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High Speed Low Latency Data Transmission
on DVI-D Interface

Yusuke NODA
Abstract
Recently, expectation of large-scale three-dimensional volume data for a highly
accurate numerical simulation is rising as a computer performance improves
rapidly. In the medical field etc., research of real-time visualization technologies
of numerical simulation of large-scale three-dimensional data is being advanced.

Volume rendering is a technique of three-dimensional visualization. Because
of the characteristic of the processing, for real-time visualization of a large-scale
data set, speedup by parallel computation must be required. We aim for con-
struction of parallel volume rendering environment for real-time visualization
of a large-scale data set. Now, some policies can be thought as a method of
achiving an enviranment of visualization of a large-scale data set, correspond-
ing to the amount of investment of the research resources. In this thesis, we
describe a way to realize an environment by using a special hardware for vi-
sualization (VisA). And, we introduce the characteristic and the specification
of the general-purpose PCI card loaded FPGA (VisA Pro card), which is the
implementation object of this thesis, and introduce DVI-D Interface chiefly.

Considering speedup in parallel volume rendering, data transmission for
composition of intermediate value between each nodes is a bottleneck. For
realizing the high speed data transmission, we propose a technique with DVI-D
Dual Link interface. In this thesis, VisA assumes the parallel pipeline processing
with 128 nodes. Because of the node scalability, the parallel computation is not
by a frame unit, but by a pixel unit.

DVI-D interface can perform high speed data transmission of max 3.96Gbps
at single link time. Compared with Myrinet and Imfiniband, it is inferior at the
point of high-speed data transmission. But DVI-D Interface is low price and it
is good enough in the proposal of this thesis.

DVI-D interface is originally an interface aimed for display. In this thesis,
we propose data transmission by a pixel unit. So we propose the technique

that cuts the overhead of the blank and margin with display. Opposed to



v

packet transmission by Ethernet with TCP/IP protocol in general-purpose PC
Communication, Because of the reduction of the protocol overhead, low latency
data transmission is enabled.

We implemented and evaluated the data transmission with VisA Pro card.
We implemented with 1 node first. The transmission is looped. When the high
speed data transmission is implemented, at the time of the initial transmission,
output of an unsettled value was detected and at the time of main data trans-
mission, the data reception was out of timing. We trasfered the REQ signal
that tells the begining of the data transmission so that we prevented reading
unsettled data which is the initial output. We transfer standby data with some
blank several times so that we could transfer the main data stably. As the
result, though max movement frequency of transmission channel is specified to
be 166MHz, data transmission was relized at 166MHz by the clock which is
built-in VisA Pro card. We confirmed that Data transmission in 3.97Gbps that
is more than the max bandwidth of the DVI-D Interface specification. REQ
signal and standby data transmission was optimized to minimum so that it took
102ns from the begining of the data transmission to the really data output, so
low latency transmission is realized.

We implemented with the 2 nodes. Because of an unsettled REQ signal
movement that was not detected with the 1 node implementation, the case that
transmission was not performed correctly occurred randomly. It is thought that
this random unsettled movement occurs unevenly in each of board, and the more
number of the node increases, the more boards do unsettled movement. But
this is the bug that occur at the initial data transmission state, so this give only
the initial output of volume rendering some bug.

The implementation of high speed transmission of a large-scale data between
nodes is completed, so it is expected to apply to various kinds of parallel volume

rendering.
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0000000 | 1200(pixel) | 1200(pixel)
00000000 | 4(scanline) | 4 (scanline)
0000000000 | 41(scanline) | 41(scanline)

1760 x 1235(pizel/ frame) x 60( frame/sec) x 24(bit/pizel) = 3.13Gbps

00000000 276Gps0 0000140001 14000000000000
obooobooobooooo bvi-pOoboooooooobobooooo
gboobobobobbooboobooboobon

