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Memory Consistency and Cache Coherence

TSO?Total Store Ordering??7???

1. TSO[] Total Store Ordering[ITTTTTIIITIIT

2. [I1 x86[II11] RISC-VIIT] TSOI1 RVTSOIIITIT x86[ITTTTT] TSO
IO Intel AMDIIIIIIT

3. x86[IITI] SCIIIII sequential consistency[TTTTTITIT] FIFO[] write buffer
(IITTIT]

4. TSO[ SCIIIIID store[I11T] write buffer(I1T] load[] bypass
1. [T SCOTIITITTIT
2. [MIITTITITIIITIT memory consistency

5. [0 TSOIl store-load[ITIIIIIIT] FENCE[TITIT FENCE
MO FENCE[ITITIT write buffer[[[] FENCE

[LITITTITIT] load[IT]
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1.

1. (IO “XCHG"[] “XADD"[11T]
2. [IIIIIIIII LoCKOOOO (IIIIIIIIIO LOCK CMPXCHG
3. I ATITIIITTITITII #LOCK
(T T T A
(LTTITITIIT] AT “IIIIIIIIIIIT A
(LTI A1
. fence
1. sfence: [] sfence[ITITITITIT] sfence[ITITITI1T
2. Ifence[l] Ifence[ITIIITII Ifence[JTTTIIITT]
3. mfence[]] mfence[JITIIIIIIIT] mfence[JTTIIIIIIT]
. C++ 1111111
1. Acquire-Release[TTTIIIIIT] Synchronizes-With
OO T T
2. Release-Consume[ITTTIT] carry-a-dependency
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enum memory order {

};

memory order relaxed,
memory order consume,
memory order_acquire,
memory order release,
memory order acq rel,

memory order seq cst

// Relaxed

// Release-Consume

// Acquire-Release [0000000C00C000000000CO0CO0CO00000C00COOCO0CO00CO
// Acquire-Release [000000000000C0000CCO00COO00CO000CO000CO000C000

// Acquire-Release [00memory order acquire[Jmemory order release[]]

// 0000000
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a = torch.randn(2,3,5,7,9)
#i=7,3=09

b = torch.einsum('...ij->...ji', [al)
???7??bilinear transformation?

np_a = a.numpy()

np_b = b.numpy()

np_c = c.numpy()

np out = np.empty((2, 5), dtype=np.float32)



np_out = torch.einsum('ik,jkl,il->ij"', [a, b, cl).numpy()
# ik broadcast[Jikl

# il broadcast[] ikl

# 'ik,jkl,il->ij'00000" ik, jkl,ikl->ij"

for i in range(0, 2):
for j in range(0, 5):
# 0000000 OO0 kO
sum result = 0
for k in range(0, 3):
for 1 in range(0, 7):
sum_result += np_al[i, k] * np_ b[j, k, 1] * np_c[i, 1]

np out[i, j] = sum result
?7?

a = torch.rand(2,3)
torch.rand(3,4)

o
1l

@]
1]

torch.einsum("ik,kj->ij", [a, bl)

# 0000 torch.mm(a, b)

equation
QI T T T T T TTT T
(I c Il cli, j1 111 ali, k10 blk, jl 0 kOO
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1. [T
2. [M
1. Cpu register Flip Flops [1] bit[IT11T]
2. L1/L2 SRAM G[TTTTTIIIT] bank[ITT]
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NoC

OpenSMART

https://github.com/hyoukjun/OpenSMART/tree/master

connect

https://users.ece.cmu.edu/~mpapamic/connect/

https://github.com/crossroadsfpga/connect/tree/main

Flexnoc

is a commercial NoC generator by Arteris which generates a customized topology for each SoC,


https://github.com/hyoukjun/OpenSMART/tree/master
https://github.com/crossroadsfpga/connect/tree/main

Cache??? Write-through?Write-
back

Cache[II1T] write through[] write back[]T]

Write-through: Write is done synchronously both to the cache and to the backing store. Write-back
(or Write-behind) : Writing is done only to the cache. A modified cache block is written back to the
store, just before it is replaced. Write-through[TTTTTTTITTITITIIT] Cache

NERRNRRRNRRNNRNNRRNRRRRRRNRRNRRRRRRRRRREREEEY

Write-back[TTTTITITIITIIIII Cache
T T I T I T I T I TTIT]
LTI O T T T T T T oo

Write-misses[[]]11T] (LTI IO TITTIT ]

Write allocate (aka Fetch on write) - Datum at the missed-write location is loaded to cache,
followed by a write-hit operation. In this approach, write misses are similar to read-misses. No-write
allocate (aka Write-no-allocate, Write around) - Datum at the missed-write location is not loaded to
cache, and is written directly to the backing store. In this approach, actually only system reads are
being cached. Write allocate[JTTTTTTIIIITIIT] write-hit

