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GENERAL DESCRIPTION

This. specification defines the Salle WM ereraprenyPeripheral Controller (MPC) including ‘its perform--.:
ance, functional capabilities, interface requirements
and general design requirements. - 2 |

CRE ie TL ET el Se AT
The specification is written in’ response’ to
Functional Specification’. = me. = 7 ~

The following documents support this specification:
MPG Device Adapter i
“+Interface’ Specification
MPC Microprogramming Manual
Common Design Requirements.
Basic MPC Interior Decor

Specification ; «@ .i.”

APL Line System “Specification,
dated March 2,-1970 ~~ =

MPC. CONCEPT +

the Basic MPC'is the: basic control element used
in. peripheral controller configurations: = ~~

BASIC
MPC

encom

Device | |} Device

To Device’ -. To Device

Device |'.-. | Link
Adanter} - ..lédanter

. " owt ’ }

Sv 5, Tekh or z ~ .5 &gt;&gt; 2. ’ SE . " :

.+~ToDevice= To CPU

As shown ‘above, a peripheral controller configu-
ration consists. 'of the Basic MPC and one or more
Device AdaptersandCPU.LinkAdadpters.-Co

SE 302-1 {12-60}
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The -MPC ‘is a general purpose, register-to-register
microinstruction processor. Its basic elements’
are a -control storé, an optional main’memory and a.
yrocessing structure. By means -of microinstructions
~shich resideinthecontrolstore,theMPCcanbe-
microprogrammed to manipulate data between registers
withintheMPC,betweenregistersandlocalMPC=~
nain memory, and ‘between registers and Device/Link

Ihe Device Adapter consists of thé specialized logic
and. circuitry .required for the control of a specific
peripheral device(s). : ..: |

TheCPU Link Adapterisaspecialform of Device
Adapter, and ‘consists’ of the required logic and -
interface circuits to connect to a central processor
[/O channel. = =: -

device Adapters and Link Adapters are not part of the
Basic MPC, and are not covered by this EPS.

1.1.1

In order to implement a particular controller  -.-
configuration,theappropriateDeviceAdapters, Link
Adapters and their associated control microprograms
are combined with the Basic MPC. In this way the
Basic MPC can serve as the basic control element
across a broad range.of peripheral types and configu-
rations. Controllers dedicated to a single device
type, or to mixed device types can be created by
the combination of appropriate Device Adapters and
nic¢roprograms,withtheBasicIPC.= ~~

Definition of Terms

The ‘following terms aré used in connection with the
MPC specificationandapplication:-|

Control Store. The storage medium which
is used to contain. the
nicroinstruction routines
in the Basic MPC. May or
nay not be implemented
in read/write technology.
However, the MPC accesses
control store on a read-
only basis.

~&amp; 302-1 1169
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Refers to the electronic.
module which: interfacesa
device and device-oriented
electronicsto‘theBasic
MPC-through’the Device
Adapter Interface.

The standard ‘1/0 interface
by which the Basic MPG | :
interfaces.with Device/Link
Adapters. "ooo tC

Referstostandardsoft-
ware instructionsetspeci-
fically intended for the -
MPC in those configurations
requiring software capabi-
lity. The software... -
instruction set is .imple-
mented by an Interior
Decor microprocram.

Isolation Test Routines.
Refers to special micro-
programs designed to
exercise both the Basic
MPC as well as connected
Device/Link Adapters for
the purposeof‘diagnosing
the logic hardware.

Refers to the electronic
module which interfaces
the Basic MPC to an
external computer inter-
face. (Through the =
Device Adapter Interface.)

~~ aay FY cay
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Low-Speed Device, Adapter,
Interface. Referstoa..
standard interface intended
for low-speed device con-
trol. (generally 100 kilo-
bytes or less).TheBasic
MPC interfaces to the LSDAI
by means of the Multiplexor
Device: Adapter. ~ The LSDAI
is generally used for con-
nection of the MPC to }
remote,” low-speed free~
standing device adapters
(¢ard readers, printers

In the context of the MPC,
a microinstruction is a.
16-bit field which can be.
encoded to call out a wide
range of register-to-
register type operations
to be executéd by the MPC.
Sequences of micro- ~~"
instructionsarecontained
in control store,. to form
the microprograms for
device control, etc.

Microprogrammed Peripheral
Controller. When referred
to as the "Basic MPC", | ..

refers to the microprogrammed
processor itself, without
Device Adapter or Link
Adapters.

When referredtoas’a
specific configuration type
(such as Unit Record MPC,
or Magnetic Tape MPC), the
completed controller configu-
ration, including Basic MPC
anid Device/Link Adapters is
implied.

CE 302-1 {1263} |
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Spec 1al" Device Ad apter.
w ich ‘expands one DA Por:
on’ the Basic Mpc to some
Qumber: tpt. low-speed Inter
Face port Se. "Used on Unit
Record -MPC and. othérg’;

that MPC configuration g
‘faicated to controlling‘Low speed devices LAT
\generally 100 kilobyeegJ¥.less)ynninF

-
Sn

Le2.1" PERORVANCE, CHARAOTERI1c
MieToinst rut fon Executisy

ens to. be executed out of. either controlstore Or main-memory, Bie |

When, SXecuted out pf control store, the ‘design
goal for microinstruct lon, Execution time shall
be.250 nanoseconds, and ‘must not. exceed, 300nanoseconds Er a i :

 2.2

dhen executed out Of main memory, ‘the ‘desion goal
shall be to, execute Tecrolnstructions at a pape -
gqual- to Rain memory Cycle time, However, slower -
eXecution time out of main Memory ‘may be acceptableLf design €conomies so dictate, RIE

“oncurrent Branch Execution
The MPC will be capable of executing a Branch Type
microinstruction concurrent with the €Xecution ofany ‘other type microinstruction. - “

4s defined elsewhere in this Specification, micro-
Instructions are retrieved from control store
two-at-a-time, as "even/oddn Pairs, The even
microinstruction is executed first, followed by
the '0dd microinstruction €xecution, If the a
odd microinstruction is a Branch Type, it will be
executed concurrent with the Execution of the
aven Mleroinstruction. nig results in 4 net
*Xecution time of "0" nanoseconds for Branchnicroinstructions, Tim NT

02-1 (12-53
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Connectability
The MPC will provide ‘interfaces for four Device
Adapter ports. The configuration of adapter types
connected to an MPC is completely flexible and a’
functionoftherequirementsofthespecific °
controller configuration. ~~

Let

Le2:4.1

Device Control Capabilities

The MPC must be’ able to. control.peripheral devices
ranging ‘in speed from: slow-speed communication
lines, tohigh-speed.randomaccessmassstorage
devices. =In addition,theMPCmust-beableto”
accommodate a variety of configurations of peri-
pheral devices,==i 7 Co

Dedicated High-Speed Device Control
The MPC will ‘sustain a maximum burst transfer rate
of "N" megabytes from a single,’ high-speed devicewhere "N". is defined as follows:

1.6 megabytes minimu
2.0 megabytes target

In this mode data is transferredtwobytesat.a
time; under microprogram:control; between a Link
Adapter and4DeviceAdapter,”witheachtwo-byte
transfer passing through an MPC hardware accumulator.

Two Simultaneous High-Speed Data Transfers
In this mode the MPC will sustain simultaneous high-
speed data transfers from two devices. The maximum
data rates which can be controlled in this mode.
is a: function of the microprogram control defined
for a particular application. However, as a _
target two simultaneous 832 kilobyte transfers
should be attained, utilizing tailored microprogram,
and ‘two-bytedatatransfersbetweenMPC,.Device.
Adapter and Link Adapter. The minimum acceptable
performance is.two simultaneous 624 kilobyte
transfers.’

CE 302-1(1263}
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ced ele Multiplexed Control of Slow-Speed Devices

In this mode of operationtheMPCwillsimultaneously
control a mumber of slow-speed devices, each device
being serviced on an interrupt basis. - The number
of devices which can be accommodated’ simultaneously
is a functionofthespeed and control requirements
bf each’ . device type.

In this configuration main memory will be ‘used’ for
the storage of -both control words and data as |
required. ~~.
High-Speed Device Control Concurrent with Mu? tiplex
Control .  - -..:.  -- ~

om

1.2.4.4

In this mode of operation the MPC will simultaneously
sustain a single high-speed data transfer while ~~
maintaining the multiplexed control ofanumberof -
slow-speed devices. .-The number and speed of devices
which can be simultaneously accommodated in this.
configuration is dependent on the individual device
characteristics,andcomplexityofcontrol.~~ -..

3 2 5

In this configuration main memory will be used for
the storage of both control words and data as:
required, . . Ces

Typical Application Configurations
The following paragraphs illustrate
controller configurations utilizing
configurations are shown only as an
ypes of applications for which the

some typical
the MPC. ‘These
example of the
MPC is intended.

All MPC oriented controller confisurations will be
covered by freestanding specifications. °

[n all cases actual MPC configurations must be
analyzed with respect to loading and interference
Factors as a function of the devices to be.controlled
and the microprogrammed functions required to con-
 rol each Device Adapter. =~ | a

CE 302-1 (12-62)
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L. 2.5. I. Unit Record Configuration
In this configurationtheMPCisutilizedto.control,
on &amp;multiplexed basis, .a.numberof.slow-speed = .. =
devices,Ingeneral;thisconfiguration includes, ".":
hutvis not limited to; card readers, ‘punches, printers,
communication: lines, document handlers, etc. 3.

A typical block’
Ls shown below:

diagram of a Unit Record Configuration

BASIC ©.
MPC

DAL Adapter

DAT *. ~~,LYE

 + To CEU
Available
Ports.

DAI
MUX
DA

Coismar
Cable

Interface LSDAT
Circuits| Cable
Interface}: ~~ LSDAI
Circuits | Cable

oC

Remote
Printer

- DA

1 Remote.
Lard Reade

 DA (
"Remote
ard Punch

DA _-
(ep

J

w—-

Additional Low-Speed |
Peripheral Connections

PR" Le

Cp: - . Zr { -
DAL "i-
LSDAI

Multiplexor Device Adapter
Printer Mechanism
Card Reader Mechanism
Card Punch Mechanism
Device Adapter Interface
Low-Speed’ Device Adapter Interface

SeeaLY(12-684
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As shown in’ the block diagram, the low-speed.
devices are connectedtotheMPCthroughaMulti-
plexor Device Adapter. . This Device Adapter- - =
provides the capability of-cantrollingmultiple
remote (from the MPC. 'cabinet) Device Adapters,
each’ connected through the standard Low-Speed
Device ‘Adapter Interface S(LSDATL yoo nh

The Link Adapter provides the interface between
the ‘MPC and the central processor..The Link
Adapter interfaces to the MPC through the Device
Adapter Interface, and can.be designed for the
Common Peripheral Interface, the APL Processor-
Subsystem-Interface (PSI) , or any other computer
interface required. .-.°. ~~ |

Le2¢5.2

In the block diagram ‘shown, two DAI ports are
open;. for connection of Communications Device
Adapters, or any other Device Adapter required
for the particular configuration. =~ =

High-Speed Disc Configuration = =

Inthis configuration the MPC is used to control
one.or more Disc Device Adapters, connected to
one or more strings of Disc Devices: ~ A.typical
block diagram for such’ a configuration is shown
on the following page. : = + =. =

As shown in the diagram, next page; the Disc:
Device Adapter is connected to the MPC through
a Device Adapter Interface port. The MPC and
the Dévice Adapters will be packaged in the same
cabinet; ‘and will share.a common power supply.

The Device Adapters’ interfacetostringsof
devices. “...- ¢ T

The MPC can control two simultaneous data trans-
fers of at least 624 kilobytes each, where each
transfer. takes place between a unique Device °°
Adapter and Link Adapter. . (Actual transfer: limit
is a function of final MPC performance characteris-
tics). At higher transfer rates, only one data
transfer can be controlled at a time.

SE 302-1 £1263)
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DA:
Device
Adapter

MPC
DAT Adapter

__|:Link"
DAL ‘Adapte

- DAT" | na

Device
Adapter

fgets

 2 43A177875
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To, ‘CPU. Channels

n-

yl To CPU Channels

—

. eC

ran
a

ow

1 oxl |
ko.

): .

2x1
 ee

C2).EN 1

A

o ON&amp;

Disc Drives

The Link Adapter provides the connection between
the MPC. and the central processor. .The diagram
shows the -Link Adapter as having two ports, .to
two independent CPU channels. * The Link Adapter
can be designed to have only one port. ~~

The Device Adapter and Link Adapter provide the
basic functions required for configuring MPC. disc
subsystemstoservicea varietyofapplication
requirements. ~ ~~ To

~t 392-1 (12-63)
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Mdgnetic Tape Configuration Ce

[ri-this configuration the MPC is used to control one
yr-more Magnetic Tape Device Adapters. . The block
diagram for:suchaconfiguration.is‘asfollows:

MPC

=Link o
"DAI: Adapter

—“DAYLink
% Po A er

— : To CPU Channel

« To CPU Channel

| DAT

Tape Device
+ Adapter Tape Device| dapter

A

[2 x 8°
Matrix

~NOO© Eight Handlers

The MPC and Tape Device Adapters will
inthe same cabinet, and will share a
supply.’ ‘The Matrix will either be in
Adapter cabinet, or packaged with the

be packaged
JOMmmON power
“he Device
1andlers.

“EA 2-1 £1 2k
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REQUIREDSUPPORT

 ey 3 oe

3.1.3

2

There are many supporting packages, both software
and specifications, that must .be:includedin’the
overall development process of MPC oriented con-
troller subsystems.” These are describedinthe
following paragraphs.” TT

Software Packages:

Thefollowing software
for utilizationofthe
Microprogram Assémbler
An’ assembly program must be genérated which will
take microcode statements .and assemble them into
the equivalent. binary microinstructions. °°

Such an assembler must provide program-and error
printouts for microprogrammers. It must also
provide output required to generate the physical
nicroprograms. =.

Microprozram Simulator

Themicroprogram. simulator..is highly desirable
tosallow simulation of microprograms ~~

Interior Decor Assembly Program

As described in 1.3.3.1 below, an YIntérior Decor”
software instruction set may be required for some
{PC applications. &gt; = 7

A’ corresponding software assembly program will be
required to assemble MPC software programs.

Supporting Specifications for MPC Corfigurations
3ince ‘the MPC is only one element in any complete
controller configuration, the other elements of
the controller configuration must be covered by
Individual specification. = .-.- .

 eT
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1.3.2.1 r Personalized Controller Specifications

All controller configurations utilizing the Basic
MPC: for.control of specific peripherals will be
coveredbyfreestandingEngineeringPerformance
Specifications.These.EPS's.willdefinethe
functions tobe performed by the combinationof
device, Device Adapter and associated MPC .micro-
DYOgYams. i ii TT

1.3.2.2 Link Adapter Specifications

Ar-EPS--mustbewrittenforeach~uniquerLink~.|
Adapter and its. controlling microprogram. It"
is possible that. in some controller configurations, .
the Link Adapter microprogram may be unique, ‘and 7
written as part of -another Device Adapter microprogram.

1.3.2.3 Device Adapter TTR Specifications

An-Isolation, Test Routine specification must be
written for each unique Device Adapter. -This
specification will define the functionstobe
performed by the DA-ITR microprogram which is used
Lo diagnose the DA... io. |

1 233 Common Firmware Packages for® MPC

There are several common firmware packages which
will have utility in various MPC-configurations.

Common MPC Interior Decor.i’.1.3.3.1
It is anticipated that for some MPC ‘controller :
configurations a software level will be desirable
in which sequential read/write memory words are
pulled from main memory and interpreted as =
software instructions by a fixed set of Interior
Decor microprograms. =

An ‘Interior Decor specification must be provided
which defines this standard software personality
and the associated microprograms. -

CE 302-1 {12-63}
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Common: MPC Isolation Test Rout ina
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The maintainability philo sophy for the. MPT: (as
defined in paragraph 6). requires the execution
of ‘Isolation Test -Routine- microprograms. RE

nll

The Isolation Test Routine microprograms must’ be
defined, specified and generated. The micro-
programs must: be common across all MPC configurations.

CE 302-1 (12-69)
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FUNCTIONAL: DESCRIPTION

4’ block ‘diagram of the
ts shown ‘as follows

ma jor components of the MPC

CONTROL
STORE

MAIN MEMORY
(optional)

M/O
PANEL

PROCESSING
STRUCTURE

Device Adapter Interface

The processing structure and the. optional main.
memory provide the general purpose hardware. ~ The
control store provides the personalized control
for any. given application. A’ descriptionofthese
na jor components is contained in the following
paragraphs: 0 © .

