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Today we navigate at the edge of this wall.

For example the Tilera 64 core chip:

Raw processor performance: 443 Gops
Required memory bandwidth with two cache levels and 95% hit rate:

7.2Gb/s

Available memory bandwidth: 50 Gb/s
Required memory access latency: 0.625 cycles
Available average access time: 1.475 cycles

u
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The Memory Access Bottleneck

Memory
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Memory Bandwidth in 3D ICs
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Memory Bandwidth in 3D ICs

Processor

DRAM
Die

Processin
Die
(NoC)

N

8x8 MPSoC

Resource size: 2x2 mm?2

Switch size: 100x100 um?2

TSV pitch: 5 um

TSVs/switch: 128@2GHz

256 Gb/s memory bandwidth per core
16 Tb/s aggregate memory bandwidt
for Tilera)

< 10 ns delay

N

h (200 Gb/s
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Memory Bandwidth in 3D ICs

Processor

m  8x8 MPSoC
m  Resource size: 2x2 mm?2
m  Switch size: 100x100 um?2
m  [SV pitch: 5 um
ST m  TSVs/switch: 12802GHz
Die m 256 Gb/s memory bandwidth per core
— m 16 Tp/s aggregate memory bandwidth (200 Gb/s
Die for Tilera)
(NoC) m < 10 ns delay
m 80 x bandwidth
s 1/5 latency
m 1/10 power
[

No area overhead
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Platform Overview
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Data Management Engine Architecture

|
Control Store :
|
|
|

I
I
: | Port A PortB |-
| L, t
B
cPU 1| Core | Network | <1 o[ Router
core | | Interface Lils <> Sync. <> Jiis Interface
| | Control | | Processor Supporter Processori .\ control
Unit A B Unit
i i ? A A A AA

Local Memory
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Data Management Engine Implementation ‘

Optimized for area | Optimized for speed
Frequency 444 MHz (2.25 ns) 455 MHz (2.2 ns)
Area (Logic) 44k NAND gates 51k NAND gates
Area (Control Store) 300k NAND gates
power consumption [mW]
Mini A 6.9
Mini B 7.0
NICU 2.3
CICU 5.2
Synchronizer 0.2
DME total 21.6
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Command Triggered Microcode Execution ‘

command from
CPU core or
Network

N

command queue

Start address of

corresponding
microcode
Command
=  Lookup
K Table
command No.

Corresponding
microcode execution

in mini-processor A
or B
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Command Lookup Table (CLT)

'/, Starl_addr
Symbol Number Start_Addr 24 1fw *A6, cpu core TOAD HWORD: loads 3
5 nop = '
LOAD BYTE 5 21 Y . fhdt 1 word from the memory.
'LOAD_HWORD 4 24}&*‘"’
LOAD WORD 5 27
51 et RO; 7
STORE_BYTE 6 S0 £z B5B: sub AD, RO, 1 || bnegz AOD, BSB
STORE_HWORD 7 33 53 sb *A6, DATA || add A6, A6, 1
STORE_WORD B 36 54 end 1
BURST LOAD BYTE g 39
=3 T BURST_STCRE_BYTE:
BURST_LOAD_HWORD 10 42 stores T continuous bytes
BURST LOAD WORD 11 47 67 11 *A6,A0 into the memory.
| BURST_STORE_BYTE 12 51 :: nop
“““““““““““““““““““““““ nop
BURST _STORE_HWORD 13 55 == bneqz A0, FAILED 1
BURST_STORE_WORD 14 59 71 nop TEST AND SET LOCK:
L S . 1 E _____ Eiﬁ_ .—-""' 72 SUCCESS 1: 81 *A6, 1 implements the read-and-
:TEET_ﬁND_EET_LDCH 16 67 L | :: nag ) modify operations on a
——————— —————————————— — ] arn _ 5 :
synchronization variable.
BLOCK_LOCK 17 3 75 FAILED 1: s1 *A6, A0 ;
FETCH AND SET LOCK 18 89 76 nop
77 end O
a) b)

Axel Jantsch, KTH - 10 / 27



DME Execution Flow

START

1 1%

Receive a command from local or remote CPUs

(If local, via the CICU: If remote, via the NICL)

!

@
Uploading the
corresponding
microcode into
the control
store.

s the corresponding microcode o
the command in the control store?

J L"r’es
€ p—
The miniprocessor A or B
——~] generates addresses to fetch the

microinstructions of the
V|l microcode from the control store

4 <&

The miniprocessor A or B
executes the micronstructions of
the microcode

!

N ) 1 Yes
d The execution of the
microcode 1s completed?
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Microprogram Development Flow

Symbal MNumber Start Addr
LOAD_BYTE 3 21
LOAD_HWORD 4 24
LOAD_WORD 5 27
Define a new command STOREBYTE & | 30
. = [ _I
referred to this function. | STORE_HWORD T 38 |
Command Symbol: STORE_HWORD 'STORE_WORD | s 36
a?mmﬂgd 'E*'tl;”;'{:;j? % BURST _LOAD BYTE 8 39
e.q. ICTOCO0e ress:
Implement a function which BURST_LOAD_HWORD 10 42
stores a half word into the BURST_LOAD_WQORD 11 47
local shared memory region. c g
m
Command sl
—- e p———— Lookup Table
[ Definition .
o Updating
-
. 2) @ .
Function @ e DMC Library . .
s ification P Uodatin Add the information
pecifi p 9 of STORE_HWORD
N command into the
(L : : ® DMC lib.
| Microcode | Microcode
} Writing } Loading

