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SHORT DESCRIPTION

"I.

The RC3803A CPU is a 16 bit general purpose microprogrammed mini-
camputer. Basic instruction execution time is less than one
microsecond. The CPU provides indexed, base page, relative and
multi-level indirect addressing modes and can directly address
32K words of memory. Sixteen levels of interrupt are provided to
allow extensive peripherals management.

A block diagram of the CPU is shown in fig. 1. The CPU performs
all data handling, logic and arithmetic functions.

The instruction register is 16 bits in length and is loaded from
memory at the beginning of each instruction with the instruction
to be executed.

The microprogrammed control logic consists of the control PROM's
and the address generation circuits. The microprogrammned control
logic controls the sequence of execution of each instruction, in-
cluding fetch of the next instruction. Each instruction is ex-
ecuted by a sequence of microprogrammed steps. Each step or
microprogram state is defined by the contents of the PROM output
register, and exists for exactly one clock period (150 ns). In
each microprogram state the control PROM's set up conditions for
the ALU, registers and branch PROM's.

The seguence of the microprogram states is determined by the next
address control. The next address controls decode the contents of
the instruction register and generate a series of PROM addresses
necessary to execute the instruction in question.

Other indicators, such as carry-out and zero detect, are also
monitored by the next address control to modify the address se-
quence as required for proper instruction execution.

The ALU, register control and status logic, picoinstruction con-
trol PROM's and sixteen registers are provided by four AM 2901
four bit microcontroller LSI integrated circuits.



Figure 1: Block Diagram.

DATA BUS
N 7
LINSTRUCTICN REGISTER IR Q- ]
(V)
T
0
| GEN/ INSTRUCTION
CHECK DECODING PROM
A
NEXT
- AD
ADDRESS ‘j!NX
PROM
raY MICRCPROGRAM
STCRE PROMS
“T'OUTPUT _REGISTER
I AQ - 3 [PROM CONTRCLS
BO - 3 ” |
10 -8,CIN :
STATUS |,CVL.CC ) AO0-3 B0-3 |ACN
REG [——— l(bAfE’A';‘;E)?l).U — ADDRESS
PROM
N
DATA BUS |
DATA BUS
]
DAIA BUS
1——7 <> -]
| MAR ] LL/OC_CONIROL AND BUFFERS |
A0-15 &b
MEMORY
MEMORY DATA BUS ||
TCP 701 o NDiagrostic |
DATA BUS | CONTROL _j__P.AN.El-_ §_U§_______::Pcne| H
) ‘ucezq _ !
DATA BUS Front Panel
Control



Associated with the AM 2901's are the displacement address
generator and carry/shift controls. The displacement address
generator converts the 8 bit displacement contained in memory
reference instructions into a signed 16 bit number by extending
the sign bit of the displacement. This is required for proper
memory address generation in memory reference instructions. The
carry and shift controls provide the unigue decoding, carry
storage and skip decode.

The 1/0 controls consist of the six bit device address buffer
register and the instruction register decode PROM's. '




DATA PATHS

The block diagram, fig. 1, shows the CPU721 data flow. As can be
seen from this illustration, the CPU is organized around a CPJ
Data Bus, -,BUS 0-15.

The contents of this Data Bus can be loaded into Instruction Re-
gister, RALU, Memory Address Register, Data input to Memory, I/0
Data Bus, Data Register to TCP701.

The Data Bus can be supplied with information from RAIU, Data
from Memory, 1/0 Data Bus, Data Bus from TCP701, the contents of
the Autoload address Counter and Autoload Program Memory.



REGISTER ALU UNIT

Architechture.

A detailed block diagram of the bipolar microprogrammable micro-
processor structure is shown in fig. 2. The circuit is a four-bit
slice cascadable to any number of bits. Therefore, all data paths
within the circuit are four bits wide. The two key elements in
the fig. 2 block diagram are the 16-word by 4-bit 2-port RAM and
the high-speed ALU.

Data in any of the 16 words of the Random Access Memory (RAM) can
be read from the A-port of the RAM as controlled by the 4-bit A
address field input. Likewise, data in any of the 16 words of the
RAM as defined by the B address field input can be simultaneously
read from the B-port of the RAM. The same code can be applied to
the A select field and B select field in which case the identical
file data will appear at both the RAM A-port and B-port outputs
similtaneously.

When enabled by the RAM write enable (RAM EN), new data is always
written into the file (word) defined by the B address field of
the RAM. The RAM data input field is driven by a 3-input multi-
plexer. This configuration is used to shift the ALU output data
(F) if desired. This three-input multiplexer scheme allows the
data to be shifted up (right) one bit position, shifted down
(left) one bit position or not shifted in either direction.

The RAM A-port data ocutputs and RAM B-port data ocutputs drive
separate 4-bit latches. These latches hold the RAM data while the
clock input is LOW. This eliminates any possible race conditions
that could occur while new data is being written into the RAM.

The high-speed Arithmetic Logic Unit (ALU) can perform three bi-
nary arithmetic and five logic operations on the two 4~bit input
words R and S.
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Figure 2: Detailed Am2901 Microprocessor Block Diagram.
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The R input field is driven from a 2-input multiplexer, while the
S input is driven from a 3-input multiplexer. Both multiplexers
also have an inhibit capability; that is, no data is passed. This
is equivalent to a "zero" source operand.

Referring to fig. 2, the ALU R-input multiplexer has the RAM
A-port and the direct data inputs (d) connected as inputs. Like-
wise, the ALU S-input multiplexer has the RAM A-port, the RAM
B-port and the Q register connected as inputs.

This multiplexer scheme gives the capability of selecting various
pairs of the A, B, D, Q and "0" inputs as source operands to the
ALU. These five inputs, when taken two at a time, result in ten
possible combinations of source operand pairs. These combinations
include AB, AD, AQ, AO, BD, BQ, BO, DQ, DO and Q0. It is apparent
that AD, AQ and AO are somewhat redundant with BD, BQ and BO in
that if the A address and B address are the same, the identical
function results. Thus, there are only seven completely non-re-
dundant source operand pairs for the ALU. The Am2901 microproces-
sor inmplements eight of these pairs. The microinstruction inputs
used to select the ALU source operands are the IO, I1 and I2 in-
puts. The definition of I0, I1 and I2 for the eight source
operand combinations are shown in fig. 3. Also shown is the octal

code for each selection.

The two source operands not fully described as yet are the D in-
put and Q input. The D input is the four-bit wide direct data
field input. This port is used to insert all data into the work-
ing registers inside the Gevice. Likewise, this input can be
used in the AIU to modify any of the internal data files. The Q
register is a separate 4-bit file intended primarily for multi-
plication and division routines but it can also be used as an

accumlator or holding register for some applications.

The ALU itself is a high-speed arithmetic/logic operator capable
of performing three binary arithmetic and five logic functions.

The I3, I4 and I5 microinstruction inputs are used to select the
ALU function. The definition of these inputs is shown in fig. 4.
The octal code is also shown for reference. The normal technique



for cascading the ALU of several devices is in a look-ahead carry
mode. Carry generate, G, and carry propagate, P, are outputs of
the device for use with a carry-look-ahead-generator such as the
Am2902 ('182). A carry-out Cn + 4, is also generated and is
available as an output for use as the carry flag in a status re-
gister. Both carry-in (Cn) and carry-out (Cn + 4) are active
HIGH.

The ALU has three other status-oriented outputs. These are F3, F
= 0, and overflow (OVR). The F3 cutput is the most significant
(sign) bit of the ALU and can be used to determine positive or
negative results without enabling the three-state data ocutputs.
F3 is non-inverted with respect to the sign bit cutput Y3. The F
= 0 output is used for zero detect. It is an open-collector out-
put and can be wire OR'ed between microprocessor slices. F = 0 is
HIGH when all F outputs are LOW. The overflow ocutput (OVR) is
used to flag arithmetic operations that exceed the available
two's complement number range. The overflow cutput (OVR) is HIGH
when overflow exists. That is, when Cn + 3 and Cn + 4 are not the
same polarity.

The ALU data ocutput is routed to several destinations. It can be
a data output of the device and it can also be stored in the RAM
or the Q register. Eight possible combinations of ALU destination
functions are available as defined by the 16, I7 and I8 microin-
struction inputs. These combinations are shown in fig. 5.

The four-bit data ocutput field (Y) features three-state cutputs
and can be directly bus arganized. An output control (OE) is used
to enable the three-state cutputs. When OE is HdIGH, the Y cutputs
are in the high-impedance state.

A two-input multiplexer is also used at the data ocutput such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This selection is controlled by the 16,
I7 and 18 microinstruction inputs. Refer to fig. 5 for the
selected output for each microinstruction code combination.
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As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be enter-
ed non-shifted, shifted up one position or shifted down one posi-
tion. The shifter has two ports; one is labelled RAMO-LO/RI and
the other is labelled RAM3-RO/LI. Both of these ports consist of
a buffer-driver with a three-state cutput and an input to the
multiplexer. Thus, in the shift up mode, the RO buffer is enabled
and the RI multiplexer input is enabled. Likewise, in the shift
down mode, the LO buffer and LI input are enabled. In the no-
shift mode, both the LO and RO buffers are in the high-impedance
state and the multiplexer inputs are not selected. This shifter
is controlled fram the 16, 17 and I8 microinstruction inputs as
defined in fig. 5.

Similarly, the Q register is driven from a 3-input multiplexer.
In the no-shift mmode, the multiplexer enters the ALU data into
the Q reyister. In either the shift-up or shift-down mode, the
multiplexer selects the Q register data appropriately shifted up
or down. The Q shifter also has two ports; one is labelled
Q0-LO/RI and the other is Q3-RO/LI. The operation of these two
ports is similar to the RAM shifter and is also controlled from
16, 17 and 18 as shown in fig. 5.

The clock input to the Am2901 controls the RAM, the Q register
and the A and B data latches. When enabled, data is clocked into
the Q register on the LOW-to-HIGH transition of the clock. when
the clock input is HIGH, the A and B latches are open and will
pass whatever data is present at the RAM outputs. When the clock
input is LOW, the latches are closed and will retain the last
entered. If the RAM-EN is enabled, new data will be written into
the RAM file (word) defined by the B address field when the clock
input is LOW.
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MICROPROGRAM FLOW DESCRIPTION 4.

For details about the microprogram flow, refer to flow diagram
FC1-21.

4.1 Power-Up 4.1
Refer to FCl.
When the machine is first powered up, the address of the first
microinstruction is RAR 210. Zero is loaded into the Memory
Address Register (MAR) and program execution is started by fetch-
ing the first instruction from memory address O.

4.2 Instruction Fetch 4.2
Refer to FC1.
Instruction execution begins with the Fetch cycle (RAR 1). The
instruction is fetched from iemory and loaded into the instruc-
tion register. After the instruction has been fetched, a miltiway
branch is made based on decode of the instruction. Bit 0-7 of the
instruction is used as an address to a table given directly the
branch address (refer to subsection 6.2.1).

4.3 Instruction Execution 4.3

The last microstep in each instruction sequence increments the
Program Counter and simultaneously loads the memory address re-
gister with the incremented contents of the program counter in
preparation for fetch of the next instruction. This occurs for
all instructions except those which load the program counter with
a new value (jump).

After the program counter has been incremented, a multi-way
branch is performed and is controlled by the presence of SKIP
conditions, DMA requests, INTerrupt requests and the state of the
RUN flip-flop.




4.3.1
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Highest priority is given to the SKIP condition, since the SKIP

is part of the prior instruction. DMA requests receive second .
priority. DMA rejuests are serviced only when the CPU is in RUJ

mode.

After SKIP and DMA requests have been serviced, and a Front Panel
request is present, a branch is made to the Front Panel service
portion of the microprogram. In like manner, an interrupt request
causes control to be passed to the interrupt service section of
the microcode, after execution of which the same branch decision
is repeated on further interrupt or DMA activity. If there is no
further interrupt or DMA activity, control returns to the in-
struction fetch block.

Interrupt requests are not serviced when the CPU is in STOP mode. ‘

If Break mode is selected (BREAK switch on the Diagnostic Panel),
the program counter is incremented in the last step in each in-
struction, but the multi-way branch mentioned above is not per-
formed. A direct jump to the BREAK mode part of the microcode is
performed. After performing the BREAK sequence (FC10) the multi-
way branch mentioned above is performed if no Break Condition

exists.

Memory Reference Instruction 4.3.1

Refer to FC3. .

In all mermory reference instructions step cne brings the instruc-
tion word from memory and simultaneocusly loads it into the in-
struction register and the Q register of the AM2901.

A displacement address generator is used to convert the 8-bit
displacement contained in the memory reference instruction into a
signed 16-bit number. This is done by extending the sign bit of
the displacement. The sign of the 8-bit displacement (a 0 in bit
8 is a plus and a 1 is a minus) is extended into bits 7 through O
to make a signed 8 bit number into a proper signed 16 bit number.



4.3.2
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Instruction execution time for an LDA/STA is four microcycles
consisting of Op Fetch (RAR 1); Q + PC (RAR 7), AC2 and AC3 (RAR
10-11) —=> MAR; ACN ---> MEM (RAR 33) or ME{ —-> ACH (RAR 32);
and PC + 1 —> PC, MAR (RAR 217).

For direct or indirect memory addressing the address calculation
routine has four entry points corresponding to base page, PC
relative, AC2 relative and AC3 relative.

These four routines generate an effective address by using the
contents of Q as is or by adding Q to PC or AC2 or AC3.

The resulting address is loaded into MAR.

If additional calculation such as further indirect or auto in-
crement or decrement are required in arder to establish the de-
sired address, these steps would be included as additional oper-
ations in the indirect branch. The indirect address is read fromn
memory into Q in step 16; then a multiway branch is performed de-
pending upon auto increment or decrement or multi indirect chain

is required in the address calculation.

There are two loops in the microcode for indirect address calcu-
lation, one for only 1 level indirect address chain (or the last
step in a multi chain) and e for the second indirect address in
a chain (BIT O = 1 in the word read cut from memory in step RAR
16). Both loops test for auto increment or decrement.

For increment or decrement memory and skip on condition (ISZ,
DSZ), the addressed memory location is incremented or decremented
and stored in Q (RAR 35, 36). Q is stored back into the addressed
memory location (RAR 37); Q is tested for "0", and FC is in-
cremented 2 steps (RAR 131, 130) if Q is "0".

Jump Instruction

Refer to FC2 and FC4.

4.3.2
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If the instruction to be performed is a jump direct, such as a
JMP, JMP PC, JMP AC2 or J¥P AC3, control passes immediately to
one block which executes the instruction.

In the case of the JMP, the contents of Q are loaded into the
program counter and simultaneously loaded into the memory address
register in preparation for fetch of the next instruction (RAR
2). This is a jump directly to ane of the 256 locations in the
base page. If the JMP PC, JMP AC2 or JMP AC3 instruction is ex-
ecuted, the contents of Q are added to the contents of the pro-
gram counter (RAR 3), accumilator AC2 (RAR 4) or accumlator AC3
(RAR 5) respectively, and loaded into the program counter and the
memory address register.

After the program counter and memory address register have been
loaded, multiway branches are performed under the control of the
interrupt request, DMA request or the HALT request. If one of
these three conditions prevail, the microprogram will branch to
one of the three blocks of servicing microcode associated with
these functions. Otherwise, the microprogram will continue to

instrution fetch.

For jump to subroutine (JSR) the prior value in PC incremented
one (pointing to the instruction after JSR) is stored in AC3 and
the new address is loaded into PC and MAR. The program counter is
“clipped" to 15 bits (RAR 27-30). In other words, the high order
bit of the program counter is set to O.

Arithmetic Instruction

Refer to FCS5.

Arithmetic instructions set up the ALU to execute the arithmetic
instruction in one step if possible.

Arithmetic instructions which do not shift can be executed in 2
steps; one step to set up the ALU function (RAR 42-51) and one
dummy step to test the result for O (RAR 56).

4.3.3
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Arithmetic instructions which shift, then test the result for O,
are executed in 4 steps; one step does the arithmetic combina-
tion, one step to shift Q (RAR 62-63 if LOAD, RAR 64-65 if NO
LOAD), one step loads Q into the destination accumilator if LOAD
is specified, or loads Q into Q if NO LOAD is specified, and e
dumy step to test the result for O.

Arithmetic instructions requiring byte swap use 7 microsteps; one
step does the arithmetic combination, 5 step to shift Q left 8
places (this is done by using AC15 temporarily, performing the
function AC15 + AC15 and shifting the result before storing back
into AC15, giving a total shift of 2 steps left), and cne dumy
step to test the result for O.

I/0 Instructions

Refer to FCo.

In the first microstep of the I/0 instruction the I/0 device ad-
dress is gated from the last six bits of the instruction re-
gister. These bits represent the device code -,DS O to -,DS 5.
This gating is performed through the whole I/0 instruction ex-
ecuting.

An I/0 decode branch is made which indicate whether a normal I/0
instruction or an I/0 instruction to device 77, device 1 or de-
vice 2 is to be executed. Device ocode 77 is used to perform spe-
cial functions as INTEN, INTDS, READS, MSKO, INTA, IORST and
HALT. Device code 1 is used for the memory extension instruction
DICP ac, 1 and the instructions LDB and STB. Device code 2 is
used for extended 3803 instruction set.

-,GENIODT is used to generate DATO A-C, DATI A-C pulses and
-,GENIOP is used to generate STRT, CLR and IOPLS signals.

The I/0 decode branch selects one of six blocks of microcode for
normal 1/0 instruction execution. These four blocks correspond
with the I/0 functions of No 1/0, Data In, Data Out, I/O Skip,

4.3.4
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device 1 and device 2. At the end of any of the I/O execute

states, the normal multi-way branch based on Skip, Diagnostic .
Panel, DMA or interrupt is made in exit to the instruction field.

Interrupt 4.4

Refer to FC7, FC3.

The interrupt service microcode is shown on Flow Diagram FC7. If
any interrupt request is honored at the microcode hranch point
prior to fetching the next instruction, this routine is entered.

The first microstep (RAR 107) loads the memory address register

with zeroes, and the interrupt enable flip-flop is cleared to ‘
lock out any additional interrupt. In the next microstep (RAR

110), the ocontents of the program counter is stored in memory

location 0. In the microstep (RAR 111), the memory address re-

gister is forced to point upon memory location 1.

The next microstep (RAR 16) transfers the contents of memory to
Q, in microstep RAR 22 the contents of Q is loaded into the mem-
ory address register, and the last microstep (RAR 31) transfers
the contents of Q into the program counter campleting the inter-
rupt sequence. At this point, the routine exits to the normal op-
fetch entry. The user's interrupt program picks up at this point
to inmplement the specific interrupt routine required by the

user. @

The mask out instruction is used to control the state of the in-
terrupt Disable flag in the device. When a device completes a
given operation, it automatically sets its Done flag. If the In-
terrupt Disable flag is clear, the device will request ancther
interrupt. If the Interrupt Disable flag is set, the device can-
not set another interrupt. The mask cut instruction causes the
Interrupt Disable flags to be set based on the contents of the
accumilator specified in the instruction. A zero mask clears all
Interrupt Disable flags.
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The priority of the device operating in the interrupt mode is
based on the physical location of the device controller on the
1/0 BUS. When the Internal Acknowledge instruction is issued, the
device code for the device which is physically closest to the CPU
and whose Done flag is set and whose Interrupt Disable flag is
clear is loaded into the specified accumilator and the device is
serviced. Device priority can also be controlled by use of the
SKIP instruction.

DMA

4-6

Refer to FC7 and FCS8.

Four IMA nodes are available (DMA IN, DMA OUT, DMA INCREMEJT and
DA ADD TO MEMORY).

DMA entry occurs if a DMA request (-,DCHR) is honored at the nor-
mal microprogram nulti-way branch point before the next instruc-
tion fetch. During the first part of the DMA microcode (FC7) Data
Channel Acknowledge (DCHA) is sent out on the I/0 BUS to get a
memory address from the device with highest priority among the
devices requesting data channel service. Then a multi-way branch
is performed to the function determined by -,DCGMO and -,DCHMI
fram the current device. All data channel requests are honored
according to the relative position of the requesting device on
the I/0 BUS. That device requesting data channel service which is
physically closest an the bus is serviced first, then the next
closest device, and so on, until all requests have been honored.
The synchronization of new requests occurs concurrently with the
honoring of other requests, so if a device continually requests
the data channel, that device can prevent all devices further ocut
on the us gaining access to the channel.

Diagnostic Panel

Refer to FC9.

4.5

1.6
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Special microcodes provide for interaction with the Diagnostic

Panel (TCP 701). The diagnostic panel routines are entered when ‘
the RUN flip-flop is off.

The diagnostic panel routines provide for Examine, Examine MNext,
Deposit, Deposit next, autoload and Examine, Deposit any of the
16 registers and START.

BREAK . 4.7
Refer to FC10.

When the BREAK Switch on the Diagnostic Panel is enabled, all

normal instructions return are changed to jump directly to the '
BREAK routine. There are 4 BREAK routines, one for SKIP instruc-

tions, one for arithnetic instructions, one for I/0 SKIP and one

for all other instructions.

During the BREAK routine the register ACS5 is compared with the
progran counter, and if ejual the next instruction to be executed
is fetched fram AC6 and not from memory, else the normal multi-
way branch based on Skip, Diagnostic Panel requests, DMA or in-

terrupt is made in exit to the instruction field.
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MICROPROGRAM FORMAT DESCRIPTIOH

A microprogram word is 86 Dbits.

On fig. 7 is shown a layout of the microprogram word where the
signals are listed in logical fields. These fields are described
in detail in the following sections.

This field is used to specify a Next Address if the microprogram
should go to this address unconditionally. The Next Address Field
consists of 9 bits, resulting in 512 direct jump possibilities.
NXAD 0-7 is coded binary to give the next microaddress, NXAD 7 is
the least significant bit. NXADP selects ane of the two 256 word
pages (BAWK O and BANK 1). The lower page (WXADP=0) is called
BAJK 0 and the upper page (ilinDP=1) is called BAK 1.

5.
5.1 Next Address Field
5.2 Next Address Select Field

This field is used to determine whether the next address calcula-
tion is conditional, unconditional or jump from fetch cycle to
the start address of the segquence to execute the current fetched
instruction.

This field consists of 8 bits, IIXAD SEL A-C (NeXt ADdress SELect
A-C), SEL 1ST OP (SELect 1ST OPerand), SEL 2ND OP (SCLect 28D
OPerand) and MPLSB SEL 0-2 (MicroProgram LSB SELect 0-2). The
logical function of the field which consists of NXAD SCL A-C and
SEL 1ST OP is shown in fig. 7. SEL 21 OP is used to separate
next address map in BANK O and BANK 1.

5.1
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Figure 7: Microinstruction Word Format.

