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Commands Commands Overview

Commands Overview

A command is information generated by the microprocessor that signals the
support circuitry to perform functions on system data. The microprocessor sends
a command to the support circuitry by placing information on the microprocessor
command pins and, in some cases, the microprocessor address pins (refer to
Figure 1.

Figure 1. Command and Address Pins

Command Pins

Address Pins

Y

Microprocessor Support Circuitry

Data Bus Pins

Y

The command pins indicate when the microprocessor is requesting a
write-related command (WRITE_BLOCK) or a read-related command
(READ_MISS). WRITE_BLOCK commands indicate that the microprocessor
will transfer system data or additional address information to the support
circuitry over the microprocessor data bus. READ_MISS commands indicate
that the microprocessor is requesting data. The microprocessor does not transfer
ary information to the support circuitrywer the microprocessor datafowhen

issuing a READ_MISS command.

The address pins may contain additional command information wheraseftw
is using the E-register access method of referencing data.

There are two main types of commands: direct local memory commands and
memory-mapped commands.

HMM-142-0 Cray Research Proprietary 3
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Direct Local Memory Commands

The microprocessor initiates a direct local memory command by setting the
microprocessor command pins to signal a WRITE_BLOCK or READ_MISS
and by setting bit 39 of the microprocessor-generated address to 0. There are
two direct local memory commands: direct local memory store and direct local
memory load.

Figure 2shavs the format of the microprocessgenerated address for a direct
local memory command. Bits <30 : 0> of the address contain a byte-oriented
address that references a physical location in local memory. Bits <38 : 31> are
not used and should be set to 0 along with bit 39.

Figure 2. Direct Local Memory Address

| 39| <38:31> | <30: 0> |

0 Not Used Local Memory
(set to 0's) Physical Address

The following subsections describe the direct local memory commands.

4 Cray Research Proprietary HMM-142-0
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Direct Local Memory Commands

Direct Local Memory Store

HMM-142-0

A direct local memory store command signals the support circuitry to transfer
up to 64-bytes of data from the microprocessor to local memory. The support
circuitry receves the store data from the microprocessor in four 128-bit transfers
over the microprocessor data bus (refefitpure 3.

Figure 3. Direct Local Memory Store Command

Local Memory

Bits <127 : 0>
128 Bits of Data

128-bit Block 0

Y

128 Bits of Data

Microprocessor 128 Bits of Data

128-bit Block 1

Y

128-bit Block 2
128 Bits of Data 128-hit Block 3

y

Y

The microprocessor presents a directlocal memory store command to the support
circuitry when valid data for a local memory location is removed from the
microprocessor secondary cache to exaom for nes valid data. The data that

is removed from the secondary cache is called a victim.

The microprocessor issues a direct local memory store command by placing a
WRITE_BLOCK command on the microprocessor command pins and by
placing the direct local memory store address (reféigore 4 on the
microprocessor address bus.

Figure 4. Direct Local Memory Store Address

| 39| <ss:31> | <30 : 0> |

0 Not Used Physical Address in Local Memory
(set to O's) Where Data Will Be Stored

NOTE: Bits <30 : 0> reference a 64-byte block of data; therefore,
bits <5 : 0> of the microprocessor-generated address are set to 0.

Cray Research Proprietary 5
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Direct Local Memory Load

A direct local memory load command signals the support circuitry to transfer
64-bytes of data from local memory to the microproce3suw support circuitry
sends the load data to the microprocessor in four 128-bit transfers over the
microprocessor data bus (referfigure 5.

Figure 5. Direct Local Memory Load Command

Local Memory

Bits <127 : 0>

128 Bits of Data

128-bit Block 0

128 Bits of Data 128-bit Block 1

A

Microprocessor 128 Bits of Data 128Dt Block 2

128 Bits of Data 128-bit Block 3

The microprocessor presents a direct local memory load command to the support
circuitry when a secondary cache miss occurs. A secondary cache miss occurs
when the microprocessor attempts to read data from a 64-byte block in the
secondary cache and the data in the block does not have the correct address
information or the data in the block is invalid.

Direct Local Memory Load Address

The microprocessor issues a direct local memory load command by placing a
READ_MISS command on the microprocessor command pins and by placing
the direct local memory load address (refefitpure § on the microprocessor
address bus.

Figure 6. Direct Local Memory Load Address

| 39| <s8:31> | <30 : 0> |

0 Not Used Physical Address in Local Memory
(set to O's) from Which Data Will Be Loaded

NOTE: Bits <30 : 0> reference a 64-byte block of data; therefore,
bits <5 : 0> of the microprocessor-generated address are set to 0.

6 Cray Research Proprietary HMM-142-0
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Streams

HMM-142-0

Direct Local Memory Commands

A stream is a set of load commands that reference contiguous addresses in local
memory. For example, a stream could consist of 50 direct local memory load
commands where each load command references the next sequential local
memory address. Although a stream must reference contiguous addresses, a
stream does not have to emerge from the microprocessor as contiguous
commands. Other commands may be intermixed within a stream.

The support circuitry maintains a history of memory references and detects when
streams occur. After detecting the presence of a stream, the support circuitry
performs read-ahead operations and stores data from memory into stfieasn b
located in the support circuitry. The stream buffers reduce the latency needed
for the support circuitry to supply data for a stream of load commands.

The support circuitry uses four components to perform stream operations.
Table 1lists these components and provides a description for each component.

Table 1. Support Circuitry Stream-control Components

Component Description
History buffer Stores up to 8 addresses. When the support circuitry
(HB) receives an address from the microprocessor and the

address matches an address in the history buffer, the
support circuitry assigns a new stream.

Stream buffers Store data or instructions for up to 6 individual
streams. Two or four stream buffers are assigned to
each stream. The number depends on the value of
bit 4 (DOUBLE_ENABLE bit) of the C_SYS_CTL

register.
Initial prefetch Store up to 4 initial prefetches from local memory. An
(IP) buffers initial prefetch is data or instructions read from local
memory in anticipation of a possible stream.
Read-ahead Six 256-byte buffers in the support circuitry (M option)
buffers that temporarily store data or instructions from local
memory that are destined for the local PE or a remote
PE.

Although stream operations are performed by hardware, software can change
parameters thatfaict stream operations. Sofive changes these parameters by
writing to fields of the user control (USER_CTL) register.

Cray Research Proprietary 7
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Bits <1 :0> of the USER_CTL mgaster control data streams. B#8 : 2> of the
USER_CTL register control instruction streams (referable 2andTable 3.

Table 2. USER_CTL Bits <1 : 0>

Bits <1: 0> Description

00 Disable the detection and assignment of new data
streams. Old data streams are not affected.

01 Enable the detection and assignment of new data
streams.

10 Enable the detection and assignment of new data
streams. Also, perform an initial prefetch on a stream
buffer miss.

11 Enable the detection and assignment of new data
streams. Also, perform an initial prefetch and allocate a
read-ahead buffer on a stream buffer miss.

Table 3. USER_CTL Bits <3 : 2>

Bits <3 : 2> Description

00 Disable the detection and assignment of new instruction
streams. Old instruction streams are not affected.

01 Enable the detection and assignment of new instruction
streams.

10 Enable the detection and assignment of new instruction
streams. Also, perform an initial prefetch on a stream
buffer miss.

11 Enable the detection and assignment of new instruction
streams. Also, perform an initial prefetch and allocate a
read-ahead buffer on a stream buffer miss.

