O o o0

oooood

20070 0

Joogoooooooogon



goon

oo, jbooboobooobooooo oo, obobbogob pcObobO
oooooooooboooooo.pcogobboOooo,pCcOb0DOOOoDOOOOoD
Gigabit Ethernet U0 O D OO0 OD00ODODOOOOO, Myrinet 0 QsNET, InfiniBand
obooboboboobooboobooboooo.

ooboooboooobooobOoooooboooobobooooopPCchOoO OO
ooooooo,000 32ey33MHzO PCIOO0O pPCOOOODOO OOOODOODO
UboobOonooooooo. 32bi/33MHzPCIOOUOOO0O0OOOOO 132MByte/s
O,00000D0000000oboo0o0 MBytesbODOOoooooooooOoD
Uboboooboob.00b0oobobobobooogDedbit PCIODODO PCIO
oooobooogpCcl-Xooboooooobooo,yooobooboooooo.ooo,
pCOO00O0O0O0ODOOOOOOOO,0DO0O0ODOOPCOODOOODOOOOPCO
oboobobool1ocobooooooooooooooooooooooog.

go,pCcO000DO00ODO0O0OOODODODOOOODOLOODODODOLOO
oooooooo,0byotoobbooooboooo,0obboooooooboobooooD
ooo,b0,00bobbogbooboogoooo.oogboo,oobobooooog
U0o00b0oobo0obob0oobo0nbDg MEMOnet 19990000000.000
OO0DIMMOOOOODOOODO MEMOnetO OO DIMMnet DO OO, 0000000
ooobobobobooboobobobobobobo.

OU00DO000 DIMMnet D00 0000 DIMMnet-2 0 O 0. DIMMnet-2 O PC
DDR-SDRAMOUOODOOOOOCO. DOO0OCO0OODOOO0O0O0O Xilinx OO FPGA O
o0 Vvitex-IProODODOODOUOOODODOOOD, 00000000 0OD0ODOODO
oooooo,00boooobo,bo0bbo0boo0o0bo0.0O00bD00 FPGAD
000 200 DDR SO-DIMM O IEEE 10GBASE-CX4 0O OO OOODOODOODOO,O
oobo0oOdFPGADOOODODOOODOOODOOOODOOODOO, InfiniBand (4XO
10Gbps) DO OO OODOOOOOOO0ODOOODOOODOO.

OO00OO0O0DOo0COO0bO0O0ODOo0oO0OOC DIMMiet-20O0O0DOOOODOOO
0oodooOoooooo0oOog,boooboooo0o0gUoooooooogoooo
OO00o0o0ooDOooboO0.DIMMeet-2000000000000000O0 BOTF (Block
On-The-Fly) U0 ODO0O, 000000000000 0632us0000. 00O, BOTF
O PIO (Programmed /O)O O OO O OO0, BOTFOOOOOOOOODOOO,O000
O 631.11MByte/s, D OO0 1163.70MByte/s U D D DO OUOOO0OO0OOOOOO.0O0O
gobooooobooopCcOb0obOooboooooboooboobobooboon.o
goooobooob,0ogboobooubboobooboooboooopcobooboog
ocooooooboooboogooooo.

000, MPI (Message Passing Interface) 1 U0 00 000000000 OOOOO
Uobbooo0o“00”00000 IPUSH (Indirect PUSH) O LHS (Limited-length Head
Separation) U O 0,0 0000000.0000000DO0O0DOOOD,0000D000O
ooobooooooOoooobooOoOooboO00opDOoOoooooooooOoboooooo
ooooooooboboob.boboboo yoboooooboobuoooobobo
ooboooooooobooobo,ooboooobobobobooboooobLbOoD
gooboooo.



Abstract

Recently, a PC (Personal Computer) cluster, which is consisting of many PCs
connected each other with networks, has been a mainstream of high performance
computing in most of enterprises and laboratories. For networks in such PC clusters,
Myrinet, QsNET and InfiniBand as dedicated networks are used as well as Gigabit
Ethernet. The network interfaces for such networks are attached into general I/O
buses on PCs. However, the de-fact standard I/O bus; PCI bus running at 33 MHz
with 32-bits data width supported only 132 MByte/s throughput, and it was far less
than that of the networks. On servers and high-end workstations, high performance
I/O buses; PCI bus with 64-bits data width and PCI-X bus were equipped. However,
their expensive cost often spoiled the high degree of performance per cost, which is
the fundamental benefit of PC clusters.

In contrast, the performance of memory system is higher than that of general
I/O buses in order to adapt to the improvement trend of host processors. MEMOnet,
a network interface attached into memory slot, was proposed in 1999 to make the
best use of this performance. One of the forms of MEMOnet attached into DIMM
slot is called DIMMnet.

This research is about designing a network controller logic for DIMMnet-2
which is the second generation of DIMMnet attached into the DDR-SDRAM mem-
ory slot, and supports the low latency and high throughput communication. The
DIMMnet-2 prototype board used for implementation of the network controller has
an FPGA (Virtex-II Pro) with a high speed serial transceiver, two DDR SO-DIMMs
and an IEEE 10GBASE-CX4 connector. DIMMnet-2 is connected to InfiniBand
network (4X: 10Gbps) using the transceiver and the connector.

All primitive operations on DIMMnet-2 have been implemented with hard-
wired logic in the FPGA to improve the communication performance. The per-
formance at micro-benchmark level has been evaluated on the controller. The re-
sults indicate that the lowest unidirectional latency of BOTF (Block On-The-Fly)
communication mechanism is 0.632 us. Although the BOTF is for short messages
using PIO (Programmed I/O), the throughput is reached at 631.11 MByte/s with
unidirectional communication and 1163.70 MByte/s with bidirectional by issuing
multiple BOTF requests continuously. They are even equal to those of other recent
high performance networks. Thus, it is shown that the general PCs are able to get
high communication performance by utilizing the memory slot.

Moreover, the message-receiving mechanisms, IPUSH (Indirect PUSH) and
LHS (Limited-length Head Separation), are proposed and have been implemented.
These mechanisms support the processing of message passing like MPI (Message
Passing Interface). In the result of the evaluation, the efficiency of memory usage
and the improvement of the overhead of comparing message tags are showed. These
mechanisms are able to be applied to other networks attached into general I/O buses,
and the performance improvement is expected on the parallel distributed computing
systems using message passing.
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0000,PCI00D00O00000O0O0O0OO0OOO0. 00O, PCI-Express 0 20050000 AGP
(Accelerated Graphics Port) U0 0D O OO 000, 00000000000 0O0OO0O0O pCOOOO
0,0000PCIO0OO0OO0OOODO00OO0DOOOOOOOOOOD.0O00,0000 1O
00000000,00PCOO0O0OO 32bit/33MHzO PCIO OO OO0OOO,PCIODOOO0OO
00000000 PCILO7]100000000100000000000.

01.1000PCOO00O0O00000D00O0000O0O0000.O0 1.10 IntelD0 PCOO
0000000000000000000yo0000000000,000000000000
00000000000000000000000.000000000000000000@ b,
0000000000000000.00,PCLExpress 10 0000000000000 00.O
0000, PCI-Express 0 0000 32bit/33MHzPCI O 0 0000000000000 O0O00OO
00000000.00,0000000 4875850000000, Dual Channel D 000000
00000000000000,00000000000.200400000 DDR2-SDRAM, 00O
PCI-Express 0 000000 i9254915000000000000000,00 16000 x16)® 20

@ DPC-1600 DDR-SDRAM [0 PC-600/700 RDRAM O O

G2pCLlExpress 1000 2000000000000000000.000,00004000000000.00
40000000000 000 x)OooOOo.1000000,000 25Gbps(DO0 5.0Gbps)y DOODODOOOO
@B10BOOOOO0O0OODODOOCOODOOOODOD 2.0Gbps, 000 4.0Gbps). 160000 100000000 1600
goooooo.
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T T T T T
i i i i i

DDR2-SDRAM 1 i975/i965 chipset !

—_
o

—_— - : . ; . . rel
DDR-SDRAM ; i925/i915 chipset ereasg
—— RDRAM 3 , release
—— SDR-SDRAM ; N
b--| ===—+ General /O f........ e b L NPC2-4300 DC - - - - -3 - .

i875/i865 chipset. ORI ety vaeev NN S
releasep N:??.QQ.EE.!PCI—Express X16 .. e

; PCI-Express x
. PC-2700 :
Pc-2100 [ FC-3200} !

Throughput (Log Scale) [GByte/s]

|Pc-1oss i [PClExpressxa
: PC-800 ‘ o :
L L . Jpcass [+ . [PClExpressx2 B
J PC-100 : i 3 P 3
3 3 3 3 i_ .......... e ——
PC-66 ' ' ' ' { PCI-Express x
3 3 3 Pl ‘
|
32bit/33VHz PCI bus ‘ |
0.1 i I i i i
1996 1998 2000 2002 2004 2006
Year

DC : Dual Channel

011 000000 ppooooon

PCI-Express U0 OO 00O OOO0OOO0ODOODOOODOOODOOOO,DO00O0DODOOOOODOOO0
ooooboboobooo1goo xhoooooooooooooooboo [8]091. 197541965 0O O
obooobooooooooobobobobn40b0 x4y 8000 xoDooobooDO
goboboboboboboobo.

googo,pCcO000D00KOOOODOODOODOOD,000DO0O00DO0DLOOODOODOO
goobo,ob0pCcOb0bPpCcObODbObObDObD PCIDODODODODODODODO
gooooo.0obopcioboogogD edbittooMHzPCIO OO, 00000 PCI-XDOODOO
0o0od,32bit/33MHz PCIOD OO 400000000000000DO00O0,0000000000
gbooboobooobobooobobuo.oboo,0bob pcO0bO0bOoOobObDO PCO
gog,boboboboo ooboooboobgobooboooo,oboboobooopcobnOO
gboooo,pcOb0bO0b00oboobobOooooooooooobobbooboobobobog.

Uob,MEMOrnet[IO]DO00O00ODOO0ODODOOOO0ODOOOOOODODO 1999000000
O.MEMOnet “O0000000D00O0O00O00CO0ODOODOODOOOO0OOODODOODO”O
oooboooo,32biy33MHzO pPCIO0O0O0O0O0O0O0O0O0O0O0O0O0O00O0O0O0O0OPCOOOODOO
goboobooobooboooboobooobooboon.

gbooooobOryobO 32biy33MHzPCIOO)ODODOOOO0OO0OOOOO,0000000
goooooob,oboboooboboobobo. oo, oboboboboob yooooboon
g, 0gboogobooboobooboboobo.obb,boobbobboobbobobon pC
gbobogbogbo,boobboobooboobbooba,bogboobboobobad
goboboob,pcObbobooboobooooboobooboogn.

U000ou0obO0o0dnOd DiIMMnet-2 O, DIMM (Dual Inline Memory Module) D 00O OO OO
0O MEMOnet DO O UODOO0O DIMMnet DO OO0 OO,
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1.1 DIMMnet-200 00000

DIMMnet-2 00 00000,000000000000000000O (SCOPE)OOODOOO
0000000,00000000000(@0000),000000000000000,00
000000000 @O0),0000000000®30000,2020000000000. 0
000000000020060000000000,00000000000000000000
oooooo.

DIMMnet-2 0 184pin DDR-SDRAM O 0000000 O.0000000000000,000
000000000000000 @O ITE®Y00000000 [11](12][13].2003 0000
0,000000000,2040000000000,00000000000000,00000
00000000000000000,000000000000000000000 [14][15]. O
0,0000000000000000000000O00O0000.

200500000 DIMMnet-2 00 0000000000000 00D00D00D0ODOO [16][17]
goboboOg,0boognbnd MPI (Message Passing Interface) OO O OO [18]. DOOOOO,
00000000000,00000DIMMnet-20000000000000000000OO
0,0000000000000000000000000000,0000000000000
0000000000000000.00000000000000000000000000
0o0,0000000000000.

00000000000,PCO00O00O0D0O0OO DDR-SDRAM O 00O 0O DDR2-SDRAM O
00000000000,20060000 DDR2-SDRAMO OO OO0 OO OO DIMMnet-3 00O
000000.20070700000,00000,00000000000.

1.2 DIMMnet20 00D 0O0O0OODOOOODODOOO

Obog20040000 DIMMnet-20 0000000, O0O,DIMMpet-200 00000000
ooboooboooo.0oob biMMeet2000000D000DOO,D00D000000000O04,
oooooooOOoOoooOoooOoobobooooOoooDooon.

DiMMret-2 D000 OO ODOODOODOOO,0D00D0ODO00OO0O0O00OO0OODODODODO
ooobooooobooboooobogoooboooooboobooboooobooo.bbooLo,o0bbo0ooobooboo
oo0,0000o00oboo0oboooooooOobooboOobooo0obOoO,ob0gooo,ood
gboodboobobooboobooboobooboboobooo,obooooboobo.2004000DO
goooooooooooobboooobooobobo,0boboobbooDboOo,booboooboo
ooooo.ooo,0oo0ooo0O0oboOo,0bogoooooobooOobO,00bDo0ooDod
gbobobobobooboboobboboobooboooboooo.

005000000000 0DOD0DODLDOO0ODODODODLDOODODUDODODODLDDOO
obob.00b00b0obobgo, PIO (Programmed Input/Output) 0 O 0O O 0O O O BOTF (Block
On-The-Fly) OOOOOUOODUOOOOO0ODOOOOOOOODOOOOOOOO00bDOooooDboboOoD
oo.00000,BOTFOOO0O0O0O0 MyrinetD O D PCOODOOOOOODOOOOOODOOO
RDMAOOOOOOOOOOOOOOOODOO.

0000d0o0oooO000oooooOoobOoo0oOoDoooOOo,0o0o0goboooooooo
oOoooooDoOogIpPUSHO LHSOODO,00000000.MPICOODOOOODOOODOOO

@3g,0000000000
©40Q,00000000000000000 (0O IT)
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goboobooooboobooooboobooobooboboobuooboboobon.
UO0,DIMMnet-2 00000000000, DIMMnet-2 0000000000 dsh (DIMMnet
Shel) DO OO, 000000000000000000000.

1.3 0JOOooog

0120000000000000.200 DIMMeet-20 0000000000, 0000000
gobobooooboboobobooo,pCcO0bbbooobbooobL,bboobboOon
obobobooboooooooo.300000000 DIMMnet 00O 0O DIMMnet-10, 00O
U000 DIMMnet-2 OO 0O ODOOO. 400 5000 DIMMeet-200 00000000000
goooboobooboooboobobooogooob.ebosobobooboobboobDOoDO
gbobodobboobboobboooboo,7booboboobboobboobooon.d
oo,s0o0ooooooon.

gboobo,0b0bA0DO0OBOOOOOOOOOOOOODOODODODODODODOODOO
obobobobo,0bcobdhobpobooobooon.
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MINI, Pilchard, RHINET, Myrinet, QsNET, Sy
TKDM, DIVA PIM InfiniBand, 10GbE Ay SRR
Y E£— MR#EE &A% (DIMMnet-1)
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020 0000

U000 DIMMeet DO OO0 DOOODOOOOO0ODODO.O0O,DIMMpet0 000, 000000
gboooobobooobooboboooobo.ooo,pcOobbboobOobDOobbOn
0o0o0ooob0.00b00DIMMnet D0 00000000 DOOD0O000 RHINET, OODOO
U00Db0Db0DbO0bO0bDODbDOn Myrinet, QsNET, InfiniBand DD O OO O0O0. 000000
gbobogboobboobooobooobuooboobbooboaa.

goboobboobooooooobooboboobooooooobooooboon, DIMMnet-2 00
gobodbooobooboooboob,obbooobooobo.

21 J0ddddoooooooooobobooboo

gboboboboooboooooooooboboboboooooboobobobooboonoo
gob.bgobooooobbooobobooooboo,obbooobobooooooobon,on
goobooooog.

2.1.1 MINI

MINI (Memory-Integrated Network Interface) J Minnich OO 00000 OO O, SIMM extender
ooooD 72pinSIMMOUOO0O0O0OO0OOOOOOOOOOOOOOOO [19].
MINIOOOODOOOOO,

e IO ATM (Asyncronous Transfer Mode) 1O DU lpusOO OO OOODOO
e 1GbpsO DO OODOMO
e JIDOOOODO (220)000D0 O TCP/IP, O O NFS (Network File System) U [0 O

gobooobooobooob.MINIOODO ATMODOOO 400nsDO0D0O0O0O0DOO0O
obobobobo,0000000000 RTT (Round Trip Time) O 3.9us0 0 00O .

U210 MINIODOODOODODOO. Host Interface Logic 0 D0 000000000 OOOOO
goboo,ggboooboobooobuoobboooboooboo.

2.1.2 Pilchard

Pilchard 0 Leong 0 0 00O OO0 O O, FPGA (Field Programmable Gate Array) O O 0O 0O O
Reconfigurable Computing 00 0 0O 0 0O 0O 0O O O [20][21]. Pilchard O PC O 168pin SDR-SDRAM [J
oooooo0.0o0oboobooooon pcloo, 00 pC133000.
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|

| Physical layer interface (PIC) |

[

Transmit Receive
logic logic

MINI
control
logic

T l I NI Bus
1 t t t t
) v ) [ [

r Host
VC/CRC Pseu_d o dual-port Low-priority High-priority I £
control Table main memory Control/Status FIFO buffer FIFO buffer | INterface

(DRAM) Logic
4 4 4 4 4
v v v I I

I Host Bus
SIMM extenders

|

0 2.1 MINI Architecture

CPUO FPGAOOOOOOOOOOOD,00/O00000PCIDODOOOOOOOOOO.
0000,PCIO0OOOO Reconfigurable Computing 0 00000 PCIDODOO0O0O0O0OOOO
0,000000000000000000 PilchardOOO0O00DO.

PCOODODOD,0000000 SPD (Serial Presence Detect) 0 00D DD 000000000,
BIOS (Basic Input/Output System) 0 0 0 0 D0 000000000000 SPDROMOOODODO
000000000 000000000D0O0D0O. 000, PilchardD SPDROMOCOODOOO
00,PCO0D0DODOOPilchard D00 D0O0O00.000,PCO0000000D0D0DOOO0O0OOOO
0000000 Pilchard 0000000000,

0220 Pilchard 000 OODODODOO.

O00D0D0D000D0 UNIXO mmap 00000000000, Pilchard 00000000000
0000000000000000.0000000000,0000000000,000000
000000000, Pilchard 0000000 DDOO0O.

Pilchard 00 DIMM OO D OO00000O0OO read 00 write DO0O0O00O00. 000,000
00 Pilchard 00 0000000000000 00O. PentiumProO OO Intel 00000000
MTRR (Memory Type Range Register) ® "0 00D 00,0000000000000000000
doDbOo0o.oo0dgnO,writed OO OO Write Combining 0 O, read O O O O O Uncachable [0 0 [
0000000,000000Pilchard 0000000000000 OOODODODDOO.

Write Combining 0 D 0 0000000 Pilchard D 00000000000 OODO PCl00000
0000000D0D0D 409.64MByte/s 0 000000, 32bit/33MHzO PCIO 000000000
0000400000000000.00,read 000 Uncachable 0000000000000
000,0000000000000 528MByte/s0000000000.

@ DpentiumPro 000 1A32 000 000000000000O00OOO,000000000000O00O0O0O0O00ODO
oooooooobogao
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) ) Output Header
Configuration|  pownload/Debug  for I/O and/or

PROM Interface Logic Analyzer
User Design
: s i
: PC to User Design ‘
E User Design to PC -
' Interface Interface '
' Clock \

Generator

DIMM Interface !

SDRAM Controller

SDRAM DIMM SLOT

O 2.2  Pilchard Architecture

2.1.3 TKDM

TKDMOUOOOOoOOoOoooooboogo,pcO SDR-SDRAMOOOOODODODODODOODOO
gboobooboobooboobobo 221 0000 FPGAOODOODO, 00000000
oboobooooboobobobboobognD.TKDMO PilchardO OO0, 00 /OOODODOO
goobobobobobobobobobob.g230TkKDMO OO Doobon.

TKDMUOOOOOOOOOOOODOOOO AL-FPGA (Abstraction Layer FPGA) O, 00O OO
00000000000 T-FPGA (Target FPGA) U OO 200 FPGAOD DO UODOODO. ODOODOO,
T-FPGAUODOO0O0O0ODO0ODOO0O0OO0ODOOOOOOO0bOoOoOoobooboooboOo,obooogo
gogboboooooobooooobooouobbooobooo.boo,bb00gb 400 SDRAMO
oo0o0ooog,BusSwitchDOODOOOOODO AL-FPGAD T-FPGA O O OO SDRAMUO OO O
oobooobooobooOd.BusSwitchDOODOOO AL-FPGAO D OO, 000000 AL-FPGA
gooob,SbRAMOUODOO0OO0OO0DOO.

TKDMUO PilchardO O, PCOOOOOO BIOSOODOOOOOOOO,pPCO0O0DOOOOOOO
gbooobobogoooboo, TKbMO0gogoooooo. oo, 0o0bobon0 TKbMO OO
0000000000000 Uncachable DO DO O00O0O0O0O. 0000000, TKDMOOOO
U00D00b0b0obOobDobOonbDOn 128MByte/s, O ODOOO 53MByte/sD OO OO0ODO0O
go.

2.14 DIVA PIM

DIVA PIM (Data IntensiVe Architecture Processing-In-Memory) 0 00 OO O OOO0OD0OOOOO
gbooooboobooboooboo pepMbOODOoobDoooO,useiaSsiobgooooon
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T-FPGA AL-FPGA
Logic Analyzer I/F JTAG Power JTAG

DC/DC Converters

Traget FPGA
(T-FPGA)

SDRAM Bus Switch Bus Switch SDRAM
SDRAM
Abstraction Layer
FPGA

(AL-FPGA)

SDRAM

DIMM Bus

O 2.3 TKDM Architecture

g.DIVAPIMOUOOO0OO0OO0O0OO0OOOODOODOODOODOODOOOOO00000000,000
obobobobobobobobobobobobOobOooOn [23][24]. 0 240 DIVAD O
gobooboooooboon.

PIM-to-PIM
Interconnect

...................... S

‘PIM Array
-4 pM M R PM — PM —
I
Host Host

Memory
Processor : Interface

Memory Bus

O 2.4 DIVA PIM Architecture

vbobogbobobooootopriMODDODODOOOOODO. PIMU co-processor L U 0 U
ooooo,DDR-SDRAMIODOOOOOOO DIVAPIMUOUODODUODOOOOOODODOOOOOOO.

215 OO0

gooobobooobooboobooboobobo,0ob0oboyooooobobooooboo
goboooboooobooboooooboooboo.
Oo0,Pilchardd TKDMUOOOOOUOUODODODOOOOODOOODO,000D0000 Uncachable
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oobooobooooo,boyobbobboooboobobooobbooobob. odg, Pilchard
OreadJ 000000 CPUOODODOOOOO WriteBackUODOOODOOO, 0000000
oo0o00ooobooob.0obg,00 Pilchardd read000000000O0O0O0OQO, Pilchard O
Ub0db0OraddD0OD00ODODOOCPULDODODODODODODODODOD,DODODO
ooboooooooboob.oobo,kPlchardD 000000000000 CPUODOOOOO
obobobobobooboboob.obd,Pilchard 0 PentiomII OO OOOO0OOO0OO0OOO,
PentiumlI OO OO OOO0OOO0OO0OO0O0O0OO0OOOODODOODOOOOOOODODODbDOD. DO
gboo,0boobooboobooboooboooooooooo.

Intel U0 x86 000 0OOD0O0OO0OO0O0OO,Pentiumd 000000 0O0O0O00O0O0OO0O0O0OODOO
O0O0Do0oboOg CLFLUSHOOOOODOUOO. DIMMnet-2 00,00 CLFLUSHO OO OOOO
U00000000boo0g PREFETCHNTAODUODUOODOO0O0DOO,00000 DIMMnet-20 00
goboobooobobooboooboboobooobbooboanDoo.

goO,MINIOOOO,000000000DO00000000DO00O0bOO0DbOobOobOOooOog,
gboobooooobobobooo,obobgobooboboboobooo.MINIDO DO SIMM
extender 1D D000 0000O0O0OO0ODOOOOO,0000,000000000DODODO
OO0O0bOob.dbd SbRAMOOO, RAS (Row Address Strobe) O DO O OOODOODOODOO
00O CAS (Column Address Strobe) U DO D0 0,0 0000000000000 O00O00O0OOODOO
ubobooboooboooboooboooboo,bogboobbobbooboobooobo.boan
god,DIMMnet-2 00, 000000000000 0O00O0O0OOO, 00000000004
goboooboodab,bgobbuooobbooobbooo.bboobo,boobboad
gobobobobobob @o)oooobobobobooooo.

22 JUdddooooooooobobno

gooopcOdbfooboobobooboooboboboobobobobnDoooobobnooboo
go.0bgbogooooboboooob,booboboboobo,obbobobobbo
goo,0b000booooboobooooboobooboooobaa.

oo, 0gbobooooboboooobobooobobobooboboboobobg
Ubooogooooo,0b0b0b000000 Fast Ethernet U Gigabit Ethernet 0 O 0 0O 0O O
goo,0b000boo0obooboobooan.

gooooob0o oOooboobobooobo,00bobooboobobobooboboSOobooDn
goboooboo,o0booboobooboobooobbobboobooboobo.ban
goboooboooobo,0bogboboooboob oSobboobobuooboobo,bbon
gbobodbooboboobooobbooboooboaboo.

obobooob 0OO00,Ehemet0 0000000000 0ODOODOOO0O,00000000,0S
gbooobooboboobooo,bobodbobboobobooboboboboooboobon
g.0bgoobgooboo,boboboobobboobooobob,oSooboooooooooog,
gboo,0ooobobobobobobboooooooooboo.0cobobobobobobo
pio0OO000ooUoO,0obobOob0obOOo,0bob0b0obobobobobobobob.

gboobgooboo,obbooboobooboobooboobbooboo.obooba
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Data —

— Data

user space

.
|
|I—— ™1

| I

kernel space

|4
|‘

——>» zero-copy protocol
— — =» typical protocol

025 OOobOoooo

ggboboodobbuooobobooobobooob,oobobuooboboooboooobobooobog,
oobobogooboooooooboobooboboboboobooooooobobo bMADODO
gopboobooobooboooboon.

gboobooooobooboobobobobobooboooo2s5bo0b0.02500000000
gboobobooobobo,boobobooboboboobobobobooboobooooboobon
go.

2.2.1 RHINET

RHINET[25][26] 000 0000000000000 0ODO0O0O0O0ODO, LASN (Local Area System
Netowrk)[27] 0000000000000 O0OOOOOOOOOOOOO.

gboopCO0O0D0ODOOOOO0SANODO,000000D0O0000O00DODODOODOO
ooboog,oooooobobobg O 100DbO0ObDOO0O0OO0O0OO0b0.bOODbOD, LASN
googoobl1gobob,0bobooboboboobobooboo pCcobooboobog,
gobodgbooobogadan.

gooobgooooooooboboooobo,obopCcOobbboboboobbobob,bO
gpCOb00boobOo0obOobobobobbooboobooboboobobobo.0obon
OpCO1010000000000000 1PE (Processor Element) 000000000000
go,0b0,0b0b000obo0boooboooobooboobooobooboooboboooban
g,0opCOd00bOooobbooboboooboo.gbobo,oobopCcOobboonb,bOon
gboboooboboooobooboobooobob,0b0obobobobobobg LASNDOO
gooog.

LASN OO LAN (Local AreaNetwork) J 0 00, 000000000 0OO0OOOOOO SANO
gbobogboobbooooboooboan.

0260 LASNOODOODODOD pCObDODOODODODOD.

LASNOOOOODOOooooooooogboobooboooboobooo,boobooboo
gboobobobooboboobobobooobo,ooboboboobooooobobon
O000oo0oobO0bDObO.RHNETOO, 00000 ODOoooooobooooooooD,obn
gboboboboboboboobooo.
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e 7 ) [

026 LASNOOOOOOOPCODOODOD

e JOUOODOOOODODO,000bDbOOO0DbODbOOOOOL,D00b0bObOOoObLDbOOOoOnDO
goboobogn

e NUOIDOOODLOOODOOODLOOODLOOODDOODDODODLODODOODOODbDOOOO,bO00
gbooSbuoboobobooboobo

e RDMAUODDUODOUOUODODODLOOODLOOOLOO,0000bO00LOOobbOOoOoobooboOn
gobgoobooboobooooon

LASNOO,00000000o0ooooooo.gob,gobboooboooooboopco
ooooooooomdikmOd0000000000D0000O0O0OO00O.RHINETOO, 00000
ooo0oo0ooO000oOOOoOo0O0oOoDbDOoOoOUoOoOoDOOoUOO0,000obOoboboOoUOoobood
goo,0o0oooooooo.

RHINETOOOOODOOOOOOOOOD RHINET/NIOOOOO. RHINET/NIOOOOOOO
0000o0obOOoo0ooooooo0oooD,00boo000obooo0obOobo0oooODobod
oooo.goo,0ocoooobooboooo, 0o booboobOooDbOOoDbOoODO
o.0o0ooooo0oobooooo0oooooboo0oooDoOoooDooO,oobDooOooDooo
goboboboboboboboobooboobboboobboooobooooboog.

RHINETOOOOOOODOOODODO RHINET/SSWOOOODO. RHINET/SWO O, 000000
ooooooobooOoooooobo,0o0oobbooooooboo00oDOooooOooDoOoO,bd
goooooboo esjoubo,boooboooooooobooboobboobobo.oo,bbon
gboboooboboboooboboooobobdo, Asynchronous Wormhole Routing[29] O
oooooo.

2.2.1.1 RHINET-1

RHINETOOOOUODOUODOO RHINET-10,0000000000000 RHINET-1/NLLODOO
0000000 RHINET-1/SW, 00 1.33Gbps U D 0D ODOODOODOODOOODODO.
RHINET-I/NIO,pPCOD0O0OD00OO0OOD0ODOO 32bit33MHzO PCIOD OO OOOOOOODO0O
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oooooooobob,00oboob0oboobogoon, CPLD (Complex Programmable Logic
Device)LOUODOOOODOOO,00000O0000O000DOODOO0OODOOODOO.

RHINET-1/SWO 035m0 0000 cCMOSOODOOO0OODO0OO0OOO 10000 ASICOOO0
OLSicgoooooo SRAMUODOOOoOooD.oo SRAMUOUODOOOOooooooooo,obn
ooooooooooooooooooooobooooooooooob ReIcoooooo. oo,
obobog8xsuoooooooo,0oogbobooooboboboguuboonoooon
0oobO0o.0gbogoog Stop-and-GoOO OO OOOO.

2.2.1.2 RHINET-2

RHINET-20,0000000000000000,0000000000000,000000
00000000000000O0000.RENET20 RHINET-10OO0OODODOO0OO0OO0OOO0OOO,
0000000000000,0000000000.

RHINET-2/NI O, 64bit/66MHz O PCID 00 000000000000 0000O0O0O0,00
000000 Martini[30][31][32][33][34] D 000000 ASICOOOO0DOOO. 00O, RHINET
SWOODOOOOO0OODOO0O000000000000000 PCOO SDRSO-DIMMOOODO.
Martini 0 0 RDMA read/write” 000 00000000000000,PUSH/PULLOODOO0O
0000000000000 00000000000000000000000000000
000.00 MartiniD DIMMnet-1 000 0000000000000000000000O00O0
O.Martini00ODOOOOO0O 27000. Martini 0 RHINET-2 0 DIMMnet-1 000, 00000
00000000000000000000000000000 PCIDOO0DOOO0OOO DIMM
00000000000.000000000000000 RDMAOOOOOOOOOO DMA
0000,000000000000000000000000000000000O0O00000
0000D000. Switch Interface d RHINET2 0O O OO0OO0OO0OO,RHNET300000000,
000000000000 000o00oO0.

MartiniOO,RDMAOOOO0O0O000,PIO0000000000000, BOTF (Block On-The-
Fly)[35] O AOTF (Atomic On-The-Fly)[36] 0 0000000000000 000O000O0O0O0O
oooao.

RHINET-2/SWO 0.18ym 00000 CMOSOOOOO0OO0OO0ODOO0OODOOOOO 1000000
0000.0000000000 SRAMOOO,00000000000,000, 1GbpsO0O0
8Gbps 10 00D ODOOO0O0O0O.RHINET20000000000000000O0OODODOOO,
0000 (vDbS)DOOooooooooo.

2213 RHINETOOOOODOO

RHINETO, 00000000000 OOO0ODOO0O0DOO0OO0DOO0L,00bboooogoon
gbobooooooooobobgobobobo.bob,booooboobobobOobobo
oobooooo,00b00bbo0bbo0bo0b0o0ob0oob0o0obbo0obOboOl. RHINET-2
oooooooooooobooOo, 000000 bD00b0O0.RHINET2OD000DOODOO
goobob28000.

00000000 0obo0bO0b0ORHNETNIODOO,000000000D00000O000

© 2RDMA write 0 PUSH, RDMA read 0 PULL 000
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s

Y

Network g

PCI Interface Interface 'S

o (PCII) — Controller I

3 Core s

[$)

e . ool

Hardwired I

DIM'\SI:\;E[face Corelogic | | _| Switch g

( ) Interface ;‘

® DIMM (SWIF) »

Q Host S
> Interface

g SO-DIMM M On-chip o

§ EIIIIIIIIH SDRAM Processor 3

1)

E: HIIIIIIII; Interface §

QT ey 51

2 SO-DIMM =

027 MatiniODOOoOOoQgd

SCore Cluster System Software

| MPC++ MPICH-SCore

SCore-D Global Operating System

PM v2

PM/RHINET

User Library

Device Driver Operating System

Firmware

028 RHINETOOOOOODOODOODO

goooboobooobooboooo.cobpoboboogoo pcObobbbobDobobbODO
goog,0oooboogbooboooobooboobooboooboobooobobooDbo
gooboooboooon.

UbobooboboooboboooooSOObob0obUOn RHINETNIDODODOOO,
goboboooooboobgoobobobobobooooooboo.oobooooooobo,0bobo
gobobobobobooboboboboobobooboboooSUbubobUobOoDbOoD.

goboooobooooobooobobooobboooobooobbooooboboog,
PM/RHINET[37]00000,SCore0 000 38]UDOO000OOOOOOOOOODO,SCored 00O
U0 RHINETOOOOO, 000000000 DOO0ODOO0OOO0ODbObOO0obOoboobooO.
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Fast Local Memory

Address 64bit data

Myrinet

| | | SAN
64/32bit link Myrinet-2000

66/33MHz PCI DMA Host RISC Packet SAN/Fiber [ Fiper

Pg-l3é5v T Bridge [ |Controller Interface Interface Conversion [ Link
us

PCIDMA chip LANai9

029 Myrinet-2000000000000000000O000OOO

2.2.2 Myrinet

MyrinetR]| 000000000000 DOOODOODOO0ONO Caltech Mosaic C[39], 0 O Mosaic [
00000 USC/ASIATOMICLAN 4010 000000000000000000O0000.000
RISCOOODOO0O0OO0OOO0OOOOOOOOODOOOODD,0000000000000,000
00000000000000000000. MyrinetD ANSIDOOOOOOOO,000000
000000000000000.00,0 MyricomO [41]000000,000000000.

