How much memory can be accessed by a Lahey Fortran program ?

Mark Horridge, November 2004

To investigate the above question 2 programs (ALLOC and ALLOCX) were constructed, which were tested with 3 Lahey compilers (LF9045, LF9556, LF9571) and run on 3 different PCs (MH, KP, PDA). The PDA machine (which had 4 GB RAM) was tested in 2 different configurations. In the default configuration, each Windows program can access only 2GB RAM. In the "flagged" configuration, the /3GB switch was set in the BOOT.INI file, and each EXE file was marked as "3GB-aware" using the imagecfg utility. All PCs were set so that memory usage favoured programs rather than system cache.

It early became clear that no EXE had access to a full 2GB of contiguous address space. Therefore, available RAM will depend on the number and size of the blocks requested. This was the difference between the two programs, ALLOC and ALLOCX.

ALLOC requests space for 8 square arrays of equal size. The arrays are released; the matrix size is increased, and another request made; and so on until the allocation is not possible. (NB, when running ALLOC the last message shown reflects an unsuccessful request. The second last message shows how much can be allocated).

ALLOCx repeatedly (5 times) requests space for the largest possible square array (up to 1GB), without releasing previously allocated arrays. The 2nd and subsequent arrays will be much smaller than the first. ALLOCX allocates more RAM than ALLOC, since ALLOCX allocates blocks of varying size to fit available space.

Source for both programs is included in the supplied zip, together with the LF9x.FIG files showing compiler flags. LF95.FIG was used for both LF9556 and LF9571.

Results are shown in the tables below. In brief:

· comparing compilers, LF9556 performs best, followed by LF9045 and last,  LF9571.

· the /3GB switch increases available space (but by less for LF9571).

· Using ALLOCX with LF9556, we get close to the theoretical maximum (the latter is increased by 1 GB by the 3GB switch).

· the KP PC always performed worse (this was the only machine with a variable size page file).

ALLOC program: attempts to allocate 8 square matrices of equal size

Mbs allocated
MH PC
KP PC
PDA PC
PDA PC (flagged)


Win2000
2GB Ram
2GB fixed PageFile
WinXP SP1
2GB Ram
2-4GB varying PageFile
WinXP SP1
4GB Ram
4GB fixed PageFile
WinXP SP1
4GB Ram  /3GB
4GB fixed PageFile

LF9045
1544
1045
1544
1878

LF9556
1878
1544
1878
2516

LF9571
1270
1045
1270
1703

ALLOCX program: attempts to allocate 5 square matrices of varying size

Mbs allocated
MH PC
KP PC
PDA PC
PDA PC (flagged)

LF9045
1887
1745
1887
2847

LF9556
2023
1915
2015
3015

LF9571
1896
1646
1896
2364

Compilers were:

· Lahey Fortran 90 Compiler Release 4.50i  S/N: F9358781Z

· Lahey/Fujitsu Fortran 95 Express Release 5.60a  S/N: X9355385

· Lahey/Fujitsu Fortran 95 Compiler Release 7.10.00  S/N: 001444701338956

Lahey Technical Support were asked about the poor results for LF9571. They suggested setting an environment variable to address the problem. To set this environment in the current DOS box only you can type:

set FLIB_DVT_BUFFER=0

The effect is that LF9571 can allocate as much RAM as LF9556. Use Control Panel...System...Advanced to set the environment variable "FLIB_DVT_BUFFER=0" permanently on your PC.

Using the 3GB switch to access more RAM

Normally under 32-bit Windows each program is allowed to access up to 2Gb of RAM. Later versions of Windows allow you to increase this to 3GB, using special techniques. The "later versions" are:

· Windows XP Professional (but Home edition)

· Windows Server 2003

· Windows 2000 Advanced Server

· Windows 2000 Datacenter Server

· Windows NT Server 4.0, Enterprise Edition

The most normal case will be Windows XP Professional. We assume you have the Lahey F95 compiler.

Caveats

Microsoft warn:  "If you upgrade your computer to Microsoft Windows XP Service Pack 1 (SP1) and you are using the /3GB switch or the /USERVA switch with the /3GB switch, Windows may not start. You may also receive an error message that states that one of the registry hives is corrupted."

The remedy is to upgrade to SP2. Alternatively, you could just risk it. The possible incompatibility between SP1 and the 3GB switch is not always a problem. However, you should be aware that fiddling with the 3GB switch is an unusual and arcane practice, with risks. The assumption is that you can cope with small problems like Windows not starting (using your special boot CDs, the Recovery Console, and so on). If not, you should have a real Windows expert in reserve to fix things up. Do not assume that your local IT support has sufficient knowledge.

