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}

void main(void) {

}

void main(void) {

Global

Local

Thread 0 Thread 1

Memory layout

Thread 0 Thread 1

i

shared int i; shared int i;
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} }

void main(void) { void main(void) {

One element per thread

Global

Local

Thread 0 Thread 1

Memory layout

Thread 0 Thread 1

a[0] a[1]

shared int a[THREADS]; shared int a[THREADS];

B 5O �&^E 8	3],+9]a)LNE 8AI'LNE E LX;�8g57> a�= 5P2" NOP8 I^576�8J2^= 57D�2�LN2^I R OPD<\���= 5ONA8 �!�

F-(+* LNOP= D
a)LN=xLN2}DN[3>@57D�2)LNO R O7D]\���= 5ONA8$[)LVE@LN6 8J> 8AE�8ga35P\ba 5P=M&^= 8JI 572 LNE E LX; I^8J\AOPL e
E@LV> 5PD�23= �M> D \AD�2Y>@E D�O^>@a381I35P= > E 5 R &3>@57D�2}D$2sI)LV>@L:8JOP8J6�8J2�> = �z4$a381I38 2 LN&^O > R OPD<\���= 5ONA8
5P=��!� .G=_= a^D8g2�5P2 B 5O �&^E 8�4�L'6�&3O7>@57I^5P6 8A23= 5PDN2)LNOMLNE E Lu; 8g5 >@a R OPD<\���= 5ONA8 D$2 �
LN2^IKk}> a^E 8ALNI^=1a)LN=1LN2�8���&)LNOQ2�&^6 R 8JEGD$2M8AO78A6 8A2Y>@=g=?>@D�E 8AIKDN2 R DN> a�> a^E 8ALNI^=15P2
LNO7> 8AE 2)LV>@8 DNE I^8JE �
B 5  N&^E 8 )
= a3D�8g= L 6�&^O >@5PI35P6 8A2^= 5PD�2)LVO]LVE E@LX;&8g57>@a R O7D]\���= 5 NA8gD$2 k LN2^I k->@a^E 8XLNI3= �
Mf2}>@a^57=z\XLN= 8 R DV>@a�>@a3E 8XLVI^= a)LXT�81L
8���&)LVO^2�&^6 R 8AEzD$2s8JOP8A6 8A2Y> = R &3>z> a^8$D�E I38AE 572" 
5P=g\ba)LN2# �8AI �

�
9]a)LNE 8AI'[dD�572Y>@8AEJ,xF-(+*�= &^[^[sD�E > =$>@a^8	2 D�O7OPD8g5P2" &2 D�&^E$>f;<[d8J=1D02z[sD�5P2Y>@8JE = �

� ��U � � U ��� ����� ���� � � �  � �DU#T � �  � �DU � �	 U  ���� � � � � U � ���
� � ��� T�� � �DU$� � U ��� ����� ���� � � �  � �DU#T � �  � �DU � �� U� ����	 � � � � U � ���
� ��U � � ����� T � � U ��� �	��� � ����� T � �  � �DU#T � �  � �DU � �	 U  ���� � � � � U � ���
� � ��� T�� � �DU$� � � ��� T�� � U ��
 ����� � � ��� T�� �  � ��U#T � �  � �DU � �	 U  ����	 � � � � U �
���

. = a)LNE 8JI [sD�5P2Y>@8JE�57=�572Y>@8AE 2)LNO7O7;�E 8A[^E 8A= 8A2Y>@8JI R ; L > a^E 8ALNI 2�&^6 R 8AE LN2^I#>@a^8
OPD<\XLNOhLNI^I^E 8A= = 5 > [dD�572Y>@=�>@D#� (MD�572�> 8AE LNE 57>@a36�8U>@5P\�= &^[3[dD�E?>@= R O7D]\��V8AI�LN2^I#&^2]e
R OPD<\��N8JI LNE E LX;�I^5P=?>@E 5 R &3> 5PD�2 �Z.-I^I^5 >@57D�2)LNO7O7;�
3= a)LNE 8AI [sD�572�> 8AE =G\ALN2 R 8 \XLV= >
572Y>@D
OPD<\XLNO [dD�572Y>@8AE = R &3>12^DN>$T<57\A8 T�8JE =@L��

�um



a[0] a[1]

a[3]

a[5]

a[6]

a[4]
Global

}

void main(void) {

shared int a[4][THREADS];

}

void main(void) {

4 elements per thread

Local

Thread 1Thread 0

Memory layout

Thread 0 Thread 1

a[2]

a[7]

shared int a[4][THREADS];
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a[4]

a[1]

void main(void) {

}

void main(void) {

}

4 elements per thread and blocksize 2

Global

Local

Memory layout

Thread 0 Thread 1

Thread 0 Thread 1

a[0]

a[5]

a[2]

a[3]

a[6]

a[7]

shared [2] int a[4][THREADS]; shared [2] int a[4][THREADS];
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						a[1] = 2;

One element per thread

Global

Local

Thread 0 Thread 1

Memory layout

a[0] a[1]

}

	if(MYTHREAD==0) {

	}

shared int a[THREADS]; shared int a[THREADS];

void main(void) { void main(void) {

int b;

	if(MYTHREAD==1) {

	}

}

b

						b = a[0];

put(destination thread = 1, location = a[1], data = 2);

b = get(source thread = 0, location = a[0]);

Thread 0 Thread 1
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UPC 
Code

UPC Intermediate Code in C

UPC executable code

EDG UPC
frontend compiler

Compiler
C

MuPC RTS
Object Code

MPI Library

    +

pthread Library
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where filename.c is the UPC code file

The resulting executable a.out can be executed as

where n is the number of processors 

mupcc filename.c libmupc.a

and libmupc.a is the run time system library.

mupcrun −n n a.out
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User Code

Thread Thread

User Code

Thread

Init
UPC UPC

Init

Program
UPC

Finalize
Finalize
UPC

UPC

Thread

MPI_Init()

MPI_Finalize()MPI_Finalize()

MPI_Init()

Communication Communication

mupcrun −n 2 upc_hello_world
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Post n non−blocking MPI receives
keep_polling = n

to listen from n processors

 While keep_polling true

If Send_Remote
Send Data request to remote processor using a Blocking send
Unlock send_struct

If Recv_Remote
Send Recv request to remote processor using a Blocking send
Unlock send_struct

If Finish
Send Finish request to remote processor using a Blocking send
Unlock send_struct

If lock failed or no request

Check request
If locked
Try locking send_struct

Check if incoming requests from remote processors
Lock recv_struct
If Data request

Receive data and store
Unlock recv_struct

If Recv request
Read data and send Recv_Reply request using a Blocking send
Unlock recv_struct

If Recv_Reply
Receive data and store 
Unlock recv_struct

If Finish
Decrement keep_polling
Unlock recv_struct

Post a new non−blocking MPI receive for the last processor communicated with
Yield communication thread
Done While

// Outgoing Requests
// Write request TO remote processor

// Read request to remote processor

// Request to terminate communication thread

// Incoming Requests

// Write request FROM remote processor

// Read request FROM remote processor 

// Receive Data FROM remote processor

// Process finish request FROM remote processor
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Remote ProcessorLocal Processor

Lock send_struct

Unlock send_struct
location = address
request = Recv_Remote + Recv

Unlock send_struct

remote processor
Send Recv request to
Recv_Remote:

While keep_polling true
Lock send_struct
if locked

Check request

send_struct
recv_struct

Get(ptr, remote)

1 2

While keep_polling true
Lock send_struct
if locked

Check request

Wait on recv_struct.done
return data

else check incoming requests

Recv:
Read Data
Send Data + Recv_Reply back
Unlock recv_struct

else check incoming requests
Lock recv_structLock recv_struct

Recv_Reply:
Receive data

Unlock recv_struct
recv_struct.done = 1

3

4

5

UPC Thread Communication Thread Communication Thread
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Remote ProcessorLocal Processor

Lock send_struct

Unlock send_struct
location = address
request = Send_Remote

Unlock send_struct

remote processor
Send Data request to

While keep_polling true
Lock send_struct
if locked

Check request

send_struct
recv_struct

Put(ptr, remote)