Figure 7is a flav chart that illustrates stream operations that the support circuitry
performs when it recees a local-memory load command and address from the
microprocessor.

8 Cray Research Proprietary HMM-142-0
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Figure 7. Stream Flow Chart
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Memory-mapped Commands

10

The microprocessor initiates a memory-mapped command by setting the
microprocessor command pins to signal a WRITE_BLOCK or READ_MISS
and by setting bit 39 of the microprocesgenerated address to 1 (to indicate a
memory-mapped function address). There are three main types of
memory-mapped commands: auxiliary register commands, barrier and eureka
(B/E) commands, and E-register commands.

Figure 8shows the format of the microprocessor-generated address for a
memory-mapped function. Bits <23 : 22> of the address indicate which main
type of memory-mapped function is being referenced. This, along with the
microprocessor command pins, indicates which type of memory-mapped
command is being issued.

Figure 8. Memory-mapped Function Address

| 39 | <38:20> | <28:24> | <23:22> | <21:0>
1 Not Used MS Memory Memory-space (MS)
(Set to 0's) Defined Bits Space Defined Bits

00 = Auxiliary Register Space
10 = E-register Command Space
01 or 11 = B/E Command Space

The following subsections describe the main types of memory-mapped
commands.

Cray Research Proprietary HMM-142-0
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Auxiliary Register Commands

Auxiliary register commands signal the support circuitry to transfer data between

the microprocessor and the auxiliary registers. Auxiliary registers are registers

located in a PE that the microprocessor can access directly without using the E
registers.

The microprocessor indicates an auxiliayiseer command by setting (39 of
microprocessor-generated address to 1 and by setting bits <23 : 22> of the
address to 00 (refer tagure 9.

Figure 9. Auxiliary Register Space Address

| 39 | <38:29> | 28 | <27:24> | <23:22> | <21:0>
1 Should be | Sys| Should be 00 Auxiliary Register
Zero (SBZ) | Priv| Zero (SBZ) Address

The microprocessor identifies which auxiliargister is the source or destination
register for the command by setting the auxiliary register address field
(bits <21 :0>) of the microprocess@enerated address to the appropriatee.

There are two auxiliary register commands: store and load. When the
microprocessor sets the command pins to indicate a WRITE_BLOCK command,
the auxiliary register command is a store. This command signals the support
circuitry to transfer data from the microprocessor to a destination auxiliary
register.

When the microprocessor sets the command pins to indicate a READ_MISS
command, the auxiliary gester command is a load. This command signals the
support circuitry to transfer data from a source auxiliary register to the
MiCroprocessor.

HMM-142-0 Cray Research Proprietary 11
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Barrier and Eureka Commands

12

Barrier and eureka (B/E) commands signal the support circuitry to change the
state of the barrier and eureka synchronization circuits.

The microprocessor indicates a B/E command by setting bits 39 and 22 of the
microprocessor-generated address to 1 (refergtore 10).

Figure 10. B/E Command Space Address

| 39 | <38:29> | 28| <27:23> | 22 | <21:0> |
1 Should be | Sys B/E Context 1 B/E Circuit Select
Zero (SBZ) | Priv Select (Bit 13=Select, All Other Bits=0’s)

Cray Research Proprietary HMM-142-0
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Memory-mapped Commands

E-register Commands

E-register commands signal the support circuitry to perform several types of
functions. These functions include:

* Transferring data between the microprocessor and the E registers
* Transferring data between the E registers and local or global memory
* Performing arithmetic or logical functions on system data

The microprocessor indicates an E-register command by setting bit 39 of the
microprocessor-generated address to 1 and by setting bits <23 : 22> of the
address to 10 (refer tagure 1).

Figure 11. E-register Command Space Address

| 39 | <38:29> |28 | <27:24> | <23:22>| <21:13> | <12:0>
1 Should be [Sys| Context 10 Opcode E-register
Zero (SBZ) | Priv Select Reference

Bits <21 :13> of the microprocessgenerated address contain an opcode. The
opcode indicates which E-register command the microprocessor is issuing.
Figure 12shows the generalized format of the opcode, Tatde 4lists the
opcodes.

Figure 12. Opcode

| 39 | <38:29> | 28 | <27:24> | <23:22> | <21:13> <12:0>
1 Should be | Sys| Context 10 Opcode E-register
Zero (SBZ) | Priv Select Reference

HMM-142-0

Bits Description

<16:13> E-register Command ID
17 Data Size (0 = 64 Bit Words, 1 = 32 Bit Halfwords)
18 Fixed Ordering (0 = Unordered, 1 = Fixed Ordering)
19 Index Type (0 = Global, 1 = Local)
20 E-register Command ID
21 STT bypass (0 = STT Used, 1 = STT Bypassed)

The folloving subsections describe each of the gister commands.df faster
referencing, the headings are alphabetized by command name.

Cray Research Proprietary 13
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Table 4. Opcodes
Microprocessor-generated Address Bits
21 20 19 18 17 16 15 14 13
Fixed
STT Use Index Type | Ordering Data Size Command Command
(M ID L (F) (S) ID Name
X 0 X X X X 0 0 0 | LOAD or STORE
1 0 1 0 0=64 Bits 0| 0| O 1 | STORE_PLZ
1=32 Bits
0=Use 0 0=Global 0=No 0=64 Bits 0| O 1| 0 | PUT
1=Bypass 1=Local 1=Yes 1=32 Bits
0=Use 0 0=Global 0=No 0=64 Bits 0| 0| 1] 1]|GET
1=Bypass 1=Local 1=Yes 1=32 Bits
0=Use 0 0=Global 0=No 1 0 1 0 0 | GET_INC
1=Bypass 1=Local 1=Yes
0=Use 0 0=Global 0=No 0=64 Bits 0 1|0 1 | MSWAP
1=Bypass 1=Local 1=Yes 1=32 Bits
1 0 0 0 1 0 STORE_CENT
0=Use 0 0=Global 0=No 0=64 Bits 0|1 PUTV
1=Bypass 1=Local 1=Yes 1=32 Bits
0=Use 0 0=Global 0=No 0=64 Bits 1|0 1 1 | GETV
1=Bypass 1=Local 1=Yes 1=32 Bits
0=Use 0 0=Global 0=No 1 1 |11| 0| 0 | GET_ADD
1=Bypass 1=Local 1=Yes
0=Use 0 0=Global 0=No 0=64 Bits 1 (1| 0| 1| CSWAP
1=Bypass 1=Local 1=Yes 1=32 Bits
0=Use 0 0 0=No 0 1 1 1 1 | SEND
1=Bypass 1=Yes
0 1 0 0 0 0| 0| 0| O | ERS_READor
ERS_WRITE
1 1 0 0 0| O | O | SPUT
1 1 0 1 0| O | O | SGET
0=Use 0=Global 1 0 0| 0| O | DPUT
1=Bypass 1=Local
0=Use 1 0=Global 1 1 10| 0| O |DGET
1=Bypass 1=Local
NOTE: X = Value of this bit does not matter
Cray Research Proprietary HMM-142-0
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CSWAP

The compare and swap (CSWAP) E-register commands signal the support
circuitry to compare a comperand value to data in system memory. If the
comperand &lue and the data in system memory are equal, the support circuitry
transfers the data from system memory to a destinatiogi§ieeand transfers

a swaperand value from another source E register into the original system
memory location (refer tBigure 13. If the comperand and data in system
memory are not equal, the support circuitry transfers the data from system
memory to a destination E register, but does not perform the swap operation.

