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1.C GENERRL PROGRAM INFORMRTION

i.1 Program Purpose (Rbstract)

This grogram will verify correct opération of main memory 1n POP-11-7
computers and provide diagnostic error reports.

It has special a maintenance mode (Field Service Mode: to provide
spacific functional capabilities.

1.2 System Reguirements
1. Hardware Requirements

PDP-11-70 CPU with & minimum of 32K of MJ1l Memory or (B4¥ of
MK1l memory 1n & single box).

There_must be no UNIBUS response to UNIBUS Rddress 752100
thry 762136. If a special device or memory (other than MKl])
resides there 1t must be removed 1n order to rum this
diagnostic. The lower 16K of physical memory must have no
uncor-ectable errors (DBE's).

2. Software Requirements

This program 1s designed to run stand alone or under any o
the following mcnitors:




i.3 Reloated Documentis RAnd Standards

PDP-11-70 Processor Handbook

MJ11 Maintenance Manual

MK1l Maintenance Manual

Programming Practices (175-003-009-01)
System Macro Manual (MAINDEC-11-DXQRC-C-D?
SUPER-MRC Reference Guide (130-380-007-00)
APTII.MAN (APT/11-317-07-09)

€. ACT1i.MAN (AUTOCAT-11-@ZRUB-B-D)

o N £ W o

=)

1.4 Diagncstic Hierarchy Prerequisites

it ths program han,s. dies, goes out to lunch, heads west, h
vomits, eals i1tseil, stutters, bombs, or 1n any way misbehaves,

i. Try 1t again with Cache off (reference Section 2.3.3.1)
€. Inhibit relocation (reference section 2.3.1)

3. Try CPU diagnostics

4., T-y Memory Management Diagrostics

n

Try Cache Diagnostacs
Tr, NIBUS MRP Diagnost.cs

m

EOL
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1.5 Assumptions

Thi1s program _assumes the correc' operation_cof the CPU, Memory
Ma~agemen Cache and thae UNIBUS Map. This rogram cccupléd
el laliys Bank O {0-16Kk'., Tha XXDP loadsrs are 1n bank 1.

2.0 OPERATING INSTRUCTIOQMNS
2.. Loading 8 Starting Procedures
2.i.1 Quick Starting -

i. Locad address 200
€. Set switch register for options (normaliy Gj
3. Start

2.1l.2 Stoping -
i. Set SuB.
2. Type contrci “C™ (Reference section 2.3.4.1).

£.1.2 FRestarting "Reserve Configuration Table) -
. Lcad address 202

Set su.lch register for opticns (Normally O

[

Ww n

Start

) ]
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Switch Register Options -

ERROR TYPEOUTS
RELOCATION
VER%EBR/ INHIBIT MARGIN TESTING

HALT PROGRAM (UNRELOCATED & RESTORE LORCERS,

DETRILED ERROR REPORTS

PRINT CONFIGURRTION MAP

LIMIT MAX ERRORS PER BRNK

FRT TERMINAL (132 COLUMNS TR BETTER
TEST MODE - SEE DOCUMENT

TEST MODE - SEE DOCUMENT

TEST MODE - SEE DOCUMENT

CETEZT SINGLE BIT ERRURS

GOl
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2.2 SPECIAL ENVIRONMENTS

2.2.1 XxDP -

“he first pass will be 8 quick verify pass 1f and cnly 1 1t s ar
chai~ mode.

2.2.2 RACT 8 APYT RAutomatic Mode -

Tre program wi.l not create double b1t errors (DBE's) after the 1st
pass.

The first gpass will be 8 quick verify pass

2.2.3 No SBE Free Banks -
1t the program cannct find any SBE (Single Bat Error) free locations

fin non-grotected MKII mcnor“) 1t will print out an error message and
centinue testing by-passing tgc CSR tests.

£.2.4 Mixed Core 8 MOS Configurations -

The progrem will furction normally 1n mized environments. The
sequence of testing may seem strange due tc the recursive test mode
slgorithe ~refarence sections 2.3.1.1, 2.3.1.2, 8 2.3.1.3).

£.3 Program Cptions

2.3.1 Switch Register Details -

11 a hardware swilch register 138 not fvanloblc then (h softlware
s«1tch register 18 1f location 176. F under APT 1f BIT7 13 setl 1n
tre E-TRBL s?mholxc location “SENVM™ the RPT software swilch register
~11! be used Ulocation SSWREG).

T7c change the software switch register contents: T &c “control G™.
This will cause display the current value of the g R and pgrompt for
tne cctal 1nput of the new SWR value from the terminal. This routine
~1il 1grore ycu frot respond to control “G™) 1f you have 2 harduars
s~itch raegister.
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HALT ON ERROR

(100000)

Continuing from this halt will firstl check for a chan?q
in the software switch register (“Control G™ .n the TTy
input buffer) then 1t will continue testing.

LOOP ON TEST

(40000)
This will cause looping an the present test or patern
(back to last scope trap). {f 1n a pattern then the

looping will be for an entire bank of 1bK addressss.
INHIBIT ERROR TYPEOUTS
(20000

This will cause returns from the error routine without
th: :ggcd messages. Other on error functions are not
affected.

INHIBIT RELOCATION
*12000)

This prevents the program from moving and consequentl!
prevents the program from testing at Jleast 16K o
memory - 1n the case of MK1l memory u* to 128K of
memory may be bypassed because of PROTECTION POINTER
coverage (refarence section 5.2.4).

JUICK VERIFY/INMIBIT MRRGIN TESTING
(4000

ins
his

Each pass of the dxu?nostlc normally runs all :r
}Cnlng
s

m

and checks all combinations of SBE"s 3 DBE's. 1
switch 18 selected no marging oare run (shor

gattcrn tests by a factor of S) and » prozimate
‘Ht: :i the posslglc combinations of SBE s 3 DBE®
ested.

y one
are

Each pass complete typeout will i1ndicate this mode by
preceding the pass number with “@QV*,

BEL. ON ERROR
12000)

Ihxs causes a bell (or beep or click) on each error
rap

LOOP ON ERROR
(.000)

This will cause l.oping from failure point back to the
last correctly initi8l12ed area of the current test.
Tris loop will frequently be toc large for scoping
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urposes. Tighter loops are Srovxdcd for 1n Field
¢"vice Mode refarence section 2.3.4.5.10.

HALT PROGRAM

(400)

This i1nitiates the following sequence:

l. clears margins 1n “MAINT® REGISTER

2. 1! program 13 relocated 1t moves oack to bank 2ero
3. flush out all possible DBE's.

4. turns of! memory management

S. restore loaders

E. wunmap the Unibus Map
7. Halt 11 under RAPT or ACT branch sel.

DETARILED ERROR REPORTS
(200)

Riter any normal error report 13 typed this ogtxon
causes he contents of the following registers to be

typed:
rR8°°“R1, R2, RI. RY, RS, SP. “MEMERR™, “MAINT",
“CONTROL™, “LORDRE™, “HIADRS", “LPUERR™

PRINT CONFIGURATION MAP
1000

This prints a map showing the memory configuration -
reference section 7.4

L&g%T MRX ERRORS PER BANK

This will limit the number of error typeoutls per bank.

The default 18 10, CIMAL, however this can be

changed h’ changing locat:og “ERRMAX" manually or with
¢

OTT UT-reYerence Section 2.3.4.2).
FART TERMINAL
r2g)

This informs the program that the console terminal has
& «1dth of at least I32 cclumns (LR3I with wide paper).

SE% CCO9
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SW3-1 = TEST MODE

Tes! modes determine the recursion algorithm to Le used
during pattern tests.

MODE NAME DESCRIPTION corr tooe PP Y

o] 0 BRFPRF Banks forward, patterns forward
(2 1 BRFPAR Banks forward, patterns reverse
o) e BRWPAF Banks worst first, patterns
forward.
(5 3 BRAWPAR Banks worst first, patterns
reverse.
(10 Y PAFBAF Patterns forward, banks forward
(les ) 7RFB?N Petterns forward, banks worst
irs
it ) PARBAF Patterns reverse, banks forwerd
(iBl 7 PARBAW Patterns reverse, banks worst
first.
NCTE: Margins follow_patierns
Forward 13 (0,2,3,4,5)
Reverse 13 (5,4,3,2,Q)
For more details reference section 2.3.1.1 and 2.3.1.2.
Swi =

?EIECY SINGLE BIT ERRORS (SBIl's)

For manufacturing purposes this switch should aluaza be
on. For field service purposes this switch should
slways be off.

This switch will allow all MK11l Single Bit errors to be
reported by disabling error correction.

Error printouts of SBE's are not distinguishable from
CBE's.

)}




2.3.1.1 Test Mode Example -

Example anriysis of mode S "PRFBAW". Rssume

(core) and Banks 2,3.4.3 5 are MK1]l (MOS).

Assumes also that Bank 3 1s known bad by the
rouline or previous runs reference secticn
testing sequence would be as follows:

: TEST MK11 MEMORY TYPES FIRST
: TEST KNOWN BRD MEMORY (BANK 3)

PRTTERN 17, BANK 3, MARGIN O
PRTTERN 17. BANK 3, MARGIN 2
PRTTERN 17, BANK 3. MARGIN 3
PRTTERN 7. BANK 3. MARGIN O
PATTERN 7. BANK 3. MARGIN 2
PATTERN 7. BANK 3, MARGIN 3
PRTTERN 1, BANK 3, MARGIN O
PATTERN 1. BANK 3. MARGIN 2
PATTERN 1. BANK 3, MARGIN 3
PARTTERN 2. BANY 3. MARGIN O
PATTERN 2. BANk 3. MRRGIN &
PATTERN 2. BANK 3. MARGIN 3
PATTERN . BANK 3. MARGIN O
PRTTERN 4. BANK 3. MARGIN 2
PATTERN 4. BANK 3. MARGIN 3
PATTERN G, BANK 3, MARGIN O
PATTERN & BANK 3. MARGIN 2
PATTERN G BANK 3, MARGIN 3
PATTERN 21, BANK 3. MARGIN O
PATTERN 21, BANK 3. MARGIN 2
PATTERN 21| BANK 3. MARGIN 3
PATTERN 20, BANK 3, MARGIN O
PATTERN 20, BANK 3. MRRGIN 2
PATTERN 2C. BANK 3. MRRGIN 3
PATTERN 22, BANK 3. MARGIN ©
PATTERN 22, BANK 3. MARGIN &
PATTERN 22, BANK 3. MARGIN 3
PATTERN 26. BANK 3. MARGIN 0
PATTERN 26. BANK 3. MARGIN 2
PARTTERN 26, BANK 2. MARGIN 3
: TEST PRESUMED GOOD MEMORY (BANKS 2,4,5)
PATTERN 17, BANK 2, MARGIN G
PATTERN 17, BANK 2. MARGIN 2
PATTERN 17, BANK &, MRRGIN 3
PRTTERN 17| BANK 4| MARGIN §
PATTERN 17/ BANK 4| MARGIN 2
PATTERN 17| BANK 4| MARGIN 3
PATTERN 17, BANK S MARGIN G
PARTTERN 17, BANK G MRRGIN 2
PARTTERN 17, BANK 5| MRRGIN 3
PRTTERN 7. BANK Z. MARGIN O

Banks 0 8 1| are MILI

Y (v18 the s12)n
B 29ind 6.1 tesi 22). Th

W
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PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PATTERN
PRTTERN
PETTERN
PATTERN
PRATTERN
PATTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PATTERN
PRTTERN
PRTTERN
PRATTERN
PRTTERN
PATTERN
PATTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PATTERN
PRTTERN
PATTERN
PRTTERN
PRTTERN
PATTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRTTERN
PATTERN
PATTERN
PQTTERN
PRATYTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRTTERN
PATTERN
PRATTERN
PRTTERN
PRATTERN
PATTERN
PRTTERN
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BANK
BANK
BANK
BRNK
BANK
BANK
BRNK
BRANK
BANK

BRANK
BANK
BANK
BANK
BRANK
BANK
BRANK
BANK
BANK
BRANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BRNK
BANK
BRNK
BANK
BaNK
BANK
BARNK
BANK
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PATTERN
PATTERN
PRTTERN
PATTERN
PRTTERN
PATTERN

PATTERN 20

PRTTERN
PATTERN
PATTERN
FRTTERN
PRTTERN
PRTTERN
PATTERN
PATTERN
PATTERN
PRTTERN
PRTTERN
PATTERN
PATTERN
PARTTERN
PRTTERN
PATTERN
PATTERN
PRTTERN

;RELOCRTE & TEST °ROGRAM SPRCE

PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRATTERN
PRTYTERN
PATTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRATTERN
PARTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRTTERN
PRTTERN
PRTTERN

NN L £ £ £ L WWWWWRINIMNNUNA S — e

* W % @ W % # W% @ W O W & @€ & W e € W O & & o @ e

BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BRANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANA
BANK
BANK
BANK
BRNK
BRNK

BANK
BANK
BANK
BANK
BANK
BANK
BANK
BANK
BRANK
BANK
BANK
BANK
BANK
BANK
BANK
BRNK
BANK
BANK
BARNK
BANK
BANK
BANK
BANVK
BANK
BRNK

e L e L Lo L L LV
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0000000000000 0000000000

MRRGIN
MARARGIN
MARGIN
MARGIN
MRRGIN
MARRGIN
MARGIN
MARGIN
MRRGIN
MRARGIN
MARGIN
MARGIN
MRARGIN
MRRGIN
MRRGIN
MRRGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MARGIN

(BANK O

MARGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MARGIN
MRARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MRRGIN
MRRGIN
MARGIN
MRRGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MARGIN
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*
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PRTTERN 2

PRTTERN
PRYTERN
PRTTERN

PRTTERN 2

PRTTERN
PRTTER!
PRTTERN
PATTERN
PRTTERI
PRTTERN
PARTTERN
PRTTERN
PRTTERN
PAQTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PATTERN
PRTTERN
PRTTERN
PATTERN
CRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN
PRTTERN

v
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Tris 1s

Severic.

ar

MARGIN
MARGIN
MARGIN
MARGIN
MRARGIN
MRRGIN
MRRGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MRRGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MRRGIN
MARGIN
MRARGIN
MARGIN
MARGTI M
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MARGIN
MRRGIN
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The pattern sequenrce was forward (the simpie patterns first complex
att:rns lncl)‘ equence o! ollcrnt (Mkli = :; 7,01, 2,04, 8, 21, €9,
52 b)Y M1l =1, 2, 3, ee!.

