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Abstract of Bachelor's Thesis

A Migration Adaptive Architecture
for Distributed Communications

In this paper, we assume the highly function distributed computing environment of the
future, and propose a system that adapts user’s work state to movement for continuation of
work.

Our system assumes the highly function distributed computing environment where the
user utilizes services of nearby devices. The user's movement changes the location of the
mobile terminal and the surrounding environment, requiring changes in the work state.

Existing systems that support the mobile computing environment are focused on main-
taining execution and communication states that are dependent on a particular protocol and
runtime, respectively. Thus they cannot adapt to heterogeneous environments, and cannot
be used in the highly function distributed computing environment.

For this reason, this paper proposes the mobility adaptive distributed communication
model for the highly function distributed computing environment. This model focuses on
the user’s work state, and aims to preserve this independent of the underlying protocol or
runtime. We also realize the mobility adaptive distributed communication system to preserve
the user’s work state during the change in environment.

In this paper, we have designed and implemented the mobility adaptive distributed com-
munication system. We abstract and preserve the user’s work state during the user’s move-
ment. We show the work state can be preserved in the highly function distributed computing
environment.

Shunichi Gondo

Faculty of Environmental Information,
Keio University.
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syscommutext D ODUOO000o0oouogooboouogoobooo

a N
struct commutext {
struct sys_commutext syscomtxt;
h

struct sys_commutext {
struct socket_pair sp;
struct tcpstate tepst;

0 5.2: commutextd O O - net/csm.HJ

OO0000000000000 ecsmddO0O0O0O0D0OOOO /dev/icsnd OO O Oioctl()
000000000000 000000O0ODOOO00000oOosS30o0oooo0
OO0000 cesmdDOOOOO0DODOOO0O Commutext OO0 O0O0OOOO0OOOOOO
getsyscommutextl 00000 1000 esmfdd/deviesmd OO0 00000000
0000000002000 syscomxt1 DO OO0 00000 O0OOOO0OO
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get_syscommutext(csm_fd, &comtxt->syscomtxt)

#define get_syscommutext(I0_CSM_FD, I0_COMTXT) \
ioctl(lO_CSM_FD, CSMIOCG_COMMUTXT, 10_COMTXT)

053 0000000000000 -csmd.dd

gbbboodgbobbboodbbboooobbbuooobbbooodan

532 U00O0OUOO0bboOooboboOod
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000540000 socketparO 00O OO0OOO0DOOOOOODOO fsasO Isas™
sockaddrs] D0 0D ODODOODO0ODOOO0ODODODODOODOODOOO

union sockaddr_set { )
struct sockaddr sa; /* general version */
struct sockaddr_un sun; [* UNIX family */
struct sockaddr_in sin; [* INET family */
struct sockaddr_in6 sin6;  /* INET/IPv6 family */

#define sockaddrs union sockaddr_set

struct socket_pair {
sockaddrs fsas; /* foreign sockaddrs{} */
sockaddrs Isas; /* local sockaddrs{} */

3

N J

O 5.4: socketpair 0 0 0O - net/csm.H]

csmO O 000 socketpair0 000000 fsasd Isas0 0000000000 TCP
O0o0oo0ooooooooooTCPOUOOOOOOOOOOOOOOOOCommutext
O00000oooooooo  TCPOOODOODODOODODOODODOODODOODOODOo TCP
00000oooooooooooooooooooooooog  TCPOOOOOOnO
OO0000055000 in_pcblookuphash(C O OO0 O0OO0OO0OO0OOOOO0OO0OOOO
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OTCPOOO0ODOOOO0ODDOOUODOOMpOOOODOOOOOTCPOOOODO
gbbboooobbbooodabbob

~

struct socket_pair sp;
struct inpch *inp;

inp = in_pcblookup_hash(&tcbinfo,

sp.fsas.sin.sin_addr,
sp.fsas.sin.sin_port,
sp.Isas.sin.sin_addr,
sp.lsas.sin.sin_port,
0 /* no-wildcard */, NULL);

N J

0 5.5: in_pcblookup_hash()J O 0 O O - /sys/net/csm.t

OOooooselooooooooooTCcPObDODODOODODOoDOonDOonDO
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ooobobobooobobobooobobobooboboooobo TCPOODOO
gbbobuoooobbbouoobobbooodgbbbuoooobbbooaoboo
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K#define TCPCB(x) ((struct tcpcb *)inp->inp_ppch)->x
#define TCPGST(x) \
((struct sys_commutext *)data)->tcpst.x = TCPCB(X)

TCPGST(snd_una);
TCPGST(snd_max);
TCPGST(snd_nxt);
TCPGST(snd_up);
TCPGST(snd_wnd);
TCPGST(iss);
TCPGST(irs);
TCPGST(rcv_nxt);
TCPGST(rcv_adv);
TCPGST(rcv_up);
TCPGST(rcv_wnd);

