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ABSTRACT Data, distributed and/or duplicated among multiple computers interconnected by a LLAN, need to be

managed consistently and accessed transparently by users. A command/file server, named UTP, which meets the

preceding needs was developed for supermini-computers which are interconnected by an Ethernet-based LLAN and run
under UNIX OS.
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Tt 5 sk Aal Al aylel AL Al

1970t & data base®] 7Izbolebar gteld, spA o & & oAl ek

1980t += H-4AF M 2l e] vlzkelelin & 4= lel, 86 ch4jak Alloll 4}&-5/ ] FgFA Bk (IN-

HFelel B4l vEe] Adger WiFe] & S) system& (2% 1) Zeo| 62 3B20S

o] A3l o] Roll F W sbyf Skl F ATl &) (supermini computer) 2} 28 3 B2 (micro-

Mol thE AR B a9 ze]ski ub4ldl mini computer) 5 LAN(3BNET) 2 o7 s
A of g 3bof] F-AbElo] 9la= AFEHE AR o7 et

3B 20 S+ vF4l 4 {2 service (SVC)node

v, ve, eoogugel ol HEfE () 2} 1 H2 monitoring(MM) node, 1 t§2} ext-

Data Communications Corp. of Korea ernal interface (EI) node® %3t} service

Y 8T 44 HF 1987, 3. 6) node = @luk useroll Al 27 AE W FE A,
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I 3B20S (SVC0)

331 INS A|ag 4
INS system configurtion

—SmZme

R 'O]' r’ ﬂ '/ll‘ir" r?lL
thstcl, MM node +- INS system #1Hbol| z]
system load ¥ monitorstil % S5A i A
gteh, EI nodew 7d7] ZA3kE 7 service node
& Hutsls A7S gho},

F = ALEE, A&k, 7o) A

electronic-mail 7|48 =

oY

z

-

A3t uid F2] data +
2E node7t 7Fx]at el mke of = 3F nodeell
A data® AT 2+ nodedl 4 zre]
A x|ojof ghe}, gk 2F 7 9] 2] mail-box ¥ ui-
ddbell &5 & of= 3t nodeoll U =1k user
= mail-box 2} $] 2ol F|AGe] o= node ol 4]
5 mail ¥ PR S ¢l & 5 lejok 3t

ch, INSol A+ 0|9} o] 7} nodeol] -#4k=5]o]

Az 7HE dataiig) consistency ¥ §-2| 8 4

userd] Al 4= nodeol] A Glo] +F data & AFR-
g 7 A user transparency i H) &l ¢
&, UTP (User Transparency Provider) v}~
network software& 7HH¥tskglct, UTP - shal
-5 4al O}L]L’P RCE (Remote Commard E-
xecution) 7|5 sFx|at glvh (250 UTP
21 communication architecturet M. gde}, o
2 3BNET(NIB, niJoll ey Avdshar 4
UTP & =3kl step

(] uid+> electronic-mail 5} 7+2 54 -
ervice & AF-83F 4 olis AfekEolA] Kedsha=
A SR uiddbollA= 7P AHele] o) A
mbox ®] $]1 %], 7} service® permission “-o]

of gk,
. 3BNET

7t . 3BNETS i

3BNET-¢ UNIXE 2F-£3F- host comput-
ermab el F Aq 5 A od 78k Eth-
ernet-based LAN & %ol @]+ 55 4 o]
Holw HEA 5= 10Mbpselvh. 3 BNETe| o

7 % computervt ¥ x| & nodevfil sh 2k

4 User User Application 7371 Az, FA AHg, Az 8, e}
3 UTP End-to-End Command/File server
2 ni UNIX kernel system call g
3 BNET Protocol cyclic redundancy check
d ata encapsulation/decapsulation
link management
collision handling
1 NIB Ethernet function
encode/decode
transmit/receive
collision detection
carrier sensing

g2 UTP $4 Als =

Communication Architecture of UI'P
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# X/ FYAHVGINS)E #% command/file server 9| AT

node & master, backup, slave node® 7-¢-&
t}. master node= network 2] el vt traffic 2]
7%, configuration ¢| 22| 5-& whukareh 5,
master node+- network 2] 4el ¢} configurat-
jonell HEF A E T 9o,
network 2] integrity & Z<gke}, ukel master
node 7} down =l 1} master node % w733t
backup node 7} master node = Xlv}.

