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s Al BzES] NS 2 7] A2 HYe gah= Al =& EFsta, 47 Al

o A7) 2EA FA el 7] Al Ao A% UAE Yehle Al P2E9] PPNER 91
ZrES] LNES 7] 2EA o] 47] A2 B A3 945 ehle A2 gAEe] PN

rE
oftt
(i
o
g

)
L)
[>
[t
ﬁ
%
la
10

)
1’

iﬂl

A7) Al g 2E LPNES olEYaHA AW
Nl tialed, 237] FIL WellAl, A7) Al g
olo] Mgo] AAEE A

A7 Al Y 2EQ LPNEo| A7) A2 g]2~EQ PPNEE WHIE =
3 (atomically remapping)stal, A7) A1 gJ2E] LPNE9 Z+
E°] LPNE9 LPN # 47| A2 2]2=E°] PPNES] tf-&3f+= PPN A

=
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A7] Al Bl2E PPNERS A7) Al g)=EQ LPNE9 W& H]F7]4 S 2 (asynchronously) A (trimmin
g)3tar, A7) Al F2AES LPNE9Y RE LPNo| tste], A7) Al g|2E9] LPNE9 LPN ¥ A7) Al g ~E9
PPNE9] 33l PPN Atolo] wigo] A7) FIL oA AHA| (remove) 5= ©A); 2

A7) A2 B2EQ] PPNERS A2 B]~EQ] LPNE2] W3 o] AW (unmap)F L, 7] A2 2]~EQ LPNES BE
LPNEl tiste], 7] A2 2]~E9] LPNEY LPN % 7] A2 2]~E9] PPNEY t-§3l= PPN Alo]e] Wisgo] 4
7] FTL #o A 2HA] (remove) B &= ©HAIE X ghsl= W
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A 1 ol dojA,

A7) Al AMEE A~ 9 EZ(SWAT; swap and trim) ANE=ES E3slal, ofZgl7lolAd TR <lEH o]
2~(API; application programming interface)@ Wrai%+= .
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Al 2 Fell 1o,

71 SWAT A== ofEeirlold e 9 AAZFE] 250 gHste], 2Egx] FA =2folH APTRFH
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A 2 ol JojA,

A7) AL BB LNE % 37] A2 P2Ee] NSOl X8 LNES 7] AL f2Ee) LNS 8 47] A2
gl ~Eo] [PNEd| 93] A7 A UZ olEuEA AWDE = up
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5 9 A7) A2 sl g o] LPNES E% slar, 7] A1 Y 2EQ LPNES A7) 2EZA &
X el A7) Al skl % Eo] PPNER W3, 7] A2 gYEY LPNES 4
7] 2EZA Aol 7] A2 dde] A% fAE 1JrE‘r‘—H* A2 B 2EQ| PPNER WHEH L
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components) FH#2 T E(class components) R 2 /3 E(task components), Z=EA|Z~E (processes), 7|
FE(functions), &/ E(attributes), A& (procedures), A2 F®E(subroutines), XE2I13 FT=9] AL
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AR, A=A E Aojsts AZEoltt. AR oAl /Td FHES FAE(28)0 Ho|HEY
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ATk, dE o], & 60 EAlE ule} o], 2AV] AWM (WRITE_A)E 53+ LPN AR 27]& A2 PPN.YE &
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o2 LPNoZ9] 73 M3
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S ot/ WHEI, Ao, PPN XE AT Wl 9 okgk WS
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PPN_Z9] elH| 2 ] 2lAEe] F7hs s uo| B
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i

=
=

NE= LPNG 718 2 AEE (S So], LPN4, LPN5) 2 LPNY] B2 g2EE (9
T e Bl2EEC uste Fdch, B AN oA, 7} gAE 71
A ool A, LPN4 % LPN5E 7] % ﬂiEoﬂ te) 3, A (originally) PPNO 2
S ¥3Erh. LPN24 @ LPN25E Bl g AEd] =ar, e PPN11 2 PPN12 27
Zohsith, o3 F o] HAEE thE SWAT AN=ZS Hafsts A2 LPN4 2 PPN11 A}
ole] 73k Wi 2 LPN5 E PPN12 Alole]l o2 7sk W3S AYAJStal, LPN24 2 PPNO Alole] ofst @iy A
LPN25 9 PPN1 Atole] th& oFst 93-S Adstrh. (& 49 FHo= mAH.)

