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CXL, NVLink, Scale-UP Ethernet, UB --<1>
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CXL, NVLink, Scale-UP Ethemet UB —<2>
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UB - Scale Up & Out - Topo
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1 #include =i
2 #include ==t
3 #include
L}
5 —— write to remote side —
6 #define REMOTE_IP " 19 ke
7 #define MEM_LEN 4896
8
9 int main() {
18 struct ibv_context *ctx;
11 struct ibv_pd *pd;
12 struct ibv_mr *local_mr;
13 char #*local_buf;
14 struct ibv_gp *qgp;
15 struct ibv_send_wr wr = {B};
16 struct ibv_sge sge = {8};
17
: - . . . 18 | e RDMA v == B - A
;ﬁiﬁhﬂgj:?#ﬂﬁf:ififﬂifﬂ 19 ctx = ibv_open_device_by_name(NULL,
R 20 pd = ibv_alloc_pd(ctx);

(struct device *dev, void *dst, const void *src, size_t len) { 22 [ 2. SEAIAEI A9 RDMA
struct dma_chan *dma_chan; // DM o o 1 73 o) 23 local_buf = na'l.'l.n::(HEH_LEH);

struct dma_slave_config cfg; / T e i
dma_addr_t src_dma, dst_dma; // DM i (3E B4 b4 ) 24 strcpy(local_buf, "1 ta™);

struct dma_async_tx_descriptori 7.hfdesc; // DI : . 25 local_mr = il:W_I'E’E_ﬂI'(
26 pd, local_buf, MEM_LEN,
27 IBYV_ACCESS_LOCAL_WRITE | IBYV_ACCESS_REMOTE_WRITE

dma_chan = dma_request_chan(dev, "' -0); 28 );
if (ldma_chan) return -ENODEV; Bs I

void <t e . // 2. BSTEBUIGALE OMA MIEMBAE (i OMA AT ) 30 3. SEiEis
const uint8_t *src, src_dma = dma_map_single(dev, (void *)src, len, DMA_TO_DEVICE); =~ = = 31 3 o == e

uint32_t len) { dst_dma = dma_map_single(dev, dst, len, DMA_FROM_DEVICE); // Bin: RB2RAE 32 struct {
for (uint32.t i = @; i < len; i++) { if (dma_mapping_error(dev, src_dma) || dma_mapping_error(dev, dst_dma)) 33 CinbBil ¥ rencte adde:
[/ wad e DI ] ene~la11 155 BU ¥ 152 Bl 5 i e :

| == 4= B2 return -EIO; A
BT 34 uint32_t remote_rkey;

35 } remote_info;

™M A ™md oF o L (L Tl 1 fe—p 3 1k, +1 a1 1] [ 11 vl L FCC y A
™A I | | E il 1 . I | = FAL W &

#tinclude <stdint.h>

CoO~~I0vO00 E Wk

uint8_t data = sre[il; I/ 2 FIE DMA (S AK (s HihF  der
// Store CPU NBERRBEIES AN dst[i] memset(&cfg, 0, sizeof(cfg)); 36 tcp_exchange_mr_info(REMOTE_IP, &remote_info, local_mr);
dst[i] = data; cfg.direction = DMA_MEMCPY; = = = | 37

cfg.src_addr = src_dma; // i) : —

} cfg.dst_addr = dst_dma; // Efr DMA il 38 R HDE RUNA WEATE | TEIR K |

cfg.src_addr_width = DMA_SLAVE_BUSWIDTH_4_BYTES; /' | 4 1 39 sge.addr = (uintod_t)local_buf;

dmaengine_slave_config(dma_chan, &cfg); ue sge.length = MEM_LEN;

L5t mainC) I R . 41 sge.lkey = local_mr->lkey;

Gheeoeiew] - a2 ekton gl et 42

BLEC > i dma_chan, dst_dma, len, DMA_MEMCPY, DMA_PREP_INTERRUPT == ~ | = = 43 wr.opcode = IBV_WR_RDMA_WRITE;
; e e 15 a4 wr.sg_list = &sge;

ldst_memcpy(dst, src, sizeof(sre)); // #1741 dmaengine_submit(desc); 4s wr.num_sge = 1;

return 9; dna_async_issue_pending(dna_chan); // 1 0 46 wr.wr.rdma.remote_addr = remote_info.remote_addr;

/] 5. %1 DMA =Rk (88 o Wy [E]JE 4 18 ) iy HI'.HI'.I'-E'IIE..I"-{E}" - I'EI'ID‘I:E_iﬂ'FD.I‘EIIDtE_I"-{E:f;
dmaengine_wait_for_completion(dma_chan); us wr.send_flags = IBV_SEND_SIGNALED; =~ = '
4o

dma_unmap_single(dev, src_dma, len, DMA_TO_DEVICE); L : ; E
dma_unmap_single(dev, dst_dma, len, DMA_FROM_DEVICE); 51 1b“—Pu5t—5E"d[qFl &ar, "ULL)I

dma_release_chan(dma_chan); 52 _
return 0; 53 'l 6. =15 w=chy (13BN 5hE]
54 wait_for_rdma_completion(qp);
55
56
57 ibv_dereg_mr(local_mr);
58 free(local_buf);
59 ibv_dealloc_pd(pd);
60 ibv_close_device(ctx);
b1 return 8;
62 %
63
el
65 recv side ——
66
67 i ITE S EITIERTE & EAF MR
68 char *remote_buf = malloc(MEM_LEN);
69 struct ibv_mr #*remote_mr = ibv_reg_mr(
78 pd, remote_buf, MEM_LEN,
Tl IBV_ACCESS_REMOTE_WRITE
92 )
73 (LOCAL_IP, remote_mr->addr, remote_mr->rkey);
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6 static auto v = 9, vl = 0;
7 std::mutex g_lock;
8
9 void (int& a, int& b) {
10 int temp = a;
L a =b;
i b = temp;