8 bits

5 bits

1

5 bits 4 bits 2

3 bits 2 bits 5 bits

8 bits

-,BUS 8-15

EN BREAK

-,FPOP END
-,SET MEM EXTEND
-,RESET BIT O
-,BLOCK BIT O

-,DEFER
-, FETCH

-,DCH 0O

-,DCH I
-,DCH AX
-,DCii OFLO EN

-,GE IOP
-,GEJ IODT
-, REQENBX
-,I/0 sLo
-,CLR INTEN

-,ALU FLAG CLK

-,ALU = 0 CiK

-,CARRY LINK CLK
COUT EN

-,PAN ACN EN

-,LD DATA REG
-,GATE QUT
_pI-IP IR

-,3 STATE EN
-.GATE DATA SW
-,GATE REG EN
-,GATE IN

-, RESTART ADD
-,GATE APL DATA
-,GATL APL ADD
-, EN CONST
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NXAD
SEL
1ST OP C B A  FUCTION

0O 0 O SELECT CO:DITION GROUP O
0 o o0 1 - - -
0 o 1 o - - - 2
0 o 1 1 - - - 3
0 1 0o o - - - a4
0 1 o0 1 - - - s
0 1 1 o - - - 6
0 R TR - - 7
1 0O 0 O NOT USED
1 O 0 1  NOR USED
1 ©O 1 0 NOT USED
1 O 1 1  SELECT FETCH JUMP
1 1 0 0  Unconditional JUMP
1 1 0 1  NOT USED
1 1 1 0 Unconditional JUMP
1 1 1 1  NOT USED

If unconditional jump is selected, the Next Address Field
(section 5.1) is used to specify the Next Address.

If conditional jup is selected, NXAD C-A together with the
output from the condition selector is used as an 8 bits address
to a Conditional Next Address table (subsection 6.2.1). If fetch
jump is selected, the value o the memory bus (BUS 0-7) is used
as an 8 bits address to a Start Address table.

MPLSB SEL 0-2 are used to select cne of eight signals as source

for the LSB of the next microprogram address (NXAD 7) (section
6.3).

Microprocessor Control Field

This field contains the necessary control lines to the micropro-
cessor AM 2901.

5.3
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This field is logically divided into three subfields:

I 0-8, CIN ; microinstruction field

A 0-3 ; Read Only address input to the register stack
in A4 2901

B 0-3 ; Read-lodify-Write address input to the register
stack.

Microinstruction Field

5.3.2

There are eight source operand pairs available to the ALU as se-
lected by I 0-2.

The ALU can perform eight functions; five logic and three arith-
metic. The I 3-5 instruction inputs control this function selec-
tion. The carry inpat, CIXN, also affects the ALU results when in
the arithmetic mode. The CIJ input has no effect in the logic
mode. I 6-8 is used to determine whether data from the ALU,
shifted or unshifted, is to be deposited in the Q-register or in
the register stack. For further details about the microinstruc-
tion control lines to AM 2901, refer to chapter 3.

Register Stack Address Inputs

The Register Stack consists of 16 words of Random Access Memory.

Data in any of the 16 registers can be read from the A-port of
the Stack by the 4-bit A address field input to AM 2901. Like-
wise, data in any of the 16 registers as defined by the B address
field input can be simultaneously read from the B-port of the
Stack.

New data is always written into the register defined by the B
address field. For further detail about AM 2901, refer to chapter
3.

5.3.1

5.3.2
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The layout of the register Stack is shown in the following table:

A(B) A(B) A(B) A(B)
SEL O SEL 1 SEL 2 SEL 3 REGISTER MIEMOLIC

0 0 0 0 ACO

0] 0 0 1 ACI

0 0] 1 0 AC2

0 0 1 1 AC3

0 1 0 0 PC (program Counter)
0 1 o 1 BREAK ADDRESS

0 1 1 0 BREAK INSTRUCTION
0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 . ] SPARE REGISTERS

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1 USED TEMPORARILY

DURING REGISTER SAIFT

llemory Control

This field contains the necessary control lines to control

memory .

-, 1D MAR (-,LoaD Memory Address Register) loads the contents on
the internal data bus into the memory address register.

-,MEM READ (-,MEMory READ) starts the memory in a Read cycle from
the address specified by the contents of the memory address
register.

-,MaM WRITE (-,MEMory WRITE) starts the memory with a write cycle
of the data on the internal bus into the memory address specified
by the contents of the memory address register.

(02}
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-,TCST MEM is used by the microprogram to test the state of the
Memory Busy Status. .

READ/WRITE generates the START signal to the memory in a read or
write cycle.

Shift Control 5.5

5.6

This three bits field is used to select the new inputs to the
Q-register or the Register Stack during shift operations.

SLAEN (Shift ieft ENable) connects the SHIFT GENERATOR (chapter
7) to the LSB end of the Q-register (Q15 SLI/SRO).

SRA EN (Shift R Eiable) connects the SdIFT GEJJERATOR (chapter 7) .
to the MSB end of the Q-register (Q0O SRI/SLO).

SNAP EN (SWAP ENable) comnnects the MSB output from the Register

Stack Shifter (RO SRI/SLO) to the LSB input to the Register Stack
Shifter (R15 SLI/SRO).

Internal Bus Source Control 5.6

This field contains control lines to determine the source for the
internal data hus.

-.GATE APL ADD (-,GATE Automatic Program Load ADDress) gates the
contents of the Automatic Program Load Address Counter cut an the
data hus.

-,GATE APL DATA (-,GATE Autamatic Program Load DATA) gates the
contents in the addressed location of the autoload PROM's out on
the data hus.

-.RESTART ADD (-,RESTART ADDress) gates the contents of tnhe Data
Switches (TCP 701) out aon the data bus and sets the CPU in RUN
state. If the Diagnostic Panel is not connected, a "0" is gated
out on the data hus.
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-,GATE IV (-,GATE Li{ut) gates the contents on the I/0 Data Bus
out on the internal data hus.

-,GATE REG EN (-,GATE REGister Ellable) gates the contents of the
Register Select Switches (AC SEL 0-3) out on the internal data
bus bit 1-4. This function is only used if the Diagnostic Panel
TCP 701 is enabled.

-,GATE DATA SW (-,GATE DATA SWitches) gates the contents of the
Data switches on the Diagnostic Panel or the Data switches on the

Front Panel of CPU 708 aut on the data bus depending on the state
of the ENABLE TCP switch.

-,3 STATE EN (-,3 STATE ENable) gates the data from AM 2901 out
on the internal data hus.

-,EN QONST (Elable CONSlant) gates a constant from the micropro-
gran PROMY out on the intermal hus.

This field contains control lines to determine the destination

-,ID IR (-,LoaD Instruction Register) loads the contents on the

-,GATE QUT (-,GATE OUTput) gates the contents on the internal

-,LD DATA REG (-,Load DATA REGister) loads the contents on the
internal data bus into Data Register. The contents of the Data
Register is shown an the Diagnostic Panel, if connected.

5.7 Intermal Bus Destination Control
for the contents on the internal data bus.
data bus into the instruction register.
data bus out on the I/0 Data BUS.

5.8 Accumulator Control

This field contains control Lines to determine whether the Re-

Ut

5.8



5.9

25

gister Stack Address Inputs (section 5.3.2) is delivered directly
in the microprogran word or decoded from the instruction register .

when one or two accurulator instruction is executed.

-,GATE ACN (-,GATE ACcurulator eNable) disables ASEL 0-3 and BSEL
0-3 fram the microprogram and enables decoding of these lines
fram the instruction register bit 1-4.

-,PAY ACN EN (-,PANel ACcumulator ENable) enables decoding of

ASEL 0-3 and BSZL 0-3 fram the state of ACSEL switches an the
Diagnostic Panel.

ALU Status Control 5.9

This field contains control lines to control updating of the
carry register and ALU = O status register with the status fronm
the ALU after executing an arithmetic or logic instruction.

COUT Ei (Carry OUTput ENable) enables the carry output fraa the
AM 2901 array. =-,CARRY LINK CLK (-,CARRY LINK CLocK) loads the
new calculated carry from the CARRY GENERATOR (chapter 7) into
the Carry Register.

-,AlJ = 0 CIK (-,ALU = O CLocK) loads the state of the zero de-
coder ocutput from AM 2901 into the ALU = O Register.

-,ALJ FLAG (K (-,ALU FLAG ClocK) is used to latch the state of
BUS O and BUS 15 of the internal data bus, the enabled carry
output from the AM 2901 array and the overflow (OVR) status from
AM 2901 array after an arithmetic-logic microfunction. The
latched BUS 0, BUS 15 and carry are used by the CARRY/SHIFTER
GENerator (chapter 7).

-,ALC 0 (-,Aln Condition CONtrol) enables a decoder on in-
struction register bit 8-15 to determine if the result fram the
arithmetic-logic operation should be loaded into the Q-register
or in the destination accumulator specified in the two accurula-
tor instruction formats.
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I/0 Bus Control

5.11

This field contains the necessary control Lines to generate the
control signals on the programmed I/0 BUS (chapter 11).

-,CLR INTEN (-,ClLeaR INTerrupt ENable) clears Interrupt On to
prevent the processor from responding to interrupt requests.

-,1/0 SIO (-,Input/Output device Select Out) places instruction
register bit 10-15 on the Device Selection lines (-,DS O - -,DS
5)).

-,ROENB X (-,ReQusst ENaBle X) allows all devices on the I/0 BUS
to request program interrupts or data channel access. -,GEN IODT
(-,GENerate Input/Output Data pulse) is used to generate data
strobe pulses on the I/0 BUS (i.e., DATO A-B, DATI A-B, IITA,
IORST and MSKO) depending an the contents of the instruction re-
gister bit 5-7 and bit 10-15.

-,GEN IOP (-,GLNerate Input/Output Pulses) is used to generate
I/0 BUS control signals as STRT, CLR, IOPL and to set/reset In-
terrupt On flag depending on instruction register bit 8-9 and bit
10-15.

DA Control

By the control lines in this field the Data Channel is control-
led.

-,DCH OFLO EN (-,Data CHannel OverFLOw ENable) is used to strobe
the OVerFlow status cut on the Data Channel control line OVFLO.

OVFLO is generated by the processor during a data channel cycle

that increments memory or adds to memory.

-,DCHA X (-,Data CHannel Acknowledge) is generated by the proces-
sor at the beginning of a data channel cycle. If a device re-
ceives DCHA while it is also receiving DCHP and its DCH REQ flip-
flop is set, it places the memory address to be used for data
channel access on the I/0 Data lines 0-15.

5.10

5.1
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-,DCHI (-,Data CHannel Input) is generated by the processor for
data channel input to place the data register of the device se- .
lected by DCHA on the data lines.

-,DCHO (-,Data CHannel Output) is generated by the processor for
data channel cutput after the word from memory or the arithmetic
result has been placed an the data lines to load the contents of
the lines into the data register of the devices selected by DCHA.

CPU Status =5.12

5.13

These two status lines are used to drive indicators on the front
panel of CPU708. ‘

-,FETCH indicates that the CPU is reading an instruction from
memory.

-,DEFER indicates that the next microcycle will be used to follow
an indirection chain.

General DO Functions 5.13

This field ocontains 5 control lines, which cannot be placed in
the other standard fields.

-,BLOCK BITO is used to "clip" bit O when transferring PC to mem-
ory address register.

-,RESET BITO is used to place logical zero an the MSB shift input
(RO SRI/SLO) of the register stack shifter. This function is used
in the jump subroutine instruction to mask out bit O in the PC
before saving PC.

-,SET MEM EXTEND is used to set the flip-flop enabling bus O as
input to the address register.

-,FPOP END (-,Front Panel OPeration END) indicates the end of a
front panel operation loop in the microprogram. .
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Eil BREAK (ENable BREAK) used during the break loop to lock the

break switch, so operation of this switch is not registrated by
the CPU before the break loop is terminated.

SKIP Control

This field contains only cne control line, -,SKIP EN (-,SKIP

ENable), used to enable the SKIP condition GENerator (chapter 8).

Internal Constant

This field provides the CPU721 with an 3 bit constant. The con-

stant is gated out on the internal data bus -,DBUS8-15 (see 5.6).

5.14

5.15
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NEXT MICROADDRESS CALCULATION 6.

The sejuence of the microprogram states is determined by the next
address controls. The next address controls decode the contents
of the instruction register and generate a series of ROM addres-

ses necessary to execute the instruction in guestion.

Other indicators as carry-out and zero detect are also monitored
by the next address control to modify the address sequence as
required for proper instruction execution.

For details about the next microaddress calculation, refer to
block diagram, fig. 3.
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Condition Selector 6.1

This circuit consists of 5 multiplexers (8 to 1). The Condition

Group to be selected is determined by the next address select
field (NXAD SEL A-C) contained in each microword. In fig. 9 is
shown the relation between NXAD SEL A-C and the Condition Group
to be selected.

SEL NXAD

1ST OP C B A CONDITION GROUP

0 0o 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3 , Conditional .
0 1 0 0 4 JUMP

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7 J

1 0O 0 © 7

1 0 0 1 NOT USED

1 o 1 © j

1 0 1 1 FETCH

1 1 0 0 Unconditional jump
1 1 0 1 NOT USED

1 1 1 0 Unconditional jump
1 1 1 1. NOT USED

Figure 9: Condition Group select.

In the following sections each Condition Group is described.

In fig. 20 is shown a table containing a list of signals for each
condition group.
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NEXT ADDR MAP FOR CONDITION GROUP O, BANK O. ADDR 0(Oct)8-37(Oct)

IN ROB 382-383

NEXT
ADDR

BASE

FUNCTION

IR6 IR7 1IR3 IR9 (OCTAL)
34
34

IRS

0

ADDR

>

> <SP,

34

34
34
34
34
34
34
34
34
34
34

34
34
34
34
34
375
212

376

00000

Figure 10: Next ADDR MAP for Condition Group O, Bank O.




SFREE
LINK

REMEL

PLINK
FETCH(Musil)
TKVAL

cop
<SPARE>

FUNCTION
SC:IEL
IKADD

IDFY

> <SPARE>
BMOVE
WMOVE

NEXT
ADDR
(OCTAL)

IRO
]
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
100
4
120
155
273
304
320
171
240
214
61
3

34

IRS

Figure 11: Next ADDR MAP for Condition Group O, Bank 1.
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NEXT ADDR MAP FOR CONDITION GROUP 1, BAIK 0. ADDR 40(Oct)=-77(Oct)

IN ROB 382-383

-,DEV -,DLV NEXT
BASE 0l 77/ ADDR
ADDR XX XX IR5 IR6 IR7 (OCTAL) FUNCTION
00001 | © 0 0o 0 0 25
0 0 0 0 1 256
0 0 0 1 0 256
0 0 0 1 1 256 DEV 2
0 0 ] 0 0 256 INSTRUCTIQNS
0 0 1 0 ] 256 (RC3803)
0 0 1 1 0 256
0 0 1 1 1 256
0 1 0 0 0 2N
0 1 0 0 1 21
0 1 0 1 0 21
0 1 0 1 1 211 DEV 1
0 1 1 0 0 2N INSTRUCTIONS
0 1 1 0 1 21 (DICP ac. 1,
0 ] 1 ] 0 211 LDB and STB)
0 1 1 1 1 132 SKIP
1 0 0 0 0 73 NIO CPU
1 0 0 0 1 7 DIA CPU
1 0 0 1 0 72 DOA CPU
1 0 0 1 1 7 DIB CPU
1 0 1 0 0 72 DOB CPU
1 0 1 0 1 73 DIC CPU
1 0 1 1 0 73 DOC CPU
] 0 1 1 1 132 SKIP
1 1 0 0 0 73 NIO
1 1 0 0 1 7 DIA
1 1 0 1 0 72 DoA
1 ] 0 1 1 71 DIB
1 1 1 0 0 72 DOB
1 1 ] 0 1 7 DIC
1 1 ) ] 0 72 Doc
1 1 1 1 ] 132 SKIP

Figure 12: Next ADDR MAP for Condition Group 1, Barnk O.
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137(Oct) IN ROB 382-383

-.FPOP -,FPOP -,FPOP -,FPOP NEXT

APL,  BUSY

ADDR

BASE

FUNCTION
NOP

(OCTAL)
126
123
124

B 2B IB OB

B

ADDR

DEP NEXT
DEP MEM

EXAM NEXT

EXAM MEM

DEP REG
EXAM REG

> NOP

0

120

121

17

0

116

207

126
126
126
126

126
126
126
126
257
257

257
257

257

257
257
257
257
257
257

257
257

257

257

257

00010

Figure 13: Next ADDR MAP for Condition Group 2, Bank O.
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NEXT ADDR MAP FOR CONDITION GROUP 2, BANK 1. ADDR 1100(Oct)-

1137(Oct) IN ROB 382-383

FUNCTION

No Conditional

Jump

-IE'POP -JFPOP -IFPOP ",FPOP NEXT

BUSY

ADDR

APL

BASE

IB OB (OCTAL)

2B

ADDR

0

00010

Figure 14: Next ADDR MAP for Condition Group 2, Bank 1.
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NEXT ADDR MAP FOR COWDITION GROUP 3, BANK O. ADDR 140(Oct)-

177(Oct) IN ROB 382-383

NEXT
BASE El  -,SKIP BREAK -,DCHM -,DCHM ADDR
ADDR BRLAK COND 1B OB (OCTAL) FUNCTION
00011 | 0 0 0 0 0 103 ADDR TO ME

0 0 0 0 1 102 INCR MEM

0 0 0 1 0 100 DMA IN

0 0 0 1 ] 101 IMA QUT

0 0 1 0 0 103 ADD TO MEM

0 0 1 0 ) 102 INCR MBM

0 0 1 1 0 100 IMA IN

0 0 ) 1 1 101 DA QUT

0 1 0 0 0 103 ADD TO ME:

0 1 0 0 1 102 INCR ME

0 1 0 1 0 100 DA IN

0 1 0 1 1 101 DMA OUT

0 ) 1 0 0 103 ADD TO MEY

0 1 1 0 1 102 INCR MEM

0 1 1 1 0 100 DMA IN

0 1 1 1 ! 101 DMA OUT

) 0 0 0 0 140

1 0 0 0 1 140 SKIP

1 0 0 1 0 140 RETURN

) 0 0 1 1 140

1 0 1 0 0 137

) 0 1 0 1 137

1 0 1 ) 0 137 r BREAK

1 0 1 1 | 137

1 1 0 0 0 141

1 ) 0 0 ) 18] NO SKIP

1 1 0 1 0 141 RETURN

1 3 0 1 ] 141

1 1 1 0 0 137

1 1 1 0 ) 137

1 1 1 1 0 137 r BREAK

] ! 1 1 ] 137

Figure 15: Next ADDR MAP for Condition Group 3, Bank O.
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NEXT ADDR MAP FOR CONDITION GROUP 4, BAWK O. ADDR 200(Oct)-
237(Oct) IN ROB 332-383

NEXT

BASE RUN -,DCHR INTEN -,INTR SKIP ADDR
ADDR B SYNC DLY'D SYNC B (OCTAL) FUNCTION
00100 0 0 o} 0 0 130 SKIP

0 0 0 0 1 127 FRONT PANEL/

0 0 0 1 0 130 SKIP

0 0 0 ] ] 127 FRONT PANEL

0 0 ] 0 0 130 SKIP

0 0 1 0 1 127 FRONT PANEL

0 o] 1 ] 0 130 SKIP

0 0 ] 1 1 127 FRONT PANEL

0 ] 0 0 0 130 SKIP

0 1 0 0 1 127 FRONT PANEL

0 1 0 ] 0 130 SKIP

0 ] 0 ] ] 127 FRONT PANEL)

0 ] 1 0 0 130 SKIP

0 1 1 0 1 127 FRONT PANLL

0 1 1 1 0 130 SKIP

0 1 1 ] ] 127 FRONT PANEL

] 0 0 0 0 130 SKIP

] 0 0 0 1 76 DMA

] 0 0 1 0 130 SKIP

1 0 0 1 1 76 A

] 0 ] 0 0 130 SKIP

1 0 1 0 1 76 DMA

] 0 ] 1 0 130 SKIP

1 0 ] L 1 76 DMA

1 1 0 0 0 130 SKIP

1 1 0 0 1 ] FETCH

] ] 0 1 0 130 SKIP

1 1 0 ] 1 1 FETCH

1 1 1 0 0 130 SKIP

1 ] ] 0 ] 107 INTERRUPT

1 ] 1 1 0 130 SKIP

] ] 1 1 ) 1 FETCH

Figure 16: Next ADDR MAP for Condition Group 4, Bank O.
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NEXT ADDR MAP FOR CONDITION GROUP 5, BANK O. ADDR 240(Oct)-

277{0Oct) IN ROB 382-383

-,DC -,AI AT
SELECT RSTB BUS ADR DCR  NEXT
BASE RN  -,DCHR INTEN -,INTR SKIP ADDR
ADDR B SYNC DLY'D SYNC B (OCTAL) FUNCTION
00101 0 0 0 0] 0 127
0] 0 0 0 1 127
0 0 0 1 0 127
0 0 0 ] ] 127 RESET
0] 0 1 0 0 127
0] 0 1 0 1 127
0 0 1 1 0 127
0 0 1 1 1 127
0] 1 0 0 0] 20 AUTO INC, 1 level.
0] 1 0 0 1 17 AUTO L[ECR, 1 level a
0 1 0 1 0 22 a, 1 level
0 1 0 1 1 22 a, 1 level
0 1 1 0] 0] 24 AUTO INC, 21D level a
0 1 1 0 1 23 AUTO DEC, 2KD level a
0] 1 1 1 0 26 SECOID a
0 1 1 1 1 26 SECOMND a
1 0] 0] 0 0] 127
1 0 0] 0 1 127
1 0 0] 1 0] 127
1 0 0 1 1 127 RESET
1 0 1 0] 0 127
1 0 1 0] 1 127
1 0 1 1 0 127 .
] 0 1 1 1 127
1 1 0 0 0 20 AUTO INC, 1 level a
1 1 (o] 0 1 17 AUTO [EC, 1 level a
1 1 0 1 0 22 a, 1 level
1 1 0 1 1 22 a, 1 level
1 1 ] 0 0 20 AUTO INC, 1 level a
1 1 1 0 1 17 AUTO DEC, 1 level a
1 ] 1 1 0 22 a, 1 level
1 1 1 1 1 22 a, 1 level

Figure 17: Next ADDR MAP for Condition Group 5, Bank O.
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NEXT ADDR MAP FOR CONDITION GROUP 6, BANK 0. ADDR 300(Oct)-

337(Oct) IN ROB 382-383

NEXT
BASE IR8 IRS IR12 IR13 IR14 ADDR
ADDR (OCTAL) FUNCTION
00110 0 0 0 0 0 56 SKP
0 0 0 0 1 56 SZC, SNC
0 0 0 ] 0 56 SZR, SNR
0 0 0 1 1 56 SEZ, SBN
0 0 1 0 0 56 #SKP
0 0 1 0 1 56 #SZC,SNC
0 0 1 1 0 56 #SZR, SNR
0 0 1 1 1 56 #SEZ,SEN
0 1 0 0 0 62 L sKp
0] 1 0] 0 1 62 L SZC,8KC
0 1 0 1 0 62 L SZR,SIR
0 1 0 1 1 62 L SEzZ,SBN
0 ] 1 0] 0 56 L#SKP
0 1 ] 0] 1 64 L#SZC,SNC
0] 1 1 1 0 64 L#SZR, SR
0 1 1 1 1 64 L#SEZ,SBiN
1 0] 0] 0] 0 63 R SKP
1 0 0] 0 1 63 R 82C,SKiC
1 0 0] 1 0 63 R SZR, SR
1 0 0 1 1 63 R SEZ,SBN
1 0 1 0] 0 56 R#SKP
1 0 1 0 1 65 R#SZC, SlC
1 0 1 1 0] 65 R#SZR, SR
1 0 1 ] 1 65 R#SLZ, SEN
] 1 0 0 0 52 S sKP
1 1 0 0 1 52 S 8ZC,8NC
1 1 0 1 0 52 S SZR,SNR
1 1 0 1 1 52 S SEZ,SBN
1 1 1 0 0 56 S#SKP
1 1 1 0] 1 56 S#SZC, SNC
1 1 1 1 0 56 S#SZR, SNR
1 1 1 1 1 56 S#SEZ, SBY

Figure 18: Next ADDR MAP for Condition Group 6, Bank O.
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JUMP a
JSR

1Sz

DSz

Lpao -
LDA]
LDA2
1DA3
STAO
STAl
STA2
STA3
NOT USED
JUP a
JSR

152

sz

LDAO
LDA
LDA2
1DA3
STAO
STA
STA2
STA3
NOT USED

1
S~ (@]
o
5 m
™
0 —~
5 i
. w ~— I~ YW NN AN MmO M MmO OO0 Ol ~ 0 VAN N N AN mOnm O OO0 O 2,
o & ~M N MM MmO MM M O M M N O OO O O OO o O M nUV
4
m (&)
3 z
- O -~ 0 ~,lO0O O  ~O0 —~m O —~r|O —m0 —~|O — O ~lO —m O —~]O0O —m O ~]O — O ~—~ m
~ o
s
o & 0 i
- m — OO0~ r~rlOO0 ¢~ ~lOO0  ~~ ~—f0 O/~ —~lOO0 — |0 O r—  ~O0 O~ ~|0O0 Or ~—~
1Y
>
o] m &
[ ]
H3 O 0O 0O O0]lrr—~ e~ ~lOO OO}~ —~—{O 0 OO|~ e~ O OOO|r —r~ —~ m
8 &
5 :
& & a
© ™ (] QO O O 00O 0O O O0Ol—m —m M~ ~l— —rm— ~lO O OO|lO O OOl r~r r|lr M-
£ g "
mm m O O O Ol 0O O0loo O0lo oo Ol m e =l — - |l = — ~|¢r rmrm~ - .
8~ o
wm (ST e 8
2 al = m..
~ WMO
~ o sl
™ e




43

Condition Group 0, Bank O

6.1.1
@

The Condition Group O, Bank O consists of the Instruction Re-
gister bit 9-5 (IR 9-5).

