1 General Info

array(a, [11, T2, ... 7)) £ ar 21 % (a+4)a > 2o % ... % (a+4n) — x,
e For stacks:
a~> nil £ a+— NULL

a~[zy...,mp] = a (v1,01) % ... an_1 = (T, an) * a, — NULL

e For queues:

(hd, 1) ~» nil = hd — NULL tl — NULL
(hd,tl) ~ [Ty ..., 1] & hd > (21,a1) * ... an_1 — tl = (NULL , z,,)

10— R = ZDT R and R is constant (i.e. doesn’t depend on its variable)

1.1 Join Spawn rules

{P}f{Q} lfreshin F
{F % P}Spawn { {F x[0O— Q}

spwn

join

{il0o= Q}Join(l) {@}

1.2 Histories
Hist & N - list * list
t —p (I1,12) 2 hlt] = (I1,12)
e bounded h = AVt > t,t' ¢ h
e last h = min{t|Vt' > t,t' & h}
o listof h = mo(h[last h]) (i.e. (last h) < (., listof h))
e continuous h £Vtt € hA(t+1)€h— At = (LOA{F+1) = (1,)
e gapless h2Vtec h — V' <t t' €h
e init h 20 < ()
o stacklike h =Vt € h — I, ot — (x = L)Vt (l,x 1)
o queuelike h 2Vt € h — A, a,t — (Lx =)Vt (1:x])
e stack_history h £ continuous hAgapless hAbounded vAinit hAstacklike h

e queue_history h £ continuous hAgapless hAbounded vAinit hAqueuelike h



2 Multiple-thread counter.

int main() {

{ emp}
a = malloc (n);
{ array(a, [-, -, ...,],,}
(1, ¢) = malloc (LOCKSIZE);
{l— _xc— _xarray(a,[-,-,...,-],}
c = 0;
{l— _xc— Oxarray(a,[-,_,...,],}
MakeLock(1);
{lD%)R*cHO*Holdl,R,O*array(a,[,,,,...,,]n} //R=Xv.cr— v
Release (1);
{ ZD%) R« array(a, |-, ,...,],}
n—1 1
{ % llj%>R>|<:au1r1r:auy(a7 [mesd, )
7=0
for (i = 0; i <n; i +4+) {
i n—1 1
{ % ;0= Rjx % IO Rxarray(a,[l1,...,li,-,...],}
j=0 j=i+1 O
a[i] = Spawn(incr, (l,c));
i+1 n—1 1
{ % ;0= Rjx % IO Rxarray(a,[l1,...,l,lit1,-,...],}
j=0 j=i+2 O

}

{ % ;0= Rj xarray(a, [l1,...,0,]}
=0

for (i =0; i <n; i +4)

{

{ 'i' R; * ;ljo_> R; x array(a, [l1,...,0,]}
j=0 j=i

Join(a[i]);

i+1 n

{ * R]‘ * l]O—) Rj * array(a, [ll, . ,ln}}
j=0 j=it1

}

1
{ *j_oR; = array(a,[ln,..., 1]} //R; =I0°+ R
{O0— R=xarray(a,[l1,...,l]}

free(a);
(10 1)

Acquire(1);
{ 0= Rx*3Jvo,c— (n+v,)xHold I, R, (n+vo)}

{IO0— R*xc+— nxHold I, R,n}

ret = c;
{ret » nxl0— Rxc— nxHold [,R,n}

FreeLock (1);
{ret »n*l+— 0*cr— n}



free(l,c);
{ ret — n}
return ret }

void incr(l,c) {

}

1
{ ZD% R}
Acquire(1);

{ o, ¢ — v, x Hold I, R, v, * ll:l—i% R}

( xc)++;

{ o, e (vo + 1) * Hold I, R, v, * ZD% R}
Release(1);

i

1
{102 R}



3 Single Initialize / concurrent read

{ZD%R} \\ R:)\v.initr—>0/\v:J_\/mitr—>1*d—r»—_>vdata/\["l'>v]
data sfirst_access (1) {