Figure 13. CSWAP Commands

System
E Registers Memory
| Bits <63:0> | | Bits <63: 0> |
32 or 64 Bits
Micro- € Destination [ < HW or Word | n
processor
- /\/

m+1

KEY m+2 Comperand

e = E-register Address e — 32 or 64 Bits //\/\/
m = E-register Address /V/
n = Memory Address 511 /\/

There are two CSWAP commands: CSWAP4 and CSWAPS8. The CSWAP4
command performs functions on 32-bit (4-byte) halfwords (HW) of data. The
CSWAP8 command performs functions on 64-bit (8-byte) words of data.

The write buffer in the microprocessor may merge two, three, or four CSWAP
commands into a single operation. ThegaerCSVAAP operation compares and
possibly svaps up to four 64-bit ards of data. Each of the CE3\W commands

in the merged operation may use unique comperand and swaperand values, or
two, three, or four CSYAP commands in the mged operation may use the same
comperand and swaperand values from the same two source E registers.

HMM-142-0 Cray Research Proprietary 15
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CSWAP Address

The microprocessor issues a C&Wtommand by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the CSWAP
address arguments on the microprocessor address bus and data bus. Before
requesting a CSWAP command, software must load the more operands (MO)
block of E registers with the centrifuge mask, the base virtual address, the
comperand value, and the swaperand value.

NOTE: If a parameter in the MO block is not used, the parameter may be set

to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

CSWAP ERS Codes

If the E-register state (ERS) codes are set to EMPTY for any of the E registers
in the MO block, the support circuitry will stall before performing the @BW
command. When the ERS codes for thesg)sters are setto FULL, the support
circuitry sets the ERS code for the destinatiorgister to EMPTY and performs

the CSWAP command. After storing the value read from memory into the

destination E rgister the support circuitry sets the ERS code for the destination
E register to FULL.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

CSWAP Destination E-register Format

After the support circuitry performs a CSWAP8 command, the destination E
register contains the 64-bit word of data read from memory. After the support
circuitry performs a CSWAP4 command, bits <63 : 32> of the destination E

register contain the 32-bit haltwd read from memory and bi81 : 0> are read
as zeros.

NOTE: The CSWAP8 command is issued when the data size bit (S) of the

opcode is set to 0. The CSWAP4 command is issued when the data
size bit of the opcode is set to 1.

16 Cray Research Proprietary HMM-142-0
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DGET

The diagnostic get (DGET) Egister command signals the support circuitry to
transfer a 32-bit halfard, check bits for the halfwvd, and syndrome bits for the
halfword from system memory to a destination E register (reféigioe 19.

If the halfword contains a single-bit ertdhe support circuitry corrects the error
and places the corrected data in the destination E register (unless bit 5 of the
M_CFG register is set to 1). If the halfword contains a multiple-bit error, the
support circuitry places the uncorrected data in the destination E register. The
DGET command is used to test data error correcting circuitry.

Figure 14. DGET Command

System
E Registers Memory
| Bits <63:0> | | Bits <31:0> |
32 Bits and Error
Correction
Information
Micro- e Destination |- Halfword n
processor
KEY
e = E-register Address
n = Memory Address = //V
511 =

The write buffer in the microprocessor may merge two, three, or four DGET
commands into a single operation. ThegeerDGET operation transfers up to
four 32-bit halfwords, along with the check bits and syndrome for each badfw

from any four locations in system memory to four contiguous destination E
registers.

HMM-142-0 Cray Research Proprietary 17
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DGET Address

DGET ERS Codes

18

The microprocessor issues a DGET command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the DGET
address arguments on the microprocessor address bus and data bus. Before
requesting a DGET command, sadine must load the MO block of Egisters

with the centrifuge mask and the base virtual address.

NOTE: |If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

If the ERS codes are set to EMPTY for the @isters that contain the centrifuge
mask and base virtual address, the support circuitry stalls before performing the
DGET command. When the ERS codes for these E registers are set to FULL,
the support circuitry sets the ERS code for the destinatiogigieeto EMPTY

and performs the DGET command. After storing the DGET output into the
destination E rgister the support circuitry sets the ERS code for the destination

E register to FULL.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

Cray Research Proprietary HMM-142-0
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DGET Destination E-register Format

The format of the destination Egister for a DGET command is tfent if the
32-bit halfword is bits <31 : 0> of a@vrd or is bits <63 : 32> of aavd.Figure 15
shows the format of the destination E register after the support circuitry
completes a DGET command for bits <31 : 0> of a word.

Figure 15. DGET Destination E-register Format (Lower 32 Bits)

<63:32> | <31:0>
Check Bits, Syndrome, and Status 32-bit Halfword
for Halfword (Uncorrected Data)

" B N

Description
<38:32> = Original check bits from memory
<46 : 40> = Syndrome
<60 : 47>, 39= Not used
61 = Single-bit error occurred.
62 = Multiple-bit error occurred.
63 = A single-bit error was detected since
last DGET command.

\ /

Figure 16shaws the format of the destination Ejigter after the support circuitry
completes a DGET command for bits <63 : 32> of a word.

Figure 16. DGET Destination E-register Format (Upper 32 Bits)

<63:32> | <31:0>
32-bit Halfword Check Bits, Syndrome, and Status
(Uncorrected Data) for Halfword
/ Bits Description \
<6 : 0> = Original check bits from memory
<14 :8> = Syndrome
<28 :15>,7 = Not used
29 = Single-bit error occurred.

30 Multiple-bit error occurred.
31 = Asingle-bit error was detected since
last DGET command.

\ /

HMM-142-0 Cray Research Proprietary 19
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DPUT

The diagnostic put (DPUT) Egester command signals the support circuitry to
transfer a 32-bit halfard and check bits for the halbnd from a source E géster

to a system memory location (refeffigure 17. The DPUT command is used
to set the check bits for a system memory location into a known state before
testing the data error correcting circuitry.

Figure 17. DPUT Command

System
E Registers Memory
| Bits <63:0> | | Bits <31:0> |
32 Bits and
o Check Bits o n
Micro- Source »{ Halfword
processor
KEY
e = E-register Address
n = Memory Address /\/ N
511 =

The write buffer in the microprocessor may merge two, three, or four DPUT
commands into a single operation. ThegeerDPUT operation transfers up to
four 32-bit halfwords, along with check bits for each halfword, from four
contiguous source E registers to any four locations in system memory.

20 Cray Research Proprietary HMM-142-0
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DPUT Address

Memory-mapped Commands

The microprocessor issues a DPUT command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the DPUT
address arguments on the microprocessor address bus and data bus. Before
requesting a DPUT command, sadine must load the MO block of Egisters

with the centrifuge mask and the base virtual address.

NOTE: If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

DPUT Source E-register Format

In addition to the MO block of E gésters, softre must load a source Erger
with the 32-bit halfword and checkbits for the halfword before requesting a
DPUT command=igure 18shaws the format of the source Ejister fora DPUT
command.