NERRRRRRRRRRRNNNNNNNRNNEE

No-write allocate

NENRNRRRNRRNNRNNRRNRRNNRNRRRRRRRRRRRRREERY

(I Write-through[J] Write-back[ITITIITIIIIII] (1111 Write-back[T]
Write allocate[ITT] Write-through[J] No-write allocate[TTTTTTITITITIT Write
allocate[T] Write-back[ITTTITIIT Write-through[TTT1T]

(1111

Write-through[TTTT1T] A Write-Through cache with No-Write Allocation

['[image.png](Cache[I]]  Write-through[] Write-back/BLAimage-png.png)l(Cache[[]]  Write-
through[] Write-back/BLAimage-png.png)

Write-back[TTITIT] A Write-Back cache with Write Allocation

['[image.png](Cache[I]]  Write-through[] Write-back/aCyimage-png.png)l(Cache[[[]  Write-
through[] Write-back/aCyimage-png.png)
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Nand flash
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6. WL BL SSL [(TTTTTTITITITITITTITIT] WL [ SSLITIIT BL
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7. [0 WL
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1. input ] SSL
1. [ SSLI inputID
2. output [] BL
1. (I BLO output] 1[0]
2. 8[111] BLITTY 8111
3. BLOITNO ADCIITIIIII bit
(I
3. weight ] cellI110
4. WL 1111110

??MAC?7?7?7?

1. 110 MNK
2. SSL input: [TITITITH input[T110 input[J1111] KOIIII1O
1. 1 inputf] K
3. BLoutput[TT] BLIT] inputdl] [0 weightTTTIITTIITIIIT] N[ITT]
a
1. @ output N
4. WL weight T O OIIIIIII index
1. (IIIIII10 N [1] bitindex
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1. [T CPU IT11TJ T1T] Program Order(]
NERRRRRRRRRNNNNNRRRRRRRRRRRRRRRRNNRRRRRNNEEE
(IITTITITIIT]
1. [l CPUIIIIIIINO scoreboard[III11] data hazard[] address hazard
(T CPUIIIIITO
2. 11 [IIIIIIL multi-hart(IT]
HENRRRNNNNRRANNRNNRRRNNEED
1. 1111 Out-of-Order Execution[]
2. [1111 Cache Hierarchy[T]
3. [III10 Store Buffer] **[] **CPU[TIITIT] cache[] in-flightI11T1
4. [T OO
5. T T sk
"**ED
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2. [T -[IITT1T] 2[11111 “0 "I
3. 00 1mmm ‘0
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0
6. 11110 ‘00 "0IId ‘o'man ‘o”
TTTTTTTTTTTTITTITd
3. I “[I10 "I CPU [TITIIIIITIT]
1. [T]1 acquire[] releasey [TTITIIIIII] LR.W [ SC.W
(T LRw [ SCw

(T
2. [0  LRW([ SC.W I

4. I

1. (OO

2. [T ‘0 "0 ‘M0 "0

LR.W(Load-Reserved)??

P2?7?27°?7°7?7°
P2?7?27°?7°7?7°
1. 00 [OIIm rs1 1] 3211111 rd (]
2. [ITIT] a
o [TTTITIL L1 Cache[IIIII11] Reserved[TII1I1]
e [ITTTITTIT] Hart[ITTITITITIT]

3. [ acquire[[] [IITIIIT]



o [(ITTITITITIIT] LR.W [TTTITTTITTITTT]

PPPPP???7?7

e (11110 IO Exclusive [] Modified
(I MESI[T]

o [TIIIIIIIIIO Reservation Register[ T TTTTTIIITTIT]
o [T Invalidate[T]

?? SC.W(Store-Conditional)??

P77 7?7?

1. [OIITl O
e I rs1 [QIITITTITTITTITITITTIOIT]
o [IIT1M rs2 [T11] rsi[]

o [ITTITTTTITITTITIT] rs1 [1]

o] rd[l 0oO I 1111171
2. [I1 release[l] [TIIIIII
o [TTITIITITIIIT] SC.W T

PPPPPVV???7?

o [T MESITTIIIIIT ‘0 0 "0
o I Invalidatef]

# [0000aq/ r 0000000

lock:
lr.w.aq t0, (a0) # [acquire[O000
bnez t0, lock # 000000Dote '=e0000
i t1, 1
sc.w.rl t0, tl1l, (a0) # (release0000
bnez t0, lock # [J00000te r=edo0n




# 100

unlock:

sw.rl zero, (a0)

PPV VVVIV?V??

1.

2.

lr.w t0, (x)
- 0Ox=60000000
sc.w t1l, 1, (x)

- 0000000000x=10
- t1=0

# [release]000000

3. lr.w t0, (x)
- 0Ox=60000000
4., sc.w t1l, 1, (x)

- [000000Core 6O0XOOO00O0
- tl=1



