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7.1 •1 

Chanter Z The Interrupt System 

There f!re eight -eyp'.::>s of interrupt divided into tyro grou.ps of four, 

"'t:he System interT*upts and Process l')8,.sed 'inte:i.I'trllp"t:s 0 "rhe syste!!1 in.terrtlpts 

are concerned with activities external to -ehe current process (e.gog p8:..~iphe?:8.1 

control). The process based inte:.'rup-cs OCCU1~ as n. result of specific 'actions 

in the cu:crent pxocess. The interrupts are sno'ilTI bolow ~ each associated with 

2 th~00 bit interrupt number. 

PH.GCESS BA.SED 

DJTERRUPTS 

( 000 

i ~O'­I U J... 

'1 010 

lOl1 

("100 

\ '101 r -
'-1110 

11 'I " \..-'--'<' 

Sys "caIn ErrOl" 

CPR Not-Equivalence 

periphoral Wind a"'! 

Instruction count Zero 

Illegal OrdEll'S 

P?~ogram Faul t8 

Software Interrupt 

interrupts occur sirt1ulta:neotlsly? tha first to be clG2.1t with 

When an in.te:crupt occurs ~ the h8.1'(1\'7&,1'8 stops Y:hat it is eloin;:; a.."1ci enters 

an intsl.'l'upt seqUG:les o During this entry sequ0nce the 'Interrupt Entry Bit' is 

SG't (.l This atlovlS tl10 soq:'lence to run in a sp0ci~i,.1 non-interruptible ln009 of 

operation c1esc:dhGd by t:'1G tao1e in 702. 

'The fi:::st [ .. ction of this sGquenc0_ is to l~'0tain th0 state of the machin.e 

Y:Ol~(:<) T118 fc~~"r;1at of this linl\: is the SaTI16 (?wS the control registel'" consisting 

of i,lachine State J.'G[;iste:c (16 bits)? Na..1l8 Base 1'0[;i81:0:;:' (16 bits) and the 32-

bi t cO:"1 t1'ol a(l<~l'ess. 

In addition ·co reta,inirlg a lil1k, t116 ill';~err'L1pt sGC!1.1once also trUJ,lsf81"'S 
I 

co:ntrol to tl1B aPiJrop:ciate interrupt pl'ocedure ~ 7'!'lis control transfer :.8 

acl1ievecl by resetting the 64 bits (r.IS, i\lBp CO) fl~om the second half of the 

,701'(1 of this entry is used to hold the link 0 This table is 16 x 64 bits 

lor~g 2.11d starts 2,1: vio:::-d 16 of the first of the COm111011 segme:i1.ts (S0:-cme~1t SIC) ~ 



Y!hen a Cl)l1 t int0r~:--upt occurs t}-;,e linl:: 'vlil1 :point to tIl0 
\ I 

be cornplets G 

Ot1'16::' interrupt s11tries all in.structiol1s up to t118 0110 addressed by 

tho link vdll be cO!l(plete. r 

Unservicec1 intorl'llpts r.1ay be read in Prop V line 26. 

Before discussing the intorrupts in detail it is nocessary to , \ 

~escrihe the ~achine State Rogister. 
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bits 4 to 7 are test :'."'0gisters o 

is set by interrupt entry or by t1:.e fllit.ctiol".I.S o Q XC6 
6.6)0 

BIT 

o 

1 

z 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

Force LRL ] insteaD of S[ J 

S y3 tem Perfo:;;yna.:.1.ce i~Ioni tor 

OV8rflo~ 

7 0 

ve 

For desc:ciptiorJ. of hi-;;;:; (0 ~ 7) see o 

Til-is bit 

iL1. 



7.2.2 

Effects of System Mode Bits 

Cause I CFr\. by­
!pass 

1 N8.l11e store I Ins tr 0 1 B or D I ACC • 

I by-pass I counter I under I Exec 
undel'IExElC lI~oc1el L1IFl LOIFI Interrupt 

I flip-flop I I I (2Intry bit 
! I I off 1 Exec ,control 1 1 

Effect I lcontroll I I 
I 

() 

o 
p'Y-Pi:1SS CPR 1 s1 .j 

I Q 10 11 I 
1 

12. __ -;-__ 1 .... :''''''2_--;-_1-'4-;1_1_,~'-; -;-____ _ 

----~----~--------~------bY-P0_58 Name I· 
stcro . I 
~··:::3truction 1 

Counter off I 
Allow V-access 
Allow system 
TI10de bits of 

£,IS to be 

Inhibit Ll 
Inhihit LO 
Inhibit SysteTit 
Erj.'"'or 

Z"orce l'e 1 ElV2 .. n t 
pro~rs.rJ1 faulti 
to be systern 
errOl'" 
Use LD nl?J',le 
store o:iJ.ly 
'1~(6"f b~ 1- 1'; 1"' 0'" .:..t: ... :c. ~. v _ ... o;:Jo 

., 

J .; 

V j 

j J 
'/ 

1 
. I 

V -I -I 
I 
I 
I 
I .j 

! 
I 

B 01' D intel'l'Upts will be forced as system errm.'s if D11 is set and a.1'l ACe 

interrupt vlill be forced as a system error if D12 is set. All oth0l' program faults 

7,'ill be fOl'ced as system errOl'S if D13, D142 Di5 or the Interrupt bit is set. 

(N .B. The Na.'lle store is by-passed when the interrupt entry bit is set since a~cess 

to common segm8nts cannot be made via the naIne store). 

If:) Ii 1".)1'.8 Store 

In La mode (bit 15 set) the 8 32-bi t lines of naT.l0 store are used as fast 

rGgisters. The hardwaro interprets only the bottom 3 bits of a VnarilO typo' operand 

address and maps it into this name store. :No store accesses occur. These fast 

. b' 0 ?-.... f'"A'" reg~ste:r's may e usea. as 0 x 3--01 .... nar.1es or 4- 'X 0" .. -011: nal.\1es. 
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The System (L,.:lVeJ. 0) Interrupts 
The procedures which service t},'J.es0 interrupts must be written 

not ceuse &l'1Y othol' Level 0 8y.;:;te!l1 inter:fupts ~ foZ' ex~.lnp10 p tn.::> 
00 

Peripheral 'Window Interl'upt procedure should not cause a CPR Not Equivalence 

Intel'rupt o This requil'es that a. fow CPR's are permaJl.ently allocated to 

covel' the program and world.l'lg store used by these Ir.;.vel 0 Intel'l .... <.lpt prOCOd1.11'eS" 

If a CPR t interrupt occurs while the Level Zero Interrupt flip-flop is set~ 

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

hardware function is executed while the Level Zero Intel'Tupt flip-flop 

is 'set 0 In this scmS0 the SysteLl Error Interl-upt difZel"S from the other 

System Interrupts o However, once does occur it cannot recur until 

the System EZ'X'ol" Status regis tel" (see below) is reset, or unless th.e 

Engineel"s 'Interrupt' is pressed o 

The System E:;"Z'Ol' Interrupt is caused by :1S,.rd-rlare or Executive 

failur080 The System Error St~tus register shc~~ bel~l can pinpoint tho 

exact cause 0 The soft,lare aetiO!1 on this intorrupt is to perform erTOl' diagnosis) 

a.>."'ld res~.::art nO!"ll1a,l system operations if possible" 

49 
50 
51 
52 
53 
54 
55 

57 

59 
60 
61 

error indication 

Engineers Interrupt (Console) 

SAC Po.r:1·cy 

NQlne Store T,rul tiple cqui valEmco 

aES Multiple Equivalenc0 

CPR Multiple equivalence 

Spare 

IEV i\iul tip10 Etiui v&.lonc0 

B or D error & OiSll) 

Ace error & (1)1S12) 

(fel'ces CPR 

bYPV,8S) 

!11ogcl function & (LoIF + L1IF ~ 3XEC) 

CPR exoc Illegal 

CPR t & (LoIF) 

Spa.re 



CPR Not-Equivalence Interrupt 

This interrupt can be procluc~d by a user program or by alL executive 

Mode procedure. It oocurs when an attempt is made to acoess an,address 

which does not lie within the addl'ess ;fiolc1 defined by the contents 

of the CPR'so If the required address lies in local store, the procedure 

will free a CPR and allocate it to the page containing the address o 

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 ~"d organise its transfer 

to local store. In this case control is not returned to the interrupted 

process (which is hal ted awaiting the termination of the tra>."1sfer) and 

a process change may occur. 

Exchange Interrupt 

This interrupt is set by the Block Transfer Unit on completion 

(or termination) of a Core to Core Transfer. 

Peripheral Window Interrupt 

This Interrupt is caused by an external device (eog., peripheral 

processor, drum) writing to the Peripheral Window V-line or by an il'l.to:;:'rupt 

from the console (e.g., TTY, CLOCK)o The two are distinguished 'by bits 

61 and 60 in V-line % 011A, the first l1ndicating peripheral window 0 The 

information sent to this 32-bit V-line consists of the sending unit 

number and a message. The Peripheral Window procedure must queue up 

this message for subsequent processing o 

'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 e:d ted 0 

This interrupt is also entered for console interrupts (Teletype 

and Clock). Prop V-line 26 contains the cause of interrupt. 
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7.4 Process Based I~~errupt~ 

The Instruction Counter ~e~ Interrupt 

This interrupt is set when the instruction counter becomes zero,. 

It may be inhibited by tho 'instruction counter inhibit' bit being sot 

in the Ma.ohine Sta.te Register. 

~ .p~egal ~ In!errupt 

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. (See next section). 

The Program Fault Interrupt 

This interrupt is caused also by program fault conditions detected 

by the hardware which sets bits 56 - 58 in the program fault status V-linGo 

The following table relates the assignments of bits in the Program 

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

V-line bit 

.:18 . 
49 
50 
51 
52 

53 
54 

55 
56 

57 
58 

condition 

Illegal function & (LOIF + LlIF + EM) 

Name Adder overflow & (LOIF + LlIF + EM) 

Control Adder overflow & (LOIF + LlIF + EM) 

Illegal V store access 

CPR EXEC illegal (illegal access via the CPR's 

when not in the exec mode) 

Parity 

Sys tern Pelof ormance Monitor 

Spare 

B fault & MS1 

D fault & MSl 

Acc fault & MS1 

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

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

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

Program Fault Status register. 

The ~tware Interrup~ 

This interrupt occurs in user mode only When the software interrupt 

bit is set. (See 8.3.3). 
10.9.73/2 
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C11p.p~~-:o:r;) Tne v-StorG 

Irr troduc t:LO:.1 

ThB V-storo contains hardware registers used to control 

2,:n.d/m.' diaG;J.1.ose parts of tho rllUS processor 0 

not include tho IntoJ."nal Registers ~ which aro ",ddrossod by u 

diffsl"ent Tl1Gchrulism o Tho v-store is not genexally f~ccessible to 

a use:..~ prOgra..'11 but is accessible fl.'om within lIm5 to Exocutive~ 

diaS;llostic progra;aS 0 

The figuro in 1"Z.3 shows the instruction format required to 

obtain e. V-store Op0!'w"1.d G 

The V-storo is dividod into 1z8 blocks of :256 linos oacho 

:i.'.:c:ch line is n.ormally a 64 bit quantity but many of the 1:i.n03 will 

contain less then 64. bits, in which cs-sethe bits 'will app0ar right 

justified in a 6L~. bit 'Wo:·d. 

they ""lould appeax' O~'1 a 64-oi';; wide highway., 

gives tho :.::.110ca-<::1.on of block numbers to sections of V-StO::"0 in the 

o 

1 

3 CCG>Isom V -STOIB 

S!:..C V --S'T05!S 

5 
6 



System V-storo (S81q2) 
k ~ 

These 256 V-line addresses are mapped into the first 512 x 32 

bit wozods in segment 8192, the fil"st of the comnl0n segments. by the 

PROP before using them to access store. This gives the executive a 

simple moans of communicating between processes and approximates the 

Atlas working stOJ."e. 

Starting at the 32nd 32-bit word of segment 8192 are 8 pairs 

of new amI old links used by the interrupt entry sequence" 

V-line 

(Decimal) 

64- bit 
boundaries 

16 

20 

22 

26 

28 

30 

Virtual Address (88192) 

. Hex specifying 

32-bit boundaries 

20 

22 

24-
26 
28 

2A 

2C 

2E 

30 
32 

34 

Name 

System Error Old Link 

System Error.Entry Link 

CPR t Old Link 

CPR t En try Link 

~Achange Old Link 

Exchange Entry Link 

Periphera.l Window Old Link 

peripheral VlindO\'1 En try LinIe 

Instruction Count Old Link 

Instruction Count Ent~J Link 

Illega.l Order Old Link 

Illegal Order ~~try Link 

Program Fault Old Link 

Program Fault Entry Link 

Software Old Link 

Software Entry Link 

size 

,~- I 

\ J 

l } 

~ I 

r'-· .. 

r ' 

- ~, 

I ! 

