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 INTRODUCTION

The BCC 500 sYstem will aédbmmodéfe a large nﬁmber of term-
minéls a£tached by means of data multiplexers and a ﬁetwork of
high-speed communication lines. Thé data multiplexers can
accommodate a variety of terminals and some local peripheral
equipment,such as medium-speed line printers and tape units.
Although the first system produced by BCC will accommodafe

a very large number of terminals (over 2,000), the number

of users who can simultaneously make use Qf the system is,
of course, dependent on their computing réquirements. For
users of BASIC and similar conversational languages who are
working on problems of complexity and éize similar to those
now being accommodated by remote access systems, this number
is approximately 500. The system has thus been designated

the Model 500.

The BCC 500 system consists of two CPU's, several special
purpose management processors (handling Séhedﬁliﬁg, swapping,
storage allocation, charécter I/O,”error detection and
recovery), drum and disk transfer units, and a multiple
module core memory, all attached to a high-speed, high-
bandwidth integrated circuit memory system. Up to eight
drums (120 million bytes) and up to eight\disks (three
billion bytes) may be attached to the systgﬁ; Peripheralé
such as printers, magnetic tapes, and card equipment are
treated as remote devices which can be attached by means

of a special purpose processor.

-viii-



The commﬁnications and ﬁultiplexing facility, threugh’which
the terminals are brought into the system, is centered around
a special multiplexer deeigned and produced by BCC as a part
of the system. These multiplexers can accommodate either
full- or half-duplex operation of from fifty low-speed
terminals to a lesser number with line printing and card
reading equipment. The terminals can be of disparate

types and can operate at different rates and use different
codes. The remote multiplexers which communicate with the
system's character input/output processor provides for the
automatic detection and correction of errors arising in

the communications lines.

Complex resource allocafioﬁ algorithms built into the special
purpose proceséor in the system manage and control, the
dynamic allocation of processor and memory resources. These
algorithms permit minimum and maximum figures to be placed

on many critical system resourees demanded by users while
operating on the system. Such a facility can guarantee the
"performance of the system as seen by a user or a group of
users, independent of the load presented by other users or

groups of users. This guarantee includes the activation of

a user's program at a specified time.

-1
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50010
SECTION 1
GENERAL DESCRIPTION
A.H INTRODUCTION.

The purpose of this manual is-to provide the individual
with a working knowledge of the Bérkeley Computer Corpora-
tion (BCC) Microprocessor. ’This manual describes the func-
tional characterisﬁics and operation of the BCC Micropro-
cessor. |
B. PURPOSE OF EQUIPMENT.

The BCC Microprocessor is a system-oriented 24-bit
computer synchronous with a 1¢@-nanosecond clock. The BCC
Microprccessor is a controlling element, capable of pré—
viding a wide variety of data processing and control func-
tions, in a system. Special functions'may be added as
required to a particular unit, providing the system designer
with a broad spectrﬁn of interface capabilities énd
allowing him to optimize the capability of the unit to his
specific application.

C. BCC 500, SYSTEM, (See Figure 1.)

There are five microproceésors used in the BCC 500

systemns.

1. The Execution Unit (EU) of Central Processing

Unit 1 (CPU 1) - Runs user programs.
2. The Execution Unit (EU) of Central Processing
Unit 2 (CPU 2) - Runs user programs.

3. Character Input and Output (CHIO) - Buffers data

between the system and (remote) user terminals.

1

Microscheduler (MSCH) - Controls allocation of

system resources.

-3-



150010
5. Auxiliary ‘Memofy Controller (AMC) - Coﬁtrols data
transfers frém the drum storage files and tﬁe disc
storage files to central memory.
D. PHYSICAL DESCRIPTION. |
The BCC Microprocessor is comprised of two rows of
cards. Figure 2 shows the locations of the individual
assemblies. Table 1 is a list of common names, reference
designations, and assembly numbers for the individual cards.
Each row of cards is mounted on a panel 24 incheé wide, 12
inches high, and 14 inches deep. Each panel contains 33

connectors (136-pin).

Table 1. Reference Designations and Common Names.

REFERENCE ASSEMBLY ASSEMBLY

DESIGNATION NOMENCLATURE NUMBER QUANTITY
Al Clock & Local Control 1
A4 Memory Interface AC00240 1
A5 Control Logic AC00241 1
A7 Special Functions AC00242 1
A9, Branch Conditions 1

A\

Al0 Request Strobe (Breakpoint). AC00359 1
All O & OS Register AC00245 1

Al2, AlS8, M,Q,& Z Registers AC00246 3

A23

Al3, Al9, Adder/Cycler AC00247 3

A24

Al4, A20, Holding Register AC00248 3

A25 :

Al5, A21, Scratchpad AC00299 3

A26

[i&Test Purpose only
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Table 1. Reference Designations and Common Names. (cont'd)

REFERENCE § ASSEMBLY ASSEMBLY

DESIGNATION . NOMENCILATURE NUMBER QUANTITY
Al7 Parity Checker AC00359 1
A28 I/0 Interface AC00251A 1

Bl thru B11 Read-Only Memory (ROM) as req'a

and B18 thru '

B33

Bl2 thru B1l7 : I Register - AC00252 6

E. LEADING PARTICULARS.
Table 2 1is a listing of the méjcr physical and elec-

trical characteristics of the BCC Microprocessor.

Table 2. Leading Particulars

PHYSTCAL CHARACTERISTICS

Height: 24 inches
Width: ' 24 inches
Depth: 14 inches
ELECTRICAL CHARACTERISTICS
General: Extensive use of integrated circuits
employing transistor-transistor logic
(ttl). Most integrated circuits are
contained in 1l4-lead dual in-line
+ packaging.
Programming: Hardware programmed via diode memory
(read-only) .
Power Reqguired: + 5 vdc
Pilot Power - 5 vdc
+12 vdc
+ 5 vdc
Operating Power - 5 vdc
+10 vdc

Signal ILevels: High; +2.2 vdc to +5.5 vdc
Low; -0.5 vde to +0.5 wvdc

F. NON-STANDARD ARBREVIATIONS.
Table 3 is a listing of non-standard abbreviati ons .

applicable to the BCC Microprocessor and the BCC 500 System.

-7=
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Table 3. Non-Standard Abbre§iatioﬁs.

ABBREVIATION
OR MNEMONIC

DEFINITION

360/30
AaMC
AMTU
BCC
CHIO
CPU
CTU
EOR
FM
/0

ITR

mpxr
MSCH
NDRO
ROM
RTR
System WR
TSU
TUIM

UNG

- s e

IBM ;@g_modéi 30 processor
Auxiliary Memory Control
Auxiliary Memory Transfer Unit
gerkeley Computer g@rporation‘
CHaracter Input/Qutput
Central Processor (ing) Unit
Compute Time Register
Exclusive OR |

Fast Memory

;ﬁput-gutput

Interval Timer Register

Logical memory address to physical
memory address MAP

MicroProcessor

MicroProcessor Memory gpé Multiplexer
MultiPleXeR

MicroSCHeduler

Non-Destructive Read-Out

Bead~gp1y Memory

Real Time Register

SYSTEM Warning Registers

Transfer Sub-Unit |

Transfer Unit Interface Multiplexer

Unigue Name Generator

- ot b e e PN BT s ST T it ) S i G AR ST T A A i o
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SECTION 2
GENERAL THEORY OF OPERATION

A, INTRODUCTION

The BCC Microprocessor is a éyﬁchrondus, 24-bit
digital computer. The flow of data between the functional
elements of the computer is controlled by terms generated |
by the microprocesscr 90-bit instruction word. Table Al,

i |

in Appendix A of this manual, 1s a listing of the bits
in the instruction word and a definition of their function.

1. Data Flow. (See Figure 3.)

The X-bus and the Y-bus are the two principal
intramicroprocessor data transfer busses.. Data transfer
betweén the microprocessor and ancillary devices is accom-
plished by the El-bus and the E2-bus for a programméd—input
(pin), and by the z-bus for a programmed—butput transfer (pot).
Data transfer between the microprocessor and the core memory
is accomplished by the Ml-bus and the M2-bus for input'
data, and by the M-bus for output data. The data busses
are 24-parallel transfer iines gated by terms derived

from the microprocessor instruction word.

2. Read-0Only Memory (ROM).

The ROM is a diode memory containing the 90-bit
instruction words. The ROM is addressed by the O register
and outputs the selected 90-bit instruction,word to the I
register.

3. I Register.

The I register is a 90-bit register and contains

the current microprocessor instruction being executed. The

-10-
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I register is ﬁormally loaded at the end of each machine
cycle, from the ROM.

4. O Register.

The O register is a 10-bit register which holds
the address of the instruction word to be executed in the
next cycle. It can be loaded from the B-field of the
instruction word, the leést significant 10 bits of the X-
bus; the'incremented_contents of the O register; or the

0S register.

5. OS Register.
The 0S régister is a 10-bit register used to save
fhe return address for subroutine calls. The contents of the
0S register can be transferred to the Y-bus.

6. M, Q, and Z Registers.

The M, Q, and Z registers are 24-bit registers, and
are loaded fom the X-bus or the Y-bus. The M register is
also loaded, independently, from the local or central memory
under control of the central memory interface. The buffered
outputs of the Z register are used for parallel-output-
transfers (pot) to ancilliary devices via buffers on the
I/0 interface card. Two boolean (bool) boxes associated
with the M, Q, and Z registers provide inputé to the adder/
cycler. The output of the left or right bool box is the |
sixteen logical combinations of two variables M and Q, or

the Z and Q, respectively. The logical functions are

specified by the instruction word.

—-15-
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7. HdldihgwRégisters.

The holding regiéters, RZ thru R6, are 24—bi£ régis—
ters which are loaded from-the X-bus or the Y-bus. The
output of the holding register can be incremented, and is
gated by the instruction word to the Y-bus.

8. Scratéhpad.

The scratchpad is a 24-bit by 64-word register,
loaded from the X-bus, and read into the Y-bus. The
address of the word to be fetched from thebscratchpad is
contained in the instruction word or the least signifi-
cant six bits of the Z register.

9. Adder/Cycler.

The adder portion of the adder/cycier is a 24-bit
fﬁll-adder with an anticipated carry. The adder sums the
output of the left and right bool boxes. The resultant
sum is transferred to the X-bus. A low-order-carry input
to the adder may be'generated by the instruction word.

The cycler portion of the adder/cycler is controlled by the
instruction word or by the Z register, and 1eft cycles
the output of the left bool box to the X-bus.

10. Typical Instruction Cycle.

Every instruction in the microprocessor is a condi-
tional branch, The MCONT field (2vbits) of thg instruction
word defines the location of the braﬁch'addréééil The MC
field éf the instruction word speéifies one of 64 conditions
which, if satisfied, will éause a branch to occur. If the

branch condition is not satisfied, the contents of the C

-16-
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register (present address incremented) are used as the
address of the next instruction word; and at the end of the
machine.cycle, the next instruction is fetched from the
ROM and the O register is indreménfed. When the branch
condition is satisfied, the O register is not incremented
at the end of the machine cycle; the register clocks arer
inhibited. The cycle time of a successful conditional
branch is, therefore, extended. A success causes the

0 register to be loaded from the source specified by the
MCONT field of the instruction word. During the extended
interval, the O fegister fetches the word in the branch
destination address.

B. MICROPROCESSOR INSTRUCTIONS, (Ssee Figure 4.)

A micropfocessor instruction may require one, two, or
three machine cycles to be executed. The control logic
contains two flip-flops, XXB and XXC, which comprise the
sfatevcounter (See Paragraph 3A2). The’state counter
determines from VCY, DGO, and BRANCH in the instruétion whether
an’ instruction will take one, two, or three machine cycles.
The three possible states are state A (XXB"XXC'), state B
(XXB-XXC'), and state C (XXB%XXC). The length of time required
to complete an iﬁstruction depends on the type of instruc-

tion.

