


ILITY

NT
FOR THE USE

SUPPLIED 8Y

SUBJECT TO CHANGE WITHOUT NCTICE

P
i
tg o
39 &
g E...w —
: £ % 5
? 5298
& b - Mm... xm £g
3 = & adg &3 PE
g €3 28 o8 B s
: TN 2l S
: 5 2% » 8 AL BB
E 22 8% B SO N B T
ﬁu..u u.u = EO m ”-TN
3 s grg 05 o
" m mo m g B3 mms
5 #og o3, 5 B8 g8°
t o - g e L . 8 =2
m“.. - M ..N..CTm m mm Wmm
gdd g & 55 xmm Y o=
EE B P w mm mmx 50

MRCYLL 27(732)
REM
“
HE INF
COR
OR ANY
THE SOF
LICENSE
OF SUCH
16 TR&
IGITAL

%IC

C PROG INT RQST L

1
-

1 1-DOKBN-

MaI
DBxBNC.PL

-
B
-

i e i A B R AR R AN AR AT YO T PP PO RLURER




—

[

2

COl

H-DCKBN-C PROG INT RGST LOGIC MACYL] 27(732) @27-SEP-76 10:40 PARGE S

A RN g

mo
run

ARIE it

-

FBYRRZERBBB YRR LO S BREIRREONB B It d 2

Pabapap-oab el op op opoh shapapa

babapa
e

1.0 RABSTRACT

THIS IS R TEST OF Tl'i PROGRAM INTERUPT REQUEST
(PIR@) LOGIC.

e.0 REQUIREMENTS
e.l
e.2

EQUIPMENT
5951c 11745 SYSTEM

TORAGE
fnxs PROGRAM USES 0 THRU 17500

e.3 PRELIMINARY PROGRAMS
DOARA THRU DOMA

3.0 LOADING PROCEDURE
LORD PROGRAM USING ABS LORDER

4.0 STARTING PROCEDURE
LOAD RDORESS 200. PRESS START. THE PROGRAM WILL LOOQP
AND RING BELL ON PARSS COMPLETION.

.0 OPERATING PROCEDURE

.1 SWITCH SETTINGS

NONE
$.2 SUBROUTINE RBSTRACTS

§.2.1 . SCOPE

. SCOPE IS A MOVE PC,F1 AND STORES THE PC+2 IN RIl.
5.2.2 M)

HLT IS A HALT INSTRUCTION.
.0

ORS
ALL ERRORS WILL CAUSE R HALT
TRAP AND INTERRUPT ERRORS WILL CAUSE A HALT AT VECTOR+z.

k.1 ERROR RECOVERY
PRESS CONTINUE TO PROCEDE TO NEXT TEST

B.2 snnon LOOPING

00F ON AN ERROR, PLACE A BRANCH TO THE PREVIOUS SCOPE
ms TION IN PLACE OF THE HALT INSTRUCTION.
NOTE THAT IF THE ERROR IS INTERMITTANT THAT THE TEST WILL
onop THRU THE HALT AND PROCEED TO THE NEXT TEST.

on.; T0 LOOP THE TEST CONTINUOSLY REPLACE THE BEQ .+4

msmucr ON IMMEDIATLY Pnsczsomc THE HALT WITH A BRANCH
BACK TO THE PREVIOUS SCOPE

TO LOOP ON TRAP FAILURES, PATCH m THE FOLLOWING ROUTINE
AT THE ADDRESS OF THE TRAP VECTOR

TRAPVEC: TRAPVEC+4
TRAPVEC+2: 3]
TRAPVEC+4: 012716 ;MOVE SCOPE RDDRESS TO STRCK
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TRAPVEC+E: ADOR SS ; ROCRESS OF PREVIOUS SCOPE
TRAPVEC+10: 00 sRETURN TO TEST AT SCOPE

RESTORE ALL LOCATIONS BEFORE PROCEEDING TO NEXT TEST.
7.0 RESTRICTIONS
NONE

8.0 MI ANEOQUS
ous$§kk ERRORS THE STRCK POINTER(RE) WILL CONTAIN THE

RADDRESS WHERE THE TRAP OCCURED

s %guggﬂcag'ﬁmss ABOUT 1 MINUTE.

8.2 STACK POINTER
THIS PROGRAM INITIALY SETS THE STACK PCINTER AT SCO.

%
.TITLE MARINDEC-11-DCKBN-C PROG INT RQST LOGIC
.E&%ST nE,HD,SEG o

; DCKBNAR- gEETS THAT PROGRAM INTERRUPT REQUEST
:THE PIRQ LOGIC 'BOOKS' AN INTERRUPT AND WHEN
;BELOW THAT OF THE REQUEST THE_INTERRUPT IS T
sNOTE: IT IS NOT SPECIFIED RS TO WHETHER OR NO
;EXECUTED IF THE "BOOKED® REQUEST IS GREATER T

; STARTING PROCEEDURE
: %8?0 RDDRE%S:EOO

3 SS STAR
: STACK POINTER IS AT SO0
: BELL WILL RING WHEN TEST IS COMPLETE

;EQUATE 38&;EHENTS

Rl=%1
Re=%2
R3=%3
RY=%Y4
RS=%S
SP=%b
PC=%?7
;: VECTOR ADDRESSES

ERRVEC=Y4
RESVEC=10
TBITVEC-lH
I0TVEC=20
PF

IR ) HARDWARE WORKS PROPERLY.
PRIORITY LEVEL FALLS

HE NEXT INSTRUCTION IS
THAT OF THE PROCESSER.