L i 

,1 

L ) 



~, 

-1 

~ _1 

-~ , 

-.! 

°l 

L ) 

'._.! 

i-i 

\ oj 

--~~------------~ 

Addrass (Dacimcl) ~;8J110 81.20 j~ccess 

specifying 
6L -bi t ooundaries . 
o 

(hi ts 4.8 -> 53) and the System Po:-dormanco l\!on it 01' 

~ 
.1. 

2 

I) 
o 

.' 

1'5 

t.. 

R/Vl 

12 Vi 



9 SEARCH MASK 12 

''-1 

.J 

The mask operates on the search (block) address, 

specifies that bit to be ignored Q 

16FL7 NS LIl'f."8 COpy R . , ' . .' 

('Yo.) 10/ %11 ) These lines contain a bit significant indicator sho'wing 

whic.h namo store entry received the last valid name store 

aCCGSG G 

C ! 

V stm:e 'without disturbing NS LINE COPY. 

Resetting sets tIle p0inte:c to t~10 l , 

line 17 causes all entries in the na,ne store to be 
l I 

: ) 

10.,:;.,,73/1 
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I.J 

-, 

,.J 

'_I 

,1 

I I 

-_. __ ._---

25 l'0Iel'enCes 

U:r.:.s0:;:-viced sof>t';:'!2 ... :L'G i~~l to::"1'11P .;; 

Uns0l."'vicr.s.d. p::C)g:r'~':J:r! fE.;21 t i:::1·:·~;}::·1~U.::lt 

TJ"nserviC0ct psZ'ipj Jt;j,. ... ?l ~ai:,i(~O\:l i~'i ~~el .. ::.. ... :.!p·;: 
Unservicc(: e:::cl-:.t:;:lgc vi::::::.dG,(.~.;r ~~T;, t~.~.l~~t:.:?':t: 

Unsor"v"iC0cl CP£~ t :11'1 to::'::"'~i~)'~~ 

UllS0J..~viced syst0zn ·S-r70:"'"' i~~v:~·:'~:''''~'iJ.~)t 
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Tl:o OT3S v-Stol'e (Blocl{ 2) 

TI1G followi.nG sho:.'t ctescription 

system will cl~'ify points in ons V-sto:ce control. 0 ,_" 

() 

() 

The OBS contRins 3..s."'1. operand store similar t'J tli0 PIZGP 1'12,2TlC store 

bu'\: 'vlhic11 is not :-c'ost:ric-cerl to doaling "I..vit11 0111y :.n.Zj::e 80g,'illO:n..'t; opGl---a;1.ds 

All operu.."1ds which ,:;,,1'0 not nmaes and all opo:r&<'1c\s in accumulator 

o1'(103:'s (names included) are buffered in the OBS opel't..nd stol~e. (This means 

part 



Ro4Q2 

Ac1rlress Name S:t~~e Access 

(Decimal) 

0 

1 

:2 

3 

aBS.ClEAR 
OBSoPURGE 1 Vi 

'Writing a VOl to bit 63 Causes th0 nBS to 'be CL'8AHED e This means 

a.ll tal te:;:oed Y operands in the aBS oper8J1.d sto:ce a1'0 written back 

to :ma.in store Q 'i'hey are also retained in the> operand store and 

reset to vunalteL"ed~", 

Wri ting a v l' to bit 63 causes th(;] GBS to be PURGED" This lnaa;.1.S 

all 'a1 tared v opel'ands 8.1'0 writta]!'J. back 8,3 in the CLEAR but in 

addi tion a.ll lines in the ope!'e.nd s tO~.'0 :;.o);e set El!r.pty. i ge .. t 

the aBS ope!'$'ld store is left :111 a ?:ES3T ::-;t2.t0 o 

(Unassigned) 

DES "MASK 

1~ 
-----.~,----

.---------.... ~-
,52 63 

l" r) 
"., w 

'l~his is used to mask the X field of \:;3,:'8 CBS .FIND line (see below) .. 

A ! 1 7 in tl:.e lllask caUSOS the COJi.'1"0SPO::,.<:H11g bit in the Find operation 

to be ~.grlOred 0 

30 

is set non-zej. ... o othe~vis0 t110 test :. ... G:;i8t::;l~ is set: equal to zero 0-

l 

I~ 

~ I 

L ' 

~I 

I \ 

l ' - , 

I' 



-----------

LJ 
L!- (JBS o DultIP 29 vr 

u 

1 

U 

vrri tins to this line C2,uses tho £1.111c-::;io"5 on the Ace queue and 

J their opel"8.J.i.ds to be ~~ .. rritten to the sPGc:tf1.ed 16 x 64 bit block o 

All useful information in the oper.and 8tOl'O i.s l'et8-i:t8cl (i.e., 

t116 lines are rLo""C all RT~SErr) but the ,Ace' Crt1.,f.t:..1G is l~etu1"ned to 

the 'eBpty' state. 

Each dumpod entry consists of 2 x 64 bit -\Vords. 

-l 

Word 0 
~'<,.,,---, ___ ~ ____ .?:..o ______ ?~~ ___ .1. _____ ....1.::1_· ______ -:..;1_2:-

1..J FUNC 1 DOP I TIE I piS X I ._---------._------------_ .. - ----..;.....------",--
63 o 

'rhis contains t116 A.cc func·~iol1 (?Dl'JC) al)'<"l SOlTtO harc1v/are information 

u the time of access is i:1 E (e:,:-cec1.l·i:i V0) " Tile T bi ts specify the 

type of opora,11.d:-

L_J 

u o Inva:!..icl· (Empty entry) 

1 

u If the opoI'a:n.(l is a Ii ·ter2:..1 t119 virt~-1al 2,i:L"lro3s field is irreleva11t" 

and tl10 litera,l is 11Gld i11 ~tlle secol1.cl V10=CC; of tho on~~1"'y" 

u 

- 1 
V[O l' tl 1 I I.zITE~1A.L ! 

L~ -o----"-------·~-·---63 

-1 

Note th9.. t when the oper[~d is not 8. li teral type 9 \'IO:i.'d 1 is 

il'1'eleva,nt. 

LJ 

-, 

u 

- 1 

u 



5 

7 

nBS. mrDlJ1'.;p 

p s 
3-4 

above aci.clress 8pacifies 

<, • 
.L J. 1 

1'\1 
-------'~r;" 

\..-..) 

Vf 

,-
\J!;- bit blod: from <which the 

is l'etx"ievocl. OpGr::...nc1s (other thaJ.l Ii torals) associated v.:-i th tIle 

neVi j\.cc ql10l18 consist 0111y of s.. "I;!ir"'c'ual 2 .. dc!:coss part (se0 lin.s 4. 
[my such operand which ,;008 not G:;:ist in tho OpG:.'a:.0.(l 

store at tllis tin10 is no'w insGrted il'1 M 'unfilled' state, i.e., 

its t co11 "Cel1.ts t are not acconc3ed fror·l !ilai:n stor~ a.t tl-tis stagG 

No DBS orders 1:12.Y be 0xecute(( be<tween the Unuump and R0ztartjExi t 

orders. 

i'f 

Sucl1 operO)."J.ci,s h~lVO to be -fil1c::1 by Ca11Si:1.g accesses 

to this V-line cansos the above act:i.o~'l to be initiate"" when 

the next EXIT OJ:' PE";.'UHN 01'(:01' is ooeyt')d. No o1'6e1' wh1.ch makes 

E1':1'o1' will be s:eneratect. 

(Unassigned) 

,-1 

l J 

II 

,--', 

l J 



I 

I j 

:l 
'I 

I 

I J 

l 
I J 

I 
1 

I j 

I 
I 

I J 

I 
I J 

I 
I 

, I 

I 
! I 

! 
i 

1 J 

~1 

i 
I I 

'! 
I 

I I 

, I 

I 
- ! 

8 OBS "INSPECT 28 R/vr 

p 

34 

Vf:;O:'i til1-!?; to -eilis l::"ne caU50S sll "'Jirtuul ~:dd!'GS388 in the Op0!~al1.d 
store to bs 'YJI'itt0lL to the specified 32 :;.: 64 bit block of s'i;ore" 
Each virtual addre8S \vil1 118.Va thEi iollov7ing fOl')lIla.t c 

Q 2 ·4 i£.~ ~t2 ,J 

Y C-".,\\! p s v- i ..., ft, 

0 31 13Z 63 

bit 3:L - i l"no;G;.:'lS "i1-:1• 1.180 9 

bit 32 :::: 1. t132,;.'lS g ref ere:n,ced '1 fl~(}r~1 tha Ace Clu.e,ue 0 

:::: 1 '(9h011 i"cc quoue 1.5 full :::: not empty 
- 1 ~7~: .. :;>rl 11.00 queua i~ p;;:.:;:'tly full :::: not full 

iunctioTIo" 

DBS o liTIS3''i' 

'~rri ting to tl1.is V-line C~UfJOS a resot of tn~ C3S Buffelll Store Q 

6 0 8,,73/2 
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control Console V-Store (Block ~) 
--~--.---------""--

rrhe console V-linos 8,::'e as follows:- , I 

!~c1dr0SS Access 

(Decimal) 

Specifying 
c •• '. , l' 04-03.1, oouncar~es 

o CONSOLE INTEmmPT R/I'!: 

Each. of t118se is '1 IJ ''.vl1en set tj 

is tho fast clock intex':cupt u (Currently 1/100 sec). 

is the teletype character interrupt. 

(Currently 1 sec). 

(S0e line J). 

Y/ri ti:ng to tl'!.is li!:~e ca.nnot caU.SG tIl.e '1": oE 0 I" I 0 bi t 

to be l'esel"l:: 0 This can only be achieved by resetting 
. --------

li!l€) 70 
Yij.~i tine; a "1 c;r to bit 62 resets bi t 62," V!ri ting a ,f 1 t to 

2 T!11E TJPPl~I~ 13 



~ 

I 
~ 

I 

,-I 

" 

~ 

LJ 

~ 

! 
L..J 

LJ 

L..J 

LJ 

-I 

LJ 

3 

4 

5 

6 

7 

TUlB Wi'iER 15 R 

4 j" ---4 £' 
I ~\\l\~\~~~\~\~SW' W \l~L 

---,.-
T U I T ! u ! 

32 s~cs FRAcrnON 63 
OF SECS 

Seconds and fractions of seconds '/ in b.cod o as 

shown 0 This line is staticisod by reading TIMEQUPPER o 

DJ.l{fE IGiER 11 

10:i,~W0l~®\\\WI 
32 

R 

J. it 4' 
.'----' -:----'-
U! '1' UI 

MONTH DAY 

Months and days appeal' in bi:i'1ary coded decimal in 

8 

I :-\~i\\ In\' \\ \\\\\"'''\'' '. \\\\'\\\'\\\"\'\\,\\\ \\ltI"\\1 I --..:.-1'" '--\ \ I' \ \ ;...' \ ,\ \" \1' .}j 

32 

R 

4-
u :1 

YEAR 63-

f\.ltl:.cugl1 this li:c.e l!.2"s :r9ad o:nly access, 'wl~i ting to 

bit 63 at -erda add:;"08S 'will operata the hooter. 

rrELETYPE DP:rA .. 8 R/W 

8 
I ~\\\\\\W\ \;~.\\\\~~,\I\W\\.f'W§\\'! DAT A 
32 56 63 

To output a charnct0l~, TELETYPE CmITROL must be in 

output mode? thEm Ylri ting -;';0 this line st2l~ts the 
. , . 
1.8 ene character parity. 

TELETY?E CONTaOL 8 R/i'f 

8 

Each hi';:; has indiv::dual significance 8.l1d is '1 9 when 

set active. 



Dig~}:.! 

56 

57 
58 
59 
60 

61 

PRn~r ON/OFF (OF}, = t 1 ' ) 

Input/Output Toletype (Vi: for input) 

~ Input H.equ0st 9 

VAccept V 

'Cancel Mesoage V 

62 Teletype start 

Teletype online 

When tho TTY is onlino, bits 59, 60~ 61 will cause ;;.n interrupt. 

ON LHT.E (Pe:dphe:raJ.) 

