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DMI : A Large Distributed Shared Memory
Interface Supporting Dynamically
Joining /Leaving Computational Resources

KENTARO HARA,™ KENJIRO TAURAT!
and TAKASHI CHIKAYAMA 2

With increasing scale of computational environments and greater sophisti-
cation of parallel and distributed applications, there have been increasing de-
mands for parallel and distributed frameworks supporting large scale compu-
tational environments. In large scale environments frameworks are required
which can execute one parallel computation continuously beyond dynamic join-
ing/leaving of computational resources. Particularly it is not enough for frame-
works to support only loosely coupled applications, using client-server model.
Instead, frameworks should accommodate broader range of applications in
which many resources can work in a tightly coupled manner. With these back-
grounds, we propose, implement and evaluate Distributed Memory Interface, or
DMI, a large distributed shared memory framework supporting dynamic join-
ing/leaving of computational resources. DMI not only implements an original
protocol for the memory consistency which enables dynamic joining/leaving,
DMI also provides pthread-like flexible programming interfaces with which we
can easily develop programs supporting dynamic joining/leaving. Furthermore
DMI provides several optimization methods, for example, consistency mainte-
nance based on the user-specified arbitrary unit size, asynchronous read/write
and multi-mode read/write, to compensate for the potential weak scalability of
the distributed shared memory model. Our performance evaluation confirmed
that beyond dynamic joining/leaving DMI can support the continuous compu-
tation of tightly coupled applications for the shared memory, such as parallel
data insertion/deletion into/from a binary search tree. We also confirmed that
DMI achieves scalability equivalent to MPI up to about 32 processors for em-
barrassingly parallel applications, such as parallel drawing of the Mandelbrot
set.
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while true do
Noncritical Section
Entry Section
Critical Section
Exit Section

endwhile

02 0000000000COO0OO0OCOOOOO0O0O0O0O0O0

struct node_t {
int locked;
struct node_t *next;

struct node_t *tail = NULL; /* shared to all processes */

void each_process() {
struct node_t node, *pred, *p = &node;

while(1) {
NoncriticalSection(); /* Noncritical Section */
p—>next = NULL;
pred = fetch_and_store(&tail, p);
if(pred !'= NULL) {
p—>locked = 1;
pred->next = p;
while(p->locked == 1); /* spin */

CriticalSection(); /* Critical Section */
if (p->next == NULL) {
if (! compare_and_swap(&tail, p, NULL)) {
while(p->next == NULL); /* spin */
p->next->locked = 0;

} else {
p—>next->locked = 0O;

03 MCsSOooOooooOo
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struct vars_t {
...; /* necessary variables for both EntrySection and ExitSection */
};

struct mutex_t {
...; /* necessary variables for the mutual exclusion */
struct vars_t *vars;
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void lock(struct mutex_t *mutex) {
struct vars_t *vars;

vars = malloc(sizeof (struct vars_t));

EntrySection(); /* Entry Section */
mutex->vars = vars;

void unlock(struct mutex_t *mutex) {
struct vars_t *vars;

vars = mutex->vars;
ExitSection(); /* Exit Section */
free(vars);
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#include "dmi.h"
#define NODE_MAX 1024
#define THR_MAX 32

int DMI_main(int argc, char *xargv) { /* 00000 %/
int32_t i, thr_id, node_id, node_num;
int64_t addr;
int64_t handle [NODE_MAX] [THR_MAX];
DMI_member member;
DMI_node nodes[NODE_MAX];

DMI_alloc(&addr, sizeof(int32_t), NODE_MAX * THR_MAX, 1); /+* DMI 0DOO0OODOO =/
DMI_member_init (&member) ;

thr_id = 0;
while(1) {
DMI_member_poll(member, nodes, &node_num, NODE_MAX); /* 000000 /000000000000 */

for(node_id = 0; node_id < node_num; node_id++) { /* 0000000000000 0O0O0O =/
if (nodes[node_id].state == DMI_OPEN) { /* 0000000000 =/
for(i = 0; i < nodes[node_id].core; i++) { /x 00O DODDOODDOO0O */
DMI_write(addr + thr_id * sizeof(int32_t), sizeof(int32_t), &thr_id); /* D000 id 00000 =%/
DMI_create(&handle[node_id] [i], nodes[node_id].id, addr + thr_id * sizeof(int32_t)); /* 000000 =*/
thr_id++;
¥
}
else if(nodes[node_id].state == DMI_CLOSING) { /* 000000000000 */
for(i = 0; i < nodes[node_id].core; i++) { /* 0000000000000 DO0O =%/
DMI_join(handle[node_id] [i], NULL); /+* 000000 =*/
}
}
else if(nodes[node_id].state == DMI_CLOSE) { /* 0000000000 #/
¥
s
}

