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Introduction

Microkernel + Multiserver

=

lots of message passing among lots of processes

=

breeding ground for distributed deadlocks
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The HelenOS usecase

Hang on to your hats as we will go back in time to 2011.
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Setting a collision course

● HelenOS mainline,1219

/

bd/initrd
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Setting a collision course

● Create a sufficiently large file

# / mkfile --size 300k img

img

/

bd/initrd
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Setting a collision course

● Create a file-backed block device on top of it

# / file_bd img loop

img

/

bd/initrd loop
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Setting a collision course

● Format as a MINIX file system

# / mkmfs loop

img

/

bd/initrd loop
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Setting a collision course

● And try to mount it under /data

# / mount mfs /data loop

img

/

bd/initrd loop

/data
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Setting a collision course

● And try to mount it under /data

# / mount mfs /data loop

● …it will not return

img

/

bd/initrd loop

/data
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Analysis

● Perhaps we could try to use kconsole to investigate

# / kcon

kconsole> 
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Analysis

● List all processes

kconsole> tasks
[id    ] [name     ] [ctn] [address         ] [as              ]
1        kernel      0     0xffff80000004a000 0xffff80000009c000
2        init:ns     0     0xffff80000005c000 0xffff80000009c088
4        init:loc    0     0xffff800000068000 0xffff80000009c198
5        init:rd     0     0xffff80000006c000 0xffff80000009c220
6        init:vfs    0     0xffff800000074000 0xffff80000009c2a8
7        init:fat    0     0xffff80000007a000 0xffff80000009c330
8        tmpfs       0     0xffff800007f36000 0xffff80000009c3b8
9        locfs       0     0xffff800007f76000 0xffff80000009c440
…
26       getterm     0     0xffff800007ab2000 0xffff80000009ccc0
27       bdsh        0     0xffff800007ade000 0xffff80000009cd48
…
38       klog        0     0xffff800000062000 0xffff80000009c110
39       file_bd     0     0xffff800007120000 0xffff800007bc12a8
41       mfs         0     0xffff8000071fc000 0xffff800007bc13b8
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Analysis

● List all processes
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[id    ] [name     ] [ctn] [address         ] [as              ]
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Analysis

● List all processes

kconsole> tasks
[id    ] [name     ] [ctn] [address         ] [as              ]
1        kernel      0     0xffff80000004a000 0xffff80000009c000
2        init:ns     0     0xffff80000005c000 0xffff80000009c088
4        init:loc    0     0xffff800000068000 0xffff80000009c198
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38       klog        0     0xffff800000062000 0xffff80000009c110
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41       mfs         0     0xffff8000071fc000 0xffff800007bc13b8
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Analysis

● Inspect IPC state of bdsh

kconsole> ipc 27
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                1 connected to 6 (init:vfs)
6                0 connected to 23 (console)
7                0 connected to 23 (console)
8                0 connected to 4 (init:loc)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
--– incoming answers ---

bdsh
27
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Analysis

● Inspect IPC state of bdsh

kconsole> ipc 27
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                1 connected to 6 (init:vfs)
6                0 connected to 23 (console)
7                0 connected to 23 (console)
8                0 connected to 4 (init:loc)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
--– incoming answers ---

bdsh
27

VFS
6
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Analysis

● Inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6
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Analysis

● Inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT
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Analysis

● Inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7
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Analysis

● Inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7
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Analysis

● Inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT
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Analysis

● Inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41
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Analysis

● Inspect IPC state of MFS

kconsole> ipc 41
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                0 connected to 6 (init:vfs)
6                0 connected to 6 (init:vfs)
7                1 connected to 39 (file_bd)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77400 1030     37     0      0      0      0      0       7 (init:fat)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41
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Analysis

● Inspect IPC state of MFS

kconsole> ipc 41
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                0 connected to 6 (init:vfs)
6                0 connected to 6 (init:vfs)
7                1 connected to 39 (file_bd)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77400 1030     37     0      0      0      0      0       7 (init:fat)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED
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Analysis

● Inspect IPC state of MFS

kconsole> ipc 41
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                0 connected to 6 (init:vfs)
6                0 connected to 6 (init:vfs)
7                1 connected to 39 (file_bd)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77400 1030     37     0      0      0      0      0       7 (init:fat)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39
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Analysis

● Inspect IPC state of file_bd

kconsole> ipc 39
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                2 connected to 6 (init:vfs)
6                0 connected to 4 (init:loc)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77580 1026     32     0      0      0      0      0       41 (mfs)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39
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Analysis

