











































































































































































































Chanter 7 Ths

7.1 The Imterrunt Siruciture
There zre eight tyvpes of interrupt divided inte two groups of four,

the System in%errup%s and Process basgsed interrupts, The system interrupts

are cencerned ﬁith activities external to thoe current process (e,.,g.,, peripheral
control), The process based interrupis occur as a result of specific actions
in the current process, The interrupis are shown bolow, each associated with

a throe bit interrupt number,

7000 System Lrror .
SYSTIA 001 CPR Not-Eguivalence
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PROCESS BASED | 101 Tllegal Orders '
INTERRUPTS 110 Program Faults

1i1 Software Interrupt

Waen interruptis cccur simulitaneously, the first to be dealt with is

an interrupt sequence, During this entrv sequence the '

sot, This allows the segquence to run in & special non-interruptible mode of

The first action of this seguence.is to retain the state of thoe machine

t form to allow a straightforward return to the current process

1

- . o . - o Yy . . o . P}
after dealing with the interrupt, This is achieved by storing a 04-bit 1inl

n . .

word, The fceemat of this link is the same as the control register consisting
of iiachine State register (16 bits}, Name Base roegister (
it control address,

tion to retaining a link, the interrupt sequence also transisrs

-

centrol to the appropriate interrupt procedure, This control transfer is

zehieved by resetting the 64 bits (RS, NB, C3O) from the second half ol

"

ith double word entry of a table, (I is the interrupt number), The firs
= -

word of this entry is used to hold the link, This table is 106 x 64 bits

long and starts at word 16 of the first of the common segments (segment SK),

ety

¥
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hen a CPR # interrupt cccurs the link will point to the

v

L ) — am e
LOUS 1geluclion may noy

[}

next instruction to be obsyed, bui ths prev

e, Incomplete instructicns are held in th

be comp

it
the CPR # interrupt routine must vresorve {and restoro) this buffer

' ) o,

hefore using mny instructions which could alter its content, On

other interrupt entries all instructions up to the one addressed by
the link will Dbe complete,

Unserviced interrupts nay bse read in Prop V line 25,

Belfore discussing the intorrupts in detail it is necassary to

descrihe the liachine State Registern,
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Effects of System iMode Biis NS

o

Cause |CPR by~ |Name Storelinstr, |IB or D |ACC, undexr|Exec Nodel|LliIF|L0IF|Interrupt
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B or D interrupts will be forced as system srrors if Dii is se
interrupt will be forced as a sysiem error if DiZ2 is set, All other program

will be forced az system errors if D13, Di4, D1y cor the Interrupt bit is set,

{(N,B, The Name Store is by-passed when the interrupt entry bit is set since access

to common segmonts cannot be made via the name store),

10 Nams Store

In I0 mode (bit 15 set) the 8 32-bit lines of name store are used as fast
registeors, The hardware interprots only the bottom 3 bits of a ‘name type' opera
address and maps it into this name store, No store accesses occur, These fast

registers may be used as § x 32-bit names or 4 x 04-bit names,

10.4.73/1
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703 The System {Isavel 0) Interrupts

The procedures wnich seorvice theso interrupts must be written so

as to not cause any othar Level 0 system interrupis,

2

for exemple, tho

Poripheral Window Interrupt procedure should not cause a CPR Not Eguivalenco

Interrupt, Thiz reguires th

£3

a fow CPR's aro permanently allocated to

cover the program and working store used by these lsvel O Interrupt procedures,

If 2 CPR # interrupt occurs while the Level Zexr

o Interrupt flip-flop is set,

then a System Error interrupt is caused, This also occurs if an illegal

is set, In this sonse the System Error Interrupt differs

System Interrupts, However, once it doss occur it cannot

4

The System Erxror Interzupt

tatus register (ceoe below) is reset, or

ig presgsed,

The System Error Interrupt is caused by hardware or

fgilurez, The System Error

“Q dac

s The soitware

—3*
2o
of

Gr Ur
oy v S

o]
and restart normal system oporaticns if possible,

orror indication

CPR Multiple eguivalence
Spars

IBU Multiple Eguivalonee
B or B error & 1

rd
{
Lce orror & (Msi2)

27 011 ,73/2

unless the

‘hardware function is executed while the Lavel Zero Interrupt £iip-flop
from the other

rocur until

ecutive
Status rogister shewm below can pinpoint tho

acticn on this intorrupt is to perform error diagnosis,

Engineers Intorrupt (Comsole) - {forces CPR
bypacs
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CPR Not-Equivalence Interrupt

This interrupt can be produced by a user program or by an executive
Mode procedurs, It occurs when an attempt is made to access an address

which does not lie within the address f£iold defined by the contonts

e

of the CPR's, If the reguired address lies in local store, the procedure
will free 'a CPR and allocate it to the page containing the address,
Control is then returned to the interrupted process,

If the page containing the required address is not in local
store, then the procedure will locate the page and organise its transfer
to local store, In this case control is not returned to the interrupted
process (which is halted awaiting the termination of the tramnsfer) and

a process change may occur,

Exchange Interrupt

This interrupt is set by the Block Transfer Unit on complation

(or termination) of a Core to Core Transfer,

Peripheral Window Interrupt

This Interrupt is caused by an external device (e,.g,, peripherzl
processor, drum) writing to the Peripheral Window V-line or by an iantexrupt
from the console (e,.Z., TTY, CLOCK), The two are distinguished by bits
61 and 60 in V-line ggoliA, the first fndicating peripheral window, The
information sent to this 32-bit V-line consists of the sending unit
numbor and a message, The Peripheral Window procedure muzst gueue up
this message for subseguent processing,

Writing to the Peripheral Window V-line sets it not busy in
‘readiness for another message, The Peripheral Window procedure runs with
interrupts inhibited, so a subsequent message won't be acknowledged until
the procedure is exited,

This interrupt is also entered for comsole interrupts (Teletypse

and Clock), Prop V-line 26 contains the cause of interrupt,

28 .6.74/3
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7«4 DProcess Based Interrupts

The Instruction Counter Zero Interrupt

This interrupt is set when the instruction counter becomes zero,
It may be inhibited by the 'instruction counter inhibit' bit being set

in the Machine State Register,

The Illegal Order Interrupt

This interrupt is caused by program fault conditions detected by
the hardware; these conditions set bits 48 = 53 in the program fault

status V-line, (Seeo next section),

The Program Fault Interrupt

This interrupt is caused also by program fgult conditions detected

by the hardware which sets bits 56 = 58 in the program fault status V-line,

The following table relates the assignments of bits in the Program

Fault Interrupt Status V-line to specific fault conditions:-

V=line bit condition
48 illegal function & (LOIF + L1IF + EM)
49 Name Adder overflow & (LOIF + L1IF + EM)
50 Control Adder overflow & (LOIF + L1IF + EM)
51 Illegal V store access
52 CPR EXEC illegal (illegal access via the CPR's
when not in the exec mode)
53 Parity
54 System Performance Monitor
55 Spare
56 B fault & MS1
57 D fault & WMS1i
58 Acc fault & MST

When a program fault occurs, the hardware may not wait until the

arithmetic and control units have finished their current operation(s),

so that multiple fault conditions may not be completely recorded in the

Program Fault Status register,

The Software Interrupt

This interrupt occurs in user mode only when the soitware interrupt

bit is set, (See 8.3.3).

10.9.73/2
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sl ol

The V-store contains hardware registers used to control

end/or diagnose parts of tho MU processor, The V-store doos

not include the Internal Roglvters, which are addressod by a
different mechanism, The V-store is not genoraily accessible to

is accessible from within MUS to Executive,
interrupt routines (7.2,1) and certain contrel or hardwere
The figure in 1,2.3 shows the imstruction formsi reguired to
cbtain a V~-store operand,
The V-storo is divided into 128 biocks of 230 lincs each,
STech line is normzlly =z 04 bit guentity but mzny of thoe lines will

K

contain levss than 64 bits, in which case the bits will appoar r»ight

justified in g 64 bit word, The bits in a V-line aro numbered as

they would appear on g Gﬂubi” wide highway, The following table
gives tho zllicceticn of blilock numbers to secticns of V-stors in the
contral part of the machine,
RIOCK NG, V-STORT TYPE

o) SYSTEM V-STORE (881¢2)

i PREP? V-5TCRE

A €25 V-STORE

3 CONSOLE V~S5TORE

A0 V=ST0RS

W

IBU V-5TCRD

[€2 N #13

PERIPHEERAL WILDTY

PARITY V=5TOI

O
&

3



8.2,.1

S.2 System V-store (58102)

These 250 V-line addresses are mapped into the first 512 x 32
bit words in segment 8162, the first of the common segments, by the
PROP before using them to access store, This gives the executive =z
simplo moans of communicating between processes and approximates the
Atlés working store;

Starting at the 32nd 32-bit word of segment 8102 are 8 pairs

of new and old links used by the interrupt entry sequence,

V-line Virtual Address (88102) Name
(Docimal) “Hex specifying
64 bit ' 32~bit boundaries
boundaries
16 20 System Error Old Link
22 System Error .Entry Link
18 - 24 : CPR # Old Link
26 _ CPR # Entry Link
20 28 Exchange 01d Link
‘ 2L Exchange Entry Link
22 . 2c Poripheral Window Old Link
2E Poripheral Window Eatry Link
24 30 Instruction Count Old Link
32 Instruction Count Entry Link
26 34 Illegal Order UOld Link
36 Illegal Order Entry Link
28 38 Program Fault Cld Link
34 Program Fault Eantry Link
30 3¢ Software 01ld Link
3E Software Entry Link
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(% 10/ %it)