Figure 18. DPUT Source E-register Format

When bit 2 of the address is 0

<63: 32> | <31:8> <7:0>
32-bit Halfword Should Be Check
(Write Data for Memory) Zero (SB2) Bits

When bit 2 of the address is 1

<63 : 40> | <39: 32> | <31:0> |
Should Be Check 32-bit Halfword
Zero (SBZ2) Bits (Write Data for Memory)

DPUT ERS Codes

HMM-142-0

If the ERS codes are setto EMPTY for the @isters that contain the centrifuge
mask and base virtual address, the support circuitry stalls before performing the
DPUT command. When the ERS codes for these E registers are set to FULL,
the support circuitry performs the DPUT command. The DPUT command does
not modify the ERS codes for any of the E registers.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

Cray Research Proprietary 21



Memory-mapped Commands

Commands

The E-register state code read (ERS_READ) E-register command signals the
support circuitry to transfer the ERS codes from 32 contiguous sourgisters

0

e

e+l

e+2

e+3

e+4

e+5

e+30

e+31

511

System
Memory

| Bits <63: 0> |

N

N

The missed-address file in the microprocessor may merge two, three, or four
ERS_READ commands into a single operation. The merged ERS_READ
operation transfers the ERS code from 128 contiguous sourggskers to the

ERS_READ
to the microprocessor (refer kagure 19.
Figure 19. ERS_READ Command
E Registers
| Bits <63:0> |
E-register State /~ Source
Codes from 32
Contiguous E Source
Registers
Micro- Source
processor Source
Source
- A/
Source
KEY o Source
/
e = E-register Address /\/:
Mmicroprocessor.
22 Cray Research Proprietary
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ERS_READ Address
The microprocessorissues an ERS_READ command by placinga READ_MISS
command on the microprocessor command pins and by placing the ERS_READ
address gruments on the microprocessor addresss bhe microprocessor data
bus is not used for an ERS_READ command.

NOTE: Bits <7 : 0> of the microprocessor-generated address reference a
block of 32 destination E registers.

ERS_READ ERS Codes

The ERS_READ command does ndeat the alue of ag of the ERS codes in
the source E registers.

ERS_READ Data Format
The microprocessor data bus contains the ERS codes for 32 contiguous

destination E rgisters. Ibr example, bits<7 : 6> of the datalss contain the ERS
code for the fourth E register in a block of 32 destination E registers.

HMM-142-0 Cray Research Proprietary 23
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ERS_WRITE
The E-rgister state code write (ERS_WRITE) Eyister command signals the
support circuitry to transfer the ERS codes for 32 contiguous E registers from
the microprocessor to 32 contiguous destinatiorgisters (refer té-igure 20.
Figure 20. ERS_WRITE Command
System
E Registers Memory
| Bits <63:0> | | Bits <63: 0> |
/\/0 /\/
E-register State Destination e
Codes for 32
Contiguous E Destination e+l
Registers
Micro- —————» < Destination e+2
processor Destination e+3
Destination e+4
| Destinatio e+30
KEY \_ Destination e+31
e = E-register Address /\/ 511

The write buffer in the microprocessor may merge two, three, or four
ERS_WRITE commands into a single operation. The merged ERS_WRITE
operation transfers the ERS code for 128 contiguous destinatigisters from
the microprocessor to the destination E registers.
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ERS_WRITE Address

The microprocessor issues an ERS_WRITE command by placing a
WRITE_BLOCK command on the microprocessor command pins and by
placing the ERS_WRITE addresgaments on the microprocessor addresss b
and data bus.

NOTE: Bits <7 : 0> of the microprocessor-generated address reference a
block of 32 destination E registers.

ERS_WRITE Data Format

The microprocessor data bus contains the ERS codes for 32 contiguous
destination E rgisters. Ier example, bits<7 : 6> of the datals contain the ERS
code for the fourth E register in a block of 32 destination E registers.

ERS_WRITE ERS Codes

When the support circuitry performs a ERS_WRITE command, the ERS codes
for the destination E registers are changed to the values received from the
microprocessor. The support circuitry does not change the ERS codes until all
outstanding E-register references are complete.

A nonprivileged user cannot set the ERS codes for the destinatigiskers to
EMPTY. If a nonprivileged user attempts to do this, en error occurs.

The support circuitry does not complete an ERS_WRITE operation if the
EREG_PENDING state is non-zero for the specified context. The support
circuitry stalls the ERS_WRITE operation until all outstanding GET- or
PUT-related commands for the specified cahleve completed.d avoid a stall

or hung condition, softare must ensure that all outstanding G&PUFrelated
commands are complete and then reset the EREG_PENDING counterg (if the
are not zero) before issuing the ERS_WRITE command.
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GET

The get (GET) E-mgister commands signal the support circuitry to transfer data
from a location in system memory to a destinationgister (refer td-igure 2.

Figure 21. GET Commands

System
E Registers Memory
| Bits <63: 0> | | Bits <63 : 0> |
o 32 or 64 Bits
Micro- e Destination |- HW or Word n
processor
e = E-register Address //V /\/
n = Memory Address 11

There are tw GET commands: GET4 and GET8. The GET4 command transfers
a 32-bit (4-byte) halfwrd (HW) of data. The GET8 command transfers a 64-bit
(8-byte) word of data.

The write buffer in the microprocessor may merge two, three, or four GET
commands into a single operation. The merged GET operation transfers up to
four 64-bit words of data from any four locations in system memory to four
contiguous destination E registers.

In addition to transferring data from system memory to thgistess, the GET

command may also transfer data from a remote rereligister to a destination
E register.
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GET Address

The microprocessor issues a GET command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the GET address
arguments on the microprocessor addressdnd dataus. Before requesting a

GET command, software must load the MO block of E registers with the
centrifuge mask and the base virtual address (BVA) or a base remote register
address.

When bit 63 of the E register that contains the BVA is set to 1, the base virtual
address is actually a base remote register address. The final register address is
created by adding the base remote register address and the index offset.

NOTE: If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

GET ERS Codes

If the ERS codes are set to EMPTY for the E registers in the MO that contain
the centrifuge mask and BYthe support circuitry stalls before performing the
GET command. When the ERS codes for thesgistars are set to FULL, the
support circuitry sets the ERS code for the destinatiogi&tez to EMPTY and
performs the GET command. After storing tladue read from memory into the
destination E rgister the support circuitry sets the ERS code for the destination
E register to FULL.

NOTE: |If the ERS code for any of the E registers listed above is set to
FULL_F or FULL_SR, an error occurs.

GET Destination E-register Format

After the support circuitry performs a GET8 command, the destinatiandtee
contains the 64-bit @ard of data read from memorfter the support circuitry
performs a GET4 command, b#63 : 32> of the destination Egester contain
the 32-bit halfword read from memory and bits <31 : 0> are read as 0's.

NOTE: The GET8 command is issued when the data size bit (S) of the
opcode is set to 0. The GET4 command is issued when the data size
bit of the opcode is set to 1.
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GETV

Micro-
processor

Commands

The get vector (GETV) E-register commands signal the support circuitry to
transfer data from eight locations in system memory to eight contiguous
destination E rgisters (refer téigure 23. The support circuitry references each
of the eight locations in system memory by adding a stride value to a base
memory address.

