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ABSTRACT

This paper presents the design and implementation of emulator which emulates Xcent-Net crossbar network
router board called XNIF in SPAX system. This design is based on the specifications of XNIF board, and it
mainly focuses on concurrent message handling, message passing interfaces between emulator and MISIX IPC,
and message transmission mechanism. Based on this design, we implemented an emulator within MISIX
microkernel operating systems. Besides, the correctness of emulator and MISIX IPC is verified on two Compaq
Proliant 4000 systems connected via Ethernet. Finally, this emulator development enabled us to design and im-
plement the MISIX IPC for Xcent-Net in test-bed system, in parallel with XNIF hardware development.

! SPAX(Scalable Parallel Architecture computer based on X-bar network): IR F A% R A 7| e¢M 9 AYe e FFAXE
AA Yol Fyste] A7 AWHE e TEYIAFE(F AL V)9 A2 FPo|r}.
2 Xcent-Net(10x10 Crossbar Network):SPAX X299} 4% dAzw gyo2 $FAREFAATYANA S2} 4A A3
el az2ut dFFolo], X Crossbar§ 1) 22 centi= Xcent-Neto] 10x10 ZE-& LA 2 & 100§ <] 0] @}
3 XNIF(Xcent-Net InterFace) : Xcent-Net$] 2}-4-E{(router) 2. 9} o|c}.
4 MISIX(Microkernel-based Single system Image uniX): @3 A4 EN A2 go] MEF2 SPAXE vlo]aZ #d 7|9 &
SAA JAYolc}.
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(Fig. 1) SPAX System Architecure
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L& oo, MISIX A d =80] HAH

B =8 F4& g&F Ak 2% SPAX A&
o 7z R Xcent-Neto] Qe o]2 XNIFE 470
g} SPAXl SAE +9MAQ MISIXS S3&
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2.1 SPAX =

HFAANBNAFAAME EHLH 7Nt dY
# FE]¢l SPAX (Scalable Parallel Architecture com-
puter based on X-bar network)[10]$} SPAXo| ©A ¥
njolaz A9 7¥e] E94A2 MISIX(MIcrokemel-
based Single system Image uniX) [11]& ¢33
. SPAX A29e A7 =280 24 YR
HEHd e 282€HE ojFe AZFY +2
& 2t (39 19 SPAX A9 Hu 16719]
gH2HEE FHE F Ak 4 EfaHAe AN
=EZ(PN), &% =E(O0N), §4 A& ==(CCN)
2 20 8 271X YdgE AL 2E F UAS @

g 26 AHg +A4L 479 PN, 3714 ION,
1712) CCNelth. W& Y EH Xeent-Net-& 10x10
ag2u 24X2 $AYHEY, 2 FH2HEL 2GBPS
Xcent-Net& 2 o] %3} 249w, g8j2H U9 ==
EL 72 g2 4299 4 ==& AU 419 P6
vlo|A2 X2 M, IGB A9 W, 98 n=d
XNIF(Xcent-Net InterFace)[1212 +/d €t}

2.2 XNIF =

XNIF REE 7 k29 R(daughter) RE=2 F3
5 o], Xcent-Net L2 EE] wje} o}FF Y9 ol
AR $5AE 312 o] nEx $245< SNI
(Send Network Interface)2 24 @} A|2§9] AE
A3 AR A$E&E E0l17] A ©1F3E Xcent-
Neto] i8] 54 42 $/0¢9 XEE Zet) A
WA AYd A4, FEYALE Af, HEEJRLE
A$ 15 AREH, Az e Ao A=A,
dojg wAlx], 27 NAXNE A4t (oY De
XNIF Rz 2zxEold, 13 A #d Y&
At