Since the patterns were forward so were the margins (0,2.3.4,5).

it (Mky1=26,22,2C,21.5. H,'.l
féJé?%E&?os.rS' “‘f? r?:cn‘?hcr;;:;::c uoufi ?ao have baen in're
. L] 1) L] L)

1f the bank selection 1s forward the banks will be tested 1n the
following order:

w»—-
“w ~
¢.~

1. Hgl{ tanks that are rot pretected cr prugram space (from O ‘o
167

2. MJll tarks that are not progrem space (from O to 167).
3. The program now relocates 3 tests:

4. Tg%% banks that were protected or program space (from 0 1t

5. MJ1l banks that were program space (from O to 1867).

if bank seilection 13 worst frrst the configuration table will be
censulted and banks will be tested 1n the lol?outng order,

1. MKll banks that are known bad and are not prolected or
program space (frcm O to 167).

2. MJi] vanks that are known bad and are not program space (from
C te iE7).

d. MX1l banks that are rcsuncd good and are not prolected or
prcgram spacs (from 5

4. MJL1l banks thal are presumed good and are not progrem space
(from O to 187).

€. The program now relocates 3 tests:

€. M1l banks that are_known bad and were protected or program
space (from O to 1867).

7. ™MJ11 banks that are known bad end were program space (from O
to 167".

8. ™K1l banks that are presumed good and were protected or
program space (from C to 167).

9. MJ1l banrs that are presumed good and wers oprogram spacse
{from C te iE7..
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2.3.1.2 Test Mode Details -~
MOOE C z “BAFPAF™ banks forward, patierns forward
This 1s the default and simplest mode.

This maode tests each bank completely from 0O to IB7
ezcept those requiring relocations,

While testing each bank the patterns are run with the
simple ones ':rst building to the more complex.

MOOE 1 = "BRAFPAR™ = banks forward, patterns reverse

This mode tasts sach benk completely from 0 to 167
excep! those requiring relocations.

While testing each bank the patterns are run with the
most complez ones first, working to the simple ones.

MiCE 2 = "BRWPRF*™ = Banks worst! first, patterns forward
This mode first tests sach known bad bank conglctclg
from 0 to 167 except those requiring relocation®, then
grcsuncd good banks are tested from 0O to 167 except

hose requiring relocation®,

While testing ecach bank the patterns ore run with the
simple ones Tirst, building lo the more complex.

~M_CE 3 = "BRWPRR™ = Banks worst first, patterns reverse
This mode first tests e¢ach known bad bank comclclclg
from O to 167 except those requiring relocation®, then
grtsuncd good banks are tested from 0 to 167 aexcept
hose requiring relocations,
While testing each bank the patterns are run with the
most complex ones first, working to the simple ones.

MOCE o4 = “"PAFBAF™ = Patterns forward, banks forward
This mode tests each pattern completely with the simple
cres first, building go the more compler.
While tcntlng ecach pattern the banks are run from U to
167 except those regquiring relocations,

"mOCE S = “PAFBRW™ = Patterns forward, banks worst first

This moce tests each gattcrn completely with the simple
ones first, building to the more complex.

Whiie testing each pattern first sach known bad bank
from O to "167 except those requiring relocation® 13




MOCE &

)
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run, then presumed ?ood banks are run from 0 to !&
except those requiring relocations.

“PRARBAF™ = Patterns Reverse, Banks Forward

This mode tests cach patiern comﬁlclcl with the most
complex ones first, working to the simple ones.

While lcsl:ng each pattern the banks are run from 0O o
167 except those rcqunrlng relocation®,

“PARBAW™ = Patterns Reverse, Banks Worst First

This mode tests ecach patiern com:lctcl with the most
complez ones first, working to the simple ones.

khile tcs!tn each pattern first each known bad bank
from to lg? excep t those that require relocation® 1
run, !hc presumed ?ood banks are run fram QO to 187
except thosc requiring relocations,

NOTE

# Relocation 18 required to test the

bank(s) 1n ogram space and also o
test an HKEI banks rotected b
diagnostic checkmode wit the 1nh1k)

mode poirter off (2er3)!

SEL 0017
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Test Mode Rpplications -

To verify correct operation of the memory system use Mode C
“BRFPAF™,

Rdvantages: Easy to understand.

Disadvantages: In case of a farling Bank, 1t mey take o long
time to find the farlure.

To get detailed error 1nformation on known bad Banks (faund
by s121ng routine) use Mode 2 “BRWPRF™.

Rdvantages: Seeks Bad Bonks. Easy to understand.

Oisadvantages: Failures other than zeros 8 ones may toke
long time Yo find.

To get good error info on any memory problem fast use Mode M
~Bafgard

Advantages: Covers all banks fast. Easy to understond.

Disadvantages: Failures from only complex patterns may toke
a long time to find.

Ts find any problem fast use Mode 7 “PRRBAW”.
Hdvantages: Covers all Banks fast.

C.sadvantages: Difficult to understand fatrlures reported are
ret ~ezessarily the most basic feilure modes.

€% OCle
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2.3.2 Cisplay Rejister -

A software display register exists 1n location 174 1n addition ‘o ary
hardware display exisltence.

Display f1eids are as follows:

1§ ' 14 13 (2 11 10 9 g ' "7 6 5 'y 3 c l
relccated E Bank @ : Margins s Pattern s

FRYTERN =8 = Tre number of the pollcrn rcscntlg being run. RIl patterns
are dcscrzbcd 1n section b. Any pattern can be 48ung in
the Diagnostic by Looking up “the symbolic Tags “MTONN" and
“MTFNN" "= where NN“ 18 ?h Pattcrn number.

MTONN rafers to the routine that setls up for the test
Fattern wherecas MTPNN 1s the actual pattern 1tsel!.

NOTE

The pattern 8 13 not necessarily an
indication of degree of difficulty.

MIRGINE = The 3 bit value loaded 1nto the Maintenance register

17777750 Bits (3:1). Margins are decoded o3 ITollouws:
Margin MIll(core) MK11(MOS)

C Normal Operation Normal Operation

g Early Strobs Early MDR Load

3 Late Slrobc Late Refresh

4 Low Current Reserved (Normal)

1 High Current Reserved (Normal)

Mergin 1 = Forces “wrong address pari1ty” error

BANK = The number of the Bank (1BK) of memory under test (0-167.
these bits directly map to physical address bits (21:15).

RELCCATED = This BIT indicates that the program is relocated and no
longer 1n Bank 0. It will be relocated to the first

knowr good non-protected memory bank indicated on
the zonfiguration map reference section 7.4).
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2.2.3 Special Memory Locations -

2.3.3.1 CARCHE Constant -

The CACHE constant 13 located at symbolic location “CRCHK™ and 13 used
to enable CRCHE.

If you desire to run with group O Jisabled change this CACHE constant
to 4 or S, 1f you desire o run with group 1 disabled change the CACHE
constant Yo 10%r 11, 1f gau desire tg disab:e all of CRCHE change the

CRCHE constant to 14 or 1|

NOTE
EBit O 1n the CRACHE constant has nc
effect sinmce 1t 18 unconditionally set
by the sro ram whegnever 1t trie to
enable CRCHE.

€.2.3.2 Configuration Table

The configuration table 13 located at symbolic location “CONFIG"™ and
has the foliowing format:

CONFIG: First ! Configuration words (3 each)
erd 16K Configuration words (3 each)

<67th 16K confaiguration words (3 e¢ach)

cittiguraticr Words:
wlw?

J
v

Interleave factor

External Interleave

CPU can access

Spare

Box number (0-7)

Errors present

Protected region of a M1l box

Memory t,pc- =MJ1l;1=MK1l

Protects (ﬁrogran space’

Not used

MKlIl CSR R3dress

Not used

Loader’s home bank

Indicates Bank 13 addressed by

Indicates Bank 13 addressed by
d by
d by

}
Ll |
o

auufnn—n
[T
s

]
0N
£

Med:

(L]

High:

A A=A At A~
WU O DOt = e = M L WO

Indicates Bark 13 addressas
Indicates Bank 13 addresse

Lea]onfoodoolanloneaderlasloetondanfoaferlealenles)
00 0t 5t Bl Dt Bl el i o B Dt et Dot Dt 04 04 D4

OO00
(T lalaIV)}
DD
0 Gn e e
NN
o
s e Bn e
00
LOLX0

W
rn

[

)

)
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8IT 4 Indicates Bank 1s addressed by CSR 17
BIT § Indicates Bank 1s addressed by CSR 17
BIT & Indicates Bank 13 addressed by csr 17
BIT Indicates Bank 1s addressed vy CSR 1.
BIT B8-15 Not used

This tabie 15 used as the sourca for the configuration
Mag ‘~eference. secticn .Y,

2.3.4 Terminal Commards -

£€.3.4.1 Jl:cntrel =C"
This command will:
1. Clear any margin conditions.
Jnrelocate 1f program was relocated.
F.lush out any DBE's.
Turr off Memory management.
Rttempt to Boot RKOS Drive O.
Failing S5, attempt to Boct RKOS Draive 1.
7. Failing &, go to 5.

Tris commard w11l orly be recognized ot the completion of the current
test cr pattern.

o N £ W

2.2.4.2 Cartrecl ~0" (DEBUG)
This commard will enter o modified version of ODT.
This 13 & subset of the ODT as documented 1n the RT1]l System Reference
“anual with the addition of Control “C™, Control “F", 8 ccocntrol "E”
whichk furztion as outiined here.

NOTE

18 advisable not to enter ODT wtaen

at
&
the program 13 relocated.

ooy
Ay W,
W
L0£0

()]

9}
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2.3.4.3 Control "E™ (prockEd.

This command will sllow you to exi1t ODT. It 1s ke reverse i the
control "D" command. It you type cortrci “E™ afler o Breakpoint -
you're an yaur cwr!

2.3.4.4 Control "T" (T¢ll me what®s happening)

This command _wi1ll print sut the 1nformation encoded 1n the display
register. This 13 mainly intended for CPU's without a hardaare
display register.

Exampie:

RELOCATED BANK= =3 MARR= 3 PRT= 2b

2.3.4.5 Contral "F” (Fi1eld Service Mode)
This command will cause you to enter & mode Looking for sub commands.
When the program 1s looking for & sub command any number that 13 not a
legal <command will cause a mini help message to be typed. Therafore
when 1n Joubt type 99 (CR) and you ungl get help.

NOTE

Typing just carriage return 13 a default
command 0.

€.3.4.5.1 Fi1eld Service command O (Exi t)

This command will exi1t Field Services Mode and return to whatever task

1t was 1r prior lo typing control “F". MNote typing jusl carriage
return 13 & default 0.

2.2.4.5.2 Field Service command | (Read CSR)
This command will typeoul the contents of the MKIl CSR.

It there 13 more than ¢cne CSR on the CPU {or 1f the proarlm has no
et determined the CSR status yet), 1t will Rsk yods “WHICH CSR(0-7)*
o wh.ch you must resgond with an Gclal number fram O to 7. Not

typirg just coarriage return 13 8 default J.

[

W
m

(%)

n
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lect causes o trap o 4 the program will tyoe “THIS

NOTE

CSR raferences are done 1n accordance
with section 5.1

c.3.4.5.3 Fi1e.d Service command 2 (Load CSR)
“his command will enable you to load the MKI1l CSR.

If there 13 more than one CSR on the CPU (or 1 the ﬂro ram has
yet determined the CSR status yet) 1t will ask you “WHICR CSRrG-7 to
whict you must respond with an Qctal number from O to 7. Note ¢

just carriage return 138 a default O.

I1 the CSR you select causes a trap to 4 the program will type “THIS
csr DOES ~o¥ ExIST™.

The CSS wiil be read and displayed as 1n command 1.

The program will then ask ycu for the “FIRST CSR WORD" to which you
must ‘r:spg?do with an Octzl number. Note typing just carriage return
18 & delau .

The program will then ask you for the “2ND CSR WORD"” to which you must
respond with a~ Octal number.

The program will then load the CSR and Read 1t again displaying 1ts
new cortents.