PROCESSING STRUCTURE
The processing structure provides the control, .
register storage and logical/arithmetic capability
required to access, decode and execute micro-,
instructions which reside in elther control store
or in main memory. 0

[n order to facilitate running the various .
simultaneous device configurations described in
paragraph 1.2.3, the processing structure will
contain the registers and control requiredto
sustain two, independent, concurrent micro-
orocesses. This capability will allow switching
rom one process to the other without requiring
a:safestore of all working and control registers.

'T 302-4 {12-5-

ial



COMPANY CONFIDENTIAL,
GENERAL3ELECTRICWATTERR ry

Re Cont. on Page” 19 "Page 18

The ‘basic elements.oftheprocessingstructure,and
their relationshiptomalnmemoryandcontrolstore
are shown‘in:thefollowingdiagram..Adescription
of these elements is given in'subsequent paragraphs.

Nee Sr a en = [EN a al : - EE oe i } )

Registers’ =

The ‘registers defined in this paragraph are those
registers which are elther directly referenced by
microimstructions,orrequiredforspecific=
functional reasons. There will be other registers
whichare a functionofthehardwareimplementation
and will be definedduringthedesignphase.=~

Working Registers
There “are two independent sets of working registers,
in order.that twoIndependentmicroprocesses can
coexist ‘without requiringsafestoringofregisters.
These registers are shown as: crosshatched. in the
preceding MPC detalled block:diagram.

ro Lod

eroded

All microinstructions are formatted as though there
were only one set of working registers. The :
physical set of registers accessed during the exe-
cution of a microinstruction is.determined by the

2.1.3: 0 ii So. hp

The functions which can be performed on these
registers are defined in Appendix A, "Micro-
instruction Revertoire.?

Register Bank =-- This is a group of 16 general
purpose working registers, each one-byte wide
(8-bits plus parity), used for data-storage,
accumulating of arithmetic and logical opera-
tion results. etc. -- =

They ‘are ‘accessible under microinstruction
control on either a single or two-byte basis
When accessed on a two-byte basis, the =
registers must be consideredaseven/odd
pairs (RO/R1: R2/R3, ete.). |

For purposes of definition and discussion
throughout this specification, each of ‘the
two independent groups of 16 registers is
referred to as. either the "Upper RBA Half"
or the "lower RBA ialf." Within an RBA Half,"
individual registers are referred to as RO-R15.

~~202.1 (12255)
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Associated with. each RBA Half is a unique set
of supporting registers, as definedin:
saragraphs 2.1.1.1(2) through 2.1.1.1(6) below.

sccumulator AfAccumulator ‘B.-=-. These two registers
are general purpose accumulators, each one byte
aide. (8-bits plus parity), used for’data storage,
accumulationof.arithmeticandlogical:operation
results) ete. Tras io Teed Sg nd tn Se

They -are accessible, under microinstruction. . .
control, individually,orcombinedasatwdbyte
register. . When+—accessed as a-twobyteregister:
Accunmulator A. is always the most significant:

Auxiliary Control Store Address Register (AUXR) --
[his is a 12-bit address register used to safestore
the next microinstruction address when:.

3 a ‘hardware interrupt occurs (AUXAR contains
address’ of next microinstruction to be ’
executed upon return}. os. oF

a store address and branch microinstruction
is executed (AUXAR contains address of last
even/odd microinstruction pair executed).

This registerisnormallyreferredto-as-=
AUXAR3_14+ The register always holds an even
address fn TES : JE

-e

Indicator Registers -- There.are two four-bit -
indicator registers. One is referred to as the
Jpper Indicator Register; the other is referred
to as the Lower Indicator Register. ~~ "~~ =~ =

Both indicator registers can be used optionally
to store indicator results of a microinstruction
execution. =~ ~~ i 77

The “Upper .Indicator Register has thé added
optional capability of propagating certain
cator conditions over a sequenceofmicro-
instruction executions. 7"

indi-

~E 302-1 (12963)
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The microinstruction format. will allow designation
of .which indicator register ‘is to be used during
its execution. TT

Both registers will maintain the following:con-
a
ly

o

For Arithmetic Operations:

“ForLogicalOperations:

For Shift Operations:
(Lower IR Only) °°

Most. Significant
Bit Value:

overflow |
Zero
Carry =
Most Significant
Bit Value. -

All Ones Condition
Zero Condition
0dd/Bven = -
Shifted Out Bit, or
Bit to be Shifted
into Register

Device Adapter Number Register -- This is. a two-
bit register used to define whitch Device "Adapter
port is to be accessed by a Device Adapter Inter-
face microinstruction,==

This register can be loaded by microinstruction
It is also loaded ‘automatically with the inter-
rupting Device Adapter number when a Device
Adapter Interface interrupt (EN-1) is executed
ny the Interrupt Mechanism.

Branch Test Register -- This is an ‘8-bit register
used for conditional branch testing and vector
segment branchine.

The results of a microinstruction execution can
be directed into the Branch Test Register. (in
addition to its normal destination)andtested
in subsequent conditional or. vector segment
&gt;ranch operations.

~F 307-} {12-683}
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Device Adapter:Ipterface status can also be
loaded into’ this register for subsequent. branch
testing. wp TE 2 ”

2.1.1.2 General Control Registers

The. following registersarerequiredforthegeneral
control and operation of the MPC. ~_». 7" 7 er”

a

There is only one set of these registers, used to
sustain microinstructions execution out of either
set of ‘working registers defined in paragraph
2 JL. 10 adr Sihan, Fn ar Wy, hh

Control Stote Address Register (ROSAR) ~~ This is
a 12-bit register which serves as the micro-' =
instruction address for microinstructions out of
Control Store via the read-only Control Store
interface. - ~o 7

This register.isnormallyreferredtoasROSAR;_i,
and always holds an even address. ~~~ “7% YC

Device Adapter Control Register ~-- This 8-bit
register is used to control the executionof
Device Adapter interrupts, ‘and Link Adapter:
selection during the execution of Device Adapter
nicroinstructionss ~~. oe
The register ‘can be loaded ‘under microinstruction
control. = -

The register consists of the following fields:
Level. Field (Bits 0,1)
This field contains two bits, ‘bit 0 for Device
Adapter port "0," and bit 1 for Device Adapter
port "1. °°

The se bit s dg fine the EN-1 int errupt “level for
Device Adapter ports "0" .and "1" as follows:

Level Bit=set,EN-1fromDAport
considered to be "high-level."
reset,  EN-1 from DA port
considered to be "low-level."

~E 3072.1 (1 2-68) -
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Paragraph 2.1.2.2 of this specification defines
the interrupt priority structure and’ execution
in the MPC. = Sor = 7 nd’

Link Adapter: (LA) Field (Bifs 2,3)
A Device Adapter I nterface microinstruction can
specify that the instruction is addressed:either
to the DA port whose number is. containedinthe
DA Number Register, or to ageneric.Link Adapter
(CPT connection) port. . .~ SLUmRTT IAEA

The 2-bit "LA Field of the DA Control Register:is
used.to define which physical DAI port is to be
accessed by a DAI microinstruction- addressed to
a-generic -Link "Adapter port, . 7

The definitionismadeas’a function of ‘the .
current contentsoftheDANumberRégister,as
follows: .;. =

DA Number Register points to DA port O:
LAField Bit 2 =.0 Link Adapter’ defined

LA Field Bit 2'='1 Link Adapter defined
CL ~ to be DAIL port3.

OA Number Register pointstoDA‘port1:
LAField Bit 3 =.0, Link Adapter defined

..=.....- to be DAL port 2.

LAFieldBit'3=.1,LinkAdapterdefined
CTtobeDAI port 3.

Lf the DA Number Register points to a DAI port
other than "0" or "1,! a DAI microinstruction
addressed to the Link Adapter will always access
DAT port 3. "how

(Se¢Appendix A for a description of the nh
microinstruction.)~~

1
2 EN-1 Mask Field (Bits 4-7)

This field ‘contains one bit for each oF the Foi
Device Adapter ports; (bit 4-for DAO, bit .5 for.
DAL, ‘etc.). When the mask bit is set for a
particular Device Adapter port, EN-1 interrupt

E02) 119-651
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betta

requests. from that DA are masked. The int errupt
request will.be honored when the mask condition *
Ls removed, if still being held. up by the Device

Test and Diagnostic Register =%'This register
provides the capability of. setting up special =
control modes to allow.Isolation: Test microprograms
to exercise the internal logic of the YPC to + re
the degree required to isolate failures. ~The=7.7
register can be read ‘and loaded under microprogram
control, It can also be initialized from the ~~:
Operator/Maintenance Panel, ‘or as thé result of'an
external "Initialize! signal (paragraph 3.1.1),
d&gt;r-an initialize microinstruction: @ . = io

3its will be provided in this registerforthe
following functions:

Ig nore Errors

hen this bit is set the MPC will ignore the’
occurrence of all errors. An error interrupt -
will not be generated. Detected errors will be
loaded into .the Error Data Register, however.

Halt On Any Internal Error  «-
Jhen this bit is set the MPC will halt upon
the detection of any internal error. ==

Halt On External Error ~~ ~

When this bit is Set the MPC halts upon the
detection of a main memory-error or a |

Device Sspton Interface error.Theerrornay be eitner parity or timeout. . ee

Halt On Control | Store Error

jhen this bit 1s set the IPC halts upon thi
detection of an error involving the access of
a-microinstruction from control stare.

Halt On Interval Timer Runout

Then this bit is set, and the Test and Diagnos-
Cic*Mode bit is set; the MPC will error halt
tpon the detection of Interval Timer runout.

~e 302.1£1
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When-this bit.is set, and the T&amp;D Mode bit
is not set, the MPC will error interrupt
upon the: detectionofInterval.Timernot
reloaded, as defined.in paragraph 2.1,5.

Test “and Diagriostic Mode
When set, this’'bit defines the existence of
the "T&amp;D Mode,™ and causes a unique micro-
program entry to. be made upon the ‘detection
of .an_ error or Low-Level EN-1 interrupt.

These microprogram,entrypointswillbefixed,
and will be different. from the normal error
interrupt entry point. (See paragraph:3.5.)

Interval Timer Count Mode
Jhen set, this bit causes the Interval Timer .
to be incremented orice for each microinstruction
execution. "In this mode the Interval.Timer =~
counts the number of microinstructions executed.

When this bit is reset, the Interval Timer is
incremented as a fixed time interval. In this
node the Interval Timer functions as a real
rime clock (paragraph 2.1.3). ~~

Error Data Register --. This 16-bit registér pro-
vides storage for the indicationofanydetected
error. within the MPC.

At the time an Error Interrupt is génerated, this
register will define the specific error causing
the interrupt. ~~

The register can be read and reset under micro-
program control. It can also be reset from
either the Operator Panel,orastheresultof
an external "Initialize® signal. Co

nt R02 (} 258)
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2.1.2 =

Pypical of the category of
-his register arei-. ~~

Internal. parity errors
External J bus parity errors; (DAI ormain memory). "ii am hn

Memory parity errors
Control: store parity errors

“Timeout errors

[race Register=-This13-bitregisterisused
“o ‘hold the control’ store -address of ‘the micro-~
Instruction on which an error.is detected.

This registercanbereadundermicroinstruction
control. It can also be reset as the result .- .
of an "Initialize" signal from the Device Adapter "-
Interface, initialize microinstruction, OT Operator/
Maintenance Panel. : 0. 0.

This register is ‘normally referred to as TRACE; se
Interrupt Capability’ A
There are four distinct levels at which the MPC can
be operatingatanyoneinstantoftime.:These -
levels are defined as follows: =~ =~

Error Interrupt Service (highest priority)
High-Level ‘Interrupt Service
Low-Level Interrupt- Serivce
Yormal Mode  .. ~~

Zach .of the first three levels is enteredasthe
result of a.corresponding hardware interrupt:

crrox Ingerrupb 5.
figh-Level EN-1 Interrup’
Low-Level “EN-1 Interrupt

By definition, when the MPC is not
service level, it is in the Normal

in an interrupt
Mode. ~~

202.1 I
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Hardware interrupts’ occur at the microinstruction
level. If the interrupt request is detected prior
td the initiation-of the executionofan"odd"=
microinstruction, the interrupt will be executed
trmediately following the completion.ofthe:"odd
microinstruction execution.=~SEL WE a

If the interrupt reguest is detected prior to the
initiation of the. execution of an "even" micro-
instruction, ‘the interrupt will not be executed
until the completion: of the next "odd!' micro- =
instructions i: (In the eventtheodd:instruction
is a "branch;™ it “is executed concurrently with |
the even microinstruction, and the interrupt then
occurs immediately .after the even: microinstruction
execution,).musi en To

2.1.2.1

ThisFunct ion’ allows a "program" interrupt capab i-
lity to be. microprogrammed into,a microroutine oi

The above interrupt capabilities are defined "in the
following paragraphs. ==="
Error Intérrupt
This is the highest level interrupt, and OCCUYS
upori the detection of any error by the MPC.
The Error InterruptcahbeinhibitedbytheTé&amp;D
Register. 7

At the time this interruptisexecutedtheError
Data Register will contain a bit defining the
specific error causing the interruot.:

The executionoftheinterruptwillcause a forcéd
sranchtobemadetoafixedcontrolstore.address
(paragraph 3.5), where the, error servicing micro-
program must be located. oo

GE 302-1 {12-63}
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At. the time the intérrupc is executed, the inter
rupted: control store address, representing the:
next normal’ microinstruction to be.executed, will
be saved in AUXAR. - 7 oo) : Co =

[n addition, the address of the microinstruction
being executed at the time of error detection will
bé ‘savedintheTRACEregister. : (Note ‘that the’:-
address saved in AUXAR will always differ from. the
address saved in TRACE, since AUXAR is always ~~
incrementedtopointtothenext even/odd pair of
nicroinstructions.) i wim. ot eTocs To eee ee

During the time ‘the: Error Interrupt service is.in
progress; no:other interrupt requests will be =~
executed. ¢ Uh TT

2.1.2.2

The Error Interrupt: service level is reset by the
axecution of the reset version of the Branch =
nicroinstruction (see Appendix).

High-Level EN-1 Interrupt/Low-Level EN-1 Interrupt
These two types of interrupts occur as the result
&gt;f a: signal on the EN-1 line from a Device Adapter
sort * the % oy *

Level and Priority

for Device Adapter ports 0 and 1,
&gt;f. the interrupt generated by the
Is determined by the state of the
eld" of .the DA Control Register
2.1.1.2(2)).

the level
EN-1 Tine
"Level = --

{paragraph

“or Device Adapter ports 2 and 3, the EN-I
line is always interpreted as a Low-Level
iN-1 interrupt. ; co

~E 302-1 {12-69)
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rhe priority between Dj ports governing whict.
-xisting interrupt request is allowed 1s ~~
jetermined by the following:

DA Port 0 --HighorLowLevel
DA Port 1 = High or Low Level
DA Port.2:-LowLevel = iT ores To Een a
JA Port~3 + Low:Level =~ ~iiis (Lowest Priority)

(Highest Priority)

{s ‘can be seen from.the above, any Fut erst
request” ont DA port 0 has higher priority than
any interrupt request on DA. ports 1, 2 and.3.

Interrupt Execution

At the time a High-LevelEN-linterruptis.
executed, a forced branch is°made to’ the control
store location ‘specified by the contents of the
Auxiliary Control Store Address Register a
(AUXAR) plus two, and the contents “of AUXAR
replacedbytheinterruptedcontrol:store.
address, (address of the’ next normal micro-
Instruction to be executed upon return from
interrupt service).— © 5 ;

At- the timeaLow-LevelEN-1interruptis.exe--:
cuted, -a. forced branch is made to a fixed control
store address (paragraph 3.5), where the Low-
Level dispatching microprogram will be located.
The interrupted control store address is stored
in AUXAR.+~~

fpon executing an EN-1 ‘interrupt, the MPC-will
set an "Interrupt In Progress’, mode defining
hat (a) an interrupt is in progress, and (b).
rhe level (High or Low) of the interrupt.
rhis mode will remain on until reset by the
execution of the ‘reset version of the Absolute
sranch microinstruction. ol TT

During the time the "InterruptInProgress"mode
bit is on, all Interrupt requests which are of
equal or lower priority than the level in pro-
gress will be held. off. However, an interrupt
cequest Of higher priority will be granted, and7111 intexrupt the interrupt service in progress.

