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29 - No write protect fault was generated 
2a - Write Protect Fault bit not set in Fault Cause Register 
2b - Error in even block status after exception occurred 
2c - Error in odd block status after exception occurred 

The legal error codes for test 18, case 12 are: 

2d - No write protect fault was generated 
2e - Write Protect Fault bit not set in Fault Cause Register 
2f - Error in even block status after exception occurred 
30 - Error in odd block status after exception occurred 

The legal error codes for test 18, case 13 are: 

31 - No write protect fault was generated 
32 - Write Protect Fault bit not set in Fault Cause Register 
33 - Error in even block status after exception occurred 
34 - Error in odd block status after exception occurred 

The legal error codes for test 18, case 14 are: 

35 - No write protect fault was generated 
36 - Write Protect Fault bit not set in Fault Cause Register 
37 - Error in even block status after exception occurred 
38 - Error in odd block status after exception occurred 

The legal error codes for test 18, case 15 are: 

39 - No write protect fault was generated 
3a - Write Protect Fault bit not set in Fault Cause Register 
3b - Error in even block status after exception occurred 
3c - Error in odd block status after exception occurred 

The legal error codes for test 18, case 16 are: 

3d - No write protect fault was generated 
3e - Write Protect Fault bit not set in Fault Cause Register 
3f - Error in even block status after exception occurred 
40 - Error in odd block status after exception occurred 

11.1.25 Test 19 - MMU Fault Test 
This test verifies that all types of MMU exceptions can be generated. In addition, the auto-read 
sequence is verified to return the correct registers values. The 13 cases for test 19 follow: 

Case 1: TMISS fault (TIV ALID false) 

This test case maps logical address patterns to physical address zero, but reads the TLB entries 
to make them invalid (clears TIV AUD). The logical address pattern is then used as the address 
in ld instruction. The legal error codes test 19, case 1 are: 
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01 - Data exception was not generated 
02 - FCR<TMISS> bit was not set 
03 - PDEP register did not contain correct value when read through 

auto read space. 
04 - FVAR register did not contain correct value when read through 

auto read space. 
05 - FCR register was not cleared when the FVAR was read. 

Case 2: TMISS fault (TTVALID true) AND (TMATCHO = false) 

This test case maps logical address zero to physical address zero to create a valid TLB entry in 
TLB location zero, then performs a ld instruction at logical address OxaaOOOOOO. The legal 
error codes test 19, case 2 are: 

06 - Data exception was not generated 
07 - FCR TMISS fault bit was not set 
08 - PDEP register did not contain correct value when read through 

auto read space. 
09 - FVAR register did not contain correct value when read through 

auto read space. 
Oa - FCR register was not cleared when the FVAR was read. 

Case 3: TMISS fault (TTVALID true) AND (TMATCHO = false) 

This is the same as case 2 except that Ox55000000 is used for the logical address for the ld 
instruction. The legal error codes test 19, case 3 are: 

Ob - Data exception was not generated 
Oc - FeR TMISS fault bit was not set 
Od - PDEP register did not contain correct value when read through 

auto read space. 
Oe - FVAR register did not contain correct value when read through 

auto read space. 
Of - FCR register was not cleared when the FVAR was read. 

Case 4: UPF fault (TLBUP true) 

This test case maps logical address Ox55555555 to physical address 0 and sets the UP bit (user 
protect) in the TLB, then accesses logical address Ox55555555 through user data space (ASI=10) 
to cause a UP fault. The legal error codes test 19,case 4 are: 

10 - Data exception was not generated 
11 - FCR UPF bit was not set 
12 - PDEP register did not contain correct value when read through 

auto read space. 
13 - FVAR register did not contain correct value when read through 

auto read space. 
14 - FCR register was not cleared when the FVAR was read. 

Case 5: UPF fault (TLBUP true) 

This is the same as case 4 except logical address Oxaaaaaaaa is used. The legal error codes test 
19, case 5 are: 
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15 - Data exception was not generated 
16 - FeR UPF bit was not set 
17 - PDEP register did not contain correct value when read through 

auto read space. 
18 - FVAR register did not contain correct value when read through 

auto read space. 
19 - FeR register was not cleared when the FVAR was read. 

Case 6: UPF fault (FE space) 

This test case accesses logical address Oxf655555 through user data space (ASI=10) to cause a 
User Protection fault. The legal error codes test 19, case 6 are: 

la - Data exception was not generated 
1b - FeR UPF bit was not set 
lc - PDEP register did not contain correct value when read through 

auto read space. 
1d - FVAR register did not contain correct value when read through 

auto read space. 
Ie - FeR register was not cleared when the FVAR was read. 

Case 7: UPF fault (FE space) 

This is the same as case 6 except logical address Oxfeaaaaaa is used. The legal error codes test 
19, case 7 are: 

If - Data exception was not generated 
20 - FeR UPF bit was not set 
21 - PDEP register did not contain correct value when read through 

auto read space. 
22 - FVAR register did not contain correct value when read through 

auto read space. 
23 - FeR register was not cleared when the FVAR was read. 

Case 8: WPF fault (TLBRO) 

This test case maps logical address zero to physical address zero and sets the TLB RO bit. 
Perfonns st instruction to logical address zero to cause a WPF fault to occur. The legal error 
codes test 19, case 8 are: 

24 - Data exception was not generated 
25 - FeR WPF bit was not set 
26 - PDEP register did not contain correct value when read through 

auto read space. 
27 -FVAR register did not contain correct value when read through 

auto read space. 
28 - FeR register was not cleared when the FVAR was read. 

Case 9: WPF fault (TLBRO) 

This is the same as case 8 except logical address Oxfdffffff is mapped to physical address 
zero. The legal error codes test 19, case 9 are: 
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29 - Data exception was not generated 
2a - FeR WPF bit was not set 
2b - PDEP register did not contain correct value when read through 

auto read space. 
2c - FVAR register did not contain correct value when read through 

auto read space. 
2d - FeR register was not cleared when the F~ was read. 

Case 10: WPF fault (TLBIOB) 

This test case maps logical address Oxfdffffff to physical address 0 and sets the TLB lOB 
bit, then performs a st instruction to logical address Oxfdffffff to cause a WPF fault to 
occur. The legal error codes test 19, case 10 are: 

2e - Data exception was not generated 
2f - FeR WPF bit was not set 
30 - PDEP register did not contain correct value when read through 

auto read space. 
31 - FVAR register did not contain correct value when read through 

auto read space. 
32 - FeR register was not cleared when the F~ was read. 

Case 11: WPF fault (TLBIOB) 

This is the same as case 10 except logical address zero is mapped to physical address O. The 
legal error codes test 19, case 11 are: 

33 - Data exception was not generated 
34 - FeR WPF bit was not set 
35 - PDEP register did not contain correct value when read through 

auto read space. 
36 -F~ register did not contain correct value when read through 

auto read space. 
37 - FeR register was not cleared when the FVAR was read. 

Case 12: POF fault (TLBPVALID false) 

This test case maps logical address Ox66666666 to physical address zero and clears the TLB page 
valid bit, then performs Id instruction to logical address Ox66666666 to cause a POF fault. The 
legal error codes test 19, case 12 are: 

38 - Data exception was not generated 
39 - FeR POF bit was not set 
3a - PDEP register did not contain correct value when read through 

auto read space. 
3b - FVAR register did not contain correct value when read through 

auto read space. 
3c - FeR register was not cleared when the F~ was read. 

Case 13: POF fault (TLBPVALID false) 

This is the same as case 12 except logical address Ox99999999 is mapped to physical address 
zero. The legal error codes test 19, case 13 are: 
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3d - Data exception was not generated 
3e - FCR POF bit ,was not set 
3f - PDEP register did not contain correct value when read through 

auto read space. 
40 - FVAR register did not contain correct value when read through 

auto read space. 
41 - FCR register was not cleared when the F~ was read. 

11.1.26 Test 1a - Timeout Fault Test 

This test verifies that the timeout logic on the System Board is functional, that the Kbus Address 
lines are good and that the timeout detection logic in the bus watcher section of the CPU Board 
is functional. This is the first test which generates Kbus cycles. The legal error codes test 1a are: 

01 - Data fault exception was not generated 
02 - FCR TOFIO bits was not set 
03 - F~ register did not contain correct logical RIO address. 
04 - FCR register was not cleared when the F~ was read. 
05 - FPAR register did not contain correct physical RIO adddress. 

11.1.27 Test 1b - Slot Probe and Configuration Test 

This test probes each slot Qf the system by performing ID space reads and determines the bo4rd 
types which occupy each slot In the following error codes, the X represents the slOt number of 
the target board. 

ox - Exception other than Data Fault occurred during ID SPACE 
read of slot x. 

1X - Data exception occurred during initial probe, but FCR ~FIO 
was not set. 

2X - ~ contained incorrect logical RIO address. 
3X - FCR not cleared after reading F~. 
4X - Unrecognizeable board type code read from slot x. 
5X - Data exception fault occurred during ID space read after valid 

board was previously located in slot x. 
6x - Data exception fault occurred during RIO read of optional header 

in IDPROM on board in slot x. 
7X - Data fault exception occurred during RIO read of graphics minor 

board number from IDPROM in slot x. 
ax - Data fault exception occurred during RIO read of device identifier 

string from IDPROM in slot x. 
9X - Data fault exception occurred during RIO read of Memory Board size 

from IDPROM in slot x. 
ax - Zero size parameter read from IDPROM on Memory Board in slot x. 
bx - Invalid Memory Board size read from IDPROM in slot x. 

Not an even 16 Mbyte multiple, 
cO - System Board count is not 1 (0 or more than 1). 
c1 - No Memory Boards were located. 
c2 - No CPU Boards were located. 
dO - Data exception occurred reading EAROM BOOTMODE variable. 
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11.1.28 Test lc - IDPROM Checksum Test 
This test examines the configuration information obtained from the Slot Probe and 
configuration test and for each board identified, performs an IDPROM checksum test. The legal 
error codes for test 1c are: 

IX - Data exception fault occu~red while ~eading IDPROM size f~om 
the board in slot x. 

2X - Ze~o size field fo~ IDPROM on board in slot x. 
3X - Data exception fault occurred while performing checksum on 

IDPROM on board in slot x. 
4X - IDPROM checksum error for board in slot X. 
5X - Data exception fault occurred while reading the optional header 

field of the IDPROM on board in slot X.f1 

11.1.29 Test Id - Master/Slave CPU Determination Test 

This test determines which CPU in the system is to become the master CPU when multiple 
CPUs exist. The legal error codes for test Id are: 

10 - Data exception fault occurred while reading the 
CPUSTAT register 

20 - Data exception fault occurred while writing CPUSTAT 
register of slave CPU Board. 

Ox10 - Data fault occurred accessing own cpustat register 
Ox2x - Data fault occurred accessing cpustat registe~ of CPU in slot 
Ox30 - Data fault occurred accessing EAROM 

"X" 

Ox4x - Data fault occurred accessing CPUHR register of CPU in slot "X" 

11.1.30 Test Ie - Bus Watcher Tag Reset Test 

The legal error codes for test Ie are: 

01 - Match, Own or Valid status error after initial write of tags 
and status. 

02 - Match, Own or Valid status error after reset of Own and Valid 
status bits. 

11.1.31 Test 1f - Bus Watcher Tag RAM Addressing Test 

This test verifies the address lines for the Bus Watcher tag and status RAMs. The legal error 
codes for test If, case 1 are: 

01 - Bus watcher tag match status error on read of tag location 
other than zero. 

02 - Bus watcher tag match status error on read of tag location 
zero. 

The test is then repeated using locations corresponding to a single address bit off (OxffcO, 
OxffuO ... , Ox7feO), and address OxffeO is written with zero. 

The legal error codes for this test If, case 2 are: 
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03 - Bus watcher tag match status error on read of tag location 
otheE than OxffeO. 

04 - Bus watcher tag match status error on read of tag location 
OxffeO. 

11.1.32 Test 20 - Bus Watcher Tag Comparitors Test 

This is a test of the Bus Watcher Tag match detection logic. There are two test cases. Both test 
cases use bus watcher tag location zero to contain the test patterns. The legal error codes for 
test 10, case 1 are: 

01 - PMO match status error 
02 - PMl match status error 

The legal error codes for test 20, case 2 are: 

03 - PMO match status error 
04 - PMl match status error 

11.1.33 Test 21 - Bus Watcher Tag RAM Address and Data Test 

This is an addressing and data test for the bus watcher tag RAMs. The legal error codes for test 
21 are: 

01 - PMO/PM1/VAL/OWN status 
02 - PMO/PM1/VAL/OWN status 
03 - PMO/PM1/VAL/OWN status 
04 - PMO/PM1/VAL/OWN status 

error 
error 
error 
error 

on 
on 
on 
on 

first read of forward pass 
second read of forward pass 
first read of reverse pass 
second read of reverse pass 

11.1.34 Test 22 - Memory Board Base Address and Enable Register Test 
This is a test for the Base Address Register and Enable Register on each installed Memory Board. 
Part 1 is the test of the Base Address register. Part 2 is the test of the Enable register. The legal 
error codes for test 22 are: 

1X - Data exception fault occurred writing base address register of 
Memory Board in slot x. 

2X - Data exception fault occurred reading base address register of 
Memory Board in slot x. 

3x - Data miscompare error for base address register on Memory Board 
in slot x. 

4X - Data exception fault occurred writing enable register of MemOry 
Board in slot X. 

5X - Data exception fault occurred reading enable register of Memory 
Board in slot x. 

6X - Data miscompare error for enable register on Memory Board 
in slot X. 

11.1.35 Test 23 - Memory Board Uniqueness Test 

This test verifies that all installed Memory Boards can be accessed independently of all others. 

This is the first test which attempts to write and read memory and thereby test the bus watchers 
ability to perform Kbus transactions other than RIO types. The legal error codes for test 23 are: 
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01-06: Indicates an exception occurred on the initial "stb" instruction. 
The error code is the slot number of the target Memory Board. 

11-16: Indicates that a read of the data cached on the initial "stb" 
is not readable from the cache. The low nibble of the error 
code is the slot number. 

21-26: Indicates an exception occurred on the flush operation. This 
is the instruction which causes the block flush back to memory. 
The low nibble of the error code is the slot number. 

31-36: Indicates an exception occurred on the re-read of target byte. 
The low nibble of the error code is the slot number. 

41-46: Indicates a data error on the re-read on target byte. This is 
the instruction which causes the target block to be re-cached 
and supplied to the CPU. The low nibble of the error code is 
the slot number. 

11.1.36 Test 24 - Memory Board Address Uniqueness Test 

This test verifies the uniqueness of the upper bits of the memory address. The legal error codes 
for test 24, case 1 are: 

01-06: Indicates that the Memory Board responded when it should not 
have. The base address register of the target board is set to 
OxOO and it responded to some other board address. The low 
nibble of the error code is the slot number of the target 
Memory Board. 

11-16: Indicates that the wrong exception type occurred when the 
Memory Board was read. The expected exception vector is 
9. The low nibble of the error code is the slot number of 
the target Memory Board. 

21-26: FCR <TOFM> bit was not set when exception occurred. The low 
nibble of the error code is the slot number of the target memory 
board. 

31-36: FVAR register did not contain the correct address when the 
exception occurred. The low nibble of the error code is the 
slot number of the target memory board. 

41-46: FCR was not cleared when FVAR was read. The low nibble of the 
error code is the slot number of the target memory board. 

The test is repeated using Oxff in the Base Address register and a walking zero pattern on the 
upper significant bits of the address. The legal error codes for test 24, case 2 are: 
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51-56: Indicates that the Memory Board responded when it should not 
have. The base address register of the target board is set to 
OxOO and it responded to some other board address. The low 
nibble of the error code is the slot number of the target 
Memory Board. 

61-66: Indicates that the wrong exception type occurred when the 
Memory Board was read. The expected exception vector is 
9. The low nibble of the error code is the slot number of 
the target Memory Board. 

71-76: FCR <TOFM> bit was not set when exception occurred. The low 
nibble of the error code is the slot number of the target memory 
board. 

81-86: FVAR register did not contain the correct address when the 
exception occurred. The low nibble of the error code is the 
slot number of the target memory board. 

91-96: FCR was not cleared when FVAR was read. The low nibble of the 
error code is the slot number of the target memory board. 

