress | | owAddress].wite(data);
MEM : r egi ster _FMEM hi ghAddress | | owAddress].clk(); // execute immediately
}



MON (MON.h)

/****************************************************************************

*  MON - AGC MONI TOR subsystem

R

R R R R R R R R R R R R R R R R

*/

SOURCES:
Mostly based on information from "Logica
Gui dance Conputer (AGXA4)",

NOTES

Blair-Smth,

#i f ndef MON_H
#defi ne MON_H

class MON

t
public

H
#endi f

st at
st at
st at
st at
st at
st at
stati

st at

st at

C

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: MON. h

VERSI ONS.

DESCRI PTI ON:

voi d di spl ayAGQ) ;

Al bert Hopki ns,
R-393, MT Instrunentation Laboratory, 1963

char* MON::cl kTypestring[];

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

unsi gned

unsi gned

PURST; //
RUN; /
STEP; /1
| NST; /1
FCLK; /1
SA; /1

/1
SCL_ENAB

AGC Mnitor for the Block 1 Apollo Guidance Conputer prototype (AGC4)

Description for the Apollo
Ranmon Al onso, and Hugh

power up reset
run/halt switch

single step

switch

i nstructi on/ sequence step select swtch
1=conti nuous clock)

cl ock node

"standby a
0=NO (full

(0=single (manual) cl ock

| owed" SW
power), 1=YES (| ow power)

/1 "scal er enabl ed" SW 0=NO (scal er halted)

(scal er

runni ng)

1=YES



MON (MON.cpp)

/****************************************************************************

*

EE R S

*

MON - AGC MONI TOR subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01
FI LE: MON. cpp

NOTES: see header file.

R R R R R R R R R R R R ]

*/
#i ncl ude "MN. h"
#i ncl ude " TPG h"
#i ncl ude "MON. h"
#i ncl ude " SCL. h"
#i ncl ude " SEQ h"
#i ncl ude "I NP. h"
#i ncl ude "QJT. h"
#i ncl ude "BUS. h"
#i ncl ude "DSP. h"
#i ncl ude " ADR. h"
#i ncl ude "PAR h"
#i ncl ude " MBF. h"
#i ncl ude "MEM h"
#i ncl ude "CIR. h"
#i ncl ude "INT. h"
#i ncl ude "KBD. h"
#i ncl ude "CRG h"
#i ncl ude "ALU. h"
#i ncl ude "CPM h"
#i ncl ude "1SD. h"
#i ncl ude "Q.K. h"
unsi gned MON: : PURST=1; /1 power up reset; initially high at startup
unsi gned MON: : RUN=0; /1 run/halt switch
unsi gned MON: : STEP=0; /1 single step switch
unsi gned MON: : | NST=1; /1 instruction/sequence step select switch
unsi gned MON: : FCLK=0; /1 clock node
unsi gned MON: : SA=0; /1 "standby all owed" SW O0=NO (full power), 1=YES (| ow power)
unsi gned MON: : SCL_ENAB=1; /'l "scal er enabl ed" SW 0=NO (scal er halted), 1=YES (scaler
runni ng)

voi d MON: : di spl ayAGC()
{

char buf[100];
cout << "AG4A SIMILATOR 1.16 ------------------------------- " << endl;
sprintf(buf," TP: %5s F17:9%d F13:9%d F10: %dd SCL: %960",
TPG : tpTypestring[ TPG :regi ster_SGread()],
SCL: :register_Fl7.read(), SCL::register_F13.read(), SCL::register_F10.read(),
SCL: :register_SCL.read());
cout << buf << endl;

sprintf(buf, " STA: %910 STB: %910 BR1: %910 BR2: %910 SNl : %910 Cl:9%1lo

LOOPCTR: %910",

%

SEQ :register_STA.read(), SEQ :register_STB.read(),

SEQ :register_BRl.read(), SEQ :register_BR2.read(),

SEQ :register _SNl.read(), ALU: :register_Cl.read(), SEQ:register_LOOPCTR read());
cout << buf << endl;

sprintf(buf, " RPCELL:%050 |INHL:%1o |INH %10 UpCELL: %930 DnCELL: %930 SQ %20 % 6s
6s",
INT: :regi ster _RPCELL.read(), INT::register_INH NT1l.read(),

I NT: : regi ster _| NHI NT. read(),

CTR: : regi ster _UpCELL.read(), CTR:register_DnCELL.read(),
SEQ :register_SQread(), SEQ :instructionString[SEQ :register_SQread()],
CPM : subseqSt ri ng[ SEQ : gl bl _subseq] ) ;

cout << buf << endl;

sprintf(buf, " CP: %", SEQ :getControl Pul ses());
cout << buf << endl;



cone

/!l For the Gregister,

bit 15 comes fromregi ster GL5; the other bits (16, 14-1)

/1l fromregister G

sprintf (buf,

(F2, F4) FCLK: %4.d"

ADR: : r egi

(MBF::register_Gread() & 0137777) |

PAR: : r egi
MON: : RUN,
cout << buf << e

sprintf (buf,
BUS: : gl bl

S. %40 G %960 P: %9060 (r)RUN :9%dd (p)PURST: %d
ster_S.read(),
(PAR :register_Gl5.read() << 14),
ster_P.read(),

MON: : PURST, MON: : FCLK) ;

ndl ;

RBU: %960 WBU: %060 P2: %910 (s) STEP: %d.d",
READ BUS & 0177777, BUS: :glbl_WR TE_BUS & 0177777,

PAR: :register _P2.read(), MON: :STEP);

cout << buf << e

char
i f(PAR :register

sprintf (buf,
ALU: : r egi
cout << buf << e

sprintf (buf,
ALU: : r egi
cout << buf << e

cout << endl;
sprintf(buf, "00
CRG : regi

MEM : r eadMenor y(053) ) ;

cout << buf << e
sprintf(buf, "01

CRG :regi
cout << buf << e
sprintf(buf, "02

CRG : regi
cout << buf << e
sprintf(buf, "03
CRG : regi

MEM : r eadMenor y(056) ) ;

cout << buf << e

sprintf(buf, "04
I NP: : regi
cout << buf << e

char progAlm ="
if(QOUT::register

char conpFail ="

i f(QUT: :register

char keyRels ="'
i f(QOUT::register

char upTl ="' *;
i f(QUT: :register

char comp ="
if(QOUT::register

sprintf(buf, "05
I NP: : regi
conpFai |,

cout << buf << e

sprintf(buf, "06
I NP: : regi
cout << buf << e

sprintf(buf, "07
I NP: : regi

parityAlm="

ndl ;

