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1"the Model 500,

* The BCC 500 system consists of two:CPU's, several special
‘purpose management processors (handling scheduling, swapping,
* storage' Rllocation, character 1/0,' erro? getection and

c-recovery), drum and disk transfer units, and a multiple
module core memory, all attached to a high-—speed, high-
bandwidth integrated circuit memory systen. Up to eight
drums (120 million bytes) and up to eight disks (three
billion bytes) may be attached to the system. Peripherals
such as printers, magnetic tapes, and card eéuipment are
trcaled as remote devices which can be attached by means

of a spccial purpose procaessor.
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The communications and multiplexing facility through which
the terminals are bgought into the system, is centercd around
a special multiplexer designed and produced by BCC as a part
of the system. These rultiplexers can accommodate either

¢ : full- or half-duplex operation of from fifty low-speed
terminals to a lesser number with line printing and card
reading equipnent. The terminals can be of disparate

types ahd cad operdte at different raktes and tise different

i codrs: The remote miltiplexers which comminicake with the

i

¥ . . . ) . . : . 4

H systeon's character input/outp r s ‘ovi : '

g system's charac input/output processor provides for the sgorIon 1

: auvton detecti n rr f exrror risi in

8 automatic detcction a d correction o rrors arising GENERAL DESCRIPTION
Xl . . .

;'? @ the communications lines. %

i

Complex rcsource allocation algorithms built into the special

purpose processcr in the system marage and control, the
’ 4
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dynamic allocation of processor and memory rESOUICes. These N

algorithms permit minimum and maximum figures to be vlaced
p

on many critical system resources demanded by users while

.

operating on the system. Such a facility can guarantee the

performance of the system as seen by a usecr or a group of

users, independent of the load presentcd by other users or

groups of uscrs. This guarantee includes the activation of ,

RV T/ A M SN R S VPR S g

a vser's program at a specified time.

i

iy e dod e Yot il



| s = 2T

| TR T R e

RS
37
- f

,
.

EAIISTOR COIMILITY

pIYVRT

oy

[

. 3
wla B 2 S &
HE I I I H g § E
2 13 BTN B B
J{ejatala
3 T i: I‘!
i sz
{ x &« x = x l
= o r
. —
2
-
i |- 3| Q
SN [N G S N § Q
3 IR =
S———— 2 ] 3
—t !
‘ B ‘d

Figure 1. BCC 500, System Block Diagram.
-2

ol A i P il i o s e st i e o

50010
seerIon 1
GENERAL DEECRIPTION
A. INTRODUCTION.

The purpose of this manual is to provide the individual
with a working knowledge of the Berkeley Computer Corpora-
tion (BCC) Microprocessor. This manual dqsc:iges the func~
tional characteristics and operation of the ECC Microprop-
cessor,

B, PURPOSE OF EQUIPMENT.

The BCC Microprocessor is a system-oriented 24-bit
computer synchronous with a 1f@-nanosecond clock, The BCC
Microprocossar 1s a controlling element, capable of pro-
viding a wide variéty 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 spectrun of interface capabilities and
allowing him to optimize the capability of the unit to his
specific application.

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

There are five microprocessors used in the BCC 500
systems, A

1, The Execution Unit (EU) of Central Processing

Unit 1 (CPU 1) - Runs uger programs.
2, The Execcution Unit (FU) of Central Processing
Unit 2 (CPU 2} - Runs user progyams.

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

betuecen the syster and {remote) user terminals,

4. fieroschiedaler (MaC) - Controle allocation of

system resources,

-3-
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5. BAuxiliary Memory Controller (AMC) - Controls data

transfers from the drum storage files and the disc

storage files to central memory.

PHYSICAL DHSCRIPTION.

The BCC Microprocessor is comprised of two rows of

cards. Figure 2 shows the locations of the individual

assemblies.

Table 1 is a lis% of common names, reference

designations, and assenbly numbers for the individual cards.
g b

Each row of cards is mounted on a panel 24 inches wide, 12

inches high, and 14 inches deep.

connectors (13é-pin).

Each panel contains 33

iest

Purpone only

Table 1. Reference Designations and Common Namnes.
REFERENCE DLY ASSEMBLY
DESIGNATION NCLATURE NUMBER QUANTITY

Al Clock & Local Control 1
A4 Memory Interfuce ACD0240 1
AS Control Logic ACC0241 1
a7 Special Functions ACO00242 Y
A9, Branch Conditions 1
Al0 Request Strove (Breakpoint)i AC00359 1
All 0 & OS Register ACQ0245 1
Al2, Als, M,0,& 2 Registers ACO00246 3
A23
Al3, Al9, Adder/Cycler AC00247 3
A24
Al4, A20, Holding Register AC00248 3
A25
als, azi, Scratchpad AC00299 3
A26
st b e cwne e w wee pn h e am —— . mea L R e w e .
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Table Y. Reference Desicnations apnd Common Names, {cent'd) Table 3 Non-Standard Abbreviations
: . NON=-cCar i 1S..
‘i':lj}"liiiii.’(,'ij i ASSLMULY WESEMBLY ’ e A e e —e et e
DES IO TON NOMENCIATURE NUIMAER QUANTITY ADRROVIATION
e e v PO Sy RS . 4l e SO EnouNy SIPRS VD A AL S SIS SR, il S A A DO o DE}‘ \: "m M
OR MNLMONIC INTTieN
AY? . Parity Checker AC00259 1 e - -
' , 360/30 IBM 360 model 30 processor
A28 I/0 Interface AC00251A 1
AMC Avxiliary Memory Control
Bl thru Bll Read-Only Memory (ROM) as req'd
and B18 thru AMTU Auxiliary Memory Transfer Unit
B32
RCC Berkeley Computer Corporation
N 512 thru RB17 | I Register AC0025? 6
F CHIO Cllaracter Input/Cutput
Cpy Central Processor(ing) Unit
E, LEADING PARTICULARS.
criR Compute Time Register
Table 2 is a listing of the major physical and elec-
. EOR Exclusive OR
trical characteristics of the BCC Microprocessor.
! Fast Momory
Table 2. Ieading Particulars i 1/0 Input-Outout
: ©OITR n Tim ister
PHYSIChL CHARACTENISTICS ; N ! Interval Timer Reglster |
§§%?¥t: 34 %nczes © Map Logical mérory address to physical
Wigth: 4 inches momory address MAP
Deoths 14 inches sl
Mp MicroProces
ELECTRICAL CHARACTERISTICS ; Sherofrocessor
Generals Extensive use of integrated circuits ! N e " e Bua M
erploying transistor-Lransistor logic ! MPNDN Microprocessor Hemory Bus Maltlplexer
(ttl). Most integrated cirduits are [ i " e -
contained in l4-lead dual in-line mpxY MaltipleXeR ]
. packaging. ’ MSCH s & CHed '
Programmings Hardware programmed via diode memory : , MieroSClieduler
{read-only) . ' . NDRO NOn-Dest ructive Read—ou
Powcr Regyuired: + 5 vdc ’ ’ Ron-Destructive Read-out
Pilot Power "{- 5 vdc .
~ : ROM Read-0Only Menory
112 vdc Read-0Only Nemory
» : t 5 vde . RTR Real Eime Register
- Operating Power - 5 vdc C . . oo
110 vde ) System WR SYSTEM Warning Registers
Signal Levels: High:; +2.2 vdc to 45,5 vde ' e - . s
Low; -0.5 vdc to 0.5 vdc su Fransier Sub-ynit ' :
s ——— e it 2 Sy Armpb b g At o o 1
‘ TN Transfer Unit lnterface Multipfexer ,
F, NON-STANDARN ARBREVIATTONS.

Table 3

applicable to the BCC Microprocessor

is a Jistina of non-standard abbreviatieonea

-7-
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SECTION 2

GENERAL THLORY OF OPERATION
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sECcTION 2

GENERAL THEORY OF OPERATION

A, INTRODUCTION
The BCC Microprocessor is a synchronous, 24-bit
digitel computer. The flow of data between the functional
elements of the computer is controlled by terms generated
by the microprocessor 90-bit instruction word. Table AL,
in Appendix A of this manual; is a listing of the bits
in the instruction word and a definition of their function.
1. bata Plow. (See Figure 3.}

The X-bus ahd the Y-bus are the two principal
intramicroprccessor data transfer busses. Data transfer
between the microprocessor and ancillary devices is accom-
plished by the El-bus and the E2-bus for a programned-input
{pini, and by the Z-bus £or a programmed-oulput transfer [poL).
bata transfer between the micreprocessor and the core wemory
is accomptishrd by the Ml-bus and the M2-kus for input
data, ané by the M-bus for output data. The data busses
are 24-parallel transfer lines gated by terms derived
from the microprocessor instruction word.

2. Read-Only Memorv (ROM).

The ROM is a diode memory containing the 99-bit
instruction words. The ROM is addressed by the O register
and outputs the seclected 90-bit instruction word to the I
register.

3, I Regigtcer.

The T register iz 2 90-%it register and contains

the current microprocessor inciruction being executed. The

~10-
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i redister is normally lcaded at the cond of sach machine
cycle, from the ROM,
4. D Register,

ThHe O register is & 10-bit register which holds
the address of the struction word to be executed in the
hext cycle. 1t can be loaded from the 3-field of the
ifisiructiot word, the least significant 10 bits of the X-
bus; the incremented contents of the O register: or the
08 register: .

5. ©s Register.

The 0S register is a 10-bit redister used to save
the return address for subroutihe calls. The contents of the
0S register can be transferred to the Y-bus,

6. M, 0, and Z Reaisters.

4

The M, Q, and Z registers ére 24-bit registers, and
are loaded from the X-bus or the Y-bus. The M register is
also loaded, iqdapendently, from the local or central memor;
under control of the central memory interface. The buffered

B
outputs of the 2 register are used for parallel-output-
transfers (pot) to ancilliary devices via buffers on the
I1/0 interface card. Two boolean (bool) boxes associated
with the M, Q, and Z registers provide inputs 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

spocified by the instruction word.

~15-
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7: Holdind Reqisters.

1he Holding registers; R thru RG, are 24-bit regis-

ters which atre loaded from ihe X-bus or the ¥Y-Imuis. The
output of the Helding register can be incremented, and is
gated by the intiruction weord to the v-tue.
8. Scratggggi

The écra{chpaé is a 24-bit by 64-word regis{er,
loaded from the X-bug; and read into the v-bus. The
address of the word to be fetched from the scratehpad is

contained in tHo instruction word or the least sicnifi-

[ie)

caht six bits of the 2 register:

9. Adder/Cycler.

The adder portion of the adder/cycler is a 24-bit

it

full-adder with an anticipnaied carry. The adder sums ths
cutput 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.
s ¥

0

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

10. Typical Instruction Cvcle.

Every instruction in the microprocesscr is a condi-
tional branch. The NCONT field (2 bits) of the instruction
word defines the location of the branch address. The MC
field of the instruction word specifies onec of 64 conditions
which, if satisfied, will causec a branch to occur. 1f the

branciv condivion is not satisiied, the cuntuals of LLe C

~16-
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. register {present address incremented) are used as the

address of Lhe next instruction word; and at the end of the

. : : machine cycle, the next instruvetion is fetched from the g
§ ROX and the 0 register is incremented. When the branch 4
3 condition is satisfied, the O register is not incremented
3
i at the end of the machine cycle; the register clocks are :
3 inhibited. The cycle time of a successful conditionzl :

branch is, thereforc, extended. A success causes the ;
0 regisier to be loaded from the source specified by the ]
MCONT field of the instruction word. During the extended ;
interval, the O register fetches the word in the branch é
destipation address, v 4 ‘ i

B. MICROPRCCESSQR INSTRUCTIONS. (See Figure 4.) (e

g@ A microprocessort 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
) '

state counter (Sec Paragraph 3A2). The state counter

determines from VCY, DCO, and BRANCH in the instruction whether

e

an’ instruction will take one, two, or threce machine cycles.

‘ The three possiltle states are state A (XxhXXC'), state B
(XXB-XXC'), and state C (V¥BLXXC). The length of time required
;o complete an instruction depends on the type of instruc-—

tion. '

i 1. Upsucenseful Bronch Instructions.