h=ye]
=

E
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PM PH
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N

294 dol7} ol LNome] ¥ PAS maelx gt A4S, Teld solA: Aux ZeaMel Aol 9
T SIAT AWE o] gt Ao Bl elaEdA NG 918 ki W A4, Aggow, suA
ZeA L ofgh [PN24 2 LPN25 WEES Al A5 PPNO 9 PPNL EFE uhghaitt, =27 do)A S (S 5
LPN24 B LPN25)& 7R Zelao] whalsly] Aol glold 4 glth. w4 HolA7} 7198 A%, okt WL
AZRE, ALE e MolAzel AP Bgol ARAG. WAL WAL vl +AH.

T 13 AFREA g ﬁﬂo]z]oﬂ 3k SWAT AMES] o2 HolFErh, & 1304, 7|2 g 2ES] LPN4 % LPNGE=
AFEE ] = (unuesed =E empty) =2]% dHolX|Eolal, Bl #2EQ] LPN24 % LPN25% PPN11 % PPN12=
o] A3 PIBES I, e AA oof o], olg F e g2ELe tidk SWAT ANE=E ghEshe
Z1S LPN4 @ LPN11 Ale]e] 743 wisg = [PN5 2 PPN12 Ajole] t}& 73k W3S 4Ad3dch. LPN4 2 LPN57}
ARE-E A 9F7] wiitoll, LPN24 9 LPN25 159 ¥ W3S FASY, W AR AEdA FFom Wi,

U= SANT &2te] A3l AL 7He7in,

T
)
o
o)
N

Wgol gl 71 LPNe=4 LPNel thgh SWAT= LPNS 919 Al=8 Fad ot fdes 44dd. ds €9,
% 140 ZAlE vk} o], 7] o LPNA B ERZlom A LPN_Boll thgk SWATE= PPN_XE €] LPN_AS] Aj=-2 of
gk Wsg-& FMT(500)°] 4§44k}, o]= LPN_A ¥ LPN_B7} PPN.XE FTH3lEs 3sta, Ax4 o=, PPNXE Z3
Wg 2 oke P RS xgech. ol 74, RNT(502)% LPN_BE $1%t 728 93 <lE=g] 2 LPN_Ao] oish
oFgt Wi <E7F PPN.XO 2Bls §) g iEl FrhE =S 74l

d

=94 FolA7E Ze LN WS x3eA ¥ A, A dolAs JHA FHAAe] didel E 5 sl
aejEz, 23 o] PPNIL R PPNIZE flste] EAjstez, TfE =24 dojAEL 7hA] FgAdA
HeEn ddHom, A3k LPN4 B LPNS 5o AAE Y s 7A] FHA o] %
= g, LPN24 9 LPN25%= PPN11 ¥ PPN12E 9A|2=38t7] $lste] 242 Abg" 5= Qltt.
3]

ZHA Z9 el g ZelF FolAE ARG AFg-, olel wEh A s H oFF WHE iy oEdlof

Hr}.

T 156 WHEEE= GHAT AWNEESS] o & HolFEuh. whEg SHAT F2Eo] LAlE uiel WAEhE AL, 84
HAolA (A& £, PPNIDE H59] v <3 LPN HFE(A 5 ~<>1 LPN4 2 [PN24)& X33 5= r}. 718
o, EgA oA st s WE(dE #01 LPN3 2 PPN11 Atole] wi=)) & 3hi}e] XMenzo]l ofsl

WEs X3 4 k. 2y syl E84 HoXrt XY 4 e v AR gl o8] geojd
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I

A F el AAl eEo] wEW, SVAT AWM= 9@ APIE AFdE 7|EECd diste] tad oldES Al

SIAT Aw=t 059 oW WRE e 3, Ay Adol MPL B s FAE] BE Fejse] A
3 27 BA5E AP o ZH SSDY YTAEL #A 8
o

g 4 9ok, SWAT AMEE ofZgAlold oz RE e
A FEAA = Ak, SIAT AWEE AFEEA] & 7S
. HEo], SWAT AWMEE oA dE, 53], ths Wil

