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The lOS Model E is divided into clusters and operates with a 6.25 ns 
clock. There are a maximum of eight clusters in an 10S-E chassis or 
~ur in a CRAY Y-MP4E chassis or two in a CRAY Y-MP2E 
c~sis. Each cluster has from one to five I/O processors (lOPs). All 
~~are identical; they contain the same components and execute 
the e 'nstruction set. However, there are two types of lOPs in 
each c ~.. lOP MUX and the EIOPs. The only difference between 
the lOP ~d the EIOPs are the devices they control. There is 
one lOP M ~~ it controls the high-speed (HISP) channels to the 
mainframe andQ«}:-state storage device (SSD) and the low-speed 
(LOSP) channels to ~~inframe. There are from one to four EIOPs 
and they control the ~~.. a. d.a. pters that connect the I/O subsystem 
(lOS) to peripheral devic $h as disk drives, tape drives, and 
communication channels. . "t'ltp ,Figure 1-1 for a functional lOS-I:: 
cluster block diagram. ~/~ 

~j/Jl 
The 10S-E has another COnfigurationV~et1a single lOP cluster. In 
this configuration there is only one lopff TIlTs lOP acts as the lOP 
MUX and EIOPO. The single lOP controls the HISPs to the mainframe 
and SSD, the LOSP to the mainframe, and the peripheral devices. 

The 10S-E keeps the lOPs, channel adapters, HISPs, and LOSPs 
operating on the same time with the use of a sync pulse. The sync 
pulse is sent to all the hardware from the buffer board every 37.5 ns, 
which is equal to once every 6 clock periods (CPs). 

The buffer board has 20g circular buffers to buffer the data between the 
central processing unit (CPU) and the peripheral devices. Each buffer 
holds 64K words. Each word is 64 bits of data and 8 check bits. The 
memory chips are 64K x 4 with a 18.75 ns access time. Each EIOP 
controls four of the buffers. The HISPs can write to and read from all 
buffers. Each channel adapter can write to and read from one buffer 
only. Each buffer has four pointers that are used to read and write the 
buffer: a, b, A, and B. The channel adapters use the a and b pointers. 
The HISP and channels 26 and 27 use the A and B pointers. The a and 
b pointers read and write the buffer board from sync 0 to 2. The A and 
B pointers read and write the buffer board from sync 3 to 5. 
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HCM1 
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HISP Control 

tosp Channel 20/21 
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Channels 36 - 37 -

10PMUX 
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Channels 30 - 31 

LOSP Channel 20/21 
EIOPO 
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" 
""'- Channel 26/27 -
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""'-

Channel 26/27 -

Channel 26/27 

14 
15 Data J 
16 I 
17 

Channel 22 - 25 

Channel 22 - 25 

Channels 30 - 37 

Channel 22 - 25 

Channels 30 - 37 

Channel 22 - 25 

Channels 30 - 37 

Channel 22 - 25 

Channel 30 - 37 
-

I Channel I External J Adapter I I Device 

r 

NOTE: ·Used on single lOP cluster only. 
On the single lOP cluster, the lOP 
MUX acts as an lOP MUX and EIOPO. 

Channel Adapters 

Channel Adapters 

Channel Adapters 

Figure 1-1. Cluster Block Diagram 
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The operator's workstation (OWS) and the maintenance workstation 
(MWS) have the ability to communicate directly with all lOPs through 
the cluster interfaces (eIN) and workstation interfaces (WIN). There 
are two WINs; one is connected to the OWS and the other is 
connected to the MWS. Both WINs are connected to all the eINs. 
There are from one to eight eINs. Each cluster has its own eIN and 
each lOP of that cluster is connected to the eIN. 

There are four modules for each cluster, plus a clock module that is 
shared by all clusters. The IOS-E modules can be comprised of full 
boards, half boards, or quarter boards. Each module has only one cold 
plate, so there is only an A and a B side. Refer to Figure 1-2 for a 
module block diagram. 

The first module consists of the five lOP quarter boards, two HCM 
quarter boards, and one eIN quarter board. The second module is the 
buffer module. The buffer module has a full board on each side and is 
the only module that uses jumper pins to connect the A and B boards. 
The third module is for the channel adapters belonging to EIOPO and 2. 
The fourth module is for the channel adapters belonging to EIOPI and 
3. The channel adapters can be full, half, or quarter boards. The clock 
module has two WIN quarter boards on the A side and a full clock 
board on the B side. A dummy· quarter board is used when there is no 
quarter board needed. The dummy board has a burn foil on it. 
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Each lOP is a 16-bit (l-parcel) computer designed to control data 
transfers in and out of the lOS. Each lOP executes a set of 128 
instructions. Refer to Section 7, "1/0 Processor Instruction Set," of the 
lOS Model E System Programmer Reference Manual 
(CSM-xxxx-PRl) for detailed information about each instruction. 

Each lOP contains four major sections: control section, computation 
section, local memory section, and the I/O section. Refer to Section 2, 
"I/O Processor," of the lOS Model E System Programmer Reference 
Manual (CSM-xxxx-PRI) for detailed information about the lOP. 

The control section fetches and decodes instructions, and controls 
branches, interrupts, and subroutine calls and returns. Its major 
components are the instruction stack, program address (P) register, 
next instruction parcel (NIP) register, current instruction parcel (CIP) 
register, exit stack, and real-time clock (RTC). 

The computation section provides temporary data storage and 
performs logical, arithmetic, and shift operations. Its major 
components are the accumulator, add and shift functional units, 
operand registers, B register, and base register. 

The local memory section contains 64K parcels of random access 
memory (RAM) which is protected with single-error 
correctiOn/double-error detection (SECDED) logic on each parcel of 
data. Local memory has two direct memory access (DMA) ports. 
These DMA ports are shared by the channel adapters, HISP channels, 
LOSP channels, and the buffer board channel to read and write local 
memory .. 

The I/O section controls the 29 I/O channels. 

Cray Research Proprietary 
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The I/O has 29 I/O channels: 5 internal channels and 24 external 
channels. Refer to Table 1-1 for the I/O channel assignments and 
Figure 1-1 for a channel block diagram. 

Table 1-1. IOS-E Channels 

Channel lOP MUX EIOPs Single lOP Cluster 
Number 

0 

2 

3 

4 

7 

10 and 12 

11 and 13 

14 and 16 

15 and 17 

20 and 21 

22 and 23 

24 and 25 

26 and 27 

30 and 31 

32 and 33 

34 and 35 

36 and 37 

Type DMA Type 
Port 

1/0 request N/A 1/0 request 

Program exit stack N/A Program exit stack 

Local memory error N/A Local memory error 

RTC N/A RTC 

Base register N/A Base register 

HISP 0 input 0 Not used 

HISP 0 output 0 Not used 

HISP 1 input 1 Not used 

HISP 1 output 1 Not used 

LOSP CPU 0 MIOP 

OWS 1 OWS 

MWS 1 MWS 

Not used Buffer board 

EIOPO 20,21 0 Channel adapter 0 

EIOP1 20,21 1 Channel adapter 1 

EIOP2 20,21 0 Channel adapter 2 

EIOP3 20,21 1 Channel adapter 3 

Cray Research Proprietary 
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DMA Type DMA 
Port Port 

N/A 1/0 request N/A 

N/A Program exit stack N/A 

N/A Local memory error N/A 

N/A RTC N/A 

N/A Base register N/A 

HISP 0 input 0 

HISP 0 output 0 

HISP 1 input 1 

HISP 1 output 1 

0 LOSP CPU 0 

1 OWS 1 

1 MWS 1 

0 Buffer board 0 

0 Channel adapter 0 0 

1 Channel adapter 1 1 

0 Channel adapter 2 0 

1 Channel adapter 3 1 
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Channels 10 through 17 are HISP channels and are used by the lOP i 
MUX. There are two sets of HISP channels: 10 through 13 and 14 
through 17. There are two logical channels used for the input 10 and 
12, but there is only one physical channel. There are two logical 
channels used for the output 11 and 13, but there is only one physical 
channel. The logical channels share hardware and drop cables. The 
logical channels stack transfers. One of the logical channels is 
activated and then the other channel is allowed to be programmed and 
activated, but if the first channel is busy the second channel must wait. 
The second channel is allowed to go busy when the first logical 
channel's done flag sets. This is true for channels 14 through 17 also. 
Refer to Section 4, "Low-speed and High-speed Channels," of the lOS 
Model E System Programmer Reference Guide (CSM-xxxx-PRl) for 
more information on HISP data transfers. 

Channels 20 and 21 perform different functions in the lOP MUX and 
EIOPs. In the lOP MUX channels 20 and 21 are connected to the 
CPUs LOSP channels. They are used to deadstart the CPU and to 
exchange packets of information. In the EIOPs, channels 20 and 21 
are connected to 30 through 37 of the lOP MUX. The EIOPs and the 
lOP MUX exchange information packets on these channels. Refer to 
Table 1-2 for channel configuration. Refer to Section 4, "Low-speed 
and High-speed Channels," of the lOS Model E System Programmer 
Reference Guide (CSM-xxxx-PRl) for more information on LOSP 
data transfers. 

Table 1-2. EIOP Channel 20, 21 

EIOP EIOP Channel 

0 20, 21 

1 20, 21 

2 20, 21 

3 20, 21 
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30,31 

32,33 

34, 35 

36, 37 
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Channels 22 through 25 in each lOP transfer data between the lOP 
and the workstations. Channels 22 and 23 are connected to the OWS 
and channels 24 and 25 are connected to the MWS. Data can be 
transferred across these channels under control of either the lOP or 
the workstation. Refer to Section 6, "Cluster InterfaceIWorkstation 
Interface," of the lOS Model E System Programmer Reference Guide 
(CSM-xxxx-PRI) for more information on workstation data transfers. 

Channels 26 and 27 are used only by the EIOPs. These channels 
transfer data between local memory and the I/O buffer and program the 
transfers between the I/O buffer and the channel adapters. Refer to 
Section 3, "I/O Buffer," of the lOS Model E System Programmer 
Reference Guide (CSM-xxxx-PR1) for more information on I/O buffer 
data transfers. 

Channels 30 through 37 perform different functions in the lOP MUX 
than they do in the EIOPs. In the EIOPs, these channels transfer data 
between local memory and the channel adapters, and they program 
transfers between the channel adapters and the I/O buffer. Refer to 
Section 5, "Channel Adapters," of the lOS Model E System 
Programmer Reference Guide (CSM-xxxx-PR1) for more information 
on channel adapter data transfers. 

Channels 30 through 37 in the lOP MUX transfer data between lOP 
MUX and EIOP local memory. Channels 30 through 37 are connected 
to channels 20 and 21 of each EIOP. Refer to Table 1-2 for a channel 
configuration. 

Each EIOP can be connected to four channel adapters. They are 
channels 30 through 37. The channels work in pairs to communicate 
with the peripheral devices: 30/31,32/33,34/35, and 36/37. The 
channel adapters control the transfer of data between the peripheral 
device and the buffer board. Refer to Table 1-3 and to the individual 
sections in this manual for more information on the channel adapters. 

Cray Research Proprietary 
Preliminary Information 

1-11 



Introduction 

Name 

CCA1 

OCA1 

OCA2 

OCA3 

TCA1 

TCA2 

HCA3 

HCA4 

HCA5 
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Table 1-3. Channel Adapters 

Type Channel 

LOSP 30 - 37 

Disk drives 30 - 37 

Disk drives 30 - 37 

Disk drives 30 - 37 

Tape drives 30 - 37 

Tape drives 30 - 37 

HIPPI in 30/31, 34/35 

HIPPlout 32133, 36/37 

IPI bus 30 - 37 

Cray Research Proprietary 
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Comment 

Even channel is input 

Odd channel is output 

FEls, NSC, and Front ends 

Quarter board 

Both channels are input and output 
00-39s, 00-49s, 00-40s, 00-41 s, 
and ~O-50s 

Quarter board 

Both channels are input and output 
IPI 9 head (~O-60s) or single head 
(00-61s) disk drives 

Quarter board 

Both channels are input and output 
9 IPI in drive in parallel 

Full board 

Both chan!lels are input and output 
I BM type tape drives 

Ouarter board 

Both channels are input and output 
IPI type tape drives 

Quarter board 

All channels are input 

Quarter board 

All channels are output 

Quarter board 

Both channels are input and output 
IPI protocol 

Half board 

2/91 
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I/O PROCESSOR 

The CPU options consist of the 3AA, 3AH, 3AI, 3AJ, 3ARs, and 3AT, 
which are described in Table 2-1. The local memory and channel options 
are 3AL, 3AM, 3AN, 3AO, 3AP, 3AQ, and 3AS, and six 64K x 4-bit 
memory arrays which are described in Table 2-2. The 3AK and 3A W 
options provide I/O control for the channels and workstation and are 
described in Table 2-3. Refer to Figure 2-1 for functional block diagram 
of CPU. Refer to Figure 2-12 for IOP quarter board option layout. 

Table 2-1. CPU Options and Descriptions 

Option Functional Description 

3AA Functional units, accumulator fanin/fanout 

3AH 32-parcel exit stack 

3AI Instruction stack, next instruction parcel (NIP), k data, 
D/B/RP/DP register, base register (BSR) 

3AJ CPU local memory control, P register, branch control, 
and the instruction stack address 

3AR 128-operand register, MAifetch registers, accumulator, 
(two) branch accumulator, X register 

3ARO bits 27 - 20, 3AR1 bits 215 - 28 

3AT Current instruction parcel (CIP), decode, and the carry 
bit 

Cray Research Proprietary 
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Table 2-2. Local Memory and Channel Options and Descriptions 

Option Functional Description 

3AL Local memory address and parcel counter registers 

3AM Write data in - port 0, port 1, workstation, and CPU 
I/O fanin 

3AN Read data out - port 0, port 1, workstation, and CPU 
real-time clock (RTC) 

3AO Data out port 1 - channels 14 - 17, 32 - 33 and 36 - 37 
Workstation data out 
Error logger 
Direct memory access busy and done flags port 1 

3AP Data in port 1 - channels 14 - 17, 32 - 33 and 36 - 37 

3AQ Data out port 0 - channels 10 - 13, 20 - 21,26 - 27, 
30 - 31 , and 34 - 35 
Direct memory access (DMA) busy and done flags 
port 0 

3AS Data in port 0 - channels 10 - 13, 20 - 21, 26 - 27, 
30 - 31 , and 34 - 35 

Table 2-3. I/O Control Options and Descriptions 

Option Functional Description 

3AK I/O control 

3AW Workstation control channel 22 - 25 

Cray Research Proprietary 
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CPU Control Signals 

3AT Control Signals 

2-4 

The CPU control is provided by the 3AT, 3AJ, 3AK, and 3AR options. 
An explanation of each control signal is provided. For a functional block 
diagram of the CPU control signals, refer to Figure 2-2. 

The 3A T decodes the instruction and then outputs the appropriate control 
signals. The following is an explanation of the 3A T options control 
signals. For a functional block diagram of the 3A T options control 
signals, refer to Figure 2-2. 

• Advance P Branch (RO) is sent to the 3AJ to advance (+ l) the P 
register after a branch is decoded. It is sent twice for a 2-parcel 
branch. 

• Advance S, P (Rl) increments the instruction stack read address and 
the P register on the 3AJ after an instruction issue. On the 3AI, it 
advances the next instruction into the next instruction parcel (NIP). It 
is not sent if a branch is issued. 

• Exit or Interrupt or Call (R3 - 4) work. together to read or write the exit 

) 

stack and load the P register. After an exit instruction (001) has been :) 
decoded, the 3AR reads out the exit stack to the P register and then ~_ 

decrements the exit stack pointer (EP). The P register then sends the 
address to the fetch registers. After a return jump issues, the 3AH 
increments the EP and then writes the P register into the exit stack. 
After an interrupt is received, the 3AH increments the EP and writes 
the P register into the exit stack. The 3AR then reads out exit stack 
location 0 to the P and fetch registers. Refer to Table 2-4 for the 
proper levels of R3 and R4 during an exit, return jump, and interrupt. 

Table 2-4. Exit, Interrupt, and Return Jump 

R4 R3 

0 1 

1 0 

1 1 
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Exit (001) 

Return jump 

Interrupts 
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Enter B Register (R5) loads the accumulator into the B register. 

DP to RP (R6) loads the destination pointer (DP) into the reference 
pointer (RP). The DP to RP signal is sent for instructions that read 
and write operand registers. It is sent prior to the writing of the 
operand registers. 

Enter P from Adder (R7) loads the P register with the functional unit 
value (branch address) after a branch instruction. 

-d Branch or +d Branch (R8 or R9) if set, informs the 3AJ that a 
relative branch has issued and is sent with Go Branch (R17). IfR8 is 
set, it is a backward jump and if R9 is set, it is a forward jump. The 
3AJ determines if it is an in-stack branch by comparing the offset 
(D field). If it is an in-stack branch, the instruction stack read address 
is offset by the value of the D field. If it is an out of stack branch, the 
instruction stack read and write addresses are cleared. Whether it is 
an in-stack or out-of-stack branch, the P register is loaded with the 
functional unit value. 

Enter DP Register (RIO) loads the reference pointer into the DP 
register on the 3AI. The Enter DP signal is sent for instructions that 
read and write the operand registers. It is sent prior to the reading of 
the operand registers. 

Go Read Busy/Done (R11) is sent to the 3AK after a 040 - 043 
instruction has issued. It informs the 3AK to read the busy or done 
flag of the requested channel (14 - 8) to the carry bit (3AT). 

Go Function I/O (R12) signals the 3AA and 3AK that a 140 - 177 
instruction has issued. 

Function Code 20 - 23 (R13 - 16) are bits 212 - 29 of the instruction if 
. sent with Go Function I/O (R12). If sent with Go Read BusyJDone 
(Rll), bit 20 differentiates between the busy and the done flag. The 
Function Code is also used to inform the 3AA of a functional unit 
operation. 

Go Branch (R 17) is sent to the 3AJ when a branch is decoded. IfR8 
or R9 is set, it is a relative branch. If neither R8 or R9 is set, it is an 
absolute branch. 

Oear Accumulator (R 18) clears the accumulator prior to the loading of 
the accumulator. 

Cray Research Proprietary 
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• Gate Local Memory to A!X (R20) is sent to the 3ARs to load the local 
memory data into the accumulator or the X register. If R24 is set, the 
data is loaded into the X register. 

• Enter Constant (R2l) sets bit 20 of the X register on 3ARO after an 
increment or decrement instruction has been decoded. 

• Gate d/b/k to a/x (R23) loads the D, B, or K register into the 
accumulator or X register. If R24 is set, the data is loaded into the X 
register. 

• Steer to X (R24) is sent with RI9, R20, and R23 if the X register is to 
be loaded instead of the accumulator. 

• Gate Register to Branch (R25) loads the operand register value into the 
branch accumulator on the 3AR options. The Gate Register to Branch 
signal is sent for branch instructions that use an operand register value 
for the displacement value. 

• Enter P to Branch A (R26) loads the P register (160 - 67) into the 
branch accumulator on the 3AR after the 3AT decodes a branch 
instruction. 

• Enter AA Data (R27) loads the functional unit value into the 
accumulator. 

• Enter Memory Address (MA) (R28) is sent to the 3AJ requesting a 
local memory reference. It latches the operand register value into the 
memory address register on the 3ARs. 

• Local Memory Write Reference (R29) is sent to the 3AJ when the 3AT 
decodes a CPU write (034). It is sent with Enter MA (R28). 

• Write Register (R30) enables a write to the operand registers on the 
3ARs. 

The 3AJ controls the CPU local memory references, the instruction stack 
read and write addresses, and the P register. The following is an 
explanation of the 3AJ options control signals. For a functional block 
diagram of the 3AJ options control signals, refer to Figure 2-2. 

• Instruction Stack Write (R25) is sent to the 3AI after the 3AJ has 
completed the fetch sequence. It writes the fetched parcel into the 
instruction stack. 

Cray Research Proprietary 
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Instruction Stack Write (R25) is sent to the 3AI after the 3AJ has 
completed the fetch sequence. It writes the fetched parcel into the 
instruction stack. 

Enter NIP (R26) is sent after Input to NIP Valid sets and NIP is not 
valid. It allows the 3AI to load the NIP without an Advance S. The 
3AT receives Enter NIP and sets NIP Valid on the 3AT. 

Input to NIP Valid (R27) means the instruction stack address is a valid 
read address or the bypass is valid. If the instruction stack is being 
written to and the load pointer is equal to the stack pointer, the input to 
NIP valid is cleared. The 3AI loads the NIP when it receives an 
Advance S or Enter NIP, and the input to NIP valid is set. The 3AT 
uses Input to NIP Valid and Advance S to keep NIP Valid on the 3AT. 

Bypass Stack (R28) is sent to the 3AI when the load pointer is equal to 
the stack pointer and NIP is not valid. The instruction is loaded 
directly into the NIP and written into the instruction stack. 

MA/Fetch Request (R29) is sent to the 3AN if there is a CPU read, 
write, or fetch request for local memory. 

Write Request (R30) is sent with MA/Fetch Request (R29) if the 
reference is a CPU write (034) .. 

Gate MA (R31) gates the accumulator data to the 3AM, selects the MA 
register on the 3ARs, and informs the 3AT that the operand registers 
and accumulator are free on CPU write and that the operand registers 
are free on CPU read. 

Enter Fetch Pointer (R32) loads the P register address into the fetch 
register on the 3ARs after an out-of-stack branch has issued or an 
interrupt has been received. The exit stack value or functional unit 
value is loaded into P register. The P register then loads the fetch 
register. 

Enter Instruction Stack Address (R33) latches the instruction stack 
address onto the 3AI. 

NIP Valid (R34) is sent to the 3AT when the NIP has valid data. If 
NIP Valid is set and an Advance S is received, the 3AT sets or holds 
CIP valid on the 3AT. 
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The 3AK provides I/O control. The following is an explanation of the ) 
3AK options control signals. For a functional block diagram of the 3AK 
options control signals, refer to Figure 2-2. 

• Go Function (R15) is sent from the 3AK to the I/O channel options 
after a channel function is decoded. 

• Channel Designator (R1O - 14) are bits 24 - 20 of the B or D registers 
and are only used on the lOP board. The channel designators are sent 
with Go Function (R15) or Go Busy/Done(R17/18). 

• Go Busy/Done (R17/18) fans in the busy or done flag of the requested 
channel. 

• Enter LMAlPC(R31/32) enters the local memory address (LMA) and 
parcel on the 3AL. 

The following is an explanation of the 3ARs options control signals. For a 
functional block diagram of the 3AR options control signals, refer to 
Figure 2-2. 

• A = 0 (R25) is sent from 3ARs to the 3AT and is used for conditional 
jumps. 

• Fetch Pointer Carry (R27) is sent from 3ARO to 3ARI when the fetch 
add~ss bits 27 - 20 has a carry for bits 215 - 28. The 3ARO has bits 
27 - 20 and 3ARI has bits 215 - 28. 
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CPU Local Memory References 

There are three types of CPU local memory references: write, read, and 
fetch. The following is a sequential explanation of each reference. For a 
functional block diagram of the CPU references, refer to Figure 2-3. 

CPU Local Memory Write Reference Sequence 

2-10 

The following is a sequential explanation of a CPU write reference. For a 
functional block diagram of the CPU write reference, refer to Figure 2-3. 

1. Enter MA and Write Reference Request. When the 3AT decodes a 
central processing unit (CPU) Write (034), it sends an Enter MA to 
the 3AJ and 3ARs and a Write Reference Request to the 3AJ. 

3AJ - The Enter MA (I47) informs the 3AJ that the CPU is 
requesting a local memory reference and if Write 
Reference Request (148) is set, it is a write request. 

3AI - The 3AI pre-decodes the NIP (215 - 29) to see if the B or 
D register is loaded into RP (R20 -26). 

3AR - The 3ARs read out the operand register after receiving 
the RP (I24 - 30) and then latch the operand register 
value into the MA register when it receives Enter MA 
(155). 

2. MA/Fetch and Write Requests. The 3AJ sends MA/Fetch Request 
to the 3AN and MA Write Request to the 3AN and 3AM. 

3AJ - After receiving the Enter MA (I47) and Write Reference 
Request (148), the 3AJ checks for a fetch request. If there 
is no fetch request, the 3AJ sends MA/Fetch Request 
(R29) to the 3AN, and a MA Write Reference (R30) to the 
3AN and 3AM, and Gate MA (R31) to 3AR and 3A T. 

3AN - The 3AN checks for conflicts and priorities before 
sending a MA/Fetch Acknowledge (R16). 

3. Gate MA. The Gate MA reads out the accumulator data, selects 
MA registers on the 3ARs, and frees the accumulator and the 
operand register on the 3AT. 

3AR - The 3ARs send the accumulator data (R16 - 19) to the 
3AM and selects the MA register instead of the fetch 
register after receiving Gate MA. 
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3AM - The 3AM receives the MA Write Request (148) and saves 
the parcel of data (140 - 43) from the 3ARs. The 3AM 
generates single-error correction, double-error detection 
(SECDED) on for each parcel of data. 

3AT - The 3AT frees the accumulator and operand registers after 
receiving Gate MA (125) from the 3AJ. 

4. MNFetch Acknowledge. When local memory is free, the 3AN 
sends a MNFetch Acknowledge to the 3AJ, 3AR, 3AT, and 3AL. 

3AJ - After receiving the MNFetch Acknowledge (149), the 3AJ 
clears the request. 

3AR - The 3ARs read out the local memory address to the 3AL 
the next 2 clock periods (CPs). 

3AT - The 3AT clears the CPU write reference (034) after 
receiving MNFetch Acknowledge. 

3AL - The 3AL receives a copy of the MA/Fetch Acknowledge 
(126) from the 3AN and latches the CPU address 
(18 - 15). Address bits 23 - 20 and 211 - 28 are latched 
on the first clock period, and bits 27 - 24 and 215 - 212 on 
the next clock {>e.riod. On the following clock period, 
3AL passes the CPU address to local memory storage 
arrays. 

3AM - The 3AM sends the data and check bits (RO - 21) with a 
Write Enable (R33 -34) to the local memory storage 
arrays after the MA Write Request (148) is cleared. 

CPU Local Memory Read Reference Sequence 

10/90 

The following is a sequential explanation of a CPU read reference. For a 
functional block diagram of the CPU read reference, refer to Figure 2-3. 

1. Enter MA. When the CPU decodes a CPU read (030), it sends an 
Enter MA to the 3AJ and 3ARs. 

3AJ - The Enter MA (147) informs the 3AJ that the CPU is 
requesting a local memory reference. Since the Write 
Reference Request (148) is cleared, the reference is a 
read. 

3AI - The 3AI pre-decodes the NIP (215 - 29) to see if the B or 
D register is loaded into the RP (R20 -26). 
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3AR - The 3ARs read out the operand register after receiving the 
RP (124 - 30) and then latches the operand register value --, 

into the MA register when it receives Enter MA (155). ) 

2. MA/Fetch Request The 3AJ sends a MNfetch request to the 
3AN when the CPU is requesting a local memory read. 

3AJ - After receiving Enter MA, the 3AJ checks for a fetch 
request; if there is no request, the 3AJ sends a MAIFetch 
Request (R29) to the 3AN and Gate MA (R31) to the 
3ARs and 3AT. 

3AN - The 3AN checks for conflicts and priorities and then 
sends a MA/Fetch Acknowledge (R16). 

3. Gate MA. The gate MA selects the MA register on the 3ARs and 
frees the operand register on the 3AT. 

3AR - When the 3AJ sends a request to the 3AN, it also sends 
Gate MA to the 3ARs, so the 3ARs select the MA register 
instead of the fetch register. 

3AT - The 3A T frees the operand registers after receiving Gate 
MA (125) from the 3AJ. 

4. MAlFetch Acknowledge. When local memory is free, the 3AN 
--. , 

) sends a MA/Fetch Acknowledge to the 3AJ, 3AR, 3AL, and 3AT. 

3AN - The 3AN sends the MAlFetch Acknowledge (R16) and 
waits for the data to arrive from local memory (10 - 21). 
The 3AN checks the data for errors and then outputs the 
data to the accumulator on the 3ARs. 

3AJ - After receiving the MA!Fetch Acknowledge (149), the 3AJ 
clears the request. 

3AR - The 3ARs read out the local memory address to the 3AL 
and wait for the local memory data from the 3AN. 

3AL - The 3AL receives a copy of the MAlFetch Acknowledge 
(126) from the 3AN and latches the CPU address 
(18 - 5). Address bits 23 - 20 and 211 - 28 are latched on 
the first clock period, and bits 27 - 24 and 215 - 212 on 
the next clock period. On the following clock period, 
3AL passes the CPU address to local memory storage 
arrays. 

3AT - The 3A T clears the CPU read reference (030), and sends 
Gate Local Memory to AIX (R20) to the 3ARs. 

) 
2-12 Cray Research Proprietary 10/90 
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CPU Local Memory Fetch Reference Sequence 

10/90 

The following is a sequential explanation of a CPU fetch reference. For a 
functional block diagram of the CPU fetch reference, refer to Figure 2-3. 

1. MNFetch Request. The 3AJ sends a MNFetch Request to the 3AN 
when the load pointer minus the stack pOinter is less than 12. 

3AN - The 3AN checks for conflicts and priorities and then 
sends a MNFetch Acknowledge (R16). 

2. MNFetch Acknowledge. When local memory is free, the 3AN 
sends MNFetch Acknowledge to the 3AJ, 3AR, and 3AL. 

3AN - The 3AN sends the MNFetch Acknowledge (R16) and 
waits for the data to arrive from local memory (IO - 21). 
The 3AN checks the data for errors and then outputs the 
data to the instruction stack on the 3AI option. 

3AJ - After receiving the MNFetch Acknowledge (149), the 3AJ 
clears the request if the load pointer minus the stack 
pointer is greater than or equal to 12. 

3AR - The 3ARs read out the fetch address to the 3AL the next 2 
CPs. 

3AL - The 3AL receives a copy of the MNFetch Acknowledge 
(126) from the 3AN and latches the fetch address 
(I8 -15). Address bits 23 - 20 and 211 - 28 are latched on 
the first clock period, and bits 27 - 24 and 215 - 212 on 
the next clock period. On the following clock period, 
3AL passes the CPU address to local memory storage 
arrays. 

3. Stack Write. The 3AJ sends a Stack Write to enable a write to the 
instruction stack. 

3AJ - The 3AJ receives the MNFetch Acknowledge and sends 
an Enter Stack Address (R33), a Stack Address 
(R20 - 24), and a Stack Write (R25) to the 3AI. 

3AI - The 3Al addresses the stack and writes the parcel of data 
into the instruction stack. If bypass (I 17) is set, NIP is 
not valid; the parcel of data is also loaded into the NIP 
register. 
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Direct Memory Access Local Memory References 

There are two types of DMA local memory references: DMA write and 
DMA read. The following is a sequential explanation of a DMA write and 
a DMA read. For a functional block diagram, refer to Figure 2-4. 

Local Memory Write Reference 

10/90 

The following is a sequential explanation of a DMA write. For a 
functional block diagram of the DMA local memory write reference, refer 
to Figure 2-4. 

The Command 1 sets the busy flag, clears the done flag, and activates the 
input channel. 

1. 3AS or 3AP - The 3AS or 3AP receives the Input Control (ready at 
sync +0 or 3) and the data from the channel. The Input Control is 
passed to the 3AQ or 3AO as Channel Request (R20 - 23) with a 
Write Request (R28). The data is held until a reference is received. 
Refer to Table 2-4 for input control timing. 

Table 2-5. Input and Output Control Timing 

Sync Name Comment 

sync +0 or3 Ready Data arriving 

sync +1 or 4 Acknowledge Data received 

sync +2 or 5 Disconnect Transfer done 

2. 3AQ or 3AO - If the port is free, a Port Reference Request (RO - 3) 
is passed to the 3AS or 3AP and the 3AK. The Write Request (R4) 
is sent to the 3AS or 3AP, 3AM, and 3AK. 

3. 3AS or 3AP - The 3AS or 3AP sends the parcel of data (RO - 7) to 
the 3AM after receiving the Port Reference Request (3lAS 190 - 93) 
or (3AP 172 - 73) and the Input Request (114) from the 3AQ or 
3AO. 

4. 3AM - The 3AM receives the data from the 3AS or 3AP and a Port 
Write Request (158 or 168) from the 3AQ or 3AO. The 3AM 
generates SECDED for each parcel of data. 

5. 3AK - The 3AK checks the other port and the workstation for a 
request. If there is no request, the 3AK sends an I/O Request (R25) 
to the 3AN and Port 1 Request (R29) to the 3AM . 
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6. 3AN - If there is no MA!Fetch Request, an I/O Acknowledge (R 17) 
is sent to the 3AK, 3AL, and 3AM. The I/O and MA/Fetch Request 
alternate priority. 

7. 3AK - The 3AK clears the request after receiving the I/O 
Acknowledge (160), sends a Port 0 or 1 Acknowledge (R27 or R28) 
to the 3AS and 3AQ or 3AQ and 3AO, and I/O Reference Channel 
(R20 - 24) to the 3AL. 

8. 3AL - The 3AL sends the LMA (RO - 15) to the memory arrays and 
then increments the LMA and decrements the parcel count. The 3AL 
checks the LMA and parcel count for parity errors each time they are 
read out. If there is an error (R25), it is reported to the 3AN and 
3AO. 

9. 3AM - The 3AM outputs the parcel data and check bits (RO - 21) to 
the memory storage arrays and then sends a Write Enable (R33 - 34) 
after receiving I/O Reference Acknowledge (183). If 184 is set, the 
3AM selects port 1 data. 

10. 3AS or 3AP - After a Port Acknowledge (115) is received, the 3AS 
or 3AP clear the request. 

11.· 3AQ or 3AO -. After a Port Acknowledge (116) is received from the 
3AK, the 3AQ or 3AO sends an Output Control at sync + 1 or 4. 
Refer to Table 2-4 for output control timing. ) 

12. 3AQ or 3AO - The DMA done flag sets and the busy flag clears 
when the parcel count equals zero and ready or disconnect is 
received. If a ready is received, the parcel of data is saved and held 
on the 3AS or 3AP until the channel is activated again. Refer to 
Table 2-4 for ready and disconnect timing. 

Local Memory Read Reference 

2-16 

The following is a sequential explanation of a DMA read. For a functional 
block diagram of the DMA local memory read reference, refer to Figure 
2-4. 

The Command 1 sets the busy flag, clears the done flag, and activates the 
channel's read request. 

1. 3AQ or 3AO - If the port is free, a Port Reference Request (RO - 3) 
is sent to the 3AK, and 3AS or 3AP. The next request is set after an 
input control (Acknowledge 140 - 43) is received. 
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2. 3AK - The 3AK checks the other port and workstation for a 
request. If there is no request, the 3AK sends an I/O Request (R25) 
to 3AN. 

3. 3AN - If there is no MA!Fetch Request, an I/O Acknowledge 
(R17) is sent to the 3AK and 3AL. The MA!Fetch and I/O Request 
alternate priority. 

4. 3AK - The 3AK clears the request and sends a Port 0 or 1 
Acknowledge (R27 or R28) to the 3AS and 3AQ or 3AP and 3AO 
and I/O Reference Channel (R20 - 24) to the 3AL. 

5. 3AL - The 3AL sends the LMA (RO -15) to the memory arrays, 
and then increments the LMA and decrements the parcel count. The 
3AL checks the LMA and parcel count for parity errors each time 
they are read out. If there is an error (R25), it is reported to the 3AO 
and 3AN. 

6. 3AN - The 3AN receives the parcel of data from local memory 
storage arrays, checks for errors, and then sends it to the 3AQ or 
3AO. 

7. 3AQ or 3AO - After an I/O Acknowledge is received, the 3AQ or 
3AO receives the parcel of data from 3AN and sends it to the 
channel with an output control at sync +0 or 3. Refer to Table 2-4 
for output control timing. 

8. 3AS or 3AP -.The 3AS or 3AP receives Input Control from the 
channel at sync + 1 or 4. The Input Control is sent to the 3AQ or 
3AO (R24 - 27) enabling the next parcel of data. Refer to Table 2-4 
for input control timing. 

