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%,,AB 1 SHIFT ONE BIT ‘SINGLv e
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_ hf;TWG-BYTE LOAD/STORE DPERATIOVS ffirf.

" STORE ROSAR- ““'*‘*~;*";::;. i
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This speC1fication defines the 3351c Microprogrammed
Peripheral Controller (MPC) including its perform- .
ance, functional capabilities, lnaerface requirements
and general design requ1rements. $ ‘

23 ol

The spec1ficatioh is-written S response;to
Functxon&l Spec1fication FoespE YRR

3 ’MPC Device AdePter”"
mInterface Speciflcation

Basic MEC Interior Decor
: Spec1fication wf”

s APL Llne System Sgecxficatlon,
53 1;dated March 2 e

970

;Ihe Basic M?C is the ba51c control element used
ﬁln per1phera1 controller configurat10ns.£f=n

Device | .-
P Adaoter

To Dev1ce
.JAs shown above, a perlpheral controller conf1gu~L
ration consists ‘of the Basic MPC and one or more
Adapters.-_,ch.-f
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The MPC is a general purpose, reglster-to register'
microinstruction processor. Its basic elements’
“are a control store, an optional main memory and a
:processing structure. "By means-of" mlcr01nstructrons
which reside in the control store, the MPC can be - = o7
:mzcroprogrammed to manipulate data between registers - =
- within the MPC, between registers and local MPC '~ .
~main memory, - and between registers and Device/Link

-The Device Adapter con31sts of the specialized logic _
. and circuitry required for the control of a specific }g;,,'
peripheral deVLce(s).. 5 Bt .S’r"

nThe CPU Link Adapter is % special form of Device

. Adapter, and consists of the required logic and g3
“interface circults to connect to a central processor &
I/O channel. e : o = _

fDevice Adapters and Link‘Adapters are not part of the
fBanc MPC and are not covered by thlS EPS._”_:

>
St parsa

,w*~In~order to lmplement a particular controller s
: conflguratlon, the appropriate Device Adapters, Llnk
gypf;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 conflgu-
‘;rations.' Controllers dedicated to a single device
‘type, or to mixed device types can be created by -
- the combination of appropriate Device Adapters and
% microprograms, Wlth the Basrc LEC. : i o

B

1 1 1 _; Definltlou of Terms

A

The follow1ng terms are used in connectlon w1th the
MPC speciflcatlon and application._., 3”;,?;b, g _

3 o Control Store Z--Z The storaoe medium which
5 = Ln . 1s used to contain the b
~-microinstruction routines’. ...si -
“ifi the Basic MPC. i May or *=7*73
may not be implemented _
‘in read/write technology. .
However, the MPC accesses
- control store on a read—
only basis. T




Refers to the electronlc
module'whlch interfaces a.
device and devmce~oriented-
electronics to the Ba51C'*
MPC-through the Device:-
Adapter Interface..

interfaces . with Device/Link f}"
Adapters. Rt

gRefers'to standard soft-“ £3
_ware instruction set spec1-'f
~fically intended for the -

-MPC in those conflguratlons
*mrequiring software capabi-

- lity. . The software. ik

_instruction set is imple—'

“mented by’ an Interior -

Decor microProgrwn.w

Isolatlon Test Routlnes.;-n
-Refers to special micro- ..
» programs designed to

. exercise both the Basic .

- MPC as well as connected
‘_Device/Llnk Adapters for
--the purpose of " diagnosing

the 10010 hardware. B

Refers to the electronic

.module which interfaces

"the Basic MPC to an .7 =

external computer inter-

~face. (Through the = -

Device Adapter Interface )

- CE 302-1 (3 289)
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Low-Spéed DEVice Adaptef
. Interface.. Refers to a
‘standard interface 1ntevded
,for low-speed device con-
Erol. (generally 100 kilo- .
yvtes or less). . The Basic .
~MPC interfaces to the LSDAIL.
by means of the. Multiplexor
Device; Adapter. = The LSDAT -
‘is generally used for con-
“'nection of the MPC to = -
“remote, low-speed. free—?f“
“~gtanding device adapters
(card readers, prlnters,»

R

In the context of the IEC
«d microinstruction is.a. -
16-bit field which can be_
'encoded to call out a wide %
‘range of register-to-. G2k
“register type ogerations‘_
‘to be executéd by the MPC.
“Sequences of micro- —
instructions are contained
‘. in control store,. to form
~ the microprograms for
dev1ce controI etc.
‘_Microprogrammed Peripheral
‘Controller. When referred
- “to as the "Basic MPCT,
s~refers to the microProgrammed
. processor itself, without
- Device’ Adapter or Link
Adapters.‘;'

Tk

When referred to B8 A %
"specific configuration type

_l(such as Unit Record MPC,

. or Magnetic Tape MPC), the bty
complete -controller. confleu*” b
~ration, including Basic NPC
“and Device/Link Adapters fs
implied.- Bt T
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A;Sgeciar'Device“Adapter;,m
‘W ichjexpandsfone'DA;Port
“on the Basic, o :
Tnumber;Vn"__ 7 'ed_interﬁ
~faée:ports.,QUsed on

¥ Unit =
neeord Mec. gnd, others; . X
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The MPC will provide interfaces for four Device - .
Adapter ports. :The configuration of adapter types ..
connected to an MPC is completely flexible and a ..
function of the requirements of the specific. -~ =
qogtroller_cgnfigupation.iwf' M o AR

& e TGS R e AR by ve

Device Control Capabilities

rhg_MPC-muétﬁbe‘ableftofcbntrol.periphgral devices
ranging in speed from slow-speed communication = . -
lines to high-speed random access mass storage i

devices. =In addition, the MPC must -be able to " ;
accommodate a vérietywof’gonfiggratiqns_pf‘periﬁ}fj‘ﬁg“”

pheralidevicess . o nplin s

“":ﬁédiéhféa Hiéh—sﬁeedfpevice”CdﬁtrblT;i?ﬁuf

"The MPC %iiliéﬁsté{ﬁfé-ﬁaxfﬁuﬁ'bﬁréﬁ:ifansfer:}age';-‘Fg
- of "N" megabytes from a single, high-speed device.-. 27 :
where "N". {is defined as fol ek R

i o
¥ B L |

1.6 megabytes minimun

.0 .2.0 megabytes target

»

In this mode”datakis_tf&ﬁSférredftwo,bytes'af.a el g
time,; under microprogram control, between a Link .. - Bt
‘Adapter and a Device Adapter, with each two-byte o
‘transfer passing through an MPC hardware accumulator. -

b

i}:Two'éimultaneouélﬂigﬁ-ségea Déta'Transféfs;:*ﬁ

“+In this mode the MPC will sustain simultaneous high- =«
-speed data transfers from two devices. The maximunm gt
.. data rates which can be controlled in this mode
el a function of the microprogram control defined
. for a particular application. However, as a ;
- target two simultaneous 832 kilobyte transfers e
-should be attained, utilizing tailored microprogram,
_‘and .two-byte data transfers between MPC, Device. .
‘" Adapter and Link Adapter. The minimum acceptable -
- performance is two simultaneous 624 kilobyte -

“translers. ™ ' .75 (2L ER L L e e b o SR T




In this mode of operatlon the MPC will simultaneously.
control a number of slow- speed devices, each device -
being serviced on an interrupt basis. - The number = -
~of devices which can be accommodated simultaneously .
-.is a function of the speed and control requirements
of each’ devlce type.- i 5 R

»In-this conflguratlon main memory wilI be used for(
the storage of both control words and data &8 s

ﬁrequired.rv: .¢_”_ o ,: e J“' Akt T:_.
High Speed Dev1ce Control Concurrent W1th Fultlplex

' Control ;;.;‘EH_ ,..n‘, 'mr:.e,_;_u; ,.w-“,, : ,‘;

: In this mode of o eration the MPC w111 simultaneously'
-sustain a single igh-speed data transfer while ' -
‘maintaining the multiplexed control of a number of

. slow-speed devices. -The number and speed of devices
-which can be SLmultaneously accommodated in this e
Ak configuration is dependent on the individual device i S

s characteristics, and complex1ty of control.‘_

-

'iIn thlS conflguration main memory will be used for
“the storage of both control words and data as-
?required.'_‘_.,,, _:,_p

a
Vo b

-’-The following paragraphs 111ustrete ‘some typical ;
““controller configurations utilizing the MPC. 'These
~ configurations are shown only as an example of the’
types of applicatlons for ‘which the MPC is intended.- B

VALl MPC oriented controller confluurations W111 be
covered by freeSLandlng speciflcatlons. gt o5

In all cases actual MPC conflouratlons ‘must be
analyzed with respect to 1oading and interference
~.factors as a function of the devices to be. controlled
-and the microprogrammed functions requlred to con-
trol each Dev1ce Adapter. : %




Unlt Record Conflguration-

Ih this configuratlon the MPC 1siut11;zea tO‘control
on a multiplexed basis, 4 .numbexr ‘of 'slow~speed . - -
~devices.; In general ‘this confxguration includes,r-_
butis not limited to, card readers, ‘punches, printers,
communicatlon lines, document handlers, etc.‘

'JA typical block diagram.of a Uhit Recordqdeﬁ
_lS shown below. i S P :

T gle-t
Adapter,;

‘—-Two Avallable
LDAI Portsw PESS

Interface h"fLSDAI'vJEF\TUA'_J ' Prsgter‘
S lcircutes | T Cable T s b ~

: SRk SR T R e T Remote
__lInterfacel LSDAT o1 CreaCard “Reader
dgirenits bovo Babler 8 et e ISy

-

_finterfacel LSBAT ™ L Sors 7 _[Remote
Clrcults' [Cable_g_ -‘,5; ;Cardngunch

< > B s L N

Addltxonal Low-Speed
Perlpheral Connectlons

MUXPDA e Multiplexor Device Adapter
“PR% -~ Printer Mechanism ;
- Card Reader }echanism'“
f;;— Card Punch Mechanism- B S
= Device Adaptex Interface . R S
= Low Speed Devxce Adapter Interface

< cETz0zY (12691
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As shown 1n,the.b10ck’diagram, the 1ow speed- S
:devices are connected to the MPC through a- Multi—
plexor Device Adapter. . This Device Adapter- - =
‘provides the capability of controlling multiple
~remote (from the MPC ‘cabinet) Device Adapters, «
“each connected through the standard Low Speed :
Device Adapter Interface (LSDAI} el

‘The Link Ada ter provides the 1nterface 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- o
“Subsystem-Interface (PSI), or any other computer he
interface required.“, o b e N

;In the block diagram shown, two DAI ports are :
‘open, for connection of Communications Device r:;
-Adapters, or any other Device Adapter requrred

4’01: the partlcular conflcuratlon. Ry A

3 HiOh Speed DlSC Conflouratlon

; In this confiauration the NPC is used to’ control
.one .or more DlSC Device Adapters, connected to-

. one or more strings of Disc Devices. A typical
‘block diagram for such’ a configuration G i shown j
Lon the follow1ng pace. o A;_ﬁ.‘"_ﬁsff,.,{.

R

ﬂiAs ShotmiinTthe diagram, next pa%e, ‘the biscfrh

~Device Adapter is connected to the MPC through
a Device Adapter Interface port. The MPC and
. the Device Adapters will be packaged in the same
cabinet, and w111 share a common power supply. :

s = N4
£

The Device Adapters interface to strinos of hiff-
devices.~' : S o A Ben

" The MPC can control two simultaneous data trans-’ x
a__frers of at least 624 kilobytes each, -where each
~“transfer takes place between a unique Device e
.. Adapter and Link Adapter. - (Actual transfer limit
~1is a function of final MPC performance characteris-- - :
}7t1cs} At higher transfer rates, only one data B PR o B
'gtransfer can be controlled at a tlme. sk Rl




| Adaptex]

Tk
‘Adapter;

DAL |
 Device
-Adapterx]

baalVaa 'l

B

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 Devxce Adapter and Llnk Adapter prov1de the
_basic functions required for configuring MPC.disc®
subsystems to Seerce a variety of appllcatxen :
requlrements.‘éf, :




or ‘more Magnetic,Tape Device Adapters.
Aélagramyfar such a configuratlon is as follaws'

Tape Device
Adapter

The MPC énd Tape Dev1ce Adagters Will be'packaoed

.in-the same cabinet, and will share a common ‘power
- supply.’- The Matrix will either be in the Device
Adapter caolnet, Qr;packaged1W1th the handlers.




There are many supporting packages, both software
‘and specifications, that must be included in the- .
overall development process of MPC oriented con-'
‘troller subsystems.  These are described in the 2
follow1ng paragraphs..;:ﬁ . '

£ s .

Software Packages

1The follow1ng software packages must be provlded
for utilizatlon of the MPC.:‘~ = ,

An assembly program mest be generated which will .
__take microcode statements .and assemble them Into o
rthe equivalent binary mlcroxnstructlons.;,ﬁxv

Such an assembler must PrOVlde program and error
* printouts for mlcroprogrammars. It must also

_provide output requlred to generate,the phy51ca1

-mlcroprograms.; Sl , o

The mlcroprogram simulator is hlghly desirable fﬁﬁfﬂ-'i
to allow-simulatlon of mlcroprograms.;‘;. L

afInterlor Decor Assemol} Program

As descrlbed in 1.3.9.1 below, an - “Interlor Decor" ;
..software instruction set may be requlred for some -
MPC appllcatlons.,__ﬁ_. 2% n e ”_fJ: Ry wlis

f%’A correspondlng software assenbly program will be'
requlred to assemble MPC software programs. :

Supportlng Specificatlons for MPC Conflguratlons e

i;_Slnce the MPC is only one element in any complete e
~.-controller configuration, the other elements of
z-:the controller configuration must be covered by

: indLVLdual specxficatlon.,,iw~ I8 A




'All controller conflgurations utilizing the Basic .
MPC for control of specific peripherals will be' =
overed by'freestanding Engineering Performance
?‘Specificatlons.~ These EPS's will define the .
-functions to be performed by the combination of
‘device, Device Adapter and assoczated MP _micro-'

D’EPS-MUSL be written for each unique-Link P
:Adapter ‘and its. controlllng microprogram. -It: S
is possible that in some ‘controller conflguratzons,;;;
‘the Link Adapter microprogram may be unique, and hEEE £
“?written as part of another Dev1ce Adapter mlcroprooram. s

;An.Isolation Test Routlne speCLficatlon must be

. written for each unique Device Adapter. -This

~specification will define the functions to be -
‘. performed by the DA- ITR micr0program which is used
- to dlagnose the DA.; S

toll = .‘_-~:,. -
-

Common Firmware Packeges for MPC

'There are several eommon firmware packages whlch
will have utility in various MPC configuratlons.

Comnon MPC Interlor Decor ‘Q?;f}jfr'

_?It is antlcipated ‘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 P A
. software instructions by a flxed set of Interior

:Decor mlcroproerams. Al ‘ s

-

An Interior Decor spec1flcat10n must‘be provided
* which defines this standard software personality,
and the eSSOC1ated microprograms.;-‘ ;

8§ ce 3021 1269y T ‘ :
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Aiblock dlagram of the maJor components oﬁ tﬁe MPC
is shown as_follows “ i

| MAIN MEMORY | -
(optional)

- PROCESSING. | 7%
g_s_TRUGME L

e

- memory provlde the: general purpose hardware. The
.>control store provides the personalized control

< for-any given application. A" -description’ of these
ImaJor components is contalned 1n the following _
:paraoraphs. o : s o St

;;The processino structure prov1des the control :
-register storage and logical/arithmetic capablllty
required to access, decode and execute micro-, - s
-instructions which reside in either control store s
or in main memory. xfui - -_,__ L g e

,--In order to facxlltate runnlng the various ‘
~ simultaneous device configurations described in
..paragraph 1.2.3, the processing structure will
" ‘contain the registers and control required to-
sustain two, independent, concurrent micro- -
‘._Erocesses. This capabllity will alTlow swit sw1tch1ng
. Lxom one process to the other without requirimg = > v
B safestore of all working and control registers.rf; e

L R




,The ‘basic elements. of the processinodstructure,
‘their relationship to main memory and control store,
are shown in the following dlagram A description
of these elements is given in’ subsequent paragrephs

-The reoisters deflned in this paracraph are'those
'registers which are elther directly referenced by
microinstructions, of required for specific - %
functional reasons. There will be other recisters,:~;3
which are a function of the hardware lmplementation, o
iand w111 be deflned during the design phase.";,% R

-There are two independent sets’ of wordlng registers,
~.in order.that two independent microprocesses can . .
. coexist without requ1ring safe storing of registers.
~ These registers are shown as crosshatched. in the.,~‘
_brecedinc MPC detailed,block dlaoram.i ;!’. :

'were only one set-of working reglsters. -

- physical set of registers accessed during the exe;'fﬁilh““;

-cution of a micrclnstructlon is determined by the -
-state of an "RBA Pointer," as defined in paraoraph
o & 1 3. ,:.-;.r_,n,,,,hﬂ.a_% 3 wzﬂ,__;“L;{r NGE at O

: The functions whlch can be performed on these _
-~ registers are defined in Appendix A "MlCTOTI:
f;instructlon Repertoire W ' &

S s e

ik Reglster Bank -- This is a group of 16 general

"rgﬁ purpose working registers, each one-byte wide

- (8-bits plus parlty), used for data-storage,
accumulatlng of arithmetic and 1ooical opera—'
tion results, etc.:w_‘ LE S s /

s

They are accessible e T PR AL RO il

““control on either a single or two-byte basis. gL n

When accessed on a two-byte basis, the
f-', registers must be considered as eveﬂ/odd
'.“palrs (ROIRI R2/R3 ete. ). s N
}FOr purposes of definltlon and dlscuss*on s 2
-~ throughout this specification, each of ‘the 7™ “-.

