Parallel Music Generator


Music Generator Program

The task of this assignment is to build the music generator program modeled after the interpreter given in the class. This music generator program has to interpret a piece of music. It can have up to four concurrent sound generating processes running on different machines. The executions of these processes must be synchronized in real time in order to retain the harmony in the music. 

Basic Algorithm

The important aspect of this problem is the real time synchronization of the music generating processes. The following factors influenced the design of the basic algorithm:

· Since the time duration of a musical note and the tempo of the music are key factors in maintaining the harmony of the music, long synchronization delays between the processes playing the music are intolerable. We need to keep the delays at levels that are indistinguishable by human ears. 

· Since we need to support different levels of tempo of music, we cannot afford to process music grammar after we start playing the music. We need to process the piece of music completely before we can start playing it. Thus the granularity of parallelism is fine grained and kept at the note level.

Based on these factors the steps involved in the basic algorithm are listed below:

· Process the piece of music from input files on different machines and generate a sequence of notes that can be played on different machines.

· While there are notes remaining to be played

· Synchronize all the processes.

· Play a note.

The synchronization of the processes is achieved by use of MPI_Sendrecv() function.

Music Language Grammar

The music language grammar is described below:

    <song> ::= SONG: "<song name>" <tempo> <phrase declarations>

                       <begin> <music> <end>

   <tempo> ::= TEMPO: <speed> | nil

   <phrase declarations> ::= <a phrase> |

                             <phrase declarations> <a phrase> | nil

   <a phrase> ::= PHRASE: "<phrase name>" <tempo> <begin> <music> <end>

   <begin> := |

   <end> := |

   <music> ::= <song works> | <music> <song works>

   <song works> ::= <phrase insert> | <measure> | <repeat>

   <phrase insert> ::= <phrase name>

   <measure> ::= <sequence of notes> <bar>

   <sequence of notes> ::= <note> | <sequence of notes> <note>

   <note> ::= ( <pitch value> <duration value> )

   <pitch value> ::= frequency in Hertz, an integer

   <duration value> ::= time length, an integer

   comment: a rest is a note with zero pitch value

Steps Used to Compile the Source Program

We used the following command to compile the program:

hcc  -lmpi Jukebox.c –lm –o Jukebox

Steps to Install the Program onto Various Computers 

· We first created a myhost file in the home directory. It  contained a list of nodes to execute the program.

· We changed the default shell on client machines to tcsh and added /usr/local/lam-6.3.1/bin to default PATH

· We used recon –v myhost and then  lamboot –d myhost to configure the mpi settings.

· Then we copied the executable Jukebox and the music files to home directories on all the other machines.

How the Program is Executed

The program was executed using the following command from the world node:

mpirun –v n0-3 Jukebox

Source Code Listing

/*************************************/

/*Nilesh Bhide and Stephanie Lindsey */

/*Project 6 - Music Interpreter      */

/*March 27, 2000


    */

/*************************************/

#include <stdio.h>

#include <math.h>

#include <mpi.h>

//#define DEBUG 2

/*               *** Music Program Interpreter, version 1.0 ***

                     Copyright 1990 by Mark L. Manwaring

                              All rights reserved

This program was written by Professor Mark L. Manwaring during the

Spring semester, 1990.  The program is a recursive descent interpreter of

programs which express a musical song.  The productions of the SONG GRAMMAR

are provided within the procedures of this program.*/

#define LINELEN         80

#define DEFAULT_TEMPO   250   /*1/4 note has 1 second period*/

#define DUTY            0.90

int rank, size, partner, namelen;

int sendflag=1, recvflag=0; 

char inputfile[21];

char name[MPI_MAX_PROCESSOR_NAME];

typedef Char INFO_STRING[LINELEN + 1];

typedef enum {

  PHRASE, BAR, NOTE, PHRASE_CALL

} STMTTYPE;

typedef struct STATEMENT {

  struct STATEMENT *NXTSTMT;

  STMTTYPE ACTION;

  union {

    struct {

      INFO_STRING PHRASE_NAME;

      long TEMPO;

      struct STATEMENT *NXTPHRASE;