9. 3AQ or 3AO - The DMA done flag sets and the busy flag clears 
when the parcel count equals zero or an input control is received at 
sync +2 or 5 (disconnect). The 3AQ or 3AO sends a disconnect at 
sync +2 or 5 if the parcel count equals zero. 
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Direct Memory Access 1/0 Function Sequence 
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The following is a sequential explanation of a DMA I/O function fanout. 
For a functional block diagram of the DMA I/O function sequence, refer to 
Figure 2-5. 

The 3AT sends Go Function to the 3AK and 3AA after a channel function 
is decoded. 

1. 3AK - The 3AK receives the Go Function (19) and the Function 
Code (IO - 3) (212 - 29 of the instruction) from the 3AT. It receives 
the channel number (I4 - 8) (24 - 20 D or B register) from the 3AI. 
The 3AK decodes the channel and function, and then sends Go 
Function (R15) and the channel number (RIO - 14) to the 3AS, 
3AQ, 3AP, and 3AO. Functions 10, 11, 14, and 15 on channels 
10 - 37 are exceptions to this. These functions read and write the 
LMA and parcel count, so the 3AK sends R31 - 34 to the 3AL. 

2. 3AA - The 3AA also receives the Go Function (I32) and Function 
Code (I34 - 37) (212_ 29 of the instruction) from the 3AT and the 
modifier bits (28 - 25 of the D/B registers) from the 3AI and the 
accumulator data from the 3ARs. The 3AA fans out the modifier 
bits, function code, and accumulator data to the 3AS, 3AQ, 3AP, 
and3AO. 

3. 3AS or 3AP - After the 3AS and 3AP receive Go Function (IS) from 
the 3AK, the 3AS and 3AP decode the channel designator (IO - 4) 
and send a Go Function (R30 - 34) to the proper channel. 

4. 3AQ or 3AO - The 3AQ or 3AO sends Function/Data to the channel 
after receiving Go Function (I13) and the channel number from the 
3AK. The Function/Data is sent to the quarter boards and the buffer 
board 4 bits at a time. The modifier bits are sent first and then the 
command. The accumulator data is sent the next 4 CPs. 
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The accumulator is located on the 3AR options. The 3AA option receives 
the accumulator fanin data from the 3AM option. The 3AM option 
receives the fanin data from the 3AH, 3AN, 3AP, 3AS, and 3A W options. 
The 3AP and the 3AS options receive the accumulator data from the buffer 
board, CCA1, DCA1, DCA2, HCM, HCA3/4, and TCAI quarter boards. 
Refer to Figure 2-6 for accumulator fanin. The quarter board can fan in 
various information: status, parcel count, and errors. Refer to Figures 2-7 
and 2-8 for quarter board fanin. 

The 3AA option receives the accumulator data from the 3AR options and 
the modifier bits from the 3AIoption. The 3AA option fans out this data 
to the 3AH, 3AI, 3AL, 3AN, 3AO, 3AP, 3AQ, 3AS, and 3A W options. 
The 3AO and 3AQ options fan out the command, modifier bits, and 
accumulator data to the buffer board, CCA1, DCA1, DCA2, HCM, 
HCA3/4, and TCA 1 quarter boards. Refer to Figure 2-9 for accumulator 
fanout. One option on each quarter board receives this information and 
then fans it out to the entire quarter board. Refer to Figure 2-11 for 
accumulator on the quarter boards. 

The busy and done flags are fanned in to the carry bit on the 3AT option 
via the 3AK, 3AO, 3AQ, 3AR, and 3AS options. The 3AP and 3AS . 
options receive the busy and done flags for channels 10 - 17, 20 - 21, and 
30 - 37. Refer to Figure 2-11 for busy and done flag fanin. 
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CLUSTER INTERFACE AND WORKSTATION 
INTERFACE 

The cluster interface (CIN) and woIkstation interface (WIN) control the 
communication between the I/O processors (lOP) and the workstations. 
There are two WINs, one for the operator woIkstation (OWS) and one for 
the maintenance woIkstation (MWS). There are eight eINs, one for each 
I/O cluster. Each CIN is connected to five lOPs. Both WINs are 
connected to the eight CINs. Data between the workstation and the WIN 
is parallel (16 bits per clock period), while data between the WIN and eIN 
is serial. Data from the lOP to the eIN is serial data, but the data from the 
eIN to the lOP are 4-bit transfers. The interface between the WIN and 
woIkstation is standard 6-Mbyte low-speed (LOSP) protocol. The OWS 
connects to channels 22(23 and the MWS connects to channels 24/25. 
There are five WIN commands that can be sent from the workstations to 
the WIN to control the lOS. Refer to Figure 3-1 for a block diagram of 
eIN, WIN, and workstation configurations. 

Cray Research Proprietary 
Preliminary Information 

3-1 



Cluster Interface and Workstation Interface lOS Model E Hardware Maintenance Manual 

6 Megabytels 
OWS LOSP 

Channels 
22123 --

6 Megabytels 
MWS LOSP 

Channels 
24/25 

3-2 

Workstation 
Interfaces 

WINO 

WIN 1 

-
~ 

-
-
--

Serial Data. '" 

Control 

Serial Data 

Control 

Cluster 
Interface 

D 
CIN 2 

CIN 3 

D 
D 
D 
D 

Figure 3-1. CIN/WIN Block Diagram 

Cray Research Proprietary 
Preliminary Information 

B 
f- Serial 

Control 

4-bit Data EIOP2 

Control 

B 
B 

A-8444A 

10/90 

) 
.' 

') 



-) 

) 

) 

lOS Model E Hardware Maintenance Manual Cluster Interface and Workstation Interface 

Cluster Interface/Workstation Interface Quarter Boards 

The CIN quarter board consists of five 3WB options and two 3WD 
options. The WIN quarter board consists of the 3WI, 3WO, 3W A, and 
3WS options. Refer to Table 3-1 for a functional description of each 
option. Refer to Figure 3-9 for the CIN option layout and Figure 3-10 
for the WIN option layout. 

Table 3-1. CIN/WIN Options and Functional Descriptions 

Options Functional Description 

3WDs (two) Workstation control and interface 
CIN 

3WBs (five) Data into the lOP 
CIN 

3WA Data in (parallel to serial) 
WIN 

3WI Control for WIN 
WIN 

3WO Data out (serial to parallel) 
WIN External LOSP-Out control 

3WS Serial data and control out 
WIN 

Cluster Interface/Workstation Interface Data Flow 

10/90 

The input data from the OWS or MWS is sent to the WINs 3WA 
option. Refer to Figure 3-2 for a CIN/WIN input block diagram. The 
data arrives 16 bits at a time, but the 3WA sends the data serially to 
the CIN under control of the 3WI option. The 3WD option sends the 
data to the 3WB options. One 3WB is enabled to send the data to its 
lOP 4 bits at a time. 

The lOP output data to the workstation is sent from local memory to 
the CIN and then to the WIN. Refer to Figure 3-3 for a CIN/WIN 
output block diagram. Local memory (LM) data is sent serially to the 
3WD options on the CIN board. The 3WD options direct the data to 
the proper WIN. The 3WI option on the WIN receives the serial data 
and sends it to the 3WS option and then it is sent to the 3WO option. 
The 3WO switches the data from serial to parallel and sends I-parcel 
per reference to the OWS or MWS. 
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Six Mbyte Low-speed Protocol 

The following is a description of the 6-Mbyte LOSP protocol that is used 
between the WIN quarter boards and the workstations. Refer to Figure 3-
4 for a LOSP protocol block diagram. 

• Ready. The Ready signal is sent by the sender with each parcel of 
data. The Ready is a 50 ns pulse. 

• Resume. The Resume signal is sent by the receiver to 
acknowledge Ready and to enable the next Ready. The Resume is 
a 50 ns pulse. 

• Disconnect. The Disconnect signal is sent by the sender to 
tenninate the transfer. 

Ready ...... 
Resume 

" Sender Disconnect Receiver 

Data (16 Data and 4 Parity Bits) .... 
A-9063 

Figure 3-4. 6-Mbyte LOSP Protocol 

Cluster Interface/Workstation Interface Input Sequence 

3-6 

The following is a sequential description of an lOP being deadstarted. The 
header is sent from the workstation to the WIN then to one of eight CINs. 
The CIN directs the header and the data to the selected lOP. There are two 
block diagrams to use with this sequence: 
Figure 3-5, CIN/WIN Input Block Diagram and Control, is used with 
steps 1 through 10 and step 15, and Figure 3-6, Workstation Local 
Memory Write Block Diagram, is used with steps 8,9, and 11 through 16. 

1. Ready Pulse. The workstation sends a Ready Pulse with each 
parcel of data it sends to the WIN. 

Workstation - The workstation sends a WIN 0 with a function 3 that 
deadstarts the selected lOP, but it must be preceded by a 
system, cluster, or lOP Master Clear (MC). 

3WI - The 3WI option receives the Ready Pulse (10 - 1) and then 
sends a Capture LOSP Data (R42) to the 3W A option; if 
this is a header parcel, the 3WI also sends a Capture 
Header to the 3W A. 
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2. Capture LOSP Data. A Capture LOSP Data is sent to the 3W A 
option to latch the input data into the parallel register. 

3W A - The 3W A option latches the data and parity (IO - 39) 
in the parallel register after it receives Capture LOSP 
Data (I42). The 3W A can hold two data parcels or 
four header parcels. The 3 W A checks the parity and 
reports the parity errors to the 3WS (R32) option. 

3. Capture Header. The 3WI option sends the Capture Header to 
the 3WA option to latch the header parcels from the 
workstation. 

3WI - The Capture Header (R45) is enabled by rap Master 
Clear or by the previous transfer's Disconnect and 
remains enabled until a Ready Pulse is received. The 
3Wr option receives the Ready Pulse (ra - 1) and then 
sends Capture Header (R45) to the 3WA option if this 
is the first parcel of the transfer. After the second and 
third Ready Pulses, the 3Wr sends Capture Header 
(R44) to the 3WA to save Parcels 1 and 2 of the 
header. The Capture Header (R41) is sent after the 
3Wr receives the fourth Ready Pulse, and it captures 
Parcel 3 of the header which is the cyclic redundancy 
check (CRC). 

3W A - The 3W A option latches the header parcels after 
receiving a Capture Header (141, 44, 45). The header 
is sent from the workstation to inform the WIN of the 
command, the function, the cluster select, the rap 
select, the local memory address (LMA), and the 
parcel count. It is always the first word of each 
transfer. Parcel 0 bits 215 - 212 is the command, 211 -
28 is the function, 27 - 24 is the cluster select, and 23 -
20 is the rap select. Parcels 1 and 2 of the header are 
the LMA and parcel count. These parcels, along with 
parcel 0, are first sent to the CrN and then to the rap 
when the workstation sends a WIN 0 command. 
Parcel 3 is used to check the integrity of the header. 

4. Resume. The 3WI option acknowledges receiving each parcel 
and enables the next parcel by sending a Resume to the 
workstation. 

3WI - The Resume (R38) is a 50 ns pulse to the workstation 
and is sent if the serial register on the 3W A option is 
empty. Steps 2 and 4 are performed until the 
workstation sends a Disconnect (refer to step 15). 
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5. Send Header. The 3WI option sends the Send Header to inforrn 
the 3WA option to output the Cluster Select to the 3WL) 

3W A - The 3W A option checks the integrity of the header 
with the use of CRC, which is parcel 3 of the header. If 
the header is good, the 3W A responds with Send 
Header (R30), Cluster Select (R16 - 19), Function 
Decode (R22), and data bit 14 (R24). If the header is 
bad, the 3W A sends Bad Header (R29) to 3WI option 
and Header Error (R32 - 33) to the 3WS option. 

3WI - The 3WI option uses the Cluster Select (14 - 7) to 
direct the data to the correct CIN. If the Function 
Decode (Il2) is set, the 3W A option received a WIN 
command 0 or 4. If data bit 14 (II4) (214 of the header 
parcel 0) is set, do a WIN command 4; but if it is clear, 
do a WIN command O. A WIN command 4 is a 
loopback test. The header parcels are sent back to the 
workstation via the 3WA and 3WO options if a WIN 
command 4 is decoded. 

6. Go Serial Data. The 3W A option loads the parallel register into 
the serial register after receiving Go Serial Data from the 3WI 
option. 

3W A - After receiving the Go Serial Data (140), the 3W A ) 
loads the serial register with the parallel register and, 
outputs the parcel of data serially (RO - 7) to the 
correct CIN (3WD II). All received parcels are loaded 
into the serial register except parcel 3 of the header. 

7. Serial Control. The Serial Control inforrns the 3WD option there 
is serial data being sent from the 3W A option. 

3WI - The 3WI option generates the correct Serial Control 
(RO - 7) after decoding the Cluster Select (14 - 7). If 
14 - 7 are zeroes, the 3WI sends RO to CIN O. If the 
Serial Control is a 1 clock period (CP) pulse, data is 
being sent; if it is a 2 CP pulse, it is a disconnect; and if 
it is a 3 CP pulse, it is a I/O Master Clear. 

3WD - The 3WD option receives Input Control (10) when the 
WIN is sending a serial parcel of data and parity to the 
CIN. The data is sent from the 3W A to the 3WD. The 
3WD passes the Input Control (R30 or R32) and Data 
(R31 or R33) to the 3WB options or Input Control (RIO) 
and Data (R11) to the other 3WD. 
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3WB - After receiving Input Control (10 or 12), the 3WB 
options accept the serial data and parity bits (II or B) 
from the 3WD options (R31 or R33). After receiving 
all 16 bits of data, the 3WB option sends a Control 
(RIO - 13) to 3AW option (137 - 40). Each 3WB has 
a force lOP Select (130 - 32) and this force select is 
exclusive ORed with the lOP Select from the WIN 
(header parcel 0, bits 23 - 20), so only one 3WB is 
able to send control to its 3A W. 

8. Control. The Control is sent to the lOP infonning it of a WIN 
function or data. 

3WB - There are four Control bits (RIO - 13) that are also 
used to send Function and data to the lOP (3A W). 
The 3A W option then latches the Control bits 
(137 - 40) along with the Function bits or data parity 
bits and data 23 - 20 (header parcel 0 does not send 
bits 23 - 2°). Refer to Table 3-2 for the control bit 
functions and Table 3-3 for the proper sync time of the 
control and data bits. 

Table 3-2. Control Signals to the lOP 

R13 R12 R11 R10 Comments 

- - 0 0 No-op 

- - 1 1 lOP Master Clear 

0 0 0 1 Function to the lOP (header parcel 0 
bits 211 - 28) 

0 1 0 1 Local memory address to the lOP 
(header parcel 1) 

1 0 0 1 Parcel count to the lOP (header parcel 
2) 

1 1 0 1 Write data to local memory 

1 0 1 0 Disconnect for local memory write 
WIN 0 function 2 

1 1 1 0 Disconnect 
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Table 3-3. Control and Data Sync Time to the lOP for Channels 22 and 24 

Sync Channel 22 Channel 24 

Sync 0 Control time R10 - 13 Data bits 27 - 24 if Go 
Input Data (110) was 
received at sync 5 

Sync 1 Function bits 211 - 28 of Data bits 211 - 28 if Go 
header parcel 0 or data Input Data (110) was 
parity received at sync 5 

Sync 2 Data bits 23 - 20 Data bits 215 - 212 if Go 
Input Data (110) was 
received at sync 5 

Sync 3 Data bits 27 - 24 if Go Control time R10 - 13 
Input Data (110) was 
received at sync 2 

Sync 4 Data bits 211 - 27 if Go Function bits 211 - 28 of 
Input Data (110) was header parcel 0 or data 
received at sync 2 parity 

Sync 5 Data bits 215 - 212 if Go Data bits 23 - 2° 
Input Data (110) was 
received at sync 2 

9. Go Input Data. The 3A W option acknowledges 3WB options 
Control signal with Go Input Data when it can accept bits 
2 15 - 24. 

3A W - If this is parcel 0 of the header, the 3A W option 
decodes the function 3 (211 - 28 header parcel 0), sets 
the Busy Flag, and enables the Channel Interrupt. The 
next two parcels are the LMA and parcel count and 
they are sent to the 3AL option. The following parcels 
are local memory data. The 3A W sends Enter Data 
(R4) to the 3AM along with a parcel of data and a 
Write Request (R5) to the 3AK. 

3AL - The 3AL option receives the LMA and parcel count 
from the 3A W option and writes it into the workstation 
LMA and parcel count registers. 

3AM - The 3AM option latches the parcel of data from the 
3A W option after receiving Enter Data (174). 
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10. Input Resume. The 3WB option sends an Input Resume to the 
3WD option requesting the next parceL 

3WB - The 3WB option sends Input Resume (RO - 1) to the 
3WD option after receiving Go Input Data (IlO). 
Header parcel 0 is an exception. The 3WB receives 
Header parcel 0 and immediately sends an Input 
Resume. 

3WD - The 3WD option passes Input Resume (RO) to the 
WIN (3WI). 

3WI - The 3WI option receives Input Resume (120 - 27) and 
sends a Go Serial Data (R40) to the 3WA option if the 
parallel register is full. Steps 6 through 10 are 
performed until a Disconnect is received. 

11. Write Request. The Write Request to the 3AK option is 
requesting to write a parcel of data to local memory. 

3A W - After receiving the control (137 - 40) from the 3WB 
option, the 3AW (R5) option sends a Write Request 
to the 3AK (150) option. 

12. I/O Reference Request. The 3AK option sends a request to the 
3AN option for each parcel of data. 

3AK - The 3AK option is local memory reference control for 
the workstation, port 0, and port 1. When there is no 
reference in progress, the 3AK sends an I/O Reference 
Request (R25) and I/O Write Request (R20) to the 
3AN option and Workstation Request (R26) to the 
3AM option after receiving LM Write Request (ISO) 
from the 3A W option. 

3AN - The 3AN option is local memory control, so it receives 
the I/O Reference Request (124), and sends back I/O 
Acknowledge (RI7) when local memory is free. The 
3AN controls LM conflicts between the CPU and I/O 
channels. 

13. I/O Acknowledge. When local memory is free, the 3AN option 
sends an I/O Acknowledge to the 3AK, 3AL, and 3AM options 
and a Go Write signal to the 3AM option. 

3AK - The 3AK option clears the I/O Reference Request after 
receiving the I/O Acknowledge (160) and sends 
workstation Acknowledge (R30) to the 3A W option. 
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3AL - The 3AL option reads out the LMA to the memory 
arrays and increments the LMA and decrements the 
parcel count after receiving I/O Acknowledge (125). 
The 3AL checks the LMA and parcel count for parity 
errors each time they are read out. 

3AM - The 3AM option gates the workstation data (RO - 21) 
and a Write Enable (R33 - 34) to the memory arrays 
after receiving I/O Acknowledge (I83) and Go Write 
(190) with workstation Request (185) set. 

3A W - After receiving workstation Acknowledge (125) from 
the 3AK option, the 3AW option sends Write 
Reference Acknowledge (R22) to the 3WB options. 

14. Write Reference Acknowledge. The lOP sends a Write 
Reference Acknowledge to the CIN. 

3WB - After receiving the Write Reference Acknowledge 
(H2), the 3WB option checks for disconnect from the 
3WD option. 

15. Disconnect. The workstation sends a Disconnect to the 3WI 
option to terminate the transfer. 

3WI - The 3WI option receives the Disconnect (12 - 3) and) 
then sends a Disconnect (R46) to the 3W A option. 
(146) and a 2 CP Serial Control pulse to the 3WD 
option, which means disconnect. 

3W A - After receiving Disconnect (146), the 3W A option is 
enabled to receive the next transfer. 

3WD - The 3WD option passes the 2 CP Serial Control (R30 
or R32) to the 3WB option. 

3WB - The 3WB option receives the 2 CP Input Control (IO or 
12) and clears RIO and sets Rll - 13 which means 
Disconnect after receiving I/O Acknowledge. Refer to 
Table 3-2 for control bits RIO - 13. 

3A W - After receiving Control (I37 - 40) from the 3WB 
option, the 3A W option sets the Done Hag. 

16. Done Hag. When a Disconnect is received, the Done Hag is 
set. 

3A W - The 3A W option sets the Done Hag and sends an 
Interrupt (R17) to the 3AK option. The System 
Interrupt is enabled by MC. 
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The following is a sequential description of a workstation reading an lOPs 
local memory. The Header is sent from the workstation to the WIN then to 
one of eight CINs. The CIN directs the header to the selected lOP. There 
are two block diagrams to use with this sequence: Figure 3-7, CIN/WIN 
Output Block Diagram and Control, is used with steps 1 through 4 and steps 
8 and 12, and Figure 3-8, Workstation Local Memory Read Block Diagram, 
is used with steps 4 through 11. 

1. Read Reference Request. The 3A W option sends a Read 
Request to the 3AK and 3AO options. 

Workstation - A WIN 0 with a function of six reads the local memory to 
the workstation. Perfonn steps 1 through 10 and step 15 
of the CIN/WIN input sequence to input the header 
parcels to the lOP. 

3A W - The 3A W option sends a Read Request (R6) to the 3AK 
option after decoding a WIN 0 with a function of six or 
receiving a Output Resume from the 3WD option. 

2. I/O Reference Request The 3AK option sends a I/O Reference 
Request to the 3AN option for a parcel of data. 

3AK - The 3AK option is local memory reference control for the) 
workstation, port 0, and port 1. If there is no other 
request in progress, the 3AK sends an I/O Reference 
Request (R25) to the 3AN option. 

3AN - The 3AN option is local memory control, so it receives 
the I/O Reference Request (124), and sends the I/O 
Acknowledge (R17). The 3AN controls LM conflicts 
between the CPU and the I/O channels. 

3. I/O Acknowledge. When local memory is free, the 3AN option 
sends an I/O Acknowledge to the 3AK and 3AL options. 

3AK - The 3AK option clears the I/O Reference Request after it 
receives the I/O Acknowledge (160) and then sends a 
Workstation Acknowledge (R30) to the 3AO and 3A W 
options. 

3AL - The 3AL option reads the LMA to local memory, 
increments the LMA, and decrements the parcel count 
after receiving I/O Acknowledge (125). The 3AL checks 
the LMA and parcel count for parity errors each time they 
are read out The 3AL reports parity to the 3AN and 3AO 
options. 
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3AN - The data and check bits (CBs) (IO - 21) are sent to 
the 3AN option. The data is checked for errors and 
then sent to 3AO option (120 - 35). The 3AN reports 
errors to the 3AO. 

3AO - The 3AO option receives a Workstation Acknowledge 
(I74) from the 3AK option and latches the data 
(120 - 35). The Data (R60) is sent serially to the CIN 
board (3WD). 

3A W - After receiving Workstation Acknowledge (125) from 
the 3AK option, the 3A W option sends Output Control 
(R23 Channel 23 and R24 Channel 25) to the CIN 
(3WD). 

4. Output Control. The Output Control is sent from the 3A W 
option to the 3WD option along with a serial parcel of data. 

3WD - The 3WDO option or 3WDI option receives the Output 
Control (130 - 32 Channel 23, 136 - 38 Channel 25) and 
Data (133 - 35) from the 3A W option. The 3WDO 
receives data and control directly from the EIOPO, 
EIOP2, and lOP MUX, while the 3WDI receives data 
and control from EIOPI and EIOP3. The 3WDO option 
outputs data to the operator workstation WIN and the 
3WDI outputs data to the maintenance workstation 
WIN. If the EIOPO sends data and control to the 
MWS, the data and control pass through 3WDO, 
3WD1, and then to the WIN for the MWS. 

5. Output Control to Workstation. Each parcel of serial data 
transferred from the CIN (3WD) to the WIN (3WI) is proceeded 
by Output Control to Workstation. 

3WD - The Output Control to Workstation (RI) is sent from 
one of eight CINs to the 3WI option (130 - 37) if that 
cluster is outputting data (R2) to the WIN. 

3WI - The 3WI option passes the Serial Output Control 
(R18 - 19) and serial data (R20 - 21) to the 3WS 
option the next clock period. 

3WS - After receiving the Serial Control (117 - 18) and Data 
(119 - 20), the 3WS option sends Control (RO) and 
Serial Data (Rl) to the 3WO option. 

6. Control. The Control enters the serial parcel of data into the 
serial register. 
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3WO - The 3WO option waits for all 16 bits of serial data 
(II 0) and then loads the serial register into the parallel ") 
register if the parallel register is empty. The 3WO _ 
send a Ready Pulse to the workstation and Serial 
Resume to the 3WS option after it loads the parallel 
register. 

7. Serial Resume. If the serial register is empty, the 3WO option 
sends Serial Resume to the 3WS option. 

3WO - After all 16 bits of the serial data have been received, 
the serial register is loaded into the parallel register if 
the parallel register is empty. Then a Serial Resume 
(R25) is sent to the 3WS (121) option requesting the 
next parcel of data. 

3WS - The 3WS option receives Serial Resume (121) and 
passes it (R2) to the 3WI (1l6) option. 

3WI - The 3WI option sends a Serial Output Resume to 
Cluster 0 - 7 (RIO - 17) to the 3WD (12) option after 
receiving Serial Resume (1l6) from the 3WS option. 

8. Output Resume. The WIN sends an Output Resume to the CIN 
requesting the next parcel of data. 

3WD - The Output Resume (R34 - 39) is passed to the lOP 
or to the other 3WD (R15) option then to the lOP. 
Refer to Table 3-4 for the proper output resume. 

Table 3-4. Output Resume 

Term Channel 

R15 23 

R15 25 

R34 23 

R35 25 

R36 23 

R37 25 

R38 23 

R39 25 
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3A W - The 3A W option receives Output Resume (I41 - 42) 
and sends a Read Reference Request (R6) to local 
memory (3AK). Steps 1 through 8 are performed until 
the parcel count equals zero. 

9. Ready Pulse. A Ready Pulse is sent to the workstation when 
there is a parcel of data and parity to be transferred to the 
workstation. 

3WO - A 50 ns Ready Pulse (R20) is sent to the workstation 
when the the parallel register is loaded. 

to. Resume. The workstation responds back with a Resume if it can 
accept the next parcel of data. 

3WO - After receiving a Resume (IO - 1), the 3WO option 
loads the serial register into the parallel register if the 
serial register is full. Go to step 9 if the serial register 
is full. 

11. Disconnect. The Disconnect is sent to the workstation when the 
lOP wants to terminate the transfer. 

12. 

3WO - The Disconnect is sent to the workstation after the 3WO 
option receives a Resume (IO - 1) and lOR Not Active 
(I6) (parcel count = 0). 

Done Flag. The transfer is complete when the parcel count 
equals zero. 

3A W - The 3A W option waits for the workstation parcel count 
until the 3AL option equals zero and then clears I/O 
Active on the 3WI option. 
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WIN 2 Return I/O Status Request Sequence 

The following is a sequential description of a WIN command 2 
returning I/O status. The I/O status is returned after all WIN 
commands input their header parcels. Perform steps 1 through 5 of the 
CIN/WIN Input Sequence to input the header parcels. Refer to Figure 
3-9 for a WIN block diagram. 

1. 3WI - The 3WI option sends a Go lOR Status (R22) to the 
3WS option and the 3WO option after receiving the fourth Ready 
from the workstation. 

2. 3W A - If there is an error on the header parcels the 3W A option 
sends the errors (R32 - 33) to the 3WS option. 

3. 3WS - The 3WS option logs header errors (123 - 24) and flags 
lOP errors (IO - 7). The errors are sent to the workstation as a 
response header. After receiving Go IOR Function (I16), the 
3WS outputs the Control (RO) and a response header parcel 
(R1) to the 3WO option. The response header is a 4-parcel 
packet. 

4. 3WO - The 3WO option loads the response parcel into the 
serial register and then into the parallel register. Then the 3WO 
sends a Ready (R20) and a parcel of data with parity (RO - 19) 
to the workstation. The 3WO waits for a Resume (10) from the ) 
workstation after sending a Ready. The 3WO sends a Serial 
Resume (R25) to the 3WS option for the next parcel of the 
response header. 

5. 3WS - The 3WS option outputs the Control (RO) and the next 
parcel of the response header (R1) to the 3WO option after 
receiving Serial Resume (R25). 

WIN 3 Select Clock Margins Sequence 

3-24 

The following is a sequential description of a WIN command 3 
selecting clock margins. Only WIN 1 (MWS WIN) is capable of 
selecting the clock margins. Perform steps 1 through 5 of CIN/WIN 
Input Sequence to input the header parcels. Refer to Figure 3-9 for a 
WIN block diagram. 

1. 3WA - The 3WA option decodes the WIN command 3 and 
sends the clock select (RIO - 12) to the 3WS option. The clock 
select is 22 - 20 of header parcel O. 

2. 3WS - The 3WS option passes the clock select (R12 - 14) to 
the clock module. 
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WIN 4 Workstation Interface Loopback Sequence 

10/90 

The following is a sequential description of a WIN command 4 
loopback mode. In loopback mode the WIN receives the header 
parcels and then sends the header parcels back to the workstation. 
Perfonn steps 1 through 5 of the CIN/WlN Input Sequence to input the 
header parcels. Refer to Figure 3-9 for a WIN block diagram. 

1. 3W A - The 3W A option receives the header parcel 0 and then 
decodes bits 215 - 212 of parcel O. After decoding a WIN 4 
command, the 3W A outputs Function Decode (R22) and Data 
Bit 14 (R24) to the 3WI option. The Function Decode infonns 
the 3WI that a WIN command 0 or 4 has been decoded and if 
Data Bit 14 is set it is a WIN command 4 100pback. The 3W A 
outputs the serialloopback data (R9) to the 3WO. 

2. 3WI - The 3WI option sends Select Loopback Mode (R39) to 
the 3WO optionafier receiving Function Decode (Il2) and Data 
Bit 14 (I14). Then the 3WI outputs a Loopback control (R9) to 
the 3WO and a Go Serial Data (R40) to the 3W A option for 
each parcel of the header. 

3. 3WO - The 3WO option receives Loopback Control (17) from 
the 3WI option and the loopback data (I8) from the 3W A option. 
Then the 3WO outputs a Ready (R20) and a parcel of data and 
parity (RO - 19) to the" workstation. The 3WO outputs a 
Loopback Serial Resume (R24) to the 3WI if the serial register 
is empty after receiving a Resume (IO) from the workstation. 

4. 3WI - The 3WI option receives the Serial Loopback Resume 
(I29) and then sends a Go Serial Data (R40) to the 3W A option 
and a Loopback Control (R9) to the 3WO option. 
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Master Clear Fanout 

1/0 Master Clear 

WIN 5 System Master Clear 

The workstation sends I/O Master Clear to Master Clear the WIN 
quarter board. The 10S-E has three types of Master Clears: System, 
Cluster, and lOP. A System Master Clear includes Cluster and lOP 
Master Clears and master clears all 10S-E hardware. A Cluster 
Master Clear includes an lOP Master Clear and master clears all 
lOPs and channel adapters belonging to that Cluster. An lOP Master 
Clear master clears a specific lOP and its channel adapters. A WIN 5 
command is a System Master Clear, a WIN 0 with a function 11 is a 
Cluster Master Clear, and a WIN 0 with a function 10 is an lOP 
Master Clear. Both the OWS and the MWS are capable of sending 
these functions. 

The 3WO option receives the I/O Master Clear (12 - 3) from the 
workstation and fans it out (R27 - 28) to the 3WS (122) option. The 
3WS fans out I/O Master Clear (R3) to the 3W A (147) option and 
3WI (Ill) option. The 3WI passes the I/O Master Clear to the CIN in 
the form of a 2 CP wide Serial Control (RO - 7). The 3WD option 
receives the 2 CP Serial Control and passes it to the 3WB options. 
The 3WB options send I/O Master Clear (RIO - 13) to the lOP. 

The 3WA options on the WINs decodes System Master Clear. The 
System Master Clear is passed to the 3WO and 3WS options. The 
3WS (R4 - 11) fanout the System Master Clear to the 3WB 1 (OWS 
Master Clear) option and 3WB4 (MWS Master Clear) option. The 
3WB 1 (R27 - 28) fans out the OWS System Master Clear to all five 
3WB options, and the 3WB4 (R27 - 28) fans out the MWS System 
Master Clear to all five -3WB options. Refer to Table 3-5 for the 
System Master Clear fanout. Each 3WB then fans out System Master 
Clear (R20 - 26) to all the IOS-E hardware. 

WIN 0 Function 11 Cluster Master Clear and Function 10 lOP Master Clear 

10/90 

The 3WB options also decode cluster and lOP Master Clears. 
R20 - R24 also fans out cluster and lOP Master Clears. Table 3-5 
shows the quarter boards and the buffer board that each 3WB fans out 
Master Clear to. Each quarter board and the buffer board receives 
Master Clear and fans it out to its options. 
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Boolean 
Term 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

10/90 

Table 3-5. System, Cluster, and lOP Master Oear Fanout 

3WBO 

EIOPO 3AP 169 

EIOPO CA 1 

EIOPO CA 3 

EIOP1 CA 4 

. EIOP1 CA 6 

HCMO 380 19 

Not used 

3WB1 3WB2 

EIOP1 3AP 169 EIOP2 3AP 169 

EIOP1 CA 5 EIOP2 CA 11 

EIOP1 CA 7 EIOP2 CA 13 

EIOPO CA 0 EIOP3 CA 14 

EIOPO CA 2 . EIOP3 CA 16 

Not used Not used 

Buffer Not used 
3BMO 170 
3BMO 171 
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EIOP3 3AP 169 

EIOP3 CA 15 

EIOP3 CA 17 

EIOP2 CA 10 

EIOP2 CA 12 

HCM1 380 19 

Not used 

3WB4 

lOP MUX 3AP 169 

Not used 

Not used 

Not used 

Not used 

Not used 

Buffer 
3BM20 170 
3BM20 171 
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BUFFER BOARD 

Each I/O Cluster (lOC) has a buffer board specific to that cluster. The 
buffer board is a single cold plate module the same size as a CRA Y Y -NIP 
module with a full sized printed circuit (PC) board on each side, as 
opposed to quarter boards. Each PC board contains the logic for two 
EIOPs, one high-speed (HISP) channel and eight channel adapter 
channels. Side A handles EIOPO and EIOP2, msp channell, and 
channel adapter channels 0 to 3 and 10 to 13. Side B handles EIOPI and 
EIOP3, HISP channel 0 and channel adapter channels 4 to 7 and 14 to 17. 
Each channel adapter is connected to its own buffer which will hold 
65,536 72-bit words. No other channel adapter can access this buffer of 
memory. 

An EIOP controls four channel adapters and can access the buffers 
associated with those four channels. EIOPO controls channels 0 to 3, 
EIOPI controls channels 4 to 7, EIOP2 controls channels 10 to 13, and 
EIOP3 controls channels 14 to 17. EIOPs cannot send data to or receive 
data from a buffer controlled by another EIOP. 

Each HISP channel can access anyone of the 16 buffers on a buffer 
board. HISP 1 is considered onboard HISP data to channels 0 to 3 and 
10 to 13 and offboard HISP data to channels 4 to 7 and 14 to 17. HISP 0 
is considered onboard HISP data to channels 4 to 7 and 14 to 17 and 
offboard HISP data to channels 0 to 3 and 10 to 13. 

Two sets of pointers are used for addressing transfers in to or out of a 
buffer. Pointers a and b are used for channel adapter data transfers while 
pointers A and B are used for HISP and EIOP transfers. Each set of 
pointers is allowed to access memory on consecutive memory cycles, 
which allows for a 200 megabyte per second transfer rate on both. The a 
and b pointers can be incremented or decremented to support backward 
tape reads. HISP transfers have priority over EIOP transfers when using 
the A and B pointers. 

The buffer board generates a sync pulse every 37.5 nanoseconds, or once 
every 6 clock periods (CPs), which is fanned out to the entire cluster. 
This sync pulse is used to sync up the data coming to or going from the 
buffer board. Sync + 0 - 2 is the memory cycle when channel data is 
written in to or read out of memory and sync + 3 - 5 is when HISP or 
EIOP data is written in to or read out of memory (refer to Figure 4-2). 
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Buffer Board 

Option 

3BA 

3BB 

3BC 

3BD 

3BH 

3BI 

3BM 

3BX 

3BY 
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Check bits are generated on the EIOP data that comes onto the buffer board 
and single-error correction. double-error detection (SECDED) is 
performed on the EIOP data that leaves the buffer board. 

