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2-6. 2. 1 Regular Instructions. Four types of instructions comprise the regular instruc­
tion class. They are the basic, channel, extracode, and special instructions. Basic 
instructions are the most frequently used instructions. The instruction words stored 
in memory are called basic instruction words. They contain an order code field and an 
address field. Special instructions have predefined addresses and order codes whereas 
basic instructions have only predefined order codes. The special instructions are used 
to control certain operations in the computer. For example, one special instruction is 
used to switch the computer to the extend mode of operation. This mode extends the 
length of the order code field and converts basic instruction words to channel or extra­
code instruction words. Channel instructions can only be used with input/ output channel 
addresses. Extra code instructions perform the more complex and less frequently used 
arithmetic operations. 

Regular instructions can also be functionally subdivided into the following: 

(1) Sequence changing. 

(2) Fetching and storing. 

(3) Modifying. 

(4) Arithmetic and logic. 

(5) Input/ output. 

(6) Editing. 

The sequence changing instructions alter the sequence in which the instructions stored 
in memory are executed. One group, called transfer control instructions, changes the 
program path as defined by the programmer. The other group, called decision making 
instructions, branches to alternate program paths in response to predefined conditions. 

The fetching and storing instructions move data, without alteration, from one lo­
cation to another. One group called copy instructions provides a nondestructive trans­
fer of data from memory to the central processor. Another group called exchange 
instructions transposes data between memory and the central processor . One instruc­
tion provides a nondestructive transfer of data from the central processor to memory. 

The modifying instructions alter the next instruction to be executed by changing 
the contents of the order code field, address field, or both. 

The arithmetic and logic instructions perform numerical computations. One group 
called the basic arithmetic instructions performs addition, subtraction, multiplication, 
and division in the ONE' s complement number system. Another group called the add 
and store instructions performs single or double precision addition, and transfers the 
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resultant from the central processor to memory. The incrementing instructions in­
crement a signed quantity, increment its absolute value, or diminish its absolute value 
by one. One instruction performs subtraction in the TWO's complement number system 
for angular data and one instruction performs the Boolean AND operation. 

The input/ output or channel instructions link the interface circuits to the central 
processor. One group called read instructions transfers the total or partial contents 
of any channel (register) location to the central processor either directly or accom­
panied by the Boolean AND, OR, or EXCLUSIVE OR operation. Another group Of in­
structions transfers all new or partially new information to any channel location in the 
same manner. 

The editing or special instructions are address- dependent and control the opera­
tion of the program. One special instruction, as mentioned previously, controls the 
extend mode of operation. other instructions prevent a program from being interrupted 
and shift and cycle data to the left or right. 

2- 6. 2. 2 Involuntary Instructions. The involuntary instruction class contains two types 
of instructions - interrupt and counter. The interrupt instructions use the basic in­
struction word format just as the regular instructions do. However, the interrupt in­
structions are not entirely programmable. The contents of the order code field and the 
address field are supplied by computer logic r a ther than the program. The counter 
instructions have no instruction word format. Signab which function as a decoded order 
code specify the counter instruction to be executed and the computer logic supplies the 
address. The address for these instructions is limited to one of 29 counter locations 
in memory. 

There are two interrupt instructions. One instruction initializes the computer 
when power is first applied and when certain program traps occur. The other interrupt 
instruction is executed at regular intervals to indicate time, receipt of new telemetry 
or keyboard data, or transmission of data by the computer. This interrupt instruction 
may be programmed to test the computer. 

There are several counter instructions . Two instructions will either increment or 
de crement by one the content of a counter location using the ONE' s complement number 
system. Two other instructions perform the same function using the TWO' s comple­
ment number system. Certain counter instructions control output rate signals and con­
vert serial telemetry data to parallel computer data. 

2- 6. 2 . 3 Peripheral Instructions . There are two types of peripheral instructions . One 
type deals with memory locations and the other type deals with channel locations. The 
peripheral instructions are not used when the computer is in the spacecraft. They are 
used when the computer is connected to peripheral equipment during subsystem and 
preinstallation system testing. The peripheral instructions are not programmable and 
are executed when all computer program operations have been forcibly stopped. These 
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instructions are used to read and load any memory or channel location, and to start 
the computer program at any specified address. The peripheral instructions and counter 
instructions are processed identically. 

2-6. 3 TIMER. The timer generates the timing signal s required for operation of the 
CMC and is the primary source of timing signals for all spacecraft systems. 