    } U0;

    struct {

      long PITCH, DURATION;

    } U2;

    struct STATEMENT *PHRASEPTR;

  } UU;

} STATEMENT;

Static FILE *INFILE;

Static STATEMENT *START;

/* Local variables for LOAD_AND_INITIALIZE: */

struct LOC_LOAD_AND_INITIALIZE {

  Char CC;

  Char INFILENAME[21];

  long LINENUM;

} ;

void beep(int freq, int length)

{

  fprintf(stdout,"\33[10;%d]\33[11;%d]\a\33[10]\33[11]", freq, length);

  fflush(stdout);

  if (length) usleep(length*1000L);

}

Local void ERROR(Char *MSG, struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*This procedure prints error messages found during lexical analysis

  and loading of the music program into memory.  It causes the interpreter

  program to terminate.*/

  printf("%s : \n *** ERROR => %s\n", name, MSG);

  printf("%s :      File line number = %12ld", name, LINK->LINENUM - 1);

  printf("%s :      Current input character = %c\n\n", name, LINK->CC);

  printf("%s :      Music program interpretation ended.  ~  MLM\n", name);

  if (INFILE != NULL)

    fclose(INFILE);

  INFILE = NULL;

//  _Escape(0);

  exit(0);

}  /*End procedure ERROR*/

Local void OPEN_THE_INFILE(struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*This procedure sets the input file for the Music Program:*/

  Char *TEMP;

/* printf("\n\n Enter the SONG program file name: ");*/

  strcpy(LINK->INFILENAME, inputfile);

 /* fgets(LINK->INFILENAME, 21, stdin);*/

  TEMP = strchr(LINK->INFILENAME, '\n');

  if (TEMP != NULL)

    *TEMP = 0;

  INFILE = fopen(LINK->INFILENAME, "r");

  printf("\n\n");

}  /*End procedure OPEN_THE_INFILE*/

Local void CLOSE_THE_INFILE(struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  if (INFILE != NULL)

    fclose(INFILE);

  INFILE = NULL;

}  /*End procedure CLOSE_THE_FILE*/

Local Char GCHAR(struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  if (feof(INFILE))

    ERROR("Unexpected EOF found when reading Music Program", LINK);

  LINK->CC = ' ';

  while (LINK->CC == ' ') {

      while((LINK->CC = fgetc(INFILE)) == '\n')


  {

      
LINK->LINENUM++;

        if (feof(INFILE))


       ERROR("Unexpected EOF found when reading Music Program", LINK);

      }

  }

  if (feof(INFILE))

       ERROR("Unexpected EOF found when reading Music Program", LINK);

  if (LINK->CC == '{') {

    while (LINK->CC != '}')

      LINK->CC = GCHAR(LINK);

    LINK->CC = GCHAR(LINK);

  }

  LINK->CC = toupper(LINK->CC);

#ifdef DEBUG

fprintf(stdout,"GCHAR returned %c\n", LINK->CC);

#endif

  return LINK->CC;

}  /*End function GCHAR*/

Local Char GCHARWB(struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  if (feof(INFILE))

    ERROR("Unexpected EOF found when reading Music Program", LINK);

  while((LINK->CC = fgetc(INFILE)) == '\n')

  {

   
LINK->LINENUM++;

    if (feof(INFILE))

      ERROR("Unexpected EOF found when reading Music Program", LINK);

  }

  if (feof(INFILE))

     ERROR("Unexpected EOF found when reading Music Program", LINK);

//  LINK->CC = getc(INFILE);

  if (LINK->CC == '{') {

    while (LINK->CC != '}')

      LINK->CC = GCHAR(LINK);

    LINK->CC = GCHARWB(LINK);

  }

  LINK->CC = toupper(LINK->CC);

#ifdef DEBUG

fprintf(stdout,"GCHARWB returned %c\n", LINK->CC);

#endif

  return LINK->CC;