HISP data is checked and corrected as it enters the buffer board and 
checked and corrected as it leaves the buffer board. Channel data has no 
error correction performed on it while it is on the buffer board. 

1. 
2. 
3. 

4. 
5. 
6. 
7. 

1. 

2. 

1. 
2. 

1. 

2. 
3. 
4. 

1. 
2. 

1. 
2. 
3. 

1. 
2. 
3. 
4. 

1. 

2. 
3. 

1. 

2. 
3. 

Table 4-1. Buffer Board Option Descriptions 

Description 

Send check bits for EIOP, HISP, or channel data to memory 
Load pOinter a, b, A, B encode 
Select EIOP data, onboard or offboard HISP data, or channel data to 
go to memory 
Write Enable clock developed 
Address for read or write sent to memory 
Read Control sent to the 3BD option 
HISP write data fanout 

32 bits of HISP data and 4 check bits to the 3BA and 3BC options 
through fanout 
Offboard and onboard channel select to the 3BA and 3BC options 

32 bits of data to memory 
HISP write data fanout 

32 bits of data and 4 check bits from memory to a HISP Channel, an 
EIOP, or a channel adapter 
Error correction on the EIOP or HISP data 
Rebuild and fanout of HISP data that will be leaving the buffer board 
HISP write data fanout 

HISP control for a read or write 
Priority control for EIOP and HISP data 

Receives 32 bits of HISP data and 4 check bits from the HISP MUX 
SECDED performed 
Sends 32 data bits and 4 check bits to the 3BB options 

Receives EIOP and HISP read data from the 3BD options 
Fan out HISP data to the 3BD options 
Fan out EIOP data to the 3BX options 
Send EIOP and HISP status to the 3BX and 3BD options respectively 

Receive EIOP data onto the buffer board and forward it to the 3BC 
options 
Control for EIOP data transfers to and from memory 
Send data from memory back to the EIOP 

Receive EIOP data onto the buffer board and forward it to the 3BC 
options 
Generate check bits on EIOP data 
Send check bits to the 3BA options 
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Clock - 6.25 ns t 
Memory 
Cycles 

a b 
A B 

HISP Addressing 
(and Local Memory Transfers) 

Channel Adapter 
Addressing 

1. Buffer size is 65536 words (72 bits). 
2. A and B pOinters for HISP and local memory transfers. 
3. a and b pOinters for channel adapter transfers. 
4. Pointers can be set to any beginning word address. 
5. The maximum transfer size is 65536 words. 
6. Channel adapter pOinters (a, b) can be both incremented and 

decremented for support of tape read backwards commands. 

t t t t t t t t t t t t 
HISPCycle -
A or B Pointer 

Channel Cycle -
a or b Pointer 

HISPCycle
A or B Pointer 

Channel Cycle -
a or b Pointer 

Buffer Sync ____ ~n~ ______ ~n~ __ 

10/90 

37.5 ns 10C 
Period Equates --~>~ 
to 213 MBps 

Figure 4-2. I/O Buffer 

Cray Research Proprietary 
Preliminary Information 

A·8927P 

4-5 



Buffer Board lOS Model E Hardware Maintenance Manual 

EIOP Write Data Sequence 

4-6 

The following is the sequence which describes a write from local memory 
to the buffer board. 

1. Issue BOA: 0 with the accumulator equal to a 1, the mode bits are not 
used. 

A. IO - 3, function bits, and IS, go function come to the 3BX. The 
next transfer sends the lower accumulator bits, which causes 
channel 27 to receive the clear channel. The ready counter and 
the reference signals are cleared. 

B. R33, input clear channel, goes to the 3BY as 17 and clears the 
ready counter and check bits. 

2. Issue BOA: 16 with the accumulator set to zero. The mode bits are 
not used. 

A. This function loads the upper bits of the buffer address, which 
are not used, or it enables the writing of alternate check bits 
(refer to Figure 4-4). 

3. Issue BOA: 17 with accumulator set to the starting address and the 
mode bits set for the correct pointer and buffer (refer to Figure 4-5). 

A. The modifier bits come on the first transfer. 

1) MO - 1 make (R14 - 15) Load Pointer a, b, A, B Encode, 
which is sent to all the 3BA options controlled by the EIOP. 

2) M2 - 3 are decoded to make one of the four tenns, 
(RIO - 13) Go Channel N+x Load Pointer (refer to 
Figure 4-5). This R term then gates Rl4 - 15 onto the 
correct 3BA option. 

B. The function bits are the next transfer and are used to gate the 
channel decode bits into RIO - 13. 

c. The accumulator bits come next in four 4-bit transfers. Each 
4-bit transfer is sent off the 3BX as R 16 - 19 to all four of the 
3BA options and RIO - 13 gates the bits onto the correct 3BA 
option. 

4. Issue the commands to load the starting local memory address (LMA) 
and the starting parcel count 

5. Issue BOA: 1 with the accumulator setto a 1 and the modifier bits set 
for the correct pointer and buffer (refer to Figure 4-5). 
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A. The modifier bits are sent first. 

1. M2 - 3 are decoded to pick one of four buffers, (refer to 
Figure 4-5) and make one of four R tenns, R20 - 23. Data 
will be presented to all of the 3BC and 3BA options, and 
one of these R tenns will gate the data onto the correct 
options for the correct channel. 

R20 - 23 make 160 on the 3BA options, and based on what 
sync time they arrive will mean different things. 160 at 
sync + 5 means an EIOP reference, at sync + 4 means B 
select. and at sync + 5 with tenn Hoo set to a one means 
read memory. 

One of the R tenns, based on the decode, will be sent to the 
3BH option. The 3BH option will use this tenn to check 
for HISP and EIOP conflicts. If there is a conflict, the 3BH 
option will send an Abort signal back to the 3BX option 
which will stop the EIOP reference. 

2. MO - 1 are decoded to detennine Which pointer will be used 
for the transfer. 

B. The function bits, followed by the accumulator bits are used to 
detennine the direction of the transfer. For this transfer, bit 0 of 
the accumulator is set to a one to indicate a transfer on channel 
27. 

C. This function starts the transfer. 

6. Data transfer 

A. Data is sent from the EIOP in parcel fonnat and is stored on the 
buffer board in word fonnat. 

B. Each parcel is sent in four 4-bit transfers, with a Ready coming 
with each parcel. The data comes onto the 3BX and 3BY options 
at the same time. The 3BX option forwards the lower 32 bits and 
the 3BY forwards the upper 32 bits. The 3BY option also 
generates check bits and sends them on. 

The ready counters on each of these options keep track of which 
parcel is being transferred. Parcels 2 and 3 are held on the 3BX 
and forwarded while parcels 0 and 1 are held on the 3BY and 
forwarded. All four parcels of data are used on the 3BY to 
generate the check bits. 

Cray Research Proprietary 
Preliminary Information 

4-7 



Buffer Board 

4-8 

lOS Model E Hardware Maintenance Manual 

C. Data leaves the 3BX option as R24 - 27 and is sent to all of the 
even 3BC options controlled by the EIOP. Whichever R term 
from R20 - 23 that was generated from the decode of the modifier ) 
bits latches this data onto the correct 3BC option. 

D. Data leaves the 3BY option as RO - 3 and is sent to all the odd 
3BC options controlled by the EIOP. The same R term from 
R20 - 23 that latched data on the even 3BC latches data on the 
odd 3BC. 

E. Data enters the 3BC option as IO - 3. Each 4-bit transfer is 
latched into a 32-bit buffer by a timing chain started by one of 
the R terms R20 - 23. Data is loaded into RO - 31 to be 
presented to the memory chips at sync + 3 - 5. 

F. Check bits leave the 3BY option as R4 - 5 and are sent to all of 
the 3BA options controlled by the EIOP. The same R term as 
above latches the check bits on the correct 3BA option. 

G. Check bits enter the 3BA option as IO - 1 and are loaded into B 
terms by a signal made from one of the R terms R20 - 23. 
These check bits are loaded into RO - 7 and are sent to memory at 
the same time as the data word from above. 
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(CN) 10 _ 3' EIOP Write Data 10 - 3' 

14' (CN) 14' EIOP Output Control 
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Figure 4-3, lOS Model E ElOP Write to Memory 
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 Bit 

Local Memory Words 

63 56 o 

I R I W IE I 

Read Check Bits 

I/O Buffer Words 

~--"======::::::~ ____________ -I7_1 __ ~ ___________ 0~ 

63 56 o 
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Figure 44. I/O Buffer Write Check Bits Diagnostic Mode 
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8 Register or 0 field 

Nibble 0 

---~----r , 
M2 M1 MO C4 C3 C2 C1 co 

co - C4 = Channel number 
MO - M3 = Function modifier as needed or a and b selects 

M3 M2 1/0 Buffer Channel Selection 
0 0 Buffer 0 
0 1 Buffer 1 
1 0 Buffer 2 
1 1 Buffer 3 

M1 MO 1/0 Buffer Pointer Selection 
0 0 a 
0 1 b 
1 0 A 
1 1 B 

Function Code 

Nibble 1 

---~----

FO - F3 = Function code (example: the 17 in BIA: 17 comes 
from instruction 157 or 177) 

