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.0 GENERAL PROGRAM [NFORMAT ON

1.1 Program Purp
ose (Abstract)

a. Intended for use on all PDP-11/70°'s and PDP=-11/74's i

nc Ludi ) ) ) )
multi~processor multiported MKA11 configurations.

b. This pr
ogram will be used by system managers and operators to de-
termine the co .
rrect operation of main memory and also it will be
primarily used by field
service and manufacturing to isolate fai-
lures to the memory and to iso
.ate failures within the memory to
the correct box and array.

c. The
object ot this software 15 to functionally test and verity
all main mem .
ory tunctions as fast as possible.

d. There is the capability of testing

mixed configurations (MJ11

. MK11 £ MKA11) %N a variable number of CPU's (
-4).

e. This program will functionally test MK11's, MKA11's, & MJ11's,

f. It has special a maintenance mode (fField Service Mode) to provide

... Spe e
citic functional capabilities.

1.2 System Requirements

1.2.1 H )
ardware Requirements -

1.2.1.1 Single Port Tests =

. LOOG




POP~
11/70 or PDP=11/74 (PU and 64K (16 Bit words) of Memory

SEu 0005
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".2.1.2 Multiport Tes
ty -

fach CPU must have a kKWllL, a JIST, and a Multiprocessor B8oot.
The use of the ]1IST and Multiprocessor Boot may be bypassed via

sta
-t at 200. . . .
Agditionaliy each system will have the following minimum memo
ry
requirements.
# ot (PU's MKA11 Memory
1 64K (16 Bit Words)
2 64K (16 Bit Words)
3 80k (16 Bi
t Words)

96K (16 Bit Words)

There must be no UNIBUS response to U

NIBUS Address 752100 thru 752136.

It a special device or memory (other than MK

11) resides there it must .

be removed in order to run this diagnostic. The lowe
r 16k of physical

memory must have no uncorrectable errors (DBE's).

1.2.
Z Software Requirements ~

This program is designed to run stand alone or un
der any of the tol-
lowing monitors:

XXVP
ACT
APT
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‘.3
Related Documents ang ytandaris

1. PDP=11/70 Processor Handbook

<. PDP=11/70 Processor Handbood

3. MJ11 Maintenance Manual

4. M1 Maintenance Manual
5. MKA11 Maintenance Manual

6. Pro
yramming Practices (175-003-009-02,

7. System Macro Manual (MAINDEC-11~-
DXQAC~C~D)

8. SUPER-MA(C Reference Guide (130-380-007-00)

S. AP
TT1.MAN (APT/11=-317-07-09)
10. ACT11.MAN (AUTOCAT~11-QZAUB-B-D)

.« Diagnostic Hierarchy Prerequisites
It the program hangs, dies, goes out
to lunch, heads west, hiccups, i
vomits, eats itself, stutters, bombs, or in
any way misbehaves, then: -

1. Try it again with Cache off (reference Sec
tion 2.3.3.1)

2. Inhibit relocation (reference section 2.3.1)

3
. Try (PU diagnostics
4. Try Memory Management Diagnostics

5.
Try Cache Diagnostics

€. Try UNIBUS MAP Diagnostics
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.S Assumptio
ns

This program assumes the correct operation of the (PU, Memory Manage-
me
nt, (ache, and the UNIBUS Map. This program occupies (initially)

8ank O (0O~ )
16k’. The XXDP l(oaders are J4n bank 1.

!

2.0 OPERATING INSTRUCTIONS:®

¢.1 Loading £ Starting Procedures

2.1.1 Quick Starting -

1. Load address 200

0 /. Set switch register for options (normally
)

3. Start

2.1.2 Stopping -
1. Set Sw8. or

2. Type control "'’ (Reference section 2.3.4.1).

2.1.3 Restarting ,
(Preserve (ontiguration Table) -

1. Load address 202
2. Set s




witch register for options (Normally 0)
3. Stert

SEQ 0010
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2.1.4 Starting (W
ith Multiprocessor and NO [IST or Boot) -

1. Load address 204

7. Set switcn register for options (Normally 0)

3. Start

2.1.
5 Switch Register Options -
SWITCH USE

15 HALT ON ERROR

14 LOOP ON TEST

13 INHIBIT ERROR TYPEQUIS

H INHIBIT RELOCATION

QUICK VERIFY / INHIBIT MARGIN TESTING

10 BELL ON ERRCR L
9 LOOP ON ERROR

8 HALT FROGRAM (UNRELOCATED & RESTORE L
OADERS)

7 DETAILED ERROR REPORTS

6 PRINT CONFIGURATI
ON MAP

5 LIMIT MAX ERRORS PER BANK

4 FAT TERMINAL (1
32 COLUMNS OR BETTER)
;EST MODE - SEE DOCUMENT
EST MOCE - SEE DOCUMENT
TEST MODE -~ SEE DOCUMENT

DETECT SINGLE BIT ERRORS

O N

O —
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2.2 Special Environments

2.c.1 XXDP =

The tirst pass will be a quick verity pass it and only if it is 1in

chain m
ode.
2.2.2 ACI € APT Automatic Mode - '

The program will not create do
uble tit errors (DBE's) after the Ist
pass.

The tirst pass will be a quic
k verity pass

2.2.3 NO SBE free Banks -

[t the program cannot find a

ny SBE (Single Bit Error) tree locations
(in  non-protected MK11 memory) it w

ill print out an error message and
continue testing by-passing the (SR tests.

2.2.4 Mixed Core £ MCS Configurations -

The program will function nor

mally in mixed environments. The se-
quence of testing may seem strange d

ve to the recursive test mode al-

ggrét?m (geference sections 2.3.1.1, 2.3.1.2,
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2.3 Program Options

2.3.1 Switch Register Details -

If a hardware switch register 1is not available then the software

sult

the
symbolic (ocation ‘SENVM'' the APT software switch reaister
wi'll be used (locati

on $SWREG).

re?1ster is in (ocation 176. |F under APT if BIT7 is set in

To change the software switch register contents: Type ‘‘control

This will cause display the current value of the SWR and prompt for

t
he octal input of the new SWR value from the terminal. This routine

will ign )
ore you (not respond to control 'G'") if you have a hardware
switch register.

Sw1s : HALT ON ERROR
(100000

Conti
nuing from this halt will first check for a change
in the softwa
re switch register (‘Control G'' in the TTY
input buffer) then it
will continue testing.

SWi4 = LOOP ON TEST
(40000)

This will cause looping on the present test or
(back to Llast scope trap). It in a pattern then the
looping will be for an entire bank of 16K addresses.
Sw13 = INHIBIT
ERROR TYPEQUTS
(20000)

This will cause returns
from the error routine without

the typed messages. Other on
error functions are not

patern

SEQ 0013




attected.
SEQ 004
Sw1i? INHIB!T REL
OCATION
(10000)

) This prevents the program trom
mov° Ng and consequently .
prevents the program from testing at |

east 16K of memo-
ry = in the case of MK11 memory up to 128k o

t memory
may be bypassed because of PRGTECTION POINTER coverag

e
(reterence section 5.2.4).
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Swit < QUICK VERIFY/INKIB
1T MARGIN TESTING
(4000)

. Each pass of the diag

nostic normally runs all margins
and checks all combinations

of SBE's &€ DBE*s. [f this
switch is selected no margins are run

(shortening pat-~

tern tests by a factor of 5) and approximatel

y one 64th .
of the possible combinations of SRE's & DBE's are tes

ed.
Each pass comptete typeout will indicat

e this mode by . .
preceding the pass number with 'QVv'’,

| &)

Sw10
BELL ON ERROR
(2000

This causes a bel
L (or beep or click) on each error

trap
SW9 LO
OP ON ERROR

(1000)

This will cause looping fro

m tailure point back to the

last correctly initialized area

of the current test.

This loop will frequently be too large for

scoping pur- . )
. poses. Tighter loops are provided for in Field Ser
vice
Mode reference section 2.3.4.5.10.
Sw8 = HALT P
ROGRAM
(400)
This initiates the following sequ
ence:

1. clears margins in "MAINT'' REGISTER

2. it program is relocated it moves back to bank

SEQ W1h

-




2erc

oaders

3. tlush out all possible DBE's.

turns off memory management

5. restore |

6. urwap the Unibus Map
7

Halt it under APT o; ACT branch sel.

e

SEQ 0016
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Sd7 : DETAILED ERROR REPORTS
(200)

i . After any normal error report is typ
ed this option
causes the contents of the following registe

rs to be

t5p¢d : :

RO, R1, R2, R3, R4, RS, SP, '™t
MERR'‘, °"MAINT'', 'CON-

TROL'', 'LOADRS'‘, "HIADRS'', ''CPUERR"

S
wh - PRINT CONF IGURATION MAP
100
Th
s prints a map showing the memory configuration -
. reference
section 7.4,
SwS L{GIT MAX ERRORS PER BANK
€30))

This wilt Limit the number of error typeouts per bank.
The default 1is 10. DECIMAL, however this can be
changed by changi?g(%gﬁation ‘ERRMAX' " manually or with
eference Section 2.3.4.2).

Sw4 - FAT TERMINAL
(20)

Tnis informs the program that the console terminal has

a width ot at least 132 columns (LA36 with wide paper).

c

FG
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TEST MODE
Test modes determine the recursion algorithm to
be used )
during pattern tests.
MODE NAME D
ES(RIPTION
0 0 BAFPAF Banks forward, patterns forwa
rd
12} 1 BAFPAR Banks torward, patterns reverse
(4)
l BAWPAF Banks worst first, patterns
torward. .
(6) 3 BAWPAR Banks worst first, pat
terns
reverse.
a1)) 4 A
FBAF Patterns torward, banks forward
(12) 5 PAFBAW Patte
rns forward, banks worst
first
(14)
PARBAF P%tterns reverse, banks forward
ae
PARBAW Patterns reverse, banks worst
first.
NOTE : Margins follow patterns

Forward is (0,2.3.4.5)
Reverse is (5,4,3,
2.0)
For more getails referen e section 2.3.1.1 and 2.3.1.2.

SwO ?EYECT SINGLE BIT ERRORS (SBI's)
)

For manufacturing purposes this switch should always be
on, For tield service purposes this switch should ai-
ways be
otf,
This switch will aliow all MK11 Single Bit errors to be
reposted by disabling error correction.

Error p




G ¢
rintouts ot SBE's are not distinguishable from SFQ 0%
DBE °s.
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4.3,
Test Mode Exampie -

Example analysis of mode S 'PAFBAW''. Assume Banks O
£ 1 are My
(core) and Banks 2,3,4,.8 5 are MK11 (MOS).

Assume also tha . L.
t Bank 3 is known bad by the program (via the sizing
routine or previous ru
ns reference section 3.1 and 6.1 test 22). ~he
{estfng sequence would be as fo
lows:

STEST MK17 MEMORY TYPES FIRST
;TEST KNOWN BAD MEMORY (BANK 3)

PAT

TERN 17, BANK 3, MARGIN 0
PATTERN 17, BANK 3, MARGIN 2
PATTERN 17, BANK 3,
MARGIN 3
PATTERN 7, BANK 3, MARGIN 0O
PATTERN 7, BANK 3, MARGIN ?
PATTERN

7. BANK 3, MARGIN 3
PATTERN 1, BANK 3, MARGIN O
PATTERN 1 BANK 3, MARG]
N2
PATTERN 1, BANK 3, MARGIN 3
PATTERN 2, BANK 3, MARGIN 0
PATTERN 2, 8
ANK 3, MARGIN 2
PATTERN 2, BANK 3, MARGIN 3
PATTERN &, FoNK 3, MARGIN 0O
PATTERN 4, BANK 3, MARGIN 2
PATTERN &, BANK 3, MARGIN 3
PATTERN S, BANK 3

. MARGIN O
PATTERN S, BANK 3, MARGIN 2
PATTERN S, BANK 3, MARGIN 3
PATTE
RN 21, BANK %, MARGIN 0
PATTERN 21, BANK 3, MARGIN 2
PATTERN 21, BANK 3, MA
RC!N 3
PATTERN 20, BANK 3, MARGIN 0O
PATTERN 20, BANK 3, MARGIN 2
PATTERN 20

" BANK 3, MARGIN 3
PATTERN 22, BANK 3, MARGIN 0
SA?!ERN 22, BANK 3, MARG IN
PATTERN 22, BANK 3, MARGIN 3

SEQ 20



PATTERN 26,
PATTERN 26,

x 3,
PATTERN 26,

:TEST PRESUMED GOOD MEMCRY (BA

NS 2,4,5)

PATTERN 17,
PATTERN 17,
PAT

TERN 17,
PATTERN 17
PATTERN 17
MARGIN 2
PATTERN 17,
PATTERN 17,
CATTERN

17, BANK

.

€

P

.

BANK 3, MARGIN
8AN

MARG N 2

BANK 3, MARGIN
BANK 2, MARGIN
BANK 2, MARGIN
BANK 2, MARGIN
BANK &, MARGIN
BANK &,

BANK &, MARGIN
fANK S, MARG N

MARGIN 2

OwW MO

3
0

SCO s




PATTERN 17,
PATTERN
IN O

PATTERN
PATTERN
CATTERN
BANK &,
PATTERN
PATTERN

PATTERN
PATTERN
gATTERN
PATTERN .
PATTERN !,
PATT

NNV N NN NNV ~
.

.

PATTERN 1,
PATTERN 1,
ARGIN 2
FATTERN
PATTERN
7ATYERN
PATTERN
PATTERN
0
PATTERN
PATTERN
PATTERN
NK 6,
PATTERN
PATTERN

[AN1aV IR V14N 1, SR AU}
LY (TS

p
ATTERN 2
PATTERN
PATTERN

PATTERN
PATTERN
PATTER
N &,
PATTERN
PATTERN
GIN 2
PATTERN
PATTERN
PATTFRN

PATTERN
PATTERN

PATTERN

[AS a1

&S
L) L) - -

N N S
- . - - -

:

w S
~
~

wn
-

ERN 1, BANK 2,

-—
. »
(V)
.

%

$

BANK S, MARGIN

BAMNK 2, MARG

BANK 2, MARG IN

BANK MARGIN

MARGIN C

BANK &, MARGIN

BANK &, MARCIN

BANK 5, MARGIN

BANK S, MARGIN

BANK

MARGIN 3

BANK 2, MARGIN

BANK 2, MARGIN
MARGIN 3

BANK &, MARGIN

BANK &, M

BANK &, MARGIN

BANK 5, MARGIN
MARGIN 2

BANK 5, MARGIN

BANK 2, MARGIN

BANK 2, MARGIN

BANK 2, MARGIN

BA

MARGIN O

BANK &, MARGIN

BANK &, MARGIN

BANK §, MARGIN

BANK 5, MARGIN

BANK S,

MARGIN 3

BANK 2, MARGIN

BANK 2, MARGIN
MARGIN 3

BANK &, MARGIN

BANK &, MAR

BANK 4, MARGIN

BANK 5, MARGIN
MARGIN 2

BANK S, MARGIN

BANK 2, MARGIN

BANK 2, MARGIN

W

O Wi

WY OW o

NGO W

nNo

OW

SEQ 0022

!




PATTERN S, BANK 2, MARGIN 3
PATTERN 5. BANK $€Q 0023
G, MARG N O

PATTERN S, BANK 4, MARGIN 2

PATTERN S, BANK &, MARGIN 3

PAT

TERN 5, BANK S, MARGIN 0

PATTERN S, BANK S, MARGIN ¢

PATTERN S, BANK S,

MARG [N 3

PATTERN 21, BANK 2, MARGIN 0

PATTERN 21, BANK 2, MARGIN 2

PATTERN

2. BANK 2, MARGIN 3

PATTERN 21, BANK &, MARGIN O

PAszERN 21, BANK 7, MARGI

N

PATTERN 21, BANK 4, MARGIN 3 -

PATTERN 27, BANK S, MARGIN 0O




SEQ 0024
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PATTERN 21,
BANK S, MARGIN ¢
PATTERN 21, BANK S, MARGIN 3
PATTERN 20, BANK 2, MARGIN O
PATTERN 20, BANK 2, MARGIN 2
PATTERN 20, BANK 2, MARGIN 3
PATTERN 20, BANK
4, MARGIN 0 )
PATTERN 20, BANK 4, MARGIN ¢
PA};ERN 20, BANK &, MARGIN 3
PA
ERN 20, BANK 5, MARGIN O
PATTERN 20, BANK S, MARGIN ¢
PATTERN 20, BANK S, M
ARGIN 3
PATTERN 22, BANK 2, MARGIN 0
PATTERN 22, BANK 2, MARGIN 2
PATTERN 2
. BANK 2, MARGIN 3

PATTERN 22, BANK &, MARGIN O
PSIIERN 22. BANK &, MARGIN
PATTERN 22, BANK 4, MARGIN 3
PATTERN 22. BANK S, MARGIN O
PATTERN 22, BA
NK S, MARGIN 2
PATTERN 22, BANK S, MARGIN 3
PATTERN 26, BANK 2, MARGIN O
P
ATTERN 26, BANK 2, MARGIN 2
PATTERN 26, BANK 2, MARGIN 3
PATTERN 26, BANK 4,

MARGIN O
PATTERN 26, BANK &, MARGIN 2
PATTERN 26, BANK 4, MARGIN 3
PATTER
N 26, BANK S, MARGIN O
PATTERN 26, BANK S, MARGIN 2
P?rrgnu 26, BANK S, MAR
GIN

JRELOCATE TEST PROGRAM SPACE (BANK 0 & 1)

PATTERN 1, BANK

0. MARGIN O

PATTERN 1, BANK (O, MARGIN 2
PATTERN 1, BANK O, MARGIN 3
PATT

FRN 1, BANK 0, MARGIN &

PATTERN 7, BANK 0, MARGIN 5
PATTERN /., BANK O, M




ARGIN G
PATTERN
PATTERN
PATTERN

2‘
PATTERN
PATTERN
0
PATTERN
PATTERN
PATTERN
NK O,
PATTERN
PATTERN
p
ATTERN
PATTERN
PATTERN

;

§5 sibaE & f

&
F 2l 2 Y
Y

o
..

S WWN W)
.o NEARNAN

:

:

—

OO
LYY . 8 . s .

LY

000 QOO OC OO

&~

I

MARGIN
MARGIN

MARGIN ¢
MARGIN
MARGIN

MARGIN
MARGIN
MARG IN
MARGIN

MARGIN
MARGIN

(W 1,8)

W Own

Stu 007¢
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PATTERN
PATTERN
PATTE

AN 5,

PATTERN
PATTERN
RGIN 4

PATTERN
PATTERN
PATTERN

PATTERN
PATTERN
4
PATTERN
PATTER
PATTERN
K1,
PATTERN
PATTERN
PA
TTERN 1
PATTERN
FATTERN

PATTERN
PATTIRN
PATTERN
.