These insg?ructions do not branch and do not have

g Bie

the VCY bit ip the insiruction set., Execution of the

instruction orenrs in state A and requires only ore machine

~17-

A e . V.
Y




=
ZS S S N7 U PR A
et K e i mt t Sobhm e e et e L e e oo P

4 .
4 [
1] B

H

o o
¢ H ’ ’
: i m,.x hd o
1 —
4 1 o © =
3 H N w o~ a,
! - b " v
o< T '
[t
& U

o,

~ |

. P —

oz P4 - L

)
[re} e Ly e YT :
- b b [&] o

E Lt =L < [S T Y K1

e v E- [ L3 @

“ I %) P o
- — — & [
- b b- N
o3 < (o) (44 T fed
) by puac) [*9) et
cr. 3o o . —
A . - k- wy (&)
(73 2 sy v i)
byt — T w o
1 = = b o —

! b b ' iz
v > ~ 0
[ e Lt i
P ES = =
>
ud
: o
— pome e — —— —— — — - - R s —— v - e rar m— - . [ J— -

-
\ [R—
[ SN
-4

.
ATL A

[
ATED
A
hd
)
A
A

¢ <@ < o < [ and
{ £ o [ S R et fon — 2 - wvy
- ) - W et L Ll
o a0 W) Caoap Ca 3 LR vy e
i LS SRV .5 .3 oy e i bis [%] <
! = [ N TV [ 1) - O Lot —
: Y oo ) P 3 v =4 [
. _— o - e o) s
3 - o o o~ v, - o L1 o« < -
] -2 3 o3 ¢ o, e s . I aEe = o
N ! ot - S - v
H “x v i B s r- . o
- B N Rd
. - - . v v - et
X . - N -~ «
: , . '
e o e .- - it
. sz
- ' b ’
- . -~
' L e
' - s i = o - - - —t e

. 1) i =’ . wd
N ~ i fes) — <. <. - [
: ! << it et =
i < < ; < |
m [2a} — g L — foom - 2
et e . wl U
£3 v La v « o vy
LRV “r s << W T
<o O 5 . <D uws O
N — e & 2, —a &
£ o = 3
T (34 I w6 !
o, X o << s o o o !
i — ad - '
b - . - -
73] (%) A w
- en § — )
o . T o
[ - [oe} b=
‘ e s =5 )
. = =
1 ' - —
f - . re
> -
ot L
= =
.

-
. o el ) - r iy
- - s = Tz - F -
% - < - [ o —d (oy) —d ‘L e
— o — - e [l 2 o et
- -y, [ v v e o o -
. N =t oo ) - +- RN & L ‘
. - B & w? = e b el o o 3 - o s -
» o, [ o . 6 < . + - ot s (=8 < [=3
P -t ™ ty o~ o B O T .
DL_ oy . 1 e L o . o v -~ 4 [ I -~ ~ ‘. W [ bl NG}
, =) y - - By r.of B M o EN e . - - a N -
T, . MR- A ; i P . T — X

oo st e




:
:
M
i
=
i
:
,

LE

50010

cycle.

2.

ched Unsucccssful Branch Instructlions.

These instructions <o not brarch and have the VCY
bit in the imstruction set. Ixecution of the instruction
occurs at the end of state B and, therefore, requires two

machine eycles. State A is a waiting period that allows

‘signals to wropogate through long paths such as scratchpad,

adder, and teste of X.

3. $Successful Branches.
.

These are instructions where the branch condition
is eatisfied. They reguire two machine cyclee 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 dzstination address plus one. Simultaneously,
the I register is loaded with the instruciion contained at
the branch add}ess.

* 4, Stretchasd Successful Branch Instructions.

These are instructions for which the branch con-
éidon is satisfied, and the VCY bit in the instruction
is set, Thesec instructions use three machine cycles and,
therefore, require states A, B, and C. This type of
instruction is uged vwhen the branch address or conditicn
reruires the time to be generated. Loading of any register

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

-20-
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$. Subroutine Calls.

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

6. Deferred Branch Instructicn.

peferred branch instructions cause the instruction
after the deferred branch instruction (cprrent address
plus 1) to be executed before the branch occurs. In order
to execute a deferred branch, the D30 bit in the instruction
is set. This instruction uses state A only and reguires
one mxchine cycle. 1If the VCY is set in the instruction,
an additional machine cycle will be available to preparxe the
branch condition or address, and the instruction will use
state A ind state B. 1In a deferred branch, the O register
is loaded from the B-field of the instruction, the least
significant ten bits of the X-bus, or the 0S register at

the end of state A if VCY is set.

-21-
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SECTION 3
PETAILED TIIZORY OF OPERATION
A, COXNTROL LOGIC CARD
The contro) logic card contains the timing, state coun-
ter, and the register clock circuits.

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 ccnnecting jumpers on the control legic card between the
delay lirne and pulsc amplifiers used to generate the clock.
The leading edge of the clock is determined by thc start-
tap position of the jumper. The trailing edge of the clock
pulsc is determined by the stoo-tap position of the jumper.
Each start-tap and stop-tap is identified on the control
logic card by a letter. The clocks and their respcctive
start- §nd stop-taps are listed in table 4. The clocks
are used to gate data and control signales to the indivi-

dual cards. Pigure 5 shous the distridbution of the clocks.

Table 4, Clock Generation,

STOP TAP FUNCTION

INAME START TAP

flop >XB and XXC.

1 Gated to produce
RECLOCX thru RECLOCK,
MCIOCK, QCLOCK,
ZCLOCK, Pri.

Cated to produce
12000 and LZULOChs,

1 f
f |
K17 N ! M Clocks state counter
|
[¢]

|
! [

3
,! 1

U U SO
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Figure 5. C(Clcck Distribution,
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Table a4 . Clock Generation. {cont'd)

AME TART TAP STOP TAP FULICTION

K13 J H Gated to produce
I3CLOCKA and I CLOCKSH,

K14 B L Gated te produce
LOAD CSREGC.

K2 D E Uscd on special
function card, parity
card, and memory
interface.

K2X X G Used in memory
interface.

X3 e P Used in memory
interface.

LOAD OREG| P R Generates LOAD OREG.

2, State Counter. (Sce Figure 6.)

The inputs to the state counter are the VCY 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 entercd if the condition spocified
in the branch condition field is salisfied and DGO is not
set (sXMB-XXB'-XxC'+BRANCH-DGO' ,..), or if the vCY bit in the
instruction is set (sXXB= ...+XXB''XXC':VCY+...). The

XXB flip-flop will be reset one machine cycle after it

has been sot (FXXB=¥XXB-,..). State C (state C=XX3''MXC)

~25-
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were satisfied (sXXC=¥XB.VCY:BRANCH:DGO'*...). The AXC z %@
flip-flop is resct one machine cycle after it has bhecn ;

set (rXXCrXXC-...).. The state countcr is clocked by

KIff, and is inhibited during a menmory 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. Figure 6 shows VCY, DGO, BRANCH, and

the state counter; and the status of the associated cleck

terms to the registers. |

3, Reglster Clock Enable (RCE).

. The RCE (register clock enable) gates the clocks
for the M, Q, Z registcrs, the seven holding registers,
and the I register. RCE is also sent to the memory
interface. It signifies that the current machine cycle
ie the last cycle of the instruction. State A is the last
cycle of an instruction if VCY is not set in the instruction
ahd the branch condition was not satisfied (RCE=XXB'+XXC':
vCY's BRANCH'+...), or if VCY is not set in the instruction
and DGO is sct in the instruction (RCE= ,,,+XXB'«XXC'.
VCY's DGO+...). State B is the last cycle of an instruction
if vCY is not set in the instruc£ion (RCE = ., .+XXB-VCY's ...},
or if DGO is set in the instruction (RCE= ..., +XXB-DCO. PR N ¢
state € is alwosys the last cycle for three cycle instructions

(RCE = .,,+XXC).

~28-
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is entered after state B if both conditions to set XXB ;
%] 4, I2010CK.

The I2CLOCK provides timing for the I reglster
branch conditions, and special functions. The I2CLOCK
signals from the Read-Only Memory (ROM) *o the I register,
The read-only memory is divided into two areas, bank A
and B; each arca contains an identical addressing struc-
ture compriscd of 1024 words from 0000 to 17778. 12CLOCXK
is divided intoc two clocks, I2CLOCKA and I2CLOCKB.
I2CLOCKA is the clock for the data from the ROM bank A,
and I2CLOCKE is the clock for the data from ROM bank B.
I2CLOCKA is generated by KI1 if the BSELECT flip-flop
is not set dur’ing the last cycle in an instruction (RCE)
and the insiruction would not interfere with a store or
fetch operation (SC'): (IZCLOCKA:KI2~BSELEC?‘-RCE'SC‘).
BSELECT is set by a spe;ial function and remains sct
until cleared by a special function. I2CLOCKS is gener-
ated by KI2 if the BSELECT flip-flop is set during the
last cyclé of an instruction (RCE) and the instruction
whbuld not interfere with a store or fetch operation {(sC'):
(IZCLOCKB:KII'ESELBCT»RCE-SC').

5. I3 CLOCK.

The I3CLOCK provides timing for the I xegister.
The I3CLOTK clocks signals from the ROM to the I register,
and is similar te.the I2CLOCK with the exccptien that
13CLOCK is generated by KI3 instead of KT2 ,{T3ICLOCKA=KI3.

BSELECT '+ RCE«5C') (I3CLOCKB:KI3~ESELECT‘RCE-SC').

~99-
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6. RFZ thru RG CLOCKS.,

The clocks for thc holding registers are gcnerated
by K11 during the last cyclc of an instruction (RCE) if
the instruction would not interfere with a store or fetch
operation (SC') (Rn CLOCK=KI2-RCE°SC'...). The specifie
clock is determined by the address specified in the LRN
of the instruction for Rl thru R6. (Rl=...-LRVZ' -LRN2:
R2=...TRNA-LRN1.IRN2';...' R6=...LRNZ-LRNL.LRN2'}. R{
is clocked indcpcnden%ly by LRO in the instruction w?ich
allow RZ to be loaded at the sane time as one of thc other
registers (RZ CLOCK=...-LRO). The holding registers must
be clocked for a leoading operation. A read opcration
uses the RRN field of the instruction.

7. MCLOCK3, QCLOCK, ZCLOCK.

The clock for the M, Q, or 2 register are gen=-
erated by KI2 during the last cycle of an instruction (RCE)
if the instruction doecs not interfere with a store or
fetch (sC') ané a bit in the instruction spccifies
a ﬁoad opcration from the X-bux or the Y-bus for the
M, Q, or Z register {LMX, LMY, LQX, IQY, LZQ, LZY
respectively). The MCLOCK is gencrated by MCLOCK=KI2,
RCE-SC' - (LMA+LMY). The QCLOCK is generated by:
QCLOCK=KI2+RCE.SC* » (LZX+L2Y). The M, Q, and Z registers
must be clocked for a loading overation.

8, K2 CLOCK.
The K2 clock provides timing for the special

functions, parity checker, and nemory interfaco. The

-30-
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K2 clock is generated by the control logic for each
machine cycle (K2=K2A fron UKl delayed).
9. K3 CLOCK.

The K3 clock provides timing for the menory
interface, The K3 clock is generated by the contrcl
logic for each machine cycle (K3=K3' from UKl delayed}.

10. K2X CLOCK.

The K2X clock is used by the memory interface
to generate MCLOCKL and MCLOCK2. X2X is generated for
each machine cycle (K2X=K2X' from UKl delayed).