= aa9.1 1 2-83
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This means that if a High ~Level. interrupt ‘service
[s inprogress; it" cannot be interrupted by, any"
dther EN-1 int errupt. request.’ However) a Low=_*
Level interrupt service can be interrupted by a
Tigh-Level- requester. i 2lvi oT Co :

It should.be noted that -an EN-1 interrupt request
Is‘not automatically reset when ‘the “interrupt =
request is honored.” The EN-1 interrupt request
ls held up by the requesting Device Adapter until.
a DAI microinstruction 1s. executed by ‘the interrupt
service microprogram specifically-causing the” ~~~
Device Adapter to ‘reset the interrupt ‘request line.
As" long as the interrupt request ‘line remains “set,
all interrupt. requests on lower-priority DA ports
vill’'be inhibited. ~~. oe -

2.1.2.3 Macro Interrupt

As stated’ above, the Macro Interrupt Is not a hardware
interrupt,” but is actually a ‘set of conditions which =
can be tested for by microlnstrfiction, allowing appro-
priate action to be taken by the microprogeram. Co

A four-bit Interrupt Mechanism status bus is pro-
vided for testing by the "Vector Segment Branch”
nlcroinstruction.Conditionsaredefinedonthis
bus ‘as. follows:- 70-0 oe oor

3it” 0 = Manual Mode

This condition is set under control of
ani. Operator Panel Switch (paragraph 4.2).
The condition remains set until manually
resete. - 0 ’

By the setting and resetting of this mode,
Spenser control can be exercised over
-ne execution of a microprogram. |

CE 392-1 (12-63)
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Itiscondition arises as the result of the
actuation of the Operator Interrupt switch
or the Operator Panel. (paragraph 4.2). ~

BiE 302

The.condition is reset upon executionof
the versionofthe-"StoreInterrupt==
Mechanism Register" microinstruction which
saves the’ state of this bit in Accumulator

Interval Timer Runout
Macro Interrupt Condition
This condition willbe set: whenever .any. one
or more of the following indications is
presenti’. ah...

Shared ‘Memory Connect -Pi

This condition indicates an interrupt
has been set from an MPC sharing the
same main memory. (Results from
"Start Shared Memory Cycle™ micro-
instruction.) iv

The condition is reset by the execu-
tion of the reset version of the
Start Shared Memory Cycle micro-
instructionbyeither"Memory Sharing"
PO, +

Signal on EN-2 line from any of the four
DA ports.

Execution of the "Store Interrupt
Mechanism Register" microinstruction
allows the transfer of all the above
conditionsto‘AccumulatorBfor.sub-
sequent testing

CF WII $12-501
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2.1.2.4 Special Interrupt Control
The following “interrupt. functions can"be set or.
reset by- executionoftheappropriateversionof
Lhe. "Change Interrupt’ Mechanism Conditions" micro-
instruction. n= com. ep LT ; a AS Hed

InhibitAll EN-1 Tnterrupts
When ‘this’ function is set, all Device Adapter
EN-1. interrupt requests are masked.’ Normal.
aonoring of interrupt.requests resumes when thé
Inhibit is reset... ....

Similate Device Adapter Interrup t
Setting of ‘this Function ‘causes an interrupt -
request to be set from all four DA ports. -The
Interrupt requests will remain until this ~~ °
function is reset.

Inhibit Macro Interrupts
This “inhibit is set by the execution of The
appropriate version of the "Change Interrupt
Mechanism Conditions" microinstruction.

shen set, this condition inhibites detection of
the following Macro Interrupt conditions:

Shared Memory Connect 1
EN-2 from Device Adapters
Interval Timer Overflow

Simulate Error Interrupt
This function.issetbyspecialmicroinstruction,
and causes the executionofapseudo error inter-
rupt. . At the time the interrupt is executed the
Error Data Register will. contain a bit defining
the error as simulated. - »

CE 302-1 (12-82
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As defined in: paragraph 2.1, there are two inde-.
pendent sets of working” registers, referred to. as
the "Upper RBA Half" and the "Lower.RBAHalf.n

All microinstructions are: formatted asthough
there were only one set of working registers.
The ‘register bark: actually: accessed by “any micro-
instruction execution is determined by the state
&gt;f an"Active RBA Pointer. “This Active RBA Pointer
[s.maintainedbytheInterruptMechanismas [Rr
cunction of. the: current-level at which the MPC
Ls running: ais TR i

2.1.3.1

2.1.3.2

grror Inférrupt’ Service co
digh-Level Interrupt Service
Low-Level Interrupt ‘Service

The’ following paragraphs define the control’ of the
Aetive RBA Pointer for each of these four operating
levels. i A WR 2 Ur

Sormal Mode :
In this state of the machine ‘no’ interrupt’ is in the
process of being serviced, and the ‘Active RBA Pointer
Ls controlled by the state.of a."Normal RBA Pointer.M

The. "Normal RBA Pointer" can be set or reset by
the appropriate version of the "Change Interrupt
Mechanism Condition" microinstruction. . When:this
pointer is set, the Upper RBA Half will be active.

Interrupt in Progress =.
vHen' an "EN-1 ‘Interrupt is’ executed, the Active
RBA Pointer is automatically set by the Interrupt
iechanismas‘afunctionofthefollowingelements:

&gt; "Level Field"of the DA Control Register
5. Dual Channel Mode Bit =~

® Normal RBA Pointer

CE 302-1 (212-89)
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The YLevel Field" of the DA Control Register defines
the interrupt level: (high or low) at. ‘which DA ports.
0.and 1 are to operate. - (See paragraph 2.1, 1.2(2)).
DA ports 2 and. 3. always operate at the Low-Level.

A Dual Channel Mode ‘Bit, which can be set or ‘reset .
by th ¢ appropriate version of the "Change Interrupt
Mechanism Condition" microinstruction, determines
which .RBA half DA port1isto-use when At is."
operatingatthe-"High" Interrupt level.™

The Normal ‘RBA'Pointer is set and reset,by the
appropriate version of the "Change Interrupt
Mechanism Condition" microinstruct ion, and =: =.
determines which RBA half is to be used when the
MPC is operatinginthenormal"mode. Sen

Low-Level Interrupt Service =~ When. a Low-Level
Interrupt service is initiated, for any DA port,
che Active RBA Pointer will be set to point to
the opposite ‘RBA Half from that. used by’ the
Normal Mode of operation. =...

Stated another way, Low-Level Interrupt service
#111 use the RBA Half opposite from toe RBA
Half pointed to by the "Normal RBA Pointer. ”

digh-Level Interrupt Service, DA Port O -= A
digh-Level Interrupt service initiated from
JA port 0 will always be serviced out of the
Lower RBA Half. = + °°

digh-Level Interrupt Service, PA Port 1 -- A
High-Level interrupt service initiated from
DA port 1 can be serviced optionally outof
either the Upper or Lower RBA Half, depending
on the state of the "Dual Mode Bit": . oo

Dual Mode Bit Set: -.

ial Mode. Bit Reset:

High-Level service
out of Upper RBA ‘Half.

High-Level service
out of Lower RBA Half.

 aaTa
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7 Function Network

The funct ion network is an .arithmetic/logical net-:
work ‘capable’ of ‘performing the; following operations
with two, one-byte operands: = oR

Binary Add on
Binary Subtract
AND, Lop is
ORL Ci

£xclusive OR
Negate ~:.. "
Complement” =~ |

Shift By. One Bit
Shift By 8 Bits

Thefunction network,is duplicated, and the output
of. the two networks is compared for equality.

? 1.5

Parity on the function network output is formed by
using the result from one network:andparity.as
generated on the results from the other network.
Interval Timer. . 7
The Interval ‘Timer provides ‘a real-time clock
function. It can be both loaded and read by
microinstruction. =

When the Interval Timer
Interval Timer ‘Runout™
to be ‘set, as described

runs out, it causes the )
tiacro Interrupt condition
in paragraph 2.1.2.3.

The Interval Timer will be continuously counted-
at a fixed frequency to be determined by. hardware
design, but the interval chosen will be between
5rand 20 microseconds.

The ‘maximum set table ‘timeout will be. determined
during design, but will be between 50 and 500
milliseconds.

Onder controloftheTestandDiagnosticRegister
(paragraph 2.1.1.2(3))," an error interrupt will
be generatediftheIntervalTimeris.notreloaded
within a specific time interval after runout. =
This time interval will be determined during :
design, but must be between 50 and 500 milliseconds

Special T&amp;D modes ¢an be’ set ‘in which the Interval
[imer is made to count microinstruction executions,
and .to halt on Interval Timer Runout. “These modes
are ‘described in paragraph 2.1.1.2(3).

CE 302-1 {15531
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2 91 1, 6 Error Detectfon
The following error detection features will be
Incorporated into the MPC. .

Byte parity"iscarriedandcheckedonall,
data transfers. and data storage within, the

3yte parity is carried on all microinstructions
in control store, .and is checked as micro-
instructionsarepulled:from_controlstore.

the arithmetic function network is duplicated,
and the results of ,each network are compared” .
for cquality. = Parity on the result 1s generated.

Byte parity is. maintained on the Interval Timer:
Byte parity is carried on all data and.control
busses to the Device ‘Adapter Interface, and =
checked on all data and control busses from
the Device Adapter Interface.

Byte parity is carried on all address and data
transferstomainmemory,andcheckedonall
deta transfers from main memory. .

Interval Timer is checked for reloading
following runout...” = =

Detection is made of “attempted access.tonon-
axistent control store. .

A timeout is made on all asynchronous. operations
which involve waiting for an external signal,
and ‘on all microinstruction executions. This
includes waiting for an RPI signal from the |
Device Adapter Interface during a DAI instruc-
tion; and waiting for a response from main
memory’ during a memory microinstruction. The
duration of thls timeout will be determined
during design, but will be no less than 8 micro-
seconds‘andnomorethan20microseconds.

MIM (FAG00
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All. error” detections result in: an-Erro r- Interrupt,
as ‘defined in paragraph 2.1.2.1. . At the time the:
Error Interrupt is: generated the Error Data =
egister willbesettoindicatethe:specificerror
:ausing the interrupt. . =

CONTROL STORE:
Ihe controlstoreprovidesstorage
Instructions. oh Tm TT eT

The. physical implementation of ‘the control store.
depends: on technology developments, and may. chang
during the life of the MPC products © - =:

-

he

Two distinct. storage functionsaredéfinedforthe
MPC: -main store. andcontrol store. "The MPC has
a separate interface to each of these functions,
regardless of ‘whether the storage subsystems are
separate, or implemented as one volatile read/write
subsystem, TF en ea TT

2e2.1.

2.2.2

For the purpose of this specification the ‘termcontrol store refers to’ that storage subsystem
or portion of ‘a storage system from which micro-
instructionsarereadviathe“Read-Only”Memory
interface. = (Interface"a"indiagram,paragraph
22.3.) =

Format: ex

The basic control store word is the microinstruction,
which is formatted as 16 data bits plus two parity
bits, one per byte, for a total instruction word °
width of 18 bits.

Sizb Modular ty
As a'design target, the basic control store modu-
larity will. be.512 microinstructions, with a am a
maximum control store size of 8K microinstructions.

The MPC will be designed to allow modular expansion
of:'control store in the field by a simple board
slug-in procedure. ©

TE INI (ya,
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24243 Writeable Control Store Capabilities

The design of the MPC will provide for ‘the utiliza-~_

store and mixturesofthetwotechnoloesies Ce

The ‘design of the MPC should allow for MPC configura-
tions which utilize all writeable control store,
with no conventionalmainmemory.(Thisconfigura--.=
tionwill include a hard-core of nonwriteable control
store: for ‘bootload/ITR purposes.) The miecroinstruc~--tion repertoire will not ans in this configuration
andthe MPC- will still offer the flexibility of ~~
zontrol ‘store for microinstruction storage and main
storage’ (but. now physically ‘implementated:asansxtensionofthecontrolstore)for data’ storage.

The -following ‘diagram illustrates an acceptable
implementationofthiscapabilitys

I a Se

J

—_

Memory Interface
Module

HRT

MPC

hott”

 rr

Main Memory

‘Writeable.
Control Store

/
}

Read-Only

2 t
Ln

Same -
Media

Hard-Core
_ for  . --

Boatload/ITR
Programs

A

'e2.3.1 MPC Configuration Using all Writeable Control Store

In the configuration shown, the main memory. is not
present,andthemainmemory.functionisnowcon-
trolled by a modified "memory interface module"
over interfaces "db" and Me.".
Interface "b" is the original ‘main memory interface”

~E Ant {1263 -
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Interface"c"isan"interface,controlledbythe
‘memory interface module," which provides access
into:a‘second.portinthewriteable’control-store
Mainmemory mi¢roinstructionsare‘executedas,
before, hut now access this second. port ‘in the .
writeable control store, which serves for main memory

Interface "a" 1s the standard-read-only interface.
ased to pull microlnstructionsfromcontrolstore.
[he "writeable control store" is written through
Interface "b" under control of a microprogram ==
shich resides in the hard core "read-only". portion

MATN MEMORY ©

!
x » £

1.3.1.1

2.3.1.2

Main memory can be added to:the MPC on an optional
basis, Asa design goal, -it- should ‘be possible  -
to remove all logic and circuitry pertaining solely
co: the ‘main memory in MPC configurations not. = =
requiringthismemory..“+7
The. interfacetomainmemoryisunique-from
Interface to the control store used to pull
nicroinstructions.

Memory Modularity
The following numbers are to be interpreted’as
design targets. They may require change, +
depending on the economicsofimplementation.
Minimum Memory Size
Mri mum memory size (when included) will
2 kilobytes. 7

Standard Memory Sizes

Optional memory sizes greater, than the minimum will .
aes. ToT TT Co oC

veJ kilobytes
&lt;i1lobytes
xilobytes
&lt;ilobytes
&lt;ilobytes
kilobytes
kilobytes

 a

4 Maximum memory size)’

= 202-1 {1}.
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Main memory will
expansion in the
tn procedure.

be ‘designed. to allow modular
field by a simple board plug:

2 5a 2 Memory Width
The basic width of a memoryword shall be two bytes
Each byte will include a parity bit, making the’
basic memory word width:18bits.=i:&lt;-
Memory Accessibility ©°
Memory will be accessible under. microinstruction
control on either a word. or byté basis. (See
definition of memory access microinstructions,
AppendixA,)ooaiaave Co

1

The basic memory access will be on a word (2 byte)
basis. However,1twillbepossible,under.micro-
instruction control, to access eitherthehighor
low order byte of an addressed memory word.

For ‘specific memory accessiblliity requirements
see Appendix A, definition of memory access micro-
Instructions. EE CT

2 s

), J}nw Jb ed

Memory Speed
The basic memory cycle. time shall be no slower
than S00 nanoseconds. cmt

Shared Memory Capability
The MPC will be ‘capable of sharing main memory with
7 second MPC.

al— ——— italia ©

MAIN
-MEMORY

(MEMORY INTERFACE

PC MPC
Nr
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In-a- shared memory configuration, the maximum
femory capaeity. is’ 64 kilobytes |. if Dt sl

By means-of a Configuration Switch. (see paragraph
4.2.8) the "Shared llemoxy' state ‘can be manually
defined. to exist. "The stateoftheswitchis=
testablebymicroinstructions.hi

When accessing main memory,-the’' "Start ‘Read Memory
Cycle" and, "Start Write Memory:Cycle™ micro~=i::"7
instructionscanusethestateof.thisswitchin
forming the memory address. This allows automatic
memory. address modification as a-function of the
main memory configuration. nT

MICROINSTRUCTION REPERTOIRE
The. microinstruction repertoire provides thecapabilityofmanipulatingdatabetweenregisters
within the processing structure of the MPC, as
well as betweentheprocessing:structure,main
mernory,: the Device Adapter-Interface,andthe
Operator/Maintenance Panel.” : Ca

The following. gross capabilities aré provided by
the microinstructionrepertoire.  .--~ +

Arithmetic Operations’
Single byte, binary add, .subtract between
registers and accumulators. =~ ~~ 7°

Logical Operations
AND, OR, “Exclusive OR between registers
and accumulators. |

[Immediate Value Operations
Arithmétic and Logical operations; with
immediate value constant contained in ~
microinstruction. 0

a

Shift ‘Op erat ions
Shift by 1 “or 8 bits, accumulators: and registers.

~E 302-1 ©
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3

Double Byte:Operations
Sets of 2-byte registers. transferred as 16

Read/Wtite Memory Operations

Device Adapter. Interface Operations

Conditional, Sagmont,within control store.

B

E

Abs olute Branch © perations

The’ microinstruction repertoire is. ‘defined in
detail in Appendix A:

CF 302-} {12-625 °°
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OPERATIONAL DESCRIPTION

The following paragraphs ‘define pertinent’ opera-
Eional: characteristics of. the Basic MPC. Co

There are faur ways in which"t he MPC can be sot

Actuation Of Initialize Switch on Operator's
Panel. .--. + RESET Co

An Initialize Signal ‘from’ a Link Adapter,
This must’beaLinkAdapterconnectedto
2ither Device’ Adapter port 2 ‘or port- 3.
(See paragraph 4.1 for description.)