‘two independent groups of 16 registers is
'rererred to as.either the "Upper RBA Half'".

~or the "lower RBA Half. Within an RBA Half;"-

indiv1dua1 reglsters are referred to as RO- RlS
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Associated with. each RBA Half is a um‘:que set
~of supporting registers, as defined in.
paragraphs 2 1. 1 1(2) through 2 1 l 1(6) below.h

S
s

Accumulator A/Accunulator B“---TheSE'two registers

- are general purpose accumulators, each one byte
wide (8-bits plus parity), used for'data storage,
accumulation of arithmetlc and 1ogica1foperat10n
results, etc.ﬁ“" e = z

:_They are accessible, under mlcr01nstruct10n 53
control, individually, or combined as a twd byte;
register.. When-accessed ‘as a-two' ‘byte register--
Accumulator A is always the most signlflcant._ 5

Thls is:a dZ-bit address reg{s er usedmto safestore'““

’;the next mlcroinstruction address when.; E,u&A_l,,

--—r

: a hardware 1nterrupt occurs (AUXAR contalns
- .address’ of next micr01nstructlgn to: e, =
'" executed pon return) g=m.1. s 15‘TQ7”

- a store” address ‘and branch mlcroinstructlon._f,:'
~ is executed (AUXAR contains address of last.
@ even/odd micr01nstruct10n palr executed)
This re01ster is norﬂallv referred to" as~7_ B g R s
"AUKAR4_14+ The reglster always holds an even il S e
‘address. fﬂ-_n‘ ;_3ﬁ S SRR

. - e S et
= -
-

A Indlcator Reglsters'--'Thereiare‘twoffOUr-bit s

- indicator registers. .One.is referred to as the
~Upper Indicator Register; the other is referred 1,
'];to as tBe Lower IndlcsLor Register. ‘; Sty -,.uc-"

Both 1nd1cator reglsters can be used opelonally
Lo store 1nd1cator results of a mlcr01nstructlon
executlon._ g _", ;._,:, 7_.,Ha :
= The Upper Indicator Reglseer has the added he
optlonal capability of propagating cereafh 1nd1~fw
: _cator conditions over a sequence of mlcro-i' :
TF{instructLon executions.'e Ehist “rpad
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> “The. mlcroinstruction format'willfaIIGW'designation
+#of which indicator reOister is to be used during
its execution._).:

BOCh registers will maintain the fellowing con*?i-»
dltions.;r__ : : e

_Nbst Signlflcant
“7Bit Value

4 Mbst Slgniflcant';i ;
i »Bit Value. s

‘*All Ones Conﬁltion-
Zero Condltion e SRLREL,
Odd/Even;f“'ﬂ.{f"?'

g' For Shlft Operatlons.:;ef; Shifted Out Blt, or:'
- (Lower IR Only) ..~ . “BLt to ‘be Shiftad .

ff‘fﬁ;,l ;“A;_mstﬁfftzll _into Register

' 5. Dev1ce Adapter Number Reaister ~= This 1s a two—" W
- bit register used to define which Device Adapter - .- it s
“port is to be accessed by a Devxce Adapter Intev—_gﬁ;fg;-i;
--face mlcr01nstruction. e g ; s 5 s e

‘ Thls register can be 1oaded by - mlcr01nstructlon..¥‘x e
.71t is also loaded automatically with the inter-
- rupting Device Adapter number when a Device
. Adapter Interface interrupt (EN-1) is executed
by the Interrupt Mechanism._, e

e

6 Branch Test Register -- This is an 8-bit register b
~ used for condltlonal branch ‘testing and vector s
segment brancnln _'; 5 m_( “:A__Jddntﬁ:ﬁﬂ_,_‘]

Vg i o

T_The results of a mlcroinstruction execution can
~.be directed into the Branch Test Register (in
ueddltlon to its normal destination) and tested

_in subsequent conditional or. vector segment :

branch 0perat10ns.A,”;g_ _




Device'Adapter Ipterface'status can. also be
“loaded into this register. fbrfsubseguent branch
Qtestlng._pﬁ Lanie : P e L S

CThe following registers ere'required for the generei
control and operation of the MPG.: Th Ve

DAY

‘;There 1s only one set of these registers; used to ;

sustain microinstructions execution out of either e

set oflworkin0 registers defined in. paragraph :
-_I-_‘:t’sz 1 1 s I. ‘.I.. g 3 '..‘.,n AR T :

31. Control Store Address Register (ROSAR) g
“igr12-bit ‘register Whlch serves as the mloro““*

. Control Store via the read only Control Store
:interfaCEo’ ' ‘ st ,‘ uE A ; ’-‘ v :
3Th1$ register is normally referred to as ROSAR3 14,9”"”;
1and always holds an even address._;;f;_

gZ Dev1ce Adapter—Control Register - Thxs 8-bit.7-7

~ “register is used to control the execution gL T
" Device Adapter interrupts, ‘and Link Adapter! & . [l -v:o-
~.selection during the executlon of Device Adapter S
: microxnstructlons. ‘ dmedt o e c Al 2

The re%ister can be loaded under microlnstructlon
contro : el ; :

el

The reOister consxsts of the f0110w1ng fields.:'r'f

Level Fleld (Bits a: 15

-

Thls fleld contalns two blts, blt 0 for Dev1ce
Adapter poxi rQ,® and bit 1. for Dev1ce Adapter
port ¥l. "_ s : N Py e T

- The e bits deflne the EW- 1nterrupt 1eve1 for
Dev ce Adapter pOfLS HOM | .and - ”1" as follows._‘

Levei‘h ' ='set, EN-1 from DA - port
‘";con31dered to be Mhigh- level

”ﬁgLevel_Bit.u reset,  EN-1 from DA port v
o o RS R considered to be "low-level.
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Paragraph .75 b 2wof thlshspecification deflnes
“the interrupt prlorlty structure and execution
in the MPC.{, R :

'A Devxce Adapter Interface microiﬁstruction can
specify that the instruction is addressed. either;
“to the DA port whose number is contained in the”

‘DA Number Register, or to a generic Link Adapter ;jf,i.n“

:T—PU connection) port.,-

:The 2-bit TA Field ot the DA Control Reglster 1s
‘used.to define which physical DAI port is to be
-accessed by a DAI microinstruction: addressed to
‘a- generic Link Adapter port.i;;-- i -

}current contents of the DA Mumber Reaister, as
follows..;, J :

- ‘!Llnk Adapter deflned
v';ito be DAL port 2. °

Link Adapter defined
-+ Lo be DAT _port 3.“.

“fDA Number Reaister points to DA port I'"'

LA Fleld Bit 3 =05 Link Adapter deflned
; .to be DAL ‘port 2.

PLA Field Bit 3 1 Link Adapter deflned
= : v .‘w;gx ‘to be DAI port T 5

-,If the DA Number Register points ‘to a DAL port
~other than "0" or "I,!' a DAI microinstruction

~~addressed to the Link Adapter w111 alwaye accessi"‘-

DAI port 3._;.;

Tb(See Appendix A for a descriptlon of the DAI
V*micrOLnstruction.) e e S

2. EN-l Mask Fi eld (Bits &= 7)

Thls field contains one bit for each of the four

‘Device Adapter ports, (bit . 4- for -DAO, bit .5 for-

‘DAL, “etc.). When the mask bit is set for a
;;particular DeV1ce Adapter port, EN-l lnterrupt

'_ cs 352-1 u’a-es)

4L

el L R e




requests from that DA are masked.f The irterrupt
~request will be honored when the mask condition *
wis: remond, 1f stlll ‘being held up by the Device

L Test and Diagnostic Reglster --‘This regxster

...~ provides the capability of setting up special ‘@ -
- control modes to allow.Isolation Test microprograms
b , : ' MPC to * s
- the degree’ required to isolate failures. -~ The. it
“register can be read and loaded under nicroprogram e
_control, It can also be ‘inittalized from the -
-Operator/Maintenance Parel, ‘or 4s the result of: an’

external "Initialize" sigral (paragraph 3 1. 1),——-

-or an initialize mlcroinstructlon._f;a g

‘Bits will e provided in thls revlster for the S
ffollowing functions.{;.A . P Ao i

Ignore Errors_“;

_ When this bit is set the MPC wili ignore the*'
- occurrence of all errors. An error interrupt
;7w111 not be generated. . Detected errors will be
3 loaded into the Error Data Reglster, however.-'-f_"

T e

Halt On Any Internal Error ;;h?.frié

,(When thls bit is set the MPC will halt upon *i;;;f
2 ithe detectlon of any 1nternal b SRS

&

-~o; Halt On EXternal Error'f;.T f?’-WJ-tff:”

- When this bit is set ‘the MPC halts upon Lhe
“detection of a main memory~error or a =5
“‘Device Adapter Interface error. The error '
may be either parity or tlmeout. P

Halt On Control Store Error fi_"“ﬁ;faf:5

1 a2 o B R 11

-

Hhen thls bit is ‘set the MPC halts: upon the'b %
detection of an error involving the access of
; a- microxnstrvction from c0ﬂtrol store.f_

Halt On Interval Tlmer Runout [)

“{Nhen thls bit is set and the Test and Dlavnos:'
< tic*Mode bit is set, the MPC will error halt
:_upon the detectlon.of Interval Timer runcut.-;j




When this bit -is'séet, and. the T&D Mbde bit
;13 ‘not set, the MPC will error interrupt
“upon the detection of Interval, Timer not :
,reloaded, as defined in paragraph 2.1, 5.'

fWhen set, this bit defines the existence of

" the "T&D Mode," and causes a ‘unique micro-
program entry to.be ‘made upon the ‘detection
'of an error or Low-Level EN-I interrupt.;:

‘.'— >y AL =y
’ I

tThese microprogram entry points wmll be flxed,.;
'and will be dlcferent from the normal exrror -°

(See paragraph 3 b )

'When set thls bit ‘causes the Interval Tlmer sitass

‘£o be 1ncremented orice for _each microinstruction
““execution. ‘In this mode the Interval Timer
“.counts the nunber of microinstructions executed.

: When this bit is reset the Interval Tlmer is ;

. -incremented as a fixed time interval. In thls'
‘mode the Interval Timer functlons as a real
time cloca (paragraph 2.1. 5) i

4 Error Data Register = This 16- bit register pro-*EA
'7 vides storage for the indzcation of any'detected

ﬁAt the time an Error InterruPt is generated this
. register will define the specific error causing
gthe 1nterruPt. Rl g e _._;» jom e

=% e P L R T '
LY ~ i - -

- The.reolster can be read and reset under micro—
i,program control. It can also be reset from .
~either the Operator Panel, or as the result of
?’“an external "Inltialize" signal-,“;,._i. L




Typical of the’ category of errors detected by
this realster are.; s :

,_fExternal 1n§ut bus\parrty errors (DAI or
r'main memory '

Trace Register == This 13- bit register is used :
‘to hold the control store address of the micro~*
ainstructlon on wnich an error 1s detected.‘r

1contr01. It can also be reset as the result vf
of an "Initialize" signal from the Device Adapter
Interface, initialize microinstructlon, or Operator/
Meintenance ?anel. e : , Yo ) iALR FEREES

There are four dlstinct levels at which ehe MPC can_lﬂ
‘be operating at any one instant of time. These i
“levels are defined .as follows._;J,i;_;u.:

'Error Interrupt SerV1ce (highest priority)
‘High-Level Interrupt’ Service satiaed ;
-Low-Level Interrupt- Serivce

: Normal l‘bde o
=Each.of the FiTst three 1evels gE entered as the
‘result of a correspondlng hardware 1nterrupt.

e Q”'ﬂw Error frzjferrept 7,“".2' )
. High-Level EN-1 Interrupt
;Low-Level EN-l Interrupt

rBy deflnition, when the bEC is not in an interrupt -'f:fﬁ[ﬂ,'
Serv1ce level it 1s in the Normal \dode. e TR




f‘.Hardware lneerrupts accur at the microinstruction

.+level. 'If the interrupt request is detected prior
to the initiation of the execution of an "odd". ' -
microinstruction, the interrupt. will' be executed .
‘irmediately following the completion'of the_"odd"
fmicroinstructlon executlon.;- & 3

,If the interrupt request is detected prior to’ theA
initiation of the execution- ‘of an "even" micro- -
.instruction, the interxrupt will not be executed
‘until the completion of the next "odd! micro--"A
instruction.: (In the event the. odd. instruction:
is a "branch,™ it “is executed concurrently with
~ the even mlcr01nstructlon, and’the,interrupt‘then
‘occurs 1mmed1ate1y after the even microinstructionf

*executlon.)

r;—'I.‘his ‘Function allows a "program" iﬂten‘upt CaPabi“---" :
fllty to be microprogrammed 1ntq a. mxcroroutine.#;'

_u;'The above 1nterrupt capabllities are defined in the
“g:follow1ng.paragraphsr- g ; o 2 :

Error Interrugp

This is the highest 1eve1 interrupt’ hnd Occurs iféj‘izye 42

.f upon the detection of any error by the MPC. . .

_The Error Interrupt can be 1nh1bited by the T&D

"fReoister.,'- T T E R _'

= Ar éhe tlme this interrupt is executedAthe Error %
Data Register will contain a bit defining the: .~ a0
speciflc error causing the lnterrupt.;,xrﬁ”hzﬁﬂe:T-"“
The ‘execution of “the interrupt will cause a forced
“branch to be made to a fixed control store. address
“(paragraph 3.5), where the, error serv1c1ng micro-~---*

-;.program must be 1ocated. =l




t.the tzme the interrupt is executed the inter-;
rupted control. store address, re resenting the: :v»
“next normal microinstruction to ge executed, will
';be saved in AUYAR..- ,

In addition, the address of the mlcr01nstructlon At
being executed at the time of error detection will
be saved in the TRACE register. - (Note ‘that the’ 0

“address saved in AUXAR will always differ from the
‘address saved in TRACE, since AUXAR is always = .
incremented to pdint to the next even/odd pair of
microinstructlons.} 2 yh e T ;

Durlng ‘the tlme ‘the Error Interrupt service is in
progress; no. other interrupt requests w111 be s
“executed.ﬁ; : e, e

;yThe Error Interrupt service 1eve1 is reset by the
execution of the reset version of the Branch %
_:micr01nstruction (see Appendlx)

T ¢ £7- o Nk T

&

rA?H10h~Leve1 EN-l Interrupt[Low Level EN 1 Interrupf

‘1These two types ‘of interrupts occur as the result

-% ‘of a signal on the: EN-l line from a Dev1ce Adapter
,port. o et ,_,.‘.7: --,.t, =5 AL -

5 ek
= ...,\.4.

;5Leve1 and Prlorlty

For Device Adapter ports 0 and 1, the level
of the interrupt generated by the EN-1 Ilne
":i1s determined by the state of the -"Level .-
~Field" of . the DA Control Register (paragraph
©2.1.1. 2(2))

':f‘For Device Adapter ports 2 and 3, the ‘EN- 1”lp
“ w7line is always 1nterpreted as a Low-Level 5
e EN-l interrupt.-” L FEREIEL
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The priority between D4 er
.existinguinterfuptyrEquest-isfallowed_is,“

'pdftéTgSVerning]ﬁh

ch

"
+

AFE T

DA Port. 2 - Low Level .. =2
DA Port 3 - Low:Level *

DA Fort 0 - High or Low Level (Highest Priori

3 %
CE e

;Asfééﬁ:béigééﬁ.fféﬁ:thé?éﬁaﬁé;fahy HinEerrupt - it
‘request" on DA port 0 has higher priority than

any interrupt request on DA ports 1, 2 and 3.

,_“Interrupt Execution

At the time a High-Level EN-1 {nterrupt is =~ nn
-~executed, a forced branch is made to the control -~ .
. store location specified by the contents of Lhei 7"
“Auxiliary ControlfStoreTAddresszegister;_“;f S W

- (AUXAR) plus two, and the contents of AUXAR -

-replaced by the-iﬂterrupted.controlzstoréle o
.address, (address of the next normal-micro- ‘=~
instruction to be executed upon return from: "

interrupt service).~ R e el B OEelig

At the time a Low-Level EN-1 frterrupt is exe- ‘- i s
: cuted, - a. forced branch is made to a fixed control — °
_store address (paragraph 3.5), where the Low- SR e

.~ Level dispatching microprogram'will'be'located.fyff*"

The interrupted control store address is stored &

b e

2" Upon executing an EN-1 interrupt, the MPC- will = f e
_set an "Interrupt In Progress" mode defining - ".
“that (a) an interrupt is in progress, and (B): ;"
“‘the level (High or Low) of the dinterrupt. -

- ‘This mode wil%.gemain on until reset by the " . ;
execution of the reset version of the Absolute 77
~“Branch microinstruction. B e P N
-During the time the "Interrupt Tn Progress" mode :
‘bit is on, all interrupt requests which axe % e
*_equal or lower priority than the level in pro- 2
&~ ~.-gress will be held off. .However, an interrupt - .
- t=yequest -of higher priority will be granted, and
-~ - will intexrupt the interrup "service in progress..

