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1 #define false 0

2 #define true 1

3 #define MEM_SIZE 1024*1024%64

4 #define MAX_ADDRESS MEM_ SIZE-1
address

5 #define PAGE_SIZE 4096 // Intel: 4K pages

6 #define NUMBER_OF_FRAMES MEM_SIZE/PAGE_SIZE

7 #define asm __asm__

8 #define volatile _ volatile

9 #define NULL ((void*) 0)

// 64 MByte
// last valid physical

1 #define false 0 61 lines added. 67 lines deleted.

2 #define true 1

3 #define MEM_SIZE 1024*1024%64

4 #define MAX ADDRESS MEM_SIZE-1
address

5 #define PAGE_SIZE 4096 // Intel: 4K pages

6 #define NUMBER_OF_FRAMES MEM_SIZE/PAGE_SIZE

7 #define asm __asm__

8 #define volatile _ volatile

9 #define NULL ((void*) 0)

// 64 MByte
// last valid physical

10

11|// NEU

12 {#define GET_frame_ addr(x) (x & OXFFFFF000)

13 #define FLAG_PRESENT 1<<0 // Bit 0: present

14 {#define GET_present(x) ((x & FLAG_PRESENT) != 0)

15 #define FLAG_WRITEABLE 1<<1 // Bit 1: writeable

16 [#define FLAG_USER ACCESSIBLE 1<<2 // Bit 2: user-accessible
17 f#define FLAG_DIRTY 1<<6 // Bit 6: dirty

18

10 struct gdt_entry {

11 unsigned int limit_low
12 unsigned int base_low

13 unsigned int base_middle
14 unsigned int access

15 unsigned int flags

16 unsigned int limit_ high
17 unsigned int base_high
18 };

©

20 struct gdt_ptr {

21 unsigned int limit

22 unsigned int base

} _ attribute_ ((packed));

16;
32;
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19 struct gdt_entry {

20 unsigned int limit_low
21 unsigned int base_low
22 unsigned int base_middle
23 unsigned int access

24 unsigned int flags

25 unsigned int limit_high
26 unsigned int base_high
27 };

28

29 struct gdt_ptr {

30 unsigned int limit

31 unsigned int base

32} _ attribute_ ((packed));

16;

16;
32;
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33

51 ftypedef

34 |typedef unsigned int page table_desc; // NEU!
35 typedef unsigned int page_desc; // NEU!
36

52 typedef unsigned int boolean;
53 struct gdt_entry gdt[6];
54 struct gdt_ptr gp;

37 typedef unsigned int boolean;
38 struct gdt_entry gdt[6];
39 struct gdt_ptr gp;

55

56

57

58 40

59 41|// NEU:

60

|

42 |page_table_desc kernel pd[1024]
(4096)));

43 |page_desc kernel pt[1024]
(4096)));

44 page_desc kernel pt ram[16][1024] _ attribute__ ((aligned
(4096)));

__attribute_ ((aligned

__attribute_ ((aligned

45
46 |// NEU:

47 |page_table_desc *current_pd = kernel pd;
48 |page_desc *current_pt = kernel pt;
49

61 unsigned int free_frames = NUMBER_OF_ FRAMES;

62 char place_for ftable[NUMBER_OF_FRAMES/8];

63 unsigned int* ftable = (unsigned int*)(&place_for_ftable);
64 int paging_ ready = false;

65 int posx, posy;

66 #define KMAP(pd,frame) \

67 fill page_desc (pd, true, true, false, false, frame)

68 #define KMAPD(ptd, frame) \

69 fill page_table_desc (ptd, true, true, false, frame)

70 #define INDEX_FROM BIT(b) (b/32) // 32 bits in an unsigned int
71 #define OFFSET_FROM_BIT(b) (b%32)

72 #define PHYSICAL(x) ((x)+0xd0000000)

73 #define PEEK(addr) (*(unsigned char *)(addr))
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50 unsigned int free frames = NUMBER OF FRAMES;

51 char place_for_ ftable[NUMBER OF FRAMES/8];

52 unsigned int* ftable = (unsigned int*)(&place_for_ftable);
53 int paging_ready = false;

