

    
      
          
            
  
UMAP v2.1.0

Umap is a library that provides an mmap()-like interface to a simple, user-
space page fault handler based on the userfaultfd Linux feature (starting with
4.3 linux kernel). The use case is to have an application specific buffer of
pages cached from a large file, i.e. out-of-core execution using memory map.


	Take a look at our Getting Started guide for all you need to get up and
running with umap.


	If you are looking for developer documentation on a particular function,
check out the code documentation.


	Want to contribute? Take a look at our developer and contribution guides.




Any questions? File an issue on GitHub.
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Getting Started

This page provides information on how to quickly get up and running with umap.


Dependencies

At a minimum, cmake 3.5.1 or greater is required for building umap.

To enable the network-based datastore, the following external libraries are required.



	The Mercury RPC library (https://github.com/mercury-hpc/mercury.git)


	The Argobots threading framework (The https://github.com/pmodels/argobots.git)


	The Margo wrapper library (https://xgitlab.cels.anl.gov/sds/margo.git)







You can either install each of the above libraries manually, or run setup.sh to setup automatically.
Define UMAP_DEP_ROOT if you want to install the libraries in a custom path:

$ export UMAP_DEP_ROOT=<Place to install the Margo libraries>
$ ./setup.sh






UMAP Build and Installation

Clone from the UMap git repository and set MARGO_ROOT to where you installed the dependency libraries:

$ git clone https://github.com/LLNL/umap.git
$ git checkout remote_region
$ mkdir build && cd build
$ cmake3 -DCMAKE_INSTALL_PREFIX="<Place to install umap>" -DMARGO_ROOT="$UMAP_DEP_ROOT" ..
$ make
$ make install





By default, umap will build a Release type build and will use the system
defined directories for installation.  To specify different build types or
specify alternate installation paths, see the Advanced Configuration.

Umap install files to the lib, include and bin directories of the
CMAKE_INSTALL_PREFIX.




Basic Usage

The interface to umap mirrors that of mmap(2) as shown:

  void* base_addr = umap(NULL, totalbytes, PROT_READ|PROT_WRITE, UMAP_PRIVATE, fd, 0);
  if ( base_addr == UMAP_FAILED ) {
    int eno = errno;
    std::cerr << "Failed to umap " << fname << ": " << strerror(eno) << std::endl;
    return;
  }





The following code is a simple example of how one may use umap:

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

/*
 * It is a simple example showing how an application may map to a a file,
 * Initialize the file with data, sort the data, then verify that sort worked
 * correctly.
 */
#include <iostream>
#include <parallel/algorithm>
#include <fcntl.h>
#include <omp.h>
#include <cstdio>
#include <cstring>
#include <vector>
#include "errno.h"
#include "umap/umap.h"

void
initialize_and_sort_file( const char* fname, uint64_t arraysize, uint64_t totalbytes, uint64_t psize )
{
  if ( unlink(fname) ) {
    int eno = errno;
    if ( eno != ENOENT ) {
      std::cerr << "Failed to unlink " << fname << ": " 
        << strerror(eno) << " Errno=" << eno << std::endl;
    }
  }

  int fd = open(fname, O_RDWR | O_LARGEFILE | O_DIRECT | O_CREAT, S_IRUSR | S_IWUSR);
  if ( fd == -1 ) {
    int eno = errno;
    std::cerr << "Failed to create " << fname << ": " << strerror(eno) << std::endl;
    return;
  }

  // If we are initializing, attempt to pre-allocate disk space for the file.
  try {
    int x;
    if ( ( x = posix_fallocate(fd, 0, totalbytes) != 0 ) ) {
      int eno = errno;
      std::cerr << "Failed to pre-allocate " << fname << ": " << strerror(eno) << std::endl;
      return;
    }
  } catch(const std::exception& e) {
    std::cerr << "posix_fallocate: " << e.what() << std::endl;
    return;
  } catch(...) {
    int eno = errno;
    std::cerr << "Failed to pre-allocate " << fname << ": " << strerror(eno) << std::endl;
    return;
  }

  void* base_addr = umap(NULL, totalbytes, PROT_READ|PROT_WRITE, UMAP_PRIVATE, fd, 0);
  if ( base_addr == UMAP_FAILED ) {
    int eno = errno;
    std::cerr << "Failed to umap " << fname << ": " << strerror(eno) << std::endl;
    return;
  }

  std::vector<umap_prefetch_item> pfi;
  char* base = (char*)base_addr;
  uint64_t PagesInTest = totalbytes / psize;

  std::cout << "Prefetching Pages\n";
  for ( int i{0}; i < PagesInTest; ++i) {
    umap_prefetch_item x = { .page_base_addr = &base[i * psize] };
    pfi.push_back(x);
  };
  umap_prefetch(PagesInTest, &pfi[0]);

  uint64_t *arr = (uint64_t *) base_addr;

  std::cout << "Initializing Array\n";

#pragma omp parallel for
  for(uint64_t i=0; i < arraysize; ++i)
    arr[i] = (uint64_t) (arraysize - i);

  std::cout << "Sorting Data\n";
  __gnu_parallel::sort(arr, &arr[arraysize], std::less<uint64_t>(), __gnu_parallel::quicksort_tag());


  if (uunmap(base_addr, totalbytes) < 0) {
    int eno = errno;
    std::cerr << "Failed to uumap " << fname << ": " << strerror(eno) << std::endl;
    return;
  }
  close(fd);
}

void
verify_sortfile( const char* fname, uint64_t arraysize, uint64_t totalbytes )
{
  int fd = open(fname, O_RDWR | O_LARGEFILE | O_DIRECT, S_IRUSR | S_IWUSR);
  if ( fd == -1 ) {
    std::cerr << "Failed to create " << fname << std::endl;
    return;
  }

  void* base_addr = umap(NULL, totalbytes, PROT_READ|PROT_WRITE, UMAP_PRIVATE, fd, 0);
  if ( base_addr == UMAP_FAILED ) {
    std::cerr << "umap failed\n";
    return;
  }
  uint64_t *arr = (uint64_t *) base_addr;

  std::cout << "Verifying Data\n";

#pragma omp parallel for
  for(uint64_t i = 0; i < arraysize; ++i)
    if (arr[i] != (i+1)) {
      std::cerr << "Data miscompare\n";
      i = arraysize;
    }
  
  if (uunmap(base_addr, totalbytes) < 0) {
    std::cerr << "uunamp failed\n";
    return;
  }
  std::cout << "Data is verified. uunmap done.\n"; 

  close(fd);
}

int
main(int argc, char **argv)
{
  const char* filename = argv[1];

  // Optional: Make umap's pages size double the default system page size
  //
  // Use UMAP_PAGESIZE environment variable to set page size for umap
  //
  uint64_t psize = umapcfg_get_umap_page_size();

  const uint64_t pagesInTest = 64;
  const uint64_t elemPerPage = psize / sizeof(uint64_t);

  const uint64_t arraySize = elemPerPage * pagesInTest;
  const uint64_t totalBytes = arraySize * sizeof(uint64_t);

  // Optional: Set umap's buffer to half the number of pages we need so that
  //           we may simulate an out-of-core experience
  //
  // Use UMAP_BUFSIZE environment variable to set number of pages in buffer
  //
  initialize_and_sort_file(filename, arraySize, totalBytes, psize);
  verify_sortfile(filename, arraySize, totalBytes);
  return 0;
}








Network-based Usage

The following code demonstrates how to create a network-based datastore on a server process:

Umap::Store* datastore  = new Umap::StoreNetworkServer("a", server_mem_addr, umap_region_length);





The following code demonstrates how to umap a network-based datastore on a client process:

void* base_addr   = umap_network("a", NULL, umap_region_length);
if ( base_addr == UMAP_FAILED ) {
  int eno = errno;
  std::cerr << "Failed to umap network" << ": " << strerror(eno) << std::endl;
  return 0;
}





To run the application on a cluster, first start the server processes.

srun --ntasks-per-node=$numServerProcPerNode -N $numServerNodes ${EXE}_server &





Then start the client processes after the server has published its connection information in serverfile.

srun --ntasks-per-node=$numClientProcPerNode -N $numClientNodes ${EXE}_client





Tests of the network based handler can be find in <root>/tests/remote_xx folders









            

          

      

      

    

  

    
      
          
            
  
Advanced Configuration

Listed below are the umap-specific options which may be used when configuring
your build directory with cmake.  Some CMake-specific options have also been
added to show how to make additional changes to the build configuration.

cmake -DENABLE_LOGGING=Off





Here is a summary of the configuration options, their default value, and meaning:





These arguments are explained in more detail below:


	ENABLE_LOGGING
This option enables usage of Logging services for umap.  When this support is
enabled, you may cause umap library to emit log files by setting the UMAP_LOG_LEVEL
environment variable to “INFO” (for information-only logs), “WARNING” (for warning info
logs), “ERROR” for (for errors only logs), and “DEBUG” for all debug messages to be emitted to a log file.


	ENABLE_DISPLAY_STATS
When this option is turned on, the umap library will display its runtime
statistics before unmap() completes.


	ENABLE_TESTS
This option enables the compilation of the programs under the tests directory
of the umap source code.


	ENABLE_TESTS_LINK_STATIC_UMAP
This option enables the compilation of the programs under the tests directory
of the umap source code against static umap library.








            

          

      

      

    

  

    
      
          
            
  
Runtime Environment Variables

The interface to the umap runtime library configuration is controlled by
the following environment variables.

UMAP_PAGESIZE=$((2*4096)) your_program_that_uses_umap





The following environment varialbles may be set:


	UMAP_PAGE_FILLERS
This is the number of worker threads that will perform read operations from
the backing store (including read-ahead) for a specific umap region.

Default: std::thread::hardware_concurrency()



	UMAP_PAGE_EVICTORS
This is the number of worker threads that will perform evictions of pages.
Eviction includes writing to the backing store if the page is dirty and
telling the operating system that the page is no longer needed.

Default: std::thread::hardware_concurrency()



	UMAP_EVICT_HIGH_WATER_THRESHOLD
This is an integer percentage of present pages in the Umap Buffer that
informs the Eviction workers that it is time to start evicting pages.

Default: 90



	UMAP_EVICT_LOW_WATER_THRESHOLD
This is an integer percentage of present pages in the Umap Buffer that
informs the Eviction workers when to stop evicting.

Default: 70



	UMAP_PAGESIZE
This is the size of the umap pages.  This must be a multiple of the system
page size.

Default: System Page Size



	UMAP_BUFSIZE
This is the total number of umap pages that may be present within the Umap
Buffer.

Default: (90% of free memory)



	UMAP_READ_AHEAD
This is the number of umap pages that Umap will read-ahead on whenever the
Buffer is less than the UMAP_EVICT_LOW_WATER_THRESHOLD amount.

Default: 0









            

          

      

      

    

  

    
      
          
            
  
Sparse Multi-files Backing Store Interface

UMap provides an extensible design that supports multiple types of backing stores (e.g., local SSDs, network-interconnected SSDs, and HDDs).

An application that uses UMap can extend the abstract “Store” class to implement its specific backing store interface.

The default store object used by UMap is “StoreFile”, which reads and writes to a single regular Linux file.

UMap also provides a sparse multi-files store object called “SparseStore”, which creates multiple backing files dynamically and only when needed.

Below is an example of using UMap with a SparseStore object.

 #include <umap/umap.h>
 #include <umap/store/SparseStore.h>
 #include <string>
 #include <iostream>

 void use_sparse_store(
   std::string root_path,
   uint64_t numbytes,
   void* start_addr,
   size_t page_size,
   size_t file_size){

  void * region = NULL;

  // Instantiating a SparseStore objct, the "file_size" parameter specifies the granularity of each file.
  // An application that desires to create N files can calculate the file size using totalbytes / num_files
  // Note that the file size is rounded to be a multiple of the page size,
  // which results in a number of files that close but not exactly equal to N
  Umap::SparseStore* sparse_store;
  sparse_store = new Umap::SparseStore(numbytes,page_size,root_path,file_size);

  // Check status to make sure that the store object was able to open the directory
  if (store->get_directory_creation_status() != 0){
    std::cerr << "Error: Failed to create directory at " << root_path << std::endl;
    return NULL;
  }

  // set umap flags
  int flags = UMAP_PRIVATE;

  if (start_addr != nullptr)
   flags |= MAP_FIXED;

  const int prot = PROT_READ|PROT_WRITE;

  /* Map region using UMap, Here, the file descriptor passed to umap is -1, as we do not start with mapping a file
     instead, file(s) will be created incrementally as needed using the "sparse_store" object. */

  region = umap_ex(start_addr, numbytes, prot, flags, -1, 0, sparse_store);
  if ( region == UMAP_FAILED ) {
    std::ostringstream ss;
    ss << "umap_mf of " << numbytes
       << " bytes failed for " << root_path << ": ";
    perror(ss.str().c_str());
    exit(-1);
  }

  /*
   * some code that uses mapped region goes here.
   */

 // Unmap region
 if (uunmap(region, numbytes) < 0) {
   std::ostringstream ss;
   ss << "uunmap of failure: ";
   perror(ss.str().c_str());
   exit(-1);
 }
 // NOTE: the method "close_files" from SparseStore MUST be called explicitely before deleting the object
 int sparse_store_close_files = store->close_files();
 if (sparse_store_close_files != 0 ){
   std::cerr << "Error closing SparseStore files" << std::endl;
   delete store;
   exit(-1);
 }
 delete store;
}









            

          

      

      

    

  

    
      
          
            
  
Contribution Guide

This document is intented for developers who want to add new features or
bugfixes to umap. It assumes you have some familiarity with git and GitHub.
It will discuss what a good pull request (PR) looks like, and the tests that
your PR must pass before it can be merged into umap.


Forking umap

If you aren’t an umap deveolper at LLNL, then you won’t have permission to
push new branches to the repository. First, you should create a fork [https://github.com/LLNL/umap/fork]. This will create a copy of the umap
repository that you own, and will ensure you can push your changes up to GitHub
and create pull requests.


Developing a New Feature

New features should be based on the develop branch. When you want to create
a new feature, first ensure you have an up-to-date copy of the develop
branch:

$ git checkout develop
$ git pull origin develop





You can now create a new branch to develop your feature on:

$ git checkout -b feature/<name-of-feature>





Proceed to develop your feature on this branch, and add tests that will exercise
your new code. If you are creating new methods or classes, please add Doxygen
documentation.

Once your feature is complete and your tests are passing, you can push your
branch to GitHub and create a PR.




Developing a Bug Fix

First, check if the change you want to make has been fixed in develop. If
so, we suggest you either start using the develop branch, or temporarily
apply the fix to whichever version of umap you are using.

If the bug is still unfixed, first make sure you have an up-to-date copy
of the develop branch:

$ git checkout develop
$ git pull origin develop





Then create a new branch for your bugfix:

$ git checkout -b bugfix/<name-of-bug>





First, add a test that reproduces the bug you have found. Then develop your
bugfix as normal, and ensure to make test to check your changes actually
fix the bug.

Once you are finished, you can push your branch to GitHub, then create a PR.




Creating a Pull Request

You can create a new PR here [https://github.com/LLNL/umap/compare].
Ensure that your PR base is the develop branch of umap.

Add a descriptive title explaining the bug you fixed or the feature you have
added, and put a longer description of the changes you have made in the comment
box.

Once your PR has been created, it will be run through our automated tests and
also be reviewed by umap team members. Providing the branch passes both the
tests and reviews, it will be merged into umap.




Tests

Umap uses Bamboo for continuous integration tests. Our tests are automatically
run against every new pull request, and passing all tests is a requirement for
merging your PR. If you are developing a bugfix or a new feature, please add a
test that checks the correctness of your new code.

Umap’s tests are all in the tests directory.
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class Umap::Exception : public std::exception
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Exception(const std::string &msg, const std::string &file, int line)
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class Umap::Logger
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void setLoggingMsgLevel(message::Level level) noexcept
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Public Functions
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int get_evict_high_water_threshold(void)


	




	
uint64_t get_max_fault_events(void)


	




	
Buffer *get_buffer_h()


	




	
Uffd *get_uffd_h()


	




	
FillWorkers *get_fill_workers_h()


	




	
EvictManager *get_evict_manager()


	




	
RegionDescriptor *containing_region(char *vaddr)


	




	
uint64_t get_num_active_regions(void)


	






Public Static Functions


	
RegionManager &getInstance(void)


	















            

          

      

      

    

  

    
      
          
            
  
Class SparseStore


	Defined in File SparseStore.h





Nested Relationships


Nested Types


	Struct SparseStore::file_descriptor









Inheritance Relationships


Base Type


	public Umap::Store (Class Store)









Class Documentation


	
class Umap::SparseStore : public Umap::Store


	
Public Functions


	
SparseStore(size_t _rsize_, size_t _aligned_size_, std::string _root_path_, size_t _file_Size_)


	




	
~SparseStore()


	




	
ssize_t read_from_store(char *buf, size_t nb, off_t off)


	




	
ssize_t write_to_store(char *buf, size_t nb, off_t off)


	




	
int get_directory_creation_status()


	




	
int close_files()


	




	
std::size_t get_size()


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	















            

          

      

      

    

  

    
      
          
            
  
Class Store


	Defined in File Store.hpp





Inheritance Relationships


Derived Types


	public Umap::SparseStore (Class SparseStore)


	public Umap::StoreFile (Class StoreFile)


	public Umap::StoreNetwork (Class StoreNetwork)









Class Documentation


	
class Umap::Store


	Subclassed by Umap::SparseStore, Umap::StoreFile, Umap::StoreNetwork


Public Functions


	
std::size_t get_size()


	




	
~Store()


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	















            

          

      

      

    

  

    
      
          
            
  
Class StoreFile


	Defined in File StoreFile.h





Inheritance Relationships


Base Type


	public Umap::Store (Class Store)









Class Documentation


	
class Umap::StoreFile : public Umap::Store


	
Public Functions


	
StoreFile(void *_region_, size_t _rsize_, size_t _alignsize_, int _fd_)


	




	
ssize_t read_from_store(char *buf, size_t nb, off_t off)


	




	
ssize_t write_to_store(char *buf, size_t nb, off_t off)


	




	
std::size_t get_size()


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	















            

          

      

      

    

  

    
      
          
            
  
Class StoreNetwork


	Defined in File StoreNetwork.h





Inheritance Relationships


Base Type


	public Umap::Store (Class Store)







Derived Types


	public Umap::StoreNetworkClient (Class StoreNetworkClient)


	public Umap::StoreNetworkServer (Class StoreNetworkServer)









Class Documentation


	
class Umap::StoreNetwork : public Umap::Store


	Subclassed by Umap::StoreNetworkClient, Umap::StoreNetworkServer


Public Functions


	
StoreNetwork(const char *_id, std::size_t _rsize_, bool _is_server = false)


	




	
~StoreNetwork()


	




	
std::size_t get_size()


	




	
ssize_t read_from_store(char *buf, size_t nb, off_t off)


	




	
ssize_t write_to_store(char *buf, size_t nb, off_t off)


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	






Protected Attributes


	
const char *id


	




	
size_t rsize


	




	
bool is_on_server


	




	
size_t num_clients


	















            

          

      

      

    

  

    
      
          
            
  
Class StoreNetworkClient


	Defined in File StoreNetwork.h





Inheritance Relationships


Base Type


	public Umap::StoreNetwork (Class StoreNetwork)









Class Documentation


	
class Umap::StoreNetworkClient : public Umap::StoreNetwork


	
Public Functions


	
StoreNetworkClient(const char *id, std::size_t _rsize_)


	




	
~StoreNetworkClient()


	




	
std::size_t get_size()


	




	
ssize_t read_from_store(char *buf, size_t nb, off_t off)


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, size_t nb, off_t off)


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	






Protected Attributes


	
const char *id


	




	
size_t rsize


	




	
bool is_on_server


	




	
size_t num_clients


	















            

          

      

      

    

  

    
      
          
            
  
Class StoreNetworkServer


	Defined in File StoreNetwork.h





Inheritance Relationships


Base Type


	public Umap::StoreNetwork (Class StoreNetwork)









Class Documentation


	
class Umap::StoreNetworkServer : public Umap::StoreNetwork


	
Public Functions


	
StoreNetworkServer(const char *_id, void *_ptr, std::size_t _rsize_, std::size_t _num_clients = 0)


	




	
~StoreNetworkServer()


	




	
std::size_t get_size()


	




	
ssize_t read_from_store(char *buf, size_t nb, off_t off)


	




	
ssize_t read_from_store(char *buf, std::size_t nb, off_t off) = 0


	




	
ssize_t write_to_store(char *buf, size_t nb, off_t off)


	




	
ssize_t write_to_store(char *buf, std::size_t nb, off_t off) = 0


	






Public Static Functions


	
Store *make_store(void *_region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_)


	






Protected Attributes


	
const char *id


	




	
size_t rsize


	




	
bool is_on_server


	




	
size_t num_clients


	















            

          

      

      

    

  

    
      
          
            
  
Class Uffd


	Defined in File Uffd.hpp





Inheritance Relationships


Base Type


	public Umap::WorkerPool (Class WorkerPool)









Class Documentation


	
class Umap::Uffd : public Umap::WorkerPool


	
Public Functions


	
Uffd(void)


	




	
~Uffd(void)


	




	
void process_page(bool iswrite, char *addr)


	




	
void register_region(RegionDescriptor *region)


	




	
void unregister_region(RegionDescriptor *region)


	




	
void enable_write_protect(void*)


	




	
void disable_write_protect(void*)


	




	
void copy_in_page(char *data, void *page_address)


	




	
void copy_in_page_and_write_protect(char *data, void *page_address)


	




	
void send_work(const WorkItem &work)


	




	
WorkItem get_work()


	




	
bool wq_is_empty(void)


	




	
void start_thread_pool()


	




	
void stop_thread_pool()


	




	
void wait_for_idle(void)


	















            

          

      

      

    

  

    
      
          
            
  
Template Class WorkQueue


	Defined in File WorkQueue.hpp





Class Documentation


	
template<typename T>
class Umap::WorkQueue


	
Public Functions


	
WorkQueue(int max_workers)


	




	
~WorkQueue()


	




	
void enqueue(T item)


	




	
T dequeue()


	




	
void wait_for_idle(void)


	




	
bool is_empty()


	















            

          

      

      

    

  

    
      
          
            
  
Class WorkerPool


	Defined in File WorkerPool.hpp





Inheritance Relationships


Derived Types


	public Umap::EvictManager (Class EvictManager)


	public Umap::EvictWorkers (Class EvictWorkers)


	public Umap::FillWorkers (Class FillWorkers)


	public Umap::Uffd (Class Uffd)









Class Documentation


	
class Umap::WorkerPool


	Subclassed by Umap::EvictManager, Umap::EvictWorkers, Umap::FillWorkers, Umap::Uffd


Public Functions


	
WorkerPool(const std::string &pool_name, uint64_t num_threads)


	




	
~WorkerPool()


	




	
void send_work(const WorkItem &work)


	




	
WorkItem get_work()


	




	
bool wq_is_empty(void)


	




	
void start_thread_pool()


	




	
void stop_thread_pool()


	




	
void wait_for_idle(void)


	






Protected Functions


	
void ThreadEntry() = 0


	















            

          

      

      

    

  

    
      
          
            
  
Class Hierarchy


  	
    
      	Namespace Umap	Namespace Umap::message	Enum Level


	Struct BufferStats
	Struct less_than_key
	Struct PageDescriptor
	Struct Version
	Struct WorkItem
	Class Buffer
	Class EvictManager
	Class EvictWorkers
	Class Exception
	Class FillWorkers
	Class Logger
	Class PageEvent
	Class RegionDescriptor
	Class RegionManager
	Class SparseStore	Struct SparseStore::file_descriptor


	Class Store
	Class StoreFile
	Class StoreNetwork
	Class StoreNetworkClient
	Class StoreNetworkServer
	Class Uffd
	Class WorkerPool
	Template Class WorkQueue


	Struct local_resource
	Struct remote_resource
	Struct server_metadata
	Struct umap_prefetch_item

    

  






            

          

      

      

    

  

    
      
          
            
  
Define UMAP_ERROR


	Defined in File Macros.hpp





Define Documentation


	
UMAP_ERROR(msg)


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_UNUSED_ARG


	Defined in File Macros.hpp





Define Documentation


	
UMAP_UNUSED_ARG(x)


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_ASSERT


	Defined in File Macros.hpp





Define Documentation


	
UMAP_ASSERT(condition)


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_USE_VAR


	Defined in File Macros.hpp





Define Documentation


	
UMAP_USE_VAR(x)