Myrinet 0 00000000000000 LANai® Y 0000000000000000000
0000000000 SRAMOOOODO.LANaiO OO0 32bit0 RISCOOODOOO0OO, OO
0000000000000000000000RISCOODOO0O00O0O0DOOO MCP (Myrinet
Control Program) 0 0 0 0 00000000000 000O0OO.SRAMOOOOOOOOOOO
0000.000LANai0DO00D00000O00®Y00000000PCO000O0O00OOO
000000000DMAOOOODOOODOOOD.OOOODOOOOOOOMCPOOOOOOO
0oo.

LANaiD 00000000000 0,0000MCPOOO000DOOO0OODOO,PM[42][43][44]
0 BIP451000,MCPOO0O0O0O0OO0DOO0OOOOODOOOOODOODOOOOOOODOOO
0000.02900 3000 Myrinet 00 Myrinet-20000 0000000000000000
0000.000000,LANai9[461000000000000000000.

Myrinet 00 0000,00000000000000000000000000000000
00, Stop-and-Go 00 DD OO0D0D0O00O0D.8x80 l6xle0 DD D000 O0O0O0ODOOOOOO
0000000000, Fat-TreeD Clos00 0000000000000 0O0O0O0OO0DOOOOO
000.16x16000000000000000 Fat-TreeDO OO, 1200000000000
Myrinet 000000 210000.0000000000000000000000000000
000000000,000000000000000000000.

Myrinet 0 0000 00000000000,0000000000,000 CRC (Cyclic Redun-
dancy Check) 0000000000 DODOOOODO.

2221 01000000 2000 Myrinet

1994000000000 Myrinet O, Sun Microsystems 1 OO0 0000000000 O000O0O
oboooooooo,b0boboboooobooon SPARCOODUODODGg SBusOono

EI000000 “Lanai” 00000000000,
9000 Myrinet0000000000000000O0O0OO LANaiOOODODODDODO.
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Backplane

Ports to up to 128 hosts

0210 lexl6eUDUODOUODODUODODOODOD Fat-TreeO OO OO Myrinet 00O

UoobO0obobobOo.0b0b0DOd 0.64G+0.64Gbps OO O

19900 0000000002000 Myrinetd 00O Myrinet-12800 000000 1.28G+1.28Gbps
oooooo.0000o0oboboobobDbb 33MHzO OO LANai (LANai4[47) 0 0 0O 1MByte
OSRAMOOOOO,SBusO0 00000 32bit/33MHzUO PCIO OO 0OO0OO0OOONO. LANai
0000000, LANaS48] 0000000000 edbit 0000, OO, LANai7[49] O
66MHz 0 00O O, 64bit/66MHz PCID O D0 0000000000000 O00OO0OO.

U000 Myrinet DO D OD0OOO0O0O00O0ODODOODOOO. SANODODOOOoOobDooooo
000 3m, LANODOOOOODODOO0DOODO 10mO, Ethernet0D OO LANODOODOODOOO
gobooobooobobooan.

2.2.2.2 Myrinet-2000

200000000000 3000 Myrinet J Myrinet-20000 000, 000000 2.0G+2.0Gbps
00000.0000000D0000000000D000 é6dbit/eoMHzPCIOOODOOODOOO (O
0 200MHz O 0O 0O LANai (LANai9[46) 00 0)0 00000000, OO 64bit/133MHz 00 PCI-X
0000000000 (00O 333MHzOO0O Lanai (LanaiX[50)) OO O0)O0 OO0 OO0OO. PCI-X
00o0o0ooooobOoO0o0ooboooooO, 000000 boO0o00o0bOoOoooDOoOn
dodoooboooo2000b00000,0000b00D000b0oo0o0oDOOoo0OooDoooan
doooooooooooooooooooooooooo.

000000000000 XBarl6 XBar32 OO OO DODODOOOODDOOOOOO,O0O 32
dooooooooooobooooooon.

O00o0oooooooo ¢ey/12s0000b0000o0)y0oooo0ooo,ood 200m0O
00000000000.0ob0boO0goo,000000bbO0O0O0DDbO HSSDC (High Speed
Serial Data Connector, U J 10m), OO O00O0OO0OOOODOO 20000 Myrinet-SANO O OO
OoO3mO000000000O00000DOO00000O000D0O000OO00o0oDoOOn
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goobooobooog.

2.2.23 Myri-10G

Myri-10G O 10GbE (10Gigabit Ethernet) DO D0 O0O0O0000 Myricomd OO OO O0O00O
000000 00.IEEE&02.3ak 0 IEEE 802.3ae U000 10GBED D DO DOOOOODOODOO
oogo,0000000o0ob0ob0obob0ob0ob0ob0b00bUunDO 10GBASE-CX40O OO O
U I0GBASE-ROUOUDODOOODOODOODODODO.Myri-10GODODOODOO 10G+10Gbps U
00.0000000000000000D000D0 PCIlExpressx8U 0D ODODOOOOOOOODOO
O, 0000000 16G+16Gbps 00O UODO0ODOO,000000DO0O0O0OO00ODOODOODO
oboobobobobob.

Myri-l0GUOOO0O0O000O0D0O00000O0,300MHzODOODOODOOODOOO Lanai (Lanai
ZSE)yUOOO,000 MyrinetUODODO0OOO00O0O0OO0O0OODLODODODODOO. Lanai OO
goobgoobooob,0o00b0obobOo0 MyrinetD 10GBED DO DOOODODOOOOO
goooooooo,Myri-loGOODODODOOOOOOOOO0ODOO 10GhEODOOODOOODOO
gobooboooobooobooo.

2224 MyrinetJO0O0QO0QO00

Myrinet 00O 0000000000000, MyriecomOUOODODOOO0OO0O0OO00OO0OO0OOO
GMUOOoOoooooo,.GgMU0000 MPID TCPIPOOOODOOOODOO. OO, MX (Myrinet
eXpress) OO OO, 000000000000DO0O0O0O0OO0O0DOOOOOOODOO [51].

2.2.3 Quadrics Network

QsNET (Quadrics NETwork)[3][52][53] O, Compaq U Los Alamos U 0 OO OO OODOOOO
0000 30 TeraOps ASCI Q-machine D 0 000 SMPOOOOO0OODOODOOOOODOOOOO
O0D0.000 QuadricsO (54000000000 0O0O0O0DOOO0O.QSNETOOOOODODOO
do0oOodoOo0ooooOOo0oo0o0ooDobOOo0bOo0obDobOoobo0oooobDOoooooooDaoan
ooaod.

QsNETODOOOODODOODOODOODOOOEanO0O0D0OD0DODO0OODOOOOASICOODOO0O
O.Elan0 000 DMAOOODOOOOOOOOOOOOOOOODODOOOOOOOO,MPIOO
0dodoooOooooooooooooooooooooooooo.od,Elan MMUODODO
O0O00,Elan0000D0000O0O0OO0OO0OO0ODOOOOOOODODODOOODODOOODODOOn
doooooooooooooooooooooooooooooooboooo.oog,ooo
0dood00doOdbOdoDO0o0bOooDoobOdooooobO0oooDoooOoooDoOo,oooan
O,Elan000000O0D0O00OO0OOOOODODODOOODOOOODODODOOODODOOOODODOOn
Od0doooooo0obo.0dbob0b0Ean00O0O0O0000O0OOO0 0000000 ODOO0O0n
dooooooooo.

QsNETOOOODOODO ElitedDODOO ASICOOOOODODO. Elite J 4-array Fat-Tree O O
ododoooooooooooooooooo.Ete0 000000000 OOOO,00000
0000oo00ooboo0boobOoo0bDooooo0.oooooo0ooooooooooooo
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oobo,b00b0ogbbogbboooboogboboobobooboooboboob.0o0bbO Wormhole
goboboobo,boooooooooooooooobo,gobobobobobobobobobo
ooobobobobob (AackODonoooooooDoo
goo,0boo0o0bo0oboobboobooboobboob,0booboobobooba
gobobooboboob,booobooobooobobobobobobobbboobobbooboooo.
QsNETOOOOOOOOOO0OOO0O0ooooooooo,0obooooobogooog.

2231 QsNETOOOODOOO

QsNET O Meiko Scientific U O D UODO OO OOO MPP (Massively Parallel Processing) O U [
Meiko CS2[55] 000000000000 0OO0OODOOODOOO. CS-20 SPARC (SuperSPARC
000 hyperSPARC) 0D OO, 000 Co-processor 1 IPED DO ODOOOOODO, 000000
Co-processor [ Elan 0 OO0 O OO0, Elan0 SPARCOUDODOCOOO MBusOD OO OO QOO
O,Elan0000000O0OCO0OD0OOODOOO 04404Gbps0 OO,

U00o0boobogl Fat-Tree 0O DOOO0OO0OODO0O,0000000000000000 8x8
Oo0ob0b0obOb Eite0 0000 EliteD D ODODODODODODO.

2.2.3.2 QsNET

QsNETODOUODOOOODOODOO0OO0O0OO0D000000 Elan300000 64bit/66MHz PCI O [
oobooobobooobooboboO,Ee300bogooobooooooboonDon
go.

Elan30 100MHzO O OOOOOOOOOOOOOO (booooooooboo)o,oboo
goooooooooo(@oooboooo)boo.oooo 32nitbgobooooo,booon
00000 8KByte 4-wayU OO OO OO0OOOOO0OOODOODOOLO, 0000000000
obobobobobobobobOob.00LEan30 3260t 00000000 28bit0 0000
SDRAMOUODOO,00048bit 000 doooobooooooMMUu,0bogooo20000g
Obo0ob0b0O LmkO0OO0OO0OOO0O0O0OO0O0O0OOEa3 00000000 211000.

Elie30 200000000000080000000O0O0O0DO0O 1ex80 000 0OO0OO0OODOOO
gohoobobooboobobooo)yoDbo,s32G+32GhpsU D0 Doooboobo. oo, crCcd
gbobobobooboobobooboooo,0oooboobooooooon.

2233 QsNETII

QsNETII[56][57]0 000000000000 00O0O0O000O Eland0 00 OO 64bit/133MHz
PCI-XOUOOOOOOOoUOoobobooooouDEe4d0 00000 oboboooogon
goooboo.

Elan4 O Elan 30000, 00000000 64bit0, 000 64bit0 000 00OODOOOODOO
Uo0,0000000000000 STEN (Small Transaction ENgine) D00 D OOD0OOO0OO
U0D000.00,Elnd4 0 Elan300, 000000000 (O 2.120 64bit RISC processor) [ U
gogbo,bogobbooobbooobob,oobboboobbooobbooobo,boad
oboobobobobob.02120 FlandO OO OO0 OOOQ.
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19

A
<——» SDRAM Thread Microcode _f
Interface processor processor y
DMA |
engine nputter
A A A A A
\ 4 64 \ 4 \ 4 Databus y
A A A
\ A J
64
32
v \ / | J \ 4 \ 4
MMU Table Clock and
and walk statistic
TLB engine registers
4-way 28 4—,‘ |
set-associative cache [ <
\ 4 \ 4
PCl interface

10

200MHz

Link
multiplexer

A

y
FIFO

queue

1

0 2.11

100MHz

66MHz

1

Elan 3000000

Elite4 O 13G+13Gbps (U D OO OO OODODO 10.6G+10.6Gbps) 1D DO OO, 0000 100m O
gbobobooooo.

2234 QsNETUODOODOODOO

QsNET O 0O, Quadrics 0 00O 00 Elanlib[58] U 000000000000 O0OO0OO0O0ODOO
gobobo,ocoooooooMpPl2000boboooooooooooooooooooobgoo
U0,Quadrics DO ODO00OOOODOgsnetibsUOODOOOODOOO0O0OOOOODOOODOO
oobobogoooobooboob,000b0 EFlan00O0obOOoObOOoOoO0o0oOo0obOobOobOOoooooo

ooo.

2.2.3.5 QsTenG

QsTenG [ Quadrics OO OODO 1I0GbEOD DO ODOOODOOOODO[S9. 000000000
go,go0bggboooobooboobobuooboboo.obboobooobooboonobg
oooobo,00obooboooboooboobooboboooobDGhbEN OO DODO. OO0
gboogboobobobooobogoboobooboboo,boobobobogob20nsb000O0DO

goo.
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QsNet Il Link
1.3G+1.3GByte/s

STEN o Deskew
Processor _ | Communication
+ o Logic
Buffer FIFO || FIFO
64bit RISC
Processor f f f * *
RDMA Input
Command ~ Engine Processor
Processor o + +
Buffer Buffer
A
~
Event |~ St;ts
Processor
» Clock
/ A 4 v
166MHz 32KByte » 64bit _ 133MHz
DDR-SDRAM 4-way Data Cache | MMU o PCI-X

I 72bit, 2.6GByte/s 64bit, 1GByte/sI

0212 ElandDOODOODOO

2.2.4 InfiniBand

InfiniBand[4] O, IBTA (InfiniBand Trade Association)[60] D 0 000000000 OOOOOO
0000000000, InfiniBandOO OO [/OOODOOODODOOO RAS (Reliability, Availability,
Scalability) 0 0000000 DO0OO0OOODOOOO,OD00 yo0O0bOOoO0ODOOobOOoOoDOoDbOoO
dodoooooooooooooo, 00 ooooooooooooo.ooooo
0 O O, InfiniBand Architecture Specification Release 1.0[61] 0 20000 0 000000 O.

00, InfiniBand 0 PCIOOODOOOO JOOOOOODOOOODODOOOODODOOOOO,DOO
doooOoooooobOoooooobooOo, 0000000 oboo0ooobo0oooooDooaoan
Oodobo.0ob0,Intel0 000 PCIDOOOOOOOOOOOOOOODODODOOOOOOOO
PCl-Express OO OO 0,00 PCOOOOODOODOOO,0000000000000O000O0O0OO
oo, 0000000000000 ooooooobooooooooooooooo.

O0000,InfiniBand00000000O00O0O0O0OOOOOOOOOOOOOOOOOOO0
O00,Myrinetd QsNETOOODOOOOOOOOO0OODOODOOOOOO.ODOO0O0OO, DIMMnet-
2000000000000 000000000000000000D00000O InfiniBand O 0O O
oooad.

2241 InfiniBandOOOODOO

InfiniBand OO, 000, 0000000,000000O0,00000D0D0O0O0O00O0OO
obobobobobobobob @ 2.13).

e [1 00O (Physical Layer)
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Host Remote
Upper Client Client

IBA IBA

Transport Operation Operation
Layer

Network - -- Network
Network

Layer

Link 0T 0T Link
Link Encoding [ mms Encoding

Layer

Flow
Control

Physical
Layer

0 213 InfiniBandOOOO0OODOO

InfiniBandO OO OODO,0002000000000000000000000O00400

00000000 (1X)OoOOo. 1X0O0oa25GhpsO OO OO0Oooooooaono, 8B10B
00000000 DOO000O00O00,00000bO0D000DbO0o000ODOg 2GbpsO 0.
0do0ood0obOO0ddoodo,dobddo,dbo,0bo0dobo0oooooboOooooa.

00 1XO00OO0OO0oOO0400004X0 RO0OO0O RXOO0OODOOooooooda,
OO00d, 10Gbps, 30Gbps D OO DO DOOOOOOODOO. 20040000000 InfiniBand
Architecture Specification Release 1.2[62] 0 0 DDRO QDRI O OODOOOOOOOODOODO
000 120Ghps 0000000 O00DOOOOOOODO

e JO0IDOOODO (Link Layer)

InfiniBandO O OOOOOOOO0O0OOOOOO,000000000000000000
00,0000000000000DO000O0DO00D0DOO0.00bho00oobOoOoooOoOOon
4KByte O O O .

InfiniBandO O OO, 0000000000000 0O0O0OOOOOOOOOOOO.O0O
0000000000000 DO000DOO0o0bOooOoOobOoog. 16bitd LID (Local ID) O
Subnet Manager (U 0 )0 OO ODOOOOODOODOOOOO,LIDOOOOOOOOOOOn.
0000000, VL(virmal Lane) DO OO 0000000 OOOOODODO,1500000
0 VL(VLOO VL1490 100000 VL(VL15)ODODOOoOo.0oooobooooooaoad
OO00D0O0000O. QoS (Quarity of Service) 1 0 O OO O OO, SL (Service Level) 0 O O O
oooo,000oooooOo,SLO VvLOOooooooooo,000 QsO0ooon
oooooooa.
vLOOODOOOoOOoooOoooooooOoooooooooooooooooooon
O000000ooo,0b0o00db0bd0d0bbo00o0oboOoOddn Point-to-Point 0 0O 0O O O
0.

OdoooooonOo CRCOO, VCRC (Variant CRC) O ICRC (Invariant CRC) O 20 0 CRC
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goooo.vecrRCcOOoooooooouoooooooooboooooDo,ICRCO end-to-end
Ubooboobooboboob.EhernetD 00 CRCOODDODUOOODOODOODOOOO,0000
gboooboobOobooocrRCcoobobooooobobon,InfiniBand OO ICRCO O
goboobogooboo.
gbobobobobobobobobobOobobOobobOo.0obooboboooo
ubboobogbooobboon.

e NI DODOONO (Network Layer)

00bD0d0Oo0o0obOO0o0bOoOOo0obOo0bOobOOoobOo0bo.0ooObooboOoOooooOoon
00 InfiniBand O O O O 0O OO O, IPv6 (Internet Protocol version6) 0 0 0 00O O0OOOO
ooooooooooo.

e JOUODOODOOD (Transport Layer)

OO0O0O0oooOoodO, Send Queue [ Receive Queue O 0 00 0O OO QP (Queue Pair) O [
00000000000 ooo.QpUi 0000 OoOoOoOooOoOon
Ack/Nack 0O OO OOODO,00000000DOO00OOOODODO.

QpO00O0DODO,0D00D00O0ODLODLODLOOODOOOOO0ODOOODODOOnDOg,d
0000000,00000000000000000000D00O000000 (RCIReliable
Connection, RDO Reliable Datagram) 0 D 0 00 000000000000, 00000000
000000000000 (UCH Unreliable Connection, UDO Unreliable Datagram) O [ 0 [
oooo.

o0,QpO00000000D0000D000O00D00 (RawDatagram)O0OOOOOO0O.

2242 InfiniBandO OO OO

InfiniBand 0 CA (Channel Adapter) 0 0000000000 OO00O0O,0000,000000
00000000000 0000000000 SubnetManager 1000 OO0,

CAOO0OOOO0O0OOOO0OOO HCA (Host Channel Adapter) 0, 00000000 /0000
00000000000 TCA (Target Channel Adapter) 0 200 00000.00000 LIDOO
0000000000000 000000000,00000000000DODO00000O00O0O0
ooooooo.

cCAODODODODOOD0OD0OODO0D0OO0D0000D0000D00O000D0O Subnet Manager [0 [
0000 10000000000. SubnetManager 0000 00000000O,0000 up/down
00000000.0000,0000CA, 000000000 SubnetManagerJOOOODOOO
SMA (Subnet Manager Agent) 1 0000 O0O00OOO0OONO. Subnet Manager 0 D0 0O O OOMO
0000000o00ooooooooooooon.

2243 OUO0OUOOOODOOODO

InfiniBand OO OO0 00000000 ODOOO0OO0O0,0000000000, Mellanox [0 [63]
O00b0O00.MellanoxUO HCAO O InfiniHost D O OO DO ODOOOOOOOOODOODOODO
googbooobooobooob,booboobbobobobobboboboboobobboDbo
gboboobooobooboooboobooon.
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00000, QLogic O [64] O InfiniPath[65] C Y0 0000000000000 0000O0OO
00000000000000000000,00000000000000000000000
O000000,000000000000000000000.000,

. Jobobogoobooobooobooobobobooooooboboboboobooobobobg,
gbgboooobooboobobobobobobooboooboooobobobod
gobooobogn

2. 00,00000000000D00O000,00DODOO0OODODOODODODOOO
gboboobooboobboobooobobooon

gboboobooooboog.

MPIOOODOOUOOODDOOOOUOODDOO, Mellanox U0 HCAOO 40usO00D0DODO,
InfiniPathOO 0000 1.29%s000000000000000000 [66][67]. 0 OO, InfiniPath
gobooooboo,obboobobooboobboobooobobooobo,oobobooboboon
obobobobobobobob,bob mfiniPath D00 OO0O0OO0ODOODODODODO.

2244 InfiniBand OO O OOOO

InfiniBand O O O O O VIA (Virtual Interface Architecture)[68] 0 O O OO verbO OO OO, CAO
00o000oooooooooooo.obooo APID0O0O0O0O0O0OO0OO0OoOOooOdn, Mellanox
0000 VAPI[e9| OO DO OOOO. VAPIO OO OO OO OO RMA (Remote Memory Access) [1 [
O000O00oooOooOo,InfiniBand000O0O000OO0DOO0OOO0OOOOOOOOODO RCO UD
doooooo.og,00o0oooboooddd MVAPICH[70]OOOOO,VAPIOOOOOO
MPIOOOOOOOQOd.

2.2.5 10Gigabit Ethernet

00,0000000000000000000D00,Myri-10GO InfiniBandOOODOODOOO
I0GhEO OO O0O0ODO,Ethernet D0 000000000 O0OOODDODOOODODODOOODOOOO.
OO0,I0GhbE0 0000000 PCOOODODODOOODOOOOOOOOO,0DO0000O0
dodo0odbOooOobOooDooboooooobooo,oo,pcO0bdOb0O0oOonDOonoon
goooo.

I0GbEO OO0 0000000000000 D0O00D0ooo0oooDooooon, Intel0 O
00O O, Chelsio Communications 00 [71], Neterion I [72], NetEffect O [73], NetXen O [74], Tehuti
Networks [0 [75], LeWiz Communications 0 [76]0 00 000000000O00O0O.

0d0oo000doodooooooooooodo TcpO0ODOOODO,00D00DOOODOOOOO
do0oo0dobOooooodoboOooooa,Tep/lPOO0OD0DOODODOODOOOODODOOO
0000.000,0000000000 10Ghps0 000000, 000000000000DO0O
0do0doo0oooooooOo, 00000000000 oo0oDoo0ooDOoOoDOooDoOoond
0d00O0d0o0oOdDoOoO.00,0000000000D000D000DO00A0, Chelsio Communications
O, NetEffect 0 ,NetXen OO OO O O,iSCSIDOOOOOOOOOO,iWARPOOO RDMA OO

©90000, InfiniPath 0 PathScale 000 0,0000000,200600 QLogicO0O 00000
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Peak Throughput

3

(WO rSt) Half of Peak Throughput

Throughput

Message Size (Log Scale)

0214 00OO0OOLOODOOODO

OO0O0D0O0000O. iWARP O RDMA Consortium[77] 0 000000000, TCP/IPO OO RDMA
Oodd (RDMAover TCP/IP) DO OOOOOOO.
0000ooooOg,1oGbE0NNDN0ODN0NODNOnDOOnDOOnd Myri-10G O InfiniBand 00 O
O000o00ootoooo.o0,b0000 EthenetOOOOOOOOOO0OO Store and Forward
dooooooooooo,HpPCcOOOOoOoOooDODoOo0o000oooooog,QsTenGOOOO
JdododoodoodoooooododoDoobOdDoooOooDooboDOooooDooon,oon
oo0poDodbOoOoobOOo0obooOoobooooooooag.

22,6 00O

goboobo,bo0booobooboobpbooboobboobooboooDD.

gboobooboobooboobooboob 22000, 0220000000000
RHINET-2, Myrinet-2000, O O InfiniPath OO0, 00 0000000000000 0O0O0ODO0O0ODO
ooobobobobob.bo,0b0oboboboboo,MPIDODODODODOO. half
of peak throughput D 0 OO 0000000000 DODOOOOO0OOOOO0OOO0OODOOOOODO
oboobobob, 0000000000 ooooooooooooobo1bobo fre6].

goo,0b0bogoboboobboobooa,b 2400, boopboobboooba
gogboooobog,obbooobbuooobboobbooo.bog,gobboobbood
gbobooboooboboobooobbooboobboobooboobooobooboobobon
ggobooobob.boboobooobbooobbooobobooobbooobLboon
gbobogbogboo,oobboobuooboobbooboob,goboobboobobad
gbooboob.ooo,obboobbooboooboo,oobgobooobooboooboooboon.
21400,1030000000b0o0bo0bo0boobobooo,1obboobbooboob
goboogobood.

half of peak throughput O 0 00000, 0000000C0CO000O0OO0O0OOODDOOCCOOOO
gobooboobooboobooobo,booboboobooboobooboboobOoobLoOon
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021 0000000O000bO0booogd

Application | <2K | 2K- 16K | 16K - IM | >IM
IS 14 11 0] 11
CG 16113 0 11856 0
MG 1607 630 3702 0
LU 100021 0 1008 0
FT 24 0 0| 22
SP 9 0 9636 0
BT 9 0 4836 0
Sweep3D-50 19236 0 0 0
Sweep3D-150 | 28836 28800 0 0

oobo0,000b00bobo0o0bo0obbogoboog. D210 NAS Parallel Benchmarks[78]
O Class B,0 O ASCISweep3D OO UODOUODO [79]0 8000 (16CPU)I PCOOODOUODOODO
ooooooooooobooobboooooooOoooboOoboOoOooo so.OOooooDbOoboO
0000, CG,MG,LU, 00 Sweep3DOD OO OOOOOODOODOODO 2KByteJ OO O0OOOO
00o0o00ooOoOdo,00oo0bo0o00ooOo00oooooo,0000bObo00ooogood
ooooooooooobooooobooo,0bboooooobOooboOoOoooDbObOOoooDbOobn
gbobobobobobobooboboboobo.

g22000000b00bobobooo,pCcL00PCI-XO0000O00oOobD,b0obboboog
O000O00 RHINET-2, 00 QsNETIIODODOODOOO PCI-Express OO OOOODOOODOO
obobobobobobob.0b0o0o0oboo0o0ooo0o0on 300MHz OO0 O Myrinet-2000 O
OO0 66MHzU RHINET2 OO DO ODOOOOOODOODOOUODO,00ob000b0obooouoboDbo
ooooooobooobooooboOoboooo.0obooooobooooboboOobDboUoDo
U000000 InfiniBand Mellanox D) DD UODOO0OOO0O0O0OO, 000 InfiniBand DO 0O OO
gobobobobobobobobobobobooboooooooooooo.oob,pclDD O
PCI-Express O OO OO0OOO0OO OUODOOODOOOD InfiniPh OO0 OO0OOOOOOOO
gbobobo,yooobooogooogooooooooooogoooog.

oo,00obooooboobooooo yogooooooooooooboobooooD,ob,yon
ooooooooooooo,0booooooobbooooooo0oboD.0c0Oo,0ogo o
OodgopCclObDd PCI-XOODOOOOOO /OO0 0O O PCI-Express [ HyperTransport [ [
ooboooooboooobobooooooobog.

23 Jddoooooooobooobo

go,pCO0000O0O0O0OO0O0OO0DOOODOO,000D0O0OO0DO0OODOODLOOODOO
gbooooooobooboo,MPIiDO0OO0O0OO0OO00O0OO0OOo0oooobOobooooooooonon
goboo.obo,pcO0bbobbooboobooboobooboobo,bo0obon
gbboobogbuoobooboobooboboobu.goboobooo,oboobad
gbobooboooboboobooobbooboobboobooboobooboobooobooban
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g.gbobo,gboboooboboobboooboobooooobo,obobooobooobobon
googbooobooobooboo,obbobboobobobobooboobooobooooobo
gbobooboobgoo.oboo,goboobooobooobooboobboobooban
gobooboooboobooooboon.

gboboobooboooobooooboooooooobooboooboobooboooobooobooo
gboooobobbooobobo,oobooboobobobooboboboob MPraog
goboobooboobooboobooboboobooboobooboob.bo,booban
gbobobobobobobob.

231 J000OO0O0O0OOOOOOOODOObOOObOObOODOD

pCOO000D0O0ODOODODODODODODODODUODODLO,DLOODDLDODODODDODOODOO
googbooooooooboobob.ooooobooboooobouobooobobobo
goboobo,0bobobobobobobobob.Ooboo0oo0oo0oo0o0oo0O0,RDMAD O
gboogbobooboboobob,oboboobob0obooboooboboobobon
goooo,0cobobobobooooob.obooboobo,boboboooboob,bobobo
oboOo,0b00bo0ob0 RDMADOODOODOO.

go,000000000b0000b0 RDMAOODODDODOOOOOOOOOooOoOOO,0004
goobobobobobobobobobobobobobobobobobobobobo
gbo,gbbooboobooobobooboooboo,boobbooobooboooboboooban
gbooogbo.0o0bg,RDMAODOODODOO0OO0ODOO0O00O0DO0O00bO0D0O000b000b00
gb.0bobooo,gbobobooooboboboooo RDMAODOOOO,0D000D0O0
00 RDMAOOOOOODOOODOOOODOOOO,00000000000000D000O00DO
goboo.0booboob,0boobooboobooboobboobooboobon
gooboo,ooogogobogobgboboboboooooooooboboboboboon.o
goboo,jgoobooobobooooobooo,booobo,booobboooboboon
gboobobobobooboboobobooo,bobobobobobobooobobon
gooooo.

00000000 DIMMnet-1 .1 0)000O0000O0O00OO0ODO [87]188] O, RHINET-2
U000 VPUSH[RIOODOO “00000b0obooboobobooboobuooobobon
gboogoooooboobrooboboboboboobobboboboo.oboobooo,0bo
obooobooboobooboooobD MatinOOOOOOOODOO0OOO0OO0OOOO0OOOODOO
gobooboobobooboobbooboobbooboobbooboobooobbOon
goog.

DiMMnet-1 D000 0O0O0ODOODOOOO,000000000000000DL0ODODOODOO
gooboboooboooboboooobo,obboobboooboo0.obooo,boon
gbogboobobooboouoobobooboobobooob,booboobobobd
ogoobobob.oboboboboobg,obobo,Ackbbobobobobobobo
goboobooboobboob,0booboobbooboobboobbooboonD,o
gbobobobobo,RDMADOODOOODODOODOOOOOOOOOO.

RHINET200 0000 VPUSHO O, OOOOODOoOOooooob4oooooo,0oobgoo
googobooboboboobobooboboob,booo0oboboobobobob DMAO
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Oooo0ooouobOobOo.VPUSHO RDMADODOOOOODOOO 380000000004,
gbooboooobooboooboob,RDMAODOODOODOOOODOO, 00000000
Uo0o0oboooboOobDOoo0o[30]89]. vUSHO OO DO ODOOODOOODO,O0OOobOOooOoOoOO
obgode6usUODUODO.O0UOOOODODOD 2048Byte OO ODOOO0OODOO
0e0%00000.00([@9]0000,0000000 2048Bytel 0 VPUSHOOOOOODOO
180.3MByte/sU 00, 000000000000 0O0OOODOOO0O0O0ODLO0O0OO0O0O0OOO 40%0
oooooobg,bobobgoo4soMByte/sH D OO O0OOODOD. ODODODOODOO
googbooooobooboooobbooooboobogoboo,obooobobobobo
O0O00,0000 RHINET2O00O0O00O0O0O0O0O0OO0O0O0OO0O0OO0.

232 JO00O0OO0OOOOOoObDOObOObDOobDOoOoOMPIDOOOODOODODOO
g

MPIODOOOOOOOODOOOOO0OO00O0O0O0DDOODO posted receive queue [ unexpected
messagequeue 1 2000000000, 0000000000000. posted receive queue [ [
0000000000000 oO0oDo00oDO,0b00000bO0bO0ooDo0o0oOo0oOOooDon
0, unexpected messagequeue 1 0 000000000 0OODOO0O0OODOOOOOOOODOO,O0O
oooboboobobooboooooooooo.

oooboobooobobooobooooooooooo.

1. postedreceivequeue 1 0 00, 00000000000 0O0OOOO0ODOOOOOODODOO0O
ano.

2. 00booooooooobobooooboOo,0boobboobbooobbooDbbooDbOoo
OO0D000,postedreceivequene 1 0 OO OOOOOOOO.

3.00000000000000D0000,0000000000 unexpected message queue
goooo.

gobooboobooooobg,

1. unexpected message queue J 0 00, 000000000 0O0OOOOOODODOOODOOO0O
ooooo.

2. 000000000000000000000000O00O0O0O0O0O0O0O0OO0.

3. 00000000000,0000£0 posted receive queue J 0D O OO,

gobooobooobobooon.
gboooo,MPIOD0000000DO0OO0ODOODOOOO0O0000O0O0bO0O0O,bo004g
gboobooobooooooooooooooo,obob,bobobobobobobobo
oboobobobobobobob [90].
goboo,b0b0000booooobooboobobbooooboooobbboooobobog
gboboobgoooboOo,obooboboobuoboboboobooobobuobDOoog. Myrinet O
MX O QsNETU Tports[54] DO DO O0OODODOOO APIODOODOODOO. 00, MXODOODO
0 MPICH[91] 0 00O MPICH-MX O Myricom O OO QOOQOOOOO0. 00000000 OODO
gbobobobobobobobobobobo,0bobobobobob.
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Oooog,dn 92100, ALPU (Associative List Processing Unit) [0 O O posted receive queue
O unexpected messagequeue J 000 000000000 OOOOOOO0O (O 2.15). ALPUOO
OO0 CellBlockDOOOOOOOO,00000000000O0O0DOODOO,000D0OO0ODAO
O000000.CellBlockO 2"0O00 CellODODOODO (O 216). CelODOODODODODOMO
ooooooooboooo.0cgbogo,ALPUDOD cellUDODOODODOOODODOODODO
gboogo.celDODODODODODOODOOODOODODODODOODODOODODODO,
CelUDODOODOODOODODOOOOOOODOODOODODODODODODODODODODODOD
oo.

00 [92]00 Virtex-1I Pro XC2VP100[93]| 0 00000000000 OO0O0OOOOOOOOOO.
posted receive queue I unexpected message queue J 0 0 00000 CellD O OO 25600 ALPU
ooooooo,bobboobogbo 20000000, 00b0b000bO0obOO0bOOoOooOooDg.
000, 00000000 cel000O0OD0ODODOODO,0D0000000000O0R0O.

233 00O

goooooogoboo,veUSHODOOOOODOODOOOoOooOoooooooboooooo
googobooo,0o0o0booobooboboboo.oob,vePUSHOOOODOODOOOOOOODOODOO
gboooobooboboobobobooboboboooboboobo,obpoobobobon
gboboboboboboooooooooboooooo.

TportsU MXUOUODOOOOOODOODOODOOOOOOOoOOoOOoOobOOoobOOoooooooonogd
gbobooooboboboooboboobobooboboobobo,obobooobon
gbobobobobooooooooooooooooobooboboo,ob,bobobobo
gboobooboooobooobooooboob,ooobobooboboboboobobon
gobobooobooobbo.gg,ALpUD OO0, 000000000 DOO00DODO0O0
gboobo,0boooooooooouoooooogoobooboooobogoboobo,obobobo
gbobogoboooboobooboboobobooboboo,obobobobooboooobobon
gobh.0o0b0,0bboobboobooboobooboobooboobobooboobon
g,gbpojoboobooboobooooboooobooooooon.