_PALi\/lread()) parityAlm = "'*";

B: %060 CADR: %060 (n) I NST: %4.d PALM [ %] ",
ster_B.read(), ADR :getEffectiveAddress(), MON :INST, parityA n);
ndl ;

X: %960 Y: %960 U: %960 (a)SA :9%d",
ster_X read(), ALU. :register_Y.read(), ALU: :register_U.read(), MON :SA);
ndl ;

A %060 15 BANK: %920 36 TIMEl: %960 53 OPT Y: %960",
ster_A read(), ADR :register_ BNK. read(), MEM :readMenory(036),
ndl ;

Q Y960 16 RELI NT: %6s 37 TI ME3: %060 54 TRKR X: %060",
ster_Qread(),"", MEM :readMenory(037), MEM :readMenory(054));
ndl ;

Z: 9960 17 I NHI NT: %6s 40 TI ME4: 9960 55 TRKR Y: 9%960",
ster_Z.read(),"", MEM :readMenory(040), MEM :readMenory(055));
ndl ;

LP: %060 20 CYR %60 41 UPLI NK %060 56 TRKR Z: %960",

ster_LP.read(), MEM :readMenory(020), MEM :readMenory(041),
ndl ;

1 NO: %960 21 SR %960 42 OUTCR1: %960",
ster _INO.read(), MEM :readMenory(021), MEM :readMenory(042));
ndl ;
_dJTl.read() & 0400) progAlm="'*";

'; Il also called 'check fail' and 'oper err'
_QUTl.read() & 0100) conpFail = "'*';
_dJTl.read() & 020) keyRels = '*';
_QUTl.read() & 004) upTl = '*'
/'l also called conp acty
_QUTl.read() & 001) comp = '*';

I N1: %960 22 CYL: %960 43 QOUTCR2: %060 CF [%%] : KR [%]: PA",
ster_INl.read(), MEM :readMenory(022), MEM :readMenory(043),

keyRel s, progAl nm;
ndl ;

I N2: %960 23 SL: 9960 44 Pl PA X 9960",
ster_IN2.read(), MEM :readMenory(023), MEM :readMenory(044));
ndl ;

1 N3: %960 24 ZRUPT: %960 45 PI PA Y: %960 Al%%] M[%%]",

ster _IN3.read(), MEM :readMenory(024), MEM :readMenory(045),



upTl, conp, DSP::MD1, DSP::M2);

cout << buf << endl;

char fc ="' '; if(DSP::flash) fc ="'*";

sprintf(buf, "10 OUTO: 25 BRUPT: %960 46 Pl PA Z: %960 V:[%%] N[%%] %",
MEM : r eadMenor y(025), MEM : readMenory(046),
DSP: : VD1, DSP::VD2, DSP::ND1, DSP.:ND2, fc);

cout << buf << endl;

sprintf(buf, "11 OUT1: %060 26 ARUPT: %960 47 CDU X %960 RL.[ %%%%%% ]",
QUT: : regi ster_QOUT1l.read(), MEM :readMenory(026), MEM :readMenory(047),
DSP: : R1S, DSP::R1D1, DSP::R1D2, DSP::R1D3, DSP::R1D4, DSP::R1D5);

cout << buf << endl;

sprintf(buf, "12 OUT2: %060 27 QRUPT: %960 50 CDU Y: %60 R:[ %%%%%% ]",
QUT: : regi ster _QOUT2.read(), MEM :readMenory(027), MEM :readMenory(050),
DSP: : R2S, DSP:: R2D1, DSP:: R2D2, DSP:: R2D3, DSP:: R2D4, DSP:: R2D5);

cout << buf << endl;

sprintf(buf, "13 OUT3: %060 34 OVCTR %960 51 CDU Z %960 R3:[ %%%%%% ]",
QUT: : regi ster _QOUT3.read(), MEM :readMenory(034), MEM :readMenory(051),
DSP: : R3S, DSP:: R3D1, DSP::R3D2, DSP::R3D3, DSP::R3D4, DSP::R3D5);

cout << buf << endl;

sprintf(buf, "14 OUT4: %060 35 TI ME2: %960 52 OPT X %©60",
QUT: : regi ster _OUT4.read(), MEM :readMenory(035), MEM :readMenory(052));

cout << buf << endl;



OUT (OUT.h)

/****************************************************************************

LN I I R N N R I

QUT - QUTPUT REQ STER subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: QUT. h

VERSI ONS:

DESCRI PTI ON:

Qut put Registers for the Block 1 Apollo Guidance Conputer prototype (AGZ4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R R R R R R R R R R R R R R R R

*/

#i fndef OUT_H
#define OUT_H

#i ncl ude "reg. h"

class regQutl : public reg

E)ublic: regQut1() : reg(16, "960") { }

b

class regQut2 : public reg

éublic: regQut2() : reg(16, "%60") { }

b

class regQut3 : public reg

éublic: regQut3() : reg(16, "%60") { }

1

class regQut4 : public reg

E)ublic: regQut4() : reg(16, "960") { }

i

class OUT
{
public:
static void execWP_GENRST() ;
static void execWP_WA10();
static void execRP_RA11();
static void execWP_WA1l();
static void execRP_RA12();
static void execWP_WA12();
static void execRP_RA13();
static void execWP_WA13();
static void execRP_RA14();
static void execWP_WA14();
static regQutl register_OUT1; // output register 1
static regQut2 register_OUT2; // output register 2
static regQut3 register_QUT3; // output register 3
static regQut4 register_OUT4; // output register 4
b

#endi f



OUT (OUT.cpp)

/****************************************************************************

QUT - QUTPUT REQ STER subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE QUT. cpp

*

*

NOTES: see header file.