This Condition Group is used during execution of I/0 instructions
to device code 01, i.e., the Memory Extension Instruction DICP
ac, 1 and the instructions LDB and STB (FC6).

The Condition Group O, Bank 1 consists of the Instruction Re-

This Condition Group is used during execution of 1/0 instructions
to device code 2, i.e. the instructions from the Extended in-

6.1.2 Condition Group O, Bank 1
. gister bit 9-5 (IR 9-5).
struction set (FC11, FC14-21).
6.1 .3

Condition Group 1, Bank O

The Condition Group 1 consists of the Instruction Register bit
5-7 (IR 5-7) and the signals -,DEV 77/xx and -,DEV 01/xx.

-,DEV 77/xx is true when the Instruction Register bit 10-15 con-
tain all "1"'s.

-,DEV 01/xx is true when the Instruction Register bit 10-15 con-
tain device code 1.

This Condition Group is used during execution of programmed I/0
instructions to determine whether normal I/0 instructions or
special instructions to device 77 or device 1 ar device 2 are to
be executed.

-,DEV 77/xx and -,DEV O1/xx are both true when the Instruction
Reyister bit 10-15 contains device code 2. In that case an in-
struction fram the Extended Instruction set is executed.

6.1.1

6.1.

6.1.




6.1.4 Condition Group 1, Bank 1 6.1.4'
Not used.
6.1.5 Condition Group 2, Bank O 6.1.5

The Condition Group 2 consists of -,FPOP 0-2B, -,FPOP BUSY B and
APL B.

This Condition Group is used during Diagnostic Panel (FC9) to
determine which Diagnostic Panel function is to be executed. The
following table shows the relation between the signals -,FPOP

0-2B and the function to be executed. .
-,FPOP B Diagnostic Panel
0 1 2 Function
0 0 0 NOT USED
0 o] 1 E<{AM MEMORY
0 1 0 DEP MEMORY
0 1 1 EXAM RSS
1 o 0] DEP NCXT
1 0 1 DEP RIG
1 1 0] EXAM 1EXT
1 1 1 START
The Diagnostic Panel operations are only executed if -,FPOP BUSY .
B =-0;

APL B = 1 overrides all other Diagnostic Panel operations, and
starts an automatic program load routine.

6.1.6 Conditional Group 2, Bank 1 6.1.6

Unconditional JU4P.



6.1.7 Conditional Group 3, Bank O
The Condition Group 3 consists of the signals -,DCilM 0-13, BREAK
COND, -,SKIP and EN BREAK.
This Condition Group is used during Data Channel routine and
during the BREAK routine. The signal EN BREAK is used to distin-
guish the Data Channel routine from the BREAK routine. When EN
BREAK = 0 the Data Channel routine is executed. -,DCM 0-1B de-
termines whether data channel operation is to be executed.
-, DCHI1
1B OB DMA FUNCTION
0 0 ADD TO MM
0 1 INCR ME4
1 0 DMA LI
1 1 DA OUT
When Eil BREAK = 1, the BREAK routine is executed, BREAK COND in-
dicates whether or not AC5 is ejqual to the Program Counter (AC4).
6.1.8 Condition 3, Bank 1
Not used.
6.1.9 Condition Group 4, Bank O

This Condition Group consists of the signals -,SKIP, =-,INTR SYNC,
INTEN DLY'D, -,DCiR SYIIC and RUN.

This Condition Group is used at the end of each instruction to
give a milti-way branch controlled by the presence of SKIP con-
ditions, DMA and/or Interrupt requests, and the state of the RUN
flip-flop. Highest priority is given to SKIP since SKIP is part
of the prior instruction.

6.1.7

6.1.8

6.1.9
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=, INTR SYNC and -,DCHR SYNC contain Interrupt request and Data
Channel request synchronized to the microprogram. .

INTEN DLY'D represent the Interrupt ON flip-flop, set by the
instruction INTEN, and cleared by the instruction IITTDS and in
the Interrupt microcode when an interrupt request is honored.

6.1.10 Condition Group 4, Bank 1 6.1.10
Not used.
6.1.11 Condition Group 5, Bank O 6.1.1‘
The Condition Group 5 consists of the signals AIDCR, =-,AIADR, BUS
0, -,DCRST, SELECT. This Condition Group is used during an in-
direct address calculation to determine whether the calculated
"address" contains another indirect level ar not (BUS 0) and
whether the calculated address points upon an autonome location
(a location to be decremented or incremented when this location
is addressed indirectly).
AIDCR indicates the state of BUS 12, i.e. memory location 30-37
(Oct) are addressed.
-,AIADR indicates that the internal bus (-,BUS 0-15) contains an '
address in the range 20-27 (Oct) or 30-37 (Oct).
SELECT indicates whether the CPU721 is supplied with 64K bytes
memory or with 128K bytes memory.
6.1.12 Condition Group 5, Bank 1 6.1.12
Not used.
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Condition Group 6, Bank 0O 6.1.13

6.1.13
®

The Condition Group 6 consists of the Instruction Register bit
8-9 and bit 12-14 (IR 8-9 and IR 12-14).

This Condition Group is used during arithmetic and logical
instructions to determine whether the result should be shifted or

not (IR 8-9) and to specify the test of the result (IR 12-14).

IR8 IRS SHIFT FUICTION

0 0 NO SHIFT

0] 1 SHIFT LEFT
1 0 SHIFT RIGHT
1 1 BYTE SWAP

IR13 1IR14 SKIP FUNCTION

0 0 SKIP/NO SKIP

0 1 SKIN QN CARRY
1 0 SKIP QN RESULT
1 1 SKIP ON BOTH
CARRY AND/OR
RESULT
IR12 LOAD FUNCTION
0 LOAD
1 NO IOAD
6.1.14 Condition Group 6, Bank 1 6.1.14
Not used.
6.1.15 Condition Group 7, Bank O 6.1.15

The Condition Group 7 consists of the Instruction Register bit
1-4 (IR 1-4) and SELECT.

This Condition Group is used during execution of memory reference
instructions after the address calculation to determine the
instruction to be executed.



6.1.16
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IRl IR2 IR3 IR4  INSTRUCTION MIEMONIC
0 0 0 0 IMP

0 0 0 1 JSR

0 0 1 0 1S2

0 0 1 1 DSZ

0 1 0 0 3

0 1 0 1

0 1 1 0 . LDA
0 1 1 1 J

1 0 0 0 )

1 0 0 1

1 0 1 0 [ ST
1 0 1 1 J

Condition Group 7, Bank 1

Not used.

6.1.16
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2 ND OP O 2 ND OP 1 2 ND OP 2 2 ND OP 3 2 ND OP 4
0O 0 O IR 9 IR 8 IR 7 IR 6 IR 5
0 0 IR 7 IR 6 IR 5 -,DEV 77/xx -,DEV 01/xx
0O 1 O -,FPOPO B -,FPOP 1 B -,FPOP23 -,FPOP BUSY B| APL B
o 1 -,DCHM 0 B -,DCHM 1 B BREAK COWD -,SKIP B EN BREAK
1 0 © -,SKIP B -, INTR SYNC INTIN DLY'D -,DCHR SYNC RUN B
10 -,AIDCR -,Al ADR BUS O -,DC RST SELECT
11 0 IR 14 IR 13 IR 12 IR 9 IR 8
1 1 IR 4 IR 3 IR 2 IR 1 SELECT

Figure 20: Condition Selector.
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6.2 Next Address Maps 6.2

The NEXT ADDRESS MAPS consist of three PROM memory:

1) 1K x 8 words consisting next address during fetch and
conditional jump.

2) 512 x 8 words consisting next address during unconditional
Jump.

3) 32 x 8 words consisting next address during power restart.

6.2.) Conditional Jump Map 6.2.1‘

The capacity of this PROM memory is 1K x 8 words. This memory is
used as a look up table for the next microaddress during fetching

an instruction and during conditional jump.

The address input (SEL 0-7), SEL 1ST OP) to this memory is
calculated as shown in fig. 21.

SEL SEL

1ST OP 0 1 2 3 4 5 6 7 FUNCTION
NXAD! NXAD| NXAD| 2ND | 2ND | 2ND | 2ND | 2ND
0 SEL |SEL {SEL [{OP (OP |OP | OP | OP Conditional jump

BUS |BUS {BUS |BUS {BUS |BUS | BUS | BUS

Figure 21: Conditional jump and fetch address input.
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Conditional

next address

BAK O
(OCTAL)
0 [ CONDITION GROUP O
37 fig. 20
40 [ OONDITION GROUP 1
77 fig. 12
100 [ CONDITION GROUP 2
137 fig. 13
140 | OONDITION GROUP 3
177 | _ fig. 15
200 | CONDITION GROUP 4
237 | fig. 16
240 | OONDITIOL GROUP 5
277 fig. 17
300 |[OONDITION GROUP 6
337 fig. 18
340 [ CONDITION GROUP 7
377 | fig. 19
400 [JMP A MODIFY
MEMORY
(JMP, JSR, 1Sz, DSz)
437 fig. 23
440 [ MOVE DATA
(LbA, STA) :
fig. 24
537
540
INPUT/OUTPUT
577 fig. 24
600 [ARITIDETIC AND LOGIC
IiSTRUCTION
777 fig. 25

Figure 22: Hext Address MAP

Next address
during

fetch cycle

layout in BANK O.




Address in

Conditional

next address

BANK 1
(OCTAL)
1000 | CONDITION GROUP O
fig. 1
1037
1040 | CODITION GROUP 1
Not used
1077
1100 | CONDITION GROUP 2
fig. 14
1137
1140 { CONDITION GROUP 3
Not used
1177
1200 | CONDITION GROUP 4
Not used
1237
1240 | CODITION GROUP 5
Not used
1277
1300 | CODITION GROUP 6
Not used
1337
1340 | CONDITION GROUP 7
Not used
1377
1400
Not used
1777
Figure

Next address
during
fetch cycle

22: Next Address Map Layout in BANK 1.
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NEXT ADDR MAP DURING FETCH OF AN
JMP AND MODIFY MEMORY INSTRUCTION
ADDR 400 - 437 IN ROB 382-383

BASE FUN C 1 INDEX NEXT | TINSTR ADDR
ADDR| BUSO |BUS1| BUS2 |BUS3 BUS4|BUSS5 [BUS6}{ BUS7| ADDR |MNEMO:TI| CALC
1 0 0 0 0 0 0 0 0 2 Direct
1 0 0 0 0 0 0 0 1 3 Relative
1 0 0 0 0 0 0 1 0 4 Index (AC2)
] 0 0 0 0 0 0 1 1 5 JMP Index (ACl3)
1 0 0 0 0 0] 1 0 0 12 Indirect
1 0 0 0 0 0 1 0 1 13 Indirect, Rel
1 0 0 0 0 0 1 1 0 14 Indirect, Index
1 0 0 0 0 0 1 1 1 15 Indirect, Index
1 0 0 0 0 1 0 0 0 6 Direct
1 0] 0 0 0 1 0 0 1 7 Relative
1 0 0 0 0] 1 0 1 o 10 Index (AC2)
1 0 0 0 0 1 0 1 1 N JSR Index (AC3)
1 0 0 0 0 1 1 0 0 12 | JSR Indirect
1 0 0 0 0 1 1 0 1 13 Indirect, Rel
1 0 0 0 0 1 1 ] 0 14 Indirect Index
1 0 0 0 0 1 1 1 1 15 Indirect, Index
1 0 0 0 1 0 0 0 0 6 Direct
1 0 0 0 1 0 0 0 1 7 Relative
1 0 0 0 1 0 0 1 0 10 Index (AC2)
1 0 0 0 1 0 0 1 1 1M 182 Index (AC2)
1 0 0 0 1 0 1 0 0 12 Indirect
1 0 0 0 1 0 1 0 1 13 Indirect, Rel
1 0 0 0 1 0 1 1 0 14 Indirect, Index
1 0 0 0 1 0 1 1 1 15 Indirect, Index
1 0 0 0 1 1 0 0 0 6 Direct
1 0 0 0 1 1 0 0 1 7 Relative
1 0 0 0 1 1 0 1 0 10 Index (AC2)
1 0 0 0 1 1 0 1 1 1" DSz Index (AC3)
1 0 0 0 1 1 1 0 0 12 Indirect
1 0 0 0 1 1 1 0 1 13 Indirect, Rel
1 0 0 0 1 1 1 1 0 14 Indirect, Index
1 0 0 0 1 1 1 1 1 15 Indirect, Inde

Figure 23: Start Address Jump and Modify Memory Instruction.



NEXT ADDR MAP DURING FETC] OF AN .
MOVE DATA INSTRUCTION
ADDR 440 - 537 IN ROB 382-383
BASE FUN C AC 7 | INDEX |NEXT[INSTR |ADDR
ADDR| BUSO|BUS1]| BUS2 [BUS3[BUS4{ BUS5 |BUS6 | BUS7| ADDR |MNEMONI| CALC
1 0 0 1 X X 0 0 0 6 Direct
1 0 0 1 X X 0 0 1 7 Relative
1 0 0 1 X X 0 1 0 10 Index (AC2)
1 0 0 1 % x 0] 1 1 11 { 1DA Index (AC3)
1 0 o 1 X X 1 0 0 12 Indirect
1 0] 0 1 X b 4 1 0 1 13 Indirect, Rel
1 0 0 1 X X 1 1 0 14 Indirect, Index
1 0 0 1 x X 1 1 1 15 Indirect, Index
1 0 1 0 X X 0 0 0 [ Direct
1 0 1 0 b'e X 0] 0 1 7 Relative
1 0 1 0 X X o} 1 0 10 Index (AC2)
1 0 1 0 b'e X 0 1 1 1 STA Index (AC3)
1 0 1 0 X X 1 0 0 12 Indirect
1 0 1 0 X X 1 0 1 13 Indirect, Rel
1 0 1 0 X X 1 ] 0 14 Indirect, In
1 0 1 0 X X 1 1 ] 15 Indirect, Ind®
xx: 00 (ACO), 01 (AC1), 10 (AC2), 11 (AC3). ]
NEXT ADDR MAP DURING FETCAd OF Al
INPUT/OUTPUT INSTRUCTION
ADDR 540 - 577 IN ROB 382-383
BASE AC "XFER IEXT | INSTR
ADDR|BUSO|BUS?| BUS2 [BUS3[ BUS4 | BUS5|[BUS6 {BUS7| ADDR [MIEMOWI
1 0 1 1 X X 0 0 0 70 | NIO
1 0 1 1 b4 X o) 0 1 70 | DIA
1 0 1 1 X X 0 1 0 70 | DOA
1 0 1 1 X X 0] 1 1 70 | DIB
1 0 1 1 b¢ 4 1 0 0 70 | DOB
1 0 1 1 X X 1 0 1 70 | DIC
1 0 1 1 X X 1 1 0 70 | DOC
1 0 1 1 X X 1 1 1 70 | SKP
xx: 00 (ACO), O1 (ACT), 10 (AC1), 10 (AC2), 11 (AC3) .

Figure 24: Start Address Move Data Instruction INPUT/OUTPUT Instruction.
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NEXT ADD MAP DURING FETCH OF AN
ARITHMETIC AND LOGIC INSTRUCTION
ADDR 600 - 777 IN ROB 382-383

BASE SOURCE AC| DEST AC FUNCTION NEXT [TNSTR
ADDR | BUSO [BUST] BUSZ | BUS3[8US4 | BUS5]BUS6 [BUS7| ADDR [MNEMONI
1 1 x X Y Yy 0 0 0 42 | oM
1 1 X X Y Y 0 0 1 43 | NEG
1 1 x b y Y 0 1 0 44 | MV
1 1 p < X Y Yy 0 1 1 45 | INC
1 1 p 4 X Y Yy 1 0 0 46 | ADC
1 1 X X Y Y 1 0 1 47 | SUB
1 1 p 4 X Yy Yy 1 1 0 50 | ADD
1 1 X X y Yy 1 1 1 51 | AND
xx: 00 (ATO0), O (ACT), 10 (ACZ), 11 (AC3)
yy: 00 (ACO), O1 (AC1), 10 (AC2), 11 (AC3)

Figure 25: Start Address Arithmetic and Logic Instruction.

NEXT ADD MAP DURING POWER UP
ADDR O = 3 IN PROM 650
s -, DIS NEXT ADDR
ADDR | LOCK | PANEL {OCTAL) FUNCTION
000} 0 0 210 JMP O
0 1 210 JMP O
1 0 210 IMP O
1 1 210 IMP O
1 0 0 245 Restart in the
1 0 1 245 address selected
1 1 0 245 by the data-
1 1 1 245 switches

DIS PANEL = 1 if the ENABLE TCP switch is in the upper state.

-,LOCK = = 1 All times the Diagnostic Panel (TCP 701) is not
supplied with a POWER/LOCK switch, else this signal
follows the state of this switch.

RESTART is executed if the operator pushes AUTO with the Reset
party Error switch in the Reset state. The program starts with a
JMP to the address determined by Dataswitches 0, 10-15 on the
front panel of the CPU.

If swo
If SwO

0 JMP to the address (SwW 10-15).
1 JMP @ address (SW 10-15)

Figure 26: Power up address map.




6.2.2

Unconditional Jump 6.2.2

6.2.3

Refer to section 5.1.

Power Restart Add 6.2.3

6.3

When the machine is powered up, this map contains the address of
the first microinstruction to be executed. Refer to fig. 26.

Extended Conditional Jump 6.3

Tne MPLSB SEL 0-2 selects one of eight signals as the LSB (NXAD7)

of the next microaddress (see fig. 27). .
MPLSB SEL

o 1 2 NXAD7

0O 0 © NXADx7 (unconditional jump)
0 0 1 -, INTR SYNC

0 0 -,DCHR SYNC

0 1 1 AlLU =0

1 0 O -,DEV 2

1 0 1 ALU QOUT

1 1 0 ALU LOW

1 1 1 F3

Figure 27: Selection of least significant microaddress bit.

The eight signals are NXAD7, -,INTR SYNC, -,DCHR SYNC, ALU = O, ‘
-,DEV 2, ALU OOUT, ALU LOW and F3.

-,INTR SYNC and -,DCHR SYNC are I/0 BUS interrupt- and IMA-re-
quest signals. ALU = 0 is the ocutput from the status register
(see chapter 7).

-,DEV 2 = 0 if the fetched instruction is an instruction fram the
extended instruction set of the RC3803 (BMOVE, WMOVE, SCHEL,
SFREE, LINK REMEL, PLINK, FETCH, TKADD, TKVAL, COMP).

ALU OOUT is the carry output fraom the Am2901.

ALU LOW = 1 if the data output fram an ALU operation is zero. .
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CARRY/SHIFTER CIRCUIT

7.1

On the block diagram, fig. 28 is shown the CARRY/SHIFTER CIRCUIT.
Refer to logic diagrams CPU 016 and CPU 018.

Carry Logic

There is a block of logic which functions to set up the base

value of the carry for an arithmetic operation, and to receive
and store the carry results from that operation. The base value
of the carry is set up without disturbing the previous carry, so
that the previous carry value can be saved if an arithmetic
instruction specifies "NO LOAD".

For details about arithmetic and logical instructions, refer to
FC5. In the first microstep (RAR 42-51) the ALU function specifi-
ed in the instruction is executed. The carry out from the ALU,
BIT O and BIT 15 of the result is saved in a status register. The
outputs from this register (COUT BFR, BO BFR, B15 BFR) together
with Instruction Register bit 8-12 (IR 8-12) and the output of
the carry register (-,CARRY REG) are used as address inputs to a
512 x 4 PROM (ROB 380); this PROM gives the new carry input to
the carry register, shift inputs to the Q shifter and carry in-
formation to the SKIP circuit (chapter 8).

The contents of this PROM (ROB 380) are shown on figs. 29-35.

In the last step of an arithmetic-logical instruction the value
on -,NEW LINK is loaded into the carry register.

If “LOAD" is specified in the instruction, =-,NEW LINK and =-,CARRY
GEN are both equal to the new carry calaulated during instruction

execution.

If "NO LOAD" is specified, -,NEW LINK is equal to the previous
carry (-,CARRY REG), but -,CARRY GEN is the new calculated carry
used to determine skip, if SKIP on Carry is specified.