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_LOG


	Defined in File Macros.hpp





Define Documentation


	
UMAP_LOG(lvl, msg)


	









            

          

      

      

    

  

    
      
          
            
  
Define _GNU_SOURCE


	Defined in File SparseStore.cpp





Define Documentation


Warning

doxygendefine: Cannot find define “_GNU_SOURCE” in doxygen xml output for project “umap” from directory: ../doxygen/xml/









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_RO_MODE


	Defined in File Uffd.hpp





Define Documentation


	
UMAP_RO_MODE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_READ_DONE


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_READ_DONE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_REQ_WRONG_SIZE


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_REQ_WRONG_SIZE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_REQ_SIZE


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_REQ_SIZE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_WRITE_DONE


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_WRITE_DONE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_REQ_UNAVAIL


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_REQ_UNAVAIL


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_GENERAL_ERROR


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_GENERAL_ERROR


	









            

          

      

      

    

  

    
      
          
            
  
Define LOCAL_RPC_ADDR_FILE


	Defined in File rpc_util.hpp





Define Documentation


	
LOCAL_RPC_ADDR_FILE


	









            

          

      

      

    

  

    
      
          
            
  
Define RPC_RESPONSE_RELEASE


	Defined in File rpc_util.hpp





Define Documentation


	
RPC_RESPONSE_RELEASE


	









            

          

      

      

    

  

    
      
          
            
  
Define MAX_ADDR_LENGTH


	Defined in File rpc_util.hpp





Define Documentation


	
MAX_ADDR_LENGTH


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_FIXED


	Defined in File umap.h





Define Documentation


	
UMAP_FIXED


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_FAILED


	Defined in File umap.h





Define Documentation


	
UMAP_FAILED


	









            

          

      

      

    

  

    
      
          
            
  
Define UMAP_PRIVATE


	Defined in File umap.h





Define Documentation


	
UMAP_PRIVATE


	









            

          

      

      

    

  

    
      
          
            
  
Directory umap

Directory path: umap


Subdirectories


	Directory store


	Directory util







Files


	File Buffer.cpp


	File Buffer.hpp


	File EvictManager.cpp


	File EvictManager.hpp


	File EvictWorkers.cpp


	File EvictWorkers.hpp


	File FillWorkers.cpp


	File FillWorkers.hpp


	File PageDescriptor.cpp


	File PageDescriptor.hpp


	File RegionDescriptor.hpp


	File RegionManager.cpp


	File RegionManager.hpp


	File Uffd.cpp


	File Uffd.hpp


	File umap.cpp


	File umap.h


	File WorkerPool.hpp


	File WorkQueue.hpp










            

          

      

      

    

  

    
      
          
            
  
Directory store

↰ Parent directory (umap)

Directory path: umap/store


Subdirectories


	Directory rpc







Files


	File SparseStore.cpp


	File SparseStore.h


	File Store.cpp


	File Store.hpp


	File StoreFile.cpp


	File StoreFile.h


	File StoreNetwork.cpp


	File StoreNetwork.h










            

          

      

      

    

  

    
      
          
            
  
Directory rpc

↰ Parent directory (umap/store)

Directory path: umap/store/rpc


Files


	File rpc_client.cpp


	File rpc_client.hpp


	File rpc_server.cpp


	File rpc_server.hpp


	File rpc_util.hpp










            

          

      

      

    

  

    
      
          
            
  
Directory util

↰ Parent directory (umap)

Directory path: umap/util


Files


	File Exception.cpp


	File Exception.hpp


	File Logger.cpp


	File Logger.hpp


	File Macros.hpp










            

          

      

      

    

  

    
      
          
            
  
Enum Level


	Defined in File Logger.hpp





Enum Documentation


	
enum Umap::message::Level


	Values:


	
enumerator Error


	




	
enumerator Warning


	




	
enumerator Info


	




	
enumerator Debug


	




	
enumerator Num_Levels


	













            

          

      

      

    

  

    
      
          
            
  
File Buffer.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/Buffer.cpp)


	Includes


	Namespaces


	Functions







Definition (umap/Buffer.cpp)



	Program Listing for File Buffer.cpp








Includes


	pthread.h


	umap/Buffer.hpp (File Buffer.hpp)


	umap/FillWorkers.hpp (File FillWorkers.hpp)


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/config.h


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap







Functions


	Function Umap::operator<<(std::ostream&, const Umap::Buffer *)


	Function Umap::operator<<(std::ostream&, const Umap::BufferStats&)










            

          

      

      

    

  

    
      
          
            
  
File Buffer.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/Buffer.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/Buffer.hpp)



	Program Listing for File Buffer.hpp








Includes


	deque


	pthread.h


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	unordered_map


	vector







Included By


	File Buffer.cpp


	File EvictManager.cpp


	File EvictManager.hpp


	File EvictWorkers.cpp


	File EvictWorkers.hpp


	File FillWorkers.cpp


	File FillWorkers.hpp


	File RegionManager.cpp


	File RegionManager.hpp







Namespaces


	Namespace Umap







Classes


	Struct BufferStats


	Class Buffer










            

          

      

      

    

  

    
      
          
            
  
File EvictManager.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/EvictManager.cpp)


	Includes


	Namespaces







Definition (umap/EvictManager.cpp)



	Program Listing for File EvictManager.cpp








Includes


	umap/Buffer.hpp (File Buffer.hpp)


	umap/EvictManager.hpp (File EvictManager.hpp)


	umap/EvictWorkers.hpp (File EvictWorkers.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File EvictManager.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/EvictManager.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/EvictManager.hpp)



	Program Listing for File EvictManager.hpp








Includes


	umap/Buffer.hpp (File Buffer.hpp)


	umap/EvictWorkers.hpp (File EvictWorkers.hpp)


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)







Included By


	File EvictManager.cpp


	File RegionManager.cpp


	File RegionManager.hpp







Namespaces


	Namespace Umap







Classes


	Class EvictManager










            

          

      

      

    

  

    
      
          
            
  
File EvictWorkers.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/EvictWorkers.cpp)


	Includes


	Namespaces







Definition (umap/EvictWorkers.cpp)



	Program Listing for File EvictWorkers.cpp








Includes


	errno.h


	string.h


	sys/mman.h


	umap/Buffer.hpp (File Buffer.hpp)


	umap/EvictWorkers.hpp (File EvictWorkers.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File EvictWorkers.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/EvictWorkers.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/EvictWorkers.hpp)



	Program Listing for File EvictWorkers.hpp








Includes


	umap/Buffer.hpp (File Buffer.hpp)


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/config.h







Included By


	File EvictManager.cpp


	File EvictManager.hpp


	File EvictWorkers.cpp







Namespaces


	Namespace Umap







Classes


	Class EvictWorkers










            

          

      

      

    

  

    
      
          
            
  
File FillWorkers.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/FillWorkers.cpp)


	Includes


	Namespaces







Definition (umap/FillWorkers.cpp)



	Program Listing for File FillWorkers.cpp








Includes


	cstdint


	errno.h


	string.h


	umap/Buffer.hpp (File Buffer.hpp)


	umap/FillWorkers.hpp (File FillWorkers.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/config.h


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File FillWorkers.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/FillWorkers.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/FillWorkers.hpp)



	Program Listing for File FillWorkers.hpp








Includes


	umap/Buffer.hpp (File Buffer.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)







Included By


	File Buffer.cpp


	File FillWorkers.cpp


	File RegionManager.cpp


	File RegionManager.hpp







Namespaces


	Namespace Umap







Classes


	Class FillWorkers










            

          

      

      

    

  

    
      
          
            
  
File PageDescriptor.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/PageDescriptor.cpp)


	Includes


	Namespaces


	Functions







Definition (umap/PageDescriptor.cpp)



	Program Listing for File PageDescriptor.cpp








Includes


	iostream


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap







Functions


	Function Umap::operator<<(std::ostream&, const Umap::PageDescriptor::State)


	Function Umap::operator<<(std::ostream&, const Umap::PageDescriptor *)










            

          

      

      

    

  

    
      
          
            
  
File PageDescriptor.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/PageDescriptor.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/PageDescriptor.hpp)



	Program Listing for File PageDescriptor.hpp








Includes


	iostream


	string







Included By


	File Buffer.cpp


	File Buffer.hpp


	File EvictManager.hpp


	File EvictWorkers.hpp


	File PageDescriptor.cpp


	File RegionDescriptor.hpp


	File WorkerPool.hpp







Namespaces


	Namespace Umap







Classes


	Struct PageDescriptor










            

          

      

      

    

  

    
      
          
            
  
File RegionDescriptor.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/RegionDescriptor.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/RegionDescriptor.hpp)



	Program Listing for File RegionDescriptor.hpp








Includes


	cassert


	cstdint


	pthread.h


	string.h


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unordered_set







Included By


	File Buffer.hpp


	File EvictManager.hpp


	File PageDescriptor.cpp


	File RegionManager.cpp


	File RegionManager.hpp


	File Uffd.cpp


	File Uffd.hpp







Namespaces


	Namespace Umap







Classes


	Class RegionDescriptor










            

          

      

      

    

  

    
      
          
            
  
File RegionManager.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/RegionManager.cpp)


	Includes


	Namespaces







Definition (umap/RegionManager.cpp)



	Program Listing for File RegionManager.cpp








Includes


	cstdint


	fstream


	mutex


	sstream


	stdlib.h


	string


	thread


	umap/Buffer.hpp (File Buffer.hpp)


	umap/EvictManager.hpp (File EvictManager.hpp)


	umap/FillWorkers.hpp (File FillWorkers.hpp)


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/config.h


	umap/store/Store.hpp (File Store.hpp)


	umap/store/StoreNetwork.h (File StoreNetwork.h)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h


	unordered_map







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File RegionManager.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/RegionManager.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/RegionManager.hpp)



	Program Listing for File RegionManager.hpp








Includes


	cstdint


	map (File Buffer.cpp)


	mutex


	umap/Buffer.hpp (File Buffer.hpp)


	umap/EvictManager.hpp (File EvictManager.hpp)


	umap/FillWorkers.hpp (File FillWorkers.hpp)


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/store/Store.hpp (File Store.hpp)


	umap/umap.h (File umap.h)







Included By


	File Buffer.cpp


	File EvictManager.cpp


	File EvictWorkers.cpp


	File FillWorkers.cpp


	File RegionManager.cpp


	File Uffd.cpp


	File Uffd.hpp


	File umap.cpp







Namespaces


	Namespace Umap







Classes


	Struct Version


	Class RegionManager










            

          

      

      

    

  

    
      
          
            
  
File Uffd.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/Uffd.cpp)


	Includes


	Namespaces


	Classes







Definition (umap/Uffd.cpp)



	Program Listing for File Uffd.cpp








Includes


	algorithm


	cassert


	cstdint


	errno.h


	fcntl.h


	iomanip


	iostream


	linux/userfaultfd.h


	poll.h


	string.h


	sys/ioctl.h


	sys/syscall.h


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/Uffd.hpp (File Uffd.hpp)


	umap/config.h


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h


	vector







Namespaces


	Namespace Umap







Classes


	Struct less_than_key










            

          

      

      

    

  

    
      
          
            
  
File Uffd.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/Uffd.hpp)


	Includes


	Included By


	Namespaces


	Classes


	Defines







Definition (umap/Uffd.hpp)



	Program Listing for File Uffd.hpp








Includes


	algorithm


	cassert


	cstdint


	errno.h


	fcntl.h


	iomanip


	iostream


	linux/userfaultfd.h


	poll.h


	string.h


	sys/ioctl.h


	sys/syscall.h


	umap/RegionDescriptor.hpp (File RegionDescriptor.hpp)


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/WorkerPool.hpp (File WorkerPool.hpp)


	umap/config.h


	unistd.h


	vector







Included By


	File EvictManager.cpp


	File EvictWorkers.cpp


	File EvictWorkers.hpp


	File FillWorkers.cpp


	File FillWorkers.hpp


	File RegionManager.hpp


	File Uffd.cpp


	File WorkQueue.hpp







Namespaces


	Namespace Umap







Classes


	Class PageEvent


	Class Uffd







Defines


	Define UMAP_RO_MODE










            

          

      

      

    

  

    
      
          
            
  
File WorkQueue.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/WorkQueue.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/WorkQueue.hpp)



	Program Listing for File WorkQueue.hpp








Includes


	cstdint


	list


	pthread.h


	umap/Uffd.hpp (File Uffd.hpp)


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h







Included By


	File WorkerPool.hpp







Namespaces


	Namespace Umap







Classes


	Template Class WorkQueue










            

          

      

      

    

  

    
      
          
            
  
File WorkerPool.hpp

↰ Parent directory (umap)


Contents


	Definition (umap/WorkerPool.hpp)


	Includes


	Included By


	Namespaces


	Classes


	Functions







Definition (umap/WorkerPool.hpp)



	Program Listing for File WorkerPool.hpp








Includes


	cstdint


	pthread.h


	string


	umap/PageDescriptor.hpp (File PageDescriptor.hpp)


	umap/WorkQueue.hpp (File WorkQueue.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	vector







Included By


	File Buffer.cpp


	File EvictManager.cpp


	File EvictManager.hpp


	File EvictWorkers.cpp


	File EvictWorkers.hpp


	File FillWorkers.cpp


	File FillWorkers.hpp


	File Uffd.hpp







Namespaces


	Namespace Umap







Classes


	Struct WorkItem


	Class WorkerPool







Functions


	Function Umap::operator<<(std::ostream&, const Umap::WorkItem&)










            

          

      

      

    

  

    
      
          
            
  
File SparseStore.cpp

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/SparseStore.cpp)


	Includes


	Namespaces


	Defines







Definition (umap/store/SparseStore.cpp)



	Program Listing for File SparseStore.cpp








Includes


	atomic


	dirent.h


	fcntl.h


	fstream


	iostream


	math.h


	sstream


	string.h


	sys/stat.h


	sys/types.h


	umap/store/SparseStore.h (File SparseStore.h)


	umap/umap.h (File umap.h)


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap







Defines


	Define _GNU_SOURCE










            

          

      

      

    

  

    
      
          
            
  
File SparseStore.h

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/SparseStore.h)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/store/SparseStore.h)



	Program Listing for File SparseStore.h








Includes


	cstdint


	umap/store/Store.hpp (File Store.hpp)


	umap/umap.h (File umap.h)







Included By


	File SparseStore.cpp







Namespaces


	Namespace Umap







Classes


	Struct SparseStore::file_descriptor


	Class SparseStore










            

          

      

      

    

  

    
      
          
            
  
File Store.cpp

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/Store.cpp)


	Includes


	Namespaces







Definition (umap/store/Store.cpp)



	Program Listing for File Store.cpp








Includes


	umap/store/Store.hpp (File Store.hpp)


	umap/store/StoreFile.h (File StoreFile.h)


	umap/umap.h (File umap.h)







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File Store.hpp

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/Store.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/store/Store.hpp)



	Program Listing for File Store.hpp








Includes


	cstdint


	unistd.h







Included By


	File EvictManager.cpp


	File FillWorkers.cpp


	File RegionDescriptor.hpp


	File RegionManager.cpp


	File RegionManager.hpp


	File SparseStore.h


	File Store.cpp


	File StoreFile.h


	File StoreFile.cpp


	File StoreNetwork.h


	File StoreNetwork.cpp


	File umap.cpp


	File WorkQueue.hpp







Namespaces


	Namespace Umap







Classes


	Class Store










            

          

      

      

    

  

    
      
          
            
  
File StoreFile.cpp

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/StoreFile.cpp)


	Includes


	Namespaces







Definition (umap/store/StoreFile.cpp)



	Program Listing for File StoreFile.cpp








Includes


	StoreFile.h (File StoreFile.h)


	iostream


	sstream


	stdio.h


	string.h


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File StoreFile.h

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/StoreFile.h)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/store/StoreFile.h)



	Program Listing for File StoreFile.h








Includes


	cstdint


	umap/store/Store.hpp (File Store.hpp)


	umap/umap.h (File umap.h)







Included By


	File Store.cpp


	File StoreFile.cpp







Namespaces


	Namespace Umap







Classes


	Class StoreFile










            

          

      

      

    

  

    
      
          
            
  
File StoreNetwork.cpp

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/StoreNetwork.cpp)


	Includes


	Namespaces


	Variables







Definition (umap/store/StoreNetwork.cpp)



	Program Listing for File StoreNetwork.cpp








Includes


	StoreNetwork.h (File StoreNetwork.h)


	cassert


	iostream


	rpc/rpc_client.hpp (File rpc_client.hpp)


	rpc/rpc_server.hpp (File rpc_server.hpp)


	rpc/rpc_util.hpp (File rpc_util.hpp)


	sstream


	stdio.h


	umap/store/Store.hpp (File Store.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h







Namespaces


	Namespace Umap







Variables


	Variable Umap::has_client_setup


	Variable Umap::has_server_setup










            

          

      

      

    

  

    
      
          
            
  
File StoreNetwork.h

↰ Parent directory (umap/store)


Contents


	Definition (umap/store/StoreNetwork.h)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/store/StoreNetwork.h)



	Program Listing for File StoreNetwork.h








Includes


	umap/store/Store.hpp (File Store.hpp)


	umap/umap.h (File umap.h)







Included By


	File RegionManager.cpp


	File StoreNetwork.cpp







Namespaces


	Namespace Umap







Classes


	Class StoreNetwork


	Class StoreNetworkClient


	Class StoreNetworkServer










            

          

      

      

    

  

    
      
          
            
  
File rpc_client.cpp

↰ Parent directory (umap/store/rpc)


Contents


	Definition (umap/store/rpc/rpc_client.cpp)


	Includes


	Functions


	Variables







Definition (umap/store/rpc/rpc_client.cpp)



	Program Listing for File rpc_client.cpp








Includes


	cassert


	mpi.h


	rpc_client.hpp (File rpc_client.hpp)


	rpc_util.hpp (File rpc_util.hpp)


	umap/util/Macros.hpp (File Macros.hpp)







Functions


	Function client_add_resource(const char *, size_t)


	Function client_check_resource(const char *)


	Function client_fini(void)


	Function client_get_resource_size(const char *)


	Function client_init(void)


	Function client_read_from_server(const char *, void *, size_t, off_t)


	Function client_release_resource(const char *)


	Function client_request_resource(const char *, size_t)


	Function client_write_to_server(int, void *, size_t, off_t)


	Function get_server_address_string


	Function print_client_memory_pool


	Function setup_margo_client







Variables


	Variable client_id


	Variable mid


	Variable resource_pool


	Variable server_map


	Variable server_str_map


	Variable umap_read_rpc_id


	Variable umap_release_rpc_id


	Variable umap_request_rpc_id


	Variable umap_write_rpc_id










            

          

      

      

    

  

    
      
          
            
  
File rpc_client.hpp

↰ Parent directory (umap/store/rpc)


Contents


	Definition (umap/store/rpc/rpc_client.hpp)


	Included By


	Functions







Definition (umap/store/rpc/rpc_client.hpp)



	Program Listing for File rpc_client.hpp








Included By


	File rpc_client.cpp


	File StoreNetwork.cpp







Functions


	Function client_add_resource(const char *, size_t)


	Function client_check_resource(const char *)


	Function client_fini(void)


	Function client_get_resource_size(const char *)


	Function client_init(void)


	Function client_read_from_server(const char *, void *, size_t, off_t)


	Function client_release_resource(const char *)


	Function client_request_resource(const char *, size_t)


	Function client_write_to_server(int, void *, size_t, off_t)










            

          

      

      

    

  

    
      
          
            
  
File rpc_server.cpp

↰ Parent directory (umap/store/rpc)


Contents


	Definition (umap/store/rpc/rpc_server.cpp)


	Includes


	Functions


	Variables







Definition (umap/store/rpc/rpc_server.cpp)



	Program Listing for File rpc_server.cpp








Includes


	cassert


	mpi.h


	rpc_server.hpp (File rpc_server.hpp)


	rpc_util.hpp (File rpc_util.hpp)


	umap/util/Macros.hpp (File Macros.hpp)


	unistd.h







Functions


	Function connect_margo_servers


	Function get_resource


	Function print_server_memory_pool


	Function publish_server_addr


	Function server_add_resource(const char *, void *, size_t, size_t)


	Function server_delete_resource(const char *)


	Function server_fini(void)


	Function server_init()


	Function setup_margo_server


	Function umap_server_read_rpc


	Function umap_server_release_rpc


	Function umap_server_request_rpc


	Function umap_server_write_rpc







Variables


	Variable mid


	Variable num_servers


	Variable PROTOCOL_MARGO_MPI


	Variable PROTOCOL_MARGO_SHM


	Variable PROTOCOL_MARGO_TCP


	Variable PROTOCOL_MARGO_VERBS


	Variable resource_pool


	Variable server_id


	Variable umap_read_rpc_id


	Variable umap_release_rpc_id


	Variable umap_request_rpc_id


	Variable umap_write_rpc_id










            

          

      

      

    

  

    
      
          
            
  
File rpc_server.hpp

↰ Parent directory (umap/store/rpc)


Contents


	Definition (umap/store/rpc/rpc_server.hpp)


	Included By


	Functions







Definition (umap/store/rpc/rpc_server.hpp)



	Program Listing for File rpc_server.hpp








Included By


	File rpc_server.cpp


	File StoreNetwork.cpp







Functions


	Function server_add_resource(const char *, void *, size_t, size_t)


	Function server_delete_resource(const char *)


	Function server_fini(void)


	Function server_init(void)


	Function server_start










            

          

      

      

    

  

    
      
          
            
  
File rpc_util.hpp

↰ Parent directory (umap/store/rpc)


Contents


	Definition (umap/store/rpc/rpc_util.hpp)


	Includes


	Included By


	Classes


	Functions


	Defines


	Typedefs







Definition (umap/store/rpc/rpc_util.hpp)



	Program Listing for File rpc_util.hpp








Includes


	map (File Buffer.cpp)


	margo.h


	mercury_macros.h


	mercury_proc_string.h


	string


	vector







Included By


	File rpc_client.cpp


	File rpc_server.cpp


	File StoreNetwork.cpp







Classes


	Struct local_resource


	Struct remote_resource


	Struct server_metadata







Functions


	Function hg_const_string_t


	Function hg_size_t


	Function int32_t


	Function MERCURY_GEN_PROC







Defines


	Define LOCAL_RPC_ADDR_FILE


	Define MAX_ADDR_LENGTH


	Define RPC_RESPONSE_GENERAL_ERROR


	Define RPC_RESPONSE_READ_DONE


	Define RPC_RESPONSE_RELEASE


	Define RPC_RESPONSE_REQ_SIZE


	Define RPC_RESPONSE_REQ_UNAVAIL


	Define RPC_RESPONSE_REQ_WRONG_SIZE


	Define RPC_RESPONSE_WRITE_DONE







Typedefs


	Typedef ClientResourcePool


	Typedef LocalResource


	Typedef RemoteResource


	Typedef ServerMetadata


	Typedef ServerResourcePool










            

          

      

      

    

  

    
      
          
            
  
File umap.cpp

↰ Parent directory (umap)


Contents


	Definition (umap/umap.cpp)


	Includes


	Namespaces


	Functions


	Variables







Definition (umap/umap.cpp)



	Program Listing for File umap.cpp








Includes


	cinttypes


	errno.h


	string.h


	sys/mman.h


	umap/RegionManager.hpp (File RegionManager.hpp)


	umap/config.h


	umap/store/Store.hpp (File Store.hpp)


	umap/umap.h (File umap.h)


	umap/util/Macros.hpp (File Macros.hpp)







Namespaces


	Namespace Umap







Functions


	Function umap(void *, uint64_t, int, int, int, off_t)


	Function Umap::umap_ex


	Function umap_evict()


	Function umap_flush()


	Function umap_prefetch(int, umap_prefetch_item *)


	Function umapcfg_get_evict_high_water_threshold(void)


	Function umapcfg_get_evict_low_water_threshold(void)


	Function umapcfg_get_max_fault_events(void)


	Function umapcfg_get_max_pages_in_buffer(void)


	Function umapcfg_get_num_evictors(void)


	Function umapcfg_get_num_fillers(void)


	Function umapcfg_get_read_ahead(void)


	Function umapcfg_get_system_page_size


	Function umapcfg_get_umap_page_size(void)


	Function uunmap(void *, uint64_t)







Variables


	Variable Umap::g_mutex










            

          

      

      

    

  

    
      
          
            
  
File umap.h

↰ Parent directory (umap)


Contents


	Definition (umap/umap.h)


	Includes


	Included By


	Classes


	Functions


	Defines







Definition (umap/umap.h)