OFF LUT.E (Ins true tion Source) 

! lI;U S'l' ·l:SI~ I 

10 1'10Di~ SVTI'TCl-IES R 

Tho 1eaGt s~.2:nific:~lt 8 bits and tiLl;) rr:.ost significant 4 bits 

of t!1is lirlG Sp~~c~i..:fy" vZ'l.,ri0t18· lilodes of oPGration when set to t~· 

rrrHDsa are used fOA~ s'~!itc11il1g the stacks 

\:>f th8 Loc9,,1 oF.L'fid !~1a,ss stores off-line. 

1.,9".<";:;1 0 

:112hi.oit Clock Into!"rupt 1 

No overlapping of instructions o 

60 Bypass N:.ll110 Store 0 

61 Inhibit Clock Interrupt 0 0 

62 
H.eset parity Q 

28.6,,74/2 

n 

L I 

L 1 

~ j 

• j 

I: 

I : 

l J 

n 



i 
LJ 

LJ 

LJ 

u 

" 

'~1 

L..J 

11 

55 

r-oo 

b: .. 

:i·r--:.·~ 
-~ ........... 0-

,/ /5.S-6-::; ) , ~, 

~ ,....,..'\·t '} 
-:'-'.'. $' 

16 R 

10 R 

Z ... ~Auto? ::.:.11 

,;.;.nd 12 



S,AC V .. -store (}3Ioc~;: ~t) • ___________ • __ .1_ 

SAC unit. 

... 4.rldress 

(Decim:;!..1) 

o 30 VI 

L lA is ...... _ ... ..l _________ .'_~ _____ • ___ • ____ _ 

1 P 1 i::~ } ).~ t 
-.:.:-";-.-.---.-.-----.---------~-;~ 

jL:. V.j 

Tha U30 of ~hio line ia'doscribed later under line 5 

1 

(0 

2 C?ii, V:\ R/".'i 

__ .:.2:.'A __ J._ .. ___ ~'"l:~~~ _____ .. ___ ~; ___ _ 
___ ~;~L ____ ,_3. ____ ....... __ · ;~ 

3 R/Vl 

S iZ'38 6Li..I~ - 16 \vords , 

~f'he AC bi is are 

(S11oYt.n. bslo'w) Q 

0; o 
p:C~(jgrD.Jil 

o 

o Dnta 
1. 1 

bit 35 - 0 

II 

11 

n 

LJ 

L " 

• I 
L_J 

L J 

.... 
, I 

.... , 

u 

n 



8.6.2 

32 CPR registers o Each of the30 i:J G0::.1'::;ep'cu2.11y divided into Virtual 

Address part a,'ld RGnl Address p~,t 0::: '2;110 :i:or;r.at illustr.r:.ted in CPR VA 

!?!'ld CPP. RA. 

operation to the VA half oJ! )=:'A heJ.f of the CPR :registe:;.~ specified 

by the con ten ts of CPR }nJMBER. 

must be written to irrunediately b8~:0l"(;; t~'lC V:i,z"cuul AddreSS part. 'Ynis 

4 CPR IGNOI{E 

T11is vector 

5 CPR FIND 

.. -
"I;l::"~''t.:U~ ho.If of 

...J 

.--) 

U 

i 

~ 6 CPR .llj.rlS~1J 32 r~/\V 

" 

' . .J , 7 CP!\. REFE~U .. ~l~CD 32 R/V! 

_J 

i 

...J 

Ll 



<) 

11 

<% B) 

17 
(fa 11) 

00 hO .... 
o ~.) 

CPR FIND MASK 16 

1 14 11 1 
I Pf---,-s----C\W\\W\\';\\m\~! 
37 63 

The use of this line is d05C~:ib0d unde:;:" lillS .5 CPR FIrTD 0 

The Find mech~ism opec:>ate,s ovel~ each hit of the segment 

field whereas tl18 P r.i.nd. X fields both merely have a 

CPR X FIELD 

p~:rpoGes ~1d is fully 

R,A'l:::Reset 

CPlt lq(IT EQUIVAIEliCE i.3 R 

Line 17 holds the sEliE,."ment 

,-J 

,'I 

'--' , , 

Ii 

, 
,---} 

l J 

L J 



U 

~-l 

LJ 

,..J 

---, 

~ 

20 
---] 

<0/1>14) 
:~ 

-I 

~ 

u 
, 
LJ 

~i 

U 

U 21 

<%15) 
L.J 

The ac tion of '\J:'.,':i. ti;;lg to ';;h:::: PSX line rctUl"nS both to 

their norlja,l state 0 .4J::.y CPR.z: il1"i::er;,.~upts which occur 

during the CPR t in-carl'upt p:1."OCedUl'0 \'Jill be nonitored 

as system e1'1'01'3 0 If thesa ceCti::'" before th", PSX lino 

has been reset, thoI'G will bo no information in PSX 

about the address c~uGing the system error CPR tG 

SAC PA..l.\ITY 

SAC I'.'iODE 

8 R/W=Reset Bit 57 

03 
._ .• _1 ___ 1 ___ , __ -= ! 
1! i 

I EJ(EC rJODE 
P:{OP (NG:i.' 013S) OPERAtm 

IKS'I'RDCTlmr (Ncri' OP~Rj.ll\TD) 
B::T 1 '~, 

" B T.T 0 j L..'1CAL STOR'S STACK NO u 

3}:CI{,'::.i~Cs;3 DA.T/l (iJC".c IDC.B ... L STOP.:s) 
LI1-rg V .. 4..T.JID: .:1. D.P-/F:,l.t Pi\.RI1rY 11 ... 4..S OCCUR}1En 

'IE-lEKS I-ij~G Ef8:2I~' A .. p!Ll!r~.,y F ll~L IlT E~{EC 1l10DE 
P[JS S I BI·Y S I~GB J3Ir-i' 5~1 BECl:.1iE SEi'E D 

l:iB.I'I'HTG TO BLCCK 7 LTNE i 

:;:I',TJ:r}J:A~f:: ~-'lt.l.~I:r·~" Il'rrERRUPT FOR OPERft.1IDS 
::1\r.H1i~r'T l:)i0.~r~r·'[ I}?"f~RRupr FOR OPER.Lll'iDS &, 

Ii'JST~~uCT 1 O~t1S 
II~tr{713~~'I' ~~:'~Cl::ltl'H~~E I.)/0~7..'l'1"-'l II'J"'TErtl~UPT 

PQ:2,CE :£ P .t:.i?.j.:rl~Y 
FORCE p~.Jrfl!'iy (j>TG? :~'O?:lli'tL ?itR}:r:..~y) 



.22 

23 

25 

ACCESS VIOLlt?IGN R;v{=Reset Bits 61 & 63 

60 62 ()q -------_.-"" 
I Ii! I 

!~CC1!:SS VIOL·A.TIG~ Il\[ OBS 

Il~Sl;itUC:'T':tC12'r ()'~iJT GPT~RP .. N1)) 
S":lSTErr'1 ERn,OR Pl.CCESS 'VIOj:"AT~m,r 

CAUSED ACCESS VIOI.ATION' 

Bit 61 
faults only. 

I'; 
/ 

and refers to progr~ti 

vrri ting to this line. 

R/W=Reset (see below) 

PARITY FAIL 0:;,. 

, J 

~ I 

[, 

n 

'- J 

,'l 

'l 

n~cc::,~Il\:G rmquES'l'S 
FROi',~ EXCHANGE 

I~}(G~1AJ,!CE PA:"(I'1'"tl Il,r'TB11HUF'}' 
IIJ ... ':l\J--J s"rjJ::~~~ :!:.I.?~.I L (Y1I(O~\SG sr-r !1.CI{) 

W:t'iting to block 7 line 1. clo9.rs tho bottom 4 bits¢ 

UNIT ST A.'ruS R 

1 

2 
r- " 
02; 

w 
I'lr'iting' to this line CP':'US8S S~ interrupt signal 

to be sent to tll(~l 19051~ ¢ 

" 

,~ 

~--l 

~ _ J 



LJ 

LJ 

- ~, 

u 

u 

u 

" 

- l 

u 

8&7 The !BU v-store (Block 5) 

The instruction buffer unit ma.intains a record of the eight 

most recent control transfers in. th(~ form of a 'jump from' address 

wi th a f jump to t address. This tabla is Imo'Wn as the JUMP TRACE 

and software communicates "lith it by'means of the :lEU V-lines. 

The J~clP TRACE is not maintained in any interrupt mode c Since V 

store access can only be obtained in these modes this ensures that 

IBU V store is used sensibly when Jmjp TRACE ia static o 

-Address 

64-bit 
boundaries 

o 

Name Size Access' 

FILL-POINTER 4- R/W 

1 
lvl-,\\ " \, 
32 

The line points to the entry in JUMP TRACE Which is 

the next to be filled 0 When the hardware fills an 

antry the FILL-POINTER is incremented by 1 (modulo 8). 

Reading this line ~ives the format sh~m above. The 

Valid bit (bit 32) indicates whetheT that entry has 

been filled by tho hardware since the last process 

change (see PROP V store 8 0 3)0 

Vllien writing to this lihe the format is as follows:-

61 63., 
I LiNE NOI 

Bit 59 causes the FILL-PO}ITER to be written to when 

bit 60 (Trace on) is zero, i 6 e o9 the Trace is switched 

off 0 To switch tho Trace on the line must be w:d ttan to 

again Vii th bit 60 set to a one 9 0:1.' a. general reset gi van. 



1 R 

This line contains the 9 J"{JMP FRG},l' address (the address 

of the last 16 hi t section of tho JtJMP instruction) in. 

the ent:!'y in J-m1P T?l.AC'i pointed ~t by the FILL-POINTER. 

N oBc The ~ JliMP 'i'O' addrosses in JUMP 'l~RA.CE Call1''lot be read 

as V store G 

It ca."Ulot be l'oad unless bit 60 in line 0 has been set 

to zero" 

L J 

, J 

'i 

n 

,. ! 

,', 

.1 

__ .I 

~. J 

n 

t j 

'. I 

rl 

,-, 
, , 

:-1 

L J 



c_J 

- l 

'.J 

- 1 

:...J 

u 

-~ , 

u 

~J 

-, 
j 

_.1 

u 

ltddrGss 

o 

P0::'iphoral Window V-Store (Loc;?l Block 6) 

Namo' Size Access 

r.!ESSAGB WINDON 32 R/W=Reset 

'fhis 11egistol" belongs to lliU5 v-stOJ.'O but i;l addition 

m~y hQ,V0 infol~mution wri tten to it f:-com othe:c units 

in th.o system o T110 '\-r.ci-cing of tl1is il1IormatiorL caUS0S 

attempt to \'iri. te to the line from within MUS will mel'ely 

cs-use tho line to be set not busyo 

14 0 8.72 



Parity V-store (Block 7) 

Address 

(Decimal) 

64-bit 
bOlli"1dary 

o 

1 

Name Size ./J.·ccess 

MUS RIPF i R(\'l 

This provides a me~"1S of inhibiting further requests from 

lIDS to exchange (see also 90 2 0 1)0 

General reset resets this to zero o 

EXCHANGE REQUEST Pft.RITY 4 R/W=Reset (see below) 

60 6;:s 
1--,-....:-..,.-;:-,.-:...-:--· I 

I . I 
I ,_ DATA (V VlRITEJ' 1_ j.\.DDRESS 

- Crnri':i\oL & UNIT NO 
1- EXCHANGE OVERDUE 

requests from excha~ga 

Writing to this Irme resets all bits and resets the 

4 bits of block 4 line 20~ 

This line is resat by:-

Writing to this line 

Writing to Block 4 line 230 

This line i~ duplicated in block 4 line 20 0 

n 

L: 

L' 

L) 

c. J 

~ _ J 

,-----. 

L .: 

,i 

" ! 

l ; 

'-1 

c J 



- 1 

-, 

'-~ 

~J 

-, 
'. J 

LJ 

,-I 

'--I 

~_J 

" 

,_ .J 

'.~ 

. ~--., 

u 

Vx-store consists of registers which control and/or 

d~.Qgnoso zyst0m ha.rd~;;tare ::md which aloe com!ll.ul'l.ica.ted with from MUS 

~o.d other units in the syst~:nno It defines the means of communication 

bet,70en rIms and the other uni 1:8 of' -;::h0 system Q MUS may only access 

ViC-store whon in executive mode or 8.n.y interrupt mode. Access is 

achieved by a. real 2.ddress in a rea.l a.ddress mode descriptor or by 

CPR bYP2.SEl 0 E01mv is a. list of tha syst0m Vx-stores:-

MUS Vx 

9v3 Disc (Drum) Vx 

Block Transfer Unit Vx 

19o5E Vx 

Loca.l Store V-x. 