DMI_member_destroy (&member) ;
DMI_free(addr); /*DMI 0000000 %/

return 0;
}

int64_t DMI_thread(int64_t addr) { /+* DMI 0000 */
int32_t thr_id;

DMI_read(addr, sizeof(int32_t), &thr_id); /+* OJ0OO0O0O0 id 000 */
printf("my id = %d\n", thr_id);

return DMI_NULL;
¥
06 000000/000000000O0O0OO0OOOOAPIOOOD A200000
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: struct mutex_t {

int *head;
int *next;
int *pi;
int *p2;

HI H

: void init(struct mutex_t *mutex) {

mutex->head = NULL;
mutex->next = NULL;
mutex->pl = NULL;
mutex->p2 = NULL;

: )

: void lock(struct mutex_t *mutex) {

int flag;
int *prev, *curr;

flag = 0;
curr = convert(&flag, mutex->pl, mutex->p2);
/* address conversion */

prev = fetch_and_store(&mutex->head, curr);
if (prev == NULL) {

mutex->pl = curr;
} else {

while(flag == 0); /* spin */
}

mutex->next = prev;

: )

: void unlock(struct mutex_t #*mutex) {

int *curr;

if (mutex->next == NULL
|| mutex->next == mutex->p1) {

:}

: )

: )

if (mutex->next == mutex->p1) {
mutex->pl = mutex->p2;

}

if (!compare_and_swap(&mutex->head, mutex->pl, NULL)) {
mutex->p2 = mutex->head;
curr = revert(mutex->p2); /* address reversion */
*curr = 1;

}

} else {
curr = revert(mutex->next); /* address reversion */
*xcurr = 1;

}

: void destroy(struct mutex_t *mutex) {

: )

: int* convert(int *curr, int *p, int *q) {

int vi, v2, d;

vl = (intptr_t)p & 0x3;
v2 = (intptr_t)q & 0x3;

d=0;
if(d == vl || d ==v2) {
d=1;
if(d == v1 || d == v2) {
d=2;
}
s

return (int*) ((intptr_t)curr + d);

: int* revert(int *curr) {

return (int#*) ((intptr_t)curr - ((intptr_t)curr & 0x3));
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structure for page {state, owner, probable, valid, buffer, msg_set, state_array, seq_array}

structure for msg {src, mode, state, buffer, state_array, seq-array}

001:
002:
003:
004:
005:
006:
007:
008:
009:
010:
011:
012:
013:
014:
015:
016:
017:
018:
019:
020:
021:
022:
023:
024:
025:
026:

initialization of page whose owner is owner at the initial state:
if owner == my_rank then
page.state := DOWN_VALID
page.owner := TRUE
for each rank in the system do
state_array[rank] := INVALID
seq-array[rank] :== 0
endfor
state_array[my_rank] := DOWN_VALID
page.valid := 1
else
page.state := INVALID
page.owner := FALSE
endif
page.probable := owner

page.msg_set = ()

read operation for page with buffer and mode:

lock page

if page.state == INVALID
|| (page.state == DOWN_VALID && mode == READ_UPDATE)
|| (page.state == UP_VALID && (mode == READ_INVALIDATE
|| mode == READ_ONCE)) then
REQ-READ.seq := —1
REQ_-READ.src := my _rank
REQ_READ.mode := mode

