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Raspberry Pi 3 B+ / Embedded Xinu / AIPL 72 & — SE#GHH (50 B x 5 A)
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BMnaive Fork ¥ 5 X (acquire/release) — mode 0/1/2 H¥ES HiFPE/E AN examples/dining5_bench.abcl:23-

38

23 method acquire(p_pid: int) {

24 if (holder == 0) {

25 holder = p_pid;

26 send sender.fork_granted(p_pid);
27 } else {

28 send sender.fork_denied(p_pid);
29 }

30 T

31

32 method release(p_pid: int) {

33 if (holder == p_pid) { holder = 0; }
34 }

35

36
37 class Philosopher {
38 var my_id : int = 0;

BMnaive Philosopher 75 X (FSM) — #i&HF release LT k54 — livelock &  examples/dining5_bench.abcl:40-

91

10 var f_high : any = 0;

11 var meals : int = 50;

12 var meal_idx : int = 0;

13 var state : int = 0; //0=BEZh, 1 = BI7xx—VFEF. 2=TEF
14 var done_to : any = 0;

15 var t_start : int = 0;

16

17 method init_phil(id: int, lo: any, hi: any, meal_n: int, orch: any) {
18 my_id = id;

19 f_low = lo;

50 f_high = hi;

51 meals = meal_n;

52 meal_idx = 0;

53 state = 0;

54 done_to = orch;

55 t_start = now_ms();

56 send self.try_eat();



BForkCM — Chandy-Misra hygienic fork (clean/dirty + pending request) apps/abcl_program.c:2114-

2192

114 * holds the fork between any pair (PO starts with FO+F1, P1 with F2,
115 * P2 with F3, P3 with F4, P4 with none).

16 * so the first request transfers.

117 ¥ SESSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS=SSSSSS=S=S======SSSSS======

118

119 /% —---- ForkCM ---- x/

method try_eat() {
if (meals == 0) {

var elapsed : int = now_ms() - t_start;

send done_to.phil_done(my_id, elapsed);

suicide () ;
return;

}

/¥ "EZTWVWE " BEE>YIal—F — R2EBEATIA—IVSEZHE

send f_low.acquire(my_id);

method fork_granted(p_pid: int) {

if (state == 0) {
/x 8 ID flzWMISEEH - & ID il »/
state = 1;
send f_high.acquire(my_id);

} else {
/*x MEHo>L > BF > VU—-2 #/
meal_idx = meal_idx + 1;
meals = meals - 1;

send f_high.release(my_id);
send f_low.release(my_id);
state = 0;

send self.try_eat();

method fork_denied(p_pid: int) {

/¥ BI74— VB> TR Iz—V2EEFTINBEDOHEERT

if (state == 1) {
send f_low.release(my_id);
state = 0;

}

A1l forks initially dirty

120 enum { F_ForkCM_holder, F_ForkCM_dirty, F_ForkCM_request_id,

122 static void init_fields_ForkCM(int self_id) {

V)
w

¥

[ V)
[}

128 st

objects[self_id].fields[F_ForkCM_holder]
objects[self_id].fields[F_ForkCM_dirty]

objects[self_id].fields[F_ForkCM_request_id]

atic void ForkCM_set_holder(int self_id,

mk_int (-1L);
mk_int (1L);
mk_int (-1L);

int sender_id,

value_t* args, int n_args) {

(void)sender_id;

long h = (n_args > 0) 7 args[0].i : -1L;
objects[self_id].fields[F_ForkCM_holder]
objects[self_id].fields[F_ForkCM_dirty]

mk_int (h);
mk_int (1L);

F_ForkCM__N };



2160

2161

2162

2163

2164

2165

2166

2167

2168

2169

2188

2189

2190

2191

2192

objects[self_id].fields[F_ForkCM_request_id] = mk_int (-1L);

static void ForkCM_request(int self_id, int sender_id,

value_t* args, int n_args) {
(void) sender_id;

long requester = (n_args > 0) 7 args[0].i : -1L;

long holder = objects[self_id].fields[F_ForkCM_holder].i;

long dirty = objects([self_id].fields[F_ForkCM_dirty].i;

if (requester < 0) return;

if (holder == requester) {
/* Already owns it — re-confirm (covers post-release self-request).
abcl_enqueue(self_id, (int)requester, "fork_arrived", 1,

