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1.1. AEHEES

1.1.1 SEB2E0R
a. XfFra cpuiiikmem

struct kmem kmems[NCPU];

b. {ZekiniteRy, #IEkmempJil, BT ZRERASEcpuid=0rTiEMA, FrlLi4]
IRRI R AFREMR D EcZacpul,

void
kinit()
{
for(int i = 9; i < NCPU; i++){
initlock(&kmems[i].lock, "kmem");

}
freerange(end, (void*)PHYSTOP);

}

c. {&tkfreet®zl, E3RBNcpuidBIEEAApush of fRRENFSLEFRTTIHEcpu(FEaLFETE
Fipop off), mEEpall \ZIfBRAIkmemBlHE],

void
kfree(void *pa)

{
struct run *r;
if(((uinté4)pa % PGSIZE) != @ || (char*)pa < end || (uint64)pa >= PHYSTOP)
panic("kfree");
memset(pa, 1, PGSIZE);

r = (struct run*)pa;

push off();
int id = cpuid();



acquire(&kmems[id].lock);
r->next = kmems[id].freelist;
kmems[id].freelist = r;
release(&kmems[id].lock);
pop_off();

d. {ZetkallociREy, BEFMrcpuidiIRATkmemshEERETRIR, ERBNFEE
PrEfkmemsLAZHERIRAIRE], EENHRITICRIMERAVERIE,

void *kalloc(void) {
struct run *r;
push_off();
int id = cpuid();
acquire(&kmems[id].lock);
r = kmems[id].freelist;
if(r){
kmems[id].freelist = r->next;
release(&kmems[id].lock);
telse{
release(&kmems[id].lock);
for(int 1 = 9; i < NCPU; i++){
if(id == i){
continue;
}
acquire(&kmems[i].lock);
if(kmems[i].freelist){
r = kmems[i].freelist;
kmems[i].freelist = r->next;
release(&kmems[i].lock);
break;
}
release(&kmems[i].lock);
}
}

pop_off();
if(r)

memset((char*)r, 5, PGSIZE);
return (void*)r;

1.1.2 SEREMIEE SR



e kalloctest

$ kalloctest

start testl

testl results:

--- lock kmem/bcache stats
lock: kmem: #fetch-and-add ©
lock: kmem: #fetch-and-add ©
lock: kmem: #fetch-and-add ©

#acquire() 158569
#acquire() 153665
#acquire() 120807

lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:
lock: bcache:

#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add
#fetch-and-add

#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
#acquire()
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lock: bcache: #fetch-and-add
--- top 5 contended locks:
lock: proc: #fetch-and-add
lock: proc: #fetch-and-add
lock: proc: #fetch-and-add
lock: proc: #fetch-and-add
lock: proc: #fetch-and-add
tot= ©

testl OK

start test2

total free number of pages:

#acquire() 4

124511
124565
124510
124510
124510

237672
219273
208869
161498
159713

#acquire()
#acquire()
#acquire()
#acquire()
#acquire()

(out of 32768)

test2 OK

$ usertests sbrkmuch

usertests starting

test sbrkmuch: OK
NI ALL TESTS PASSED




test opentest: OK

test writetest: OK

test writebig: OK

test createtest: OK

test openiput: OK

test exitiput: OK

test iput: OK

test mem: OK

test pipel: OK

test preempt: kill... wait...

test exitwait: OK

test rmdot: OK

test fourteen: OK

test bigfile: OK

test dirfile: OK

test iref: OK

test forktest: OK

test bigdir: OK
N ALL TESTS PASSED

1.2 HEEF

1.2.1 LGP

o a.{&dbcache, EREDLUfDECEINBUCKETSMER, FXIE MBLEIR— 18l &
EJ‘J_EEE{%??JEZEEI’\JIock, BFRIERE— R ERTYMNAEH AT, EIE
HiTEH, LUBERILEL,

struct {
struct buf buf[NBUF];
struct spinlock lock;

struct buf heads[NBUCKETS];
struct spinlock locks[NBUCKETS];
} bcache;

o b. S RINMEEREEblocknoftEtZ0ZINBUCKETS-1,



int hash(uint blockno) {
uint prime = 31;
uint hash = blockno * prime;
return hash % NBUCKETS;

o c. {ZKbinit, MHFMBLURBHEITWEMNE, FISBRIRADELLE— M.

void binit(void)
{
TODO:
struct buf *b;

initlock(&bcache.lock, "bcache");
for(int i = ©; i < NBUCKETS; i++){
initlock(&bcache.locks[i], "bcache");

bcache.heads[i].prev = &bcache.heads[i];
bcache.heads[i].next = &bcache.heads[i];

}

for(b = bcache.buf; b < bcache.buf+NBUF; b++){
b->next = bcache.heads[0].next;
b->prev = &bcache.heads[0];
initsleeplock(&b->lock, "buffer");
bcache.heads[@].next->prev = b;
bcache.heads[0@].next = b;