1. Unsuccessful Branch Instructions.
These instructions do not branch and do not have
the VCY bit in the instruction set. Execution of the

instruction occurs in state A and requires only one machine

-17-
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cycle.,

. 2. Stretched Unsﬁccessful Branch Instructions.
These instructions do ndt branch and have the VCY

bit in the instruction set. Execution of the insﬁruction

occurs at the end of state B and, therefore, requires two
machine cycles. State A is a waiting period that allows
signals to propogate through lbng paths such as scratchpad,
adder, and tests of X.

3. Successful Branches.

These are ins tructions where the branch condition
is satisfied. They require two machine cycles and, therefore,
use‘both state A and state B. Register loading is done at
the end of state B, but the O register is loaded with the
branch destination address at the end of state A. At the end
of state B, the O register is loaded again, this time with
the branch destination address plus one. Simultaneously,
the I register is loaded with the instruction contained at
the branch address.

4, Stretched Successful Branch Instructions.

These are instructions for which the branch con-
dition is satisfied, and the VCY bit in the instruction
is set. These inétructiohs use three machine cycles and,
therefore,rrequire states A, B, and C. This type of
instruction is used when the branch address or condition
requires the time to be generated; ILoading of any register

specified in the instruction occurs at the end of state C.

-20-
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5. Subroutine Calls.

A subroutine call stores fhebcontents of the O
register (the address of the instruction being executéd
plus 1) in the OS register, and loads the 0 register with
the subroutine address. This instruction requires two
machine cycles, state A and state B, and must, therefore,
have the VCY bit set in the instruction.

6. Deferred Branch Instruction.

Deferred branch instructions cause the instruction
after the deferred branch instruction (current address
plus 1) to be executed before the branch occurs. In order
to execute a deferred branch, the DGO bit in the instruction
is set. This instructibn uses state A only and requires
one machine cycle. If the VCY is set in the instruction,
an additional machine cycle will be available to prepare the
branch condition or address, and the instruction will use
state A and state B. 1In a deferred branch, the O register
is loaded from the B-field of the instrucfion, the least
significant ten bits of the X-bus, or the OS register at

the end of state A i1f VCY is set.

-21-
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SECTION 3 _
DETAILED THEORY OF OPERATIQN
A. CONTROL LOGIC CARD
The control logic card contains the timing, state coun-
ter, and the register clock circuits.
1. Timing.

The control logic card generates the clocks for the
microprocessor from the system clock (K1). The micropro-
cessor clocks are independently adjustable in width and delay
by conneéting jumpers on the control logic card between the
delay line and pulse amplifiers used to generate the clock.
The leading edge of the clock is determined by the start-
tap position of the jumper. The trailing edge of the clock
pulse is determined by the stop-tap position of the jumper.
Each start-tap and stop-~tap is identified on the control
logic qard by a letter. The clocks and their respective
start- and stop-taps are listed ih table 4. The clocks
are used to gate data and control signals to the indivi-

dual cards. Figure 5 shows the distribution of the clocks.

Table 4 . Clock Generation.

NAME START TAP STOP TAP FUNCTION
K1 N M Clocks state counter

flop XXB and XXC.

KIl 0 I Gated to produce
RZCLOCK thru R6CLOCK,
MCI.OCK, QCLOCK,
ZCLOCK, PFL.

KIZ2 Gated to produce
I12CLOCKA and IZ2CLOCKSB.
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‘Table 4 . Clock Generation. (cont‘d)‘

NAME START TAP STOP TAP FUNCTION
KI3 J H Gated to produce

I3CLOCKA and I CLOCKB.

K14 B L Gated to produce
LOAD OSREG.

K2 D E Used on special
function card, parity
card, and memory

interface.

K2X K G Used in memory
interface.

K3 C F Used in memory
interface.

LOAD OREG| P R Generates LOAD OREG.

2. State Counter. (See Figure 6.)

The inputs to the state counter are the VC? bit
and the DGO bit of the instruction word, and the BRANCH
term from the branch conditions card. (BRANCH is generated:
when the condition specified in the branch condition
field is satisfied.) The state counter is comprised of
t&o flip-flops, XXB and XXC. .State A is the initial
state of all instructions (state A=XXB'.XXC')., State B
(state B=XXB:XXC') is entered if the condition specified
in the branch condition field is satisfied and DGO is not
set (sXXB=XXB'e+XXC'+BRANCH*DGO' .,..), or if the vCY bit in the
instructioh is set (sXXB= ,..+XXB'*XXC'*VCY+.:4.). Thé
XXB flip—flop will be reset one machine cycle after it

has been set (rXXB=XXB+...). State C (state C=XXB''*XXC)
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is entered after state B if both conditiohs to set XXB
were satisfied (sXXC=XXB~VCY-BRANCH-DGO"...).. The XXC
flip-flop is reset one machine cycle after it has been
set (rxXXCc=XXC+...). The state couhter is clocked by

K1g, and is inhibited during a memory store or fetch by
the SC term from the memory interface card (sXXB, rXXB,
SXXC, rXXC=...-KIg-sC'). All the system clocks are gated
with combinations of the state counter and the VCY, DGO,
and BRANCH signals. Figufe 6 shows VCY, DGO, BRANCH, and
the state counter; and the statué of the associated clock
terns torthé fegisters. |

3. Register Clock Enable (RCE).

The RCE (register clock enable) gates the clocks
for the M, Q, 7Z registers, the seven holding registers,
and the I register. RCE is also sent to the memory
interface. It signifies that the current machine cycle
is the last cycle of the instruction. State A is the last .
cycle of an instruction if VCY is not set in the instruction
and the branch condition was not satisfied (RCE=XXB'-+XXC'-
VCY'* BRANCH'+...), or if VCY is not set in the instruction
and DGO is set in the instruction (RCE= ...+XXB'~XXC'- |
VCY'* DGO+...). State B is the last cycle of an instruction
if VCY is not set in the instruction (RCE = ...+XXB:VCY'+ ...),
or if DGO is set in the instruction (RCE= ... +XXB:DGO+ ...).
State C is always the last cycle for three cycle instructions

(RCE = ...+XXC).
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4. I2CLOCK.

| ’The I2CLOCK provides Eiming for the I register
branch conditions, and speéial functions. The I2CLOCK
signals from the Read-Only Memory (ROM) to the I register,
The read-only memory is divided into two areas, bank A
and B; each area contains an identical addressing strﬁc—
ture comprised of 1024 words from 0000 to 1777B. I2CLOCK
is divided into two clocks, I2CLOCKA and I2CLOCKB.
.I2CLOCKA is the clock for thevdata from the ROM bank A,
and I2CLOCKB is the clock for the data from ROM bank B.
I2CLOCKA is generated by KI1 if the BSELECT flip-flop
is not set during the last cycle in an instrucﬁion (RCE)
and the instruction would not interfere with a store or
fetch operation (SC'); (I2CLOCKA=KI2-BSELECT'+RCE*SC').
BSELECT is set by a special function and rémains set
until cleared by a special function. I2CLOCKB is gener?
ated by KI2 if the BSELECT flip-flop is set during the
last cycle'of an instruction (RCE) and the instruction
would not interfere with a store or fetch operation (SC');
(I2CLOCKB=KIl*® BSELECT-RCE-SC').

5. I3 CLOCK.

The I3CLOCK provides timing for the I register.

The I3CLOCK clocks signals from the ROM to the I register,
and is similar to the T2CLOCK with the exception that
IBCLOCK>is generated by KI3 instead of KI2 (I3CLOCKA=KI3.

BSELECT'+-RCE.SC') (I3CLOCKR=KI3:RBSELECT*RCE-SC').
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6. RZ thru R6 CLOCKS.

The clocks for the holding registers are generated
by KI1 during the last cycle of an instruction (RCE) if
the instruction would not interfere with a store or fetch
operation (SC') (Rn CLOCK=KI2-RCE*SC'...). The specific
clock is determined by the addréss specified in the LRN
of the instruction for Rl thru R6. (Rl=...-LRNg'-LRN2;
R2=...LRNg"LRNL.LRN2';...' R6=...LRN@-LRN1-LRN2'). RY
is clocked independently by LRO in the instruction which
allow RZ to be loaded at the same time as one of the other
registers (Rﬁ CLOCK=...-LRO). The hoiding registers must
be clocked for a loading operation. A read operation |
uses the RRN field of the instruction.

7. MCLOCK3, QCLOCK, ZCLOCK.

The clock for the M, Q, or Z register are gen-
erated by KI2 during the last cycle of an instruction (RCE)
if the instruction does not interfere with a store or
fetch (SC') and a bit in the instruction specifies |
a.&oad operation from the X-bux or the Y-bus for the
M, Q, or Z register (LMX, LMY, LOX, LQY, LZQ, LZY
respectively). The MCLOCK is generated by MCLOCK=KI2.
RCE-SC' - (LMX+LMY). The QCLOCK is generated by;:
QCLOCK=KI2+<RCE-SC'* (LZX+LZY). The M, Q, and Z registers
must be clocked for a loading‘operation.

8. K2 CILOCK.
The K2 clock provides timing for the special

functions, parity checker, and memory interface. The
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K2 cldck isvgenerated by the control logic for each
maéhine cycle (K2=K2A from UKl delayed).
9. K3 CLOCK. |
The K3 clock provides tiﬁiﬁg for the memory
interface. The K3 clock is generated by the control
logic for each machine cycle (K3=K3' from UKi delayed).

10. K2ZX CLOCK.

The K2X clock is used by the memory interface
to generate MCLOCKl and MCLOCK2. K2X is generated for
each machine cycle (K2X=K2X' from UKl delayed).

rll. O Register Control.

The LOAD OREG signal is the clocking term for
the O register. The 0 register clock is generated by
the contrél-logic if the instruction would not interfere
with a store cr fetch operation during staﬁe B, during
state C, or during state A if VCY is not set (LOAD
bﬁEG=SC'-(XXB+XXC+VCY')-UK1 delayed). The control logic
generates the transfer gating signals TINCO, TBO, TOSO
ahd TXO which load the 0 register. TINCO transfers the
output of the incrementer into the 0 register if a branch
condition specified in the MC field of the instruction
is not satisfied (TINCO=BRANCH'+...), if VCY is not set
during state B (TINCO= .;.+ XXE-VCY' +e..), or during
state C (TINCO= ...+XXC). TBC transfers the B field

of the instruction word into the 0 register during state A

if the MCONT field contains a @ or 1 (MCONT@ is not set),
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the branch condition is satisfied, VCY is not set in the
instrucﬁion, and the inétruction_does not interfere with
a store’(TBO:XXB'-XXC'-MCONT"BRANCH'SC'+...); or during
state B when the branch condition is satisfied, MCONT@

is not set in the instruction, and VCY is set in the
instruction (TBO= ...+XXB:BRANCH®MCONTZ'+VCY). TOSO
transfers fhe contents of the 0S register to the O
register during state A if the branch condition is
satisfied, the MCONT field is equal to 2, VCY is not set,
and the instruction would not interfere with a store or
fetch operation (TOSO=XXB'.XXC'*®BRANCH-MCONTYZ"MCONT1"
VCY'-SC'+ ...): or during state B if the MCONT field is
equal to 2, the branch condition is satisfied, and VCY

is set (TOSO = ...+XXB'MCONTQ'MCONT1"BRANCH'VCY).

TXO will transfer the contents of the contents of the
least significant ten bits of the X-bus to the 0 register
during state A if the branch condition is satisfied, the
MCONT fielé is equal to three, VCY is not set in the
idstruction, and the instruction would not interfere with
a store or fetch operation (TXO=XXB'*XXC'*BRANCH* MCONTJ"
MCONT1 VCY'+SC+...); or during state B if the branch
condition is satisfied, the MCONT field is equal to three,

and VCY is set (TX0= ...+XXB+BRANCH:MCONT@-MCONT1.VCY).