*
R R R R R R R R R R R R ]

*/
#i nclude "QUJT. h
#i nclude "SEQ h
#i ncl ude "BUS. h"
#i ncl ude "DSP. h"
#i ncl ude "ADR h

#i ncl ude " PAR: h"
#i ncl ude <stdlib. h>

regQutl OUT::register_ QOUTL; /1 output register
regQut2 OUT: :register_QOUT2; /] output register
regQut 3 OUT: : register_QUT3; /1 output register
regQut4 OUT: :register_OUT4; /] output register

A WNE

/1 Witing to QUTO | oads the sel ected DSKY di splay register.

voi d OUT: : execWP_GENRST()
DSP: : cl earQut 0() ;
register_OQUT1l.wite(0);

register_OUT2. wite(0);
}

voi d OUT: : execWP_WA10()
DSP: : decodeRel ayWor d( BUS: : gl bl _\WWR TE_BUS) ;

voi d OUT: : execRP_RA11()

BUS: : gl bl _READ BUS = register_OUTl.read();

voi d OUT: : execWP_WA11()
{

}

register_OUT1l.wite(BUS::glbl _WRITE BUS);

voi d OUT: : execRP_RA12()
BUS: : gl bl _READ BUS = register_OUT2.read();

voi d OUT: : execWP_WA12()
{

}

register_OUT2. wite(BUS::glbl _WRITE_BUS);



voi d OUT: : execRP_RA13()
BUS: : gl bl _READ BUS = register_OUT3.read();

voi d OUT: : execWP_WA13()
{

}

register_OUT3.wite(BUS::glbl _WRITE_BUS);

voi d OUT: : execRP_RA14()
BUS: : gl bl _READ BUS = register_OUT4.read();

voi d OUT: : execWP_WA14()
{

}

register_OUT4. wite(BUS::glbl _WRITE_BUS);



PAR (PAR.h)

/****************************************************************************

* PAR - PARITY GENERATI ON AND TEST subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: PAR. h

VERSI ONS:

DESCRI PTI ON:

Parity Generation and Test for the Block 1 Apoll o Guidance Conputer
prototype (AG4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranmpbn Al onso, and Hugh
Blair-Smith, R 393, MT Instrunmentation Laboratory, 1963.

R

NOTES:

*
khkkkhkhkhkhkhkhhkhkhkhkhkhhhhhhhhhkhkhkhhhhhhhhhkhkhkhhhhhhhkhhkhkhkhhhhhhhhkhkhkhkhhhhhhhkhhkhkhkhkk,k,hx*xx

*/
#i f ndef PAR_H
#defi ne PAR H

#i ncl ude "reg. h"

class regGl5 : public reg
{
public:
/1l menory buffer register bit 15 (parity) only
regGl5() : reg(l, "9%®1lo") { }
}i
class regP : public reg
{
public: regP() : reg(16, "%60") { }

class regP2 : public reg

éublic:
regP2() : reg(l, "%Wlo") { }

class regPALM : public reg

{
public:
/] parity alarmFF (set on TP)
regPALM) : reg(l, "%®10") { }
b

class PAR

t
public:
static void execRP_VE();

static void execWP_WP() ;
static void execWP_WPx();
static void execWP_WP2();
static void execWP_RP2();
static void execWP_GP();
static void execWP_SBWY) ;
static void execWP_WGX();
static void execWP_CLQE);

static void execWP_GENRST() ;



static void execWP_TP();

static void CLR_ PALM); // asynchronous clear for PARI TY ALARM

}s
#endi f

stati

stati
stati

stati
stati
stati

stati

C

/1 menory buffer register bit 15; the rest of the
/!l menory buffer register is defined in MBF
regGl5 register_Gl15;

regP2 register_P2;
regP register_P,

regPALM r egi st er _PALM
unsigned genl_15Parity(unsigned r);
unsi gned genP_15Parity(unsigned r);

unsigned conv_WP[];



PAR (PAR.cpp)

/****************************************************************************

*  PAR - PARITY GENERATI ON AND TEST subsystem
*

*  AUTHOR: John Pul t or ak

*  DATE: 9/ 22/ 01

* FILE: PAR. cpp

*

* NOTES: see header file.

*

R R R R R R R R R R R R ]

*/
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

regP PAR
regP2 PAR:

regGl5 PAR :register_GL5;

"PAR. h"

SEQ h"
BUS. h"

" MBF. h"

ADR. h"
MEM h"

regi ster_P
‘regi ster_P2;
bit 15

/1 menory buffer register

regPALM PAR :register PALM // PARITY ALARM FF

unsi gned PAR: : conv_WP[]

BX, SG B14, B13, B12, Bl11l, B10, B9, B8, B7, B6, B5, B4, B3, B2, Bl

execRP_VE()

/!l Wite parity into menory.

MEM : MEM PARI TY_BUS = PAR: :register_Gl5. read()

}s

voi d PAR

{

}
/1
/1
/1
/1
/1
/1
/1
/1

voi d PAR

{

}

voi d PAR

{

| MPLEMENTATI ON NOTE: It has been enpirically deternmined that the follow ng
control signals are nutually exclusive (there is never nore than one of these
generated at any tine):

GP, WX, RP2, SBWG CLG

NOTE: WP cl ears register_P before witing into it. Strictly speaking, Wx isn't

supposed to clear the register (should ORinto the register), but in the counter
sequences where WPx is used, register_P is always cleared in the previous TP by

asserting WP with default zeroes on the wite bus.

execWP_WP()
/1 set all bits except parity bit
register_P.witeShift(BUS::glbl_WRI TE_BUS, PAR :conv_WP);
/1l now set parity bit; in the actual AGC, this is

/1 a single operation
if(SEQ :isAsserted(RG)
register_P.witeField(16, 16, register_Gl5.read());
el se
/1 clear

register_P.witeField(16, 16, 0); parity bit

execWP_WPx ()

/1 set all bits except parity bit
register_P.witeShift(BUS::glbl_WRI TE_BUS, PAR :conv_WP);
/1l now set parity bit; in the actual AGC, this is
/1 a single operation
if(SEQ :isAsserted(RG)
register_P.witeField(16, 16, register_Gl5.read());
el se



register P.witeField(16, 16, 0); // clear parity bit

}
voi d PAR: : execWP_WP2()
{
register_P2. write(genl _15Parity(register_P.read()));
}
voi d PAR: : execWP_RP2()
{
register_Gl5.wite(register_P2.read());
}
voi d PAR: : execWP_GP()
{
register_Gl5.wite(genl_15Parity(register_P.read()));
}
voi d PAR: : execWP_SBWY )
{
register_Gl5.wite(MEM: MEM PARI TY_BUS); // load menory bit 16 (parity) into Gl5
}
voi d PAR: : execWP_WGx()
{
/1 This is only used in PINC, MNC, and SHI NC. Does not clear G
/'l register; wites (CRs) into GfromRWBus and wites into parity
/1 from 1-15 generator. All done in one operation, although | show
/1l it in tw steps here. The sequence calls CLGin a previous TP.
register_Gl5.wite(PAR :genl_15Parity(register_P.read()));
}
voi d PAR: : execWP_CLE)
{
register_Gl5.wite(0);
}
voi d PAR: : execWP_GENRST()
{
register _PALMwite(0);
}
voi d PAR: : execWP_TP()
{
if(ADR : GTR_27() && genP_15Parity(register_P.read()))
regi ster _PALMwite(genP_15Parity(register_P.read()));
}
voi d PAR : OLR_PALM)
{
/1 asynchronous clear for PAR TY ALARM (from MON)
regi ster _PALM cl ear();
}
unsi gned PAR :genl_15Parity(unsigned r)
{
//check the lower 15 bits of 'r' and return the odd parity;
//bit 16 is ignored.
unsi gned evenParity =
(1&(r>>0)) ~ (1&(r>>1)) ~ (1&(r>>2)) ~ (1&(r>>3))
(1&(r>>4)) ~ (1&(r>>5)) A~ (1&(r>>6)) ~ (1&(r>>7)) *
(1&(r>>8)) ™ (1&(r>>9)) ™ (1&r>>10)) " (1&(r>>11)) ~
(1&(r>>12)) ™ (1&(r>>13)) ™ (1&(r>>14));
return ~evenParity & 1; // odd parity
}

unsi gned PAR: : genP_15Parity(unsigned r)

