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* malloc. c —— a general purpose kernel memory allocator for Linux.
*

* Written by Theodore Ts’o (tytso@mit.edu), 11/29/91

*

* This routine is written to be as fast as possible, so that It
* can be called from the interrupt level.

*
* [imitations.: maximum size of memory we can allocate using this routine
* is 4k, the size of a page in Linux.

*

* The general game plan is that each page (called a bucket) will only hold
* objects of a given size. When all of the object on a page are released,
* the page can be returned to the general free pool. When malloc() is

* called, it looks for the smallest bucket size which will fulfill its

* request, and allocate a piece of memory from that bucket pool.

*

* Fach bucket has as Its control block a bucket descriptor which keeps

* track of how many objects are In use on that page, and the free list

* for that page. Like the buckets themselves, bucket descriptors are

* stored on pages requested from get free page(). However, unlike buckets,
* pages devoted to bucket descriptor pages are never released back to the
* system. Fortunately, a system should probably only need 1 or 2 bucket

* descriptor pages, since a page can hold 256 bucket descriptors (which

* corresponds to 1 megabyte worth of bucket pages.) If the kernel is using
* that much allocated memory, it’s probably doing something wrong. :—)

*

* Note: malloc() and free() both call get free page() and free page ()

* in sections of code where interrupts are turned off, to allow

* malloc() and free() to be safely called from an interrupt routine.

* (We will probably need this functionality when networking code,

* particularily things like NFS, is added to Linux.) However, this

* presumes that get free page() and free page() are interrupt—level

* safe, which they may not be once paging is added. If this is the

* case, we will need to modify malloc() to keep a few unused pages

* “pre-allocated” so that it can safely draw upon those pages if

* It Is called from an Interrupt routine.

*

* Another concern is that get free page() should not sleep; if it

* does, the code is carefully ordered so as to avoid any race

* conditions. The catch is that if malloc() is called re-entrantly,
* there is a chance that unecessary pages will be grabbed from the

* system. Except for the pages for the bucket descriptor page, the

* extra pages will eventually get released back to the system, though,
* so it isn’t all that bad.

*/
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48 #include <linux/kernel.h> // W#Z3k3CfF. &H —HeplixE H KRB R TE € o
49 #include <Iinux/mm. h> /) WARE SO . & T K/ 8 SOF1— %6 T TH R ok B 2
50 #include <asm/system.h> // RGKCHF. BT & ESASEHERTE/ H B TR gR 2%
51

/] AR IR R4
52 struct bucket desc { /* 16 bytes */

53 void *page; [/ ZHTHREIR TR N () N A DT R
54 struct bucket desc *next; /) NIRRT RE

55 void *freeptr; VAR 1 RN D A S P e DA R =E o
56 unsigned short refent; // B A

57 unsigned short bucket size; /) AAEIR RN N AEAERR KN o

58 };

59

/) TR E s
60 struct _bucket dir { /* 8 bytes */

61 int size; /] ZAERRI R (55D .

62 struct bucket desc kchain;  // A H BRI RE R HER TR ET -
63 };

64

65 /*

66 #* The following is the where we store a pointer to the first bucket

67 #* descriptor for a given size.

68 *

69 * If it turns out that the Linux kernel allocates a lot of objects of a



70 #* specific size, then we may want to add that specific size to this 1ist,
71 #* since that will allow the memory to be allocated more efficiently.
72 * However, since an entire page must be dedicated to each specific size
73 #* on this list, some amount of temperance must be exercised here.
74 %
75 * Note that this list *must* be kept in order.
76 #/
/%
* R RA IR — A8 KA IR R R b 7 .
*
* YR Linux WEEOEL T V248 E KRNI %, I8ABA 1504 S %46 2 iR/ m )
* ZHIR EER) H, POXFET DU WA B A 2. B2, PON— e BN A i
* W T AR AR RN A R, i AR AU 2807 T g A
*/
// AR E SRR A .
77 struct _bucket dir bucket dir[] = {

78 { 18, (struct bucket desc *) 0}, // 16 FHEKERNAER.
79 { 32, (struct bucket desc *) 0}, /) 32 FWMKERNAER.
80 { 64, (struct bucket desc *) 0}, /) 64 EFHRKERNAER.
81 { 128, (struct bucket desc *) 0}, // 128 EHEKERINED.
82 { 256, (struct bucket desc *) 0}, // 256 EHEKERNE.
83 { 512, (struct bucket desc *) 0}, // 512 FHKEHINAESR,
84 { 1024, (struct bucket desc *) 0}, // 1024 FH KRN FEBL
85 { 2048, (struct bucket desc *) 0}, // 2048 FHT KRN FBL,
86 { 4096, (struct bucket desc *) 0}, // 4096 F35 (1 ) NAE.
87 {o, (struct bucket desc *) 0}}: /% End of list marker */
88
89 /*
90 * This contains a linked list of free bucket descriptor blocks
91 #/

/%

* NHGE AT NIIR R N AR .