{10 R}

Acquire(1);
{ﬂvo,initHOAvO:L\/mitH1*d|3data*Holdl,R,vo*lD%R}
\\ where s, =T — v,

if(init) {

{z’m’tH1*d»s4data*Holdl,R,vo*lD%>R}

—(vo+ g

{d»5—70>data>k(init»—>1*oiT — )data)*Holdl,R,vo*lDf)R}
Release (1);

{d datax 10" R }

return d; ’

{didata*lei)R/\ret:d}
}

=
else {
{initHO*Holdl,R,J_*lD%)R}
InitializeData (d);
{d»—>data*imt»—>0*Holdl,R,J_*ZD%R}
init = 1;
{dl—>data*initb—>1*Holdl,R,J_*lD%>R}
1 1
{ d+* datax (d * data +init — 1) » Hold I, R, L+ 10> R }
Release(1)
1
{dﬁ)data*lD%R}
return d;
1
{d@data*lD%R/\ret:d}

}
¥
{3w57d$data*lmf> RAret=d}



4 Stack Producer/consumer

{ emp }
void create ();
{ hd~¢€}

{ hd~¢€}
void delete ();
{ emp }

{ hd~ s}
void isemp ();
{ hd~IsA
ls =€ Aret =true VvV
Jz,l'.l =x :: I Aret = false }

{ hd~ s}
void eng(int x);
{ hd~ =z ::ls}

{ hd~=z:ls}
void deq ();
{ hd~lIsAret=uz}

/+* Producer x/
{ ZD% R} \\ R =Mh.hd~ (listof(h)) A history_stack h
void produce(x, 1){
{105 R}
Acquire(1);
{ Jho, hd ~ I A history_stack h * Hold [, R, h, * ZD% R} \\ [=listof(ho)
enq (x);
{ hd ~ z :: I A history_stack h * Hold I, R, ho * ll:l%) R}
{ (hd ~ (listof(ho + t <= (I, z :: 1)) A history_stack (ho 4+t < (I, :: 1))
* Hold l,R,hO*lD%R} \\ t=last ho +1
Release(1);
{ID——— R}

t—(l,x::l)

V1 {IO——— R}

t—(l,z::1)

/x Consumer x*/
{ ZD% R} \\ R=Mh.hd~ (listof(h)) A history_stack h
void consume (1){

{105 R)

bool cont = true;



{ cont = true/\lD%) R}
while (cont) {

}

Acquire(1);
{ cont = true A 3ho, hd ~ [ A history_stack h
* Hold [, R, ho * ZD% R} \\l = listof(ho)
if (isemp() ) {
Release (1);
{ cont = true A ZD%) R}
} else {
{ 3z, l'.l =x 1A cont = true A
hd ~ [ A history_stack h * Hold [, R, h, * lD—I—) R}
ret = deq();
{ ret =z A cont = true A
hd ~+ I’ A history_stack h * Hold I, R, h, * ZD% R}
{ ret = x A cont = true A
('hd ~ (listof(ho + ¢ < (1,1"))) A history_stack h)
* Hold l,R,hO*lD%R} \\ t=last ho+1

Release (1);
{ret = x Acont = true NlO—— R }

t—(1,1")
cont = false;
{ ret =z Acont = false NIO—— R }

t—(1,l")

}

{ cont = true A ZD%) RV cont = false Aret = x NT——

{ cont = false Aret =z ANIO—— R }

tes(1,1)

return ret;

}

{ret=2 ANlO—"—— R}

t— (z::l/,l7)

t—(1,17)

R}



/x Organizer */
{lD%R*aH,*bH,} \\ R = Ah. hd ~ (listof(h)) A history_stack h
void organizel (1, a, b){

{lD%R*aH,*bH,}

(t1, vl1) = consume(l);