O56:TCPODODODODODOODOOOOOO -/sys/net/csm.C
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struct tcpstate {
tcp_seq snd_una; /* send unacknowledged */
tcp_seq snd_max; /* highest sequence number sent;
* used to recognize retransmits */
tcp_seq snd_nxt; /* send next */
tcp_seq snd_up; /* send urgent pointer */

tcp_seq iss; /* initial send sequence number */
tcp_seq irs; /* initial receive sequence number */

tcp_seq rcv_nxt; /* receive next */

tcp_seq rcv_adv; /* advertised window */
u_long rcv_wnd; /* receive window */
tcp_seq rcv_up; /* receive urgent pointer */

u_long snd_wnd; /* send window */

0 5.7: tcpstated) O O - net/csm. ]
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<?xml version="1.0">
<IDOCTYPE commutext SYSTEM “commutext.dtd”>
<Commutext>

<SysComutext>
<SocketPair>
<Foreign>
<proto>NETINET</proto>
<addr>hal.ht.sfc.keio.ac.jp</addr>
<port>5555</port>
</Foreign>
<Local>
<proto>NETINET</proto>
<addr>polaris.ht.sfc.keio.ac.jp</addr>
<port>1103</port>
</Local>
</SocketPair>
<TCPCB>
<snd_una>1539593644</snd_una>
<snd_max>1539593644</snd_max>
<snd_nxt>1539593644</snd_nxt>
<snd_up>1539593644</snd_up>
<iss>1539593521</iss>
<irs>4243862162</irs>
<rcv_nxt>4243862763</rcv_nxt>
<rcv_adv>4243880139</rcv_adv>
<rcv_up>4243862753</rcv_up>
<rcv_wnd>17376</rcv_wnd>
<snd_wnd>17376</snd_wnd>
</TCPCB>
</SysComutext>
</Commutext>

0 5.8: CommutextD XML O OOODOOO

a7




54 JOUOoooo

OO00O000o0o00oooooobboooooooDDbDb Commutextl 000000
TrancerD 0 OO0 UO0OO00O0O0OOOesmcOOO0O0OOO0ODOOODOOODOO

Commutex' O OO O O0O0O0ODOOO0OOOOODOOOOOOODOOOOODOOOO
gboobobbooooobbuogobooobooobboobboobboooboo

00000 Commutext] OO 59000 cmsessionl 0000000 OOO0OOO
OO0 cmsessionl 0000000000000 OOO00OO0O0O0 MAX_ COMTXTOOOO
2000000000000 O000DOODO0O 2000000000000 cmsession
gboboboooobobboooobobod

struct cmsession {
struct socket_pair sp[MAX_COMTXT];
char *comixt_xmI[MAX_COMTXT];
cmsession *next, *prev

0 59 cmsessio JO0O0O0O0OO0O -net/ecsm.H]

55 UUUoouooong

OO000O0b0obO0b0obobDooboobOo Commutext DOOOO0OOOODOO
DooobodO0Tancerd 000000 DO0ODO0OOOOOOOOOOOOOODOOO
O000ob0bOo0oboobbo0obuoobobOoos30obobooboboooboon
OOobodboooboobobooooobobooos3tbobooooooboboonoog

551 0000000000 esmdd0OO0OO0ODOODOODOODOO

0530000000000 Commutex OO0 OO0 OesmddOOO0OO0O0OOO
/devicsnd OO0 ioctl)DO0DDOOO0OO0ODODODOODODOODODODODDO Osetsyscommutext()
OO00000 1000 csmfdO00O0O0OO0O0O0O0O/MevicsmOOO0O0O0O0O00O00OO0O
O00000002000 syscomxi OO0 OO0 O0DODO0OOOOOOODOOOOO
0000000000000 Commutext1 OO O commutex D OO0 O00O0O0O0OOO
0oododoooooodoobodoobotdesmd0dooooooooooooon
gooooooooood

set_syscommutext(csm_fd, &comtxt->syscomtxt)

#define set_syscommutext(I0_CSM_FD, 10_COMTXT) \
ioctl(I0O_CSM_FD, CSMIOCS_COMMUTXT, 10_COMTXT)

0510:0000000000000 -csmd.d]

gbobboogobbbooooboboooobbobuooobobbooogn
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552 J00O0O0O0OODOOObOOOO

csmdOcesmdd 000000000 Commutexd 000000000000000
0000000000000 syscommutex0 0000000000000 0000
00000000000000000000000000000000000000
0000000000000O0TCPOOOOOOOOOOOOOOOOOOOOOO
0000000000000000000000000000000000000 5.6
000000000000 000000000