027:
028:
029:
030:
031:
032:
033:
034:
035:
036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:
047:
048:
049:
050:
051:
052:
053:
054:
055:
056:
057:

try_send(REQ-READ, page)
page.probable := NIL
unlock page
wait for ACK_READ to be received
lock page
page.probable := ACK_RFEAD.src
flush_msg(page)
if ACK_READ.buffer != NIL then
page.buffer .= ACK_READ.buffer
endif
page.state := ACK_READ.state
endif
buffer := page.buffer
unlock page

when REQ_READ for page is received:
lock page
if page.owner == TRUE then
if page.state_array|[REQ-READ.src] == INVALID then
ACK_READ.buffer := page.buffer
if REQ_READ.mode == READ_INVALIDATE then
page.state_array[REQ-READ.src] :== DOWN_VALID
page.valid := page.valid + 1
elseif REQ_-READ.mode == READ_UPDATE then
page.state_array[REQ-READ.src] := UP_VALID
page.valid := page.valid + 1
endif
else
ACK_READ.buffer := NIL
if page.state_array[REQ-READ.src] == UP_VALID
&& (REQ-READ.mode == READ_INVALIDATE



058:
059:
060:
061:
062:
063:
064:
065:
066:
067:
068:
069:
070:
071:
072:
073:
074:
075:
076:
077:
078:
079:
080:
081:
082:
083:
084:
085:
086:
087:
088:

|| REQ-READ.mode == READ_ONCE) then
page.state_array[ REQ-READ.src] :== DOWN_VALID
elseif page.state_array[REQ-READ.sr¢c] == DOWN_VALID
&& REQ_-READ.mode == READ_UPDATE then
page.state_array| REQ_-READ.src] :== UP_VALID
endif
endif
ACK_READ.state := page.state_array[REQ-READ.src]
ACK_READ.seq := page.seq-array| REQ-READ.src]
page.seq-array[REQ-READ.src] := page.seq-array[REQ-READ.src] + 1
ACK_READ.src := my_rank
send ACK_READ to REQ_READ.src
else
try_send(REQ_READ, page)
endif

unlock page

write operation for page with buffer and mode:

lock page

if page.owner == TRUE && page.valid == 1 then
page.buffer := buffer

elseif mode == WRITE_REMOTE then
REQ_-WRITE.seq := —1
REQ_WRITE.src := my_rank
REQ_WRITE.buffer := buffer
try_send(REQ-WRITE, page)
page.probable := NIL
unlock page
wait for ACK_WRITE to be received
lock page
page.probable := ACK_WRITE.src

089:
090:
091:
092:
093:
094:
095:
096:
097:
098:
099:
100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
116:
117:
118:
119:
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flush_msg(page)
elseif mode == WRITE_LOCAL then
if page.owner == FALSE then

REQ_STEAL.seq .= —1

REQ_STEAL.src := my_rank

try_send(REQ-STEAL, page)

page.probable = NIL

unlock page

wait for ACK_STFEAL to be received

lock page

page.probable := my _rank

flush_msg(page)

if ACK_STEAL.buffer != NIL then
page.buffer .= ACK_STEAL.buffer
page.state := DOWN_VALID

endif

page.state_array = ACK_STEAL.state_array

page.seq_array := ACK_STEAL.seq_array

page.valid := ACK_STEAL.valid

page.owner := TRUE

endif

page.buffer := buffer

update_and_invalidate(page)
endif

unlock page

when REQ_WRITE for page is received:
lock page
if page.owner == TRUE then
page.buffer := REQ_-WRITE.buffer
update_and_invalidate(page)
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120:
121:
122:
123:
124:
125:
126:
127:
128:
129:
130:
131:
132:
133:
134:
135:
136:
137:
138:
139:
140:
141:
142:
143:
144:
145:
146:
147:
148:
149:
150:

ACK_WRITE.seq := page.seq-array|[REQ-WRITE.src|

page.seq-array[REQ-READ.src] := page.seq_array[REQ-READ.src] + 1

ACK_WRITE.src :== my_rank

send ACK_WRITE to REQ_-WRITE.src
else

try_send(REQ-WRITE, page)
endif

unlock page

update_and_invalidate(page):

if page.valid '= 1 then

for each rank s.t. rank != my_rank

&& page.state_array[rank] == DOWN_VALID do

page.state_array[rank] := INVALID
page.valid := page.valid —1
REQ_INVALIDATE.seq := page.seq_array[rank]
page.seq_array[rank] := page.seq_array|rank] + 1
REQ_INVALIDATE.src := my_rank
send REQ_INVALIDATE to rank

