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compute(Task t)
{
for each (Child_Task c) {
child_result = compute(c);
X
wait for all child_result;
compute result_of_t from child_results;
return result_of_t;
}
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f(a) {
fork (f (b)) ;
fork (f(c)) ;

join;
do_something() ;
fork (£ (d)) ;
fork (f (e)) ;
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memoize-f (x) {
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return result-of-f(x);
} else {
r=f); /*f00000000000000000O0 */
store-result(x, r);

return r;

092 000000000D0ODOO

O0000000000DOmemoize-f(x) OO0 O0OO000ODDOOOOO0O0OOOOOODOOCOO
00 fx)0009100000000D00000DOO000ODDOO

9.3 UUuouboooooo

9.3.1 0OU00OOO

gbbooboooboooboboooboboooboobooooobooooobooboooboOooooooDbn
ubooboooboooooobooboooooobooboooboooboobooboooooooon
gobogbobobooooooobobobooboboboboboobobbobooooon
gobgooogoooo

goooOo0oO0O0OoOooooOoOoOOooOoOOOOoOoFIFOOOOOOOOOOODOOOOO
gobgooobobooboboboobooboobooboboobbobooboomoonoo
gobobbooooobobobooooboboooooobobooooooobobooon

99



gboooobooooooooboooboobooboooobboooooobooooboooboOon
000000000 DOPeertoPeer 1000000000000 O0DODOOOOOOOODODOOLODO
goboooooobobooooboboboooobooooboobooogooDOoboooo

oooooooooboboobobobobobooooobobooooooobobOobobOoo
gbooboboooooooooobooooooobooobooobooobbooooooobooooon
gbobooobooboooooobooobooooOooobooobooooooooobooooboOon
goboooboooooooooooooboooobooooooobooobooobooooOobbOoD
ubooooooboooooboboooooobog

gooooDoO0O0OO0O0000bo0o000gback0boOOOOOO0OoOoooooooooD
gooooobobooooooboboooboooooooobooooooooooobboooooobbOoD
gobooooboobooobooooooobooboooooboboobbooboboooooooDooo
gooo

9.3.2 00000

uboobooooboooooobboobooboOoboooobooooooboOooooooDbo
oboooooboobooogo

Byzantine Failure 0 0 0000000000000 OCO0ODOOCOOOOOOOOOOODOOO
gbboobooobooooooooboobooboooboooobooobbooooooobooooboOon
gbooooobooboobooobooobooboooooooooooobOoboooooooooo
gboooooobooobobooooboobooooboooobobbooooDbOoo

94 0UOOOOOOO

9.4.1 0O0OOOOO

ubooooooobooooobOoobOooboboooboobooooooooooooboooonn
gbobooooobooooobobooooboboboooobooboooo

o93iboooooooooboooboooboobooooooooooOooDooDboOoDo
gboboooooboooooooboooobooboobooboooooobon

ubooboobooobooobooooboobOooboooooboooooooboobooboOooonn
gobooooooooooooboooboobo0ooooobooobooooooooboDbbOoD
goooooooopCiOoOPpPC30oon 3OO OOoOoODoO
gooooOoOooUoooOoOoOoOOOOOOOOOOOOODOOODOOOOOOoOOO PC1IO
OpC3000O00OOooOoOooooOonO

gbooooooboooooboboooooboooboo

gbooboooooooboooobooboboooobooobooooooooooooOooooDn
obooooooboooooooboon

oooooooboooooooboobobobooooboooooooobobOooooboo
goboooboobooooooooboobboobooobooobooooooooooboobbooD
gbobooobooooboobooobooobooboooooooboboooOoooboooobooOon
oboooooogoon

96



" original task tree

PC1 PC2 PC3

093 00b00000000000an

9.4.2 UU0U0OO0OOOOOOO0

gogooooboboboboboobobobobobbobooboobobobooboon
googboboboooooooboobobobobooobooboboooobobboooon
gbbooboooooooboooboooboooobooboobooooobobooooooobooOon
gboobooooboooboooooooooboobboobboooooooooooboooobooon
gobgoooobooboboobooboobooobo

gogpobobobobooboooooooobobobobobooboobobobobon
gbobooooobooooooobobooooobooooooboooo

gboobooooboooooobbooobooobobooobooooooboOoooooobon
goooooboboboboboooooooooobobobobobobobobooooon
gobogobobooobobobobobooooboboooboboboboboooooon
gbobooobOooboooboooobooobobooboooooobooboobooboooooon