The timer is divided into the areas indicated in figure 2-25. The master clock 
frequency is generated by an oscillator and is applied to the clock divider logic. 
The divider logic divides the master clock input into gating and timing pulses at the 
basic clock rate of the computer. Several outputs are available from the scaler (which 
further divides the divider logic output into output pulses and signals for gating) 

-to generate rate signal outputs and for the accumulation of time. Outputs from the 
divider logic also drive the time pulse generator which produces a recurring set of 
time pulses. This set of time pulses defines a specific interval (memory cycle time) 
in which access to memory and word flow take place within the computer. 

The start-stop logic senses the status of the power supplies and specific alarm 
conditions in the computer, and generates a stop signal which is applied to the time 
pulse generator to inhibit word flow . Simultaneously, a fresh start signal is generated 
which is applied to all functional areas in the computer. The start-stop logic and sub­
sequent word flow in the computer can also be controlled by inputs from the Computer 
Test Set (C TS) during pre-installation systems and subsystem tests. 

OSCI L LATOR 
CLOCK 

DI VIDER 
LOG IC 

GAT ING AND 

T IMING PULSES 

SCALER 

T I ME 
PUL SE 

GENERATOR 

STOP 

PULSE AND 

SIGNAL OU T PUTS 

T IME 

PULSES 

40686A 

Figure 2-25. Timer Block Diagram 
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2-6. 4 SEQUENCE GENERA TOR. The sequence generator carries out the instructions 
stored in memory. The sequence generator processes instruction codes and produces 
control pulses which regulate the data flow of the computer. The control pulses are 
responsible for performing the operations assigned to each instruction in conjunction 
with the various registers in the central processor and the data stored in memory. 

The sequence generator (figure 2-26) consists of the order code processor, com­
mand generator, and control pulse generator. The sequence generator receives order 
code signals from the central processor and priority control. These signal s are coded 
by the order code processor and supplied to the command generator. The special pur­
pose control pulses are used for gating the order code signals into the sequence gen­
erator at the end of each instruction. 

The command generator receives instruction signals from priority control and 
peripheral equipment and coded signals from the order code processor. The command 
generator determines the input signals and produces instruction commands which are sup­
plied to the control pulse generator. 

The control pulse generator receives twelve time pulses from the timer. These 
pulses occur in cycles and are used for producing control pulses in conjunction with 
the instruction commands. There are five types of control pulses: read, write, test, 
direct exchange, and special purpose. Information in the central processor is trans­
ferred from one register to another by the read, write, and direct exchange control 
pulses. The special purpose control pulses regulate the operation of the order code 
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processor. The test control pulses are used within the control pulse generator. The 
branch test data from the central processor changes the control pulse sequence of 
various instructions. 

2-6. 5 CENTRAL PROCESSOR. The central processor, figure 2-27, consists of the 
flip-flop registers, the write, clear, and read control logic, write amplifiers, memory 
buffer register, memory address register and decoder, and the parity logic. All data 

) and arithmetic manipulations within the CMC take place in the central processor. 

) 

) 

Primarily, the central processor performs operations indicated by the basic in­
structions of program stored in memory. Communication within the central processor 
is accomplished through the write amplifiers. Data flows from memory to the flip-flop 
registers or vice-versa, between individual flip-flop registers, or into the central pro­
cessor from external sources, In all instances, data is placed on the write lines and 
routed to a specific register or to another functional area under control of the write, 
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Figure 2-27. Central Processor Block Diagram 
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clear, and read logic . This logic section accepts control pulses from the sequence 
generator and generates signals to read the content of a register onto the write lines, 
and write this content into another register of the central processor or to another 
functional area of the CMC. The particular memory location is specified by the content 
of the memory address register. The address is fed from the write lines into this reg­
ister, the output of which is decoded by the address decoder logic. Data is subsequently 
transferred from memory to the memory buffer register. The decoded address outputs 
are also used as gating functions within the CMC. 

The memory buffer register buffers all information read out or written into 
memory. · During readout, parity is checked by the parity logic and an alarm is gener­
ated in case of incorrect parity. During write-in, the parity logic generates a parity 
bit for information being written into memory. The flip-flop registers are used to ac­
complish the data manipulations and arithmetic operations. Each register is 16 bits or 
one computer word in length. Data flows into and out of each register as dictated by 
control pulses associated with each register. The control pulses are generated by the 
write, clear, and read control logic. 

External inputs through the write amplifiers include the content of both the erasable 
and fixed memory bank registers, all interrupt addresses from priority control, con­
trol pulses which are associated with specific arithmetic operations, and the start 
address for an initial start condition. Information from the input and output channels is 
placed on the write lines and routed to specific destinations either within or external 
to the central processor. The CTS inputs allow a word to be placed on the write lines 
during system and subsystem tests. 