§“£“"

S
R
ER

TPVEC-SH ; TELETYPE PRINTER INTERRUPT VECTOR
sRraaeerannrrnene2as2 INITIAL STACK POINTER=SOO#%E¥¥EXREEEREREREERRRERE
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TKPTR=
COPE'OI 0l

RESISTER RSDEES?E&

;SITIRL ?TQSK POINTER

s ERROR_HAL
;POPS TWO HORD OFF THE STACK

; ADDRESS OF PROCESSOR STATUS
:ADDRESS OF MICRO BREAK REGISTER
RDORESS OF TELEPRINTER CONTROL STRTUS

;AND DATA FER REGI
; ADDRESS CONSOLE SWITCH REGISTER
;ADDRESS OF CONSOLE DISPLAY REGISTER

A\

RY'l??S?O
;PSW BIT RSSIGNHENTS
PRTYO=0

PRTY1=40
PRTY2=100

PR 3a

;PIRG BIT _RSSIGNMENTS
PIRO=0
PIR1=1000 N
PIE%EEOOO
PIR3=4000
PIR4=10000

AR A AR AR RN
832862823?3
-

D
~

:MACRO CALLS
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176742
177570
177570

177770

1767186

176674

MACYll 27(732)

ICNT

PIRVEC
SHReT:

BEGIN:

HO1

START

ICNT
8STKPTR, SP
OSTKPTR SP

Icm,a&oxs&nv
$400. 38SKR

.+10
J8SkR, JSUBREAK

§§§§§§§§%§§§°§

to: s
T1ST BPI
BR 108
TOA: POP2
HLT
BR 0
T0B: MOV 86,4
ER Tl

7-SEP-76 10:40 PAGE 10

PRSS COUNT

HIGH ( dNYSRREPT REQUEST REGISTER

s&m %NTE%P; EES'QEST INTER-
CLEM%?COWT

;INITIALIZE THE STACK PTR
IN%TIH.IZE THE PETQCK POINTER

ORITY=7
DISPLRY PRSS COUNT
Lom MICRO BRERK REGISTER

;LORD MICRO BRERK REG WITH SRO-7

: TEST THAT PROGRAM INTERRLP' REGISTER (PIRQ) cm BE ACCESSED
MOV TOR, 4 ;LORD ERROR TRAP VECTOR

;POP 2 WORDS OFF THE STRCK

s ERROR_CP FRILED TQ ACCESS PI
;LOOP TEST IF ERROR

;RESTORE ERROR TRAP

:G0 TO NEXT TEST

; TEST THAT PROGRAM INTERRUPT REGISTER CAN BE LORDED AND CLERRED (T1-T7)
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1112 Q1070
1114 81 75; 0OC340 176654

001122 012777 DQ%DOO 177852
o184

[ aad ol
-op-e

177632
177626

010701
002000 177&l2
017700 177606

002104

SREIINE PIEEAE

177572
177566

nrrn

Bs Bt Pa

[ oV = = ]
3
£
= ]
-

177552

004146

177832
177526

3 BEBERSRER EEBSRESRR BESRAS

g BAETEVENS
8

S
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Ti: SCOPE

T1R:

Te: SCOPE

TEA:

T3: SCOPE

T3R:

101

27-SEP-76 10:40 PAGE 1l

SPRTY7 . PSW
sPIRL, PI

oPihx+PIn;.R0
T1A

ggi.no

$PIR2,3P1
aPI.RD
sPIR2+P1A2,RO
Teh

aPl
aPI,RO
13

apxna Pl

Pl
apx§3+91n3 RO
T3A

3Pl
sPI,RO
T4

ssr PROCESSER PRIORITY=7
T PéR-
RRE ?UkESULT’

: INCORRECT RESULT

;:CLEAR PROGRAM INTERRUPT REGISTER
:GET RESULTS

;PIRG DID NOT CLEAR

;SET PIR=2
iGET RESULT
s CORRECT RESULT
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010701
0i2777 010000 177512
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020000
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0014 100000
177346

1003Se

177352

o4

88888
=330

177332
177326

88
&

001456

177777

177306
177356

177312

177270
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TS: SCOPE
MOV sPIRY, IPI
MOV IR
CMP sPIR4+PIR4, RO
BEQ T4A
HLT
TSA: CLR aPl
MOV aPI,RO
BEQ 1 I
HLT
15: SCOPE 9
MOV $FIRS, IPI
MOV api RO
CHP $PIRS+PIAS, RO
BEQ TSA
HLT
TSA: CLR 3Pl
MOV 1,RO
BEQ :
HLT
T UE wprRe.aPI
MOV apﬁo
CMP sPIRB+PIAE, RO
BEQ TeA
HLT
TBA: CLR aPl
MOV aPI,RO
BEQ 17
7. oeope
ngv $PIR7, IP1
MOV aF1,r
CMP sPIR7+PIA7,RO
BE 78
HL
T78: CLR Pl
MOV aPI,RO
BEG T10
HLT
- TEST THAT RESET CLEARS PIRQ
ti0: SCOPE :
MOV $-1,3P1 :SET ALL PIR BITS IN MSH AND
:PIA BITS = T0 7 IN LSH
MOV JP1,.RC :GET RESULT
CHP 8177000+PIA7,R0O ;DID ALL CORRECT BITS SET
BEG T10A
HLT
TIDA: RESET . :RESET
MOV aPI,RO :GET RESULT
BEG Til : HIF O ;
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D NOT CLEAR ALL BITS

000000 HLT RESET QID
;LOOP TEST IF RESET FAILS

14
le 000780 BR T10




LO1L
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-TEST THAT 0DD BYTE OF PIRQ CAN BE REFERENCED.
001520 010701 i SCOPE
B Loy ey e MR RFR dmgear
L ] )
001?33 122700 ,,‘SE 82, RO :DID ODD BYTE LOAD CORRECTLY
001540 001401 T1ia
001542 000000
001844 017700 177232 Ti1A: nov :GET PIRQ
83%2% .ggazm 001042 ggm ﬁéhmm,m : COMPARE WORD
0015%e ? :WORD FRILED
-TEST THAT EVEN BYTE BITS CANNOT BE °'PROGRAM’ SET.
001560 010701 t12:  scoPe
001862 00S077 177214 CLR aP1 :CLEAR PIRQ
001566 112777 177777 177206 MOVE  #-1,3PI :TRY TO SET EVEN BYTE BITS
isn mﬁoo 177202 52" ?'f;‘;'m :GET RESULT
128 %ooc% u.? :ERROR! PIRQ GOT LORDED
; :TEST THAT 'PIA’ BITS DECODE ONLY THE MOST SIGNIFICANT 'SET’ BIT
001604 010701 T13:  SCOPE
001606 012777 001000 177166 MOV $PIR1,3PI
001614 017700 177162 MOV JPI, RO
%i% oomwo 001042 gEnP sgséxwxn1,m
001626 woooﬁ HL :
001630 052777 177144 BIS $PIR2, IPI
001636 017700 177140 MOV JPI,R
001642 022700 003104 CMP sPIR1+PIR2+PIA2, RO
001646 001401 BE it
001650 HLT
001652 0S2777 004 177122 BIS $PIR3, AP
001660 017700 177116 MOV aPI, RO
001664 022700 007146 CMP sPIR1+PIR2+PIR3+PIA3, RO
001670 001401 BEQ it
001672 000000 HLT
001674 0S2777 010000 177100 BIS $PIRY, IPI
001702 017700 177074 MOV JPI,R
001706 022700 017210 CMP sPIR1+PIR2+PIR3+PIRY+PIAY, RO
001712 001401 - BEG@ L+
001714 0OOCOD HLT
001716 0S2777 020000 . 177056 BIS $PIRS, AP _
001724 017700 177052 MOV JPI,.R
001730 022700 037252 CMP $PIR]+PIR2+PIR3+PIRY+PIRS+PIAS, RO
001734 001401 BEQ L+
00173 000000 HLT
001740 0000 177034 BIS $PIRG, AP
001746 3?% 177030 MOV oPI, RO