We'll assume here that your PC has 4GB or RAM (the maximum that could be useful under Win32). Actually, the technique given below would allow a PC with 1 or 2 GBs of RAM to allocate 3GB of virtual memory to a program. However, in practice, virtual memory is not very useful to a GEMPACK program since at the LU phase of the solution procedure, where memory requirements are greatest, fairly random accesses are continually made to all parts of the allocated memory. Under these circumstances virtual (disk-based) memory is very slow.


You might suppose from the foregoing that with 4GB of RAM you would need to allocate little or no part of your hard disk to virtual memory. Actually, it seems that the 3GB switch will not work unless you have 4GB of page-file. So the first step below is to set up this page-file.

Step 1 : Set up a fixed permanent 4GB page file.

Choose   Control Panel...System...Advanced...Performance Options...Virtual Memory
Select a custom size page file with minimum=maximum
 page size of 4096 (or 4095) kb.

Reboot so the new pagefile can be installed.

Note: before doing the above you should have at least 8GB contiguous free space on your hard drive. You might need do a disk cleanup and defragment to achieve this.

While in Control Panel System Advanced, create an environment variable "FLIB_DVT_BUFFER=0" (see previous section.

Step 2 : Add the 3GB switch to boot.ini file

BOOT.INI is a hidden system file in the root C:\ containing system options. First, make it visible. From the DOS prompt in C:\ type:

attrib -r -s -h boot.ini


dir *.ini


copy boot.ini oldboot.ini

Note above a backup was made of the existing boot.ini.file. You now be able to open boot.ini in a text editor.

You should see a line like:

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Microsoft Windows XP Professional" /fastdetect


Add the /3GB switch at the end of this line to get:

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Microsoft Windows XP Professional" /fastdetect /3GB

Save and exit. To hide boot.ini again, you could type:

attrib +r +s +h boot.ini

Again reboot.

Note: The FAQ at http://www.eyeonline.com/Web/EyeonWeb/Support/TechFAQ.aspx describes a dual boot way of editing BOOT.INI that provides insurance in case the 3GB switch causes a problem.

Step 3 : Mark the EXE file as "large-address-aware".

In order for 3GB to be accessible to your EXE, (a) the OS must support 3GB (covered above), and (b) the OS must believe that your EXE is capable of supporting addresses >2GB. You must flip a single bit in the EXE file which marks it as 3GB ready. To this this you can use the imagecfg
 tool. After creating your MODEL.EXE using LTG, type from the DOS prompt:


Imagecfg -l model.exe

NB, above flag is "minus ell" not "minus one".

You should now be able to run model.exe and access up to 3GB of RAM.

Questions

Q: Why do I need 4GB of RAM for my program to access 3GB.

A: The other 1GB is for the OS kernel and other running processes.

Q: Why is the 3GB switch risky?

A: Pointer (address) arithmetic is easier if we can assume that all addresses are <2GB. Under these circumstances we can treat addresses as 32 bit integers (range: + or - 231  = 2GB). In reality, pointers should be treated as unsigned double-words (range: 0 to 232  = 4GB). Until recently almost no-one had more than 1 GB of RAM so sloppy coding, which treated pointers as integers, might work well in practice. Programs coded in this sloppy way fall over if asked to allocate or address RAM>2GB. If the program in question is a "driver", loaded at boot time, you might have difficulty starting up the PC. Moral: don't try the 3GB switch on a PC with old drivers. Get updated drivers first. Or use the dual boot method so you can always boot up without the 3GB switch.

Q: What versions of Lahey Fortran support the 3GB switch?

A: GEMPACK supports LF9045, LF9556/57 but not (as of Oct 2004) LF9571. Lahey do not document support of the 3Gb switch until LF9571. Therefore the possibility exists that LF9045 and LF9556 generate EXE's containing the "sloppy" pointer arithmetic mentioned above. However, the working assumption is that EXE's generated using LF9556/57 will indeed work with the 3GB switch.

Further Information

Go to
http://support.microsoft.com

or
http://msdn.microsoft.com

and search for "3GB XP".

Or see: 

http://www.gams.com/docs/FAQ/PLATFORM.htm#n0004614

or

http://www.eyeonline.com/Web/EyeonWeb/Support/TechFAQ.aspx

Some of the above web pages are appended below.