PATTERN
PATTERN
GIN 2

PATTERN
PATTERN
PATTERN

PATTERN
PATTERN

PATTERN
PATTERN
P?TTERN
PATTERN
PATTERN
PAT

TERN 5,
PATTERN
PATTERN
MARGIN 5
PATTERN
PATTERN
PATTE N
26,

’

BANK 1,

NWN
RN

gwwu
A ) - -
X

[V IV S o ¥ o &
CREE Y [N

LY

So
5.

26,
26,

—

.

BANK 1,

BANK O, MARGIN
BANK O, MARGIN
MARGIN 2
BANK O, GIN
BANK O, MA
BANK 0O, MARGIN
BANK O, MARGIN
MARGIN 2
BANK O, MARGIN
BANK O, MARGIN
BANK O, MARGIN
BANK 1, MARGIN
BAN
MARGIN 2
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1
BANK 1, MARGIN
BANK 1, MARGIN
MARGIN S
BANK 1, MARGIN
BANK 1, MAR
BANK 1, MARGIN
BANK 1, MARGIN
MARGIN 5
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK
MARGIN 5
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1, MARGIN
BANK 1,
BANK 1, MARGIN
BANK 1, MARGIN
MARGIN 3

SN O S W VO SN &S w [@ 1V, B SN VY] oW

O

PA




/ This is an exam
pie  not an actual se-
Quence.

FALTERN 26, BANK 1, MARGIN &
PATTERN 26, BANK 1, MARG]
NS

NOTE

SEQG 00c7
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"he pattern sequence was .
forward (the simple patterns first, comp.ex
patterns lLast) sequence of patte
rns (MK11 =17, 72, 1, 2. 4, S, 21, 20,
2, 26)MJ11 =1, 2, 3,4, 5, 26).

Si
rnce the patterns were forward so were tte margins (0,2.3,4,5).

[t the pattern

S were run in reverse (MK11=26,22,20,21,5.4,2,1.,7.17)
(M11=26,5,6.3,2.1.,) )

then the margins would also have been in reverse
(5,6,3.,2.00

[t the bank sel
ection i< forward the banks wil! be tested in the fol-~

lowing order:

1
M1 b?g;§ that are not protected or program space (from 0 to

2. MJ11 banks that are not program space (from 0 to 167).

3.
The program now relocates & tests:

4. MxX11 banks that were protected or
program ?ggge (from 0 to

5. MJ11 banks that were pr
ogram space (trom O to 167).

[t bank selection is worst tirst the configurati
on table will be con- .
sulted and banks will be tested in the tollowing order.

1. Mx11 banks that are known bad and are not protected or
gram space (from 0 to 167).
2. MJ)11 banks that are krown bad and ar
e not program space (from
to 167).
3. MX11 banks that are p

resumed good and are not protected or
program space (from 0 to 167)

pro-

SEQ LO. 8




4. MJ11 banks that are presumed good and are not program space

{trom O to 167*.
5. The program now relocates £ tests:

6.
MK11 banks that are known bag and were protectec or program

space
(trom O to 167).

7. MJ11 benks that are known bad and were program spac

e (froﬁ 0
to 167).

8. ™Mx11 banks that are presumed good and

were protected or pro-
gram space (from O to 167).

9. MmJ11 b
onks that are presumed good and were program space

(trom 0 to 167

"
-

D 3

SEQ 0029
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2.3.1.2 Test Mode Deta'is =~

MODE O = 'BAFPAF’' banks forw
ard, petterns torward

This is the default and simplest mode.
This mode tests each bank completely trom 0 to 167 ex-
rept those requiring relocationr,
while testing each
bank the patterns are run with the
simple ones first building
to the more complex.

MODE 1 - 'BAFPAR'' = banks forward, patterns revers
e

This mode tests each bank completely from O to 167 ex-
cept those requiring relocationr,
While testing ea_
ch bank the patterns are run with the
) most complex ones tirst,
working to the simple ones.

MODE 2 - ‘BAWPAF'' = Banks worst first, pat
terns torward

This mode first tests each known bad bank com
p'etely .
from O to 167 except those requiring relocation~, then
presumed good banks are tested from 0 to 167 except
those requiring relocationr.
while testing each bank t
he patterns are run with the .
simple ones first, building to th
e more complex.

MODE 3 - ‘RAWPAR'' - Banks worst first, patterns reverse

This mode first tests each known bad bank completely

trom 0 to 167 except those requiring relocations, then




presumed goodhbanks are tested trom 0 to 167 except
those
requiring relocatione,
while testing each bank the patterns a

re run with °he . . .
most complex ones tirst, working to the simple

ones.
MODE & - 'PAFBAF‘'’ = Patterns forward, banks forward

This mode tests each pattern completely with the simple
on
es tirst, builaing to the more complex.

while testing each pat

tern the banks are run from 0 to
167 except thcse requiring rel

ocatione,

SEQ 0031
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MODE 5 ‘PAFBAW ' = Patterns forward, banks worst first

This mode tests each pattern completely with the simple
ones first, building to the more complex.

while testing ea
ch pattern tirst each known bad bank
. trom 0 to 167 except
those requiring relocations is
run, then presumed good banks ar
e run trom 0 to 167 ex- . )
cept those requiring relocations,

MO0
¢t 6 - ‘PARBAF'' ~ Patterns Reverse, Banks rorward

This mo

de tests each pattern completely with the most
complex ones fi

rst, working to the simple ones.

while testing each pattern th
e banks are run from 0 to o .
167 except those requiring relocation

MODE 7 ' ‘PARBAW' ' - Patterns Reverse, Banks Worst first

This mode tests each pattern completely with the most
o
mplex ones first, working tc the simple ones.

while testing ea
ch pattern first each known bad bank

from 0O to 167 except th
ose that require relocations is

run, then presumed good banks ar
e run tram C to 167 ex-

cept those requiring relocation».

NOTE

* Relocation is required
to test the .
bank(s) 11n program space and also to

test any MK11 banks protected by diag-
nostic  checkm
ode w'th the inhibit mode

SEQ 0032
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pointer oﬂ‘(:«o):
SEQ 0033
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2.3.1.3 e
>t Mode Applicat:ions -

1. To verity correct cperat:on ot the memcry
srstem use  Mode
‘BAFPAF°",

Advantages: Easy to underst
Disadvantages: I[n case of a failing Bank, it may take a (ong
time to tind the failure.
2. To get detailed error information
on kNown . Banks (tound .
by sizing routine) use Mode 2 "BAWPAF'',

Advantages: Seeks Bad Banks. tasy to understanag.

Disad
vantages: Failures other than zeros £ ones may take a
long time to

ting.
3. To get good error info on any memory problem tast use Mode 4
' PAFBAF"’,

Advantages: (overs all barks tast. Easy to und
erstand.

L
Disadvantages: Failures from only complex patterns may ta

ke . .
a long time to tind.
4. To tind any problem tast use Mode
7 "PARBAW''.
Advantages: C(overs ail Banks fast.
Disadvan

tages: Difticult to understand tailures reported are
not necessarily
the most basic failure modes.

SEQ 003«
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2.3.2 Display Register =

A software displ . . ] .

ay register exists in location 174 in agdition to any
hardware display existen

ce.

Display fields are as follows:
1S 016 13 12 11 10 9 8
[ 4 6 S ! 4 3 < 1

relocated ! Bank # ! Margins P
attern

-t m e o e s et o - e -
-, s S e meSSSS ol ZZZzZ=xzamzZz===

P e,
R e

In the case of multiprocessor tests the ent‘re displ

ay register is . .

used to represent the two's compliment of the multiprocessor tes
t s

PATTERN # The number of the pattern presently being run. All

patterns are described in section 6.2. Any pattern“can be
found in thehbl )
agnostic by Looking up the symbolic Tags
. 'HTO\Ng' and "MTPNN'' - where ‘NN
is the Pattern number. .
MTONN refers to the routine that sets up for the test

Pattern whereas MIPNN is the actual pattern itself.

NOTE
The pattern # is not necessarily an in-

dication of degree ot difficulty.

MARGINS The 3 bit

value loaded into _the Maintenance register
(17777750) Bits (3:1). Margins

are decoded as follows:

Margin MJ11(core) MK 11(MOS)

Normal Operation Normal Operation
Early Strobe Early MDR L

Y

SEQ 0U3Y




91

b Late Strobe Late Refresh
“ Low Current Reserved
‘Norma: )
) High Current Reserved {(Normal)

Margin 1 = Forc
es '‘wrong address parity'' error

BANK = The number of the Bank (16K) of
memory under test (0-167). _ .
(21:15) these bits directly map to physical address bit
B It the Bank # is above '67 octal this entire display is

A ]
n Multiprocessor mode - see above.

RELOCATED = This BIT indicates that the p
rogram is relocated and no .
. longer in Bank 0. [t will be relocated to the
irst
known good non-protected memory bank indicated on
the configur
ation map (reference section 7.4),

i

SEQ v %




— 1
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2.3.3 Speciai Memory Locations -

l
.3.3.1 (ACHE Constant =~

The CACHE constant is located at symbolic location
"TACHK'® and is used
to enable CACME.

It you desire to run with group 0 disab

led ¢ this CACHE constant i

to & or 5, it you desire to run with group 1 di

sabled change the CACHE . .

constant to 10 or 11, it you desire to disable all of €
ACHE change the

CACHE constant to 14 or 15,

NOTE
Bit O in the CACHE constant has nc ef-

tect since it is unconditionatly set by
the grogram whenev
er it tries to enable
CACHE.

SFa 0037
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2.3.3.¢2 (ontiguration Table

as the following format:
CONF 1G: Sirst 16K Configuration words (3 each)
nd 16K Configuration words (3 each)

167th 16k
contiguration words (3 each)

(ontiguration Words:
LOW: BIT 0-2  INTERLEA

ERRORS PRESENT
PROTECTED REGION OF A MK11 BOX

VE FACTOR
BIT 3 EXTERNAL INTERLEAVE
BIT & MASTER CAN ACCESS (MEMORY
EXISTS)
IT S SLAVE #1 CAN ACCESS (SHARED)
IT 6 SLAVE #2 CAN ACCESS
(SHARED)
T7 SLAVE #3 CAN ACCESS (SHARED)
T 8-10 BOX NUMBER (0-7
T
T

OoOO® om® oo
g g

]

1
2

T 13-14 MEMORY TYPE;OQ MJ11;1=mM11

BIT 15

MED:
BIT 0=5 NCT USED
BIT 6-8 M™MK11 CSR ADDRESS
BIT 9«11 NOT USED

PROTECTED (PROGRAM SPACE)

BIT 7 INDI

Lhe contiguration table is located at symbolic .ocation ''CONFIG'

Bl
T 12 INTERNAL INTERLEAVE
g}; 13 "BACKGROUND PATTERN VALID'' FLAG
14 BANK SELECTED FOR TEST BY FIELD SERVICE MODE
BIT 15 LOADERS HOME BANK
HIGH: BIT 0 INDICATES BANK IS ADDRESSED BY
BIT 1 INDICATE
S BANK S ADDRESSED BY (SR 172104
172110 BIT 2 INDICATES BANK IS ADDRESSED BY
BIT 3 INDICATES BANK IS ADDRESSED BY
BIT 4 INDICA
TES BANK 1S ADDRESSED BY (SR 172120
BIT 5 INDICATES BANK IS ADDRESSED BY
SR 172124
BIT 6 INDICATES BANK [S ADDRESSED BY

and

CSR 172100

CSR
CSR 172114

C
(SR 172130




N S
SEQ 0C3y

CATES BANK [S ADDRESSED BY (SR 172134
BIT 8-15 NUMBER OF ERRORS

This ta
ble is used as the source tor the contiguration

Map (reterence. section 7.4).




2.3.4 Termina: (ommands -

2.3.4.1 (Control """ -
This command will

1. (lear any margin conditions.

2. Unrelocate it program was
relocated.

3. Flush out any DBE's.
L. Turn ottt Memory managem

5. Attempt to Boot RKOS drive 0.

6. failing 5, attempt to
Boot RKOS Drive 1.

7. Failing 6, go to 5.

This command will only be
recognized at the completion of the current
test or pattern.

2
.3.4.2 Control 'D"" (Debug) -

This command will enter a modified version of
DT,

This is a subset of the ODT as documented in the RT11
Manual with the addition of Control ‘C’’, Control
which ‘u
nction as outlined here.

\

NOTE
It is advisable not to enter O0DT when

the program is re
located.

S
'Fy £ control ‘¥’

B_4
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stem Reference

SEQ 0040
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2.3.4.3 (ontrot '’ (procEEd) -

This command «ill allow you

to exit ODT. It is the reverse of the
control ‘D'’ command. [f you typ

e control 't'' after a Breakpoint -

you're on your own'

2.3.4.4 (ortrol )
"T'* (Tel. me what's happening) -

This command will print out the information
encoded in the display re-
gister. This is main{y intended for CPU's without
a hardware display

register.

Example:
RELOCATED BANK- 23 MAR- 3 PAT= 26

2.3.64.5 Control ''S"' (Stop) -

Thic command will stop typeout (soon) a
nd will wait for a Control 'Q°".

2.3.4.6 Control 'V (Quintinue) =~

Th

1§conm?r:d will continue typing that has been stopped by C(ontrol
the;-e has beer no Control
nored,

S’ typed then this command is ig-

SFQ 0041
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2.5.4.7 )
Control '¥'° (Fiela service mode) =

rms command will cause you to ente~ a mo
de Looking for sub commands.

when the program is looking for a sub command an

( nunber that is not a o

egal command will cause a mini help message to be typ
ed. rherefore

when in doubt type 99 ((R) and you will get help.

NOTE

. Typing just carr-iage return is a
detault
comnand 0.

2.3.64.7.1 Field Service Command O
(Exit) -

This command will exit Field Services Mode and return to whatever

task

it was in prior to typing control "F''. Note typing just carriage re-
tu

rn is a default 0.

2.3.4.7.2 Field Service Conmand 1 (Read (CSR) -

Th
is command will typeout the contents of the MK11 (SR.

I[f there is more than o

ne (SR on the CPU (or if the program has not
yet determined the (SR status

yet), it will Ask you ‘WHICH CSR(0-7)"'

to which you must respond with an Octal

number from 0 to 7. Note typ-

ing just carriage return is a default 0.

f
he (SR you select causes a trap to & the program will type ''THIS
S? ISt m

x l'

— Y P ey

SEQ 004,




ences are done

(SR reter
in accorgance
with section 5.1.

NOTE

SEQ 0043




St &
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2.3.4.7, .
T Field ServiLe Command 2 (Load (SR) -
This command will enable you to load
the MX11 (SR.
It there is more than one (SR on the (PU (or if the program
has not

yet determined the (SR status yet) it will ask you "WHICH CSR(0-7)"' to

which you must respond with an Octal number from O to 7. Note typing
just ¢
arriage return is a default 0.

It the (SR you select causes a trap to 4 the p
rogram wi'l type '‘THIS
CSR DOES NOT EXIST'.

The (SR will be read and dis
played as in command 1.

The program will then ask you for the "FIRST (SR WORD

* to which you

must respond with an Octal number. Note typing just carria
return

s a default O.

The program will then ask you for the ‘2ND (SR WOR
D'* to which you must
respond with an Octal number.

The program will then { . . . .
ocad the (SR and Read it again disglaying its
new contents.

2.3.4.7.4
field Service Command 3 (Examine Memory) -

This command will atlow you to e

xamine any physical address and does
the necessary memory management mapping
tor you.

The program will ask you for the 'PHYSICAL ADDRESS (0-167277776)""
to
which you must respond with an Octal number.

If the address access causes

3 trap to 4 the program will type ‘‘TIME-
OUT TRAP', [f the address acces

s causes a trap to 114 the program

wil type 'PAR]TY ABORT'’,




The contents of )
your physical address w'!l be typed.

SEQ 0045




SEQ 1 04r,
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2.3.64.7.5 ti1e.d Service (ommand & (Modi
ty Memory) -

Thic command allows you to modity any physical address and do
es the
necessary memory management mapping for you.

The program will ask yo

u for t "PHYSICAL ADDRESS (0-16777776)'' to
which you must respond with an

Octal number.

1!7525 address access causes a trap to & the program will type
QUT  TRAP'', 1t the address access causes a trap to 114 the program

wil type 'PARITY ABORT'',

The program will type “OLD DATA WAS'' and the conte
nts ot your physicac
address.

The program will then type ''INPUT NEW DATA'’ to

which you must respond
with an GOctal number. Note typing just carriage ret
urn is a default

The program will attempt to write this new data into you

r ohysical ad-_ . . . . .
dress atter which it will read it again and type 'DATA IS NOW'' a
nd the

new contents of your physical address.

NOTE
It you can't change the data, that would
indicate that you have a double bit

] error in that doub
te word pair,
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2.2.64.7.¢6 Freid service (ommang 5 (Select Bank, Margin & Pa
ttern) -

This commang aliows you to run any bank at any margin with any patt
ern
torever.

The program w'll ask you 'BANK(0=167)"" to which you must respon
g with
an Octal number. It the bank is not accessible. The program will

type "BANK NOT ACCESSIBLE'' and ask question over.

The program will then ask
‘PATTERN (0-37)"' to which you must respond
with an Octal number.

Any
pattern can be run including those that are not part of the

A
PT E~TABLE defaults (reference section
6.2.1). It you selec
t Pattern O, the
program will ask "PATTERN O DATA [S?"' to

' . which you must respond with an Octal
number.

The program will then ask "MARGIN (0,2,3.4,5)?"" to which you must res-

with an Octal number of the set (0,2,3,4,5). If SW5 is set in
the Switch reg .

ister the program will type 'MARGINS INHIBITED BY SwW5"'

and ask you for the

margir again. You must then either turn off SW5

or select a margin of 0.

It
the Bank you selected requires relocation the program will type
"BANK REQ ‘ .
CIRES RELOCATION'® and exit this command. Note normally this
is true for Bank 0

]48 program will then arm the console keyboara for interrupts and type
ESCAPE TYPE ANY KEY.''.

The test pattern will be entered and run until a cons
ole key 1is de-

SEQ 0047




pressed ¢ eSzape this [00p.

19 0068




SEQ 0049
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2.3.6.7.7 Fieud Service Com
mand 6 (Type Configuration Map) -

This command types the configuration map.

This is useful atter a long run (overnight) to svee all the banks that

are m
arked as bad. (tspecially if your console is a video terminal).

For a detail .
ed explanation of the map reference section 7.4,

2.3.4.7.8 Field Service
Command 7 (Battery Backup Test) -

This command will check that memory does
not forget while powered

It will write and check the address pat
tern in every non-~protected
Memory 8ank.