Accumulator 

Nibble 5 Nibble 4 Nibble 3 Nibble 2 

~~~~ I A15-A12 All-ADS AD7-AD4 AD3-ADD I 
Figure 4-5. Accumulator and Modifier Bits 
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This sequence used with Figure 4-6 describes a read from the buffer board 
to local memory of an EIOP. 

1. Issue BIA: 0 with the accumulator equal to a o. The mode bits are 
not used. 

A. IO - 3, function bits, and 14, Go Function, come to the 3BX. 
The next transfer sends the lower accumulator bits, which when 
set to a zero, cause channel 26 to receive the clear channel. 

This function clears the channel 26 Ready Counter and the channel 
26 Input Acknowledge. The Input Acknowledge signal is used to 
increment the ready counter bits. 

This function also makes Read EIOP SECDED status (R34), 
which causes the error information held on the 3BMs to be read 
out The information read out is not used, but each time the data 
is read out, the terms that hold the data are cleared. 

2. Issue BIA: 16 enter upper address bits and mode bits. The 
accumulator will be set to zero for this instruction. 

The lower six bits of the accumulator are used as upper buffer address 
bits in this instruction, but these bits are not used at this time. Mode 
bits will be explained later. 

3. Issue BIA: 17 enter lower buffer pointer address. The mode bits 
are set for the correct pointer and buffer, (refer to Figure 4-5), and the 
accumulator is set for the starting channel buffer address. 

A. The modifier bits come on the first 4-bit transfer. 

1) MO - 1 makes Load Pointer a, b, A, B Encode (R14 - 15) 
on the 3BX option, which is sent to all of the 3BA options 
controlled by the EIOP. 

2) M2 - 3 are decoded to make one of the four terms (R 10 - 13) 
Go Channel N + x Load Pointer. Refer to Figure 4-5. This R 
term then gates R14 - 15 onto the correct 3BA option. 

B. The function bits are the next transfer and are used to gate the 
channel decode bits into RIO - 13. 

C. The accumulator bits come next in four 4-bit trans.fers. Each 4-bit 
transfer is sent off the 3BX as R16 - 19 to all four of the 3BA 
options, and RIO - 13 gates the bits onto the correct 3BA option. 
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4. Issue the commands to load the starting local memory address (LMA) 
and the starting parcel count. ') 

5. Issue BOA: I with the accumulator set to a 0 and the modifier bits 
set for the correct pointer and buffer. Refer to Figure 4-5. 

A. The modifier bits are sent first. 

1) M2 - 3 are decoded to pick one of four buffers, (refer to 
Figure 4-5) and make one of four R terms, R20 - 23. These 
terms, R20 -23, make 160 on the 3BA options and based on 
what sync time they arrive, will determine the type of 
reference. This is a direction specific instruction because the 
accumulator set to a zero indicates a transfer from the buffer 
board to local memory. The R terms will arrive on the 3BA at 
sync + 5 with term HOO set to a one which indicates a read 
from the buffer board. 

R20 - 23 will also be sent to the 3BH option to be used to 
determine if there is a HISP conflict. If there is a conflict with 
Onboard HISP Data, then 130 Abort Reference Onboard HISP 
Conflict is received from the 3BH. If there is a conflict with 
Offboard HISP Data, then 131 Abort Reference Offboard 
HISP Conflict is received from the 3BH. These signals hold 
the EIOP reference until the HISP conflict is done. 

2) A decode of M2 - 3 is used to make EIOP Read Channel 
) 

Encode (R30 - 31) which is sent to the 3BM options. This 
signal indicates to the 3BM options which 3BD options the . 
data will be arriving from. 

3) MO -1 are decoded to determine which pointer will be used 
for the transfer. 

C. This function starts the transfer. 

6. Data transfer. 

A. Because 160 is sent at sync + 5 and term HOO = 1, the write enable 
signal is not generated on the 3BA option. This means that when 
the address is applied to the memory chips in the channel buffer, 
data is read out of the memory chips. The data is read from 
memory at sync + 3 - 5. 

B. EIOP data leaving the buffers arrives on two 3BD options as 
IO -31, buffer read data bits N + 0 - N + 31, and 132 - 35, 
checkbits N + 0 - N + 3, and is latched into these options at 
sync + 5. Partial syndrome bits are generated on each 3BD 
option, then leave the option as R20 - 27, and arrive on the other 
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3BD option as 140 - 47. New syndromes are generated and the 
word of data is checked and corrected, if possible, and the 
corrected data leaves the 3BD option as RO - 5. The first bits 
leave the 3BD option at sync + 3. 

The data bits leave the 3BD options as indicated in Table 4-2. 

Table 4-2. E10P Read Data from the 3BD Options 

Sync Time Bits 

sync + 3 Bits N + 5,11,17,23,29,67 

sync + 4 Bits N + 4,10,16,22,28,66 

sync + 5 Bits N + 3, 9, 15, 21,27,65 

sync + 0 Bits N + 2, 8,14,20,26,64 

sync + 1 Bits N + 1, 7, 13, 19, 25, 31 

sync + 2 Bits N + 0, 6, 12, 18, 24, 30 

This data is sent to the four 3BM options. The E10P Read Data 
Fanout chan, Figure 4:'3, shows which 3BM option the data 
arrives at and which I tenn this data arrives on. The I tenns vary 
based on which channel buffer is being read from. This data that 
comes from the 3BD options is corrected EIOP data. 

C. Data is clocked onto the correct tenns on the 3BM option based on 
the decode of I32 and I33 or 134 and I35. These tenns are made 
from EIOP Read Channel Encode (R30 and R31) from the 3BX 
options. I32 and I33 comes from 3BX N + 0 and I34 and I35 
comes from 3BX N + 1. (Example: I32 and I33 comes from 
3BXO on the A side of the buffer board and from 3BX20 on the B 
side of the board.) 

D. The data is passed directly to R tenns on the 3BM options and 
back to the correct 3BX option. The data is on the 3BM options 
for less than 1 CP. Table 4-3, E10P Data A and B Board Fanout 
from 3BM Option, shows which R tenns the data leaves the 3BM 
options on, which 3BX option the data is sent to, and on which I 
tenns the data arrives at the 3BX option. 
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E. Twelve bits (110 - 21) EIOP Read Data arrive on the 3BX option, 
3 bits from each of four 3BM options, starting at sync + 4. The 
entire 72-bit word is buffered on the 3BX options, broken into 
parcels based on the ready counter, and then broken into 4-bit 
groups to be sent out (RO - 3) EIOP Data/Status, back to local 
memory of the EIOP. 

7. Syndrome Data. 

A. Each 3BD option generates a partial syndrome on the data bits that 
arrive on the option. This partial syndrome is sent to the other 
3BD option, leaving as R20 - 27 and arriving as 140 - 47. This 
partial syndrome is used to develop the fmal syndrome for the bits 
handled on the option. If a byte error is detected on one of the 
3BD options, No On Chip Error Byte Decode (R40) is set to a 
zero. This makes No Off Chip Error Byte Decode (160) on the 
other 3BD option for this channel. This will be sent as R30, 
Syndrome, to the 3BM option, which will make SECDED 
Status (R42), which makes 151 on the 3BX option. This will 
cause the error flag to set and indicate that a data error has 
occurred. 

B. Syndrome information developed on the 3BD option leaves that 
option as Syndrome (R30), and is sent to the 3BM options. The 
information below shows which 3BM options receive the 
information 3BMO and 3BMI handles syndrome data for channel _)' 
buffers 0 - 3 and 3BM2 and 3 handles syndrome information for 
channel buffers 10 - 13, on the A side of the buffer board. 
3BM20 and 21 handle syndrome data for channel buffers 4 - 7 
and 3BM22 and 23 handle syndrome data for channel buffers 
14 - 17 on the B side of the buffer board. 

3BMO 3BMI 3BM2 3BM3 
140 from 3BDO 140 from 3BDI 140 from 3BD8 140 from 3BD9 
141 from 3BD2 141 from 3BD3 141 from 3BD1O 141 from 3BDll 
142 from 3BD4 142 from 3BD5 142 from 3BD12 142 from 3BD13 
143 from 3BD6 143 from 3BD7 143 from 3BD15* 143 from 3BD14* 

3BM20 3BM21 3BM22 3BM23 
140 from 3BD20 140 from 3BD21 140 from 3BD28 140 from 3BD29 
141 from 3BD22 141 from 3BD23 141 from 3BD30 141 from 3BD31 
142 from 3BD24 142 from 3BD25 142 from 3BD32 142 from 3BD33 
143 from 3BD26 143 from 3BD27 143 from 3BD35* 143 from 3BD34* 

NOTE: *This is different from the order in the rest of the chart. 

Cray Research Proprietary 
Preliminary Information 

10/90 



) 

lOS Model E Hardware Maintenance Manual Buffer Board 

10/90 

C. The error information is held on the 3BM options until a command 
12 is issued to read it back to the EIOP. The error will cause the 
busy flag to stay set which will indicate the need to read this 
information. The programmer will be responsible to have code 
that will check for this condition. 

A command 12, Read SECDED Status, causes Read EIOP 
SECDED Status (R34) to be sent to 181 of the 3BM. This starts a 
timing chain that reads the data into terms that feed SECDED 
Status.(R41 - 42) These terms from 3BMO make 150 - 51, and 
from 3BM1 make EIOP Read Syndrome Data (152 - 53) on 
3BXO. These same I terms from 3BM2 and 3 would make 
150 - 53 on 3BXl. 

181 on the 3BM made from R34 also makes Read EIOP Status In 
Progress (R43), which makes 154, called the same thing, on 
the 3BX. This starts a timing chain that latches 150 - 53 onto the 
3BX option. 

D. A single-bit error will be held over a double-bit error and it will 
overwrite a double-bit error that is being. held on the 3BM options. 
The error will be the first error that occurred. Once a single-bit 
error is in the 3BM option, it will be held until it is written to the 
3BX optionS. 

8. Disabling Error Correction. 

A. If a command 16 is issued with bit 26 set, error correction will be 
disabled. This will cause Enable Error Correction (R28) to be set 
to a zero. This signal is fanned out through the 3BA N + 0 and 1 

. options for this EIOP, and sent to the 3BD options as 137, Enable 
Error Correction. With this term a zero, the checkbits are not 
loaded into terms on the 3BD option which would be used to 
correct the data. 

B. This command will also prevent the correction of HISP data on 
the 3BD option, so the command must be cleared after it is used. 
This can be done with a Master Oear or by issuing another 
command 16 with bit 26 set to a zero. 
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Figure 4-6. EIOP Output from Channel 0 
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EIOP Read Data Fanout 

Term To 

3BMO R10 to 
R11 to 
R12 to 
R13 to 
R14 to 
R15 to 

3BM1 R10 to 
R11 to 
R12 to 
R13 to 
R14 to 
R15 to 

3BM2 R10 to 
R11 to 
R12 to 
R13 to 
R14 to 
R15 to 

3BM3 R10 to 
R11 to 
R12 to 
R13 to 
R14 to 
R15 to 

10/90 

EI0P data fanout from the 3BD options to the 3BM options 

4 5 6 7 14 15 16 17 - - channel number B board ~ ° 1 2 3 10 11 12 13 - - channel number A board 

10, 13, 16, 19, 112, 115, 118, 121, - - 44, 45, 46, 47, 48, 49}t 
11, 14, 17, 110, 113, 116, 119, 122, - - 50, 51, 52, 53, 54, 55 3BMO,20 
12, 15, 18, 111,114,117,120, 123, - - 56, 57,58,59, 60, 61 

10, 13, 16, 19, 112, 115, 118, 121, - - 00, 01, 02, 03, 04, 05} 
11, 14, 17, 110,113, 116, 119, 122, - - 24, 25, 26, 27, 28, 29 3BM1,21 
12, 15, 18, 111,114,117,120, 123, - - 62, 63, 68, 69,70, 71 

10, 13, 16, 19, 112, 115, 118, 121, - - 30, 31, 64, 65, 66, 67} 
11, 14, 17, 110, 113, 116, 119, 122, - - 32, 33, 34, 35, 36, 37 3BM2,22 
12, 15, 18, 111,114,117,120, 123, - - 38, 39,40,41,42, 43 

10, 13, 16, 19, 112, 115, 118, 121, - - 06, 07, 08, 09, 10, ll} 
11, 14, 17, 110,113, 116,119, 122, - - 12, 13, 14, 15, 16, 17 3BM3,23 
12, 15, 18, 111,114,117,120, 123, - - 18, 19,20,21,22, 23 

Table 4-3. EIOP Data A and B Board Fanout from 3BM Option 

EIOP Data 
A Board 

Option Term 

3BXO 118 
3BXO 119 
3BXO 120 
3BX1 118 
3BX1 119 
3BX1 120 

3BXO 110 
3BXO 114 
3BXO 121 
3BX1 110 
3BX1 114 
3BX1 121 

3BXO 115 
3BXO 116 
3BXO 117 
3BX1 115 
3BX1 116 
3BX1 117 

3BXO 111 
3BXO 112 
3BXO 113 
3BX1 111 
3BX1 112 
3BX1 113 

Bits Term 

44-49 3BM20 R10 
50 -55 R11 
56 - 61 R12 
44-49 R13 
50 -55 R14 
56 - 61 R15 

00 - 05 3BM21 R10 
24-29 R11 
62, 63, 68 - 71 R12 
00 -05 R13 
24-29 R14 
62,63,68-71 R15 

30, 31, 64 - 67 3BM22 R10 
32 -37 R11 
38 -43 R12 
30,31,64 - 67 R13 
32 -37 R14 
38 -43 R15 

06 -11 3BM23 R10 
12 -17 R11 
18 -23 R12 
06 -11 R13 
12 -17 R14 
18 -23 R15 
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EIOP Data 
B Board 

To Option Term Bits 

to 3BX20 118 44-49 
to 3BX20 119 50 - 55 
to 3BX20 120 56 - 61 
to -3BX21 118 44- 49 
to 3BX21 119 50 - 55 
to 3BX21 120 56 - 61 

to 3BX20 110 00 - 05 
to 3BX20 114 24-29 
to 3BX20 121 62, 63, 68 - 71 
to 3BX21 110 00 - 05 
to 3BX21 114 24-29 
to 3BX21 121 62, 63, 68 - 71 

to 3BX20 115 30,31,64 - 67 
to 3BX20 116 32 - 37 
to 3BX20 117 38 -43 
to 3BX21 115 30, 31 , 64 - 67 
to 3BX21 116 32 -37 
to 3BX21 117 38 - 43 

to 3BX20 111 06 - 11 
to 3BX20 112 12 - 17 
to 3BX20 113 18 - 23 
to 3BX21 111 06 - 11 
to 3BX21 112 12 - 17 
to 3BX21 113 18 - 23 
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Channel Adapter Write Sequence 

4-22 

This sequence, used with Figure 4-7, describes a write to the buffer board 
from the channel adapter. The only programming commands that will be 
covered will be those that affect the buffer board. The commands for the 
channel adapters are covered in the channel adapter sections. 

1. BOA:16 orBIA:16 Commands. A command 16 on channel 26 or 
27 is issued with the accumulator equal to a zero. The modifier bits 
are not used. Either channel may be used because direction of data 
flow does not need to be indicated. 

EIOP Write Data. EIOP Write Data is the function bits and the 
accumulator bits coming from the EIOP. 

3BX - This function uses the lower six bits of the accumulator as 
the upper buffer address and bits 26, 27, and 28 to set or 
clear certain maintenance modes. Refer to Figure 4-4. 
The function code and the accumulator bits come to the 
3BX option in 4-bit transfers on EIOP Write Data (IO - 3). 

2. BOA:17 orBIA:17 Commands. A command 17 on channels 26 or 
27 is issued with the accumulator set to the starting channel buffer 
address and the modifier bits set for the correct pointer and buffer. 
Refer to Figure 4-5. 

EIOP Write Data. EIOP Write Data is the modifier bits, the function 
bits, and the buffer channel address bits coming from the EIOP. 
This data comes in 4-bit transfers to IO - 3. 

3BX - The first 4-bit transfer is the modifier bits. MO - 1 makes 
Load Pointer a, b, A, B, Encode (R14 - 15) which is sent 
to all four of the 3BA options controlled by the EIOP. 

M2 - 3 are decoded to make one of the four terms Go 
Channel N + x Load Pointer (RIO - 13) on the 3BX 
option. In Figure 4-7, Go Channel N+ 1 Load Pointer 
(R11) is made. 

The function bits are the next transfer and are used to gate 
the channel decode bits into RIO -13. 

The accumulator bits come in the next four, 4-bit 
transfers. This is the buffer channel address and is sent in 
four, 4-bit transfers to the inputs of all four 3BA options. 

3BA - All four 3BA options controlled by the EIOP receive Load 
Pointer a, b, A, B, Encode (I34 - 35) from the 3BX 
option. Only 3BAl will receive Go Channel Load Pointer 
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(I42) from the 3BX option, which will latch 134 -35 on 
this 3BA option only. 

The 3BX option sends the buffer channel address, 
Rl6 -19 to all of the 3BA options controlled by the EIOP. 
In our example, 142 latches the address onto 3BAI only. 
The address arrives on the 3BA options as 130 -33. 

At this point, all of the control information needed from the EIOP has been 
received. The control of the transfer of data from this point on is with 
the channel adapter. 

3. Select Channel Data (Go a or b). These are the control signals from 
the channel adapter that will set the pointers in the correct read/write 
mode and increment the buffer channel address. 

3BA - The channel adapter sends either Select Channel Data (Go 
a or b) (I61 or 162) to the 3BA option at sync + 2 to set 
the pointers in the correct mode. The information below 
shows how the mode is set for each term. The hardware 
allows either pointer to be used for a write to memory. 

Sync + 
Sync + 

Goa Gob 
161 162 

2 
2 

Mode "a" read or "b" write 
Mode "a" write or "b" read 

These signals are only sent once at the beginning of the 
transfer. 

At sync + 3,161 or 162 must be sent with the word of 
data, depending on which pointer is to be used, to write 
the word and increment the correct pointer. The example 
below demonstrates this. 

Figure 4-7 shows a channel adapter writing to channel 
buffer 1 of an EIOP. If the "a" pointer is going to be 
used, Go b (I62) would have been sent at sync + 2 to put 
the "a" pointer in the write mode. Go a (I61) would be 
sent at sync + 3 with each word to load the word onto the 
buffer board and increment the pointer address. 

In the case of a write from a tape that is in read backward 
mode, 161 would also be sent at sync + 4 to decrement the 
channel buffer address. 

5. Write Enable. This signal is sent to the memory chips to allow the 
data to be written to memory. 

Cray Research Proprietary 
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3BA - When the Go a is sent at sync + 3, the 3BA options begin ~) 
to generate the raw write pulses (R30 and R32) that are , 
sent back to 174 and 173, respectively, on the same 3BA 
option. These signals then fonn the Write Enable (R33) 
that is sent to memory with the address and data. 

6. Address. Address is the 16 address bits that are sent to memory 
with each word of data. 

3BA - This option receives the initial channel buffer address 
from the 3BX option and sends the address to memory at 
sync + 0 - 2 with each word of data. The address register 
on the 3BA option is incremented or decremented by the 
Go a or b signals as explained above. 

7. Data. Data is the 72-bit word of data that is sent from the channel 
adapter to the buffer board. No error correction is done to this word 
of data on the buffer board. 

3BA - The check bits (nO -17) are re~ived from the channel 
adapter all at once. The channel adapter sends the data in 
six 12-bit transfers, and the check bits come as a part of 
the sixth transfer. Refer to Table 4-4. Data (RO - 7) are 
the check bits going to memory at sync + 0 - 2. 

3BC - Channel Data (110 - 15) is the data coming to the two 3BC ') 
options from the channel adapter. The 12-bit transfer is 
split between the two options. The even 3BC option 
handles the lower 32 bits of the data word, and the odd 
3BC option handles the upper 32 bits. The data arrives 
on the 3BC options as shown in Table 4-4. Data 
(RO - 31) is the data leaving the 3BC options for memory 
at sync + 0 - 2. 
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Table 4-4. Channel Adapter Data 

10/90 

Sync Time Even 3BC Option 

0 Bits 2 26 - 231 

1 Bits 2 20 - 225 

2 Bits 214 _ 2 19 

3 Bits 2 8 - 2 13 

4 Bits 22 - 27 

5 Bits 20 - 21 

Cray Research Proprietary 
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Odd 3BC Option 

Bits 2 58 - 2 63 

Bits 2 52 - 2 57 

Bits 2 46 - 2 51 

Bits 2 40 - 2 45 

Bits 2 34 - 2 39 

Bits 2 32 - 2 33 

Buffer Board 

3BA Option 

None 

None 

None 

None 

None 

Bits 2 64 - 271 
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This sequence, shown in Figure 4-8, describes a read from the buffer 
board to a channel adapter. The only programming commands that will be 
covered will be those that affect the buffer board. The commands for the 
channel adapters are covered in the channel adapter sections. 

1. BOA: 16 or BIA: 16 Commands. A command 16 on channel 26 or 
27 is issued with the accumulator equal to a zero. The modifier bits 
are not used. Either channel may be used because direction of data 
flow does not need to be indicated. 

EIOP Write Data. EIOP Write Data is the function bits and the 
accumulator bits corning from from the EIOP. 

3BX - This function uses the lower 6 bits of the accumulator as 
the upper buffer address and bits 26, 27, and 28 to set or 
clear certain maintenance modes. Refer to Figure 4-4. 
The function code and the accumulator bits corne to the 
3BX option in 4-bit transfers on EIOP Write Data (IO - 3). 

2. BOA:17 or BIA:17 Commands. A command 17 on channels 26 or 
27 is issued with the accumulator set to the starting channel buffer 
address and the modifier bits set for the correct pointer and buffer. 
Refer to Figure 4-5. 

EIOP Write Data. The EIOP Write Data is the modifier bits, the 
function bits, and the buffer channel address bits corning from the 
EIOP. This data comes in 4-bit transfers to IO - 3. 

3BX - The first 4-bit transfer is the modifier bits. MO - 1 makes 
Load Pointer a, b, A, B, Encode (R14 - 15) which is sent 
to all four of the 3BA options controlled by the EIOP. 

M2 - 3 are decoded to make one of the four terms Go 
Channel N + x Load Pointer (RIO - 13) on the 3BX 
option. In Figure 4-8, Go Channel N + 1 Load Pointer 
(Rll) is made. 

The function bits are the next transfer and are used to gate 
the channel decode bits into RIO -13. The address leaves 
the 3BX option as R16 - 19. 

The accumulator bits corne in the next four, 4-bit 
transfers. This is the buffer channel address and is sent in 
four 4-bit transfers to the inputs of all four 3BA options. 
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3BA - All four 3BA options controlled by the EIOP receive Load 
Pointer a, b, A, B, Encode (I34 - 35) from the 3BX 
option. Only 3BA1 will receive Go Channel Load POinter~) 
(142) from the 3BX option, which will latch I34 -35 on 
this 3BA option only. 

The 3BX option sends the buffer channel address to all 
3BA options controlled by the EIOP. In Figure 4-8, 142 
latches the address on to 3BA1 only. The address arrives 
on the 3BA options as I30 -33. 

At this point all of the control infonnation needed from the EIOP has been 
---

received. From this point on, the channel adapter controls the transfer of 
data. 

3. Select Channel Data (Go a or b). These are the control signals from 
the channel adapter that will set the pointers in the correct read/write 
mode and increment the buffer channel address. 

3BA - The channel adapter sends either 161 or 162, Select 
Channel Data (Go a or b), to the 3BA option at sync+2 to 
set the pointers in the correct mode. The infonnation 
below shows how the mode is set for each term. The 
hardware allows either pointer to be used for a read from 
memory. 

Sync + 
Sync + 

Goa 
161 

2 

Gob 
162 

2 
Mode "a" read or "b" write 
Mode "a" write or "b" read 

These signals are only sent once at the beginning of the 
transfer. 

At sync + 3, 161 or 162 must be sent, depending on which 
pointer is to be used, to read the word from memory and 
to increment the address. The example below 
demonstrates this. 

Figure 4-8 shows a channel adapter reading from channel 
buffer 1 of an EIOP. If the "b" pointer is going to be 
used, Go b (I62) would have been sent at sync + 2 to put 
the "b" pointer in the read mode. Go b, (I62) would be 
sent at sync + 3 with each word to read the word from 
memory and increment the pointer address. 

4. Address. Address is the 16 address bits that are sent to memory 
with each word of data. 
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3BA - This option receives the initial channel buffer address 
from the 3BX option and sends the address to memory at 
sync + 0 - 2 to read a word of data from memory. The 
address register on the 3BA option is incremented by the 
Go a or Go b signals as explained above. 

5. Data Data is the 72-bit word of data that is sent from the buffer 
board to the channel adapter. No error correction is done to this 
word of data on the buffer board. 

3BD - The 72-bit word leaves memory and is latched onto two 
3BD options at sync + 2. The even 3BD option receives 
data bits 20 - 231 and check bits 264 - 267, and the odd 
3BD option receives data bits 232 - 263 and check bits 
268 - 271. The data arrives as IO - 31 and the check bits 
arrive as 132 - 35. This data passes through the 3BD 
options and is sent in 12-bit transfers (6 bits from each 
option) to the channel adapter. Data leaves the 3BD 
option as shown in Table 4-5. 

Table 4-5. Channel Adapter Data Leaving the 3BD Option 

Sync Tima Evan 3BD Option Odd 3BD Option 

4 Bits 2 26 - 2 31 Bits 2 58 - 2 63 

5 Bits 220 - 2 25 Bits 2 52 - 2 57 

0 Bits 214 - 2 19 Bits 2 46 - 2 51 

1 Bits 2 8 - 2 13 Bits 240 _ 2 45 

2 Bits 22 - 27 Bits 2 34 - 2 39 

3 Bits 2 64 - 2 67, 20, 21 Bits 2 68 - 2 71 , 2 32, 233 

Channel adapter data leaves the 3BD options as RlO - 15. 
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This sequence, shown in Figure 4-9, describes a write to the 
buffer board from one of the HISP channels. The numbers in the options 
are for the A side of the buffer board. 

The EIOP must program the starting address and buffer pointer for the 
channel buffer that is going to be used. That sequence is described in the 
channel adapter write sequence that is just before Figure 4-7. Items 1 and 
2 of that sequence describe the commands that need to be issued. The 
EIOP that is used to set up the channel buffer must be the one that controls 
that channel buffer. 

1. Clear Buffer and Parameter Select These signals are received on 
the buffer board from the HCM and are used to clear the buffer 
board, to select the correct pointer, and to select the correct buffer. 

3BH-

3BB -

HISP Input Clear Channel (Ill) is received and clears the 
channel buffer bits, the Select A or B, the Sample HISP 
Data Input Read and Write Buffer Addresses, and the 
Error Information on the 3BH option. The 3BH option 
sends Oear Channel (R18) to the 3BB options. 

HISP Input Parameters (Il3) is the buffer channel number 
and the pointer A or B Select. The first 4 bits that are 
received are the channel number starting with the least 
significant bit. Four bits are needed to select one of the 
16 channel buffers. The fifth bit to be transferred is the A 
or B Select. This data is stored on the 3BH option and 
passed on to the 3BB options. 

The 3BH option sends Oear Channel (R18) to the 3BB 
options. HISP Input Oear Channel (130) is received on 
the 3BB options and clears the Channel Buffer bits and 
the B Select. 

HISP Input Parameter (R19) from the 3BH option, is sent 
to the HISP Input Channel Parameter (131) on the 3BB 
options. This loads the 4 bits that are the channel number 
and the B Select bit onto the 3BB options. 

2. Parameter Select. The Parameter Select is sent from the HCM each 
time that a word of HISP data is sent to the buffer board. 

3BH - HISP Input Parameters (Il2) starts a 9 CP HISP Input 
Sample Data timing chain that is used to load syndrome 
codes onto the 3BH option, load the read or write buffer 
address into R20 - 24, make Write Buffer (R17), going to 
the 3BB options, increment the write and read buffer 
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address, and make Buffer Readout Read Ahead (R25) 
when it is needed. Sample HISP Data (R15) is also made 
from Il2 and is sent to the 3BI options. 

3. Sample msp Data. Sample HISP Data is sent from the 3BH option 
to the 3BI options each time a word of incoming HISP data is 
received. 

3BH - Sample msp Data (R15) is made from msp Input 
Parameters (I12) and is sent to the In of the 3BI option. 

3BI - Read HISP (In) is received from the 3BH option and 
latches the incoming word of data into the 3BI options. 
Before being latched to the options, this data passes 
through differential amplifiers. IO - 63 are the 32 bits of 
data coming onto each 3BI option, and 164 - 71 are the 
4 check bits that come to each of these options. 

4. HISP Data Input Bits. These are the data bits coming to the buffer 
board from the HISP cables and can be either CPU or SSD data. 

3BI - HISP Data Input Bits (IO - 63) are the data bits coming 
from the HISP drop cables. Thirty-two bits come to each 
of the 3BI options and pass through differential amplifiers 
before being latched onto the option. 164 - 71 are the 4 
check bits coming to each 3BI option. The check bits also .'.) 
pass through differential amplifiers. ' 

5. Enable Error Correct. The Enable Error Correct signal is sent to the 
3BI option to allow error correction to be done on the incoming 
HISP data word. 

3BH - The 3BH option sends Enable Error Correction (R26) to 
the 3BI option. A command 17, HIA:17, with the 
accumulator equal to a seven, will stop this signal. 

3BI - If the 3BI options receive an Enable Error Correction 
(I84) from the 3BH option, SECDED is performed on the 
incoming word of HISP Data. Each 3BI option generates 
partial syndrome on the 32 data bits it receives and sends 
this partial syndrome to the other 3BI option. Eight bits 
are generated and sent off the option. The two 4-bit 
transfers leave the 3BI options as Partial Syndrome 
(RIO - 13). 

180 - 83 is the partial syndrome coming from one 3BI 
option to the other one. The 8 bits of partial syndrome are 
used on the 3BI option to generate the final syndrome to 
be used to check and correct the msp data. 
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Syndrome. A Syndrome is sent back to the 3BH option from the 
3Bloption. 

3BI- Syndrome (R20 - 21) from the 3BI options is sent to the 
3BH option. 

3BH- Syndrome data is received from 3BIO as I14 - 15 and 
from 3BI1 as I16 - 17. This data is latched to the 3BH 
option by the HISP Input Sample Data counter started by 
I12.- The 3BH option then sends the error infonnation 
back to the HCM through R30 - 31. 

Buffer Address. The Buffer Address is the read and write address 
that is sent to the 3BB options for the 32-word buffers on these 
options. 

3BH- Buffer Address (R20 - 24) is sent to the 3BB options and 
is a MUX of the address for both the write-to and read 
from the buffers on the 3BB options. The address on 
these lines is a read address except at count seven of the 
HISP Input Sample Data timing chain started by I12. 
During count seven the write address is presented to the 
3BB options. The write buffer address is incremented at 
count seven, and the read buffer address is incremented at 
sync + 0 if the write and read buffer address are not 
equal. 

3BB - The Buffer Address comes from the 3BH option as 
no - 14. This address slides through four sets oftenns 
to address the four buffer ranks on the 3BB options. 

Read HISP Data (Write Buffer). This buffer is used as a write 
enable for the buffers on the 3BB options. 

3BH- Read HISP Data (Write Buffers) (R17) is sent to the 3BB 
options with the Write Buffer Address to write a word of 
Data into the buffers on the 3BB options. This signal is 
sent at count seven of the HISP Input Sample Data timing 
chain. 

3BB - Read HISP Data (Write Buffer) (I17) is received from 
the 3BH option and slides through four tenns to make the 
write enables for the four buffer ranks on the 3BB option. 

HISP Data to Buffers. HISP Data to Buffers is the data leaving the 
3BI options going to the 3BB options. 
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3BI - Corrected HISP data leaves the 3BI options as RO - 7, 
and check bits leave the 3BI option as R8. It takes four 
transfers to send each word of data. 

3BB - HISP Input Data (IO - 8) comes from the 3BI options and 
is written into the 32-word buffers on the 3BB options. 
The information below shows which R terms on the 3BI 
option sends data to which I terms on the 3BB options, 
and which bits are handled on which option. 

3BIO sends RO - 3 to IO - 3 on 3BBO 
3BIO sends R4 - 7 to 14 - 7 on 3BB 1 
3BIO sends R8 to 18 on 3BB 1 
3BIl sends RO - 3 to IO - 3 on 3BB 1 
3BIl sends R4 - 7 to 14 - 7 on 3BBO 
3BIl sends R8 to 18 on 3BBO 

3BBO handles bits 20 - 23, 28 - 211, 216 - 219 , 
2~-~,2~-~,~4_2~,2~-2~,200-~,and 

268 - 271 

3BBI handles bits 24 - 27, 212 - 215, 220 - 223, 
228 _ 231 , 232 _ 235, 240 _ 243, 248 _ 251 , 256 - 259, and 
264 _ 267 

10. Go HISP Write Reference. The Go HISP Write Reference is sent 
from the 3BH option to the 3BB options to send data from the 3BB 
options on memory. 

3BH - Go HISP Write Reference (R16) is sent to the 3BB 
options if the write and read buffers are not equal at 
sync + O. 

3BB - Go HISP Write Reference (132 and 133) comes from the 
3BH option and is used to latch the channel number and 
NB Select into terms that will make the correct R tenus 
(R20 - 27) that are sent onto the 3BA option. 

11. Buffer Readout Read Ahead. The Buffer Readout Read Ahead is 
sent from the 3BH option to the 3BB option to resolve read and 
write conflicts in the buffers on the 3BB options. 

3BH - Buffer Readout Read Ahead (R25) is sent to the 3BB 
option if count six of the HISP Input Sample Data counter 
and sync + 5 happen at the same time. 

3BB - If a conflict of a read and a write from the buffers occurs, 
the read will be held up for 1 CPo Buffer Readout Read 
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12. 

Ahead (121) causes the data to be read from the correct 
terms. 

H1SP Data to Buffers. The HISP Data to Buffers is the word of 
H1SP data leaving the 3BB option and going to fanin. 

3BB - Data leaving the buffers on the 3BB options are sent to 
fanin based on the tinformation listed in subsection, 
High-speed Data Fanin into Channel Memory. RO - 8 is 
the data leaving each 3BB option. It takes four transfers 
to send all 72 bits. 

13. Select Channel N + x HISP Data. This signal is sent to the correct 
3BA option to latch the data in from the fanin explained above. 

3BB - The 3BB option receives the channel number and AlB 
encode from the 3BH option and sends R20 - 27, Select 
Channel N + x H1SP Data, to the correct 3BC and 3BA 
options. Figure 4-9 shows where each of these signals 
goes from the 3BB options on the A side of the buffer 
board. 

14. Select Onboard/Offboard HISP Data. These signals come to the . 
3BA and 3BC options from R20 -27 on the 3BB options. 

3BA - Select Onboard H1SP Data (163) and Select Offboard 
H1SP Data (164) come from one of the R terms above. 
These terms, at sync + 3, mean there is a write reference, 
at sync + 4 they mean the B pointer is to be used, and at 
sync + 5 they mean it is a read reference. This signal 
latches the check bits on to the 3BA option and also 
begins the process to generate the write enable signal. 

3BC - Select Onboard HISP Data ( 163) and Select Offboard 
HISP Data (164) come from the 3BB option and starts a 
timing chain that latches the data coming from the fanin on 
to the 3BC option. The 32 bits of data are latched in four 
8-bit transfers. 

15. Data. The Data is the data leaving the 3BA and 3BC options going 
to the channel buffer memory array. 

3BA - The H1SP check bits going to memory are loaded into 
Data (RO - 7), and are presented to the memory chips at 
sync + 3 - 5. 

3BC - The HISP data going to memory is loaded into Data 
(RO - 31), and is presented to the memory chips at 
sync + 3 - 5. 
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16. Address. The Address is the address that is sent to address the 
memory chips. 

3BA - The 16-bit address (RIO - 25) is sent to memory at 
sync + 3 - 5 for HISP Data, along with the data. 

17. Write Enable. This signal is sent with the address and word of data 
to allow the data to be written into the memory chips. 

3BA - When I63 or I64 come to the 3BA option at sync + 3 they 
start the generation of the write enable pulse. The Raw 
Write Enable (R30 - 32) is fed back to the same 3BA 
option as 174 and I73 respectively, ~d these signals are 
used to make Write Enable (R33). This signal goes to 
memory and allows the memory chips to be written to. 
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HISP data leaving the 3BB options on the A board is fanned in in the 
following manner: 

For Channels 0, 1,2,3 
From 3BBO From 3BBI 

RO BC02 140 on 00, 08, 16, 24 
Rl BC02 141 on 01,09, 17,25 
R2 BAOI 136 on 02, 10, 18, 26 
R3 BC03 140 on 03, 11, 19,27 
R4 BC03 141 on 36,44,52,60 
RS BD02 190 on 37, 45, 53, 61 
R6 BD02 191 on 38, 46, 54, 62 
R7 BD03 190 on 39,47,55,63 
R8 BD03 191 on 68, 69, 70, 71 

RO BC06 
Rl BC06 
R2 BA03 
R3 BC07 
R4 BC07 
R5 BD06 
R6 BD06 
R7 BD06 
R8 BD06 

140 on 04, 12, 20, 28 
141 on OS, 13,21,29 
136 on 06, 14,22, 30 
140 on 07, 15, 23, 31 
141 on 64, 65, 66, 67 
190 on 32, 40, 48, 56 
191 on 33,41,49, 57 
190 on 34, 42, 50, 58 
191 on 35,43,51, 59 

RO' 
Rl' 
R2' 
R3' 
R4' 
R5' 
R6' 
R7' 
R8' 

ROa 
RIa 
R2a 
R3a 
R4a 
RSa 
R6a 
R7a 
R8a 

I'~ iOn For Channels 10, 11, 12, 13 
BCl<U~ on 00, 08, 16, 24' RO' BC14 140 on 
BCI0'~~on 01,09, 17,25' Rl' BC14 141 on 
BA05 I3&i~ 02, 10, 18, 26' R2' BA07 136 on 
BCll 140 6tV~ 11, 19,27' R3' BC15 140 on 
BCll 141 on 1Jl)M" 52, 60' R4' BC15 141 on 
BDlO 190 on 3f.45AP, 61' RS' BD14 190 on 
BDlO 191 on 38, 45(i.(t~' R6' BD14 191 on 
BDll 190 on 39,47, 5'.5J. ,,: R7' BD15 190 on 
BDll 191 on 68, 69, 70, 71l- ~8' BD15 191 on 

I;,(J).. 
For Channels 4: t;:/oJ" 

BC20 140 off 00,08,16,24 ROa ~ }40 off 
BC20 141 off 01,09, 17,25 RIa BC24 141 off 
BA20 136 off 02, 10, 18, 26 R2a BA22 136 off 
BC21 140 off 03, 11, 19,27 R3a BC25 140 off 
BC21 141 off 36,44,52,60 R4a BC25 141 off 
BD20 190 off 37, 45, 53, 61 RSa BD24 190 off 
BD20 191 off 38, 46, 54, 62 R6a BD24 191 off 
BD21 190 off 39,47,55,63 R7a BD25 190 off 
BD21 191 off 68, 69, 70, 71 R8a BD33 191 off 

For Channels 14, 15, 16, 17 

04, 12, 20, 28' 
05, 13, 21, 29' 
06, 14,22, 30' 
07, 15,23,31' 
64, 65, 66, 67' 
32,40,48, 56' 
33,41,49, 57' 
34, 42, 50, 58' 
35,43, 51, 59' 

04, 12, 20, 28 
05, 13, 21, 29 
06, 14, 22, 30 
07, 15,23,31 
64, 65, 66, 67 
32,40,48,56 
33, 41, 49, 57 
34,42,50,58 
35,43,51,59 

ROa' BC28 140· 
RIa' BC28 141 
R2a' BA20 136 
R3a' BC29 140 
R4a' BC29 141 
R5a' BD28 190 
R6a' BD28 191 
R7a' BD29 190 
R8a' BD29 191 

off 00, 08, 16, 24' ROa' BC32 140 
off 01, 09, 17,25' RIa' BC32 141 
off 02, 10, 18, 26' R2a' BA26 136 
off 03, 11, 19, 27' R3a' BC33 140 
off 36,44, 52, 60' R4a' BC33 141 
off 37,45, 53, 61' RSa' BD32 190 
off 38, 46, 54, 62' R6a' BD32 191 
off 39,47, 55, 63' R7a' BD33 190 
off 68, 69, 70, 71' R8a' BD25 191 

off 04, 12, 20, 28' 
off OS, 13, 21, 29' 
off 06, 14, 22, 30' 
off 07, 15,23,31' 
off 64, 65, 66, 67' 
off 32, 40, 48, 56' 
off 33,41,49, 57' 
off 34, 42, 50, 58' 
off 35,43, 51, 59' 
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NOTE: A not sign at the end of a group of tenns indicates all tenns are 
notted (00, 08, 16, 24' = 00', 08', 16', 24'). The words "off' 
and "on" in the charts above indicate offboard and onboard HISP ) 
data respectively. Data continues through the above options as 
follows: 

BC 140 - 41 makes B40 - 41 which makes R40 - 41 
BA 136 makes K36 which makes R36 
BD 190 - 91 makes YO - 1 which makes R60 - 61 

The above R tenns send the HISP data to the correct 3BC and 
3BA options for the channel the data is intended for. 

HISP data is sent to the correct channel options on the A board as follows: 

Channels 00, 01, 02, 03 