11.1.37 Test 25 - Memory Board Addressing Test 
This test verifies that each installed Memory Board can respond to all 256 unique Memory 
Board addresses (OXOO through Oxff). The legal error codes for test 25 are: 

01-06: Indicates that an exception occurred when the board address 
was written. The low nibble of the error code is the slot 
number of the target Memory Board. 

11-16: Indicates that an exception occurred when flushing the target 
block back to memory. The low nibble of the error code is the 
slot number of the target Memory Board. 

21-26: Indicates that an exception occurred when the board address 
was read. The low nibble of the error code is the slot 
number of the target Memory Board. 

31-36: Indicates the wrong data was returned from the target Memory 
Board. The low nibble of the error code is the slot number of 
the target Memory Board. 

11.1.38 Test 26 - Memory Board Block Addressability Test 
Thi!# test verifies the uniqueness of the address lines on each installed Memory Board. The 16 
Mbyte Memory Board address is broken down as follows: 

OxOOOOOOOO - Ox007fffeO: Low 8 Mbyte Bank 
Ox00800000 - OxOOffffeO: High 8 Mbyte Bank 

The legal error codes for test 26 are: 
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ox - Data fault exception occurred on Id instruction using walking 
0/1 address from Memory Board in slot X 

IX - Data miscompare occurred on Id instruction using walking 0/1 
address from Memory Board in slot X 

2X - Data fault exception occurred on Id instruction using all 
zeroes/ones address from Memory Board in slot X 

3X - Data miscompare occurred on Id instruction using all zeroes/ones 
address from Memory Board in slot X 

4X - Data fault exception occurred on st instruction using walking 
0/1 address on Memory Board in slot X 

5X - Data fault exception occurred on ld instruction after data from 
Memory Board X was already cached. 

6x - Data miscompare occurred on ld instruction after data from 
Memory Board X was already cached. 

7X - Data fault exception occurred on st instruction using all 
zeroes/ones address on Memory Board in slot X 

8x - Data fault exception occurred on ld instruction after data from 
Memory Board X was already cached. 

9X - Data miscompare occurred on ld instruction after data from 
Memory Board X was already cached. 

11.1.39 Test 27 - Memory Board RAM Addressing and Data Test 
This is an addressing and data test for the first 1 Mbyte of memory. Only the first 1 Mbyte of 
memory is tested to keep execution time during power-up self test to a minimum. Legal error 
codes for test 27 are: 

lX - Data fault exception occurred during write of memory 
with initial data pattern. 

2X - Data fault exception occurred on first read of forward pass 
3X - Data miscompare occurred on first read of forward pass 
4X - Data fault exception occurred during flush of target 

memory block back to memory during forward pass. 
5X - Data fault exception occurred on second read of forward pass 
6X - Data miscompare occurred on second read of forward pass 
7X - Data fault exception occurred on first read of reverse pass 
ax - Data miscompare occurred on first read of reverse pass 
9X - Data fault exception occurred during flush of target 

memory block back to memory during reverse pass. 
aX - Data fault exception occurred on second read of reverSe pass 
bX - Data miscompare occurred on second read of reverse pass 

11.1.40 Test 28 - Cache Fill-Flush Test 

This test fills the entire 64 Kbytes of cache RAM with the first 64 Kbytes of the bootrom code. 
Next, the second 64 Kbytes of bootrom code is then written to the cache. This should displace 
the contents of the cache out to physical memory. The legal error codes for test 28 are: 
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01 - Data fault exception occurred on st instruction to 
memory while loading cache with first 64 Kbytes of 
bootrom code. 

02 - Data fault exception occurred on st instruction to 
memory while loading cache with second 64 Kbytes of 
bootrom code. 

03 - Data fault exception occurred on ld instruction from 
memory while verifying first 64 Kbytes of data. 

04 - Data miscompare occurred while verifying first 64 Kbytes 
of data. 

05 - Data fault exception occurred on ld instruction from 
memory while verifying second 64 Kbytes data. 

06 - Data miscompare occurred while verifying second 64 Kbytes 
of data. 

11.1.41 Test 29 - Virtual Fault Cache Corruption Test 
This test verifies that exceptions which occur due to cache writes do not corrupt the cache data. 
There are eight test cases. The legal error codes for the eight cases in test 29 are: 

Case 1: Single precision misaligned store exception to FF space 

01 - Address Alignment fault did not occur on st to misaligned 
word address. 

02 - First word of cache line corrupted on st to misaligned word 
address. 

03 - Second word of cache line corrupted on st to misaligned word 
address. 

Case 2: Double precision misaligned store exception toFF space 

04 - Address Alignment fault did not occur on std to misaligned 
double-word address. 

05 - First word of cache line corrupted on std to misaligned 
double-word address. 

06 - Second word of cache line corrupted on std to misaligned 
double-word address. 

Case 3: Single precision misaligned store operation with MMU enabled 

07 - Address Alignment fault did not occur on st to misaligned 
word address. 

08 - First word of cache line corrupted on st to misaligned word 
address. 

09 - Second word of cache line corrupted on st to misaligned word 
address. 

Case 4: Double precision misaligned store operation with MMU enabled 
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Oa - Address Alignment fault did not occur on std to misaligned 
double-word address. 

Ob - First word of cache line corrupted on std to misaligned 
double-word address. 

Oc - Second word of cache line corrupted on std to misaligned 
double-word address. 

Case 5: Single precision read only store exception 

Od - Data fault exception did not occur on st to page marked read 
only in TLB. 

Oe - First word of cache line corrupted on st to page marked read 
only in TLB. 

Of - Second word of cache line corrupted on st to page marked read 
only in TLB. 

Case 6: Double precision read only store exception 

10 - Data fault exception did not occur on std to page marked read 
only in TLB. 

11 - First word of cache line corrupted on std to page marked read 
only in TLB. 

12 - Second word of cache line corrupted on std to page marked read 
only in TLB. 

Case 7: Single precision TLB miss store exception 

13 - Data fault exception did not occur on st to page marked as 
invalid in TLB. 

14 - First word of cache line corrupted on at to page marked as 
invalid in TLB. 

15 - Second word of cache line corrupted on st to page marked as 
invalid in TLB. 

Case B: Double precision TLB miss store exception 

16 - Data fault exception did not occur on std to page marked as 
invalid in TLB. 

17 - First word of cache line corrupted on std to page marked as 
invalid in TLB. 

18 - Second word of cache line corrupted on std to page marked as 
invalid in TLB. 

11.1.42 Test 2a - Corrupted Block RAM Addressing and Data Test 

This is an addressing and data test for the Corrupted Block RAM. The legal error codes for test 
2aare: 

01 - Corrupted Bit not zero on first read of forward pass 
02 - No memory timeout fault was generated to target block address. 
03 - FVAR does not contain the correct FF space address after memory 

timeout fault. 
04 - Corrupted Bit did not toggle to one after memory timeout fault. 
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11.1.43 Test 2b - Corrupted Block Flush Inhibit Test 

This test verifies that cache transactions which reference a corrupted block result in a Kbus 
timeout. The legal error codes for test 2b are: 

01 - No memory timeout fault was generated when Memory Boards 
disabled. 

02 - No memory timeout fault was generated on reference to corrupted 
block. 

03 - FeR TOFM bit not set 
04 - FVAR does not contain the correct logical address 
05 - FPAR does not contain the correct physical address 

11.1.44 Test 2c - Cache Purge Transaction Test 
This test verifies that the cache and bus watcher logic can correctly perform a cache purge 
operation. The legal error codes for test 2c are: 

01 - Data returned on ld from logical address Ox4000 is not Oxff010000. 
02 - Status of logical block Ox4000 is either invalid, unowned, or 

both inval,id and unowned. 
03 - Data read from logical block Ox2000 is not zero. 
04 - Status of logical block Ox2000 is not invalid and unowned. 
05 - FPAR does not contain Ox10000. 

11.1.45 Test 2d - Cache Purge/Flush Transaction Test 
This test verifies that the cache and bus watcher logic can correctly perform a cache purge and 
flush operation. Legal error codes for test 2d are: 

01 - Data returned on ld from logical address Ox4020 is not Oxffffffdf. 
02 - Status of logical block Ox4020 is either invalid, unowned, or 

both invalid and unowned. 
03 - Data returned on ld from lo~ical address Ox4024 is not Oxff010024. 
04 - Status of logical block Ox2020 is not invalid and unowned. 
05 - FPAR does not contain Ox10020. 
06 - Data returned on re-read of logical address Ox2020 is not Ox20. 
07 - Data returned on re-read of logical address Ox14020 is not Ox4020. 

11.1.46 Test 2e - Virtual Cache Block Replacement Test 

This test exercises the cache and bus watcher cache block purge and flush logic by performing 
writes and reads to common physical addresses through all different logical addresses including 
FF space. Legal error codes for test 2e are: 
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01 - Data fault exception occurred during creation of the valid 
owned and dirty cache blocks. 

02 - Data fault exception occurred during read of target physical 
cache block. 

03 - Physical data read through logical address does not match 
expected physical address data. 

04 - Data fault exception occurred during read of target physical 
cache blocks using FF space addresses. 

05 - Physical data read through FF space address does not match 
expected physical address data. 

11.1.47 Test 2£ - ECC Write/Read Test 

This test verifies the ECC data path to and from each installed Memory Board. The legal error 
codes for test 2f are: 

01 - ECCS or data fault exception occurred on store of data 
pattern with ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of test 
pattern back to memory. 

03 - Single Bit ECC exception generated on re-read of test 
pattern from memory with ECC checking enabled. 

04 - Multi-bit ECC exception generated on re-read of test 
pattern from memory with ECC checking enabled. 

05 - Exception other than ECCS or ECCM generated on re-read 
of test pattern from memory with ECC checking enabled. 

06 - Data error in first word of cache line 0 
07 
08 
09 
Oa 
Ob 
Oc 
Od 

- Data 
- Data 
- Data 
- Data 
- Data 
- Data 
- Data 

error 
error 
error 
error 
error 
error 
error 

in second word of 
in first word of 
in second word of 
in first word of 
in second word of 
in first word of 
in second word of 

cache line 0 
cache line 1 
cache line 1 

cache line 2 
cache line 2 

cache line 3 
cache line 3 

11.1.48 Test 30 - ECC Single Bit Correction to 1 Test 

This test verifies that the ECC data correction logic can correct a bit from a zero to a one for all 
64 data bit positions. The test is performed independly for each all four cache lines. The legal 
error codes for test 30 are: 
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01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
07 - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 

11.1.49 Test 31 - ECC Single Bit Correction to 0 Test 

This test verifies that the ECC data correction logic can correct a bit from a one to a zero for all 
64 data bit positions. The test is performed independly for each all 4 cache lines. The legal error 
codes for test 31 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
O? - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 

11.1.50 Test 32 - ECC Single Bit Checkbyte Error Test 

This test verifies that single bit errors in the checkbyte are detectable and causes no cache line 
data corruption. The legal error codes for test 32 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
O? - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 
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11.1.51 Test 33 - ECC Multibit Error Detection Test 

This test verifies that all syndrome values which map to a two bit or more than two bit error 
results in the generation of a multibit ECC exception. The legal error codes for test 33 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than Data Fault exception was generated on 

re-read of target cache block. 
05 - FCR ECCM bit not set. 
06 - FVAR register contains incorrect address. 
07 - FCR not cleared after read of FVAR. 

11.1.52 Test 34 - ECC RAM Addressing and Data Test 

This is an addressing and data test for the fll'st megabyte of ECC memory. Only the first 
megabyte of memory are tested to keep execution time during power-up self test to a minimum. 
Legal error codes for test 34 are: 

1X - Data fault exception occurred during write of memory 
with initial data pattern. 

2X - ECCS or data fault exception occurred on first read of 
forward pass 

3X - Data miscompare occurred in upper 32 bits of cache line 
during forward pass 

4X - Data miscompare occurred in lower 32 bits of cache line 
during forward pass 

5X - Data fault exception occurred during flush of target 
memory block back to memory during forward pass. 

6X - ECCS or data fault exception occurred on second read of 
forward pass 

7X Data miscompare occurred in upper 32 bits of cache line 
during forward pass 

eX - Data miscompare occurred in lower 32 bits of cache line 
during forward pass 

9X - ECCS or data fault exception occurred on first read of 
reverse pass 

aX - Data miscompare occurred in upper 32 bits of cache line 
during reverse pass 

bX Data miscompare occurred in lower 32 bits of cache line 
during reverse pass 

cX - Data fault exception occurred during flush of target 
memory block back to memory during reverse pass. 

dX - ECCS or data fault exception occurred on second read of 
reverse pass 

eX - Data miscompare occurred in upper 32 bits of cache line 
during reverse pass 

fX Data miscompare occurred in lower 32 bits of cache line 
during reverse pass 
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11.1.53 Test 35 - FPU Register Load/Store Test 

This test verifies the primary interaction between the floating point unit and the memory 
system by performing a write/read test on one of the floating point register pairs. There are two 
test cases, one for single precision values and one for double-precision values. This test as well 
as all other floating point unit tests are only executed if the floating point unit is available on the 
CPU Board. Legal error codes for test 3S are: 

01 - After attempting to clear the ONE bit on the FPU state 
register, the queue (FO) is still not empty. 

02 Write read error for single precision load/store. 
03 - Write read error for double precision load/store (even register). 
04 - Write read error for double precision load/store (odd register) . 

11.1.54 Test 36 - FPU State Register Test 
The FPU state register (FSR) contains FPU mode and status information. This test as well as all 
other floating point unit tests are only executed if the floating point unit is available in the CPU 
Board. Legal error codes for test 36 are: 

01 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

02 - FSR write read error. 

11.1.55 Test 37 - FPU Add/Multiply/Divide Test 

This test verifies the path between the FPC and the floating point arithmetic units on the 
FPC/FALU and the FPC/FMULT interfaces. This test as welI as alI other floating point unit tests 
are only executed if the floating point unit is available in the CPU Board. Legal error codes for 
test 37 are: 

01 - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

02 - Incorrect single precision addition result. 
03 - Incorrect single precision multiplication result. 
04 - Incorrect double precision addition result (even register) . 
05 - Incorrect double precision addition result (odd register) . 
06 - Incorrect double precision multiplication result (even register). 
07 - Incorrect double precision mUltiplication result (odd register) . 
08 - Incorrect single precision division result. 
09 - Incorrect double precision division result (even register). 
Oa - Incorrect double prec~s~on division result (odd register) . 
Ob - FPU did not handled operand dependency correctly. 

11.1.56 Test 38 - FPU Queue Test 

The FPU queue <FQ) keeps tracks of floating point operations that are pending by the FPU when 
a floating point fp_exception trap occurs. This test as well as all other floating point unit tests 
are only executed if the floating point unit is available in the CPU Board. Legal error codes for 
this test are: 
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01 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

02 - FSR write read error while setting TEM (NV) bit. 
03 - FPU fp_exception trap did not occur when expected. 
04 - FSR ONE bit is clear when it should be set. 
05 - After attempting to clear the ONE bit on the FSR, the queue 

(FO) is still not empty. 

11.1.57 Test 39 • FPU Exceptions Test 

There are two floating point trap types that are generated by the FPU hardware. These are: 
fp_disabled and fp_exception. The FPU generates four types of exception traps: 

1. FPC sequence error exception 

2. Unimplemented floating point instruction exception (Not checked by this test. All 
instructions are implemented.) 

3. Unfinished floating point instruction exception 

4. IEEE exception 

IEEE exceptions are classified as follows: 

1. Invalid 

2. Overflow 

3. Underflow 

4. Division by zero 

5. Inexact 

This test verifies that the FPU generates these traps and exceptions properly by performing test 
cases for each type. This test as well as all other floating point unit tests are only executed if the 
floating point unit is available in the CPU Board. Legal error codes for the 13 cases in test 39 are: 

Test Case 1: fp_disabled trap 

01 - FPU fp_disabled trap did not occur when expected. 

Test Case 2: fp_exception IEEE-Invalid while enabled 

02 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

03 - FPU fp_exception trap did not occur when expected (IEEE-Invalid). 
04 - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Invalid. 

Test Case 3: fp_exception IEEE-Invalid while disabled 

05 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

06 - FPU fp_exception trap occured while traps were disabled (IEEE Invalid). 
07 - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Invalid. 

Test Case 4: fp_exception IEEE-Overflow while enabled 
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08 - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

09 - FPU fp_exception trap did not occur when expected (IEEE-Overflow). 
Oa - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Overflow. 