Microsoft advice as of October 2004:

http://www.microsoft.com/whdc/hwdev/platform/server/pae/PAEmem.mspx

By early in November 2004 all traces of the above page (reproduced below) had been removed from Microsoft servers. Go figure !

Memory Support and Windows Operating Systems

Updated: January 14, 2003

Operating systems based on Microsoft® Windows NT® technologies have always provided applications with a flat 32-bit virtual address space that describes 4 gigabytes (GB) of virtual memory. The address space is usually split so that 2 GB of address space is directly accessible to the application and the other 2 GB is only accessible to the Windows executive software.

The 32-bit versions of the Windows® 2000 Advanced Server and Windows NT Server 4.0, Enterprise Edition, operating systems were the first versions of Windows to provide applications with a 3-GB flat virtual address space, with the kernel and executive components using only 1 GB. In response to customer requests, Microsoft has expanded the availability of this support to the 32-bit version of Windows XP Professional and all 32-bit versions of Windows Server™ 2003.

Windows 2000 Memory Support. With Windows 2000 Professional and Server, the maximum amount of memory that can be supported is 4096 MB (identical to Windows NT 4.0, as described later in this section). However, Windows 2000 Advanced Server supports 8192 MB of physical RAM and Windows 2000 Datacenter Server supports 32,768 MB of physical RAM using the PAE feature of the IA-32 processor family, beginning with Intel Pentium Pro and later.

Windows XP Professional and Windows Server 2003 Memory Support. The maximum amount of memory that can be supported on Windows XP Professional and Windows Server 2003 is also 4 GB. However, Windows Server 2003, Enterprise Edition supports 32 GB of physical RAM and Windows Server 2003, Datacenter Edition supports 64 GB of physical RAM using the PAE feature.

The virtual address space of processes and applications is still limited to 2 GB unless the /3GB switch is used in the Boot.ini file. When the physical RAM in the system exceeds 16 GB and the /3GB switch is used, the operating system will ignore the additional RAM until the /3GB switch is removed. This is because of the increased size of the kernel required to support more Page Table Entries. The assumption is made that the administrator would rather not lose the /3GB functionality silently and automatically; therefore, this requires the administrator to explicitly change this setting.

The /3GB switch allocates 3 GB of virtual address space to an application that uses IMAGE_FILE_LARGE_ADDRESS_AWARE in the process header. This switch allows applications to address 1 GB of additional virtual address space above 2 GB.

The virtual address space of processes and applications is still limited to 2 GB, unless the /3GB switch is used in the Boot.ini file. The following example shows how to add the /3GB parameter in the Boot.ini file to enable application memory tuning:

[boot loader]

timeout=30

default=multi(0)disk(0)rdisk(0)partition(2)\WINNT

[operating systems]

multi(0)disk(0)rdisk(0)partition(2)\WINNT="????" /3GB

Note: "????" in the previous example can be the programmatic name of any of the following operating system versions:

Windows XP Professional

Windows Server 2003

Windows Server 2003, Enterprise Edition

Windows Server 2003, Datacenter Edition

Windows 2000 Advanced Server

Windows 2000 Datacenter Server

Windows NT Server 4.0, Enterprise Edition

Windows NT 4.0 Memory Support. With Microsoft Windows NT 4.0 Workstation and Server operating systems, the maximum amount of physical memory supported is 4 GB. The maximum amount of virtual memory is 2 GB.

With Windows NT 4.0 Server, Enterprise Edition, the /3GB switch was first added to Boot.ini.

Application Memory Tuning. This capability allows memory-intensive applications to utilize up to 50 percent more virtual memory on Intel-based computers. Application memory tuning provides more of the computer's virtual memory to applications by providing less virtual memory to the operating system.

Application Changes. No APIs are required to support application memory tuning. However, it would be ineffective to automatically provide every application with a 3-GB address space.

Executables that can use the 3-GB address space are required to have the bit IMAGE_FILE_LARGE_ADDRESS_AWARE set in their image header. If you are the developer of the executable, you can specify a linker flag (/LARGEADDRESSAWARE).

To set this bit, you must use Microsoft Visual Studio Version 6.0 or later and the Editbin.exe utility, which has the ability to modify the image header (/LARGEADDRESSAWARE) flag. For more information on setting this flag, see the Microsoft Visual Studio documentation.

Some manufacturers preconfigure their applications to use application memory tuning, making it unnecessary for you to make this change. For more information, see your application documentation and contact your application vendor to determine whether they support Large Address Awareness or whether you can enable it in their application.