* s S A s Taat
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P e - 1L, a High-Level interrupt service < ..
:+1s in progress, it cannot be interrupted by.any:"'. »

other EN-1 interrupt’ request, However, o P )

Level interrupt service can be interrupted by a =

High'Levél‘_request REN e T , i-'_ Ay A. :

L

It should be noted that an EN-1 interrupt request -
1s not automatically reset when the interrupt -
Tequest is honored.” The EN-1 interrupt request "\t -
“1s held up by the requesting Device Adapter until = :
a DAIimicroinstruction.is.executed by the interrupt "
- : -am fically causing the” = -
7 ’ ; e interrupt request line.
-As long as the interrupt request line remains ‘set, =
*all interrupt requests;pn]lower-prigrity;DAﬁpo%tsfj””
“will'be dnhibited. —Vawis Witianas i MR G5

: 21‘23MacroIntem up € S5

. As stated above, the Macro Interrupt is not a hardware .
-~ Anterrupt, but is actually a ‘set of conditions which st ey
- --can be tested for by microinstrfiction, allowing appro-=. -

;. . priate action to be taken by the microprogram... . - . .

LA four-bit Interrupt Mechanism status bus is pro-. "
-vided for testing gy'the."Vector Segment  Branch"

- microinstruetion. TCorditions are defined on this '
AbustAs Tolloms s i s, h i eng Ay mnt TRATGSTr SIS

BLT O Maral ode TS S SR

"This condition is set under Gontini of 1 T SR
- ~an.Operator Panel Switch (paragraph 4.2). PR
%’ The condition.remains set'unti1 manually - -

o

:resgt. 5w gt o3 R R

- '“By the setting and resetting of this mqde,
*;T»f'oEerator control can be exercised over,
~irthe execution of_a_miproPngram.;_ e

Bk R B S T S T
T . e ! +

e C~ b s = S e R T e
o B BTy L)

4 X




,-Thls conditian eriaes as the result of the
- actuation of the Operator InterrupL switch -
-on»the Operator ?anel (paragraph 2) oL aag

JThe condition is reset upon execution of';

‘the version of the "Store Interrupt £x!

Mechanism Register' microinstruction wﬁlch
n=savas the state of this bit in Accumulator

5Thls COﬂdltiOﬂ will be set whenever any one
“or'more of the followincr indications 48 5 e
,‘present.,fﬁzeeg e D o A N, R g ey

‘_;. ¥

ThlS condition indlcates an interrupt
“ has been set from an MPC sharing the
same main memory.  (Results from --: -
“MStart Shared Memory Cycle“ micro-?“
‘;instruction.) :

i%

“The condition is resst by the execu-"'

i tion of the reset wversion of the «: '
j"Start Shared Memory Cycle” mlcro—"”_ e
flnstruction by either "Vemory Sharine".s_w

5 - ¥ Sl JEPE
) d

Signal on ENQZeIine-frbmfah§—Of'the'foﬁr},J:”
DA ports.f;;j Jﬂeﬁi;~,c.x AT v

‘Execution of the "Store Interrupt. ;

‘"Mechanism Register" microinstruction

~"allows the transfer of all the above
~ conditions to Accumulator B for sub-
;-Seqpent testing. K oy b




_The followino interrupt functions can'be set QL=
.reset  by- execution of the appropriate version of
_the:"Change Interrupt Mechanism Conditions" micro-q_'

:instruction.,ﬁ;,- TR A AT e e SR S e

L PEER

A Inhiblt All EN- I Interruptsgg'“

v‘When thlS function is set, all Device Adapter
<" EN-1 interrupt requests are masked.  Normal-

; honor:.nCr of interrupt. requests resumes when . the‘
j:inhiblt is reset.-?'"; ¥

Slmulate Dev1ce Adapter Interrupt fu;:aif.jb

Setting of thls function causes an lnterrupt

- request to be set from all four DA ports.: The
interrtpt requests will remain until this
functzon is reset.“A__G“ St A e e

*

-} This inhlbit is set by the executron of’fhe
" -appropriate version of the "Change Interrupt
w_bbchanism Condltions" mlcr01nstruction.-;j

R

. When set thlS condltion inhibites’ detectxon of
: the £ollow1no Macro Interrupt conditions.él;

.-" .“‘

2 Shared Memory Connect R
f EN-2 from Device Adapters A
Interval Timer Overflow ylj;;f

: This anctlon is set’ by 5pecia1 microlnstrtction,,
,“1fand causes the execution of a pseudo error inter=-
rupt. At the time the interrupt is executed the = -
~Error Data Register will .contain a bit. deflnlno-nvqj*
the error as 51mulated.1 peCiaaing livcoimie s w byl
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tAéfaéfiﬁé&fih%paragr"ﬁHfollhthére'afé7two inde-
.- pendent sets of working regiSters,}geferred”td.qs;

T:the:ﬁUpper_RBA Half" ané_thﬁ:vL¢W%F;R3KFHa1f;U

,Alljmicroinsqﬁﬁctibné‘afé;fb}hattéd'as‘thbugh
there were only one set of working: registers. .

The register bank'actuallyaaccesSed-by*any*micro:g
finStruction execution is determined by the state |
of ‘an Active RBA Pointer.  This Active RBA Pointer
1is maintained by.the,Interrupt.Mechanism‘asfa‘v;_
i_ft;nct'ion,ofgthe-rlgur;:e_nt;ﬁ-;leve:].’-a't‘x}ohich the MPC. v

‘e - Error Interrupt Service AR
.j.ﬁ_High-Level-Interrupt'ServicerZi;
*;o[;Low-Leyel‘Intgrrupthervice;‘E’
@< Normal' Mode "™ -3 4wl i s

'.'_;:‘.'.,,"";"" N .L

ﬁtfof'offt”§

T EbVTovfie pacsorachy destas Cho s £'the o
Act i “,fq;heathof-thgsgijur”bgérating!Jf.,

. = " (B e

f;ﬁéfmal'Mbéé

‘In this state of the machine mo interrupt is in the |~
- process of being serviced, and the Active RBA g e e S
'.ié;;optrolle@ by thg‘statenof;af?NprmalfRBAZPointer,"g_“?g*ﬂ

The, "Normal RBA Pointer" can be set or reset by

the appropriate version of the "Change Interrupt mbgL

“* Mechanism Condition" microinstruction. . When:Endp o5 "5 ren
. pointer is set, the Upper RBA Half will be active. : ' 7

L it

'f'Ihteffﬁpt‘ianrbgréss , 7*::17J,f1:,;;.;?}7'

e i

“fwﬁe%*an'vEN~i1Intefrﬁptﬁ’is;éxécuted, the Active -
~2 RBA Pointer is automatically set by the Interrupt. - = .
: Mechanism as a function of the fpllowing“elements;Aii‘*"

R =

j;é:"ﬁebéliFiéld”of'the'bA‘Coﬁfrbl'Registéf1 'f“
‘. Dual Channel Mode Bit,za;“AJ;Ei,_n?{fL, s

-~ @ Normal RBA PqintE_l_'__::}‘.,

el

s
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The "Level Field" of the DA Control Resfster defincs .

‘the interrupt level (high or low) at which DA ports.
0 _and 1 are tofcperategy,(See'paragraph¥2.l.1,2(2)),7'
P4 ports.2 and.3 alyays operate at the. Low-Level. "

Craae T ¥
W PR

A Dual Channel Mo e“Bif}fﬁﬁicﬁ‘ééﬁ'bé;géaiéfﬂfééetf;
by the appropriate version of the "Change Interrupt

Mechanism Cohditionﬂ-mibroinstruction,.determines :
" which .RBA half DA port 1 isjtofUSe.When.it'is;;-jz
“operating at the: "High" Interrupt level., " .
‘The -Normal RBA Pointer is set and reset by the. " .7 &+

appropriate version of the "Change Interrupt .. v .
QHEchanism{Condition"_microinstruction,‘and‘j=* A
. determines which RBA half is to be used when.the
MPC is operating in the "normal mode.’ ~ - i
~1. Low-Level Interrupt Service -~ When. a Low-Level .-
-*. Interrupt service is initiated, for any DA port,
-.the Active RBA Pointer will be set to point to -
_-:the opposite RBA Half from that used by the -
~ Normal Mode of operation. D e e

o

"‘n‘Stated'another‘way, Low-Level Interrupt service il s
~will use the RBA Half opposite from the RBA . S S ot
~Half pointed to by the "Normal RBA ?ointer.FJ,“;‘i : s
jHigh—LeVellInterruptVService; DA Port O -- A~

~High-Level Tnterrupt service initiated from -
DA port 0 will always be serviced out of the
" Lower RBA Halfy s ol iy e o Ay

3. High-Level Interrupt Service, DA Port 1 -- A
"~ High-Level Interrupt service initiated from

. DA part 1 can be serviced optionally out of
.~ ~either the Upper or Lower RBA Half, depending"
-’ on the state of the "Dual Mode Bit'': - s ol

-0 Dual ¥ode Bit Set:  Righ-Level service |
: f;lvgqﬁﬁ?flf';qgg:om:oil@merﬁﬁAjhlf.iﬁjg;ﬂf'“,

Dual Mode Bit Reset: “High-Level servies - o

CE302-Lixzge) 7 T
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Function Network .
5T G [ S yts

=0

Tﬁeffﬁnctién.ﬁetﬁork7ié.aﬁtarithmeticjibéiéai"net%fw
work capable of performing the. following ‘cperations .
wich-two, one-byte gperandst «;'.alvad SN TETRE SRS

Binary Add Exclusive OR

Binary Subtract Negate 23

AND =l .Complement ' " " WL
_ /Shift By One Bit - .-

e Sh:l';ft By 8 Bits .

The "function network . .is duplicated, and the output

OF the two networks fs compared for equality.. . .

‘Parity on the function network output is formed by
--using the result from one network. and parity.‘as .ol
-~ generated on the rgsu;qsjfromﬁphe*other_netwotk;g,,;-ﬁ

it

Interval Timer .~ .

. The Interval Timer provides a real-time clock -
- function. - It can be both loaded and read by ... it
micrpiqstruq?ion.'f.;:";_“- Rk T e R e

-When the Interval Timer runs out, it causes the - .
- UInterval Timer Runoutﬁ-ﬁacro.Interrupt“condition b
~to be ‘set, as described in paragraph-2.1.2,3, -
- The Interval Timer will be continuously counted . ek
~at a fixed frequency to be determined by. hardware -
~design, but the interval chosen will be between = . e
cotand 20 microsEconds. . n ) B e SSECUTT R

‘The maximum set table timeout will be determined - . .
-during design, but will be betweenHSO_anﬁ_SOO- Pl

lgdlliseconds.“gg”

®

=7~ %= Under control of the Test and Diagnostic Register: =
wietw. (parvagraph 2.1.1.2(3)), an error- interrupt will - i,
-- be-generated if-the Interval Timer is not reloaded
-within a specific time interval after runout. :
-This time interval will be determined during- .. - .-
~design, but must be between 50 and 500 milliseconds.

o which the Interval
o2 = Timer is made to count microinstruction executions,
"I:and .to halt on Interval Timer Runout. These modes

5*’iare'describgd’in_paragraph 2.1.3:2(3).. .= e

SBpactal TED wodis dan bit st b




_:The following error detection features will be .
"incorporatcd 1nto tho bWC.: Py
Byte parity 1s carried ‘and checked on all
data transfers and data storage within the
Y" b’IPC- N el "‘-1~ K

i . .3‘!‘.- e .‘.' - oo :—._ i ._A_ _._.

_-".-4-,, .
o . b v “
- T o

Byte partty 1s carried on all microinstructions
. in control store, and is checked as micro- SR
.. instruc¢tions .are Qulled from control store.f;}'

e e vy ek = P Yo

V?.L‘o The orithmotlc Eunction network is duplicafcd,e:~b
- and the results of jeach network are compared ‘
ffor oquality. Pdrity on thc result is gcnerated.

Byte parlty 1s maintained on the Interval Timer. :;*}fr

_o Byte parity ls cnrriod on all data and oontrol
--busses to the Device Adapter Interface, and B LY
“‘checked on all data and control busses from .“:"'f,o,”?:
thc.Device Adapter Interfaco.-h”_ : A e :

< -
—

Byte parity is carried on all’ address and data X

transfers to main memory, and checked on all
‘.data transfers from main memory. :
':Interval Timer -Is chcckod for rcloading

following runout, .. - o :

g ‘ol Detection is made of attempted access to non-'
2 existent control store. . i et

A timeout is made on all asynchronous. Operations o
“which involve walting for an external signal,
and on all micruinstruction executions. This
~includes waiting for an RPI signal from the
' Device Adapter Interface during a DAI instruc-
. <. tion; dnd waiting for a response from main
3 i e momory during a memory microinstruction. The
'ff  duration of thls timeout will be determined
: “during design, but will be no less than 8 micro-
3 secondsﬂapd_no more than 20 microseconds. :




‘AL error detections result in an Error'Interru
‘as ‘defined in paragraph 2.1.2.1. At the time t e
‘Error Interrupt 1s generated the Error Data - 3
’Register will be set to indicat"the sPecific error
ceu31ng the interrupt..tf‘A.n :

The control store provides storage for'micro_'"'
-instructlons. -,,; AR ot Aty S

,*The physical implementatlon of the control store .
depends on technology developments, and may change
.durlng the 11fe of the MPC product._up‘w- : “

Two dlstlnct storace functions are defined for the,
MPC: -main store and control store. The MPC has"
‘a2 separate interface to each of these functlons,
regardless of whether the storage subsystems are"
*’'separate, or implemented as one volatlle read/wrlte
Jsubsystem._wixi=_ 2 I3 S ;
“For the purpose of thls s eC1f1catlon the term ;I?'
control store refers to that storage subsystem =
-ror portion of ‘a storage system from which mlcro-_“”“
€j1nstructlons are read via the "Read-Only"” Memory .
fInterface. (Interface “a" in dlagrem, paragraph

3 S
e L

.éThe basic control store word is the mlcroinstruction,

. which is formatted as 16 data bits plus two parity .
::blts, one per byte, for a total 1nstruct10n word
;width of 18 bits. e e e 5

SlzefModularity

sie .._ .4 Ry i 3 L-".""'V

As a de31gn target the baslc control store modu-7
=iilarity will.be_ 512 mlcroinstructlons, withia sesin v
*a maximum control store size of 8K mlcroinstructions.;

-'LThe MPC will be desicned to allow modular expanSLOn
“of control store in the fleld by a Smele board -
fplug in procedure.'i . :




;Writeaﬁle Control Store Capabilltlee :

: *‘M".;:‘t et e g i
- The design of the MPC w111 provide for the ut11iza~'
‘tion of a writeable control store, read only‘control
?stere and mlxtures oﬁ the'two technologles. :

itlons which utilize all writeable control store, .
with no conventional main memory. . (This configura- =
tion will include a hard- core of nonwriteable control’

store for bootload/lTR pur oses.) The mlcroinstruc-tf“"'(

tiort repertoire will not change in this conflﬁura ion,
“and the MPC will still offer the Fflexibility of -
‘cvontrol store for microinstruction storagefand main
‘storage (but now physically implementated-as'an-

;exten51on of the control store for data storage.

s‘-'..‘--,__‘ g A

ffhe folloW1ng diaaram illustrates an acceptable
implementation of this capabllity i :

Memory Interface" ' - Main Memory peRRE A

- Module ’gv»'::w}fflf' Sames i
oL SRR wrlteable 14 Media =

Control Store S R

Hard-Core
35 0% sl S e

"~ Boatload/ITR -
ﬁ,Programs W

: 'Réafé:ozﬁ'}?

:AIn the conflguration shown, the main memory is not
- present, and the main memory. function is now con-
“trolled by a modified "menory lnterface module"
’1over interfaces "b" and "c R A

-




Interf ace "c" is an interface,'controlled by the”_,
"memory interface module," which provides access
into a second port in the wrlteable control store.-

_Main memory mlcroinstructlons are executed s i
;before, but now access this second port A ka0
“writeable control store, Wthh serves for main memory‘
-data storage. - s B L e e S S S

PInterface "an 1s the standard read-only 1nterface S
fused to pull mlcroinstructions from control store.iJ

" The” "wrlteable control store™ is written through
77« interface "b" under control of a microprogram ey
»=~yhich resides in the hard core “read-only" portlon—
£ ?of control store." e % : -

MAIN M:EIMDRY :
:Main memory can be added to the MPC on an optlonal

_basis. As a design goal, it should be possible . -

~to remove all logic and circuitry pertaining solely
“to the main memory in MPC conflgurations not . .
irequlring this memory. e .nn,;;“;—

“The interface to main memory is unique from the
;interface to the control store used to pull

fThe following numbers are tc be interpreted asj:,ﬂq;,,n,
- design targets. .They may reguire chignge, o ASTar D
:atdependina on the economics o 1mplcmentation,: R

et T

:‘cM1nimum Memory Slze

;Mlnlmum memory size (when included) will be
1?2 kilobytes., . i i

2 3 1 2 v Standard Memoty Sizes

kilobytes-

kilobytes .