*/
92 struct bucket desc *free bucket desc = (struct bucket desc *) 0;
93
94 /%
95 #* This routine initializes a bucket description page.
9%6 */

/%

* NIRRT H TG — DU R DT -

*/

/11 VIR R AT o
/) BT RTIRTEER, JFik free bucket desc $8IFZE — NPT NIRRT .
97 static inline void init bucket desc ()

98 {
99 struct bucket desc *bdesc, *first;
100 int i
101
// HE—TUNAE, HTAFBRRIR ST . Wi RN, W R WG AR IR FF I AR (S S, BENL.
102 first = bdesc = (struct bucket desc *) get free page();
103 if (!bdesc)
104 panic (“Out of memory in init bucket desc()”);

[/ E SR A P AR A AT RO, AR5 X A ST B A E R AR



105 for (i = PAGE SIZE/sizeof (struct bucket desc); i > 1; i—) {

106 bdesc—>next = bdesc+l;
107 bdesc++;
108 }
109 /*
110 * This is done last, to avoid race conditions in case
111 * get free page() sleeps and this routine gets called again. ...
112 */
/%

* XGRS ERE AR, HIEAN T EERLE get_free_page () BEHR I %727 Xk
* U 5| T g A
*/

// B AR R e £ free_bucket desc JINFER A,

113 bdesc—>next = free bucket desc;
114 free bucket desc = first;

115 }

116

/117 7 BLEhAS AT R L
/) ZH: len — RN
// R[E: R BC AT ISR ST . AR SRIGNR [B] NULL .,

117 void *malloc (unsigned int len)
118
119 struct _bucket dir *bdir;
120 struct bucket desc *bdesc;
121 void *retval ;
122
123 /%
124 * First we search the bucket dir to find the right bucket change
125 * for this request.
126 */
/%
* B IATIE RAEMEG H S bucket dir KRS HESIE R A
*/
/) HEAEE 3, FHIEE B NAAPIO NIRRT EE R . W B SRR T BOR T SR
// B EARE] T SR H S
127 for (bdir = bucket dir; bdir—->size; bdir++)
128 if (bdir->size >= len)
129 break;
[/ ARAR R SR H S BAA R B DB H I MR B E R N AR PO/ IOR, B T %
// REFF A OS] (Ko 1AM « TR EREEEE, S,
130 if (!bdir->size) {
131 printk (“malloc called with impossibly large argument (%d)\n’,
132 len) ;
133 panic(“malloc.: bad arg”) ;
134 }
135 /*
136 * Now we search for a bucket descriptor which has free space
137 */
/%
 IUAEFRATTRAR T AT 25 IR 2 (A PRI AR 5 IR 1
*/
138 cli(); /% Avoid race conditions */ /% NT#GHIZESEM, Hhmlr +/

/) RN H R AR R, RO DR R R o 0 A 0 25 R A A



// freeptr Ry, MFRTARE] T AL FROATF

139 for (bdesc = bdir->chain; bdesc; bdesc = bdesc—>next)
140 if (bdesc—>freeptr)
141 break;
142 /¥
143 * If we didn’t find a bucket with free space, then we’ll
144 * allocate a new one.
145 */
/%
s HNIRBCAT HR B AT 5 R A AR R R AT, I8 FRAT T B i 57— iz H SR R R 7
*/
146 if (!bdesc) {
147 char *cp;
148 int i;
149

// #i free_bucket desc NZN, TR —XIRHMZAER, BEER DI SRR C .
// ORI HE A T R BSOS IR AT EER . free_bucket desc & FEFIHE —
[/ AR AR -

150 if (!free bucket desc)
151 init_bucket desc();
// B free bucket_desc #R KA R AFIASRT, JFik free bucket desc $8[H T — A% AR REIATT o
152 bdesc = free bucket desc;
153 free bucket desc = bdesc—>next;

// WIEHZF PR R T . S H I ABESET 05 MIR/NET X RAH B MR/ BIE— N0,
// AR T FR £ page FRIANZ UL SN WAFFREH TR X 0TSk, BN IGET 42 923 N .

154 bdesc—>refcent = 0;

155 bdesc—>bucket_size = bdir—>size;

156 bdesc->page = bdesc—>freeptr = (void *) cp = get free page() ;
// WS EHE WA TR E R, W R HESE S, BEdL.