Test Case 5: fp _exception IEEE.Qverflow while disabled 

Ob - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

Oc - FPU fp_exception trap occured while traps were disabled (IEEE Overflow). 
Od - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Overflow. 

Test Case 6: fp_exceptlon IEEE-Underflow while enabled 

Oe - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

Of - FPU fp_exception trap did not occur when expected (IEEE~Underflow). 
10 - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Underflow. 

Test Case 7: fp_exception IEEE-Underflow while disabled 

11 - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

12 - FPU fp_exception trap occured while traps were disabled (IEEE underflow) 
13 - FPU fp_exception trap did not occured, but FSR CEXC'and AEXC bits 

are not set for Underflow. 

Test Case 8: fp_exception IEEE-Inexact while enabled 

14 - After attemptinqto clear the QNE bit on the FSR, the queue 
(FO) is still not empty. 

15 - FPU fp_exception trap did not occur when expected (IEEE-Inexact). 
16 - FPU fp~exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Inexact. 

Test Case 9: fp_exception IEEE-Inexact while disabled 

17 - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

18 - FPU fp exception trap occured while traps were disabled (IEEE lnexact). 
19 - FPU fp=exception trap did not occured, but FSR CEXC and AExC bits 

are not set for Inexact. 

Test Case 10: fp_exceptIon IEEE-Divide-By-Zero while enabled 

1a - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

1b - FPU fp_exception trap did not occur when expected (IEEE-Divide~by-Zero). 
1c - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Divide-by-Zero 

Test Case 11: fp_exception IEEE-Divide-By-Zero while disabled 
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1d - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

1e - FPU fp_exception trap occured while traps were disabled. 
1f - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Divide-By-Zero. 

Test Case 12: fp_exception Sequence-Error 

20 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

21 - FPU fp_exception trap did not occur when expected (IEEE-Divide-by-Zero). 
22 - FPU fp_exception trap did not occur when expected (SEQUENCE). 
23 - FPU fp_exception trap ocurred, but FSR FTT bits are not set 

for SEQUENCE. 

Test Case 13: fp_exception Unfinished-F1oating-Point-Instruction 

24 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

25 - FPU fp_exception trap did not occur when expected (UNFINISHED_FPOP). 
26 - FPU fp_exception trap ocurred, but FSR FTT bits are not set 

for UNFINISHED_FPOP 

11.1.58 Test 3a - FPU Condition Codes Test 

Floating point compares (FCMPS) and floating point condition (FBfcc) instructions interlock on 
the floating point condition codes. This condition codes are maintained by the FPU in the FSR. 
The condition codes supported by the FPU are: 

1. Equal Relation 

2. Greater-Than Relation 

3. Less-Than Relation 

4. Unordered Relation 

This test as well as all other floating point unit tests are only executed if the floating point unit is 
available in the CPU Board. Legal error codes for test 3a are: 

01 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

Test Case 1: Equal Relation when A == B 

02 - CC should reflect an equal relation, causing FBE 
instruction to fail. 

03 - FSR FCC bits not reflecting an equal relation when expected. 

Test Case 2: Equal Relation when A != B 

04 - CC should not reflect an equal relation, causing FBE 
instruction to fail. 

05 - FSR FCC bits reflecting an equal relation when not expected. 

Test Case 3: Greater-Than Relation when A > B 
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06 CC should reflect a greater-than relation, causing FBG 
instruction to fail. 

07 - FSR FCC bits not reflecting a greater-than relation when expected. 

Test Case 4: Greater-Than Relation when A < B 

08 - CC should not reflect a greater_than relation, causing FBG 
instruction to fail. 

09 - FSR FCC bits reflecting a greater-than relation when not expected. 

Test Case 5:. Less-Than Relation when A < B 

Oa - CC should reflect a less-than relation, causing FBL 
instruction to fail. 

Ob - FSR FCC bits not reflecting a less-than relation when expected. 

Test Case 6: Less-Than Relation when A > B 

Oc - CC should not reflect a less_than relation, causing FBL 
instruction to fail. 

Od - FSR FCC bits reflecting a less-than relation when not expected. 

Test Case 7: Unordered Relation when A unordered, Bordered 

Oe - CC should reflect an unordered relation, causing FBU 
instruction to fail. 

Of - FSR FCC bits not reflecting an unordered relation when expected. 

Test Case 8: Unordered Relation when A & Bordered 

10 - CC should not reflect an unordered relation, causing FBU 
instruction to fail. 

11 - FSR FCC bits reflecting an unordered relation when not expected. 

11.1.59 Test 3b - FPU Fast-Mode Enable Bit Test 

When the FPU is in fast mode, the operations on denorrnalized numbers should not generate a 
fp_exception trap. While this is the case in fast mode, the case for IEEE mode is that it will 
result in an exception. This test enables the FPU to operate in fast mode by setting the 
corresponding bit in the FSR. A floating point operation is then performed on a denormalized 
number in order to verify that a trap does not occur. This test as well as all other floating point 
unit tests are only executed if the floating point unit is available in the CPU Board. Legal error 
codes for test 3b are: 

01 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

02 - FAST mode was enable, but got an exception while operating 
on a denormalized number. 

11.1.60 Test 3c - Frame Buffer Test 

This is an addressing and data test for the frame buffer on the Graphics Boards configured into 
the system. This test supports the following Graphic Boards: 
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1. Monochrome Graphics Board (board-minor type = 0) 

Frame buffer size : 256 Kbytes 

2. Color Graphics Board (board-minor type = OxOl) 
Overlay Plane 1 size: 128 Kbytes 
Overlay Plane 2 size: 128 Kbytes 
Image Plane size : 2 Mbytes 

If an unknown Graphics Board is found in the system the test will not be performed. Legal error 
codes for test 3c are: 

ox - Data fault exception occurred during writing to board 
control register for board in slot X 

1X - Data fault exception occured during writing to board space 
register for board in slot X 

2x - Accumulated miscompares during forward pass exceeded error limit 
on overlay planes/frame-buffer for board in slot X 

3X - Accumulated miscompares during reverse pass exceeded error limit 
on overlay planes/frame-buffer for board in slot X 

4X - Acccumulated miscompares during forward pass exceeded error limit 
on image plane for board in slot X 

5X - Acccumulated miscompares during reverse pass exceeded error limit 
on image plane for board in slot X 

6X - Data fault exception occurred during write of initial data 
pattern to frame buffer in slot X 

7X - Data fault exception occurred on first read of forward pass 
for frame buffer in slot X 

ax - Data fault exception occurred during complement write of forward 
pass for frame buffer in slot X 

9X - Data fault exception occurred on second read of forward pass 
for frame buffer in slot X 

aX - Data fault exception occurred on first read of reverse pass 
for frame buffer in slot X 

bX - Data fault exception occurred 
pass for frame buffer in slot 

cX - Data fault exception occurred 
for frame buffer in slot X 

dX - Data fault exception occurred 
control register for board in 

eX - Data fault exception occurred 
control register for board in 

during complement write of reverse 
X 
on second read of reverse pass 

during writing to COLOR board video 
slot X 
during reading of COLOR board video 
slot X 

fX - Write/read error occurred on COLOR board video control register 
for board in slot X 

11.1.61 Test 3d • System Board Interrupt Generation Test 

This is a test of the interrupt register on the System Board and the ability of the System Board to 
generate all 16 vectors when enabled after reset. Part 1 first reads RIO address 17030000 to 
disable transmission of interrupts, then writes RIO address 17030000 with incrementing test 
patterns from 0 to Oxff. Each pattern is read back and verified. The legal error codes for test 
3d, part 1 are: 
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01 - Data fault exception occurred on initial read to disable 
System Board interrupt register. 

02 - Data fault exception occurred on write of pattern to 
System Board interrupt register. 

03 - Data fault exception occurred on read of System Board 
interrupt register. 

04 - Data pattern written does not match data pattern read from 
System Board interrupt register. 

Part 2 initializes the System Board interrupt register with the directed bit set and the destination 
ID set the BID of the CPU Board. System Board interrupts are then enabled by reading address 
17031000. The test verifies that all 16 interrupt vectors are received correctly. Note that this 
test will fail if a system reset is not performed inbetween passes. The legal error codes for test 
3d, part 2 are: 

05 - Timeout waiting to receive first interrupt (vector Ox8f) from 
System Board. 

06 - Exeption other than Serial Interrupt Controller occurred. 
07 - Higher priority interrupt vector was received 256 times without 

receiving expected vector. 
8X - Lower priority interrupt vector was received. Error code is the 

vector which was expected. 

11.1.62 Test 3e - Serial Port Reset Test 

This test verifies the reset state of both Z8530 sec chips on the System Board, controlling the 
keyboard/mouse and serial ports A/B. The legal error codes for test 3e are: 

10 - Data fault exception occurred during resetting 
mouse port. 

2X - Data fault exception occurred during resettinq 
X 

3X - Unexpected/Invalid reset state of portX 

The ports are assigned the following port numbers: 

Keyboard Port = 0 
Mouse Port - 1 
Serial Port A - 2 
Serial Port B = 3 

11.1.63 Test 3£ - Serial Port Internal Loopback Test. 

of 

of port 

This test performs an internal loopback test of both Z8530 sec chips on the System Board, 
controlling the keyboard/mouse and serial ports A/B. The legal error codes for teSt 3f are: 
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10 - Data fault exception occurred during resetting of mouse 
port 

2X - Data fault exception occurred during resetting of port X 
3X - Data fault exception occurred during programming of port X 
4X - Receive error on port X 
5X - Transmit error on port X 
6x - Timeout while waiting for Receive Character Available interrupt 

on port X 
7X - Incorrect interrupt vector receive while waiting for Receive 

Character Available interrupt on port X 
ax - Data miscompare (write/read) error on port X 
9X - Receive Character Available interrupt pending bit is inactive 

(Za530 RR2 Register) on port X 
aX - Timeout while waiting for Transmit Buffer Empty interrupt on 

port X 
bX - Incorrect interrupt vector receive while waiting for Transmit 

Buffer Empty interrupt on port X 
cX - Transmit Buffer Empty interrupt pending bit is inactive 

(Z8530 RR2 register) on port X 

The ports are assigned the foil wing port numbers: 

Keyboard Port 0 
Mouse Port 1 
Serial Port A 2 
Serial Port B 3 
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11.2 SeriesS Test Descriptions 

This section describes the system power-on self-tests that are used on Solboume Series5 
systems. In the these test descriptions, all test numbers and elTor codes are represented in two 
digit hex values. Refer to the System Power-On Self-Test Manual for more complete descriptions 
of these tests. Also refer to Appendix B, "SeriesS Considerations" of that manual. 

11.2.1 Test 01- Bootrom Checksum Test 

This test computes the checksum on the contents of the four, 27C512 EPROMS on the CPU 
Board that are used to contain the boot code and data. The expected checksum is burned into 
the EPROM when the ROMs are programed during manufacturing. Legal elTor codes for this 
test are: 

00 - Checksum 0 incorrect 04 - Checksum 4 incorrect 
01 - Checksum 1 incorrect 05 - Checksum 5 incorrect 
02 - Checksum 2 incorrect 06 - Checksum 6 incorrect 
03 - Checksum 3 incorrect 07 - Checksum 7 incorrect 

11.2.2 Test 02 - Diagnostic RAM Addressing and Data Test 
This is an addressing and data test for the diagnostic RAM on the CPU Board. The diagnostic 
RAM a two Kbyte static RAM which is accessed through alternate space (ASI) OxeO (see H/W 
description), and responds to every fourth address in the range 0 through Oxlffc inclusive. 
Legal elTor codes for this test are: 

01 - Data error on first forward pass read 
02 - Data error on second forward pass read 
03 - Data error on first reverse pass read 
04 - Data error on second reverse pass read 

11.2_3 Test 03 - Control-Data Bus Test 

This test reads the quiescent (undriven) state of the CPU's 32-bit, control data bus 64 Kbyte 
times and verifies that the bus is floats high (all ones). A common cause of failure for this test is 
that one of the bootrom outputs is sinking too much CUlTent and pulling the control data bus to 
the low state. 

Control data bus format 
31 0 

I byte 0 I by tel I byte2 I byte3 I 

Error encoding convention: 

01 - byte 3 corrupted 09 - bytes 
02 - byte 2 corrupted Oa - bytes 
03 - bytes 2 and 3 corrupted Ob - bytes 
04 - byte 1 corrupted Oc - bytes 
05 - bytes 1 and 3 corrupted Od - bytes 
06 - bytes 1 and 2 corrupted Oe - bytes 
07 - bytes 1, 2, and 3 corrupted Of - bytes 
08 - byte 0 corrupted 
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11.2.4 Test 04 - Control Registers Test 

This test verifies that the PDBA register can be written and read. Aside from the interrupt 
registers (see test 08) this is the only other register that is write-readable. Legal error codes for 
this test case are: 

01 - PDBA register write/read error 

11.2.5 Test 05 - GTLB/MTRAN Bus Data Test 
This test verifies that data path to the G1LB translation data and the PTE permissions bits are 
unique across the MTRAN bus. There are five cases for test OS, as follows: 

1. Write ones to the G1LB at index 0 and zeroes at index 1. The data is read back and 
verified. The legal error codes for test OS, case 1 are: 

01 - The instruction GTLB physical address field at index 0 
does not contain the data that was written. 

02 - The instruction GTLB physical address field at index 1 does 
not contain the data that was written. 

2. Walk a one across the status bits of the G1LB entry The legal error codes for test OS, case 2 
are: 

03 - The data GTLB physical address field does not contain the 
data that was written. 

04 - The data GTLB tag and status field does not contain the data 
that was written. 

3. Walk a one across the physical address field of the G1LB entry The legal error codes for 
test 05, case 3 are: 

05 - The data GTLB physical address field does not contain the 
data that was written. 

06 - The data GTLB tag and status field does not contain the data 
that was written. 

4. Walk a zero across the status bits of the G1LB entry The legal error codes for test OS, case 4 
are: 

07 - The data GTLB physical address field does not contain the 
data that was written. 

08 - The data GTLB tag and status field does not contain the data 
that was written. 

5. Walk a zero across the physical address field of the G1LB entry The legal error codes for 
test OS, case 5 are: 

09 - The data GTLB physical address field does not contain the 
data that was written. 

Oa - The data GTLB tag and status field does not contain the data 
that was written. 

11.2.6 Test 06 - GTLB RAM Addressing and Data Test 

This is a test of the physical address field of the G1LB RAMs. The legal error codes for test 06 
are: 
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01 - Data error on first forward pass read 
02 - Data error on second forward pass read 
03 - Data error on first reverse pass read 
04 - Data error on second reverse pass read 

11.2.7 Test 07 - ROM Addressing Test 

This is a read test of FE space data through the PTRAN address multiplexor. Legal error codes 
for this test are: 

01 - Data mismatch on first word read 
02 - Data mismatch on second word read 

11.2.8 Test 08 - Interrupt Registers Test 

This is a write/read test of the interrupt registers. There are four test cases, one for each register 
tested. The registers tested are: Device ID Register (DIR), Interrupt Priority Register (lPR), 
Interrupt Transmit Register (IXR), and the Interrupt Pending Vector Register (IPV). Legal error 
codes for this test are: 

01 - DIR register write read error 
02 - IPR register write read error 
03 - IXR register write read error 
04 - IPV register write read error 

11.2.9 Test 09 - Directed Interrupt Test 

This test verifies that the CPU Board interrupt logic can send a directed interrupt to itself. There 
are two test cases: 

1. Verifies that directed interrupts can be transmitted and received 

2. Verifies that the interrupt receiver priority level (set in the IPR register) effectively inhibits 
interrupts from being received. 

Legal error codes for test 09, case 1 are: 

01 - Interrupt was never acknowledged (ITXC<gone> bit not set). 
02 - Interrupt was acknowledged but no incorrect interrupt 

type was generated. 
03 - Interrupt occurred, but the IRXC<P> bit was not set. 
04 - Interrupt occurred, but the IPV register did not 

contain the transmitted vector. 