7000,0000000000000000DO0OOTIPUSHO LHSOOOODOODO.O0O0OO
gooob“cobboboboobooboboobooboboobobooboboron
g, ggobbuooobboooobboooobobbooobboooobboboooboboboad
gbobob.0coobbooboobooboobooboobboobo,boobooban
goboobogoboog.
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022

gboogobogdgoodn

gooooooDo

| RHINET-2[34] | Myrinet-2000[81] [ QsNET II[82] | InfiniBand[83]

ooooooooooogod RHINET-2/NI M3F2-PCIXE QMS500 InfiniHost
oooooo Martini LANai-2XP Elan4 MT23108
gog original Myricom Quadrics Mellanox
oooooDo Hardware Firmware Hardware Hardware
oooooo 66MHz 333MHz N/A N/A
oooooooooo PCI PCI-X PCI-X PCI-X
64bit/66MHz 64bit/133MHz 64bit/133MHz | 64bit/133MHz
ooooo 600MByte/sx2 | 250MByte/sx2x2 | 1.06GByte/sx2 1GByte/sx2
(Coooobooon) “4X)
oooooogo VCT VCT Wormbhole VCT
oood Any Any Fat Tree Any
oooooooo Pentium III Opteron Itanium?2 Xeon
933MHzx2 1.8GHzx2 N/A 3.4GHzx2
oooooa ServerWorks AMD Intel N/A
ServerSet III LE AMD-8131 E8870
ooooooo MX-2G 1.0
good back-to-back 1 Myrinet switch N/A InfiniScale
(0.5us)
goooo 1.74us 2.6us 1.6us 4.8us
oooooo@on) 444MByte/s 495MByte/s 911MByte/s 781 MByte/s
half of peak throughput 1KByte 300Byte 4K - 8KByte 1K - 2KByte
oooooo@on) 470MByte/s 912MByte/s 900MByte/s 946MByte/s
00000000 | InfiniBand[83] [ InfiniBand [67] [ Myri-10G[84] | 10GbE[85][86]
OO000D0O0CO0O00DO0O00 | InfiniHost III Ex | InfiniPath HTX | 10G-PCIE-8A-C T110
oooooo MT25208 N/A Lanai Z8E N/A
oono Mellanox QLogic Myricom Chelsio
ooooood Hardware Hardware Firmware Hardware
oooooo N/A N/A 300MHzO N/A
gbooobooobon PCI-Express HyperTransport PCI Express PCI-X
8x 8x 64bit/133MHz
oooono 1GByte/sx2 2GByte/s 1.25GByte/sx2 1.25GByte/s
(Ooooooogn) 4X)
oooooogo VCT VCT VCT, SAF SAF
good Any Any Any Any
gooooooo Xeon N/A Dual-Core Xeon Opteron
3.4GHzx2 3.2GHzx2 2.2GHz with TOE
oooooo N/A N/A Intel N/A
5000P
coooood MX-10G 1.2.0h
oooo InfiniScale N/A back-to-back back-to-back
ooooo 3.8us (1.29us) (2.2us) 8.9us
oooooo@on) 972MByte/s (954MByte/s) (1215MByte/s) 950MByte/s
half of peak throughput 1K - 2KByte (88Byte) (4K - 16KByte) 256 - 512Byte
oooooo@on) 1932MByte/s (1884MByte/s) | (2355MByte/s) N/A

VCTO Virtual Cut Through
SAFO Store And Forward
TOEO TCP Offload Engine
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(1 300 DIMMnet

gooo,biMMO0Ob0O0000OO0obOO0oO0O0bOO0ObL0b00bO0b0OnD DIMMeetd 0O oo Q.
Ub0,000000000000DIMMnet-1000000,DIMMnet-10000000,0000
oboobooobooooob.bob0,DIMMnet-20000,DIMMnet-1 000000000, O
goboobooboob.bo,boobooboobooboobbobobooboobon
oboobooobgoboooboob,DIMMeet-20 000000000000 0O0CO0OOO. OO
g, 0goboboooooobooon.

3.1 DIMMnet-1

DIMMnet-1[35] 0, MEMOnet U D OO OO0 O0O0O0ODO,DIMMeet D0 OO0 O O0OOODOOO
gbobogooboooooobobobobobobooooo,pcioobonb PC133000
bDiMMUOOOOOOOOOOOOOOOOOoOoOoooobOoOo.0obooboobooooboooonoon
000000000 0o0bO00bDO0 REHNET2000000 Martini 0 RHINET-2/SW O O O
gooo.

DiMMrnet-1 0000000 3.1 000. 00,00000000310,0000000 320
go.

goobooboobobbooboooobooboboboboo0oob0oob0oubOod Martini O,
000 FET (Field Effect Transistor) U D 0D 00 000000000000 200 SO-DIMM O O
goboboobo.0o0bo0bobbobbobo0 3100000 DataBusD OO, FETODO OO
goooSo-piMMOOD00O00.00,Martini 00000 OO Control Bus U O O, Martini O
gooooo.

200 SO-DIMMUODOUODOUOOOODOO0O0ODO. ControlBusO OO Martini OO OO ODODOODOO
FETOOOOOOOO,200 So-DIMMOOOO0OO0 @OObOoO0O)oboooooooboooon
obobooobobobo2000b00b0b000obo0obOoD.d 310 FETSW20 FET SW3 0
“‘oNnvpgogogo,so-bivMigoogooogog,So-bDiMM2O0000000OO0ogn

0 3.1 DIMMnet-100000

gboooooooooon | pPC100,PC133 DIMM, O O PEMM[94]
oooooo Martini

googno PC133, SO-DIMM x2

gooo SO-DIMM 0O O 64MBytell 1GByte
gbooboboboooo o0 8Gbps(DOO)

googno 800MByte/s (PC100), 1024MByte/s (PC133)
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Network

!

| LNKVE |

Martini Network Interface Port -

$ A
v |

FET-SW2 | E Control

: ! Bus

A} R
| FET-SW3 | |
: $

Data Bus

/MWAIT
/MIRQ

P |

A 4

168pin DIMM Interface
( with 2 PEMM signals )

0 3.1 DIMMnet-100000

goboobooobobooood.
gboboboboboooboo,bobobobobobo“Dobooboboboooboog

O @EEMM)O 00000 94 0b0o0ooobog, PEMMUOOO0O0OD20000@O0O0ODO

gboboboboooboooooo)yoooo.

3.1.1 DIMMnet-100 00O

DIMMnet-100 0000, 0000000000000000O.

e JO0D0O0ODOUDOODOUDODLOODOODO Martini 00 00O RDMA read/write O [
googbooboopoobobobob,obbobboobo0obooboobooboooon
gboobogboooooobooboooooboo.oobgoboo,boboboooboboon
ubobooboo,oobboobooobobooboobbooooan.

e DIMMnret-1 0 PC133 0000 SDR-SDRAMOO0O0O0OO0ODOO0OO0OOOODOO0O,00
oo pcioobgoooooobooobogoo. bobobobobobooooobog So-bpivM
Uboooooboob FETODOOOOOODOO0ODOODbOOOOO0ODOObOO0bO0bOOobOoDoDn.
FETOUOOOOOO, 0000000000000 00b0oboooobooboooooboobog,
pCl3300000000ooooboOoboboobooo0.0o00,DIMMet-10 0000
00000 DDR-SDRAMOOOODOOO0OODOOOODODOO.

DiMMrnet-2 D0 00D 0OD0OODOODOODOOOOO, 0000000000 LOODbODbDODODbDO
goboooboooboobooboooobo,boobooboobooooboo so-pivMO 00
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0 3.2 DIMMnet-1

goboooobgobobooboobooooboobooobobo.oboboobobobbo
oogd.

3.2 DIMMnet-2

DiMMnet-2 D0 O0O0O0OO DIMMret-1 D0 OO O DODOOOO0O0OO0ODOOOODOOOOOOO
goboog,0bobobobgobooopCcOOb0O0O0bOObObDObDObOOObD200200000
ooooo [9s].

gboooboboo,obobgobobooboboboobobobooboboobooobobo
gbooobogSo-biMMUObnooooooooooo0o,DIMMnet-2000000000000O0
0. DIMMnet-10 DIMMnet-2 0000000000 0OO.

e DDR-SDRAM OO UODOU

DIMMnet-20 0 ODOOO0OOO0OOODO20020000 pPCOODOO0OODOOODOOO DDR-
SDARMUODOO00O00O0O0ODOOO, DIMMrnet-2 0 DDR-SDRAMOO0OOO0DOO. OO,
gboobooobooooboooooooooooo0 bbrRSO-DIMMOOOOOO.

e JOUODOODODODODODODODOD SO-DIMMOODOODOOOODLODOOD

DIMMnet-10 000 FETOOODODOOODOO,DIMMnet-20 0000000000000
gooSso-biMmMO0OO00ogoooOoooo,oboboooooobobooooooobon
gbooobobooboobobobboboboobobobbobooboboobbob.o0oobooo
oooo,SDR-SDRAMUOOOO00O0O0O DDR-SDRAMUOOOOOODOODOO,0000,
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SO-DIMMs | SO-DIMMs |

4 ) " l l ?l “ ( )
a h
S | —--ﬁ (d\ Switch Switch / (g)\--> oL,
buffer { Interface Interface L/ ) buffer
] P b ~
©) \_ | 1 —/
CPUA > ngand "] cPUB
Command | PR i Command
Register Register
() > Controller Controller < @
\_ J \_ J

\ DIMMnet-2 /

Network Interface
Controller

033 0OO00OO00OOoDOO

00000 DDR2-SDARMOUOOOOODOODOODODODOD.
gb,000000000000000DO000O00O So-bDIMMUODODOODO SO-DIMM O
gbooboooooboboboooboboboboboboboboooobobonbDon
gboo,0o0o0o0oo,0ooooooooooooooooooooo.
0U3300000000o0ooboobob.boboboboooboobobg SO-DIMM O
goboobooboboon,

(0000000000000 O0O0OoboOoooog.

Gb) DODOOOSO-DIMMIOOODODOO0OOODOODODDO (Command Register) U [
goo.

gboboooboooooboobo.goooo so-pvMboobooooooooono,o
gboboooboooboooboobboobboobbooboboooDg ). bd
gobobooobo,bobogo So-biMmMObgnogooo So-biMMiObdnogoooooon
obo0oooonD d—e).DO0DOO0OOOOSO-DIMMUOODOODODOODOOOOODODO
o d, So-DiMMUI00O0DO0oooooobooooboooooboobo (. booooo
goobooooooooo G, So-piMMObooooooooooooooog.

e NOIODODOOODDOODLDOODDO SO-DIMMIOOODOOODLOODDLOODbLOODDO

gbobooobgoobobobobobooboboooobo Sso-pivmMobogoond
gbod,ggboooboobooboobooboobbobboobooboobad
Uoooooooooooooog [96]97]198].
gooooobobooboboooob,booboboboboobobobobobg
goooboobobooboooooboboog,DiMMet-20 000000000000
gbooboobooobo,obooboboobobobbobobobboobooboobooooan
gobooboobognboog @ 3.4).
U340,00000000000000000O00O0DOODOO0O So-bIMMUO O OOO,DO
goobooobobooooboboooboboobooobboooobobooo. oo,
goooboooobooobbooobbooob,boooboooboboboo,bboon
goboobooboboogoboooobooboooob.obo,0obpCcoobOoOn
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! DIMMnet-2 Fetch from
SO-DIMMs

SO-DIMMs

Fetch Request
(Source Address, Interval,
Number of Element, Destination Address)

I

I

! DIMMnet-2
! Network Interface
I

I

I

I

Controller

Host Processor
L2 Cache

To Host Processor
L2 Cache

Memory Bus

034 0OO0DOO0ODOODOD

oooob rogooooogooooooooobobooooooooobooboobooo,o
goooodboboob L2obb0bobobooboboobob,0bobooobon
goboobooboboooboooooob,0ooboboobobo rk2obnooooooooon
goooa.

gobobOod DIMMret-2 0, 0000000000000 O0O0OOO@OOODOO)DO
gobooboobobooobooi1bobobooobob,DiIMMeet-200000000000
goooSsSo-bpimMUOdoooo,0opogboooobogbooooooooooDo,o
googoboooboobooboob.boboboobobboboobooboobon
gb.0bobo,obobobobobo r2ooobobobobobobon.

o JOODOODODODOOOOO

gobodobbooboooobooobo,boobbuooboboobboobooon
oboboooboboooobooobD miniBandODOODOOOO, 0000000000000
DIMMnet-1 0 0000000000000 0O0OO0OO0OO0OOO.

3.2.1 DIMMnet-200 00O

DiMMnet-2 0 0O 0DDOODOO0OOO0OOOOOODOO0OO FPGADODODDODODOODOODOO
gboobobobobgoo 2. ooooooboobob FPGAODODOOOOO, 00000
obobobobobobob.os3s0bobooboboob,bo3e0b000on.

e Xilinx Virtex-II Pro XC2VP70-7FF1517C

oooooobobooobobobooooboobobon Xilinx O [99]10 Virtex-11 Pro
XC2VP70-7FF1517C[93] U000 00D0. 000000 8,2720 0 Configuration Logic Block
(CLB) O 5,904Kbit 0 O 0 RAM (BRAMUO Block RAM), 964 00000 yoOooooodoO
0,000 PowerPCO 20, RocketiOO D ODOOO [100]0 16 0000, Virtex-1I Pro 0 O
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JTAG

DC 5V

Clock

1 5vt DC Power 12 5V
Generator - =

Supply
(22

IEEE
> 10GBASE-CX4
Local Clock & 3.3V s Connector

Rocketl/O Clock

InfiniBand
Switch

>>

> Xilinx
ACE Clock | Xilinx N Virtex-1l Pro DDR SO-DIMM —‘

ACE Controller XC2vP70- [*
Configuration via L__XCCACE-TQ144| 7FF1517C

y
JTAG Configuration [
via CF

Compact
Flash

DIMMnet-2 Board

184pin DDR Memory Bus (200MHz)

035 DIMMret-20 0000000

oboobooboobooboon FPGADODO.
RocketlO O 0 O 0O O OO InfiniBand, Fibre Channel [l Gigabit Ethernet 1 00 OO0 OO0
OoppoonooooooOoDOo,bb000d0Od InfiniBand (4XO 10Gbps) D OO OO

Xilinx System ACE Controller

FPGAUOUOOUODOODODUODUODUOD XilinxkODOODODODOOODOO,000 FPGAOOO
Uo0oboobo0oooboobooogoO System ACE Compact Flash[101] 0D OO0 0ODO.
Virtex-I ProO 0000000 FPGAODODODODODOOOOODOOOOooOoooooooboo
go.0bog,gbobogobooobooobob pPrROMOOOOOODOOODOO, O
gboobooboobooobo.ooJrtacoooobooooooooooooobooooonoon
goobpCcO0b0oboboonogoooobobobobo,obooboboboboo
gbobobooboobobooboobon.

DDR SO-DIMM x 2

ooooooooooobbboooggopcObbogogonoDOD 200pin DDR SO-DIMM
g2000000.0000000D0000000DOO0DOOOD,0D00PCOOOOODO
gboobogoooooo.So-biMmMO 20000,00000 SO-DIMMOOOO FPGA DO
ooboooboobooobOod,DualChannel DO OOOOO,SO-DIMMUOODOOOOODO
gooboooboo.

DIMMnet-2 0 DDR-SDRAM O O0O0000O0OO0ODOO,000 pC-3200000000
oooobooboobobo.0obo,0b0b0o0b0 DiMMeet-20 00 0OD0ODO0OODOOODO
UboobooboobDgPpc3200000 32GByte/s)yUODOO0O00O0O0ODOOO0O.O00,00
googo SO-DIMM O SDR SO-DIMM O O0OODOO,PC1330 SO-DIMMUO 200000
Dual Channel OO0 O OO0 DODOOOOODODOOOODO 133 [MHz] x 64 [bit] x 2 (Dual Channel)
=2GByte/sU 00, 000000000000DOOOOO,SO-DIMMUO0OOOOOODO,
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0 3.6 DIMMnet-20 000

so-DiIMM U 00000000000 O0DOO0.O0DbO0b00,DDRSO-DIMMODOODOO.

ooOoooo 256MByted SO-DIMMO 20,0 512MByte DO OO0 040000 ODOOO,
goooboobo so-pivMUObgooooogopcObgboobo1oboboobogooon
gbooboooooooooooooooooooooooooogooooDog.

e IEEE 10GBASE-CX4 Connector

InfiniBand D OO0 0O0OO0O0OODOO IEEE 10GBASE-CX4 DO UODOOODODOODOO.
OOO0,FPGAO0DOO0ODOOODOOOOO, InfiniBand00000O,10GPECODOOOOOO
gboooooo.

e DDR Host Interface

PCO DDR-SDRAMUO O 0OO0OOOO0O0ODOOOOOO, 184pin DDR-SDRAMUIOOOOO
goooo.

gboooopcObgbooboobOobOooo,pcOb0goBIOSODOODODODODODO.DOO
gooopCcOO0bDOOOOOD,FPGADODOOOODOODOODOOOO,BIOSOODOOOOODO
gboogboooboo.ooo,ooboobooboobooo,oboocobooooBIOSOObOOOO
gboobobobooobobooboboobooobooboboobobob.ooooo
gboooooboooooobobooobooobobobooboo,bboobooboboobon
gbobgoboobooopcOogbooboooooboob.pCcO0b0bODbODODObOOODLO
obobobobo,FPGAODUODODOODODODODODODODODODODODO.

gboobgFrFPGADODOODODOO,DO0D00D00O00O0O00DOO0DODOO.O0000,08000
obooboboooboOoi1ooMHzOOODODOOOOO pC-1600000000,000000000.
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33 bbb oooobooooobbooobnbuoon
god

gboobgoboobogooooooooboobobobobooooooo yoobobooboooo
gobooboobo,0oboobboobooboobbooboobo,boobboobobOon
gobogboogboooboaoo.

331 pCOO000O00OO00ODODOOOOOO

ooboopCcOOdboboOoobOOooooooOo,2040bbgobo,0oobbboobbooooo
googboobooboobo,ooboboobobooboobooboobooobooboboDbo
goo.

OO0, DIMMret2 D0 OD0OOOO0OOOOOODOOODOO So-bDIMMUObOOOQOnOO,
DIMMnet-2 000D 000000000 DOO0OOOODOODOOOOODOOO0O00ODOODOO0O0OOD0
gobh.booboo,0oobboobooboobooobooboobboobooboooban
goo,0000b000booboboobooboo,0oobbooboobooobboooban
gboogooooboooboboobo,boboboboooooobobobobooboobobg,
ugobooboobbooooobog.

oo, 00dbopCcOb00db0bObbOObOUObDOb408GByte 0o, pPCOnonog
gboogoooooobobooboo,pcO0bobobooboboopPCOb0bObDObDObDDLO
oboogooobooboboo,DiMMeet-20000000000O0O0ODOOOO0O0O0O0OO
goboooobooobboooboboobb.ooo,booobboooobooo,boon
goobobobobobobobobobobobobobobobobobobobobo
DIMMnet-2 00D OD0OOODOOOODOODOOD [96][97]11102][103][104].

3.32 DualChannel D OO0 OO0OO0O0O

DDR-SDRAMUO pCOOOO0OODOO0ODLOOOODODOOOODO, 00000000 200
U00,DualChannel OO0 0000000 O0D0OO0DO PCOODOODOODOO. Dual Channel 0 00O O
goooooo@uooo)booboooooobobobobooooooooDobobo 2000
U00000.DualChannel D OO0, 0000000O00ODOO0ODO0ODO,0Db0000D00O00OO
gobogboogbooooboaoo.

UO00O,DIMMnet-20 000000000000 0OO00O00O,Dual ChannellOOO0ODOOO
boboboobooo, bbb b0b0obuoboboboooooogn. Dual Channel O
goboobooooooooboodgd,

e DIMMret-2 DO 0D OOODOOOODOODOO.

e DIMMiet-2 00000 D0DDODODODODOOODOOODOOOOOO® YO DIMMnet O 00O
SPDOOO0O0DO0OOOOOOOODOODO @ 3.9).

obooboboobooo0.0bob0b,DIMMnet-20 20000, Dual Channel D0 0000 O
ob,1gbobooLupb20b0b00booog,200d DiMMeet-2000000000DO0O

@b 3700 channel A-10 B-1,A20 B20000,00000000000000000
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Host

Processor

channel A-1 channel A-2
Memory DIMMnet-2
Module Dummy Module

channel A

Chipset
(Memory Controller)

J/

Same speed and amount
of memory modules

channel B

Memory
Module

DIMMnet-2

L

channel B-1

channel B-2

0 3.7 DualChannelOO O 00O O

gbobo,bgobooobbooboobooobooboobn.

34 0J0OOOOO

—_—
To network

0000 DIMMret-2 0000000000 ODO0OOOOOOOOOO,0000000,00
pPCOOODOOODO DIMMuet-20000000DOO0O,00000000000000PCODO
gbobodgboobbooboboobboobuoobboobuoobboobooboobbod

go.

goooboboogobooboooobooobooboobo,boyoubgoobbobooboUoboo
gboboobobooboboboobobo.oob,bobdoooobobooooboobd
oobbooooooooooooooooboooo.bo0d DiMMeet-200000000DO00O0O
goobOo,000b00bd DMALD DIMMeet-20 0 O00OO00OO0O0O,0000, DIMMnet-2
gooooboooboobMADDOODOODOODOOO0.00D00,0000 DIMMnet-20000
obooboooooogorepiobboooo,0obobobobooooooogob.gbogoo PO
gogbobooobboobbooobobooobob,oobo prObbOoobDbOODDOOO
gbobobo.bobobobobenbOboboOoOOoO.

oo,23000b0b00o0o00ooooooobbooooooooobboooo7oooboobO,
DiMMret-2 DO 0O 0O0O0O0OO0O0ODOOOOOOOOOOOOOO. OO0, DIMMnet-2 00O
gobod,ggbooobboobouoaobboobgad.
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040 DIMMnet2] JO0OOOOOOOOON
Joubogubogun

OooO0,DiIMMeet-2 000 00000DOOO0O0OOOOO0OOODOOOODOOO.ODOO
00000 DIMMeet-2 DO O00OO0OO00OO0OO,00000000 FPGAODOOOO.

gooo,0jocgoobooboboobooobooogoooobobobuobbob.obobooboo
0000000000 HDL (Hardware Description Language) D O OO0 OO0, “[DO000OPC OO
gooogoooppobooboo.coboboooog egbogog h,200O000OO0O BO
go.0ooDb,10000 2560 16bitd 1600000000, 16’h0100000. 00,000000
oooooo,0obooo0oboboooooooboboobOooDOoLobOOoL,boboboood
gjcopbobooo.0oocoogboogbo oo ox,20b0gboooobbon. O
go,100002560 160000bOogo,oxioco0ob.0boobooboooon.,40000
oooooo oooo.

OO00O,DIMMnet2 000000000 0OOOO0O0OO0O0O0ODO0O SansSerif0 0000000
ooobD.000d,biMMeet-20000000O00OO0OO0 MTUOODOOOOOOO MTUODO
ooooooooooboooo,MTUDOODOOOOOODOODOO,MTUODODOODOOO
00000 Maximum Transmission Unit 0 0 O 0O OO .

41 DIMMnet2000000O0O0OOOOOOOO0OOO0O0OO

DIMMret-:2 0 OO 0OD0OD0OOODODO0ODODOOODODOOOODOOODLOOODOO,bDO00
gogbbooobbuooobboo.gobobooobbuoooboboobbooobboad
gobooboobo,oboobbooboobooobo,booboobooobboooban
gopbooboooboobooobooboooboobooobon.

U410,DIMMnet-2000000000O00DO0OO0O0DOOODOOODOOODOO.

gbobobobobobob,40000000000000.

e DDR Host Interface

gbobooobogoobobooobboobbooobbobobbo0o.0bbod bbRO

gboobgooooobobooboo.boobo,oboboooboobobobooboboobon
obooobobobooboboogbogebit00O OO0 00000, 0000000000
goboobobooobobobooooOoboog.odD,DDR Host Interface U, O O 64bit [
Uboogoboobon 128t DOOOOOODOO0OOO0OO0.00,128bit0 DOODOODO
ObO0edbitD DOODOODODOOOODOODOO.

e DDR SO-DIMM Interface
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I DDR SO-DIMM

DDR SO-DIMM
Interface
(%))
3
Q
Ny
S )
DDR S
9] ) .
, [oy)
= —— Host Core LOgIC | StWIftCh [— g
3 Interface ntertace a
9]
S S
@
o
8
DDR SO-DIMM
Interface

I DDR SO-DIMM

041 0OO00OO0OOOOODOOOD

Uboob0obOobOobobOoboDbbRSO-DIMMOOOOOODOOOOODOOOODOO
O.CoreLogic(UD)OODUODODODOODOODOO DDRSO-DIMMUODOOOODOODO
goobo.ob,boboboboo.

e Switch Interface (SWIF)

InfiniBand DO OO OOD0O0ODOOOOO0OO0OOODO. Core LogicO U OO O DIMMnet-2 [
Ub0obobob0 ImfiniBandODOOO0OO0O0O0O0O00,000000000000000
U.00,000000000000 InfiniBandOOOODO DIMMrpet-20 0O 0O00O00O0O
Uo0o0bo0ouobOod.Endto-End00D0OOOOOO,SWIFOUOO InfiniBandOO DO O OO
gobooboooog,DiMMnet-20 000000000000 00O0O0ODO0O0ODO0ODOOODO
gboooa.

e Core Logic

gobodgbbooobooboooboobo.bboobuoobbooboobobooon
ooobooooog,SO-DIMM Interface 1 DU D UODOODOODOODOODO.

InfiniBand 0O OO O0O0O00O0O0O0DOO 1XOOO 2.5GbpsO0 00, Virtex-II Pro0 00 0 0O O
RocketiOO OO OODOOODO 200000000000 [100].0000,SWIFO 125MHzO OO
oooooooo.SWIFOoOoooooooooooooooooooooo 1o0MHzOOOO
oo.

DDR Host Interface, 0 0 DDR SO-DIMM Interface 0 OO JTEO OO OOOO,00000003
OO0 DIMMnet-2 00 OO OO0QOO0O.

SWIFOOOOODODOOOOOOOO. DIMMnet-2 0 0 SWIFO Core Logic 0 0O OO, DIMMnet-
20000000000 InfiniBandOOOOOOOOODOOO,00000000000O0.00000
O0ooooooOo/poooboooooboooboooodbooooonbog,bdnbod DIMMnet-2
000000000000 00, InfiniBandO000O0O0O CorelLogicOOOODOODOOOOODOONO
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Host Interface

DDR

Core Logic

DDR SO-DIMM Interface

Receive

> LLCM

Controller

i

v

Prefetch

Window

AMT

Address J:- J:- -

Table

LH [

Buffer <-]

Prefetch

> Register

Write

Control bus

Window

Host Interface

Transaction

v

| Window

| Controller

Processing
Block

Switch
Interface

g Y S Y I |

Data bus —m™

042 CorelogicOOOOOOO

DDR SO-DIMM Interface

oboogooooooooboo.oboboo,SswiFoooobooboboooooooobo
gboboboob,ooooooooooooooobooboooboobgobobobobobo,d
go,oo0bogboooood.

O0odod CoreLogicOOODOOOODO. PIOODDO0OO0D0ODODODOODOOOODODODO
goboo,0booboboboooooooboboboooobobobobobooobobg,
gboboobooboobooobooobooo.obo,0oboobooboobboobooban

gobooboobboobooboobooboobboobon.

Ubob0O0 CorelogicOOODOOOODOODO.0D0DOD0OODODOOODODOOODO7T

goooad.

4.2 Core Logic [

0420 CoreLogicODODOOODOOO. CoreLogicU D ODOODOO, 00000000000
gbobooobooooobobooboboboboso-bivMbOonogoogooobobobo
gobooooboo.
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4.2.1

0 4.1

goboodbogobgdgboogobogdboogbbdgd MTRRODOO

Module Attribute Host Controller
LLCM Uncachable Read/Write Read/Write
Prefetch Window Write Back Read Only  Write Only
LH Buffer Write Back Read Only  Write Only
Register Uncachable Read/Write Read/Write
Write Window Write Combining Write Only  Read Only

CoreLogic DD DOOOODOOO

goboobooboob,obboobooboobbooboobobobboo,ooba
gbobgobobooooooooo.o4200b0b00b00b0obO0obO, 000000000
goobooobooooobooon.

e LL.CM (Low Latency Common Memory)

gboobobooboboboboboboboooooooooo,obboobobon
gobooboobooobobooboobboo,ooboobbobobooboobo.

Prefetch Window

uboboobobooobooooboob,ooboobobooboboobboobooon
gboobo,0o0bobobobobobobobobobobobobobob SO-DIMM
ugbbooboobbooboobbooboo.

LH Buffer

000000000000 oDOo00oo,00b0o0oo0bo0o0oobOo0oobOoooooon
OoOob0,0000b000bobbudd LHS (Limited-length Head Separation) O O (7 O)
oooooooooooo.

Register

oboooboobooooboboobD DiMMeet-200000, 0000000000000

goo.

Write Window

ubobodoboboooboooooboob,ooboobobooboobooboboooboooon
goog,gjgbooboobobobobooboobooboobooboo So-pivmMooond
ubboobuooboobbodan.

ubboobooboobbo,bobbooboobboobooboobobo,0boobd
gobobobooboobooboobooboboooboo.oob,bbobboobooban
gboooboobooooob,Ppichard20 00 000000000000 MTRRODODOODOODOO
gboboobo,0obo0boooboboboboobo,oboobboobobooboooboboooban

ooobo.0oboo,bobobobuobobo MTRROOOOO 41000,
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LLCM LLCMOUOUOODOOO0O0OO0ODOO0O00O00DO0O00O0O0DO0O Uncachable DO O OO,
LLcMoogooooooobogbooooboooobooboooobobooooboon.
gooo,L.eMioobooboobooboboobooboobooobooooooo,0oobooboobo
0o0o00ooooboooboobO0bOobob0d. UncachableD DO OO OooOo,00b0oooonDO
ULLcMooooooogobo,ooogboobogobobooooob,obgbooboobobo
obooboooooboo,LLeMbogbogoobooooooobobobobobo,0oboobobo
goobooooog.

Prefetch Window, LH Buffer Prefetch Window O LLCM OO OO0, 0000000O000O0O0OO
00000 Write Back OO O OO . Prefetch Window O LLCMO OO, 000000000000
000DOO0O00obOoOooooO.oOd, Prefetch Window OO SO-DIMMOOOOOOODOOOO
00000 00,0000000000000O000O000DO00004d Prefetch Window O 0 OO
O0.0000,Uncachable 0000000000000 O0O0DODOO,000000000000.
O0,WriteCombiningD OO0 0000000 DOOO00O0OO0OO0OODO0OOOODOO,0000D000
00000000000 00000,00000000D00000 UncachableDOOOOOOO
[95].

OO0O0O00000, Prefetch Window O Write Back O OO OO . WriteBackO OO OO, 000 O
do0oO0do0oOO0odoOooDooOOoooOobOoobOOo0oooo, 00000 ooDoOoooDan
000000oooooDbOo0oobOoOono.oon, Prefetch Window OO0 D OO0O00OOOOOO,
doobodoOoooDooobooobooooboooo.

. Jbooogoboobooobogooooboobooobooboobbooboooobooooon
0000000 PrefetchWindow OO OO 0OOD0OOD0ODOODO.

2. 000000 PrefecchWindowU O DO ODOUODOODOODOOOODODOOOOOOO, Prefetch
WindowO OO OUOODOODODODODODODOODOODODOODOODOOO00O0OO.

0oodooooooo,boo00onoooooooboooooooooag [97]. Pentium4 O 0O 0O
x6 OO0 OooooO,L2000000000000000000 CLFLUSHO,OOOOOOd
00000 PREFETCHNTAOOOOOOOOOO [105][106]. OO OOOO,00000000
00, 0000000000000 000000000bO00DbOO00O0O00o0oOooDoOOoOoDOan
o@boopoooa.

LH Buffer 00 Prefetch Window 0 0000000 Write BackOO OO O .

Register Register U0 OO 00000000000 DOO0OOOOOODOOOOOOOOOLOOODO
goboooooooboobgob.obob,bobooboobobooboboooooooboobg,
ooobooboobooooboobooboob0oooboobboobo0obog, Uncachable OO0
OO00O0OD0.Register OO DOOOO, 00000000000 64bit00O0 128bitD 0000000
gboooboboooobobog,LLAMiOOD, Uncachable 100000000000 ODOO
goboobooan.

Write Window Write Window O OO OO QOOO00O00D0O0OOODOOODOO,000,000000
00O0b0b0ob0ob0oobDgogd Write Combining O O 00O 0. Write Window O Write Back O [

ChgooOo00000000ODoO0OO0O0O
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goboobobobooboooobooboo,bbooboobboobboooboobbong
oooooooDooooDo,WriteWindowO OO DOOOODODODOOD.O0O0ODO, Write Window
oooboooobo0oooobo0obooboob.00b0b00d,Uncachable D 0000000, 00
goboobooboobboobooboobboo,oobooboobboobo,bon
ooboooobooobo.00ooobogn, Write Window O Write Combining 00 00 0.

422 CorelLogicOOOOMO

DIMMnet-2 0 Core Logic 421 00000000000 000OO0O0OO0OO, 0000000
gbobobobo

e Window Controller

000000000 ReceiveController (D O)ODOODOOOOOOOO,000000, Write
Unit (O O)O PrefetcchUnit (U O) DD OO0 O0OOODOD0O0OO0OODO.O00O0000O00O0O
0,000, jgggoooooooMMIV00ooooooooooag,
Register 0O OOODOOOOOOOO.

e Receive Controller

0dd0oooooooooooooooooooooooooooooo. ooooo
Prefetch Window 0 0 0 SO-DIMM O O OO OO O O. Prefetch Window OO0 O 000 OO
Receive Controller 1 O OO O0OO0OOO,SO-DIMMUOOOOOOONO Write Unitd 0O O 0O
00000000.00,0000000000 RDMAreadDO0OOODOODOOODO Window
Controller 00O OO QOOOO.

e Prefetch Unit

so-DIMM O UO00000000000DLO0ODbO.b0b0bOoo00ooooboobobon
gbo,buooobobooobobooo,bbooobobooboboboobobooobbood
gbobooboobboobooboooboon.

e Write Unit
SO-DIMMUOOOOO0OO0O0OO000O0O00O0.PrefetchUnit0 000, 000000000
O00000,000000000000000000.
e Status Write Unit

O000odooodd,ReceiveController 1O 0000000, 00000000000
OLLCcMDOO000.00,0000000000000 fullDD00 empty0 000000
O00O0ORegister 00 0000.000,000000000000001IPUSHOODOOO
OO0 LLCMUOOOOOOO AMT (Address Management Table) D 0 OO OO (70).

o AMT Address Table :

IPUSHOOOO AMTOOOOOOOODOOOOooOOooOooooboobooo.ooo 7
goooo.
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042 000000O0OO0OOOO

‘ Source ‘ Destination
(D) Write Window (Local) | SO-DIMM (Local)
2) SO-DIMM (Remote)
3) Prefetch Window (Remote)
4) LLCM (Remote)
5 SO-DIMM (Local) SO-DIMM (Local)
(6) SO-DIMM (Remote)
(7) Prefetch Window (Local)
(8) Prefetch Window (Remote)
) SO-DIMM (Remote) SO-DIMM (Local)
(10) Prefetch Window (Local)

43 DIMMnet20 00000000

DIMMnet-2 0000 0000000000000 00 SO-DIMMO,000 SO-DIMMO OO
0D000.000000000000000000000000004200000.00,0 42
0000000043000.04.20 Local 00 430 CPUAO,Remote ] CPUBO OO O.

