= BRI




r—

. 4Q0N.
SEn3ER.P

eh-oPp-ohaPp oPpaPpapPp op o

Fudo—= € 300D - MCP SN £ Cadlrge < D 00D - JIFUN L. GUTY

wiuhatue

"R»\I' aTv3e!

DEKSEA. MAN

BO1

2C-5EP-TS 13:18 PRGE €

MYl 27(857) PRGE |
.REM &
JOENTIFICRTION
PRCOUCT CJDE: MRINDEC-11-DEKBE-B-D
PRODUCT NRME: PDP-11/70 MEMORY MANAGEMENT CIAGNOSTIC
ORTE CRERTED: 21-JUL-7S
MRINTARINER: CIRGNCSTIC ENGINEERING
RUTHCR: DRLE A. ROECGER

THE INFORMATION IN "HIS JOCUMENT IS SUBJECT TO CHANGE WITHOUT ﬂCTICE
AND SHOULD NCT BE CONSTRUED AS R COMMITMENT BY CIGITAL EQUIPMENT
cORPORATION. CIGITAL EQUIPMENT CORPORRTION RSSUMES NO RESFONSIBILITY
FOR ANY ERRORS THAT MAY RFPERR IN THIS MANURL.

THE SOFTWARE DESCRIBED IN THIS DOCUMENT IS FURNISHED T0 THE PURCHASER
UNCER R LICENSE FOR USE ON A SINGLE COMPUTER SYSTEM AND CAN BE COPIED
(WITH INCLUSION OF DIGITAL’'S COPYRIGHT NOTICE: CNLY FOR USE IN SUCH
SYSTEM, EXCEPT RS MAY UTHERWISE BE PRCVIDED IN WRITING BY DIGITAL.

OIGITAL EQUIPMENT EGQUIPMENT CORPCRATION ASSUMES NQ RESPCONSIBILITY FOR
E?&%QE&LITY JF ITS SOFTARRE CN EQUIPMENT THNT IS NOT SUPPLIED BY |

COFYRIGHT (. 1975 By DISIVAL EQUIPMENT CCRFORRTICON

THE USE CR




JSRIN.
OENBEB.PI!

48
49
5
82
83
54
-
S,
=
S
)

b

S
3
2

N
&2
&3

16T

Lot 9 ]

SBBYRRLENL8BBURR 2O BB Yol Piint

[ 217

MRCYLL! 2T T3

20-SEP-T8

.MRIN.
DEKSER.

13:18 PRGE 3

HHCYII 27 (857)

1)

4)

S)

b)

7)

8)

9

COl1

PRGE 2

TRBLE OF CONTENTS
RBSTRACT

EQUIPMENT
STORAGE
PRELIMINARY PROGRAMS

LORDING PROCEDURE

3.1 METHOD
STARTING PROCEDURE

STARTING ADDRESSES
PROGRAM AND OPERAIOR ACTION
SPECIAL STARTING PROCEDURE

OPERATING PROCEDURE
QPERATIONAL SNITCH SETTINGS
SUB-RQUTINE ABSTRACTS
PROGRAM AND OPERQTOR RCTICN

2.1
2.8
2.3

5.1
4.2
4.3

.1
S.2
.3

ERRCR HRLTS ANDC DESCRIPTION
ERROR RECOVERY
SAMPLE ERROR MESSAGES

RESTRICTIONS

7.1 STRRTING RESTRI
7.2 OPERATING RESTRIC

MISCELLANEQUS

EXECTUION TIME
SOME IDERS ON HOW TQ GET MORE FROM THE PROGRRM
ROM STATE DESCRIPTIONS

PROGRAM DESCRIPTION

5.1
6.2
.3

CTIONS
ICTIONS

8.1
8.2
8.3

- — - - -




DOl

JAIN. MASYID 27i732) 20-SEP-TH 13:18 PAGE 4

DEKBEB.P11 _
191 MAIN. MACYLl 27(657) PAGE 3 .
igg DEKSER. MAN
108
182 1. ASSTRACT
103
189 THIS PROGRAM WILL TEST ALL OF THE MEMORY MANARGEMENT LOGIC AND
109 ENABLE THE FIELD SERVICE REPRESENTATIVE TO ISOLATE THE DETECTEC
ksl FRILURES TO A REPLACABLE MODULE. IT IS ASSUMED THAT BOTH THE
11 CPU PND THE CACHE MAVE BEEN TESTED, OR ARE KNOWN TO BE
113 FUNCTIONING CORRECTLY, AND THAT THE PROGRAM IS STRRTED FROM
1.3 AJDRESS 200. THIS WI(L PROVIDE THE ERRLIEST DETECTICN OF
P14 MEMORY MANRGEMENT RELATED ERRORS AND ENABLE LOGPING ON THE
115 ERROR INVOLVING MINIMUM LOGIC. THIS PROGRAM MAY ALSO EXPJSE
11 FAULTS THAT ARE ON THE INTERFACE BETWEEN MEMORY MANRGEMENT AND
iiz OTHER SECTIONS OF THE COMPUTER.

