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066 Instruction 

(B) = (B) + 1 

This instruction replaces the content of operand register B with its 
previous content increased by 1. The result is left in the accumulator 
as well as in the operand register. The carry flag is cleared at the 
beginning of this operation. One is entered in the accumulator. The 
content of the operand register entered in the addend register and is 
then added to the accumulator content in a twos complement mode. The 
carry flag is complemented if a carry is propagated from the accumulator 
in the addition process. The result is then returned to the operand 
register. 

This instruction cannot issue if the OP register contains a pointer from 
a previous intruction. 

CP 0 

CP 1 

CP 2 

CP 3 

CP 4 

HR-0808 

Issue. Transmit B data to RP and OP. 

Transmit operand register data to addend register. Enter a plus 
one in the accumulator. 

The RP pointer is discarded in CP 1 and re-entered with the same 
pointer from OP in CP 3. 

Transmit data to adder. Add mode. The addend register is free in 
this CP. 

Transmit adder result to accumulator. Transmit OP data to RP. 

Transmit copy of accumulator data to operand register. 
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067 Instruction 

(B) = (B) - 1 

This instruction replaces the content of operand register B with its 
previous content decreased by 1. The result is left in the accumulator 
as well as in the operand register. The carry flag is cleared at the 

beginning of this operation. The accumulator bits are forced set. The 
content of the operand register is entered in the addend register and 
then added to the accumulator content. The carry flag is complemented if 
a carry is propagated from the accumulator in the addition process. The 
result is then returned to the operand register. 

This instruction cannot issue if the OP register contains a pointer from 
a previous intruction. 

CP 0 

CP 1 

Issue. Transmit B data to RP and OP. 

Transmit operand register data to addend register. Enter an all 
ones value in the accumulator. 

The RP pointer is discarded in CP 1 and re-entered with the same 
pointer from OP in CP 3. 

CP 2 Transmit data to adder. Add mode. The addend register is free in 
this CPo 

CP 3 Transmit adder result to accumulator. Transmit OP data to RP. 

CP 4 Transmit copy of accumulator data to operand register. 
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070 Instruction 

P = P + d 

This instruction terminates the current program sequence and begins a new 
sequence. The initial address for the new sequence is obtained by adding 
the d designator to the address of the current instruction. The d 
designator is treated as a 9-bit positive integer and is added in a 
l6-bit twos complement mode. The accumulator content and carry flag are 
not altered in this process. 

The issue of further instruction is blocked until the branch mode is 
resolved. 

CP 0 Issue. Transmit P data to accumulator. Transmit d data to addend 
register. 

CP 1 

CP 2 

CP 3 

Transmit accumulator data to adder. Add mode. 

Transmit adder result to P register. The first instructon in the 
new program sequence is transmitted from the instruction stack to 
the II register in CP 2 if the branch is within the range of the 
stack. That intruction may issue at CP 4. 

If the branch is out of stack, a fetch request at the new P 
address will be generated. This action may be delayed m CPs due 
to a previous internal fetch request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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071 Instruction 

P = P - d 

This instruction terminates the current program sequence and begins a new 
sequence. The initial address for the new sequence is obtained by 
subtracting the d designator to the address of the current instruction. 
The d designator is treated as a 9-bit positive integer and is subtracted 
in a 16-bit twos complement mode. The accumulator content and carry flag 
are not altered in this process. 

The issue of further instruction is blocked until the branch mode is 
resolved. 

CP 0 

CP 1 

Issue. Transmit P data to accumulator. Transmit d to addend 
register. 

Transmit accumulator data to adder. Subtract mode. 

CP 2 Transmit adder result to P register. The first instruction in the 
new program sequence is transmitted from the instruction stack to 
the II register in CP 2 if the branch is within the range of the 
stack. This intruction may issue at CP 4. 

CP 3 If the branch is out of stack, a fetch request at the new P 
address will be generated. This action may be delayed m CPs due 
to previous internal fetch requests. 

CP m+l Memory request generated ,by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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072 Instruction 

R = P + d 

This instruction suspends execution of the current program sequence and 
calls a subprogram for execution by the following actions. It advances 
the value of E by 1 and stores the address of the next sequential 
instruction of this program sequence in the program exit stack. Then, it 
begins executing a new program sequence. The initial address for the new 
sequence is obtained by adding the d designator to the address of the 
current instruction. The d designator is treated as a 9-bit positive 
integer and is added in a 16-bit twos complement mode. The accumulator 
content and carry flag are not altered in ths process. 

CP 0 

CP 1 

Issue. Transmit P data to accumulator. Transmit d to addend 
register. 

Transmit accumulator data to adder. Add mode. Advance E by 1. 

CP 2 Transmit P+l data to program exit stack. Transmit adder result to 
P register. 

CP 3 If the branch is out of stack, a fetch reqest at the new P address 
will be generated. This action may be delayed m CPs due to a 
previous internal fetch request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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073 Instruction 

R = P - d 

This instruction suspends execution of the current program sequence and 
calls a subprogram for execution by the following actions. It advances 
the value of E by 1 and stores the address of the next sequential 
instruction of this program sequence in the program exit stack. Then, it 
begins executing a new program sequence. The initial address for the new 
sequence is obtained by subtracting the d designator from the address of 
the current instruction. The d designator is treated as a 9-bit positive 
integer and is subtracted in a 16-bit twos complement mode. The 
accumulator content and carry flag are not altered in ths process. 

CP 0 

CP 1 

Issue. Transmit P data to accumulator. Transmit d to addend 
register. 

Transmit accumulator data to adder. Subtract mode. Advance E by 
1. 

CP 2 Transmit P+l data to program exit stack. Transmit adder result to 
P register. 

CP 3 If the branch is out of stack, a fetch request at the new P 
address will be generated. This action may be delayed m CPs due 
to a previous internal fetch request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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074 Instruction 

P = dd 

This instruction terminates the current program sequence and begins a new 
sequence. The initial address for the new sequence is obtained from 
operand register d. 

The program fetch request flag is set if the content of operand register 
d is O. The issue of further instructions is blocked until the first 
instruction of the new sequence is in the II register. 

CP 0 

CP 1 

CP 2 

Issue. Transmit d data to RP. 

Transmit operand register data to accumulator. Enter 0 in the 
addend register. 

Transmit accumulator data to adder. Add mode. 

CP 3 Transmit adder result to P register. A fetch request at the new P 
address will be generated. This action may be delayed m CPs due 
to a previous internal fetch request. 

CP m+l Memory request generated by fetch. A delay of n CPs is possible 
due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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075 Instruction 

P = dd + k 

This instruction terminates the current program sequence and begins a new 
sequence. The initial address for the new sequence is obtained by adding 
the content of operand register d to the next parcel of the current 
program sequence. The addition is performed in a 16-bit twos complement 
mode. The content of the accumulator and carry flag are not altered in 
this process. 

The program fetch request flag is set if the content of operand register 
d is O. The issue of further instructions is blocked until the first 
instruction of the new program sequence is not in the II register in CP 1. 

CP 0 Issue. Transmit d data to RP. 

CP 1 Transmit operand register data to accumulator. Transmit k data to 
addend register. 

CP 2 Transmit accumulator data to adder. Add mode. 

CP 3 Transmit adder result to P register. A fetch request at the new P 
address will be generated. This action may be delayed m CPs due 
to a previous internal fetch request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new instruction. 
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076 Instruction 

R = dd 

This instruction suspends execution of the current program sequence and 
calls a subprogram for execution by the following actions. It advances 
the value of E by 1 and stores the address of the next sequential 
instruction of this sequence in the program exit stack. It then begins 
executing a new program sequence. The initial address for the new 
sequence is obtained from operand register d. 

The exit stack boundary flag is set if the advanced E value is 14. The 
program fetch request flag is set if the content of operand register d is 
o. The issue of further instructions is blocked until the first 
instruction of the new program sequence is in the II register. 

CP 0 

CP 1 

CP 2 

CP 3 

Issue. Transmit d data to RP. 

Transmit operand register data to accumulator. Enter a 0 value in 
addend register. 

Transmit accumulator data to adder. Add mode. Advance E by 1. 

Transmit P+l data to exit stack. Transmit adder result to P 
register. A fetch request at the new P address is generated. 
This action may be delayed m CPs due to a previous internal fetch 
request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new intruction. 
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077 Instruction 

R = dd + k 

This instruction suspends execution of the current program sequence and 
calls a subprogram for execution by the following actions. It advances 
the value of E by 1 and stores the address two greater than the address 
of the current instruction in the program exit stack. Then it begins a 
new program sequence. The initial address for the new sequence is 
obtained from operand register d to the next parcel of the current 
program sequence. The addition is performed in a 16-bit twos complement 
mode. The content of the accumulator and carry flag are not altered in 
this process. 

The exit stack boundary flag is set if the advanced E value is 14. The 
program fetch request flag is set if the content of operand register d is 
O. The issue of further instructions is blocked until the first 
instruction of the new program sequence is in the II register. 

CP 0 Issue. Transmit d data to RP. 

CP 1 Transmit operand register data to accumulator. Transmit k data to 
addend register. 

CP 2 

The entry of the k data in the addend register is delayed if the 
next parcel of the program sequence is not in the II register in 
CP 1. 

Transmit accumulator data to adder. Add mode. Advance E by 1. 

CP 3 Transmit P+l data to exit stack. Transmit adder result to P 
register. A fetch requst at the new P address is generated. This 
action may be delayed m CPs due to a previous internal fetch 
request. 

CP m+l Memory request generated by the fetch. A delay of n CPs is 
possible due to memory conflicts. 

CP n+l Acceptance signal from memory. 

CP n+2 Transmit memory data to II register. 

CP n+3 II data available for decode. 

CP n+4 Issue new i~st~ucti0n-
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100-137 Conditional Branch Instructions 

Instructions 100 through 137 are branch instructions that jump to a new 
program sequence only if a branch condition is met. There are eight 
branch modes, which are represented in the unconditional form by 
instructions 070 through 077. All possibilities of these eight modes are 
combined with four branch criteria to form the set of instructions 100 
through 137. The branch criteria are as follows: 

------ C 0 
------ C 1 
------ A 0 
------ A # 0 

The first of these branch conditions, C = 0, causes the branch to be 
taken if the carry flag is O. If the carry flag is set, the current 
program sequence is continued. 

The second branch condition, C = 1, is the complement of the first. The 
branch is taken if the carry flag is set. The current sequence is 
continued if the carry flag is O. 

The third branch condition, A = 0, causes the branch to be taken if the 
accumulator content is o. If the accumulator content is nonzero, the 
current sequence is continued. 

The final branch condition, A # 0, is the complement of the third. The 
branch is taken if the accumulator content is nonzero. The current 
sequence is continued if the accumulator content is o. 

The timing of the above sequences is the same as the timing of the 
corresponding instruction in the unconditional mode, if the branch is 
taken. Formation of the branch condition requires I CP after the 
accumulator has received the desired data. The issue of the next 
instruction is delayed until the branch criterion is available. If the 
branch criterios is available in CP 0 and the branch is not taken based 
on that criterion, the next instruction in the current program sequence 
may issue in the next clock period. 
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140-177 I/O Channel Instructions 

Instructions 140 through 177 allow I/O processor control of the I/O 
channel activity. The d designator in instructions 140 through 157 
specifies which I/O channel is addressed. In the 160 through 177 
instructions, the content of the B register specifies the channel. 
The low-order 4 bits of the function code for the instruction are sent 
to the channel interface control along with a go function signal. 
This 4-bit code is then interpreted by the channel interface control 
circuits in a manner unique to that channel. 

This series of instructions may provide the accumulator data to the 
interface and the data coming back from the interface may replace the 
present accumulator contents. Instructions 150 through 153 and 170 
through 173 read a 16-bit quantity into the accumulator. This 
quantity is whatever value the channel interface provides as a result 
of its interpretation of the channel function. This data transfer is 
defined in the description for each individual channel. Instructions 
140 through 177 may transfer data from the accumulator to the channel 
interface. 

None of the I/O channel instructions involves any significant delay in 
the execution of the program sequence. There is no mechanism for the 
I/O channel control to delay execution of further instructions as a 
result of interpreting the 4-bit code. Delays in executing program 
functions must be programmed through sampling of the channel busy and 
done flags or through the equivalent use of the interrupt mechanism. 

After issuing any comment to the I/O channels, allow 1 CP (by issuing 
a pass instruction, or other instruction) before checking the channel 
busy or done flags. One CP should also be allowed after any : 6 or : 
7 I/O instruction (modifying channel interrupt flag) before checking 
for the channel interrupt number (lOR: 10). 
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INTERFACES 7 

INTRODUCTION 

Interfaces are required to adapt the I/O Processor to peripheral devices 
to take advantage of its capabilities. The main purposes of an interface 
are buffering data, generating control signals for the peripheral device, 
and possibly multiplexing several devices into the same I/O Processor 
channel. This section describes the characteristics of the interfaces, 
gives a table of currently used functions for the interfaces, and 
describes operational characteristics of the interfaces. 

INTERFACE CHARACTERISTICS 

The I/O Processor provides for 40 I/O channels. These channels are 
addressed by the d designator in the program instruction or by the B 
register contents. Data may be transferred from the I/O Processor 
accumulator to an interface register or from an interface register to the 
accumulator. I/O Memory ports may be used for block transfers of data 
into or out of I/O Memory. Data transfers and channel interface actions 
are a function of each interface logic control. 

Each interface may interpret up to 16 function signals from the I/O 
Processor program. These functions are generated by instructions 140 
through 177. Interpretation of each function is specifically designated 
by each interface. However, three of the function codes are fairly 
common among interfaces and are described below. 

iod : 0 or lOB: O. 

This function clears the channel busy and done flags and places the 
channel in an idle status. 

iod : 6 or lOB : 6. 

This function clears the channel interrupt flag for the associated 
channel, which blocks any further interrupt requests from that channel. 

iod : 7 or lOB: 7. 

This function sets the channel interrupt enable flag for the associated 
channel and enables the interrupt requests from that channel. 
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Each channel interface provides for a busy flag. This flag is 
normally set during the active period of the channel and cleared 
during an idle period. The setting and clearing of this flag depends 
on the channel interface interpretation of the 16 function codes. The 
channel busy flag may be sensed by the I/O Processor program through 
execution of the 041 and 043 instructions. 

Each channel interface provides for a done flag. This flag is 
normally used to signal the I/O Processor program when some step of 
the channel activity has reached a point where program action is 
required. Setting and clearing of the flag is normally a function of 
the interface hardware, but the program may set or clear the flags for 
special purposes. The program may sense the state of this flag 
through the 040 and 042 instructions. An interrupt is normally 
generated by the interface hardware when the channel done flag is set 
and the channel interrupt enable flag is also set. The system must 
have interrupts enabled to process the interrupt. 

INTERFACE FUNCTION CODES 

Table 7-1 lists all the currently supported peripheral devices and 
briefly explains each function code interpretation that has been 
implemented. The mnemonic shown is for A Programming Machine 
Language, APML. 
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Device 

DISK STORAGE 
UNI'l' 
(DKA-DKP) 

CONSOLE KEYBOARD 
(TIA,TIB,TIC ••. ) 

CONSOLE DISPLAY 
( TOA , TOB , TOC ••• ) 

EXPANDER CHASSIS 

, 

I 
I 
I 
I 

HR-0808 

Table 7-1. Interface functions 

Mnemonic 

DKA : 0 
DKA : 1 
DRA : 2 

DKA : 3 
DKA : 4 

DKA : 5 
I DKA : 6 
I 

DKA : 7 
DKA : 10 
DKA : 11 
DKA : 14 

I DKA : 15 

TIA : 0 
TIA : 6 
TIA : 7 
TIA : 10 

TOA : 0 I 

TOA : 6 I 
TOA : 7 
TOA : 14 

EXB : 0 
EXB : 1 
EXB : 2 

EXB : 3 
EXB : 4 
EXB : 5 I EXB : 6 
EXB : 7 
EXB : 10 
EXB : 11 
EXB : 13 
EXB : 14 
EXB : 15 
EXB : 16 
EXB : 17 

Function 

Clear the channel control 
Select mode or request status 
Read data into I/O Memory 
Write data from I/O Memory 
Select a new head group 
Select a new cylinder 
Clear the channel interrupt enable flag 
Set the channel interrupt enable flag 
Read I/O Memory current address 
Read status response 
Enter I/O Memory beginning address 
Status response register diagnostic 

Clear the channel done flag 
Clear the channel interrupt enable flag 
Set the channel interrupt enable flag 
Read data into accumulator and clear 
done flag 

Clear the channel busy and done flags 
Clear the channel interrupt enable flag 
Set the channel interrupt enable flag 
Send accumulator data to display 

Idle the channel 
Data input from A register (DIA) 
Data input from B register (DIB) 
Data input from C register (DIC) 
Read busy/done flag, interrupt number 
Load device address 
Send interface mask (MSKO) 
Set interrupt mode 
Read data bus status 
Read status 1 
Read status 2 

Data output to A register 
Data output to B reg ister 
Data output 
Send control 
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Table 7-1. Interface functions (continued) 

Device 

" I NPUT FROM 
CPU I/O CHANNEL 
I (CIA,CIB ,CIC .•• ) 

I 

: 

I 
10UTPUT TO 
,CPU I/O CHANNEL 
I (COA,COB,COC ••• ) 

I 

I 
'INPUT FROM 
jcpu MEMORY CHANNEL 
I(HIA,HIB,HIC •.. ) 

I 

OUTPUT TO 
CPU MEMORY CHANNEL 
( HOA , HOB, HOC ••. ) 

HR-0808 

Mnemonic 

CIA 0 
CIA 1 

CIA 2 
CIA 3 
CIA 4 
CIA 6 

CIA 7 
CIA 10 
CIA 11 

COA 0 
COA 1 
COA 2 
COA 3 
COA 4 
COA 6 
COA 7 
COA 10 
COA 11 

HIA 0 
HIA 1 
HIA 2 
HIA 3 
HIA 4 

HIA 6 
HIA 7 
HIA 14 

HOA 
HOA 
HOA 
HOA 
HOA 
HOA 
HOA 
HOA 

o 
1 
2 
3 
5 
6 
7 

14 

Function 

Clear channel 
Enter I/O Memory address, start 
input 
Enter parcel count 
Clear channel parity error flags 
Clear ready waiting flag 
Clear interrupt enable flag 
Set interrupt enable flag 
Read I/O Memory address 
Read status (ready waiting, parity 
errors) 

Clear channe 1 
Enter I/O Memory address 
Enter parcel count 
Clear error flag 
Set/clear external control signals 
Clear interrupt enable flag 
Set interrupt enable flag 
Read I/O Memory address 
Read status (4-bit channel data, error) 

Clear channel busy, done flags 
Enter I/O Memory address 
Enter upper Central Memory address 
Enter lower Central Memory address 
Read Central Memory, enter block length 
Clear interrupt enable flag 
Set interrupt enable flag 
Enter diagnostic mode 

Clear channel busy, done flags 
Enter I/O Memory address 
Enter upper Central Memory address 
Enter lower Central Memory address 
Write Central Memory, enter block length 
Clear interrupt enable flag 
Set interrupt enable flag 
Enter diagnostic mode 

Part 3 
7-4 B 

I 

1 



Table 7-1. Interface functions (continued) 

Device Mnemonic 

ERROR LOGGING ERA : 0 
CHANNEL ERA : 6 
(ERA, ERB, ERC ••• ) ERA : 7 

ERA : 10 
ERA : 11 
ERA : 12 
ERA : 13 

BLOCK BMA : 0 
MULTIPLEXER BMA : 1 
CHANNEL BMA : 2 
( BMA , BMB , BMC ••• ) BMA : 3 

BMA : 4 
BMA : 5 
BMA : 6 
BMA : 7 
BMA : 10 
BMA : 11 
BMA : 12 
BMA : 13 
BMA : 14 
BMA : 15 
BMA : 16 
BMA : 17 

HR-0808 

Function 

Idle channel 
Clear interrupt enable flag 
Set interrupt enable flag 
Read error status 
Read error information (first parameter) 
Read error information (second parameter) 
Read error information (third parameter) 

Clear channel control 
Send reset functions 
Channel command 
Read request-in address 
Asynchronous I/O 
Delay counter diagnostic 
Clear channel interrupt enable flag 
Set channel interrupt enable flag 
Read I/O Memory address 
Read byte count 
Read status 
Read input tags 
Enter I/O Memory address 
Enter byte count 
Enter device address 
Enter output tags 
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DISK STORAGE UNIT CHANNEL 

Each Buffer I/O Processor and Disk I/O Processor may have up to 16 
channels connected to DD-29 Disk Storage Units. Each unit may operate 
independently of the other units and all may be transferring data at the 
same time. APML mnemonics DKA through DKP indicate these channels. The 
function requests for the first channel are summarized below. 

DKA Clear the channel control 

DKA Select mode or request status 

DKA Read data into I/O Memory 

DKA Write data from I/O Memory 

DKA 4 Select a new head group 

DKA 5 Select a new cylinderS 

DKA Clear the channel interrupt enable flag 

DKA Set the channel interrupt enable flag 

DKA 10 Read I/O Memory current address 

DKA 11 Read status response 

DKA 14 Enter I/O Memory beginning address 

DKA 15 Status response register diagnostic 

DISK STORAGE UNIT CHARACTERISTICS 

The DD-29 Disk Storage Unit consists of 40 rotating disk surfaces with a 
read/record head on each surface. The period of disk rotation is 16.6 
milliseconds. The heads are moved simultaneously to one of 823 disk 
cylinders by means of a servomechanism. Positioning time from one 
cylinder to another varies from 15 milliseconds to 80 milliseconds 
depending on the distance the head assembly must travel. 

§ Valid channel busy and channel 
after this function is issued. 

§§ Allow 1 CP before checking the 
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interrupt 
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Within each disk cylinder the 40 read/record heads are divided into ten 
groups. Each head group then reads or records 4 bits of data in 
parallel. The selection of a new head group requires 6 microseconds. 
The recording surface available to each head group is called a disk 
track. This is the basic storage unit reserved by the operating system. 
A flaw on the disk surface requires that a track be removed from the 
available resources in the track reservation table for the system. 

Within each disk track are 18 sectors in which data may be recorded and 
read back. The data in one sector is called a data block and consists of 
2048 parcels of I/O Processor data plus verification and error correction 
data. Data may be transferred between the I/O Memory and the disk 
surface only in blocks of this fixed size. 

DSU DATA SEQUENCE PATTERN 

The data recorded in a sector of a disk track consists of a number of 
parts as shown in figure 7-1. The numbers below each segment in the 
figure are the total bits of all four heads, for the segment. 

PREAMBLE 512 WORDS POSTAMBLE 

912 8 32,768 128 24 

Figure 7-1. DSU data sequence pattern 

The total number of bits in the above figure is 35,808. This is the 
portion of a disk track assigned to a sector. An additional gap after 
the last sector has 576 bits. The total number of bits in a disk track 
is 645,120. 

The bit positions assigned to the angular locations on the disk surface 
are determined by an index mark and a servo clock. The index mark is a 
unique mechanical mark on the rotating mechanism which provides a pulse 
once per disk revolution. This pulse clears a counter which then counts 
servo clock pulses to define the remainder of the disk timing. Servo 
pulses are also derived mechanically from the rotating mechanism. These 
pulses occur every 12 bit positions. The clock used for recording data 
on the disk surface is obtained by a frequency multiplier. The index 
mark begins the data sequence pattern listed above for sector O. The 
beginning location for the other sectors is determined by the servo 
counter. These begin every 746 servo pulses or 8952 bit positions. 
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The data sequence pattern for a sector, as listed above, is recorded in 
two separate processes. The sector identification (10) word, which 
appears as 6 bits under each recording head, is recorded on each new set 
of disk surfaces and is not modified in normal use of the disk storage 
unit. The data block and cyclic checkword are recorded with each disk 
write function in a normal operation. Associated with each of these 
recordings is a preamble, sync, and postamble which are a necessary part 
of the recording and reading process. 

The write heads are turned on for a normal disk block write function 
during the intersector gap. The writing begins with the second group of 
preamble and sync bits which are sequenced by the disk control circuits. 
The data from the I/O Memory is then recorded in a block of 32,768 bits. 
~his is followed by a 128-bit cyclic redundancy checkword which was 
generated from the data by a Fire code generator. The write heads are 
turned off after the 24-bit postamble. 

SECTOR IDENTIFICATION WORD 

The sector identification (10) word for each sector is 24 bits. It is 
composed of a cylinder number, a head-group number, a sector number and 
four parity bits. The 10 format is shown in figure 7-2. 