(D0 @ O0O000 CPUAD O Write Window 00 000000000000, (H)D CPUADO
SO-DIMMOOO00O0OOC0OOD.0@0000000000000000000000000
0D000,Martini (22.10)00000000 BOTFOOOOOOOOO0OO0O0O0OOO0O00O0O000O
0.00000000 WrittWindow D OOODOOOOO SO-DIMMOCOOOOOCOOOOOOO
00000000,SO-DIMMOOCOOOOOCOOONOONOONONOO0NO0ONODONONOONODONONOQ
oooo.

(0@ 0000 CPUADD SO-DIMMOIOOOOODOOOODOOOO. (50 CPUADODD
000 SODIMMOOOOOOODOOD. (6), @0 CPUBOODODDOODODODDD,OOO
DIMMnet-2 0000 RDMA writt 0000 0. (7)0 CPUAOD SO-DIMMOOOOO0OO0O0O
oooo.

9),(10)0 CPUBO O SO-DIMMOOOOO CPUADOOOOOOCOOOO, 000 DIMMnet-2
OO000 RDMAread 000D 0.

DIMMnet-2 0 0000000000000 00O0000000 (000000)0000000
000000000 @.60).

44 DIMMrnet2000000O0O0OOO

gbooo430000o0ooooboobooboooooboo,oogbobooooboboo
gb.0o00boboobobbo,booboboobobbobooboboobooobooobog.
DiMMnet-2 DO ODODOOOODOOOO0ODOO. DODO,DIMMnet-2 000000 0O0OODOO
DIMMnet-20 00000000000 DOO0OOO,0000D0000000DOO0000O0O0O00O00ODO
ooboo.0o0,b000bo000bbo0o0bb0o0o0b,0bb0d Write Window O Prefetch
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Local Remote
SO-DIMM SO-DIMM
(1) (2)
LILILLY A
4 )\ —T T >y 4 R
] h
1 : > (4)
Write L | |
Window I r I LLCM
CPUA prir [ swiF | inBand SWIF CPUB
O+ 001 I : > (3)
. bt eyl o e = ..'_':.__'..—_':.__':q"' > (8)
(10) < H
\___/ 1 ),
H HEA 4
Prefetch (5)(9) ) (6) Prefetch
Window SO-DIMM Transaction SO-DIMM Window
Processing
1)-@4 =——> Block
(5)-(8) ==r=mm=m=- -
(9) = (10) sssssssmssssnsnsnns >

043 0000O0O0O0OO0OOOOO

Window OO OOOOOOO.DIMMnet-2 0000000000000 DOOOOOOOOOOO
FPGAOUOOOOOODOOOO,000 RAMOOOOOOOOO.O00OO,PC-1600 DDR-SDRAM
000OO00bOO0OOOoD0DOOODO 1Io0MHzOOODODODOODDODODODOODODOODO,FPGALD OO RAM
0dooo00o,000000000000b00D000b0o0b0b0oDOo0bOOoDoOoDOooDon
doo0d0o0o.00oooooo,000boobo0o0o00ooooobooooooOooooon
00,000 DIMMret-2 0000000 20000000000000O00O0.

000000 DiMMnet:2 OO O OO0OOOOOO0OOO0OOOOOOODOOOOOO, LID, WID
(Window ID), PGID (Process Group ID), 0 OO PID (Process ID) 0 400 IDOOODOOO.

LID LIDO InfiniBand OO OO OOOOO,000000000000000DO00O00OODOODO
UO00.LIDO InfiniBandO DO OOOO lebitD D0 O0D0OO000O0O,00000 100 DIMMnet-2 [
gobodoobo,oboobobooboobbooboobooboboooboon.

DIMMnet-2 0 OO OO0 LIDO 16bit 000, 12bit0D 000,000 InfiniBandO O DO OO OO
030200000000000000000. 120it000,00000 406000000000
0ooog, InfiniBand 000000000 LIDODOOODOOO, 0000000000000
gobooboobboooLubgobooon.

WID wibOOO4dOooOooDooooooobooobuoooooooD. DIMMnet-20 00O
ooodbo200000 DIMMeet-2 0000000, 1Ibt00000000OO00O. LIDOOOO
googbooobooobobi1bobbooobobo,oboboooboobooboboooboobooooDo
ULpbooboobooo.gooo,wibooooooooooooboooooooobobooo
gbobobooboboooooooooooo.

PGID PGIDUOUOOOODOOODODOOODOODOODOODOO. DIMMret-2 000000
PGIDDO 00255000 25600 0000.000,00000000000DO,256000000
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goboobooooboobooooobooboo.

DIMMnet-:20 000000000000 0O0O00O0O30720000,00000000 DIMMnet-
200000000000 200000000000,0D0D0DOO0OOODODODOOODOODO
3072x2=6144 000 0000. 0000, b0bO0O0bO0bOooboobOoobDobDboobDoboo
ooooogoo,0bbe440bbooobobooobbOoooboboOoobL.OoOobL,00bon
oooog,pGIDO 13bit0 00000, PCODOOOO0OO0OO0OO0ODOODOODOO0O00O0O0OO0
obobobobobobob,bobobobobobo2s6n,PGIDO 8bitD OO,

gbooboboobo,oboopciDOO0OODOOODODOODOODOODODOODO.0000
obooboboobooooooo, 00000000 DiMMiet-2000000000O000O0ODO0O
o, 00b00oocgPpibb pGIDOOOOOOOODOOODOODOOLOOODOODODODLDOODO
googbo.oooboooogpciDO0O0DOO0OOObOOODOOOOODOODOODLODbOODO
gooboooboooon.

gboobobooobo,0oboboobobooooboboobobooboboobobg
gboooooopelDOOOO0OOODOOOODODOO,000PGIDODOOOOOOOODOO
gooooooboooob.oogobo,boboobobobooooboboboooboobono,paGIDO
goobogboooboobooboooboboobooboobooboobobboboooboo.

PID PIDOO0OUOC0O0O0OOODOODOO0O0O0ODLOODOOOOOODODOD.PIDO LID, OO
wibOOoooooooooO,000000PIDODOODO PID-LID/WIDOOOOOO (0O)OO
gbbobboobbooboobo o wibdboo.PpIDODOO0O0ooooooooooon
gooooo.

44.1 00O0O0OOOODOOO

oboob wWiID,LID,pPGIDODODOODOODOODODN.

PID-LID/WID O OOODOO PID-LID/WIDOOOOOODOOOODODOOODODOOOOOOOO
gobobooboo LD, g wibbOoooooooooooo. obooboooo,bbodg LIDOd
wibOoOooooooooo.coboooobo44000000b0b,0000000D0ODO
goo.ooboboobobobobobobobobobobobobobobobo.
DiMMnet-2 0O D000 00O000O0OODO0ODOODOODOODOOOOO. 000000000
000000000000000000000000000000®200000000000
gboobooobo.DIMMeet20 0000000000000 OOODOODOODOOOOOOODOO,
goboobooobobooboooboobooboobbooboobbooboobon.

WID-PGIDOOOOOO WID-PGIDOOODOOOO,WIDO PGIDOODOOOODOOOODOO
O, 0000000 DIMMret-2 0000000000 WIDO pGIDOOODOO.OO0DOOODOO,
Ubob0o0o00ob DIMMeet-2 DO00O0OD0OODODOOO0OO0O0OO0OODODOOOOODOODO.
obobobob4s500b0b00ODOO.
uoboooboooboooboooobooo,boobobooobooobooobn wWID
gboobooooobo,pGIDOOO. D000 PGIDOOODOODOODOOOOODODODOOO

EANFSODODOOODODODOO0OO00O0O Ethernet 0O
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PGID=X
PID | LID | WD
0 3 0
1 8 1 WID | PGID
0 3
N [ m ] o 1 8
0 44 PID-LID/WID table 0 45 WID-PGID table

043 0000000000000 O0OO0ODOOOOOOO0OO
Module Address
Write Window 0x00000 O
Prefetch Window | 0x10000 O
LLCM 0x20000 O
LH Buffer 0x30000 O
User Register 0x40000 O
System Register | 0x50000 O

goooooboo.

goboobooobooboob,obo0bo0oobooooboobobooobog4eb0n.

45 CorelLogicUUOOOOOODODDODOODDODODOOO

DIMMret-20 0, 00000000000O0DOCO0OO0OO0ODOOO0OOOODODOOO0OOO
00,0000000000O000O00O0O00DO0ODO0DO0ODODO0OD0ObObOODObDbOODO
ooooboooguoboo.000b0boo0o0oggbRegsterl 0000000 O0OO0ODOOO
System Register H D00 OO0O000O0O0O00 UserRegister UO OO0, 00000000 System
Register DD OO0 O0OO0OOOOOOOOOO.

oooooooboooobooboooobooooo,booboobboobooobo43b00.00,043
ooooboobD47000.00,0430000000000,DIMMeet-2000000000
ooobobobobooboboboboobobooooo.

MTRROOOODOOOOOOODOOOODOOOOOO,DIMMeet20000000000O00O0OO
oo, gbooooobooboooooooboobobob.x8e cpubo,oboooonOO
O00O4KByteUODODODOOODOO, 0000000000 4KByteJ OO QOOQ.

4.5.1 Write Window

Write Window 0 512Byte 000 100 Window DO, 000000 40 2KByteyUO O GQOO.
0480 Write Window OO OO0 D OO0 oOooobooboooO.
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~N
Main Memory
Get destination LID and WiD |  PID-LID/WID table
Host using PID as a key PID | LID | WD
Processor »
|/
N M 0
N Y,
Issue a request
(DIMMnet-Z Network )
Interface Controller
—l Generate packet
J Sligdsr?gn\;l/t:gn 1 To network
WID-PGID table Set PGID
Register WID | PGID
0 3
N\ ' )

/

Get source PGID
from the source WID
(Source WID can be got from
the address of Register)

046 0OO0ODOOOOOOOOOOIDOOO

4.5.2 Prefetch Window

Prefetch Window O Write Window 0 0 00 512Byte 00O 100 Window OO, 00000
040 2KByte) DO DO UODO. O 490 Prefetch Window D O DO OO OO0 O0OOoOoOoOO.

453 LLCM

LLCMUOOOODOO0O 32KByteU OO O OOO. LLCM O Write Window [ Prefetch Window U
oo, 0o0oboboooboobo.oo0,obooboboboooobooooooo,IpuSHO O
oobooboooboo,obobogoboobobuobboobboo.g4100 LLeMoonooonog
ooooooooo.

4.5.4 LH Buffer

LHBufferUOOODO0OO4KByteU D OUOOOO. 04110 LLCMUODOOOOOOOODOOO
goog.
LHBuffer OO O0000000O0OD0O0OD0O0O,0000000 L LHBuffer000O000O0OOO0
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Base Address

0x0000

0x1000

—]0x2000

~0x3000

~{0x4000

Physical
Address
Space

Write Prefetch LH
Window Window LLCM Buffer

User
Register

System
Register

047 0O00000O0O0OO0OOOOOOOOOOOOO0O0D0O0

000000000 TalOODOOOOOOO.000000000 LHBuffer0OOO0OO0OOOO
O,UserRegister OO0 Head OO OODODOOO. LHBufferd 64Byte] 1000000, 00
O000000000.0000000064000,63000000000000 LH Bufferd full

gbobobobobobobob.0obob,bob e3bbbobDOobOobDODbODg.

4.5.5 User Register

UserRegister U D 00 OO0 UOO0O0OOO0DOO0OOOOOOOO,b0obO0obOoD.

e NOODODOOODOOODODOOOO

e NUIDOODDOODOODLOUODDOODLOODO

e JO0O0OO0OODOODODOOLOODOOLDO,LLCMUIOODODOOLOOOOODOODOOD

aoo

04120 UserRegister 1O OO0 O0OOO0OOODOOODOOO.

4551 O0O00OO0OOODO

04120000000000003, Command0 Lower, Command0 Upper, Command Ex, Com-
mand1 Lower, Commandi Upper 00 0D 0000000000000 0ODOODOOOOO. O 4.13

gbobogboobboobouooboobobooboaboon.

DiMMnet-2 DO D O0OO00O0O0ODOO,128bit 000 0ODOOO. OO 128bit 0 OO 64bit I Upper

00000000000,00 64bit0d Lower 00000000000, LowerJ000O000OO
000000,0000000 UpperD00000®d0000000000000000000
000000.0000,000000000000000,Upper000000000000O0
O,Lower 0000000000000 00D.00000,0000000000000000

@ YCommand0 Lower 0 0 O Command0 Upper, Command1 Lower 0 O O Command1 Upper
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 0x00000
0x00200
WWO0

0x00400

0x00600

. 0x02000
0x02200
WWi1

0x02400

0x02600

Write Window

WWO0-0

WWO-1

WWO0-2

WWO0-3

WW1-0

WW1-1

Wwi1-2

WW1-3

512Byte

048 WriteWindowOOQOOGOGOGOonO

4 0x10000
0x10200
PWO

0x10400

0x10600

+ 0x12000
0x12200
0x12400

PWA1

0x12600

049

Prefetch Window

PWO0-0

512Byte

PWO-1

PWO0-2

PWO0-3

PW1-0

PW1-1

PW1-2

PW1-3

Prefetch Window OO O OO O0O0O

@goooo)ooboooobooooboooboob,obboobooboobobooboboo
gogboobooo,gb,boooobooobduoobobooobb,ooobbooobboon
obooooobo.ooooobobooodgno,Commando 0000000 0OO00OOOOOODOO
ooooooog SO-DIMM O OO, Commandl O 00O 0O Prefetch Window O 0O O .

Command ExO Command Ex Flag (O O) 0O ODOOO0OOODOOOOOOOOOOOODOOO
o.00boboooog so-bivmMibdbooooooooo,gogboboooooooooDn
goooOoOOoOoDoOoOooOoOoOo.CommandExO0O0O0O0OO0OO,0D00000000000O0O
OOooOoO0oOoOoooOooooonD.CommandExODOOODOOO SO-DIMMOOOOOOOO
O0000O0000bO0oO0o0d. Command ExOOODOOO,MPIODOOOODOOODOODOO
Pack/Unpack U 0O D O0OOD0OOO0ODOODO [18][107](108].

LLCM

0x20000

0x28000

LLCMO

LLCMA1

32KByte

0410 LLCMOOOOOOOO

I4KBWe

LH Buffer
0x30000
LHBO
0x38000
LHB1
0411 LHBuffr00000000
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Offset Write Read
et " 0x000 Command0 Lower :
0X40000 User Register 0x010 Command0 Upper
0x020 Command Ex
User 0x100 Command1 Lower
Register 0 0x110 Command1 Upper :
0x41000 0x200 Controller Status
" 0x300 Primitive Counter Reset Primitive Counter
User 0x400 Prefetch Window Flag
Register 1 0x500 Packet Counter Reset Packet Counter
0x600 IPUSH Area Size
‘ 0x700( LH Buffer Next Read Address LH Buffer Next Write Address
0x800 Module State
. 0x900|  Status Initial Address
‘-‘ 0xa00 Status Area Size :
‘ ‘ 0xb00| Status Next Read Address Status Next Write Address
““ 0xc00 Command Ex Flag :

O 4.12 UserRegister OO ODOOOO

0413000000000000000044000.

0000000000000000000000000 so-DIMMOOOO,00000000
000000000000000.0000,0000000000 DTYPEO Iteration 0, 0 0 O
000000000000000000.0450DTYPEODDOOOOOOOOOOOOOOOO
oo®v,

CLID (Compressed LID) 0 O, InfiniBand 0 0 0 0 LIDO 16bit 00 12bit0 000000000
InfiniBand 0 00 0,00000 460000 16bit0 LIDOOOOOD. 000, DIMMnet-2 0 O
000000000000000000000 307200000000, 0x000100xBFFFO OO
4915100 000000000000,0000LIDO00O0OOO0OOOOOOO.O000, 16bitO

eflag ... DWD

2 BLSS DI N 87 54 0
Command0 Lower B : S
or Size or List or Stride : DCLID | | lteration | 5 |OTYPE
Command1 Lower m
3 B2 0
Command0 Upper
or DSTOff SRCOff
Command1 Upper
3 82 @ 87 54 0
lw]
Command Ex Size or List or Stride lteration | 3 |OTYPE
m

0413 0OD0O0OO0OO0OOOODOOODOO

@H90 4500 1Byte 00 DTYPEOOOODODOOODO,SO-DIMMOOOODO 4Byee 0000000000 OOODO
ooboooooboboooooooood
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044 00000000000

000000 IEEEER 00
OTYPE (Operation TYPE) 5 o0oono @.e0)
DTYPE (Data TYPE) 3 O0000oooooooDooooooooog @
4.5)
Iteration 8 00o0doooooooooooo
DWID (Destination WID) 1 O00DO0o0oooO0DOoooooooDoooooo
0000 WID
DCLID (Destination CLID) 12 O00DOOoooooOobOooooooobooooo
0000 CLID (O O)
eflag 1 O0000DO0o0oooOooooooDoOooooo
O00d0oDoDOoOono ooooooo,1ooooa)
Size or List or Stride 32 OITYPEO OODOOOODOOODOOODODOO
Size 0oo0dobO den)OOOoOoDOOO
List oo0ooooo(@uooooo denO))yonooono
O, 00000000000 Sso-biMMOOOOOonOo
ooo
Stride odooooo(@uooooooogo ded)yoono
ooooooooog
SRCOfAT (SouRCe Offset) 32 SO-DIMM OO0 Write WindowO OO OO QO QOog
O000000oo0oooooooon
DSTOff (DeSTination Offset) 32 SO-DIMM 0 0 0O Prefetch Window O O OO OO OO
oooodoooooooooood

LIDO 9O 126t 00000 12bit0 CLIDOO,LIDOODO0OOOOOODOO. 000000000
0,0000000000000000000000O0O00DOO0OOO0O0.

OO0 CLIDOOO0ODOO0OO0O0O000000000000000 16bit0 000, 0000000
(470)00000.CLIDO0OOOO0OLIDODO00O0OODOO0ODO0O0OOOOOD Subnet
Manager U0 OO OO0 OO,

000000 UserRegister 10000000 O0OOOONO, Window Controller 01 0000 OO0
0000000000000 WID(SWIDO Source WID)O PGIDO OO 0O0ODO. 00O, SWIDO
00000000000000000000,PGIDO SWIDOO WID-PGIDOOOODOO (4.4.1
0)DOO0ODDOOO0O0000000.0000,0000000000000000000000
goooooo.

OTYPEL BOTFO O OOODOOOODOOODOOOODOOOODOOODOOD,D 4140000
O00.BOTFO Write Window D 0000 0000000000®Y0, 00000000000
00000000000000000000.BOTFOO,0000000000O000DO0O0OO
0000000 WriteWindow D OO D OO0OO0D0DOOO0O0D0OOO0ODDOOO, User Register 0 O
000000,00000000000000000.04.140000000000000000

9000000 0000oonoooooO
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045 DTYPEOOOD 1000000000
DTYPE | 000U

3’000 1
3’b001 2
3’b010 4
3’b011 8
3°’b100 16
3’101 32
3’b110 64
3’bl11 128

046 LIDOCLIDOOO

LID | CLID | oo
16’h0000 12°h000 0000 (@Ooon)
16°’h000101 16’hBFFF | 12°h001 (node#1)0 12°hBFF (node#3072) | 000000
16’hCO000] 16’hFFFE | 12°hCO00 12°hFFE ooooooon
16’ hFFFF 12’ hFFF 0oooooon

47000.BOTFO0O0O,00000000 WindowOODOUODOOODOOODOOODOODO, Window
gobooboobbooboooobooobo.

4552 0U00O0ODOODOODOOD User Register

U0000000000 UserRegister 0000000000 O0OO0O0O0O0ODO0OOO0OOO
goboboooobobooobbooboooobbooooobobooooo.bobooobboon
obo48000. 0480 R/ WLHDODOODOoboboooooooobobooo.oo,bo
obobobobobobobobobobob ADOD.

Controller Status Controller Status 0 00 0000000000000 000O00O0000O0O00O
gbooodboooboobobobobobobobobooobobo.bobobooobobobon
ooodod,DiMMeet-2 00000 O0O0OO0O0OOODOOOOODOOOOODOD, 00000

€9
44
84
4%
e

7654 0
OTYPE

Command0 Lower
or Size
Command1 Lower

#MM

€9

Command0 Upper
or
Command1 Upper

0414 BOTFOUOOUOOOODODOOOOOODODOO
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047 BOTFOODOOOOOOOOO

000000 IEEEE 0o
OTYPE 5 00000 (BOTFOOOOOOOOODO)
WW# (Write Window #) 2 00 WindowDOOOODOOOOOOOO
SIZE 10 WW#0OOOO WindowDOOOOODOOOOODO

0000000000 ControllerStatus 000000000 O.00000000O00O00O00O0, Controller
Staus OO0 O0O00O0O0O0O0O0OO0,0000000000000000O0O0O0000,000000
0000000000000, 000000000 bOoO0000oO0o0o0obOo0o0oo0ooOooooo
oooooao.

Primitive Counter, Primitive Counter Reset Primitive Counter U0 000000000 OO0OO
0d46e0)OoooOooDoDoOoDODOoOoOO,00b00O0bOO0OO0DOO0oO0DOO0oOoDOoOooO. ooag,
wiD=0OOOOOO0OO00OO0oOooooooowib=0OOOO0OOO0OO0OO0DOOO.0000o0o0ad
do0oOd0obOO0oO0,00b00b0o0b0d0oodoodooO. 000D obOoobOoooDaan
000, 000b0b00bdo0boodbobobobobooon.

Prefetch Window Flag Prefetch Window Flag [0 Prefetch Window U 128Byte O O (DO 0O) O
gogo,so-biMmMOO0OO0COo0OOoOoOoOO,000oOOO000O0OoooOOoboOoOoooooDo
O000DO0000.000,Window 10000 4bit000000ODO. 128Byte0 00 1bit0O O
OO0O0O0O0O0DOd,SO-DIMMODO PrefetchWindow OO OO OO0 O00OO0OOOOODOOO
O Prefetch Window 0 D 0000000000000 OOOOOOOO.O00O0O0O0OO0O0O0OO
oo.

1. 00oooSsSo-bpimMUObboooooooooooboooD,0ooboo0bogbb Win-
dow OO DOODOODOODO 4°b0000) 00O DO

2. 000000 windowOOODOOUOOOOODOOOOOOOOOO,0D000D00D00DO
gooboobo,bo0boobboob 10040

j.oboboboboboboboboboboboobobooboobo1boon

4. 0000D00ODO0OD wWindowDOOOO 4b1111 0000000000000

Packet Counter, Packet Counter Reset Packet Counter U0 O 0000000 DOOOOOOO
go0od,PrimitiveCounter 0000000000 DOO0OODODOOODOOOODOOODODO.ODOOO
dodbdoobOooobOoo, 0000000000000 ooooooooooooon.

Module State Module State 0 Core Logic0 00000000000 DODOODOOODOODODO
O000000000000D00D00D0. Window Controller O Receive Controller O, 00 0O 0O O
ddoooOo0oooboobObOo0o0o0oobOo0oo,bob00o0bobOOo0o0bo0oOoOooooobOoDOoOoan
dood0o0dodpoodo,000bdbo0b00ogooodbO0Do0obOooDoooOooooDon
oooa.
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048 0O0O0OO0OOODOOODO UserRegister OO

ooooo ooooo | R/W | 0o
0x200 Controller Status Read | DO 0OOO0OO0OOOOODOODOOOOOO
0o0ooobooon
0x300 Primitive Counter Read | 00 0OOOOOODOOOOOOOOOO
oooad
Primitive Counter Reset Write | Primitive Counter (0 00 0O 0O O
0x400 Prefetch Window Flag Read | Prefetch Window DO OO OO0 OO0 O0
ood
0x500 Packet Counter Read | 0000000 0OOOOOOOOOODO
Packet Counter Reset Write | Packet Counter O 0 [0 00 O
0x600 IPUSH Area Size Write | IPUSHO O OODO SO-DIMMOOODOO
O @a)

0x700 LH Buffer Next Write Address | Read | LHBuffer 0 TailO O OO (70)
LH Buffer Next Read Address | Write | LHBuffer 0 Head O OO O (70)

0x800 Module State Read | Core LogicUOUOODOOOOODOOOO
O

0x900 Status Initial Address Write | OO0 O0O0O0OOD0DOOOOOOOOOO
ooogno

0xa00 Status Area Size Write | 000000000 0OOOOOOOOO
0o

0xb00 Status Next Write Address Read | 000D 0OOOOO0OOODOOONO Tail
oooad

Status Next Read Address Write | 00000 0OOOOOODODOOODOO

Head OO OO

0xc00 Command Ex Flag Write | Command ExO OO QO QOO

Status Initial Address, Status Area Size, Status Next Read Address, Status Next Write Address
Status Initial Addressd Status Next Write Address 0 0 0 0 0000000000000 DOO0OO
0000000ooooooooooo.DIMMieet-200,00000000000 “0C00000O
oor“ddooor“soc0ddddooor>boddddooooooodoooooon LLCM
0000O0.00000000 10000 128bit000O,0 4.130 Command ExOO OO OOO
o000, 00000000000 ooooooo.ooo, 0413000000000 oo
ogoooo,049000000000oan.

LLCMUOUO000O000O0000000 I PUSHOOOOOOOOOoOoooooooooooao
O.0ddo,LL.cmMobddooooooboodoooooobooooo, coooouoooo
gdodoooooooooooooooooooooooo. oo ooooboon
00000 Status Initial Address 0 D 0000000, Status AreaSizeO0O 0D OO0O0O0O0O0OOO
OO00O00oobDOooog, Status Next Write Address [0 Status Next Read Address 0 0 0 0 0 O
O00 TalOOOOO HeadOOOOOOOOOOOGQOGQOOQO.
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049 00000000000000O00O00O0000O000
from to
DWID | 0000 WID
DCLID | OO 0Od CLID
SRCOff | 00O OOOOODODOOOOOoOag
DSTOff | 0000 O0O0Ooooon

System Register

Offset Write Read
0x000 SO-DIMM Init

0x100 SO-DIMM Capacity

0x200 MTU :

0x300 SMA Software Reset SMA LID
0x400 :

0x500

0x600

0x700 LID

0x800 PGIDO

0x900 PGID1

0xa00 Controller Reset

0xa00 | AMT Address Table Interface

O 4.15 System Register

Command Ex Flag Command Ex Flag Command ExO OO O0O0OO00OO0O0O0ODOOOOOOO.
0000000 10000000,CommandExO00000O,0000000 192b6it00000
oooooo.

4.5.6 System Register

System Register U DO OO0 0000000000, DIMMnet-2 0000000000000
OO0O00D0.SystemRegister OO 00 415000. 00, 0000000000000 41200
U.04120 RyWwnoooo48000000.0b0booooooboboboboobonoon
gooBOOO.

SO-DIMM Init SO-DIMM Init 0 DIMMnet-2 OO0 OO0 OO OO SO-DIMM O Write Window [
Prefetch Window U OO D OO OD0OO0OODOOOODLOOOOOOOO.ODO0bDOO1000Db00D
So-DIMM O O4O0O0ogno.

SO-DIMM Capacity SO-DIMM Capacity 0 SO-DIMM 1 00000000 Core LogicOO OO
O0obO0oOobOboOooOd.CorelogicOODOO SO-DIMMOOODOOOOOOOOOODOO.
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0 4.10 SO-DIMM Capacity 0411 MTU
ooo SO-DIMM Capacity[MByte] oo MTU[Byte]

6000001 256 (default 00 ) 5’00001 256
6000010 512 5’b00010 512
6000100 1024 5°b10100 1024
6’001000 2048 5’b01000 | 2048 (default [1 )
6010000 4096 5°’b10000 4096
6’100000 8192 oooo default O
oood default [J

DIMMnet-2 00 100000000 8GBytel DU DODLOODOODOOOODOODOODOODO.
ooo,“0c0booboobobboobooboobobooboobobo0o0ooboobold DIMMnet-2
obooborocoboobogooooobooogoo.

0 4.100 SO-DIMM Capacity DD OO0 DO OUOOoOOO so-biMMOOouoooooooD.od,
O 4.16 O SO-DIMM Capacity O 6’b000010 (512MByte) 00000000, 0000000000
oooso-bimMUbdooo.0oooooooooooooooooo.

DIMMnet-2 00 SO-DIMMUO0O000O0O 8ByteU O OO O0OUODOO, 0000 416000000
ogoboboooboboboo.ocoobob 200 Sso-bimMbOObODOooOoooOobOoboooon
U000 Dual Channel DO OO DODOO0OOOO,SO-DIMMUOODODOO0OOOOOODODO.
DDR-SDRAM O O000O0O0O0,1000000000000 x64[bit]DO0O00OO0O0ODOOODO.
goboobooobooobo,bboobooboobboobooobooobbooo,0baf
gboooboooboobooboboobooboo,1obooboobobooboobo0obon
gboboooboobobo,boboboobobobboobobooboob.obo,0bbo
gboooboobooboobooobbooboooobooboo.oog, DIMMnet-2 00 SO-DIMM O
gooobobg oo, g Sso-piviMbogogoooobgoboooboob,0oobobon
gobodgbobooobuooboooooobog.

MTU MTUO DIMMret:2 00 0O0O0D0OO0O0ODOOOODOOOMTUOOODOOOODOOOOO
oooobo.MTUODO InfiniBandO OO OO0OOO00OO00OO0OOO0O0OO,000000000000
U0 InfiniBandO O OO OOOOODOOOOO,000000000DOO00OO0ODOOO.MTUDO
gobobobobooMIugoooooo 411o0o00.gbooMTU0 O, 00o0ooooobn
O Voltaire 0 0O InfiniBand 0 0O 0O 00O 0O ISR6000[109] 000000 MTUODODOODODO.

SMA LID, SMA Software Reset SMALIDO SMAOOUOOOQO LIDODODOOOOOOOOOO
ooooboooooobooo.Libodogboo,DIMMeet-20 000000000 OO0OO0OODO0O
00DO00000000D0. SMA Software Resetd SMAOOODOOOOOOOOOOOOOO
goooobo.oboobooobooobooboboooboOo,00bboob0o0b0o0ob0o0bOo SMA
gooooooo.

LID LIDOODOOOO LIDO CoreLogicOOODOOOOOOODOODOO.
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SO-DIMM2 SO-DIMM1
Oxf 0x8 0x7 0x0
WID=0 | e WID=0
<..................._.....................-...-.-.-.'.'.-.'.'.'.'.'I.':::::::::.-: .....

Oxfff_ffff Oxfff_fff8 Oxfff_fff7 Oxfff_fff0
0x1000_000f 0x1000_0008 0x1000_0007 0x1000_0000
WID=1 | T WID=1
<..................._....................-.-...-.-.-.'.'.-.'.'.'.'.'I.':::::::::.-: .....

Ox1fff_ffff Ox1fff_fff8 Ox1fff_fff7 Ox1fff_fffO
64bit - ) 64bit

0 4.16 SO-DIMM Address (512MByte/module)

PGIDO, PGID1 PGIDO, PGID1 O DIMMret-2 000000000000 0OO0DOOOOOOOO
OO0 PGIDDO CoreLogic0 DO ODOOOOODOOODOOO.00000PGIDOODOOOONO, Core
LogicO WID=0UOOOUOOOPGIDOOOOOOO.OO,PGIDIODOOOOOOOO,WID=10O
gbooborpGIDODOOOOO.

Controller Reset Controller Reset 00 000000000000 ODOOOOODOOODOOO
OO00OdooOoogo. Controller Reset OO OOOOO,00000000000000DO
gooooboboooooo.

AMT Address Table Interface AMT Address Table Interface 0 AMT Address Table D 00 0O 0O O
O0o0o0oo0oooooo.ooo700000.

46 LUUO0OO0OO

U000 DIMMnet-200000000000D0DOOOOOOOOO. 430000000000
gobooboooobooboooo,opobooboboobboobooboboobo.oonoobg
U000goooOn0 VL (VectorLoad) DO ODODOO0ODOO VS (Vector Store) D 00 00O O
gb.0o0,000b000b000booo,boobooboobooobooooboob.oon
oboobobo1oooo,coogoshitdb0b0b0b0bdn. DIMMeet-200000
gboboboboboo4a3000.

4.6.1 NOP (No OPeration)

gbbooobo,bbobbooboobooboaboo.goobooobooboboooboobgd
gboooboo,boobobooboooboboboooboboooboboooobobon
go,00b0o0boboooooobobooooooooooooon.
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0 4.12 System Register U [0 O

ooooo ooooo | R/W | 0o

0x000 SO-DIMM Init Write | SO-DIMM O000O00OO0O0O0OOODO

0x100 SO-DIMM Capacity Write | SO-DIMM 000000

0x200 MTU Write | MTUO O OO

0x300 SMA LID Read | Subnet Manager Agent ] 0 0 O LID O

SMA Software Reset Write | Subnet Manager Agent 0 0 O O O

0x700 LID Write | LIDO OO

0x800 PGIDO Write | WID=0OOOOOO PGIDO OO

0x900 PGID1 Write | WID=1O000OO0OO PGIDO OO

0xa00 Controller Reset Write | D000 0O0O0OO0OOOOODOOOOOOO
ooooo

0xb00 AMT Address Table Interface | Write | AMT Address Table (70 )0 000000
ooooo

4.6.2 BOTF (Block On-The-Fly)

Write Window D 0D 0000000000000 0OOOO00OO0O00ODO0O0DO0O0oOo0oooogn.
UO0O0DO0O0O BOTFODOO UserRegister U DO O UOOO, Write Window DO DO OO GOO 4.7
Hhooooooobooboooboooboooboobooobooboooboobo.boob,boo
goboobooobooboobooobbooboobbooboobobooobooboobobon
UO,RVLORVSOO,000000000O0000O0O0O0DOOO0ODOO0OD.
gbooboooooopclDODO0OOOOOOO,PGIDOOODOOOODOOOOOOOOOO
goooboo,cobogbooooboopelDUb0b000bDOoboOoobDOobbOobOooboDoDO
ooboobouooooogobooobooooooboboobo.00bL,b00D000D0O0 Write
Window OO DO OO0O0D0O0O0OO0O0O0OODOOOO,00000000PGIDOOOO0OOO0O,O
obobobobobobobobuobopeiDODObogoooog.
BOTFOUOODOOOODOOUOODODOODOOOODOOOO WriteWindowDOOUOQOOOOODO.OO
oo,00o0o0ooboobobobobobobobooobobobobob0oboobOo BOTFOO
goboboooobbooboboobo,oboboboooboboooooboobooboboo.ooo,bobo
gobobobobobobobobobobobobobooboooobo.o0bOo,BOTFODOO
U000 Window 1000000000000O0O0,00 512Byted0000O,S512Byte0 0000
BOTFOUODOODOODOODO,s12Byte 0000000000 ODOODOO.