}  /*End function GCHARWB*/

Local long MAKE_NUM(struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*This function converts part of the current string into an integer*/

  long Result;

  long NUM = 0;

  if (LINK->CC < '0' || LINK->CC > '9')

    ERROR("Non-digit found when scanning for a number", LINK);

  else {

    while (isdigit(LINK->CC)) {

      switch (LINK->CC) {

      case '0':


if (NUM > 0)


  NUM *= 10;


break;

      case '1':


NUM = NUM * 10 + 1;


break;

      case '2':


NUM = NUM * 10 + 2;


break;

      case '3':


NUM = NUM * 10 + 3;


break;

      case '4':


NUM = NUM * 10 + 4;


break;

      case '5':


NUM = NUM * 10 + 5;


break;

      case '6':


NUM = NUM * 10 + 6;


break;

      case '7':


NUM = NUM * 10 + 7;


break;

      case '8':


NUM = NUM * 10 + 8;


break;

      case '9':


NUM = NUM * 10 + 9;


break;

      }

      LINK->CC = GCHARWB(LINK);

    }

  }

  Result = NUM;

  if (LINK->CC == ' ')

    LINK->CC = GCHAR(LINK);

  return Result;

}  /*End function MAKE_NUM*/

Local void PHRASE_STRING(STATEMENT *P, struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*Read the name associated with the Song or Phrase*/

  *P->UU.U0.PHRASE_NAME = '\0';

  LINK->CC = GCHAR(LINK);

  if (LINK->CC != '"') {

    ERROR("Quote expected at start of Song or Phrase name", LINK);

    return;

  }

  LINK->CC = GCHAR(LINK);

  while (LINK->CC != '"') {

    sprintf(P->UU.U0.PHRASE_NAME + strlen(P->UU.U0.PHRASE_NAME), "%c",


    LINK->CC);

    LINK->CC = GCHARWB(LINK);

  }

}  /*End procedure PHRASE_STRING*/

Local void GET_MUSIC(STATEMENT *P, struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*Load the music score*/

  STATEMENT *CS = NULL, *PS = NULL;

  STATEMENT *SRCHPTR;

  boolean BAR1 = true, BAR2 = false;

  boolean FOUNDIT;

  INFO_STRING CALL_NAME;

  LINK->CC = GCHAR(LINK);

  while (!BAR2) {

    switch (LINK->CC) {

    case '|':

      if (BAR1)


BAR2 = true;

      else {

    BAR1 = true;


if (PS == NULL)


  PS = P;


else


  PS = CS;


CS = (STATEMENT *) malloc(sizeof(STATEMENT));


PS->NXTSTMT = CS;


CS->NXTSTMT = NULL;


CS->ACTION = BAR;


LINK->CC = GCHAR(LINK);

      }

      break;

    case '(':

    BAR1 = false;

      if (PS == NULL)


PS = P;

      else


PS = CS;

      CS = (STATEMENT *) malloc(sizeof(STATEMENT));

      PS->NXTSTMT = CS;

      CS->NXTSTMT = NULL;

      CS->ACTION = NOTE;

      LINK->CC = GCHAR(LINK);

      CS->UU.U2.PITCH = MAKE_NUM(LINK);

      CS->UU.U2.DURATION = MAKE_NUM(LINK);

      if (LINK->CC != ')')


ERROR(") expected at end of note declaration", LINK);

      LINK->CC = GCHAR(LINK);

      break;

    default:

      BAR1 = false;

      if (PS == NULL)


PS = P;

      else


PS = CS;

      CS = (STATEMENT *) malloc(sizeof(STATEMENT));

      PS->NXTSTMT = CS;

      CS->NXTSTMT = NULL;

      CS->ACTION = PHRASE_CALL;

      *CALL_NAME = '\0';

      while (LINK->CC != ' ' && LINK->CC != '(' && LINK->CC != '|') {


sprintf(CALL_NAME + strlen(CALL_NAME), "%c", LINK->CC);


LINK->CC = GCHARWB(LINK);

      }

      if (LINK->CC == ' ')


