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Implementation of High Performance Messaging
Layer for Multi-purpose Clustering System

Jun-Hee Park'- Kyeong-Deok Moon'! - Tae-Geun Kim'''- Gihwan Cho'''*

ABSTRACT

High speed messaging layer for application’s feeling of low level network performance is needed by Clustering System
based on high speed network fabrics. It should have the mechanism to directly pass messages between network card and
application space, and provide flexible affodabilities for many diverse applications. In this paper, CROWN (Clustering Resources
On Workstations’ Network) which is designed and implemented for multi-purpose clustering system will be introduced briefly,
and CLCP (CROWN Lean Communication Primitives) which is the high speed messaging layer for CROWN will be followed.
CLCP consists of a firmware for controlling Myrinet card, device driver, and user libraries. CLCP supports various application
domains as a result of pooling and interrupt recetve mechanism. In case of polling based receive, 8 bytes short message, and

no other process, CLCP has 262 micro-second response time between two nodes, and 1M bytes large message, it shows 442Mbps

bandwidth.
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¥ g4y Aoy dF Z2AEo Y. o=
Z ¥ 2% (Princeton) ¥ SHRIMP(Scalable, High-
Performance, Really Inexpensive Multi-Processor)[12],
CSAG(Current Systems Architecture Group)¢] HPVM
(High Performance Virtual Machines)(5, 16], 242
RWC(Real World Computing) PC &2 2~El[17], o}
o & B F(Hebrew) 2] MOSIX(Multicomputer Op-
erating System for UNIX)[19], Z& 2 LHPC(Labora-
tory for High Performance Computing)2] High Speed
Networks and Parallel Applications Project(7] ¥ %<&
g dFrge o8] Fe2HA A2de] dTEH2
ek ojgbge A7 EL] B L Fe|2HY Aj2dE 1
AEd AFH AN 87] Adte] gREeln, 1%
A ZavEy 7ig 9A HE 388 HA dd
o) thi-Folch 1, B A7de] /AEd CROWN
(Clustering Resources On Workstations' Network)[1-
3,151 W HFEH A B ohg HEmdo] A
2 FH2EY AN2gE §837] AT A2t

F2HY A2 AFojold Y8 97
7b ok 2 F A&EA ZEE e F88 V|9 Ve
o shtolth 4713 RE Z2AEEME Z7] &)
ANade] A ExAHY 14 B 7lEE BAEL
otk #Zale] AM(Active Messages)[4, 10, 11, 14, 18],
ZPAE e VMMC(Virtual Memory Mapped Com-
munication)[12, 13], Y& x=¢]¢] FM(Fast Messages)[5,
16], RWCP2] PMI17], LHPC¢| BIP(Basic Interface for
Parallelism)[7], 23(Comnell) th¥2] U-Net(User-level
Network){8] 5-¢] 13 o]}, CLCP(CROWN Lean Com-
munication Primitives)[1-3, 15 CROWN Al=¢l9] 3
& BN fAYEZLEA CROWN Al2de T4 34
Hokel "Elulge] AW(VOD A ¥-MovieRo)¢ ¥ E
AFY SAEPVMIE A7 A#iA] A R A
9t} CLCPE CROWN Al 2"9] 7} =528 43l
2 3% A =gl e, 14 B4 FL=(Myrinet
[9)7F & Ea2] A% (Raw Performance)& #HM g
2 o] Z] # o] A (MovieRo, EPVM)9 Al 7}x] ¥
UEE HA 2 FHHAG.

2 pHdF

Berkeley?] NOWZ 2 HE o]F SAN(System Area
Network)ol & @77 && gty a4 7 dd 9

A APHRL B 1S FA ZevigEgo] A
Atk E M= AM, FM, LFC, BIP 5o taA
ol t.

AM(Active Messages){4]& Berkeley®] NOW Z2
HENN Nig S4 AZEY 2N FA AM-TE
Adadct AM-TIE 71&9] Active Messages A28
o Virtual Networkel2te 7ide] &4d UEYA 7|
=& F718ta ofd g5 APIE A F 3t Virtual
Network-® high throughput, reliable message deliv-
ery, simple yet powerful error modeld 7]1%%& A¥
gt o] & $8)A Endpoint scheduling, Flow Control,
Timer Management, ~18]3 Error Handling 7]&o°]
TAHA

FM(Fast Messages)[5]2 lllnoisolA 7igg AXE
doiz2A dxA FM-U7A Add Adejolc. FM-II&
71&9] FMelA A4 SlE flow control® T84S
FAE EFstn HEHAY $HE AHEAA FE3
Agsixl &3t qivke wed 248 stream ab-
straction d& o] &sted F31 BE g vEeY
49 g A byte streamo. B HBPFoZH HEH
?l APIE AZHE FE2 3a it ol H8 FM-
oA 7@€ 714L gather-scatter, layer interleav-
ing, receiver flow controlo]t}.