— —————— e = =

i
|
{
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001752 022700 077314 CMP $PIR1+PIR2+PIR3+PIRY+PIRS+PIRE+FIAE , RO

001756 001401 BEQ .44

ooirso unumuun 1 177012 ELE $PIR7 . IPI

%1% Bgf;?ou 1%@ név aP§ RO

001774 022700 1773%S6 CHP 8P IR1+PIR24PIR3+PIR4+PIRS+PIRE+FIR7+PIA7 RO
0014 8E Ti4

802002 -T- HL
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000340 .
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;TEST THAT WHEN PROGRAM INTERRUPT OCCURS THAT IT | CORRECT
IF THE VECTOR IS INCORRECT PROGRAM WILL HALT ﬁ* ’HE INCORRECT VECTOR

:VECTOR.
: ADORESS +2.
TiN: SCOPE
MOV 8$T14R, PIRVEC
MOV SPRTY? SPIRLVL
MOV sPIR1,IPI
CLR PSi
NOP
HLT
BR T3
T14A:

-

ov -

D0ES S

;LOAD INTERRUPT VECTOR AND
;PRIORITY LEVEL
;REQUEST AN INTERRUPT AT LEVEL |

;ALLOW INTERRUPTS
INTERRUPT FRILED
:LOOP TEST

s INTE TS 70 TI4A

;CLEAR PIRQ

. TEST nm Psu csrs LOMEH WITH h-gc uo%Tr&ISumc §r£ VECTOR ADDRESS

: (VECTOR ADDRESS+2)

t1s:  SCOPE
MOV msn JPIRVEC
MOV $PRTY?, SPIRLVL
CLR PSW
MOV sPIR1,3PI
NOP
HLT -
BR T16

T15A: POP2
MOV PSW, RO
CMP sPRTYZ,RO
BEQ T16
HLT
MOV $PRTY?Z,P

; CLEAR PSW

;ERROR INTERRUPT FRILED

s TEST THAN AN INTERRUPY OCCURS IF INSTRUCTION FOLLOWING REQUEST

tie: o
MOV $STKPTR, SP
CLR aP1
MOV $T16R aPIRvec
MOV $PRTY?, QPIRLVL
MOV $PRTYY' PSd
MOV $PIRS, JP1
CLR aP1
HLT
BR 117

Ti6A: POP2
BR 117

: LOWERS gEOgEST LEVEL BELOW CURRENT PROCESSER STATUS LEVEL.

INInéRLIZE THE STACK POINTER
LORD INTERRUPT VECTOR

;AND STATUS

;SET PROCESSER STATUS EQUAL TO 4
s REQUEST INTERRUPT AT LEVEL S
;DISABLE REQUEST

;ERROR! PROGRAM DID NOT INTERRUPT
;GO TO NEXT TEST

;GO TO NEXT TEST

s TEST THAT IF THE INSTRUCTION FOLLOWING A REQUEST RAISES THE PROCESSER PRIORITY

I*l.

lSTKPTR SP
.Pé?ﬂ HPIRVEC
SsPRTYZ, PSH

223CeE

RBOVE THREPEF THE REQUEST THAT THE REQUEST STILL INTERRUPTS.

éEéTIﬂLIZE THE STRCK POINTER
LORD %NTERRUPT VECTOR
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MOV sPIR3, P!
MOV sPRTYS, PSU
NOP

T 120 ;ERROR! PROG. INT. NCT RCK.
Ti?&: POPZ
BR 120
C=20
D=2l
N=l

:TEST THAT WHEN THE PROCESSER PRIORITY LEVEL (1) IS EQUAL TO THE PROGRAM
'INTERRUS’(T: @EEOLEST LEVEL (1) THAT NO INTERRUPT OCCURS.

%

20 MOV $STKPTR, SP s INITIALIZE THE STACK POINTER
CLR 3Pl CLEAR PROGRAM I emw REGUEST REG.
MOV $T20A, JPIRVEC .Lono INTERRUPT VECTOR 3
”°‘v’ mm A e SSER STAT T0 |
nog sPIRI, ﬁp?" E&u g:fu RRUPT A VEL 1
=5 T2l

T20R: HLT : mgzwsc STATUS=REG-

UEST LEVEL=!

N=N+]
C=C+l

D=0+l
; TEST THAT WHEN THE PROCESSER PRIORITY LEVEL (2) IS EQUAL TO THE PROGRAM
: INTERRUPT REQUEST LEVEL (2) THAT NO INTERRUPT OCCURS.

ta1: SCOPE
MOV $STKPTR, SP s INITIALIZE THE STACK POINTER
CLR 3Pl :CLERR PROGRAM INTERRUPT REQUEST REG.
MOV 8T21R, IPIRVEC .Lono INTERRUPT VECTOR 8
MOV sPRTY?, SPIRLVL ;STATUS
MOV sPRTYZ PSW :SET PROCESSER STATUS EQUAL TC 2
:&y sPIRZ, OP1 :REQUEST INTERRUPT AT LEVEL 2
=H] 122 :GO0 TO NEXT TEST

T21R: HLT :PROGRAM INTERRUPTED.STATUS=REQ-
: : ‘UEST LEVEL=2. _
N=N+]

=C+]

=D+l
; TEST THAT WHEN THE PROCESSER PRIORITY LEVEL (3) IS EQUAL TO THE PROGRAM
INTERRI.IS’(T: &WST LEVEL (3) THAT NO INTERRUPT OCCURS.

te2
MOV $STKPTR, SP mnmuzs THE STACK POINTER
CLR Pl :CLEARR PROGRAM INTERRUPT REQUEST REG.
MOV 8T22R, IPIRVEC ,LORD INTERRUPT VECTOR 8

MOV sPRTY?, gpm.vx. .sm

MOV sPRTY3 :SET PROCESSER STATUS EGUAL TO 2
"‘uérv sPIR3, épx REQUEST INTERRUPT AT LEVEL 3
B8R 123 G0 TO NEXT TEST
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Te2R: HLT s PROGRAM INTERRUPTED.STATUS=RES-
sUEST LEVEL=3.