223 222 213 212 29 28 24 23 

I 0 I 
CYLINDER HEAD SECTOR PARITY 

C9 C8 C7 C6 Cs C4 C3 C2 Cl Co H3 H2 HI HO S4 S3 S2 Sl So P3 P2 PI 

Figure 7-2. Sector 10 format 

The parity bits in the sector identification word each protect a 
cross-section of the other 20 bits of the 10. The assignment of parity 
bits to groups of 10 bits is shown in table 7-2. 

I/O MEMORY ADDRESS REGISTER 

The I/O Memory address register is both an interface input register and 
an interface output register for the channel. The beginning address for 
a block of disk data is entered in the register by the processor before 
issuing a read or write function. This address is restricted to values 
which are a multiple of four because of the burst mode used in moving 
data into and out of the 1/0 Memory. The low-order 2 bits of the address 
are forced to 0 in the register. If the processor enters bit values 
other than 0 in these positions, these values are discarded. 
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Table 7-2. Sector ID parity bit assignments 

Parity Bits pO /20 pl/2l p2/22 p3/23 

C7/2
2O 

C
8
/2

2l 
C

2
/2

22 
0/2

23 

C
3
/2

l6 C4/2l7 C
5
/2

l8 C6/2l9 

Data Bits H
3
/2

l2 CO/2l3 Cl /214 C2/2l5 

s4/28 HO/29 H
I
/2

1O H2/2ll 

sO /24 sl/25 s2/226 s3/227 

C Cylinder, H Head, S Sector, P = Parity 

The address in the I/O Memory address register is increased by a count of 
four as each burst of four words is transferred to or from the I/O 
Memory. This address may be monitored by the I/O Processor using the DKA 
: 10 function. The address may be used without a new entry from the 
processor after completion of a data transfer. In this case the 
beginning address for the next block of disk data will be the next 
sequential storage address. For a disk write the I/O Memory address will 
be left pointing four parcels beyond the last address of the buffer. 

STATUS RESPONSE REGISTER 

The status response register is used for the specific response requested 
by a function 1 request and also for the implied response of function 5. 
Details of these functions are listed under the appropriate headings. 

DKA : ° - CLEAR CHANNEL 

Clear the channel busy and channel done flags. No parameters are 
required for this function. This function is not interlocked with any 
disk sequence which may be in process. 

DKA : 1 - SELECT MODE 

This function request allows the processor to select a mode for the disk 
storage unit or to request status information from the interface. The 
content of the accumulator at the time of the function request is used as 
a selecting parameter. The categories of parameter values are summarized 
in table 7-3. 
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Table 7-3. OKA 1 parameters 

Value 

I 

Meaning 

OOOxxx I Release Unit 

OOlxxx Reserve Unit 

002xxx Clear fault flags 

003xxx Return to zero cylinder 

004xxx Select margin conditionsl 

005xxx Read sector number I 
I 

006xxx Read error flags 

007xxx Read disk status 

Parameter OOOxxx - Release Unit 

This function request sets the channel busy flag and clears the channel 
done flag. No other flag request can be made on a particular OSU until a 
OKA : I request has been issued for that unit. After a few microseconds, 
the interface clears the channel busy flag and sets the channel done 
flag. The disk storage unit is released from the reservation on that 
port and is free for reservation on the other port. 

Parameter OOlxxx - Reserve Unit 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later, the interface clears the channel 
busy flag and sets the channel done flag. The OSU is reserved for the 
requesting I/O Processor if it is not currently reserved by another 
device using the OSU access port. The function does not automatically 
return a status response. The I/O Processor must issue a separate 
function 1 status request to determine whether the reservation was 
accepted. The reserve unit function automatically selects head group O. 
The unit must be reserved before it will recognize a read function (OKA : 
2), a write function (ORA: 3), or a select cylinder function (OKA : 5). 
All other functions may be issued to an unreserved unit, unless the OSU 
is reserved on another access port. 
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Parameter 002xxx - Clear Fault Flags 

This function 1 request with an 002xxx parameter sets the channel busy 
flag and clears the channel done flag. A few microseconds later the 
interface clears the channel busy flag and sets the channel done flag. 
The fault conditions stored in fault registers in the interface and in 
the DSU are all cleared. 

Parameter 003xxx - Return to Zero Cylinder 

This function request sets the channel busy flag and clears the channel 
done flag. The read/write heads are positioned to cylinder 000 as if the 
DSU were just powered up. The time for positioning the heads depends 
upon the distance to be traveled, and may extend to 500 milliseconds for 
an 822-cylinder move. When the positioning is completed, the interface 
clears the channel busy flag and sets the channel done flag. 

Parameter 004xxx - Select Cylinder Margin 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later the disk interface clears the 
channel busy flag and sets the channel done flag. The read/write heads 
are moved slightly away from the normal cylinder center to attempt 
reading data which cannot be recovered using normal head positioning. 
The amount to be offset is determined by the low-order 5 bits in the 
function parameter. Each unit of the 5-bit value offsets the heads 25 
microinches (0.64 micrometers). Bit 2 5 of the parameter defines the 
direction of the offset: a 1 indicates an offset toward the center of 
the disk and a 0 specifies a move away from the center of the disk. The 
nominal cylinder width is 2200 microinches (5600 micrometers), and a 
nominal center-to-center cylinder spacing spacing is 2600 microinches 
(6600 micrometers). The offset position is maintained until the next 
positioning function is received, either another margin select, or a new 
cylinder select. A following cylinder select automatically cancels the 
margin select and centers the heads over the new cylinder~ The direction 
and amount of offset active is contained in the DSU offset register, and 
can be inspected by a DKA : 1, parameter 007002 command. 

Parameter 005xxx - Read Sector Number 

This function request sets the channel busy flag and clears the channel 
done flag. About 10 I/O Processor CPs later the interface clears the 
channel busy flag and sets the channel done flag. At this time the 
sector number of the sector currently under the read/write heads is 
loaded into the status response register in the interface. A following 
function 11 to the interface will read the status response register to 
the I/O Processor accumulator. 
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The sector number is not read from the disk. Instead, an interface 
counter operates from the DSU servo clock, tracking the sector number. 
The counter is updated at the start of the l80-frame intersector gap, and 
it is cleared by the index mark. 

Parameter 006xxx - Read Error Flags 

Issuing this function request sets the channel busy flag and clears the 
channel done flag. A few microseconds later the interface clears the 
channel busy flag and sets the channel done flag. At this time the 
status response register on the interface receives data from the fault 
registers in the DSU and in the interface. This data remains in the 
status response register until it is replaced by data from another 
function request. Figure 7-3 shows the bit assignments for the error 
flags, and table 7-4 explains each error condition. 
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STATUS BITS 

FLAGS 

Read/Write 
Off Cylinder 

Read and write 
Conflict 

Multiple Head Select 

write Fault Channel 0 

write Fault Channell 

write Fault Channel 2 

write Fault Channel 3 

Seek Error 

Address Error 

Data Error Channel 0 

Data Error Channel 1 

Data Error Channel 2 

Data Error Channel 3 

I I LLost Data 

Lost Function 

Angular position Counter Error 

A-0141 

HR-0808 

Figure 7-3. Status response error flags 
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Table 7-4. Parameter 006 error flags 

I Bit Name Meaning 

r-2~==~=-R=e=a=d=/=w=r==i=t=e==0=f=f====~A=n==a=t==t=em==p=t==w=a=s==m=a=d=e==t=o==r==e=a=d==o=r==w=r=i=t~e==========~ 
I cylinder data when the read/write heads were still in 

motion on a change of cylinder. 

HR-OSOS 

Read and write 
conflict 

Multiple head 
select 

Write fault 
channel 0 

Write fault 
channel 1 

write fault 
channel 2 

write fault 
channel 3 

Seek error 

Address error 

Data error 
channel 0 

Data error 
channel 1 

Data error 
channel 2 

An attempt was made to strobe data 
simultaneously early and late, or an attempt 
was made to write data with the cylinder 
margin offset, or the unit attempted to read 
and write at the same time. 

More than 4 heads were selected 
simultaneously. 

A failure occurred associated with the 
recording head for channel O. 

A failure occurred associated with the 
recording head for channell. 

A failure occurred associated with the 
recording head for channel 2. 

A failure occurred associated with the 
recording head for channel 3. 

A failure occurred in moving the read/write 
heads to a new cylinder number. 

The disk storage unit received a head group 
select for a group number greater than lIS' 
or a cylinder select for a cylinder number 
greater than 1466 octal, or a margin 
selection when the disk was not on cylinder, 
or a cylinder select when the disk was not on 
cylinder. 

An error occurred in the channel 0 data 
during the last read operation. 

An error occurred in the channel 1 data 
during the last read operation. 

An error occurred in the channel 2 data 
durinq the last read operaton. 
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Table 7-4. Parameter 006 error flags (continued) 

Bit Name Meaning 

2TI Data error An error occurred in the channel 3 data during 
channel 3 the last read operation. 

213 Lost data The data transfer between the I/O Memory and 
the deskewing buffers did not keep up with 
the disk read/write transfer in a read or 
write operation. 

214 Lost function A function was received before a previous 
function completed. 

215 Angular position I The index mark from the disk storage unit 
counter error was received in the middle of a sector. 

Parameter 007000 - Read Cylinder Register 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later the interface clears the channel 
busy flag and sets the channel done flag. At this time the interface 
status register receives from the DSU the currently selected cylinder 
number. The cylinder number occupies the 10 low-order bits of the status 
register. This data remains in the status register until replaced by 
another function request. 

Parameter 007001 - Read Head Register 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later the interface clears the channel 
busy flag and sets the channel done flag. At this time the interface 
status register receives from the DSU the currently selected head group 
number, if the DSU is reserved to the processor. The head number goes in 
the 4 low-order register bits, and bit 25 is a 1 to show reservation to 
the requesting processor. Bit 26 indicates the DSU capacity is 600 
Mbytes. The register value has a range of 40 S-51 S for the 10 head 
groups. A zero word returned indicates the DSU is not reserved to the 
requesting processor. Status data remains in the register until another 
function request. 
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Parameter 007002 - Read Margin/Difference Register 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later the interface clears the channel 
busy flag and sets the channel done flag. At this time the interface 
status response register receives from the DSU either the currently 
selected offset margin or the difference between the present position of 
the heads and the final cylinder position during a seek. If the last 
function request was an offset margin selection, the status is the ones 
complement of the offset number selected by that function. The 5 
low-order bits on the status register hold the offset number, and bit 
25 shows the offset direction. Bit 25 is set to 1 if the offset is 
toward the center of the disk. See figure 7-4. 

STATUS BITS 

MARGIN BITS 

OFFSET MAGNITUDE 

A-O/43 OFFSET DIRECTION (1 = TOWARD CENTER) 

Figure 7-4. Offset margin status word 

If the previous function request was a select cylinder, the interface 
status register receives the ones complement of the number of cylinder 
positions yet to be crossed before reaching the desired cylinder. The 
register contains 17778 when the heads are positioned at the desired 
cylinder. The difference number goes into the least significant 10 bits 
of the status register. See figure 7-5. 

STATUS BITS 

Example: 294 

HR-0808 

0100100110 tracks to go 
1011011001 one's complement to register 

Fig~re 7-5. Diffcrc!'1c~ 
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Parameter 007003 - Read Interlock Register 

This function request sets the channel busy flag and clears the channel 
done flag. A few microseconds later the interface clears the channel 
busy flag and sets the channel done flag. At this time the interface 
status response register receives from the DSU the contents of the 
interlock register. Eight interlock flags are placed in the low-order 
bit positions of the status response register. The interlock flags are 
shown in figure 7-6. Ones indicate fault conditionse Table 7-5 explains 
each flag. 

A -0/42 

Timing Notes 

STATUS BITS 

FLAGS 

Disk Not Up To Speed 

Heads Not Loaded 

Brush Cycle In Process 

Start Switch Turned Off 

Zero if operation done correctly 

Low Negative Supply Voltage 

Low positive Supply Voltage 

Figure 7-6. Interlock register status bits 

A function 4 select head group request can be followed immediately by 
another function to be done as soon as the new head group is active. For 
example, a read disk data function may be stacked behind the select head 
group function. If a function 1 status request is sent to the interface 
before the read disk data function begins, the function 1 command takes 
the place of the read disk data function, and the read disk data function 
is lost. In this case, the Lost Function error flag sets in the 
interface and will be available for the Read Error flags status request. 

It is possible to issue a function 1 status request after a select 
cylinder function and before the select cylinder function has finished. 
But the status request should be issued immediately after the select 
cylinder function, to give plenty of time separation between the done 
flag of the status request and the done flag of the cylinder select. If 
the two done flags occur close together, the program may not be able to 
distinguish between them and handle the conditions incorrectly. It is 
best to avoid status request functions near the end of a head positioning 
sequence. 
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Table 7-5. Interlock status bits 

Meaning 

This bit is set to indicate that the disk drive cabinet is 
over the normal temperature range. 

This bit is set to indicate that the disk surfaces are not 
up to speed. 

This bit is set to indicate that the disk heads are not 
loaded on the disk surface. 

The bit is set to indicate that the disk drive brush cycle 
is in process. 

This bit is set to indicate that the disk drive start 
switch is turned off. 

This bit is always zero. 

This bit is set to indicate that the negative voltage 
supply for the disk drive is below normal voltage. 

This bit is set to indicate that the positive voltage 
supply for the disk drive is below normal voltage. 

DKA : 2 - READ DISK DATA 

A function 2 request to the disk channel interface begins the process of 
reading a block of disk data into the I/O Memory at the beginning address 
specified by the interface A register. The disk sector number is 
specified by the accumulator content at the time of the function 
request. The head group number and cylinder number are the values which 
were last selected by the appropriate functions for that purpose. 

The reading process begins by a hardware test for proper angular position 
of the disk surface. The sector number requested by the processor is 
compared with the sector number currently under the reading heads. If 
the disk is not in the proper position, the execution of the read 
function is delayed until the disk surface is properly positioned. 

The interface anticipates the processor request for reading data when 
other function requests have been satisfied. This anticipation takes the 
form of reading each sector as the data appears under the readiny heads 
with the expect~tian that the read request fnr th~t data will be 
forthcoming~ 
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Data read from the disk surface is routed to the I/O Memory through two 
buffers, labeled A and B. Each buffer holds 512 words of I/O Processor 
data. Buffer A receives the first 512 words of disk data. Buffer B 
receives the second 512 words. The use of the two buffers alternates 
until the entire block of data has been processed. 

The function 2 request clears the channel done flag and sets the channel 
busy flag. The sector number is captured from the accumulator and 
compared with the sector count. The currently anticipated reading 
process will be accepted if buffer A has not yet filled with the first 
sector of data from the disk surface. If the read process has proceeded 
beyond this point, or if the sector number is wrong, the current read 
process is aborted and the function request waits up to one disk 
revolution for sector coincidence. 

The data in buffer A begins moving to the processor I/O Memory as the 
disk read circuits begin filling buffer B. The data moves to the I/O 
Memory in bursts of four words and normally empties buffer A before the 
disk read circuits have filled buffer B. The roles of the two buffers 
then reverse and data continues moving from the disk surface to the I/O 
Memory until the entire block has been processed. 

The eight words of error correction data which follow the data block are 
read into a buffer as the last section of the data block is moving from 
the other buffer to the I/O Memory. Reading stops at this point for a 
check of the Fire code generators which have been summing the data as it 
was read from the disk surface. If all four generators are clear, the 
data read from the disk is correct. The channel done flag is set and the 
channel busy flag is cleared as the last word of data is entered in the 
I/O Memory. 

DKA : 2 - Abnormal Conditions 

An abnormal condition in the disk storage unit or in the reading or 
processing of the data is indicated to the I/O Processor by a terminating 
sequence which sets the channel done flag and leaves the channel busy 
flag set as well. The processor program can then analyze the error by 
appropriate function 1 requests for status information. Three types of 
error conditions cause this termination, as described below. 

Recorded data error - While the recorded data is transferring from the 
DSU to the interface, the Fire code generators operate on the data as 
explained in "Fire Code Generator" later in this section. The 32-bit 
error correction code from each read head also passes through the Fire 
code generator for that head. The four new error correction codes 
generated should each be 32 zeros, if the data was stored and read 
correctly. 
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If any error correction code is non-zero, the recorded data error flag 
for that head is set in the fault register. There are four such flags 
for the four read channels. The I/O processor may use a special read 
mode to obtain the error correction code necessary to proceed with the 
correction software algorithm. The special read mode is described in the 
following "DKA : 2 - Special Modes" section. 

Lost data error - The lost data flag is set in the fault register if the 
transfer of data from the buffers did not keep up with the reading of 
data from the disk surface. The processor must reread the sector in this 
case. 

Lost Function - The lost function flag in the error status response is 
set if a function is received at the interface before a previous function 
has finished. The new function is lost, and should be requested again. 

DRA : 2 - Special Modes 

Special modes for the reading of disk data are requested by the processor 
through sector numbers larger than 40 octal. The low-order 5 bits of the 
requested sector number are translated for sector coincidence. The 
high-order bits are interpreted for special mode. 

Format mode - Sectors 40S through 6lS request that the reading 
process begin with the verification word and continue for a total of 1000 
octal words. The following eight words are then interpreted as the error 
correction code. This read mode is used for maintenance only. In this 
case the error correction code was not generated by the Fire code 
generators because the data length during the write sequence was much 
longer than the requested length for this mode. This combination of long 
write and short read allows the maintenance routine to test for various 
failure modes in the Fire code generators. 

Read correction code - Sectors 100S through l2lS request that the 
reading process begin with the error correction code and continue for the 
eight words of that code. This mode is used when the data in the 
associated sector has been read incorrectly and the processor program 
wishes to do error correction. 

Read early - Sectors 200S through 22lS cause the reading heads to 
sample the data from the disk surface somewhat earlier than normal. This 
mode is used to recover data that cannot be read in a normal mode. 

Read late - Sectors 400S through 42lS cause the reading heads to 
sample the data from the disk surface somewhat later than normal. This 
mode is used to recover data that cannot be read in a normal code. 
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Mixed modes - The read early and read late selections described above may 
be used together with the other special modes by combining the high-order 
bit values in a logical sum. 

Buffer Echo Mode 

A special diagnostic feature allows writing a test data block into the A 
and B buffers and then reading out the test data. This can only be done 
after a master clear and before a OKA : 1 function. The master clear 
could be from a power on sequence or from a deadstart sequence. A OKA : 
14 function to enter the starting address for the read to I/O Memory must 
precede the OMA : 2 read function. Refer to the buffer echo mode 
explanation given with the following OKA : 3 write function discussion. 

DKA : 3 - WRITE DISK DATA 

A function 3 request to the disk channel interface begins the process of 
writing a block of data from the I/O Memory onto the disk surface. The 
I/O Memory address for beginning the block of data is specified by the 
content of the interface A register. The disk sector number is specified 
by the accumulator content at the time of the function request. The head 
group number and cylinder number are the values which were last selected 
by the appropriate functions for that purpose. The function request sets 
the channel busy flag and clears the channel done flag. 

The writing process begins by filling buffer A with data from the I/O 
Memory. When this buffer is full, the interface monitors the angular 
position of the disk surface for the proper position to begin writing 
data. This position is slightly past the prerecorded verification word 
for the requested sector. The write circuits are turned on when the disk 
is in the proper position and the data in buffer A is transmitted to the 
disk surface. At this time the interface begins filling buffer B with 
data from the I/O Memory. Buffer B should be filled before the disk 
writing circuits have emptied buffer Aa The lost data flag in the fault 
register is set if this should not be the case. The disk writing 
circuits begin transmitting data from buffer B to the disk surface as 
soon as buffer A has been emptied. This process continues with the roles 
of buffers A and B alternating until the last of the data in the block 
has been loaded into buffer B. No further data is read from the I/O 
Memory and the interface waits for completion of the data transfer from 
buffer A to the disk surface. 

The interface sets the channel done flag as soon as buffer A is emptied 
for the last portion of the disk data. The channel busy flag is cleared 
if no error has occurred in the writing process. The interface then 
continues transmitting data from buffer B to the disk surface. The I/O 
Processor is free at this point to issue another write function request 
and begin loading buffer A with data for another sector on this track. 
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The disk write circuits follow the last data from buffer B with eight 
words of error correction code. This data comes directly from the Fire 
code generators. The writing circuits are turned off at this time and 
the interface prepares to write data in the following sector if the I/O 
Processor has requested this function. 

The busy flag is left set at the time the done flag is cleared if an 
error has occurred during the writing process. There are two possible 
error conditions, which are described in the following paragraphs. 

Fire Code Generation 

As data is transferred from the I/O Processor into the interface buffer, 
the interface generates the Fire code, or cyclic redundancy checkword 
(CRC). The Fire code generator uses the polynomial x 32 +x 23 +x21 
+xll +x2 + 1 to create one 32-bit checkword for each of the four DSU 
write heads. This polynomial allows for the correcting of data in a 
single error burst of 11 bits or less; and detects errors if there are 
two bursts, or bursts of more than 11 bits in error. 

The checkword is generated by a 32-bit shifting register; the register is 
cleared before a data transfer is begun. The data bit going to the 
buffer is compared to bit 231 of the shifting register. If the two 
bits are alike, bit 20 of the register is cleared and the register is 
shifted left one position. If the bits are not alike, register bits 
21, 210, 220, and 222 are complemented, the register contents are 
then shifted left one position, and bit 20 of the register is set to 
1. Then, the next data bit is compared with register bit 231 and the 
register contents are altered as previously. 

Data bit 263 is the first data bit to be used in generating the 
checkword for DSU head 3; 262 is the first data bit used for DSU head 
2, 261 for head 1, and 260 for head 0. Bits 247, 231 , and 215 
are the other bits used first of their 16-bit channel words destined for 
DSU head 3. 

The checkword forms continuously while the interface transfers data to 
the DSU. The 32-bit error correction code is appended to the data block. 

Lost Data Error 

The lost data flag is set if the data transfer from the I/O Memory has 
not kept up with the data transfer to the disk surface. 

Lost Function Error 

The status response lost function error flag is set if a function is 
received at the Intertace betore the previous tunction is tinished. The 
new function is lost. To recover, issue the new function again. 
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Format Mode 

A special mode of operation is provided in the disk channel interface to 
prerecord the cylinder verification data on the disk surface. This mode 
is selected by a function 3 request with a sector number value of 40 
through 61 octal. The disk control circuits translate the low-order 4 
bits of the sector number in the normal way to select the sector for 
recording. The high-order bit causes the writing process to begin 
process to begin earlier than normal. This selection records a 40008 
word block of data on the disk surface in an otherwise normal manner in 
such a way that the first word of this data block is properly positioned 
for the cylinder verification word. The remainder of the recording in 
this format mode is used for maintenance functions and is then erased by 
the recording of the normal sector data. Figure 7-7 shows the pattern 
written in each sector under format mode. 

I 
N 
D GAP PREAMBLE POSTAMBLE 
E 
X 720 912 8 24 32,744 128 24 1,248 BITS 

Figure 7-7. Format mode sector pattern 

Buffer Echo Mode 

A special diagnostic feature allows writing a test data block into 
buffers A and B and then reading out the test data. This can only be 
done after a master clear (from a power on sequence or a deadstart) and 
before a DKA : 1 function. The sequence is as follows: 

1. Master clear 

2. OKA 

3. OKA 

4. OKA 

5. OKA 

14 enter I/O Memory starting address 

3 write data to buffers A and B 

14 enter I/O Memory starting address 

2 read data from buffers 

6. Verify data 

7. OKA: 1 function places controller in normal operation mode 
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DKA : 4 - SELECT HEAD GROUP 

A function 4 request to the disk channel interface reserves the DSU and 
causes the head group selection circuits to select a head group. The new 
head group number is specified by the low-order 4 bits of the accumulator 
content at the time of the function request. This function may be 
requested at any time with respect to the execution of other disk channel 
functions. The 4-bit code for selection of the head group is captured in 
a special register in the disk channel interface. The action of 
switching the head group circuits requires about 5 microseconds and is 
delayed until the completion of any other function currently in process. 
It is possible, therefore, to select a new head group during a read or 
write sequence and continue the reading or writing from the last sector 
of one track to the first sector of a different track in the same disk 
cylinder, without missing a disk revolution. 

If this function is used to reserve the DSU, anyone of the DKA 1 
functions must still be issued before this DKA : 4 function. 

This function request does not alter the condition of the channel busy or 
done flags. There is no channel interface response to this function. 

DKA : 5 - SELECT CYLINDER 

A function 5 request to the disk channel interface causes the disk 
read/record head assembly to move to a cylinder position. The cylinder 
number is specified by the 10 low-order bits of the accumulator content 
at the time of the function request. 