&
118 THIS PROGRAM HAS BEEN SEGMENTED IN THE FOLLOWING WAY:
123 ALL DATA TRBLES, ERROR MESSAGES, AND SUBROUTINES RESIDE
128 IN LOW CORE (VIATUAL PAGES D 8 | IE. ARDORESSES 001100
132 THRU 037776). RIGHT NOW THE END OF THE SUBROUTINES IS
123 AROUND 025000, SO THERE 1S5 SOME ROOM FOR FUTURE EXPANSION.
134 THE TEST CODE STARTS AT VIRTUAL PAGE 2 (RDDRESS O40000)
125 AND EXPANDS TCWARD PRGE + (ADDRESS 100000). THE END CF THE
1256 PROGRAM 1S NOW RROUND RDORESS 074000, SO MODIFICAT.ONS CAN
igg BE MADE WITHOUT RE-SEGMENTING THE PROGRAM.
129 THE REASON FOR THIS SEGMENTATICN IS TWO-FOLD, FIRST IT
133 ENABLES THE OPERATOR TO TELL FROM THE ADDRESS LIGHTS EXACTLY
13! WHERE THE PROCSAM HAS MALTED OR "HUNG-UP=. THAT IS, CID IT
132 HALT IN THE ERROR ROUTINE OR IN R TRAP ROUTINE BECR(SE OF &
133 CONDITION IMPOSSIBLE TO RECOVER FROM (ON PRGE O OR 1), IR DID
1 IT GET “HUNG-UP™ IN THE TEST COCE ON PRGE 2 OR 3.
135 . THE OTHER REASON IS THAT CERTAIN MEMORY MANARGEMENT FUNCTIONS
136 LOCK UP THE VIRTUAL PC OF THE INSTRUCTION AND THE PROGRAM, IN
137 CRDER TO OPERATE PROPERLY. MUST KNOW WHERE IT IS AT ALL TIMES.
138 IT SEEMS MUCH SIMPLER FOR THE CODE TO STRRT AT A PREDETERMINED
139 BOUNDARY SO THAT IF THE MESSAGES CHANGE OR A NEW SUBROUTINE IS
§3§ ADDED THE PAGE THAT THE CCDE IS ON WILL REMAIN THE SAME.
142 : EACH TEST WILL SET THE LCOP ON ERROR POINTER (SLPERR) TO THE
143 MINIMUM NECESSARY SETUP CODE, IF ANY. FOR THE FUNCTION UNDER
144 TEST. R SYNCHRONIZATION INSYRUCTION' (NOP) IS PROVIDED BEFORE
145 THE INSTRUCTION(S) THAT TEST(S) EACH NEW FUNCTION. THIS WILL
148 ENABLE THE FIELD SERVICE REPRESENTATIVE TO UTILIZE THE MICRO
147 BREAK REGISTER TO GENERATE AN “EXTERNAL SYNC™ PULSE ON THE BARCK
;zg PLANE FOR BETTER PULSE RESOLUTION.
159 SECTION 8.2 OF THIS DOCUMENT CONTAINS SOME IDERS THAT I HAD
151 WHEN 1 WAS WRITING THIS PROGRAM ON HOW TO EFFECTIVELY UTILIZE
1€2 IT 70 MAKE FAULT ISOLATION ERSIER. IF THESE IDERS ARE
183 NOT CORRECT OR NEED TO BE EXPANDED TO PRIVIDE MJRE INFORMATION
184 PLEASE WRITE DOWN YOUR SUGGESTIONS aND FCRWARD THEM TO THE
?EE DIAGNOSTIC DEPARTMENT.
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166
167
168 e. REQUIREMENTS
1 L
af
171 e.l EQUIPMENT
172 THE BRSIC POP-11/70 COMPUTER, INCLUDING AN OPERATING CPU, CACHE,
173 AND MEMORY. AN LA-30 OR EGUIVALENT DEVICE 1S ALSO NEEDED FOR
%Lg ERROR MESSAGES, AND END OF PASS REPORTS.
af
176 2.2 STORAGE
177 THIS PROGRAM REQUIRES 16K OF MEMORY TO LORD AND AT LERST 20K
178 OF MEMORY TO RUN IN. IT WILL SCAN MEMORY FROM 18K TO 124K ON 2K
igg BOUNDARIES, AND FROM 120K TO THE SIZE JUMPERS ON BK BOUNDARIES.
181 2.3 PRELIMINARY PROGRAMS
182 THE CPU AND CACHE DIAGNOSTICS SHOULD BE RUN BEFORE THIS PROGRAM.
183 MAIN MEMORY SHOULD BE SCANNED FOR AT LERST THE FIRST 28K TO SEE
ig; THRT Q@ TR0GRAM WILL EXECUTE CORRECTLY BEFORE ANY PROGRAM IS RUN.
186
187 3. LORDING PROCEDURE
s essseccesccsccscess
189
19C 3.1 METHOD
191 THIS PROGRAM CRN BE LORDED FROM ANY DEVICE THMAT IS SUPPORTED
192 BY XXDP, AND SHOULD BE LOADED USING THE XXDP PRCCEDURE FOR THAT
133 DEVICE.
194
195
%gg 4 STARTING PROCEDURE
138 |
135 4.1 STARTING RDDRESSES
230 200 THIS ADDRESS WILL RUN THE COMPLETE PROGRAM
201 c0s THIS ADDRESS WILL STARY THE PROGRAM AT ENTRY POINT 2
e TEST THE READ/WRITE BITSIN THE MEMORY STATUS REGISTERS
203 210 THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT 2
c04 PAGE ADDRESS AND PAGE DESCRIPTQR TESTS
20S 2l THIS ADDRESS WILL START THE PROGRAM AT ENTRY PCINT &
206 RELOCATION AND ADDER TESTS
507 220  THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT §
238 MEMORY MANAGEMENT ABORTS AND TRAPS LOGIC TeSTS

2eM THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT &
-SPACE TESTS, CORRECY TIMING OF I 8 D SPACE

230 THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT 7
R 3 W BIT LOGIC TEST AND DURL MAPPING TESTS

a3y THIS ADORESS KILL START THE PROGRAM AT ENTRY POQINT §

MOVE FROM AND MOVE TC PERVIOUS MODE INSTRUCTION TESTS

4.2 PROGRAM AND OPERATOR ACTION
AFTER THE PROGRAM IS LOADED, THE FIRST TIME IT IS RUN IT WILL
JIDENTIFY ITSELF AND RUN R QUICK VERIFY PRSS. RT THE END OF
EACH PRSS THE PROGRAM WILL TYPE QUT THE PRSS NUMBER RND THE