@ olde ATT 5 ATt

-
o wagonA Axgel 4% BN 5
= 3

A Aol @ ol Eel Aol el A5 el @A

v}

olsloll A, SWAT Awz=ol UX HAl o550 0L FMsA ddn. Zdo] ofEFgAolHA(200& T3l A=
o, &9 AA(22) v Y A2E(24) T o= stys Ax =glolw] API(26)E
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AT,
SWAT A=+ SATA, SAS, PCle, eMMC, UFS % A|ZA} AHW=(vendor specific command)®} S ~EZ A X
o

Exe) ol FuzEA FAL & Ak ST ANEES] AN dE B AL 2wl 534X o
o1 AW olstel API SlAb FE (pseudo-code) & FETe] F B @ ola® Aolth, o4} mER 54 ;=
Aol s vE AW e T3le mEAY e des], AAHY 548 £ 9 P40 o= Yedle AS
ulelx] g, ol BAAS sl AFHE Aolw, B d@o] ool FAHE AL opr. B Wy U
2 o ﬂ%@»@%%‘%%%,%ﬂ%,%%ﬂ]%@ﬁﬂlﬂﬂﬂﬂ %S IA=E] tYgst e of &g Aol
As xgge 4 Qg

[SWAP API]

#define SI_LBA_PER_PAGE 16 // 8KB page

#define SI_MAX_SWAT_PAGE 64 // 64 pages

#define SI_MAX_WEAK_MAPPING 1 // maximum number of weak mappings

#define SI_MAP_STRONG 1
#define SI_MAP_WEAK 2
/%

* DESCRIPTION

* See SWAT command for details
* PARAMETER
* base_page: the start LPN of base page(s); base_page(s) are strongly mapped to the PPN(s) of

target page(s), if LPN is not within the range of device, SI_ERROR_INVALID_PAGE is returned
* target_page: the start LPN number of target page(s);

*target_page(s) are weakly mapped to the PPN(s) of base_page(s), if LPN is not within the range of
device, SI_ERROR_INVALID_PAGE is returned

*target_page must have strong mapping(s), otherwise return SI_ERROR_VOLATILE_PAGE

* page_cnt: # of continuous LPNs to be SWATed; the maximum number of LPNs is defined as
SI_MAX_SWAT _PAGE, if this is larger than SI_MAX_SWAT_PAGE, operation fails and SI_ERROR_MAX_SWAT_PAGE
is returned

*

* RETURN

i« SI_SUCCESS: SWAT operation is done successfully

i SI_ERROR_INVALID_PAGE: LPN value is not valid (out of range of device)

* SI_ERROR_VOLATILE_PAGE: a logical page that has only a weak mapping cannot be used

* SI_ERROR_OVERLAP_PAGE: the LPN range of base_page and target_page is overlapped

* SI_ERROR_MAX_SWAT_PAGE: the number of logical pages exceeds SI_MAX_SWAT_PAGE

* SI_ERROR_ATOMIC: an error occurs during the operation so all changes are rolled back

i SI_ERROR_MAX_WEAK_MAPPING: the number of weak mappings for a physical page exceeds the

SI_MAX_WEAK_MAPPING
SI_ERROR si_swat (SI_PAGE base_page, SI_PAGE target_page, SI_PAGE_COUNT page_cnt)
{
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// the number of pages must be smaller than SI_MAX_SWAT PAGE

1f page_cnt > SI_MAX_SWAT_PAGE
return SI_ERROR_MAX_SWAT_PAGE;

// the page range of base and target must be valid

if lisValid(base_page, page_cnt) or !isValid(target_page, page_cnt)
return SI_ERROR_INVALID_PAGE;

// two ranges must not be overlapped

if isOverlapped(base_page, target_page, page_cnt)
return SI_ERROR_OVERLAP_PAGE;

// target range must not have any weak mappings

// any weak mappings in the base range are trimmed, thogh if hasWeakMapping(target_page,
page_cnt)

return SI_ERROR_VOLATILE_PAGE;
for 1 = 0 to page_cnt - 1
// swap reverse mapping table entries
if forward_map_table[base_page+i] is not NIL
removeRMT (reverse_map_table, forward_map_table[base_pageti], base_pageti);
removeRMT (reverse_map_table, forward_map_table[target_pageti], target_pageti);

addRMT(reverse_map_table, forward_map_table[target_pageti], base_pageti,
ST_MAP_STRONG) ;

if forward_map_table[base_page+i] has a strong mapping or
reverse_map_table[forward_map_table[base_pageti] has a strong mapping

addRMT(reverse_map_table, forward_map_table[base_page+i], target_pageti,
ST_MAP_WEAK) ;

addRMT (reverse_map_table, forward_map_table[target_page_i], target_pageti,
SI_MAP_WEAK) ;