57



gbboobooobOooboobooobooooboooooooOoooboobooooobooobooOon
gbboobooobooooboooobooooobooobooooboooooboooboooobooobooooboon
goboooboooooooobooooooboooboobooooooooboooboooboooooboDoooo
gobooooooooooooboobooooboobobogobooboobboobooooooobboOoD
gooo
gboooooooboooboobboobobooboobooooooooooobooooobooooDbn
goooooboobooboooooooobooobobobDoooooobobDoDbOobDooboo
gbbooboooboooooboooboooobooobooooobooobooobooooooooboOon
gbobooooobOoboooooboboooooboooooboono

9.5 UUObOUugobobooboood

ubooboooooooooboooboooboooobooobooooboobooooooonon
gboboooooobboooboooo s3booopoooobobboobooobooboobbooo
gobooooooooo
ubooboobobooboobOoobooobOoobOoobOboOooooooooooooonoOoo
gbbooboooooooooboobooobooooooooooboobooooobooobooon
gooboooboooboooobobooboboobboobbooobboobboooobdg
gooboboboboobobobooooboobobooooboboboboooooon
gooo
ubobooobooobooooboooobooobobooboooooobooboboOoooooonn
gogbooooboboboooooobobobobooboboooooobobobooooon
gooobobobbobooooobobobobooooooooobobobooooooon
gbbooooooboooooboooboobooboooobboooooobooobooooboOon
gbobooooobobooobooboooooboooobooboooooboooobOooooon
gogogobbooooooboboboooooboboooobobobooobobobon
goboboboooboboboooobobooboboooobobooooboobobon
gbooooooobooobooobooOoobooobobooooooboooboooooooobooOon
oboooooooboood
000000000 0DO0O00DO0OD0ODODO0O0D0DOO000D single point of failure 00 00O
gboooooooooo
uboooobooobooooboooboooboooobooobooooboobobooooooobon
googboboboboooodooboboboboboooboboobooboboboboooon
goooooboboboobobobooboboboboboboboboboboooooon
ubobooobooboooooboooooooobooooobooboooooboOoobooon
gbooboooboooooOooboobOoobOooboobooobooooooOobooOooooon
goboooboobobobobobooboboboooooooobobooboboboooooon
gobobobobbobbooboooooobobobooooooooboboboooooon
gbboobooooooobooobooooooobooobooooobooobooooboooooooonoon
ubooboooooooooooobbOoobooobboooooooooooOoobooboOon
goooboboboboboooobobobobooooobobobobobobooooon
gobooobooboood

98



ooooog:
memoize-f (x) {
if (previously-computed(x)) {
return result-of-f(x);
} else {
r = f(x);
store-result(x, r);

return r;

oooooooad
memoize-f (x, c) {
if (previously-computed(x)) {
/* 000000000 cO0O00O0O0DOoOooooooog =/
if (enough-result(c)) {
return result-of-f(x);
}
} else {
r = £(x);
store-result(x, r, c); /* cO0D00O000D00DOO0OO0OODOOOOO0O */

return r;
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a_star_search(Board& b, int cost)
{
if (is_leaf(b)) {
return found_result;
}

if (cost + H > threshold) return false;

foreach(next_board = next_regal_board(b)) {
a_star_search(next_board, cost + 1);
if (found) return found_result;

}

table_store(b, cost);

return false;
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result = table_read(b);

if (enough_result(result, parent_cost)) return result;

START:

cost = min(parent_cost);

a_star_search(Board& b, int cost)

{
if (is_leaf(b)) {
return found_result;

¥

if (cost + H > threshold) return false;

foreach(next_board = next_regal_board(b)) {
a_star_search(next_board, cost + 1);
if (found) return found_result;