3.2 UO0ObOOoooooo
Ooboobooogoobooog24pitd00bo0ooogno RGBOOOO
gobbbooobbbuoooobbbuooobbboooobbbooan
gbgboobobobodgbobbobuoobobooboboobobobo
00000000000000000000 (COo0O0D0oooOoooO)oo
gobbboogobbbuoooobbbuooobbboooobbbooan
gobbboogobbbuoooobbbuooobbboooobbbooan
O0000000000oooooOoOo @ESYyYNCO)DoDoDoooooooooo
gobbboooobbbuoooobbbuoobobboooobbbooon
O (VSYNC)ODoOOoOOooooo20000000000ooooooooo
gobbboooobbbuoooobbbuoobbboooobbbooaon
gobboboooobbbuoooobbbuoobobboooobbbooan
00000 (@o0CbC 1000)0 D00DDDOCOOOOUOO0 11O0OOoOoooo
gobbooooon
O000b00oO0oboobOoobooboobogbSerDeso0oonoooooOn
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1 2L— LR

FoRSh 1R

HSYNC

VSYNC

= LT

o bougobbbuouoooboo

12— LR

TR SN BHR ]

B &R DD D
GHAES

U10: ogobooooggboboboo

OO0o00o0o0oooooooobo FlIrFOOOOOOODOODODOODOODOODOODOO
o0o00ooooooooooOo FIFOODO0OOOOOODOODOODOODOODOO
OO00000o0o0ooOoogooobo FiIrFOODOOOOOOOOODOOODOODOO
0000000000000 SerDesOD0000ODOOODOOODOODOODOOO
gobbobooooboo

3.3 Ubbooobooooood
gboobooboboboooboobooboobooboboooboobo

gbogobooboon

3.3.1 000
bvi-DOOOOooOoooooboogos1bogoooobobogooboooooobooon

Oooooobooobobo0ooooooo0oooDObooOooooboobOO REQ
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BIR— 5D
1 TD-BD-PCI2DVI ] F—4
o |Lpata |

FIFO 5= TFP 3= = = 15cs |
=3
E 1R ALEE SerDes I
> | lw)
> FIFO =] TFP > <
(@]
=1
I

gl gggooon

gobbboooobbbuoooobbbuooobbboooobobobooan
goboboooooboo

OO0 Myrinet O Infiniband OO0 10Ghps DO OO OOO0OOODOOOO0O
gobbboogobbboooobbbuooobobboooobbobooan
gbbpvi-DObooooobobobooooobobobobooobooooo
gobbbooooobbboooobbboodan
3.3.2 00O

00000 EthemetOODOODOO0O PCOOOODOODOODOODOODOO
0000000000 TCp/IPOOOO0ODOOOO0OODOOOOOOOwpsOO
gbogbuogbooboobuogbobobuogbobobobuoobooboban
gbobogoboodbbuoobboobobuoobbooobbddinsgd
gobbboogobbobuoooobobbuooooboboooobbobooon
gobbboooobboboooobobbuoooobboooobbbooon
gobbboooobboboooobobbuoooobboooobbbooon
000000000 0DO0D0Db0bO0ObO0ObORGBO24bitOOOODOODOO
gobobooogoon
3.3.3 00O

FPGAOODODODODODODODOODOODODOO FPGADODOODOOODOODO
O0000O000O0bOO00bO0O0OO00bOo0bobDO FPGAODOODODOO
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gobbbuooobobbbooobbboooobobobogo

3.4 0OU

gobboboooobobbooogbboboooobboboooobobbod
O00b0O0DOb0OOOOUnreliableD 00000 0ODOOOOOOOOOOOO
000000000000 0000ooOU0oOoO0/opopooooooooooo
gobboooogbboboooobo

040 000000000

gbbuoggbbuoobobboooubbooobbuooobboobbo23
00000 FPGAOOOOOOOOOODOOOOOOOODODODOOOODDOO
gobbboooobbbuoooobbbuoobbboooobbbooan
gobbobooogbbboooobbobdago

4.1 UO0O0OO0O0OOO0OO0OOOO
gbobooobgbvi-booooboooboobooooboboboobog
goggoobbbbbboblbbbuoddooooooooooooon
gobooobog
0000 UXGA(1600x 1200)0 000010 000000000O0QOCOOO
gbleoonbooooboboboogn