Mass Store Vx 

905 
90 6 

907 
008 System Pel'i'ormance Monitor Vx 

NcB" A pl'obl$m 0xists when writing to the Vx-store and ".:hen cha.nging 

the status of the ruachine.. As fuz- e.s MUS is ccmcer:ll.ed p a. write order 

is ccmplate whoD. it is accepted by the st01"e access cord::rol and it is 

possible £01" a lal"g~3 number of iz:atl"uctions to be obeyed before the 

or(~or :LS uctually executed~ A soft'\va:re interlock muat be applied in 

C9.ses wna;,.~e this could cause t:;:-ouble, 19 "g 0 ~ 'W!'i ting to. :reset a BTu 5.nter:rupt 

L"_nd t:':1ea relea~dng tha intel'rupt flip flops in Machine Status may Teeul t 

i:1. 2. second BTU il'1torrupt II which .... lill apparently va.."'1ish and may look like 

p,,~::'i-:;y intor:;:-up'cs p a::.'1.d local store fail soft 0 

There are many ways of providing such an interlock ~~d two such 

are illustrated:-

=> Vx-Sto!'e b) => Vx-Sto:ra 

En :: S(;Jlle Vx-store B ¢ saine V;::-stOl.'e 

(destroys Bn) B j2} 0 

( imlOcuous ) 

.'\. und X ardEll'S etO not provide a satisfactory interlock o 



rrho normal iVIU5 Vx-store consists of the following:-

r.rh(~ P81'ipheral Window (Block 6, Line 0) 

This line falls into the Vx category because it is the 

ll1ea:n,s by which other units in the system commun.icate 'With MUS 0 

These have 'Write only at::cess and use this to put informatiml 

into ';;11e 32 bit line 0 This causes an interrupt in MUS Which 

al10',::8 the information to be read 0 

'1'110 Parity V-Store (Block 7) 

MUS RIPF is bit 63 of line 0 of MU5 V-store block 70 It has 

ro:?d/w:d te access from all units in the system including lroS. 

Wh0n C-'1Y bit in the exchange Vx line UPF becomes set (see 9.4) ~ 

exchange sends a sig;:nal to every unit in the system. This ia 

ig,"110red if the unit has the mar.rual g ignore parity 9 switch set 0 

If not ~ and the !UPII' bit is set to t 1 v then no further accesses 

are permitted iro,n r:IUS to e:;:cha..ge until appropriate action is 

In normal circumst2.1"1ces this is a complete description 

of HU5 Vx.-a tore. fIowover ~ if the HEi\iOTE switch is set in MUS 

Console V store (Line 12 bit 54 see 8c5> then blOCl{S (2 -> 5) 
ci I\ms V S'l::ore becomes available as Vx-stOl.'e in addition to the 

t,70 lines just described Q : "1'110 MUS V-stm:'e is completely described 

in chaptel' !3 e All V lines in blocks 2, 3 a".~d 5 become treated as 

Vx lines vrith th0 S;?)ilEl access as 0>$ f 01'0 " However, bleck 3 the 

Console V--store <.8 0 ;)) does hav0 scme changes on access. Lines 

lO~ 11 a:r;,d 12 as V store have only READ access. The per,missible 

accesc ",8 Vx linos is REJU)/WRITE with the eJec0ption of bits 5J( 
a.'1d 55 of line 12 'which 8 tay READ only 0 

Access to the Peripheral Window and 1JUS RIPF is unal tared 

n 

L 

L J 

, ! 

r-1 

( ) 

rl 

~l 

~ __ J 



L1 

:~ 

- l 

. J 

'_J 

'" .J 

U 

-1 

' __ J 

-~1 

L_J 

'l 

,-.J 

" 

J 

L..J 

L.J 

-, 
l~ 

'i'he Disc Vx lines exist in ono block (Block 0) which COllsistn 

of :)2 liaas of 6~~ bits 0 

16(1 -b'; t word) \ -r -

o 

1 

Name Size Accesr; 

DISC ADDRESS 2:2 R/Vl 

p 

R/Vl 

D 

SIZE 

is ths internal rea.d request bi:~ and if,~­

set (ioe o , = '1') override~ bit 330 

('1'hereiol'e normally a zero) .. 

specifies ·whether reading from or Tlriting 

specifies th0 disc number 0 -> 30 Each 

has 64 bands containing 37 blocks of 256 

words (32 bi t8 + 4. parity bits) 0 

specifies the numbel~ of blocks rElquested 

for tr8.J."1.sier Q 

VIri ting to this line initiates a disc tral1sier;o 

Note 'rna block and size digits are updated dm.'ing- So transfer 0 

S'i'DRE ADDRESS 29 R/N 

tl. 24 
I ~r\\~l U~M\.SS /LiJCAL P..EA.L ADDRESS I 

4 

The 28 bits specify the real address in what is the 

receiving or sending unito Hardware ignores the l~Go 

eight hits of the address; it is a!3sumed to point to 

at least 8. 256 wm.'d block boundary (minimuw tra'i.sier 

size) 0 'l'his line is altered during a tr8..nDier 0 



DISC STATUS (see bolow) _ 

The description bolo",. is of the status bits W:"011 sot ::: ?., 1 
.l. • 

r 

Decorie the rost of the st.1.tt!S line. 

Tilis is 0xalninecl by software on 
, 
c " 

completion of 0&.ch transfer. _ If set, 

set~ come further action is requiroct. L I 

This digit is re~,Gt by writing a '1 v 

to it. 
L ) 

33 Dgeod 0 v,~ 1 ine 7. 
1', 

This ind:i.(;&.tes an operators request to go 

onto SELt" TEST. Fur-chol' information about 

tho request is held in line 7. 

34 -. 41 
same sig11iiicance as bits +'7, -> "-1.9. 

Disc 1 absent. 
L ' 

Set mG.!'1uall~1 to indicato the disc is off 
ri 

line i.e., cannot be read from or written to 
l J 

by a CPU. 

43 - 44 Spare 

At::: ... r ..... 1 Disc 1 on SQlf Test. 

/16 ,- Disc 0 ahsent.· 

47 " - 40 Spare 

49 Disc 0 on Self Tost. 

50 Illegal roquost to the disco 

51 -- 52 WIlen input" p2.1'i t:;' error occurs th030 hits 

define whether it pc cured in data, address or 

con trol inf orm2,tion ~ 

53 Input parity error. This callses a bit 
l i 

to be set in th0 exchange Vx. l-ine UPF .--

Resetting of both bits is achieved by 

writing a '1' to this bit. 

Bound locked out (see line 5). 

55 Data 18.1:;0 (Hardwa:re el'l~or). l J 

il 

10.4073/1 

rl 

_ J 



u 

-l 

1 

C. ) 

,_J 

., 
LJ 3 
·-l 

1---1 

L_J 

~r 

)0 Column. parity error (internal to ~isc). 

->-';)1 How parity e1'ro1' (internal to disc) 0 

~n 
:J< ) Ignol'0 P'i"':o. ty fault - applies to 

59 End tra.nsf0:'~. i J.' :::: ENDED. 

60 ')'{ 'oJ Di::;c unit number (:::: 0). 

/~ccess 

All bits of S'i'):J.'US C2.n be read. Cnly bits 32, 50, 53, 53 
ca.n too Eaci1 is 1'0Se',:; by wri ting a 

to its bit positiono 

CTJHH.Ei?r P03I:-LI(Ji~S :2-4 R 

.- 6 6 6 t..) 

D3 ---·1--
1)2 Dl DO 

6-=< 
j -WI\\' \.'1' \ 1 '_"_;_'_' ~i~~, ____ ~~ __ ~ __ ~ ____ ~ __ ~~ __ ~ 

32 II 
j 1 

I 
DISC 0 PACKING DENSITY 
DISC 1 PACKING DENSITY 

,} 

rrhis line gives the curl'ent positions of e:;>.ch, 

of tho discs, and also recol'cls which packing 

density is current (VOi - HAIF P.D., t1 f - FULL 

PoI)Q)o 

R;t'l 

28 
1 \\\\\\'\1 
" ''o,' \ '. I(EAL ADDil.ESS i 

'">0 
,)" 

------------------------~-63 

This line holds thE? a4d~ess to be 'written to on 

disc transfer corr.plet0. Tile ,'information written 

is the STATUS line 2.. Thi~" address must not oe a 

disc address;;: 

I!JCKGUrr 01 

This con".::ains 16 lockout switches for oach of 

discs 0 al1d 1 ~ rl'has0 are set mfulually. Each 

bit locks out 4 bands o 



6 

7 

8 

IDCKOUT 23 32 R 

ji..fj fOl' line 5 appli(3d to discs 2 and 30 

REqUEST SEL-:''' TES'r 5 

59 -> 60 Reservod for Request Self Test 

on dices 2, a..11.d 3 .. 
61 inOtlU0st , solf test' on disc 10 

62 ~Request self test' on disc 0 0 

fl~equest self test~ is set manul?lly 0 

'CPU permission to self test 1 .. 

ACCG8S 

All hi ts can be READ 0 Only hi t 63 can be vll'i tten 

to" 

57 - 59 
60 
61 

7 

Margh1.s 

A/D Required 

Self Test 

Disc number 

R/Vl 

1 1 :2 
I I I I 

II 

I ! 

-, ' , , 

L I 

r-l 

L _~ 

,1 

• j 

L j 



., 
I ' ,_J 

--, 
,." 

,.J 
'j 26 R 

~- "I 

.~ 

6 6 6 _ 6 3 111 1 1 
l-jVDI-;W-@0,\\'IBAlmiB:LDCKjTRACKllll!1 
32 63 ., 

1_ J 
AID holds the AID conversion value • The 

. , 
Ct.:I':"Emt Bf'lm, BIJJCK and TRACK is maintained" 

l_J 

-( 59 
.. J 60 Print fVD 

--1 Surface Error 

LJ 62 Address Error 

Self Phasing Error 
--, 

LJ 

--1 

,-_J 

-, 
L.-J 

--, 

l.J 

--, 

L.J 

~I 

LJ 

---, 

L.J 

-: 

,~ 

., 

L_J 

--, 

L_! 

--, 

L.J 

~, , , 

L.J 



The Block T:r8.Usfor Unit is desifs'Tl.ed to perform autonomous 

bloc~ .. transfer:::: between six possible stores in the system (2 mass 

5"1:;Ol'03 and 4- local stores). Up to 4 block tl~t'.nsfero may be specified 

cO!1currcl"l.tly rnd these are cD.rried out on an equa.l priority, time-

Sh2XGcl b~s:ts 0 

A blo0k tr~l.nsfeX" :f:r-~ masS to local for instance is carried 

out one i~'ord $;''; 8. timo th:;:ough tho 0)Ccnal1.ge.. 'rhe 'Word to be transferred 

is buff',n'od ill tIl€! BTU boiore being sent on to the local store.. 'rhus 

the t:l.'X1si'e!' mn,S8 -> local actually consists of "boIlO transfers:-

Ma.ss -> BTU followed by 

3TH .v> Local 

A block tl'B:.nsfe::..~ has 4 controlling V-lines associated with 

it c '1')::.61'0 iU'0 4 sets of those V lines allowing; 4- COl1.curren t tra..""l.sfers 0 

22.;:;:1 set is sitt"io;ted in c~e of the 4 block addresses 0 -:> 3 of this 

Po. blcek of B'1'"(j V;;:-store consists of 32 lines 

of 64 bits" Wit!:.:!.!! blocks 0 -> 3 the VX lines havo the following 

BIJJCI{S o ~> 3 (Tra1"l.sier control V lines) 

/,.."~ c! r ~:) fJ :-; SiZe Access ------

Sps'cify"i:ng 
G~t ..... bi"'~ bcu~-'lcQ.ri0s 

I 

'! 

o SOUF~CE PJ)DI~ 32 E/l'l 

4 28 
i ~\.0\~.m~\\~!----~----~-R~A~~Q~b~~:--~I----1 \. \1" I oource '. "OJ: 1..0C \: 

to a botL"1.dary that is a multiple of the block 

size obtained by l'ounding the txs"ilsfel' size up 

to the nearest power of 2. In addition the 4 
10:?st si@;nificG4l.t o.dd;;:·ess bits are alw2.ys intGZ'p~·\)ted 

by the hardware as zero (16 '.11Ol'd minimum boumlary) <> 

A tranSf0l"' of all zeroes (null tr~"1.sfer) is achieved 

wh0n bit 41 of the source RoA. is set to 1 ~~d t~e 

unit no (bits 36 

n 

. I 

t j 

I. J 

l .1 

,. } 

l } 

'--1 

L ) 

I' 

\ __ I 



., 
'1 

l. J 

"1 

", 

LJ 

l.J 

3 

L J 

", 

", 

DESTINATION ADDR 3Z R/W 

SIZE 

j z8 
1~~\'Tl)estinati0l1 R.Ao 

32 
of block I 

63 

This address is interproted by hardware in 

the same way as the source address 0 

20 R/VI 

At the start of a block tra.;."'1zfGr N spocifies tho 

trg.,"').sier size as 2 less thun the number of 32 bit 

words due for· transfer 0 (NIZ will al'7l:::tys be odd). 