12. OS Register Contro].
The contents of the O register are clocked into
the 0OS register by the LOAD OSREG clock. The clock is

generated in the control loyic by the Ki4 clock., LOAD
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OSREG clocks the data to the dé register.during state

A if the branchkcondition specified in the MC field

of the instruction 1is satisfied, the MCONT field 1is

equal to one, VCY is not set, and the instruction would
not interfere with a fetch or store (LOAD OSREG=XXBf~
XXC'+ BRANCH* MCONT@' MCONTL-«VCY'+SC'+...); or during étate
B if the branch condition is satisfied, the MCONT field
is equal to one, VCY is set, and the instruction would
not interfere with a fetch or store (LOAD OSREG= ...+
XXB+ BRANCH* MCONTZ ' «MCONTL1- VCY+-SC').

13, Braﬂch Test.

BRTEST is generated by the control logic during
the interval in which BRANCH isvbeing checked. BRTEST
is used by the branch conditions to reset attention latches.
BRTEST is high during state A if the instruction would
not interfere with a store or fetch operation, and VCY
is not set in the instruction (BRTEST=XXB'°®XXC'-SC':
VCY'+ ...); or during state B if VCY is set (BRTEST =
XXB- VCY) .

14, Write Strobe.

The write strobe for the scratchpad memory 1is
generated by the control logic. The scratchpad write
strobe (WS) is derived from the K3 during state A when
the LSPX (load scratchpad from X-bus) bit is set in the

instruction word (sWS=XXB'+XXC'.-LSPX*K3; rWS=KI2-state A').
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15. Priority ILatching.

PFL is generated by the control logic by KI2
clock to load the priority laﬁches for central memory
requests from the memory interfaée; PFL occurs during
the last machine cycle of an instruction (RCE' if the
special conditions field in the instruction contains
an LPF (MS¢ thru MS5=22B) and the memory interface is
hot in the process of doing a fetch or a store (PFL=
KI2 RCE-LPF-SC').

B. I REGISTER CARDS. (Seé Figure 7.)

The I register is a 90-bit register which contains
the instruction currently being executed by the micro-
processor. The I register is loaded from the read-only
memory (ROM) at the end of an instruétion cycle by the
I2CLOCK or I3CLOCK, depending on the timing requirements
for the particular bit in the instruction (See Table Al
in Appendix A for timing a listihg and functions of the
individual instructions bits). The I register bit
i5 set by RAgn or RAIn (Where: n = 0 thru 89.) and the
corresponding I2/3CLOCKA (sIn = RA@n-I2/3CLOCKA+RAln.
I12/3CLOCKA+ ...); or by RBFn or RBIn and the correspén—
ding I2/3CLOCKB (sIn-=...+RB@n-I2/3CLOCKB+RBIln- 12/3 CLOCKB) .
(RAgn is the bit from ROM card @ thru 7 in the A bank;
Raln is the bit from ROM card 8 thru 15 in the A bank;
RBZn is a bit from ROM card @ thru 7 in the B bank;

'RBIn is a bit from ROM card 8 thru 15 in the B bank.
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Only one of these signals is selectea to be read out of
the ROM during an instruction.) ’(See Paragraph 3C for
a description of the %OM.) The I register bit is reset
at the end of the instruction if the corresponding bit
from the ROM is not set when clocked (rIn = RA@n'-
RAIn'-I2/3CLOCKA+RA@N RBIn* I2/3CLOCKB) .

C. READ-ONLY MEMORY.

The Read-0Only Memory (ROM) is a diode memory con-
taining the operating program for the microprocessor.
The ROM is comprised of two groups of cards refefred
to as bank A and bank B. Each bank is capable of having
up to 16 ROM cards. Each card contains sixty-four
90-bit words. The contents of the ROM address specified
by 0 register, are loaded into the I register. Both

banks of the ROM are addressed by the 0 register.

1. BSELECT Flip-Flop.

The bank selected is determined by the BSELECT
flip-flop. The BSELECT flip-flop is essentially thev
eleventh bit éf the address, with therexception that is
not incremented and must be set or reset by an instruction
containing a SELECT B special éondition or a SELECT A
special condition. The BSELECT flip-flop is set if the
special condition field specifies SELECT B, is cleared
if the special conditién field of the instruction-
specifies SELECT A, and is not changed if the special

condition field does not specify a SELECT A or SELECT B.
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The BSELECT flip-flop is set or reset at the same

time that the 0 register is loaded from the B-field

of the instruction. When the microprocessor is ihitialized,
the BSELECT flip-flop is cleared.

2., BSS Flip-Flop.

A bank select saved (BSS) flip-flop is used to
store the status of BSELECT when an instruction is a
subroutine call, and the contents of the 0 Register are
transferred to‘the 0S register. When the subroutine
returns to the main program the BSELECT flip;flop is
restored to the previous state by the BSS flip-flop.
If the subroutine transfers the contents of the 0S
register to the Y-bus, the status of the BSS is also
transferred to the ¥Y-bus; and when the address is re-
called, the BSELECT flip~flop is set from the X-bus.

3. Address Decodings.

The contents of the 0 register are decoded by a

logic matrix on the O and 0OS registers card. Bit g
thru 3 of the O register generate the card selected
signals, CSg thru CS7 and CSlﬁ’thru CS1l7. Bits 4, 5,
and 6 of the 0 register generate the Y-line selected
signals, YS@ thru YS7. Bits 7, 8, and 9 of the O
register generate the X-line selected signals, XS
thru XS7. The word on the ROM card is selected by

the X-and Y-lines. The particular card is selected

by the CSn signals. The bank read into the I register
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is determined by the clock signal gates by the status
of the BSELECT flip-flop.
'D. O & OS REGISTER CARD. (See Figure 8.)

The O and OS register card coﬁtains the address
register (O régister), the address storage register
(0OS register), and the address decoding matrix for the
' Read-Only Memory. |

1. O Register.

The O register is a ten-bit fegister which contains
the address of the next instruction to be éxecuted. The
O register is loaded from the location specified by the
‘MCONT field of the instruction if the branch condition
specified by the MC field of the instruction is satis-
fied. If the branch condition is not satisfied, the
contents of the O register are incremented by one. The
MCONT field is decoded by the control logic to provide
fhe gating for the O register set terms. If a branch is
satisfied, the O register is loaded by the LOAD OREG
clock and the contents of the B field of the instruction
if the MCONT field equals g or 1 (sOn= LOAD OREG*Bn
TBO+...) or by the ILOAD OREG clock and the contents of
the OS register if the MCONT field of the instruction
equals 2 (sOn=...+LOAD OREG-0OSn-TOSC...), or by the
LOAD OREG clock and the least significant 10 bits

in the X-bus if the MCONT field of the instruction equals
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'3 (sON=...4LOAD OREG* Xne T INCO) . (See paragraph 3All. -
| C‘Regisfer Cbntrol—fér a detailed description of the
control terms and clock from the control logic card.)
The contents of the O register are distributed to the
decode matrix to generate the addressing terms for the
ROM, to the incrementer where they are incremented by
one if a branch does not succeed, and to the OS register.
(See Paragraph 3¢3 for a description of the decode matrix,)
2. O Register Incrementer.

The O register is incremented by complementing

the least significant bit; and generating a carry input

to the next bit, if the least significant bit is high
prior to being compiementedo The remaihing biﬁs, a3
thru}ﬂS, are set by conditional sum half adders. The half
adder provides a sum output used to set the associated bit,
and a carry to the.next bit. The inputs to the half adder
are the carry from the previous bit, and the associated
bit. To increase the speed of the incrementing cycle,

the O register is divided into three groups of bits with
an carry from the previous group.

3. The OS Register.

The OS register is a ten-bit register used to
store the contents of the O register during a branch.
If the MCONT field of the instruction is a 1, and the
branch condition specified by the MC field of the
instruction is satisfied, the OS register is loaded with

the contents of the O register by the LOAD OSREG clock
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from the control logic (s0Sn=0On°*LOAD OSREG). The contents
of the 0S register are transferred to the least significant
ten bits of the Y-bus if TOSY is set in the instruction
(¥Y=T0SY-0S). (see Paragraph 3Al2. - 0OS Register Control-
for a description of the LOAD OSREG clock.)
NOTE

0S register is implemented with flip-flops

triggered by the leading edge of the clock.
E. BRANCH CONDITIONS CARD.

The branch conditions card decodes the contents of
the MC field in the instruction, and examiﬁes the data
associated with the decoded branch condition. If the
branch condition is satisfied, a BRANCH signal is generated.
(See Table A2 in Appendix A for a listing of the branch
condition codes and functions.)

1. Branches,

The MC-field is decoded in two groups. The
first group is comprised of bits g, 1, and 2 in the MC-
field, and is decoded to generate S@ thru S7. The second
group is comprised of bits 3, 4, and 5 in the MC—field,
and is decoded to generate T@ thru T7. There are 64
possible combinations of branch conditions. Only 36
of these combinations are used conditions. The rest
of the combinations are not decoded; ahd, therefore, will
never branch. Every‘decoded branch is the logical
product of the branch condition specified and the decoded

MC~-field for the condition. 7The BRANCH signal is the
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logical sum of all the decoded branches. Table 5 is

a list of the logic equations for each branch condition

and a description of

the terms.

Table 5 BRANCH Logic
BRANCH= DESCRIPTION
sg-T1 MC=g1l (will always branch)
+SFeT26 (X(0) '+ X (1) 'e.aaX(23)") (MS=g2) .+ (X=0)
488 T3+ (X(0)+X (1) +...+X(23)) (MC=@3) - (X#A0)
+Sfge T4 X (&) (MC=@4) - (X&)
+8@8-T5-X ()" (MC=@5) « (X>0)
487 T6.X@ "'+ (X(F)+X(1)+...+X(23)) MC=g6) - (X>8)
+8@T7-Y (F)" MC=g7) - (Y>0)
+81°T4e (X(6)°X(7)c0eeoX(23)) (MS=14)- (X(6)-X(23)=
777777B)
481T5¢ (X(6) '4+X(7) ' +...4X(23) ") (MC=15)° (X (6)+X (23)#
777777B)
+81-T6-Z (F) " (MS=16) -+ (224)
fSl-T7-Z(g) (MC=17)" (Z<d)
+82+T@ MC=2g (will always branch)
+82+T1- (Y(21)4+Y (22)+¥ (23)) (MC=21) * YAT£H)
+S82-T2- (BLO'-BL1'"...*BL23") (MC=22) - (BL=0)
+82+T3° (BLF+BL1+...+BL23) (MS=23) * (BLA®)
482 T4-Y(23) " (MC=24) - (Y (23) =0)
+52°T5°Y(23) (MC=25) - (Y (23) £A¥)
+82°T6* ATLATI (MC=26)* (Attention

latch 1=9)
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BRANCH Logic.