data?] AE2 CSMA/CDWAl4 packetst
2l & o]fo] 2w %14 protocol &4 Ethernet p-
rotocol ¥+ 3 BNET protocol &| +7}x mode 7}
ol=u], %z}¢] 7% CRC(Cyclic Redundancy
Check) 7150 el 4l channel 42| bit error 7k

ubag gl 70 -4 gket, #H o pa-

FrlHo®R

74l packet$
cket size+= 4K byteo]r},

Lt NIB2H ni2l W2

3 BNET ¢] NIB (network interface board)
1= Ethernet®| controller o} ¥%3t 716-&  7F
X]le olth. NIBA: cpu, buffer, interface®| 3
board i T4 ¥ ™ DMA % %8 host4 2| main
memory ¢} data transfer 7} Slofslrh,

NIB ¢} user process #kololl 4 data~> NIB
buffer, ni system buffer, user buffer®] 4
2 zjeks| zlul shared memory & AF-&3dH ni
otar %1% NIB buffer
o 4 shared memory & # A% "% memory c-
opy 3|7} Folirl,

nit= UNIX ¢ @bl 4 % af skuke] 1/0 dr-
ivero|th. wheb 4 nii= NIB-5 %él datad &9
Alski 7 3HE user processoll Al " EFEel us-

er process 7k ni2l servicesr w7l 2l UNIX

v

system buffer5 73] #|

system callql open ( J, close( ), read{ ),
)ol HlEx|an olef,

nit= 6470 2] local port sbAlar oli=dl, A
2% porte] @uk % 314 data®l FFALE 4
sle] NIB2} ni+= 7 port® ® control-table,
response-queue, receive-buffer(ni system b-
uffer) & 7bx13 olek, (23 3)l ni ¢kNIB
o] AE ekl

7+ nodertel ntql ) (network tansmit queue)

write( ) IL2]4L ioctl(

7} 9li=o|, NIBel|Al command & #1 %3}

ni & commad & TH435ked ntq( Joll Eod

24l sleep( skt ¢lem, NIB7F ntql
A b5 @l

231 sleepl

) #]ZIv}, datat read(

ka4 7 Loll+= 4418t data~> receive-buffer

wol 7k

koo

4 command & AW F8isar 1

ofn 01“— — n nt
2

- T

ort®] response-queueci 4 %

process-5 wakeuq (

¥ shared memoryel

(F) eto® [ )i array s o|vlgbeh

user process

{call} {return)

Lni

ntq [ ] l

control-table

response-queue

buffer for
transmission

receive-buffer

]

NIB

%3 NIBS nigf A
Interrelations between NIB and ni

C}. Programming interface to ni

user+= NIX /b 4l-3-3}4= system call 8l open
( ), close( ), read( ), write( ), ioctl(
ol 2léll ni®l servicedr W& 4 ek, UTPw
o] system call & o]-&sted F& sk 7 node
nprt 6474 2] local port7} 204=dl open( ),
osel 1% E& o] port shububir  wbukgich
channel setup &7¢ data(file, command)<>
read( ), write( jol| 2|8} packet¥e) = L3t
shedck. address A Aol ioctl ()& o] &3}
%k

7+ system calloll sfell s 2o},
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* open{ | / % receive buffer size %/
node vtrt 6470 2] port /b ¢l l-vl]. nj- it e all oo short revg-sz
ommunication- &b/l S1af 411 open & il p- /* receive queue size %/
ortir dhuk sbuk wbolol &lu) g 4lo (o) short rspg-sz ;
vl /% response queue size %/
fd - openi™/dev/ni”, oflagi ; long rcvb-loc
' * receive buffer location *
oflagi~ O-RDONLY, O-WRONLY, O-R- l/ bl /
DWR% shvbvb slth o] 48 77 receive-o ong xmith-loc ;

nly, transmit-only, full-duplex<: | o]ghc}, / % trans.mit buffer location %/
oflag®] O-NDELAY bit% 0. bl read( ) char netid(8] ;
Shedar sl A9 datask of % “=lu]x] ol /% my nel,id(address) * /
ow “Ax bz slchach char tonid(81] ;
/ *destination netid (address) % /