LFC(Link-level Flow Control){6}&= H38 ZHFHE
Bl AxEg] NEAdA A4 e Yo U(point-
to-point) % BEIALE HZV B4 &4& g3 ¢
A AFEE ZXE 1 Yok & HHA LFC
+ Nl-level credit-based flow control, NI-level multi-
cast mechanism 7|&€& A Qg

BIP(Basic Interface for Parallelism) [7]& ®A1A]
A o WE HAFHE dYoE =23 F4ld
oy vEYA UdeEHH2 THE FEE dv F
AAGe] T WY FLES EHHoE AU
A vEYZ Z2EE FT2E FEIY & A4
A BIP£ zero memory copy, big message delivery
based on pipeline, small message delivery59] 71&€%&
& TEsd

3 Fedy ® Hwey

31 AlAl A
CROWNE Linux 7]%2] Pentium & PC $j3xH



oldg d=4o] BRELE Zevh AAE ALEH
2 <F 1> gt} 2E CLCP 289 AL& GNU-C
HAad g ol &3 on Myrinet 7t=2¢] Ao T2y
& Myricomol A A& Lanai§ GNU C 3222 #
A4 & AT

(E 1) CROWN Al28l JHg &2

ITEM SPEC.
CPU 233MHz Pentium Pro+
Memory 128Mbytes
Disk Ultra Wide SCSI Disk

Intra-Cluster Network Myrinet
Server-to-Client Network | Fast Ethernet, Ethernet, or ATM
Operating System Linux kernel version 2.0.x

32 NIC (Network Interface Card) : Myrinet

Myrinet(9]& <& 256 GbpsE A Lske 29X
71wk Y EL Folt}, Myrinet2 7H3 Zole] #zl & X
f39, AFHE7L L AoEdH Azau AHXNE
%34 ¥ &(wormhole) &$€& Ft}

@ Host
Memory
cache

to/from
Myrinet NI send
Card Memory network
/l'é!

DMA\Engine
(28 1) BAES} Myrinet X

(29 1) Myrinet 2828 A2d9 & x=9|
Fz2& BoqFr) Myrnet& % ZE HA $54 F
€ Myrinets] W=2aE FF81A dojdrh. Myrinet
Ftegt 32EE DMA7ISE T84 A2 wzd
F2o| 7t5sin, EAEQqME DMA BE& F9|7|
%8l 4] PIO(Programmed I/O)& & % itk Myrinet

OIEX 2AEHE A2HE 218 2% HAE AE 78 o

& zzadvE H4oj(Programmable firmware)&
APt 2882, AEgaE NI(Network Interface) €l
AgTZE AL Ak et A QAT £ UL, Ao
Z2adg FEE F v

4. CLCP 27AIY

E FolMe CLCP7t ZFolold 7184 S4F
3 CROWNe] Hejujt]o] Xujst ¥dE HFH A¥=
89 e 3 aTFANG A Lot

4.1 HSCNe| 7|25l &%

YurA o2 & ¢ A T2 EF(ex. TCP/IP)EL
i e A2ZEHOHQ Fg w9 HSCN(High
Speed Clustering Network)ell #&3}7] o3}

o Ada ALEA BE HH oHI= B ZEE
Fo] Ade Wi EAY FTde F4E HA4
A g AdE ARdor @k of Af LAs=
Ads A&} 7te) 2= H¥(Mode Switching)
4 4o oW =g SAA N

o W2 EAl @ ¥W3)=(Memory Copy Overhead) : o]
Zel Ao A dENAZ HAIA] Ag FHdA
wAsls Bal ewsizoict ¥l BA Z2E
Z(eg. TCPIP, el &89 vAA7} YESY
A2 Yrhr) Aol 2~38 9] BAlzh dejdtt. o8¢
oW =E LAN #ule A% & o FE ol ddA
A Agex Ba= F8 4ol Ha ok

o IFF ZIEF HFE i R E] T ZREE
e UYL 9 Z2EFo|d & Aty ¢ ¥
£ 9 Bele FHAA BER HAYZFoIT 2
oz, gasded FH2EHY AaddA &7
e g1 A" Pl BEAR V5 E Bl 7
AL g, olHE 7FEE BE AdE A