	Program Listing for File umap.h








Includes


	stdint.h


	sys/mman.h


	unistd.h







Included By


	File RegionManager.hpp


	File SparseStore.cpp


	File SparseStore.h


	File Store.cpp


	File StoreFile.h


	File StoreNetwork.h


	File umap.cpp







Classes


	Struct umap_prefetch_item







Functions


	Function umap(void *, size_t, int, int, int, off_t)


	Function umap_evict()


	Function umap_flush()


	Function umap_network


	Function umap_prefetch(int, struct umap_prefetch_item *)


	Function umapcfg_get_evict_high_water_threshold(void)


	Function umapcfg_get_evict_low_water_threshold(void)


	Function umapcfg_get_max_fault_events(void)


	Function umapcfg_get_max_pages_in_buffer(void)


	Function umapcfg_get_num_evictors(void)


	Function umapcfg_get_num_fillers(void)


	Function umapcfg_get_read_ahead(void)


	Function umapcfg_get_umap_page_size(void)


	Function uunmap(void *, size_t)







Defines


	Define UMAP_FAILED


	Define UMAP_FIXED


	Define UMAP_PRIVATE










            

          

      

      

    

  

    
      
          
            
  
File Exception.cpp

↰ Parent directory (umap/util)


Contents


	Definition (umap/util/Exception.cpp)


	Includes


	Namespaces







Definition (umap/util/Exception.cpp)



	Program Listing for File Exception.cpp








Includes


	sstream


	umap/util/Exception.hpp (File Exception.hpp)







Namespaces


	Namespace Umap










            

          

      

      

    

  

    
      
          
            
  
File Exception.hpp

↰ Parent directory (umap/util)


Contents


	Definition (umap/util/Exception.hpp)


	Includes


	Included By


	Namespaces


	Classes







Definition (umap/util/Exception.hpp)



	Program Listing for File Exception.hpp








Includes


	exception


	string







Included By


	File Exception.cpp


	File Macros.hpp







Namespaces


	Namespace Umap







Classes


	Class Exception










            

          

      

      

    

  

    
      
          
            
  
File Logger.cpp

↰ Parent directory (umap/util)


Contents


	Definition (umap/util/Logger.cpp)


	Includes


	Namespaces


	Variables







Definition (umap/util/Logger.cpp)



	Program Listing for File Logger.cpp








Includes


	iostream


	mutex


	stdlib.h


	strings.h


	sys/syscall.h


	sys/types.h


	umap/util/Logger.hpp (File Logger.hpp)


	unistd.h







Namespaces


	Namespace Umap







Variables


	Variable Umap::defaultLevel


	Variable Umap::env_name


	Variable Umap::env_name_no_timestamp


	Variable Umap::g_logging_mutex


	Variable Umap::MessageLevelName










            

          

      

      

    

  

    
      
          
            
  
File Logger.hpp

↰ Parent directory (umap/util)


Contents


	Definition (umap/util/Logger.hpp)


	Includes


	Included By


	Namespaces


	Classes


	Enums


	Variables







Definition (umap/util/Logger.hpp)



	Program Listing for File Logger.hpp








Includes


	string







Included By


	File Logger.cpp


	File Macros.hpp







Namespaces


	Namespace Umap


	Namespace Umap::message







Classes


	Class Logger







Enums


	Enum Level







Variables


	Variable Umap::message::MessageLevelName










            

          

      

      

    

  

    
      
          
            
  
File Macros.hpp

↰ Parent directory (umap/util)


Contents


	Definition (umap/util/Macros.hpp)


	Includes


	Included By


	Defines







Definition (umap/util/Macros.hpp)



	Program Listing for File Macros.hpp








Includes


	iostream


	sstream


	umap/config.h


	umap/util/Exception.hpp (File Exception.hpp)


	umap/util/Logger.hpp (File Logger.hpp)







Included By


	File Buffer.cpp


	File EvictManager.cpp


	File EvictWorkers.cpp


	File FillWorkers.cpp


	File PageDescriptor.cpp


	File RegionDescriptor.hpp


	File RegionManager.cpp


	File rpc_client.cpp


	File rpc_server.cpp


	File SparseStore.cpp


	File StoreFile.cpp


	File StoreNetwork.cpp


	File Uffd.cpp


	File umap.cpp


	File WorkerPool.hpp


	File WorkQueue.hpp







Defines


	Define UMAP_ASSERT


	Define UMAP_ERROR


	Define UMAP_LOG


	Define UMAP_UNUSED_ARG


	Define UMAP_USE_VAR










            

          

      

      

    

  

    
      
          
            
  
File Hierarchy


  	
    
      	Directory umap	Directory store	Directory rpc	File rpc_client.cpp
	File rpc_client.hpp
	File rpc_server.cpp
	File rpc_server.hpp
	File rpc_util.hpp


	File SparseStore.cpp
	File SparseStore.h
	File Store.cpp
	File Store.hpp
	File StoreFile.cpp
	File StoreFile.h
	File StoreNetwork.cpp
	File StoreNetwork.h


	Directory util	File Exception.cpp
	File Exception.hpp
	File Logger.cpp
	File Logger.hpp
	File Macros.hpp


	File Buffer.cpp
	File Buffer.hpp
	File EvictManager.cpp
	File EvictManager.hpp
	File EvictWorkers.cpp
	File EvictWorkers.hpp
	File FillWorkers.cpp
	File FillWorkers.hpp
	File PageDescriptor.cpp
	File PageDescriptor.hpp
	File RegionDescriptor.hpp
	File RegionManager.cpp
	File RegionManager.hpp
	File Uffd.cpp
	File Uffd.hpp
	File umap.cpp
	File umap.h
	File WorkerPool.hpp
	File WorkQueue.hpp



    

  






            

          

      

      

    

  

    
      
          
            
  
Function Umap::umap_ex


	Defined in File umap.cpp





Function Documentation


	
void *Umap::umap_ex(void *region_addr, uint64_t region_size, int prot, int flags, int fd, off_t offset, Store *store)


	









            

          

      

      

    

  

    
      
          
            
  
Function Umap::operator<<(std::ostream&, const Umap::PageDescriptor *)


	Defined in File PageDescriptor.cpp





Function Documentation


Warning

doxygenfunction: Unable to resolve multiple matches for function “Umap::operator<<” with arguments (std::ostream&, const Umap::PageDescriptor *) in doxygen xml output for project “umap” from directory: ../doxygen/xml/.
Potential matches:


- std::ostream &operator<<(std::ostream &os, const Umap::Buffer *b)
- std::ostream &operator<<(std::ostream &os, const Umap::BufferStats &stats)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor *pd)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor::State st)
- std::ostream &operator<<(std::ostream &os, const Umap::WorkItem &b)













            

          

      

      

    

  

    
      
          
            
  
Function Umap::operator<<(std::ostream&, const Umap::BufferStats&)


	Defined in File Buffer.cpp





Function Documentation


Warning

doxygenfunction: Unable to resolve multiple matches for function “Umap::operator<<” with arguments (std::ostream&, const Umap::BufferStats&) in doxygen xml output for project “umap” from directory: ../doxygen/xml/.
Potential matches:


- std::ostream &operator<<(std::ostream &os, const Umap::Buffer *b)
- std::ostream &operator<<(std::ostream &os, const Umap::BufferStats &stats)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor *pd)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor::State st)
- std::ostream &operator<<(std::ostream &os, const Umap::WorkItem &b)













            

          

      

      

    

  

    
      
          
            
  
Function Umap::operator<<(std::ostream&, const Umap::Buffer *)


	Defined in File Buffer.cpp





Function Documentation


Warning

doxygenfunction: Unable to resolve multiple matches for function “Umap::operator<<” with arguments (std::ostream&, const Umap::Buffer *) in doxygen xml output for project “umap” from directory: ../doxygen/xml/.
Potential matches:


- std::ostream &operator<<(std::ostream &os, const Umap::Buffer *b)
- std::ostream &operator<<(std::ostream &os, const Umap::BufferStats &stats)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor *pd)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor::State st)
- std::ostream &operator<<(std::ostream &os, const Umap::WorkItem &b)













            

          

      

      

    

  

    
      
          
            
  
Function Umap::operator<<(std::ostream&, const Umap::PageDescriptor::State)


	Defined in File PageDescriptor.cpp





Function Documentation


Warning

doxygenfunction: Unable to resolve multiple matches for function “Umap::operator<<” with arguments (std::ostream&, const Umap::PageDescriptor::State) in doxygen xml output for project “umap” from directory: ../doxygen/xml/.
Potential matches:


- std::ostream &operator<<(std::ostream &os, const Umap::Buffer *b)
- std::ostream &operator<<(std::ostream &os, const Umap::BufferStats &stats)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor *pd)
- std::ostream &operator<<(std::ostream &os, const Umap::PageDescriptor::State st)
- std::ostream &operator<<(std::ostream &os, const Umap::WorkItem &b)













            

          

      

      

    

  

    
      
          
            
  
Function Umap::operator<<(std::ostream&, const Umap::WorkItem&)


	Defined in File WorkerPool.hpp





Function Documentation


Warning

doxygenfunction: Unable to resolve multiple matches for function “Umap::operator<<” with arguments (std::ostream&, const Umap::WorkItem&) in doxygen xml output for project “umap” from directory: ../doxygen/xml/.
Potential matches:


- std::ostream &operator<<(std::ostream &os, const Umap::Buffer *b)
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- std::ostream &operator<<(std::ostream &os, const Umap::WorkItem &b)
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Program Listing for File Buffer.cpp

↰ Return to documentation for file (umap/Buffer.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#include <pthread.h>

#include "umap/Buffer.hpp"
#include "umap/config.h"
#include "umap/FillWorkers.hpp"
#include "umap/PageDescriptor.hpp"
#include "umap/RegionManager.hpp"
#include "umap/WorkerPool.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
//
// Called after data has been placed into the page
//
void Buffer::mark_page_as_present(PageDescriptor* pd)
{
  lock();

  pd->set_state_present();

  if ( m_waits_for_state_change )
    pthread_cond_broadcast( &m_state_change_cond );

  unlock();
}

//
// Called after page has been flushed to store and page is no longer present
//
void Buffer::mark_page_as_free( PageDescriptor* pd )
{
  lock();

  UMAP_LOG(Debug, "Removing page: " << pd);
  pd->region->erase_page_descriptor(pd);

  m_present_pages.erase(pd->page);

  pd->set_state_free();
  pd->spurious_count = 0;

  //
  // We only put the page descriptor back onto the free list if it isn't
  // deferred.  Note: It will be marked as deferred when the page is part of a
  // Region that has been unmapped.  It will become undeferred later when the
  // eviction manager takes it off the end of the end of the buffer.
  //
  if ( ! pd->deferred )
    release_page_descriptor(pd);

  if ( m_waits_for_state_change )
    pthread_cond_broadcast( &m_state_change_cond );

  pd->page = nullptr;

  unlock();
}

void Buffer::release_page_descriptor( PageDescriptor* pd )
{
    m_free_pages.push_back(pd);

    if ( m_waits_for_avail_pd )
      pthread_cond_broadcast(&m_avail_pd_cond);
}

//
// Called from Evict Manager to begin eviction process on oldest present
// page
//
PageDescriptor* Buffer::evict_oldest_page()
{
  PageDescriptor* pd = nullptr;

  lock();

  while ( m_busy_pages.size() != 0 ) {
    pd = m_busy_pages.back();

    // Deferred means that this page was previously evicted as part of an
    // uunmap of a Region.  This means that this page descriptor points to a
    // page that has already been given back to the system so all we need to
    // do is take it off of the busy list and release the descriptor.
    //
    if ( pd->deferred ) {
      UMAP_LOG(Debug, "Deferred Page: " << pd);

      //
      // Make sure that the page has truly been flushed.
      //
      wait_for_page_state(pd, PageDescriptor::State::FREE);

      m_busy_pages.pop_back();
      m_stats.pages_deleted++;

      //
      // Jump to the next page descriptor
      //
      release_page_descriptor(pd);
      pd = nullptr;
    }
    else {
      UMAP_LOG(Debug, "Normal Page: " << pd);
      wait_for_page_state(pd, PageDescriptor::State::PRESENT);
      m_busy_pages.pop_back();
      m_stats.pages_deleted++;
      pd->set_state_leaving();
      break;
    }
  }

  unlock();
  return pd;
}

  void Buffer::flush_dirty_pages()
  {
    lock();

    for (auto it = m_busy_pages.begin(); it != m_busy_pages.end(); it++) {

      if ( (*it)->dirty ) {
    PageDescriptor* pd = *it;
    UMAP_LOG(Debug, "schedule Dirty Page: " << pd);
    wait_for_page_state(pd, PageDescriptor::State::PRESENT);
    m_rm.get_evict_manager()->schedule_flush(pd);
      }
    }

    m_rm.get_evict_manager()->WaitAll();

    unlock();
  }


  void Buffer::evict_all_pages()
  {
    lock();

    for (auto it = m_busy_pages.begin(); it != m_busy_pages.end(); it++) {
      PageDescriptor* pd = *it;
      if ( pd->state != PageDescriptor::State::LEAVING ){
      pd->deferred = true;
      wait_for_page_state(pd, PageDescriptor::State::PRESENT);
      pd->set_state_leaving();
      m_rm.get_evict_manager()->schedule_eviction(pd);
      }
      wait_for_page_state(pd, PageDescriptor::State::FREE);
      release_page_descriptor(pd);
      pd = nullptr;
    }
    m_busy_pages.clear();

    unlock();
  }

//
// Called from uunmap by the unmapping thread of the application
//
// The idea is to go through the entire buffer and remove (evict) all pages
// of the given region descriptor.
//
void Buffer::evict_region(RegionDescriptor* rd)
{
  if (m_rm.get_num_active_regions() > 1) {
    lock();
    while ( rd->count() ) {
      auto pd = rd->get_next_page_descriptor();
      if(pd->state != PageDescriptor::State::LEAVING ){
    pd->deferred = true;
    wait_for_page_state(pd, PageDescriptor::State::PRESENT);
    pd->set_state_leaving();
    m_rm.get_evict_manager()->schedule_eviction(pd);
      }
      wait_for_page_state(pd, PageDescriptor::State::FREE);
    }
    unlock();
  }
  else {
    m_rm.get_evict_manager()->EvictAll();
  }
}

bool Buffer::low_threshold_reached( void )
{
  return m_busy_pages.size() <= m_evict_low_water;
}

void Buffer::process_page_event(char* paddr, bool iswrite, RegionDescriptor* rd)
{
  WorkItem work;
  work.type = Umap::WorkItem::WorkType::NONE;

  lock();
  auto pd = page_already_present(paddr);

  if ( pd != nullptr ) {  // Page is already present
    if (iswrite && pd->dirty == false) {
      work.page_desc = pd;
      pd->dirty = true;
      pd->set_state_updating();
      UMAP_LOG(Debug, "PRE: " << pd << " From: " << this);
    }
    else {
      static int hiwat = 0;

      pd->spurious_count++;
      if (pd->spurious_count > hiwat) {
        hiwat = pd->spurious_count;
        UMAP_LOG(Debug, "New Spurious cound high water mark: " << hiwat);
      }

      UMAP_LOG(Debug, "SPU: " << pd << " From: " << this);
      unlock();
      return;
    }
  }
  else {                  // This page has not been brought in yet
    pd = get_page_descriptor(paddr, rd);
    pd->data_present = false;
    work.page_desc = pd;

    rd->insert_page_descriptor(pd);
    m_present_pages[pd->page] = pd;

    if (iswrite)
      pd->dirty = true;

    UMAP_LOG(Debug, "NEW: " << pd << " From: " << this);
  }

  m_rm.get_fill_workers_h()->send_work(work);

  //
  // Kick the eviction daemon if the high water mark has been reached
  //
  if ( m_busy_pages.size() == m_evict_high_water ) {
    WorkItem w;

    w.type = Umap::WorkItem::WorkType::THRESHOLD;
    w.page_desc = nullptr;
    m_rm.get_evict_manager()->send_work(w);
  }

  unlock();
}

// Return nullptr if page not present, PageDescriptor * otherwise
PageDescriptor* Buffer::page_already_present( char* page_addr )
{
  while (1) {
    auto pp = m_present_pages.find(page_addr);

    //
    // Most likely case
    //
    if ( pp == m_present_pages.end() )
      return nullptr;

    //
    // Next most likely is that it is just present in the buffer
    //
    if ( pp->second->state == PageDescriptor::State::PRESENT )
      return pp->second;

    // There is a chance that the state of this page is not/no-longer
    // PRESENT.  If this is the case, we need to wait for it to finish
    // with whatever is happening to it and then check again
    //
    UMAP_LOG(Debug, "Waiting for state: (ANY)" << ", " << pp->second);

    ++m_stats.waits;
    ++m_waits_for_state_change;
    pthread_cond_wait(&m_state_change_cond, &m_mutex);
    --m_waits_for_state_change;
  }
}

PageDescriptor* Buffer::get_page_descriptor(char* vaddr, RegionDescriptor* rd)
{
  while ( m_free_pages.size() == 0 )  {
    ++m_waits_for_avail_pd;
    m_stats.not_avail++;

    ++m_stats.waits;
    ++m_waits_for_state_change;
    pthread_cond_wait(&m_avail_pd_cond, &m_mutex);

    --m_waits_for_avail_pd;
  }

  PageDescriptor* rval;

  rval = m_free_pages.back();
  m_free_pages.pop_back();

  rval->page = vaddr;
  rval->region = rd;
  rval->dirty = false;
  rval->deferred = false;
  rval->set_state_filling();
  rval->spurious_count = 0;

  m_stats.pages_inserted++;
  m_busy_pages.push_front(rval);

  return rval;
}

uint64_t Buffer::apply_int_percentage( int percentage, uint64_t item )
{
  uint64_t rval;

  if ( percentage < 0 || percentage > 100)
    UMAP_ERROR("Invalid percentage (" << percentage << ") given");

  if ( percentage == 0 || percentage == 100 ) {
    rval = item;
  }
  else {
    float f = (float)((float)percentage / (float)100.0);
    rval = f * item;
  }
  return rval;
}

void Buffer::lock()
{
  int err;
  if ( (err = pthread_mutex_trylock(&m_mutex)) != 0 ) {
    if (err != EBUSY)
      UMAP_ERROR("pthread_mutex_trylock failed: " << strerror(err));

    if ( (err = pthread_mutex_lock(&m_mutex)) != 0 )
      UMAP_ERROR("pthread_mutex_lock failed: " << strerror(err));
    m_stats.lock_collision++;
  }
  m_stats.lock++;
}

void Buffer::unlock()
{
  pthread_mutex_unlock(&m_mutex);
}

void Buffer::wait_for_page_state( PageDescriptor* pd, PageDescriptor::State st)
{
  UMAP_LOG(Debug, "Waiting for state: " << st << ", " << pd);

  while ( pd->state != st ) {
    ++m_stats.waits;
    ++m_waits_for_state_change;

    pthread_cond_wait(&m_state_change_cond, &m_mutex);

    --m_waits_for_state_change;
  }
}

Buffer::Buffer( void )
  :     m_rm(RegionManager::getInstance())
      , m_size(m_rm.get_max_pages_in_buffer())
      , m_waits_for_avail_pd(0)
      , m_waits_for_state_change(0)
{
  m_array = (PageDescriptor *)calloc(m_size, sizeof(PageDescriptor));
  if ( m_array == nullptr )
    UMAP_ERROR("Failed to allocate " << m_size*sizeof(PageDescriptor)
        << " bytes for buffer page descriptors");

  for ( int i = 0; i < m_size; ++i )
    m_free_pages.push_back(&m_array[i]);

  pthread_mutex_init(&m_mutex, NULL);
  pthread_cond_init(&m_avail_pd_cond, NULL);
  pthread_cond_init(&m_state_change_cond, NULL);

  m_evict_low_water = apply_int_percentage(m_rm.get_evict_low_water_threshold(), m_size);
  m_evict_high_water = apply_int_percentage(m_rm.get_evict_high_water_threshold(), m_size);
}

Buffer::~Buffer( void ) {
#ifdef UMAP_DISPLAY_STATS
  std::cout << m_stats << std::endl;
#endif

  assert("Pages are still present" && m_present_pages.size() == 0);
  pthread_cond_destroy(&m_avail_pd_cond);
  pthread_cond_destroy(&m_state_change_cond);
  pthread_mutex_destroy(&m_mutex);
  free(m_array);
}

std::ostream& operator<<(std::ostream& os, const Umap::Buffer* b)
{
  if ( b != nullptr ) {
    os << "{ m_size: " << b->m_size
      << ", m_waits_for_avail_pd: " << b->m_waits_for_avail_pd
      << ", m_present_pages.size(): " << std::setw(2) << b->m_present_pages.size()
      << ", m_free_pages.size(): " << std::setw(2) << b->m_free_pages.size()
      << ", m_busy_pages.size(): " << std::setw(2) << b->m_busy_pages.size()
      << " }"
      ;
  }
  else {
    os << "{ nullptr }";
  }
  return os;
}

std::ostream& operator<<(std::ostream& os, const Umap::BufferStats& stats)
{
  os << "Buffer Statisics:\n"
    << "   Pages Inserted: " << std::setw(12) << stats.pages_inserted<< "\n"
    << "    Pages Deleted: " << std::setw(12) << stats.pages_deleted<< "\n"
    << " Unavailable wait: " << std::setw(12) << stats.not_avail<< "\n"
    << "            Locks: " << std::setw(12) << stats.lock << "\n"
    << "  Lock collisions: " << std::setw(12) << stats.lock_collision << "\n"
    << "            waits: " << std::setw(12) << stats.waits;
  return os;
}
} // end of namespace Umap
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_Buffer_HPP
#define _UMAP_Buffer_HPP

#include <pthread.h>
#include <unordered_map>
#include <vector>
#include <deque>

#include "umap/RegionDescriptor.hpp"
#include "umap/PageDescriptor.hpp"

namespace Umap {
  class RegionManager;

  struct BufferStats {
    BufferStats() :   lock_collision(0), lock(0), pages_inserted(0)
                    , pages_deleted(0), not_avail(0), waits(0)
    {};

    uint64_t lock_collision;
    uint64_t lock;
    uint64_t pages_inserted;
    uint64_t pages_deleted;
    uint64_t not_avail;
    uint64_t waits;
  };

  class Buffer {
    friend std::ostream& operator<<(std::ostream& os, const Umap::Buffer* b);
    friend std::ostream& operator<<(std::ostream& os, const Umap::BufferStats& stats);
    public:
      void mark_page_as_present(PageDescriptor* pd);
      void mark_page_as_free( PageDescriptor* pd );

      bool low_threshold_reached( void );

      PageDescriptor* evict_oldest_page( void );
      void process_page_event(char* paddr, bool iswrite, RegionDescriptor* rd);
      void evict_region(RegionDescriptor* rd);
      void flush_dirty_pages();
      void evict_all_pages();
      explicit Buffer( void );
      ~Buffer( void );

    private:
      RegionManager& m_rm;
      uint64_t m_size;          // Maximum pages this buffer may have
      PageDescriptor* m_array;

      std::unordered_map<char*, PageDescriptor*> m_present_pages;

      std::vector<PageDescriptor*> m_free_pages;
      std::deque<PageDescriptor*> m_busy_pages;

      uint64_t m_evict_low_water;   // % to evict too
      uint64_t m_evict_high_water;  // % to start evicting

      pthread_mutex_t m_mutex;

      int m_waits_for_avail_pd;
      pthread_cond_t m_avail_pd_cond;

      int m_waits_for_state_change;
      pthread_cond_t m_state_change_cond;

      BufferStats m_stats;

      void release_page_descriptor( PageDescriptor* pd );

      PageDescriptor* page_already_present( char* page_addr );
      PageDescriptor* get_page_descriptor( char* page_addr, RegionDescriptor* rd );
      uint64_t apply_int_percentage( int percentage, uint64_t item );

      void lock();
      void unlock();
      void wait_for_page_state( PageDescriptor* pd, PageDescriptor::State st);
  };

  std::ostream& operator<<(std::ostream& os, const Umap::BufferStats& stats);
  std::ostream& operator<<(std::ostream& os, const Umap::Buffer* b);

} // end of namespace Umap

#endif // _UMAP_Buffer_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#include "umap/Buffer.hpp"
#include "umap/EvictManager.hpp"
#include "umap/EvictWorkers.hpp"
#include "umap/RegionManager.hpp"
#include "umap/Uffd.hpp"
#include "umap/WorkerPool.hpp"
#include "umap/util/Macros.hpp"
#include "umap/store/Store.hpp"

namespace Umap {

void EvictManager::EvictMgr( void ) {
  while ( 1 ) {
    auto w = get_work();

    if ( w.type == Umap::WorkItem::WorkType::EXIT )
      break;    // Time to leave

    while ( ! m_buffer->low_threshold_reached() ) {
      WorkItem work;
      work.type = Umap::WorkItem::WorkType::EVICT;
      work.page_desc = m_buffer->evict_oldest_page(); // Could block

      if ( work.page_desc == nullptr )
        break;