54 int posx, posy;

55 #define KMAP(pd,frame) \

56 fill page_desc (pd, true, true, false, false, frame)

57 #define KMAPD(ptd, frame) \

58 fill page_table_desc (ptd, true, true, false, frame)

59 #define INDEX_FROM BIT(b) (b/32) // 32 bits in an unsigned int
60 #define OFFSET_FROM_BIT(b) (b%32)

61 #define PHYSICAL(x) ((x)+0xd0000000)

62 #define PEEK(addr) (*(unsigned char *)(addr))
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74 extern void gdt_flush();

75 void gdt_set_gate (int num, unsigned long base,

76 unsigned long limit, unsigned char access, unsigned char gran);
77 void gdt_install ();

78 page_table_desc* fill page_table_desc (page_table desc *ptd,
79 unsigned int present, unsigned int writeable,

80 unsigned int user_accessible, unsigned int frame_addr);

81 page_desc* fill page_desc (page_desc *pd, unsigned int present,
82 unsigned int writeable, unsigned int user_accessible,

83 unsigned int dirty, unsigned int frame_addr);

84 static void set_frame (unsigned int frame addr);

85 static void clear frame (unsigned int frame_addr);

86 static unsigned int test_frame (unsigned int frame_ addr);

87 int request_new_frame ();

88 void release_frame (unsigned int frameaddr);

89 unsigned int pageno_to_frameno (unsigned int pageno);

90 unsigned int* request_new_page (int need more_pages);

91 void release_page (unsigned int pageno);

92 void *memset (void *dest, char val, int count);

93 extern int printf(const char *format, ...);

94 void kputch (char c);

95 extern void uartputc (int c);

96 void clrscr ();

97 void hexdump (unsigned int start, unsigned int end);

98 void gdt_set_gate(int num, unsigned long base, unsigned long
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63 extern void gdt_flush();

64 void gdt_set_gate (int num, unsigned long base,

65 unsigned long limit, unsigned char access, unsigned char gran);
66 void gdt_install ();

67 page_table_desc* fill page_table_desc (page_table desc *ptd,
68 unsigned int present, unsigned int writeable,

69 unsigned int user_accessible, unsigned int frame_addr);

70 page_desc* fill page_desc (page_desc *pd, unsigned int present,
71 unsigned int writeable, unsigned int user_accessible,

72 unsigned int dirty, unsigned int frame_addr);

73 static void set_frame (unsigned int frame addr);

74 static void clear frame (unsigned int frame_addr);

75 static unsigned int test_frame (unsigned int frame_ addr);

76 int request_new_frame ();

77 void release_frame (unsigned int frameaddr);

78 unsigned int pageno_to_frameno (unsigned int pageno);

79 unsigned int* request_new_page (int need more_pages);

80 void release_page (unsigned int pageno);

81 void *memset (void *dest, char val, int count);

82 extern int printf(const char *format, ...);

83 void kputch (char c);

84 extern void uartputc (int c);

85 void clrscr ();

86 void hexdump (unsigned int start, unsigned int end);