The ma::cimum tr:?.nsfer size is 64K and the minimum 

theoretical size is :2 words 0 

the block backwards to the fir'ot 0 Each time :? 64-bi t 

V/ord is b.'aJ,lsferred N is decremented by :2. on 

completion of the trans for N will be = -2. 

Ul is the number of the unit which is to be 

interrupted on complotion of the transfero 

TRANSFER STATUS 4 R/VI 

28 1 1 1 1 
I ~\\' \0lli-w\\\Wi,"".\\\T"M\\\"T>'\\\,",",\\\\\\\W'i\.\W\\\\\\\\\\ 1 I I ! I 

3Z .I! I 63 
1 I I 

'I I SPP.J~E 
1 , ,_ PDT 
I ,_ TC 

1- TIP 

Bi t 60 is the 'rransfer in Progress bit 0 Setting 

this bit initiates a block rrra:nsfer 0 It may be 

=teset by software to terminate the t:caTlsfer midway 0 

HS.l·dviare resets this bit on transfer complete 

(successful or not). 

28.6 0 74/1 



o 

1 

2 

PFO 

Bit 61 is the TrD.:nsfer Complete bit 0 rtardWal'0 

sets this bit on completion (successful or not) 

of the block transfer. This is what cause:;; the 

Block Transfer Cor::plote in te:L1 rupt in Ui 0 '1'he 

interrupt may be turned off by resetting this bit. 

Bit 62 is the Parity du;ing Tra.i1.sfe!' bit 0 When 

set this bit indicates that the current tra:.'lsfer 

has been terminated by hardware because of a parity 

fault (sge BoT.U 0 Block 4 - Parity V lines) ~.--

Bit 63 is a spare fault bito 

1 R=Reset 
.10'.... oc. r~ 
;.J ..... L ::..) of this line is sot if parity is detected 

on address or control bits sent to the B.T.U. 

f:l'om 0:1:chal'1ge. 'l'his signal is pass€)cl back to 

e;cchange and S'ZltS' a hit in the UPF line in the 

EY-change V:g:-sto!'e (S00 BTU Vx-sto:.~e Block 5 
line 2). Both of these bits are reset by 

reading the PFI bit only. 

1 R/yr 
( 

Bi t 63 of this 11:.'161 is a means of inhibi ting 

fU"Hthel' Z'e,~ue8 ts from the BoT ~ U to excha:n.ge 0 

When :a:l1y hit i:a the UPF Vx 1 ine (S00 block 5 

line 2) becomes set as a result of some parity 

fsult eXCh!:1ng0 s(mds :l signal to 0;;:.ch unit in 

tl1G systerrt o 1V1:,J3Xl this sig'nal appears in trla 

B., '1' • U O? p!'ovided pari ty in terl'upts are 

unhinhibited, the RIPF line if set will stop 

fUJ:'th6:;'~ 1~6ques ts to 0xcha.1'lge 0 

TH.ANSFER CG:/iPLE'fE 4 R 

Bits 56 - 59 conta.in the trunsfel' complete bits 

for chBnnels 0 -> 3 respectivolyo 

NoBo Early morning reset sets these bits to zero o 

r~ 
. I 

I 1 

r-. 

I I 

L _' 

L 

l • 

l I 

l j 

_ J 

_ J 

r1 

, J 

\ J 

rl 

1--- ] 

l j 



'_J 

o SUPF 13 
?his line indicates scndine; lli"1.it parity faila 

f'.cidr8SS ~1.d control information. is ChElCK;3d for-

If tho check fails a bit is set 

:1.11 St]PF COl"'rGS pond ing to the uni"i: \Yh.ic h 8011. t "C:1G 

-, 

,-1 

12 ---, 
~._J 

~~ 1 

,j 

-[ 

__ I 

-1 
TIe:..=..dirJ.g' this 1ir1e causes it to be 'clea.x·ud {} 

.J Lit !f S&t~ indic::;/cos a 

[ cont:L'cl 0;'" 8.dd:!.'0SS pari 1:y <> 

-.J 

" UPI' 13 R 

J 

1 
" 

J 

-l 

.J 

-, 

J 

~~on units 0 -> 11 rospectivoly. 



This VX-store consists of four lines in block 0 0 

(Dacimal) 

O<.-bi t 
boundaries 

o 

1 

2 

VXINT 

5ERIPF 

RPS 

( Spare) 

Accoss 

1 VI 

W:2.'i ting to this line interrupts the 1905E at the 

n0~ct-occurril!.g Normal-Mode instruction-fetch time 0 

(The value of bit 63 is irrelevant)" Writing to 

this line also sets bit 220 in the 1905E~8 internal 

V-line 129, (knovm as SR129) 0 

1 VI 

W:d ti'ag a 0 to bit 63 of this line ~et8 the 5ERIPF 

flip~ilop 9 (thus allovling requests through Exci12..>.'7.go 

:tn tho SV9n t of a pari ty f ai 1) 0 W1"i ting a 1 to 

bit 63 ~et~ 5ERIPF ~ (thUG inhibi ting 1"e~u0sts in tho 

. f . ..... f . 1 ) ·""R-P'r.'O • .. ",21 even 'C 0 a par:!. ... y al._. 5J:;;:\.i r appears as OJ.·C .:., 

in the 1905E t s internal V-line 1290 

1 w 
to V-lino resets 

(Tho value of bit 63 during' wri ting is i1"1"01ev2.1:1 t) 0 

Pi'O) \7h.ich indicates a parity f8.il detected by the 

1905E on info1"m::l..tion received via E~l:Change, also 

appears as bit 218 in the 1905E9s internal V-line 129. 

1 w 
(Writing to this line causes no action). 

28.6 0 74/1 
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\ i 



~J 

~l 

~J 

'-, 

.. .J 

. -, 

i_I 

L.J 

.. J 

-, 

L.J 

- \ <....,/ 

iJ) 

'i.'fie following :loS a list of l'01(,nrG:,;i-:.t bits 

,!!108.11i11g 

Adv1;1.\").ce W8.l'Tt.i:n.g of Power 17'ailu:t'e 

{s:truilar to bit 49 in s.lD.) System 

Sl·::"C:r' V-lin·3) 0 

I\~U5 ~ c Remote switch on/off 0 

lillo\~t/In:nibi t KiDS co:mrllul1icatio:1 

IJtlit fail - (sirililal' to t110 EXCflC?.11g0 

OvIO;::,'dU0 signo,1 at bit 60, MUS V-line 

23 in block 4)" 

this is Z0t by w:r:i ting; to 1m5 V-line 

25 in bloele 4. 

1 ,' () '7-2 J"ooJ 



~Cl1.e L .. ~cr~1. Store V:n:-·S tors ---,,--....... -----~------

'l'his Vx-store consists of 5 lines in Block 0 0 

llt~d:r-eSf:3 -----

6L~:"~bi t 
bO~.l.J.~da .. :r-ies 

a 

F A,IIrSO]TT 

Size Access 

()n incoD1in.g a.ddrE:sses or cOZ'ltrol bi ts fronl 

r.rh.is l"'asul ts in a bit be::":n.g set 

by vl:i.'iting to PFO o 

8 R/Vl 

I ~~~\i\~\\l\~m\\s\\)\\\\~\§l\Wrt1. ....... t -;--4'-·1 
32 ! 63 

I 
I 
i 

I_­ OFF 

56 -,> 59 Ti1.eS6 bi:.ts CB:n. be Get to sp0ci::y' 

a failsoft m::JGe. (See bele/H) Q 

has no effect. 

; ! 



,-I 

i .. J 

-~I 

,--J 

. 1 

L_J 

rrhGR0 r!1a~i bo Get ";:0 :i1 n108.l1.i:rlsful 11l1il1be:rs Q Each ntllnbol' corrosponds 

'co C!. r,xldo of op~ration of tho Local Stol~0, as below:-

o 

L', , 

Norm~l - nIl 4 stacks interleaved in 

l'~on-iTl·cerJ.0f'1.."io(1 ,,- I:~~?Cll s tacl< con tains 
<.Ie of S0('!t1C'1'..tiaJ. :.;v1dr03SGS:) ill o!,(1.0r 

liOrl-i1l tG:._ll'.:~~:l .. \t("lIi - ~CaCll s t:;:.C!I,= corl t8 .. ins 
.::.pC 0::: Go,:uon t~~::~l 8/\(:1""03808, il1. O!,r1ox· 

ITo:!.-:L11.~:8r18;::.V0rl - :2ach. stucl.:: C011tairlS 

!~( of se~uentinl add~ea8081 in order 

Into~10avod in ~airG,stecks 0 & 3 
t1 .. I'!.':: 1 E~, :~, ') F~(:d~"c:n:;sfJd i11 Ol"(~ or 

L,xo:c'lO:'l.vor' in l,ail's ~ s ta<:ks 1 g., ?, 

a11(~ 0 2:. 3, adCi l"0ssrad in o~rc1er 

Il1 t0~["le~\ro:: in. pai.1"13 , fccncl-::s 0 2~ 2 
~-V~~ 1 2·, 3, a6/;rGsse,~1 in order 

o 

1011 
I I 
I I 

10-
! tj.K 

, , 
I 1 

1.'1~-! 
\ j,~:;Z! 

1 

1 !i.- -

I Dr< I 
1 ! 

!:l.2:':1 
116K! 
I I 

L __ 
10 11 
1 ()- I 

1 

I ::;--Q'l 
,-t. oJ 

1 I 
I I 

t 11--r 
![iF: I 
I I 

1"1:2:1 
11GKI 
1 1 

10:"­

! L~K 1 
1 1 

!~r.:.-! 

11STCt 

:2 

-r,-
1,':- I 
112KI 

! 0- -

i4J{ I 
I 1 

11-;;-:'\ 
I ..... ~ I I 

.r=:--"=I,. 
! 0 11 I:?'::'! 
! [i- 1 18- i 

3 

11:2-·! 
! 161(1 

i -;-':-1 
''"j' I 

i ;11c I 

1 .-'! ,-.. ~ ". : 

1 J, .:.1,-' 

1 "()..:'­

I LGC I 

1..-----·----··-; __ _.c:----=:l _I. 

10 11 101! 1231 12 31 
18- I 10- ! 10- : 18- ! 
11()~1 InK I 12rc 1 1J:]~i 

[---
10 :l.1 
10- 1 
l'iI£.J 

,..----L-,.--__ L.. ____ :... __ I. 
10 1\ 12 31 12 3; 
l~- I 10- I l~- I 
I j ,... T-I 1 n., 1 I" c: y-' . ,0,.'., ,:,,:,~, • ,c\;.cl 

6)5.74/1 



12 

13 

J).ltS:i.'loavocl in p:::d.rs p stnckG 1 &. 3 
s;'i.d 0 &. 2, e.dd1'0:::;God on ol~dol" 

Irrtol'l10f':;ved i11 pairs p stucks 0 & 1 
/:4:.d 3 & 2, Qdd:,;"'ossod in order 

In.t0~~10eIoVDd :121 pfLi3:~;-!'; 1> stncl~s 3 F~ 2 
QllC: 0 ['..; 1» ;:;.ddl'0:!:sed in ordor 

J.~'-""l 
\0 11 12 31 
10- I 10- I 
18K 1 18K I 

1 

(011 -'-12 31 
18·· I 18- I 
I 16Kl 1 :t6Kl 

• ______ or1 

1 ! 

i2 -::! (ell 
v 

18- I 18~ ! , 
l' /=.171 
~t 119El 

,._.- ...... " .... ! 
, , 

,:;-;t 
J:..I .. .'J 1'0 11 

10- I 10- ! 
18?~ I 18IC I 

• 

8ui-c~~bJ.o prG(~4utionrs mud~ DS t(;),k'?JTl to ensure that the setting o.f this line 

I~ 

'-l 

-1 



" 

" 

. ~l 

~, 

", 

'.~~ 

53 -

.Jt-" 
" • I ._' 
:.}:t 

:i.1. l?.j\'T 

tl10se bits specify throE! 

states as fol10,,!s:-

00 Normal 

01 Normal 

10 Il~~.rel'se of console s'.vi tcr"!.8s 

11 Ohoy console switches 

Ene1 Action - '0 i Continuous self test 

'1 t 

00 

O",l}r the oc1.cJ 6.~:.-rJ:!. t 'rlO:!. .. ·.:1S 

10 C~'l11~r t110 evon r);! -bj {. 
c ...... • l,t .o;;tO:'"'{(D 

I."IU11C t ion 

TIea':.l H.Gstore 

12 

1 '" ~ •• .> 

12 b:V<:s 

6.6.74/1 



9.6.5 

PST 5 See Bolow 

Digits 

59 - 62 REft.n ONLY Fault bits - one per stack 

Rji'l - this bit initiates and term:L11a.tes 

s01£ test when set = OG 

': 

--1 



l 
J 

l 

, 

~ 

i 
J 

u 

LJ 

u 

JI.Jl;i~~"(:ls :3 ------
~ \:1~ -"iJ~~.:; 
".1 ! 

b~1Jl":.dc:~~i' 

o 

1. 