2926y YEAZE 98 15 EA ZaWER
e olelg eWs=g 27 A 27 e B
& WHg ol gatx gom, CLCPIME 2e Wae
ot g,

o A g7 RS AP WIS BN ZEE
29 RE 7]%5% ZHolEyy Foza AER
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Z2aYst @A AR BRAM ZE A UlE
€ Tyt

o tlxy EA ev#l=(Memory Copy Overhead) :
AHER glolBeigld B BAl TW|EHE o] &3
A AEE A8 E AR FaeAM NICE A3 A
gt Az 19 58 14 o)z 29 4 v

e} Z2EF W= S Y% ZE2E
94 LAN 3 faxdold Ze2ey g4
4ad TRZESS AT ZE REL AAHL

42 YE|O[C|o AERE B FAIE

HHvte] 2EPL A4 bojee FFo| 9
FoAAk e EAE Z=h 2822 CROWN A&
#g¢ Fdeluo] AH(CROWN Multimedia Server :
MovieRo)2 #-8% 7, 7|&9 iR a4 FA
Za|velas} o] £ 7|wte] T WERE AT
H 454 2 @48 e A CROWN A2"e
7lgte g e VoD Mu X Eg o2l MovieRool
Me stue ZetoldEd e FeloldE AH 2
# =(Client Session Thread)”} &%57] W&o} 2+ A
&9 oty FAlA g AP Ert dgdn 9
Ha & AFRE Aot Linuxd 44, sy A&
Pl M B 2=} FAld 4¥Hd AU A=
¥ g%l 2A A3EHJUN 98l

o2l g BAlE fA57] 9% B9 32 Ethernet
7l JHYE 759 E&g o)&E F7 Qith &
TCPAP AL N3 HAAZR o] gsted EH& 3R
Y3%E AR Y FAARLE ot = 91l JUNIS-1].
a2y, o] WHE ASE F$ TCP/IP #Hg v
AAsor dhe BEg otA "ok CLCPE EAE
23y A JABPE 7% 2E2 HA ¢ 7
#yojof gl AHYE 75E F7lE7] HaME
duto]2 SetoHe] QIEYE Az ¥4, AMgR =
ZA2E ALY 9% 7)%5, Fimwared] 493 QF
HE 7153 ol& £&37] A% M2E $54 WY
Fol gasit,

43 ¥ WFY pIE UM 27N

239 BAATFAN AZE qPRel 4 Zgvg
HEE ¥Y PFY ANE THoz AuuUt 3
¥ AP 98 13 229 B 2PAYe Fe

A @A) ZH(Latency)olth. MIAR] Z7]o] W& AAZH
9] Folo mekx FA A2del Yo Hrldrh A
AAZE F017] AA B HAUZANA Hsln g
T WAL QYA ok 4 $A8e YA
E AL dAAY 14 FAE AsA FMaAE PIO
(Programmed LO)E2& ol &30, & w9 £4
A& AHME DMA%AE ol &3 M A
Ae AHYE Wig AT 49 JEHUE A9
Fgoz s AAAzte] dojAn, 2yrzg Eyw
Hg ol &N WAAY =3}e s, EHsaul
A AFE A9E ANgste Bae] Hgsi, & A
TE 471 AA EF 34 HesEd 4 dld
A Zled AEYPE B3 g8 7 3AE uig s
o] ZEAavke] Agdl=s HE AFY $HE Aok
g}

5 CLCP 47 ¥ +¢

CLCP= CROWN Alxgle] Zej2g UF a4 %
Ag ANM TEE AAYUFoIT & FJME CLCP
9 7123 ARTZE TP 4A Ve d9sin
T B AAE AHE 7 RE9 B <nd
T BAHAA Jledd agm, FEAYY Jieg A4
3] gopid,

51 2ZEHH 2¢

CLCPE (29 2)¢f 2ol 379 £ZEd o vE2Z 7
A€k CLCP golB32lE CLCPY API(Application
Programming Interface)& AZF &) H7]dle= BN %
7138 AHHol2, RIEHEE o]48 441 A=HHo

Kernel

Myrinet Card

(3% 2) CLCPe| AZEgo] ZW



2, E4& o 4% £54 d”HHlx, 282 CLCP
SAR(Segmentation And Reassembly) A& ¢lE| ol
%ol Atk CLCP twpel2 Zelo|H = Linux #'dol
CLCP =to|d] REL ZE 3 7)%, tulolAg] 2
718 A 48 7%, R WY 7% F& FY59,
AA BAo] dojd o FA 2713 AL FHHh
¢ NICol dad 43& AEdto JI=g Aodse
A= g}t CLCP Firmware= Myrinet 7+= 2} o
2o AFsle 2o, $74L H3AM NIC
o ¥4€ AaTRE #Ysy, TAES B YEY
astel DMARYE 33

