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Practical Lock-free Hash Table with Open
Addressing for In-memory DBMS
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We present the first lock-free hash table API and processing with open ad-
dressing that can handle arbitrary <key, value> pairs. One can implement a
highly-concurrent in-memory DBMS or KVS using this technique. It detects
conflicts between competing processing by using CAS instruction to modify
both registering position and home position counters. It also eliminates the
dangerous side effects of the residual reference by integrating hash table ma-
nipulation and reference counting in a single hash table entry. Throughput
measurement shows that this lock-free version outperforms mutex-locked ver-
sion under various conditions.
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F— & HIET 5 (getKey(), equalKey(), hashKey()) 252 TH55. Ny ¥a
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Descriptor Hash table
pLFH —* pBase
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dwl
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ent[j]
w3 pData .
dw2 (Key-Value pair)
w4 max | ver
getKey ()
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hashKey ()
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B) 5. EHERIFEALMEIIRSZW (RHZ64 By NEREE) THA .
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Al AvI7Y—nyPaT7—T)LEF API
// key manipulation functions
typedef const void *getKey_t(const void *pData);
typedef bool equalKey_t(const void *keyl, const void *key2);
typedef long hashKey_t(const void *key); // must be > 0

// data types
typedef long ver_t;
typedef struct {

void *pBase; // hash table address
int size; // hash table size
getKey_t  *getKey; // key
equalKey_t *equalKey; // manipulation
hashKey_t +hashKey; // functions

} LFH_t // LFH descriptor

typedef struct {

LFH_t *pLFH;
int position;

} LFHiterator_t // for sequential access
// return code
// 0K=0, RETRY=-1, NOTFOUND=-2, FULL=-3, INVALID=-4

// housekeeping functions

LFH_t #*newLFH(int size, getKey_t *get, equalKey_t *equal,
hashKey_t *hash); // constructor

int freeLFH(LFH_t *pLFH); // destructor

int clearLFH(LFH_t *pLFH); // initializer

// data manipulation functions

void *LFH_get(LFH_t *pLFH, const void *pkey, ver_t *pversiomn);
int LFH_put(LFH_t *pLFH, const void *pData, const ver_t version);
int LFH_release(LFH_t *pLFH, const void #*pData);

int LHF_delete(LFH_t *pLFH, const void *pData);

LFHiterator_t *LFHiterator (LFH_t *pLFH);

void *LFH_getnext(LFH_t *pLFH, LFHiterator_t *piterator);
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A2 AvI72Y)—nNyar—TILBERLI—R
A.2.1 RERARET—4 B E FHEIEK

// UHALF/UWORD/UDOUBLE:
// half-word/word/double-word length unsigned integer type

// hashEntry_t:

// hash table entry type as depicted in figl

// dwl_t, w2_t, wd_t:

// hash table entry subcomponent types as depicted in fig.1

// flags: INSERTING=0x0001U

// primitive serialization instructions
bool CAS(UWORD *var, UWORD *o0ld, const UWORD new);
bool CAS2(UDOUBLE *var, UDOUBLE *o0ld, const UDOUBLE new) ;

// i-th position by quadratic residue search
int pos(const long hash, const int i);

A.2.2 W A

01 void *LFH_get(LFH_t *pLFH, const void #*pKey, ver_t *pversion)
02 {

03  hashEntry_t *ent = pBase;

04 long hkey = hashKey(pKey) ;

05 int j = home = pos(hkey, 0);

06 do {

07 w4_t home_w4 = ent[home] .w4;

08 for (int i = 0; i <= home_w4.max; j = pos(home,++i)) {
09 dwl_t old_dwl = ent[j].dwl;

10 while (old_dwl.hash == hkey) {

11 if (old_dwl.flags & INSERTING) {

12 *pversion = RETRY;

13 return NULL; // temporarily conflicting with put
14 T

15 dwl_t new_dwl = {old_dwl.flags, old_dwl.ref + 1};
16 if (!CAS2(&ent[j].dwl, &old_dwl, new_dwl))

17 continue;

18 if (!equalKey(getKey(ent[j].pData), pKey) {

19 w2_t old_w2 = ent[j].w2;

20 do {

21 w2_t new_w2 = {old_w2.flags, old_w2.ref - 1};
22 } while (!CAS(&ent[j].w2, &old_w2, new_w2));
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23 break;
24 }
25 *pversion = home_w4.ver;
26 return ent[j].pData; // key found
27 b
28 }
29 } while (ent[home] .ver != home_w4.ver);
30  *xpversion = home_w4.ver;
31 return NULL; // key not found
32 }
A23 & E2
01 int LFH_put(LFH_t *pLFH, const void *pData, const ver_t version)
02 {
03  hashEntry_t *ent = pBase;

04

long hkey = hashKey(getKey(pData));
int j = home = pos(hkey, 0);
if (ent[home].ver != version)
return RETRY; // already updated since last get
w4_t home_w4 = ent[home] .w4;
for (int i = 0; i < size; j = pos(home, ++i)) {
if (ent[j].pData != NULL) continue;
UWORD old = NULL;
if (CAS(&ent[j].pData, &old, pData)) {
ent[j].w2 = { ent[j].flags | INSERTING, 1};
// SFENCE required here
ent[j] .hash = hkey;
w4_t old_wéd home_w4;
w4_t new_wé {i > home_w4.max ? i : home_w4.max,
home_wé4.ver + 1};
if (!'CAS(&ent[home] .w4, &old_w4, new_wd)) {
ent[j] .hash = 0;
// SFENCE required here
ent[j]l.w2 = {0, 0};
ent[j].pData = NULL;
return RETRY; // conflicting with other updates
}
ent[j].flags &= ~INSERTING;
return 0K; // successful insertion

}

if (ent[home] .ver == home_w4.ver)
return FULL; // hash table overflow
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32 else
33 return RETRY; // conflicting with other updates
34 }

A.2.4 BR

01 int LHF_delete(LFH_t *pLFH, const void *pData)

02 {

03  hashEntry_t *ent = pBase;

04 long hkey = hashKey(getKey(pData));

05 int j = home = pos(hkey, 0);

06 w4_t home_w4 = ent[home] .w4;

07 for (int i = 0; i <= home_w4.max; j = pos(hkey, ++i)) {

08 if (ent[j].pData == pData) {

09 dwl_t old_dwl = ent[j].dwl;

10 while (old_dwl.hash !'= 0 && old_dwl.ref == 1) {
11 if (CAS2(&ent[j].dwl, &old_dwil, 0)) {

12 ent[j] .pData = NULL;

13 w4_t old_w4 = home_w4;

14 for(;;) {

15 for (int k = home_wé4.max; k >= 0; --k) {
16 UWORD h = ent[pos(hkey, k)].hash;

17 if (h !'= 0 && pos(h, 0) == home)

18 break;

19 }

20 wa_t new_wd = {k >= 0 ? k : 0, home_wéd.ver + 13};
21 if (CAS(&ent[home] .w4, &old_w4, new_w4d))
22 return 0K; // successful deletion

23 else

24 home_w4 = old_w4;

25 }

26 }

27 }

28 return RETRY; // conflicting with other updates
29 }

30 }

31 return NOTFOUND; // could not find the specified data
32 }
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