:"i 

Size ~ 

PG~·tER S'rAC~I b 8 

PG~'lEi~ srr !~C!~ 1 0 
0 

":' .... r ... -:·r;t---~ 
;;''''L.:I~.6.:\. S:l'/~CI{ :2 8 

P0~;\T}.?:?t. STAC:f. '-, 0 
J () 

I ::\\\\\W\\i:\\\\W\\\\'~:\WS\\\\,I,\\\,\ \ W~~~Stj 
---~ .. -..;..;.I--.. t:: 
3:(.; 50 

Eif.~~~. t~1 

-,r.:.. -> -::;'1, PCflJ.Yel~ Bupply 0 .:JiJ ...;. 

58 ~> 
p1_ 

PO'7J01'" SUlJply i """ \..~ v'" 
60 -> ·51 T'O\78:t~ Supply 2 
,. 

63 POW02' SUPJ)ly >.:;2 _.> 3 

'lalue 

00 

Roduced ID2.rgin 

o o 

11 Irlcrof1.sod margin 

A.ccess 

R/W 

R/I'l 
'I 

R/W 

RjiN 



5 

6 

7 

8 

OFF LDm STACKS R 

28 1 1 1 1 
I ~'1\S\\\\W\~\\I,S\\\\\I\\Vj\,N\\\\'0\@W:\W I! [! 
32 I I ! I 

I I I 
I I -STACK 

1_ Srjlo\no,o7 ~ 
A.h.· ..... .!.:.. :4 

I 1_ STACK 1 
1_ STACK 0 

3 

'rheas hi to when set to v 1 ~ d0f ine a s tack to be 

m'i..7 LUTZ.. This is achieved mal'l.t:l::?11y 0 

WORKING ST ACES Rji'i 

This line has tho same format as line 40 

Each bit wb,m set specifies 0.. stack to be vlm:,king 

n02'mally. RGset to put a stack on -Cos';; 0 

2 RjW 

Bits 62 and 63 of this line define which of 

stacks 0 to 3 is on self test. 

Rfi'l 

Sottins: bit 63 in.itiB.tes self test 011 tho stack 

spGcified in line 6" To reset testing a,fto2" <''l. 

SELF TEST Crn-rERGL 6 I,' 
'I RjW 

Before putting any stack all self test, patt01'ns 

(58 -> 60) al'l.d operating modes (61 -> 63) 08.11 bG 

Wj,'i tten to thi;:; line .. 

II 

l_ 

Ii 

L. 

i-

~-
I 

r, 

r~ , I 

L ' 

~! 

C-' , , 

I 

.J 

L ! 

I ' - I 

:. 1 

n 

l J 



LJ 

u 

---, 

"I 
I 

LJ 

" 

~J 

1 

10 
,,-~J • ') 
1./;, h 

12 

3 R/W 

Sit 61 is SEQ ~d specifies only ono cyclc of 

all addresses of 'che stack on toot (' 1 V) or 

continuous cycling (V O')" 

Bit 62 is ST a.."lu for the stack on test specifies 

?stop at end of current stOl'O cycle V (t1')0 

Bit 63 is CON' c",.nd specifics (for the stack on 

tos t) '1 stop on erTOl" 'l (' 0 ~ ) 0 To continue aftel" 

s top on 13:;:'1'01' th:ts hi t CM be reset to t 1? then 

17 
rl'i.lis lLto holds the address at which 8,..'1. 03.'1'01' 

6 H=Reoet 

26 , 1111:1.1 
I ~\SW\\,&\\\0\\WlWW0\\\"";\ \\T1\ ·.\C\'15\""\~"'\"'\\\, I I ! I I I I 
32 1 I I I I I 63 

I 
I 
I 
I 

I I 
I I . PFAC 
I \ i 1- PF3 
I i 1_ PFZ 
I 1 __ pi<'1 

I 1_ '0"'0-­
I 1_ PJJ;V--
1_ INVALID P.J)DRBSS 



15 
<% 1"; 

<70 to) 

]):.~~i t Pnri tios 
Sg--(PFV) 

59 (PFO) 

60 (PF:~) 

61 (PF.2) 

62 (PF3) 

63 (PFAC) 

V store 

Stack 0 

Stacl~ 1 

Stack 2 

Stack 3 
Address 

E::!:changc 

liP date. 

riP or OIP data 

liP 01' DIP dZ;Ct" 

liP 0:;:- DIP data 

liP OJ:' alP data 

or Control bits f:t'·or~1. 

57 (INVAL) INVALID ADDRESS SOl'l.t to int0rf~C0 

i.,0 q to high fo:;;, numbol' of si::ac1c.s 

working 

If ~!1.y of tl1GSe bits is set a sigl1al is sent to 

eJrohan.go end to the Engineers Door 3.l"1d Consolo" 

ST ACI{ 0 S'I'.A.'rUS 3 R 

serACK 1 STATUS 3 

ST _/!.Cli :2 fIf ATUS 3 R 

ST ACK 3 S~f'/lTUS 3 R 

'['he formats of theso 4- lines are the s::,.me., 

Ri;~(i t 

6:1. 

62 

Power Supply on margin 

Stack or. self test 

Error during self test 

2· RfVl 

Tnis specifies 'which section of the data or 

address word is to be reo.d 'whsn reading '!,'DO 

or 'fA lines 24 and 26 0 

~o~ :'ofers to the most significant section, 

'23" :cof e~s to the leas t s ignif ican t: sec tion. (i 

[l 

~l 

• J 

,_ J 

>_ 1 

~l 

~ _ J 

. J 

~1 

._ i 

' __ I 



u 

~i 

L.J 

'., 

9 aE~ Tr.~e Sys tom Po}:f :.J:l'ma:ac:o Uoni tor Vx-s tore 

The SystmTI PerfOrri1.a,·lce Monitor Vx store consists of the follGwi~"1g:-

This line is accBssed by using a real moele de5c:ciptor~ with V·-::;'t:e2·'~ 

spGcified in the origir~o, The real address part specified is irrelevant" 

Tile top 32 bi t:J 0':: 'che V -linG are '\'!:d te only (if :read, they retu:"n 0). 

o 

J. 

2 

3 

4 

6 

7 

3I rf () 
0 

9 
:i.0 

1:1. 

BIT 12 

13 
:i..:t 

15 

2IT· 16 

17 
18 

19 

nesats ~~d icitiates histogr~n logic 

RCV/iL CV03:,:;,·idcs validation lines for hi3tograi11 input P1..~:'.:;:3:" 

~li'TOI~F Tu:cns off interrupt 

E:~ablo bits 5, 6, 7 
Initiates fast counters 

H,t)sets f~st counters 

l~A.!O 

R/~J:l Used as RAIO 

Rn,!:l_ i CCl1tl'ol the input mode on '~he two 
t. 
t' 

~nr.IS.J histogrz-.l·I\ input cha.""1nels 

Allows DV!G1.1 Histogr::~,m logic to cOT.tinuo 

upon overflew of Y-Counter 

1G 
,/ 

Set the scale factor 

P:rsscalar 



BIT 20 

21 

:22 

25 
26 

27 
nO 
..t,() 

2() 

30 
'27 be 30 
zn &:; 29 

Enable bits 23g 2L!.p 251 7,0, 27 ~ 28, 29; 30 

Not usod 

Not used 

HSAC 

RSlV) 

iiSAIE 

Allows CPU to ·wri te to or road 

tho :real star0 via ExchangG 

Initiates the display of the store 

contents on the VDU 

RSAID!1 J:ncl'Erment/Decremont Histogram 1.10de 

RSAECF! Clears 'l'i tle store 

Dwell H:i.8togr~.rn mode 

RS[;.DAD Direct Addressing rno(1e 

RSARD Clears Data store 

CIoal's ti tIe store and data st01:'O 

NOTE = E::-::.8.Elpt for those pairs notecl t only one bit in tho 

abov0 group should be set at a timoo 

BIT Turn off parity fail indicator 

BITS 32 -> 59 Not used 

BIT 60 Not used 

61 }:ioni tor is in Ma."lual Mode 

BIT 

BIT 6~ 
..J 

in one of the i'ollowing 

111 ANUAL, DISPLAY ~ CLEAl1.-STORE 

, , , , 

~, 

c J 

~\ 

: i 

:·;106 c:; ~-. ~! 

r~ . , 

l J 

'l 

, 



~l'hi8 cor:.~~is·t.s of 3 bloci:::s of store addressed as follcN1S:-

~J 

Size 
----' 

o R/W 

8 tore bi ts LtS . - 63 of the highway 

16 :;;: 32 bits 

To z"Gad thas3 cou~t0rs bits - 63 of the highway 

u 

256 x 7 bits 

i 

U 

,J 

L-J 

LJ 

u 

--1 

L~ 

- 1 

'I 

~- I 

u 



I! 

_ J 

I, 

. ) 

_ ) 

'l 

, J 



': 

--, , 

LJ 

-, 
LJ 

l 

u 

. 1 

u 

u 

Chapter 10 The Basic~~rogramming Language - XPL 

XPL compilers e:dst for MUS and the 1900. Cornpatibili ty 

bOtt:C01l the compilers h~,6 b$en a.imed for, however, there are 

unG..voidcblo diif'3:;~e:nc0a 0 

Sin.ce tbOi ~m5 compiler will be used rnore extensively than tho 

1900 vers:.1.on~ th:to doscription applies to the MUS version, any 

difforences be~7e0n the compilers will be mentioned. 

o G " " . 
Prog:i:'am & Statemonts 

" " 0 " " " 
" .. . .. 

Q " " " " o " " 

o • • 

o 0 • 

• • • 
" 0 • 

o • • • .. " .. " 10,,1 

II) • 0 0 " " 
• 0 .. . .. o .. 0 10.,3 

o 10 0 i!. $ 000 0 • 0 

Blocks " .. " a • o (I: ' .. o 0 • o • o 0 0 • o 0 " G " 10 0 5 
Declarative:,; 

o " o " " c 
Q e • 000 

(1) Var:!.s.bJ.e Declarations 

(2) Literal Declarations 

. " . .. • 0 " " " 10 0 6 

0000880 o 0 .... 0 " 0 " .. " 1007 

(1 ) Comput8:i:ior~al 

(2) Store to store 

(3) D~~ga:rdsational 

(4.) Conditional 

Procedure C811'Facilitias 
" 0 

• 0 • • o 0 o " 

Special DirectivG Stutements o • • • " .. . " . " 
P.lto:l"n.-a"Cive Punching Conventions for the VDU's 

The T0S~i; Bits in v.lS 'J " .. " 0 0 • • 0 " 0 • .. " 
" 0 

G 10 a:i.:l. 



10,,1,,1 

Modified BNF (Backus l'faur FOl'm) is used to define any 

The mOdifica.tions to the BNF are as follows. 

(1) Xn the order of alternatives and of elements within alternatives:= 

eo Any alte~native which is a stem of another comes after it~ 

no If one ~~lte:t'i.'l.ative is a special case of anotherp it must 

comG firsta 

CoO In recursiv0 d'afillitiol1.s g thel'e must be at least one 

Several alt0rn~tiv0S may be specified as an element of 

s..l1.otha:..~ by ene'losing them in square brackets II 

'. ) 

~ - .' 