It will then prompt with 'REMOVE
SYSTEM POWER FOR 10 SECONDS MAX!'',

It you cnange your mind and do not wish t

o power down the system type

any character and the program will think that it
has thru a power

tail/auto restart sequence.

The program will then read
check each non-protected bank for the ad-
dress pattern and when done typ
e ’ZEST COMPLETE’® and exit this com-
mand.

2.3.4.7.9 Ffield Service (o
mmand 8 (SOB-A-LONG TEST) -

This command allows execution of the S0B-A

-LONG Test on all .

non-protected Banks reference Section €.2.2.26. Operat

ion is identi-

cal tg command 5 except that no Pattern or Bank is entered and
eac

pass causes a Belt.
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2.3.4.7.10 fiela Serviie (ommand 9 (Super Tigrt s
cope loop) -

This command allows super tight scope loops on any physical
address . .
with any margin setting.

The program will ask for ‘PHYSICAL ADDRESS''
to which you must respond
with an octal number.

The program will then ask

*MARGIN (0,2.3.4.5)?'" to which you must res=

pord with an Octal number of th

e set (0,2.3,.4,5). It SWS is set in

the Switch register the program will type

‘MARGIN INHIBITED BY SWS

and ask you for the margin again. You must then
either turn off SWS

or select a margin of 0.

The proagam will then type ''SW
R —--~> MEM_MEM ---> DISPLAY'' indicating
that it will move the switch register
into the physical address, move
the physical address into the Display Register
. and (o0op.

Thewthe program arms the console keyboard for interrupts and type
s '"TO

ESCAPE TYPE ANY KEY!'',

The program now enters a Loop at symbolic loca

tion 'TMDILOOP'" which
consists of the following code:

CMD% 9GP MOV aSWR, (
RO) JWRITE SWITCH REGISTER INTO MEMORY
MOV (RO) ,@DISPIAY  ;READ MEMORY INTO DI

SPLAY REGISTER

Typing any key w
ill exit this command.

| S

BR CMDSLOOP ;LOOP TILL KEYBOARD INTERRUPT

SEQ 0050
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2.3.4.7.11 Ffield Service Command 10 (Error Suwmary)

This command types out the number of passes and the total number of

e
rrors. It there were any errors it will type out the Banks and the

number of
errors per bank up to <55 DECIMAL.

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

2.35.64.7.12 Fiel
d Service Command 11 (Refresh TEST) -~

This (ommand allows execution of the R

efresh Test on all non-protected .

Banks reterence Section 6.2.2.19. Operation i

s identical to command 5

except that no Pattern or Bank is entered and each pas
. causes a Bell.

2.3.64.7.13 Field Service Command 12 (Set Fill Count) -

72;8 command allows setting of the terminal fill count (necessary for
L

's, ASR33's, and VI05°'s). It is normally set tu zero for LA36's,
vidars, viel

's, etc.

2.3.64.7.14 Field Service Command 13 (Enter Kamikaze Mode) -

Ihzs command allows you to run patterns that are normally not executed
unles

s under APT or ACT. They are usually very time consuming and can
result in fai

lures that are fatal to the program. In effect you are

trying to find a
hardware failure regardless of the conseqguences.
Note that most crashes do not

wipe out the display information which

is telling you what tne program

was doing just prior to failure.

[ M4

3 0051




There are two ways to die here - [mpatience a

nd (rashes.

2.3.6.7.15

field Service Comnand 14 (Exit Kamikaze Mode) <«

Return to the default mode ot testing (undo Command 13).

SEQ 0052
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2.3.4.7.16 Fi
eld Service (ommand 15 (Turn Cache Offt) -

This changes the (ache constant to
bygass cache (reference section
2.3.3.1).

2.3.64.7.17 Field Servi
ce Command 16 (Turn Cache On) -

This changes the C(ache constant to wuse
5a§h§ 1§refer¢.-nce section

2 ;.4.7.18 fField Service Command

17" (Run Only Multiport Tests) -
Single Port Testing will be disabled. This
is used to extensively .
test only logic that is unique to the Multiporcesso
rs.

1.3.4.7.19 fField Service (ommand 18 (Resume Running Both Single
Multiport Tests) -

?%urn to the detault mode of testing (undo (ommand

2.3.4.7.20 Field Service Command 19 (Test Only Selected Banks) -

T:is command allows you to center the test effort on only those banks
that

you are troubleshooting. You may also test banks that require
relocation a .
nd were inaccessable via command 5.

2.3.4.7.21 Field Service Command 2

SEQ 0053




) (Resume Testing ALL Banks) =

Return to the defaul* mode of testing (undo (
ommand '9),

SEQ 0054
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2.4 Execution Times

2.4.1 lypizal (System) ~

Execut
ion time depends on many variables however here are some meas~
ured times.

CEMKAB(70 MEM) DEMJUA (OLD 0=2 MEG)

128k of MJ11 (core) Memory
Normai Pa
sS 2 Min 45 Sec 11 Min 41 Sec
Quick Verity 33 Sec 2 Min
1
28k of MK11 (MOS) Hemor;
Normal Pacs 2 Min 52 Sec 11 Min 41 Sec
Quick ve
rify 45 Sec 2 Min
Kamikaze Mode 29 Min
Kamikaze Qv 9 Min 35

Sec

2.4.2 C(Calculations (System) -

Normal Pagg (aitl margins)
A
16 Sec per MK11 Box (CSR)
Add 20 Sec per BANK of MOS
Adgd 21 Sec per BANK of

Core
Quick Verify Pass
Add 5 Sec per BANK of MOS
Add 4L Sec per BANK o v

t Core

Kamikaze Mode .
Multiply above times by 10.

9 0055




s) -

MT0000 ;<1

mMTI0001 ;<A1
MT10002 ;<1
DRESS TEST
MT0003 : 1
MT0004 ;1

MTO000S ; 1
MT0006 ;<1
TEST

M10007 ;<1
MT0010 ;<1
]

T0011 ;<2
MT001? <1
BE TEST
MT0013
MTO014

M70031 : 3
MTU032 <1

mMr0033 <1
MT0034 ;35

MT0035 ;1

Pattern Time

2.4.3 Typical

SEC

SEC
SEC

SEC
SEC

ING ZEROS TEST

SEC
SEC

SEQ
SEC

SEC
SEC

SEC
SEC
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Description

DATA PATTERN TEST

ADDRESS TEST
COMPLEMENT AD

3 XOR 9 WORST CASE NOISE TEST
ROTAT

ROTATING ONES TEST
INITIAL DATA

ADDRESS BIT TEST
BYTE ADDRESSING TEST

CREATE SINGLE BIT ERROR TEST
WRITE BYTE CLEARS S

(REATE DOUBLE BIT ERROR TEST
WRITE INH

DATIP WITH DBE

SEC

SEC
SEC

SEC
SEC

SEC
SEC

SEC
StC

SEC
SEC

SEC
SEC
SEC

SEC
SEC

ANCH GOBBLE TEST

StC

WRITE INHIBIT OF BYTE WiTH DBL

WRITE INHIBIT OF WORD WITH DBE
HOLDING 1'S 0'S TES

MARCHING 1°'S 0°'S IN CHECK BITS
MARCHING 0°'S

REFRESH TEST
SHIFTING DIAGONAL TEST

FAST GALLOPING PATTERN TEST
INTERRUPT ENABLE

RANDOM DATA TEST
JNIQUE BANK TEST

FLUSH OUT DBE'S TEST
SOB-A-LONG TEST

SKEWED UP ADDRESS TEST

WRITE RECOVERY TEST
BR

SOFT ERROR TEST

£Q 0056




SEQ 0057
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r. FRROR [NFORMAT [ON

3.7 Error Reporting

Most errors are reported L3ing the EMT trap and h

andler rovided by

SYSMAC. . Most errors will be of the 'MEMORY DATA ERROR
"t{pe which .

b;nk be described here. MEMORY DATA ERRORS will also cause the
tu be marked as Bad in the configuration table.

Other errors are best e

xplained by referencing the specitic typeout
and it necessary the program L1

sting,

Example:

MEMORY DATA ERROR

PC BANK  VADD PADD 600D 8
AD XOR_ MAR BOX MIYPE INT PAT ARRAY
022132 37 060006 03700006 000000 O
00100 000100 O O M™M11 O 06 15

00100 1 0 0 ™M 06
022132 37 060006 03700006 000000 O
001 000100 0 O 06

00 M1t 0 18
022132 37 060006 03700006 000000 O
00100 000100 0 O ™11 O 06 15

while testing Bank 37 at virtual addr
ess 60006 (virtual addresses are )
always between 60000 and 157776 for mappin
3 purposes), physical ad- . o
ress 3700006 (that's Bank 37 physical 6 within the B
ank) with Pattern
6 (Initial Data Test), the good data expected was O but the d
ata actu- .
glly read (BAD) was 00, the exclusive OR at Good & Bad yields 10

whith indicates only failing bit(s) (Bit 6). The margins were at 0

(no m

argin) and the memory resides in Box 0, it is an MK11 (MOS) Memo-

ry and its i ) . ) i

nterleave factor is 0 (not interleaved). The (SR identi- s

tied an error in slot
Al (reference Section 7.6).

NOTE




LS VAR
(Core).

$™M99929

e a .

w heading,

Subsequent errors of the same test do
not type a ne

The Box [nterleave and slot would be a "'’ it the memory type wa

“'l.l‘ Nbl? (Core} gives Parity Aborts then the Bad Data & XOR
LA

It no M11 has no (SR with a SBE or DBE then siot will L

G 5

SEQ J058




PAGE
37

3.2 Error Abbreviations

The tollowing is a List ot all abbreviati
ons used n error reports.

# Of ERRORS Number of Errors that were detected.

1ST ADD First Address that failed.
ARRAY The array number that was locked up
in the MK11 (SR,
APTS The # of CPU's APT expects on the system.
APT(ORE APT
Core size.
AP TMOS APT MOS sicze.
BAD B8ad data.
BAD-WD1 8ad wWord #1 ot a dou
ble word data value.
BAD-WD?2 Bad Word #2 ot a double word data value,
BAD-CHK
B8ad Check Code Bits.
SSN%C The Bank number. Banks are 16K words long.
Bad Check (ode Bits.

BOSWITCH Bad Switch setting 'n binary,
BOX The number
of the Box 1n the system. MJ11 boxes have no numbers.
(HBITS The 7 bit value

ot the Check Code Bits.
CONTRL The CACHE Control register.

CPUERR CPU Error

register.
(SR Control and Status Register.
CSR+2 The 2nd halt the the 11
double word CSR.
CSRNUM (SR NUMBER (0-7).
DBE Double Bit Error (uncorrectabl
e error).
DEV ADD Device Address.
ecCc Error Correction.
GD~CC( Good Check (
ode Bits.
GD~-CHK Good Check (ode Bits.
GD-WD1 Good word #1 of a double word
data value.
GD—WD? Good Word #2 of a double word data valtue.
GDSWITCH . Good Sw

itch setting in binary.
GOOD Good data.
HIADRS High Address error register.

1IST Inter-processor Interrupt and Sanity Timer.
INT Interleave total includ

i internal ang external.

INTRLYV Interleave total including internal and exte

rnal.

't 0059




T 5

L OADKS L%w Agdress error register.

::}im Ha nterance register.

arg'n, Hore 3-1 o' the PDP-11/70 Maintenance Register.
MASTER The Master (PU.

ME ME RR Memory Error reqister,

MJSIZE MJTT1 Size.

MxS]Z2E MK11 Size.

MMRO

Hemory Management Register #0.
Hemory Management Register #1,

l'l'ﬂ?
"nﬂonagement Re ister #2,
ry Management Register #3,

MTYPE Memory
Type (MJ11 or MK11),
PADD Physncal Address (asserted by the program after mapp
1 ).
92? Pattern number.

Program Counter at the time the error occurred.
REAL¥ The # of (PU's actually on the system.
>BE Single Bit Err_- (correcta
bie error).
SLAVES The Slave (PU Number.
SLAVE] The 1st Slave CPU.
SLAVE?
The 2nd Slave CPU.
SLAVES The 3rd Slave (PU.
VADD virtual Address (asserted

by the program before mapping).

/
SEQ 006U




—— S —_

SEQ CLoT
PAGE 48 l
WROTE 1 The data that was written into the st
ha!f of a gouble word.
WROTE2 The data that was written into the 2nd halt of

a double worn, .
XOR Exclusive OR ot the good and bad Jata. Shows the bad bits.
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3.3 Error Halts
There are several Halts in the program.

ALl unused tra
p vectors contain a trap catcher (.WORD .+2,HALT).

An undetined TRAP instruct ,
ion halts at symbolic location '$SHALTZ''.

"he APT down load sequence will halt
at symbolic location "APTHLT''

Slave (PU's that did not get permission from
the master (PU to proceed
will halt at symbolic location '‘SHALT'',

It any CPU

detects that multiple CPU's are assuming master status then
that (PU will hal .

t itself at symbolic location "MHALT1'', *‘MHALT2'', or
"MHALTS .

Halt on Error . .
option (SW1S Set) at symbolic location “SHALT''.

Halt program (SW8 Set) at sy
mbolic location "SEXHALT'',

Power Fail will normally halt at the end of the
shut down sequence
(symbolic Llocation "SDOWN'").

Power Fail has a fatal Mal

t at symbolic location ‘SILLUP'' which can be
caused by power up occurring bef

ore power down sequence completed or

by power down before a power ug sequence i

s completed.

4.0 PROGRESS REPORTS

Pass complete typeouts as follows:

END PASS » 1
END PASS ” l
END PASS aav 3




NO“E

Pass,

Pass 2 was flagged as a OQuick Vverity
(Because of a change in SWS)

L 3

SEQ 0063




S.0 DEVICE INFORMATION TABLES
(CSR's)

1st word

15 ¢ 16 13 12 11 10 9 8
) . 3 v 2 ' . 0

! Check/Syndrome/Capacity
! SBE !'Protect!DIAG ' ECC ! ENA

'Pointer!(HECK! DIS .

2nd Word

15 ' 1

& 13 12 11 v 10 '
0OBE ! Interl

eave, 'Interleave ?2 . Bad
tart§ng Add .control.
! ! Load

9
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7 6 5

8ad array

PAR
t
. TRAP

'8 7 6 5 & 3 2
Starting Address

1

0

SEQ 0064
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5.1
Address(s) Ot The (SR

The (SR is accessed as a 32-bit word on the 11/70 m

ain memory bus. . . .
(To the processor, the (SR looks Like two consecutive 16 bit
words.)

A switch on the M8158 address buffer module selects one of two option
S
tor (SR address access, either Direct or Indirect.

t

5.141 Direct Addre
sS

(For this option the 11/70 processor requires modification.,) Switches

ogR Eg; M8158 address buffer module select one of the following eight
¢
uble word) locations (octal addresses):

177772100
177772104
177772110
1777
72114
177772120
177772124
177772130
177772134

5.1.2 Indirect Address

(No 11/70 modifications required for this option but its use is Qquite

c
o:pl:xii Switches on the M8158 address buffer module select one of
the follo

wing eight (SR (double word) locations (octal addresses):

17772100
17772104

127272110
17772114
17772120
17772124
17772130
1777213,

SEQ 0065




address space.

implemented

NOTE
These addresses a~e in the upper 128

word section of the existing 11/70 2M

word . .
Normally this s
reserved address space never

in memory and not directly accessible by

the processor.

SEQ 006¢
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However, these (SR locations may be accessed for dia

gnostic purposes . .
through the unibus map with cache turned off. [t is not re

. ommended
to use this method in an operating system envirorment since the unibu

3
m?p_is required it other NPR activity is present. One cookbook method
of ‘m

plementing @ (SR access (within this diagnostic program) is:

1. Halt atl
{ NPR activity or the system.

2. lurn cache oftf.

3. Par 6 <---
1776400 (other Par's Normal)

4. Enable memory management in 22 bit mode

5. Map 36 <=== 17760000 (other Maps - 0).
6. Turn on Unibus

7. Access virtual 152100 through 152136 as (SR's.

SEQ 0067
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5.1.2 1 His
torical Note -

Thig Indirect path to the (SR's was discovered in early 197
y an
expedition consisting of my three brothers and myself.

Field Servi
ce Engineer, Memory Engineer, System Engineer, and myselt
Software Engineer,
departed the (PU on our search for the (SR's.
Memor Eng1neer promised th
at (SR's would condltwonally reside in the
shadow of a giant K depen
ding on whether or not they felt
switched.

We our search for the fti
rst (SR betieving that if we ‘ound one,
that the rest of the tribe would
surely be nearb{. Qur task was
clear find CSR_ 17772100 behind the giant memo
y 0 through 16777776 (2
Heg words) .

Field Service Engineer suggested that s
ince ue could a-rive 1in the

east head1ng west, then surely we could f
ind 17 2100 b ead1n9

tor 152100. This didn
r brothers and .

mys;:;. however, since 7ield Service was willing to pay for the
exped=-

ition, we all left CPU city in search of 152100.

t make too much sense to my othe

The first village w .
e came upon was managed by an old experienced relo-
cator named Kay Tee. We t
old Mr. Tee of our expedition and our high
expectations of finding 17772100 by

look i for 152100. He expressed
doubt that the feat could be accomplished,
but he said since our three
most significant bits were six that perhaps nis mo
st trusted friend
Six (on of the Par brothers) could help us. So we proce
eded to see
Six Par.

we found Six Par at a busy highway control center dir

ecting tratffic

with a215 brothers. He greeted us warmly and assured»us that
we h

come to the right place. Six said that his older brother Seven was

SEQ 0068




t
not to be trusted since he preferred devices to people. Also, Six
told us
how his youngor brothers were much too inexperienced to guide
us and that the . .
l,usually only do 1 to 1 relocations. So, at Six Par's
12hu0y we were given 1 .

7400 which he said to multagl‘ by 66 and add
to our 12100 (152100 less

S8's). Thus, we were lLeaving Ka{ Tee's

village with a total address of 1775210

At the outskirts of the village there were two toll gates one to C(ash
an
d one tc Uni, We decided to take the C(ash route at System
Engineer's
suggestion that ‘‘Cash makes no enemies’’. However, the gate
rd would not
et uS pass because he thought we were a device. We
tried to explain but he in
sisted that unless our most significant bits
were 16, we could not pass. Re
luctantly, we decided to try the uni
gate. Here the guard was more negotiable
and he let us pass charging
only four bits. Just outside the gate we board
ed a3 Unibus with ad-
dress 752100.

SEQ V06




SEQ 0070
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The bus trip was Supgosed to be quite long
with many stops owever,
't turned out the first stop was the last stop f

or anybody without a . .

device address. Here we departed the Unibus to find a lon

g row of . . :
checkout girls at special registers called Maps. Each Map regqi
ster

had a number 0 through 36 and a checkout girl with a matching bust
si

ze. We all agreed to visit Map register 36. The checkout girl was
very cordi

al and went on to say that she preferred customers whose
most significant f
ive bits were 36 also. She charged us our five most
significant bits and added
her tfavorite number 17760000 to our address
of 12100 and we departed with 1777
2100, which Memory Engineer promised
would lLead to the CSR.

