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class NODE
(TYPE) data
NODE *next
NODE *prev
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class NODE
(TYPE) data
NODE *next
NODE *prev

class LiST
Node *head
INT size
Node *tail




Link List Representation

head tail
v '

head tail

Nodari Sitchinava — Advanced Parallel Algorithms

class NODE
(TYPE) data
NODE *next
NODE *prev

class LIST
Node *head
INT size
Node *tail

procedure PROCESSLIST(L)
v = L.head
while v # NIL do
PROCESS(V)
vV = v.next




Parallel Processing of Lists

Would like to do:

procedure PROCESSLIST(LIST L)
for each v € L in parallel do
PROCESS(V)
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List via Array Representation
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List via Array Representation
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L |Vi|Ve|Va|Va|V5|Ve|V7|Vs class LIST
\VAVAVAVAVAVAV, INT size
NODE[] v[1..siz€]
INT head

> array of NODEs
> index of the head
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class LIST
INT size
NODE[] v[1..siz€] > array of NODES
INT head > index of the head

Node labels are indices in the array
representation: L[/] = v;
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class LIST
INT size
NODE[] v[1..siz€] > array of NODES
INT head > index of the head

Node labels are indices in the array
representation: L[/] = v;




List via Array Representation

O—O—0O—O—O—0CO—00—0O

1 2 3 4 5 6 7 8

L [Va]ve|Va|Va|V5|Ve|V7|Ve class LIST
\ViAVAVAVAVAVAVY, INT size
NODE[] v[1..siz€] > array of NODES
INT head > index of the head
noderank nodelabel/nodeID
9@069@06@@@@@@@@
1 3 4 8 Node labels are indices in the array
L: [“|» V3 V4| V5| Ve | V7| Vs representation: L[/] = v;
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List via Array Representation
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1 2 3 4 5 6 7 8

L [Va]ve|Va|Va|V5|Ve|V7|Ve class LIST
\ViAVAVAVAVAVAVY, INT size

NODE[] v[1..siz€] > array of NODES
INT head > index of the head

node rank node Iabel / node ID

9@069@06@@@@@@@@

1 3 4 8 Node labels are indices in the array
L: [“|» V3 V4| V5| Ve | V7| Vs representation: L[/] = v;

Array must be contiguous
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List Ranking via Pointer Hopping
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List Ranking via Pointer Hopping
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9 0'0 0
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procedure RANK(L)

v = new array of size L.size
for i = 1to |v| in parallel do
v[i] = L.v[i] > make a copy of L.v
v[i].rank = 1 > Initialize v[i].rank
for i = 1to |v| in parallel do
while v[i].next # NIL do
v[i].next.rank += v[i].rank
v[i].next = v[i].next.next

return v




Proof of Correctness

Claim. After the k-th iteration of the while procedure RANK(L)
loop, for each node v;: v = new array of size L.size
= vi.rank is set to the sum of the (initial) for i = 1to |v| in parallel do
values of the preceding 2% nodes (in the v[i] = L.v[i] > make a copy of L.v
list order). v[i].rank = 1 > Initialize v[i].rank
= v;.next is set to the node 2% hops away for i = 1 to |v| in parallel do
from v; (or NIL if no such node exists) while v[i].next # NIL do

v[i].next.rank += vl[i].rank
v[i].next = v[i].next.next

return v
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Proof of Correctness

Claim. After the k-th iteration of the while
loop, for each node v;:

m v;.rank is set to the sum of the (initial)
values of the preceding 2% nodes (in the
list order).

s v;.next is set to the node 2% hops away
from v; (or NIL if no such node exists)

Proof:
Termination: After the log n-th iteration,

209" — n i.e., for all n nodes of the list:
= the rank is set correcily,
= the next pointer is set to NIL.
So the while loop terminates successfully.
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Proof of Correctness

Claim. After the k-th iteration of the while
loop, for each node v;:

m v;.rank is set to the sum of the (initial)
values of the preceding 2% nodes (in the
list order).

s v;.next is set to the node 2% hops away
from v; (or NIL if no such node exists)

Proof:
Termination: After the log n-th iteration,

209" — n i.e., for all n nodes of the list:
= the rank is set correcily,
= the next pointer is set to NIL.
So the while loop terminates successfully.