XNIF¢] SNI¥- MSB(Message Send Buffer), MCR
(MSB Control Buffer), SSR(Send Status Register),
ACR(Acknowledge Processing Register), NCR(Network
COntrol Register), NIR(Node Identifier Register) A}
3 dojg vAA] A$E HHM =W AQ W
2ed e dolHE AW dol2E DCUDMA
Control Unit), SNI$} PCI(Peripheral Component
Interconnect) W 29}2] Qlej# o] & F AF 3= BIU
(Bus Interface Unit), MSB #{# 9] 27] R ¢|71& A
o] 5} = BCU(Buffer Control Unit), A4 &7 ¢4
@ 7% A$& AANE e RCU(Retry Control

SNI

RN!
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(Fig. 2) XNF Board Architecture
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Aol 3= MSU(Message Send Unit), Xcent-Neto 2
H7& 44131 PSU(Packet Send Unit), Xcent-Net
o A49 $9 28 XE FA AL A3
£ NCU(Network Control Uni)§oa A€t}
MSBE T2 FA=HY, 2t Fole 64 HiolE
ar1¢ WM 2 4oit}, o] ¥im= WA A A4 ) ALS
He WnE, vfo]22 AdoME 27 WiH o tsfA
Zol7} 3l ANY AHSHZE AYEt MCRE
MSBd 2l A A 742 e 9 MSBE Ao 3t
4 A= YA2E 2, ZF MSBo A3 ol A1A] 74
& #S(head)/HY(tail) B=q Fo 23y
MSBo| AR dAA Mo F A 27](write)/
¢ 7l(read) =& ZET} SSRE A4 H HAIA Y
A 2H & Jee #AA2EHE, I MSB o
8] #2)El(parity) 2.7, €4 & F, WH FHful) &
7N k= 9 F F9 ¥=& #Et ASRL E
X2 RE FAE A A dg Ad $EE A
s AHH e AA2E M, APRL 38 A
¥ FBELR 7|83t AH4-Ech NCRE Xcent-
Net& Aoj3t7] YA A&, NIRE =9 3
£ A¥Ag 232 gl XNIF2] RNI+ MRB(Message
Receive Buffer), MRR(MRB control Register), TAR
(TDB Address Register), TFR(TDB Flag Register) &}
U Xcent-Nets] A7 A4 T2 e go| ¢ d o]
& #3332 #7 vHo] A3t PRU(Packet Re-
ceive Unit), M7l wlw ol oA X & RNI ¥ E&
Ayg vjraa AHAse MRU(Message Receive
Unit)2 24 ¥ct. MRBE WiZl2 7450, Zzte
Aole 64 HlolE A2 WY 40|t} o] ¥FHE W)
AN A $Ale} Alg-®t}. MRRE MRBE Alojded
AL E & A2 2, 2 MRBo i3 vjAlA #E
g 9% 9=§ Zev) 2832 XNIF L edie fl2
dolg vjAlR] £4& A8 XY WEef e TDB
£ 64 Hlo|E o]e] E tAIXF YA H o2 A
e AL EHE B2 197t violE A7]9 8] ¥y
2 7459, TARY o3} A& ¢ 5 k. TFRe
TDBe| 4§ vell= SAA2EE, 87 vz o
@ 4 Y=§ et

QM A7i% 214 Fo] SNIJ| MSB, MCR, SSR#}
RNIS] MRB, MRR, TAR, TFR¢] AL Aol 28 o
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WAAE 808 5 Ao

Aol AN & A 64 vlo|E A7 & e wAA
2, MISIXd A& A4 $7 A, A8 93 # §
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A, WA Ao o A4 PR} A4 A&
64 ulo] E ol 3/ 3te] MSBe]| 27]%k 3HA v A 7]
7t A4Er}. W], do|l WAIRE 64 Hlo)E o]
poa pAHE WAIAZ, MISIXdAE AW A
A 8 9 A Ag, 4&Y o4 AHgE. 9
dolg MAAE £4 k&, Af B4, slA1A 2o,
A48 AR 9 5o A$ FRE T3 MSB
o A=Y, A4E AAE Y vzl 7+
t}. XNIFol& dlol8] WAlx] A4& A DMA %
22 A Y@t