The channel busy flag is set and the channel done flag is cleared by the 
function request. The servomechanism for positioning the head assembly 
then begins moving to the new cylinder position. This process takes from 
15 milliseconds for adjacent cylinders to 80 milliseconds for maximum 
travel. A cylinder selection for the current cylinder requires a few 
microseconds for the process. 

The interface monitors the cylinder positioning and when the read/record 
heads are on the newly requested cylinder, the data recorded on the 
selected track is read for verification of the cylinder. The data in the 
first verification word to pass under the read heads is captured and 
entered in the status response register. The channel busy flag is 
cleared to indicate completion of the requested function and the channel 
done flag is set. If the function cannot be completed because of an 
abnormal condition in the disk storage unit the channel done flag is set 
and the channel busy flag is left set. 
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It is possible to program the disk channel interface in such a way that 
the progress of the cylinder positioning can be monitored. This is done 
by aborting the normal sequence described above with a function 1 status 
request. This resets the busy flag and clears the done flag and begins 
the status response sequence. The cylinder positioning will continue but 
the verification process will not occur. The progress of the cylinder 
positioning can then be monitored by reading the difference register 
content from the disk storage unit. A verification can be programmed by 
repeating the cylinder selection. 

DKA : 6 - CLEAR INTERRUPT ENABLE 

A function 6 request to the disk channel interface clears the channel 
interrupt enable flag. This prevents interruption of the I/O Processor 
program and requires program monitoring of the channel done flag for 
proper sequencing of disk control functions. 

DKA : 7 - SET INTERRUPT ENABLE 

A function 7 request to the disk channel interface sets the channel 
interrupt enable flag. This causes an I/O interrupt request for this 
channel whenever the channel done flag is set. The interrupt enable flag 
function for the I/O Processor system. 

DKA : 10 - READ LOCAL MEMORY ADDRESS 

This function request reads the current value in the channel interface 
I/O Memory address register and enters this value in the accumulator. 
This function may be performed at any time with respect to a disk storage 
unit sequence. 

DKA : 11 - READ STATUS RESPONSE 

This function request reads the current content of the disk storage unit 
status response register and enters this value in the accumulator. This 
function request may be performed at any time with respect to the disk 
storage unit sequence. The value read will be the response from the last 
function which entered the status response register. 
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DKA : 14 - ENTER LOCAL MEMORY ADDRESS 

This function enters the current accumulator content in the channel 
interface I/O Memory address register. The channel busy and channel done 
flags are not altered in this process. 

DKA : 15 - STATUS RESPONSE REGISTER DIAGNOSTIC 

This function can be used to verify the operation of the status response 
register. The function transfers a test value from the accumulator to 
the status response register, overwriting the current status. A DKA : 11 
read status response function immediately following this diagnostic 
function will return the test value to the accumulator for verification. 
The channel busy and done flags are not affected by the DKA : 15 function. 

CONSOLE DISPLAY CHANNEL 

The I/O Processor has provision for a number of I/O channels connecting 
to operator display consoles. Each display is assigned to a separate 
channel and all may operate independently. Data is transmitted serially 
from a channel interface register to the display device. 

This channel has a 7-bit interface register which receives data from the 
I/O Processor accumulator and transmits this data serially to the display 
device. Function requests for this channell are described below. 

TOA 

TOA 

TOA 

TOA 

Clear the channel busy and channel done flags. 

Clear the channel interrupt enable flag. The channel 
busy and channel done flags are not altered in this 
process. 

Set the channel interrupt enable flag. The channel 
busy and channel done flags are not altered in this 
process. 

Enter the low-order 7 bits of the accumulator content 
in the channel interface register. It sets the 
channel busy flag and clear the channel done flag. 
It begins the transmission of the data from the 
interface register to the display device and clears 
the channel busy flag and set the channel done flag 
when the transmission has been completed. 

§ Valid channel busy and channel done flags cannot be read until 1 CP 
after this function is issued. 

§§ Allow 1 CP before checking the interrupt channel number (lOR: 10) 
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CONSOLE KEYBOARD CHANNEL 

The I/O Processor has provision for a number of I/O channels connecting 
to operator console keyboards. Each keyboard is assigned to a separate 
channel and all may operate independently. Data is transmitted serially 
from the keyboard to a channel interface register. The channel busy flag 
is set by the channel hardware at the beginning of the transmission. The 
channel busy flag is cleared and the channel done flag is set when the 
data has been assembled in the interface register. 

This channel has a 7-bit interface register which assembles the data for 
a character associated with a key depression. This data may then be read 
into the I/O Processor accumulator. 

TIA 

TIA 

TIA 

TIA 

Clear the channel done flag. 

Clear the channel interrupt enable flag. The channel 
busy and channel done flags are not altered in this 
process. 

Set the channel interrupt enable flag. The channel 
busy and channel done flags are not altered in this 
process. 

Read the contents of the channel interface register 
into the low-order 7-bit positions in the accumulator 
and clear the high-order bits. It sets the channel 
busy flag and clears the channel done flag. It 
transfers the data to the accumulator, then clears 
the channel busy flag and sets the channel done flag. 

§ Valid channel busy and channel done flags cannot be read until 1 CP 
after this function is issued. 

§§ Allow 1 CP before checking the interrupt channel number (lOR : 10) 
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PERIPHERAL EXPANDER CHANNEL 

Depending on its function, an I/O Processor may have a channel connected 
to a peripheral expander. The peripheral expander can contain 16 
controllers for peripheral devices. Only one controller can be active at 
one time, but that controller may be servicing more than one peripheral 
device. Each peripheral unit is assigned a device address and is 
individually selectable. The functions for the peripheral expander are 
listed below. 

EXB O§ Idle channel 

EXB l§ DIA data input from A register 

EXB 2§ DIB data input from B register 

EXB 3§ DIC data input from C register 

EXB 4§ Read busy/done, interrupt number 

EXB S Load device address 

EXB 6§§ MSKO mask out 

EXB 7§§ Set interrupt mode 

EXB 10 Read data bus status 

EXB 11 Read status 1 

EXB 13 Read status 2 

EXB l4§ DOA data output to A register 

EXB lS§ DOB data output to B register 

EXB l6§ DOC data output to C register 

EXB l7§ Send control 

INTERFACE REGISTERS 

Each peripheral controller has three interface registers: A, B, and C. 
These registers are used for control and data communication between the 
peripheral device and the I/O Processor. The specific uses of the 
registers are defined by the peripheral device controller. 

§ Allow I c~ before checKing busy or done. 
§§ Allow 1 CP before checking the interrupt channel number {lOR 
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CHANNEL ASSIGNMENTS 

All peripheral devices handled by the peripheral expander share the same 
channel number. Device addresses select among the peripheral units. 

EXB : 0 - IDLE CHANNEL 

This instruction clears the peripheral expander channel busy and done 
flags, clears the peripheral expander interrupt enable flag, and clears 
the interface DMA (direct memory access) enable flag. The peripheral 
expander channel is then inactive and DMA references via the data channel 
will not be allowed. 

EXB : 1 - DIA 

This instruction requests the A input register contents from the selected 
peripheral controller in the peripheral expander. Peripheral expander 
channel busy sets and done clears, both in the clock period following 
issue. Since this command requires the use of the data bus, it is 
delayed by the function delay time (minimum 1 microsecond). When it 
completes, the peripheral expander channel done flag sets and the busy 
flag clears. At this time, the I/O Processor may follow this instruction 
with an EXB : 10 to load the A input register information into the I/O 
Processor accumulator. 

EXB : 2 - DIB 

This instruction performs exactly as the EXB : 1 instruction, except that 
the peripheral controller B input register is sampled. 

EXB : 3 - DIC 

This instruction performs exactly the same as the EXB : 1 instruction, 
except that the peripheral controller C input register is sampled. 

EXB : 4 - READ BUSY/DONE, INTERRUPT NUMBER 

This instruction serves two purposes. The first purpose is to return the 
specified peripheral controller busy and done flags to the interface. 
The second is to determine which peripheral controller has the highest 
priority interrupt, its done flag set, and its interrupts enabled. 
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This is a delayed function because it uses the bus data lines from the 
peripheral expander. The peripheral expander channel busy flag sets and 
done flag clears 1 CP after instruction issue. Upon completion, the 
peripheral expander channel busy flag is cleared and the done flag is 
set. At this time, an EXB : 11 instruction may be issued to load the 
peripheral controller busy flags, done flags, and the present interrupt 
device address. 

EXB : 5 - LOAD DEVICE ADDRESS 

This instruction loads the bits 20 - 2 5 of the I/O Processor 
accumulator into the interface device address register. The interface 
device address register is used to hold the device address of a 
peripheral controller to which a delayed function is being sent. A 
delayed function is any function which requires the use of the bus data 
lines in the expander, thus requiring time to complete. Functions that 
are considered delayed functions are the EXB : 1, 2, 3, 4, 6, 14, 15, 16, 
and 17 functions. The address in the interface device address register 
must not be changed at any time during the execution of a delayed 
function. This instruction does not change the peripheral expander 
channel done and busy flags. The device address is loaded into the 
interface register in the I/O Processor clock period following 
instruction issue. 

EXB : 6 MSKO MASK OUT 

This instruction sends the present contents of the I/O Processor 
accumulator to the peripheral expander where the 16-bit word acts as a 
mask to disable interrupts from specific peripheral controllers. Every 
device controller in the peripheral expander has a mask bit. The 
specific mask bits for some probable peripheral devices are given in 
table 7-6. The mask bits are subject to change, so the latest 
documentation for the peripheral interface should be consulted. Three 
Cray Research assignments are shown on the table. If the mask bit is 
set, interrupts from the corresponding peripheral controller are 
disabled. The peripheral expander channel busy flag is set and the done 
flag is cleared upon initiation of this instructon. Because the mask 
must be sent throughout the peripheral expander via the bus data lines, 
this instruction is a delayed instruction. When it does complete, the 
peripheral expander channel busy flag clears and the done flag sets. 

Issuing this instruction clears the interrupt flag. If an interrupt 
condition is still present 400 nanoseconds after completion, the 
interrupt flag will set again. 
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Table 7-6. Peripheral device mask bits for interrupt disabling 

Octal 
Device Code 

11/5l§ 

11/50§ 
30/70§ 
70 

14/54§ 
3l,32/7l,72§ 

06/46§ 
07/47§ 
15/55§ 
17/57§ 

I 44 

34,35/74,75§ 

l6/56§ 
22/62§ 
34/74§ 

20/60§ 

2l/61§ 
40 
41 
40§§ 
41§§§ 

33/73 
42 

43 

64,65,66/74 
76,76§ 

Mask bit Device 

Teletype output 

Teletype input 
Asynchronous hardware multiplexer 
Synchronous Line Adapter 

Real-time clock option 
IBM 360/370 interface 

Multiprocessor adapter transmitter 
Multiprocessor adapter receiver 
Incremental plotter 
Card Reader CRO (CRI modification) 
Modem control for multiline asynchronous 

controller 

24 Multiline asynchronous controller 

25 Magnetic tape MTO (CRI) 
Cassette tape 

26 Fixed head disk 

27 Analog/Digital converter 
Interprocessor bus full-duplex unit 
Interprocessor bus full-duplex unit 
Synchronous communication receiver 
Synchronous communication transmitter 

28 Moving head disk 
Digital I/O 

29 Line Printer PRO (CRI modification) 

210 Floating-point (NOVA only) 

211 Unassigned 

212 Unassigned 

213 Unassigned 

214 Unassigned 

215 Data communications multiplexer 

§ First device code/second device code 
§§ May be set up with any unused even device code greater than 40a 
§§§ May be set up with any unused odd device code greater than 4la 

HR-oaoa 
Part 3 

7-31 B 



EXB : 7 - SET INTERRUPT MODE 

This instruction is used to enable or disable interrupts for the 
peripheral expander I/O channel and for the peripheral controllers. The 
accumulator value present when this instruction issues determines what 
types of interrupts are honored. If a bit is set, the interrupts will be 
enabled as follows: 

Accumulator bit 20 -

Accumulator bit 21 -

Enables interrupts from the I/O channel to 
the I/O Processor 
Enables interrupts from the I/O controllers 
to the I/O Processor 

The I/O channel busy and done flags are not affected by this 
instruction. 

EXB : 10 - READ DATA BUS STATUS 

This instruction reads the data on the data bus into the I/O Processor 
accumulator. This is normally used to bring back the data received 
from the bus by the EXB : 1, 2, or 3 input instructions. The 
peripheral expander I/O channel busy and done flags are not effected 
by this instruction. The data will stay valid until another EXB : 1, 
2, or 3 function is issued. 

EXB : 11 - READ STATUS 1 

This instruction returns to the I/O Processor the status of the 
peripheral expander I/O channel and of the peripheral controller. 
Channel busy and done flags are not affected by this instruction. The 
status bits are assigned as shown in table 7-7. 
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Table 7-7. Read status 1 bit assignments 

Bit Meaning 

Interrupting device code bit 2 0 

Interrupting device code bit 21 

Interrupting device code bit 22 

Interrupting device code bit 2 3 

Interrupting device code bit 24 

Interrupting device code bit 2 5 

Unassigned 

27 Direct memory access enabled 

28 Expander I/O channel interrupts enabled 

29 Controller interrupts enabled 

210 Function active - delayed function executing 

211 Expander I/O channel busy flag 

212 Expander I/O channel done flag 

213 INTR - interrupt request from peripheral interface 

214 SELB - select busy flag of addressed device 

215 SELD - select done flag of addressed device 

EXB : 13 - READ STATUS 2 

This instruction returns to the I/O Processor the status of the 
peripheral expander I/O channel and of the peripheral controller. 
Channel busy and done flags are not affected by this instruction. The 
instruction is similar to EXB : 11, except that the contents of the 
device address register in the interface is returned instead of the 
interrupt device code number. Status bit assignments are shown in table 
7-8. 
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Table 7-8. Read status 2 bit assignments 

Bit Meaning 

Device address bit ~O , 

Device address bit 21 

Device address bit 22 

Device address bit 23 

Device address bit 24 

Device address bit 25 

Unassigned 

27 Direct memory access enabled 

28 Expander I/O channel interrupts enabled 

29 Controller interrupts enabled 

210 Function active - delayed function executing 

211 Expander I/O channel busy flag 

212 Expander I/O channel done flag 

213 INTR - interrupt request from peripheral interface 

214 SELB - select busy flag of addressed device 

215 SELD - select done flag of addressed device 

EXB : 14 - DOA (DATA OUT A) 

This instruction sends the contents of the I/O Processor accumulator to 
the selected peripheral controller in the peripheral expander. The data 
goes into the A register of the peripheral controller whose device 
address is currently in the device address register. This command causes 
the peripheral expander I/O channel busy flag to set and the done flag to 
clear. This ccrr~and which r~quires the use of the 0~t~ bus in the 
peripheral expander and is a delayed function. When it does complete, 
the peripheral expander I/O channel done flag sets and busy clears. 
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EXB : 15 - DOB (DATA OUT B) 

This instruction sends the contents of the I/O Processor accumulator to 
the selected peripheral controller in the peripheral expander. The data 
goes into the B register of the addressed device controller. The 
instruction operation is otherwise the same as the EXB : 14 DIA 
instruction. 

EXB : 16 - DOC (DATA OUT C) 

This instruction sends the I/O Processor accumulator contents to the C 
register of the selected peripheral controller in the peripheral 
expander. Otherwise, the operation is the same as the EXB : 14 DOA 
instruction operation. 

EXB : 17 - SEND CONTROL 

The peripheral controllers use four control signals in the peripheral 
expander: I/O Reset, Pulse, Clear, and Start. Each controller may have 
different uses for these signals. This instruction sends the control 
signal selected by the bits in the accumulator at instruction issue. The 
control signals are delayed instructions. The peripheral expander I/O 
channel busy flag sets at issue time and the done flag clears. Then when 
the command has completed, the channel done flag sets and the busy flag 
clears. The accumulator bits set control signals as shown in table 7-9. 
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Table 7-9. Accumulator bit control signals 

Bit 

20 

21 

22 
I 
I 

23 I 
I 

Function 

Start 

Clear 

Pulse 

I/O reset 
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DELAYED FUNCTIONS 

Several functions require the data bus in the peripheral expander. These 
need extra time to complete, and may have to wait for the data bus to be 
free. The completion of a delayed function is shown by setting the 
peripheral expander I/O channel done flag. The done flag for the 
preceding delayed function must be received at the I/O Processor before 
sending another delayed function. 

Those functions that are considered delayed functions are: 

EXB 1 DIA 

EXB 2 DIB 

EXB 3 DIC 

EXB 4 Read busy/done, interrupt number 

EXB 6 MSKO 

EXB 14 DOA 

EXB 15 DOB 

EXB 16 DOC 

EXB 17 Send control 

TRANSFER SPEEDS 

The peripheral expander interface is capable of sustaining a transfer 
rate of 16 megabits per second from the I/O Processor to the expander 
chassis. In the reverse direction, it can sustain a speed of 
approximately 14.5 megabits per second. This is achieved by using the 
data channel mode which transfers a l6-bit parcel every microsecond. The 
programmed I/O mode can also reach these speeds. 
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CHANNEL FOR INPUT FROM CRAY-l CHANNEL 

The I/O Processor may have one or more channels dedicated to receiving 
data from a CRAY-l I/O channel. Data is transferred in block mode 
directly into I/O Processor I/O Memory. The functions are listed below. 

CIA O§ Clear channel 

CIA l§ Enter I/O Memory address, start transfer 

CIA 2 Enter parcel count 

CIA 3 Clear channel parity error flags 

CIA 4 Clear ready waiting flag 

CIA 6§§ Clear interrupt enable flag 

CIA 7§§ Set interrupt enable flag 

CIA 10 Read I/O Memory address 

CIA 11 Read ready waiting/error flags 

I/O MEMORY ADDRESS REGISTER 

The I/O Memory address register contains the I/O Memory address for the 
next I/O Memory reference. It is loaded with the I/O Memory starting 
address at the initiation of the input transfer. The low-order 2 bits of 
starting address are forced to 0 when loaded into the register. This is 
done because the memory references are done in bursts of four parcels, 
and upon completion of a reference, the register address is increased by 
4. If, for some reason, the input transfer stops on some boundary other 
than four, the final memory reference stores undefined parcels. The 
number of defined parcels can be determined by reading the final memory 
address, which is equal to the address of the last defined parcel, plus 1. 

CIA : 0 - CLEAR CHANNEL 

This function clears the interface channel busy and done flags and aborts 
any transfer in progress. The new states of busy and done are not valid 
until the second clock period following this function. Wait one clock 
period after issuing this function before sampling these flags. 

§ Allow 1 CP before checking busy or done. 
§§ Allow 1 CP before checking the interrupt channel number (lOR 
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CIA : 1 - ENTER I/O MEMORY ADDRESS 

This function enters the accumulator content into the l6-bit I/O Memory 
address register (forcing the 2 low-order bits to 0) and starts an input 
transfer from the Central Processing Unit. The busy flag is set and the 
done flag is cleared. Upon receipt of four parcels, a memory reference 
is made. Then another four parcels are received and stored. This 
continues until the parcel count is 0 or until a disconnect is received 
from the CRAY-l I/O channel. At that time, the done flag is set and the 
busy flag is cleared. 

CIA : 2 - ENTER PARCEL COUNT 

This function stores the accumulator content into the interface parcel 
count register. This value is a positive count of the number of parcels 
to be transferred. The status of the busy and done flags are not 
affected. 

CIA : 3 - CLEAR CHANNEL PARITY ERROR FLAGS 

Four parity bits protect the 16-bit parcels on the CPU channel. A parity 
error in a 4-bit group causes one parity error flag to set. This funtion 
clears all four parity error flags. A parity error does not affect the 
states of the channel busy and done flags. Similarly, issuing this 
function does not affect the states of the channel busy and done flags. 

CIA : 4 - CLEAR READY WAITING 

If the I/O Processor input channel is inactive and a ready pulse is 
received from the CPU, the channel sets a ready waiting flag. If, in 
order to resynchronize the transfer, this ready must be discarded, this 
function will clear the ready waiting flag. If the ready signal is not 
discarded and the input channel is started, the data on the lines will be 
sampled as the first parcel of the transfer. The channel busy and done 
flags are not affected. 

CIA : 6 - CLEAR INTERRUPT ENABLE FLAG 

This function disables the interface from interrupting the I/O 
Processor. The channel may still be monitored via the busy and done flag 
status. The ~h~nnpl hllRy And done flags are not affected by this 
function. 
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CIA : 7 - SET INTERRUPT ENABLE FLAG 

This enables interrupts on the interface. The channel will then 
interrupt whenever the done flag sets. The channel busy and done flags 
are unaffected by this function. 

CIA : 10 - READ MEMORY ADDRESS 

This function transfers the content of the interface I/O Memory address 
register into the accumulator. The address is one greater than the 
address of the last parcel stored. Since a memory reference is four 
parcels of data, there will be undefined parcels of data written into 
memory if the transfer length is not a multiple of four. The channel 
busy and done flags are unaffected by this function. 

CIA : 11 - READ READY WAITING/ERROR FLAGS 

This function reads into the accumulator the content of the interface 
status register. The status bit assignment is listed in table 7-10. 
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Table 7-10. Ready waiting/error flags 

Bit 

20 

21 

22 

23 

I 

215 

Meaning 

Channel parity error flag 
for bits 20-23 

Channel parity error flag 
for bits 24_27 

Channel parity error 
for bits 28-211 

Channel parity error 
for bits 212_215 

Ready waiting flag 
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CHANNEL FOR OUTPUT TO CRAY-l CHANNEL 

The I/O Processor may have one or more channels for sending data to a 
CRAY-l input channel. Data is transferred in block mode directly from 
I/O Memory. The functions are listed below. 

COA O§ Clear channel 

COA l§ Enter I/O Memory address, start transfer 

COA 2 Enter parcel count 

COA 3 Clear error flag 

COA 4 Set/clear external control signals 

COA 6§§ Clear interrupt enable flag 

COA 7§§ Set interrupt enable flag 

COA 10 Read I/O Memory address 

COA 11 Read error flags 

I/O MEMORY ADDRESS REGISTER 

The I/O Memory address register contains the I/O Memory address for the 
next I/O Memory reference. It is loaded with the I/O Memory starting 
address at the initiation of the output transfer. The 2 low-order bits 
of the starting address are forced to 0 when entered in the register. 
This is done because the memory references are in bursts of four parcels, 
and upon completion of a memory reference, the register address is 
increased by 4. Upon completion of the output, the I/O Memory address in 
the register is one greater than the address of the first parcel sent. 

COA : 0 - CLEAR CHANNEL 

This function clears the channel busy and done flags and aborts any 
transfer. The busy and done flags are not valid for sampling until the 
second clock period following completion of this function. 

§ Allow 1 CP before checking busy and done. 
§§ Allow 1 CP betore checking the interrupt channel number (lOR 
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eOA : 1 - ENTER I/O MEMORY ADDRESS 

This function loads the current contents of the accumulator into the 
16-bit I/O Memory address register (forcing the 2 low-order bits to 0) 
and starts the transfer to the cpu. The busy flag sets and the done flag 
clears. The interface makes a memory reference starting at the address 
contained in the I/O Memory address register, and outputs four parcels of 
data. Then another reference reads out another burst of four parcels. 
When the parcel count stored in the interface register has been reached, 
the transfer stops. The done flag sets and the busy flag clears. 

COA : 2 - ENTER PARCEL COUNT 

This enters the accumulator content into the interface parcel count 
register. This value is a positive count of the number of parcels to be 
transferred. The channel busy and done flags are not affected by this 
function. 

COA : 3 - CLEAR ERROR FLAG 

This command is used to clear the sequence error flag. The sequence 
error flag sets when there is a resume signal received from the CPU and 
the interface is not busy or there is an I/O Memory reference in 
progress. If the interface interrupt enable flag is set, the sequence 
error flag will cause an interrupt. The sequence error has no affect on 
the channel busy and done flags. The channel busy and done flags are not 
affected by this function. 

COA : 4 - SET/CLEAR EXTERNAL CONTROL SIGNALS 

This function sends control signals to the CPUQ The signal selection is 
governed by set bits in the accumulator as shown in table 7-11. 

Hold disconnect is used to stop the automatic disconnect that is sent at 
the end of a transfer. 

Write disconnect sends a disconnect to the CPU with no data transferred. 

Error channel resume is reserved for maintenance use with configurations 
without an error logging channel. RTC interrupt is reserved for use on 
systems where a programmable clock is not present. 