87 void gdt_set_gate(int num, unsigned long base, unsigned long

limit, limit,
99 unsigned char access, unsigned char gran) { 88 unsigned char access, unsigned char gran) {
100 /* Setup the descriptor base address */ 89 /* Setup the descriptor base address */
101 gdt[num].base_low = (base & OXFFFF); // 16 bits 90 gdt[num].base_low = (base & OXFFFF); // 16 bits
102 gdt[num].base_middle = (base >> 16) & OxFF; // 8 bits 91 gdt[num].base_middle = (base >> 16) & O0xFF; // 8 bits
103 gdt[num].base_high = (base >> 24) & O0xFF; // 8 bits 92 gdt[num].base_high = (base >> 24) & OxFF; // 8 bits
104 93
105 /* Setup the descriptor limits */ 94 /* Setup the descriptor limits */
106 gdt[num].limit_low = (limit & OXFFFF); // 16 bits 95 gdt[num].limit low = (limit & OXFFFF); // 16 bits
107 gdt[num].limit high = ((limit >> 16) & O0xOF); // 4 bits 96 gdt[num].limit_high = ((limit >> 16) & OxOF); // 4 bits
108 97
109 /* Finally, set up the granularity and access flags */ 98 /* Finally, set up the granularity and access flags */
110 gdt[num].flags = gran & OxF; 99 gdt[num].flags = gran & OxF;
111 gdt[num].access = access; 100 gdt[num].access = access;
112} 101}
113 102
114 void gdt_install() { 103 void gdt_install() {
115 gp.limit = (sizeof(struct gdt_entry) * 6) - 1; 104 gp.limit = (sizeof(struct gdt_entry) * 6) - 1;
116 gp.base = (int) &gdt; 105 gp.base = (int) &gdt;
117 106
118 gdt_set_gate(0, 0, 0, 0, 0); // NULL descriptor 107 gdt_set_gate(0, 0, 0, 0, 0); // NULL descriptor
119 108
120 // code segment 109 // code segment
121 gdt_set gate(l, 0, OXFFFFFFFF, 0b10011010, 0b1100 /* OXCF */); 110 gdt_set gate(l, 0, OXFFFFFFFF, 0b10011010, 0b1100 /* OXCF */);
122 111
123 // data segment 112 // data segment
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124 gdt_set_gate(2, 0, OXFFFFFFFF, 0b10010010, 0b1100 /* OxCF */); 113 gdt_set_gate(2, 0, OXFFFFFFFF, 0b10010010, 0b1100 /* OxCF */);
125 114
126 gdt_flush(); 115 gdt_flush();
127 } 116 }
128 page_desc* fill page_desc (page_desc *pd, unsigned int present, 117 page_desc* fill page_desc (page_desc *pd, unsigned int present,
129 unsigned int writeable, unsigned int user_accessible, 118 unsigned int writeable, unsigned int user_accessible,
130 unsigned int dirty, unsigned int frame_addr) { 119 unsigned int dirty, unsigned int frame_addr) {
131 120
132 | memset (pd, 0, sizeof(pd)); 121 // NEU:
133 122 unsigned int tmp = frame_addr;
134| pd->present = present; 123 if (present) tmp |= FLAG_PRESENT;
135| pd->writeable = writeable; 124 if (writeable) tmp |= FLAG_WRITEABLE;
136| pd->user_accessible = user_accessible; 125 if (user_accessible) tmp |= FLAG_USER_ACCESSIBLE;
137| pd->dirty = dirty; 126 if (dirty) tmp |= FLAG_DIRTY;
138 | pd->frame_addr = frame_addr >> 12; // right shift, 12 bits 127| *pd = tmp;
128
139 return pd; 129 return pd;
140 }; 130 };
141 131

142 page_table_desc* fill page_table_desc (page_table_desc *ptd, 132 page_table_desc* fill page_table_desc (page_table_desc *ptd,

143 unsigned int present, unsigned int writeable, 133 unsigned int present, unsigned int writeable,
144 unsigned int user_accessible, unsigned int frame_addr) { 134 unsigned int user_accessible, unsigned int frame_addr) {
145 135
146 | memset (ptd, 0, sizeof(ptd)); 136 // NEU:
147 137 unsigned int tmp = frame_addr;
148 ptd->present = present; 138 if (present) tmp |= FLAG_PRESENT;
149 | ptd->writeable = writeable; 139 if (writeable) tmp |= FLAG_WRITEABLE;
150 | ptd->user_accessible = user_accessible; 140 if (user_accessible) tmp |= FLAG_USER_ACCESSIBLE;
151| ptd->frame addr = frame addr >> 12; // right shift, 12 bits 141 *ptd = tmp;
142

152 return ptd; 143 return ptd;
153 }; 144 };

l 145

154 static void set_frame (unsigned int frame_addr) { 146 static void set_frame (unsigned int frame_addr) {

155 unsigned int frame = frame addr / PAGE_SIZE; 147 unsigned int frame = frame addr / PAGE_SIZE;
156 unsigned int index = INDEX_FROM_BIT (frame); 148 unsigned int index = INDEX_ FROM_BIT (frame);
157 unsigned int offset = OFFSET_FROM_BIT (frame); 149 unsigned int offset = OFFSET_FROM_BIT (frame);
158 ftable[index] |= (1 << offset); 150 ftable[index] |= (1 << offset);