2.3.4.5.4 Field Service command 3 (Examine Memory)

This commard will allow you to examing any physical address and dces
the necessary memory mandgement mapping for you.

Tne :rogram will ask you for the "PHYSICAL RDOPESS (0-16777776)" 1o
which you must rcspon, with an Octal number.

af the address access causes a trap to 4 the program wil) t!nc
TIMEOUT TRAP™, It the address access <causes a trap to 1IN ¢
program wi.. type “PRRITY RBORT™.

Tne corterts cf ycur physical address will be typed.

<E% CCe3
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2.3.4.5.5 Field Service command 4 (Mcdify Memory)

This zommand allows you to modify any physical address and docs the
necessary memory management mapping Vof you.

The ﬁrogrcn wiil ask you far the “PHYSICAL ADDRESS (0-16777776)" (¢
which you must respond with an Octal number.

I the addrass access causes & trap to 4 the program will t!;a
“YTIMEOLY TRRP™, If the address oaccess <causes a trap to 1M ‘
program will type "PARITY RBORT™.

Tre program wil! type “OLDC DATA WRS™ and the contents of your physical
addrass.

1)
m
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The program will then type "INPUT NEW DATA™ to which you must
Ellh a! Octal number. Note typing just carriasge return 1s 2

o
L
—
L A -J
o
—3
G

The program will attempt to write this new data intc ¥0ur &hagxcol
address after which 1t will read 1t agern and type "DRTA IS NOW" and
the new contents of your physical address.

NOTE
If you can't change the dates, that would
indicate that you have a double b1t
error 1n that double word pair.

2.3.4.5.6 Fi1eld Service command S (Select Bank, Margin 8 Pattern)

This command allows you to run any bank at any margin with any pattern
forever.

The program will ask you “BANK(D-167)" to which you must respond with
an ctal number. f the bank ;3 not accessible. The program will
type “BANK NOT RCCESSIBLE® and ask question over.

The progrem will then ask “PRTTERN (0-37)" to which you must respond
with an"Cctal number.

NOTE

Rny pattern can be run 1ncludsn those
that are not part of the APT E-TRB%E
defau'!ts (refgrence sgction 6.2.1). {
you select attern the progron will
ask “PATTERN 0 DATA IS** to  which you
must respond with an Octal number.

The program will tren ask "MARGIN (0,2,3,4,5)?" to which ou must
respond with an Octal number of the set fblé J,4,5), If SWS Ts set 1n
the Switch register the program will type *MARGINS INHIBITED BY SWS*
and ask you for the margin again. You must then e¢ither turn off SWS

cr select & margin of O

I the Bank you selected requires relocation the rogram will type
“uank REQUIRES RELOCRTION“qand exit this command. PNo ¢ normally tg?t
is true for Bank 0.

The Eroaron will ther arm the console keyboard for interrupts and type
“YC ESCRPE TYPE RNY KEY!*,
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The test pattern will be entered and rur wuntil 8 console key 1
depressed to escape this Joop.

2.3.4.5.7 Field Service command & (Type Configuration Map)
This command types the configuration map.

This 18 useful after 8 long run (overnight) to see all the banks that
are marked as bad. (Espcc?allg 1f your console 13 a video terminal).

For a detailed explanation of the map reference section 7.4,

€.3.4.5.8 Field Service Command 7 (Battery Backup Test)

Ih:s command will check that memory does not forget while powered
cwn.

It will write and check the address pattern 1n every non-protected
Memory Bank.

It will then prompt with “REMOVE SYSTEM POWER FOR 10 SECONDS MAX!'!".

11 you change your mind and do not wish to power down the system type
.nY‘CherCllr and the program will think that 1t has gone thru a power
falisauto restart sequence.

The program will then read check each non-protected bank for the
Addrcs; patierr and when done type “TEST COMPLETE"™ and e¢zit this
ccmmand.

2.3.4.5.9 Fi1eld Service Command 8 (SOB-R-LONG TEST.

This command allows aexecution of the SOB-R-LONG Test on all
non-protected Banks reference Section b.2.2.26. Cperation 13
1dertical to command S except that no Pattern or Bank 13 entered and
each pass causes o Bel:.

2.3.4.5.10 Field Service Command 9 (Super Tight scope loop)

This command allows super tight scope loocps on an hysical oaddress
with any margin lctllns. ' F g y Py

The program will ask for “PHYSICAL RDDRESS™ to which you must respond
wilh an cctal number.

SEL 0026
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The program will then ask "MARGIN (0,&,3,4,5:°" to which you must
respord with an Octal number of the set (ﬁ*é 3,4,5). 11 SWS i3 sel 1n
the Switch register the program will type MARGIN™ INWIBITED B SWS
and ask you for the margin again. You must then ei1ther turn off SWS

or sele:t a margan of O.

The program will then type "SWR ---> MEM MEM ---> DISPLRY™ 1ndicating
that l' will move the switch register 1nto the ph si1cal address, move
the physical add-ess 1nto the Display Register, an, loop.

The the ero;ran arms the console keybcard for interrupts and types “TO
ESCAPE TYPE ANY KEY!™.

The precgram now enters a loop st symbolic location ™“CMDSILOOP” which
consists of the foilowing code:

MDILCOP: MOV ISWR, (RO) :WRITE SWITCH REGISTER INTO MEMOR)
mOV (RO) ' SDISPLAY  :READ MEMORY INTO DISPLAY REGISTER
BR cMDIL 00P :LOOP TILL WKEYBORRD INTERRUPT

Tycing any key wiil exit this command.

2.3.4.5.11 Fieid Service Command 10 (Error Summary’

This command tY:cs cout the number of passes and the total number of
errors. If ere were any errors 1t will type oul the Banks and the
number of errors per bank up Lo 255 DECIMAL.

This becomes uscful after long runs (all night) on systems with a
video console lerminal.

€.3.4.5.12 Field Service Command 11 (Refresh TEST)

This command aliows execulion of the Refresh Test on all non-protected
Banks raference Secticn 6.2.2.19. Operation 13 1dentical to command S
except that no Fattern or Bank 13 entared and sach pass couses » Bell.

€.3.4.5.13 Fieid Service Command 12 (Set Fi1l) Count)

Tris command allows setting of the terminal f1l] count (necessar for
«A30°s, ASR33°'s, and VTUS's). It 13 normally set to 2¢ro for L&B&'c.
viSe's, vTEl's. etc.

13

w

cce?




.4 Ezecution Times
2.4.1 Typical (System) -

Execution time depends on
measured times.

CEMKRR{TC MEM)
128k of MJ11l (corc) Memory
Normal Pass 2 Min MS Sec
Quick Verify 33 Sec

128k of MKI1 (MOS) Memory
Normal Pass 2 Min S2 Sac

many variables however hers

DEMJR (OLD 0O-2 MEM
11 Min 41 Sec
c Min

1] Min 41 Sec

Guick Verity 4l Se: e Min
2.4.2 Calcuiations (System)
Normal Fass (all norg:ns)

Add per MK1]l Box (CSR)

Rdd 20 Scc per BANK of MOS

Rdd 2l Sec per BANK of Core
Guick Verify Fass

CLE) S Sec per BANK of MOS

&dd Y4 Sec per BANK of Core
2.4.3 Typicai Patterns)
Fattern Time Description
MTO00O0 ;<1 SEC DATR PATTERN TEST
MT0001 ;<1 SEC ADDRESS TEST
MT0002 ;<1 SEC COHPLIHENT RDOORESS TEST
MT0003 ; ! SEC 3 XOR 9 WORST CRSE NOISE TEST
MYOOO4 ; 1 SEC ROTATING ZEROS TESTY
MT000S ; 1 SEC ROTATING ONES TEST
MT0006 ;<1 SEC INITIAL DATR_ TEST
MT0007? ;<1 SEC ADDRESS BIT TEST
MTCO10 ;<1 SEC BYTE RDDRESSING TEST
MT0011 ;<2 SEC CRERTE SINGLE BIT ERROR TEST
MYOO012 ;<1 SEC WRITE BYTE CLEARS SBE TEST
MYOO13 ; 1 SEC CRERTE DOUBLE BIT ERROR TEST
MT0014 ; 1 SEC WRITE INHIBIT DURING DRTIP WITH DOBE
MTOCIS ; 1 SE- WRITE INMIBIT OF BYTE WITH DBE
MT00le ;<1 SEZ WRITE INHIBIT OF WORD WITH DBE
MT0CL7 ;-1 SEC HOLDING 1°'S & 0'S TEST
MTgC2C ;1 SEC MARCHING 1°'S 8 0'S IN CHECK BITS

COo3
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MARCHING 0°'S 8 1°S TEST
REFRESH TEST

SHIFTING DIAGONRL TEST

FRST GARLLOPING PATTERN TEST
INTERRUPT ENQ L; TEST
RANDOM DATA

UNIQUE BRNK T T
FLUSH OUT DBE'S TEST
SO0B-R-LONG TEST

DO3
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3.0 ERROR INFORMRTION

3. Er-or Reporting

Most errors are repcried using the EMT troE and handler provided b

SYSMAC.SML. Most errors wili be of the “MEMORY DRTR FRROR™ t!ﬂ‘ whic

will b des:crited here. MEMORY DRTR ERRORS wiil #lsc cause bank
to be marked as Bad 1n the configuration table.

Other erro-s 8¢ best explained b rcfcr‘r;xng the specific typeout
and 1f necessary the program llsif

Examgle:
MEMORY DRATA ERRCQR

PC BANK  VARDD PRDD G000 BARD XOR MAR BOX MT-PE INT PART ARRA\
022132 37 060006 03700006 00000C 0QOC10Q 000100 O 0 M1l O o6 15
0c213e 3¢ 060006 03700006 000000 000100 000100 O 0 MKil O 06 1S
022132 37 060006 03700006 000000 000100 000I100 Q 0 Mkll O 06 1S
cez2l3e 37 060006 03700006 000000 000100 0QOO0I0C O 0 ™Mll O ce 1S

While testing Bank 37 at virtual ddrcas 60006 (virtual addresses are
slways batween 60000 and 1S77 for nappln urgoccs) hysical
address 3700006 (that’s Bank 37 ph sical ‘hl Ban )Y with
Pattern €& (Initi1al Data Test), the good d.to expected was O but the
data actually read (BAD) was 100, the exclusive OR ot Good & Bad
yields 100 “which i1ndicates only feiling bit(s) (Bit 6). The morﬁlns
werge at G tno margin) and the memory resides in Box O, 1t 18 K11
fMOS) Memory an 1ts 1nterleave Tactor 13 O (not :ntcrlcavcd) The
CSR 1dentified an error 1n slot Rl (reference Section 7.5).

NOTE
Subsequent errors of the same tast do
not type 2 new heading.
Tre Box Irtarleave and slot would be o "7 1f the memory type wos MJ!
k-—Cf‘:.

! M3il Core. gives Parity Rborts ther the Bad Data 3 XOR u1ll be

{1 X

ar
ran

e/

f ~c MFii nas rc SR with 8 SBE or DBE then slot will be a """,




FO3

Page 3!

3.2 Error Halts

There a-¢ several Halts 1n the prog-em.

A1l unused trap vectors contain a trap calcher (.WORD .42, HALT!.

an urdefined TRAP 1nstruction halts at symbolic location “ShALT2™.
The RPT dowr loed sequance will halt at symbolic locetion "RPTHLT™.
Halt or Error option (SWIS Set) ot symbolic location "SHALT™.

Hait program (SW8 Set) at symbolic location “SEXHALT".

Power Fa1l will normally halt at the end of the shut down sequence
symbelic location ~S00HN") .

Power Faii has 2 fatal Helt at symbolic location “SILLUP™ which can be

caused t’ power up occurring before power down sequence completed or
by scwer dowr before a power up sequence 18 completed.

.2 PROGRESS REPORTS

Pass complete typeouts as follows:

E PRSS s 0
ENC PQSS . i
END PRES [ Te}¥} 4

NOTE

Cass 2 was flagged as a2 Guick Varity
Fass. ‘Because cf 2 charge in SWS!




E.0 DEVICE INFORMRTION YARBLES JSk°S!

lst Word

g ! 14 13 g 1l i 9 8
BE ! check Syrndrome Coapacaity

cgrd wers

i€ ! lw o 2 i ' 9 H

OBE ! l-teriecave é !cracovc & ' Bad ]
: terting R Eccnlrol:

Load

Iy )
Bad array

o

ginrtn
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€.i ARAddressis: Jf Tre CSR

The SR 18 accessed as 2 sa-u.t word on the 11.7 main mcmor? bus.
.To the processor, the CSR looks like two corsecutive 16 bit wofds.)

3 switch on the MBISE address buffer module salects one 5f two options
for SR sdd-ess access, ei1ther Direct or Indirect.

6§.1.1 Direct Rddress

(For thys ogticr the 11.7C processor reguires modification.; Switches
on the MBfse sddress buffer module select one of the following ci1ght
CSR {(doubdie word lccatiors (cclal addresses):

17772¢10C
1777272104
17?7?;110

'R
~4
~4
n
e e Bt B e

€.1.2 Indirect Rddress

No Il PC modificaticns required for this ottxon but 1ts use 18 quits
complez.. Switcnes on the MB1SB addraess buffer module select one of
trhe followiry e1ght 2SR (double word) locations foctal addresses):

Y S Y S Sy S

\i 3
GELTL VLT T T VR
Pt (s P Pt Pt Pmn Pt P

WP

3

N

4NN
IOIDIOIS

4790

NN

NOTE

“hese addresses ore in the upper r.b¥
word saction of the existyng }1/70 M
word adcress space. Normal his s
resarved address space rever anlcncn ed
1r memory and not Jirectly accessible by
trg groczesscr.