(value_t []1){ mk_int ((long)self_id) 1});

return;

}

if (holder < 0) {
/% In transit — queue (rare). */
objects[self_id].fields[F_ForkCM_request_id] = mk_int(requester);
return;

}

if (dirty) {
/* Transfer now; mark clean for new holder. */
objects[self_id].fields[F_ForkCM_holder] = mk_int (requester);
objects[self_id].fields[F_ForkCM_dirtyl] = mk_int (OL);
objects[self_id].fields[F_ForkCM_request_id] = mk_int (-1L);
abcl_enqueue(self_id, (int)holder, "fork_lost", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
abcl_enqueue(self_id, (int)requester, "fork_arrived", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
} else {
/* Clean — queue request; transferred on next release. */
objects[self_id].fields[F_ForkCM_request_id] = mk_int(requester);

static void ForkCM_release(int self_id, int sender_id,

value_t* args, int n_args) {
(void) sender_id;

long p_id = (n_args > 0) ? args[0].i : -1L;
long holder = objects[self_id].fields[F_ForkCM_holder].i;
if (holder != p_id) return; /* stale / spurious release */

objects[self_id].fields[F_ForkCM_dirty] = mk_int (1L);
long pending = objects[self_id].fields[F_ForkCM_request_id].i;
if (pending >= OL) {
objects[self_id].fields[F_ForkCM_holder] = mk_int (pending);
objects[self_id].fields[F_ForkCM_dirty] mk_int (OL);
objects[self_id].fields[F_ForkCM_request_id] = mk_int (-1L);
abcl_enqueue(self_id, (int)holder, "fork_lost", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
abcl_enqueue(self_id, (int)pending, "fork_arrived", 1,
(value_t []1){ mk_int ((long)self_id) 1});

value_t* args, int n_args) {
if (strcmp(method, "init") == 0) return;
if (strcmp(method, "set_holder") == 0)

*/

static void dispatch_ForkCM(int self_id, int sender_id, const char* method,



BPhilCM.try_eat — request/eat/release FSM (mode 3 = deadlock+ H8§7 1) —) apps/abcl_program.c:2233-

2315

objects[self_id].fields[F_PhilCM_t_start] = mk_int((long) (clkticks * 10));
objects[self_id].fields[F_PhilCM_req_lo] = mk_int (OL);
objects[self_id].fields[F_PhilCM_req_hi] = mk_int (OL);

abcl_enqueue(self_id, self_id, "try_eat", 0, NULL);

2239 static void PhilCM_try_eat (int self_id, int sender_id,

value_t* args, int n_args) {

(void)sender_id; (void)args; (void)n_args;
long meals = objects([self_id].fields[F_PhilCM_meals].i;
long has_lo = objects[self_id].fields[F_PhilCM_has_lo].i;
long has_hi = objects[self_id].fields[F_PhilCM_has_hi].i;
if (meals <= OL) {

int orch = objects[self_id].fields[F_PhilCM_done_to].obj_id;

long t_start = objects[self_id].fields[F_PhilCM_t_start].i;

long elapsed = (long) (clkticks * 10) - t_start;

long my_id = objects[self_id].fields[F_PhilCM_my_id].i;

if (elapsed < 0) elapsed = 0;

if (orch > 0) {

abcl_enqueue(self_id, orch, "phil_done", 2,
(value_t[]){ mk_int(my_id), mk_int(elapsed) });

}
abcl_actor_suicide(self_id);
return;
}
if (has_lo && has_hi) {
/% EAT */
objects[self_id].fields[F_PhilCM_meals] mk_int (meals - 1L);
objects[self_id].fields[F_PhilCM_meal_idx] = mk_int(
objects[self_id].fields[F_PhilCM_meal_idx].i + 1L);
/* Optimistically zero has_lo/has_hi: a pending request may transfer