//check all 16 bits of 'r' and return the odd parity

unsi gned evenParity =
(1&(r>>0)) ~ (1&(r>>1)) ™ (1&(r>>2)) " (1&(r>>3)) ~»
(1&(r>>4)) ~ (1&(r>>5)) N (1&(r>>6)) " (1&(r>>7))
(1&(r>>8)) ™ (1&(r>>9)) ™ (1&(r>>10)) " (1&(r>>11))

> >



(1&(r>>12)) ™ (1&(r>>13)) ~ (1&(r>>14)) ™ (1&(r>>15));
return ~evenParity & 1; // odd parity



Registers (reg.h)

#i fndef reg_H
#define reg_H

#i ncl ude <iostream h>
#i ncl ude <string. h>
#i ncl ude <stdi o. h>

class reg

{
public:
virtual unsigned read() { return nask & slaveval; }
virtual void write(unsigned v) { load = true; masterVal = nmask & v; }

/1 asynchronous cl ear
void clear() { slaveval = 0; }

/1 load is set when a register is witten into.
void clk() { if(load) slavevVal = nasterVal; |load = fal se; }

unsi gned readFi el d(unsi gned nsb, unsigned Isb); // bitfield nunmbered n - 1
void witeF el d(unsi gned nsb, unsigned |sb, unsigned v); // bitfield nunbered n - 1

/Il Wite a 16-bit word (in) into the register. Transpose the bits according to
/1 the specification (ib).
void witeShift(unsigned in, unsigned* ib);

/! Return a shifted 16-bit word. Transpose the 'in' bits according to
/1 the specification '"ib'. "O' the result to out and return the val ue.
unsi gned shi ftData(unsi gned out, unsigned in, unsigned* ib);

unsi gned out mask() { return mask; }
pr ot ect ed:
reg(unsigned s, char* fs)
size(s), mask(0), masterVal (0), slaveVal (0), fmtString(fs), |oad(false)
{ mask = buil dMask(si ze);}
static unsigned buil dMask(unsi gned s);

friend ostrean& operator << (ostream& os, const reg& r)
{ char buf[32]; sprintf(buf, r.fmString, r.slaveval); os << buf; return os; }

private:
unsi gned size; I/l bits
unsi gned mast er Val ;
unsi gned sl aveval ;
unsi gned mask;
char* fntString;
bool | oad;

reg(); // prevent instantiation of default constructor

H
#endi f



Registers (reg.cpp)

#i ncl ude "reg. h"
#i ncl ude <nat h. h>
#i ncl ude "BUS. h"

unsi gned reg: : bui |l dvask(unsi gned s)

{
unsi gned nsk = O;
for(unsigned i=0; i<s; i++)
msk = (nmek << 1) | 1;
}
return nsk;
}

unsi gned reg: : readFi el d(unsi gned nsb, unsigned | sbh)

return (slaveval >> (Isb-1)) & buil dvask((nsb-1sb)+1);
}

void reg::witeField(unsigned nsb, unsigned | sb, unsigned v)

load = true;

unsi gned frmask = buil dvask((nsb-1sb)+1) << (Isb-1);
v = (v << (Isb-1)) & fmask;

masterVal = (masterVal &(~fmask)) | v;

}

void reg::witeShift(unsigned in, unsigned* ib)
{

load = true;

unsi gned out = nasterVal;

/1 iterate through each bit of the output word,
/1 word and transposing bit position according
for(unsigned i=0; i<16; i++)

if(ib[i] == BX) continue; // BXis 'don't care'
/! zero the output bit at 'ob', where o

/1 position (nunmbered 16-1, where 1 is
unsi gned ob = 16-i;

copying in bits fromthe input
to the specification (ib)
, so leave it alone

b specifies a bit
| sh)

unsi gned obmask = 1 << (ob - 1); // create mask for output bit

out &= ~obmask;

if(ib[i] == D0) continue; // DO is 'force the bit to zero'

/1 copy input bit ib[i] to output bit
/'l specify bit positions (nunmbered 16-1

'ob', where ib and ob

, Wwhere 1 is Ish)

unsigned ibmask = 1 << (ib[i] - 1); // create mask for input bit

unsigned inbit = in & ibmask;

int shift =ib[i]-ob;
i f(shift<0)
inbit = inbit << abs(shift);
else if(shift > 0)
inbit = inbit >> shift;
out | = inbit;

mast erVal = out;

}

unsi gned reg: :shiftData(unsi gned out, unsigned in, unsigned* i

/1 iterate through each bit of the output word,
/1 word and transposing bit position according
for(unsigned i=0; i<16; i++)

if(ib[i] == BX) continue; // BXis 'don't care'
/! zero the output bit at 'ob', where o

/1 position (nunbered 16-1, where 1 is
unsi gned ob = 16-i;

b)

copying in bits fromthe input
to the specification (ib)

, so leave it alone

b specifies a bit
| sb)



}

unsi gned obmask = 1 << (ob - 1); // create mask for output bit
out &= ~obmask;

if(ib[i] == D0) continue; // DO is 'force the bit to zero'
/1 copy input bit ib[i] to output bit 'ob', where ib and ob
/1 specify bit positions (nunbered 16-1, where 1 is |sh)
unsigned i bmask = 1 << (ib[i] - 1); // create mask for input bit
unsigned inbit = in & ibmask;

int shift =ib[i]-ob;

i f(shift<0)

inbit = inbit << abs(shift);
else if(shift > 0)

inbit = inbit >> shift;
out |=inbit;

return out;



SCL (SCL.h)