7.1
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Reglster

3hiftec

RIS
UL/ 3RO

ALU=0 ALV -0 >

AM 2901 orroy

Cout

Au-ol ] =AU 0 CLK ._

FLAG

G Shifter

Q15

/i

SLAEN

CARRY. BIT FRQM MICRQPRQCRAM

IR8 - 12 L.l.ll

o cauran

= NEW LINK
-Q15 GIEN
512 x 4
PROM - CARRY GEN _(TO SKIP) .
ROB 380 g
CARRY - CARRY RLG
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Figure 29: CARRY and SHIFT PROM Contents LOAD, NO SHIFT.
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Figure 31: CARRY and SHIFT PROM Contents LOAD, SHIFT RIG
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Figure 35: CARRY and SUIFT PROM Contents NO LOAD, SWAP.
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7.2

Shifter Logic 7.2

7.2.1

The SHIFTER consists of a block of logic gicing inputs to the Re- .
gister and Q shifter in the AM 2901 array (refer to chapter 3).

7.2.2

Q-Shifter 7.2.1

The inputs to the Q-shifter, QO SRI/SLO and Q15 SLI/SRO are de-
livered from the PRO (ROB 380) mentioned in section 7.1. =-,Q0
GEN is gated out on Q0 SRI/SLO by the microprogram do-function
SRAEN (Shift Right ENable).

-,Q015 GEN is gated cut an Q15 SLI/SRO by the microprogram do-
function SLAEN (Shift Left Eilable). .

The Q-shifter is used during executing an arithmetic-logical in-
straction to perform the shift operation (one place Left or
Right) specified in the instruction field.

For details about the value of the outputs from ROB 380 (-,00 GEN

and -,0Q015 GEJ) refer to figs. 29-35.

Register Shifter 7.2.2

The Register Shifter is used to perform the SWAP operation per-

haps specified in an arithmetic-logical instruction and to "CLIP" .
PC when executing jump to subroutine (JSR) and before entering

the BREAK routine.

During SWAP operation RO SRI/SLO is looped back to R15 SLI/SRO,
and COUT back to CIN. This is necessary because the SWAP routine
contains 4 steps, each performs a 2 steps left shift. This is
done by using AC15 temporarily, performing the function AC15 +
AC15 and shifting the result before storing back into ACIS.

The "clip" operation of PC is done in two steps. One step to
shift PC left and then shift PC right with zero into RO SRI/SLO,
enabled by the microprogram do-function -,RESET BIT O. '
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SKIP CONDITIOWN DETECTOR

Refer to logic Diagrams CPU 013 and CPU 033.
The Skip Detector is used to detect SKIP condition when executing
arithmetic-logical instructions, ISz-DSZ instructions, and I/0

SKIP instructions.

Refer to figs. 36-38 for details about the SKIP detector.
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R 13 \ L

AlU=0 / >= A

- CARRY GEN \ A== (R13(ALU =0:= R 14 = CAPRY GE'N,
Ik 14 [

ARTTHMETIC & LCCICAL SKI® TABLE A
%13 R 14 K15 SKIP FUNC
(4] 0 0 DCN"T SKIP 1
0 0 1 SKIP 1
4] 1 [y SKIFFC=0 CARRY GEN
0 1 1 SKIFPFC=1 CARRY GEN
) 0 ¢ SKIPF 2 =0 -, AU=0
1 ) 1 SKIPF 2 = - AU=0
1 ] C SK, FC0or 20| -, (ALU =0 + - CARRY GEN)
1 1 ] SK. IF Clond 2] -, wu=o-‘-, CARKY GEN)

\

(-, (ALL' = 0" » CARRY GEN

1/C_SKIP TABLE - 1/C Skp
e | BS SKIP FUNC
0 0 | SKIPIFBUSY # -, SEL B
0 1 | SkiPIFBUSY = 0 -, SEL B
' o | skirrpoecNE # o -, SELD
1 1 | SKiPFDONE = 0 -, SELD

< UC SKP = B8 x(-, SELD)+ (- R B) x {-, SEL B

Figure 36: Arithmetic and Logical and 1/0 Skip Tables.
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Figure 37: Skip PROM Contents, Part I of II.
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MEMORY INTERFACE 9.

9.1

For details refer to Logic Diagrams CPU 006, 019 and 020 and
Timing Diagram TC1.

The memory interface contains Memory Address Register (MAR),
Parity Generator and Checker and Control Logic.

Memory Address Register 9.1

902

The Memory Address Register is a 16 bits register loaded from the
internal bus (BUS 0-15) by the microprogram do-function -,LD MAR.
The most significant address bit, Al5, is normal logic "O", but
in Memory Extension mode this address bit is loaded from BUS O.

All addresses are present min. 50 ns. prior to MM START.

Parity Generator and Checlier 9.2

During Memory Write Cycles 2 parity bits, one per byte (ODD
parity), are generated and written into memory together with the
16 data bits.

During Memory Read Cycles 16 data bits + 2 parity bits are read
out from memory. The 2 parity bits are checked, and if a parity
is detected an error flip-flop is set to indicate the error.
There is one error flip-flop per parity bit.

The outputs fram the error flip-flops are used to drive in-
dicators on the front panel of the CPU and to stop the clock
generator if the "STOP on Error" switch on the front panel is in
the STOP state. The error flip-flops are reset by the RESET
switch on the front panel or by power reset.
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Control Logic

9'4

A memory cycle is started by MEM START generated by READ/WRITE.
-,MEMORY BUSY is sent from the memory as response to MEM START to
indicate when the current cycle has been campleted and the next

cycle can be initiated.

During read cycles the clock generator is stopped from MEM START
and until data is available from memory indicated by DATA AVAIL.

During write cycles the clock generator is stopped fram MEY START
to the memory is ready again (-,MEMORY BUSY = 1). Before the
microprogram starts a memory cycle the state of -,MEMORY BUSY is
tested by the microprogram do-function -,TEST MEM.

Between memory cycles, the memory system is prevented from oper-
ating by the low state of the signal DATA RCTAIN.

Memory Data Bus

The internal Bus (-,BUS 0-15) is connected directly to the mem—
ory. The signal READ/RESTORE controls the direction of the data
flow between CPU and memory; when this signal is in high level, a
Read cycle is in progress.

9.3

9.4
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TCP 701 INTERFACE , 10.

10.1

This interface contains all necessary logic circuits required to
interconnect the CPU and the Diagnostic Panel TCP 701.

All these logic circuits are further described in the following
sections.

Panel Bus 10.1

10.2

Refer to Logic Diagrams CPU 034 and CPU 036.

The Panel BUS, -,PAN BUS 0-15, is a 16 bits data bus used to
transfer data between CPU and Diagnostic Panel.

If -,RESTART ADD = O (START), -,READS = 0 (during execution of
the READS instruction) or -,GATE DATA SW = O (during the Panel
functions R dep, Dep and Ex) the signal -,00N DATA causes the
Diagnostic Panel to place the contents of the Data Switches on
the Panel Bus. In all other situations (-,CON DATA = 1) the con-
tents of the Data Bus latch are transferred from CPU to Diagnos-
tic Panel to be shown on the Data Lights.

Function Switch Decoder 10.2

Refer to logic Diagrams CPU 035 and 037 and Timing Diagrams TC6,
TC7 and TC8.

Fram the Diagnostic Panel is received a 4 bits value (-,00N 0-2,
-,CPU MODE) to indicate which switch the operator has pushed. The
STROBE signal indicates when -,CON 0-2, -,CPU MODE are valid.

On fig. 39 is shown the relation between -,CON 0-2, -,CPU MODE
and the Function Switches. -,CPU MODE = O indicates a switch
function which requests microprogram service (Exam MEM, Exam
Next, Dep, Dep Next, Exam Reg, Dep Reg and START). All other
switch functions (except AUTO) will not request microprogram ac-
cess.
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-, Q0N -,CPU -,FPOP

FUNCTION O0.,1,6,2  MODE X 0 . 1
RESET 1§11 1 ]
STOP (02N R I 1 1
NOT USED 1101 1 1
cour 0|0} 1 1
INSTR. STEP 1{1]0 1 1
MICRO STZEP 01110 1 1
NOT USED 110]0 1 1

PROG LOAD 01010 ] 1
START 11111 0 1 1 1 1
EXAMINE REGISTER ofj1i1 0 1 o} ]
DEPOSIT REGISTER 1101 0 1 1 (03N I
EXAr MEMORY 0|0} 1 0 1 O I O B
EXAM NEXT 111]0 0 1 1 1 0
DEPOSIT 0j14{0 0 1 O 0]
DEPOSIT IMORY NEXT | 110} O 0 1 1 0f 0
NOT USED 0j0] O 0 1 010} O

Figure 39: Diagnostic Panel Functions.
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PRCM 616
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Figure 40: Diagnostic panel function decoder PROM.

x : Logic Diogrom CPU 035, IC 23 -10.
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-,CON 0-2 buffered (-,FPOP 0-2) is used by the microprogran as

conditions, and is also decoded in ROM 616 (refer to fig. 40) to o
control the RUN flip-flop, AUTO flip-flop, MICRO STEP logic and

INSTR. STEP Logic.

The ACcumulator Select switches (ACSEL 0-3) are gated out on

-,BUS 1-4 during the front panel microprogram routine and loaded
into the instruction register bit 1-4, IR 1-4.

Run Flip-Flop -10.3

10.3
Refer to Logic Diagram CPU 037.
The state of this flip-flop forces the microprogram to go an with .
program execution (RIN = 1) or enter the front panel service
routine (RUN = 0). The RWY flip-flop is set by -,RESTART ADDRESS
= 0 (START function), -,GATE APL ADD = O (Autoload) and =-,SET RII
= O (fram the Diagnostic Panel decoder, when pushing CONTINUE).
The RUN flip-flop is reset by -,HALT = O (executing the HALT in-
struction) and -,CiR RUN = O (from the Diagnostic Panel, when
pushing RESET or STOP).
10.4 Micro Addr. Drivers 10.4
Refer to Logic Diagram CPU 038. .
These drivers transfer the microprogram address to the Diagnostic
Panel, -,PAN RAR 7-0. -,PAN RAR 7 is the least significant bit of
the address.
10.5 Break Function 10.5

Refer to Logic Diagrams CPU O11 and 041.

The state of the BREAK Switch synchronized with the microprogram,
-,BREAK, is used to access the lower part of the ROB379.
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When the microprogram is in the break routine, indicated by the
signal EN BREAK = 1, the state of the Break Switch is "frozen" to
the set state.




11.

I1/0 BUS INTERFACE 1.

11.1

For details refer to Logic Diagrams CPU 029, 030, 031, 032 and
033, and Timing Diagrams TC2 and TC3.

This part of the CPU takes care of the commnication between CPU
and peripherals. This camunication embodies a single 43-line bus
connecting the ocontrol processor to all interfaces. Data is
transferred on the bus along 16 parallel, bidirectional, data
lines. Control signals are carried along dedicated, unidirectio-
nal, lines. In addition to specifying a unique function, each :
control signal generated by the CPU provides all timing necessary
to perform that function. Data transfers are synchronous; no
hand-shaking occurs between the interface and the CPU.

The data channel and program interrupt facility each use their
own single request and priority lines. The two request lines are
run in parallel to all interfaces, so that an interface requiring
either data channel or program interrupt service needs only
ground the appropriate line and wait for the CPU to respond. The
serial priority lines are independent and are chainad from inter-
face to interface, so that priority for service is granted to the
interface closest to the CPU on the chain.

I1/0 Data Bus Drivers and Receivers 1.

Refer to Logic Diagrams CPU 029 and 030.

All data and addresses for both channel and programmned 1/0 are
transferred between CPU and interfaces attached to the 1/0 bus
via the 16 bidirectional lines, -,DATA O0-15. The interrupt dis-~
able mask and interrupt acknowledge information are also carried
on these lines.

The bus drivers (75453) gate the information on the internal data
bus, -,BUS 0-15, out on the 1/0 Data Bus, -,DATA 0-15, controlled
by the microprogram do-function, =-,GATE OUT.
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The bus receivers (74S241) transfer the information on the I/0
Data Bus, -,DATA 0-15, to the internal Data Bas, -,BUS 0-15, con-
trolled by the microprogram do-function -,GATE IJN and the in-
struction decoded -,READS.

Programmed Control Circuit

Refer to Logic Diagrams CPU 031 and 032.

The control signals are decoded from IR 5-15 (Instruction Re-
gister bit 5-15) and enabled by two microprogram do-functions,
-,GENIODT and -,GENIOP. —-.GENIODT is used to generate data strobe
pulses on the 1/0 Bus (i.e., DATO A-B, DATI A-B, INTA, IORST and
MSKO). -,GENIOP is used to generate control signals as STRT, CLR,
IOPL and to set/reset Interrupt On flag.

Refer to the decoder truthtables for IC 122, IC 132 and IC 123.
These truthtables are shown aon figs. 41-43.




77/xx IR5 IR6 IR7 Control Signal

1 0 0 0

1 0 0 1 -,DT1 A
] 0 1 0

] 0 1 1 -,DTI B
1 1 0 0

1 1 0 1 -,Dr1 ¢
1 1 1 0

] 1 1 1

0 0 0 0

0 0 0 ] -, READS
0 0 1 0

0 0 1 1 -, INTA
0 ] 0 0

0 1 0 1 -,IORST
0 1 1 0

0 1 1 1

Figure 41: Truthtable for Decoder IC 143 (-,GENIODT = 0).

-,DEV

77/xx IRS IRG IR7 Control Signal
1 0 0 0
1 0 0 1
1 0 1 0 -,DI0 A
] 0 1 1
1 1 0 0 -,DTO B
1 1 0 1
1 ] 1 ) -,DI0 C
1 1 1 1
0 0 0 0
0 0 0 1
0 0 1 )
0 0 1 1
0 1 0 0 -,MSKO x
0 1 0 1
0 1 1 0 -, HALT
0 1 1 1

Figure 42: Truthtable for Decoder IC 133 (-,GENIODT = 0).
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-,DEV
77/%xx IR8 IR9 Control Signal
1 0 0
1 0 1 -, STRT
1 1 0 -,CLR
1 1 1 -, I0P
0 0 0
0 0 1 -, INTEN
0o 1 0 -, INTDS
0 1 1

Figure 43: Truthtable for Decoder IC 141 (-,GENIODT = 0).

All the control signals from the decoders are further amplified
before they are sent cut on the I/0 Bus. All these control sig-

nals are further described below (the signal names used are those
present on the I/0 BUS).

DATO A-C Asserted by the CPU during the execution of a
DO A-C instruction, after the CPU has placed the contents of the
internal Data Bus, -,BUS 0-15, on -,DATA 0-15. Should cause the

interface selected by -,DS 0-5 to load its A-C output buffer with
the data on -,DATA 0-15.

-,DATI A-C Asserted by the CPU during the execution of a

DI A-C instruction. Should cause the interface selected by -,DS
0-5 to place the contents of its A-C input buffer on -,DATA 0-15.

STRT Asserted by the CPU during the execution of

any I1/0 instruction (except an 1/0 SKIP) in which bit 8-9 = 01.
Not asserted during DI A-C instructions until after the data
transfer has occurred. Usually used to initiate peripheral oper-
ation by setting the Busy flag to 1 and the Done flag to O.

CLR Asserted by the CPU during the execution of

any I/0 instruction (except an I/0 SKIP) in which bit 8-9 = 10.
Not asserted during DI A-C and DO A-C instructions until after
the data transfer has occurred. Used to terminate peripheral
operation by setting the Busy and Done flags to O.
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IOPLS Asserted by the CPU during the execution of
any I/0 instruction (except an 1/0 SKIP) in which bit 8-9 = 11.
Not asserted in DI A-C and DO A-C instructions until after the
data transfer has occurred. Usually used to initiate special

peripheral operations.

=, MSKO Asserted by the CPU during the execution of
the MSKO instruction, after the contents of the designated
accumulator have been placed an -,DATA 0-15. Used to load the
contents of -,DATA 0-15 into the interrupt disable flip-flops of
all interfaces using the interrupt system.

INTA Asserted by the CPU during the execution of
the INTA instruction. If an interface receives INTA while it is

also receiving -, IVTP IN asserted and while it is requesting
interrupt service, it should place its device code on -,DATA
10-15.

IORST Asserted by the CPU during the IORST instruc-
tion or when the Diagnostic Panel RESET switch is activated.

IORST is also issued prior to CPU operation at power turn-on and
when power is removed.

-, READS This is an internal CPU signal not sent aut
on the I/0 Bus. -,RCADS strobes the contents of the Data switches
on the Diagnostic Panel or the Front Panel of the CPJ out on the

internal Data Bus.

-,HALT Internal CPU signal. Asserted by the CPU
during the HALT instruction; used to reset the RUN flip-flop.

=, INTEN Internal CPU signal. Asserted by the CPU
during the execution of an NIOS, CPU instruction, used to set the
Interrupt On flip-flop.

-, INTDS Internal CPU signal. Asserted by the CPU
during the execution of an NIOC, CPU instruction, used to reset
the Interrupt On flip-flop.
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-, RQENB Asserted by the CPU to synchronize program
interrupt and data channel reguests from all interfaces. This

signal is generated by the microprogram in the fetch cycle and
during DMA cycles.

-, INTR Asserted by an interface to request program
interrupt service. This signal is synchonized to the microprogram
to cause the microprogram to enter the interrupt service routine
if INTEN DLY'D = 1., INTEN DLY'D is the Interrupt On flip-flop
delayed one instruction time.

-,SEL B Asserted by the interface selected by -,DS
0-5 if its Busy flag is set to one.

-.SEL D Asserted by the interface selected by -,DS
0-5 if its Done flag is set to one.

-,DS 0-5 These lines carry the low-order six bits of
the instruction (IR 10-15) currently being executed. The micro-
program generates the signal -,1/0 SLO to strobe IR 10-15 cut on
-,DS 0-5 during I/0 instruction execution. Only the interface
whose device code corresponds to that carried on these lines
should respond to control signals generated on the I/0 Bus.

Data Channel Control Circuit

Refer to Logic Diagrams CPU 012, CPU 032 and CPU 033 and Timing
Diagram TC2.

In the following description all the Data Channel I/0O Bus signals
are further described.

-, DCHR Asserted by a device when it requires data
service. This signal is synchronized to the microprogram to con-

dition the microprogram to enter the Data Channel service routine
when the aurrent instruction execution is terminated.
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-,DCiHA Asserted by the CPU at the beginning of each

data channel cycle. Should cause the interface that is receiving .
an asserted -,DCHP IN signal and whose DCH REp flip-flop is set,

to set its DCH SEL flip-flop and place the memory address to be

used for this transfer on the data lines and the mode an the data

channel mode lines.

-, DCHM 0-1 Asserted by the interface whose DCd SEL flip-
flop is set to inform the CPU of the type of data channel cycle
to be performed, as follows:

-DCHM 0 -,DCiHM 1 FUNCTION
0 0 Qutput

0] 1 Increment Memory
1 0] Input .
1 ]

Add. to Memory

=, DCH 1 Asserted by the CPU for data channel input.
Should cause the interface whose DCH SEL flip-flop is set to

place the contents of its input register on the data lines -,DATA
0-15.

-,DCH 0 Asserted by the CPU for data channel output,
after the data word has been placed on the data lines -,DATA
0-15. should cause the priority-selected interface to load the
data from the data lines -,DATA 0-15.

OVFLO Asserted by the CPU during a data channel .

cycle that increments or adds to memory when the result exceeds
16
2 - 1.
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INSTRUCTION REGISTER DECODER

12.1

This circuit contains two decoders, further described in the fol-
lowing sections.

Device Address Decoder

. 12.2

Refer to Logic Diagram CPU 033 and 015.

The outputs from this decoder are -,DEV 77/xx (true when IR 10-15
contain device addr. 77), -,DEV 01/xx (true when IR 10-15 contain

device addr. 01), -,DEV 2 (true when IR 10-15 contain addr. 02)
and ARITH LD Q.

ARITd LD Q is used during execution of an arithmetic-logic in-
struction to determine whether the result of the ALU operation

should e loaded into Q or into the Destination accumilator.

If IR8 =IR 9 = 0, ARITii LD Q follows the NO LOAD bit of the
instruction, IR 12.

If IR (8,9) # (0,0) (shift or swap), ARITH LD Q is always logic
].

Accumulator Address Decoder

Refer to Logic Diagram CPU 013.

Normally, the accumilator addresses, ASEL 0-3 and BSEL 0-3, are
supplied by the microprogram; but in some microaddresses ASEL 0-3
and B SEL 0-3 are supplied by a decading of instruction register
IR 1-4.

This decoder is used during one or two accumulator instructions
(-,PAN ACN EN = 1) and in the front panel service routine (-,PAN

ACN EN = 0).

The truthtable for this decoder is shown in fig. 44.

12.

12.1

12.2




NC

A SEL

0
0!
0
01
0
0
0
0

0
0
0/
01/
0
0
0
0
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B SEL

P g g g g pu— gem g

Dest
IR

IR

O OO0
OOOJO

1

— g = pam e gues  pem g

EN

PANEL{Source
ACN

U

: Read / Write

: REG FILE ADDR DURING FRONT PANEL OPERATICN
: Only Read

: REG FILE ADDR DURING ARITH & LCGIC INSTR,

A oddr
B oddr

1

Figure 44: Register File Address ROM 763.

PANEL ACN EN
PANEL ACN EN =0

’
’
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CLOCK GENLCRATOR

Refer to Logic Diagram CPU 021 and Timing Diagram TC4.

The master clock is a 20 MHz crystal oscillator.

The ocutput fram the crystal oscillator is divided by x 2 to gen-
erate a 10 Miz clock signal. The 20 MHz clock signal is also
divided by a 4 bits counter to generate the microprogram step
clock.

This counter will normally count O - 1 - 2 and then be reset to
zero again, except in conditionally steps, where the signal SEL
1ST OP disables the reset to the counter. For this reason a con-
ditional step has a counter sequence as follows: 0 = 1 - 2 - 3.
The length of an unconditional step is 150 ns.

The length of a conditional step is 200 ns.

When the microprogramn waits upon memory to be ready, the counter

IC 73 is held in parallel load mode until the signal -,STOP CLOCK

switches to logic 1, then the counter starts in state O.

13.




14.

POWER MONITOR

For details refer to Logic Diagram CPU 021 and Timing Diagram
TCS.

In the event of a power failure it is important that the CPU be
halted before reliable power is lost. For this reason two signals
from the power supply are monitored by the CPU. These two signals
are -,PINT and POK. -,PINT gives an early warning of a power
failure. POK is cleared when any of the DC voltages fall below
their nominal thresholds.

In case of power down, -,PINT gives an early warning. -,PINT
interrupts the CPU and sets the PWR FAIL flag. From this point
there is approximately 1 to 2 ms. before MEM OK disappears and
prevents the memory system from operating.

When power is restored, a 50 ms. delay is initiated after MEM OK
and -,PWR FAIL have both gone high. The restart function is per-
formed at the end of this delay, causing a jump direct to loca-

tion O.