4.6.3 VL OO (Vector Load Family)
vLOOOOOOOOOOO VL, VLS (Vector Load Stride), VLI (Vector Load Index) O 0 0O O [
ooo.

vLOoOooOgg) SrReoffiboonod So-bpiMMUObbngnO,SizeO00000O0OOODOOODO
O DSTOfO D OO OO Prefetch Window DO OO0 OO0 0OD0O0OOODOODOOOOODO.O 4.17
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0413 00000000

oooooQ 00 ooo

NOP ooooo 5500000
BOTF Write Window 1000000000000 | 5500001
VLOO VL ooooo 5500100
(Local) VLS 000oo00ooo 5500101
VLI 0o0oooo 5500110

vsOoO VS ooooo 5’01000
(Local) VSS oooooooo 5601001
VSI 000000 5501010

VLOO RVL 000o00o00o0o 5510000
(Remote) RVLS 000000000ooon 5610001
RVLI 0000000000 5’10010

vsOO RVS 00ooooooo 5’10100
(Remote) RVSS 000000000000 5610101
RVSI 00000o0oooon 5610110

IPUSHO O | IPUSH without LHS | 00000000000 5'b11000
(Remote) [PUSHwith LHSvl | 000OO0O0O0OOCOOO (LHSvIOO) 5'b11001
[PUSHwith LHSv2 | 00000000000 (LHSv200) 5b11010

oooooooooooo.
Prefetch Window 0 Window 1 000 0O0O0OODO S5S12Byte0 000, DSTOf+(OD O OOO)O
Window OO OOQOOOOOO,PrefetchWindow OO OOOODODODODOOoOoOoooooooOooOO.

ViSO Oooooooo) Srecoffddodoon so-biMMOOOOO,SuideDODODODOOOOO
DTYPEOODUOUOOODODOUOUOODODODO IterationD OO OO, DSTOf O O OO OO Prefetch Window
gbobobobobobobobobobo.b48UDbO0ODODODODODODO.
UO000000 DTYPExIteration [Byte] D OO O, DSTOf+(0 0000 O)0 00O Window O
OoobobOobd,PrefetchWindow D OO OO0 OO0 0OO00O0O0OOO0OOOOOOO.

VLI(COODOOO) ListOOOOOOSO-DIMMUODOOODOOODODN Iteration DO D ODOOO
O@ndexOODO10D00OODO 32bi) 0 SRCOAUDDOODOOODOOO (mUODODTYPE) O DSTOff
00000 PrefetchWindow O O OO OOOOOO0OO0O00OO0O0DDOOOO.O0419000000
goooooboo.

OO0000D00 DTYPExIteration [Byte] D OO . DSTOf+(0D 0O OO0D0O)0 D0 OO Window O O
oooboboon,PrefetchWindow O OO OO OODOOOO0DOO0OOOOOOOODO.

4.6.4 VSUOUO (Vector Store Faimily)

vSOOOODOOOOOO0 VS, VSS (Vector Store Stride), VSI (Vector Store Index) 0 0 0O O O
ooad.
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Prefetch Window SO-DIMM

A A

DSTOf SRCOff

transfer

\

Size
Size

0417 0OO0OO0OO0OO

Prefetch Window SO-DIMM

SRCOff

DSTOff I

transfer

stride

14
|
: Istride
|

0418 0O00O0O0O0ODOO (Iteration=4)

vS@OOOO) SrRCoffOOOdDOO WriteWindow OO OODODOODODO SizeODOOD0OODO
oooooooogoo,bsSToffbuooon so-piMmMUOboooooooooobooooog.
g4200000000000000.

Write Window O Window 100000000 512Byte 00000, SRCOf+(D OO OO)O
WindowO O OUOOOOOOO, 0000000000000 00O00O0O00O0ODO SizedDO0O0O0O
goboooo.od,psTof+«(oooo)ydn so-biMmMbOOdooooog, d SO-DIMM O
gboboboboboboboboboobobo.oobooboo,so-pivMbOOboooooDO
obooboboboboboboo@o A).

vSSooooooo) SrReoffindnnn WriteWindow OO DO UOD OO O Iteration U O
DTYPEO O OUOOOOOOOOO,DSTOfODODOOD SO-bDIMMOUODOOO, Strided 0 OO
boboboboboboboobob.04210000b0b0O0o0OooOooooog.

000000 DTYPEXIteration [Byte] D O O . SRCOf+(0 D 00O O)0 00O Window U
oooboooo,00gboobgboob0bbobbbb reerationd 00D 0D obOoboOon. O
g,pSsToft+(0000go)gn Sso-bpiMMO0OO000d0gog,d So-DIMMOOOOOO0OO
gbobobobobobgoobo.ocoooooo,so-pivmMobooooooobobooDbO
gopoooog@o A).
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Prefetch Window SO-DIMM

DSTOff I I List
\ SRCOff

—

transfer

SRCOff
—

0419 000000 (Iteration=2)

Write Window SO-DIMM

SRCOff DSTOf

Size

%

Size

0420 00000

vSI(COOOOO) ListODODOOOO SO-DIMMOOODOOOODO IterationJ OO0 OOOO
O@ndexOODO10000 32bit) 0 DSTOAOD OO OO OO, SRCOFI T DTN Write Window U
Uo00o0boobo0boobob0d IterationJ O O00 (DOOODTYPE) DD ODOOOODOO
oboob.04220000000000000.

U000000 DTYPEXxIteration [Byte] D 0 O . SRCOf+(U D 00O O)0 00O Window U
gbooboooo,o0gboobogobob0obobob0 Ieerationd D00 O0D0OODOOOOO. O
O,DSToff+(D 0000 )+(DTYPE)O O SO-DIMMUODUODOOOOOO,O SO-DIMM OO O
goboobobooobooobooboob.oboobooao,so-piMMbOgonboogooDon
obooboboobobobo@o A).

4.6.5 RVL OO (Remote Vector Load Family)

RVLOOOOOOOODODOO RVL, RVLS (Remote Vector Load Stride), RVLI (Remote Vector Load
Index) 00 O00OD0OO0OO.00000000000,RDMAread0000,00000000000O
OO VL, VLS, VLIOOOOOO.00000000000oooo0 RvS) Oooooooooao
oopooodood.
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Write Window SO-DIMM
$ ostort
SRCOff
I stride
transfer I stride
\ I stride
0421 00000000 (teration=4)
Write Window SO-DIMM
SRCOff I I List
i size=DTYPE | Sl 1\ __ DSTOff
He—
transfer
DSTOff
4—

0422 000000 (Iteration=2)

4.6.6 RVS[ [ (Remote Vector Store Family)

RvSOOOOOOOODOOO RVS, RVSS (Remote Vector Store Stride), RVSI (Remote Vector Store
Index)J0000000.00000000000,RDMAwrite00OO00,0000000000
oo vs,vss,vSiooooaoad.

4.6.7 TPUSHO O (Indirect PUSH Family)

IPUSHOUODOOOOUOOOO RDMAwrite 1 OO0 00000, 000 RDMA write 0 O OO
gbobogooboobobobooboobobogoo,puSHODOODOOOOoOOoOOoooooOOo
goboobo.obog70bobo.ooobobobobUobOo,LHSUb0Dooooooboobo
gbobobobooo.

4.6.8 SO-DIMM U O OO

OO0 DIMMpet-2 00O SO-DIMMOOOOOODOOODOOOO,VLOOOOOOOO vSOoQd
oobooobD20000000000000000000000ODO0O. DSTOft O Oxfit_fiff O
U0 vLOOODOODOOO SReoffn oxfit ifC0 00 vSOOODOODOooooooooooog,
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SWID DWID
SR FW2EE& 2g &% BLEBBEN Se 3> oo 0
[w]
1st 0‘?"%‘2{% Iteration %' DLID 0] [0 PGID 0 [TYPE| Packet Size
m
S 3 BL 0
11
2nd gg%g DSTOff SRCOff or Initial DSTOff
22 2 PE 0
11
3rd  for Stride or List Address Total Transfer Size
GR & B2 & 87 54 0
n . ) lteration |73 | oTYPE
8 = x =
4th ﬁ Stride or List Address (Ex) 0 Ex) T3] ®
& 0
EOP Data Body

0423 00O0O0OO0DOOODOO

Prefetch Unit 0 Write Unit U 0 OO0 00000000000 0O0D0OO0ODOO so-bDIMMOOODO
goooobo.ooo,vLoogoooobo vsgoooboooboobooobooo VL VSI
oobobooobobobooooobooo.ooo,veso vSsoooogoooo,oooooo
gooob,000 FFTOOO0OO0ODOOOODOOODOODODODOODOOOO.

so-DiMM U 0000000000000 0bOObOobOObOOooOo00ooOobOobOoDbOoDbOon
oooboboooooooo,DiMMeet20000000DO0ODOODOOOOOOOOODOODOO.

469 Command ExOUOOOOOOOODOOOO

RVS,RVL, IPUSHO OO DOOOOOOOO0O0O,00000000000000,0000000
goobooboo,oobbooobo.booobo,boobobooboboooobobooboobooon
goboobogbo,0oboobbobobooboRvSOOogooo,vLoooooooboo
Prefetch Window DO 0O 000000 Write Window OO OO, BOTFOOOOODOOOODO.
gboooobobooboobobooooboobo,boooobouoooobooboo.obg,on
oOoDooso-DIMMOOOOOOOOOOOOOODODOODODOODOO Command ExODOOO,
gbobodboobbooboboobbooboobbooboaobbooboaa.

47 OO0000ooooon

DiMMnet-2 000 0O00OO0O0O00ODOODO 423000.

0423000000 e66bitDOO,2bit00000O0O0OO 64D O OOOOOODOOO. OO
2bit 0, 000000000000 00D0O00ODOO0ODO0O,SWIFDO Receive Controller 0 0 0O O
obobobobo.044000000002kt0,0000000000.

Ist DW (Double Word) U 0 3rd DWHO OO D ODOOOODOOOO, 4hDWDHOOOOOOODOO
g.00,000000000000000RVLOOOODOODO0ODOODOODOO0OO0OO 4thDW
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0414 000000

godg

g

01
10
11

goboooboooon
gobooooooo
goooooog

goboooooooooo,sshbWDOOOoO0oOOoO0O0ODOO.000OODO0O00ODO0O0 415000.
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0 4.15

gbobgooaodboooon

oono

[000000

[0000 [ OO

1st DW

Packet Size

12

gobooboooboboobooob Byted o
oo.

TYPE

obooooooooon (g 4.13).

PGID

gbooooobodobo pcIDOOO.

DWID

gobgobooboowibooo.

SWID

gobobooboowibogo.

DLID

gobobooboobooLnpbood.

DTYPE

gboboboobooooooboooobooooo o
oooDooOoooog @ 4.5).

Iteration

gboboobooobooobooooboooobobooo
opoooo.

rflag

O0d0o0ooooood (0dSO-DIMM, 10Prefetch Win-
dow).

eflag

g0 1o0oo0obooboooboooboooooao
o0D0o000.000,MTUDO 2048Byte J O OO
OKByte OO OOOODOOO,00000S50000
oobooobooOo,000bo0o0ddDbeflagh 100
O0.0000eflagd 10000000000O0O0O0OO
gbooooboooooboLLeMoogoon.

hflag

gboboooooooooobooo2000,103
oooooo4000).

Iflag

RVvSOOOO,001PUSHODOOODODOOODOOOO
ob0O00.1lagh 10 RVSOOOOODOO,LLCMO
oboooo0o.00,lagd 10 IPUSHOOOOOOO,
LHSOOOoooOooooooooo (o).

2nd DW

SRCOMAT or Initial DSTOfSF

32

RVvLOOOOOOODODODOOOODOOOO0O0oDoO0Og
oobOooobooogn (SRCoff).RvSOOOooono
o00oo0ooooo0o0OoooDoooOog bpSTofftd
O (Initial DSTOA). Initial DSTOF O OO0, 0000
ob1gobooooboooooooobooobobogo
oo, 000bo0o0oocobobooog.

DSTOff

32

RVLOOOOOOOODOOOOOOOOOOOO0OOd
(oobOo)boboboooboobo.rRVSOOOO
gboooobooooboobooooobon.

3rd DW

Total Transfer Size

32

gboboooooooobooboobooooo@oo
ooo)oooooooo.

Stride of List Address

32

gboboooooooooooooboooooo,o
gboooobooooboobooog.

4th DW

Exdogoo

gobgbobobobooboobooboodgboon.
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050 OO0

400000 CorelogicOODODO, 00000000 O0OOODODOOOOODDOOOODOOO
0, Window Controller, Status Write Unit, 0 0 AMT Address Table O 0 O . O 0O O O, AMT Address
Table OO0 O0O0O0O0O0OOO0OOOOOOOO. AMT AddressTable O OO OO 700000. O
0, Receive Controller, Write Unit, 0 O Prefetch Unit 0 O O [18][104] 0 O 0O0.

gbdodobooooodobooouoodonoooo.oogooobooouoo,oooa
O00000000ooooooooOo SansSenif 00000000 OOOO.O00O0,00000
000000000000000000000000000000000000® b,

5.1 Write Window, Prefetch Window, LLCM, LH Buffer

Write Window, Prefetch Window, LLCM, OO LHBuffter O, 0000000000000 Core
LogicOOOOODOODOODODOOODOODOODOODOODO,000D00D00ODOODOODODOODOn
O0.0000000000 Virtex-ITProOOOOOOOO BlockRAMOOOOOOOODO.

000000 DDR-SDRAMO O OOOOODOONO,2x64bit/clock0 000 O0O0O0OO0OOOO
00.000,0000000Even OddO200000000,00000000 64bitd0O0O
O00000oOoooooDbOO0O DDR-SDRAMOOOOOOOOOOODODO.OS1 00000000
0o0o0bOOoOooo.Een000000OD0DOOOODOOOODODODOOODODO (@M@OO,0000,0
O Write Enable) 0 0 0,0dd0 0000000 0O0OOOOO0O.

0o0odo00odoododo,0o0dbdoodooo0oOdDooobOOoDoobOOooDoooDoOoog
oo0bOOo0obOo0oboooo,000bo00bo.0o00bo0booOooo 430b00000000.

5.1.1 Write Window

Write Window OO0 OO0 0000000000000 00O0O0O0, 0000000000000
0000000000000, WriteWindow O OGQOQOQO 52000.

000000000 Window Controller 0 Write Unit D OO OO O0O. OO0, Write Unit O
Window Controller OO0 O OO0 O0O0000 Write WindowO O OO OOOOOOO.O00O0O0O, Window
Controller 0 Read Enable 0 0 O 0O 0O O O O, Write Unit 0 Window Controller O O O O Write Window
dooodoooobooooooooooooag.

5.1.2 Prefetch Window

Prefecch Window U 00D 000000000 DOOOODOOOOD,0D0DO000DOOODO
ObooboboboboboO. Prefetch Window D OO OO 53000.

ChgooO0O00000000DD0D0DODOODOO
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Write Enable (Even)

Write Enable (Odd)

Even Odd
Address (EVen) ______ > PW/WW 1KByte PW/WW 1KByte € Address (Odd)
LLCM : 32KByte LLCM : 32KByte
Data (Even) =" | |4 Buffer : 4KByte LH Buffer : 4KByte | < Data(Odd)
---------------- BADit e e B4

PW:Prefetch Window
WW:Write Window

0O 5.1 Write Window, Prefetch Window, LLCM O O O

Prefetch Window O O OO O OO0OO0OOO0OO0OOOO Receive Controller O Prefetch Unit O O
O.000000000000000O0000O000O00O0O00O00O0OO00O0O00O0O0OO00OO0O0O,,
Prefetch Window O O 0000000000000 O0OO0O0ODO 10000.

513 LLCM

LLcMoogooogooboobobooboboooboooboooboobobo. LeeMd
goobs4000.

LLCM OO, 00000000000 128t 000O0O0O00O0O0DOO0O, 00000000
e4bit D000 ooooooooooob.gog,LLeMmbogogooboboooooog,go
gboogbooobooboobooo,b0boboobbo0booobooboobooD.e4bitdnn
goooboooooobooog,128vitd0ogooooooobooooobooobooooonn
gobooboooob,FPGAODOOODOODODOODOODDOOD.

ugbodgboooboobobobobooboboboboobuooboobobobooboobg,
64bit 00 0000000000000, 00000000000 obo.0ooob,0o0o0ooo
O 64bitx2=128bit 0 000 0O0O0OOOOOOOO.

5.1.4 LH Buffer

LHBuffer 000 0000000000000 0O0DO0ODO,b000b0000b00O00000
ooobobobobOo.LHBufferd oo 55000,

LHBuffer 000000000000 000O,0D00000DO000O00O0OO0OO00O0O0
O0O. Receive Controller 1 DO D OO0 ODO0OO0DOOODOODOOOOODO. 00O, 0000000
gboooboobooooboob, bbb obb0bboboooobOoU0boUbO. LH Bufter
goboogobooooobooob,boboobooobooooobobooboobooboooboooonD @
0).0oooobooooboboboooooboU LHBuffer 0000000000 O,000
goooodbooooboboboobooboboooobob.boboooobobobDon
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Host Write Window Transaction Processing Block
(Write Only) WID=0 (Read Only)
#0
Address Even/Odd ........................:.....> 4......
i #1
Write Enable Even/Odd R
i #2
Write Data Even/Odd .
# 1
|
! R
WID=1 i ead Enable (from WC)
: A’
: 40 : ! o Address Even/Odd (from WC)
:.....> 4....1' ....... I.... -]
] I =
# | DA Address Even/Odd (from WU)
#2 !
—— . —» Read Data Even/Odd (to WC, WU)
#3

WC:Window Controller
WU:Write Unit

0 5.2  Write Window O O O

oooboooboooooboooobo,booboooobboobooobogobogooDbooDbDooDoOon,
ooboooooOoooooobo0oobooboboOooooobogoo.

Receive Controller U D DO DO OOUODOOD,000 TalODO OO ODOODO, User Register [ [
O00.000000000 UserRegister 00 Head DD DODODODODODODODO. TalOO DO OO Head
oobooboobobooooboboobooobobooobobD,00b0obogob Receive Controller
OfullDO0O0O000O.

5.2 Register

4550000000, Register 00 000DOOO0O0OO0ODOO,00000000,000000
gboboobooboobo.ooboob,oboboboobuoobooboboobobooban
gboooboboo,oboboobobobooobobooboboobobooooobonbon
g.00,0boboobgoboooboobobooboooboboboo,obobbobobobbo
0o0oo00oooob.0b0b0b000b00bO0bOn Address, Data, 0 O Write Enable 0 0O 0O O
Obo0o0d.AddeessD 0000000000 ODO0ODOO,0Db00000DO0O0OOODOOOO (T
5.6).

521 0000000000

ooooobooooo so-biMmMO O OO, 0Do0ooobooooono MTuOOdOOd, Core Logic
000000000000 00000000.00000000 UserRegister01 0000000
OOD0O000, Receive Controller, O O Status Write Unit O O O, System Register 1 OO0 00 0 OO
000000, Window Controller 0 O O .

0o0oo0obooboooooooboobooooboo,ooboooo,0o00o0boooa
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Host Prefetch Window Transaction Processing Block
(Read Only) WID=0 (Write Only)
#0 ----Address Even/Odd (from RC)
Address Even/Odd =========sssssssrerunnas PRl = R ERRRLLEEEEELEEEEELEEEEEE Arbiter
H #1 : ----Address Even/Odd (from PU)
: #2
Read Data Even/Odd €—-=—=-—- —I——n—— <
i H #3
i PO N T Write Enable Even/Odd (from RC)
H WID=1 H Arbiter )
| N Write Enable Even/Odd (from PU)
! #0
! ..... » |- ==
| #1
I
H #2 —— Write Data Even/Odd (from RC)
L.——. — « Arbiter
#3 [ Write Data Even/Odd (from PU)
RC:Receive Controller
PU:Prefetch Unit
0 5.3 Prefetch Window O O [
Host Transaction Processing Block
(Read/Write) (Read/Write)
LLCM
WID=0
Address =========sssssssssasaaan :.....: T ....... _I ..... + Read Data
4 I Write Data
I_._.._..i_._ S ITEE !
! : I Write Enable
I : WID=1 : ;
Write Enable Even/Odd i |
..... » [ = el = el e
Write Data Even/Odd T > <
Read Data Even/Odd === = s mmsmm s .- IECCETECLCPTTECLEPFECLPRPEED Address

054 LLCMOOO

gobobooboobooboo(@oboboo)o,0o0boobooboobooboobdg wibOd
gobobgobobgoob.boobobobooooooooooobobobooboobo,0o0oboobo
oobobob.gobobogoobooo,obobobobob,bobOobob sabon.

522 0O0OO0OOOOO

0o0o0bO0o00oooOoooobOooobooooDbo0oooboOoooDooOoooooO. oba
OO0000O0O Window Controller 0 0 O Request FIFO (5.3 0)000000.00000O0DOO0O
O0Ooooo,0o00 WindowController 0000000 OOOOOOOOOOOOO.

1. 00000 Command0 Upper (Command1 Upper) DO OO0 O0O0O0O 64bit0 00 O0O.

2. 00000COCCOO0O00DODDOCOO0O0OO,00000 CommandExODOOOOOOOO
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Host Transaction Processing Block
Read Onl, Write Onl.
( Y ) LH Buffer ( y)
WID=0
W]
Address =======smmsmsanenaannen Hl e - :
H Ring Buffer et Write Enable (from RC)
I
i WID=1
l---d
| s |
Ring Buffer <
Read Data Even/Odd <=—s=—s=—- i I — : )
| «— Write Data (from RC)
! Address
Head Pointer | | Tail Pointer |f--=--=- > full (to RC)
¥ n
: v
LH Buffer LH Buffer
Next Read Address Next Write Address
User Register

055 LHBuffer000

gbooboooooooo.

3. 00000 Command0 Lower (Commandi Lower) DD O 0000000 64bit0000DO.
CommandO0 Lower (Command1 Lower) D0 OO0 OO0OOODO, 00O Window Controller [
ugooooboooboboodooooog.

4. Window Controller 0 Request FIFOO OO O OUOOODOOOOOOOODOO, 000000
O.Request FIFOO OO OOOOO,000000000000.

0000000000000 00O00000g0oooooon, UserRegister 0 OO Controller
Status (OO0 A)O obitD O DO OOOOOO0O. OO, Controller Status [ 2bit O O O Request FIFO
Oamostfull OO ODO0O0OO0OOODOOOOOO,0000000000000000000DOO
gobooboobboobooboboooboooboo.

000000000 Window Controller D 0 O Request FIFOO O D OODOOOOOODOO,
128bit 0000000000000 0O0O0O (SO-DIMMO 0, Prefetch WindowU 1), 129bit 0 O WID
goooo,Bohitd oo @ s h.oooooooooobooboobboobobog,
128bit 000000 Core LogicUODODDDOOODOOOOODDODO. CommandExOOOOO 5.70
130bit 00000000 Request FIFOO OO OOO. Request FIFOOD D ODOODOODOODOODO
U0, wibOODOOOOOO Window Controller 0, 0000 0O0O0ODO0OOOOOOOODOODOO.

O0O00O00O0oBOTFOODODODDDOODDDD 64bit0 00000000, Command0 Upper
(Commandi Upper) DO OO0D0OOODOOODOOOO.O00DOO,BOTFOOOODOOOOOOO
go,00boobooobboooboooboo.
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o AdAreSS «ennns Address | .. _.._._._.._..
Write Address * Decoder r |

Address |

Read Address=-=====x===x-+ *  Decoder

Register #0

Register #0

""""""" I
i
i
[}
i
i
= =
] Register #1 Host
g ’ I

Data

Write Enable DMX
.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Register #n Register #n

(@Ub0d0b00ooboooboboooon G)Oooboooobboooboo

gs56 0O00-00000000O0

sl 0doog

0000 00 IEEER 000

JOooodgdonO | IPUSH Area Size 3’b010 | Receive Controller
Status Initial Address 3’b101 | Status Write Unit
Status Area Size 3’b110
Status Next Read Address | 3’b111

goooon SO-DIMM Capacity 3’b001 | Window Controller
MTU 3’b010
LID 3’b011
PGID (WID=0) 3’b100
PGID (WID=1) 3’b101

00 INVALID 3°’b000 | ALL

5.3 Window Controller

Window Controller 1 D D OO ODO0OO0OO,00000000000000 SWIFODOOO,
Write Unit, 0 O Prefetch Unit O OO OO O. OO, Receive Controller 0 O 0 RVLO OO OO OO
gooo.

Window Controller  Request Acceptor, Request Executor, Request FIFO, [0 1 Configuration Reg-
ister U0 O0O0OOO. Window Controller U DO D0 5800 0.

Request Acceptor U, U 000000 0O0O0O0O0OOOOOOODOODOO Receive Controller O O O
RvLOODOOOOOOoOOOOoOOoO,0boboboo,boboboboboboobo,0oboo
UO0DbO000000D00d. Request Executor 0 Request Acceptor U DD DO ODOODOOODODO.

Configuration Register U, U 0 0000000000 MTUO pGIDOCOO0OO0OOOOO0OO
gobobobo,041000000oooooooooo,gopoooooog.
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62
8
L
9
€9
)

Command0 Upper (Command1 Upper) Command0 Lower (Command1 Lower)

WID Receive to
0:SO-DIMM
1:Prefetch Window

057 UserRegister OO OOODOOOODOOOODOOOODOOODOO

SWIFOOOUODO FIFOO O D OO OO, Window Controller 0 [0 4230000 66bit0 00 0O
oobOooOFFOOOUOOD.O0O FIFOODO CoreLogicOODODOODOOOO 100MHz O SWIF
oooobooobog 125MHzO00000000. Core Logicl 100MHzUO 0O OO0 66bit0 000
oo0,0bgbogbDedbit 0000, DIMMret-2 0000000 0O0OOOOODOOOODOO
800MByte/s U O O . O O, Window Controller 0 0 SWIFUO O O OO SWIF O O Receive Controller
oboobobobobobobOob,bob0ob0obob0obobOob 1.6GByte/s 0O

5.3.1 Request Acceptor

Request Acceptor 0 0 000000 DOODOOOODOOOOODODOODOONONOO, Request Executor
000000000000 00OOoDbOOd. Request AcceptorI 0 5SO000000OO0OOO.

1. NOPOO OO (DCOOOODODODO), 000 ReceiveController 0 OO0 O OOO0OODOOOOO
googd.

e JIIIDUOUOUODDUUODL,DUIUUDDUUOODDOUOUDDOO Request FIFOO OO
0 Read Enable 0 HighO O, REQO OO0 OO.

e 00D OOOOLUODOUOIDOOOONOPOOIDOODO.
2. REQORequest FIFOO OO OOOODOODOODOODOODODOO.
e ReadEnable LowOO,REQINOOOODO.

3. REQINOODODODDOOOODODDO, Request Executer 0 [0 0 O Request Enable 0 High O O
gbobo,boobooboooboobooooboooo.

e WAITODODOO.
4. WAITORequest Executer 1 D 0D 0000000 0D0O0O0OO0OO0OOOOOOOO.

e RequestExecuter OO0 OO OOODOOOONOPOOOODO.
e JO000DOUOOOOODDOOOWAITOOOOO.

Request Executor 0 0 0 000000000 OOODODOOOOODOOOODOOOOODOOO,
Request Acceptor 0 Request FIFO O U 000000000000, 00000O0O0OOO. 0ooO,
O00D0O0O0OD0O0O0ODO RequestExecutor OO OO ODOOOOWAITOODOODOO.
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Register
PGID, MTU,
SO-DIMM Capacity, ~ Request from
eftc... Register
R e :
Write Window : Window Controller I
|
Read  Read | |
Enable Address Data | v Re?oureato';FO I
2 ‘ : Configuration |
: I Register Request FIFO I
I for Receive Controller | )
| I Receive Controller
I Request ' Request from
! Acceptor | Receive Controller
I Y :
| Request
I Er?able Request Request Ack :
| ) 4 v y J
| ~ [
+ »
---------------- e !
| e verinenn] prressesenenan Write Unit Busy
Vector Load | |
Request l——1  Vector Store . :
Vector Load | Request Executor | Status | Write Unit
Prefetch Unit Vect%?tfoa d I I Vector Store
e
Status > I Request
|
Prefetch Unlt Busy --------------- ] ------------ ’ :
| A |
I SR S e [
i 66
v i
Write Data SWIF FIFO
Enable Enable
SWIF

O 5.8 Window Controller 0 0 O

ugboboo,oo0booboobobo,bobbooboobbobobooboobbooba
gobobooboobooooooooo,ooooooobobobobgobobo,0bobobo
gobodgboooobooboooooan.

5.3.2 Request Executor

Request Executor J Request Acceptor U J 0000000 0D0O0OOO0OOOO0OOODOOOOO.
Request Executor 0, 0 000 0000000000000 000O0O0O0,0000000000
00000000000 (@5.10.0000000000000,00000000000000
00000000000,00000000000000000000000,00000000
0000000000000000000000O0.

Request Executor 1 Request Acceptor 1 U 0 00O OO0O0OOOOOOO0OOOOOO0ODOOO
00,0000000000000,000000000000000000000.00000
00000000o0o0oooo®?0,000000000000000000.

G20 4130000 5it0000000 26it000
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< G

Regeust from Host or Recv Cont

Ack from Request Executor

) il
[ REQIN ] sme-REQIN | WAIT ‘\
\ No Ack from
equest Executor

O 59 Request Acceptor U OO O OO

533 BOTFOUOOOOOOO

Request Acceptor ] 0 00D O000D00 BOTFOODOOODO,O0s5110000000000.
BOTFOOOOOOOODOOO0OOOO0O0OO00O0O0O0O0ODOOO0OO0O0O0®d000,0000000
0 Write Window D J00000.0000,0000000000000,0000000000
0oooooooooo.

1. PRMOOOOOOOODOODOOO WriteWindowO OO OOOOOOGOGOO,0000000
0 O (Transfer Counter) OO OO 0O.

e JO000ODOODODOODOODODOOL,ODODDODODODODOO,ODOO0DODO
oooooooo,pPRMODOOO.

e JODOOODOOOOO,SWIFFIFOOOUODOODOOO WAITOODDOO.

e JOODOOOODO,000 SWIFFIFOOOODOODOODO, Write Window 0 O [
ooooooob,BOTHHOODOOO.

2. WAITOSWIFFIFOOOOOoOooooooo.

e SWIFFIFOODDOODOODOO, Write Window 000 O00O0O0OO,BOTFHH OO0
uo.

e SWIFFIFOOOODOOODOOO WAITOODOO.

3. BOTF1O Write Window D0 00000 0OO.

©31000 64bit
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Request Acceptor

Request I Request Ack

Request Executor Controller

! ! t
i i i
| | i
i i i

1
1
19]05

Ashg
1senbay

t
i
i
i

- ]

41049
IAd
SAd
HSNdI
A
SA
SO 10§ S8INPOY

1

1

1

1
1sanbay
1sanbay

l Packet

SWIF Prefetch  Write
Unit Unit

0 5.10 Request Executor

e TransferCounter 0 0O OO 0O0O,BOTF200000.

4. BOTF20 Write Window O D 0000000 OO Window Controller 0 O OO0 00O QO O0OO
O000.00000000000000O000O0O,PGIDOOOOOOOOOOOOOO
oooooon.

e Transfer Counter#1 0D 00000000000 O0O0OOOO,BOTR3IOOOOO.
e Transfer Counter=1 000000 BOTFEND1 OO OODO.

5. BOTFOO 000000000000 0000000026it000000000000 SWIF
oooboOo.writeWindow D OO0 000000000000 0O0OO0OO0OO0OOO.

e Transfer Counter¥1 D 00000000000 O0O0OO0OO,BOTF4O00000O.
e Transfer Counter=1 000000 BOTFEND1 OO OO DO.

6. BOTFAOBOTR3U DO OOOOOOOOoOoDOOOO26it0000ononooo0Og SWIF
oobooO.writeWindow D OO O DOOUOOoODOOOooOoOoooooooOoooooooDo.

e Transfer Counter#1 D 00000000000 O0O0OOOO,BOTFR3IOOOOO.
e Transfer Counter=1 OO0 0000 BOTFEND1 O OO ODO.

7. BOTFENDIOSWIFOOOOOOOOOooO.

e BOTFEND2O O DO DOO.
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Transfer Size |= 0
Transfer Size =0

PRIM

SWIF FIFO is almost full &

SWIF FIFO is not almost full &
Transfer Size =0

BOTF1

A

State = BOTF1/
Decrement Transfer Counter

Transfer Counter =1/
State = BOTF END2 BO

WAIT

SWIF FIFO
is almost full

SWIF FIFO is not almost full

A
u

Transfer Counter = 1 Transfer Counter = 1

Transfer Counter = 1

BOTF END1

Decrement Transfer Counter
' BOTF3 l
A

Transfer Counter =1/
Decrement Transfer Counter

i

State = BOTF END1

BOTF END2

0 5.11

BOTFOOOOOO

8. BOTFEND2D DO O OOOODOOOOOO.

e PRIMOODDODO.

534 vLOOOODOOOOOOOoODOoOoO

Request Acceptor OO OO OODOODO VLODOOOODOOOOODOOOO,0s5 12000000

gooog.

(l BOTF4 l

vLOOODOODOOOO PrefetchUnt OO0 O0O0ODOOOOOO, Window Controlller O Prefetch
UnitDO0O0OO0000O0OO00O0O0O0ODOO, 00000000 boooOoobooOooo00ooa.

1. PRIMOPrefetch Unit 00O OO0 OOO0DOOO.

e Prefetch Unit 0 notbusy D O O, Prefetch Unit 00 00000000 O0O0O,VL1OO

ogoo.
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Prefetch Unit is busy

WAIT

Prefetch Unit is busy

Prefetch Unit is not busy
Prefetch Unit is not busy

State =VL END SRCOf 1= Oxffft_ffff

VL2 l SRCOff = Oxffff_fff
Prefetch Unit is busy

Prefetch Unit is not busy

0512 vLOOOOoooooooood

e Prefetch UnitO busy OO O, WAITODOOOO.
2. WAITO Prefetch Unit 0 notbusy OO OO OO O.
e Prefetch Unit [ notbusy D 0 00, Prefetch Unit D 0 0000 O0D0DOO0OOO, VLT O
oooo.
e Prefetch UnitO busy OO O, WAITOOOOO.
.veioso-biMMOO00OOO0OOOOOOOOOOOO.So-bIMMOOOOOOO,vLOO
ooooboooyvsSogoouobooooobobouoogooob.oboobo,oovsogo

goooooooo,writeUnitDOOO0OO0OOO0OOOOOO,SO-DIMMOUOOOOOODO
PrefetchUnit D0 00000000000 O0O.

e JODOUODOODNO SRCOffU oxfif_ it DO0,SOo-DIMM U OO QDOOO
O,VLENDDOOODOO.

o SRCOff0 Oxfif_fif U UL UODUOLO VLOOUODODOLOOoDOoooooo,vekado
ooo.