The accumulator signal select bits are held in an interface register 
until they are altered by another COA : 4 function. The channel busy and 
done flags are not affected by this command. 
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eOA : 6 - eLEAR INTERRUPT ENABLE FLAG 

This function clears the channel interrupt enable flag to prevent the 
interface from interrupting the I/O Processor. The channel may be 
monitored via the busy and done flags and via the status information 
returned by the eOA : 11 command. 

eOA : 7 - SET INTERRUPT ENABLE FLAG 

This function sets the interrupt enable flag to allow interrupting the 
I/O Processor. With interrupts enabled, the interface will interrupt 
whenever the done flag sets or whenever a sequence error occurs. This 
function does not affect the busy and done flags. 

eOA : 10 - READ I/O MEMORY ADDRESS 

This command enters the content of the I/O Memory address register into 
the accumulator. The address entered will be one greater than the 
address of the last parcel transferred from I/O Memory. The channel busy 
and done flags are not affected by this command. 
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eOA : 11 - READ ERROR FLAGS 

This function reads into the accumulator the status of the interface. 
The bit significances are listed in table 7-12. 

Table 7-12. Error flags 

Bit Meaning 

20 4-bit channel data bit 20 

21 4-bit channel data bit 21 

22 4-bit channel data bit 22 

23 4-bit channel data bit 23 

215 Sequence error 

The channel busy and done flags are not affected by this command. The 
4-bit channel is reserved for maintenance use with configurations without 
an error logging channel. 

MEMORY CHANNEL 

A Memory Channel (1 standard and 1 optional) is used for transferring 
data between the CPU Central Memory and an lOP I/O Memory. A Memory 
Channel consists of an input channel that carries data from Central 
Memory to I/O Memory, and an output channel that passes data from the I/O 
Memory to the Central Memorye Each channel carries 64 bits of data in 
parallel, along with 8 check bits. A separate l2-bit channel is provided 
for both the input channel and the output channel for carrying address 
information. A data rate of approximately 800 million bits per second is 
possible on either the input channel or the output channel. 

The input channel and the output channel are more complex than the normal 
CRAY-l channels. There are more control signals provided, and more data 
protection information. The signals and their timing are described in 
this section, followed by an explanation of the lOP instructions that 
control a Memory Channel. 
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SIGNAL DESCRIPTIONS 

Figure 7-8 shows the Memory Channel signals and the directions of the 
signals. First the input channel signals are described, then the output 
channel signals are described. 

DATA 20 - 263 
641., 

CHECK BYTE 20 - 27 
81'" 

DATA READY 
LAST WORD rLAG -

UNRECOVERABLE ERROR -
ADDRESS ERROR -

TRANSMIT ADDRESS 
INPUT 

GO 8 BANKS - CHANNEL 

TRANSMIT DATA 
CLEAR CHANNEL 
ADDRESS READY 

- ADDRESS 20 - 211 

~ ADDRESS PARITY 

CPU lOP 
~@ 

DATA 20 _ 263 

~ 
CHECK BYTE 20 - 27 

DATA READY 
U\ST WORD FLAG 

- CLEAR CHANNEL 
ADDRESS READY 

~2: 
ADDRE SS 20 - 211 

OUTPUT 

.-cD ADDRESS PARITY C"~~~E, 

DISABLE ERROR CORRECTIO~ 

TRANSMIT DATA 
UNRECOVERABLE ERROR 

ADDRESS ERROR 
TRANSMIT ADDRESS 

Figure 7-8. Memory Channel signals 

Central Processing Unit to I/O Processor Input Channel 

Data (to lOP) - The data is passed in 64-bit words over 64 lines. Data 
is valid 2 CPs after the leading edge of Data Ready, and stays valid for 
6 CPs. 
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Check Byte (to lOP) - The Check Byte is the 8 error check bits read out 
of the CPU memory. It is passed to the r/o Processor to verify the 
accuracy of the received Data. The Check Byte has the same timing and 
valid points as the Data Signal. 

Data Ready (to rOP) - This signal indicates data is valid on the cable. 
The leading edge of Data Ready preceded the Data signals by 2 CPs and is 
true for 1 CP. The minimum period for Data Ready signals is 6 CPs. 

Last Word Flag (to rOP) - This signal indicates the last data word of the 
complete transfer is on the Data lines. This also means the CPU word 
count is O. This signal has the same timing and duration as the Data 
signals. 

Unrecoverable Error (to rOP) - This signal indicates an unrecoverable 
error occurred in the transfer at the CPU. The channel will go inactive 
and remain so until a Clear Channel signal is sent to the CPU from the 
rOPe Unrecoverable error conditions include: 

1. Address parity error, 

2. Transmit Data signal received at the CPU and less than 3 Address 
Ready signals were received, 

3. More than 3 Address Ready signals received at the CPU, 

4. Uncorrectable data error from Central Memory. 

The unrecoverable error signal continues until a Clear Channel is sent. 

Address Error (to rOP) - The Address Error signal indicates the 
unrecoverable error was an address error, from conditions 1, 2 or 3 of 
the error conditions listed previously in "Unrecoverable Error". The 
Address Error signal should be sampled when the leading edge of the 
Unrecoverable Error Signal appears. 

Transmit Address (to rOP) - This signal indicates the CPU side is 
inactive and that a transfer can be initiated by sending an address on 
the Address line. Transmit Address returns to the cleared state after 
three Address Ready signals, and will not set again until after the last 
data word has been transferred to the rop Processor. This signal also 
clears if there is an error condition on the CPU side of the channel and 
will not set again until a Clear Channel is sent. 

Go 8 Banks (to rOP) - This signal indicates the Central Memory is 
operating in the 8-bank mode. All transmitted block sizes should be 
reduced to eight words. 
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Transmit Data (to CPU) - This signal indicates the I/O Processor can 
accept a block of data from the CPU. This signal remains set until the 
first Data Ready signal is received for that data block. Transmit Data 
is sampled at the CPU at the beginning of each data block. If Transmit 
Data is set, the l6-word data block will be transmitted. If this signal 
is cleared at that time, no data will be transmitted until the Transmit 
Data signal sets. The Transmit Data signal is clear when the channel is 
inactive and will not set until at least 100 nanoseconds after the third 
Address Ready signal trailing edge. 

The number of 64-bit data words sent in the first 
block equals 16 minus the number specified by bits 
20 and 21 of the CPU starting address. This 
adjusts the blocks to l6-bank boundaries so that 
the next block begins with section O. If the Go 8 
Bank signal is set, the number of data words in the 
first block is 8 minus the address 20 value. 

Clear Channel (to CPU) - This signal clears all error conditions in the 
channel. It remains set a minimum of 100 nanoseconds or until the 
Unrecoverable Error signal goes false. An Address Ready signal must lag 
the trailing edge of the Clear Channel signal by at least 100 nanoseconds. 

Address Ready (to CPU) - This signal indicates the Address lines will 
soon have valid address data. The leading edge of this signal leads the 
address information by 25 nanoseconds and stays set for 12.5 
nanoseconds. The minimum period for Address Ready signals is 75 
nanoseconds, leading edge to leading edge. Three Address Ready signals 
are used to initiate a transfer. The first accompanies bits 210 

through 221 of the beginning central memory address on the Address 
lines. The second Address Ready accompanies bits 20 - 29 of the 
beginning Central Memory address and bits 213 - 212 of the transfer 
word count. The third address Ready accompanies bits 20 - 211 of the 
transfer word count. See figure 7-9. 
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211 2° ADDRESS LINE BITS 
1~-22-1------------------S-TA-R-T-IN-G--AD-D-R-ES-S-------------------2-10-'1 

211 22 21 2° ADDRESS LINE BITS 

2 29 STARTING ADDRESS 2° 1 2
13 212 

TRANSFER 
WORD 

COUNT 

211 2° ADDRESS LINE BITS 

3 I 211 TRANSFER WORD COUNT 2° 

Figure 7-9. Address and word count formats 

Address (to CPU) - The 12 Address lines carry the Central Memory starting 
address and the transfer word count. The information carried on the 
Address lines for each of the three address transfers is shown in figure 
7-9. The information is valid for 75 nanoseconds. The Address signals 
lag the leading edge of Address Ready by 25 nanoseconds. 

Address Parity (to CPU) - These signals provide odd parity for each group 
of 4 address bits as follows: 

Address Parity Bit 
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Address Information Bits 
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The Address Parity signals have the same timing as Address signals. They 
are valid for 75 nanoseconds. 

I/O Processor to Central Processing Unit Output Channel 

Data (to CPU) - Data passes in 64-bit words over 64 lines. Data is valid 
25 nanoseconds after the Data Ready signal leading edge and Data stays 
valid for 75 nanoseconds. 

Check Byte (to CPU) - Check Byte is the 8 error check bits generated by 
the output side of the channel. The error code generation methods used 
are the same on each side of the channel. The Check Byte is passed to 
the CPU with the same timing and valid points as the Data signals. 

Data Ready (to CPU) - This signal indicates data is valid on the cable. 
The leading edge of Data Ready precedes the Data signals by 25 
nanoseconds and Data Ready is set for 12.5 nanoseconds. The minimum 
period for Data Ready signals is 75 nanoseconds. 

Last Word Flag (to CPU) - This signal 
complete transfer on the Data lines. 
word count is O. This signal has the 
Data signals. 

indicates the last data word of the 
This also means the I/O Processor 
same timing and duration as the 

Clear Channel (to CPU) - This signal clears all error conditions in the 
channel. It remains set a minimum of 100 nanoseconds or until the 
Unrecoverable Error signal clears. An Address Ready signal must lag the 
trailing edge of the Clear Channel signal by at least 100 nanoseconds. 

Address Ready (to CPU) - This signal indicates information will soon be 
valid on the Address lines. The leading edge of Address Ready leads the 
valid address information by 25 nanoseconds and is set for 12.5 
nanoseconds. The minimum period for sequential Address Ready signals is 
75 nanoseconds. The Address Ready signal is only sent when the Transmit 
Address signal is set. Three Address Ready signals are used to initiate 
a data block transfer. The first Address Ready signal accompanies 
Address information which is bits 210 - 221 of the starting address 
in Central Memory. The second Address Ready indicates the Address lines 
will soon contain bits 20 - 29 of the Central Memory starting address 
and bits 212 - 213 of the transfer word count. The third address 
information transmission preceded by an Address Ready, contains the 20 

- 211 bits of the transfer word count. See preceding figure 7-9. 

Address (to CPU) - The 12 Address lines carry the Central Memory starting 
address and the transfer word count. The Address signals lag the leading 
edge of Address Ready by 25 nanoseconds, and then stay set for 75 
nanoseconds. The formats of the information carried in each of three 
address information transfers are shown in the preceding figure 7-9. 
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Address Parity (to CPU) - These signals provide odd parity for each group 
of four Address signals as follows: 

Address Parity Bit Address Information Bits 

2° 2° - 23 

I 21 24 - 27 

I 
22 28 _ 211 

The Address Parity signals have the same timing as Address Signals. They 
are valid for 75 nanoseconds. 

Disable Error Correction (to CPU) - This signal is used for diagnostic 
purposes only. It disables the Single Error Correction, Double Error 
Detection (SECDED) circuitry used on the data channel. 

Transmit Data (to lOP) - This signal indicates the CPU can accept a block 
of data from the I/O Processor. This signal remains set until the first 
data ready signal is received for that data block. Transmit data is 
sampled at the beginning of each data block. If Transmit Data is set, 
the l6-word data block will be transmitted. If this signal is cleared 
when sampled, no data will be sent until Transmit Data does go set. 

NOTE 

The number of 64-bit words sent in the first block of a 
transfer equals the number of banks (16 or 8), minus 
the number specified by bits 2° and 21 (16 banks) 
or by bit 2° (8 banks) of the Central Memory starting 
address. This adjusts the blocks to 16-bank or 8-bank 
boundaries so that the next block begins with bank 0. 

Unrecoverable Error (to lOP) - This signal indicates an 
unrecoverable error occurred in the transfer at the CPU side. 
The channel will go inactive and remain so until a Clear Channel 
is sent to the CP. Unrecoverable Error conditions include: 
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1. Address Parity Error, 

2. Data Ready received and less than three Address Ready signals, 

3. More than three Address Readies received, 

4. Uncorrectable data error on channel, 

5. Transfer word count = 0 and no Last Word Flag, 

6. Transfer word count ~ 0 and Last Word Flag. 

The Unrecoverable Error signal remains set until a Clear Channel signal 
is sent. 

Address Error (to lOP) - The Address Error signal indicates the 
Unrecoverable Error was an address error, from conditions 1, 2, or 3 of 
the preceding Unrecoverable Error list. The Address Error signal should 
be sampled when the leading edge of Unrecoverable Error appears. 

Transmit Address (to CPU) - This signal indicates the CPU side is 
inactive and a transfer can be initiated by sending data over the Address 
lines. This signal will clear after three Address Ready signals and will 
not set again until the last word of the complete channel transfer has 
been stored in Central Memory. Transmit Address will clear if there is 
an error condition on the CP side and in that case Transmit Address will 
not set again until Clear Channel is sent. 

MEMORY CHANNEL FUNCTIONS FOR INPUT FROM CPU 

The following describes the input operation functions for the Memory 
Channel. The functions are listed below. 

HIA Clear channel busy, done flags 

HIA 1 Enter I/O Memory address 

HIA 2 Enter upper Central Memory address 

HIA 3 Enter lower Central Memory address 

HIA Read Central Memory, enter block length 

HIA Clear interrupt enable flag 

HIA Set interrupt enable flag 

HIA 14 Enter diagnostic mode 

§ Allow 1 CP before checking busy or done. 
§§ Allow 1 CP before checking the interrupt channel number (lOR 
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Interface Registers 

Three interface registers are used to control the transfer. The Central 
Memory starting address is held in a 22-bit register. Two separate 
commands, HIA : 2 and HIA : 3 load the 22-bit address. The I/O Processor 
I/O Memory starting address is held in a 16-bit register that is loaded 
by an HIA : 1 command. The third register holds 14 bits of the transfer 
word count, or block length, entered by the HIA : 4 function. 

HIA : ° - Clear Channel Busy, Done Flags 

This function clears the channel busy and done flags. It will cause an 
error condition if issued while this channel is active. HIA: ° must be 
used to clear an error condition on the channel. 

HIA : 1 - Enter I/O Memory Starting Address 

This function enters the content of the I/O Processor accumulator into 
the I/O Memory address register. The 2°, 21 bits of the address are 
forced to 0. This command does not alter the state of the channel busy 
or done flags. If this function is given while this channel is active, 
an error conditiion occurs. 

HIA : 2 - Enter Upper Central Memory Address 

This function enters the 2° - 212 bits of the I/O Processor 
accumulator into the 29 - 221 positions of the Central Memory 
starting address register. The states of the channel busy and done flags 
are unaltered. This command will cause an error condition if issued 
while this channel is active. 

HIA : 3 - Enter Lower Central Memory Address 

This function enters the 2° - 28 bits of the I/O Processor 
accumulator into the 2° - 28 bits of the Central Memory starting 
address register. The states of the channel busy and done flags are 
unaltered. This command will cause an error condition if issued when the 
input channel is active. 
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BIA : 4 - Read Central Memory, Enter Block Length 

This command enters the lowest 20 - 213 bits of the I/O Processor 
accumulator into the block length register. (This value is treated as a 
count of 64-bit words with a zero value indicating the maximum 16,384 
words.) The busy flag is set and the done flag is cleared and the 
transfer is initiated. Upon completion, the done flag will set and the 
busy flag will clear. If during the transfer an unrecoverable error 
occurs, the transfer will terminate and the done flag will set and the 
busy flag will remain set. This command will cause an error condition if 
issued while the input channel is active. 

HIA : 6 - Clear Interrupt Enable 

This function clears the interrupt enable flag for the channel. The 
states of the busy and done flags remain unaltered. 

HIA : 7 - Set Interrupt Enable 

This function sets the interrupt enable flag for the channel. The states 
of the busy and done flags remain unaltered. 

HIA : 14 - Enter Diagnostic Mode 

This function enters the 20 - 22 bits of the I/O Processor 
accumulator into the diagnostic mode register. The modes are summarized 
in table 7-13. Only one mode is valid at a time. All diagnostic modes 
are cleared with a master clear, or alternately, by doing HIA : 0, 
followed by BIA : 14 with the accumulator = O. Mode 0 is active until 
any other mode is selected. This function is for maintenance purposes 
only. 
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Mode 
Designator 

o 

1 

2 

3 

4 

5 

6 

7 

Table 7-13. Input channel diagnostic modes 

Function 

Set Last Word flag (only if channel is active) 

Disable Last Word flag from CPU 

Force constant Address Ready 

Disable third Address Ready 

Transfer first address with a "0" parity bit, third 
address with a "1" parity bit, and disable Data Ready 
from CPU 

Force Clear Channel without inactivating lOP 

Disable Block Length = 0 

Disable lOP data error correction and detection 

Memory Channel Input Error Processing 

If an irrecoverable error occurs in an input transfer from the Central 
Memory, the busy and done flags will both set. An error code is 
generated and sent to an error log. The error codes are summarized in 
table 7-14. 

Memory Channel Input Sequence 

Figure 7-10 shows the sequence of signals for transferring data from 
Central Memory to I/O Memory. 

The only recoverable error is correctable data error. This type of error 
is ignored by the channel because the data is corrected automatically; 
the syndrome information is sent to an error log. 
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Error Code 

1 

2 

3 

4 

5 

6 

7 

HR-0808 

Table 7-14. Input channel error codes 

Name 

Function Error 

Active Error 

Transmit Address Timeout 

CPU Address Error 

CPU lOP Data Error 

Block Length Error 

Data Ready Timeout 
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Condition 

Indicates a function 0, 1, 2, 
3 or 4 was issued while the 
channel was active. 

Indicates the CPU side went 
inactive while the lOP side 
was still active. 

Indicates an lOP input was 
initiated but the CPU did not 
send a transmit address within 
2 milliseconds. 

Indicates the CPU side 
received greater or less than 
three address readies or there 
was a parity error in one of 
the address channel transfers. 

Indicates the CPU side has a 
multiple data error from 
memory or the lOP side 
received data with a multiple 
error. 

Indicates the lOP received the 
last word and the block length 
count was not 0 or the last 
word was not received and the 
block length count was equal 
to O. 

Indicates the lOP did not 
receive data within 2 
milliseconds. 
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lOP CPU 

l. .. Transmit Address 

2. Activate channel 

Upper address, Address Ready. ~ 

Lower address, upper block 6CP 
length, Address Ready. ~ 

Lower block length, 6CP 
Address Ready ~ 

3. Drop Transmit Address, 
activate CPU side. 

4. Read first block from 
Central Memory to buffer. 

5. Transmit Data ~ 

6. T 
.. 

6CP 
Data word and Data Ready 

store words in .. 
6CP 

Data word and Data Ready 
First 

I/O Memory .. Data word and Data Ready 
Block 

~ .. Data word and Data Ready 

7. Transmit Data • 
8. + • Data word and Data Ready 

Second 
Bl.Ck .. Data word and Data Ready 

9. Transmit Data • • .. Data word and Data Ready 

Last 
Block 

t .. Data word and Data Ready 
and Last Word Flag. 

10. Done flag sets 

Figure 7-10. Memory Channel sequence, input to I/O Processor 
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MEMORY CHANNEL FUNCTIONS FOR OUTPUT TO CPU 

The I/O Processor may have a channel for sending data to the CPU at over 
to 800 megabits per second. Transfers are done in blocks of 64-bit words 
under I/O Processor control. Error detection and correction are used to 
protect data quality. The functions are listed below. 

HOA O§ Clear channel busy, done flags 

HOA 1 Enter I/O Memory address 

HOA 2 Enter upper Central Memory address 

HOA 3 Enter lower Central Memory address 

HOA 5§ Write Central Memory, enter block length 

HOA 6§§ Clear interrupt enable flag 

HOA 7§§ Set interrupt enable flag 

HOA 14 Enter diagnostic mode 

Interface Re9isters 

The interface has three registers used to control the output transfers. 
One 22-bit register holds the Central Memory starting address. The 
22-bit address is loaded by the HOA : 2 and HOA : 3 functions. The I/O 
Processor I/O Memory starting address is held in a l6-bit register which 
is entered by the HOA : 1 function. A l4-bit register holds the transfer 
word count, or block length in 64-bit words, that is loaded by the HOA : 
5 command. 

HOA : 0 - Clear Channel Busy, Done Fla9s 

This function idles the channel by clearing the busy and done flags. 
This function causes an error condition if issued while the output 
channel is active. This command must be used to clear an error condition 
in the channel. 

HOA : 1 - Enter I/O Memory Address 

This function enters the value of the I/O Processor accumulator into the 
I/O Memory address register. The 20 - 21 bits are forced to a zero 
value. The states of the busy and done flags are unaltered. This 
command causes an error condition if issued when the output channel is 
active. 

§ Allow 1 CP before checking busy or done. 
§§ Allow 1 CP before checking the interrupt channel number (lOR 
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HOA : 2 - Enter Upper Central Memory Address 

This function enters the 20 - .212 bits of the I/O Processor 
accumulator into the 23 - 215 bits of Central Memory starting address 
register. The states of the busy and done flag are unaltered. This 
function causes an error condition if issued when the output channel is 
active. 

HOA : 3 - Enter Lower Central Memory Address 

This function enters the 2° - 28 of the I/O Processor accumulator 
into the 2° - 28 bits of the Central Memory starting address 
register. The states of the busy and done flags are unaltered. This 
command causes an error condition if issued when the output channel is 
active. 

HOA : 5 - Write Central Memory, Enter Block Length 

This function enters the 2° - 213 bits of the I/O Processor 
accumulator into the block length register. (This value is treated as a 
count of 64-bit words with a zero value indicating the maximum 16,384 
words.) The busy flag is set and the done flag is cleared and the 
transfer is initiated. Upon completion, the done flag will set and the 
busy flag will clear. If during the transfer an irrecoverable error 
occurs, the transfer will terminate and the done flag will set and the 
busy flag will be left set. This command will cause an error condition 
if issued while the output channel is active. 

HOA : 6 - Clear Interrupt Enable 

This function clears the interrupt enable flag. The states of the busy 
and done flags are unaltered. 

HOA : 7 - Set Interrupt Enable 

This function sets the interrupt enable flag. The states of the busy and 
done flags are unaltered. 

HOA : 14 - Enter Diagnostic Mode 

This function enters the 2° - 27 bits of the I/O Processor 
accumulator into the diagnostic mode register. The modes are summarized 
in table 7-15. This is only for maintenance purposes. 
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With the exception of mode 6, only one mode is valid at a time. Mode 6 
is a special case. It is held if it has been set and cannot be cleared 
by entering another mode. All diagnostic modes clear with master clear, 
or alternately by doing HOA : 0, followed by HOA : 14 with the 
accumulator = O. Mode 0 is active until any other mode is selected. 

Mode 
Designator 

o 

1 

2 

3 

4 

5 

6 

7 

Table 7-15. Output channel diagnostic modes 

Function 

Set Last Word flag (only if channel is active) 

Disable Last Word flag from CPU 

Force constant Address Ready 

Disable third Address Ready 

Transfer first address with a "0" parity, third 
address with a "1" parity bit, and disable Data Ready 
to CPU 

Force Clear Channel without inactivating lOP 

First word 256 - 263 bits used as second word 
check byte, third word 256 - 264 bits as fourth 
word check byte, etc. 

Disable error correction and detection as CPU 

Central Memory Output Error Processing 

If an irrecoverable error occurs in an output transfer to the Central 
Memory, the busy and done flags both set. An error code is generated and 
sent to an error log. The error codes are summarized in table 7-16. 

The only recoverable error is a correctable data error. This type of 
error is ignored by the channel interface because it is corrected 
automatically. The syndrome information is sent to an error log. 
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Error Code 

1 

2 

3 

4 

5 

6 

7 
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Table 7-16. Output channel error codes 

Name 

Function Error 

Active Error 

Transmit Address Timeout 

CPU Address Error 

CPU Data Length Error 

Last Word Timeout 

Transmit Data Timeout 
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Condition 

Indicates a function 0, 1, 2, 
3 or 5 was issued while the 
channel was active. 

Indicates the CPU side went 
inactive while the lOP side 
was still active. 

Indicates an lOP input was 
initiated but the CPU did not 
send a transmit address within 
2 milliseconds. 

Indicates the CPU side 
received greater or less than 
three address readies or there 
was a parity error in one of 
the address channel transfers. 

Indicates the CPU received 
data with a multiple error or 
the last word was received and 
the block length count was not 
a or the last word was not 
received and the block length 
count was equal to O. 

Indicates the last word was 
sent but the CPU did not go 
inactive within 2 milliseconds. 

Indicates a transmit data was 
not received within 2 
milliseconds. 
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Memory Channel Output Sequence 

Figure 7-11 shows the sequence of signals for transferring data from I/O 
Memory to Central Memory. 

rop 

l. 