o
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225 4.3  SPECIAL STARTING PROCEOURE
296 IF 1T _APPEARS THAT THE CACHE IS CAUSING SOME TROUBLE AND
837 YOU STILL WANT TO RUN THIS PROGRAM, IT IS POSSIBLE TO RUN
228 THIS PROGRAM WITH THE CACHE DISRBLED, SIMPLY LOAD THE
229 CACHE CONTROL REGISTER (17777746) WITH THE DESIRED NUMBER,
230 THEN LORD THE PC (17777707) WITH THE STARTING ADDRESS AND PRESS
231 . CONTINUE. THE PROGRAM WILL NOW RUN RS IF YOU HAD LOADED THE
232 - STARTING ADDRESS AND PRESSED START BUT NOW THE CACHE CONTROL
233 REGISTER IS DIGRBLING THE CACHE.
234 BITOD -DISABLE TRAPS
235 BITOl -DISABLE UNIBUS TRAPS
236 BITCE -FORCE MISS ON READ GROUP O
337 BITO3  -FORCE MISS ON READ GROJP I
238 BITO4 -FORCE REPLACE GROUP O
239 BITOS -FORCE REPLACE GROUP 1
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5. OPERATING PROCEDURE
S.1  QPERATIONAL SWITCH SETTINGS
guis 1z HAL T ON"ERROR
Wi 1= LOGP ON THE TEST THAT YOU ARE IN
SWI3 1= INHIBIT ALL ERROR TYPE OUTS
Suig 1= INHIBIT TRACE_TRAP ON EVERY OTHER PASS
Sl 1= INHIBIT ITERATIONS AFTER FIRST PASS
Wil 1= RING BELL ON ERROR
Sup  I= LOOP ON ERROR
SW08 1= LOOP ON TEST IN SWR<O6:00
SWo? 1= INHIBIT MULTIPLE ERROR TYPE OUTS
5.2  SUBROUTINE ABSTRACTS
ALL SUBROUTINE RESTRACTS APPEAR IN THE CODE, BEFORE THEIR
EXPANSION, AND IN THE DOCUMENT THAT IMMEDIAYELY FOLLOWS
THIS. THE FOLLOWING IS A LIST OF THEIR TITLES.
§.2.1 MACRO LIBRARY SUBROUTINES (FOUND IN MOST PROGRAMS)
END OF PASS ROUTINE
SCOPE HANDLER ROUTINE
ERROR HANDLER ROUTINE
ERROR MESSAGE TYPE OUT ROUTINE
CONVERT 16-BIT VIRTUAL ADDRESS TO 22-BIT PHYSICAL ADDRESS
SAVE & RESTORE RO-RS ROUTINES
TYPE ROUTINE
BINARY_TO OCTAL (RSCII) AND TYPE ROUTINE
CONVERT BINARY TO DECIMAL AND TYPE ROUTINE
TRAP DECODER )
POWER DOWN AND UP ROUTINE
DOUBLE LENGTH BINARY TO OCTAL ASCII CONVERT ROUTINE
6.2.2 SUBROUTINES UNIQUE TO THIS PROGRAM
TURN OFF AND_SAVE T-BIT
RESTORE T-BIT TO TS PREVIOUS CONDITION
CLERR 16 PAR’S OR PDR’S STARTING FROM ADDRESS IN RS
CLEANUP LOCATIONS THAT HOLD LOGICAL 'AND’ AND ’OR'
P.A.R. OR P.D.R. ADDRESS TIMED OUT WHEN REFERENCED
DUAL ADDRESSING WHEN LORDING A P.A.R. CR P.D.R.
COUNT PATTERN ERROR IN P.A.R.'S OR P.D.R.’§
5.2.3 TRAP AND ABORT HANDLER ROUTINES

CPU TRAP HANDLER

CACHE TRAPS AND RBORTS HANDLER

MEMORY MANRGEMENT TRAPS AND RBORTS HANDLER

TRAP ROUTINES FOR RBORT IN SUPERVISCR AND USER MODE
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b. ERRORS

6.1 ERROR HALTS AND DESCRIPTION

b.2

WHEN THE PROGRAM DETECTS AN ERROR_CONDITION IT ISSUES AN
“ERROR™ (EMT) CALL. THIS CAUSES THE CPU TO TRAP TO THE
“ERROR HANDLER RUOTINE™ WHICH PRINTS OUT THE ERROR MESSAGE
IF ANY, AND CHECKS THE SWITCH REGISTER FOR THE MODE SELECTED.
THE _PROGRAM WILL REACT AS FOLLOWS:

HALT ON THE ERROR IF SWiS=1, IS UP
INHIBIT ERROR_TYPE OUT IF SWi3=1l, IS UP
RING BELL ON THE ERROR IF SW10=1, IS UP
LOOP ON THE ERROR IF SW09=1, IS UP
INHIBIT MULTIPLE TYPE OUTS IF SWo7=1, IS UP

ERROR RECOVERY

IF SWITCH 09 IS UP, THE PROGRAM WILL LOOP BACK TO WHERE THE
LOOP_ON ERROR POINYER (SLPERR) IS SET. THIS WILL PROVIDE

THE TIGHTEST POSSIBLE SCOPING LOOP, AND PROVIDES ALL NECESSARY
SETUP CODE TO RECREATE THE ERROR. IF R SYNC POINT IS DESIRED
TO EXTERNAL SYNC THE SCOPE JUST PRIOR TQ THE FRILING OPERATION
%8381625 MICRO BREAK REGISTER WITH "Q44" AND USE THE "NOP™

SRMPLE ERROR TYPE QUTS

6.3

CPU TRAP OR ABORT THRU ’ERRVEC’ (004) HAD INCORRECT CONDITION
EXPECTD RECEIVD TESTNO PC AT ABORT

000040 000020 000047  XXXXXX

THIS ERROR MESSAGE INDICATES THAT THECPU TIMED OUT QVER THE

UNISUS WHEN IT WAS EXPECTING R CRCHE NON-EXISTANT MEMORY TRAP.

THIS TEST IS CHECKING THE CARRY PROPRGARTION, THRT IS DETERMINED FROM
LOOKING AT THE INDEX AT THE FRONT OF THE LISTING.
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7. RESTRICTIONS

7.1 STARTING RESTRICTIONS

7.2

8.1

8.2

AND _ERRORS ARE
SUMED TO BE WORKING

IF A STARTING POINT OTHER THAN "200" I% %gEgs

REPORTED, THEY MAY BE DUE TO LOGIC THA
RS A RESULT OF TESTS THAT WERE NOT RUN.

OPERRTING RESTRICTIONS
NONE

MISCELLANEOUS

EXECUTION TIME
THE RUN TIME FOR R SINGLE PASS WITH NO ITERATIONS IS
APPROXIMATELY 10 SECONDS.

HINTS ON HOW TO GET MORE INFORMATION FROM THE PROGRRM

IF AN ERROR OCCURS THE FIRST THING THRT SHOULD BE NOTED IS
WHAT PASS DID THE ERROR QCCUR ON. _IF THE PRSS HAS AN EVEN
NUMBER AND SWITCH 12 IS DOWN THEN THE ERROR MIGHT BE T-BIT
SENSITIVE. TRY TO RUN AGRIN WITH SWITCH 12 UP, THIS WILL
INHIBIT T-BIT TRAPPING,

IF THE PASS NUMBER IS GREATER THAN ONE THE ERROR MIGHT BE
ITERATION SENSITIVE. TRY TO RUN AGAIN WITH SWITCH 11 UP,

THIS WILL INHIBIT ITERATIONS.