Executionofthe"ChangeInterruptMechanism
condition! microinstruction, aw
PowerUpSequénce.

Initialized State

The’ Initialization Procedure causes the MPC to
set itself-to a known operating state. .- This stateLs defined as follows: Lp TI em

3.1.1

RBA registers are not initialized. ‘They must
be loaded .by microinstruction before being
read, or an error interrupt may result.

Following registers are reset to zero, but
with good parity. They may be read without
tausing error interrupt: “iv

Indicator Registers
Interval Timer Le
"LA™ and "Level Fields only
Error Data Register Co
DA Number Register
Branch Test Register
[race Register
Accumulators A,B
AUXAR: = ciday )

SE 202.1 {1x
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DA ControlRégister, "Mask Field" set
T&amp;D Registeris set ;. with ‘exception of. the
‘lgnore Errors! bit which is reset. =

Active’ RBA Pointer i's reset. fo point: £o the
Lower RBA Half. _: uw i»: 3 Co

The "Inhibit All EN-1's" mode’is resets
ROSAR™'1s reset with zood parity if the initiali-
zation was executed from the Operator Panel,
Link Adapter; or Power Initialization. -

R0OSAR is left unchanged if: the Ini tialization
was executedviathe"ChangeInterrupt =~
Mechanism Condition" microinstruct ion.

A reset signal will be sent to each connected
Device Adapter over the "Initialize" line of
the Device. Adapter: Interfaces + °°

3121:9 Next: Normal Procedure

 hen’ the Initialization function is initiated from
“he Operator Panel or via a Power-Up sequence, .the
MPC will be left in the initialized state, -and
ralted, © osu

The next normal sequence is the actuation of the .
Start Switch on the Operator's Panel. The Control
Store ‘Address Register, ‘ROSAR, will have been
cleared to zero. Microinstruction execution will
therefore, resume’fromabsoluteControlStore
focation 0. =

If the Initializationwas.executedviathe"Change
[nterrupt’ Mechanism Condition” microinstruction,
the MPC will be initialized, and then will auto-
natically resume microinstruction execution.. .In
 his case, micr8instruction execution will resume .
‘rom location O.of the 256 microinstruction segment
which contained the "Initialize! ‘microinstruction.

CE 302-1 (12-631
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If the Initializat ion was executed. vig ‘a signal
from: the Link Adapter (see paragraph 4.1.1) s. the
MPC will be’ inftialized &gt; and ‘then will auto-= ug
matically resume Meroinstruction €Xecution;:
StartingatabsoluteControlStoreLocation0,

The Bootload operation 1s normally Preceded by . .
an Init ialize Operation. generated” from. either: theOperator!s Panel or a Link adapter. HE eta

The Initialize operation will leave the Mpc ins
reset state ».Teady to’ start ~@Xecuting ‘micro~.
instruct ions, start ing at Control: Store Location
0, when the Start Switch: is actuated s. (or auato-. | .
matically, in the case of the Link Adapter Init lalize),

The Bootload ‘Operation itself must be accomplished
by. a microprogram. . This microprogran must edther
Start ‘at absolute. Control Store location 0, or.be
branched to/from 4 program which starts at Location

The Configuration Switches on the Operator's Panay
(paragraph 4.2) will be set to Indicate requireq
Bootload parameters, ang Will be accessed by thefootload routine. pp.

INTERRUPT MECHANISM SETUP
It is mandatory that’ the various registers associate
with the Interrupt mechanism and RBA Pointers be
set Up-before the MPC begins running application
microprograms. -This-set up must be done by. a set
Ip microprogram, wl

The ‘normal Startup sequence of events ig as follows:
[nitializatipy by Operator Panel Switch’ or Link
Adapter signal. - This leaves the MPC registers
and. IOterrupt. Mechanism tn &amp; defined state: CL{paragraph 3.1), and the Mpc halted if inftisliseqOY. Operator Panel. Switch.

302-1 {3p -
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Ef initialized-fromOperator'sPanel,"subsequent
actuation of the Start Switch on Operator. Panel
starts microinstruction. execution from absolute
R0S locationOu7eni”

[f initialized from Link Adapter; micro- . .
Instruction execution begins automatically from
absolute ‘ROS location 0 upon the trailing edge
3f the Initialize signal, 0 ~vls0. 777

it this point, the microprogram located at location
0 must set up the Interrupt Mechanism as required
by the MPC configuration, microprograms to.be run,

-—

rhe following registers and modes must be set up:

Device Adapter Control ‘Register
lest and Diagnostic Register
Dual. Mode Bit =:
Normal RBA Pointer 7:
Inhibit EN-1:% 70s
inhibit Macro Interrupt

See paragraph 2.1 for the definition of these
ceglsters and modes. °°
MICROINSTRUCTION "ACCESS

&amp;

Ite normal mode of operationintheMPCisthe
executionofmicroinstructionsout of control
store. However, capability exists in the MPC
to allow microinstruction execution to be”
performed out of main memory, or to execute . 7 -.
nicroinstructions received via the Device Adapter
Interface or the A,B accumulators. These . .
capabilities are described in the following para-
sraphse «on

3 oG.1 fo » Microinstruction Access from Control Store

Microinstructions are retrieved from control en
store two at a time. "Each pair of microinstructions
Ls referredtoasan "even/odd" pair, the even ~-  '~
nicroinstruction being the lower address instruction,
ind the first to be executed.” 7°

 332s £19.58
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In ‘order to” accomplish the. concurrent bran hrrequire
pent, all branch microinstructions must be. contained
in: control”store ‘as the "odd "_ mic roinstriction Pinelaven/odd pair, 0 © Et

~

dicroinstruction Access from Main Memory
77 means of the "Read Memory Data Register micros
ins Lruction (see Appendix AY, the contents” of a 7.
memory word can be loaded directly into an internal
microinstruction execution register, . As ‘a result,
the.contents Of -the memory word will be executed
as the "odd" microinstruction of the-even/odd pair
following the.even/odd pair’ containing the Read
lemory Data Register microinstruction. ass
[his is illustrated as follows:

i ES ed
Control Store
Address -

DE
A : Microinstruction Microinstructior

.. Carat ® £L ELE ew
mt——————

— ——
ora Boe” :

Te

topesgb

Replaced
by con--
tents of
memory.
word. =

Assume’ a microprogramincontrol‘storeis.asshown above. =...

The  "even/ odd" pair af control s tore address MA"
is pulled.’ . roc )

The "even" microinstruction ig executed:

The Yodd™: microinstruction is executed. “In ‘this
axample,- this microinstruction is the RMDR +
microinstruction. which transfers the contents of
a previously addressed memory-word into ‘the .
Internal execution register. * (It 1s as sumed that
the’ above example was preceded by a "Start Read
Memory Word" microinstruction, )

Now the "even microins truction at tontrol store
address "A +.2" ig executed.

x

£:302-1 {12-53}
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The contents of ‘the. memory word read by the: RMDR
microinstruction are now executed as. the "odd" --
microinstruction of the even/odd pair .at control
store location "A:+ 2," replacing the odd micro-
instruction pulled from control. store. =~

The next m... 0 uscruction pair. executedwillpe.
he even/odd pair located at control store location
TA + Lot TT ) Co -

In-ordertousethis‘capability to execute micro-" ,
srograms which reside in main memory, an "execution"
nicroprogram must resideincontrolstoremow

This "execution" microprogram must execute’ the
following. funct ions: 25 IE ae alr ae ET 1m

Maintain the Memory Address used. to access
the microinstructionsinmemory.==&lt; =

Execute the "Start Read Memory Cycle" and
"Read Memory Data Register!" microinstructions
to retrieve each micrbinstruction from ~~
memorye A :

The RMDR microinstruction which: transfers the memory
word to the internal execution register, must be
in an "odd" locationinthecontrol store, or an
feven" location with a Branch instruction in the
"odd" -location. Lo

Special considerationisrequiredwhenaBranch
Start Read Memory Cycle or Start Write Memory
Cycle is executed out of memory. =

XE any I'L oF

belraZal Start Read/Start Write Memory Cycle Microinstruction
“hen either of these microinstructions are executed
putof memory, hardware will detect this occurrence,
and force the next "even" microinstruction to be: :~
either a "Read Memory Data Register" or "Write A
Memory Data Register" microinstruction. The scurce
or destination register must be accumulators A,
3-in:this case. ~~ |
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This is illustratedbelow:

ControlStore
Address. Instruction: Instruction

 nar Rl Eng eo, RMR Ce

X. oer, aekooo

Replacedby
contents of

memory word,
and is: a 22
Start. Read
or Start
Write Memory
Cycle micro-
instruction

The microinstruction read from memory will be’ executed
instead of the odd microinstruction of the MA: + 2"
even/odd pair, Hardwarewilldetectthatthemicro-
instruction:.is.ai Start Memory .type; and will force
the next éven microinstruction pulled from control.
store; location A + 4, to be a Read or Write ‘Memory
Data Register (to or from AB), as required. This
microinstruction must be encoded as a. "o-op" in
the control store execution microprogram. "=

4.2.2 Branch Microinstruction

The ‘execution of a branch
memory must be handled by
includedas.apartofthe
microprozram. = -

microinstructionoutof
interpretive routines .
"execution control store

One method ‘would be to include, in the memory-
resident.microprogranm, branch instructions wnich,
when executed, will cause a branch within the -
execution control store program to the. applicable
interpretive routine. for the type branch to be made

It 1s also possible for .a microprogram which is to
reside. in main memory to execute branches within
Itselfby.arithmeticallymodifyingthehardware
register, being used as the main ‘memory address
(actually the microinstruction address for the
microprograminmainmemory).With this method,
actual branch microinstructions would not be
required. =

ANY Yu ;



COMPANY CONFIDENTIAL
GENERAL) ELECTRIC

Santon Page” 31 "Page 50¥

3 Microinstritetion Access from: DAIL

The Device Adapter Interface microinstruction allows
the option of transferring the DAI "Data-In" lines.
into the internal microinstruction execution register,

Thi s provides. the capability. of executing micro-
Instructions, received from an: external source via

Y Ta a»

The capability of loading and executing micro-
instructions in this manner .is similar to that
described -in.paragraph3.4.2-for:microinstructions
Loaded Irom main memory. 0 0

dicroinstruction Access from Accumulators A,B

The Load: Interrupt Mechanism microinstruction
allows the contents of the A,B accumulators to be
[oaded directly into the internal microinstruction
execution register...

This allows the same capabilities of noncontrol
store microinstruction access and execution as
describedinparagraphs3.4.2and3.4.3,above.

FIXED CONTROL STORE OPERATIONAL ADDRESSES *
There ‘are several operational‘controlstoreaddresses
which are fixed, and not changeable. |

These are defined as follows:
fnitinlize State.
then the Initializationprocedure(defined in para-
graph3.1)isexecutedasa result of either the
 [Initialize Switch on the Operator's Panel, ora
signal from a Link Adapter, subsequent microinstruction
axecution begins from absolute Control Store Address
9 LT “1m 5 A 0 a wen naing Ti &lt;A————— TTT SR Wp————

SE 302-1 112-63}
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When a Low-Level EN-1 interrupt is executed, the .
joo will automatically jump to ‘one“of the followinglocationsy "=i ° ;

Decimal control store Ioeation 32 1f not in “theT&amp;D mode... LW ;

Jo33

Decimal: control storé location 32 £ 128 1f in
the’ T&amp;D mode. Sn

(T6D mode sét as described tn paragraph 2.1.1.2(3))
Error Interrupt '

Then an error interrupt 1s executed, the MPC will
automatically - jump to one: of ‘the following locations:

Decimal.control Store location 64 if riot in
the T&amp;D mode.” | cel

Decimal control. store location 64 + 128 Lfin the T&amp;D mode.

CE F00et £1 Ra]



COMPANY, CONFIDENTIAL
GENERAL ELECTRIC

Re
Calm Lh APws mats

~4B8A177875...

Cont. on Page: 53". Page» 52

[NTERFACE REQUI REMENTS
DEVICE ADAPTER INTERFACE
fne Device Adapter Interface,asdefinedin
Specification 434177876 is used. between ‘the MPG.
and connected Device Adapters, The MPC will allow
connection of up to four ‘Device Adapters, - ow .-

Ihe processing structure of ‘the MPC will provide
the registersanddatapathstocontrol and
tormumnicate over this interface.-Specific data
sath requirements are: defined in the description

&gt;f the DAIL. microinstruction; Appendix A." Require-
rents with respect to interpretation of DAL 2
interrupt lines, are defined in paragraph .2.1.,2,[nterrupt Mechenism, Ee ST :

3  Lb

Some “special considerations. concerning
Adapter Interface are describedinthe
paragraphs. ~~.

the. Device
following

Remote Initialize Function from Link Ada ter

The initialize MPC
paragraph 3.1, can
subsystem, such. as
there is.no unique
[nterface to cause

Function, as describedin
be initiated from an external
a central processor. However,
line in the Device Adapter +"
such a. function. ar NBL

Therefore, a special "Remote Initialize" line is
defined to exist betweenaLink Adapter and the
MPC. This line is not a standard interface line,
but exists only on- Device Adapter ports 2 and 3,
vaich are the normal ports for the Link Adapter
commection., 0 © : ¥ on

Sy ‘means of this’ line, a Link Adapter can set 3
signal which will cause the MPC to execute the
Initialize function. . During the durationof
Shis Signal, the MPC will be held in the ini-
cialized, halt state. When the signal drops,
che MPC will begin microinstruction execution,
starting at absolute control store address 0.
Ine Initialize signal, as received from a Link
‘dapter, must be a minimum of 300 nanoseconds,
to. ensure the initialization of the MPC...
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The Initialize.signalwillbepasseddirectlyto..
the four Device Adapterports(overthe:"initialize
out DAI line).:It.istheresponsibility.ofthe
Link: Adapter (and/or the external system to which
Lt is connected) to ensure that the width of the
Initialize signal is adequatetoinitializeall
connected Device. Adapters. - meni

!

The PRemote Initialize" signal can bel inhibit ed by
Maintenance Panel ‘Switch. The signal is also : =
inhibited if the "T&amp;D Mode" bit of the T&amp;D Register
Ls set and ‘the MPC: is fot in the "halt" state. =

Jpérational=In-Line
This 1ine-is -a standard Device Adapter Interface

Lf, during the execution of any Device Adapter.
Interface microinstyuction, this line indicates
a "nonoperational® state of the Device-Adapter,
the MPC will complete the executionofthemicro-
instruction independentofasignalfromtheDA
on the "Response-In" DAI line. (The DAI micro-
instruction can optionally specifya"waitfor
response~-in".beforeexecutioncompletion.)

4.1.3

The eight Status Lines from the DAI will be forced
to all ones in this case, and the 1l6-data-in lines
from the DAI will be forced to all ones with =~ =
correct parity. 0 |

Sperational out Line
This line is a standard Device Adaptér Interface
Line. 0 SE

This line will reflect the operational” state of
che MPC as follows: =~ ~~ |

Line set

Line reset

MPC is running; that is,
executing microinstructions.

MPC. is in a halt state, that
is, the MPC clock is stopped.

© 302-1 {12-69}
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fnitialize Line
EN RC SE at gE

Si mL es “ rida gh SL 2 aed Wg
this isa standard DAI- line.

Jhen the Init!alize’ function “(asdef ined in"
paragraph 3,1) is executed, +a signal is. sent on
the -Initialize line to each of the. four Device
Adapter ports, + Si TA Fy

This’ signal”is ‘intended to cause each connected
Device Adapter fo initialize itself na.

Poet Supply Contact Lines
[hese are not.standard DAL lines.
There are four relay contacts (or equivalent)
which are made available to Device Adapter ports
2. and:3(normalports:forLinkAdapterconnection).
[wo ‘contacts are made. available via backpanel  : .-.
connection toeachoftheseDAports,representing
a total of four backpanel: connections. .. . . -

These contacts will be open if d-~c power..is off,
or 1f the MPCissettothe"Halt"state(internal
clock ‘not running)..Pind Ty

Upon power up, these: contacts are guaranteed not
vo-close until d-c¢ power is stabilized and the MPC
Internal clock is running. yy, TR

441.6

Jhen a power down sequence originates via the
Power-Off switch, these contacts are guaranteed
to open before d-c power loses regulation. If.a
power down sequence originates from detection of
a malfunctionoroutoftolerancecondition, the
contacts will open, but.cannot be guaranteed. to
open before d-c regulationislost.:

Control Reset Line

This line to the Device Adapter is used to cause
the Device Adapter to reset selected control
Logic. _. .- ii |

The intent 'of this ‘line is not to cause d-c
initialization of the entire DA. The defipition
of "Selected Control Logic" is a function of each
Individual Device Adapter type.~ * ffir obs dante RC Tees
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A

This panel will’ contaln those: switches and-indi
cators which must. be accessed by normal system
dperating personmel. oes TT

Ihe ‘panel should be physically accessible from the.
outside of the’MPC ‘cabinet, without “openingadoor.