Advice given by eyeon Software for their Digital Fusion product

from: http://www.eyeonline.com/Web/EyeonWeb/Support/TechFAQ.aspx

How do I add the 3GB switch to my computer to assist with caching under version 4?

With Digital Fusion 4 and DFX+ 4 came a whole new way to work with our software that allowed our users to really take advantage of the RAM they had on their systems to actively cache the project they were working on. However at the same time version 4's new caching capabilities started to really push the limits of Windows memory management. On systems running 2 GB of RAM or more certain instabilities were found when Fusion or DFX+ started filling up the 2GB of RAM with its cache. In Windows by default any application can only use 2 GB of RAM at most. However under certain versions of Windows, applications could actually use up to 3 GB or RAM if it was available. (A list of the supported operating systems is included below. Please note that Windows 2000 Pro is NOT supported.) To 'activate' this capability you need to add the 3GB switch (instructions below) to your system. Not only does this allow an application to use up to 3GB of RAM if available, but it also makes using 2GB of RAM considerably more stable and reliable as a result.

Please be aware that the 3GB switch will only improve stability on systems with 2 or more GB of RAM, and running one of the operating systems referenced below. Once the 3GB switch has been activated we recommend setting the DFX+/Fusion cache limit to about 80% in the preferences to ensure stable performance.

Adding the 3GB switch is very simple. You first need to locate your machines Boot.ini file which should be located in the root of your main system drive. (Be aware that this file may be hidden and marked as read-only initially.) You will want to open this file in a program such as Notepad to edit it properly.

Before adding the 3GB switch though it is important to note that the switch is very picky, and requires that every device and driver on your system be fully WinXP compatible in order to work at all. If anything in the system is not compatible, Windows will not load at all when restarting with the 3GB switch activated. The only way to then remove the switch from the Boot.ini file so that Windows can load is to either mount the drive in another system and manually change the boot.ini file, or reformat the drive and re-install Windows. Both solutions are far from ideal.

To safely add the 3GB switch we recommend adding a second instance of the OS in the boot.ini, and add the /3GB switch to that second version.

----- default boot.ini without 3GB Switch -----

This is what a default boot.ini file will look like. (This may differ from system to system.)

[boot loader]

timeout=30

default=multi(0)disk(0)rdisk(0)partition(1)\WINDOWS

[operating systems]

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Microsoft Windows XP Pro"

----- updated boot.ini with 3GB Switch -----

This is what the updated version should look like. Notice the /3GB that has been added to the second instance of the OS line.

[boot loader]

timeout=30

default=multi(0)disk(0)rdisk(0)partition(1)\WINDOWS

[operating systems]

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Microsoft Windows XP Pro"

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Microsoft Windows XP Pro with /3GB" /3GB

Once you have updated your boot.ini file accordingly and have saved the changes, simply restart your system for the changes to take affect. When your system reboots you will be given the option to choose either the standard Windows XP version or the 3GB switch enabled Windows XP version. If you choose the 3GB version and it fails to allow Windows to properly load, just restart your system and you will be given the two options once again, where you can then choose the standard Windows XP version to load. Either way, if it works or doesn't, you can then remove whatever line you don't need in the boot.ini file.

Please note: The 3GB switch is only compatible with the following versions of Microsoft Windows.

- Windows XP Professional (and greater)

- Windows Server 2003

- Windows Server 2003, Enterprise Edition

- Windows Server 2003, Datacenter Edition

- Windows 2000 Advanced Server

- Windows 2000 Datacenter Server

- Windows NT Server 4.0, Enterprise Edition

For a more detailed explanation of the 3GB switch and usage please visit the following page on the Microsoft website.

  http://www.microsoft.com/whdc/hwdev/platform/server/PAE/PAEmem.mspx

In addition:

There is currently a known issue with the 3GB switch and Windows XP SP1, that may cause Windows not to start. A supported fix is available from Microsoft, but it is only intended to correct the problem resulting from this specific setup. For more information including download links to this particular fix please visit the following page on the Microsoft website.

  http://support.microsoft.com/default.aspx?scid=kb;en-us;328269

� Under Win32 you should always have a fixed size page file for best performance and the (undocumented) way to achieve this is to set the minimum and maximum size equal.


� This came on your Windows 2000 CDs. Alternatively use the editbin program which you got with Visual Studio (part of the LF95 7.1 Pro package) and apply the "/LARGEADDRESSAWARE" switch. 