SEG 0033
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Mowever, thase CSR locations may be accessed for diagnostic purposes
thecugh the wuribus map with cdche turned off. It 18 not recommended
ts use this method 1n an operating system ¢nvironment since the unibus
magp 13 raquired 1 other NPR activity 1s present. Ore cookbook method
o implementing a CSR asccess (within this diagnostaic program, 14:

[ ]
.

Halt all NPR activity on the system.
Turn cache off.
. Far B «=== 177400 .other Far’s Normal?

. ™Map & --- 17760000 (cther Maps = 0).

g
3
<. Erostle maemory maragement 1n 22 bit mode.
E
(3 Ter~ cr uribus Map.

=“:iess virtual 152100 through 15213t as SR's.




§.1.2.1 MHistorical Hote

This Indirect path to the CSR's was discovered i1n g¢arly 1977 by an
expedition consisting of my three brothers and myself.

Field Service Engineer, Memory Engineer, System Engineer and mgsglf
Software Engineer, departed the CPU on our search lor the CSR's.
Memory Engineer promised that CSR’s would conditionally reside 1n the
shado: do' 8 giant memory depending on whether or not they felt
switched.

We began our search for the first CSR bcl:cvxng that 1f we found one,
¢

that "the rast of the tribe would surely nearby. Our ltask was
clear, find CSR 17772100 behind the girant memory O through 16777776 (2
Meg words).

Field Service Engineer suggested that since we could arrive 1n the
cast by heading west !gcn surely we could find 17772100 b! headin
for 152!00. This didn'! make too much sense to my other brothers an
myseif however since Field Service was uilling to pay for the
cxpcdxixon, we all left CPU city 1n search of 152100.

The first vx!la,c we came upon was managed by en old experienced
relocator name Kay Tee. We told Mr. ¢e of our expedition and our
high ezxpectations of findin 17772100 b lookin for 152100. He
expressed doubt that the !c!l could be oc!onplnshc , butl he said since
our three most significant bits were s13 that perhaps his most trusted
frxcgd Sé' (on of the Par brothers) could help us. So we proceeded to
tee Saiz Par,

We found Six Par at a busy highway control center directan traffac
withl his brothers. He greeted us warmly and assured us that we had
come to the right place. 1z said that his older brolher Seven was

not to be trusted since he preferred devices to people. Also, Siz
told us how his younger brothers were much too 1nezperienced to utde
us and that they uswv ll’ only do 1 to 1 relocations. So, st Siz Par's
highwoy we were !lvcn 177900 which he said to multipgly by b4 and_ add
to our 12100 (IS2100 less 3 MSB's). Thus, we were ?cavnng Kay Tes's
villoge with & total esddress of 17752100.

At the outskirts of the village there were two tol] gates one to_ Cash
and one to Uni. We decided to take the Cllg route at System
Engineer’s suggestion that “Cash makes no enemies™. However, the gate
vard would "not let us pass because he thought we were a device. We
ried to explain but he 1nsisted that unless our most significant bits
were 16, we could not pass. Reluctantly, we decided lo try the Uni
gate. Here the guard was more negotiable and he let us gass chargin
only four bits. Just outside the ate we boarded o Unibus wit
9
address 752100.

The bus trip was supposed to be qu.'e long with many stops, however,

it turned out the first stop was the lagt stop for nnvbodg without a
device address. MHere we departed the Unibus to find a ‘ong row of 36
chezbcut girls 8t special registers cailed Maps. Each ag ~sgister
*ad a r.mter T tnrough 36 and a checkout girl with a matching bust

SEG 0C3S
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size. We all agreed to visat Ha: register 3b. The checkoutl girl was
very cordial and went on to say that "she Rralcrrcd customers whose
mast significant five bi1ts were 36 also. She chargcd us our five most
significant bits and added her favorite number 17760000 to our address
of 12100 and we ch.rlcd with 17772100, which Memory Engineer promised
would lead to the CSR.

Nezt we come {0 the cash h hua’. but since the cash register was .
turned off, we were declared amiss and allowed to pass all the way
down the highway tol] free where wa orrived at the Memory bus. Tﬁ.

y- ¢

’avc the drlver our address of 17772100 and proceeded on our wa
river warned us that no one ever goes there and he woited for us ot
ocur stop as 1t was not a regular part of his route.

Here waiting st the bus stop with open arms, we found the CSR and the

entire tribe. We briefly exchanged data and climbed back on the

Tcna;y h:s as we had to return to cpﬂ city before the last Unibus
imed out.

The journey home wos without 1ncident. It 13 1nterasting to note that
once  home none of the engineers i1ncluding myself, could rememder what
tre checkcutl girl’s face Tcoked like.

8.1.3 Indirect Manual Mode:

1. TYurn off Cache 17777746 (--- 14

2. Set up MAPC 17770200 «--- 170000
17770202 «--- »?
3. T.rr or Unibus Map 17?7?2816 «<--- 40
<. Yuirr dasplay switzh to CONS PHY
€. Exzamire or depas.t 17302100 through 17002136 as ZSR's




LO3

Page 37

€.2 wllocation Of CSR Bits
§.2.. Enable Parity Traps (Bat0 - of lst word

If this it 1s sel, 1t allows bad parity to be asserted (for o REARD
cperation: 1f a double error occurs or o single error occurs with ECC
disabled. Section §5.2.5 summarizes the operalion of this bil along
with other contral bits. Thais bi1i 1s setl on power up and can be
writtean or read by the main memory bus.

8.2.2 ECC Disatle (B1t]l - 18t word)

If this b1t 18 set, the arror correction circuitls are disobled and no
single b1t error corrcctlon wil]l occur. However, error detlection
cirluitry 13 enabled and any single or double b1t error na‘ still  be
detected on o RERD opcrotlon an, correct check bits are sTal! written
1nto memory on & wrile operation.

This 1s » dragnostic a1d to allow writing and reading data from memor
withcut 1nterference from the error correction "logic. This s
RERL WRITE 51t cleared on power up.

€.2.3 Ciragnostic Check (B1t2 - 1st word)

This mode allows o means of writing dota stored |n CSR Bits (]4:8.
1nto the MOS chips used for check llt storage. RERD c'clc !o memory
will resd the check bits from MOS storage 1nto CSR bits

This allows ar integrity check on the check b1t storage chips and o
cnack zn the error correction logic.

TRis kE1t 15 .leared cn gower uo and can be written or read by the main
mamZcy Dus.




€.2.% Protection Pointer (B1t3 - st word)

Thig bit selecis the 1BK ctyon of memory which will Dbe rclcc!&d
tnot be affected by EEE 5lsab ¢ and diagnostic chcck;. Thx: 1ok
b1

section will <contain the diagnostic program. When
unasserted, the first 16K associated with each control <card 1s
protected. iWhen this bit 13 assertled the second lbk ﬁ'* cioted with
each control card will be protected. This 1s & RERD/WRI bit cleared
on power up.

.2.5 Summary cf Bi11s.3:C) of lst word
CSR BIT3 BiTe BIT! BITO FUNCTION

Ensble traps on SBE's
R/W chackbits

Not used by program
Notl used by program
Read Box Capaci

Not used by prograem
Not used by progrem
Not used by program

Petebet= 0= DIOICICHIOIOIO
adad ol d®lalel ol ot olelele el

[T als Y e e le SN N ela]
el e MMelE e e " ¥aelln]

> z GON'T CARE

5.2.6 Single Bit Error Indication (B1t4 - lst word)

On a RERD c,clc to "'°'V 11 a single b1t error occurs, this it s
sel. Simultanecusly., he syndrome bitls are laiched into CSR Bits
(14:8) and the array 1dentification and_ controller selected are
latched 1ntoc CSR (Bits [7:5] lst word) and Bi1t9 2nd word.

3:r:xon;n:txon of t:o C%Rt:an thus t: crfoqn:d to see 1! o single b;t
r 8 octcurred an ¢ arra at fai1led 1f such error occurred.
This 13 a RERD/WRITE b1t cleared gn power up.

Parity trap, disable (Norms!l Mode)
Enable traps on DBE’s (Initiali2ed Value from poner up.
Disable arror correction & traps

Resd Bozx Capacltg in Bits (14:8) of lst word
Diseble error correction 8 traps
Enable traps on SBE's (Program relocaled:
R/W Checkbits (Program relocated!

rem raloceted:

<E% CC38
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§.2.7 RArray Select (Bits (7:5) lst word)
During & RERD cycle to memory, latched address bits on the sclected
control board "wil! be stored i1n these locations upon an error. Rny

?BE :l;l rewrite these bits 8 SBE's from protected memory wiil not be
atched.

S.Ea? Check 31t Syndrome Bi1t Storage Box Capacity (Bats (14:8) (st
wor

S.2.8.1 Check Bit Storage (DIRG CK = )

During & diagnostic check, bils are reead from or wrilten 1nto memory
as described 1n Section 5.2.3.

S.2.8.2 Syndrome Bi1t Storage

If a single b1t error occurs on & read cycle, then the syndrome bits
indicating what bit failed are stored inlo those CSR bits.

These CSR bits can be written or read by the main memory bus.
They are neither set nor resel on power up.

5.2.8.3 Hamming Code Matriz

Each check b1t (C1-C32) 13 the result of odd parity gensrated on the
data bits designated by X.

¢1=1¢1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31)

ce = fc2.3,6,7 10,11 14 16 18,18, 22,25,26,2%,30731)

C4 = f(4-7 12-15 20-23,28-31)

c8 = f(0-15 24-31)

cib= f(0-7 16-31)

c32= f¢8-31)
Check bit CT (check total) 1s the result of even parity generated on
the data bits.

’

¢1 = 170,3,5,6,P 11,13,14,16,19,21,22,25,26,28,31:

Syndrone bits (S1-ST) are formed by & comparison of the check bits
read from memcry and new check bits genarated on the data read from

SEG 0C39
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memoTy.
3 single error will cause an odd number of syndrome bils to go  high.
If Bal % should fai! Si6, SB, 8 5S4 would be set.
¥

In ezamination of the syndrome bits can disclose the far1ling bat.
h

I1f there are more than one syndrome bits setl and st1l]l an cdd number
of bits then the following s:nslsflcalxon exisis, SH4-S1 indicate 1n
octal the failing Bat (0-7). S32-S8 i1ndicate the Bad B‘tc. fhe
cleared bit_1n S32-SB 1ndicates which Byte from left to_right, ©632-58
= 3 =Byte 0; S = Byte 1. b = byte 2; and all set = 7 =Byte 3. =T
(Syndrome total) should be set or cleared to produce an odd number '
syndrome.

it ongg ore syrdrome b1t 1s set 1t directly i1ndicates which check Bt
18 bad.

5! :' even rumber c! syndrome bits are set something 13 wrong with the
ardware.

in
‘\

)

O
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€.2.8.4 Bor Cepacity

nd or wraitin checl bits
o resd the total number of
y. In order to read tihis
¢

Multiplezed with the locations for ~eadin
or reading syndrome bits 13 the abilit
16k X 32 sections (double blocks) 1n memo
box capacxlﬂ the special code as 1nd
(3:1) = 1,0 5 will have to be loaded int
performing Ihe READ cycle.

- p

ted 1n Section 5.2.5 rbits
he CSR lst word prior to

Note that 1f ECC 15 manually disabled urlllng s Zero into CSR Bite
st word 13 overriddern an! a One remains. n order to read the box
city for this case, an internal flip-flop 13 used whose state 13

whs written inlo CSR Bit2 lst word. Hance writing Bits(3:1) =
O Ist word will sti1li allow box capacity to be resd "even though
BiT2 lst word 18 still a One.)

S§.2.9 Double Error Indication (Bat 1S of 13t or 2nd word)

r o RERD cycle, these bils are se¢
znultlncou!ly the arra select b1
selected are stored 1nto ESR Bits (7:
control 18 stlored 1n B1t 9 2nd word.
of lst & 2nd word are separate ond 1nde
a4 write to that b’tc wil] not atffe
asserted b the addressed controlle
RERD - WRITE gxts reset cr power up.

t 1f a8 double error occurs.
ts latched on the control board
S) lst word and the latched
It should be noted that Bits IS
pendent. Clearing one bit vio
ct Lthe other. Thcg are however
r simultaneocusly. These are

§.2.10 Starting Rddress (R24-RlB) (Bits (B8:0) 2nd word)

Tnese bits are used 1o locad a starting box address through the CSR on
a UWRITE c?clc or can be wused to read the starting address of the
memory bex If the address 13 set by switches on the "data 1nterface
card or remotely frem the processor. The slartnna address coan be
reconfigured on & 32K word segment. These ba'ts are RERD/WRITE. On
pouwer up the switch seltings on the data i1nterface coard are loaded
into these CSR locations. 1In order to load the starting address Bt
i0 @rd word must accompany the load.