The Operator Panel; and its indicators and switches,
will conform. to Group Standards BOl.9..~~.7

fhe folToting switches and indicators will be
included on the Operator Panel. ~~ =

Po wer’. On / Power Off “Swi tches
These aretwo separate pushbutton switches.
action of the switch complements its state.

A

The Power On. switch is labeled "POWER ON". When @
the switch is- actuated, 'd-c power is applied to the
MPC and the switch becomes illuminated. ~~

32,2

+ .2.3

The Power Off switch is labeled "POWER OFF". When
‘he switch is actuated, d-c power is dropped from
che MPC and the POWER ON_ switch ‘goes dark.
[nftialize Switch © =
This switch is labeled MINITIALIZE." Actuation of
chis pushbutton switch causes the. executionofthe
Enitialize function, as described in paragraph 3.1.
[he switch is not illuminated. Tt |

Start Switch
This switch is labeled "START." Actuation of this
pushbutton switch, causes the MPC to begin exe- -
cution of microinstructions. "The switch has no
effect unless the MPC is in the "Halt! state. The
switch is not illuminated. =

SE 302-1 (12-67)
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J YLUL Auto /Manual Switch
Cab agtE e ee 8 |

fhis is an alternate action pushbutton switch. Each
actuation complementsitsstate. the “®

The switch contains“a‘split‘fieldindicator'labeled
TAUTO"- in the upper field and "MANUAL™ in the’ lower
field.. When actuatedtothe"MANUAL"state,the~~
switch causes the: Manual Mode condition to be. 7. "=,
senerated in the MPC. (See paragraph 2.1.2.3.) “This
~ondition is testable under microinstruction control.

Then actuatedto the "AUTO" state,’ the Manual lode’
condition is removed: The split field indicator is
flways ‘lit in the field defining the:state of the

te2.5

 206

Jperator: Interrup t Switch

(his pushbutton switch’ is Labeled MOPER INT."i.
\ctuation of this pushbutton switch; generates the
Operator ‘Interrupt condition, as described im °°
paragraph 2.1.2.3. © This condition1stestable-
 minder microinstruction control. Upon setting of.
chis condition, .the switch will become "illuminated.
[he 'switch will stay illuminateduntiltheinterrupt
conditionisresetbythe execution of a "Store
Interrupt Mechanism Register” microinstruction.
Firor Reset Switch © -

This pushbuttonswitch is labeled as follows:

20S XT
Cw  EE _———.. Sa

INTERNAL

The switch will be illuminated in thé field
jefining the category of error condition being
registered in the Error Data Register (paragraph
2. 3.1.2¢4)) 0 7 Cr

108 - arror detected during the access
of ‘a microinstructionfromcontrol
store.-.. 7

aat{1 26a
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srror detected during a. Device
sdapter. Interface OT main memory
peration. «0-77

INTERNAL arror detected internal -to the pro-
cessing structure ‘of the MPC (internal
Sussesy etl ) harm rt oT

[ 2 its in ‘he\ctuation of .this pushbutton switch
resetting of the Error Data.Regist.

J 3

Yata Switches” ™

This isa set of 16 two-position:toggle switches.
These ‘switches‘canbe’readbythe-"StoreInterrupt
Mechanism Register" microinstruction. .-~ ~~"

These’ switches are labeled 0-15, With switch’ p
rhe ‘most significant switch.

~onfiguration’ Switches **

his is a set of 16switches,labeled 0-15. ~The
state of these switches can read by the "Store
Interrupt Mechanism Register microinstruction.

The intent of these switches “is to provide configu
ration data required for the conditioning of: | |
rarious control and bootload microprograms,‘as
well as certain MPC hardware functions. These
functions are describedinsubsequentparagraphs.

Since these switches will be used for sensitive
configuration data, and will be changed only when
shysical subsystem changes are to be made, they
shoitld be protected from accidental modification
yy: means of a cover or lock arrangement. ~~ ©

rt ran
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WR 3 el Hardware: Control Functions:

The following’ switches are used to. control hardware
functions. Fee Sas LT

Swi teal 2} This switch, is set, “defines
the existence of a“ "shared
memory ‘configuration.

The"Start Read Memory Cycle"
microinstruction (paragraph .
A9.1)and"StartWriteMemory
Cycle" microinstructioncan
use. the state .qf this switch
In .forming the memory address
This capability allows auto-
matic memory address modifica-
tion as a function of the memory
configuration . mt o

Switch '0,1,2,3 - "Device Adapter On/Offline
These,four switches are used to: establish’ the
online/offline state ef Device'Adapters.

Switch 0-is associated with DA Port 0, Switch1
with DA Port 1. etc. 7 =

When a configuration switch'is set to offline,any
Device Adapter microinstruction addressed to. that
DA Port will be inhibited. The "Select" line to
the Device Adapter will not be enabled, which
will-cause the 8 Status Lines and the 16 Data-In
Lines from the DAI Port to be forced to all ones
The .EN~-1 andEN-2: lines will also be inhibited.

422.8.2 Microprogram Conditioning Functions

The remaining Configuration Switches do not directly
affect the execution of hardware functions, but
are testable by migroinstruction, .and can be used
to: affect the eltecution of microprograms.

CE 302-1 {12-63)
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Typical of the Conditions to be set Into these
switches are’ the following® = “7 loo

(I switéh)Boot load Control Store
(Program1.0x.2)

3ootload DA Number

3ootload Device Number
(if: required). :/i =

ApS ER,
Basic Memory, Module Size
(1K or 8K words). wit

 Number of Memory Modules" &gt;. (2: switches)
Firm definition of the exact allotation of these
switches will be contained in related application
specifications for MPC peripheral controller: =&lt;.
configurations, Isolation Text Routine procedures,

Address Switches1.2.

These ‘switchés may be set to provide bits 3:14
of-a control store address where bit 15 (least
significant) of the addressisassumedzero.This
address can be usedasabranchaddress:by:one
option of the Absolute Branch microinstruction.

These switches may be assignedothermaintenance
functions as required

Control Reset Switches

This switch resets the control logic of the MPC
but does not cause the %Yinitialize"” function to
occur. Uo

2 » i

’

Following the execution of the reset function
initiatedbytheswitch,theMPCwillexecute
an Absolute Branch to the control store location
specified bv the Address switches.

cE A023 tt 2053)
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The Control Res et’ signal is” sent to .all four DA
Ports over. the individual’ "Control: Reset! DAI
‘ne. (See paragraph 4.1.6) © iN

data Lights
This set of 16 fndic ators will illuminate the pro Ber
current state of the main IPC data ‘bus, "and. therefore,
che contents of the last register or register pair:
upon: which g microinstriction was executed. 0

EF
wh

By means of the "Change Interrugt Mechanism Conditionnieroinstruction (which allows. an MPC halt to be, 7
programmed),: register displays ‘can. be micéorprosrammed,

These indicators are labeled 0-15, With indicator 0
=he most significant .indicator positions. .
MAINTENANCE PANEL ~~

the Maintenance Pane] ‘will contain the sivitches
and indicators necessary .to maintain the MPC to
“he standards prescribed in paragraph 6 of thisspecification, Le

This panel will not be’ accessible to normal system
operating personnel, and should be ‘concealed
except: during the €xecution of maintenance func-tions. hd Fores

The following functions can ‘be executed from the
Maintenance Panel: - Lo

Display/Load all ‘registers.
Single Step control of microinstruction
sXecutiom, = pt h

Selective control of. error ignore; érigshalt 5 - 15Y Cat

Selective halt on specifica control storeiddress.

=
oy 102-1 EY



COMPANY CONFIDENTIAL
GENERALE) ELECTRIC

Roz ContonPage|62.Page61
np ros.

we pet Tg

Selective haltonspecificmainmemoryaddress.
Simulate microinstruction branch. address from
switches. 7 07 -
 tT a Reeb SELL

Simulate micrainstruction from switches.

Simul ate main memory data from switches.
TE a Te i aT Seen dRLA

Simulate DAI data fro m switchese:si = 7

Display Isolation Test Routine outputs. required
for Fault DictionaZy-Lookup™. (see paragrapn.’
6 +1 . 2) . te SE IE 7 rg dn l

MAIN MEMORY AS INTERFACE BETWEEN MPC'S
is defined in’ paragraph’ 2.3.5; two MPCs” can ‘share.
a common main memorys This shared memory capability
can serve. as an MPC to MPG 1ink in configurations.

requiring MPL-to-MPL communication. Tt

JE 302-1 {1283}
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GENERAL DESIGN REQUIREMENTS
“ONFORMANCEREQUIREMENT
Ihe MPC ‘will conform to the
General Design Requirements
systems. oC

PIYSTCAL PACKAGING

cequirementsof43A177851,

The MPC is to be considered a physical ‘entity which.
Is packaged into a physical controller configuration.
Iherefore, packaging requirementsaregoverned.by..
the specific requirementsofeach~individual i
sontroller configuration.which utilizes the MPC. = "F.
These requirementswillbecontainedintheindividual
controller configuration specifications. |

POWER SHARING/DISTRIBUTION *™

The MPC and the Device Adapters with which it is
~ombinedtoforma physical controller configuration
are to share common power supplies. A A

Power supplies for devices, and device oriented -
slectronics may be includedinthephysicalcontroller
configuration, depending on the particular controller
configuration requirements. This will be specified
ln-the individual controller specifications. I

SE 302-1 {12-69}
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The requirements of ‘this section assume that the
General Design Requirements of Section 5 are ful-
filled.:In-addition,a.continuingprogramof@“=
product “improvement is assumed. during development,
design and production of the product. CTs

General Maintainability Requirements
The MPC hardware-will‘be‘designedtoallowmeeting
“he maintainability requirements of the Advanced
Product Line, as defined in APL Line System: .._ .
specification, dated March 2, 1970, paragraph 5.2.

y 1.1

3 LL.2 Isolation Test Routine Capability
The basic method of diagnosing the MPC will be via
!Isolation Test Routines." These routines consist
of a series of microprogrammed test sequences and
associated control routines.. These routines can
be ‘executed out of either main memory or control
store. 0

fo fully'utilize this capability,allpossible
failure modes of the MPC must be pre-analyzed and
cataloged into. a hard-copy Fault Dictionary.

I'he maintenance procedure, therefore, involves the
ranual initiation and execution of the ITR routines.
The action taken by the ITR routine upon detection
of a fault will depend on the typé of fault, and
status of the MPC at the time the fault is detected.
[f desired, and if enough of the hardware has .been
proved operational, the ITR routine may. attempt to
log out Fault Dictionary informationtotheLink
Adapter. . Otherwise, the ITR routine may chose to
simply halt the MPC, with Maintenance panel -lights
indicating the fault symptoms. =~ "7 Co

The normal procedure will be to run’ the ITR
sequences immediately upon manual startup,
following initialization. + =

(n" controller configurations utilizing the MPC,
LTR routines can also ®e included to diagndse
connected Device Adapters. = -

3609-1 {1 2-59
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DEFINITIONS.
Reliability and Malntainability’definitions shall
be per Group Standard B03.l-exceptasotherwise:
defined in this specification. ~~ =

MEASURING DEVICES
Instrumentation
Power-on meter and other Instrumentation shall be
designed into all MEC's which are designated.as
factory or field evaltiation units. The instal-
lationandremovalofsuchinstrumentationshall
be possibleas‘aroutineoperation..Power supplies
will be designed considering these instrumentation
requirements. The addition.ofinstrumentation
shall not degrade the reliability performance-of
the controller or interfere with its’ operation.

alt Identification.
Positive identificationofalllogiccards,control
stores, power suppliesandothercriticalassemblies
shall be through direct-attachment identification
labels, embossing, silk-screening or stamping. .
Such. identification shall be used for determining
the date of replacement and the number of repair

OFFLINE REPAIRABILITY
Thereplacement. of single components of piece parts,
whichare known ‘to be in the failed state, shall
not exceed ten minutes. . Such replacement to be
performed by the use of standard hand tools given
in the standard tool catalog wherever possible.

[NTERCHANGEABILITY
Parts and assembliés, designed and manufactured
to. the same specification and revision level,~7: - |
shall ‘be electrically, mechanically, and functionally
interchanceable.

3 JF RE

303.4
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Al} spare parts ‘shall be interchangeable.to the
dptimum Replaceable: Unit level. If adjustmerits
are required, the time to adjust .shall be an ~
integral part ofthe time to repalr.

ADJUSTMENTS =~

Field ‘adjustments’ shall be reduced to’ an absolute
ninimum..” Where adjustments~”are unavoidable, ‘they
shalls 7. |

» f

3. Requirenoscheduledfieldadjustment
Be ‘capable‘ofobjectivecalibration.”
Be secured such that they will not change
positions under site conditions. =: mi" oT
Require no’ interdependent adjustment” between
to or morg individual adjustments. . °°
Require no more than one man to accomplish.
Be adjustable to specified values within the
tolerance of standard field instrumentation
or- bullt in calibration standards, wherever
possible. fut

in out-of-tolerance conditionoranyadjustment,
shall not be destructive to any circuitry or B
component ‘affected by the adjustment or process:
of adjusting. oo oT TT

PREVENTATIVE MAINTENANCE (PM)
pif for the Basic MPL shall consist only of changing
air filters as provided for in standard Field -~
Engineering PIT schedules.
DUTY CYCLES
The‘average ratio of channel busy time to system
1se time is assumed to 0.7. ~~

Ihe minimum number of cold starts per week is 1.
\ cold start iis definedas-astart-upaftera
rower-off period of greater than four hours.

Cy ‘tr oc
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The minimum number of

STEP &amp; REQUIRGMANS

power-up ] POwWer ~-downsequences

» A

Prior to first shipment, and when tested in a maxi
mum nonredundant configuration, the MPC shall - -
have. demonstrated" the following reliability and
maintainability characteristics to a 50 percent
confidence level, 7.= = |

PROCESSOR CONFIGURATION

Logic (Processing Struc-
ture) volo ene

Power "Supply +77 Fil
Control Store (8K x
»18 bits) wn hE

Main Memory (32K x .18 =
obits) ooo coo

Diagnostic Hardware: and-°°
Maintenance Panel .

Total MPC ~~: =. -

ne

MITR -is measured from the beginning of the ITR run
until the faulty component ‘has ‘been repaired and the
subsystem has been re-initialized and successfully
run-through the ITR phase... = =

5.10

Conformance to these requirements is to be measured
through specification 43A223294, "PED. In-House Data
Collection Plans and Procedures.”
STEP 5 REQUIRRMEDITS

Prior ‘to unrestricted production, the MPC shall have
demonstrated the following availability, mean-time-
between-system~interrupt and mean-time-of-system .
Interrupt characteristics. to a 90 percent confidencelevel.

r=J

Availability -
MTBSI =» oo.
YTOST

98.5 percant
100 hours
1.5 hours

os

*E 30% (Faia
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5.11

Conformance to these requirements to’ be measured
-hrough a Field Evaluation Data Collection Plan.
JNRESTRIGTED PRODUCTION:© ©
One year after installation of the first production
MPC, “the followingbestestimatesareexpected=°
(design goals only)t "~~

Availability '="99,6 percent
MTBSI ~~". =.100 hours
MTOSI 7 v=" 0.5 hours

5:12.17

Conformance to these goals shall be measured ‘through
: “Tay as. : Caleb reer Sb CNL sam ae ST ve Ge

the Field Reporting System. ™ =

FIELD PERFORMANCE MEASURIMENT
a | Ce ‘i ~ ie x EN oi oo oo nr on vt Ag TE Ww, Wy

Incident Reports... ~~

Reports shall be submitted,from designated ‘sites .
shenever maintenanceoroperatoractionisrequired
to restore the system to useful status. Each
Incident report will contain at least the following:

Complete identification of the major unit (serial
and model numbers). ivaaiesls |

‘Elapsed power-on time at incident occurrence.