SEARCH MASK

3R
»
-t
=

16 k] 4
\\\ \n\\\\\\\\\\ \\\\ \\\\v \\\ Xfi { ‘\"\\\\"\\\\_\l

32 48 56 03

[N

[

The mask oporgtes on the search (block) address, 4 °

specifies that bit to be ignored,

NS LINE COPY 165+16 R

o

These lines contain a bit significant indicztor showing

which namo store entry received the last valid name store

16
15 T ““‘\“‘\\\ WYL NS ENTRIES |
i‘\\\‘\\\“\"" A 0 => 15 |

16
17 TN RS EhrRiss
2‘\“‘\\“\\“\\“\“‘\\“‘\“‘“! 16 -> 51 i

32 o3

ines have only READ gecess, However, writing to
these addresses results in herdware action in the PROP

V stoure without disturbing NS LINE COpv,

e s a . ) . P DTN
Writing to the address line 10 causss LINE POGINTER to
be reset, This is a hordware pointer to an entry in

the name gtore, Resetting sets the pointer to the
irst ontry in the name stors, The pointer can only
ba altered by reading line 24 which causes it %o be
incromented by 1 (modulo 28y, Vriting to address
line 1% causes all entries in the name stors to be
marked urursed and unaltered, The core copies of any

existing entxries are not updated,
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it only causzes an interrupt when in user mode,
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Address Name

{Decimal)

0 . 0BS ,CLEAR
0BS ,PURGE 1

Writing a "0’ t{o bit 03 causes the OBS to
ell 'altered® operands in the OBS operand

to main store, 7They are zlsc retained in

reset to Tunaltered®,

to bit 03 causes the UBS

ot

o

@

Writing a

Vi
be CLEARED, This means
store are written back
the operand store and

bs PURGED, This means

all "alteored’ opeorands are wriittsen back ag in the CIEAR but in
Gy

the OBS opoeraad store is left in z EESHET
i {Ungssigasd)
2 OBS JHASK i2
12
i ‘s:. 1"3.)‘"’3 K i
e

This is used to mask the X fisld of

A "17 in he mask csusos the correspondin

to bs ignored,

in ¢he operaud store gre set emply, i,

o Ll
S €,

ass holow),
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ODS , UIDUND 20 N

4 1A 14
N 5 1 % Bl
{yr
34 5

1

- - . .o . ~ Fad . . o .
The gbove address apocifies the 10 = U4 kit block from which the

GBS is to be reloaded, VWriting To this V-line firstly causes a

CILAR operation to be pexformed {(sece line ¢), Then the Azc queue

is reirieved, Operands (other than litorsls) associated with the

new Acc ¢queue consist only of g viritugl ad

oes not exist in the operand

-
~

3B DUNPY ., Any such operand whicl

-

store at this time is now inserted in an 'unfilled® state, i.e.,

its 'eontents' are not acecessed from main store at this stage
(see line G -~ OBS RESTARTY.

No OBS orders mnay be executed between the Undump and Rectart/Exit

ordexrs,
0;)0.;\.&0 il ART bl iy
An UNDUMD cperation can leave the operand sitore with 'unfilled!

operands, Such operands havo to be -£illed by causing accesses
to main store before normal operations may continue, Vriting
to this V-Iline causes the gbove action to be initiated when

the next EXIT or RETURN order is obeyed, No order which makes

-

ugse of the OBS must appear during this period,

The restart sesuence forcsg all its operand accesses in execut
mede, This means that if a parity ocours bt this time a System

Error will be generated,

(Unagsigned) A -
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8.8 Control Console V-Store {Block 3}
The console V-lines are as follows:-
Address Name . Sizme Accossg
{(Decimal)
Specifying .,
64~bit boundaries
s} CONSOLE INTERRUPT 4 R T
ii 11
A AT I WO
32 T 1163
(R
(I "
l ; B F,C.T,
i | — P C.I,
| —_— el 1,1,
— 3. C. I

N

Bach of these is
F.CoT, ig tne
T.Co1le is the
TeB,I.%, 4is the
S, C.1, is the

Bxtorngl incidenis are

reguest’,

{Cee 1

"1 when set,

o~

fas8t clock interrunt, (Currently 1/100 sec),
toletype character interrupt,

teletype extermal incident interrupt,

slow clock intedrupt, (Currentiy 1 sec),
¥ ot 1 ? LK 2.
accept’, 'cancel’ and ‘input

ine 75,

Writing to this line cannot cause the T,E,I.I, bit
to be reset, This can only be achieved by resetting .
line 7 o
wWriting a '1' to bit 02 resets bit 62, Writing a 'i' to

A /4 4 4
W T : = :‘. L. :“

AR

32 NOURS MINS 03

Hours and minutes

in tens and unite

appear in binar

-
£y v

as shown,

7 coded decimal

0.1.75/2



]

L 1 L

J

C

. i1 C

L J

A

C

TIME ICWER 15 R

\ T\ T 4 4. 4 4‘

WYYt 7 o 1 71 U |

32 . ' SECS RACTICN 63

OF SECS
Seconds and fractions of seconds,in b.,c.d, as
shovn, This line is staticisad by reading TIME,UPPER,
DATE LCWER il R T
4 4 4 4.
N A I
32 " MONTH DAY 63

Months and days appear in binary coded decimal in

tens and units as shown,

DATE UPPER/HCOTER 8 R
. 4 A
P \\\‘\\.\\\ ‘\\\ \\\\\ \,\\ \‘.“\‘ \\\ \‘-\‘\\\\\\\.\‘ \‘\\‘\.\“\\\\\\\\\\‘\‘\\\‘ \\\\l o U |
32 YEAR 03

The year in bec,.d,

Althcugh this lire has read only azccess, writing to

bit 03 at this addreas will operate the hco

tor,

TELETYPE DATA 8 R/W
3
PO T WY paTa |
32 56 63

AT TR RARAIAER AV AR
56

22
Bach bit has individual significsnce znd is

E?

set active,

03

'1' when

2.0.74/2



8.5.3

56 PRINT ON/QFF (OFF = '1Y)

57 CANCEL IWSTRUCTICN

38 input/Cuiput Teletype ('1°' for input)
56 *input Request’

60 Vhocent'

61 'Cancel Mossage'

62 Teletype Start

63 Teletype online

When the TTY is online, bits 3¢, 60, 61 will cause an interrupt,

ON LINE (Pexriphergl)

PRINT| 7] CANCEL} ACCEPT| INPUT |
[MESS  [MESS | REQUEST]

i

T

=, IR ninl 3 ? i
Dopress UFF LINE B .

10 MODE SWITCHES 16 R
0 - . . . s . s s
(7 A) The least significent 8 bite and the most significant 4 bits

of this line gpeocily varicus nodes of operation when set to

48 => 15 Thess are used Ior switching the stacks

of the Loesl gnd Mass stores off-line,

56 Lsvasl O

57 inhibit Clock Interrupt 1

58 inhibit Interrupis

5G No overlapping of instructions,
60 Bypase Name Store,

61 Inhibit Clock Intorrupt O,

52 21low Bzchsnge resots,

63 Reset parity,

28.6,74/2
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8.6.2
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8.6.3
9 CPR FIND MASK 16 W
1 14 11 1
LAY X

{ x\\""\\ \\\\‘\\

! |

0

{pi M
37 5

w

5
£
(o]
7
st
E:;.
pvy
[}
(&3
Q)
W
&
=
H

The use of this line is describe
Tho Find mechanism operates cver each bit of the segment
field whereaz the P and ¥ fislds both merely have a

‘do?! or *do not® sisgle bit spscification, A '1' noans
do not search on this biv,

i1 CPR X FIELD Z4. R

& B

o

Rogding this registex

<2 et

Lddress helf of the

described in the Engirnceving NMUS Mamual, Chapter 6,

16 CPR WNOT EQUIVALENCE PSX 30 R/VI=Roset
(%, 10
4 14 12
i 2 | o i X i
3% 63
17 CPR NOT EQUIVAIENCE 8 1z 3
%, 11)
1
! 5 !
50 o3

Tine 16 holds the viriual eddress of the 16 word block

vwhich containz o Line address that is to be presented

1% noldz tho sogment

to the CPR's for squivalience, Line
PR Not Bguivalence ocecurs,

i

field of this eddress, VYien & C

thoughk further addressing through

T
"
for?
<%

. .
these 1lines romain 9% &

‘hoe CPR's can tzke plioza,

14.8.72



The action of writing
their normal state,

during the CPR 3 inter

as system errorg, I
has been reset, there

about the

20 ~ SAC PARITY
(%,14)

line w»oturns both to

)

CPFR # interxupts vhich cccur

these cceur before the PSX 1line

]

information in PSX

sddress ceusing the system error CPR #,

R/W=Reset Bit 57

rasw

j
!
|
f
i
i

A data parity orror Iic
3 5 s eyl T
Bit 5\) Toooras Tio

IS
s
I
e
Q
|31

(Y515)

fail bits in iines 20

ALL bits in this 1ine

i i { §

i i | i

I T T

i | i

z Z '\ emmanor e
l e FORCE 4 PARITY

ta
he
G
[

o
DAk
ahnd

azo

-
— DEROP (NCT O3S) OPERAND
IISTRUCTION (NOUT OPERAND)

i
1
; — BXZC HMCDE

INTERRUPT FOR CPERANDS
FOR CGPERANDS &

14,8 .72



fee}
(-]
[
o
n

22 ACCESS VIDLATION 3 R/W=Reset Bite 01 & 63 B
(% 16) | B
60 6z 03 .

-

iN OBS

ACCESS VIDLATION
WTI0N IN SAC m
D Al

T ACCESS 3

L
£
Uss

£ JIOL
s FOT CPRRAND) CAU CCESS VIOLATION 1
- SYSTEI ERROR ACCESS VIOLATION ;
™
Bit 01 is enly valid whon bit §2 is set, and refers to program =
faults oniy,

0 ~ £o N S bt N a

Bits 060, 02 and 0% avre reast vy:~ Coneral raset
N ]

Viriting to this line,

™
SYSTEM ERROR INUIERRUFTS ¥ R/W=Reset (sos bsiow)

23
% 17)

PARITY FAXL oo
INCOMING REQUESTS

BT T T Jpepp—

H

1

!
; FROM EXCHANGE '

i
] - . -

i — BRIH PARITY 1
i e {OGCAL S {WRONG B5TACK) —
SNCE

——d
These bits sre nii sev indepsndently of one another, —
as their reospeciive faulis zre detscted, : -
Writing to this iino resets all bits except bit 53, -
iso rassts lino 20, and bloek ¥ iine 1, Bit 38 : .

ts a hardiwore Fault that cainot be cleared by

detects a ha
M
software, and can only be xeset by general reset,
L.
Ceneral recet resets a2ll bits,
—_
Writing to block 7 iine 1 clears tho botiom 4 bits,
Z4 UNIT STATUS R M
ne ey PR o u I )
(713> 1 - 40040 OPDRATICNAL  (Bit 63) j
P g s e ~® o e
2 -  EXCHANGE CPERATICNAL (Bit 627 —

BT Y

Writing to this line causes sn interrupt signal .