Next we came to
the cash highway, but since the cash register was
turned off, we were
declared amiss and allowed to pass all the way
down the highway toll free where
we arrived at the Memory bus.
gave the driver our address of 17772100
and proceeded on our way. The
driver warned us that no one ever goes there and
he waited for us at
our stop as it was not a regular part of his route.

M

ere waiting at the bus stop with open arms, we found the CSR and the
entire tr

ibe. We briefly exchanged data and climbed back on the Memo-~

ry bus as we had . .

te return to CPU city before the Llast Unibus timed

out.

The journey home

was without incident. [t is interesting to note that
once home none of the en

gineers 1nclud1n? myself. could remember what

tte checkout girl's face looked |

ike.

5.17.3 Indirect Manual Mode: -




2]

G 6
|

1. turn ottt Cache 17777
746 <=== ‘4 SEQ 0071
2. Set up MAPO 17770200 <=-- 170000

17770202 <==~- 7?7
3. Turn on unibus Map 17772516

Cmm- ‘0
4. Turn display switch to (ONS PHY

*5. Examine or
deposit 1700210C through 17002136 as (SR's




SEQ 0072
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5.2 Allocation of (SR Bits

5.2.1 Enable Parity Traps (BitQ - ot 1st word) =

[t this bit is set, it

allows bad parity to be asserted (for a READ
operation) it a double error )
occurs or a single error occurs with ECC
disabled. Section 5.2.5 suwnarizes th
e operation of this bit alon
with other control bits. This git is set on p
ower up and can be writ-

ten or read by the main memory bus.

5.2.2 FEC
C Disable (Bitl - 1st Word) -

It this bit is set, the error correction circu

its are disabled and no

single bit error correction will occur. However, erro

r detection cir-

cgitr;eis enabled and any single or double bit error may stitl

tected on a RFAD operation and correct check bits are stitl written

into memory on a write operation.

This is a diagnostic aid to allow writing
and reading data from memory )
without interference from the error correcti

on lsgic. This is a
READ/WRITE bit cleared on power up.

5.2.3 Oiaen
ostic Check (Bit2 - 1st word) -~

This mode allows a means of writing data sto

red in (SR Bits (14:8)

into the MOS chips used for check bit storage. A Rf

AD cycle to memory

E;ll read the check bits from MOS storage into (SR bits (14:

This allows an integrity check on the check bit storage chips and a
(




"E o ON The errof LOrreCtION 199,
SEQ 0073
Trea bty [ edred on power up and can bt
v w”'tter or reaq L, the mair
memc Ty buc,
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S.2.4 Protection Pointer (Bit3 -1
st wWorg) -

rhi:dbit selects the 16x section of memory which will be prot
ect
(not be aftected by ECC disable and diagnostic check). [his 16K sec-
t
ion uih: contain the diagnostic program. Wwhen this bit is unassert-
ed, t
tirst 16K associated with each control card is protected.
when this bit is . .
asserted the second 16k associated with each control
card will be protected.
This is a READ/WRITE bit cleared on power up.

5.2.5 Summary ot Bits(3:
0) ot 1st word -

(SR BIT3 BITZ BITI BITO FUNCTION

0 0 G
ity trapé disablg (Normal Mode)

(]

Par

ue from power up)
0] 0

? DON'T CARE

5.2.6 Single Bit Erro
r Indication (Bit4 - 1st word) -

Enable traps on DBE's (Initialized val

1 0 Disable error correction traps
0 0 1 1 tEnable tra
ps on SBE's
0 1 0 0 R/W cneckbits
0 1 0 1 Not used by program
0 1 1 0 Not
used by program
0 1 1 1 Not used by program
1 0 ? Read Box (anacity in Bit
s (14:8) ot 1st word .
, 1 0 1 0 Disable error correction traps (Program relocate
d
1 0 1 1 tnable traps on SBE's (Program relocated)
1 1 0 0 R/W Checkbits (
Program relocated)
1 1 0 { Not used by program
1 1 1 0 Not used by program
1 1 1 1 Not used by program

SEU 0074

—— - ————— —— )




On a READ cycle to memory, it a single bit

error occurs, this oit 1is .

set. Simultaneously, the syndrome bits are la

t-hed into (SR Bits .

("4¢:8) and the array identification and controller se

lected are .
latched into (SR (Bits [7:5] 1st word) and Bit9 2nd word.

An exa
mination of tne (SR can thus be performed to see if a single bit

error had oc¢ . )
turred and the array that failed it such error occurred.

This is a READ/WRITE b
it cleared on power up.

5.2.7 Array Select (Bits (7:5) 1st Word) -

During a READ cycle to memory, latched address bits on the selected

control . . .
board will be stored in these Locations upon an error. Any

DBE will rewrit )
e these bits & SBE's from protected memory will not be

Latched.

SEQ 0075
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5.2.8 (he . .
a; B;t/Syndrome 81t Storage/Rox (apacity (Bits (14:8) 1st
rd) -

5.2.8.1 Check Bit Storage (DIAG (K = 1) =

During a diagnostic check, bits a
re read from or written into memory
as described in Section 5.2.3.

5
.2.8.2 Syndrome Bit Storage =~

It a single bit error occurs on a read cycle,

_then the syndrome bits

éqd1cat1nq what bit failed are stored into those (SR
its.

These (SR bits can be written or read by the main memory bus.
Thex are
neither set nor reset on power up.

SEC 0076
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5.2.8.3 Hamming (ode Matrix ~

Each

eck blt (C1-C32) is the result of odd parity generated on
data bits desig

nated by X.

.3.5,7.9,11,13,15,17,19,21,23,25.27.29.31)

9
.18,19,22.23.26, 27 30.31)
212-15.20-23.28-31

~7,16-31)
8-31)

(heck bit (T (check total
) is the result of even parity generated on
the data bits.

CT = 1(0,3.5,
6.8.11, 13 14,16.19.21,22.25.26.28.31)

Syndrone bits (S1-ST) are formed by a
comparison of the check bits

read from memory and new check bits generat
ed on the data read from

memory.

—~ N b
O~

A single error will cause an odd number of
syndrome bits to go
It Bit &4 should fail S16 58 € S4 would be set.

It there a

of bits then the . .
following simplification _exists. S4-S1 indicate in

octal the failing Bit (0-7

). S32-S8 indicate the Bad Byte. The

cleared bit in S32-S8 indicates_wh

ich Byte from left to right. S32-S8

= 3 = Byte 0. Byte 1. 6 = byte 2. a

nd all set = 7 - Byte 3. ST

(Syndrome total) should be set or cleared to prod

uce an odd number of

syndrome.

It only one‘sKndrome bit is set it directly i
ndicates which check bit
is bad.

re more than one syndrome bits set and still an odd number

the

An examination of the syndrome b ts can disclose the tailing bit.

SEQ 0077 |




It an even number of syndrome bits are set SEC
something is wrong with the
hardware,

7 -




10

18

L 22

/ 24
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SYNDROME BITS

X X

X

X X
BYTE 3 /
L

X

BIT ST S32 S16 SB S¢

X

1 X X

2

X

3 X X X

X X X
X X X X

6 X X X X

7 X X X

X X

9 X X

X

1M X X X
12 X X X
13 X X X X
14 X X X X
15 X X X
16 X X X
17 X X

X
19 X X X
20 X X X
21 X X X X
X X

23 X X X
X

X

27 X X X

28 X X X X X
29 X X X X
X X X

31 X X X X X

S2

S1

~|

— v e




/
(HECK BITS/

L

L

L

—~ W= Or

alalalNalals]
o

C

SEQ 0080
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5.2.8.4 Box« Capacity

Multiplexed with the locations tor reading and/or writing check bits
or
‘6£eadésg syndrome bits is the ability to read the total number of
X S
ections (double blocks) in memory. In order to read this
box capacity, th ) . ) .
e special code as indicated in Section 5.2.5 (bits
(3:1) = 1,0,0) will have t .
o be loaded into the (SR 1st word pr‘or to
per forming the READ cycle.

(Not

e that if ECC is manually disabled, writing a Zero into (SR Bit?2
1st word i

s overridden and a One remains. In order to read the box
capacity for this ca .

se, an internal flip-flop is used whose state is

what was written into CSR

Bit2 ">t word. Hence writing Bits(3:1) -

1,0.0 st word will still allow box

capacity to be read even though

CSR BITZ2 1st word is stitl a One.)

5.2.9 Double Error Indication (Bit 15 of 1st or 2nd Word) -

On a READ cycle
. these bits are set 1if a double error occurs.
Simultaneously the arr
ay select bits latched on the control board se-
lected are stored into (SR Bits
(7:5) 1st word and the latched control
is stored in Bit 9 2nd word. [t should
be noted that Bits 15 of 1st &
2nd word are separate and independent. (learin
g one bit via a write
to that byte will not atfect the other. They are howe
ver asserted by .
Ehebgddressed controller simultaneously. These are READ/WRIT
1ts
reset on power up.

5.2.10 Starting Address (A24-A16) (Bits (8
:0) 2nd word) -

These bits are used to load a starting box address through t

-

SEQ 0081 |

|




E 7

he (SR on

a WRITE cycle or can be used to read the starting address of the menm SEQ 0082
0—

ry box it the address is set by switches on the data interface card or

remo

tely from the processor. The starting address Zan be reconfigured

on a 32K wor

d segment. These bits are READ/WRITE. On power un the
switch sertings on

the data intertface card are loaded into these (SR
locations. In order to load

the starting address Bit 10 2nd word must

accompany the load.

5.2.1
Control Select (Bit 9 2nd word) =~

It a single or double bit error occurs du

ring a READ cycle, then the

agdress of the controller selected is stored in t
nis (SR bit location.

This bit is read only and cleared cn power up.




F
PAGE 51

5.2.
12 Starting Address Selector (Bit 10 2nd Word) =

This bit controls selectio
n ot the starting address ¢ External Inter-
leave loaded into the (SR or the
starting address and external inter-
leave dictated by the switches on the data
butter board or control )
panel. A Zero in this bit indicates selection of
the switches, a One . )
indicates selection of the starting address loaded into (S
R bits (&:0)
2nd word and External Interleave bits (14~12) 2nd word!

(Note t

hat a READ operation to the (SR will always give the actual box
starting addres . L

s in Bits (8:0) 2nd word regardless of its origin,)

This is a READ/WRITE bit .
cleared on power up. (However, a switch on
the data buffer board can hold th

is bit cleared, thereby deteating any

attempt at loading the starting addre

ss and External Interleave

through the (SR.)

5.2.13 Internal Inter
leaving (Bit 11 2nd Word) -

This bit indicates if there is internal interlea

ving within a memory

box. If this bit is cleared there is no internal inter
leaving and if

it is set, there is internal interleaving.

NOTE

. Only if each controller has identic
a
memory capacity 1is this bit capable of
bein
g set. However, writing a Zero to
this bit disables all poss
ible internal
interleaving. This is a READ/WRITE bit

?

SEQ (083




set

on power up it each of the two con=-
trol card sets h

as identical memory ca-

DaC “ty.

G 7

SEQ 0084
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5.2.164 External [nter
l.lv;hq (Between Boxes) (Rits (14:11) 2nd
word) -

These bits indicate . .
how the system is contigured tor external inter-
leaving as follows:

)
T4 BIT12 BITI3 NUMBER OF WAYS EXTERNALLY iINTERLEAVED

? 8 0 No External Interleaving
0 Not Used
? 1 0 2 way: Memory Responds to “ven Double Words
1 0 Memory Responds to 0dd Double Words
0 0 1 & Way: Me
mory Selected [f. A02 Q0; A03 O
3.6 0 ] : Memory Selected [t: A02=1; AC
0 1 1 : Memory Selected [f: A02=0; A03=1
1 1 1 :  Mem
ory Selected [t: A02-1; A03=1

The bits will be treated in a similar manner t

o the Start Address as

described in Section 5.2; i.e., (SR Bit10 2nd word wi

Ll determine the

oc: ‘née Also, on power up the corresponding switch sertings
w!

loaded into these (SR bit locations.

SEQ 085

i
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5.2.15 [Interleave Summary -
BIT14 gIm13 8IT12 CIRAR DESCRIPTION

0
0 0 0 No [nter{eave
0 0 0 1
Internat 2-1
0 0 1 0 External 2-1
Even Double words
0 0 1 1 Ext 2~
1 Int
Even Doubte wWords
0 1 0 0
Ext 4-1
3=0 A2=0
0 1 0 1 Ext &
-1 INT
A3=0 A2=0
: 0 1 1 0 Ext 4-
A3=1 A2=0
0 1 1 1 Ext 4-1 Int
A3=1 A2=0
1 0 0 0 Impossible (E
RROR)
1 0 0 1 Impossible (ERROR)
L 0 1 0 Ext 2-1
0dd Double wor
ds
1 0 1 1 Ext 2-1 Int
0dd Doub
le words
1 1 0 0 Ext 4-1

, A3-0,A2

“FQ 0086




Ext 4=1 Int
A3=0,A2=

Ext &=
A3=1,A2=1

J

SEC 0087
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5.3 (SR Bit Sumwmary

CSR BIT ALLOCATION = AS

DE S IGNED COMMENTS
Tst word Bit )
Enable Paritg Traps : Set on Power Up (Reaa/Write)
8it1 €CC Disable :
(lear on Power Up (R/W)
Bit2 Diagnostic Check : C(Clear on Power Up (R/W)
B8t3 Protection Pointer : (Clear on Power Up (R/W)

. Bité Single Bit Error Ind
ication : (lear on Power Up (R/W)

B8itS5 Array Sel AO1 : (lear on Power Up

(Read Only)
8it6 Array Sel AQ02 : (lear on Power Up (Read Only)
8it7 Arr

ay Sel A03 : (lear on Power Up (Read Only)
8it8 (K Bitl1/Syndrome 1/Capacit

y 1 : (Read/Write) Bits, Neither
Bit9 (K Bit2/Syndrome 2/Capacity 2 : Set n

or Reset on Power .

. B8it10 (k Bit4/Syndrome &/Capacity & : Up; Based on (SR Bit

2 bit3 Check ) ) )

Bit11 (K Bit8/Syndrome 8/Capacity 8 : Bits Alone are Read from

or
B8itl12 (K Bitl16/Syndrome 16/Capacityl6 : Written into these locations

Bit13 (K Bit32/Syndrome 32/Capacity32 : Otherwise Syndraomes are Written on SBE'
s
Bitl4 (K Bit T/Syndrome T/Capacitybé

8it15 Double Bit Error Indication
lear on Power Up (R/W)

2nd word Bit0 Start Address (A16) : (Read/Write) B

its Capable of .
8it1 Start Address (Al17) : Being Loaded via the Main Data

Bit2 Start Address (A18) : Bus or Switches on the Data
8it3 Start Address

(A1) : Card. On Power Up, the switch
Bité Start Address (A20) : Settings

are loaded into
BitS Start Address (A21) : These Locations.
Bité Start

Address (A2?2)
Bit7 Start Address (A23)
Bit8 Start Address (A24)
Bit9 (o
ntroller Select : Cleared on Power Up (Read Only)
Bit10 Start Address Selec
tor : Loaded on Power Up (Read/wWwrite)

SEQ 3088




L 7
Bit11 Internal Interleaving : Loade
d on Power Up_(Read/uWrite) SEQ 0089
q Bit12 Two Way : Loaded Same as Bits (8:0) 2nd
wor
8it13 Ffour Way : Loaded Same as Bits (8:0) 2nd word

Bit14 Ext AO2 .
) : Loaded Same as Bits (8:0) 2nd word
Bit1S Double Eit Error Indications :
(lear or Power iJp (R/W)
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6.1

TEST

TEST
TEST

n

TEST

TES
T

he

TEST
TES
T

s

PAGE 55

SUB-TEST SUMMARIES

Tests

1

ANAL IZE CONF IGURATION
(CSR Access may cause wrong Type of Traps)

2

TEST BANK O ACCESSES
failures are fatal.

3
TEST

BANKS 1-167 (OCTAL) FOR ZEROS ONES

Errors are not typed here - only logged i
the configuration table

4

MK11 PROTECTION POINTER TEST

5

DIAGNOSTIC MODE DISPATCH ROUTINE
This test runs all the patterns in t

mode selected.

6

UNIQUE BANK TEST
Pattern 27 is run
7

FORCE ADDRESS PARITY ERRORS
Insures that no bank responds when there

an address parity error.

<te 009




SEQ 009
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6.2 Patterns

6.2.1 General Patter
n [nformation -

.Actxl patterns are identified by symbolic Locations 'MIPXYY
) re X
may be any sub progrem indicator (A,B,.(,etc) or 0 and YY will be t

he
number of the pattern,

Setup procedures tor each pattern are identitied b
7S Lic tocations
MTOOYY'' where YY will be the number ot the pattern,

Pa
tterns reside in & scripts that are scanned for execution. Symbolic
location .-
"MKCSRT'' is a table of patterns that can run once for each
MK11 controller (t .
wice per MK11 Box). Symbolic location "MKPAT'' is a
table of patterns that ca .
n run on each Bank of MK11 memory. Symbolic
lccation ‘MJPAT'® is a table of pat
terns that can run on each Bank of
MJ11  memory. Symbolic location "FSPAT"'
is a table of patterns that
can be run in Field Service Mode (command S).

T

[»e' 1st 3 scripts are completely controlled by the APT E-table (even
3 not

runing under APT). Modifications to this table can be made

(1) with APT, (2)

manually, or (3) with ODT reference Section 2.3.4.2.

txample E~table Segmen
t:

JTHE FOLLOWING LOCATIONS SPECIFY WHICH PATTERNS
SARE TO BE RUN FOR PART]
CULAR MEMORIES

SREFERENCE THE TABLE LISTED BELOW TO RELATE BITS TO PATTERNS.
;BITO SET WILL RUN THE FIRST ENTRY IN THE TABLE, BITO SET
;IN THE SECOND WORD

WILL RUN THE 17TH ENTRY [N THE TABLE...

:i’P‘E)TE"ML TESTS DO NOT TAKE ANY T

SFQ 0092




$ODWO: .WORD 177777 :Mx11 (SR TESTS TABLE - MK(SRT: SEQ 0093
SODW1: .WORD 17777

7 ;MK11 CSR_TESTS TABLE - MK(SRT:

22\:.12: LWORD 177777 .Mx11 PATTERNS TABLE -

SODW3: _WORD 177777 ;Mx11 PATTERNS TABLE  MKPAT:

SODWG:  .WORD 177777

.MJ11 PATTERNS TABLE = MJPAT:

SODWS: .WORD 177777 :MJ11 PATTERNS TABLE = MJPA

T:




6.2.2 Specific Patterns -

6.2.2.1 Pattern 0 Basic Data
Test -

Writes L Reads R2 into a 16K Bank.