      UMAP_LOG(Debug, m_buffer << ", " << work.page_desc);

      m_evict_workers->send_work(work);
    }
  }
}
void EvictManager::WaitAll( void )
{
  UMAP_LOG(Debug, "Entered");
  m_evict_workers->wait_for_idle();
  UMAP_LOG(Debug, "Done");
}

void EvictManager::EvictAll( void )
{
  UMAP_LOG(Debug, "Entered");

  for (auto pd = m_buffer->evict_oldest_page(); pd != nullptr; pd = m_buffer->evict_oldest_page()) {
    UMAP_LOG(Debug, "evicting: " << pd);
    if (pd->dirty) {
      WorkItem work = { .page_desc = pd, .type = Umap::WorkItem::WorkType::FAST_EVICT };
      m_evict_workers->send_work(work);
    }
    else {
      m_buffer->mark_page_as_free(pd);
    }
  }

  m_evict_workers->wait_for_idle();

  UMAP_LOG(Debug, "Done");
}

void EvictManager::schedule_eviction(PageDescriptor* pd)
{
  WorkItem work = { .page_desc = pd, .type = Umap::WorkItem::WorkType::EVICT };

  m_evict_workers->send_work(work);
}

void EvictManager::schedule_flush(PageDescriptor* pd)
{
  WorkItem work = { .page_desc = pd, .type = Umap::WorkItem::WorkType::FLUSH };

  m_evict_workers->send_work(work);
}

EvictManager::EvictManager( void ) :
        WorkerPool("Evict Manager", 1)
      , m_buffer(RegionManager::getInstance().get_buffer_h())
{
  m_evict_workers = new EvictWorkers(  RegionManager::getInstance().get_num_evictors()
                                     , m_buffer, RegionManager::getInstance().get_uffd_h());
  start_thread_pool();
}

EvictManager::~EvictManager( void ) {
  UMAP_LOG(Debug, "Calling EvictAll");
  EvictAll();
  UMAP_LOG(Debug, "Calling stop_thread_pool");
  stop_thread_pool();
  UMAP_LOG(Debug, "Deleting eviction workers");
  delete m_evict_workers;
  UMAP_LOG(Debug, "Done");
}

void EvictManager::ThreadEntry() {
  EvictMgr();
}

} // end of namespace Umap
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_EvictManager_HPP
#define _UMAP_EvictManager_HPP

#include "umap/EvictWorkers.hpp"

#include "umap/Buffer.hpp"
#include "umap/PageDescriptor.hpp"
#include "umap/RegionDescriptor.hpp"
#include "umap/WorkerPool.hpp"

namespace Umap {
  class EvictWorkers;

  class EvictManager : public WorkerPool {
    public:
      EvictManager( void );
      ~EvictManager( void );
      void schedule_eviction(PageDescriptor* pd);
      void schedule_flush(PageDescriptor* pd);
      void EvictAll( void );
      void WaitAll( void );

    private:
      Buffer* m_buffer;
      EvictWorkers* m_evict_workers;

      void EvictMgr(void);
      void ThreadEntry( void );
  };
} // end of namespace Umap
#endif // _UMAP_EvictManager_HPP
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///////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <errno.h>
#include <string.h>
#include <sys/mman.h>

#include "umap/Buffer.hpp"
#include "umap/EvictWorkers.hpp"
#include "umap/RegionManager.hpp"
#include "umap/Uffd.hpp"
#include "umap/WorkerPool.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
void EvictWorkers::EvictWorker( void )
{
  uint64_t page_size = RegionManager::getInstance().get_umap_page_size();

  while ( 1 ) {
    auto w = get_work();

    UMAP_LOG(Debug, " " << w << " " << m_buffer);

    if ( w.type == Umap::WorkItem::WorkType::EXIT )
      break;    // Time to leave

    auto pd = w.page_desc;

    if ( pd->dirty ) {
      auto store = pd->region->store();
      auto offset = pd->region->store_offset(pd->page);

      m_uffd->enable_write_protect(pd->page);

      if (store->write_to_store(pd->page, page_size, offset) == -1)
        UMAP_ERROR("write_to_store failed: "
            << errno << " (" << strerror(errno) << ")");

      pd->dirty = false;
    }

    if (w.type == Umap::WorkItem::WorkType::FLUSH)
      continue;

    if (w.type != Umap::WorkItem::WorkType::FAST_EVICT) {
      if (madvise(pd->page, page_size, MADV_DONTNEED) == -1)
        UMAP_ERROR("madvise failed: " << errno << " (" << strerror(errno) << ")");
    }

    UMAP_LOG(Debug, "Removing page: " << w.page_desc);
    m_buffer->mark_page_as_free(w.page_desc);
  }
}

EvictWorkers::EvictWorkers(uint64_t num_evictors, Buffer* buffer, Uffd* uffd)
  :   WorkerPool("Evict Workers", num_evictors), m_buffer(buffer)
    , m_uffd(uffd)
{
  start_thread_pool();
}

EvictWorkers::~EvictWorkers( void )
{
  stop_thread_pool();
}

void EvictWorkers::ThreadEntry( void )
{
  EvictWorkers::EvictWorker();
}
} // end of namespace Umap
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///////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_EvictWorkers_HPP
#define _UMAP_EvictWorkers_HPP

#include "umap/config.h"

#include "umap/Buffer.hpp"
#include "umap/PageDescriptor.hpp"
#include "umap/Uffd.hpp"
#include "umap/WorkerPool.hpp"

namespace Umap {
  class Uffd;
  class EvictWorkers : public WorkerPool {
    public:
      EvictWorkers(uint64_t num_evictors, Buffer* buffer, Uffd* uffd);
      ~EvictWorkers( void );

    private:
      Buffer* m_buffer;
      Uffd* m_uffd;

      void EvictWorker( void );
      void ThreadEntry( void );
  };
} // end of namespace Umap
#endif // _UMAP_EvictWorkers_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include "umap/config.h"

#include <cstdint>              // calloc
#include <errno.h>
#include <string.h>             // strerror()
#include <unistd.h>

#include "umap/Buffer.hpp"
#include "umap/FillWorkers.hpp"
#include "umap/RegionManager.hpp"
#include "umap/Uffd.hpp"
#include "umap/WorkerPool.hpp"
#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
  void FillWorkers::FillWorker( void ) {
    char* copyin_buf;
    uint64_t page_size = RegionManager::getInstance().get_umap_page_size();
    uint64_t read_ahead = RegionManager::getInstance().get_read_ahead();
    std::size_t sz = 2 * page_size;

    if (posix_memalign((void**)&copyin_buf, page_size, sz)) {
      UMAP_ERROR("posix_memalign failed to allocated "
          << sz << " bytes of memory");
    }

    if (copyin_buf == nullptr) {
      UMAP_ERROR("posix_memalign failed to allocated "
          << sz << " bytes of memory");
    }

    while ( 1 ) {
      auto w = get_work();

      UMAP_LOG(Debug, ": " << w << " " << m_buffer);

      if (w.type == Umap::WorkItem::WorkType::EXIT)
        break;    // Time to leave

      if ( w.page_desc->dirty && w.page_desc->data_present ) {
        m_uffd->disable_write_protect(w.page_desc->page);
      }
      else {
        uint64_t offset = w.page_desc->region->store_offset(w.page_desc->page);

        if (w.page_desc->region->store()->read_from_store(copyin_buf, page_size, offset) == -1)
          UMAP_ERROR("read_from_store failed");

        if ( ! w.page_desc->dirty ) {
          m_uffd->copy_in_page_and_write_protect(copyin_buf, w.page_desc->page);
        }
        else {
          m_uffd->copy_in_page(copyin_buf, w.page_desc->page);
        }
        w.page_desc->data_present = true;
      }

      m_buffer->mark_page_as_present(w.page_desc);
    }

    free(copyin_buf);
  }

  void FillWorkers::ThreadEntry( void ) {
    FillWorker();
  }

  FillWorkers::FillWorkers( void )
    :   WorkerPool("Fill Workers", RegionManager::getInstance().get_num_fillers())
      , m_uffd(RegionManager::getInstance().get_uffd_h())
      , m_buffer(RegionManager::getInstance().get_buffer_h())
      , m_read_ahead(RegionManager::getInstance().get_read_ahead())
  {
    start_thread_pool();
  }

  FillWorkers::~FillWorkers( void ) {
    stop_thread_pool();
  }
} // end of namespace Umap
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_FillWorkers_HPP
#define _UMAP_FillWorkers_HPP

#include "umap/Buffer.hpp"
#include "umap/Uffd.hpp"
#include "umap/WorkerPool.hpp"

namespace Umap {
  class Buffer;
  class Uffd;

  class FillWorkers : public WorkerPool {
    public:
      FillWorkers( void );
      ~FillWorkers( void );

    private:
      Uffd*    m_uffd;
      Buffer*  m_buffer;
      uint64_t m_read_ahead;

      void FillWorker( void );
      void ThreadEntry( void );
  };
} // end of namespace Umap
#endif // _UMAP_FillWorker_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <iostream>

#include "umap/PageDescriptor.hpp"
#include "umap/RegionDescriptor.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
  std::string PageDescriptor::print_state( void ) const {
    switch (state) {
      default:                                    return "???";
      case Umap::PageDescriptor::State::FREE:     return "FREE";
      case Umap::PageDescriptor::State::FILLING:  return "FILLING";
      case Umap::PageDescriptor::State::PRESENT:  return "PRESENT";
      case Umap::PageDescriptor::State::UPDATING: return "UPDATING";
      case Umap::PageDescriptor::State::LEAVING:  return "LEAVING";
    }
  }

  void PageDescriptor::set_state_free( void ) {
    if ( state != LEAVING )
      UMAP_ERROR("Invalid state transition from: " << print_state());
    state = FREE;
  }

  void PageDescriptor::set_state_filling( void ) {
    if ( state != FREE )
      UMAP_ERROR("Invalid state transition from: " << print_state());
    state = FILLING;
  }

  void PageDescriptor::set_state_present( void ) {
    if ( state != FILLING && state != UPDATING )
      UMAP_ERROR("Invalid state transition from: " << print_state());
    state = PRESENT;
  }

  void PageDescriptor::set_state_updating( void ) {
    if ( state != PRESENT )
      UMAP_ERROR("Invalid state transition from: " << print_state());
    state = UPDATING;
  }

  void PageDescriptor::set_state_leaving( void ) {
    if ( state != PRESENT )
      UMAP_ERROR("Invalid state transition from: " << print_state());
    state = LEAVING;
  }

  std::ostream& operator<<(std::ostream& os, const Umap::PageDescriptor* pd)
  {
    if (pd != nullptr) {
      os << "{ "
         << (void*)(pd->page)
         << ", "    << pd->print_state();

      if ( pd->dirty )
         os << ", DIRTY";
      if ( pd->deferred )
         os << ", DEFERRED";
      if ( pd->spurious_count )
         os << ", spurious: " << pd->spurious_count;

      os << " }";
    }
    else {
      os << "{ nullptr }";
    }
    return os;
  }

  std::ostream& operator<<(std::ostream& os, const Umap::PageDescriptor::State st)
  {
    switch (st) {
      default:                                    os << "???";    break;
      case Umap::PageDescriptor::State::FREE:     os << "FREE";   break;
      case Umap::PageDescriptor::State::FILLING:  os << "FILLING";    break;
      case Umap::PageDescriptor::State::PRESENT:  os << "PRESENT";    break;
      case Umap::PageDescriptor::State::UPDATING: os << "UPDATING";   break;
      case Umap::PageDescriptor::State::LEAVING:  os << "LEAVING";    break;
    }
    return os;
  }
} // end of namespace Umap
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_PageDescriptor_HPP
#define _UMAP_PageDescriptor_HPP

#include <iostream>
#include <string>

namespace Umap {
  class RegionDescriptor;

  struct PageDescriptor {
    enum State { FREE = 0, FILLING, PRESENT, UPDATING, LEAVING };
    char*             page;
    RegionDescriptor* region;
    State             state;
    bool              dirty;
    bool              deferred;
    bool              data_present;
    int               spurious_count;

    std::string print_state( void ) const;
    void set_state_free( void );
    void set_state_filling( void );
    void set_state_updating( void );
    void set_state_present( void );
    void set_state_leaving( void );
  };

  std::ostream& operator<<(std::ostream& os, const Umap::PageDescriptor::State st);
  std::ostream& operator<<(std::ostream& os, const Umap::PageDescriptor* pd);
} // end of namespace Umap

#endif // _UMAP_PageDescriptor_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_RegionDescriptor_HPP
#define _UMAP_RegionDescriptor_HPP

#include <cassert>
#include <cstdint>
#include <pthread.h>
#include <string.h>
#include <unordered_set>

#include "umap/PageDescriptor.hpp"
#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
  class RegionDescriptor {
    public:
      RegionDescriptor(   char* umap_region, uint64_t umap_size
                        , char* mmap_region, uint64_t mmap_size
                        , Store* store )
        : m_umap_region(umap_region), m_umap_region_size(umap_size)
        , m_mmap_region(mmap_region), m_mmap_region_size(mmap_size)
        , m_store(store) {}

      ~RegionDescriptor( void ) {delete m_store;}

      inline uint64_t store_offset( char* addr ) {
        assert("Invalid address for calculating offset" && addr >= start() && addr < end());
        return (uint64_t)(addr - start());
      }

      inline uint64_t size( void )     { return m_umap_region_size;         }
      inline Store*   store( void )    { return m_store;                    }
      inline char*    start( void )    { return m_umap_region;              }
      inline char*    end( void )      { return start() + size();           }
      inline uint64_t count( void )    { return m_active_pages.size();      }

      inline void insert_page_descriptor(PageDescriptor* pd) {
        m_active_pages.insert(pd);
      }

      inline void erase_page_descriptor(PageDescriptor* pd) {
        UMAP_LOG(Debug, "Erasing PD: " << pd);
        m_active_pages.erase(pd);
      }

      inline PageDescriptor* get_next_page_descriptor( void ) {
        if ( m_active_pages.size() == 0 )
          return nullptr;

        auto it = m_active_pages.begin();
        auto rval = *it;
        rval->deferred = false;
        erase_page_descriptor(rval);

        return rval;
      }

    private:
      char*    m_umap_region;
      uint64_t m_umap_region_size;
      char*    m_mmap_region;
      uint64_t m_mmap_region_size;
      Store*   m_store;

      std::unordered_set<PageDescriptor*> m_active_pages;
  };
} // end of namespace Umap
#endif // _UMAP_RegionDescripto_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include "umap/config.h"

#include <cstdint>        // uint64_t
#include <fstream>        // for reading meminfo
#include <mutex>
#include <stdlib.h>       // getenv()
#include <sstream>        // string to integer operations
#include <string>         // string to integer operations
#include <thread>         // for max_concurrency
#include <unordered_map>
#include <unistd.h>       // sysconf()

#include "umap/Buffer.hpp"
#include "umap/EvictManager.hpp"
#include "umap/FillWorkers.hpp"
#include "umap/RegionManager.hpp"
#include "umap/RegionDescriptor.hpp"
#include "umap/store/Store.hpp"
#include "umap/store/StoreNetwork.h"
#include "umap/util/Macros.hpp"

namespace Umap {

RegionManager&
RegionManager::getInstance( void )
{
  static RegionManager region_manager_instance;

  return region_manager_instance;
}

void
RegionManager::addServerRegion(Store* store, char* region, uint64_t region_size)
{
  std::lock_guard<std::mutex> lock(m_mutex);

  auto rd = new RegionDescriptor(region, region_size, region, region_size, store);
  m_active_regions[(void*)region] = rd;
  m_last_iter = m_active_regions.end();
}

void
RegionManager::addRegion(Store* store, char* region, uint64_t region_size, char* mmap_region, uint64_t mmap_region_size)
{
  std::lock_guard<std::mutex> lock(m_mutex);

  if ( m_active_regions.empty() ) {
    UMAP_LOG(Debug, "No active regions, initializing engine");
    m_buffer = new Buffer();
    m_uffd = new Uffd();
    m_fill_workers = new FillWorkers();
    m_evict_manager = new EvictManager();


    std::cout
      << "Environment Variable Configuration:\n"
      << "UMAP_PAGESIZE                   - currently: " << umapcfg_get_umap_page_size() << " bytes\n"
      << "UMAP_PAGE_FILLERS               - currently: " << umapcfg_get_num_fillers() << " fillers\n"
      << "UMAP_PAGE_EVICTORS              - currently: " << umapcfg_get_num_evictors() << " evictors\n"
      << "UMAP_READ_AHEAD                 - currently: " << umapcfg_get_read_ahead() << " pages\n"
      << "UMAP_BUFSIZE                    - currently: " << umapcfg_get_max_pages_in_buffer() << " pages\n"
      << "UMAP_EVICT_LOW_WATER_THRESHOLD  - currently: " << umapcfg_get_evict_low_water_threshold() << " percent full\n"
      << "UMAP_EVICT_HIGH_WATER_THRESHOLD - currently: " << umapcfg_get_evict_high_water_threshold()
      << " percent full\n"
      << std::endl;

  }

  auto rd = new RegionDescriptor(region, region_size, mmap_region, mmap_region_size, store);
  m_active_regions[(void*)region] = rd;

  UMAP_LOG(Debug,
      "region: " << (void*)(rd->start()) << " - " << (void*)(rd->end())
      << ", region_size: " << rd->size()
      << ", number of regions: " << m_active_regions.size() + 1
  );

  m_uffd->register_region(rd);
  m_last_iter = m_active_regions.end();
}

void
RegionManager::removeRegion( char* region )
{
  std::lock_guard<std::mutex> lock(m_mutex);
  auto it = m_active_regions.find(region);

  if (it == m_active_regions.end())
    UMAP_ERROR("umap fault monitor not found for: " << (void*)region);

  UMAP_LOG(Debug,
       "region: " << (void*)(it->second->start()) << " - " << (void*)(it->second->end())
       << ", region_size: " << it->second->size()
       << ", number of regions: " << m_active_regions.size()
       );

  bool is_network_server = false;
#ifdef MARGO_ROOT
  StoreNetworkServer* ds = dynamic_cast<StoreNetworkServer*>(it->second->store());
  is_network_server = (ds!=NULL);
#endif

  if(!is_network_server)
    m_uffd->unregister_region(it->second);

  delete it->second;
  m_active_regions.erase(it);

  m_last_iter = m_active_regions.end();

  if ( !is_network_server && m_active_regions.empty() ) {
    delete m_evict_manager; m_evict_manager = nullptr;
    delete m_fill_workers; m_fill_workers = nullptr;
    delete m_uffd; m_uffd = nullptr;
    delete m_buffer; m_buffer = nullptr;
  }
}

int
RegionManager::flush_buffer(){

  std::lock_guard<std::mutex> lock(m_mutex);

  m_buffer->flush_dirty_pages();

  return 0;
}

int
RegionManager::evict_buffer(){

  std::lock_guard<std::mutex> lock(m_mutex);

  m_buffer->evict_all_pages();

  return 0;
}

void
RegionManager::prefetch(int npages, umap_prefetch_item* page_array)
{
  for (int i{0}; i < npages; ++i)
    m_uffd->process_page(false, (char*)(page_array[i].page_base_addr));
}

RegionManager::RegionManager()
{
  m_version.major = UMAP_VERSION_MAJOR;
  m_version.minor = UMAP_VERSION_MINOR;
  m_version.patch = UMAP_VERSION_PATCH;

  m_last_iter = m_active_regions.end();

  m_system_page_size = sysconf(_SC_PAGESIZE);

  const uint64_t MAX_FAULT_EVENTS = 256;
  uint64_t env_value = 0;
  if ( (read_env_var("UMAP_MAX_FAULT_EVENTS", &env_value)) != nullptr )
    set_max_fault_events(env_value);
  else
    set_max_fault_events(MAX_FAULT_EVENTS);

  unsigned int nthreads = std::thread::hardware_concurrency();
  nthreads = (nthreads == 0) ? 16 : nthreads;

  if ( (read_env_var("UMAP_PAGE_FILLERS", &env_value)) != nullptr )
    set_num_fillers(env_value);
  else
    set_num_fillers(nthreads);

  if ( (read_env_var("UMAP_PAGE_EVICTORS", &env_value)) != nullptr )
    set_num_evictors(env_value);
  else
    set_num_evictors(nthreads);

  if ( (read_env_var("UMAP_EVICT_HIGH_WATER_THRESHOLD", &env_value)) != nullptr )
    set_evict_high_water_threshold(env_value);
  else
    set_evict_high_water_threshold(90);

  if ( (read_env_var("UMAP_EVICT_LOW_WATER_THRESHOLD", &env_value)) != nullptr )
    set_evict_low_water_threshold(env_value);
  else
    set_evict_low_water_threshold(70);

  if ( (read_env_var("UMAP_PAGESIZE", &env_value)) != nullptr )
    set_umap_page_size(env_value);
  else
    set_umap_page_size(m_system_page_size);

  if ( (read_env_var("UMAP_BUFSIZE", &env_value)) != nullptr )
    set_max_pages_in_buffer(env_value);
  else
    set_max_pages_in_buffer( get_max_pages_in_memory() );

  if ( (read_env_var("UMAP_READ_AHEAD", &env_value)) != nullptr )
    set_read_ahead(env_value);
  else
    set_read_ahead(0);
}

uint64_t
RegionManager::get_max_pages_in_memory( void )
{
  static uint64_t total_mem_kb = 0;
  const uint64_t oneK = 1024;
  const uint64_t percent = 90;  // 90% of available memory

  // Lazily set total_mem_kb global
  if ( ! total_mem_kb ) {
    std::string token;
    std::ifstream file("/proc/meminfo");
    while (file >> token) {
      if (token == "MemFree:") {
        unsigned long mem;
        if (file >> mem) {
          total_mem_kb = mem;
        } else {
          UMAP_ERROR("UMAP unable to determine system memory size\n");
        }
      }
      // ignore rest of the line
      file.ignore(std::numeric_limits<std::streamsize>::max(), '\n');
    }
  }
  return ( ((total_mem_kb / (get_umap_page_size() / oneK)) * percent) / 100 );
}

void
RegionManager::set_max_pages_in_buffer( uint64_t max_pages )
{
  uint64_t max_pages_in_mem = get_max_pages_in_memory();
  uint64_t old_max_pages_in_buffer = get_max_pages_in_buffer();

  if ( max_pages > max_pages_in_mem ) {
    UMAP_ERROR("Cannot set maximum pages to "
        << max_pages
        << " because it must be less than the maximum pages in memory "
        << max_pages_in_mem);
  }

  m_max_pages_in_buffer = max_pages;

  UMAP_LOG(Debug,
    "Maximum pages in page buffer changed from "
    << old_max_pages_in_buffer
    << " to " << get_max_pages_in_buffer() << " pages");
}

void
RegionManager::set_read_ahead(uint64_t num_pages)
{
  m_read_ahead = num_pages;
}

void
RegionManager::set_umap_page_size( uint64_t page_size )
{
  //
  // Must be multiple of system page size
  //
  if ( page_size % get_system_page_size() ) {
    UMAP_ERROR("Specified page size (" << page_size
        << ") must be a multiple of the system page size ("
        << get_system_page_size() << ")");
  }

  UMAP_LOG(Debug,
      "Adjusting page size from "
      << get_umap_page_size() << " to " << page_size);

  m_umap_page_size = page_size;
}

uint64_t*
RegionManager::read_env_var( const char* env, uint64_t*  val )
{
  // return a pointer to val on success, null on failure
  char* val_ptr = 0;
  if ( (val_ptr = getenv(env)) ) {
    uint64_t env_val;

    std::string s(val_ptr);
    std::stringstream ss(s);
    ss >> env_val;

    if (env_val != 0) {
      *val = env_val;
      return val;
    }
  }
  return nullptr;
}

RegionDescriptor*
RegionManager::containing_region( char* vaddr )
{
  std::lock_guard<std::mutex> lock(m_mutex);