Reading of the. "channel busy metér". at .each
incident..
Descriptionofdiagnosedfault’
Corrective “action taken.
lime required to restore the ‘system to operational.
status... 7 CC

*E 302-1 (12-59
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J wily 2 Failure Analysis

All fully components’ op subassemblies shall be: -
Identified with the ‘incident report and’ returned
to. Reliability Engineering. for failure analysis,
Data” Reduction and Storage .

PO r 5 ZL. 3 Lh ® FE ‘ : Ee es Tega 5. “ur - , . &gt;

Data from all-incidéng ‘reports will. pe correlated
with results of failure analyses, reduced to. .---
standard format and stored for later. retrieval.
Equipment”SelSation

ALL'MPC's manufactureq . through Steps releases. )
shall be monitored, «This. includes all engineering
and prototype models and Pilot MPC 'S manufactureq
for Initial. Shipments, . After release for un~
restricted. production (Steps), ‘Selected MPCtg iB
will be. designated for additional monitoring, A.
selection plan ‘will be developed which wil] depend
Upon the‘results On previous MPC 's through theStep 4 pilots, oo

Evaluation Periog

Performance monitoring Saall continue until thedata’ shows : conformance ‘to -R/M requirements of“his specification.

5.12.4

6.12.5

5.12.6 Performance Reports—=——2HEE Reports
Performance ‘reports ‘shalj be Issued perfogically
aS soon as evaluation tests begin on the Engineering
Model. . Final. Performance reports ~shall be issueqd
lmmediately prior to Step 4 and Step 5 Product Ce
Reviews, . A'final Performance evaluation report =
Shall be issued at the completion of the EvaluationPeriod (section 6.12.5).

| 302-1 (12-69)
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APPENDIX A

A i .

ALT
MICROINSTRUCTION REPERTOIRE

The following registers’ are réferred to in the ~
description of the microinstruction, repertoire:

sccuruiatorA--Eight-bitacctmulator,.bits
designated 0-7, bit 0 ='most significant bit.
AccumulatorB--Eight-bitaccumulator, bits
designated 0-7, 0.= most. significant bit.
Accurmilators A,B ~~"Thé contents of" the two :
3-bit accumulators are treated as one 16-bit
field, with the contents of accumulatorA.
providing the high-order bits of the field;
also referred to as (AB)O-15. Sart En Be |

RBA Register ---Any one of the sixteen 8-bit
registers of an RBA half. . The sixteen - =
registers are designated RO - R15.

RBA Even/Odd Register Pair -- The contents. of
a. pairofRBA registers are treatéd as ome
L6-bit field, designated 0-15. The register
pair will always be made up of an even and an
odd register, RO/R1, R2/R3,...R14,R15.- . =

The contents of the even RBA register provides
ihe Righ-order, bits of the combined 16-Bitield. wl

Upper Indicator Register -(Upper IR) -- Four-
dit.indicator registers -

tower Indicator Register (Lower IR) -~ Four-
BTettards.ctctmcsinnsan * :
oLC Indicator register. |

¥ 302-1 (12-63)
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incerrupt Mechanism Status.-- This is .a four-pit
“field tested during certain branch operations.

Manual Mode. = =

Operator Interrupt.
Interval Timer Runout
Macro Interrupt: =

[RACE Register == _Thirteen-bit address storage -
register. Contents referred to as. (TRACE) 3-15.

R0SAR =~.Twelve-bit Control Store Address
Register. - Contents referred to ‘as ROSAR; iz
contents of this register are always even. |

AUXAR ==Twelve-bit Auxiliary Control Store
Address Register. - Contents referred to as
AUXARS 400 Contents.ofthisregisterarealways
2VEN. Te = a EA adil 2 wn ie La Ca “ Fata or z -, fu + Coe a ew TL Te #5 le

12

Device Adapter Number Register -2 Two-bit
register specifying a Dal porC,«.~ &gt;

ranch Test Register =- Eight-bit register,
used for result testing..ReferredtoasBT,
Pest "and" Diagnostic, Register -~“Eight-bit Lo
register used to control the operating state
&gt;f the MPC. = ReferredtoasT&amp;Dge

Error Data Register--Sixteen-bitregister
used to indicate specific error occurrences.

ARITHMETIC OPERATIONS
BINARY ADD 0 =
rg. 1:77

‘3

LJ

can be either accumulator A or
accumulator Be. 0 0 oor Te

Pe. - -. +o Uy EAR ns ities a

Arg. 2: -.can be any one of RBA registers
CL RE-RLS. i

Lah Bnaghe

Jpper [Lower Indicator Registers reflect the
following conditions: = =

Most Significant Bit
Overflow - 2

Zero Condition

CE 302-1 {12-63}
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Herolnstruction Options:
Resultof(Arg.1)+(avg?2)replaceseither(Ar. 1) or (Arg. 2), OT Ee SLR EE

CoALGaROnly Upper IR affected.
Result of (Arg, 1) + (Arg, 22) re Places either(Arg.-1)or(irg.2); oo
OnlyLover IR affec ted.
Resultof(ara.1)4(ire.2)(Bravinedbars)replaces ‘elther (Arg. 1) or (Arg.:2). “=

LZa/

previous Carry as Held in Upper 18: . | CL
Zero condition propagated in Upper IR. : (Operation
result: "ANDed" with Previous state of Zero Indi~

OnlyUpperThaffected,
Result of (Arg. 1) + (Arg. 2) used to ‘changeLower IR only, = ~o- - | |

In all c ases the
cause the result
Test Register, .

BINARYSUBTRACT
Arg. Ls
Are. Sige

can be either accumulator A or
accumulator ree |

can be any one of RBA registers,RO-R15, 7 - =

jpper/lover Indicator Registers reflect theFollowing conditions: rat -

Most Significant BLE
Overflow ~~ Se
Zero Condition Bit Rey ve, fee
Carry (Borrow = 0 if Carry =.1)

£ 302-1 (1263
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 eroinstruction Options:
Result of (Arg. 1) - (Arg..2) replaces either(Arg,:1) or (Arg. 2).= TERRE

only Upper IR affected.
Result of (Arg. 1) ='(Arg: 2) Feplaces’ éithor(Arg.1)or(Arg.2).7©=77

only LowerIRaffected.
Result of (Arg. 1) I(Arg. 2). (Previcus Borrow)
replaces either (Arg. 1} or (Arg. 2).

Previous Borrow as held in Upper IR
tero. condition propagatedinUpperIR
Only Upper IR affected +°

Result of (Arg: 1) -" (Arg. '2) used to change
Lower IR-only, 70 2 HBEY 0 of :

2.3

[n all cases the microinstruction cen optionallycause the result to also be placed in the Branc
lest Register. . aT -

Arg. 1: "can be accumulatorA,accumulatorBor’any

Jpper/Lower Indicator Reglsters reflect the
following conditions:

Most Significant Bit
Overflow = ~~ 4.
Zero Condition «© - -

carry = : x J

ola Ta ok Lane:
.» Resultof(Arg.1)%(CarryfromUpperIR)

replaces (Arg. 1).'. © .. |

Only Upper IR affected.
Result of (Arg. 1) i ( Carry from Lower IR)
replaces (Arg. 1). =" ~

Only Lower IR affected.

os
 _—

SE 302-1 (12-62)
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Result’ of (Arg. I):i#+ (Carry.from
replaces (Arg. 1)ui == 77

3

only Upper IR affected. ‘no.....
Zero. condition ‘propagated in Upper. IR.

Result of (Arg.1):+(Carryfrom’LowerIR) used
to change Lower IR only... im. iii srr

in’all cases the microinstruction can optionally
cause the resulttoalso:beplacedintheBranch
Test Register. CT

SUBTRACT BORROW
Arg. 1: can be’ accumulator’ A, accumulator B or

“~¥.anyoneof RBA registers RO-R15.. =

he

Upper! Lower Indicator Registers ‘reflect the
following. conditions: as

Most Significant Bit
Overflow 7. om
Zero Condition | = =.
Carry (Borrow. = 0 [if

iexptistruction Options:

replaces (Arg, 1). |

 only Upper TR affected.
Result of (Arg. 1) = (Borrow from Upper IR)
replaces (Arg. 1)... |
only Lower’ IR affected. &amp;
Result of (Arg..1) - (Borrow from, Upper IR)

only Upper IR affected. = © Ce
Zero condition propagated in Upper-IR.

Result of (Arg. 1) = (BorrowfromlowerIR)
used’ to change Lower IR only." “iif 0

In all cases the microinstructioncanoptionally
cause the result to also be placed in the Branch
Test Register.-

~E aE] $3 een
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 ~ w-can be any RBA register, RO-R15.

Jpper/Lower Indicator’ Registers reflect the:following:
sonditionsy Sen hiss TT ee

NEGATE
srs. 1s

Most Significant.Bit
Overflow si. =
Zero Condition =

Li. Réplace (Arg.1)with2's complement’ of (Arg: 1),
Only Upper IRaffected.’ i’
Replace (Arg. 1) with 2's complement: of
only Lower IR affected.
gaplace (Arg. 1) with:3¥s*complementof
(Carry from Upper IR).
Only Upper IR affected
Zero condition.propagated in Upper. IR

hange Lower IR. to reflect result of ‘2's comple-
ment of (Arg:1).oooo

ra

Arg 1 not affected.
Only lower IR affected

PY

In.all cases the microinstructioncanoptionally
cause the result to also be placed.in the Branch
fest Register. - oo
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Arg. 1: “can be any RBA register, RO-R15.

Jpper/Lower ‘Indicator Registers reflectthefollowing
conditions: sims CO

vost Significant "Bit
All.One's :Condition
Zero Condition . ~-.7
least Significant Bit

ticroinstruction Options
..”Replace(Arg.1)with1'scompleméntof(Arg. 1).
oily Upper IR affected.
Replace’ (Arg.” 1) with'l 's ‘complement of (Arg,
only Lower IR affected.
Replace’ (Arg. 1 ). with 1's ‘complement‘of(Arp.1).
Only Upper IR affected. .-..
Zero condition ‘propagated in Upper IR.
Change Lower IR to reflect result of 1's comple-
rent of (Arg. 1). '~

Arg. 1 not affected. =
nly Lower IR affected.

in all cases the microinstruction can optionallycause the resulttoalsobeplacedintheBranc
lest Register. 7

re my
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LOGICAL OPERATIONS
Ad.1

Fp, N

Arg..'l: -

Arg. 2%.

can be either accumulatorAoraccumulator
Boi, sh Co Ce

can’ be “any one, of RBA registers, RO-R1S5

Upper {Lower Indicator Registers reflect the following
conditions...» "7

vost Significant Bit
All One's Condition
Zero Condition =~
Least Significant Bit

Mfcroinstruction Options:
Result of (Arg. 1) ANDed
either (Arg. 1) or (Arg:

Only UpperIR affected.
Result of (Arg. 1) ANDed
either (Arg.:1) or (Arg.

only Tower If Affected.
Resultof(Arg.”1)ANDedwith(Arg.2)replaces
either (Arg. 1) or (Arg. 2)...

Only Upper IR affected.”
Zero -condition propagated.in Upper. IR.
Result of (Arg. 1) ANDed with (Arg. 2) used to
change -Lower IR only. ~~

with (Arg.2)replaces

 2) replaces

In-all cases the microinstructioncanoptionally
cause the result to be-also-placed-in the Branch
Test Register.

ne 309-1£1RED}
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7« X

Le Logical Ok
srg.13 can. be’ either accumulator A or

accumulatorB,iotatet
can’ be ‘any one of RBA registers,
RO -R15.. or oe CL

Jpper/lower Indicator
following conditions:

legisters reflect the

Most Significant ‘Bit
All One's Condition
ZeroConditions"017
Least-Significant.:Bit

ficroinstruction Options:
Resultof(Arg.1)OR'dwith(Arg.2)replaces
either (Arg.1)or(Arg..2).=~~~~

only LowerIRaffected:
Result ‘of (Arg. 1) OR'd with
either (Arg.1)or(Arg.2).

only Upper:IR affected.
Result of (Arg. :1) OR'd with (Arg.2)replaces
either (Arg. 1) or (Arg. 2).77 ~~ = ©

Only. Upper IR affected. * =  . .-..
Zero condition propagatedinUpper‘IR
Result of (Arg. 1) OR'd with (Ars. 2) used to
change lower IR only. = = - -

(Arg.. 2) replaces

In all cases the microinstruction can optionally
cause the result to also be placed in the Brang
[est Register.

AE
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Exclusive Ok

can ‘be’elither accumilator Aor
I

Arg; 23 can be any one of RBA registers, RO-R1S;
upper /Lower Indicators reflect the following conditions:

Most SignificantBit
All One's Condition
Zero -Congition .. «0
least Significant Bit

ficroinstruction Options:
‘Re sult of (Arg. 1) EXC. OR'd with’ (Arg. 2) replaces
either.(Arg..l) or (Arg. 2). =o j= ©

oilyLowsIXaffected.
Result of (Arg . 1 Y Exe. OR td with (Arz. 2) replaces
either (Arg. 1) or (Arg. 2). °°

Only Upper IR affected.’
2esult of (Ars. 1) EXC. OR'd with (Arg.2)replaces
2ither (Arg. 1) or (Arg. 2).nwrm io wim no

Zero condition propagated in Upper IR.

Result of (Ars. 1) EXC. OR'd with (Arg. 2) used
ro- change Lower. IR only. ~~. | |

mY

In all cases the microinstruction can optiondlly . . \
cause the result to also be placed in the Branch Test
Register. 0

TE 302-1 (12-69
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SINGLE BYTE IDAD/STORE OPERATIONS

Arg. 1: can be any one of REAregisters, RO-R15.
Upper/Lower Indicator Registers reflect the
following. conditions:

Most. Significant Bit
A11 One's Condition
Zero Condition «© wf
Least ‘Significant Bit

a
J

-r wt

4 4

rb  J

Contents of accumulator A are stored in register
specified by Arg. !

STORE B 0 .

specifiedbyArg."—. oooorore

LOAD A™
Contentsof
ofregister

accumulator A are
specifiedbyArg.

replaced by: contents
rep. te:

Contents of accumulator B are replaced by. contents
of register specified by Arg. 1. 7

STGRE BAANGH TEST RECISTER
ContentsofBranchTestRegisterarestoredin
register,specified by Arg. 1 |

LOAD BRANCH TEST REGISTER
Contents of ‘Branch’ Test Register are replaced by
contents of register specified by Arg. 1. oo

Microinstruction options For Ak. i through A4.6:

Executionofmicroinstructionaffectsonly
Upper IR. 3 vd AEE g 2 En 5, . }

SE 202°1(1269
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Zxecution ofmicroinstruction affects onl,
Lower: IR. Sete Rr ERE ” - : Jr aad pT

ixecution of microinstruction affects only
Upper IR." Zero condition is propagatedin

\u

A301

Executionofmicroinstructionaffectsonly
the" Lower, IR. -:No“other register is affected.

In all cases the microinstructioncanoptionally
cause the result to also be placed in the Branch
Test Register. +. -

INDICATOR REGISTER OPERATIONS
L0AD TNDIGATOR. REGISTER

Ac3.1:canbe‘any,ohoofRMAregisters,RO-RL5.
i crotnstruction Options:

Contents of Upper IR replaced by ‘contents of four
most-significantbitsofregisterspecifiedby
Axge Lo. ole .

Contents of Lower IR not affectad.
Contents ‘of Lawer IR replaced ‘by contentsof
four least-significant bits of register speci-
Fied by. Arg A VL

Contents of Upper’ IR not affected.
Contents of Upper IR replaced by contentsof
four most-significant bits of register speci-
fied by Ars. 1.

Contents of Lower IR replaced by contentsoffour
least-significantbitsofregisterspecifiedbv
Arg. 1.

~5 309-1 (12-63).



COMPANY CONFIDENTIAL
GENERAL3ELECTRIC

 sont. on Page” “82 “Page 81Rey

In all casesthemicroinstrué¢tioncan.optionally...cause’ the contents of ‘ArgumentItobeloadedinto
the Branch Test Register: © |

(Arg.”1)==“(BranchTestRegister
STORE INDICATOR REGISTER = +a
\rg. 1: canbe. anyone of RBA registers, RO-KL3
ficroinstruction Options :

Contents ‘of ‘Upper IR replace mose-significant
four bits of register specified by Arg, 1.
Contents of Lower IR replaceleist-significant
four bits of register specified by Arg. 1.

a" I,

In all-cases: the microinstruction can optionally
cause ‘the resulting contents of both Indicator =
legisterstobeplacedintheBranchTestRegister.