Figure 22. GETV Commands

KEY

e = E-register Address
n = Memory Address
S = Stride Value

System
E Registers Memory
| Bits <63: 0> | | Bits <63:0> |
e Destination |« 32 or 64 Bits HW orWord | n
— 32 or 64 Bits
e+l Destination |« HW or Word | n+S
— 32 or 64 Bits

e+2 Destination | HW or Word | n+(2XS)
32 or 64 Bits

e+3 Destination | HW or Word | n+(3XS)
32 or 64 Bits

e+4 Destination | HW or Word | n+ (4 X S)
32 or 64 Bits

e+5 Destination [*€ HW or Word | n+(5XS)
32 or 64 Bits

e+6 Destination [« HW or Word | n+ (6 XS)
32 or 64 Bits

e+7 Destination |« I %r Word I/n+ (7X9)

L~ /A\/
511 =
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There are tw GETV commands: GETV4 and GETV8. The GETV4 command
transfers eight 32-bit (4-byte) halfwords (HW) of data. The GETV8 command
transfers eight 64-bit (8-byte) words of data.

The write buffer in the microprocessor may merge two, three, or four GETV
commands into a single operation. The gaerGETV operation transfers up to

32 64-bit words of data from system memory to 32 contiguous destination E
registers. The base system memory addresses and the stride values for each of
the GETV commands in the merged operation may differ for each GETV
command.

NOTE: The GETV command transfers data from system memory to
destination E registers. The GETV command does not transfer data
from remote registers to E registers.
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GETV Address

GETV ERS Codes

Memory-mapped Commands

The microprocessor issues a GETV command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the GETV
address arguments on the microprocessor address bus and data bus. Before
requesting a GETV command, soéine must load the MO block of Egisters

with the centrifuge mask, the BVA, and a stride.

The stride is a posite or ngative value. Bits49 : 0> of the E mgster contain
the \alue of the stride. Bits63 : 50> of the E igister contain the sigextension
for the stride. Softare must use a ts compliment alue for a ngative stride.

The support circuitry does not check tizdue of the stride. If softare sets the

value of the stride to zero, the support circuitry repeatedly references the same
location in system memarif software sets thealue of the stride to aalue that
results in an address larger than the maximum address allowed in the system,
the support circuitry uses only the leagjnificant bits of the resulting address.

If the ERS codes are set to EMPTY for the E registers in the MO block that
contain the centrifuge mask, base virtual address, and stride, the support circuitry
stalls before performing the GETV command. When the ERS codes for these E
registers are set to FULL, the support circuitry sets the ERS codes for the
destination E registers to EMPTY and performs the GETV command. After
storing the alues read from memory into the destinationdtsters, the support
circuitry sets the ERS codes for the E registers to FULL.

NOTE: |If the ERS code for any of the E registers listed above is set to
FULL_F or FULL_SR, an error occurs.

GETV Destination E-register Format

HMM-142-0

After the support circuitry performs a GETV8 command, the destination

E registers contain the 64-bitoxds of data read from memoAfter the support
circuitry performs a GETV4 command, bits <63 : 32> of the destination E
registers contain the 32-bit halfwords read from memory, and bits <31 : 0> of
each E register are read as 0’s.
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GET_ADD
The get-and-add (GET_ADD) Egister command signals the support circuitry
to transfer data a 32-bit halbnd from system memory to a destination gister,
add a 32-bit addend value to the data read from system memory, and store the
sum into the original system memory location (refefitpure 23.
Figure 23. GET_ADD Commands
System
E Registers Memory
| Bits <63:0> | | Bits <31:0> |
0 /\/ /\/
/\/ /\/
32 Bits
Micro- e Destination | * HW n
processor
N
m
m+1
KEY e NG
e = E-register Address m+3 Addend 32 Bits /\/
m= E-register Address |~
n = Memory Address 511 /\/

The write luffer in the microprocessor may rgertwo, three, or four GET_ADD
commands into a single operation. Each of the GET_ADD commands in the
merged GET_ADD operation may use the same addend value (from the same
source E register) or may use unique addend values (from different source E
registers).
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GET_ADD Address

The microprocessor issues a GET_ADD command by placing a
WRITE_BLOCK command on the microprocessor command pins and by
placing the GET_ADD address arguments on the microprocessor address bus
and data bs. Before requesting a GET_ADD command, safexmust load the

MO block of Eregisters with the centrifuge mask, the/B\And an addendhlue.

NOTE: |If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

GET_ADD ERS Codes

If the ERS codes are set to EMPTY for the E registers in the MO block that
contain the centrifuge mask, base virtual address, and addend, the support
circuitry stalls before performing the GET_ADD command. When the ERS
codes for these E registers are set to FULL, the support circuitry sets the ERS
code for the destination E register to EMPTY and performs the GET_ADD
command. After storing the value read from memory into the destination E

register the support circuitry sets the ERS code for the destinatiogigaeto
FULL.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

GET_ADD Destination E-register Format

After the support circuitry performs a GET_ADD command, bits <63 : 32> of
the destination E register contain the 32-bit halfword read from memory, and
bits <31 : 0> of the E register are read as 0’s.

NOTE: The GET_ADD command must be issued with the data size bit of
the opcode set to 1.
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GET_INC
The get-and-increment (GET_INC) E-register command signals the support
circuitry to transfer a 32-bit halfword of data from system memory to a
destination E rgister add 1 to the data, and then store the sum into the original
system memory location (refer fogure 24.
Figure 24. GET_INC Command
System
E Registers Memory
| Bits <63:0> | | Bits <31:0> |
0 /\/ /\/
/\/ /\/
32 Bits
Micro- e Destination HW n
processor
KEY /\/
e = E-register Address T
n = Memory Address /\/
511 =

The write luffer in the microprocessor may rgertwo, three, or four GET_INC
commands into a single operation. The merged GET_INC operation transfers
and adds as many as four 32-bit halfwords of system data.
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GET_INC Address

Memory-mapped Commands

The microprocessorissues a GET_INC command by placinga WRITE_BLOCK
command on the microprocessor command pins and by placing the GET_INC
address arguments on the microprocessor address bus and data bus. Before

requesting a GET_INC command, software must load the MO block of

E registers with the centrifuge mask and the base virtual address.

NOTE: |If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

GET_INC ERS Codes

If the ERS codes are set to EMPTY for the E registers in the MO block that
contain the centrifuge mask and base virtual address, the support circuitry stalls
before performing the GET_INC command. When the ERS codes for these E
registers are set to FULL, the support circuitry sets the ERS code for the
destination E mgister to EMPTY and performs the GET_INC command. After
storing the wlue read from memory into the destination gster, the support
circuitry sets the ERS code for the destination E register to FULL.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

GET_INC Destination E-register Format

HMM-142-0

After the support circuitry performs a GET_INC command, bits <63 : 32> of
the destination E register contain the 32-bit halfword read from memory and
bits <31 : 0> of the E register are read as 0’s.

NOTE: The GET_INC command must be issued with the data size bit of the
opcode set to 1.
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LOAD

The load (LOAD) E-register commands signal the support circuitry to transfer
system data from a source Kister to the microprocessor (referffigure 25.

Figure 25. LOAD Commands

System
E Registers Memory

| Bits <63:0> | | Bits <63: 0> |

e —— =

Micro-

processor

32 or 64 Bits

Source e

A

KEY

e = E-register Address N 511 e
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There are tw LOAD commands: L@D4 and LOADS8. The LAAD4 command
transfers a 32-bit (4-byte) halfword of data from a source E register to the
microprocessoiThe LOAD8 command transfers a 64-bit (8-byte)nd of data
from a source E register to the microprocessor.