NOW THAT_YQU HAVE DETERMINED HOW TQ MAKE THE MACHINE FARIL

LOOK IN THE INDEX AT THE FRONT QF THE LISTING TO FIND THE TITLE
OF THE TEST THAT WAS RUNNING WHEN THE ERROR CONDITION OCCURRED.
GO _TO THE LISTING AND READ THE PARAGRAPH AT THE BEGINNING OF
THE TEST SO THAT YOU KNOW WHAT THE TEST IS TRYING TO DO.

NOW READ THE ERRCR MESSAGE AND IF THERE IS A_COLUMN LARBELED
“ERRORPC" GO TO THAT LOCATION IN THE TEST. THIS IS THE PC

OF THE “ERROR™ STATEMENT. THE NUMBER IS THE ERROR MESSAGE
NUMBER AND IN THE FRONT OF THE LISTING IS THE “ERROR MESSRGE
POINTER TABLE™ WHICH WILL TELL YOU WHART WORDS WERE TYPED

OuT.

IF YOU WANT TO SCOPE THIS ERROR CONDITION, PUT UP SWITCH 09
(LOOP ON ERROR) OR IF YOU WANT TO LOOP ON'THE ENTIRE TEST PUT
UP SWITCH 14. YOU WILL PROBARBLY WANT TO INHIBIT THE ERROR TYPE
QUT AT THIS POINT, SWITCH 13 WILL DO THAT.

IF YOU NEED TO DO’ ACCURATE SCOPING AND NEED R GOOD_SYNC PQINT
THEN MRKE SURE THART THE MICRO BRERK REGISTER (1777770) HRS "Q4y"
IN IT. THIS WILL CRUSE R PULSE ON THE BRCK PLANE AT PIN &

AE! (SLOT 10) 'IHENEVER A "NOP" IS EXECUTED, AND THAT PULSE

WILL MAKE AN EXCELLENT “EXTERNAL SYNC™ SIGNAL FOR_YQUR SCOPE.
THERE IS A "NOP" JUST BEFORE EACH INSTRUCTION THAT TESTS R
MEMORY MANRGEMENT FUNCTION FOR THE FIRST TIME, SO YOU SHJULD

BE ABLE TO SCOPE 0N ANY FAILURE THAT THIS PROGRAM CAN CETECT.
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8.3 ROM STRATE DESCRIPTIONS

THIS IS A LIST OF THE ROM OUTPUTS FROM THE MEMORY MANAGEMENT
ROMS ON 'SSRA’, WITH A SENTENCE OR TWO DESCRISING THEIR
MEANING RS IT AELATES TO MEMORY MANARGEMENT.

ROM_QUTO] - ROM OUTD3 . .
THESE QUTPUTS ARE SENT TO MULTIPLEXERS AND REGISTERS SN 'S3RA
T0_INDICATE A PARTICULAR MACHINE FUNCTION. THE ENCODING OF
THESE OUTPUTS 1S SHOWN IN A TRUTH TABLE ON °*SSRA’.

ROM_OUTOM
DESTINATION MODE -- THIS 1S _USED 7O ENRBLE RELOCATION IF BITCS
of MMRO IS SET AND THIS IS THE DESTINATICN CYCLE OF THE INSTRUCTICON,

ROM QUTOS
MFP 4 MTP -- THIS IS USED TQ CLOCK THE PREVIOUS MODE INTG ThE
“SPRCE™ FLIF-FLOPS ON ’SSRB', DURING A MFP + MTP INST.

RSM 0UTOG
TRAP OR RBORT -- THIS IS USED TQ FORCE SETTING OF THE
"KERNEL SPRCE" FLIP-FLOP ON °SSRB" DURING A TRWP OR RBORT SEQUENCE.

ROM_OUTC?
BUST -- THIS IS USED 7O CLOCK MOST OF THE LATCHES IN MEMCRY
MRANRGEMENT SUCh RS: °'SPRCE' F/F’S, STATUS REGISTERS,...

ROM OUTO8

MFP + MTP -- THIS RSSERTS °'SSRB [ SPRCEB® TO FORCE I-SPRCE ON
MFPI + MTPI INSTRUCTIONS IF THE PSW IS NOT (USER MOCE -
PREVIOUS USER MCDE).

ROM_QUTQ9
INST + INDEX FETCH -- THIS RSSERTS °SSRS I SPRCER’ WHICH
FCRCES I-SPRCE DURING RN INSTRUCTICN CR INDEX WORC FETCM.

ROM OUTI1O
THIS COES NCT EXIST.

L&

ROM OUTL]
INST STARTED IN I-SPRCE -- THIS WRSSERTS °"SSRB I SPRIEB® TJ FORCE
I-SPACE IF 'SSRB PREV=I" IS SET.

ROM QUT!L2
CONSOLE -- THIS ASSERTS °'SSRB I SPRCER® IF 'SSRK CNSL I SPRCE H'
IS TRUE AND YCU EXRMINE OR DEPOSIT.

ROM QUTI13
SRCM = 142434445 -- IF THE SOURCE FIELD IS © THIS RSSERTS ‘SSRB
1 SPACER’ WHICH FORCES I-SPACE.

ROM CUTIM
DSTM = 142 -- IF THE DESTINATION FIELD IS T THIS.RSSERTS °‘SSRB
I SPACEB* WMICH FORCES I-SPRCE. '
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ROH OUTLS
gg 3 -= IF THE DESTINATION FIE
ACER' “WHICH FORCES I-SPACE DURIN

ROM QUTIG
FLORTING POINT -- IF THE DSTF = 7 AND THE OSTM = 2 THEN THIS
RSSERTS 'SSRB I SPRCER’ WHICH FORCES I-SPACE ON IMMEDIATE F.P,INST.

NOTE: THE FOLLOWING ROM STATES ARE NOT EXPLICITLY TESTED DLE

TO THE FACT THAT I COULDN'T FIGURE QUT R WAY TO TEST THEM _NCER
RUN CONDITIONS., THE LOGIC ASSOCIATED WITH THEM HAS BEEN TESTELD
BY OTHER ROM STRTES BUT THESE STRTES RRE NOT TESTED.