endfor

for each rank s.t. rank != my_rank

&& page.state_array[rank] == UP_VALID do

REQ_-VALIDATE.seq := page.seq-array[rank]
page.seq_array[rank] := page.seq_array|rank] + 1
REQ_-VALIDATE.src := my_rank
REQ_-VALIDATE.buffer := page.buffer
send REQ_-VALIDATE to rank

endfor

page.owner := FALSE

page.probable := NIL

unlock page

151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177:
178:
179:
180:
181:

wait for all ACK_VALIDATE to be received
wait for all ACK_INVALIDATE to be received
lock page
page.probable := my_rank
flush_msg(page)
page.owner := TRUE

endif

when REQ_-VALIDATE for page is received:
lock page
page.probable := REQ_VALIDATE.src
flush_msg(page)
page.buffer == REQ_VALIDATE.buffer
ACK_VALIDATE.seq := —1
ACK_VALIDATE.src := my_rank
send ACK_VALIDATE to REQ_VALIDATE.src

unlock page

when REQ_INVALIDATE for page is received:
lock page
page.probable := REQ_INVALIDATE.src
flush_msg(page)
page.state := INVALID
ACK_INVALIDATE.seq := —1
ACK_INVALIDATE.src := my_rank
send ACK_INVALIDATE to REQ-INVALIDATE.src

unlock page

when REQ_-STEAL for page is received:
lock page
if page.owner == TRUE then



182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:

page.owner := FALSE

REQ-CHANGE.seq := page.seq_array[my rank|

page.seq_array[my._rank| := page.seq_array[my_rank] + 1

REQ_-CHANGE.src := REQ_STFEAL.src

send REQ_CHANGE to my_rank

if page.state_array[REQ-STEAL.src] == INVALID then
ACK_STEAL.buffer := page.buffer
page.state_array[REQ-STEAL.src] := DOWN_VALID
page.valid := page.valid + 1

else
ACK_STEAL.buffer := NIL

endif

ACK_STEAL.seq := page.seq_array|REQ_STEAL.src]

page.seq_array[REQ_STEAL.src| := page.seq_array|[REQ_-STEAL.src]+ 1

ACK_STEAL.src :== my_rank

ACK_STEAL.state_array := page.state_array

ACK_STEAL.seq_array := page.seq_array

ACK_STEAL.valid := page.valid

send ACK_STEAL to REQ_-STEAL.src

else
try_send(REQ-STEAL, page)
endif

unlock page

when REQ_-CHANGE for page is received:

lock page
page.probable := REQ-CHANGE.src
flush_msg(page)

unlock page

212: sweep operation for page:

213:
214:
215:
216:
217:
218:
219:
220:
221:
222:
223:
224:
225:
226:
227:
228:
229:
230:
231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
241:
242:
243:
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lock page
if page.state == DOWN_VALID || page.state == UP_VALID then

REQ_-SWEEP.seq == —1
REQ_SWEEP.src := my_rank
try_send(REQ-SWEEP, page)
page.probable := NIL

unlock page

wait for ACK_SWEEP to be received
lock page

page.probable :== ACK_SWEEP.src
flush_msg(page)

page.state == INVALID

endif

unlock page

when REQ_SWEEP for page is received:
lock page
if page.owner == TRUE then

if page.state_array|[REQ_-SWEEP.src] == UP_VALID
|| page.state_array[REQ-SWEEP.sr¢c] == DOWN_VALID then
page.state_array|[ REQ-SWEEP.src] := INVALID
page.valid = page.valid —1
endif
ACK_SWEEP.seq := page.seq-array|REQ-SWEEP.src|
page.seq-array[REQ_SWEEP.src| := page.seq-array| REQ-SWEEP.src| + 1
ACK_SWEEP.src := my_rank
send ACK_SWEEP to REQ_-SWEEP.src
if REQ-SWEEP.src == my._rank then
rank := select new owner except my_rank
page.owner := FALSE
REQ_CHANGE.seq := page.seq_array[my_rank]
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244:
245:
246:
247:
248:
249:
250:
251:
252:
253:
254:
255:
256:
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:
270:
271:
272:
273:
274:

page.seq_array[my rank| := page.seq_array[my_rank] + 1

REQ_-CHANGE.src := rank

send REQ-CHANGE to my_rank

if page.state_array[rank] == INVALID then
REQ_DELEGATE.buffer := page.buffer
page.state_array|[rank] := DOWN_VALID
page.valid := page.valid + 1

else
REQ_-DELEGATE.buffer := NIL

endif

REQ_DELEGATE.seq := page.seq_array|[rank]

page.seq_array|[rank] := page.seq_array[rank] + 1

REQ_DELEGATE.src :== my_rank

REQ_DELEGATE.state_array := page.state_array
REQ_DELEGATE.seq_array := page.seq_array