Legal error codes for test 09, case 2 is: 

05 - Interrupt was acknowledged (ITXC<gone> bit set). 
06 - Unexpected interrupt was generated 

11.2.10 Test Oa - GTLB TAG Addressing and Data Test 

This is a test of the TAG, and status fields of the GTLB. The legal error codes for test Oa are: 
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01 - Tag or status error on first forward pass read 
02 - Tag or stCltus error on second forward pass read 
03 - Tag or status error on first reverse pass read 
04 - Tag or status error on second reverse pass read 

11.2.11 Test Ob - GTLB Tag Match Test 

This is a test of the GTLB Tag RAM chips. There are six cases for test Db, as follows: 

1. GTLB tag set to walking 1 pattern with logical address set to zero. The legal error codes 
for test Db, case 1 are: 

01 - GTLB tag RAM match error using instruction GTLB. 
02 - GTLB tag RAM match error using data GTLB. 

2. GTLB tag set to walking D pattern with logical address set to all ones. The legal error 
codes for test Db, case 2 are: 

03 - GTLB tag RAM match error using instruction GTLB. 
04 - GTLB tag RAM match error using data GTLB. 

3. GTLB tag set to zero with logical address set to walking 1 pattern. The legal error codes 
for test Db, case 3 are: 

05 - GTLB tag RAM match error using instruction GTLB. 
06 - GTLB tag RAM match error using data GTLB. 

4. GTLB tag set to all ones with logical address set to walking zero pattern. The legal error 
codes for test Db, case 4 are: 

07 - GTLB tag RAM match error using instruction GTLB. 
08 - GTLB tag RAM match error using data GTLB. 

5. GTLB tag set to all ones, clear GTLB tags with clear GTLB tags ASI, verify with logical 
address set to walking one pattern. The legal error codes for test Db, case 5 are: 

09 - GTLB tag RAM match error using instruction GTLB. 
Oa - GTLB tag RAM match error using data GTLB. 

6. GTLB tag set to all ones, clear GTLB tags with clear GTLB/fTLB tags ASI, verify with 
logical address set to walking one pattern. The legal error codes for test Db, case 6 are: 

Ob - GTLB tag RAM match error using instruction GTLB. 
Oc - GTLB tag RAM match error using data GTLB. 

11.2.12 Test Oc - FfLBffAGADD Bus Data Test 

This test verifies that data path from the GTLB/MTRAN/fTLB input to the fTLB translation 
data and the PTE permissions bits are unique across the TAGADD bus to the fTIR. There are 
five cases for test Dc, as follows: 

1. Walk a one across the status bits of the fTLB entry The legal error codes for test Dc, case 1 
are: 

01 - The instruction FTLB physical address field read from the 
FTIR does not contain the data that was written. 

02 - The instruction FTLB tag and status field does not contain 
the data that was written. 
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2. Walk a one across the physical address field of the FfLB entry The legal error codes for 
test Oc, case 2 are: 

03 - The instruction FTLB physical address field read from the 
FTIR does not contain the data that was written. 

04 - The instruction FTLB tag and status field does not contain 
the data that was written. 

3. Walk a zero across the status bits of the FfLB entry The legal error codes for test Oc, case 3 
are: 

05 - The instruction FTLB physical address field read from the 
FTIR does not contain the data that was written. 

06 - The instruction FTLB tag and status field does not contain 
the data that was written. 

4. Walk a zero across the physical address field of the FfLB entry The legal error codes for 
test Oc, case 4 are: 

07 - The instruction FTLB physical address field read from the 
FTIR does not contain the data that was written. 

08 - The instruction FTLB tag and status field does not contain 
the data that was written. 

11.2.13 Test Od - FfLB RAM Addressing and Data Test 

This is a test of the physical address, TAG and status fields of the FfLB rams. The legal error 
codes for test Od are: 

01 - Data error on first forward pass read 
02 - Tag or status error on first forward pass read 
03 - Data error on second forward pass read 
04 - Tag or status error on second forward pass read 
05 - Data error on first reverse pass read 
06 - Tag or status error on first reverse pass read 
07 - Data error on second reverse pass read 
08 - Tag or status error on second reverse pass read 

11.2.14 Test Oe - FfLB Tag Match Test 

This is a test of the FfLB Tag RAM chips. The test program loads a series of patterns into the 
tag portion of the FfLB then performs a series of TIR reads to verify that the FfLB tag RAMs 
work correctly (see Appendix B for more information on TIR reads). There are six cases for test 
Oe, as follows: 

1. FfLB tag set to walking 1 pattern with logical address set to zero. The legal error codes 
for test Oe, case 1 are: 

01 - FTLB tag RAM match error using instruction FTLB. 
02 - FTLB tag RAM match error using data FTLB. 

2. FfLB tag set to walking 0 pattern with logical address set to all ones. The legal error codes 
for test Oe, case 2 are: 

03 - FTLB tag RAM match error using instruction FTLB. 
04 - FTLB tag RAM match error using data FTLB. 
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3. FILB tag set to zero with logical address set to walking 1 pattern. The legal error codes 
for test Oe, case 3 are: 

05 - FTLB tag RAM match error using instruction FTLB. 
06 - FTLB tag RAM match error using data FTLB. 

4. FILB tag set to all ones with logical address set to walking zero pattern. The legal error 
codes for test Oe, case 4 are: 

07 - FTLB tag RAM match error using instruction FTLB. 
08 - FTLB tag RAM match error using data FTLB. 

5. FI'LB tag set to all ones, clear FI'LB tags with clear FI'LB tags ASI, verify with logical 
address set to walking one pattern. The legal error codes for test Oe, case 5 are: 

09 - FTLB tag RAM match error using instruction FTLB. 
Oa - FTLB tag RAM match error using data FTLB. 

6. FI'LB tag set to all ones, clear FILB tags with clear GTLB/FILB tags ASI, verify with 
logical address set to walking one pattern. The legal error codes for test Oe, case 6 are: 

Ob - FTLB tag RAM match error using instruction FTLB. 
Oc - FTLB tag RAM match error using data FTLB. 

11.2.15 Test Of - Corrupted Block RAM Reset Test 

This test verifies that all the bits in the Corrupted Block RAM can be reset. The legal error code 
for test 11 is: 

01 - Corrupted bit not zero after reset 

11.2.16 Test 10 - Cache Tag RAM Address and Data Test 

ThIs is an addressing and data test for the cache tag RAMs. The legal error codes for test Of are: 

01 - Cache tag match or status error on first forward pass read 
02 - Cache tag match or status error when TLB physical address 

field was complemented on forward pass 
03 - Cache tag match or status error on second forward pass read 
04 - Cache tag match or status error on first reverse pass read 
05 - Cache tag match or status error when TLB physical address 

field was complemented on reverse pass 
06 - Cache tag match or status error on second reverse pass read 

11.2.17 Test 11- Cache Tag Match Test 

This is a test of the Cache Tag match detection logic. There are 5 test cases as outlined below: 

1. Cache tags set to walking 1 pattern with physical address field of TLB set to zero. The 
legal error codes for test 10, case 1 are: 

01 - Cache tag status error 

2. Cache tags set to walking 0 pattern with physical address field of TLB set to all ones. The 
legal error codes for test 10, case 2 are: 

02 - CaChe tag status error 
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3. Cache tags set to zero with physical address field of TLB set to walking 1 pattern. The 
legal error codes for test 10, case 3 are: 

03 - Cache tag status error 

4. Cache tags set to all ones with physical address field of TLB set to walking zero pattern. 
The legal error codes for test 10, case 4 are: 

04 - Cache tag status error 

5. Cache tags set to all ones, clear cache tags with ASI Ox94 (cache tag clear ASI), and us 
physical address field of TLB set to walking zero pattern. The legal error codes for test 10, 
case 5 are: 

05 - Cache tag status error 

11.2.18 Test 12 - Cache RAM Bank Uniqueness Test 

This test verifies the the cache RAM bank selection mechanism works. The cache RAM bank is 
selected on the basis of logical address bit 2. The test also verifies that byte, half-word, word 
and double-word loads and stores to the cache can be performed. It is verified for each access 
type, that the data is placed in the correct byte/half-word/word/double-word position in the 
cache. This test writes patterns of various sizes into the first eight bytes (addresses 0-7) of the 
cache. The seqeunces of pattern writes and reads and associated error codes are shown below: 
Initial state: Address 0 written with Ox55555555, address 4 written with Oxaaaaaaaa. 

Byte: 0 1 2 3 4 5 6 7 

~~I~I~I~I~IMIMIMIMI 
Error code 01 - word read at address 0 is not Ox55555555 
Error code 02 - word read at address 4 is not Oxaaaaaaaa 

Second state: Address 0 written with Oxaaaa, address 4 written with Ox5555. 

Byte: 0 12 3 4 5 6 7 

~~IMIMI~I~I~I~IMIMI 
Error code 03 - word read at address 0 not Oxaaaa5555 
Error code 04 - word read at address 4 not Ox5555aaaa 
Error code 05 - double byte read at address 2 not Ox5555 
Error code 06 - double byte read at address 6 not Oxaaaa 

Third state: Address 0 and 7 written with Ox55, address 3 and 4 written with Oxaa. 

Byte: 0 234567 
Data: 55 aa 55 aa aa 55 aa 55 
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Error code 07 - word read at address 0 not Ox55aa55aa 
Error code 08 - word read at address 4 not Oxaa55aa55 
Error code 09 - double byte read at address 0 not Ox55aa 
Error code Oa - double byte read at address 4 not Oxaa55 
Error code Ob - byte read at address 0 not Ox55 
Error code Oc - byte read at address 4 not Oxaa 
Error code Od - byte read at address 1 not Oxaa 
Error code Oe - byte read at address 5 not Ox55 
Error code Of - byte read at address 2 not Ox55 
Error code 10 - byte read at address 6 not Oxaa 
Error code 11 - byte read at address 3 not Oxaa 
Error code 12 - byte read at address 7 not Ox55 

Fourth state: Address 0 written with Oxaaaaaaaa55555555 (double word write). 

Byte: 0 1 2 3 4 5 6 7 
Data: I aa I aa I aa I aa I 55 I 55 I 55 I 55 I 

Error code 13 - double word read at address 0, first word not Oxaaaaaaaa 
Error code 14 - double word read at address 0, second word not OxS5555555 

11.2.19 Test 13 - Cache RAM Addressing and Data Test 
This is an addressing and data test for the Cache Data RAMs. The legal error codes for test 13 
are: 

01 - Data error on first forward pass read 
02 - Data error on second forward pass read 
03 - Data error on first reverse pass read 
04 - Data errOr on second reverse pass read 

11.2.20 Test 14 - Flush RAM Addressing and Data Test 
This is an addressing and data test for the Flush RAMs. The legal error codes for this test are: 

01 - flush address data error on first read of forward pass 
02 - flush address data error on second read of forward pass 
03 - flush address data error on first read of reverse pass 
04 - flush address data error on second read of reverse pass 

11.2.21 Test 15 .. Dirty Block RAM Addressing and Data Test 

This is an addressing and data test for the Dirty Block Data RAM. The legal error codes for test 
ISis: 

01 - Data error on first forward pass read 
02 - Data error on second forward pass read 
03 - Data error on first reverse pass read 
04 - Data error on second reverse pass read 
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11.2.22 Test 16 - MMU Fault Test 

This test verifies that all types of MMU exceptions can be generated. The 15 cases for test 16 
follow: 

Case 1: TMlSS fault (TLBINV true) 

This test case maps logical address patterns to physical address zero, but the TLB entries are 
invalid (sets TLBINV). The logical address pattern is then used as the address in ld instruction. 
The legal error codes test 16, case 1 are: 

01 - Data exception was not generated 
02 - FCR<TMISS> bit was not set 
03 - FVAR register did not contain correct value when read 

Case 2: TMlSS fault (TLBINV false) AND (GMt = false) AND (GMO = true) 

This test case maps logical address zero to physical address zero to create a valid TLB entry in 
TLB location zero, then performs a ld instruction at logical address OxOaOOOOOO. This causes 
a TLB miss to occur due to a tag mismatch. The FCR and FV AR are read after the exception is 
verified. The legal error codes test 16, case 2 are: 

04 - Data exception was not generated 
05 - FCR TMISS fault bit was not set 
06 - FVAR register did not contain correct value when read 

Case 3: TMlSS fault (TLBINV false) AND (GMt = true) AND (GMO = false) 

This is the same as case 2 except that Ox50000000 is used for the logical address for the ld 
instruction (GMI = true, GMO = false). The legal error codes test 16, case 3 are: 

07 - Data exception was not generated 
08 - FCR TMISS fault bit was not set 
09 - FVAR register did not contain correct value when read 

Case 4: UPF fault (UP true) 

This test case maps logical address Oxaaaaaaaa to physical address 0 and sets the UP bit (user 
protect) in the TLB, the FTLB is invalidated, then accesses logical address Oxaaaaaaaa 
through user data space to cause a GTLB UP fault. The FCR and FVAR are read after the 
exception is verified. The legal error codes test 16, case 4 are: 

Oa - Data exception was not generated 
Ob - FCR UPF bit was not set 
Oc - The FCR was found with more than just the UPF bit set 
Od - FVAR register did not contain correct value when read 

Case 5: UPF fault (UP true) 

This is the same as case 4 except logical address Ox55555555 is used. The legal error codes 
test 16, case 5 are: 

Oe - Data exception was not generated 
Of - FCR UPF bit was not set 
10 - The FCR was found with more than just the UPF bit set 
11 - FVAR register did not contain correct value when read 

Case 6: UPF fault (UP true) 

11-44 System Power-On Self-Tests 



Solboume Confidential Information - Do Not Distribute 

This test case maps logical address Oxaaaaaaaa to physical address 0 and sets the UP bit (user 
protect) in the TLB, then accesses a half word at logical address Oxaaaaaaaa through user 
data space to cause a fTLB UP fault. 

12 - Data exception was not generated 
13 - FeR UPF bit was not set 
14 - The FeR was found with more than just the UPF bit set 
15 - FVAR register did not contain correct value when read 

Case 1: UPF fault (UP true) 

This is the same as case 6 except an atomic ldstub through logical address 0x55555555 is used. 
The legal error codes test 16, case 7 are: 

16 - Data exception was not generated 
17 - FeR UPF bit was not set 
18 - The FeR was found with more than just the UPF bit set 
19 - FVAR register did not contain correct value when read 

Case 8: UPF fault (FE space) 

This test case loads a byte from logical address Oxff555555 through user data space to cause 
a User Protection fault. The legal error codes test 16, case 8 are: 

la - Data exception was not generated 
lb - FeR UPF bit was not set 
lc - The FeR was found with more than just the UPF bit set 
1d - FVAR register did not contain correct value when read 

Case 9: UPF fault (FE space) 

This is the same as case 8 except it loads a half word and logical address Oxfeaaaaaa is used. 
The legal error codes test 16, case 9 are: 

Ie - Data exception was not generated 
If - FeR UPF bit was not set 
20 - The FeR was found with more than just the UPF bit set 
21 - FVAR register did not contain correct value when read 

Case 10: WPF fault (RO) 

This test case maps logical address zero to physical address zero and sets the TLB RO bit. 
Performs st word instruction to logical address zero to cause a WPF fault to occur. 