{ (t1,vl) =x Al i Rxavrr _xb— _}

tl—(a::l,1)
if (t1) {
{tlr—>1*(t,v1)::v/\lDﬁ>R*ar—>,*br—>,}
t—(x::1,
a = vl;
{t1|—>1*(t,v1):x/\lDﬁ>R*al—>v1*bH,}
t—(x::l,
} else {
{tlr—>0*(t,v1):xAlDﬁR*ar—),*bH,}
t—(x::1,
b = vl;
{t1|—>0*(t,v1):x/\lDﬁR*al—),*bb—H)l}
t—(x::1,
}
}
{ (tl,vl) =2 AIOD—"—— Rx
t— (x::1,1)

tl—1lxa—vlxb— _V
tl—0*xar— _xb— vl }

{lD%R*aH,*bH,}
void organize2(1,a,b){
{lD%R*aH,*bH,}

organizel (1,a,b);
{ (t1,v]) =z ANlD—"— R

t—(x::1,1)
tl—1xar—vl*xb— _V
tl—0xar— _xb—vl}
organizel (1,a,b);
}
{ (t2,v2) = 2’ A (t1,v1) = z A D) u R
t— (z:l ) xt! — (z/ 2 ,1)

tl 1%xt2— 1xar—v2%xb— _V
tl—=1%x12—0xa—vlxb—v2V
t1l—0xt2—=> 1*xar—>v2xbr—>vlV
tl—0%xt2—0xar—> _xb— _}




void main (){
{emp}
l, x, y,z,a,b, = malloc (LOCK, LOCK, LOCK, LOCK, int, int, );
hd = create ();
{ hd~e*xl— _xar— _xb— _}
MakeLock (1); \\ R = Ah. hd ~ (listof(h)) A history_stack h

{ hd~ exI0—— R«Hold I, Remp*ars _xbrs _}

emp

Release(1);
{105 Rxars _xbrs _}

emp
x = Spawn(produce, ((0,0), 1);
1

2 1
{20 Ry xI0->> R*xar> _xbr_} \\ R,=I0—"——R

emp t—(1,(0,0))::1)
y = Spawn(produce, ((1,1), 1);
1 1
{yO— Ry #x0— Ry # 0= Rxawr _xb—_} \\ R, =I0—>—— R
emp t—(1,(1,1)::1)
z = Spawn(organize2, (1, a, b));
{ 20— R. xyO— Ry *xO— Ry }
Join (x);

1
{ h1 =tz = (I, (0,0) :: lz)AzQﬁRz*yQ—)Ry*lD%R}
1
Join (y);
2
{ ha=ts = (I,(0,0) 2 lz) x ty < (Iy, (1,1) i1 ly) A 20— Ry x1 ]—)}3 R}
12

Join(z);
{hs=hoxt1— (x:1.1,0.1)%t.2 — (y:: 1.2,1.2)) A (k1,01) = 2 A (k2,02) =y A
0 R
3
kl=1xk2—1xa—v2%xb— _V
kl—=1xk2—=0%xa—vl*xb— 02V
kl—=0xk2—1xa—v2xb—olV
El—0%xk2—0%a+—> _xb— _}
Acquire(1);
{ (k1,v1) =z A (k2,02) =y A
thL> R« Hold I, R, ho * hd ~ (listof(hs)) A history_stack (hs) *
3

kl—1xk2—1*xar—~v2xb+— _V
kl—=1xk2—0*xa—vlxb—v2V
kl—0xk2—1xa—v2*xbr—>vlV
k1= 0xk2—0%xar— _xbr— _} \\ Case analysis on h3

{zmhl> R+ Hold I, R, ho * hd ~ (e) *
3

(1,1)=2zA(0,0)=yAkl—=1%xk2—0%xa+— 1xb— 0V
0,0)=zA(1,])=yAkl—0%k2— 1xa+ 1xb—0}
Free(l); free(kl,k2);
{ hd~e*xar—1xb—0}
delete ();

{a—1xb—0}



5 Queue Producer/consumer

struct elem {
struct elem =xnext;
struct elem =xdata;

s

struct fifo {
struct elem =xhd;
struct elem xtl;