REQ_DELEGATE.valid := page.valid
send REQ_DELEGATE to rank
endif
else
try_send(REQ_SWEEP, page)
endif

unlock page

when REQ_DELEGATE for page is received:

lock page

if REQ_-DELEGATE.buffer != NIL then
page.buffer .= REQ-DELEGATE.buffer
page.state := DOWN_VALID

endif

page.state_array == REQ_DELEGATE.state_array

page.seq_array := REQ_DELEGATE.seq_array

275:  page.valid := REQ_-DELEGATE.valid
276:  page.owner := TRUE

277:  unlock page

278:

279: try_send(msg, page):

280:  if page.probable == NIL then

281: page.msg-set := page.msg-set U msg
282:  else

283: send msg to page.probable

284:  endif

285:

286: flush_msg(page):

287:  for each msg in page.msg_set do
288: send msg to page.probable

289:  endfor

290:  page.msg-set := 0

A2 OO000OO0OOOOOOOOOO

Application Programming Interface

DMIO APIOOOOOODOOODOO/0000000000O000O0O0DOODOOOO
000000000000 pthreaed 0000000000000 00OOOO0OOOOAPIDO
OO00ooooooobobb e600000DMImain(int arge, char **xargv) 000000
OO0000000000D000 bMIcreate(...)0000000O00O0O0O0COOOO DMI
0000000000000 0DMIOOOODOOO0O000O00O0D DMI_thread(int64-t
addr) O00OO0OO

API0OD0OO0OOO000OOOOOOOO0O0OOOODOOODOODDOD int32t 000
APIOOUOOOODMISUCCESS 0O OO DMIFAILURED O OODOOOOOODODO xxx-id
xxx-olxxx io 0O OODOOODODOOOOOOOOODOOOOOOOOOOODOOOOO
oooooooo
e int32_t DMI_rank(int32_t *rank o)

000000000 rank o 0000000000000 ODOOOOOOOOOOOOO
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0000000000000 0000000000000000000000On
e int32_t DMI_isalive(void)
0000000000000 000000000000O0oO0Oo0ooo

e int32_t DMI_free(int64_t addr)
DMIOOODODODOOOOOOd
e int32_t DMI_read(int64_t addr, int64_t size, void *buf_o, int32_t mode)
DMIOOOOOOCOOOOOOCOODO addrd0 sizeO0000 buf.o 00000 Omode
OO0 READ_ONCEO READ_INVALIDATEO READ_UPDATEOOOOOOCOCOOOO
e int32_t DMI_write(int64_t addr, int64_t size, void *buf_i, int32_t mode)
DMIOOOOOOOOOOOOOODO addrd buf.i 00 size 00000000 Omode
OO0 WRITE_LREMOTEO WRITE.LOCALOOOOOOOOOGOO
e int32_t DMI_fas(int64_t addr, int64_t size, void *buf_io, int32_t mode)

e int32_t DMI_nodes(DMI_node *nodes_o, int32_t *num_o, int32_t capacity)
O0000000000000000 capacity00O000000 maz_rank 000000
000000 mazrank D000 0000O00O nodeso0 00000000000 ODBOO
O0000 numoO0O0O0O00OODMImede JOOODOO0O0OOOOOODcored 00000
memoryd D00 O 0O0state0 00 00rank0 0000000000 O0OOOODMI_-OPEN
O000O0O0DMICLOSINGD O OOOOOODMICLOSEDOOOOO 3000000

int32_t DMI_gather_cores(int32_t target_value)

00000000000 targetvalueOOOOOOOOOOO

int32_t DMI gather nodes(int32_t target_value)