8.7.1

8.7 The IBU v-Store (Block &)

The instruction buffer unit maintains a recerd of the eight

most recent control transfers in the form of a "jump from' address

_with a 'jump to' address, This table is known as the JUMP TRACE

and software communicates with it by means of the IEU V-lines,

The JUMP TRACE is not maintained in any interrupt mode, Since V
store access can only be obtained in these modea this ensures that

IBU V store is used sensibly when JUMP TRACE is static,

- Address Name Size Access
64-bit
boundaries
0 FILL-POINTER 4 R/W
1 23 2
1 T A S T g |
32 63

The line points to the entry in JUMP TRACE which is
the next to be f£illed, When ths hardware f£ills an
entry the FILL~POINTER is incremented by 1 (module 8),
Reading this line gives ths Lormat szhown above, The.
Valid bit (bit 32) indicates vhether that entry has
been filled by the hardware since the last process
change (see PRCP V store 8.3),

Vhen writing to this line the format is as follows:-

5y 60 61 63
| | ] |LINE NG|

Bit 59 causes the FILL~PCNTER to be written to when
bit 60 (Trace Ca) is =zero, i.,e,, the Trace is switched
off, To switch the Trace on the line must be written to

again with bit 60 set to a one, or a general reset given,

14.8.72
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w
<

8.7 .2
JUKP FROM 32 R
|V TIGMP FRCA ADDRESS !
32 03

This line contains the *JUMP FROU' address (the addross
of the last 16 bit section of theo JUMP instructiocn) in

the entry in JUMP TRACE pointed a2t by the FILL-PUINTER,
The "JUMP 10" zddresses in JUMP TRACE cannot be road
a8 V gtore,

It cannot Lo read unless bit 80 in line O has been set

to =ero,

27 011.73/3



4Lddress

8.8.1
?eriph;ral Window V=-Store (iccal Block 6)
Nameo' Size Accoss
MESSAGE VINDOY 32 R/WI=Reset

‘.

~

This registor belongs to U5 V-store but in addition

may have information writien to it £yom other units

in the system, The writing of this information causes

an interrupt in MU5, The informaticn may be resad but any
o write to the line from within MU will merely

cgusa the line to be set not busy,



8.9 Parity V-store (Block 7)

Address
{Decimal)

O4~bit
boundary

Name Size

MUS RIPF 1

This provides a means of inhibiting further reguests from

MU5 to exchange (see also §,2.1),

General resget resets this to zero,

N

EXCHANGE REQUEST PARITY 4

€o 63

— — van ——n
P —

— EXCHANGE OVE

Writing to this 1Ens resets azll bits and resets the 1,

4 bits of block 4 1line 20,

This line is resoet by:=

RDUE

‘ — DATA (V VIRITE
— ADDRESS
—— CONTROL & UNIT NO

8.5.1

Access

R/W

R/VWi=Reset (sece balow)

4

Ceneral Rezet

Writing to this 1line

Waitd

ng

to Bloek 4 line 23,

This line ig duplicated in block 4 line 20,

14..8.72

¥} Parity fail on incoming
2] g Irom exchange

8,

[
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9elal

Chapter O The Vx-Store

Vx-store consists of registersz which control and/or

0}

diagnose system hardwere and which are communicated with from MU3Z

gnd other units in the system, It defines the mosns of communicztion
betwesn HMUS and the other units of the system, MU5 may only access
Vz-store whon in executive mode or aay interrupt mode, Access is
achioved by a reazl =zddress in a real address mode descriptor or by

CPR bypzss, Below is g 1

[N

st of the system Vx-stores:-

9.2 MU Vx

9.3 Disc (Drum) Vi

God Block Transisyr Unit Vx
9.5 1GORE Vx

9.6 Ioegl Store Vi

as3 Store Vx

e
!;:n

9.7
9.8

3

)

172]

vaitem Pericrmance Monitor Vx

°

robleom exists when writing to the Vi-store and then changing
5 5

)
.
o]

the status of the machine, As fgr as MU5 is concerned, a write order

is ccmplate when it is accepted by the store aecess control and

tte
43
e

possibie for a large number of irnstructions to bs obeyed before the
order is actually executed, A software interlock muat be appiied in
cases whers this could cause trouble, e,g writing to reset a BTU interrupt

-

and then releazing ths interrupt Tiip f£iops in Mach

l._e.

ne Status mgy result

in o second BTU intorrupt, which will g rently vanish and mey look 1il

appa fo¥s)
s mossaze interrupt in the worst case, A similgr problem could grize with

parity inforrupis, aad local store fail soit,

v e

Thors ave many ways of providing such an interlock and two such

ad => Vx=Store 1)) => Vxz-Store
Bn = same Vi-storse B ¢ same Vi-store
{destroys Ba) - B %O
(innocucus )

4 and ¥ orders do not provide a satisfactory interlock,

27.11.73/2



0.2.1

0.2 Tho lUR Vx-Store

The normal MUS Vx-store consists of the following:-

The Poripheral Window (Block 6, Line )

@

This line falls into the Vx category because it ig the
means by which other units in the system communicate with MUS,

These have write only access and use this to put information

2o

nto the 32 bit line, This causes an interrupt in MU5 which
¢

rmation to be yead,

The Parity V-Store (Block 7)

MUS RIPF is bit 63 of line 0 of MUj V-store block #, It has

read/write access from 2ll units in the system including MUS,

¢

When any bit in the exchange Vx line UPF becomes set (see Q.4),
oxchange sends gz nel To every unit in the system, This is
ignored if the unit has the manual ’ignér@ parity® switech sot,
if not, and the RIPF bit is set to '1° then no further accesses
aro permitted from NMU5 to exchange until gppropriate action is
in normal cirvcumstancss this is a complete description
ci MU% Vx-store, However, if the REMOTE switch is set in MUZ
Censole V store (Line 12 bit §4 seo 8,.,3) then blocks (2 -> 3)

oi MUY V store becomes available as Vx~stoxe in addition o the

[EN

7o 1

o

in chapter 3, A1l V ilines in blocks 2, 3 and 5 become trezted as

e
Vz lines with the same agccess as before, However, bleck 3 the

Censole V-store (895} does have scoms changes on access, Lines

10, 1% and 12 as V store have only READ access, The permissible
accese &s Vx lines is READ/WRITE with the exception of bits 54

and 53 of line 12 which stay READ only,

Access to the Poripheral Window and HUF RIPF is unaltered

on REMOTE,

21.8.72

nes just described, - The MUS V-store is completely describsd
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(]

which consistsg

Address Name Sike Aecoss
(Ga~bit word)
o] DISC ADDRESS 22 R/
1 2 6 6 O
i iR/W]\\\\\\\\\\\““\‘] DI _BAND | BLACK[ \\\\ SIZE |
32 3
P is the internal read request bit aand if_ .
sot (i,0,, = '1') overrides bit 33,
(Therefore normally a zera),
R Sp@c;flGS whether reading from or wr "’n
to the dise, (' 1” = READ),
D specifies the disc number 0 -> 3, Each
has 04 bands containing 37 blocks of 250
words (32 bits + 4 parity bits),
SIZE specifies the number of blocks reguested
for transfer,
Vriting to this 1line initiates a disc transfer,
Note The block and size digits are updated during g transfer,
1 STORE ADDRESS 29 R/
A Zd.
P W UNIT] MASS/LOCAL REAL r;anx 551
4 : .
The 28 bits specify the real address in what is the
rocoiving or seanding unit, Hardware ignores the 1.3,

eight bits

<

cf the address; it is assumed to peoint to

at least a zao word block boundary (minimum transier

size),

Thig 1ine

is

tered during a transier,



DISC STATUS 22 {see bolow) .
The description bolow is of the status bits when sot = "1°,
Digit
32 - Decode the rost of the status line,
This is examined by software on
completion of each transfer,. If set, .
. set, come further action is reguired,
This digit is reset by writing & '1°7
to it,
33 - Decode Vo line 7,

This indicstes an operators reguest to go

onto SEIF TEST, Furthor informaiion about

34 = 41

¢
t
e
G2
ea
=
o
o-l
e
ok
1]
L
©
o]
jo}
v
2
O
jo}
=h
@]
¥ <
o3
I
[}
¢
w
N

& 3 having the

icance as bits 42 ~> 40,

Set manually to indicate the disc is off

by a CPU,

43 =~ 44 - Spaxe

45 ~ Dise 1 on Self Test,

46 - Disec O absent,

47 = 43 - Spare

49 - Digc 0 on Self Test,

50 - illegal reguest to the disc,

L - 52 - When input parity error occurs these bits

ceontrel informstiion,
53 - (PP0), Input parity error, This causes a bit
to be set in the exchange Vx line UPF,”

Resetting of both bits is achisved by
writing a '1' to this bit,

Bound locked out (ses line 5J,

G a
B
1

(83
i

Data late {Hardware error),

10.4.73/1
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.