(cont'd)

BRANCH=

DESCRIPTION

+82.T7-RS1'- RS2

+S3 T@+ PNEX
+83+T1-RS2'
+S3+T2*SPAG'
+83:T3-SPAG
+S3+T4-ATLAT2'
+S3+T5-ATLAT3"

+S3°T6-ATLATL

(MC=27) * (RSLAT1=f) - RSLAT2 =)
(MC=3d) » (Protect#X)

(Mc=31) + (RSLAT2=()

(MC=32) -+ (Special flag A=)
(MC=33)* (Special flag A=f)
(MC=34)- (Attention latch2=g)"
(MC=35)* (Attention latch3=@)'

(MC=36)+ (Attention latchl#g)'

+84-Tg- SB1 (MC=40) * (Undefined)

4+S4-T1°SB2 (MC=41)"° (Undefined)
+S4-T2+- LMPE (MC=42) * (Local memory parity
error=1)

4+84-T3-SB3 (MC=43) ¢ (Undefined)
+S4-T4.CMPE (MC=44) . (Central memory parity
error=1) |

+84-T5-BP (MC=45) * (Breakpoint#d)

2. Attention Latches.

The branch conditions card contains three latching
flip-flops, attention latch 1 (ATLAT1), attention latch 2
(ATLAT2), and attention latch 3 (ATLAT3). The attention

latches are set by the corresponding SATLAl', SATLA2',

or SATIA3' signal from the I/0 interface card and the K2
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clock from the control logic (sATLATi = SATLAl'-K2+
...; SATLAT2=ATIAT2'-K2; sATLAT3=SATLA3'-K2). Attention
latch 1 is also set by the ADVANCE switch on the local
control panel. (This switch is ﬁsed exclusively by the
diagnostic microprocessor.) The ADVANCE switch generates
two signals, ADVNO and ADVNC; where ADVNO=ADNC'. In

the quiescent state; ADVNO is high, and ADVNC is low.

Two flip-flops ADV1 and ADV2, are associated with the
‘input from the switch, and are used to generate a pulse
each time that the switch is pressed. ADV1 and ADV2

are initially set (sADV = ADVNC- I2CLOCK; sADV2=ADV1®
I2CLOCK). When the ADVANCE switch is pressed, ADV1

is reset (rADV1=ADVNC'-:I2CLOCK). One instruction cycle
later, attention latch 1 is set (sATLAT1=ADV1'-ADV2:*
ADVNO- I2CLOCK), and ADV2 is reset (rADV2=ADV1'-I2CLOCK).
ADV1 remains reset until Ehe switch is releaSed. (sADV1=
ADVNC+ I2CLOCK), and ADV2 remains reset for one instruction
cycle longer (sADV2=ADV1-I2CLOCK). The attention latches
a¥e reset by branch condition in the MC field when the
condition of the respective latches is being tested,

and the latching signals are not in the process of set-
ting or holding the attention latches (rATLAT1=ADVI1-
SATLALl: I2CLOCK* (82°T6) +(S3*T6) +tADV2 '+ SATLALl: I2CLOCK-
[(S2:T6)+4(S3-T6) ] +ADVNO* SATLA: I2CLOCK: [ (S2-T6)+(S3:T6) ]

rATLAT2=SATIA2.S3-T4-K2; rATLAT3=SATLA3-S3:T5-K2).
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F. SPECIAL FUNCTIONS CARD.

Thérspecial functions card decodes thé contents
of the MS field in the instruction, and generates the
control signals required for thé function. (See Table A3
in Appendix A for a listing of the special function.)
The MS field is decoded in two groups. The first
group is comprised of bits g, 1, and 2 in the MS field,
and is decoded to generate UZ thru U7. The second
group is comprised of bits 3, 4, and 5 in the MS field,
and is decoded to generate to V@ thru V7. The logical
product of thrity eight of the sixty four possible
combinations of UZ thru U7, and vg thru V7 are used
to generate the control terms. The remaining combina-
tions are available for future expansion. Table 6,
is a list of the logical equations for each special

function and a description of the terms.

Table 6 . Special Functions Logic
Definition

Function Eguation of Terms

" ...1 place. |LCY1B = Ug-Vl MS=@1
Left cycle ...2 places. |LCY2B = UZ* V2 Ms=@g2
the data
from the ...3 places. |LCY3B = U@g-V3 MS=¢3
left bool
box to the ...4 places. |LCY4B = UZ-V4 MS=@4
X-~bus. ..
(See Para- ...8 places. |LCY8B = UZ-V5 MS=@5
graph
(322 .) ...12 places.| LCY12B = U@+ V6 MS=@6

...16 places.! LCY16B = UJ-V7 MS=g7
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Table 6 . Special Functions Logic (cont'd)
Definition

Function Equation of Terms
Left cycle /;..20 places, |LCY20B = Ul-Vg MC=10
the data
from the ...as spec- CCFZA = Ul-V1 MsS=11
left bool ified by Z22
box to the §{and Zz23
X~bus (See
Paragraph ...as spec- CCFZB = Ul-V2 MS=12
3A2  .) ified by 219,

720, and Z21
scratchpad address SPFZ = Ul-V3 MS=13
from Z (See Paragraph
33 )

sALERT = Ul*V4. MS=14
I2CLOCK
rALERT = Ul*K2 !
3 MS#14
+ V4'-K2 .
7/
Set Parallel Output sPOT Ul-V5- MS=15
(See Paragraph 3F1l.)
I2CLOCK
Reset Parallel Output rPOT = Ul'-K2
(See Paragraph 3Fl.) MS#15
‘ + V5'+R2
Set Parallel Input sPIN = I2CLOCK- MS=16
*(See Paragraph 3Fl.) ‘
Ul. V6
Reset Parallel Input rPIN = K2-Ul"
(See Paragraph 3Fl.) MS#16
+ K2-V6'
Request Stobe 1 RSOUT 1 = Ul- (MS=17)

V7« BRTEST (interval
during which
the branch
condition
is tested.)
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Table 6 . Special Functions Logic (cont'd)

Definition
Function ' Equation of Terms
Unprotect as specified by| UPXn = U2-V{+'Xn (MS=20)
X-bus mask (See Para- (n = 20, 21, 22, or
graph 3F2.) 23)
Clock memory interface LPF = U2+V2 MS=22
to load priority lat-
ches for central mem-
ory requests
Reset request strobe rRS1 = I2CLOCK-U2+V3 | MS=23
latch 1
Reset Central Memory MI RESET = U2-V4 MS=24
request
+ MR{
+ MR1
Set protect as speci- PXn = Us-V5-+:Xn (MS=25)
fied X-bus mask {n = 20, 21, 22, orx
(See Paragraph 3F2.) 23)
Reset used by TSU RESETTU = U2.V6 MS=26
' Set special flag sSPAG = U3+VJ *I2CLOCK| MS=3¢
Reset special flag YSPAG = U3:V1«I2CLOCK| MS=31
Reset request strobe rRS2 = I2CLOCK-U3+V2 | MS=32
latch 2
Request strobe 2 RSOUT2 = U3+*V3*BRTEST| (MS=33) (inter-
val in which thel
branch condition;
is tested)
Undefined SMS 1 = U3-V4 MS=34
Release Special functions 40 MS=40
Prestore thru 47 are control MS=41
Store terms for data transJ MS=42
Store & Hold fer between the Mi- MS=43
Fetch croprocessor and MS=44
Fetch & Hold central or local MS=45
Prefetch memory (see Paragraph MS=47
3M.) -
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Table 6 . Special Functions Logic (cont'Qd)

. . Definition of
Function Equation , . Terms

Select ROM bank A YBSELECT = K2+U6.V@-TBO (MS=60)

(See Paragraph 3Ll1.)
+ Ks+BSS'e TOSO

+ K2X13'.TXO

Select ROM bank B sBSELECT = K2.U6.V1:TBO (MS=61) (Con-
(See Paragraph 3Ll.) tents of B

+ K2.BSS:TOSO field trans-

ferred to O

+ K2:X13+TXO Register
Clear CPU maps CMAP = U6.V2 MS=62
Oddword Fetch Control terms used by MS=64
Oddword Fetch & Hold memory interface MS=65

(see Paragraph 3M.) "

1. POT/PIN.

The POT/PIN System allows the microprocessor to com-
municate with external devices. (See Paragraph 3N for a
detailed description of the I/O functions). When the micro4
processor wishes to transfer data to an external register
(ﬁOT), it puts the address of the external register to be
loaded (hardware defined) into the Z Register and sends
an ALERT strobe to all external devices. The external
device takes the address from the Z-bus to the specified
register. The microprocessor will then load the Z-bus
with the data to be sent, and send a POT strobe.frThe
external device will use this POT strobe to load the
selected register from the Z-bus. When an éxternal de-

vice wishes to send data to a microprocessor (PIN), the
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devices send an attention signal, SATLAn, to the micro-
processor. This signal is latched in the microprocessor
and is tested by a branch condition ATLAn=1. The micro-
processor will, via programmed instructions, read a regis-
ter in the external device by sending an alert to the
device. The device will set up a path between the se-
lected retister and the El-bus or E2-bus. The micro-
processor will then transfer the El-bus or E2-bus to the
Y-bus; and send a PIN strobe, via programmed instruc-
tion, signifying that it has read the data.

2. Protect System.

The protect mechanism allows a microprocessor to have
undisturbed use of certain facilities of the system.
There are four identical protect units, eéch protecting
a specific item. When a microprocessor wishes to
protect, the ﬁicropfocessor will gate a bit mask onto
fhe four low order bits of the X-bus. This mask will

vhave a one in the position corresponding to the protect
tO be selected. Simultaneously, the microprocessor will
set a special function, request protect. The instruc-
tion which requests the protect must have VCY set. The
protect sysfem examines the X-bus and the protect request
lines from all microprocessors during each cycle and re-
solves conflicts between units on a positional priority
basis. The protect mechanism sets a latch peculiar to
the typelof protect, and to the microprocessor initiating

the request. The protect system has a comparator for each
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microprocessor which compares the low order four bits

of the X-bus with the four protect‘latches peculiar to
that microprocessor, and returns a one if they are not
equal. A branch condition, Branch on X-bus not equal

to protect field, is provided to allow execution of a
loop until a request is satisfied. When a micropro-
cessor wiéhes to unprotect, it gates a 4-bit mask to the
X-bus least significant bits, and sendsuan uﬁﬁrotect sig-
nal to the protect system. The X-bus mask specifies
which of the four types of protect are to be released.
Unprotect takes one cycle and need not be tested, as it
will always succeed. A protect remains in effect until
the microprocessor, which initiated it, releases it.

3. Request Strobe.

Each microprocessof has two latches that are set by
the o£her microprocessors in the system. These latches
may be tested by a branch condition. A unit can also
selectively set the latches in all the other micropro-
cessors by gating the contents of the X-bus to the
request strobe lines. The X-bus will contain an 8-bit
mask which will determine which of the other micro-
processors are to be strobed. It is legal for a micro-
processor to strobe itself. (See Paragraph 3L for a
description of the request strobe.)

G.. MQZ REGISTERS CARD.

The MQZ registers card is comprised of three 24-bit
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fegisters (M register; Q register, Z‘register), and two
boolean function circuits (left bool box, right bool box)
associated with the regisferé. The M, Q, and Z registers
are loaded from X-bus or the Y-bus. The M register is
also loaded from the local or central memory via the
M2-bus or the Ml-bus, respectively. The output of the
right bool box is the logical combination, as specified
by the BR field, of the contents of the Zrand Q regis-
ters (See Table A4 in Appendix A for a listing of the
boolean functions). The output of the left bool box

is the logical combination, as specified by the BL
field, of the contents of the M and Q registers (See
Table A4 in Appendix A for a listing of the boolean
functions). The outputs of both the bool boxes go

to the adder/cycler.

1. M Register.

\
The M register is loaded from the X-bus or the

Y-bus by LMX or LMY, respectively, in the instruction
Word and the M register clock (sMn=Xn-LMX-MCLOCK3+
Yn-.LMY*MCLOCK3+...). (See Paragraph 3A7 for a descrip-
tion of the MCLOCK3.) The M register is also loaded
from the central memory or the local memory by LMM1 and
LMM2, respectively, from the memory interface and
MCLOCK1l or MCLOCK2, respectively, which are logically
summed with the MCLOCK3 froﬁ the control logic to gener-

ate MCLOCK (MCLOCK=MCLOCK1l*MCLOCK2+MCLOCK3); data from
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central memory is transferred via the Ml-bus, and data
from local memory via the M2-bus (sMn=...+Mln LMM1l. MCLOCK+
M2n.LMM2+MCLOCK) . (See Paragraph 3M for a description

of LMM1 and LMM2.) (See Paragraph 3M for a descriptioﬁ of
MCLOCK1 and MCLOCK2.) The data loaded in the M register
goes to the left bool box and the M-bus. The data on

the M-bus is gated to the memory by signals from the
memory interface. (See Paragraph 3A7 for a description
of the memory interface, and the transfer of data from

the M-bus to memory.)