2. Activate channel 

Upper address, Address Ready. 

Lower address, upper block 6CP 
length, Address Ready. 

Lower block length, 6CP 
Address Ready. 

3. Data word, Data Ready 

Data word, Data Ready 6CP 

Data word, Data Ready 6CP 

Data word, Data Ready 

4. 

5. Data word, Data Ready 

Data word, Data Ready 

6. 

7. Data word, Data Ready 

Data word, Data Ready, 
Last word Flag. 

8. 

9. 

10. Done flag sets 

CPU 

4-----------------Transmit Address 4 

~ 

• 
• 
• 
~ 

• 
~ 

~ 

~ 

• 

~ 

.-----------------Transmit Data 4 
Drop Transmit Address 

T store words in 
First 

buffer 
Block 

~ 
4-----------------Transmit Data • 
T 

Second 
Block 

t 

store first block 
in Central Memory 

store words in 
buffer 

4-----------------Transmit Data III 

Jst 
Block 

* 
store last block 
in Central Memory 

4-----------------Transmit Address • 

Figure 7-11. Memory Channel sequence, output from I/O Processor 
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ERROR LOGGING CHANNEL 

The I/O Processor may have an error logging channel connected. This 
channel reports errors from the I/O Memories of three other I/O 
Processors, from the Buffer Memory, from the Central Memory, and from the 
Memory Channels to the Central Memory. If any error condition occurs in 
any of the reporting devices, the channel done flag sets. The functions 
are listed below. 

ERA O§ Idle channel 

ERA 6§§ Clear interrupt enable flag 

ERA 7§§ Set interrupt enable flag 

ERA 10 Read error status 

ERA 11 Read error information (first parameter) 

ERA 12 Read error information (second parameter) 

ERA 13 Read error information (third parameter) 

IN'l'ERFACE REGISTERS 

The error log interface has four interface registers. The error status 
register is a 9-bit register that holds set bits for the device causing 
the error. This register is accessed by the ERA : 10 command. 

The first parameter word register has 16 bits, and stores I/O Memory 
failing locations, or Buffer Memory error data, or Memory Channel error 
data. 

The second parameter word register has 16 bits, and stores the lower 
address for the Buffer Memory or Central Memory failing locations. 

The third parameter word register has 8 bits, and stores the upper 
address for either the Buffer Memory or the Central Memory. 

ERA : 0 - IDLE CHANNEL 

This function clears all error flags stored in the interface registers. 
The done flag is cleared. 

§ Allow 1 CP before checking busy or done. 
§§ Allow 1 CP before checking the interrupt channel number (lOR 
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ERA : 6 - CLEAR INTERRUPT ENABLE FLAG 

This function clears the interrupt enable flag for this channel. 

ERA : 7 - SET INTERRUPT ENABLE FLAG 

This function enables the interface to interrupt the I/O Processor. 

ERA : 10 - READ ERROR STATUS 

This function returns the contents of the interface error status register 
to the accumulator. The interpretation of the set bits is given in table 
7-17. 

Table 7-17. Error status register bits 

Bit Control Signal 

20 I/O Processor 1 I/O Memory error 

21 I/O Processor 2 I/O Memory error 

22 I/O Processor 3 I/O Memory error 

23 Buffer Memory error 

24 Central Memory error 

25 Memory Channel input A error 

26 Memory Channel output B error 

27 Memory Channel input C error 

28 Memory Channel output D error 

The selection of physical devices such as I/O Processors and Memory 
Channels as A, B, C, etc. is part of the overall system definition. 
Appendix F has a typical system definition. 
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Errors occurring in the I/O Processor having the error logging channel 
are reported to that I/O Processor via its own I/O Memory error channel 
(LME). 

ERA : 11 - READ ERROR INFORMATION (FIRST PARAMETER) 

This function returns an error parameter word to the accumulator, 
selected by a bit set in the accumulator when the function issues. Only 
one bit among the 20 - 28 positions may be set at one time. The 
accumulator bits select parameters as listed in table 7-18. 

When an I/O Processor I/O Memory address is read, or when a Memory 
Channel error data word is read, the device bit is cleared in the status 
register. 

The address invalid flag (215 ) in the Buffer Memory error data is set 
when the address that will be given in the second and third parameter 
words is not the correct address for the error being reported in the 
first parameter word. This can happen when a later read reference 
follows closely after a read reference that detects an error in its 
data. The address for the later read reference is incorrectly reported 
in the second and third parameter words, and should be disregarded. 

This function must be immediately preceded by a logical product 
instruction as follows: 

011777 A=A&d d=777 

171xxx ERA 11 

or 

015xxx A=A&k 

xxx777 k=xxx777 

171xxx ERA: 11 

ERA : 12 - READ ERROR INFORMATION (SECOND PARAMETER) 

This function returns the content of the second parameter word register 
to the accumulator. The second parameter word is selected by bits 23 

or 24 in the accumulator when the function is sent. Only one bit may 
be set in the accumulator 23 and 24 bit positions at a time. 
Selection is as follows. 
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23 Buffer Memory lower address (address bits 20 - 215) 

24 Central Memory lower address (address bits 20 - 215) 
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Table 7-18. First error parameter selection 

Error Status 
Register Bit 

HR-0808 

First Parameter Information Returned 

I/O Processor A I/O Memory failing address: 
20 - 21 Bank number 
22 - 23 Section number 
24 Byte: 

OBits 2°-2 7 

1 Bits 28-215 

I/O Processor B I/O Memory failing address, same 
format as for 20. 

I/O Processor C I/O Memory failing address, same 
format as for 2°. 

Buffer Memory error data: 
20 - 27 Syndrome bits 
29 Correctable error if 1 
210 Noncorrectable error if 1 
212 - 213 Port number 
215 Address invalid if 1 

Central Memory error data: 
20 - 27 Syndrome bits 
29 Correctable error 
210 Noncorrectable error 
212 - 213 Read mode: 

° Scalar 
1 I/O 
2 Vector 
3 Fetch 

Input Memory Channel A error data: 
20 - 27 Syndrome bits 
28 - 210 Error code (refer to Central Memory 

input error processing, this section) 

Output Memory Channel B error data, same as for 
25. Refer to Central Memory output error 
processing, this section, for error codes. 

Input Memory Channel C error data, same format as 
for 25. 

! Output Memory Channel D error data~ sarnp fnrm~r ~~ 
I for 25. Ref~r to Central Memory output error 
I processing, this section, for error codes. 
I 
I 
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This function must be immediately preceded by a logical product 
instruction as follows: 

011777 A=A&d d=777 

172xxx ERA 12 

or 

015xxx A=A&k 

xxx777 k=xxx777 

172xxx ERA: 12 

ERA : 13 - READ ERROR INFORMATION (THIRD PARAMETER) 

This function returns the content of the third parameter word register to 
the accumulator. The third parameter word is selected by bits 23 or 
24 in the accumulator when the function issues. Only one bit may be 
set in the field at a time. Selection is as follows. 

23 Buffer Memory upper address (address bits 216 - 222 
going into accumulator positions 20 - 26) 

24 Central Memory upper address (address bits 216 - 221 
going into accumulator positions 20 - 25) 

The reading of the third parameter word clears the error bits in the 
status register for the Central Memory or for the Buffer Memory. 

This function must be immediately preceded by a logical product 
instruction as follows: 
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011777 A=A&d d=777 

l73xxx ERA 13 

or 

015xxx A=A&k 

xxx777 k=xxx777 

l73xxx ERA: 13 
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BLOCK MULTIPLEXER CHANNEL 

The I/O Subsystem communicates with IBM-compatible equipment over the 
block multiplexer channels. The following functions are used. 

BMA 0 Clear channel control 

SMA 1 Send reset function 

BMA 2 Channel command 

BMA 3 Read REQUEST- IN address 

BMA 4 Asynchronous I/O 

BMA 5 Delay counter diagnostic 

BMA 6§§ Clear channel interrupt enable flag 

BMA 7§§ Set channel interrupt enable flag 

BMA 10 Read I/O Memory address 

BMA 11 Read byte coun ter sta tus 

SMA 12 Read status/address 

BMA 13 Read input tags 

SMA 14 Enter I/O Memory address 

BMA 15 Enter byte count 

BMA 16 Enter device address/mode 

BMA 17 Enter output tags 

GENERAL CHARACTERISTICS 

Block multiplexer channels are grouped into sets of four channels, which 
share one Cray Research BMC-4 Block Multiplexer Controller. The 
controller interfaces to the Auxiliary I/O Processor (XIOP) via one DMA 
port. The speed capacity of the DMA port is shared among the four 
channels of the controller. The four channels operate asynchronously and 
compete only for I/O Memory references. 

§§ Allow 1 CP before checking the interrupt channel number (lOR 
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A block multiplexer channel operates in either selector channel mode, 
byte multiplexer mode or block multiplexer mode. All IBM commands are 
possible. The channel features command and data chaining, and detection 
of RETRY STATUS, as well as the I/O ERROR ALERT and the HIGH SPEED option. 

The channel drives one or more IBM-compatible control units, which in 
turn drive peripheral devices. 

This manual does not explain or document the IBM communications protocol, 
the signals used, nor their sequencing. Refer to the appropriate IBM 
publications for detailed information and definitions of IBM terminology. 

TRANSFER RATES 

The block multiplexer channel data rate is determined by cable length and 
signal turn-around time within the control unit. For each byte of data 
or control information that is sent, an appropriate response signal or 
signals must be received. This results in a data rate limit of about 6.4 
million bits a second, or 800 kilobytes a second. IBM-compatible 
peripheral controllers that use the high speed option (requiring an 
additional pair of control lines) may achieve about 12.8 million bits a 
second, or 1.6 million bytes a second. 

DATA HANDLING 

One important feature of the channel is the assembly and disassembly of 
data between the 8-bit channel and the 16-bit memory parcels. Figure 
7-12 shows the data changes. 

The BMC-4 reads four 16-bit parcels from the I/O Memory and sends out 
eight 8-bit bytes to the block multiplexer channel. Four more 16-bit 
parcels are read into buffers in the controller while the channel is 
transmitting the first group. 

The BMC-4 reads eight 8-bit bytes from the channel and writes four 16-bit 
parcels into I/O Memory. If a read operation from the channel terminates 
with a byte length that does not evenly comprise four parcels, the last 
I/O Memory write will include unpredictable data in the last parcels. 

RECORD SIZE 

Data records may be any non-zero integer number of bytes in length. 
However, the data chaining feature must be used for lengths greater than 
65,535 bytes. 
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In cases such as IBM tape records, an odd length header field can be read 
and stored at one memory area and the following data record can be stored 
at a different memory area beginning at a Buffer Memory word boundary. 
The data chaining feature permits a single large record to be broken into 
any size convenient for storage in Buffer Memory. This is under program 
control by means of I/O functions to the block multiplexer channel. 
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Figure 7-12. BMC-4 data assembly/disassembly 

PARITY 

Odd parity is checked on all address, status, and data inputs to the I/O 
Processor. Odd parity is generated for all address, control, or data 
outputs from the I/O Processor. 

INTERRUPTS 

All interrupts can be enabled or disabled for any block multiplexer 
channel. If interrupts are enabled, and a function in the range BMA 1 
through BMA : 5 completes, then an interrupt request is set. If an 
interrupt is selected for an input tag line such as REQUEST-IN, the 
interrupt request sets when the REQUEST-IN line goes to a logical 1. 

When uaLd chcliiling is enabled, an interrupt request is set each time the 
byte counter decrements to 0 and memory references are complete through 
that particular block of data. 
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BMA : 0 - CLEAR CHANNEL BUSY AND DONE FLAGS 

This function clears the channel busy and done flags and all output 
tags except OP-OUT and SUP-OUT. No parameters are required for this 
action. It also clears interrupt conditions, provided interrupts are 
disabled by a BMA : 6 function. Since this function cannot be 
interlocked using the channel done flag, allow a l2-CP delay before 
issuing the next function to that particular channel. 

BMA : 1 - SEND RESET FUNCTION 

Several reset functions (table 7-l9) perform various functions required 
by the equipment. Bits 21 and 20 of the accumulator content are used 
as a parameter that selects the specific function. 

Table 7-19. Send reset function parameters 

Parameter Function 
21 - 20 

0 0 Clear all output tag lines 
0 1 INTERFACE DISCONNECT 
1 0 SELECTIVE RESET 
1 1 SYSTEM RESET 

Parameter xxxxxO - Clear Output Tag Lines 

This function clears all output tag lines and clears BUS 0 Out lines. 
The channel initially clears the channel done flag and sets the channel 
busy flag. Upon completion the channel done flag sets and the channel 
busy flag clears. 

Parameter xxxxxl - INTERFACE DISCONNECT 

This function performs the INTERFACE DISCONNECT function to the currently 
selected control unit. The function clears the channel done flag and 
sets the channel busy flag. The control unit removes all signals from 
the Cray I/O Subsystem channel. When the control unit reaches the normal 
ending point in its sequence, it attempts to obtain selection in order to 
present any generated status to the Cray channel. The control unit does 
not generate any status as a result of the INTERFACE DISCONNECT. 
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The device path for the peripheral remains busy after it receives an 
INTERFACE DISCONNECT during an operation until the device-end status is 
accepted by the Cray block multiplexer channel. 

The function should complete in about 7 microseconds. At that time the 
Cray channel done flag sets and the busy flag clears. 

If the OPERATIONAL-IN signal from the equipment does not clear within 6 
microseconds from the function issue, the Cray channel done flag sets and 
the busy flag remains set to indicate the error condition. 

Parameter xxxxx2 - SELECTIVE RESET 

This performs the SELECTIVE RESET function. The channel done flag clears 
and the channel busy flag sets. The function causes the OPERATIONAL-IN 
signal to clear and resets the currently selected peripheral device, 
along with its status. The current operation proceeds to a normal 
stopping point, and no data is transferred after the stop. 

Only the peripheral device currently operating is affected. The 
device-end status is retained for transfer to the Cray channel after the 
reset. 

The ready or not ready state of the control unit is generally not changed 
by the SELECTIVE RESET function. 

The function should complete in about 7 microseconds, at which time the 
Cray channel busy flag clears and the done flag sets. 

Parameter xxxxx3 - SYSTEM RESET 

The SYSTEM RESET function clears the OPERATIONAL-IN signal and resets all 
control units along with their attached peripheral devices. The 
peripheral device statuses are also reset. The channel done flag clears 
and the channel busy flag sets at the beginning of execution. 

The function should complete in about 6 microseconds at which time the 
Cray channel done flag sets and the busy flag clears. Input tag lines 
that are not reset by the SYSTEM RESET function cause the channel busy 
flag to remain set when the channel done flag sets. 
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BMA : 2 - CHANNEL COMMAND 

This function sends commands to the control units. The specific command 
is selected by the accumulator bits at the time the function issues. 
Many of the commands require prior functions to set up interface 
registers, such as the I/O Memory address register, the byte count 
register, and the device address register. The command parameter bits 
are shown in table 7-20. The channel done flag clears and the channel 
busy flag sets at the beginning of execution. At completion of the 
function, the channel busy flag clears and the channel done flag sets. 

Table 7-20. Channel command function parameter bits 

Parameter 
Bit Purpose 

20 IBM-type control unit command bit 20 
21 IBM-type control unit command bit 21 
22 IBM-type control unit command bit 22 
23 IBM-type control unit command bit 23 
24 IBM-type control unit command bit 24 
25 IBM-type control unit command bit 25 
26 IBM-type control unit command bit 26 
27 IBM-type control unit command bit 27 
28 Unused 
29 Unused 
210 Unused 
211 Unused 
212 Unused 
213 Unused 
214 Unused 
215 Unused 

Parameter Command Bits 

Bits 20 - 27 are the command bits for the BMA : 2 parameter. The 
command is for an IBM-type control unit. The parameter bits are shown in 
table 7-21. 
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Table 7-21. Channel command bit assignments 

TEST I/O 
SENSE 
READ BACKWARD 
WRITE 
READ 
CONTROL 

M = Modifier bit 
P = Parity bit 

P 

1 
P 
P 
P 
P 
P 

27 26 25 24 23 22 21 20 

0 0 0 0 0 0 0 0 
M M M M 0 1 0 0 
M M M M I 1 0 0 
M M M M M M 0 1 
M M M M M M 1 0 
M M M M M M 1 1 

The specific modifier codes and the particular mode set is dependent on 
the particular IBM-type control unit and the peripheral device used. The 
command byte is sent only during the initial selection sequence. All 
commands except TEST I/O may require a data transfer to satisfy the 
function. 

All commands begin with an initial selection sequence which ends with 
either an ending status (channel-end or channel-end with device-end), a 
zero status, or an error status. To a command calling for transfer of 
status, control or data bytes, a zero status signifies that the transfer 
may begin. 

A data-type transfer ends when the byte count decrements to 0 and no data 
chaining condition exists. The data-type transfer also ends when 
STATUS-IN is received in response to SERVICE-OUT or DATA-OUT. 

The channel done flag is not set until processing of the control sequence 
is completed and data is transferred to or from I/O Memory. 

Figure 7-13 shows a typical channel sequence for a read to the I/O 
Processor. 
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OPERATIONAL OUT 

HOLD OUT 

SELECT OUT 

ADDRESS OUT 

BUS OUT (9 LINES) 

OPERATIONAL IN 

ADDRESS IN 

BUS IN (9 LINES) 

COMMAND OUT 

STATUS IN 

SERVICE OUT 

SERVICE IN 

DATA OUT • 

DATA IN· 

J+---INmAL SELECTION J ~ ~TA TRANSMI$ION ~ 

I, 

I ENDING 

hEQUENCE 

~----- READ OPERATION (SELECTOR CHANNEL INTERFACE SEQUENCES) ------+-1 

• HIGH SPEED TRANSFER ONLY 

Figure 7-13. Channel read sequence 

SMA : 3"- READ REQUEST-IN ADDRESS 

A-O/97A 

This function first clears the channel done flag and sets the channel 
busy flag. If REQUEST-IN is detected, the channel accepts the requesting 
address. The address is checked for valid parity, the channel done flag 
is set, and the channel busy flag is cleared. 

If REQUEST-IN is not detected, the channel done flag is set and the 
channel busy flag stays set. The address miscompare status is to be 
ignored if undetermined addresses are expected. 

Figure 7-14 illustrates a typical REQUEST-IN channel sequence. 
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BMA : 4 - ASYNCHRONOUS I/O 

Issuing the BMA : 4 function clears the channel done flag and sets the 
channel busy flag. If STATUS-IN is present, status is saved in the 
status register. If the STACK flag has been presented, COMMANO-DUT is 
returned in place of SERVICE-DUT to indicate STOP to the channel. When 
the sequence completes, the channel done flag sets and the channel busy 
flag clears. Refer to figure 7-14 for the typical REQUEST-IN channel 
sequence. See figure 7-15 for the asynchronous data and status 

I processing. See table 7-26 for accumulator parameter bits. 
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OP-OUT ~ 

REQ-IN \ ~ 
I 
I 

1\ 1 

HOLD-OUT \ 

ll\ 
\ 

SEL-OUT \ 
\ \ 

\ \ 
SEL -I N I 

j 
/ 

ADDR-OUT 

OP-IN 

ADDR-IN 

CMD-OUT (PROCEED) 

STATUS -IN _______ +---:-----! 

SERV-IN 

SERV-OUT _______ +-+-_~ 

BUS-! N 

BUS-OUT _____________ _ 

A-0129 

Figure 7-14. Channel ASYNCHRONOUS I/O sequence 
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BMA: 12 

INPUT STATUS 

or YES 
DATA 

'REQUEST IN' 

PROCESSING 

SAMPLE 
DEVICE 

ADDRESS 

NO 

BMA: 16 .--...... _-...... 
SET 

MODE BITS 

BMA:4 ...--------.. 
FNX SINGLE 

BYTE 1/0 

NO 

A-008.JC 

Figure 7-15. Asynchronous data and status processing 

Part 3 
7-75 B-01 



I 

BMA : 5 - DELAY COUNTER DIAGNOSTIC 

This function is for maintenance purposes only. It clears the channel 
done flag and sets the channel busy flag. Then the channel performs a 10 
microsecond delay. After the delay times out, the channel done flag sets 
and the channel busy flag clears. 

BMA : 6 - CLEAR CHANNEL INTERRUPT ENABLE FLAG 

The BMA 6 function clears the channel interrupt enable flag. This 
prevents the channel from interrupting the I/O Processor. The I/O 
Processor would in this case monitor the channel done flag to determine 
function completion. The channel busy and done flags are not affected by 
this function. 

BMA : 7 - SET CHANNEL INTERRUPT ENABLE FLAG 

This function sets the channel interrupt enable flag. This causes an I/O 
Processor interrupt for this channel whenever any of the following 
conditions occur: 

• The channel done flag sets, 

• The interrupt mode select, via a BMA : 16 function, has enabled an 
interrupt for an active input tag line, or 

• During data chaining the byte counter has decremented to 0 and the 
last I/O Memory reference is complete for that segment of data. 

BMA : 10 - READ I/O MEMORY ADDRESS 

This function reads the current value in the I/O Memory address register 
and enters the value in the accumulator. The channel logic includes two 
I/O Memory address registers to support data chaining. The state of 
accumulator bit 20 when the function is issued determines which I/O 
Memory address register is to be read. Bit 20 of the value returned to 
the accumulator identifies from which register the I/O Memory address 
came. 

Bit 21 in the value returned to the accumulator is set if data chaining 
is being used. Table 7-22 lists the accumulator content resulting from 
this function. 

This function may be performed at any time relative to control functions. 
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During data chaining, interrupts occur after each buffer of data is 
transferred. This function clears the interrupt after a data transfer. 

The BMA : 10 function has a programming restriction due to timing in the 
adder and shifter. The restriction applies if the instruction preceding 
a BMA : 10 function is any of the following: 4-7,12, 13, 16,17, 22, 23, 
32, 33, 44-47, 52, 53, 62, or 63. In these cases an 011 or 015 logical 
product instruction, with the d or k fields set to all ones, should be 
inserted between the above instruction and the BMA : 10 function. 

Table 7-22. Read I/O Memory address response bits 

Accumula tor 
Bit Meaning 

20 Register select status 
21 Data chaining flag status (l=da ta 

chaining) 
22 I/O Memory address 22 
23 I/O Memory address 23 
24 I/O Memory address 24 
25 I/O Memory address 2 5 
26 I/O Memory address 2 6 
27 I/O Memory address 27 
28 I/O Memory address 2 8 

2 9 I/O Memory address 2 9 
210 I/O Memory address 210 
211 I/O Memory address 211 
212 I/O Memory address 212 
213 I/O Memory address 213 
214 I/O Memory address 214 

215 I/O Memory address 215 

BMA : 11 - READ BYTE COUNTER 

The byte counter records the number of bytes rema1n1ng in a data 
transfer. This counter is initially loaded with a value by a BMA : 15 
load byte counter function. When the counter decrements byte-by-byte to 
0, the channel interrupts the lOP and terminates the transfer. A 
transfer terminated by the control unit and not by decrementing to zero 
may result in a nonzero value in the counter. If data chaining is 
requested the byte counter is reloaded after decrementing to zero. 
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Due to the fixed timing in the lOP, this function must be executed twice 
in immediate succession to get a current value byte counter status to the 
lOP accumulator. The first execution moves the current byte counter 
status to the block multiplexer controller. The second execution moves 
the status to the lOP accumulator. 

This function can be used to verify the accumulator fanout, the 
intermediate byte count status register in the block multiplexer 
controller, and the status path back to the lOP accumulator. Issuing a 
BMA : 15 function (explained later) loads the byte count into the byte 
counter status register in the block multiplexer controller. The next 
BMA : 11 function reads the byte count back from the status register to 
the lOP accumulator. The second BMA : 11 function performs as described 
above. 

The channel busy and done flags are not affected by thLs function. 

BMA : 12 - READ STATUS/ADDRESS 

The status register holds the address and status mode bits read from the 
block multiplexer channel. 

Due to the fixed timing in the lOP, this function must be executed twice 
in immediate succession to get valid current status/address information 
to the lOP accumulator. The first execution moves the current 
status/address to the block multiplexer controller. The second execution 
moves the status/address to the lOP accumulator. 

This function can be used to verify the accumulator fanout, the 
intermediate status register in the block multiplexer controller, and the 
status path back to the lOP accumulator. Issuing a BMA : 16 function 
(explained later) loads address and mode bits into the block multiplexer 
controller status register. The next BMA : 12 function reads the status 
back to the lOP accumulator. The second BMA : 12 function performs as 
described above. 

The channel busy and done flags are not affected by this function. 