+ d. E¥bget, ESEHEIRABENIMIONE, WELXBFERETCEES, &
EEE, NEBERBPERER, BRRTEISR, NBEREAERR
BUESHR, HATRESCHER ock LB IE (Aashd), HEIBEEIIAZ R
B,

static struct buf* bget(uint dev, uint blockno) {
TODO:
struct buf *b;
int id = hash(blockno);

acquire(&bcache.locks[id]);
for(b = bcache.heads[id].next; b != &bcache.heads[id]; b = b->next){

if(b->dev == dev && b->blockno == blockno){
b->refcnt++;



release(&bcache.locks[id]);
acquiresleep(&b->lock);
return b;
}
}

for(b = bcache.heads[id].prev; b != &bcache.heads[id]; b = b->prev){
if(b->refcnt == 0) {

b->dev = dev;
b->blockno =
b->valid = 0;
b->refcnt = 1;
release(&bcache.locks[id]);
acquiresleep(&b->lock);
return b;

blockno;

}
}

acquire(&bcache.lock);
for(int i = ©; i < NBUCKETS; i++){
if(i == id){
continue;
}
acquire(&bcache.locks[i]);
for(b = bcache.heads[i].prev; b != &bcache.heads[i]; b = b->prev){
if(b->refcnt == 0){
b->dev = dev;
b->blockno =
b->valid = 9;
b->refcnt = 1;

blockno;

b->prev->next
b->next->prev

b->next;
b->prev;

b->next = bcache.heads[id].next;
b->prev = &bcache.heads[id];
bcache.heads[id].next->prev = b;
bcache.heads[id].next = b;

release(&bcache.locks[id]);
release(&bcache.locks[i]);
release(&bcache.lock);
acquiresleep(&b->lock);
return b;
¥
}
release(&bcache.locks[i]);
}
release(&bcache.locks[id]);
release(&bcache.lock);
panic("bget: no buffers");

e e. {&Xbrelse. bpin. bunpin, Ehead&# AXIIAIHE.



void
brelse(struct buf *b)
{
if('holdingsleep(&b->1lock))
panic("brelse");

releasesleep(&b->lock);
int id = hash(b->blockno);

acquire(&bcache.locks[id]);
b->refcnt--;
if (b->refcnt == 09) {

b->next->prev = b->prev;
b->prev->next = b->next;

b->next = bcache.heads[id].next;
b->prev = &bcache.heads[id];
bcache.heads[id].next->prev = b;
bcache.heads[id].next = b;

release(&bcache.locks[id]);

void

bpin(struct buf *b) {
int id = hash(b->blockno);
acquire(&bcache.locks[id]);
b->refcnt++;
release(&bcache.locks[id]);

void

bunpin(struct buf *b) {
int id = hash(b->blockno);
acquire(&bcache.locks[id]);
b->refcnt--;
release(&bcache.locks[id]);

1.2.2 SEREAEEE SR



e bcachetest

$ bcachetest

start test@

test® results:

--- lock kmem/bcache stats

lock: kmem: #fetch-and-add © #acquire() 32965

lock: kmem: #fetch-and-add © #acquire() 58

lock: kmem: #fetch-and-add © #acquire() 61

lock: bcache: #fetch-and-add © #acquire() 19

lock: bcache: #fetch-and-add © #acquire() 6195
lock: bcache: #fetch-and-add © #acquire() 5650
lock: bcache: #fetch-and-add © #acquire() 6464
lock: bcache: #fetch-and-add © #acquire() 4170
lock: bcache: #fetch-and-add © #acquire() 4530
lock: bcache: #fetch-and-add 29 #acquire() 6178
lock: bcache: #fetch-and-add © #acquire() 2208
lock: bcache: #fetch-and-add © #acquire() 6318
lock: bcache: #fetch-and-add © #acquire() 6184
lock: bcache: #fetch-and-add © #acquire() 2220
lock: bcache: #fetch-and-add © #acquire() 6324
lock: bcache: #fetch-and-add © #acquire() 4528
lock: bcache: #fetch-and-add © #acquire() 4248

--- top 5 contended locks:

lock: virtio_disk: #fetch-and-add 7615564 #acquire() 1209
lock: proc: #fetch-and-add 1089171 #acquire() 112595
lock: proc: #fetch-and-add 466924 #acquire() 112222
lock: proc: #fetch-and-add 464485 #acquire() 112222
lock: proc: #fetch-and-add 450513 #acquire() 112223
tot= 29

testO: OK

start testl

testl OK




test mem: OK

test pipel: OK

test preempt: kill... wait...
test exitwait: OK

test rmdot: OK

test fourteen: COK

test bigfile: OK
test dirfile: OK
test iref: OK
test forktest: OK
test bigdir: OK
P ALL TESTS PASSED

1.3 SEIRMiRESSR

== Test running kalloctest ==

$ make gemu-gdb

(71.5s)

== Test kalloctest: testl ==
kalloctest: testl: OK

== Test kalloctest: test2 ==
kalloctest: test2: OK

== Test kalloctest: sbrkmuch ==

$ make gemu-gdb

kalloctest: sbrkmuch: OK (9.8s)

== Test running bcachetest ==

$ make gemu-gdb

(21.4s)

== Test bcachetest: teste ==
bcachetest: test@: OK

bcachetest: testl

bcachetest: testl: OK

== Test usertests ==

$ make gemu-gdb

usertests: OK (173.8s)

== Test time ==

time: OK

Score: 70/7©