14.
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LOGIC DIAGRAM DESCRIPTION

15.1

Signal Names

‘ 15.2

In CPU721 a signal can be either asserted when low or when high,
depending an how it is defined. To distinguish between the two

types of signals a naming convention has been adapted which
defines the relationship between the logical and electrical
levels of a signal. If the signal name includes a "-," before the
signal name, as -,BUS 8, then that signal is asserted when it is
at a low electrical level; conversely, a signal without "-,", BUS

8, is asserted when high.

Logic Diagram References

Refer to the figure below.

SOURCE
IC. Position
SCURCE ond_pin number, IC position
Diogrom ~
( 7 number
U ) \
\H/l 105 = 9 - GATE APLDATA =

This means that the signal "-,GATE APL DATA" is generated on

diagram No 11 by a logic circuit placed in position 105. The
signal is generated by IC 105 pin number 9.

15.

15.1

15.2




16. FLOW DIAGRAM DESCRIPTION

16.

To understand the microprogram flow diagrams, refer to the figure

below.

MNEMCNIC for
ALU function
in this step,

L)

BUS: =PC

RAR XX IP

RAR YY

COND
GROUP X

CURRENT microprogrom
oddress in octal.

Current BANKk :p |

The microprogram .
goes direct from '
RAR XX -=>YY

The microprogram flow is
cltered in accordance
with the state of the
signals in CONDition
GROUPX,
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LOGIC DIAGRAMS
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17.




SIGNAL

ORIGIN

DESTINATION

DESCRIPTICN

ALU COUT
- ALU COUT

ALU LOW 2

<!

OouT 0-7

OWR

Qo SRI/SLO

Ro SRI/SLO

F3

p. 16

p. 26

p. 18
p. 18

p. 42

ALU Carry OUTput

The carry-out of the AM 2901A
array.

- ALU Corry OUTput

The carry-out of the AM 2901A
array gated by COUT EN.

ALU LOW output 2

This is an open collector output
which goes high if the data on
the ALU outputs bit 0-7 are all

low.

- carry Generate outputs

The carry generate outputs of
the AM 2901A are used for
carry-lookahead.

OUTput bit 0-7

Output data contain either the
outputs of the ALU or the data on
the A-port of the register stack
(16-8).

OVeRflow

Indicates that the result of an
arithmetic two’s complement
operation has overflowed into the
sign-bit,

- carry Propagate outputs

L

Used for corry lookahead, .

Qo Shift Right Input/Shift Left
Output. Q-register shift,

Ro Shift Right Input/Shift Left
Output. Register stack shift,

The most significant ALU output |
bit (sign).

Unit

CPU721

R21345

MICROPROCESSOR SLICES BIT 0-3 & 4-7

Signal List

CPU 001

of 42




RO Sky/3540

. CPY 731
B /1357¥

MICROPRBOCLESSOR SLICES B/) O-3 £ %-7

LoGc/C .D:;a_,;ram

-— ALl [}}fz{[
ROIBIKD
A 4l 5%
Cnvd 253 453
/5. 74- 4 /8 _Ll/a 775
. 75 2%-2 /7 7177 W . 79/84
/5 24-9 7 3 V74 RY; 7
75 272-4d /5 /5
75 22-15 ;/g 411 V4 5
7512 {4 54 /3 -1
LD L _Ld 4172 __i:%j’
4 £7- 45 5}3 P V4
79 £ - & Lo
rFS £
/3 A7-4 ASELD 41 R0 F0 Al Lo d
1d4az2-5 BSELL V24 G i &0
73 - 2 ‘*,‘?2 PRI -, 20
/A 42-4 ABSELS A3 OrBp oY .7
/3 _22-42 ASELR Paav.Y]
AT {5 ASEL] ZirY]
73 - 19132
P R82-£9 RSELS 14-83
S44-78  DiSP D 2210/ 3 203 oUr o
S 44- 9 YXY WA 4_2_0:2 D028 2ur {
A 447 D52 2410/ 1 Do/ Lurd
. S44-7 D/SHK 3 44120 Doo [¥ oyr3
4035-2 BAL UL 417
£n
B0 29015
3.43-9% - £ Zﬁl s ;ﬁ‘m‘
S 127-4& COUT £N
| Al « 24
Cne¥ 253 (5Y
/5 _K-% 7.4 L1/8
75 - /2 /7
75 272- 14 yZ 2AV%
/.?’ 27-KL 13 24 /3
7Y 4742 y; 741/
7y _£7-15 yZ4 PEYVZ4
7% L72- % 20 L4170
FJJ.?_
‘ /9.47_—}__4;.:{1 Vi 490 Fols
/3 A7 R SELL K2} 6 pid - 6%
ls.ﬂ.lﬁ__ﬂ_mz 414 Phis =25
% 9 73 _42- RSELS VA OrRi Ay
R #4724 7130
S /7 R7-45 B Sl ] P73V
© 43 - (9132
N AR ASE 33
% 3_‘;2 -/’7 DISPLY 42100 Dol our 4
N s 4 ~7 D752 3 1%17,.'.5 Jo-;! 0//,(5
13- M§__ DL Do QUL &
3 -7 LLSPL 'ﬁpco DoOlX 20727
’ ; Am290/8
m% n
3.83-41 7 474
- - 4
d 84-4 4
2.89-4 )




SIGNAL ORIGIN [DESTINATION DESCRIPTION

ALU LOW 1 p. 26 ALU LOW output 1
This is an open collector output
which goes high if the dota on
the ALU outputs, bit 8=15 are
all low,

- G8, 5 Gl2 p. 3 - carry Generate outputs
Used for carry lookahead.

OuT 8-15 p. 5 OUTput bit 8-15
Output data contain  either the
outputs of the ALU or the data
on the A-port of the register
stack (16-8).

- P8, 5 P12 p. 3 - carry Propagate outputs
Used for carry lookahead.

x1 p. 1 Shift Right Input/Shift Left
output.

x2 p. | Shift Right Input/Shift Left
output.

Unit ' |
"o cruT2n MICROPROCESSOR SLICES BIT 8-11 & 12-15 CPU 002
R21346 Signal List of 42




AcR
83 04 13

JkA

95

Xd
X7
3 &8 « 8y
Cnry B3 ASH
75 - /8 4)/8
75_%- /7 7177
5_2%-9 L4 5174
75_77- 4% /15 27175
75_27-15 /4 2A81/%
75_27-14 ) 24173
A - 14)/2
7 - 75 )74 PZYVZ4
79 - 20 Lo
: FI3
73 81-2 ASELD $i/P0 ol IAHLQYJ
/3 2—5 RSELL eors 6 bid :
7 4142 PERIS )A?
O i SELS 1o 2442
73 87- 12 ASELD 2130
AN YL . XYW /81A 7/
73 87 79122
/3 F XYY 20123
¥ Li-9 . V4W.] 21Dt 3 Do 31398 our 8
' E 7 AUS S L2312¢ £ Do 28 2479
YLD AUS L 2413 7 Do 7|32 10
¥ 4d-3 Ausdl dil2e 0 Dol 7474
40353 258 Cik LLl7 RMr 5074
r?
m— i n_£30
9] I 27
S A83-4 Ll
&l « 94
Cnvy 253 &5
/5 _2-% /;75 1497
735 - / /7
75 JZS /4 71 V/4
75 17- 44 25 27175
/5 77 /5 Pz /%
/5 - i FIAVA)
7% _£7- 12 V7 21/
L] 7% V24 £3)/7
Y 4l-Le 0 )70 p
F3
13.597- Y, 4140 £ 0
73 87-4 ASEL AL KRV 24 GhAal ~ &/l
1347 ASELD 4192 Ppis E.Y/;
/3 RSELS /143 or2 p3¢ i
73 87 12 RBSELY /7| B0
A A7- SEL o 7 19.%4
/.u 3 29122
03 A2-19 ASELS 20|83
4 - L2l De S Do 3 2o2vr £
¥ - AUS/ 231022 Do 2 w7 13
¥ L7 .Y AYL PTr.1%4 Do /87 27 1%
¥/ W YAVL] 2412c0 oo I L5
18l 7r AMe90/R
£n
Ve 3 XY/) ,
28 Y| 4/
70_49- .9 (af/. 4
78 7 |
/8
Py 724 ~ MNICRBOPROCESSOR SLICES B/ B-/r L 275

213575

Loc/c .bcaj ram



96

SIGNAL ORIGIN |DESTINATION DESCRIPTION
- AUTO ADD o pP. 11 AUTO increment/decrement ADDress .
- C3 p. | ;: Corry 3

Output from the carry look
ahead generator.,

ot

c7 p. | | 7 _Corry 7
Oufﬁut from the carry look

chead generator.
cn p. 2 5 Carry 11

Output from the carry look
chead generator,

<!

DispPL 0-7 p. 1 DISPLacement bit 0-7

This data line contains either
BUS 0-7 or the sign of the

displocement in the instruction
set extended through bit 0-7.

Unit  cpy721 AUTO INCR/DECR DECODER, CARRY LOOK AHEAD CPU 003

SIGN EXTEND CIRCUIT
R21347 Signal List of 42
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SIGNAL

ORIGIN

DESTINATION

DESCRIPTION

BUS O

BUS 1-7

BUS 8, 11

BUS 9-10, 13-14

BUS 15

BUS 12

pe
p. 8
p. 41

3
p. 6
p. 8

P.
P.

o WN

T
o N

N

P.
pP.
PQ

- O~

Internal BUS bit Q. -

Internal BUS bit 1-7,

Internal BUS bit 8, 11.

Internal BUS bit 9-10, 13-14,

Internal BUS bit 15.

Internal BUS bit 12

Unit

CPU721

P21348

BUS INVERTERS

Signal List

CPU 004
of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
- BUS 0-7 p. 23 5 internal BUS bit 0-7.
- BUS 8-15 p. 24 - internal BUS bit 8-15,
1
Unit  cpy2s '
INVERTER FOR MICROPROCESSOR ] cpuoos
OUTPUT
R21349 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
AQ-A15 1002 memory Address 0-15.
AO is the least significant bit of
the memory address. Al5 is
normal zero except when memory
extension is selected,
IR 15 p. 18 Instruction Register bit 15,
p. 33
p. 22
IR 14-13 P. }g Instruction Register bit 14-13;
Po
B 3
IR 12 p. 16 Instruction Register bit 12,
p. 17
p. 33
p. 22
IR 11-10 P. ég Instruction Register bit 11-10,
IR 9 p. 16 Instruction Register bit 9.
p. 17
p. 18
p. 31
p. 33
IR 8 p. 16 Instruction Register bit 8,
p. 17
p. 31
p. 33
IR 7-5 P. %g Instruction Register bit 7-5.
P.
IR 4-2 P. {g Instruction .Register bit 4-2.
P.
R 1 p. 18 Instruction Register bit 1
. p. V7
p. 13
RO p. 18 Instruction Register bit 0,
- IR8 p. 33 =, Instruction Register bit 8,
= MB RESET p. 19 = Memory Busy RESET,
Reset pulse to the Memory Start
flip-flop, generated on the Leading
edge of Memory Busy,
Unit .
" cpu721  |INSTRUCTION REGISTER =~ MEMORY ADDRESS REGISTER | CPU 006
R21350 of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
NXAD 0-6 p. 8 NeXt micro ADdress bit 0-7.
p. ¢
p. 10 NXAD 7 is the least significant
p. 11 bit of the address.
p. 12
p. 13 During fetch or conditional jump
p. 14 the next address is read out from
p. 15 ROM
p. 16
p. 41
p. 42 Unconditional jump address is
read out from ROM
‘Stort address after power up is
read out from ROM
NXAD =* 7 p. 42
CL SEL 1ST OP p. 42 Clocked SEL 1ST OP
Unit - cpu721 NEXT MICRO ADDRESS TABLE PROM?S CPU 007
R21351 Signal List of 42
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- SIGNAL

ORIGIN IDESTINATION

DESCRIPTION

RAR 0-7

SEL 0-7

p. 7
p. 38

Rom Address
Register bit 0-7.

SELect bit 0-7

These signals contain an eight
bits address to the NEXT ADDRESS
table,

During the Fetch cycle (SEL 1ST
OP = 1) these signals simply are
BUS 0-7.

During conditional jump (SEL 1ST
OP = 0) these signals are the
outputs from the condition selector
extended to an eight bits address
by help of NXAD SEL C-A (con-

dition selection).

Unit ooy

R21352

MICRO ADDRESS REGISTER . CPU 008

OP SELECT CIRCUIT

Siﬂl List

of 42
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LOG/C D/AGCRAM
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SIGNAL ORIGIN ]DESTINATION DESCRIPTION

- CWR INT EN p. 3l = CleaR INTerrupt ENable
Clear Interrupt ON to prevent
the processor from responding to
further interrupt requests.

COUT EN p. 1 Carry OUT ENable
Used to enable carry out from the
AM 2901A array.

- DCH OFLO EN p. 33 - Data CHannel OverFLOw ENable
Used to strobe the Overflow status
out on the Data Channel control
line OVFLO.

- 1/O SLO p. 33 = Input/Output device Select Out
Plaoces instruction register bit 10-15
on the Device Selection lines
(DS 0.5)0

< LD R p. 6 = LoaD Instruction Register
Loads the contents on the data
bus into the instruction register,

= LD MAR p. 6 = LoaD Memory Address Register

p. 21 Loads the contents on the data bus
into the memory address register,

- MEM WRITE p. 19 = MEMory WRITE

p. 20 Starts the memory up with a write
cycle.

= PAN ACN EN p. 13 = PANel ACcumulator ENable
Enables decoding of ASEL 0-3 and
BSEL 0-3 from the state of the
AC Sel switches on the Diagnostic
Panel TCP 701,

Urit MICROPROGRAM STORE | CPU 009

R21353 Signal List of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
- ALC CON p. 15 = ALu Condition CONtrol
Encbles a decoder on IR 8-15 to
determine if the result from the
arithmetic operation should be
looded into Q or the specified
distination accumulator,
= ALU = 0 CLK p. 18 = ALU = 0 ClocK
Loads the state of the zero
decoder output from AM 2901A
into the ALU = 0 status register,
- ALU FLAG CLK p. 16 = ALU FLAG ClocK
Updates the ALU status register,
= CARRY LINK CLK p. 18 = CARRY LINK ClocK
Loads the new carry from the
Corry Generator into the Carry
Register,
CIN p. 2 Carry INput
p. 3 Carry Input to the AM 2901 arroy.
- GATE ACN p. 13 ~ GATE ACcumulator eNable
Enables decoding of ASEL 0-3 and
BSEL 0-3 from IR 14,
- GATE APL ADD p. 22 5 GATE Automatic Program Load
p. 37 ADDress
Gates the contents of the APL
address counter out on the data bus,
= MEM READ p. 19 = MEMory READ
p. 20 Starts the memory up in @ READ
cycle,
Unit '
e MICROPROGRAM STORE . CPU 010
R21354 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
- GATE APL DATA p. 18 < GATE Automatic Program Load
p. 22 DATA
The contents of the addressed
location of the autoload PROM is
gated out on the data bus.
NXAD SEL A p. 8 NeXt ADdress SEL A-C
p. 17
p. 42 Determines whether the next
address calculation is conditional,
NXAD SEL B p. 8 unconditional or jumps from fetch
p. 17 cycle to the start-address of the
microsequence to execute the
NXAD SEL C p. 7 current instruction.
p. 8
p. 17
- RQEN B x p. 32 = ReQuest ENaBle x
Allows oll devices on the /O
BUS to request program interrupts
or data channel requests,
SEL 1ST OP p. 7 SELect 1ST OPerand
P 28] MSB address input to the next
P. address table,
= SKIP EN p. 18 - SKIP ENable
Enables SKIP condition GENerator.
= 3 STATE EN - 3 STATE ENable
pe S Gates data from AM 2901 out on
: the internal data bus.
-, ATADR p. 17 -, Automatic Indexing ADdRess
AIDCR . p. 17 Automatic Indexing DeCRement
-, DCHR SYNC p. 17 -, Data CHannel Requests
p. 42 SYNChronized
-,FPOP END p. 37 -, Front Panel OPeration END
-, GATE DATA SW p. 34 -, GATE DATA SWitches
-, GATE REG EN p. 35 -, GATE REGister ENable
=, INTR SYNC p. 17 =, INTerrupt Requests SYNChronizes
p. 42
-, 1D DATA REG p. 36 -, LoaD DATA REGister
Unit otz MICROPROGRAM STORE | cpU o1
R21355 Signal List of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
- DCHA x p. 32 - Data CHaonnel Acknowledge x
A Strobes the memory address from
current device out on the 1/O
BUS.
- DCH | p. 32 = Data CHannel Input.
= DCH O p. 32 - Data CHannel Output.
= GEN 10DT p. 31 - GENerate Input Output DaTa
pulse
Used to generate the |/O BUS
signals DATO A-B, DATI A-B,
INTA, MSKO and IORST.
- GEN IOP p. 3 - GENerate Input Output Pulse
Used to generate STRT, CLR aond
IOPL.
SLA EN p. 18 Shift Left Accumulator ENable
Connets SHIFT GENERATOR to
Q5 SLI/SRO.
SRA EN p. 18 Shift Right Accumulator ENable
Connects SHIFT GENERATOR to
Qo SRI/SLO.
SWAP EN p. 10 SWAP ENable
. p. 18 Connects Ro SRI/SLO to RIS
SLI/SRO, and ALU COUT
to CIN,
Unit | '
" ceur2 MICROPROGRAM STORE | CPU 012
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
A SEL 0-3 p. 1 A register SELect 0-3
P- 2 Read only register address input
to AM 2901 orray.
B SEL 0-3 p. | B register SELect 0-3
P. 2 read-write register address input
to the AM 2901 array.
Unit '
a2 MICROPROGRAM STORE CPU 013 ®
ACCUMULATOR SELECT '
R21357 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
-, BLOCK BITO p. 42 - BLOCK BIT O
Forces a logical zero on bit 0
from the AM 2901 array.
p. 3
- FETCH p. 37 | FETCH
:.' ;]0 Indicotes that the CPU is reading
on instruction from memory.
= GATE IN - GATE INput
p..30 Gates the contents on the 1/O
Data BUS out on the internal bus.
= GATE OUT p. 40 - GATE OUTput
Gates the contents on the internal
bus out on the |/O Doto BUS.
1 0-2 p. 1 micro Instruction bit 0-2
P. 2 ALU source operand controls.
= RESTART ADDRESS p. M4 - RESTART ADDRESS
- p. 37 Gates the contents of the Data
Switches (TCP 701) out on the
internal data bus and sets the
CPU into the RUN state.
Unit - cpu721 MICROPROGRAM STORE | CPU 014
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SIGNAL ORIGIN [DESTINATION DESCRIPTION
| 3-4 p. | micro Instruction bit 3-4
P- 2 ALU function control,
| 6-8 p. 1 micro Instruction bit 6-8
P. 2 ALU result destination control.
< SKIP B p. 17 = SKIP Buffer
Output from the SKIP condition
Generator synchronized with the
microprogram,
- TEST MEM p. 19 - TEST MEMory
: Used to test the state of the
Memory Busy status,
Unit py721 MICROPROGRAM STORE CPU 015
R21359 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
APL B p. 17 Automatic Program Load Buffered
BO BFR P. lg Bus bit O BuFfeRed
1
p.
B15 BFR p. 16 Bus bit 15 BuFfeRed
COUT BFR p. 16 Carry OUTput BuFfeRed
- CARRY GEN p. 18 = CARRY GENerator
- DCHM 0-1 B p. 17 -~ Data CHonnel Mode bit 0-1
Buffered
- DC RST B p. 17 = DC ReSeT Buffered
- FPOP 0-2 B p. 17 - Front Panel OPeration bit 0-2
Buffered
- FPOP BUSY B p. 17 - Front Panel OPeration BUSY
Buffered
= NEW LINK p. 18 - NEW LINK
OFLO BFR p. B OverFLOw status BuFfeRed
- Qo GEN p. 18 = Qo shift GENerator
- le GEN p. 18 - le shift GENerator
Unit  cpu721 MICROPROGRAM STORE
CONTRC?. SIGNAL BUFFERS CPU 016
CARRY/SHIFT DECODER
R21360 5‘1"‘" List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
2ND OP 0-4 p. 8 2ND OPerand bit 0-4
Outputs from the condition
selector; used as the five least
significant address inputs to the
conditional next address toble.
Unt cpr2y CONDITION SELECTOR CrU 017

R21361

Signol List
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SIGNAL ORIGIN [DESTINATION DESCRIPTION
ALU =0 p. 18 AlU =0
p. 42 —
Zero status from the ALU.
- CARRY REG p. 16 - CARRY REGister
p- 40 The Carry Out status register,
DIS PANEL p. 34 DiSable PANEL
P gg Indicates the state of the ENABLE
P TCP switch.
p. 7
le SLI/SRO p. 2 Q)5 Shift Left Input/Shift Right
Output _
input to Q-shifter,
Ris SLI/SRO p. 2 Ri5 Shift Left Input/Shift Right
Output
Input to Register-shifter,
- SKIP p. 15 - SKIP
Output from the SKIP condition
decoder,
- SWAP EN p. 10 - SWAP ENGcble
Connects Ro SRI/SLO to R] 5
SLI/SRO, and ALU COUT
to CIN.
GATE APL DATA p. 22 GATE Automatic Program Load -
DATA
Unit ALU = 0 F/F AND CARRY LINK F/F
CPU721 SKIP DECODER Cr 018
SHIFT LEFT/RIGHT SERIAL INPUT
51362 Signal List of 42
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SIGNAL ORIGIN DESTINATICN DESCRIPTION

DATA AVAIL p. 19 DATA AVAlLable

Indicates that dota is ready from
memory during @ read cycle,

DATA RETAIN 1002 DATA RETAIN
Used to discble memory start when
not in use,
LOGIC 1E p. 22 LOGIC 1E
p. 3l
p. 37
LOGIC 1IF p. I LOGIC IF
p. 40 .
- M8 p. 19 = Memory Busy
p- 6 Indicates that memory is not ready

to accept o new memory start,

MEM START 1002 MEMory START

Storts the memory with o Read
or Write cycle,

READ/RESTORE . 1002 READ/RESTORE

Indicates to memory that the
requested cycle should be a Read.

- STOP CLOCK p. 21 - STOP CLOCK ®

Used to stop the microprogram if:
Parity Error stop occurs, Memory
not ready, or panel busy,

Unit o721 MEMORY INTERFACE CPU 019 ®
CONTROL LOGIC '
R21363 Signal List
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SIGNAL

ORIGIN }DESTINATICN DESCRIPTION

- LEFT PARITY

p. 26 ~ LEFT PARITY bit
Left parity bus to or from memory.