ROM QUTOS
SHR.00, NEG.CO, 012.90, D40.30, Dl2.3C

ROM OLTOS
FET.06, FET.08, FET.0S

rnzgg Nsxr ARE rssrso ON PASSES WITH T-BIT TRAFPING
rsr.o1. rs?.oa. FET.03

ROM OUTIe
ExM.10, EXM.2C, DEP.!3, DEP.20

RCM OUTI3
S45.10

ROM JJTi&  FLORTING POINT
FSv.CO, FSV.1Q

HIS ASSERTS °SS23 !

0D 1§77 °
THE CESTINARTION CYCLE.

L
G
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9. PROGRAM DESCRIPTION

THE DOCUMENT THAT FOLLOWS THIS ONE HRS A PRARAGRAPH DESCRIBING
ERCH OF THE TESTS. THERE IS ALSO R PARAGRAPH DESCRIBING
EARCH MRJOR GROUP COF TESTS.

N
.END
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IDENTIFICARTION

PRODUCT CODE: MAINDEC-11-DEKBE-B-D

PRODUCT NAME: PDP-11/70 MEMORY MANAGEMENT DIAGNOSTIC
DRTE CREATED: 21-JUL-75

MAINTAINER:  DIAGNOSTIC ENGINEERING

AUTHOR: " DALE R. ROEDGER

THE INFORMATION IN THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NCTICE
AND SHgy&B NOT ?E $0NSTRU§E RS A SSHHITH NT EY DIGéTﬂb s UIPMENT
CORPOR N. DIGITAL EQUIPMENT CORPORRTION RSSUMES N ESPON:IBILIYY
FOR ANY ERRORS THART MAY RPPEAR IN THIS MANUAL.

THE SOFTWARE DESCRIBED IN THIS DOCUMENT IS FUANISHED TO THE PURCHASER
UNDER R LICENSE FOR USE ON R SINGLE COMPUTER SYSTEM RAND CAN BE COPIED
(WITH INCLUSION OF DIGITAL'S COPYRIGHT NOTICE) ONLY FOR USE IN SUCH
SYSTEN, EXCEPT RS MAY OTHERWISE BE PROVIDED IN WRITING BY DIGITAL.

DIGITAL EQUIPMENT EQLIPMENT CORPCRATION ASSUMES NO RESPONSIBILITY FOR THE USE OR
B%%%QEILITY OF ITS SOFTWARE ON EQUIPMENT THAT IS NOT SUPPLIED BY

COPYRIGHT «C!) 1975 BY DIGITHL BEWUIPMENT CORPIRMTION
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1.

ABSTRACT

THIS PROGRAM WILL TEST ALL OF THE MEMORY MANAGEMENT LOGIC AND
ENABLE THE FIELD SERVICE REPRESENTATIVE T0O ISCLATE THE DETECTED
FRILURES TO A REPLACABLE MODULE. 1IT IS ASSUMED THAT BOTH THE
CPU AND THE CACHE HAVE EﬁSN rs§r§o OR ARE KNOWN TO EE
FUNCTIONING CORRECTLY THAY FHE PROGRAM 1S STARTED FROM
ADDRESS 200. THIS WI{L PROVIDE THE EARLIEST DETECTION OF
MEMORY MANARGEMENT RELATED ERRORS AND ENRSLE LOCPING ON THE
ERROR INVOLVING MINIMUM LOGIC. THIS PROGRAM MAY ALSO EXPOSE
FRULTS THAT ARE ON THE INTERFACE BETWEEN MEMORY MANAGEMENT AND
OTHER SECTIONS OF THE COMPUTER.

THIS PROGRE™ HAS BEEN SEGMENTED IN THE FOLLOWING WAY:
ALL DATA TASLES, ERROR MESSAGES, ANU SUBROUTINES RESIDE

IN LOW CORE (VIRTUAL PAGES 0 8 | IE. ARDORESSES 001100

THRU 037776). RIGHT NOW THE END OF THE SUBROUTINES IS
AROUND 025000, §o THERE 1S SOME ROOM FOR FUTURE EXPANSION.
THE TEST COOE'STARTS AT VIRTUAL PAGE 2 (RDDRESS 040000)

AND EXPANDS TOWARD PAGE 4 (RDDRESS 600%00). THE END OF THE
PROGRAM 1S NOW RROUND RDORESS 074000, S0 MODIFICATIONS CAN
BE MADE WITHOUT RE-SEGMENTING THE PROGRAM.

THE_REASON FOR_THIS SEGMENTATION IS TWO-FOLD, FIRST IT
ENGBLES THE OPERATUR TU TELL FROM THE ADORESS LIGHTS EXACTLY
WHERE THE PROGRAM HAS HALTED OR "HUNG-UP®. THAT IS, DID IT
HALT IN THE ERROR ROUTINE OR IN A TRAP ROUTINE BECR(SE OF A
CONDITION IMPOSSIBLE TO RECOVER FROM (ON PRGE O OR 1), OR DID
IT GET “HUNG-UP™ IN THE TEST CODE ON PRGE 2 OR 3.

THE OTHER REASON IS THAT CERTRIN MEMORY MANARGEMENT FUNCTIONS
LOCK UP THE VIRTURL PC OF THE INSTRUCTION AND THE PROGRAM, IN
ORDER TO OPERATE PROPERLY, MUST KNOW WHERE IT IS AT ALL TIMES.
IT SEEMS MUCH SIMPLER FOR THE CODE TG START RT R PREDETERMINED
BOUNDARY SO THAT IF THE MESSAGES CHANGE OR A MEW SUBROUTINE IS
ABDED THE PAGE THAT THE CODE IS ON WILL REMAIN THE SAME.

EACH TEST WILL SET THE LOOP ON ERROR PQINTER (SLPERR) TO THE
HIN%HUH NECESSARY SETUP CODE, IF ANY, FOR THE FUNCTION UNDER
TEST. A SYNCHRONIZATION INSTRUCTION' (NOP) IS PROVIDCD BEFORE
THE INSTRUCTION(S) THAT TEST(S) EACH NEW FUNCTION. THIS WILL
ENRBLE THE FIELD SERVICE REPRESENTATIVE TO UTILIZE THE MICRQ
BRERK REGISTER TO GENERRTE AN “EXTERNAL SYNC* PULSE ON THE BRCK
PLANE FOR BETTER PULSE RESOLUTION.