22 - Data exception was not generated 
23 - FeR WPF bit was not set 
24 - The FeR was found with more than just the WPF bit set 
25 - FVAR register did not contain correct value when read 

Case 11: WPF fault (RO) 

This is the same as case 10 except an atomic ldstub instruction is used. The legal error codes test 
16, case 11 are: 
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26 - Data exception was not generated 
27 - FCR WPF bit was not set 
28 - The FCR was found with more than just the WPF bit set 
29 - FVAR register did not contain correct value when read 

Case 12: WPF fault (RO) 

This test case maps logical address Oxfdffffff to physical address zero and sets the TLB RO 
bit. The legal error codes test 16, case 12 are: 

2a - Data exception was not generated 
2b - FCR WPF bit was not set 
2c - The FCR was found with more than just the WPF bit set 
2d - FVAR register did not contain 'correct value when read 

Case 13: WPF fault (RO) 

This is the same as case 12 except logical address OxOOffffff is mapped to physical address 
zero and an atomic ldstuba instruction is used. The legal error codes test 16, case 13 are: 

2e - Data exception was not generated 
2f - FCR WPF bit was not set 
30 - The FCR was found with more than just the WPF bit set 
31 - FVAR register did not contain correct value when read 

Case 14: POF fault (PV false) 

This test case maps logical address Ox66666666 to physical address zero and clears the TLB 
page valid bit, then performs ld halfword instruction to logical address 0 x 66666666 to cause a 
pop fault. The legal error codes test 16, case 14 are: 

32 - Data exception was not generated 
33 - FCR POF bit was not set 
34 - The FCR was found with more than just the POF bit set 
35 - FVAR register did not contain correct value when read 

Case 15: POF fault (PV false) 

This is the same as case 14 except logical address Ox99999999 is mapped to physical address 
zero and a byte load is used. The legal error codes test 16, case 15 are: 

36 - Data exception was not generated 
37 - FCR POF bit was not set 
34 - The FCR was found with more than just the POF bit set 
39 - FVAR register did not contain correct value when read 

11.2.23 Test 17 - Double Trap Reset Test 
This test verifies that the CPU generates a reset when a double trap condition is detected. The 
legal error codes for test 17 are: 

01 - A double trap did not occur 
02 - No reset was flagged in the FCR 
03 - FCR<DTRAP> was found low after a double trap 
04 - FCR<WDOG> was found active after a double trap 

11-46 System Power-On Self-Tests 



Solbourne Confidential Information - Do Not Distribute 

11.2.24 Test 18 - Watch Dog Timer Reset Test 
This test verifies that the CPU generates a reset when a watch dog timer trap is detected. The 
legal error codes for test 18 are: 

01 - A watch dog reset occurred after .75 times the time period 
02 - A watch dog reset occurred after the timer was cleared 
03 - A watch dog reset did not occur after 1.1 times the time period 
04 - FCR<WOOG> was found low after a watch dog reset 
05 - FCR<DTRAP> was found active after a watch dog reset 

11.2.25 Test 19 - Timeout Fault Test 
This test verifies that the timeout logic on the System Board is functional, that the Kbus Address 
lines are good and that the timeout detection logic in the bus watcher section of the CPU Board 
is functional. This is the first test which generates Kbus cycles. The 4 cases for test 18 follow: 

Case 1: RIO timeout 

Case 1 executes 50 Kbus transactions; all of which are to ID space of non-existant slot O. 
Patterns consisting of all zeroes, all ones, walking 1 and walking O's are used for the low 24 bits 
of the RIO address. The legal error codes test 18, case 1 are: 

01 - Data fault exception was not generated 
02 - FCR TOF bits was not set 
03 - FVAR register did not contain correct RIO address. 

Case 2: Double-word RIO timeout 

Case 2 verifies that double-word RIO accesses generate an exception and that the PDR register 
specifies that a double-word RIO transaction type was issued. The legal error codes test 18, case 
2 are: 

04 - Data fault exception was not generated for a double-word ld 
instruction 

05 - The PDR did not specify that a double-word RIO transaction was 
issued 

06 - Data fault exception was not generated for a double-word st 
instruction 

07 - The PDR did not specify that a double-word RIO transaction was 
issued 

Case 3: Fast RIO (flO) timeout 

Case 3 verifies that Fast RIO accesses generate a level 8 interrupt when the cycle times out and 
that the MMCR<PIO> bit indicates the correct status. The legal error codes test 18, case 3 are: 

08 - A level 8 interrupt was not generated for an FlO timeout 
09 - The pending I/O (PIO) bit was not set when the level 8 interrupt 

occurred 
Oa - FTOR register did not contain correct physical RIO address after 

a fast RIO timeout 
Ob - The pending I/O (PIO) bit did not clear after the FTOR was rearmed 
Oc - The pending I/O (PIO) bit did not set when the fast RIO was started 

Case 4: Double-word fast RIO (flO) timeout 
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Case 4 verifies that Fast RIO accesses generate a level 8 interrupt when a double-word fast RIO 
cycle is used. Space 1 through 15 is also used to verify that the FfOR latches the correct 
address. The legal error codes test 18, case 4 are: 

Od - A level a interrupt was not generated for a double-word FlO 
timeout 

Oe - The PDR did not specify that a double-word RIO transaction was 
issued. 

Of - The FTOR did not contain the correct address after a double-word 
RIO transaction was issued 

11.2.26 Test la - Slot Probe and Configuration Test 
This test probes each slot of the system by performing ID space reads and determines the board 
types which occupy each slot. In the following error codes. the X represents the slot number of 
the target board. 

Ox - Exception other than Data Fault occurred during ID SPACE 
read of slot X 

lX - Data exception occurred during initial probe, but FCR TOF 
was not set. 

2X - FVAR contained incorrect logical RIO address. 
4X - Unrecognizeable board type code read from slot X 
5X - Data exception fault occurred during ID space read after valid 

board was previously located in slot X 
6x - Data exception fault occurred during RIO read of optional header 

in IDPROM on board in slot X 
7X - Data fault exception occurred during RIO read of graphics minor 

board number from rOPROM in slot X 
ax - Data fault exception occurred during RIO read of device identifier 

string from IDPROM in slot X 
9X - Data fault exception occurred during RIO read of Memory Board size 

from IDPROM in slot X 
ax - Zero size parameter read from IDPROM on Memory Board in slot X 
bx - Invalid Memory Board siz'1l read from rDPROM in sl.ot X 

Not an even 16 Mbyte multiple. 
cO - System Board count is not 1 (0 or more than 1) . 
cl - No Memory Boards were located. 
c2 - No CPU Boards were located. 
dO - Data exception occurred reading EAROM BOOTMODE variable. 

11.2.27 Test lb - IDPROM Checksum Test 
This test examines the configuration information obtained from the Slot Probe and 
configuration test and for each board identified, performS an IDPROM checksum test. The legal 
error codes for test la are: 
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1X - Data exception fault occurred while reading IDPROM size from 
the board in slot X 

2x - Zero size field for IDPROM on board in slot X 
3x - Data exception fault occurred while performing checksum on 

IDPROM on board in slot X 
4X - IDPROM checksum error for board in slot X 
5X - Data exception fault occurred while reading the optional header 

field of the IDPROM on board in slot X 

11.2.28 Test lc - CPU Status Register Test 
This test verifies the ability of the CPU status register to retain data. The legal error code for test 
lbare: 

01 - Data errOr was found in the CPUSTAT register 

11.2.29 Test Id - Master/Slave CPU Determination Test 

This test determines which CPU in the system is to become the master CPU when multiple 
CPUs exist. The legal error codes for test lc are: 

10 - Data fault occurred accessing own CPUSTAT register 
.2x - Data fault occurred accessing CPUSTAT register of CPU in slot X 
30 - Data fault occurred accessing EAROM 

11.2.30 Test Ie - Bus Watcher Tag Reset Test 

The legal error codes for test ld are: 

01 - Match or Own status error after initial write of tags 
and status. 

02 - Match or Own status error after reset of bus watcher tags 
status bits. 

11.2.31 Test If - Bus Watcher Tag RAM Addressing Test 
This test verifies the address lines for the Bus Watcher tag and status rams. The legal error 
codes for test Ie, case I are: 

01 - Bus watcher tag match status error on read of tag location 
other than zero. 

02 - Bus watcher tag match status error on read of tag location 
zero. 

The test is then repeated using locations corresponding to a single address bit off (OxlffcO, 
Ox1ffaO ... , OxffeO), and address OxlffeO is written with zero. The legal error codes for 
this test Ie, case 2 are: 

03 - Bus watcher tag match status error on read of tag location 
other than OxlffeO. 

04 - Bus watcher tag match status error on read of tag location 
OxlffeO. 
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11.2.32 Test 20 • Bus Watcher Tag Comparitors Test 

This is a test of the Bus Watcher Tag match detection logic. There are two test cases. The legal 
error codes for test 1 f, case 1 are: 

01 - match status error 

The legal error codes for test 1 f, case 2 are: 

02 - match status error 

11.2.33 Test 21 • Bus Watcher Tag RAM Address and Data Test 

This is an addressing and data test for the bus watcher tag RAMs. The legal error codes for test 
20 are: 

01 - PMO/PM1/0WN status error on first read of forward pass 
02 - PMO/PM1/0WN status error on second read of forward pass 
03 - PMO/PM1/0WN status error on first read of reverse pass 
04 - PMO/PM1/0WN status error on second read of reverse pass 

11.2.34 Test 22 • Kbus Transaction Type Test 

This test verifies that the CPU presents the correct TIYPE to the KBus for the operations used. 
There are two test cases for test 21: Case 1: Generate cacheable transactions and verify proper 
types in the PDR. The legal error codes for test 21, case 1 are: 

01 - The PDR contained the wrong ttype for a read and invalidate 
bus cycle 

02 - Access to KBus diagnostic transaction for write and invalidate 
did not generate an expected data exception 

03 - The PDR contained the wrong ttype for a write and inva.lidate 
bus cycle 

04 - The PDR contained the wrong ttype for a cacheable read 
bus cycle 

Case 2: Generate RIO transactions of various sizes to unused slot 0 and verify proper types in 
the PDR. The legal error codes for test 21, case 2 are: 
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05 - A data exception error was not generated for an 8 bit RIO 
read cycle 

06 - The FDR contained the wrong ttype for an 8 bit RIO read cycle 
07 - A data exception error was not generated for a 16 bit RIO 

read cycle 
08 - The FDR contained the wrong ttype for a 16 bit RIO read cycle 
09 - A data exception error was not generated for a 32 bit RIO 

read cycle 
Oa - The FDR contained the wrong ttype for a 32 bit RIO read cycle 
Ob - A data exception error was not generated for an 8 bit RIO 

read-modify-write cycle 
Oc - The FDR contained the wrong ttype for an 8 bit RIO 

read-modify-write cycle 
Od - A data exception error was not generated for an 8 bit RIO 

write cycle 
Oe - The FDR contained the wrong ttype for an 8 bit RIO write cycle 
Of - A data exception error was not generated for a 16 bit RIO 

write cycle 
10 - The FDR contained the wrong ttype for a 16 bit RIO write cycle 
11 - A data exception error was not generated for a 32 bit RIO 

write cycle 
12 - The FDR contained the wrong ttype for a 32 bit RIO write cycle 

11.2.35 Test 23 - Memory Board Base Address and Enable Register Test 

This is a test for the Base Address Register and Enable Register on each installed Memory Board. 
The legal error codes for test 22 are: 

1X - Data exception fault occurred writing base address register of 
Memory Board in slot X 

2X - Data exception fault occurred reading base address register of 
Memory Board in slot X 

3X - Data miscompare error for base address register on Memory Board 
in slot X 

4X - Data exception fault occurred writing enable register of Memory 
Board in slot X 

5X - Data exception fault occurred reading enable register of Memory 
Board in slot X 

6x - Data miscompare error for enable register on Memory Board 
in slot X. 

11.2.36 Test 24 - Memory Board Uniqueness Test 

This test verifies that all installed Memory Boards can be accessed independently of all others. 
This is the first test which attempts to write and read memory and thereby test the bus watchers 
ability to perform Kbus transactions other than RIO types. The legal error codes for test 23 are: 
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ox - Indicates an exception occurred on the initial "stb" instruction. 
The error code is the slot number of the target Memory Board. 

lX - Indicates that a read of the data cached on the initial "stb" 
is not readable from the cache. The low nibble of the error 
code is the slot number. 

2x - Indicates an exception occurred on the flush operation. This 
is the instruction which causes the block flush back to memory. 
The low nibble of the error code is the slot number. 

3X - Indicates an exception occurred on the re-read of target byte. 
The low nibble of the error code is the siot number. 

4X - Indicates a data error on the re-read on target byte. This is 
the instruction which causes the target block to be re-cached 
and supplied to the cpu. The low nibble of the error code is 
the slot number. 

11.2.37 Test 25 - Memory Board Address Uniqueness Test 
This test verifies the uniqueness of the upper bits of the memory address. The legal error codes 
for test 24, case 1 are: 

OX - Indicates that the Memory Board responded when it should not 
have. The base address register of the target board is set to 
OxOO and it responded to some other board address. The low 
nibble of the error code is the slot number of the target 
Memory Board. 

lX - Indicates that the wrong exception type occurred when the 
Memory Board was read. The expected exception vector is 
9. The low nibble of the error code is the slot number of 
the target Memory Board. 

2X - FCR <TOF> bit was not set when exception occurred. The low 
nibble of the error code is the slot number of the target memory 
board. 

3X - FVAR register did not contain the correct address when the 
exception occurred. The low nibble of the error code is the 
slot number of the target memory board. 

The test is repeated using Oxff in the Base Address register and a walking zero pattern on the 
upper significant bits of the address. The legal error codes for test 24, case 2 are: 
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5X - Indicates that the Memory Board responded when it should not 
have. The base address register of the target board is set to 
OxOO and it responded to some other board address. The low 
nibble of the error code is the slot number of the target 
Memory Board. 

6X - Indicates that the wrong exception type occurred when the 
Memory Board was read. The expected exception vector is 
9. The low nibble of the error code is the slot number of 
the target Memory Board. 

7X - FeR <TOF> bit was not set when exception occurred. The low 
nibble of the error code is the slot number of the target memory 
board. 

aX - FVAR register did not contain the correct address when the 
exception occurred. The low nibble of the error code is the 
slot number of the target memory board. 

11.2.38 Test 26 - Memory Board Addressing Test 
This test verifies that each installed Memory Board can respond to all unique Memory Board 
addresses (OXOO through OXOf). The legal error codes for test 25 are: 

OX - Indicates that an exception occurred when the board address 
was written. The low nibble of the error code is the slot 
number of the target Memory Board. 

lX - Indicates that an exception occurred when flushing the target 
block back to memory. The low nibble of the error code is the 
slot number of the target Memory Board. 

2X - Indicates that an exception occurred when the board address 
was read. The low nibble of the error code is the slot 
number of the target Memory Board. 

3X - Indicates the wrong data was returned from the target Memory 
Board. The low nibble of the error code is the slot number of 
the target Memory Board. 

11.2.39 Test 27 - Memory Board Block Addressability Test 
This test verifies the uniqueness of the address lines on each installed Memory Board. The 16 
Mbyte Memory Board address is broken down as follows: 

OxOOOOOOOO - Ox007fffeO: Low a Mbyte Bank 
Ox00800000 - OxOOffffeO: High 8 Mbyte Bank 

The legal error codes for test 26 are: 
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ox - Data fault exception occurred on Id instruction using w~lking 
0/1 address from Memory Board in slot X. 

lX - Data miscompare occurred on ld instruction using walking 0/1 
address from Memory Board in slot x. 

2X - Data fault exception occurred on Id instruction using all 
zeroes/ones address from Memory Board in slot x. 

3x - Data miscompare occurred on ld instruction using all zeroes/ones 
address from Memory Board in slot X.' 

4X - Data fault exception occurred on st instruction using walking 
0/1 address on Memory Board in slot x. 

5X - Data fault exception occurred on ld instruction after data from 
Memory Board X was already cached. 

6x - Data miscompare occurred on ld instruction after data from 
Memory Board X was already cached. 

7X - Data fault exception occurred on st instruction using all 
zeroes/ones address on Memory Board in slot X. 

ex - Data fault exception occurred on ld instruction after data from 
Memory Board X was already cached. 

9X - Data miscompare occurred on ld instruction after data from 
Memory Board X was already cached. 

11.2.40 Test 28 - Memory Board RAM Addressing and Data Test 
This is an addressing and data test for the first 1 Mbyte of memory. Only the first 1 Mbyteof 
memory is tested to keep execution time during power-up self test to a minimum. Legal error 
codes for test 27 are: 

lX - Data fault exception occurred during write of memory 
with initial data pattern. 

2X - Data fault exception occurred on first read of forward pass 
3X - Data miscompare occurred on first read of forward pass 
4X - Data fault exception occurred during flush of target 

memory block back to memory during forward pass. 
5X - Data fault exception occurred on second read of forward pass 
6X - Data miscompare occurred on second read of forward pass 
7X - Data fault exception occurred on first read of reverse pass 
eX - Data miscompare occurred on first read of reverse pass 
9X - Data fault exception occurred during flush of target 

memory block back to memory during reverse pass. 
aX - Data fault exception occurred on second read of reverse pass 
bX - Data miscompare occurred on second read of reverse pass 

11.2.41 Test 29 - Cache Fill-Flush Test 

This test fills the entire 128 Kbytes of cache RAM with the first 128 Kbytes of the bootrom code. 
Next. the second 128 Kbytes of bootrom code is then written to the cache: This should displace 
the contents of the cache out to physical memory. The legal error codes for test 28 are: 
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01 - Data fault exception occurred on st instruction to 
memory while loading cache with first 128 Kbytes of 
bootrom code. 

02 - Data fault exception occurred on st instruction to 
memory while loading cache with second 128 Kbytes of 
bootrom code. 

03 - Data fault exception occurred on Id instruction from 
memory while verifying first 128 Kbytes of data. 

