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Chapter 2 Instruction Buffer Unit

2.i Function of the Instruction Buffer Unit

2.1.1 Introduction

The Instruction Buffer Unit (IBU) supplies functions to the
primary Cperand Unit (PROP) in the instruction sequence required by
the curront process. In particular, the IBU is designed such that
the effect that a control transfer has on a process sequence is the
minimum compatible with the eng?neering offort and hardware available
for this unit, ‘ ‘

It has been shown that fbi many programs an averéga of'65 out of
eveory 100 test instructions cause a confrol transfer, with a suﬁsequent
disruption of the instruction flow. If the IBU could 'remember’ the
results of tests and supply to PROP the same sequence 6f instructiohs
ugsed the previous time a test was obeyed, then it yould be possible to
reduce the number 6f disruptions to the inhtfuction flow.h

The ideal solution would be that where PROP Control detected &
control transfer, the required out of sequence instruction Wouid be in
the pipeline, and be the next to be obeyed. ‘To realise this situation
would require an IBU of ‘impractical complexity, so a'compromisa arrangemeht
has been adopted which still offers a sig ificant improvement. The ‘
statistical information which assisted the desién of.this unit is
-available in another document (I,.A.Taylor), and so will not be discussed

here.

2.1.2 1IBU Orga isation

The IBU may be considered as consisting of three main sectionsi-

(a) Data flow and control
(b) store reguest system

(¢) Jump trace,

i fhe remainder of this section provides a g neral outline of the functions
of the above, while detailed 1nformatlon 1s contained in the succeedlng

sections of this chapter The IBU is shown in schematic form on diag am

2/F1G.1,
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The data flow is that section of the IBU which is in‘the path
between the SAC highway and PROP., Bagically the data flow consists of
three 128-bit buffers and associated control logic., Information is
received from store in 64-bit biword form (1 word = 32 bits), and
- assembled in the first IBU buffer to form a 128-bit quadword., Each
quadwnrd contazns eight 16~b1t functions, The control‘logic unpacks
the requlred functlons from the quadword, and holds them in sequentlal
order in the second and thlrd 128 bit, reglsters from where PROP extracts
them as requlred. "

‘ The store request syétem consists of a.counter loop which forms
the store address ©of quadwords and issues store requests at a rate
matched to that at which PROP takes functions from the data flow,
Normally the store request system generates requ;sts in this gyclic
manner until a control transfer occurs,

. The jump trace is an associatively addressed store within the
.Iéu'which holds pairs of jump-from and jump-to addresses. When the '
étore request system produces an address which is identical to one
held within the associative field of the jump trace, i.e., a jump-
from adﬁress, then the normal procedure of issuing a store request
is inhibited. Instead the address of the_jumped-to instruction is
read out of the value field of the Jump trace and it is this address
which is sent to the store to locate the out of sequence instructions.
Obviously tﬁere is a limit to the number of jump-from/jump-to addresses
which can be stored, and it can be sﬁown that a.satisfactory size of
Jump tréce is one having eight lines, The trace is loaded under the
control of PROP, a jump being loaded after having caused a control
transfer once, The eight line jump trace, loadéd in a cyc}ic manner,
has the effect of reducing the number of disruptions per 100 tests from
65 to 33. |
Note that once a jump has been entered into the trace the store
request system will continue tg interrupt the sequencé of functions sent
to PROP until the entry is over-written. However, although the function
gequence may be interrupted, the flow of instructions thréugh the PROP
pipeline is not affected, No attempt is ﬁéde‘to,correct the trace when
a predicted jump does not dececur, instead PROP issues a store request -

to obtain the required functions,

\
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2.2 Dafa Flow and Control

2.,2.1 Input Register

Requests to the store are made for a 128-bit quadword which
represents one line of one stack, or for the most‘significant 64-bit
biword in the quadword depending on the number of 106~bit functions (half-
words) actually fequired from that quadword,

The IBU is connected to the fast store by a 64-bit highway, thus
the quadword will be received from store as.two separate O4~bit biwords.
The more significant b@word (bits 00 to 63 of the quadword) arrives at
“the IBU accompanied by three extra bits, One of these bits is the IPBS
bit and is discussed later in section 2.3.5. The second bit is the IDVA
bit which instructs the Unpack Logic to strobe the more significant biwoxd
in the more significant half of the 128-bit input register RIP. The third
bit is the valid data bit (IDV). Approximately '40ns later the less

significant biword is strobed into the l.s., half of RIP.

2.2.2 Unpack Logic

-

The quadword in RIP may contain a number of functions which are
Not required for the process, only the required functions are transferred,
via the Additional Stbrage Register (RAS) to the Closq Pack register RCP,
From RCP the 16-bit functions.are taken by PROP at a maximum rate of one
every 40ns. |

The information required to control the unpacking of functions from
RIP is contained in one of the four lines of the Unpack Record (see 2,2.0),
Oﬁe line of the Unpack Record controls the passage of one quadword through
RIP. Each function has a sequence (S) bit which acéompanies the function

across to PROP.

2.2.3 Buffer Coﬁtrol
“he Fill Register (RFL) controls the transfer of functions
from RIP fto RAS via the anti-skew register RIMB. The transfer of functions
from RAS to RCP is controlled by the Unfill Register RUNF. o
. RANM, RBM, RCM and RDM are monitor registers which keep track of the
valid functions as they pass through thevbuffers. RAM and RDM rccord empty
spaces in RAS and RCP, RCM and RCP valid functions in RAS and RCP.



2.2+ Advanced Control ‘ ,
The function in RCP which is the next to be used by PROP is
indicated by the cyclic advanced control register, Vhen a functlon has

been accepted by PROn this register is incremented by 1.

2.2.5 Functions Held Unit

The functions held unit detects the number of valld functions in
k RCP from the monitor register RBM and produces five signals (GIB17, GIB21,
GIB22, GIB23 and GIB24) which indicate there are >1, >2, >3, >4 or >§
valid functions respedtively. "These signals may be sampled by PROP to
determine the number of functions held in RCP at any time. Note that in
the case of inétructions which require more thard one function (16~bit half-
woxrd) , PROP will not commence such an instiuction until all the reguired

half-words are available in RCP,

2.2.,0 Unpack Record

The inférmation required to receive quadwords into, and unpack
vthem from, the Input Register is contained in the Unpack Record. The
contents of the Unpack Record represent the effective. number of functions

requested but not yet strobed into RAS. The Unpack Record has four lines,

2/2/2

ecach representing the passage of one quadword through RIP, and each comprlclng

flVG flelds as detailed below.

(a) JT bits (3) give tho position in RIP of the first
function in the quadword which is to be transferred to RAS.
(b)Y T bits (3) gives the number of valid functions in the
‘ quadword which are to be transferred to RAS.
(¢c) s bit, This bit indicates whether the first function .
| ‘to be unpacked is in (8 = 0) or out (s = 1) of sequence.
(d) W’bit. This bit indicates the number of passgs‘through RIP.
' The effect of the Vi, or saﬁe4word, bit is describedlmore |
_ fully in section 2.4. '
(e) C.0, bit, This bit indicates whether a segment overflow

has occurred,

The Unpack Record is a shift register i.e. filled at one“end and emptied at
the other end (see section 2.3). The output is applied to the Unpaék
Logic for the purposes of unpacking the quadword in RIP, '
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Yhén'the four lines of the Unpack Record are full the Store ﬁequest
'SYSbem is nrevented from making a store request for a further quadword
until such tlmo as a 11ne becomes free, _

The JT flsld is 1oaded dlrectly from the Store Request register
RSR, while the T bits are obtalned from the T bit generator, and the S,V

and CO are obtained from the Trace Equivalence Logic, the Trace Value Field

o and the Predlcted Control Register respectlvely.
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2.3 _Store Reguest System

2.3.i General
. Thé_store Request System provides requests fér qﬁadwords'froﬁ
the store at the reguired inter&als. .The store address is obtained by
cycling the previous -address through a ﬁeriés o? éoqntér loops,
incrementing the address by 2 on each cycle, These store addresses are
éompared with the table of jump~from addresses held in associative
field of the jumﬁ trace, If the addreéses are identical thén the
corresponding jump-to address is read out of the value field and sent
to store. VWhere the'éddress is not contained in the‘jump trace‘the
store address is sent to store only when quadword boundaries are crossed.
The store roquest system is shown, together with the jump trace in

diagram 2/FIG.1.

2.3.2 Store Address and Counter Loop .
. Initially the IBU receives from PROP a 31-bit absolute’ jump~fo
address, 14 segment bits and 17 line bits, which is loaded into the
' Sfore Request register RSR; A priority request is then made to the
’ store for the addressed quadword, and the 31-bit address is also copied
to the 31-bit Predicted Control register RPC.
As PROP may use the functions held in the close pack register at
a rate of one every 4Onsec, it'is necesséry'for IBU to,generate'store
roquests at intervals to match this rate.lNote'fhat all store addresses
produced by the étore request system are applied to the associative field
of the jump trace. This association takes 4Onsec and thus can be ‘
performed in parallei with the'incrementing‘of the storé.addross in the
» ~counter loop. If, however,"a'jump pgir is detected and the required jump-
- to addﬁesg is available in the;vélue field, the reading out of this address
"Oécupie;fagfgrther 40nsec. This would have the effect of increaéing the
coﬁhfer;ido§ §§me to 8onsec, fhgsugiving an average cquntér loop time of
>40ns§q. ) ", " . ‘ h‘ | 4. .
.To ovorcome this effect, and to bring down the counter loop time
to <4Onsec, the association for two addresses is performed at tho same time,
The design of the associative store (jump trace) allows this procedure to |
be followed, The Jjump trace is'arranged to have a 30-bit associative fiqid,
with the extra 31st bit selecting the‘co;rect line of the value field. Thus
two addresses differing only in their least significaht bit may be presented

to the associative field at the same time.
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I{ the Line Register RLR indicates that an equivalence has been
obtained in the associative field, then the 31st hit of the addféés is used
to select the correct line of the vaiue-field. The required jump-to address
is then read ou? to the Store Request register, Noté that while tﬁe
agsociative phase is in progress the address held in RPC is cycled through
the counter énd incremented by 2 (on the m.s. 16 bits of the llne address).
‘The counter is normally set to the +2 mode, except when loadlnﬂ the jump
trace (see sect10n2.4), and the cycle is completed in 40nsec, The new
‘address formed is strobed into RPC and associated; '

‘ If RLR does not indicate an equivalence for the'first "double’
association it is strobed for the result of the ﬁextvand'the qdunter cycle:
- ropeated., Thus the address in RPC is incremented by 2 for every cycle pf.
the 100@. The counter loop continu s in this manner unéil éné of the

following conditions occurs.

(a) Jump trace equivalence

(b) lLoad order signal from PROP

(c)'store request signal from PROP

(d) store Access Control (SAC) does not accept a request
(e) The Buffers (RAS and RCP) become full

(£) The Unpack Record becomes full,

2.3.3 Non Priority Store Requests

A non priority store request is made when:-

(é) A quadword boundary is crossed .

(b) Jump trace equivalence occurs

The crossing of a quadword boundary is detected by RWO in the carry system
of the counter loop. This causes the new address formed by the counter
loop to bhe copied into RSR as well as RPC. The output of 7' bit generator
is strobed into the Request Releasing System (see 2.3.4) and to the ‘
Unpack Record where it is stored, together with the three least significant
bits of RSR, until the requested quadword comes from store. The 'T' bits
are used to determine the number of valid functions in the pfevious
quadword and the three least significant bits of RSR, which will all be;
zoro, are used to point to the start of the unpacking of the present

quadword.
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As stated previously the counter loop is halted if jump trace
eguivalence occurs, and while the jump-to address is being read from the
value field to RSR the Unpack Record is filled as above, but;with the ’S'.
bit set to a 1. A non priorily store request is made, using the Jump=-to
address in RSR, unless the W bit’is sot (see secfion 2.4 = Jump and Loop
Catching). The Jump-to address is copied to RPC, and, cycled around the

counter loop in the normal manner.

,3,4 Request Releasing System
;“he rate of issuing reguests is,related to the rate at which

PROP uses tho functions held within the IBU. It will be appreciated that
should PROP be held up for a period further requests must be delayed owing
to the limited storage capacity of the IBU's buffers.:

After non priority requests have passed through the CPRs they are
prevented from going to store by the Request Releasing System, until there
_is time and space available to uhpack the valid functions‘held within these
request quadwords,’ | v ‘ ) ‘ |

The 'T! (time) bits are a count of the valid functions in any one
_quadword and by using these the Request Releasing Syﬁtem can dotermine the
time (4Onsec per function) and space (16 bits per function) that will need
to be available before a request can be released to store; | '

RCP and RAS can hold a total of sixteen functions, If the totel
. number of functions requested minus the number defunetions taken by PROP
is greater than sixteeh, and PROP was to stop, the extra functions would
come to rest in RIP. The releasing‘of another request at this stage would
cause these functions in RIP to be overwritten, Therefore, the rule for

reloa31nv requests igt=- The total number of‘functions‘requested since the

" buffer were last cleared minus the number of functions. taken by PROD is

equal to or less than 'sixteen AND sufficient tlme has elapsed (T bits X 40ns)

_51nce the previous request was released. A

2.3.5 Priority Store Requests
 An IBU prlorlty request hau top prlorluy and 1s 1n1t1ated by PPOP

when: -

(a) An interrupt occurs .
(b) A procedure call is made |
(c) The IDBU supplies to PROP an incorrect seduence'of functions .,

S
‘
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In cases (a) and (b) the Fixed Instructions are read (see 2,3°6)
before PROP initiates a‘priority request, but in case (c) PROP detects, by
use of the sequence (§8) bit, the facf that the IBU has predicted incorrectly.
In all three cases the IBU's buffers and the PROP pipeline are full of
"redundant functioﬁs, and when the IBU issueg a priority requesf it stops its
counter-loop, clears its buffers, and waits until the store answers tho
priority request., All outstanding non priorify requests are ignored until the

store answers the priority request with the IPBS bit.

2.3.0 TFixed Instructions

Vithin the IBU there are four fixed instructions which are:-

(a) set Link (32 bits)

(b) Exit (32 bits)

(c) Stack Link : i
(d) Jump DLOI.

Vhen an interrupt entry is made (2) and (b) are read, the IBU is cleared (not
the jump trace) and a priority request is made, Similarly, when a procsdure
call occurs (e) and (d) are read, the IBU is again cleared, and & priority

reguest is made,



2/4/1

2.4 The Jump Trace

e
« .

2..1 General
The .jump trace is an eight line associativ-ly addressed store

which holds jump-from {(associative field) and jump-to addroesses (value

. field), The jump-from address (31 bit) is the ,address of the last function

(half-word) of the last instruction used by PROP which caused a control
transfer., The jump-to address is the addfess of the first half-word of
-:the jumped-to instruction, i.e., the instruction address. Thus the trace
. holds eight different control transfers (jump pairs)., The loading of Jump

pairs into the trace is cyclic as described in the following section,

2.4 .2 Jump Trace Loading ‘

' The onus is on PROP to decide which jumps shall be loaded into the
'jump trace, Whén such a predicted‘jump reaches the PROP control wvegister a
second time, its sequence (5) bit is set and this prevents a second loading
‘of this jump into the trace., Note that the jump will now automatically be
followed by the out of sequence instructions dbtained by By,

Two forms of relative jump instructions are handled by PROP:~

(a) Jumps with a literal increment

(b) Jumps with an operand inérement.
Type (b) infers a non-catchablo jump in that it is unlikely that Control
will transfer to the same address again when this pafticular Jjump occurs
. (i.0., multiwvay jump), If such jumps were to be held in the trace it would
be necessary to store and sup@ly to PROP the predicted jump-to address to
be checked against the actual jump—to-addreés, with a regultant high time
and storage penalty. | ' |

To avoid adopting this checking procedure only literal relative
‘ coﬁtrol transfers are held in the trace., A control transfer of this type is
loaded into the trace after it has caused & control transfer once, After
this such an instruction will either jump or not jump again, but when a‘jump

is successful it is always to the same store address. Thus no jump~to address

)

checking is required. -

'



2/4/2

\

The sequence of functions supplied to PROP may be incorrect for

‘any of the following reasons:-

: (a)fAn unpredicted relative literal increment jump occurs (S = 0)

-

(b) A predicted jump does not occur (5 = 1)
" (¢) An EXIT or RETURN instruction occurs

(d) A non-literal increment jump occurs,

Condition (a) causes the trace to be loaded Qith the juﬁp—from
and jump-to addresses, and a priority roguest is made for the quaﬁword
containing the first of the out of sequence instructions, Conditions
(b)Y, () and {d) cause priority store requests only (i.e., no trace loading).

The PROP Control Adde£ performs two' cycles to form the jump~from
and jump-to addresses, which are supplied-to IBU fo? ioading into the
jump trace, First the address in the Control fegis?er is incremented by
i, 2, 3 0r}5 dépending on the number of 16-bit half-words which form the
jumped-from instruction, This gives the address of- the first function
of the next instruction in the normal program soequence, which is not strobed
into the Control regist r. During the second adder .eycle the jump-to
address is formed by applying a literal or non=literal increment, the result
being strobed into Control, o '

Vhen an unpredicted jump occurs (condition (a) above) the result of
the first adder cycle is loaded into the associative field of the trace as
the jump-from address, after being decremented by 1, This operation,
Porformed by the store request counter loop, ensures that the address loaded
is the address of the last function (half-word) of the last instruction
Before control transfer, While the subtraction is performed the jump~to
address is set into RSR., A priority store réquest is made, using the
address in RSR, while the respective fields of the trace are loaded from
RPC and RSR. | | _

As stated previously, the conditions (b), (c¢) and (d) do not cause
the trace to be loaded. The first cycle.output'of the Control Addér is not
used, but the result of the second cycle forms the jump-to address which is
loaded into RSR, A priority store requést is made to locate the out of
sequence instructions, while the content of RSR is copied to RPC., The

. counter loop then commences to form the new address in the normal manner,
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In all cases where a store reqﬁesf ie made after an iﬁcorrect function'
' sequence, the Unpack ‘Record is cleared and then the Unpack Record JT field

is loaded from the least 51gn1flcant three bltm of the Jump-to address in

RSR. The Unpack Loglc will only recommence’ unpacklng operationsg when the
requ1red priority requested quadword arrives from storsc.

The trace is only cleared on Process Changes OR General Resets,

2.4.3 ‘Jump and Loop Catching

In order to minimise store requests in cases where the' jump~from
and jump~to addresses are in the same quadword ; these addresses azre
oquivalenced on the most significanf 23 bits (i.e,, store address of a
quadword) be ore loading into the trace., ¥ equivalence is dotected then
the same word bit, bit 64, is set and is loaded with the jump~to address
into the,veluo field, while the jump-from address is loaded into the
agsociative field, if no equivalenee then bit 64 is not set.