L

w

1

(@)

(@23
NS OAN

(@]
2

(€3
o)

[@3
)

C L.:L\

3

- Column parity erroxr (internal to disc)

- Row parity ervor (internal to disec),

- Ignore parity fault ~ applies to
Tinput parity erroxr’ (bit 53) only.

- End transfer, 'i' = ENDED,

- Disc unit number (= 0),

of 8TATUS can be read, OGnly bits 32,

@8

-
0, 53,

an be written to, Rach iz reset by writing a

bit position,

POSITIONS 24 R
z 5 6 6 6

I T e T D2 | bl | Do |

32 l 03
L ) PACKING DENSITY

ACKING DENSITY

!
!
I

W'

density is current ('0' - HALF P,D,, 'i' - FULL
Polfa)v
ADDRESS 28 R/
20O
Y [EAL ADDRESS i

3% 03

This line holds tho addre 58 to hse written to on

disc transfer complete, The information written

-

iz the STATUS line 2, Thig address must not e

disc address,

KOUT 01 ' 32 ' R
16 ) 16 L
i IACKSUT DISC 0 | LOCKOUT Disc 1 R
32 03
=~ “

This contains 10 lockout switches for cach of
discs O and 1, These are set manually, Dach

bit locks ocut 4 bhands,



LOCKOUT 23 32

As fox line § applied to dises 2 and 3,

REQUEST SELF TEST 5

T !
32 3

Digits .
59 => 60 Reserved for Request Self Test
on dices 2 and 3.
o1 "Reguest solf test'! on disc 1,
oz 'Roguest self test' on disc 0,
'‘Request s0lf test'® is set manuzlly,
63 'CPU permission to self testf,
I‘\.«OG’SE

All bits can be READ, Only bit 063 can be written

RAT

SR Y
32 87 63
57 = 5% Margins

60 © A/D Reguired

o1 Self Test

62 - 63 Disc number

14.8.72
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O

WA BAND | BiocmITRACK] 1 | |

A/D holds the A/D conversion value,

current DAND, BIOCK and TRACK is maintained,

o
Fie
]

[RS

i

BMax/iin Signal

o O

Print A/D

o O U

Surfgsce Lrror

Fny

(o
»
e

“

IA]

elf Phasing Error

h
¢
2]



9.4.1

Q.4 Thoe BTU Vx-Store

The Block Transfer Unit is designed to perform autonomous
block transfors betwoon six possibie stores in the system (2 mass
stores and 4 lccal stores), Up to 4 block transfers may be spocified

coneurrently end these are carried cut on an egual priocrity, time-

i
4 block transfeor f£remmaess to local for instance is carried
cut one word at & time through the oexchange, The word to be transferred
iz bufisrod in the BYU bofore being sent on to the local stors, Thus

tho transfer mass => local actually consists of two transiorsi-

=
0
@
)
£
\Y
=
s
[«]
hety
bt
9
=<3
©
[oN
ten
<

A block tranefar has 4 controlling V-iines associated with
it, There ave 4 sots of these V lines allowing 4 concurrent {ransfers,
Booch set is situated in one of the 4 block sddrssses 0 => 3 of this

mits gddress field, A block of BTU Vi=store consists of 32 lines

o 64 kits, Within blocks ¢ => 3 the Vx lines have the following
sionificanco -

BIOCHS 0 -> 2 (Trensfer conitrol V lines)

Size Access

32 RV
4 28 .
P Socurce R,A, of block !
32 63

The herdware interprets this address as referring

to a boundary that is a multiple of the block

size obitained by rcunding the transier size up

to tho neoarest power of 2, In addition the 4

least significant address bits are always intorﬁreted
by the hardwaro as zmero (10 word minimum boundary),
4 transfer of all zmerses (nuil transfer) is achieved
when bit 41 cf the source R.A, is set %o 1 and the
unit¢ no (bits 30 - 39) ave Q (i.e., locall, .

148,72
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—

SN

N

w

DESTINATION ADDR

SIZE

Qo4 o2

w
N

R

4 28
MWW bestination R,A, of block _

32 63

This address is interprsted by hardware in
tho same way as the source address,

>

20 R/W

12 4 v
AR R AN G N 1
32 44 48 63

At the start of a block transfer N spocifies tho

Tr

03

nsfer siwe as 2 less than the number of 32 bit
words due for transfer, (N/2 will always bs odd),
The maximum transfer zise is 64K and the minimum
heoreticzgl sime is 2 woxrds,

The transfer is carried ocut from the final word of

s]

Q
the block backwards to the firvagt, E

|5

word is transferred N is decremented by 2, On
completion of the trgnsfer N will be = -2,
Uj is ths numberx of the unit which is to be

interrupted on completion of the transifer,

TRANSFER STATUS 4 R/

» 28 .
LA TR I
32 ’

oy
(N
b
P
1

!

Bit 60 is the Transfer in Progress bit, Setting

i
this bit initiates a block Transfer, It may be

reset by software to termingte the transier midway,

Hardware resets this bit on transfer comple
(successful or not),

28.,6.74/1
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9e4.3

Bit 61 is the Transfer Complete bit, Hardware
sets this bit on completion (successful oz not)

-

of the block transfer, This is what causes the
Block Tranzfer Complete interrupt in Ui, The
interrupt may bo turned oif by resetting this bit,
Bit 62 is the Parity during Transfer bit, When

sot this bit indicates that the current {traasfer
has been terminated by hardware because of a parity
fault (see B,T.U, Block 4 - Parity V-linesj),

Bit 63 is a spare fault bit,

BIOCK 4 (PARITY MANAGEMENT}

PFO 1 R=Resot
Bit 62 of this line is set if parity is detected
on add"éss or control bits sent to the B,T,U,
from exchange, This signal is passed back to
exchange and s9tsg & bit in the UPF line in the
Bxzchange Vi-store (szee BTU Vx-store Block §
line 2), Both of these bits are reset by
reading the PFI bit only,

B, T, U, RIPF 1 34W
Bit 63 of this line is & moans of inhibiting
further reguests from the B,T.U to exchangeogﬂw
When any bit in the UPF Vx line (seo block j
iine 2) becomes set as a result of some parity
fault exchange sends a signal to eazch unit in
the system, Whon this signal appears in the
B.,T,U,, provided parity interrupts are
unhinhibited, the RIPF line if set will stop
further reguests to exchange,

TRANSFER CCOMPLETE 4 ' R
Bits 50 - 509 contain the transfer complote bits
for chennels O ~> % respectively,

N.,B, Early moraning reset soets éhese bits to zero,

28.6.74/1

==



4

.

4.
v

Ge

¥

EE=D

cy)

-

1

o Vi

>

BIE

L ST
TACUS

3

the

[REREAS]

Vo,
Y

1ge Vi lines c

18X

e exch

T

(2]
Pl

Kol
o8

RAI=Reset

icates send

i

snsfor through exchenge, -

i
»

line
ach ¢

o

)

o

£

1

ad for—

iz check

on

nformat

i

ond centrol

vaas

aad

ing To

corrsspond

I\

!

<

NI

1\

A

AN

AR

¢
\
|

A\

\

\i

A

FAl

+{
e

s
~5
S

v @

vely

.
(e X

SPach

ilure

o
(2

parity £

tes who wa

angfor 4if

o
L

9]

oly no

ks

d, but ms

g line causes it <o be

thi

¥

o
adls

Yot

as CAP Y

KOGWI

1‘

-

LE

4
o

3

L.

DLt

R

(<p}
<

£y

-}

<1

-~

i

o

)

v
— T
=)
—
=
.
-
i
-
=
gt
-
g
-
-
oy
[P
e O
r "

e bite of

h

Ex
v

o

any of

vl

R
e

3

.

any parity

apresents

-y
-

It

@ 26%,

oAl

e 0} =

e A
SUPE (lin

<
£

chengo,

P

©

=
il =]

o

or

ey Lee

any pa

s

ent

o

~/

rony

> 0%

-

Lure

.

ny Lai

.
t

o

2
£

«

SHCRANZO ¢

P

P
a.