* close( ) .
open{ )& 3} control-table 2] &l ¥-n} def-
close= #eksladwl portd dbybaks Zolcl ault & sets| 2, olub O ® open( ) spiL
A0 che gt 2= 1octl (NIGETA) & 3t table-$ 911, "-,l‘
closel fd} ; HoZbS- glshv-ol & #H A sk ioct]l (NISETA)

, E &l vhAl M Yasc}
loseoll 4= =17 nt %+ %3 CLOSEP
closeel -,4 ntal J Ipstatus | 4> gFFo} olo| 2 w7 = 49)
2}i- command NIBoll Al 1A NIBol| 4 W

i A obijeh, F4418 218 qu
B o g closest #edxl zholo] o] i-of 2] A A “o = .
z jze - 7 2 .

gheh. re|an portoll Al dhekE|9dwl buffer % fer2] 2122} sizey 3bH AAZ = close( )

gh7]l dolli= W AE 4 gdeh, 21419] address

£ uveue Y} buf

- 2 T

- dpvbsbel Lelil control-tableol port 7k -

o dbhrgbeh, © shwl xa W AE & ook Lo 4

nhubs| ol 8.0 v Esled A open( ) &= p- -3 AR A A gk e 4

R mme o P P Hube] add IR R B RE N
. e ey ¢] address+= T4l 2 # el

rocessell Al o] port7b gabd F AEF gheh ° " e "o *

ioctl INISETA) all ntq( ]‘E %3 OPENPz}
i- command & NIBof| Al ] b
of ik portell gt data %—’?‘—’Hol e

e joctl () & kel

ni ¢k NIB4= control-table-& %l 42 inte-

rface 7} o] Fo} 21 ioctl( Yol &) 7+ &5

& of et L YA ohgab ek » read( )

data®} F4lell stelvk AL cp-&ab 2el

ioctl(fd, NIGETA, & lpstatus) read-count=read(fd, buffer, size) ;

/% read table %/ ni+=s=4l 5 datazb glebe sicke]r] @3 re-

ioctl(fd, NISETA, & lpstatus); turngtcl, Ze{vt open( )& oflagOi] 0O-

struct Ipstatus { NDELAY bit7F 02 set®o] 9/gdvtd data
short rcvb-sz ; 7k A= sl 7ba) sleep () dhvt
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ireceive-buffer

| 1) ioctl( )% size 7} 1000 byte<l receive-b
uffer & 4 7 &} slotc),

500 | (- 1] 1200 [ 2) Aohuboll A write( )2 7 sizes} 500, 12
00 bytesl packet& 7 7§ wujgkcl

L (= 11| 1200 3

500

reatii(fd buf, 1000)-& 3l= % packet (500
byte) & ¢lw=rh

~—

(1) 700 4) read(fd, buf, 500)-% s}" %= packet?|
500 9} 4 (500 byte) & ¢}+=c}.
5) read(fd, buf, 1000)-& 35 =) packet
700 o] W= 2] (700 byte) & 3} =c},
a8 4 read! ) O AHE o
Exawple (of read( )

o sizenkZul 9o =g g read( ) 3] NIBol| 7| transmit-job command- X.:H
£ packet AN-E 9= Edl= 7 $elly= o2 i sleep ( ) 8Fc}, NIB+= command i data
H read( )& UmzE A& F At < dEaet

read( )& & 7352 ol F avl4 e Bg
o},

M. UTP(User Transparency Provider)
e write( )
7} . JobOfl [HE UTPS| ME 4
data Aol 2xqleh, &Al2 cbgap Frof, UTP+= INS systemoll 4] user transparency

5 A -F3k7 2ldl 3BNETS %3Fe] node 7ke

write (fd, buffer, size) ; " . \
file% interactivedhAl "F3}7 v} RCE-% 715

44 datas user buffer @8] Q|2 7 SHEE shivl job o Efol whel Mg wb4lo
tbube. buffer & copydtel, Le|il niq()E % vh&a gkl 3 7bAR R vhpel