Bit 64 indicates to' the store reQuest system that when the
association predicts a jump to a particuiariquadword, that request has
already been made and so no further request‘ﬁeed'be produced for that
quadword, The normal line loading‘of'the Unpack Record is'performed, with

bit 64 being set. The T bits rétain their original value.
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' Chapter 3 ' Primery Operend Unit' =~ . - .
’ 3.4 Intyoduetion L
The Primary Opercand Unit (PROP) wmsceives instructieas Zrom

the Instruction Buffer Unit (IBU)Q,aﬁd assembi@s %ha prim 2y operand
roquired by the imstruction in 2 form suitable Zow @ﬂGﬂ ion of
instzuction, The function and asseciated primaory oparond owe
precented to the Cemtrel Highway vhich routes the information w0 o
- Centrol Register Zor execution of the imstruction. FROP i oloo
rasponsible ﬁer the execution of GRGANISATIGNAL €2°) exdors.,
The PROP is chown schematic f@rn in 3/FiG, 1, Avong
the fentures chowa are the main warkimg zegicters iavolved in

the opexand aasembly process, the major intexnal ond enternal
"l

PEN

highvays ocnd the Name Store, Not showm ave Gho PROIF internal

<‘)

- Veptore registers, a full 1ist of vhich is availoblc in Ssotion 3,12,
The Zumetions of the various hardwvare features nwa ddocroned updles
the relevent sections whlch deal with the opsran@ an@ euizonianbionald
PrOCEs808 in detail,

In cddition, PROP alco contains the Contrel Regintam
{see Section 3.5), ond hardvare wequired %o implemen® whe

Interrupt feooturs of the system (oee Sectiom 3.0),

30Lol Primory Opercnds = PROP & OBS Neme Stores
A primary opsrond may b2 any one of the Lollewing tyrmong=

(i) Nomed operand (variable or fata d@snA“pﬁ@ﬂ?
{ii)Literal '

(iiidLlocal V=store operand

(iv)Intermal Regiloter operend

Nemed operandsare aoxmally obitainsd from ome of o Nomo
Stores inm PROP & OBS vwhich oxe high speed asse@iétively addzecaed
atores forming the lewest hardvare levsl o ome~level Virtusl
Store of the System, PROP Nome Store contains 32 Rimes of 64 biis,
4 @f hich are xesexved as vorking store for Level ¢ Interzupd
RouGines (sec Section 3.1L1.4)3 OBS Name Stoxe is poxt of 2 lexgon
Iﬁiésﬂog 14tive otore used for ell operands pessiag through 0BS dea
A3‘,Gpsrand Buaﬁer St@r@) and cont mins 24 lanes of 64 bito,
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Named Variable Operands for ACC are kept maiﬁly in OBS
Name Store; the rem&ining named operandé are'kept meinly in PROP
Name Store., A Named Operand cannot be in more than one Name Store
at any timej a copy'(not necessarily the latest) is:always kept in
Store (normally Local Stoxre but’possibly a Store addrossed via
Exchange) aocessed through the Store Access Control Unit {SAC).. -
The PROP Name Store is not used for imstructions which
specify eny of the following:= | ' \
(a) Literals:~ Assembled in the PROP literal registers
(see Section 3,10.1), ,
_‘(b) Local V-gstore or Internal Register Qperands:myobtaiﬁmd
o by addressing the appropriate hardware umit fxom PRUP
{see Sections 301003 & 3.12),
(c) XNB Accesses to Non-Local Names extérmal to Nemo Segment
(see Sections 3.2.5 & 3.10.5), ,
Conversely to (c), an Operand accessed via a Degcripior
may be in PROP Name Store under exceptlonal ciroumstances see
Section 3.,11.3,

3.1,2 The PROP °‘Pipeline’

The PROP consists of six independent stages whichian ‘
ingiruetion completes as’ it proceeds through PRDP and Cenzr&i
Highway from Instruction Buffer to a Cenfral Regxstero Each of
the six stages can be dealing with .a seperate instruction at any
one time, thus permitting PROP to act as s “pipeliné“ handiing
a8ix sepera‘a‘;e instructions in different phases of assemb'iyu

At no stage before the order is guaranteed to execute is any
irreversible action taken by the Pipeline i.,0, interrupts can Find
Control pointing to the oxder next to be executed The Pipeline
. overlap is reduced whenever necegsary to ensure“that this is sae‘

At oach stage of the assembly process the functlon bit i of

T an 1nstrucﬁ10n 81e held in a function reglster, d are copzed

‘H through to the.next function reglster ag the lnstructzon praceedﬁ

. alonu the plpelmne These fumctlon reglsuers are ahown as RDFQRFt 0

RF5 in 3/FIG, 1o ..



o

For g simple oxder (0.8., loading the Bepdrith wndd 7ith o

primary operond in Neme Stowe), the sixm olages aet an helowie

Stoge 03 Function decede and shifis

0y

T2
The instruction is deccded, the mame chifted zaelabivwe o the

bose and the gppropziate base celscted,
S%age 13 Name-base additioms ,
" The name io ofded to. the bese in the Naﬁ@ Ldder,
Btome 23 Arsociotions : )
The operand gddress ic concatenabted with Frocass Hunbam
and pregented To assoclative Lield of the Name ﬁtém®m

|

Stoze 335 Opereond access

The output from each of the 32 lines i tha Azsecaliasive Liold

is copied imto the Lime Register. Normally ome bi% posibion o

Line Register will contain o 949, and this bit position ~ocscoes tho

appropriate 1ine of the Value £ield of the Neme Biore.,

o

' Mrexnatively, the roguired oporand may be obitals

a .

on Intermal Regioter or Veotore megisoter, otc, an opaeiiicd by

[N

o Bruetion
.

Toge 43 Bpéramd ossembly s

1)

[¢7]

The oporond (fZzom Neme Store, Imternal Regisier, Nitemnl,
Tostore or Local Store), is available in éagim&aw RVU o RVP, ond’
appears ot the impubs to the appropriste pewtln) of the Ga-bin
Highvay (imput vegicter RHI), according to the imsiruction,
with oign extension iR xegquiraed,.
8tage B3 Executions i .
Vhen the preovious oxder im the pipeline has xeached o 53

whers 1% io guarenteed to complete , the Contyol Regiscter (RCQ) in

1

incremented ¢o point o the order vhich io aowv copled indo RE

-

s

3

(cee Section 3.4.5)3 its nscembled operand A0 copied imto RHI,
Other actions which the Pipoline 1o cble to pawloxs nre

deccribed in Sections 3.3 $0.3.8, &

34873
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' 3.1.3 The PROP 'Juke Box®

The decision at étage‘s that én qrdef'is guaranteed to
complete is taken by the Juke Box (soe Secfion 3.0 which then
initiates a "beat’ down the p1p611ne to brlng up the next order. To
achieve & maximum beat rate of 40 nsec/beat, some complex actions
are left until the order requiring them is at Stage 4 or 5 (0.8.,
V=5 tore requestsg Control Transfers)o The plpellne is not edvanced
‘until the action is completede ‘l ’ .

In some cases, the contents of the plpellna (and thus of

"'3 the IBU) have to be dlscarded This action is initiated by Juke Box

”'ﬁ-and sets all 'valid® orders to ! dummy ° ordera in the affsected Stages

\gv:and rebats certain control bits as necessaryo

':*gi Due tq the Plpellne sometlmes advanclng nmore qulckly chqn ‘the
IBU” can supply new orders, or due to the action of the pipeline
and Juka Box, Staﬁe 5" may have neither order nor oporand to send
to Central Hz.ghwayo Thls‘ls known as a ”dummy ordor and Juke Box

causes a 'boat® to be generated immediately ., -

3.1.4 The STACK

Operands from any source (central registexsg named operands
etc.), can be stacked ugsing the Stack Front Regisfar {R3T) 28 o
pointerovstack Front always points to the current top of the zstack
location. It is incremented before each stack&ng opoeration and
'decremented after each unstacking operationo Stack locationg aye
set up in the Name Store, but since this is the lowest JeveT of
- the "one level®’ virtual store of the system, the Stack can be
‘extonded to any required depth within the Name Segment,

' All orders which add an operand to the Stack are Double
Orders and are described in Section 3.2.2. ‘deers which take an
‘operand from the Stack use the Operand UNSTACK (Base =RSF, N=0; SF=SF~1) .
Orders of the‘type "Double Order® using the operand UNSTACK are dummy
orders since an operand is switéhed between a c.r. and Stack and back
‘againo A locaéion above the current top of the Stack is wused for
writing to and the normal increment/decrement of RSF is inhibited..
The order RETURN UNSTACK has the additional action of putting SF=NB
bofore the operand at RSF is used. . |

If a control transfer or Interrupt occurs whlle =}
Stacklng or Unstacklnw instruction is 1n the plpellno them the
position of the Sﬁack Front pomnter may not be correct, i.o., 1f
the pipeline contents are dlscarded the contents of the Stack Front

register will not be correct for the next order to be obeyed.
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Orders which use the.stack ére expected to occur freguently,

so that to cause all the orders to be executed with the pipeline
non-overlapped {(see Section 3,204) would drastlcally degrade tho
performance of PROP,

. To ensure that the correct value may be reétored if the
Pipeline is discarded a copy of the néw Stack Front value crqgted
by an order al?ering RSF is preserved with the orderlas it pfoceeds
down the pipeline (3/Fig 250 When control is incremented for the order
this value of RSF is copied into RSO, Whenever the pipeliné is discarded,
RSO is used immediately via tho Name Base Adder to restore RSF {RSF=RS$0+0).
When RSF has been altered by an f' order, RS6 is not used when the
pipeline is discarded until RSF is incremented ox decvémﬁrtod hy
a Stacking/Unstacking order. Also RSO 1s ‘updated as soon 2s
possible following an f° rder since the order altering RSF. hos

already been executed,

3.1.5 The Control Register

.

. * The PROP Juke Box ensures that a valid order at stage 35 is
guarantesed complete before generating the next beat {(see Section 3,9),
Should an order fail fto execute, it is converted to a dummy order hefore

the beat is generatedo Thus when this next beat ig genersated, Control

nay saiely be incremented to point to the next lnstructlon to bo axocuted

which will be strobed into Stage 5 as a valid order by this next beat, orx
by some subsequent beat,
The Control Register (RCO) consists of 14 Sogment bits (RCO 23~463
and a 17 bit address (RCO 47~03) deflnlng the first (or only) #-word (10 bits)
of the next instruction to be obeyed, ) . .
Control may be incremented (by 1, 2, 3 or 5 according to the length

of the lagt instruction (Sectionl3,2 1)) for an Qrdér vhich does not Jumps

. it may be RCO = RCO + Imcrement (RCI 61-63) . =~ .
or 1t may be changed by an arbltrary amount by & Control Tranfer (CT)

:.nstruct:.on which Jumps: .
RCO = Operand (RHO, 33-63) if Absolute Uncondltleﬁal 9
RCO = RCO + Signed Operand’ (RHO 33-63) if Relative(Un)conditional
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The Control Segment may~oﬂiy be chanéed By an Absolﬁte-gontfol
Transfer, so that RCO 33-46 are only strobed by this action and only
an 18 bit adder is i'equired° Its output (slave)~rogistef‘is RCA 46~03
where  RCA 46 is used to indicate overflow (OV), One idpdt,sat to the
adder is RCO 47-63 (the input to bit 46=0); the other input set is eithor -
the Increment (61-63, input into bits 46-60=0) or the Operand (RHO 46~03%,
bit 46 being taken as the sign bit for Relative Transfera}. Except during
Juke Box actioms, the Increment input set is enébléd; “

Each beat down the pipeline strobes RCI 61~063 with the value' of
increment required for the orderkentering Stagé 5. The beat will alsét
strobe RCO 47-63 = RCA 47-63 if the order leaving Stage § is 'Valid &
Increment-to-Control'(RF5 17,18,19 = 1), After a deldy to staticise
the Control Adder outputs, RCA 46-03 are strobed. )

Any dummy order in Stage 5 (RF517 = 0) is arranged %o have an
Increment of zero, so that RCA = RCO (next order to be obsysd) until the
first valid phase of this order has reached Stage 5‘after which

RCA(I) = ﬁCO(this order) + RCI(this ordér)'
If a Control Transfer is to jump (Unconditional, or Conditional & Test
satisfied) then the Control Adder is strobed once more by the Juke RBox
en;bling the‘Operand (RHO 46—63) input'set to the adder, inﬁtead of the
Iﬁcrement input set, ‘ ‘ - . ‘

Thus RCA(J) = RCO 47-063 + RHO 47-063 for a Relative C.T.;

or . = Zero. + RHO 47-63 (RCO having flrst been cleared) ’

it

and RCO 3346 = RHO 33-46 for an Absolute C.T.
o _Once the operand is avallable, only Relative transfers may fail to execute
due to Segment Qv so that the alteration of Control Segmant by an Absoxu»n
CT pr1or to the néxt beat- 1s of no consequence, ‘
A Relatlve CT 1s try1ng to cross the Control- SGgment boundary if
“. (a) RCA 46 1 after RCA(T)
or . ': (b) RHO 33-46 are neither all zeroes nor all ones, i.e. the
Operand magnitude is greater than a segment.

‘ ‘ Thié causes a PROP Internal Interrupt ang'séts the order to dummy (see Section’
3.11.6) | | '

RCA46(0V) is not sampled following an increment since the IBU
‘has .a similar adder which is pre-accessing instruction i-words for PROP
and so is always in advance of PROP. The actibn is described in detail im
Section 3.3.2 the result being a PROP Internal"Internuptlif‘ﬁhe QV ordex
leaves Stage 4 and would otherwise be executed. '

When a valid order at Stage 5 fails to execute, RCA(I) is bvoughu
back to RCO (thls order) by’the following beat since the Increment = zmero
 £or a dummy order,l»‘ : | ' v o .



All Instruction stveams are initiated by a new instruction stream’
request to IBU. ' The Process Number (RPN) is sent together with RCEQ 33-46(Segment)
and RCA 47—63 (next imstruction = I or J). The roguest may be the rvesult
of a CT order (Section 3,10.7), & Fixed Instruction duwing the Interyupt
sequence {Section 3,11.6) or the end of Manu&1 Instructions whefeby
ingtructions are sent to PROP via IRBU from tha'CQﬁsola (ss0 Section 3,82,

The incrementing action‘of Control may be inhibited from the
Console so that Control is only changed by jumps, i.e. only the RCA(I)

strohe is allowed,

3.1.6 The Interrupt System

Various conditions can occur during the running oi the
processor which require immediaste attention by the executive
software {see MU5 Basiec Programming Maonual), These conditions are all
combined .togethexr to form a single signal, which, when it occurs, ’
causes PROP to stop before obeying the next instruction im sejuonce.
Instead, PRﬁP obeys two fixed Interrupt Entry imstruciions whiéh '
caugse & transfer of contxrol to the appxoﬁriate interrupt routine, The
finalvinstruction of each of thege routines restores the cenitral
processor to its previous state and rsactivates the suspended
process . The routines fall into two classes, each of four fypes,
Level O (System Error, CPR‘:_P.’_:”9 Exchange, Periphéral Window) and
Level 1 (Instruction Counter Zero, Illegal brder, Program'Faulty
software Message) 3/FIG 10 shows the topmost level of gating inbeo
the interrupt signal and indicates the imhibit conditions ..

The eight interrupt type signals are most significantly éncodaﬁl

in the IBU fixed imnstruction 1ogic to cause entfy to -the

highest priority routine whenever two or more interrupts occuf5A.
togethexr. Section 3,11,6 explaing the.PROP‘actidnsfrequir@d

to implement Interxupt Entxy, ‘ ' o

Q
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3.2 Ingstruction Characteristica

. 3c2 ol Le!gth
An Instruction from IBU may be 16, 32, 48 or 30 bits

1ong (QE%}HE??Q;lc Programming yffﬁiizl It is read 1nto PROP

16 bits at a time, The function decode of the first half-word

feaa‘into RDF indicates the size of the name or literal:
(i) short Orders are those for which K épecifies o 6 bits
1itera1 n; an Internal Register; a Variable or Daha
Descriptor (Local Names). They are all 16 bit
instructions , ’
{ii) Long Orders are those for which the c.r, and k bits
specify an extended operand (k°) type specifying a
Named Variable or Data Descriptor or'Loéal V-5 tore,
Unless a Base is gpecified for which,N=O (bit 13=1),
an additional half-word is reguired to use a2z the name
N. N = O instructions are 16 bits only., |
(iii) Long Literals are those using k' = 0 and may be 18,
32 or 04 bits long producing gn’inétrucﬁion
length of 32, 48 or 80 bits, '
The additional half-words requlred are read 1nto RDN under contxol of tho
- Microprogram Genarator of stage 0, 32 & 04 bxt Literals occurlng porieLly
" ag two or four 16 bit operands in PROP are Assembled at Sta@e 3
into one 32 or 64 bit operand (see Section 3 :642) o
l . The length of an order determlnes Lhe Incremant to Conurol

‘required at Stage 5 (see Sectiom 3.8),

' 3.2.2 Double Orders
' The functions B¥=, D¥#=, ACC#=, STACK, STACK LINK and XCO-XC6

roqguire access to two distinct primary operands, For this reason

.jthese orders mnst pass through the pzpellne in two qeperate ﬂhageqef
Thls 15 1mp1emented by the Microprogram Generator im Stage O,

' For each of these orders one of the operands iz a etnckeu

Quantlty so the content of psr must be modzfled acccrdzng to the

order. The other operand requlred for the- insbructlon may imvolve .

the use of a Long Literal or a Long Order, The PROP act1v1ty in |

lSuch cases dszers from that for 1ong orders of the normal »ype
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In order to simplify the actions to be talken at the later

stages of the PROP pipeline, and in the Central Highway and Centwral

| " Registers, the function pattern of the first phase of the orders

B¥=, D*= and ACC*= are modified in Stage 1 of the pipeline so that
they appear as B=>, D=> and ACC=> respectively. An additional

“function digit (bit 18) is used in the RF registers to distinguish
\'the firast phase of a double-order, This digit inhibits the modificatéon
of the ingtruction address in the Control Registei until the last
phase of the double—ordef is complete, Thus if an Interrupt occurs

mid-vway through ‘the ‘order, control has not been 1ncremenﬁed and the

lfiorder may be re-executed from the LINK, The 1nd1v1dua] double

© orders are discussed in more detail in Seculon 3.10,6,

3.£°3f Organisational Orders
An Order with cr bits = O uses a 6 bit.function and
ig an organisationalA(°f°) Order of one of the following types:i-
(i) Unconditional Control Transfers: either Absoute (%o =z
new Control Segment) or Relative (within the same
Segment).
(ii) EXIT or RETURN which load a new link from any operand,
RETURN UNSTACK (loads the link féom (Né) and leaves the
new top of the stack at (NB-1), Since a new LINK implies
a new value of Control, a Control Transfer oceurs ,
(iii) STACK-LINK which is equivalent to STACK [ys , NB, CO+OPERAND],
accesses an operand & Stacks Modified Link,
(iv) EXEC CALL 0-6 which is a STACK [OPERAND] followed hy
JUMP [Segment 8193, Line 0-0].
(v) SETLINK or XNB => otc which can store the PROP IR's O3
(but not BN) to any primary‘ogerand only .,
(vi) PROP IR Manipulation e.g. NB=SF+ , MS = allows masked
(i.e. bit by bit) alterations of Machine Status Reg. The
lower half of MS or the Segment register (SN).are only strobed
if RMS (13+14+15)= "1°, | ‘
(vii) Boolean(X), Boolean(TEST) and Test Transfer., The
one-bit Boolean Register RBN, acessmble as PROP IR4
’(read only) or as RMSO7 allows the ”truth" df'complioated
Boolean expr9551ons to be computed requirlng only one Tost

" Transfer (on BN) at the end.‘.
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N ~ An element of the expxéssion”may be another Boolean
 ~[ oporand (X) using the Eoolean'(k) cfderg which puts
' BN = £n(BN,X) vwhere X is the 1.5, b1t of the Operan& and
 A'fn is' defined by the order, It mgy instead be the "truth®
~of a 'Test', The Test Registors (RM504 =~ 06) are altered
as thé result of a COMPare order. The TEST is a Booloan
- element which is true if the curreﬁt Test‘Registers'are
as required by the Boolean(TEST)'order; eg TEST (>0) is
true = if the Test bits indicate _tnat' the last COMPare
order to bo executed found [cr.r. ,1 - [OPERAND] > O, but is
 false if < O or = O was found, The Boolean(xept) order
© then puts BN = fn(BN,TEST) where fn is defined by the 4 1.5
" bits of the Operand. ‘ | ) .
| The Test Transfer order uses the same set of TEST
Aelements as a Boolean(TEST) order, but executes =
‘Relative Control Transfer (see (i)) if TEST is true,
. else executes an '"Increment Control on1y° Oxderp 1.0,
" PROP looks at the next instruction. o
‘ The actions caused in PROP by ‘these orders (1nclud1ng the'
' COMP orders) are described in Section 3 10.7 & 3 11,.7u

L i

32,4 Non - Overlapped Orders - : : ‘,ﬁ

.

Orders involving PROP Internal Regisfers céhnot‘be oveim !
lapped in PROP, Stage O therefore sets the Z-bit (RDF20) which -
locks out the pipeliné from accepting any more orders from IBU while"
the order is advanci ng through PROP (with dummy ordéps behind it),

If and when the order reaches Stage 5 to be oxecutcdg:the'InR; is

' atrobed if ~equ1red, ‘ , \ :

. 1£ the oxder is executed, Stage 5 sends RZC (pulse) whlch clears
the Z bmt, else when the pipeline contents are dzscarded he Zm '
bit is cleared, to allow more orders to be qccepted.