Lo CO

TQTL

P
& ey ma
PR RN

e i

D

ng

hic

<5
"

7.

to exchangs

zaad

a

3t
v

A

P )



Address

(Decimai}

N

(@)

st

Size Accoss

1 W

Writing to this line inverrupts the 1G05E at the

o

next~occurring Normal-Mode instruction-feich time,

=

(The value of bit 03 is irrelevant), Writing to
thiz line also sets bit 27 in the 1Q05E's internal

y-liine 129, (known as SR12Q),

1 w

Weiting o O to bit 63 of this line rezets the ZERIPF -

£lip~flop, (thus allowing roquests through Exchange
in the event of a parity fail), VWriting a 1 to

bit 03 sets SERIPF, (thus inhibiting requests in the
21

b
ovent of a parity £ail), SERIPF appsars as bit 2

ir the 1G05E's internmal V-iine 120,

i W
Writing to this V-line resets the 1G05E's PFO flip-flop,
{Tho value of bit 03 during writing is irrslevant) f

18

appears as bit 2 in the 1Q03E's internal V-line 120,

i W

{(Writing to this line causes no action),

28.6.74/1
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This Vi-store congists of

~

s g . -
Address Wame
K nelie

{Decimal)

L s e
04~0it
boundaries

Bit 63 is set

On Lacfming ot

exchange,
in exchange V

by writing to

3 PATLSGHET

Ut
et
et
i3
[0}
6
[
=]
W
=2
[¢]
Q
w
o
o

9.6.1

4 ' R/V=Reset
when & parity fallure occurs

dresses or control bits Zrom

co
&

>
=

A 4

3z

EATAVAATTATAA LA

o

i
3

o p—

~— OFF LINE

——y
f— .AQL‘E

— i amcss e

specis

is OFF LINE,

R

has no effect,
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r

These may hoe set %o il meaningful numbers, Each numbei corresponds

to o modo of operation of the Local Store, as below:-

v epaTe
ml)' Uty

O Wormzl = all 4 stacks interleaved in lo 11 12,31 14 51 ¥
odrer | Pl [ I
| [ il P

o Non—-interlogvad -~ Bach stack contains to= [ 4= | o= 1 |17
LK of seguential addrosges, in order S (O B R B 3 I
I I I (I
5 on-intorlsavod - Tzeh gtack contains [8= § tiz=] lo= | {4
4% of gecuential aldresses, in order fraxt 120K tax ¢
b P Il
5 = o

“ Hon=-inferlegved - Zach stack coniains 192=1 13<71 W .
4% of geruential addwvesses, in order 116K {12l 1SR 1 14d
| (. P .
3 Interloaved in pairs, stacks 0 & 3 o 41 | 12
ond L6 2, gddvessed in ordor fo- | | 1K)
181 ] 3

. ~ —
9 Taverlosved in peirs, stacks 1 & 2 fo 1f to it 12 31 i2
an? 0 & 3, addressed in order &= 1 o~ | fo= 1 18

PAOK) 18K 1 18 1 1450

; i

| |
1G Interleavel in paivrs, stacks 0 & 2 lo 4l o1l 12 31 iz
andt 1 & 3, addressed in order to=- 1 18~ 1 o= 1 {2
13x 1 120k 10w 1 i




RS
Jt

Y
Lo

i3

el

E)

[%e]

s

“and 3

mterliegvod in »

an

a

ity 3
oW

»
ddressod on ordoer

logved in pairs, s

R

&o

el

2

“p

ot
Ly

gddressed in oy

interlenving,
tokeon
oF:)

z, stacks 1 & 3

»

G003

e et o o i e

] 1
[ [ ?

fo 1] fo 1 12 31 iz 3l
{8= 1 o= | 18~} jo=- |
116%] 18x 1 146K 18% |

] o

jo 11 12 3i

i i ]
o~ t fo~ 1| 18- 1 (8~
188 1 188 | 116r! 1167

o]

H
18w
146K] 116x]

to ensure that the setting of this line

15,8,72
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KRV SLTE ST CONANL il »‘ﬂ{/\,
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7 oGl AN
]
(a0
21 2 3 1 2

@

2 53 63

00 - Normal
0l = Normal
10 ~ Inverse of console switches

i1 - Oboey console switches

I

a0 End Action = '0' =~ Continvous self ftect

Y

L' - One cyele of the stack

~ — - ~ 2 oaa
59 o= 57 Tized Address Bit

Those bits sp

o
O
t
"
=
-
@)
N

. 01 = Only the odd O4-bit words
10 =~ Only the even O4-bit words
=5 - 3o Pattern for festing
01 Function .
a7 - Cleax Vrite
17 — Read Resiore
6o~ 063 Stock on test

TR

o
2
03
T milows th A rrant aalf taat sddvaoa O ey
LG 2Ll 0VS Thie cuXient Sse¢LlX TOS8T oanlGES YO De

B

- - N . - - - 5 PO . $ e
verl {0,8,, a2fter ztop on eryvor), The ad’ross is

N Pt -

3 eha L. -0 o T s L - 0 2. ~ < 'y o} ot P
in fhe Jerm of 12 bits referencing a OAd-bit word
& oY At oy Te mam dem g e 2 U [ FRNC I R
iy ne gTatx o S50 g gTaciK In QL‘Q“’: .07 SLsT



i’ o 5 See Bolow _
(20
; _ 4. 1 B
A T
32 6‘3‘ [%
.
Digits L

50 - 062 READ ONLY Fault bits - one per stack

(o))

3 R/W - this bit initiates and terminates

self test when set = O,

28 .6.74/2
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06702

4 CFF LINE STACKS 4 33
28 ' 11121

PR RE RN 7y

32 (I

I

i

; ; - ST:"‘ACL Z
P STACK 1
— STACK O

Theze bits when set to '1' dofine a stack to be

OFF LINS, This is achieved manually,

5 WORRING STACKS 4 ) RAT
This line has the szme format as line 4,
Lgel bit when set specifies a stack to be working
normally, Reset to put o stack om test,

5 STACK ON TEET 2 RV
Bits 02 and 63 of this line define which of
stacks 0 To 3 is on self test,

7 QN THSYT INDICATOR i 7 RV

L % . -
3 stack

o
@
ﬁ\.
g
acd
cy
ot}
@

Sotting bit 03 initiates self i
specified in line 6, To reset testing after a
stoppags, stop on error, for exampie, OTL mus

fivet be weset to zero, then set back toc 1Y,

()
&
2

SELX TEST CONTROL

co

~

3__R
AN AN A T o B
32 38 63

Before putting any stack on seli test, pattorns

(38 ~> 60) and operating modes (61 ~> 63) can be

written to thiz line,

15 ,8.72



: 947 43

END ACTION 3 R/W

[Xe]

g

L

C ]

Bit 81 is SEQ and specifies only one cyeclo of

all

continuous cycling (°'0%),

{Z)

ddrssses of the stack on tost ('1°') or

Bit 62 is ST and for the stack on test specifies
*stop at ond of current store cycle® ('1%),

Bit 03 is CON and specifies (for the stack on
test) ‘stoep on error ('0'), To continue aftex
stop on error this bit can be reset to 17 then

g9t baek to '0° sgain,

cccured when on self test,

RER DATA GUT 36 R

invelved in an ervror on self test., Data is rogs
~ v , R Y » a_ e
&3 230 bits, (32 data bits + 4 parity bits), Thig

iz coneopiually divided into 4 sots of §
16

k!
17 deiines which seot of ©

6 R=Reszot
_______ 26 1413133
\QQWHVﬁ\““““““““Y““V“WQ““‘ I O O O O
3% P11 1763
I I O I
U prac
I T T A
P o
Pl
l

BEUFRUUS ST DU S U

i
{
I
]
!
!
!
!
I

— INVALID ADDRESS

15,8,72
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<U/ }
id
2T/ s
("m“a}
13

}...'n
Y

~
]
G~
[N
>
o’

2]
A
o
(@]
5

STACK

STACK

]
=
he
O
o
¥

o7 o4

{(PTV) - V store 1I/P data
PFOY - Stack 0 I/P or G/P data
- Stack 1 I/P or O/P dais

)
61 ({pFz) - Stack 2 I/P or UO/P data
Gz (rF3y) - Stack 3 I/P or /P data
63  {(PFAC) - Addressg or Control bits from
Txzehangoe |
57 {INVAL) INVALID ADDRESS sont to interface

i,9,;, to high fo» number of stacks
working
If ooy of these bits is set a signal is sent to

enchangse and to the Enginesers Door and Consclo,

0 STATUS 3 R
1 STATUS 3 R
2 STATUS 3 R
3 STATUS 3 R
The formats of theso 4 lines are the same,
Dig it
o1 - Power Supply cn margin
€2 - Stack on self test
63 - Error during solf test
FER PART 2 R

Tais spoecifies which section of the data or
ddress word is to be read when reading TDO
or TA lines 24 and 20,

»gfers to the mest significant section,

0
'3? zefers to the least significant section,
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O
Q
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L
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O
=1
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[0}
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Q
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(5
ct

or Vxi-store

The System Pericrmance Monitor Vx store consists of the follocwing:-

This iins is accsssed by using a real mode descriptor, with V~stcra
specified in the origin, he real address part specified is irrelevant,
Tho top 32 bits of ths V~iine are write oanly (if read, they roturn 0),

The botitom 32 bits are read only,

BiT o) Bnable bits 1, 2, 3
il RC1 Reseots gnd initigtes histogram logic
2 RCVLL Overrides validation lines for histogram input pul:
3 INTGFF Turns off interrupt

w]
4
=]
EN
Jes}
Vi
o)
o
[
&
o
=3 [
or
»
w
(@)
N

3 ROMTL initiates fast counters
0 RCNTV. L Overrides velidation lines for Zast counters
7 RCNTR  Resets fast counters
3IT 8 Tneble bitz 9, 14
- g RALO iéentifiss the activity reguired for softwaro wmonitcriasd
i0 Fot usod ‘
i1 RAIL Usad as RAIO
BIT iz Zaghle bits 13, 14, 15
3 RIGA ? Centrol the input mode on the two
14 RILB j‘ histograa input channels
i3 ROVW Allows Dwell Histogram logic to comtinue
upon overflow of Y-Counter
BIT 16 Enzblo bits 17, 18, i¢
iy RSFZ%4 ? Set the scale factor
18 REXZ%2, , on the
i9 REFZ#%] J Prescalar

167474
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o)

=i

BIT 20 Engble bits 23, 24, 25, 26, 27, 28, 29, 30 ‘
21 Not used ‘
22 Not used
23 RSAC Allows CPU to write to or road .
tho real store via Exchange —
24 READ Initiatos the display of the store L

contents on the VDU

&5 RSAYH  Interval Histogram Mode

an REAIDH  Increment/Decrement Histogram Nors

27 RSARCH Clears Title store a
28 READH  Dwell Histogram mode [

20 GSADAD  Direct Addressing mode 1
30 RSARD  Clears Data sﬁore : -

27 & 30 Cloars title stecre and data store —
28 & 29 Snap-shot Mode

H

NOTE: BExcept for those pairs noted, only one bit in the

¥

above group should be set at a time,

=
)

it 3 PPIR Turn off parity fail indicator
-
32 => 59 Not used
T 6o Not used .l
—
7 61 A% Monitor is in Manual Mode 1
)
T 62 RICGNEX Monitor has ignored an Exchange reguest
B
. !