2-6. 6 PRIORITY CONTROL. Priority control is related to the sequence generator in 
that it controls all involuntary or priority instructions. Priority control processes 
input-output information and issues order code and instruction signals to the sequence 
generator and twelve-bit addresses to the central processor. 

Priority control (figure 2-28) consists of the start, interrupt, and counter instruc­
tion control circuits. The start instruction control initializes the computer if the pro­
gram works itself into a trap, if a transient power failure occurs, or if the interrupt 
instruction control is not functioning properly. The computer is initialized with the 
start order code signal, which not only forces the sequence generator to execute the 
start instruction, but also resets many other computer circuits. When the start order 
code signal is being issued, the T12 stop signal is sent to the timer. This signal stops 
the time pulse generator until all essential circuits have been reset and the start in­
struction has been forced by the sequence generator. The computer may also be ini­
tialized manually when connected to the peripheral equipment and placed into the mon­
itor stop mode. In this mode, the time pulse generator is held at the T12 position until 
the monitor stop signal is released. 
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The interrupt instruction control can force the execution of the interrupt instruc­
tion. This is done with the interrupt order code signal which is sent to the sequence 
generator and the twelve-bit address sent to the central processor. There are ten 
addresses each of which accounts for a particular function that is regulated by the 
interrupt instruction control. The interrupt instruction control links the keyboards, 
telemetry, and time counters to program operations. The interrupt addresses are 
transferred to the central processor by read control pulses from the sequence genera­
tor. The source of the keyboard, telemetry, and time counter inputs is the input-output 
circuits. The interrupt instruction control has a built-in priority chain which allows 
sequential control of the ten interrupt addresses. The decoded interrupt addresses 
from the central processor are used to control the priority operation. 

The counter instruction control is similar to the interrupt instruction control in 
that it links input-output functions to the program. It also supplies twelve-bit addresses 
to the central processor and instruction signals to the sequence generator. The instruc­
tion signals cause a delay (not an interruption) in the program by forcing the sequence 
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generator to execute a counter instruction. The addresses are transferred to the cen­
tral processor by read control pulses. The counter instruction control also has a built­
in priority of the 29 addresses it can supply to the central processor. This priority is 
also controlled by decoded counter address signals from the central processor. The 
counter instruction control contains an alarm detector which produces an alarm if an 
incremental pulse is not processed properly. 

2-6. 7 INPUT-OUTPUT. The input-output section accepts all inputs to, and routes to 
other systems all outputs from, the computer. The input-output section, (figure 2-29) 
includes the interface circuits, input and output channels, input logic, output timing 
logic, and the downlink circuits. 

Most of the input channels and the output channels are flip-flop registers similar 
to the flip-flop registers of the central processor. Certain discrete inputs are applied 
to individual gating circuits which are part of the input channel structure. Typical in­
puts to the channels include keycodes from the DSKY' s, signals from the PGNCS proper 
and other spacecraft systems as shown. Input data is applied directly to the input 
channels; there is no write process as in the central processor. However, the data is 
read out to the central processor under program control The input logic circuits 
accept inputs which cause interrupt sequences within the computer. These incremental 
inputs (acceleration data from the PIPA's etc.) are applied to the priority control 
circuits and subsequently to associated counters in erasable memory. 
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Outputs from the computer are placed in the output channels, and are routed to 
specific systems through the output interface circuits. The operation is identical to 
that in the central processor. Data is written into an output channel from the write lines 
and read-out to the interface circuits under program control. Typically, these outputs 
include outputs to the stabilization and control system, the DSKY's, the PGNCS, etc. 
The downlink word is also loaded into an output channel, and routed to the spacecraft 
telemetry system by the downlink circuits. 

The output timing logic gates synchronization pulses (fixed outputs) to the PGNCS 
and the spacecraft. These are continuous outputs since the logic is specifically powered 
during normal operation of the computer and during standby. 

2- 6. 8 MEMORY. Memory (figure 2-30) consists of an erasable memory with a storage 
capacity of 2, 048 words, and a fixed core rope memory with a storage capacity of 
36, 864 words. Erasable memory is a random-access, destructive-readout storage 
device. Data stored in erasable memory can be altered or updated. Fixed memory is 
a nondestructive storage device . Data stored in fixed memory is unalterable since the 
data is wired in and readout is nondestructive. 

Both memories contain magnetic-core storage elements. In erasable memory, the 
storage elements form a core array; in fixed memory, the storage elements form three 
core ropes. Erasable memory has a density of one word per 16 cores; fixed memory 
has a density of eight words per core. Each word is located by an address. 