/****************************************************************************

*

R

R R R R R R R R R R R R R R R R

*/

SCL - SCALER subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: SCL. h

VERSI ONS:

DESCRI PTI ON:

Scaler for the Block 1 Apoll o Gui dance Conputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

#i fndef SCL_H
#define SCL_H

#i ncl ude "reg. h"

class regFl7 : public reg

{
public:
regFl7() : reg(2, "9%1lo") { }
b
class regF13 : public reg
{
public:
regF13() : reg(2, "9%1lo") { }
b
class regF10 : public reg
{
public:
regF10() : reg(2, "9%1lo") { }
b
class regSQL : public reg
{
public:
regSCL() : reg(17, "%60") { }
b
cl ass SCL
t
public:
static void doexecWP_SCL();
static void doexecWP_F17();
static void doexecWP_F13();
static void doexecWP_F10();

static regSCL regi ster_SCL;

/1 Normally outputs '0'; outputs '1' for one
/1 clock pul se at the indicated frequency.

static unsigned F17x(); /1 0.78125 Hz scal er out put
static unsigned F13x(); /1 12.5 Hz scal er output
static unsigned F10x(); /1 100 Hz scal er output

static regFl7 register_F17;
static regFl3 register_F13;
static regFl0 regi ster_F10;



#endi f



SCL (SCL.cpp)

/****************************************************************************

* SCL - SCALER subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE SCL. cpp

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "SCL. h"

#i ncl ude "CTR h"

#i ncl ude "MON. h"

regSCL SCL::register_SCL;
regFl7 SCL::register_F17;
regFl3 SCL::register_F13;
regF1l0 SCL::register_F10;

enum oneShot Type { // **inferred; not defined in orignal R393 AGC4 spec.
WAl T_FOR_TR GGER=0,
QUTPUT_PULSE=1, /1 LSB (bit 1) is the output bit for the one-shot
WAl T_FOR_RESET=2

voi d SCL:: doexecWP_F17()

{
int bit = SCL::register_SCL.readF el d(17, 17);
switch(register_F17.read())
{
case WAI T_FOR_TRI GGER: if(bit==1) register_F17. write(OUTPUT_PULSE); break;
case OUTPUT_PULSE: register _F17.wite(WAI T_FOR_RESET); break;
case WAI T_FOR_RESET: if(bit==0) register_F17.write(WAI T_FOR_TRI GCER) ; br eak;
defaul t: ;
}
}
voi d SCL:: doexecWP_F13()
{
int bit = SCL::register_SCL.readFi el d(13, 13);
switch(register_F13.read())
{
case WAI T_FOR_TRI GGER: if(bit==1) register_F13. write(OUTPUT_PULSE); break;
case OUTPUT_PULSE: register_F13.wite(WAI T_FOR_RESET); break;
case WAI T_FOR_RESET: if(bit==0) register_F13.write(WAI T_FOR_TRI GCER) ; br eak;
defaul t: ;
}
}
voi d SCL:: doexecWP_F10()
{
int bit = SCL::register_SCL.readF el d(10, 10);
switch(register_ F10.read())
{
case WAI T_FOR_TRI GGER: if(bit==1) register_F10. wite(OUTPUT_PULSE); break;
case OUTPUT_PULSE: regi ster _F10. wite( WAl T_FOR_RESET) ;
CTR: : pcUp[ TI ME1] = 1;
CTR: : pcUp[ TI ME3] = 1;
CTR: : pcUp[ TI ME4] = 1;
br eak;
case WAI T_FOR_RESET: if(bit==0) register_F10.wite(WAI T_FOR_TRI GCER); break;
defaul t:
}
}
unsi gned SCL:: F17x()
{

return register_F17.readFiel d(1,1);



}
unsi gned SCL:: F13x()

{

return register_F13.readFiel d(1,1);
}
unsi gned SCL:: F10x()
{

return register_F10.readFi el d(1,1);
}

voi d SCL: : doexecWP_SCL()
if(MON:: SCL_ENAB) // if the scaler is enabled
{

/lwite((read() + 1) %outnask());
register_SCL.wite((register_SCL.read() + 1));



/****************************************************************************

*  SEQ - SEQUENCE GENERATOR subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: SEQ h

VERSI ONS:

DESCRI PTI ON:

Sequence Cenerator for the Block 1 Apollo CGui dance Conputer prototype (AGC4).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGCZ4)", Albert Hopkins, Ranmpn Al onso, and Hugh
Blair-Smith, R-393, MT Instrunentation Laboratory, 1963.

NOTES:

R

R R S R S I I R O R R
*/

#i fndef SEQH

#define SEQH

#i ncl ude "reg. h"

#defi ne MAXPULSES 15
#define MAX_ IPULSES 5 // no nore than 5 instruction-generated pul ses active at any tinme

enum cpType { // **inferred; not defined in orignal R393 AGC4 spec.
NO_PULSE=0,

/1 OUTPUTS FROM SUBSYSTEM A

Cl =1, /1 Carry in

CLG =2, /1l Cear G

CLCTR =3, /1 Cear |oop counter
CTR =4, /1 Loop counter

GP =5, /'l Generate Parity
KRPT =6, /! Knock down Rupt priority
NI SQ =7, /1 New instruction to the SQ register
RA =8, /1 Read A

RB =9, /!l Read B

RB14 =10, /! Read bit 14

RC =11, /!l Read C

RG =12, /! Read G

RLP =13, /!l Read LP

RP2 =14, /! Read parity 2

RQ =15, /1 Read Q

RRPA =16, /1 Read RUPT address
RSB =17, /'l Read sign bit

RSCT =18, /1 Read selected counter address
RU =19, /1l Read sum

Rz =20, /! Read Z

R1 =21, /! Read 1

R1C =22, /1l Read 1 conplinented
R2 =23, /!l Read 2

R22 =24, /1 Read 22

R24 =25, /1l Read 24

ST1 =26, /1 Stage 1

ST2 =27, /1 Stage 2

™Z =28, I/l Test for minus zero
TOV =29, /1 Test for overflow
TP =30, /1 Test parity

TRSM =31, /1 Test for resune
TSGN =32, /1 Test sign

TSG\2 =33, /] Test sign 2

WA =34, Il Wite A

VWALP =35, /1 Wite A and LP

B =36, /Il Wite B

WG =37, /!l Wite G (do not reset)



WP =38, /Il Wite LP

WOVC =39, /1 Wite overflow counter
WoVI =40, /1l Wite overflow RUPT inhibit
WOVR =41, /1 Wite overflow