1600(pizel) x 24(bit) = 38.4kbit

gbobbboooobbbooodgbbboooobbboooobbboo
goboboodon

OU0D000boooobobooboooonoRGBO 8pkitO O 24bit 00000
gbobbogoooboboooboooobboo zZzobooooboboooon
00000 uXGAOoOoooooDooooobooooobooooooobooo
gobbboooobbbuoooobbbuoobbboooobbbooaon
0000000000000000000 2048000000000 30000
gobboboooobbbuoooobbbuoobbboooobbbooan
O000000ob00oboOobOoRGBO ShitDOODOODOOOO 8pitDa OO0
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guooooobobbbogoooad
2048%(pizel / frame) x 30( frame/seconf) x 32(bit) = 4.03Gbps

gbbodbobogbboogbooobooobuooboboobboobod
OO00ooooodbDiGuezelD0O0OO00OOODOO

Oo0b00o0oobobobobooobo24bitdog 1ooooooooobog
gobboboooobobbouoooobo

1G(pizel) x 24(bit) = 24Gbit

000000 DVIDOOOO00000000000000000 165MHz0
D0O000VisAPro 000000000 0000000166MHz0000000
000000000024bit00000000 (DATA)D OO DE(Data Enable)
0D000000000001G0000000000000000000000
000000 42200000000000000000000000000
00000000000000000000160000000000000
DATAODEOOOOOOOO0O0O0O0O00000C0

4.2 0O00O0OO0O0OO0OO0OOOOOO0O0OO0

1o bobbbbboddoooouoboooon
goddoooobbbooooooououoboobbboboooooo
ggogdooooobbbboooooooouoooobobooboon

1200000000000 bbobbooooooguoooooo

O 24bit000 8O0 ROMODOODDOODOODOOO8OODDOODOODOOODOO
0000000000000 0D000000 (Transmitter) 00000000
gdd

000000000 booobDbo0o0obDbb0oo0ooboOU 166MHz O
gooddoooobbboooooooouoobbbboboooogoo
000000 CLK-Generator 000000000 0O0OODODODODODOOOOO
DCM(Digital Clock Manager) 00 0000000000000 O0OOOOOO
OO0o0OooobCcMOODODOOOODODODbOOO

DCMOOOOOO0O0O0O0OOOO DLL(Delay Locked Loop) DO OO OOO
gobbobooooboboboooobbbooooboboooobbobooon
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r CLK-Generator —
CLK T-CLK
165MHz » DCM
'bem |
- | DCM |
R-CLK
— RCLK _ Receiver
o | HSNG _ HSYNC ROM
r <| bpe | Receiver DE
5 Chip
— DATA‘ DATA R RAM
&g
o=
® —— T-CLK T'iﬂ - Transmitter
O | HSYNC HSYNC K
< | pe | Transmitter| pe
@] Chip
S _DATA _DATA ROM