The Relative & Absolute Uncohditionéi‘Coptrolifransfersﬂ'

‘apre also non-overlappad if they have not been ﬁreﬁicted by‘IBU;va ( 

All orders nay be executed in a non-overlapped mode in ‘

PROP by means of a slgnal from the Console (RDFZ9)°
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(a) Normally Names ére accessed from the current routine name space’
within the Name Segment i.e. Loéal Nemes . To enable accesses to be
made to non-Local Names or direct access to data in\othe} segmentsp'
another base register XNB is provided, When thelsegment of XNB (RYB)
ig outside the Name Segment, and XNB Access ig made to fetch the aperand
from the OBS Store. If XNB is used in this way to access 2 Varisble for
B, ACC or PROP, PROP siﬁply by-passes Name-Store and sends or requests
the operand from OBS in a manner similar to a Secondary Operand o¥d9ro if
it is used to access a Variable for SEOP or a Descriptor an extra phase
ig generated by PROP to access the'Operand which is returned to PROP before
being sent out to SEOP,
(b) Internal Register orders specifiying IR's outside PROP awre implemented
in two phasesj the first to fetch the operand (from the c.r. or IR); the
second to send this operand out to the unit concerned (see Section 3ﬂ?063)0
(¢) Orders storing to PROP Name S tore (except B=>) or V-Lines must not
leave Stage 3 until the operand is stored since‘RLR4pr RVD is used,

These actions are implemented by.the Sepondafy Microprogram Génerator

inlstage 3 (see Section 3°6°1)o . l”(. [ o N ; ‘
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3.3 ' Action at.Stage O -~ Initial Decode o

- TFunctions are taken from RDFOO-15 end Names Literals
from RDNOO-15. A Namo, after shifting if necessary (Varlable 92),
appears om GNMOO-16, The selected base (RNB, RXB, RSF) appears on
GDS00-14 (GBS15 is always '0'), These provide the 1nputs to the Name
Base Adder of Stage 1. '

GNM may instead be zero or + 1 as'rGQuired'er N = 0.or
STACK/UNSTACK orders. Stage 1 is ablo to gate RIO 00-31 or WHO32-63
through GNMOO-15, Stage 1 may also gate a base for PROP IR uhen the
Z bit is set and gate the Boolean Reglster RBN (=RMSO7) through GBS 15,
- GBs00-15 prov1de inputs to RVU (5ee Operand Assembly, SGctlon 37

stage (0] contalns the Mlcroprogram Generater and IBU Interface

logic(3/Fig); 3)

3301 Microprogram Gonerater o
' Due to variable Length , Double & Non=-overlapped Drders,. fa- 
it may ﬁe necessafy to expand or deiay an order o&er a‘nuﬁbar of |
~ stages in the Pipeline after the initial (Function) half-word haév
been strobed into RDF. Bits RDF17B, 18, 19 are used to define '
various phases. 6f an order; 6.g. (100) is always fhe first phase
of an order and represents RDF17B=1 RDF(18+19)=0, Rr117 is put to
1% to propagate a 'Valid' order (one whlch actlvates Lhe actxons
at each Stage as necessary and will add to Control 1f executed) thwouwh )
" the pipeline, and RF118 is’'a '1' except for'the Valld 1st part of
a Double Order to 1nh1b1t the increment to Control.
Untll the IBU accosses and presents an 1nstrucﬁion to PROP,
» RDF17A = 0 so that the function bits are ignored and ’dummy ordexs'
(ones which are 1gnored by all Stages except to genarate a beat at -
| Stage 5§) MOveathrough thezplpellne; RDF178B, 18, 191do not change, . o
| When PROP finds & valid order im RDF/RDN,.the following =
actions occur accordlng to the type of order 1n RDF' RDT is only t
’strobed on (100), , _ o o ' ‘ 
| ‘ (a) short, angle Order : one phasé only (ioo) éo that )
one valid order. is put 1nto RF1 [on. the next beat] ‘
(b) Short Double Order : two 'phases —_
ist part (100) : valid, no increment to Control = put R}*.L18
2nd part (111) : valid, increment Control - ‘puts RF118 = 1
For *=, RSF is. 1ncremented and then the new top of Stack ,' ’
is used to store the c.r..on- (100). (111) carries the
:‘prxmary oporand used to 1oad the: c.ro S1nce RDN is not

‘ used unt11 (111) for thzs order, 1t 1s not strobed on (111),
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For the others, the operand is to be Stacked, thus

(100) is used to access the operend and (111) incfame@tﬁ'

. SF and uses the new top of the Stack to stoxze the
operand, ' ‘
{c) long Single Order: two phases
(100) : dummy since no name avaiiable )

(111) : valid, increment Control,

function and name progressing up Pipeline togethery

Baze indicated by function is used,
For N = 0, s%ill two phases (see next section),
' For the opersnd UNSTACK; (L00) causes SF to be decremented by one,

{111) then uses RSF + 1 being the {origingl}

top of the Stack, RSF is not strobed

being the new top of the Stack, |
| For RETURN/,UNSTACK, RSF is decremented to RNB=1 im {100),
"{d) Long, Double Ordex: )

' For "=, two phases only since the order’s operand is
not required until phase (111) 3 ‘
ist part (100) Valid, no-increment to Control, RSF is incremenied

’ and the new top of Stack used (o store the c.¥,
2nd part (111) Valid, The base used by the primaxy operend is

- selected, _ L
For the other oxders, three phases are requiredg"
" (200) Duﬁﬁyl(no operand available)
1% paxt (110) Validg ﬁaéipcrement‘to Control,  The base required
’uby fhe'p:iméry éperaﬁd iz selected, = =
Znd part {131) Vﬁlida RSF iz incremented end the new top of Stack
' is used to ztore the operand accessed by (110},

A double order with an UNSTACK Operand is converted %o o
*?qummy®® action by inhibiting the strobe of RSF, The Stack is
maintained by writing to [RSF + 1] in the store part of the oxdexr ‘
{1zt part of =, else 2nd part). ‘

(o) Long'Literalp not Double Order 3 two,three‘or five phoses:
16 32 64 ‘
{100) ,{100) ,(100) Dummy (no literal QV&ilabie)

(111) ,¢110),(110) Valid, Function and (ist part of) 1it

_(0&1)9(001) Dummy. Second part of 32/04 Literal,
‘ (010) Dunmy, Third part of 64 literal,
(011) Dummy, Last part of 64 literal.

erad »

Fox
asoenbly
into{i10)
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(f) Long Literal, Dpﬁble Order: N )

For *=, two, three or five phases as in (c). Actions
of the first two phases are as for a Long Double Order (d).

For the others, three or five phases:

16/32 64

(100) '(100) Dummy (no literal available);‘ 
i1st part(110) ~(110) Valid, no-increment to Control. ‘(ist.part*’

o  of) the literal . |

2nd part(i11) = (101) Valid, RSF is incremented and the mew top of

' T Stack is uged to séore;thq‘iité;al of the Ist

'part. . . .
) Also second part 32/64 literal - j_l " FPor
(010) pPummy. Third part of 64.11tera1 ST .“,assembly
(011) Dummy. Last part of 64 1itefa1' R : “into (110)

Whenevpf the pipeline contents are‘discaraed, RDF17B,i8,19'are‘aat to'
(000) . This is similar to (100) except RDF17A‘is ignored; the
_ contents of RDF/RDN are treated as invalid, |

Further action is taken in the case of non-ovexlapped
“orders. Instead of RDF being strobed on (100) aiter the last.
phase of the order, the last phase inmhibits RDF and.puts RF130
to '1': This sets RDF20 and resets RDF17A on thé same beat that

puts the last phase in RF1 and also maintains the inhibit on the

| RDF strobe. RDF20 is known as the Z=bit and 1nh1b1ts the strobe :
of RF130, 31 (see next section). :

Thus RDF is locked out and contains a dummy order, copies

of whlch follow the order phases throubh the plpellneo‘

I8

o

3,3.2 Instruction Buffer Interface

The IBU has an output buffer of eight L8"b1t reg 1aters ‘
Whlch are filled in rotatlon by 1nstruct10ns from Store acoesaed
Each reg1ster conta1ns one 16-b1t 3-word of 1nstruct10n, an
' 'Inﬁerrupt' bit and an 'Out-of—Sequence blt (both descr;bed at the
' end of this sectlon) Each register is gated in rotatlon onto the -
IBU->PROP 1nstruct10n highway such that the first. regxster to be
'fllled is the first to be gated out, o
" Each beat down .the pipeline which yeaches RDF/RDN (i.e, does
not stop at stages 2, 3 or 4) causes a ‘strobe 'JIB' to be gent to- iBU, (Q/Flg 3)

Ssince each reg1ster is filled and used asynchronously, the highway

" - may be 1nva11d, changing or valid accordlng to whether the reglster

: belng gated out is empty (yet to be’ leled 31nce 1t was last gated out),

im the process -of beine filled. or has been filled resnect:welvu



3/3/4

JIB occurs a little in advance of the beat‘réaéhing'RDF/RbN
and sc allows IBU to sample the state of its registers, .If IBU finds that
the highway will be static and valid in time, the input to RDF17A is '
put to a '1", otherwise it is put to a '0'; This affects PROP in phase(100)
as described in the last Section, ' o |
If IBU finds that the highway is changing or invalid, it leaves the
. register gated out to the highway. When IBU finds that the highway is ‘
valid, thé present register remains gated out if RFi31 iz get to a '1°
by this beat, , | '
Each phase of a valid order in RDF puts. RF131 to 717 1I the
noxt phase does not require data, i.e. RF131 is set ﬁ R '£
(a) Short, Double Ordexr : (100) o .
(b) Literal 16 or Long Order : (100)‘oniy if N =
(c) Long, Double Order : (110) except %=
(d) The last phase of a non;overlapped ordex .
RF131 remains=1 until the order is executed
and the next order is about to be storxred i
into RDF/RDN o
(o) '"Waiting® (see below) : (100)
When IBU finds the highway is static and wvalid and RF131=0, tha
next register is gated out after RDF/RDN have'been‘strobed in %imc areld
the next boat, ' A
The *Waiting' condition is entered if there is a possibility:
that the highway could become invalid before all the rvoquired F~vords
of an instruction of length > 16 bits had beon strobed into RDN. It is
not possible to insert "dummy® phases since in most cases (e.g. Ass ambly
of 32/04 literals) this would not work, Ilaving strobed a valid order
into RDF, PROP will "Wait® unless IBU has at least the extra number of
words required, Fach beat samples ‘and thén strobes RDF21~24, whores:
RDF(20+n) = "1° shows that IBU has > n valid 18-bit words in its
buffer registers in addition to the register gated out, Thus
for a Literal32, RDF22 must be '1' else PROP will wait by .
putting RDF26 = 1 and re-sampling RDF21-24 on subséﬁuent beats L
until RDF21 = "1' (since one 16 bit word is already in PROP and
"the next worqhis on the highway; Foxr an instruction 2 words in leﬁv%hg
. the input to“RDF17A is strobed with RDF21-24 into RDF17X tG end the *Waitf,
' RF131 is also put to "1 whmle Stage O is Waiting since the.
highway will not- be usod by the next beat, ’ ._*"g o <y
While 'Waiting?, “the Mzcrcprogram Generater is inhibited

by not strobing RDF17B, 18, 19,
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The "Interrupt' bit in eaéh buffer register is regquired for the

’ folloW1ng reasons , The Pxpel1ne in PROP ‘and further stages of buffarlno

"~ in IBU cause the IBU to access 1nstruct10ns ahoad of the present

one belng executed by PROP. Some or all of these may

never’ be executeq 1f the Plpellne 1s abandoned, so that if IBU

is unable to acceés an order due to Control. Segment Dverflow

(in IBU) or CPR&, then an Interrupt is not sent to tha Interrupt

' system, Instead IBU sets the '"IBU Interrupt® bit and £ills up the
buffer registers to PROP with those valid but ’gak.:c'bzalge‘a orders ,
following the last order IBU was able fo accoss , .

.The action of the Microprogram Generator is amended

when an '"IBU Interrupt’ order is sensed by RDFZS as follows:

(a) Phase(100) : If the order in RDF is valid then &

dummy order is put 1nto RF1 together

with 'IBU Interrupt® (RF122). If the .

' order is invalid, then PROP is either
locked out by the anit,‘or ig. sampling
'old" 'garbage' orders while IBU is
fetching the new order stream requested

. ‘. by PROP, ie no effect,(IBU Intérrupt is
‘ - not propagated).‘ , -‘ |
(b) Other phases using RDN : RF122 i;‘set élong with the
' garbage woid(s),and that phase of the
order is set 'non-valid'. L ‘

RDF28 is not strobed while Stage O is 'Waltlna for more

data in case the highway has become invalid.

Should the Pipeline be discarded, a11 ’IBU Interrupt“ bits
are reset at each Stage, ‘ ‘

See Section 3.11.5 for actions which. occur when an IBU
‘Interrupt Order is "execuﬁedﬁ' by PROP. As soon as IBU is able to
accoss more orders, the *Interrupt® bits w;ll be over~wr1tten‘as
the buffer registers are filled. 3 '_l \ -~ |

The 'Cut-of-Sequence’ bit in each buffer‘register is required
due to the action of the Jump Trace in-IBU(Cﬁapter 2), if an
Unconditional or Test Control Transfer using a 6/16/ 2 bit Literal
operand has been executed recently by PROP, IBU w111 send lnatructlpns
for the ''Jump to'®' address should thls 1nstructlon (recognlsed by i

1ts "Jump from'". address) pass through IBU agaln.-  '
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Vhenever IBU anticipates the execution of a control transfer
the "Out-of-Sequence® bit is set on the last half-word for that order
causing the (possiblé) transfex, 'Thia propagates‘thr@ugh the Pipaeline ,
(RDF16 -> RF16) and is used in the Control Transfer sction. (see Section
3. 10.7) to decide whether to discard the pzp@lineo i f““* ‘
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3.4 ' Actions at Stage 1 = Addition of~ﬁame and Base

Y

. In th:s stage the shxited name in RNM and the appropriate
base in RBS are added together using a 16 bit parallel adder ., .Thej‘
opersnd address thus formed is set into the adder reglste: RNA i':) .
ready to be copied into RIN, the input to the next stage. ‘ ‘
Since there are 216 32-bit named operands allocated to s
_process, and since PROP accesses 64-bit operandsg only'ls of the
" 16 adder outputs are required for the operand address.’ The 16th,-
‘ the most signifzcant bit, indicates adder overflow or underflow
if = 1, and this indzcation is preserved with the functxon blts
. as digit 23, If this bit is set no operand access is performed9
| and an 1nterrupt is caused when the Control Register indicate@
" this instruction, (See Section 3.11 0)e ‘ . '
‘ Stage 1 also contains the Z = Decode for PROP Internal R@mzaters :,
* (see Section 3.10,2), and the decode which mod;fzes ist part. af g Vi ‘
order so that it appears as a => order (see Section 3.2,2)o

.4.1 Adder Input/Output AlAgpment ' Do , N
The d1agram (Fig.4) shows the alignment of all inputs anﬁ ).‘

b

outputs associated thh the name/base adder.. R

3.4.2 Z - Deccde , ‘ S
'  This supplies the levels required to seiect any PROP IR
to be read or Btrobed As copies of the Non-Overlapped functimn
reach Stage 1, two portions of the decode are ensbled: '
- (a) Select IR (if any) to read, " Those outputa which
‘select RNB, RXB, RSF, REN are fed back to Stage O, RSN,
'RYB, RMS are selected immediately and gated through "
_ GMS00-15, RUS is masked for MS =, unmasked for
" BXIT/RETURN., - C - - ‘
';"(b) For f£° orders only: Select operand (from RHO) fox
o . | addition and select IR to be
strobed,
j;,Select operand (D1ZHO) is sent ‘to Stage 0 This and the
f{{strobe select signals are enabled by D53AZ when the
i valid order reaches- Stnge 5 for execution., For an order‘
. jwhich stores a PRDP IR no signal from (b) 15 enabledo‘
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3.5 Actions at Stage 2 = Association

At this stage the operand address has been calculated in
" the Name Adder register RNA and the 15 1.s, bits (m.s. bit being
overflow or underflow - 3.3), are copied into-thé 1.s. end of
Interrogate Register RIN. The m.so 4 bits of RIN form the process
number P, which may only be altered or read as a V-line, The
twentieth dlglt is used to prevent association succeeding during
Level o Interrupt Routine, The input to this dlglt pogition
“',15 a level ‘decoded from the Machine Status Re¢1ster RMS.
' . The address (1.3. 15 bits) copled into RIN is also copied
1nto the Non—equlvalence Reglster RNQ - together with the 32-b1t
" word address’ RFZZZ (for 32 bit - varlables).° Thls is used during
the acthné 1nvolved in dealing with non equlvalence in the Name =
"Store, described in Section 3.11,3Aand for output with the order,
Tﬁe operand address is now ready‘for presentation to the
Name Store., This is'an associative étdre, congisting of twé main
sections. The two sections, or fields, are as follows:~
Virtusl Address field 28 lines of 20 bits
C Value field | 32 lines of 64 bits
Tﬁe normal action is to present the viftuai address of>the‘
named operand to the associative field, and if the Bperand is
available in the Value field it is read out. Association takes
place on all 28 lines of the associative field., If the virtual
addtess in RIN is identical with an address contained in one of
I\the 28 lines, a '1' signal appears from that line. This signal,
gated with a signal from the corresponding digit position of the _
Line Used Register RLU, is copied into the Line Register RLR, at |
the next 'beat' of the pipeline., RLU is 32 bits long end ocach
digit position indicates whether or not the contént:of the |
corresponding line of the Value field is valid at any time,
-The RLU register is updated whenever the coﬁtents of the Value
field are changed. The RLU bits for the exocutive lines are =1,
' Stage 2 also contains decode prOV1d1ng smgnals to Stave 3.
These are used to control Stage 3 and Juke Box. .
A 'stop at Stage 2' signal is generated 1f a valld B =>
- orxder is in RF2 whilst there ;s a previous one outstandlng (see’ f
Section 3,.,11.1). ; . : S - ' d
The contents of the 15 1.5. bits of RIN also provxdo I/p's
to rs3 (copy of Stack Front) and to RVD via’ “the V—decode. RVDQO—iz
enable the- PRUP V-store lznes (see Sectlon 3 12). j‘ S
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3.6 Actions at Stage 3 - Read Operand

At this stage one of the 32 d1g1t p031t10ns contelns a:

'1' (if the association was successful), and thus access may be L
made to the correspondlng 11ne in the Value field, The ’
o addressed 64—b1t value is read and appears on the dlglt lines of 4ff
“the Value field, | _ ' '
VWhile the read access is in progress:the‘oohtent of ‘ o

RLR is checked to ensure that fhe associafion did in fact succeed, o
This test determines whether a '1' actually appeared 1n any bit

position of RLR. If RLR contains no '1' bit then non-equlvalence’

is produced.

The effect of equxvalenoe/non-equlvalence is descr1bed
in Sections 3.10 & 11, If RLR contains more than one '1' bit
. then 'mﬁltiplerequivalence' is produced.:.ThiSIWill_cause an
‘>Interrupt (see Section 3.11.4). : p:‘ ‘ : '

Orders reaching RVF/RVU without operands, but Whlch neverthem
less require them, are dealt Wlth by the 'Operand Assembly :

. 'mechanisms (see Section 3.7). . K

. Equlvalence is forced rf the order does not requlre a
named primary operand, or if the order is non—valxd or 1f '

" overflow occurred in the Name Adder. ' ' ‘,

. The v1rtua1 address of a named operand Bpeclfled by an
order is preserved in the Virtual Address Buffer RVQ durlng the ’
| read phase of operand access so as to be available in RVA 1nr§he ‘
~event of non-equivalence. : , ' L“ ' ‘

Stage 3 contalns the Secondary Mlcroprogram Generator A,&
' which is used to further expand some ordere. 32/64 therals"e
A are also assembled at this Stage. .
The contents of RLR can be strobed 1nto ‘RBW- whmch together
. with an equxvalence circuit between RLR and RBW are used to 1mplement4‘
, -jthe overlapped B=> order (see Section. 3.10.4), o ‘
. '3 6.1 Secondary Microprogram Generator '
' The Secondary Microprogram Generator (3/F1g 5) produces the extra

 "phases requzred to store operands in PROP, to modzfy the LINK for

. STACK LINK, and to produce the extra ''orders’’ requzred ‘to 1mplement

”ytDouble Internal Regzster, Executlve Call and XNB External Descrmptor'

'/SEOP Varlable Accesses.,f
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. No action is taken for B—> named varxable ordera, nox ior
© ACC=> named variable orders sznce these latter expect to find Name Store-
# (see Section 3.10.4). j _ , o L
A *z order has been expanded and modifzed to appear in Stage 3 @83
is% part (B+D+ACC) => STACK ie named varzable
2nd part (B+#D+ACC) = [OPERAND] ‘
* B or ACC=> STACK is dealt with as abovej; D=> STACK is dealt with im (a)o

- (&) (D+£°) => nemed variable or any => any V-line,

The informstion to store the ope;;ﬁd in RHO is contained - o T

in RF3 (type and size of operand), and RVD (PROP V-line) or RLR
(the line to which s, variable must be written) until the order has
~ reached Stage 5 and has been executed, by means of a °Stop at Stage 3°
signal, , _ )
Yhen the valid phase of the oxder reachea Stage 3, a va&i@s

no-inerement to Control order (bit 19 = O). is put into RF4 by the next beat. =

' Subsequent beats put "increment Control only® orders in RF4. . VWhen
'the first phsse reaches Stege 5, the Pipeline is as followss
' Stage § s Valid, no-increment o o S
Stage 4. : Increment only ) :
Stage 3 ¢ Increment only (no change after first beat)
Steges 0-2 ‘
. The order at Stage 5 stores the operand and.sets Stsge 3

