| Lab5
| Problem 1: NIC
21000 transmit (RIZBUEE)

int
e€1000 transmit(char *buf, int len)
{

acquire(&el000 lock);
uint32 idx regs[E1000 TDT];
if (!(tx_ring[idx].status E1000_TXD STAT DD)) {

release(&e1000 lock);
return -1;

if (tx _bufs[idx]) {
kfree(tx bufs[idx]);
b

tx ring[idx].addr (uint64)buf;

tx _ring[idx].length len;

tx_ring[idx] .cmd E1000 TXD CMD EOP E1000 TXD CMD RS;
tx_ring[idx].status 0;

tx _bufs[idx] buf;

regs[E1000 TDT] (idx + 1) % TX RING SIZE;
release(&e1000 lock);

return 0;
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static void
€1000_recv(void)
{

uint32 idx (regs[E1000_RDT] 1) RX_RING_SIZE;

while (rx_ring[idx].status & E1000 RXD STAT DD) {

int len rx_ring[idx].length;
char *buf kalloc();
if (!buf) {
panic("el000 recv: kalloc failed");
}
memmove (buf, rx bufs[idx], len);
net rx(buf, len);

rx_ring[idx].addr (uint64)rx _bufs[idx];
rx_ring[idx].status 0;

regs[E1000 RDT] idx;
idx (idx + 1) RX_RING SIZE;
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| Problem 2: UDP Receive
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#define MAX QUEUE SIZE 32

#define MAX PORTS 16

struct packet {
char *buf;
int len;
uint32 src_ip;
uintl6 src_port;
struct packet *next;

struct port entry {
int port;
struct packet *head;
struct packet *tail;
int queue size;

)i

static struct port _entry port table[MAX PORTS];

sys bind() (48E¥wA)
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uint64
sys_bind(void)
{

int port;

argint (0, &port);

acquire(&netlock);

for(int 1 = 0; i < MAX PORTS; i++){
if(port _table[i].port port){
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struct packet *pkt = port table[i].head;
while (pkt){
struct packet *next pkt->next;
kfree(pkt->buf);
kfree((char *)pkt);
pkt next;
}
port table[i].head 93
port table[i].tail 0;
port table[i].queue size = 0;
release(&netlock);
return 0;

for(int 1 = 0; i < MAX PORTS; i++){
if(port_table[i].port 0){
port table[i].port port;
port table[i].head 0;
port table[i].tail 0;
port table[i].queue size 0;
release(&netlock);
return 0;

release(&netlock);
return -1;

ip rx() (FERIPHEIES)
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void
ip _rx(char *buf, int len)

{
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static int seen_ip 0;
if(seen ip 0)

printf("ip rx: received an IP packet\n");
seen_ip 1;

struct eth *eth (struct eth *)buf;
struct ip *ip (struct ip *)(eth 1);

if(ip->ip p IPPROTO UDP){
kfree(buf);
return;

int ip_len ntohs(ip->ip_len);

if(len sizeof(struct eth) ip_len){
kfree(buf);
return;

struct udp *udp (struct udp *)(ip
int dport ntohs (udp->dport);

int sport ntohs (udp->sport);
uint32 src_ip = ntohl(ip->ip_src);

acquire(&netlock);

struct port entry *entry 0;
for(int i 0; i < MAX PORTS; i++){
if(port table[i].port dport){
entry port table[i];

break;

if(entry 0 entry->queue_size MAX QUEUE SIZE){
release(&netlock) ;
kfree(buf);
return;

struct packet *pkt (struct packet *)kalloc();
if(pkt 0){

release(&netlock) ;

kfree(buf);

return;

pkt->buf

pkt

pkt->src ip src_ip;
pkt->src_port sport;
pkt->next 0;




if(entry->tail 0){
entry->head pkt;
entry->tail pkt;
else {
entry->tail->next pkt;
entry->tail = pkt;

}

entry->queue_size++;

wakeup (&entry->head) ;

release(&netlock) ;

sys recv() (FEIRBIER)
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uint64
sys_recv(void)
{
int dport;
uint64 src_addr;
uint64 sport_addr;
uint64 buf addr;
int maxlen;

argint (0, &dport);
argaddr(1l, &src_addr);
argaddr(2, &sport_addr);
argaddr(3, &buf addr);
argint(4, &maxlen);

struct proc *p = myproc();

acquire(&netlock);

struct port entry *entry 0;
for(int 1 = 0; i < MAX PORTS; i++){
if(port _table[i].port dport){
entry port table[i];

break;
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if(entry 0){
release(&netlock);
return -1;

while(entry->head 0){
sleep(&entry->head, &netlock);

struct packet *pkt = entry->head;

entry->head pkt->next;

if(entry->head 0){
entry->tail 0H

}

entry->queue _size--;

release(&netlock);

struct eth *eth (struct eth *)pkt->buf;
struct ip *ip (struct ip *)(eth 1);
struct udp *udp (struct udp *)(ip 1);
char *payload (char *)(udp 1);

int udp_len ntohs (udp->ulen);
int payload len udp_len sizeof(struct udp);

int copy len payload len < maxlen payload len : maxlen;

if(copyout(p->pagetable, src_addr, (char *)&pkt->src_ip, sizeof(uint32)) 0){
kfree(pkt->buf);
kfree((char *)pkt);
return -1;

if(copyout(p->pagetable, sport addr, (char *)&pkt->src port, sizeof(uintl6)) 0){
kfree(pkt->buf);
kfree((char *)pkt);
return -1;

if(copyout(p->pagetable, buf addr, payload, copy len) 0){
kfree(pkt->buf);
kfree((char *)pkt);
return -1;

kfree(pkt->buf);
kfree((char *)pkt);
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1. bare-mental

Traditional Personal Computer or Bare Metal Server

Application A

Application B

Application C

General Purpose Operating System
(Kernel, Drivers, Filesystem, Shell)

Physical Hardware (CPU, RAM, Disk, NIC)

2. Virtualization & Containers

Comparison: Hardware Virtualization (VMs) vs. OS Virtualization (Containers)

r" , jg;[iisati-o.n + Application
-+ Bins/Libs + Bins/Libs
E | I
Guest OS Guest OS
(Full Kernel) (Full Kernel)

Container:
Application +
Bins/Libs
(Shared Host Kernel)

Container:
Application +
Bins/Libs
(Shared Host Kernel)

I

Container Engine (e.g., Docker Daemon)

Host Operating System

Physical Hardware




3. Unikernel Architecture

Unikernel architecture (MirageOS)

Unikernel Image Single Address Space,

: i T — Single Process,
(App Code + Minimal Library OS) Booabla e

Selected OS Libraries
(Net, TCP/IP, Mem)

Physical Hardware / Minimal Hypervisor (e.g., Xen)
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