N=N+l
C=C+l

D=L+l
s TEST THAT WHEN THE PROCESSER PRIORITY LEVEL (4) IS EQUAL TO THE PROGRAM
: INTERRUPT o&QUEST LEVEL (4) THAT NO INTERRUPT OCCURS.

taa:
nov $STKPTR, SP s INITIALIZE THE STACK POINTER
Pl LEAR PROGRAM INTERRUPT REGUEST REG.
MOV 87231, IPIRVEC

Lono INTERRUPT VECTOR &
MOV ﬁtv& PIRLVL TUS

(n)
-
0

-e

STA

MOV :SET PROCESSER STATUS EGUAL TO
Nrg SPIRY, én :REQUEST INTERRUPT AT LEVEL 4
o8 T2Y :GO TO NEXT TEST
T23R: HLT ,Pnocam INTERRUPTED. STATUS=REG-
,LE LEWL-
N=N+]
c.c+1

s TEST TI-3=D T WHEN THE PROCESSER PRIORITY LEVEL (S) IS EQUAL TC THE PROGRAM
INTERR[{CT:OP]EEGEST LEVEL (5) THAT NO INTERRUPT OCCURS.

t24
MOV $STKPTR, SP .mmnuz: THE STACK POINTER
CLR Pl :CLEAR PROGRAM IN mwr REGUEST REG.
MOV . 8T24R, JPIRVEC .Lcao INTERRUPT VECTOR 8
MOV #PRTY?,2PIRLVL ;STATUS
MOV sPRTYS' PSW :SET PROCESSER STATUS EQUAL TO S
w #PIRS, oP1 REQUEST INTERRUPT AT LEVEL S
BR 125 G0 TO NEXT TEST

T24A: HLT :PROGRAM INTERRUPTED.STATUS=REQ-

:UEST LEVEL=S.

Nz=N+1

C=C+l

D=D+1
;TEST THAT WHEN THE PROCESSER PRIORITY LEVEL (B6) IS EQUAL TO THE PROGRAM
'NTERRLEEGI;EEMST LEVEL (6) THAT NO INTERRUPT OCCURS.

tes
MOV $STKPTR, SP :INITIALIZE THE STACK POINTER
CLR Pl :CLEAR PROGRAM I ERRLPT REQUEST REG.
MOV 8T25A, SPIRVEC Loan INTERRUPT VECTOR 3
MOV sPRTY?,9PIRLVL ;STATUS

MOV 8PRTYE PSK :SET PROCESSER STATUS EQUAL TO &
Nngg sPIRE, oP1 :REQUEST INTERRUPT AT LEVEL &
8R Tee :GO TO NEXT TEST
T25A: HLT :PROGRAM INTERRUPTED.STATUS=REG-
:UEST LEVEL=E.
N=N+1
=C+!
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D=D+1
TEST THAT u-cn THE PROCESSER PRIORITY LEVEL (7) IS EGUAL TO THE PROGRAM
:mmupr ogoussv LEVEL (7) THAT NO INTERRUPT OCCURS.
000500 nov 8STKPTR, SP : INITIALIZE ms STACK POINTER
176110 CLR 3P 'CLEAR PROGRAM INTERRUPT REGUEST REG.
002726 178108 MOV 8T2tA, JPIRVEC Loao INTERRUPT VECTOR
%:8 178102 MOV ePRTY?, aPmLVL :STATUS
1750e3 MOV sPRTY? :SET PROCESSER STATUS EQUAL 10 7
100000 178060 @ sPIR?, :m :REQUEST INTERRUPT AT LEVEL 7
B 127 :G0 TO NEXT TEST
T2eR: HWLT : PROGRAM xmmnwren STATUS=REG-
‘UEST LEVEL=
NzN+1
=C+l
D=D+l
2
-TEST THAT WHEN THE PROCESSER PRIORITY (1) IS GREATER THAN THE PROGRAM INT-
isg;ur 5 ST LEVEL (0) THAT NO INTERRUPT OCCURS.
i MOV aSTKPTR, 5P INTIALIZE THE STACK POINTER
176036 MOV 8T27A, JPIRVEC; :LOAD INTERRUPT VECTOR
EE B ENCES SR e e o
z%xé nngg sPIRO, 3P ' REQUEST msnnum H?
BR] T30 .co TO NEXT TEST
T278: MLT :ERROR PROGRAM INTERRUPTED WHEN
:STATUS=1, REQUEST LEVEL=0
C=C41
D=0+1
H=H+%
: TEST ma'v' 'u-tn THE PROCESSER PRIORITY (2) rs GREATER THAN THE PROGRAM INT-
; RRUPT gg&sr LEVEL (1) THAT NO INTERRUPT OCCURS.
o%;% T MOV $STKPTR, SP ,mmnuzs THE STACK POINTER
m CLR Pl :CLERR PIRG
175766 MOV $T30R, JPIRVEC; :LOAD Wsmm VECTOR
000333 178 MOV sPRTY?, JPIRLVL .nm STATUS
000100 17474 MOV sPRTY2' PSW :SET PROCESSER STATUS EQUAL TO 2
001000 175740 % sPIR1, 9PI :REQUEST INTERRUPT AT LEVEL 1
BR 131 :G0 TO NEXT TEST
T30R: HLT :ERROR PROGRAM INTERRUPTED WHEN
:STATUS=2, REQUEST LEVEL=l
C=C+l
D=D+]
M=M+]
=N+
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MAINDEC-11-DCKBN-C PROG INT RGST LOGIC MACYLl 27(732) 27-SEP-76 10:40 PRSGE 20
DBKBNC.PLI

:TEST THAT WHEN THE PROCESSER PRIORITY (3) IS GREATER THAN THE PROGRAM INT-
:ERRUPT REQUEST LEVEL (2) THAT NO INTERRUPT OCCURS.

