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Dolphin provides a shared-memory API on top of PCle NTBs called SISCI
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PI1O: SCICreateSegment + SCIPrepareSegment + SCISetSegmentAvailable

Address Space
Layout

RAM (Memory)

Segment 1

Host 1

Address Space
Layout

RAM (Memory)

Segment 1

NTB

Host 2

35



P1O: SCIConnectSegment + SCIMapRemoteSegment
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PIO: remote_segment[0] = 0x00112233
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Demo: PIO latency with scipp

Node 4

Node 8

for (i=1; i < 1000; i++) {

remote_seg2[0] = i; // ping

while(local segl[@] != 1) {} // busy wait
}

ping

for (i=1; i < 1000; i++) {

while(local seg2[@] != i) {} // busy wait
remote_segl[@] = i; // pong

}

pong
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Problem: PCle uses packets (TLPs) with headers, but this can lead to
performance overhead for small reads/writes

If each memory write generates a TLP... 0000000

uint32_t* remote = SCIMapRemoteSegment();

for (1 =0; 1 < 4; i++) {
remote[i] = 1i;

+0 1 +2 3
[5] 1615] -
Byte 0> R h
) I I L B A e I
Byte 4
...............................
ess[63:32]
...............................
s5s[31:2]
0x00000001

0x00000002

+0 +1 +2 +3
716|5 4[3‘2‘1‘076|51432 1|0|7|6 5|4 3‘2 l‘(J7|6|S‘4|3|7,Il]G
Byte0O~> | Fmt Type o w wela| R ) ee| ater | AT Length
0 121 1 I 1 1 | | e S O |
Byte 4 > {fields in bytes 4 through 7 depend on type of Request}
S S I S [ (I I ([ I e I I [ [ |
Byte 8 > Address[63:32]
N N I S S I [ S I S [ Ay [ A | |
Byte 12> Address[31:2] PH
| S S S Y [ I I S [ U Sy | |

Payload

1 +2
| 1615] !
Byte O | Fmt l Type | | | | I”[ l | | tt |ATI Length
e L1 | 1l L 1 | N T N - |
4

0x00000003

< 10 b%’t? header ...64 bytes of headers
per vs 16 bytes of data

4 bytes data payload

per TLP 39



Solution: Write Combining

uint32 t* remote = SCIMapRemoteSegment();

for (1 =0; 1 < 4; i++) {
remote[i] = i;

SCIFlush();

Write-Combining Buffer

0x00000000

0x00000001

0x00000002

0x00000003

||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||

0x00000000

0x00000001

0x00000002

0x00000003

Write Combining buffer combines
writes to a single 64 bytes TLP
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Solution: Write Combining

uint32_t* remote = SCIMapRemoteSegment();

for (1 =0; 1 < 4; i++) {
remote[i] = i;

¥

Flushes write combining buffer
SCIFlush();"———__—-

Write-Combining Buffer

0x00000000

0x00000001

0x00000002

0x00000003

||||||||||||||||||||||||||||||||

1111111111111111111111111111111

||||||||||||||||||||||||||||||

0x00000000

0x00000001

0x00000002

0x00000003

Write Combining buffer combines
writes to a single 64 bytes TLP

SCIMapRemoteSegment()
enables write combining by default
(special flag required to disable it)
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Beware write-ordering when using Write Combining, as Write Combining
does not provide any ordering guarantees

for(i=0;i<16;i++)
remote[0] = i; \ Enough data to
} / generate 2 TLPs

remote[16] = FLAG_DONE;

A 161 \‘ S : - 16] ‘\1\ : { 161 \‘ ; 6] J:‘

G U L L UG G e R 8 IS0 TN B0 A A
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ! ‘II‘IIIIIIIIIIISIS[GII]IIIIIII‘IIII’
. . N

FLAG_DONE 0x00000000
0x00000001
n n
FLAG_DONE
- 0x00000015

may arrive before data



Demo: PIO bandwidth with scibench2
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While memory writes are posted, reading from remote memory is slow as
the distance between requester and completer increases