U112 00000000obbooogbbbuoooobobod

gobobuooooboobogo
o DD DOOOOOOO
0000000000 0DO00O00ooOO0DoDooooOD FPGADOOO
gobobooogboo
o 1D DOMO
gobbbuoooobbbbooogobboobbobooooobbood
goobog
o 1D DOMO
gobbbuooogbbbbooooooobbbouooobobobood
oo
e EMIOOD
gobbbuogoobbobbooogobbboooouoooboboog
(EM)DOOODOOooooooooo
gobboboooobbbooogooboooooobobooooboboboa
gogoobobboboibbooddoooooooobbobobbboooooon
00000000000 (Receiver) 000000000 DOOODODOOOOOOO
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24bit00 0 80 RAMODOOOOOOUOOO RAMOODOODOCOODOOOOO
ooooboRrOMUODOOOOOOOOODOODODOOOOOO
4.2.1 ODOO0OO0OO0O0OOOOOOOO
O000000000000000 24bit000000CO0O (DATA)O DE
O0O00g80iipoOo0o0boOo0oO0oooOoOooooOoOo RAMOOODOOODO
DATAOOOOOODODODO DEDO WE(Write Enable) 0000000
O0O0O000oOoRAMOOOOOODOOOOOOODOODOOOOOODO
gobboboooobbobuoooobbbuooobbboooobbbooan
OO000000O000O0D0000 DATAODDEODOOODOOODOODODOODOO
OO000O00oDOoOoooOobob0 RAMOOODOODDOODOOOODOOOOO
gobobooodn
4.2.2 HSYNCO REQUOODOOOOOOODOODO
O000000000000000000000000 (00000000 REQ
O0000)00000000oo0o0oo0ooooooooooooooo
000000000000 HSYNCO REQUDODODODOODbOODO
OO00000DO0O0b0oO0O0oDoboOobobDOoHSYNCOVSYNCOOODOO
OOOODOODATAODO DEODOOOOOODOODOODOODODODObOOO
00000 HSYNCOvVSYNCOOOODOOoOooobooooboooboooo
O0b000b0440000000000000D0O0ODOOODOOOHSYNCO
VSYNCODOODOOODOODOREQDOODODODOODODODOODOODOOO
O00000D0000O00 HSYNCOVSYNCODODODOOobOoooooooono
HSYNCO 10000000 0DO0DOO0DOO0bO0o0obDoooboobooo
3100000 UXGADODOOOooOoooOooobooooobooobooooooboo
0000000000000 0bO0b0obO0O0obOO0oDOOobOOoDbDO HSYNCO
400000000000 DO0ODO0ODO0ODOU04000000000DO0ODATAD
DEOODODODOOOOODOODOODO(D 1300)0O
gobboboooobobobogooobobobuoooooboobbobbod
00000000000 oboooooobole6eMHzODODDDODOOOOO
gboboobo0oboobobooobobooboobobooo 1e6MHzOOD OO
ooboooooooobooobOoobooboooOoboooDooboOo beM
goooooooooooooboobogbglooMHzOOOODOODOOODOO
gbogobgooboobon
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DATA

DATA |

DE

DE |

HSYNC

7 —SE R

< P

TS VUM
4Cycle

A A

¢

HSYNC
4Cycle

O 13: HSYNCO REQDODOOODOODOODOODOO

gbobobsglecMHzO O D OOO0DO0OOLOOOOOOOOOobOOOonDGg
gobbboooobboboooobobbuoooobboooobbbooon
gbobogobbooobboobbooobobgbognbbooobboon
goooood

0000000000 DO0ODODATAOD DEOODODODODODOODODODOO
0000000 DATAO DEOODOODOODOOODOODOOODOODOODbDOO
gobogobobobobboobboobbobbooob in200bboO0n
gobboooobboboooobbboooooboboooobbbooon
RAMOOOOODOIOD200000000000D0C00OOO0OODOOO
OO0DO00OD 24bit00 0000000000000 0OD0O0ORGBUO 8bit
0000000000 DATA[7:0)000 BleOODOODOOOOOOOOOOO
gboobob 4000b000b00b0o0boobog

DATAO DEOOUOODOOODOOOOOOODOOOOOODOODObOOO
gbbogbbuobbuooooobbuoobbuoobboobobooobob
gobboooobbboodobbbooan

gobbboooobbbooodbbbooodobbboooobbbod
0000000000000 0O0000O000DOO00DOO0DOODATA,
bEobOobOOobooboboboobobobobobboobobbobob
gobbl1bbooooobbbuoooobobobboooobbboooan

20



DATA (Blue)

DATA (Green) DATA (Blue)
DATA (Red) DATA (Green)
DATA (Red)

DE

DE

0 14: DEO DATAOODOOO

gobbobuoooobobobuoooobbboooobon
423 DOUOO0O0O0bOOOOO0OObDObOOoOOobObOooOoobon
4220000000000000000000DODLDODODOOODODOO
gobboboooobbobuoooobbbuooobbboooobbobooan
gobbbooobbbuooogbobuoooobbooooobood
gobboboooobobbbooogbbobooooboboooobobobod
gobbboooobbbuoooobbbuooobobboooobbobooan
gobbboooobbbuoooobbbuooobobboooobbobooan
gobbboooobbbuoooobbbuogoobboooobbobooan
gobbobooooobboboooobbobboooobob 2b000af
gobbbooobbobuoooobobbuoooobboooobbobooan