52 WeEy

(2% 3)& CLCPAA stue Z2A27 BAE &
ol AHBEE RAFT) RE 54 Z2H2E BA
& 87 98 &y o149 EndPoint& zeth End-
Pointe $44% A% v g F& 7 ArTRH,
ol A3 dstz|2 ok (29 3)eA Tx Buff-
er, Rx Buffer= NICY] W 2o z}z} sptdnl Ex8
E afe B4 wHotl # 52E U9 RE gL
ol H & AfAA $44E ¥} & CLCPE © WA
E A HEE9Y/OHEEEAYE 3 FAl oA
e BAMEE AFe o] Wiy g HNEL (2
¥ 1)o] DMA o) o84 MEYaY ZAEZ DMA
"t} NICH l& Tx/Rx Queuest 32E W E2ld &
Host Buffers z4zte] B4 2424 sy S2 ¢t
NICE =&43: Wj7le B SAEZ 3t=49] AHY
EE 3N & At JABHYE Alade] 54l Z2A
20} A 742 AL 9 A CLCPE select Al2=d &
%& A4-3t} NICY 9l& Command Queuer 41 %

Wake up (select) User Program

command
gueue

Myrinet Card

(28 3) CLCP dY &%

SN SHLOHE ALHE 21T D5 HAIE AIE 78 913

718 4 A Y e ¥ o, ArTEe 44 { AEE
F2EERY ALY A3 AHEHE Folr

53 4 7o 289 Jls

5.3.1 CLCP #leo|H&#

CLCP go]B g oA A3l APlE <E 2>9 7
t}. CLCP9 MTU® 4K Bytesolt} o] A& 8ite o
A& A% B4 HH9 Z7]E 4K Bytes2 Aol
azhBg, A ZRA2qAE K o4 AL Wy
of @A Mxwdeld #YE HFo{ok Frh. CLCP
ME CLCPY W 279 of&3x¢fn 7H3Q AR
& wAlAgEa, CLCPY e @A Aaweoldg
HAE Zd Yot @t <H 2> API|A message
E2 msg7t T olE S #E APIE BN ZRAX
AM Aade el e g Fv A5 AH43s APIEZA
2 &4 ¢l SAR(Segmentation And Reassembly)
AL FYs Fo} o] APISLS & w9 wrg Hib
g gt

(& 2> CLCP APl

AP 71 %
%4 clep_open tjuto]l A~ v 7|
_7;:71';} cicp _alloc_endpt | 3119 EndPoint ¥%
clep _alloc_chan 3] Ad €3
£4 clcp_close Hulelx B¢ &)

#9338 % EndPointE Free
B3y ANdE Free
Z#HJ(CLCP MTU) &1 9]
4

zyqd a9 #=41

7] wA]R] 44
(CLCP SAR API)

7o} wlA]R] 241
(CLCP SAR API)
EAm e JeHE £A 5
AHE AP

3 79kg) b wAlA] 4
3 7lgre} 7bd wA]R] 4

A clep_release_endpt
clep_release_chan

clep_send_frame

clep_recv_frame

2B 4 E| clcp_send_message
54l

clcp_recv_message

clep_release_frames

%9 |clep_poll_tx_msg
%A1 | clep_poll_rx_msg

5.3.2 CLCP tjulejx =dloly

CLCP tivto]x =glol¥yE <E 3>3 o] 579
UNIX ®E3 dulolA Qe s o] A(file_operations) &
THRAL} select e CLCPY IHIHE 75E 4
3 TFHEEAL JHYEE o843 FA ZaA2E:
289 FAL A select N2E F2S F F A
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2gdA B8, WAL £AHY NICE UHE
EE FaA F2 Z2AH2e AHE AdolA AgH
th A T Z2ALE g7 FUE AY AAAM
2AEHA 23 dold + UA ¥} AHYEA 9
g A BAFG ARTRE HNAM AAE dotrrz
gt

(¥ 3) CLCP C|ulo|& =2i0jt{2] UNIX BZE QIE{H|0|A

Interface functions Implementation
Iseek X

read
write
readdir
select
ioctl
mmap
open
close
fsync
fasync
check_media_type
revalidate

PN PRI IO (OO |O [P [

mmap e B4 Z2A24H 2{2e) AHAd
NIC 499 ZA3t= WHE A2 5 A=F AHLA
M FAAMAZ ABANAFE dgE 3t vze o
Bol o dakek Wy A HAA AAS] thE

ioct] g CLCP7L 7HA 3 Qe 7|8 7|5E9 ¢
ol g&8 @t} ioctl 5ol oA CLCP ¢
ol Egtelwd AdHE ¥FEL FA 2789
#a" e 75 <E £ 7

4718 e FFEL T4 RU|s/EA FAdA
ABTFZE /42" e d& A3 adag
of #5EL Ao AL A8 Fimwares] Fo
& AgTFRY AAY/AE A FHF,

(E &) ioctl B0 HFE Cujo|~ BTE

¥ F 7l %
Clcp_create_endpt A'd w29 NICo| EndPoint A4
Clcp_destroy_endpt | EndPoint &
Clcp_activate_chan | A'd ¥
Clcp_deactivate_chan | A'd 49

o] ylo] CLCP tjulol2 =gloel A&, NIColA
32ER JHYES 2498 9 ol & Hes: I
(clep_interrupt #)& 3, tinjolx =glolHE A

42 29% F dule)2e 273 HYE £9%d
(init_module #<7).