T 63 GIGNEX Monitor is ignoring Exchange excent Tur V-rods

i,8,, Monitor is in one of the Zollowing modcs -

MANUAL, DISPLAY, CLEAR-STORE —
™
L
M
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9683

Svstei Pariormancs Licnitor Neal Store

This consisis of 3 blocks of store addressed as follows:-
Address Name Size Access
T - . - — ———

(O =bit word)

Cormn A men T
0 SEIDAT A STORE

-2

To regd/writs Zxom this

51% SPE FAST ([ COUITTER
Y 7% - vay s
To read thesz count

~ - 5 Jarennd dem e
yo rogd/weltes nrom

256 x 16 bivs R/W

store bits 48 - 63 of the highway aro

16 % 32 bits R

-

3 = 63 of the highway are ussd,

v half of g fast counter is at the addrsss

iznificant halfl is at the address

256 x 7 bits RYE

the highway

us e,
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Chgpter 10 The Basic Programming Langusge - XPL

XPL compilors eoxist for NU5 and the 1000, Compatibility
botween the compilers hes been aimed for, however, thore are
uvnavoideble difforences,

Simee the MUS compiler will be used moroe extensively than the

1600 version, this doseription applies to the MUJ versicn, any

fon

difforences betweon the compilers will be mentioned,

L3

Table of Contents

The Metalanguof® o o o o o o ¢ @ 8 6 © 6 © @ o 0 o o o 10,1
Progrem & S5Ta%omenis8 4 o o o o ¢ 6 o ¢ 6 ¢ 06 0 0 o o o 10;:2
Nemos, ILitorals & Lebols o o o o o 6 ¢ 0 0 6 @ o o o 203
Teblos & TOXTB 4 o o o o 6 o o 8 o 0 ¢ o 06 0 o o o o o L0od

Blocksoooaooooe~aoo.o‘onoooooooloos

Decj"a‘i'atives o (-3 7] a [] ] Q [-) o ] -] L] [ ] [ ] (-] [} Q o -] o -] 1006
(1Y 7Varigble Doclarations
(2} literpl Doclarations

Instruciions , 4 o ¢ o « 2 @ 0 o 6 0 0 6 0 ¢ o @ o o o +0,7
3 Computational

) Store to Store

Y Ceganisational

)} Conditional

Procedure Cull Facilitios o o o o o 6 0 o 06 o 0 o o o 1008

Special Directive SLatomontS o o o e o o ¢ o o s o o 100

Alternative Punching Conventions for the VDU's . . . 10,10

The Tect BLits in MS , 6 o o o ¢ © o ¢ 5 © © 0 0 o o o 0,11

17 04.73/1



10,i,.1

Hodified BNF (Backus Nauxr Form) is used to define any
ZPL syntactic olement,
The medificaticns to the BNF are as follows,

{17 In the order of gliternatives and of elements within alternatives:-

a2, &ny =alternative which is a stem of another comes after it,

b, If onse ziteranative is a special case of another, it must
cone first,

¢, In recursive definitions, there must be at least one

left~mogt olenmont not rscursive,

~
n
g
s
v
@
©
£l
Loy
@
o
§s
)
P
b
o
[v2 3
=
i@
o
:»-ul
©
ot
J
m
H

Several altermatives mey be specified as an element of

another by snclozing them in square brackets,

' 17+4.73/%
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10.2,1

10,2,1 Progran & Statement

N
K

<XPL,PROSRANS ¢ := <PROGRAN,OF,A,SEGMENT> [ <XPL.PROGRAMS> | <NIL>]

<PROGRAM ,OF (A . SEGIENT>

The <progrem> consists ol s number of statements, and hencs,

°
e

=
=

*SEGMENT<SP><SEGMENT ,NO> <NL>
BEGIN <NL>

<program> <NL>

END <NL>

¥END OF SEGMENT<NL>

<progren> o:=m <STATEMENT> [ <program>| <NIL>]

2STATEMEITT> 2+ <LARRIL>|
<LABRI><SEP>|
STABLES <SEP> |

<DECLARATIVES<SEP> |
<INSTRUCTION><SEP> |
<SPECIAL,DIRECTIVE ,STATEMENT> <SEP> |

where <ssp>, 2 sspiwglonr isi=-

<SEP» 1= <NI> | <COMMENT>

and whore commont commonces with two coleons and terminates with a
nowline, For line continuation purposes w<NI> is ignored,
Tho ceven types of XPL statoments are explained in the

following sectionz,

17 04..73/1



10,3.1

10,3.1 Names, Litergls & Labels

Since the basic operands in the language are names and

literals, it is convenient to define them first,

(1

Nenmes & Literals

<LITERAL>

i

<DECIMAL> |
% <HEX ,DIGITS>|

1 <CHARACTER ,STRING>3|

<NAME> |
<DR,LIT>
<DECIMAL> 2:= [+|=] <NIL>]<INTEGER>[ ,<INTEGER>|<NIL>]
<INTEGER> 2 1= <DECIMAL,DIGITS[<INTEGER>|<NIL>]
[ <HEX>| <HEX>(<INTEGER>)][<HEX ,DIGITS>| <NII>]
@111213141516171819l AIBICIDIEIF
<CHARACTER,STRING> ::= [<CHARACTER>|<HEX,PAIR>][<CHARACTER,STRING>|

]

i

i

<HEX . DIGITS> HH

A
Land
¥
\"
i

<NIL>]
<HEX ,PAIR> {1 <VB><HEX><HEX><VB>
<VB> 2= o vertical bar
<NAME> s1m <IETTER> | <LETTER><NAME , SYMBOLS>
<NZME ,SYMBOLS>  1:= [<LETTER>|<DECIMAL,DIGIT>| ,]L[<NAME ,SYMBOLS> |
<NTL>] '
<DR,LIT> s 1= D<OUA><OCT><OCT> /[ <INTEGER> | <NAMES ]
/ L <INTEGER> ,<INTEGER>[ ,<INTEGER>|<NIL>1|
<NAME>]
<QUA> i= pliizis
<QCT> sr= 3i11213141581617
Labels

A lgbel takes the form of a name followed by a colon, i,e,,

<LABEI> = <NAME>:

Ay number of labels may procede an instruction, and

veferonces to lazbels are optiimised by XPL,

22,8 .72
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10.3.2

(3’ Further Notes on Literals

Thore are five different types of literals, and each of them
o
is eoxplained below, The XPL compiler will attempt to optimise on
their leongths,

2, DECIMAL NUMERER (not currently impiemented on MU3) in which a

decimal point implies that the number is to be coded as a

filcating=-point literal, All decimal numbers are signed,

Examples i~

Signed fixed-point:-
2 tr 6-bit
51 1t 16-bit
+31 ++ 16-bit (the positive sign is opticmal)
327680 t1 32-bit

Flosting-point (all G4~bit):-
1.0 2y 1, will be faulted
~0,23 1t =,23 will be faulted

GRAL  is & 9 (porcent) sign followed by a string of

<3

b, BINARY LT

hoxadecimal digits, ﬁight Jjustification is adopted,

vl
%

§-

txamples =

4,1F :: O=bit signed

q2F 1+ 16-~bit unsigned (6-bit is impossible,
sincoe the sign bit will be propagatod.

9.FG03 t:  16-bit unsigned

9. 4¥503 . t: 32-bit unsigned

%:300000000004Fg03 1 64~bit
‘%80(10)4F903 " :1 gives the same literal as in the

above example

17.4.73/1
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10.3.3

¢, CHARACTER LITERAL is a string of characters enclosed”b&“sing15r>

characters which represent double quotes, Hexadecimal pairs can
be used to represent characters not available on the input device,
A compiled literal iz packed eight bits per character (in ISCG code)

and right Jjustified,
Txamples =

4ABCDES 1+ Double quotes is represented by %
1: on moét Flexowriters
LABCDE| oAl XYZ4 :: The hexadecimal pair ]oAl is

¢t compiled as g newline character

d, MNAME LITERAL can oither boe a name declared as a litexrgl,

or the name of g 1ab019Ain which case the agbsolute address

MAX JVALUE = 3100

MASK = Y Pap
ENTRY ,POINT = 3STARTS
MINE =9

BASE:

©, DR LITERAL i a doscriptor literal,
in XPL, the bound field can either be a proviously defined namo

or gn integer, whoroas the origin f£ield cen be either a name or
Povivintudud - dodedt ——ermr——

———

' SEGENT ,WORD,,BYTE®, which specifies the address of the start of

the string (in tho absence of the ' ,BYTE', the byte positicn is

taken to be zero),

17 +4673/1
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Exgmplos -

D033/19/819

.
.

s .o
3 co

co
o3

D260/NINE/BASE

.
e

es

e
o

6.74.3

10,344

This is a vector desecriptor (type 0), defining

a string of 8-bit elements,

scaled and theors is

Modifiexr is not

no bound check, There are

19 oloments, starting at byte position 3 of line

“4 in segmént 8196,

Thig is a descriptor (type 2), defining a

string of 64~bit olements,

and there iy bhound check,

Modifier is scalod

There are 'NINE'

elements, starting at the label *BASE',

{Tho name literal 'NINE' must be declared

oricr to this DR literal, whoreas, the label

'BASE' can bo a forward reference),

IN.B, Then g vester iz accessad by using a nano corresponding to a

descriptor litersl, two crdeors will be compiled, e.g.,

will be compiled intoi-

15.8.72



10.4.1 -

10.4,1 Tablos & Texts

Table is used to plant literals within the compiled code,

whereas text is used to plant z string of symbols,

(i) Tables

<TABLE> DATAVEC<SP> <NAME>( <LENGTH> ) <NI><LIT,LIST>r<NI>HND !