159 } 151}

160 152

161 static void clear_frame (unsigned int frame_addr) { 153 static void clear_frame (unsigned int frame_addr) {

162 unsigned int frame = frame_addr / PAGE_SIZE; 154 unsigned int frame = frame_addr / PAGE_SIZE;
163 unsigned int index = INDEX_FROM BIT (frame); 155 unsigned int index = INDEX_FROM BIT (frame);
164 unsigned int offset = OFFSET_ FROM BIT (frame); 156 unsigned int offset = OFFSET_FROM BIT (frame);
165 ftable[index] &= ~(1 << offset); 157 ftable[index] &= ~(1 << offset);

166 } 158 }

167 159

168 static unsigned int test_frame (unsigned int frame addr) {
169 // returns true if frame is in use (false if frame is free)
170 unsigned int frame = frame_addr / PAGE_SIZE;

160 static unsigned int test_frame (unsigned int frame addr) {
161 // returns true if frame is in use (false if frame is free)
162 unsigned int frame = frame_addr / PAGE_SIZE;
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171 unsigned int index = INDEX_FROM_BIT (frame); 163 unsigned int index = INDEX_FROM_BIT (frame);
172 unsigned int offset = OFFSET_FROM BIT (frame); 164 unsigned int offset = OFFSET_FROM BIT (frame);
173 return ((ftable[index] & (1 << offset)) >> offset); 165 return ((ftable[index] & (1 << offset)) >> offset);
174 } 166 }
175 int request_new_frame () { 167 int request_new_frame () {
176 unsigned int frameid; 168 unsigned int frameid;
177 boolean found=false; 169 boolean found=false;
178 for (frameid = 0; frameid < NUMBER OF FRAMES; frameid++) { 170 for (frameid = 0; frameid < NUMBER OF_ FRAMES; frameid++) {
179 if ( !test_frame (frameid*4096) ) { 171 if ( !test_frame (frameid*4096) ) {
180 found=true; 172 found=true;
181 break; // frame found 173 break; // frame found
182 }i 174 }i
183 } 175}
184 if (found) { 176 if (found) {
185 memset ((void*)PHYSICAL(frameid << 12), 0, PAGE_SIZE); 177 memset ((void*)PHYSICAL(frameid << 12), 0, PAGE_SIZE);
186 set_frame (frameid*4096); 178 set_frame (frameid*4096);
187 free_frames--; 179 free_frames--;
188 return frameid; 180 return frameid;
189 } else { 181 } else {
190 return -1; 182 return -1;
191} 183  }
192 }; 184 };
193 185
194 void release_frame (unsigned int frameaddr) { 186 void release_frame (unsigned int frameaddr) {
195 if ( test_frame (frameaddr) ) { 187 if ( test_frame (frameaddr) ) {
196 // only do work if frame is marked as used 188 // only do work if frame is marked as used
197 clear_ frame (frameaddr); 189 clear_ frame (frameaddr);
198 free_frames++; 190 free_frames++;
199 }; 191 };
200 }; 192 };
201 unsigned int pageno_to_frameno (unsigned int pageno) { 193 unsigned int pageno_to_frameno (unsigned int pageno) {
202 unsigned int pdindex = pageno/1024; 194 unsigned int pdindex = pageno/1024;
203 unsigned int ptindex = pageno%1024; 195 unsigned int ptindex = pageno%1024;
204[ if (! current_pd->ptds[pdindex].present ) { |196[ if (! GET present(current_pd[pdindex]) ) {
205 return -1; // we don't have that page table 197 return -1; // we don't have that page table
206 } else { 198 } else {
207 // get the page table 199 // get the page table
208 page_table* pt = (page_table*) 200 page_desc *pt = (page_desc*)
209 ( PHYSICAL(current_pd->ptds[pdindex].frame_addr << 12) ); 201 ( PHYSICAL(GET_frame_addr(current_pd[pdindex])) );
210 if ( pt->pds[ptindex].present ) { 202 if ( GET_present (pt[ptindex]) ) {
211 return pt->pds[ptindex].frame_addr; 203 return GET_ frame_addr (pt[ptindex]);
212 } else { 204 } else {
213 return -1; // we don't have that page 205 return -1; // we don't have that page
214 }i 206 }i
215 }; 207 };
216 }; 208 };
217 unsigned int* request_new page (int need more_pages) { 209 unsigned int* request_new page (int need more_pages) {
218 unsigned int newframeid = request_new frame (); 210 unsigned int newframeid = request_new frame ();
219 if (newframeid == -1) { return NULL; } // exit if no frame was 211  if (newframeid == -1) { return NULL; } // exit if no frame was
found found
220 unsigned int pageno = -1; 212 unsigned int pageno = -1;
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221 for (unsigned int i=0xc0000; i<1024*1024; i++) { 213  for (unsigned int i=0xc0000; i<1024*1024; i++) {
222 if ( pageno_to_frameno (i) == -1 ) { 214 if ( pageno_to_frameno (i) == -1 ) {
223 pageno = 215 pageno =
224 break; // end loop, unmapped page was found 216 break; // end loop, unmapped page was found
225 }i 217 }i
226 }; 218  };
227 219
228 if ( pageno == -1 ) { 220 if ( pageno == -1 ) {
229 return NULL; // we found no page -- whole 4 GB are mapped??? 221 return NULL; // we found no page -- whole 4 GB are mapped???
230 }; 222 };
231 unsigned int pdindex = pageno/1024; 223 unsigned int pdindex = pageno/1024;
232 unsigned int ptindex = pageno%1024; 224 unsigned int ptindex = pageno%1024;
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233 [ page_table* pt;