U2 00000b0b0b0o000oboo

Oo0O0Oggog | 4(cycle)
O0000O0Oooooo | 2(cycle)
O0000000000000 |2(0)

O0b04000000000D0O00DO0O0ODOOODOOO 24bit000 1000
gobboooodgoon

O000obDoOOo0ooboboOogoOoHEsYyNCOOD REQUDOOOOOODED
DATAODOODOODOODOO 166MHzODOODOOOODODOODOODOODO
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gobboogobobbodo

HSYNCOODOOUODOODOODoOooboOoboooooooo4boooo
gobbbbooogilgoobbobobuogsuuooobbbbuoooan
gobboooogoboo

gobogbooboobbobobobbod hbouogbuogbuogogoo

AIVINABDT—4H MDT—4
DATA
DE
HSYNC
4Cycle 4Cycle 5Cycle M DT — FE AR
2Cycle 2Cycle

Uls:ggobbooogbbbdao

4.2.4 HSYNCOOOOOOOOOODOODOOOOOOoODOoD
423000000000000 REQUOOO HSYNCOODOODODODODO
gobbbbooogoobbobbodooooobbobouooooobbbobd
gooboobo0obobobOobooooesyNCODODOoDoDooooooo
0 VSYNCOCt[3:1]0 000000000 00000ooooooooooo
gbbobuogobogobuoooboooboooboooboogbood
HSYNCOVSYNCOCt[3:1]000000005bit 0000000000000
gobboboooobbbuoooobbbuooobbboooobbbooan
000000000000 0D00O0O00O0O0 24bitd DATAOODOOOOO
gobbooooobbobuoooon
4.2.5 0OUOO0O0OoOO0Od
423000000000000000L0000O0OODOODOODLDOO
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0200080 ROMUIDDOUODOOOODOODOOODObDOODOODOO
OoOoooOooobbooooooooOooD 24000 80000 RAMODOOO
gobbboooobbbuoooobbbuoobbboooobbbooan
gobbbooobb 1200bbbooogobon

gbobbbooooobboooobbobog2000bbboooooboon

(4(branking) + 2(stanby)) x 2(0) + 5(REQ) = 1Tcycle

gobobobooogobobbsoobboogonbn 1e6MHzODO DO OO
gobboboooobbbuoooobbbuooobobboooobbobooan
gbobobobooooobobsolrbooboboboboboboooon
gobgoooogoboobouooooboboboan

8000(cycle) /8017 (cycle) x 166M (Hz) x 24(bit) = 3.97Gbps

gobbooobboobboooobooubbooobboouobbOodleeMHz
U 17cycle0 00 0OD0O0ODOOODOOO

17(cycle) /166 M (Hz) = 102ns

00041000000000000UXGA(1600x 1200)0 20482000000
gbbodgbobobodgbbuoobbuodbbuoobbuoobbuoobboob

4.3 UUOO0OFIFOOODOOOODOOODODOO
000000000000 FrIFOOO0ODOOOOODOODODODODO
gobbboooobbbuoooobbbilebnoO
O00O FIFPOODOOODOOOOODODODOD Receiver DOO DATAODDOO
000 (RCLK)ODOODOOO FIFOOOOOOFIFOOOOOOOOOOOO
0000000000000 0000000000O0OD000O (T-CLK)0OoO
gobbboooobobboooooboboooobbobuoooon
00000000000 FIFOODODODOOOOOOOOOOODOODOODOO
gbgobobbobooboobooboobobbobooboobon
gbgobobbobooboobooboobobbobooboobon
goog
gbobgob42s500000000000000000000000D0O0O0
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r CLK-Generator — ]