"kilobytes

kilobytes

‘kilobytes"

kilobytes .7 e A
kllobytes (haximum memory size)




AMhln.memory-willfbe.designed to allow A e
-expansion In the field by a sxmple\board plug-

_Thefbaéic width of-a:memory word shall be two bytes;
4 Each byte will include a parity bit, maklng the . :
- basxc memory word width 18 bits..-:r

Mémory will be accessible under mlcroinstruction
dontrol on either a word or byté basis. (See’
-definition of . memory access mlcrOLnstructions,_
Appendix A.),:, AL

'The basic menory access will be on a word (2 byte)
‘basls. ' However, 1t will be possible, under micro- -
instruction control, to access either the high or
_10w-order byte of an addressed memory word.,;, g
3~For-specific nemory accessibillty requirements
“see.Appendix A, definltlon.of memory access m1cro-=
finstructions.h?_u“. TS T e e S

ii' Memory Speed

 The basxc nemory cycle ‘time shall be no slower -
than 900 1:1.51\:1:;'seccmds,._"‘_:1,7,_‘T Al Eag ::i.gw-.‘?

.f,a} The MPC w111 be capable of sharing main memory w1th : :
gt B second MPC : Ly

MAIN -
- MEMORY,




At 8
n:a shared memory confi uration,’
ﬂﬁEmory capaeity is 64 ki obytes._

By'means 5f a Configuration Switch. (see paragraph
74.2.8) the "Shared Memoxry" state can be manually ;
~: defined to exist, 'The state of" the switch is

tegtable by mlcroinstructions : -
When accesszng nafn memory, the "Start Read Memory
Cycle™ and "Start Write Memory Cycle” micro--7 7% -
instructions can use the state of this switch in
forming the memory address.. This ‘allows automatic -
memory address modification as a- function of the-:.
main,menory confi uratioﬁ; LR e

The m1crornstructlon repert01re rovides the ’:_z“*‘

tapabillty of manipulating data between. reclsters“ '-‘

within the processing structure of the MPC, as
~well as between thée processing: structure, main
..memory,  the Device Adapter- Interface, and the

; Dperator/%aintenance Panel.- . 1T,q,;_-,; e
}fThe followxng gross capabilltles aré provxded by
>the mlcroinstructlon repertoire.'ﬂg»,,ﬂ,

-

Single byte, binary add -subtract between : EQJEJ-:

registers and accumulators..';;

] Logical 0peratlons'"'

_AND OR Exc1u31ve OR between reglsters
and accumulators. U

'7Ar1thmet1c and Loaical operations, with
“immediate value constant contained A
jmicr01nstruction. 5 e




T
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'Sets of‘2;byte reg
blt flelds.

s

el

-o,‘Interrupt Meehanlem Operafloﬁs

@ . Dev1ce Adapter Interface Operatlons

'Condltional Segment
*wwithln control store.

The'. microxnstructlon repertoire is defrned
detall 1n,Append1x A
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OPERATIONAL DESCRIPIT
”iﬁéiféiiéhigﬁ ﬁéfaé%&pﬁé"deffﬁéﬁSéffi;Zﬁﬁfapgfa
@Qqq{jtbaractgristips‘ofrthe}gggig‘mgq,f L

-
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SR

Fgan

iﬁérhféré;fdufiwéys'1n?ﬁﬁiéhf;hé
: tOjthe:;niﬁialiggAgpde; g
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saééﬁétibﬁfdfg
- An Initialize Signal From'a apter.

- ice ér'port“Z“or-port-S}-_

® bj&ééﬁtﬁ&ﬁfgfzthé'"Chaﬁééinterrupf‘Mechéﬁism_ﬁ_”

~Condition" microins:rpction,J?=:

. Pover llp, Sequence; i

e R

Initialized Stét-e'_' i

“Théflnitféiféétioﬁ:bfoéédﬁfe"éaﬁség théL}fC ko

‘is defined as follows:: =

e oy R e W
: el o iz Fracals

““RBA registors are not initialized. They mgst- o
~be loaded by microinstruction before being - v
. Tead, or3an,erro:11pter;upt may. result. .

- adld

L

:d*f%biiéwiﬁg’fégiétefs“arélfeset to 2eré;ﬂbutf"*'

';fﬁﬁQ:ﬁw;th good parity. -They may be read W{th@ufifji”jr.hh:

'vlcauging‘error interrupt: R

s S e

“flInterval Timer

So.mpan and "Level" Fieldgf%ﬁiffﬁff 

~“:Error Data Register i
DA Number'Register'“'-.; b
_“Branch Test Register - .

" "Trace Register - 1. 3.0 :%

C oot Accumulators A,B :

e AURAR 57 g Gl i

A U ey

“'Indicator Registers e

- -8elt itself-to ga known_éperating §tate,fj?hig,§tatg;f




nfT&D Register 1s&set, with exception of the
LFIgnore Errors" bit which is reset.a o

:;Active RBA P01nter is reset to point<to the
Lower RBA Half.v,; Psse gl

'-q.-v_- o

o ROSAR' 15 wosst. with) good parity % tha. :Lnitiali
ciintzation was executed from the Operator Penel '
:iLink Adapter, or Power Initialization. -

.;ROSAR is Ieft unchanged if: the Initialization
-was executed via the "Change Interrupt. RSl
“MEchanism_Condltion" micr01nstruction._ ﬁ1ﬁ'p :
o o A reset sional will be sent to each connected
" . Device Adapter over -the "Initlalize" 11ne of
the Dev1ce Adapter Interface._~ % .

"Next Norwal Procedure

: When the’ Initiallzation function is 1n1tlated from‘;;

. the Operator Panel or Vvia a Power-Up sequence, . the,,(
MPC will be 1eft in the 1nitia11zed state, and o

"»halted. ; 3 7 S R e Tt ,;. =

>

The next normal sequence is the acLuatlon of the Sy
.~ Start Switch on the Operator's Panel. The Control . .~
.. Store Address Register, ‘ROSAR, will-have been - :
© cleared to zero. Microinstruction execution will
-7 therefore," resume from absolute Control Store :
Locetion 0._-~ . i

oy - -t T
T ¥ ~

If the Initlallzatlon was . executed via- the “Change

Interrupt }Mechanism Condition™ microinstruction, Tk 2.2 408

the MPC will be initislized, and then will gutp~ " ik
*‘“matically resume microinstructlon execution. .In |
~<'this case, micr8instruction execution will resume

~from location 0.0f the 256 microinstruction segment

-whlchdcontalneo the "Inltialize" micrOLnstruction.




S raorebe Initialized - ook auto~ '
matically*resumejmicroinstructi ilon,-:
gtqyt#nsth}absqlpt@-antrol'SFPFE.chation\Of

R PR

'ffthe

.1s ‘actuated,.

fFhe case of the Link

, ot1oad operation f¢s.
by a microprogram. Thi

: _abso
branched to/f
0 - l-"_." - 3 :

Opéféfof} il
indicate,required;:uf;:"
be aCcegsed_byﬁthe"'

F

;;(ﬁarégraph 4, 11 be

- Bootload parameters, and will
”Tquﬁload routine.'M;u;,:ufn;ﬁ

'éqg{;_hfﬁlnitialization b
"r-év"Adapter.signal.
:'ifandkInterruptHMEChanis
= {paragraph 3.1), and the M
by Operator Panel Switch,

R A e e

e




33 initiallzed from Operator s Panel,tsubsequent

actuation of the Start Switch on Operator Panel

starts microinstruction. execution frcm,absolute'3J
,ROS locatlon TSR ‘ : g

If initiallzed from Link Adapter;- micro- TR
instruction execution begins automatically’ from e
absolute ‘ROS location 0 upon the trallina edge 7x
of the Initialize signal.,;;;\mg HieR A ﬁJ

At tbls point the mlcroprooram iocated at 1ocation i
0 must set up the Interrupt Mechanism as required .
'by the MPC configuration, mlcroprograms to be run,;{

1

Device Adapter Control Register
e Test and Diagnostic Register
S . Dual. Mode Bit AL
'o Normal RBA Pointer

o See’ paraoraph 2 : ) for the deflnltion of these :

,registers and mGdES.‘;jf:b‘

:—THe normal mode of operation in the MPC {s the
—rexecution of microinstructions out of control 77
:.store. However, capability exists in the. MPC -

jto allow microinstruction execution to be™
“performed out of main memory, or to execute

.. microinstructions received via the Device Adapter
.AInterface or the A;B accunmulatois: These . "7, oi-
capaﬁlilties are descrlbed in the followina para-': :
graphs‘ .‘.'_’7‘" o e L s * i ;‘?, e ,,'-‘vr. e s

g

Mlcroinstructlon Access from Control Store W

5M1cr01nstructlons are retrieved from control Sriigy

.'store two at a time. ' Each pair of mlcr01nstructionsA fg~‘7

--is referred to as an "even/odd" pair, the even - = ‘eu-ll
53 “microinstruction being the lower address 1nstruction,.
: and the first to be ewecuted.«v_J : : : :
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B 4 o ¥

ruction_ACCesé“ffom”Main'Memo:yﬂ
_B&jméané,oflthej?Read;Memor - Data Register" micio-
'nstructionj(See Agpehdix,A',,the”contents'oan_Ti“g;
memory word can be'loadedldirect1y intd an internal .
‘microinstruction execution.register.‘iAs-a;reSult,jzf
the. contents of -the. f 1 ; e e :

r-as the . "oddm:

“Microinstruction Microinstitct e
= : ---J»Replaced -
by con- e
‘tents of -

.shown above. . - - ST e e o e
.4 The "éven/odd?}pai: at'contrql"Store”addréSS'ﬁA"jF?ﬁ..j' ””'f
5 “is ~pulled. _ : r , £ -7 7._ .:.‘ i L o -.7 = : i _- e A

Teaer T s e i .

tha}"evenﬁ'microinstructiqn_ié’eﬁecutedﬁ*."
;Ihej"odd"imicroinstruction-is €xecuted. : In thig«- ==
_ fexample,?this_microinstruction is the RMDR R
s;_-};microinstruction.whiqh transfers the contents of
.. .a previously addressed Remory -word dnto the «.~ 5w aadir=i,
T internal gcecution register,™ (It is assumed that

~the above example was preceded by a MStart Bagh = aihby
‘QfmémorY.Wbrd?:microinstrQCtiQQQJ,*‘_'mf:¢;E' st

" .. Now the "even" m
'"i"addrEQSiﬂA5? 2ﬂ>i

Rt |

icroinstruction at control store™

S executed. - $

gty L




gThe contents of the. memory word read by
‘microinstruction are now executed as. tﬁe "odd"
microinstruction of the even/odd pair at’ control
store location "A + 2," replacing the odd micro-
1nstruction pulled from control store- -

Th neﬁt mlcroinstruction pair executed'will e
the even/odd pair located ‘at control store’ 1ocation
A + 4'11 : :

“In order to use this cepability to execute micro- -
pprograms which reside in main memory, an "execution“
microprogram must reside in control store;

”TThis "execution" microprooram must execute the
following functions.;rn;,ﬁ=, ek 5

%

Execute the "Start Read Nenory Cycle" and -7y
4 ~"MRead Memory Data’ Register" microinstructions
to retrieve each mlcrblnstruction from ik
3 ..memory -

2 S

e R ;_

efThe RMDR microinstractlon wnich transfers the nemory
- word to the internal execution’ recister, must ‘be * -
—in an "odd" location in the control store, or an.
- “ueyen" location W1th a Branch instruction in the
i_rpodd" locatlon.

Special consideration e re Llred when a Branch ‘;a
“Start Read Memory Cycle or Start Write Lemory :
Cycle is executed out of menory. S

R ) - Sy i

3 4 2 1 : Start Read/Start Write Iemorv Czcle Mlcroinstructlon'ffﬁkﬂ

When elther of these mlcroiﬂstrtctlons are execuﬁed
out of memory, hardware will detect this occurrence,
© -7 .and force the next "even" microinstruction to be:
'"T@F_ELther a."Read Memory Data Register™ ox SWrite .
< Memory Data Register™ microinstruction. The sour
,iaor destination register ant be accunulators A
“*"B in tbis case._h‘ e T =

Bk T3¢ b St A A A A AT B L e, T i T Y AN L e a i e ass e
-— e —




Replaced by,
=g~contents of: -
~—>memory word, :

c-and. 1s-a° w-ﬁg

Start Read

. or Start
e erte Memory
—t=Cycle micro- =
““;instruction-'f'

The | mlcroinstructlon read from memory will be executed
_instead of the odd microinstruction of the A + 2% " -
even/bdd pair, : Hardware will detect that the micro-
~instruction:is.a’ Start Memory type; and will force -
‘ the next éven nicroinstruction pulled from control’
““store, location A + 4, to be a Read or~wr1te heﬂory
“Data Register (to or from AB), as required.- Thls
"mlcrOLnstructlon must be encoded as a "mo-op" in -
:L the control store execution mcmprogran. AT

< - = 2
S et T
5 . =

Branch Micr01nstructi0n'f;ﬁfhrﬁ;iglmlﬁié,,n

VoW

-'The e&ecution of a branch microinstruction out of
. memory must be handled by interpretive routines o
.idincluded as a part of the "execution“ control store
mlcroprowram‘;'n--;,,,. .,;3 h S e

“ - '..' P i At ."_- : -
- B _

-‘One method would be to include, in the memo?
“resident microprogram, branch instructions w ich
- “when executed, will cause a branch within the :
;execution control store program to the. applicable - o
n.lnterpretlve routine for the type branch to be nade..:-"
It is also possible for a mlcroprooram Wthh is to
- reside. in main memory to execute branches within
itself by arithmetically modifying the hardware "
“register, belng used as the main memory address
(actually the microinstruction address for the
'-mlcroprooram in main memory).  With this method, -
- actual branch mlcrOLnstructlons would not bel
requkred.__ e

MR, S TR SN NS A 3 RS ‘;._.....-44_5._.-."\,«..,.... SIETYBRER SEPh =
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The Device Adapter Interface microinstruction allow
the option of transferring the DAI "Data-In" lines
into the 1nterna1 mlcroinstructlo : Lcution register.'

This provides thé capability of executing micro->
instructiops received from an’ external source via“

The.capability of 1oading and execuning micro
“instructions in this manner.is similar to that
-described -in . paragraph 3:4.2- for mlcr01nstructions
loaded from main memory’:* e P

~

fThe Load Interrupt NEcHanism microiustxuctlon
‘allows the contents of the A,B accumulators to be i
loaded dlrectly into the 1nterna1 micrcivstructlon"

tIhis allows the same capabllltles of noncontrol
- store microinstruction dccess and execution as
'?described in paragraphs 3. 4 2 and 3 4 3, above._

-;There are several operational control store addresses Bt
Which are fixed, and not changeaole.k._r,, : e e

.iwhen the Inltlalizatlon procedure (defxned in para-'
graph 3.1) is executed as a result of either the -
“‘Initialize Switch on the Operator's Panel, or'a . N

‘signal from a Link Adapter, subsequent mlcroinstructlon ;

= - execution begins from absolute Control Store Address ﬁ,»“‘;gf
= ;-. 0. s ‘_" "‘l‘l_r.r' e : ; : ; . , AW e

L ey o . Tty
ST R A A e
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'When a Inw-Level Eh-l Lnterrupt it executed, the
MPC will. aLtamatical jump to” one“of thg;

IIGCations'-

jDecimal conLrol store location 32“+
the T&D mode.

When an error interrupt is executed the MPC wlll '
automatlcally lump to one of the follow1ng locations.

Decimal control store location 64 Lff
the T&D mode._ - : :

F S

Dec1ma1 control store locatlon 64 + 128:if,:

in the T&D mode.j
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. INTERFACE REQUIREMENTS -
" DEVICE ADAPTER INTERFACE

.

... The Device Adapter Interface, ‘as defined in S

. Specification”43Al77876qis used. between the MpG.
“and cannécted:Device'Adaptersgf;Thé;MPC'Will=a110w-
‘connectioh;qfﬁupftqiféurfpgviqejAdapters:}:;-uﬂ-

" The processing structure of the MPC will provide
the registers and data paths to control and' V e
- ecormumnicate over this interface.—‘Specifiq_data_mj{ﬁ;{;“’
““'path requirements are defined in the .descr Sy e
Lo gl the DAI,microinstruction,‘Appendi F.Require~j1
< _ment§ with'fespect;tqainte:pretation of “DAT. S0 5 Ay
fﬁLinterrupt”lihesg*are;definedfin paragraph,z.liz;;j;i.;
"7 Interrupt MEChanism.':;ﬁq;_fn R A e e s e

b e

:JgSome75peéiél"éq551ééfaﬁi5ﬁs-cahééfhiﬁg the Device |
s . Adapter Interface arg‘desgribed_inmthefﬁollowing;-
paragrap}?s.’_ e ‘ ':'. '.“_ f‘ ':7.'“. AT . “. L '- ' %1 '”-'“.-'.":‘- 3T eliees X

et

R s

"*Rémoté'Ihitiéiizé:?uhétfdnﬂfrbﬁ LihkxAéaﬁtéf;;(gl"

< The dnitizlize MPC function, as described.in . s Sy s e
.7 Paragraph 3.1, can be initiated from an external . .7 7.
.. subsystem, such- as a central processor, .quever,;“f“‘{;
. -...there is no gnique,linelin;the.Device Adapler;: o 5lien
25 Interfaceﬂto_cause such a function., Al S R

e T e

- Therefore, a special "Remote InitializeM line-is 53
defined to exist between a Link Adapter and the . -7
‘MPC.  This line is not a standard interface line,

- but exists onl _on- Device Adapter ports 2 and 5 Pl
-~ which are the normal ports for the Link Adapter
- connection. . S L SR AT Y

- By means of this line, a Link Adapter can set a
- -Signal which will cause the MPC to execute the TSR
h\;;nitialize_EUHction.-ADuring-the duration of 7 5 S e
a8 signal, the MPC will be held i the ind~ . ™.
- ‘tialized, halt state. When the signal GYODELT. Tk
- the MPC will begin microinstruction execution, .+ i
~ starting at absolute control store address 0. e
- . -The Initialize signal, as received from a Link
- Adapter, must be a minimm of 300 nanoseconds,’
Bl = enSurefthe'initialization'of_the MPCy s iw2a™

= =y

M o LR I e




fThe Initialize signal W111 be passed directl to "’5,r
he four Device Adapter’ ports (over the: "initialize :
out™ DAI line). It is the responsibility of the .
‘Link: Adapter (and/or the external system to which
,;it is connected) to ensure that the width of the

?The “Remote Inltiallze“ sional can be inhiblted by
Maintenance Panel Switch. “The signal is also . -
“:inhibited if the "T&D Mode" bit, of the T&D Reoister

:If durlng tHe etecution of any Devica Adapter A

xInterface microinstruction, this line indicates T

“a "nonoperational' state of the Device‘Adapter,. ' " T:

the MPC will complete the execution of the micro—

instruction independent of a signal from the DA -

on the "Response-In" DAI line. (The DAI mlcro-';‘
“.-instruction can optionally specify a "wait for
uﬁresponse -in™ before execution completion.) o

iThe eloht Status Llnes from ‘the DAI will bé forced .
to all ones in this case, and the l6-data-in 1ines
- from the DAL will be forced to all ones with :

.gThis 11ne 1s a standard DeV1ce Adapter Interface
e 1ine.