M@ (5

Write the microcode by the  Interpret the written microcode

The miciocade DMC assemble language. by the DMC Assambler. Load the microcode from the local
start address memory into the control stare.
33) sfw *AG, DATA 33) ADOOOO0OO0S00600000003C00001 00800 = =y
34) nop 34) EO0OOOCOO0O0600000003C0000100801
35) end 1 35) E00000000000600000003C000010080A D )
_— . . . Local Memory  Control Store
[NOTE] At the beginning, the microcode is stored in the local memory.
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Address Space Management

Node 1 Node 2 Node 3 Node 4
Address Space Address Space Address Space Address Space
( N N N N
BADDR —___

0X 00000000 0X00000000 0X 00000000 0X 00000000
Private, | loca Private, remote
Local =] Local

loca
] local ,
BADDR —= Private,
0XOF00000 Shared, Local
local Local or
remote
Shared, 0X FBO000O
e BADDR —_| local
remote OXFFFO000
remote — remote
_— Shared, =
Local or
remote OXFFFCO00
local
OXFFFFFFFE OXFFFFFFFF OXFFFFFFFF | | BADDR OXFFFFFFFF
\ J L L J

Axel Jantsch, KTH - 13 / 27



Supported Memory Partitions

ocal private physical | Supported
ocal private virtual -
ocal shared physical -
ocal shared virtual | Supported

remote private physical

remote private virtual

remote shared physical

remote shared virtual

Supported

N
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Directory Based Cache Coherence

Memory block—|

Memory

Node 1
Node 2

Node 3

N

Node N

Directory
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S| Cache Coherence Protocol

N

Write-trhough No-allocate Cache Policy

Read miss

Read miss

Write miss Shared
Write hit

Write miss
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Coherent Read and Write

Read Request

Read Response

1. Write Request 2. Invalidation

TN

4. Write Response 3. Acknowledgement
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IViemory Consistency and lIransaction Or-
dering - Sequential Consistency

READ 1

v

WRITE 1

READ

v
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WRITE 2

v
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v
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v

READ

READ 4

(a)

(b)

READ

READ

WRITE

WRITE
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Weak Memory Consistency

DATA

SYNCHRONIZATION
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v
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Release Consistency

NON-CRITICAL SEC 1

i ACQUIRE CRITICAL SEC
ACQUIRE-H ¢ NON-CRITICAL SEC
CRITICAL SEC 1 CRITICAL SEC
NON-CRITICAL SEC RELEASE
RELEASE - L1
NON-CRITICAL SEC 2
ACQUIRE RELEASE
ACQUIRE - L2 ¢ ¢
¢ RELEASE ACQUIRE
CRITICAL SEC 2

v

RELEASE - L2

NON-CRITICAL SEC 3

b
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Multi-core Speedup

[ 1 Matrix Multiplication (integer)
B Matrix Multiplication (float)
B 2D radix-2 DIT FFT

[ ] Wavefront Computation

w
[Tp]
© o
o~
© 1~
(o 0]
=

Speedup
]21.539

o
|
110.402
13.753
13.726
| 12.663

§7.902

1x1(1) 1x2(2) 2x2(4) 2x4(8) 4x4(16) I4;»:8(32) 8x8(64)
Network Size
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Run-Time Memory Space
Re-Partitioning

Node 00 Node 1 Noden

H Memory on Node 0 Privare -—PBoundary

Node 1-»{(X10 X191 .-+ Xin X10 X11 --- Xin Memory on Node 1 ng Shared le (BADDR=0x40220000) X'J (BADDR~-0x40200000)
. : <—Boundary Shared
EI Memory on Node n Shared :
et Ty B Xn0 Yot -+ Xon step 1 & step 1 step 2
step 1 step 2 step 2
(a) (b) (c)
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Hybrid DSM Speedup

60 =
[ conventional DSM g
| I hybrid DSM P
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Memory Consistency Experiment

Initially, int X, y,z = 0;

/I Non-critical sectionl
X = datal;
Regl = x;

Il Lock Acquire
Acquire (L);

/I Critical Section
y = dataz;
Reg2 =;

/I Lock Release
Release(L)

/I Non-critical Section2
z = data3;
Reg3 = z;

(a) (b)
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Memory Consistency Execution Time

0 x 10"
[ ] Average Code Latency (Release consistency)
oL I Max Code Latency (Release consistency)
[ ] Average Code Latency (Weak consistency)
st I Max Code Latency (Weak consistency)
] Average Code Latency (Sequential consistency)
7 Il Max Code Latency (Sequential consistency)
6 -
(7]
Q
S 5r
@)
4 -
3 -
2 -
1 -
0 | 1 [
1x1 1x2 2x2 2x4 4x4 4x8 8x8
Network Size
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Summary

N

m After computation (multi-core) and communication (NoC), memory
access must be parallalized
DME parallizes memory handling
DME supports

0 Central/distributed memory
0 Private/shared

[]

Physical /virtual address space

m DME features

[]

[]
[]
[]

N

Synchronization support
Cache coherence protocols
Memory consistency support
Dynamic memory allocator
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