|225[ page_desc *pt;

234 if (ptindex == 0) {
235 // last entry! // create a new page table in the reserved
frame

226 if (ptindex == 0) {
227 // last entry! // create a new page table in the reserved
frame

236 page_table* pt = (page_table*) PHYSICAL(newframeid<<12);

|228 page_desc *pt = (page_desc*) PHYSICAL(newframeid<<12);

237 memset (pt, 0, PAGE_SIZE); 229 memset (pt, 0, PAGE_SIZE);

238 KMAPD ( &(current pd->ptds[pdindex]), newframeid << 12 ); 230 KMAPD ( &(current_pd[pdindex]), newframeid << 12 );

239 231

240 newframeid = request_new_frame (); // get yet another frame 232 newframeid = request_new frame (); // get yet another frame

241 if (newframeid == -1) { 233 if (newframeid == -1) {

242 return NULL; // exit if no frame was 234 return NULL; // exit if no frame was
found found

243 // note: we're not removing the new page table since we 235 // note: we're not removing the new page table since we
assume assume

244 // it will be used soon anyway 236 // it will be used soon anyway

245 } 237 }

246 }; 238 };

247 pt = (page_table*) ( 239| pt = (page_desc*)( PHYSICAL(GET_ frame_addr(current_ pd[pdindex]))
[PHYSICAL(current_pd->ptds[pdindex].frame addr << 12) ); D

248 // finally: enter the frame address 240 // finally: enter the frame address

249 KMAP ( &(pt->pds[ptindex]), newframeid * PAGE_SIZE ); ]241[ RKMAP ( &(pt[ptindex]), newframeid * PAGE_SIZE );

250 242

251 // invalidate cache entry 243 // invalidate cache entry

252 asm volatile ("invlpg %0" : "m" (* (char*) (pageno<<12)) ); 244  asm volatile ("invlpg %0" : : "m"(*(char*)(pageno<<12)) );

253 245

254 memset ((unsigned int*) (pageno*4096), 0, 4096); 246 memset ((unsigned int*) (pageno*4096), 0, 4096);

255 return ((unsigned int*) (pageno*4096)); 247 return ((unsigned int*) (pageno*4096));

256 } 248}

257 void release_page (unsigned int pageno) {

249 void release_page (unsigned int pageno) {

258 int frameno = pageno_to_frameno (pageno); // we will need this 250 int frameno = pageno_to_frameno (pageno); // we will need this
later later