  //
  // Since the list of pages coming in are usually sorted, we have a special
  // check here to see if the region found for the previous check will work.
  // If this is the case, we can return early.
  //
  if ( m_last_iter != m_active_regions.end() ) {
    char* b = m_last_iter->second->start();
    char* e = m_last_iter->second->end();

    if ( vaddr >= b && vaddr < e )
      return m_last_iter->second;
  }

  auto iter = m_active_regions.upper_bound(reinterpret_cast<void*>(vaddr));

  if ( iter != m_active_regions.begin() ) {
    // Back up the iterator
    --iter;

    char* b = iter->second->start();
    char* e = iter->second->end();

    if ( vaddr >= b && vaddr < e ) {
      m_last_iter = iter;
      return iter->second;
    }
  }

  UMAP_LOG(Debug, "Unable to find addr: "
      << (void*)vaddr
      << " in region map. Ignoring"
  );

  return nullptr;
}

void
RegionManager::set_num_fillers( uint64_t num_fillers )
{
  m_num_fillers = num_fillers;
}

void
RegionManager::set_num_evictors( uint64_t num_evictors )
{
  m_num_evictors = num_evictors;
}
void
RegionManager::set_evict_high_water_threshold( int percent )
{
  m_evict_high_water_threshold = percent;
}
void
RegionManager::set_evict_low_water_threshold( int percent )
{
  m_evict_low_water_threshold = percent;
}
void
RegionManager::set_max_fault_events( uint64_t max_events )
{
  m_max_fault_events = max_events;
}
} // end of namespace Umap
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_RegionManager_HPP
#define _UMAP_RegionManager_HPP

#include <cstdint>
#include <mutex>
#include <map>

#include "umap/Buffer.hpp"
#include "umap/EvictManager.hpp"
#include "umap/FillWorkers.hpp"
#include "umap/Uffd.hpp"
#include "umap/umap.h"
#include "umap/store/Store.hpp"
#include "umap/RegionDescriptor.hpp"

namespace Umap {
class FillWorkers;
class EvictManager;

struct Version {
  int major;
  int minor;
  int patch;
};

//
// Implemented as a singleton for now.  Things can get too weird attempting to
// manage changes in configuration parameters when we have active monitors
// working.  So, we only allow changing configuration when there are no active
// monitors
//
class RegionManager {
  public:
    static RegionManager& getInstance( void );

    // delete copy, move, and assign operators
    RegionManager(RegionManager const&) = delete;             // Copy construct
    RegionManager(RegionManager&&) = delete;                  // Move construct
    RegionManager& operator=(RegionManager const&) = delete;  // Copy assign
    RegionManager& operator=(RegionManager &&) = delete;      // Move assign

    void addRegion(
          Store*   store
        , char*    region
        , uint64_t region_size
        , char*    mmap_region
        , uint64_t mmap_region_size
    );
    void addServerRegion(
          Store*   store
        , char*    region
        , uint64_t region_size
    );

    int flush_buffer();
    int evict_buffer();
    void prefetch(int npages, umap_prefetch_item* page_array);
    void removeRegion( char* mmap_region );
    Version  get_umap_version( void ) { return m_version; }
    long     get_system_page_size( void ) { return m_system_page_size; }
    uint64_t get_max_pages_in_buffer( void ) { return m_max_pages_in_buffer; }
    uint64_t get_read_ahead( void ) { return m_read_ahead; }
    uint64_t get_umap_page_size( void ) { return m_umap_page_size; }
    uint64_t get_num_fillers( void ) { return m_num_fillers; }
    uint64_t get_num_evictors( void ) { return m_num_evictors; }
    int get_evict_low_water_threshold( void ) { return m_evict_low_water_threshold; }
    int get_evict_high_water_threshold( void ) { return m_evict_high_water_threshold; }
    uint64_t get_max_fault_events( void ) { return m_max_fault_events; }
    Buffer* get_buffer_h() { return m_buffer; }
    Uffd* get_uffd_h() { return m_uffd; }
    FillWorkers* get_fill_workers_h() { return m_fill_workers; }
    EvictManager* get_evict_manager() { return m_evict_manager; }
    RegionDescriptor* containing_region( char* vaddr );
    uint64_t get_num_active_regions( void ) { return (uint64_t)m_active_regions.size(); }

  private:
    Version  m_version;
    uint64_t m_max_pages_in_buffer;
    uint64_t m_read_ahead;
    long     m_umap_page_size;
    uint64_t m_system_page_size;
    uint64_t m_num_fillers;
    uint64_t m_num_evictors;
    int m_evict_low_water_threshold;
    int m_evict_high_water_threshold;
    uint64_t m_max_fault_events;
    Buffer* m_buffer;
    Uffd* m_uffd;
    FillWorkers* m_fill_workers;
    EvictManager* m_evict_manager;
    std::mutex m_mutex;

    std::map<void*, RegionDescriptor*> m_active_regions;
    std::map<void*, RegionDescriptor*>::iterator m_last_iter;

    RegionManager( void );

    uint64_t* read_env_var( const char* env, uint64_t* val);
    uint64_t        get_max_pages_in_memory( void );
    void set_max_fault_events( uint64_t max_events );
    void set_max_pages_in_buffer( uint64_t max_pages );
    void set_read_ahead(uint64_t num_pages);
    void set_umap_page_size( uint64_t page_size );
    void set_num_fillers( uint64_t num_fillers );
    void set_num_evictors( uint64_t num_evictors );
    void set_evict_low_water_threshold( int percent );
    void set_evict_high_water_threshold( int percent );
};

} // end of namespace Umap
#endif // _UMAP_RegionManager_HPP
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <algorithm>            // sort()
#include <cassert>              // assert()
#include <cstdint>              // uint64_t
#include <iomanip>
#include <iostream>
#include <vector>               // We all have lists to manage

#include <errno.h>              // strerror()
#include <fcntl.h>              // O_CLOEXEC
#include <linux/userfaultfd.h>  // ioctl(UFFDIO_*)
#include <poll.h>               // poll()
#include <string.h>             // strerror()
#include <sys/ioctl.h>          // ioctl()
#include <sys/syscall.h>        // syscall()
#include <unistd.h>             // syscall()

#include "umap/config.h"
#include "umap/Uffd.hpp"
#include "umap/RegionDescriptor.hpp"
#include "umap/RegionManager.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {

struct less_than_key {
  inline bool operator() ( const uffd_msg& lhs, const uffd_msg& rhs ) {
    if (lhs.arg.pagefault.address == rhs.arg.pagefault.address)
      return (lhs.arg.pagefault.flags > rhs.arg.pagefault.flags);
    else
      return (lhs.arg.pagefault.address < rhs.arg.pagefault.address);
  }
};

void
Uffd::uffd_handler( void )
{
  struct pollfd pollfd[3] = {
      { .fd = m_uffd_fd, .events = POLLIN }
    , { .fd = m_pipe[0], .events = POLLIN }
    , { .fd = m_pipe[1], .events = POLLIN }
  };

  //
  // For the Uffd worker thread, we use our work queue as a sentinel for
  // when it is time to leave (since this particular thread gets its work
  // from the m_uffd_fd kernel module.
  //
  while ( wq_is_empty() ) {
    int pollres = poll(&pollfd[0], 3, -1);

    switch (pollres) {
      case 1:
        break;
      case -1:
        UMAP_ERROR("poll failed: " << strerror(errno));
      default:
        UMAP_ERROR("poll: unexpected result: " << pollres);
    }

    if (pollfd[1].revents & POLLIN || pollfd[2].revents & POLLIN)
      break;

    if (pollfd[0].revents & POLLERR)
      UMAP_ERROR("POLLERR: ");

    if ( !(pollfd[0].revents & POLLIN) )
      continue;

    int readres = read(m_uffd_fd, &m_events[0], m_max_fault_events * sizeof(struct uffd_msg));

    if (readres == -1) {
      if (errno == EAGAIN)
        continue;

      UMAP_ERROR("read failed: " << strerror(errno));
    }

    assert("Invalid read result returned" && (readres % sizeof(struct uffd_msg) == 0));

    int msgs = readres / sizeof(struct uffd_msg);

    assert("invalid message size" && msgs >= 1 && msgs <= m_max_fault_events);

    //
    // Since uffd page events arrive on the system page boundary which could
    // be different from umap's page size, the page address for the incoming
    // events are adjusted to the beginning of the umap page address.  The
    // events are then sorted in page base address / operation type order and
    // are processed only once while duplicates are skipped.
    //
    for (int i = 0; i < msgs; ++i)
      m_events[i].arg.pagefault.address &= ~(m_page_size-1);

    std::sort(&m_events[0], &m_events[msgs], less_than_key());

    char* last_addr = nullptr;
    for (int i = 0; i < msgs; ++i) {
      if ((char*)(m_events[i].arg.pagefault.address) == last_addr)
        continue;

      last_addr = (char*)(m_events[i].arg.pagefault.address);

#ifndef UMAP_RO_MODE
      bool iswrite = (m_events[i].arg.pagefault.flags & (UFFD_PAGEFAULT_FLAG_WP | UFFD_PAGEFAULT_FLAG_WRITE) != 0);
#else
      bool iswrite = false;
#endif

      //
      // TODO: Since the addresses are sorted, we could optimize the
      // search to continue from where it last found something.
      //
      process_page(iswrite, last_addr);
    }
  }
  UMAP_LOG(Debug, "Good bye");
}

void
Uffd::process_page( bool iswrite, char* addr )
{
  auto rd = m_rm.containing_region(addr);

  if ( rd != nullptr )
    m_buffer->process_page_event(addr, iswrite, rd);
}

void
Uffd::ThreadEntry()
{
  uffd_handler();
}

Uffd::Uffd( void )
  :   WorkerPool("Uffd Manager", 1)
    , m_rm(RegionManager::getInstance())
    , m_max_fault_events(m_rm.get_max_fault_events())
    , m_page_size(m_rm.get_umap_page_size())
    , m_buffer(m_rm.get_buffer_h())
{
  UMAP_LOG(Debug, "\n maximum fault events: " << m_max_fault_events
                  << "\n            page size: " << m_page_size);

  if ((m_uffd_fd = syscall(__NR_userfaultfd, O_CLOEXEC | O_NONBLOCK)) < 0)
    UMAP_ERROR("userfaultfd syscall not available in this kernel: "
        << strerror(errno));

  if (pipe2(m_pipe, 0) < 0)
    UMAP_ERROR("userfaultfd pipe failed: " << strerror(errno));

  check_uffd_compatibility();
  m_events.resize(m_max_fault_events);

  start_thread_pool();
}

Uffd::~Uffd()
{
  char bye[5] = "bye";

  write(m_pipe[1], bye, 3);

  stop_thread_pool();
}

void
Uffd::enable_write_protect(
          void*
#ifndef UMAP_RO_MODE
          page_address
#endif
      )
{
#ifndef UMAP_RO_MODE
  struct uffdio_writeprotect wp = {
      .range = { .start = (uint64_t)page_address, .len = m_page_size }
    , .mode = UFFDIO_WRITEPROTECT_MODE_WP
  };

  if (ioctl(m_uffd_fd, UFFDIO_WRITEPROTECT, &wp) == -1)
    UMAP_ERROR("ioctl(UFFDIO_WRITEPROTECT): " << strerror(errno));
#endif // UMAP_RO_MODE
}

void
Uffd::disable_write_protect(
  void*
#ifndef UMAP_RO_MODE
  page_address
#endif
)
{
#ifndef UMAP_RO_MODE
  struct uffdio_writeprotect wp = {
      .range = { .start = (uint64_t)page_address, .len = m_page_size }
    , .mode = 0
  };

  if (ioctl(m_uffd_fd, UFFDIO_WRITEPROTECT, &wp) == -1)
    UMAP_ERROR("ioctl(UFFDIO_WRITEPROTECT): " << strerror(errno));
#endif // UMAP_RO_MODE
}

void
Uffd::copy_in_page(char* data, void* page_address)
{
  struct uffdio_copy copy = {
      .dst = (uint64_t)page_address
    , .src = (uint64_t)data
    , .len = m_page_size
    , .mode = 0
  };

  if (ioctl(m_uffd_fd, UFFDIO_COPY, &copy) == -1)
    UMAP_ERROR("UFFDIO_COPY failed: " << strerror(errno));
}

void
Uffd::copy_in_page_and_write_protect(char* data, void* page_address)
{
  UMAP_LOG(Debug, "(page_address = " << page_address << ")");
  struct uffdio_copy copy = {
      .dst = (uint64_t)page_address
    , .src = (uint64_t)data
    , .len = m_page_size
#ifndef UMAP_RO_MODE
    , .mode = UFFDIO_COPY_MODE_WP
#else
    , .mode = 0
#endif
  };

  if (ioctl(m_uffd_fd, UFFDIO_COPY, &copy) == -1) {
    UMAP_ERROR("UFFDIO_COPY failed @ "
        << page_address << " : "
        << strerror(errno) << std::endl
    );
  }
}

void
Uffd::register_region( RegionDescriptor* rd )
{
  struct uffdio_register uffdio_register = {
      .range = {  .start = (__u64)(rd->start()), .len = rd->size() }
#ifndef UMAP_RO_MODE
    , .mode = UFFDIO_REGISTER_MODE_MISSING | UFFDIO_REGISTER_MODE_WP
#else
    , .mode = UFFDIO_REGISTER_MODE_MISSING
#endif
  };

  UMAP_LOG(Debug,
    "Registering " << (uffdio_register.range.len / m_page_size)
    << " pages from: " << (void*)(uffdio_register.range.start)
    << " - " << (void*)(uffdio_register.range.start +
                              (uffdio_register.range.len-1)));

  if (ioctl(m_uffd_fd, UFFDIO_REGISTER, &uffdio_register) == -1) {
    UMAP_ERROR("ioctl(UFFDIO_REGISTER) failed: " << strerror(errno)
        << "Number of regions is: " << m_rm.get_num_active_regions()
    );
  }

  if ((uffdio_register.ioctls & UFFD_API_RANGE_IOCTLS) != UFFD_API_RANGE_IOCTLS)
    UMAP_ERROR("unexpected userfaultfd ioctl set: " << uffdio_register.ioctls);
}

void
Uffd::unregister_region( RegionDescriptor* rd )
{
  //
  // Make sure and evict any/all active pages from this region that are still
  // in the Buffer
  //
  m_buffer->evict_region(rd);

  struct uffdio_register uffdio_register = {
      .range = { .start = (__u64)(rd->start()), .len = rd->size() }
    , .mode = 0
  };

  UMAP_LOG(Debug,
    "Unregistering " << (uffdio_register.range.len / m_page_size)
    << " pages from: " << (void*)(uffdio_register.range.start)
    << " - " << (void*)(uffdio_register.range.start +
                              (uffdio_register.range.len-1)));

  if (ioctl(m_uffd_fd, UFFDIO_UNREGISTER, &uffdio_register.range))
    UMAP_ERROR("ioctl(UFFDIO_UNREGISTER) failed: " << strerror(errno));
}

void
Uffd::check_uffd_compatibility( void )
{
  struct uffdio_api uffdio_api = {
      .api = UFFD_API
#ifdef UMAP_RO_MODE
    , .features = 0
#else
    , .features = UFFD_FEATURE_PAGEFAULT_FLAG_WP
#endif

    , .ioctls = 0
  };

if (ioctl(m_uffd_fd, UFFDIO_API, &uffdio_api) == -1)
  UMAP_ERROR("ioctl(UFFDIO_API) Failed: " << strerror(errno));

#ifndef UMAP_RO_MODE
if ( !(uffdio_api.features & UFFD_FEATURE_PAGEFAULT_FLAG_WP) )
  UMAP_ERROR("UFFD Compatibilty Check - unsupported userfaultfd WP");
#endif
}
} // end of namespace Umap









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File Uffd.hpp

↰ Return to documentation for file (umap/Uffd.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_Uffd_HPP
#define _UMAP_Uffd_HPP

#include <algorithm>            // sort()
#include <cassert>              // assert()
#include <cstdint>              // uint64_t
#include <iomanip>
#include <iostream>
#include <vector>               // We all have lists to manage

#include <errno.h>              // strerror()
#include <fcntl.h>              // O_CLOEXEC
#include <linux/userfaultfd.h>  // ioctl(UFFDIO_*)
#include <poll.h>               // poll()
#include <string.h>             // strerror()
#include <sys/ioctl.h>          // ioctl()
#include <sys/syscall.h>        // syscall()
#include <unistd.h>             // syscall()

#include "umap/config.h"
//
// The UFFDIO_COPY_MODE_WP is only defined in later versions of Linux (>5.0)
//
#ifndef UFFDIO_COPY_MODE_WP
#define UMAP_RO_MODE
#endif

#include "umap/RegionDescriptor.hpp"
#include "umap/RegionManager.hpp"
#include "umap/WorkerPool.hpp"

namespace Umap {
  class RegionManager;

  class PageEvent {
    public:
      PageEvent(void* paddr, bool iswrite);
  };

  class Uffd : public WorkerPool {
    public:
      Uffd( void );
      ~Uffd( void);

      void process_page(bool iswrite, char* addr );
      void register_region( RegionDescriptor* region );
      void unregister_region( RegionDescriptor* region );

      void  enable_write_protect( void* );
      void disable_write_protect( void* );
      void copy_in_page(char* data, void* page_address);
      void copy_in_page_and_write_protect(char* data, void* page_address);

    private:
      RegionManager&        m_rm;
      uint64_t              m_max_fault_events;
      uint64_t              m_page_size;
      Buffer*               m_buffer;
      int                   m_uffd_fd;
      int                   m_pipe[2];
      std::vector<uffd_msg> m_events;

      void uffd_handler( void );
      void ThreadEntry( void );
      void check_uffd_compatibility( void );
  };
} // end of namespace Umap
#endif // _UMAP_Uffd_HPP









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File WorkQueue.hpp

↰ Return to documentation for file (umap/WorkQueue.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_WorkQueue_HPP
#define _UMAP_WorkQueue_HPP

#include <list>

#include <cstdint>
#include <pthread.h>
#include <unistd.h>

#include "umap/Uffd.hpp"
#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
template <typename T>
class WorkQueue {
  public:
    WorkQueue(int max_workers)
      :   m_max_waiting(max_workers)
        , m_waiting_workers(0)
        , m_idle_waiters(0)
    {
      pthread_mutex_init(&m_mutex, NULL);
      pthread_cond_init(&m_cond, NULL);
      pthread_cond_init(&m_idle_cond, NULL);
    }

    ~WorkQueue() {
      pthread_mutex_destroy(&m_mutex);
      pthread_cond_destroy(&m_cond);
      pthread_cond_destroy(&m_idle_cond);
    }

    void enqueue(T item) {
      pthread_mutex_lock(&m_mutex);
      m_queue.push_back(item);
      pthread_cond_signal(&m_cond);
      pthread_mutex_unlock(&m_mutex);
    }

    T dequeue() {
      pthread_mutex_lock(&m_mutex);

      ++m_waiting_workers;

      while ( m_queue.size() == 0 ) {
        if (m_waiting_workers == m_max_waiting && m_idle_waiters)
          pthread_cond_signal(&m_idle_cond);

        pthread_cond_wait(&m_cond, &m_mutex);
      }

      --m_waiting_workers;

      auto item = m_queue.front();
      m_queue.pop_front();

      pthread_mutex_unlock(&m_mutex);
      return item;
    }

    void wait_for_idle( void ) {
      pthread_mutex_lock(&m_mutex);
      ++m_idle_waiters;

      while ( ! ( m_queue.size() == 0 && m_waiting_workers == m_max_waiting ) )
        pthread_cond_wait(&m_idle_cond, &m_mutex);

      --m_idle_waiters;
      pthread_mutex_unlock(&m_mutex);
    }

    bool is_empty() {
      pthread_mutex_lock(&m_mutex);
      bool empty = (m_queue.size() == 0);
      pthread_mutex_unlock(&m_mutex);
      return empty;
    }

  private:
    pthread_mutex_t m_mutex;
    pthread_cond_t m_cond;
    pthread_cond_t m_idle_cond;
    std::list<T> m_queue;
    uint64_t m_max_waiting;
    uint64_t m_waiting_workers;
    int m_idle_waiters;
};

} // end of namespace Umap

#endif // _UMAP_WorkQueue_HPP
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↰ Return to documentation for file (umap/WorkerPool.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_Pthread_HPP
#define _UMAP_Pthread_HPP

#include <cstdint>
#include <pthread.h>
#include <string>
#include <vector>

#include "umap/PageDescriptor.hpp"
#include "umap/WorkQueue.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
  struct WorkItem {
    enum WorkType { NONE, EXIT, THRESHOLD, EVICT, FAST_EVICT, FLUSH };
    PageDescriptor* page_desc;
    WorkType type;
  };

  static std::ostream& operator<<(std::ostream& os, const Umap::WorkItem& b)
  {
    os << "{ page_desc: " << b.page_desc;

    switch (b.type) {
      default: os << ", type: Unknown(" << b.type << ")"; break;
      case Umap::WorkItem::WorkType::NONE: os << ", type: " << "NONE"; break;
      case Umap::WorkItem::WorkType::EXIT: os << ", type: " << "EXIT"; break;
      case Umap::WorkItem::WorkType::THRESHOLD: os << ", type: " << "THRESHOLD"; break;
      case Umap::WorkItem::WorkType::EVICT: os << ", type: " << "EVICT"; break;
      case Umap::WorkItem::WorkType::FAST_EVICT: os << ", type: " << "FAST_EVICT"; break;
      case Umap::WorkItem::WorkType::FLUSH: os << ", type: " << "FLUSH"; break;
    }

    os << " }";
    return os;
  }

  class WorkerPool {
    public:
      WorkerPool(const std::string& pool_name, uint64_t num_threads)
        :   m_pool_name(pool_name)
          , m_num_threads(num_threads)
          , m_wq(new WorkQueue<WorkItem>(num_threads))
      {
        if (m_pool_name.length() > 15)
          m_pool_name.resize(15);
      }

      virtual ~WorkerPool() {
        stop_thread_pool();
        delete m_wq;
      }

      void send_work(const WorkItem& work) {
        m_wq->enqueue(work);
      }

      WorkItem get_work() {
        return m_wq->dequeue();
      }

      bool wq_is_empty( void ) {
        return m_wq->is_empty();
      }

      void start_thread_pool() {
        UMAP_LOG(Debug, "Starting " <<  m_pool_name << " Pool of "
            << m_num_threads << " threads");

        for ( uint64_t i = 0; i < m_num_threads; ++i) {
          pthread_t t;

          if (pthread_create(&t, NULL, ThreadEntryFunc, this) != 0)
            UMAP_ERROR("Failed to launch thread");

          if (pthread_setname_np(t, m_pool_name.c_str()) != 0)
            UMAP_ERROR("Failed to set thread name");

          m_threads.push_back(t);
        }
      }

      void stop_thread_pool() {
        UMAP_LOG(Debug, "Stopping " <<  m_pool_name << " Pool of "
            << m_num_threads << " threads");

        WorkItem w = {.page_desc = nullptr, .type = Umap::WorkItem::WorkType::EXIT };

        //
        // This will inform all of the threads it is time to go away
        //
        for ( uint64_t i = 0; i < m_num_threads; ++i)
          send_work(w);

        //
        // Wait for all of the threads to exit
        //
        for ( auto pt : m_threads )
          (void) pthread_join(pt, NULL);

        m_threads.clear();

        UMAP_LOG(Debug, m_pool_name << " stopped");
      }

      void wait_for_idle( void ) {
        m_wq->wait_for_idle();
      }

    protected:
      virtual void ThreadEntry() = 0;

    private:
      static void* ThreadEntryFunc(void * This) {
        ((WorkerPool *)This)->ThreadEntry();
        return NULL;
      }

      std::string             m_pool_name;
      uint64_t                m_num_threads;
      WorkQueue<WorkItem>*    m_wq;
      std::vector<pthread_t>  m_threads;
  };
} // end of namespace Umap
#endif // _UMAP_WorkerPool_HPP
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↰ Return to documentation for file (umap/store/SparseStore.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#ifndef _GNU_SOURCE
#define _GNU_SOURCE
#endif

#include <iostream>
#include <sstream>
#include <fstream>
#include <sys/stat.h>
#include <fcntl.h>
#include <math.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <dirent.h>
#include <atomic>
#include <string.h>