5.3.3 CLCP Firmware

CLCP F/W(Firmware): Myrinet Ale] TZago
24, 32E4qX AgsE 29 TP oA
Myrinet W22 299t F/W NICe wixegd

= ABTZE ¥A(Enable)/d] ¥4 (Disable) A2
e, B4 Z2Ase #E EFJW NIC #EE
de A89% Z7e] A ZEA2E] 7D Qe
Tx/Rx #8373 CLCP tiute]x cSilolujelel g3 o
AE 2L A% FHF(Command Queue)’t U
FWe @A €4(Enable)¥Elq] Tx#FEH FHFE
A oE EYUrt EF F/WE #3le 48 A
£Hoz BUHHET glojok gt HAle] =REA
deqio]q oz NICS #A£E <! ISR(Interrupt Sta-
tus Register)9] BYTE_RDY_BIT¢] A"t 8=
2, F/WelA& BYTE_RDY_BITY AHARE =&
HoZ HA

F/WelX CLCP tuto]lx =glol¥g FH3le
Ag72E ey FHEHT AETFRAE HHTFY
Hlo]x FAel XQIE], F/We o7 Ao 248 =
2 HY, F9Y AR, AHYEAN AdE Fug F7)
3 W4 Fol XTEEY.

54 CLCP ¢12|&
B FAAe 478 289 ¥FE iz 34
HHE A ADGAR oA A

5.4.1 B4 2718

A Z2A2e BAE Y484 AEFERE ANE
of gt B41E H3A "ad ABFRE EndPoint
2 YEYch EndPoints Z2A2e 54 wmel 1
HHE EAES = IAEE FHRl Tx/RxTE X
g3t} EndPoint9} #BAE ABFRE HolA tha
ZAAE dYsy|2 g (28 9% B4 2713 33
o] 34 ZEEE BAFET

CLCPE #4 EndPoint 8 ZA#AED AUk Ho
EndPoint #& ZAse 71 F4¢ 24F T2E 7
R&ld] Pin-down® " E2]¢] =Z7]o|t}, Bigphysarea-
patch#¥-& Pin-down"|22]& $3]4 Matt Welshol
&) 1td Linux #'d #x]F€lolt} Bigphysarea



User Process
CLCP Library 1 2
o [

3 R

clcp_open clep_alloc_endpt clcp_alloc_chan

2

Kernel CLCP Device Driver
!
i |clep_open clep_toctl
1
!
% .
{ clcp_create_endpt )
! clep, activae_chan
!
l
NIC
{clcp_create_endpt] 'c]cp_activae_chan ‘

CLCP Firmware
(Ozl 4) B4 X7|80pHe| Bt SET

of thy Age vz wjHe] #eE dHAA A
72 @t} ALAE Linuxe $8 o6 E AJY
A Pin-downml22l9) 7|8 23& F Utk

7tzte] EndPointe dvie] tiupo]~ MUz FHEA
t}, d& &0}, A EndPoint+E 1608t & o,
/dev HEZ ] clepd FH clepls7tA e Bd-g AA
& 4 9o}, 3¢l EndPoint® AHE37) flsiMe 8l
ve] tupol~ #9-2 dojob Fh. clep_opend Tiwt
olA H#9& A& AL gt

clcp_alloc_endpt APIE ioctl QI €l H o] ~& §-3] CLCP
tjuto] A~ =to| 9] clep_create_endpt #4o] dZE®
t}. o] ¥<olME bigphysarea FFolA WzHE &
Satw CLCP F/Wol EndPoint A4-& 93 %dh. NIC
o} tiulo]lx Selolnold e WEAEL ALEA
7} AL &£ AUAEE AHER FAFT W@ (Map-
ping)®ch w2a w%(Memory Mapping)dl #%¥ Wl
£ T 71E BEAA AAF O

clep_alloc_chan APIE %4 DYE#E & Ade
gguti=rt, Afdol i 4% EndPointdll i@ %
BollA AA8 At

5.4.2 €54 34
CLCPE A&ste AAL #Ade ¢33

e

T A

CIEX SXHAHE ALHE 2T 2% HAZ AE 78 915

28 vl (29 5)E TAE YA B9 38
BAE,

Sending Process
Address Space

Receiving Process
Address Space

TF Buffer e F e Rx Buffer NIC
in NIC = s . in NIC {Myrinet)
Memory Memory

DMA

Myrinel Network

(2! 5) CLCP W3l SEBx

<E 2>dM9 o]l CLCPA: E4H AHYEE
ol &% FEF 4 U Ho|2t EAFTE HA
o] 582 %7 UHsols BF (1Y 5)9% #