0000000 targetvalue 0O O OO0OOOOOO

int32_t DMI_gather memory(int64_t target_value)
O000000000000000 targetvalueJOOOOOO0OOOOCODO
void DMI_member_init(DMI_member *member_o)

oooooooooo

void DMI_member_destroy(DMI_member *member_i)

ooooooooo

int32_t DMI_member_poll(DMI_member *member_i, DMI_node *nodes_o, int32_t

num_o, int32_t capacity)

oooooo/oo0oooUoo0oooOooo0ooooooUoUoOoooUoUoO

gboboobooooboooobooobodbooodbooboo0fodbdOn nodes-o
gooooooon

int32_t DMI_member notify(DMI_member *member_i)
DMI_member poll(...) ODOODOOOODOO
int32_t DMI_alloc(int64_t *addr_o, int64_t page_size, int64_t page_num,

int64_t chunk_num)

0000000 page-size JOOOOO pagenum OO DMIOOOOOO DMIODOO

Uoooo0bo00000000 addro00000Opagenum0 000000000000
oobooobD cunknum 000000000 C0OO0O0O0O0O0COODOO

DMIOOOOOOOODOODODOOO addr 0000 fetch-and-store 00000000
OObuf iod0 sizeUO0OD0 addr 000000 O0D0OCOODO addr OO buf_io O
oo00o0o0obDoOoooooooooooo
e int32_t DMI cas(int64_t addr, int64_t size, void *buf_ i, void *swap.i,
int32_t mode, int32_t *flag o)

DMIOOOOODOODODOODOOOQ addr 0000 compare-and-swap 000000
O000addr 00 size 00000000 buf i 00 size O0O0O0000O0OOODDOO
O00000Oswap-i 00 size D000 addr 00000000 Oflagod TRUEO OO
0000000000 flago O FALSEOOOUOOOOOUODOOODOOOOOOODOOO
e int32_t DMI_create(int64_t *handle_o, int32_t rank, int64_t addr)

0000 rank 000000 DMIOODODOOOOOODOOOOOOD handleoO0ODO
000000 addr 0000000 DMIOOOO DMI_thread(int64.t addr) 00000
oooo
e int32_t DMI_join(int64_t handle, int32_t *exit_code_o)

Oo0Oo0OooooobOoODD DMIDODOOUO DMI_thread(int64-t addr) 0O OO0
exit_codeo DU DO ODOOMO
e int32_t DMI_detach(int64_t handle)

00000 detach D OO
e int32_t DMI_self (int64_t *handle_o)

00000000000 handleoOOOOOO
e int32_t DMI_wake(int64_t handle)

handle 000000000 OO0ODOOCOOOOODOOOODOOOO
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int32_t DMI_suspend(void)
0o0o0ooooooooooooooooooboooooooobooooooooo
0o0o0o0o0oooooooooooooooooooa

e int32_t DMI_mutex_init(int64_t mutex_addr)

00o0oooooooooo
e int32_t DMI_mutex_destroy(int64_t mutex_addr)

0o0oooooooooo
e int32_t DMI_mutex_lock(int64_t mutex_addr)

O0oooddleckOOO
e int32_t DMI_mutex_unlock(int64_t mutex_addr)

0000000 unlockOODO
e int32_t DMI mutex trylock(int64_t mutex_addr, int32_t *flag o)

0000000 trylockDOOOOODO flagoOOOOODO
e int32_t DMI _cond_ init(int64_t cond addr)

0oooooooooo
e int32_t DMI_cond destroy(int64_t cond_addr)

ooooooooog
e int32_t DMI_cond signal(int64_t cond_addr)

00000 signal0O0O0ODOO
e int32_t DMI_cond broadcast(int64_t cond_addr)

00000 broadcast 00O OO0
e int32_t DMI_cond wait(int64_t cond_addr, int64_t mutex_addr)

0000000ooooooo waitdooooo
e void DMI_iread(int64_t addr, int64_t size, void *buf_o, int32_t mode,
DMI_status *status._o)