MISIX M A% F43 AR P =g
2 7149 A4 Y7t SAYL B =8N e
F49 A v go) o|HE FA HlolH vl
A Yefo] Moy A o 2P & Fol A4H
dEdolEe] A % 7+ WE& /et

2.3 MISIX L=

SPAXel @A =& MISIXE Chorus ulo]22 #
d v3 r5[13]0} UnixWare 2.0 71 5& AW 38 £94
A (UnixWare/MK)°|t}. Chorus mlo] 282 HEL &
E kEdA £950, 2F = £9 @73, 7MY e
2 #a, o9 L AYYE A7, vpolAZ HEY F
14 R HFA A A A 7F §& MulERA
AFd. AHEL mlo]aR Fd AEHo| 28 &
HA oA JFEE AFLL & Uk ALA =
ZM2E PNoM £ 50, PNAM F8=E Ay
Ze Tz A2 B2A, 3d ALA, 2EY #HA,
=& AR § 127071 vk 282 I0Ne)€ SCSI
a3 #¥ My g #8549, CCNdl& YE, ¥
2 #el, 8¢ R €o'd AuEo] F94drHi4, 15)
MISIX $9MAE T8 AHEL AWES 7)
o @A & co Ba=e] EASA ot oA
& nlojag A9 /)ity £IAA ] FRY 50|
v, o] Byoz A2 HPYA /1AL =Y
+ U
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o] 24 B}, 13, 16]. Chorus ¥ MACH vlola
2 AN XE 715 AFUc ol vio|AR
Adael oa oA £ HHES & A
g A x| BAL 317] A, mle]aZ A
A AZSHE XE 719 WAX FE o} ot
Muje vfolaz AdojA AFsE WAA F4 A
BHoj A ALRETE, fiXd] B vAA FAG
4 glt}. Chorus #'@¢] EE 7| wA|A] FAL
Etheneto. 2 7 5o} 1A, MISIXoHA & Xoent-Net
o2 75 ojo} $r}. Xcent-Net 7} ¥te] MISIX IPC
& XNIFIM AFse Aol 2EE 2 w4
2 $4410] 753

3. XNIF of S0l 4|

XNIF g3 o8l XNIF2] SNIs} RNI R#9]
293 Fag CH Aol T2aYPA vlolaZ
Fdol Z71st%th o AEAEIE °l 83t MISIX
IPCE XNIF REd| 3t A2 £ 3¢ 7t
Ayez F9@ct 230N AFAXl XNIFe A
AP AA el wa} A 0 R FUAE T
AHog @Fste st=Ho] H=2M, XNIFY #
L3} L AZENOZ FUY AHAE UF
3 e 2a% 4A 23 AgEC A9

Issue 1. XNIF AE#HIH +3

Issue 2. XNIF ol & #|o|€] AE o=
Issue 3. XNIF o Al A] 74

Issue 4. )Y Al AH o)A WA HE I

(E 1) XNIF O B [O|E{ I P8l L= BN
{Table 1) Classification of Threads consisting of XNIF

Emulator
L3 B\ s
Push Thread |[SN1| 1 MSBA A 43 R 0§
Transfer Thread |SNI | 1 LEE R R BRG]
Receive Thread [RNI| 1 [WA]A @@ 5 MRB, DB A1 3%
PopThread |[RNI| | | QEHE ¢4 R AN AA L ol§
Interrupt Thread [#'d | 4 HAA +4 AHYE A2

Z§, XNIF A9 7|8 % 5718 A<} ol &
#olE & T E 24 2718 EAR AFY A
ojt}. thHE AL 7 Issue®E & M 3] 43 XNIF
dEAoIE 74 R A YEE o)A}l =F
o] A} ¥t}

3.1 XNIF O @2il0lE{ =

A g ol A XNIFS SNIS RNI #geg
FAEY, EHolE *2 dA+E XNIFY th&3
2+ 48 BA3 MISIX IPCs}e] 24§ 2880}
Lid= 3