Ne change (beat is stopped at Sfage 3)

o0

to dummy, This 1eleases the 'Stop at Stagéf3° conditign and leaves
one order cnly (Stage 4) to add to Control ?ot>o§ the next beat,
but on the beat after., This delayed incr@mbnt'is.required by STACK LINK
and Executive Calls (o+d below) . |
If +he order is the 1st part of D*c, then Control is not
incremented by the Stage 4 phase (bit 18 = 0),. The second part rehaima in
Stage 2 until the Stop condition 18 removed and will cause CODErollto be
incremented when it is exeouted. ' ‘ '  §
L . B ?
(b) STACK,  This appears as two parts = o
' 1st part accesses the operand '
' 2nd part stores the operand in the variable with base RSF
| (e to the Stack), R -
. The 18t part is allowed throug'. The 2nd part is expanded
a8 in (a) above. Aiter the 1st part (val:d? o—xﬁcrem@nt to COntrol)
has been executed, " the pipeline is a8 in (a) above~ the opewand to
be Stacked is in RHI, -~ . . . U0 Tl l oot
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{c) STACK LINK A
' This is similar to (b) except that the ist part accesses the op@raﬂd '
‘and modifies the LINK = [MS,NB,RCO+OPERAND], This is used as the.
 operand to be Stacked by the 2nd part. RCO is not directly accessible L
and instaad RCA is used. Normally, RCA = Control required by next
beat, ie for a valid order RCA is the incremented value of contrml
' and RCO = RCA if and only if the order is executedo When the 1mt paxt
- modifies the LINK, RCA = RCO+Uperand to be used when the 2nd p&rt in
Stage 4 is put into Stage 5. Thus control eannot be ancrement@d untzl
ther the following beat, ‘ L
(d) ExEC CALL 3 ¥CO-6

This ig sinilar to (b) except that the °Incremen@ oniy

order is, in this instance, a control transfer to Segment 8193 whlwh
'is executed in the normal manner except that RCA is set to 8(8193} o
' L(£6-8) instead of the operand. . o f

l(a) Double Intarnal Register Order H (B oxr D or Acc) -/—> (B o b ém .

o ‘Acc) IR

A DIR erder atopm at stage 3 Ior one beat only9 to pr@duce
phaﬁes. . : :

-gpﬁlat ﬁhase s Fetch operand to ﬁROP°~ from CoTo if ©oFo mP
L | ‘from IR, if Gow, =
°§ndq§hnée.é Send operand from PROé'é £0 I.Re if G.x. =2

f | ' . '? %o CoTo 1f Gor, =

‘ ‘gontrol bits are set to diatznguish an order referving

~ to the c.r, bits (I.R, Normal) oxr to the I.R. bitﬂ (I.R, in Hn

' D or ACC Units), The latter change ‘store’ to *1osd® '

function and vice verss e.g. ‘c.r. => I.R.” is "IR = or’,

“;}‘(f) ANB D@acrxptor or SEOP Variable Access

‘ An XD &ccesﬂ nust generate an extra phase in front of thgtA
- part of the order which initzates the required SEOP actions aim@n PROP
does not: yet have the descriptor or variable to send to SEOP

' with the order,

Orders (a) above are held up an extra beat while the XD

‘“7f\Agcess reaches Stage § and on executzan cau@ea the op@rand to be

i

i{creturned to PROP. o C
\Similarly for (b), (c) and (d), ie the phases produoed ares
viat part, XD Vhlidg nonxncrement ¢ ‘Accesses XD operand
18t . part (2) : °° oy Accesses 2nd y operand  from XD
~ 2nd pagt'(l) ey '? ' Stackﬂ operand or LINK (Modified)
" (2): Increment only or EXEC ‘CALL Control Tranafeﬁ
- €3) ¢ Increment onlys.‘sgt toADummy_when 2ad partﬁi) exeputed

es
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3.6.2 thera_ Asgembly . o

Vhen a Long Order is in Stage 35 only a 16 ‘bit 1itera1 io
comﬁlete in RL3,. A 32 or 64 bit liﬁeral is in the 16 bit regi@tara
RI3, RLZ snd (64 bit only) RLL and RDN, These ave essembled im Stage 3 =
to produce one 32/64 bit operand to be strobed into RVU, RDW doas
-‘not become valid until 30 nsec after RL3 due ‘to the beat being '
delayed 10 nsesc peor stage to avoid one Stage chanming whmle %he m®““

- Stage inputs are ﬂtill being sampled, )

Thus a ’hiceup? is produced to ensure that the next'ﬁeat‘doeé

not come wntil at least 60 nsee after the last boat instead of 40 asee.
©  The 10 nsec spare for strobing RI3=>RVU means that no °hi@gup z@ xeqmlred .

" for RLZ =>RVU (32 bit literal). ‘ :

' The 9IBU Int@rrupt” and °0ut of Sequence9 bits (sce Seotion 3”302)‘
‘ have also to be assembled (ORed) with the corre@pondamg literal vegisters,
_ A 36 bl signed Lmtaral Order is: azgn extended a? ?hi@ Stoge to 32
"bzts 2oz RVU, ' ‘ i ' g : Lo
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3.7"Actiona at Stage 4 = Operand Assembly'

, An operand accessed from the Name Store will'aﬁpéar in
* RVF; from a PROP Internal Register or a Literal it will appaér
- in RVU, Other operands which cannot be picked up by (this phase )
“of) the order as it progresses through the pipeline ara put into RVO
' to be sent from PROP by means of: TR
(a) VU=WALIT; for all = named operand orders in Name Store
' Bypass, = local V-Store lines, T
Juke Box fetches the operand from a PRDP Vhline"
" else fvom Store or the Unit containing the thine via
. SAC. The operand is strobed into RVU before
. Comtrol is incremented for the order at Stoge 5, Thus
the next beat fznds Stage 4 with its operand in RVU, _
or (b) Priox phases of the oxder generated by the Mieroprogram
“Generator (Stage 0) and the Secondary Microprowxam' |

ﬁ”;Generaﬁer (Stage 3). These cause a szm;lar result t@
‘if(a) eXcept that- an order is generated which leaves
iﬁpPROP for thé . Unit concerned ‘and causes . the operand t@f.n
e’ returmed to PROP. Juke Box then, having waited for o
" the operand to return to RHD, strobes it into RVU for
uée by this pﬁaﬂe. Examples of this ave DIR, XD (see o
Section 3.10.5), STACK (1st part). - o R
% An Operand destined for PROP may either be}acceséedras in (a) or |
" (b) above and’ then sent from RHI to RHO vié the Central Highway
(PROP ~> PROP) or by an order reaching Stage 5‘and causing the
operand to be ment back to PROP from the Unit concerned, 4an exmﬁple
- of the first is NB = 8i'+, of the latter is D => named variable, L
The oparand»in RVF/RVU may be gated from the m.8., or 1.8, ha&f.éﬂ
" into the 1.8, half of RHI for 32 bit operands, To compile the LINK,
' “the m.8., half of RVU {containing RMS RNB) is gated to the m.s. halﬁ C
RHI ‘and RCA is gated to the 1.8 half of RHI.\ . : . f
. A 16 (already sign extended to 32)xor 32 b1t signed lzteral is
sign extended;to 64 bits for RHI, f i
Stege 4 implements the actions required by a descrlptor or. &

non=~ACC variable finding Name Store Non—equ1Valence ‘or an ACC => varmable;'

"“Afxnding equivalence oxr gn order trying to accesa the same line in

 ;Name Store which is, uaedlby an outstanding B => variable order. "ﬁ
. These are desorzbed in Sections '3.11.1-3 -

.  The presence of various Interrupts in RF4 will over—rlde '
> :any other action at Stage 4 and produces & no-increment order to fa
- OBS (see Section 3 11 6). ur‘fﬁﬁjﬁj:_ffﬁ~' ST S
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Even though an order has successfully reached Stoge 4, it
nay be prevented from going out or executed by two Lock-out . ‘
conditianw R o

(a) A B-order at Stage 4. when aBIL ] order is outstandmg

{b) A GOMPe.x'e order at Stage 4 when a COMI)M@ reﬂul*& isz cutstanding

'f \ (@ee meo'&:., .,)011 07)’ . ‘

\
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3 8 Actions at Stege 5 - Order for Execution |
An Order appearing at stage 5 requires one of. the e
Iollowing actions - ‘ , SR f‘ .
(a) 12 subject to a Lockout (aee Section 3.,11.,7) 11: e
O must Wait until this is satzsfied.' . ) ,,"J
- then (b) Wait until accepted by Central Highway (to B or
' " PROP=>PROP) or by Dr Highway or both (B Madxiier)
~or neither (no order leaves PROP; there may be .
. X sotion by Juke Box, eg ACC Write Equivalence)”
then (a) Lantrnl is handed to Juke Box which, by setting‘bit
T FEDGIN S

(i) Performs any further actzona necesaary to proceﬁa '

~ the operand (if any) for Stage 5

then (xi) Answers , VU-WALT providing (i) was succeasful
then (iii) Generates the next *beat’ which increments
' Cantrol for the order leaving Stage 5 pr@vidang

that it was & valid order for whxch the incremﬁn@

was not inhibited, and that (1) Waﬁ successful ,

. 1t ailso resets FBDGN, o "
. Note that s aummy oxder generates a beat ohly,.which
- therefore puts the next order into Stage 5. Ifzthe'pipeiiné‘iﬁ‘
abandoned, VU-WAIT is not looked = at and PROP oycles on: dummy
beats until the first valid phase of the new order btredm reaches
Stage's. Tha generation of & beat returns the statua of tha new
order to (a) abova, : ‘5 ‘;‘ ' '
, The value of the incrament to COntrol ia the number of ,
16 bit half words that were read in by Stage 0 to form the inﬂtru@?iom .
(see Section 3.2.1), BN i“u f ‘ ’
Th@ output registers for (b) ares ‘

: FUnctzon RF500-15 =  To Central
Operand RHIOO~63 fi  Highway & Dr
virt Add" Proess No RPNOO=03 = R
' Segmant No GSNO2-14 1  "?§b°Df only‘zf~ij? 

(32 bit) Word Add RHQOO-15 - | :
Control levelﬁ and pulses are also sant as Zisted 1n 3/Fzg 6,4 
All operanda returning to PROP via Central nghway (from B, '
D, OBS and ACC) are copied to RHO and ave stored away by Juke Box befare
- the next boat is gemerated. ' CE ' B
: - Up?rand$ for SAC may be taken from RN? or RVU. Operands
in RHI are first cOpxed to RHD (PRDP->PRDP) and then RVU, Operands
from SAC return to RV, ' : B -

[
[
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(ii) As soon as all System Error interrupts have been cleasred, the

“~

routine is not protected agairn 1wt a System Error interrupt

o]

occurring before the routine oxits, go thet the Interrupt Entry

action would cause the prosent System LINK to over-write the
OLD LINK in System V-Stove, Vit thout further action, this LING
would be used to e 1» both from the later and the ecarlior System
routines to the earller System TOULIHS instead of tﬁe intefﬁupted
froutino, ie a loop condition rasul’cs° It muy be prevented bj test
the OLD LINK to see if it is a System Error LINK, If noc then

it is copied to the game loc ation 1ma°e1aio*y° VYhenevor .2 System

Error routine manages to exit after (1), this location is used

to restore the LINK, i.o. the original OILD LINK iz preoservedand the

interrupted rouline can be resumed,

Noither (1) nor {ii) are reguired by othe" 10 or L1 routines since RMS14&15.

provide permanent protecxloa and as soon as ahe DLD LINK has been restored

-any masked LO or L1 interrupts wouild immediately cause an Interrupt Command.

Intorrupt Entry would then store the CLD LINK again,

3,117 dockahts in PROP

{15 & B Secondary Operand or&ér sote RBLO blL in siage 5 until
Centrallﬁighway receives the B order Irom Dop. No B orders can e
sent out from PROP whilst RBLO is sot since it may get to B before
the other order via SEDP, . | '

{ii) A CUOlPare order sets RCLO bit in Stage § ﬁntil the. Test Registors
heve been sot in Machine Status (RiS04-00). No other CCHMPARE ordors
can bo sent out from PROP vhile RCLO iz set since there is no assured
oraér in which the teat results will return,

Thus should (i) or (ii) occur Stage 5 is in 'Lockout® until
tho lockout is reset. ' ‘
Ordors which use the Tast‘Registers cannot be executed until
RCLO is reset, nust -
(ii3) Interrupt Entry: the Fixed Insﬁ“tctions store RiS, To ensure

RiE04~07 are valid Juke Box does not st "Obe RIH until RCLO hes boen

rosoele

(iv) Booleoan(Test): Lh@ Boolean Qewz tor BN is not Set/Reset by

.

ruke Dox fLrom the results of fn(Bh, TEST) until a:te JRCLO is roeset
and TEST is valid, ‘
(vy Test Transfor: the Test T: ansfor Jamp/ro—aum dgcision is not .
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3.9  The PROP 'Juke Box'

”he Juke Box préV1des all the pulses necessary to sample

' and manlpulate information contamned in PROP (functlons operands,
state-of-PROP) . Orders are advanced through the Pipeline

by a series of 'beats , oach one of whi h puts a new order (p0351b§y
a dummy) .into Stage 5. When the order has been accepted iy
by any relevaﬂt,highway(s),'a bit FBDGN is-set and remaiﬁs

set until the next beat is generated and propagates down_the.-
Pipeline (3/Fig 7). Owing to the distance at'wﬁich sub~units

‘of PROP are placed from Juke Box, their strobes are up:to 20

nsec behind the corresponding function registers RDF, RF1-5,
Since data for the‘sub-units is generated from these registers
and ‘from RDN (also'local to Juke Box) this is of no importance
for data flows. Also Central Highway and Dr hlghwcy are near or
on the correct side of the output registers. It does however X

1imit the response of PROP Pipeline to Namoe Store conditions and

nanipulations (éoe‘Section 3.11 and 3.12).

3.9.1 Juke Box Routines

Bofore FBDGN is set, the last beat strobes RWTO-3. '
which inforﬁs Juke Box of any WAIT conditions, More than one
éan occur and they are dealt with in the following order (unless
the pipeline is abandoned)(3/Fig 8):
(a) B => order returned,
. RHO contains the operand requested from B by the
overlapped B => order. The Bl=> Routine uses RBW
and- RF3 information to store it .in Namo Store (see
Section 3.10.4). | | -
(b) Interrupt order
PROP has sent out‘an'Interrupt Order, When any
. outstandlng COMPare Order returns, Juke 301 ‘strobes
_Inl ij:BIE whlch setg Interrupt Entry Mode (se Section
:?§ﬂf\}ﬁ3 11.6) and ‘then abandons the Plpellne and sots
j:ﬁﬁglqtage 5. to. dummy, :.gnorlnb other VAIT S. |
) DR - WAIT- | no
" Lxept for named variables and literals which ‘

o

~use an advanced handshake (DR guarantees to accept
this and tho next), Juke Box waits, for Dr to say
'Order éuaranteed to Complete in Dr' before
continuing . Dr may instead say  "Abandon' or *Procedure
Call', The former'impliés a STS Qrder.is being
curtailed;’the latter that the descriptor sent by

~ PROP requires fixed‘instruétions f#om IBU (See ‘,
“section 3.11.8.) For theseilast two:fﬁe pipeline’

is abandoned.
t .
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Dr may also,send with 'Ordor Complote® I
a level sayinng 'Current Name Segmont Eduivalenée’.

This resets any VU-WAIT and séts"(DAi)CT'

A=

This is answered (sec Section 3.11.2)“'
and any further WAIT'S are ignored sincéjtheéeﬂ
apply to the order still in Stage 4. |
PROP # S o
PROP has sent out a Name Stove Access Order. i
The PROP # action is entered (see Sectionig.ll;g).
Should SAC ox OBé be unable to return the operand due
to CPR # :, then (b) 15 entered'"otherw1se any further S
WAIT'S are ignored as for (d).
CPR-WAIT ‘
PROP has sent out an ordexr which requires CPR to
succeed, These are described in Section 3.11-.9o
Following & CPle‘these would result in PROP .
otherwise either halting or using an invalid operand,

This is avoided with co-operation with OBS;f

Juko Box enters (b) if the CPR-WAIT is not. satisfied,

HO~WAIT : ' -

PROP has either sont out an operand from RUI 6r

~is waiting for one to return from B,-SEOP, BS or ACC

wia Central Highway to RHO, When the operand returns,
FHORDY is set. If the operand ié from B and a B =>

operand is outstanding, then (a) is entered, holding.

_up (g) until the next operand appears. Ono of

various routines may be entered following the réturn

* of the operand:

i), Boolean or Test (see Sectlon 3. 10.7)
(Ll) RHD -> RVU (requlred by. Double Orders and -
' XNB Descrlptor (Sectlons 3.10.5 & 6)
(111) Control Transfer (see Sectlon 3. 10.7) .
(1v)' => Routlnes usmn° Rrs etc used for =5 Varlable
in PROP Name Storg;'=> PROP V~11nes, => System
. V-Store or => variable in NSBP; => Extormal
", v=5tore (see Section 3.,10.3)
- (v) £'(PrOP IR) (see Section 3.10.7)
A Control Transfer may cause the pipeline to be abandoned,
as may => NSBP following CPR#. The latter would also cause
Stage 5 to be set to dummy, Stage 3 is set to dummy only
if rreqﬁired by the Secondary Micrqprogfém Goenerator (see

Section 3.6.1).
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3.10 Instructions Through PROP -« Normal Actions

4

The following Sections describe the Actlons necessary to -
oxecute orders fiom PROP asvumlng ‘ -
' (i) the order is exocutablo (o.g. the operaqd,isvavailabley

* without software action), . o
(ii) any PROP Name Store access has broduced its expectéa‘
' result, ' . o .
(iii) No Interrupts occur externally nor a?é_any made fo
occur by invalid fuhctions in PROP. . ’ ..'<
(iv) No interactions with other orders or ﬁnits occur
(e.g. not Bwi(ogder) or DA=(Unit)). | ‘
These éxceptions:are;dealt with in Sectién 3.1, ‘
Certain orders via OBS have to wait for CPR = before Juke
Box can execute thom,., For a list of orders and the actlon occur:.nb
on CPR =, see Section 3. 11.9. ' N .
B, D and ACC *= orders ére dealt with aéaadjacent =>'STACK
‘and orders since the order is split into two by the Mlcroprovram
Gencerator (Stage 0) and the functlon of the first part modlfled to
=> (Stage 1). The relevant Units then ;nterprgtvthe *= function as
= only. A ,’ - - _‘ | L.
Orders 'expanded byvthevSecondéry‘Micréprogram Generator
(stage 3) are traced in their expanded form. .’ |
All o rerands leave PROP frqm RHI for other Unxt én@
return from them to RHO. » j . o

3.10.1 Literal Operands

Aﬁy => instruction causes a PROP‘InternaiAIﬁterrﬁot and
no other action, A = instruction assembles the llteral (see oectlon 3.6.2
from RDN, RL1-3 as required into RVU at stave 4 An f= [that is
bits (0+1+2) of the order code # 0] order leaves stage 5 to 1oad the c.r..
from RHI. An £' = [that is bits: (o+1+z) of the order code = 0] order at
stage 5 sends a 'PROP->PROP' requeat to the Central nghway whlch copies
RHI to RHO. Juke Box then takes the necessary actlon._.
.3,10;2 Intornal Registor Operands : , Y
All PROP IR orders [bits (10+11) = 0l are ndn-overlapped

in ?RDP. Any => 1nstruct10n speclfyzng a PROP IR causes a PROP Intornal.
Interrupt and no other action.. An PROP IR order plcks up ‘the operand wvia
GBS00~15 and GMSOO-15 into the ms .} of RVU at Stabe 4. Except. for IRO, the iR
is shifted to the 1.5+ & of RHI. -in Stage 5, digits 00-31 ‘being all zZero..

11

| For IRO, known as’ the LINK, the l.s. of’RHI 1s 1oaded with RCA[- RCO

-

(for the next order)] The PROP IR s are'vi';gvﬁji'h
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Ordors for Internal Rogisters not in PROP [bits (10+11) # 0]

are Double IR orders. The 1lst part accesses the operand (from a
c.r. if a core =>3 from an IR if 2 c.r. =) by sonding an order from

stage § to the donor Unit (B, D or ACC) The operand is returned
to RHO by Central Highway. Juke Box copies this into RVU to
' provide. the operand for tho 2nd part in Stago 4. The 2nd part‘
roaches Stage 5 on the next beat and sends the operand (to an IR
if a cor, =>3 to 2 c.r. if a cr =) to the accéptor Unit (B, D or ACC).
Control bits with the order are set if PROP is referring to the
IR function bits instead of the c.r. bits, ie "IRA’ with B = ACC IR
means send the contents of ACC Unit IR (n) back to PROP. Conversely
'"IRD' with B=>SEOP IR(n) means load SECOP Unit IR(n) with the
operand supplied. Operands from Dr return via OBS and Dop to
Central Highway.

From the structure of the order code it is impossible
to define an £° order using IR operand However an IR may be
stacked and then used by an Unwtacklng i order° The PROP IR7c

are also stored and loaded by the Fi order».‘

3.10,3 V Store Operands Lo

Any V Store order will cause a PROP Ianternal Iﬁterrupt
and no other action unless one or more of the Executive Mode,
Level 1 Interrupt or Level O Interrupt digits are sét in Machine
status (RMS 13+14+15 resp.), since these are ’priviledged’ operands.,
Local V-Store is divided into Blocks which PROP divides into th}ee
categorles. S }
(1) Block O: System V-Store, implemented as Segment 8102
of the Virtual Store., An operand is accessed via
SAC (3/Fig 9 shows the SAC interface'signals) making a
normal = or => request as necessary. SAC receives
RSN gated to appear as Segment 8102, Although the
address is treated as a Virtual Address; the operand
is never in the Name Store (Segment 8192‘is‘acgesséble
by Executive routines only and the software hever sets
_ RSN = 8192) . The Name Store is therefore by-passed.
(ii) Block 1: V-lines within PROP itself. Some of these have
special actions which are initiated by a = or => as
appropriate (see Section 3.12).
(iii) Blocks 2-127: Local V-Store in other Units. These are
accessed via SAC by making a V-Store = or => request as

necessary.