@g ﬁ@é 902308 o 5‘8_2“ $3TKPTR, SP INITIALTZE THE STROK POINTER

003062 012777 003116 175716 MOV $T31A amw:c LOFD mmwr VECTOR
oosorom u{a ? ooo:mg i"m’i’%é :83 &Brvg P RV SSER STAT UAL T0 3
%3{‘1’2 7 %gooo 175670 ngg sPIR2, 39?” Efu'?cfn?E 3? LEVEL 2
003114 000N0! BR 132 :60 TO NEXT TEST
00311s 000000 T31R: HLT :ERROR PROGRAM INTERRUPTED WHEN
:STATUS=3, REQUEST LEVEL=2
000032
000033
000003
000004
THE PROCESSER PRIORITY (4) IS GREATER THAN THE PROGPAM INT-
LEVEL (3) THAT NO INTERRUPT OCCURS.
003120 010701
waiae 012706 gmm ,SP : cffa&“ﬁxﬁg THE STACK POINTER
;%% 00?39;; .m Y’vmy&t& : 0RD I uﬁwr VECTOR
003146 31557: gu ‘"'9 gaocgsen STATUS EQUAL TO 4
%ig 012777 "ng'y mna ﬁn nzouzsr INTERRUPT AT LEVEL 2
003164 cn:u-cD munx BR 133 :G0 TO NEXT TEST
00318k 000000 T32R: HLT : ERROR Pnocnm msnmm:o WHEN
:STATUS=4, REQUEST LEVEL=3
000033 C=C+l
000034 D=D+1
000004 n:nﬂ
00000S N=N+1
:TEST THAT WHEN THE PROCESSER PRIORITY (S) IS GREATER THAN THE PROGRAM INT-
%31;2 8‘ *gamT gESgLPEST LEVEL (4) THAT NO INTERRUPT OCCURS.
1 1 v osmm SP xumn.xzs THE STACK PCINTER
P W g e T e
16 Di5777 000348 178573 Hov .98?% PR
003216 012767 000240 174552 MOV sPRTYS' P?H sssn STAT Em ro 5
noazexg 0! 010000 175880 "n8¥ sPIRY, OF nzu NTERRUPT AT LEVEL 4
38335332 nooo&la T33A Er e EoROR Pnomm' ROGRAN 1 NTERRUPTED WHEN
- : 5%:5 REQLEST LEVEL=4
000034 C=C+]
000035 D=D+1
00000% M=M+ ]
000006 N=N+1 .
:TEST THAT WHEN THE PROCESSER PRIORITY (&) IS GRERTER THAN THE PROGRAM INT-
:ERRUPT REQUEST LEVEL (5) THAT NO INTERRUPT OCCURS.
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Bius Blerhd
003246 005077

i

O
—
§

EEEE o

00CS00
175530

040000

MRINDEC-11-DCkBN-C PROG INT RQ@ST LOGIC MACYLl 27(732)
DBKBNC.PLL

i

{72
17450¢
178800

175456
1754
17494
178430

FO2

T3u:

v 8STKPTR, SP
°L3 c‘lqn JPIRVEC
v TY?,JgIRLVf.
MOV $PRTYE . PSW
MOV $PIRS, aP1
NOP
R T35
T34R: HLT
C=C+1
D=D+1
n—m
TEST n-m N
"'E T LEVEL (6) THA
'ras.
no TKPTR, SP
% nzlisn PIRVEC:
ngv anTv? g;unx.vf.
')
MOV sPIRb éPI
NOP
BR T3%
T3GA: HLT
=C+]
D=D+1
M=M+1
N=N+!|

THE PROCESSERTP%ORITY (7)1

27-SEP-76 10:40 PAGE 21

s INITIALIZE THE STACK POINTER
: CLEAR %Sﬂ
*N ERRUPT VECTOR

ihie s
iSET PROCESSER STATUS EQUAL TO &
sREQUEST INTERRUPT ﬂT LEVEL S

;G0 _TO NEXT TEST
:ERROR P

INTERRUPTED WHEN
:STATUS=6, REQUEST LEVEL=S

GREATER THAN THE PROGRAM INT-
INTERRUPT OCCURS.

&_g nﬁ“ﬁff‘ THE STACK POINTER
: LOAD xgrsmr VECTOR

?E? SER STATUS EQUAL TO 7
:REQUEST INTERRUPT AT LEVEL &

0
chOQ P GRRH INTERRUPTED WHEN
:STATUS=7, REQUEST LEVEL=E
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m:roec
DBKBNC.P

-DCKBN-C PROG INT RGST LOGIC

003S1e

003534
003c42
003c4e

002SE0

=

3

F oW i

&

= ]
>
S
o
»-a

000500
003546
006700
004000

175406
1754

175360

17533&

17'4312
175310

175266

7526e
174242
175240

MRCYL1L 27(732)

=
: TEST THAT WHEN

e g

T3BR: BR

; TEST THAT WHEN
SRRUPT RE%ST

HL
T37R: BR

N=N+l
M=M+1

D=D+1

[ERRLPT REaleST

T40R: BR

N=N+1
M=M+]
C=C+]
D=D+]
;TEST THAT WHEN

ts1:

GO2 ’

27-SEP-76 10:40 PRGE 22

THE PROCESSER PRIORITY (0) IS LESS THAN THE PROGRAM INT-
LEVEL(1) THAT AN INTERRUPT OCCURS.

$STKPTR, SP mmnuz: THE STACK POINTER
aPI :CLEAR PIRG

8T36A,JPIRVEC  ;LOAD INTERRUPT VECTOR
sPRTY?, QPIRLVL ; 1A g

8PRTYO PSW :SE 3aoc SER STATUS=0
sPIR1, JPI ‘REQUEST INTERRUPT AT LEVEL!

;ERROR! PROGRAM FAILED TO INTERRUPT
137 iG TO NEXT TEST

THE _PROCESSER PRIQRITY (1) IS LESS THAN THE PROGRAM INT-
(EVeL (25 ThAT AN INTERRUPT OCCORS.