#include <umap/umap.h>
#include <umap/store/SparseStore.h>
#include <umap/util/Macros.hpp>

namespace Umap {
    SparseStore::SparseStore(size_t _rsize_, size_t _aligned_size_, std::string _root_path_, size_t _file_Size_)
      : rsize{_rsize_}, aligned_size{_aligned_size_}, root_path{_root_path_}, file_size{_file_Size_}{
      // Round file size to be multiple of page size
      file_size = aligned_size*ceil(file_size*1.0/aligned_size);
      num_files = (uint64_t) ceil( rsize*1.0 / file_size );
      numreads = numwrites = 0;
      file_descriptors = new file_descriptor[num_files];
      for (int i = 0 ; i < num_files ; i++){
        file_descriptors[i].id = -1;
      }
      DIR *directory;
      struct dirent *ent;
      std::string metadata_file_path = root_path + "/_metadata";
      if ((directory = opendir(root_path.c_str())) != NULL){
        directory_creation_status = 0;
        // Get stored file size
        std::ifstream metadata(metadata_file_path.c_str());
        if (!metadata.is_open()){
          UMAP_ERROR("Failed to open metadata file" << " - " << strerror(errno));
        }
        else{
          metadata >> file_size;
        }
      }
      else{
        directory_creation_status = mkdir(root_path.c_str(),S_IRWXU | S_IRWXG | S_IROTH | S_IXOTH);
        std::ofstream metadata(metadata_file_path.c_str());
        if (!metadata.is_open()){
          UMAP_ERROR("Failed to open metadata file" << " - " << strerror(errno));
        }
        else{
          metadata << file_size;
        }
      }
      if (directory_creation_status != 0){
        UMAP_ERROR("ERROR: Failed to create directory" << " - " << strerror(errno));
      }
    }

    SparseStore::~SparseStore(){
      UMAP_LOG(Info,"SparseStore Total Reads: " << numreads);
      UMAP_LOG(Info,"SparseStore Total Writes: " << numwrites);
      /* for (int i = 0 ; i < num_files ; i++){
        if (file_descriptors[i].id != -1){
          if (close(file_descriptors[i].id) != 0){
            UMAP_ERROR("SparseStore: Failed to close file with id: " << i << " - " << strerror(errno));
          }
        }
      } */
      delete [] file_descriptors;
    }

    ssize_t SparseStore::read_from_store(char* buf, size_t nb, off_t off) {
      ssize_t read = 0;
      off_t file_offset;
      int fd = get_fd(off, file_offset);
      read = pread(fd,buf,nb,file_offset);
      if(read == -1){
        UMAP_ERROR("pread(fd=" << fd << ", buff=" << (void*)buf <<  ", nb=" << nb << ", off=" << off << ") Failed - " << strerror(errno));
      }
      numreads++;
      return read;
    }

    ssize_t SparseStore::write_to_store(char* buf, size_t nb, off_t off) {
      ssize_t written = 0;
      off_t file_offset;
      int fd = get_fd(off, file_offset);
      written = pwrite(fd,buf,nb,file_offset);
      if(written == -1){
        UMAP_ERROR("pwrite(fd=" << fd << ", buff=" << (void*)buf <<  ", nb=" << nb << ", off=" << off << ") Failed - " << strerror(errno));
      }
      numwrites++;
      return written;
    }

    int SparseStore::get_directory_creation_status(){
      return directory_creation_status;
    }

    int SparseStore::close_files(){
      int return_status = 0;
      for (int i = 0 ; i < num_files ; i++){
        if (file_descriptors[i].id != -1){
          int close_status = close(file_descriptors[i].id);
          if (close_status != 0){
            UMAP_LOG(Warning,"SparseStore: Failed to close file with id: " << i << " - " << strerror(errno));
          }
         return_status = return_status | close_status;
    }
      }
      return return_status;
    }

    int SparseStore::get_fd(off_t offset, off_t &file_offset){
      int fd_index = offset / file_size;
      file_offset = offset % file_size;
      std::string filename = root_path + "/" + std::to_string(fd_index);
      if ( file_descriptors[fd_index].id == -1 ){
            creation_mutex.lock(); // Grab mutex (only in case of creating new file, rather than serializing a larger protion of the code)
            if (file_descriptors[fd_index].id == -1){ // Recheck the value to make sure that another thread did not already create the file
              int fd;
              if ((fd = open(filename.c_str(), O_CREAT | O_RDWR | O_LARGEFILE | O_DIRECT, S_IRUSR | S_IWUSR)) != -1){
                int fallocate_status;
                if( (fallocate_status = posix_fallocate(fd,0,file_size) ) == 0){
                  file_descriptors[fd_index].id = fd;
                }
                else{
                  UMAP_ERROR("SparseStore: fallocate() failed for file with id: " << fd_index << " - " << strerror(errno));
                }
              }
              else{
                UMAP_ERROR("ERROR: Failed to open file with id: " << fd_index << " - " << strerror(errno));
              }
            }
            creation_mutex.unlock(); // Release mutex
      }
      return file_descriptors[fd_index].id;
    }
}









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File SparseStore.h

↰ Return to documentation for file (umap/store/SparseStore.h)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#include <cstdint>
#include "umap/store/Store.hpp"
#include "umap/umap.h"

namespace Umap {
  class SparseStore : public Store {
  public:
    SparseStore(size_t _rsize_, size_t _aligned_size_, std::string _root_path_, size_t _file_Size_);
    ~SparseStore();
    ssize_t read_from_store(char* buf, size_t nb, off_t off);
    ssize_t write_to_store(char* buf, size_t nb, off_t off);
    int get_directory_creation_status();
    int close_files();
  private:
    int fd;
    int directory_creation_status;
    size_t file_size;
    uint64_t num_files;
    size_t rsize;
    size_t aligned_size;
    std::string root_path;
    // reads and writes I/O counters
    std::atomic<int64_t> numreads;
    std::atomic<int64_t> numwrites;
    struct file_descriptor{
      int id;
      off_t beginning;
      off_t end;
    };
    file_descriptor* file_descriptors;
    std::mutex creation_mutex;
    int get_fd(off_t offset, off_t &file_offset);
  };
}
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↰ Return to documentation for file (umap/store/Store.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include "umap/umap.h"
#include "umap/store/Store.hpp"
#include "umap/store/StoreFile.h"

namespace Umap {
  Store* Store::make_store(void* _region_, size_t _rsize_, size_t _alignsize_, int _fd_)
  {
    return new StoreFile{_region_, _rsize_, _alignsize_, _fd_};
  }
}
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↰ Return to documentation for file (umap/store/Store.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_STORE_H_
#define _UMAP_STORE_H_
#include <cstdint>
#include <unistd.h>

namespace Umap {
class Store {
  public:
  static Store* make_store(void* _region_, std::size_t _rsize_, std::size_t _alignsize_, int _fd_);
  virtual std::size_t get_size(){return 0;}

  virtual ~Store(){}
  virtual ssize_t read_from_store(char* buf, std::size_t nb, off_t off) = 0;
  virtual ssize_t write_to_store(char* buf, std::size_t nb, off_t off) = 0;
};
} // end of namespace Umap
#endif
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↰ Return to documentation for file (umap/store/StoreFile.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <unistd.h>
#include <stdio.h>
#include "StoreFile.h"
#include <iostream>
#include <sstream>
#include <string.h>

#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

namespace Umap {
  StoreFile::StoreFile(void* _region_, size_t _rsize_, size_t _alignsize_, int _fd_)
    : region{_region_}, rsize{_rsize_}, alignsize{_alignsize_}, fd{_fd_}
  {
    UMAP_LOG(Debug,
        "region: " << region << " rsize: " << rsize
        << " alignsize: " << alignsize << " fd: " << fd);
  }

  ssize_t StoreFile::read_from_store(char* buf, size_t nb, off_t off)
  {
    size_t rval = 0;

    UMAP_LOG(Debug, "pread(fd=" << fd << ", buf=" << (void*)buf
                    << ", nb=" << nb << ", off=" << off << ")";);

    rval = pread(fd, buf, nb, off);

    if (rval == -1) {
      int eno = errno;
      UMAP_ERROR("pread(fd=" << fd << ", buf=" << (void*)buf
                      << ", nb=" << nb << ", off=" << off
                      << "): Failed - " << strerror(eno));
    }
    return rval;
  }

  ssize_t  StoreFile::write_to_store(char* buf, size_t nb, off_t off)
  {
    size_t rval = 0;

    UMAP_LOG(Debug, "pwrite(fd=" << fd << ", buf=" << (void*)buf
                    << ", nb=" << nb << ", off=" << off << ")";);

    rval = pwrite(fd, buf, nb, off);
    if (rval == -1) {
      int eno = errno;
      UMAP_ERROR("pwrite(fd=" << fd << ", buf=" << (void*)buf
                      << ", nb=" << nb << ", off=" << off
                      << "): Failed - " << strerror(eno));
    }
    return rval;
  }
}









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File StoreFile.h

↰ Return to documentation for file (umap/store/StoreFile.h)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_STORE_FILE_H_
#define _UMAP_STORE_FILE_H_
#include <cstdint>
#include "umap/store/Store.hpp"
#include "umap/umap.h"

namespace Umap {
  class StoreFile : public Store {
    public:
      StoreFile(void* _region_, size_t _rsize_, size_t _alignsize_, int _fd_);

      ssize_t read_from_store(char* buf, size_t nb, off_t off);
      ssize_t  write_to_store(char* buf, size_t nb, off_t off);
    private:
      void* region;
      void* alignment_buffer;
      size_t rsize;
      size_t alignsize;
      int fd;
  };
}
#endif









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File StoreNetwork.cpp

↰ Return to documentation for file (umap/store/StoreNetwork.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#include <unistd.h>
#include <stdio.h>
#include <iostream>
#include <sstream>
#include <cassert>

#include "StoreNetwork.h"

#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

#include "rpc/rpc_util.hpp"
#include "rpc/rpc_server.hpp"
#include "rpc/rpc_client.hpp"


namespace Umap {
  /* gloabl */
  bool has_server_setup = false;
  bool has_client_setup = false;

  /*
   * Constructor
   * create a remote memory object on the server
   * init the server connection if not setup
   */
  StoreNetworkServer::StoreNetworkServer(const char* _id,
                     void* _ptr,
                     std::size_t _rsize_,
                     std::size_t _num_clients)
    :StoreNetwork(_id, _rsize_, true)
  {
    /* TODO: thread-safety */
    /* setup Margo connect */
    /* is done once only */
    if( !has_server_setup ){

      server_init();
      has_server_setup = true;
    }

    /* Try to register the new resource */
    int ret = server_add_resource(id, _ptr, rsize, _num_clients);
    assert( ret==0 );
  }

  StoreNetworkServer::~StoreNetworkServer()
  {
    /* TODO: thread-safety */
    /* Try to remove the new resource */
    int ret = server_delete_resource(id);
    assert( ret==0 );
  }

  StoreNetworkClient::StoreNetworkClient(const char* _id, std::size_t _rsize_)
    :StoreNetwork(_id, _rsize_, false)
  {
    /* TODO: thread-safety : need to release lock when requesting the server */
    /* setup Margo connect */
    /* is done once only */
    if( !has_client_setup ){
      client_init();
      has_client_setup = true;
    }

    /* Try to register the new resource */
    if( client_check_resource(id) ){

      /* Get request approval from the server */
      bool res = client_add_resource(id, rsize);
      if( !res ){
    UMAP_ERROR("Cannot request "<< id << ", rejected by the server ");
      }

      //update information from server
      if(rsize==0)
    rsize=client_get_resource_size(id);

    }else{
      UMAP_ERROR("Cannot create datastore with duplicated name: "<< id);
    }
  }

  StoreNetworkClient::~StoreNetworkClient()
  {
    /* TODO: thread-safety */

    /* send a request of 0 byte to the server to signal termination */
    /* TODO: a blocking operation currently */
    int ret = client_release_resource(id);
    assert( ret==0 );
  }

  StoreNetwork::StoreNetwork( const char* _id,
                  std::size_t _rsize_,
                  bool _is_on_server)
    :id(_id),
     rsize(_rsize_),
     is_on_server(_is_on_server)
  {

    /* Lookup the server address */
    if(is_on_server){

      //init_servers(rsize, _num_clients);

      /* Ensure that client setup after the server has */
      /* published their addresses */
      //MPI_Barrier(MPI_COMM_WORLD);
      //UMAP_LOG(Info, "Server is setup");

    }else{

      /* Ensure that client setup after the server has */
      /* published their addresses */
      //MPI_Barrier(MPI_COMM_WORLD);
      //init_client();
      //UMAP_LOG(Info, "Client is setup");
    }

  }

  StoreNetwork::~StoreNetwork()
  {
  }

  ssize_t StoreNetwork::read_from_store(char* buf, size_t nbytes, off_t offset)
  {
    /* Only client should receive filler work items*/
    assert( !is_on_server);

    size_t rval = 0;

    void* buf_ptr = (void*) buf;
    client_read_from_server(id, buf_ptr, nbytes, offset);

    return rval;
  }

  ssize_t  StoreNetwork::write_to_store(char* buf, size_t nbytes, off_t offset)
  {
    /* TODO: coexist server and client */
    assert( !is_on_server);

    size_t rval = 0;

    void* buf_ptr = (void*) buf;
    int   server_id = 0;
    client_write_to_server(server_id, buf_ptr, nbytes, offset);

    return rval;

  }

}









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File StoreNetwork.h

↰ Return to documentation for file (umap/store/StoreNetwork.h)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#ifndef _UMAP_NETWORK_STORE_H_
#define _UMAP_NETWORK_STORE_H_
//#include <cstdint>
#include "umap/store/Store.hpp"
#include "umap/umap.h"


namespace Umap {

  class StoreNetwork : public Store {
  public:
    StoreNetwork(const char* _id, std::size_t _rsize_, bool _is_server=false);
    virtual ~StoreNetwork();
    std::size_t get_size(){return rsize;}

    ssize_t read_from_store(char* buf, size_t nb, off_t off);
    ssize_t write_to_store(char* buf, size_t nb, off_t off);

  protected:
    /* per-data object attributes*/
    const char* id;
    size_t rsize;
    bool is_on_server;
    size_t num_clients;
  };

  class StoreNetworkServer : public StoreNetwork {
  public:
    StoreNetworkServer(const char* _id, void* _ptr, std::size_t _rsize_, std::size_t _num_clients=0);
    ~StoreNetworkServer();

  private:
    int server_id;

  };

  class StoreNetworkClient : public StoreNetwork {
  public:
    StoreNetworkClient(const char* id, std::size_t _rsize_);
    ~StoreNetworkClient();

  private:
    int client_id;

  };
}
#endif









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File rpc_client.cpp

↰ Return to documentation for file (umap/store/rpc/rpc_client.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <cassert>
#include <mpi.h>

#include "umap/util/Macros.hpp"
#include "rpc_client.hpp"
#include "rpc_util.hpp"

static margo_instance_id mid;
static hg_id_t umap_request_rpc_id;
static hg_id_t umap_release_rpc_id;
static hg_id_t umap_read_rpc_id;
static hg_id_t umap_write_rpc_id;

static ClientResourcePool resource_pool;
static int client_id=-1;
static std::map<int, char*> server_str_map;
static std::map<int, hg_addr_t> server_map;

size_t client_get_resource_size(const char*id)
{
  assert(resource_pool.find(id)!=resource_pool.end());
  return resource_pool[id].rsize;
}

void print_client_memory_pool()
{
  for(auto it : resource_pool){
    UMAP_LOG(Info, "Client "<< client_id <<" pool[ " << it.first << " ] :: "
            <<"size=" << (it.second).rsize
              << ", server_stride=" << (it.second).server_stride);

    for(auto it2 : (it.second).meta_table )
      UMAP_LOG(Info, "Server "<< it2.server_id << " : "<< it2.offset << ", " <<it2.size) ;
  }
}

/* Validate no duplicate remote memory object has been registered the pool */
bool client_check_resource(const char* id){

  if( resource_pool.find(id)!=resource_pool.end() ){
    return false;
  }

  return true;
}


/* Send request to the servers to request rsize bytes */
/* If rsize=0 the size is return by the servers */
/* a blocking operation returns */
/* when the response from server arrives */
void client_request_resource(const char* id, size_t requested_size){

  size_t num_servers = server_map.size();
  assert(num_servers>0);

  /* Create input structure */
  umap_request_rpc_in_t in;
  in.id = strdup(id);
  in.size = 0; //ask servers to return their size

  /* send request to the server list*/
  hg_handle_t handle_list[num_servers];
  int i=0;
  for(auto it : server_map){

    int server_id = it.first;
    hg_addr_t server_address = it.second;

    /* Create a RPC handle */
    hg_return_t ret;
    ret = margo_create(mid,
               server_address,
               umap_request_rpc_id,
               &(handle_list[i]));
    assert(ret == HG_SUCCESS);

    /* Forward RPC requst to the server */
    ret = margo_forward(handle_list[i], &in);
    assert(ret == HG_SUCCESS);

    i++;
  }


  /* verify the response from all servers */
  size_t offset=0;
  for( i=0;i<num_servers;i++ ){

    /* Create output structure */
    umap_request_rpc_out_t out;
    hg_return_t ret;
    ret = margo_get_output(handle_list[i], &out);
    assert(ret == HG_SUCCESS);

    if( out.ret==RPC_RESPONSE_REQ_SIZE){
      // this server can provide the (partial) resource, register it
      // TODO: assume offset if order of server id, to be extended
      resource_pool[id].meta_table.emplace_back(offset, out.size, i);
      offset += out.size;

      UMAP_LOG(Info, "Server "<< i <<"/"<<num_servers<<" return size "<< out.size << " for " << id << " total_size="<<offset);

    }else{
      // if this server cannot provide the resource, skip it
      if( out.ret==RPC_RESPONSE_REQ_UNAVAIL){
    UMAP_LOG(Warning, "The requested "<< id <<" is unavailable on Server "<<i);
      }else if( out.ret==RPC_RESPONSE_REQ_WRONG_SIZE){
    UMAP_LOG(Warning, "The requested "<< id <<" has mismatched size on Server "<<i);
      }else{
    UMAP_LOG(Warning, "Unrecognized return message from Server "<<i);
      }
    }

    /* Free output structure */
    margo_free_output(handle_list[i], &out);

    /* Free handle handles*/
    ret = margo_destroy(handle_list[i]);
    assert(ret == HG_SUCCESS);
  }

  if( offset<requested_size ){
    UMAP_LOG(Warning, "Client requested " << requested_size <<
                  " bytes, but only " << offset << " bytes are available on all servers");
  }

  // update the meta data if accepted
  resource_pool[id].num_servers=resource_pool[id].meta_table.size();
  resource_pool[id].rsize=offset;
  resource_pool[id].server_stride = 0;
  if(offset>0){
    size_t stride = resource_pool[id].meta_table[0].size;
    for(auto it : resource_pool[id].meta_table){
      if(it.size!=stride){
    stride=0;
    break;
      }
    }
    resource_pool[id].server_stride = stride;
  }

}

/* Register the remote memory to the pool */
bool client_add_resource(const char*id,
             size_t rsize)
{
  // try to add the resource locally
  resource_pool.emplace(id, RemoteResource(rsize, server_map.size()));

  // send request to all servers
  client_request_resource(id, rsize);

  // currently only accept if the size on server is equal or larger than the requested
  // it might be relaxed
  if( resource_pool[id].rsize<rsize ){
    resource_pool.erase(id);
    return false;
  }

  print_client_memory_pool();

  return true;
}

/* Delete the memory resource from the pool on the client */
/* Inform the server about the release of the resource */
/* TODO: A blocking operation that returns when response arrives */
int client_release_resource(const char* id){

  int ret = 0;

  if( resource_pool.find(id)==resource_pool.end() ){
    UMAP_ERROR(id<<" is not found in the pool");
    return -1;
  }

  /* Start informing the server */
  RemoteResource &obj = resource_pool[id];
  std::vector<int> server_id_list;

  if(obj.server_stride>0){
    for(auto s=0; s<obj.num_servers; s++)
      server_id_list.push_back(s);
  }else{
    std::vector<ServerMetadata>& metatable= obj.meta_table;
    for(auto it : metatable){
      server_id_list.push_back(it.server_id);
    }
  }

  for(auto server_id : server_id_list){
    auto it = server_map.find(server_id);
    assert( it!=server_map.end());
    hg_addr_t server_address = it->second;

    /* Create a RPC handle */
    hg_return_t hret;
    hg_handle_t handle;
    hret = margo_create(mid,
            server_address,
            umap_release_rpc_id,
            &handle);
    assert(hret == HG_SUCCESS);

    /* Create input structure */
    umap_release_rpc_in_t in;
    in.id = strdup(id);

    /* Forward RPC requst to the server */
    hret = margo_forward(handle, &in);
    assert(hret == HG_SUCCESS);

    /* verify the response */
    /* TODO: should the client wait for the reponse? */
    umap_release_rpc_out_t out;
    hret = margo_get_output(handle, &out);
    assert(hret == HG_SUCCESS);
    assert( out.ret==RPC_RESPONSE_RELEASE);
  }
  /* End of informing the server*/

  resource_pool.erase(id);

  /* TODO: shutdown */
  if(resource_pool.size()==0){
    UMAP_LOG(Info, "shuting down Client " << client_id);
    client_fini();
  }

  return ret;
}


/* Read the server address published in the file */
/* Record the servers into the map */
static void get_server_address_string(){

  FILE* fp = fopen(LOCAL_RPC_ADDR_FILE, "r");

  /* read server address from local file */
  if (fp != NULL) {
    int server_id =0;
    char addr_string[MAX_ADDR_LENGTH];
    int r = fscanf(fp, "%s\n", addr_string);
    while(r==1){
      server_str_map[server_id]=strdup(addr_string);
      server_id ++;
      memset(addr_string, 0, MAX_ADDR_LENGTH);
      r = fscanf(fp, "%s\n", addr_string);
      UMAP_LOG(Info, "server "<<(server_id-1)<<" "<<server_str_map[server_id-1] );
    }
    assert(r==EOF);
    fclose(fp);
  }else
    UMAP_ERROR("Unable to find local server rpc address ");
}

static void setup_margo_client(){

  /* get the protocol used by the server */
  get_server_address_string();
  assert(server_str_map.size()>0);

  char* server_address_string = server_str_map[0];
  char* protocol = strdup(server_address_string);
  char* del = strchr(protocol, ';');
  if (del) *del = '\0';
  UMAP_LOG(Info, "server :"<<server_address_string<<" protocol: "<<protocol);

  /* Init Margo using server's protocol */
  int use_progress_thread = 1;//flag to use a dedicated thread for running Mercury's progress loop.
  int rpc_thread_count = 1; //number of threads for running rpc calls
  mid = margo_init(protocol, MARGO_CLIENT_MODE, use_progress_thread, rpc_thread_count);
  free(protocol);
  if (mid == MARGO_INSTANCE_NULL) {
    free(server_address_string);
    UMAP_ERROR("margo_init protocol failed");
  }


  /* TODO: want to keep this enabled all the time */
  margo_diag_start(mid);


  /* lookup server address from string */
  for(auto it : server_str_map ){
    int server_id = it.first;
    char* addr_str = strdup(it.second);
    hg_addr_t server_address = HG_ADDR_NULL;
    margo_addr_lookup(mid, addr_str, &server_address);
    if (server_address == HG_ADDR_NULL) {
      margo_finalize(mid);
      UMAP_ERROR("Failed to lookup margo server address from string: "<<addr_str);
    }
    server_map[server_id]=server_address;
  }
  //UMAP_LOG(Info, "margo_init done");

  /* Find the address of this client process */
  hg_addr_t client_address;
  hg_return_t ret = margo_addr_self(mid, &client_address);
  if (ret != HG_SUCCESS) {
    margo_finalize(mid);
    UMAP_ERROR("failed to lookup margo_addr_self on client");
  }

  /* Convert the address to string*/
  char client_address_string[128];
  hg_size_t len = sizeof(client_address_string);
  ret = margo_addr_to_string(mid, client_address_string, &len, client_address);
  if (ret != HG_SUCCESS) {
    margo_addr_free(mid, client_address);
    margo_finalize(mid);
    UMAP_ERROR("failed to convert client address to string");
  }
  //UMAP_LOG(Info, "Margo client adress: " << client_address_string);

}


/*
 * Initialize a margo client on the calling process
 */
void client_init(void)
{

  /* setup Margo RPC only if not done */
  if( mid != MARGO_INSTANCE_NULL ){
    UMAP_ERROR("Clients have been initialized before, returning...");
  }else{

    /* bootstraping to determine server and clients usnig MPI */
    /* not needed if MPI protocol is not used */
    int flag_mpi_initialized;
    MPI_Initialized(&flag_mpi_initialized);
    if( !flag_mpi_initialized )
      MPI_Init(NULL, NULL);
    MPI_Comm_rank(MPI_COMM_WORLD, &client_id);

    setup_margo_client();
    if (mid == MARGO_INSTANCE_NULL) {
      UMAP_ERROR("cannot initialize Margo client");
    }