{Upper IR)n 5 (Lower IR), - ——s= (Branch Test
LTTA0S3 NTT T4700 ns

 Toh i. Register),

LOGICAL/ARITHMETIC IIM1EDIATE VALUE OPERATIONS
Thése microinstrictions will ‘contain a” four-bit
constant winich can be used to operate on either
the least-significant or most-significant four
2its of any one of the following registers:

1

Accumulator A
Accumulator B SE

Any RBA. Register, RO-R15
Jpper Indicator. Register
Lower Indicator Register
Branch Test Register

All microinstructionsinthisclasscan‘optionally
cause the resulting conditions to be loaded into
either the Upper or lower Indicator Register. (If
an Indicator Registeristheresultregisternamed
In the microinstruction, the result conditions are
iot loaded.) °° oT

~E ago.t £1 2Eay
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Resulting conditions can alse be optionally. loaded

In the case of arithmetic immediate operations to.
re executed on the low-order four .bits of the."
designated register,’ a "borrow". or "carry" will be
propagated into the high-order four bits of the
designated register.” 77

5 ,L

t
\ ry

[n all other cases only the specific four-bit
field of the designated register will be affected.

on DaEpIATS
[fmediate value constantisadded.totheindicated

Upper/Lower Indicator Registers'reflect’ following
conditions: &lt;neT |

Viost Significant Bit
Overflow - ~~. z-+
Zero Condition
Carry - . . ool

SUBTRACT IMMEDIATE
[mmediate value constant is subtracted from: the
[ndicated field. ~~ = g WES a FRA eae WT

Jpper/lower Indicator Registers reflect following
zonditions; ©

Most ‘Significant Bit
Overflow = =
Zero Condition :
Carry - IN : oT a EE.

AND IMMEDIATE
The immediate value constant 18 MANDA" with the
Indicated field. ~~ So

’

Upper/Lower Indicator Registers reflect following
conditions:

Most SignificantBit
All One's Condltion’
Zero Condition -

Least Significant Bit

"E.362-1 {12-63}
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rb

(he-immediate value constant’ is MOR'd™ into. the
Indicated field. ~~ oxo - Co

Jpper/Lower: ‘Indicator ‘Registers reflect following
conditions: (i FiianoedtT TT

Most “Significant"Bit
All-One's Condition
Zero Condition : 0-[::.
[east Significant:Bit

XCLUSIVE OR IMMEDIATE
[he ‘fmmediate value constant” is EXCLUSIVE OR'd
Into.the indicated field. Ce ee

Jpper/lower
~ronditions®

Indicator ‘Registers: ref lect following

Yost Significant Bit
All One's Condition
Zero Condition «3
Least. Significant Bit

af

\7 1 ;
[MEDIATE VALUE I0AD OPERATION
LOAD TM/MEDIATE VALUE ©
[his microinstruction will contain an 8-bit ‘constant
which can optionally be -loaded into any one. of the.
following registers:

AccumulatorA
Accumulator B.
sranch Test Register = ..

Any RBA Register, RO-R15 =
Tpper/Lower Indicator Registers’ (high-order

Four bits of constant loaded.into Upper IR, +
low-order four bits of constant into Lower IR)

.ndicator Registers are not affectedbythis.micro=
nstruction unless.specified as the result register.

A , e
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sul FT OPERATION
Two types of Shift operations are pos sible. single
register shifts’ (single. byte) ;. and double regls ter
 eslstel ule bye).
 PT. ONE BIT;STHGLE
hismicroinstruction causes a one-bit. shift, éither
left or. right, to’ be executed on “the byte: contents,

Accumulator a...
Accumulator B.oiin lo »
AnyRBA Register , (RO-R13 |

tie Uppex. Indicator Register will not be affected.
The Lower Indicator Regis Cor vi11 always bes et to
zero. except for. the "shifted out® bit. Br og!

Hotei” The :" shifted out’ piEn ts saved in the Lower
 IR in the following cases: Bog uy, Blah

High=order bit shifted left out ‘of .accumu-
lator A, or any even ‘RBA. register. (RO ?
R2, etc.) io Lo ST

Low-order pit shifted right ‘out’ of ~ accumu:
pte B, or any odd RBA register (RL; R3;
etc.) 7

—

In the following cases the shifted out bit’
{oe not saved: © |

High-order’ bit shifted’ left out of accumalator
B, OT any. odd RBA register (R1, R3, etc. Yoo

Low-order bit shift right “out of accumulator
A, or any even RBA regl ster (RO, R2, etc.)

"12-1 {12



COMPANY, CONFIDENTIAL:
senenaL G3 eLgcraic

3 Cont;onPage"86"*Page"785

lexoinstructionOptions
to. ShiftLeft One

Zero1sshiftedintolow-ofdetrbitpositionof
register: v3 =n I

ooBg, FAERIE ATL
Shift Left One and Insert
Contents of "Shift" bit of Lower IR shifted
into low-orderbitpositionofregister.i:
{Accumulator B or Yodd" RBA register 6nly.)

Shift left One, ‘Rotate
Bit shifted out of most=significant bit position
of register.isshiftedintoleast-significant
bit position of register. (Accumulator, Bor:
‘odd™ RBA register, only.) +

Zero is shifted into high-order bit positionof
register. 0...
Shift’ Right One and. Insert’
Contents of Shift! bit of lower IR ‘shifted
into high-order bit ‘positionofregister...’:
(Accumulator A or "even" RBA register only.)

Shift Richt One, Rofate ~~ 7°

out of ‘least significant bit -
register+is- shifted into most~
bit position of register.

(AccumulatorAor"even"RBAresisteronly.)

pit shifted
position of
sionificant

“CE 102-1 (12-851
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 IFT, ONE BIT, DOUBLE
‘nis microinstruct ion’causes a one-bit shift,
itehex left’ or: right, to be executed on’ any of
-he following pairs of registers: = v7

Accumulators A,B em i
Any even/odd pair of RBA registers, RO/ ~

for purposesofthisoperationthecontentsofthe
&gt;wO- registers-are- considered -to be-one-contiguous
23-bit data. field.2...7% )

Toe Upper Indicator Register is not affected.
the Lower Indicator Register will always be set: to
:2¥0, except for the "Shifted Out: Bit.,!", ~~

shifted Out Bit = High-order bit of ‘most significant
byte on a-left shift.» ~~ 7

low-order bit of least significant
hyte on rieht ‘shift. ~~ ~~

“dcroinstruction Options:
1." Shift. Left One; Double

Zéro ‘shifted into least:significant bit of
least-significant byte. =. = °F

Shift Left One, Doub le and Insert
Contents of "Shift" bit .of Lower IR shifted -
into least-significant bit of least-significant
byte. = =

Shift left One. Double.Rotate
it shifted- out-of most-significant pit of
nost-significant byte is shifted into least-
significantbitofleast-significantbyte.
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SHift Riglit One,” Double
Zero shifted into most significant bit of most
significantbyte.vw.‘=iwivesnmrfe

Shift Right One,’DoubleandInsért
Contents of Shift" bit of Lower IR shifted
into. most-siznificant bit of most-significant

shift Right One, Doubles Rotate
Bit shifted out of least-significant bit of
least-significant byte.is shifted into most-
significantbitofmost-significantbyte.
Shift Right One, Double; Sign Smear
Most significant.bit.ofshiftedfieldisnot

NOTE: In all cases
“tgrivtaved Snathe

SHIFT EIGHT, DOUBLE
This. microinstruction causes an 8-bit’ shift, either:
left. or right; to be executed on ‘any of -the following
vairs of registers: |. 7 RA |

1

AccumulatorsAand’B . . . |

Any even/odd pair of RBA Registers (RO/RI,
R2/R3, ete.) LT -

The Indi cator Re gisters are not affected

 ticrotnstriction Options:
Shift Left Eight, Accumulator B
Abcumilator B is shifted into accumulatorAj
accunulator B 1s set to zero. i

CE 302:1 $1263)
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shift Left Eight; RBA
fhe odd RBA register: spec ified din’ the instruction
is shifted ‘Into’the’adjacent "even RBA register.
lhe. odd RBA register-is settozero.

Shift: Right Eight, Accumulator
Accumulator A is shifted into aceumulator Bj;
accumulator A is settozero. |

Shift Right Eight, RBA
The even RBA register.specified ‘in the instruction
is shifted into the adjacent RBA register.:The~~
aven’ RBA registerissetto.zero.”''..r
Exchange Accumulators™
AccumulatorA1sexchangedwithaccumulator.B.

" Exchange :RBA" InN
 [he "even RBA register specified. in’ the instruction
1s exchanged with the adjacent odd RBA register.

Fxchange Special,’ Store A
Accumulator Ais exchanged with’ accumulator
accumulator A is also stored in the odd RBA
cegistex specified in the microinstruction.

kchange Special; Store Upper RBA
The” even/odd RBA register pair specified-inthe
Instruction are exchanged. "In addition, the
avenRBA register is ‘stored in accumulator: B.

“xchangeSpecial, Store B.
Accumulator A is exchanged with accumulatorBj;
accumulator B ‘is also stored in the even R3a
register specified in the microinstruction.
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0. “Exchange” Special,StoreLowerRBA
The even/odd RBA régister ‘pair specified ‘in the
instruction‘are. exchanged. In addition; the =
odd RBA register is stored in.accumulator A.

IWO-BYTE LOAD/STORE OPERATIONS

toe AAR ©
This microinstruction’ causes the contents.of-the
Auxiliary Address Reglster to be saved in.the pair
of. registers specified. a Sa

Microinstruction Options
Save AUXAR in RBA
Contents of AUXARarestoredintheeven/odd=
palr of RBA registers specified (RO/R1l; R2/R3,
BEC. ein AEE

1. Seve AUXAR in Abeumulators
Contents of AUXAR are ‘stored in accumulators
A,B. Zh &amp; on Se ire, PL Toe al ’ EL .org TS .

LO

\ Q "3

For purposes of this microinstruction, the pair of.
registers specified to receive the contents of ~:~
AUXAR are considered to be a. single, 16-bit register
The 12-bit contentsofAUXARarestoredinbits3-14
&gt;£ the register pair, with the three high-order bits
and the least-significant bit of the register pair
set to zero.-

4od 2 STORE ROSAR

This microinstruction
control Store Address
che pair of resisters

causes the contents of the
Register to be saved in
specified.

 ro ged Teo, ian, oo

Microinstruction Options:
L. Save ROSAR in RBA

Contents of ROSAR are storédinthe even/odd ~
pair of RBA registers specified (RO/R1; R2/R3;ote.)

CE 302-1 (12-E9)
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Contents of ROSAR are stored.in accumulators A,B.

For purposes of this microinstruction,”thepalrof-
registers specified to receive the contents.ofROSAR
are consideredtobeasingle,.l6-bitregister.
The 12-bit contents of ROSAR are stored in bits
3-14 of the registerpair,withthethreehigh-order
bits ‘and the .least-significant bit of the register -
pair set to zero, tT

(OAD ACCUMUIATORS A,B
This microinstructioncausesthecontentsof-a
specified pair of RBA registerstobeloadedinto
accumulators A,B. The RBA pair specified must
be an even/odd pair (RO/R1l; R2/R3; etc.).’

The contentsoftheevenRBAregisterareloaded
into accumulator A. ~~ Ou I

The: contents of the odd RBA register are loaded
into accumulator.B...7wrt 0 ry

2,4

Optiodnally,thismicroinstructioncancausethe.
byte parity bits, as read.out of the selected REA
registers,tobecomplementedbeforebeing stored
In accumulators A,B... ‘This gives the-capability of
loading A,B, with bad parity. A" parity error is
not detected on execution of this microinstruction,
but. will be detected on subsequent access of the
data in A,B. This option is conditioned on the
I&amp;D mode (paragraph 2.1.1.2(3)) being set.

STORE ACCUMUIATORS A,B ~~

This microinstruction causes the contents of the
accumulators A,B to be stored into a specified
pair of RBA registers. . The RBA: pair specified
must be an even/odd pair (RO/RL; R2/R3, etc.).

~£ 29%. {1 XAgn
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The “contents of ac Cumulator Aare st ored intethe even REA register,=[iioe no»
5FeidaMERRIERRandTnisreeEas

Ie’ contents -0f accumulator"B.are.stored.into
Che 0dd RBA register... ores Loe ®ET ed

The contents of accurulator A can be ‘optionally
stored in the BranchTestRegister.

STORE ‘TRACE REGISTER, °

This microinstruction. causes the:contents of the”
TRACE register. to be. saved. in the pair of registersspecified. Han Tr :

Save TRACE in RRA

Contents’ of TRACE ‘are ‘stored in‘ the even/ odd
pair ofRBA registers. specified (RO/R1; R2/R3;2 TT

Save TRACEin Accumulators
Cont ents of TRAC E are stored in accumilators
A,B. lie nat * 4

A10.-

ATO:1

For purposes of 'this.microinstruction, ‘the pair of
registers specified to receive the contents of a
TRACE are considered to be a single, 16-bit register
The 13-bit. contents of TRACE: are stored right- -
justified in the register pair, with the three high-
order bits of. the register pair set to zero. |

MAIN MEMORY OPERATION
START ‘READ MEMORY. CYCLE

Inis microinstruction causes the initiation of a
read cycle to the main memory.: -.The contents’ of ‘the
addressed memory location are not obtained directly
with this microinstruction,and must ‘be transferred
from memory to an MPC register with. a subsequent
Read Memory Datd Register microinstruction.

CE 302-1 {12-59}
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The Statt Redd Memory Cycle microinstruction will
specify the register source. of: the memory address
and will also specify the zone control to be used
on the actualdatdreadout,®~~7 ae

The microinstruction will ‘allow several options in
specifying the register source "to be used -as the
memory address... il

[n the following list of options, reference to an
RBA pair implies an even/odd RBA register pair “.
(RO/R1; R2/R3; ‘etc.), im which the contents of the
register palr is:consideredtobe‘a“single"16-bit
field, with the even RBA register:representing the
high-order 8-bits of the field...

ReferencetoaccumulatorsA,B.impliesthe contents
of accumulators A and B are considered to be a." +.
single 16-bit field, with accumulator A representing
the high-order 8-bits of the field.”

{ Contents “of the specified RBA pair are to be
used- as the ‘memory address. ':--.

Contents of ‘accumulators:A,Baretobeused
as the memory address. = lif

Contents of accumulatorsA,Baretobeused
as the memory address. In addition, the
conternits ‘of.A,B are to be stored in the RBA
register pair specified in the microinstruction.

ContentsofaspecifiedRBApairaretobeused
as the memory address.

)

In addition, the contentsoftheodd RBA register
(which represents. the low-order eight bits of the
address) are. to be incremented by one and
restored. . The Lower Indicator Register is ad-
justed as defined for the add microinstruction.

Co 10% EIA Ea
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towsorder‘eight ‘bits of memdry address determined
by. any of the above options,1-5.~Thenextmost-
significant bit. (28-bit) is determinedbythe=
stateoftheSharedMemoryConfigurationSwitch
(see ‘paragraph. 2.3.5). - The most-significant
seven bits of .the addressareforced-tozero.

This option allows addressing" a fixed 256 word
memory block, representedbymemorylocation C-
255, or 256-511,. depending .on the state of the
switch,wise CT |

zone Control Options:

The microinstiuction provides” the
in controlling how data read from
nemory location.is'toberestored
location. 7. e

L., Memory word restored as.read.
digh-order byte of memory word restored as zero
with good parity. .Low-order byte restored as

following options
in that memory

Low-order‘byte of memory word
vith. good. parity.  - High-order
read... v ; : er Jil ue |

Entire’ memory. word restored as. zero, with good
parity.

START WRITE. MEMORY CYCLE

restored as zero
byte restored as

This microinstruction causes the initiation of a
write cycle on the main memory. The data to be
written is not transferred with this micro- "~

Instruction,butmustbetransferredfo memoryvy .the.next .sequential microinstruction, which
riigt- be a Write Memory, Data Register micro-
instruction. © 1
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The Start Write Memory, Cycle microinstruction will
specify the register’ source of the memory address,
and will also specify the zone Control to be used
on the subsequentwrite.operation.=~~~|

lemory Address Source Options:
The microinstruction will allow “the same ‘memory
address -source options as defined for the Start
Read Memory Cycle microinstruction.

Zone Control Options:
The ‘micro instruction provides the fo 1lowing options
Ln: controlling how dat a’will be subsequently
sritten Into memory. : - - -

Only the low-order byte of the addressed memory
location will be changed.”

ALG

Onlythe high-order Byte of ‘the addressed memory
location .will be changed. =~

The entire addressed memory location will be
changed. ©.) wii. na

START DIAGNOSTIC MEMORY CYCLE
This microinstruction is used to start a pseudo
memory cycle which allows access to internal
memory registers for diagnostic purposes.