Requester

Byte 0 >
Byte 4 >

Byte 8 >

Byte 12 >

Memory Read request Completer
+0 +1 +2 +3
7|6|5 4[3[2[1[076[5[43210765|4 3[2 lIO 7|6|5]4|3|2|1|0
Fmt Type T9 TC tefm | R o] Attr | ar Length
SRS B L1 1 1 I | L1
Requester ID Tag Last DW BE First DW BE
N T T T T TN T N A O R A R L1 L 11
Address[63:32]
T A T T TN T NN T N N T N T T N A M A M l
Address[31:2] PH

[N [N S S [ [ S Iy S I A sy A v |

+0 +1 +2 +3
7|6|5 4|3|2|l|076|5|43210765|4 3|2 l|O 7|6|5|4|3|2|l|0
ByteO= | Fmt Type 19 TC we|a | R | olee] s | a7 Length
’ 0,201 lypl I L1 U |g| L1
Byte 4 > Completer ID Col.Status Jacu Byte Count
N T T T T T T A A |1 [ R N A R
Byte 8 > Requester ID Tag R| LowerAddress

Completion with payload

0x01020304
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While memory writes are posted, reading from remote memory is slow as
the distance between requester and completer increases
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While memory writes are posted, reading from remote memory is slow as
the distance between requester and completer increases
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PIO uses 100% CPU when transferring and polling which is good for small
messages that need low latency, but bad for transferring larger sizes

size t size
for (i=0; i < size; i++) {
remote_segment[i]

}

do_stuff();

1000000000,

do_stuff() is delayed until

local_segment[i]; | CPU is done copying

Solution = Offload transfer to

hardware by using DMA

do_stuff() is can run in parallel
while data is transferred

size t size

1000000000,

SCIStartDmaTransfer(local segment,

do_stuff();

remote_ segment,
size);




DMA: SCICreateSegment + SCIPrepareSegment + SCISetSegmentAvailable
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DMA: SCiConnectSegment + SCIMapRemoteSegment
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DMA: SCIStartDmaTransfer
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Demo: dma_bench
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Which data transfer mechanism is "best" depends entirely on how you

design your protocol

PIO

Adapter DMA

Remote Interrupts

DMA
engine

Segments and PIO are good for
control traffic, but stalls CPU
when transferring a lot of data

Reading from remote memory
is significantly slower than
writing to it

Polling for changes in a
local segment gives the lowest
possible latency

DMA is good for bulk data
transfers, but has an overhead
for initiating transfer

Many different functions for
starting and waiting for DMA
transfers (Tip: DMA vectors are
transferred in-order, use last
vector element for control data)

Works best when you can
pipeline computing and
transfers

Remote interrupts are a decent
method of triggering a callback
function on a remote node,

which can be used for signaling

Remember to compile your
SISCI program using
_REENTRANT macro




Demo: intr_bench

.....
.....

Remote
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SISCI APl Documentation

+ SCIStartDmaTransfer() + SCITriggerInterrupt()

SISCI_API_EXPORT void SCITriggerInterrupt ( sci_remote_interrupt_t interrupt,

SISCI_API_EXPORT void SCIStartDmaTransfer ( sci_dma_queue_t dq,

sci_local_segment_t localSegment, Haslg e iz

sci_remote_segment_t remoteSegment, sci_error_t* error

size_t localOffset, )

size_t size,

size_t remoteOffset,

sci_cb_dma_t callback,

void * callbackArg,

unsigned int flags, + SCIMapRemoteSegment()

sci_error_t * S SISCI_API_EXPORT volatile void* SCIMapRemoteSegment ( sci_remote_segment_t segment,

) sci_map_t* map,

size_t offset,
size_t size,
void * addr,
unsigned int flags,
sci_error t* error

6olphin

https://docs.dolphinics.com/SISCI v2/
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Live Programming
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