5.2.11 Cortrol Select (Bit 9 2nd word)

It » txn!:c or double b1t error occurs during a RERD cycle, then the
oddress cf the cortrolier selacted 13 stored 1n this CgR bit location.

“his bit 18 read only and cleared on power up.

Coue
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S.2.12 Starting Rddress Selector Bat 10 2nd word)

This bit controls selection of the starting address 3 Eiternal
Interleave loaded into the CSR or the starting address and extarnal
interleave dactated by the switches on the data buffer board or
control panel. R dero 1n this bit 1ndicates selection of the
switches, 8 One indicates selection of the starting address loaded
xrtg. CSR bits (8:0) 2nd word and External Inte-laave bits (14-12) 2nd
word!

‘Note that a RERD operation to the CSR will slways give the actual borx
sta-ting address in Bits (8:0) 2nd word regardless of 1ts origin.)

This 1s 8 READ - WRITE bit cleared on power up. (However, a switch on
tre data buffer board can hold this bit cleared, thereby defeating any

attempt at loading the starting address and External Interlcave
trrough the CSR. .

$.2.13 Internal Interleaving (Bitl 11 2nd word)

Tris b1t indicates 1f there 13 i1nternal interleaving within a memor
tox. If this bit 13 cleared there 18 no i1nternal interleaving and 1
1t 18 set, the-e 13 i1nternal interleaving.

NOTE

Cnly 1! each <controller has 1dentical
memory capacity 1s this b1t capable of
being sel. However, writing o ero to
this™ b1t disobles all possible 1nternal
interleaving. Tris 13 a RERD/WRITE bt
set on power up 1f each of the two
control card sets has 1dentical memory
capazity.
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§.2.14 Externsl Interleaving (Between Boxes) Bite (IM:11) 2nd word,
These bits 1ndicate how 1the system 13 configured for eiternal
interleaving as follows:

BITI4 BITi2 BITI3 NUMBER OF WAYS EXTERNALLY INTERLERVED

o c G No External Interleaving

) 3 0 Not Used

J l Q @ Way: Memory Responds to Even Double Words

i 1 S : Memory Responds to Odd Double Words

C o i 4 Way: Memary Selecled If: R02=0; RC3I=C

1 3 l : Memory Selected If: A0e=1; A03=0

o i 1 : Memory Selected If: A02=0; R0O3=1

1 1 : : Memory Selected 1f: RO2=1; AD3=1
“he bits will be t-eated 1n & similar manner to the Start Rddress s

descrited 1r Section S.2; 1.e., CSR B1t10 2nd word will determine the
srigir. mis3, on power up the corresponding swiltch settings wili e
tcaded 1rt: these CSF it locations.

1]

[
)




£.2.15 1Interiecave Summary

BlTi< BITI3 BITle BITI!

o, 0 C C
T c c
T s : o
R S
B s g
B a1
- a
o T L
IR S R o
RE = N
R T g
EE -1
LT 5 c
LT R
LT T o
U

e e S Lk i e e e e e - Am e e e

OESCRIPTION

No Interleave
Internal 2-1
Externs] 2-1

Even Double Words

Ext 2-1 8 Int
Even Douvble Words

Ext 4-]
R3=0 R2=0

Ext 4-1 § INT
R3=0 R2=0

Ext 4-1
R3=]1 Re=0

Ext 4-1 8 Int
A

=] =

Impossible (ERRIR)

Impossible (ERROR)

Ext 2-1

Odd Couble Words
gExt 2-1 8§ Int
Odd Double Words
Ext 4-}
R3=0,R2=1

Eat %=1 8 Int
A3=0,Re=1

Ext 4-1
R3=1,Re=1

Ext 4=-1 & Irt
H3=],Re=]

GO4
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€.3 (SR Bit Summary

ISR BIT ALLICATION - RS DESIGNED

-

y

st wc-d BitO  Enable Parity “raps : Set on Puwer Up (Read /Write,
Bitl ECC Disabdle : Clear on Power Up {(R/WJ
Bit2 Diagnostic Check : Clear on Power Up (R/W)
Bi1t3 Pro%ccllon Pointer : Clear on Power Up (R/W)
Bit4  Single Bit Error Indication : Clear on Power Up (R/W)
E1tS Array Sel AQL : Clesr on Power Up (Read QOnly)
Bite Array Sel AOC : Clear on Power Up (Read Only)
Bit™ Array Sel AG3 : Clear on Power Up (Read Ornly
E1tB CK Bitl/Syndrome 1/ Capacity 1 : (RQead/Write) Bits, Neither
gxtg K B:l?/ gnﬂronc c-Capacity 2 : Sel nor Reset ga Pouér
1110 LK Bit4/5yndrome Y4-Capacaty H : Up; Based on C Bited 8 b1t3 Checr
Bitll CK Bild Syndroms B/Capacity 8 Bx‘siﬂlonc are Read from or
1 1t]1b73yndrome /ga scat : Writlen 1nto these locations
Bx!lg CK Ext581§8ndromc 58/ a:ocxtyés : Otherwise Syndromes are Written on SBE's
Bitl4 CK Bit T/Syndrome T/CiplCllggq
Bi1tlS Doubie Bit Error Indicaticn : Clear on Power Up (R/W)

-3 x4 Bitl Start Rddress (AlE) (Read/Write) Bits Capable of
S:t1 Start Address (A17; Being Loaded via the Main Data
Bitg Start Address (A1) Bus or Switches on the Data
B.t3 Stert Address (A19) Card. On Power Up, the switch
B.t+ Start Address (R20) Settings are loaded 1nto
Ei1tS Start Address (R2]) These Locatiorns.

Bite Start Rddress (Rce)
Bit? Start Address (R2J)
BEitB Start Address (R2H)
B:t3
Bitl
Bitl
E:ti
B:ti
E.tl
2i'.

- e e R D G G D D R D R WL G e G e G e

Controller Select

€xt ROCZ )
Jcuble Bit €rrzr lrdicatiacs

1t1C Start Address Selector
101l Internal Interlsaving
: g Two Hay
i ti3 Four Hay

3 2

E

e -
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CTMMENTS

Cleared on Power Up (Read Only
Loaded on Power Up (Read /Urite
Loaded on Power Ug (Read Write
Loaded Same as Bils (8:0) 2nd
Loaded Same as Bits (8:0) end
Lcaded Same 83 Bits (B:0. End
Zlear on Power Up ‘R w)
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TEST

TESY

TEST

TES”

-4
m
mn
-4

TESY

TEEY

SUB-TESY SUMMRRIES

Tests

1

GNQEIZE CONF IGURRTION .

(CSR Rccess may caute wrcng “ype of Traps)
e

TEST BANk. O RCCESSES
Fai1lures are fatasl.

3

TEST BAMKS 1-167 (OCTAL) FOR ZEROS 8 ONES
Errors are not typed here - only logged in
the configuration table

o
INKIBIT MODE POINTER TEST

S

CIARGNOSTIC MODE DISPATCH ROUTINE

This test runs all the patterns 1n the
mode seiected.

)

UNIQUE BANK TEST
Pattern 27 18 run

7

FORCE RUDRESS PARITr ERRORS
insures that nc bank responds when there 13
8 address parity error.

104
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6.2 PFPatterns
6.2.1 Genaral Pattern Informaticn

Actual patterns are 1dentifi1ed by s?mbolxc locations "MTPXYY"” where X
may bae ey sub grogram indicator TR,B.C,etc) or O and YY will be the
number of the pattern,

Seluy ¢roccdurcs for each pattern are 1
*"MTOUOYY™ where YY will be the number of

Pattaerns reside 1n 4 scripts that are scanned for execution. Symbslic
location “MKCSRT™ 13 a table of patterns that can run once for each
MKll controller (twice per MK1l Box). Symbolic location "MKPAT™ 13 o
table of nattcrns that can run on each gank of MK1l memory. Symbolic
location "MIPRT™ 15 a teble of patterns that can run on e¢ach Bank of
MJI11l memory. Symbolic location “FSPRT™ 13 a table of patterns that
can be run Yn Fxc?d Service Mode (command S).

by symbolic locations
rn.

The ist 3 scripts are comslctcl controlled by the RPT E-table feven
1f not runnin under APT). ”odxfxcat1ons %o thi1s tapole can be made
<17 with APT, (2) manually, or (3) with ODT refarence Section 2.3.4.2.

Ezample E-table Segment:

;THE FOLLOWING LOCRTIONS SPECIFY WHICH PARTTERNS
:RRE TO BE RUN FOR PARTICULRR MEMORIES

:REFERENCE THE TABLE LISTED BELOW TO RELATE BITS TG PATTERNS.
;BITO SET WILL RUN THE FIRST ENTRY IN THE YABLE, BITD SET
SIN TME SECOND WORD WILL RUN THE 17TH ENTRY IN YHE TRBLE...

INOTE#®NULL TESTS DO NOT TAKE ANY TIME

$COW0: .WORC 177777 ;MK11 CSR TESTS TABLE = MKCSRT:
SODW:: .WORD 177777 :MK1l CSR TESTS TRBLE = MKCSRT:
$OOW2: .WORD 161777 :MK11 PATTERNS TRBLE = MKPART:
§0DW3: .WOPS 177777 iMK11 PARTTERNS TRBLE = MKPAT:
SO0WS: .WORC 177677 :MJ11 PATTERNS TRBLE = MJPAT:
SCOWS:  CWTRL 17777~ iM3II1 PATTERNE TRBLE = MIPA™:
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€.2.2 Specific Patierns

6.2.2.1 Pattern O Basic Data Test
wiri1tes 3 Reads R2 1nto a 16K Bank.

This 1s Jsed for Zeros and Ones testing and i1n Field Service Mode fo-
any consdle salecled pattarn.

It executes cu! 0f the USER Instruction FAR's.

NCTE
It 1s frequently modified dynamically
such that (1) 1t returns after writing
onlaa(thc l1st NOP 13 replaced with a
RETUORN) or (2) 1t only counts Errors
«the code PERRO2 and NOP are replaced
w1th INC JBPRTERR).
5.2.2.2 Fattern | Rddress Test

Writes 3 Reads an incrementing paltern equivalent to physical
addressed 1nto> a 1BK Bank.

It exezutas out of the USER Instruction PRR's.

5.2.2.3 Pattern 2 Complement Rddress Test

Writes the complement of the physical address from high addresses to
15w “write down) and reads from low addresses to high (read up).

Tnis grovides the complement of the coverage of Pattarn I 12 both data
fottern and addressing sequence.

t executes cut cf thre USER Instruction PRR'g.

SE% 00%d
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&.2.2.4 Patiern 3 3 »OR 9
Writes 3 Reads a pattern that complements as address bits Y and 10
change. This 18 because the PDP-11-70 fetches double words therafore

s classical 3 XOR 9 1n & small PDF-11 must Jook like a 4 XOR 10 1n o
POP-11 70.

This pattern 13 run 4 times (1) with Zeros 8 Ones, (2) witnh Ones &
leros (3) with 401 8 Ones, and (4) with Ones 8 H401. The pattern of
the W81 13 to force a the parity bits to become 1nvolved.

It executes out of the USER Data PDR’s, the User Instruction PRR'g,
the kernel Data PAR's and the Supervisor Dats PRAR's.

5.2.2.5 Pattern 4 Rotating Zeros Test

Writes a background pattern of Ones.. Rotates a Zero CarrY Bit left
thru each par of tes (18 times) and then checks that the carry 13
cero and tre word (2 bytes) 1s still all Ones.

It executas outl of the User Data PRR's and the Kerne! Datea PRR's.

NOTE
It 12 not uncommon to observe the ood
data egqusl o the bad data. his

indicates that the carry was nol cleor
after 18 ROLE's.

>.2.2.6 Pattern S Rotating Ones Test

Writes o background pattern of Zeros. Rotates & One <co
thru eack pair of byles (1B times) and then checks that
Cne and the Word (2 Bytes) 18 still all Zeros.

ry bt Jeft
he Carry 13 @

r
t
This provides the complement of the coverage of Pattern 4 1n data.
it executes out of the User Data PRR"s and the Kernel Dots PRR's.

NCTE

It 18 nct uncommon to observe the ood
data equal the bad data. This indicdtes
that the Carry wos nol set after 1B
ROE's.
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&6.2.2.7 Pattern b INITIAL DRTR TEST

Mrites 3 Raads o double word first with al]l bits O except | (for cvcr¥
bit position), Second with all bits 1 except 1 (for every b1
position).

This 18 a very quick chech of the data paths.

5.2.2.8 Pattern 7 RAddress Bit Test
Writes a backgr nd of all Z2aros.
Read Rddress .~ a 0 Byte.

Compiement Rddress 1.
Resrd Rddress 1 for a non O Byte.
for each Address Bit position from Bat 1:
virtual (2, 4, 10, 20, 40, 100, 200, 400, 1000. 2000, 4000, 10000,
SEOOO' ?0900602 ooy 010 020, 60040, 60100, 60200, 60400
g1c8 ' . , '

£ 1838¢ *420887 4080 70080. * T40088 2 160080

Read Rddress for a O word.

Complement Rddress contents.

Read Rddress for & non-2ero word.

This 13 8 very guick check of the address bit unigquenass.

5.2.2.9 Pattern 10 Byte Rddressing Test

Witk ECC Dissbled.