259 if ( frameno == -1 ) { return; } // exit if no such 251 if ( frameno == -1 ) { return; } // exit if no such
page page

260 unsigned int pdindex = pageno/1024; 252 unsigned int pdindex = pageno/1024;

261 unsigned int ptindex = pageno%1024; 253 unsigned int ptindex = pageno%1024;

262 | page table* pt; 254| page_desc* pt;

263| pt = (page_table*) 255| pt = (page_desc*)

264 ( PHYSICAL(current_pd->ptds[pdindex].frame_addr << 12) ); 256 ( PHYSICAL(GET frame_ addr(current_pd[pdindex])) );
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265 // write null page descriptor
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257 // write null page descriptor

266 | memset (&(pt->pds[ptindex]), 0, 4);

267 fill page desc (&(pt->pds[ptindex]), false, false, false, false,

0):

258| memset (&(pt[ptindex]), 0, 4);
259 fill page_desc (&(pt[ptindex]), false, false, false, false, 0);

268 release_frame (frameno<<12); // expects an address, not an ID

269 asm volatile ("invlpg %0" : : "m"(*(char*)(pageno<<12)) );
270 // gdt_flush ();
271};

272 void *memset (void *dest, char val, int count) {
273 char *temp = (char *)dest;

274 for( ; count != 0; count--) *temp++ = val;
275 return dest;

276 }

277 void kputch (char c) {

278 char *screen;

279

280 if (e=='\n') {

281 posy ++;

282 posx = 0;

283 uartputc ('\n');

284 return;

285 }

286

287 if (paging_ready)

288 screen = (char*) 0xb8000 + posy*160 + posx*2;
289 else

290 screen = (char*) 0xc0000000 + 0xb8000 + posy*160 + posx*2;

291 *screen = c;

292  posx++;

293 if (posx == 80) {

294 posy++; posx = 0;

295

296

297 // auf serielle Konsole schreiben; ohne Erkl%rung
298 if (¢ == 0x100) { // backspace

299 uartputc('\b'); uartputc(' '); uartputc('\b');
300 } else uartputc(c);
301}

302 void clrscr () {

303 posx = posy = 0;

304 int i;

305 for ( i=0; i < 80%25; i++ ) kputch (' ');

306 posx = posy = 0;

307 }

308 void hexdump (unsigned int start, unsigned int end) {
309 char z;

310 for (unsigned int i=start; i < end; i+=16) {

311 printf ("%x ", i); // address

312 // hex values

313 for (int j=i; j<i+l6; j++) {

314 printf ("%02x ", (unsigned char)PEEK(Jj));
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315 if (j==i+7) kputch (' ');
316 }i

317 kputch (' ');

318 // char values

319 for (int j=i; j<i+l16; j++) {
320 z = PEEK(Jj);

321 if ((2>32)8&&(2<127)) {
322 kputch (PEEK(3j));

323 } else {

324 kputch ('.");

325

326 }

327

328 kputch ('\n');

329

330}

331 int main () {
332 posx = 0; posy = 8; // set cursor

260 release_frame (frameno<<12); // expects an address, not an ID

261 asm volatile ("invlpg %0" : : "m"(*(char*)(pageno<<12)) );
262 // gdt_flush ();
263 };

264 void *memset (void *dest, char val, int count) {
265 char *temp = (char *)dest;

266 for( ; count != 0; count--) *temp++ = val;
267 return dest;

268}

269 void kputch (char c) {

270 char *screen;

271

272  if (e=='\n') {

273 posy ++;

274 posx = 0;

275 uartputc ('\n');

276 return;

277}

278

279 if (paging_ready)

280 screen = (char*) 0xb8000 + posy*160 + posx*2;
281 else

282 screen = (char*) 0xc0000000 + 0xb8000 + posy*160 + posx*2;

283 *screen = c;

284  posx++t;

285 if (posx == 80) {

286 posy++; posx = 0;

287

288

289 // auf serielle Konsole schreiben; ohne Erkl%rung
290 if (¢ == 0x100) { // backspace