SECTION 8.2 OF THIS DOCUMENT CONTRINS SOME IDERS THAT I HAD
WHEN I WRS WRITING THIS PROGRAM CN HCW 1O EFFECTIVELY UTILIZE
IT TO MAKE FAULT ISOLATION EASIER. IF THESE IDERS ARE

NOT CORRECT OR NEED TQO BE EXPANCED TO PROVIDE MORE INFORMATION
PLERSE WRITE DOWN YOUR SUGGESTIONS AND FORWRRD THEM TO THE
DIRGNOSTIC DEPARTMENT.
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33 CONSOLE OR THE CONSOLE CABLES THAT PLUG INTG THE MEMORY
£57 MANAGEMENT BOARDS. THE PROGRAM ASSUMES THAT THOSE COMPONENTS

658 HRAVE BEEN TESTED CR ARE KMOWN TO BE GOCD.
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c. REQUIREMENTS

e.l

2.2

2.3

3.1

4.1

4.2

QUIPMENT
FHE BQEIC POP-11,70 COMPUTER, INCLUDING AN OPERRTING CPU, CACHE,
AND MEMORY. AN LA-30 OR EQUIVALENT DEVICE IS QLSO NEEDED FOR
ERROR MESSAGES, AND END OF PRSS REPORTS.

STORAGE

THIS PROGRAM REQUIRES 16K OF MEMORY TO LORD AND AT LEAST 20K

OF MEMORY TO RUN IN. IT WILL SCAN MEMORY FROM 1BK TO 124K ON 2K
BOUNDARIES, AND FROM 120K TO THE SIZE JUMPERS ON BK BOUNDARIES.

PRELIMINARY PROGRAMS

THE CPU AND CACHE DIAGNOSTICS SHOULD BE RUN BEFORE THIS PROGRAM.
MAIN MEMORY SHOULD BE SCANNED FOR AT LEARST THE FIRST 28K TQ SEE
THAT A PROGRAM WILL EXECUTE CORRECTLY BEFORE ANY PROGRAM IS RuUi.

LORDING PROCEDURE

METHOD
THIS PROGRRM CAN BE LORDED FROM ANY DEVICE THRT IS SUPPORTED
ggv¥éEP, AND SHOULD BE LORDED USING THE XXCP PROCECURE FOR THRT

STARTING PROCEOURE

STARTING RDDRESSES
580 THIE QBDRE§§ NILL R?N rn; CO"PLETS PROGRAM
q TH1S ROCRESS WILL START THE PROGRAM AT ENTRY POINT 2

TEST THE READ/WRITE BITSIN THE MEMORY STATUS REGISTERS

210 THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT 3
PAGE ADDRESS AND PAGE DESCRIPTOR TESTS

214 THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT 4
RELOCATION AND RDDER TESTS

220 THIS ADURESS WILL START THE PROGRAM AT ENTRY POINT §
MEMORY MANAGEMENT ABCRTS AND TRAPS LOGIC TESTS

224 THIS ADDRESS WILL START THE PRCGRAM AT ENTRY POINT &
D-SPACE TESTS, CORRECT TIMING OF I & D SPACE

230 THIS ADDRESS WILL START THE PROGRAM AT ENTRY POINT 7
A 8 W BIT LOGIC TEST AND DUAL MAPPING TESTS

234 THIS ADORESS WILL START THE PROGRAM AT ENTRY POINT 8
MOVE FROM AND MOVE TO PERVIOUS MODE INSTRUCTION TESTS

PROGRAM AND OPERATOR ACTION -

RFTER THE PROGRAM 1S LORDED, THE FIRST TIME IT IS RUN IT WILL
IGENTIFY ITSELF AND RUN R QUICK VERIFY PRSS. RT THE END OF
EACH PRSS THE PROGRAM WILL TYPE OUT THE PRSS NUMBER RND THE
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PPEARS THAT ACHE IS CAUSING SOME TROUBLE AND

YOU STILL WANT TO RUN THIS PROGRAM, IT IS POSSIBLE TQ RUN
THIS PROGRAM WITH THE CACHE DISABLED. SIMPLY LORD THE

CACHE CONTROL REGISTER (17777746} WITH THE DESIRED NUMBER,
THEN LORD THE PC (17777707) WITH THE STAPTING ADDRESS AND PRESS
CONTINUE. THE PROGRAM WILL NOW RUN AS_IF YOU HAD LOADED THE
STARTINu ADDRESS AND PRESSED START BUT NCW THE CACHE CONTROL
REGISTER IS DISRBLING THE CACHE.

-DISRBLE TRAPS

-DISABLE UNIBUS_TRAPS

-FORCE MISS ON READ GROUP O

-FORCE MISS ON RERD GROUP |

-FORCE REPLACE GROUP O

-FORCE REPLACE GROUP |
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::g S. OPERATING PROCEDURE
43
43 5.1 OPERATIONAL SWITCH SETTINGS
~43 SWi§ 1= HALT ON ERROR
=45 sS4 1= LOOP ON THE TEST THAT YOL ARE IN
46 SWl3 1= INHIBIT ALL ERROR TYPE OUTS
~; SWi2 1= INHIBIT TRACE TRAP CN EVERY OTHER PASS
™48 SWil 1= INHIBIT ITERATIONS AFTER FIRST PASS
~49 SWi0 = RING BELL ON ERROR
750 SW0g 1= LOOP ON ERRIR
751 SW08  I= LOOP ON TEST IN SWR<0:00)
T3e SW0? 1= INMIBIT MULTIPLE ERRCR TYPE JUTS
54 5.2 SUBROUTINE ABSTRACTS
755 ALL SUBROUTINE ABSTRACTS APPEAR_IN THE CODE, BEFORE THEIR
~&g EXPANSION, AND IN THE DOCJMENT THAT IMMEDIAYE.Y FCLLOWS
‘sg THIS. THE FOLLCWING IS A LIST OF THEIR TITLES.
>£8 §.2.1 MACRO LIBRARY SUBROUTINES (FOUND IN MOST PROGRANS)

80

oE! END OF PASS ROUTINE

782 SCCPE MANDLER RQUTINE

783 . ERROR HANDLER ROUTINE

764 ERROR MESSAGE TYPE OUT ROUTINE

7ES CONVERT 16-BIT VIRTUAL ACCRESS T3 22-BIT P=1SIIAL ADDRESS

TEh SAVE 3 RESTORE RO-RS ROUTINES

78; TYPE ROUTINE

768 BINRRY TQ OCTAL_(RSCII) AND TYPE ROUTINE

nEg CONVERT BINARY TO DECIMAL ANC TYPE ROL™INE

s TRAP_DECODER

7l POWER OCWN AND LP_ROUTINE

e COUBLE LENGTH SINRRY T3 JCTAL RSCII CONVERT RIUTINE
/

;73 §.2.2 SUBROUTINES UNIQUE TO THIS PROGRAM

77k TURN OFF AND SAVE T-BIT

777 RESTORE T-BIT T0 ITS PREVIQUS CONDITION

778 CLEAR 16 PAR'S OR FOR'S STARTING FROM ADCRESS IN RS

oy CLEANUP LOCRTIINS THAT HOLD LOGICAL ~anC” AND “dR'

789 P.A.R. OR P.D.R. ADDRESS TIMED JUT WHEN REFERENCEC

78] DUAL ADDRESSING WHEN LOADING R P.A.R. CR ©,0.R.