3/10/3
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b3

A = V-store order sends a zignol o Juks Box which causos

V
0
b
)

13

n oxder in Stage §
Jukt Dox accesges the operand either directly fLrom the PROP V-iine

for Bilock 1, else via SAC for Blocks O, 2-~127, The opsrand is pub

diveetly into RVU and enters RHI as the ovder is put into Stoge §
to go to the Unit concerned {cr or £'),
i ALY => V-Store ordors . stop at Stages 3 to save RVD until

thoe order is executed, An £ => V-Store order is non-overlappod

vy
Pyl
@)
&
)
5]
’("
[a]

and hzaz nicked up the cpercnd frou

passed Stages 4 an

Pt

o

B The operand is sent Irom RHI to THO (PROP -> PROP} . A cr =>

V-3toro sends oul an order from Stage § to the donor Unit which
he operand to RHO, ,
For Block 1, Juke Box loads the V-~line given by RVD and

then entorz the PURGE or STARCH Action if reguired, For Blocks

0, 2-~127, Juke Box gtores the operand viz SAC using RVA as the
address (= RHQ since tho order iz still &l Stoage 3).

A1l 32/04 bit veriables and 84 bit desriptors (with

paseo SF, O, NB, UNSTACK) use Segment SN and access the Heme Storo,

as do these using Base XNB within Name Segmont (RYB E.JSh)o

[No zccoss is made for DL 1 sinco no descriptor is requircd -

it is alveady in Dr.l The "'mormal®' rosgult for each access

{i.,0, tho conditiocn for PROP to work at maxinum apeed) iz as follows:~

the full Vvirtual addresg zent with the corder from RPN,
"GSN, RHQ, The eguivalence zesult ic krown ag AW =
(see Section 3.11.2) and causes the line to be erazed

Iu

from PROP Name store, updalting

1=
h

.store necessary .

1

ACC = Variable: either eguivalence or non-eguivalence

~
=

[¥N

~

&

is 'normal', If equivalence occurs then & cony of the cporand
will be sont from.PROP (this order doos not cause ACC
to alter the operand value). if non-eguivalence occurs,

-

CnS will accesz its Namoe Store as for (i),
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Vhen the B => operand has been stored, 1t is necessary to ' )
.re=cycle the Name Store to re—aSSOC1ate/read for Stages 2. & 3 since’
IR is" destroyed by => Name Store from the RBW . regxster. The Vlrtual
Address at Stage 3 (RVQ) is put Lnto RIN, associated and the result
used to restore RLR. The V;rtual Address at Stage'a (RNQ) is then put
~ back into RIN (destroyed by the last actlon) Flnally, 'B —>'outstan31ng'
‘“and the RBV bit are reset.. ' ‘ R ":“_: _ :
" Should the plpellne be abandoned at any tlme, the RBW—blt 15'
not reset; "B -> Outstandlng is only reset 1f the RBW-blt is not
sot (ie the B => order is still in PROP). “ ﬁ" o
.(d) D => Local Varlable is not overlapped, but stops at stage 3
t(see section 3. 6.1), When the order (Valid, non-:ncrement phase)
fhg eaches Stage 5, it is sent to Dr whlch returns the ooerand to ‘
.VRHU vxa OBS 'Dop and Central nghway. A ‘
| R The operand 1s stored in the Name Store uslng PLR (the
'home' llne) ana RF3 1nformat10n as, for (c).‘No recycllng is ¥
needed 51nce ‘no other order is- 1n Stage 3, and Stage 2 has not -
“been dxsturbed » ) t .
' Stage 3 is then set to‘dummy‘and‘Controitts incremented
',afterthe_rlg:_‘:_s_beat“ . ‘l' o
‘ (e) f' => Local Variable (eg SET LINK) stops at stage 3 and picks
. up the PROP IR, in Stages 4 and 5. A PPOP -> PROP order loads
.RHO which is used as in (d) above, ' -
() Descrlptors are accessed as for D = Varlable. SEOP
loads the order from Stage § into its Descrlptor Reglster and
uses it to access the Secondary Operand (Bit, Byte, Strlnu,etc) as
defined by the descriptor. OBS then accessos and stores the
’;.secondary Operand in one of elght 128 bit llnes in its Operand Store.
For ACC orders, no further act;on rs requlred by”PROR and Control -
'may be incremented, - R ) ‘ -,‘ o |
For some orders a CPR-WT isg necessary (see Section 3.11.9)
and Control is not incremented until CPR = is obtained, For a B
order it is then'neoessary to set‘the‘RBiO bit which locks out
the B until B is loaded by or nas stored the,secondery operand
. (see Section 3w11.7)} A D= [] order is‘ekecutedpby two passes‘
through Dr in SEOP, ' ' S ‘
For an f'- [] order, a CPR-WT is necessary. The operand
. addressed by Dr is accessed by 0BS and returned to'RHC via Dop ‘
| and Central Highway to be used by Juke Box. An f'~> ‘[] causes a
';PRUP Internal Interrupt slnce Descrxptor and f' operands would .

both be in RHI.



the order to Dr until a copy of it hag
lighwoy for 'RY., Vhen both orders
have beon sent, the order ig éaid‘to have gono from Stage F. On
receipt of the modificr roguest, the 3 sends its value to Dr
(via a separate liighway).

For Dagso @, D = D descripteor accesgces, PROD accesses Nomo

Store but dees not reguire eguivalence cor non~equivalence on

Sogment may appear in RHI, Oteor PROP actions are the same,

' uses the existing contents of the Descriptor Register,

=

xternal Nomes

(@)
[
}"‘
@)
©

Ct
£

s ]

, Thece uze Base ZNB and Segment{XNB) (if RVR SNY .

i

They cannot be in PROP Name Store, but may bo in 033 Operand

gtore, No access is made by PROP but an cxder is forced out to
)

(BN
b

'©pS via Dr which uses tho supplied full Virtuazl Lddress (RYB

o}
{h) An ACC External Variable leaves PROP without aa opérand as
for non-ocguivalenco with a Local neme,

(c)y £n £'= External Variable is gimilar to.an £°= Descrip

the oporand being returned to RHO from OB5 via DOP and Central

3/10/7
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3.10.6 Double Orders

(a) STACK is split into two parts at Stage 0 (see Section 3.3 1),

the socond part stOpplng at Stage 3. The 1st part accosses the operand
as for an £'s= order. Juke Box then coples RHO to RVU to be used by the .
2nd part. T his is . identical to an f'—> Local Varlable using the accessed
operand instead of a PROP IR .When the next beat pute the 2nd part
(Valld, no-increment to Control) 1nto Stage s,ythe operand is stored

in the new Stack Front location. RSF has bcen'increﬁented by the

first part in Stage 1. Confrol is incremented after the following .

beat., ' . ‘ ‘ ) ) . N

(b) STACK LINK is expanded . as‘for (a). It is ﬁon-oﬁerlapped.

, " The lst part accesses the operand as for an f'— order., Juke -“
Box then uses RHO to modify Control, i.e, [RCA] = - [RCO(this order)] +
[OPERAND]; Togeother with the ms half of RVU (containing RMS, RNB),
the 2nd part (valid, no-increment to control) copies RCA into ‘
"RHI to form the LINK(ModJ.f:Led), c¢.f. PROP IRO. (Section 3.10 .z),
which is then stored, ‘and Control 1ncremented, as above..‘

(c) EXEC CALL 0-6 is expanded as for (a): ‘ o ;

The 1st part and 2nd part (valid, no—lncrement to Control)
stack the Oporand ‘as for (a). The 'add to Control' phase of (a) is
now a valid JUMP ‘order (see below) which forces Segment 8193 + Line

0-6 into RVU at Stage 4. Vhen’ this phase reaches stage 5, a PROP
-> PROP order is sent to Central Hzghway (as for f' ) and Juke Box
executes an absolute jump (Control Transfer) to thls address. At .

the same time Executive Mode dzg;t (RM513) is set to allow IBU to
_.accoss the Executlve Call CPR., . . fj,‘ "'u’ . jwr~f‘c
3.10.7 ORGANISATIONAL Orders . = o
STACK LINK, XC0-6 have been descrxbed above. The remaining

- £ orders fall into two sets: f’-> and f'= type orders, The f'=
are further divided into PROP IR manlpulatlon, Boolean (X TDST) and
‘control Transfors: ‘ ) ‘
(a) f'=> orders are 7 . ’ : ‘ S
SET LINK which stores an unmodified, rion;ihcremehted LINK to
a Name'(see IRO Section 3. 10.2), ie RCO is fof this order.
XNB => which stores the non-Local Name Segment and Bage
tf[“ registers (IR1) : j ' ‘ '_f' 1'
' §F => vhich etores~thejLecél‘Name,Segment and stack front fegieters
0o NB => wh1ch stores the Local Name Segment and Base reglsters
(IR3> |

‘There is no BN=>,
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Unlike the PROP IR ordors these store to an opera nd instead
of a cr. Az for PROP IR these are nou-overlapped asseﬂbling the
becisters into RVU and RHI in Stage 4 and 3,

The LINK is non-incremented to a Local Name since it
tges 2 delayoed ‘increment Control' phase for => Name Store.
(h) PROP IR Manipulation

Thirteen I’ orders léad or increment registers in PROP:

(i) DXIT and RETURN load the LINK, i.c. [MS, NB, CA]l = [CPERAND]. Juke
Box thus strobes IS, RNB and RCA rom RHO and thon emecutes a '

JUID to this.qew value of Con trolo RCCI = [RCA] by the next beat as
Lofmal, Vhen using RETURN/UNSTACK, the LINK iz taken from &
- reduced Stack where‘SF = NB, Stack Front register is left at
Np-1 (see Section 3.3.1(ec)). This returns the (mocuf od) LINK

~which ﬁas Stackod before thoe Routine was cabcrod
(1), MS = permits separato b1 ts of RME to be changed alt will by
s R

means of masking bits in the 32 bit operands; the 1s half of R:

iviledged.

iz DT
(iii) uL = permits @& 32 hit Displey registor to be loaded from RHO,

The displayry lights are situated cn the Console°

(iv) XWB. = and XNB+ allow the Von~L0ﬂa1 Vame Base rogister to bhe

‘lozded or incromen;ed, ,

(v SF=3+;NB=,+ ollow Local Name Busze and &tack Front to bo
oaded or incremented rolative to themselves or each othewr, 0.8,

SF=NB+3 sets RSF=RNB+3. If & segment boundary ié crossod, then

2n Interrupt occurs.

Bde
1]

(vi) SN = allows SN to be loaded if RMS(13+14+13) = 13 if no
a dumny ordar,
(¢) BEOLEAN (X, TEST) Orders

The l.s. bit or 1.8, 4'bits of the operand are used as

n o

‘reguired (see Section 3.2.3). Vhon the vesult is valid, BN is set
1? ¢% ¢he Boolean function fn iz *true’ else’'to *0f,
(g)y Control Transioer Oraer~

Vhen the operaond appears im RO, RCA is ‘oiltang to the

noxt order,



ES

3 tree, or for the

(28

Tor a To5T Transfer for which the TEST
unconditiontl tranfors, JUMP and ->, Juke Dox replac
input to the Control Adder by RHO and strobos = RCALS

.
J
transfer») or recets RCO and strobeg RCA(IT)Y = RUD
1] .

A relative transfeor greater than a fegment or which crozses
a Sogmont bouadary (Control Adder ovorfliow) causes an Intorrupt,

Whether the pipeline haz to be abandoned dopends on tho
4 . .

(i) If the I.U hes anticipated the transier (Lho chuanCU blC = 1 wvhich

says the following orders start from QCA(J 7 1d & tronsfer

2

s to be

e

uted, ‘
e IBU has got anticipatod the transfor {Soeguonce bit = G,

be executod,

4]
o
(¢}
U‘

horefore next order is Zrom RCA{I)) and a tronsfer i

Tor (i) the pipeline ig correct, bui for {(ii) it must be
discesdod and IDU asked for access RCA(J) . Lfter the execution is
coupleto, RCO {next ocxder) = RCA{J) and PROP feods in ¢ wnmy ovders
until I3U provides the firzst instruction, Dither ﬁ-y, the next
instruction oboyed is from RCALI) .

4

for & Test Transfer for which the TEST is false, no

tranzsfer

ol

ig to be executed and RCA(I) is left unchanged TAen he followinz
"

(iii) The IBU hag anticipated tho transfer yet a transfer is mnot to

(iv) ”qc IBU has not anticipated the transfer and a transfer is not
to be exocuted, , . ‘ ' " "
' Tor {iv) the pipeline is corwect, but for (iii), the same
nrocecdure must be applied ag for (ii), Either way, the next
ion obeyed is from RCA(I).‘ 1

le to aaticipate control transiers by means of a
er 2) wailch PROP causes to be updated for each case {(ii)}
for Literal 0/16/32 Test Trensfers or Unconditional Transfers., Before
sendinz RCA(J) {the Jump To addross)g.PROP sends RCA(I} from which

13U producez RCO(I)-1 (the Jump From address).



The instruction Buffer sends a seguence bit to PROF with the last
1

2
l-word of each instruction, For § or 10 bit Literal Transfers,

it wooches Stage 9 with the active phase of the ordorx, For Literal
32, it is in Stago 4. It will not be set for a 04 bit instruction

ginco Jump Trace is never loaded for this instruction,

© Control Transfers are also produced by EXIT and RETURN and

" - : y . ~ . ) iy . .
by the last phase of XCO~D, RCA is. also strobed by the ist part of

TACK LINK to form the modified link, This roturns to RCA(I)

#2]

D

1

}

foilowing the noxt beat after which RCO = RCA(I) as normal, ie this

iz . not a transfer.



4

3.i1 Instructions Through PROP - Exceptional Actions

These are necossary for the working and updating of the
Memo Store or arise from interactions hetween Orders in PROP or
in other ‘Units of 1U5 and in geneoral impose a time penaltly on.

PROP oxecution rate,

.11.1 B => Cutstanding

This applies to B =>'Loca1—vériable (see Section 3.10.4).
If a second B => Local—Vgriable'Orde; was allpwéd beyonﬂ,stége 2
before the first's operand ﬁas Stored, it would interfore with‘the
store action by trying to use tho register, A 'Stdp at Stage 2! signal
Ais thereforo set until "B=>‘outstanding" is reset.

Also any Name Store Access‘might try to‘use or;writg to
the line to which the B => operand is wfiting..”his is 'BW ='
and arises \vhenZRLRj LBV = '1' after an access. Ohe of “(:'wo
bits JBWEA/B is set at Stage 4. Those are 'Stop at Stage 4'
lovels and causo thé Stage'to set dummy orders into Stage 5 pntil
the B => operand is sampled (sée Section 3.10,4) as being in RHO,
aving stbred the operand, Juke Box checks for BW = and if so makes
an access using RLR = RBVW, i.o. reads out the updated operand into
»VF which previously only held the old oporand, ThelRpw register and
J3WEA/B are then cleared thus removing the bit in RBW‘(i;e.,no more
N 5fs possible until another B =>,outétandingl and letting the ordexr

into Stage 5 as normal on the next beat,
g 4

c . N

2 ,11.,2 ACC Virite Lguivalence

~

This has a similar action to BW = in that 'Stop at Stage 4°
is produced by bit JACE following the detection ofERIRj = '1' for
this order. Only one dummy is produced inlstagé 5 wvhich allowé o
Juke Box to writé the operand to SAC if if the line is Alterod (a bit
set for gach line which hag had a => Name Stqre'action pe:formed on
i%). RVF is used as the oporand and RVA as its Virtual Address in
Name Segment. RVA ié‘pqt into RIN and by Association strobes RLR
. with the line to be set non-Altéred. Non-Used., A

The Name Store is then re-cycled to re-form RLR and RIN for
stage 2 and 3. JACE is resot which allows the order to enter Stage 5§
.without an operand as assumed, 0OBS will then access SAé‘fpr'the
operand, OBS cannot, as for £'=>, store an operand'com;ng from Dr,

S0 that the AV = is required to update Store before sending the order
Out; ‘ ' . ' . | :
should the AV = occur simultancously with.a BV =, then 'AV ='

is not actioned-until the B => is completé.~

3/11/1.
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3.11.3 PROP # ) ‘ ;
Following the detection of non—equlvalence (ERLR = '0') for

a Name Store access needing equivalence, bit JNSNE is set which causes

a 'Stop at Stage 4' sigpal. A Valid, no-ihcrement'to Control order

(the NSNE, Order) is produced by Stage 4 which leaves Stage 5 on the

neﬁt beat and goes to OBS via Dr,/This order is similar to the XNB

non-Local operand access in that this extra phase in front of

the order causes 0BS to make an access, This access is to its Name

Storo, however, and checks for the presence of a 64 bit line that has

been used by ACC Local Names., If such a line ié found (OBS =), tho NSNE

Order is put into the By-pass Registef until thé ACC.Queue has run down.

The 04 bit line is then sent back to PROP (RHO) via Dop and Céntral

Highway . ' | , ‘ o '

' If no such line is found (OBS # ), OBS makes a = Store access

to SAC on behalf of PROP. This causes the operand to' be returned

from SAC directly to PROP (RVU). This. is the expected action on
PROP #. The NSNE Order is diséarded oy OBS after ?he requesi is
mado. ‘ ’

Before' putting the NSNE Order into the Bypass Register (on- \
ang =), OBS makes a similar request to SAC as fér'Olef except that no
operand is' read from Store and no test is made for CPR = on this order.
However, either request causes 'SAC-OK' or 'SAC-NK' to be sent '
back to both OBS and PROP. Following OBS #, 'SAC?NK' impliés.
that no operand will be sent back to PROP (NSNE Order is dlscarded
anyway) . Followlng 0BS =, SAC-NK implies that SAC is already in
Run-down Mode durmng which no operands are sent to or Lromlstore
. (except for forced, => requests“-‘see below) , The ACC Queue in
oS is élso in a Run-down mode in which it would 'jamb' if there is an
order which fequires an oporgnd from SAC which is not being accessed,
Thus the NSNE could be caught in the Bypéss'Register‘which is not
poermitted. Thls is avoided by DBS'discardiné the NSNE following
'S AC-NK? . ' | o

Whilst the NSﬁE order is propagating‘td st PROP pfepares
its Name Store to receive the: operand (elthar from SAC or OBS). '
7The 'Next-Line Pointer' (RLP) is used to cycle round the Name store
as more entries are required, va1ously the oldest entry. is '
over-written by this action. In casé'this is the one to .

wahich an outstanding‘B => operand is to return,'PROP'tésts'for BW

for this line and skips to the next 1ine (RLP + 1) if so. PROP

cannot wait for the B => operand at this stage 51nce should the -

" PROP £.0perand return to PROP from sac mld-way durlng the B=> rout:ne,
it would be lost due to gat1 RHO -> RVU 1nstead of SAC -> RVU.



. I/
To ensure that Store holde a vaiid operand eefore the line to be
over-written is lost, PROP. coples the operand back to Store if the line
-ig Altered (i.e. has been wr1tten to), and sets the 11ne to non~A1tered.

If SAC-NK is sent back to PROP from SAC, then no operand
will be forthcomlng (due to OBS or SAC actions) and no further
action occurs in the PROP g.routlne. However. the. NSNE Order ‘has served
the qame function s ‘the INT Order, so that the Interrupt Routine
is entered (see Section 3.11.6).

If SAC-0OK 1s recelved, then the act;on can be as follows.
1) The NSNE operand returns from SAC (i.e, OBS #) to RVU: Using RLP
(pointing to the prepared line), the 64 bit operand is written into
Name Store. Since this is a direct copy from‘store, the line is
set unaltered (i.e. Used. non-Altered). An—-outstanding B => operand
returning to RHO is ignored until sampled by the next beat as normal,
2) 0BS sends 'OBS =' so that PROP knows (1) cannot occur. Thus if, an
outstanding B => operand beats the NSNE operand from OBS (V1a Dop
and Central nghway) into RHO it can (and must) be stored in Name .
Store (at the RBY registerthome! line). should the NSNE operand arrlve first, the
B => operand waits for RHO to be freed and then its presence is ' |
- sampled as normal, For an NSNE Order caused by'a => Variable, DBS.‘
has erased the line from its Name Store; PROP stores the operand
pat RLP, but the line is set to Used. Altered since an ACC ¥>’may have
altered it. - : S o -
‘3) is (2) but not caused by => Variable: OBS ﬁas not eresed the
linej PROP does not insert the line into Store.

For (1) and (2) only: RLP is then advanced to the next linej

j”f.stages 2 and 3 are re-cycled to restore RIN and RLR« Should an ovexrlapped

=> order be -in stage 4, RBW is strobed to insert its (new) 'home iine,

JuLe Box lastly clears the JNSNE b1t which allowe the order ;o

to procoed to St«ge 5 on ‘the hext beat, The operand to be used

is in RVU not RVF ‘as for equlvalence and thls is forced by Juke -

' Box until after the next beat, S o
A => Name Store order for vhich the operand is already

in RHI and has been over-written in RVU by the, PROP f'operand

is executed by inhibiting RHI on the next beat.