The status/address returned is the status/address information from the 
channel, and is entered in the lOP accumulator as shown in table 7-23. 
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Table 7-23. Status register bits 

Accumulator 
Bits Meaning 

20 Status 2 0 
21 Status 21 
22 Status 22 
2 3 Status 2 3 
24 Status 24 
2 5 Status 2 5 

26 Status 2 6 
27 Status 27 
28 Address 2 0 
29 Address 21 
210 Address 22 
211 Address 23 
212 Address 24 
213 Address 2 5 
214 Address 26 

215 Address 27 

BMA : 13 - READ INPUT TAGS 

This function reads the input tags from the channel to the I/O Processor 
accumulator. 

Due to the fixed timing in the lOP, this function must be executed twice 
in immediate succession to get valid current input tags to the lOP 
accumulator. The first execution moves the current input tags to the 
block multiplexer controller. The second execution moves the input tags 
to the lOP accumulator. 

This function can be used to verify the accumulator fanout, the 
intermediate output tags register, and the path back to the accumulator. 
Issuing a BMA : 17 function (explained later) loads the output tags into 
the output tags register. The next BMA : 13 function reads the stored 
output tags back to the rop accumulator. The second BMA : 13 function 
brings the current input tags to the .10P accumulator. 

The channel busy and done flags are not affected by this function. 

The input tags status bits are shown in table 7-24. 
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Table 7-24. Input tags status bits 

Accumula tor 
Bi ts Meaning 

20 OPERATIONAL-IN 
21 ADDRESS-IN 
22 DISCONNEcr-IN 
23 SELECT-IN 
24 REQUEST-IN 
25 SERVICE-IN 
26 DATA-IN 
27 STATUS-IN 
28 METERING-IN 
29 MARK 0 IN 
210 Unused - "0" 
211 Data Buffer Pointer 
212 Address Miscompare 
213 Byte Count Zero 
214 P-ROM Parity Error 
215 BUS-IN Parity Error 

BMA : 14 - ENTER I/O MEMORY ADDRESS 

This function enters the current accumulator content into the I/O Memory 
address (IOMA) register. This address is the starting address in I/O 
Memory for the data transfer. The channel busy and done flags are not 
altered in the process. Two I/O Memory address registers are maintained 
for data chaining purposes, and are addressed by the 20 bit of the 
accumulator content. Data chaining must begin with register 0 and 
alternate between the 0 and 1 registers. Bit 21 of the accumulator 
content is the data chaining select flag for the chosen register and, if 
set, selects data chaining for that register/address. 

Table 7-25 lists the accumulator bits for this function. 
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Table 7-25. I/O Memory address register bits 

Accumula tor 
Bits Meaning 

20 I/O Memory address register file 
select 

21 Data chaining flag 
22 I/O Memory address 22 
23 I/O Memory address 23 
24 I/O Memory address 24 
25 I/O Memory address 25 
26 I/O Memory address 26 
27 I/O Memory address 27 
28 I/O Memory address 28 
29 I/O Memory address 29 
210 I/O Memory address 210 
211 I/O Memory address 211 
212 I/O Memory address 212 
213 I/O Memory address 213 
214 I/O Memory address 214 
215 I/O Memory address 215 

BMA : 15 - ENTER BYTE COUNT 

This function enters the accumulator content into the byte counter or 
into the next byte count register. The first BMA : 15 function following 
a BMA : 14 enters the accumulator content into the byte counter. 
Immediately following the first BMA : 15 function with a second BMA : 15 
function enters the accumulator data into the next byte counter 
register. The transfer from the next byte count register to byte counter 
is done automatically between data segments in data chaining. Channel 
commands requiring no data, parameters, or status must establish a byte 
count of O. The maximum count is 65,535 bytes. The channel busy and 
done flags are not altered in this process. 

BMA : 16 - ENTER DEVICE ADDRESS/MODE 

This function enters the accumulator content into the device address 
register. The device address register contains mode select bits and 
device address bits. The device address may be some combination of 
controller address bits and peripheral device address bits. The channel 
busy and done flags are not altered by this function. Table 7-26 shows 
the device address register bits. 
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Table 7-26. Device address register bits 

Accumulator 
Bits Meaning 

20 Address/da ta out 20 
21 Address/data out 21 
22 Address/da ta out 22 
23 Address/da ta out 23 
24 Addr ess/ da ta out 24 
25 Address/da ta out 25 
26 Address/data out 26 
27 Address/da ta out 27 
28 Skip flag 
29 Sta ck s ta tus flag 
210 Command chaining mode select 20 
211 Command chaining mode select 21 
212 Interrupt mode select 20 
213 Interrupt mode select 21 
214 Channel mode select 20 
215 Channel mode select 21 

Parameter Mode Bits 

Bits 28 - 215 of the parameter are called mode bits. They are 
re-established during each BMA : 16 function. They operate as follows. 

Skip flag - Bit 28 is the mode bit for the Skip flag. When set, it 
prohibits storing data into I/O Memory during read data transfers. 

Stack status flag - Bit 29 is the mode bit for the stack status flag. 

Command chaining mode select - Bits 210 and 211 select the mode in 
which command chaining will be used. Table 7-27 shows the translation of 
these mode bits. 
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Table 7-27. Command chaining mode selection 

Parameter Bits 
211_210 Selection 

0 0 No chaining 
0 1 Chain if channel-end status is 

detected 
1 0 Chain if device-end status is 

detected 
1 1 Chain if either channel-end 

status or device-end status is 
detected 

Interrupt mode select - Parameter bits 212 - 213 select the mode in 
which interrupts are generated. Table 7-28 shows the translation of the 
interrupt mode bits. 

Table 7-28. Interrupt mode selection 

Parameter Bits 
213_212 Selection 

0 0 No interrupt mode selected, 
interrupts disabled 

0 1 Interrupt on REQUEST-IN 
1 0 Interrupt on STATUS-IN 
1 1 Interrupt on DISCONNECT-IN 

Channel type mode select - Parameter bits 214 - 215 are the mode bits 
that select which type of channel operation is to be used. The selection 
is shown in table 7-29. 
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Table 7-29. Channel type mode selection 

Parameter Bits 
215_214 

0 0 
0 1 
1 0 
1 1 

Selection 

Selector channel 
Byte multiplexer channel 
Block multiplexer channel 
Reserved for future use 
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BMA : 17 - ENTER OUTPUT TAGS 

This function enters the accumulator content into the output tags 
register, allowing direct program control of the output tags for special 
control sequences such as diagnostics. The channel busy and done flags 
are not altered by this function. Table 7-30 shows the accumulator bits 
for each output tag. 

Table 7-30. Output tags register bits 

Accumulator 
Bits Meaning 

20 OPERATIONAL-OUT 
21 ADDRESS-OUT 
22 HOLD-OUT 
23 SELECT-OUT 
24 COMMAND-QUT 
25 SERVICE-OUT 
26 DATA-OUT 
27 SUPPRESS-OUT 
28 METERING-OUT 
29 MARK 0 OUT 
210 Unused 
211 Unused 
212 CLOCK-OUT 
--13 Inhibit Parity Error 
214 Force BUS-OUT Parity 
215 Unused 

PROGRAMMING EXAMPLES 

The following examples illustrate two programming sequences for the block 
multiplexer channel. Example 1 shows the function sequence used to read 
a tape record of unknown length. Example 2 shows how to rewind the tape. 
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Example 1: 

Accumulators 

000000 

000000 

000025 

000323 

BUFA+2 

BUFB+3 

000005 

001000 

000002 

BUFA+2 

001000 

BUFB+3 

001000 

BUFA+2 

001000 

1000-X 

• HR-OSOS 

Function 

BMA : 14 

BMA : 15 

BMA : 16 

BMA : 2 

wait for "Done" 

BMA : 14 

BMA : 14 

BMA : 15 

BMA : 15 

BMA : 2 

Wait for interrupt 

BMA : 14 

BMA : 15 

Wait for interrupt 

BMA : 14 

BMA : 15 

Wait for interrupt 

BMA : 14 

BMA : 15 

Wait for interrupt 

"Done" set 

BMA : 

BMA : 

11 

11 

Part 3 
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Description 

Set rOMA = 0 (arbi trary) 

Set byte count = 0 

Set device address ( 0-255) 

Select GCR tape mode 

Set rOMA, chaining flag 
Buffer A 

Set rOMA, chaining flag 
Buffer B 
Set byte count Buffer A 
(header) 

Set byte count Buffer B 
(1-65535) 

Function read forward command 

Set rOMA, chaining flag, 
Buffer A 

Se t byte coun t Buffer A 
(1-65535) 

Process header 

Set rOMA, chaining flag 
Buffer B 

Set byte count Buffer B 

Transfer Buffer B to Buffer 
Memory 

Set rOMA, chaining flag 
Buffer A 

Set byte count Buffer A 
(1-65535) 

Transfer Buffer A to Buffer 
Memory 

Read byte counter for residue 
transfer X bytes, Buffer B to 
Buffer Memory 

B-01 
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Example 1 (continued): 

Accumulat0::--r Function 

BMA 12 

BMA 12 

BMA 13 

Description 

Verify device status 

~ ____________ ~_B_M_A ____ l_3 ____________ ~ __ C_h_e_c_k __ i_n_p_u_t __ P_._E_e __ e __ t_c_e ________ --J 

Example 2: 

Accumulators 

000000 

000000 

000025 

000007 

HR-0808 

Function 

BMA : 14 

SMA : 15 

BMA : 16 

BMA : 2 

Wait for 

Check for 

BMA : 12 

BMA : 12 

BMA : 13 

BMA : 13 

"Done" 

"Busy" 

Part 3 
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Descr iption 

Set IOMA = 0 (arbi trary) 

Set byte count = 0 

Set device address (0-255) 

REWIND function I 
! 

"Busy" set indicates error I 
I 
I 
I 

Verify device address and 
I status 
I 

Check for other errors 

I 
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BUFFER MEMORY 

INTRODUCTION 

The Buffer Memory assists data transfer between peripheral devices and 
Central Memory. It is implemented as NMOS (negative channel metal oxide 
semiconductor) LSI storage circuits. Buffer Memory capacity ranges from 
1 million to 8 million words of 64 bits each. The Buffer Memory is 
housed in the same chassis as the I/O Processors, in order to keep the 
intercabling delays small. Modules are of the same construction as the 
I/O Processor modules -- four printed circuit boards to each module. 
This section describes the speeds, organization, access, and addressing 
of the Buffer Memory. 

MEMORY SPEEDS 

8 

The memory is a dynamic random access memory that refreshes its data once 
every 2 milliseconds. Refreshing is transparent and does not affect the 
random access capability. Access time is 200 nanoseconds. Memory cycle 
time is defined as the waiting time required after referencing a storage 
location before that location may be referred to again. The Buffer 
Memory cycle time is 40 CPs. 

MEMORY ORGANIZATION 

Two options are available for memory organization. The Buffer Memories 
with 1 to 4 million words use an 8-bank organization, and the 8-million 
word size uses the 16-bank phasing. The advantages of the 16-bank 
organization are that the number of bank conflicts (more than one 
reference to the same bank at the same time, causing one reference to 
wait) are greatly reduced and the memory bandwidth is doubled. 

Each address in Buffer Memory contains 64 data bits and 8 bits of error 
correction information. Data is transferred to and from Buffer Memory in 
16-bit parcels. Four parcels are stored in one 64-bit word. Parcels are 
received and sent in a 0,1,2,3 sequence. The packing arrangement is 
shown in figure 8-1. 

HR-0808 
Part 3 
8-1 B 



I 

PARCEL BITS 

[ PARCEL 0 PARCEL 1 PARCEL 2 PARCEL 3 

Figure 8-1. Parcel packing in memory word 

MEMORY ACCESS 

Buffer Memory has four ports, each of which can be connected to an I/O 
Processor, as shown in figure 8-2. An interface adapts one I/O Processor 
I/O Memory DlwlA port to one Buffer Memory port. Communication speed 
depends upon the number of banks in the Buffer Memory, the activity 
competing for the I/O Memory, and the number of other I/O Processors 
attempting to use the Buffer Memory. Each of the four Buffer Memory 
ports has access to all banks through a time-sharing scanner. If one 
port requests a reference to a bank that is busy, a reservation is made 
for the new port to gain access to the bank as soon as the bank becomes 
available. A similar scanning arrangement is used at the I/O Memory to 
share the six DMA ports. 

I BUFFER MEMORY 

PORT PORT PORT PORT 
0 I 2 3 

A-OI07' 

I 

DIOP 
DIOP/ 

MIOP BIOP XIOP 

Figure 8-2. Buffer Memory port assignments 

MEMORY ADDRESSING 

The Buffer Memory capacity is either 1,048,576 or 4,194,304 or 8,388,608 
words, reqlJiring aD address '''lidth of 23 bits. The 23-bit address is 
provided from an I/O Processor accumulator in two functions to the 
interface as shown in figure 8-3. The Buffer Memory does not address to 
the parcel level. The address represents a physical location in Buffer 
Memory. 
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MOS:2 MOS:3 FUNCTION 

22 29 28 2° ADDRESS BITS 

UPPER ADDRESS LOWER ADDRESS 

213 2° 28 2° ACCUMULATOR BITS 

Figure 8-3. Buffer Memory address formation 

ERROR PROTECTION 

The Buffer Memory uses single error correction/double error detection 
(SECDED) logic to determine if the data has been altered by the storage 
cycle. When the data is written into memory, a checkword is generated 
for the word and stored with that word. The checkword is an 8-bit 
Hamming code. When the word is read from memory, the checkword and data 
word are processed to determine if any bits were altered. If no errors 
occurred, the word is passed to the I/O Processor. 

If an error did occur, the 8 bits of the checkword are analyzed by the 
logic to find out if only 1 bit has been altered, or if more than 1 bit 
has changed. If it is only a single-bit error, the correction logic 
resets the bit in error to the correct state and passes the corrected 
word out to the I/O Processor. 

If more than 1 bit of the stored word has been altered, the logic cannot 
correct the word. The interface signals the error condition by leaving 
the channel busy signal set after the block transfer. This interrupts 
the I/O Processor for an error handling routine. The error handling 
routine can include a call to the Master I/O Processor to have that 
processor retrieve the error information. This is explained in more 
detail in Channel for Error Logging in the Interfaces section. 

The Buffer Memory uses the same SECDED logic design as used in the 
Central Memory. Refer to the Central Memory section for more details on 
error protection. 
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SUMMARY OF CPU TIMING INFORMATION A 

When issue conditions are satisfied, an instruction completes in a fixed 
amount of time (memory references are exceptions). Instruction issue may 
cause reservations to be placed on a functional unit or registers. 
Knowledge of the issue conditions, instruction execution times and 
reservations permit accurate timing of code sequences. Memory bank 
conflicts due to I/O activity are the only element of unpredictability. 

SCALAR INSTRUCTIONS 

Four conditions must be satisfied for issue of a scalar instruction: 

1. The functional unit must be free. No conflicts can arise with 
other scalar instructions; however, vector floating-point 
instructions reserve the floating-point units. Memory 
references may be delayed due to conflicts. 

2. The result register must be free. 

3. The operand register must be free. 

4. One input path exists for each group of the four register groups 
(A, B, S, and T). The result register group input path must be 
free at the time the results would be stored. A previous 
instruction with a longer execution time could still be 
occupying the input path. 

Scalar instructions place reservations only on result registers. A 
result register is reserved for the execution time of the instruction. 
No reservations are placed on the functional unit or operand registers. 
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Scalar instruction execution times in clock periods are given below. 

where: A 
B 

C 
f 
I 
lzc 
M 
pop 
RTC 
ra 
S 
V 
VM 

24-bit results: 

A~M 

M~A 

A-+- B 

B~A 

A~S 

A~I 

64-bit results: 

S+-M 

M.-S 
S-+- T 
T-+- S 
S -+- I 

= 

= 
= 

= 

= 
= 
= 
= 
= 
= 

S ~ S(log.)S 
S -+- S (shift) I 
S ~ S (shift) A 
S -+- S (mask) I 

RTC -+- S 

A register 
B register 
Channel 
Floating-point 
Immediate 
Leading zero count 
Memory 
Population count or population count parity 
Real-time clock 
Reciprocal approximation 
S registers 
V registers 
Vector mask 

lIS A~C 4 
IS A~A+A 2 
I A~AxA 6 
I A~ popeS) 4 
I A ~ lzc(S) 3 
1 VL~A 1 

lIS S.-. S+S 3 
IS S~ S (f .add) S 6S 
1 S~ S(f.mult)S 7S 
1 S~ S(r.a.) l4S 
1 S~V 5 
1 V~S 3 
2 S~VM 1 
3 S~ RTC 1 
1 S~A 2 

I VM+- S 3 

The following is an example of the use of this chart of execution times 
to optimize timing. 

§ Issue ~ay be delayed because af a f~ncticnal ~nit reservatio~ by a 
vector instruction. Memory may be considered a functional unit for 
timing considerations. 
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Execution 
CAL Code Time Reservations 

1 Sl S2+S3 3 Sl 
2 A2 0 (irnrned.) 1 Sl A2 
3 S5 A2 2 Sl S5 
4 S4 Sl+S3 3 S5 S4 
5 S6 S5&Sl 1 S4 S6 
6 S4 
7 

VECTOR INSTRUCTIONS 

Four conditions must be satisfied for issue of a vector instruction: 

1. The functional unit must be free. (Conflicts may occur with 
vector operations.) 

2. The result register must be free. (Conflicts may occur with 
vector operations.) 

3. The operand registers must be free or at chain slot time. 

4. Memory must be quiet if the instruction references memory. 

Vector instructions place reservations on functional units and registers 
for the duration of execution. 

1. Functional units are reserved for (VL)+4 CPs. Memory is reserved 
for (VL)+5 CPs on a write operation, (VL)+4 CPs on a read 
operation. 

2. The result register is reserved for the functional unit time 
+(VL) +2 CPs. The result register is reserved for the functional 
unit time +7 CPs if the vector length is less than 5. At 
functional unit time +2 (chain slot time) a subsequent vector 
instruction, which has met all other issue conditions, may 
issue. This process is called chaining. Several vector 
instructions using different functional units may be chained in 
this manner to attain a significant enhancement of processing 
speed. 

3. Vector operand registers are reserved for (VL) CPs. Vector 
operand registers are reserved for 5 CPs if the vector length is 
less than 5. The vector register used in a block store to memory 
(177 instruction) is reserved for (VL) clock periods. Scalar 
operand registers are not reserved. 
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Vector instructions produce one result per clock period. The functional 
unit times are given below. The vector read and write instructions 
(176,177) produce results more slowly if bank conflicts arise due to the 
increment value (Ak) being a multiple of a§. Chaining cannot occur for 
the vector read operation in this case. 

If (Ak) is an odd multiple of S§; results are produced every 2 CPs. 

If (Ak) is an even multiple of a§, results are produced every 4 CPs. 

Functional unit Time (CP) 

Vector logical 2 
Vector shift 4 
Vector integer add 3 
Floating-point add 6 
Floating-point multiply 7 
Reciprocal approximation 14 
Memory 7 
Vector population count 6 

A transmit vector mask to Si (073) instruction is delayed by (VL) +6 CPs 
from the issue of a previous vector mask (175) instruction and is delayed 
by 6 CPs from the issue of preceding transmit (Sj) to VM (003) 
instruction. 

HOLD ISSUE 

A delay of issue results if a 100 - 137 instruction is the NIP register 
and a hold memory condition exists. The delay depends on the hold memory 
delay. 

A delay of issue results if a 100 - 137 instruction is the NIP register 
and a 100 - 137 instruction in process senses a conflict with rank A, B, 
or C. 

An additional 1 CP delay is added to a hold memory condition if a 070 
instruction destination register conflict is sensed. 

§ Multiple of 4 for a-bank phasing; refer to part 2 section 2. 
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Memory must be quiet before issue of the Band T register block copy 
instructions (034-037). The low-order 7 bits (Ai) affect the timing. 
Subsequent instructions may not issue for 14+(Ai) CPs if (Ai)~O and 5 
CPs if (Ai)=O when reading data to the Band T registers (034,036). They 
may not issue for 6+(Ai) CPs when storing data (035,037). 

The Band T register block read (034,036) instructions require that there 
be no register reservation on the A and S registers, respectively, before 
issue. 

Conditional branch instructions cannot issue until an AO or SO operand 
register has been free for 2 CPs. Fall-through in buffer requires 2 
CPs. Branch-in-buffer requires 5 CPs. When an "out of buffer" condition 
occurs the execution time for a branch instruction is 14 CPs§. 

A 2-parcel instruction takes 2 CPs to issue. 

Instruction issue is delayed 2 CPs when the next instruction parcel is in 
a different instruction parcel buffer. Instruction issue is delayed 12 
CPs§§ if the next instruction parcel is not in an instruction parcel 
buffer. 

HOLD MEMORY 

A delay of 1, 2, or 3 CPs will be added to an A, B, S or T register 
memory read if a bank conflict occurs with rank C, B, or A, respectively, 
of the memory access network. A conflict occurs if the address is in the 
same bank as the address in rank C, B, or A. Conflicts can occur only 
with scalar or I/O references. The scalar instruction senses the 
conflict condition at issue time + 1 CP. The scalar instruction address 
enters rank A of the memory access network at issue time + 1 CP. The 
scalar instruction address enters rank B at issue + 2 CPs. The scalar 
instruction address enters rank C at issue + 3 CPs. 

§ 18 CPs for 8-bank phasing 
§§ 16 CPs for 8-bank phasing 
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Scalar memory instruction timing (no conflict): 

CP n 
CP n+l 
CP n+2 
CP n+3 

CP n+IO 
CP n+ll 

INTERRUPT TIMING 

Issue, reserve Ai or Si register 
Address rank A, sense conflict 
Address rank B 
Address rank C 

Clear register reservation 
Complete 

After a sensed interrupt condition, a mlnlmum of 3 CPs + 2 parcel issues 
must occur before the interrupt is generated. During the first 3 CPs, if 
no hold issue conditions exist, instruction parcels may issue. At the 
end of the 3 CPs, the NIP register parcel is examined. If the NIP 
instruction is a 2-parcel instruction, 3 parcel issues occur before the 
interrupt. If the NIP instruction is a I-parcel instruction, only 2 
parcel issues occur before the interrupt. 
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PHYSICAL ORGANIZATION OF CPU 

MAINFRAME 

The CPU mainframe is one of two sizes as shown in figure B-1. The 
logic chassis are arranged two in each column in an arc that is about 
2.5 feet in radius. The larger mainframe with 12 columns extends 
270

0 
around the arc, while the 8-column version subtends 180

0 
of 

the arc. The columns are about 6 1/2 feet tall. At the base of the 
columns, 1 1/2 feet high and extending outward about 2 1/2 feet, are 
cabinets for power supplies and cooling distribution systems. 

Viewing the mainframe from the top, the upper chassis are labeled A 
through L (A through H in the 8-column version) proceeding 
counterclockwise. In the same manner, the lower chassis are named M 
through X (M through T in the 8-column version). The general chassis 
layout is shown in figure B-2. In the 8-column version, the 
I,J,K,L,U,V,W and X logic chassis are omitted. 

MODULES 

The CRAY-l computer system uses a basic module construction throughout 
the entire machine. The module consists of two 6 x 8 inch printed 
circuit boards mounted on opposite sides of a heavy copper heat 
transfer plate. Each printed circuit board has capacity for a maximum 
of 144 integrated circuit (IC) packages and approximately 300 resistor 
packages. 

A 2- to 4-million word CPU has 1684 modules. Modules are arranged 72 
per chassis as illustrated in figure B-2. There are over 131 module 
types. Usage varies from 1 to 568 modules per type. Each module type 
is identified by two letters. The first indicates the module series 
(A, D, F, G, H, J, M, R, S, T, V, and Z). The second letter 
identifies types of modules within a series. 

The computation and I/O modules are on the eight chassis forming the 
center four columns. Each of the eight chassis on either side of the 
four center columns contains one of the memory banks. 

Two supply voltages are used for each module: -5.2 volts for IC 
power; -2.0 volts for line termination. 
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- Dimensions 

Base - approximately 9 ft diameter by 1 1/2 ft high 

Columns - approximately 5 ft diameter by 6 1/2 ft high including 
height of base 

- 24 chassis arranged two per column in 12 columns, or 16 chassis in 8 
columns 

- Approximately 1700 modules (12 column), 1100 for 8 column 

- Approximately 130 standard module types 

- Up to 288 IC packages per module 

- Power consumption approximately 118 kW input for maximum memory size 

- Refrigerant-22 cooled with refrigerant/water heat exchange 

- Five memory options 

- Weight 10,500 lbs (maximum memory size) 

HR-0808 

Figure B-1. Physical organization of CPU 
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STORAGE 

I 
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ADDRESS 
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CHECK BITS 
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CLOCK AND 

ADDRESS 

FANOUT 

71 '--........ _'--........ ~ 

M N 0 P 
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CLOCK 
FANOUT 

FLOATING FLOATING 

MULTIPLY ADD 

SCALAR RECI£!. 