F20E A8H FA Z2A2E HA $A512 3
£ #H3& 249 EndPointe] $4¥H ) BALE ok
gy 2Alg sj3le] ARE EndPointd] Y& A4
(Tx Queue)ell 712 Fojo} #ict BAL 3l AR 715 F
4& 44 APl A F# &) EndPointel #zle] EA}
HA AR 529 $41& nhReElgt $£4 APIA
A7t FEEHH BA ZAAE UE IS F33
o $Ae 4A vEdaz A AYL F/W
JA sgdrt ZE T L2A2Y A& R 54U
Fe= Egdez NICY wEgd EAsEg, F/We
o] FE9 4A H2¥ + AUtk F/WE NICo| £A3
E 9¥HAE @S 2o 78 E9Ysie YL HE
olgctl oldf, £4E HAol A& AAHL, Tl U
= 7o ARDMA F&, 27, Jd¥s 5)8 12
DMAE %3 NICY B4 Huz2 A% F oA o
EfaZ DMAE B3 A4S dt

FA%449L Y84 FA T2 AAE AN End-
Pointel %= FAFRx Queue)d] TAF HFo] &
A4 EndPoint®] 441 7bs #s 33 JRE # 7]
E5 & JHYEE o|&F FAUL 48 Afd F
N Z2AAE select N2 &L Fordrh AHY
EE 5% &N AALE o SddA A Lot
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o FAE 4% EH7F @ Al ARlo] watsi
F/We =34 979 8o JRE B1 HA& F4
g EH =z AH29 EndPointE Foldch ],
EndPointel]l Sl 478 23 #3le] DMAR E2
28 ¥obd ¥ EndPoint®] =AM Z DMAE @
T4 ZeAxE A9 4579 OWNER_FLAG
Ho] ZAPYEE 43, =3d AAE A
F& FToz AR ¥ Agd AN F
Al £A7Fs vy Fez gg

5.4.3 34 A

B A4 A& B A4HUY EndPointE A
29904 The FAE AN A8Y ¢ JEE dhd
st Aol of e B4 2718 AYg doz
Faw,

55 F¥ 7i& o A& =

CLCPE Td3tedles R71A Fa@ 7Y 7)
go] gadt £ dddME doA Jled 4 BF
9 7153 BAUE AT AEANAM FEHoR d9g¥
T8 Ned AETEES A9gct

5.5.1 Wlxg ujy

CLCPAIX $& 37 H8lN 713 2488 AT
#¥ EndPointelt}. EndPoints EAL & uivel
FEEZ T4H U EndPointes AHEA F4 B9
M d¥dE F42 Ao 7Hsdt. 28y, EndPoint
£ EZH2E Pin-downd A9y w29} NIC
o gle draz FAE o) o) BYoz 2
g3 FIGAAY JEAHL BEFFgor HIFo| FAH
olgle FHE ARV AFRol HIEI HMe
(29 6)3 #2 vz ujg(Memory Mapping)#3A
o] "z}

VO #8429t DMAE ol 4% 4492 87 98A
£ 32E v2lg] YA R Pin-down o] A oF g},
HEH A o] 839 Y&o] WS 3% Pin-
DownSo} & d22|9] a7]& B% Ak CLCPIA
ol #2437 ¢3A Bigphysareadt= Pin-down
49 & Z+& Linux W 4§ AHE3t) Bigphysareats Al
£¢o] #98 q Ad sM dnald & e FLe
ZH Al2dol RESQI(Boot-Up)® ¥l 2alyozx

2% ol (Swap-out)s} A FA H& HEF FJojr},

CLCPY B4l Z2A2E NICY WRddE F2L
T 4 dojof @t ol HHAE 4 NIC HEad
Ad 7MY F48 Fodor @0 LinxdAdE o1&
AHA vremap A'd $HE AFETL CLCPY Uw
o]z Edol¥rt Ade] ZEHE BANAM vremap
47t 3253 (29 6)9 @ FAo] gt o
o] E EndPoint® #% vixe Fe Ad
F4 FPo FHTo) AA5eA @t

(3% 6) CLCPY mi=e| ohE 2Hd

%4 Z2A 2% EndPointE d3te ¥ A&z 2
e} F42 EndPointel 3¢ 37] 4304 mmap ¥
& AHEYoh mmapN2d &% WA HE CLCP
tjuel 2~ =gloln] & clep_mmapolth. clep_mmap
< 7y dxg g E I (2 69 Q). vt
= bigphysareaZFE #3we vy ggoln &
st NIC dZed sle F8 4% oo oy
AHEHE 71'd @41 remap_page range ¥l
el vigades BUA ALER M F2EDE
EndPoint7} d43Q F48 72t Fgoz

5.5.2 EndPoint

@A Ag AdFW=o] EndPointe CLCP 419
YA A7 TFolt), EndPointE #aste a7
Z BAZZA 2 CLCP dulolx =gloly, 18
1 F/W7h 25 7HA 3 gk (28 DL ALEA 23
oA} £ EndPointe|t},