WP =42, /Il Wite P

WPX =43, // Wite P (do not reset)
WP2 =44, /Il Wite P2

\"'a] =45, /Il Wite Q

W5 =46, /Il Wite S

WK =47, Il Wite X

WY =48, Il Wite Y

WYX =49, // Wite Y (do not reset)
Wz =50, Il Wite Z

/1 OUTPUTS FROM SUBSYSTEM A; USED AS | NPUTS TO SUBSYSTEM B ONLY;

/1 NOT USED OQUTSI DE CPM

RSC =51, /! Read special and central (output to B only, not outside CPM
W5C =52, /Il Wite special and central (output to B only, not outside CPM
WG =53, /!l Wite G (output to B only, not outside CPM

/1 OUTPUTS FROM SUBSYSTEM A; USED AS | NPUTS TO SUBSYSTEM C ONLY;

/1 NOT USED QUTSI DE CPM

SDv1l =54, /'l Subsequence DV1 is currently active
SMP1 =55, /'l Subsequence MPl is currently active
SRSMB =56, /1 Subsequence RSMB is currently active
/| EXTERNAL OUTPUTS FROM SUBSYSTEM B

/1

RAO =57, /!l Read register at address 0 (A)

RA1 =58, /! Read register at address 1 (Q

RA2 =59, /!l Read register at address 2 (2)

RA3 =60, /!l Read register at address 3 (LP)

RA4 =61, /! Read register at address 4

RA5 =62, /! Read register at address 5

RA6 =63, /! Read register at address 6

RA7 =64, /!l Read register at address 7

RA10 =65, /!l Read register at address 10 (octal)
RA11 =66, /! Read register at address 11 (octal)
RA12 =67, /!l Read register at address 12 (octal)
RA13 =68, /! Read register at address 13 (octal)
RA14 =69, /!l Read register at address 14 (octal)
RBK =70, /1 Read BNK

WAO =71, /Il Wite register at address 0 (A

WAL =72, /Il Wite register at address 1 (Q

WA2 =73, /Il Wite register at address 2 (2

WA3 =74, /!l Wite register at address 3 (LP)
WA10 =75, /!l Wite register at address 10 (octal)
WALl =76, /! Wite register at address 11 (octal)
WA12 =77, /!l Wite register at address 12 (octal)
WA13 =78, /!l Wite register at address 13 (octal)
WA14 =79, /!l Wite register at address 14 (octal)
WBK =80, /1 Wite BNK

Wen =81, /Il Wite G (normal gates)**

W20 =82, // Wite into CYR

w21 =83, /Il Wite into SR

We2 =84, // Wite into CYL

w3 =85, // Wite into SL

/1 THESE ARE THE LEFTOVERS - -

1

GENRST =86, /1 General Reset**

CLINH =87, /1 Clear | NH NT**

CLI NH1 =88, /1 Cear | NH NT1**

CLSTA =89, /Il Clear state counter A (STA)**
CLSTB =90, /1l Clear state counter B (STB)**
CLI SQ =91, /1 Clear SN **

CLRP =92, /1 O ear RPCELL**

I NH =93, /1 Set | NHI NT**

RPT =94, /! Read RUPT opcode **

SBWG =95, /Il Wite Gfrom nenory

SETSTB =96, /1 Set the ST1 bit of STB

V\E =97, /Il Wite E-MEM from G

WPCTR =98, /1 Wite PCIR (latch priority counter sequence)**
WsQ =99, /Il Wite SQ

THEY' RE PROBABLY USED I N SUBSYSTEM C



WSTB =100, /!l Wite stage counter B (STB)**
R2000 =101, /1 Read 2000 **

/1 1 NSTRUCTI ONS

/1l Op Codes, as they appear in the SQ register.

enum instruction {
/1 The code in the SQregister is the same as the op code for these
/1 four instructions.

TC =00, // 00 TCK Transfer Control 1 MCT
CCs =01, /1 01 CCS K Count, Compare, and Skip 2 MCT
I NDEX =02, /1 02 | NDEX K 2 MCT
XCH =03, /1 03 XCH K Exchange 2 MCT

/1 The SQ register code is the op code + 010 (octal). This happens because all

/1 of these instructions have bit 15 set (the sign (SG bit) while in nenory. \Wen the
/1 instruction is copied fromnenory to the menory buffer register (G to register

/1l B, the SG bit noves frombit 15 to bit 16 and the sign is copied back into bit

/1 15 (US). Therefore, the CS op code (04) becomes (14), and so on.

Cs =014, /Il 04 CS K Cl ear and Subtract 2 MCT
TS =015, /1 05 TS K Transfer to Storage 2 MCT
AD =016, // 06 AD K Add 2 or 3 MCT
MASK =017, /1 07 MASK K Bitwi se AND 2 MCT
Il These are extended instructions. They are accessed by executing an | NDEX 5777
/1 before each instruction. By convention, address 5777 contains 47777. The |NDEX
/1 instruction adds 47777 to the extended instruction to formthe SQ op code. For
/1 exanple, the INDEX adds 4 to the 4 op code for MP to produce the 11 (octal; the
/1 addition generates an end-around-carry). SQ register code (the 7777 part is a
/'l negative zero).
MP =011, // 04 M K Mil tiply 10 MCT
Dv =012, // 05 DV K Di vi de 18 MCT
SuU =013, // 06 SUK Subt r act 4 or 5 MCT
b
enum subseq {
TCO =0,
CCS0 =1,
CCsi1 =2,
NDX0 =3,
NDX1 =4,
RSMVB =5,
XCHO =6,
CS0 =7,
TSO =8,
ADO =9,
MASKO =10,
MPO =11,
MP1 =12,
MP3 =13,
DVO =14,
Dv1 =15,
SUo =16,
RUPT1 =17,
RUPT3 =18,
STD2 =19,
PINCO =20,
M NCO =21,
SHI NCO =22,
NO_SEQ =23
b
enum scType { // identifies subsequence for a given instruction
SUB0=0, /1 ST2=0, ST1=0
SUB1=1, [/l ST2=0, ST1=1
SuB2=2, /1 ST2=1, ST1=0
SuB3=3 /1 ST2=1, ST1=1
b
enum br Type {
BROO =0, /1 BR1=0, BR2=0
BRO1 =1, /1 BR1=0, BR2=1