}

{ emp }
fifo *xcreate(){
Q = malloc(sizeof(fifo));
{Q.hd+— _xQ.hd— _}
hd, t1 = NULL;
{Q'\»G}
return Q;
}
{ Q~e¢€}

{Q~e}
void delete (Q){

free (Q);
}
{ emp }

{Q~1s}

void isemp (){
return (Q.hd = NULL)
{Q~IsAret=(Q.hd== NULL) }

}
{ Q~1IsA
ls = € Aret = true V
Jz,I'.l =1 x Aret = false }
{Q~is}
void enq(fifo Q, type x){
{Q~ls }

if (hd=NULL) {
{Q~ eAhd=NULL }
Q—hd=(NULL, x);
Q— t1=(NULL, x);
{Q~uzue}

else {
{Q~ [z1,...,2n) Ahd # NULL }



tl - next = (NULL, x);
{Q.hd— (z1,a1) * ...an—1 — tl = (an,xn) * an — (NULL ,z) }
Q—t1=(\NULL, x);
{Q.hd— (z1,a1) *...an—1 > (an,Tn) * an — tl = (NULL ,z) }
{Q~ [z, zn,...,z1] }
}
}
{Q~uz:uls}

{Q~lsua}
void deq(fifo Q){
h=Q—hd —data;
{h=2zAQ~lIsuz}
n=Q—hd —next;
{h=xzAn=a1 ANQ.hd— (z,a1) * a1 — (z2,a2) *...an—1 + tl = (NULL ,2,) }
Q—head=n;
{h=xAn=a1ANQ.hd— (x2,a2) *...an—1 — tl = (NULL ,z,) }
return h;

H Q~lisAret=a}

/+* Producer x/
{ ZD% R} \\ R=Ah. Q~ (listof(h)) A history_queue h
void produce(fifo Q, type x, lock 1){
(105 R)
Acquire(1);
{ Jho, Q~ I Ahistory_queue h * Hold I, R, ho * ZD% R} \\ [=listof(ho)
enq(x);
{ Q~ z :: [ Ahistory_queue h, * Hold I, R, ho * ZD% R}
{ ( Q~ (listof(ho ®t < (I,z :: 1)) A history_queue (ho &t < (I,z :: 1))
* Hold Z,R,ho*lD%R} \\ t=last ho+1
Release(1);
{I0—"— R}

t—(l,x::l)

V{IO——— R}

t— (l,z::1)

/+ Consumer x/
{ ZD§> R} \\ R=M\h. Q~ (listof(ho)) A history_queue h
void consume (1){

{105 R)

bool cont = true;

{ cont = true A lD%) R}

while (cont) {
Acquire(1);

10



{ cont = true A 3ho, Q ~ I A history_queue h,
*Hold I, R, ho * 105 R} \\I = listof(h,)
if (isemp() ) {
Release (1);
{ cont = true NI"> R }
} else {
{3z,I'1=1:x A cont =true A
Q ~ I A history_queue h, * Hold I, R, ho ¥ [0 R }
ret = deq();
{ ret = x A cont = true A
Q ~ I’ A history_queue h, * Hold I, R, ho % 17+ R }
{ ret = x A cont = true A
( Q~ (listof(ho @ t < (1,1'))) A history_queue h,)
xHold I, R,ho IO R} \\ t=last ho+1
Release (1);

{ret =2 Acont = true NlO—— R }
t(1,17)

cont = false;

{ ret = x A cont = false NlO——— R }
ts (1,1)

}

{ cont = true NI RV cont = false Aret =z A IO——

t(1,1)
}

{ cont = false Aret = 2 ANlO——— R }
ts (1,1)

return ret;
}

{ret=aeANlO————= R}

te— (U nz,l’)

11
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/x Organizer */
{lD%R*aH,*bH,} \\ R = Xh. Q~ (listof(h)) A history_queue h,
void organizel (1, a, b){