¢ XNIF B =9¢] 53 : M7 2% $4% A4
§ F& Xcent-Neto 248 F4dE AN E g
o A e 7o 228 vAAE Xcent-
Nete 2 $M3AY A2 7|dA oAl 4 AE
HEZ $A4Y

o XNIF 2 =¢] SNI/RNIZ W¥ Mz A A $4

FA N & SAl 9%

o XNIF B.=.¢] SNI/RNIH 2 ¥ Ae]: g} o
Az £20(FA) N FAE vE fAA $F
A syE FAY

e MISIX IPC JE{# o] 2:2%cj4 7]@¥ XNIF B
=9 24 L 7% FAA MISIX IPCs} di5e
Z4& MSB, MCR, SSR, MRB, MRR, TAR,
TFR #eold, o|g AY2 MSU, BCU, PRY,
MRU 7]%522 Aojgtt. YA A5} 7| 5&L
SPAX Bt=4]o] ¥4 H Xcent-Net 1M ¥8
# 71%Y

A e 458 222 YR M AP &
WAyl A8, dEHolEE (R DF FE £
=gz T8

Push Thread= XNIF9] SNI 715§ Fd8e 2
#= 2 M, MISIX IPC $A%ojA vfAx & MSBA
27) £2¢ 5939 83 MSBS] AR Fg 28
gto} A A& FY(queueing)st=d A8, 2%
oA} AFAE MSB ¥ H Zol7t s ANY Bo|
& 8t} Transfer Thread ® XNIF¢} SNIo| &3t
2 =t} o] 2 =& Push Thread 2 4418 WAl %]
7t A, AAE A Y AR AF 5
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(B 2) xNIF o B2jjolE{ SIE{HiO|A
(Table 2) XNIF Emulator Interface

¥ 0 g 3y A Lk
MSBsearch SNI MK MSR
MSBread SNI MK Push Thread
MSBwrite SNI MK Push Thread
MISIX | rransfer Ack SNI Transfer Thread MK
IPCe Interrupt RNI Pop Thread Interrupt Thread
MRBread RNI MK MRB
ReadDone RNI MK Pop Thread
SendEnable SN1 Push Thread Transfer Thread
MRBsearch RNI Receive Thread MRR
TDBscarch RNI Receive Thread TFR
AgH g MRBwrite RNI Receive Thread MRB
L TDBwrite RNI Receive Thread TDB
WriteDone RNI Receive Thread Pop Thread
MSBmove SNI Push Thread MSB
MRBmove RNI Pop Thread MRB

HAlA Y2 HEsy By $43 A¢ 2#|
¥ B} =H AAY¥). VW, Receive Thread:
XNIF9] RNI 7158 #93& 24=24, £44
A A& Westa) MRBS} TDBO v A =& $=418}
=& 4%} Pop Threadi= MRBe] WA A] 7} 524
HH vjAj2] A AP EE WA, o)u Interupt
Thread= j Al x| & MISIX IPC %) A3z
MRB % TDB& u8@3l= & Pop Threadel#| @&
t}. SPAXS @ xof FAHE A7) F7} 470
B2 Interrupt Thread@# 4712 7483, VoA %

EE 4 1Y 748 4 2Y=E vlolag A
d 2713 A A EE] 80, MISIX IPC $44%
o} A FHolEZF AE|Hol2 R Afgelole] U ¢
EHo| A2 Fa & AAdt) ol& AEHA2E ©
< AAA 7le g

3.2 XNIF of| @{|0lE{ 2IE{H[O| A

Agdolel 9 Qe Mol A AA MISIX IPC £
A7 AE)Ho] 29} g oJE U § Qe Ho| 22
U Al (R 2)e] A MISIX IPC $4217 ¥