// swap forward mapping table entries

if forward_map_table[base_pageti] is not NIL

tmp = forward_map_table[base_page+i];

else

tmp = forward_map_table[target_pageti];
setFMT(forward_map_table, base_pageti, forward_map_table[target_page+i], SI_MAP_STRONG);
setFMT(forward_map_table, target_page+i, tmp, SI_MAP_WEAK);

return SI_SUCCESS;

}

RemoveRMT (reverse_map_table, ppn, lpn)
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{

Remove the entry for Ipn from the reverse list for ppn in the reverse_map_table
}
addRMT(reverse_map_table, ppn, lpn, mapping_type)
{

Add lpn to the list for ppn in the reverse_map_table &

set the type of the mapping
}
setFMT(forward_map_table, lpn, ppn, type)
{

Map lpn to ppn in the forward_map_table &

set the type of the mapping
}
Example 1)
// swat a page starting from O with one starting from 100,
// the page of LPN 0 is mapped to the physical page of LPN 100
If (si_swat(0, 100, 1) != SI_SUCCESS) {
// error
}
Example 2)
// swat an extent starting from O with one starting from 100,
// the extent of LPN O is mapped to the physical pages of the extent of LPN 1000
If (si_swat(0, 1000, SI_MAX_SWAT_PAGE) != SI_SUCCESS) {
// error;
}
typedef struct _si_extent {
SI_PAGE lpn;
SI_PAGE_COUNT count ;
} si_extent;
/%
* PARAMETER
* base_page: an array of (LPN, page_count) pairs, base_extent(s) are strongly mapped to the

physical pages for target_extent(s); if any LPN is not within the range of device,
ST_ERROR_INVALID_LBA is returned

* base_cnt: # of extents, the maximum number of pages is defined as SI_MAX_SWAT PAGE, if the
total number of pages in the list is larger than SI_MAX_SWAT_PAGE, SI_ERROR_MAX_SWAT_PAGE is returned

* subsitute_page: an array of (LPN, page_count) pairs, target_page(s) are weakly mapped to the

_15_



[0151]

[0152]
[0153]
[0154]
[0155]
[0156]
[0157]
[0158]
[0159]

[0160]

[0161]
[0162]
[0163]
[0164]
[0165]
[0166]
[0167]
[0168]
[0169]
[0170]
[0171]
[0172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]

[0180]
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physical pages for base_extent(s), if any LPN is not within the range of device, SI_ERROR_INVALID_LBA
is returned

* target_cnt: # of extents, the maximum number of pages is defined as SI_MAX_SWAT_PAGE, if the
total number of pages in the list is larger than SI_MAX_SWAT_PAGE, SI_ERROR_MAX_SWAT_PAGE is returned

* RETURN

i« SI_SUCCESS: SWAT operation is done successfully

* SI_ERROR_EXTENT_MISMATCH: the number of page count in extent is not matched

* SI_ERROR_INVALID_PAGE: LPN value is not valid (out of range of device)

* SI_ERROR_VOLATILE_PAGE: a logical page that has only a weak mapping cannot be used

* SI_ERROR_OVERLAP_PAGE: the LPN range of base_page and target_page is overlapped

* SI_ERROR_MAX_SWAT_PAGE: the total number of logical pages in the list exceeds SI_MAX_SWAT_PAGE
* SI_ERROR_ATOMIC: an error occurs during the swap operation so all changes are rolled bak

* SI_ERROR_MAX_WEAK_MAPPING: the number of weak mappings for a physical page exceeds the
ST_MAX_WEAK_MAPPING

*/

SI_ERROR si_swat_extent (si_extent #**base_extents,
SI_EXTENT_COUNT

base_cnt, si_extent *xtarget_extents,
SI_EXTENT_COUNT target_cnt);

Example 3)

si_extent base_extents[3] = {

{0, 1},

{2, 2},

{4, 7}

¥

si_extent target_extents[2] = {

{100, 2},

{110, 8}

¥

// total number of pages to be swat is equal

if (si_swat_extent(&base_extents, 3, &target_extents, 2) != SI_SUCCESS) {

// error;

}
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number) Ake]e] FTLo o]3f -+ =i,
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