Writes al] ones to & double word.

For each of the 4 Bytes 1n the Double Word.
Clears ons bytls.
Reads all 4 tes from double word.
Checks for on’g proper by!c clear.
A11 other bytes set to all ones.

Tris 18 only dene or one doubls word address.

SE% COSI
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6.2.2.1C Pattern 11 Single Bat Error Test

Create o Single Bat Error.

Read data Uncorrected (with ECC Disable).

Read First Word of dats corrected (with ECC Enabled)

Check that the CSR Single Bit Error Flag was set.

Clear SBE Flag.

Read Second word of dats corrected (with ECC Enabled).

Check that the CSR Single Bit Error Flag was sel.

8. Do (1-?) for a Single Bit Error 1n each of 32 positions of o

double word.
1.¢. (32 TIMES)

o 0N £ W N -

e |

9. If not 1n Quick Veri1fy Mode then Do (1-B) for data consisting
of 1 b1t set 1n each of 32 gosltlon: of a double word.
1.¢. (32 X 32 = 1024 Times
10. Do (1-9) for complemented data (1 Bit clear 1n each of 32
positions of & double word).
.e. (1024 X 2 = 2048 Times)
or (32 X 2 = b4 Times (Quick Verify))

il. Clasar any errors out of test locations.

This i1nsures trat all Single Bit Errors can be corrected and detected.

Skl 00Se
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6.2.2.11 Pattern |2 Write Byte Clears SBE Test

1. Create a Single Bat Error. .
2. MWrite » Bylte of Double kord t3 Cnes.
3. Read a Byte 2f Double Word.
4. I{ Byte that rad SBE then the SBE Flag should be OFF.
if Byte that did not have SBE then SBE Flag should be set.
S. Byte should have been equal to Ones.

£E. D2 «1-5 for each of the 4 Bytes of the Double Word

. Dec (1-6) for & Single Bit Error 1n sach of 32 posit:ons of
Double Word
1.¢. (32 Times)

8. If not in Quick Verify Mode then do (1-7) for datas consisting
cf 1 Bil_set _1n each of 32 positions of & double word.
r.e. 32 X 32 = 1024 Tlncsg

G. Clear any errore out of test locations.

This 1nsures that single bit errors 1n the data portion (not in
checkbits: <can be cleared by writing the corresponding byte and that
writing ary cther byte does not change the existing single bat error,
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6.2.2.12 Pattern 13 Create Double Bi1t Error Test

I. Create 2 Double Bit Error.

2 Access the Data (TST 1nstruction).

3. Check that the CSR DBE Flags are both sat.
4. Inatialize CSR to allow gparity traps on DBE"s
S. Rccess the Data (TSY Instruction).

6. Check that a parity trap occurred.

. Da (1-6) for the 2nd Bi1t of each Double Bit Error 1n e¢a:h of
Bosllxons of o double word less the cne position of the
lst ad Bat.
1.¢. (31 Times)

8. If not i1n Quick Verify Mode then Do (1-7) for the l1st Bit of
cac: of Double Bit Error 1n each of 32 posttions of a double
wor

1.¢. (31 X 32 = 992 Times)

9. Bo £§-B) for complementied data (Ones cersus Cleros 1n Double
or
1.e. (992 X 2 = 1984 Times)
or 131 X 2 = 62 Times (Quick Verify):

i0. Clear any errors out of test locations.

This 1nsures trat all Double Bit Errors con be created and detected
ard casse troags.

NOTE
This test s cnl: run durirg hc first
GV PRSS when uhder RCT or "APY
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€.2.2.13 Fattern 1Y write Inhibit During DATIP with DBE Test

Create o Doublae Bit Error.

[
.

2. Do RSRB on Test Location.

3. Check that Double Word 13 STILL Bad (Unchanged-with DBE .

4. Do 2-3) on all 4 Byles of Double Word.

S. ach Dounle Bit Error 1n each of

g (1-4) for the 2nd b1t of
os1tions of @& ODouble

1st Bad Bait.

1.e. (31 Times)

€. If not in Quick Verify Mode then Do fé-S) for the 1st Bit of
cuc= Double Bit Erfor 1n ecach of 32 positions of a double
ord.
T.e. (32 X 32 = 922 Times)

=. ao :%-6) for complemented data (Ones versus Zeros 1in Double
ord).
1.6._ (92€ X 2_=_1984 Times?
or (31 X 2 = 62 Times (Quick Verify)

B. Cilear any errors out of test locations.

This 1nsures that the Dcuble Bit Error can be clesred by o DRTIP 1to
ary affectad Byta.

¢
Word less the one position of the

NOTE

This test 18 enly run during the first
.ev. pass whaen under RCT or APT,
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£.2.2.14 Pattern 15 Write Inhibit of Byte with DBE

Create a Double Bat Error.

Co a MOVB i1mmediate to test byte.

Check thatl Double Word 1s ttill Bad (unchanged-with DBE).
Do (2-3) on all 4 Bytes of Double Word.

Do (1-4) for the 2nd Bit of each Double Bat Error 1n each of
32 positions of a double word less the one position of the
Ist Bad Bit.

1.6. (3] Times)

€. If not i1n Quick Verify Mode then Do (1-5) for the lst Bit of
aacs Double Bit Error 1n each of 32 positions of a Double
ord.
1.¢. (31 X 32 = 922 Times)

Bc :%-5) for Complemented Dats (Ones versus Zeros 1n Double
or .

1.¢. (992 X 2 = 1964 Times)

or (31 X 2 = 62 Times (Quick Verify))

-
L]

n £ w nh

8. Ciear any errors out of test locations.

This i1nsures that no Double Bit Error can be cleared by & MOVB to any
sffacted By'e.

NOTE

This test 13 only run during the first
v pass when under RCT or RAPT.
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£€.2.2.1 Fattern (6 Write Innibit of Word with GBE Test

I. Create a Double Bit Error,

. Lo MOV 1mmediete on tlest location.

3. Chack trat Double Word 1s STILL Bad unchenged-with DBE:.

4, Cc :2-3) on doth Double Words.

S. Do (1-4: for the 2nd Bit of each Double Bat Error 1n ecach of

32 ga:xtxans of & Double Word less the one pasition of the
lst Bad B1t.
1.6. (31 Times)

6. It net 1nr Quick Verify Mcde then Do (1-5) for the lst Bit of
:ac: Couble Bit Error 1n each of 32 positions af a Couble
ord.
1.6. (A2 % 3¢ = 992 Times)

J¢ :%-GJ for Conplancnlcd Deta (Ones versus Zeros 1n Double
~or

1.8. \992 X2 =z 1984 Times?

ar 31 X 2 = 52 Times (Quick Verifyi)

B. Clea- any errers outl of test lozations.

“his 1ngures that ro Ccuble Bat Error can be cleared by a MOV to any
offectad wcrd.

NCTE

ais tast 18 enly run d ring he farst
Jv  pass when u*lcr ﬂC*

.€.8..8 Fatterr 17 WMylding 1°s B 0°¢ Test
s wmrite o 6K Bank Lith alternating Bytes of Zeros & Cnes
writing o Byte ot 2 time.
2. WMgad coch Word for correct pattarn.
3. O¢ l-g. egain for o complemart pattgrn.

it Ivelvt teg memory for the copabiiity of noldirg S's 3 4.
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Fattern 20 Marching J°s 8 1°s 1n Check Bats Test

write Double Words of 00000C,.100000 which :ceuses cPacr bits
to equel 100 while oddrcsnxn, increments.
Write Jp 10C --> check b1 ts

If 1n Quick Verify Mode then Go to Step (S°.

REsd Dsuble Words 3 check while writing leros and addressing
decraments.
{down - 100 ==> OF7:

his flips all the checkbits.

Read Coubie MWords 3 check wnile writing 00000C,,10000C while
addressing 1ncrements.
‘wp ~ G°7 -=» 100)

Read Double Words 8 check while writing Zeros 8 addressing
incremgnts.
‘Jp - 100 -=> 0?77)

Fead Double Words B check while writing 00000C,, 100000 while
sddrassing decrements.
‘Down 077 -- 100:

Read Dcuble Words B check while Rddressirg i1ncremerts,
-k 10C.

Tris Lrazks tre integrity af the MOS chips that store the checkbits.
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.2.2.16 Pattern 2] Merching 0°s 8 1°s Tast

[{]]

)

w

Write & Background of alternating Bytes of Zeros & Cnes

For the 16K Bank addressing Down
(8 Read ctheck 2 word

b) Byte Swep 8 word

¢) Read check a word

For the 16K Bank addressing Up
8. Read creck a word
«b) Byte Swap & word
tz) Read check a word

For the 16K Bank addressing uJp
a) Read check a word

‘b Byte Swap a word

c) Read check » word

or the 16K Bank addressing Down
8. Read check a word
t: Byte Swap 8 word
c' Raad check o word

This ctrecks the integrity of the 32 Bat Double Words.

exac.tes out 2! the User Dats PRAR's.
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£.2.2.15 Pattern 22 Refresh Test

>
.

Write o diagaonal pattern of ones on every kKDIRG(TH) stripe 3
wrile 2erog elsewhere.

This pattern 13 on addresses not b1t gositions.

Examgpia:

~ddrass MSB's
~SB's ' 00010001
t 0010001 C
*r010001L: 030
t' 10001000
*00010001
t001Cc0010
'0100010090
* 100010023

NOTE

Ezanglc uses KDIARG of value 4 more typical 13 & value
cf . Consult the symbolic dclxnxl?on of “KGIRG™ 1n
the program listing to be sure.

2. D:isturbd ecach row for >2ms
3. Reasd check diragonal pattern
4. Do (1-3) KDIRG times moving the placement of the diagonal

stripe to cover all address positions.

S. D¢ (1-4) for a complement pattern
faercs 1n & background of ones)

This test 13 nc
vid the APT E-
Field Servica ™
pattgrn,

t in_the normal script of exzecution bul may be added
THBLE, referance symbolic locations “MVPART™  “SDDW2-5".
cde command 11 1s lte normsl maethoad of ruaning this

5
"a)
w
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6.2.2.20 Pattern 23 Shifting Disgonal Patlern Test
Similar 1n overall operation to pattern 22 except
1. wuses patterrs of 0°s 8 1's 1n alternating Byles.

. wusas code that gives an e¢ffect of using & KDIRG o1 BM

(one

stripe aevery BYth call) or 1n other words at YKk boundaries

only 1 stripe.
operates on Y Boundaries and hence runs 4 times.

Takes forever (6.9 Seconds)

NOTE

This pattern 13 notl 1n the normal scrlﬁt
of execution but may be added via the
RF” E-Table reference symbolic locations
“MKPAT, " “MIPAT®, ~SDDWI-S".

5.8.2.21 Pattern 24 Fast Galloping Pattern Tast

This does o classical gailoping sttern except that addressing s

incremented by 200 Octa]l (every 6% call)

Tris test tawxes SB seconds to run.

NOTE

This pattern 18 not 1n the normal script

a‘ execulion but may be added via the
Y E-Table rafarence symbolic

lozatians “MKPAT™, "MIPAT™, “SDDNQ-S“.

SES CCbL




KOS

Page 62

£.2.2.2¢ Pattern 25 Irterrupt Enable Teast

Set CSR to Allow DBE Traps.

P
.

2. Rccess Test Double Words.

3. Check for no Double Bat Error Trap.
4. Enasble CSR for SBE Traps.

S. Rccess Test Double Words.

6. Check for no SBE Trap.

T. MWrite a2 SBE in 1 Byte.
Cisable CSR for Parity Traps.
S. Access Test Double Words.
19. Check for no Traps.
11. Enable CSR for SBE Traps.
12. Rccess Test Double Words.
13. CTheck 1o Insure Trap Occurred.
I4. do (7-13) for tne 3 other Bytes 1n the Double Word.
1S. Create a DBE 1n | Byta.
6. Diseble CSR for Parity Traps.
i7. Rccess the Test Double Word.
18. Check for no Traps.
13. Enabie CSR for DBE Traps.
2C. FAccess the Test Double Word.
2l. Check to Insure Trap Occurred.
22. Enable CSR for SBE Traps.
23. Rccess the Test Double Word.
24. Check to Insure Trap Occurred.
25. Do (1S-24) for the 3 other Bytes 1n the Double Word.
This i1nsures that SBE"s 8 UBE's give the correct type of traps.

()]

()
Q

ne
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6.2.2.23 Pattern 26 Random Data Tes!

Write Random Dats in a 1bk Bank while 1ncrementing the Rddresser.

Read check Random Data.

This routine regenerates the same random numbers h' usin the same
seed as the write sequence. Riter the read chack Yhe sead 13 updated
3 thatl the next use of this patterm will not 1nvoke the same ssquence
of ~andcm numbars.

If you wish to change the random seguence so that 1t 1s _different than
any cther run ir the same configuration then there are 2 ways of doing
$0.

l. Hol:{ k:gnbollc locations “SEEDHI” and “SEEDLO™ to any number
you e.

2. Ente: Field Service Mode ond execute this pattern (command S)
on some (any good) bank for a short time (30 sec or so).