Holae WAlA] £4, $£41 &5, £ A g8
709 AeiHolx pAEY, JqEgHolEH Y
Eojol e AEHIE £ Uy 8749 Qe
oj2g A}

ol E UEHo|2FEL H¢ T WAA] Yz 2
ded g42 FUs e UEH o2 MSBsearch,
MSSBread, MSBwrite, MRBread, MRBsearch, TDB-
search, MRBwrite, TDBwrite, MSBmove, MRBmove
ojn], MAA] YH2 AHe U Hol2& Transfer
Ack, Interrupt, ReadDone, SendEnable, WriteDone
olth (E 2)9 1571A] Qleiol2& f 715 & 2
.
® MSBsearch: MISIX IPC $A1d A A& £

A7) f18iA MSB v A9 of Alg-dig.

MSB ¥ ¥ A8l MCRY /Y Y= g

Art.
® MSBread : MSB9] v A]] $4l0] g2 5 A, MISIX

IPC §41%= MSBE4-E 44 ¢85 d WAX &

AAE AW} AR L MCRE] 27]/¢)7] Y=
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& B A o R,

o MSBwrite: 49| ¥ MSBo| MISIX IPC $£4%&
AN X & AR MCRe 27]/¢l7] =8 %
) oA A ARE L™

e Transfer Ack:MSBo| A4 vlr|xg] $4lo] &
EHY, MISIX IPC $:415d $4) g2 F gt
a8 MISIX IPC $41%-& 44 gsd 7Iddr

* MRBread :¥jAlx] #41 JEYPES WP, MRB
A FAE AANA & ¢ =t

e ReadDone: MRBread &4 ¥, vjo]la & #H'd & o
AA A7 3L 8l 23 & MRRE FHA o]
Fojch

o SendEnable: MISIX IPC $4132 236 MSBwrite
7Y A EhE, WA R] 441 A1 &2 Transfer Thread
ofA gdro).

* MRBsearch : Ethernet® 2 2] 42419 WjA]x|§ MRB
off B#87 98 MRBS] Wl Wi g Jg=an
Ha o g et}

¢ TDBsearch : Ethernet© £ 2 8] FA ¢ WAz 3 o
olg] WA A& B@sty] A TDBY ¥l 374-&
Fedg.

o MRBwrite: 49 @ MRBo|| 218 ojA| x| § &t}

e TDBwrite: A9 @ TDBo| #4148 dAIX & A
AR AP U 4& &1

¢ WriteDone : MRBwrite$} TDBwrite7} @253, Pop
Threadol| #| €&t}

e MSBmove : MISIX IPC 4215 o] 4] MSBread”} &
A3, g MSBe| tlAlA] Fof aieg} sjA A&
79 gy o 2 MSB th ¥ A o] FAIZ}.

¢ MRBmove: 1| A2 =41 ¢IE|Y EojA ReadDone
o] ¢AI3lH, &3 MRB o g} vhA A& FY
u2) o 2 MRB Ul §-cjA o] FA1Z0 ).

3.3 XNIF HIAIX] 74

MISIX9] Mwjejs Hese A4 F2& Chorus
IPColl A x| 8t WA A) 2(e]3}, Chours i A}A])
[, 13, 16}& AL$-¥8t}. Chorus A XAl MW §
Ao A &5 JEWE XY, MISIXE 7
A3 A8 EL Chorus WA1x] F2THE A4 &y
S35 Hol At} wet AN2P-E FAe =
=9 §A v ma}, MISIX IPC SR G e

Chorus PjA x| o] B4 vlde] Rad FHES AE
oM 4% HF A A F38or ). SPAXA
A& Chorus WA A of 2730 AFYF Ao] R ]9
B WAl Ao m}e} Xcent-Net o] 8o Bad 4 Xx
=, A 34, A A Pol, AT AA 93 59
A4 ALE F71319 ¢t ¥ Chorus IPC= X E
(port) 71y 71¥te] B4 Rt Eelm 2, XNIF oA
A FA o Chorus W] A%, $4 vi Ju, ¥E 3
B 5oz FAHEE Ffc