The missed-address file in the microprocessor may merge two, three, or four
LOAD commands into a single operation. ThegeerL OAD operation transfers

up to four 64-bit words from four contiguous source E registers to the
Microprocessor.
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LOAD Address

Memory-mapped Commands

The microprocessor issues a LOAD command by placing a READ_MISS
command on the microprocessor command pins and by placing the LOAD
address gruments on the microprocessor addresss bhe microprocessor data
bus is not used for a LOAD command.

LOAD Source E-register Format

LOAD ERS Codes

HMM-142-0

The source E register contains 32 or 64 bits of system data. The LOAD4
command transfers the 32 most-significant bits or the 32 least-significant bits of
the source E register to the microprocessor (as indicated by the
microprocessegenerated address). The AD8 command transfers all @zits

of the source E register to the microprocessor.

NOTE: The LOAD8 command is issued when the microprocessor requests a
load of 8 bytes of data. The LOAD4 command is issued when the
microprocessor requests a load of 4 bytes of data.

If the ERS code is set to EMPTY for the sourcedister the support circuitry
stalls before performing the LAID command. When the ERS code for the source
E registers is set to FULL, the support circuitry performs théD@ommand.

NOTE: Ifthe ERS code for the Egister mentioned alve is setto FULL_F
or FULL_SR, an error occurs.
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MSWAP
The maskable atomic s (MSWAP) E-rgister commands signal the support
circuitry to transfer data from system memory to a destination E register and
transfer specified bits of a aperand &lue from another source Egrster into
the corresponding bits of the original system memory location (refer to
Figure 26. Software specifies the bits of theamerand &lue that are transferred
by setting the corresponding bits of the swap mask to 1.
Figure 26. MSWAP Command
System
E Registers Memory
| Bits <63:0> | | Bits <63: 0> |
0 /\/ /\/
/\/ /\/
32 or 64 Bits
Micro- e Destination HW or Word | n
processor
N MSWAP
m Circuitry
m+1 A
KEY m+2 Swap Mask 320r64 Bits /\/
e = E-register Address m+3 [ swaperand 32 or 64 Bits N4

m = E-register Address /_/V/
n = Memory Address 511 /\/

There are two types of MSWAP commands: MSWAP4 and MSWAPS8. The
MSWAP4 command performs a maskable swap on 32-bit (4-byte) halfwords
(HW) of data. The MSWAP8 command performs a maskable atomic swap on
64-bit (8-byte) words of data.

The write bufer in the microprocessor may rgertwo, three, or four MSWAP
commands into a single operation. The geer MSVAP operation saps up to

four 64-bit words of data. Each of the MSWAP commands in the merged
operation may use unique swap mask and swaperand values or use the same
swap mask and swaperand values from the same source E registers.
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MSWAP Functions

HMM-142-0

Memory-mapped Commands

Software may use MSWAP commands to perform several types of functions
which include an atomic sap function, a get-and-set function, or a get-and-clear
function.

An atomic svap function transfers data from system memory to a destination E
register and transfers a aperand &lue from another source Egister into the
original system memory location. To issue an atomic swap function, software
stores a sap mask of all Einto a source E géster stores the saperand &lue

into another source Egister and issues the MSAP command (refer ain to
Figure 26.

A get-and-set function transfers data from system memory to a destination E
register and then sets specified bits in the original system memory location to 1.
To issue a get-and-set function, saitey stores a sap mask with specified bits

set to 1 into another source Hister, stores a saperand alue of all 15 into a
source E register, and issues the MSWAP command (refer agagute 26.

A get-and-clear function transfers data from system memory to a destination E
register and then resets specified bits in the original system memory location to
0. To issue a get-and-clear function, safte/stores a sap mask with specified

bits set to 1 into a source E register, stores a swaperand value of all 0’s into
another source E register, and issues the MSWAP command (refer again to
Figure 26.
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MSWAP Address

The microprocessor issues an M&tommand by placinga WRITE_BLOCK
command on the microprocessor command pins and by placing the MSWAP
address arguments on the microprocessor address bus and data bus. Before
requesting an MSWAP command, software must load the MO block of E

registers with the centrifuge mask, the base virtual address, #persask, and
the swaperand value.

MSWAP ERS Codes

If the ERS codes are set to EMPTY for the E registers in the MO block that
contain the centrifuge mask, base virtual address, swap mask, and swaperand
value, the support circuitry stalls before performing the MSWAP command.
When the ERS codes for these Biséers are set to FULL, the support circuitry
sets the ERS code for the destination E register to EMPTY and performs the
MSWAP command. After storing the value read from memory into the

destination E rgister the support circuitry sets the ERS code for the destination
E register to FULL.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

MSWAP Destination E-register Format

After the support circuitry performs an MSWAP8 command, the destination
E register contains the 64-bitoxd of data read from memowfter the support
circuitry performs an MSWAP4 command, bits <63 : 32> of the destination

E register contain the 32-bit halfword read from memory and bits <31 : 0> are
read as 0's.

NOTE: The MSWAP8 command is issued when the data size bit (S) of the

opcode is set to 0. The MSWAP4 command is issued when the data
size bit of the opcode is set to 1.
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PUT

The put (PUT) E-rgister commands signal the support circuitry to transfer data
from a source E register to a location in system memory (refegtwe 27.

Figure 27. PUT Command

System
E Registers Memory
| Bits <63:0> | | Bits <63: 0> |
32 or 64 Bits
Micro- e Source »{ HW or Word n
processor
KEY
e = E-register Address
n = Memory Address /\/ N
511 = T~

There are tw PUT commands: PUT4 and PUTS8. The PUT4 command transfers
a 32-bit (4-byte) halfwrd (HW) of data. The PUT8 command transfers a 64-bit

(8-byte) word of data.

The write buffer in the microprocessor may merge two, three, or four PUT
commands into a single operation. The merged PUT operation transfers up to
four 64-bit words of data from four contiguous source E registers to any four

locations in system memory.

In addition to transferring data from an E register to system memory, the PUT
command may also transfer data from angtster to a remote harde rgister.
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PUT Address

The microprocessor issues a PUT command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the PUT address
arguments on the microprocessor addressdnd dataus. Before requesting a

PUT command, software must load the MO block of E registers with the
centrifuge mask and either the base virtual address (BVA) or a base remote
register address.

When bit 63 of the E ggster that contains the B\Ms set to 1, the BXis actually
a base remote register address. The final register address is created by adding
the base remote register address and the index offset.

NOTE: If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

PUT Source E-register Format

PUT ERS Codes

40

The source E ggster contains 32 or 64 bits of system data. The PUT4 command
transfers the 32 most-significant bits of the source E register to a location in
system memoryl he PUT8 command transfers all 64-bits of the sourcgiies

to a location in system memory.

NOTE: The PUT8 command is issued when the data size bit (S) of the
opcode is set to 0. The PUT4 command is issued when the data size
bit of the opcode is set to 1.