04 - Data miscompare occurred while verifying first 128 Kbytes 
of data. 

05 - Data fault exception occurred on Id instruction from 
memory while verifying second 128 Kbytes data. 

06 - Data miscompare occurred while verifying second 128 Kbytes 
of data. 

11.2.42 Test 2a - Virtual Fault Cache Corruption Test 
This test verifies that exceptions which occur due to cache writes do not corrupt the cache data. 
There are eight test cases. The legal error codes for the 13 cases in test 29 are: 

Case 1: Single precision misaligned store exception to FF space 

01 - Address Alignment fault did not occur on st to misaligned 
word address. 

02 - First word of cache line corrupted on st to misaligned word 
address. 

03 - Second word of cache line corrupted on st to misaligned word 
address. 

Case 2: Double precision misaligned store exception to FF space 

04 - Address Alignment fault did not occur on std to misaligned 
double-word address. 

05 - First word of cache line corrupted on std to misaligned 
double-word address. 

06 - Second word of cache line corrupted on std to misaligned 
double-word address. 

Case 3: Single precision misaligned store operation with MMU enabled 

07 - Address Alignment fault did not occur on st to misaligned 
word address. 

08 - First word of cache line corrupted on st to misaligned word 
address. 

09 ~ Second word of cache line corrupted on st to misaligned word 
address. 

Case 4: Double precision misaligned store operation with MMU enabled 
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Oa - Address Alignment fault did not occur on std to misaligned 
double-word address. 

Ob - First word of cache line corrupted on std to misaligned 
double-word address. 

Oc - Second word of cache line corrupted on std to misaligned 
double-word address. 

Case 5: Single precision read only store exception 

Od - Data fault exception did not occur on st to page marked read 
only in TLB. 

Oe - First word of cache line corrupted on st to page marked read 
only in TLB. 

Of - Second word of cache line corrupted on st to page marked read 
only in TLB. 

Case 6: Double precision read only store exception 

10 - Data fault exception did not occur on std to page marked read 
only in TLB. 

11 - First word of cache line corrupted on std to page marked read 
only in TLB. 

12 - Second word of cache line corrupted on std to page marked read 
only in TLB. 

Case 7: Atomic read only store exception 

13 - Data fault exception did not occur on ldstub to page marked read 
only in TLB. 

14 - First word of cache line corrupted on ldstub to page marked read 
only in TLB. 

15 - Second word of cache line corrupted on ldstub to page marked read 
only in TLB. 

Case 8: Single precision TLB miss store exception 

16 - Data fault exception did not occur on st to page marked as 
invalid in TLB. 

17 - First word of cache line corrupted on st to page marked as 
invalid in TLB. 

18 - Second word of cache line corrupted on st to page marked as 
invalid in TLB. 

Case 9: Double precision TLB miss store exception 

19 - Data fault exception did not occur on std to page marked as 
invalid in TLB. 

1a - First word of cache line corrupted on std to page marked as 
invalid in TLB. 

1b - Second word of cache line corrupted on std to page marked as 
invalid in TLB. 

Case 10: Atomic TLB miss store exception 
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1c - Data fault exception did not occur on ldstub to page marked as 
invalid in TLB. 

1d - First word of cache line corrupted on ldstub to page marked as 
invalid in TLB. 

1e - Second word of cache line corrupted on ldstub to page marked as 
invalid in TLB. 

Case 11: Single precision User protect store exception 

1f - Data fault exception did not occur on st to page marked as 
user protected in TLB. 

20 - First word of cache line corrupted on st to page marked as 
user protected in TLB. 

21 - Second word of cache line corrupted on st to page marked as 
user protected in TLB. 

Case 12: Double precision User protect store exception 

22 - Data fault exception did not occur on std to page marked as 
user protected in TLB. 

23 - First word of cache line corrupted on std to page marked as 
user protected in TLB. 

24 - Second word of cache line corrupted on std to page marked as 
user protected in TLB. 

Case 13: Atomic User protect store exception 

25 - Data fault exception did not occur on ldstub to page marked as 
user protected in TLB. 

26 - First word of cache line corrupted on ldstub to page marked as 
user protected in TLB. 

27 - Second word of cache line corrupted on ldstub to page marked as 
user protected in TLB. 

11.2.43 Test 2b - Corrupted Block RAM Addressing and Data Test 
This is an addressing and data test for the Corrupted Block RAM. The legal error codes for test 
2aare: 

01 - Corrupt Bit not one on first read of forward pass 
02 - Corrupt bit not zero on second read of forward pass 
03 - Corrupt Bit not zero on first read of reverse pass 
04 - Corrupt bit not one on second read of reverse pass 

11.2.44 Test 2c - Corrupted Block Flush Inhibit Test 

This test verifies that cache transactions which reference a corrupted block result in a Kbus 
timeout. The legal error codes for test 2b are: 
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01 - No memory timeout fault was generated when Memory Boards 
disabled. 

02 - No memory timeout fault was generated on reference to corrupted 
block. 

03 - FeR TOFM bit not set 
04 - F~ does not contain the correct logical address 

11.2.45 Test 2d - Virtual Cache Block Replacement Test 

This test exercises the cache and bus watcher cache block flush logic by performing writes and 
reads to common physical addresses through all different logical addresses including FF space, 
Legal error codes for test 2c are: 

01 - Data fault exception occurred during creation of the valid 
owned and dirty cache blocks. 

02 - Data fault exception occurred during read of target physical 
cache block. 

03 - Physical data read through logical address doe~ not match 
expected physical address data. 

04 - Data fault exception occurred during read of target physical 
cache blocks using FF space addresses. 

05 - Physical data read through FF space address does not match 
expected physical address data. 

11.2.46 Test 2e - Atomic load/store instruction test 

This test exercises the control logic for the LDSTUB instruction in conjunction with cache and 
TLB miss conditions. There are 8 cases for test 2d, as follows: 

1. Execute LDSTUB instruction to FF space and generate a cache hit and an Fl'LB hit. The 
legal error codes for test 2d, case 1 are: 

01 - An exception occurred on the LDSTUB instruction. 
02 - The data read from the cache was incorrect. 
03 - The data written to the cache was not Oxff. 

2. Execute LDSTUB instruction to user space and generate a cache hit and an Fl'LB hit. The 
legal error codes for test 2d, case 2 are: 

04 - An exception occurred on the LDSTUB instruction. 
05 - The data read from the cache was incorrect. 
06 - The data written to the cache was not Oxff. 

3. Execute LDSTUB instruction to FF space and generate a cache hit and an Fl'LB miss. The 
legal error codes for test 2d, case 3 are: 

07 - An exception occurred on the LDSTUB instruction. 
08 - The data read from the cache was incorrect. 
09 - The data written to the cache was not Oxff. 

4. Execute LDSTUB instruction to user space and generate a cache hit and an FILB miss. 
The legal error codes for test 2d, case 4 are: 
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Oa - An exception occurred on the LDSTUB instruction. 
Ob - The data read from the cache was incorrect. 
Oc - The data written to the cache was not Oxff. 

5. Execute LDS'IUB instruction to FF space and generate a cache miss and an FI"LB hit. The 
legal error codes for test 2d, case 5 are: 

Od - An exception occurred on the LDSTUB instruction. 
Oe - The data read from the cache was incorrect. 
Of - The data written to the cache was not Oxff. 

6. Execute LDSTUB instruction to user space and generate a cache miss and an FI"LB hit. 
The legal error codes for test 2d, case 6 are: 

10 - An exception occurred on the LDSTUB instruction. 
11 - The data read from the cache was incorrect. 
12 - The data written to the cache was not Oxff. 

7. Execute LDSTUB instruction to FF space and generate a cache miss and an FI"LB miss. 
The legal error codes for test 2d, case 7 are: 

13 - An exception occurred on the LDSTUB instruction. 
14 - The data read from the cache was incorrect. 
15 - The data written to the cache was not Oxff. 

8. Execute LDSTUB instruction to user space and generate a cache miss and an FI"LB miss. 
The legal error codes for test 2d, case 8 are: 

16 - An exception occurred on the LDSTUB instruction. 
17 - The data read from the cache was incorrect. 
18 - The data written to the cache was not Oxff. 

11.2.47 Test 2f - Paged Out Test 

This test verifies that simultaneous instruction and data TLB faults are handled correctly. In 
addition, this is the first test which actually executes instructions out of the cache by jumping 
from bootrom space (FE space) to cacheable space (FF space). There are 4 cases for test 2e, as 
follows: 

1. Perform JMP instruction to an instruction page in FF space which has the VALID bit 
cleared (invalid page). The legal error codes for test 2e, case 1 are: 

01 - An instruction fault did not occur. 
02 - The POF bit in the FeR register did not get set. 
03 - The FVAR did not contain the correct page address. 
04 - The code in the invalid page did not execute correctly. 

2. Perform JMP instruction to an instruction page in FF space which Is invalid (TLB entry has 
the VALID bit cleared) and execute a LD instruction from an invalid data page in the delay 
slot of the JMP instruction. The legal error codes for test 2e, case 2 are: 
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05 - Instruction and data faults occurred in the wrong order or did not 
occur. 

06 - The POF bit in the FeR register did not get set on the data fault. 
07 - The FVAR did not contain the correct data page address. 
08 - The POF bit in the FeR register did not get set on the text fault. 
09 - The FVAR did not contain the correct text page address. 
Oa - The LD instruction did not complete correctly (wrong data returned), 
Ob - The code in the invalid page did not execute correctly. 

3. Perform JMP instruction to an instruction page in FF space which is invalid (TLB entry has 
the VALID bit cleared) and execute a ST instruction to an invalid data page in the delay 
slot of the IMP instruction. The legal error codes for test 2e, case 3 are: 

Oc - Instruction and data faults occurred in the wrong order or did not 
occur. 

Od - The POF bit in the FeR register did not get set on the data fault. 
Oe - The FVAR did not contain the correct data page address. 
Of - The POF bit in the FeR register did not get set on the text fault. 
10 - The FVAR did not contain the correct text page address. 
11 - The ST instruction completed. (store should have been prevented) . 
12 - The code in the invalid page did not execute correctly. 

4. Perform LOST instruction to a page in FF space which is read only (TLB entry has the RO 
bit set). The legal error codes for test 2e, case 4 are: 

13 - A data fault did not occur. 
14 - The WPF bit in the FeR register did not get set. 
15 - The FVAR register did not contain the correct data page address. 
16 - The store part of the ldst instruction completed. 

11.2.48 Test 30 - ECC Write/Read Test 

This test verifies the ECC data path to and from each installed Memory Board. The legal error 
codes for test 2f are: 
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01 - ECCS or data fault exception occurred on store of data 
pattern with ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of test 
pattern back to memory. 

03 - Single Bit ECC exception generated on re-read of test 
pattern from memory with ECC checking enabled. 

04 - Multi-bit ECC exception generated on re-read of test 
pattern from memory with ECC checking enabled. 

05 - Exception other than ECCS or ECCM generated on re-read 
of test pattern from memory with ECC checking enabled. 

06 - Data error in first word of cache line 0 
07 in second word of cache line 0 - Data error 
08 in first word of cache line 1 - Data error 
09 in second word of cache line 1 - Data error 
Oa 
Ob 
Oc 
Od 

- Data 
- Data 
- Data 
- Data 

error 
error 
error 
error 

in first word of cache line 2 
in second word of cache line 2 
in first word of cache line 3 
in second word of cache line 3 

11.2.49 Test 31- ECC Single Bit Correction to 1 Test 

This test verifies that the ECC data correction logic can correct a bit from a zero to a one for all 
64 data bit positions. The test is performed independly for each all four cache lines. The legal 
error codes for test 30 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
07 - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 

11.2.50 Test 32 - ECC Single Bit Correction to 0 Test 

This test verifies that the ECC data correction logic can correct a bit from a one to a zero for all 
64 data bit positions. The test is performed independly for each a114 cache lines. The legal error 
codes for test 31 are: 
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01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
07 - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 

11.2.51 Test 33 - ECC Single Bit Checkbyte Error Test 
This test verifies that single bit errors in the checkbyte are detectable and causes no cache line 
data corruption. The legal error codes for test 32 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than ECCS exception was generated on re-read 

of target cache block. 
05 - FPAR register contains incorrect address. 
06 - FES register contains incorrect syndrome value. 
07 - Data error in cache line 0 
08 - Data error in cache line 1 
09 - Data error in cache line 2 
Oa - Data error in cache line 3 

11.2.52 Test 34 - ECC Multibit Error Detection Test 
This test verifies that all syndrome values which map to a two bit or more than two bit error 
results in the generation of a multibit Eee exception. The legal error codes for test 33 are: 

01 - ECCS or data fault exception occurred on initial load 
of data patterns when ECC checking disabled. 

02 - ECCS or data fault exception occurred on flush of target 
cache block to memory when ECC checking disabled. 

03 - No exception was generated on re-read of target cache block. 
04 - Exception other than Data Fault exception was generated on 

re-read of target cache block. 
05 - FCR ECCM bit not set. 
06 - FVAR register contains incorrect address. 
07 - FCR not cleared after read of FVAR. 

11.2.53 Test 35 - ECC RAM Addressing and Data Test 
This is an addressing and data test for the first megabyte of Eee memory. Only the first 
megabyte of memory are tested to keep execution time during power-up self test to a minimum. 
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Legal error codes for test 34 are: 

lX - Data fault exception occurred during write of memory 
with initial data pattern. 

2X - ECCS or data fault exception occurred on first read of 
forward pass 

3X - Data miscompare occurred in upper 32 bits of cache line 
during forward pass 

4X - Data miscompare occurred in lower 32 bits of cache line 
during forward pass 

5X - Data fault exception occurred during flush of target 
memory block back to memory during forward pass. 

6X - ECCS or data fault exception occurred on second read of 
forward pass 

7X - Data miscompare occurred in upper 32 bits of cache line 
during forward pass 

ax - Data miscompare occurred in lower 32 bits of cache line 
during forward pass 

9X - ECCS or data fault exception occurred on first read of 
reverse pass 

aX - Data miscompare occurred in upper 32 bits of cache line 
during reverse pass 

bX - Data miscompare occurred in lower 32 bits of cache line 
during reverse pass 

cX - Data fault exception occurred during flush of target 
memory block back to memory during reverse pass. 

dX - ECCS or data fault exception occurred on second read of 
reverse pass 

eX - Data miscompare occurred in upper 32 bits of cache line 
during reverse pass 

fX - Data miscompare occurred in lower 32 bits of cache line 
during reverse pass 

11.2.54 Test 36 - FPU Register Load/Store Test 

This test verifies the primary interaction between the floating point unit and the memory 
system by performing a write lread test on one of the floating point register pairs. There are two 
test cases, one for single precision values and one for double-precision values. This test as well 
as all other floating point unit tests are only executed if the floating point unit is available in the 
CPU Board. Legal error codes for test 35 are: 

01 - After attempting to clear the QNE bit on the FPU state 
register, the queue (FQ) is still not empty. 

02 - Write read error for single precision load/store. 
03 - Write read error for double precision load/store (even register). 
04 - Write read error for double precision load/store (odd register) . 

11.2.55 Test 37 - FPU State Register Test 

The FPU state register (FSR) contains FPU mode and status information. This test as well as all 
other floating point unit tests are only executed if the floating point unit is available in the CPU 
Board. Legal error codes for test 36 are: 

System Power-On Self-Tests 11-63 



Solboume Confidential Information - Do Not Disbibute 

01 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

02 - FSR write read error. 

11.2.56 Test 38 - FPU Add/Multiply/Divide Test 

This test verifies the path between the FPC and the floating point arithmetic units on the 
FPC/FALU and the FPC/FMULT interfaces. This test as well as all other floating point unit 
tests are only executed if the floating point unit is available in the CPU Board. Legal error codes 
for test 37 are: 

01 - After attempting to clear the ONE bit on the FSR, the queue 
(FQ) is still not empty. 

02 - Incorrect single precision addition result. 
03 - Incorrect single precision multiplication result. 
04 - Incorrect double precision addition result (even register) . 
05 - Incorrect double precision addition result (odd register) . 
06 - Incorrect double precision multiplication result (even register) . 
07 - Incorrect double precision multiplication result (odd register) . 
06 - Incorrect single precision division result. 
09 - Incorrect double precision division result (even register) • 
Oa - Incorrect double precision division result (odd register) . 
Ob - FPU did not handled operand dependency correctly. 