11. O Register Control.

The LOAD ORLG signal is the clocking term for
the O register, The 0 register clock is generated by
the control logic if the instruction would not interfere
with a store or fetch operation during state B, during
state C, or during state A if VCY is not set (LOAD
OREGzSg"(XXBRKXC%VCY')-UKI delayed). The contrel logic
generates the transfer gating signals TINCO, TBO, TCSC
ahd TXO which load the 0 register, TINCO transfers the
output of the incrementer into the 0 register if a branch
conditioﬁ specified in the MC field of the instruction
is not satisfied (TINCO=BRANCH'+,..), if VCY is not sect
during statc B (TINCO= ...+ XXB:VCY' +...), or during
state C {TINCO= ...+XXC). TBO transfcrs the B field
of the instruction word into the 0 registexr during state A

if the MCONT field contains a £ or 1 (MCONTY is not set),

-31-
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cY is not sct in the

pes

the branch condition is satjisfied;
instruction, and the instruction does not ihterfore with
& store (TBO=XXB':XXC'-MNCONT':BRANCH-SC'+:::)} or during
statc B when the branch condition is satisfied, Mcontd

is not sel in the inslruction, and VCY is set in the
instruction (PBO= ... +XXS« BRANCH MCONTA' *VCY), TOSO
transfers the contents of the 0S register to the O
register during state A if the branch condition is
satisfied, thc MCONT field is equal to 2, VCY is not sct,
and the instruction would not interfere with a storc or
fetch operation (TOS0O=XXB'.XXC'*®BRANCH«MCOMNTZ MCONTL®
VCY'*SC'+ ...): or during state B if the MCONT field is
equal to 2, the branch condition is satisfied, and vCY
is set (TOSO = ... +XNB MCONTI*MCONT1'*BRANCH- VCY). @
T%0 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
MCOXNT field is equal to three, VCY is not set in the
instruction, and the instruction would not intcrferc with

a store or fetch operation (T£O=XXB"XXC"BRANCH'MCONTg‘
MCONT1 VCY'+SC+...}: or during state B if the branch
condition is satisfied, the MCONT field is equal to three,

and VCY is sct (TX0= ,..+¥XB* BRAKCH MCONTH« MCOLT1. VCY) .

12. O0S _Reajster Control,
The contents of the O register are clocked into
the 03 register by the LOAD OSREG clock. The clock is

generated in the control logic by the RKid clock, LS @

-32~
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of the instruckion is satisfied; the MCONT field is

equal to onc, VCY is not set; and the instruction would

not interfere with a fetch or store (LDAD OSREG=XXB'*

3 y Eore)
XNC e BRANCH® MCORTH ' HMCONTL+ VCY'+8C +as ) OF during state

B if the branch condition is satisfied, the McONT field

is egual to one, VCY is set, and the instruction would

not interfere with a fetch or store (LOAD OSREG= «..%
XXB* BRANCH®* MCONTH ' » MCONT 1 VCY sC').

13. Branch Test.

BRTEST is generated by the control logic during

the interval in which BRANCH is being checked. BRTEST

is used by the branch conditions to reset attention latches.

BRTEST is high during state A if the 1nstr:étion would

not interfere with a store or fetch operaticn, and VCY

is not set in the instruction (BRTEST=XXB"'*XXC'+SC'* ;
3

VCY'4 ...): or during state B if VCY is set (BRTEST =

XXB* VCY) .
14. urite Strobe.

The write strobe for the scratchpad memory is
generated by the control logic. The scratchpad write
strobe (¥S) is derived from the K2 during state A when
the LSPX (load scratchped from X~bus) bit is sct in the

instruction word (st:XXB'-XXC'~LSPX‘K3: rws=-KI2-statc A').
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PPl is generated by the control .‘Lo‘g’ic by Ki2
clock to load the it»ridf:i:ty iateHes for central merbry
requasts from the memory interface. Prl odcuts during
the last machinc cycle of an instruction IRCE' if the

specidl conditions field in the iHstrucktiod cortains

5 an Lk (Msg thri Ms5-228} atd the memory itterface is L
2 +:) .___:!_‘_}
not iH the process of doihg a fetch or d store (PkL= 23

K12’ pcE-Lbr-sciy; RAFN —i AN
y ‘ - Ritn o Ty R
S ) e e TS

: B. 1 RoGistib ceins. {Sec Figure 7:) P ]
% 1271300068 N e N SUSEE R e
E PHe f tedister is a 8§-bit redisletr which contaiis Z/IALLALRA e % i 1] zw In
. R \ . i §
. the irstriiction ciirreritly beitig executed by tHe micro- g i | In
o . , : . 12713000888 s L ; —1n'
5 processor: The i register is loaded from the read-only L__I_.ﬁ T 1
3 5 H b
- P LT S ——. y - ‘;‘j el
K memory 'RO) abt the end of 21 instriiction cycle by the @ 281 ;1 i //L— Ve
> : 3 i Y T
B 12CIOCK bf 13crock; dependihg on the timing requirements {3
<~
g for the partieular bit in the instruction (Sse Table Al 45 L
H
; in Appendix A for timing a listing and functions of the
individual instructions bits). The I register bit ’
: is set by RAZn or RAln (Where: n = 0 thru 89.) and the
. WHIRL:n=9 THRU 8%
i corresponding I12/3CLOCKA (sIn = RAJn-12/3CLOCKA:RAln. AND RAJn, RAIn, RB@n, R8In: SET=5RQUND
: 12/3CLOCKA: ...): or by RBfn or RBln and the correspon- ROT SET=0FEN
ding I2/3CLOCKB (sIn=...+RR¥n-I12/3CI.OCKB:RBln- I2/3CLOCKS). .
s (RAZn is the bit from ROM card @ thru 7 in the A bank:
H
3 Paln is the bit from ROM card 8 thru 15 in the A banik:
RBPn is a bit from ROM card § thru 7 in thc B bank:
3
i RBIn is a bit from RCM card 8 thru 15 in the B banrk.
§
O e
: :
5 Figure 7. 1 Recister, Functional Block Diagram.
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only one of these signals is selected to be read out of
the ROM during an instruction.) (Sec Paragraph 3C for
a description of the ROM.) The I register bit is reset
at the end of the instruction if the corresponding bit
from the ROM is not sct when clocked (rIn = RAffn'*
RAln's 12/3CLOCKA{RAIN® RBIn® I12/3CLOCKE).

C. READ-ONLY MEMORY.

The Read-Only Merory (ROM) is a diode memory con-
taining the operating progrvam for the microprocessor.
The ROM is comprised of two groups of cards referred
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 T register., Both
banks of the ROM are addressed by the 0 register.

1. BSHLECT Flip-Flop..

The bank selected is determined.by the BSELECT
flip-flop. The BSELECT flip-flop is essentially the
¢leventh bit of the address, with the cx?option that is
not incremented and must be set or resct by an instruction
containing a SELECT B special condition or a SELECT A
special condition. The BSELECT flip-flop is set if the
spocial condition field specifics SEILECT B, is cleared
if the special conditién field of the instruction
spcc}fics SELLCT A, and is not changed if the special

condition ficld doecs not specify a SELECT A or SELKCT B.

-36-
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The BSELECT flip-flop is sect or reset at the same
time that the 0 register is loaded from the B-field
of the instruction. When the microprocessor is initialized,
the BSLLECT flip-flop is cleared.
2. BSS Flip-Flop.

A bank select saved (BSS) flip-flop is uscd 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
roturns to the main program the BSUDLECT flip-flop is
restored to the previous state by the BSS flip-flop.
If the subroutine transfers the contents of the OS
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 BSDLLCT flip-flop is sct from the X-bus.

3. Address Decodings.

, The contents of the 0 register are deccded by a
logic matrix on the O and 05 registers card. Bit &
thru 3 of the O register generate the card selected
signals, CSg thru CcS7 and CS1f thru CS17. Bits 4, 5,
and 6 of the 0 register generate the Y-line selected
signals, YS¢ thru ¥S7. Bits 7, 8, and ¢ of the 0
register generatc the X-line selected signals, xsg
thru XS7. The word on thc ROM card is selccted by
the X-and Y-lines. The particular card is gelected

by the CSn signals. The bank read into the I register

37~
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is detexrmined by the clock signal gates by the status
of the BSELECT flip-flop,
D. O & 0S REGISTER CARD, (See Figure 8.)

The 0 and 03 register card contains the address
register (O register), the address storage register
(0S register), and the address decoding matrix for the
Read-Only Momory.

1. O Register,

The O register is a ten-bit registcr which contains
the addrtss of the next instruction to be executed. The
0 register is loaded from the lccation 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 ig not satisfied, the
contents of the 0 register are incremented by one. The
MCONT field is deccded by the control logic to provide
the gating for the O register set terms. lIf a branch is
satisfied, the O registpr is loaded by the LOAD OREG
e'lock and the contents of the B field of the instruction
if the MCONT field cguals £ or 1 (sOn- LOAD ORLG-Bn
T894...) or by the LOAD ORFG clock 2nd the centents of
the 05 register if the MCONT field of the instruction
equals 2 (sOn .., .LOAD CHEG:0S1:T03Cs»s), OF by the
LOAD OREC clock and the least significant 10 bits

in the X-hue if Lhn Moot field of the irslrvction equals

T R

e




B

B 4

i it ek e S R i, bt cie S M. . b n s e ce— o

st ) PR
~>J""'“ _./l i..._,}':f“ww‘
TX0 a—f TN M,_,} R S
X(n) et
Tosn T
i e LOAT QRS - -
1
H

2587

e i o ot e s s Mimn Y 1 A g e |

!
i
i
i
{
H

i
i
4
S—

L&D 0S REG - -

¥

& 0S:n=9 THPU 9

WHERE £,0,
AND X & Y:n=14 THRU 23

Figure 8. 0 & 0S Register, Functional S8lock Diagram.

-

£sg-Csy7
YS¢-vS7
¥S@-XS7

"39/40‘




ot it it o T TR B Ve sk i

e

JORP PP

[P

"¢ i s JEEOBEIANS Lty goivomon e MR G L W GBT e 8 sk

e

i e b T o 1

e

W e, I

50010

3 (80W=.,,-LOAD OREQ*XneTINCO}. (Sec paragraph 3All, -
0 Register Control~for a detailed description of the
contrql terms and clock from the control logic card.)

The cohtents of the O register arc distributed to the
decode matrix to generate the addreseing terms for the
ROM, to the incrementer where they are incremented by
one if a branch does not succecd, and to the 08 register,
{Sec Paragravh 303 for a description of the decode matrix.)

2+ D Reaister Incrementor,

fhe O redister is ihcremonted by complementing
tHe iedst significant bit: ahd gernerating a carry input
to the next bit, if the least significant bik is high

prior to being complemented, The remaining Dltu, o5

thru g8, are set by conditionél sum half adders. The Ha‘f

,
adder provides ‘a sum outpu+ used to sct the aSSOC13ted blt,

’ f ot

and a carty to the next bif. The 1nputs to the ha l‘ aqdor

v ov NETS .

are the' cvrry from the preVLqu blt, and the assoc1‘ted

o HER .

pit. "ro'fncrease the s“ecd of tqe 1ncxeﬂent1ng cycle,

f (AR

“the‘d’ reglqter is leldcéwintb thrco aroups of blts with

en ‘cerry Trom 'the previcus group.
3, The 0S Register.

The 05 register is a ten-bit registef gsed to
store the contents of the O kegister duriiig & branch:
£ the MCONT Field of the ihstrudtich ‘is 2 1, 'ahll 'the
Branch dondition specified by ‘Lhe MC field of 'the

- ‘

s ! 3 " . P ' . . : iy
instruction is satisficd, the 05 register 'is loaded with

the contents of tne O register by the LOLD OSRES clock

~41~
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from the control leogic {sCSn=On'LOAD OSREG). The ¢onktents
of the 0S regi
ten bits of the Y-bus if TOSY is set in the instruct*on
{Y=TOSY+08). (Sce Paragrarh 2Al2. - OS5 Reg ister COﬂLrOL—
for a description of the LOAD OSREG clock. )
NOTE

0S register is implemented with flip-£flops

tricgered by the leading eodge of the clock.
E. BRANCH CONDITIONS CARD.

The branch conditions card decodes the contents of
the MC field in the instruction, and examines the data
aseociated with the decoded branch condition., If the
branch condition is satisfied, a2 BRANCH signal is generat
(See Table A2 in Appendix A for a listing of the branch
condition codes and func*xond.)

1, Branches.