2. Q Register.

The Q register is loaded from the X-bus or the
Y-bus by LQX or LQY, respectively, in the instruction
word and the Q register clock (sQOn=Xn.LOX+:QCLOCK+Y¥YneLQYe -
QCLOCK) . (See Paragraph 3A7 for a descriétion of
QCLOCK) . The data in the Q register goes to the left
bool box and the right bool box.

3. Z Register.

’ The Z register is loaded from the X-bus or the
Y-bus by LZX or LZY, respectively, in the instruction
word and the Z register élock (sZn=Xn»LZX+ZCLOCK+
Yn.LZY+ZCLOCK) . (See Paragraph 3A7 for a description
of ZCLOCK.) The data in the Z register goes to the
right bool box and to the Z-bus.

4. Bool Boxes.

The left bool box and the right bool box are
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logic matrixes that provide one of 16 possible logical
combinations of two variables. Thé output corresponds
to the boolean functibns specified by the BL field and
the BR field of the instruction. The left bool box
combines the M register and Q register outputs under
control of BL@ thru BL3 providing the 1oéical com-
bination of the logical products of M, Q, M', and Q'
(BLn'+BLZ*Mn-Qn+BL1' «Mn-Qn'+BL2'Mn' «Qn+BL3"' -Mn'-QOn' .
Note that this is inverted.) The resultant outpﬁt of
the left bool box is the logical sﬁm of the pfoducts to
the adder/cycler whére it is invérted to provide one of
the 16 functions specified by the count in the BI field.
(Table 7 is a list of thé logic equations for the bool
boxes and a description of their functions.) The out-
put of the left bool box goes to the adder and to the
cycler of the adder/cycler card.
Table 7. Left (Right) Bool Box Logic.
Where; n=g thru 23;
And for the left bool box: a-~L, b=M

And for the right bool box: a=R, b=Z

Ba= DEFINITION

BagZ+Bal'-Ba2'.- Ba3'+bn-QOn (Ba=g@) - (6 Q)=1

+Baf's Bal's Ba2': Ba3» (bn-QOn+bn'-Qn' )} (Ba=g1l) - (b=Q)=1
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Table 7 . Left (Right) Bool Box Logic (cont'd)
Ba= DEFINITION
+Ba@'sBal'+Ba2-Ba3'.Qn (Ba=@g2)¢Q =1

+Ba@ '+ Bal'-Ba2-Ba3-(bn'+Qn)
+Baf's Bal-Ba2'+-Ba3'+.Dbn
+Bag'+.Bal-Ba2'+Ba3 - (bn+Qn')
+Ba@'*Bal-Ba2+Ba3'+ (bn+Qn)
+Baf@'+BalesBa2+.Ba3e (bntbn'+Qn+0On"')
+Ba@-Bal'+Ba2'-Ba3'+(bnebn'«Qn.QOn')
+Ba@<Bal'+*Ba2'+Ba3'+bn'+.QOn'
+Bag@+Bal'«Ba2+Ba3'«(bn'.Qn)
+Ba@+Bal'+sBa2+Ba3.bn’
+BaffsBal-Ba2'-Ba3.-bn.Qn'
-+Baff+Bale«eBa2'-B3a3.Qn'
+Bage¢Bal-Ba2-Ba3- (bn.Qn'+bn'.Qn)

+Ba@sBal¢sBa2<«Ba3s (bn'+0n")

(Ba=@3) « (b*+Q) =1
(Ba=g4) =1
(Ba=g5) » (b+Q") =1
(Ba=g6) « (b+Q) =1
(Ba=@7) =]
(Ba=10) =g
(Ba=11l) »(b'-Q")=1
(Ba=12}¢(b'~Q)=1
(Ba=13)+Db' =1
(Ba=14) «b«Q'=1
(Ba=15).Q' =1
(Ba=16)+(bn(EOR) Q) =1

(Ba=17)« (b'+0"')=1

H. ADDER/CYCLER CARD.

~The adder/cycler is comprised of three physically

identical cards.
from the left bool box (BLn)
(BRn) .

only the left bool box data.
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1. Adder.

The adder is comprised of six 4-bit sections with
carry acceleration over each section. A consideration in
the adder is the time required to do the add, the delay
around the loop from the M, Q, and Z registers, through
the adder, onto the X-~bus, and back into the M, Q, and
Z registers; which takes more than one clock period.

Data must be stable during the clock (K2) which loads
M, Q, or Z registers, therefore VCY must be set during
adds. |

a. Carry Portion. The carry portion of a single

stage of the adder does one of three things with respect

to carries;‘generates a carry—out‘independent of the
carry-in, absorbs a carry-in, or propagates a carry-in
across itself. A carry-out is generated, independent of
the carry-in when; BLn+BRn=1. A carry-in is absorbed

when; BLn+BRn=@g. A carry-in is propagated when; BLn (EOR)
BRn=1, and the input carry (Cn-1l)=1. The adder is

divided into six 4-bit sections to provide carry acceleration
over each 4-bit section. If a given stage either generates
or absorbes a carry, the output carry state from that

stage is fully determined independent of the carry-in for
that stage. Within a 4-bit section haveing no antici-

pation, the output carry from the high order bit is fully

determined 4 logic levels after the input signals for
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all the bits have stabilized. The longest time required
for a carry to arrive at a given stage is 4 logic levels
from the time the carry arrives at the low order bit,
assuming that the low order 3 bits propagate the carry,
and the 4th bit absorbs the carrxy. If all four bits

of a group are in the correct state to propagate a carry-
in (BLn+BRn=1), or not to propagate a carry (BLn'+BRn'=1l),
then the carry-out from the 4-bit section can be de-
termined in two levels rather than 4. The PK signal
indicates that a carry is not generated by the section,
is not propagated across the section. The PK' signal

is used as one of the carry inputs to the next section,
and is also used to force the no carry output of the

high order bit of the group to 1. In a similar fashion,
the PC sigﬁal indicates that a carry is inputed to the
section, and is propagated across all 4 bits.v PC' is
éent to the next section as part’of the no-carry input
term, and also forces the carry output of the high order
bit of the group to 1.

b. Anticipated Carry. The anticipatory circuitry

guarantees that a carry out from a group will be stabilized
after the BLn+BRn and BLn'+BRn' signals for the group have
stabilized, or after the carry signals from the nexthless
significant group are stable at the inpﬁt of'ﬁﬁe“gf;ﬁp;
whichever is greater; The total time reguired after

the arrival of BLn' and BRn' at the card input to cbtain
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a stable carry out from bit £ is appfoximately 16 levels.
Fiom the time the carries have stabilized, additional
time is required to stabilize the sum on the X-bus.

c¢. FLUSH. FLUSH is a signal derived from the
branch conditions card; FLUSH inhibits the carry circuit
if an add is not required and a zero-shift of data thru
the adder is required. More than one cycle is required
to do an add. If VCY is not set in the instruction and
the branch condition is not satisfied, the instruction will
use only stata A. FLUSH' inhibits the adder carry if
VCY is not set, or if the branch conditions field of
the instruction specifies an always‘branch (call).
(FLUSH'=VCY'+S@ T1+S2 Tf).

2. Cycler.

The cy¢1er does’left cycles only. The 8 inputs
to the gates for each bit are connected to the left
bool box signals for the bits that correspond to 1, 2,
3, 4, 8, 12, 16 and 20 bits to the right of the bit, and
a;e gated by the cycle count, LCY1lA thru LCY20A or
ICY1B thru LCY20B. The cycle count is taken from the
special function field, LCY1B thru LCY20B, generated
on the special function card or from the Z register,
ICY1lA thru LCY20A are generated on the control logic
card.
I. PARITY CHECKER.

The parity checker generates the parity bits for
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data contained in the M registér. The contents of the

M register are examined as two fields, M@ thru M1l and
M12 thru M23. Each field is decoded by identical logic
matrices. If the field contains an even number of high
bits, then the parity bit is high (LMPARZOUT=Mg thru M1l
contain an even number of high bits; LMPARIOUT=M12 thru
M23 contain an even number of high bits). During a

store operatioh, the parity bits; LMPARZOUT and LMPARIOUT,
are sent to the local memory with the data. The parity |
bits to central memory, PARFOUT and PAR1OUT, are the

local memory parity bits AND-gated with GDM (GDM is

always high) which is generated by the memory inter-

face during a store (PARnOUT=GDM¢«LMPARnOUT; where;

n=g for bits M@ thru M1l parity; and M=1 for bits M1l2
thru M23 parity). Data resides in the Microprocessor

M register for at least 1 cycle before being gated to
central memory, or being strobed into the privaté memory
data register, allowing the parity generator to become
stable before the output is used.

1. Parity Register.

During a fetch operation the two parity bits from
memory (LMPARQPIN and LMPARIIN, if the fetch is from local
memory; or PARZIN and PAR1IIN, if the fetch is from cen-
tral memory) are stored in a parity register at the same
time that the M register is loaded with the data.
(SLMPARZ=LMPARJIN ¢« (MCLOCK1+MCLOCK2) ;
SLMPARI=LMPARIIN ¢ (MCLOCK1+CLOCK2) ;

SPARZ=PAR@IN ¢ (MCLOCKI1+MCLOCK2) ;
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sPAR1=PAR1IN+* (MCLOCK1+MCLOCK2)). The contenfs of the
M register are examined for even parity and compared
with the contents of the corresponding bits in the
parity register. If the parity‘bit of the corresponding
M register field is not the same as that stored in the
parityvregister, the parity error flip-flop (LMPE{Z,
LMPEl, CMPEY ox CMPEl) associated with that parity bit
is set one instruction later. LMPARn'*...+LMPARNOUT '«
ILMPARn+«SLMP+*K2; sCMPEn=LMPARnOUT+PARn'-+...+LMPARnOUT"
PARNn+SCMP+K2) . SLMP is set if the local meﬁory is
clocked (sSLMP=MCLOCK2+:K2), and reset at the end of the
next instruction (rSLMP=K2). SCMP is set if £he central
memory is clocked (sSCMP=MCLOCK1*K2), and reset at the
end of the next instruction (rSCMP=K2). The status
of the parity error flip-flops (latches) is tested by
two branch conditions; local memory.parity’error
(LMPE=LMPEQ+LMPE1), and central memory parity error
(CMPE=CMPE@+CMPE1) .
NOTE

Care must be taken when using the branch

conditions on the parity error latches,

since the latches are not set on an error

ﬁntil 1 cycle after the}memory has stopped.

An instruction seguence;

FETCH
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GO TO ZILCH IF PARITY ERROR,

checks the périty of transfers which
occurfed prior to the fetch,isince the
memory is still running when the test
is done. To‘check the parity of an

isolated reference, the following works:
FETCH

RP+RP (or some other instruction which
will stop execution until the memory

stops.)

NOP (the parity error latch will be set

at the end of this instruction.)
GO TO ZILCH IF BAD PARITY.

The parity error latches are reset at the end of every
branch instruction if the branch condition is not a
memory parity error check (rLMPE=RLMP=K2~BRTEST-TLMP‘;
rCMPEn=RCMP=K2+¢BRTEST.TCMP'). The outputs of the parity
error latches are also routed to the system warning
register.