LEFT PIN p. 26 LEFT Pority INput
Received left parity bit during a
Read cycle.
- PE LEFT BYTE p. 40 = Parity Error LEFT BYTE
LEFT BYTE Parity Error Buffer,
= PE RIGHT BYTE p. 40 - Parity ERROR RIGHT BYTE
RIGHT BYTE Parity Error Buffer,
= RIGHT PARITY p. 26 = RIGHT PARITY bit
Right parity bus to or from memory.
RIGHT PIN p. 26 RIGHT Parity INput
Received right parity bit during o
Read cycle,
Unit cpyy72 MEMORY INTERFACE CPU 020
PARITY GENERATOR/CHECKER ‘
R21364 Signa!l List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
CPU CLOCK p. 37 CPU CLOCK (frequency 6.6 MHz).
- CPU CLOCK p. 40 - CPU CLOCK.
Same as above.
LOGIC 1G p. B LOGIC 1 G.
p. 38
MEM OK p. 19 MEMory power OK,
1004
- PWR FAIL p. 33 - PoWeR FAlLure
This signal will be the first to go
low in the event of a power
PWR FAIL p. 33 failure, approximately 1 to 2 msec.
before MEM OK.
= PWR ON RST p. 19 - PoWeR ON ReSeT
pgg Used to reset the logic circuits
::: 37 after power is turned on,
p. 38
p. 40
10 MHZ p. 35 10 MHZ clock.
p. 38
p. 6
RES PE p.7 RESet Parity Error,
Generates an restart od-
dress to the microprogram
when the AUTO switch
is octivated while the
Reset Parity Error switch
is standing in the reset
state.
Unit  cpu721
CLOCK GENERATOR AND POWER ON RESET CPU 021
R21365 Signal List of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
APL p. 16 Automatic Program Load
This signal is true the period taken
to move the contents of the Auto-
load Program proms into main
memory location 0-37.
- BUS 8-15 p. 24 - internal BUS bit 8-15
On this logic Diagram is shown
two sources on the internal dato
bus:
1. The outoload address counter,
2. The output from the Autoload
Program memory (Right Byte).
- BUS 0-7 p. 23 - internal BUS bit 0-7
Output from the Autoload Program
memory (Left Byte),
AUTO PULSE p. 21 AUTO PULSE
U .
" cur21 AUTOMATIC PROGRAM LOAD CPU 022
R21366 Signal List of 42
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SIGNAL ORIGIN [DESTINATION DESCRIPTION
- BUS 0-7 p. 3 = internal BUS bit 0-7
P- ;0 The destination for the internal
p- 25 data bus is the = (BUS 1-10)
Pe 30 = 0 Decoder, BUS inverter, parity
p- 2% checker/generator, 1/O Data Bus
‘;602 drivers, and the Diagnostic Ponel

data bus.

Unit  cpy721 H

R21367

BUS WIRE OR BIT 0-7

Signal List
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SIGNAL - ORIGIN [|DESTINATION DESCRIPTION
- BUS 8-10 p. 3 ~ Internal BUS bit 8-15
p- ;0 The destination for the internal
p- 25 dota bus is the - (BUS 1-10) = 0
P 29 Decoder, BUS inverter, parity
P 36 checker/generator, 1/O Data Bus
:’602 drivers ond the Diagnostic Panel
| dato bus.
-, BUS 11-15 p. 4
p. 20
P. 25
p. 29
p. 36
1002
Unit  cey21 BUS WIRE OR BIT 8-15 CPU 024
R21368 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
Unit
" cpur2 INTERNAL BUS PULL UP CIRCUITS CPU 025
R21369 Signal List of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
AC SEL 0-3 p. 35 ACcumulator SElect bit 0-3
1001 Register stack address from the
Diagnostic Panel TCP 701.
ALU LOW p. 18 ALU LOW
P. :2] Indicotes that the output from the
P ALU contains all zeroes,
- LEFT PARITY 1002 = LEFT PARITY bit .
Left pority bus to or from memory.
- LOCK p. 7 5 LOCK .
The state of the POWER ON/LOCK
switch on the Diognostic Panel, If
this switch is not mounted, the
- LOCK signal is always logic
high.
LOGIC 1 B p. 16 LOGIC 1 B.
p. 19
p. 31
p. 32
LOGIC 1 C p. 18 LOGIC 1 C.
LOGIC 1 D p. 20 LOGIC 1 D.
p. 21
< RIGHT PARITY 1002 = RIGHT PARITY bit
Right parity to or from memory.
- SET DC RST p. 38 = SET DC ReSeT
’ Used to generate IORST.
-, PAN BUS 15 p. 27

Unit  cpy721

R21370

1K PULL UP CIRCUITS

Signal List

CPU 026
of 42
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SIGNAL ORIGIN [DESTINATION DESCRIPTION
- CLR RUN p. 37 = CleaR RUN
Used to reset the RUN flip flop.
- CPU FUNC p. 7 = CPU FUNCtion
Indicates that the started Diognostic
Panel operation requires micropro-
gram execution,
- FP BUS 0, 10-15 p. 40 - Front Panel BUS bit 0, 10-15
. 39 .
P Autoload information used when
Diagnostic Panel is not connected
or not enabled.
= INSTR STEP p. I7 - INSTRuction STEP,
= MICRO STEP p. 37 - MICROprogram STEP.
- PAN BUS 15 1001 = PANel data BUS 15.
= RES PE P. gg = RESet Parity Error
%, 21 Used to clear the Parity Error
indicator register,
= SET RUN p. 37 - SET RUN
Sets the RUN flip flop.
= STOP ON PE p. 40 = STOP ON Parity Error
p- 39 Switches input from the CPU 708
Front Panel, determining whether
the CPU should both indicate
parity error and stop the micro-
program execution, or the CPU
should only indicate parity errors.
Unit cpu7
e 1K PULL UP CIRCUITS | CcPU 07
R21371 Signal List of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
- DATA 15 1003 = 1/O DATA bus bit 15.
= DCHM 0-1 p. 16 - Data CHannel Mode bit 0-1.
- DCHR p. N = Dato CHannel Request,
- DIS PANEL p. 18 - DiSable diagnostic PANEL.
p. 34
p. 35
p. 37
p. 40
p. 41
- INTR p. 1 = INTerrupt Request.
p.. 33
= PINT p. 2 = Power INTerrupt.
- PL p. 22 - set Program Load.
- PL TCP p. 22 - set Program Load from TCP.
POK p. 21 Power OK.
= RST p. 35 | - ReSeT
External signal to simulote the
RESET button on the Diagnostic
Panel.
- SEL D P. 3‘43' = SELect Done
- The stote of the DONE flip flop
in the addressed |/O Device,
- SEL B p. 33 - SELect Busy
The state of the BUSY flip flop
in the oddressed 1/O Device.
Unit  cpiz2s |
‘ 330 E PULL UP CIRCUITS CPU 028
R21372 Signol List , of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
- BUS 8-15 p. 24 - internal BUS bit 8-15
The shown source on the internal
~ BUS is the |/O Dato Bus
receivers,
- DATA 8-14 1003 = 1/O DATA BUS bit 8-14,
- DATA 15 p. 28 - 1/O DATA BUS bit 15.
GATE INX p. 30 GATE_INput
Gates the contents on the VO
- GATE INX p. 30 Data Bus out on the internal bus.
Unit S
" cru721 DATA BUS DRIVERS AND RECEIVERS CPU 029
BIT 8-15 '
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SIGNAL ORIGIN DESTINATION DESCRIPTION

- BUS 0-7 p. 23 - internal BUS bit 0-7
The shown source on the interncl
~ BUS is the /O Dato Bus
Receivers.

- DATA 0-7 1003 = 1/O DATA bus bit 0-7.

GATE IN p. 29 GATE INput
Gates the contents on the |/O
Data Bus out on the internal bus.

Unit cpu7
" 21 DATA BUS DRIVERS AND RECEIVERS CPU 030
bit 0-7
R21374 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
- CLR p. 32 < CleaR
I/O control signal.
-, DTI AC p. 32 - Dala Input A-C
I/O data input strobes,
-, DTO A-C p. 32 = Dak Output A-C
I/O Data output strobes.
- HALT p. 37 5 HALT
Resets the RUN flip flop.
- INTA p. 32 = INTerrupt Acknowledge
Device address strobe.
INTEN DLYD p. 17 INTerrupt ENable DelaYD.
= INTEN F/F p. 40 = INTerrupt ENable Flip/Flop.
p.. 33
- INTEN p. 3l = INTerrupt ENable
Sets the INT, ENable flip flop.
< INTDS p. 3l = INTerrupt DiSable
Resefs the INT., ENable flip flop.
- lOP p. 32 = Input/Output Pulse
I/O Control Signal,
= IORST p. 32 = Input/Output ReSeT
. 176 confrol signal,
= MSKO x p. 32 7_MaSK Output x
Strobes priority mask out on the
I/O Data BUS.
- READ § p. 34 5 READ Switches
p. 29 BUS:= Data Switches,
- STRT p. 32 = STaRT
’
I?O control signal.
Unit - cpuzas BUS CONTROL SIGNAL DECODERS CPU 031
INTERRUPT ENABLE F/F
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
CLR 1003 ClecR.
DATI A-C 1003 DATa Input A-C.
DATAO A-C 1003 DATa Output A-C.
- DCHA 1003 = Data CHannel Acknowledge.
DCHI 1003 Data CHannel Input.
DCHO 1003 Data CHannel Output.
= DCHP OUT 1003 5 Data CHannel Priority OuT.
- DS 4-5 1003 = Device Select bit 4-5.
INTA 1003 INTerrupt Acknowledge.
= INTP OUT 1003 5 INTerrupt Priority OUT.
IOPLS 1003 Input/Output PulSe.
10RST 1003 Input/Output ReSeT.
= MSKO 1003 - MaSK Output.
OVFLO 1003 OVerFLOw.
- RESET MEM EXTEND p. 41 - RESET MEMory
EXTEND flip flop.
= RQENB 1003 = ReQuest ENaBle,
STRT' 1003 STaRT,
Unit oty BUS CONTROL SIGNAL DRIVERS cPU 032
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
ARITH LD Q p. 15 ARITHmetic LoaD Q
Determines whether the ALU
result is loaded into Q or the
Destination Accumulator,
- DEV 01/xx p. 17 - DEVice 01/xx.
p. 41 .
- DEV 77/xx p. 17 - DEVice 77/xx.
p. 31
p. 33
< DEV 2, p. 42 -, DEVice 2.
DS 5-4 p. 32 Device Select 5-4, see below.
- DS 3-0 1003 = Device Select bit 3-0
Device address out on the I/O
Bus.
INTPO p. 32 INTerrupt Priority Out.
I/0 SKP p. 18 Input/Output SKiP condition
Tests the state of DONE or BUSY
depending upon IR 8.
- OFLO p. 32 = OverFLOw
Overflow status to the Data
Channel.
Unit .
CPU721 BUS ADDRESS LINE DRIVERS CPU 033
POWER FAIL INTERRUPT CIRCUIT
R21377 Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION

- BUS 0-7 p. 28 - internal BUS bit 0-7
The shown source on the Bus
is the Diagnostic Panel Bus
Receivers,

- BUS 8-15 p. 24 - internal BUS bit 8-15

| See above.

- CON DATA 1001 - CONtol DATA
Used to disable the data switches
in the Diognostic Panel from the
- PAN BUS.

EN SWITCHES p. 36 ENoble SWITCHES
Disables the Data Register from
the - PAN BUS, during read
switches.

- EN SWITCHES p. 40 - ENable SWITCHES
Some as cbove.

Unit
" a2 SERVICE PANEL DATA BUS RECEIVERS CPU 034
R21378 Sigm|- List ' of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION

- BUS 14 p. 23 - internal BUS bit 1-4
This source on the internal
bus is the AC SEL switches on
the Diagnostic Panel.

- CLR RUN p. & = CleaR RUN,

p. 37
= CPU FUNC P. g = CPU FUNCtion
P Diagnostic Panel operation which
requires microprogram execution.

ENABLE STEP p. 7 ENABLE STEP.

- FPOP 0-2 p. 16 - Front Panel OPeration bit 0-2
The value on these lines
determines the operation requested
from the Diagnostic Panel,

= INSTR STEP pP. 3277 = INSTRuction STEP.

P-
= MICRO STEP p. T = MICROinstruction STEP.
p. 37 .
- PL TCP p. 28 - set Program Load from TCP,
= SET DC RST p. 26 - SET DC ReSeT
p. 38 Used to generate IORST.
- SET RUN pP. :2;; 5 SET RUN
P Sets the RUN flip flop.
Unit : o
" epur2 FRONT PANEL CONTROL DECODER CPU 035
ACCUMULATOR SELECT RECEIVERS AND GATES
R21379 Signal List of 42
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|
‘ SIGNAL ORIGIN IDESTINATION DESCRIPTION
- PAN BUS 0-14 1001 - PANel BUS bit 0-14
p. 34 Bidirectional dota bus between
the CPU ond Diagnostic Panel.
Transfers the information on the
internal Data Bus out on the
indicators in the Diagnostic Panel,
_ TCP 701. Transfers the information
on Diagnostic Panel data switches
to the internal CPU Dota Bus.
- PAN BUS 15 p. 27 - PANel BUS bit 15
p. 34 Same as above.
Unit N
e DATA BUS LATCH AND DRIVERS TO SERVICE PANEL CPU 036
R21380 Signal List of 42
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SIGNAL ORIGIN [DESTINATION DESCRIPTION
- DIS SWITCH 1001 - DIScble SWITCHes
Used to disoble the function
switches on the Diagnostic Panel
(not RESET, STOP) when the CPU
is in the RUN state,
- FPOP BUSY p. 16 - Front Panel OPeration BUSY
Indicates that the Diagnostic
Panel has requested an operation
Reset by the microprogram when
the current operation is terminated.
- PANEL BUSY p. 19 - PANEL BUSY
Indicates that an INSTR STEP or
MICRO STEP is in progress.
- RESET p. 35 - RESET
RUN p. 41 RUN
The RUN state of the CPU.
~RUN OUT 1004 RUN OUTput.
- RUN p. 22 = RUN,
Unit MICRO STEP - INSTRUCTION STEP
€pu721 CPU PANEL FUNCTION CPU 037
R21381 Ruggﬂo&:ﬁ of 42
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
- DC RST p. 16 < DC ReSeT
Pe gg Clears the CPU and generates
Pe IORST.
p. 31 ,
= PAN RAR 0-7 1001 - PANel Rom Address Register
it 0-7
Output to drive indicators on the
Diognostic Panel.
= RAR CLR p. 41 - Rom Address Register CLeaR
p- 18 Generated after power on reset to
determine the start address of the
microprogram.
Unit '
" epur2t MICROPROGRAM ADDRESS DRIVERS CPU 038
S POWER ON RESTART CIRCUIT ‘
Signal List of 42
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SIGNAL ORIGIN |DESTINATION DESCRIPTION
- BUS O p. 23 - internal BUS 0
- BUS 10-15 p. 24 - internal BUS 10-15
The data switches on the Front
Panel gated out on the internal bus.
- GATE OUT B p. 29 = GATE OUTput Buffer
p. 30 Gates the contents on the internal
bus out on the |/O Data Bus.
= PAN CARRY p. 39 = PANel CARRY indicator,
1004
1001
- PAN DEFER p. 39 - PANel DEFER indicator.
= PAN FETCH p. 39 - PANel FETCH indicator.
= PAN INTEN p. 39 = PANel INTerrupt ENable
1001 indicator,
= PAN PE LEFT p. 39 = PANel Parity Emror LEFT byte
‘ indicator,
< PAN PE RIGHT p. 39 = PANel Parity Error RIGHT byte
indicator,
- PE STOP p. 19 = Parity Error STOP,
= RAR CLK p. | = Rom Address Register CLocK.
p. 2
p. 8
p. ¢
p. 10
p. 11
p. 12
p. 13
p. 14
p. 15
p. 16
P g
- RESET PE : 20 - l}ESET Parity Error indicator
register,
Unit cpu721,
' CPU FRONT PANEL DRIVERS AND RECEIVERS CPU 040
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SIGNAL ORIGIN IDESTINATION DESCRIPTION
ADD IN 15 p. 6 ADDress INput bit 15
Logic zero if memory extension
is not selected, else Bus 0.
BREAK COND p. 17 BREAK CONDition
Indicates that PC is equal to ACS.
= BREAK p. 11 = BREAK switch,
- DEFER p. 40 < DEFER
Indicates that the next microcycle
will be used to follow an indi-
rection chain,
EN BREAK p. 17 ENable BREAK
Indicotes thot the microprogram
is in the BREAK loop.
3 RAR CLR B p. 7 = Rom Address Register CLeaR
Buffer
t Generated after power on reset to
| determine the stort address of the
‘ microprogram,
‘ - RESET BIT 0 p. 18 - RESET BIT 0
i Places a zero os input to the
‘ MSB end of the register shifter
(Qo SRI/SLO).
RUN B p. 17 RUN Buffer
Indicates that the CPU is in the
' RUNstate, :
- SET MEM EXTEND p. .41
SELECT- p. 17 Memory extension SELECTed.
p. 18 ' '
p. 42
= SELECT p. 3
Unit  cpyy721

R21385

MICROPROGRAM STORE _ CPU 041
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SIGNAL DESTINATION DESCRIPTION
- BUS 8-15 p. 24 Internal BUS 8-15 .
- DIS BITO p. 5 DISable BIT 0 g
Forces o logical zero on bit O from the H
AM 2901A array in 64K mode. p
- ENAB DIRECT p. 7 ENABle next microaddress DIRECT
NX AD 7 p. 8 NeXt micro ADdress bit 7 o
p. 9 The least significant bit in the address. F
p. 10 4
p. 11
p. 12
p. 13
p. 14 P
p. 15 a
p. 16 ‘
p. 41 .
p. 42 ?
NX ADP p. 9 NeXt ADdress Poge
p. 10 Used to separate BANK 0 and BANK 1
p. 1 in the micro program. ‘
p. 12
p. 13
p. 14
p. 15
1 p. 16
p. 41
p. 42 -
SEL 2ND OP p.- 7 SELect 2ND OPerand
Used to separate NEXT address map in ‘
BANK 0 and BANK 1.
READ/WRITE p. 19 READ or WRITE cycle in memory.
cPu721 | CPU042
MICROPROGRAM STORE EXTENSION o
Dwg. No.
LR21386 Signal List of 42
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SIGNAL

ORIGIN [DESTINATICN

DESCRIPTICN

-,FP BUS 0,10-15

-,STOP ON PE

-,EN DIS PANEL

-,RES PE

p. 27

p. 28

~, Front Panel Bus 0

Autoload information used when
Diagnostic Panel is not enabled.
-, STOP ON Parity Error

Switches input fram CPU721 Front-
Panel, determining whether the CPU

‘I should both indicate parity error

and stop the microprogram execu-
tion, or the CPU should only in-
dicate parity errors.

-,ENable DISable PANEL

Enables or disables diagnostic
panel.

-,RESet Parity Error

Used to clear the Parity Error
indicator register.

Unit  coimoq

R21402

Front Panel Switch
Circuit Diagram

CPU 43
of 44
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SIGNAL ORIGIN IDESTINATICN DESCRIPTION
64 K SEL p. 41 Memory extension selected.
Unit  cpy721 Front Panel Indicators CPU 044
Signal list of 44
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19.

Assembly Drawing

19.
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ADDRESS

DIRECT

RCM ADDRESS CALCULATION DC - FUNCTICNS
(CCTAL) 1YPE
CONDITION - RESTART ADD
0 GROUP 4 - LD DATA REG
BANK 0 - LD MAR
s CLR INTEN
- TEST MEM
JUMP TO - LDR
1 START = MEM READ
ADD - LD DATA REG
- RQENBX
- FETCH
CONDITION -, BLOCK BIT 0
130 GROUP 4 - 3 STATEEN
BANK 0 - LD MAR
= CIN
DIRECT
" 210 : = LD MAR
= CLR INTEN
- 3STATEEN-
= JEST MEM
213 = RESTART ADD

- TEST MEM

™ 721 OP FETCH, RESTART , SKIP - FC 1
Dw .
Py Signol_List 1 of 21
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I START ADD
BUS —a
PC . MAR
RAR 0 To
INTERRUPT f c>
PC SKIP
PC+1 —o ON\ DMA )
PC MAR ION GROUP 4 o
BANK
RAR 130 | ) /
FRONT PANEL DFC’
2
. POWER RESTART
-, RAR CLR
Reset DIS PANEL = 0 DIS PANEL= Y OP FETCH
Parity AND OR g‘EM T
Error LOCK =0 LOCK = | TR T
MAR = 0
RAR 210 o
’ RESTART ADD
NOP JM’ DIR XEQ )
RAR 213 T0 o
p
START h MEM REF ADD CaLC ™)
JUMP
ALU XEQ )
<y
1/0 XEQ fco
FRONT PANEL @
RESTART @
. Uit puran MICROPROGRAM FLOWCHART FC Y
v OP FETCH, RESTART, SKIP
wg, No .