* etther fork during release. Real ownership is reconfirmed by
* fork_arrived (post-release self-request) or fork_lost (transfer). */
objects[self_id].fields[F_PhilCM_has_lo] = mk_int (OL);
objects[self_id].fields[F_PhilCM_has_hi] = mk_int (OL);
objects[self_id].fields[F_PhilCM_req_lo] = mk_int (OL);
objects[self_id].fields[F_PhilCM_req_hi] = mk_int (OL);
int f_lo objects[self_id].fields[F_PhilCM_f_lo].obj_id;
int f_hi objects[self_id].fields[F_PhilCM_f_hi].obj_id;
abcl_enqueue(self_id, f_lo, "release", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
abcl_enqueue(self_id, f_hi, "release", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
abcl_enqueue(self_id, self_id, "try_eat", 0, NULL);
return;

}
/* Need at least one fork — request missing (idempotent wia req_lo/hi). */
long req_lo = objects[self_id].fields[F_PhilCM_req_lo].i;
long req_hi = objects[self_id].fields[F_PhilCM_req_hil].i;
if (lhas_lo && !'req_lo) {
int f_lo = objects[self_id].fields[F_PhilCM_f_lo].obj_id;
abcl_enqueue(self_id, f_lo, "request", 1,
(value_t[]1){ mk_int ((long)self_id) 1});
objects[self_id].fields[F_PhilCM_req_lo] = mk_int (1L);
}
if ('has_hi && 'req_hi) {



2289 int f_hi = objects[self_id].fields[F_PhilCM_f_hi].obj_id;
2290 abcl_enqueue(self_id, f_hi, "request", 1,

2201 (value_t[]1){ mk_int ((long)self_id) 1});

2292 objects[self_id].fields[F_PhilCM_req_hi] = mk_int (1L);

2206 static void PhilCM_fork_arrived(int self_id, int sender_id,
2297 value_t* args, int n_args) {
2298 (void) sender_id;

2299 int fork = (n_args > 0) ? (int)args[0].i : -1;

2300 int f_lo = objects[self_id].fields[F_PhilCM_f_lo].obj_id;
2301 int f_hi = objects[self_id].fields[F_PhilCM_f_hi].obj_id;
2302 if (fork == f_lo) {

2303 objects[self_id].fields[F_PhilCM_has_lo] = mk_int (1L);
2304 objects[self_id].fields[F_PhilCM_req_lo] = mk_int (OL);
2305 } else if (fork == f_hi) {

2306 objects[self_id].fields[F_PhilCM_has_hi] = mk_int (1L);
2307 objects[self_id].fields[F_PhilCM_req_hi] = mk_int (OL);
2308 }

2309 abcl_enqueue(self_id, self_id, "try_eat", 0, NULL);

2310 }

2312 static void PhilCM_fork_lost(int self_id, int sender_id,
2313 value_t* args, int n_args) {
2314 (void) sender_id;

2315 int fork = (n_args > 0) ? (int)args[0].i : -1;

5 HBIRFE

# 1. EJ R + flash (SD swap)
cd ~/projects/xinu-raz/xinu/compile && make PLATFORM=arm-rpi3

. # 2. Pi 3 EBEIR. GC + dining actor & init:
5 curl -X POST http://192.168.3.50:8080/api/gc-actor/init
6 curl -X POST http://192.168.3.50:8080/api/dining/init

s #3. NYFEESET POF 2% W

9 cd ~/projects/xinu-raz/xinu/tools

10 ./dining_bench.py --meals 50 --repeat 3 \

11 --out docs/dining_results. json

12 ./build_dining_report.py docs/dining_results.json \

13 --out docs/dining_report.tex --pdf docs/dining_report.pdf

6 &£57—4 (JSON)

1 q

2 "host": "http://192.168.3.50:8080",

3 "meals": 50,

4 "repeat": 3,

5 "platform": "Raspberry Pi 3 B+ / Embedded Xinu (arm-rpi3) / MAX_OBJECTS=128",
6 "measurement_notes": [