ADD APPROX. 

SCALAR 

REGISTERS 

SECDED ADDRESS 
SECDED 

REG. 
CONTROL 

ADDRESS 
SCALAR LOGIC 

ADDER MULT. 
SHIFTS 

ADDERS S PUP 

~ 

VECTOR VECTOR 

SHIFT LOGICAL 

CONTROL NIP INSTR. 
CONTROL 

CONTROL BUFFERS 

SECDED VECTOR SECDED 
ADD XP DATA 

Vj TO IVECTOR 
VECTOR SH I FT 

STOR. 

Vj & IVk TO FUNCTIONAL JNITS 

I J 1 
OATl TO VECT~R REGISJERS 

VECTOR 

REGISTERS 

ADDR FANOUT ADDR 
5~ 

I/O 

I I 

Q R s T 

J K L 

STORAGE 

I 
CLOCK AND 

ADDRESS 

FANOUT 

CHECK BITS 

1 I I 
I I I 
CHECK BITS 

STORAGE 

I 
CLOCK AND 

ADDRESS 

FANOUT 

u V W X 

Figure B-2. General chassis layout 
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Each module has 96 pin pairs for interconnecting to other modules. 
All interconnections are via twisted pair wire. The average 
utilization of pins is approximately 60 percent. 

Each module has 144 available test points used for trouble shooting. 
Test points are driven by circuits that do not drive other loads. 

CLOCK 

All timing within the CPU is controlled by a single-phase synchronous 
clock network. This clock has a period of 12.5 nanoseconds. All of 
the lines that carry the clock signal from the central clock source to 
the individual modules of the CPU are of uniform length so that the 
leading edge of a clock signal arrives at all parts of the CPU cabinet 
at the same time. A 3-nanosecond pulse (figure B-3) is formed on each 
module. 

r-- 12.5 ns ·1 
----,I ,---I __ ~ ~I L...........---__ 

~3ns~ A-O/~.3 

Figure B-3. Clock pulse waveform 

References to clock periods in this manual are often given in the form 
CPn where n indicates the number of the clock period during which an 
event occurs. Clock periods are numbered beginning with CP O. Thus, 
the third clock period would be referred to as CP 2. 

POWER SUPPLIES 

Thirty-six power supplies are used for the l2-column mainframe, or 24 
for the 8-column models. There are twenty -5.2 volt supplies and 
sixteen -2.0 volt supplies (in the 12 column version). There are 12 
of each voltage in the 8-column version. The supplies are divided 
into 12 groups (or 8) of 3, each group suppling one column. A logic 
column uses one -5.2 volt supply and two -2.0 volt supplies. A memory 
coluwp Dses two -5.2 volt supplies and one -2.0 volt supply. The 
power supply design assumes a constant load. The power supplies do 
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not have internal regulation but depend on the motor-generator to 
isolate and regulate incoming power. The power supplies use a 
l2-phase transformer, silicon diodes, balancing coil, and a filter 
choke to supply low ripple DC voltages. The entire supply is mounted 
on a refrigerant-22 cooled heat sink. Power is distributed via bus 
bars to the load. 

COOLING 

Modules in the CPU are cooled by the exchange of heat from the module 
heat sink to the refrigerated cold bars. The module heat sink is 
wedged along both 8-inch edges to the cold bars. Cold bars are 
arranged in vertical columns, with each column having capacity for 144 
modules. The cold bar is cast aluminum and contains a stainless steel 
refrigerant tube. 
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SOFTWARE CONSIDERATIONS 

References to software in this publication are limited to those features 
of the CPU that provide for software or take it into consideration. 

SYSTEM MONITOR 

A monitor program is loaded at system deadstart and remains in Central 
Memory for as long as the system is used. Only the monitor program 
executes in CPU monitor mode and can execute monitor instructions. A 
program executing in monitor mode cannot be interrupted. A monitor 
program is designed to reference all of memory. 

USER PROGRAM 

C 

A user program or object program, as referred to in this publication, 
means any program other than the monitor program. Generally, the term 
describes a job-oriented program but may also describe an operating 
system task that does not execute in monitor mode. A user program may be 
a machine language program such as a FORTRAN compiler or it may be a 
program resulting from compilation of FORTRAN statements by the compiler. 

OPERATING SYSTEM 

The operating system consists of a monitor program, object programs that 
perform system-related functions, compilers, assemblers, and various 
utility programs. The operating system is loaded into Central Memory and 
possibly onto mass storage during system deadstart. Features of the 
operating system and organization of storage, which is a function of the 
operating system, is described in CRAY-OS Version I Reference Manual, CRI 
publication SR-OOII. 
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SYSTEM OPERATION 

System operation begins at CPU deadstart. Deadstart is that sequence of 
operations required to start a program running in the computer after 
power has been turned off and then turned on again. 

The deadstart sequence is initiated from the I/O Subsystem or the 
Maintenance Control Unit (MCU) depending on the model of the CRAY-l. The 
sequence is described in detail in part 2 section 3. During the 
deadstart sequence, a program containing an exchange package is loaded at 
absolute address 0 in the Central Memory. A signal from the MCU or I/O 
Subsystem causes the CRAY-l to begin execution of the program pointed to 
by the exchange package. 

FLOATING-POINT RANGE ERRORS 

Detection of the floating-point range error initiates an interrupt if the 
floating-point mode flag is set in the mode register and monitor mode is 
not in effect. The programmer has the capability via the 0022 
instruction to clear the floating-point mode flag so that results going 
out of range are prevented from interrupting. This is especially useful 
for the vector merge instruction usage in subroutines such as TANGENT, 
where some results may be known to go out-of-range. At the end of the 
code sequence, the programmer normally resets the floating-point mode via 
a 0021 instruction. 
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CPU INSTRUCTION SUMMARY D 

CRA Y - 1 

OOOxxx ERR 

tOOOijk ERR 

CAL 

ttOlJI0jk CA,Aj 

ttOOlljk CL,Aj 

tt0012jx CI,Aj 

tt0013jx XA 

tt0014 J 0 RT 

t~§ 0014j4 PCl 

tt§0014jS CCl 

tt§ 0014j6 ECl 

tt § 001 4 j 7 DC I 

0020xk VL 

t0020xO VL 

002lxx EFI 

0022 xx OF! 

003xjx VM 

t003xOx V}.1 

004xxx EX 

t004ijk EX 

005xjk J 

006ijkm J 

007ijkm R 
OIOijkm JAZ 

Ollijkm JAN 

012ijkm JAP 

013ijkm JAM 

·Ol4ijkm JSZ 

OISijkm JSN 

Ol6ijkm JSP 

Ol7ijkm JSM 

020ij km 1 
02lijkm Ai 

022ijk 

023ijx Ai 

024ijk Ai 

02Sijk Bjk 

026ijO 

026ijl 

027ijx 

030ijk 

t030iOk 

t030ijO 

03lijk 

Ai 

Ai 

Ai 

Ai 

Ai 

Ai 

Ai 

exp 

Ak 

Ak 

Aj 

Sj 

Sj 

Ak 

Sj 

o 

exp 

Bj k 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

exp 

Sj 

Bjk 

Ai 

PSj 

QSj 

ZSj 

Aj+Ak 

Ak 

Aj+l 

Aj-Ak 

PAGE 

6-7 

6-7 

6-8 

6-8 

6-8 

6-8 

6-10 

6-10 

6-10 

6-10 

6-10 

6-12 

6-12 

6-13 

6-13 

6-14 

6-14 

6-15 

6-15 

6 - 16 

6-17 

6-18 

6-19 

6-19 

6-19 

6-19 

6-21 

6-21 

6-21 

6- 21 

6-23 

6-23 

6-24 

6-25 

6-26 

6-26 

6-27 

6- 27 

6-28 

6-29 

6-29 

6-29 

6-29 

t Special syntax form 
tt Priviledged to monitor mode 

Pop/LZ 

Pop/LZ 

Pop/LZ 
A Int Add 

A Int Add 

A Int Add 

A Int Add 

§ Programmable Clock Option only 

HR-0808 
Part 4 
D-l 

DESCRIPTION 

Error exit 

Error exit 

Set the channel (Aj) current address to 
(Ax) and begin the II) sequence 

Set the channel (Aj) limit address to (Ax) 

Clear channel (Aj) in~errupt flag 

Enter XA register with (Aj) 

Enter RTC register with (Sj) 

Enter interval regist~r with (Sj) 

Clear PCl request 

Enable PCI request 

Disable PCI request 

Transmit (Ak) to VL r~gister 

Transmit 1 to VL register 

Enable interrupt on floating point error 

Disable interrupt on floating point error 

Transmit (Sj) to VM register 

Clear VM register 

Normal exit 

Normal exit 

Jump to (Bjk) 

Jump to exp 

Return jump to exp; set BOO to P 

Branch to exp if (AD) : 0 

Branch to exp if (AD) , 0 

Branch to exp if (AO) positive 

Branch to exp if (AD) negative 

Branch to exp if (SO) : 0 

Branch to exp if (SO) , 0 

Branch to exp if (SO) positive 

Branch to exp if (SO) negative 

Transmit exp jkm to Ai 

Transmit exp • l's complement 
of jkm to Ai 
Transmit exp • jk to Ai 

Transmi t (Sj) to Ai 

Transmi t (Bj x) to Ai 

Transmi t (Ai) to Bj k 

Population count of (5J) to Ai 

Population count parity of (5j) to Ai 

Leading zero count of (Sj) to Ai 

Integer sum of (Aj) and (Ax) to Ai 

Transmit (Ak) to Ai 

Integer sum of (Aj) and 1 to Ai 

Integer difference of (Aj) less (Ak) to Ai 

B 



~ CAL 
H3liOO Ai -1 
t03liOk 

t03lijO 

032ijk 
033i Ox 

033ijO 

OBijl 

034ijk 

t034ijk 

03Sijk 

t03Sijk 

036ijk 

t036ijk 

037ijk 

t037ijk 

Ai 

Ai 

Ai 
Ai 

Ai 

Ai 

Bjk,Ai 

Bjk,Ai 

,AO 

O,AO 

Tjk,Ai 

Tjk,Ai 

,AO 

O,AO 

040i j km} 
5i 

041ijkm 

042ijk 

t042i77 

t042iOO 

043ijk 

t043iOO 

044ijk 

t044ijO 

t044 ij 0 

045 i j k 

t04SijO 

046ijk 

t046ijO 

t046ijO 

047ijk 

t047iOk 

t047ijO 

t047ijO 

t047iOO 

OSOijk 

tOSOijO 

OSlijk 

tOS1iOk 

to!ilijO 

tOS1ijO 

tOSliOO 

OS2ijk 

OS3ijk 

OS4ijk 

OSSij k 

tJ56ijK 

tOS6ijO 

tOS6iOk 

5i 
5i 

5i 

5i 

5i 
5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

5i 

50 

50 

Si 

Si 

5i 

Si 

Si 

-Ak 

Aj-1 

Aj-Ak 
CI 

CA,Aj 

CE,Aj 

,AO 

O,AO 

Bj k ,Ai 

Bjk,Ai 

,AD 

O,AO 

Tjk,Ai 

Tjk,Ai 

exp 

<exp 
'>exp 

- 1 

>exp 
'<exp 

o 
Sj&5k 

5j&5B 

5B&5j 

'5k&5j 

'5B&5j 

5j\5k 

5j\5B 
5B\5j 

, 5j\Sk 

'5k 
'5j\SB 

'SB\5j 

'S8 

5j!5i&5k 

5j ~5i&SB 

5j ~ 5k 

5k 

5j ~5B 

58 ~ Sj 

S8 

5i<exp 

Si>exp 

Si<exp 

Si>exp 

Si,Sj<AK 

Si.Si<l 

Si<Ak 

t Special syntax form 

HR-0808 

PAGE 

6-29 

6-29 

6-29 

6-31 

6-32 

6-32 

6-32 

6-34 

6-34 

6-34 

6-34 

6-34 

6-34 

6-34 

6-34 

6-37 

6-37 

6--:~8 

6-38 

6-38 

6-38 

6-38 

6-38 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-39 

6-43 

6-43 

6-43 

6-43 

0-44 

6-44 

6-44 

~ DESCRIPTION 

A Int Add T:ansmit -1 to Ai 
A Int Add Transmit the negative of (Ak) to Ai 

A Int Add ILteger difference of (Aj) ~ess 1 to Ai 

A Int Mult Integer product of (Aj) and (Ak) to Ai 
Channel number to Ai (j-O) 

Address of channel (Aj) to Ai (j~0; k-O) 

Error flag of channel (Aj) to Ai (j~O; k-1) 

Memory Read (Ai) words to B register jk from (AO) 

Memory Read (Ai) words to B register jk from (AO) 

Memory Store (Ai) words at B register jk to (AO) 

Memory 5tore (Ai) words at B register jk to (AD) 

Memory 

Memory 

Memory 

Memory 

Read (Ai) words to T registel jk from (AD) 

Read (Ai) words to T register jk from (AO) 

Store (Ai) words at T register jk to (AO) 

Store (Ai) words at T register jk to (AD) 

Transmit jkm to 5i 

Transmit exp c l's complement of jkm to Si 

S Logical Form l's mask exp = 64-jk bits in 5i from 
the right 

5 Logical Enter 1 into 5i 

S Logical Enter -] into Si 

5 Logical Form l's mask exp jk bits in 5i from 

5 Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

SLog i cal 

S Logical 

S Logical 

5 Logical 

5 Logical 

S Logical 

S Logical 

5 Logical 

5 Logical 

S Logical 

S Logical 

S Logical 

S 5hift 

S Shift 

S Shift 

S Shift 

~ ::';111t 

S Shift 

S Shift 

the left 
Clear Si 

Logical product of (Sj) and (5k) to Si 

Sign bit of (5j) to 5i 

Sign bi t of (5j) to 5i (j !"O) 

Logical product of (5j) and l's 
complement of (5k) to Si 

(5j) with sign bit cleared to 5i 

Logical difference of (Sj) and (5k) to 5i 

Toggle sign bit of 5j, then enter into 5i 

Toggle sign bit of Sj, then enter into 5i (jfO) 

Logical equivalence of (5k) and (5j) to 5i 

Transmit l's complement of (Sk) to Si 

Logical equivalence of (Sj) and sign 
bit to Si 
Logical equivalence of (5j) and sign 
bit to Si (jlO) 
Enter l's complement of sign bit into Si 

Logical product of (5i) and (Sk) complement 
ORed with logical product of (Sj) and (Sk) to Si 

Scalar merge of (Si) and sign bit of (5j) 
to 5i 

Logical sum of (5j) and (Sk) to 5i 

Transmit (Sk) to 5i 

Logical sum of (Sj) and sign bit to Si 

Logical sum of (Sj) and sign bit to Si (jIO) 
Enter sigr. bit into ~i 

5hift (5i) left exr = jk places to SO 

5hift (5i) right exp - 64-jk places to 50 

Shift (Si) left exp c jk plJces 

5hift (Si) right exp • 64-jk places 
ShItt lSl and Sj) left (Ak) rlares to 5i 
5hift (Si and ~j) lpft ~np rl~rp tn Si 

Shift (Sj) left (Ak) places to Si 

Part 4 
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~ 
057ijk 

t057 i j 0 

to 5 7 i Ok 

060ijk 

06lij k 

t06li Ok 

06Zijk 

t062iOk 

063ijk 

t06 3 i Ok 

064ijk 

065ijk 

066ijk 

067ijk 

070ijx 

07liOk 

Si 

Si 

Si 

5i 

5i 

5i 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

5i 

071ilk Si 

071i21c Si 

07li3x Si 

071i4x Si 

071i5x Si 

07li6x Si 

071i7x 5i 

07Zixx 5i 

073i xx 5i 

074ijk 5i 

075ijk Tjk 

076ijk 5i 

077ijk Vi,Ale 

t077iOk Vi ,Ak 

10hijkm Ai 

tlOOijkm Ai 

tlOOij km Ai 

tlOhiOOO Ai 

llhijkm exp,Ah 

tllOijkm exp,O 

tllOijkm exp, 

tllhiOOO ,Ah 

l~hijkm 5i 

tl20ijkm 5i 

tIZ 0 ij km 5i 

tlZhiOOO Si 

Uhi j km exp, Ah 

t130ij km exp, 0 
tI30ijkm exp, 

t13hi 000 ,Ah 

140ijk Vi 
l4lijk Vi 
142ijk Vi 

tl42iOk Vi 

Sj,Si;,Ak 

Sj ,Si>1 
Si>Ak 

5j+5k 

Sj-5k 

-Sk 

Sj+FSk 

+FSk 

5j-FSk 

-FSk 

Sj*FSk 

Sj*HSk 

Sj*RSk 

Sj*ISk 

/H5j 

Ale 

+Ak 

+FAk 

0.6 

0.4 
1. 

Z. 

4. 

RT 

\'tol 

Tjlc 

Si 

Vj,Ale 

Sj 

o 
exp,Ah 

exp,O 

exp, 

,Ah 

Ai 

Ai 

Ai 

Ai 

exp,Ah 

exp.O 

exp, 

,Ah 

Si 

Si 

Si 

Si 

Sj&Vk 
Vj&Vk 
Sj ! Vic 
Vk 

t Special syntax form 

HR-0808 

PAGE 

6-44 

6-44 

6-44 

6-46 

6-46 

6-46 

6-47 

6-47 

6-47 

6-47 

6-49 

6-49 

6-49 

6-49 

6-51 

6-52 

6-52 

6-52 

6-52 

6-52 

6-52 

6-52 

6-52 

6-55 

6-55 

6-55 

6-55 

6-56 

6-56 

6-56 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-57 

6-59 

6-59 

6-59 

6-59 

UNIT 

S Shift 

S Shift 

S Shift 

S Int Add 

S Int Add 

S Int Add 

F.P. Add 

F.P. Add 

F.P. Add 

F. P., Add 

F.P. Mult 

F. P. Mult 

F. P. Mult 

F. P. Mult 

F.P. Rcpl 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 
Memory 

Memory 

Memory 

t-lemory 

t-lemory 

I-Iemory 

Memory 

t-lemory 
Memory 

Memory 

V Logical 
V Logical 
V Logical 

V Logical 

DESCRIPTION 

Shift (Sj and Si) Tight (Ak) places to 6i 

Shift (Sj and Si) right one place to Si 

Shift (Si) right (Ak) places to Si 

IntegeT sum of (Sj) and (Sk) to Si 

Integer difference of (Sj) and (Sic) to Si 

Transmit negative of (Sic) to Si 

Floating sum of (Sj) and (Sic) to 5i 

Normalize (Sle) to Si 

Floating difference of (Sj) and (Sk) to Si 

Transmit normalized negative of (Sk) to Si 

Floating product of (Sj) and (Sic) to Si 

Half precision rounded floating product 
of (Sj) and (Sic) to 5i 

Full precision rounded floating product 
of (5j) and (Sle) to Si 

Z - Floating product of (5j) and (Sle) to 5i 

Floating reciprocal approximation of 
(5j) to Si 

Transmit (Ale) to 5i with no sign extension 

Transmit (Ak) to 5i with sign extension 

Transmit (Alc) to 5i as unnormalized 
floating point number 

Transmit constant 0.75*Z*·48 to Si 

Transmit constant 0.5 to 5i 

Transmit constant 1.0 to 5i 

Transmit constant Z.O to 5i 

Transmit constant 4.0 to 5i 

Transmit (RTC) to Si 

Transmit (VM) to Si 

Transmi t (Tj lc) to Si 

Transmit (5i) to Tjlc 

Transmit (Vj, element (Alc)) to 5i 

Transmit (5j) to Vi element (Ak) 

Clear Vi element (Ale) 

Read from ((Ah) + exp) to Ai (AO-O) 

Read from (exp) to Ai 

Read from (exp) to Ai 

Read from (Ah) to Ai 

Store (Ai) to (Ah) + exp (AO=O) 

Store (Ai) to exp 

Store (Ai) to exp 

Store (Ai) to (Ah) 

Read from ((Ah) + exp) to Si (AOcO) 

Read from (c)"l1) to Si 

Read from (c)"l1) to Si 

Read from (Ah) to Si 

Store (Si) to (Ah) + exp (AO=O) 

Store (Si) to exp 
Store (5i) to exp 

Store (5i) to (Ah) 

Logical products of (Sj) and (Vk) to Vi 
Logical products of (Vj) and (Vic) to Vi 
Logical sums of (Sj) and (Vic) to Vi 

Transmit (Vic) to Vi 
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CRAY-1 

14 lij k 

144ij k 

145ijk 

t14Siii 

146ij k 

tl46iOk 

147ijk 

150ijk 

tl50ij 0 

lSlijk 

tlSlijO 

15Zijk 

tlS2ijO 

lS3ijk 

tI 53ij 0 

lSoIijk 

l5Sijk 

1 56ij k 

t156iOk 

l57ijk 

160ijk 

16lijk 
162ijk 

163ijk 

164ijk 

165ijk 

166ijk 

167ijk 

170ijk 

tl70iOk 

17lijk 

172ijk 

tl72iOk 

173ijk 

174ijO 

174ijl 

174iP 
17SxjO 

175xjl 

175xj2 
17Sxj3 
176iAk 

tl76ixO 

177xj k 

tl77xjO 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

\' i 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 
Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

\'i 

Vi 

Vi 

Vi 

Vi 

Vi 

Vi 

\'1-' 

V1-I 

VM 
V1-I 

Vi 

Vi 

,AO,Ak 

.AO,I 

Vj:Vk 

Sj\Vk 

Vj\ Vk 

o 
Sj:Vk~VM 

'VM~Vk 

Vj:Vk~VM 

Vj<Ak 

Vj<l 

Vj>Ak 

Vj >1 

Vj,Vj<Ak 

Vj, Vj <1 

Vj,Vj>Ak 

Vj ,Vj>I 

Sj+Vk 
Vj+Vk 

Sj-Vk 

-Vk 
Vj-Vk 

Sj*FVk 

Yj*FVk 

Sj*HVk 

Vj*HVk 

Sj*RVk 

Vj*RVk 

Sj*IVk 

Vj*IVk 

Sj+FVk 

+FVk 

Vj+FVk 

Sj-FVk 

-FVk 

Vj-FVk 

/HVj 

PVj 

QVj 
Vj ,Z 

Vj,N 

Vj ,P 

Vj,M 

,AO,Ak 

,AO,I 

Vj 

Vj 

f Special syntax form 

HR-0808 

PAGE 
6-59 

6-59 

6-59 

6-59 

6-59 

6-59 

6-59 

6-63 

6-63 

6-63 

6-63 

6-65 

6-65 

6-65 

6-65 

6 - 70 

6-70 

6-70 

6 - 70 

6-70 

6-72 

6-72 

6-72 

6 - 72 

6 -72 

(J-72 

6-75 

6-75 

6-75 

6-75 

6-75 

6-75 

6-78 

6-78 

6-79 

6 - 79 

6-79 

6-79 

6-81 

6-81 

6-81 

6-81 

UNIT 

V Logical 

V Logical 

V Logical 

V Logical 

V Logical 

V Logical 

V Logical 

V Shift 

V Shift 

V Shift 

V Shift 

V Shift 

V Shift 

V Shift 

V Shift 

V Int Add 
V Int Add 

V Int AJd 

V Int Add 

V lnt Add 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Mult 

F.P. Add 

F.P. Add 

F.P. Add 

F.P. Add 

F.P. Add 

F.P. Add 

F.P. Repl 

F.P. Repl 

F.P. Repl 

V Logical 

V Logical 

V Logical 
V Logical 

"'emory 

Memory 

Memory 

Memory 

DESCRIPTJON 
Logical sums of (Vj) and (Vk) to Vi 

Logical differences of (Sj) and (Vk) to Vi 

Logical differences of (Vj) and (Vk) to Vi 

Clear Vi 

Transmit (Sj) if VM bi t • 1; (Vk) if 
VM bit • 0 to Vi 
Vector merge of (Vk) and 0 to Vi 