Tnis executas out of the User Dateo PRR's, the Kernel Dats PRR's, and
‘re Supervisor Data PRR's,

5.2.2.24 Pattern 27 Unique Bank Test

I:x: patterr uses Pattern O to write 8 read the Bank number 1n each
nK .,

It does not ‘est Banks that require relocation to test.

It does not rur as part of any script but rather 13 always run after
ncrmal pattern tests are conp,¢tc.

5.2.2.25 Pattern 3C Flush out DBE's Test

This Resds ecach location then moves the old value back 1n. This 13

done with ECC Disadled and therefore corrects any DBE's or SBE's 1f

possible).

It does not run as part of any script but rather 18 oslways run ust

gricr to the End of Pauu Codcp as part of Con(rgl i LBgotJ

ccmmand, as poart of End of Pass shuldown for RCT or XXDP Chain Hgdc.
as

8s part cf hanging saquence after an error 11 under RCT or APT, an
cort cf & shutdowr sequence directed by Suitch B8 (Hajt Progrom’.

cE

(9]

ooe3




MOS

Page B4

6.2.2.26 Pattern 3| SOB-R=-LONG Test
Rationalization

- e e -

In order to concentrate the memory cycles of a test into a particulaer
sddress, we must cul the overhead cyclas to a minimum, Frc?ucang.
the instruction 1tself ma provide adequate data or e up @
background 1n which any conpvcncntcd Bit may find 1t hard to survive.

The SOB instruction 13 the only POP-11 instruction that 13 (1) @

single operand, (2) can be repesatedly execuled at the same PC and. (3)
con escape this repetatious loop.

Hence. I believe 11 18 gossxhlc to SOB 2 MOS cell to death tor at
ieast brain wash him), and 1o SOB # core 1nto over-heating for at
least warm discomfort.

Tre 508 Roulbg&“uxll be loaded and called with RO set equal to the SOB

constant set equa! toc the complement of a “S0B RO,.
Instruction “100%76".

Simplified SOB Example:

18: S08 RO.1% ;S0B ti1ll RO underflows
MOV RI1,18 iWri1te complement of SOB
CMP R1,1% ;Read & check not SOB
BEG 4 ;Ski1p 1f OK
SOBFRAIL ;Trap & report error
cs: SOBMOV] :Code to get se¢lf moved
S0BMOve ;Forward 1 word and run again
SOBMOV3
S0BMovH4
soBMoOv. ..

Tne value _of the SOB constant can be found at symbolic .ocation “SOBK™
‘typical 25 decimal).

This test 18 not in the normal script of execution but ma¥ be odde
v18 the RAPT E-TRBLE, refarence symbolic locations “MKPRT™, “MIPRT"
$ODW2-5". Field Service Mode command 8 1s the normal method o

d
i
running this pattern.

NOTE

Since this test executes outl of the
memory wunder tgst most grrors detected
will "be fatal to the program. The
ltstloy register will indicate which

bank 18 at Fault (unless clobbered by
crash).

N

E

[('a)

CoeH
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6.2.2.27 Pattern 999 Null Test
This 13 an 1nstant return added to praserve the software struclere.

This pattern replaces any real patterns when the APT E-Table does not
speci1ly & patiern to be run. ‘

L]

.0 PROGRAM FERTURES
.1 Fast Data Access Rates

One of the main areas of concern 1n lesting memory 1n systems
environments 13 speed. It 18 my belief that one of the prime reasons
that system programs like RSTS,IRS and MUMPS can crash due to memor
failures not delectable by memory diagnostics (0-124K,0-2 MEG,etc.) 1
because of multiple NPR devices con!cndxng for the bus. Atler some
delay a NPR device baecomes bus master with his silo backed up (perhaps
on{g 3-8 words) and does several memory tiransfers at memory date
rates.

Cn the other hand most diagnostics when writing rcadxn' and/or
checking patterns spend most of their time fetching i1nstruclions and
operands outl of their program space and proportionally litile time
sccessing the memory under test.

I have attempted to optimize this diagnostic’s error detectin
sbilities around the primary design criteria of speed. To this end
have taken the following steps.

7.1.1 Fast City
u

stion of Memory Management Registers as Non Memory Bus, Non
Bipolar Memory. Since user mode 13 only used for relocation
ts space 18 never used then subroutines can be executed from the
UDPAR’ s KDPRR' s SDPRR’s and with some Bit Pattern

s the U'PDR’s, UDPDR’s, KDPDR’s, and SOPDR's.

The program runs 1n Kernel mode ond Patterns are ezecuted n
Su‘crvncor mnode for ﬂlpplﬂ! purposes. RI1] core patterns and some MOS
Patterns sre subroutines hat are moved to his Bipolar region
referred to 1n the program as Fast City.

SEG 0OCeS
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T.1.2 S0B's

Utilizatior of the PDPF-11-70 Instruction Set to speed pattern
slgerithme (pr:ncnpl!la the SOB). No altempt 13 made to supgort
anything less than » PDP-11-T0.

7.1.3 C(RCHE

CACHE 13 used between pattern tesis to decresse program pass times.
CRCTE cng gcadcgcatcd or partially disabled by the operator (referance
section €.3.3.2).

T.2 Bank Zero Testing

Bank Zerc has been traditionally neglected by memory diagnostics for
the foliowing reason.

The vector space exisls there and ALL traps must not access test
attern data. I1f the area 13 tested the diagnostic must not use any
raps and 11 1s against the rules for power to fail.

Systems with ncnory management can overcome this because all traps are
to Kernel Virtus space even power fa1l (caution musl be observed
because power up goses 10 gh’:xcal address 24 (because the Memory
Management Unit comes up olf]).

However, Catch 22 1s that the diagnostic is not RPT compatible 1n this
mode because RAPT RAccesses Phgstco? Memory Locations.

zg$-11f?0 Systems can over come this because the UNIBUS MRP can fool

Because of the previous argumentic ogram does not relocate 1n
the true since of the word (1.¢ no position independent code was
written (at least not on purpose)), bul rather this program moves and
rcmagt (hereafter referred (o as relocates). his enables the
complete testing of Bank Ze-o or any other pro?ram space or privileged
space czoctlg a8 ali other banks asre tested. The conditional test o
see 1! a bank :s protected 1c complemented when relocated).

his pr
. [

cE% CCee
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.3 DCitferances In Core Testing With 0-2 MEG (DEMJA)
T.3.1 Delta noise test only performed with 3 XOR 9 Test

Reason: DEMIR performed the delta noise iest with constant d
howaver, 1t will only have an adverse effect 1{ performed wit

worst-case pattern.

ats
h a

T.3.2 8 ¥OR 13 Test delated
Reascr: Desigred for o PDP11-20 Memory not prasently in use.

7.3.3 3 XOR 9 Rewritien
Ressgr: was actually a 4 XOR 3 and should have been 2 4 XOR 10 for
il 7C°s ': sccount fcr reading Double Words.

CE% 0Ce?
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) ]

3

[l

cces

T.4 Memory Configuration Map

This map 18 printed out immediately after si12ing the mamory 11 SWE 13
set treference section 2.3.1'. It can also_be &rlntcd at ary later
time 1n F1ald Service Mode (referance section 2,3,4.3,7)

le:
Examgle MEMORY CONF IGURATION MAP
16K BANKS

1 e 3 4 S b 7
012345670123456701234567012345670123456701234567012345670123

CCESSEDLLLLLLLLLLLLAALILLALLALL 114 111999099999999999999509909000

ﬂEHTYPE KKK KKK KKK KKK VIO KKK K KKK K KKK0000000000000000000000000000
ggéTECT ggeoouoooooooooooooooooooooooonov?vvvvﬁvvv77779777?997909779

g 1 2 3 Y S b
crrogg *56701234567012345670123456701234567012345670123456 701234567
ACCESSEDO00000000000000000000000000000000000000000000000000000000000

INTRLYV XA A A ERRAE AL AR ERREXERAERAEEE AR AR A AR A A R AR AL A AL A A A A A A A

QEHTYPE 000000000000000000000000000000000000000000000000000000000000

57%9%22722222297772299222%2227%22722227%2922772222172277277222
PRCTECY

Olsqla yed are Banks 0-167 Octal (2 meg words). If the Fat Terminal
Sui gh was set (reference section 2.3.1) then all Banks would {1t on
sne line.

The sizing routine could not write zeros and ones 1n Banks 20 38 2l
haence they are marked as bad with X's.

The CPU was able to access banks 0-37 (S12 K words).

The i1nterleaving on Banks 0-37 13 This may be external with no
interral or 1nternal with no cxtcrn!l -~ however since there 13 only
one box of MOS (BOX 0) 1t must be 1nternal 1nterleave.

Banks 0-37 arc Memor pe K (MK11) and Banks 40-167 do not exist.
Memory Type J would ?nd?calc MJ11 memory.

Banks 0-37 are located 1n box O. Bores are assigned to CSR locations
ir order and MJ1]l Boxes will never have a Boxr number only a question

mark.,

Banks O, 1 and 2 are protected. Bank O 3 1 are protected because they
are grogran space. Bank 2 13 protected because 1t 18 1n the botltom
16K ol an MK11l controlier. Bank 18 also protected for this same
reason howevar the grotcc110n 18 hierarchical and gr ram space
cvershadows Mril protection. Banxs O, ! 8 2 wil]l not be tes unta]

the program rc;ccotcs
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.5 Banks 3 Boards (Mkl]l)

Boards with Wk MOS chips are 32K words each.
Boards with 16K MOS chips are 12BK words ecach.

Imagine that the front view cf the memory boz 18 as follows:

B..i5,13,11.9,7.5,3,1.¢8,CA,DA.BL,AD.BL,CR,(CB,0,2.4,6,8,10,12, 14,BL

where J thru 1S are the MOS orrav cards. CB is Control *B™, CR 1
¢

Certroi "R™. DR 13 the Date Inlerface. AD 13 the Rddress Interface.
BL :s a Biank wunwired) slot 1n the backplang.

SE% CC&I
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Interleavae
-1 External & No Internsl Interleave

No Interleave

Internal

4k Parts with
YK Fartls with
4k Parts with
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3
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8 Internail

4-1 Externa!l
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8.0 F._Olk CHARTS

8.1 Main Program

REERRPPRIRBEIISRYG

. »
*+ INITIALIZE +#
» »
EIRRBARERRBAERRRD
FRERRRFRBARRBIEND
» TEST s

*  HARDCORE »

#  HARDKARE *
l!!l!ill;illli!'!

FEERERFRRERRREEEEEDRREE
¥ #

* RNQb&Z; »
¥ CONF IGURAT ION »
RPRRRRRRRFRERARERRRERED

ERARRFRBERBERERRRREPRR S

» SIZE 8 TEST »
* 0’'S & 1°S *
¥ ON ERCH BRNK »
RFRERFBAFREFRFRERRERRE R
I
ERFRRBRRRRRERRRERREP P
4 DETERMINE ¥
» PROTECTED 4
* BANKS »
i!#ilill!ll;illilil!!!l
FEFERRRREEERERRERFERRBF
* TEST »
* PROTECTION ]
* POINTER ¥

FREFERBFRRRARRRREERERE R

EFFFRPREFFARBERRFBERAES

# TEST *
. SYSTEM SIZE *
* REGISTER *

343 ERFBERARRFEFEBEES

LO6
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I
FRRRPBBRRRRIIARIIRIRREY
. »
» TYPE »

¥ CONF IGURRTION »
FEERERBERRRARRERPRARI RS

1
FERPERARRRRBRRRREPRFEED
* RUN_BANK »
» %EVEL »
» ESTS

L 22XT22222 2222222233 X2 2]

ERFRBUBERREEERRERBEREREE

* RUN SYSTEM ¥
¥ LEVEL *
» TESTS

REFRRERARERBERERARERBIR S
I

I 222 XS2 2822222222822 d 2

» FLUSH *
¥ our »
] DBE*S ]
Y XYY Y YT 2222322)
I
FERERARERRBEB SRR ERREFEE
* END OF #
* PRSS *
* CODE »

FRREESFERFRIRERFFIRERRRY

MOB
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1

Initialize -

NOB

Page 78

FERRRERTREBREERERAI LY

’ SETUP ’
/ STACK .
’ POINTER ‘
FRERFERRBRRRRPRPRI
I
RERRUERRRERRREF ¥
# CLERR #
* ZERO *
# VARIABLES »
FREREERRRERERRS ST
I

FERRERRRBRRRERRERES SR G S
* CLEAR ANY NON *
* PROGRAM SPACE *
* IN BANK O i
TSRS 22T 2 2

333 %% NERRREERES
* SET UP *
#* NON-ZERO »
* VARIABLES %
35 3 3 3% 9% 3% 38 3¢ % % 3% 3 % % % ¥ ¥

FERRERERERBFRRE S S
* *
* SETUP ®
* VECTORS *
illi!!li;ll!llli!