In fixed memory, addresses are assigned to instruction words to specify the se­
quence in which they are to be executed, and blocks of addresses are reserved for 
data, such as constants and tables. Information is placed into fixed memory permanently 
by weaving patterns through the magnetic cores. The information is written into as­
signed locations in erasable memory with the CTS, the DSKY' s, uplink, or program 
operation. 

Both memories use a common address register (register S) and an address decoder 
in the central processor. When register S contains an address pertaining to erasable 
memory, the erasable memory cycle timing is energized. Timing pulses sent to the 
erasable memory cycle timing then produce strobe signals for the read, write, and 
sense functions. The erasable memory selection logic receives an address and a de­
coded address from the central processor and produces selection signals which per­
mits data to be written into or read out of a selected storage location. When a word is 
read out of a storage location in erasable memory, the location is cleared. A word is 
written into erasable memory through the memory buffer register (register G) in the 
central processor by a write strobe operation. A word read from a storage location, 
is applied to the sense amplifiers. The sense amplifiers are strobed and the informa­
tion is entered into register G of the central processor. Register G receives informa­
tion from both memories. 
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Figure 2- 30. Memory Block Diagram 

The address in register S energizes the fixed memory cycle timing when a location 
in fixed memory is addressed . The timing pulses sent to the fixed memory cycle timing 
produce the strobe signals for the read and sense functions. The selection logic re­
ceives an address from the write lines, a decoded address and addresses from register 
S, and produces selection signals for the core rope . The content of a storage location 
in fixed memory is strobed from the fixed memory sense amplifiers to the erasable 
memory sense amplifiers a:nd then entered into register G of the central processor . 
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2- 6. 9 POWER SUPPLIES. The two power supplies (figure 2- 3l)furnish operating volt­
ages to the CMC and the DSKY' s. Primary power of 28 vdc from the spacecraft is 
applied to both power supplies. Regulator circuits maintain a constant output of (+4 
volts) and (+4 volts switched) from one supply, and(+14 volts) and (+14 volts switched) 
from the other. The regulator circuits are driven by a sync signal input from the timer, 
each power supply having a different sync frequency. During system and subsystem 
test, inputs from the CTS can be used to simulate power supply failures . 

The standby mod~ of operation is initiated by pressing the standby (STBY) button 
on the DSKY. During standby, CMC is put into a RESTART condition and the switchable 
+4 and + 14 voltages are switched off thus putting the CMC into a low power mode where 
only the timer and a few auxiliary signals are operative. 

The voltage alarm circuits monitor the +28, +14, and +4 volt outputs and produce 
a CMC restart signal (fresh start) should any of the voltages deviate from nominal by 
more than a predetermined amount. The oscillator alarm produces a CMC restart 
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signal (fresh start) if the oscillator fails or if the CMC is in the standby mode. The 
scaler alarm circuit monitors the scaler output of the timer and generates fail signal 
if the scaler output fails. The warning integrator monitors certain operations and 
generates a CMC warning signal (filter out) if these operations are frequently repeated 
or prolonged. 

2-6.10 DISPLAY AND KEYBOARD. Two identical and interchangable DSKY's are 
associated with the CMC: one on the main D and C panel designated the main DSKY, 
and the second on the lower D and C panel of the PGNCS designated the navigation DSKY. 

Each DSKY (figure 2-32) consists of a keyboard, relay matrix with associated de­
coding circuits, displays, mode and caution circuits, and power supply. The keyboard, 
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which contains several numerical, sign, and other control keys, allows the astronaut 
to communicate with the CMC. The inputs from the keyboard are entered into an input 
channel and processed by the CMC. 

The inputs entered from the keyboard, as well as other information, appear on the 
displays after processing by program. The display of information is accomplished 
through the relay matrix. A unique code for the characters to be displayed is formed 
by 15 bits from output channel 10 in the CMC. Bits 12 through 15 are decoded by the 
decoding circuits, and, along with bits 1 through 11, energize specific relays in the 
matrix which causes the appropriate characters to illuminate. The information dis­
played is the result of a keycode punched-in by the astronaut, or is computer-controlled 
information. The display characters are formed by electroluminescent segments which 
are energized by a voltage from the power supply routed through relay contacts. Speci­
fic inputs from the PGNCS are also applied, through CMC, to certain relays in the 
matrix through output channel 10 of the CMC. The resulting relay-controlled outputs 
are caution signals to the PGNCS. 

The mode and caution circuits accept direct input signals from channels 11, 12, 
and 13, without being decoded. The resulting outputs can give an indication to the astro­
naut on the DSKY and/or route the output signal to the PGNCS and spacecraft . 
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