{lD%R*aH,*bH,}

(tl,r vl) = consume(l);
tl,vl) =z Al - R _kb
{( 71)) v tle—(l::x,l) Kar ko }
if (t1) {
{t1I—>1*(t,v1):xAlDﬁR*a»—>,*b»—>,}
—(l::z,
a = vl;
{t1|—>1*(t,v1):wAlDﬁ>R*an—>vl*bH,}
t—(l::x,
} else {
{tll—>0*(t,v1):x/\lDﬁR*a»—),*bH,}
t—(l::x,
b = vl;
{t1|—>0*(t,v1):I/\lDﬁR*an—),*b»—H}l}
t—=(l::x,
}
}
{ (t1,vl) = 2 AN IO—"——
t— (liz,l)

tl—1lxar—vlxb— _V
t1—0%xar— _xb—vl}

{I0% Ryxa— b _}

voi(:l6 organize2(1,a,b){
{105 Rear _xbrs _}
org;nizel(l ,a,b);
{ (t1,vl) =2 AID—"—— Rx

t—(l::x,l)
tl—>1lxa—vl*xb— _V
tl—=0*xar— _xb— vl }
organizel (1,a,b);
}

R. = (12,v2) =2’ A (t1,v]) = 2 AlD
{ ( v ) v ( v ) v t—(luz, )t — Uz’ l)

tl—1xt2—1xar—v2xb— _V
tl—1%x1t2—~0%xa— vlxbr— 02V
tl—=0xt2—1*xa—>v2xb—vlV
t1—0xt2—0xar— _xb— _}

™

12



void main (){
{emp}
l, x, y,z,a,b, = malloc (LOCK, LOCK, LOCK, LOCK, int, int,
hd = create ();
{ Quexl— _xa—_*xb— _}
MakeLock (1); \\ R = Ah. Q~ (listof(h)) A history_queue h

{ Q~ ¢ I0—— R+ Hold l,Riemp*ars _xbr— _}
emp

Release(1);
{105 Rxars _xbrs_}

emp
x = Spawn(produce, ((0,0), 1);
1

2 1
{20 Ry xI0->> R*xar> _xbr_} \\ R,=I0—"——R

emp t—(1,(0,0))::1)
y = Spawn(produce, ((1,1), 1);

1 1
{yO— Ry #x0— Ry # 0= Rxawr _xb—_} \\ R, =I0—>—— R
emp

t—(1,(1,1)::1)
z = Spawn(organize2, (1, a, b));
{ 20— R. xyO— Ry *xO— Ry }
Join (x);

{ h1 =tz = (I, (0,0) :: lz)/\zO—>Rz*yQ—>Ry*lDf—1>R}

Join(y);

{ he =ts = (1,(0,0) :: lz) Bty = (ly, (1,1) i1 ly) A z0— RZ*ZDE—2>R}
Join(z);

)

{hs = ha®Bt:1 — (1.1 2,1.1)Bt.2 — (1.2 2/, 1.2))A(k1,v1) = 2A(k2,02) = 2’ A

0 R
3
kl—1xk2—1xar—v2xbr— _V
kl—1%xk2—0%xa—vlxb— 02V
kl—=0%xk2—1xa—v2xb—vlV
El—0%xk2—0%a+—> _xb— _}
Acquire(1);
{ (k1,v1) =z A (k2,02) =y A
lD%R*Hold [, R, ho * Q~ (listof(hs)) A history_queue (hs) *
3
kl—1%xk2—1lxa—v2%xb— _V
kl—=1%xk2—0%xa—vl*xb—v2V
kl—»0xk2—1%xa— v2xb—ovlV
k1= 0xk2—0%xar— _xbr— _} \\ Case analysis on h3
{ZDhLR*Hold LR hos Qo (€)
3

(1,1)=2zA(0,0)=yAkl—1%xk2—0%xa+— 1xb— 0V
0,0)=zA(1,1)=yAkl—0%k2— 1xa+ 1xb—0}
Free(l); free(kl,k2);
{ Qoexarsr1xb—0}
delete ();