11.2.57 Test 39 - FPU Queue Test 

The FPU queue (FQ) keeps tracks of floating point operations that are pending by the FPU when 
a floating point fp_exception trap occurs. This test as well as all other floating point unit tests 
are only executed if the floating point unit is available in the CPU Board. Legal error codes for 
this test are: 

01 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

02 - FSR write read error while setting TEM (NV) bit. 
03 - FPU fp_exception trap did not occur when expected. 
04 - FSR ONE bit is clear when it should be set. 
05 - After attempting to clear the ONE bit on the FSR, the queue 

(FO) is still not empty. 

11.2.58 Test 3a - FPU Exceptions Test 

There are two floating point trap types that are generated by the FPU hardware. These are: 
fp_disabled and fp_exception. The FPU generates four types of exception traps: 

I. FPC sequence error exception 

2. Unimplemented floating point instruction exception. (Not checked by this test. All 
instructions are implemented.) 

3. Unfinished floating point instruction exception 

4. IEEE exception 

IEEE exceptions are classified as follows: 
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1. Invalid 

2. Overflow 

3. Underflow 

4. Division by zero 

5. Inexact 

This test verifies that the FPU generates these traps and exceptions properly by performing test 
cases for each type. This test as well as all other floating point unit tests are only executed if the 
floating point unit is available in the CPU Board. legal error codes for the 13 cases in test 39 are: 

Test Case 1: fp_disabled trap 

01 - FPU fp_disabled trap did not occur when expected. 

Test Case 2: fp_exception IEEE-Invalid while enabled 

02 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

03 - FPU fp_exception trap did not occur when expected (IEEE-Invalid). 
04 - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Invalid. 

Test Case 3: fp_exception IEEE-Invalid while disabled 

05 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

06 - FPU fp_exception trap occured while traps were disabled (IEEE Invalid). 
07 - FPU fp exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Invalid. 

Test Case 4: fp_exception IEEE-Overflow while enabled 

08'- After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

09 - FPU fp_exception trap did not occur when expected (IEEE-Overflow). 
Oa - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Overflow. 

Test Case 5: fp_exception IEEE-Overflow while disabled 

Ob - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

Oc - FPU fp exception trap occured while traps were disabled (IEEE Overflow) . 
Od - FPU fp=exception trap did not occured, but FSR CEXC and AEXCbits 

are not set for Overflow. 

Test Case 6: fp_exception IEEE-Underflow while enabled 
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Oe - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

Of - FPU fp_exception trap did not occur when expected (IEEE-Underflow). 
10 - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Underflow. 

Test Case 7: fp_exception IEEE-Undetfiow while disabled 

11 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

12 - FPU fp_exception trap occured while traps were disabled (IEEE Underflow) . 
13 - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Underflow. 

Test Case 8: fp_exception IEEE-Inexact while enabled 

14 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

15 - FPU fp_exception trap did not occur when expected (IEEE-Inexact). 
16 - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Inexact. 

Test Case 9: fp_exception IEEE-Inexact while disabled 

17 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

18 - FPU fp_exception trap occured while traps were disabled (IEEE Inexact). 
19 - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Inexact. 

Test Case 10: fp_exception IEEE-Divide-By-Zero while enabled 

1a - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

1b - FPU fp_exception trap did not occur when expected (IEEE-Divide-by-Zero). 
1c - FPU fp_exception trap ocurred, but FSR FTT and CEXC bits are not 

set for IEEE-Divide-by-Zero 

Test Case II: fp_exception IEEE-Divide-By-Zero while disabled 

ld - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

1e - FPU fp_exception trap occured while traps were disabled. 
1f - FPU fp_exception trap did not occured, but FSR CEXC and AEXC bits 

are not set for Divide-By-Zero. 

Test Case 12: fp_exception Sequence-Error 

20 - After attempting to clear the QNE bit on the FSR, the queue 
(FQ) is still not empty. 

21 - FPU fp_exception trap did not occur when expected (IEEE-Divide-by-Zero) . 
22 - FPU fp_exception trap did not occur when expected (SEQUENCE) . 
23 - FPU fp_exception trap ocurred, but FSR FTT bits are not set 

for SEQUENCE. 
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Test Case 13: fp_exception Unfinished-Floating-Point-Instruction 

24 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

25 - FPU fp_exception trap did not occur when expected (UNFINISHED_FPOP). 
26 - FPU fp_exception trap ocurred, but FSR FTT bits are not set 

for UNFINISHED_FPO? 

11.2.59 Test 3b - FPU Condition Codes Test 

Floating point compares (FCMPS) and floating point condition (FBfcc) instructions interlock on 
the floating point condition codes. The condition codes supported by the FPU are: 

1. Equal Relation 

2. Greater-Than Relation 

3. Less-Than Relation 

4. Unordered Relation 

This test as well as all other floating point unit tests are only executed if the floating point unit is 
available in the CPU Board. Legal error codes for test 3a are: 

01 - After attempting to clear the ONE bit on the FSR, the queue 
(FO) is still not empty. 

Test Case 1: Equal Relation when A == B 

02 CC should reflect an equal relation, causing FBE 
instruction to fail. 

03 - FSR FCC bits not reflecting an equal relation when expected. 

Test Case 2: Equal Relation when A != B 

04 - CC should not reflect an equal relation, causing FBE 
instruction to fail. 

05 - FSR FCC bits reflecting an equal relation when not expected. 

Test Case 3: Greater-Than Relation when A > B 

06 - CC should reflect a greater-than relation, causing FBG 
instruction to fail. 

07 - FSR FCC bits not reflecting a greater-than relation when expected. 

Test Case 4: Greater-Than Relation when A < B 

08 CC should not reflect a greater_than relation, causing FBG 
instruction to fail. 

09 - FSR FCC bits reflecting a greater-than relation when not expected. 

Test Case 5: Less-Than Relation when A < B 

Oa CC should reflect a less-than relation, causing FBL 
instruction to fail. 

Ob - FSR FCC bits not reflecting a less-than relation when expected. 

Test Case 6: Less-Than Relation when A > B 
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Oc CC should not reflect a less_than relation, causing FBL 
instruction to fail. 

Od - FSR FCC bits reflecting a less-than relation when not expected. 

Test Case 7: Unordered Relation when A unordered, Bordered 

Oe - CC should reflect an unordered relation, causing FBU 
instruction to fail. 

Of - FSR FCC bits not reflecting an unordered relation when expected. 

Test Case 8: Unordered Relation when A & Bordered 

10 - CC should not reflect an unordered relation, causing FBU 
instruction to fail. 

11 - FSR FCC bits reflecting an unordered relation when not expected. 

11.2.60 Test 3c - System Board Interrupt Generation Test 
This is a test of the interrupt register on the System Board and the ability of the System Board to 
generate al116 vectors when enabled after reset. Part 1 first reads RIO address 17030000 to 
disable transmission of interrupts, then writes RIO address 17030000 with incrementing test 
patterns from 0 to Oxff. Each pattern is read back and verified. The legal error codes for test 
3b, part 1 are: 

01 - Data fault exception occurred on initial read to disable 
System Board interrupt register. 

02 - Data fault exception occurred on write of pattern to 
System Board interrupt register. 

03 - Data fault exception occurred on read of System Board 
interrupt register. 

04 - Data pattern written does not match data pattern read from 
System Board interrupt register. 

Part 2 initializes the System Board interrupt register with the directed bit set and the destination 
ID set the BID of the CPU Board. System Board interrupts are then enabled by reading address 
1703l00Q. The test verifies that all 16 interrupt vectors are received correctly. Note that this 
test will fail if a system reset is not performed inbetween passes. The legal error codes for test 
3b, part 2 are: 

05 - Timeout waiting to receive first interrupt (vector Oxef) from 
System Board. 

06 - Exeption other than Serial Interrupt Controller occurred. 
07 - Higher priority interrupt vector was received 256 times without 

receiving expected vector. 
BX - Lower priority interrupt vector was received. Error code is the 

vector which was expected. 
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Section 12: rdg Diagnostics 

12.1 Introduction 
rdg is a ROM-resident diagnostics program. It is used to determine why a Solbourne system 
wiJI not boot, if problems are encountered while booting the system. 

12.2 rdg Tests 
The rdg (1) debugger tests include: 

1. RTC-58321 Real Time Clock Test 

2. Memory Data RAM Test (affected by prompt) 

3. Memory ECC RAM Test (affected by prompt) 

4. VMEbus Address Map RAM Test 

5. VMEbus Data Path Test 

6. VMEbus Address Path Test 

7. RF3500 SCSI Data Path (Write Buffer) Test 

8. I/O ASIC Register Access Test 

9. I/O ASIC FIFO/ECC Test 

10. 7990 LANCE Initialization Test 

11. 7990 LANCE Internal Loopback Test 

12. 7990 LANCE External Loopback Test (must be prompted) 

13. 33C93 SBIC (SCSI) Enable Test 

14. 33C93 SBIC (SCSI) Data Path (Write Buffer) Test 

15. Ethernet tftp Read Test 

16. Disk Write/Read Test 

17. Tape Write/Read Test (must be prompted) 

12.3 rdg Commands 
A summary of the command usage is displayed on-line when rdg is running by typing: 

RDG> ? 
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The following command set is a subset of the dg command set. See Section 13.2.1 for a brief 
description of these commands. The following is a listing of the rdg commands available: 

between (1) 
errlim(1) 
help (1) 
menu (1) 
passes (1) 
quiet (1) 
restart (1) 
tests (1) 

config(1) 
errors (1) 
limit (1) 
names (1) 
passlim(1) 
quit (1) 
Nn(1) 
time (1) 

12.4 Field Notes 

12-2 rdg Diagnostics 

continue (1) 
fbconfig (1) 
loop (1) 
next (1) 
prompt(1) 
rdg(1) 
status (1) 
vmeconf(1) 



Section 13: dg Diagnostics 

13.1 Introduction 
dg is a standalone test controller for the Solboume system. This program is used by both 
manufacturing and field engineering personnel to help determine which printed circuit board is 
defective. 

13.2 Invoking dg 
Before invoking dg it is recommended to reset the system at the ROM prompt by typing: 

ROM> reset cold 

At the ROM> prompt, type: 

ROM> b -f sd.si(,,6)kvm/stand/dg 

Commands and parameters are case insensitive. 

In general more than one command can be entered in a single command line to the DG> prompt 
at the same time. 

DG> tests 1 2 3 names on p.ssl~ 0 between 5 run 

The above command line selects tests I, 2, and 3, turns the printing of test names on, sets the 
pass limit to 0 (no passlim), the between count is set to 5, and begins test execution with the run 
command. 

* * * NOTE * * * 
It is important to remember that error messages from one test are 
not valid, if failures have occurred during previous tests. The 
errors from a test must be corrected before advancing to the next 
test. 

13.2.1 dg Commands 

dg command names and their functions follow: 

• between (1) - Set or display between count 

• cd (1) - Change to a different test directory 
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• config (1) - Generate or display memory configuration file 

• continue (1) - Set or display continue on error flag 

• deposit (1) - Deposit data at specified address 

• errlim (1) - Set or display error limit 

o errors (1) - Display error count 

• examine (1) - Examine contents of memory 

• fbconfig (1) - Generates (or modifies) the frame buffer configuration file 

• fbuf (1) - Fill internal command buffer 

• help (1) - Display this command list or information on a specific command 

• limit (1) - Display or set memory test limits 

• loop (1) - Set or display loop on test flag 

• Is (1) - List contents of test directory 

• menu (1) - Display listing of available tests 

• names (1) - Enable or disable printing of test names during test execution 

• next (1) - Execu te next selected test 

• passes (1) - Display pass count 

• passlim (1) - Set or display pass limit 

• prompt (1) - Set or display prompt flags 

• quiet (1) - Set or display error message enable flag 

• quit (1) - Exit from dg debugger program 

• restart (1) - Restart execution of selected tests 

• run (1) - Start execution of selected tests 

• status (1) - Display or reset state of modes, flags, and counts 

• saeenload (1) - Loads a raster image file into the specified frame buffer 

• tests (1) - Select or display tests to be executed 

• time (1) - Set or display print time flag and print current date and time 

• vmeconf (1) - Configure VMEbus devices 

• what (1) - Display information about Kbus boards installed in system 

• xbuf (1) - Load, display, save, or execute the contents of the command buffer 

13.3 Overview of dg Tests 

The dg menu of tests is similar to the hierarchal tree-like structure of the UNIX file system. 
Figure 13-1 illustrates the menu structure of dg. 
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Figure 13-1. The dg menu Struclj.Jre 

Moving about the dg menu structure has been made easier by the installation of the UNIX-type 
commands cd(1) and Is (1). 

Figures 13-2 and 13-3 show where the dg tests reside in the menu structure. The test names in 
these iJlustrations have been shortened. To see the full path name, refer to Section 13.4. 
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I menu I 
I 

I J 
I Graphics Tests I Memory Tests I I VO Tests I l Mise Tests I 

I I 
~ Cache. Block Random ECC Memory Data RAM 

Cache Data Bus Memory ECC RAM 
RS-232 Conn 
IDPROM 

J J Ethernet dip 
Disk WIR 

I CG40Tests I I CG30Tests I TapeW/R 

I 0 
NMI &Test Switch 

I J I I 8t458 Tests I ~rame BuflBr RAM 
09:RTC-5832t RTC I Frame Bullor Inb' 

Registers Test 
Address Register 
Main CLUT I I Overlay CLUT 
Colormap pattem BW20Tests I I ASIC Tests I I Serial Port I Frame to Colormap 

I I Colorbar tst pattem 

Frame Bullor RAM ) Serial Ports Intern 
Frame BuflBr Inb' System Timer 
Serial Ports Reset Prof He Timer 

I I I I 
I LANCE 7990 I I SCSI 33C93 I I VMEbus I 10 ASIC Register 

J I J 10 ASIC Reset 
10 ASIC FIFo/ECC 
SCSVlANCE Data LANCE Initialization SCSI Data Path VMEbus Add Map 

LANCE Internal SCSI Cache Blk VMEbus Data PIll 
LANCE External SCSI Multi-bit ECC VMEbus Addr Pth 
LANCE Data Align SCSI Pg Overflow VMEbus Data 
LANCE Cacheabte SCSI Add ross VMEbus Interrupt 
LANCE Add/Cach SCSI Cache Blk SCSI Data Path 
LANCE Cache Blk SCSI cache Blk flusl VMEbus Cache 

VMEbus Blk Mode 
VMEbus Data Buf 
VMEbus Pin-Png 
VMEbus Add Cnb' 
VMEbus Panic 

Figure 13-2. Tests and Test Submenus 
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C( 
I I 

I Register Tests I I Bt4581ests I I Bt431 Tests I I Frame Buffer I 
I I 

I/O Loc/Ctrl Slatw Registers Test Addr Register [ Plan Major Mode 
I/O Loc (Spce Bits) Addr Register Single Cursor Ctrl Pixel Major Mode 
8-Bit Registers MainCWT Both Cursors Ctrl Pixel Major-Plan 
16-81t Registers Overlay CWT Single Cursor Pat 
Dummy Reg Ace Colonnap Pat Both Cursors RAM 

Prm Buffer 
Colorbar Test 

I Shadow RAM I I ROPTests J I Serial Ports J I Retrace Intr I 

~hadOWRAM ~ SerIal Ports Reset r-) RAM to Bt458 Serial Ports Loop Pramecount Reg 
Retrace/SCC Intr 

I Register Tests I I Mode Tests I 

Single Plane Reg Mode-O Read Ace 
All Planes-Single Mode-l Read Ace 
BTLA Mode Sngl Mode-4 Read Ace 
BTLA Mode All Mode-5 Read Ace 

Mode-6 Read Ace 
Mode-O Write Ace 
Mode-I Write Ace 
Mode-2 Write Ace 
Mode-3 Write Ace 
Mode-4 Write Ace 
Mode-5 Write Ace 
Mode-6 Write Ace 
Mode-7 Write Ace 

Figure 12-2. Tests and Test Submenus (Continued) 

13.4 Example of Using dg Commands 
In the following sequence of commands, the user is first uses the menu (1) command to display 
the test directories in the current working directory. The user then uses the cd (1) command to 
move to the Graphics Tests directory. Using the Is(1) command, the user displays the test 
directories located in the Graphics Test directory, then selects all the tests in the CC40 directory 
by simply giving the menu path. 