1 2

While keep_polling true
Lock send_struct
if locked

Check request

else check incoming requests

Data:
Write Data

Lock recv_struct

3

Send_Remote:

Unlock recv_struct

UPC Thread Communication Thread Communication Thread
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Remote ProcessorLocal Processor

Lock send_struct Lock send_struct
request = Barrier request = Barrier
Unlock send_struct Unlock send_struct

While keep_polling true
Lock send_struct
if locked
Check request

Barrier:

Unlock send_struct
remote processor
Send Barrier request to

else check incoming requests else check incoming requests

While keep_polling true
Lock send_struct
if locked
Check request

Barrier:
Send Barrier request to
remote processor
Unlock send_struct

Lock recv_struct Lock recv_struct

Barrier: Barrier:

Unlock recv_struct Unlock recv_struct
decrement Barrier_done decrement Barrier_done

send_struct send_struct

1
2

3

4

5

6

Wait on Barrier_done Wait on Barrier_done

decrement Barrier_done decrement Barrier_done

Communication Thread Communication ThreadUPC ThreadUPC Thread

Barrier_done = n − 1 Barrier_done = n − 1
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Remote ProcessorLocal Processor

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

1
2

Communication ThreadCommunication Thread

Unlock send_struct
remote processor

Notify:
Send Notify request to

Lock recv_struct
else check incoming requests

Unlock send_struct
remote processor

Wait:
Send Wait request to

Unlock recv_struct

Unlock recv_struct
decrement notify_var
Notify:

Wait:
decrement wait_var

Unlock send_struct
remote processor

Notify:
Send Notify request to

Lock recv_struct
else check incoming requests

Unlock send_struct
remote processor

Wait:
Send Wait request to

Unlock recv_struct

Unlock recv_struct
decrement notify_var
Notify:

Wait:
decrement wait_var

Notify

Wait

previous synchornization
are done.

synchronization phase
are not of same value,
return error.

sync all gets & puts

Unlock send_struct

for i = 0 to n − 1
Lock send_struct

Wait until all waits in
previous synchornization
are done.

If all waits in previous
synchronization phase
are not of same value,
return error.

sync all gets & puts

Unlock send_struct
request = Notify
for i = 0 to n − 1
Lock send_struct

wait_var = n − 1

Wait until all notifies in

If all notifies in previous

notify_var = n − 1

request = Wait

Notify

Wait

previous synchornization
are done.

synchronization phase
are not of same value,
return error.

sync all gets & puts

Unlock send_struct

for i = 0 to n − 1
Lock send_struct

Wait until all waits in
previous synchornization
are done.

If all waits in previous
synchronization phase
are not of same value,
return error.

sync all gets & puts

Unlock send_struct
request = Notify
for i = 0 to n − 1
Lock send_struct

wait_var = n − 1

Wait until all notifies in

If all notifies in previous

notify_var = n − 1

request = Wait

6

4

7

8

9

3

10

11

5

12

send_struct send_struct

notify_var = size − 1
wait_var = size − 1 wait_var = size − 1

notify_var = size − 1

UPC Thread UPC Thread
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

upc_global_allocWhile keep_polling true
Lock send_struct
if locked
Check request

send_struct

Global_Alloc: Global_Alloc:

Lock send_struct
request = Global_Alloc
unlock send_struct 2

Send Global_Alloc request
to thread 0
unlock send_struct

base_va

Lock recv_struct
else check incoming requests

Lock recv_struct
else check incoming requests

Global_Alloc: Global_Alloc:

increment base_va
return old base_va

va = address returned by thread 0

unlock recv_struct

unlock recv_struct
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request 2