-

This 1ine will reflect the operatlonal state of
f_the MPC as follows.?i:_ S

MPC is runnlng, tnat is,:n'tz _

: Q executlnﬂ microznstructlons. _j'

MPC is in a halt state, Lbﬂt
is, the MPC clocb is_etppped. hf
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Initialize Line
i5 a standard DAT

PO

This is
S ‘.:"J AR S 7 i e an__,-l‘:‘ 55 Pliadahtnls e s
_Whenétheﬂlnitialize2fuhctipn;(as_defiqed~in*-
. paragraph 3.1) is executed, -a signal is sent"
éthe;lnitializgfline?to}each
Adapte}" _P-Ort e G* L L P e r’} :
This signal’ s Intended'to catise bach conmectod : it
DeVicé;Adaptgr]to ip;tia1;ze_itselthoja:résettf?g

These are not standard DAL lines. .. -

There are four relay contacts (or equivalent) "

-which are made available to Device Adapter: ports 7 S
-2 and 3 (normal ports for Link Adapter connection)., = .7
- Two 'contacts are made. available via backpanel ...
“connection to each of these DA ports, representing . -
?h;tqtafféfjfour,backpane1~connections.,u¢- >? S

'fiﬁéSefédntacés'will beﬂopénxif d-c power is off, .f;g.
‘or 1f the MPC is set to the "Halt" state (internal T
clock not mmningld. . o osdonn Sty Lt Sae e

ts are guarantéed mof ~ . -

- “Upon power up, these contac ant il
< ..ito.close until d-c¢ power is stabilized and Lhe MECTL - o8 T

_;{1ntgrnal.clqck:;sIrunning,‘153§J,'m;glit_

. When a power down sequence originates via the = S
: - Power-Off switch, these contacts are guaranteed
. "+ 'to open before d-c power loses regulation. If g’ A
r;gajﬁpower“d6wn,sequence originates from detection of A e e
7. a malfunction or out of tolerance condition, the - ‘
. ~contacts will open, but.cannot be guaranteed to

-ﬁopen‘beféreﬁd-c-regulatipn is lost. -

“ff.;%ébhﬁfbi'Rését:iinef-f‘}

g

= Ly sl LT

" =.7-This line to the Device Adapter is used to cause . -
<. the Device Adapter to reset selected ‘control -~ - T
e loples oL e e D T T b
" r.The intent 'of this line 18 not to cause e g Ty
~~* initialization of the entire DA. - -The defipition-. . Lk
& —.of "Selected Control Logic™ is a function of ggeh oo e
~w o7 iidndividual Device Adaptes type.: MR sl dhEi -
e S R e I T et e R S sl ST e S T e e AR R




ThlS panel will contain those switches and indllw 7
“ cators which must. be accessed by normal - system.
.operatino personnel.’iumnosu 3i1”f,p__; _.ra.;
?The panel ‘should be phy31ca11y accessible from the
foutside of the MPC'cabinet without opening a door.

Ihe Operator“Panel,hand 1ts indicators”ahd sw1tches, }'
71w111 conform to Group Standards BOl 9.:__'_p S o

o T

jfThe following switches “ana 1nd1cators will be
'Cincluded on the Operator Panel., =

Power On/Power‘Off Switches

';These are two separate pushbutton sw1tches._ Each

- action of the switch complements its. state.;;::,w:ﬁﬁ_

,afIhe Power On sthch is 1abe1ed "POWER ON". When ©
*. the switch is actuated, d-c power is applied to the
-}’MPC and the switch becomes illuminated.\‘

-

:f;The Power Off switch is ;abeled "POWER OPF" rwhen‘_ 5
+: the switch 1s actuated, d-c power is dropped from,i'“““

.."":-."the MPC and‘the POWER ON.switch goes dark.’ 't "7 "

fInitialiZe Sw1tch

4_.Th15 switch is Iabeled "INITIALIZE.‘ " Actuation of
- this pushbutton switch causes the execution of the---g;
‘= Initialize function, as described in paragraph 3 b P
:-The switch is not 111uminated.. v 2Rl e

fstart Sw1tch - sf

_ This’ SWltCh is 1abe1ed "START." Actuatlon of this'
. pushbutton switch, causes the MPC to begin exe-

- cution of micr01nstructlons. "The switch has no :
effect unless the MPC is in the "Halt" state. neihe
-switch 1s not illuminated.‘ : : ’




‘,Thls is an alternate “action pushbutton sw1tch Each.
actuation complements lts state. ” =
‘The_ sw1tch contains a’split fleld indlcator 1abe1ed
.:“AUTO“ in the upper field and "MANUAL™ in the lower ™
" field.' ~When actuated to the "MANUAL" state, the'
“switch causes the Manual ‘Mode condition to be

.. generated in the MPC. -(See paragraph 2.1.2.3; ) This
;vconditlon is testable under mlcroinstruction control

fcondltion 13 ‘removed. The spllt fleld 1nd1c3tor is:
-dlways - llt 1n the fleld deflning the tate’of the
‘_‘switch;.- S o 2 AR

"r‘Operator Interrupt watch

,This pushburton sw1tch is'labeled "OPER'IET;””‘““ 8
_Actuation of this pushbutton switch, enerates the e
-Operator’ Interrupt'conditlon, as d85crlbed i3 :

: ‘paragraph 2.1.2.3. - This condition is testable’:

- under microinstruction control. Upon setting of A

‘ this condition, the switch will become illuminated.

“The switch will stay illuminated-until the 1nterrupt
condition is reset by the execution of a "Store ‘
QInterrupt Mechanlsm Reglster" mlcroinstructlon.ﬂt’

VThis pushbutton sw1tch is 1abe1ed as follows.;uilflrf ‘

L

* INTERNAL

‘The switch will be illuminated in the field ~ °
e e definlnv the category of error condition being
“1;'31 reglstered 1n the Error Data Reoister (paragrapnv
Lerror detected durlna thefaccess'”'
Sol a microxnstruction from control
;store. R T




;errorfdetected during a Devicé
ﬁdapter Interface or main memOTy. .

errbr;detected-internal to the: prOw
cessing structure of the MPC (internalg
busses, etc.)- : St

~Actuation of'this pushbutton sw1tch results in the
resetting of the Error Data Register. ‘

Thls is a set of 16 two)position;toggle sthches} o
‘These switches can be read by the "Store Interrupt i
‘Lechanlsm Reglster" mlcr01nstruction.- A S T

X g ','\4 = &

.9A

.These switches are labeled 0- 15,_with sw1tch 0
uthe most sxgnifiCant swmtch. e : ,

;fThis is a set of 16 sw1tches, labeled 0 15. TheT
state of these switches can read by the "Store :
-_Interrupt MEChanism Reg;ster“ mlcroinstructlon.,'fgf'ﬁ'

The lntent “oF these ‘switches 15 to provide conflgu- .
ration data required for the conditioning of:

various control and bootload microprograms, ‘as

well as certain MPC hardware functions.- These .. -~ - .= -
"functions are. descrlbed in subsequent paragraohs.; G S

7 # -

Slnce these switches will be used for sensztlve
iconflguratlon data, 'and will be changed only when -
physical subsystem changes are to be made, they -
- should be protected from accidental modlflcation
by means o; a cover or lock arranoement :




-The folIowing‘swiféhés aie used to.control'hardware :
functions.- . ?.. - "

; This switch is set *&eflnes
ol the existence O a "shared ;

_‘The "Start Read Memory Cycle"
.microinstruction (paragraph-
. -'A9.1) and "Start Write Memory
f”“Cycle" micr01nstruction an o
- wse the state.qf this switch
- in forming the memory address.}
“This capability allows: auto-“*"i;_
.‘matic memory address modifica-
‘tion as a function of the menory
conflauration.A;,f.éfﬁa,‘ T

7with D% Port l etc.Aj-A

_When a configuratlon SW1tcH 18 set to offllne,'any e
Device Adapter microinstruction addressed to. that o g
: DA Port will be inhibited. The "Select” line to v
 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-l and EN-Z lines wxll alSO be inhlbited., e

: Microprogram Condltloning Functions

T

;The,remalning Conflguratlon Switches do not dlrectly
.affect the execution of hardware functions, -but .
are testable by m;proinstrhctlon, and can be used
:to affecL the executlon of microproorams.;.:‘




Bootload Control'Store
‘"(Program 1 oyn:-2)
© Bootload:DA'Nﬁmberl %

e j'Bootlcwad ﬁeVLce Number
"(Lf requlred)l““

tswitc&es will: be contalned in related eppllcation'jf
-specifications” for MPC peripheral controller S
'configuratlons, Ieolation Text Routlne procedures,-
;ECCo 1[;‘;: s R - Sanstal AL

>These switches may be set to prov1de bits 3= 14

of -a control store address where bit 15 (1east :
significant) of the ‘address is assumed zero. Thls
.address can be used as a branch address by:ome . * . .
option or the Absolute Branch micr01nstruction.,”“" :

e

'These sw1tches may be assigned otner nalntenance
functlons as requlred. J_L e

T

.Control Reset Sw1tches

,Thls switch resets the control logic of the MPC
f;but does not cause the "lnltialize" function to

Jl i

aFOllOWLng the executlon of the reset functlon
‘initiated by the switch, the MPC will execute AR
lfan Absolute Branch to the control stpre 1ocatlon S s
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-The Control t*SEgﬁéiﬂiéggéhﬁ %diélif%oﬁf@DA;
fPorts'pver;the:individual”?Control-Resgt" DAL .
Line.  (See paragggphié.liﬁlﬂ.*x‘ OB

A C &

Tiohes

g

a

Tﬁié:séf;d%fléiihditaééfé;ﬁiiiqiilumi
current state of the main MPC data bus,
“the contents of the last r

\UPOU which a microinstruct

By means of the rChang,
A s euition o allows 38ltito be - o LuEl
Programmed), register displays ‘can b e e

fTHeéé_iﬁdiééﬁsfszére,iéﬁeledno;ls,ﬁﬁitﬁfiﬁdiéétaiﬁO'Q'{
gﬁexpospﬂsigpif;c§n;;indicator positiong - wt ievi

;}Tﬁé-Maiﬁteﬁaﬁce”Pahél?will'éontain'thé sfiitches =

—and indicators necessary to maintain the MPC to-

-Ehe standards prescribed in paragraph 6 of this - .-
gipdatfication, s e Yo S

-~ ve e, e . R g 2, -
= ” SR P N -

accessib1e tofanﬁé1,éYspéﬁ;}f;fl”
»-and should be'concealed-.-:¢,$_;.;
oﬁ_maintenance fanes R

e

eXecufédfffom'thélf~‘

ifThéaféiibwiﬁg:fﬁhcﬁioﬁsféan be
Maintenance’Panelz_‘r P

T

: T Al AT

ffDisplay/Léadﬁall“fegistéfs;*f_ e
TiSinéle Step céhtroi'of.micrqinstrﬁctibn,l;jf'
éxecution. . 2R, SRRt Sh 2L
'v'Séiective éontfbl;qf-efro
halt. Rad ey q,-,_ _f—i': : T
'Seléétivé‘haltjéﬁ.spééific_coﬁtrol stoté;_f}

uiyaddress;_fﬂ,f;;.- A S i

+

CE 302-1 {1259y - Bl g

e

5 e
e RO




e JSimulate microinstruction branch address‘ftbm

e Y T i e

Display Isolatlon Test Routine outputs required.
for UFault chtionary ‘Lookup™, gsee paragrapn‘ ;

MAIN MEMDRY AS INTERFACE BETWEEN MPC!S;M_'
“ As. defined in paragraph‘z 5 5 ‘two'NPC's can‘éhareff
a common main memory. - ‘This shared memory capability
‘can serve.as an MPC to MPC link in configurations e
reqplring MPL—to-MPL communlcation.

TR R

e

L




gThe.MPC will conform to the requlrements of 43A177851{
“‘General Design Requirements for GE-655 and GE-~ 355 T
jsystems._ %t e s ; ; =

gPHYSICAL PACKAGIWP

- The MPC is to be considered a physical entity which -
-is packaged into a phy31cal controller configuratlon.\a
“Therefore, packaging requirements are voverned'by

“the specific requirements of ‘each: indiv1dua1
controller configuration which utilizes the MPC

" These requirements’ will be contained in the indxvidual
'controller conflvuratlon speciflcations. atigig et

* ‘a—

" édwm SHARING/DISTRIBUTION
The MPC and the Dev1ce Adapters with whlch lt 15

-*‘Comblned to form a physical controller configuration 31«-25ﬁ

‘are to, share common power supplies. "?»f; IR o

—

'Power supplies for dev1ces and device orlented

electronics may be included in the physical controller‘ﬁnjli

configuratlon, depending on the particular controller
.confiouratlon requirements. = This will be spec1£1ed
,in the 1nd1v1dual controller speciflcations.;g;

o= A




;The requlrements of this section assume that the
General Design Requirements of Section 5 are ful- :
“filled. In-addition, a continuing program of |
product’ improvement is assumed durlno development,
= design and production of the product.\ﬁ,: b

;VThe MPC hardware will be.designed to aIIOW'meetlng
the maintainability- requirements of the Advanced :

~Product Line, as defined in APL Line System

fSpeCLfication, dated herch 2 1970, paracraph S 2.

'The basic method of diagnosxno the HPC w111 be via

‘"Isolation Test Routines." These routines consist

-0f a series of microprogrammed test sequences and -

‘associated control routines. . These routines can = .
-~ be executed out of either main memory or control ”;:J'“

;etore.;,efdf.“ﬂ__ ;J_;;_wﬂ_

:To fully-utillze this Capabllity, all possible b
““failure modes of the MPC must be pPre-analyzed and
_cataloged into a hard copy Fault chtionary.

The naintenance procedure, therefore, involves the o
~manual initiation and execution of the ITR routinmes, i .-
“The action taken by the ITR routine upon detection

-of a fault will depend on the typeé of fault, and - - .-

~status of the MPC at the time the fault is deteeted.

- If desired, and if enough of the hardware has . been - 7

proved operatlcpal the ITR routine may attempt to -~ .~
ilog out Fault Dictionary information to the Link °

‘Adapter. Otherwise, the ITR routine may chose to - . -

-simply kalt the MPC, with Maintenance Panel 11ghts=-*

ft'lndlcatlng the fault symptons." :

——-_'-""J. iz, B

‘The normal procedure will be to Tun' the’ ITR
"sequences immediately upon manual startup,
following inltlallzation._ £ o ;
In controller con;lguratlons ut11izxnc the MPC,
“ITR routines can also e included to dlagndse
connected”DAVLce Adapters. : ;




Reliability and‘Maintainability definitlons shall
be per Group Standard BO3.1-except as otherwise
defined in thls speciflcation.#‘g-

w\ln,'EUWET on meter and other instrumentation shall be"
waa‘gdeSLgned into all MPC's which are desxgnated as -
“% “Ffactory or field evaltation units. The instal-
- lation and removal of such instrumentation shall i
“‘be possible as a routine operation._ Power supplies
will be designed considering these instrumentation
requlirements. The addition of instrumentation =
shall not degrade the reliability performance of =
the controller or 1nterfere with its operation.wé;

‘Unlt Identiflcation ;l{'53.5¢

-‘Positive identification of all logic cards, control ,
_stores, power supplies and other critical assemblies

_shall be through direct-attachment identification-

~labels,; . embossxno silk-screening or stamping. . va-

+Sugh.- 1dent1fication shall be used for determlning Sadiady e
the date of replacement and the number of repalr _;',;rj}ffv;h

B OFFLINE REPAIRABI LITY

;jThe replacement of sxngle conponents of piece parts,
~ -which are known 'to be in the failed state, shall
*spot.. exceed ten minutes. . Such replacement to be

- performed by the use of standard hand tools given.
'iﬁin the standard tool catalog wherever p0551ble. SRy

‘, ‘ e SRt :
Parts and assemblies, de51gned and manufactured

- to the same specification and revision level, Ao e

“ shall be electrically, mechanically, and functionally?