BR10 =2, /1 BR1=1, BR2=0
BR11 =3, /1 BRl1=1, BR2=1
NO BR =4 /1 NO BRANCH

b

const int QGOPROG =02000;

class regSQ: public reg

public
regSQ) reg(4, "w20") { }

class regSTA : public reg

{

public
regSTA() reg(2, "%1o0") { }

b

class regSTB : public reg

{

public
regSTB() reg(2, "%1o0") { }

b

class regBRL : public reg

{

public
regBR1() reg(l, "9®1o0") { }

b

class regBR2 : public reg

{

public
regBR2() reg(l, "9®1o0") { }

b

class regCTR : public reg

{

public
regCTR() reg(3, "%1o0") { }

b

class regSN public reg

{

public: regSN () reg(1, "9®1o") { }

b

class SEQ

{

public
static void execWP_GENRST() ;
static void execWP_WsQ) ;
static void execWP_NI SQ();
static void execWP_CLISQ);
static void execWP_ST1();
static void execWP_ST2();
static void execWP_TRSM) ;
static void execWP_CLSTA();
static void execWP_WSTB() ;
static void execWP_CLSTB()
static void execWP_SETSTB() ;
static void execWP_TSQ\();
static void execWP_TOV() ;
static void execWP_TMZ();
static void execWP_TSAN2();
static void execWP_CTR() ;
static void execWP_CLCTR();
static regSNl regi ster_SNI
static cpType gl bl _cp[ MAXPULSES] ;
static char* cpTypeString[];

/1 sel ect next

/'l current set of asserted contro

( MAXPUL SES)

/1 bottom address of fixed menory

intruction flag

pul ses



H
#endi f

/'l Test the currently asserted control pulses; return true if the specified
/1 control pulse is active.
static bool isAsserted(cpType pulse);

/1l Return a string containing the names of all asserted control pul ses.
static char* get Control Pul ses();

static subseq gl bl _subseq; Il currently decoded instruction subsequence
static regSQ regi ster_SQ /1 instruction register

static regSTA register_STA; /] stage counter A

static regSIB regi ster_STB; /'l stage counter B

static regBRl register_BR1; /1 branch registerl

static regBR2 regi ster_BRZ; /1 branch register2

static regCIR regi ster_LOOPCTR; /1 1 oop counter

static char* instructionString[];



SEQ (SEQ.cpp)

/****************************************************************************

*  SEQ - SEQUENCE GENERATOR subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE SEQ cpp

*

*

R R R R R R R R R R R R ]

*/

NOTES: see header file.

#i ncl ude "SEQ h"
#i ncl ude "ADR. h"
#i ncl ude "BUS. h"

regSNl SEQ :register_SN; /1 select next intruction flag

cpType SEQ: gl bl _cp[]; /1 current set of asserted control pul ses (MAXPULSES)
regSQ SEQ :register_SQ /1 instruction register

regSTA SEQ :register_STA stage counter A

regSTB SEQ : regi ster_STB; /'l stage counter B

regBRl SEQ :register_BRi; /

regBR2 SEQ :register_BR2;
regCTR SEQ : regi ster LOOPCTR; /
subseq SEQ : gl bl _subseq; /

branch regi ster2

/
/
/
|/ branch registerl
/
/ 1 oop counter

/

char* SEQ :instructionString[] =

"TC',
"CCs",

" | NDEX" ,
" XCH'

"ok ok ok

"k k kN

’
’
’

Nk ok kN
’

Wk ok kN

’
’

Nk ok kN

char* SEQ :cpTypeString[] =
{

"NO_PULSE",

/1 OUTPUTS FROM SUBSYSTEM A

“a", "CLG', "CLCTR', "CTR', "GP, "KRPT", "NISQ', "RA", "RB",
"RB14", "RC', "RG', "R.P', "RP2", "RQ', "RRPA', "RSB", "RSCT",
"RU', "RZ*, "R1", "RIC', "R2", "R22", "R24", "ST1", "ST2", "TMZ",
"Tov', "TP", "TRSM', "TSGN', "TSGR2", "WA", "WALP', "WB', "W&X",
WP, "WOVC', "WOVIE', "WOVR', "WP', UWPxM, "WP2", "WQ', "WS',
WK, OTWT, Wt W,

/1 OUTPUTS FROM SUBSYSTEM A; USED AS | NPUTS TO SUBSYSTEM B ONLY;
/1 NOT USED OUTSI DE CPM

I

"RSC', "WSC', "WG',

/1 OUTPUTS FROM SUBSYSTEM A; USED AS | NPUTS TO SUBSYSTEM C ONLY;
/1 NOT USED OUTSI DE CPM

/1

"Sbvi", "SMP1", "SRSM3",

/1 EXTERNAL OUTPUTS FROM SUBSYSTEM B

currently decoded instruction subsequence



/1

"RAO", "RAl1", "RA2", "RA3", "RA4", "RA5", "RA6", "RA7", "RA10", "RAll",
"RA12", "RA13", "RA14", "RBK"', "WAQ", "WAL", "WA2", "WA3",6 "WALQ",
"WAL1", "WAL2", "WA13", "WA14", "WBK", "WG", "wWe0", "wel", "wWe2", "wWe3",
/1 THESE ARE THE LEFTOVERS -- THEY' RE PROBABLY USED | N SUBSYSTEM C

/1

"GENRST", "CLINH", "CLINH1", "CLSTA", "CLSTB', "CLISQ', "CLRP", "INH',
"RPT", "SBW5', "SETSTB', "WE', "WPCTR', "WsQ', "WSTB"', "R2000"

voi d SEQ : execWP_GENRST()

{
register_SQwite(0);
register BRL.wite(0);
register_BRR.wite(0);
register _SN.wite(0);
register _LOOPCTR write(0);
register _STAwite(0);
register_STB.wite(0);

}

voi d SEQ : execWP_W5Q()

{
register_SQwite(BUS:: gl bl _WRI TE BUS >> 12);

}

voi d SEQ : execWP_NI SQ()

{

register SN.witeField(1,1,1); // change to wite(1)??
}
voi d SEQ : execWP_CLI SQ)
{

register _SN.witeField(1,1,0); // change to wite(0)??
}

bool SEQ :isAsserted(cpType pul se)

{
for(unsigned i=0; i<MAXPULSES; i ++)
if(glbl_cp[i] == pulse) return true;
return fal se;
}

char* SEQ :get Control Pul ses()

{
static char buf[ MAXPULSES* 6] ;
strepy(buf,"");
for(unsigned i=0; i<MAXPULSES && gl bl _cp[i] != NO_PULSE i ++)
{
strcat (buf, cpTypeString[glbl_cp[i]l]);
strcat (buf," ");
}
/[lif(strcenp(buf,"") == 0) strcat (buf,"NONE");
return buf;
}

voi d SEQ : execWP_ST1()

register _STAwiteField(1,1,1);



voi d SEQ : execWP_ST2()
{

}

register STAwiteField(2,2,1);

voi d SEQ : execWP_TRSM)