(¥ D7} 2ol 3o EndPointe $4/44 9
/44 Y2 FHEd U HIdEE d&9



(28 7) AFBX 289 EndPoint =

ALEAL FAFDA EABY 44 7o FERE (2
4 8)3 Zo.

packet length
signal or data flag channel #

owner flag
H

buffer pointer

Owner bit value
Host = 1 (H in here)
NI =0 (N in here)
Nobody = -1

Signal bit value
§: end of message
D: data

[N URS UM [PUR PR (RO RO = o B ol e+

(22 8) 354 79 7=

F50 Fe F70E& A8 AR TR A28 F/W
7t ARE 2@t T S @t oE HH, &
Ztel F 94% AR A%A AHE MY 2FA
el H=(owner flagl #& o] Hart 7HAx gle
el FFAA FERE guid) Alga T
A HEstnA & vlAAE CLCPE o484 #H
57 Y48A SARAIZE AHEcs AL UM H
W vhe} g}

a8z, AgA7t AEst st st WA E dh o
9] CLCP ZH9le2 FA 8}, AlFYE(signal flag)
£ @4 Zddol HAIAY £1A old=E rieldn)
o] W=f E3 QIHIEE o/4F $54e dsiA
At AT, AdHE "=k W ¥ gEdA
7HedE Zydde] A4E/H4e xos AUy XE
WEE FE 72 AHEEY B A YEE Zg
Aol AF@/A%E EndPoint e Y& deizF)
welel MFd Agd nlel 2ol EndPointi CLCPY

OSH EHAEHEY ALHE 2T D% HAE Als 78 917

7R AZEdel ZE EFA @ Auntz
oltt. n¥EZ, ZZ9 mENAM FIdde F4 IY
(Address Space)’t 2% ©2th 1#7] did, £4
A Fel AHEHE RE YA PRE oXMog §7)
At

CLCP gelBe gl EndPoint2 {287 $1#A
AHE8HE AR TEE user_endptolth user_endptel &
AlgA 7Hd 42 EndPoint® F2¥ F U=E, &
4 7o EE(first, next, last), H{HY ulo]x F
&, Wi¥e 37 559 ARE #Hed CLCP Y
Htolx sglollelA Zte ARTZE UHIEE 9
@ Wait 7, Ad@elE A Ad oid, 271589 3
Al BHo oy F2E wEZ#o 9+ EndPointe
BEFae anNEg el CLCP F/WAME A%
A ZZA 29 o] fFo ¥ AT Fol dP X
VeI EF S2EZ/REH o] DMAE 9% EndPoint ®
Hel wo|x F4E et £¥, YddelE AT A
d Wjgd g e

5.5.3 93 72

(29 9= CLCP HAY 3y F2E HAFm 9l
o} CLCP #tie] AY dF-EE B43] =58 A4
7] 9% 29" Fmsk g0tk CLCPE Myrinetd
o] 831, Myrinet& Wormhole &+48& 3= 29X
7149t YIEY Aot} CLCPE F/WE NIC H=zgd 2
98 o Tl Ay FARE JHgEn o] 9 Ay
g 7|9oE 259H HolEE ARG o WL
FM(Fast Messages)ol A AH&-& W4]g o] &5}

size of sach fisld

)
s
/%T\
/,// e
»7 2 2 2 H longth

‘ RR I type ]port#l fiag ]Ien;thl payload

routing bytes application payload length
port number

end of message indicator DATA

2?7 : depend on network
configuration

(328 9) CLCP 3! &d] +=

Sframe type (0x0900)
« CLCP_MYRINET_TVPE

port # §Eyx E7 ZgAAe ¥YEWMIE zetr)
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ez A A= uF AN A3 bE
o flag == o] T o] vlA" HARAA] obd
A& Yehin, o] Jrd wt JHAEY B4 o5
7t 2349

clep_alloc_chan (endpt#, node#, port#)

User Space System m call

Kernel Space . ,
CLCP Device Driver

kernel_eadpt[] " 5[]

71 idle < inuse
src node#
\ src port#
\ \
\‘ \
\ \ dest node#
\, dest port¥
At
i°E 7
i 1s[]
T e channel
L
. chan# oo | dee T
AN
\\ N
\\
Portmap(]
N[ >
CLCP Firmware
fw_eadpoint[]