L

‘SVC()' {SVCI] SVCz2 [SVC'S

2] A} &} A A g uidel A

%5 broadcasting W} 4!
Broadcasting mode.
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* broadcast 4

NS systemol] 4 E.& node7} %202 7}z
i ¢)+= datas public dataelil sbH, 7714
= Apgk AAlEk uid Fol of 7)o Fst
t}. broadcastzt ¢] S data® 7 nodeo| H
o &b 7-9-¢glvl, ol node 7} data® A zl3}
2 %8b= Abslo] WAl ElH consistency &
4 MM nodeoi & job g < gstdrht +
Fof] BTtk

multicast 8}4

INS systemoll 4 o= 3} nodedlnt -7+ data
£ private datagt® 3}3L mail, form 3o ¢
7ol kel @il o} 3} node 7} downol
5lal o] 5 data® AHEF F GlAl |2 A4
Z+ 7} nodevltr} backup node& 73l orig-
inal node ¢} data& 4F-£3+ 4 Al == bac-
kup node?] data¥ A}F&3F 4 AT F g}

multicast WAl ol A= data-g FAlski= %
A

o oX
LY

original node ¢} backup node ¥--7} &
gl F node® A -Falal shuhrt o 4kol glo

o4kl nodedl] gt job"o-‘ 2bshel
o] &ahod H-febi K gl d-
atass TAlSk- A-folla- A 4bal nodeF skt
& Aledslbo] A=4alshal slvl,

ol pointcast-%-

* pointcast #}+%)

INS system 2| oJul node 7} ZFollof] )3l se-
rvice s T 3slx] E3}els} (node down) &7
sl ehgell Ao R serviced F3)8l7] 9
3l 4= down sl 592} dataE recovery 3}od
Fofok k=l olelgt 7% 54 nodes} data

£ FTAEAY 54 nodeoﬂ 4] command (
RCE) & #8471 22} 6l+= 7 $-oll = pointc-
ast 84S o] gghro

Lt. UTP 3 Processe| &/

UTP 9] process+- requester 2} deamon?®|
process FF& o x4, &gk UTP 9]
5 w4l wtel deamon-& vF4| broad-deam-
on, multi-deamon, point-deamon®] 3 70 o}

frof Al

* UTPR (requester process)
l]TPR—‘ L‘}‘*r_ M_—_EC"“” ,5;«'—75% _8_'—!1_5’] ar j()b

node name ins () ins 1 ins 2 ins 3 ins 4 ins 5
original node El MM SVCO SVC1 SVC?2 SVC3
backup node MM Kl SVC 1 SVC2 SVC3 SVCO

2|6 original-backup v 4

Al

Original-backup pairs

45 original "backup
] El MM SVCo SVC1 , SVC?2 SVCH
mail, form 2] 71-9-

227 multicasting Y *)
Multicasting mode
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B X/ FUAHRY(INS)E HY command/file server o dF

ol =}zl e} deamonzt %4l 3vl. UTPR Processt deamono|sk&= UTPR3 A4 d-
9] address+ public dataS <4l 3}+ proce- ata® F3 4-& processo|t}, server 9 ad-
ssoldl & broad-deamon®| address+ 7 ress+= UTPRo] ul&e},
ofok &t} o] & process?| address format& 138§
2 e} 3BNET (Ethernet) o4+ Z&
e multi-deamon (multi & bmulti) address & 7FZl process+ EF F Y3} packet
<+ FAEH sich, Held Y Afer o3
multi-deamon- private data® #4l, T4lsh nodecl| 4 2] process7t FAloll F4A% 4 9
+ processoldl 42 backup A U= F £ % addressing 48 AHskdsh

multi-deamon 2] address+ 7rofol &l &

nodevtrt z}412] nodeE $13F original multi

-deamon (multi) #+ backup node S $| &t back-

up multi-deamon (bmulti) F7§ 2] multi-deam- C}. UTPS| control-typeR packet T
onol &3l slet. UTPo} A+ channel 2] setup/release, data/
acknowledge ©] A4 % A AEE 17 s 5
712} 2] control-type-g 7Fx| I glo = zbzbel &

