Running parallel PHOENICS 


If user wants to make effective parallel calculations then he should be sure that he has good PC-cluster. So the latency and exchange time should be as small as possible. 

This is true of any parallel calculations. Sometime the user connects his PCs in local network and hopes to get accelerations in his calculation using parallel program. Sometimes it is happened but sometimes he sees deceleration. 

To understand the reasons of deceleration user should know something about parallel programming. Each parallel CFD program uses decomposition of domain on several sub-domains. Usual amount of sub-domains is equal to amount of processors in PC-cluster. Each sub-domain exchanges data with other sub-domains. If there are a lot of exchanged data then PCs in cluster will spend of time to exchange of data and useful time for calculations will be very small. 

This situation demonstrates the non-effective using of parallel calculations. Therefore effective parallel calculations will be happened when time of calculations is significant more than the time of data exchange. Hence user should use decompositions which have smaller amount of cells on bounds. Time of data exchange is connected with latency and time for single exchange which are characteristics of PC-cluster. Besides time of data exchange is connected with amount of cells on the bounds of sub-domains. The amount of bound cells should be as small as possible.

But another question arises. What exchange is more effective at exchanging of the same volume of data: a lot of exchanges of small data or one exchange of whole data? The practice is shown that one exchange of whole data is more effective and requires less time. Therefore user should decrease amount of exchanges if he can not decrease amount of exchange data.

Running of parallel PHOENICS has the several features:

· The very popular slab-wise solution of hydrodynamics tasks should be abandoned because it leads to a lot of exchanges of small data instead of one exchange of whole data which whole-field manner is provided. User should inspect the file q1ear to sure that all variables are run whole-field. It is especially concerned the models of turbulence which use slab-wise solution by default, for example, statement TURMODE(KE) in Q1 leads to slab-wise solution of several variables. Parallel run of such case is non-effective.

· Usually automatic decomposition gives the best decomposition. But sometimes user wants to use non-standard decomposition or he want to run case with Multi-Block grid. In this case he should to write file PARDAT manually. Description of file PARDAT see below.

· User should remember that some features of sequential PHOENICS are not implemented in parallel. For example, InForm in sequential PHOENICS allows to link several cells by formulae, parallel PHOENICS does not allow it.

Description of file PARDAT


File PARDAT serves the manual decomposition in parallel run of PHOENICS. If it is absent then the automatic decomposition is made.


The format of file PARDAT depends on kind of decomposition:

1. Decomposition on equal sizes in selected directions of one domain

2. Decomposition on arbitrary sizes in selected directions of one domain

3. Decomposition of Multi-Block domain

First type of decomposition has very simple format of file PARDAT. User should set three lines, for example:

NXSD = 1

NYSD = 1

NZSD = 2

First line shows that number of sub-domains in X-direction is one, domain is not split in X-direction. Second line shows that number of sub-domains in Y-direction is one too. Third line shows that number of sub-domains in Y-direction is two, domain is split in Z direction on two equal (or almost equal) parts.

Second type of decomposition allows dividing of domain on non-equal parts. It is helpful sometimes when user has PCs with non-equal parameters connected by network. Therefore for better performance user wants to set more cells to more powerful PC. In this case user should set three lines, for example:

NXSD = 1 38

NYSD = 2 36 16

NZSD = 1 28

The first numbers after sign ‘=’ are numbers of sub-domains in current direction. Next number (or numbers) is number of cells in current direction for each sub-domain. Sum of cells for all sub-domains should be equal the total number of cells in each direction. The sample demonstrates case when there is not splitting in X and Z direction (number of cells in X-direction is 38, number of cells in Z-direction is 28) and domain is divided in Y direction on two sub-domain, first has 36 cells and second has 16 cells in Y direction.

Third type of decomposition deals with Multi-Block cases. In this case the first line should be

MULTIBLOCK = T

The comment line should be started from sign’*’. Next lines demonstrates the sample of well-commented PARDAT file:

NUMBLOCKS = 5

NUMPROCS = 3

* description of first block

* firstly we set current block

* CUR_BLOCK = <number of current block> <amount of processes>

CUR_BLOCK = 1 2

* secondly we enumerate process for current block

* PROC = <local number of process in structure TGlobBlock for current block> <global processor ID>

PROC = 1 0

* for each process we should set global BOUND BOX (for current block)

* BOUND_BOX = <IXF> <IXL> <IYF> <IYL> <IZF> <IZL>

BOUND_BOX = 1 16 1 16 1 5

PROC = 2 1

BOUND_BOX = 1 16 1 16 6 9

* 

* next blocks here

* block 2 in process 2

CUR_BLOCK = 2 2

PROC = 1 1

BOUND_BOX = 1 16 1 16 11 14

PROC = 2 2

BOUND_BOX = 1 16 1 16 15 19

* block 3 in process 0 and 1

CUR_BLOCK = 3 1

PROC = 1 1

BOUND_BOX = 1 4 1 4 21 30

* block 4 in processes 0, 1 and 2

CUR_BLOCK = 4 1

PROC = 1 1

BOUND_BOX = 1 4 1 4 32 61

* block 5 in processes 1 and 2

CUR_BLOCK = 5 1

PROC = 1 1

BOUND_BOX = 1 4 1 4 63 72