LINK->CC = GCHAR(LINK);

      SRCHPTR = START->UU.U0.NXTPHRASE;

      FOUNDIT = false;

      while (!FOUNDIT && SRCHPTR != NULL) {


if (!strcmp(SRCHPTR->UU.U0.PHRASE_NAME, CALL_NAME))


  FOUNDIT = true;


else


  SRCHPTR = SRCHPTR->UU.U0.NXTPHRASE;

      }

      if (FOUNDIT)


CS->UU.PHRASEPTR = SRCHPTR;

      else {


ERROR("Called phrase not found in declared phrases", LINK);

      }

      break;

    }

  }

}  /*End procedure GET_MUSIC*/

Local void DECLARE_PHRASES(STATEMENT *P, struct LOC_LOAD_AND_INITIALIZE *LINK)

{

  /*Determine if a phrase has been declared and if one has then

  load it*/

  STATEMENT *CS;

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != 'H')

    ERROR("PHRASE: declaration expected", LINK);

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != 'R')

    ERROR("PHRASE: declaration expected", LINK);

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != 'A')

    ERROR("PHRASE: declaration expected", LINK);

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != 'S')

    ERROR("PHRASE: declaration expected", LINK);

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != 'E')

    ERROR("PHRASE: declaration expected", LINK);

  LINK->CC = GCHARWB(LINK);

  if (LINK->CC != ':')

    ERROR("PHRASE: declaration expected", LINK);

  CS = (STATEMENT *) malloc(sizeof(STATEMENT));

  P->UU.U0.NXTPHRASE = CS;

  CS->ACTION = PHRASE;

  PHRASE_STRING(CS, LINK);

  CS->UU.U0.NXTPHRASE = NULL;

  /*Get the local phrase's tempo*/

  LINK->CC = GCHAR(LINK);

  if (LINK->CC == 'T') {

    LINK->CC = GCHARWB(LINK);

    if (LINK->CC != 'E')

      ERROR("TEMPO: expected in local phrase", LINK);

    LINK->CC = GCHARWB(LINK);

    if (LINK->CC != 'M')

      ERROR("TEMPO: expected in local phrase", LINK);

    LINK->CC = GCHARWB(LINK);

    if (LINK->CC != 'P')

      ERROR("TEMPO: expected in local phrase", LINK);

    LINK->CC = GCHARWB(LINK);

    if (LINK->CC != 'O')

      ERROR("TEMPO: expected in local phrase", LINK);

    LINK->CC = GCHARWB(LINK);

    if (LINK->CC != ':')

      ERROR("TEMPO: expected in local phrase", LINK);

    LINK->CC = GCHAR(LINK);

    CS->UU.U0.TEMPO = MAKE_NUM(LINK);

  }

  /*No TEMPO: expression was found*/

  else

    CS->UU.U0.TEMPO = 0;

  /*Load the phrase's music*/

  if (LINK->CC != '|')

    ERROR("| expected at start of music within a phrase", LINK);

  GET_MUSIC(CS, LINK);

  /*Are there any more phrases declared?*/

  LINK->CC = GCHAR(LINK);

  if (LINK->CC == 'P')

    DECLARE_PHRASES(CS, LINK);

}  /*End procedure DECLARE_PHRASES*/

Static void LOAD_AND_INITIALIZE(void)

{  /*main procedure for LOAD_AND_INITIALIZE*/

  /*This procedure initializes the interpreter by loading the program

  string from an external file and setting the current symbol to the

  start of the executable music*/

  /*<song> ::= SONG: "<song name>" <tempo> <phrase declarations>

                       <begin> <music> <end>

   <tempo> ::= TEMPO: <speed> | nil

   <phrase declarations> ::= <a phrase> |

                             <phrase declarations> <a phrase> | nil

   <a phrase> ::= PHRASE: "<phrase name>" <tempo> <begin> <music> <end>

   <begin> := |

   <end> := |

   <music> ::= <song works> | <music> <song works>

   <song works> ::= <phrase insert> | <measure> | <repeat>

   <phrase insert> ::= <phrase name>

   <measure> ::= <sequence of notes> <bar>

   <sequence of notes> ::= <note> | <sequence of notes> <note>

   <note> ::= ( <pitch value> <duration value> )