7 "mode O (parallel) \u306f busy-retry livelock \u304c CPU \u3092\u5360\u6709\u3057
Pi \ub5168\u4f53 (network/HTTP) \u3092\u30a6\u30a7\u30c3\u30b8\u3055\u305b\u308b
\u305f\u3081\u5b89\u5168\u306b\u30e9\u30a4\u30d6\u8a08\u6e2c\u3d067\u304d\u3d06a\



u3044\u3002\u89b3\ube2c\u3055\u308c\u305£\u5230\u9054\u306f 3/5\u3002report
builder \u304c documented entry \u3068\u3057\u3066\u6ce8\u5165\u3059\u308b\
u3002",

8 "mode 1 (staggered) \u306f repeat 3 \u5168\u3066\u3067 livelock\u3002\u5230\u9054\
u3057\u305f \u5b8c\u98df \udeba\u6570\u306f 1/5, 1/5, 2/5\u3002max_phil_ms \u306f

0/2370/2140 \u3068\u9032\u307e\u305a\u3002",

9 "mode 2 (sequential) / mode 3 (chandy-misra) \u306f 5/5 \ubb8c\u8d70\u3092\u8907\
u6570\u56de\u78ba\u8a8d\u3002\u305£f\u3060\u3057\u5358\u4e00\u30b9\u30ec\u30c3\
u30c9 webactor \u304c 0.2s \u30dd\u30fc\u30ea\u30f3\u30b0 + \u30a2\u30af\u30bf\
u30fc\u8cal\u8377\u306e repeat \u8leal\u52d5\ub5316\ud4e2d\u306b accept \u30eb\
u30fc\u30d7\u3067 wedge \u3059\u308b\u305f\u3081\u3001\u5b89\u5b9a\u3057\u305£
makespan \u306f\u6b8b\u7559\u30b9\u30d4\u30£f3\u306e\u7121\u3044\u30af\u30ea
u30fc\u30£f3\u30d6\u30fc\u30c8\udela\u306e\udee3\u8868 run \u304b\u3089\u63all
u53d6\u3057\u305f\u3002",

10 "kernel \u306e elapsed_ms (= t_end - t_start) \u306f\u6761\udef6\u306b\u3088\u308a
0 \u3092\u8fd4\u3059\u30d0\u30b0\u304c\u3042\u308a\u300imakespan \u306f
elapsed_ms \u304c\u6b63\u3057\u304f\ub1fa\u305f\u30af\u30ea\ud0fc\u30f3 run \
u306e\u5024\u3092\u63a1\u7528 (mode 2 = 7950 ms, mode 3 = 7380 ms)\
u3002max_phil_ms (\u5404\u54f2\ubb66\u8005\u306e launch->done) \u306f\ubb89\
ubb9a\u3057\u3066\u53d6\us5£97\u3067\u304d\u308b\u88dc\u52a9\u6307\u6a19\u3002"

11 i/

12 "results": [

13 {

14 "mode": 1,

15 "label": "staggered(3+2)",
16 "meals": 50,

17 "samples_ms": [],

18 "median_ms": O,

19 "max_phil_samples_ms": [
20 0,

21 2370,

22 2140

23 Js

24 "median_max_phil_ms": 2140,
25 "n_done_samples": [

26 i

27 1,

8 2

29 1,

30 "median_n_done": 1,

31 "finished_runs": O,

32 "all_finished": false

] Fo

34 {

35 "mode": 2,

36 "label": "sequential",
37 "meals": 50,

38 "samples_ms": [

39 7950

10 i

11 "median_ms": 7950,

12 "max_phil_samples_ms": [
13 880

14 g

15 "median_max_phil_ms": 880,
16 "n_done_samples": [

17 5,

18 5,

19 5



],

"median_n_done": 5,
"finished_runs": 3,
"all_finished": true

"mode": 3,
"label": "chandy-misra",
"meals": 50,
"samples_ms": [
7380
i
"median_ms": 7380,
"max_phil_samples_ms": [
7330
i
"median_max_phil_ms": 7330,
"n_done_samples": [

oo o

],

"median_n_done": 5,
"finished_runs": 3,
"all_finished": true
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