0000000 DMIread(...) OO OOstatusco DOOOOOOOODODOD
00ood0oOoU0ooUdooUooUoooU0ooUooDUoDoUooDUooDooooUooo
0O ODMI_read(...)ODMI_write(...)ODMI_fas(...)ODMI_cas(...)ODMI_create(...)O
DMI_join(...)ODMI_detach(...)ODMIwake(...) 00000000 ODOOOCOOOO
0ooooooooooogd
e int32_t DMI _check(DMI_status *status_i)

status.i 000000000000 0O0O0OODOO0O0ODOO0OnO
e int32_t DMI_wait(DMI_status *status_i)

status.i 000000000000 O0O0O0OODOO0O0OO
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DMIO SpPI0000O00000O0O0O0/O00D0000O00O0ODOO0OOOODOOOO
0ooooooOoo0oU0ooooooOoUooooooUUoooOooogUoooooog
O0000o0000ooO0ooooooo SPIoOOSPI0DOOOOOOOOOOOOOOO
0000000ooooooooooooo0o0ooooooooooD seploocooooog
SPIO0C00O0O0OO0O0000OOOOOOOUOODOO00OOO0DOOODOOOoDUOOooO
OSPIOO0O0O00O0OOOOOSPIODOOO0OOOOOOOODODOOO0OOOOOOOOO
oooogo
® dmi t* dmi_spi_init dmi(uintl6_t listen port, int64_t mem_size)

DMIOODOOOOODOO memsize 0000000000 OOODOOOOOOOODO
listenport U0 OO0O0O0000OOOOO
e void dmi_spi final dmi(dmi_t *dmi)

ooooooooo

e void dmi_spi_join_dmi(dmi_t *dmi, char *ip, uinti6_t port, int64_t page_size,

int64_t page num, status_t *status)

IPOOC0OOipd0000 port 0000000000000 O0O0O0OO0OOOOOOOO
Oo000o0DMIOOOOO0O0O0O0O0O0O00000000 pagesizeOOO0OOO0O pagenum
OO0 DMIOOOOOOOOOOOOOOO
e void dmi_spi_leave_dmi(dmi_t *dmi, status_t *status)

ooooooOooooOooooboooobooOoOooo0ooooOoOoo D bDMIOOOOOn
oo0oooo0ooo0o0booooooobooOoobooOo bDMIOOOOOOOOOOO0OO
O0o0O0o00oO0o0ooOoOooODMIOOOOOGi O00000O0O00O0O0OO0O SPIOO
000 DMIOOOOOO0OO0O0O0O0O00O00O0Ovoid dmi_spi-leavedmi(...) 0000
oo0oooOoOoooOooooOo DbDMIODOOOOOOOOOOOOOOOOOOO0O0000
O0000000000000000C000000O000C000OO0O00O0O00B000O0O0O0
000 bDMIOOOOOO0OOO0OO0OO0O0DOO0OOO0O0ODOO0O00O0O00O0O000O0/0
00o0O0oobMIOOOOOO0OO0OO0O0O0O0000O0O000O0O0O00O0O000/000000
00 read/write 00 0000000000000 0O000O00O0O0O0ODMIO APIOO



00/0000000000000DMInode d DMImember D 0000000000 DODOO
goobooooo
e void dmi_spi_open_threads(dmi_t *dmi, status_t *status)
oooooooobMIOOOOOOOOOOOOO
e void dmi_spi_close_threads(dmi_t *dmi, status_t *status)
oo0oooOo0ooOo0ooO0o0ooOoOooooooooobMIOOOOOOOOOO
O000oo0o0o0ooooooooobMIODOOOOOoOOOOOOO
0000000 APIOOO0OOOOOO0OO0OO SPIOOO0Odmi_spi-initmutex(...)O
dmi_spi_destroy mutex(...)Odmi_spi-lockmutex(...)Odmi_spi_unlockmutex(...)O
dmi_spi-trylock mutex(...)Odmi_spi_init_cond(...)Odmi_spi_destroy_cond(...)O
dmi_spi_signal_cond(...)dmi_spi broadcast_cond(...)Odmi_spi wait_cond(...)O
dmi_spi_rank dmi(...)0 dmi_spi map memory(...) dmi_spi_unmap memory(...)O
dmi_spi_read memory(...)[ dmi_spi write memory(...) dmi_spi_cas memory(...)O

dmi_spi_fas memory(...)Odmi_spi_create_thread(...)Odmi_spi_join thread(...)O

dmi_spi_detach_thread(...)dmi_spi_wake thread(...)[dmi_spi_suspend_thread(...)[

dmi_spi_self thread(...)[ dmi_spi_check status(...) dmi_spi wait_status(...)
oopoooo
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