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Design of Optimized SWAP System for Next—Generation Storage Devices

g £ A g vmel B Tlee oI Mmelst shrizash e A%
& Zeagelsl el 2 F4 30e ATAE A2 A PAE Sue v
174

o3
)

Linux$} 2
el
(e}

£ o3t

=
X

MepAel WS wolw g7 uhe] mke] A A 4N E viwe] Bgel ol §5ul VRS wol
AHg3HE 389 Aso] Fobd oltk e} /1E 2 M e wel ensle HRe] $§
o 5L USRI 5= Gk olel @ BAG A7) el B =wE AN A FAE v 33
RS © 227) QS 97 BF F4E B I AnE L Azw T AEe] el A
S5, AR 7IMES Linux 31439) 74 vime] #e] Al zgle] TS 723 AN AR
WATIAE ol gsto] ABE B9, vholAw WAk Agol Bt 3, Hek A WATEA S5
A3l 24%9] A5 el Aee nk

B S0 | 2B |7k m=2] | H22] SFE T SWAP | XM AE FX| | 2lsA

Abstract

On modern operating systems such as Linux, virtual memory is a general way to provide a
large address space to applications by using main memory and storage devices. Recently,
storage devices have been improved in terms of latency and bandwidth, and it is expected that
applications with large memory show high-performance if next-generation storage devices are
considered. However, due to the overhead of virtual memory subsystem, the paging system can
not exploit the performance of next-generation storage devices. In this study, we propose
several optimization techniques to extend memory with next-generation storage devices. The
techniques are to allocate block addresses of storage devices for write-back operations as well
as to configure the system parameters, and we implement the techniques on Linux 3.14.3. Our
evaluation through using multiple benchmarks shows that our system has 3 times (/24%) better

performance on average than the baseline system in the micro(/macro)-benchmark.

B keyword : | Operating System | Virtual Memory | Memory Extension | SWAP | Next—Generation Storage Device
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Algorithm 1 Search Procedure for Free SWAP Slot

int iree_height : the tree height
char* swap_sloi_tree : allocated memory chunk for the tree
int* nth_level_start_byte : offsets for each level

1: int search_free_swap_slot(int last_slot_id) {
2:  int search_level = tree_height;

3:  char slot_node;

4: int slot_node_id:

5 int slotid = lastslot_id:

6

7

8

int found_bit:
int return_id;
: while(true) {
9; if ( search_level = 0 ) return -1; //SWAP Device Full
10: slot_id = slot_id/8;
11 slot_node_id = nth_level_start_byte[search_level-1] + slot_id:
12: slot_node = swap_slot_tree[slot_node_id];
13: if( slot_node has an available bit ) then break;
14: search_level—;
15}
16:
17:  for( i = search_level ; i ;= tree_height; i++ ) {
18: slot_node_id = nth_level_start_byte[search_level-1] + slot_id:
19: slotnode = swap_slol_tree[slot_node_id];
20: found_bit = available bit poisition in slot_node:
21: if ( search_level == tree_height ) break;
22: slot_id = ( found_bit + slot_id*8 )*8;

23:
24:  return_id = slot_id + found_bit;

26:  slot.id = return_id;
27:  search_level = tree_height;

28:  while( search level =! 1) {

29: slot_id = slot_id / 8:

30: slot node_id = nth_level_start_byte[search_level-1] + slot_id:
31 slot_node = swap_slot_tree[slot_node_id];

32 if( slot_node does not have available bits ) {

33: slot node_id = nth_level_start_byte[search_level-2] + slot_id/8;
34: slotnode = swap_slot_tree[slot_node_id]:

35: i = slot%8;

36: mark the ith bit in slot_node as 1:

37:

38: search_level—;

39: }

40:

41:  return return_id:

42:
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