This is used for Zeros and Ones
testing and in Field Service Mode for
any console selected pattern.

It exe .
cutes out of the USER Instruction PAR's,

N
OTE

It is frequently modified dynamically

s
uch that (1) it returns after writing

only (the 1st NOP is rep
taced with a RE-

TURN) or (2) it only counts Errors (the

code PERRO2 and NOP are replaced with
INC aW#PATERR)

6.2.2.2 Pattern 1 Address Test -

writes £ Reads an incr )
ementing opattern equivalent to physical ad-
dressed i3to a 16Kk Bank.

It
executes out of the USER Instruction PAR's.

6.2.2.3 Pattern 2 (o
mplement Address Test -

writes the complement of the physical address from h
igh addresses to

D 8
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SEQ 0094




\o? (write down) and reads from (ow addresses to nhigh (read
up).

pattern and addressing sequence.

[t executes out of the USER instruction PAR'’
S.

E 8§

This provides the complement of the coverage of Pattern 1 in both data

SEQ 0095
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6.2.2.4 Pattern 3 3T XOR 9 -

writes § Reads a pattern that complem

ents as address bits & and

change, This is because the PDP-11/70 fetch

es double words therefore .

a classical 3 XOR 9 in a small PDP-11 must tock Llike
a4 XOR 10 in a

POP-11/70.

This pattern is run & times ‘1) with Zeros & On

es, (2) with Ones &

Zeros, (3) with 401 £ Ones, and (4) with Ones & 407.
The pattern of

the 401 1s to torce a the parity bits to become involved.

It

executes out ot the USER Data PDR's, the User Instruction PAR's,
the Kernel

Data PAR's and the Supervisor Data PAR's.

6.2.2.5 Pattern 4 Rota
ting Zeros Test -

writes a background pattern of Ones. Rotates a Zero Carr

y Bit lett i
thru each par of bytes (18 times) and then checks that the carr
y is

Zero and the word (2 bytes) is still all Ones.

It executes out of the U
ser Data FAR's and the Kernel Data PAR's.

NOTE
It is not uncommon to observe the good

data equal to the bad data. This indi-
cates that the carry wa

s not clear after
18 ROLB's.




6
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6.2.2.6 Pattern 5 Rotat
ing Ones Test -

U;itesla'background pattern of Jeros. Rotates a One carry

1t eft

thru each pair of bytes (18 times) and then checkhs that the (arry is
a

One and the Word (2 Bytes) is still alc Zeros.

This provides the compleme )
nt ot the coverage of Pattern 4 in data.

1t executes out of the User Data PAR
's and the Kerne! Data PAR's.

NOTE

It is not uncommon to observe the good
data equal t
he bad data. This indicates
18 that the Carry was not set atte
r

ROLB's.

L]
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6.2.2.7 Pattern 6 Initial Data Test -

Writes § Reads a double word first with all bits 0 except 1 (tor every
bit

oosgtion). Second with all bits 1 except 1 (for every bit posi-
tion).

™
is is a very quick check of the data paths.

5.2.2.8 Pattern 7 Add
ress Bit Test ~

Wwrites a backgrouna ot all Zeros.

Read Address for a 0 By

te.

Complement Address 1.

Read Aodress 1 for a non O Byte.

for each Address B

it position from Bit 1:

virtual (2, 4, 10, 20, 40, 100, 200, 400, 1000, 2000,
4000, 10000,

60000, 20000)

Physical (60002, 60004, 60010, 60020, 60040,

60100, 60200, 60400,

61000, 62000, 64000, 70000, 140000, 100000)
Read Addr

ess for a 0 word.
Complement Address contents.
Re:d Address for a non-zero
word.

This is a very quick check of the address bit unigueness.

6.2
.2.9 Pattern 10 Byte Addressing Test -

with ECC Disabled.

writes all o

nes to a double word.

For each of the 4 Bytes in the Double Wword.

(lears one
byte.
5eads all 4 bytes from double word.

Checks for only proper byte cle
ar. /
All other bytes set to all ones.

SEQ LuL9l
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6.2.2.10 Pattern 1 Single Bit Error Test =

1. C(rea
te a Single Bit Error.

2. hkead data Uncorrected (with ECC Disable).
3. Read first Word of data corrected (with ECC Enabled)

4, Check
that the (SR Single Bit Error Flag was set.

5. (lear SBE Flag.

6. Read Second word of data corrected {(with ECC Enabled).

7. (heck tha
t the (SR Single Bit Error flag was set.

8. 0o (1-7) for a Single Bit E
rror in each of 32 positions of a
double word.
i.e. (32 T1
MES)

9. If not in Quick Verify Mode then Do (1-8) for data consisting
of 1 bit set in each of 32 positions of a double word.

i.e,
(32 X 32 = 1024 Times)

10. Do (1-9) for complemented data (1 Bit clear i
n each of 32 po~
sitions of a double word).
i.e. (1024 X 2
- 2048 Times)
or (32 x 2 = 64 Times (Quick verify))

11. Clear i
any errors out of test locations.

This insures that all Si~qle Bit Errors can
be corrected and detect.d.

St . 0100
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6.2.2.11 Pattern 12 Wwrite Byte (.ears SBt Te
st -
1. (reate a Single Bit Error.

2. Write a Byte of Doubl
e Word to Ones.

3. Read a Byte of Double word.
4. 1t Byte that
had SBE then the SBE fFlag should be OFF.
It Byte that did not have SB
€ then SBE fFlag should be set.

S. Byte should have been equal to Ones.

6. Do (1-5) for each ot the 4 Bytes of the Double Word

7. Do (
1-6) tor a Single Bit Error in each ot 32 positions of a
Double Wword

i.e. (32 Times)

8. It not in Quick Verify Mode then do (1-7)
for data consisting o
of 1 Bit set in each of 32 positions of a double

i.e. (32 X 32 = 1024 Times)

9. C(lear any errors out of
test locations.

word.

This insures that single bit errors in the data portion (not

in check- . .
bits) can be cleared by writing the corresponding byte and that wri
t-

1ng any other byte does not change the existing single bit error.




0.2.2.
12 Pattern 13 (reate Double Bit Error Test -

1. (reate a Double
8it Error.

2. Access the Data (IST instruction).

3. Check that
the (SR DBE Flags are both set.

4. Initialize (SR to allow parity trap
s on DBE's.

5. Access the Data (TST Instruction).

6. C(heck tha
t a parity trap occurred.

7. Do (1-6) for the 2nd Bit of each Double Bi
t Error in_each of
] positions of a double word less the one posi
tion of the
Ist Bad Bit.
i.e. (31 Times)

. 8. It not
in Quick Verify Mode then Do (1-7) for the 1st Bit of
each of Doubl
e Bit Error ;n each ot 32 positions of a double
word.

i.e.
(31 X 32 = 992 Times)

9. Do (1-8) for complemented data (Ones versus Ze
ros 1in Double
word)
i.e. (992 X 2 = 1984 Times)

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

10. Clear any errors out of test
locations.
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This insures that all Double Bit Errors can be creategd and dete

cted
and cause traps.

NOTE

L

T

SEQ 0102

A




This test is only run during
(Qv) DASS when un
der A(T or APT,

the

tirst
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6.2.2.13 Pattern 14 Write Inhibit During DATIP With
DBE Test -

1. Create a Double Bit Error.

2. Do ASRB on Test
Location.

3. C(heck that Double word is STILL Bad (Unchanged-with DRE).

4. Do (2-3) on all 4 Bytes ot Double Word.

S. Co (1=4) for th
e 2nd bit_of each Double Bit Error in each of
positions of a Do
uble Word less the one position of the
1st Bad Bit.
i.e. (3
1 Times)

) 6. If not in Quick Verify Mode then Do (1-5) for the 1st Bit
o
word.
i.e. (32 X 32 = 922 Times)

/. Do (1=-6) for comple
mented data (Ones versus Zeros 1in Double

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

8. ¢
lear any errors out of test locations.

This insures that the Double Bit Error

can be cleared by a DATIP to
any aftected Byte.

NOTE
This test is only run during the tirst

(QV) pass when under ACT or APT.

each Double Bit Error 1n each of 32 positions of a double

SEQ G104
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6...0.14 Pattern 15 wr
‘te [nhibit Of Byte With DBE -~

1. (reate & Double B't trror,

¢. Do a MOVB immediate to test byte.

3. (heck that Double word is st’
t! Beg (unchanged-with DBE:.

4. Do {2=%) on all 4 Bytes ot Double word.

5. Do (1=4) tor the 2nd Bit of each Double Bit Error in each

32 positions of a double word Less the one position of the

. Ist
Bad Bit.
i.e. (31 Times)

6. It not in Quick Verify Mode the
n Do (1=5) for the ist Bit of
. each Double Bit Error in each of 32
positions of a Double

word.
i.e. (31 X 32 = 922 Times)

7. Do (1-6) for Complemented Data (Ones versus Zeros in Double

word).
i.e. (992 X 2 = 1984 [(imes)
or (31 X 2 = 62 Times (
Quick Verify))

8. (lear any errors out of test locations.
This insur

es that no Double Bit Error can be cleared by a MOVB to any
atfected Byte.

NOTE

) This test is only ru
n during the ft.rst
(Qv) pass when under ACT or APT.

of

—

S6Q 0105




6.
2.2.15 Pattern 16 write Inhibit Of Word With DBE Test =

1. (reate
a Double Bir Error.

2. Do MOV IMMEDJATE on test tocation.

3. ¢
heck that Double Word is STILL Bad (unchanged-with DBE).

4. Do (2=3) on
both Double Words.

. S. Do (1-4) for the 2nd Bit of each Double Bit Erro
r in each_ ot

t the
1st Bad Bit.
i.e. (31 Times)

6. If not in Qu
ick verify Mode then Do (1-5) for the 1st Bit of
each Double Bit E
rror in each of 32 positions of a Double
word.
i.e. (32 X
32 = 992 Times)

7. Do (1-6) for Complemented Data (Ones versus Zeros i
n Double
word).

i.eZ (992 X 2 - 1984 Times)
or
31 X 2 = 62 Times (Quick Verify))

. 8. rlear any errors out of tes:. locat
ions.

This insures that no Double Bit Error can be cleared by a MOV

affected word.

NOTE

Thi
s test is only run during the first

APT (Qv) pass when under A(T o
r .

9
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32 positions of a Double Word Less the one position o

to any

—
SEQ 0106




6.2.2.16 Pattern 17 Holding 1's & 0°'s Test -

10
Wwrite a 16Kk Bank with alternating Bytes ot Zeros & Ones writ-
1\ F
Byte at a r'?n.

2. Read each Word for correct pattern,

3. Do (
1-2) again for a complement pattern.

This checks the memory for the capabilit
y of holding 0's & 1°'s.

v

SEQ 0107
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6.2.2.17 Pattern 20 Marching 0's & 1's In Check Bi
ts Test -

bi 1. write Double woras ot 000000,,100000 which causes check
ts

to equal 100 while addressing increments.

(Wwrite up/1
00 ==> check bits)

2. It in Quick verity Mode then Go to Step (5).

3. REad Double words & check while writing Zeros and addressing
decrements.
(Down /7 100 =-=> 077)
This tlips all the checkbit
4. Read Double Words & check while writing 000000,,100000 while

addressina increments.
(Up /7 077 =-=> 100)

5. Read Doub )
le words & check while writing Zeros & addressing
increments.
(Up /7 100 ==> 077)
6. Read Double Words & check while writing C000
00,.,100000 while
addressing decrements.
(Down /7 077 --> 100
7. ?ead Double Words & check while Addressing increments.
up / 100)

This checks the integrity of the MOS chips that store the checkbits

SEQ 0108 i




6.2.2.18 Pattern 21 Marchirg O's & 1's Test -

1. write a B
ackground of alternating Bytes of Zeros & Ones

. 2. For the 16K Bank addr
€55 1ng Down

(a) Read check a word

(b) Byte Swap a word

(¢) Read check a word
3. Ffor the 16K Bank addressing up

{(a) Read check a word
(b) Byte Swap o word
(¢) Read check a
word

4. For the 16X Bank addressing up
(a) Read check a word

(b) Byte Swap a word
(¢) Read check a word

S. Ffor t

he 16K Bank addressing Down
(a) Read check a word
(b) Byte S

wap a word

(¢c) Read check a word

This checks the integrity of the 3
2 Bit Double Words.

It executes out of the User Data PAR's.

NOTE

. It is not uncommon to see a misl
eading
error typeout because the second test in

each case is based upon a byteswap of
the first test which ma
y or may not have
failed. If the error report indicates

errors in pairs with the bad bit in the
. second repor
t being the same biIt posi-

14
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SEQ (109

1




houtd

tion relative to a byte then you s
ignore the second error report.

6

SEQ 0170




G(TN) stripe

ot

the placement

ns.

und of ones)

6.2.2.19 Pattern 22
Retresh Test -

PAGE 69

1. wWwrite a diagonal pattern ot ones on every KDJA

write 2eros elsewhere.

ttern is on

addresses not bit positions.

Thig
Example:
Agdress MSAR's
LSB's ‘00010001
00
100010
01000100
'10001000
00010001
00100010
5 0100010
'10001000
NOTE
e

8.

ot

Example uses KDIAG of value & more typical is a valu

Consult the symbolic definition of "XDIAG'’ in

the program listing to be sure.

2. Disturb each row tor > 3.2ms

3. Read check diagonal pattern
4. Do (1-3) KDIAG times moving

the diagonatl

stripe to cover all address positio

5. Do (1=-4) tor a complement pattern
(zeros in a backgro




NOTE
This
test is not normally executed ex-
cept under APT or A(CT.
It ma, be in- ]
voked VIA Field Service Comrand 13

mikaze Mode).

(Ka-
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6.2.2.20 Pattern 23 Shitting Diagonal Pattern Tes
t -

Similar in overall op;ration to pattern 22 except it does not
tor retresh and disturb rows.

NOTE

This test is not normally executed ex-
cept under
APT or ACT. [t may be in-

voked V]A Field Service Command 13

mikaze Mode).

(Ka=

6.2.2.21 Pattern 24 Fast Gali
oping Pattern Test -

This does @ classical galloping pattern except that add
ressing is in-
cremented by 400 Octal (every 64th double word)

NOTE

This test is not normally execute
d ex-

cept under APT or ACT. ]t may be in-

voked VIA fField Service (ommand 13 (Ka-
mikaze Mode).

delay

SED G113
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6.2
.2.22 Pattern 25 Interrupt Enable Test =

1. Set (SR to Allow DBE T
raps.

2. Access Test Double words.

3. Check for no Double Bit
Error Trap.

4. Enable (SR for SBE Traps.
5. Access Test Double

6. Check for no SBE Trap.
7. Write a SBE in 1 Byte.

8. Disable (SR ftor Parity Traps.
9. Access Test Double wcrds.

10. Check for no Traps.
11. Enable CSR for SBE Traps.

12.
Access Test Double wWords.

13. rheck to Insure Trap Occurred.

16.
do (7-13) for the 3 other Bytes in the Double Word.

15. Create a DBE in
1 Byte.

16. Disable CSR for Parity Traps.

17. Access the Test D
ouble Word.

18. Check for no Traps.
19. Enable (SR for DBE Traps

20. Access the Test Double Word.

21. Check to Insure Trap Occu

K 9
71




rred,
SEQ 0179

22. Enable CSR ‘or SBE Traps.

23. Access the Test Double W
org.

264. Cneck to Insure Trap Occurred.

25. Do (15-24) tor the 3
other Bytes in the Double word,

This insures that SBE‘'s & DBE's give the cor
rect type ot traps.
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6.2.2.23 Pattern 26 Random Data Test -

write Rando
m Data in a 16Kk Bank while incrementing the Addresses.

Read check Random Data

This routine regenerates the same random numbers by using the same
see

d as the write sequence. After the read check the seed is updated

so that the . ) .

next use of this pattern will not invoke the same sequence

of random numbers,

It you wish to change the random sequence So that it is different than
any o -

ther run in the same configuration then there are 2 ways of doing

so.

1
. Modity sym?olic tocations ''SEEDH!'' and ''SEEDLO’' to any number
70U
ike.

2. Enter field Service Mode and execute this pattern (command 5)
on some (any good) bank for a short time (30 sec or so).

This execut
es out of the User Data PAR's, the Kernel Data PAR's, and
tS:RSuDerv1sor Data

's.

6.2.2.24 Pattern 27 Unique Bank Test -

This pattern use
S P:ttern 0 to write & reaa the Bank number in each
bank.

It does not tes .
t Banks that require relocation to test.

[t does not run as part of any scrip

t but rather is always run after
normal pattern tests are complete.

6.2.2.25 Pattern 30 Flush Qut DBE's Test -

SEO \l,* 1(‘




This Reads each Location then ) )
moves the old value back 1in. This s
done with ECC Disabled and therefor

e corrects any DBE's or SBE's (if
possible).

It does not run as part of any .
script but rather is always run just

prior to the End of Pass (ode, as pa

rt of & Control 'C'' (Boot) com—

mand, as part of End of Pass shutdown for A(T o

r XXDP Chain Mode, as

part of hanging sequence after an error it under A(T

or APT, and as .
part of a shutdown sequence directed by Switch 8 (Halt Program)

SFo (11
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6.2.7.26 Patter~ ¥’ S50B-A-LONG Tes® -

Rat:onai ization

In order to concentrate the memory cycles of a test into a particular
ag.dr?ss, we must cut the overhead cycles to a minimum, Frequently,
t nst

ruction itselt may provide adequate da‘a or set uwp a back=

ground in which ) )

any comp .emented bit may tind it hard to survive.

The SOB instruction is the ]
onty PDP=11 instruction that is (1) a sin-
le operand, (2) can be repeated

y executed at the same P( and, (3)

coan escape this repetitious (00p.

Hence,

I believe it is possible to SOB a MOS cell to death (or at
least bran .

wash him), and to SOB a core into over-heating (or at

least warm discamfort)

The SOB Routine will be loaded and called with RO set equal to the SOB

con
stant °'SOBK'', R1 set equal to the complement ot a ‘'SOB RO,.'' In-
struction '

100776°'.
Simplified SO8 Example:
1%: goe RO,1$ :S08 till RO undert!ows
ov R1.18 .write complement of SOB
(o, o R1.1$ ;Read check not SO8
8EQ 2%
Skip if 0K
SOBFA]IL ;Trap report error
’$: SOBMOV1 ;Code to get self moved
SOBMOV? ;Forward 1 word and run again
SOBMOV3
SOBMOVS
SOBMOV. ..
The

value ot the SOB constant can be found at symbolic location ''SOBK''
(typical 25
decimal).

ms test 1s not in the normal script of execution but may be ad

!