-1 

'- ) 

. J 

. J 

~ ! 
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.' 
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<PRCGRAivloOF oA"SE(E\iEti'T> ::= *SEGMENT<SP> <SEGMENT "NO><NL> 

BEGIN <NY> 

<program> <NY> 

END <Nt.> 

*END OF SEGMENT<NL> 

The <pro~ra.."ll> COi."Lsists of So nltmb~r of sta.tements g EJ.nd hene,,,, Ii 

<pre;g:c'.am> ~::.-: <81' ATEMENT> [ <program> I <HIL>] 

<STP:.TEYLEj::r:C> ::= <uJ;.BEDI 

<LABEL> <SEP> I 

<1'ABLB> <SEP> I 

<'I'EX'I'>- <SEP> I 

<BIDCK><SEP>I 

<DECL~RATIVE><SEP>t 

<INSTRUCTION><SEP>I 

':::SE;P> ::~ <NL>! <Cm'lMENT> 

and ':7110:;;'0 com."1l0nt comm(ll1ces wi t11 t\'lO colons and terminates 't7i th a 

:i1.0\11i~e 0 1"01' 1:1.;:';'0 cOTI.tinuat~"C:Il1, purposes 11'<NL> is ignored It 

Th.) ooven tYP0S of XPL stataments ara explained in the 

fol1cw:l::.i.g s0otion3 Q 



10.3 Q l Name~.Litera18 & Labels 

Since the busic oper~,ds in the language are names and 

lit~rals, it is convenient to define them first. 

(1) Names & Literals 

<LITERAL> 

<DEC HiAL> 

<INTEGER> 

<HEX o DIGITS> 

<H'.zX> 

::= <DECIMAL> I 

% <HEX ~DIGI~S>! 
!<CHAIlACTEIl.STRING>~ ! 

<NAME> I 

<DR o LIT> 

::= [+1-1 <NIL>] <INTEGER> [ • <INTEGER> I <NIL>] 

::= <DECIMAL.DIGIT>[<INTEGER>!<NII>] 

::= [<HEX>I<EEX>«I~~EGER»][<HEX.DIGITS>I<NIL>] 

::= ~!11213141516171819!AIBICIDIEIF 

<CHARACTER.8TH-ING> :: = [<CHlI.RACTER> I <HEX .PAIR> ][ <CHARACTER .. STRING> I 

<NIL>] 

!:= <Yb~<BEX><HEX><VB> 

<VB> ::== a ve:c'tical bar 

<NP.lV':.E> ::= <I.ET'rEi3.> 1 <I.ETTER> <NA1I1E • SYMBOLS> 

<N',A.i'<lE .SYh1BOLS> ::= r < lE'I''1'ER.'>1 <DECIMAL.DIGIT> I .][ <NAl,lIE • SYMBOLS> I 

<QUA> 

<OCT> 

(2) Labels 

<NIL> ] 

::= D<QUA> <OCT> <OCT> I[ <INTEGER> I <NP1,'lE>] 

I[<I~~EGER>.<INTEGER>[.<INTEGER>I<NIL>]I 

<NfJifE> ] 

::= 0111213 

::= 0!1121314151 61 7 

A label talces the form of a nama followed by a colon, i.e og 

<LABEL> ::= <NAttIE>: 

Any number of lc"!.bels IDa.y precede an instruction, and 

references to labels are optimised by XPL. 

~ - .' 

• j 
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u 

:J 

- -, 

LJ 

(3) Further Notes on Literals 

Thora are five different types of lita~als, and eaoh of them 
'I 

is o:;.,-plainod belo'w 0 The XPL oompiler will a.ttempt to optimise 011 

their lenr;ths o 

a o DECIMAL NUIYiBER (not oUl."'rently implemented on MUS) in vlh10h a 

deoimal point implies that the number is to be ooded as a 

floating-point litexal o All deoimal numbers are signed. 

Examples:-

Si~u0d fixod-point:-

2 · . · . 6-hit 

: t 16-bl t 51 
+51 

327680 · . · . 
16-bit (the positive sign is option~l) 

32-bit 

Flcating-poi~'l.t (all 64-bi t):-

-0,,23 

:~ 10 will be faulted 

:~ -023 will be faulted 

-------'-

b o BD7ARY LITERAL is a. % (peroent) sign followed by a string of 

hexadecimal digits o Right justification is adopted o 

Exemplep :-

O/",F903 

:: 6-bit signed 

: : 16-bi t unsigned (6-bi t is impcss1,ble ~ 

sinoe the sign bit will be pJ\'op,~ga:t'0d) 

16-bit unsigned : : 

: ! 1..AFgo3 
9'G800000000004F903 :: 

32-bit unsigned 

64-bit 

c/c;80(10)4F903 .. . . gives the same literal as in the 

above example 



.. 
'\-' 

'I 

c <> CHA.RACTER LITEI~AL is a string of characters enolosed-by' single 

oharacters 'which represent double quotas 0 Hexadecimal pa:h~s can 

be used to represent characters not available on the input device" 

A compiled literal is packed eight b:its per character (in ISO code) 

and right justiiied o 

Examples:-

~ABCDE~ 

~ABCDEI oAI XYZ! 

:: Double quotes is represented by ~ 

:: on most Flexowriters 

:: 'I'he hexadeoimal pair IOAI is 

:: oompiled as ~ newline oharacter 

cl. .. Nfl,ME J ... ITERAIJ can ei thaI' be a na.-ne declared as a Ii teraI, 

or the name ot a label1 in whioh case the absolute address 

is used/) 

iViftJC V AWE :: 100 

MAS;:C :.: ~~{;FOF 

EN'"TRY"POINT =: ~ST ART~ 

= 9 

BASE: 

eo DR. LITERAL ia s. doscriptor Ii taral" 

In ;CPLu the boU'i:;o field can either be a previously definod ~:!.~ 

OJ.' fi.n inte~" 'l7hor~Si.s the prigil"l field ca. .... be either a. ~ or 

W SEQ\mN'T <> Y!ORD o BY'I'E 9, \vnioh specifies the address of the start of 

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

~ 1 

L. 

r ' 

. ) 

, 
___ J 
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,?;:amplos :-

D033/1g/81g6,,74 <·3 

m60/NINE/BASE 

:: This is a vector descriptor (type 0), defining 

:: a. string of 8-bit e lemen ts • Mod if ier is not 

:: scaled ~ld the~e is no bound chacko There are 

.. 19 olElments, starting at byte position 3 of line 

:: 74 in s0g-mGnt 81g6. 

: : This in a. doscriptol' (type 2) , defining a 

.. r;t::dng of 64-bit clements .. Modifier is scalod 

and t1101'O is bound check. There are 'NINE w 

:: elsll10nts, starting at the label VBASE',. 

:: (,l'he name literal vrn::NE' must be declared 

:: ~x·j~r t~ this DR litoral, whereas; the label 

•• ~ BASE 9 C S.1'l bo ~~ :i? or'aard ref eranC0 ) • 

1'lhert a V0.~tCl~ 5.3 accc3l';0d by using a. nama corresponding to a 

descriptor 1:l.t0:l;'~:.1~ two Ol'd'Oll'S will be compiled, eogo~ 

A == DESCH.IF'I'OP... HE] 

\f/ill be cor,1piJ.ed int(,;:-

D DESC1UPTOR 0 i 

A .D[B] 



10.401 

wherens 

(1) 

where 

Tables & Telxts 

Table is used to ---
text is used to 

Tables 

<TABLE> 

<NA?-IlB> 

<LENGFI'H> 

<Lrr ~LIsrr> 

<LIT Q LINE> 

pla:/).t literals within the oompiled code 9 

plE'..l1.t a strin~ of sxmbols. 

· .-· .- DATAVEC<SP> <NAME> ( <I.ENGl'H> ) <NL><LIT QLIST><NL>:;;;Zm ,) 

" 0 ___ · ,-

: :~ 

&\ 1i tel's.l descriptor set up to access the 

content of the TABlE. 

rul <I~~EGER> specifying the length of the 

literals in the rrABIEo (The length can 

bo 19 49 8, 16, 32 or 64-bit)o 
::= <LIT "LlNE><NL><LI'r • LIST> I <LIT "LINE> 

~:; <LIT 3 1TmaS>[<LB><INT><RB>!<NULL>] 
4) ~ ..... · .- <LITERAL>, <LIT. ITEMS> I <LITERAL> 

Where <integer> indicates ths numbe.r of t;~!'10S 

! 1 

that the preceeding items on th:i.i:, lil1.0 r;u-::'", to . ) 

be repeated" Nested repetitions a!"0 E.2! [:,;llo'flc.d" 

D!'[f AVEC 'l'i'.BLE ,,1 (64) 

99 
% 14A76I"02F 

:: -1 to be planted :5 timGS 

:: 4, FRED to bel planted tWic0 

o 

(2) Texts 

<TEXT> ::= DA!I'ASTR<SP><NAME>~<CHARACTER.STRIN'G>~ .. I 

where <NiU.ftE> : := a string descl'iptor set up to access the 

<CHAr~CTERoSTR!NG> 

. ) 
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10 c 5;,1 Blocks 

<BLOCK> ::= [BEGIN I PH.OC<SP> <PROC ~NP.M:E>] [( <IJI.BEL.LIST» I <NIL> ] <HL> 

<progrem> 

END 

where <PRoe o Nflllill> ~ : == the <NAil1E> of the procedure 0 

.. - <i:JAlvIE> [ ,<L.®ELoLIST> I <NIL>] 

Basically ~ a block ccmsists of t .. wo decle.rativEls BEGIN o:::...'ld E:ND, 

~::"''1d it sorves to dofi.1.o the scope of 13,bols 0 Declarations other than 

labels hava a gloh;::! scap,') oquivs.lo:nt to that of a forward reference. 

Rodeiiniticns of l1:;'.TnOS \7:1 thin "i;his global scaope are not allowed" Blocks 

can be nested to any dept:. ¢ 

If PRoe is used instead of BEGIN, a jump instruction is 

plan ted by XPL to jump ro~md the p::,'ocedure ~ 

If tnG I3}i;GIN if; follcwod by somo n::t.ll1es of labels p e .. g. ~ BEGIN 

(L31, L32)~ then ent:6os to th::-:;; block can be made to these labels £;.'0;:;1 

the onclosing block. 

l3J--;;G·IN 
Ll: 

12: 

:: implying L31 and L32 are in th;" 
:: Slal"7le level as Ll and IQ;" 



10.6.1 Daclarativ0s 

There are two types of declaratives both of which giv(~ the 

name a global scope, namaly:-

(a) vaTiable declaration <VAR.DEC>, ~~d 

(b) li-cel's,l declaration <LIT.DEC>. 

<DECLARATIVE> ::= <VAR.DEC>1 <LIT .DEC> 

(1) Variable Docls,l':2.tions 

The variable declal~ations assign a name to a displacem0nt 

relative to a base~ which can either be. NB, XNB, SF, 0 or STK (fo~ 

accessing the staal;:) .. 

<VARoDECD ::= v[.32164IV]/D-tBIXNBI SF! 01 STI{] <VP.R .. SPEC> 

<VARoSPEC> ::= <~I{i-YME> ~ <DISPLACEMENT> [ , <VARoSPEC> I <IifII> J 

<DISPLACm.m:r-r:r> :~;::: r -I <NIL>] <INTEGER> 1 %<HEX "DIG!TS> 

A name doclai:'c,'dml must start with a V, followed by 'd.w 

size of the variablG Q The size is either 32- or 64-bit, or 8. 

V'indicating that t11e vQ.1:'iahle ",;ill be used in privileged 

mode to access a V-il'!;or0 looatl.on. 

Example 

V32/NB FRED:3 :: FRED can be found throe 

:: 32-bi t words aWay i:rol.t1. 

:: NB and is of size 32-bito 

:: zero with STK. 

1 

, J 

"- j 

:~; 

_ J 
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10 The hardware of the machine treats all. V store all 64-bit 
quantities. This means that VV quantities are equivalent to 

v64 quantities. 

2. The position of variab10s in MUS are governed by a base 

address contained in one of the registers NE, XNB g SF and a 

displacement 0 It sht')uJ.d be noted that the value of the 

Base address and the value of the displacement cannot be 

freely interchal1gad as may have been expected. 