00000560000000 TCPGST)DOOOODOOODO TCPSST(OD OO OO
0570 tepstatel 00 00 TCPOOODOOOOOOOOOOO0OOOOOOOOOOO
00000000000000000000000000000000000000
000000000000 O000

K#define TCPCB(x) ((struct tcpcb *)inp->inp_ppcb)->x
#define TCPSST(x) \
TCPCB(X) = ((struct sys_commutext *)data)->tcpst.x

TCPSST(snd_una);
TCPSST(snd_max);
TCPSST(snd_nxt);
TCPSST(snd_up);
TCPSST(snd_wnd);
TCPSST(iss);
TCPSST(irs);
TCPSST(rcv_nxt);
TCPSST(rcv_adv);
TCPSST(rcv_up);
TCPSST(rcv_wnd);

0511 TCPOOOOOOOODOOOOOOO -/sys/net/csm.t

gobbobbObOb0O0OesmUd syscommutextl U0 OOOOO0OOOOOOOOO
gboboboooobbbooggbobooooboboooobobogd

553 U0OOOOooog

gbbbuoooobbbduoobobbboooobobboooobbboooon

O00000000O0esmddOOOOO 800D OOOOODOOOOOOODOO
OO0Ooo00oooooobobooboboog Commutextd DO OO0DODOO0ODO0OO
0000000 DL000DbD0ODoOoOOoSETCTXTOUODODOODDOOODODOPFOODODO
OO0Do0ooooboooooogonb FHOST:FPORT LHOST.LPORTD OO DO OO
O00000Db00b00bO0b000bO0o0obO0o0bOobOdn RFHOST:RFPORT
LHOST:LPORTD U DO ODOOOOOOOOOOOO0O0OO00OO0O0O00O00O00O0O0
O0O0D00O COMTXTO XMLOODODOO Commutex D OO0 OO
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SETCTXT PF FHOST:FPORT LHOST.LPORT PF RFHOST:RFPORT L-
HOST:RLPORT COMMUTEXT

OO0D000000000 halDODODOOOSSSSO0000000000n0o
polaris 000000 10240 000000000000 ODODOO espresso-und 00
OobOoil1cze0ooooooooooooboboooobooooobobobooo

[SETCTXT 2 hal:5555 espresso-uno:1026 hal:5555 polaris:1024 ]

5.6 JUUOoooong

gbbobooooobboooobbbouoooboobobogn

TcPUOODUOOODDbDOOUODbDOOnOO

O00000000000000000000TCPIPOOOO0OOOOOO0O0O0O
OopoooogooTecPOb0ObOObOOobOU0OOODbDUOOOODODbDOObOODOD
obobobooboobooboobooboobob

DoOoobuoobooboobooobobobbobbobobdtesmbogonbg
5120 00000000000esmddO000OCCOCCOCOCOOOODOODODDODDDOO
obooboobooboooboobuooboobobbobooboobooboobon
OO000s130b000booobooobooboooboboobobooobooooooobon

~

struct socket_pair rsp;

[* copy addr from data to sockp */

bcopy((char *)&((struct sys_commutext *)data)->rsp.fsas,
(char *)&rsp.fsas, sizeof(rsp.fsas));

bcopy((char *)&((struct sys_commutext *)data)->rsp.lsas,
(char *)&rsp.Isas, sizeof(rsp.lsas));

TCPCB(t_inpcb->inp_rladdr) = rsp.lsas.sin.sin_addr;
TCPCB(t_inpcb->inp_rlport) rsp.lsas.sin.sin_port;
TCPCB(t_flags) |= TF_REQ_RDRT;

0512.00000000000000000 -/sys/net/csm.tl

0005120000000 TEREQRDRTO OO O Otepoutput)d 00000 00
000000000000000000000 5140000

tcpooutput] 0 00 05.120 00000 TFREQRDRTO OO0 000 REDIRECT
00000000000000000000000000000000000000
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struct inpcbh {

u_short inp_rfport; [* foreign port */
u_short inp_rlport; /* local port */
union {

/* local host table entry */
struct in_addr_4in6 inp46_local;
struct in6_addr inp6_local;

} inp_rdependladdr;

#define inp_rfaddr inp_rdependfaddr.inp46_foreign.ia46_addr4
#define inp_rladdr inp_rdependladdr.inp46_local.ia46_addr4

J

0513:000000000000000000000 - /sys/netinet/inpcb.h]

#define TF_REQ_RDRT_PM 0x0040000 /* have/will request RDRT_PM */
#define TF_REQ_RDRT 0x0080000 /* RDRT_PM request */