BCOO, 02, 04, 06 

Offboard HISP Data Onboard HISP Data 
130 from BCOO R40 00,08, 16,24 I20 from BC02 R40 00,08, 16,24 
131 from BCOO R41 01,09,17,25 I21 from BC02 R41 01,09, 17,25 
132 from BAOO R36 02, 10, 18,26 I22 from BA01 R36 02, 10, 18,26 
133 from BC01 R40 03, It, ~9; 27 I23 from BC03 R40 03, 11, 19,27 
134 from BC04 R40 04, 12, 20, 28 I24 from BC06 R40 04, 12, 20, 28 
135 from BC04 R41" 05; 13,21,29 I25 from BC06 R41 05, 13,21,29 
136 from BA02 ·R36 '06, 14,22, 30 I26 from BA03 R36 ;)6, 14,22, 30 \, 
137 from BC05 R40 07, 15,23, 31 I27 from BC07 R40 07, 15,23,31 "J 

BC01, 03, 05,07 
130 .,frQm 'B:004 R60 32, 40, 48, 56 I20 from BD06 R60 32, 40, 48, 56 
13'1 from BD04 R61 33,41,49,57 I21 from BD06 R61 33,41,49,57 
132 from BD05 R60 34, 42, 50, 58 I22 from BD07 R60 34, 42, 50, 58 
133 from BD05 R61 35,42,51,59 I23 from BD07 R61 35,43,51,59 
134 from BC01 R41 36,44,52,60 I24 from BC03 R41 36,44.52,60 
135 from BDOO R60 37,45,53, 61 I25 from B:002 R60 37,45,53,61 
136 from BDOO R61 38,46, 54, 62 I26 from BD02 R61 38, 46, 54, 62 
137 from BD01 R60 39,47,55,63 I27 from BOO3 R60 39,47,55,63 

BAoo, 01, 02, 03 
I22 from BC05 R41 64,65,66,67 I I20 from BC07 R41 64, 65, 66, 67 
I23 from BDOI R61 68, 69, 70, 71 I21 from BOO3 R61 68, 69, 70, 71 
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130 
131 
132 
133 
134 
135 
136 
137 

130 
131 
132 
133 
134 
135 
136 
137 

122 
123 

10/90 

Channels 10, 11, 12, 13 
BC08, 10, 12, 14 

from BC08 R40 00,08,16,24 120 from BClO R40 00, 08, 16, 24 
from BC08 R41 01,09, 17,25 121 from BClO R41 01, 09, 17, 25 
from BA04 R36 02, 10, 18,26 122 from BA05 R36 02, 10, 18, 26 
from BC09 R40 03, 11, 19,27 123 from BC11 R40 03, 11, 19,27 
from BC12 R40 04,12,20,28 124 from BC14 R40 04, 12, 20, 28 
from BC12 R41· 05, 13,21,29 125 from BC14 R41 05, 13, 21, 29 
from BA06 R36 06,14,22,30 126 from BA07 R36 06,14,22,30 
from BC13 R40 07, 15,23, 31 127 from BC15 R40 07, 15, 23, 31 

BC09, 11, 13, 15 
from BD12 R60 32,40,48,56 120 from BD14 R60 32,40,48,56 
from BD12 R61 33,41,49,57 121 from BD14 R61 33,41,49,57 
from BD13 R60 34,42,50,58 122 from BD15 R60 34,42,50,58 
from BD13 R61 35,43,51,59 123 from BD15 R61 35,43,51,59 
from BC09 R41 36,44,52,60 124 from BC11 R41 36,44,52,60 
from Boo8 R60 37,45,53,61 125 from BDlO R60 37,45,53,61 
from Boo8 R61 38,46,54,62 126 from BDlO R61 38,46,54,62 
from BD09 R60 39,47,55,63 127 from BDll R60 39,47,55,63 

BA04, 05, 06,07 
from BC13 R41 64,65,66,67 I 120 from BC15 R41 64,65,66,67 
from BD09 R61 68, 69, 70, 71 121 from BD11 R61 68, 69, 70, 71 

NOTE: To use this chart for the B side simply add 20 to the option 
number. Channel numbers would be 04, OS, 06, 07 and 14, 15, 
16, 17. 
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(MEM) 
Buffer Read Data Bits N + 0 - 31 10 -31 

(MEM) 
Check BIts N + 0-3 132-35 

(EXl) 
Enable Error Correction 137 

(3BD1) 
PartialSyndrama 140-47 

(3BD1) 
No Off Chip Error Byte Decode ISO 

(3BM) 
OnboanliOffboard H ISP Data Rebuild 170,171 

LoadiAdvance Onboard HISP Data 180 

LoadiAdvance Offboard HISP Data 181 

38H 
~ 
RIO' 

HISP Data 
Buffer Control 

(3BM 0& 1) 

(3BM 2 &3) 

(3BM 20& 21) 

) (3BM 22 & 23) 

(EXl) 

Syndrome Data Onboard Channa! N + 0 - 3 
RO Buffer Write Enable 

13,14 (3BM) 

Rl,R2 Write Buffer Adaeas 
(3BM) Syndrome Data Onboard Channa! N + 10 - 13 15,15. 

R3,R4 Read Buffer Address 
(3BM) 

Syndrome Data Offboard Channa! N + 0 - 3 17,18 
Rs' Clear Chamel 

Syndrome Data Offboard Channa! N + 10 - 13 19,110 
(3BM) 

R7' Paramel8rs 

HISP Output Clear Chann.1 10 
(3BM) 

R9 Loadl Advance Onboard Buffer Data 
(3BD) 

(EXl) 
HISP Ouput Paramet.rs 11 Rl1 Loadl Advance Offboard Buffer Data 

(3BD) 

(EXl) 
HISP Output Parameters 12 

~ 
~ 

LoadiAdvance Offboard HISP Data 181 

LoadiAdvance Onboard HISP Data 180 

(3BM) 
OnboanliOffboard HISP Data Rebuild 170,171 

(3BDO) No Off Chip Error Byte Decode [SO 

(3BDO) 
Partial Syndrome [40 -47 

(EXl) 
Enable Error Correction 137 

(MEM) 
Check BIts N + 0-3 132-35 

(MEM) 
Buffer Read Data Bits N + 0 - 31 [0 -31 

) 
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38DO 
RO 

EIOPSECDED Rl 

Buffer Read 
Data BIts 

R2 

(20 _ 231 ), 

(264- 267) 
R3 

HISPSECDED R4 

R5 

RSO - 55 

R20 - 27 

R30 

R40 

R60, RSI 

38D1 RO 

EIOPSECDED 
Rl 

Buffer R.ad R2 
Data BIts 

(232_ 263), R3 
(268 _271 ) 

R4 HISPSECDED 

R5 

RSO - 55 

R20 - 27 

R30 

R40 

RSO, RSI 

HISPor EIOP Bits (20 - 26 ) 0 
HISP or EIOP Bits (2 6 _ 2") 

0 
HISP or EIOP Bits (2'2 _ 2'7) 

0 
HISP or EIOP Bits (2 18_ 223 ) 

0 
HISP or EIOP Bits (224_ 2~) 

0 
HISP or EIOP Bits (230 _ 231 ) and (264 _ 267 ) 

0 
HISP Data Rebuild 

(EXl) 
Partial Syndrome 

(3BD1) 
Syndrome 

(3BMO) 

No On Chip Error Byte Decode 
(3BD1) 

Fanout 

HISP or EIOP Data Bits (232 - 237 ) ..(A) -HISP or EIOP Data Bits (238 _ 2(3 ) 
B 

HISPor EIOP Data Bits (244_ 24g) 
C 

HISP or EIOP Data Bits (260 _ 266 ) 
0 

HISP or EIOP Data Bits (266 - 261 ) 
E 

HISPar EIOP Data Bits (~- 263 ) and (268_271) 
F 

HISP Data Rebuild 

Partial Syndrome 

Syndrome 

No On Chip Error Byte Decode 

Fanout 

( EXl) 

(3BD 0) 

Ml) 

0) 

(3B 

(3BD 

Figure 4-10. HISP Output From Channel 0 
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(3BD) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BB) 

(3BB) 

(Fanout) 

o 
~ 

(3BD) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BB) 

(3BB) 

(Fanout) 

G) 

~ 
(3BD) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BB) 

(3BB) 

(Fanout) 

o 
~ 
(3BD) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BH) 

(3BB) 

(3BB) 

(Fanout) 

HISP or EIOP Data Bits (2 44 - 24g ) 10 

HISP or EIOP Data Bits (260 _ 266 ) 11 

HISP or EIOP Data Bits (266 _ 261 ) 12 

Channel N + 0 - 3/10 - 13 Syndrome Data Bits 140 -43· 

Onboard HISP Wrlt. Butter Address 150,151 

Onboard HISP Buffer Wrlte Enable 152 

Onboard HISP Read Buffer Address 153,154 

Offboard HISP Wrlta Buff.r Addr.ss 155,155 

Offboard HISP Buffer Wrlt. Enable 157 

Offboard HISP Read Buffer Address 158,159 

Onboard HISP Control 150,161 

Offboard HISP Control 163,164 

Sync 166 

HISP or EIOP Data Bits (20 _ 26 ) 10 

HISP or EIOP Data Bits (224 - 2~) 11 

HISP or EIOP Data Bits (262 - 263) and (268 - 271) 12 

Channel N + 0 - 3/10 -13 Syndrome Data Bits 140-43 

Onboard HISP Wrlte Butter Address 150,151 

Onboard HISP Buff.r Wrlt. Enable 152 

Onboard HISP Read Buffer Address 153,154 

Offboard HISP Wrlta Buffer Address 155,156 

Offboard HISP Buffer Wrlte Enable 157 

Offboard HISP Read Buff.r Address 158,159 

Onboard HISP Control 160,161 

Offboard HISP Control 163,164 

Sync 166 

HISP or EIOP Data Bits (~- 231 ) and (i" -267 ) 10 

HISP or EIOP Data Bits (~_ 2 37) 11 

HISPor EIOP Data Bits (~- 2(3) 12 

Channel N + 0 - 3/10 - 13 Syndrome Data Bits 140 -43 

Onboard HISP Wrlte Butter Addr.ss 150,151 

Onboard HISP Butter Wrlte Enable 152 

Onboard HISP Read Buffer Address 153,154 

Offboard HISP Wrlte Buffer Address 155,156 

Offboard HISP Buffer Wrlte Enable 157 

Offboard HISP Read Buffer Addr.ss 158,159 

Onboard HISP Control 160,161 

Offboard HISP Control 163,164 

Sync 166 

HISPor EIOP Data Bits (26 _ 2") 10 

HISP or EIOP Data Bits (2 '2 _ 2'7) 11 

HISP or EIOP Data Bits (2'8 _ 223 ) 12 

Channel N + 0 - 311 0 - 13 Syndrome Data Bits 140 -43 

Onboard HISP Wrlte Butter Address 150,15\ 

Onboard HISP Buffer Wrlte Enable 152 

Onboard HISP Read Buffer Addr.ss 153,154 

Offboard HISP Wrlte Buffer Address 155,[56 

Offboard HISP Buffer Wrlte Enable 157 

Offboard HISP Read Buffer Address [58,159 

Onboard HISP Control 160,161 

Offboard HISP Control 163,164 

Sync 165 

Buffer Board 

3BMO 

RO - 2 Onboard HISP Read Data 
Output (3BD) 

Data 
Mux 

R3 - 5 Offboard HISP Read Data 
(3BD) 

R20 Onboard HISP Read Syndrom. Data Bit 
(3BHO) 

R21 Offboard HISP Read Syndrome Data Bit 
(3BH20) 

3BM1 

RO - 2 Onboard HISP Read Data 
Output (3BD) 

Data 
Mux 

R3 - 5 Offboard HISP Read Data 
(3BD) 

R20 Onboard HISP Read Syndrome Data Bit 
(3BHO) 

R21 Offboard HISP Read Syndram. Data Bit 
(3BH20) 

38M2 

RO - 2 Onboard H ISP Read Data 

Output 
(3BD) 

Data 
Mux R3 - 5 Offboard HISP Read Data 

(3BD) 

R20 Onboard HISP Read Syndram. Data Bit 
(3BHO) 

R21 Offboard HISP Read Syndrome Data Bit 
(3BH20) 

3BM3 

RO - 2 Onboard HISP Read Data 
(3BD) 

Output 
Data 
Mux R3 - 5 Offboard HISP Read Data 

(3BD) 

R20 Onboard HISP Read Syndrome Data Bit 
(3BHO) 

R21 Offboard HISP Read Syndrome Data Bit 
(3BH20) 
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High-speed Read Data Fanout 

Term To 

38MO RO to 
R1 to 
R2 to 
R3 to 
R4 to 
R5 to 

38M1 RO to 
R1 to 
R2 to 
R3 to 
R4 to 
R5 to 

38M2 RO to 
R1 to 
R2 to 
R3 to 
R4 to 
R5 to 

38M3 RO to 
R1 to 
R2 to 
R3 to 
R4 to 
R5 to 

10/90 

The infonnation below shows HISP data fanin from the 3BD options to 
the 3BM options. 

4 5 6 7 14 15 16 17 - - channel number B board ~ ° 1 2 3 10 11 12 13 - - channel number A board ~. 

ro, 13, 16, 19, Il2, n5, Il8, I21, - - 44, 45, 46, 47, 48, 49} Y 
II, 14, 17, IlO, Il3, n6, Il9, 122, - - 50, 51, 52, 53, 54, 55 3BMO,20 
12, IS. 18, Ill, I14, n7, 120, 123, - - 56, 57, 58, 59, 60, 61 

ro, 13, 16, 19, Il2, n5, Il8, 121, - - 00, 01, 02, 03, 04, os} 
n, 14, 17, no, 113, n6, Il9, 122, - - 24, 25, 26, 27, 28, 29 3BM1,21 
12, 15, 18, Ill, 114, Il7, 120, 123, - - 62, 63, 68, 69, 70, 71 

ro, 13, 16, 19, 112, 115, Il8, 121, - - 30, 31, 64, 65, 66, 67} 
11, 14, 17, no, 113, 116, 119, 122, - - 32, 33, 34, 35, 36, 37 3BM2,22 
12, 15, 18, 111,114,117,120, 123, - - 38, 39,40,41,42, 43 

ro, 13, 16, 19, 112, 115, 118, 121, - - 06, 07, 08, 09, 10, II} 
11, 14, 17, 110, 113, 116, 119, 122, - - 12, 13, 14, 15, 16, 17 3BM3,23 
I2, 15, 18, 111,114,117,120, 123, - - 18, 19,20,21,22, 23 

Table 4-6. H1SP Data A and B Board Fanout from 3BM Options 

HISP Data 
A 80ard 

Option Term 

3808 I70 
3805 I70 
3806 I70 
38028 I71 
38025 I71 
38026 171 

3800 I70 
38012 I70 
38010 I70 
38020 I71 
38032 I71 
38030 I71 

3809 I70 
38013 I70 
38014 170 
38029 I71 
38033 I71 
38034 I71 

3801 I70 
3802 170 
3804 I70 
38021 171 
38022 I71 
38024 I71 

8~s Term 

44-49 38M20 RO 
50 -55 R1 
56 - 61 R2 
44-49 R3 
50 -55 R4 
56 - 61 R5 

00 - 05 38M2.1 RO 
24-29 R1 
62, 63, 68 - 71 R2 
00 - 05 R3 
24-29 R4 
62,63,68-71 R5 

30, 31, 64 - 67 38M22 RO 
32 -37 R1 
38- 43 R2 
30,31,64- 67 R3 
32-37 R4 
38 - 43 R5 

06 -11 38M23 RO 
12 -17 R1 
18 - 23 R2 
06 -11 R3 
12 - 17 R4 
18 - 23 R5 

Cray Research Proprietary 
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HISP Data 
880ard 

To Option Term 8its 

to 38028 I70 44 -49 
to 38025 I70 50 -55 
to 38026 170 56 - 61 
to 3808 171 44-49 
to 3805 I71 50 -55 
to 3806 171 56 - 61 

to 38020 I70 00 - 05 
to 38032 170 24-29 
to 38030 170 62, 63, 68 - 71 
to 38DO 171 00 - 05 
to 38012 171 24-29 
to 38010 171 62. 63. 68 - 71 

to 38029 I70 30,31,64 - 67 
to 38033 170 32 -37 
to 38034 170 38 -43 
to 3809 171 30,31,64 - 67 
to 38013 171 32 -37 
to 38014 171 38 -43 

to 38021 170 06 - 11 
to 38022 170 12 - 17 
to 38024 170 18 -23 
to 3801 171 06 - 11 
to 3802 171 12 -17 
to 3804 I71 18 - 23 
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Buffer 0 
EIOPO 
30/31 

Chip Group ~ AZZO 
Bits J. J. 

0,9,23,28 6 

1, 10, 21, 30 7 

2,11,22,31 3 

3,8,20,29 4 

4,13, 19,24 5 

5, 14, 17,26 0 

6, 15, 18, 27 1 

7, 12, 16, 25 2 

32,41,55,60 9 

33,42,53,62 10 

34, 43, 54, 63 12 

35,40,52,61 13 

36,45,51,56 1'4 

37, 46, 49, 58 15 

38,47,50,59 16 

39,44,48,57 17 

64, 66, 68, 70 8 

65, 67, 69, 71 11 
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Table 4-7. A Side Buffer Board Chip Locator 

Buffer 1 Buffer 2 Buffer 3 Buffer 10 Buffer 11 Buffer 12 
EIOPO EIOPO EIOPO EIOP2 EIOP2 EIOP2 
32/33 34/35 36/37 30/31 32/33 34/35 

AZZ1 AZZ2 AZZ3 AZZ4 AZZ5 AZZ6 
J. J. J. J. J. J. 
6 6 6 8 8 8 

7 7 7 7 7 7 

3 3 3 5 5 5 

4 4 4 4 4 4 

5 5 5 3 3 3 

0 0 0 2 2 2 

1 1 1 1 1 1 

2 2 2 0 0 0 

9 9 9 11 11 11 

10 10 10 10 10 10 

12 12 12 14 14 14 

13 13 13 13 13 13 

14 14 14 12 12 12 

15 15 15 17 17 17 

16 16 16 16 16 16 

17 17 17 15 15 15 

8 8 8 6 6 6 

11 11 11 9 9 9 

Example: EIOP2, Buffer 10, Bit 34 would be chip AZZ4-14. 
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Buffer 13 
EIOP2 
36/37 

AZZ7 
J. 
8 

7 

5 

4 

3 

2 

1 

0 

11 

10 

14 

13 

12 

17 

16 

15 

6 

9 
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Buffer 4 
EIOP1 
30/31 

Chip Group -7 BZZO 
Bits J. .l-

0,9,23,28 6 

1, 10, 21,30 7 

2,11, 22,31 3 

3,8,20,29 4 

4,13,19,24 5 

5,14,17,26 0 

6,15,18,27 1 

7,12,16,25 2 

32,41,55,60 9 

33,42,53,62 10 

34,43,54,63 12 

35,40,52,61 13 

36,45,51,56 14 

37,46,49,58 15 

38, 47, 50, 59 16 

39,44,48,57 17 

64, 66, 68, 70 8 

65, 67, 69, 71 11 

10/90 

Table 4-8. B Side Buffer Board Chip Locator 

Buffer 5 Buffer 6 Buffer 7 Buffer 14 Buffer 15 Buffer 16 
EIOP1 EIOP1 EIOP1 EIOP3 EIOP3 EIOP3 
32/33 34/35 36/37 30/31 32/33 34/35 

BZZ1 BZZ2 BZZ3 BZZ4 BZZ5 BZZ6 

.l- .l- .l- .l- J . .l-

6 6 6 8 8 8 

7 7 7 7 7 7 

3 3 3 5 5 5 

4 4 4 4 4 4 

5 5 5 3 3 3 

0 0 0 2 2 2 

1 1 1 1 1 1 

2 2 2 0 0 0 

9 9 9 11 11 11 

10 10 10 10 10 10 

12 12 12 14 14 14 

13 13 13 13 13 13 

14 14 14 12 12 12 

15 15 15 17 17 17 

16 16 16 16 16 16 

17 17 17 15 15 15 

8 8 8 6 6 6 

11 11 11 9 9 9 

Example: EIOP3, Buffer 14, Bit 34 would be chip BZZ4-14. 
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Buffer Board 

Buffer 17 
EIOP3 
36/37 

BZZ7 

.l-

8 

7 

5 

4 

3 

2 

1 

0 

11 

10 

14 

13 

12 

17 

16 

15 

6 

9 
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h I M r-- C anne 0 emory 

38CO • ~ 3800 38C4 • 
AZZO 

Channel 0 Channel 0 Channel 2 
Data In 0 0 1 2 Lower Data Data In 0 

Out 
AAA 

3 4 5 
ACA • ADA 

38AO • TXO • 38A2 • 

Channel 0 6 7 8 Clock 0 Channel 2 
Address In Address In 

AAB 9 10 11 

38C1 • 3801 3BC5 • 
12 13 14 

Channel 0 Channel 0 Channel 2 

Cooling 

Data In 1 Upper Data In 1 
15 16 17 Data Out 

AAC • 
38C2 • AZZ1 3802 3BC6 • 

) Channel 1 Channel 1 Channel 3 
Data In 0 lower Data In 0 

AAD Channel • 
38A2 • 1 38XO • 38A3 • 

Channel 1 
Memory 

EIOPO Channel 3 
Address In Data/Control Address In 

AAE 

38C3 • 3803 38C7 • 

Channel 1 Channel 1 Channel 3 
Data In 1 Upper Data Data In 1 

Out 
AAF • 

) 

10/90 

AZZ2 

Channel 

2 

Memory 

AZZ3 

Channel 

3 

Memory 

3804 • 38M3 • 3B08 

Channel 2 Output Data Channel 10 
Lower Data MuxO lower Data 

Out Out 
AFA • AGA AHA 

3810 • • 38M2 3811 • 

HISP Output Data HISP 
Input 0 Mux 1 Input 1 

Clock 0 

3805 • 38M1 • 3809 

Channel 2 Output Data Channel 10 
Upper Data Mux2 Upper Data 

Out Out 

• 
3806 • 38MO • 38010 

Channel 3 Output Data Channel 11 
Lower Data Mux3 lower Data 

Out Clock 0 Out 

• 
• 3880 • 38YO • 3B81 

Data Buffer 0 Sync Data Buffer 1 
36 Bits Fanout 36 Bits 
1500 1500 

3807 • 38HO • 38011 

Channel 3 Buffer Channel 11 
Upper Data Control Upper Data 

Out Out 
• 

Figure 4-11. I/O Buffer Chip Map (A Board) 
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Buffer Board 

- Ch anne 110 M emory 

YSide 

, 3BC8 • 38012 AZZ6 38C12 
AZZ4 

Channel 10 Channel 12 Channel 12 
0 1 2 Data In 0 lower Data Data In 0 

Out 

• AJA AKA • AMA 
3 4 5 Channel 

38A4 TX1 • 38A6 
12 

6 7 8 Channel 10 Clock 1 Memory Channel 12 
Address In Address In 

10 11 9 • • 
3BC9 • 38013 38C13 

12 13 14 
Channel 10 Channel 12 Channel 12 

Data In 1 Upper Data Data In 1 
Out 

Power 
• • 

AZZ5 38C10 • 38014 AZZ7 38C14 

Channel 11 Channel 13 Channel 13 
Data In 0 lower Data Data In 0 

Channel Out Channel 
• • 11 

3BA5 38X1 13 38A7 
Memory 

Channel 11 EIOP2 Memory Channel 13 
Address In 1 Data/Control Address In 

18 
• • Devices • 

38C11 • 38015 + 38C15 
Caps 

Channel 11 Channel 13 and Channel 13 
Data In 1 Upper Data Fuse Data In 1 

Out 

• • 

Option Count = 53 
ZSide 

Option Types = 8 Excluding Clock 

Actual Size 11.0 x 21.2 inches A-8S90 
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5 HeM HIGH-SPEED/LOW-SPEED QUARTER 
BOARD 

The HCM high-speed/low-speed (HISP/LOSP) multiplexer (MUX) 
quarter board consists of the 3SA, 3SG, 3SL, 3SI, and 3S0 options. 
Refer to Table 5-1 for a functional description of each option. The HCM 
controls the LOSP transfers between the mainframe and the 10S-E, and the 
HISP transfers between the 10S-E and the mainframe and the SSD solid
state storage device (SSD). Each 10S-E cluster requires two HCM quarter 
boards. The HCMO quarter board has HISP channels 10 - 13. The 
HCM1 quarter board has LOSP channels 20 - 21 and HISP channels 
14 - 17. The LOSP channels 20 - 21 transfer data at 6- or 50-Mbyte rates. 
The liSP channels transfer data at 100- or 200-Mbyte rates. Refer to 
Figure 5-7 for the HCM option layout. 

Table 5-1. HeM Options and Descriptions 

Options Functional Description 

3SAO HISP-In address/block length to mainframe or SSD 

3SA1 HISP-Out addresslblock length to mainframe or 
SSD 

3SG HISP input control and BZJDN 
HISP-In block length 

3S1 LOSP data in (7-parcel buffer) 

3SK HISP output control and BZJDN 

3SL LOSP control and BZJDN 
LOSP-In parcel count 

3S0 HISP-Out block length 
LOSP data out (7-parcel buffer) 

High-speed Data Flow 

10/90 

The liSP-In data is sent from the mainframe or SSD to the buffer board 
under the control of the 3SG. Data is sent one word per reference with 
check bits (CBs) (64 data bits and 8 CBs). Refer to Figure 5-1 for a HISP 
data in block diagram. 
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Figure 5-1. HISP/LOSP MUX Block Diagram 
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Low-speed Data 

The HISP-Out data is sent from the buffer board to the mainframe or SSD 
under the control of the 3SK. Data is sent 1 word per reference with check 
bits (64 data bits and 8 CBs). Refer to Figure 5-1 for a HISP data out 
block diagram. 

The LOSP data is transferred from the mainframe to the 3S1 to the I/O 
processor (lOP) (3AS). For a LOSP data in block diagram, refer to Figure 
5-1. The mainframe sends the data to the 3S1 1 parcel per reference with 4 
bits of parity per parcel. The 3S1 checks the parity and then sends the data 
to the 3AS, 4 bits at a time. The 3AS assembles the data into a parcel and 
then writes it into local memory. The 3S1 has a 7-parce1 data buffer. 

The LOSP data out is transferred from the lOP (3AQ) to the 3S0 and then 
to the mainframe. For a LOSP data out block diagram, refer to Figure 5-1. 
The data is sent from the 3AQ to the 3S0 1 parcel per reference, but 4 bits 
at a time. The 3S0 assembles the data into a parcel, generates parity, and 
then outputs the data to the mainframe. The 3S0 has a 7 -parcel data buffer. 

High-speed Protocol 

The following is a description of the HISP protocol. Refer to Figure 5-2 
for a HISP protocol block diagram. 

• Clear Channel. The Clear Channel clears the device and enables it to 
send or receive data. 

• Transmit Address. The Transmit Address enables the HCM to 
output the address and block length. The device deactivates 
Transmit Address after receiving all the Address Readies. The 
device activates Transmit Address at the end of the transfer if no 
errors occurred. 

• Address Ready. The Address Ready infonns the external device 
that the HCM is sending the address and/or block length. 

There are 16 bits of address and block length and 4 bits of parity for 
the CRA Y Y -MP or SSD Model D. It takes three Address Readies 
to get the complete address and block length to the device. 

There are 12 bits of address and block length and 3 bits of parity for 
the CRAY Y-MP16 or SSD Model E. It takes five Address Readies 
to get the complete address and block length to the device. 

• Transmit Data. The Transmit Data is sent by the receiver and it 
enables the sender to send 16 words (72 bits) of data. 

10/90 Cray Research Proprietary 5-3 
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Data Ready. The Data Ready is sent by the sender with each word 
of data. 

Last Word Hag. The Last Word Hag is sent by the sender to signal 
the last word of the transfer. It is sent with the last Data Ready. 

Errors. The Errors are sent to the HCM from the device. The 
device error types are parity errors on the address and block length 
bits, SECDED errors, sequence errors, and block length errors. 

Clear Channel .'" Mainframe/SSD 

Transmit Address 

Address Ready .... 

Address and Block Length ..... 

Transmit Data ...... , 

Data Ready ..... 
Last Word Flag ...... , 

Errors 

Data and Check Bits 
(64 Data and 8 Check Bits) ..... ,. 

A·9044 

Figure 5-2. High-speed Protocol Block Diagram 

High-speed Data In Sequence 

The following is a sequential description of a HISP data input sequence. 
Refer to Figure 5-3 for a HISP block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to channels 
10 - 13 or 14 - 17. After Go lOP Function is received, the channel 
decodes the lOP Function Data. The lOP Function Data is the 
modifier bit that clock period (CP) and the command on the next 
clock period. If needed, for the next 4 CPs the lOP Function Data is 
the accumulator data. 

) 

lOP - The 3AS sends Go lOP Function (R30) and the 3AQ 
sends lOP Function Data (RIO - 13) for channels 10 - 13. 
The 3AP sends Go lOP Function (R30) and the 3AO 
sends lOP Function Data (RIO - 13) for channels 14 - 17. ) 
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Preliminary Information 

10/90 



lOS Model E Hardware Maintenance Manual HCM High-speed/Low-speed Quarter Board 

10/90 

3SG - After the 3SG decodes a command 0, it initiates the Oear 
Channel sequence. After a command 5, the 3SG initiates 
the Address Ready sequence. 

3SAO - After receiving the CPU Output Control (Go lOP 
Function 14), the 3SAO decodes the CPU Output Data 
(lOP Function Data IO - 3). After a command 5 is 
decoded, the accumulator data is the block length, after a 
command 2 or 3 it is the CPU address, and after 
command 16 it is the pointer select A or B and buffer bits 
20 - 23. 

2. Oear Channel. The Oear Channel clears the device and enables it to 
send data. 

3SG - After a command 0 is decoded by the 3SG and Transmit 
Address is not enabled, the 3SG starts the Oear Channel 
sequence. If Transmit Address was already enabled, the 
3SG does not initiate a Oear Channel (RO), but instead 
waits for a command 5 and then starts the Address Ready 
sequence. 

3. Transmit Address. The device activates Transmit Address when it 
can accept the CPU address and block length, and drops it after it 
has received three Address Readies. 

3SG - The 3SG accepts the Transmit Address (10 - 1) and sends 
a Reset Address Channel (R5) to the 3SAO and enables 
Address Ready (RI) to the mainframe or SSD. If the 
previous transfer completed error free, Transmit Address 
would have already been enabled. 

3SAO - The 3SAO clears the address readout counter after 
receiving Reset Address Channel (110) from the 3SG. 

4. Address Ready. The Address Ready informs the device that the lOP 
is sending the address and/or block length, and it takes three 
Address Readies to get the address and block length to the device. 

3SG - The Address Ready sequence starts after a command 5 
has been decoded and the Oear Channel sequence has 
completed and Transmit Address is active. The Address 
Ready sequence sends the Address Readies (R1) to the 
device. Prior to that, the 3SG sends Select Buffer A 
(R7), 100 MB Mode (R8), and Advance Address (R6) to 
the 3SAO. The 3SG option then receives the block length 
from the 3SAO and holds the block length of the active 
transfer. 

Cray Research Proprietary 
Preliminary Information 

5-5 



HCM High-speed/Low-speed Quarter Board lOS Model E Hardware Maintenance Manual 

5-6 

3SAO - The 3SAO receives Select Buffer A (I12) and 100 MB 
Mode (I13) and reads out the address and block length. 
The Advance Address (Ill) shifts the address and block 
length to the output which is sent prior to each Address 
Ready. The address and block length (RO - 15) are sent 
16 bits at a time with 4 bits of parity (R16 - 19) to the 
mainframe or SSD. The 3SAO reads out the block length 
(R20 - 27) 8 bits at a time to the 3SG. Refer to Tables 
5-2 and 5-3 for the address and block length to the device. 

5. Oear Buffer and Parameter Select. These signals are sent together 
to clear the buffer board, to select the correct pointer, and to select 
buffers 0 - 16. 

3SG - When the Address Ready sequence begins, the 3SG 
sends Oear Buffer (R3) and Parameter Select (R4) to the 
3S0. The Parameter Select is serial data for the buffer 
board. The first 4 bits are buffers select 0 - 16 and the 
fifth bit is pointer select A or B. 

3S0 - The 3S0 passes Oear Buffer (R70) and Parameter Select 
(R71) to the buffer board. 

6. Transmit Data. The Transmit Data is sent every time the input buffer 
can receive 16 words. 

3SG - After Transmit Address is dropped by the device, the 3SG 
sends Transmit Data to the mainframe or SSD. After the 
3SG sends Transmit Data, the buffer board receives 16 
words (64 bits and 8 CBs) one at a time. The 3SG then 
sends another Transmit Data for the next 16 words. 

7. Data Ready. A Data Ready is sent with each word of data sent from 
the device. 

3SG - The Data Ready decrements the block length on the 3S0. 
It is then passed to the 3S0 as Sample Data (R15) along 
with Parameter Select (R4). 

8. Sample Data. The Sample Data is sent to the 3S0 informing it that a 
word of data is to be written into the buffer. 

3S0 - The 3S0 sends Parameter Select (R71) to the buffer board 
after receiving Sample Data (I72) and Parameter Select 
(171). The buffer board writes the word of data into the 
buffer and then increments the buffer address. 

9. Last Word Flag. The Last Word flag is received when the device's 
block length equals zero. 

Cray Research Proprietary 
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3S0 - The Last Word Flag (14) is sent with the Data Ready 
when the device's block length equals zero. It is 
compared with the block length on the 3SG. If they do 
not equal zero at the same time, an unrecoverable error is 
flagged. 

10. Done Flag. The Done flag sets when the transfer is complete. 

3SG - The Done flag is set if the block length equals zero, the 
3SG has received the Last Word flag from the device, and 
the device has enabled Transmit Address. 

11. Errors. The device reports parity errors (147) on the address and 
double-bit single-error correction, double-error detection (SECDED) 
errors (l46). 

High-speed Data Out 

10/90 

The following is a sequential description of a HISP data output 
sequence. Refer to Figure 5-3 for a HISP block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to channels 
10 - 13 or 14 - 17. After the Go lOP Function is received, the 
channel decodes the lOP Function Data. The lOP Function Data is 
the modifier bit that clock period and the command on the next clock 
period. If needed, for the next 4 CPs the lOP Function Data is the 
accumulator data. 

lOP - The 3AS sends Go lOP Function (R30) and the 3AQ 
sends lOP Function Data (RIO - 13) for channels 10 - 13. 
The 3AP sends Go lOP Function (R30) and the 3AO 
sends lOP Function Data (RIO - 13) for channels 14 - 17. 

3SK - After the 3SK decodes a command 0, it initiates the Clear 
Channel sequence. After a command 5, the 3SK initiates 
the Address Ready sequence. 

3SAI - After receiving the CPU Output Control (Go lOP 
Function 14), the 3SAO decodes the CPU Output Data 
(lOP Function Data IO - 3). After a command 5 is 
decoded, the accumulator data is the block length, after a 
command 2 or 3 it is CPU address, and after a command 
16 it is pointer select A or B and buffer bits 20 - 23. 

2. Clear Channel. The Clear Channel clears the device and enables it to 
receive data. 

3SK - After command 0 is decoded on the 3SK and Transmit 
Address is not enabled, the 3SK starts the Clear Channel 

Cray Research Proprietary 
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sequence. If Transmit Address is enabled, the 3SG does 
not initiate Dear Channel (RO), but instead waits for a 
command 5 and then starts the Address Ready sequence. ) 

5-8 

3. Transmit Address. The device activates Transmit Address when it 
can accept the address and block length, and drops it after it has 
received three Address Readies. 

4. 

5. 

3SK - The 3SK accepts the Transmit Address (120 - 21), and 
then sends Reset Address Channel to the 3SA 1 and 
enables Address Ready to the device. If the previous 
transfer completed error free, Transmit Address would 
have already been enabled. 

3SA1 - The 3SA1 clears the address readout counter after 
receiving Reset Address Channel (110) from the 3SK. 

Address Ready. The Address Ready informs the device that the lOP 
is sending the address and/or block length, and it takes three 
Address Readies to get the address and block length to the device. 

3SK - The Address Ready sequence starts after a command 5 
has been decoded and Transmit Address is enabled. The 
Address Ready sequence sends the Address Readies 
(R20) to the device. Prior to that, the 3SK sends Select 
Buffer A (R32), 100 MB Mode (R33), and Advance 
Address (R31) to the 3SAl. The 3SK also sends a 
HISP-Out Grab Block Length (R36), Dear Buffer 
(R25), and Parameter Select to the 3S0. 

3SA1 - The 3SA1 receives Select Buffer A (I12) and l00-Mbyte 
mode (113) and reads out the address and block length 
(RO - 19). The Advance Address (111) shifts the address 
and block length to the output which is sent with each 
Address Ready. The address and block length (RO - 15) 
are sent 16 bits at a time with 4 bits of parity (R16 - 19) to 
the device. The 3SA 1 also reads out the block length 
(R20 - 27) 8 bits at a time to 3S0. Refer to Tables 5-2 
and 5-3 for the address and block length to the device. 

3S0 - The 3S0 receives HISP-Out Grab Block Length (118) and 
latches the block length from the 3SA 1. The 3S0 holds 
and decrements block length during the transfer. 

Dear Buffer and Parameter Select. These signals are sent together 
to clear the buffer board, to select the correct pointer, and to select 
buffers 0 - 16. 

Cray Research Proprietary 
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3SK - When the Address Ready sequence begins, the 3SK 
sends Clear Buffer (R25) and Parameter Select (R26) to 
the 3S0. The Parameter Select is serial data for the buffer 
board. The first 4 bits are buffer select 0 - 16 and the fifth 
bit is buffer select A or B. 

3S0 - The 3S0 passes Clear Buffer (R70) and Parameter Select 
(R71) to the buffer board. 

6. Transmit Data. A Transmit Data is sent from the mainframe or SSD 
when it can accept 16 words of data from the lOP. 

3SK - After receiving Transmit Data (122 - 23), the lOP is 
enabled to output data. The lOP continues to output data 
as long as the mainframe or SSD sends a Transmit Data 
for every 16 words. 

7. Data Ready. A Data Ready is sent to the device with each word of 
data from the lOP. 

3SK - The 3SK sends Data Ready (R22) with each word of 
data, but the data is sent from the buffer board to the 
mainframe or SSD. The Data Ready is sent every 6 CPs 
in 200-Mbyte mode or every 12 CPs in l00-Mbyte mode. 
At the same time, the 3SK sends HISP-Out Decrement 
Block Length (R37), Parameter Select (R26), and 
Advance Data (R27) to the 3S0. 

8. Parameter Select The Parameter Select is sent to the buffer board to 
increment the address. 

3S0 - The 3S0 Parameter Select (181) is ANDed with Advance 
Data (182). It is then sent to the buffer board as Parameter 
Select (R81) to increment the buffer address while 
HISP-Out Decrement Block Length (119) decrements the 
block length on the 3S0. 

9. Last Word Flag. The Last Word Flag is sent when the block length 
on the 3S0 equals zero. 

3SK - The Last Word Flag (R23) is sent to the device with the 
last Data Ready (R22) and the last word of data. 

to. Done Flag. The Done Flag on the 3SK sets when the block length 
equals zero and Transmit Address is active. Transmit Address is 
activated by the device when all data is written into memory and no 
errors occurred. 

11. Errors. The device reports parity errors (147) on the address and 
double-bit SEeDED errors (146) on the data. 
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Table 5-2. CRAY Y-MP Address/Block Length 

3SA 1 st 

RO AD 217 

R1 218 

R2 219 

R3 220 

R4 221 

RS 222 

RS 223 

R7 224 

RS 225 

R9 226 

R10 227 

R11 228 

R12 229 

R13 230 

R14 231 

R1S 29 

Cray Research Proprietary 
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2nd 

BL 212 

213 

AD 20 

21 

22 

23 

24 

25 

26 

27 

28 

216 

210 

211 

212 

213 

3rd 

BL 20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

210 

211 

AD 214 

215 

--
--
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Low-speed Protocol 

Table 5-3. Future Address/Block Length 

3SA 1st 2nd 3rd 4th 5th 

RO AD~ AD 24 AD 28 AD 212 AD 216 

R1 21 25 29 213 217 

R2 22 26 210 214 218 

R3 23 27 211 215 219 

R4 220 224 228 - -
R5 221 225 229 - -
R6 222 226 230 - -
R7 223 227 231 - -
R8 BL20 BL 24 BL28 BL 212 -
R9 21 25 29 213 -

R10 22 26 210 214 -
R11 23 27 211 215 -
R12 - - - - -
R13 - - - - -
R14 - - - - -
R15 - - - - -

The HeM LOSP can operate with 6-MbyteLOSP protocol or 50-Mbyte 
mid-speed channel (MISP) protocol. The 6-Mbyte LOSP protocol is used 
with the CRA Y Y -MP and the 50-Mbyte MISP protocol is used with the 
CRA Y Y -MPI6. The protocol is software selectable. 

6-Mbyte Low-speed Protocol 

5-12 

The following is a description of 6-Mbyte LOSP protocol. Refer to Figure 
5-4 for a LOSP protocol block diagram. 

• Ready. The Ready is sent by the sender with each parcel of data. 
The Ready is a 50 ns pulse. 
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• Resume. The Resume is sent by the receiver to acknowledge Ready 
and to enable the next Ready. The Resume is a 50 ns pulse. 

• Disconnect The Disconnect is sent by the sender to tenninate the 
transfer. The Disconnect is a 50 ns pulse. 

Sender Readv ..... Receiver , 

- Resume 

Disconnect ..... 
Data 

(16 Data and 4 Parity Bits) ...... -
A-9045 

Figure 5-4. 6-Mbyte LOSP Protocol 

50-Mbyte MISP Protocol 

10/90 

The following is a description of a 50-Mbyte MISP input and output 
protocol. Refer to Figure 5-5 for a MISP protocol block diagram. 

• Ready. The sender sends 4 Ready pulses and 4 parcels of data . 
The Ready is a 18.5 ns pulse. 

• Resume. A Resume is sent by the receiver to acknowledge the four 
Ready pulses and to enable the next four Readies. The Resume is a 
18.5 ns pulse. 

• Disconnect The Disconnect is sent by the sender to tenninate the 
transfer. The Disc~nnect is a 18.5 ns pulse. 

Sender 
Ready ...... 
Ready ..... 
Ready ...... 
Ready ...... 

, Resume 

Disconnect ...... 

Data 
(16 Data and 4 Parity Bits) ... -

Figure 5-5. 50-Mbyte MISP Protocol 
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Low-speed Data In Sequence 

5-14 

The following is a sequential description of a LOSP data input sequence. 
Refer to Figure 5-5 for a LOSP block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to channel 20. 
After Go lOP Function is received, the channel decodes the lOP 
Function Data. The lOP Function Data is the modifier bit that clock 
period and the command on the next. If needed, for the next 4 CPs 
the lOP Function Data is the accumulator data. 

lOP - The 3AS sends Go lOP Function (R31) and the 3AP 
sends lOP Function Data (R15 - 18) for channel 20. 

3SL - After receiving the CPU Output Control (Go lOP 
Function 144), the 3SL decodes the CPU Output Data 
(lOP Function Data 140 - 43). After a command 1 is 
decoded, the accumulator data is the parcel count. After 
loading the counter, the 3SL sets the busy flag and clears 
the done flag. 

2. LOSP Ready. The mainframe sends LOSP Ready with each parcel 
of data. 

3SL - After 3SL receives the LOSP Ready (10 - 1), it 
decrements the parcel counter, increments the buffer 
counter, and sends Capture LOSP-In (Rl) to the 3SI. 
The buffer counter counts the number of parcels in the 
3S1 option's buffer. 

3. Capture LOSP-In. The Capture LOSP-In latches the parcel of data 
on the 3SI. 

3S1 - After the Capture LOSP-In (141) latches the parcel of 
data, the 3S1 shifts the data forward in the buffer and then 
sends Data Available to the 3SL. There is a 7-parcel input 
buffer on the 3SI. The 3S1 checks the incoming data for 
parity. If a parity error (R24) is detected, it is reported to 
the 3SL. 

4. LOSP Resume. A LOSP Resume is sent to the external device 
requesting the next parcel of data. 

3SL - The 3SL sends a 50 ns LOSP Resume (RO) pulse to the 
mainframe enabling it to send the next parcel of data. 
Perform steps 2 through 4 if the buffer is not full. 
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5. Data Available. When the 3S1 has a parcel of data to output to the 
lOP MUX, it sends Data Available to the 3SL. 

3SL - After receiving Data Available (IS), the 3SL sends a 
request to the lOP MUX in the form of DMA Input 
Control (R40) at sync 0 or 3. 

6. DMA Input Control. The 3SL sends DMA Input Control to the lOP 
MUX when it is requesting to write a parcel of data into local 
memory. 

3SL - When the 3SL sends DMA Input Control (R40) to the 
3AS, it also sends Advance Out (R4) to the 3SL The 3SL 
decrements the buffer counter with each DMA Input 
Control. 

3S1 - The 3S1 outputs a parcel data (R20 - 23) 4 bits at a time to 
the 3AS after receiving Advance Out (144). The 3S1 
outputs bits 23 - 20, then bits 27 - 24, then 211 - 28, and 
then bits 215 - 212. 

3AS - The 3AS receives DMA Input Control (134) from the 3SL 
and the data (130 - 33) from the 3SI. (See Direct Memory 
Access (DMA) Local Memory Write Reference in the lOP 
quarter board section for a DMA write sequence.) 

7. DMA Output Control. The lOP MUX acknowledges the DMA 
Input Control with a DMA Output Control. 

3SL - The 3SL receives DMA Output Control from the lOP 
MUX at sync 1 or 4. If Data Available is set, the 3SL 
sends another DMA Input Control to the lOP MUX. 
Perform steps 6 and 7 if Data Available is set. 

8. Disconnect. The mainframe sends a Disconnect to the 3SL when it 
has completed its transfer. 

3SL - The Disconnect (12 - 3) is how the mainframes ends the 
transfer, and it is sent by the mainframe when it receives a 
LOSP Resume with the block length equals zero. 

9. Done Flag. The Done Flag sets after the 3SL receives a Disconnect 
or the parcel count on the 3SL equals zero. 

3SL - The 3SL sends the Busy and Done Flags to the lOP MUX 
(3AS or 3AP). When the parcel count equals one on the 
3SL and it receives a LOSP Ready, the 3SL docs not send 
a LOSP Resume which is the lOPs way of terminating the 
transfer. 

Cray Research Proprietary 
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10. Interrupt. An Interrupt (R43) is sent from the 3SL to the lOP MUX 
when the Done Flag sets and Channel Interrupt is enabled. 

Low-speed Data Out Sequence 

5-16 

The following is a sequential description of LOSP data output sequence. 
Refer to Figure 5-6 for a LOSP block diagram. 