}

i f(ADR: : EQU 25())
register STAwiteField(2,2,1);

voi d SEQ : execWP_CLSTA()
{

register _STAwiteField(2,1,0);

voi d SEQ : execWP_WSTB()

{
}

register_STB.wite(SEQ:register_STA. read());

voi d SEQ : execWP_CLSTH()
{

}

register _STB.witeField(2,1,0);

voi d SEQ : execWP_SETSTB()

register_STB.witeField(2,1,1);

voi d SEQ : execWP_TSG\()

{

}

/1l Set Branch 1 FF

/1 if sign bit is "1 (negative sign)
i f (BUS: : gl bl _WRI TE_BUS & 0100000)

register BRL.wite(l);
el se

register BRL.wite(0);

voi d SEQ : execWP_TOV()

{

/1 Set Branch 1 FF

/1 if negative overflow (sign==1; overfl ow==0)
i f((BUS::glbl _WRITE_BUS & 0140000) == 0100000)

register BRL.wite(1l);
el se

register_BRL.wite(0);

/1l Set Branch 2 FF

/1 if positive overflow (sign==0; ovefl ow==1)
i f((BUS::glbl VR TE_BUS & 0140000) == 0040000)

register BRR.wite(l);
el se

register_ BRR.wite(0);

voi d SEQ : execWP_TSGN\2()
{

/1 Set Branch 2 FF
/1 if sign bit is '1" (negative sign)



i f(BUS::glbl _WRI TE_BUS & 0100000)
register BRR.wite(l);

el se
register_BRR.wite(0);
}
voi d SEQ : execWP_TMZ()
{
/1l Set Branch 2 FF
I if mnus zero
i f(BUS:: gl bl _WRI TE_BUS == 0177777)
register BRR.wite(l);
el se
register_ BRR.wite(0);
}

voi d SEQ : execWP_CTR()

{
register _LOOPCTR write(register_ LOOPCTR. read()+1);
}
voi d SEQ : execWP_CLCTR)
{

register _LOOPCTR write(0);
}



TPG (TPG.h)

/****************************************************************************

*  TPG - TIME PULSE GENERATOR subsystem

AUTHOR: John Pul t or ak
DATE: 9/ 22/ 01

FI LE: TPG. h

VERSI ONS:

DESCRI PTI ON:

Ti me Pul se Generator and Start/Stop Logic for the Block 1 Apollo Guidance
Conput er prototype (AGH).

SOURCES:
Mostly based on information from "Logical Description for the Apollo
Gui dance Conputer (AGC4)", Albert Hopkins, Ranmpbn Al onso, and Hugh
Blair-Smith, R 393, MT Instrunmentation Laboratory, 1963.

R

NOTES:

*
khkkkhkhkhkhkhkhhkhkhkhkhkhhhhhhhhhkhkhkhhhhhhhhhkhkhkhhhhhhhkhhkhkhkhhhhhhhhkhkhkhkhhhhhhhkhhkhkhkhkk,k,hx*xx

*/
#i f ndef TPG_H
#define TPG H
#i ncl ude "reg. h"
/1 Start/Stop Logic and Time Pul se Generator Subsystem

enum t pType {

STBY =0,

PWRON =1,

TP1 =2, /1 TIME PULSE 1: start of nmenory cycle time (M)
TP2 =3,

TP3 =4,

TP4 =5,

TP5 =6,

TP6 =7, /! EMEMis available in Gregister by TP6

TP7 =8, /! FMEMis available in Gregister by TP7

TP8 =9,

TP9 =10,

TP10 =11, /!l Gregister witten to nenory begi nning at TP10
TP11 =12, /1 TIME PULSE 11: end of nenory cycle tinme (MCT)

TP12 =13, /1 sel ect new subsequence/sel ect new instruction

SRLSE =14, /1 step switch rel ease

VWAL T =15

b
class regSG: public reg

éublic: regSE ) : reg(4, "9%20") { }

b

class TPG

t

public:
static void doexecWP_TPH ) ;
static regSG regi ster_SG
static char* tpTypestring[];

b

#endi f



TPG (TPG.cpp)

/****************************************************************************

*  TPG - TIME PULSE GENERATOR subsystem

*

*  AUTHOR: John Pul t or ak
*  DATE: 9/ 22/ 01

*  FILE TPG cpp

*

*

NOTES: see header file.

*
ER R R R I R I R I R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
*/

#i ncl ude "TPG h"

#i ncl ude "MON. h"

#i ncl ude "SCL. h"

#i ncl ude " SEQ h"

#i ncl ude "QJT. h"

char* TPG :tpTypestring[] = // nust correspond to tpType enunerated type

{
"sTBY", "PWRON', "TP1", "“TP2", "TP3", "TP4", "TP5", "TP6", "TP7", "TP8",
"TP9", "TP10", "TP11l", "TP12", "SRLSE", "WAIT"

b

regSG TPG :register_SG // static nmenber

voi d TPG : doexecWP_TPQX)
{
unsi gned nystate = register_SG read();
i f (MON: : PURST)
mystate = STBY;
el se
switch(nystate)

case STBY: if(!MON:: PURST && ((!MON:: FCLK) || SCL::F17x())) mystate = PWRON; break;
case PWRON: Pf(((YMON:: FCLK) || SQL::F13x())) nystate = TP1; break;
case TP1: mystate = TP2; br eak;

case TP2: nmystate = TP3; br eak;

case TP3: mystate = TP4; br eak;

case TP4: nmystate = TP5; br eak;

case TP5: mystate = TP6; br eak;

case TP6: nystate = TP7; br eak;

case TP7: mystate = TP8; br eak;

case TP8: nmystate = TP9; br eak;

case TP9: mystate = TP10; br eak;

case TP10: nmystate = TP11; br eak;

case TP11: mystate = TP12; br eak;

case TP12:

if(SEQ :register_SN .read() && OUT::register_OUTl.readF el d(8,8) && MON:: SA)
mystate = STBY;
/1 the next transition to TPl is inconpletely decoded; it works because
/1 the transition to STBY has al ready been tested.

else if((MIN::RUN) || (!SEQ :register_SN .read() && MON :|NST))
nystate = TP1;

el se
mystate = SRLSE;
br eak;
case SRLSE: if(!MON:: STEP) nystate = WAIT; break;
case WAIT:

if(MON:: STEP || MON: : RUN)
nystate = TP1;
br eak;
defaul t: br eak;

}
register_SGwite(mystate);
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