    /* register a RPC */
    /* umap_rpc_in_t, umap_rpc_out_t are only significant on clients */
    /* uhg_umap_cb is only significant on the server */
    umap_request_rpc_id = MARGO_REGISTER(mid, "umap_request_rpc",
                       umap_request_rpc_in_t,
                       umap_request_rpc_out_t,
                       NULL);

    umap_release_rpc_id = MARGO_REGISTER(mid, "umap_release_rpc",
                    umap_release_rpc_in_t,
                    umap_release_rpc_out_t,
                    NULL);

    umap_read_rpc_id = MARGO_REGISTER(mid, "umap_read_rpc",
                       umap_read_rpc_in_t,
                       umap_read_rpc_out_t,
                       NULL);

    umap_write_rpc_id = MARGO_REGISTER(mid, "umap_write_rpc",
                    umap_write_rpc_in_t,
                    umap_write_rpc_out_t,
                    NULL);

  }

}


void client_fini(void)
{
  //rpc_clean_local_server_addr();

  /* shut down margo */
  //margo_finalize(mid);

  /* free memory allocated for context structure */
  //free(ctx);
}


int client_read_from_server(const char* id, void *buf_ptr, size_t nbytes, off_t off){

  RemoteResource &obj = resource_pool[id];
  int server_id=-1;
  off_t offset =off;

  /* Determine the server and offset on the server */
  if(obj.server_stride>0){
    server_id = offset/obj.server_stride;
    offset -= server_id * obj.server_stride;
  }else{
    std::vector<ServerMetadata>& metatable= obj.meta_table;

    for(auto it : metatable){

      if(it.offset<=off && off<(it.offset+it.size) ){
          //make sure no page is split over more than one server
          assert( (off+nbytes)<=(it.offset+it.size)  );
          server_id = it.server_id;
          offset = off-it.offset;
          break;
      }
    }
    assert( server_id>=0 );
  }

  //UMAP_LOG(Info, id<<" ["<< off <<", "<<nbytes<<"] from server "<< server_id << " [" << offset << ", " <<nbytes<<" ]");

  auto it = server_map.find(server_id);
  assert( it!=server_map.end());
  hg_addr_t server_address = it->second;

  //UMAP_LOG(Info, id<<" [ 0x"<< buf_ptr << ", " << offset << ", " <<nbytes<<" ]");

  /* Forward the RPC. umap_client_fwdcompleted_cb will be called
   * when receiving the response from the server
   * After completion, user callback is placed into a
   * completion queue and can be triggered using HG_Trigger().
   */
  /* Create a RPC handle */
  hg_return_t ret;
  hg_handle_t handle;
  ret = margo_create(mid, server_address, umap_read_rpc_id, &handle);
  assert(ret == HG_SUCCESS);


  /* Create input structure
   * empty string attribute causes segfault
   * because Mercury doesn't check string length before copy
   */
  umap_read_rpc_in_t in;
  in.id     = strdup(id);
  in.size   = nbytes;
  in.offset = offset;
  in.bulk_handle = HG_BULK_NULL;
  void **buf_ptrs    = (void **) &(buf_ptr);
  size_t *buf_sizes  = &(in.size);

  /* Create a bulk transfer handle in args */
  ret = margo_bulk_create(mid,
              1, buf_ptrs, buf_sizes,
              HG_BULK_READWRITE,
              &(in.bulk_handle));
  assert(ret == HG_SUCCESS);


  /* Forward RPC requst to the server */
  ret = margo_forward(handle, &in);
  assert(ret == HG_SUCCESS);


  /* verify the response */
  umap_read_rpc_out_t out;
  ret = margo_get_output(handle, &out);
  assert(ret == HG_SUCCESS);
  assert( out.ret=RPC_RESPONSE_READ_DONE);
  margo_free_output(handle, &out);

  /* Free handle and bulk handles*/
  ret = margo_bulk_free(in.bulk_handle);
  assert(ret == HG_SUCCESS);
  ret = margo_destroy(handle);
  assert(ret == HG_SUCCESS);

  return ret;

}

int client_write_to_server(int server_id, void *buf_ptr, size_t nbytes, off_t offset){

  auto it = server_map.find(server_id);
  assert( it!=server_map.end());
  hg_addr_t server_address = it->second;
  hg_return_t ret;

  /* Forward the RPC. umap_client_fwdcompleted_cb will be called
   * when receiving the response from the server
   * After completion, user callback is placed into a
   * completion queue and can be triggered using HG_Trigger().
   */
  /* Create a RPC handle */
  hg_handle_t handle;
  ret = margo_create(mid, server_address, umap_write_rpc_id, &handle);
  assert(ret == HG_SUCCESS);


  /* Create input structure
   * empty string attribute causes segfault
   * because Mercury doesn't check string length before copy
   */
  umap_write_rpc_in_t in;
  in.size   = nbytes;
  in.offset = offset;
  in.bulk_handle = HG_BULK_NULL;
  void **buf_ptrs    = (void **) &(buf_ptr);
  size_t *buf_sizes  = &(in.size);

  /* Create a bulk transfer handle in args */
  ret = margo_bulk_create(mid,
              1, buf_ptrs, buf_sizes,
              HG_BULK_READ_ONLY,
              &(in.bulk_handle));
  assert(ret == HG_SUCCESS);


  /* Forward RPC requst to the server */
  ret = margo_forward(handle, &in);
  assert(ret == HG_SUCCESS);


  /* verify the response */
  umap_write_rpc_out_t out;
  ret = margo_get_output(handle, &out);
  assert(ret == HG_SUCCESS);
  assert( out.ret=RPC_RESPONSE_WRITE_DONE);
  margo_free_output(handle, &out);

  /* Free handle and bulk handles*/
  ret = margo_bulk_free(in.bulk_handle);
  assert(ret == HG_SUCCESS);
  ret = margo_destroy(handle);
  assert(ret == HG_SUCCESS);

  return ret;

}









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File rpc_client.hpp

↰ Return to documentation for file (umap/store/rpc/rpc_client.hpp)

#ifndef _RPC_CLIENT_H
#define _RPC_CLIENT_H


void client_init(void);
void client_fini(void);

int  client_read_from_server(const char*id, void *buf_ptr, size_t nbytes, off_t offset);
int  client_write_to_server(int server_id, void *buf_ptr, size_t nbytes, off_t offset);

bool client_check_resource(const char*id);
void client_request_resource(const char* id, size_t rsize);
int  client_release_resource(const char* id);
bool client_add_resource(const char*id, size_t rsize);
size_t client_get_resource_size(const char*id);

#endif









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File rpc_server.cpp

↰ Return to documentation for file (umap/store/rpc/rpc_server.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include <cassert>
#include <unistd.h>
#include <mpi.h>

#include "umap/util/Macros.hpp"
#include "rpc_server.hpp"
#include "rpc_util.hpp"

static const char* PROTOCOL_MARGO_SHM   = "na+sm://";
static const char* PROTOCOL_MARGO_VERBS = "ofi+verbs://";
static const char* PROTOCOL_MARGO_TCP   = "bmi+tcp://";
static const char* PROTOCOL_MARGO_MPI   = "mpi+static";

static margo_instance_id mid;
static hg_id_t umap_request_rpc_id;
static hg_id_t umap_release_rpc_id;
static hg_id_t umap_read_rpc_id;
static hg_id_t umap_write_rpc_id;

static ServerResourcePool resource_pool;
static int num_servers=-1;
static int server_id=-1;

void print_server_memory_pool()
{
  for(auto it : resource_pool)
    UMAP_LOG(Info, "Server "<< server_id << " pool[ " << it.first << " ] :: "
                        <<(it.second).ptr << ", " <<(it.second).rsize << ", " <<(it.second).num_clients);
}

/* A local function called by the server */
/* to add a memory resource to the pool */
int server_add_resource(const char* id,
            void* ptr,
            size_t rsize,
            size_t num_clients)
{

  int ret = 0;

  /* Ensure no duplicated resource */
  ServerResourcePool::iterator it = resource_pool.find(id);
  if( it!=resource_pool.end() ){
    UMAP_ERROR("Cannot create datastore with duplicated name: "<< id);
    ret = -1;
  }

  /* Register the remote memory object to the pool */
  resource_pool.emplace(id, LocalResource(ptr, rsize, num_clients) );
  print_server_memory_pool();

  return ret;
}

/* Remove a resource from the pool */
/* TODO: shall the server shutdown if the pool is empty */
int server_delete_resource(const char* id)
{

  int ret = 0;

  /* Should removing a non-exist resource be allowed? */
  ServerResourcePool::iterator it = resource_pool.find(id);
  if( it==resource_pool.end() ){
    UMAP_ERROR("Try to delete " << id <<" not found in the pool" );
    ret = -1;
  }

  while( (it->second).num_clients!=0 ){
    UMAP_LOG(Info, "waiting for clients to disconnect ");
    sleep(3);
  }
  resource_pool.erase(it);
  print_server_memory_pool();

  if(resource_pool.size()==0){
    UMAP_LOG(Info, "shuting down Server " << server_id);
    server_fini();
  }

  return ret;
}

void publish_server_addr(const char* addr)
{

  std::string addr_string(addr);
  assert( addr_string.length() <= MAX_ADDR_LENGTH );
  char*  server = (char*)malloc(MAX_ADDR_LENGTH);
  server = strdup(addr);
  char* servers = (char*)malloc( MAX_ADDR_LENGTH * num_servers);
  MPI_Allgather(&(server[0]), MAX_ADDR_LENGTH, MPI_CHAR,
        servers,      MAX_ADDR_LENGTH, MPI_CHAR,
        MPI_COMM_WORLD);

  if(server_id==0){

    /* write server address to local file for client to read */
    FILE* fp = fopen(LOCAL_RPC_ADDR_FILE, "w+");
    if (fp != NULL) {

      for(int i=0; i<num_servers; i++){
    char* server_i = &(servers[i*MAX_ADDR_LENGTH]);
    UMAP_LOG(Info, "server "<< i << " : " << server_i);

    fprintf(fp, "%s\n", server_i);
      }
      fclose(fp);

    } else {
      UMAP_ERROR("Error writing server rpc addr file "<<LOCAL_RPC_ADDR_FILE);
    }

  }

}

void* get_resource(const char* id, size_t offset, size_t size)
{

  void* ptr = NULL;
  ServerResourcePool::iterator it = resource_pool.find(id);

  if( it==resource_pool.end() ){
    /*TODO */
    UMAP_ERROR("Request "<<id<<" not found");
    return ptr;
  }

  LocalResource obj = it->second;
  assert( obj.ptr!=NULL);
  assert( (offset+size) <= obj.rsize );
  ptr = obj.ptr;

  return ptr;
}

/*
 * The read rpc is executed on the server
 * when the client request arrives
 * it starts bulk transfer to the client
 * when it returns, it callls client's rpc complete
 * callback function if defined in HG_Foward()
 */
static int umap_server_read_rpc(hg_handle_t handle)
{
  assert(mid != MARGO_INSTANCE_NULL);

  hg_return_t ret;

  /* get Mercury info */
  /* margo instance id is similar to mercury context */
  const struct hg_info* info = margo_get_info(handle);
  assert(info);
  margo_instance_id mid = margo_hg_info_get_instance(info);
  assert(mid != MARGO_INSTANCE_NULL);


  /* Get input parameter in umap_server_read_rpc */
  umap_read_rpc_in_t input;
  ret = margo_get_input(handle, &input);
  if(ret != HG_SUCCESS){
    UMAP_ERROR("failed to get rpc intput");
  }

  //UMAP_LOG(Info, "Server "<<server_id<<" request " << input.id << " [" << input.offset << ", "<<input.size<<" ]");

  /* the client signal termination
  * there is no built in functon in margo
  * to inform the server that all clients have completed
  */

  if (input.size==0){

    goto fini;

  }else{

    /* Verify that the request is valid */
    void* server_buf_ptr = get_resource(input.id,
                    input.offset,
                    input.size);
    assert(server_buf_ptr!=NULL);

    /* register memeory for bulk transfer */
    /* TODO: multiple bulk handlers might been */
    /*       created on overlapping memory regions */
    /*       Reuse bulk handle or merge multiple buffers into one bulk handle*/
    hg_bulk_t server_bulk_handle;
    void* server_buffer_ptr = (char*)server_buf_ptr + input.offset;
    void **buf_ptrs = (void **) &(server_buffer_ptr);
    ret = margo_bulk_create(mid,
                1, buf_ptrs,&(input.size),
                HG_BULK_READ_ONLY,
                &server_bulk_handle);
    if(ret != HG_SUCCESS){
      UMAP_ERROR("Failed to create bulk handle on server");
    }

    //UMAP_LOG(Debug,"start bulk transfer");
    /* initiate bulk transfer from server to client */
    /* margo_bulk_transfer is a blocking version of */
    /* that only returns when HG_Bulk_transfer complete */
    ret = margo_bulk_transfer(mid, HG_BULK_PUSH,
                  info->addr, input.bulk_handle, 0,  //client address, bulk handle, offset
                  server_bulk_handle, 0, input.size);//server bulk handle, offset, size of transfer
    if(ret != HG_SUCCESS){
      UMAP_ERROR("Failed to bulk transfer from server to client");
    }
    //UMAP_LOG(Debug,"end bulk transfer");


    /* Inform the client side */
    umap_read_rpc_out_t output;
    output.ret  = RPC_RESPONSE_READ_DONE;
    ret = margo_respond(handle, &output);
    assert(ret == HG_SUCCESS);
    margo_bulk_free(server_bulk_handle);
  }


 fini:
    /* free margo resources */
    ret = margo_free_input(handle, &input);
    assert(ret == HG_SUCCESS);
    ret = margo_destroy(handle);
    assert(ret == HG_SUCCESS);
    //UMAP_LOG(Debug, "Exiting");

    return 0;
}
DEFINE_MARGO_RPC_HANDLER(umap_server_read_rpc)


/*
 * The write rpc is executed on the server
 * when the client request arrives
 * it starts bulk transfer from the client
 * to the server.
 */
static int umap_server_write_rpc(hg_handle_t handle)
{
  UMAP_LOG(Info, "Entering");

  assert(mid != MARGO_INSTANCE_NULL);

  hg_return_t ret;

  /* get Mercury info */
  /* margo instance id is similar to mercury context */
  const struct hg_info* info = margo_get_info(handle);
  assert(info);
  margo_instance_id mid = margo_hg_info_get_instance(info);
  assert(mid != MARGO_INSTANCE_NULL);


  /* Get input parameter in umap_server_write_rpc */
  umap_write_rpc_in_t input;
  ret = margo_get_input(handle, &input);
  if(ret != HG_SUCCESS){
    UMAP_ERROR("failed to get rpc intput");
  }

  UMAP_LOG(Info, "request to write "<<input.size<<" bytes at offset "<< input.offset);


  /* Shall we allow empty write request? or just ignore */
  assert(input.size>0);

  /* Verify that the request is valid */
  void* server_buf_ptr = get_resource(input.id,
                      input.offset,
                      input.size);
  assert(server_buf_ptr != NULL);

  /* register memeory for bulk transfer */
  /* TODO: multiple bulk handlers might been */
  /*       created on overlapping memory regions */
  /*       Reuse bulk handle or merge multiple buffers into one bulk handle*/
  hg_bulk_t server_bulk_handle;
  void* server_buffer_ptr = (char*)server_buf_ptr + input.offset;
  void **buf_ptrs = (void **) &(server_buffer_ptr);
  ret = margo_bulk_create(mid,
              1, buf_ptrs,&(input.size),
              HG_BULK_WRITE_ONLY,
              &server_bulk_handle);
  if(ret != HG_SUCCESS){
    UMAP_ERROR("Failed to create bulk handle on server");
  }

  UMAP_LOG(Debug,"start bulk transfer");
  /* initiate bulk transfer from client to server */
  /* margo_bulk_transfer is a blocking version of */
  /* that only returns when HG_Bulk_transfer complete */
  ret = margo_bulk_transfer(mid, HG_BULK_PULL,
                info->addr, input.bulk_handle, 0,  //client address, bulk handle, offset
                server_bulk_handle, 0, input.size);//server bulk handle, offset, size of transfer
  if(ret != HG_SUCCESS){
    UMAP_ERROR("Failed to bulk transfer from client to server");
  }
  UMAP_LOG(Debug,"end bulk transfer");


  /* Inform the client side */
  umap_write_rpc_out_t output;
  output.ret  = RPC_RESPONSE_WRITE_DONE;
  ret = margo_respond(handle, &output);
  assert(ret == HG_SUCCESS);
  margo_bulk_free(server_bulk_handle);


 fini:
  /* free margo resources */
  ret = margo_free_input(handle, &input);
  assert(ret == HG_SUCCESS);
  ret = margo_destroy(handle);
  assert(ret == HG_SUCCESS);
  UMAP_LOG(Debug, "Exiting");


  return 0;
}
DEFINE_MARGO_RPC_HANDLER(umap_server_write_rpc)


/*
 * The request rpc is executed on the server
 * when the client request arrives
 * it checks whether the requested memory resources
 * have been made available by the server
 */
static int umap_server_request_rpc(hg_handle_t handle)
{

  hg_return_t ret;

  /* get Mercury info */
  /* margo instance id is similar to mercury context */
  const struct hg_info* info = margo_get_info(handle);
  assert(info);

  /* Get input parameter */
  umap_request_rpc_in_t in;
  ret = margo_get_input(handle, &in);
  if(ret != HG_SUCCESS){
    UMAP_ERROR("failed to get rpc intput");
  }
  //UMAP_LOG(Info, "Server "<<server_id<<" received a request ["<<in.id<<", "<<in.size<<"]" );


  umap_request_rpc_out_t output;
  /* Check whether the server has published the requested memory object */
  ServerResourcePool::iterator it = resource_pool.find((hg_const_string_t)in.id);
  if( it != resource_pool.end() ){

    output.size = (it->second).rsize;

    /* Check whether the size match the record */
    /* TODO: shall we allow request with size smaller */
    if( in.size == (it->second).rsize || in.size == 0 ){
      output.ret  = RPC_RESPONSE_REQ_SIZE;
      (it->second).num_clients ++;
      print_server_memory_pool();
    }else{
      output.ret  = RPC_RESPONSE_REQ_WRONG_SIZE;
      UMAP_LOG(Info, in.id << " on the Server has size="
                       << (it->second).rsize
                       << ", but request size="<<in.size)
    }

  }else{
    output.ret  = RPC_RESPONSE_REQ_UNAVAIL;
    UMAP_LOG(Info, in.id << " has not been published by the Server");
    print_server_memory_pool();
  }

  /* Inform the client about the decison */
  ret = margo_respond(handle, &output);
  assert(ret == HG_SUCCESS);

  /* free margo resources */
  ret = margo_free_input(handle, &in);
  assert(ret == HG_SUCCESS);
  ret = margo_destroy(handle);
  assert(ret == HG_SUCCESS);

  return 0;
}
DEFINE_MARGO_RPC_HANDLER(umap_server_request_rpc)


/*
 * The release rpc is executed on the server
 * when the client request arrives
 * it record the termination of the requested resources
 */
static int umap_server_release_rpc(hg_handle_t handle)
{

  hg_return_t ret;

  const struct hg_info* info = margo_get_info(handle);
  assert(info);

  /* Get input parameter */
  umap_release_rpc_in_t in;
  ret = margo_get_input(handle, &in);
  if(ret != HG_SUCCESS){
    UMAP_ERROR("failed to get rpc intput");
  }

  umap_release_rpc_out_t output;

  /* validate the resoure in the pool */
  ServerResourcePool::iterator it = resource_pool.find(in.id);
  if( it != resource_pool.end() ){
      output.ret  = RPC_RESPONSE_RELEASE;

      /* TODO: Reduce the number of registered clients of that resource */
      /* TODO: thread-safety */
      (it->second).num_clients --;
      print_server_memory_pool();

  }else{
    output.ret  = RPC_RESPONSE_GENERAL_ERROR;
    UMAP_LOG(Info, in.id << " has not been published by the Server");
    //print_server_memory_pool();
  }

  /* Inform the client */
  ret = margo_respond(handle, &output);
  assert(ret == HG_SUCCESS);

  /* free margo resources */
  ret = margo_free_input(handle, &in);
  assert(ret == HG_SUCCESS);
  ret = margo_destroy(handle);
  assert(ret == HG_SUCCESS);

  return 0;
}
DEFINE_MARGO_RPC_HANDLER(umap_server_release_rpc)



static void setup_margo_server(){

  /* Init Margo using different transport protocols */
  int use_progress_thread = 1;//flag to use a dedicated thread for running Mercury's progress loop.
  int rpc_thread_count = -1; //number of threads for running rpc calls
  mid = margo_init(PROTOCOL_MARGO_VERBS,
           MARGO_SERVER_MODE,
           use_progress_thread,
           rpc_thread_count);
  if (mid == MARGO_INSTANCE_NULL) {
    UMAP_ERROR("margo_init protocol "<<PROTOCOL_MARGO_VERBS<<" failed");
  }


  /* Find the address of this server */
  hg_addr_t addr;
  hg_return_t ret = margo_addr_self(mid, &addr);
  if (ret != HG_SUCCESS) {
    UMAP_ERROR("margo_addr_self failed");
    margo_finalize(mid);
  }

  /* Convert the server address to string*/
  char addr_string[128];
  hg_size_t addr_string_len = sizeof(addr_string);
  ret = margo_addr_to_string(mid, addr_string, &addr_string_len, addr);
  if (ret != HG_SUCCESS) {
    UMAP_ERROR("margo_addr_to_string failed");
    margo_addr_free(mid, addr);
    margo_finalize(mid);
  }
  UMAP_LOG(Info, "Margo Server " << server_id << " : " << addr_string);

  publish_server_addr(addr_string);

  margo_addr_free(mid, addr);

}


/*
 * Set the connection between servers
 * each peer server's margo address.
 */
void connect_margo_servers(void)
{
}


/*
 * Initialize a margo sever on the calling process
 */
void server_init()
{

  /* setup Margo RPC only if not done */
  if( mid != MARGO_INSTANCE_NULL ){
    UMAP_ERROR("Servers have been initialized before, returning...");
  }else{

    /* bootstraping to determine server and clients usnig MPI */
    /* not needed if MPI protocol is not used */
    int flag_mpi_initialized;
    MPI_Initialized(&flag_mpi_initialized);
    if( !flag_mpi_initialized )
      MPI_Init(NULL, NULL);
    MPI_Comm_rank(MPI_COMM_WORLD, &server_id);
    MPI_Comm_size(MPI_COMM_WORLD, &num_servers);

    setup_margo_server();
    if (mid == MARGO_INSTANCE_NULL) {
      UMAP_ERROR("cannot initialize Margo server");
    }

    //connect_margo_servers();

    /* register a remote read RPC */
    /* umap_rpc_in_t, umap_rpc_out_t are only significant on clients */
    /* uhg_umap_cb is only significant on the server */
    umap_read_rpc_id = MARGO_REGISTER(mid, "umap_read_rpc",
                       umap_read_rpc_in_t,
                       umap_read_rpc_out_t,
                       umap_server_read_rpc);

    umap_write_rpc_id = MARGO_REGISTER(mid, "umap_write_rpc",
                       umap_write_rpc_in_t,
                       umap_write_rpc_out_t,
                       umap_server_write_rpc);

    umap_request_rpc_id = MARGO_REGISTER(mid, "umap_request_rpc",
                       umap_request_rpc_in_t,
                       umap_request_rpc_out_t,
                       umap_server_request_rpc);

    umap_release_rpc_id = MARGO_REGISTER(mid, "umap_release_rpc",
                       umap_release_rpc_in_t,
                       umap_release_rpc_out_t,
                       umap_server_release_rpc);


    /* init counters*/
    //num_clients = _num_clients;
    //num_completed_clients = 0;

    /* Two Options: (1) keep server active */
    /*              (2) shutdown when all clients complete*/
    //while (1) {
    //sleep(1);
    //}
    //UMAP_LOG(Info, "Server " << server_id);
  }
}


void server_fini(void)
{

  UMAP_LOG(Info, "Server shutting down ...");

  /* shut down margo */
  if(mid!=MARGO_INSTANCE_NULL)
    margo_finalize(mid);

}
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#ifndef _RPC_SERVER_H
#define _RPC_SERVER_H

void server_init(void);
void server_fini(void);
void server_start(size_t _num_clients);

int server_add_resource(const char* id, void* ptr, size_t rsize, size_t num_clients=0);
int server_delete_resource(const char* id);

#endif
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#ifndef _RPC_UTIL_H
#define _RPC_UTIL_H