Lock recv_struct
else check incoming requests

Lock recv_struct
else check incoming requests

unlock recv_struct

All_Alloc:All_Alloc:

send_struct
base_va

upc_all_alloc
Lock send_struct
request = All_Alloc
unlock send_struct

all_alloc_var > 0

upc_all_alloc
Lock send_struct
request = All_Alloc
unlock send_struct

all_alloc_var > 0

unlock send_struct

All_Alloc:

to thread 0
unlock send_struct

All_Alloc:wait until wait until 

all_alloc_var = size − 1 all_alloc_var = size − 1

Send All_Alloc request

All_Alloc_Reply:

decrement all_alloc_var

return old base_va
increment base_va

unlock recv_struct

decrement all_alloc_var
va = address returned by thread 0
unlock recv_struct

decrement all_alloc_var
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

send_struct

Lock send_struct
req = Global_Lock_Alloc
unlock send_struct 2

to thread 0
unlock send_struct

base_va

Lock recv_struct
else check incoming requests

Lock recv_struct
else check incoming requests

increment base_va
return old base_va

va = address returned by thread 0

unlock recv_struct

unlock recv_struct

upc_global_lock_alloc

Global_Lock_Alloc:

Global_Lock_Alloc: Global_Lock_Alloc:

Global_Lock_Alloc:
Send Global_Lock_Alloc request
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request 2

Lock recv_struct
else check incoming requests

Lock recv_struct
else check incoming requests

unlock recv_struct

send_struct
base_va

Lock send_struct

unlock send_struct

all_alloc_var > 0

unlock send_struct

to thread 0
unlock send_struct

wait until 

return old base_va
increment base_va

unlock recv_struct

va = address returned by thread 0
unlock recv_struct

4

5

6

upc_all_lock_alloc

request = All_Lock_Alloc

All_Lock_Alloc:

All_Lock_Alloc:

All_Lock_Alloc_Reply:

Send All_Lock_Alloc request

all_lock_alloc_var = size − 1all_lock_alloc_var = size − 1

All_Lock_Alloc:
decrement all_lock_alloc_var decrement all_lock_alloc_var

decrement all_lock_alloc_var

Lock send_struct

unlock send_struct

wait until 

upc_all_lock_alloc

request = All_Lock_Alloc

all_lock_alloc_var > 0
All_Lock_Alloc:
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

send_struct

Lock send_struct

unlock send_struct 2

Lock recv_struct
else check incoming requests

Lock recv_struct
else check incoming requests

lock_init

Lock_Init:

Lock_Init:

Lock_Init:

Lock_Init:

req = Lock_Init

Send Lock_Init request
to thread 0
unlock send_struct

if lock not initialized
initialize and return

unlock recv_struct
else return error

unlock recv_struct
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

send_struct

Lock send_struct

unlock send_struct

Lock recv_struct
else check incoming requests

to thread 0
unlock send_struct

unlock recv_struct

else check incoming requests

lock

req = Lock

Lock:
Send Lock request

Lock:
if lock is not locked
lock and return success
else return failure

Lock recv_struct
Lock:

else return failure
if success return success

unlock recv_struct

Lock:

Wait until reply received
if success return
else wait until change
lock status

2
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

send_struct

Lock send_struct

unlock send_struct 2

Lock recv_struct
else check incoming requests

to thread 0
unlock send_struct

unlock recv_struct
else return error

unlock

req = Unlock

Unlock:
Send Unlock request

Unlock:
if lock owned by caller
unlock and return

Unlock:

Lock recv_struct
else check incoming requests

unlock recv_struct
Unlock:

Wait until unlocked

unlocked
broadcast req = unlocked
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UPC Thread Communication Thread

Thread 0
Local Processor

UPC Thread Communication Thread

Thread 1
Remote Processor

send_struct

While keep_polling true
Lock send_struct
if locked
Check request

While keep_polling true
Lock send_struct
if locked
Check request

send_struct

Lock send_struct

unlock send_struct

Lock recv_struct
else check incoming requests

to thread 0
unlock send_struct

unlock recv_struct

else check incoming requests

lock

Lock:

if lock is not locked
lock and return success
else return failure

Lock recv_struct

else return failure
if success return success

unlock recv_struct

Wait until reply received
if success return

2

req = Lock_Attempt

Send Lock_Attempt request

Lock_Attempt:

Lock_Attempt:

else return failure
Lock_Attempt:
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