1. Go lOP Function. The lOP MUX sends Go lOP Function to 
channel 21. After Go IOP Function is received, the channel decodes 
the lOP Function Data. The lOP Function Data is the modifier bit 
that clock period and the command on the next clock period. If 
needed, for the next 4 CPs the IOP Function Data is the accumulator 
data. 

lOP - The 3AS sends Go lOP Function (R31) and the 3AQ 
sends lOP Function Data (R15 -18) for channel2!. 

3SL - After receiving the CPU Output Control (Go lOP 
Function 14), the 3SL will decode the CPU Output Data 

(lOP Function Data IO - 3). After the 3SL decodes a 
command 1, the 3SL sets the busy flag and clears the 
done flag. 

2. DMA Output Control. The lOP MUX sends DMA Output Control ) 
to the 3SL and 3S0 with each parcel of data. 

3SL - The 3SL receives DMA Output Control (145) at sync 0 or 
3 and then sends DMA Input Control (R40) at sync 1 or 4 
if the LOSP-Out Buffer Full (126) is not set. When 
channel 21 busy flag sets, the IOP MUX reads the first 
parcel of data out of local memory, and sends it to the 
3S0 along with DMA Output Control. 

3S0 - The 3S0 receives DMA Output Control (14) and the parcel 
of data 4 bits at a time from the 3AO. Bits 23 - 20 arrives 
first, then bits 27 - 24, then 211- 28, and then 215 - 212. 

3. DMA Input Control. The 3SL sends a DMA Input Control to the 
lOP MUX requesting a parcel of data. 

3SL - If the LOSP-Out Buffer Full (126) is not set and the 
output channel busy flag is set, the 3SL sends a DMA 
Input Control (R40) to the lOP MUX at sync 1 or 4. 
Perfonn steps 2 and 3 if the LOSP-Out Buffer Full is not 
set. (See DMA Read Reference in the lOP quarter board 
section for a DMA read sequence.) 
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4. Data Available. The Data Available is informing the 3SL that the 
3S0 has a parcel of data to output to the mainframe. 

3SL - The Data Available (125) enables a LOSP Ready to the 
mainframe. 

5. LOSP Ready. A LOSP Ready is sent to the mainframe with each 
parcel of data. 

3SL - The 3SL sends the 50 ns LOSP Ready pulse to the 
mainframe and a Go Output to LOSP (R24) to the 3S0. 

3S0 - The 3S0 outputs a parcel of data (RO - 19) and 4 parity 
bits to the mainframe after receiving Go Output to LOSP 
(16). 

6. LOSP Resume. The mainframe sends LOSP Resume after it has 
saved the parcel of data and it can receive another parcel. 

7. 

8. 

3SL - After receiving the LOSP Resume (120), the 3SL sends a 
LOSP Ready to the mainframe if Data Available is set. 
Perform steps 5 and 6 if Data Available is set. 

Disconnect. The Disconnect is sent to the mainframe to terminate 
the transfer. 

3SL - The Disconnect (R21) is sent after the 3SL receives a 
LOSP Resume and a DMA output control at sync 2 or 5. 

Done Flag. The Done Flag sets when the parcel count equals zero. 

3SL - When the 3SL receives a DMA Output Control (145) at 
sync 2 or 5, the parcel count equals zero on the 3AL. 

9. Interrupt. An Interrupt (R43) is sent from the 3SL to the lOP MUX 
when the Done Flag sets and the Channel Interrupt is enabled. 
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Mainframe Mainframe Mainframe / lOP MUX , 

( AAY ) ABY ) ( ACY J 
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LOSP HISP-Out LOSP 
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Figure 5-7. HCM Quarter Board Option Layout 
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6 CCA1 LOW-SPEED QUARTER BOARD 

CCA 1 Data Flow 

10/90 

The CCAI quarter board consists of the 3CA, 3CB, 3CC, 3YA, 3YB, and 
3YC options. Refer to Table 6-1 for a functional description of CCA 1 
options. The CCA 1 controls the data transfer between the I/O processor 
(lOP) and an external device with low-speed (LOSP) protocol or 
Networks System Corporation (NSC) protocol. Refer to Figure 6-6 for 
CCA 1 option layout. 

Table 6-1. CCA 1 Options and Functional Descriptions 

Option Functional Description 

3CA Control between the lOP and the CCA 1 

3CB Data in (1-parcel buffer) 
Data in control, busy, and done 
LOSP-In parcel count 

3CC Data out (1-parcel buffer) 
Data control, busy, and done 
LOSP-Out parcel count 

3YA Data interface for buffer board 

3YB Input buffer (1 word) 
Check parity and generate single-error 
correction, double-error detection (SECDED) 

3YC Output buffer (1 word) 
Check SECDED and generate parity 

Input data is transferred from the external device to the buffer board via 
3CB, 3YB, and 3Y A options. Refer to Figure 6-1 for a CCA 1 input block 
diagram. Data is sent from the device one parcel per reference. The 3CB 
receives the parcel of data and parity bits and sends it to the 3YB. The 
3YB checks the parity and generates SECDED as the parcels are assembled 
into a word. The word of data, along with check bits, is sent to the 3Y A 
one parcel at a time. The 3Y A outputs the data to the buffer board in a 12-
bit transfer. 
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Output data is transferred from the buffer board to the 3Y A. 3YC. 3CC 
options. and then to the external device. Refer to Figure 6-1 for an 
output block diagram. The buffer board outputs 1 word of data and 
check bits (CBs). 12 bits at a time to the 3Y A. The 3Y A sends the 
word of data to the 3YC. After the SECDED is performed and parity 
is generated on each parcel, the data and parity are sent to the 3CC. 
The 3CC sends the data to the external device one parcel per 
reference. 

Low-speed Channel Protocol 

The CCA1 can operate with 6-Mbyte LOSP channel protocol or 
12-Mbyte NSC protocol. The protocol is software selectable. 

6-Mbyte Low-speed Channel Protocol 

The following is a description of 6-Mbyte LOSP channel protocol. 
Refer to Figure 6-2 for a LOSP channel protocol block diagram. 

• Ready. The Ready signal is sent by the sender with each parcel of 
data. The Ready is a 50 ns pulse. 

• Resume. The Resume signal is sent by the receiver to 
acknowledge the Ready and to enable the next Ready. The 
Resume is a 50 ns pulse. 

• Disconnect. The Disconnect signal is sent by the sender to 
terminate the transfer. The Disconnect is a 50 ns pulse. 

Ready ..... - Resume 
Sender Disconnect ... Receiver 

Data (16 Data and 4 Parity Bits) 

A·9079 

Figure 6-2. 6-Mbyte LQSP Channel Protocol 

12-Mbyte Networks System Corporation Input Protocol 

10/90 

The following is a description of 12-Mbyte NSC input protocol. Refer 
to Figure 6-3 for an NSC protocol block diagram. 

• Resume. The CCAI sends four Resume signals to enable the 
device to send four Readies with 4 parcels of data. The Resume is 
a 50 ns pulse. 
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• Ready. The sender sends four Ready signals and 4 parcels of 
data. The Ready is a 50 ns pulse. 

• Disconnect. The Disconnect signal is sent by the sender to 
terminate the transfer. The Disconnect is a 50 ns pulse. 

CCA1 
Resume (4) .... 

,., Ready (4) 

Receiver Disconnect Sender 
"Data (16 Data and 4 Parity Bits) 

A·9080 

Figure 6-3. 12-Mbyte NSC Input Protocol 

12-Mbyte Networks System Corporation Output Protocol 

The following is a description of a 12-Mbyte NSC output protocol. 
Refer to Figure 6-4 for a NSC protocol block diagram. 

• Ready. The CCAI sends four Ready sigt).als and 4 parcels of 
data. The Ready is a 50 ns pulse. 

• Resume. A Resume signal is sent by the receiver to acknowledge 
the four Ready pulses and to enable the next four Readies. The 
Resume is a 50 ns pulse. . .) 

• Disconnect. The Disconnect signal is sent by the CCA 1 to 
terminate the transfer. The Disconnect is a 50 ns pulse. 

CCA1 
Ready (4) ... 
Resume 

Sender Disconnect .... Receiver 
Data (16 Data and 4 Parity Bits) 

A-9081 

Figure 6-4. 12-Mbyte NSC Output Protocol 

CCA 1 Low-speed Channel Data In Sequence 

6-4 

The following is a sequential description of a low-speed data in 
transfer. Refer to Figure 6-5 for a functional block diagram of a 
low-speed in transfer. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair, and after the channel pair receives the signal, it 
decodes the lOP Function Data. The lOP Function Data is the 
modifier bits for this clock period and the command on the next 
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clock period. If needed. for the next 4 clock periods (CPs). the 
lOP Function Data is the accumulator data. 

lOP - The 3AS option sends Go lOP Function (R33 or R34) 
and the 3AQ option sends lOP Function Data 
(R25 - 28 or R30 - 33) for channels 30 - 31 and 
34 - 35. The 3AP option sends Go lOP Function 
(R33 or R34) and the 3AO option sends lOP Function 
Data (R25 - 28 or R30 - 33) for channels 32 - 33 and 
36 - 37. The lOP Function Data is sent to the CCAI 
four bits at a time. Refer to Section 5. "Direct Memory 
Access Function Sequence". for a complete Go lOP 
Function and lOP Function Data description. 

3CA - The 3CA option receives Go lOP Function (14). 
decodes lOP Function Data (10 - 3). and fans out Go 
lOP Function (R12) and lOP Function Data (R8 - 11) 
to the 3CB and 3CC options. 

3CB - The 3CB option receives Go lOP Function (148) and 
decodes the lOP Function Data (144 - 47). After 
Command 5 is decoded. the lOP Function Data is the 
parcel count for the next 4 CPs. The Busy Flag (R30) 
is set 1 CP after bits 215 - 212 of the parcel count are 
loaded. 

2. Start a. The 3CA option sends a Start a to inform the 3YB 
option that the CCA 1 is inputting data. 

3CA - The 3CA option sends Start a (R13) after it decodes a 
Command 5 for an even channel. 

3. LOSP Ready. The external device sends a LOSP Ready with 
each parcel of data it sends to the 3CB option. 

3CB - A 50 ns LOSP Ready Pulse (140 - 41) precedes each 
parcel of data (10 - 31) and its 4 parity bits (132 - 39). 
After the 3CB option has latched the data. it sends a 
Go Parcel (R21) to the 3YB option. The LOSP Ready 
decrements the parcel count. 

4. Go Parcel. The Go Parcel informs the 3YB option that the 3CB 
option is sending a parcel of data. 

3YB - The 3YB option receives the Go Parcel (116) and the 
parcel address (120 - 21) and saves the parcel of data. 
As the parcels of data are received. parity is checked 
and check bits are generated as the parcels are 
assembled into a word (64 bits). 
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5. LOSP Resume. A LOSP Resume is sent to the external device 
requesting the next parcel of data. 

3CB - After receiving a LOSP Ready and sending a Go 
Parcel, the 3CB option sends a LOSP Resume (R20) 
to the external device. Perform steps 3 through 5 for 
each parcel of data received from the device. 

6. Last Parcel of Word. The 3CB option sends the Last Parcel of 
Word to the 3YA option when it sends the fourth parcel of the 
word to the 3YB option. 

3CB - The Last Parcel of Word (R24) is sent when parcel 
address equals three. If parcel address is not equal to 
three when a Disconnect is received, the 3CB option 
zero fills the final parcel(s). 

7. Go to Input Buffer. When the 3Y A option can receive the word 
of data, it sends Go to Input Buffer to the 3YB option. 

3YA - The Go to Input Buffer (R19) is enabled by Last Parcel 
of Word (136) and a sync 2 pulse. 

8. Start a Write. The Start a Write selects the a pointer, and is 
sent with each word transferred from the 3YB option to the 3YA 
option. 

3YB - The 3YB option sends a Start a Write (R32) and one 
word of data (RO - 15) with check bits (R16 - 19) after 
receiving Go to Input Buffer (123). 

9. Go a or Go b to I/O. The Go a or Go b to I/O sets the buffer 
board in the read or write mode and increments the address. 

3Y A - After the 3Y A option receives a Start a Write (137) 
(the CCA 1 is inputting data), it sends a Go b to I/O 
(R18) at sync 2. The Go b to I/O puts the buffer board 
in a write and b read mode and is sent once at the 
beginning of the transfer. The Go a to I/O (R 17) at 
sync 3 informs the buffer board that a word of data 
(R20 - 31) is being sent to the a pointer and 
increments the address. The Go a to I/O at sync 3 is 
sent with each word of data. Twelve data and check 
bits are sent to the buffer board at a time. Perform 
steps 6 through 9 for each word of data. If the parcel 
count equals zero, go to Step 11. 
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10. Disconnect. The external device sends a Disconnect to the 3CB 
option when the transfer is complete. 

3CB - The Disconnect (142 - 43) is the external devices way 
of ending the transfer. 

11. Done flag. The Done flag is set after the 3CB option receives 
a Disconnect or the parcel count equals zero. 

3CA - If the lOP receives a LOSP Ready with the parcel 
count equal to one, it does not send a LOSP Resume, 
which is how the lOPs terminate the transfer. The set 
Done flag on the 3CB option is detected by the 3CA 
(114) option. 

12. Interrupts. An Interrupt (R7) is sent from the 3CA option to the 
lOP when the Done Flag sets and the Channel Interrupt is 
enabled. 

CCA 1 Low-speed Channel Data Out Sequence 

10/90 

The following is a sequential description of a low-speed data out . 
transfer. Refer to Figure 6-5 for a functional block diagram of a 
low-speed out transfer. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair, and after the channel pair receives the signal, it 
decodes the lOP Function Data. The lOP Function Data is the 
modifier bits this clock period, and the command on the next 
clock period. If needed, the next 4 CPs of the lOP Function Data 
is the accumulator data. 

lOP - The 3AS option sends Go lOP Function (R33 or R34) 
and the 3AQ option sends lOP Function Data 
(R25 - 28 or R30 - 33) for channels 30 - 31 and 
34 - 35. The 3AP option sends Go lOP Function 
(R33 or R34) and the 3AO option sends lOP Function 
Data (R25 - 28 or R30 - 33) for channels 32 - 33 and 
36 - 37. The lOP Function Data is sent to the CCAI 
four bits at a time. Refer to Section 5, "Direct Memory 
Access Function Sequence", for a complete Go lOP 
Function and lOP Function Data description. 

3CA - The 3CA option receives Go lOP Function (14), 
decodes lOP Function Data (10 - 3), and fans out Go 
lOP Function (RI2) and lOP Function Data (R8 - 11) 
to the 3CB and 3CC option. 

Cray Research Proprietary 
Preliminary Information 

6-7 



eeA 1 LOSP Quarter Board 

6-8 

lOS Model E Hardware Maintenance Manual 

3CC - The 3CC option receives Go lOP Function (148) and 
decodes the lOP Function Data (144 - 47). After a 
Command 5 is decoded on an odd channel, the lOP ) 
Function Data (144 - 47) is the parcel count for the 
next 4 CPs. The Busy Flag (R30) sets 1 CP after bits 
215 - 212 of the parcel count are loaded. 

2. Oear and Start b Read. The Clear signal clears the pointer and 
Start b Read signal selects b pointer. 

3CA - The 3CA option sends Oear and Start bRead (RI4) 
after it decodes a Command 5 for the odd channel. 

3. Go a or Go b to I/O. The Go a or Go b to I/O sets the buffer 
board in read or write mode and increments the address. 

3Y A - The 3Y A option sends a Go b to I/O at sync 2 to the 
buffer board after receiving Start bRead (115). The Go 
b to I/O at sync 2 sets the buffer board in a write and b 
read mode. The buffer board is now reading out the 
correct b pointer word. The 3Y A saves it at the proper 
sync time. The data and CBs are received 12 bits 
(10 - 11) at a time. Then a Go b to I/O at sync 3 is 
sent to the buffer board to increment the b pointer 
address. From now on when the 3Y A receives a Read 
Data Empty (112) from the 3YC option, it saves the 
next word of data and then sends a Go b to I/O at sync 
3 to increment the b pointer address. 

4. Go to Output Buffer. The 3Y A option outputs a word of data and 
Go to Output Buffer to the 3YC option. 

3YC - The 3YC option receives Go to Output Buffer (116) 
with four parcels of data and CBs. The data and CBs 
are sent 16 bits (10 - 15) at a time for the next 5 CPs. 
The 3YC performs SECDED and then generates parity 
for each parcel. If there is a SECDED error 
(R24 - 25), it is reported to the 3CA (120 - 21) option. 

5. Output Data Available. The Output Data Available is informing 
the 3CC option that the 3YC option has a parcel of data ready. 

3CC - The 3CC option saves the parcel (10 - 15) and its 4 
parity bits (116 - 19) after receiving Output Data 
Available (143). 
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6. Ready. When the 3CC option has a parcel of data to output. it 
sends Ready to the external device. 

3CC - The 3CC option sends a 50 ns Ready to the external 
device along with a parcel of data (RO - 15) and 4 
parity bits (R16 - 19). 

7. Resume. The external device sends a Resume after it has saved 
the parcel of data and can receive another parcel. 

3CC - After receiving the Resume (120). the 3CC option 
decrements the parcel count and sends Go Parcel to 
Output Buffer (R24) to the 3YC option. 

8. Go Parcel to Output Buffer. The 3CC option sends Go Parcel to 
the 3YC option requesting the next parcel. 

3YC - The Go Parcel to Output Buffer (I20) acknowledges 
Data Available and enables the next parcel. Perform 
steps 5 through 8 until the parcel count equals zero. 

9. Data Request. When the 3YC option buffer is empty it sends a 
Data Request to the 3Y A option for the next word. 

3YA - The 3YA option sends a Go to Output Buffer (R16) 
and 4 parcels of data to the 3CC option after receiving 
a Data Request (I12). Perform steps 3 through 9 until 
the parcel count equals zero. 

10. Disconnect. The Disconnect is sent to the external device when 
.the the lOP wants to terminate the transfer. 

3CC - The Disconnect (R21) is sent after the 3CC option 
receives a Resume with the parcel count equal to zero. 

11. Done Flag. The Done Flag sets when the parcel count equals 
zero on the 3CC option. 

3CA - The Done Flag on the 3CC option is detected by the 
3CA (I14) option. 

12. Interrupts. An Interrupt (R7) is sent from the 3CA option to the 
lOP when the Done Flag sets and the Channel Interrupt is 
enabled. 
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7 DCA1 DISK DRIVE QUARTER BOARD 

DCA 1 Data Flow 

10/90 

The DCAI controls data transfers between the I/O processor (lOP) and the 
DD-49, DD-39, orDD-40. The DCAI quarter board consists of the 3DA, 
3DB, 3DC, 3YA, 3YB, and 3YC options. Refer to Table 7-1 for a 
functional description of DCA 1 options. Refer to Figure 7-3 for DCA 1 
quarter board layout. 

Table 7-1. DCAI Options and Functional Descriptions 

Option Functional Description 

3DA Control between the lOP and the DCA 1 
Sector counter 

3DB External input control 
Bus In 
Parcel count register 
Status registers 

3DC External output control 
Bus Out 
Parcel count register 
Parameter register 

3YA Data and control interface for buffer board 

3YB Input buffer (1 word) single-error correction, 
double-error detection (SECDED) generation 

3YC Output buffer (1 word) error correction 

The input data flows as follows: from the disk drive, to the 3DB, 3YB, 
3Y A options, to the buffer board. The data is received from the disk drive 
in l6-parcel bursts. The 3DB receives the parcel of data and the parity bit, 
and sends it to the 3YB. The 3YB checks the parity and assembles the 
parcels into a word. SECDED is generated on each word of data. The 
word of data and check bits (CBs) are then sent to the 3Y A a parcel at a 
time. The 3Y A sends the data and CBs to the buffer board in l2-bit 
transfers. Refer to Figure 7-1 for DCA 1 Input block diagram. 

Cray Research Proprietary 
Preliminary Information 

7-1 



~ 
I\) 

0 (3DB) 
""OiiJ 
<11'< (3DB) 

Status 

BllON 

3:0 _.CD 

'KlP) { 
:::Jen 
I» CD 
-<~ _0 
:::J~ -0""0 

3 0 (3YC) 
1»"0 
:::!".~. (3DC) 
0 ...... 

Go lOP Function 

Function Data , 
~ 

SECDED Error 

BllON 

:::JI» 

-< 

o --<.D 
o 

\ 
'~~ 

(EXT) Bus in 30B Data 16 Bits 
~ Data In --,-

(EXT) Parity 1-parcel Parity 1 Bit 
Parity ~ 

(EXT) Control Control 
Parcel Count ,. 

(EXT) Device DNlRdy 
Status Register 

(EXT) Read Clock 
DN Status 

(3YB) Parity Error (3DA) 

External ReadylDN , 

Function 
~ 

Control Input (3DA) 

30A I 
Function 

~ 

Function Fanout (3DC) ---
Status Fanln BllDN (lOP) 

.~ 

BllDN Interrupt 
.~ (lOP) 

Error Reponing Buffer Board 
Control 

Status ~ 

~ (lOP) 

Sector Counter Buller Board 
Data 12 Bits 

~ 

Control 
(3YC) ~ 

Data/Check Bits 16 Bits 

Control 

~ 3YC 
Control 

Data Buffer ~ 
(3YA) 

1-word Data 16 Bits , 
~ 

Parity 1 Bit 

---Control -.. --,-

SECDED/Parity 
SECDED Errors 

~ (3DA) 

(3DA) Function 

Figure 7-1. DCA 1 Block Diagram 

'. / 
'~ 

3YB 

Data Buffer 
1-word Pari ty Error 

(3DB) ~ 

Parlty/SECDED 

Data 16 Bits I 
Check Bits 

3YA 

BufterBoard Data/Check Bits 12 Bits 

Interlace 
(SECDED) 

Control 

30C 
Data Out 
1-parcel 
Parity 

Bus Out 16 Bits , 
Parcel Count ~ 

Parity 1 Bit 

Parameter 
, 

Register Control 
~ 

External Control Write Clock 

Output 

, 

(E 

(E 

(E 

(E 

To Buffer Board 

To Buffer Board 

XT) 

XT) 

XT) 

XT) 

A·8593A 

, 
,,_~I 

o 
o » 
Q 
en 
A 

o ..., <. 
CD 

o 
C 
I» 
::\. 
CD ..., 
ClJ o 
I» a 

0 
(f) 

s:: 
0 
Q. 

~ 
m 
I 
I» ..., 
Q. 

~ 
I» 
ill 
s:: 
~. 
:::J 

ro 
:::J 
III 
:::J 
() 
CD 

s:: 
II» 

:::J 
C 
~ 



) 

lOS Model E Hardware Maintenance Manual DCA 1 Disk Drive Quarter Board 

The output data flows from the buffer board to the 3Y A, 3YC, and 3DC 
options, and then to the disk drive. The buffer board outputs 1 word of 
data 12 bits at a time to the 3Y A. The 3YA sends the word of data to the 
3YC where SECDED is performed, and parity is generated on each parcel. 
The 3YC sends the data to the 3OC. The 30C sends the data to the disk 
drive one parcel at a time in a 16-parcel burst. Refer to Figure 7-1 for 
DCAl output block diagram. 

DCA 1 Data In Sequence (Disk Drive Read) 

10/90 

The following is a sequential description of a DCA 1 data in transfer. Refer 
to Figure 7-1 for a functional block diagram of a DCA 1 data in transfer. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair, and after the channel receives the signal, it decodes the 
lOP Function Data The lOP Function Data is the modifier bits this 
clock period and the command on the next clock period (CP). If 
needed, the next 4 CPs of the lOP Function Data is the accumulator 
data. 

lOP - The 3AS sends Go lOP Function (R33 or R34) and the 
3AQ sends lOP Function Data (R25 - 28 or R30 - 33) for 
Channels 30 - 31 and 34 - 35. The 3AP sends Go 
Function (R33 or R34) and the 3AO sends lOP Function 
Data (R25 - 28 or R30 - 33) for Channels 32 - 33 and 
36 - 37. The lOP Function Data is sent to the DCA 1 four 
bits at a time. Refer to Section 5, Direct Memory Access 
Function Sequence, for a complete Go lOP Function and 
lOP Function Data description. 

3DA - The 3DA receives Go lOP Function (15) and decode lOP 
Function Data (10 - 4). The 3DA also fans out Go lOP 
Function (R24) and lOP Function Data (R20 - 23) to the 
3DB and 3DC. 

3DC - The 3DC decodes lOP Function Data (120 - 23) after 
receiving Go lOP Function (124). After an lOP 
Command 5 is decoded, the 3DC sends a Function/Data 
Ready (R25) to the drive. The 3DC holds the drive 
parameter in the parameter register and sends it to the 
drive with Function/Data Ready. The parameter register 
must be loaded before a Command 5 is issued. 

3DB - The 3DB receives Go lOP Function (124) and the lOP 
Function Data (120 - 23) and decodes the modifier bits 
and command. 
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2. Start a or Start b. The 3DB sends a Stan a or Start b to initialize the 
3YB after an lOP Command 5 with a drive code of2. 

3DB - A Stan a (R30) or Start b (R31) is sent from the 3DB to 
the 3YB (124 - 25). Start a is sent for an even channel 
and Start b is sent for an odd channel. On the DCA 1, the 
channels can be both input and output. 

3. Function/Data Ready. The 3DC sends a Function/Data Ready to the 
disk drive to infonn the drive of data or function on the Bus Out. 

3DC - The drive detects whether it's a data or a function on the 
Bus Out (RO - 15) by decoding Code Out (R20 - 24). A 
lOP Command 5 with a drive code of two is a read from 
the disk drive. The lOP hardware changes the Code Out 
to a six for the next Function/Data Ready signal. 

4. Status/Data Ready. The disk drive sends Status/Data Ready for 
every 16 parcels it sends to the lOP. 

3DB - The 3DB receives Status/Data Ready (190 - 91) with a 
Read Clock (192 - 93). Each pulse of the Read Clock 
latches I-parcel of data on the 3DB, and the data is sent in 
16-parcel bursts. The Bus In (140 -71) has I-bit of parity 
(172 - 73) for each parcel of data. 

5. Go Parcel. The Go Parcel precedes each parcel of data to the 3YB 
from the 3DB. 

3DB - The 3DB sends Go Parcel (R28), the parcel address 
(R20 - 21), the parcel of data (RO - 15), and I-bit of 
parity (R16) every time it receives a Read Clock (192 - 93) 
and a disk read is being perfonned. 

3YB - The 3YB receives the Go Parcel (116), the parcel address 
(120 - 21), and a parcel of data. As the parcels of data are 
received, parity is checked and check bits are generated as 
the parcels are assembled into a word (64 bits). 

6. Last Parcel of Word. When the parcel address equals three, the 
3DB sends the Last Parcel of Word to the 3Y A. 

3YA - The 3YA receives Last Parcel of Word (136) and waits for 
sync +2, at which time it sends Go to Input Buffer (R19) 
to the 3YB. 
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7. Go Input Buffer. After the 3YA can receive a word of data, it sends 
Go Input Buffer to the 3YB. 

3YB - The 3YB outputs a word of data with a Start a or Start b 
Write after receiving Go Input Buffer (123). 

8. Start a or b Write. The 3YB responds back with Start a or Start b 
Write after receiving Go Input Buffer. 

3YB - The 3YB sends a Start a (R32) or Start b (R33) Write and 
4 parcels of data (RO - 15) along with check bits 
(R16 - 19). Start a Write is sent for the even channel and 
Start b Write is sent for the odd channel. 

9. Go a or b to Input Buffer. The Go a or Go b to Input Buffer 
informs the buffer board which pointer to use, a or b, and if it is a 
read or a write. 

3YA - The 3Y A sends Go a and/or b to Input Buffer (R17 and/ 
or 18) and a word of data with check bits (R20 - 31) to 
the buffer board. The data is sent from the 3Y A to the 
buffer board 12 bits at a time. 

Sync+ 
Sync+ 

Sync+ 
Sync+ 

Goa 
2 

Gob 

2 
Mode "a" read or "b" write 
-Mode "a" write or "b" read 

One of the above is sent once at the beginning of the 
transfer to select the proper mode. 

Goa 
3 

Gob 

3 
Disk read ("a" write) even channel "a" 
Disk read ("b" write) odd channel "b" 

One of the above is sent with each word to the buffer 
board, writes data into the buffer, and increments the 
address. 

10. Read/Write Resume. A Read/Write Resume is sent to the 3DC from 
the 3DB requesting the next 16 parcels of data. 

3DB - After a Status!Data Ready is received, the 3DB waits for 
the parcel count to equal 16 and sends a Read/Write 
Resume (R32) to the 3DC. The parcel count is 
incremented by the Read Clock pulse. 
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3DC - The 3DC sends Function/Data Ready (R25) to the disk 
drive after receiving the Read/Write Resume (132). 
Perfonn steps 3 through 10 until a sector of data is 
transferred. 

11. Done Flag. The Done Flag sets at the end of a sector of data and a 
Drive Done is received. 

3DA - The 3DB sends Done Flag (R44) to the 3DA and a 
Channel Adapter Done a or b to the 3DC and an Interrupt. 

12. Interrupts. The 3DA sends an Interrupt to the 3AK when the Done 
Flag is set and if Channel Interrupt is enabled. 

DCA 1 Data Out Sequence (Disk Drive Write) 

7-6 

The following is a sequential description of a DCA 1 data out transfer. 
Refer to Figure 7-1 for a functional block diagram of a DCA I data out 
transfer. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair, and after the channel receives it, it decodes the lOp· 
Function Data The lOP Function Data is the modifier bits this clock 
period, and the command on the next clock period. If needed, the 
next 4 CPs of the lOP Function Data is the accumulator data. 

lOP - The 3AS sends Go Function (R33 or R34) and the 3AQ 
sends lOP Function Data (R25 - 28 or R30 - 33) for 
Channels 30 - 31 and 34 - 35. The 3AP sends Go 
Function (R33 or R34) and the 3AO sends lOP Function 
Data (R25 - 28 or R30 - 33) for Channels 32 - 33 and 
36 - 37. The lOP Function Data is sent to the DCA1 four 
bits at a time. Refer to Section 5, Direct Memory Access 
Function Sequence, for a complete Go lOP Function and 
lOP Function Data description. 

3DA - The 3DA receives Go lOP Function (15) and decode lOP 
Function Data (10 - 4). The 3DA also fans out Go lOP 
Function (R12) and lOP Function Data (R20 - 23) to the 
3DB and 3DC. 

3DC - The 3DC decodes lOP Function Data (120 - 23) after 
receiving the Go lOP Function (124). After the 3DC 
decodes lOP Command 5 it sends Function/Data Ready to 
the drive. The 3DC holds the drive parameters in the 
parameter register, and sends it to the drive with the 
Function/Data Ready. The parameter register must be 
loaded prior to a Command 5. 
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3DB - The 3DB also decodes lOP Function Data (120 - 23), 
because it must know even or odd channels and if it is a 
read or a write. 

2. Start a or Start b. The 3DC sends a Start a or Start b so the 3Y A 
selects pointer a or b. 

3DC - After the 3DC decodes lOP Command 5 with a drive code 
of three, it sends a Start a or Start b Write (R30 or R3l) to 
the 3Y A and a Oear (R29) to the 3Y A and 3YC. Start a 
Write is sent if an even channel was selected or Start b 
Write is sent if an odd channel was selected. 

3. Go a or b to I/O. The Go a or Go b to I/O sets the buffer board in 
read or write mode and increment the address. 

3YA - The buffer board is always reading the present address of 
the selected pointer. The 3Y A saves the first word of data 
from the buffer board at proper sync time after sending 
Go a or Go b to I/O at sync +2. The data is sent from the 
buffer board 12 bits at a time for the next 6 CPs. 

Sync+ 
Sync+ 

Sync+ 
Sync+ 

Goa 
2 

Gob 

2 
Mode "a" read or "b" write 
Mode "a" write or "b" read 

One of the above is sent once at the beginning of the 
transfer to select the proper mode. 

Goa 
3 

Gob 
Disk write (buffer read), even channel" a" 

3 Disk write (buffer read), odd channel "b" 

One of the above is sent to the buffer board to increment 
the address. 

4. Function/Data Ready. The Function/Data Ready informs the disk 
drive there is parameter or data on Bus Out. 

3DC - The Function/Data Ready (R25) is sent after the 3DC 
decodes an lOP Command 5. The drive decodes at Code 
Out (R20 - 24) to determine the request. After an lOP 
Command 5 with a drive code of 3 is decoded, a 
Function/Data Ready is sent and informs the disk drive 
there is function on the Bus Out followed by 16 parcels of 
data. The edge of the Write Oock (R26) latches the data 
or the parameter into the disk drive's data buffer. The 
Function/Data Ready is sent to the drive with each 16 
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parcels of data transfer. The drive responds back with 
Status/Data Ready when it can receive the next 16 parcels. 
After the Function/Data Ready with a code of 3, the 3DC 
forces the Code Out to 6 for the next Function/Data which 
means the data transfer will continue. 

5. Go to Output Buffer. One word of data is transferred from the 3Y A 
to the 3YC with each Go to Output Buffer. 

3Y A - A Read Data Empty (112) is sent from the 3YC to the 
3Y A. The 3YA sends Go to Output Buffer (R16) and 
1 word of data to the 3YC after receiving Data Request. 
The first Go to Output Buffer is made by Start a or Start b 
Write from the 3DC. 

3YC - Four parcels of data and check bits are sent 16 bits 
(10 - 15) at a time for the next 5 CPs after a Go to Output 
Buffer (Il6) is received. The 3YC checks for SECDED 
errors and then generate parity on each parcel. If there is 
a SECDED error (R24 - 25) it is reported to the 3DA 
(124 - 25). 

6. Data Available. The 3YC sends Data Available to the 3DC with each 
parcel of data. 

3DC - The 3DC saves the parcel (10 - 15) and its parity bit (116) 
after receiving Data Available (143). 

7. Go Parcel. The 3YC receives a Go Parcel from the 3DC when the 
3DC can accept the next parcel. 

3YC - The Go Parcel to Output Buffer (I20) and Output Data 
Available (R23) handshake each parcel until the parcel 
count equals zero. A Go Parcel to Output Buffer is sent 
to the 3YC for every pulse of the write clock. 

8. Data Request. A Data Request is sent to the 3Y A requesting the next 
word of the transfer. 

3YC - After 4 parcels have been transferred to the 3DC, the 3YC 
sends Data Request (R26) to the 3Y A requesting the next 
word. 

3Y A - The 3Y A saves the next word from the buffer board and 
outputs it to the 3YC after receiving Read Data Empty 
The Read Data Empty (Il2) and Go to Output Buffer 
(R16) handshake for each word transferred. 
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9. Status!Data Ready. The disk drive sends Status!Data Ready 
(190 - 91) when it can accept the next 16 parcels of data. 

3DB - After the 3DB receives a Status!Data Ready on a disk 
write, it sends a Read/Write Resume (R32) to the 3DC. 

10. Read/Write Resume. The Read/Write Resume is informing the 3DC 
that the drive has requested the next 16 parcels of data. 

3DC - After the 3DC receives a Read/Write Resume (132), it 
sends a Function/Data Ready (R25) along with the Write 
Oock (R26) and 16 more parcels of data to the drive. 
Perform on steps 3 through 10 until a sector of data has 
been transferred. 

11. Done Flag. The Done Flag on the 3DA sets after receiving Transfer 
Incomplete a or b and Done from the 3DB. 

3DB - The disk drive sends Drive Done (182) to the 3DB and the 
3DB passes it to the 3DA. 

3DA - The done signals sent from the 3DC and the 3DB are 
detected by the 3DA, and the Done Flag sets. The 3DA 
sends Channel Adapter a or b Done (R30 - 31) to the 3DC 
to acknowledge the Transfer Incomplete. 

12. Interrupts. If the Channel Interrupt is enabled when the Done Flag 
sets, the 3DA sends an Interrupt to the IOP (3AK). 
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DCA2 IPI DISK DRIVE CONTROLLER 
QUARTER BOARD 

The DCA2 quarter board interfaces between the I/O processor (lOP) and 
an intelligent peripheral interface (IPD type disk drive. The DCA2 
simulates the IPI protocol with the use of the micro sequencer code. The 
micro sequencer code is stored on nine 761K x 4-bit random access 
memory (RAM) chips and is loaded via local memory. The IPI drives are 
nine head parallel or one head serial. The drives are dual ported and can be 
daisy chained. The DCA2 quarter board consists of the 3DD, 3DE, 3DF, 
300, 3DH, 3DI, 3DJ, 3YA, 3YB, and 3YC options. Refer to Table 8-1 
for a functional description of the DCA2 options. Refer to Fgure 8-4 for 
the DCA2 quarter board option layout. 
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DCA2 Data Flow 
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Table 8-1. DCA2 Options and Functional Description 

Option Functional Description 

300 lOP contol 
Error register 
Internal status register 

3DE External input control 
Bus in A and B 

3DF External output control 
Bus out A and B 
i, j, and k registers 

300 10 compare 
Parcel and defect counters 
Parameter registers 
Cylinder register 

3DHO Data out 211 - 28,23 - 20 
ECC generation and check 

3DH1 Data out 215 - 2 12, 27 - 24 
ECC generation and check 

301 Sequencer control 
Transfer counter 
Status register (initial and ending) 

3DJ Sequencer address 

3YA Buffer board interface 

3YB Input data buffer 

3YC Output data buffer 

The DCA2 inputs data to the buffer board via 3DE, 3YB, and 3Y A. Refer 
to Figure 8-1 for a DCA2 block diagram. The 3DE receives data on the A 
and B buses. Each bus is 8 bits of data and 1 bit of parity. The 3DE 
checks for bus parity errors and then outputs the data and parity to the 
3DG, 3DH and 3YB options. The 3DG option receives the ID parcels. 
The 3DH options use the data to generate the new Error Correction Code 
(ECC). The 3YB option checks the parity and assembles the data in a 
64-bit word. The 3YB outputs the word of data and check bits to the 3Y A 
option. The 3Y A option outputs the data and check bits to the buffer board 
12 bits per clock period (CP). 

The DCA2 outputs data to the disk drive via the 3Y A, 3YC, 3DH, and 
3DF options. Refer to Figure 8-1 for a DCA2 block diagram. The 3Y A 
receives the data and check bits from the buffer board 12 bits per clock 
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period. The data and check bits are then sent to the 3YC option. The 3YC 
perfonns single-error correction, double-error detection (SECDED) and 
then generates I bit of parity for each byte of data. The 3YC outputs a 
byte of data to each 3DH option. The 3DH options generate the ECC and 
then outputs the data to the 3DF option. The 3DF loads the data on the A 
and B buses and then outputs the data to the disk drive. 

The micro sequencer code is written to the RAM via the 3DD and 3D! 
options. Refer to Figure 8-1 for a DCA2 block diagram. The 3DD 
receives the data from local memory (3AO or 3AQ options) 4 bits at a time. 
The 3DD then outputs the data to the 3DI. The 3DI generates a write 
enable and then sends the data to the RAM. The 3DJ option outputs the 
sequencer address. 

For diagnostic purposes the micro sequencer code is read back to local 
memory via the 3D! and 3DD options. Refer to Figure 8-1 for a DCA2 
block diagram. The 3DJ addresses the RAM. The RAM outputs the data 
to the 3DI. The 3DI sends the data to the 3DD 4 bits at time. The 3DD 
option sends the data to local memory (3AS or 3AP). 

The DCA2 writes and reads the ID via the buffer board. Refer to Figure 
8-1 for a DCA2 block diagram. The EIOP must write the ID to the buffer 
and then issue a write ID command to the DCA2. The buffer board 
outputs the ID to the 3Y A. The ID is passed to the 3YC, 3DH, and 3DF 
options. The 3DF loads the ID on to the A and B buses. The disk drive 
reads the buses and writes the ID to the appropriate location. 

The DCA2 reads the ID to the buffer board via the 3DE, 3YB, and 3Y A 
options. Refer to Figure 8-1 for a DCA2 block diagram. The DCA2 
issues a read ID command and then receives the ID on the A and B buses. 
The 3DE outputs the ID to the 3YB option. The 3YB passes the ID to the 
3YA one word at a time. The 3Y A option then passes the data to the 
buffer board. The EIOP reads the ID from the buffer board via channel 
26. 
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The following is a description of the DeA2 IPI protocol signals. Refer to 
Figure 8-2 for IPI block diagram. 

• Select Out. The Select Out is asserted by the master to the slave 
(disk drives). It selects the disk drive with the use of the device 
address. 

• Slave In. The Slave In is asserted by the slave to enable the master 