● Inspect IPC state of file_bd

kconsole> ipc 39
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                2 connected to 6 (init:vfs)
6                0 connected to 4 (init:loc)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77580 1026     32     0      0      0      0      0       41 (mfs)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS
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Analysis

● Inspect IPC state of file_bd

kconsole> ipc 39
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 6 (init:vfs)
3                0 connected to 6 (init:vfs)
4                0 connected to 6 (init:vfs)
5                2 connected to 6 (init:vfs)
6                0 connected to 4 (init:loc)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77580 1026     32     0      0      0      0      0       41 (mfs)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS
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Analysis

● Re-inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS
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Analysis

● Re-inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ
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Analysis

● Re-inspect IPC state of VFS
kconsole> ipc 6
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77800 1032     37     0      0      0      0      0       27 (bdsh)
0xffff800000d77600 1025     3      0      0      0      0      0       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ
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Analysis

● Re-inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ
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Analysis

● Re-inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ

VFS_OUT_READ
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Analysis

● Re-inspect IPC state of FAT

kconsole> ipc 7
[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 6 (init:vfs)
2                0 connected to 5 (init:rd)
3                0 connected to 9 (locfs)
4                0 connected to 9 (locfs)
5                0 connected to 8 (tmpfs)
6                0 connected to 8 (tmpfs)
7                0 connected to 41 (mfs)
8                1 connected to 41 (mfs)
[call id         ] [method] [arg1] [arg2] [arg3] [arg4] [arg5] [flags] [sender
--- incoming calls ---
--- dispatched calls ---
0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
--– incoming answers ---

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ

VFS_OUT_READ

IPC_M_DATA_READ
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The big picture

 

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ

VFS_OUT_READ

IPC_M_DATA_READ
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What we DO know

● Everything stopped in FAT

● FAT has 3 unanswered messages

● 2 of those do not correspond to any further IPC

● They just sit there

0xffff800000d77700 1029     10     87     4      37     0      0       6 (init:vfs)
0xffff800000d77500 1025     10     83     16384  0      0      0       6 (init:vfs)
0xffff800000d77900 8        106576 4096   0      0      0      4       39 (file_bd)
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What we DO NOT know

● Why is FAT not processing these calls?
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What we NEED to know

● Each IPC connection is handled by a single userspace thread

Task A

Task B
~

Task C

~
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What we need to DO

● Go back to VFS

● Check the IPC connections again

[phone id] [calls] [state
0                0 connected to 2 (init:ns)
1                0 connected to 7 (init:fat)
2                0 connected to 7 (init:fat)
3                0 connected to 7 (init:fat)
4                0 connected to 8 (tmpfs)
5                0 connected to 9 (locfs)
6                0 connected to 9 (locfs)
7                0 connected to 8 (tmpfs)
8                2 connected to 7 (init:fat)
9                0 connected to 9 (locfs)
10               0 connected to 41 (mfs)
11               0 connected to 41 (mfs)

bdsh
27

VFS
6VFS_IN_MOUNT

FAT
7

VFS_OUT_MOUNT

MFS
41

VFS_OUT_MOUNTED

file_bd
39

BD_READ_BLOCKS

VFS_IN_READ

VFS_OUT_READ

IPC_M_DATA_READ
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The reduced picture

1

VFS FAT~~

2

VFS FAT~ ~1

Zzzzz
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The culprit and the fix

revno: 1220
…
timestamp: Fri 2011-09-09 17:50:00 +0200
message:
  Fix deadlock caused by a too early released exchange.
diff:
=== modified file 'uspace/srv/vfs/vfs_ops.c'
--- uspace/srv/vfs/vfs_ops.c 2011-08-19 08:58:50 +0000
+++ uspace/srv/vfs/vfs_ops.c 2011-09-09 15:50:00 +0000
@@ -223,8 +223,14 @@
 return;
 }
 
+ /*
+  * Wait for the answer before releasing the exchange to avoid deadlock
+  * in case the answer depends on further calls to the same file system.
+  * Think of a case when mounting a FS on a file_bd backed by a file on
+  * the same FS. 
+  */
+ async_wait_for(msg, &rc);
 vfs_exchange_release(exch);
- async_wait_for(msg, &rc);
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Thank you!

http://www.helenos.org

http://trac.helenos.org/ticket/373

http://jakubsuniversalblog.blogspot.cz/2011/09/debugging-file-system-hang-using.html
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