If the ERS codes are set to EMPTY for the source E register or the E registers
in the MO block that contain the centrifuge mask anéd BRe support circuitry
stalls before performing the PUT command. When the ERS codes for these E
registers are set to FULL, the support circuitry performs the PUT command.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.
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PUTV
The put vector (PUTV) E-register commands signal the support circuitry to
transfer data from eight contiguous E registers to eight locations in system
memory (refer td-igure 2§. Each of the eight locations in system memory are
referenced by adding a stride value to a base memory address.
Figure 28. PUTV Command
System
E Registers Memory
| Bits <63: 0> | | Bits <63:0> |
0 /\/ /\/
e Destination 32 or 64 Bits »| HW or Word n
32 or 64 Bits
e+l Destination »] HWorWord | n+S
32 or 64 Bits
Micro- e+2 Destination »| HWorWord | n+(2XS)
32 or 64 Bits
processor e+3 Destination »| HWorWord | n+(3XS)
32 or 64 Bits
e+4 Destination »1 HWorWord | n+(4 XS)
32 or 64 Bits
e+5 Destination »1 HWorWord | n+(5XS)
32 or 64 Bits
KEY e+6 Destination »| HWorWord | n+(6XS)
. 32 or 64 Bits
e = E-register Address e+7 Destination »| HWorWord | n+(7 XS)
n= Memory Address //V/ /V/
S = Stride Value 511 /\/ /\/

There are two PUTV commands: PUTV4 and PUTV8. The PUTV4 command
transfers eight 32-bit (4-byte) halfwords (HW) of data. The PUTV8 command
transfers eight 64-bit (8-byte) words of data.

The write buffer in the microprocessor may merge two, three, or four PUTV
commands into a single operation. The geerPUTV operation transfers up to

32 64-bit words of data from 32 contiguous source @isters to 32 locations in
system memory. The base system memory addresses and the stride values for
each of the PUTV commands in the geat operation may dér for each PUTV
command.

NOTE: The PUTV command transfers data from a source E register to
system memory. The PUTV command does not transfer data from
source E registers to remote registers.
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PUTV Address

The microprocessor issues a PUTV command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the PUTV
address arguments on the microprocessor address bus and data bus. Before
requesting a PUTV command, soéire must load the MO block of Egisters

with the centrifuge mask, the base virtual address (BVA), and a stride.

The stride is a posite or ngative value. Bits49 : 0> of the E mister contain
the \alue of the stride. Bits63 : 50> of the E igister contain the sigextension
for the stride. Softare must use a tts compliment alue for a ngative stride.

The support circuitry does not check tizdue of the stride. If softare sets the

value of the stride to zero, the support circuitry repeatedly references the same
location in system memarif software sets thealue of the stride to alue that
results in an address larger than the maximum address allowed in the system,
the support circuitry uses only the leagjnificant bits of the resulting address.
Because of this characteristic, the support circuitry references an actual location
in memory instead of indicating that an error occurred.

NOTE: If a parameter in the MO block is not used, the parameter may be set
to any value. For example, if the centrifuge mask is not used, it may
be set to any value.

PUTV Source E-register Format

PUTV ERS Codes

42

Each source E register contains 32 or 64 bits of system data. The PUTV4
command transfers the 32 most-significant bits of the sourggdiaeto a 32-bit
location in system memory. The PUTV8 command transfers all 64-bits of the
source E register to a location in system memory.

If the ERS codes are set to EMPTY for the sourcegisters or the E gasters

in the MO block that contain the centrifuge maskAB&nd stride, the support
circuitry stalls before performing the PUTV command. When the ERS codes for
these E registers are set to FULL, the support circuitry performs the PUTV
command.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.
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SEND

Micro-

processor

Memory-mapped Commands

The message send (SEND) Ester command signals the support circuitry to
transfer a 64-byte (8-ovd) message from eight contiguous sourcegisters to

a 64-byte slot in a remote PE message queue (refegice 29. A message

gueue is a software-defined region in the memory of a PE. The maximum size
of a message queue is 64 Mbytes, and a PE may have more than one message
queue.

The support circuitry in the remote PE sends an interrupt to the microprocessor
when a specified number (or more than the specified number) of messages ha
been stored in a message queue (the specified number is a software-defined
value). The microprocessor in the remote PE then reads the messages from the
message queue.

Figure 29. SEND Command

Message Queue in
E Registers Remote PE Memory

| Bits <63: 0> | | Bits <63: 0> |

e Destination 64 Bits - Word q

— 64 Bits
e+l Destination - Word q

64 Bits
e+2 Destination » Word q
64 Bits
e+3 Destination > Word q
64 Bits
e+4 Destination > Word q
64 Bits
e+5 Destination L Word q
64 Bits

KEY e+6 Destination > Word q
64 Bits

e = E-register Address e+7 Destination » Word q

g = Message Queue Slot /V/ /V/
511 = T
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The write buffer in the microprocessor may merge two, three, or four SEND
commands into a single operation. The geerSEND operation transfers up to
four 64-byte messages from 32 contiguous source E registers to four 64-byte
slots in the same or different message queues.

Software may also use the SEND command to access remotednardyisters.
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SEND Address

The microprocessor issues a SEND command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the SEND
address arguments on the microprocessor address bus and data bus. Before
requesting a SEND command, sadte must load the MO block of Egisters

with the centrifuge mask and either the base virtual address (BVA) or a base
remote register address.

When bit 63 of the E register that contains the BVA is set to 0, the sum of the
BVA and the inde offset must be aalid message queue contrard (MQCW)
register address.

When bit 63 of the E register that contains the BVA is set to 1, the sum of the
BVA and the index offset must be a register in the 1/0O controller.

SEND Source E-register Format

SEND ERS Codes

44

Each source E gister contains a 64-bitavd that is part of the 6Byte message.

If the ERS codes are set to EMPTY for any of the source E registers or the E
registers in the MO block that contain the centrifuge mask amd B support
circuitry stalls before performing the SEND command. When the ERS codes for
these E registers are set to FULL, the support circuitry performs the SEND
command.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

More information on messaging is prded in theCRAYT3E System Mesgiag
document.
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SGET

Memory-mapped Commands

The special get (SGET) E-register command signals the support circuitry to
transfer a 64-bit word of data from a register in any network router (called the
special rgisters) to a destination Egister (refer té-igure 30. Network paclets
created by the SGET command travel through a nonblocking network.

Figure 30. SGET Command

E Registers
| Bits <63:0> |

ON

64 Bits

. e — B
Micro- Destination |-
processor

Register Data

KEY Network Router

e = E-register Address 511 //V Register

System
Memory

| Bits <63: 0> |

N

N

The write buffer in the microprocessor may merge two, three, or four SGET
commands into a single operation. The gaer SGET operation transfers up to
four 64-bit words of data from any four network router registers to four

contiguous destination E registers.

HMM-142-0 Cray Research Proprietary
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Memory-mapped Commands Commands

SGET Address

SGET ERS Codes

The microprocessor issues an SGET command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the SGET
address arguments on the microprocessor address bus and data bus.

When the support circuitry performs an SGET command, the support circuitry
sets the ERS code for the destinationdister to EMPTY (If the ERS code for

the destination E gester vas set to EMPT\Yan error occurs). After storing the
value read from memory into the destinationdiseer the support circuitry sets

the ERS code for the destination E register to FULL.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

SGET Destination E-register Format

46

After the support circuitry performs an SGET command, the destination
E register contains the 64-bit word of data read from a network router register.
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SPUT

The special put (SPUT) E-register command signals the support circuitry to
transfer a 64-bit wrd of data from a source Egister to a rgister in ag network
router (called the specialgisters). Refer téigure 31 Network paclets created

by the SPUT command travel through a nonblocking network. Because of this
characteristic, software uses the SPUT command to initialize network routing
information when the CRAY T3E system is deadstarted.