(28 10) M 9% #F

5.5.4 A4

CLCPE F4l& 84 Ad AgE Apgdch g
HoE FA ZEMA7 EAE 8] AN A
YENI Fae T2A2 F4LE dolobddrh A4
T CLCPAA ol E@3] A4 ==Wse) FE
HEE AMH#th CLCPAAME XEWZSE 483 &
7] A st FEMSTG e Adg oY
g} o] B4& clep_alloc_chan 49 9six A3€
k. AdS #$Fate gL o8 Ao ARTRe ¢
A dojdrd (Y 100 o] B9 A& BoFEr)
(19 10yl A BRo] 83| EndPointdl= o8 ¢
Ado] AP F, CLCPAE bl EndPoint&
ol &8N FFALE & F Utk AHER ZaAs:E
CLCP API9 clep_alloc_chan #4& <|§3A Ad
g2 g7k oo, Ald& 273 EndPont ¥

ot BAE EHA 9 AN =EWI/FEUIE
dAgE tute]l2 Eztolwolds 84€ EndPoint
el A AMEEA @ Ade FHold F2ME AW
¥, F/WA &3¢ Ai'd NE9) EndPoint 35S
dAFL A3AUYE BP0 F/we AAd Byt
+ EndPoint 72M¢] vl =e Ad F2AF AH3)
1, Asle] TEWEE 922 8 Portmap FEA
o] EndPointg 2 ¢ Qs F A=)

ol o] ¥FE AL £44 HHYNA A =2
Al 2(Peer Process)& @@} 48 o $AFANE
WA} EANE vehie AE2 A3 E siXn
Ak, F/Well &= fw_endpointlendpt#].channels[chan#].
dest_port#& HF e e EAEA HAALE H49
o A 23d AR dgd gl XENT
g B0, Adiiss EndPoint7Z2A 9 F48 ol
tH(Portmaplport#].chan# Portmap[port#].endpt).

5.5.5 AEHYE

ZEAHer 1% FA ZYUEHAgAE JHYE
BAE AHgEA ¥ Yk AHFE AAY Fgol
AAA e 2 Bgeoz Hgar] wFgolt, AA=
JHHYE A9 L2QATUE 10ps o4 Aoz
dad gtk aHY, 2FAEA JegdRe] dE
Z2AY EAHANA A7 Jle Z2aPe) BEAld Ay
Hi Ag Ao, AL AEE AS BN A%
< 3A AsEd. £33, CROWN A 289 VOD My
Zol o] Ao ZEA 27t FAo dgEHE dEu
o] 2E¥ AHEE HAME AEHE Ho] & g
a8}

CLCPIA HAZ JAHBEE F/Wo oaiAq 24
Agh AEHES] TR = AAE $A8s TEA
2o A ARG geq AFFHE CLCP F/W
dxE AZ Y Hrle flag W= gl A JAHYPE
U R E AYgrh o] U=9 e HYse A
< FNZY AR ZRAATL 2w gl

UEYEE o83t 7|& olft AR F4AA
o, A7 =24F ¥ YL snzd Y Hes
48ty SaiAoltt. asEg AL st AR
ZA2EE H3le] =AY w7 ZRA2 FoiA
B2 (Wait Status)2 LAl €k s3] m3kstd
g T2 A2E Add o8 ANA di7] 3 (Ready
Statug) 2 AP}



User Program
select()

sys_select()

do_select()

if ali are 0
schedule( ) check( }

add_wail_queue( )
& return 0;

(8! 11) CLCPOIIM select A|AE| S&A| Bt 5B

CLCPAAME o AAHE select Al&d 35&E olf
ggich (29 11)€ CLCPAA select N2® EFg
o] 4% 49 5 zEEoLh

NICeA st=do QAEHPEZ}L 2 clep_inter-
rupt FE A= kernel_endpt F+Z Ao U= select B
=g AYsA sx, AdeA &l clep_select ¥4
€ 52% 74¥ clp_select FE HAlo| =YL S
431 1& H-EsA "Bk oW AL Y Z2AA
g o7)|4d s A§g

6. 45 4ol

CLCP= £33 JHYE BHo] d5d %E +
E A £E 89 A% 24 ZvEdod. ¥
Fol M= CLCPAA AFste AHYPE B$4z &7
WA J5& vl BEAF

AL F dg 32E Alojd A AAHJL. 7 &
2EdE CLCP 84 #% Z2 A2t 783 oe
ZAs d¥e 9% 4% ¥ (3ms Running/50ms
Block)e]l ZE® d(Nul) Z2A2E0] EA4E $ 9
t}, olgt e AE AHE CROWN HE/F[T]o] A
o] ZEoldE AR 2Ys9] 48 HYE dEHR
3 Zolth EE 49 ARE uA A9 F54E 1000
W oHES B 2 AZEE Mo E AAE

A4Y d7e (29 129 2o § 8K Bytes(CLCP
MTU)ol8te] HAIR] f4de] e BE AFH Ay
9 ASoE EY AL 9= Aol Aol 53
tH1d 12 (a),(b). "WAA ZHej7t 21 Bk AL
do] g2 48 ZaAx7 Qe Aeele E584e
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el o€ B¢ UHUE WA o] FF B4
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