R13523 . Flow Diogram



19V

ADDRESS

ROM ADDRESS CALCU.ATICN DC - FUNCTICNS
(CCTAL) TYPE
2 CONDITION
GROUP 4 - 3 STATE EN .
BANK 0 - LD MAR
- BLOCK BIT O
3 CONDITION
GROUP 4 - 3 STATE EN
BANK 0 = LD MAR
-BLOCK BIT O
4 CONDITION
GROUP 4 - 3 STATE EN
BANK 0 - LD MAR
- BLOCK BITO
5 CONDITION ®
GROUP 4 - 3 STATE EN
BANK 0 - LD MAR
- BLOCK BIT O
Unit
cpu721f JMP DIRECT EXECUTE FC 2 |
Dwea N
R21388 Signal List 2 of 21 .__
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192 ADDRESS
RCM ADDRESS CALCULATICN DC - FUNCTITNS
(OCTAL) TYPE
CONDITION
6,7 GROUP 7 -, TEST MEM
-, LD MAR
BANK 0 - BLOCK BIT 0
CONDITION
10,11 GROUP 7 -, TEST MEM
BANK 0 < LD MAR
-, LD MAR
12,13,14,15 DIRECT -, 3 STATE EN
. -, DEFER
-, BLOCK BIT ©
CONDITION -, MEM READ
16 GRQUP 5 -, LD DATA REG
BANK 0 ’
DIRECT_ -, LD DATA REG
17,23
-, 3 STATE EN
-, LD DATA REG
20,24 DIRECT
-, CIN
-, 3 STATE EN
21,25, 237, 240 DIRECT -, MEM WRITE
. -, TEST MEM.
-, LD DATA REG
CONDITION
22 GROUWP 7 - LD MAR
- 3 STATE EN -
’ -
BANK 0 - BLOCK BITO
=, 3 STATE EN
26 - DIRECT =, LD MAR
. -, DEFER
-, BLOCK BITO
Uni
D.LCHNNJ MEMORY REFERENCE 'ADDRESS CALCULATION FC 3
| k2389 ) Signal List 3 of 21
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194 ADORESS
RCM ADDRESS CALCULATICN DC - FUNCTITNS
(CCTAL) TYPE
27 DIRECT - LD DATA REG
= CIN
- 3 STATE EN
- ALU FLAG CLK
30 DIRECT - 3 STATE EN
- LD DATA REG
- RESETBIT 0
31 CONDITION
GROUP 4 T SOSTATE EN
BANK 0 < BLOCK BIT ©
32 DIRECT - = MEM READ
- GATE ACN
. - LD DATA REG -
33 241 DIRECT - LD DATA REG
-~ MEM WRITE
- GATEACN
- 3 STATE EN
as DIRECT - MEM READ
- CIN
- AlU= 0 CLK
- LD.DATA REG
3 DIRECT - LD DATA REG
- MEM READ
- ALU= 0 CLK
. - ALU= 0 CLK
) 37 DIRECT = TEST MEM -
‘ - LD DATA REG
- LD DATA REG
40, 243 DIRECT
= MEM WRITE
5 ISTATEEN . |-
- SKIPEN = —=-7 -
CONDITION - 3 STATEEN
131 GROUP 4 - LCDI l\r'w'uz
” BANK 0 < BLOCK BIT 0
. - LD DATA REG
217 CONDITION
GROUP 4 - LD MAR
BANK 0 5 CIN
- 3 STATE EN
- BLOCK BITO
U epur21 MEMORY REFERENCE EXECUTE FC 4
,iﬁ%‘%go Signal List ' 4 of 21
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19A ADDRESS
ROM ADDRESS CALCULATION DO - FUNCTIONS
(OCTAL) TYPE
4 CONDITION -, 3 STATE EN
51 GROUF 6 -, ALU = 0 CLK
=, ALU FLAG CiLK
BANK O -, ALCCON
-, GATE ACN
-, LD DATA REG
43,45, 47 CONDITION =, 3 STATE EN
GROUF 6 - ALU = 0 CLK
-, ALU FLAG CLK
BANK 0 =, ALCCON
-, GATE ACN
COUT EN
-, CIN
-, LD DATA REG
CONDITION -, 3 STATE EN
44,46 50 GROUP 6 - ALU = 0 CLK
- ALU FLAG CLK
BANK 0 -, ALC CON
-, GATE ACN
CouT EN
-, LD DATA REG
DIRECT -, 3 STATE EN
52 -, LD DATA REG
SWAP EN
53,54,55,206 DIRECT -, 3 STATE EN
-, LD DATA REG
DIRECT -, 3 STATE EN
56 - SKIP_EN
COuT EN
62,64 DIRECT -, 3 SIATE EN
SLA EN
-, LD DATA REG
-, LD DATA REG
63,65 DIRECT SRA EN
- 3 STATE EN
Cout EN
DIRECT -, LD DATA REG
66 -, GATE ACN
-, ALU = 0 CLK
-, 3 STATE EN
-, LD DATA REG
67 DIRECT -, 3 STATE EN
-, ALU = 0 CLK
COUT €N
226 DIRECT
DIRECT -, GATE ACN
227 CouT EN
-, SKIP EN
CONDITION
4 GROUP 4 -, 3 STATE EN
-, LD MAR
BANK U - CIN
-, CARRY LINK CLK
= BLOCK BT O

Unet o

Dwt) No .
K164

ARITHEMETIC AND LOGICAL INSTRUCTION

Signal List

FC5
5 of 21
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198
. ADDRLSS
EOUM ADDRLSS CALCULATION DO - FUNCTIONS
1CCIAL Tver '
- 1/0 SLO
34 CONDITION < LD MAR
GROUP 4 -, CIN
- 3 STATE EN
BANK 0
= BLOCK BITO
60,71 DIRECT -, LD DATA REG
-, GEN 1007
-, GATE IN
-, 1/0 sLo
ol ‘ -1/0 SLO
DIRECT - GATE ACN
~ "GEN 100T
-, GATE IN
-, LD DATA REG
CONDITION -
2 Pyt . 1/0 SLO
BANK 0
-, LD DATA REG
72 DIRECT -, 3 STATE EN
- 1/0 SLO
-, GATE ACN
-, GEN 10DT
73 DIKECT - 1/0 SLO
-, 1/0 SLO
74 475, 176 DIRECT -, GEN IOP
CONDITION -, TEST MEM
75 GROUF 4 -, 3 STATE EN
-, CIN
BANK 0 % LD MAR
- /0 sLO
= BLOCK BITO
132,167,202 - /O SLO
DIRECT
=, 3 STATE EN
170,174 DIRECT -, GATE OuT
- 1/0 SLO
-, GATE ACN
-, 3 STATE EN
171,172,173 DIRECT -, GEN 10DT
-, GATE OuUT
-, /0 SLO
-, GATE ACN
-, GEN 10DT
177, 200, 201 DIRECT -, 1/0 SLO
- SKIP EN
205 DIRECT - 1/O SLO
211 CONDITION -
GROUP 0 , 1/0 SLO
BANK 0
212 DIRECT -, 1/0 SLO
-, SET EXTEND
175 DIRECT -, 10 80
-, GEN IOP
-, TEST MM

than

[ALIFR |

.,

!"

R1b5y

INPUT/OUTPUT INSTRUCTION EXECUTE

Signa! List

FCo
6 of 2|
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Ef'\/

wg.No
R13

nit
CPUTRY

528

Voo

IFCH}

BRANCH SEL
NOP
RAR 70 1o
OND
DIX, READS_ INTA DOX, MSKO 7 on GROUP | NIO, JORST  HALT SKip  DEv2
BANK 0 INST
L4 ¥
DEVI]
NOP INST
NOP ACN —e BUS NOP NOP
RAR 71 —fo RAR 72 0 RAR 73 fo RAR 132 Jo
ACN — BUS NOP NOP
RAR 170 To RAR 177 ) RAR 202 0
NOP ACN —e BUS
RAR &0 Io RAR 171 T0 NOP
l RAR 200 o
ACN
BUS —e ACN — BUS
RAR 61
l o RAR 172 1o NOP
l RAR 201 To l
NOP ACN —e BUS NOP
RAR 167 1o RAR 173 0 RAR 205 0
PC UP DATE
] PC+1 — PC,
ACN —e BUS MAR
RAR 174 0 RAR 75 BB
L 1
PC UP DATE
PC ¢} L d
MAR <, NOP
RAR 34 1o RAR 175 fo
NOP
RAR 176 10
l DICP, DEV
NOP NOP
RAR 74 RAR 212 10

MICROPROGRAM FLOW CHART
INPUT / OUTPUT INSTRUCTION EXECUTE
INTERRUPT AND SKIP INSTRUCTION EXECUTE

Rigaram

Elow

FC o



ROM ADDRESS 0 c:&azjfiimq DO - FUNCTICNS
(OCTAD TYPE
76 DIRECT -, DCHAX
77 CONDITION
GROUP 3 - LD MAR o
BANK 0 B DCRAX
- GATEIN
107 DIRECT
- LD MAR
- LD
. < CLR INTEN
10, 242 DIRECT - LD DATA REG
S MEM WRITE
5 CLR INTEN o
-, 3 STATE EN
- BLOCK BITQ
n DIRECT - 3 STATE EN
- LD MAR
= CIN
- CLR INTEN
_ = DCHAX
1 146, 147, 152 DIRECT ° |
245 DIRECT - LDIR
245 DIRECT - = RESTART ADD ®
247 CONDITION - RESTART ADD
| crowP 5
BANK 0
+—
Wt p72) INTERRUPT EXECUTE DMA ADDRESS INPUT FC7
E%T Signal List 7 of 21 ._




£V

E ¢ '> RESTART

FCl

O—™R

RAR 245

10

.

BUS ——a Q

RAR 244

10

.

BUS wmp Q

247

1o

DMA
NOP

RAR 76 101
NOP

RAR 146 To
NOP

RAR 147 To
NOP

RAR 152 o

BUS —= MAR

RAR 77

Unit
CPUTZY

Dwg.No,
R13529

LOC O SET
0 =

STORE PC
PC == MM

RAR 110

| S——

PC ——s MEM

RAR 242 [

)
LOC SET
Q +1 e MAR

RAR 111 )

|

INTERRUPT

MICROPROGRAM FLOW DIAGRAM
INTERRUPT EXECUTE

DMA ADDRESS INPUT
Flow Dicarcm

@

FC7




ROM ADDRESS
(OCTAL)

202

ADDRESS
CALCULATION
TYPE

DO - FUNCTIONS

100,103

DIRECT

‘. Q' \'

LD DATA REG
REQENBX
DCHI

10}

DIRECT

LD DATA REG
RQENBX
GATE OuUT
MEM READ

102

DIRECT

TEST MEM

LD DATA REG
RQENBX

MEM READ
CIN

ALU FLAG CLK

104

DIKECT

TEST MEM

LD DATA REG
RQENBX

MEM READ
AlLU FLAG CLK

DIRECT

TEST MEM

LD DATA REG
3 STATE EN
GATE OouT
MEM READ
DCH OFLO EN

106

CONDITION
GROUP 4

BANK 0

3 STATE EN
LD MAR
BLOCK 8IT O

153,154
164165

DIRECT

DCHI
RQENBX

133, 244

DIRECT

LD DATA REG
3 STATE EN
MEM WRITE

155

DIRECT

Q. b. !' ~'§

-
-
r

RQENBX
DCHI

'GATE IN

156,157

DIRECT

RQENBX
DCHO
GATE OUT
MEM READ

160

DIRECT

h. \. L. Q' 5' .'

RQENBX
GATE OUT
MEM READ

161

DIRECY

h. 5' 5’ \'

3 STATE EN
RQENBX

GATE OUT
MEM WRITE

DIRECT

RQENBX
3 STATE EN
DCHO
GATE OUT
MEM WRITE

163

DIRECT

DCHO

GATE OuT
MEM WRITE
DCH OFLO EN

DIRECT

TEST MEM
RQENBX
DCHI
GATE IN

215

DIRECT

LR LS I T SN I Y I B

DCH OFLO EN

Unit

Dw- No
*R1 600

DMA CHANNEL EXECUTE

Signo!l List

FC 8
Bof 21




203

. IFC7> D:I« IN DMA OUT DMA INCR DMA ADD TO MEM
NOP MEM —=— Q MEM+! —e Q NOP
RAR 100 3 RAR 101 o RAR 102 b RAR 103 I8
NOP MEM —eQ Q— MEM NOP
R 153 0] RAR 156 1o RAR 161 1o RAR 164 &
RAR 1;_4; Jo RAR 157 1o RAR 162 Jo RAR 165 1B
®
BUS —= Q MEM —e Q Q —= MEM BUS —=Q
RAR 155 10 RAP 160 o 143 fo RAR 166 BE
STORE -
RAR 133 _lo RAR 105 jo RAR 104 1
Q ——e MEM NOP
PC  RESTORE
RAR 244 |
AR 2 T0) PC —— MAR RAR 215 0
RAR 10¢ 10
UM'CPU 721 MICROPROGRAM FLOW DIAGRAM FC 8
DMA CHANNEL EXECUTE
Dwo No,
R13530 Flow Diagram
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H
-
y

4

AR

Signal List

1
204 ADDRESS ‘
ROM ADDRESS CALCULATION DO - FUNCTIONS !
OCTAL) TYPE
114 DIRECT - TEST MEM
-, LD MAR
- GATE APL ADD ‘
15 DIRECT -, GATE APL DATA
-, LD DATA REG
16 DIRECT - FPOP END
- LD DATA REG
- PAN ACN
- GATE ACN
3 STATE EN
117, 250 DIRECT < PAN ACN EN
- GATE ACN
- GATE DATA SW
- FPOP END
- LD DATA REG
120 DIRECT -, TEST MEM
-, LD ‘MAR
-, CIN
-, 3 STAIE EN
121, 230 DIRECT - LD MAR .
- TEST MEM
- GATE DATA Sw
122 DIRECT -, FPOP END
-, LD DATA REG
- TEST MEM
-, MEM READ
123 DIRECT - 3 STATE EN
- CIN
- LD DATA REG
DIRECT - TEST MEM
124 - LD MAR
- 3 STATE EN
< - BLOCK BITO
DIRECT -, MEM WRITE
125 -, TEST MEM
-, GATE DATA SW
- FPOF EN
-, LD DATA REG
CONDITION - TEST MEM .
126 GROUP 4 -, LD MAR
BANK 0 -, 3 STATE EN
corep o o
-, GATE REG EN
BANK : S
134 CONDITION - CIN
GROUP 2 ’
BANK 0
207 DIRECT -, RESTART ADD
224 DIRECT
257, 260 DIRECT - GATE DATA SW
261 DIRECT - LD R
- LD DATA REG
B 262 DIRECT - TEST MEM
-~ MEM WRITE
- LD DATA REG
Unn X
RO FRONT PANEL OPERATIONS FC9 .’
Dwa No 9 of ?ll




W

CaNVE
¥ a8 NOI!
SIOND T

0} 92 ¥V o] ¥{. ¥Ve
YW o= Dd dON
w%._m: Dd HONVEE 1dV
o] €2, &ve 91 Y27 ¥V oL OFT BvS 0] 052 ¥ Ei 792 3 VY 0] 192 3V3
WIN —=— 5N8 dON NDV-=SN8 WIn =D d-D
38015 AVW ‘Dd —=—S(18
T T T T T T
cl P2 i VY 0] 721 ¥V o[ Cil 3vd ]| 09¢ &
YWV =—Dd SNG~e- W3 O=sne C-=$ng
135 0Qv WiIw Qv vivQ 1V SNG=-CIHDLINS
0] Lo IV 0] 021 ¥VY 0] 171 5vd ]| Zi1 3vy 0] 911 4V o] ~yl Ay 257 §vh |
Dd=—1+ Dd AVW ‘Dd == | + Dd VW ‘Dd ~=— SNe N3V ~=-SN8§ SN8—= NIV Od ‘yww-=-Sne
AN 1150430 N W VX3 W3Iw WYX W3IW 115030 O3y | WvX3 O3 aav dv SN8-e SIHOLINS

P
7 aNCYO NOI.

JANO,

T

0]

L21 Y

Yl SNE
NDw ]3¢

T

| D4

MICROPROGRAM FLOW CHART FC 9

FRONT PANEL OPERATIONS

cPUY
R13531

Flow Diogram



. ADDRESS
ROM ADDRESS CALCULATION DO - FUNCTIONS
(OCTAL) 1YPE
135 DIRECT EN BREAK
-, 3 SIATE EN
- SKIP EN
- CIN
136 CONDITION - SKIP EN
GROUP 3 EN BREAK
BANK 0
137 DIRECT -, 3 STATE EN
-, CIN
140 CONDITION s
GROUP 4
BANK 0
141 CONDITION
GROUP 4
BANK 0
142 DIRECT -, 3 STATE EN
-, FEICH
- LD R
-, LD DATA REG
143 JUMP TO -, 3 STATE EN
START ADD -, FETCH
- LD R
-, LD DATA REG
144 DIRECT - 3 STATE EN
< CIN
EN BREAK
145 DIRECT EN BREAK
221 DIRECT EN BREAK
-, 3 STATE EN
- SKIP EN
-, 1/0 sLO
-, CIN
222 CONDITION -, SKIP EN
GROUP 3 - 1/0 SLO
BANK 0 EN BREAK
223 CONDITION EN BREAK
GROUP 3 - SKIP EN
BANK 0 - CARRY LINK CLK
225 DIRECT =, 3 STATE EN
-, SKIP EN
. CIN
-, CARRY LINK CLK

Ui
' BREAK TEST EXECUTE FC 10
[l)(?‘ :3"' Signo! List 10 of 21 J




B BREAK 2 ]

AC5 +PC + ] —»
Q

RAR 135 Io
NOP

&V

FC6, FC4, FC2, FC 11
BREAK 1 BREAK 5

AC5+PC+) —= Q

RAR 144 0
NOP

AR 145 0

START ADD,

OND SKiP NOC SKI¥
ION GROUP 3 BREAK RETURN RETURN
BANK 0 l 1
NOP
RAR 137 10
AC 6 —e BUS
@, R
RAR 142 T0
AC 6 —e BUS
Q, IR
RAR 143 ~ 10

JUMP,

I > BREAK 3

AC5+PC+]1 —e Q

RAR 225 0
NOP

RAR 222 10

. BREAK 4

B

Unit
CPUT

Dwg.No.
R13532

MICROPROGRAM FLOWCHART

BREAK TEST EXECUTE

Flow Diogram

AG5+PC+] —e G
RAR 221 o
NCP
RAR 227 T
FC 10



208 ADDRESS 2
ROM ADDRESS CALCULATION DO - FUNCTIONS -
(OCTAL) TYPE m
-
1 DIRECT - LD DATA REG ®
- - ENABLE CONSTANT =
’ A
2 CONDITION - LD DATA REG >
GROUP 2 - 3 STATE EN i
BANK 1 - ALC CON
|9}
3 CONDITION - LD DATA REG &
GROUP 4 - 3 STATE EN :
BANK 0 - LD MAR <
- CIN
256 CONDITION 3
GROUP 0 H
BANK 1 c
377 DIRECT - 3 STATE EN ®
- LD MAR
= CIN S
é
0
q-
Unit T .
cPu721 CPU IDENTIFY FCN
Dwg. No.
Toh395 Signa! List 11 of 20




<2

FC ¢

FC12 FC V3 _FC 14, FC 15 FC 16 FC 17

BANK SHIFT

RAR 25¢

10

Ci4

REV N2 —=Q
RAR | |
Q=ACN

RAR 2 1

BREAK 5

FC21

HUTOVUT

D

FC 18, FC 19, FC 20,FC 2!

BREAK 5
FC 12, FC 13, FC 14, FC 15, FC 16,
FC 17, FC 18, FC 19, FC 20, FC 2!

BANK SHIFT
PC+ 1 == PC,
MAR

RAR 377 1ol

=0

RAR J

Bl

CPU 721
R13533

[Xel]

MICROPROGRAM FLOW CHART £C 1
CPU IDENTIFY (IDFY)

Flow Diagrom



210

Signo! List

ADDRESS >
ROM ADDRESS CALCULATION DO - FUNCTIONS .
(OCTAL) TYPE Py
.
42 DIRECT -, RESET BIT O i
: 4
43, 46, 47 DIRECT - ENABLE CONSTANT E
>
44 DIRECT - LD DATA REG z
- 3 STATE EN
- LD MAR g
45 DIRECT -, RQEN BX 2
- MEM READ <
50 DIRECT - LD DATA REG
COND SEL 0 S
COND SEL 1 :
- 3 STATE EN <
- LD MAR .
51 DIRECT - LD DATA REG
- 3 STATE EN =
£
52, 53, 54 DIRECT - LD DATA REG )
- 3 STATE EN 5
SWAP EN 4
55 DIRECT - LD DATA REG
- 3 STATE EN
SWAP EN
1- COND SEL 0
56, 57 CONDITION
GROUP 6, 2
BANK 1 ®
60 DIRECT 5 LDDATAREG . -_.§ -
- 3 STATE EN FgRt e I
| ConpseLo .~ .} :
375 DIRECT - 3STATEENT ]
- ALU FLAG CLK
LOAD BYTE FC 12
12 of 21




cPUIN
R13534

211

BANK SHIFT
AClI4AACI4=BUS ACTTTAACI4*BUS
1
RAR 375 j il RAR 375 ]0
ACI5 —e MAR
RAR 44 I K

M S

AC) > 1=sACIS MEM === ACO
.m.iz_{‘_.[x. _MTIL
1—=Q Q A ACl
RAR 43 | | , RAR 50 I
(EFT)  YES LT, ow=1 NO  (RIGHT)

3778-0AC 10 ACO+ACO —= ACO 377 —= ACIO
RAR 47 I RAF 53 1) RAR 46 T
ACOAACIO+ACO ACO+ACO—=ACO
RAR 51 I 1 RAR 54 11
P m———— e
ACO+ACO —=-ACO ACO+ACO ==ACO ACO A ACI0=ACO
RAR 52 T RAR 5% 11 RAR 60 1

%

NO
MICROPROGRAM FLOW CHART
LOAD BYTE (LD8)
Fiow Diogiom

FC 12




L 221307

212 ADDRESS z
ROM ADDRESS CALCULATION DO - FUNCTIONS -
(OCTAL) TYPE s
Z
16 DIRECT -, RESET BIT O ?b
17, 24, 25 DIRECT - ENABLE CONSTANT 5|
>
20 DIRECT - LD DATA REG m
- 3 STATE EN z
- LD MAR S
21 DIRECT - LD DATA REG H
-, MEM READ <
22 DIRECY - LD DATA REG
COND SEL 0 .
COND SEL 1 :
- 3 STATE EN :
23 DIRECT - LD DATA REG ®
26 DIRECT - LD DATA REG
- 3 STATE EN 0
27, 30, 31, 32 DIRECT - LD DATA REG %
- 3 STATE EN a)
SWAP EN g
33, 34, 35, 33 DIRECT
36 DIRECT COND SEL 1
37 CONDITION
GROUP 2
BANK 1
4 DIRECT - LD DATA REG .. 1 .‘
5 3 STATE EN e
- RQEN BX -0 . —.: ]
. - MEM wmrz» SR I
COND SEL 0 R
= TEST MEM
376 DIRECT - 3 STATE EN
- ALU FLAG CLK
Unit .
CPU721 STORE BYTE FC 13
Dw~ No.
e | Signal List 13 of 21



213

FCo

FCH

CPU Y
R13535%

MICROPROGRAM FLOW CHART
~ STORE BYTE (ST8)

Flow Diagram

BANK SHIFT
ACI4AAC14=BUS l
RAR 37¢ 10
ACI5 == MAR
|ACi4a aC14=BUS WER 20 0
RAR 376 T “ v
ACl > ACIS MEM == ACIS
RAR 18 N RAR 21 T
1= Q Q A ACI
RAR VI - T "RAR 2¢ T
l .
(LEFT) YES NO (RIGHT)
& 3
377, —=ACI0 |acia*acia=aci4 77 —> ACIO
RAR 25 11 RAR 27 I RAR 24 |
SN¢ e N\
ACI0 — Q ACI4+ACI4~AC14 ACI5 AACI0=ACI5
RAR 363 1! RAR 30 I RAR 33 |
ACI5AACIO~AC) S ACI4+ACI4d--AC 14 ACIO —— ACI4
RAR 23 1 RAR 31 I RAR 34 T
¢ w
ACO A Q=ACl4 AC14+ACI4—+=ACl4 ACOAACI4=AC14
RAR 26 | RAR 32 1 RAR 35 |
| L ‘L |
ACI14+ACI5—=MEM
RAR 41 T
NO YES
NOP AC? — ACO
RAR 37 11 RAR 36 b
FC 13



DO - FUNCTIONS

DDRESS
ROM ADDRESS 214 A
(OC1AL) CALCULATION
TYPE
4 DIRECT
5 DIRECT
6 DIRECT

CONDITION
GROUP 2
BANK 1

DIRECT

- LD DATA REG
COND SEL O
COND SEL !