The MC-field is decoded in two groups, The

V
first group

is comprised of bits #, 1, and 2 in the MC-
field, and is decoded to generate sg thru 87, The seccend
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 thesc comhinations are used conditions, The rest

of the combinations are not decoded; and, therefore, will
never branch., Every decoded branch is the logical

product of the branch condition spacified and the decoded

Me-fiela for the condition, 1he BRaNCn sigpal is the

. S

ster are transferred to the least significent

ad,
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" logleal suv of all the decoded branches, Table 5 is

a list of the logic eguations for each branch condition

and a description of the terms.,

Table 5 . BRANCH Logic

BRANCH=

DFSCRIFTION

i

sf.T1
PEZo20 (X{0) ' X (1) eu., o X{23)")
SH.T3e (X(0) 1X (1) 4., . 4X(23))
150.T4.X (F)
1EgeTS.X ()
A5 TEXF e (X (B) 4K (1) 4. .., 4X(23))
180+ 17-Y ()

48174 (X{5)+X{(7)+...*X(23))

45115 (X(6) "X (7) " +., . +X(23)")

IS1e16-2 (8)"
4814772 (4)

15274
4524T1e (Y (21)4Y (22)+Y (23))
4$2-T2- (BLO'-BL1'*, .. BL23")
+52°13- (B1J.BL1+, .. 1BL23)
152-74-Y(23) "

182+T5+¥ (23)

182 T6* ATLAT]

MC=¢f1 (will always branch)

(Ms=g2)+ (X=f)
(MC= §3) + (X40)
(RC=@4)+ (Xeff)
(MC=05) + (Xy0)
(MC=006) « (x58)
(MC=fi7) « (¥sf)
(MS=14)* (X(6)-%(23)=
777777D)
(IC=15)« (X (6) +X (23) £
777777B)
(MS=15) » (250)
(MC=17)+ (Z2<F)

MC=2¢ (will always branch)

(MC=21) - YA/
(MC=22) « (BL=0)
{(118=23) - (BL/Y)
{(MC=24)+ (Y (23) =0)
H{MC=25) » (Y(23) #F)

1 {MC=26) " (Attention

lateh' 1-g)

43—
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BRANCH Logic.

{fcont'd)

BRANCH=

DESCRIPTION

+82:T7*RS81'.RR2"'
+53. 10 PNEX
+§3-T1- RS2’
483+72:SPAC'
+83-713.SPAG
48394 ATLAT2!
483+ TS5 ATLAT3!
183 T6-ATLATY
1S4 7@+ SB1
+54-71+882

4S$4.T2- LMPE

48473 SB3
+S4+T4. CHPE

)

154-T5.BP

(Mc=27)-(RSLATL=§)-RSLAT2:§)
(MC=3¢) + (Protect,;N)
(MCc=31) « (RSLAT2 =)

(MC=322)- (Special flag A=[Y)
(¥C=33)* (Special flag A=J)
(MC=34). (Attention latch2=}"'
{MC=35)* (Attention latch3={)"
(MC=236)+ (Attenticn latchlyfC)!'
(MC=40)* (Undefined)
(MC=41) " (Undefined)
(MC=42) - (Local memrcry parity
error=1)

(MC=43) + {Undefined)

(MC=44)- (Central memory varity

error=1)

(MC=45) * (BreakpointZg%)

2., Attention latches.

The branch conditicns card contains three latcehing

flip-flops, attention latch 1 (ATLATL), attention latch 2

(ATLAT2), and attention lateh 3 (ATLAT3). The attention

latches are set by the corresponding SATLAL', SATLAZ®,

or SATTA3' signal from the Y/0 interface card and the K2

44—
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clock from the control iogic fsATiATi = SATLAL':K2:

...: SATLAT2-=ATIAT2 -K2; SATLAT3=SATLA3'‘K2): Attention
iatch 1 is also set by the ADVANCE switch on the local
control panel. IThis switch is used exclusively by the
diaghostic microprocessor.) ‘The ADVANCE switch generates
two signals, ADVNC and ADVNC} where ADVNO=ADNC'. In

the gquiescent state; ADVNO is high, and ADVNC is low.
Two flip-flops ADVY and ADV2, are assoclated with the
input from the switch, and are usad to generate a pulse
each time that the switch is pressed., ADV1 and ADV2
are initially set (sADV = ADVNC: I2CLOCK; sADV2=ADV1*
T2CLOCK). When the ADVANCE switch is pressed, ADVI

is resct (YrADV1=ADVNC'+I2CLOCK). One instruction cycle
later, attention latch 1 is set (sATLATL=ADV1'-ADV2-

PLUNC- T2CLOCK), and ADV2 is reset (rApDV2=ADV1'-I2CLOCK).

ADV1 remains reset until the switch is released. (sADV1l=

ADVNC- I2CTOCK), .and ADV2 remains reset £for one instruction
cycle longer (sADV2=ADVL-I2CLOCK). The attention latches
are reset by branch condition in the MC field when the
condition of the respective latches is beiny tested,

and the latching signals’ are not ‘in the process of sot-
ting or holding the attention laktchcs (xATIZT1=ADV1-'
SATLAL- T2CLOCK: (S2¢T6) +(S3+T6) +ADV2' - SATLAL - I12CLOCK-
[(S2-T63%(S3-T5)}4ADVNO'SATL.~12CLOCK-[(S?-TG)%(S3-T6)};“

FATTAT -SATIA2-83: T4+ X2; rATLAT3=SAPIA3-S§3-75-K2),

-45-
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F. SPECIAL FUNCTIONS CARD.

ihe special functions card decodes the contents
of the Ms Field in the instruction, and generates the
control signels regquired for the function. (See Table A3
in Appendix A for d lieting 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 gencrate UF thru U7. The second
group is compriscd 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 fovr possible
combinations of UF thru U7, and VL thru V7 are used
to generate the control terws. The remaining combina-
tiens are available for future expansion, Table 6.
is a list of the logical equations for each épecial

function and a description of the terms.

Tfable 6 . Special Fuactions Logic

Definition
Function Equation of Terms
~

...1 place. |ICY1B = Ug-Vl MS=f1
Left cycle \...2 places. |LCY2B = Ug-V2 MS =82
the data
from the ...3 places, |LCY3B = UZ'V3 MS=£3
leZt bool
box to the ...4 places. ['LCY43 = Ud-v4d MS=g4
Y~Lus, .. ’
(sec Para- ...8 places, |LcY8B = Ug.V5 MS=(5
araph
(3A2 ) v 12 places. i 10Y12B = U@ V6 MS={6

,..16 places.| LCY16B = UG- V7 tis=f7
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Special Functions Logic {cont'd)

Reset Parallel Output
{Sce Paragraph 3¥l.)

Set Parallel Input
‘{See Paragraph 3Fl.)

Resct Parallel Input
(Sce Paragraph 3Fl.)

Request Stobe 1

rPOT = Ul'-K2 \
+ V5t

sPIN = I2CLOCK:

Ul.ve
rPIN = K2-
+ K2-
RSOUT 1

V7+ BRTES?Y

K2

ul’

ve'

= Ul

MSA15

MS=16

MS#£16

(Ms=17)

(interval,
during which
the branch
condition

is tested,)

AT

-~

Tab}e 6 .
o T Definition @
Functlon Bquation of Terms
VR : 5
Left cycle ;...20 places. |LCY20B = Ul-VvJ MC=10
thn dat . Co .. L
from Lho { .. .as cpocc—~, |CCFZA = Ul-vl MS=11
jeftpool ified by 222
box to,the jand 223
X-bus (See |§ . o . R
Paragrqfh .,.as spacr  |CCFZB = Ul-V2 MS5=12
372 ified by 219,
\ Z20; and Z21
scratchpad address SPFZ = Ul-V3 Ms=13
from Z (See Paragraph
30 ¢
SALERT = Ul-vd: Ms=14
T2ct,oCK
YALERT = Ul*K2 |
) MS#£14
+ Va'ex2 |
Set Parallel Output sPOT Ul vy5- M3=15 @
*| (See Paragraph 3Fl.)
I2CLOCK

50010

Tty o, : clt Y

Spe01al Functions Logic

I fooo ety

Table 6 . (cont'd)
SR i
T ot Lo Definiticn
Furctlon Equaticn of Terms
vee. ' . . S R b N
Unprotec» as specified by "PXn =, U2-¥J+¥n . (Ms=27)
X+bus masXk . (See Para- (n.= 20, 21, 22, or
gragh 3F2, 23)
Clock memory interface LPF = U2:V2 MS=22
to load priority lat-
ches for ccntral mem-—
ory reguests
Peset request strobe rrsi = t2crock-u2iv3 | ms=23
lateh 1
Reset Central Memory M1 RESET = J2¢V4 MS=24
request
+ MRy
+ MR1
Set protect as speci- PXn = Us.VE+Xn {M5=25)
fied X-bus mask (n = 20, 21, 22, or
{See Paragraph 3F2. 23)
Reset used by TSU RESETTU = U2.V6 MB=26
Set special flag SSPAG = U3V *I2CLOCK| MS=3f
Pesct special flag rSPAG = U3+V1eI2CLOCK| M5=31 !
i
Resct request strobe rRS2 = I2CLOCK'U3+V2 | M5=32
lqtch 2
Request strobe 2 RSOUT2 = U3 +*V3<BRTEST| (MS=33) {(inter=-
val in which the
branch cendition
is tected)
Undefined SMS 1 = U3:V4 MS=34
Release Special functions 40 =40
Prestore thru 47 are contrnl My=41
Store terms for data transtgMS=42
Store & Hold {fcr between the Mi- /i M5=43
Fetch cropreceseor and MS=
Pectch & Hold central or local S=
Prefetch merory [sce Paragraphl NS=47
30.) -
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fable & ¢ Sbeclal runctions begle (eoht'd)

4 Definitiod of
Functich badatioh efipiiiot o

Sclect ROM bahk A rBSELECT = k2:b6svgtes (MS=60)

(See Paragraph 3L1.}

+ Ksipssti 1050
+ K2.X13'.TXO

S8clect ROM hank B

{Sce Raragraph 311,} tents of B

+ K2:BSS: TS field trans-
forred Lo 6

+ K2e%13+9X0 Register

Clear CPU maps . CMAP = U6.V2

Oddword Fetch 1 lcontrol terms used by J

Oddword Fetch & Hold memory interface ;
(sec Paragraph 3M.)

8BSELECT = K2.U6.V1:TBO (M3=061) (Con-

The YOT/PIN System allows the microprocessor to com-
nunicate with external devices. (Sec Paragraph 3N for a
detailed description of the I/0 functions). When the microi
processor wishes to transfer data to an external register
(éOT), it puts the address of the extcrnai register to be
loaded (hardware defined) into the 2 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. The
external device will use this POT sirobe to load the
seclected register from the Z-bus. When an external de-

vice wishes to sgend data to @ microproceszsor (PIN), the

-49-

50010

devices serd @n atténtion eighal; SATLAn; to the micro-
Brocessor: this sighal is lalched in kie tiicroprocessor
and is tested by & branch condition ATLAn=1. The micrd-
processor will; via brogrammed 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 sc-
ipcted retister and the Fl-bus pr F2-hus, The minro-
processor will then Lransfer the El-bus ov L2-bus to Lha
¥-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 systen.
There are four identical protect units, each protecting
a specific item. Wnen a microprecessor wishes to
protect, the microprocessor will gate a bit mask onto
the fogr low order bits of the X-bus. This mesk will
have a one in the position corresponding to the protect
to6 be selected. Simultancously, the nicropreocessor will
set a special fanclion, reqguest protect. The instruc-
tion whick requests the protect must have VCY set. The
protect system examines the X-bus and the protect reguest
lines from all microprocessors during each cycle and re-
solves conflicts between units on a positional priority
basis. The protect mechernisn sets a latch peculiarx te
the type of protect, and to the microprocessor initiating

the request. The protect system has a comparator for ecch

~50-
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migroprocessor which compares the low order four bits
of the ¥-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 eqgual
to protect field, is provided to allcw execution of a
loop until a request is satisfied, When a micropro-
gessor wishes to unprotect, it gates a 4-bit mask to the
) v

A frpeee fieny ,g“,\‘

gl o e pradect g e The E b

N
which of the four typcs of protect are to be releascd. IR

Unprotect takes one cycle and need nct be tested, as it

will always succeecd. A protcct remains in effect until

the microprccossor, which initiated it, relcases it,
3. Reguest Strobe.
Each microprocessor has two latches that are sct by

the other microprocessors in the system. These latches

nay be tested by a branch condition. A unit can also
seclectively 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 strobec itself. (See Paragraph 3L for a
description of the request strobe.)