SEQ 0118




via the APT E-TABLE, reference symbolic locations ‘MKPAT'', "MJPAT'',
0 . . SE0 0119
Ow2-5'". Field Service Mode command 8 is the normal method of run-
ning this p
attern.
NOTE

This test i
s not normally executed ex-
be cept under APT or ACT. It may

E.

voked VIA Field Service Command 13 (Ka-

mikaze Mode).
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6.2.2.27 Pattern 32 Skewed Up Address Test -

Reieren . .
ce the Multiport section

6.2.2.28 Pattern 33 Write Recovery Test -

This test causes a WRITE, READ, WRITE, READ, ... to occur in memory
and

if the 1st, 3rd, Sth, ...READ is bad tte program may bomb or if
the 2nd, 4th ) ]
. 6th, ... READ is bad the program will gracefully type
out the error.

W
RITE RECOVERY TEST
THIS TEST DIFFERS FROM OTHER TESTS IN THAT IT CONSISTS

OF
A SMALL TEST PROGRAM  ACTUALLY RUNNING IN THE BANK UNDER TEST.
THE PROGRAM
IS SEIF MODIFYING AND MAY BE DIFFICULT TO DEBUG.
TO AID IN THE DEBUG, REMEMBER
THAT THE BANK AND MARGIN ARE BEING
DISPLAYED. THIS WILL ALLOW THE USER TQ AT
LEAST SEE WHICH MEMORY
BANK FAILED.
THE TEST CONSISTS OF 1/2 OF THE BANK
STORED WITH 'MOV R2,-(PC)"’
AND THE OTHER 1/2 CONTAINING '177667''. '177667'" 1S
THE COMPLEMENT
OF "JMP (RO)'" INSTRUCTION. R2 CONTAINS '‘COM ~(R1)"" INSTRUCTION

ON ENTRY TO THE BANK AND R71 CONTAINS THE HIGHEST TEST ADDRESS IN
THAT BANK.

[F YOU UNDERSTAND THIS SO FAR THE REST IS EASY.
THE TEST EXECUTION IS A

1. THE 'MOV R2,-(P(C)'' INSTRUCTION EXECUTES STORING
THE CONTEN
TS OF R2 IN THE ADDRESS 1T VACATED (DUE T0 =-(P(C).
2. SINCE R2 CONTAINS A '‘COM
=(R1)"" INSTRUCTION [T COMPLEMENTS
THE HIGHEST ADDRESS UNDER TEST. THIS ADD
RESS CONTAINED

""177667°' SO AFTER THE (OM -(R1) IT EQUALS 170
CLEVERLY

THIS IS THE "JMP _(RO)'" INSTRUCTION.

R2.— (P 3. THIS SEQUENCE CONTINUES UNTIL THE "MOV

S FOLLOWS:

SEQ 0120




—

ACx

ormally

" (RO,

£ 10
INSTRUCTIONS REACH THE MIDDLE OF THE TEST BANK,
THEN THE *7J SEQ 0121

" INSTRUCTION IS MET

AND EXECUTED. RG CONTAINED THE RETURN ADDRESS B

TO TEST 13,
4. THESE STEPS ARE REPEATED FOR EACH BANK UNDER TEST,

NOTE

This test is not n
executed ex- )
cept uncer APT or ACT. |t may be in-

voked VIA Field Service (ommand 13 (Ka-
mikaze
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6.2.2.29 Pattern 34 B8ranch Gobble Test -
This test loads o
small routine into the memory unde~ test. The rou~
tine moves itself along
in memory one word after each pass so that
when it reaches the end every inst
ruction has executed from everK lo- |
cation with the exception of the beginning
and end of each test area.
The Branch Gobble's ral format after you elim
inate setup code an
code to move the program along is as follows.
BGTES
T: 0 ;TEST WORD
BRGOBB: SE(
ADCB BGTEST JINC LOW BYTE
am] 18 JEND LOOP
AFTER 128 TIMES
INCB BGTEST+1 ;INC HIGH BYTE
' BR BRGOBA ;LOOP 128 TIMES
8vsS 2% JBRANCH IF v-BIT SET (SHOULD BE)
ERROR sERROR TRAP
2%: v cCLEA
R v-BIT
INCB B8GTEST JINC HIGH BYTE ONE LAST TiME
BCS 33 ;BRANCH IF (-BIT S
ET (SHOULD NOT 8E)
8v( 33 ;BRANCH IF Vv-BIT CLEAR (SHOULD NOT BE)
amMI 3] ;B
RANCH IF N-BIT SET (SHOULD BE)
3s: ERROR ;ERROR TRAP
4%: RE TURN
This code

origionally came trom the PDP-11 Family Instruction Ex-
erciser DIZQKA-A,
The first MOS memorys fell succeptable to this sec-
tion of that diagnostic a
nd it has been an important memory exerciser
ever since.

NOTE
This test is not normally executed ex-

cept wunder APT or ACT. |t may be in-
voked




VIA Fie 3 Ser.ice (ommand 1%
mikaze Mode).

(K-

G 10

sko 0123




H 10 )
SEQ 0124
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6.2.2.30
Pattern 35 Sott Error Test =

Rationalization

MOS chi
ps have a failure mode in which they can randomly pick or drop
bits. This is

caused by Alpha particles bombarding the cel.. It the .
cell is very small (and

they are) then the electrons disptaced by the
Alpha particle are sufficient

to cause the cell to change trom a one
to a zero or from a zero to a one.

7
his test is controlled by the main program so that it is used to cre-
ate a pa
ttern of 125252 and 52525 on alternate passes of the program.
The contiguration
tadle is used to flag banks that have the pattern
inval idated because anoth
er pattern was written over this background.

This pattern is nothing more tha
n a clever use ot pattern 0.

6.2.2.31 Pattern 999 Null lest -

Thisg
is an instant return added to preserve the software structure.

This pattern

replaces any real patterns when the APT E-Table does not
specity a pattern to

be run.
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7.0) Proyram fFeatures

7.1 fast Dara Access Rates

One ot t .
he main areas ot concern in testing memory in systems environ-
merts is speed
. It is my belieft that one of the prime reasons that
system programs |ike RS! )
S.IAS and aUHPS can crash due to memory tfa -
lures not detectable by memor
diagnostics (0-124K,0-2 MEG,etc.) is
cause of multiple NPR devices contendi
ng for the bus. After some .
delag a NPR device becomes bus master with his s
110 backed up (perhaps
only 3-8 words) ard does several memory transfers at
memory data
rates.

On the other hand most diagnostics when writing readin

g and/or check- . . . .

ing patterns spend most of their time fetching instructions a

nd oper-~

ands out of their program space and proportionally lLittle time access=-

ing the memory under test.

I have attempted to optimize this diagnostic's e

rror detecting abili~ T

ties around the primary design criteria of speed. To t
his end I have

taken the tollowing steps.

)

7.1.1 Fast City -

utili
2ation of Memory Management Registers as Non Memory Bus, Non UN-
IBUS, Bipolar )
Memory. Since user mode is only used tor relocation and
data space 1S never u
sed then subroutines can be executed from the
UIPAR's, UDPAR's, KDPAR's, S
DPAR's and with some Bit Pattern rastric-
tions the UIPDR's, UDPDR's, KDPDR's,
and SDPDR’s.

The program runs 1n kernel mode and Patterns are executed in Su




pervi=

sor mode ftor mappin? purposes. All core patterrs
terns are subroutine., that are moved to this Bipolar
to in th

e program as fast (ity,

J 10

and some MOS Pat-~
region referred

SEQ 0126
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7.1.2 SOB's -

Utilization ot the POP=11/70 Instru

ction Set to speed pattern algor-

ithms (principally the SOB). No attempt
1s made to suppor® anything

ess than a PDP=11/70,

7.1.3  CaCHE -

K1

(ACHE 15 used between pattern tests to decrease program pass times.

(ACHE ca )
n be defeated or partially disabled by the operator (reference

section 2.%.3.1)

7.2 Bank lero lesting

Bank Zero has been traditiona!ly neglected by
memory djiagnostics for
the tollowing reason.

The vector space exists ther

e and ALL traps must not access test pat-
tern data. It the area 1is test

ed the diagnostic must not use any

trags ?nd 1t is against the rules for power
to fail.

Systems with memory management can overcome this because all traps
re

to Kkernel Virtual space even power fail (caution must be observed
caus

e power up goes to physical aadress 24 (because the Memory Manage-
ment Unit co

mes up off)).

ﬂoue;gr, Catch 22 is that the diagnostic is not APT compatible
in this
mode because APT Accesses Physical Memory Locations.

PDP-11/70 Syste .
ms can over come this because the UNIBUS MAP can fool

Because of the . )
previous arguments this program does not relocate in
the true since of t_ .

he word (i.e. no position independent code was

a
be-




written (at Least rot on purpos
e)), but rather this program moves and

remaps (hereafter referred to as rel
ocates). This enables the com-

plete testing of Bank Zero or any other program

space or privileged
space exactly as all other banks are tested. (The cona

itional test to )
see if a bank is protected is compl!emented when relocated).

L 10

SEo 01728




7
.3 Ditterences In (ore Testing With 0=-2 MEG (DEMJA)

7.3.1 Delta Noise
Test Only Pertormed With 3 XOR 9 Test -

Reason: DEMJA performed the delta
noise test with constant data
however, it will only have an adverse
eftect it performed with a
worst-case pattern,

7.3.2 8 XOR 13 Test D
eleted -

Reason: Designed tor a PDP11-20 Memory not presently in use.

7.3.3 3 XOR 9 Rewritten -

Reason: was actually a 4 XOR 9 and should ha
ve been a 4 XOR 10 for )
PDP-11/70"'s to account for reading Double Words.

m10
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SEQ 0129




7
& Memory (onfiguration Map

This map is printed out immediately after sizing

the memory if SW6 is .

set (reference section 2.3.1). It can also be printed
at any later .

time in Field Service Mode (reference section 2.3,4,3.7)

fxamo
e:
MEMORY CONF JGURATION MAF

16K BANKS

1 2 3 4 5 6
01234567012345670123456701234567012345670123456
7012345670123
ERRORS XX
gq¥ MAP 111771171111111111111111111111

.....................

~

PROTECT P P

0 1 2 3 4 5 i 6
4567012345670123456
70123456701234567012345670123456701234567
ERRORS
A( CE SSEDOO0000000000000000000

INTRLY 22222222222222222222222222222722

292772272772277222222272222222

............................

MEMT YPE 000000000000000000000000000000000000000000
000000000000000000

X 222792222222222222222222272222722227222222227272272222722

...................................................

29929999

PROTECT

Displayed are Banks 0-167 Octal (2 meg words). If the
fat Terminal

tit on
one line.

Thezaizéngz?outine could not write zeros and ones in Bank
S
hence they are marked as bad with X's.

The only CPU was_able to
access banks 0-37 (512 K words). If more
(PU's were present this would be

N 10
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80X 00000000000000000060000000000000222722222222222222222222227?

Switch was set (reference section 2.3.1) then all Banks would

SEQ 0130




L IRASR
a HexadeC ima. number indicat) which
(PU's (SLAVES,SLAVEZ,SLAVET MASTER) coul
d access each bank.

The interleaving on Banks 0-37 is 2 way. This may be ext

ernal with no . . .
nternal or internal with no external - however since there is

onl .
one go: of MOS (BOX 0) it must be internal interleave.

Banks 0-37 are ]
Memory Type K (MK11) and Banks 40-167 do not exist.
Memory Type J would ind

icate MJ11 memory.

Banks 0-37 are located in box 0. Boxes are assigned to (S

R Locations .

in order and MJ11 Boxes will never have a Box number only a ques
tion

mark.,

B:nka 0 and ¢ are protected because they are program space. Ba

n

and 2 are also protected because they are in the bottom 16K of an MK11
c
ontroller. The protection is hierarchical and program space oversha-
dows Mx11 . ]

protection. Banks 0 and 2 will not be tested until the pro-

?ram relocates. .

[t any bank is protected by MK11 and not because it

'S 1N program space 1t wi

tl have a ‘X'’ typed in this row.

SEQ 0131
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7.5 Everything You've Always wanted To Know
About SUPERMAC ...

SUPER-MA( is a set of structured prcgramming macros that
allows pro- . .
grams to be written in a high level, easily understood language.

As a general rule, most SUPER-MA( statements can be single-line state-
ments

or multiple-line (nested) block statements. A single-Line
statement must . . .

be completed on one source Line; no continuation lines

are allowed. Single-

Line statements should be as short and simple as
possible. (omments may also b
e included on a source Lline. All the

ral rules, conditions, etc., t

at govern MACRO-11 also govern . )

SUPER-MAC. Spacing on a source lne is very im
portant. The elements
should be separated by a comma or a space. Tabs shou

ld never be used .

fgq'ipac1ng. For example: The expression £+8 is interpreted

1 er-

ent than A + B,

AlLL the conditional statements can be written as mu

{tiple-line nested . L

tlocks. Each level of nesting within a block must be term

inated with .

a:dassociated END statement. Ffach level of nesting should be inden
t

two spaces.

User Tz;:sen macros or assembly language instructions may be
inc
in a program if desired. As a debuqging aid, if the symbol LST$$
is
detined, it will cause generated code and labels to be Llisted. All
prog . . . e
rams must begin with the macro call SMACIT. This call initializes
SUPER-MAC . )
All legal PDP-11 source and destination operands are legal
1n SUPER-MA(.

sE0 01%2




7.5.

1 Sample Source file -
.ENABRI  ABS
.ENABL AMA -
LMCALL .SUPER
. SUPER
.|

ST$$-0
[75=490

Me. CoaTONMOAND >
QOCOC OO0O0OO0OO0O

4" et ev te se or e se es o

EXAMPLES
LET
LETY

RO :- A
8
LET £ :
G
J
A

.
»

"

LET

LET
LET
JIF EXAMPLES
IF A IS TRUE
MOV #23.D
END ,OF IF A
IF B IS FALSE
MOV #36 ,E
FND ;OF IF B
IF A EQ

IF A LT

)
]
o

D " NED

C NED

If A
1FB A EQ B AND ( EQ
MOV H,J
ELSE
MOV ..

1

DN
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ud

SEQ 013371




E 1

END ;OF [FB A

IFB A EQ B ANDB

SEQ 0134

EQ »m

P
.~

L
-
3Z
[V}
« “'l
> D@ @ “r..
) LY S .
I i -
-
—y
> 202 8@, v
Pug ¥ B0 P.3
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w
w =
—
LY
[ Q
= "




LERA S ]
SEQ 0135

PAGE 83

IfF  #B[TS OFF.IN A
MOov (,D
END ;OF [F #BITS
ROR
E AN [F STATEMENT ON "HE (-B]7
ROR EXAMPLES
ON.ERROR
MOV  AB

ELSE
Mov  (.B
END ;0OF ON.ERROR
ON.NOERROR
MOv (.B
ELSE
MOV A,

END .OfF ON.NOERROR
ON.ERROR THEN LET A :B B
JFOR EXAMPLES
FOR | :- -
S 10 #2%
INC A

END ;OF FOR |
FOR RO .- #0 TO #1140 BY #4
DEC  A(RO

END ;0OF FOR RO

fOR | : #133 DOWNTO #3 BY #2
ADD A.B

END ;OF FOR

I
JBEGIN EXAMPLES
BEGIN ALPHA
FOR RO : #0 TO #1167
MOVB A(RO) B
IF B8 LT #0 THEN LEAVE ALPHA
END ;OF FOR RO
FOR RO :- #400 TO w567

If B GE #0 THEN LEAVE ALPHA
END ;OF FOR RC
END ALPHA
;SRETURN EXAM

PLES
SRE TURN
$RETURN ERROR
$RE TURN NOERROR
;CASE EXAMPLES
MOv A.RC
CA

JONGER
IS LIk
JONLER

SF RO
A
B




RO

END ;OF CASE RO

¢ 11

SEQ 0136
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?'5(2 Yeting fi ith ded )
ample LISt 1le (wit nNO expangeq macros) = -
o 000080 TENABL 48
l .ENABL AMA
3 JMCALL .SUPER
X 4 000000 . SUPE
S cLST83=0
) 000040 B8I175=40
N 7 800000 000000
8 000002 000000 B: 0
9 000004 000000 C: 0
10 0000
0.3 000000 0
11 000010 000000 E: 0
12 0000°2 000000 F: 0
13 000014 000000 G: 0
16 000016 000000 H: 0
15 000020 00
0000 I:
16 000022 000000 J: 0
"ig SLET EXAMPLES
000024 LET RO :- A
20 000030 LET B :=C + D
21 000044 LE
T E :=F +« #1
22 000056 LET G :- H + #2
23 000072 LET J :
J o+ #0
24 000100 LET A :B~- B
25 ;1F EXAMPLES
26 000
106 IF A IS TRUE
27 000114 012737 000023 000006 MOV #23.D
’8 000122 END ;OF IF A
29 000122 IF B IS FALSE
30 000130 01 g
2737 000034 000010 MOV 434 €
31 000136 END ;OF IF B
32 00
0136 IF A EQ B THREN LET C :- D
33 000154 IF ALT B
34 000164
013737 000004 000006 MOV €.D
35 000172 ELSF
36 00017¢ 013
737 000010 000006 MOV  E.D
37 000202 END ;OF IF A
38 000202

1

S€EQ 0137 |




39 NO02e2

40 000230
41 000230

&0
00250 _ 0137%7
43 000256

A 000256
&S 000276
MO\

H,J
46 000304
47 000306

£,
«8 000314
49 000314

50 000334
51 000342

52 000344

53 000352
th A

56 000352

55 000354

56 000362

57 000362
SET.IN A

58 000372

59 000400

013737

000012

013737

013737

013737

013737

013737
MOV

013737

END ;OF IF #8]1S

000012

000014

000016

000010

000016

000010

000000
A.B

000002

000014

000022

000022

000022

000022

000002

000004

rn

[f AEQ B AND ( NE D

MOv F.G
END ;OF IF A
If AEQBOR C NED
fF.0
END ;OF IF A
IFB AEQBAND ( EQ M
ELSE

MOV

END ,OF [FB A
JFB A EQ B ANDB ( EQ

MOV H,J
ELSE

mv E'J
END ;OF I

IF RESULT IS EQ
END OF IF RESULTY
IF #8175

Mov  B.C

SeEo 0138

R




T .