82 COUNT PATTERN ERROR IN P.A.R.'S CR'P.C.R.'3

784 5.2.3 TRAP AND ABORT HANDLER ROUTINES

CPU TRAP HANDLER
CACHE TRAPS AND ABORTS HANDLER

MEMORY MANAGEMENT TRAPS AND RBJRTS HANCLER

TRAP RCUTINES FOR ABCRT IN SUPERVISOR AN USER MICE
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&. ERRORS

g.1 ERROR HALTS AND DESCRIPTION
WHEN THE PROGRAM CETECTS AN ERROR CONDITION IT ISSUES AN
"ERROR™ (EMT) CALL. THIS CAUSES THE CPU TO TRAP T0 THE
»ERROR HANDLER RUOTINE"™ WHICH PRINTS QUT THE ERROR MESSAGE
IF_ANY, AND CHECKS THE SWITCH REGISTER FOR THE MODE SELECTED.
THE PROGRAM WILL REACT AS FOLLOWS:

HALT ON THE ERROR IF SWiS=l, IS UP
INHIBIT ERROR_TYPE OUT IF SW13=1, IS UP
RING BELL ON_THE ERRCR IF SWi0=L, IS UP
LOOP ON THE ERROR IF SW03=1, IS JP
INHIBIT MULTIPLE TYPE OLTS IF SW0?=!, IS UP

6.2 ERROR RECOVERY
IF SWITCH 05 IS UP, THE PROGRAM WILL LOOP BACK TQ WHMERE THE
LOOP ON ERKIR POINYER (SLPERR) 1S SET. THIS WILL PROVIDE _
THE TIGHTEST POSSIBLE SCOPING LOOP, AND PROVIDES ALL NECESSARY
SETUP _CODE TQ RECRERTE THE ERRQOR. IF A SYNC POINT IS DESIRED
TO EXTERNAL SYNC THE SCOPE JUST PRIOR TQ THE FRILING OPERATION
%ggelggg MICRO BRERK REGISTER WITH “C44™ AND USE THE “NOP~

6.3 SAMPLE ERROR TYPE QUTS

CPU_TRAP OR ABORT THRU 'ERRVEC’ (004) MRD INCORRECT CONCITION
EXPECTC RECEIVD TESTNO PC AT RBCRT

000C40 000020 000047  XXXXX¥

THIS ERROR MESSRGE INDICATES THAT THECPU TIMED OUT OVER THE
UNIBUS WHEN IT WAS EXPECTING R CCHE NON-EXISTANT MEMORY TRAP.

THIS TEST 1S CHECKING THE CRRRT PROPAGATION, THAT IS DETERMINED FROM
L2OKING RT THE INDEX AT *-E FR-NT OF THE LISTIN.
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ggé 7. RESTRICTIONS
839
40 7.1 ?TQRT NG RESTRICTIONS
41 It RTTQRT%NG POénr STHER ;nanogaoo; £§ ?gegsnnosgnggnggnnga g
L HEY MAY H sUM WORKIN
g:g § 8 EEULT Sr rssr? THH§ uenk ng RUN.
845 r.2 OPERATING RESTRICTIONS
246 NONE
g:g 8. MISCELLANEOLS
852
8! 8.1 EXECUTION TIME
852 THE RUN TIME FOR A SINGLE PASS WITH NC ITERARTIONS IS
gga APPROXIMATELY 10 SECCNDS.
ggg 8.2 HINTS ON HOW TO GET MORE INFORMATION FROM THE PROGRAM
857 IF AN ERROR OCCURS THE FIRST THING THAT SHOULD BE NOTED IS
858 WHAT PASS DID THE ERROR OCCUR ON. IF THE PASS HRS AN EVEN
853 NUMBER RND SWITCH 12 1S DOWN THEN THE ERROR MIGHT BE T-8IT
8g2 SENSITIVE. TRY TO RUN AGRIN WITH SWITCH 12 UF, THIS WI.L
8. xnnxexr T-BIT TRAPPING.
862 IF THE PASS NUMBER 1S GREATER THAN ONE THE ERROR MIGHT BE
863 ITERRTION SENSITIVE, TRY TO RUN RGAIN WITH SWITCH Il LP,
864 THIS WILL Iuaxaxr ITERATIONS.
865 NOW THAT YOU HAVE DETERMINED HOW TO MAKE THE MACHINE FRIL
LOOK IN THE INDEX AT THE FRONT JF THE LISTING 7O FIND THE TITLE
B6? OF THE TEST THRT WAS RUNNING WHEN THE ERROR CONDITION OCCURRED.
868 GO TO THE LISTING AND RERD THE PARAGRAPH AT THE aacznnxnc 9F
869 THE TEST SO THAT YOU KNOW WHAT THE TEST IS TRYING TO DO.
873 NOW READ THE ERROR MESSAGE AND IF THERE IS R COLUMN LRBELEC
§71 "ERRCRPC™ GO TO THAT LOCATION IN THE TEST. THIS IS THE PC
°E OF THE “ERROR™ STATEMENT. THE NUMBER IS THE ERROR MESSRGE
873 NUMBER AND IN THE FRCNT OF THE LISTING IS THE “ERROR MESSAGE
g;g ggznren TABLE™ WHICH WILL TELL YOU WHAT WORDS WERE TYPED
87% TF YOU WANT TO SCOPE THIS ERROR CONDITION, PUT UP SWITCH 09
877 (LOOP ON ERROR) OR IF YOU WANT TO LOOP ON'THE ENTIRE TEST PUT
878 UP SWITCH I4. YOU WILL PRJBABLY WANT TO INWIBIT THE ERRCR TYPE
£7% OUT AT THIS POINT, SWITCH 13 WILL DO THAT.
egs IF YOU NEED TO DO'RCCURATE SCOPING AND NEED R GOOD SYNC POINT
EEl THEN MAKE SURE THAT THE MICRO SRERK REGISTER (1777770) HAS "044"
ggz IN IT. THIS WILL CAUSE A PULSE ON THE BACK PLANE RT PIN &
883 RE! (SLOT 1D) WMENEVER A “NOP® IS EXECUTED, A mmpm%
ce4 ILL MAKE AN EXCELLENT "EXTERNAL SYNC™ SIGRAL FOR YOUR ScJPE.
£6¢ THERE IS R “NOP* JUST BEFORE EACH INSTRUCTION THAT TESTS R
114 MEMORY MANAGEMENT FUNCTION FOR THE FIRST TIME, SO YOU SH3LiD
€o? BE ABLE TO SCOPE ON RNY FRILURE THRT THIS PRIGRAM CAN JETEST.