MISIX IPC 441 %= XNIF o &3 o & “Joj A o
AA & $£43822 Chorus WAIA|§ XNIF WA|A
Yy 2 P& gt ggAEHE XNIF WA
Ag AA A4 A O A Po] oA U
75 & ZES Hof @}

3.4 Al A|AHIO|A OIAIX] H& Wy

¥ A7& Ethernet 79} A2="9A 7Hg<] Xcent-
Net& ©|&3te MW 5L A7 &, &
HHQA TN A wA A qPE Lo} At
o AlA] WL XNIF A x| $4& FF5= Transfer
Threadoll 4] o] RN E§ 8o, NuEodE vAA
TAe £9A4e HMFHG. fAA WY B AL
Chorus A'd v3 r5ojA A F3l& Ethernet WA A]
4 R A% AE ol 2§ Ao}

MISIX IPC $:A1 oM Auj 25 € AR Chorus
A A] & XNIF sjA A F438te] fgolele] A
&9, A 5# el XNIF WA A o] Ethernet o] &0l
dad & 2718 Ethernet WA 2 HPsio
HF xzof $418 ¥ F, HF WAA YA
Chorus ") A]#) ¢] Xcent-Net 3! Ethernet A B7} X%
€ A At ¥, MISIX IPC FARAME A
o) HAA HE &M 9 dgoz A FE HHAA
AP}, Ethernet WAl Z oA XNIF W A]A] @2
o] E-# o] E] 9] Receive Thread7} B33, XNIF v
A A Z Chorus M A1) W R HGF oA AL
MISIX IPC 441 %71 9ldt.

3571 E}

AFE 47bA A B ol XY= 7|3,
XNIF A4 %718, §713 ddo) A zai#fo}
@t
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1) 2H= 278

XNIF o E#olE| & T4 3+ 57X o] 2Y=ge
utol22 #d 27|13A] AEHA g 2Y=2 4
delo] 48 7] Belrt =] ). a2z olg
29 4 9= AY 2Y= $H¢Y gL P
=5 @

2)XNIF x4 2713
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A E EAFE 22T A $4 F, vjAA
AA < MSBmove& Al#-3te] tAA & ol FAY
t}. Push Thread 48 A& ¥t=A] MSBaccess %71
8 W42 QA o Acritical section) A4 371 8
E#fol Bt B4, XNIF A4 A4& A3} Adle
A @olt}. &, XNIF A x| 7} MSBe| A 3¥ wvjr}
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o)5® Aol A4 A3yt £¢, A 48 ¥
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void Push_Thread(
input : NONE
output : NONE

{
while(1) {
wait for notice from MISIX IPC sender;
get the MSBaccess synchronization variable;
if (write-flag of MSB in MCR is on) { /* have wrote on MSB? */
increase the number of messages;
clear write-flag of MSB;
M5Bmove;
if (the number of message == 1)
give notice to Transfer Thread,
} else if (read-flag of MSB in MCR is on) {
if (there are some errors in a message transmission)
clear SSR;
decrease the number of messages;
clear read-flag of MSB;
if (there are messages in MSB) {
MSBmove;
give notice to Transfer Thread;
} else
MSBmove,

release the MSBaccess synchronization variable;

(&l 4) Push Thread = ZE
(Fig. 4) Pseudo Code of Push Thread

void Transfer_Thread()
input : NONE
output : NONE

{
while(1) {

wait for notice from Push Thread;
decision of a MSB side with round-robin method;
read the message from MSB selected at previous step;
DoRealTransfer(); /* virtually transfer a message to Xcent-Net ¢/
after transfer of message, if there is some error of transfer
write error information on SSR;
give a transfer acknowledgement to MISIX IPC sender;