2. Addressing Parity.

The parity checher alsc generates =n odd parity bit
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(APAR) for 17 bits of the Rf register, RQ(G) thrﬁ RF(22)
inclusive, which comprise the memory address. R@(6) thru
ARQ(ZZ) are decoded by a logic matrix so that, if an odd
nunber of bits is high, then APAR will be high. In

most cases, the address is in Rf for 1 cycle before being
sent to the memory (while the microprocessor is making

a request to the MPMBM); in the case of the CPU, this is
hot necessarily the case. Address parity (APAR) will be
stable 60knanoseconds after the data in RF is s£éble. This
implies that in the worse case, address parity wili

arrive at the memory 60 nanoSecondé after the-addfess and the
request field arrive.

Jd. SCRATCHPAD.

The scratch pad is a non-destructive read-out (ndro)
memory comprised of sixty-four 24-bit registgrs. The
scratch pad address is decoded from the SSP field of
the instruction; or the least significant 6 bits of the
Z register, if specified by the special functions (SPFZ)
field. The scratch pad card contains 64 words. The
data is loaded into the selected scratch pad address
from the X-bus by a write strobe (WS) from the control
logic (SPn=Xn+WS). The write strobe is derived from
LSPX in the instruction word during étate A (sWS=
XXB's XXC's LSPX+K3; rWS=KI2¢«STATEA'). The data is read
from the selected scratch pad address to the Y-bus by

LSPY in the instruction word (Yn=SPn-'LSPY).
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K. HOLDING REGISTERS. (See Figure 9.)

The holding register cards contain seven 24-bit
registers, RF thru R6; and the gating to the Y—bﬁs. ‘The
holding registers are loaded by‘théir respective clocks,
RPCLOCK thru R6CLOCK; and the contents of the X-bus if
TWX is set in the instruction word, or Y-bus is TYW is
set in the instruction word (sREn=RECLOCK-Xn- -TXW+
RICLOCK-Yn TYW; sRIn thru sRén, same as sRfn except that
the RPCLOCK is replaced by the‘RlCLOCK thru the R66CLOCK
respectively). The RgCLOCK thru R6CLOCK are derived from
the K12 clock, LRO and LRN field of the instruction,
in the control logic during an end cycle of an instruction
if the instruction would interfere with a store or fetch
operation. The specific register clock generated is
determined by the contents of the LRN field in the in-
struction with the exception of the RFCLOCK which is
ioaded independent of the LRN field by LR@ in the instruc-
tion word. (See paragraph 3A6 for a description of the
holding register clocks.) The holding registers are
read-out to the Y-bus individually as specified by the
contents of the RRN field of the instruction if THY is
set in the instruction. (¥n=...+R@n+-RRNZ'- -RRN1'-RRN2'-
THY+...; for Rl thru R6, RRN@ thru RRN2 ére set to |
correspond to the register number). The regiéter read-
out without changing the contents of the register,
however, the data transferred to the Y-bus is incre-

mented if IHR is set in the instruction word.
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1. R@X.

‘The REX fegiéter is an additional register,
érovided.on the holding register card that is loaded
in parallel to the Rf register ahd provides access to
the data contained in RZ by the memory interface via
the R@-bus without the necessity of addressing the RfJ
register; the data in RZ provides the memory address
for data transferred between the micrdprocessor and
local or central memory. The data from R@X is sent
to the memory interface independent of the addreésing
and control associated with RZ thru R6.

2. Y-bus Gating.

The gating of data from the scratch pad memory,

El-bus, E2-bus, and C-field of the instruction to the
Y~bus is provided on the holding register card by TSPY,
TElY, TE2Y, and TCY bits, respectively, in the'instruc~
tion word (Yn=...+SPn:TSPY+Eln.TE1Y+E2n+TE2Y+Cn«TCY) .
L. REQUEST STROBE CARb.

Each microprocessor hés two latches that are set by
other microprocessors in the system. The latch may
be tested by a branch condition. The special functions
card generates the signals to set the latches.specified
by the contents of the 8kléast significant bits of the
X-bus. A request strobe is generated by the request
strobe card when the special functions, MS, field
containsg a 17 (RSOUTI) or =2 32 (RSOUT2); the sfécifie

strobe or strobes generated depends on the X-bus bits
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that are set. The request strobes from the micropro-
cessor are RS1(f#) thru RS1 (7) and RS2 (@) thru

RS2(7). The request strobe card contains a 16-bit
stérage register for the request strobes. Eight bits
of the storage register are set by the request strobe

1 signal from the special functions.card and the cor-
responding X-bus bit (sRS1(#)=RSOUT1-X(16); sRS1(1)=
RSOUT1-X(17); ...; sRS1(7)=RSOUT2-X(23) ). The re-
guest strobe storage register is reset by K2, therefore,
and request strobe bit is reset one cycle'after it was
set (RSOUT1 and RSOUT2 are set only during the inferval
that a branch condition is being tested, slightly less
than one machine cycle). Other signals generated by

the request strobe card are RSIN1, RSINZ2, and STOPA.
RSIN1 is jumpered tb RS1(3) or RS2(4) as required.
STOPA is a system reset derived from the microprocessor
RESET. STOPA is synchronized with the K2 and K2A clocks
(sSTOPA=RESET s (K2A+K2) ; rSTOPA=RESET'« (K2A+K2)) .

M. MEMORY INTERFACE.

The memory interface provides the timing and control
for data requests to both central and private memory.
The memory interface is divided into three sections; the
request field latches section, the private memory request
section, and the central memcry request. Requests to
memory are made via the special functions field of the

instruction word. Reference to central or private
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memory and the specific address is specified by the
contents of the Rf register. Start memory interface (SMI)
is generated when the special functions field of the
instruction contains forty through forty-seven (SMIA=
MS@eMS1'sSM2'+...), or a sixty-four or sixty-five
(SMIA=...+0DD; ODD=U6*MS3-MS4'). The special functions
field of the instruction sets the priority latches
(CAP@, CAP1l, PP) of the request to central memory when
a load priority field LPF (MS=22) is specified (LPF= |
U2.v2). The central and private memories share the
request mode latches; F, S, and H. The request mode
latches are used by the memory interface logic to es-
tablish whether the reque;t is a store (S), a fetch
(F), or a héld (H) . The F and S terms are used by both
the central and private memory. Aaditionally, com-
binations of S, F, and H determine fetch and hold, pre-
fetch, store and hold, prestore, ahd release. The H
term is used by the central memory only. A 3—position
sﬁitch, STPPPF3, on the memory interface card enables
the selection of the address refe:ence. The setting

of the switch determines whether all references are to
private memory (PMREF), all references.are to central
memory (CMREF), or if the memory reference is speci-

fied by Rf(4) of the address word.

CMREF = R@'eLR{' ‘z

+ X4'¢LRETXW )
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Sj_w

+ Y4'+LRY: TYW |

+ g STQQQQS S1B Position B

+ 1 _ ‘ STﬁQQ¢3 S1B Position C
PMREF= R@4°LR{" |

+ X4+ LRYTXW STPPEF3 Sl1A Position A

+ YA+LR@. TYW

+ 1 STPPAPPF3 S1A Position B

+ ¢ STPP@FPF3 S1A Position C

The memory address is specifiéd by the contents of Rg(6)
thru R@(23). The microprocessor control logic is inter-
locked by a stop clock signal, SC, from the memory in-
terface. The memory interface runs asynchronous to the
microprocessor instruction flow. Some instructions
will, if executed while the memory is in operation,
cause the loss of data. The microprocessor is allowed
to run after a memory request if initiated until an in-
struction that would interfere with the transfer of data
is encountered, the control iogic is inhibited by SsC
uﬁtil the memory operation isrcomplete. The SC signal
is generated during state A of an instruction cycle if:
1. An instruction attempts to restart the memory
interface while it is still running (SC=
(LMRUN'FDONEd#CMRUN)-SMIA'STATEA+...).
2. An attempt to read the M :egister while a fetch
is in progress, before the membry has trans-
ferred the data to M (SC=(LMRUN:FDONEAd*+CMRUN)e

(F-S')¢BL#2,7,10,15) STATEA+...) .
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3. Ah attempt to load the M register during a
store or fetch before the memory has trans-
ferred data to or from M(SC=(LMRUNFDONEd+
CMRUN) * (LMX+LMY)e STATEA+...) .

4. An attempt to load Rf (the address register)
before the memory has finished with the address
(SC=(LMRUN » FDONEd+CMRUN) « LRZe STATEA+...) .

1. Request Mode and Priority Latches.

The request mode latches (¥,S,H,) are loaded by the
least significant three bits of thé MS field in the instruc-
tion word by the start memory interface signal (SMI). The
F request mode latch indicates that the instruction is
a fetch operation, and is set by the K2 clock when the
MS field contains a count of 45, 46, 47, 64, or 65. (sF=
SC's¢SMIA*SF+K2; YF=SC'sSMIA-SF's.K2) (SF=MS3; SMIA=(SMIA') '+
MS@.MS1'-MS2'+0ODD; ODD=MS3+MS4'4U6). The S request mode
latch indicates that the instruction is a store opération; ’
and is set by the K2 clock when the MS field contains
a*count of 42, 43, or 47. (sS=SC'*SMIA-SS-K2; xrS=SC'*
SMIA*SS'+K2; SS=MS4). The H request mode latch indicates
thét the instruction is a hold operation; and is set by
the K2 clock when the MS field contains a count of 41,

43, 35, or 47. (sH:SC"SMIA°SH-K2; YH=8C's SMIA«SH'*K2;
SH= MS5). The priority latches provide direct outputs
to the central memory for the determination of the pri-
ority of a memory request. The priority latches (CAP{,

CAP1l, PP) are set when ‘the special function field of
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thé instﬁuction contains an LPF, MS=22, and the éorres—
ponding bit on the X~bus(X(21), X(22), X(23); respect-
ively) is set (sCAP@=X21-PFL; rCAP@=X21'.PFL; sCAPl=
X22PFL; rCAP1=X22'+¢PFL; sSPP=X23¢«PFL; rPP=X23'-PFL):

2. The Central Memory Request Section.

The central memory request section consists of a
state counter (MPREQ, FCY, and SCY). Reqﬁests to cen-
tral memory via the MPMBM require four states, state ¢
through state 3. Requests that go directly to central
memory (eg. CPUl and CPU2), require three states, state
g, state 2, and state 3. The signal NOM (NO MPMBM)
differentiates between microprocessors if the unit is
going directly to the central memory (NOM is high) or

the MPMBM (NOM is low). (See Figure 10.)

a. Reqgquests To Central Memory Via the MPMBM. A
request to mémory generatesra start memory interface sig-
nalﬁ(SMI), if the memory interface is inran idle state,
state ﬁ (State ﬁ:MPREQ;-FCY'-SCY'). 4 SMI sets the
MPREQ fliﬁ;flop,mif,fhevréferenée is to central
Vmemory, during the end cycle of the current instruction
(sMPREQ=CMREF-SC'+»SMIARCEK2:-NOM'). MPREQ set is state
1 of the memory interface cycle (STATE 1=MPREQ.FCY'-.SCY');
during state 1 the MPMBM examines the request field of
the micrcoprocessors. The MPMBM latches the highest pri-
ority request, and sends a signal to the microprocessor

selected (OK). The signal OK resets MPREQ (rMPREQ=0K+K2)
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and sets FCY (sFCY=OK+K2) on the selected microprocessor;
the memory interface of the microproéessor selected

goes to state 2 (STATE 2=MPREQ'-F§Y¢SCY'), any other
microproceséors awaiting an OX remain in state 1. 1In
state 2 the microprocessor sends the store data to the
MPMBM. If the memory cannot process the data at this time,
it will send a rejected signal (NREJ') to the micro-
processor which returns the memory interface to state