W

W

g literal descriptor set up to access the
conteont of the TABIE,

where <NAME>

<LENGTH> 22m an <INTEGER> specifying the length of the
literals in the TABIE, (The length can h
bo 1, 4, 8, 16, 32 or 64-bit), )
<LIT,LISTw sem  <LIT,LINE><NL><LIT,LIST>|<LIT,LINE>
<LIT,LINE> 1:= <LIT,ITEMS>[<LB><INT><RB>|<NULL>] o
<LZT°I?EMS> tem KLITERAL> ,<LIT,ITEMS>| <LITERAL>
Whore <integer> indicates the number of timoes -
that the preceeding items on this line are %o B
be repeated, Nested repetitions are not ailowed,
Exenplo:- |

DATAVEC TABIE.1 (64)

99

% 1.4876F02F

5ABY -
~1,(5] ¢t =1 To be plgnted § times . ;
4. FRED, [2] tt 4, FRED to bo planted twice B
0

END
(2) Toxts
<TEXT> 11z DATASTR<SP><NAME>3<CHARACTER,STRING>}

where <NAME> ::= & giring descriptor set up to access the

2CHARACTER ,STRING> ' —_
Ixamplos~

DATASTR CAPTION,1 £%*PIX LINEPRINTER**}

o
&

17 04.73/1
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|

Blocks

1005.1

<BLOCK> ::= [BEGIN|PROC<SP><PROC  NAME>1[(<IABEL,LIST>)]<NILl>T1<i{l>

<progran>

END

where

<LABEL,LIST> 2=

<PROC NANTE> 2:= the <NAME> of the procedure,
<HANE>[ , <LABEL,LIST>| <NIL>]

Basically, a block consists of two decleratives BEGIN snd END,

lzbels have a glokal zcopo oguivalent

Rodefiniticns of nameos within this global scaope are not zliowed,

to any deptih.

If PROC is ussad instead of B

0

planted by HPL to Jjump round the

to defino the scops of labels,

Declarations other than

that of o forward reoference,

»ocedure,

Blocks
Jump instruction is

)

if the BAECGIW ic folicwed by somoe names of labels, e.g,, BEGIN

(131, 1327,

the onclosing blicek,

Twamplo s~

BEGIN
Idt = - -
- L’E
- 132
BERGIN (131, 132)
I35t — =~ =
-
LSQ: [
R
END
Lz: e e
END

20

e

thoet hlock can be made to these lgbels fron

implying L31 and 132 ave in the

same level as Li and 12,

15,8,72



10,6,1

10,6.,1 Declaratives
There are two typoes of declaratives both of which give the

name a global scope, namely:-

(a) variable declaration <VAR,DEC>, and
(b) literal declaration <LIT,DEC>,

_ <DECLARATIVE> ::= <VAR,DEC>|<LIT,DEC>

(1) Variable Doclarations

The varigble declarations assign a name to g displacement
relative to a base, which can either be NB, XNB, SF, 0 or STK {(for

accessing the stack),

i

<VAR,DECL> ::= V[321641Vv1/[NBIXNB|SF!0l STK]<VAR,SPEC>
<VAR,SPEC> ::= <HANES :<DISPLACEMENTS[,<VAR,SPEC>|<N1i>]
<DISPLACEMENT> 1= [=]|<NIL>]<INTEGER>| 5<HEX ,DIGITS>

A name deoclaration must start with a V, followed by ths
size of the varioble, The size is either 32- or 04-bit, or =z
V:indicating that the voriasbie will be used in privileged

mode to access a V-atore locgtion,

Example
V32/8B FRED:3

b

FRED can be found three

LX)
o

s

32~-bit words away Irom

NB and is of size 32-bit,

e

ce
.z

+ The displgcement must bo

.

V32/8TK TOP,32,kits:0

oe
v

zoro with STK,

17 04.73/%



Notes

2.

The hardware of tho machine treats all V store as 64-bit
guantitics, This meens that VV quantities are equivalent to

Vb4 quantities,

The position of variables in MU5 are governed by a base
address contained in ono of the registers NBE, XNB, SF and a
displacement, It should be noted that the value of the
Base address and thoe value of the displacement cgnnot be

fresly interchanged as may have been expected,

Thus :~
V04/NB FRED,1:6 :: sets up a Base of 0
NB = 0 :: and a displacement of 6
and:- !
V04/NB FRED,2:0 ¢: sets up a Base of 6
NB =6 '4: and a displacement of 0O

will not access tho same location in the store, This is
because the bass registers always count in units of 32 bits
vhoreas the displscement counts in units of the size of the
varigble, in this caze 04 bits, The example therefore says
that zerc units of 32 bits plus 6 units of 64 bits is not

the same as zoro units of 04 bits and 6 units of 32 bits,

15.8,.72



10.6.3

(2) Literal Declarations

A literal declaration assigns a value to a name, When the
name appears as an operand, its‘value will be coded as a litexral
in the instruction., (4s already showm in (3) of section III,

XPL will optimise on the lengths of the literals),
<LIT,DECL> ::= L/<LI%,SPEC>

<LIT,SPEC> ::= <NAME>=<LITERAL>[,<LIT,SPEC>|<NIL>]

Examples:~
L/ MAX,VALUE = 100 ‘
L/ " MASK = % 44420F
i/ NAME ,STRING = 3ACCUMULATORY
[N.B, 2, A number of declarations .can be placed on a
line, 0.g., ‘
V32/SF VAR,0:0, VAR,1:1, VAR,2:2, VAR.3:3
/ MAX ,VALUE = 100, MIN,VALUE = =100
D Newline or s comment would t?rminate the seguence,
hence,

V32/SF VAR,0:0, VAR.1:1, VAR.2:2, VAR.3:3
V32/SF VAR.4:4, VAR.5:3

would have to bo writtem, - "]

158.8.72
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" Instructions

1

10 97 ol

Thore are four types of instructions, namely,

(2> stor

<INSTRUCTION>

Each type of

more conveniont

<OPERAND> :i=

<S IMPLE ,OPLRAND> ::= <NAME>|<LITERAL>

-

instruction is dealt with separately, however,

tc definoe the syntax of

N
(1) computational <COMP
e to store <STS>,
(3) orgenisctional <ORG> and '
(4) conditional <CONDIT>,
ti= <COMPUT>|<STS>| <ORG> | <CONDIT>

an operand firs

<S INPLE ,CPERAND> | <NAME><LB>L[B|OJ<RB>

natructions

Computationel I

<COMPUT>

.c
e
]

<B,LORD> ¢
<L JORD> s

Vo

A
P
L3
0
o
@)
v
li

<20D ,ORD>: =

[<B,ORD> | <X ,ORD> | <A ,ORD> | <ACGD ,ORD> | <AEX ,ORD> 1<GPERA

<ALX ,ORD>:¢= AEX[ f=>]
STANT ¢ = .
CPERATOR —~: is reverse subtract
and /: ig roverso divide

=> i E V<=1
rs!X]E=!*=l=> +l=ixl/igIvic=lal- | cOMpPl CONV] /2 ]
[Z1VI<=]&]| - [coplcONVi/:] |

21~ JCOMP ] CINC]




2

1047 42

Store to Store Insiructions

This group of ordors uses the secondary operand unit, and

they operate on astrings,

<STS>  1:= <FN,1><OPERAND> |
<FN ,2><SIMPIE ,OPERAND> |
SUBL <NAME> |
SUB2

<FN,1> = D=|D%={DC={ZD=|XD0=|STACK
<FN,2> 1=  D=r|XD=>|DB=|XDB=]
MOD{ RMGD | SMOD| XMOD|MDR | XCEK]
BMVE] BHVS | BCMP| BLGC | BSCN|
SMVE| SMVB| SCMP| SLGC| SMVF | TALU| TCEK| TRNS

16.8.72



(3)

10.7.3

Instructions

<) LORD>
<XC.ORD>
<SF .0RD>
"<NB,GRD>

<3, ORD>

<AMESC ORD>
<DUMMY ,ORD>

The XJUMP oxder {(IU5 o

O -
1Lor

the name and piant

=t

rders doiines internal register operations,

i

$3= RETURN | .
[EXIT]oWIP | XJUMP | STKLINK]<OPERAND> |
STTLINK<S IMPLE ,OPERAND> |
<MS LORD> |
<XC ,CRD> |
<SF ,OrD> |
<NB,ORD> |
. <XNB,ORD> | )
<IESC ,OR8D>}
<DUMMY LORD> .
s= 1S = <OPERAND>
= [XCO!XC1l1%C2]XC31XC4[XC5]XC6]<OPERAND>

vo

se
*5

e

v) will search the Common Procedure Name List

an abiojute jump to it,

On the 1000 XJUMP will cause LB to be abutted to the front of the operand.

. R - Lt e I o . . - -
Thoe user is then to use theo *NON LOCAL NAMES °N&221 option to present the

entry address for the library calls,

v

17.4.73/1



(4> Conditional Instructions

C 1074

This group of orders degls with control transfers and the

setting of the BOOLEAN, BW,

‘<CONDITS>

<COND>

- RBJFN>,

< JUMP ., SPEC>
<LONG>

<BHORT>

22

il

W

23

as

i

i

o0

il

[

\'/
< JUMP SPEC> <NAME> |
IF <COND>, <JUMP.SPEC> <NAME> |- e
BN <B,FN> IF <COND> |
BN <B,FN><OPERAND>
mo%¢0i<01591>olzp|

&i&/ /8l /&) ) : ) -
Viv/g/vg/vy

[<1ONG> |<SHORT> {<NULL>] ->

..;.

e

The jump instructions {(~>) are relativej and XPL will compile -

the optimum codé,

Az indiecated by the
{(32~bit) opersnd or a short

option of NULL will result in o 16-bit operand,

+ or - preceeding the jump either a long

{6~bit) operand is assumed, The defauiti

’ 16.8.72



10.8.1

rccedure Call TFacilities

1
O
w
°
-
'3

Thore are 6 types of procedure calls available:=—

’
.