StQ 0139
PAGE RS
60 000400 If  #BITS OFF.IN A
61 000410 013737
000004 000006 MOV ..D
223 000416 END ;OF IF mRITS

.V’N.ERRU? IS LIKE AN [F STATEMENT ON "HE (-B]T
;ON.ERROR EXAMPLES

65 000416 ON.ERROR
66 000420 013737 000000 000002 MOV  A.B
67 000426 ELSE
68 000430 0137%7 000004 $00002 Moy (.8
69 0004 36 END ;OF ON._ERROR
70 000436 ON.NDERROR
71 000440 O
13737 000004 000002 mov (.8
72 000446 ELSE
73 000450 01373
/ 000000 000002 MOV A,B
71; 000456 END ;OF ON.NOERROR
04656 ON.ERROR THEN LET A :B. B
76 JFOR EXAMPLES
77 000466
FOR | :- #=5 10 #23
78 000474 005237 000000 INC A
79 00050
¢ END ;OF FOR |
g? 800514 FOR RO := #0 TO #140 By 44
00516 005360 000000 DEC A(RD)
g% 000522 END ;OF FOR RO
000534 FOR I :  A133 DOWNTO #3 By #2
84 000542 063737 000000 0000
02 ADD A.B
85 000550 END :OF FOR |
86 JBEGIN EXAMPLES
87 000566 BEGIN ALPHA
88 000566 FOR RO := #0 TO #4167
89 000570 116037 000000 000002 MOVB A(RO) B
90 000576 IF
B LT #0 THEN LEAVE ALPHA
91 000604 END ;OF FOR RO
92 000614
FOR RO :  #400 TO 4567
93 000620 IF B GE #0 THEN LEAVE ALPHA
9% 000626 END ;OF FOR RO
32 000636 END ALPHA

JSRETURN EXAMPLEC




97 000636
98 000640

99 000644
100
101 000659

0672

000010
000012

000001

$RE TURN
$RETURN ERROR

$RE TURN NOERROR

;CASE EXAMPLES
MOV A RO
CASE RO
8
C
D
£

END .OF CASE RO
-END

K 11

SEQ 0140




LN
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”.5.%
Sample Listing File (with expanded macros) = =
< 1 000000 .ENABL AR
2 .ENABL AMA
3 .MCALL .SUPER
0 4 000000 . SUPE
) 000000 L5T$8=0
) 000040 BIT5=40
7 000000 0000
00 A: 0
8 000002 000000 8: 0
19 000004 000000 C: 0
0 000006 000000 D: 0
11 000010 000000 £: 0
12 ?00012 800000
13 000014 000000 G: 0
14 000016 000000 H: 0
1% 000
020 000000 I: 0
16 000022 000000 J: 0
18 ;LET EXAMPLES
19 000024 LET RO :- A
20 000024 013700 000000
000030 LET B8 :=C +D
880030 013737 000004 000002
003%6 063737 000006 000002
: 21 000044 LEY E :=F + &
000044 013737 000012 000010
000052 005237 000010 INC E
N
22 000056 LET G (= H + &2
000056 013737 000016 000014 o c
V H,
000064 062737 000002 000014
23 0000
72 LET J :- J + #01
000072 062737 000001 000022
24 000100 , LET A :B= 8
000100 113737 000002 000000
25 ,IF EXAMPLES
26 000106 IF A IS TRUE
000106 005737 000000
000112 001403

TST A

ADD D.B

MOV A_ RO

MOv C.B

MOV F . E

ADD #2.G

ADD #01,u

MOVB 6.A

BEG LG

SEQ 0141




737

33 000154
000154

000000
000162

3%
000164 013737

03

35 000172
000172

000174
36 000174
0000V6

012737

005737

001003
012737

023737

001003
013737

023

000002
002004
000004

0004

013737

00002
MOV

000002

000034

00000(

000006

000006

000010
MOV

#23.D

000010

000002

000004

kE.D

IF A EQ B THEN LET C :

END ;OF [F A

IF 8 IS FALSE

MO
END ;OF IF B

IF ALT B

D

LAl

SEQ 0142
t0:
1ST 8
BNE L1
L1:000:00
M
BNE L2
Le::z::::
(MP A.B
BGE L3
BR L&
L3:.::00:
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37 000202
000202

38 000202
000202

000210
000212

000220
39 000222
000014
4«0 000230
000230

41 000230
«* 000230

000236
000240

000246
000250

42 _ 000250
43 000256

000256
44 000256

000
256 123737
000264

000266
000274

45 000276
46 000304

000304
000306
47 000306
013737
48 000314
000314

49 000314
000314
000000
000322
000324
000004
000332

L 10

23727

023737

001007
023737

001403
013737

023737

001404
023737

001403

013737

000000
001010

023727
001004

013737
000403

000010

123737
000002
?01010

000001
001004

000000

000004

000012

MOV

000000

000004

000012

000002

000004

000016

000022

000002

000036

000002
(MP A.B

000006

000014

000001

000022

MP A.B

MOV

N1

END ;OF IF A

IF A EQ B AND C NE D

(MP C,D

END :OF [F A

IF AEQBOR CNED

MP (D
MOV  F.G
END ;OF If

IFB A EQ B AND C EG M

MOV H,J
ELSE

E.J
END ;OF IFB A

IFB A EQ B ANDB (C EQ #1

Lé:;..:
BNE LS
BEQ (S
LS:...:
BEQ L6
8tQ L7
Lé:::.:..
L7:;:::::
(MP8 A.B
L10
o C.m
BNE
B8R L1
L10:;:::::
C(MP8B A.B
BNE L12
(MPB (.#1
BNE L1/

SEQ 0143




013737

52 000344 013737

000352 001003
55 000354 013737

000362 032737
000370 001403

L
58 000372 013737

000400
ND ;OF IF #BITS
000400

AN A

60 000400

000600 032737
000406 001003

61 000410 013737
62 000416

000016

000000

000040

000002

000040

000004

000022

eE.J

000002

000000

000004

000000

000006

MOV H,J
ELSE

END ;OF IFB A

IF RESULT IS EQ

MOV A.B
END .OF

IF  #BITS SET.IN A

mov  B.C
3

IF #8175 OFF

BNE L16
mv c'D

END ;OF IF #BITS

B 12

BNE L1

BIT #BITS A

SEQ 0144
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63 000416
< IKE 22 IF STATEMENT ON THE (-B]T
65 00041

000416
66 000420

000002
67 000426

000426 000403

103004
013737 000000

MOV  A.B

000430
68 000430
69 000436

000436
70 000

000436 103404
71 000440 013737 00
0004 000002 Mov  (.B
72 000446
00044€ 000403

000450
73 000450

AB
74 000456
000456

75 000456
000456

000
460 113737
000466

013737 000004 000002

43

L2

013737 000000 000002

103003

000002 000000

76
77 000466

000466
177773
000474
78 000474
005237 000000 INC

79 000500
000500 005237 000
000504 023727 000020

000512
003770
000514

80 000514
Q : #0 TO #4140 BY w4
000514 005000

012737
000020

020
000023

€12

;ON.ERROR IS
;ON.ERROR EXAMPLES
UN.ERROR
ELSE
mov  (.B
END ;OF ON.ERROR
ON.NOERROR
ELSE
MOV
END ;OF ON.NOERROR
ON.ERROR THEN LET A :B= B
:FOR EXAMPLES
FORI := #=5 T0 #23
END ;OF FOR 1

FOR R

INC I

SEQ 0145




00051¢

86
BEGIN EXAMPLES
87 000566
000566

88 000566
000566
000
<70

005360
062700
020027
003771

012737
830602
162737
023727
002366

005000

000004
000140

000133

0
000020

ADD

000003

AR

— U 12

DEC  A(RQ)
END ;O
(MP RO,#140
FOR 1 : #133 DOWNTO #3 BY #2

END ;OF FOR |

BEGIN ALPHA

FOR RO := #0 TO m67

MOV #133,]

SuUB #2.1

81

ADD #4 R0

BLE 8!
E1:00000
82-:::::;

tmP [ &

B8GE 82
E2::::::::
B83::.::::

CLR RO

SEQ D146

-
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89 000570

90 000576
000576

000602
91 000604
OR RO

M167

92 0
00614

93 000620
PHA

0027

116037

005737
002415
005200
020027
003766

012700

005737
002004

005200
02

003771

000207

000261

00024
000207
013700
0

006316
004737

000000

000000 000002

000002

000167

000400

000002

RTS P(

000000

FOR RO :

s CASE EXAMPLES
MOV
CASE RO

MOve

END OF F

#6400 0 #4567

E 12

A(RO)
IF B LT #0 THEN LEAVE ALPHA

ST 8

1F B GE #0 THEN LEAVE AL

END ;OF FOR RO

END ALPHA

JSRETURN EXAMPLES
SRETURN

SRETURN ERROR

$RETURN NOERROR

A.RO

BLT £3
INC RO
(MP RO
BLE B4
Be:i200:00
MOY #400
BS5:.:::::
IST B
BGE E3
INC RO
(MP RO, #567
BLE 8BS
€3:::::.:
SEC
RIS PC
cLe
RTS P(
MOV RC,-(SP)
ASL aSP
JSR P(,L24

SEQ 0147

“




:OF (ASE RO
700
000700

000702

000704
LASP)e
110

111

SP

062616

013646
004736

000001

&+m o~

SEQ 0148

(¥, XS R
Mo (SP)e.d

MOV (SP)e ~(SP)
JSR P
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7.6 Banks § Boeras (Mx11,

Boaerd .

S with 4K MOS chips are 32Kk worgs each.
Board: with 16K MOS chips are 128k word
S each.

Imagine that the front view of the memory bux is as follows:

BL,1S
013511 -9070503-1 .(B.CA.DA.BL -AD-BL ,CA.CB,0.2.4,6.8.10.12.1‘.BL

where 0 thryu 1

5 are the MOS array cards. (B is (ontrol 'B''. (A is
Control °"A°'. DA is t

he Datc Interface. AD is the Address Interface.

BL is & Blank ‘unwired) slot i

n the backplane.

G 12

SEQ 0149




'
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Gk Parts with No [nterleave
Array 15, 13 1,9, 7, 5. 3.
1, 0. 2. 4. 6. 8.10,12.1

Banks 36 32726722716 12 6 2 0 4 10 14 20 24 30 34

37 3327231733 7 3 1 5111521 25 31 35

4K Parts with Internal |
nterleave
Array 15,13,11, 9, 7,5, 3,1, 0, 2. 4, 6, 8,10,12,14
Banks 34 30
26 20146 10 & 0O 0 & 10 14 20 26 30 34
36 31 2521 1511 S 1 1 § 111§
21 2 31 35
36 3226221612 6 2 2 6121622 26 32 36
7 33 27 2% 17
3 7 3 3 71317 2% 27 33 37
4K Parts with 2-1 External No [nternal
Interleave
Array 15,13,11, 9, 7, 5, 3, 1,0, 2, 4. 6, 8,10,12,14
Banks 74

66 56 44 34 24 16 4 010 20 30 40 50260 70

75 65 55 45 3525 15 S

31 41 51 61 7

76 66 56 646 36 26 16 6 2 12 22 32 42 52 62 72
77 67 57 47 3

727 17 7 313 23 33 43 53 63 73
4K Parts with 2=1 External Internal
Interleave
Array 15,13,11, 9, 7, 5, 3, i, 0, 2, 4. 6, 8,10.12.14
Barks 70 6
05040302010 0 010 20 30 40 50 60 70
71 61 51 41 31 21 11 111213
141 51 61 71
72 62 52 62 32 22 12 2 2 12 22 32 42 52 62 72
73 63 53 43 3
32313 3 313 23 33 43 57 63 73
4 70 76 64 54 446 34 24 14 4 4 14 24 34 44 54 6
?5 65 55 45 35 2515 S5 5 15 25 35 45 55 65 75
66 56 46 36 26 16 6
6 16 26 36 46 56 66 75
7 67 87 47 37 27 17 7 7 17 27 37 47°57 &7 77

K Parts with 4-1 External No [nternat Interleave

H 12

SEC 0150




G © 2¢ 40 60 2
11272 52 32 12 2 22 «

152 133 113 73 83 33 13 3 23 43 63 103 123 1
<3 163

55 '35 115 75 55 35 15 S 25 45 65 '05 125 145 165
156 136 116 76
% 36 16

6 26 46 66 106 126 146 166
157 37 117 7?27 S? 37 17
T27 &7 &7 107 127 147 167

112

:54 136 114 724 S6 34 14 4 2% 44 b4 106 126 44 164

SEQ 3%




4k Parts with
erleave

Array 15, 13,

Banks 160 140
161 1

<1 121 101 61

162 142
2 &2 22 2
163 143
3 23 43 63
164 144
66 104 124 144
165 145
145 165
166 146
167
147 127 107 67
150
70 50 30 10
151
11 3 5 N
152
12 132 152
153
156 134 114 74
155
55 35 15 15
156

6 56 76 116 1
7 187
16K Parts with

Array 15, 13,
. 0, 2, 4, 6
Banks 150
40 60 100 120
151
1 141 161
152
153 133 113 73
154
74 54 34 14
155
5 25 45 65
156
66 106 126 146
187

PAGE 92

(-1 External Internal Int

n, 9., 72, 5, 3 1, 0, 2. 4, 6,
120 100 60 40 20 O O 20 40 60

J 12

8, 10, 12, 14
100 120 140 160

41 21 1 1 21 41 61 101 121 141 161

122 102 6
2..22 &2 62 102 122 142 162
133 10363 43 23 2
103 123 143 163
1%24104 66 44 26 4 & 24 44
125 105 65 45 25 S 5 25 45 65

126 106 66 46 26 6 6 26 46 66

105 125
106 126 146 166

47 27 7 7 27 &7 67 107 127 147 167

1
0 50 70 110 130 150

1 1 71 51 31 M

1 115

1 2 72 52 32 12 12 3 52 72

3

A

5

73 53 33 13 13 33 53 73
16 164 36 54 74 114 134 154

3

1

S 75 115 135 155

;6 76 56 36 16 16 3
1

7 77 57 37 17 17 37 57 77

No Interleave

9, 7, 5, 3.1

10, 12, 1¢

8?0 50 30 10 0 20
:

/Y51 31 11 1 21 41 6
132 112 72 52 32 12 2 22 42 62

53 33 13 3 23 43 63 103 123 14
134 114
& 26 44 64 104 124 144 164
135 115 75 55 35 15
105 125 145 165
}gg 116 76 56 36 16 6 26 46
137 1172 77 57 372 17 7 27 &7 67

1
113 133 153

117 13

101 12
102 122 142 162
3 163

107 127 14

SEQ@ (.




SEQ U153
6k Parts with Internal Interleave

Agm 15 13 2' 0 8. 10, 12, 14
Banks 166 146 126 100 60 40" 20" 0
G 20 40 60 100 120 140 160
161 141 121 10161 &1 21 1 1 21 41
61 101 121 141 161 )
o 162 142 122 102 62 42 22 2 2 22 42 62 102 122 14

163 143 123103 63 43 23 3 3 23 43 63 103 123 143 163

164 1
4 124 104 64 44 26 4 & 26 44 64 104 124 144 1064
165 145 125 105 65
45 25 5 5 25 45 65 105 125 145 165
166 1466 126 106 66 46 26 6 6
26 46 66 106 126 146 166
167 147 127 107 67 &7 27 7 7 27 &7 67
107 127 147 167
150 130 110 70 50 30 10 10 30 50 70 110 130 150

151 131 111721 51 31 11 11 31 51 71 111 131 151
152 132 112 72
S 32 12 12 32 52 72 1121372 152
73 S3

33 13 13
33 53 73
& 76 564 36 14 14 346 56 76 114 13
4 154

75 55 35 15 15 35 55 75 115 135 155
6 36 56 76 116 136 156
57 37

— b b
-JN
— b

Vg&m SN

6 116 76 56
17 17 37

N AN W= N

[V, % ) —
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2-1 External and No [nterna

A;z.y 15‘ 13‘ 11' 9' 7' 5' 3' 1' o' 2' 4'
Banks 160 120 60 20 0 40 100
161 121 61 21
1 41 101 141
162 122 62 22 2 42 102
163 12363 23 3 43 1
0% 143
164 124 64 26 & &4 104
165 125 65 25 5 45 105
166 126 66 26 6 46 106
167 }27 67 27 7 47 107
3070 3 10 S0 110 150
131721 31 17 51 1M
132 72 3
2 12 52 112 152
133 73 33 13 S3 113
136 76 34 14 S
& 114 154
13575 35 15 S5 115
6 136 76 36 16 56 116
J
1372 77 37 17 57 117
16K Parts with 2-1 External and Int
ernal Interleave
?srag‘ 15' 13' 11' 9' 7' S' 3' 1' o' 2' "
Banks 140 10040 0 0 40 100
ve1 141 101 41 1 1 41 101
142 102 42 2 2 42 102
143 10343 3 3 43 103
1464 104 446 4 L& L4 104 144
1645 105 45 S 5 45 105
146 106
L6 6 6 46 106 146
147 107 47 7 7 &7 107
150 110 50 10
10 SO 110 150
151 11151 11 11 51 11
152 112 52 12 12 S2
112 152
153 11353 13 13 53 113
156 114 56 14 14 54 114
155 115 55 15 15 55 115
}29 116 56 16 16 56 116
117 57 17 17 S7 117 157

6.
140

142

144
145
146
147

151

145

147

151

— —
(VL IV RV, IV, |

oW SN

8. 10, 12,

L 12

SEQ 0154

|




M 12

160 120 60 20 20 6C 120 160
161 121 61 SE0 0155
PR A AN PN X
162 122 62 22 22 62 122 162
163 123 63 23 23
63 123 163
166 124 64 24 26 64 124 164
s 165 125 65 25 25 65 125
166 126 66 26 26 66 126 166
167 127 67 27 27 67 127 167

130 70 30 30 70 130
7731 % 7 R
72 3

73 33 33 73 133
76 36 34 74 134

R 72 1R

—
W WNWN

——
SN N—

13575 35 35 75 135
76 36 36 76 136
77 37

-
NN
~NO

37 77 %7
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16Kk Parts with

167 67 27 127

Ar

ray 15, 13, 1
Banks

40 0 100

144 44

113
177 117
63 23 123

9.

N 1TZ

4=-1 External and No [nternal Interleave

7.

5.