G. MQZ REGISTERS CARD,

The MRZ regislers card is comprised of three 24-bit

-51~
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registers (M register, Q register, Z register}, and two
boolean function circuits (left bool box, right bool hox)
and 2 reglisters

associated with the reyisters. The M, Q,

are loaded fronm ¥-bus or the Y-hus. The M register is
also loaded from the local or central memory via the
M2-bus or the Ml-bus, respecctively. The output of the
right bool box is the logical combination, as specified

by the BR field, of the contents of the 2 and Q rcegls-

ters (Bee Table A Qo Appendis & for a dieting of tie
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
Tahle A4 in Appendix A for a listing of the boolean
functions) . The oulputs of both tha bool boxes go
to the adder/cycler.
1. M Register.

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

Y-bus gy LMX or LMY, respectively, in the instructicn
word and the M register clock (sMn=Xn-LMX-MCLOCK3+
Yn-LMY’MCLOCK3+...). (Sece Paragraph 3A7 for a descrip-
tion of the MCLOCK3.) The M register is also loaded
from the central memory or the local memory by LMil and
LMi2, respectively, from the memory interface and
MCLOCK1 or NCLOCK2, respectively, which are logically
surmed with the MCLOCK3 from the control logic to gener-—

ate MCLOCK (MCLOCK=MCLCCKI:I:CLOCK2*MCLOCK3); data from

~52~
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& central memory is tronsferred via the M}-pus, and data Jogie matrixes thai provice one of 16 Pos:éi‘nla logjeal
L from local memory via the M2-bus (an-...-H\’ln-u""!l'!-iCI.OCK«r % cormbinations of two varm’*lcu. The ouiput corres sponds
H2nLMM2:MCLOCK) . (See Paragraph 3M for a description to the boolean functions specified by the BL field ard
? of LM¥l and LMM2.,) (See Paraqxaph 3M fqr a description of the BR field of the instruc'tior:. The left bool box
g MCLOCK]} and KCLOCK2.) The data }oaded in the M register combines the M register and Q register outputs under
;f goes f.o :the ;efg: poo} box a_nc} ‘the M-bus. ’;‘hfe data on gontro}. of BLZ thru BL3 p;oviding the Jogical com-—
A the ;q—bus is gat‘:ed to :thc meRory by sigzua}s from f.he bination of the loqica} Products 9f M, 0, M, and Q'
‘ menory interface. gSce Parag‘rap?} 387 for a description (i&ryn'+an‘-Me1-Qn+Izi,lf sMaeQn'4BL2 M0 -Q.1+ 3L3' M0t eQnt .
4 of ',"h? memory iqtcriace, an'd the transfer pf ‘cllata from . Note that this is 1me:’.cd.) Thc rcsu}ta 't output of
5 the K-bus to memory.) the left bool pox is the Jogical swu of the produ wets to
‘ 2. Q Register. ) the adder/cycler where it is inverted to provide one of
? The Q register is loaded from the X-bus or the ’ the 16 functions specified by the count in the BL field.
1 Y-bus by LOX or LQY, respectively, in the instruction {Table 7 is a list of the logic equations for the bool
word and the Q register gloek (sQn=Xn:LQX:QCLOCK+Y¥pn+LOYe = @ pboxes and a description of their functions.) The out-
QCLOCK) ;  (Sce Paragraph 3A7 for a description of put of the left bool box gocs to the adder and to the
QCLOCK) ., The data in the Q register goes to the left ; cycler ;af the adder/cycler card.
bocl box and the right bool hox. . 4 Table 7. Left (Right) Beool Box Logic,
{ 3, 2% Register. Wheres ' n=f thru 23;
‘ The %4 register is loaded from the X-bus or the ' . And for the left bool box: awl, b=M
; Y-bus by LZX or LZY, respecctively, in the instruction And for the right bool box: a=R, b=2Z
. word and the % register clock (sZn=Xn-LZX+ZCLOCK+ .
%‘ ¥YneLZY»2ZCLOCK). '(See Paragraph 3A7 for a description , Ba= DEFINITION
of ZCLOCK.) The data in the 2 register goes to the -
) Raff:Bal'+pa?'. Ba3'sbn-Qn (Ba=ff) - (6 Q)=1
right bool box and to the Z-bhus,
+paff', Bal'. Ba2's Ba3. (bn-Qnitbn'+On' )| (Ba=g1)+ (b=0)=1
: 4. Bool Boxes. i
i The left bool box and the right bool box are -
i ® °

54—
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Table 7 , Left (Right) Bool Box Logic (cont'd)

@ @ 1, Adder.

Ba= DEFINITION The adder is comprised af six 4-bit sections with
. carry acceleration over each section. A consideration in
+Bag'sBal'sBa2-Ba3!+Qn (Ba=g2)rQ =1 ‘ the adder is the time rcquired to do the add, the delay
+Baf ' +Dall-La2ekal-{bn'+Qn) {Ba=f@3) ¢ (b'4Q) =1 around the loop from the M, Q, and % registers, through
+Bag 't Bal-Ba2'-Bal'ebn {Ba=g4) =1 the adder, onto the X-bus, and back into the M, Q, and
A +Raf'+BuleBa2'sRal«(bniQn’') (Ba= S} « {b1Q'} =1 7 registers; which takes more than one clock period,
+Baf ' Bal-Ba2'Bal' e (bn+0n) (Ba=f6) » (b+0) =1 Data must be stable éuring the clock (K2) which loads
+Baf'+BalsBa2+:Bal3e (bntbn'+0n+Qn’) {(Ba=g7) =1 M, Q, or Z registers, therefore VCY must be set during
+Baff-Bal'+Ra2'-Bs3'+ (bnebn'«QneQn')| (Ba=1g) =g . adds.
4Dz@+Bal'+Ba2'+Bal3'+bn'eQn’ (Pa=11) «(b'-Q'}=1 a. Carry Portion, The carry portion of a single
+Baf+Bal'+Ba2+Ba3' +(bn'sQn) {(Ba=12)*(b'»Q) =1 stage of the adder does one of three things with reepect
+Baf'Bal'sPa2.Ba3.bn' (Ba=13)sb' =1 / to carries: generates a carry-out independent of the
+Baf.Bal-Ba2'+Ba3-bn-Qn' (Ba=14).b+Q'=1 _ ﬁa carry-in, absorbs a carry-in, or propasgates a carry-in
+Baff+BalsBa2's Ba3+Qn' (Ba=15).Q' =1 ; across itself. A carry-out is generated, independent of
+Baf«BalsBa2+Ba3«(bn-Qn'+bn’.Qn)} (Ba=16).(bn(EOR) Q) =1 ! the carry-in when; BLn+BRn=1. A carry-in is absorbed
+BaffeBalsBa2-8a3«(bn'+Qn') (Ba=17)» (b'4Q") =1 A when; BLn+BRn=@, A carry-in is propagated when; BLn (EOR)
BRn=1, and the input carry (Cn-1)=l. The adder is

¢ .

divided into six 4-bit sections to provide carry acceleration
H. ADDER/CYCLER CARD,

. . . over each 4-bit scction. If a given stage either generates
The adder/cycler is comprised of three physically

. . . or absorbes a cawrry, the output carry state from that
identical cards. The input data to the adder/cycler is

. . stage is fully determined independent of the carry-in for
from the left bool box (BLn} and the right hool box

. that stage. Within a 4-b%t section haveing no antici-
{BRn). The adder uses both inputs, and the cycler uses '

pation, the outputcarry from the high order bit is frlly
only the left bool box data.

deternined 4 logic levels after the input slgnals for

o 55 @
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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
[rom the time the carry arrives at Lhe low order bit,
assuming that the low order 3 bits propagate the carry,
and the 4th bit absorbs the carry: If dil four bits

of a group are in the torrect state to propagate a carry-

. in {BLn4BRn=1), or not to propagate a carry {(BLn'4+BRn'=1),

then the carry-out from the 4-bit section can be de-
termnined in two levels rather than 4. The PX signal
indicates that a car;y is not generated by the sect;on,
is not propagated across the seetion. The PK' signal

is used as one of the carry inputs to the next scction,
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 signal indicates that a carry is inputed to the
section, and is propagated across all 4 bits. PC' is
sent to the next section as part of the no-carry input
term, and alsé forces the carry output of the high order

bit of the group to 1,

b. Anticipated Carry. The anticipatory circuitry

guaranlees that a carry ouvt 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 next less
significant group are stable at the input of the group;
whichever is greater. The total time required after

the arrival of BLn' and BRn' at the card inpubt to obtain
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a stable carry out from bit g is approximately 16 levels.
from the time the carries have stabilized, additlomal
time is roguired to stabilize the svm on the X-bus.

e, PLUst,  PTUSH is a signal derived from the
branch conditions tard. FLUSH Inhibits the cerry gircutt
if an add is not required and a zero-shift of data thru
the adder is required. More than one ecycle is reguired
to do an add. If VCY is not set in the instruction and
the branech condition is not satisfied, the instruction will
use only state 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'+S87 T1+52 TF).

2. gcycler.

The cycler does left cycles only. The 8 inputs
to the gates for each bit are conrected to the left
bool box signa's for the bits that ecrrespond to 1, 2,
3, 4, 8, 12, 16 and 20 bits to the right of the bit, and
a;c galted by the cycle count, LCYIA thru LCY20A or
LCY1BR thru LCY20B. The cycle count is taken from the
spocial function field, LCY1B thru LCY203, generated
on the special function card or from the Z register,
LCY1A thru LCY20A arc gencrated on the control legic
card.

I. PARITY CHECKER.

fhe parity chocker generates the parity bits for
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data contained in the M register. fThe contents of the . SPARL=PARLIN+ (:CLOCK141iCLOCK2)) . The contents of the
g . . . c (I ' . ‘
@ M ister are examined as two fields, M{ thru M1l and 6 . N ; : ;
P TEgISt two fields, M§ uoRLL @ M rogister arc examined for even parity and compared
M -t “ 3 ach f£i : is At i -io 1 te ! . . . , e B
Mi2 thru M23. Bach field is decoded by identical logic with the contents of the corresponding bits in the

, . i (ne s ( o ‘ .
matrlces. 1f the ficld contains an even number of high parity redister. If the parity bit of the corresponding

S A T+ 2 X0 2 ST A TN e

bits; the ity bit is high (LEPARgOUTSHZ thru K ( . , .
bitss then the parity bit is hlgli terargour=iy thru 1l M register field is not the same as that stored in the
‘ontaih a e w igh bitsi LMPARIOUT=M hru X . .
contaih an even number of high bits; LMPARIOUT=M12 thru parity tregister; the parity erroxr flip-flop (LMPEZ,
3 123 i "ber of h bits). Y ‘ . . sx
% 7 423 contain an evett rurbet of high bits) buring a HMPELl, €CMPEP br CMPEL) associated with that parity bit
: store operation, the parity bits; LMPARGOUT and t:pAkiour, is set one instruction later. LMPARn'S...+L'PARNOUT's
H are sent to the local menory with the data. The parity ) LMPARn SLMP-K2¢ sCMPEh=LMPARNOUT +PARA' ¢, . (+LMPARNCOUT Y
3 its + . i AR1OU . :
: bits to central memory, PARFOUT and PARIOUT, are the PARN-SCNPIK2) . 5LMP is set 1f the local memory is
I
f local memory parity bits AND-gated with ©DM (GDM is ) clocked (SSLMP=NMCLOCK2K2), and resct at the end of the
& < SS LT =LULUC 2 1 - p= -
o always high) which i e d by the mem inter- . - s e
i tway gh) which is generated by € remory inte next instruction {(rSLIP=K2). SCNP is set if the central
i IT=GDM LMPR 1T ;
face during a store (PARNOUT=GDN:LHMPARNOUT; where; memory is clocked (sSCMP=MCLOCK1-K2), and reset &t the
™ = its M M ty; d M= x M12 .
A for bits M thru ¥I1 parity; and M=l for bits O end of the next instruction (rSCMP=K2). The status
1 thru M23 parity). Data resides in the Microprocessor of the parity error flip-flops (latches) isAtestcd by
g - &
| M register for at least 1 cycle before being gated to . , ~ ca s . I :
} two branch conditicons; local memory parity error
3 cantral menory, or being strobed into the private memory (LMPE=LMPEF+LMPE1), and central memory parity error
2 . . ]
; data register, allowing the parity gencrator to become (CMPE=CHPEF+CHPEL) .
H stable before the cutput is used. . . . NOTE
| sari .
i 1. Parity PRegister, Care must be taken when using the branch
buring a fetch operation the two parity bits from conditions on the parity error latches,
memory (LMPARJIN and LMPARIIN, if the fetch is from local since the latches are not set on an error
5 merory; or PARFIN and PARIIN, if the fetch is from cen- until 1 cycle aftor the memory has stopped,
i tral memory} are stored in a parity register at the same An instructi ~auanco
) n instruction seoquence;
time that the M rcgister is loaded with the data,
(SLUPARY=LUPARZ LN « (HCLUCK 4 HCLOCK2) ; -
L4 SLMPRPI=LYUP AR TH ¢ (CLOCK 14 HCLOCK2) ; 3
SPARF=PARI 1L « (MCLOCK L +MCLOCK?2) ;
. ~-60~
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FETCH

RFIRY {or some other instruction which
will stop execution until the memory

stops.}

NOP (the parity error latch will be sect

at the end of this instruction.)