-, 3 STATL EN
5 LD MAR

NITVYELNIDINT IY Shv

= MEM READ

T ]
LD DATA REG
3 STATE EN

LD MAR

o o ot

~
z

A pe.toen

LD DATA REG
3 STATE EN

Ao umq

LD MAR

%
=
- RQEN BX .
]
- CIN

e Bmn

n DIRECT - LD DATA REG
COND SEL )
- 3 STATL EN
= MEM WRITE
< TEST MEM
12 CONDITION - CiIN .
GROUP 4
BANK 0
13 DIRECT COND SEL 2
= CIN
14 CONDITION - 3 STATE EN
GROUP 4 - LD MAR
BANK 0
15, 202 DIRECT
171 DIRECTY - LD MAR
- ENABLE CONSTANT
172, 175, 200 DIRECT 2! e e
-, TEST MM
e i — ]
173, 201 DIRECT - ENABLE CONSTANT
174, 177 DIRECT - 3 STATE EN
- LD MAR
176 DIRECT - 3 STATE EN
= MEM WRITE
- TEST MEM
- CIN
203 DIRECT - CIN
204, 205, 206, 207 DIRECT SWAP EN
2n DIRECT - 3 STATE EN
-, RQEN BX
= LD MAR
- CIN
213 CONDITION - LD DATA REG
GROUP 2 - MEM READ

BANK |

it

721

Dv- No,
1Y 3063

WORD MOVE, MUSIL FETCH

Signal List

FC 14
14 of 21

e



215
(ch FETCH

&)

FCI) WMOVE

[

8

40, —— MAR MEM—AC]
ACO-=BUS RAR 171 T RAE 200 T
MEM=AC?2 3778 —e ACO
RAR 172 1! AR 201 A
) YES (FINISH) J ¥
LU LOW =1 T, = 03
ACl1A ACO = ACO
ACl — MAR BUS+AC2~=-ACIS
NOP [RART173 Tl -
ACO: | —= ACO _ N e
RAR 6 1 RAR 7 I
— ACI5 = MAR AC1 3 ACO—-AC|
MEM=Q RAR 174 T AR 0T T
T I BREAK 5
MEM-=ACI0 ACI+AC) — AC]
AC2=MAR
RAR 175 il RAR 204 li
ACI+1=AC) N
R 10 T {ON
ACI0+] =~ MEM ACI+AC| ~= AC|
Jr L@ RAR 176 1L RaR 2 |
Q= MEM AC10== MAR ACI+AC| — AC|
RAR T T RAR 177 T RAR 206 1
YES NO ACI+AC| — ACI
RAR 207 T
ACZ+ 1 ACZ A7
BANK SHIFT AC2+] —=AC2
PCHAC) 4| =
RAR 12 T RAE 19 T PC. MAR
RAR 211 I
YES NO N
MEM 3 1 ==PC
BANK SHIFT NOP
PC —= MAR
RAR 14 T RAR 15 T
cPUTR MICROPROGRAM FLOW CHAR1 FC 14
R13536 WORD MOVE (WMOVE), MUSIL FETCH (FETCH)

Flow Diogrom



216 ADDRESS §
ROM ADDRESS CALCULATION DO - FUNCTIONS -
(OCTAL) TYPE A
4
120 DIRECT - ENABLE CONSTANT m
121 DIRECT - LD DATA REG ®
- 3 STATE EN -
- LD MAR >
m
123, 147 DIRECT - RQEN BX z
- LD MAR 4 s
- ENABLE CONSTANT £
124 DIRECT - LD DATA REG 2
COND SEL 0 <
COND SEL 1
= MEM READ
125, 127 DIRECT - 3 STATE EN o
- LD MAR :
126, 134, 142 DIRECT - LD DATA REG b
- MEM READ ®
130, 136, 144 DIRECT - LD DATA REG
- RQEN BX o
- MEM READ ';
131, 137, 145 DIRECT - 3 STATE EN 3
COND SEL 0 o
COND SEL 1 2
132, 140, 144 DIRECT - 3 STATE EN
COND SEL 1
133, 135, 141, 143 DIRECT - 3 STATE EN
- LD MAR
- CIN
150 CONDITION
GROUP 4
BANK 0 o
151  DIRECT ‘COND SEL 2
152 . CONDITION - 3 STATE EN
GROUP 4 - LD MAR
BANK 0
153 DIRECT
154 CONDITION - LD DATA REG
GROUP 2 - MEM READ
BANK 1
122 DIRECT - ,ENARLE CONSTANT -
-,ROEN BX
Unit .
CPU721 SEARCH ITEM FC 15
Dwn o Signo! List 15 of 21




FCH!

©

Ay

YES NO
ACl14 : ACI3
RAR 137 It} Jaci1 — aQy, ACI5==AC]
MAR
KAR 141 11 RAR 140 1
2 == ACIO MEM=ACI13 N
_&gxuo* 1) L_RAR 136 | MIM —e ACi4
RAR 142 1
AC) +ACI0 - AC12+1—=ACI2,
L MAR MAR
121 1 RAR 13%,\ [1] [acr2e1——aAC2,
N MAR
RAR 143 1
MEM <= ACIS5 MEM-=ACI4 *
RAR 124 1 , ] MEM —=— ACI3
| RAR 144 L
|
NO YES Y
ACI5 —— AC2 ACI4 2 ACI3
4 — ACI 40, —— MAR
FAR 145 11
RAR 122 i [_RAR 123 1
NO YES
ACI5+AC) ==
MAR, ACI S —
RAR 125 1 ACIS === ACI 40, —= MR
N MEM — AC3
RAR 146 | i RAR 147 1:
MEM-~-—AC 14 RAR 154 1!
RAR 126 I
AC2—=AC12, H
MAR YES NO
RAR tZ7 D
N ONDR
BANK SHIFT NOP
MEM-—AC13 LRGP 2
RAR 150 ]! RAR 151 T
RAR 130 i J
ACl4 3 ACI3
BANK SHIFT NOP
| RAR 13} Ll PC —» MAR
[ RAR 152 1 RAK 153 1
NO YES
ACI5 —~ AC! ACi+l==AC1,
AR
RAR 132 1! [_RAR 133 B TION GROUP &
CPUTY MICROPROGRAM FLOW CHART £C15
R13%37 SEARCH ITEM

Flow Diogrom




4q peubiteg Nawugaanoau slv|

dq ymuqg

®

Ry OO ‘Bmg

218 ADDRESS
ROM ADDRESS CALCULATION DO - FUNCTIONS
(OCTAL) TYPE
100 DIRECT - LD DATA REG
’ COND SEL 0
COND SEL 1
- 3 STATE EN
- RQEN BX
= LD MAR
- ALU = 0 CLK
101, 117 DIRECT - LD DATA REG
- 3 STATE EN
- CIN
102, 111, 115, 345 DIRECT
103 CONDITION
GROUP 2
BANK 1
104, 110 DIRECT - LD DATA REG
- 3 STATE EN
112 CONDITION
GROUP 4
BANK 0
113 DIRECT COND SEL 2
_ 114 CONDITION - 3 STATE EN
GROUP 4 - LD MAR
BANK 0 _
116 DIRECT - 3 STATE EN
= CIN
- ALU = 0 CLK
COND SEL 1
212 DIRECT COND SEL O -
. ' COND SEL 1- =~
= LD MAR
344 DIRECT - CIN
346 CONDITION
‘ GROUP 4
BANK 0
107 DIRECT ',m BX
Unit |
CPU721 BYTE MOVE FC 16
Dwg. No.
R21392 Signal List 16 of 21




“

219
cn

kﬁi

4 J

NOP AC3~+ BUS
RAR 107 T 100 1

NO YES NO YES
AC3 - | —= AC3 AC2 == ACI ACO = AC? NOP
RAR 110 1! [_RAR 111 1 RAR 102 I RAR 103 [

2 )
AC7 - BUS AC) +1—e= ACS8
@ ‘

NO YES

AC7 +ACO «=Q AC2 == ACI
104 ] R i

AC2 -AC2-BUS

RAR 116 |

AC2+1 == AC2

117 i

!"CH>

NO Yf<
°* B

Q == ACI ACH L o A
YES NO
RAR 34% 1! RAR Ja4 1
S
ACB=AC! AC8 —» ACI
BANK SHIFY A7 - ACO
RAR 112 11 RAR 113 ] J BANK SHIFT
RAR 34¢ 1
YES NO
PCoMAR NOP
BANK SHIFT
RAR |14 1] RAR 115 I

TION GROUP 4
BANK 0

cPUT21 MICROPROGRAM FLOW C HART FC 16
BYTE MOVE (BMOVE
R13538 € (BMOVE)

Flow Diagram



4q peuBisag NB‘IVUJ.N‘?ND?U Siv

4q umug

Y o ‘Bmg

220 ADDRESS
ROM ADDRESS CALCULATION DO - FUNCTIONS
(OCTAL) TYPE
61 DIRECT - LD DATA REG
COND SEL O
COND SEL 1
- 3 STATE EN
- RQEN BX
- LD MAR
- ALU = 0 CLK
62 DIRECT - CIN
63 CONDITION
GROLUP 2
BANK 1
64 DIRECT - 3 STATE EN
- CIN
- ALU =0 CLK
65 DIRECT - LD DATA REG
- 3 STATE EN
s CIN
&, 67, 77 DIRECT
D SEL 1
70 DIRECT oD SEL 2
-, 1D MAR
-, ROEN RX
71 DIRECT COND SEL O
COND SEL 1
- LD MAR
- CIN
2 CONDITION - LD DATA REG
GROUP 2 < SSTATEEN___-~ 3 ..
BANK 1 _' S
73 DIRECT COND SEL1 .° . “r.
74 CONDITION
GROUP 4
BANK O
75 DIRECT COND SEL 2
76 CONDITION - 3 STATE EN
GROUP 4 - LD MAR
BANK 0
Unit l
CPU721 BYTE COMPARE FC 17
Dwn. No.
R21393 Signal List 17 of 21




221

chn ;
cn
J ACO == AC7
AC2 == AC! RAR 6! 1
kaz 20 1
iR ]
NO YES
NO YES -
ACO == ACY ACB —~ AC) ACI + | == ACB NOPR
RAP 67 1! RAR &2 1 RAR 62 1

.&ALM_T_LL

AC2 - AC2—=BUS

RAR 64

1

e

AC2 + 1 —e AC2

RAR 65

.

AC9 - ACO~—ACO

kAR 7]

rm‘ﬁ

AC? -1 = ACO

BREAK 5

P

RAR /2

1]

r—‘_ﬁ.

BANK SHIFT
LRAR 74 1l
PC —e= MAR
BANK SHIFT
[RAR /¢ 1

ION GROUP 4
BANKQ

CPUTY

R13539

NOP

22

1

{ICI')

MICROPROGRAM FL OW CHART
BYTE COMPARE (COMP)

fFlow Diugiam

FC 17



o s

Untt aira

Dwu_ No.
RY3unY

MUSIL LINK, SEARCH FREE

Signal List

FC 18

»|
! ROM ADDRESS 222 ADDRESS DO - FUNCTIONS -
(©OCTAL) CALCULATION »
TYprt c\‘
z
ol
i, 167 DIRLCY - COND SEL © T4
-, COND SEL | ‘
- 3 STATE EN 3
- LD MAR |
- - e ——— - s [T SRRSO | R RN -1 z
156 DIRECT -, ENABLE CONSTANT 5
157 CONDITION 3
GROUP 2 ¥
BANK |
160, 302 DIRECT - 3 STATE EN
- LD MAR H
- CIN 5
161, 343 DIRECT
62, 273 DIRECT - 3 STATE EN -
o - LD MAR ?
163 DIRECT - LD DATA REG H
COND SEL 1 o
e — ) —_ - :
164 CONDITION L
GROUP 4
BANK 0 ]
165 DIRECT COND SEL 2
R ] _ .
166 CONDITION - 3 STATE EN
GROUP 4 - LD MAR
BANK 0
170 DIRECT - LD DATA REG
COND SEL 0
COND SEL 1
-, RQEN BX
- MEM READ
274 DIRECT el
-, TEST MM
275, 301 DIRECT - 3 STATE EN
- MEM WRITE
- TEST MEM
276, 300 DIRECT - 3 STATE EN
= LD MAR .
277 DIRECT - 3 STATE EN
= MEM WRITE
- TEST MEM
- RQEN BX
T T T s, CONDITION - 3 STATE EN
GROUP 2 - MEM WRITE
BANK 1 - TEST MEM

18 of 21




223
cn SEARCH FREE

Ccig 1

AC2 — BUS
@ LINK

RAR 155 1!

O

&/

NO

Lt Low =1

ACI+l == MAR }L

RAR ”5* \ 5 —e ACI10 NO#P

RAR 156 | B RAR 157 1t
MEM — ACIS ﬂlf

RAR <74 1 AC2Z +ACI0 — AC2+¢l—— ACIS

K\ MAR
RAR 162 11 RAR 343 I
AC2 —e MEM *

CRaR 5’5* A MEM —= AC14d

RAR 170 H
. ‘AC2 ——e MAR

I RAR 276 I] NO YES

ACl —— MEM,

AC3 AC15+1 == MAR NOP
RAR 277 T

N RAR |60 K] RAR 167 T

ACI5 —=— MAR

MEM —»AC2

RAR 300 | I
w RAR |43 1

AC2 == MEM

RAR 30!} 11

R\

AC2+) == MAR

. RAR 302;]r I

ACY5 —e= MEM,
ACO

RAR 303 | BANK SHIFT AC2 == BUS
PC == MAR

BOD 28

BANK SHIFT NOP

RAR 164 A RAR 165

RAR 167 T

{\'cn;)

cn

‘ CPUT2Y MICROPROGRAM FLOW CHART fC 18
R13540 MUSIL LINK (LINK), SEARCH FREF

Fiow Diagron.



>
ROM ADDRESS 224 ADDRESS DO - FUNCTIONS »|
(OCIAL) CALCULATION =
IYPE ('\I
z]
304, 312, 321, 327, 341 DIRECT - 3 STATE EN ol
e 3 LD MAR .
-, LD LAJA RIG .
305, 310 DIRECT -, MEM KEAD 1
e o TeMESIMM m
324, 330 - S
T T ‘— - =, 71D DaTA REFS §
306, 313 DIRECT =, 3 STAIT. EN 2
-, MM WRI'MLE &
~. TEST MM ¥
307, 325, 331, 314 DIRECT - 3 STATE EN
= LD MAR ©
e 3 €N _ i
an DIRECT - LD DATA REG =
- 3 STATE EN. !
- RQEN BX o
-~ MEM WRITE —
- TEST MEM I
3ns CONDITION - LD DATA REG H
GROUP 2 - 3 STATE EN Y
| BANK 1 - MEM WRITE -
- TEST MEM ._..
e, 317 DIRECT - ENABLE CONSTANT
320 DIRECT COND SEL 0
COND SEL 1
- LD MAR
322 DIRECT - MEM WRITE
- TEST MEM
% CIN
323 DIRECT - RQEN BX
= LD MAR
o - ENABLL CONSTANT
! 332 DIRECT - LD DATA REG
i = RQEN BX
: - MEM READ
333 DIRECT - LD DATA REG
COND SEL 0
: COND SEL 1
| - 3 STATE EN .
! - LD MAR
! 3% DIRECT 5 CIN
1 COND SEL 1
J 32 DIRECT - LD DATA REG
i - MEM READ
COND SEL |
35 DIRECT
336 CONDITION - CIN
GROUP 4
BANK 0
337 DIRECT COND SEL 2
- CIN
T 0 T ~ ] comnpmonT | - 3 STATE EN
GROUP 4 - LD MAR
BANK 0
Ut
", MUSIL REMOVE, MUSIL PRIORITY LINK FC 19 ‘
D;¥j°(:5u. Signo! List 19 of 21




&LD

FCID PLINK
FCH ovt

AC2 —* MAR

R 304 [

MEM — ACI15

RAR 305 I

ak

AC2 ~—+ MEM

RAR 306 1

»

AC24] == MAR

307 11

e

MEM -=ACI4

f

AC2 —= MM

f

ACl4 —= MAR

f

ACIS —— MEM,

AC3
RAR 313 Bl
W

ACI5¢1 === MAR
RAR 314 | K
ACl4 == MEM,
ACO

RAR 315 ] [

cPUTR
R13541

ACI = BUS

RAR 320 1

/\

13, —= ACI0 AC3 —= MAR 14, — AaCiC
RAR 316 h RAR 327 1 RAR 31 1i
AC2 + AC10 —= MEM~eAC3
MAR
RAR 321 1 RAR 330 It
e
ACI10' 1 === ACID AC3 1+ ACIQ ¢ | ===
YS === MEM MAR
RAR 322 1 AR 331 T
e

54, T MAR MEM = ACI

323 1 RAR 332 I
MEM = AC3 ACI =+ ACO
RAR 324 1 1LAR 133 1
AC2 + ACI10 + 1=~
MAR NO YIS
RAR 325 \
MEM == ACO AC1-AC! = AC] ACI — ACI
RAR 32¢ [ RAR 334 D RAK 347 1

’ e
ACl - ACI—» ACI ACl = ACl=—eACI
BANK SHIFT
RAR 137 RAR 316 L
NO Yis
AC3 —~~MAR PC -+~ MAR
BANK SHIF Y
R 34} | £ RAR 340

MICROPROGRAM fLOW CHART
MUSIL REMOVE (REMOVE) MUSIL PRIORITY LINK (FLINN)

fow Diogram

tC 19




226 ADDRESS 2
ROM ADDRESS CALCULATION DO - FUNCTIONS »
(OCTAL) TYPE m
4
m
214, 215, 216 DIRECT - ENABLE CONSTANT m’”
14 ? . 4 . 3
217, 224, 226, 232 DIRECT - 3 STATE EN 4
- LD MAR m
p 4
220 DIRECT COND SEL 0 <
- LD MAR &
-, ENABLE CONSTANT H
221, 227 DIRECT - 3 STATE EN N
- RQEN BX
= LD MAR
o
222, 223, 225, 231, DIRECT - LD DATA REG £
233, 234 < MEM READ g
230 DIRECT - LD MAR ’
- EN CONSTANT
=}
235 DIRECT - 3 STATE EN <
- MEM WRITE g
- TEST MEM o
- CIN 2
236 DIRECT - RESET BIT 0
237 CONDITION - RESET BIT 0
GROUP 2
BANK 1
342 DIRECT - LD DATA REG
COND SEL 0
COND SEL 1 ®
Unit
cre721, l TAKE VALUE FC 20 ®
Dn?ﬁgo' | Signal List 20 of 21




227

cn TKVAL
2 —= ACI3
RAR 214 1!
33B—>Q
RAR 215 11
| == BUS:
ACO A BUS
YES (00, 10)
32, ——ACI10 AC2:Q —-AC14,
MAR
RAR 216 ] I RAR 21, T
AC2 + AC10 — MEM —=AC] MEM —s AC15
MAR
221 1 RAP 225 I RAR 223 1!
) e =
MEM —=AC1 ACI13 A ACO AC15 —e— MAR
RAR 222 1! RAR J4s 1 _KAR (41 )
LULOW - | MO (0]
ACO > 1 = ACO ACH4 == MAR MEM—=— AC2 AC| —— MAR
RAR 23 1] AR 227 ] RAR 22¢ 1
i N
ACO > 1—==ACO ACES5 + | == MEM AC2'Q—e~ACl4, MEM =—ACI
MAR
RAR 235 T RAR 232 RAR 233 i
MEM=>=AC15 0, —— MaR
LRAR 233 |_RAR 230 I
cPU 721 MICROPROGRAM FLOW CHART FC20
R13542 TAKE VALUE (TKVAL)

flow Diogrom



228

ADDRESS 2
ROM ADDRESS CALCULATION DO - FUNCTIONS -
(OCTAL) TYPE m
240, 252, 263, 266 DIRECT - ENABLE CONSTANT 0 ®
241, 264, 267 DIRECT - 3 STATE EN z
- LD MAR 4l
-, M2 ReAD e
242 DIRECT it ied m
243 DIRECT - LD DATA REG
- 3 STATE EN g
- MEM WRITE 2
- TEST MEM e
- CIN b
244 DIRECY - LD DATA REG
- 3 STATE EN =
- RQEN BX :
- LD MAR s
246, 265, 272 DIRECT - LD DATA REG
- MEM READ b
247 DIRECT COND SEL 0
COND SEL 1 g
- LD MAR o
- ENABLE CONSTANT 5
250, 251 DIRECT ~ RESET BIT 0 :
253 CONDITION - RESET BIT 0
GROUP 2
BANK 1
1- 254 DIRECT COND SEL 0
COND SEL 1
- LD MAR
255 - DIRECT - CIN
256, 257, 260, 261 DIRECT WAFEN = | @
262 DIRECT o = £
. 270 DIRECT -, LD DATA REG I -
= TEST MEM ™ ~= 737" E
= MEM READ
27 DIRECT - RQEN 8X
= LD MAR
- ENABLE CONSTANT
Unit .
CPU721 TAKE ADDRESS FC 21 |
Dwg. No. '
R21399° Signal List 21 of 21



33a - ACI!5

RAR 240 1!

N

AC2 + AC15 =
MAR

o

RAR 241 T
MEM==AC 14
LRaR 242 1

[

&l

ACH4 + | —~MEM

(RAR 247

RAR 243 I
N

ACl4 —e MAR

AR 244 _1i

MEM-=ACI

RAR 246 |

) == BUS

—

ACO > V= AC0

RAR 25! 11

— 0

N —

crPUT
R13543

L0

AC2 ' AC10 —= ACt + ACI==ACI

MAR

RAR 267 1! RAR 26! [

MEM ~» AC1 AC2 + AC1~=AC2

RAR 270 1! RAR 262 1

ACl + AC3 == ACI

408 -~ MAR 418 — ACIO

RAR 271 h RAR 263 1

MEM = AC2 AC2 + ACI10 ==
MAR

RAR 272

B ] RAR 294‘ Il

&

17, = ACI0

LRAR 266

11

ALULOW -

NO (01 11)

ACO » 1= ACO
I
Q A ACO
I

3778—> BUS

ACl A BUS—=AC3

RAR 252 I

ACl - AC3I-=ACI

RAR 255 I

W

e
AC1 ¢+ AC1==A(C!

RAR 256 1

M r———
ACl ¢+ ACI==ACH

MZI.__I.L

ACI ¢+ ACI==A(C!

RAR 260 1

MICROPROGRAM FLOW CHART
TAKE ADDRESS (TDADD)
Flow Diagrom

ACO ' 1 —= ACO

RAR 251 1

T1ION GROUY 2

BANK 1
liCII>

fC 2t
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RETURN LETTER
Title: CPU721, Technical Manual RCSI. No.; 30-M328
A/S Regnecentralen af 1979/RC Computer A/S maintains a continual effort to im-

prove the quality and usefulness of its publications. To do this effectively we need
user feedback, your critical evaluation of this manual.

Please comment on this manual's completeness, accuracy, organization, usability,
and readability:

Do you find errors in this manual? If so, specify by page.

How can this manual be improved

Other comments?

Name: Title:

Company:
Address: . — .

Date:__

Thank you

42.4 1288
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