CLK v T-CLK
165MHz » DCM

R-CLK =" |

T-CLK S .
\_R;CLK \_, Receiver

R-CLK
HSYNC HSYNC ROM
pe | Receiver DE -
Chip
DATA pATA | | FIFO | RAM

—— T-CLK ‘J - Transmitter
HSYNC HSYNC T-CLK

pe | Transmitter| pe
Chip

P DATA P DATA ROM

uring

EYLIEI]
INQ

o INd

0 16: FIrOOODODOOODOO

0000000 (R-CLK)DOOOO0OO FIFOOOOOOODOOOOOOOOO
0000000 (T-CLK) 0000000000000 00 RAMOOOOOO
gobboooobbbooobobobooon

gobbbooooobbbooodgboobooodgbboboooobobobod
gooo

4.4 UO0O0O0O0O2000000000

gbobuobogbobooboliooobobuooboobooboobood
gboogbuogubogoboob2000bbobbobooboobood
gbdbobgbobobbobuobuobuobuobonooooooooobbod

gbgbooobgboobobuogbobuogboboobobonooodgd
gobbobouoggooboooobo

gobboboooobbbooogooboooooobobooooboboboa
gbobooobooboobooobvi-Doobobooobobooooobobooo
OREQDODODOOO HSYNCOOODOODODODODOODODODODO
gobbobuooooobobboooob 1obbbooooobbbooan
O00DbO0OHSYNCOODOOODODODODODODDOODOD1OobOOoDbDOoDoOo
gobbobooooobooobbbooooobboboooobbobboooon
goboboooobobodod
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421000000000000000O0DOOLDOODOODODODODOO
OOOODATAODEODOOOOODOOUOODOOOOODOOOHSYNCDDOO
gobbobuoogbbobbooooobobuoooobbbbooooobon
gobbbuoooobbbuooobobbobooodan

00000 170000000REQOO (O 1700 HSYNC)ODDOOOOOO
gobboboooobbbuoooobbbuooobbboooobbbooan
gubobbboobodboobobooboobooboboobogoan
00000 VSYNC, CtlOD O HSYNCODOOOODOOUO REQOOOooond
gobbbogobbbuooogbbobuoooobbooooobobod

ASUSARDF—5 DT
DATA
DE
HSYNC
I ‘ NN o B MM DT — FEIERARE
ANTE L1 Bu] BEMENYH B

017: REQUO (D000 HSYNC)OOOODOooooo

OO00oO0oHSYNCOODODOOOODOODOOoboooooooboobooooo
gobboboooooboo

4.5 OO0O0O0OO0O0OO0obOUoOobuoobobobobOoo
440000000000 Db00bo0bbodbbo0obOooooboon
gobbboogobbobuoooobobbuooooboboooobbobooon
gobbboooobboboooobobbuoooobboooobbbooon
gobbbuooooooooobobooooobobboooobbbboooan
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gobbobuoooobbbuoooobbboooobon

s o000

gobbboooobbbooodbbbooodobboboooobbboo
VisAOOODODOOODOOOOoOoOO
OD0O0000ooOoDOVisAProOOOODOOOOOOODODOOOOO
gobbboooobbbuoooobbbuooobbboooobbbooan
OoooooooobooooooooooboDoOobD FPGAOOOOOO DVI-D
gobbbooobbbuooogbbbuoooobboooobobobod
gbobooobvi-Dhoooobodbooboboboobgooobooobg
O0O0DODOoo0O39Gws0 00000000 397GpsO0DOODOOOO
gobbobbbobooogbbbouoooobbboooobbboooan
gobbobuoooobbobboooobobobbuoooobbobobboooan
gobbobouogobbbbooooobb12nstiggooobbbooan
gobboooobbobuoooon
Oobo0oobooobooobooboobooooooooREQDOODO
gobbboooobbbuoooobbbuooobbboooobbbooon
gobboooobbobuoooobbbuooobbboooobbobooan
gobboooobbobuoooobbbuooobbboooobbobooan
gobbboooobbobuoooobbbuooobbboooobbobooan
goboobooodn
gboguobooubobooboboooboboouoboboboobobobod
oob0ooboooooboboobooRrRGBOOOODOOOOOoDOOoOooDOoO
gobbboooobbooodgboboboooobobuoooon

HEN

gbobbooogbbbuooobbbooobboboooobobooboaon

gboobobuodgbobboobobbooboobobuooboboong
gobboooogbboboooobbooboaoo

OU0b00bDOo0b00oo0ooooobOooobooboOdgReVolverD O ODOO
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