Figure 31. SPUT Command

System
E Registers Memory
| Bits <63:0> | | Bits <63: 0> |
64 Bits
Micro- e Source
processor
\
Register Data
KEY

Network Router " 2
511 N Register /\/

e = E-register Address

The write buffer in the microprocessor may merge two, three, or four SPUT
commands into a single operation. The geer SPUT operation transfers up to
four 64-bit words of data from four contiguous Egigters to any four network
router registers in the system.
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Memory-mapped Commands Commands

SPUT Address

The microprocessor issues an SPUT command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the SPUT
address arguments on the microprocessor address bus and data bus.

SPUT Source E-register Format
The source E register contains a 64-bit word of data that will be stored in the
network router register.

SPUT ERS Codes

If the ERS code is set to EMPTY for the sourcedister the support circuitry
stalls before performing the SPUT command. When the ERS code for the source
E register is set to FULL, the support circuitry performs the SPUT command.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.
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Commands

STORE

Memory-mapped Commands

The store (SODRE) E-rgister commands signal the support circuitry to transfer
system data from the microprocessor to a destination E register (refer to
Figure 33.

Figure 32. STORE Commands
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There are two STORE commands: STORE4 and STORES8. The STORE4
command transfers a 32-bit halfword from the microprocessor to the 32
most-significant or 32 least-significant bits of the destination E register (as
indicated by the microprocessor-generated address). The STORE8 command
transfers a 64-bit word from the microprocessor to the destination E register.

The write buffer in the microprocessor may merge two, three, or four STORE
commands into a single operation. The merged STORE operation transfers up
to four 64-bit words from the microprocessor to four contiguous destination E
registers.
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Memory-mapped Commands Commands

STORE Address

The microprocessor issues aClHE command by placing a WRITE_BLOCK
command on the microprocessor command pins and by placing the STORE
address arguments on the microprocessor address bus and data bus.

STORE ERS Codes

If the ERS code is set to EMPTY for the destination E register, the support
circuitry stalls before performing the SRE command. In this case, the EMPTY
ERS code indicates that the support circuitry is performing a separaggsker
command that will write data into the destination E register.

When the ERS code for the destination E register is set to FULL, the support
circuitry sets the ERS code for the destination E register to EMPTY, retrieves
and stores the data into the destinationgistetr and then sets the ERS code for
the destination E register to FULL.

NOTE: If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

STORE Destination E Register Format

The destination E register contains the 32-bit halfword or 64-bit word of data
from the microprocessor. When the data is a 32-bit halfword, the
microprocessor-generated address indicates whether the halfword is the
most-significant or least-significant bits of the E register.
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Commands

Memory-mapped Commands

The store centrifuge result (STORE_CENT) E-register command signals the
support circuitry to separate the PE number from a global index (using the
centrifuge mask), add the index offset to the base virtual address (BVA), and
store the PE number and sum in a destination E register (réfguie 33.

STORE_CENT
Figure 33. STORE_CENT Command
E Registers
| Bits <63:0> |
Centrifuge —
Micro- »1 and Add »| Destination
processor
Mask
KEY BVA
e = E-register Address
m = E-register Address N
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System
Memory
| Bits <63: 0> |
0 /\/
e
m
m+1

511

The write buffer in the microprocessor may merge two, three, or four
STORE_CENT commands into a single operation. Thgpe6ETORE_CENT
operation separates up to four global keteinto PE numbers and global virtual
addresses.

Cray Research Proprietary
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STORE_CENT Address

The microprocessor issues a STORE_CENT command by placing a
WRITE_BLOCK command on the microprocessor command pins and by
placing the STORE_CENT address arguments on the microprocessor address
bus and dataus. Before requesting a SRE_CENT command, sofawe must

load the MO block of E registers with the centrifuge mask and the BVA.

STORE_CENT ERS Codes

If the ERS codes are set to EMPTY for the @isters that contain the centrifuge
mask and BXX, the support circuitry stalls before performing th€&RE_CENT
command. Also, if the ERS code for the destinationgister is set to EMPTY

the support circuitry stalls before performing theO&®RE_CENT command. In

this case, the EMPTY ERS code indicates that the support circuitry is in the
process of performing a separate E-register command that will write data into
the destination E register.

When the ERS codes for these Biséers are set to FULL, the support circuitry
sets the ERS code for the destination E register to EMPTY and performs the
STORE_CENT command. After storing the STORE_CENT output into the
destination E rgister the support circuitry sets the ERS code for the destination
E register to FULL.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.

STORE_CENT Destination E-register Format

Figure 34shaws the format of the destination Ejigter after the support circuitry
completes a STORE_CENT command.

Figure 34. STORE_CENT Data in Destination E Register

<63 : 56> | <55 : 44> | <43:38> | <37:0>
Read as PE Read as Virtual Address
Zero Number Zero (BVA + Index Offset)
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Commands

STORE_PLZ

Memory-mapped Commands

The store population and leading-zero count (STORE_PLZ) E-register
command signals the support circuitry to perform a population and leagliag-
count on data received from the microprocessor and to store the result into a
destination E register (refer Eagure 35. The population count is the number
of bits set to 1 in the data. The leadirgro count is the number of bits setto 0
from the most-significant bit of the data to the first bit that is set to 1.

Figure 35. STORE_PLZ Command
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There are tw STORE_PLZ commands: IRE_PLZ4 and SORE_PLZ8. The
STORE_PLZ4 performs a PLZ command on a 32-bit halfword of data. The
STORE_PLZ8 performs a PLZ command on a 64-bit word of data.

The write buffer in the microprocessor may merge two, three, or four
STORE_PLZ commands into a single operation. The merged STORE_PLZ
operation performs population and leading-zero counts on up to four 64-bit
words of data.
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Memory-mapped Commands Commands

STORE_PLZ Address

The microprocessor issues a STORE_PLZ command by placing a
WRITE_BLOCK command on the microprocessor command pins and by
placing the SDRE_PLZ address@uments on the microprocessor address b
and data bus.

STORE_PLZ ERS Codes

If the ERS code is set to EMPTY for the destination E register, the support
circuitry stalls before performing the STORE_PLZ command. In this case, the
EMPTY ERS code indicates that the support circuitry is in the process of
performing a separate E-register command that will write data into the
destination E register.

When the ERS code for the destination E register is set to FULL, the support
circuitry sets the ERS code for the destination E register to EMPTY, does a
population and leading-zero count on the data, stores the data into the destination
E register, and then sets the ERS code for the destination E register to FULL.

NOTE: |If the ERS code for any of the E registers mentioned above is set to
FULL_F or FULL_SR, an error occurs.
STORE_PLZ Destination E-register Format

Figure 36shavs the format of the destination Eigter after the support circuitry
completes a STORE_PLZ command.

Figure 36. STORE_PLZ Data in Destination E Register

<63 : 39> | <38:32> | <31:7> | <6:0>
Read as Leading-zero Read as Population
Zero Count Zero Count
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E

E-register commands
atomic swap, 37
CSWAP, 15
definition, 13
DPUT, 20
ERS_READ, 22
ERS_WRITE, 24
GET, 26
GET_ADD, 30
GET_INC, 32
get-and-clear, 37
get-and-set, 37
GETV, 28
LOAD, 34
MSWAP, 36
PUT, 39
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History buffer, 7
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Secondary cache
direct local memory load, 6
direct local memory store, 5
SEND
command, 43
SGET, 45
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STORE, 49
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Stream buffer, 7
Streams
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