W) —

b d b b
oWV WA= O NOW

— — b

2, &, 6, 8,10, 12, 14

—
[elele)]
W) —

[ Y — b b — b b
— b b OO0
nN=O NOMW

—_—s—
[o AV, K

—— -
[AY1a¥1,¥]
nN—=O

SEC 0156




SEQ 0157

8 13

6. 8,10, 12, 14

4~1 External and Internal Interleaving
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15, 13, 11,

16k Parts with

Array

Banks

Oy
[*]e e

— 1 ——

Or—0umMm

Or—0umn

— O
OO0

— 1 —

03

“04
105
106

WO

~2 N DN
[elelele]

—— ——

107

OoOr—0N
———
———

Or—0NN

Or—0ny

————

O —0uMn

13 113

3

TN O

WO

——r
N0
—

TWNO

- —

-————

123
124 24 24
125 25 25
126 26 26

123 23 23

17 117

132
136

17 17

MNOe—
M~

- —

NO—
M3

NO~
LaRtEN 4

NO—

MIT T

-—— -

142

2 42 42

M TN
LA

-————

M-
N

MW
i 4

LLARS 4%
b

-——

146

146 46 46




SEQ 0158

NOe—
X 4Val" o)

-——r—

N
472l sl

NOe—
B 4 al gl

NOe—
4%l al

-———

ONM
["al'al"al
-—c—

M N
["alalval gl

MY 2 N
[Yal alValVal

ONIM P
(ValValValVval
— —r— —

155

O
ww
-

O N
["alval

Neda
["a]Va}

O N
["al%s}

L




61 147

5 65 65

76 76

165

bbb s
oo
—O

oo

[V 1,8

p'S

o O
~NO

160

— el
oo~
POV N]

166

D13
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7.7 Memory Management Mapping

PAR
NEL

WA —

Vm-o- mg f XV ]

i ]

/Fst Mem

SUPERV] SOR
USER

Program

Program
Program

Test Area
Test Area

Test Area
Test Area
Dst Bk/Fst Mem
Perif Page

Program

Program
Program

Program
Program

Program
Map to (SR

Perit Page

£ 15

Src Bk/Fst

Src Bk/Fst Mem
Src Bk/F

Src Bk/Fst Mem
Dst

Dst Bk/Fst Mem

Dst Bk/Fst Mem

SEQ 0160
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7.8 Listing
format

The program Listing is in two parts., The first part s a
ete

an eftort was made to keep each section on one or two pages.
second part
is & complete Listing with all macros expanded to show all
?enerated code ir a . L i
program locations. This last Llisting 1is for

those who have a need to lo
ok at the actual assembly language code and
the generated binary.

YOou see - .
you Can have you're cake and eat it too.

— F 13

comp!

listing the wdy it was used by the author. Macros are not expanded
and

The

SEC




SEQ 0167
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8.0 MULTIPORT SYSTEM ORGANIZATION

The multiport section ot the MKAi1 Diagnostic runs after the comple-
tion o

f testing as a single port system but before the end-of-pass

code,

The te

5ts are performed on a Master-slave basis with the Master being
the (PU that t

he diagnostic is started at.

8.1 Starting Slaves

The Master will us

e the [IST and Multiprocessor boot to start and
identity all slave CPU's

with software Locks to insure that only one

(PU runs at a time (not ASRB locks

). If the IIST or Multiprocessor

Boot 1is not available th96 may be bypasse

d by starting at address 206 )

and following the dialogue for manual intervention

8.1.1 Starting (ode -

As each slave starts it executes shared co

de with the master us1n?

it's own uni stack. he master has set the
"CPUBIT'' to indicate .

slave status and loops until the slave started places his

unique 1IST .
[0 number (or System [D number ‘if [IST's are bypassed) in the port
di-

r%ctory. This is done for each slave., afterwhich the master set'c the
PUBIT'' to indicate master status.

Each slave when started sizes memory indica

ting accessed banks via a

Bit Set of the 'TPUBIT'' into the contiguration ta

ble. [If 1IST's are

in use it znabies interrupts on it's [IST, lowers it's prio

rity to

and executes a WAIT until the master wakes it up. [t IIST's are
by-




NS

ssed it moves & !1ttie program into the User PAR's and Jumps to it.

ny _
S program waits for the master to write a countdown from 10 to 0 in

the slaves . . . .
pseudo Ty butter tocation. Eithor way this 1is known as

the Steep state.

Atter all si.aves have been put to s.eep the master checks the port di~

recto . )
ry ot I1D numbers and insures that each (PU has a unigue number.

Testing is no . .

w started as in a normal single port envirornment. tach
slave remains dormant

guring this time.

SEQ 01+ 3
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8.2 Multiport Testing

The master wakes each slave via a
n interrupt with the [IST (or 1t
11ST's are bypassed via a rountdown).
The mester t orders each
slave to run the MK11 (SR tests. The master now
orders each slave to
relocate to a uniQue memory bank that has no errors. Us
ually this is ]
puts slave 1 in Bank *, slave 2 in Bank 3 and stave 3 in bank 4).

The master then directs each slave and also himselt in the execution
ot t
he toliowing texts.

Access Paths Test

Address Test
Asychronous Access Address Un

iqueness Test
Skewed Up Address Test

Port Arbitration Symmetry lest
1/0 Priority T
es?®
Execution Contention Test

ASRB Test
CACHE Flush Test

Next the master orders

each slave to stop and each slave will map back
into bank 0 (shared code area)

. lower it's priority to 4 and execute a

wait instruction thereby sleeping unti

{ the next pass.

The master then returns to single port testing just prio
r to the
end-ot-pass code. r
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8.2.1 Access Paths Test -
The master causes
each (PU (making himselt a slave when necessary) to
write into memory and all
other PU’'s to simultaneously read.
This is done as follows:
FOR EACH (PU
FOR EACH BANK
IF BANK ]S A((ESS?gtE £ NOT PROGRAM SPA(E

R FA(m OF 5 PATTERNS
SELECTED (PU WRITES

ALL OTHER (PU'S READ
NEXT PATTERN

NE X" BANK
NEXT (P

J 15

t. 0165




K 13
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8.2.2 Aadress
Test =~

The master causes each (PU (making himselt a slave when necessary) t
o]

uri{e an address pattern into memory and all other (PU's to simultane-
ously

read.
This is done as tollows:
FOR EACH CPU
FOR EACH BANK

IF BANK 1S ACCESSABLE
& NOT PROGRAM SPACE
FOR EACH ADDRESS PATTERN

-=AND COMPLEMENT ADDRESS PATTERN

SELECTED (PU WRITES
ALL OTHER CPU'S READ

NEXT PATTERN
NEXT BANK

NEXT CPU

8.2.3 Asychronous Access Address Uniqueness Test -

Th
e master causes each (PU (making himself a slave when necessary) to
test S pa

tterns on 1/4 bank simultaneously. This insures that no ad-
dress errors will

allow corruption of another CPU's data.
This is done as follows:

FOR EACH BANK

If BANK [S ACCESSABLE & NO
FOR FACH OF 4 STARTING ADDRESSES
FOR EACH OF S PATTERNS
EACH CP

U TESTS S PATTERNS ASYNCHRONOUSLY
NEXT PATTERN

NEXT STARTING ADDRESS
NEXT BANK

T PROGRAM SPACE
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8.0.4
Skeweq JUp Address Test -

The mas*er causes each (PU (making himself a slave

when necessary) to

write and read there [I1ST ID number in every 4th address -

skewed by 1 .

address and otfset by there IIST ID number. Assuming a & (PU sy
stem

then example data would be.

2
3
0
2
3
0
1
3
0
1
2
0
1
2
3
This is done as follows:
FOR
EACH BANK

IF BANK IS ACCESSABLE & NOT PROGRAM SPACE
FOR EACH OF & STARTING ADDRESSES

EACH (PU RUNS THE SKEWED UP ADDRESS TEST
-=0FFSET BY

L1y




i1's st 1o

NEXT BANK

NEXT STARTING ADDRESS

SEQ OB -
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8.2.5 Port Arbitration Symmetry Test -

The master causes each

(PU (making himself a slave when necessary) to

access (with memory fetches o

t MOV R5,RS instructions) the same loca-

tion 64K times. Each slave executes o
ut of the memory bank under test

thereby 1ncreasing the probability of conten

tion. Wwhile this access . .

loop is executing each slave is counting tics of

the (ine clock

(KW11L) under interrupt control.
Atter each slave completes . .

his access test he passes his tic count
back to the master for analysis.

The master checks every bodies tic count against his own and if any

differ ]
by more than 2 tics he reports an error.

This is done as follows:
FOR EACH BANK
IF BANK ]S ACCESSABLE &
ALL CPU'S RUN CONTENTION TEST

CHECK TIC COUNTER FOR BALANCE
NEXT BANK

NOT PROGRAM SPA(E

9




8.2.6 1/0 Priority Test =

This tests the ability ot the memory port to giv
e [/0 higher priority
than CPU accesses.

Since the difference is difficult

to measure on small configurations

this test is only run when there are & (PU
‘s present.

Yh: master causes each C(PU (except one) to raise his priority to
that
9
ister of the PDP11-70.
The master causes all (PU's to rur the same assess tes
t as the ‘Port
arbitration symmetry test''. In the symmetry test the maste
r checks .
for a balance. |n this test the master checks for an (ack of ba
This is done as follows:
FOR EACH BANK
I[F BANK [S ACCESSABLE & NOT PROGRAM SPACE

FOR EACH CPU BEING LOW PRIOR]TY
ALL CPU'S BUT ONE S
ET FOR ]1/0 PRIORITY

ALL CPU'S RUN CONTENTION TEST
CHECK TIC COUNTER FOR LACK OF BALANCE

L R

' PAGE 105

ot ]/0. This is done by setting a margin of 6 in the maintenance re-

Lance.

SEQ 0170

TTUUREXTTCPUT
NEXT BANK
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8.2.7 Execution (ontention T
est -

The master causes each (PU (Making himself a slave when necessary) to
o;ocute random instructions (INC (RO) or TST (R0O)) simultaneously out
ot sha
red program space.
Success is indicated by survival & correct count in locat
ion pouinted
to by RO.

This is done as follows:
FOR EACH BANK

[F BANK [S ACCFSSABLE £ NOT PROGRAM SPA(F

SETUP RANDOM INSTRUCTIONS

ALL
CPU's EXECUTE [N BANK
(HECK (OUNTERS FOR ALL EQUAL
NEXT BANK

8.2.8 ASRB Test -

In a multi-processo

r system, certain portions of main memory must be
capable of locking out

all other references during the DATIP-DATO

cycle. This is accomplished throug

h a hardware and software LOCK pro-

cess

8.2.8.1 Software Lock -

The Arithmetic Shift Right Byte (ASRB) instruction is used to attempt
ownershi

p of a particular block of shared data and/or code which may

include 1/0 rout

ines, data dependent routines, and etc. The ASRB in-

struction ch s the s .

tate, (the UNLO(Ked state or free state is de-

tfined as a binary 1 and the LOCK

ed state is defined as a binary 0), of

SFQ 01N




-—

the control byte's destination Llocat

on associated with the data ) : stQ 0172
structure/code Leing accessed; it that location

is in the UNLO(Ked

state. The ( bit ot the PSWw will store the intormation

(0 it LOCK, 1 )

it UNLOCK) resulting from data manipulation during the LO(K/

UNLOCK ) . :
routine, The ASRB instruction is tollowed by a B(S (Branch it Carry

Bit is Set) instruction which will branch and execute the desired

code.

when finished the LOCK routine will move a 1 back into the low

order bit ot the .
controtl byte's destination location; indicating to

the other processors tha

t this memory block is UNLO(Ked. The ASRB in-

struction maintains its identity

as a normal shift instruction.

8.2.8.2 Hardware Lock -

The PDP11
/70 multiprocessor modifications treat the ASRB as a

DATIP-DATO cycle t
o main memory bypassing CACHE.
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8.2.8.3 ASRB Test Structure -

The master ¢
auses each (PU (making himself a slave when necessary) to
attempt to lock .
ocation zero of a bank under test simultaneously.
After each attempt the maste
r insures that one and only one (PU was
allowed to lock the test location.
This test is repeated 1000 times

to insure that all (PUs are able to lock the

test Llocation is rela-
tively even distribution (+ or ~ 256. locks of th
e master). To in- _
sure that the test does not syncronize with the memory a
rbitration . . .
sghene every time test is repeated the previous losers (non locker
3
are given a head start in a chain of NOP instructions and the previous
winn
er is defaulted to the entire chain.

This is done as follows:

FOR EACH BANK
IF BANK IS ACCESSABLE & NOT P
ROGRAM SPA(CE
FOR ALL 8 POSSIBLE INTERLEAVE ADDRESSES
FOR 1000 TRIES
UNLOCK TEST
LOCATION

ALL CPUS ATTEMPT LOCK

RECORD WINNER
REARRANGE PRIORITIES

CHECK FOR ONE AND ONLY ONE WINNER

NEXT TRY
NEX™ INTERLFAVE ADDRESS

NE XT BANK .
CHECK FOR EVEN DISTRIBUTION

56Q 0173 |




L2 L
SEQ 0174
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8.2.9 C(A(MF Fi g

sh Test -

The master causes each (PU (making himself a slave when necessary)
-rE?e tfresh data into a double word and all other (PU's to simultane-
2?; change the data in that double word - thereby creating stale
dJata in th

e 1st (PU's (ACHE. The 1st (PU then insures that stale data
exists then initia .
res a8 (A(HE Flusr and insures that the data 15 no

longer stale.

Thi
s is done as foliows:

If CACHE IS NOT DISABLED BY THE OPE

FOR EACH (PU
FOR EACH BANK

[F BANK [S ACCESSABLE & NOT PROGRAM SPACE
SELECTED CPU WRITES FRESH DATA
A

LL CTHER (PU'S MAKE CATA STALF
SELECTED (PU VERIFYS
STALE DATA

SELECTED (PU DOES CACHE FLUSH
SELECTED (PU VERIFYS NON-STALE DATA

RATOR

NEXT CPU
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9.0 FLOW CHARTS
9.1 Main
Program
]
(2212222223222 Q0% 3]
* L 4
« INITIALIJZE =
*
L 4
(2222222222828 Q]
1
I ZXX222RZX222022 X
* TEST .

*  HARDCORE .
» HARDWARE *

AEARNNPANRAA AN S

(122802222 R2RRARdldld

ANAL | 7€ *
- CONF IGURATION

LA AR A SRR E 2 B

»

(22822208221

I
(22222222822 RRRR2RRRRd R
. SIZE TEST *
reg » 0's
¢ .
* ON EA(CH BANK *

(A2 AREARRR R RSl ]

-

AARANANTRAAARN
ANNOENORNTORS

* DE TERMINE
» PROTECTED *

G 14




. BANK S

. TEST
. Bkl TE.TION .

H 16

l

anntRRttRR Rt R RRARNROERRRYY

. POINTER

eneRRRRARRRRRRROERRRRRNSR

l

» TEST
* SYSTEM SIZt .
REGISTER »

-

SEQ 0176 !
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. TYPE *
. CONF JGURAT I ON *

tanvdRtRRTTERRRRRRARRORNOEY

trteanaaresaratreanane
. RUN BANK .
. LEVEL .
. TESTS .

I EZ222XXEERR 2222 Q)

l

LA A AR A}

3223222222222 2222222 R 2

. RUN SYSTEM *
. LEVEL

) TESTS *

I T2 2222222222222 R 2R 2]

‘
ETREAARNRERNNTONNNY
*eEARRNERNS

o FLUSH *

. DBE 'S .
*Aw
(22222222 RAR AR

l

(222X RRR )

’ END OF .

«
’

PASS .
. (ODE

rANARRRRQROTERNRARRATERARNRR S

T 74

€0 0177
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P07 lrrtiaiize -

TetareERTaNERAR R RS
/ SETUP /
/ STA(CK /
TER /

/ POIN

143323202 RsRRRRNd R ]

I

[ AAAAS SRR 2RS4 ]
~

CLEAR .
. ZERO .

* VARJARLES *

NANAYN AR NCA R NN

—

(AR EERR R RN
LA KA SRR N

. (LEAR ANY NON
* PROGRAM SPA(E *
* IN BANK 0 *

ANV R OENA TR ARNR RN ALY

tanRrRERRR RN RR AN,
» SET UP »
*  NON-ZERO *
*  VARIABLES »

LA 2 ]

(2220082220 RR XN

I

(A ASASRARRASRRRS 4]

* ~

* VECTORS *

J

14

30178




sntafRRSRRRNRNRSREY

. SETUP PATTE
. SCRIPTS FROM
* APT ‘E~TABLE"' .

1Y .

rttnatRRRRRRRARORRNR R RN RO

—

I 2220222 RN

. (LEAR .
* (ONFIGURATION »
. TABLE .

(A A AR SRR AN AR S X)

1
tiestrarnaresaraatEates
. SETUP, SWITCH =
. REG TYPE .
OR SOFT)

* (HARD

I

(AR EA SRR RS R AR RS S d R

K T4

S£EQ 0179
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)

* XXDP *
(22222232
L ] ]
| ]
PRINT *
]

LA AR X ]}
4

|

L2222 AR R2R2 22 ]

*  APT, A(T, .

L 14

LA AR RSN AN SRS

SETUP FOR v

L3 222222}

I

L2222 2222222222222 2R 2}

TITLE

LAAASARAR 2222022 RXX

I

GO TO NEXT TEST =




LI ES
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9.1.2 Test Hardcore Hardware =~

AR ANANSRORNOAARNES

* DETERMINES  » w11 CS

» ACCESS METHOD

IR 222222 2RR2ER 2]

LR A
I A RS ERARNENSESN]

. PROJECT *
. BANK 0 .

(AR AR ARERSRRRRES]

I
TRRRARRRRS
[ E AR KR N ]
. MAP *
. KERNEL *
* SUPERVISOR »

(ERRRRASR SRR SR 2]

AANRARRANNEARACONN

* SETUP SUPER- »
* VISOR STACK =
. POINTER *

NEAANRRNNNANS
L2 28

]

LA AR RS2 A A

* SETUP USER »
STACK »

L

* POINTER *

(22 AR SRS RERRENR]




A0BQRBERRNRIOTDINERONGORERSEOEDETDS

. GET SOF TWA
. SWITCH REG
v, IF NECESSARY .

PREIRERRLENNAANNOENDIANNY

RF .

EARNNARNAARNOEERE TN

» SETUP *

. MAP -

(AAAS AL REZR R RN N2

LAARARRR RSN

* MAP L
*  KERNEL .

*  SUPE

RVISOR =
X Y]

I
RN RRARR NN AN N

x

GO T0 *

*  NEXT TEST -

. A\ A RARREASE AR

SEQ 018
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9.1.3 Analize Contiguration -

(442222 222202l A

SEQ 0183

. IN "WMK{SRS™ *

/ SELEC
T /
/ 187 /
/ (SR /
222222223323 222 208 24
I<
-1
I
NO / IDOES L
/ (SR
L 1
I / _
Ex]ST? L )
I
[ : I YES
I 12 2223232222222 222 3!
)}
I * SET BIT *
I * I
N , * 1
~  "MK(SRS'' *
l 1342232242222 22232 2}
1 - - — - - - ——— - o, -
1 I
I
1 YES
1
I / INTERNAL
: L >] |
/ INTERLEAVE L 1
! / ? L RENRRANRARRRANRNCANRNNRA
II _ .
|
[ NO ] - SE
T8It » I
H I




| (eemmcace" —-— -]
22X X222 ETRSRR 2R

-
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