4. VL20 Prefetch Unit 0 notbusy 0 0 0 O OO O. Prefetch Unitd notbusy 000 O, 0000
oooooooag.

e Prefech Unitl notbusy OO OO, VLENDOODODO.
e Prefech Unitd busyO O O,VIL200000.
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; Write Unit is busy &

PRIM Primitive = VS
)

Primitive = VSS or gl Write Unitis notbusy & - \ite ynit is not busy
Primitive = VS

‘ =
>
_|

Write Unit is busy

Primitive = VSI &
Write Unit or
Prefetch Unit is busy

Primitive = VSS &
I Write Unit is not busy

VSS1 —
Primitive = VSI &
Write Unit and Prefetch Unit
are not busy

A
L
@

Primitive = VSS &

Write Unit is busy
Write Unit is bus

Write Unit is not busy

State = VS END

<
wn \
m
Z
@)

0513 vSOOooooooooooood

5. VLENDOOODOOOooooooooo.

e PRIMOODDODO.

535 vVSOUOOooooooooooooo

Request Acceptor 1 0O D0 000000 VSOODOODODODOOODOODOO,0513000000
gooa.

vSOOOOOOoOOoOoOO writeUnitOOOOOOOO0OOO, Window Controlller 0 Write Unit O
d0o00od0ooOoooboooooo,0b0bo00b0o0o0bobOo0bobOo0oDo.oOoo,vssoad
0000000000000 DO00D00O00000D0DO00D000000000Od Write Unit O
doooooa.

I. PRMOOOODOODOODOOOVSOOO,0bO0O0bOOoOooboobooooo,b0booo
U000 writeWindow O OO OOQODOOoOooOoooooOoo,0bobooooooboon
gboboobooboob.bobooboobooobobo,booboobboooboon.

gooooooooooovsSSooo vsSIoOgo,DTYPEO Iteration D OO OO0 OO O
O,SRCOff0 0O Write Window OO0 D 0D ODOD0O0ODOOOODODOODODOO.

e JOUODOODODOODOO VSOOO, Write Unit 0 not busy O U O, Write Unit 0 O [J
oooooobogoo,vsiooooo.
e JIDOOOODOODDOOVSOOO, WriteUnitO busyOOO,WAITOODOOO.

e JODOOOODOODOOOVSSOOOVvVSIODOOO,vss1ooooo.

2. WAITO Write Unit 0 notbusy OO OO OO O.
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e Write Unitd notbusy OO OO, Write Unit D0 000 O0OOODOOOO,VS1O00OO
oo.

e Write Unit busy OO O, WAITOOODOO.
3. VSS1IOPRIMO O ODOOODOODOOO WriteWindow 0 00000000000 ODOOOO
000,00000000 WriteWindow 0OOOO0O0O0O000O0OO0OOOOO,0000

U00000o0oboo0n IterationOD O O0O0O0O. Iteration0 0 000 O0O000O00O,00000
ogbobooboooo.

e NOUOODOO VSSOUOO, Write Unit notbusy D OO, Write Unit U O OO0 O OO
goo,vsioooono.
e JOODOODOO VSSOOO,Write Unitd busy 00 0O,VSS1O0O00OO.

e JOIODOODO VSIO OO, Write Unit 0 Prefetch Unit O not busy O [ O, Write Unit [
0000000, PrefetcchUnit0 0000 0000O0O0OCO0OO,VS1OO0000O.

e JODODOODO VSIOODO, Write Unit 0 0 O Prefetch Unit 0 busy 0 0 0, VSS100
ooo.

4. VS10 Write Unit J notbusy 00 000 00. Write Unitd notbusy 0000, 000000
goooo,WriteUnitO OO DOOODOO (O 5.80 Vector Store Status) U User Register U [
ooo.

e Write Unitd notbusy DO OO,VSENDODODOOO.
e Write Unitd busy DO O,VS1OODODOO.

5.VSENDOOOOOODODOOOOoOOOoOOoOO.

e PRIMOODDODO.

536 RVLOOOOOOOOOODOOOOO

Request Acceptor 1O DO ODOOO0OO0O RVLOOODOOOOOOO, 00000000000
obobobooboob,bosi40oooooooog.

RvLODOOOoDOOOO,bo0bbogobboobbooobobooobobooobooboon
obobooooobobob,042300000 1stDWO4thDWOOOODODOODOOOOOO
gooo.

1. PRIMOSWIFFIFOO ODOOQOOUOO.

e SWIFFIFOOODOOOODODODODODOODO 1stbwWwO SWIFOOOO,RVL1IOO00O0O.
e SWIFFIFOOOODOOOO,WAITOOODDO.

2. WAITOSWIFFIFOOOooooooooo.

e SWIFFIFOO ODUODODOOODO, 00000 1stDwO SWIFOUOUODO,RVLIOODOOO.
e SWIFFIFOUDOODOUODOO,WAITOOODOO.
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SWIF FIFO is almost full

a*
\—

SWIF FIFO
is almost full

SWIF FIFO is not almost full
SWIF FIFQ is not almost full

State = RVL1

State = RVL END l RVL2 l

State = RVL2

(o)

State = RVL3

RVL END

0514 RVLOOOOOOOODOOOO

3. RviiD 00000 2ndDW O SWIFO OO OO,
e RVL2OODODOO.

4. Rvl2a20 OO0 OD 3 dDWO SWIFOO OO O.
e RVL3IOODOOO.

5. RV 00000 4hDWO SWIFOOUOOD. OO 4hDWOODOOOOOOODOOO
uboboobooobooobobooobooo.

e RVLENDOOODOO.
6. RVLENDO OO UODOODOOoobooboDo.

e PRIMOODDODO.
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Receive Controller O OO OO RVLOODOODOODOOD RVSOOOOOOOOOOOODOO
0. Receive Controller H 0 0 RVLO O ODOOOOOO0OO,00 RVLOOODODOOOOOOOOO
0o0o0oo0obOob.0b000,RVLOO00O0D0O0DOODOO Receive Controller 1O OO 00O O
oo, 00ooboogboRYSOO00OoooboooooobOoobOo.bo0obo0obO, Window
Controller UD D UODUOOODOODODOODODOO,RVSOODOO0OOD0OO0ODODO (0.3.70)0
goboogboooon.

537 RVSOOOOOOOODOODOODOOO

Request Acceptor U O DO ODOODOORVSOODOOODOODOODODOO,0sS515000000
goooo.
RvSOOOOOoOOoOOoOOoOOOoOOoOOooOOoObOOobOOoooOo,00o00ob0obDooboon
gobooboobooooobo,obogbbooboobboobooboooDoD.

. PRMOOUOOOOOOODOOORVSOOOO,0000000 (Total Transfer Size) U U,
Ubooobo0ob0obo0oooooobobod (DataCounter) OO OODO.O0O,10000
OboobooobooboboobobobobuoooobOobOoboOg (Last Packet Flag)y 0 O O
O.

O00ob00o0ooonoOoDbORYSSOOO RVSIODOO,DTYPED IterationO O OO 00O
gooboo.

e J0IOIDDOOODDOO RVSODOO, Prefetch Unit [ not busy O O O, Prefetch Unit
0000000000 000O,RvS10000O.

e JIODODOODOOOD RVSSODO O RVSIO O O, Prefetch Unit O not busy U O O,
Prefetch Unit OO0 OO0 0O0OO0D0OOO00OO,RVSS1O0O00O0OO.

e Prefetch Unitd busy D OO, WAITOODOODO.
2. WAITO Prefetch Unit 0 notbusy O O OO O O0O0.

e Prefetch Unit[J notbusy OO0, 000000000000 RVSODOO, Prefech Unit
O000000000000,rRvS10000O.

e Prefetch UnitU notbusy U DO, 000000000000 RVSSOOO RVSIOOO,
RvSS1OOOOO.

e Prefetch UnitU busy DO O, WAITOODOODO.

3. RvSid000000Oooo 1stbwi 2ndDWOOOOO. O 0O0O0O0OO0OOOOOOOOOO
Total Transfer Size 0 OO0 0O, 0000000000O00O00OO.

e SWIFFIFOOOUODOO,000000O0O30000000RVS200000.
e SWIFFIFOOOUODOO,00000O0DOO 20000000 RVS3OOOOO.
e SWIFFIFOOOODOOOODO,RVS1OODODOO.

4. RVS20 0 000000D0O 3dDWOODODOO.

o PrefetchUnit D00 OO UO0DOOO0DOOOOOOODOODOO,RVS400000.
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10.

e PrefetchUnit 00 0O O0OO0DOOOOOOODDOODOO,RVS200000.

. RVS3OPrefetch Unit 0 0 0O O0D0O0OOOOO.

e PrefetchUnit 00 0O DO O0D0OOODODOOOOOODOOOO,RVS400000.
e PrefetchUnit 000000000 OOOOODOOOO,RVS3OO0O0OO.

RvS4DOODOODOOODOOOOOO SWIFOOOOD.OOO,0000000000000
gboobooooboobo20b00b00b003000ooon.

e JDOOUOODOODOOODOO,RVS4AODODOOO.
e JID0OOOODOODOOOODOO,RVSSOODOOO.

. RvS50 DataCounter 01 0 00O OO0, Data Counter 0 00 0 O O O Prefetch Unit O O O O

oooo SwiFooooo.

e DataCounter J OO OO OO,RVSSO0OODO.

e JODOOO RVSOD OO, Data Counter 1 0, 0 O Last Packet FlagO D OO0 0 OO
0o00,00000000D0bOO000O0 RVS100O0O0O0.00,000b00000OO
0oo0OO0,0000b000b0000b0o00oDbOo0ooboOoOo,00ooo0oooon
Last Packet Flag O OO 0 [J .

e JIDOODOONO RVSSOODO RVSIO O OO, Data Counter O 0, O O Last Packet Flag
0000000ooo,rvSsS1oooon.

e Data Counter J 0,00 LastPacket FlagO OO OO DOOO0O RVSENDOOOOO.

.RVSS1OOO0OOODOOOOOO,100000000O0O00ODOO0O0DOO0ODOD.

e |1000D0O0ODODOODODOO LastPacketFlagO OO ,RVS100000. 000000
gbooboooooooooooooooo.

e HO0O0OOOODODODOOOO,ODDO0O0DLODODOOOOOOOODOODOOOOO,
RvSS2O0OOOO.

RVSS2O0RVSS1 OO OOODOOOOOOO DTYPEQOUODOOOOOODOODOOOO
gbooooo,0o0oooooooooooooooog.

e RVS1ODODODODO.
RVSENDOOOOOOOOOOOODOD.
e PRMOOODDO.

538 IPUSHOOOOOODOOOOODOOO

IPUSHOOOOOOOODODOODOOooOOoRVSOOOooooooboooooo,0oboobo
ooooooobD. oo, LHSO00000odgb0o0ood dPUSH with LHSv2) O 0O OO Write
WindowOOOQOOOOO,000000 SO-DIMMOOOOOOOODOON, Prefetch UnitO OO
ooooboooobood,WwriteWindow D OODOOOODODOOOOOOO.IPUSH, OO LHSO
gbobob7000000.
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5.4 Status Write Unit

Status Write Unit 00, Receive Controller 0 D 0 OO0 00000000000 OOOOOOO0O
O,LLCcMO0000000000000000D00D0DO0. 0 5.160 Status Write Unit 0 00 0 [
oopoooooooo.

Status Write Unit 0 Request Separator U 0 0 0000000000 0OOOOOOOOOODOOO
O00,000000000000000000D000£0. Request Separator [ Receive Controller [ [
OO0O0O0O000d, Request Write Enable U Status Write Enable 0 0 O O 0O O O O, Window Controller
dod0o0dbdodbdoOooodbOooDoooOobOOooDoobOooooooboOooDo.oooan
000000000000 00000000D0 413000000000. Request Separator [ [
OTYPEOOOOOODOOOO,RVLOOOODOOO Request, 100 O0ODOOOOODOODOOO
oopoodoooooooog.

Status Write Unit O , Request Separator 0 O 0 0 000000000 DOOOOOODOOODOOO,
LLCMOOO0OO0OO0DOODOO0OO0DOO0ODOODOO0O0, User Register 0 Status Next Write Address [0 0 [
O 0. 00, Status Next Write Address O Status Next Read Address O O OO, LLCMOO0O0O0O
gooobooooboooboobbboob.00bbo0obo0obU0bO00obUoUooOobOOgd busy
OO0000,ReceiveController 0 D 00000000 OOOOOOOOOO.

Status Write Unit 0 3000 000000000O0O0ODOO. O 5.170 Status Write Unit 0 0 0O O
goooad.

00000000000 2200000000000000000, WRITE1DODODO 64bit O,
WRITE2O OO 64bit 00000, OO0O,000000000000000000,000¢0
000D000000000DO 30000000. ReceiveController 0 D00 O0O0O0OOODOOONO
0000000000000®9, Status Write Unit 0 0000 00000000000000O0
odooodooopooooooono.

55 Uooooon

0000000000 DIMMnet-2 000000000000 OD0DOOOOOOODOOOOOO
O XilinxOJOOOOOOooooIISEODoDoooood.
00ooogs2000.0000000000000000 (SynthesizeyOOOOOQOOoQ,d
000 (PlaceandRoute) DO O00000. 00O, PrefetchWindow O OO OO OOOOOOOOOO
o0bO0bO00obobobobouoobouoobuoobooob. ALL DO Core LogicOO DO OO, SWIFO
dodoooooooooooooooo,ooooooobooboooooooa.
0s520000,CoreLogic0000O00O00O0OOMO WriteUnitd O OO 100MHzOOOOOO,
0d0oo0ooooobooooooo.oooood,PC2100DDR-SDRAMO O OOOOOOOO
00 133MHzOOOOOOOOOOooOOoOOoOO writeUnitOOOOOOO0O0O0OoOO0,000000
0o0obOo0oOooooOo,000bo0,00b0dboo0oobo0oobOo0oooooDoooDOon
dododoog FIFO000ooooooooddoooooooog. 0o, Write Window, Prefetch
Window OO OOQOQOOOOOOOOOOO,0000000000000000A0.
SWIFOOOOOODOOOoOooooooooooooob,000bono 100MHzOOOOOO
00, 0000000000000 ooooooonbnO PC-1600 DDR-SDRAM

G90p0080000
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052 DIMMeet-20000000000000000000O00O0O0O0O0O0O

Module Slices Block RAM clock [MHz]
Write Window 13 4 N/A
Prefetch Window 2 4 N/A
LLCM 196 32 382.190
LH Buffer 305 8 306.227
Register 869 0 291.424
Window Controller 2481 12 139.228
Receive Controller 756 0 175.180
Prefetch Unit 2234 8 112.771
Write Unit 3331 0 98.184
Status Write Unit 341 0 195.090
AMT Address Table 57 6 306.654
ALL (Synthesize) 17761/33088 (53%) | 150/328 (45%) 93.595
ALL (Place and Route) | 19406/33088 (58%) | 150/328 (45%) | 100.120 (Core Logic)

125.597 (SWIF)

000000 Xilinx ISE 8.2i SP3
000D 00O OXC2VP70-7FF1517C

gobodgbooobooboooooobog.
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; Prefetch Unit is busy /
If Primitive = RVS,

set Data counter and

If number of packets = 1

Last Packet Flag -> 1

Prefetch Unit

Prefetch Unit is not busy & Prefetch Unit is not busy & is busy

Primitive = RVS / Primitive = RVSS or RVSI
Set Data counter and
If number of packets = 1,

Last Packet Flag -> 1

Prefetch Unit is not busy &
Primitive = RVSS or RVSI

Prefetch Unit is not busy &
Primitive = RVS

SWIF FIFO is
almost full

Number of packets = 1/
Last Packet Flag -> 1
Set Data Counter

RVSS1

SWIF FIFO is not SWIF FIFO is not
almost full & almost full &
Number of lines of ~ Number of lines of State =RVSS2/
packet header = 3 packet header = 2 Set Data Counter

Number of packets = 1

RVS2 ) ( RVS3 ]4\ RVSS2
D Data is
nota trzalc’isyj \ not ready

Data is ready Data is ready

RVS4

Packet headers transfer
has not been finished yet

Packet headers transfer

Last Packet Flag = 0 & has been finished

Data Counter =0 &
Primiive = RVS /
If next packet is last packet,

Last Packet Flag -> 1
\G/

Last Packet Flag = 1 &
Data Counter =

Last Packet Flag = 0 &
Data Counter = 0 &
Primiive = RVSS or RVSI

Data Counter =0/
Decrement Data Counter

State =RVS END

RVS END

0515 RVSOOOOOOOOOOOOD
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&9

——————> Request

~» Request Write Enable

Data ———> Request
Write Enable - ) Separator
Status
Receive Write Enable Status
Controller
_______ R
A A
Busy < Status Write Unit

v

Address Write Status
En

able

LLCM

0 5.16 StatusWrite Unit U 0 OO0 0000000

NOP

Status Write Enable = Low

Status Write Enable = High

State = WRITE2

[ WRITET }

‘(l WRITE2 l
State = WRITET

O 5.17 Status Write Unit 0 OO0 QOO0

Window
Controller

Register
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el UUODOOOODMO

oooo0,5s0b00bdbob CorelogicU DD ODOODOODODOOD.OOODOO BOTFOO
gogoog -So-biMM O 00,00 RvSOOOO So-DIMMOOOO0O0OOODOOOOO0OO0OOO
gooooooog.

61 UO0O0O

goodbodelb,00deldb0.0ObOb0DelOOPCOOODODO,ODODO?2
O, InfiniBand 00000 2m 000000000000 O0OO.

6.2 BOTF

goob BOTFOODOODOOOOODO.BOTFOOODOOOOOD, 0000000000000
ogooboboobob.gob,BOTFOOOOOO So-bDiMMOOOOOoOooOobDOoDbOobDOoDO
gboboboobooooooooo.

BOTFOOUOODOOODOOOOODOO0O0ODOO00O000O0DO00D0000000 Write Window [
oooobo,0bgogooobobobooobobobobDoooobobooDoobob, PO
oooboooooboo.ogoooooooboobobboboog,b0423002bit00000DOO
oboobooooobo.100b00ebit0 0, 00000000000DO0DOO0OOODODOODOO?2
04000,000000000000000O0DO0O0O0.Window 10000D00ODOODO 512Byte
ooooo,1o00BOTFUOODODOOOOOOLOOODOO0,0000 20000000 496Byte
oboo.00boboboboboboz20000oooog.

Write Window U OO0 400 Window OO OOOUOOOOO,000 WindowdODGOQOGOQOO

061 0000

Node CPU Pentium4 2.6GHz (2625.918MHz) L2=512KByte
Chipset VIA VT8751A
Memory PC-1600 DDR-SDRAM 512MByte
DIMMnet-2 x1
oS RedHat8.0 (Kernel 2.4.27)

Network | InfiniBand Switch | Voltaire ISR6000
Switch Module SW-6IB4C
cable 2m

Compiler | gcc 3.3.5 (compile option: -Wall)




el oooooooog 91

061 0OOODOODO

ooodBOTFOOUOOOODOODOOODOOODOOOD. O 6.20, Write Window [ Window #0 [
0 Window Controller 0 D 00O 000000 DOO, 000000000000 Window #2000
gobooboboobooooboboboobooooboboo.0b0obo BOTFOOUODO Window
ooboboboobobooboo.

621 0U0OOOODOO

Oooooooooooooooo,0ooooco0ooBOTFOOOOOOOODOO. BOTF
oooooobOoOooOoboOo,bo BOTFOODOOOOO.ODOOoOODObOOoOOOooOoDo
OSO-DIMMOUOODODO.O0000D0O0O000 8ByteD O 1984Byte 1 000 0O0O0DODOOOOO.
1984Byte 1 00000 BOTFO 400000000OO0000OO0ODODOOOOODOOOOO.
0000 WindowOODODO 1,2,40000.

O0o0o0O0ooooooobe30, 0000000 64000.

OO000D00000 1984Byte OO O0O0OODOOO0OOO0OOOO WindowD 1000000
00O 297.44MByte/s, 2 O O 463.55MByte/s, 4 0 00 520.31MByte/s 0O 0. Window D 00 00O
00000 BOTFOOOODOODOOOOODOODOOOODOODOO. WindowD 10000000,
ooooOoogoosooBytelODDODOOOOODOOOODOOOOD.100 BOTFOODOOOO
OO0DO0O0ODO0ODO49Byted 00,000,100 WindowDOOODOOODODOODOOODOOOOO
Oo00000ooooo.0obo00,000004%Byte0 000000000 O0OODDOODO
gooooooooOo,00ooooooooooo.ooo,0ooo0ooobooooooo
oO0O0Oo00DOOo0oOO0o0D, 00000000 DoO0b0O0O,b00b0000 496Byte 00
Ooo00ooooooooooooooon.

0000 WindkowOOOGO 1000 2000000000000000O0O0DODDODOOO,20
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: Window | SWIF FIFO
 Controller'

To SWIF

Host Write

Packet Header

Data Body

062 BOTFODOOOODOO

062 [O0ODO 16Byte, U0 496Byte 10D OO UODOONO Core LogicOD OO OOOO

good uoogog [us]
gbobobobobobobobo,BOoTFOOO0OO 0.407
U000 CoreLogicU OO DUODOODOD SWIFODO O 0.660

obo4000000000D0000DOODOODO.ODOD0DOUDOOODODOO Core Logic
oboooooboobobooooboboboboboonbD.0bo 16Byte, 000 496Byte 00 0O O
oboobobBOoTFOOOOOOOoOOoooooobooobobobobobooboonoe200d.
0620 CorelLogicDODOUODOO RTLOODODOODOODOOOOOODLDODOO.

gboobobooog,00 BOTFOOO0OO0O0OO0ODOD WindowDUODODOO, OO Window
O CorelLogicUODOD0ODODOOOODOODODOODOODODO. CoreLogicOOOOO
ooooooobobobuoboobOo,bobobobdg CorelogicOODODOOOooonOO
gbooobob.0obobboobO0windowDODOODOOD, 000000 BOTFOOO Core
LogicOOOOOOOO,000000000BOTFOUOOOODOOODOOOOOOO,ODO000O
obooobooooboobo.oobo,0b0b0bbo0ob0obb00bD0nd CorelogicODOOOoOO
gboobooob,windowOODOUO20004000000000000000000000D0O0
g,0bo0oooboooobobooboboooobo.ggoooo,oobobooboboooobooon
gobo,DIMMret0 000000000000 DOOO,00000000000000D00O0O0O0
obobooo FPGAOODDODOOODO,00D00000000000,000 WindowdOODOO
gooooooooobooobo.obog,window ODOOODODODOO,00000000000000
gboboooobobooobobobuoobobo,bobobobooboboobobLon
gobogboobboooooan.

UbO0ob00oo0oOooonDg 16Byted 000 8Bytel U 24Byte D 000 0.632us 00 0O 0. RTL
U00bDgogonogd CorelogicOODODODOODOODUODO,0100us0 00000, 000000
obobobobos3sysbioogoooo.0bobobobobobobo,ooobooo.

() boboboboboboo



el oooooooog 93

600 "~ —————— 4 WW, Unidirectional | T T
2 WW, Unidirectional . .

1 WW, Unidirectional

500

400

300

Throughput [MByte/s]

100 [ e 1

0 500 1000 1500 2000
Data Size [Byte]

063 BOTFOOOOODO@OO)

(2) BOTFO OOQOO

3) BOTFOOOOoooood

gboobo,@3ob0000gbg PC-1600 DDR-SDRAM O ODOOOOOOOODOOODODOO
obooooobooboooooboobobboo.00bob0obooooboOobog, Uncachable O
goboobooboooustbog.obog,@3@obooobofo343usoonbon
goboo.boobgooooobooboooboboobooobobooboboobooobo,mobbo
0.076us, 2)DO0O O 0060us DO DO ODOOODODODOOODO. ODOOOODLDODOOOODOD
gooobgob,booboboobobooobooboooboboooboboooobobLon
gbogobob,obobugoubogooooooboboobobooboboobobod
goboobooobbooobooobooooboaoo.

622 00OOOODOO

goboobooooboooo,0o0boboob BOTFOooooooooob,boboobo
BOTFOOOOOOOODOODOO,00 BOTFOOOOOODO. bo0obOoobooobooo
Window OO UOQOO0O0OO0OODOOO00O0ODLOOOO.000O0ODOO0bO0obOOoD esS0,0000
gbgdeodnd.

UoOoooooob m984Byte 000000 O0O0OOODOOOODO,Windowl 1000000
00O 556.08MByte/s, 2 0 [0 908.20MByte/s, 4 1 O 1037.18MByte/s U 0 U0 0. DOODO0O0OOO
gbooobob20000000000,CoreLogic0000O00000O0O0OODOO0OOODOO
ooobogooo.goobooooboo8Byte 000 onoonD 0.740us0000. BOTFO PIO O



el oooooooog 94

10

4 WW, Unidirectional
2 WW, Unidirectional
1 WW, Unidirectional

Latency [us]

0 500 1000 1500 2000
Data Size [Byte]

064 BOTFOUODOO@OO)

gooboooooboobob,0bob 1GByte/sU D00 O0O0OOODOODOOOOO,O0 2200
gbooboboboboobRDMAOOOOOOOOOOOOOOOOOO.

623 U0OUO0OODODOBOTFOOOOO

goooooooboooo,obob BOTFOOOobooooooobo,bobuobuobobooboo
oobooobooooboooboooOoboUooboOobObOO0b.oobO0ob0OobooboOooDo
goooobooboooobo,0obooboogoboob BOTFOOoooboooo.obobobooobog,
BOTFOOUOUOoOoOoOooooooooooboooooboo,boboooboooooooooooo
oooooOoo0oboO0bOOoOooO0obOOoO0bOoOoO0bL.0o0oDOoO0O0O0obDOo0O0O0n0 Window O
oboboooboboooobooboo.oobo,dbod windowD 4000000000O,000
00004 Prefetch Window O SO-DIMMUOOOOOOOO.

gbobogoooobobgbe70,0000bO0ODbe8O.0DODOODOODODOD 200
O,RTT200000000.

OooOooDDDObO m¢984Byte 0D DODODODOOOOOOOOO0O Window 100000000
209.71MByte/s, 20 00 296.52MByte/s, 4 0 O SO-DIMM O O DO OO OO O 298.95MByte/s, Prefetch
Window 0D 0O D0 O0ODOO 32322MByte/s U O OD. OO0 OOOOODO SO-DIMMOODOOO
0000 1.82us, Prefetch Window O O 1.76us DO DO 0. O 22000000000000000
OOO0ODO0,RHINET200000000C00O0D0C,RHINET20000000000 back-to-back
000ob0b0obO0obOd, DIMMnet-2 0 InfiniBand OO DO OOOOOO. InfiniBandO O OO O
ooboooooopmooog,0o38sus0dd.0o0n,dn back-to-back DO OO0 OO
go,So-DIMMOUO0OO0O00O0 1.44us, Prefetch Window DD OO0 OO000O0O 1.38us0O000.
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1200 "1 — 4 ww, Bidirectional [T TTiTTTTTTTTTTTTTTTTTT P )
2 WW, Bidirectional . .

1 WW, Bidirectional

1000

800

600

Throughput [MByte/s]

T . ]

200 [P oo 1

0 500 1000 1500 2000
Data Size [Byte]

065 BOTFOOOOODO@OO)

DIMMnet-2 D0 0O ODOOOODODOODOODOODODOODODOODODOO 100MHzO, 0000
goooobooo,0ogobboobooobobooboobbooboobbooboooboon.

624 BOTFUODOUOOOOODOO

UoooogBOTFOOOOOOOOOO,000000000 2KO64KByte DO OO,O
obooooooooooobobobobobnoboo.0obd0 WindowOOO 2,00 400
go.

gboobo,0b0o0booooooboboboedst,0bobooboobooboogonbgelonbgn.

U0bD0o00bD0o0bbo0o0oUd wWindowD 200000000 521.89MByte/s, 4000000
00 631.11MByte/sDUO0O0. 00, 000000000 WindowUd 200000 1049.84MByte/s,
400000 1163 70MByte/s D00 0. DO0O0D0OO0OODOODOOO0O0OOODOOOO0OOO0OO
OoooboobO,e4KkBytel OO ODUOODOOODODOOOOODOODLOOO. 00,0 2KByte OO
gbooboooooboboboboooooobooboboboooobobobobooo,BOTF
oboobgoboobooooooo,oboboboboboooooboooooooboon0,BOTFOO
gobooboooobooobooo.

Oo0o00ooboO0ogoBOTFODODOOOODOOO Windowd 200000000 517.22MByte/s,
400000000 56491MByte/s0 0D 00. 00000 0ODOOO0OO,000,00000000
oooog,0o0b0obdb 2kByted D000 oooooboboboboooooonD. o
go,0000000000000b00bO0000 BOTFOOOOOOODOOOO,0b000D00
obooooooobooooboobooboboboboobooboboo.b2KByte 000000
O BOTFOOUODOODOODObD4000D00D00DO0OO0OO0,D0DODODODOO,0DDODO
gbobobobooooooooooooo,ooobobooobobobob,boboboOobo
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10

4 WW, Bidirectional
2 WW, Bidirectional
1 WW, Bidirectional

(o2}

Latency [us]

IS

0 500 1000 1500 2000
Data Size [Byte]

066 BOTFOUODOO@OO)

g.00oboo,0obooobooobooobooboob,0boobooboooboobooboooo
gobooboobbooooobog.

ood,BOTFO plIOOOO0OOO, 0000000000 ODOODODODOD,OO,0000
gboooooobooboboooboboooooboboooooooooobobooboobooo,bobo
gboboooooboobobobooboobo.oboo,bobobooobobobobon,d
gooboobooso-bivMbooogoooooogon.

6.3 SO-DIMM [ O[O

gogoso-biMmMUOdbogoobogbooooooboooboboooobg. SO-DIMM O d
goboooooboobo,oboboobobooboo,bobo,obooo so-pvMbOgnoooon
goboobooobboooboooboooboobooon.

631 U0O0O,0000000000

gooobooobooooobooo,booboobobooRrRvVSO0ooOoooOo,0o0o0oboOoo
gbooobooobobooooboooboboobo.ob,oboooboobooobooooog,
goboboooRvSOODoOoogoooDogo,0bogooobo RrRVSOOogooooooooog,
gbRvSOOOOoOooo.ooogoogel1ogn.

oooooobooboogon 727.20MByte/s U OO, DIMMnet-2 OO0 0000000000
0 800MByte/s [1 90.9%0 0 O 0O OO O. half of peak throughput 0 564Byte D O 0,0 22000
gbobodgboobboobooboobobooboabn.
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400

——————— - 4WWto PW
350 [ | ———— 4 WW to SO-DIMM
2 WW to SO-DIMM 1 :
1 WW to SO-DIMM ! ! -

.

300 [~

250

200

150

Throughput [MByte/s]

100

50F

0 500 1000 1500 2000
Data Size [Byte]

067 0OO0OUOOOOODBOTFOOUOODOO

Uo00o0pDoobo0oooOoon 9os3soMByte/sO O O0O.BOTFOOOODODOOOOOOODOOO
gooogooogooo,So-bpivmMibnoooooobgboooobobooobobo.oo,bobon
oboobob windowDOOODOOOOOODOODO BOTFOODODOOODOOOD.O0OO,BOTFO
0oobobooboboobob0od Write Window I SO-DIMMUOODOODOO, SO-DIMM O 0O O
goooboooooboog so-biMmMOdn,dodnoO Prefetch Window O O O SO-DIMM O O
Ub0o0bD0ob0oDogn WriteWindow OO O SO-DIMMUOUOO0O0O0OO0O0ODOODOODODOODOO.
ooobooo,BOTFO plOO0U0OD0OO,000D00DO0ODODODLODODODODODLODO
g,so-bDiMM O 00d0ponoogoboooobooobbooboboooboo,0bbooboba
gboboobo.oo,BOoTFO000O00O0OO0O0OO0O0O0oO0oo0o0oooooboooobobobo
gbpbobooooooobooboboooooo,so-pivMbObbooboooooooooooDo
gobooboogooog.

so-DIMM U000 0O0O0ODO0O00O,0000000000000000 64Byte 1000
081usU0 D0, 000000000 0OD0ODOODO 8032Byte 000 1.09usO DO OO, BOTFO
gbobobob,0boobobooooooooooooo.

632 U0O0O0OODOOOSO-DIMMUODOOOOODOO

goooboooooboo,oboooRvSOb00ooooooOo,0obooooboboobooo
gooooobobooboooboboboobob.boboboobobobobobonon
gobooob,gbobo0obooogoRrRvSOoooooobooo.ocgoobo,0obogb SO-DIMM
gogooog,so-pivMbObboooboooooboooooooboooboobooooboong.
Oooboooooon ved SO-DIMM O O Prefetch Window D OO OO0 OO0 OO0OOO, O
gbboobooboo.obgoooobooboo,ooboobbobbooboobgad
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10 T T T

————————— 4 WW to PW

4 WW to SO-DIMM
2 WW to SO-DIMM
1 WW to SO-DIMM

Latency [us]

0 500 1000 1500 2000
Data Size [Byte]

068 0O0O0OOOOOOBOTFOUOOODOO

obooooobogo,0bbobobu0e4Bytel 0D OO OoOoO.0O0b0OOO 6.120
go.

Sso-DIMM U O0U0O0O0ODOODOOD0O0OD0OO0O0O0 65043MByte/sD 00O 0. 0000O0O,000
Oo0o0booboboooboobOogn 22636MByte/sU 00O, SO-DIMMOUODOUOOOOOODOO
gbooboboobooboob0o.oob,0b00b0128KkByte 000 o0oooo, 0O
oboobobobobobob,1e3MByte/sU OO0 OO0 ODOOOOOOO.OOD,00D0O0
ooooboooboobooo,0bbooogooobog 23637MByte/sU 00, 00,0000000
obobobobooooooobobobobobD.000b0obOon WriteBackOOOODOO
goo,0oboboooooboboooobobbooobbooooooobooo,oooooobg
ooboooboobooooobooooDoo. 00, Prefetch Window D 00000 2KByte DO O OO,
so-DiMMUOO0OO0O00O00DOO0O0OOOOO,bbbboOO000oobO0oobo0o0boobooo
gboogoooo,obobooboboboooobobobgogo.so-biMmMUObooooonon
go,0000000b00b0ob,bobooooooobobgoso-bivMibOgnogoooooDn
gboboobogboo,oobboobooboob,obboboboobooobbooobad
gobooboobboooboobooon.
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99

Throughput [MByte/s]

Throughput [MByte/s]

0610 OUODOOOOOOBOTFOUOLOOUOOD (OOUOODO2KByteO)

D e —— . e oo
: ; : ‘ : N
1000 T o R e
) e e
S2 Tt 3 ; 3 3 3
600 [/ T e e b et e e L O
g ‘ : ‘ ‘ ‘
.
400 [ oo s ‘ ‘ B
' ' : — 4 WW, Bidirectional
2 WW, Bidirectional
200 I A R R ————- - 4 WW, Unidirectional | |
3 3 3 ——e—e—e 2 WW, Unidirectional
0 i i i i i i
2000 10000 20000 30000 40000 50000 60000
Data Size [Byte]
069 BOTFOUUODOOUOO (@MDOODOOO2KByteO )
GO0 [~~~
400 [f/ - T ooopooooooooomoooooeoos 1
1 100 e 1
200 ettt ettt ettt ettt ettt ettt it sttt At 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4aWW |
100 2 WW
0 1 1 1 1 1 1
2000 10000 20000 30000 40000 50000 60000

Data Size [Byte]



el oooooooog 100

1000 |- + Unidirectional f----------- i”’”””””””‘i ””””””””” %’””””””””‘3 ””””” 1
=—t— Bidirectional : ; ‘
800
%)
9
>
@
S 600
5
Q.
=
(@]
3 400
<
|_
200
0
10 100 1000 10000 100000 16406
Data Size (Log Scale) [Byte]
06.11 SO-DIMMOOO ODOOOOO

800 : : ' : ' a

—>¢— SO-DIMM to SO-DIMM ; ; ;
700 SO-DIMMtoHost [T A T
—— SO-DIMM to Host (Area Fixed) ‘ : ‘

600

500

400

300

Throughput [MByte/s]

200

100

10 100 1000 10000 100000 1e+06
Data Size (Log Scale) [Byte]

0e6.12 0ODLOODOODOO SO-DIMMOOO
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070 00000000000

goobooobbooobbbooo IPUSHO LEHSOOOOOODO. 0ob0bOOoooobog
gbooboboboobobuoobobo,bobobobobooboboooobobod
obooooooo«“gbo>bobob.0b0b0ob0do  biMMeet2000000000O00ODOO,
gobooobbooobooobobooo FrPGADOOODODO,000D0DOO0O0ODLDOOO0
000000000 DIMMiet-2000000000000.0000000, DIMMnet-20 00
goboobooobbooobooobooooboaoo.