Transmi t (Vj) if VM bi t • 1; (Vk) if 
VM bit· 0 to Vi 

Shift (Vj) left (Ak) places to Vi 

Shift (Vi) left one place to Vi 

Shift (Vj) right (Ak) places to Vi 

Shift (Vj) right one place to Vi 

Double shift (Vj) left (Ak) places to Vi 

Double shift (Vj) left one place to Vi 

Double shift (Vj) right (Ak) places to Vi 

Double shift (Vj) right one place to Vi 

Integer sums of (Sj) and (Vk) to Vi 
Integer sums of (Vj) and (Vk) to Vi 

Integer differences of (Sj) and (Vk) to Vi 

Transmit negative of (Vk) to Vi 

Integer differences of (Vj) and (Vk) to Vi 

Floating products of (Sj) and (Vk) to Vi 

Floating products of (Vj) and (Vk) to Vi 

Half precision rounded floating products 
of (Sj) and (Vk) to Vi 
Half precision rounded floating products 
of (Vj) and (Vk) to Vi 

Rounded floating products of (Si) and 
(Vk) to Vi 

Rounded floating products of (Vj) and 
(Vk) to Vi 

2 - floating products of (Sj) and 
(Vk) to Vi 

2 - floating products of (Vj) and 
(Vk) to Vi 

Floating sums of (Sj) and (Vk) to Vi 

Normalize (Vk) to Vi 

Floating sums of (Vj) and (Vk) to Vi 

Floating differences of (Sj) and (Vk) to Vi 

Transmit r.ormalized negatives of (Vk) to Vi 

Floating differences of (Vj) and (Vk) to Vi 

Floating reciprocal approximations of 
(Vj) to Vi 

Population counts of (Vj) to Vi 

Population count parities of (Vj) to Vi 

\~El where (Vj) • 0 

VM-l where (Vj) ~ 0 
\'MEl where (Vj) positive 

VJ.f"'l where (Vj) negative 

Read (VL) words to Vi from (AO) 
incremented by (Ak) 

Read (VL) words to Vi from (AO) 
incremented by 1 

Store (VL) words from Vj to (AO) 
incremented by (Ak) 
Store rVLl words from Vj to CAQ) 
incremented by 1 
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I/O PROCESSOR INSTRUCTION SUMMARY E 

lOP 

000 
001 
002 
003 

004 
005 
006 
007 

010 
011 
012 
013 

014 
015 
016 
017 

020 
021 
022 
023 

024 
025 

026 

027 

030 

031 

032 

033 

APML 

PASS 
EXIT 
I 0 
I 1 

A A > d 

A A < d 
A A» d 

A A« d 

A d 
A = A & d 
A A + d 
A A - d 

A = k 
A A & k 

A A + k 
A A - k 

A dd 
A A & dd 
A = A + dd 

A = A - dd 

dd = A 
dd A + dd 

dd dd + 1 

dd dd - 1 

A = (dd) 

A A & (dd) 

A A + (dd) 

A A - (dd) 

HR-0808 

Description 

No operation 
Exit from subroutine 
Disable system interrupts 
Enable system interrupts 

Right shift C and A by d places, end off 
Left shift C and A by d places, end off 
Right shift C and A by d places, circular 
Left shift C and A by d places, circular 

Transmit d to A 
Logical product of A and d to A 
Add d to A 
Subtract d from A 

Transmit k to A 
Logical product of A and k to A 
Add k to A 
Subtract k from A 

Transmit operand register d to A 
Logical product of A and operand register d to A 
Add operand register d to A 
Subtract operand register d from A 

Transmit A to register d 
Add operand register d to A, result to operand 
register d 
Transmit register d to A, add 1, result to 
operand register d 
Transmit register d to A, subtract 1, result to 
operand register d 

Transmit contents of memory addressed by 
register d to A 
Logical product of A and contents of memory 
addressed by register d, result to A 
Add contents of memory addressed by register d 
to A, result to A 
Subtract contents of memory addressed by 
register d from A, result to A 
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lOP APML 

034 (dd) = A 
035 (dd) = A + (dd) 

036 (dd) = (dd) + 1 

037 (dd) (dd) - 1 

040 
041 
042 
043 

044 
045 
046 
047 

050 
051 
052 
053 

054 
055 
056 
057 

060 
061 
062 
063 

064 
065 

066 

067 

070 
071 
072 
073 

074 
075 
076 
077 

c = 1, iod 
C = 1, iod 
C = 1, lOB 
C = 1, lOB 

A A > B 
A = A < B 
A = A » B 
A A« B 

A B 
A = A & B 
A = A + B 
A A - B 

B 

B 

B 
B 

A 

A + B 
B + 1 
B-1 

A (B) 
A = A & (B) 
A A + (B) 

A A - (B) 

(B) A 
(B) A + (B) 

ON 
BZ 
ON 
BZ 

(B) = (B) + 1 

(B) = (B) - 1 

P = P + d 
P P - d 
P P + d 
P = P - d 

P = dd 
P dd + k 
R = dd 
R = dd + k 

HR-0808 

Description 

Transmit A to memory addressed by register d 
Add memory addressed by register d to A, result 
to same memory location 
Transmit memory addressed by register d to A, 
add 1, result to same memory location 
Transmit memory addressed by register d to A, 
subtract 1, result to same memory location 

Set carry equal to channel d done 
Set carry equal to channel d busy 
Set carry equal to channel B done 
Set carry equal to channel B busy 

Right shift C and A by B places, end off 
Left shift C and A by B places, end off 
Right shift C and A by B places, circular 
Left shift C and A by B places, circular 

Transmit B to A 
Logical product of A and B to A 
Add B to A, result to A 
Subtract B from A, result to A 

Transmit A to B 

Add B to A, result to B 
Transmit B to A, add 1, result to B 
Transmit B to A, subtract 1, result to B 

Transmit operand register B to A 
Logical product of A and operand register B to A 
Add operand register B to A, result to A 
Subtract operand register B from A, result to A 

Transmit A to operand register B 
Add operand register B to A, result to operand 
register B 
Transmit operand register B to A, add 1, r'esult 
to operand register B 
Transmit operand register B to A, subtract 1, 
result to operand register B 

Jump to P + d 
Jump to P - d 
Return jump to P + d 
Return jump to P - d 

Jump to address in operand register d 
Jump to sum of k and operand register d 
Return jump to address in operand register d 
Return jump to sum of k and operand register d 
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100 
101 
102 
103 

104 
105 
106 
107 

110 
III 
112 
113 

114 
115 
116 
117 

120 

121 

122 
123 

124 

125 

126 

127 

130 

131 

132 

133 

APML 

p = P + d, C 0 
P = P + d, C # 0 
p = p + d, A 0 
P = P + d, A # 0 

P P d, C 0 
P P - d, C # 0 
P P - d, A = 0 
P = P - d, A # 0 

R = P + d, C 0 
R P + d, C # 0 
R P + d, A 0 
R P + d, A # 0 

R = P - d, C 0 
R = P - d, C # 0 
R = P - d, A 0 
R = P - d, A # 0 

P = dd, C o 

P = dd, C # 0 

P = dd, A 0 
P dd, A # 0 

P = dd + k, C = 0 

P dd + k, C # 0 

Description 

Jump to P + d if carry - 0 
Jump to P + d if carry ~ 0 
Jump to P + d if A = 0 
Jump to P + d if A ~ 0 

Jump to P d if carry 0 
Jump to P - d if carry ~ 0 
Jump to P d if A 0 
Jump to P - d if A ~ 0 

Return jump to P + d if carry = 0 
Return jump to P + d if carry ~ 0 
Return jump to P + d if A = 0 
Return jump to P + d if A ~ 0 

Return jump to P d if carry = 0 
Return jump to P - d if carry ~ 0 
Return jump to P d if A = 0 
Return jump to P - d if A ~ 0 

Jump to address in operand register d if carry = 
o 
Jump to address in operand register d if carry 
~ 0 
Jump to address in operand register d if A = 0 
Jump to address in operand register d if A ~ 0 

Jump to address in operand register d + k if 
carry = 0 
Jump to address in operand register d + k if 
carry ~ 0 

P = dd + k, A o Jump to address in operand register d + k if 
A = 0 

P dd + k, A # 0 Jump to address in operand register d + k if 

R = dd, C 0 

R = ddt C # 0 

R dd, A = 0 

R = dd, A # 0 

A ~ 0 

Return jump to address in operand register d if 
carry = 0 
Return jump to address in operand register d if 
carry ~ 0 
Return jump to address in operand register d if 
A = 0 
Return jump to address in operand register d if 
A ~ 0 
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lOP APML 

134 R dd + k, C = 0 

135 R dd + k, C # 0 

136 R = dd + k, A 0 

137 R = dd + k, A # 0 

140 iod 0 
141 iod 1 
142 iod 2 
143 iod 3 

144 iod 4 
145 iod 5 
146 iod 6 
147 iod 7 

150 iod 10 
151 iod 11 
152 iod 12 
153 iod 13 

154 iod 14 
155 iod 15 
156 iod 16 
157 iod 17 

160 lOB 0 
161 lOB 1 
162 lOB 2 
163 lOB 3 

164 lOB 4 
165 lOB 5 
166 lOB 6 
167 lOB 7 

170 lOB 10 
171 lOB 11 
172 lOB 12 
173 lOB 13 

174 lOB 14 
175 lOB 15 
176 lOB 16 
177 lOB 17 

HR-0808 

DescriEtion 

Return jump to address 
if carry = 0 
Return jump to address 
if carry 'f 0 
Return jump to address 
if A = 0 
Return jump to address 
if A 'f 0 

Channel d 
Channel d 
Channel d 
Channel d 

Channel d 
Channel d 
Channel d 
Channel d 

Channel d 
Channel d 
Channel d 
Channel d 

Channel d 
Channel d 
Channel d 
Channel d 

Channel B 
Channel B 
Channel B 
Channel B 

Channel B 
Channel B 
Channel B 
Channel B 

Channel B 
Channel B 
Channel B 
Channel B 

Channel B 
Channel B 
Channel B 
Channel B 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 

function 
function 
function 
function 
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0 
1 
2 
3 

4 
5 
6 
7 

10 
11 
12 
13 

14 
15 
16 
17 

0 
1 
2 
3 

4 
5 
6 
7 

10 
11 
12 
13 

14 
15 
16 
17 

in operand register d + k 

in operand register d + k 

in operand register d + k 

in operand register d + k 
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SYSTEM CHANNEL ASSIGNMENTS 

The channel assignments for a typical Model 4400 system are shown in 
table F-l. 

Table F-l. Typical Model 4400 system channel assignments 

PROCESSOR CHANNEL MNEMONIC 

Master 0 lOR 
I/O 1 PFR 

Processor 2 PXS 

HR-0808 

3 LME 
4 RTC 
5 MOS 
6 AlA 
7 AOA 
10 AlB 
11 AOB 
12 AIC 
13 AOC 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 

35 
36 
37 
40 

41 

ERA 
EXB 
CIA 
COA 

CIB 
COC 

CIC 
cae 

CID 
COD 

TIA 
TOA 

I 

FUNCTION 

Interrupt request 
Program fetch request 
Program exit stack 
I/O Memory error 
Real-time clock 
Buffer Memory Interface (DMA 3) 
Input from Buffer I/O Processor 
Output to Buffer I/O Processor 
Input from Disk I/O Processor 
Output to Disk I/O Processor 
Input from Auxiliary I/O Processor 
Output to Auxiliary I/O Processor 

Error log 
Peripheral Expander (DMA 0) 
Input from CRAY-l channel (DMA 1) 
Output to CRAY-l channel (DMA 1) 

Input from F.-E. Interface (DMA 2) 
Output to F.-E. Interface (DMA 2) 

Input from F.-E. Interface (DMA 4) 
Output to F.-E. Interface (DMA 4) 

Input from F.-E. Interface (DMA 5) 
Output to F.-E. Interface (DMA 5) 

Console 0 keyboard 
Console 0 display 
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Table F-l. Typical Model 4400 system channel assignments (continued) 

PROCESSOR I CHANNELl MNEMONIC FUNCTION 

Master 42 
I/O 43 

Processor·1 44 
(continued) 45 

46 
47 

Buffer 0 
I/O 1 

Processor 2 

3 
4 
5 
6 
7 
10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 

41 
42 
43 
44 
45 
46 
47 

HR-0808 

TIB 
TOB 

Console 1 keyboard 
Console display 

lOR Interrupt request 
PFR Program fetch request 
PXS Program exit stack 
LME I/O Memory error 
RTC Real-time clock 
MOS Buffer Memory Interface (DMA 3) 
AlA Input from Master I/O Processor 
AOA Output from Master I/O Processor 
AlB Input from Disk I/O Processor 
AOB Output to Disk I/O Processor 
AIC Input from Auxiliary I/O Processor 
AOC Output to Auxiliary I/O Processor 
HIA Input from Memory Channel (DMA 4) 
HOA Output to Memory Channel (DMA 4) 

DKA 
DKB 
DKC 
DKD 
DKE 
DKF 
DKG 
DKH 

Disk Storage Unit 0 (DMA 0) 
Disk Storage Unit 1 (DMA O) 
Disk Storage Unit 2 (DMA l) 
Disk Storage Unit 3 (DMA l) 
Disk Storage Unit 4 (DMA 2) 
Disk Storage Unit 5 (DMA 2) 
Disk Storage Unit 6 (DMA 5) 
Disk Storage Unit 7 (DMA 5) 
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Table F-l. Typical Model 4400 system channel assignments (continued) 

PROCESSOR CHANNEL MNEMONIC 

Disk 0 lOR 
I/O 1 PFR 

Processor 2 PXR 
3 LME 
4 RTC 
5 MOS 
6 AlA 
7 AOA 
10 AlB 
11 AOB 
12 AIC 

I 
13 AOC 
14 
15 
16 
17 
20 DKA 
21 DKB 
22 DKC 
23 DKD 
24 DKE 
25 DKF 
26 DKG 
27 DKH 
30 DKI 
31 DKJ 
32 DKK 
33 DKL 
34 DKM 
35 DKN 
36 DKO 
37 DKP 

40 
41 
42 
43 
44 
45 
46 
47 

HR-0808 

FUNCTION 

Interrupt request 
Program fetch request 
Program exit stack 
I/O Memory error 
Real-time clock 
Buffer Memory Interface (DMA 3) 
Input from Master I/O Processor 
Output to Master I/O Processor 
Input from Buffer I/O Processor 
Output to Buffer I/O Processor 
Input from Auxiliary I/O Processor 
Output to Auxiliary I/O Processor 

Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
Disk Storage Unit 
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0 (DMA 0) 
1 (DMA 0) 
2 (DMA 0) 
3 (DMA 0) 
4 (DMA 1) 
5 (DMA 1) 
6 (DMA 1) 
7 (DMA 1) 
8 (DMA 2) 
9 (DMA 2) 
10 (DMA 2) 
11 (DMA 2) 
12 (DMA 5) 
13 (DMA 5) 
14 (DMA 5) 
15 (DMA 5) 
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Table F-l. Typical Model 4400 system channel assignments (continued) 

PROCESSOR : CHANNEL MNEMONIC 

Auxiliary 0 lOR 
I/O 1 PFR 

Processor 2 PXS 
3 LME 
4 RTC 
5 MOS 
6 AlA 
7 AOA 
10 AlB 
11 AOB 
12 AIC 
13 AOC 
14 
15 
16 
17 
20 BMA 
21 BMB 
22 BMC 
23 BMD 
24 BME 
25 BMF 
26 BMG 
27 BMH 
30 BMI 
31 BMJ 
32 BMK 
33 BML 
34 BMM 
35 BMN 
36 BMO 
37 BMP 
40 
41 
42 
43 
44 
45 
46 
47 

HR-0808 

FUNC'rION 

Interrupt request 
Program fetch request 
Program exit stack 
I/O Memory error 
Real-time clock 
Buffer Memory Interface (DMA 3) 
Input from Master I/O Processor 
Output to Master I/O Processor 
Input from Buffer I/O Processor 
Output to Buffer I/O Processor 
Input from Disk I/O Processor 
Output to Disk I/O Processor 

Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
Block Multiplexer 
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Channel 0 
Channel 1 
Channel 2 
Channel 3 
Channel 4 
Channel 5 
Channel 6 
Channel 7 
Channel 8 
Channel 9 
Channel 10 
Channel 11 
Channel 12 
Channel 13 
Channel 14 
Channel 15 

(DMA 0) 
(DMA 0) 
(DMA 0) 
(DMA 0) 
(DMA 1) 
(DMA 1) 
(DMA 1) 
(DMA 1) 
(DMA 2) 
(DMA 2) 
(DMA 2) 
(DMA 2) 
(DMA 5) 
(DMA 5) 
(DMA 5) 
(DMA 5) 
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lOP PROGRAMMING CONSIDERATIONS 

Several special cases must be considered when programming the I/O 
Processor. These cases are explained below. 

EXIT STACK TIMING 

When issuing PXS : 4 or ~XS : 15, allow 4 CPs§ before enabling system 
interrupts, return jumps or exit instructions. PXS: 14 and PXS : 15 
instructions should only be used when system interrupts are disabled. 

EXIT STACK INTERRUPT HANDLING 

G 

If return jumps are used in an interrupt handler, verifiy that enough 
levels are left available in the stack. An interrupt with the exit stack 
pointer at 1310 causes the pointer to go to 1410 and leave only one 
location open. A worse case exists if a return jump which causes a 
program fetch request (PFR) interrupt is issued with the stack pointer at 
1310 • The return address goes in 1410 and the interrupt address goes 
into 1510 • This condition now leaves two interrupts present--both the 
exit stack boundary and PFR, with the PFR being the highest priority and 
no stack locations available. If the stack pointer is allowed to 
increment from 1510 , it clears to 0, and incorrect return addresses are 
used. 

SYSTEM INTERRUPT ENABLE 

When issuing an 1=1, the system interrupt enable is delayed until the 
next non-branch or non-I/O instruction is issued. The instructions that 
do not enable interrupts are the 40-43 and 70-137. 

§ The term clock periods refers to processor instruction times taken up 
by issuing pass instructions, or some other instruction or group of 
instructions whose execution time equals or exceeds the delays noted. 
Any instruction or group of instructions may be used as long as they 
are not included in any of the special cases stated in this list. 
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This allows the executive/monitor to get back to the interruptible 
activity before an interrupt is accepted. 

Use an 1=0 instruction at the interrupt handler entrance. If a redundant 
1=1 is executed and an interrupt occurs before a non-branch or non-I/O 
instruction is encountered, the interrupt handler is entered (with 
interrupts disnhl~o)~ Rut interrupts are re-enabled when the first 
non-branch or non-I/O instruction is issued within the interrupt handler. 

SYSTEM INTERRUPT DISABLE 

The instructions following an 1=0 instruction may be skipped if an 
interrupt occurs (while 1=0 is executing). Hence, a pass instruction 
should follow every 1=0. 

SYSTEM INTERRUPT CLEARED OR SET BY THE ENABLES FOR INDIVIDUAL CHANNELS 

After issuing a command 6 or 7 to any I/O channel, allow 3 CPs§ before 
seeing its effect on system interrupt. (Assuming system interrupts are, 
or will be, enabled.) 

I/O CHANNEL TIMING 

When issuing any command to the I/O channels, allow 1 Cp§ before 
checking busy or done status. 

Also allow 1 CP§ after any command 6 or 7 before checking for interrupt 
number (lOR : 10). 

BUFFER MEMORY ERRORS 

If a Buffer Memory multiple bit error has occurred, an MOS : 0 
instruction is required prior to the next read or write command. The 
interface operation waits indefinitely on the error if it is not cleared 
by the MOS : O. 

§ The term clock periods refers to processor instruction times taken up 
hy issuing pass instructions; or some other instruction or group of 
instructions whose execution time equals or exceeds the delays noted. 
Any instruction or group of instructions may be used as long as they 
are not included in any of the special cases stated in this list. 
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BUFFER MEMORY DEADSTART TIME 

Deadstarting a processor via Buffer Memory requires apporoximately 2 
ms to transfer the full 64K into I/O memory. This time assumes no 
other Buffer Memory activity other than refresh. 

ERROR LOGGING AND BLOCK MULTIPLEXER CHANNELS 

The commands : 10-13 to the error logging channel or the block 
multiplexer channel decode the present accumulator data on the 
interface. If the lOP instruction previous to the commands : 10-13 is 
any of the following: 4-7, 12, 13, 16, 17, 22, 23, 32, 33, 44-47, 52, 
53, 62, 63; then an 11 or 15 instruction (with the d or k field set to 
all ones) should be inserted between the instruction and the interface 
command. This avoids a l-CP timing restriction caused by the adder 
and shifter. 

I/O INSTRUCTIONS AFTER DEADSTART 

The first instruction executed after a deadstart cannot be an I/O 
instruction. This includes 40-43, 140-147, 154-157, 160-167, 
174-177. The accumulator must be loaded before executing any of these 
instructions. This avoids a special control sequence condition after 
deadstart. 

150-153, 170-173 instructions may be executed after 
deadstart as the instructions do load the accumulator. 

PERIPHERAL EXPANDER CHANNEL TRANSFERS 

The expander channel supports block transfers to only the first 
100,0008 parcels of I/O memory. 

HR-0808 
Part 4 
G-3 B 





LIST OF ABBREVIATIONS 

A, An 

Addr 

Adv. 

Ai ,Aj ,Ak 

APML 

B, Bn 

BA 

BIOP 

Bjk 

BM 

CA 

CAL 

Ch 

CL 

CIP 

CLK 

Contr. 

CP 

CPU 

CRI 

oeu 

Distr. 

DIOP 

DMA 

DP 

DSU 

Exch. 

F 

HR-0808 

CPU address register n, n 

Address 

Advance 

o to 7 (CPU); lOP accumulator 

Address register specified by instruction i,j,k fields 

A Programming Machine Language 

CPU intermediate address register n, n = 0 to 778; lOP B 
register 

Bank address, buffer address 

Buffer I/O Processor 

Buffer register specified by instruction j,k fields 

Buffer Memory 

Current address register 

Cray Assembly Language 

Channel 

Channel Limit register 

Current Instruction Parcel register 

Clock 

Control 

Clock period, central processor 

Central processing unit 

Cray Research, Incorporated 

Disk controller unit 

Distribution 

Disk I/O Processor 

Direct memory access 

Destination Pointer register 

Disk Storage Unit 

Exchange 

Flag register (exchange package); lOP instruction function 
field 
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F.E. 

F.P. 

F. U. 

FWA 

gh 

GR 

h 

Hz 

i 

II 

IC 

leD 

I/O 

lOP 

lOR 

k 

jk 

LA 

LIP 

LSI 

LWA 

M 

MBits 

Mbyte 

MCU 

MG 

MHz 

MIOP 

Mr-n 

MOS 

MSEC 

MS 

MSKO 

NIP 

HR-0808 

Front end 

Floating-point 

Functional Unit 

First word address 

g and h fields, CPU instruction operation code 

Group 

h field, CPU instruction 

Hertz, cycles per second 

i field of CPU instruction 

Interrupt Interval register (CPU); Instruction Issue 
register (lOP) 

Integrated Circuit 

Interrupt Countdown counter 

Input/Output 

I/O Processor 

I/O request 

Kilo, 1024, k field CPU instruction 

j and k fields, CPU instruction 

Limit address 

Last instruction parcel 

Large scale integration 

Last word address 

Million; mode bit field in exchange package; instruction 
field 

Megabits or million bits 

Megabyte or million bytes 

Maintenance Control Unit 

Motor-Generator 

MegaHertz, or million cycles per second 

Master I/O Processor 

Monitor Mode Interrupt 

Metal oxide semiconductor 

Millisecond 

Mass storage 

r-1ask out 

Next instruction parcel 
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nmos 

ns 

OS 

Osc 

P 

PDU 

PFR 

POP 

PCI 

R 

RA 

Recip 

Reg. 

Req. 

Resp. 

Ref. 

RP 

R'RAB 

RTC 

S 

s 

Seq. 

Sn 

S i, Sj, 

SEeDED 

Store 

T, Tn 

Tjk 

V, Vn 

Vi, Vj, 

VL 

VM 

XA 

XIOP 

HR-0808 

Sk 

Vk 

Negative channel metal oxide semiconductor 

Nanosecond 

Operating system 

Oscillator 

Program address register; Program parcel counter 

Power Distribution Unit 

Program fetch request 

Population count 

Programmable clock interrupt 

Request; response 

Read address 

Reciprocal 

Register 

Request 

Response 

Reference 

Register Pointer register 

R' = high-order bits of read address, RA = Read Address, 
B = Bank low-order bits of address in exchange package 

Real-time clock 

Scalar 

Second 

Sequence 

Scalar register, n = 0 to 7 

Scalar register specified by instruction i or j or k field 

Single error correction/double error detection 

Storage 

Intermediate scalar register n, n = 0 to 778 

Temporary register indicated by instruction j,k fields 

Vector register n, n = 0 to 7 

Vector register specified by instruction i or j or k field 

Vector Length register 

Vector Mask register 

Exchange Address register 

Auxiliary I/O Processor 
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