~'3411.4 Other Neme Store Modes

(i) In addition to users' programs (identlfled in PROP Name Store (
by Process Number), Executive and .Interrupt Level gt routines use

the Name Store. To save‘changing Process No; their Local Names
‘use the space in front of STACK (which users know is liable to
’_‘chaﬂge abrupilf and thercfore cannot use). Common segments are
‘accessed by XNB as for External Names . In general these routlnes
\are caused by user errors or. are requlred to 1mplement user s 1nput/

L nede ene e
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The CPR # Inﬁeffupt Lovel O Routine arizes fr.m hardwvare Iimitations
dﬁiv and oo isvprovénted from using the stnormal‘lines oif Nemo:

Stora. All X3 accesgoes go via 033 (RYB = RSN ig inhibited).
/ oro are ?esarvnd.ior Lovol ' Intorrunt
routinez to save all accesses going to Store Via 035, They are

2 - Q . s
addressed modulo o by decoding the 3 Tooe Jq‘ﬂ:b address

digits and are always 'Used ' (i.e¢. are ignorecd by bgo PROT - #

and PURGTY actions). They provide eight working rﬁgistars for the Love

¢ zoutine arc accessed-by all Local Name orcO”” A1 = cannot
cecur, all ACC Variables using thesoe registers ss for D orders.
{iii) In addition to the Bypass actions by Systenm {3lock 03} .

v=gtore and XNB {(not SN) oxrders, the DAY and 308 Wame Stores can

he bypassed compl cfe”" by meens of a signal from the Console {(NELL},
U1l Local Name thon nake accosses to Slore via SAC as for Systen

VS tore . IF CPR é‘ocgurs then cont fol ig not incremented for that,

order,

(iv) Two System Errors may be caused hy the: PROP Name Store.

should issociation (Stage 3) yield multi_i ~equ1valepbe then a
hardware maifunction is indicated, and System Error *PROP Name

Store Mult Ef iz producedq -

-!

Cnce an overand has beon copied succes afL 1y from Store

Eh

hould not be changed, bj the CPR &

(ﬂ

“into O35 or DPROP, that CPR
soutine unless it ;s_no longer uzed (;e a S”A ICH in PROP and QBS.
shows mo line in the Block accessed through this CPRY. If all

e usod, the Name Store’s may be PURGE'd. Vhen an
altered line is written back to store by PROP # ow T7‘().;(":_,, Juke
Zox does not wait for CPR = (as'in => HSBP) th assumes it,
mhe iine is writteon back using a 'Force® bit which even ‘“oun“
SAC is in the Run-dovm condition, will ensure that thﬁs onerand
~gachoz and updatesn iocal Store providing this CPR is still éo?.

Should CPR # ocecur %nformation has been lozt and System Drror

iopn #%.is producod, This will be due to haxdware malfunctiions,
oithor directly in $AC, or following coxruption of the CPR #



3.11.5 Instruction Buffer Interrupts o e ;%7£ﬁf §
As described in Section 3.3.2, if the IBU is unable to .

access an instruction due to Control .Segment Overflow or CPR Fol
for an access to SAC, it generates marked 'Valld' orders to be
read into PROP, ' S - i "*r - -
When an IBU Interrupt roaches Stage 4, PROP's actlon depends
on the cause of Interrupt“ : : - . ‘
(i) CPR # causes a Control Transfer to this order Whlch
'causes the p1p911ne and IBU contents. to be abandoned. IBU makes a
'priority' request to SAC which must cause CPR #. A.Z on a- '
- priority request does send CPR # Interrupt to the Interrupt System.
Prop preserves the occurance of IBU CPR # by settlng RIBI. This
signal is sent to SAC and causes all. IBU requeste 'to be treated as
priority requests. This is necessary when the f_occurs as a result
.of a long 1nstruct1on crossm° a page boundary. RIBI is reset on
ifentry to the Interrupt. %‘44 ' o ' .
The Control Transfer is 1mp1emented by an 'Increment

‘ Control Only! order in Stage 5 which is prevented from adding to

‘APﬁQControl by 'Lockout! (see next Sectlon) The Control Transfer routine

‘ij:ls then entered wh1ch sends RCA(I) to IBU. Since the Pipeline

‘"contalne garbage' orders,.zts contents are dlscarded.
CED) Control Segment Q/V reaches stage 4 and causes a PROP Internal
‘Interrupt as for a Control Segment ov produced by a Relative
Control Transfer. '

Should the contents of Plpellne and IBU be dlscarded by
a Control Transfer or Interrupt System command before the IBU
Interrupt attempts to execute, no action 1s taken since the )
-**interrupt'’ was merely due to IBU accessing ahead of the orders

' actually executed, -

© one
-

3.11.6 The Interrupt Order ; Ll -
PROP acts on Interrupts in Stage 4; The PROP Internal

Interrupts are listed beloW°- o o ) _
(1) Illegal Punctxons fﬁsi.ﬂg‘_ge,'n‘ ACC or £' => Literal or PROP IR.

£ => Secondary operand

' £% => External Name (/XNB and Seg(XNB)#SN)

(iii Name ADDER'Overflow:'zf-“ following Name plus Base by Stage 1
o L o produce the address of a Primary
. operand; ' . . "
R ;71 oL f;'-h.'follow1ng an £ PROP IR Manipulation.
(iii)fControl Adder'OVerflow;f'gfollowznn Control plus Dperand durlng
IR o ia Relatlve (Uncondztzonal or Test)
o L Transfer, o ,“
;Q@i;nff‘ 7f‘When an IBU Control Segment oV, order

raaﬂheq ﬁta.o-e 4
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C{div) illega; 'V"AcceSe: ' any order speclfymng e Priviledged operand
' - ' if RMS(13V14V15) = 0. [Program Fault only]
The Interrupt System 'Interrupt MUS' eommand 1s sampled . '
at Stage 4. The perzod of sampling lengthens 1ndef1n1te1y if the
present order in Stage 5 is slow to be executed, - : e
The. Interrupt (INT) order is produced at Stage 5 if an order -
o whlch has produced & PRDP Internal Interrupt is attempting to.
| execute or if- (;rrespect;ve of the order which should be at etagens)
the Interrupt System command has been sampled, The beat wvhich
transfers a PROP Internal Interrupt order into stage 5 also sets (i) -
t'(1v) into Program Fault or System Error reglsters xf produced by

a valid User.or uystem 1nstructlon respectlvely (RML(13+14+15)-0 or 1
\9 .

-

respectzvely). ‘
‘ The INT order 15 a valid, no-increment Control order,
1t leaves Stago 5 for OBS via Dr, OBS makes a 'test" request
to SAC and then abandons the order. The purpose of thxs order is
to ensure that the LINK is not set to Interrupt Level 0 (as it may be
"fo: some Interrupts) until all‘SAC request have been made which can
~ cause CPRE Interfupt.,(The IBU is still accessing SAC,. but CPR # ie dealt
~with *privately" by’PRDP - see Sections 3.3;2 and 3.1i.5.) Otherwise
a CPR # could cause a System Erro: erroneously. .
Since the INT order propagates behind all the other orders
to OBS, when the 'test' request reaches SAC and sends back SAC-OK
or SAC-NK to PRDP Juke Box can enter the’ Interrupt Routine, A
 further hold-up could be caused if a COMP result is stlll ‘
outstanding (see next Section). - ' - ‘ _
The Interrupt Routine strobes RIE whlch encodes the m.s,
Interrupt Number for IBU and sets the 'Interrupt Entry Bit'
(RIEO7). This inhibits any further Interrupt Commands from the

""‘Interrupt System, It also causes IBU to abandom its contenta and

. to eend two fixed Instructions (32 b1ts each) to PROP:
1) SET LINK to System V—Store [Block 0, Base o,
, ' Neme = 2 x Intp No + O]

) EXIT to System V—Store[Block 0, Name . ‘ .
' 2 x Intpt No + 1] | o

PROP meanwhlle discards the pipeline contents and strobes

.'2::1n dummzes until the first Fixed-Instiruction arrlves whlch saves

erﬁthe oLD LINK in Segment 8192, Having loaded the NEV LINK from

‘fsegment 8192, the second .order causes an absolute control transfer |
to the fzrst 1nstruct10n of the Interrupt Routlne (one’ per. '
» Interrupt No.) and resets the 'Interrupt Entry B1t'. Name Store

is by-passed by the System V-Store orders (see Sectlon 3 10.3).
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Txo ;nie “Lpu SjquW ig also lockod out by a 51g131
Zpom the Ccm“oleo Should PRGP Internal Lﬁtorrun ‘be caused, DROD
w111 halt at- the e;try to une Ja&o Box Interzupt action. '
An INT oxder igs not reguired before the Interzupt Entry

hit is set if SAC-NK ocecurs instead of *SAC-OR? for the

foliowing:
(i) PROP # order (see Sectiom 3.11,3)
(ii) DR=-WAIT and Specizal Descriptor (see Section 3,11.8)
. {iii) CPR WAITy for orders Whlvb PROP. or OBS cannot allow

to "jamb' (cee Section 3.,11.0)
The Iu50»101 oi the INT ordex has slrecdy been accompilished

aid so, Juke Box can enver the Inlerrupt action directly. For

3,

CPR £ during =/=> Syatem V—Suore or N3BP, the INT order must be

. P

By means of lfachine Status bits RIS 14, 15, a process hased

nterruplt rouline working in level 1 {RMSI4 = 1) cannot be interzupteod by

a1
cny ofher L1 interrupt, bul can still be interrupted by a LO interrupty
& System based interrupt routine working in le vel O ( 5 = l})camnct

be interrupted by any other LO or Ll inferrupt, oxcepting a System Irrow
interrunte.

iny System Error routine woirks in lovel C and so cannot bs interyupted
it cannot be iaterrupted by later System

ternal iLtezlupts due to a pulise

(%)
o
»)
B
Y oae
bre]
O
s
[E8
s

ed ootween the Tany Systen
~»or Interrupt® level and the’“Interrupt Command? OR gates, RIE0S ig

$

yozoet by Interrupt Entry and cannot be szet again until all System Zrror
interrupt levels have béeen reset iy the rcuvine, This leads to the

following conditions:
Lo

(i) The System Error routine must not exit wuntil it has checksd that

o

(=N

emain set, If this

H

=1

no Iurther System Erroxr interrupt levels

e
vS

not so, then any remair 'ng & any further System Error interrup

s

¥ill remain maskod and so will not cause Interrupt Entry if the

Syztem Error routine ewxits
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{vi) = PRCGP IRD, SET LINK, STACK LINK, NS=, EXIT, RETURN all load

Cr gstorso 1S, Tho contonts of the Test Registers may not -be valid
a

cllowing the last COliPare ordor unless at leazt one of {(iii) - (v)*

Fy

tas since beon oxecuted.
Due to race hazards in PROP, it is not posszible to reset.

Lockout? for (i) or (ii),

O
Dt
4]
[e]
e}
[
1
[
(o]
L)
o}
]
~
[X?
} 3
[EN
~
1
~~
<
~
°

3.11.8 Interactions with D»

Lach order wiich sends a Pescriplor from Stage § to Dr has
to weit for one of the following conditions:

- (%} Normal 'action: ‘order complete’ and may be executed by PROP

~~
e
%
N
451
igs}
[@]
[¢]
e
£
o
J
[0}
W
[¢]
]
pde
ko)

tor: Descriptor Types 3.0~2 must not ?jamb®

1

in 085, A CPR~WAIT is exocuted from Dr by sending no signals to

PROP, but causing OBS to make a 'test® reguest (c,f, naxt Scction).

°
o

Juke Box exits DR-VAIT on SAC-0OK, SAC~NK causes entry to Interrupt action.

~~

iii) DA #, If Dr finds tho Secondaly Operand makes a reguest/ow

N
+

couosts to ¢hoe current Name Segment in PROP, then OBS must check

1 PROP after accessing its own Namo Store (not Opérand Stors) should

XN
;-

find COBS £, OBS gends  a ‘chocl iz PROP' reguest to SAC which

He
[
i

cauzes it to send the Virtual Address cown to PROP,. PROP then

®
[aN

checks in Name Store for Association; i the operand ig copie

to Store if altered {(c.f. AV =) and the line sot to non-USED, Vhen the

check is cocamplete aﬁd the operand is not (any longer) in PRCOP, OBS
ACCESSES Storo for the valid Qperapda '

This cah bo repoated as many times as ﬁecesaaryq Vher
Dr has sent the last order to OBS, it sends ‘order complete for
Segment =", PROP exccutes the order whon the next (ie last) check
ig compieto, Fach time OBS finds OBS =, a signal iz sont to PROP to
enoble exit when waiting for the last check, sinco no Ycheck in PROP?
oxdor will be gemerated by OES., ’ '

‘No DA = action starts until any ou?standing B => operand
rae returned and been stored, This snsures.the‘Néme Store operands

are valid, '

“



The firet Virtual Address for PROP from SAC gels up DA
(control Transfer) which causes a Control Transfer to the next
reguirod instruction on exit, The pipelino is abandoned since

)

Oprcders in Stage 2 - 5 may suddenly find thomselves without
entries in the Name Stores., fny HO-WAITs are first actioned

{iec an operand rottrned following the DA = iz used zs normal).,

A Speecial Descriptor may also cause a DA = in waich case

~n 2.1

there is a singlo.chock in PROP which occurs before the 'test’

rToguosty Dr sends no signalj; PROP exits on SAC-OK/NK.

rJ

{iv) Procodurs Call (Type 3ed)
When Dr recognises this descriptor, a "Procedurs Call' -

signal is sent to PROP, Juke Box sets the 'Procecure Call Bit'

-t

vhich causes IBU to send twe Fixed Instructions (c.f. Interrupt

STACKLINK

Jump, pfol o ‘ {Jumps to locaticn given By D)
The Procodure instructions exit by setting RMSQO(’D Set

Bit?) in the stored LINKX and thon obeying an EXIT, The order

causing the Procedure Call will bé'fe-obeyed az a D = D order

by PROP (due fo RMS00), the descriptor ﬁow in Dr pointing to the

value of the evaluated expression. RISCO is r@set‘by PRGP'following

the re-cxecution of thoe order.

() 4bhandon STS

Interrupt System. This allows PROP to respond to Interrupts

it et a convenient poinf, PROP than sets Stagd § to dummy to
leave Conirol pointing to this owrder, When the order iz
re~eoxocuted follbwing Interrupt Entry and the In@eriupt routine,
the order carrvies on from where it loft off, D ﬁaving left the
Descriptor pointing to the next element to be processed, Should

2 §75 order produce multiple DA =,  the last check in PROP is

completoed before abandoning the order,

LR

3/11/10
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3.11.9 Intoractions with OBS' S T

While OBS is fetching or passzng through Operands, orders .

follow one of two paths from Dr to Dop.
(i) "acc Function Quoue can contain up to 6 or 8. functlons
| yet to be executed by ACC, OBS has made requests to |
"ug SAC for any operands that are neither supplied (by
" DROP or DR) nor are in OBS Store. Should SAC be in

Run~-dovm Mode (or enter it due to a request flndlno )

CPR #)for any of these, no operand.will be roturned
" and the Queue'will tjamb' or Run-down with the firsf"‘

operand-less function at the Head of the Queue. .»W

s

“%i“\If a request from PROP or a Przorlty {ie" Control Transfer)
-request from IBU has caused the Run~-down Mode in SAC,
\then OBS Queus need not necessarlly jamb, but depends
“on a racing condition, '

The DBS-Queue can be un~jambed by.céusing OBS to . .

‘re-accesé SAC after the CPR #E roufine has'finishod'by i_

the RESTART V-Store: Actxon. Alternatlvely the Queue may
be copied to Store by DUMP and Run-down Queue for

another Process copied from Store by UNDUMP and ‘this

one RESTARTED if a Process ohahbe is necessary.;“
(11) The Bypass Function Regxster can ‘contain oneé functlon o
- for a non-ACC order ie an order from PROP which does
not load or store the c.r.'s or IR's in the ACC Unit.
The operand is held in the OBS Name, Secondary or -
Literal [operand supplied] Store as for (i) n
' An order in the Bypass Register is not allowed ' =
out until the ACC Queue is either empty or Rundown.
' The former ensures valid operands in OBS'Storo, fhe
latter is required for software action in ‘the CPR f"
" youtine (soe below). ' S |
Orders going from PROP to OBS may not be executable I -
| when SAC is in (or enters for that order) Rundown Modav&f

. for one or more of . the follow1ng reasons.‘ojaﬁ‘



(i) Following a CPR E‘Intexrupf and Interrupt Entry
{which rosots Rundown Mode in SAC), the CPR # Routine
nuat access all Nemes ing /XNB via oBs Bypass Regigter
tion 3511.A)° For this reason, no ords

s Rez [non-ACC order from PRS;} must

‘be jeft in uhe’Bypass Re, gi ter unless it iz guaranteed
an operand (ie OBS = or CPR =}. Bypass Orders are
21lowed through despite a jambed'queﬁe for thisipurpose:
if +ho Block reduired is in Local Storg, & CPR can be
| changed and the Queue R;S TARTod without chanwinv process
or DUMP/UNDUMP to the same Queue, Level O ROutlAGo {of

4 En

{elze a Syrtox Error

which this is one) st get CPR

e

‘e

is caused and their cperands are not used by other routines .,
Thus the jambed Queue cannot causc any invalid operands (cf
(ii) and-{iii) below).
(ii} An operand is recquired by PROP from UBS Store
or from ACC, If OB5 noeds to access SAC, then no |
operand can be supplied. If no access is reguirad
(operand in OBS Store or in ACC'Unit then' the operand
may still not be returned to PROP due to the OBS Queuo
jambing . A Bypass Order {operand in OBS) must ﬁot be
allowed to return an operand {o PROP since if the Queue
jambs such that a jambed order could nnve written to
the operand regquested by the Bypass order, PROP would
receive an invalid operand. ' ‘
{iii) A Lockout would be set 1n'1LOD (sce Section 3.11.7

‘should PEOP execute [add to Control] for this °dcr,
but for the samo reasons as (i) an ACC COMP order may .
“Gomb or a B cCuP [ 1 order may either jamb or use an
.in§alid onerapd Thus el_hor PROP would halt, or
the Test Registers bho set vic ‘a.doubcful COuPare result.,

{iv) A Special Descriptor (see Section 3.11.8) has

roduced an order wvhich is not re-executable from the.

[
%3

[He

ACC Queue duo to special conditions in UBS,; eg Real
Address accegs would, vnan RES“.RTed,-cause‘a normal

virtual Addresg access.
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Lo

ey ‘ - .
PROP and 0OZS

-y N iy § e - e —
vhe CPR-WALT in PROP, and by PRGP-~

7
DRI w

.

, D=CIECK in O3S,
aits for CPR = on all o

rdors sent to OBS -which:

=

(i) Will uze the Bypass Rogister in OBS

or (ii) regquire an Oporand from 0B% (via Dop) or ACC to be returned

i
o PROP from Central Highwey

.

or {iii} would cause a 'Lockout!

de

to be zet- in PROP.