#include <vector>
#include <map>
#include <string>
#include <margo.h>
#include "mercury_macros.h"
#include "mercury_proc_string.h"


#define MAX_ADDR_LENGTH 64
#define LOCAL_RPC_ADDR_FILE "serverfile"
#define RPC_RESPONSE_READ_DONE 1234
#define RPC_RESPONSE_WRITE_DONE 4321
#define RPC_RESPONSE_REQ_UNAVAIL 7777
#define RPC_RESPONSE_REQ_WRONG_SIZE 9999
#define RPC_RESPONSE_REQ_SIZE 5555
#define RPC_RESPONSE_RELEASE 6666
#define RPC_RESPONSE_GENERAL_ERROR 1111

typedef struct server_metadata
{
  size_t offset;
  size_t size;
  size_t server_id;
  server_metadata(size_t o, size_t s, size_t id)
    :offset(o), size(s), server_id(id){}
}ServerMetadata;

typedef struct remote_resource
{
  size_t rsize;
  size_t num_servers;
  size_t server_stride; //for evenly distributed resource
  std::vector<ServerMetadata> meta_table;//for irregular distrbuted resource
  remote_resource(){}
  remote_resource(size_t s, size_t n)
    :rsize(s), num_servers(n) {}
} RemoteResource;

typedef std::map<std::string, RemoteResource> ClientResourcePool;

typedef struct local_resource
{
  void *ptr;
  size_t rsize;
  size_t num_clients;
  local_resource(){}
  local_resource(void* p, size_t s, size_t n=0)
    :ptr(p), rsize(s), num_clients(n) {}
} LocalResource;

typedef std::map<std::string, LocalResource> ServerResourcePool;


#ifdef __cplusplus
extern "C" {
#endif

/* UMap RPC input structure */
MERCURY_GEN_PROC(umap_read_rpc_in_t,
                 ((hg_const_string_t)(id))\
                 ((hg_size_t)(size))\
                 ((hg_size_t)(offset))\
                 ((hg_bulk_t)(bulk_handle)))

/* UMap RPC output structure */
MERCURY_GEN_PROC(umap_read_rpc_out_t,
         ((int32_t)(ret)))

/* UMap RPC input structure */
MERCURY_GEN_PROC(umap_write_rpc_in_t,
                 ((hg_const_string_t)(id))\
                 ((hg_size_t)(size))\
                 ((hg_size_t)(offset))\
                 ((hg_bulk_t)(bulk_handle)))

/* UMap RPC output structure */
MERCURY_GEN_PROC(umap_write_rpc_out_t,
         ((int32_t)(ret)))

/* UMap RPC input structure */
MERCURY_GEN_PROC(umap_request_rpc_in_t,
         ((hg_const_string_t)(id))\
                 ((hg_size_t)(size)))

/* UMap RPC output structure */
MERCURY_GEN_PROC(umap_request_rpc_out_t,
                 ((hg_size_t)(size))\
         ((int32_t)(ret)))

/* UMap RPC input structure */
MERCURY_GEN_PROC(umap_release_rpc_in_t,
         ((hg_const_string_t)(id)))

/* UMap RPC output structure */
MERCURY_GEN_PROC(umap_release_rpc_out_t,
         ((int32_t)(ret)))

#ifdef __cplusplus
} // extern "C"
#endif

#endif
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//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////

#include <cinttypes>
#include <errno.h>              // strerror()
#include <string.h>             // strerror()
#include <sys/mman.h>

#include "umap/config.h"

#include "umap/RegionManager.hpp"
#include "umap/umap.h"
#include "umap/store/Store.hpp"
#include "umap/util/Macros.hpp"

void*
umap(
    void* region_addr
  , uint64_t region_size
  , int prot
  , int flags
  , int fd
  , off_t offset
)
{
  UMAP_LOG(Debug,
      "region_addr: " << region_addr
      << ", region_size: " << region_size
      << ", prot: " << prot
      << ", flags: " << flags
      << ", offset: " << offset
  );
  return Umap::umap_ex(region_addr, region_size, prot, flags, fd, 0, nullptr);
}

#ifdef MARGO_ROOT
void* umap_network(const char*  id
           , void* region_addr
           , size_t region_size)
{
  Umap::Store *ds;

  if( region_addr!=NULL ){

    /* Server */
    ds = new Umap::StoreNetworkServer(id, region_addr, region_size);
    auto& rm = Umap::RegionManager::getInstance();
    rm.addServerRegion(ds, (char*)region_addr, region_size);
    return region_addr;
  }else{

    /*Client */
    ds = new Umap::StoreNetworkClient(id, region_size);
    return Umap::umap_ex(region_addr, region_size, PROT_READ, UMAP_PRIVATE, -1, 0, ds);
  }
}
#endif

int
uunmap(void*  addr, uint64_t length)
{
  UMAP_LOG(Debug, "addr: " << addr << ", length: " << length);
  auto& rm = Umap::RegionManager::getInstance();
  rm.removeRegion((char*)addr);
  UMAP_LOG(Debug, "Done");
  return 0;
}


int umap_flush(){
  return Umap::RegionManager::getInstance().flush_buffer();
}
int umap_evict(){
  return Umap::RegionManager::getInstance().evict_buffer();
}


void umap_prefetch( int npages, umap_prefetch_item* page_array )
{
  Umap::RegionManager::getInstance().prefetch(npages, page_array);
}

long
umapcfg_get_system_page_size( void )
{
  return Umap::RegionManager::getInstance().get_system_page_size();
}

uint64_t
umapcfg_get_max_pages_in_buffer( void )
{
  return Umap::RegionManager::getInstance().get_max_pages_in_buffer();
}

uint64_t
umapcfg_get_read_ahead( void )
{
  return Umap::RegionManager::getInstance().get_read_ahead();
}

uint64_t
umapcfg_get_umap_page_size( void )
{
  return Umap::RegionManager::getInstance().get_umap_page_size();
}

uint64_t
umapcfg_get_num_fillers( void )
{
  return Umap::RegionManager::getInstance().get_num_fillers();
}

uint64_t
umapcfg_get_num_evictors( void )
{
  return Umap::RegionManager::getInstance().get_num_evictors();
}

int
umapcfg_get_evict_low_water_threshold( void )
{
  return Umap::RegionManager::getInstance().get_evict_low_water_threshold();
}

int
umapcfg_get_evict_high_water_threshold( void )
{
  return Umap::RegionManager::getInstance().get_evict_high_water_threshold();
}

uint64_t
umapcfg_get_max_fault_events( void )
{
  return Umap::RegionManager::getInstance().get_max_fault_events();
}

namespace Umap {
  // A global variable to ensure thread-safety
  std::mutex g_mutex;

void*
umap_ex(
    void* region_addr
  , uint64_t region_size
  , int prot
  , int flags
  , int fd
  , off_t offset
  , Store* store
)
{
  std::lock_guard<std::mutex> lock(g_mutex);
  auto& rm = RegionManager::getInstance();
  auto umap_psize = rm.get_umap_page_size();

  UMAP_LOG(Info,
      "region_addr: " << region_addr
      << ", region_size: " << region_size
      << ", prot: " << prot
      << ", flags: " << flags
      << ", offset: " << offset
      << ", store: " << store
      << ", umap_psize: " << umap_psize
  );

#ifdef UMAP_RO_MODE
  if( prot != PROT_READ )
    UMAP_ERROR("only PROT_READ is supported in UMAP_RO_MODE compilation");
#else
  if( prot & ~(PROT_READ|PROT_WRITE) )
    UMAP_ERROR("only PROT_READ or PROT_WRITE is supported in UMap");
#endif

  //
  // TODO: Allow for non-page-multiple size and zero-fill like mmap does
  //
  if ( ( region_size % umap_psize ) ) {
    UMAP_ERROR("Region size " << region_size
                << " is not a multple of umapPageSize ("
                << rm.get_umap_page_size() << ")");
  }

  if ( ( (uint64_t)region_addr & (umap_psize - 1) ) ) {
    UMAP_ERROR("region_addr must be page aligned: " << region_addr
      << ", page size is: " << rm.get_umap_page_size());
  }

  if (!(flags & UMAP_PRIVATE) || flags & ~(UMAP_PRIVATE|UMAP_FIXED)) {
    UMAP_ERROR("Invalid flags: " << std::hex << flags);
  }

  //
  // When dealing with umap-page-sizes that could be multiples of the actual
  // system-page-size, it is possible for mmap() to provide a region that is on
  // a system-page-boundary, but not necessarily on a umap-page-size boundary.
  //
  // We always allocate an additional umap-page-size set of bytes so that we can
  // make certain that the umap-region begins on a umap-page-size boundary.
  //
  uint64_t mmap_size = region_size + umap_psize;

  void* mmap_region = mmap(region_addr, mmap_size,
                        prot, flags | (MAP_ANONYMOUS | MAP_NORESERVE), -1, 0);

  if (mmap_region == MAP_FAILED) {
    UMAP_ERROR("mmap failed: " << strerror(errno));
    return UMAP_FAILED;
  }
  uint64_t umap_size = region_size;
  void* umap_region;
  umap_region = (void*)((uint64_t)mmap_region + umap_psize - 1);
  umap_region = (void*)((uint64_t)umap_region & ~(umap_psize - 1));

  if ( store == nullptr )
    store = Store::make_store(umap_region, umap_size, umap_psize, fd);

  rm.addRegion(store, (char*)umap_region, umap_size, (char*)mmap_region, mmap_size);

  return umap_region;
}
} // namespace Umap









            

          

      

      

    

  

    
      
          
            
  
Program Listing for File umap.h

↰ Return to documentation for file (umap/umap.h)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef _UMAP_H_
#define _UMAP_H_

#ifdef __cplusplus
  #include <cstdint>
  #include <mutex>
  #include "umap/store/Store.hpp"
  #include "umap/store/StoreNetwork.h"
#else // __cplusplus
  #include <stdint.h>
#endif // __cplusplus

#include <unistd.h>
#include <sys/mman.h>

#ifdef __cplusplus
namespace Umap {
/** Allow application to create region of memory to a persistent store
 * \param addr Same as input argument for mmap(2)
 * \param length Same as input argument of mmap(2)
 * \param prot Same as input argument of mmap(2)
 * \param flags Same as input argument of mmap(2)
 */
extern std::mutex m_mutex;
extern int num_thread;
void* umap_ex(
    void*         addr
  , std::size_t   length
  , int           prot
  , int           flags
  , int           fd
  , off_t         offset
  , Umap::Store*  store
);
} // namespace Umap
#endif // __cplusplus

#ifdef __cplusplus
extern "C" {
#endif
/** Allow application to create region of memory to a persistent store
 * \param addr Same as input argument for mmap(2)
 * \param length Same as input argument of mmap(2)
 * \param prot Same as input argument of mmap(2)
 * \param flags Same as input argument of mmap(2)
 */
void* umap(
    void* addr
  , size_t length
  , int prot
  , int flags
  , int fd
  , off_t offset
);

void* umap_network(
           const char*  id
                   , void* region_addr
                   , size_t region_size
);

int uunmap(
    void*  addr
  , size_t length
);

int umap_flush();
int umap_evict();

struct umap_prefetch_item {
  void* page_base_addr;
};

void umap_prefetch( int npages, struct umap_prefetch_item* page_array );
uint64_t umapcfg_get_umap_page_size( void );
uint64_t umapcfg_get_max_fault_events( void );
uint64_t umapcfg_get_num_fillers( void );
uint64_t umapcfg_get_num_evictors( void );
uint64_t umapcfg_get_max_pages_in_buffer( void );
uint64_t umapcfg_get_read_ahead( void );
int      umapcfg_get_evict_low_water_threshold( void );
int      umapcfg_get_evict_high_water_threshold( void );

#ifdef __cplusplus
}
#endif

/*
 * flags
 */
#define UMAP_PRIVATE    MAP_PRIVATE // Note - UMAP_SHARED not currently supported
#define UMAP_FIXED      MAP_FIXED   // See mmap(2) - This flag is currently then only flag supported.

/*
 * Return codes
 */
#define UMAP_FAILED (void *)-1
#endif // _UMAP_H
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↰ Return to documentation for file (umap/util/Exception.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include "umap/util/Exception.hpp"

#include <sstream>

namespace Umap {

Exception::Exception(
    const std::string& message,
    const std::string &file,
    int line) :
  m_message(message),
  m_file(file),
  m_line(line)
{
  m_what = this->message();
}

std::string
Exception::message() const
{
  std::stringstream oss;
  oss << "! UMAP Exception [" << m_file << ":" << m_line << "]: ";
  oss << m_message;
  return oss.str();
}

const char*
Exception::what() const throw()
{
  return m_what.c_str();
}

} // end of namespace Umap
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↰ Return to documentation for file (umap/util/Exception.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef UMAP_Exception_HPP
#define UMAP_Exception_HPP

#include <string>
#include <exception>

namespace Umap {

class Exception : public std::exception {
  public:
    Exception(const std::string& msg,
        const std::string &file,
        int line);

    virtual ~Exception() = default;

    std::string message() const;
    virtual const char* what() const throw();

  private:
    std::string m_message;
    std::string m_file;
    int m_line;

    std::string m_what;
};

} // end of namespace Umap

#endif // UMAP_Exception_HPP
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↰ Return to documentation for file (umap/util/Logger.cpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#include "umap/util/Logger.hpp"

#include <iostream>   // for std::cout, std::cerr
#include <mutex>
#include <stdlib.h>   // for getenv()
#include <strings.h>  // for strcasecmp()
#include <sys/types.h>
#include <sys/syscall.h>
#include <unistd.h>

namespace Umap {

static const char* env_name = "UMAP_LOG_LEVEL";
static const char* env_name_no_timestamp = "UMAP_LOG_NO_TIMESTAMP_LEVEL";
static message::Level defaultLevel = message::Info;
std::mutex g_logging_mutex;
Logger* Logger::s_Logger = nullptr;

static const std::string MessageLevelName[ message::Num_Levels ] = {
  "ERROR",
  "WARNING",
  "INFO",
  "DEBUG"
};

Logger::Logger(bool log_with_timestamp) noexcept
  : m_log_timestamp(log_with_timestamp)
{
  // by default, all message streams are disabled
  for ( int i=0 ; i < message::Num_Levels ; ++i )
    m_isEnabled[ i ] = false;
}

Logger::~Logger() noexcept
{
}

void Logger::setLoggingMsgLevel( message::Level level ) noexcept
{
  for ( int i=0 ; i < message::Num_Levels ; ++i )
    m_isEnabled[ i ] = (i<= level) ? true : false;
}

void Logger::logMessage( message::Level level,
                         const std::string& message,
                         const std::string& fileName,
                         int line ) noexcept
{
  if ( !logLevelEnabled( level ) )
    return;   /* short-circuit */

  std::lock_guard<std::mutex> guard(g_logging_mutex);
  if (m_log_timestamp) {
    std::cout
      << getpid() << ":"
      << syscall(__NR_gettid) << " "
      << "[" << MessageLevelName[ level ] << "]"
      << "[" << fileName  << ":" << line << "]:"
      << message
      << std::endl;
  }
  else {
    std::cout
      << message
      << std::endl;
  }
}

void Logger::initialize()
{
  if ( s_Logger != nullptr )
    return;

  message::Level level = defaultLevel;
  char* enval = getenv(env_name);
  char* enval_no_timestamp = getenv(env_name_no_timestamp);
  bool log_with_timestamp = true;

  if ( enval != NULL || enval_no_timestamp != NULL ) {

    if (enval_no_timestamp != NULL) {
      enval = enval_no_timestamp;
      log_with_timestamp = false;
    }

    bool level_found = false;
    for ( int i = 0; i < message::Num_Levels; ++i ) {
      if ( strcasecmp( enval, MessageLevelName[ i ].c_str() ) == 0 ) {
        level_found = true;
        level = (message::Level)i;
        break;
      }
    }
    if (! level_found ) {
      std::cerr << "No matching logging levels for: " << enval << "\n";
      std::cerr << "Available levels are:\n";
      for ( int i = 0; i < message::Num_Levels; ++i ) {
        std::cerr << "\t" << MessageLevelName[ i ] << "\n";
      }
    }
  }

  s_Logger = new Logger(log_with_timestamp);
  s_Logger->setLoggingMsgLevel(level);
}

void Logger::finalize()
{
  delete s_Logger;
  s_Logger = nullptr;
}

Logger* Logger::getActiveLogger()
{
  if ( s_Logger == nullptr )
    Logger::initialize();

  return s_Logger;
}

} /* namespace umap */
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↰ Return to documentation for file (umap/util/Logger.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef UMAP_Logger_HPP
#define UMAP_Logger_HPP

#include <string>

namespace Umap {

namespace message {
enum Level {
  Error,
  Warning,
  Info,
  Debug,

  Num_Levels
};

static const std::string MessageLevelName[ Level::Num_Levels ] = {
  "ERROR",
  "WARNING",
  "INFO",
  "DEBUG"
};
} /* namespace messge */

class Logger {
  public:

  void setLoggingMsgLevel( message::Level level ) noexcept;

  void logMessage( message::Level level,
                   const std::string& message,
                   const std::string& fileName,
                   int line ) noexcept;

  static void initialize();

  static void finalize();

  static Logger* getActiveLogger();

  static Logger* getRootLogger();

  inline bool logLevelEnabled( message::Level level )
  {
    if ( level < 0 || level >= message::Num_Levels || m_isEnabled[ level ] == false  )
      return false;
    else
      return true;
  };

private:
  Logger( bool log_with_timestamp ) noexcept;
  ~Logger() noexcept;

  bool m_log_timestamp;
  bool m_isEnabled[ message::Num_Levels ];
  static Logger* s_Logger;
};

} /* namespace Umap */

#endif /* UMAP_Logger_HPP */
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↰ Return to documentation for file (umap/util/Macros.hpp)

//////////////////////////////////////////////////////////////////////////////
// Copyright 2017-2020 Lawrence Livermore National Security, LLC and other
// UMAP Project Developers. See the top-level LICENSE file for details.
//
// SPDX-License-Identifier: LGPL-2.1-only
//////////////////////////////////////////////////////////////////////////////
#ifndef UMAP_Macros_HPP
#define UMAP_Macros_HPP

#include "umap/util/Exception.hpp"
#include "umap/config.h"

#include <sstream>
#include <iostream>

#ifdef UMAP_ENABLE_ASSERTS
#include <cassert>
#define UMAP_ASSERT(condition) assert(condition)
#else
#define UMAP_ASSERT(condition) ((void)0)
#endif // UMAP_ENABLE_ASSERTS

#ifdef UMAP_DEBUG_LOGGING

#include "umap/util/Logger.hpp"
#define UMAP_LOG( lvl, msg )                                                  \
{                                                                             \
  if (Umap::Logger::getActiveLogger()->logLevelEnabled(Umap::message::lvl)) { \
    std::ostringstream local_msg;                                             \
    local_msg  << " " << __func__ << " " << msg;                              \
    Umap::Logger::getActiveLogger()->logMessage(                              \
        Umap::message::lvl, local_msg.str(),                                  \
        std::string(__FILE__), __LINE__);                                     \
  }                                                                           \
}

#else

#define UMAP_LOG( lvl, msg ) ((void)0)

#endif // UMAP_DEBUG_LOGGING

#define UMAP_UNUSED_ARG(x)

#define UMAP_USE_VAR(x) static_cast<void>(x)

#define UMAP_ERROR( msg )                                        \
{                                                                \
  UMAP_LOG(Error, msg);                                          \
  std::ostringstream umap_oss_error;                             \
  umap_oss_error << " " << __func__ << " " << msg;               \
  throw Umap::Exception( umap_oss_error.str(),                   \
                                 std::string(__FILE__),          \
                                 __LINE__);                      \
}

#endif // UMAP_Macros_HPP









            

          

      

      

    

  

    
      
          
            
  
Struct BufferStats


	Defined in File Buffer.hpp





Struct Documentation


	
struct Umap::BufferStats


	
Public Functions


	
BufferStats()


	






Public Members


	
uint64_t lock_collision


	




	
uint64_t lock


	




	
uint64_t pages_inserted


	




	
uint64_t pages_deleted


	




	
uint64_t not_avail


	




	
uint64_t waits


	















            

          

      

      

    

  

    
      
          
            
  
Struct PageDescriptor


	Defined in File PageDescriptor.hpp





Struct Documentation


	
struct Umap::PageDescriptor


	
Public Types


	
enum State


	Values:


	
enumerator FREE


	




	
enumerator FILLING


	




	
enumerator PRESENT


	




	
enumerator UPDATING


	




	
enumerator LEAVING


	










Public Functions


	
std::string print_state(void) const


	




	
void set_state_free(void)


	




	
void set_state_filling(void)


	




	
void set_state_updating(void)


	




	
void set_state_present(void)


	




	
void set_state_leaving(void)


	






Public Members


	
char *page


	




	
RegionDescriptor *region


	




	
State state


	




	
bool dirty


	




	
bool deferred


	




	
bool data_present


	




	
int spurious_count


	















            

          

      

      

    

  

    
      
          
            
  
Struct SparseStore::file_descriptor


	Defined in File SparseStore.h





Nested Relationships

This struct is a nested type of Class SparseStore.




Struct Documentation


	
struct Umap::SparseStore::file_descriptor


	
Public Members


	
int id


	




	
off_t beginning


	




	
off_t end


	















            

          

      

      

    

  

    
      
          
            
  
Struct Version


	Defined in File RegionManager.hpp





Struct Documentation


	
struct Umap::Version


	
Public Members


	
int major


	




	
int minor


	




	
int patch


	















            

          

      

      

    

  

    
      
          
            
  
Struct WorkItem


	Defined in File WorkerPool.hpp





Struct Documentation


	
struct Umap::WorkItem


	
Public Types


	
enum WorkType


	Values:


	
enumerator NONE


	




	
enumerator EXIT


	




	
enumerator THRESHOLD


	




	
enumerator EVICT


	




	
enumerator FAST_EVICT


	




	
enumerator FLUSH


	










Public Members


	
PageDescriptor *page_desc


	




	
WorkType type


	















            

          

      

      

    

  

    
      
          
            
  
Struct less_than_key


	Defined in File Uffd.cpp





Struct Documentation


	
struct Umap::less_than_key


	
Public Functions


	
bool operator()(const uffd_msg &lhs, const uffd_msg &rhs)


	















            

          

      

      

    

  

    
      
          
            
  
Struct local_resource


	Defined in File rpc_util.hpp





Struct Documentation


	
struct local_resource


	
Public Functions


	
local_resource()


	




	
local_resource(void *p, size_t s, size_t n = 0)


	






Public Members


	
void *ptr


	




	
size_t rsize


	




	
size_t num_clients


	















            

          

      

      

    

  

    
      
          
            
  
Struct remote_resource


	Defined in File rpc_util.hpp





Struct Documentation


	
struct remote_resource


	
Public Functions


	
remote_resource()


	




	
remote_resource(size_t s, size_t n)


	






Public Members


	
size_t rsize


	




	
size_t num_servers


	




	
size_t server_stride


	




	
std::vector<ServerMetadata> meta_table


	















            

          

      

      

    

  

    
      
          
            
  
Struct server_metadata


	Defined in File rpc_util.hpp





Struct Documentation


	
struct server_metadata


	
Public Functions


	
server_metadata(size_t o, size_t s, size_t id)


	






Public Members


	
size_t offset


	




	
size_t size


	




	
size_t server_id


	















            

          

      

      

    

  

    
      
          
            
  
Struct umap_prefetch_item


	Defined in File umap.h





Struct Documentation


	
struct umap_prefetch_item


	
Public Members


	
void *page_base_addr


	















            

          

      

      

    

  

    
      
          
            
  
Typedef LocalResource


	Defined in File rpc_util.hpp





Typedef Documentation


	
typedef struct local_resource LocalResource


	









            

          

      

      

    

  

    
      
          
            
  
Typedef ServerResourcePool


	Defined in File rpc_util.hpp





Typedef Documentation


	
typedef std::map<std::string, LocalResource> ServerResourcePool


	









            

          

      

      

    

  

    
      
          
            
  
Typedef RemoteResource


	Defined in File rpc_util.hpp





Typedef Documentation


	
typedef struct remote_resource RemoteResource


	









            

          

      

      

    

  

    
      
          
            
  
Typedef ClientResourcePool


	Defined in File rpc_util.hpp





Typedef Documentation


	
typedef std::map<std::string, RemoteResource> ClientResourcePool


	









            

          

      

      

    

  

    
      
          
            
  
Typedef ServerMetadata


	Defined in File rpc_util.hpp





Typedef Documentation


	
typedef struct server_metadata ServerMetadata
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