   <pitch value> ::= frequency in Hertz, an integer

   <duration value> ::= time length, an integer

   comment: a rest is a note with zero pitch value*/

  struct LOC_LOAD_AND_INITIALIZE V;

  /*open the Music Program file*/

  OPEN_THE_INFILE(&V);

  /*load the Music Program*/

  printf("%s :  Loading the Music Program\n\n", name);

  V.LINENUM = 1;

  /*Test for the keyword SONG:*/

  V.CC = GCHAR(&V);

//  GCHAR(&V);

  if (V.CC != 'S')

    ERROR("Start word SONG: expected.", &V);

  else {

    V.CC = GCHARWB(&V);

    if (V.CC != 'O')

      ERROR("Start word SONG: expected.", &V);

    V.CC = GCHARWB(&V);

    if (V.CC != 'N')

      ERROR("Start word SONG: expected.", &V);

    V.CC = GCHARWB(&V);

    if (V.CC != 'G')

      ERROR("Start word SONG: expected.", &V);

    V.CC = GCHARWB(&V);

    if (V.CC != ':')

      ERROR("Start word SONG: expected.", &V);

    START = (STATEMENT *) malloc(sizeof(STATEMENT));

    START->ACTION = PHRASE;

    PHRASE_STRING(START, &V);

    /*Get the global tempo*/

    V.CC = GCHAR(&V);

    if (V.CC == 'T') {

      V.CC = GCHARWB(&V);

      if (V.CC != 'E')


ERROR("TEMPO: expected in song phrase", &V);

      V.CC = GCHARWB(&V);

      if (V.CC != 'M')


ERROR("TEMPO: expected in song phrase", &V);

      V.CC = GCHARWB(&V);

      if (V.CC != 'P')


ERROR("TEMPO: expected in song phrase", &V);

      V.CC = GCHARWB(&V);

      if (V.CC != 'O')


ERROR("TEMPO: expected in song phrase", &V);

      V.CC = GCHARWB(&V);

      if (V.CC != ':')


ERROR("TEMPO: expected in song phrase", &V);

      V.CC = GCHAR(&V);

      START->UU.U0.TEMPO = MAKE_NUM(&V);

    }

    /*No TEMPO: expression was found*/

    else

      START->UU.U0.TEMPO = 0;

    /*Are there any phrases declared?*/

    if (V.CC == 'P') {

      /*Load the declared phrases*/

      DECLARE_PHRASES(START, &V);

      /*Load the music*/

      if (V.CC != '|')


ERROR("| expected at start of song phrase music", &V);

      GET_MUSIC(START, &V);

    } else {

      if (V.CC != '|')


ERROR("| expected at start of song phrase music", &V);

      /*Load the music*/

      GET_MUSIC(START, &V);

    }

  }

  CLOSE_THE_INFILE(&V);

}  /*End procedure LOAD_AND_INITIALIZE*/

/* Local variables for PLAY_SONG: */

struct LOC_PLAY_SONG {

  double HOLD_TEMPO;

} ;

Local void MUSIC(STATEMENT *P, struct LOC_PLAY_SONG *LINK)

{

  STATEMENT *NAMEP;

  long BAR_COUNT = 1;

  long OFF_TIME, ON_TIME;

  double CUR_TEMPO, D, PERIOD;

  while (P != NULL) {

    switch (P->ACTION) {

    case PHRASE:

      NAMEP = P;

      if (P->UU.U0.TEMPO == 0)


CUR_TEMPO = LINK->HOLD_TEMPO;

      else


CUR_TEMPO = P->UU.U0.TEMPO;

      printf("%s : \n-> PHRASE: %s\n", name, P->UU.U0.PHRASE_NAME);

      printf("%s :    TEMPO: %12ld\n", name, (long)floor(CUR_TEMPO + 0.5));