PROP alzo sets the *PRUP CURCK? bit which causeos ODS

B
o
0
3
°
[t}
h
ot
g
®
RS
“
0
2]
o
ld
0
3
o
1
[
| 54
5
o
I

If SAC~-CX, then OBS inserts tho drder into the Qusue or
pass as normalj PROP continuos its normal action (e.g. entors HO-WAIT
if an opercnd is exwected).
-~

If SAC-NII, then 0BS discards tho oxdery PRIP enterg Interrunt

action in Juke Box which also mets Stage 5 to dummy, i.o. the order can

v

g re-executed from PROP after the CPR # software routino,

escriptor, PROP iz foréed to do a CPR-VAILT

=]
[¢]
H
©
n
J
9]
Q
i
4]
[
P U

s 0 s - ST T Senn
Ly DR {soe Section 3.1 ) which zends no signal, I no gignal

fyop DR, then PROP waits for SAC-CK or -NX before continuing as

2Lovo.,

actions by PROP also produce orders Which result in SAC-OXK, -NX to
ppOP, This' is caused by setting CPR-VAIT for these ovders. PRUP #
neods to know whether an operand is to return from 0BS5S or SAC or not,
Thic is-a trus CPR-VAIT aclion and the MNSIME ordor ig either vut i

the Bypasz Register (OBS = SAC-0I) or abandoned (ODS # or 5AC-NK).
PROP thon either prepares to inmsert the coperand (SAC-CX) or enters
interrupt action {(SAC-NK), The INT order iz used to cmpty KU of

@ AC recuests before Interrupt Entry. OBS always shandons it and

PROP entera Intecrrupt Action (SAC-OH or -NR),
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' These are llne

3/12/1

" PROP V=Lihos - and Actlons(see also mns Baglc Pr00ramn1nv Manual)

addressed by orders uslng ‘the V%S»ore Operand in

'Block -jof the Local V-Suore The addrosa f*om RIN drlvos the V-Docode 1n

fStége'z Whlch prOV1des‘1nnuts to he V~11ne reglsLor RVD 1n ctage 3. RVD

;is,cﬁly strobed

by alld V-Store order, ff”"

‘accoss

‘Heax =
'EZf. . 00" =PP

o1 o1 msn

oz ‘ioz =N
’65;.- 03 =1

08 M0 5
100 08 . =uow
41 09 o= 1eL

8 10 =mes
S ‘LP~>LP+15
T S F A S
‘14, ' 1z, =PV Docode.
i3 13 =St
o ‘,.f31.11:put<-~

Bhiiis

‘Purge

=> acce°3“
Reset PF
Roset SE

.= PN
'V~> lc

; ~—>PA & UBARCH £l

RV L,
ot

Reset LP~>Zoro ERE

LA #,[

ecet LU

fNoiActidn,,f““
s :>\DL ‘
= s

N ame

Progrﬁm Fault Revlster
Sy ten ErrOr Regzster

P oco s, Numbar

_ Instruction Cgunter «

i
)

Purge Address

Purge Mask

, Line‘Copyi(ms half)
~ Line Copy (ls half)

N

<~ pyoc No, in line LP

Line Add in line LF

ﬁlay Lamps

.‘~ Softwaro Interrupt

‘from the V—Decode are Lde by Stuge 2 to diztinguish betwseen

nlock 0, 1 and 0—10? V-5 tore Act;on» quulred in Jukc Box. Section 301003

dOQOrLbGJ the read/wr1te actlons uaken bj “RUD,

All read acce Fo¥ct:] uge RVD to ga

o the V~31no thr uvh CiNiOo—ls

xho VU-UAIT Actlon by Juke Box Ior UWOP V-l1no~ putvvR“P -> RLR and reads

CLR).'This 15 only used by =

Vo, Lastly etames

and RIV.i,

AP and
(Abmt ) or 11n0 Vlrtuul Address (1 bztv) is

AJ‘Lor whzch either the procoss numboxr

read out and thon strobod into

28 3 of tho Nawme store are re~cyclod to restore RLR



‘ R AR L;,g¢;‘;'[i - g/uyz
, A1l vrlte accesses produce a strobe JVV whlch can r'trobe or reset the
" required register (if any) ‘ '

s

Accesses marked by * ha?éléhéillary adtiohs7403éwfbed below:

(1) Rasot LP->ZERD , ‘ ‘
The line poinier rogister RLP always contalng one & only ono blt ~This

order sots.RLPOO“'l" the rest = '0', It p01nt° to the next llne to be
ugsed by PROPZ action or by (11) below. '

.(ii) = AP & LP—>LP+1 R L .

| Having put RLP->RLR, LP is advenced by RLRJ~>IRLP 108 By using =
_AL & = AP eotc alternately, the Name Store Virtual Address r1eld contents

) may be read out soquentlally. By obeylng Reset Lp -> ZERO flrst the read-out

will start at line O, By also readlng Line Copy, the blt(s) of IR (if any)

sot on Association by the last valid Name store access may. ‘be read out to

test the operation of the Assoclatzve Fleld

-.'j(zlx) Reset LU & LA ,
‘ h The reglsters conta1n1ng the Vectors of lines. Whlch are Used (PLU) or
"Altered (PLA) are reset to all zoro' s by thls access ., Thls scraps the contents
iyof the Name Store.,The Local Store 1s not updated for altered llnes“ '
(iv) = PA & SEARCH B 51“1? ‘j? RTINS

When a CPR ﬁ_has occurred, the CLR# routine w111 normally have to
de-allocate a CPR., Before doing so the PROP & OBS Name Stores must be
- oEARCHed to find out if any CPR's are unused. Normally a => PM is oboyed
first, PURGE then causes a Masked Asvoclatxon to be carried out by Juke

"A:Box on the Virtual Address in RPA down to the Block size defined bs RPM.

”LThe l.s. three bits are always masked by PROP,

If the CPR is used by PROP there will be’ (multlple) equlvalence in

. RLR. This causes the Test Register ' # 0! (RSM05) to be set., ‘Non-equxvalenca
in- PROP causes no change in Rmsos gince searchlng the OBS Name §tore puts

" RMSO§ = Assoclatlon Found, Thus if RMSOS 0 aiter Search:ng OBS & then PROP,

B the CPR is used by neither Name store and may be alteredo
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.7 | 1B INTERRUPT

| ¥

212,3,4

outT SR
_ ""

HALF-WORD - |

OUT OF SQUENCE
ou

I 3 <.
»— | NSTRUCTION . ‘

ENABLE ON "s‘fﬂba‘éj - Rk
ENABLE DF STROBE =~~~

‘DF VAUD’

bl
PTR.
1

HIGHWAY
~ VALID )

L
¥

e

R

?[::}—-"DFIDN»:IVB“INT'A -
.v " ‘» ‘V N : — . - . -

 PHASE
COUNTER

PR _RsT.CIR

DIRECTION
OFORDERS

o 'ﬁ;—* "VALID ORDER'
P = 5 ) e o
-~} 15t PART(NO INCT CO)

"srAGE,Jzna INT:.

R L

‘omecnon
OF BEATS.

NExT':"

_ PHASE"

T-wmfme

—<g

| aBaAnponED)
— L WAIT A ‘

<t

- ofe -

-l

-

e
of beat 1

arlywarning sy

L—:l._u. NO OVERLAP (LOCKOUT)
1 ,

lNHlBlT OVERLAP

-3

i

!
\{

'NEX‘I 1,2,3,4 VALID

(A

N
\

y w

} HALF WORDS

RESET
""IQ‘JW NHIBIT PTR. [[B=) OR

ABANDONED

o R : o IN REVERSE » ]
o] e sé IBUIPROP lNTERFACE AND MICROPROGRAM GENERATOR 1 |

e

- stacEl— o

RESETUINSTRUC.



o ‘ ! Operand (ba'se"».‘i'"::
HO : . ':\.anipulotllon)_”,,{

-

unslgnc_d.lnt‘o. oddcr..{.‘;, o .z"'l'."'.’""o- n 5

e il 1% R I

S __ DAddress, LA

sign_extend when -- - : - o RS
B I - l

shifting N - olo, Nt

SNO4) . do NB 41|

EI D ~XB_ =

o, sF/se ]
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Chapter 4 Central Highwey
401 Introduction

4,1,1 Highway function

The Central Highway (or CENTHY) provides some of the.
non~dedicated data paths within the MU3 CPU. The CPU is showa
in block diggrem Zform on Fig; 4/1, with the routes provided by
CENTHY indicated by bold lines, These ares ' ‘ :

1, A route fvom PROP or SEOP into the B-unit:

provided for B load-type oxders,

2. A route from the B-unit or ACC into PROP o§ SEOP:

" provided for the transfer of ACC or B store order
operands, ‘

3+ A route from PROP oxr SEOP into PROP : provided for

various PROP orders., ' '

The éhapter provides a generanlised description of the
CENTHY action for the various types of orders sent through i%,
with particular reference to the interface reguirements,
40i.2 Data path )

Basically the CENTHY comsists of two sets of 64 gates,
providing a 64sbit wide data highway, plus the comtrol fox
celection of the right gate (path) at the »right time,

These two sets of gates are termed Gi and G2, situated on
" platters €39 and C36 recpectively, Note that although the
path is 64 bits wide, in the case of the B-unit 16 of these

bits ave not required (bits 16 = 31)

The data path is as ghown beslow ¢
PROP Dop

HPL

- B=unit
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4.1.3 Highway interfaces
The highway interfaces with PROP, the B-unilt, SEOP and
ACC, These interifaces are shown in Figs, 4/2 -~ 5 inclusive,

together with o 1lis¢ of data, function and control signals,

117,570
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42 B load-type orders
4.2 .1 General

A B order is specified when the three cr bité of the functiom
are deccded as 001, A B load-type order is specified whem eor = 001
and the four £ bits are other than 0011 ( => ),

These orders cén ba either of twé typesy direct oxders which
require o primary operand or indirect orders requiring a secondary
Cperaond.,.

4.2.,2 Divect orders (Figs. 4/2 amd 3). Lo

All primary operands are received from PROP, The table below
shows the control signals and dato passing through the CENTHY
interiaces botween PROP ond the B-unit, for g noymal direct load=-

type oxder,

PROP > | <= ‘ CENTHY . ==> [<== B
BRDYS
Beunit roady
' PEpP-63 HLGO /=15 ,32=63
dats data .
PFp3-06 HTP3 =HFPO
function ‘ © functiom,
PBH HPRPB
PROP-> B order . °PROP® ovder
ECP ) HRDYB
data transfer input ctrobe
‘complete

Initiolly PROP sends the pulse PBH to the CENTHY, at ¢he Gime whonm the
"PROP highway input register RHI iz gbout to be strobed with an operand
which must go to the B-unit, The CENTHY control checks thats

(2) <¢he B-unit input buffer is availeble o receive the

operand (BRDYH), and o

(b) the date path from PROP to B is free (HPL), .
I? these conditions eve satiofied CENTHY sende the strobe HRDYB to B.
Thig strobe loads the operand and fLunction into the B input buffers,
Vhen the input buffers are gbout to kecome fLree, the B-unit cgain sends
the pulse BRDYH to CENTHY.

11.7.70 '
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4/2/ 2
Indirect orders (Figs. 4/2, 3 and 4). ‘ 3

In this case the B-unit receives its operand from the Dop
section of SEOP,

directly to the Dr section of SEOP from PROP.

The specification and function are sent
The Dr
process of operand address assembly then commenées, and
access is made to the store for the operand., When CPR
equivalence is obtained and the modifier request has been
sent, thé B lock-out flip-flop in PROP is set., Thig
inhibits further direct orders being sent to B from PROP
out of sequence, '
The‘following table shows the interface signals and

data for an indirect load-type B order.

SEQP -> (L= CENTHY => | <= R=-unit

: " HRDYB BRDYH

SBH
SEQP ---> B transfer

input strobe

B-unit ready

SHPB~SHO63 HL @p-HL15
DATA HL 32-HL 63
data .
STP3-STP HCS
function transfer HFg3 - HFP
complete function
' ' HPRDPB
SEOP, order
PROP
HLOMP f

reset B lock=-out

Initially SEOP sends the pulse SBI to CENTHY, and the general
procedure is then similar to that for a direct order, but in
A pulse, HLOMP, is

Vhen the data transfer

this case the operand comes from SECP.
sent to PROP to resét the B lock-out,
is complete HCS is sent to SECP,

11.7 .70
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4.3 B store oxders '
4.3.1 Ceneral
B store (=>) orders ave speéified by cr = 001 and £ = 0011,
The oxder iz routed to the B-unit in tho same manner a2 for a
direct (PROP) or indirect (SEOP) load-type order, although the
cperand for a store oxder is not significant, B storé oxders ‘
require the content of the 32-bit register RB to ke set ocnto the
1.8, end of the highway and routed ¢o either PROP or SEOP,
The fpnétion bits are accompanied to the B-unit by HPRPB,
which'is et logic 1 for a direct oxdor ox at logic ¢ for an
indirsct ozder,
4.3.2 B =-> PROP store oxder (Figs, 4/2 and 3)
The table below shews the interface signailc requived for
a B => PROP store order,
PROP => | <= CENTHY => | <=  Beumitg
PRDYH HSOO-~HS03 ) 4 BPH '
PRCP ready to data. ) , data is for PROP
take operand .o : A
HROY? ‘ , BH@g=-15, BH32-=03
input strobe data
SHBLF HTRCB : _
cperand Zrom B date transferx date availablie

Vhen the B-unit iz ready to periorm the cstore oxdewr, the
pulse BH is sent to CENTHY, A sigmnel, BPH, which is a copy of
HPRPB seat with the order, iz alsc cent, BPH controls the
routing of the operand when. the operand i3 received from B,

The CENTHY chécka that the PROP highway output reogister
REO is free, and then issues a pulse HRDYP, to strobe the operand
into RHO, In oxder that PROP will be gble to detérmine the origin
of the operand, CENTHY sende the pulse SHEBLF, Vhea the data

tronsier is complete CENTHY sends HTRCE to the B=unit,

11,7570
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4:3.3 B ~> SEOP store orders (Figs. 4/3 snd 4)

In this case the fumetion is accompanied to B by HPRPB = ¢,
It is not necessary for CENTHY to check the SEOP input buffer as
SECP will be réaﬁy to receive the store order opergnd, The interface
signals are as shown beleow, ' ‘

SEOP => | <= . CENTHY ' w> | ¢= Beunit
HRDYS ‘ | BH
input strobs ‘ - "] data aveilable
' HS@@ - HS63 BPH = ¢
data HTRCB data is for SEOP

data tronsfer

iz complete BERY = BHO3

e

data -

o

In this eooe the oporond is routed to SECP ao BPE=G (HEPRPB).
Vhen the datae iz avaliloble the B-unit sends BE to CENTHY, which
- sends the input strobe HRDYS to SECP, Vhen the data transier is

complete HTRCB is sent to the Be=unit,

11.7.570
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4.4  ACC orders

444 o1 General

ACC load-type orders utilise a route,through & special buffer in the
SEOP Dr system, and so are not considered in this section on the CENTHY.

ACC store orders are of two typesy those where the operand is destined
for PROP and the more usual case where the operand goes to SEOP,
4 4442 ACC PROP store order (Figs 4/2 and 5)

It should be noted that the operand is not sent to PROP for all ACC
direct store orders, but only when the operand is to be written to a V-line
or Internal Register or when Name Store By Pass llode is set on thé Console,

The following taeble shows the interface signals for an ACC -> PROP store order.

I

PROP ->] <= CENTHY -> | <= ACC
PRDYH HS00-HS 63 A
PROP ready to data ’ data available
take operand
HRDYP AHOO-AHG3
input strobe data
HTRCA
transfer
complete

ACC sends the gignal AH to CENTHY to initiate the transfer of the operand
to PROP, similar to the procedure used for a B ~> PROP store order, PRDYH and
HRDYP are active as before, and when the data trdnsfer is complete HTRCA is
sent to ACC. ‘

4.4.3 ACC SEQP Store Order (Figs 6/4 and 35)
In this case the SECP initiates the transfer of the operand, the

interface signals being as below.

SEOP -> | <= CENTHY - | <= ~AcC
ACC  SEOP HRDYS AHOO-AHG3
order input strobe : data

HS00-Hs 63 HTRCA
data transfer
complete

The pulse SAH, from SEOP, initiates the transfer, and CENTHY sends the
inﬁut strobe HRDYS to SEQOP., Vhen the transfer is complete HTRCA is sent

to the ACC,
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4.5 DModifier Reéuest

The modifiers for SLOP data descriptors are held in the B regisfer.

There are two cases in which a modifier is sent from the B-unit to Dr, and these
'~ are discussed Eelow. In each case the modifier fequést is overlapped in the
same manner as normal orders, '
4.5.1 Modifier for indirect order. '

Vhen an indirect order is sent from PROP to‘SEOP, PROP determines
whether modification is required, If this isg the case then PRGP initiates a
B~order by sending PBH to the CENTHY (see 4.2.2). In addition to the |
function bits the signal HMODB is sent. The effect of this is for the B-unit
Ato.ignore the function received from PROP and to send the modifier in RB
to Dro.
4e52 Store to store order modifier

It is possible that Dr will reqguire a modifier whilst executing &
long store‘to store order, In this case SEOP initiates the modifier transfer
as for an indirect load-type order (see 4.2.3). Accompanying the function
bits to B is the éignal SMRB, which caused the modifier to be routed to Dr

after completion of the order specified by the function bits.

11.7.70
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4.6 Internal Register Orders

A1l Internal Register (fR) orders are interpreted as double orders.
Thus: 1
(i) A load-type order is convérted to (a) an Internal Register

‘ read order and (b) a load-type order

(ii) A store order is converted to (a) a store order and

(b) an Internal register write order, ' '

The transfer of the operand between the two phases is effected vié
the PROP.
4.6.1 Read from IR

To read one of the B-unit IRs, the procedure is similar to that for a
direct B store order. The function is sent to B as described in 4.2.2,
together with the Internal Register address (PF12-PF15), and accompanied by
HIRB., This signal causes the B-unit to initiate a store order if the
function bits indicate load-type. Instead of the content of RB being gated
“onto the highway, the content of the IR specified by PF12-PI'15 is sent,
4.6.,2 Vrite to IR | ‘

Writing to an IR in the B—unit involves similar action to that for a
direct B load-type order (see 4.2.2), except that PF12-PF15 and HIRB are
sent as above. The order may be overlapped in tho normal manner as the

© complete operand can be buffered in the B-unit,

e

11.7.70
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447 Other Orders

The route fram Dop to PROP shown on Fig.l is used for the

following: )
1; To send the contents of the Internal Registers in SEOP to PROL
2. To load reglsters in PROP thh an indirect operand,
3,“ To.send operands from OBS to the Name-store. »In this case

CENTHY sends a signal HOBSP to PROP, 1nd1cat1nn that the operand .

has orlglnated from the OBS system,
4.8 Test Bits
_ Various orders executed {n B, ACC and SEOP (e.g. COMPARE)
are required to set the Test Bits in PROP (RMS 04, 05, 00) . CENTHY receives
four signals from each unit, 3 result and 1 ''result available ' signal,
The respective 51gnals from each unit are OR'ed together.and sent to PROP,

Interrupt conditions in B or ACC are alSO_rbuted to PROP by CENTHY.

11.7.70



e
I

Igu |

PRoP |=4—0 Dr Lol o025 | Dep |4 - Y T =

I T

SIRECTITTLS TSNS

- CPU - BLOCK DIAGRAM | 4f  FIG




CENTRAL HIGHWAY

o ’\, PROP

68

3

HBL
B-UNIT
ACC A HS@P-HS63
HHL G2
BIgg-1161
HPL
61
- HPL
pop
-
H1RH
-y . N -
HMODE N
HEL SHELF
N
PiDA

HELDYP I -

R

o

PHEPB-PHE3
*me 3-PP@6 R

| T 12=FF 15

Lon e =}

- PR IR HI
PLIODH Strobe

PRDYH

10 o

HOHSE ol })—»
0B ~
A J o PROP -» PROP
1 1 ./
Y,
(PROD = THOP)
Her |
1 o !
3A
CoROP OB ) [8
@, ‘
’ 34 r\J
| =
M ROP-wB
FLONE
1 —
Iy
HIOLE ol .
e e B LOCKED OUT
1HRES. PHaRS, LS F K
- O— 1 =
fmcp, Hree, HTTW-HTLE - 5
ATST, BINT o

CONTRCL OF PROP AS
A RECEIVING UNIT

CONTROL  QF  PROP
A3 A SENDING UNIT

NCTT:  SIGNAL LIST ON
FOLLOWING SHEET

INTERFACE : -CENTHY-PROP

4/ FIG. 2a



INTERFACE SIGNAL

-

)
-3

CENTRAL HIGHAGAY

Usgyg - H362

ats

jo N

data is t'rom B=unit

HEDYyr. HLDYY

input strobe

HCOBSP

crerand from CB3

HCr

data transfer from PROP
is complete

HLOLTE

roset L-unit Toclou?