= B g 7 1 6 (S . . s . . b |
fidef SHM_KEY 1234 i Sl
= - 16 void (int& a, int& b) __transaction_atomic {
void #* (void) 17 int temp = a;
15 4 18 a =b;
16 int shmid = shmget(SHM_KEY, sizeof(std::atomic<int>), IPC_CREAT | 0666); 19 b = temp;
17 if (shmid == -1) { 20 }
18 std: :cerr << | . | memory i << std::endl;
19 return 1; 22 static void (void)
20 } 23 {
24 for to 1 =0; 1 < 1024 * 1024; i++
22 void *shm_ptr = shmat(shmid, nullptr, 0); 25 #if dZ}iEZS(D %A) r 7kl
23 if (shm_ptr == (void *)-1) { 26 t —= &3 tom;
24 std: :cerr << d . | 5 - | << std::endl; —— ek aiiaalLAUIl_g L oML
25 return 1; 27 #else
1 28 std::lock_guard<std: :mutex> lock(g_lock):
29 #endif
28 return shm_ptr; 30 i
¥ 3 | vO++:
32 swap(v@, vl1);
31 int (int argc, char *argv[]) 33 v1++:
32 { 34 swap(vl, v@);

33 void *shm_ptr = get_shm_ptr();
34 #if 1

35 std::atomic<int> *g_atomic_var = new (shm_ptr) std::atomic<int>(0);
36 #else

37 std::atomic<int> *g_atomic_var = (std::atomic<int> *)shm_ptr;
ffendif

0O {
ue int X

4] int y

18
20;

4e std: :cout << . |

41 << g_atomic_var->load() << std::endl;
142 g_atomic_var->fetch_add(5);

43 std: :cout <<

43 std: :cout << . << x << << y << std::endl;

<< g_atomic_var—->load() << std::endl; U5 | == 5= 5p 3
46 swap_alx -
g_atomic_var—->fetch_sub(2); 17 eI A
47 std: :cout << us =td: - cout << - << Yy << << y << std::endl;

us << g_atomic_var—->load() << std::endl;

49 auto old_value = g_atomic_var—>exchange(10);

50 std::cout << | _ud << old_value

51 << << g_atomic_var->load()
52 << std::endl;

50 std::cout << "Befo: | << yB << << y]l << std::endl

std::thread tp[16];

53 for (auto &t : tp) {
54 auto r2 = g_atomic_var->compare_exchange_strong(old_value, 11); 54 t = std::thread(thread_+f);
55 std: :cout << << r2 55 }

56 << . . << g_atomic_var->load()

S=iSte-cendl; 57 for (auto &t : tp) {
59 shmdt(shm_ptr); gg ) t.join();
60 shmctl(shmid, IPC_RMID, nullptr); o
61 turn ©O:
62|} B 61 std: :cout << | | << v@ << | << vl << std::endl;
62 return 9;
63 }
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L ZINVIDIA GPU gyMemory Consistency Model & X 17 —FpR P i

(1) Acquire : tricHAcquireZEffJLoad Store, AILIE{E— M Rifencei®E, EEH (2) Release: #Ric/HReleaseziBifLoad Store, TILIEIEF— 1\ Gfencei{E, BEEIE
relaxed SERUELE AcquireZRBIRYIE SABEMEL A RIRIEHIT. AUrelaxed ZEBYE;#E ReleaseZ BIRYTE S A BEMEAL AR EHIT,

Acquire Release

cuda: :atomic<int> a: cuda: :atomic<int> a;

//Prior load //Prior load
int before = array[9]; int before = array([9];

//Atomic load / /Atomic load
val = a.load(std::memory_order_acquire): val = a.load(std::memory_order_release);

// Later load // Later load
int after = array[9]; int after = array[0];

* Loads and stores cannot be moved before the acquire * Loads and stores cannot be moved after the release
* Same-address ordering is preserved within a single-thread. * Same-address ordering is preserved within a sinzls=th:ssd

Memory ordering in some architectures!®/(°!
RISC-V SPARC

Type Alpha ARMv7 MIPS | | ' PA-RISC  POWER | | | x86 [2] | AMD64 | 1A-64 | z/Architecture

(G0 | RMO PSO TSO

Loads can be reordered after loads | Y | | | | ” | |
Loads can be reordered after stores 1 | | '

Stores can be reordered after stores

 Stores can be reordered after loads depend on

Atomic can be reordered with loads implementation

Atomic can be reordered with stores

| Dependent loads can be reordered

I R - . e -

Incoherent instruction cache pipeline

> https://zhuanlan.zhihu.com/p/192279654 7814458461

(3) Relaxed: #ricARelaxedZEBYHLoad/Store Z BB LAELFEHIT

Relaxed

cuda: :atomic<int> a;

//Prior load
int before = array[9];

//Atomic load
val = a.load(std::memory_order_relaxed);

// Later load
int after = array[0];

* |Loads and stores can be moved before and after relaxed

* Same-address ordering is preserved within a singtzrinraead

+ Bus Order
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