//      printf("   TEMPO: %12ld\n", (long)floor(CUR_TEMPO + 0.5));

      printf("%s :    BAR: %12ld", name, BAR_COUNT);

//
  if (P->UU.U0.NXTPHRASE != NULL)

//
 
 MUSIC(P->UU.U0.NXTPHRASE, LINK);

      P = P->NXTSTMT;

      break;

    case BAR:

      BAR_COUNT++;

      printf("%s :  %12ld", name, BAR_COUNT);

      P = P->NXTSTMT;

      break;

    case NOTE:

      D = P->UU.U2.DURATION;

      PERIOD = 1000.0 * D / CUR_TEMPO;

      ON_TIME = (long)floor(DUTY * PERIOD + 0.5);

      OFF_TIME = (long)floor((1.0 - DUTY) * PERIOD + 0.5);

#ifdef DEBUG

fprintf(stdout,"MUSIC: playing NOTE %d, %d\n", P->UU.U2.PITCH, ON_TIME);

#endif

/**********modified part of MPI****************/


for(partner=0; partner<size; partner++) {



MPI_Status stat;

fprintf(stdout,"%s Processor playing MUSIC: playing NOTE %d, %d\n", name, P->UU.U2.PITCH, ON_TIME);



MPI_Sendrecv(&sendflag, sizeof(sendflag), MPI_INT, partner,1,




&recvflag, sizeof (recvflag), MPI_INT, partner, 1, MPI_COMM_WORLD, &stat);


}

/**********************************************/  


  beep(P->UU.U2.PITCH, ON_TIME);


  beep(0, OFF_TIME);

      P = P->NXTSTMT;

      break;

    case PHRASE_CALL:

      LINK->HOLD_TEMPO = CUR_TEMPO;

      MUSIC(P->UU.PHRASEPTR, LINK);

      CUR_TEMPO = LINK->HOLD_TEMPO;

      printf("%s :    BAR: %12ld", name, BAR_COUNT);

      P = P->NXTSTMT;

      break;

    }

  }

  printf("\n%s : <- PHRASE: %s\n", name, NAMEP->UU.U0.PHRASE_NAME);

}  /*End procedure MUSIC*/

Static void PLAY_SONG(void)

{  /*main procedure for PLAY_SONG*/

  /*This procedure interprets the Music Program from the memory based

  data structure created by LOAD_AND_INITIALIZE.*/

  struct LOC_PLAY_SONG V;

  printf("\n%s :  Interpreting the Song: \n", name);

  printf(" %s\n\n\n", START->UU.U0.PHRASE_NAME, name);

  /*Interpret the music*/

  MUSIC(START, &V);

}  /*End procedure PLAY_SONG*/

main(int argc, Char *argv[])

{  /*The main program of MUSIC_PROGRAM_INTERPRETER_1*/


MPI_Init(&argc, &argv); /*Initialize MPI*/


MPI_Comm_size (MPI_COMM_WORLD, &size);


MPI_Comm_rank(MPI_COMM_WORLD, &rank);


MPI_Get_processor_name(name, &namelen);


/*strcpy(inputfile, argv[1]);*/


strcpy(inputfile, "Mess");

  INFILE = NULL;

  system("clear");

  printf(

    "\n\n\n\n\n\n\n\n\n               *** Music Program Interpreter, version 1.0 ***\n\n");

  printf("                     Copyright 1990 by Mark L. Manwaring\n");

  printf("                              All rights reserved\n\n\n\n\n\n\n\n\n\n\n");

  LOAD_AND_INITIALIZE();

#ifdef DEBUG

fprintf(stdout,"LOAD_AND_INITIALIZE complete\n");

#endif

  PLAY_SONG();

  printf("\n %s : End of music interpretation.  ~  MLM\n\n", name);

  if (INFILE != NULL)

    fclose(INFILE);

  MPI_Finalize();

  exit(EXIT_SUCCESS);

}  /*End of program MUSIC_PROGRAM_INTERPRETER_1  ~ MLM*/

/* End. */
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