£t ohgst 2,

* point-deamon (point)

point-deamon-2 data recovery® & INS s-
ystem 9] servicesli= 33} filed F4

v * CONT (connect)
&3z} sk 799} RCES st A7t S+
=3
e

t] point-deamon?| address+ # node & & UTPRo] #5 deamoncll7l s 7S & 237
stod FAstEE Yl Fojok ghef, . deamono] &7 8ao] ok SRS 37
v, AAE siAsle 7392 control-type &

" server process(server) olvsk=dl 012 statust REQUEST, C-E-

ND, ACK, NACK®9| 4747} dr},
deamon-2 channel setup ## o4 UTPR ¢
A7 g el S5bnkg sl dbHol server * SFT (send- file-transfer)

% pid : process id
%* nid | node number
* tim . time

process name 0 1 2 3 4 5 6 7
UTPR 1 'R (pid, nid, tim) 0 7
server 1 ’'BNP’ (pid, nid, timy, 0 0
broad — deamon 1 ‘B R" 00 A D 0 0
multi — deamon 1 M Ut L T nid 0 0
point — deamon 1 PO T N’ nid 0 0

18/ 8 UTP process address format
Address formates of TTP processes
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At nodedll DATAE 243 799 control
-type 2.2 o]9| status= REQUEST, ACK,
NACK 2] 37kx]7} oA =l

e RFT (receive-file-transfer)

At node & %8 DATAE 4T H%9Y c-
ontrol-type 2.2, ©]9| status= REQUEST,
ACK, NACK 9] 37t=l7} Al =el

e CMD (command)

Abdl nodedl] Al command & & A 7| 22} 3}
L 7499 control-type 22 ¢]2] statust R
EQUEST, ACK, NACK®2 37t=7} oAl &
c},

* DATA

SFTY RFT9| packete] 5 node7toll A
Ho g aiy F A4 DATAE AHYE 4%
9] control-type & &, ]2| status DATA,
ACK, NACK ] 37k=i7t Al =},

UTP 9] packet& t}&2| +x& vhx3 e},

« connect-channel setup/release 874 A&
=},

struct connect f
char control-type .
/% CONT %/
char status ;
/* REQUEST, C-END %/
short node-number ;
char utpr-address(8) ;
char server-address(8) ;
char job-id(8] ;

446

» data-file, command & A£E = <}&3c},

struct data {
char control-type ;
/% SFT, RFT, CMD, DATA
*/
char status ;
/% REQUEST %/
short node-number ;
char my-address(8] ;
int size

char data(2032) ;

« ack-acknowledge packet® 2 status7} NA-
CK9 7ZA9o error &5el L o] f7F &
7heh,

struck ack {
char control- type;
/% CONT,SFT,RFT,CMD,DATA
*/
char status;
/% ACK, NACK */
short node-number ;
char my-address(8);
int error ;

char filler(12);

2} . Channet Setup 24|

UTPE £3 ofwl *elE dteddd, uk=4] ch-
annel S setup®t ©}& L channel® %3} no-
de 7Fell communicationg sHAl b o714 c-
hannel setup->- UTPR % server 7} A4 22} add-
ress & 4AEE AL 9vget, UTP 2| chan-
nel setup BFA-& c}&xp zhr}

UTPRE c}& process2-4¥ ofwgt 83
o] oAl 5w gL Bieted, Al Mk 8A
off B deamon3l channel setup-T AJEFH}

7+ deamon @] address+i= well-known address
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& X/ FUHALGANS) & AHE command/file server 9] A3

T Aok, 22| serverd| Al command &

CONT/REQUEST/rad/sad

UTPR % (rad)

|

%rad . UTPR-address

*sad . server

CONT/(N) ACK

(dad) * DEAMON

rad/sad

(sad) * SERVER.