157 if (lcp)
158 panic (“Out of memory in kernel malloc()”);
15 /% Set up the chain of free objects */

/5 AEAZ TS RN AR RS E R REER */
// R H IR E IR N R RACRE, TN AT R 2, AR RIOTTAR 4 7T BE
// AR — X REHRET

160 for (i=PAGE SIZE/bdir->size; i > 1; i—) {
161 *((char *%) cp) = cp + bdir—>size;
162 cp += bdir->size;

163 1

[/ BJE— AR BRI IR Ak R E DY 0 (NULL) .
[/ BRIEAL TR T (0T — IR AR T BUR RN N H SRS chain Fra OMIRAT, T H )
// chain $REZIBHATT, BEIRAZ BRI IR AT BERERAL -

164 *((char #k) cp) = 0;

165 bdesc—>next = bdir->chain; /% OK, link it in! */ /* OK, WGIHBEN! %/
166 bdir—>chain = bdesc;

167 }

// R [l B AT A R AT N LT A 2 T R AR B . SR A AR 2 N A A A R A R — DR R,
[/ FFAAR IR S N BT RO 5 51 PR 1.

168 retval = (void *) bdesc—>freeptr;
169 bdesc—>freeptr = *((void **) retval);
170 bdesc—>refent++;

[/ BJEFFRR W, FRIR EIE 2SN A A SRR E
sti(); /* OK, we're safe again #/ /% OK, BUEFRAI 224 1%/

—_
—_



172 return(retval) ;
173 }

175 /*
176 * Here is the free routine. If you know the size of the object that you
177 #* are freeing, then free s() will use that information to speed up the
178 #* search for the bucket descriptor.
179 =#*
180 #* Fe will #define a macro so that “free(x)” is becomes “free s(x, 0)”
181 %/
/%
* NHARBBCTRER . W RARFIER BN RN, W free s () R fsi (S BNk
* A5 FXF PR T 1

*
* PATRE LA, G free (x) "N free_s(x, 0)7.
*/

/1] REAF RN R
// BE: obj - XX GRIEE; size - KN,

182 void free s(void *obj, int size)

183 |
184 void *page;
185 struct _bucket dir *bdir;
186 struct bucket desc *bdesc, *prev;
187
188 /% Calculate what page this object lives in */
/% THEAZN RFTER UL */
189 page = (void *) ((unsigned long) obj & Oxfffff000) ;
190 /% Now search the buckets looking for that page */
/% DUEARRALAEIR B SR UL R IR 1, SHRIZ I */
//
191 for (bdir = bucket dir; bdir->size; bdir++) {
192 prev = 0;
193 /* If size is zero then this conditional is always false */
/% MR SH size &0, W FHKLEERZ false */
194 if (bdir->size < size)
195 continue;

/) PSR H SR IU R BRI B A AT, B BT . AR IR AT U R 55 T page MR E
[/ TAARIIARTS, BEFE 2] found. WIRMIATI AT A XS page, MILFHIRRTHRE prev R IAZHIELT .

196 for (bdesc = bdir—>chain; bdesc; bdesc = bdesc—>next) {
197 if (bdesc—>page == page)
198 goto found;
199 prev = bdesc;
200 }
201 }
[/ TR TR IR P R /R A R B R E TR, R AR E R, FENL.
202 panic ( “Bad address passed to kernel free s()”);
203 found:

[/ ARES LR AT JE, B SER W AR JRRZNT R AR PV N A RO R R, IR IR AT
[/ BRG] TR 1

204 cli(); /* To avoid race conditions */ /¥ N 7T IEGHRITFHEM */
205 *((void **)obj) = bdesc—>freeptr;
206 bdesc—>freeptr = obj;

207 bdesc—>refent—;



/7 WRSI R B AT 0, DA R DURE IO L A P A7 T T AT AR i IR AT o

208 if (bdesc—>refent == 0) {
209 /¥
210 * We need to make sure that prev is still accurate. It
211 * may not be, If someone rudely interrupted us....
212 */
/%

s JATTHLWE prev IR IERIR, 35 588 PR & s bk 7341
* A FREAE T .
*/
// W3 prev DA RAL R BB FT IO AT — NIRRT, BB 2 1 R AT R — AT .

213 if ((prev & (prev—>next != bdesc)) ||
214 (!prev & (bdir—>chain != bdesc)))
215 for (prev = bdir—->chain; prev; prev = prev—>next)
216 if (prev—>next == bdesc)
217 break;
[/ AR ENZHT— NIRRT, AR R B IR 2 AR 1T
218 if (prev)
219 prev—next = bdesc—>next;

/B0 prev==NULL, BB 80— MRS % B R AR, B H R chain V% B
// AR A FHR AT bdese, HNWFRREERA I, WERERERE, Sl Bk, 7K AE R e
[/ WEEFR B, RiiZik chain $81 N — MR

220 else {
221 if (bdir->chain != bdesc)
222 panic (“malloc bucket chains corrupted”) ;
223 bdir->chain = bdesc—>next;
224 }
[/ BEBCA TR AT P BN AR LR, R IR 4\ 72 R R R B R T AR AL .
225 free page ((unsigned long) bdesc—>page);
226 bdesc—>next = free bucket desc;
227 free bucket desc = bdesc;
228 }
// FElr, IR,
229 sti();
230 return;
21 )
232

233