B A0 I NN
» SETUP _PRTTERN *
* SCRIPTS FROM ¥
* APT "E-TABLE" *
BRI NN

Y Y rYYYIYIZIISTIYIZE
* CLEAR ®
# CONFIGURATION »
* TQ3LE »
ii:t;ii!;!iil:i;i

EERREERERRRERERRERSSRES

» SETUP, SWITCH ¥

" REG TYPE »

* (HARD OR SOFT) *

ERFEERRPIRRSPRARIFRRI S D
I

SEG 0078
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1
EEBBSERERRIREBIY
# SET.P FOR »
* APT, ACT, »

» XXDP »
YT Y YTy ITYIY Y
I
[ 222222 X222 XL R 2
» »
# PRINTY »
» TITLE »

2222222222222 222224

EPRFRFRIBERFERERIIRIRDS

» .
# GO TO NEXT TEST »
» s

PEBFDEPEBEPRRIIPRFRINIES

Wn
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8...2 Test Hardcore Hoarduare -
RPEREVARRBARBRL S

& DETEPMINES »
» "Kéé CER »
# ACCE METHOD *
FERBERBERERERFRAERER S
SRUEBRPRARREERESES

FRRRBUERABAPERERIRN
* PROJECT ’
] BANK 0O s
FERRRRRRRPREFEDSY

FERBBARRRRRERBSED
¥ MAP »
* KERNEL »
# & SUPERVISOR +#
lll{lll!;lll!l!ll
FARARERRERRERERPESY
# SETUP SUPER- »
# VISOR STACK =
# POINTER »
i;iiiiii;!;i*i;;i
FEREERERERERERE SRS
# SETUP USER #
» STRCK #
» POCINTER »
!Illllll;lllllili

ERRERERRRREAFRABREDRE 2
» GET _SOF TWARE »
» SWITCH REG »
o IF NECESSRARY »
FEERRFRRRREPRRRRERRISS

RERBAAEEFBEREEREY
» SETUP »
* UNIBUS #
] MAP ? 3
FRRERBRRRRRRRPF S

1
AREFRPRERRERREEDS
% MAP »
» KERNEL & »
# SUPERVISOR #
ll!!l!ll;!i!’f!l!

EFRRPRERARBERRBRSE S
L4 GO TG *
»  NEXT TEST »
SEBFERFFRRPEERIRD
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8...3 Anaii1ze Configuration -
BEPRPRRRERRRERBRREINS
SELECT p
‘ 1ST ’
CSR
IIlll!llll’;l’!!ll!
(mmmcccm e e s e n e, m e ———,——— —— - - .. e m——-—————a-
NO DOES \
---------------------- CSR \
; EXIST? \
i 1 VES
M RRBERABEEBRERFIIEY
i » SET BIT »
1 » IN #
i » *“MKCSRS*" »
I iii;{i;;;i;;i¢§;;
1
: eccessccccnc———a- YES
1 ; INTERNAL N »1
1 . INTERLEAVE \ I
1 / ” \ REBRFIPRFSRRFFIIRFSFHIEY
I eeececcccccccmccacceea- ® »
I NO I # SET BIT »
i 1 # IN "“MKCSRS" »
% % RERFRRDIBRRPRRRP R I IS
(wrcecneccaccmen oo o —.e.—-
. FRERRBRRERERRAREED
I # ]
) » SAVE ]
I ¥ INTERLEAVE #
! Ilili!ll;ll!lllii
I mccmcecfeccccea-
I / \
i y CRL& \
! ’, GETSIZE \
i N
i EEFRAFREFRRREREREEEEEEE
i # SELECT &
I # 1ST BANK »
i » OF CSR 3
: 4;4;!!}&;&!;:!!!!;*!1;! L
f Y YT YT I TIITITIYEIS Y 1
: # UPDATE CONFIG # 1
i * TABLE OF BRNK » 1
)4 # W/ INTERLEAVE,MK11 ID#» I
I ¥§§li§!«llﬂll#il‘§*§iifl} %
i I
) I I
: I 1
M I 1

[Alalal o lal ol ol ol ol XL e L ] e el L L Y A e o e R e L T e o e e R e e e e el R I I I T —yen
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A D o - -

EXTERNRL .
INTERWERVE N NO SEPIBRIRBEBIRIINSGPEIIIS
7

Ve UPDATE CONFIG #
----------------------- #  TABLE W/BOY 8w, »
I YES » 3 CSR WORD *»

1 FABEBBSLBBPRREPEERIIIPS
1

FREBERBBERBERRREY
* SELECT »
* NEXT »
* BRNK #
FERBRERFERRERIEY

. BRNK \ YES
/ SIZE? N

- — - - R . -

lalal el el ol ol ol ol ol l ol el ol ol ol ol ol ol el ol ol ol

EEPARFAPRRRBERERD
# SELECT »
» NEXT »
# CSR »
FREFRRERFRRRRRRER

[l l ol lal ot ol ol ol o LR ST Tl T o T o] ot oY Sl T TR T S TR T T T S TR T TR T Y TS XY

I YES
AEPSRPFAPRBRPFRRPERRRRR
¥ »
* GO TO NEXT TEST
¥ *
4R34 FRBRSEREIFEISRERES




1's On Each Bank -

FRBFRRBRRRRRRRERS
» ENRBLE » YEE

» CSR FOR  #¢=-=---c--

. SBE TRAPS »

FO7

Page 83

2222222222222 22 222K

IXITTTYITTYYTRAY ¥4
# ENARBLE CSP 4
4 FOP DBE 1
. TRAPS »

BRRRRBIIIIFRERERS FIRFIERIIERIRPEIENS BESIFIBISRIIISSIIS
I i
: i
}e e ee—mmm e mmmmmcmmmemmmmem—me—mmm——m——e—m—— 1

v
RENPRRFRFRIERERR IR FE S
# SETUP TRAPS »
» TO COUNT L
4 ERRORS »
RERFEPFRIFERARRRBEFERI S

1

FAFERRRBEFERRRERE
» CLERR »
* ERRQOR #
* COUNTS #
FERRBPERSERFRERP S
I
RESBRPURPRIRRES2 S
#* TURN *
* CACHE »

# OfFF »
SEERRFEREREBRFRESD
FREFRRRERARERRERREREISE
* DO TST™ #
4 INSTRUCTION *
* ON BANK O >
FEFRBRBERRERRFBRARRPEFS S &
1
REFRBPRERRRFFEREPE
» TURN #

» CQCHE ¥
» ON *
lii!!i&l;!lll!ili
/ ANY \——m—————

ERRQRS
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1 NC
SERRBEIRIBRIIEIIBINIPLY
s SEY QCCESSED s
s BIT »
» BQNK 0 »

PRAISBFRBRFRBPERRIEIEDRSS

PEPSRARBRUFEIRREES
] CLERR ¥
’ .OBgNK" .
#» “LASTBANK™ +
PEFEBRERRFERERERS
1
SRPRFERBFRERREESY
» GETUP TRAPS +#
» TO COUNT »

s ERRORS ’
FERERDERRIFRSIRRG
I

FFRFEFRRFRPARRARSBRIESY
* MOVE HODIFIED »

» PATTERN O 7 *
# FRSTCITY »
!ibll!lll!!;lll’l!l!#fo
e
R

L 2 X4

m

L)
[
w




Page 8BS
[ X 2
A
L X X J
----------------------- 1
1 1
) Y,
: PRBERRRBIBRFIIRSS
* »
{ » INCREMENT »
) » BANK "
I FEEFBRRFRIFEERTIEEY
1
I LRST
% y BANK ?
I I NO
§ I
I YES s IS THIS BANK
]--—emmmmcec e ’ IN PROTECTED
’ PROGRAM SPACES
I NO
EERURERRAFRPRERES
» CLERR *
* ERROR »
¥ COUNTS *
EEFRPERRBERRFREPS
I
FERRBERRREFSRERE S
» »

MAP
# SUPERVISOR  +
# TO BANK *
EEFRRFBERRRRERRE R

%

<E% COBs

FEBRBERDPRRRERDREFRE LRSS

» MODIFY PRTTERN
» TO STOP

YES
I
SRFFERERRAREISISS
- » *
L 4 CLERR
# BRANK »
FRBPRARRFIPRBEAISR
BPRFBRB B REERBRD R
» RESET #
-- 4 TRAPS L 2
» T0 M »
FEESRRFRBIRRBSERD
ELRFRERFRFBRRIRERFFDSIS
» RESET PRRITY *
¥ ACTION TO L 4
¥ DEFRULT ¥
FERBFFREFFRRRERDIERDFIS
I
GG 1O
NEXT™
TEST
»
*
L J

* AFTER WRITE
lii!i*li!ll:!llilli**&&
PRIAEREFRERERE RS Y
* SETUP #

» *

FCR
# PATTERN 0  *
EFREEREREERRIRRIS

1
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Pags BE

1
FEERRBRERNFERIELAS
» TLRN »
» CACHE *
* OFF »
Y Y YT Y YT

I
PIEABBRRRRRPBER S
» ENTER *
*» SUPERVISOR *
» MODE *
PERFRRPERIERFRRES
BERFRBRUFERSFIILSY
¥ »
» WRITE »
» ZEROS *
FREBFFUPPRRREFRSF

I
FERBRBRPRBFAFSRB S

# ENTER KERNEL #
» TURNOSQCHE *

ANY e D e

» »
ERNRRFERRERBERERF S
I
NON-EXISTENT
MEM TRAPS?

)

I NO
FERRFPERBERRERIS >
¥ TURN *
* CACHE ¥

o OFF . ¥ “
SERPBRBEFSRERDPES

i
SERBRERRERRPRRF 4
* ENTER *
# SUPERVISOR ! 4
» MOCE »
FRERERBPEFRRFFRER
BESBBPRRFPRESERES
# ™
* READ #
* ZEROS #

FPEERFFEPPEPFIIRRES

I

» MOV BRNk
TC »
# LASTBRNkK »
FRBRRPRARFSRREDRD

I
v
I
1S_THIS THE
18T MISSING  -------=-c----
BANK ¥
I i
) 1 “YES * .~ ° T
1 :
! :
I I
I :
I 1
I I
I !
I 9
RAEEPRRSEFIPRRADIED 98

Soercrecrrrrterdnd

e
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Page B7
J €% CC8?
SARPFRRRFRURII PSS
3 ENTEF KERNEL +
s MODE *
» TURN CRCHE »
| ON »
FEBEIRPREFBRRDES
YES
ANY =~ seemmemeeesmcememme—meo—oooeo
y ERRORS”? %
1 NO I
FRBRERARBERDPRPRSY I
» SETUP » 1
» FOR ¥ b¢
» PRYTERN O # !
EERRPBREBRPBRDENY %
YY1 I 3312 .
* " 1
* UNMODIFY » I
# PATTERN » 1
FRARRERRREFRRAFFRER %
FRRERRRRERFERRINS I
# ENTER # I
% SUPERVISOR ¥ I
* MODE » I
§§§§§ii§;§§§;§;;¢ %
FREFRRRARERRRRER 1
* WRITE + » I
» READ » i
» ONES » 1
ERPPRRFFFRRERF RS %
I 1
I I
I \I
FERARRERAREFERERS I
¥ ENTER # I
¥ KERNEL ¥ I
» MODE * M
FESERRFERBLBRRERD N
% YES I
( en ms s e s e S D SR M M DGR R R R SR SR R D G WS WD M G W R D . GRS S WD A i
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Page 88
I
SRERRRRFRRERIIISS
» SETUP »

» INDEX TO ¢+
* CONFIG TRBLE +#

BRERRBEPRBRBRFREE
FRESBRERRPFREPERES
» »
* GO 10 A »
» *
BERERERERPUBREFRY
I
/ N (ES
/ ANY e m————————— mmm————- -1
/ ERRORS”? . 5
1 FSRRFRBRFARPSRIIRFUP IS
1 * SET ERROR BIT *
1 # FOR BANK IN .
I » CONFIG TABLE »
{ l*l#illlil;ii!lfllbbiii
J(rmcemrrrr e m e e I
I

FEEFERFRERRRERRRRDRES RS
# SET ACCESSED BIT =
® FOR _BRANK IN »
* CONFIG TARBLE #
!!!!!!lii!l;!!li*ll*lli

FERRFERREERRERRERRELEFH

» »
’ GO To “Q” »
»* E 4

22X RS ST S S X2 & 8 J

SE% 0088
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P 89
9¢ £ 0089
B8..i.8S Cetermire Protected Banks J1 Mkll -
BRRRRRRPRREVFRIRRIER
TURN
’ CACHE ;
OFF ,
FRRBERRRSRPERBRAREY
REFRBERRRERRRSRRF
¥ CLEQR MK L »
¥ PROTECTE ¥
# FLAG 4
RREEFERRFRRRNRFIRR
I
FEFRBERFERREFRRRS
» SET *
» BANK »
* 70 O ¥
FREPRFRRFRAFERIES
I
1
----------------------------- y
1
1
IS THIS BANK \ NO
© ACCESSIBLE BY  “-----=--=--==- )mmm e e s
/s CPU? \
I YES
’ IS THIS NO
’ AN MKI1 ~  —-ceomm—ememoo-e- R e
BANK?
I YES
YT IITIIITIIIIIIT

» MRP »
# SUPERVISOR ]
# TO BANK »
i!!lilll:llllll!l

TR
» ENTER *
# SUPERVISOR
% MODE o
iilil!ll;ll*lllii

REFRREERERKEEERE S

™ CREARTE R ¥

* DBE IN »

» BANK *

SRS URFREPSBEREE RS
1

TR R Y Ll ) S Rl el Rl Rl el ol el el 2l el l RISl il ol Rl l ] N

alalalalal ol el ol ol ol el ol ol lal ol ol Ll e TR e e T T 2T o
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