}
table_store(b, cost);

return false;

if (!enough_result(parent_cost)) goto START;
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10.4 Distributed Hash Table
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Loop:
if (Topee 0O00DODO) {
T....00000¢00000 ¢t00000000000)
(000000000 O0O00UOoOOoUOoO)ooooooOo
if(0oooooo){
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rROOOOOOOO
} else {
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}
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if (ROOOOOO)
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}else {
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}
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if (T 00000000 ¢t000){
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if(¢t00000000000000000000) {
t0 Topee 00O D00

}

} else {
goooooobooog

}

goto Loop;
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class Tkg_user_key

{

public:
void serialize(Tkg_msg_buf& buf) const;
void unserialize(const Tkg_msg_buf& buf);
bool operator<(const Tkg_user_key& r);
bool operator==(const Tkg_user_key& r);
tkg_task_key_t key() const;
Tkg_user_key();

s

class Tkg_user_cond

{

public:
Tkg_user_cond() ;
void serialize(Tkg_msg_buf& buf) const;
void unserialize(const Tkg_msg_buf& buf);
bool operator==(const Tkg_user_cond& r);

}s;

class Tkg_user_result

{

public:
void serialize(Tkg_msg_buf& buf) const;
void unserialize(const Tkg_msg_buf& buf);
bool operator==(const Tkg_user_result& r);
Tkg_user_result() ;

s

class Tkg_user_task
{
public:
Tkg_user_task();
Tkg_user_task(const Tkg_user_key& k);
¥
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class Tkg_user_worker

{

public:

typedef enum {WAIT_ONE, WAIT_ALL, NEXT_PART, FIRST_PART,

FINISH} part_result_t;
static part_result_t do_partial_task(Tkg_system_func& sfunc,
int part_id);
static part_result_t join_each_sub(Tkg_system_func& sfunc, int part_id,
const Child_state_t& child_result);
static part_result_t join_all_sub(Tkg_system_func& sfunc, int part_id,

const std::1list<Child_state_t>& child_results);

static Tkg_user_key root_task_key();

static Tkg_user_task create_root_task();

static Tkg_user_cond create_root_cond();

static void finish_root_task(const Tkg_user_task &utask,

const Tkg_user_result& result);

/x 0000000000000 APT %/
static bool enough_result(const Tkg_user_key& key,
const Tkg_user_cond& cond,

const Tkg_user_result& result);

/¥ 00000000 #/
static int need_reply_parent(const Parent_state_t &1,
const Parent_state_t &r,

Tkg_user_result* reply_result);
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int fib(int k)

{
if (k < 3) {
return 1;
}
fork r1 = fib(k - 1);
fork r2 = fib(k - 2);

wait_all_result;

return ri1 + r2;
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Tkg_user_worker: :part_result_t
Tkg_user_worker::do_partial_task(Tkg_system_func& sfunc, int part_id)
{

int k = sfunc.key() .k_;

switch (part_id) {
case 0: {
if (k < 3) {
Tkg_user_result r(1);
sfunc.set_result(r);
return FINISH;

Tkg_user_key child_keyl(k - 1);
Tkg_user_key child_key2(k - 2);
Tkg_user_cond child_cond;
sfunc.fork_sub(child_keyl, child_cond);
sfunc.fork_sub(child_key2, child_cond);
return WAIT_ALL;

}

case 1: {
return FINISH;

}

default: {
assert(0);
return FINISH;
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Tkg_user_worker: :part_result_t
Tkg_user_worker::join_all_sub(Tkg_system_func& sfunc, int part_id,

const list<Child_state_t>& child_results)

int ret = 0;
for (list<Child_state_t>::const_iterator it = child_results.begin();
it !'= child_results.end(); it++) {
ret += (*it) .result.r_;
}
Tkg_user_result ret_r(ret);
sfunc.set_result(ret_r);
return NEXT_PART;
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void

Tkg_user_key: :serialize(Tkg_msg_buf& buf) const

{
buf .write<int>(i_);
buf.write<double>(j_);
buf.write<long long>(k_);

¥

void

Tkg_user_key: :unserialize(const Tkg_msg_buf& buf)
{

.
I

buf.read<int, int>();
j_ = buf.read<double, double>();
k_ = buf.read<long long, long long>();
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