GO 70 ZILCH IF BAD PARITY.
The parity error latches are resect at ‘the cnd of every
branch instruction if the branch condition is not a
1
memory ' parity error check (rLMPE=RLMP=K2*RBRTESTTLNP';

' YCMPFn=RCMP=K2*BRTEST+TCMP'). The outputs of the parity

B

error latches are also routed to the system warning

“aen

register,

2.  Addressing Parily.

'

) S
The parity chicker aleo generates wn edd parity hit 13 9

;

L

1
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@ GO 50 S1LGH IF PARIEY LEROk, (APAR) for 17 bits of the RE register, RE{§)} thru RE(22)
@ inclusive, which comprise the mencory address, RE(6) thru
checks the parity of transfers which RE{22) are deccded by a logie matrix so that, if an odd
> occurrod.prior to the fetch, since tho aunte . of Dits e high, thea APZT will Lo hich, Tm
eacory fn cUHL pumning when the test mord cases, Ahe address 3 dn RE for L oeyele boiepe bedng
is done. To check the parity of an sent Lo the memory (while the migyoprocessor is making
E isolated reference, the following works: a request to ihe MPMBM); in the case of the CPU, this is
not necessarily the case. Address parity (APaR) will be
This

stable 60 nanoscconds after the data im RZ is stable.

implies that in the worsc case, address parity will

arrive at the memory 60 nancseconds after the address ané the
request ficld arrive.
J. SCRETCHPAD.

The scratch pad is a non-destructive read-out {ndxroc}

The

memory cowprised of sixty-four 24-bit registers.

scratch pad address is decoded from the SSP field of

the instruction; or the least significant 6 bits of the .

¥
2 register, if specified by the special functions (SPrY)

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 (S8Pn=X%nsW8). The write strobe is derived from
1SPX in the instruction word during state A (sWS=
XXB'e XXC'v LSPX» K33 rWS=E12.STATEA'), The data is read

from the selected scratch pad aldress to the Y-bus by

.

LSPY in the instruction word (Yn=SPnrLSPY).

-62~
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K. HOLDING REGISTLRS. (See Figure 9.) .

The holding register cards contain scven 24-bit
fegisfers; Rg thru RS and the gating £6 the Y-bus: The
holding registers arce icaded by thelr respective clocks;
RICLOCK thru PGCLOCK: ahd the contents of the X-hin if
tx is seb in the instruckion word; ot Y-bus is T¥u is
set in the instrucktion word (sREn=RECLOCK-Xn-TxXw+
RPCLOCKYn-TY¥3; sRin thrd sR6n, same as sRPn except that
the RECLOCK is replaced by the RICLOCK thru the R6CLCCK
respectively) . The RPFCLOCK thru RECLOCK are derived from
the K12 clock, LRO and LRN field of the instruction,
in the econtrol logic during an end cycle of an instruction
if the instruction would interfere with a store or fetch
operation. The specifle register clock generated is
determined by the contents of the LRN field in the in-

struction with the exception of the RICLOCK which is

lo2dcd independent of the LRN field by LRP in the instruc- -
k]

tion word. (Sec paragraph 3A6 for a description of the
hblding register clocks.) The holding registers are
read-out to the Y-bus individually as specified by the
contents of the RK{ field of the instruction if THY is
set in the instruction. (¥n=,,.+Rfn RRNJ'-RRNi'-RRN2'*
THY+,..; for RI thru RG, RRVY thru RRW2 are sct to
correspond to the reglcter nvrber). The reogister read-
out withont changine the conlcents of the register,
however, the cdala transforred to the ¥-bus is incre-

mented if MR is set in tne instruction word.
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1. Rrex.

‘ ! . H ' o o
The REX register is an additional register,
.
.

§rovidea on iﬁe hoiding teéisier caié that is ioaéeé
in paraiiel to éﬁe RZ register and provides access £o
%he aé{a containeé in RZ by the merory intexface via
ihc RZ-bus Qi{houf the necessify of addressing tﬁc RE
regisﬁcr: the data in RE provides the menory address
for data transferred between the microprocessor and
loeal or central memcry. The datz from ROX is sent
to the memory interface independent of the addrcssihé
and conirol associated with R thru Rr6.

2. Y-bus Gating.

The gating of daka from the scratch bad memory,

El-bus; £2-bus, 2nd C-field of the instruction to the
v-bue is provided on the hclding register card by rspy;
TE1Y, TD2Y, and TCY bits, respectlvely, in the instruc-
tion word (Yn=...+SPn.TSPY+Eln-TE1Y+E2n»TE2Y+Ch+TCY) .
L. RIQUEST STROBE CARD.

Each microprocessor has two latches tﬁat are set by
other microprecescors in the system. The lateh may
be testcd by a branch condition. The special functions
card generates the signals to set the latches specified
by the contents of the 8 least significant bits of the
X-bus. A request strobe is generated by the request
stroke’ card vhen the speeciel functions, M5, field

comtains 2 17 [R2ovril) or 2 32 {0g0UT2): Lho speco

50010

Ve , o . . BN . P N

that are set. The request strobes from the micropro-
cessor are RSI(F) thru RS1(7) and RE2{{¥)} thru

. [ . . . Lo . : cL
RS2(7) . The reguect sirobe card contains a 16-bit

e Lt e ; : N
storage register for the request strobes. Eight bits

of %he storage regiéter are set by the reguest strobe

i sighai %rom tﬁe special furctions card and tﬁe coxr-
responding X-bus bit (sRS1 (¥} =RS0OUT1, X[16]) ; 5RS1(1) =
RsoUT1-X{17); :..; SRS1{7)=RSOUT2.X(23) ). The re-
quesk stro¥ic storage register is reset by K2; therefore;
and request strebz bit is resct one cycle after it was
set {RSOUT1 and RSCUT2 are set ohly during the interval
that a branch condition is being tested, slightly less
thah ote machihe cyclel. other sighals generated by
the request strobe card are RSINI; RSIN2, and STOPA.
RSINL is jtmpered tb Rél(3) or RS2(4) as reguired.
5TOPA is & syStem reset derived from the microprocessor
RESRT: sT0PA is synchronized with the K2 and K2A clocks
{5STOPA=RESET s (K2A+K2) ; rSTOPASRESET ' # (K2A+K2) ) .

M. MEMORY INTERFACE.

The memory interface provides the timirg and control
for data requesis to both central and private memory.
The memory interface 1s divided into three sections; the
request field latches section, the private memory reguest
section, and the ¢ontral memory reguest. Requests to
memory are made via the spocial functions ficld of the

instruction word. Reference to central or private

-67-
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memory and the specific address is specified by the
@ + g STEYZE3 SIB Position B
contents of the Rf register, Start memory interface (SMI)
+ 1 STEF@EF3 S1B Position C

is genecrated when the special functions field of the
PMREF= RE4+LRY'
instruction contains forty through forty-seven (SHMIA=
+ X4+ LRI.TXW STEFIEF3 S1A Position A
MSJeMS1's S22+, ,,), or a sixty-four or sixty-five
+ YACLRE-TYW
{(SMIA=,,,+ODD; ODD=U6+MS3-MS4')., The special functions

+ 1 STEPPE3  SlA Position B
e field of the instruction sets the priority latches
* + g STEIFE3 sla Position C
{CAP¢, CAPLl, PP) of the request to central memory when -
a load priority field LPF (MS=22) is specified (LPF= The memory address is specified by the contents of RPF(§)
U2:v2), The central and private memories share the . thru RF{23). The microprocessor control logic is inter-
. i N
request mode latches; F, S, and H. The reguest mode : locked by a stop clock signal, SC, from the memory in-

latches are uzed by the memory interface logic to es- terface, The romory interface runs asynchronous to the

tablish whether the request is a store (S), a fetch ; microprocessor instruction flow., Some instructions

@ (F}, or a hold (H). The F and S terms arc uscd by both @ will, if exccuted while the memory is in operation,
tlle central and private memory. Additionally, com- l cause the loss of data, The microprocessor is allowed
binations of §, F, and H determine fetch and hold, pre- ' to run after a mermory request i£ initiated until an in-
fetch, store and hold, prestore, and releéase. The H ? struciion that would interxfere with the transfer of data
term is used by the centrai memory only. A 3-position | is encountered, the control logic is inhibited by SC
séitch, STREEEF3, on the memory interface card cnables ‘ ' uhtil the memory operation is complete. The SC signal
the selectlon of the address reference. The sctting ' is generated during state A of an instruction cycle if:
of the switch determines whelher 21l references are to 1. An instruction attempts to restart the memory
private memory (PURSF), all referchces are to central : interface while it is still running (SC=
memory (CMREF), or if the memory referenhce is speci- (LMRDJ~?DONBd%CMﬁUﬁ)«SMIA'STATEA+...)‘
fied by Rp(4) of the address word, 2, An attempt to read the M register while a fetch

\ is in progress, before the mewery hasg trans-
CMRLFP = R2'ernot .

ferrcd the data to M (SC=(LMHYN~FDONE§%C¥RU¥P
+ X4+ LRFPRY
’ (FeS')eBL/2,7,10,15) STATDA .. .) ..

J

-69-
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the instruction contains an LPF, M5=22, and the corres-
3. An attempt to load the M register during a
onding bit on the X-bus(X(2l), X(22 X{23); respect-
store or fetch before the memory has trans- @ p g bit (2 ( ¢, X(22), x{23); resp
ivel is set (sCAP@=)21-PFL; rCAr@=X21'-sPFL; sCAPl=
ferred data to or from M(SC=(LMRUNeFDONEA+ v ¢ 7 ‘ d -
X22+PFL; IYCAP1=X?2'¢ PFL; sPP=X23.PFL; rPP=X23'-PFL).
CMRUN) ¢ (LMX+LMY) ¢ STATEA+...) . ' ’ }
2. The Central Mecmory Request Section.

4. An attempt to load R (the address register)
P . The centval morwory request section consists of a
before the memory has finished with the address
- state counter (MPRED, FCY, and SCY). Requests to cen-
P : (SC= (LMRUN « FDONLA+CHMRUN) » LRI» STATEA+, . .) . - ¢ ! ! ¢
1 memory via the MPIENM require four states, stete
1. Requesi Mode and Priority Latches. tra EONEE S ed B ! g

The request mode latches (F,S,H,) are loaded by the through state 3. Requests that go directly to central
least significant t;rce bits of the MS field in th; instruc— memoxry {eg. CPUl and CPU2), require threc states, state

tion word by the starl memory interface signal (SMI). The #, state 2, and state 3. The signal NOI (NO MPNAL)

F request mode latch indicates that the instruction is differentiates between microprocessors if the unit is

a fetch cperation, and is sct by the K2 clock when the going directly to the cenﬁral memoxy (NOM is high) ox
o ¥3 field contains a count of 45, 46, 47, 64, or €5. (sF= © the MPHPN (ROE ds low).  (Sce Figvre 10.)