to output control or status. It is negated to terminate the transfer. 

• Master Out. The Master Out is asserted by master to initiate the 
transfer, and negated to terminate the transfer. 

• Sync In. The Sync In is asserted by the slave for data and controL 
On a disk write, the slave asserts Sync In when it can accept the 
data. On disk read, the slaves assert Sync In when there is valid 
data on the buses. 

• 

• 

• 

Sync Out. The Sync Out is asserted by the master for data and 
controL On a disk write, the master asserts Sync Out when the 
master has valid data on the bus and Sync In is asserted. On a disk 
read, the master asserts Sync Out when the master can accept the 
next parcel of data. 

A and B Bus. The A and B buses are each 8-bit data buses with 
I bit of odd parity. 

Attention In. The Attention In is asserted by the slave when the 
slave needs service. 

Select Out ... 
-". 

-- Slave In 
" DCA2 Master Out .... Disk Drive 

Controller ~ 

(Master) ---
Sync In 

.... 
Sync Out "" --;I' 

Bus A 

---
(8 Data and 1 Parity Bits) .... .. 

Bus B 
.J (8 Data and 1 Parity Bits) ... 
'""" 

-- Attention In .... 
..... .. 

Figure 8-2. IPI Block Diagram 
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autoload. The DeA2 quarter board has nine lK x 4 bit RAM arrays to 
hold the micro sequencer code. The micro sequencer code simulates IPI 
protocol for the DeA2. Refer to Figure 8-3 for a DeA2 block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
lOP Function Data. The lOP Function Data is the modifier bit this 
clock period and the command on the next clock period. If needed 
for the next 4 CPs, the lOP Function Data is the accumulator data. 

lOP - The 3AS option sends Go lOP Function (R33 or R34) 
and the 3AQ option sends lOP Function Data (R25 - 28 or 
R30 - 33) for channels 30, 31 and 34, 35. The 3AP 
option sends Go lOP Function (R33 or R34) and the 3AO 
option sends lOP Function Data (R25 - 28 or R30 - 33) 
for channels 32, 33 and 36, 37. The lOP Function Data 
is sent to the DeA2 4 bits at a time. The lOP sets the 
appropriate DMA busy flag and clears DMA done flag for 
the odd channel after decoding a command 1. When 
programming the DeA2 for an autoload (command 1), 
use the even channel on the DeA2 quarter board and the 
odd channel on the lOP board. Refer to Table 8-2 for the 
correct autoload instruction. 

Table 8-2. DeAl Autoload Instruction 

Function Channel Instruction 

Autoload 30,31 141131 

Autoload 32,33 141133 

Autoload 34,35 141135 

Autoload 36,37 141137 

3DD - The 3DD option receives the Go lOP Function (14) and 
decodes the lOP Function Data (10 - 3). After decoding a 
command 1 for the even channel, the DeA2 sets the busy 
flag and clears the done flag for the even channel and then 
waits for the local memory data. The 3DD sends the Go 
lOP Function (R14) and the Function Data (RIO - 13) to 
the 3D] and 3DI options. 
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3DI - The 3DI option decodes a command 1 and sends a Reset 
Address (R80) to the 3DJ. 

3DJ - The 3DJ option clears the sequencer address after 
receiving Reset Address (180) from the 3DI and then 
outputs the address (RO - 9) to the RAM. 

2. DMA Output Control. The lOP sends a DMA Output Control with 
each parcel oflocal memory data. 

lOP - After setting the busy flag, the lOP generates a local 
memory read request. The lOP outputs the DMA Output 
Control at sync 0 or 3 to the DCA2 after reading the parcel 
of data from local memory. The lOP generates the next 
local memory read request after receiving DMA Input 
Control at sync I or 4. When the parcel counter on the 
3AL option equals zero, the lOP then sends a DMA 
Output Control at sync 2 or 5 to the 3DD option with the 
last parcel of data. Refer to Section 5, "DMA Local 
Memory Read Reference Sequence," for a complete local 
memory read reference sequence. 

3DD - The 3DD option receives DMA Output Control (15) and 
lOP Function Data (10 - 3) from the lOP. The 3DD 
passes the DMA Control (R14) and lOP Function Data 
(RIO - 13) to the 3DI and 3DJ options. 

3DI - The 3DI option generates the Write Enable (RO - 8) and 
outputs 4 bits of Sequencer Data (RIO - 13) to the RAM. 
The 3DI sends an Advance Sequencer Address (R82) to 
the 3DJ after writing the 2 parcels of data into the RAM. 
Refer to Table 8-3 for the write data sequence. 

Table 8-3. Sequencer Data 

Parcel/Parity Nibble 

0 

ParcelN 1 
2 
3 

4 

Parcel N+1 5 
6 
7 

Parity 8 

Cray Research Proprietary 
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3DJ - The 3DJ option increments the address each time it 
receives an Advance Sequencer address (180). 

3. DMA Control. The 3DI sends a DMA Control (R44) to the 3DD 
requesting the next parcel of data. 

4. DMA Input Control. The 3DD sends a DMA Input Control to the 
lOP requesting the next parcel of data. 

3DD - The 3DD option outputs a DMA Input Control (R4) to the 
lOP at sync I or 4 requesting the next parcel. If the 3DD 
received the previous DMA Output Control at sync 2 or 5 
(disconnect), the 3DD sets the done flag. Perform steps 2 
through 4 for each parcel of data. 

5. Interrupt. The 3DD sends an Interrupt (R7) to the lOP when the 
done flag sets and the Channel Interrupt is enabled. 

IOP - When the parcel counter on the 3AL option equals zero, 
the lOP outputs a DMA Output Control at sync 2 or 5 to 
the 3DD option with the last P¥Ce1 of data. Then the lOP 
sets the appropriate DMA done flag and clears the DMA 
busy flag. 

3DD - The 3DD sets the done flag and clears the busy flag after 
receiving the DMA Control (15 - 4) from the 3DI if the 
3DD received a DMA Output Control at sync 2 or 5 from 
the lOP. 

DCA2 Autodump Sequence 

The following is a sequential description of a DCA2 autodump. The 
DCA2 quarter board has nine 1K x 4-bit RAM arrays to hold micro 
sequencer code. The micro sequencer code simulates IPI protocol for the 
DCA2. For diagnostic purposes, the micro sequencer code is read to local 
memory (autodump). Refer to Figure 8-3 for a DCA2 block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
lOP Function Data. The lOP Function Data is the modifier bits that 
clock period and the command on the next clock period. If needed 
for the next 4 CPs, the lOP Function Data is the accumulator data. 

lOP - The 3AS option sends Go lOP Function (R33 or R34) 
and the 3AQ option sends lOP Function Data (R25 - 28 or 
R30 - 33) for channels 30, 31 and 34, 35. The 3AP 
option sends Go lOP Function (R33 or R34) and the 3AO 
option sends lOP Function Data (R25 - 28 or R30 - 33) 

) 

for channels 32,33 and 36, 37. The lOP Function Data ) 
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is sent to the DCA2 four bits at a time. The lOP sets the 
appropriate DMA busy flag and clears DMA done flag for 
the even channel after decoding a command 1. When 
programming the DCA2 for an autodump (command 1), 
use the odd channel on the DCA2 quarter board and the 
even channel on the lOP board. Refer to Table 8-4 for the 
correct autodump instruction. 

Table 8-4.· DCA2 Autodump Instruction 

Function Channel Instruction 

Autodump 30,31 141170 

Autodump 32,33 141172 

Autodump 34,35 141174 

Autodump 36,37 141176 

3DD - The 3DD option receives the Go lOP Function (14) and 
decodes the lOP Function Data (10 - 3). After decoding a 
command 1 for the odd channel, the 3DD sets the busy 
flag and clears the done flag for the odd channel. The 
3DD sends the Go lOP Function (R14) and the lOP 
Function Data (R1O - 13) to the 3DJ and 3D! options. 

3DI - After the 3DI option decodes a command 1, it sends a 
Reset Address (R80) to the 3DJ and a DMA Control 
(R44) to the 3DD. 

3DJ - The 3DJ option clears the sequencer address after 
receiving Reset Address (180) from the 3DI and then 
outputs the sequencer address (RO - 9) to the RAM. 

RAM - The RAM outputs 32 bits of sequencer data to the 3D! and 
3DJ options. 

2. DMA Control. The 3DI sends a DMA Control to the 3DD after 
receiving the data from the RAM. 

3DI - The 3DI option receives the sequencer data (10 - 31) from 
the RAM, then sends a DMA Control (R44) and a parcel 
of data (R40 - 43) to the 3DD. Then the 3DI sends 
Advance Sequencer Address to the 3DJ. 

Cray Research Proprietary 
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3. DMA Input Control. The 3DD sends an DMA Input Control to the 
lOP with each parcel of data. 

3DD - The 3DD sends a DMA Input Control (R4) at sync 0 or 3 
and the parcel of data. 

4. DMA Output Control. The lOP sends a DMA Output Control to 
acknowledge the parcel of data and to request the next parcel. 

lOP - After setting the busy flag, the lOP waits for a DMA Input 
Control at sync 0 or 3. The lOP generates a local write 
request after receiving the DMA Input Control. Then the 
lOP outputs the DMA Output Control at sync 1 or 4 to the 
DCA2 after writing the parcel of data into local memory. 
When the parcel counter on the 3AL option equals zero, 
the lOP sends the DMA Output Control at sync 2 or 5 to 
the 3DD. Refer to Section 5, "DMA Local Memory Write 
Reference Sequence," for complete local memory write 
reference sequence. 

3DD - The 3DD option receives DMA Output Control (I5) from 
the lOP. The 3DD passes the DMA Control (R14) to the 
3D!. Perform steps 2 through 4 for each parcel. 

5. Interrupt. The 3DD sends an Interrupt (R7) to the lOP when the 
done flag sets and the channel Interrupt is enabled. 

lOP - When the parcel counter on the 3AL equals zero, the lOP 
sets the appropriate DMA done flag and clears the DMA 
busy flag. The lOP then sends DMA Output Control at 
sync 2 or 5 with the last parcel of data. 

3DD - The 3DD sets the done flag and clears the busy flag after 
receiving a DMA Output Control at sync 2 or 5 from the 
lOP. 

DCA2 Disk Drive Read Sequence 

8-10 

The following is a sequential read from an IPI disk drive with a DCA2 
controller. The IPI protocol is simulated by micro sequencer code located 
on the DCA2 quarter board. Refer to Figure 8-3 for DCA2 block diagram. 

1. Go lOP Function. The lOP outputs Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
lOP Function Data. The lOP Function Data is the modifier bits that 
clock period, and the command on the next clock period. If needed 
for the next 4 CPs, the lOP Function Data is the accumulator data. 
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IOP - The 3AS option sends Go lOP Function (R33 or R34) 
and the 3AQ option sends lOP Function Data (R25 - 28 or 
R30 - 33) for channels 30, 31 and 34, 35. The 3AP 
option sends Go lOP Function (R33 or R34) and the 3AO 
option sends lOP Function Data (R25 - 28 or R30 - 33) 
for channels 32, 33 and 36, 37. The IOP Function Data 
is sent to the DeA2 four bits at a time. 

3DD - The 3DD option receives the Go lOP Function (14) and 
lOP Function Data (10 - 3). The DeA2 sets the busy flag 
and clears the done flag for the selected channel after 
decoding a command 5. The 3DD sends the Go IOP 
Function (R14) and the Function Data (RIO - 13) to the 
3DJ and 3DI options. It also sends Go lOP Function 
(R24) and lOP Function Data (R20 - 23) to the 3DE, 3DF 
and 3DG options. 

3DF - The 3DF option loads the device address after decoding a 
command 5. 

3DI - The 3DI option loads the transfer counter after decoding a 
command 4. The transfer length is 20,154 parcels. There 
are 24 ill, 20,000 data, 20 Eee, and 110 defect parcels. 

3DJ - The 3DJ option loads the sequencer address after 
decoding a command 5. 

RAM - The RAM outputs the Sequencer Data addressed by the 
3DJ. The 3DJ option latches the Sequencer Data 
(IO - 35). The sequencer data bits are as follows: 235 -
232 parity, 231 - 220 parameter, 219 - 216 function, 215 -
210 branch select, and 29 - 20 next address. 

2. Sequence Data. The Sequence Data is used to control the DeA2 
quarter board and to simulate the IPI protocol. 

3DJ - Each time the 3DJ option outputs a new address to the 
RAM, the 3DJ receives 32 bits of sequencer data. The 
sequencer data is decoded for the next address, branch 
control, functions, and parameters. The sequencer data is 
parity protected. The 3DJ reports parity errors (R32 - 35) 
to the 3DD and halts the sequence. The 3DJ outputs 
Sequencer Parameter and Function (R80 - 87) to the 3DD, 
3DE, 3DF, 300, 3DHs, and 3DI options with each new 
sequencer address. 

3. Select Out. The master asserts a Select Out to select the slave (Select 
state). 
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3DF - The 3DF option asserts Select Out (R20) after decoding 
the Sequencer Parameter and Function (180 - 87). The 
device address is on the A bus (RO - 8) when Select Out iS~) 
asserted. 

4. Slave In. The slave asserts Slave In in response to Select Out 
(Slavack state). 

3DE - The 3DE option receives Slave In (I2l) and then outputs 
the Input Tag Status (R50 - 53) to the 3DJ. 

3DF - The 3DF option enables the loading of the A and B buses 
after receiving Slave In (I2l). 

3DJ - After receiving Input Tag Status (I50 - 53), the 3DJ 
selects the next sequencer address. The 3DJ then receives 
the sequencer data and fans out the Sequencer Parameter 
and Function (R80 - 87). 

5. Sync Out. The master asserts Sync Out to inform the slave there is 
control on the A bus (Busctl). 

3DE - Sync Out is generated by Sequencer Parameter and 
Function (I80 - 87) from the 3DJ option. The Master 
negates Sync Out after receiving Sync In (Mastend state). 

3DF - The 3DF option loads the A bus (RO - 8) with the control ) 
and then asserts Sync Out (R22) after receiving Send 
Sync Out (146). 

6. Sync In. The slave asserts Sync In to acknowledge Sync Out and to 
transfer status to DeA2 on the B bus (Busack). 

3DE - The 3DE receives Sync In (122) and the status. Then the 
3DE outputs Sync In (R22) to the 3DF and Input Tag 
Status (R50 - 53) to the 3DJ. The Slave negates Sync In 
after the master negates Sync Out (Slavack state). 

7. Master Out. The Master asserts Master Out to initiate the transfer 
after the slave negates Sync In (Xfrrdy state). 

3DF - The 3DF asserts Master Out (R2l) after decoding 
Sequence Parameter (180 - 83) and Function (184 - 88) 
from the 3DJ option. 

8. Sync In. The slave asserts Sync In for each parcel of information 
(Xfrst state). 
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3DE- The 3DE receives Sync In (I22) and latches the parcel. 

) The A and B buses are 8 bits of data and 1 bit of parity 
each. The 3DE sends Sync In (R22) to the 3DF and Input 
Tag Status (R50 - 53) to the 3DJ. The Slave negates 
Sync In after the master asserts Sync Out (Xfrend state). 

9. Sync Out. The master asserts Sync Out after latching the data 
(Xfrres state). 

3DE- Sync Out is generated by Sequencer Parameter (I80 - 83) 
and Function (I84 - 88) from the 3DJ option. The Master 
negates Sync Out after receiving Sync In (Xfrrdy state). 

3DF- The 3DF option asserts Sync Out (R22) after receiving 
Send Sync Out (I46). The 3DF negates Sync Out after 
the slave negates Sync In. Perform steps 8 and 9 for each 
parcel information from the slave. 

10. Go Parcel. The 3DE sends a Go Parcel to increment the parcel 
counter on the 300 and to decrement the transfer counter on the 3DI 
each time Sync In is asserted. 

3DE- The 3DE option outputs the data to the 300, 3DH, and 
3YB options. The data is sent a parcel at a time with 2 
parity bits. 

) 3DG- The 3DG option increments the parcel counter after 
receiving Go Parcel (142). The first 24 parcels are the ID 
parcels. The 3DG receives the 24 ID parcels and 
compares it to the selected ID and then clears the parcel 
counter. Since the next 20,000 parcel are data, the 3DG 
increments the parcels counter and then sends a Go Read 
(R8) and parcel address (R20 - 22) to the 3YB. It also 
sends a Go Read (R9) to the 3DH options. When the 
parcel counter equals 20,000 the data is transferred. The 
next 20 parcels are ECC parcels. The 3DG sends a Go 
Read ECC (R12) to the 3DH options. If there is a defect 
pad located on this cylinder, the defect counter counts the 
110 parcels of defect. The parcel counter counts ID, 
Data, and ECC parcels. 

3DI- The 3DI option decrements the transfer counter after 
receiving Go Parcel (I50). The transfer counter counts 
ID, data, defect, and ECC parcels. 

11. Start a or Start b. The 3DE sends a Start a or Start b to the 3YB 
option to select the proper pointer. 

) 
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3DD - The 3DD outputs an a Active (R36) or b Active (R38) to 
the 3DJ for the select channel. If stacking sector, the 3DD 
outputs a Hold (R37) or b Hold (R39) for the waiting 
channel. 

3DJ - The 3DJ receives a Active (I36) or b Active (I38) and 
outputs the proper Sequencer Parameter and Function 
(R80 - 87). 

3DE - The 3DE sends Start a (R21) for the even channel or Start 
b (R22) for the odd channel. The even channel uses the a 
pointer and the odd channel uses the b pointer. The Start 
a and Start b are determined by the Sequencer Parameter 
and Function (180 - 87). 

12. Go Read. The 3DG option sends a Go Read to latch the data parcels 
on the 3YB and 3DH options. The 3DG also sends the parcel 
address to the 3YB. 

3YB - The 3YB option checks the parity and assembles the data 
into a word. As the data is assembled. the 3YB generates 
SECDED. 

3DHs- The 3HD options generate the ECC. After the a sector of 
data is received. the 3DH options compare the new ECC 
to the old ECC. The ECC errors (RIO - 13) are reported ) 
to the 3DG option. If an ECC error occurred, the ECC is . 
read to the lOP with a command 1. 

13. Last Parcel. The 300 sends Last Parcel to the 3YA requesting to 
send a word of data to the buffer board. 

3DG - When the parcel address (R20 - 22) equals three. the 3YB 
has received the last parcel of the word. 

14. Go to Input Buffer. The 3Y A option sends Go to Input Buffer to 
request a word of data from the 3YB option. 

3YA - After receiving Last Parcel (I36). the 3Y A sends Go to 
Input Buffer to the 3YB (R19) at sync 2. 

15. Start a or Start b. The Start a or Start b signals inform the 3YA 
which pointer to use. 

3YB - The 3YB sends a Start a (R32) for the even channel and 
Start b (R33) for the odd channel and a word of data with 
check bits (RO - 19). 

16. Go a To I/O or Go b To I/O. These signals select the proper mode 
and increment the address on the buffer board. 
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3YA - The 3Y A sends Go a To I/O (R17) or Go b To I/O (RI8) 
designated by Start a (137) or Start b (138). The 3YA 
outputs the data (R20 - 31) 12 bits at a time to the buffer 
board. Perform steps 8 through 16 until Slave In is 
negated. 

The Go a To I/O and Go b To I/O at sync 2 selects the 
mode. A Go a To I/O at sync 2 selects "a" read and "b" 
write mode. A Go b To I/O at sync 2 selects "a" write 
and "b" read mode. 

The Go a To I/O and Go b To I/O at sync 3 writes the 
word into the buffer and increments the "a" or "b" 
pointer's address. The Go a To I/O at S )TIC 3 increment 
"a" pointer's address and writes word to the buffer board. 
A Go b To I/O at sync 3 increments the "b" pointer's 
address and writes the word to the buffer board. Refer to 
Table 8-5 for correct sync time for Go a To I/O and Go b 
To I/O. 

Table 8-5. Go a to I/O and Go b to I/O Sync Time 

Channel/Function Pointer Mode Increment Address 

Even/Input a Go b sync 2 Go a sync 3 

Odd/Input b Go a sync 2 Go bsync3 

Even/Output a Go a sync 2 Go a sync 3 

Odd/Output b Go b sync 2 Go bsync3 

17. Go Read ECe. The 3DG option outputs Go Read ECC to the 3DH 
option to stop the ECC generation. 

3DG - If the ECC is enabled, the 300 outputs Go Read ECC 
(R12) when the parcel counter is greater than 20,000. If 
ECC is not enabled, the 3DG continues to send Go Read 
(R8 - 9). 

3DH - The 3DH options compare the old ECC to the new ECC 
after receiving Go Read ECC (19). 

3YB - The 3YB passes the ECC parcels to the buffer board if 
ECC is not enabled. 

18. Slave In. The slave negates Slave In to end the transfer (Slavend 
state). 
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3DE - The 3DE option receives Slave In (I21) and then outputs 
the Input Tag Status (R50 - 53) to the 3DJ option. 

19. Master Out The master negates Master Out acknowledging Slave In 
(Select state). 

3DF - When Slave In is negated, the transfer counter equals zero 
and the 3DF has received Sequencer Parameter and 
Function. The 3DF negates Master Out (R14). 

20. Slave In. The slave asserts Slave In in response to Master Out and 
to exchange ending status (Slavack state). 

3DE - The 3DE receives Slave In (I21) and then outputs the 
Input Tag Status (R50 - 53) to the 3DJ. 

21. Sync Out The master asserts Sync Out to inform the slave of 
ending status on the A bus (Busctl). 

3DE - Sync Out is generated by Sequencer Parameter (180 - 83) 
and Function (I84 - 88) from the 3DJ option. The Master 
negates Sync Out after receiving Sync In (Mastend state). 

3DF - The 3DF option loads the A bus (RO - 8) with the ending 
status and then asserts Sync Out. The Master negates 
Sync Out after receiving Sync In. 

22. Sync In. The slave asserts Sync In to acknowledge Sync Out and to 
transfer the response status to DeA2 on the B bus (Busack state). 

3DE - The 3DE option receives Sync In (122) and then sends 
Sync In (R22) to the 3DF and Input Tag Status (R50 - 53) 
to the 3DJ. The Slave negates Sync In after the master 
negates Sync Out (Slavack state). 

23. Interrupts. An Interrupt is sent to the lOP when the done flag sets 
and the channel Interrupt is enabled. 

3DD - The 3DD option sets the done flag and clears the busy flag 
after receiving the proper Sequence Parameter and 
Function (I80 - 87). 

DCA2 Disk Drive Write Sequence 

8-16 

The following is a sequential write to an IPI type disk drive with a DeA2 
controller. The IPI protocol is simulated by the micro sequencer code 
located on the DeA2 quarter board. Refer to Figure 8-3 for DeA2 block 
diagram. 

Cray Research Proprietary 
Preliminary Information 

10/90 



) 

lOS Model E Hardware Maintenance Manual DCA2 IPI Disk Drive Controller Quarter Board 

10/90 

1. Go lOP Function. The lOP sends Go IOP Function to a specific 
channel pair. When the channel receives the signal. it decodes the 
lOP Function Data. The lOP Function Data is the modifier bits that 
clock period and the command on the next clock period. If needed 
for the next 4 CPs. the lOP Function Data is the accumulator data. 
Perform steps 1 through 7 of the DCA2 Read Sequence to select and 
enable the disk drive and read the ID field. 

2. Start a or Start b. The Start a.or Start b signal informs the 3YA 
option which pointer to use. 

3DF - The 3DF option sends a Start a (R50) for the even channel 
or Start b (R5I) for the odd channel. The even channel 
uses the a pointer and the odd channel uses the b pointer. 
The Start a and Start b are determined by the Sequencer 
Parameter and Function (I80 - 87). 

3Y\ - The 3Y A option selects the proper pointer and then sends 
Go a To I/O or Go b To I/O (RI7 or RI8) to the buffer 
board to select the mode. 

3. Go a To I/O or Go b To I/O. These signals select the proper mode 
and increment the address on the buffer board. 

3YA - The 3Y A option sends Go a To I/O (RI7) or Go b To I/O 
(RI8) designated by Start a (I14) or Start b (U5). The 
3YA then latches the data (IO -11) that is being sent 12 
bits at a time from the buffer board. 

The Go a To I/O and Go b To I/O at sync 2 selects the 
mode. The Go a To I/O at sync 2 selects a read and b 
write mode. The Go b To I/O at sync 2 selects a write 
and b read mode. 

The Go a To I/O and Go b To I/O at sync 3 increments the 
a or b pointer's address. The Go a To I/O at sync 3 
increments a pointer's address. The Go b To I/O at sync 
3 increments the b pointer's address. Refer to Table 8-5 
for correct sync time for Go a To I/O and Go b To I/O. 

4. Go to Output Buffer. The 3YA option sends Go to Output Buffer 
with each word of data to the 3YC option. 

3YC - The 3YC option receives the Go to Output Buffer and one 
word of data with check bits. The data and check bits are 
sent 16 bits (10 -15) at a time for 5 CPs. The 3YC 
performs SECDED and then generates 2 bits of parity for 
each parcel. If there is a SECDED error (R24 - 25). it is 
reported to the 3DD option. 
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5. Data Available. The 3YC sends a Data Available to the 3DF for each 
parcel of data it sends to the 3DH OPtiOns.) 

3DF - The 3DF option sends Go Parcel (R60 - 61) to the 300 
and 3DI options and then waits for the data from the 3DH 
options after receiving Data Available (119). 

6. Go Parcel. The 3DF sends a Go Parcel to decrement the transfer 
counter on the 3DI option and increment the parcel counter on the 
3DGoption. 

3D! - The 3DI option decrements the transfer counter after 
receiving Go Parcel (150). The transfer counter counts 
ID, data, and ECC parcels. 

3DG - The 300 option increments the parcel counter and sends a 
Go Write (RIO -11) to the 3YC and 3DH options after 
receiving Go Parcel (143). The parcel counter counts the 
data parcels. When the parcel counter equals 20,000 the 
data transfer is complete. The next 20 parcels are ECC 
parcels, so the 300 outputs Go Write ECC (R13) and 
Gate Out ECC (R16). If there is a defect, the 3DG counts 
the 110 defect parcels with the defect counter. The 300 
does not send Go Write (R 1 0 - 11) if the defect counter is 
counting, so the 3DF outputs the same parcel of data to 
each parcel of the defect pad.) 

7. Go Write. The 3DG sends a Go Write to latch the data on the 3DH 
options. 

. 3DHs- The 3DH options output the data to the 3DF option and 
generate the ECC code. The ECC is read to the lOP with 
a command 1. 

3YC - The 3YC option outputs the next data available after 
receiving Go Write (120). 

8. Sync In. The slave asserts Sync In requesting a parcel of data 
(Xfrst state). 

3DE - The 3DE option receives the Sync In (122). The 3DE 
sends Sync In (R22) to the 3DF and Input Tag Status 
(R50 - 53) to the 3DJ. The Slave negates Sync In after 
the master asserts Sync Out (Xfrend state). 

9. Sync Out. The master asserts Sync Out with each parcel of data 
(Xfres state). 
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3DE - Sync Out is generated by Sequencer Parameter and 
Function (180 - 87) from the 3D] option. The Master 
negates Sync Out after receiving Sync In (Xfrrdy state). 

3DF - The 3DF option asserts Sync Out (R22) after receiving 
Send Sync Out (146). The 3DF loads the A and B buses 
with 8 bits of data and 1 bit of parity each. The 3DF 
negates Sync Out after the slave negates Sync In. 
Perform steps 8 and 9 for each parcel data or ECC to the 
slave. 

10. Data Request. The 3YC option sends a Data Request to request the 
next word of data from the 3 Y A option. 

11. 

3Y A - The 3Y A option receives the Data Request and latches the 
next word from the buffer board at the proper sync time. 
The buffer board is always reading out the selected 
address. 

Go Write ECC and Gate Out ECe. The 3DG option sends the Go 
Write ECC and Gate Out ECC to enable the 3DH options to output 
the ECC. Perform steps 18 through 23 of the DCA2 Read Sequence 
to terminate the transfer. 

3DG - When the parcel counter equals 20,000, the 3DG sends 
Go Write ECC (R12) and Gate Out ECC (R16) to the 
3DH options. 

3DHs- The 3DH options gate the inverted ECC (RO - 7) to the 
3DF after receiving Go Write ECC (19) and Gate Out 
ECC (128). 
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Data Request 

3YA 
112 RO-15 Data 10 -15 

114, 15 R16 Go to Output Buffer 116 

Buffer Board Data 10-11 R17 Go aID 1/0 Go Write 120 Buffer Board (30G) 
Clear 1/0 113 Interface R18 Gobto 1/0 

} Buffer 

Last Parcel 136 R20-31 Write Data Board 

RIg Go to Input Buffer 
116 -35 

137138 

Start a/Start b 

Data/Check Bits 

BusA In 10-8 

3DE 
123 

Bus Bin 110 - 18 
RO -7 OatalStatus (30HOI30Hl/1/J/G) 10-7 

Attention In 120 
R8 Parity 130 

Slave In 121 
Rl0- 17 Data (30HOI30HI130G) 18- 15 Bus In 

Sync In 122 
A and B R18 Parity 131 

Select Out 123 
R20/21 Start alStart b 124125 

Master Out 124 

Sync Out 125 (30G) Go Data 116 

bActive 138 (30G) Parcel Address 120 -22 

Byte Counter Zero ISO 

Parity Error 160.161 R22 Sync In 

S&qJencer Function 
(30F) 

180 -83 R24 Go Parcel 
(30G.301) 

SeqJencer Parameter 184-87 R40 -43 lOP Status 
Byte Counter Zero 

(300) 
ISO R44 OMAControl 

(300) 
140 -43 R46 Sync Out 

(30F) 
144 R47 Block Master Out 

(30F) 
145 R50 - 53 Input Tag Status 

(30J) 

OMAControl 

Go lOP Func~n 
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The TCA 1 quarter board interfaces between the lOP and IBM tape 
drives. The TCA1 simulates the IBM protocol with the use of the 
micro-sequencer code. The micro-sequencer code is stored on nine 
1K x 4-bit random access memory (RAM) chips and is loaded via local 
memory. The TCAI quarter board consists of the 3DD, 3DG, 3DH, 
3D!, 3DJ, 3TA, 3TB, 3YA, 3YB, and 3YC options. Refer to Table 9-1 
for a functional description of TCA 1 options. Refer to Figure 9-6 for 
the TCA 1 quarter board option layout. 

Table 9-1. TCA 1 Options and Functional Description 

Option Functional Description 

3DD lOP control 
Error register 
Int~rnal status register 

3DG Byte counter 

3DHO Data out 23 - 2° 

3DH1 Data out 27 - 24 

3DI Sequencer control 
Transfer counter 
Status register 

3DJ Sequencer address 

3TA External input control 
Bus 0 in 

3TB External output control 
Bus 0 out 
i, j, and k registers 

3YA Buffer board interface 

3YB Input data buffer 

3ye Output data buffer 
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The TCA 1 inputs data to the buffer board via 3T A, 3YB, and 3 Y A 
options. Refer to Figure 9-1 for a TCA 1 block diagram. The 3T A 
receives data from the tape drive. The bus has 8 bits of data and 1 bit 
of parity. The 3TA checks the data for bus parity errors. Then the 
3TA outputs the data and parity to the 3YB. The 3YB checks the 
parity and assembles the data in a 64-bit word and generates check 
bits. The 3YB outputs the word of data and check bits to the 3Y A. 
The 3Y A outputs the data and check bits to the buffer board 12 bits 
per clock period (CP). 

The TCA1 outputs data to the tape drive via the 3YA, 3YC, 3DH, and 
3TB options. Refer to Figure 9-1 for a TCA1 block diagram. The 3YA 
receives the data and checks bits from the buffer board 12 bits per CP. 
The data and check bits are then sent to the 3YC. The 3YC performs 
single-error correction, double-error correction (SECDEDt) and then 
generates 1 bit of parity for each byte of data. The 3YC outputs the 
data to 3DH options. Then each 3DH outputs 4 bits of data to the 3TB 
option. The 3DHO option also outputs the parity bit. The 3TB loads 
the data and parity on the bus and then outputs it to the tape drive. 

The micro-sequencer code is written to the RAM via the 3DD and 3DI 
options. Refer to Figure 9-1 for a TeAl block diagram. The 3DD 
receives the data from local memory (3AO or 3AQ options) 4 bits at a 
time. The 3DD then outputs the data to the 3DL The 3DI generates a ) 
written enable and then passes the data to the RAM. The 3DJ option 
outputs the sequencer address. 

For diagnostic purposes the micro-sequencer code is read back to 
local memory via the 3DI and 3DD options. Refer to Figure 9-1 for a 
TCA1 block diagram. The 3DJ option addresses the RAM. The RAM 
then outputs the data to the 3D!. The 3DI passes the data to the 3DD 
4 bits at time. The 3DD outputs the data to local memory (3AS or 
3AP options). 

The following is a description of the TCA1s IBM protocol: data bus, 
tag lines, and select lines. 

t Hamming. R. W. "Error Detection and Correcting Codes." Bell System Technical 
Journal. 29.2 (1950): 147 - 160. 
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NOTE: The TCA1 has meter and mark lines but they are not used 
at the present time. 

The following is a description of the TCA 1 data bus signals. Refer to 
Figure 9-2 for a data bus block diagram. 

• Bus. The Bus 0 has 8 bits of data and 1 bit of parity. The Bus is 
used to pass the address, data, commands, and status between 
the TCA1 and the tape drive. 

Bus 0 Out 
""'" - IBM Tape 

TCA1 Drive - Bus 0 In 

A·9266 

Figure 9-2. Data Bus Block Diagram 

The following is a description of the TCAI tag line signals. Refer to 
Figure 9-3 for a tag line block diagram. 

• Address Out. The Address Out is raised by the TCA 1 when there 
is an address on the bus out. 

• Address In. The Address In is raised by the drive when it returns 
the address to the TCA 1. The address is returned by the selected 
drive. 

• Command Out. The Command Out is raised by the TCA 1 when 
there is a command on the bus out or the byte count equals zero. 

• Status In. The Status In is raised by the drive when it is inputing 
status to the TCA 1. The tape drives send a byte of initial status 
and a byte of ending status. 

• Service Out. The Service Out is raised by the TCA 1 for each byte 
of data or in response to Status In. 

• Service In. The tape drive raises Service In when it is sending or 
receiving a byte of data. Service In and Service Out handshake 
each byte of data. 
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• Data Out. The TeAl raises Data Out when it is accepting or 
sending a byte of data. 

• Data In. The tape drive raises Data In when it is accepting or 
sending a byte of data. The Data In and Data Out signals 
handshake every other byte of data in 1.5, 3.0, and 4.5 Mbyte 
modes. The Service In and Service Out signals handshake the 
other byte of data. 

Address Out -~ Address In TCA1 - IBM Tape - Command Out Drive -.. - Status In ..... 
Service Out -, 

.- Service In 

Data Out -.. 
.- D~t~ In 
"""'" 

A-9267 

Figure 9-3. TeAl Tag Lines 

The following is a description of the TeA 1 select line signals. Refer to 
Figure 9-4 for a select line block diagram. 

• Operational Out. The Operational Out enables the control signals 
for the TeAl and tape drive. 

• Hold Out. The Hold-Out is used with Select Out to select the tape 
drive. 

• Select Out. The Select Out is used with Hold Out to select the 
tape drive. 

• Operational In. Operational In states the tape drive is selected 
and active. 

• Suppress Out. The Suppress Out suppresses the data, status, 
chaining command, and selective reset. 

• Select In. The Select In is asserted if no tape drive selects the 
address. 
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• Request In. The Request In indicates the tape drive needs 
service. 

• Disconnect In. The Disconnect In is raised by the selected tape 
drive if an error occurred. 

Operational Out ""'-
Hold Out - IBM Tape TCA1 -Select Out 

, 
Drive .... -_ Ooerational In 

"' Suooress Out .... ,. - Select In 

" Request In .... 
~ Disconnect In 
"' 

A-9268 

Figure 9-4. Select Line Block Diagram 

TCA 1 Autoload Sequence 

For a sequential description of a TCAI micro-sequencer code 
autoload, refer to the DCA2 autoload sequence in the DCA2 section.,) 
The TCAI quarter board has nine IK by 4-bit RAM arrays to hold the _ 
micro-sequencer code. The micro-sequencer code simulates IBM 
protocol for the TCAL Refer to Figure 9-5 for a TCAI block diagram. 

TCA 1 Autodump Sequence 

For a sequential description of a TCAI micro-sequencer code 
autodump, refer to the DCA2 autodump sequence in the DCA2 
section. The TCAI quarter board has nine IK by 4-bit RAM arrays to 
hold micro-sequencer code. The micro-sequencer code simulates IBM 
protocol for the TCAI. For diagnostic purposes, the micro-sequencer 
code is read to local memory (autodump). Refer to Figure 9-5 for a 
TCA I block diagram. 

TCA 1 Tape Drive Select and Read Sequence 

9-6 

The following is a sequential read from an IBM-type tape drive with a 
TCA I controller. The IBM protocol is simulated by the micro
sequencer code located on the TCAI quarter board. Refer to 
Figure 9-5 for a TCAI block diagram. 
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1. Go lOP Function. The lOP outputs Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
lOP Function Data. The lOP Function Data is the modifier bits 
that clock period and the command on the next clock period; if 
needed the next 4 CPs, the lOP Function Data is the accumulator 
data. 

lOP - The 3AS option sends Go lOP Function (R33 or R34) and 
the 3AQ option sends lOP Function Data (R25 - 28 or 
R30 - 33) for channels 30, 31 and 34, 35. The 3AP option 
sends Go lOP Function (R33 or R34) and the 3AO option 
sends lOP Function Data (R25 - 28 or R30 - 33) for 
channels 32, 33 and 36, 37. The lOP Function Data is 
sent to the TCA 1 4 bits at a time. 

3DD - The 3DD option receives the Go lOP Function (14) and 
lOP Function Data (10 - 3). The 3DD sets the busy flag 
and clears the done flag for the selected channel after 
decoding a command 5. The 3DD sends the Go lOP 
Function (R14) and the Function Data (RIO - 13) to the 
300, 3D] and 3DI options. It also sends Go lOP 
Function (R24) and lOP Function Data (R20 - 23) to the 
3T A and 3TB options. The 3DD option outputs an a 
Active (R36) or a b Active (R38) to the 3D] option for the 
selected channel. If stacking channels, the 3DD outputs a 
Hold (R37) or b Hold (R39) for the waiting channel. 

3DI - The 3DI option loads the transfer counter after decoding a 
command 4. 

3D] - The 3D] option loads the sequencer address after 
decoding a command 5. 

3TB - The 3TB option loads the i register after decoding a 
command 5 and the j and k registers after decoding a 
command 16. 

RAM - The RAM outputs the sequencer data addressed by the 
3D] option. The 3D] latches the sequencer data (10 - 35). 
The sequencer data bits are as follows: 235 - 232 parity, 
231 - 220 parameter, 219 - 216 function, 215 - 210 branch 
select, and 29 - 20 next address. 

2. Sequence Data. The sequencer data is used to control the TCA 1 
quarter board and to simulate the IBM protocol. 

3D] - Each time the 3D] option outputs a new address to the 
RAM, the 3D] receives 32 bits of sequencer data. The 
sequencer data is decoded for the next address, branch 
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control, functions, and parameters. The sequencer data is 
parity protected. The 3D] reports parity errors (R32 - 35)--) 
to the 3DD option and halts the sequence. The 3D] 
outputs sequencer parameter (R80 - 83) and function 
(R84 - 87) to the 3DD, 300, 3DH, 3DI, 3T A, and 3TB 
options with each new sequencer address. The 
sequencer address can be changed every 3 CPs (the 
access time of RAM is 18.75 ns). 

3. Operational Out. The TCAI raises Operational Out to activate 
the controller and enable the tag and select lines. 

3T A - The 3T A option outputs Operational Out (R24) after 
receiving the sequencer parameter and function 
(180 - 87). The 3TA passes the input tag 7 status 
(R50 - 53) to the 3D] option every clock period. 

4. Address Out. The TCAI raises Address Out with the device 
address on the bus out. 

3TA - The 3TA option raises Address Out (R24) after receiving 