#STKPTR, SP TI%ISE THE STACK POINTER

o el

8T37R, JPIRVEC IN ERR!.PT VECTOR

$PRTY?, SPIRLVL 'nm STATUS

8PRTY1 PSU SET PROCESSER STATUS=1

$PIR2, 9PI neusr INTERRUPT AT LEVELE
:ERROR! PROGRAM FAILED TO INTERRUPT

T40 :GO TO NEXT TEST

THE Pnoce§§n anonpw% (x)gchsgs THAN THE PROGRAM INT-

T LEVEL(3) THAT AN INTE

osn(m sp ;mmmpxzz THE STACK POINTER
:CLEAR PIRG

mm JPIRVEC  :LOAD INTERRUPT VECTOR

OPRTY? apm.w. m% 3ﬁ0 us

$PRTY :SE CESSER STATUS=2

s$PIR3, M :REQUEST INTERRUPT AT LEVEL3
:ERROR! PROGRAM FAILED TO INTERRUPT

™1 :GO TO NEXT TEST

THE PROCESSER PRIORITY (3) IS LESS THAN THE PROGRAM INT-

: ERRUPT EESLPJEEST LEVEL(4) “THAT AN INTERRUPT OCCURS.
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MAINDEC-11-DCKBN-C PROG INT RQST LOGIC
DBKBNC.FLL

003552 mams 000500
003%%E 1 1752.120

S% S63348 173813
003576 012757 000140 174172
003604 012777 010000 175170
003612 000240
003614 000000
00361e 000400

000004

000008

000042

000043
003620 010701
003622 012706 000500
003626 00S077 175150
003632 012777 003666 175146
003640 012777 000340 175142
003646 012767 000200 174122
003es4 012777 020000 175120
003662 000240
003664 000000
003666 000400

000005

000006

0000423
003870 010701
003672 012706
003:76 005077 175100

012777 003736 175076
Rl Her B e
003724 313777 0000 175050
003732 000240
003724 000000
002736 000400

000008

000007

000044

000045
B03742 Dlo706 0ODSO0
003746 005077 175030
203788 Disr7r 000395 |reoee
S03ee Ois7er o003 78

MACYL1 27(732)

TH1A:

; TEST THAT WHEN
: ERRUPT EEQEEST

tyz:

T42RA:

; TEST THAT WHEN
:ERRUPT REggEST

ta3:

TH3A:

; TEST THAT
ERRUPT REQUEST
SCOPE

tuy

D=D+1

N=N+1
M=M+1
C=C+l
D=D+!

CLR

N=N+]
M=M+1
C=C+]
D=D+1

MOV
CLR

HOV
MOV

HHEN

HO2

27-SEP-76 10:40 PAGE 23

8STKPTR, SP ;INITIALIZE THE STACK POINTER
2$5 A, JPIRVEC cbggn nrsgaupr VECTOR
GoIITREGL  TRROSTATG
0PRTY3 PSU :SET Pnocesssn STATUS=3
sPIRY, JPI :REQUEST INTERRUPT AT LEVELY
:ERROR! PROGRAM FAILED TO INTERRUPT
T42 :GO TO NEXT TEST

THE PROCESSER PRIORITY (4) IS LESS THAN THE PROGRAM INT-
LEVEL(S) THAT AN INTERRUPT OCCURS.

$STKPTR, SP mx'rmuzz THE STACK POINTER

aP1 :CLEAR PIRG

$T42A, IPIRVEC Lono mrsnnwr VECTOR

$PRTY?, 9P IRLVL STATUS

$PRTYY PS ssr PROCESSER STATUS=4

$PIRS, oPI :REQUEST INTERRUPT AT LEVELS
:ERROR! PROGRAM FAILED TO INTERRUPT

43 G0 TO NEXT TEST

THE PROCESSER PRIORITY (5) IS LESS THAN THE PROGRAM INT-
LEVEL(B) THAT AN INTERRUPT OCCLRS.
$STKPTR, SP mnmuzs THE STACK POINTER
o1 :CLEAR PIRG
$T43R, SPIRVEC Lom mrzmm VECTOR
:FE%% gpsﬁm" SSER STATUS=S
sPIRG, JP1 %usrcfnrzmr AT LEVELS
:ERROR! PROGRAM FAILED TO INTERRUPT
44 :G0 TO NEXT TEST

THE PROCESSER xonm () IS LESS THAN THE PROGRAM INT-
LEVEL(7) THAT AN INTERRUPT OCCURS.

g}xm ,SP : éuT “HZE THE STACK POINTER

8$T44A, IPIRVEC :Lono xmsnnm VECTOR

SPRTY? @PIRLVL

S$PRTYE, PS .gg? CESSER STATUS=6




MAINDEC-11-DCKBN-C PROG INT RQST LOGIC
DEKBNC. P11
003774 012777 100000 175000
00002 000240
5540 338583
000007
000010
0000HS
000046
Beie gy o=
004016 012767 000340 173752
004024 Q19777 177777 174780
004032 012777 004056 174746
004040 012777 000340 174742
004046 00S067 173724
» 004052 000000
004054 000SBE
004056 012700 100000
. 00N0B2 022777 177356 174712
B em
| 864178
| 004112 00SO067 173660
| 004116 000000
| BE B O
: 004132 001401
i 004134 000000
| 004136 (042777 (040000 174636
Q04144 DiZ7r7 Opilez 174E3
D04184 ORcOE? 173816
| 004160 000000
!
004162
| DOd1EE 025797 D59929  17ueos
| 004174 001401
| 004208 020000 174574
| ge&:& 012777 004224 174572
! 515 355052529 173554
| 004222 000000
|
1
| 00453 02577 017208 174suy
| Co4236 001401
l 004240 000000
. 004242 042777 010000 174532

MRCYL1 27(732)
MOV
NOP

ghT
N=N+l
M=M+]

C=C+l
D=D+1

: TEST THAT PIRG

: IS DECRERSED.
$4E:

TH4A:

LEVEL?:

LEVELSG:

LEVELS: Bl

LEVELY:

102

27-SEP-76 10:40 PAGE 24

sPIR7,3PI ;REQUEST INTERRUPT AT LEVEL?
; ERROR! GRAM_FARILED TO INTERRUPT
T4S ;EO ?8 NE§9 TEST

REQUESTS AN INTERRUPT AT EACH LEVEL AS THE REQUEST LEVEL
_,Brxpm,sp : INITIALIZE STACK POINTER
$PRTY?, PSW :LOCK OUT mrmuprs
s-1,20} *REQUEST AN INTERRUPT AT ALL LEVELS
sLEVEL?,JPIRVEC ;LORD INT. RQST. VECTOR
$PRTYZ,OPIRLVL ;AND 'NEW’ STATUS
PSW ‘ALLOW INTERRUPTS AT ALL LEVELS
snnon- NO INTERRUPT
TYSEX :EXIT TEST
$PIR7, %0 -SET INDICATOR BIT IN RO