“1nterchangeab1e.<"'~- s B e i G




j&ll spare arts shall be interchans eable to the

Optimum Re laceable Unit level.,,' adjustments
-are. required ‘the time to adjust shall be an |
-mtegzal part'ofﬁthe time;to repair e

,FieldqadgustmeﬁtsAShall be reduced to an ‘absolute
minxmun.; Where adjustments are unavoidable,<they_

. ;Be secured suah that they will not change
zpcsitzons under site conditions. - a5

'oa:Requlre no- 1nterdependent adgustment between_
“to or. more individual adJustments.;_h : _

—c Requlre no more than one man to accompllsh.qm“

e Be adjustable to specxfied values within the
_tolerance of standard field instrumentation -
or bullt 1n calibratlon standards, wherever‘
POSSible. e ', R s e s .’ O R L Y

ST N o I E _=—.--:'_-::

,'An out ~of- tolerance condition or any adjustment, LR
“shall not be destructive to any circultry or . = '« £
‘component affected bj the adjustment or process,; o
iof adJusting SpahTartay Pat e S S 2 e e i

PREVEEI‘I‘ATIVE MXINTENANCE (va)

'PM for the Basip MPL shall consist only of changlno 3
‘air filters-as provided for in standard Fleld i
‘Engineefing P%ISChedules.;#

DUTY CYCLLS

THe average eable pE channel busy time to system’;“;“;;:T'
.use tlme lS assumed to O 7 i

VThe minimim nunber of cold starts per week is l.‘
A cold start is defined as-a start-up after a




The minimum number of power-up, power down sequences
per week_ia;l.S ¢ 8y :

Prior to flrst shipment, and when tested in a maXL-
mun nonredundant conflguration, the MPC shall - :
~ have demonstrated the following rellablllty and
,maintainability characterlstlcs to a SO percent

confldence level

Iogic (Processinp Struc—”

s SRR : g L ;

“Power Supply *;- ’20 000 hr._ 20 minr :
"Control Store (8Y v, - ah 000, hr.; 20 mln.s}.

772718 bitse) " S : harl

Maxn'Memory (32K.x 18 ,A_‘5: 8, 000 hr 20 min.j'
h bits) - T sectafa sl
*Dlagnostlc Hardware and " 50, 000 hr.L‘SGZmin;:}yuiﬁ” %

,Maintenance Panel 1-nu : s 3;;2;51' i

.,Total MPC o S, .Fjg;a1 3 090 jﬂf 25 min.-

MTTR is measured fron the beelnnlng of the ITR run
».until the faulty component has been repaired and the
'asubsystem has been-re-initialized and. successfully

run. through the ITR phase. _;j,{__,.vw;‘n;.ov LEer AT
- Conformance to tnese requlrements is to be measured o

through specification 43A228294, "PED In-House Data .

Collectlon Plans and Procedures.ﬁ_- RN R S e

S’rt}? & REQUIREM:::I»TS P S s

e iries

Prlor to unrestrlcted productmon, the MPC shall have
- demonstrated the following availability, mean-time- -
between system-interrupt and mean-time-of-system ISt
interrupt characterlstxcs to a 90 percent confldence’”*fﬂ'
level._w A T Eea S L B

Avallability 98 5 percent
- MTBSI. e 100 hours . » .~
wmse T TR




Conformance ‘to these requirements to be measured
through . Field Evaluation_Data COllECthﬂ Plan.

One year after installation of the first produc
‘MPC, “the following best estimates are ‘expected .
'(design goals only).g

99 6 percent
. 100 hours. .
e S'hours

Reports shall be submltted from desi nated sites \
,.whenever maintenance or operator action is required
'to restore the system to useful status.. Each :
=:inc1dent report will contaln at least the foIlow1n

?Complete identl:icatlon of the magor Lnlt (Serial";”' -
'iand model nunbers) e ;

fReadlng of the "channel busy meter" at-each
7 inc1deng.;.,:..‘,- : i e PR M e
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y %;%énﬁfédfﬁredﬂfhrougﬁngtep“ﬁffeléééég%**f*
. Shall}be*monitored.“'Thissincludes all engineering

~and prototype models and pilot MPCtg manufactured?@fifE

. for initial-shipments., After‘release,for,un~‘“‘ S
‘fxestriqtedqproduCtion (Steij),;Selected MPCTg iy
will be designateq for additionat monitoring, ‘A

fseleétion-plan}will'be developed'which_will'depénd f ;24“;

't-.he\,f e

o ;qpcnltheireSults Oon previous MPC's through
rjfcistepué}Pilotﬁ-ngf.tff,;ﬁnah~<u 2SS

- Evaluation PériggH 5'T;“;;-ff‘?"ﬁJ

o o
£ A . s

- Perforn ing ‘shall continue until the

Ice monitor 8iixrofla il
; 7 ws;conformance‘to-R/M requirementa-qf;;ﬁf;g,H;f
,;his”specif R T e et R

'f;niPerfcrmanCé_Re O¥EE .-,

;:;ng‘;Reviews{.
=77 8hall be is
- Period (sec

a'e

S e




;The folloWLng reglsters are referred ‘to Ln the ™.
descriptlon of the microinstructlon repertoire.,-f
n.;night-blt accﬁﬁﬁiaﬁor, blts

;‘bit 0. = most srgniflcant blt. 5

2. Accunxlator B —'Elght bit aCCuﬁu¢at0r, bits
' de315nated 0-7 O,A mosc 51e11f1caﬂt blt.

:3-?ACCLmu1atore.A B - The contents of - the: two-
5. 8-bit accumulators are treated as one 16-bit
- field, with the contents of accunulator A
providing the high-order bits of the field,~

lralso referred to ‘as (AB)O 15., 5 :

iy RBA Rerriater -- 'Any S8 b the Slafen 8 bit
o eﬁisters of an RBA half. . The 31xteen | ,'”
; reglsters are designated RO RlS.;: ey

B : =
i

& RBA Even/Odd Reglster Pair -- The contents of;

~a pair of RBA registers are treated as one:.
. 16-bit field, designated 0-153. The register ST
Aepalr will always be made up of an even and an gt
’odd reglster, RO[Rl R2/R3,...R14 RlS. e

',The contents of the even RBA register provmdes
Z;t?e hloh order bltb of the conblned 16 Bit -
-f eld. oy '". » .7 gt _i:

x ,' " " et 3

:;6 Upper Indlcator Reclster (Upper IR) Four—  
gblt 1ndicator re01ster.- . :

A Sl o 35

iLower Indlcator Reglster (Lower IR),-— Four-'
bLt 1ndlcator re°1ster.j=~




71"“-Thls is a-four-bit-

Aranch 0peratlons.

| Operetar Ieterrup :
- Interval Timer Runout
MEcro Interrupt :

}TRACE Register --‘Thlrteen-bit address storaoeu‘
'reglster._ Contents referred to as (TRACE) 3 -I5.%

105 ROSAR'-- Twelve-bit Control Store Address
f;Reglster.a Contents referred to ‘as ROSAR; 14
_;Centents of thlS reglster are always eve%

11 _AUXAR L2 Twelve bit Aux1liary Control’ Store
EAddress Reglster._ Contents referred to as: LS
AUKAR3 14 Contents of this reglster are always
“eve a 74 o e S ,‘., e

'13..Branch Test R_glster:: Elght-blt register,f;i“?mhéﬁ
2 used“fgr result testing.; Referred to as BT0 7

14 Test and Diaﬂnostic Register - ioht bit
. register used to control the operating state
’of the MPC.: Referred Lo as T&DO 7_5,

.""' 3

;15 Errer Data Register - Sixteen-blt register
yused to indicate 5peC1fic error occurrences.H

'can be any ‘one of RBA reaisters,:
RD-RlS. RIS a0 T ST

'Upper/Lower Indicator Registers refiect the
'follbw1hg COHdlthnS. »

.ﬂ"

.”"“Nbst Slgnlficant Bit

“u “Overflow - s »_
“Zero Condition *
Carry ;,n“ﬁ«-?;;‘*'




438177875

72 Page

Microtns

places either -

CATe. 1) ¥ (hrg, . 2) st
st)iom (Arg. 9} 02 Solte iy

Only lover IR affected. - _
37 hegﬁiéfﬁfftgréfvli?¥;(Argf32534?(Préviq¢s,Gar¥§5
- Teplaces either (Arg, 1) or (Arg.-2), - S s

Frevious Carry as Held in Upper IR: - - i - A
.Zero condition;propagated'in UppetQIR,,;(Operatidn;\}f7
result "ANDed" with pre tous. state of Zero Indi-~. ‘.
-cator, )_-,;;':- S TRl U SR At oa e e

Lty

* Only Upper IR affected.'

cchange S0 050

44 Resule OF (axg. 1)+ (arg. 2) vind co
T e

- N

- BINARY SUBTRACT - :
rg. 13 ulatar‘A;ormﬁ;ff;u*°
. accumulator Bar il s S S

';f;ACan‘be,é y one of RBA

e 3 ufTCan,be‘either_accum

UP?Efjiﬁwef_IﬁdfcéEOr_RégiSté;s:ﬁéfleét”;péi?ﬂﬂ;{i';'

following conditions: . - R o

‘Most'Significant'git;f a
Overtlow: o asE S g e

‘ﬂfZGrQiConditioniﬁ; S e e |
=Carry. (Borrow = 0.if  Carry =1) .-

g

o




'esnltwof;(Arg. 1)
(Axg..l) or. :

Result-of.(Arg. 1) -
(Arg. 1) or. (Arg. 2)

3 T ik

;ﬁResult‘of (Arg. 1) ‘r(; oy “'(Previous Borrow)
-replaces elther (Arg.‘l) or (Arg 2?_-,

Previous Borrow as'held in Upper IR R
-~ Zero condition propagated 1n Upper IR;'
&Only Upper IR affected : g

;fResult of (Arg. 1)

~;Lower IR only R, :
S In all cases the—microinstruction can optionallg
- cause the result to.also be placed ln.the Branc
{Test Rewlster.;ehf =

‘can be accumilator A, accumulator B or“eny;;if'j"
. one of RBA Reglsters RO-RIS., el R0l
.;Upper/Lower Indlcator Registers reflect the
ffollow1ng condltions.i-; : :

_Nost - Slgniflcent Blt e
wOVBrElow |l A P
+-Zero - Condltion
Carry i

A

A
£ FYRLASCRR

f;‘MicrOLnstrgctlonrOptloné.

3

1 ‘Result of (Arg 1) + (Carry from Upper IR)
replaces (Arg. 1)f_ :

”mTfOnly Upper IR affected. f

 ’12.-Resu1t of (Ar 1) + (Carry from Lcwer IR)
e replaces (Arg. 1), ;

’Wl Only Lower IR effected_ xif!“ii'




% Result'of CArg.f'
replaces (Arg;y

Gnly Upper

¥

Zero conditloﬁ propagated‘{n Upper IR.

L€ 1)+ (Carry fro,
-to chanbelLower LR'only.u

.Infa11 cases the microinstructlon can optlonally”

. cause the result to also be placed Bty the Branchhﬁ*F
& Test Reglster.r*'“ ' o ‘ S

can be accumulator'A accumulator B or
_any one of RgA registers RO nls.v'

Upper/Lower Indicator Reglsters reflect the .
%followlng condltions.“ S A

_Most Slvniflcant Blt
Overflow - .= :
-Zero Condition 2

_Carry (Borrow 0 if Carry

:1. Result of (Arg..l) (norrow from Upper.IR)

replaces_(Arg.;1)5 >
LfOnly Upper IR affected._

f2 Resuit of (Arg 1)7 (Borrow from Upper IR)
' replaces (Arg.__l)l : .

Only Lower IR affected.

'1134 Result of (Ar 1)

replaces (Arg._;).e

iny Upper IR affected BRI
Zero condltlon propagated in Upper’IR

4 Result of - (Ar s T (Borrow from Lower IR)
~3- used to chanoe Lower IR only -~:xiaarfigu.

In all cases the mlcroinstruction can optlonelly

.cause the result to also be placed in the Branch .”~'

Test Register.;_,e“i,._whh__._ R




.fUpper/Lower Indlca
conditions.hi;'

,ﬁ0verflow ¥ AN
p.Zero Condition

;37 Repiace (Arg. 1) w1th 2's complement of (Arg. 1)

‘i(Carry from Upper IR)

Only Upper IR affected
Zero condltlon propagated 1n Upper IR

R S ! N 2 3 )

Change deér IR to reflect result of‘Z'
ment of (Arg.;r ol At

-Arg 1 not affected :
Only Lower IR affected

aln all cases the mlcroinst“uction can optionallK
.cause the result to also be placed in the Branc
Test Reglster._f-- :




'f Upper/lower Indlcator Registers_reflect the‘following;

conditionsh_

:0n1y UPPer IR affected _--<. =
WZero condltion propagated in Upper IR.

‘4 Chance Lower IR to reflect result of 1'5 comple;
: ment of (Arg. . : ;

-Arg. 1 not affected;f e
Only lower IR affected.,

C

'In all cases the micrOLnstruction can o tionall
r.cause the result to also be placed in t e Branc
'Test Register.;e o ;




:Upper/Lower Indicator Registers reflect the following
~cond1tlons.;-\ :

“All One's Condltion
“Zero Condition - = = '
FLeast Signiflcant BltT“

4

%1 Result of (Arg 1) ANDed w1th (Arg.,Z) réplaces
-"?either (Arg. l) or. (Arg.. [ 25

iﬁ‘Result ‘of (Arg. 1) ANDed wmth (Arg.;
;either (Arg.-l) or (Arg.-Z) : e

fResult of (Ar%) 1) ANDed with,(Aré;_é) replaces

either (Arg or (Arg._Z).h

i Only Upper IR affected
ATVRESELE of (Arg. 1) ANDed with (Arg 2) uSed to
- change Lower IR only.

In all cases the micron.nstructlon can opt].onallg
cause the result to be-also- placed in-the Branc
jTest Reglster.”“'u_ et e

cs 302—1 uz—as} =




'can be” any oneuof RBA‘reglsters,—
RO-R15.'

:Mbst Slgniflcant Bit
jAll One's Condltlon

{1. Result of (Arg. 1) OR’d with (Arg. 2) replaees
teither (Arg.;l) or. (Arg.,
-"Only Lower IR affected.fi‘
ak 2 Result of (Ar% 1) OR'd with (Arg. 2) replaces =
she elther Arg. ) or (Arg._?) | A

Only Upper IR affected DI TN R G .
3 Result of (Arg. 1} OR‘d w&th (Arg. 2) replaces :1;:
?either (Arg 1) or (Arg 2) 2N s faan

;Only Upper IR affected.-
iZero condition propavated in Upper IR.

?__4' Result of (Arg. 1) Oer With (Arg. 2) used to Erg
' Chaﬂge Lawer IR only. S1 ‘ :

'In all cases the microinstruction can optionallg
“cause the result to also be placed in the Branq
- Test Reglster.?dr




“All One's Condition
gZero Condition gﬂ;;;

esult of (Arg. 1) EXC OR‘d with
elther (Arg.z

-0n1y Lower IR affected

2 Resﬁlt ef (Aro:zl)‘E"C. b 'd w1th (Arg.,Z) replaces
"'elther (Arg. l) or. (Arg. 2):,7 :

'Hﬂnly Upper IR affecced.ir

" Result of (Arg, 1) EXC. OR'd with (Arg 2y replaces S
either (Arg. l) or - (Arg. 2) : , AR :

 0n1y Upper IR affected._- S ’
-ZeroAcondition propagated 1n Upper IR.

JResult of (Ara. 1) EXC OR'd with (Arg 2) used
- to- change Lower IR only

2;In all cases the mlcr01nstructlon can OpthﬁéIly e
‘cause the result to also be placed in the Branch Test et
aReglster.-;; R R




Mbst Szgnlficant Blt
”All,One g Conditlon

.Contents of accumulator A aré'éto
SPElelEd by Arg.‘l, £ 5 i :

Gontents of accumulator A
:of re01ster spec1f1ed by

-_Contents of accunulator B are replacéd'by contents
}of reglster Sp&leled by Arg 1

aﬂantents of Branch Test Register are stored in
;register SpEleled by Arg 1.‘_;

LOAB BRANCH TEST REGISTER

-

fConLents of Branch Test Reoister are raplaced b
:contentb of re*ister spec1f1ed by Arg 1.

'1 Execution of microinstruction affects only

“CE 30251 (i28a) . ©




h_Executron,of mlcroinstruction affects onl I
:prer IR.“rZero condition is propagated in i

Execution of mlcroinstructlon affects oﬁ
-ithe Lower IR.V No other register is af
tIn all cases the microxnstructlon can optionally N
~cause the result to also be placed in, the Branch“‘"
_:Test ReOLsterew Tk

: I\IDICA’I‘OR Rr.GISTER OPE:RA’I‘IONS

:can be_any one of RBA reglsters, RO-RlS.t;

--Mlcroinstructlon 0ptions.-_7‘*:

'1‘ Contents of UPPET IR replaced by contents of four,?'
. most- signlflcant bits of reglster specifled by
Argo 1. - A‘-_ 2 L

12 Contents of‘Lower IR replaced by contents of A
four least- signiflcant brts of register speciv s f
fled by Arg.. ey A

Contents of Upper IR not affected. :
L3 Contents of Upper IR replaced by contentS'of e
J.four most-significant bltS of reglster speci-,_ﬁ S S
_ fied by Arg.'l._;;e_" e A A e ,:._'pﬁ;;“.r:

, ,._w__ PR

-

.?Contents of Lower IR replaced by contents of four”.
~Jleast- signlflcant bits of reglster specifled by
_*. Arg. 1,; =




A Cﬁi.m-l Gizesy - 3is s

Y W

'In all ‘cagés the mlcroinstruction can ©

.'cause the contents of Argument 1 to ‘be’. Oaded into*
the_Branch Test Register.

fcan be any one of RBA registers,

.r'.,:

,h&croinstrnctlon Optlons.Jf %Vﬂﬂm_

EContents of Upper‘IR replace most signiflcant :
four bits of reglster spec1f1ed By Arg, 1.