the sequencer parameter and function (180 - 87). The 
3T A drops Address Out after receiving Operational In 
(124). 

3TB - The 3TB option loads the device address on the bus out 
(RO - 8). 

5. Hold Out and Select Out. The TCA 1 raises a Hold Out and Select 
Out to select the drive. 

3T A - The 3T A option raises Hold Out (R26) and Select Out 
(R27) after decoding the sequencer parameter and 
function (180 - 87). Since Address Out is raised, the 
devices reads the address on the bus out. 

6. Operational In. The drive raises Operational In after accepting the 
address. The 3T A and 3TB options receive Operational In. 

7. Address In. The selected tape drive raises Address In response 
to Select Out with the address on the bus in. 

3T A - The 3T A option receives Address In (121) and then 
latches the bus in (10 - 8) and then outputs the input tag 
status (R50 - 53) to the 3DI and 3D] options. The bus 
holds the address of the selected drive. If no drive 
accepts the address, the termination block sends back a 
Select In (127). 
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8. Command Out. The TCA 1 raises Command Out to infonn the tape 
drive there is control on the bus out. 

3TB - The Command Out is generated by sequencer parameter 
and function (I80 - 87) from the 3D] option. The 3TB 
option loads the bus out (RO - 8) with the command 
(j register) and then sends Command Out (R22) to the 
3TA option. 

3T A - The 3T A option outputs the Command Out (R22). The 
3T A drops Command Out after receiving Status In. 

9. Status In. The tape drive raises Status In to indicate there is a 
byte of status on the bus in. 

3T A - The 3T A option receives Status In (122) and the byte 
status. Then the 3TA outputs input status (RO - 7) to 
the 3DI and 3D] options. 

to. Service Out. The TCA1 raises Service Out to acknowledge Status 
In. 

3TB - The 3TB option sends Service Out (R20) to the 3TA . 
option. The Service Out is generated by sequencer 
parameter and fu.nction (I80 - 87) from the 3D] option. 

3T A - The 3T A option outputs Service Out to the tape drive. 

11. Data In. The tape drive raises Data In for each byte of 
infonnation. 

3T A - The 3T A option receives Data In (I22) and latches the 
byte of data. The tape drive drops Data In after the TCA 1 
raises Data Out. Data In and Data Out are not used in 
.75 Mbyte mode. If in 1.5 Mbyte mode, Data In and Data 
Out handshake every other byte starting with the second 
byte of data. If in 3.0 or 4.5 Mbyte modes, Data In and 
Data Out handshake every other byte of data starting 
with the first byte. 

12. Data Out. The TCA 1 raises Data Out after latching the data. 

3TB - The 3TB option sends Data Out (R20) to the the 3T A 
option. The Data In and Data Out signals operate in 
interlock and nonlock modes. 
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3T A - The 3TA option outputs Data Out to the tape drive. The 
TeAl drops Data Out after receiving Data In. Perform 
steps 11 and 12 for every other byte of data from the tape 
drive. 

13. Service In. The tape drive raises Service In for each byte of 
information. 

3T A - The 3T A option receives Service In (122) and latches the 
byte of data. The tape drive drops Service In after the 
TeA 1 raises Service Out. Perform steps 13 and 14 for 
each byte information from the tape drive in .75 Mbyte 
mode. If in 1.5, 3.0, or 4.5 Mbyte modes, Service In and 
Service Out handshake every other byte of data with 
Data In and Data Out. 

14. Service Out. The TeAl raises Service Out after latching the data. 

3TB - The 3TB option sends Service Out (R20) to the the 3T A 
option. The Service In and Service Out signals operate in 
interlock and noninterlock mode. 

3T A - The 3TA option outputs Service Out to the tape drive. 
The TeA 1 drops Service Out after receiving Service In. 

15. Go Byte. The 3TA option sends a Go Byte to increment the parcel~) 
counter on the 3DG option and decrement the transfer counter on 
the 3DI option each time Data In and Service In are raised. 

3TA - The 3TA option outputs the data to the 3YB option. The 
data is sent one byte at a time with 1 parity bit. 

300 - The 3DG option increments the parcel counter after 
receiving G~ Byte (142). The 300 then sends a Go Read 
(R8) and the byte address (R20 - 22) to the 3YB option. 

3DI - The 3DI option decrements the transfer counter after 
receiving Go Byte (150). 

16. Start a or Start b. The 3T A option sends a Start a or Start b to 
the 3YB option to select the proper pointer. 

3TA - The 3TA option sends a Start a (R21) for the even 
channel or Start b (R22) for the odd channel. The Start a 
and Start b are determined by the sequencer parameter 
and function (180 - 87). 

17. Go Read. The 300 option sends a Go Read and the byte address 
to latch the byte of data on the 3YB option. 
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3YB - The 3YB option checks the parity and assembles the data 
into a word. As the data is assembled, the 3YB 
generates SECDED. The 3YB reports parity errors 
(IUO - 21) to the 3T A option. 

18. Last Byte. The 300 option sends Last Byte to the 3Y A option 
requesting to send a word of data to the buffer board. 

300 - When the byte address (R20 - 22) equals seven, the 
3YB option has received the last byte of the word. 

19. Go to Input Buffer. The 3Y A option sends Go to Input Buffer to 
request the word of data from the 3YB option. 

3Y A - After receiving Last Byte (136), the 3Y A option sends Go 
to Input Buffer to the 3YB option (RI9) at sync 2. 

20. Start a or Start b. The Start a or Start b signal informs the 3Y A 
option which pointer to use. 

3YB - The 3YB option sends a Start a (R32) for the even 
channel or Start b (R33) for the odd channel and a word of 
data with check bits (RO - 19). 

21. Go a to I/O or Go b to I/O - These signals select the proper mode 
and increment the address on the buffer board. 

3YA - The 3YA option sends Go a to I/O (R17) or Go b to I/O 
(R18) designated by Start a (137) or Start b (138). The 
3YA outputs the data (R20 - 31) 12 bits at a time to the 
buffer board. Perform steps 11 through 22 until Command 
Out raised is dropped. 

The Go a to I/O and Go b to I/O at sync 2 selects the 
mode. A Go a to I/O at sync 2 selects a read and b write 
mode. A Go b to I/O at sync 2 selects a write and bread 
mode. 

The Go a to I/O and Go b to I/O at sync 3 writes the word 
into the buffer and increments the a or b pointer's address. 
The Go a to I/O at sync 3 increments a pointer's address 
and writes the word to the buffer board. A Go b to I/O at 
sync 3 increments the b pointer's address and writes the 
word to the buffer board. Refer to Table 9-1 for correct 
sync time for Go a to I/O and Go b to I/O. 

The Go a to I/O and Go b to I/O at sync 4 writes the word 
into the buffer and decrements the a or b pointer's 
address. 
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Table 9-2. Go a to I/O and Go b to I/O Sync Time 

Channel/Function Pointer Mode Increment Decrement 
Address Address 

Even/Input a Go b Go a sync 3 Go a sync 4 
sync 2 

Odd/Input b Goa Go b sync 3 Go b sync 4 
sync 2 

Even/Output a Go a Go a sync 3 N/A 
sync 2 

Odd/Output b Go b Go b sync 3 N/A 
sync 2 

22. Command Out. The TCA 1 raises Command Out when the byte 
count equals zero and Service In is raised. 

3DI - The 3DI option sends byte counter zero (R82) to the 3DJ 
and 3T A options. 

3T A - The 3T A option receives Byte Count Zero (150) from the 
3DI and then raises Command Out (R22). 

23. Status In. The tape drive raises Status In to end the transfer. 

3TA - The 3TA option receives Status In (121) and a byte of 
status on the bus in and then outputs the byte of status 
(RO - 8) to the 3DI and 3DJ options. 

24. Hold Out and Select Out. The TCA 1 drops Hold Out and Select 
Out after latching the status. 

25. Service Out. The TCA1 raises Service Out in response to Status 
In. 

3T A - The 3T A option receives Service Out (121) from the 3TB 
option and then raises Service Out. The TCA 1 drops 
Service Out after receiving Status In. 

26. Status In and Operational In. The tape drive drops Status In and 
Operational In after receiving Service Out. 
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27. Interrupts. An Interrupt is sent to the lOP when the done flag 
sets and the channel Interrupt is enabled. 

3DD - The 3DD option sets the done flag and clears the busy 
flag after receiving the proper sequence parameter 
(180 - 83) and function (184 - 88). 

TCA 1 Tape Drive Write Sequence 

2/91 
CMM-xxxx-PR2 

The following is a sequential write to an IBM-type tape drive with a 
TeA 1 controller. The IBM protocol is simulated by the micro
sequencer code located on the TeA 1 quarter board. Refer to 
Figure 9-5 for a TeAl block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
10 Function Data. The lOP Function Data is the modifier bits that 
clock period and the command on the next clock period; if needed 
the next 4 CPs, the lOP Function Data is the accumulator data. 
Perform steps 1 through 10 of the TeA 1 read sequence to select 
the tape drive .. 

2. Start a or Start b. The Start a and Start b signals inform the 3YA 
option which pointer to use. 

3TB - The 3TB option sends a Start a (R50) for the even 
channel or Start b (R51) for the odd channel. The Start a 
and Start b are determined by the sequencer parameter 
and function (180 - 88). 

3YA - The 3YA option selects the proper pointer and then sends 
Go a to I/O or Go b to I/O (R 17 or R 18) to the buffer 
board to select the mode. 

3. Go a to I/O or Go b to I/O - These signals select the proper mode 
and increment the address on the buffer board. 

3YA - The 3YA option sends Go a to I/O (RI7) or Go b to I/O 
(R18) designated by Start a (114) or Start b (115). The 
3YA then latches the data (10 -11) that is being sent 12 
bits at a time from the buffer board. 

The Go a to I/O and Go b to I/O at sync 2 selects the 
mode. The Go a to I/O at sync 2 selects a read and b 
write mode. The Go b to I/O at sync 2 selects a write and 
b read mode. 
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The Go a to I/O and Go b to I/O at sync 3 increments the 
a or b pointer's address. The Go a to I/O at sync 3 
increments a pointer's address. The Go b to I/O at sync 3 
increments the b pointer's address. Refer to Table 9-1 
for correct sync time for Go a to I/O and Go b to I/O. 

4. Go to Output Buffer. The 3Y A option sends, Go to Output Buffer 
with each word of data to the 3YC option. 

3YC - The 3YC option receives the Go to Output Buffer and 1 
word of data with check bits. The data and check bits are 
sent 16 bits (10 -15) at a time for 5 CPs. The 3YC 
performs SECDED and then generates 1 bit of parity for 
each byte of data. If there is a SEeDED error (R24 - 25). 
it is reported to the 3DD option. 

5. Data Available. The 3YC option sends a Data Available to the 
3TB option for each byte of data it sends to the 3DH options. 

3TB - The 3TB option sends Go Byte (R60) to the 3DG option 
and Decrement Counter (R61) to the 3DI option. Then 
the 3TB waits for the data and parity from the 3DH 
options after receiving Data Available (I19). 

6. Go Byte and Decrement Counter. The 3TB option sends a Go 
Byte to decrement the traitsfer counter on the 3DI option and 
increment the byte counter on the 300 option. 

3DI - The 3DI option decrements the transfer counter after 
receiving Go Byte (151). 

300 - The 300 option increments the byte counter and sends a 
Go Write (RIO -11) to the 3YC and 3DH options after 
receiving Go Byte (143). 

7. Go Write. The 300 option sends a Go Write to latch the data on 
the 3DH options. 

3DHs - The 3DH options latch the output and the data to 3TB 
option. The 3DHO option outputs bits 23 - 2° and the 
parity bit The 3DHI option outputs bit 27 - 24. 

3YC - The 3YC option outputs the next Data Available after 
receiving Go Write (120). 
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8. Data In. The tape drive raises Data In for each byte of data. 

3T A - The 3T A option receives Data In (122). The tape drive 
drops Data In after the TeA 1 raises Data Out. The Data 
In and Data Out are not used in .75 Mbyte mode. If in 1.5 
Mbyte mode, Data In and Data Out handshake every 
other byte starting with the second byte of data. If in 3.0 
or 4.5 Mbyte modes, Data In and Data Out handshake 
every other byte of data starting with the first byte. 

3TB - The 3TB option also receives Data In (121) and then 
loads the bus out with a byte of data. 

9. Data Out. The TeAl raises Data Out after loading the bus out. 

3TB - The 3TB option sends Data Out (R20) to the the 3T A. 
The Data In and Data Out signals operate in interlock and 
noninterlock mode. 

3T A - The 3T A option outputs Data Out to the tape drive. The 
TeA 1 drops Data Out after the tape drive drops Data In. 
Perform steps 8 and 9 for each byte of information from 
the tape drive. 

10. Service In. The tape drive raises Service In for each byte of 
information. 

3T A - The 3TA option receives the Service In (122). The tape 
drive drops Service In after the TeA 1 raises Service Out. 
If in 1.5, 3.0, or 4.5 Mbyte modes, Service In and Service 
Out handshake every other byte of data with Data In and 
Data Out. 

3TB - The 3TB option also receives Service In (120) and loads a 
byte of data on the bus out. 

11. Service Out. The TeA 1 raises Service Out after loading the data 
on the bus out. 

3TB - The 3TB option sends Service Out (R20) to the the 3T A 
option. 

3T A - The 3T A option outputs Service Out to the tape drive. 
The TeAl drops Service Out after receiving Service In. 
The Service In and Service Out operate in interlock or 
noninterlock mode. 
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12. Data Request. The 3YC option sends a Data Request to request 
the next word of data from the 3YA option. Perform steps 22) 
through 27 of the TCA 1 read sequence to terminate the transfer. ' 

3YA - The 3YA option receives the Data Request and latches 
the next word from the buffer board at the proper sync 
time. The buffer board is always reading out the selected 
address. 
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HCA3/HCA4 HIPPI QUARTER BOARDS 

The HCA3 quarter board controls High Perfonnance Parallel Interface 
(HIPPI) input transfers and consists of the 3HA, 3HB, 3HC, 3HD, 3Y A, 
and 3YD options. Refer to Table to-I for a functional description of the 
HCA3 options. The HCA4 quarter board controls HIPPI output transfers 
and consists of the 3HE, 3HF, 3HG, 3Y A, and 3YE options. Refer to 
Table 10-2 for a functional description of the HCA4 options. For a 
complete HIPPI channel there must be HCA3 and HCA4 quarter boards. 
The HCA3 channels are 30, 31 and 34,35, and the HCA4 channels are 
32,33 and 36, 37. The HIPPI input channel is called the destination and 
the output channel is tenned the source. The HIPPI operates in 100-Mbyte 
(32-bit halfwords) or 200-Mbyte (64-bit words) mode. Refer to Figures 
10-7 and 10-8 for HCA3 and HCA4 option layout. 

Table 10-1. HCA3 Options and Functional Description 

Option Functional Description 

3HA Input control 
Halfword count register 

3HB Transfer length register 

3HC Input status register 
Ready counter 
Max ready counter 

3HDO HIPPI input data, bus A 
Burst length counter 

3HD1 HIPPI input data, bus A 
HIPPI input external countrol 

3HD2t3 HIPPI input data, bus B 

3YA Buffer board interface 

3YD Input data buffer 
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Table 10-2. HCA4 Options and Functional Description 

Option Functional Description 

3HE HIPPI external output control 
Transfer length counter 
Burst length counter 

3HFO/1 Output data buffer, bus A 

3HF213 Output data buffer, bus B 

3HGO HIPPI output data, bus A 

3HG1 HIPPI output data, bus A 
HIPPI external control 

3HG213 HIPPI output data, bus B 

3YA Buffer board interface 

3YE Output data buffer 

HIPPI Channel Data Flow 

10-2 

The HIPPI channel inputs data from the source to the buffer board via the 
3HD, 3YD, and 3Y A options. Refer to Figure 10-1 for an HCA3 block 
diagram. The 3HD options receive the data from the source. If in 32-bit) 
mode, the 3HDO and 3HDI options both receive 16 bits of data and 2 bits / 
of parity. If in 64-bit mode, each 3HD option receives 16 bits of data and 
2 bits of parity. The 3HD option checks the parity as the data arrives. If 
there is a parity error, the 3HD options report the error to the 3HA. The 
3HDl and 3HD3 options send the data and parity bits to the 3YD. The 
3HDO option sends its data and parity bits to the 3HDI option and then to 
the 3YD option. The 3HD2 option sends its data and parity bits to the 
3HD3 option and then to the 3YD. The 3YD checks the data for parity 
errors and then assembles the data into a 64-bit word and generates 
SECDED. If a parity error occurs, it is reported to the 3HA option. The 
data and check bits are sent to the 3Y A option and then to the buffer board 
in 12-bit transfers. 
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The HIPPI outputs data from the buffer board to the destination via the 
3Y A, 3YE, 3HF, and 3HG options. Refer to Figure 10-2 for a HCA4 ") 
block diagram. The buffer board outputs the data and check bits to the . 
3YA option 12 bits at a time. The 3YA outputs the data to the 3YD. The 
3YD performs SECDED and then generates 1 bit of parity for each byte of 
data. If a SECDED error occurs, the 3YE reports the error to the 3HE. 
The 3HF options receive the data from the 3YD option and then output the 
data to the 3HG options. The 3HG options send the data to the 
destination. If in 32-bit mode only, 3HFO, 3HFl, 3HGO, and 3HGl 
options are used. 
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Below are the signals associated with the HIPPI protocol. Refer to Figure 
10-3 for a HIPPI protocol block diagram and Figure 10-4 for a HIPPI 
control and data sequence. 

• Interconnect signal. Both the source and the destination have an 
Intercoooect signal. It ensures that the other device is powered on and 
the cables are connected. 

• Request signal. The Request signal is asserted by the source and 
requests to send data to destination. The I field is sent with the 
Request and contains infonnation about the transfer. 

Connect signal. The Connect signal is asserted by the destination to 
indicate to the source that it is operational and can accept data. When 
the Connect is sent, the destination latches the I field. 

• Packet signal. The Packet signal is asserted by the source in response 
to the Connect sent by the destination. Packet states that the source 
has one or more bursts to send. 

Ready signal. The Ready signal is asserted by the destination to 
indicate that one Burst can be sent. It must be negated before the end 
of the Burst. 

Burst signal. The Burst signal is asserted with the first word of the 
burst and negated following the last word of the Burst. If the source 
received another Ready, it can immediately send the next Burst. A 
Burst is 256 64-bit word. There can be one short Burst with each 
Packet signal. The Burst is usually the first or last signal. Refer to 
Table 10-3 for IOS-E and HIPPI data bits. 

Cock signal. The Cock signal is sent by the source to latch the data 
to the destination. The data is latched on the falling edge. The Packet, 
Burst, and data change states on the rising edge. The Clock is a 
symmetrical 25 MHz pulse. 

Cray Research Proprietary 
Preliminary Information 

10/90 

) 

) 



) 

) 

lOS Model E Hardware Maintenance Manual HCA3/HCA4 HIPPI Quarter Boards 

10/90 

Table 10-3. IOS-E and HIPPI Data Bits 

Byte IOS-E HIPPI (100) HIPPI (200) 

0 i33 - 256 231 _ 224 ~1 _ 224 

1 ~-248 223 _ 216 223 _ 216 

2 ~7_~ 215 - 28 215 -~ 

3 ~-232 27 - 2,0 27 - 2,0 

4 ~1 _ 224 231 _ 224 ~_256 

5 223 _ 216 223 _ 216 255_~ 

6 215_~ 215 -~ 247_~ 

7 27 - 2,0 27 - 2,0 239 - 232 

Interconnect ..... 
" 

Interconnect 
Request .... 

Source Connect -- Packet ... 
.- Ready 

Burst ..... 
Clock 

, 
.... 

Data/Parity 
(64 Data and 8 Parity Bits) ... 

Figure 10-3. HIPPI Protocol 
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The following is a description of HIPPl data input sequence. The HIPPl 
input transfer uses the HCA3 quarter board. Refer to Figure 10-5 for a 
HIPPl block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair. When the channel receives the signal, it decodes the 
lOP Function Data. The lOP Function Data is the modifier bits this 
clock period (CP) and the command on the next CPo If needed, for 
the next 4 CPs the lOP Function Data is the accumulator data. 

lOP - The 3AS sends Go lOP Function (R33 or R34) and the 
3AQ sends lOP Function data (R25 - 28 or R30 - 33) for 
channels 30, 31 and 34, 35. The lOP Function Data is 
sent to the HCA3 4 bits at a time. 

3HA - The 3HA receives the Go lOP Function (14) and decodes 
the lOP Function Data (10 - 3). After decoding a 
command 5, the 3HA loads the halfword count register 
and then sets the busy flag and clears the done flag. 

2. Request. The Request (3HA 118) is asserted by the source and is 
requesting to send data to the destination. The I field is received 
with the Request and contains infonnation about the transfer. The 
Request is detected with a command 12. 

3. Connect. The Connect is asserted by the destination to indicate to 
the source that it is operational and can accept data. When the 
Connect is sent, the destination latches the I field. 

3HA - The 3HA sends a Connect (R13) to the 3HD and 3HC 
options and a Connect (RIO) to the source after decoding 
a command 4 with accumulator bit 20 set and the Request 
(118) asserted. 

3HDs- The 3HD options latch the I field after receiving Connect 
(147) and hold it until a Read I Field (146) is received 
from the 3HA. The 3HD options output the I field 
(R26 - 29) to the 3HA. Refer to Table 10-4 for data and I 
field bits. 

3HC - The Connect (118) clears the ready counter and the max 
ready counter on the 3HC. 
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Table 10-4. Data and I Field Bits 

Option Mode lOP Data or I Field B~s Cable 

3HBO 100/200 ~7 _ 232, 215 _ 2!Jrz.7 - 2"32 AlA 

3HD1 100/200 ~ - 2"8, ~1 - 216J263 -2"8 AlA 

3HD2 NU1200 Not used f2:31 _ 216 NUIB 

3HD3 NU1200 Not used 1215 - 2!J NUIB 

4. Ready. The Ready is asserted by the destination to indicate that one 
burst can be sent. It must be negated before the end of the burst. 

3HC - The 3HC option sends Enable Ready (R20) if the max 
ready count is greater than the ready count. The ready 
counter is incremented with each Ready and decremented 
with each Burst signal. The max ready count is equal to 
778 minus the unserviced packet interrupts. 

3HA - The 3HA option sends a Ready (RII) to the source when 
the HCA3 can accept data and to Increment Ready Count 
(R28) to the 3HC. 

5. Packet. The Packet is asserted by the source in response to the 
Connect sent by the destination. The Packet signal states that the 
source has one or more Bursts to send . 

. 3HDI- The 3HDI option receives the Packet (138) from the 
source and then fans it out (RI8) to 3HB and 3HDO-3. 

3HB - The 3HB option enables the transfer length counter after 
receiving Packet (13). 

3HDs- The 3HD options receive Packet (144) at the same time 
and wait for Burst (143). 

6. Burst. The Burst is asserted with the first word of the Burst and 
negated following the last word of the Burst. If the source received 
another Ready it can immediately send the next Burst. A Burst is 
400g 32-bit halfwords in lOO-Mbyte mode or 400g 64-bit words in 
200-Mbyte mode. There can be one short Burst with each Packet 
signal. It is usually the first or last Burst. 

3HDl- The 3HDl option receives the Burst (136) from the source 
and fans it out (R17) to 3HB and 3HDO-3. For the next 
CP the 3HDI sends a Start Burst (R30) to the 3HA and 
3HC. 
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3HB - The Burst (12) enables the incrementing of the transfer 
length counter. 

3HA - After receiving Start Burst (157). the 3HA sends Start a or 
Start b to the 3YD and decrements the halfword count by 
400g in lOO-Mbyte mode or 10008 in 
200-Mbyte mode. 

3HC - The Start Burst (10) signal decrements the ready counter 
on the 3HC. 

7. HIPPI Clock. The HIPPI Clock is a 25 MHz clock which syncs the 
data and control with the destination. 

3HDl- The 3HDl option receives the HIPPI Clock (140) and 
fans it out to all 3HDs. 

3HDs- The 3HD options latch a halfword or a word of data with 
each falling edge of the HIPPI Clock (1298) if Packet 
(144) and Burst (143) are enabled. 

8. Data Valid. The Data Valid signal syncs the HIPPI data to the lOS 
clock. 

3HDl- The 3HDl option uses the HIPPIand lOS clocks to 
generate Data Valid (R16). and then fans out Data Valid to 
all3HDs. The Data Valid syncs the data to the lOS clock 
on each of the 3HD options. 

3HB - The 3HB option increments the transfer length count with 
each Data Valid (10) if Packet (13) and Burst (12) are set. 
The transfer length counter is used for detennining fmal 
transfer length. 

3HDO- The 3HDO option clears burst length counter after 
receiving the first Data Valid and then increments the burst 
length with each Data Valid (142). When the burst length 
equals 400g. the 3HDO option sets Full Burst (R16). 

9. Start a or Start b. The 3HA option sends a Start a or Start b to select 
the proper pointer. 

10. 

3HA - The 3HA sends a Start a (R8) for the even channel or 
Start b (R9) for the odd channel if the channel is active 
and Start Burst (157) is received. The even channel uses 
the a pointer and the odd channel uses the b pointer. 

Go Data. The 3HDO sends a Go Data to the 3YD to infonn it that 
there is a word of data being sent. 
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3HDO- The Go Data signal (R9) is enabled by Packet (144), -
Connect (147), Burst (143), and HIPPI Oock (1298). It ') 
is sent once in 200-Mbyte mode and twice in l00-Mbyte 
mode for each word. 

3HDs- The 3HDI and 3HD3 options send the data and parity bits 
to the 3YD after receiving Data Valid (142). The 3HDO 
and 3HD2 options send their data and parity bits to the 
3HDI and 3HD3 options. Refer to Table 10-4 for input 
data bits. The 3HD options check the input data for parity 
errors. If there is a parity error (R 19) on the input data, 
the error is reported to the 3HA. 

3YD - The 3YD checks the parity and then generates SECDED 
as the data is assembled into a word. The 3 YD reports the 
parity errors (R20 - 21) to the 3HC. 

11. Input Data Buffer Full. The 3YD sends a Input Data Buffer Full to 
the 3Y A requesting to send a word of data. 

3Y A - The 3Y A receives Input Data Buffer Full (I36) and waits 
for sync 2. The 3YA then sends a Go Input (R19) to the 
3YD. 

12. Go Input The Go Input (123) enables the 3YD to send a word of 
data. 

13. Start a or Stan b. The Stan a or Start b signal informs the 3 Y A 
which pointer to use. 

3YD - The 3YD sends a Start a (R32) for the even channel or 
Stan b (R33) for the odd channel and a word of data with 
check bits (RO - 19). 

14. Go a To I/O or Go b To I/O. These signals select the proper mode 
and increment the address on the buffer board. 

3YA - The 3YA sends Go a To I/O (R17) or Go b To I/O (R18) 
designated by Stan a (I37) or Start b (I38). The 3Y A 
outputs the data (R20 - 31) 12 bits at a time to the buffer 
board. Perform steps 7 through 14 for each word of data 
until the Burst is negated. 

The Go a To I/O and Go b To I/O at sync 2 selects the 
mode. A Go a To I/O at sync 2 selects "a" read and "b" 
write mode. A Go b To I/O at sync 2 selects "a" write 
and "b" read mode. 
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The Go a To I/O and Go b To I/O at sync 3 writes the 
word into the buffer and increments the "a" or "b" 
pointer's address. The Go a To I/O at sync 3 increments 
the "a" pointer's address and writes word to the buffer 
board. A Go b To I/O at sync 3 increments the "b" 
pointer's address and writes the word to the buffer board. 
Refer to Table 10-5 for correct sync time for Go a To I/O 
and Go b To I/O. 

Table 10-5. Go a To I/O and Go b To I/O Sync Time 

Channel/Function Pointer Mode Increment Address 

Evenllnput a Go bsync 2 Go a sync 3 

Odd/Input b Go a sync 2 Go b sync 3 

Even/Output a Go a sync 2 Go a sync 3 

Odd/Output b Go bsync 2 Go b sync 3 

15. End Burst. The 3HDI sends the End Burst 1 CP after the source 
negates Burst. 

3HD - The 3HD options latch the longitudinal length redundancy 
check (LLRC). Then the 3HDI option outputs an End 
Burst (R3l) 1 CP afierthe source negates Burst (136). 
The 3HD options report LLRC parity errors (R20) and 
LLRC checksum errors (R21) to the 3HC. 

3HA - When the halfword count equals zero and End Burst (147) 
is received, the 3HA sends a Transfer Length End a or b 
(R16 orRl7) to the 3HC. 

3HB - The 3HB checks for proper burst length after receiving 
End Burst (17). If Full Burst (19) is set when End Burst 
is received, it is a full burst. If Full Burst (19) is not set 
when End Burst is received, the burst is a short burst. If 
Full Burst (19) is set before End Burst is received, the 
burst is too long. 

16. End Packet. The 3HDI sends an End Packet to the 3HC and 3HB 
1 CP after the source negates Packet (138). 

3HC - The 3HC receives End Packet, then writes the status into 
the status register and decrements the maximum ready 
count. It also sends Write Enable (R16) and (Random 
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Access Memory) RAM Address (RIO - 15) to the 3HB. 
The status (RO - 5) is read out with a command 12 and 
accumulator bit 20 cleared. After the status is readout, the ) 
3HC increments the max ready counter. 

17. Write Register. The Write Register writes the transfer length count 
into the proper register. 

3HC - When End Packet (11) is received or Transfer Length 
Done a (16) or b (13) is received, the 3HC sends Write 
Register to the 3HB. 

3HB - The 3HB writes the transfer length count into the register 
after receiving Write Enable (I16) and Ram Address 
(110 - 15). A command 12 with accumulator bit 20 set 
reads this value to the accumulator via the 3HA. 

18. Interrupt. The 3HE sends an Interrupt (R7) to the lOP when the 
halfword count equals zero or a packet intenupt is received and the 
Channel Intenupt is enabled. 

3HA - The HCA3 will intenupt the lOP if a Packet End is 
received or the halfword count equals zero and the 
Channel Intenupt is enabled. The done flag does not 
have to set. The Packet Intenupt is cleared when a 
command 12 is received with bit 20 of the accumulator 
cleared. To clear an intenupt caused by a halfword count 
equal to zero, both command 12s must be issued. 
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The following is a sequential description of a HIPPI data out transfer. The 
HIPPI output transfer uses the HCA4 quarter board. Refer to Figure 
10-6 for a HIPPI block diagram. 

1. Go lOP Function. The lOP sends Go lOP Function to a specific 
channel pair. When the channel receives Go lOP Function. it 
decodes the lOP Function Data. The lOP Function Data is the 
modifier bits this clock period and the command on the next clock 
period. Ifneeded, for the next 4 CPs the lOP Function Data is the 
accumulator data. 

lOP - The 3AP sends the Go lOP Function (R33 or R34) and 
the 3AO sends lOP Function Data (R25 - 28 or R30 - 33) 
for channels 32, 33 and 36, 37. The lOP Function Data 
is sent to the HCA4, 4 bits per clock period. 

3HE - The 3HE receives Go lOP Function (14), decodes the IOP 
Function Data (10 - 3), and fans out Go lOP Function 
(R30) and lOP Function Data (R26 - 29) to the 3HGs. 
After decoding a command 5, the 3HE loads the 
accumulator data into the transfer length register and 
activates the channel. 

3HGs- The 3HG options receive the Go lOP Function and 
decode the lOP Function Data. After decoding a 
command 2 and 3, the 3HGO and 3HGI options load the 
I field register with the accumulator data. 

2. Request. The Request is asserted by the source and is requesting a 
connection with the destination. The 3HE decodes a command 4 
with 20 accumulator bit set and asserts a Request to the destination. 

3HE - The 3HE sends the Request (R 13) to the 3HG 1 after 
decoding a command 4. The Request is sent once to 
establish a connection with the destination. The I field is 
sent with the Request. 

3HG 1- The 3HG 1 passes the Request (R23) to the destination. 

3. Connect. The Connect (3HE 18) is asserted by the destination to 
indicate to the source that it is operational. The I field is latched by 
the destination when the Connect is asserted. The connection is 
detected with a command 12, and accumulator bit 20 is cleared. 

4. Ready. The Ready is asserted by the destination to enable a burst 
data from the source. 
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3HG 1- After the 3HG 1 receives Ready (18), the 3HG 1 
increments the Ready counter and sends a Ready 
Received (R34) to the 3HE. 

3HE - The Ready Received signal (110) enables the 3HE to send 
a Start Burst (R21). 

5. Oear, Start a, and Start b. The Oear signal clears the read pointer 
and the Start a and Start b signals select the proper pointer. 

3HE - The 3HE sends a Start a (R9) for the even channel or a 
Start b (RIO) for the odd channel. The Start a or Start b 
and Oear are sent to the 3Y A after command 5 is 
decoded. The Start a or Start b is also sent when a 
channel finishes, and the HCA4 is a stacking pointer. 

3Y A - The 3Y A selects the proper pointer and then sends Go a 
To I/O or Go b To I/O (R 17 - 18) to the buffer board to 
select the mode. 

6. Go a To I/O or Go b To I/O. These signals are sent to the buffer 
board to select the mode and increment the address. 

3YA - The 3Y A sends Go a To I/O (R17) or Go b To I/O (R18) 
designated by Start a (137) or Start b (138). The 3YA 
receives the data and check bits (10 - 11) 12 bits at a time 
from the buffer board. 

The Go a To I/O and Go b To I/O at sync 2 selects the 
mode. A Go a To I/O at sync 2 selects "a" read and "b" 
write mode. A Go b To I/O at sync 2 selects "a" write 
and "b" read mode. 

The Go a To I/O and Go b To I/O at sync 3 increments the 
"a" or "b" pointer's address. The Go a To I/O at sync 3 
increments "a" pointer's address. A Go b To I/O at sync 
3 increments the "b" pointer's address. Refer to Table 
10-5 for the correct sync time for Go a To I/O and Go b 
To I/O. 

7. Buffer Full. The 3HF1 sends Buffer Full enabling the next word of 
data. 

3HE - If Buffer Full (112) is not set, the 3HF1 is requesting the 
next word of data from the 3Y A. The 3HE responds with 
a Data On Its Way signal (R12) and a Go signal (R11). 

8. Data On Its Way. The 3HE sends Data On Its Way to inform the 
3HF and 3YE options that a word of data is on its the way. 
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9. 

3HE - The 3HE sends Data On Its Way (R12) every 6 CPs if 
Buffer Full is not set. The burst counter is incremented 
and transfer length counter is decremented at this time. 

Go. The 3HE sends a Go signal to the 3YA to enable a word of 
data from the Buffer Board. 

3HE - The 3HE sends a Go signal if Buffer Full is not set and 
the word count is not equal to zero. 

3Y A - The buffer board is always outputting the next word. The 
3YA passes the word of data to the 3YE at proper sync 
time after receiving Go (112). The 3YA then sends Go a 
To I/O (R17) or Go b To I/O (R18) to increment the 
pointer address. 

10. Go Output Data. The Go Output Data is sent to 3YE with each word 
of data from the 3Y A. 

3YE - The 3YE receives Go Output Data (116) at sync 0 
followed by a word of data (10 - 15). The 3YE performs 
SECDED on the data and then generates parity for each 
byte. If a SECDED error occurs, it is reported to the 
3HE. 

11. Data Available. The 3YE sends Data Available with each word of 
data sent to the 3HF. 

3HFs- Each 3HF receives Data Available (16) followed by two 
8-bit data transfers with 2 bits of parity. Each 3HF has a 
6-parcel data buffer. 

12. Start Burst - The 3HE sends Start Burst to the 3HF options with the 
first word. 

3HFs- The 3HFl passes the Start Burst (R40) to the 3HG 1. At 
the same time, all 3HFs output the first word of data and 
parity (R20 - 37) to the 3HGs. 

3HG 1 - The 3HG 1 decrements the ready counter and fans out 
Start Burst (R22) to all the 3HG options. Then the 3HG 
options output the data after receiving Start Burst (142) 
and lOO-MHz sync (141). 

13. Packet. The Packet is asserted by the source. The Packet states that 
the source has one or more bursts to send to the destination. 

3HG 1- The 3HG 1 sends Packet (R36) to the 3HE and Packet 
(R20) to the destination after receiving Start Burst. 
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. 3HE - The 3HE sets the packet status bit after receiving Packet 
(15). 

14. Burst. The Burst is asserted by source with the first word and 
negated following the last word of the burst. 

3HG 1- The 3HG 1 asserts the Burst (R 19) and then sends a 
25-MHz HIPPI Oock and the data to the destination. The 
3HG options continue to output data until an End Burst 
(138) is received. The LLRC is generated by 3HG 
options as the data is sent to the destination. Refer to 
Table 10-6 for output data bits. 

Table 10-6. 3HG Options Data and I Field Bits 

Option Mode lOP Data or I Field Bits Cable 

3HGO 100/200 ~7 _~, 215_-ZO~7_~ AlA 

3HG1 100/200 ~ -2"8, ~1 - 216J263 -z18 AlA 

3HG2 100/200 Not used ,'231 _ 216 NUIB 

3HG3 100/200 Not used 1215 --zo NUIB 

15. Data Taken. The Data Taken signal informs the 3HFI that a word 
has been sent to the destination. 

3HGl- The 3HGI sends Data Taken (R33) to the 3HFl, and all 
the 3HG options send Data Pointers (R30 - 32) to the 
3HF options. The 3HG options increment the Data 
Pointers with each word transferred to the destination. 
Perform ·steps 6 through 15 until the end of the burst. 

3HF1- The 3HFI checks the Buffer Full signal when it receives 
Data Taken (14). 

16. End Burst. The 3HE sends an End Burst with the last word. 

3HFI - The 3HFI passes the End Burst (R38) to the 3HG 1. 

3HG 1 - The 3HG 1 negates the Burst (R40) after receiving End 
Burst (138) and outputs the LLRC. 

17. End Packet. The 3HE sends End Packet to the 3HF1 to terminate 
the transfer. 
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3HFl - The 3HFl passes the End Packet (R39) to the 3HG 1. 

3HG 1 - The 3HG 1 negates Packet (R20) after receiving End 
Packet (I39). 

Interrupt. The 3HE sends an Interrupt (R7) to the lOP when the 
done flag sets and the Channel Interrupt is enabled. The done flag 
sets and the busy flag clears when the word count equals zero. 
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Figure 10-6. HCA4 Block Diagram (HIPPI Output Channel Adapter) 
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Figure 10-7. HCA4 Quarter Board Option Layout 
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