cP:R?LpIRs+PIns+bx§q+nga+PIRa+Pxn1+Pxn7 aPI

NCO%REC PIRG

s DELETE REOUEST AT LEVEL 7

;SET UP F L%VEL & REQUEST

RESTORE THE STACK

;ALLOW INTERRUPTS

;ERROR! NO INTERRUPT
:SET INDICATOR BIT

OPIRB‘PIRS+PIRQ+¢{R3+P&82+PIRI+PIR6 aPl

;ERROR! INCORRECT PIRQ

sPIR
usvsl’.s,apxnvsc
PSW

$PIRG, 3PI :DELETE LEVEL & REQUEST
$LEVELS, JPIRVEC ;SET UP FOR LEVEL S REQUEST
:RESTORE THE STACK
PSH *ALLOW INTERRUPTS
:ERROR! NO INTERRUPT
ICATOR BIT
lPIRS#P?RH#IR&PssE#z 1+PIRS¢3PI
ERROR' INCORRECT PIRG
:fésgl’.ﬂpmvsc 10ELETE %EVEL 5:"‘3“52&;57
! %srons ?f:"g nE
PSW ALLOW INTERRUPTS
ERROR' NO INTERRUPT
NDICATOR BIT
¥R4$99R3+91R2+P551+ mu aP?“
.44 PIRG CORRECT?

; IS
ERROR' INCORRECT PIRQ

sPIRY,3PI ;DELETE LEVEL 4 REQUEST




MRINDEC-11-DCKBN-C PROG

DBxBNC.PLL

O0uges
004

004530

uy
o

INT RGST LOGIC

004266
173812

004000
007146

304330

173450
002000
003104
002000
004272
173406

001000
001042

174364
173354
177000

174530

174502

174470
174466

174440

174426
1749424

174376

Joz2

27-SEP-76 10:40 PAGE 2S

MARCY11l 27(732)

MOV $LEVEL3, JPIRVEC ; SET &rgn LEVEL 3 REQUEST

POP2

CLR PSW :ALLOW INTERRUPTS

HLT :ERROR! NO INTERRUPT
LEVEL3: BIS tPIR .SET xrmcmon BIT

CMP cPIR3¥PIRE+PIR1+¢IR3

BEQ Pmo comscv

HLT 5 NCORRECT PIRQ

BIC Pl E e#srs stsu. 3 REQUEST

MOV SLEV La,apmvec R LEVEL 2 REQUEST

POP2 nssrons m: STACK

CLR PSW :ALLOM INTERRUPTS

HLT :ERROR! NO INTERRUPT
LEVEL2: BIS $PIR2, %0 :SET INDICATOR BIT

CMP sPIRS4PIR1+PIAR, IP]

BEG L+ : 1S PIRG CORRECT?

HLT :ERROR! INCORRECT PIRQ

BIC $PIR2, IPI :DELETE LEVEL 2 REQUEST

MOV sLEVEL1,JPIRVEC :SET UP FOR LEVEL 1 REQUEST

POP2 :RESTORE THE STACK

CLR PSW :ALLOM INTERRUPTS

HLT :ERROR! NO INTERRUPT
LEVEL1: BIS $PIR1,%0 :SET INDICATOR BIT

CMP opmmmx aP1

BEQ :1S PIRG CORRECT?

216;2 : ERROR! mconascr PIRG

&L_S ggﬁ cém%no&m INT.RQST.REG.

ggng ogruou,xn :WERE ALL LEVELS SERVICED

HLT :ERROR! A LEVEL(S) NOT SERVICED

sMISSINGBIT(S) GIVE LEVEL MISSED

TYSEX: _NOP
s CHECK THAT PROGRAM INTERRUPT REQUEST TAKE PRECEDENCE

:OVER BUS INTERRUPT (TTY)

T46:  SCOPE
MOV :srxrrn %6
%‘\7 JPIRVEC
MOV q?“ﬁ aPIRLVL
MOV maa S8TPVEC
MOV $PRTYS, a8 TPVEC+2
MOV 100, J4TPCSR
MOV sPIRY, IPI
CLR JsPSu’
NOP
HLT

THEA: BR .+4

TYEB: HLT
CLR P
CLR 28TPCSR

oD
B—1—p
o
hr
s
-
-
m
M
',_.
\l

: RQ_INT_VECTO
;ASSUME PRIORITY EVEL 4 ON INTERRUPT
;LOAD TTY PRINTER INTERRUPT

;SET IE BIT
:REQUEST INTERRUPT AT LEVEL 4
:ALLOW PIR@ INTERRUPT

;ERRORINQ INTERRUPT
:BRANCH OVER HALT WHEN PIRG INTERRUPTS
:ERROR! TTY INTERRUPTED




HHINDEC 11-DCKBN-C PROG

012737
010701

000237
815737

00s037
012777

INT RQST LOGIC

000066

8553
REFE

§§5 33
ST

000042

0000&4

000020

174214
174210
174174

174142
000030

001000

172660

MACYLl 27(732)

T47:

T47R:
T478:

END:

DONE :

ENDRD:

18:

DONEL:

KO2

27-SEP-76 10:40 PAGE 26
$TPVEC+2, 38TPVEC

;SET PRIORIT;RLEVEL =7

15
a?qm absmvsc 5m Eﬁ? TRAP VECTOR
IBEMTVEC+2 ns SUME PRIORITY LEVEL O AFTER EMT
87478, JPIRVEC  :LOAD Pma INTERRUPT VECTOR
SPRTY?.JPIRLVL :ASSUME PRIORITY LEVEL 7 RTER INT
$PIRY, JP1 goox xmsmt RGST AT LEVEL
RAP ASUME LEVEL 0

AFTER TRRP
sERROR! FAILED TO TRAP
:ERROR! PIRG INT. FRAILED AFTER EMT

cmm, (B)+ :CHECK RETURN PC ON THE STACK
: :ERROR! INCORRECT PC ON THE STACK
(w : :CHECK STATUS ON STACK

;ERROR! INCORRECT STRTUS ON STRCK
aPl1 :CLEAR INTERRUPT REQUEST
PIRLVL I,.JPIIWEC :RESTORE INT VECTOR

JPIRLV
SEMTVEC+2, JsEMTVEC

ICNT : INCREMENT THE PASS COUNTER
ICNT, #1000
DONE
BEGIN :RESTART THE TEST
87, TPBUF :RING THE BELL
TPCSR g% FOR BELL TO
awa % :GET DECTAPE MONITOR RETURN ADDRESS
DONE | :D0 NOT RETURN IF (42)=0
7,(2) zgllm TO DECTAPE MONITOR
: OVERLAY
: AREA
RY, = (SP)
RY4
#-1,RY
RY4
1§
(SP)+ R4
START'
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MAINDEC-11-DCKBN-C PROG INT RQST LOGIC MACYLll 27(732)