L

-address (generated by UTPR)

% dad . deamon-address (well-known address)

189  Shannel setup #}%
Sequence of channel setup.

o] E2.& o] addressE 53 s} deamondll ] =}
Al 2] address$} server?| address &
b2 odd Qo g S5 slchElel, o) &

o] ACKol™ server?] address & %8 ser-

el

ver 9} A4} communicationo] o]Fo] x| #] Hlc},

& deamon- 2}Aloll Al A2 g Ao] o 2}
Al3l %7+ intermediate deamon& 3 ulE
of A7 g o HF oix} 2e]L 47 24l
2 e dd 948 st}

intermediate deamon- server& wh&eof U-
TPR | address$} server | address & = &3}
I UTPRelAl ACKE Bt 28] 3t 4
error7} WA sl" NACKE 2t server =
48 UTPR# AA communication ¥
et

2l DATAS &4 % RCE

UTPR 3} server 7ol channel ¢] setup ¥ =
A3 7k file A4S 531 DATAE F2 wg
RS

o P42 £E rt, o] o 4}-£5 = control

-type->= SFT, RFT, DATA, CMD % o|c}, 77+

o] A%l ohal UTPRI servert % 10

3} Zro] packet& F i b=t}

o} . UTPRZ} C}E Application Process
2o Interface

Programd)] 4] t}& ﬂ}f 7o 3202 UTPRG
M ddle AL &+ Yt
if (fork( ) == 0 ,)
execl (“utpr”, “ 7, job-flag, s-file (,
node, d-file], 0);

wait (& status) ;

714 s-file2 3 nodedl| 4 9] file™, d-file
£ Ao nodeol] 49| file™do|=], d-node Ao
node @ olch, fork( )+ npe
+ Aole, execl( )&
ocess ?| imeageE overlaystii A& 4| 7]=
olet,

dE 9, uid 55 3Fo] HAs
<+ node 9| uiddb 7} = 7to]
consistency 7} -rr2|5|°1°k ghe},

T uld-record, 0)3

447

child process &

L process ] t}& pr-

execl (“utpr”,
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* SF . source file
% DF : destination file

(SFT/REQUEST —>
é————— SFT/ACK
UTPR server
SF DATA/REQUEST — DF
&———— DATA/ACK

1) request to send a file

RFT/REQUEST —>
¢&——— RFT/ACK

UTPR server r
DF ¢ DATA/REQUEST ﬂ
DATA/ACK > L-

2) request to receive a file

CMD/REQUEST —>
UTPR server
¢———— CMD/ACK

3) remote command execution

2210 datael 941 % RCE
Exchange of data and RCE.

job — name job — flag + - =

bulletin +—b s—file d-—file write delete reoeeenees B

notice +—n s—file d-file write delete reeeeeeees B

uid —u s—=file e update ............ B

game result —g s—file e update e B

form +=f s-file d-node-d-file write - read M

mail Lo =¢ s—file d-node—d-file write delete read M

file —~r s—file d-node-d-file --ooeee receive sreeeeeee P

file —s s-—file d—node—d-node-:+ send e p

RCE —x s~file d-node-d~-file «-oee RCE  oeeeeeerees P

7211 UTPR®| argument
Arguments of UTPR.
UTPR- SFT protocol & ¢]&35}ed uid-reco-
rdE& A%332 CMD protocol & o] &35l 7+ n- gt. 2 Al
ode ol 4 uid-update 2} process & 4=3) 2] 7] v}, response time-§ user process} UTP 4}o]
uid-update+ A3}t uid-recordel] =&l uiddb o intearfce 7t A==l 4 Fdajrbx  Aelw=
E H7Ag A} Zkolular k=), 86 obAlek Al Fok UTP ¢
448
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A L/ FLALYGAINS)E Y command/iile server$] of ¢

job A 87 3|4 | Al A% size | A response
RCE 1,697 0 Kbyte 5 sec
Send-File 1,723 5, 897 Kbyte 4 sec
Rece ve-File 28, 646 Kbyte 6 sec
Total 44, 430 314, 416 Kbyte 9 sec

a212 UTPY $5i4izt
Response time of UTP

time$ 28 12 o] 2 Yrt user
7t command§& Y H7 =¥e] UTP7t jobs
w8l Azst Jepdslztz ok 4,727 £ 8
sodet, Al 717k Fk 7 node, application,

A7k WE EAE Wgles UTP 9 response

time-> time sharing environmentd}ol] & syst-

response

em loadel] =t} A3 HAaE & ok + A4
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