7.1 IPUSH (Indirect PUSH)

RDMAOOOOOOOOOODOOO0ODOOO0OO0OO0O00O00023.100000.0000000
OIPUSHOODO,O0OOOOODODOO0OODOOOO0OO00OOd.
IPUSHOOOOOOOOOOOOOOO0ODO00000000000000000000000
00000,00000000,0000000000000000.0000000000000
00,00000000000000000000000O000000000000O00O0an,
000000000000 00000000.00000000000000000000D000
000000000000000,0000000000000000000D000,00000
0000000000000000000000000000000000000000000
000000000000D0O0o0O0n.
OO0,IPUSHOOOOOOOOODO0OO0O0O000000000000000000000000
0.00000,0000000000000000000000000O000O0O00DO0O00O,
0000000000000 0000000000000000000000000,0000
00000000000000000000000000.00,0000 IPUSHOOO,000
RDMA write® Y0 PUSHO OO DOO.

711 0O0O0O0OOO0OOO

IpPUSHOOOOODOOOOOO0223.10000000000000,00 VPUSHOOODOOO
g.00bg0oImwusHOoo0ooooooooooooooog.

e NIUIDDOOODOODL VPUSHO DO, ODOODLODOODOODLDDOOODLOODDOOD
ubboobuodgboobbooboobobooobooan.

e JUUIDUOODLOODOODOLODOODLDODDUOLO,DDDbODODOODOODLOOD
gbodgboo,gboobuooboooboobobbooboobogb.bob,obod
ubobo,boboboobooobobooobooooobooboaon.

© DDIMMnet-2 0000 RVS
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071 MPIODOOOOOOOOOOO (OOOus)
QsNET II | Myrinet-2000
QM500 | M3F2-PCIXE

Host 0.8 0.3
Network Interface 0.8 2.8
Network Switch 0.1 0.4
Total 1.7 3.5

I[PUSHOODODOOOoOoooooooooboobooooooooooooboboooooo
00o0o00o0oOoDOOo0,0000000000000D00000DO0000000DO00D00DOOd
oo.0oooooooobooooboboooboOoooo,boooDbbOoOobOoObOOobOOoOoDbon
oooboooOoobooOoobo,jooboo0dooobo0obooOoo0obooboOooooobOooo
gboboboboooboooooo.

oo,lpUsHOO0O0O0OOOOOOOODODOOO0OOOOObOOOOoOoDObOOoOODObOOOD.o
OO00000 unexpectedmessagequeue 1 00O OO0O0O, 0000000000 0O00OOOOO0O
gooobooobooooobooo,0ogobboooboooobboo.0oog ALPUDO
oo.

7.1.2 IPUSHOOOODO

23.10000000000000000 VPUSHOOODO,ODODO RDMAODDOODOOODOOO
gbogbobuoobobo,boogbobodgbobobuooboboboaoboobobod
goboobooobooboobooobbooboobbooboobobooobooboobooban
o.00bo,00boboboboboooobuoboboo,MyrinetU 00D obooooooDO
gbogbooooboobobooobobuooboboobobooboboo,oboobobod
gobobobobobobobobobobobobobobobooobooobD 200bobODbO
goo.

ubbogobooboobboobuooboa,uob,obbobbooboobboobdgd
obobooo,gooooooboooooboobob.ooooooo eelbbobobogo. @
O [66] 0 00DO, Myrinet-2000[411 0 MPIOD OO OUOODOODOOOO0ODOOODO 35us000, 0
O0,QsNETINUDO 1.7us000. 0000000000 0O0O71000.

g7i1o00,000oobooobooooobooooboobooobooboobooobobooboOon.
Myrinet D O O0000O0000D0O00O0O0O0D0O00O0O LANai-XPO RISCOOOODOOODO,00
ooooo0oboobooob0boob0o0b0ob0oOn,QsNETIHO Eland 00O RISCOODOO
gboooboboooo,oboobobobooboobooboboboobobooooobobon
goooboo.

goog,lpSHOOOOOOOOO, 000000000000 000Db0b0OO0b0ObOO
goboooobbooobbbooobbbooobbuooob.0o0bbb,000b RDMA
goboooboooogo,ooogIiptSHOOOODOOOOOO,0000000000000DO0
goboodgboboooo.

gbobobgooobobooboboboobobooboobooboobobooboo.g
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( N\
Host |, Read Data Receiving Area
Processor -
Buffer 0f = |
Set Modify ——
AMT Address Head Pointer Baffer 1 i |
P N | Bufer 2 Eo
Address i -
Management
AMT Address Table Table (AMT) .-~ . ., .
AMT Address0 Head 0-{ Tailo -{" | : Buffer N| .= .# |
AMT Addresst1 Head 1 | Tail 1 : LT )
AMT Address2 | Address | Head 2 | Tail 2

Status Buffer

Write Data % "
§

AMT AddressN Head N-T "TailN |~ .
Head/Tail Modify 7\
ID Pointer Tail Pointer
Message .
from Network I
> Receiver Wrife Status
Modify i
N K Tail Pointer| ,.*"
etwor! =Y .
Status B ]
Controller Po,'merl Head -] Tail |
\ J

g 7.1 IPUSHODO

O0000,000000000000000000000®2000000000000000
0o0@E3dgooo0000,00000000000000.0001IPUSHOOOOOOOOOO
O00000000o00o0o0o00oooo,0ooooooooo.

713 IPUSHOOOODO

I[PUSHOOOOOOO71000.IpUSHOO0OO0OOO0ODOOO0OOOO0DOOOo0obDDOon
goog.

e OO bOOODLOODLOODLDDOObLOOnO

e OO OODLOODLOOODLOUODLOODLODOOOO

gbobooobooboooooooogooooobooboobo,0boboboboboob, IPUSH
gboboooobooobobooooooboboobooooobuobooooob 72000 20
gobooooooo.

ugbbooboobouooboo,pobboobboobuodboobbobboob ibobOd
gooo.lpuSHOODODOOO IbOoooo,0720000b00b0obooooooo.ooobo
goooboo.

1. 0000000000000 000000Db00000000 Receiver, 0000000
Ub0Oobo0obobOoIbOdboOdn AMT Address Table DO DO DO O.

G20p0000000000@0OO0000)
C300000000000000000000000000
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072 IPUSHOOOOODOOOOOO
00000 | 00
Address Management Table (AMT) | DO O O0OO0OO0OOO HeadOOOODO TallOOODOO
oooooooa
AMT Address Table AMTOOOOODOOODOOODOOODOOOODOOOOD

2. AMT Address Table U D 0O OO OO0 AMTOOOUODOODOO,00 IDOOOOOODOO
U0 HeadOODOOD TalOODOOOODO.

3. HeadUDOUOUOD TalOODODOOO,0D000000000DO0OO0OODOOODOODOOO
uboboboan.

4. JbOo0o0ob0bOoOobOoobooobOooboon.

goboobooobooboobooobbooboobbooboobobooobooboobobon
gbobobobooo.

e JO0O0ODOODOOLOODOLD,DO0OLDOOUDOLOODODLODOODOODDODOODO.
gobo,000bobooobobooobbooo,bbooobobooobobooboboon
goooobooo.

e NOOOOOODO,ODO00O0DOOO0DOODLODODODOOO.

IPUSHOOOOOoOOoOooooooooobooooo,0ooooboboboooooon
gb@gooooobobooobob)boboboobbooboboooboob,0bobobbo
ooooboob.0o00,DIMMnet-10 RHINET2OOOOOO0OOOO0OO0O0OODOO0O0OO0ODOO
OO0 Martini OO, 0000000000000000 NACKOODODOODOOoOooOO.

gboboooooooboooboboboobo,b0boobobobobobob.oboooooboo
AMTO TalOOOOOOOO,0000000.0000000000000000000010,
oboobobobobobob0obUob0obU0bU0bb0b0U0 HeadODOODOoooo o

AMT Address Table U D00 00 0000000000000 0000O0O0O00O0OO,000
gboboobooboobobooobobuooboboooboobobooboboob,bod
goboooobobooboboooobo,gobboobbooboobooooooobboooboog.
U0O,AMT AddressTable DO 00000, 00000000000000000000 HeadD O
ggbobooobboobobbooobbooobooobobboooooboboooboboono. O
O0000,AMT Address Table U D O D 0000000000 OoOoooobooooooDO
gobobooooooogoobobobo,obobobooooooobooobooboboboboon.o
o0, 000000000000000D000 AMTAddressTablel OO0 0000000 O0ODO0O
ogooooobobooooob piSHOOOoOOoooooooboooobo.oooboo,boo
gobobob AMTODODODODODODODODODODODODO @ 7.2).

AMT Address Table U0 OO 00O O0O0O0O0O IDOOODOOOOOOO. DO 7.100 AMT Address0
00oodID=0, AMT Addressl D OO DO ID=1000000000ODO0ODO. 00000000
gobooooboboob0oboboobob.00bd AMT Address Table D DO OO0 00O
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. . . Modify
Sender Side Receiver Side Head Pointer
( N\ ' \

s N\ Network
Host Main Memory Controller
Processor AMT

AMT Address 0 Head 0 Tail 0

R
.,‘. - |AMT Address 1 s Head 1 Tail 1
:" AMT Address 2 ,«A’ddress Head 2 Tail 2
i :
b )
“,\ Network Address of . :
. etworl i
Set Address 'T™  controller AMT entry Head N | TailN
of AMT entry Head/Tail Modify
— ] e Pointer Tail Pointe
\_ J Message Write Data
from network . >
————> | Message > Receiver
Modify Write Status
Tail Pointer,
\ J
0 7.2 AMT Address Table 0 0 0O O O IPUSH O O
p N\ s . )
Network Receiving Area
Controller Buffer 0}.-v! .o |
..... Butter 1] |
AMT Address Table AMT I s .
Buffer 2| ; Eo
D=0 0 7;' Head 0 -}""Tail 0 -1 : '
ID=1 0 / Head 1 Tail 1
D=2 1 Head 2 Tail 2 Buffer N—1| i |
ID=N N-1 Head N-1| Tail N-1
\ J \ o

O 7.3 AMT Address Table 0 O O O

goboobooboob,AMTOODOODOODOOODDOOOOO0bOO0oOoDobOO0o0oDOn
g.0b0oboobobob,bobobgobo Ib=0obo0b0bO0bObODbLO,0000 ID=100
voooboboooogoogoooooooboooobooboooo.o0730,Ib=00 1000
goboo0 AMTOOOODOODOOOOOODOOoDOoOoboO.oobooboooboo,Ib=0
gl1oobooogoobooobooooooobooooooooooboooboooooooooooDog.
gobooooooboo,booobbooobobbooooboboboooobobobooooboboog
goobooob.boo,bboobobo,obbboobooobbooobbooobboOon
obooooobooooboboboob0.00b0b00b000 HeadDOOOO TalODO O
goboboobbooobobooobobuooobbooobob.boboooboobooooobooon
goobooooooboboboUo b, bbb obobboobogbD,TalbOoDO
gbooo0.0b0boboobob0b0 Tl ODOD0OOO0ODOODOOOODOODODOOO
g, 0gbboobooboobbooboo,goboobbooboobooobobooobon
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gooboooobooooboo.oobobooobooooDboooobooooboOon
UOHeadOODOOOODOODO.

000000000000 00O0O000O0000 AMTAddressTable DO OO O0O0O,0000
0d0000O0oo000bO0o0DO000O00bO00,0000000DO000DO00O00D0DO0OD00OO0
gboooboboooobobboooobooogb.opoo,IPUSHOODODOODOODODO
goooo,0dbobobdboboooo0obDoboobobobooooooo.oooo,0n0,b0
000000000 0bO000O00o0O0O0dooDooOOo, 00000000 0oDOOooDOooOod
goobobobobobobobobobUobUobUobUobUobUobUobUobUubUobobo
0o, 000000000000 0b00o0oooooo.

PM44]00, 0000000000000 0O0OODOOOO0ODO0O0OOOOOO0ODOOOODOO.d
goo,lpUSHOOODODUOOOOODOOOOoOooOobooooooob,000b0boooooo
0do0dbdoOobOobOdbOobOOobOobO0obOobO0obOobOobOobOobOobOobobOoboDbo
O0D0O00O0,PM/RHINETO OO [37]0000,00000000000000O0000DO0
gooboooo.obooooobogooobobobo, bbb OobDooDUObOoDbo
00, 00000b000o000bO0oDoDoo0o0obOooo.ooo0oO,00b0b00bOooDoDoOo
000 IPUSHOODOD PMOOOODOODODODOOODOODOOOODOO.

gooobooboooooooooooooobooobo,00bboboobooooboo
ooooo,000o00b0obo0obOooDoobOoooooOoobOOoDoOooDO,0b,0b00o00O0
0d0000O0oO0o0obO0obOOoooOo,b0b0b0o00doO0oo0bOoooO0ooooobOOooon
0.000,00000000b0obO0bDoo0b00bOo,b0boO0b0obOobDooDOoDOobObOo
goooboo,bodbobodbobooobobooobooob,oo PojUoDbooono,on
00000000000 unexpected message queue [J posted receive queue 1 0 00000 OO0
ooobobobobooboo.

0o0o0D000OO00oOobO0o0ooOoboooOo,00000obO0oo0gobooooobooOoooog
it 0o0o0oooo, 0000000000000 bobooooDooDbooooo
ooooo.

714 O000O0OOOOOOOOO

goo,0oboobooboobboobo,booboobbobobooboobbooba
gbbooboobgodoo,obuoobuogbogboobboboboobuooboobg.gd
O, NAS Parallel Benchmarks O IS, FTO OO O OOO0OO0OO0OOO,cGgMGUOOOOOOODOO
o0obobooboob0. 000, AMT Address Table L O D000, 00 000000000000
gboooboobooobobooog,oboooboboooboobooooboboobooobobo 1000
Oo,0gb0ImusHOODOoooooooobooo,0b0obooboobooobgoooobooon
g.gobgoImuSsHOooooooooobooboobooobooboobooobon
gbobogbooobogd.

OO0 AMT Address Table D O 000D 000000 O0OO0OOO0DOOO0ODOO, NAS Parallel
Benchmarks 000000000000 0O0OD.000000000O0 Class A MG, CG, IS, LU,
SPBTOOUODO,000000640000000.IPUSHODOODOOOOOOOOOOOOOO
obobooooboooooboogooo,ipiSHOOODOooboooooobooboooooo
gobooboooobobobobo,0obobbobooboboobobboobobob 100
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073 IPUSHOOOOOOOOOOODOOO
O000O0O000 |00o0ooooo \DDDDDDDD \ 00

MG 9 (9+1)xN 23.4%
CG 4 (4+1)xXN 7.8%
IS 1 (1+1)xN 1.6%
LU 4 (4+1)xN 7.8%
SP 6 (6+1)xN 10.9%
BT 6 (6+1)xN 10.9%

oooooooo.oo0,IpUSHOODOOOO0OO0O000D0 64xNByteO OO OO O, IPUSHDO O
0o0o0o00b0@bobooobobDdgO+)xNByteD ODOOOOODOOOODODO.NDO
gopbooboolgobooboooo.
gbooogo73000.07300000000000000000,000000D0O0DO0O
obobobobgoooogoooooo,coooboboobooboobob,puSHOOOOODO
gobglo0ebobboogIuSHOOOOoDoooooaono.
g7300,0000000000000D0O00DOO0DOOODOODOODOOD. DOO,
AMT Address Table 1 DO D OO0 00000000 oOooOOoooooob,0o0goobooogon
goboobooooboo.MGguoobobooboosugoboooboobo,boobbon
debUbO0oooOobOobOO,0b00bO0Ob0O0OO0OobOO730000b000b000000bO0ODO
gooooooboooo.iSobobooooboboogboobooboo1booboooo,Isoo
0ooodoobooobobobogobDg MPLAItcall DO O MPI_Reduce0 DO OO0 OO0OOO
ggbobodob,bgobbuoooboboodobbuooobooob.buooooo,obboad
goboooooboooboboMPIODODOD,0D00b00DbObD 1bOb0DOo0OoOoOoooobO
gboboboboboobooooooooooooooooo.
ugboobobooobooobob,obobooboobobobobooboboobobg
go,0b0booboobooobobo,boobooboobboobooboooboboooban
googboobooogoboobooobooboooboobooobooobobo,bobbobo
gbbobboobooboobooboobbo.ob,oboobbobobobobooban
gobooboobooboobbooboobo,oboobboobooboobobo,booban
U000 AMT Address Table D0 00 0000000000000 0000O00O000O00OO.
ubboobooboobboobuoo,ugboobboobooboobboooba,bd
gbooooopooobobooobobooboboobobooobo,ooboboboobobon
gboboboobon.

7.1.5 TPUSHO OO DIMMnet-2 00 0 0O 0O

DiMMnet-2 00O 00O O0OOO0OOOODOODOODODOOOSOObOObO.IPUSHOOOO
U0D00000000000 Receive Controller, Write Unit, LLCM OO 0O0O0OOOOO0OOO00O0O
oooo. AMTOOOOOOOOOOOOOoOOobDOoOobOoDOOoOoDb,LLeMdogoob. 0o
O,AMT Address Table N 0 0D OO0 00000000 DO0O0O, 000000000000 000OO
oooobooobooooooboo,boo0obbo0oobo,0bo0gO System Register O 0O O
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InfiniBand Switch Interface

'

N\ Receive
DDR SO-DIMM Controller

Buffer o |

3

Write Unit

Buffer 1| i i |

AMT Address Table
AMT Address0
AMT Address1

Buffer N P :
— l AMT AddressN

[ DDR SO-DIMM Interface

. J

LLCM
AMT

Head 0 Tail 0 Register
Head 1 Tail 1

Status Pointer
[ Head | Tail

Head N | TailN
Status Buffer

¢ .

DDR-SDRAM Host Interface

074 IPUSHOOOOO

Uo0obDO.DIMMnet-200000000000DOODOODOODOODOOOO0O0O0O0O0O0O0O0OO0
obooobooooo,oobooogIrriSHOODOOOOoOobOOoooooooboooo.oo
0o0oobodboob LLACMOUOODOO,HeadO DO OO Tail OO O OO User Register U 0 O O
gbo.00b00000b0b000b0ob0o0b0obo0.DIMMeet-2000000000000
oo So-bDiMMUOdogoo,0ooboooboboooooboooobogoboog SO-DIMM
obobob.obobobobobuobobo 7400,
IPUSHOODOODOODOoOOoobOooboboboobobobooboo.

1. SWIFODOOUOOOGOODODOOODOO Receive Controller 0 0 0 0O

2. 000000,ReceiveController 0 0000000000 0OOOOO

3. AMT Address Table 0 0 0, 00000000 IDOOODOOO.

4 0JO0O0OoOoDOoooog,writeUntD OO O0OoOooooooooooQ

5. e AMT Address Table 0 0 O 00 LLCM U Write UnitJ 0 0O 0O

e LLCM U AMT Address Table D D 0D OO OO AMTOOODOUODO Write Unit 0 OO
RN

6. e Write Unit0 AMTOOODOODOODO SO-DIMMODOO0OO0OO0OO0OOO

e Head DU DUOD TalOD OO UODOUODODODODODODOODOODODOOODOD,DODO
gbooooooooood
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7. SO-DIMM O 0OO0OO0O0O, WriteUnitD AMTOOUOOD TalOOOOOOOOOO

074 PUSHOODOO 24Bytey 00000000

good ooooo
ROSWIFOOOOOOOOOOOOOOO 0
ROSWIFOOOOO (@OoOoO)yboooooo +1
(RC) 1st Header [0 [ +1
(RC) 2nd Header [0 [0 +1
(RC) 1st Header O O O O, Write Unit O O [ +1
(wWU)SO-DIMM I/FOOOGOOGO,0o0o00o0oad +2
WUSWIFOOOOoO@ooo)yooooooo +1
WUSWIFOOODOOooooao +1
(wu)So-DIMMUOUOOOOOOOOOOO +1
(wu)So-DIMMOOOOOOOOOOOO +1
wu)So-DIMMOOODOOOOOOO +6
RO ODODOODODOODODODOODOOODO +4
oo 20

8. Receive Controller  LLCM OO OO0OO0OO0OO0OOOOOO0OO0OOOOOAO, Status Pointer O

TalODOODOODOODOO

goobog,pUSHOOOOOOODO So-DIMMUOOOOO0OO0OOOOOOOOOOOOOO.

1.

2.

SWIFOOOOOOOOOOOODO Receive Controller D 0O OO
OO00000,ReceiveController 00000000 OOO0OO0OO,0000
. Receive Controller 1 0 OO0 000000 OO0OO,000000 WriteUnitOO OO O

Write Unit SWIFOOOUODODODODOOOOODOODO,SO-DIMMUOOOO0O

. SO-DIMMUO DO DOODOOODOO, Receive Controller I LLCM OO OODOOOOODOOODOO

0 74,0750 PUSHO IPUSHODODUODODODODODODODOODODODODODODODOoDbOoDbOooDOoD. o

oooogo (RC),(WU)UODOO, Receive Controller, Write Unit D D O O OO0 0O OODODO.

07400000000,DIMMeet-20000,PUSHOOO0O0OOOO0OOOOOO0OO0OO
gbo200000000,DIMMnet-200000000000OO00O0OO0O0OOO0OQO Core Logic
I0OMHz O DO ODOOODO,02us00000000O.00,07500000000,IPUSHOODO
oboboboooooboobo2400b00b0000,PUSHODO 400000000000D00.
Ob00o2us0 0000000, PUSHODOOD 004us0 0D ODOODODO.

gooooo,b0bobogoboobooboboooboooboobooboobobooboon
gbobooboobgoobooo.obooooo,booboooboobboboboobooban
gooooooooogo,gbobogbooboboboobooboobobooooob.goD pal-xooo
googbooooboobogobobooboobooooboobo,00oboboobobooboDbo
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075 TIPUSHOOOO (24Bytey 0000000

good ooooad
ROSWIFOOOODODOODOOODOOD 0
ROSWIFOOOODO (@OoOoO)yooooooo +1
(RC) 1st Header 0 0 & AMT Address Table O 0O 0O O [ +1
(RC) 2nd Header 00 O +1
(RC) 1st Header O O O O, Write Unit O O [ +1
(WU)LLCM OO Head O Taill O O O +1
wu)oooooooooo +1
wuyoooooooooo +1
wu)oooDooooooooooooad +1
(WU)SO-DIMMI/FOOOODOO,0000000 +2
WUSWIFOOODODO@oooy)yooooooo +1
WUSWIFOOODOoOoOoooad +1
(wu)So-DIMMOOOOOODOODOOO +1
(wu)So-DIMMOOOOOODOOODOOO +1
wu)So-DIMMOOOOODOOOO +6
RO ODODOODDODOOODODOODDOOOO +4
00 24

gobobobo,0boooooooooooooooboobooboobgboob,bobobobo
gbobooboooboooooobooobo.ooobo,oboooboooboboboboobooban
gobooboo,0bobo,oobobooobbooobbooobobooo,bbooobobon
gboobobugboobobuoobobobooobobooobo,oooobobobobod
go.0oo,0o0o0booooooboo,rpuSHOO0O0O0OOOOOO0DOOOOO0oDOO0bOObOODO,o
ooooooodbooboobooboboobognog,AMT AddressTable DO O OO OO0 O
gboboil1ooboboooboooobooooooobooooobooobooooboooooooDg.
UO0,DIMMreet-2 0O 00O, 000 PCOOODOOODOODOODOOODODOOODOOO,
goboooobboooboooobbooobogo so-pvMbOboogo,ooobooon
goooooo. oo so-pivmMUOboooooobooboobooooboobooobog,d
oobooooooooboboooobogogo so-bivMbboooooooboooo. oo
IGByte 0 SO-DIMM OO0 0OOO0OOOO0OOOOOOO,SO-DIMMOOONOO 2GByteO dO. O
go,00poboobgbobopcobobobbooooooooboobobobobobo
O0O0DOoO0,QsNETHUDOUODOODODUODOODODODO QMS00 PCI-X Network Adapter U
64MByte[54], Myrinet/PCI-X E Card U 2MByte U U [0 4MByte[41], Mellanox U O InfiniHost III Ex
HCA Cards DD OO0 OO0 128MByte[63] U0 O. DIMMnet-2 0000000000000 OO
goboobooobooboobooobbooboobbooboobobooobooboobobon
gbooboborImusHOooooooooooooooooooooooo.
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800

SO-DIMM to SO-DIMM (IPUSH) ; ' :
SO-DIMM to Host (IPUSH) [ HE 7]

_|_

700 [~

—&— SO-DIMM to Host (Area Fixed, IPUSH)
b ¢
et

= SO-DIMM to SO-DIMM (PUSH)
SO-DIMM to Host (PUSH)
= SO-DIMM to Host (Area Fixed, PUSH)

600 -

500

400

Throughput [MByte/s]

300
200 - ;'“"“"“"“'"E """"""""" 7S iy A R

100 [-----poomm e

0 100 1000 10000 100000 1e+06
Data Size (Log Scale) [Byte]

075 PUSHO IPUSHOOOODOOOODOO

7.1.6 IPUSHOOOODO

U000 DIMMnet-2 00000 IPUSHOOOODOOODO.DODOOOO IPUSHOODOOODOO
goooooo,pUSHOODO, 00000000000 0DO0000.000000e610000
gooooooog.

[PUSHO OOgOooOoooooooooog,0booobooobbooobobooboboon
oboboboboooboooooooo.oooobe320000000000. PUSHO IPUSH
goboobooobooboobboobooboo,boobbooboobo,obooobooboooban
gobooboooooooog.

goobobo75000.PUSHOODOOD 6.12000000.So-DIMMUO0OO0OO0OO0OO
Oo0ooboooogoDgeso.seMByte/s OO, PUSHODODOODOOOOODOOOO. OO, O
75000 000000000 PUSHOODODODOODOOOO,IPUSHOOODOOOODOODO
U0O0D000.000 16Byte, D00 8Byte O 24Byte U0 D ODOODOODOOD0OOO RTT20
PUSHO 1.75us, IPUSHO 1.79%s 000, 0000 IPUSHOODOOOOOOOOOODODOD
gboobobobobon.

gb0oo00oooooob0oboboboooooboob0oboboOn IPUSH O 225.85MByte/s
ooo,0b0obgobgooboobo,boboo 1elMBytesd 00D O0OOO. DOOOODOOO
64Byte DU OO ODUOODOOODOOODOOODOONO,234MByte/sHODO00OOOOODODO
O,pPUSHOODOOOOODOOOD. 0ODO000O0000000000000 RTT/20 PUSHO
2.80us, IPUSH O 2.84us 00 0O 0.

Uboobogooooo,IPUSHOOO PUSH,ODODODOOO RDMAODOOOODOODOODOO
goboogboooon.
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7.2 LHS (Limited-length Head Separation)

LHSOOO “dodbooboooobooboooooobooogoboboobooooon”
gobooob.oooooooobooobooboboobooboooobbo,0booboboooooobobo
ob@ooooo)oooboobooo,0cobobobooooooboobobobooobo,bobo
goboooobooo,boobobooboboobobo. oo, MPI0OO00000000O000
OO00O0o0o0o0O0Od (Context), 00O (Rank), 00 (Tag) D O 0.

23200 MPIODO0OOOODOOOOOOOOODOODOODOOD,000000000DO0DO
gobobooobobooobobooobooobboooboboooooboboooobobooono. o
gboo,obooboooooooooouooooooobooboooboobobobob,bobobo
gobodboooboboobooboboobooonoboaboo.

LHSOOO MPIDOOOOO,0b00obooboobooboobooobogobooboobo,boog
googbooobooobooboooobooboboooboooobooobo,boobobbobo
g.gb0,gobboobooobbooboobbooboobboobon.

U0oobooOdLHSOODO IPUSHOODODODOOOUODOOO DIMMiet-2 0 OO0 OODOOO
gboboboboboboboobon.

721 LHSOOOOOOOO

DIMMnet-2 OO LHSOOOOOOODOOODOOO 64Byte0 0 00,64Byted 100000
0000odoobooo. 04200 LHBuffer0 LHSOODOOODOOOO, 000000 6400
Jo0o00b00obobobOob.bob,0b0b0d 4KByte, LHBuffer 00O 8KBytel OO0 OO
O.00 LHBuffer D00 0000000000, 000000000 HeadOOOOO TalllOO
OO0 UserRegister 10 OO0 O0O00OOOOO.

ddddd0o0oououoobbbbbbb edByte oo, bbbbOOOOg SO-
DIMMO IPUSHOODDOOOOOOOO,LHBuffer 000 OO00OOOOOO SO-DIMM OO O
goooobooboobobooboooooo.b7ebLHSOODOODODOODLDOODODOODO
0000oOobOoboooboobo,0770 LHBuffer 0000000 DOOOOODOOODOODOO.
O0O00000 DIMMret-2 00000000 MPI[18] 00O 0O O, Context I 16bit, Rank [1 14bit,
TagO 32bit0 0O 0O0O0O.

g76000000000DLO0OO0OO0O0O0ODLDOODOODOUODUOOO,DIMMet-2000 (O 4.23)
Jo0o0oooooooooooooo.LHSODoDoooooooooooooooooon
000000oOoboon0d 4130 IPUSHwith LHSv1 OO OO IPUSHwith LHSv2O0000O.
do0o0oooobooboboobooon,DIMMiet-2 00000 OTYPED IPUSH, flaghl 10 OO0
gooooooo.

LHSviO OO, 000000b0000oogog so-bivmmMubooooogooooooobon,
gooooboooo.gooo,boo so-pivMbOb0ogoooobooooooboboooon
goooooo,so-biMMO0O0OO00OOOO0ODOOOODO0OO,00D0000DOO0OODO0
000Db000bOob0O.000,LHSv200 WriteWindow OO QO OO SO-DIMMOOOODOO
doboodoooonood,writeWindow O OOODODOGOOOOODODOOOOOO SO-DIMM O
00000000 LHSODOOOoOoooDOoOogo. LHSv2000000 “512Byte 0 O O Write
Window O OOQO QOO SO-DIMMUOODOOOOOOOOOOODOODOODOOOO00DO0OO0OO.
gooo,00o0doo00oooboooooooooooon,0b0,bo0boobooooooooo
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€9
4
Ie
o

5355
Context (16bit) i Rank (14bit) Tag (32bit)

User Data

64bit

076 LHSOODOOOOOOOOOOOOOOOO

€9
o

et - Pointer (32bit) Context (16bit) [Rank (14bit)
- Obit : Complete Flag
1bit : Valid Flag

Tag (32bit) Size (32bit)

8 line
(64Byte)

64bit
SO-DIMM

077 LHBufferD00O000000O00O0O0O0OOO0

0do0oOo0odoOooobOOo0boooobOoobooooobooooo.

LHSv2 0 O 0O, Write Window [0 SO-DIMM O 20 00000000000000000O,00
0000000000000 oooobOobOoo.LHSv2000oooooooooooon
780 00.LHSV20000000000000O0O0O DSTOfOOODODODO 10bit 0 Write Window
O0o0o0o0ooood,oO 12bitd Write Window OO OO O0O00O0O. OO, Lower OO Size O O
SO-DIMM O O0O0O0OOO0DOOO WriteWindow OO OO0 D0DO0OOO0OOOODOOOOODODO.

LHSviOOO LHSV2O 00000000000 oooooooooooooono,onooooo
00 LHBufferO SO-DIMMOOOOOOOO.O00O0O0O0O0O0O0O0O0O0O0,000000000
000000000 48Byte0 00 LHBuffer 000000000 D0OOO.LHBufferD0O0O00OO0O
0 Tag, Context, Rank 0 0 OO OOOODOOOONO SO-DIMM, O OO Write Window O O OO OO
odooooono.SizeO0O0OO0O0OO0OOO0O0OOOOOOODO,000000D000000000O00OO
O00. Complete Flag Valid Flag OO OO0 OO0 O0O0O0O0ODOOO.48Byte0 00 OOOOO0O
ogd,SOo-DIMM OO IPUSHOOOODODODODODODOUOOOOOO.LHBuffer0 000 oOoOoO
O Pointer O, SO-DIMM O OO OO0OOOOOOOOOOOOOONO.

LHBuffer U0 O0OO0O0O0ODOOOOOODODO UserRegister 10O OO0O0OOODOODOO
gooo, valid Flag Complete Flag D O OO0 D0 0000 O0OOO0OOODOOOOOOODOOOO
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eflag DWID
3 gesy 3> o 87 54 0
Command0 Lower E : 9
or Size or List or Stride DCLID o | lteration | 5 |OTYPE
Command1 Lower B : m
& ok 8 0
Command0 Upper : SRCOff for Read Size from
or ' Write Window Write Window SRCOff
Command1 Upper :

078 IPUSHwithLHSV2OOOUODODOOODOODOODO

goo.0o0gooobooooboo,oboboboobobooobbbobOob. 000 LHODO
gobooboogobooooog.

1. 0000000000, vValidFlagO O OO O

Valid Flag 0 0 O 0O 0O OO O, Context, Rank, Tag, Size, Pointer (48Byte 1 O OO0 d)d O,
00000000000 0000. SizeOODO 48Byte0 00000, Valid FlagOO O 0O OO
000000 Sized Pointer OO0 0OO0O,VLOODOOOOODOODODOODOODOOO
do00oooobo.bogooobgono,Corelogic DOODODDOOOOODOOODOOOO
oo.