{a—1xb—0}

13



6 Tree add

struct node

{
int k; //key_value
struct node x1; //left subtree
struct node *r; //right subtree

}s

void AddTree(struct node x t, int xres){
{t—treexres— _}
if (empty(t)){
{t—exresr— _}
res = 0;
{t—exres— 0}
} else {
{t — (k,liree,rtree) xres — _ }
int xlres, rres;
thread 1th, rth;
{t — (k,ltree,rtree) = (res,lres,rres, lth,rth) — _ }
{t— (k,1,7) x> ltree x r — rtree * (res,lres,rres,lth,rth) — _ }
lthread = spawn (AddTree, (left, t—1, lies));
{ thO— Ry xt — (k,l,r) *r — rtree x (res,rres,rth) — _ }
rthread = spawn (AddTree, (right, t—r));
{ rthO— Ry * lthO— Ry xt — (k,l,7) *res — _ }
join (lth);
{ (add_tree(ltree) = k;) Nl — ltree x lres — ki)
rthO— Ry xt — (k,l,7) *res — _ }
join (rth);
{ (add_tree(ltree) = k;) Nl — ltree xlres — ki) *
(add-tree(rtree) = kr) A1 — rtree x rres — kr) *
t > (k,l,7r)* (res) — _ }
res = lres + rres + t.k;
{ (add_tree(ltree) = k;) Alres — k;) *
(add_tree(rtree) = k,) Arres — k) *
t — (k,ltree,rtree) x (res) — (ki + kr + k) }
}

{ (add_tree(tree)) = k' At tree * (res) — (k') }

}

14



7 Tree add with reporting

struct node
{
lock 1;
int xk;
int k;

struct node x1;
struct node xr;

s

//sum_value
//key_value
//left subtree
//right subtree

{ node.lﬂ% R} // R=M.STUFF

void AddTreeRep(struct node * t, int *RL){
{three*RLD%)R}

if (empty(t)){

\\ This branch is useless in practice.
{ add_tree(e) =0 At — ex* RLD%) R}

} else {

{t— (k,ltree,rtree)*RLD%)R}
{tr—>(k,l,r)*l>—>lt7"ee*'r>—>rtree*RLD%R}

lthread = spawn (AddTreeRep, (left, t—1, lies));
{lthO—>Rl*tn—>(k7l,r)*r>—>rtree*RLD2%">R}

rthread = spawn (AddTreeRep, (right, t—r));
{rthO—>RT*lthO—>Rl*t»—)(k,l,r)*RLD%R}

Acquire (RL);
{ Jvo.result — (v, + 0) x Hold RL, R, v, *

rthO— Ry % IthO— Ry %t +— (k,1,7) % RLD% R}

result = result + (t—k);
{ Jvo.result — (v, + k) * Hold RL, R, v, *

rthO- Ry thO Ryt (k,L,r) » RLOSs R )
Release (RL);

{ rthO— R #lthO—s Rixt v (k,Lr) « RIDS R }
join (1th);

{ (add_tree(ltree) = k; Al — liree x RLDE_L> R) *
rthO— Ry #t (k,l,r)*RLD%R}

join (rth);

15



{ (add-tree(rtree) = kr A1 rtree * RLD% R) x
(add_tree(ltree) = ki Al — liree * RLD%) R) x

1
t (k1) *RLD% R}

{ add_tree(rtree) = k, A add_tree(ltree) = k; A

7 riree x [~ ltree x t v (k,1,r) * RLO——— R }
Ktk
}

{ add_tree(tree) = k' At — tree * RLD:—/> R}

}
{ add_tree(tree) = k' At — tree * RLD:—,> R}

16



8 Adding a Directed Acyclic Graph with repe-
titions

dag :=¢

[Vsum, k, (I,r : dag)(m;, 7w, : shares)(sum, k, m, 1, 7, 7)