b . -



JRIN. MRACYLL 2732
DEABEB.PL!

23-SEP-T5

13:18 PAGE 32

FO3




— e e — — —-—

MRIN.
OEkBEB.P11

830
83!
832
833

B
83

89~

DD 00D DD DD D00
TUIUN == popo e <pop
— OOV IO LN —-0O

JO D
v
wrv

S8

DD OO O
POREE

MRCYLL 2 20-SEP-76 13:18 PRGE 33

GO3

MRACYLl 271657) PRGE {1
DEKBER. MAN

ROM STRTE DESCRIPTION

S
03 18 Rl e PR URRIRED IERRRY SR
MEANING RS IT RELATES TO MEMORY MANAGEME {7T.

ROM QUTOL - ROM_QuTQ3 )
THESE QU?PUTS ARE SENT TO MULTIPLEXERS AND REGISTERS ON 'SSRA’
T0 INDICATE A PARTICULAR MACHINE FUNCTION. THE ENCOCING CF
THESE OUTPUTS 1S SHOWN IN A TRUTH TABLE ON "SSRA’.

ROM_QUTOM
DESTINATION MODE -- THIS IS USED TQ ENABLE RELOCATION IF BIT08
Of MMRO IS SET AND THIS IS THE DESTINATION CYCLE OF THE INSTRUCTICN.

ROM QUTOS
MFP ¢ MTP -- THIS IS USED TQ CLOCK THE PREVIOUS MODE INTO THE
“SPRACE™ FLIP-FLOPS ON 'SSRB’', DURING R MFP + MTP INST.

ROM 0UTOG
TRAP OR ABORT -- THIS IS USED TO FORCE SETTING OF THE
"KERNEL SPRCE’ FLIP-FLOP ON °"SSRB’ DURING R TRWP OR RBCRT SEQUENCE.

ROM_0UTO0?
BUST -- THIS IS USED 7O CLOCK MOST OF THE LATCHES IN MEMCRY
MANRGEMENT SUCH RS: °SPRCE’ F/F'S, STRTUS REGISTERS....

ROM OUTCS

MFP + MTP -- THIS ASSERTS °'SSRB 1 SPACEB® TO FORCE I-SPRCE IN
MFPI « MTPI INSTRUCTIONS IF THE PSW IS NOT (USER MODE~
PREVIOUS USER MODE).

RCM OUTOS
INST + INDEX FETCH -- THIS ASSERTS °'SSRS I
FCRCES [-SPACE DURING AN INSTRUCTION OR IND

ROM OUT!O
THIS DOES NOT EXIST,

SPACER' WHICH
EX WORC FETCH.

ROM OUT1L
INST STRRTED IN I-SPACE ~- THMIS ASSERTS °SSRB 1 SPRlEB® TJ FURCE
1-SPARCE IF 'SSRB PREvV=I' IS SET.

ROM OQUT]2
CON%OEE == THIS RASSERTS °'SSR8 1 ?PQCER' IF *SSRK CNSL I SPRCE W’
IS TRUE AND YOU EXAMINE OR DEPOSIT.

ROM OUT13
RCM = 142434448 -~ IF THE SOURCE FIELD IS 7 THIS RSSERTS ‘SSRB
SPACEB' WHICH FORCES I-SPACE.

ROM OUTIY
DSTM = 1+@ =< IF THE DESTINATION FIE.D IS T THIS RSSERTS 'SSRB
1 SPARCEB’ WMICH FCORCES I-SPRCE.
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GaTnC=. 4 o IF THE QESTINATION FIELD 15 7 THIS GSSERTS 5548 1

ROM OUTI6
FLORTING POINT -- IF THE DSTF = 7 AND THE DSTM = 2 THEN_ THIS
ASSERTS 'SSRB 1 SPACER’ WHICH FORCES 1-SPACE ON IMMEDIATE F.P.INST.

NOTE: THE FOLLOWING ROM STRTES ARE NOT EXPLICITLY TESTED DUE
TO THE FACT THAT I COULDN'T FIGURE OUT A WAY TO TEST THEM UNCER
RUN CONDITIONS. THE LOGIC ASSOCIATED WITH THEM HAS BEEN TESTED
BY OTHER ROM STATES BUT THESE STATES ARE NOT TESTED.

ROM CJTOS
SHR 00 NEG.00, 012.90, D40.30, Dl12.30

ROM CUTO9
FET.06, FET.08, FET.09

TSEEE gexr ARE rssrso ON PASSES WITH T-BIT TRAPPING
\

FET.OI, rs? 02, rsr 03

ROM OUT!12
ExM.10, ExM.20, DEP.10, DEP.20

ROM OUTI13
S4S.10

ROM OUTIE  FLOATING POINT
FSv.00, FSv.10

-
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9. PROGRAM DESCRIPTION
THE DOCUMENT THAT FOLLOWS THIS ONE HAS A PARAGRAPH CESCRIBING
ERCH OF THE TESTS. THERE IS ALSO A PARAGRAPH DESCRIBING
3 ERCH MRJOR GROUP OF TESTS.
.END
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.END 930
-REN l 500

. RBS. DG0CO0 830
0CO004 00!

. ERRIORS DETECTED: 1
» OEFRULY GLOBALS GENERRTED: 2

*?DEKBEB SEQ/SO-/CRF/PNGNUH-DEKBEB
R'N-T ME: 3 S
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