#define TF_RCVD_RDRT_PM 0x0100000 /* other side has requested RDRT_PM */

#define TF_RCVD_RDRT 0x0200000 /* a RDRT request was received */

0 5.14:0000000 -/sys/netinet/tcpvar.hO

gbobobuooggbbbugoobobbooogobobobuoooobbobooaoooboo
OO000b0obOooooogosSyNobooosaAsogooooooooooonog

OOooOobOobo T TCecPODOUODODOODOODOODOODOSA7ODOODO
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if (len && (tp->t_flags & (TF_REQ_RDRT_PM|TF_RCVD_RDRT_PM)) &&
(tp->t_flags & TF_REQ_RDRT)) {
I* REDIRECT/SYN packet */
flags |= TH_SYN;
flags &= "TH_ACK;

[* clear flag */
tp->t_flags &= "TF_REQ_RDRT;

len = 0;

[* redirect option of packet header */
opt[optlen++] = TCPOPT_NOP;
opt[optlen++] TCPOPT_RDRT;
opt[optlen++] = TCPOLEN_RDRT;
opt[optlen++] 0;

[* Old Address */
*(u_int32_t *)&opt[optlen]
optlen += 4;

*(u_int32_t *)&opt[optlen]
optlen += 4;

/* New Address */
*(u_int32_t *)&opt[optlen]
optlen += 4;

*(u_int32_t *)&opt[optlen]
optlen += 4;

tp->t_inpcb->inp_rladdr.s_addr;

(u_int32_t)tp->t_inpcb->inp_rlport;

tp->t_inpcb->inp_laddr.s_addr;

(u_int32_t)tp->t_inpcb->inp_lport;

\} J

0 5.15:REDIRECTOOOOOOOOODO -/sys/netinet/tcpoutput.c:tcp_output()O

#define TCPOPT_RDRT 16 [* Experimental */
#define TCPOLEN_RDRT 19

05.16:0000 TCPODOODOO -/sys/netinet/tcp.id

OOobooooboooobooooooo sivoboboooooooo TepPOoonoQg
gboboboogooboboood

OO0000000000 REDIRECTODODOODODODOOOS1I7yDODODOO
OOooooboooboooobooooobo TecpPOObOObODbODODOODOODODO
gbbbooogbbboooobob
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32

-
O
)

.-

ki nd=16 | 1 en=19 | type=0

redi rect address

redi rect portno

| ocal address

| ocal portno

0O 5.17:REDIRECTOOOOO TCPOOOOOODO
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gobogobbobogoobbbooooobobbuooooonbobboooooooo
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gbboboooooboooobbooodgn
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gbbbuoooobbbduoobbbooodobbbuoooobbbooaoboo
gbobobboggoboobbbuoooobobobboooobobobooouoooo
gbobobooogn

6.2 0000

0500000 Trancerd 000000 ooooooooooooooooooa
0000000000 bo0o0oooobbooooobo sADbooooobobooon

Joodooooodoooooodoonoonoooooooonooooooon
doodooooooooooooooooooooooooooobooooooo
0oodoodoooooooooooooooonoooooooooooon
doodoooooooooobooooooobooooooooooooooooo
OO000000000 *ha” 000000000000 OOOOODOOODODOOO0
00 “polaris” 0 “espresso-uno] 0 0 000
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00000 6100000 *hal”d “polaris”"0 0000000 “hal” O “espresso-uno”
oo oooooooooogoon
0oodoooooooooooooooooooooooooooooooo
0000000000000 0D0000o0bo0o0Commutext] DOOOOOO
0oodoooooooooooooooooooooooooooooooo

host:polaris.ht.sfc.keio.ac.jp host:espresso-uno.ht.sfc.keio.ac.jp
(" count=57 \ If count=61 h
P xe
<§§> €§£>
count=58 AR count=62
O o O
<S§\
count=59 P count=63
\ count=60 \ count=64 )

O06.1:Trancer OO0 O0D0O0OO0OOO0OOOO

Oe20000000000000DO0O0DO0ODOOOOO

pol aris: 1103 hal : 5555 espresso-uno: 1026

15

39233642:1539593644(2)
4243862753 16: 37: 04. 358440
3(10) - 37:
4243862753: 424383176 ( 16: 37: 04. 372594
ack 15395936
ack 4243862763

16: 37:04. 471715

539593644:1539593644 0) JRedirect SYN
RDRT

SYN 1
16: 38: 47. 470460

- SYN
Redi rect SYN Ack 4243862763-
16: 38: 47. 470637 RORT, ok iggggg§g763 0)
42
2
. 539593646
1539593644'13862763
16: 38: 47. 473435 ack 42
16: 38: 47. 500952 4243862763-
Ar23: 4243862773 1
1539593645
ack 4243862773
16: 38: 47. 595427

062 Trancer DOODOOOOOOODOOODOOO
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