1 (sMPREQ=NREJ':NOM'+s FCYd+K2; rFCY=FCYd*NOM'-K2). If

the request is not rejected (NREJ) during state 2, the
microprocessor enters state 3 (STATE 3=MPREQ's: FCY': SCY;
rFCY=FCYd-NOM'-K2; sSCY=FCYd:NREJ*K2). During .a fetch,

the M register is loaded from the memory bus via the

MPMBM during state 3. If, during state 3, the data is

nét stored, the central memory sends back a signal during
state 3 not accepted NACC which sets MPREQ (sMPREQ=

NOM'+ NACC+SCYd-K2); SCY is reset by K2 (rSCY=SCYd-K2),

and the microprocessor is returned to state 1 where it
répeats the cycle until tﬁe déta is accepted; when the
data is accepted, the microprocessor returns to state §
(rscy=scyd-k2). If during state 3 the data is not fetched,
the central memory sends back a signal request not satis-
fied NSAT which sets MPREQ (sMPREQ=NOM'+NSAT.F.S'.SCYd-K2),
SCY is reset by K2 (rSCy=8SCY¥d-K2), and the microprocessor
is returned to state 1 where it repeats the cycle until
the data is fetched; when the fetch is satisfied, the

microprocessor returns to state @ (rSCy=8CYd-K2).
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b. Requests Direct To Central Memory. Requests
to central memory that do not go through the MPMBM,Vdo
not use MPREQ; Therefore state 1 is bypassed. When
NOM is high, MPREQ is not set by SMI, ECY is set
instead (SFCY=NOM-CMREFvSMI*RCEvSC"K2). Durihg

state 2 the request is sent‘to central memory. If

the memory request is not rejected (NREJ), the memory
interface enters state 3 (sSCY=FCYdsNREJ:K2; rFCY=FCYd-

NOM+*REJ* K2); otherwise the memory interface remains

in state 2. Data is transferred during state 3. If

a store is not accepted (NACC) or if a fetch 1is not
satisfied (NSAT) during state 3, the memory interface
réturns to state 2 (sFCY=SCYdrNOM.NACCrK2°F.S5S'+NOM »
SCYd«NSAT.K2; rSCY=SCyd.K2); otherwise the memory
interface goes to the idle state, state Jf (rSCY=sCYd-K2) .

c. Priority Requests, Clocks, and Load Signals.

Other signals generated by the central memory request

section are:

1l

HIREQ PP+ MPREQ

LOREQ = PP's MPREQ
These signals make requests'to the MPMBM during state 1
at low and high port priority respectively.

IMM1 = (F+S'):SCYd

MCLOCK = (F+S')s SCYd-K2
These signals are the clock and ldad signals for the M
regiéter |

GAM = SMT+CMREF+sNOM+*RCE>SC'~ K2
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+SCYd-NOM-NACC-K2 gate address to
Memory

+(F-S"). NOM-NSAT-SCYc-K2

+0K - K2 |

+FCY

GDM=FCYd-NREJ-K2 gate data to Memory

+SCY
GDM and GAM signals are used on the M, Q, Z register card
to gate the M register contents to the MPMBM when the
request is a store, GDM and GAM; or a fetch, GAM.

3. The Private Memory Control Section.

The private memory control section provides timing
and control signals for one 16K module of a micropro-
cessor core memory. Data from the local memory will be
loaded into the M register approximately 500 nanoseconds
after the SMI special condition is e#ecuted. The start pulse
(SET START P) for the private memory is generated from
a latch-delay line circuit which makes an 80 nanoseconds
pulse. This pulse is generated only if the request is a
fetch or store;
(SETSTART P = SF-SS's PMREF+ ODDWORD'» SMIA-RCE-SC'+K2
+ SF'+.SS+PMREF- ODDWORD'+SMIA-RCE-SC'- K2) .
The 'store’ strobes for the private memory select the even
or odd half-doubleword in core as the destination for stored
data, and cause the store to occur. They are delayedvfrom
the start pulse by 100 nanoseconds regardless of system

'clock rate:
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SUH

Il

S.F'-RF(23)+ SETSTARTPA (delayed by 1l00nsec)

SLH

S.£'+Rf(23) -SETSTARTPA  (delayed by 100nsec)

A number of flip—fléps are used to synchronize the pri-
vate memory with the system clock. The LMRUN flip-flop
is logically equivalent to UA (Unit Available) from the
module, but is synchronized withrthe system clock
(sLMRUN = STARTPd; rLMRUN = MDONE ¢K2+RESET) . MDONE
synchronizes UA with the system clock, and ensures that
the memory will not be started for at leést 100 nanoseconds
after UA rises (SMDONE = UA-K2-FDONE; rMDONE = LMRUN').
Eighty nanoseconds after MDONE rises, (assuming a 100
nanoseconds clock period) LMRUN is reset, which resets every-
thing else. To synchronize data transfers from core,
the RDA (Read Data Availablé) signal from the core
module is used. RDA-is a pulse, shorter than 100 nanoseconds,
and therefore must be latched (sRDAP.= RDA; rRDAP =
LMRUN') . The DBC (Data Back from Core) flip-flop syn-
qpronizes RDAP with the system clock (sDBC = K3-RDAP;
rDBC = LMRUN'). FDONE is set 80 nanoseconds later (assuming
100 nanoseconds clock period) and signifies that M and R may
be modified (sFDONE = DBC¢K2; rFDONE = LMRUN') .
N. I/0 INTERFACE

The I/0 Interface card contains drivers and receivers
for the following signals:

1. 24 bits of output data from the Z register.

2., 24 bits of input data to the E2 bus.

3. Attention latch 1, 2, and 3 inputs té the micro-

processor branch logic.
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4. ALERT, POT, and PIN, and TUCLR outputs from the
microprocessor special function card.
5. The global clock, which may be regenerated and
used by external devices.
SN74H40N IC's are used for both drivers and receivers.
The receiver inputs are terminated to +5V. All busses
connected to external devices are low ﬁrue. The drivers
and receivers are assumed capable of bperating with up
to 12 TTL loads in addition to the loéding introduced
by interconnecting cables. The inputs of the E2 re-
ceivers are sources of approximately 20 ma. each. 1In
the AMC, the TSU's are the only device that is connected
to the I/0 system. At the edge of the cage, the I/O
busses are connected to two NE00O058 connectors. These
connectors are used to connect external devices such as
the CHIO multiplexer via ribbon cables.
1. ATTENTION.

The ATTENTION' signals are requests for service
generated by external devices. These sighals set latches
in the microprocessor which may be tested and reset by
branch conditions. Ideally, ATTENTION' is a 100 nanoseconds
pulse overlapping tg. The branch tests on the attention
latches cause a branch on the latch not set. The latch
is reset during the interval in which the branch test
is done (STATE A is VCY=g, STATE B if VCY=1) unless the

external device is attempting to simultaneously set
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the latch, in which case it is set. Attention latch #1
also has a test for the latch set, but the reset Condi—
tions are the séme as described above. The specifi-
cation for a particular device should be consulted to
determine the attention latch to which it is cohnected
(if any), as well as‘the correct POT/PIN sequence to
use.
2. TUCLR.

The signal TUCLR is a dc reset signal used by
the TSU. It is set by the speciai condition RESET
T.U. Unlike POT, PIN, and ALERT, it exists during the
instruction in which the special condition 1is set,
rather than the interval after the execution of the
instruction. This is possible since the effects of
TUCLR on the external device are assumed to be time-
independent.

3. Timing and Programming.

The normal instruction sequence for doing out-

put to a device is to execute:

DEVICE ADDRESS —2» Z ALERT;

DATA —i= Z POT;

This instruction sequence results in the following

signal sequence:

9 | o | o %o
"
ALERT oo , N ,
A t B
POT S 4 N
ft X —pei— ¥ b -

l l

_70_



50010

tp is the system referencé time . It is approximately
coincidental with the fall of K2 at the microprocessor.
The first instruction above is executed during the in-
terval designated 'X'. The second is executed during
'Y'. The 7 register is loaded with the device addresé
at tp, and with the output data at tg. If the external
device requires more than one machine cycle to set up
the data path, or if the external register is loaded
with the POT strobe (rather than POT.K2), the following
sequence may be executed:

D.A —= 72 ALERT;

DATA —= 2, VCY, POT;

The resulting signal sequence is:

| ] |

ALERT /ﬂ \\
ta tB‘
D s I J—

POT - /> \L.

fhe general rule on timing of the ALERT, POT, and PIN
strobes is that they rise at the end of the instruc-
tion during which the special condition is executed, and
they fall at the end of the first interval during which
the special condition does not exist. VThus it is pos-
sible to generéte arbitrarily long strobes, but this

should be avoided.
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The normal sequence for doing input from a device is to
execute: |

DEVICE ADDRESS —= Z, ALERT

PIN, TE2Y, VCY; or PIN, TE2Y, UNCONDITIONAL BRANCH

The resulting signal sequence is:

1% o 9 o
ALERT Aﬁ_w_/( \ L
t, t; FB
PIN . ~ / AN
fa— X gl Y -

The first instruction is executed during the interval 'X',
the second during 'Y'. The device address is loaded
into Z at tp, and the microprocessor loads the data into
one of its internal registers at tp. The external de-
vice must have the data stable on the E2-bus no later than
to=tg+42 nsec. If this timing is not usable due to
limitations in the external device, the following se-
guence may be used:

DEVICE ADDRESS —=-Z, ALERT;

NOP or NOP,VCY; '

PIN, TE2Y;
This allows an extra one or two machine cycles between
the presentation of the device address and the utili-
zation of the returned data. The Bryant TSU's require
a different POT/PIN seguence than most other I/0O de-

vices. The restriction on the TSU's is that output data
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will remain stable on the Z-bus féi 200 nanoseconds before
ALERT or POT falls, and that input data will be allowed
two machine cycles to stabilize before the fall of PIN.
The instructions required to obﬁain this seguence are:
1. OUTPUT

W: D.A—i=1;

X: ALERT;

Y: DATA-—{=17Z;

Z: POT;

which results in:

ka— W —Drlt— X —Drbg— Y —Pri— 7 —bel
Data -+ Z — DTta *z
ALERT - / \ﬁ .

POT o o ) ‘ o / \

2. INPUT
W: D.A.—t> Z;
X: ALERT;
Y: VCY, NOP
%Z: TE2Y, Y—=REGISTER; PIN

which results in:

ko— W —Pela— X —-brei— ¥ —P— 2 b

Data - % ——
1 / \
ALERT __ . _ | 4 \

PIN - -t A

-81-
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Table Al. 90-bit Microinstruction Word.

Signal Position| Clock Function

MC@-MC5 0-5 K2 Branch Condition field

(6 bits). (See Table A2).

MCONTH, 1 6,7 K3 Branch control field (2

bits):

¢ = branch conditionally
to the address speci-
fied by the contents
B¢ thru B9.

1 = branch conditionally
to the address spe-
cified by the contents
of Bg thru B9. Store
the contents of the
O Register (return
address) in the 0S Re-
gister.

2 = branch conditionally
to the address speci-
fied by the contents
of the OS Register .

3 = branch conditionally
to the address speci-
fied by the contents

of the X-bus ten lsb.
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Table Al. 90-bit Microinstruction Word. (cont'd)

Signal Position Clock Function

B@¥, B1l, B2 !8, 9, 10, IK3 Branch address field (10 -

B3, B4, B5 {11, 12, 13 bits).

B6, B7, B8 {14, 15, 1le

B9 17

cg, ci, c2 (18, 19, 20 |K3 Constant Field (24-bits).

c3, Cc4, ¢5 |21, 22, 23

ce, Cc7, C8 |24, 25, 26

c9, Clo0, 27, 28, 29

cii, cCiz, 30, 31, 32

Cc1l3, Ccl4, 33, 34, 35

cl5, Cle, 36, 37, 38

cl17, C18, 39, 40, 41

c1l9, c2o0,

c21, c22,

F23

IHR 42 K2 Increment holding register.