SC'+SMIA*SF+K2; IF=SC'eSMIA-SF'.K2) (SF=MS3; SMIA=(SMIA')'+ a. Requosis To Central hMerory Via the MPMRN. A
MSE-MS1'+NS2'4ODD; ODD=MS3-MS4'+UE). The § request mode request to memory gencrates a start memory interface sig-
latch indicates that the instruction is m stcre operation; nal (SMI), if the memory interface is in an idle state,
and 1s sct by.the K2 clock when the MS field contains state b (State F=MPRDQ'.FCY'.SCY'). SHI scts the
a’count of 42, 43, or 47. (s8=8C'* SMIA+SE-K2; rS=SC's MUREQ flip-flop, if the reference is to central
SMIA-SS'+K2; SS=MS4). The H request mode latch indicates memory, during the end cycle of the current instructien
that the instruction is a hold opecration; and is set by (SMPREQ=CHRLE: SC'+ SMIA-RCE-K2-NOM') . MPREQ set is state
the K2 clock when the MS ficld contains a count of a1, 1 of the memory interface cycle (STATE 1=MPREQ.I'CY'.SCY'):
2, 35, or 47. (sH=SC'SMIA-SH.K2; FH=5C'e SMIA- 511"~ K23 during state 1 the MPMBM examines the request field of
SH= MS5). The priority latchcs provide direct outputs the microprocecssors. The MPHBM latches the highuost pri-
to the central memory for the determination oé the pri- ority request, and sends a signal to the microprccessor
ority of a memory request. The priority latches (CADY, selected (CK). The signal OK regsets MPRIQ (rMPREQ=CKX*K2)

Carl, PP) are sct when the special fuvction field of @5
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and sets FCY {sFCY-0X+XK2) on the sclected microprocessor;
the memory interface of the microprocessor sclected

goes to state 2 (STATE 2=MPREQ':FCYISCY'), any other
microprocessors awaiting en OK remain in state 1. 1In
state 2 the microprocessor schds the store data to the
MPMEM, If the memory cannot process the data at this time,
it will send a rejected signal (NREJ') to the micro-
processcy which returns the menmory interface to state

1 (sMPREQ=NREJ'+NOM'+ FCYA+XK2; rFCY=FCYd'NOM'-K2). .If

the request is not rejccted (NRREJ) during state 2, the
microprocessor enters state 3 (STATE 3=MPREQ'sFCY'' SCY:
rFCY=FCYQ-NOM'+ K2; sSCY=ICYd+NREJ*X2). During a fetch,
the M register is lozded from the memery bus via the
MPMBM during state 3. If, during state 3, the cata is
nét stored, the central memory sends back a signal during
state 3 not accepted NACC which sets MPREQ (sMPREQ=

NOM!s N‘ACC'SCYd'KZ) ; SCY is reset by K2 (rSCY=8CYd:K2),
and the microprocessor is returncd to stete 1 where it
repeats the cycle until the data is accepted; when the
data is accepted, the microprocessor returns to state
{(rSCy=35CY¥d-X2). 1If duxing state 3 the date is not fetched;
the central merory sends back a signal regquest not satis-
ficd NSAT which sets MPREQ' (SMPREQ=NOQI:'* NSAT+F.S'.5CYd*K2),
SCY is reset by K2 (rsScY=sSCYd-K2}, and the microprocessor
is returned to state 1 wheore it repeats the cycle until

the data is fetched; when thn fetch is satisfied, the

microprocessor returns to state {f (rSCY=SCYd-K2).
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b. Reguests Direct To Central Memory. Requests

to central memory that do not go through the MPMBM, do
not use MPREQ. Therefore state 1 is bypassed. When
NOM is high, MPREQ 1s not set by SMI, FCY is set
instead (SPCY='0M:CMREF.SMI*RCEsSC'+K2). During

stale 2 the reguest is sent to central memory. If

the memory request is not rejected (NRLJ), the memory
interface enters state 3 {sSCY=FCYd.NREJ:K2; rrCy=Fcyd:
NOM'REJ* K2); otherwise the memory interface remains

in state 2. Data is transferred during state 3, 1If

a store is not accepted (NACC) or if a fetch is not’
satisfied (NSAT) during state 3, the memory interface
returns to state 2 (sFCY=SCYdrNOM.NACC»K2-F.S'sNOM.
SC%&-NSAT-KZ: rSCY=SCYd .K2); otherwise the memory
interface goes *to the idle state, state £ (rSeyY=35CYd K2) .

c. Priority Requests, Clocks, and Load Signals,

Other signals generated by the central memory request
section are:
. HIREQ = PP+MPREQ

LORFEQ = PP'+ MPRLQ
These signals make requests to the MPMBM during state 1
at low and high port priority respectively.

LMMI = (F+8*).5Cva

MCLOCK = (F:S').SCyd-K?
These signals are the clock and load signals for the M
rogistbr

CAM = SMTCMRIF«NOM<FCHeCC's K2

-74—

50010

+SCYd-NOM-NACC K2 gate address to
Memory

+(F-5'). NOM:NSAT-SCY¢c-K2
+0K K2
+PCY
GDN=FCYd-NREJ -K2 gate data to Memory
+SCY
GDM and GAM signals are used on the M, Q, 2 register card
to gate the M register contents to the MPMBM when the
reguest is a store, GDM and GAM; or a feitch, GAM.

3. The Private Mecmory Ceontrol 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 executed. The start pulse
(SET START P) for the private memory is generated from
a latch-delay line circuit which mekes an 80 nanoseconds
pulse. This pulse is generated only 1f the request is a
fetch or store; ‘
(SETSTART P = SF-SS'-PMREF+ODDWORD' s SMIA*RCE«SC'+ K2
+ SF'-SS*PLREF-ODDWORD'» SMIA- RCE-SC's K2) .
The ‘store’strobes for the private memory select the ewven
or odd half-doublewcrd in core as the destination for steored
data, and cause the store to occur. They are delaycd.from
the start pulse by 100 nancseconds regardléss of system

clock rate:




"thing

58010

SUlt = SiF'iRg{23). SETSTARTPA  {delaged By 100mscc)

5L = S-£9iRY(23).-SEPSTARTPA  (delayed by 100nscc)

A number of flip-flops are used to synchronize the pri-
vate memozry with the sysﬁeﬁ clock. The LMRUN fiib-fiop
is logically equivalent £o UA (Unit Available] from the
mocdule, but is synchronized with the systcm ciock
(SLMRUN = STARTPAG; rLMRUN = MDONE K2+RESHT). MDONZ
synchronizes UA with the system clock, and ensures that

the memory will not be started for at least 100 nanoscconds
after UA riscs (sMDOME = UA-K2+FDONE;

rMDONE = LMRUN') .

Eighty nanoseconds after MDONE rises, (assuming a 100

nanoscconds cleock IMRUN is reset, which resets every-

else. To syrchronize data transfers from core,

o

the‘RDA'(Rcad bata Available) signal from the core

module is used. RDA is a pulse, shorter than 100 nanoscconds,

4

and thercfore must be latched (sRDAP = RDA; rRDAP =
LMRUN') . ‘The DBC (bata Back from Core) }lip—flop syn-
ghronizes RDAP with the system clock (sDBC = K3.RDAP;
rDBC = LKRUN'). FDONE is sct 80 nanoseconds later (assuming
106 nanoszconds clock period) and signifies that M and RS may
be modified (sFDONE = DBCe«K2; YFDONE = LMRUN').
N. I/0 INTERFACE

The I/0 Interface card contains drivers and reccivers
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 to the micro-

processor branch logic.
—76-
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4. ALER?, bOT, ahd PIN, and TUCLR outputs from the
ticroprocessor special function card.
5:; ftThe global clock;.which ray be regenerated and
used by oxterhal devices.
§N741408 1C¥s arc used for both drivers and recelivers.
The tcrceiver iﬂ§uts are terminakted to +5v: All busses
tonnected to external devices are low true. The drivers
and receivers are assumed capable of cperating with up
to 12 T7L Icads in addition to the loading introduced
by interconnecting cables. The inputs of the E2 re-
ceivers are sources of approximately 20 ma. each. In
the ANC, the TSU's are the only device that is connected
to the I/0 system. At the edge of the cage, the 1/0
busses are connected to two NL00C58 connectors. These
connectors are uvsed to connect external devices such as
the CHIO multiplexer via ribbon cables.
1. ATTENTION.
The ATTENTION' signals are requests for scrvice
gencrated by external devices. These signals sct latches
in the microprocessor which may be tested and reset by
branch conditions. Ideally, ATTENTION'® is a 100 nanoseconés
on the attention

pulse overlapping tg. The branch tests

latches cause a branch on the latch not set. The latch.
is reset during the interval in which the branch test
unless the

is done (STATE A is VCY={, STATE B if VCY=l)

external device is attenpling to sirultaneously set

-77-
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the lateh, in which case it is set. Attention latch #1 .
§:§ . tg is the system reference time , It is approximately

also has a test for the latch set, but the reset condi- 9
, coincidental with the fall of K2 at the microprocessor,
tions are the same as described above., The specifi-
The first instruction ahove. is executed during the in-
cation for a particular device should be consulted to
R terval designated ‘X', The second is executed during
determine the attention latch to which it is connected
'Y', The % register is loaded with the device address
(if any), as well as the correct POT/PIN sequence to
at tp, and with the output data at tg. If the external
J use,
device requires more than one machine cycle to set up

2. TUCLR.
the data path, or if the external register is loaded
The signal TUCLR is a dc reset signal used by
s with the POT strobe (rather than POT.K2), the following
the TSU. It is set by the special condition RESET
: R . sequence may be executed:
T,U. Unlike POT, PIN, and ALERT, it exists during the
. s . : . e . D.A —:= 2 ALERT;
instruction in which the special condition is set,
: . DATA ~—¢» 2, VCY, POT;
rather than the interval after the execution of the
: s f s . . The resulting signal sequence is:

§:§ instruction. This is possible since the effecis of , ! } I

@ i

ALERT _.__..

A e & e

TUGLR on the external device are assumed to be time-

/N _

id - X ———-:;'»}Q’ Y ey
3. Timing and Programming. . ' /_.__w___wyﬁ. ,
POT 3 \_,

independent.

The normal instruction sequence for doing out-

put to a device is to execute: .
The general rule on tirming of the ALERT, POT, and PIN -

DEVICE ADDRESS -i> Z ALERT; ! strobes is that they rise at the end of the instruc-
DATA - t.- Z POT; tion during which the special condition is executed, and

is 3 they fall at the end of the first interval during which

This instruction sequence results in the following Y ]
3 the special condition dees not exist. Thus it is pos- -

signal seguence: :

l . 3

]{0 }to 1t° 1t0 sible to generate arbitrarily long strobes, but this

should be avoided.

__,__.._...,__,.__.,‘__..,‘

e T Ty
ALERT .. ﬂ ]\___.-.h e
‘A s @
3 Y 4 N o
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the normal scquence for doing input from a device is to
execates
DEVICYE ADDRESS ---p» 2, ALERT
"PIN, TE2Y, VCY; or PIN, TE2Y, UNCONDITIONAL BRARCH
The resulting signal sequence is:
%o It

0 I %o %

ALERT ./ i “Mn—\._T —
t

e

. —_

k- X —pee 4 -

PIN

The first instruction ls executed during the interval X',
the second during '¥'. The device address is loaded
into % at tp, and the microprocessor loads the data into
one of its internal registers at tge. The external de-
vice must have the data stable on the E2-bus no later than
te=tg+42 nscc. 1If this timing is not usable due to
limitations in the external devlce, the following se-
guence may bhe used:
‘ DEVICE ADDRESS --I'~ 2, ALBRT;

NOP or NOP,VCYy

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

vices., The restriction on the TSU's is that output data

-80-
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will xen

win stable on the 3-bus for 200 nanosueconds bafare

ALERT or POT falls, and that input dala will be allowed

two machine cycles to stabilize before the fall of PIN,

The instructions required to obtain this sequence are:

1. oOourpur

Ws

Xz

Y

Z

which results in:

ALERT

POT

D.A T 25
ALERT;
DATA --i=~ 2}

POT;

N 1
g W - Prki— X —Irielom Y eDai— B oD

which results in:

ALERT

PIN

Data - 2 DTta + Z
/
e o e | e s 4 e e e e
2. INPUT

W: D.A.—l~2;

X+ ALERT;

Y: VCY, NOP

7z: TE2Y, Y—1>REGISTER; PIN

e W et X DR Y ot L

L

Register Loadced

pata + Z -
a'a /“— ¥—-__.‘—I

-81~
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APPENDIX A
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Table A

1. 90-bit Micreinstruction Word.