291 uartputc('\b'); uartputc(' '); uartputc('\b');
292 } else uartputc(c);
293}

294 void clrscr () {

295 posx = posy = 0;

296 int ij;

297 for ( i=0; i < 80%25; i++ ) kputch (' ');

298 posx = posy = 0;

299 }

300 void hexdump (unsigned int start, unsigned int end) {
301 char z;

302 for (unsigned int i=start; i < end; i+=16) {

303 printf ("%x ", i); // address

304 // hex values

305 for (int j=i; j<i+l6; j++) {

306 printf ("%02x ", (unsigned char)PEEK(Jj));
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307 if (j==i+7) kputch (' ');

308 }i

309 kputch (' ');

310 // char values

311 for (int j=i; j<i+l6; j++) {

312 z = PEEK(J);

313 if ((z>32)8&8&(2<127)) {

314 kputch (PEEK(3));

315 } else {

316 kputch ('.");

317

318 }

319

320 kputch ('\n');

321

322}

323 int main () {
324 posx = 0; posy = 8; // set cursor

333| printf ("[1] entering main()\n");

325| printf ("[1] entering main() -- Test mit alternativen PT/PD-
Typen.\n");

334
335 for (int i=1; i<1024; i++) {

326
327 for (int i=1; i<1024; i++) {

336 fill page_ table_desc (&(current_pd->ptds[i]), false, false,
false, 0);

|328| fill page_table_desc (&(current_pd[i]), false, false, false, |
0);

337 3;

329 3;

338| KMAPD ( &(current pd->ptds[  0]), (unsigned int)(current_pt)-
0xC0000000 );
339 | KMAPD ( &(current pd->ptds[768]), (unsigned int)(current_pt)-
0xC0000000 );

330| KMAPD ( &(current_pd[ 0]), (unsigned int)(current_pt)-
0xC0000000 );
331| KMAPD ( &(current_pd[768]), (unsigned int)(current pt)-
0xC0000000 );

340 for (int i=0; 1i<1023; i++) {

332 for (int i=0; i<1023; i++) {

341 KMAP ( &(current pt->pds[i]), i*4096 );

]333] KMAP ( &(current_pt[i]), i*4096 );

342 };

343 printf ("[2] page directory setup, with identity mapping\n");
344 unsigned int cro0;

345 char *kernel_pd_address;

346 kernel pd_address = (char*)(current_pd) - 0xC0000000;

347 asm volatile ("mov %0, %%cr3" : : "r"(kernel_ pd_address));

348 // write CR3

349 asm volatile ("mov %%cr0, %0" : "=r"(cr0) : ); // read CRO

350 cr0 |= (1<<31); // Enable paging by setting PG bit 31 of
CRO

351 asm volatile ("mov %0, %%cr0" : : "r"(cr0) ); // write CRO

352 printf ("[3] paging activated.\n");

353 gdt_install (); // replace "trick GDT" with regular GDT
354

355 paging_ready = true;

356 printf ("[4] regular GDT is active\n");

357

358 memset (kernel pt_ram, 0, 4);

359

334 };

335 printf ("[2] page directory setup, with identity mapping\n");
336 unsigned int cro0;

337 char *kernel_pd_address;

338 kernel_pd_address = (char*)(current_pd) - 0xC0000000;

339 asm volatile ("mov %0, %%cr3" : : "r"(kernel pd_address));

340 // write CR3

341 asm volatile ("mov %%cr0, %0" : "=r"(cr0) : ); // read CRO

342 cr0 |= (1<<31); // Enable paging by setting PG bit 31 of
CRO

343 asm volatile ("mov %0, %%cr0" : : "r"(cr0) ); // write CRO

344 printf ("[3] paging activated.\n");

345 gdt_install (); // replace "trick GDT" with regular GDT
346

347 paging_ready = true;

348 printf ("[4] regular GDT is active\n");

349

350 memset (kernel pt_ram, 0, 4);

351
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360 for (unsigned int fid=0; fid<NUMBER_OF_FRAMES; fid++) { 352 for (unsigned int fid=0; fid<NUMBER_OF_FRAMES; fid++) {
361 KMAP ( &(kernel pt ram[fid/1024].pds[fid%1024]), fid*PAGE_SIZE |[353 // Index: ORY1'S 0..1023