2. 0000000000000000000, Complete FlagO OO Od

722 LHSOOOOO

googoLHSogoooooo. obooob el1b0O00DbOOD0ODOOD. LHSODOO
I[PUSHOOODOOOOOoOooOooooooooooooo,oo0gboIpusHOoooooogo
U,LHSt0o0ogoboobogbbooboobbooboo.

gbobobo40000000.0000DO0ODODOOOOOODODODODOO,RTT2
ooooo.0oobooooboboog 7.6000, Rankd 14bit, Context[ 16bit, Tagl 32bit [ [
0.000000000 BOTFOOOO,00000000 16Byte, OO OO 80120Byte I O O
U0O0000.IPUSHOnly O IPUSH+LHSvIOOOOOOOOO Write Window OO OO OO O
O0O,VL+IPUSH + LHSvl O IPUSH + LHSv2 O SO-DIMM O UO0OOOOOODOODOO.

e IPUSH Only

- 0oo
1. Write Window O OTYEP=IPUSHO OO DOOOO0O,000000,0000000
ooo
2. BOTFOOOOO
- 000
1. User Register [0 0 Status Next Write Address 00 00000, 00000000
OO
2. 0000000000000000,00000000,00000000000
3.000So-DIMMIOO0O0OOO0D0OOOODOONODNOO, Rank, Context, Tag 0 0 0
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4. So-DIMM O O0ODOO0O0O0OOOO0ObLOO, 0000000
e JPUSH + LHSv1

- 0oo
1. Write Window U OTYPE=IPUSH with LHSv1 OO OOOOOO,000000,00
ooooooo
2. BOTFOOOOO

- 0oo

1. LH Buffer O Complete Flag [0 Valid FlagO OO0 OO 00, 000000000O
2. LHBuffer U0 0 O0OOOOODOOONO, Rank, Context, Tag 0 O O
3. LHBuffer00 0 0000O0O00O,0000000

4. 0000000 LHBufferO 1000000000 O0OO0@UWOOODODOODO
48Byte 0 )0 SO-DIMM O UODOO0OOO0OODOO, 0000000

e VL + IPUSH + LHSv1

- goo

1. VL O SO-DIMM O OO Prefetch Window U 0D O DO OO0 Q0000000

2. 00000000040, Write Window U OTYPE=IPUSH with LHSv1 OO OOODODO
gbooooo

3. Prefetch Window FlagO O OO QO 0OO,vLOOOOOO
4. VLOOOOOOOOODODOOOO0OO0O0O0O000 WriteWindow OO QOO O
5. BOTFOOQOOO

- ooo

+* JPUSH+LHSv1ODOOOODO
e IPUSH + LHSv2

- goo

1. Write Window U 0D 0000000000
2. IPUSH with LHSv2 O OO0 0ODO

- goo
+* JPUSH+LHSv1ODOODOODO

goobooo7o000.07900000000000000 GByteyUDOODOODODODO.
O0,VL+IPUSH+LHSvl1 O IPUSH+LHSVv2OO0O0O0O0OOO0OO0OOODOOOOO, SO-DIMM
gboboboboboboboboLeSoboooooooboobooobobooobooo.

OO0O,IPUSHOnly O IPUSH+ LHSvIOOOOOODO,00000000 LHBuffer0 1000
oboboboboooobooog usdogbgoooooo,LHSOoboboboboog.
LHSO OO, LHBufferJ Write BackUO OO0, 000000 Pentium4U L200000000O0O
obobdbeByte OO OOOO,0D0D00O00DODODODODOD 1ODO0DOLOODO
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Latency [us]

—>¢ IPUSH Only

B o o o P —}— IPUSH+LHSV1 )
: : : : — 1~ VL+IPUSH+LHSv1
: : : : —3¥— IPUSH+LHSv2

0 20 40 60 80 100 120
Data Size [Byte]

079 LHSOOOOOOOODOODOOD

goooboooboooooobbooboooob.obob,0obobooooob,boobobo
gbobooboooboobooobobooboboobooo,obobboboobooobooan
LHBuffer 000000000 0OD0OODOODO0ODO0OO00 L20000b00bobobobobon
g,0oboobobogooobo.bog,1ooboobobobboobobooboobbobD, D 2us
ooooo, 00000t tHBufferd 0000000000 0OOOOOOODOOODOOOOO.
OO IPUSHwith LHSV2O0 O 0O0O0O00O,LHSv20000000000,SOo-DIMMOOOOOO
bobobobobooLHSYli0DOo0oOOo0D 1015us000O00O00O0bO0ob0OOob0oDOn.

73 OO0

obooboboobo«“c0»0b0b00IPUSHDO LHSOOO,00000000D000.

IPUSHOOODOOOOOOOODOODOODOO,000 RDMAwriteD OO PUSHO O OO O
gooobgobo.ooo,iptSHOODOOoOOoobOoobooooooboobooboboobooo
go.

LHSOOoOoo,MPIDOODOOOOoOoooobooobooooooo,oooo,booobboog
gbobobobgooboooooooo.ocoooooooobovmPIDODOOOOOODO
gbobooboobgodoo,oboobuoobodgbooboobbobboobooboaann.
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080 OO

81 UUouoggnd

UoooO0,DDR-SDRAMOUOO0O0ODOOO0O0O0OODO0OODOOOO0ODOO DIMMnet-2 O
gooooooboooooooboboobobogo,ooboboooob,0b0obboobobo0oobon
o.00,000boobogobooboooboooboo«“gb>0b0b00Ob IPUSHD LHSOO OO,
goobooooog.

DIMMnet-20 000000000 PCODOOODOOOODOOODOPCOOODOOODOOODOO
00b00o0b0b0o0bbo00bO0O. DIMMnet-20 DIMMnet-1 00000000, RHINET-20 O
gboboboobooboboboboobo,oobopobobobobooooobob,bon
googboobooboobooobooboobooobogoboobooobo,ooboboboobo
gboboobooboobooobooobooobboobooob.bo,bobbooboooboan
gbooobooboobbooboboobobobooboooobo,0b0bboUnbd InfiniBand O O
go,b0bobobooboboobooo.

gooooooobooo,bobobobobooo BOTFOOOOO,00obo0obobooooo
gboboobooboboboooboobobobooboobooboboobooobob,piod
00000000 1163.70MByte/s 0, 1GByte/s D D 0D UO00DO0OO0OO00O00OO. 0000000
O0O,RTT2000 1.73us0, 00 PCOOOODOOOOOOOO,000000000000DOO
pCOD0OO0OO0OOOO0ODOODLOODOOOObLOODODOOODOObLDbOObODDbOODbLOODD.

gboboobooboobooboooboo FrPGAODOODOOODOODOOOODODOO,
000b0b0bO0obO0obOobIPUSHO LHSO DIMMeet-2 00000000 0.000000
g, jgbgbooboboobobobobooboboboobobuooboboobooon
gboobobobbooboboobo,gboobobobobooboboooooboobod
gboooooobo.bobo,ugoboboobobobobooboboo,obobooobooboon
gbooobobooboboooboobobooooboboboobobobo,0bobon
goboogoooO.IPUSHO LHSOOOOOO,00000000000000000000
ugboboo,gobooobboobooobboobooboboooboon.

goobgooob,0bo0boobboobooboobboob,0booboobbooba
gbo,gbubobobobooboobuoooobobobo,booboooobobood
oboooboobooboobobooobouoboobogbodPrefetch Window U OO0 O SO-DIMM
goboooboboobobo,obogoboboobob so-bDMmMUObogooog,bboobd
gbbobboobboobboobobbobboboboobuo.oobooboboobooobad
ooooooooooboobOo.obgnod PrefetchWindowO OO O ODOOOOOoO,0000
googoboboooobogobooobooboooboooooooobooooboooboDbo
gboobo,bgbooboboobuooboboo.obo,DiIMMet 00000 ooon,
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oboobobMAOODOODOODOO,0D000bDoboooobooooooooooooogon.

82 DIMMnet1 OO OO0

DIMMrnet-2 00 000D0000,00 PCO0ODOOO0OOOODO0DOO0OO DDR2-SDRAM OO
0000000000.000000000,00,DIMMnet-2000000000000000
0,00000 DIMMnet 0 0O, DDR2-SDRAM O OO0 00O OO DIMMnet-3 0 0 0 O 2006 O
00000000.000,PCO0001/O000 PCIOOOO PCI-Express 100000000
000,00,AMDO0000000O0000O00O0O0OO0O0D HyperTransport 1 000000
00000,00PCOO0000DOO0DOOODO,00000000000000000DO00O0
00000000.000000,2007000000000000000000000000O00
000000000000000000000000.

000,00000000000000 10GbpsO 0000 100Ghps 00000000000,
PCI-Express U0 00O OOOOODODOOOOODODOODODO. PCI-Express 2.0 0 O PCI-Express [
100000000000000000 25Gbps00 5Gbps 0000 0,200700000000
0000000.000001600000000000000000 64Gbps® POODOO, 2009
000 100Gbps 0 Ethernet 100000000000 [111],PCI-Express20000000000.
PCl-Express 0 PCID 0000000000000, 00 PCl-Express3.000 000000000
O00.PCl-Express 3.00 10 0000000000000 8GhpsD 0000, 160000000
00 100Gbps 00 0000000000000 O0O00O0DOO0O0O0.000020100000000
0,00 /o00000,0000000000000000000O000O0000O0O,PCIOOO
00 64bit PCID OO, PCI-XOOD0OO0OO0O,00PCO0O0DOOODOOODOODOOO.

000000,00000000000000000000000000000000000d
000000000, Dual-Core Xeon D OO OO OOOOO O 15000X/i5000P O O Dual Channel
0000000, Quad Channel 000000000 D0ODO [112][113]. PC2-5300 FB-DIMM [
Quad Channel 0000 0000,0000000 21.2GByte/s® 2000, 00 100Gbps 0 000
00000000000000000000000.00000000000000000000
0,000000000000000000000O00000000000O0000000000
O,QuadChannel 000000 PCOODOOODOODOOODOOODOODOODOOO.

DIMMnet D 00 O0000000000000000O0O0O0OOOOO0O0O00000O0O DIMMnet
0000000000.000,0000 DIMMnet OO O DIMMnet-3 O O Dual Channel O 0 O
00000,0000000020000000000000.08.10 DIMMnet-300000
0.00000000000000000000D0,000000000000000000O000
000000200000.0000PCIO0OOO0OOD,0000000000000O0000.
PCI000000000D00O00O00O00OO0O,PCI0000O0O0O00D0O0DOO0OO0DOOOO0.
00000000000000000,000 100000002000000.

0000000000000, 00000 Dual Channel 000 DIMMnet 00000000,
InfiniBand 0000000000 LIDOOOOD 1000000000000,0000000A0.
000000000000,00000000000000000000000000, DIMMnet-2
00000000000000000000,DualChannel D00 0000000000000

@ DgBIBOO0ONONONONONONONDND,I0000000000000000 4Gbps
@ 2pC2-5300 00000000 53GByte/s 10000
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Host channel A-1 channel A-2
Processor
Memory DIMMnet-3
Module Daughter Card
) chamnelA |+ T
Chipset ~ [77777rrrrnTTTTmnTmTammn sy ’
(Memory Controller) | .
J channel B
Memory DIMMnet-3
Module Daughter Card
channel B-1 channel B-2
[T T
DIMMnet-3  fr=rmesroees
Parent Board [#roznozonmmnsnnenns
e
To network
0 8.1 DIMMnet-300

ooodboobooboboo.00oob0booboU0bOb,QuadChannel OO O OODOODOO

go.

83 UUOO

goodo,DIMMeet-2 0000000000 0DO0O0OOOOOOOOO,000000000
goboobooboobobo,boobooboobbooboo,ggbooobooobon
goooobogb.oooo,0oboooooobooo,bbob0bobooboobooboboobo
gobooboooboboobooobbooboobbooboobobooboobooboobon
gooboobogooboo.

gooo,00o0o0oogobogo,BOTFO 0000000 O0oooonDg IPUSHOO,LHSO
ooobobobob biMMeetd OO, 00 yOUDODODODODODODODODODODODO
gobooboo.obbooobo,booboboobbooboobbooboobboooobo.
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HEN

goobooobboooobob,oobbooobbooobbooobboo oo bo g
gbobodgboobod.

ubooooboooobob,obobobobobooboobob oboooooooboo,uoogd
goo,0000o0boobooboooboon.

gboobooooooooooooobobobobooboooobboooooooooo
oooo.

DiMMnet-2 D00 DO OOO0OOOOO,00,000000000000DO0LOOODO0ODOO
goboooboobobob,bob0 oo o0obobobobo0o oo oobobobOobooDg.

ugbboga,ogbbooboooaobo,obuoobooboboo, oo, ooboobboobd
gboooodooo,oobg boooboboobooboobo oo oo o,obob 0,00 00
goboobogoog.

DIMMnet-2 000000000000 O00O0O000DO0O0,00 InfiniBandODODOOOO0O
gobobooobbuooobo ooobob oo bbb o, 0bbooobobooooboooob oo n
gobooobooooon.

gbooboooooboooob,0b0bobo oobobooboob oo oo booboobo
gobobo.bobobobob,boboboboboboobo.

Ub0bo00b000dnb DIMMneters O 0O O,
googooboooboo oo oo o,0obooboo oo oo o, oboooobo oo bODboDbo
gobodgboo.ooboboobooooboabooooboobon.

gboboboboboobobooboobobobOo pPDARCHOODODOOOO,
gbobobboooooob bobob b,0o0oboboboboobobbOooooon
gbboobooobo,boobuoob obobooboobobobob.bobobo,bad
gooooo.

boboooboboooboboboooboboooboboDoobUobDoboO. RHINETHD O
gooboob,b0bobedb,b0bO0ObObODODLO.

gboo,eboboboboooooobooobobobobobOobL.bobobDooooo
go.

20070 80O
0ood
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A1 00000000000

ood 0o
0 000dobOoOoboooooobooo,1boooboooooag)
1 so-DIMMOO0OOOOODO OUOOODODOO,10o0oOoon)
2 Request FIFO Almost Full O 00 O (0O Request FIFO O O O O O, 10 Request FIFO O
oood)
3 Status Area Full 0 O O (0O Status Area Not Full, 100 Status Area Full)
4 Status Area Empty O O 00 (0O Status Area Not Empty, 100 Status Area Empty)
507 SO-DIMM Write Status (Write Window #0)

5 Sso-DIMMOOOODOOODOOODO OOUODOO,1don)

6 so-DIMMOODO0O0OO0O0OO@IODOOOOO)+(ODOOO0O0DOO)O Write Window
00000DbOo0obOoobobOoobooooooobooo,1ooo0)

7 so-DIMMOO0OO0OO0OODODO@IDOODOOO0DOO0OoO)+@ooooon)
o0 So-DiMMO0OODOO0OODO0OOOOODOOOODOOOOODOODOO,1oo
ooy

80010 SO-DIMM Write Status (Write Window #1)

11013 SO-DIMM Write Status (Write Window #2)

140 16 SO-DIMM Write Status (Write Window #3)

17 Receive Controller Status QU 0 0 D0 000000 0DOOOOOODOOO0O, 1000
1)

1800 19 Receive Controller O O O

2’b00 | DODOODO

2’b01 | EOPO O OOODOOODOOOODO 1stDW O OO

2’b10 | WMlagOD OO ODOODOODOOOO0OO

2’bll | OO0 RVLOODOOOOOD (@MOODDODOODOOODODOOO)

Status AreaSize 00000000000 0O0ODOODOOODOODOOODOODLDOOOODODOO
oooO0.000000o0ooD0ooooobDoooD7eitbOOO0O0ODOO, Status Area Size O
oooboo.ogmitbgo,000ooooooooooooooooooono Asogn.

Status Next Write Address, Status Next Read Address Status Next Read Address 0 O 0 O OO
0000000000000 00000oooOooOo0oooboboboboO HeadOOOO)OooooOQO
O00000o0.0000000ooooogoo 1’shitbooooooooooog.

Status Next Write Address 1 0 000000000000 0d0d0d0ddddddoooooon
(TallOOOO)OODODOOOOOOOOO.0000O0O0O0OOO0OOO0O0O00O0O0O0OOOO0ODOO
0000000000 0.0000000000000D00000,00000O0000 15bitd
goooood.

Command ExFlag 00000 1000000 CommandExOODOODOO.
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O A.2  Primitive Counter 0 A.3 Prefetch Window Flag
ooo 00 000 | Prefetch Window
009 BOTFOOOOO 0g3 PW#0
0019 | vLOoOooooooooooo 407 PW#1
20029 (| vSOOOOOOOOOOOO 8011 PW#2
30039 |RVLOOOOODOOOOOOO 120 15 PW#3
40049 | RVSOUOODOOOOOOODO
50059 | IpUSHOOOOOOOOOOODO

0O A4 Module State 0 O O

god

HRN

od 16

Window Controller D O 00 OO0 OO0OOOOOO

1700 36

Receive Controller D00 OO0 0OO0OOOOOOO

370 50

Write UnitO 0 0000000 oOoogoo

51057

PrefecchUnit D U OO0 OO0OO0OOODOO

0 A.5 Status Area Size
ooad Status Area Size[Byte]

7°50000000 default O
7°50000001 64
7°50000010 128
7°b0000100 256
7°50001000 512
7°50010000 1024(default O )
7°50100000 2048
7°51000000 4096
good default O
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[22] n—
&) o© 0
Controller Controller
Status Status
(2] U aps HW W nN—= =
&) S© So© oo S© o© o9 0
Primitive
Counter IPUSH RVS RVL VS VL BOTF
& >n  p= 87 43 0
Prefetch
Window Flag PW3 | PW2 [ PW1 | PWO
& 0
Packet
Counter Packet Counter
2 oo 0
IPUSH IPUSH Area Size
Area Size
] [ 0
LH Buffer LH Buffer
Next Read/Write Next Read/Write
Address Address
[o2] [¢)] [6;16] wWw —_—
&) Jos) —-o i T3 o 0
Module Prefetch Write Receive Window
State Unit Unit Controller Controller
2 on 0
_ Status Status Initial Address
Initial Address
] 76 0
Status Status
Area Size Area Size
2 on 0
Status
Next Read/Write Status Next
Address Read/Write Address
o o 10
Command Ex g
Flag 2

0 Al

gobooboobooooobooon
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[0 OB System Register ] [1 10100000

U000 SystemRegister OO0 DO ODU0O0O0O000O0O0O0OO0O0OO0O0ODOO.ODOOOOODOO
oboboboobB1OOO.

SO-DIMM Init 1bit00 100000000 SO-DIMMUOUOOOOOOOOOO0ODOOO.O00OO
oboboil1ocooo,gobooooboobooobooobooooooooobogoonoog.

SO-DIMM Capacity SO-DIMM Capacity OO DODDOOOOO 6bitdOOODODOOO, SO-DIMM
1ob0ooooooooon.

MTU O00O0OOOMIUOOOODOOODOOOShtOOOOOODOO,MTUDOODOOO.

SMA Software Reset SMAOUOOOOOOODODOOOOO.000000O0O0O0DOOOO0OOO
gboob,0o0boboobobobobooboobo.

SMALID 000000000 1ebitd LIDO,O00 2bit0 SWIFOOOOOO. OO 2bitO 2’bl1
gobooboooobooboooooboon.

LID LIDOOOOCOOOOODO ebhitDOO0O0OOOD LIDODOOODOO.

PGIDO, PGID1 PGIDO,PGID1 000000 OOCOO it 0O0OO00OO0ODOOO PGIDODOO
goooo.

Controller Reset O O000,000000000, ControllerReset0 0000000, 00000
gobooboobobooboobobooboon.

AMT Address Table Interface 0 30bit0 00000, 00 12bitd AMT Address Table O O O O
oo0go,0o001bitd 00000000 LIDO wWIDOOOOO.
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10

SO-DIMM
Init

0

{so-bimm
Capacity

SO-DIMM
Capacity

MTU

SMA
Software
Reset

€9
18
17
16
15
o

LID

B oo
4IMS

SMA LID

LID

LID

PGIDO PGID

PGID1

Controller
Reset

30

o9
14
13
12

s 0

€9

AMT Address Value

am

AMT Address LID

Table Interface [vssiniiisiiniiin niii i il

0OB1 0O000O0OO0OO0OO0OOOOO0OO0
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J OO C DIMMnet Shell U U0 U 00

goo,DiIMMret-2 0000000000 0ODOO0O0OOOO0ODOOOOOOO,ODO000004
U00b0bO0bO0obO0bO0Ob0 dsh(OIMMnetShelD) DO OODOOOOO.

Cl OO

dshOODOODO DIMMnet-2 0000000000000 0ODO,0000000000000

oobobobobooooooooooobobobobobobUubod. DIMMiet-200000
gbooobooboobo,0obobob0obo0odhdbooboboboobooobOobobOobnon
go.

C2 0OO0OODoond

dshpo cloogooooooooooooono.
uils 000000000 make D 00O OODO, dnet2_func.o, dsh.o,dsh_funcoO OO 0O0O,000
OdshOODOOOODOOODODO.

C3 dshODO O

dsho c20pooooboobobo.bo,0b0bdbreot0boooon.
obd,“dsh>>0000000000000,dsh0000,0000000DbO0OD0ODObOO
obo.dhooboobDOobOobObD cioooog.

C.3.1 evpbuf_read

evpbuf read 000000000 C3000@ D,

evpbuf read 0 LHBuffer 0 0000 Offset 0000000000 Size0000000,00
og.

Offset 0 Size0 OO “0x"00000000,16000000000.00,“°0000000
0,8000000000.000,0x000005f00000000,10000000000
0550000000000000,f000000000® 2,

@ DLHBuffer 0 LHSODOOOOODO,Envelope Buffer 10000 00000000,000000 evpbuf 00000
oooooooo
E2000000 strtoul 00000000000
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~
header20DIMMnet-2 000 0000000000000 O00O0O00O00O00O00OO

| dooooooooooo
+-header.h

+-dnet2.h

+-dnet2_func.h

utils OdshOOO0OOOODOOOOOOOO
I
+-dsh.c
+-dsh.h
+-dsh_func.c
+-dnet2_func.c
+-Makefile

doc gbooooooooooooooobgong
I

+-dsh.manual. tex

0OcCl1 dshOoooooooono

C.3.2 h (or help)

hrhelpJO0000O0O0OO0O C4000.0C400 evphuf read00000O0OO0OOOO
oo, 0boobobooboboobobooboobo.

C.3.3 llcm_read

llem_read 00000000 CS000.
llcm_read 0 LLCMOOOOO Offset D000 0O0OOOOODO SizeO0O0OODO,00000.
Offset0 000 evpbuf_ read 000 ODODO.

C.3.4 llcm_write

Ilem_write OO0 O0O0O0O0O CeO00O0O.

llem_write 0 LLCM O O0O0O0O Offset 0 00000 O OO Iteration [, Value (32bit) O OO0 0O O O
00D000.0000d,ValueOOO Increment 0 00000000000 OOODOO.OC.60
0l nLcMooooogoo oooooo.oooogogogooo,1,2,3,4,5,6,7,8,9000.
000000000000 evpbuf read 0 Offset 0 0000 DO. 00, 0000000000000
oopooooo.
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~
(ool
dsh [OO00O0OO0O] [OD0OODOODO PID] [DOODODO WID]
[0 (DODbO0O0O0O=2, OOOOOOPID=1, DOOOOOWID=6O0OO)]
# ./dsh 2 1 0
N J
0OC2 dshOQOQoooon
O0C1 dhOOOOOOOOOO
Command ‘ Discription
evpbuf_read | LHBuffer OO OO0
h (or help) goobogoo
llcm_read LLCMOO0O0OO
llcm_write LLCMOOGOOoa
prim DIMMrnet-2 00O OO0
pw_read Prefetch Window O O O O 0O
q (or quit) dshd Qg
rllcm_write Ooooo0 LLacmMmooooog
sreg_read System Register [ O O O O
sreg_write System Register 0 0 0 O 0 O
ureg_read User Register U 0 0 O O
ureg_write User Register 0 0 0 0O OO
v(orversion) | dshO OO OOOOO0O
WW_ write Write Window O O OO QOO
C.3.5 prim

prim0000000O00O C7000.
PRIMOOOOODOODOOODOO b O00O0OODOOOODOOOOODO0O0O0OO.PRIMOO
oogoog “NOP, “VL», “VLS”, “VLI”, “VS”, “VSS”, “VSI”, “RVL”, “RVLS”, “RVLI”, “RVS”,
“RVSS”, “RVSI”, “IPUSH”, “LHSv1”, “LHSv2” 0 0 0.
dd0O0000000004500000000000000000000000.000,dt0
20000000,Dype 40 00000000O0OO0OODOO.
llem_ write OO ,dt0 0000000000 0O0O0OO0O0O0O0OOO,00,x>00000000

oboledoobooooboboob.ob0g,vLoboob a0 t0000,000000000
gobooboooboboobooo,ogbboobooboobooboon.

oooogo lebbooboobooooobbooooboboobooooobobo.oobboooboooo
oboobOo,0000000000uuegread( 0000000000000 0ODO0ODOODOODOO
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(0oj]
evpbuf_read [Offset] [Size(Byte)]

[0 (LH Buffer0O O OO 64Byte 00O 0O)]

dsh > evpbuf_read 0 64

# ADDR 76543210 FEDCBAO9S
#4216c000: 0000000000000000 0000000000000000
#4216c010: 0000000000000000 0000000000000000
#4216c020: 0000000000000000 O000000000000000
#4216c030: 0000000000000000 0000000000000000

O C3 evpbuf reed0 000000

gopoog.

C.3.6 pw_read

pw_read D0 0O0O00O0OO0OC80O0ODO.

pw_read PW#O OO OOOODO Windowl OO OOODODO SizeODOOOOODO,0000. SO-
DiMMUOUOUOOO0ODOOOOOODOOOOO0,00000 prim0O SO-DIMM [ O Prefetch Window
Uoob0b0ob0ob0obOobOobO.Size0000 evpbuf_readd Offset OO OO O.

C.3.7 ( (or quit)

qUDOD0 quit000000,dsh00000.

C.3.8 rllem_write

flem_write DO DO O0OO0000O COUODOO. rllem_write D Dclid0 0000 LIDOODOODOO
LLCMUOUOOO,LLCMOD00O00 Offset 0O ODOOODO Value(64bity DO OO ODODOODO
0.0000000 8ByteJ OO OO,

C.3.9 sreg read

sreg read 0000 C.1lo000O0O.
sreg_read 0 System Register  OptionU 0 00O DOOOOOOO,O0OONO. System Register [
OO0oOoO00DOO0O0O SMALIDOOOOOOD,00000000D000 “sma_lid>000O0ODO.
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(0ol

h
ood

help

(0]
dsh > h
evpbuf_read

\_

: LH Buffer Read
- evpbuf_read [Offset] [Size(Byte)]

OC4 helpOOOOOOO

(0ol
llcm_read [

[0 @rLcMd

# ADDR

#4215c000:
#4215c010:
#4215c020:
#4215c030:

-

Offset] [Size(Byte)]

U000 64Byte 0O 0D ]

dsh > 1llcm_read 0 64

76543210 FEDCBAO9S
0000000000000000 0000000000000000
4000000040000000 0000000000000000
0000000000000000 0000000000000000
0000000000000000 0000000000000000

C.3.10 sreg_

OCS llemread0O000OO0O0ONO

write

sreg write J 0 OO0 O0O0OO0OC11O040dn.
sreg_write [1 System Register ] Option 0 0000000000, VaneOOOOOOOOQOOoAd.
OptionJ 0 UOO0OOODOOC2000.
ctlLreset 00 00,“000000000DO,000000000DO0O00O0O0O0O0”00000
O0,vaueOOODODOODOOOOODOODOO.OO0,00000000000000000DOA0
obobOoledbooooooooooog.

C.3.11 ureg_read

ureg read 1 OO0 0OO0O0OOC12000.
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(0oj]
llcm_write from=[0ffset] it=[Iteration] val=[Value] inc=[Increment]

[O01 (aLcMOO00O0o0ooooe0noononooonooooo)d]
dsh > 1llcm_write from=0 it=10 val=0 inc=1

[02 (LLAMO OO DO0ODOO 0xaaaa®®00d0xaaaa®®eo 000 OOOOO) ]
dsh > llcm_read 0 64

# ADDR 76543210 FEDCBAO9S

#4215c000: 0000000000000000 0000000000000000

#4215c010: 4000000040000000 0000000000000000

#4215c020: 0000000000000000 O000000000000000

#4215c030: 0000000000000000 0000000000000000

dsh > llcm_write from=0 it=10 val=0xaaaa®®00 inc=1
dsh > llcm_read 0 64

# ADDR 76543210 FEDCBAO9S
#4215c000: 2aaa®001aaaa®000 aaaal®003aaaaddl?2
#4215c010: aaaa®0052aaa®004 aaaa®007aaaalbd06
#4215c020: aaaa®009%aaaa®dO8 OO00000000000000
#4215c030: 0000000000000000 0000000000000000

\_ /

O0C6 lem writeOOOOOOO

ureg_read [0 User Register J Option 0 00000000000, 0000.O0ptionO0000O0O
gooc3o0o.

module_state D D0 OO0 00O0 C.120000 64b1t 0000000000 OO0OOO, module_state
ob0oc3000b0,b0bgboogn. Option T module_state D DO OO0 OO, 64bit 0 O
0000, 000000000DO00D0000D0.000D0D00A0 Core Logic O Verilog OO OO
0oo0booobooooboo.

C.3.12 ureg_write

ureg_write 1 0000 C14000.

ureg_write [1 User Register 0 Option OO OO0 O00O0OOOOO, VaheOOOOOOQOOoOooQ.
OptionJ O UOO0OOODOO C4000.

prim_counter_reset 1 U 00 ,“000000000O0,00000000000O0000O00OO
gooodo,vaweOOOODDOOODOODODDOOODOO.
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(0oj]
prim PRIM dt=[Dtype] it=[Iteration] dw=[Dwid] dl=[Dclid] ef=[Eflag]
size=[Size(Byte)] src=[Src Addr] dst=[Dst Addr]

[0 (Write Window [0 0x400 0 0 OO O SO-DIMM O 0x600 00O 0 0x200Byte [ VSO OO

0odl
dsh > prim VS dt=0 it=0 dw=0 dl1=0 ef=0 size=0x200 src=0x400 dst=0x600

cmd: 60000000400_20000000008

OC7 primUO000000O0

(0o]
pw_read [PW#(0-3)] [Size(Byte)]

[0 (Prefech Window 000 Window [ O 64Byte 0 00O O)]
dsh > pw_read 0 64

# ADDR 76543210 FEDCBAD9S

#4214c000: 0000000000000000 0000000000000000

#4214c010: 0000000000000000 O000000000000000

#4214c020: 0000000000000000 0000000000000000

#4214c030: 0000000000000000 0000000000000000

0C8 pwreadOOODODOO

C.3.13 v (or version)

vOOOversionOOOOOO,0CI5S0000dh0000O00OO0ODOOOO.

C.3.14 ww_write

ww writeJOOODOOOOO C.iled0O0O.
ww_write 0 WW#1 OOOOOOO WindowOOOODO Offset0 000 0O0OOO0O Iteration O

O0000o0obDO00 valwe@2biyDOODODOODOOOODOO.O000O00O0, Valued OO Increment U
gboboboboboboboboboobob.0bob0lemowriteDODOODODOO.
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(0ol
rllecm_write [Dclid] [Offset] [Valuel]

[0 (CLIDO 300000 LLcMOOO0OO0OOOoze00000 800000O)]
dsh > rllcm_write 3 200 8

\_

O0CY9 rlem_writeOOOOOOO

(ool
sreg_read [Option]

[0 (System Register ] SMA LIDOOOOO)]

dsh > sreg_read sma_lid

######4# Get LID from sma #######

# ADDR 76543210 FEDCBAO9S
#4218c300: 0000000000000000

N

O C10 sregread0000OOMO

(0ol

sreg_write [Option] [Value]

000, [Option]O “‘amt’’ 0000

sreg_write amt addr=[LLCM Address] wid=[Wid] lid=[Lid]

[0 (D0DbO0oO0ooooobooo)]
dsh > sreg_write clt_reset 1

O Cl11 sregwriteOOODOOODO
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O C2 sreg_writed [Option] DO DO OOOO

Option Discription
amt Address Management Table O U [0 00 O [
sdimm_init SO-DIMM O O OO
sdimm_capacity | SO-DIMM 000000
mtu MTUO OO
sma_reset SMAOOOOO
lid OOoO0DOLIbOOO
pgid0 wib=00OOO0O0O PGIDOODO
pgidl wib=1000000 pGIDOODO
ctl_reset O0oo0oooooon

(0ol
ureg_read [Option]

[0 (DO0O0O0OOODOO0O0Oo0ooooon]

dsh > ureg_read ctl_status

#it##### Controller Status #######

# ADDR 76543210 FEDCBAO9S
#4217c200: 0000000000000832

O Cl12 wuregreadd000O0OOO0O

0 C3 wreg readd [Option]0 O OOOO0O

Option Discription
ctl_status oooooooooobooooooo
prim_counter | Primitive Counter [ OO [0 O [J
pw_flag Prefetch FlagO 0 O O O

pkt_counter | Packet Counter O [0 O O O

evpbuf_nwa LHBuffer0 TallOOOOOOOOO

module_state | D 000000000000 0O0O0OO0OOOOODODOO
status_nwa 000000000000 HeadOOOOOOOOO
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dsh > ureg_read module_state
####### Module Status #######
# ADDR 76543210 FEDCBA9S
#4217c800: 0000422200020001
Window Controller

Accepter : P_RPATH_NOP

Executer : P_BOTF_WAIT

Receive Controller

IDLE
PWrite

IDLE
Write Unit rctl_stat

IDLE
Write Unit wctl_stat

IDLE
Write Unit wu_stride

IDLE
Write Unit wu_ipush

M_IDLE
Prefetch Unit

ST_R_IDLE
Prefetch Unit pu_ctl

ST_IDLE
Prefetch Unit pu_write

ST_FIFO_IDLE, ST_PW_IDLE

0 C.13 ureg_read [ module_state 1 00 000 O0OOO

O C4 wureg_writed [Option]D O O0OOOO

Option Discription

prim_counter_reset | Primitive Counter O O O O O

pkt_counter_reset | Packet Counter 0 00 0 OO0 O

ivs_area_size IPUSHOOOOOOOGOooQoooo

evpbuf_nra LHBuffer0 Head O OO OOOO
status_initial_addr | OO0 O OOO0O0OO0O0O00O00O0OOOOOOOO
status_area_size goopooggobooooooooguoooo
status_nra 000000000000 TalDOODOOODO
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~
(0ol
ureg_write [Option] [Value]
[0 (Primitive Counter OO OO)]
dsh > ureg_read prim_counter
#i#t##### Primitive Counter #######
# ADDR 76543210 FEDCBAO9S
#4217c300: 0000000000100001
BOTF : 1
VL 0
VS 1
RVL 0
RVS : 0
IPUSH : ®
dsh > ureg_write prim_counter_reset 1
#it##### Primitive Counter Reset #######
dsh > ureg_read prim_counter
##t##### Primitive Counter #######
# ADDR 76543210 FEDCBAO9S
#4217c300: 0000000000000000
BOTF : 0
VL 0
VS : 0
RVL : 0
RVS 0
IPUSH : ®
N J

O Cl4 wureg writeUUODOOGQOOO
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4 )
(001

A%

00O

version

(U]
dsh > v
DIMMnet-2 Shell version 2.1la released by Yomi

O C.15 vwversionOOOO

(0ol
ww_write ww=[WW#(0-3)] from=[Offset] it=[Iteration] val=[Value]

inc=[Increment]

[0 (Write Window O 0O 0O 0O Window I 0xaaaa®000[ 0xaaaa®®09 1 00 O)]
dsh > ww_write ww=0 from=0 it=10 val=0xaaaa®000 inc=1

- J

OCl16 ww.owriteOOQOOQOOO