T%Contents of Iower IR replace leest-signiflcant'
tfour bits OL reglster SPEleled by Arg. 1¢5,—

Fall cases the i crolnstrudbion can optlorally

-cause the resulting contents of both Indicator o2
:'Reglsters to be placed in the Bfanch Test Reglster.' ;

2 (Upper IR)O 3 (Lower IR)4 7-—-(Branch Test
: 5 Regxster)o 7

These microinstructlons w111 contaln a four blt

.constant which can be used to operate on either j,_fzi
- the least-significanft or most-significant four_

?rblts of any one of the followincr reglsters.;

Accunulator A
- Accunulator B s
'Any RBA. Reglster, RO RlS
~"~Upper Indicator Register. .. ...
~Lower Indicator Reclster51;;:
Branch Test Reglster :

'-=A11 microxnstructions in thls class can- optlona?ly

“.cause the resulting conditions to bé loaded into

.‘elther the Upper or lower Indicator Regilstex. (If

~an Indicator Register is- the result register named

5 “In the mlcrOLnstructlon, the result condltlons are
mot 1oaded ) A0y i o :




‘In the case of’aritﬁmetic immediate 0peraticns to
“ba executed on the low-order four bits of the -
designated- reglster a "borrow". or "carry" will be
propagated into the high order four bits of the_*
designated register.r;f _ 75 3

_In all 'other cases only the speciflc four-bit AL
*field of the designated register w111 be affected.

s asla -A-J'-‘---_J-.-ul. ST i

fUpperanwer Indlcator Registers reflect following
'condltlons. Poim L

3Nbst Slgniflcant Bit

Overflow = 50 m5H

VZero Condltion_

-fImmedlate Value constant is subtracted from the
_indicated fleld.”_;' : 5

;Upper/Lower

6cond1t10ns*_ e :‘.5_'
i Most Signlflcant Bit
volimerflow &t e
. .Lero Condltlon
ﬁ=Carry ;

AND IE MEDIATE

Ao A e O 3 ¥ g -
P _,,n,,-\_ PP PRy v _q-‘:... *..L.,_., i W o i L

The lmnediete value constant is "ANDeﬁ" w1th the
'indicated fleld '

_ﬂUpper/Iower Indicator—Registers reflect followinov:"
: conditlons. 4
: Mbst Sloniflcant Blt
“All One's Condltion’ "
- Zero Condition ,
Least Slgniflcant Blt

Sy




. CONPANY ‘CONE;-I'DENT_!AL
d.s ENEHAL % ELECTB!L’

#

-The immedlate vélue constant-is_"Oerq'into the
indicated field.% :

Mbst Significant“Bit

‘All One's Condltion

Zero Conditionm : " '..
,V;Ieast Slganicant Blt

‘1’“’““’ 'r,- e .__— ._.q..- -..—_

.best Signiflcant Bit..w.u

~All One's Conditlon

lZero Condition L
Least Significant Bit

erhlS microinstructlon will contaln an 8 blt cdnstan£7
- which can optionally be lcaded 1nto any one. of the.
: _follow1ng registers‘ o i N 51 : s

"i;Accumulator A
. ‘Accumulator B '
“‘Branch Test Register . : : _

- Any RBA Register, RO-R15" , oo
“Upper/Lower Indicator Registers (high order b
. four bits of constant loaded into Upper IR,

low order four bltS of constant. 1nto Lownr IR)

T e
3

,AIndicator Reglsters are not affected by thlS micro-
';lnstructlon uqless speciflod as the result register.—




?wo types of sﬁlft'operatxons ‘are P
register shifts (single byte) and dc
shmfts (double byte)' ' ;

._,

JfTh mlcroinstruct on causes 'a one—bit shift,f:' :
- ‘jeft or. right, t be executed on ‘the byte: contents 5
of any one of the followmng reglsters.,.-- T

41“".)‘

Accumulator A
Accumulator B
y RBA Reglster,‘

per Indlcator Register w111 not be. affected

‘The prer Indicator Reglster w111 always'be set to
‘zero except for the. 'shlfted out“ bit..m -

S e Ty e

J The “shifted out bit" is saved 1n the Loﬁer‘32

e‘IR in the following cases._;f_ "’E e
ngh order blt shifted 1eft out of accumu—'l'

.:lator A, Or- any . even RBA.- reglster RO, 2
RZ, etc.)__«,__-__fw R DT

Cad >

'ﬁLow—order bit shifted rieht eut of accemﬁﬁrilf?
1 litog B, ox any odd RBA reglster (;1 RB, 1]

7 -w.-.' ekl SR ST . - &

' :In the followxncr cases the “sbifted out bit“ ;;?51“:1'
15 not saved : 2 ¢ 1H‘

e £

Hlvh order blt shlfted left out of accumulator e
'E_B, or any o dd RBA reglster (Rl, etc.)
jﬁLOWworder bit shift right “out of accumulator
'rA,_qr_engﬂeven RBA reglster ( 0, R2, etc.) e




4.

i

-reglster.‘

Zero'is shifted into,iof—ordér bit p031tian.of
register.a

":Contents of "Sh.'l.ft“ M e abigtag.
into low-order bit position of register. .-
](Accumulator 3 or “odd" RBA ¢°istgr,qnly;

Shlft LeLt_One, Rotate"'

Bit shlfted out of most signiflcant bit positlon _

of register is shifted into least- SLgnificant e
bit position of register. (Accumulatar Bor:

"odd" RBA.reglster only.)'

Shift nght One?i?~

Zero is Shlfted 1nto high-order bit_pOSthon of

Shlft nght One and Insert

fContents of "Shlft" blt o; Lower IR Shlfted

into high-order bit position of reglister.

f“(AccumuLator A or‘"even" RBA re°lst6f only )

.Blt shifted out of least 31gnificant bit
_positien of- register-is-shifted into mast-

signiflcant blt p051t10n of reglster{:




-.‘-\HDENTIAL
‘o :Lecmc

fhis mlcrOLnstrUCtion causes & nne-blt Shlft,~
sither left or right, to be executed on-any ei
'vbe.folloWLng pairs of registers R
Aceumulators A B
Any even/odd pair of RBA registers, RO/RI,

'wo reglsters are- con31dered %, be—onewcontiauous
;o-bit data field.

ehe Upper Indicator Register 15 ﬁdt effected

The Lower Indicator Reglster will always be set to ;ef:_"_,
xero, except for the "Shifted Out Blt.?rﬁu*- 7

'Hifted Out Blt ‘_ngh order bit of most signlficant
o 5 “byte on a-left shift.*

':low-order bit of least signiflcant
~ byte on rlght Shlft.,Aﬁ+.A

xicroinstruction Optloﬂ3.¥}fl=}fup""

i Shift Left One, noublefff'

*7éro Shifted Lhto lenst:-s
Lleast signlflcant byte.‘rf

'Shift Left One, Double and Insert

.COntents of MShift™ blt of Lower IR snlfted
- into least- eignlflcant bit of . least sionificant
byte- - o LA ‘_.77 ENR I ?_, ¥ ’- "% -,n -_'

T e

'Shlft Left One, Double, Rotate 77:4{?f,h,:ﬁ

.‘-Blt ehlffed out of ‘most- signlflcant tbit of P
most-significant byte is shifted into least-. .
signiflcant bit of least signizlcant byte. j" =




Shift Right Dne,

e—‘a«_--.w. Foa® 2

Zero sthted intQ most,aign;ficant bitfof:mnst
sxonificant*byte. L e e

into most-s gnlficant bit of nost significanﬁ_
byte‘ 5 % e s

Blt shifted out cf least significant blt of
least-significant byte.is shifted into nost-'
tsigniflcant bit of most signiflcant byte..,;;

: Shlft Right One, Double, Sign Smear~. el
QMbst signifxcant bitvof shifted fleld 1s not

L}NOTE'j In all caaes the "shlfted out bit" is always ;

saved in the Lower IR.E,Q- 9%

_ThlS mlcrOLnstruction causes an S-blt shift, either
left or right; to be executed on any of the followine
pairs of- registers.qf.wa._,,_ - R

4Accumu1ators ‘A and B Ll )
;Any even/odd pair of RBA Reglsters (RO/RI
R2/R3, etc.);.,

uAccumulator B is shifted into accumulator'A,,
;accunulator B is set to eero._Q‘




The odd RBA.register specified:in :
is shifted into the’ ad;acent ‘even- RBA register.

Accumulator ATlS shifted inte accumulator B'"
aCCUmulator A is set to zero. : Lt
,“Shift nght Eight RBA
: The even RBA reoister sﬁecified in the lnstructlon

-is shifted into: “the ad jacent RBA register. The
_even RBn realster 15 set to zero. e : _

thxchange REA

‘fThe even! RBA regxster 5pecif1ed in the 1nstruction
Qis exchanged with the adjacent odd RBA reaister.__;i*

Exchange Spe01a1 Store A

Accinil ator A 1" exchanoed with accumulator Biot o)
“accumulator A is also stored in the odd RBA e
'register speC1fied in the m1croxnstructlon.3 :

-~The eVen/odd RBA register palr 5pec1fied'1n the =i
* {nstruction are exchanged. In addition, the
;- even RBA reglster is stored in accumulator B.,

;Exchange Special, Store B

‘;?"Accumulator Ais exchanged witH accumulator B,‘-"
; “';accumulator B ‘is also stored in the even RBA
“rregister specified in the microinstruction.,




The even/odd RBA reglster pair speclfied.in thel
instruction ‘are. exchanged. In addition; the. -
odd RBA register is stored ln accumulator A

e

;;This microinstructlon-causes tﬁe‘eontents of the .
:Auxillary Address Register to be saved in.the pair-

;Contents of AUYAR sre-stored in the even}odd R
“pair of RBA reOisters speCLfied (RO/Rl, R7[R3,

= 2 ‘r. < £ 'd

lFor purposes of thls-micrOLnstruCtion, the pair_of '%'

f_reglsters specified to receive the contents of et
- AUXAR are considered to be a. single, 16-bit reglster.
;; The 12-bit contents of AUXAR are stored in bits 3-14 -
+of the register pair, with the three high-order bits.:
" and the least- signiflcant bit of the reglster palr
:set to zero.‘gg= :

: STOREZ RO;:AR 7 |

';Thls mlcroinstruction causes the contents of the -t;ft’"

‘. - Control Store Address Register to be saved 5 A
's the pair of registers specified ;

e
'j Micr01nstructlon OPLLOHS. i

7%

1. : Save ROSAR in RBA

- Contents of RDSAR are stored in the even/odd
;pair of RBA registers speclfled (RO/Rl R2/R3




For purpOSes of thls microinstruction the éair of
registers specifled to receive the contents of RDSAR
are considered to be a single, . 16-bit register.” = .~
lehe 12-bit contents of ROSAR are stored in bits e
.3-14 of the register pair, with the three high- -order .
bits’ and the . 1east sxgnificant bit OL the reglsterzbj;;;

1.4."{»“‘1-.--1‘ s ..";‘ ar T

?IDAD-ACCUMULATORS A B

accumulators A, B. The RBA palr specitied must
_be an even/odd pair (RO/RI R2/R3, etc )

-Ihe contents of the even RBA register are loaded
.1nt0 accumulator A.,, 1M11:. _ e ik

>

fOptionally, thls mlcroenstructlon can cause the
byte parity bits, as read out of the selected: RBA
c xegisters, to be" complemented before being 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
~ T&D mode Eparagraph 2.1 2(3)) being set. e
STORE ACCUMUIATORS A B :
ThlS mlcrOIHStruCtlon causes the contents of the
- accumulators A,B to be stored into a specified
1% Ppaly of RBA reglsters. The RBA: pair Speclfled
3'must be an even/odd palr (RO/Rl Q2/R3, etc )

'-(\

CCE 902-1 (1269




The contents"of acoumulator
,the odd RBA reglster. 4

HThe contents of accumulacor A can be optionally'
stored ln the Branch TestLRegroger,;g, e e

:STORE 'IRACE REGIS TER S _
7fThls mlcrOLnsgroctlon causes the contents of the PR R
TRACE register to be saved in the pair o;}reglstersj" :

‘specir;ed

are stored 1n-the even/odd PRet
ters. spec1f1ed (RO/Rl R2/R3,_,“

lContents of TRACE are stored in accumulators

3 FOr purposes Of thls micr01nstruct10n, the palr of'“'”
Tegisters specified to receive the contents 2 e R e
TRACE are considered to be. a single, 16-bit reOLSter. -
: i e stored right- S
: egister pair, with the three hlgh- iy
'order bltS of the reglster palr set to SeX0. i

MAIN MR IORY OPERATIO\{ B {-"f-, e,

START READ MLJORY CYCLE i 57 | 7,
Thls:mioroinstructlon causes the lnitlation of a

- read cycle to the main memory. --The contents of the.

,?addressed memory location are not obtained dlrectly

-~ -with this: mlcr01nstructlon, and must be transferred

c:. 302-: uz-sg;




The . Start ‘Redd. Memory Cycle: micrOLnstruction'will ;
specify. the register source of the memory address, =
-and’ will also specify the zone control to be used G

rThe microinstructlon w1ll allow several optlons 1n
;specifylng ‘the reglster SOurce ‘to be used as, the

“"‘*In the follow1ng list of optlons"reference to an
‘BBA pair implies an even/odd RBA register pair °, ...
<. {RO/R1; R2/R3; etc.), in which the contents of the
“-ﬁreglstef pair is: -conisidered to be a single 16-bit -

- field, with the even RBA register representlng the (A R 0t

high-order 8~b1ts of the field.;._

-Reference to accumulators A B 1mp11es the contents
~of accumulators A and B are considered to be a-
single 16-bit field, with accumulator A representlng
the hlgh order 8 blts of the fleld.,;i_‘___ ;

l. Contents of the spec1f1ed RBA palr are to be.—.'
2 used as the memory address.-

2 Contents of accumulators A B are to be used
: as the memory address.“f»‘ 3 ey

- .‘1._ Y

Contents of accumulators A B are to be used
“-as the memory’ address. In addition, the =
_contents of A,B are to be stored in the RBA
‘ﬁreglster palr specirled in the microinstructlon.; ‘
Contents of a spec1f1ed RBA palr are to be used
7 as the memory address. M e
'In addltlon, the contents of the odd RBA reglster
-(which represents the low- order eight bits of the,
‘address) are to be incremented by one and - = . -
-restored., - The lower Indicator Register is gl
-,Justed as deflned for the add mlcr01nstruct10n. -

=, Tya 2

."5

L CE 302l {IZ6s) T F
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5-,tow-orderseigh -bitsrof memOry address deterdined
,;HTby any of the above options, 1-5. ~The next most—’
r5fsignlficant bit. (28 bit) is determined by the
~.'state of the Shared: Menory Configuration Sw1tch
*(see paragraph 2. 3 5)ss-The most»sxgnlflcant :

o 1This optlon allows addressing.a fixed 256 w0rd
"“!‘memory block, represented by memory location O-
"255 . Or; 256 311 - depending on the. state of the

The micr01nstruction prov1des the'following'optlons;f

B 1 . controlling how data read from the addressed ..
; 'memory location. is to be- restored ln that nemory

locatlon.:,'¢=;q_m;-.‘ S ¥ SR R L :

i -1 Memory word restored as read.‘__h

-'52: High lorder byte ofjmemory word restored as zero :
"E_with good. parlty. ;Low order byte restored T P
1 read & i .‘ 3 . ) : Fiae ) Ny

3 2 T i Ni ok % b S s = . % e
¥ 5 = 5 o 2 T X Ly Fita R= + =it
. >

'H3' Low-order byte of memory word restored as zero et ety
. with.good. parlty.. ngh order byte restored as- ?ff;'” .
readv - _.": 2 T S e 4

- _"‘..“,«"-'. '-...

-47 Entlre memory word restored as. zero, w1th good
parlty.r:__., Sl S e s :

e . T

START WRITL MEMORY CYCLE E
Thls mlcr01nstruct10n causes the 1n1tiation of a
write cycle on the main memory. The data to bo
written is not transferred with this micro-
instruction, but must be transferred to memorg
by the.next sequential microinstruction, whic
fust- be a Write Memory;Data Reg;ster mlcro— S
instruction. ce? B e S e

e A D N BrETe T i i
N




';?The Stert Write Memory Cycle mlcrOLnstruction will

- .specify the register source of the memory address,,
and will also. specify the zone control to be. used
onjthe subsequent wrlte operation.