)i

354 KMAP ( &(kernel pt ram[fid/1024][fid%1024]), fid*PAGE_SIZE );

362} 355 }
363 unsigned int physaddr; 356 unsigned int physaddr;
364 for (int i=0; i<16; i++) { 357 for (int i=0; i<16; i++) {
365 // get physical address of kernel_pt_ ram[i] 358 // get physical address of kernel_pt ram[i]
366 physaddr = (unsigned int)(&(kernel pt_ram[i])) - 0xc0000000; 359 physaddr = (unsigned int)(&(kernel pt_ram[i])) - 0xc0000000;
367 KMAPD ( &(current pd->ptds[832+i]), physaddr ); ]360 KMAPD ( &(current pd[832+i]), physaddr ); ]
368  }; 361 };
369 362
370 gdt_flush (); 363 gdt_flush ();
371 memset (ftable, 0, NUMBER_OF FRAMES/8); // all frames are 364 memset (ftable, 0, NUMBER OF FRAMES/8); // all frames are

free free
372 memset (ftable, Oxff, 128); 365 memset (ftable, Oxff, 128);
373 free frames -= 1024; 366 free frames -= 1024;
374 printf ("TEST req frame: free frames = %d, ", free frames); 367 printf ("TEST req frame: free frames = %d, ", free frames);
375 int fid = request_new_frame (); 368 int fid = request_new_frame ();
376 printf ("frameid = 0x%x, free frames = %d\n", fid, free frames); 369 printf ("frameid = 0x%x, free_ frames = %d\n", fid, free frames);
377 370
378 printf ("TEST req_page: free_frames = %d, ", free frames); 371 printf ("TEST req_page: free_frames = %d, ", free frames);
379 unsigned int *address = request_new_page (0); 372 unsigned int *address = request_new_page (0);
380 printf ("addr = 0x%x, free frames = %d\n", address, 373 printf ("addr = 0x%x, free frames = %d\n", address,

free_ frames); free_ frames);
381 374
382 // Use new page for a string 375 // Use new page for a string
383 memset (address, 'z', PAGE_SIZE); 376 memset (address, 'z', PAGE_SIZE);
384 char *string = (char *)address; string[10] = 0; 377 char *string = (char *)address; string[10] = 0;
385 printf ("Test-String of 10 'z's: %s -- address: 0x%x\n", 378 printf ("Test-String of 10 'z's: %s -- address: 0x%x\n",
386 string, (unsigned int)string); 379 string, (unsigned int)string);
387 printf ("pageno_to_frameno (0x%x) = O0x%x\n", 380 printf ("pageno_to_frameno (0x%x) = 0x%x\n",
388 (unsigned int)address >> 12, 381 (unsigned int)address >> 12,
389 pageno_to_frameno ((unsigned int)address >> 12)); 382 pageno_to_frameno ((unsigned int)address >> 12));
390 383
391 release_page ((unsigned int)address >> 12); 384 release_page ((unsigned int)address >> 12);
392 printf ("After release_page (0x%x): free_frames = %d\n", 385 printf ("After release page (0x%x): free_frames = %d\n",
393 (unsigned int)address >> 12, free_ frames); 386 (unsigned int)address >> 12, free frames);
394 printf ("pageno_to_frameno (0x%x) = %d (-1: not mapped)\n", 387 printf ("pageno_to_frameno (0x%x) = %d (-1: not mapped)\n",
395 (unsigned int)address >> 12, 388 (unsigned int)address >> 12,
396 pageno_to_frameno ((unsigned int)address >> 12)); 389 pageno_to_frameno ((unsigned int)address >> 12));
397 390

| ] 391
398 // following line should make it hang 392 // following line should make it hang
399 // printf ("Test-String of 10 'z's: %s\n", string); 393 // printf ("Test-String of 10 'z's: %s\n", string);
400  for (;;); // inifinite loop 394  for (;:); // inifinite loop
401} 395}

#define false 0 #define false 0
#define true 1 ORIGINAL TEXT #define true 1 CHANGED TEXT
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