DBKBNC.PLL
geeIN | BBt
5] = 000046
DISPLA= 177570
DONE 004700
DONE1 004750
EMTVEC= 000030
004660
ENDRD 004722
C= 000004
HLT = 000000
IONT 001000

I0TVEC=

LEVEL] 004372
LEVELZ 004330
LEVEL3 004266
LEVELY 004224
LEVELS DO41862
LEVELE 004120
VEL7? 004056
“ = 000010
N = 000007
PC =%000007
PFVEC = 000024
FI 001002
PIRC = 000000
PIAL = 000042
PIAZ2 = 0OCIOM4
PIAZ = 00016
Pl = 000210
PIARSE = D002S2

1103
604

619s
725
BY7#
9SS
6208
728
3428
358

CROSS REFERENCE TRBLE -- USER SYMBOLS

g2l

1097%

391
467

Se2
77¢2

1053
1100%

27-SEP-76 10:40 PAGE 28

E3ts
743
8eEs

6378
742
§538

LO2

638
75748
870

638
75Es
870

1025

6538
761
g8Ss

ES4s
761
gebs

409
NEa

1002
1086

777%
884s

gScs
7608
B6b#

394
429
463
S2l#%
608%
714%
B37%
S4E %
1028%

£S5
775%
887

6SS

7768
887

Sls
e
BiS

1007
1087

779
887

655
870

395
Y33%
481
See
Blox

729%
B4Yl#*

959#
1035

65708
779
902
6718
779
9038

4el
S0l
b3e
863
1012
1090

795%
SOls

6638
7784
BE3s

399
434
488*
S27%
625S*
733%
B57%
963%
1038*

‘439
Yg

672
7938
904

672
7948
304

797
04

672

779
887

-400

9%
ces8

b29*
747%

861x

978%
1046 .

£878
797
319

£88s
797
3208

gi3s
918%

6864
7964
900s

40S*
440

430

E3c*
EYo*
751%
B74%

986
1049%

689
glis
92!

589
8lcs
%l

437
S19

914
1027

7043
gls
S2&s

705s
815
9378

443
525

931
1032

g3ls
3353

703%
814s
9178




————— e S —— .~ —

MAINDEC-11-DCKBN-C PROG INT RQST LOGIC MACYll 27(732)

DBKBNC.P11 CROSS REFERENCE TABLE -- USER SYMBOLS
PIRE = 0OC314 c07% 441 529 935
PIR? = 0003SE c0es 452 4E5 S34
PIH 0C1004 3578 476% 477

PIRLVL 001010 3598 SHY* SEe# S576%

743 7b7% 785#% 8O3
980% 1063* 1083% 1095
PIRVEC 001006 3588 S43# S57% S75#
748% 7bb* 784#% 1802*

PIRC = 000000 1928 733
FIRlI = 001000 193s 383 385 482
PIRI1O = 100000 gggl e e -
PIRe = 002000 1348 394 3% 503
- 986 935 100S 1015
PIR3 = DO400C 19Ss 40S 407 S09
986 935 1005 1015
PIRY = 010000 196

PIRE = 040000 1988 439 441 527
PIR? 2 1odomD = 8 =
PRTYQ = 000000 18ls 880

PRTY]1 = 000040 1828 611 732 877
PRTY1D= 000340 1898

PRTY2 = 000100 1838 5% 28

PRTYZ = 000140 189 599 B4 768
PRTYY = 000200 18Ss g77 =yt 786
pEiEt B OB »
PRTY? = 0O0340 1888 594

Rl =%0000C1 1498
Rz =%000002 1S0s
ga :;000004 igé: 1113 1114%# 1115#
RS =%00000S 1538
SCOPE = 010701 708 381 39; 404
s7¢e c8 . 606
163& 799 817 835
SP =7.00000& 1548 3b1# 362# 573+

746# 7e4# 782# 800+
975+ 1113% 1118

27-SEP-76 10:40 PAGE 29

386

S9l#
g21*
1096%
S90*
g20*
1019=

497
386

S0S

1116%
41
g2
855

Seg#
Blo#*

MO2

610%
B39%

609*

838*
1029%

SbS#

1118+

427
640
872

B07#
83t#*

b27%
859#

E2b#*
858+
1033#%

S0S
100S

43
6S
889

ba4#
856+

BY4#
B76%

443
674
306

B4l*

g73x% -

E61#%
893*

B0
B89ox
1082%

. 517
1025

523
S34
663
680
g46
986
1010

461
83l
923

eS8
830*

£§78#
910%

E77%
1095*

523
1035

534
8393
805
823

3e6
989
1020

1001 *

Hill%
YE4*
Ell

475
708
340

E75#
307#

635*
927%

B34
926%
B
629
b4t
912
329
934

1030

610
g2l

Sq4x
1011%

418%
clb*

487
7e?
957

532%
£

712%
44

711%
943#
S34
1045
789
787

986

1040

627
833

Ell*
1021#

‘419
H469*
817

3 B3k

i

731%
3El#

730%
9e0#
S45

878
83s
935
935
938
1048

E44
840

6c8#
1031#
423

477%
S22#

Sug
783
1077

728+
3C8»




MRINDEC-11-DCxBN-C PROG INT RQST LOGIC MACYLI 27(732)
CROSS REFERENCE TRBLE ~-- USER SYMBOLS

OBxBNC.PLL

2 %,

7S
§gﬂ s ] 178s
BITVE= 14 160s
oo = | 4 %;E:

=

TPVEC = émos« 16Ss
rePiecs o i
! @%ﬂ S
T 1105 7e
Tl 00111 377
TiA 001144 386
W ope  F
Til 00 1?20 470
TIIA  DOISW 479
Tig 0O1S&0 483
Ti3 001604 491
T18 002004 £35S
T1448 002042 543
TiS 002056 CSEs
TISA 002114 557
T1& 002140 563
T16A 002212 §75
T17 002216 581
Ti74 002 590
T2 001160 390
T2A 001204 397
T20 002300 £97
T20R 002346 609
T21 002350 bl4
T21R 002416 6528
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