The microinstruction will specify the particular
internal memory register to be accessed, and.
whethertheregisteristobewrittenintoorread
A subsequent Read or Write Memory. Data Register
microinstruction will accomplish the actual read
or write operation.

An’actual memory cycle is not initiated by the
microinstruction,

This microinstructionwillallowthesamememory
dddress” source options.as defined for the Start
Read Memory Cycle microinstruction. However,
since an actual memory-cycle is not initiated by

“EMAIL (RP ARaY
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thismicroinstruction, “the memory address ‘will ‘be.
ised only to determine which memory module 1s to...
&gt; accessed, for the case where. tha: MPC.1s connected“0 two memory modules. ...-,.. |

STARTSHARED MEMORY CYCIE
This microinstruction Ls used for those configurations
where a common main memory is: shared by. two MPCtg,

Execution of this microinstruction allows one MPC
Lo set -a."Shared Memory Connect" macro interrupt -
condition in ‘the sharing MPC. ~The interrupt’ condition
Ls detected as,described in paragraph’ 2.1.2.3, Macro
tnterrupt. La Hh he eg :

This microtnstruction has the foil owing options:
Lo Set Shared Memory Connect Interrupt ia other MPC.

Reset: Shared Memory Connect Interrupt in other

$-:Set local Shared Memory Connect interrupt,
+Reset:localShared liemory Connect Thterrupt.

This microinstruction1s‘usedfollowing a Start -
Read Memory Cycle microinstruction. to Eransfer the
memory data from the internal. memory register to - . ..
he specified MPC register(s). This microinstruction
does not have to- immediately follow the Start MemoryCycle microinstruction. po og sede Se

This microinstruction is also used following a Start
Diagnostic Memory Cycle microinstruction to ‘transfer
diagnostic information ‘to the specified MPC: "i
register(s), =. ~ = PecLtied”

= 302-1 (12-60
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Fhis microinstruction will allow’ the following: options
In.specifying the data-transfer from the internal
nemory register ‘to the MPC reglster(s); |

High-order byte of memory data to any evén REA
register (RO, RZ, etec.). iil inte
Lo osdis Lots of adi. dita £5. by Bld HA
register (RI, R3, ete.)s . oot. oo

{igh-order byte of memory data to any ‘even RBA
register and the Branch Test Register. =

Low-order byte ‘of mémory ddtd to any -odd RBA
register. - High-order byte of memory data to
 he. Branch Test Register. -.

femory data (bits 0-15) ‘to the specified even/odd

Sama “as’ (5) except high-orderbyte.ofmemorydatd
is also placed in Branch Test Register. + ~~

figh-6rdér byte of memory ‘data to accumulator A.
3. ‘Low-order byte of memory data to Accumulator B.
 : Memory data (bits 0-15)toaccimilatorsA.B.

Memory data’ (bits 0-15) £0 the sceimulators A,B;
and also to the even/odd RBA register pair =~
specified in the instruction. i. = -

(0

I alee Memory data (bits 0-15) to the internal
register which normally holds the next odd
nicroinstyruction to be executed. +

This will result in the 16-bit memory data word
being interpreted as the next odd microinstruc-
ion to be executed.

CE 302-1 (12-69)
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Cont. on Pagt.98“Pagegy

This microinstruction must Immediately fol low’ a
Start Write Memory Cycle microinstruction, and
results in the transfer of the data to be written
into read/write: MeMmOTY. “a "4

The ‘microinstruction allows the following options
In specifying: the source registertobeused for
the .data transfer. In all cases,a16-bitdata
field is transferred.” ean

Where RBA register pair is named, it must be an
even/odd pair (RO/R1, R2/R3; etc.). The register
palr is considered a 16-bit data ‘field with the
sven RBA register containing the. most-significant

Where the accumulators A,B are ‘named, they are
Lreated as, single 16-bit: field, with accumulator
containing the most-significant byte.  . 25.4pe1

Data transferred from any even/odd’ RBA resister

Data ‘transferred from accumilators A,B
Data transferred from accumulators A,B.
is also stored in the RBA register pair
specified in the microinstruction.

Data transferred from any even/odd RBA -
register pair. In addition, the contents of
the odd RBA register are incremented and
restored.

eed
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INTERRUPT MECHANISM OPERATIONS
LOAD ‘INTERRUPT MECHANISM REGISTER
This microinstruction provides the capability of
loading various registers. associated with the
interrupt mechanism and the Interval Timer.

fle microinstructionallowsthefollowingoptions}
 load Intérval Timer

lr

The contents of the AB accumulators;:bits
0-15, are ‘loadedinto the Interval Timer.
Bit" 0 must be- loaded as "0,"-or an-Interval
Pimer Overf low Condition will- be generated.

2. Load Device Adapter Control Register=~
The contentsofaccumulatorBareloadedinto
the-Device Adapter Control Register.’ }

Load Device Adapter Numbér Register
Bits 6,7 of ‘accumulatorBareloadedintothe
DA Number Register."

Load T&amp;D Register
The contentsofaccumulatorB‘areloaded.into
the . T&amp;D Register.

Load Next Microinstruction from Accunulators
The contents of the A,B accumulators are
loaded into the internal reglster which |
normally holds the next odd microinstruction
to be executed.

This results in the establishment of the 16-bit
field in accumulators A,B as the next odd
nicroinstruction to be executed.

102-1 {12-56
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Ale,2 STORE" INTERRUPT MECHANISM REGISTER
this microinstruction provides the ‘Capability of
storing. various registers associated with the
interrupt mechanism and the Interval Timer

The microinstruction allows the following
Store Interval Timer . . °°

options:

The. 16-bit contents of the Interval Timer are
stored in accumulators A,B. (Note the high=- ::
ress ‘bit of .the Interval Timer is”the "runout"Rit) Tire ee RE *

Store Device Adapter Number Register
The-2-bit contents of the DA Number Réglster are
stored, right-justified,. in accumulator B. High-
&gt;rder six. bits of Bare set to zero. Co

Store T&amp;D Register, .
The contents of the T&amp;D registér are stored in
accumulator B.

Savé Error Data Register
The contentsofthe'ErrorDataRegisterare
saved in accumulators A,B, .: The Error Data
Registerisclearedtozero.
Store Interrupt Conditions
The Macro Interrupt Conditions are stored in:
accumulator B:. - These conditions included the
following: .: ~~ . =~

EN-2 (one for each device
adapter) =~

Operator Interrupt Condition
Shared Memory Connect =
Interval Timer. Runout |
‘fanual Mode . “To

(Accumulator B) 0- 3
"Accumulator .
\ccumulator BJ.
Accunulator B)2
Accumulator B)4
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The microinterrupt ‘conditions‘arestoredir
accumulatorAg3umbels 0

EN=14%4s EN-1’ Inhibit, Simulate EN-1,- InhibitMacro. Pnterrupt, ‘Dual Channel Mode Bit.

save’ Configuration Suitehes
The state of the 16 configuration switches (sec
paragraph 4.2.8) are storad in accumulators A,B.

Save Data Switches
The" state of “the 16 data switches (see paragraph
4.2.7) are stored in accurulator A,B.

CHANGE INTERRUPT MECHANISM CONDITIONS:
This microinstruction allows the following
and. control conditions to be set or reset’

Inhibit all EN-1 Interrupts
When set, this condition will cause all EN-1
interrupt requests to be. ignored.
Simslate EN-1 Interrupt
Setting.of this condition will cause an ‘artificial
EN-1interrupt request to be generated for all
four DA ports. The interrupt request willexist
ontil this condition is reset,

Iphibit all Macro Interrupts
Thén set, this condition will inhibit the
detection of a Macro Interrupt request Or
Interval Timer overflow.  :The interrupt
requests will be détected and executed when:
rhe "inhibit. condition~is reset if still: present.

/
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Cont; on Page,“ 101 Page” 100Rav

The microinterrupt conditions are stored in
accumulator A $e wR he

 er Om

EN-1(: 3; EN-1 Inhibit, Simulate EN-1, ‘Inhibiticra Interrupt, Dual Channel Mode ‘Bit. 7
Save Configuration Switches’
Thestate of .the 16 configurationswitches(see
paragraph 4.2.8) are stored in accumulators A,B.

Save:DataSwitches
The ‘state of the 16 data. switches ‘(see
4.2.7)are.storedinaccumulatorA,B.

CHANGE INTERRUPT MECHANISM CONDITIONS
This microinstruction allows the following
and control conditionstobesetor reset’

‘Inhibit’ all EN-1 Interrupts
When set, this condition will cause all EN-1
interrupt requests to be.ignored. = =

Similate EN-1 Interrupt
Setting of this ‘condition will cause’ an’ artificial
EN-1.interrupt request to be generated for all =
four DA ports. : The interrupt request will exist
until this conditionisreset
Inhibit all Macro Interrupts

ALJ ?

When set, this condition will inhibit the
detection of a Macro Interrupt request or
[nterval Timer overflow. ‘The interrupt
requests will be detected and executed when
the inhibit condition is reset if still present

i
BR
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Stmulate Error’Interrupt” (Set Only)
Setting of ‘this condition will causé&amp; an
artificial Error Interrupt to be executed.
Ihe Error Data Register will be set’ to indi-
rate the interrupt was simulated. %-

Se

This condition is reset automat. cally when
the -Error Data Register is read out during
“he“Error:Interruptiservice. = ~~ i

Normal RBA Pointer
This condition controls which RBA half is
addressed, when the MPC is in the Normal
[evel of operation. oo

When this pointerisset,the"upper®RE.
half ‘is addressed ‘by microinstructions.

The state of this pointer: can be changed only
when the MPC. is operating:inthe:"Normal=
level of operation. + |

ual Channel Node
The state ‘of this bit is used during interrupt
service to determine in whichRBAhalf high-
level: interrupt: service for DA Port Number 1
ls to take place... (See paragraph 2.1.3.2.)
Halt Mode (Set Omly)® ~~
When this condition is set; the MPC ‘clock is.
stopped, and the MPC assumes a halt state. -- .
[he condition is reset by Operator Panel switch.

Initialize (Set Only)*' =

shen set, this mode causes the d-c initializa-
Lion of. the MPC, and then‘ starts the MPC clock.
The condition is automatically reset during the
initialization operation. =~

“Can_only occur if MPC is. in the manual or T&amp;D modes, or if
an Error Interrupt is in process of being serviced. =

po “yr?
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DEVICE ADAPTER INTERFACE OPERATIONS
DEVICE ADAPTER INTERFACE DATA TRANSFER
This microinstruction’ controls the transfer of
data between the MFC and any- of the D=vice Adapter
poxts. a TT

rie microinitructionallowsthefollowingoptions:
5Port to be Addressed’

“DAport definédBycontentsofDeviceAdapter
Number Register.’ ~~ ~

wr

oA port ‘defined by "Link Adapter"fieldofDA
Control Register. :: = .lr--

ui croinstruction Execution

pelayed until signal detected on RPI. line
from Device Adapter Interface.

2) “Execut ed ‘independent 6F- RPI line.
Reading of DAI -Data-In’Lires. .

 batacin lines (0-15) ard. loaded into’ accumulators

Data-in lines (8-15) are loaded into accumulator
3.- (Single byte transfer. )

Data-in ‘lines’ are not sampled.
Data-in lines (0-15) are loaded into the internal
register which normallyholdsthenextoddmicro-
instructiontobeexecuted. =~ = 7

This results in’the
data-in lines being
nicroinstruction te

16-bit.data
interpreted
be -executed.

field from the
as. the next odd
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This immediate value field-is contained In thei...
nicroinstruction,” and is transf erred to the Address /
-ontrol bus of the DAI during the microinstruction
2xecution. ©
AT Statie Lines

Information on the DAI St atus lines is loaded
Into .the Branch Test register.=~'-

yy DAI Status linés are not, sampledy
Data-Out’ Lines
The data-out lines always reflect the current
contents of. accumulator A,B. ”

“¥. 2UY.Y 1 2 =
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AT3.1.

BRANCH OPERATIONS
Because of the concurrent branch capability, all
branch’ type microinstructions will! physically 7.
reside at odd control store: address locations), “and
will cause branches to even control ‘store address
locations.«iinprl®orm0

A Branch ‘microinstruction in an even control storé
locationistreatedasaNOPbytheMo
CONDITIONAL, BRANCH
This microinstruction allows’ the testingofany
bit of ‘any of the following registers: -* =~

Upper Indicator Register
Lower Indicator Register
AccumulatorA™~+
Accumulator B “0
Branch Test Register

The microinstructionwill‘specifywhetherthebit
is to be tested for a "true" or a "false" condition.
Ihe condition tested will- always be as it existed
before. the concurrent execution of the "even"..
address microinstruction associated with the "odd"
branch microinstruction. =

[f the condition tested for is found to exist,
a branch will be made to the even ROS location
specified by the microinstruction."Thiseven
location can be anywhere within the 256 word
control store segment in which the branch
instruction is located.

[f the condition tested for is found to not exist
“he next sequential microinstruction is executed.

Tp gt oe
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Cont. on Page 106"Page 105

This mi cro instruction allows ‘a dir ect: branch “to
be made to any even location: "m.--t

Within the 25 6 word control’ store segment . |
in which the Branch microinstruction resides;

4ithin any one of the. four ‘256 word: control
store segments immediately. preceding the
segment.containingthe: Branch microinstruction;

Within any “ond of “thé“threc 256~word--control
store segments immediately following. the seg
ment containing the Branch microinstruction.

Direct Secment Branch and Save ROSAR
st

This microinstruction is identical to the Direct
Segment Branch microinstruction with the exception
that before executing the branch the current con-
rerits of the control: store Address Register’ (ROSAR)
are saved.intheAuxiliaryAddressRegister(AUXAR).

£13.3

The current contents of ROSAR is defined tomean
the even control store address which is the
address of the even/odd microinstruction paix
containing the Branch instruction. ~~

VECTOR, SEGMENT BRANCH
This microinstruction’ allows an indexed “branch to
be made into a microinstruction table. )

The ‘table may bé located anywhere within the 256
word control store segment containing the Vector
Segment Branch microinstruction. The microinstruc-
tion will contain the segment address of the table,
which must be even.

Fhe index into the tableis provided by the con-
tents of a selected register: field,%as specified
&gt;y the microinstruction

a at Ct 2EAY
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Cont, on Pa ge 107° Page. : 1 06
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The table may be either four even/odd microinstruc
tion pairs long,or16even/oddmicroinstruction
pairs long.-Thebinaryvalueoftheselected
register field is-used to determine the. even/odd-
nicroinstructionpairofthetabletobebranched
Eos The .branch’'is effectively made to ‘the ‘even
nicroinstructionof.theeven/oddpair.="

The following register fields may be called out
by the microinstructiontobeusedasthe index
into the specified table:

A134

granch Test Register, bits 0-3
Branch Test Register, bits 4-7
3ranch Test Register, bits. 0-1
3ranch Test Register, bits 2-3
3ranch Test Register, bits 4-5
Branch Test Register, :.. bits 6-7
interrupt Mechanism Status, bits 0-3

ABSOLUTE BRANCH

The execution of this microinstruction causes a
branch to be made using the contents of a speci-
Eied registerastheabsolute branch address.

Fhe following registers can be specifiedas
containing.the absolute branch address:

AUXAR~=
If the 12 bits of AUXAR are designated
3-14, the absolute branch. address is
generated as follows: =

LR a gre, Sp Aa "Tar address

1 carry across byte boundaryisnot
propagated. (bit 8 to bit 7). °°

ol FH=  ey wy
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sceumulator ‘A/Inmediate Value: from
Instructions ilicic

NL SEU

The contents’ of“accumulator A are” combined
with an immediate value field from the branct
microinstruction to_ form the absolute branch
address as follows: .o ="

(A)3.5, (7-bit immediate value); 0 =
= %n7s i. branch address

Accumulators A,B -

absolute

If the 16 bits of accumulators A,B, treated as
one 16-bit” field; -are-designated 0-15, the
absolute branch address is formed as. follows:

(4,8)3_ 14 0 = absoluté branch address
operator Panel Address Suitches
With the16° address’ switches ‘designated as
0-15, the absolute branch address is formed
as: follows: =. i.

(Address Switches)y,,0=absolute
: ~~ branch address

The microinstruction also’ allows the concurrent
execution of one of the following options:

Safestore contents of ROSAR in AUXAR
before executing the absolute branch.

Reset’ the current interrupt level in
gress. ou opti |

Execute both options (1) and (2).
“NOTE: In’ the event the interrupt level is reset by the

axecution of the absolute branch, an absolute "°°
rranch address generated.from the contents of AUXKAR
is not incremented by 2. Bh

aow
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