ghe £ g = NULL
1
gte = g = NULL
0
g t (sum,k,m,d, 7, d) = g.lockD(kﬂ—l)> R
sum SUML,R, T b, T, T
WHERE
R e A sum, k, 7, dy, 70, dy). 3L 1 Ky sumg, sum,
g.k — kx
g.l = Ix
g.r — T*

if g.sum = NULL then
sum = sum; = sum, = L
g.sum = NULL x
Xdysrid,

1 1

else
sum = k + sum; + sum,A
g.sum — sums

™ T

Lt dixr t dy

sumg SUM

[I>

ePe=¢€

(1>

(suma, k,m, by, 70, m1) @ (Suma, k, 7y, la, mp,m2) = (sumy @ sums, k, 7,1y & lo, mp, 71 B 12)

struct node

{
lock 1; //lock
int * sum; //Partial sum
int k; //key_value

struct node x1; //left subtree
struct node *r; //right subtree
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{gtd}
void AddDag(struct node * g, int xret){
if (g = NULL){

{gfexret— _}
L

ret = 0;
Ky

{gtexret— 0}
0

return;
} else {

{ gZF(J"k77Tl7l577r'r7rs) xret — _ }
Aczuire(g);
{ 3do, R(L, k, w1, di, e, dr) & do  Hold g, R, dy + gt (L, k7, dy, 0 dy) 5 vt — }
{ o, di,dr, R(L @ vo, k, w1, ls @ diymr,7s D dy) * -
Hold g, R, do % g1 (L, k, 71, di, mp, du) % ret s _ }
if (g.sum !:J_NULL) {
{ R(vo, k, w1, di, 7y, dr) * Hold g, R, do % g7 (L, kym,di, oy, do) s ret s - }
ret = g.sum; B
{ R(vo, k,m,dy, 7, dy) xHold g, R, d, *gjrr(i, k,m, dy, mr, dr) xret = g.sum }
Release (g) -
{ g?(voakyﬂ'l,dl,ﬂ'mdr) xret — g.sum }
} elsv:e {
{ R(L,k,m,dy, 7r,dy) % Hold g, R, do * g:‘IY_(J_, k7, diy oy di) % et s _ )

{3, r, k, sumi, sumy, g.k — k*x gl 1% gr—rxgsum=NULL %
sum = sumy; = sum, = 1 *

Itdsrtd

i L

Hold ¢, R,do x gt (L, k,m,di,70r,dy) et — _ }
1

int xlret , rret;
thr = Spawn (AddDag, (g.r, rret));
{ thrO— Ry xg.k — kxg.l— L% gr+— r*g.sum=NULL x

Ky
sum = sum; = L x[1d; *
1

Hold g, R, do % g1 (L, k, 71, di, py di) % ret s _ }
L

AddDag (g.1, lret);
{ thrO— Ry g.k — kxg.l— 1% gr+— r*g.sum=NULL =

Ky
I T di*lret — sum; *
sumg
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Hold g, R, d, *g?(L,k,ﬂ'z,dz,ﬂ'r,dr) xret — _ }
1
Join (the);
{ gk kxgl—1lxgr—rxgsum=NULL x

Uy
I T di*lret — sumy *
sumy

T
I 1 drxrret — sum, *

SUM P

Hold g, R, d, * g?(L, k,m,di, e, dy) xret — _ }
1

ret = (g.sum = k + sum_l 4+ sum.r);
{gk—kxgl—=lxgr—rx
g.sum — k 4+ sum; + sum, *

Ky
I T dixlret — sumy *
sum;

T
I T dr*rret— sum, *

Hold ¢, R, d, * g7’fr(J_, k,m,di, e, dy) * ret — k + sumg + sum, }
{ R(k + sum; + qur_nr, k,mi, di, e, dy)

Hold g, R, do*ngr(J_,k,m,dl,m,dr)*ret = osum’ b\ sum/=ktsum+sum,
Release (g); )

{ g T (Suml7 k?”l,dhﬂ-rydr) * ret — sum’ }
sum/

}
}
}

{ Isum’,d, g jfr d*ret — sum’ }

sum/’
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