TCX 43 K3 Transfer the contents of
C-field to the X-bus.

TCY 44 K3 Transfer the contents of
C-field to ¥Y-bus.

TSPY 45 K3 Transfer the contents of
the selected scratchpad
address to the Y-bus.
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Table Al. 90-bit Microinstruction Word; (cont'd)

Signal Position Clock Function

THY 46 K3 Transfer the contents of
the holding register to the
Y-bus.

TXW 47 K3 Transfer the data in the
X-bus to the holding re-
gister.

TYW 48 K3 Transfer the data in the
Y-bus to the holding re-
gister

TAX 49 K3 Transfer adder output to
the X-bus

LocC 50 K2 Low order carry to adder,

SSP@-5 51-56 K2 Selects the contents of
scratchpad address ¢-77(8)

TOSY 57 K3 Transfers the contents of
the 0OS register to Y-bus
(bits 14-23)

LRO 58 K3 Load holding register Rf,

LSPX 59 K3 Loads the selected scratch-
pad address from the X-bus.

MS@-MS5 60~-65 K2 Special functions field.

(See Table A3.)
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-Table Al. 90-bit Microinstruction Word. (cont'd)

Signal Position Clock Function

RRN@~2 66-68 K2 Holding register select
read field (enables se-
lected holding register,
RZ thru R6, output).

LRNg~2 69-71 K3 Holding register select
load field (clocks se-
lected holding register,
Rl thru R6, input) .

LMX 72 K3 Loads the M register from
the X-bus.

LMY 73 K3 Loads the M register from
the Y-bus.

LOX 74 K3 Loads the Q register from
the X-bus.

PQY 75 K3 Loads the Q register from
the Y-bus.

LzX 76 K3 Loads the Z register from
the X-bus.

LZY 77 K3 Loads the Z register from
the Y-bus.

BL-BL3 78-81 K2 Left bool box control

field (See Table A4).
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Table Al. 90-bit Microinstruction Word. (cont'd)

Signal Position Clock Function

BR@-BR3 82-85 K2 Right bool box control
field (See Table A4).

vey'! 86 K3 State counter set-term.

DGO 87 K3 State counter set-term.

TE1lY 89 K3 Transfer data from the E-1
Bus to the Y-bus.

TE2Y 90 K3 Transfer data from the E-2
bus to the Y-bus

-A6-
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Table A2, Branch Conditions.

MC@-MC5 Branch Condition

g Never branch

g1 Always branch

g2 X=g

g3 X#g

g4 X<

p5 x>

ge x>f

g7 Yo

19 ¥<g

11 RE<KA

12 RO>Y

13 x<g

14 X'AN777777B=@g, (X(6)-X(23)=777777B)

15 X'AT77777B#8, (X(6)-X(23)#777777B)

16 z2>¢
’ 17 <y

20 Always Branch

21 YAT#P, (Y(23)VY(22)vY(21)=1

22 BL=(

23 BL#£Z

24 Y(23)=¢

25 Y(23)#¢

26 Attention latch 1=Qfﬁl

_p.x7"
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Table A2. Branch Conditions.(cont'd)

MCg -MC5 Branch Condition

27 (RSLAT1=@) A(RSLAT2=()
3¢ Protect#X
31 RSLAT 2=
32 Special flag A=fg
33 Special flag A={
34 Attention J.atchz=§zféh
35 Attention lad:ch3=;2fﬁB
36 Attention latchl#gzﬁ§
37 Not decoded
49 Undefined
41 Undefined
42 Local memory parity error=léL
43 Undefined
44 Central memory parity errorr—lZL
45 Breakpoint#d
46-77 |A

ZL Resets latch.

y7

46 thru 77 not decoded

-AS-
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Table A3. Special Functions.

MS@-MS5 Funciion
g8 No activity
g1 LCYl
g2 LCY2
g3 LCY3
g4 LCY4
g5 LCYS8
g6 LCY12
g7 LCY16
1g LCY2¢
11 LCL Z (CCFzZA)
12 LCH Z (CCFZB)
13 SKZ (SPFZ)
14 ALERT
15 POT
, 16 PIN
17 Request Strobe #1
29 Unprotect
21 Unusable
22 LPF
23 Reset Request Strobe Latch #léB
24 Reset Central Memory Requestzz
25 Reguest Protect
26 Reset T.U.
3¢ Set special flag A

-AOQ-—
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Table A3. Special Functions.(cont'd)

MS@-MS5 Function
31 Reset special flag A
32 Reset Request Strobe Latch #2
33 Request Strobe #2
34 Undefined
a9 Releaseéi
41 Prestoreé\3
42 Store A
43 Store & Holdéa
44 Fetchﬁi
45 Fetch & Holdﬁi
47 Prefetchéi
6f Set Bank B
61 Set Bank A
62 Clear all CPU Maps
) 64 Fetch«éA
65 Fetch & Hold A
A

A Occurs at end of instruction

/A Local and Central Memory

B\ Memory Reference

A ODDWORD FETCH

A  special functions 27, 35, 36, 37, 46, 63, and 66 thru

77 are not decoded
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Table A4. Bool Box Control.

A I S
g9 M-Q gy Z-Q
g1 M=Q g1 Z2=0Q
g2 Q g2 Q
23 M+Q @3 Z+Q
a4 M g4 Z
@5 M+Q g5 7Z+Q
g6 M+Q g6 Z4+Q
g7 1 @7 1
1¢ g 1¢ g
11 M-Q 11 Z+Q
12 M+Q 12 7Z+Q
13 M 13 Z
14 M:Q 14 Z+-Q
15 o) 15 Q

. 16 M(EOR) Q 16 Z (EOR) Q
17 M+ 17 Z+0

-All-




Table AbS.

Signal Mnemonic

A
A bank
ADV1
ADV?2
ADVNC
ADVNO
ALERT
APAR
ATLATL
ATLATZ2
ATLAT3
ATTENTION

B
B bank
B-field
BL-field
BL{n)
BLZ~BL3
BP
BR (n)
BR-field

BRZ~BR3

50010

Summary of Signal Mnemonics

Page

Reference

34
45
45
45
45
77
62
43
44
44

77

34

52
52
54
44
52
52
54
25

33

Al2

Signal Mnemonic

B (cont'd)
BSELECT

BSS

c({n)
capgd
CAP1
CCF2ZA
CCFZB
CMAP
CMPE
CMREF
CMRUN
crd
cpl
csg-cs7
cs1lg-csl7
D
DBC

DGO

Page

29

37

56
70
70
47
47
49
44
68
70
68
68
37

37

77

25

68

g

e e

Reference

i
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Table A5. Summary of Signal Mnemonics (cont'd)

F—*Signal Mnemonic Regzg:nce ! I Signal Mnemonic Regzginc;
f- e »»w.wi_wuii § e
F (cont'd) ; | K(cont'd) z
" Fov 71 g 23
FDONEAQ 69 g | KIl 29 f
FLUSH 58 j f KI2 23 |
: G f j KI3 | 9 f
| ! ;
; GAM , 75 ; % KI4 ‘ 10 f
: GDM 57 f : L %
| H LCY (n)A 58
H 68 f ? LCY (n)B 46 |
HTREQ 74 an 52
I L2 52
I(n) 34 i ! LMPAR (n) IN 59
12CLOCK 29 j ; LMPAR (n)OUT 59
13CLOCK 29 % | LMPE 44 i
12CLOCKA 29 ? f LMRUN 70
12/3CLOCKA 34 ? j LMX 30
12CLOCKB 29 ? j IMY 30
IHR 63 ; j LOAD OREG 25
K f ; LOAD OSREG 32
; K1l 23 % ,j LOREQ 75
; K2 25 j ; LPF 34
! K2a 31 1 LOX 15 |
E KX 25 : LOY 30

Al3
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Table A5. Summafy of Signal Mnemonics (cont'd)

Page

_mwéégéél %?????%?mk Reference { Slgnal Mnemonic Regzgznce?
3 o . hererehes
LRNZ 30 1 M (cont'ad)
. LRN1 30 % | MS@Z-MS5 34
i i |
i LRN2 30 f } N |
: LRO 30 % f NACC 73
: RSPX 33 f f NOM - 71
. Lepy 62 ~ xop 61
z LZQ 30 | | NREJ 73
; LZY 25 f f NSAT 73
M | | o)
M(n) 54 : o) 38
Ml-bus 53 % | O-register 38
Z M2-bus 53 ? z ODD 68
 Mc-field o3 i ' ODDWORD 75
MCLOCK 30 E f OK 75
 MCLOCKL 30 | ~ 0s(n) a1
: MCLOCK?2 30 i | 0OS-register 41
2 MCLOCK?3 52 f ; P
; MCONT-field 31 ; 3 PAR (n) OUT 59
' mcontyd | 31 ; pC 57
E MCONT1 32 2 E PFL 34
z MDONE. 76 j i PIN 47
' MT RESET 48 j f Pk | 57
MPREQ 71 | | PMREF 68
t ,
MS-field 43 PNEX a4

Al4
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Table A5. Summary of Signal Mnemonics (cont'd)

e e e e e e !
. . Page ; . . Page f
Signal Mnemonic Reference Slgnal Mnemonilc Reference

i J . . e e e e

b

1 !
P (cont'd) ; R (cont'd)

POT 47 ; | RSTNI 67

|
PP 68 : . RSIN2 67

PX 48 % % RSLAT1-RSTAT2 44 E

0 ; ; RSOUT (n) : 47 ?

0 (n) 54 . s

QCLOCK 30 % 8 69 ?

R i i s@g-s7 : 42 f

RZ-R6 . 63 i 7 SATLA1-SATLA3 44 |
RAX 66 % i SB1-SB3 44
RICLOCK~RE 30 | i scC 69
RAZn 34 i i SCMP 60

RAln 5 g i scy 71 ;
RBZn 34 ‘i % SELECTA " 36
RB1n 34 o E SELECTB 36
RCE 28 f i SET START P 75
RCMP 61 f % SF 75
RDA 76 E f SLH 76
RDAP 76 f % SIMP 60
RESET 48 i E SMI 68

RESETTU 48 ‘ ‘ SMIA 68 ’
RLMP 61 f % SMS 48
RRN-Ffield 30 ? | Sp (n) 66
___Rsl-rs2 ﬂffwm,mﬁ; i SPAG | 44

Al5
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Table AS. Summary of Signal

Signal Mnemonic

S (cont'd)
Special Flag A
SPFZ
SS
SSp
STAERE3
Start P
State A
State B
State C
STOPA

SUH

T@-T7
TBO
TCMP
TCY
TELY
TE2Y
THY
TINCO
TLMP
TOSO

TSPY

Page !
Reference.

44
47
76
61
68
76
25
25
25
67

76

42
31
61
66
66
66
63
31
61

31

t
!
{
H
!
!

i

Al6

Mnemonics (cont'd)

Signal Mnemonic

T (cont'd)
TUCLR
TWX

TXO
TYW
ug-u7

UA

UPX

vg-v7

VCY
WS

X (n)

XSF-XS7

XXC

Y (n)
YSHA-YS7

7 (n)

Page

Reference :
i

77
63
31
68

63

31
76
48

46

25

33

41
37
25
25

66
37

53



	0000
	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	001
	002
	003
	004
	005_11
	007
	008
	009
	010
	011_11
	013_11
	015
	016
	017
	018_11
	020
	021
	022
	023
	024
	025
	026_11
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039_11
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064_11
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	A01
	A02
	A03
	A04
	A05
	A06
	A07
	A08
	A09
	A10
	A11
	A12
	A13
	A14
	A15
	A16