Initialization: Prior to the first iteration
(i.e., after k = 0-th iteration) 2% = 1:
s rank of every node is setto 1 = 2,

= next pointer of the tail node is NIL and the

rest are 1 = 2¥ hops away.
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procedure RANK(L)
v = new array of size L.size
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Proof of Correctness

Claim. After the k-th iteration of the while
loop, for each node v;:

m v;.rank is set to the sum of the (initial)
values of the preceding 2% nodes (in the
list order).

s v;.next is set to the node 2% hops away
from v; (or NIL if no such node exists)

Proof:
Maintenance: If true prior to the k-th
iteration, then true after the k-th iteration.
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procedure RANK(L)

v = new array of size L.size
for i = 1 to |v| in parallel do

v[i] = L.v[i]
v[i].rank = 1

> make a copy of L.v
> Initialize v[i].rank

for i = 1 to |v| in parallel do
while v[i].next # NIL do
v[i].next.rank += vl[i].rank
v[i].next = v[i].next.next

return v

Prior to k-th iteration:

Vi
m Vv.rank = i (final)
O
m

vi.pred = NIL
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After k-th iteration:
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procedure RANK(L)

v = new array of size L.size
for i = 1 to |v| in parallel do
v[i] = L.v[i] > make a copy of L.v
v[i].rank = 1 > Initialize v[i].rank
for i = 1 to |v| in parallel do
while v[i].next # NIL do
v[i].next.rank += vl[i].rank
v[i].next = v[i].next.next

return v

y Prior to k-th iteration:

i

m Vv.rank =i (final) vi.pred = NIL

o vi.rank = 2k1 vi.pred = =

m vi.rank = 21 vi.ored = o orm

After k-th iteration:

m v;.rank = i (final) vi.pred = NIL

o vi.rank = i + 2571 (final) v;.pred = NIL

mvi.rank =2-2k=1 =2k v, pred: 2. 21
hops prior




Time & Work Analysis




Time & Work Analysis

procedure RANK(L)
v = new array of size L.size
for i = 1 to |v| in parallel do
v[i] = L.v[i]
v[i].rank = 1
for i = 1 to |v| in parallel do
while v[i].next # NIL do
v[i].next.rank += v[i].rank
v[i].next = v[i].next.next

return v

Termination: After the log n-th iteration,
2logn _ n j.e., for all n nodes of the list:

= the rank is set correctly,

= the next pointer is set to NIL.
So the while loop terminates successfully.

> make a copy of L.v
> Initialize v[i].rank
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Time & Work Analysis

procedure RANK(L)
v = new array of size L.size
for i = 1 to |v| in parallel do
v[i] = L.v[i]
v[i].rank = 1
for i = 1 to |v| in parallel do
while v[i].next # NIL do
v[i].next.rank += v[i].rank
v[i].next = v[i].next.next

return v

Termination: After the log n-th iteration,
2logn _ n j.e., for all n nodes of the list:

= the rank is set correctly,

= the next pointer is set to NIL.
So the while loop terminates successfully.

> make a copy of L.v
> Initialize v[i].rank

-

Terminates after

/ O(log n) iterations
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Time & Work Analysis

T(n) = O(1)
W(n) = O(n)

T(n) = O(log n)
W(n) = O(nlog n)




Time & Work Analysis

procedure RANK(L)
v = new array of size L.size

v[il = L.v[i]
v[i].rank = 1

while v[i].next # NIL do

return v

for i = 1 to |v| in parallel do
> make a copy of L.v
> Initialize v[i].rank

for i = 1 to |v| in parallel do

v[i].next.rank += v[i].rank
v[i].next = v[i].next.next
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T(n) = O(log n)

W(n) = O(nlog n)

T(n)=0(1)
W(n) = O(n)

T(n) = O(log n)
W(n) = O(nlog n)



Time & Work Analysis

procedure RANK(L)
v = new array of size L.size
for i =1 to |v| in paralle

return v

v[l].next = v[i].next.next
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T(n)=0(1)
W(n) = O(n)

I(n) =
W(n) =

O(log n)
O(nlog n)