!_

raddfess source optlohs ‘as defined for the Start
Read Wenory Cycle micr01nstruction.- ? :

;The mler01nst“uorion provides the'folloWLng'options W' :
in:controlling how data’ w111 be subsequently Sl ek ST
-written 1nto memory. R R ;_‘ : .‘,:jﬁff1'
SR 'Only the low-order byte of the addressed*menory
:locatlon will be changed.‘_,L;,H; SRl

.-.'_ T Ry i

¥ ~,Dn1y the hlgh-order byte ‘of. the adaressed memor&
;;- locatlon wmll be changed ‘-f“'lg" ST T

f3. The entlre addressed memory Iocation will be

chanoed

;1Thls mxcr01nstruct10n is used to start a pseudo =
‘-memory cycle which allows access to internal . RS :
memory registers for dlagnostic purposes.;j?nf}{_‘f

13 'The mlcrOLnstructLon will spec1fy the partlcular
- internal memory register to be accessed, and
< whether the register is to be written lnto or read.
A subsequent Read or Write Memory Data Register
~microinstruction will acc0mpllsh the actual read
sor wrlte operation. Rl ff.,,:_ :a. Lt
An actual memory cycle 1s_not lnltiated by the
mlcrOLnstructlon. :

s 2 W 7 Py il ':, : e fo - R
= % s o 2 s <t
e % =

cThlS mlcrolnstructlon_w111 allow the same memo
address”source options. as defined for the Start

“Read Memory Cycle mlcroinstruction. ‘However, ' v7C
131nce an actual memory cycle 1s not lnltiated by-'lfvf




this mlcrolnstructlon, the memory address will b:

B v T EMES ook

,-Thle mlcroinstruction is used for those conflgurations fw
where .a common main memory is shared by two MPC‘ N

_fExecution.of thls micrOLnstructlon alleﬁs one MPC
-£0 ‘set 'a ."Shared Memory Connact! i
< in the sharing.MPC.gﬂ

This microinstruction has the foIIowing options._:

i Set Shared Memory Sonnect Interrupt in other MPC

Reset Shared Memory Connect Interrupt in other_]fe77s;1-
: M Co 12 S

i i ‘ 2
b o SR e ,. s, R P 2 3 '._--t

Set local Shared Memory Connect interrupt.

”§ Reset Iocal Shared Memory Connect lnterrupt,

ory rewlster to e

“This microinstruction .
mmedlately follow the Start Nemory
tion.,Z‘

This mlcr01

Diagnostic Men

- diagnostic inf
. register(s)

.




,in speCLLylng the. date transfer from'the internal

“memory reOLSter ‘to the MPC revister(s) S fo;L’
”ngh o iy byte of memory data to any even RBA“IT
reglster‘(RO RZ etc.)r : Wk

-Low—order byte of memory"data to any odd RBA
register (Rl R3 etc.), :

SE'High order byte of memory data to any even RBA
‘greglster and the Branch Test Reeister. j
;fLow-order byte of memory data to any odd RBA

- register. - High-order byte o;.memory data to 5

tthe Branch Test Reglster.;g::

% Memory data (blts 0- 15) to the specifled even/odd
5 ?RBA‘rengter pair (RO/ql R2/R3, etc. ) i iy

: Same as (5) except high-order byte of memory data
2 13 also placed in Branch Test Register.- !

v., " 3 £

;O; Memory data (blts G 15) to the accunulators A B,“<‘,7fd,j;g '
-~ and also to the even/odd RBA- register palr j_- £
jspeCLfied in the lnatructlon.;j, A

11. Memory “data (blts 0-15) to ‘the lnternal
-~ register which normally holds the next odd
;microxnstruction to be executed.

Thls w111 result in the 16 bit memory data word
- being interpreted as the next odd mlcroxnstruc—
ftlon to be executed : i




r

434177875

= N

a5
. R
]

' Page

WRITE MEMORY DATA REGISTER

This microinstruéti@n.must”immédiateIY“folléw'af?,‘H
Start Write Memory Cycle microinstruction, and Sk
results in the transfer of the data to be written =
ﬁnto-read[writg MEMOTY, - 1oy, i am o 2 RO

l"'\-.";-= : E IR D R

;Tﬁé“miéiaiﬁsétﬁcéion”ai16§sfthe“félloﬁing options .

‘infspecifying;thefsource,register,to be used:for
' ' In all casesL a'16;bit_data;,f'

Tl e T O
i R b I b
AT

‘Whera REA register palr 15" named, 1t must be abr s
even/odd pair (RO/RL, R2/R3; etc.). The register .
VpairgiS-cpns@dered a lﬁvbit?data-field_yith'thé e

ining the most-significant - = .

- containing the most-significant byte;gj }JL?:i§f‘L

"I;‘bafé-tfénsfefréd'from,anyfeven/qd
Eacn a3 e e L e M

LR Fogiarer .7 ¢

}2;7Déta:;fansferr¢d fréé_addﬁﬁﬁléf@fé'A;B::ué"-w
3;ibétaﬁffénéf9rféd'frbﬁiacéuﬁﬁiétofé'K;ﬁ; \ :
~-1s also stored in the RBA register L

= w2
3

_specified in the microinstruction. S

£ B st e

. Data transferred from any even/odd RBA e
~..reglster pair. In addition, the contents A R L
--.the odd RBA register are incremented ghd =T ae

" restored. SR Sl R I i S S

c{abz-l,,(iis-s_‘) 5




;This'microinstruction prov1des the ca abillty of;
loading various registers. associated with the . =2
%nterrupt mechanlsm and the Interval Tlmer.‘~;-

L o '»-A.}‘ &

The mlcroinstruotion allows'the foilowing optionsﬂ'

‘The contnnts of the A B accumulators, bits.
0-15, are loaded into the Interval Timer. o
Bl 0 must be loaded as "0," or an ‘Interval *
‘_Timer Ovarflow Condltlon w111 be generated.-;-

-fBlts 6 7 of accumulator B are loaded into thelffa”

1DA Number Reglster.

qf”he contents of accumulator B are loaded into
the T&D QeOister.‘w;g_,,. e S L UL o

LT -;.-,‘ LR & b ".“,.-.."
St

f The contents of the A B accumulators are
‘~loaded into the lnternal register which

’normally holds the, next odd micr01nstroctlon Fa

= to be executed.;

:This results in the establlshment of the 16 blt
-~ field in accumulators A,B as the next odd : .
é mxcroxnstructlon to be executed.‘ e :

LM

o e e e




\ s AP
_Tb;s microinstructlon provrdes the capabilxty
ﬂstoring various recisters assoc1ated with the

fThe lﬁ—blt contents of the Interval Tlmer are
- - stored in accumulators A,B. - (Fote the high~"
= order: blt of the Interval Tlmer is’ the "runout".-

;23 Store Device Adapter Number Regmster

'eThe 2 b1t contents of rhe bA,Number Register are'

storad, right-Justlfied, in accumulator B. High-:fgfay.

f;iorder six blts of B are. set to zero,

Store T&D Register

5, ot L R

The contents of the T&D register are stored
eccumulator B. : _

LN o

Save Error~Data Register
i'The contents of the’ Error Data Register are

fsaved in accumulators A,B,. - The -Error Data
Reglster is cleared to zero._;

Store Interrupt Condltlons

: The kacro Interrupt Conditions are stored in
. accumulator B. . These condltlons included the
5 following G - h

EN 2 (one for each dev1ce ;" (Accunulator B)0 3
. adapter) 08 T ;
Operator Interrupt COndlthn 1,i Accunulator”Bgﬁ i
- Shared Memory Connect - " . (Accumulator g .
“Interval Timer Runout ,',»' - (Accunmulator B)
Manual Mode e gt (Accumulator B)7




G- ?-lﬁInhibLt, Simulate EN-1, 'Inhibit
‘Mﬂcro fnterrupc Dual Channel Node~Blt;"”“

_5The etate of the 16 conflguratlon switchﬂs'(see“_
;s paragraph 4 2. 8) are stored ln accunulators n,B

P Save Data SWltChes

.-'.J o

;2 ?) -are stored Ln accunulator A, B"

,-z“ ‘_..:‘

HfAIth, INTERRUP‘I‘ MECdANISM CO’\‘DITIONS

tZThls microxnstruction ‘allows ‘the’ follow1ng lnterrupt
'and coptrol conditions to be set or reset' .

fWhen set, thls COndltlon w111 cause a11 EN—l i:”'“':'r
tinterrupt requests to be icnored.;g,_,_; v

&

_ : SRy : : e
.Settlncr of this condltion will cause an artlficx&l
“EN-1 1nterrupt request to be generated for wll -
5four DA ports,. The interrupt request w111 exist
untll this condltlon is xe set.J', et Aty

ﬁ3. Inhlbih all dacro Interrupts ;;fh
When set thls conditlon w111 lnhiblt the
detectxon of ‘a Macro Interrupt request or *
“Interval Timer overflow.  :The interrupt: "
-‘requests will be détected and executed when- 3 oo
;the 1nh1bit condltlon is reset if- stlll present.,w ﬁm"

tasd i




'The'mlcrOLnterrupt SendtE s Are stored in”
accumulator AG 7 ‘.J,__,; o sm

-'.,- ,v -4

SRRGT inh:.bit,'smuzate ML, Inhlbi.t
nterrupt Dual Channel Mbde Blt._;_wff'

-h_

- i

s : e ; A
éThe state of the'lﬁ conflguration switches (see-‘ b
tfparagraph 4 2: 8) are stored in accumulators A, B';'-

--The state of the 16 data sw1tches’(see%paragraph
A4 2 7) are stored in accumulator A B.-;~

-'—-. -

.This microinstructlon allows the following Lnterrupt__e
and control.condltions to be set or reset'e; E

% =1
o_..‘a.v.‘,.,_.

;Inhibit all EN 1 Interrupts

'fWhen set, thls condition will cause’ all EN-I
,lnterrupt requests to be ignored..;‘u,_x

JSettina of this condltion will cause an’ artificial
-~EN=1 1nterrupt request to be generated for all = -
. four DA ports.  The interrupt requesL w111 ex1st

e until this conditlon is reset.r ) 5 :

When set thlS condltlon w111 1nhibit the :
'.detectlon of a Macro Lnterrupt request oy "o N
> -Interval Timer overflow. ‘The interrupt = .:°
- requests will be detected and executed when : -
.the inhibit condition is reset if still present. --




“artificial Error Interrupt to be executed. o
‘The Error Data. Register will be set’ to indi-,f'
:cate theilnterrupt was 51mu1ated._- » s

;This condltlon is reset‘automatlcally when,‘
the -Error Data Reglster is read out during
'the Error Interrupt service. M, i

Thlg cendltion controls whxch RBA - half 1s. -
addressed, when the MPC is in the Normal
level of operatlan. ‘ e

When thlS pointer is set, the “upper“ RBA.
half ‘is addressed by microinstructions.;_i_

- &
‘\‘:'- A

:when the MPC is operatino in the "Normal"’*-*sJT
jlevel of operation. . e S

‘~AThe state of th;s pornter can be‘changed onI

5 Dual Channel Mode Pk o

_--.,,

The state of thls blt is used durino interrupt"é =
service to determine in which RBA half high- g
level- interrupt: service for DA Port Number 17

is to take place.m (See paragraph 2 1 3. 2 )

S

?When this condltion is set the MPC clock is :
“stopped, and the MPC assumes a halt state. Pl L
;The condltlon is reset by Operator Panel switch. e M

jWhen set thlS mode causes the d-c inltlellza-‘
Qtlon of'the MPC, and then starts the MPC clock.’
~ The condition is automatically reset during the
initlalizatlon operatlon. . . potes :

i-%Caﬂ.onIy occur if MPC is in the nanual or T&D modes, or if
[‘5 an Error Interrupt is in process of belng_serV1ced.-;;: o




':This microinstfuction controis the transfer Of "
-~ data between the MPC and anyuof theynﬂvice Adapter

3

fThe micr01nstruct10n allows the follow1no options

o AL TR L B : v ;
1~\EA,port deflned by contents of,Devxce Adapter
'iNumber Register.li'gi

'-1 Delayed tmtil sicrnal detected on RPI 1ine
s from Device Adapter Interface. -

51: Data in 11nes (0 15) are-lcaded‘into accumulators_:
-._A,_Ba :_:-'::'___; -:"."Z-:';':' s S X

32 Data -in 1ines (8 15) are loaded 1nto accumulator
- : (Slngle byte t“ansfer.}, e

‘-?4.,Data-1n llnes (0 15) are loaded into the internal
- -.~register which normally holds the next odd micro-"
instructlon to be executed ‘I;,.ngﬂ*_, AT e
wkhh“ThlS results in the 16-b1t data field from tne
-data-in lines being interpreted as. the next odd
'mltroxnstructlon to be executed. P

e 02 nz-esy




Control ‘bus of the DAI during the microinstrﬁction
_e$9qptiogn

;1. Information on the DAI - Status
‘into the Branch Test reglster.

The data-ou 11nes always_reflect the current
-contents of accumuIator A,




Because of the concurrent branch capabilit a11 ‘
"branch type microinstructions will phy51ca{1y s
reside at odd control store address locatlons, and,

v will cause—B“anches to even control store address %

A Branch mlcrornstruction in an even control store i
-1ocatlon is treated as a NOP by tﬁ M?bt'}(f: en

‘Ihls microinstructlon allows the testing of any
bit of.any of the fellow:.ncr registers.: R

~Upper Indlcator Register
'Lower Indicator Register-
Accumulator A -

Accumulator B - T
Branch Test Register o

*The mlcroinstruction will specify whetﬁer the bit

“is to be tested for a "true' or a "false" conditlon.

.The condition tested will always be as it existed
-before the concurrent execution of the "even" N e E
- address microinstruction assoclated wrth the “odd"
‘brancH mlcr01nstructlon. i P dgu et e

Y ERR AL P T G

(If the condltlon tested for is found to eX1st
‘a branch will be made to the even ROS location
‘specified by the microinstruction. ' This even
:location can be anywhere within the 256 word
scontrol store segment in which the branch 5
"1nstruction is located.. g sk

fIf the condltlon tested for is found to not exxst
the next sequentlal microinstruction lS executed.

| L

E SRR BT T S e 0 T
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;Wlthln.the 256 Word control store segment :
'vin which the Branch microxnstruction reside'

Withln any ‘one of the four 256 word contrdlw
store segments immediately. preceding the 2
segment containlng the BrancH mlcroinstructlon,

"QfW1thin“ény'oneinf”the three-236~word control
 store segments immediately following. the seg-

e ment containing the Branch mLcroinstruction.

by
o 3

:iThlS mlcroinstructlon 15 ident1ca1 to the DlreCt

Segment Branch microinstruction with the exception

i that,before executing the branch the current con-

tents of the control store Address Register (ROSAR)

are saved.in the Auxiliary Address Register (AUXAR

'TThe current contents of ROSAR is defined to mean

. the even control store address which is the
address of the even/odd microinstruction.pair

ﬂecontalnlng the Branch instructlon.Af(

'

- VECTOR. 'SEGMENT BRANCH % i

wiie bs

"fThis mlcr01nstruction allows an indexed brandh to
be made 1nto a microinstructlon table,u;_kj,“ s

The table may ‘be located anywhere within the 256 ‘j%F_ﬁff;‘j

word control store segment containing the Vector
Segment Branch microinstruction. -The microinstruc-' .
" tion will contain the segment address of the table,‘ s
which must be even. ] B

:‘The index into t&e table is provided by the con- iidiﬁﬁ

‘tents of a selected register: fleld, -as spec1fied
by the mlcroinstruction. Ay 25
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Cont

'?The teble may be elther four even/odd microinstruc-
tion pairs long, or 16 even/odd microinstruction
.pairs long..  The binary value of the selected :
register field is used to determine the ‘even/fodd - -
‘microinstruction pair of the table to be branched -
to. The branch'is effectively made to the even el
microinstruction of the even/odd palr._ 2

_The following register flelds may be called out_j
by the microinstruction to be used as’ the index3'*
;_into the SPEleied table.-g T O St

;Branch Test ReOister,,f A

“Branch’ Test Register,

“Branch Test Register, . .

_Branch Test Register, -

Branch Test Register,

~Branch Test Register, ':..

;Interrupt Mechanlsm Status, bits 0 3

dehe execution of thls micr01nstruction causes a'f's T S
~branch to be made using the contents of a speci- i .« waiions
.fied register as the absolute branch address.,b:.

The following reoisters can be specified as -
containlng the absolute branch address

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

(AUXAR)3 14210 -+ 2 = absolute branch'?d
0 "’address ,1“'*¢w,

e

A carry across byte boundary is not
propaeated (bit to bit 7)




_The contents of ‘accumulator A are”combined
“with an immediate value field from the branch
~microinstruction to form the‘absolute branch <2
,address as fOIIOWS-;au

7t7-bit tmmediate value)}‘-jﬁﬁsir
> branch address‘ s : 1:

5 If;the 16 bits of accumulators A B treated as
one 16-bit field; are-designated O- 235, othe s i
absolute branch address is formed as follows..-

g %
MG oy
ikl

) + b
Vhraal S S AT Yo 2

rO—lS, the absolute branch address 1is formed ';;‘“

as. fOllﬂWS-ﬂff.aW...

‘ -absolute s e
branch address :

'The mlcroinstruction also allows the concurrent JLEQ"“
?execution of - one of the following options.,;: e

A T N T

tSafestore conteﬁts of ROSAR in AUXAR S
before executing the absolute branch.‘_*-y~~~

Reset the current lnterrupt 1eve1 in pre~1h
gress. e S v ,,}:: ‘w:_ﬂ_h_,. },{;k,,

“;53 Execute both optlons (l) and (2)

In’ the event tbe 1nterruPt level is Teset by the _1
““execution of the absolute branch, an absolute | "
~branch address generated. from the contents of AUXAR

is not incremented by 2. S
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