(18] 5) Transfer Thread = T
(Fig- 5) Pseudo Code of Transfer Tnread
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sto] © F A X SSRA 7| {332, MISIX IPC $4
RojA A4 ¢E§ Fugc A4 daF T2 ¥
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(1318 o©]8- &t} Transfer Threade MSBolA ¢ &
o AlA] j§(o] 3}, Xnifhead)?} A x| &
o A1z} U] §(o] 8}, Xnifbody)Z Ethernet A A& +
23 @ PY o2 E Xnifhead$} Xnifbody# A
4% dojE|2 7} 3} Ethernet o] 8 FEE 7}
=8 stk

int DoRealTransfer()
input : Xnifhead pointer(hd)
output : transfer status

{

get destination node and age size from hd;
get address of Xnifbody from hd;

/*Next, use CHORUS Kemel v3 r5 IPC framework interface to build

and transfer ethernet message

(getipcSession(), outMsgAllocate(), ipcSendMsgHeaderPush(), push() */

build ethemnet message with Xnifhead and Xnifbody;
transfer a ethernet message;
return transfer status;

(0% 6) HAIX] HEt N HE P AE
(Fig. 6) Pseudo Code of Message Conversion and Trans-
mission

WA)A] Wl 228 AHYE Ethernet WAlA]
F4 A XNIF HA1A] Yej@ 202 fAgtodor &
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A Y oMY F AV Aol B =EL (29
6)¢] DoRealTransfer $4701 A Xcent-Net’32] )3
(point-to-point) Bl ¥ A Ax WL 7lgdt
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void Receive_Thread()
input : Ehthernet message (msg)
output : NONE
{
build XNIF message(Xnifhead, Xnifbody) with msg;
ASSERT(It has Xnifhead);
get MRBaccess synchronization variable;
search an empty MRB buffer by Round-Robin method;
release MRBaccess synchronization variable;
if (there is no MRB buffer) {
get want synchronization variable;
request a MRB buffer to be used;
release want synchronization variable;
wait for an empty buffer released by Pop Thread;

}
if (need TDB buffer) {
get TDBaccess synchronization variable;
search an empty TDB buffer;
release TDBaccess synchronization variable;
if (there is no empty TDB buffer) {
get want synchronization variable;
request a TDB buffer to be used;
release want synchronization variable;
wait for an empty buffer released by Pop Thread;
}
initialize the pointer of allocated TDB buffer in Xnifhead;
copy Xnifbody contents into allocated TDB buffer;
}
copy Xnifhead contents into allocated MRB buffer;
get mail synchronization variable;
allocate a mail data structure and send it to Pop Thread;
release mail synchronization variable;
free msg;

(28! 8) Receive Thread 5 3=
(Fig. 8) Pseudo Code of Receive Thread

void Pop_Thread()
input : none
output : none
{
while(1) {
wait for mail from Receive Thread or Interrupt Thread;
get mail synchronization variable;
free mail data structure;
release mail synchronization variable;
if (ReadDone from Interrupt Thread) { /* wrote on MRR */
MRBread,
get MRRaccess synchronization variabie;
clear ReadDone at MRR;
release MRRaccess synchronization variable;
}
if (there is a message to be interrupted)
give WriteDone notice including MRB information
to Interrupt Thread;

(223 9) Pop Thread *E$ A=
(Fig. 9) Pseudo Code of Pop Thread



void Interrput_Thread()
input : none
output none
while(1) {
wait for notice included MRB information from Pop Thread;
allocate memory for copying the contents of MRB and TDB,;
copy MRB and TDB contents;
get MRRaccess synchronization variable;
write ReadDone;
release MRRaccess synchronization variable;
get mail synchronization variable;
to free both MRB and TDB, give notice to Pop Thread;
release mail synchronization variable;
give an XNIF message to MISIX IPC receiver;

(28 10) Interrupt Thread T R
(Fig. 10) Pseudo Code of Interrupt Thread
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# A, MRB2] Y422 #3 TDB ¥ = & 3to} TDB
B HE 9@z, vpxgte2 MRB ¥ E ¢@d
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