WA
hod e

interruct

& ointerrut

-
i

PHOQ - PHEOY
datn

[/ R 71
function

15

t ,‘”1:) -

p——

Ik bits
CFTR

ih vhuse
P C D

rodifier reonest

PR, ready te reccive an ovorTand

ot et

T R R

INTERFACE : CENTHY-PROP

4/ FIG.2b



CENTRAL HIGHWAY

3 - INIT

PH@E-63 HPL
PR 3-PF@6
HSL
SU@P-SE 3
SP@3-SFPo HFL
PRIk D =
PF12-15
HE -
L FL.ODB
PHCDH Z )- -
HPKPR
Gt
SMKB
1THES
e—

T ke e
Bk bR

(POH P LONE

i

3

INTERFACE SIGNAL LIST

CH —eB

L=

BRDYH

[
BPH . _OJ

BC

o
+rd

"

.
o=

A

BH

O

(PROF) ey

) ROD
16 H@@- 15
BCD
321 BRY3s-(;
BM
4 BT¢-B12,BTC
O ———
1o BINT

CENTRAL HIGEWAY — | -a— B-INIT
HLEPF-HL15 1€ |1+  BH@@-BH1S :
HL32-HLE? 3z 42 BH3Z2-BH63

data data
HF@I-HF@E, 1HEE3- 1HRE6 g 1 BH
function data available
FF12-PF15 4 1 Bri
internal register address aatz to be sent to FROP
HIRE 1 1 BRDYH
internal register order B ready for next order
HRDYB 1 3 BTP-BT?
HRDYAB, 1HHEDYAB 2 test bits
HRDYRB, 1HRDYsSB 2
input strobe 1 BTC
HVCD 1 test bite strobe
modifier request 1 5I4T
EPRFB 1 interrupt
'pricosry operand' order
HIRGCD 1
trunsfer of data from
F—ur:it complete
1 nkS 1
initial reset
ShRkB 1
X omodifier reguest

71 a6

INTERFACE :

CENTHY — B-UNIT

4/ FIG.3



: HIGEWAY SECP. INTERFACE SIGNAL LIST CH —e~ SEOP
HHL
G1(HL)
Bn¢¢-nﬁ15 HBL HS@g-HS63 64 | CENTRAL HIGHWAY —_— ~s— SEOP
BH32 -63
A~ AH63 HS@@ - 1HS63 64 64  SH@P - SH63
data data
2HRES
. - 11— HRDYS 1 4 SP#3 - SF@6
input strobe function
1l SAE HCS S 1 SAH
g APHA = . Transfer of data from SEOP Acc -+ SEOP transfer
cormiple te 1 SBH
————l 2HRES 1 SEOP «e B-unit transfer
initial reset 1 SPH
| SECP -» PROP transfer
(ACC ~» SEOP) . |
1 3 ST¢ - ST2
test bits
(B —e= SECP)
1 STC
test bits strobe
1 SOBSH
operand from OBS
1 SMRB
modifiey request
, 67 7
HTRCB SBH
1
O N
SBHA N
(sEope-5) TV
HCS 1
SPHA
(SEOP"PRO !
PRDY) 4 sem
g
HIg@-HL63 o
e M
HgBSE B INTERFACE : CENTHY -SEOP
: ) - O | -

o (B)

4/ FIG.4



HIGHWAY

PROP + SEOP

INTERFACE SIGNAL LIST s+ CH-eACC

L

F

3

i

}
-
.

i

|

( ACC -»= SEOP)

PROP

PROP

CENTRAL HIGHWAY -—o - ACC
HTCRA e 1 64  AH@P - AH63
Transfer of data from ACC data
is complete

1 AH
3HRES ! data available
Initial reset 3 A'I¢ -2
test bits
1 ATC
' test bits strobe
1 AINT
— 1 Interrupt
2 70

JHRES

%

£\
o/
\ ATY - AT2
ATC

INTERFACE: CENTHY—ACC
4/ FIG.5




57174

Chapter § - B=232 Arvithmetic Unit

561 Introduction

The 32 bit B=Arithmetic Unit performs load, store, logical, compare
and all ‘signed arithmetic fumtions except divide and reverss divide which are
treated as dummy orders, IiQad and decrement by i, compare and increment by 1,

and shift functions are also available,
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5.2 Punctional Description

The B-unit receives instructions and operands from the central highway.
Operands avre taken from the least significant 32 bits of the 04 bit wide highway.
The unit contains two of the machine internal registers 28 shown below, Vhen writing
to ox acceésing these registers all 64 bits of the highway are significant. Vhen
reading an internal register, the overflow flag (BOD O) is reset to logical O. Vhen

.
reguested, the B-unit sends modifiers to SEOP with an associated control signal, or

<8
)

nformation to PROP with a control signal.

<om= 32 BITS ====> <mmee 32 BITS m—mm>

3 INTERNAL | BOD ] 3 |
DEGISTER O {0 3110 311
% INTERNAL | ALL ZERQO | BOD -
REGISTER 1 | 10 : 31|

0 <=-= INTERNAL REGISTER BITS =---> 03

FORMAT OF B INTERNAL REGISTERS

543473
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503 Gverall Diprrom (R/Fiz.i)

The unit consists of an inpul operand buffer RDIN 0m63 ond o function

input buffer RFIA 0-3, For reasong of fanout Limitation this register i
duplicaled a3 RFIB 0-3, The iaterpal register deccde bits are strobed iato
bufier register IRIN 0-3, If the B-unit is empty, or when the curreat
inctruction reaches the end of its execute phase, the contents of RDIN are
gated to both operand regioters RD, RDA 0=31 and RS 0=31 (bit 32 of RS iz set
to zerc)., At the saxe time tﬁe‘deccde fenction bits are uced to sct one of the

2.

sixteen bistables in register RID 0-13 (the one associated with the imstruction

to be execubed), Eazch of registers RD, RS hos its cwn slave register (RD¥, REW

i}
2

respectively), forming two independent chift loops RD-RDW gnd RS-RS™, Th
cutput of RD {(shifted or inverted as necessary) can ke precented to the inputs

&

of koth functiocnal unlts. Beczuse of the lavge grmount of fanout needed to do

this, register RD is duplicated by register RDA ich is simiiar im all

2 9

respects, and is strobed gt the same time g3 RD, The grithmetliec unit is a 32
bit full sdder with en output register RA 0=-31, The logic wnit iz a 32 bit gated

3 o .

rogister which (by celeecting varicus phoses of imput sad output sizncls) ean be
nade ©o perform logical AND, OR, NOT EQUIVALENCE functiocns, Its output rezisten
is RL =31, In ail cases the other input to the arithmetic and logical units is
zoted {inverted if re qnzﬂcd} from the B register RB 0«34, The value sitwrobed imnto
RB on completion of the detaflow cycle con bBe celected from either phase of the

Jogic units impud, tho adder output, or the cutput of the slave register RDW,

503473
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5.5 Detinitions of Interface Signais (FIG, 2)

(a) Input Signals

HLB00-15 ,32-03 Data input to RDIN from central highway.
Bits 10-31 of the interface are always =zZero, and in order to minimise the
number of connectors required, they have been omitted, The same vemarks

u

pply <o outputs BHINOO-15,32-03. . .

e

kR .
IDY3 . This signal marks the arrival on the iaput

2rom the highway of the next instruction, which was requested by the -
previous DRDY pulse, The HRDYB pulse is used to form XIN,‘Which strobes

data into the buffer and control bistables, HRDVAB, HRDYSB'ore the same

signals as INDYB, but HRDYB is sent oﬁe level earlier, to simpliiy the

control logic,

BTRC The data placed on the output lines from
the B unit to the highway has been accepted, and the data may now be

changed, ailowing the next instruction to proceed,

4PRPB ' In the case of a store order originating in
the PROP this bit is logical 1 (logical O for SEOP), This signal is gated
to BPH while the data to be stored is present on the output lines to the

central highway.

HF3-0 The four function bits decoded to give one of

HFld—ls The four internal register bits, decoded to

give one of sixteen internal registers. - Only registers O and 1 are used,

HMIDB ' ‘ If this bit is a logical 1, at the end of the
instruction associated with it the value of B is sent to SEOP, and the output

signal BD is formed,



T e

IRD . i An instruction associated with a 1 in this
position is treated as a 'LOAD?, if it is a store instruc%ion, or as a
'STOREY instruction for any other case, The data transferred is the content
of intermal register O or 1 as defined by the HF 12-1§ decode {any other
decode of the four bits is treated as O or 1, defined by the least

2 .0

signilficant bit).

{53 Coutnut Signals
BHIN00-15 ,32-03 < Data output to central highway., Used for

BH . This signals that data is present on the
output to the highway, and stays true until BTRC. is received,

BRDY . This pulse to the central highway signsis

that the B unit is ready to receive another instruction into its buficr

regiscers,

2PH A copy of HPRPB , used during transfers %o

the highway.

.

BD IN32-03 Data to SECP (permanently wired from RBY,
BD Data is ready on BDIN lines, After this

20 nS pulse the data may be removed.

BIDLE The B unit buffer is empty, i.e., no HRDYB
has been received within 25nS of BRDY being formed,
BEMT Signals B unit inactive, i.e., no function

being buffered, no function in execution, and no Internal Register requests,

etec., outstanding.

BFAULT Avithmetic overflow has occurred, setting

BCDO, and the mask bit (BCD4) was not set, BFAULT = BGDO, BODA4.

¥

BTC-2 Test lines giving the resultf oI conpare

operations,

BTE Strobe for BTO-2,

"\

Pl



function Code

5.5

105D (=)
The opeorand (D) is loaded to RB via the ad RA

he adder RA where it is decremented
If overflow has occurred BOD §
PAULT,

LOAD o
(xD) is sent to

The operand
adding -1, The result is loaded into RB.
¢ If INHIBIT (BODO) is not set a program Iaulx interrupt, B

is set.

pr

produced.,
CK and LOAD (d=)
Tnis order is seen in the B unit as two distinct orders from IRCP.
rstly a STORL oxder nt of IIB is fed
the -

he least signif
D) is loaded to RE via the adder RA, as in a LOAD oxder,

DA
ROASL

Tl
ow) is.given, in which the conten
Finally

{see bel
icant 32 bits of the central highway.

bits of the

(@)
N

onto
ant

operand
The content of BB is fed onto the least signific
. ' - A .

' PR )

E’ ]

t

RE (=>)
central highway and zeros placed on the most significant 32 bits,
RA and

ADD ()
. he operand (RD) is added to the contenu of RB in the addexr

If overflow has occurred BOD; is set and B FAULT

*-']

the result loaded into B,
may be produced (see sbove),
vwhere it is subiracted from the

SUBTRACT (-)
The operand (RD) is gated to the adder
content of BB and the result loaded into RE, The algorithm for subiracting RD
from RB uses the fact that RB-RD = TB + RD,
REVERSE SUBTRACT (&)
This is identical to the subtract order except that the content of

RB is subtracted from the operand (RD)
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MULTIPLY (%)

To decide which operand is to be made the muiéip;ieand a fteot iz
carried out on the sign of the opersnd (RD) end the content af RB, If they
have the same sign a subtract fumction is perforged, forming the result in
RA, I they arve of &ifferiug'signs an gdd functicn is pordoxmed, (RB being
unehanged), IZ bit O of RA = bit O of RB then {RBI > [RD], the content of
RB iz gated to RD as the multiplicand end BOD 12 is éet to a 1. Otheswise,
the content of RB iz gated to RS as the multiplier, RB is then cleared
ready to receive the Lirst partial product,

During theimultiplication process the multiplicemd ic chiffsd left
o places at a time round the loop formed by the rogisiers RD and RD%,
Similerly the multiplier io shifted right two places ﬁhyough the registers
RS and RS%, ‘ '

The two least significant bits of the multipiier avo applied to the
muliiplier decode together with the °szgn bi¢ of the previous pair of
sultiplier bits (i.e., bit 32 of RS), From the deccde o cignel iz
prcduced which gates a function of the multipliczend in RD &o the zdder RA,
(i.00, Zero, + multiplicand, % 2 x multiplicand),

t

MULTIPLIER DECUDE

sl ®S32  lultiple of BD added
P A

#1

+i

2
-2
-1
-1
0

¢
7

00O 00
HROOKROO
POROROKO

The pazrtial product in RB is gdded Tto this fumction to produce the cumulative
partial product in RB. The process continues until gll significant bits of {he
multiplier have been appiied to the decode, or until the multiplicand becomes
zoxo, at which time the multiplication iz ccmplete and RB new conteins the ¢rue
product, If multiply is terminated for multiplicand (RD) = O, Bﬁb_lg is set to

"a 1, If overilow occurs BOD5 is set and BFAULT mey be produced (see ghove).

DIVIDE and REVERSE DIVIDE (/) (¥)

A dummy instruction which is accepted and then igaored,

53473
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Chapter 10 The Iocal Store
10,1 PLESSEY ST RE
10,11 INTERFACE S?CNALS FOR EACH STACT“n

INPUT SIGHALS

LINES VALID . The inner and outer of tThils cable must be ghorted tocgether te
indicate to the memory that the COnﬁrol lxres ete, have reacned

sénsible logic levels, and that snere cycles may begin when

initiated.
D,Co, NESET Regets the store control circuits whem taken to a '1%,
IRITIATE Starts a store cycle ( according to the state of the other control

lines), waen taken to a "1, This time ig defined as TC.

READ INTO REGISTER (RIRG) ) Thege two lineg iadicate whether a read, write, or read
IOAD REGISTER (LDRG) > and mark cycle ig to be performed.

MASK BITs (8 IN ALL, ‘1 PER During a read and mark operation, bytes for which the

3YTEY - mask bit iz a '1' are written to, others are unchanged.

ADDRESS 12 bits of addregs specify whieh 64 bit location of 44 guch locations
iz to be accessed. The stack itgelf is organised as %X locations
each two words wide, and the least significant address DIt specifies

which word (of the two accessed in each cycle) is actuslly wanted.

“DATA .64 data and 8 parity bits constitute %2 input lines to each stacke
No parity cheaking is performed either in the store or in the local
store 1nterface. no distinction is made between data and parity bits.
The store is thus 2K words of 144 bits internally.

READ ODD DATA REGISTER (ROD) During each accegs two wordsz are actually read from the
stack ag explained above., If an even addressed location is read, and
thiz signal (READ ODD) iz made a '1', after the even address has been
output from the store, the contents of the other half of that
location in the store, { 1l.e., the next 04 bit address) is

automatically placed on the cutput lines of the gtore.



fo/ /2
CUTFUT SIGNALS .
BUSY ' This signal is a '1' from 40ng after TO (INITIATE) until the end

. of the write phase of that cycle. Vhen BUSY becomes a 'O’ the next
cycle may be initiated. There ig an interlock within the é%ore
such that if INITIATE is held at '1' continuocugly the store will

cycle at its maximum rate as determined by the BUSY signal.

Yy

CRDER CAN CHANGE (OCC) This awprox 40ns pulse indicates that the imputs to the store
AY .

)

have been noted, and may be changed.

DATA AVAILABLE (DA) This 40-80ns pulse can be adjusted to occur between TO and
- TO + 130nz during a read operation.

READ TIMING (RTIN) This 40-80ns pulse can be adjusted to cccur between TO and

TO + 150ns during a read operaticn.
WRITE TIMING This signal is not used.
DATA GUTPUT . 64 bits + 8 parity, %2 lines im all,
ODD DATA AVAILABLE (ODA) TO' ig defined as setting time of even dota on the store
output buffer, or time at which READ ODD becomes o ‘1° =
whichever is later. The ODD DATA AVAILABLE pulge (410-80ng)

can be adjusted to occur betwesn TO' + Z0ns and TO' 40nsgo

GENZRAL POINTS

' Data inputs must be pregent Zor > 33ns.
0.C.C. occcurg 20ns after TO and is a 40-80ns pulge.
Accegs time is nominally 130ns. '
Cycle time is nominally 250ms (300ms on vead and mavrk)e

26/1/ 472
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SELF _TEsT

e
"} ’LL\ 1. .

10 51 02‘ -Rw A 9,‘\[—\';‘\
THPUT 8 FCITALS

TEST (PS3T) This signal muadt.not bo

'

thon taken to a *1? zolf tost ic .pe

.

signals below:

FUNCTIONT 0 = CLEAR/VRITE 1 = READ/TESTORE
REMCTE STLF TEST PATTERN BITS ( PL P2 P3) VIORST PATTERN PL P2

- P

PCYVER SUPPLY

FAS ATTTITMNY
TRAUSTUR

MARGINS

ADDRIE

VORST PATTERN DL P2
ALY, LGV (1%e) DL P2

Iokad

ALL HICH

ADDRESS

VS)

TERN

P2,

PAT P2

MARGL ON MARGINS MARGL O ON MARCGINS

il

52~03) within 2503,

takon to '1° while .the storo is

busy o

wformod wceording to tho

winile

HMARGZ = 1 givoz marging according to V., Storo.
MARG2 = 0 gives inverse of V, Store
388 (TAD) Used after the storc hasz ztopped cycling, after Lailing
on so0lf test, When this signal is taken to *17, the contonts
of the oddreges regimiter are placed on the data output lino:

: (bits

FI¥ ADDRESS DITS (F1,F2) The least significant but 1 address bit ( spociiying 128-~bit
words) is held or allowed To count az below: “
held at O 'L T2
. held at rlT 12
counting PL F2
SEQULNCE GNCE 1£ this bit is a 0" soelf tost is performed continuously., I
it is a '1? the store will stop aftor one cycle of all the addrosa ‘
bits. .
GuUTPUT SIGNALS
T ALY This is takon to "1° to ndacaie that a fault has oeccurred while on
g0lf tect. It ig forced to 0! whon gelf test (PST) iz taken to a 07,
TATLIIG LUD~E‘S is output on data bits § ~03 from the store when TAD = 1,

20/1/72
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RIN=Y, WIN=1, SINGIN=1, RODIN=0, %2 bits are transferred from the addressed
location to the output buffer, If EVENIN= 1, the most significant four bytes from
the input buffer are written to the m.s. helf of the addregged location. The leagt

significant hal? is unchanged., The converse applies 17 BVENIN = O,

RIN=1, Wili=1, SINGIN=1, RODIN=1, %2 bits ere transferved from the even locationm
addressed to the output buffer. The 72 bits fvrom the asgociated odd lseation are
next transferved. If EVENIN=1 the most significant four byles from the inmpul

oy

buffer are written to the me.s. half of the addreszed cven location.The leagt

significant hslf? is unchanged. The converse applies 1f EVENIN = O
b) V5T§§_f_l Accegseg to VSTCRE

RIN = 1, WIN = 0, The store itgelf ig not mccessed. & register within the Loeal
Store Interface 1s selected by address bitg 10, 11, and 12 fyrom SAC., Its contents

are gated to the appropriate ocutput buifer, depending on the sgtate of BIN,

RIN = 0, WVIN = 1, The store itgelf is not accessed. Address bits 10,11, and 12
from SAC gelect a register within the Local Store Interface, to which the contentg
of the input buffer are loaded (Certain of the lines im VSTORE have read-only or

write-only access). On completion of the request an SVIREE pulge is sent to SAC,

In order to perform SELF TEST under procegsor control, certain lipes in
VSTORE nust be get up to specify the type of test to be carried out, and on which
stack they will operate. VSTORE lineg are defined in the MUY Bagic Programming

Manual.

10,204 Mode of Operation

a) When initiating a store request SAC provides data bitg (DISAC 00~-%1) and
addregs bitg (AISAC 00-15) in addition to the control waveformg ligted below:i-

1

INLgIT This signal lnitiates a request according to the state of the othewr

.

relevant waveformso. In order to reduce tyrangition effects this signsl ig seat as

a change of level from 'O’ to 'i1' oy '1' to '0',

26/1/%2
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E@Efl indicates a regquest originating from Exchange. Data féom a read ig sént to
Exchange with a gignal SO, EIN=0 indicates a SAC réquest, and data f+om a wread
operation is sent to SAC with a signal DASAC (which is sent as a change of level,
ag is INLSIF),

RIN, WIN, SINGIN, EVENIN, RODIN, VSTAK, The interpretation of these signals is
described in detail in section 3, .If SINGIN=1 .at initilate time of a write operatic
a ‘read and mark' operation ig forced: data from the store is read (but not sent
to Exchange or SAC), the appropriate part of the wowd ig written to (as wequired

by the request), the »est of the word belng wwitfen back unchanged,

ENSTAKO&i These two bits are decoded to access one of stacks O-3 if VSTAK=0,

b Agsuming a wead and véad odd function has been épeci‘fied9 aftew the above’
waveforns have been decoded and staticised within the Local Store Interface, the |
appropriate stack is”iniﬁiatédo The address 'is placeé on the store address line
(modified if necessary by the FAIL SOFT MODE bits inm the VSTOAR), When the stack!
acknowledges receipt of initiate for a read ecycle another 51gmai is gent to the
stack to specify that the assoclated odd location 1g to be read in addition to the
oven location already addressed. Some ghort time later "data available’ from the

. .
even location will be received,..and data is strobed .into the appropriate output

- buffer, Approximately. 40ns later 'data available' £w~om the odd lccation.is |
received, and the appropriate output buffer is agaln strobed. A DASAC o» SO
signal is sent on both occagilcns. On completion.of the vrequest the wppwopriate
stack free signal is sent to SAC (SOFREE to S3FREE), The cycle time Zor each stacl”
ig about 250ns. Therefore, requests can be interleaved between %he Zour gtacks L
approxinately every 65ns, and four geparate timing loops are provided, one fov
each gtack. Az each DASAC is gent, two signalg ave sﬁpplied to BAC to indicate
which of the four stacks is respondilng, (HALO, HALl),

c) - The Local Store Interface recelves requegts from Exchange via the pulge SI
(supplied inverted by Exchange). Apart fyvom the UNIT and TACG bitg, and

incoming data, the control and addwess bits'are pagsed onto SAC, with a pulge
INEXSAC. SAC then arranges a timesglot fow ?he request, which is then carried out
ag described previougly (EIN=! fbr‘Exchange requests)e Should‘Excﬁange aecess

the area of store defined by All=l, the request ig not pessed onto SAC but is
executed entirely within the Local Store Interface., A ﬁvi%e operation hag no (
effect except to gignal SBFREE to Exchange. Euring a read operation the }
Exchange output buffer is forced to zero (with 1's in pawrity bits) and SO is .

slignalled to Exchgngea
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E requests. VSTAK=V. Address bits 39913;?23 select a line within
the VSTORE, Read accesses take approximately 500ms {including the “trangfer
faillng address’ line), and write accesses about 200ng. VSTCRE accegses may not be
overlapped with any succeeding reqguests. i.e. nothing further may be initilated
until SVFRER has been gent to SAC, Thig.is becauge the FAIL S0FT HODE iz contained
within The VSTORE, and any attempt to alter the mode while accessing the giore

ney have disastrous results.
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