Thus:-

v64fNB FRED~1:6 · . sets up a Base of 0 · . 
NB = 0 : : and a. displa.cement of 6 

and:-

v64/NB FHED.2:0 : : sets up a Base of 6 
NB:: 6 · . and a. displacement of 0 · . 

will not access tho same location in the store. This is 

because the ba.se registers always count in units of 32 bits 

whereas the displacement counts in units of the size of the 

variable ~ in this ease 64- bits" The exa..-nple therefore says 

that zero ll..'1its of 32 bits plus 6 units of 64 bits is not 

the same as zero units of 64 bits and 6'units of 32 bits. 

.' 
1'­
'I 



Literal Declarations 

A literal declal·ation assigns eo value to a name. When the 

name appears as an operand, its value will be coded as a literal 

in the instruction Q (p£ already shovm in (3) of section III, 

XPL will optimise on the lengths of the literals). 

<LIT.DECL> 

<LIT.SPEC> 

· .-· .-
· .-· .-

L/<LI'.C .. SPEC> 

<NAME>=<LITERAL>[ , <LIT • SPEC> I <NIL>] 

Examples:-

[N.B. a. 

L/ 

L/ 

L/ 

Mfl.XoVALUE = 100 

. :MASK:.: % 44420F 

NPJ.m "STRING:.: !ACCUMULATOR! 

A number of declarations.can be placed on a. 

lina, e6g~g 

V32/SF 

L/ 

VAR.O:O, VAR.l:l, V~~o2:2g VARo3~3 

r,'[p.x .. VALUE :.: 100, MIN .. VALUE = -100 

b.. Newline or a comment 'would terminate the sequence g 

honce g 

V32/SF VARoO:O, VARol:1, VAR.2:2, VARo3:3 

V32/ SF V~~G4:41 VAl.l. .. 5:5 

would ha.ve to be wr! tten" ] 

.' 
\. 
'I 

.. --.-
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10 u7.1 Instructions 

There are four typos of instructions, namely, 

' .. 
(1) computational <CmrpUT> 7 

(Z) store to stor~ <STS> , 

(3) orgc..nis :::.tiona.l <ul1G> :.:.nd 

(4) CO::1ciitional <C01TDIT> • 

<INSTRUCTION> ::= <CG?,~PUT> I <STS> \ <ORG> I <CONDIT> 

Each typo of inst:;;'uction i~ doal t with separat01y, however 1 

it is mo::.'o convenio:.:.t to dofir:0 ".::110 syntax of an operand first. 

where 

(1) 

<OPERPJ'ID> ::== <S J:?,':PLE ~CFER}I,.Nn> i <N'tYME><LB>[BIO]<RB> 

<S BIPLE .OPERft.};J» : ~:;:: <XPJ,[2;> i <LITER..4L> 

<LB> :: = left square bracl(0t 

<RB> .. -.. - l--igll t S qUUY:0 br.9 .. cI\:et 

. , 

<COYiJ?U7> :: == [<B ,ORD> I <X oORD> ! <A .ORD> I <ADD .ORD> I <.lI.EX .ORD> J <OPERAN1» 

<B.ORD> 

<X .OlD> 

<A.ORD> 

· .-
· .-
...... -· .-

B [= 1 == ~ 1 ;;.:::: ! :=> I + I-I ':< It J V I <= ! 2: \-: I CO?l'lP I C INC] 

[XS ! X] [= ! ':':= ! => I -;- ! -I ,;, ! / I tl V! <= I & I -: I cmU? I CONV I / : ] 

[Ai.;'Li AJ L:::! =2 ! ':':::; I:;::> I +1 -I j" 1/ Itl V\ <=1 &\-: I emU? \ CONV!/: J 

[Alil.4.X j[ -;- ! _. ! ,;; I tl y! <= \ & I -: \ cavlP J 1. . 

[p.nc Ii.'ill] [ <= I CG:'.'iP I CONV]' 

<.{~OD .ORD>: : = ADD [::; ! ';':= I => I COlI-IF J 

<.lillX oORD>: :::; .A.EX[= l':'=! =>] 

V~IERE TI-:E OPER .. I\TOR -z is revors 9 subtract 

and /: is l"eV0:.:'SO divide 

17~4 ~ 7,3/'1 
- & 



(Z) store to Store Instructions 

This group of ardors uses the secondary operand unit, &.d 

thGy operata on stringso 

<STS> ::= <l"N • 1> <OPERA.N'D> 

<FN oZ><SIMPLE .OPERA!"fD> I' 

SUBl <NAME> I 

SUBZ 

<FN .. 1> ::= D=I D*=I DtJ=!XD=! XDO=( STACK 

<FN 02> : ::::: D::::> i XD=> ! DB= I XDB= I 

MOD! H.'MOD 1 81<10D I XMOD I MDR I XCHKI 

BlSVEI BHVB! BCMPI BLGCI BSCNI 

SMv'Ei SMiTEI SCMPi SLGCI SMVFI TALUI TCHK1TRNS 

--I 
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Or.~3.nis D..tion2..1 Ins tructioT~S 

This group of ol'dors dofines internal regis tel' operation£;. 

<ORG> 

<ZI;S oORD> 

<XC.ORD> 

. <NB oORD>: 

<DUlI'MY.ORO> 

o ... _ .. · .-

c> ¢ ._. · .-
.0_ · .-

· .-
· ... -­... .. --

[EXIT I Jm,IF I XJUr.I? I S TKLINK] <OPERPJ-:"D> 

SE7LIEK<S IlIIPLE .OPERAND> 

<xc.orm> 

<SF .ORD> 

<NS.ORD> 

. <XNB I,OnD>! 

<IlffiSC .OR}» I 

I, 

[XCO ! XCII xczl XC3 ! XC4-! XCSl xc6] <OPERMW> 

S}!' =:> <S EIPLE .OPERAND> 

NBC:::: I + I =SF+] <OPER/lND> 

Ll~B => <S Il\1PLE ~Oi?ERAJ.'l"D> 

[SN :=:IDL =iSPM =]<OPERAND> 

:0[1121314J 

/ 

(for coding up dummy organisational ordors) 

The XJl.i?.i.? O:l'C0l~ oms only) will' search the Common Procedure· Name List 

OD the 1900 XJUHP 'will c::mS0 .:"8 to be abutted to the fl~ont of the ope::anc.., 

The u;;; 0l~ is then to us e the '~KOK LOC.<\.L NJlJ.illS ~N8221'option to present 

entry address for the library calls. 

17.4.73/1 



£C?l1.ditional I~~~~~i~, 

This group of orders deals with control transfers and the 

setting of the BCOLEftl{ p EN ~ 

<CONDIT> 

<COND> 

<B.F.N>. 

<JUliiP .SPEC> 

<I.DNG> 

<S}IOR1.'> 

~:== <JlJl/iP .SPEC> <NAME> 

IJC' <cmm>,. <JUMP .SPEC> <NAME> .1-.---

BN <B.F'N> IF <COND> 

&~ <B.FW><OPERAND> 

,::== :::0 Ir:o 1 <01,::0 I >0 I~o I 

lWIBl'i 

::::::: /! 

,:;::\=/1 

&!&/!/&i/&/I 

ViV/ !iV! /V/ 

~:= [<I.DNG> I <SHORT> \ <NULL>] -> 

The jU!"nP instructio:::-lS (-» are relative; and XPL will compile 

the optimum code. 

As indicated by the + or -: preceeding the jump' either. a long 

(32-bit) OperSl'10 OJ:' f.l. sho:r.t; (6-bit) ope:;.'and is assuiiled. The default 

option of NVLL will resul t i .. u, 16-bi t operand. 

, , 

-- j 

--) 

• j 
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10.8.1 

10.Bol Proceduro Call Facilities 

Thoro a:~e 6 types of proceduro calls available:-

CALL 

XC ALL 

, 0 • . . Plants a relative jump 

:: Plants an absolute jump 
, 

:: Til) liJU5 Compiler will 1001e- the procedure 

n:::.':1.o up in the common procedure name lis t 

and plant a j~ilP to it 

Tl"'.0 :1.900 compiler will abutt LB to the 

oper:J.nd ~ S 00 XJUMP 

Where <PJi.RP],LETSns> , is s.ny operand permitted after the 

instruction STACK. 

Tho above will be compiled i:,,"co: ~ 

STKI .. nr:{ <LINK> 

s 'r i:.CI( ? .A:s.PJ/lETER 01 

S'i'ACK P,!'>.i1P,jIETER ~2 

_.> <?RO: oN.lillIE> (MUS) -> LB<PROC oNP.ME> 

\ 

.. 



10.8.2 

ENTER :: Pla~ts a relative jump 

AENTER (or SCALL) :: Plants an absolute jump 

XENTER :: '1'l1.e MUS Cor,1pilel1 will lock the procedure 

name up in the co~~on procedure n~~e list 

:: nnd plant a jump to it 

Tho 1900 compiler will abutt LB to the operand 

Howover the11 8 must be at loast 1 paraJl1otol.' 

ENTER <PROG oNPJE> ( <P A..1:{..~IETERS ~ ) 

The:> above will bo compiled into::"" 

STY.LINK Ll 

STAGK FArrJ0:IETER.1 

STACK P iIJ(Aii'IETER .2 

STACK P PJ~p.llmTER "N 

.J1JMP <FRDG ol'U..1-lE> (rims) .JUMB L:B<PROG .NAME> (1900) 

Ll: 

. : 

. 2006.73/1 
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::'SEG~:ENT<SP><EXECUTE .SEGoNO>[ p<CD;'vlPILE .SEG.NO><NL> I <NL> ] 

vinere <EXECtJTE .SEG oN04 has u value of -lor 1 to 214_1 

1 to 2 13_1 

'::SEGMENT<SP><EXECUTE oBEG oNG><rE..I> 

1900 ONLY 

:: <EXECUTEoSEG.NO> specifies the segment 

~: in which the code is to be executed. 

g: <COIYlPILE.SEG.NO> specifics the sCf,ment 

~: in which the code is to be compiled~ 

: ~ if this is unspecified the cOli1pi1e;,~ 

:: will select the next available segment. 

g: If <EXECUTE.SEGoNO> is equal to ~lp 

~: the compiler 'Will select the execution 

~ ~ and compila.tion segment numbers Q 

whe:o;'o <IDCSCTITE .SE:G .NO> is Q':l :i.l'lteger in the l'Sl'lge 0 - 214 .. 1 

~'LIN'E<SP><LIi.\f.s .N"Cl><l'fL> 

:::NL< S P><NLP.DDR> 

~'POPI<NL> 1900 OHJ ... Y 

~: Tlli8 specifies the segment in which tr~,G 

~; the code is to be executed. 

~ :Specifie::> the line (in 16 bit qua., .. yi:itiS8) 

g :within the segment, a.t which the l'l.CX·;-': 

~:instl'uction is to be pl~~tedo 

: :Prin-cs u list of· w"'Ullatched refe:renccg 

~ : 0>. the currontly selected output G't~·C8.l1:' 

g : sots tho CTL informatio:'l and l'1:;J'CU1'llS 0 

~ :Control the listing of tho pl~ogram to:J~"i; 

~:and compiled code o 

g :<NLADDR> is the address in 32 bit words OJ: 

g:the LIBRARY NAME LIST. 

g: P?'int ,2ut 1?lanted !nstructions 

z: (giving a hexadecimal dump of the 

g: code compiled so far, or since the 

~: last ~"POPI) 0 

20 0 6.73/2 



*NP,IltE LIS'l'<NL> 1900 ONLY 

*MAP DN<NL> 1900 ONLY 

1900 ONLY 

*IN'CLUDE FIL."S v <FILE "NAl\m> 

1900 ONLY 

1900 ONLY 

*FlLE CODE IN t <FILE "Nl1]\lE> 

1900 ONLY 

1900 ONLY 

*NOi.'l' IDeALS v <FILE ,.NA~m> 

1900 ONLY 

1900 ONLY 

:: Prints the NAlIlE list" 

:: Controls the printing 

:: of the compile map 

10.9,,2 

:: XPL will now compile from the 

•. file specified o 

:: Causes XPL to return to the previous 

:: input stream after the *XNCI1JDE FILT!; Cr.;])., 

:: Creates the files ~ontaining the code 

:: and name list respectively providing 

the compilation is succe8sful~ 

•• Causes the na.':les specified to be 

:: add<;,d to the compilers namelist" 

:: Causes the name list and code to b,z; 

:: filed even if the program is f auI ty " 

:~REP ON 1900 ONLY :: Causes all the unmatched references 

1900 ONLY :: to be printed at the end of oach bleck, 
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