DG> menu 
Menu of installed test programs (==> denotes menu): 

==> Memory Tests 
==> IO Tests 
==> Graphics Tests 
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==> Miscellaneous Tests 
DG> cd graphics 
DG> ls 
Menu of : /Graphics Tests 

==> CG40 Tests 
=-> CG30 Tests 

DG> tests CG40 
DG> tests 
selected tests: 40 41 42 "43 44 45 
DG> 

The following example illustrates how the asterik ( • ) argument to the tests command is used to 
select tests. First the user lists the contents of the current directory using the Is command. The 
current directory is displayed as the Graphics Tests and the subdirectories of CG4D Tests and 
CG30 Tests are shown. Using the • as an argument to the tests command, all the tests in both 
directories are selected for execution. 

DG> ls 
Menu of : /Graphics Tests 

==> CG40 Tests 
==> CG30 Tests 

DG> tests * 
DG> tests 
DG> tests 
selected tests: 40 41 42 43 44 45 46 47 

48 49 50 51 52 53 54 55 
56 57 58 59 60 61 62 63 
64 65 66 67 68 69 70 71 

DG> 

13.5 Numerical Test Listing 
A numerical listing of all the dg tests is given below. The test number is given on the left side, 
followed by the path to the test. 

1. memory/Cache block virtual alias test (affected by prompt) 

2. memory/Memory Data RAM test (affected by prompt) 

3. memory/Memory ECC RAM test (affected by prompt) 

4. 10/ ASIC/I/O ASIC register access test 

5. 10/ ASIC/I/O ASIC reset tests 

6. 10/ ASIC/I/O ASIC FIFO/ECC test 

7. 10/ASIC/LANCE 7990/7990 LANCE initialization test 

8. 10/ ASIC/LANCE 7990/7990 LANCE intemalloopback test 

9. 10/ ASIC/LANCE 7990/7990 LANCE extemalloopback test (must be prompted) 

10. 10/ ASIC/LANCE 7990/7990 LANCE data alignment test 

11. 10/ ASIC/LANCE 7990/7990 LANCE cacheable data merge test 

12. 10/ ASIC/LANCE 7990/7990 LANCE addresslcache data test (affected by prompt) 
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13. 10/ ASIC/LANCE 7990/7990 LANCE cache block buswatcher test 

14. 10/ ASIC/SCSI 3303/3303 SBIC (SCSI) data path (Write Buffer) test 

15. 10/ ASIC/SCSI 33C93/SCSI cacheable block data merge test 

16. 10/ ASIC/SCSI 33C93/SCSI Multi-bit ECC error test 

17. 10/ ASIC/SCSI 33C93/SCSI page overflow bit test 

18. 10/ ASIC/SCSI 33C93/SCSI address counter /cache data test 

19. 10/ ASIC/SCSI 33C93/SCSI cache block buswatcher test 

20. 10/ ASIC/SCSI 33C93/SCSI cache block flush test 

21. 10/ ASIC/SCSI/LANCE data transfer test 

22. 10/ ASIC/VMEbus/VMEbus address map RAM test 

23. 10/ ASIC/VMEbus/VMEbus data path test 

24. 10/ASIC/VMEbus/VMEbusaddresspath test 

25. 10/ ASIC/VMEbus/VMEbus data multiplexing test 

26. 10/ ASIC/VMEbus/VMEbus Interrupt (lACK) test 

27. 10/ ASIC/VMEbus/RF3500 SCSI data path (Write Buffer) test 

28. 10/ ASIC/VMEbus/VMEbuscacheable data merging test 

29. 10/ ASIC/VMEbus/VMEbus block mode data merging test 

30. 10/ ASIC/VMEbus/VMEbus cacheable data buffer test 

31. 10/ ASIC/VMEbus/VMEbus ping-pong data buffers test 

32. 10/ ASIC/VMEbus/VMEbus block mode address counter test 

33. 10/ ASIC/VMEbus/VMEbus panic interrupt test 

34. 10/BW20/Frame Buffer RAM Test (affected by prompt) 

35. 10/BW20/Frame Buffer interrupt and Interrupt Registers Tests 

36. 10/BW20/Seriai ports reset test 

37; 10/Serial Port/Serial ports internal loopback test 

38. 10/SeriaI Port/Srstem Timer test 

39. 10/Serial Port/Profile Timer test 

40. 10/RTC-58321 real time clock test 

41. Graphics/CG40/BT458/Registers Test 

42. Graphics/CG40/BT458/ Address register (autoincrement) test 

43. Graphics/CG40/BT458/Main CLUT (colormap) test 

44. Graphics/CG40/BT458/Overlay CLUT (colormap) test 

45. Graphics/CG40/BT458/Colormap pattem test (must be prompted) 

46. Graphics/CG40/BT458/Frame buffer to colormap test 
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47. Graphics/CG40/BT4SS/Colorbar Test Pattern (must be prompted) 

4S. Graphics/CG40/Frame Buffer RAM Test (a&cted by prompt) 

49. Graphics/CG40/Frame Buller Interrupt and Interrupt Registers Tests 

SO. Graphics/CG30/Register Tests/IO Location/Control Status Registers Test 

51. Graphics/CG30/Register Tests/IO location (space bits) register test 

52. Graphics/CG30/Register Tests/S-bit registers test 

53. Graphics/CG30/Register Tests/l6-bit registers test 

54. Graphics/CG30/Register Tests/Dummy registers access test 

55. Graphics/CG30/Bt458/Registers test 

56. Graphics/CG30/Bt458/ Address register (autoincrement) test 

57. Graphics/CG30/Bt45S/Main ClUT (colormap) test 

5S. Graphics/CG30/Bt458/Overlay ClUT (colormap) test 

59. Graphics/CG30/Bt431/ Address register (autolncrement) test 

60. Graphics/CG30/Bt431/Single cursor control registers test 

61 .. Graphics/CG30/Bt431/Both cursors to single cursor control registers test 

62. Graphics/CG30/Bt431/Single cursor pattern RAM test 

63. Graphics/CG30/Bt431/Both cursors to single cursor pattern RAM test 

64. Graphics/CG30/Shadow RAM/Shadow RAM test 

65. Graphics/CG30/Shadow RAM/Shadow RAM to Bt458 colormap update test 

66. Graphics/CG30/Frame Buffer/Plane major mode test (affected by prompt) 

67. Graphics/CG30/Frame Buffer/Pixel major mode test (affected by prompt) 

68. Graphics/CG30/Frame Buffer/Pixel major to plane major test 

69. Graphics/CG30/ROP /Register/Single plane registers test 

70. Graphics/CG30/ROP /Register / All planes to single plane registers test 

71. Graphics/CG30/ROP /Register /BTLA mode single plane registers test 

72. Graphics/CG30/ROP /Register/BTLA mode all planes to single plane registers test 

73. Graphics/CG30/ROP /Mode/Mode-O Read access test 

74. Graphics/CG30/ROP /Mode/Mode-l Read access test 

75. Graphics/CG30/ROP /Mode/Mode-4 Read access test 

76. Graphics/CG30/ROP IMode/Mode-5 Read access test 

77. Graphics/CG30/ROP IMode/Mode-6Read ai:Ce5s test 

78. Graphics/CG30/ROP IMode/Mode-OWrite access test 

79. Graphics/CG30/ROP IMode/Mode-l Write access test 

SO. Graphic:s/CG30/ROP /Mode/Mode-2 Write access test 
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81. Graphics/CG30/ROP /Mode/Mode-3 Write access test 

82. Graphics/CG30/ROP /Mode/Mode-4 Write access test 

83. Graphics/CG30/ROP /Mode/Mode-5 Write access test 

84. Graphics/CG30/ROP /Mode/Mode-6 Write access test 

85. Graphics/CG30/ROP /Mode/Mode-7 Write access test 

86. Graphics/CG30/Retrace Interrupt/Vertical retrace interrupts test 

87. Graphics/CG30/Retrace Interrupt/Framecount register (counter) test 

88. Graphics/CG30/Retrace Interrupt/Retrace/SCC interrupt combination test 

89. Graphics/CG30/Serial Ports/Serial ports reset test 

90. Graphics/CG30/Serial Ports/Serial portsloopback test 

91. Miscellaneous/Random ECC generation test (must be prompted) 

92. Miscellaneous/Cache data bus test (must be prompted) 

93. Miscellaneous/RS232 connector loopback test (must be prompted) 

94. Miscellaneous/IDPROM checksum test (affected by prompt) 

95. Miscellaneous/Ethernet tftp read test 

96. Miscellaneous/Disk write/read test (affected by prompt) 

97. Miscellaneous/Tape write/read test (must be prompted) 

98. Miscellaneous/NMI and test switch test (must be prompted) 

13.6 FieldNotes 
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Section 14: mdg Diagnostics 

14.1 Introduction 
mdgis a standalone test controller for use on Solboume multiprocessor systems. Information 
that may be useful while using the mdg program is available in the following documentation: 

14.2 Invoking mdg 
The steps to follow the first time mdg is invoked are given below. 

The user must first bring the Solboume system to the ROM> prompt. If the system has been 
halted and brought to the ROM> prompt, go to step one of the following procedure. 

If UNIX is running, the system must be shutdown using the halt (1) command. Once you have 
halted UNIX, you must enter: 

reset cold 

before you use the following procedure for invoking mdg. 

~ ~ ~ NOTE ~ ~ ~ 

Before invoking mdg, it is recommended to reset the system by 
entering "reset cold" at the ROM> prompt. 

1. At the ROM> prompt, type: 

ROM>b sd.si()/k9m/stand/mdq 

2. When mdg starts up, the following message is displayed: 

MDG - Multiprocessor Diagnostic Test Controller 
Version 1.1 September 25, 1989 
Copyright (c) 1989 Solbourne Computer, Inc. 

3. As mdg starts up, the foUowing steps are undertaken by the MASTER processor: 

• Obtain the number of processors in the system and the results of power-up diagnostics 
from the diagnostic RAM . 

• Calculate the system-wide (shared memory) .and CPU-specific (private memory) test 
limits. 
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• Configure the memory configuration table with the number of memory boards in the 
system as well as their addressing range. 

• Configure the frame buffer configuration table with the values found during power-up. 

• Initialize the VMEbus configuration table as empty. 

• Awake each SLAVE processor in the system that passed the power-up diagnostics. Each 
SLAVE processor will register with the MASTER processor in order for the MASTER to 
include it as part of the selected list of available system processors that rodS maintains. 

• By default, all available tests are selected and all the available processors are included 
for testing. 

4. Upon completion of the previous setup, rodg will display the following message: 

CPU Configuration: 

2 CPU boards: 

Slott 
M 5 

6 

Power-Up-State 
PASS 
PASS 

Selected 
YES 
YES 

In this example, rodg found two processors in the system, both passed power-up 
diagnostics, and as a result both were selected for inclusion in the list of available 
processors. In the case of a processor failing power-up diagnostics. rodS will not include it 
as one of the SELECTED processors. However, rodS provides to the user the capability to 
attempt to Include a processor that failed power-up diagnostics at any time. 

14.3 The Proinpt 
The mdg prompt follows the following format: 

( CPUs not included durinq test / CPUs included durinq test } <Pass limit>~ 

For example: In a system with two processors (in slots. 5 and 6), with only the processor in slot 6 
to be included during testing, and the pass limit set to 1 the prompt to be displayed will be as 
follows: 

( 5/6 I <1> => 
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14.4 mdg Tests 
the mdg (1) debugger tests include: 

1. Atomic Load-Store Test 

2. Memory Data RAM Test 

3. Shared-Memory Pattern Test 

4. Cache Block Alias Test 

5. Roating Point Store Test 

6. Cache Data Request Test 

7. Cache Data Bus Pattern Test 

8. Interrupt Test 

~ ~ ~ NOTE ~ ~ ~ 
Error messages from one test are not valid, if failures have 
occurred during previous tests. The errors from a test must be 
corrected before advancing to the next test. 

14.5 mdg Commands 
A summary of command usage is displayed on-line when mdg is running by typing: 

( /5 6 I <1> => 1. 

see Section 13.2.1 for a brief description of the mdg commands. The following is a listing of the 
mdg commands available: 

between (1) 
cpus(l) 
errlbn(1) 
fbconfig(l) 
lbnit(l) 
mdg(1) 
narnea(1) 
passlbn(l) 
quit (1) 
status (1) 
vmeconf(1) 

config(1) 
cpulbn(1) 
errors (1) 
halt(t) 
loop (1) 
memconfig (1) 
next (1) 
prompt (1) 
restart (1) 
time (1) 
wake (1) 

continue (1) 
deposit (1) 
examine(l) 
help (1) 
master (1) 
menu (1) 

passes (1) 
quiet (1) 
run (1) 
tests (1) 

The command set is similar to the nig command set with the following additions: 

cpus 

cpulbn 

halt 

Will select or display the processors included in tests. 

Will display or set processor specific memory test limits 

Will halt processors from the mdg environment. 
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master 

memconfig 

wake 

DisplaY' or changes the master processor 

DisplaY' the sY'tem memory configuration. 

Adds a processor 10 the mdg environment. 

14.6 CPU LEOs Displays with mdg Invoked 

The CPU LEOs display the following with mdg invoked: 

• fO Making service request while in IDLE state. 

• f 1 Making service request while in AcnVE state. 

• f2 Making service request while in MONl1OR state. 

• f 5 Defective test error. 

• f8 Waiting to lock SYNC symaphore. 

• f 9 Waiting for other processors to get SYNC'd. 

14.7 Field Notes 
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Section 15: Field Notes 

15.1 Introduction 
This section offers room for SEs to make notes about this reference guide; what is useful, what is 
not useful and what should be included in the next update of the manual. 

RI?H/ rOMCOpj ... (ecC)W-'I"TIC1...J $u:;..,-) 
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Power-up status indicat~rs for the CPU board: 

° ... ~ ..ROM startbi executing· 
90 Bad IDPROM checksum 
aO Master failed 

. ° al Relinquishing mastership 
o. a2 Slave received mastership 

a3 Timeout while giving mastership 
a4 Awaking slave CPU 
as Slave CPU received slave command 
a6 Slave CPU passed power-up tests 
a7 Slave failed 
as Slave CPV failed power-up tests 
a9 Time()ut while waking slave CPU 
ab Burn-in jumper detected, looping 
ad ROM power-up tests completed 
ae Initializing BeC 

ROM initialization LED codes: 

bO ROM mainO started 
bi Initializing I/O mapping addresses 
b2 Bad EEROM checksum 
b3·9 Initializing EEPROM, lOB's, devices, stdin, stdout, stderr, file systems 
b6 keyboard initialization failure, check the keyboard cable 
be Could not open console device 
bd Initializing main before cmdloop 
be Waiting for command from console 
bf Executing a command 
cO Standalone cnO starting 
c1 Standalone cnO calling main 
c8 . No System Board found 
ce· FCR no zero on re~et 
cf Executing a reset halt 

LED codes for devices (displayed during device initialization): 
dO Simulated UART 
dl Simulated disk 
d2 LANCE Ethernet 
d3 Real Time clock 
d4 . RAM disk 

.. d6 ~lQ:.sC.SI controller 
d7 UARTdrivC\1" 
d8 Keyboard/mbuse 
d9 Frame buffet 

~. r 



Power-Up Self Tests 

The test numbers and their purpose follow: 

Test No. 

Blank 

00 

01 

02 

03·04 

05·06 

07·0a 

Ob·Od 

Oc·19 

In 

lb 

Id 

le·21 

22·26 

28·2e 

2f·33 

Test Purpose 

No power 

CPU alive and Self· Test started 

BootROM checksum 

Diagnostic RAM (2K) 

Interrupt Registers and Priority Masking 

CPU control and data busses 

TLB uniqueness, RAM, Physical Address TAGS 

Byte, 1/2 word, word, double word, Cache and RAM 

Memory Management Unit (MMU) 

Bus timeout, tries to access slot 0 

Probe all slots and build configuration table in diagnostic RAM 
Check status of burn·in jumper 

. Must have CPU, Memory, and I/O to proceed 

Determine Master 

Bus Watcher Tags status and RAM 

Memory Addressing· all bases to 4 Gbytes in 256 Mbyte steps 
Memory PCB uniqueness 
Low digit of error code is slot # 

1 Mbyte only unless Burn·in set 

Cache tests 

Memory ECC paths and correction 

ECC RAM· 1 Mbyte only unless Burn·in 
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