CALL ¢: Plants & relative Jjump
ACALL ¢t Plants an absolute jump
XCALL $3 Tho MUS Compiler Wlll look the procedure

:3 nome up in the common procedure name list

.s
(%3
D

and plant a jump to it

s The 1000 compiler will abutt LB to the

e

‘ ee

¢ operand, Seo XJUMP
CALIL <PROC.NAME>{<LINK>, <PARAMETERS®>) -

Whoers <PARAMETERS> ig any operand permitted after the

.

nstruction STACK, .

The above will be comsiled iunio:- : ' .

TRLINKE <LINK>

O’)

TLCK PARAMETER L -

wn

STACK PARAMETER .2

STACK PARAMETER.N . ,
NAME> (MU5 ) ~> LB<PROC JNAME>

{
v
/
{"\
”d
’/



ENTER

se

10.8.2

: Plants a relative jump

AENTER (or SCALL) :: Plants an absolute jump

XENTER

However there must be at least 1 paramoetor

83
ee

o
39

B
.

ce

-
o

The MU5 Compiler will lock the procedure
name up in the common procedure name list
and plant a jump to it '

Thc 1000 compiler willvabutt LB to the operand

- ENTER <PROC .NAME> (<PARAMETERS > )

The above will be compiled into:-

JUMP
Lil:

STELINK L1
STACK FARAMETER .1

STACK PARAMETER,N
<PRCC NAME> (MU5)

ACK PARANMETER .2

~

JUMB LB<PROC .NAME>{1000)

20.6.73/1



10.G.1 Specinl Direcctive Statements

#SEGMENT<S P><EXECUTE .5EG ,NO>[ ,<COMPILE ,SEG ,NO><NL> | <NL>]

HUS ONLY
where <EXECUTE SEG.NOZ has

and <COMPILE.uuG°Nﬁ> hag

sy 22 <o
s ae ..

o
ae

o2
os

o

SEGMENT<SP><EXTCUTE (SEC (NO><IL>
100 ONLY .

%3 - EnkiawXe b nyrng Vet e e
where <IZXRCUTE SHG . NO> is

©
eo

£
.o

FLINE<SP><L

o2

INE | NO><NL>

o

o

twithin the segment,

Printe o 1ist

o value of -1 or 1 to 214%1

a value of 1 to 213~1

<EXECUTE ,SEG,NO> apec:.f:.o..» the segment
in which the code is to be executed,
<COMPILE ,SEG,NO> specifies the scgment
in which the code is to be compiled,

1f this is unspecified the compilex
will select the nexﬁ available seguent,
If <EXECUTE.SEG,NO> is equal to -1,

the compiler will select the execution

and compilation segment numbers,

2t

on dnteger in the range O -~

Thia specifies the segment in which the

the code is to be executed,

Ao o

:8pecifies the Line (in 16 bit quantities

e

at which the next

instruction is to be planted,

of unmatched vefo uncOS

o

on the currently selected ocutput siream

3:zets the CTL information and returns,
! 1
FPRINT CN :sControl the listing of the program temwt

3
3
5
=

3
o]
LS
ko

HNL<SP><WLADDR>

oo

ca
.

NPOP I<NL> 1900 OHLY

co ©d
a0 e

s0
se

©0
8o

and compiled code,

<NLADDR> is the address in 32 bit words of

:the LIBRARY NAME LIST,
Px

nt out planted instructions
{ziving a hexadecimal dump of the
code compiled so far, or since the

“POPI),

20,6,73/2



*NAME LIST<NL> 1900 ONLY

*MAP ON<NL>
*MAP OFPF<NL>

1G00 ONLY
1900 OHLY

*INCLUDE FILE '<FILE,NAME>
1900 ONLY

FRETURN 1000 ONLY

*FL{LE CODE IN '<FILE,NAME>
1000 ONLY

*FPLIE NAME LIST IN *<FILE,MAME>

1600 ONLY

®NON LOCALS *<PILE NAME>
<NAME> ) <NAME> , <NAME», otc,'

1800 ONLY

*PILE ANYWAY 1000 ONLY

*REF ON 1000 ONLY

*REF OFp 1Goo ONLY

.

.o

.

e

s
sa

.

e

e

.o

.o

o

\

~ .

10,9.2

Prints the NAME list,

Controls the printing

of the compile map

XPL will now compile from the

file specified,

Causes XPL to return to the previous

input stream gfter the *INCIUDE FILii CiD,

Creates the files containing the cods
end name list respectively providing

the compilation is sueccessziul,

Causes the names specified to ke
zdded to the compilers namelist,
Causoes the name list and code o be

£iled even if the program is fauliy,

12 Causes all the unmatched references

to be printed at the end of ezch biloolk.

20.6,.73/2
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10,10.1

(1)
(2>
(3>
(4
(3

Alternstives Punching Conventions for the VDU's

Not Eaual

Eguivalent

Not Eguivalent

Greater than or Equal to

Iloss than or PBgual to

10,10,1%
Paper Tape vyou
# £
2 ~/=
_>_ sy
5 =<

16,872
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PUBLICATIONS RELATING TO M.U.5.

"Integrated Circuits for lLarge—-scale Computers'": Aspinall
& Edwards,
1.E.E. Colloguium, November, 1987.

"A System Design Proposal': Kilburn, Morris, Rohl & Sumner

"Associative Memories in Large Computer Systems':
Aspinall, Kinniment & Edwards

"An Integrated Associative Memory Matrix'":
[FIP Congress August 1968, Bookiet L, Hardware 1.

"An Integrated Associative Storage System”: Kinniment,
Knowles & Edwards,

I1.E.E. Conference Publication No. 54, Microelectronics,

June 1969,

"Sequential-state Binary Parzllel Adder!: Kinniment & Steven

Proc.I1.E,E. Vol, 117, No. 7, July 1970.

"Review of High Speed Addition Techniques': Gosling
Proc.I.E.E. Vol. 118, No. 1, January 1971.

"An Implementation of a Segmented Virtual Store':
Morris & Detlefsen

"Information Coding on Magnetic Drums and Discs':
Whitehouse & Warburton.
I.E.E. Conference Publication No., 55, Computer
Science & Technology, July 1969, ‘

"Influence of High L.evel LLanguages on Computer Design':
R. A. Brooker

"A Virtual Processor for Real Time Operation': Morris &
Cetlefsen
Software Engineering Vol, 1, 1969 - Academic Press.

"The Nature and Benefits of Modular Operating Systems!':
Morris
INFOTECH Conference ~ The Fourth Generation, 1970.

"Instruction Fetching in High Speed Computers'": Sumner
INFOTECH Conference 1970, Giant Computers,
published 1971.

"Computer Development in Great Britain™: Edwards
Computers and their Future, Llandudno Computer
Pioneer Conference, July 1970.
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15.

16.

17.

18.

19.

20,

21,

22,

23.

24,

25,

26.

and
27.

"Making Hardware Match the Language': L.indsay
North Holland Publishing Company in the Proceedings
of the Algol 1968 Implementation Conference -
J.E.L. Peck (Ed.)

"A System Program Generator'": Morris, Wilson & Capon
Computer Journal, August, 1970.

"An Experimental Paging Unit'": Lavington, Kinniment &
Knowles
Computer Journal, Vol. 14, No. 1, February 1971,

"Design of Large High-Speed Floating Point Arithmetic Units":

Gosling.
Proc.il.E.E., 1971, Vol. 118, pp 493-498.

"Design of Large High-speed Binary Multiplier Units™:
Gosling
Proc.l.E.E. 1971, Vol. 118, pp 499-506

"The MU5 Instruction Pipeline": Ibbett
Vol. 15, No. 1, Computer Journal, February 1972,

"Demand Paging inh an On-Line Environment'": Morris
Software 71 Conference, Transcript Books 1971,

"Operand Accessing in the M.U.5. Computer': Sumner
Seminaires IRIA, Structure et programmation des
calculateurs, 1971, I1.E.E.E. Conference Boston,
March, 1971.

"System Ideas in M.,U.,5, : Computer Structures, Past,

Present, Future": Edwards
Fall Joint Computer Conference, Las Vegas, November
1971.

"Computer Design and Performance Monitoring': Edwards
Infotech State of the Art Lecture on Computer Design,
March 1972,

"Simulation and Production Automation for Logic': May &

Kahn

Pittsburgh Conference on Modeling and Simulation,
April, 1972,

"The Structure of the MUS5 Operating System': Morris,
Detlefsen, Frank & Sweeney,

"The MU5 Compiler Target Language and Autocode':
Capon, Morris, Rohl & Wilson
Computer Journal, May 1972,
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33,

"The Use of Logic Simulation in the Design of a Large
Computer System'": Kahn & May

"The MUS Secondary Operand Unit": Standeven, L.anyado
& Edwards

MCircuit Technology in a Large Computer System': Kinniment

& Edwards ;
|

"Communications in a Multi-Computer System': Morris,

Frank & Sweeney

"The Compilér Writer's MUS": GCapon & Wilson

\
"Control of the MUS Instruction Pipeling": Ibbett, Phillipg .
& Edwards

ALL Joint Conference on Computers - Systems & Technology,

34,

i1.E.R.E. October, 1972.

"The Application of FPaging, Segmentation and Virtual Memory':
Sumner

INFOTECH Conference 1970, Giant Computers, publishad 1971,



