


























































































































































a fault is present. The address parity and quality 
information are inserted into the ECC generator 
by means of bits 32 and 33 of the data. Neither 
of these bits is stored in the array. When the 
data is read back, the computed address parity 
is sent along with a good-data signal to the ECC 
generator. If the computed syndrome is zero, 
the transaction is considered to be good. If the 
ECC generator decodes a single-bit error point
ing to the address bit, then an address parity 
error will be declared. When that occurs, the 
word that was just received did not come from 
the address that it should have. Thus, the ECC 
generator can check the address lines from the 
M Box to the MOS array chips and detect the 
control faults that caused the M Box to access 
the wrong data word. If the chip thinks the 
quality bit needs correction, then the data word 
was faulty when it was received. The requester 
of this data will then be notified that the data is 
bad. If a normal single-bit error occurs on a data 
word that was stored with a code indicating bad 
quality, then the M Box will flag an ECC 
double-bit error. 

Most of the internal buses in the VAX 8600 
CPU as well as in the shifter and the arithmetic 
logic units (ALU) are parity checked. The ALUs 
are checked by triplication and parity checking 
the results. The I Box, F Box, and E Box each 
contain a set of general purpose registers 
(GPRs) . When writes to the GPRs occur, all 
GPRs are written to simultaneously, thus keep
ing them consistent. If a GPR parity error is 
detected in one box, a recovery will be initi
ated that copies correct data from the 
equivalent GPR in another box to the failed 
GPR. Thus the machine can recover from GPR 
parity errors. 

Mean Time to Repair 
The number of microsequencers in the 
VAX 8600 system also adds to its reliability. 
Ordinary combinatorial control logic is diffi
cult to check without duplication. Using a mic
rosequencer is one method of building control 
logic that is easily checked. For example , all 
the microcontrol stores are parity checked. The 
M Box also checks the parity of the address, 
stack underflow and overflow, and stack 
address parity. Microparity errors are recover
able in the E Box, F Box, and I Box. These faults 
are not recoverable in the M Box since its state 
is modified in an unrecoverable manner before 
the parity computation is complete . 
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Summary 
The task of making large machines reliable 
requires a continuous effort during all phases 
of the project , from conceptual design to manu
facturing. In the future , machines will continue 
to get larger. Unless some major technology 
breakthrough that significantly changes the 
reliability of components occurs-as occurred 
when transistors replaced tubes-the fault-han
dling capability designed into large systems 
must be improved. This improvement is needed 
to overcome the inherently higher failure rate 
that comes with having more components. 
Based on this conclusion, we created m_any 
design processes, manufacturing processes, and 
fault handling features that increased the relia
bility of the VAX 8600 system. Careful monitor
ing and simulation were required to ensure that 
true gains in reliability were actually achieved. 

Fault Checkers in the VAX 8600 
System 
In the E Box 

ALU Output Parity Check 

Shifter Parity Check 

Microcode Parity Check per Board 

Other RAM Store Check with Separate Error 
Flags 

AMUX Parity Check 

BMUX Parity Check 

GPR Copy Write Recovery 

Instruction Retry 

Diagnostic Fault Insertion 

In the M Box 
Memory Address Parity Check 

ECC on Cache and MOS Memory Data 

Writeback on SBE 

Microword Parity Check 

Microaddress Parity Check 

Microstack Parity Check 

Microstack Underflow /Overflow Detect 

A Bus Parity Check 

Array Bus Parity Check 

Corrupted Data Tag 

CPR Parity Check 
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In the F Box 
FBM Microword Parity Check 

FBA Microword Parity Check 

FDRAM Parity Check 

GPRs Parity Check 

Self-test (when not executing instructions) 

In the I Box 
Microword Parity Check 

!buffer Parity Check 

DRAM Parity Check 

GPR Parity Check 

OP Bus Parity Check 

W Bus Parity Check 

IMO Parity Check 
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