0,

Signal

Pesition

Clock

Function

MCf-MC3

MCONTH, L

0-5

6,7

K3

g =

Eranch Condition ficld
(6 bits). {Secec Table a2).
Branch control ficld (2

bits):

branch conditionally
te the address speci-
fied by the contents
B thru BY9.

branch conditionally
to the address spe-~
cified by the contents
of BF thru B, Store
the contents ¢f the

O Register {return
address) in the 05 Re-
gister.

branch conditicnally
to the address speci-
fied by the contents
of the 0S Register .
branch conditionally
to the addrecs speci-
fied by the contents

of the A-bus ten lsb.
1
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Table Al. 90-bit Microinstruction Word. (cont'd) " Table Al. 90-bit Microinstruction Word. (cont'd)
. P

Signal position |Clock Function gignai Position | Clock Function
Bg; Bl, B2 |8; 9, 10; |K3 Branch address field (10- THY 46 K3 Transfer the contents of
B3; B4; Bs (11, 12, 13 bits). the holding register to the
B6, B7, B8 |14; 15, 16 ¥-bus.
Ro 17 TXW 47 K3 Transfer the data in the
c2, Cl, ¢2 {18, 19, 20 K3 Constant Field (24-bits). X-bus to the holding re-
c3, c4, c5 |21, 22, 23 . gister.
ce, c7, c8 124, 25, 26 TYW 48 X3 Transfer the data in the
c9, Ci1g, 27, 28, 29 Y-bus to the holding re-
cl1, ciz, 30, 31, 32 gister
Cl3, Cl4, |33, 34, 35 TAX 49 K3 - Transfer adder output to
c15, C16, 36, 37, 38 . the X-bus
cl17, cls8, 39, 40, 41 LOC 50 K2 Low order carry to adder.
cl9, c20, SSPE-5 51-56 K2 Selects the contents of
c21, c22, . ’ scratchpad address ﬂ—77(3)
p23 TOSY 57 K3 Transfers the contents of
IR 42 K2 Increment holding register, ’ the 0S register to Y-bus
TCX 43 K3 Transfer the contents of (bits 14-23)

C-field to the X-bus. LRO 58 K3 Load holding register RJ.
TCY 44 K3 Transfer the contents of LEPX 59 K3 Loads the selected scratch-

C—fiéld to Y-bus. . pad address from the X-bus.
T5PY 45 "3 Trans{cr the contonte of MSI-MS5 60-65 K2 Special functions field.

the sclecled scralchpad (See Teble A3.)

addrecss to the Y-bus, —
L B

.V,

A3~

SR T




R e s A A, b bk £

O ot SO M S e,

-

PN

7
e

At i o o e

S

it

o AT D o

{2{;;

Table Al., 90-bit Microinstruction Word. {cont'd

50010

v oy

S@gﬂq% Position Clock Function

RRf -2 66-68 K2 Holding register select
read field (enables sc-
lected holding register,
RY thru R6, output).

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

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

LMY 73 K3 Loads the M register from
the ¥-bus,

LOX 74 K3 Loads the Q register from
the X~bu§.

\LQY 75 K3 Loads the Q registér from

' i 2 Ethc Y-bus .-

izx\ %6“ %3‘ %badé the z register from

E 1 H the X-bus,

L?Y&v 7701 kY .ﬁpads thé z reéistcx from

2 \ ||l vobus.
BL?anﬁ3“L* 78%@1 ' xzxtg Lc?é:?qol,box control -,
X. % \ fi%ld (Sec Teble ad).
| !
A5~

Table AJ.
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90-bit Microinstruction Word.(cont‘d}

Signal Position | Cleck ?unction
BRE-BR3 82-85 K2 Right bool bex control
| field (See Table A4).
vey! 86 K3 Stale counter set-torm.
pGR 87 K3 State counter sect-term.
TBElY 89 K3 Transfer data from the E-1
Bus to the Y-bus.
TE2Y 20 K3 Transfer data from the E-2
hus to the Y-bus
1
4
“AG-
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% Table A2. Branch Conditions. Table A2. Branch Condi.tions.{cont'd)
MOY-1CS pranch Comlition MC-HC5 Brapch Condition
ge Never branch 27 {PSLAT1=f) A(RSLAT2=f)
g1 Always branch g Protect#X
g2 X=8 31 RELAT2=(
T & 24 32 special flag A=f
g4 X< 33 special flag A=f
g5 x> . . 34 Attcntion 1atc:112=§fitLS
g6 X>g 35 Attentien latch3=ﬂ‘/‘h
£7 Y>g 36 Attention latchl#f A
14 Y<g 37 Not decoded
11 Rg<y Ag undefined
@ 12 RE>Y 41 Unédefined
13 X< 42 Local memory parity error=1£k
14 X'A777777B=8, (X(6)-X(23)=777777B) 43 tndefined
15 }'A7777773#ﬁ: (X(6) -X(23) #7777778) 44 Central memory parity error=llﬁ
) 16 229 45 Breakpoint#f
17 <y EEFTETIRN
2g Always Branch
21 YATAE, (¥(23)vY(22)vy(2})=1
22 BL=g¢ /A Resets latch.
23 BLAZ /46 thru 77 not decoded
24 ¥ (23)=¢
25 Y(23)#¢

-n8-
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Table A3. Special Functions. §§§ Tabile A3. Special Functions.{conta)
.‘:!S‘ﬁ-'-(Maé 5 Function ESP-1S5 Function
%ggl ‘NO'ECtiVitY ) 31 reset special flag A
1ﬁl' eyl i 32 Reset Request Strobe Latch £2
g2 LCY2 " 33 Requast Strobe #2
23 feya 1 14 Undcfined
‘gé ! ﬁFYé 1 4y Relcase /A
;5!5 LXCYS % 41 Prestore A
g6 Ley12 = 42 store £
& Ley16 :é 43 store & uo1d A
;a : L?ng : ’} 44 Fotch £
1 LeL 7 (ccrza) 1 a5 Fetch & Hold A
iz LCH % (CCFZB) 5 9 47 Prefetch A
13 sx{‘lz (SPFZ) , £g - Set Bank B
%4 ALERT : 61 Set Bank A
15 poT ) 621 Clecr all CPU Maps
, 16 PIN 64 P‘E:tf:h‘@l
R
17 Reguest Strobe #1 65 Fetch & Holdfk
29 Unprotect A
21 Unusable }
22 LPF
23 Resct Request Strobe Latch §llﬁ . A Occurs at end of instruction
24 Resot Central Meomory chuestAa A  Local and Cemtral Memory
25 Request Protect A lewory Reference ‘
26 Reset T.U. @ A, ODDUORD FRTCH
3y Set special flag A A speci=l functions 27, 35, 36, 37, 46, 63, and 66 thru
77 arc not decoded
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Table A4. Bool Box Centrol. Table A5. Summary of Signal Mnemonics
mig-pid | oxourpue | | PRER3 | SO TR0 page | | . page
. ° Signal Mncmonic Refozéncef l signal Mnemonic Referonce
g MeQ gy Z+Q ‘ A ; % B {cont'd)
g1 =0 g1 2=Q i A bank 34 g ; BSELLET 29
\ g2 Q g2 Q ADV1 45 E ; ssd. 37
- %3 #+0Q g3 7+0 i AbVU2 45 . c
ga M g4 z ADVRC 45 : c(n) 56
g5 FrQ g5 Z+Q ADVNO 45 carg 70
g6 M+Q gé 7+Q ALERT 77 : carl 70
g7 1 g7 1 APAR 62 CCFZA 47
10 ¢ 19 g ATLATL 43 , CCFZB 47
11 M0 11 7.Q ATLAT2 44 CMRP 49
12 HeQ 12 Z-Q ATLAT3 aq : . CcMPE 44
13 0] 13 z ATTENTION 77 CMREF 68
14 M-Q 14 20 B CMRUN 70
15 o 15 g B banX 34 f cpg 68
. 16 M(EOR) Q 16 7 (FOR) Q B-field 2 ; cpl co
17 g 17 7+ BL-field 52 | csg-cs? 37
BL(n) 52 ' cslg-csly 37
BL#~BL3 54 D
BP a4 DBC 77
: BR{n} 52 DGO 25
BR-field 52 E
BRE-BR3 54 f .
@ RRANCH 25 F
BR7 ~ST 33 ¥ 68
-All~ '
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‘ralzle A5. Summary of Signal Mnemonics (cont'd) rable AS. Summary of Signal Mnemonies (conk'd)

S e et e aeeR e m,

§ Signal Mnemonic Regngnce ¢ signal Mnemonic Re{;ig?nco [ Signal Mnemonic Re!;zg:nce‘ : Signal Mneronic Re?:g:nce
3 : ! - . o et = i e I ,
% F (cont'd) : K(cont'd) ; LRNG 30 ’ : M (cont'd)
FeY 71 kig 23 I LeNl 30 N *
; \ FDOREA é9' K11 2% 1 LRND 30 N
: , FLUSH 58 K12’ 23 © Lro 30 NACC 73
* c K13 9 ' RSPX 33 NOM 7
caM 75 K14 ' 10 ‘ 18Dy 62 . Nop 61
i GoN 57 . L © Lo 30 NRES 73
; . H . Ley (n)a 58 LZY 25 ' KSAT 73
z H 68 1CY (n)B 46 ' M °
2 @ HIREQ 74 LMML 52 M{n) 54 . o(n) 38
f “ . ) I ' LMN2 52 @ Ml-bus 53 O-register 38
I(n) 34 L!-IP‘?xR(n)IN( 59 M2-bus 53 ; opD 68
% 12CL0CK 29 LMPAR (n) OUT 59 . Mc-field 31 ‘ ODBRORD IS
13CLOCK . 29 . 1LMPE 44 MCLOCK 10 f oK 75
’ 12CLOCKA 29 . LMRUN 70 MCLOCKL 30 08 (n) 41
: 12/3CLOCKA 34 : LMX 30 NMCLOCK2 30 E os-register 41
§ 12CLOCKB 29 ( MY 30 ‘f MCLOCK3 - 52 ' P
% TR 63 ' LOAD OREG 25 MCONT-field 31 PAR {n)OUT 59
H 13 : LOAD OSREG 32 " Meoxtd 11 “ pe 57
K1 23 LOREQ 75 MCONTL 32 : PFL 34
3 K2 25 Le¥ 34 MDONE 76 : PIN 47
:é K2R 31 Lox 15 MI RESET 48 Pk 57
o K2x 25 oy 30 MPLLR 71 68
®3 L LRN 30 ® MS-ficld 43 4
g . A13 4
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Table 25.

Signal Mnemonic

P (contt'qd)

o(n)

QCLOCK

RE~R6
REX
FECLOCK~RE

RAG™

RCE
RCMP

RDA

RESET,
RUSETTU
RLMD
PAIN-Fipld

RS1-RS2

Page
Reference

47
68

a8

54
30

63
66
30

34

34

34

28

€1
76
76
48
48
61
30

44

50010

Summary of Signal Mnemonics (cont'd)

Signal Mnenonic

R (cont'd)

RSIN1

RSCGUT (n)

S

s&-s7
SATLA1-SATLA3
SB1-533

sC

SCiF

sCY

-

SELECTA

© SELECTB

SET START P

SF

. SLH |

SLMP

. SMI

Pgée

Referencee

o
-3

Py
£

B
-~

69
42
44
44
69
60
71
36
36
75
75
76 .
60
68,
68
48
6n

44

Table A5,

8ignal Mnemenic

S {cont'd)

Special Flag A

SPFrz

s3

ssp
STEBLE3
Start P
State A
State B
State C
STOPMN

SUH

TF-17

THO

TCY
TE1Y
TE2Y
THY
TINCO

TLMP

50016

SUﬁmary of Signal Mnemonics (cont'd)

Page
Reference

76

42

61
66
66
66
63
31
61
31

g9

Als

Signal Mneumonic

T {cont'd)
TUCLR
TWX
TYC
TXW

TYW

UA-u7
Ul
UA

upx

vg-v7

VCY

ws

%

X (n)
XSP-XS7
XXB
XXC
Y{n)

ved-vs7

Z{(n)

Re

Peag
fer

(1] w Oy
[ae] Lad W

¢
w

31
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